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SUMMARY

1. TNE

Time-variab le nuclear effects (TNE) refers to human performance

degradation , short of death , and to fatalities occurring hours to weeks

after exposure to initial nuclear radiation . It is hypothesized that

after a nuclear burst in comba t , there will be irradiated military per-

sonnel who will have escaped casua l ty-producing injury from therma l

radiation and from blast effects , but who exhibit TNE. This study is

concerned with the deve l opment of a methodology to eva l uate the i mpact

of THE on combat operations .

2. I MPACT OF TNE

The relative magnitude of the i mpact of TNE on combat effectiveness

will depend not only on the distribution of initial nuclear radiation

doses among combatants , but also on nuclear blast and therma l radiation

effects , the y ields of weapons used , and the effects of conventiona l

weapons . The distance from ground zero at wh i ch casualty-produci ng

nuclea r therma l radiation and blast effects occur increases faster with

weapon yield than does the distance at wh i ch a given leve l of initial

nuclear radiation occurs. Above a certain weapon y ield , a person will

suffer sufficient prompt injury from blast effects that he would be

declared a casua l ty, i ndependent of the initial nuclear radiation dose

rece i ved. This yield depends upon weapon type and on a person ’s vu l ner-

ability to nuclear weapon effects. At such weapon y ields or greater ,

only prompt casualties will be produced .

3. DISTRIBUT I ON OF INI TIAL NUCLEAR RAD AT I ON DOSES

For airburst weapons of 100 kt or less and a target comprising tanks

uniforml y distributed on a flat plain , the distribution of doses among

tank crews surviving the blast effects Is as follows :
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Dose Percent of Irradiated * Performance
(Rad) Personnel Receiving Dose Degradation

1-200 77-86 Minima l

200-1000 9-15 Moderate-Severe

1000+ 1-11 Complete -

~‘cPersonnel receiving at least one rad

L4~ PE RFORMANC E RESPONSE TO NUCLEA R RADIATION DOSES

Though there are data on the clinica l symptomatology of man ’s

response to nuclear radiat ion , there are virtually none on his wil l and

ability to perform while suffering radiation sickness. The tasks per-

formed in combat va ry with the situation and the individual. Though the

basic elements of combat tasks may be known (e.g., observe for targets ,

load gun) , the possible sets and sequences of tasks that could be as-

sociated with a given group of combatants in a particular combat situation

have not been established ; nor have standards or measures of performance

been established for most tasks. The relationships between the perfor-

mance l evels of individuals , or groups of individua l s , and the actions or

combat capabilities of aggregated combat units such as a tank crew ,

p latoon , company, or battalion are unknown.

Data from radiation experiments on monkeys appea r to be applicable

to man only in the most elemental instances . Even then there are such

si gnificant differences between man and monkey, and between laboratory

and combat environments , that an extrapolation of the data from monkey to

man would have serious uncertainties.

5. MODEL ING THE IMPAC T OF TNE

The framework of a mode l of land combat tha t reflects the i mpact of

TNE can be readily constructed . A model treating the actions of individua l

combatants Is the most direct approach , in that It reflects the basic

2
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mechanism of the i mpact of TNE. This type of model would be very large

and complex. Aggregative models treating groups of combatants would be

smaller and more manageable. Both types of models are defeated , however ,
by the lack of data about man ’s performance response to nuclear radiation .

6. SYNTHETIC NUCLEAR EXPERIENCE

An alternative approach to modeling is to synthesize nuclear ex-

perience in training exerc i ses via performance-degraded tra i nees , and

to observe the impact on force capabilities. Performance degradation

is effected either by using low—achieving tra i nees , or by modify ing

equ i pment or procedures so that tasks are more difficult to perform .

Alternative l y, a tra i nee is made to experience some symptoms similar

to those that would result from irradiation , and the resulting i mpact

on his performance is observed , together with its effect on simulated

combat operations . The p roduction of a radiation-like syndrome for a

lower range of radiation doses could be safe l y and reversibl y accom-

plished pharmacolog ically. The synthetic nuclea r experience approach

appears to offer more potential for producing usefu l results than does

the modeling approach.
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PREFACE

This work was performed for the Direc tor , Defense Nuclear Agency,

under contract DNA OOl—75-C-0281 , Program Element NWED 3250--V99QAXNGO1+2 ,

Work Code 07. The work was performed at BDM ’s Monterey office. Major

contributions were made by BDM staff members Arthur F. Mitchell in the

area of tank crew member activities , and Dr. Wm. Bruce Weaver in the

use of the TETAM Land Combat Model.

Nuclear weapon effects produce time variable degradations of personnel

capabilities and overall comba t force performance that are difficult to

quantif y and eva l uate. The US Army Combat Deve l opment Experimentation

Command (CDEC) has developed an extens i ve , detailed experimental data base

of individual and small unit actions under various simulated battlefield

conditions. This data , on two—sided , free play engagements that document

positions , time s, casualties , communications , etc., may contribute sub-

stantially to understanding this issue. As a result , DNA sponsored this

effort by BDM commencing in May 1975 to apply existing time-dependent

nuclear weapons effects and personnel incapacitation data to a series of

field trials performed by CDEC and to develop methods for assessing the

i mpact of time-variable nuc l ear effects on small—unit combat operations.

The emphasis of this report is on discussing and evaluating various methods

and techni ques for examining this problem . For a more complete treatment

of time—variable nuc l ear effects , one should refer to the results of a

concurrent effort published by DNA in September 1976 as DNA 14l 143D , “Report

of the Defense Nuclear Agency Working G roup on Nuc l ear Radiation Effects

on Ground Comba t Units (U)11.
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I. INTRODUCTION

1.1 Time-Variable Nuclear Effects

Time-variable nuclear effects (TNE) refers to human perfor-

mance degradation , short of death , and to fatalities occurring hours to

weeks after exposure to initial nuclear radiation . It is hypothesized

that after a nuclear burst in combat , there would be irradiated mili-

tary personnel who will have escaped casua l ty-producing injury from
therma l radiation and from blast effects , but who exhibit TNE. This

stud y is concerned with the deve l opment of a methodology to evaluate

the impact of TNE on combat operations.

Fi gure 1 schematicall y illustrates the basis for the sup-

posed performance degradation . It is observed that the monkey , tra i ned

to perform a certain task , suffers a degradation in ability to perform

that task after irradiation . Performance is measured relative to pre-

irradiation performance level. The duration of each of the three

phases illustrated and the leve l of performance is a function of the

absorbed radiation dose , time after irradiation , the type of task being

performed (cognitive or physical), and other variables . No data exist

that permit direct quantification of this effect on man ’s performance

of combat tasks, but the radiation syndrome observed in man indicates

that such effects would occur.

1.2 I mpact of TNE on Comba t Operations

The i mpact of TNE on combat operations would be seen at dif-

ferent levels. An individua l may tire easil y; he may show less ini-

tiative and judgement; the time required to perform a task may increase;

the precision with which the task is accomplished may decrease. Tank

and weapon crews may show similar degradations in team performance.

The knowledge that irradiation will , for certain doses , result in death

some days to weeks later may have a profound psycholog ical effect on

an affected person . The same knowledge may i mpact on a comander ’s

deployment of personnel and his p lans for replacement or reinforcement.

‘3
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1 ,3 Methodolog ica l Prob l ems

Severa l unknowns must be resolved before a methodology for

evaluating the i mpact of TNE on combat operations can be developed .

Though there are data on the clinica l symptomatology of man ’s response

to nuclear radiation , there are virtuall y none on his will and ability

to perform while suffering radiation sickness. The tasks performed in

combat vary wi th the situation and the individual. Though the basic

elements of combat tasks may be known (e.g., observe for targets ,

load gun), the possible sets and sequences of tasks that could be

associated with a g i ven group of combatants in a particular combat

situation have not been established; nor have standards or measures of

performance been established for most tasks.

The anal ytica l tools common ly used to study combat operations

do not , in general , treat the performance of individua l soldiers; in-

stead , the actions of a tank or group of tanks may be treated. The

relationships between the performance levels of individuals , or groups

of i n d i v i d u a l s , and the actions or combat capabilities of aggregated

combat units such as a tank crew , p latoon , company , or battalion are

unknowns and are usuall y not exp l ic i t ly treated.

2. THE I RRADIATED TANK CREW IN THE ATTACK

2.1 Purpose

In th is  sect ion , the e f fec ts  of TNE on the act ions of one

tank crew in nuclear combat are hypothesized . This is done to gain

insi ght into possible impacts of TNE on combat operations , and to help

develop the principa l characteristics of a mode l of land combat that

could f a c i l i t a t e  an eva l uation of such impacts.

2 .2  TETAM

In 197 1 - 1973 , a ser ies of two—sided , real—time , casualty-

assessed f i e l d  t r i a l s  were conducted at Fort Hunter L i gget t , Ca l i f o rn i a .

~~~~~~~~~~~~~~~



This series was desi gnated Experiment 11.8 , Tactica l Effectiveness

Testing of Anti-Tank Missiles (TETAM). A description of TETAM is given

in Appendix A. In TETAM a number of tanks engaged defens i ve l y-deployed

anti-tank missile systems in simulated combat. The actions of one of

these tanks in a sing le trial of TETAM were selected as the basis for the

hypothetica l nuclea r scenario described below . The events of the TETAM

t r ia l  are g iven in Table 1 , and engagement ranges and simulated ammunition

ex pen di t u r e  are  g i ven in Table 2. Figures 2 and 3 show the geometry of
the trial and the nuclear scenario respective l y.

2.3 Nuclear Radiation Syndrome
In this scenario the hypothetica l responses of the crew-

members to nuclear radiation are based on experience gained in various

nuclear accidents. In particular , they are based on a nuclear acciden t

in which the subject rece i ved a dose of about 1350 rad. For the first

12 hours after exposure the subject experienced nausea , vom it ing , and
some diarrhea ; after about 12 hours these symptoms disappea red . On the

six th day they reappeared and persisted until death on the ninth day .

Fa t igue was experienced throughout the nine days , subsiding to a low

level after the first 12 hours and graduall y increasing thereaf ter.

The effect of such a syndrome on the performance of comba t tasks is a

central issue in this study.

The symptoms occurring in the scenario are those that were

experienced by the accident subject in the first few hours after irra-

diation . For a d i f fe ren t subjec t , or a large r dose , temporary inca-

paci tation could have occurred. This wou ld have had a much d i f fere nt

effec t than the nausea , vomi t ing and fa t igue . Si m i l a r l y, the ba tt le act ion
i n the scenario could have occurred one or two days after ir r adiation , in

wh i ch case the onl y ev i den t symptom would have been fati gue.

2.4 The Nuc l ear Scenario

2,1s .l . Genera l Situation

Tank 7 is the lead tank of the 1st platoon , Team B, 3rd
Tank BattalIon , 8th Armored Division . Team B is a battle-experienced
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TABLE 1 . RECORD OF EVENTS FOR T RIAL NO. III-E79 - TANK NO. 7

Event
Number Time Grid Coordinate ’ Event

X Y

1 10:55:00 53050 80968 Moves out of attack position

2 10:58:00 53400 80400 Crosses line of departure

3 11:05:05 514055 79430 Fired on by DRAGON ATGM (24)

1~ 11 :05 :19 514068 79420 Halts - f i r e s  on DRAGON

5 11:07:45 514055 79468 Fires 2nd round on DRAGON

6 11:09:09 54134 79369 Occupies defiladed firing position

7 11: 1 2:10 54134 79367 Detects SHILLELAGH ATGM

8 11 :12: 12 Fires on SHILLELAGH

9 11:12: 53 Detects TOW ATGM (18)

10 11 :12:58 Fires at TOW ATGM (18)

11 11 :13 :30 Fires at SHILLELAGH

12 11 :13:55 . Fires 3rd round at SHILLELAGH
occupying

13 11 :114 :20 same Fires 4th round at SHILLELAGH

114 1 1 :114 :145 posItion Fires 5th round at SHILLELAGH

15 11:15:08 Fires 6th round at SHILLELAGH

16 11:15 :36 Fires 2nd round at TOW ATGM (18)

17 11:16:10 Fires 7th round at SHILLELAGH

18 11:16:50 Fires 8th round at SHILLELAGH

19 1 1:1 7 :05 Fires 9th round at SHILLELAGH

20 11:17 :35 Fires 10th round at SHILLELAGH

21 11:17:5 5 Fires 3rd round at TOW ATGM (18)

22 11:18: 35 Fires 11 th round at SHILLELAGH

23 11:20:15 Fires 12th round at & k i l l s  SHILLELAGH
24 11:20: 148 Fires 13th round at SHILLELAGH

25 11:21:0 5 54134 79367 Moves out of f i r ing position
26 11 :22:01 54286 79167 Killed by TOW ATCH (18)

END OF EXERCISE

AMS Map Sheet Series V—795, Sheets 1 755 I and II.
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TABLE 2. ENGAGEMENT RAN GES AND AMMUNITLON EXPENDITURE

ENGAGEMENT RANGES

Weapon Firing Target Range (meters)

DRAGON (214) Tank 7 831

Tank 7 DRAGON 858

Tank 7 TOW ATGM (18) 2763

Tank 7 SHILLELAGH 2907

TOW ATGM (18) Tank 7 2549

AMMUNITION EXPENDED BY TANK 7

Number
Target Rounds

DRAGON
TOW ATGM (18) 3

S H I L L E L A G H

TOTAL 18

_J 18
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unit and , along w i th the 8th Armored Division , has just arrived on-line

from having been in Corps Reserve.

On the evening of 10 December , Team B moved from the

Ba ttalion Assembl y area into a forward assemb ly pos i t ion prepara tory to
jumping off at first li ght in an a ttack aga ins t wha t is bel ieved to be
l igh t enemy covering forces . These forces are protecting the withdrawa l

of the enemy mai n force into previousl y prepared defensive positions.

The mission of the 8th Armored Division is to destroy the enemy covering

screen and disrup t and des t roy the enemy ’s main force pr ior to i ts
occupation of its defensive positions.

The pla n of execution calls for the simu l taneous attack

of two bri gades abreas t , as shown in Figure 3. The 192nd A rmored

Bri gade a ttacks sou th through the San Antonio Valley and the 193rd

a tt acks so ut h through the Stony Valley and Nac imiento Valle y. The

objective is to seize the hi gh groun d in the v i c i n i ty of Ca mp Rober ts
and to des t roy the enemy 402nd Mecha nized Rifle Reg imen t a nd elemen ts
of the 72nd Guards Mechanized Rifle Division . Brigades w i l l  attack in

a col umn of reinforced tank battalions. Priorit y of supporting f i r e s

is to the 192nd Bri gade .

While Team B was closin g into the assemb ly area , the

enemy la unched a tactica l nuclear strike along the front of the Corps.

One nuclear weapon was detonated in the vicinit y of the assemb l y area

of the 3rd Tank Battalion . This round caused lit t l e  or no blast

damage , but it was though t that some tank crews rece i ved in i t i a l

nuclear radia tion . At the time of the nuclear strike (01400 hrs .)

Tank 7 was movin g in to its leadoff posi tion . All  crew members were

i nside the ta nk , which was t ravel ing bu ttoned-up. Darkness and a low

overcas t had preven ted observation of the stabilized nuclear cloud ,

so that yield could not be estimated. This also precluded triangulation

to establish the location of ground zero.

2 1
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Some of the Team B members reported feeling sick about

an hou r after the burst , but there was no way to tell if this had been

caused by the burst , or if the sickness would persist into the attack.

All Team B members expressed confidence that they could carry out the

attack.

Coordination was effected with 40th Mechanized Infantry

Battalion , throug h whose area the 3rd Tank Battalion (reinforced) would

pass on its way into the attack. At 05:30 the 1st Platoon , Team B ,

arrived at the attack position and , following a momentary halt , moved

out to cross the desi gnated line of departure .

2.4.2 Events for Tank 7, 1st Platoon, Team B (Reinforced)

Event 1 - Arriva l ,i~nd Departure from Attack Position

Driver: Experienced great fatigue and found closing of

cockp it hatch undul y time consuming.

Loader: Just prior to clos ing his hatch became sick

and vomited over the outside of turret. Like driver he found closing

and locking hatch tiring and difficult. When responding to IC’s order

to load first round of APDS , noticed how unusuall y heavy 42 lb. round

felt. Charg ing of M73 coaxial machine gun was also accomp lished with

great effort. Assumed position for viewing throug h his periscope .

Nausea increasing l y evident accompanied by some gri p ing in bowels.

Gunner: Noticed increasing wooz i ness in stomach ,

aggravated by pitching motions of tank. Checked battle sig ht setting

(1500 m), all systems on.

Tank Comander (TC): We l comed fresh air with hatch

open . Nausea most pronounced , and thoug ht probability of vomiting hi gh.

Checked M85 cupola machine gun , charg ing of weapon noticeabl y difficult.

Radio inducing unusua l headache . Turning to check on co l umn formation

aggravated nausea and brought on vomiting . Order to move out received.

Vomited over side of turret before giving driver command to move

forward.
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Summary
The firs t effects of radiation are being observed fol-

low i ng the exposure to nuclear strike (one and one—half hours previous) .

Fa t igue and nausea have been evidenced with some vomiting and a hi nt

of diarrhea prese nt. A l l  ac t ions were conduc ted wi thout si gn i f i can t

impa i rmen t up to now , and task times compare favorabl y wi th those of
unaffec ted crew members.

Event 2 — Crossing Line of Departure

Driver: Nausea becoming more acute. Distracted and

failed to slow down for drainage ditch , tank bounced and rocked vio-

lentl y, resulting in vom it ing spasm , covering lap and legs. Vehicl e

halted , vom it ing stopped , drive r stepped down on accelerator and con-

tinued to move .

Loader: Violence of vehicle bounce causes recurrence

of vomi ting (this time inside of tank) . Vomit spewed over turret floo r

and ready round racks. Impossible to hold eyes to periscope . Vomiting

subsides. Disi nterested in scanning left sector of vehicle.

Gunner: Becoming increasing l y sick. D ifficult to scan

throug h s i ghts. Very warm , feve r ish and not iceabl y tired .

IC: Violence of impact of tank hitting di tch ca used
severe bruise to righ t elbow , and induced spas m of vomi t ing which ,

for tu na tel y, was again delivered outside of vehicle. Dis tracted from

observi ng to fron t and right side of tank.

Summary
During this period some , and at times , all personnel

were dis tracted from observing over their assi gned sectors. Security

was thus reduced and the vehicle vu l nerable to unobserved enemy attack

and faul ts in the terrain. The drive r ’s fail ure to adequatel y respond
to terrain conditions could have caused serious bodil y injury to a crew
member. Halting the tank to vomit increased its vulnerability to enemy

fire . A reluc tance to emp l oy freq uent evasive maneuvers , rela t ive to

23
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t hose which would have been emp l oyed by an unaffected crew , appears

eviden t. Nausea was increased by the quick motions of the tank.

Even t 3 - Fired on by DRAGON ATGM (24)

Driver: Hal ted vehicle because of nausea and poss ib le
fur ther vom i t ing and wi th great effort opened hatch and raised seat.

Did not see or hear DRAGON missile hit in v icin i ty of vehicle. Heard

IC urge movement to left front and to halt in swayback hollow in

ground. Noticed feeling of increased fatigue . Vom i ted over front

g lac is  before moving in to indica ted posi tion .

Loader: Was vomiting a t time of attack and did not see

or hear miss l ie. Was attempting to open hatch when driver abruptl y

s topped , then s tar ted , resul t ing in h is  once more covering tur re t f loo r
and self with vomit. Finall y succeeded in unla tch i ng and , wi th  ex t reme
d i f f i c u lty , open ing  ha tch ; feeiing of exhaustion follows .

Gu nner: Having d i f f i c u lty in keep ing mind off vomiting.

Becoming more and more distracted from scannin g sector of observation .

Fa iled to observe flash of ATGM or see burst at left fron t of tank.

TC: Observed flash denoting launch of enemy missile

to ri gh t front. Saw burst of missile to left front of tank. Unable

to pinpoint exact location of ATGM. Ordered driver to turn left into

defi lade pos ition and to halt. Driver slow in responding. Directed

drive r to ease tank forward for observation of suspected site. Ha l ted

vehic le and observed terra in  through binoculars . Binoculars notice-

abl y heavy and tiring to hold in observing position . Traversed turre t

to suspected ATGM l ocation and at same time issued fire command to

crew .

Summary

Vomiting has resulted in the opening of all hatches and

hei gh tened inattention to observation over assigned sectors , thus
i ncreasing the crew ’ s vulnerabili ty to unobserved attack and possible

in jury from artiller y. Period ic haltin g of the tank by the dr ive r to
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vomit has likewise increased the tank ’s vul nerability and slowed the

attack. Because of the vomit inside of the turre t in the loader ’s

position , a haza rdous , cj i ppery condition has developed , making it

diff icult to handle the ammunition and load the machine gun. An un-

affec ted crew would have rema i ned buttoned-up (possibl y wi th the

excep tion of the IC) and would have moved with more facility into

posi tio n . The unaffec ted crew wou ld have been less v u lner able wi th
hi gher probability of detecting enemy fire.

Eve nt 4 - Tank 7 Engages DRAGON ATOM (24)

Driver: Lowers sea t and pos i t ions head inside cockpi t ,

hatch open , holding vehicle at point IC directed him to halt. As gun

f i res there is a b l i ndi ng flash and he is covered wi th dirt and debris.

Lurch of tank increases feeling of nausea .

Loader: Now inside turret , head pressed to brow pad of
periscope , ob serving action . Consciou s of wh i ne of turret servos as

IC traverses to lay on target. Gun fires — b l i n d i n g  f l ash  - lu rch
rearward - deafening noise . 105mm gun returns to battery - vio lent

p i tch fo rward - breech open s - smoki ng brass case ejec ted - s l a ms

against turret rear p la te - bounces on tu rre t floor benea th loader ’ s

fee t. Driver responds to TC’s coii~nand 
- tank lurches in reverse.

Acr id smell of fum es from spent shell case are choking as he bends

down to pick up and toss 20 lb. case throug h open hatch . Vomiting

continues , par t ia l l y discharged ou tside of turret. IC issues fire

command for next round. Weakness and trembling in crease as he l i f t s
HEP round from ready rack , shoves it in to breech , cry ing “Up” as he

completes chore . Loading action is now much slowe r , taking about 15

to 20 seconds to accomp l ish.

Gu nner: Head pressed to M3l periscope he observes

prominent pile of rocks that is suspected enemy position , makes final

lay , place’ si ght ret i d e  cross-hairs on center of mass. Gun fires -

bl i nding ri ght flash - wall of dust totall y obscures vision - acrid
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smell of powder and sudden recoil of tank causes further vomiting - all

interest in task at hand is momentaril y lost.

IC: Ducks down inside of cupola — presses eyes to M28

periscope - traverses turret in over-ride to target. (The gunner ,

fo l low ing h i s cocwnand , makes final lay on suspec ted target l ocation.)

Like gunner , he is temporar i l y bl inded by flash and dus t. A feeling

of exhaustion comes over him as tank moves in reverse and halts.

S um~~~y~
The interior env i ronment of the tank , as i t f i res ,

causes increased distress to the alread y sickened crew , further de-

gradi ng their performance . The acrid fumes of the spent round and

the violence of the gun reaction in particular are most objectionable.

Fa ti gue and physica l weakness are most apparent in the

Loader . The 42 lb. shell and its spent 20 lb. casing now require a

major phys i ca l effor t to move . Increased loading times are now evident ,

thus increasing overall time of engagement.

A sig nificant difference in reaction time between the

affec ted vs. an unaffected crew is now evident. The loader in partic-

ular , because of the phys i ca l effort invo l ved in his duties , becomes

increasing l y fa t igued and weakened , resul t ing in longer t imes to
accomp lish required actions.

The IC , concerned about decreasing performance and

wondering i f  other tank crews are s im i l a r l y affec ted , cons iders  a

holding tactic until he can get artillery to deliver suppressive fire .

Event 5 - Fires Second Round on DRAGON (214)

Fires second round at ATGM position , al though this

targe t was des t royed by Tank 6 from a flanking position (unknown to

Tank 7). Actions are a repeat of those described in Event 4.
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Event 6 - Tank Moves Forward into a Better Defiladed Firing

Position

Drive r: Head down inside cockpi t , ha tch open , obse rves
throug h M27 periscope as he moves tank on IC’s command. As vehicle

lurches forward a spasm of dry retching causes him to halt and ra i se

head ou t of cockpit. Recovers and moves into position designated.

Loader: Has disposed of emp ty casing throug h ha tch and
as he lif ts APDS round from read y rack , slips and inj ures knee .

Immense effort is required to raise 42 lb. round and shove it into

breech . Desire for fresh air drives him to ra i se his head out of

hatch , removes helmet.

Gunner: Extreme l y nauseous and feeling weak. It is

even an effort to crank ammunition selector handle of ball istic com-

puter to input the correct round to be fired .

IC: Stands on p latform as he directs driver into

posi t ion , fresh air refreshing. Legs fee l weak and gr ip ing of bowels
becoming more acute. Notices that (apparentl y) two of p latoon ’s tanks

have been knocked out. Observing over crest of pos i t ion through
binoculars - detects enemy armored vehicle in position on distant crest

of domina ting rid ge line. Slides down in to position to operate range-

finder — traverses turret to bring target into line - overcome by
spasm of dry retching - interrupts rang ing actions. Eyes watering

and stomach aching he returns to rangefinder eyep iece . After several

rang ings issues fire command to crew ; realizes that his action took

far too long.

Summary
The sensitivity of the crew to the pitching movement of

the tank and the stench emanating from within all con t ribu te to the
frequent retching and disruption of duty performances required at each

station . Increasing l y the crew members are forcing themselves to ex-

pose their heads outside of the turret , thus increasing the probability
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of becomi ng a casualty. limes required to perform a specific function

hav e lengthened for each crewman .

Eve nts 7 throug h 24 - Engagement of the Enemy Tank

(SHILLELAGH) and an ATOM (TOW 18)

SHILLELAGH and ATOM were positioned on the same ridge-

li ne at a range of 2900 and 2750 meters , res pec t ive ly. A total of 16

rounds was expended , 13 aga inst the enemy tank , all fired from the

same defiladed position .

Summary
The actions of the crewmen are similar to those des-

cribed in Event 4. However , as the engagemen t progressed a l l  crew men
became increasing ly fati gued. All tasks required an increased time to

pe r fo rm .  The loader , having depleted the 13 rounds in the turret ready

rack , was forced to replenish same with ammunition from the turret

bustle racks. At the conclusion of the engagement the loader was near

physical collapse. The remaining crewmen , al though st i l l  feeling

nauseous , were retching less frequent ly, but were tired. The gunner

was finding i t more difficult to lay precisel y on the target , thus
i ncreasing the time of engagement. The no i se of the turret blowe r

and the hi gh-p i tched wh i ne of the turret traversin g servos were be-

coming more and more oppressive . Failure to be responsive in deliver-

ing coveri ng fire for accompany ing tanks of the team a t the momen t

requ i red may have resulted in their being knocked out when in an ex-

posed pos ition . The momentum of the attack was diminished , res u lt ing
in a successful  delay by the enemy and possible escape of the enemy

main force elements.

Events 25 and 26 - Movement Forward out of Defiladed Fi r ing

Position and Attack by Enemy ATGM (TOW 1 8)

Having destroyed the enemy tank and believing its

accompanying ATOM to have been destroyed , lank 7 moved toward the next

defiladed position some 850 meters to its direct front.
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F
Driver: Responds to IC’ s command to head toward rock

p ile where DRAGON ATGM has been destroyed earlier , and moves tank
forward . Gnawing stomach ache distracts his full attention from

driv ing. Desire to reach she l ter of rock pile where safety and pos-

s i ble respi te from phys ica l dis t ress mi ght be possible causes him to

drive faster than terrain dictates. Some 260 meters from its last

position , tank crashes v io len t ly in to steep-sided dry wash , causing

tank to abruptl y halt. A t that moment the driver dies.

Loader: Seated on ring seat , observing through M37
periscope , very conscious of exhausted condi tion and “don ’t-g ive-a-

damn” attitude . Track no i se, turre t v ibra t ion , and eng ine roa r in-

creased his grogg iness. Violent impact of tank hitting ditch sent him

sprawling on turret floor - at that instant the loader dies .

Gunner: Dry re tching ove r but painfu l l y aware of ache
in his stomach , finds it difficult to keep his forehead pressed agains t

periscope . Depressed and distracted by p itching, noise , and stench of

tank. Now minus helme t (which was removed for comfort), a violent

p i tch of tank causes a severe head injury , lank comes to an abrupt

hal t ; a b r i l l i a n t f lash , and the gunner dies.

TC : As tank moves forward raises his seat , plan ts feet

on pedes tal p la tform standing in his station . Peering throug h lef t

cupola vision block notices flash and puff of smoke from distant rid ge-

li ne. Abrupt halt of tank throws him against turret; stunned and

shaken , he dies as TOW m i ssile strikes tank. lank 7 has been destroyed.
Summary

As a result of exhaus tive efforts in the previous

engagemen t , the effects of the prolonged nausea , and the strain and

weakness i nduced by the frequent vomiting, the crew was in seriousl y

degraded physical condi tion . This resulted in a disregard for caution

and safety and in a si gnificantl y l owered level of responsiveness. The
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Driver ’s i ncreasing carelessness and weakened state caused the fina l

event of the action to occur; the halt had clinched Tank 7’s doom .

An unaffected crew could conce i vabl y have succeeded in

making it to the next defiladed position if it is assumed tha t the

accompany ing tanks were still in action and capable of rendering

covering fires at the moment lank 7 broke from cover to move into its

next position .

2.5 Alternative Actions

The events described above were those of an actua l IETAM

trial , with hypothetica l sickness from nuc l ear radiation superimposed .

Many alternatives to the events of the IETAM trial can be imag i ned ,

g i ven the presence of the radiation syndrome in the crew. For example ,

in Event 3 in which DRAGON (24) fires on Tank 7, the tank is not hit.

In the IEIAM field trial , this tank was exposed to the DRAGON onl y

briefly. In the nuclear scenario , the dr iver may have s topped long
enough at that point , because of sickness , that the DRAGON crew would

have had more time to aim at and to track lank 7, possibl y hitting it

with the first round. They may even have had time to fire a second

round .

The IC , after o b s e r v i n g  s e v e r a l  d r i v i n g  e r r o r s , may have

decided to replace the driver with the loader , who perhaps may have

seemed not as sick as the driver. In this case , perhaps the tank would

not have crashed into the dry wash. The time taken in swi tching
loader and driver may have permitted other tanks of the platoon to

move to better covering positions , and Tank 7 would not have been

killed. On the other hand , this delay may also have permitted the

enemy to improve its positions , and lank 7 would have been killed.

The number of possible alternative events is large , each potentiall y

resulting in a different combat outcome .
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Looking at alternatives at a hi gher leve l , the IC of Tank 7,

who was also the platoon leader , could have :

(1) Fired smoke rounds on suspected enemy sites from own basic

load.

(2) Augmented own f i r e s  with support ng fires from other sur-

viving tanks of p latoon .

(3) Requested air and/or artillery supporting fires on enemy

pos i t ions .

(4) Reported casualties susta i ned and requested assistance ,

noting inability to continue attack due to sickness.

(5) Directed surviving tanks to hold in p lace and occupy optimum

firing positions , and be prepared to support friendl y rein-

forcing or relieving unit.

The team commander (B Company Commanding Officer) could

have :
(1) Directed attached mortar platoon to deliver coordinated

fires on suspected enemy positions.

(2) Requested tactica l air strike and/or artillery fires on

enemy positions.

(3) Directed reserve reinforced platoon to advance , making

sweep ing turn wide of ri ght flank of Tank 7 along covered

approach of stream bed . This would be coordinated with

Tank 7’s platoon , which would deliver covering fire if cap-

able. This action would be dependent on combat effective-

ness of this unit at time of com i tment.

(4) Reported si tuation to Task Force Comander (3rd lank

Battalion) if entire team has been incapacit ated and deter-

mined incapable of sustaining the attack .

The Task Force Commander (3rd Bat ta l ion , Reinforced ) could
have:

(1) Directed Team Bravo to hold in place , taking supporting

f i r i n g  p o s i t i o n s , and prepare to del iver  covering f i r e  in
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support of reserve team , wh i ch will attack throug h Team

Bravo position .

(2) Relieved Team B.

(3) Reported the situation to the Bri gade Commander , who could

replace IF 3 with whatever unaffected brigade reserve he

had available.

3. MODELING THE IMPACT OF TNE ON COMBAT OPERAT IONS

The style of the description of events in the nuclear scenario

above derives from wha t is known about the effects of nuclear radia tion ;

i.e., in this particular case, the indiv idual  human response in terms of

the more appa ren t , immedia te syndrome of nausea , fa t igue , and diarrhea .

There are othe r symptoms , such as loss of hair , bleeding, or infections

that run unchecked because of wh i te blood cell depression . Each would

have a psycho l og ica l as wel l as physica l impact. Infections in the
mouth , for example , could resul t in reduced food intake and amplification

of fati gue .

In considering models or si mulati ons of combat that would reflect

the impact of the radiation syndrome , one is first led to consider an

elemental approach in which the actions of individual combatants are

treated . This approach and others are discussed below .

3.1 Elemen tal Mode l

In this approach , shown schema ticall y in Fi gure 4, a com-
batant ’s physica l condi tion is continuous l y upda ted as a function of time

and his time his tory of absorbed nuclear radiation . His perception of

combat events , his decision processes , and his physica l activity are all

affected by his changing phys i ca l condition . His actions are suniTled with

those of all othe r combatants , irradia ted and nonirradiated , to produce
combat events. For example , the actions of the crewmembers of a tank

sum to , or resul t in , the comba t even t of a tank moving from A to B , or
firing at targe t E. Another combat event could be the death of a com-

batant , or his remova l from action by his commander , who perce i ves his
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deteriorating physical capabilities as being detrimental to his unit ’s

operation . The merit of this approach is that combat events are a

direc t function of TNE. In particular , if an objec tive could not be

achieved by a combatant or group of combatants in the “standard” way

beca use of degraded capab i l i t y ,  an al ternative course of action would be

chosen. The innovative process that is the key of al l combat would there-

fore be reflec ted.

To build a useful mathematica l model using this approach is

c u r r e n t l y i nfeasible. The model would be enormousl y complex , and modeli ng
human decision processes as a function of physica l condition is not with-

in the state of the art. Added to this is the unknown of physical cap-

ability as a function of absorbed radiation. Consideration of this ap-

proach is useful , however , in constructing alternative approaches.

3.2 Computer-aided Elemental Mode l

A more feasible approach is to use p layers to decide what each

combatant would do , g iven a par ticular phys i ca l condition and perceivable

comba t even ts , and have a computer assist by ca l culating the combat

events and interactions resulting from p layer-specified ac tions (e.g.,

time to move from A to B , hi t on targe t E , mobility k i l l  of E). A

simula ted engagemen t , played i n this fashion , would ref lec t the imag in-

a t ion of each of the players regarding the wil l , motivation , and physica l

capabilities of irradiated combatants. A set of descri ptors would be

req uired that would specif y “typ ical” human responses to various absorbed

doses as a function of time after irradiation . A player would consult

these descriptors to help dec i de what a combatant does in a given situation.

For example , if the response listed for a g iven time after irradiation is

“fati gue”, the p laye r must imag ine how active his combatant has been ,

his motivation to perform (e.g., does the combatant perceive his life as

being dependent on his next action?) , what tasks he decide~s to do, etc.

Substituting a player for the model of a combatant’ s percep tion

and decision processes does not solve the basic prob l em of how these are

affected by radiation , or what the combatant ’s wil l  and physica l cap-

abilities are , however. These remain as the basic unknowns . The game
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could be played , however the results would be p layer-dependent and it

would be difficult to compare them in any meaning ful way to a control

case in which no radiation was assumed .

3.3 Aggregative Models

If modeJ, ng or p layi ng ind iv id ual  comba tan ts i s i n feas ib le ,

an alternative is to model or play groups of combatants. This is what

is normally done in models of ground comba t in order to reduce the model

to a manageable size . However , existing models of this type usuall y

exp lici t l y treat the physica l characteristics of weapon sys tems tha t are
being operated , rather than the actions of the operators. For example ,

a tank w i l l  move over a certain terrain type at a particular speed ;

the p robabi l i ty of hi tt ing a tar ge t of g ive n size at some range is

specified; the probability of detecting a target under given conditions

is specified. These specifications assume some l eve l of performance by

a crew or an individual , but this is not an ex p l i c i t func t ion and i t
does not vary with the comba t history (and therefore , the physica l con-

dition) of the combatants.

To reflect the impact of TNE in such a mode l , weapon/equip-

ment performance as a function of crew or operator physica l condition

would have to be known , as w e l l  as crew phys ica l condi t ion as a f un c t ion
of absorbed nuclear radiation and time . These functions are unknown ,

but in their absence a parametric analysis of the effect of changes in

weapon/equi pment performance on comba t outcome could be made. This

was done in this study using the TETAM Land Combat Mode l and a proto-

type reliability model.

3.3.1 TETAM Land Combat Mouel - Parametric Analysis

This is a simple model based on the results of the TETAM

field trials (see Appendix A). It was des i gned to post-p lay the field

trials for the purpose of conducting a sensitivity anal ysis of the

effects of changes in anti-tank missile performance parameters. If the

mode l is run using values of performance and operationa l parameters
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corresponding to those actuall y used in the field trials , the model

results close i y approximate field trial results. Vary ing the values of

weapon system and operational performance parameters would be expected

to produce valid results also , prov i ded that such variation is within

some small interva l about the model desi gn values.

In the ana l ysis performed in this stud y with the TETAM

model , four model inputs related to combatant performance were para-

metricall y varied . These were tank speed , tank main gun reload time ,

engagement rate , and offensive and defensive weapon kil l  probability .

The assumption was made that if a tank crew had been irradiated , the

values of these parameters would change . The results of this para-

metric ana l ysis are g iven in Appendix A. They show that relativel y little

change in engagement ou tcome occurs when parameters are varied one at

a time , and that the greatest sensitivity occurs when tank speed , engage-

ment rate , and kill probability are varied simu l taneousl y.

Whether these sensitivities are realistic for the TETAM

scenario over the entire range of variation of the parameters is moot.

Wha t is i mportant is that , thoug h such an anal ysis can be performed ,

it fails to illumina te the critica l relationshi p between the dose a

combatant rece i ves , the resulting performance degradation , and the

corresponding value of a related parameter such as tank speed or engage-

ment rate. Without such relationshi ps it is i mpossible to know what sets

of weapon performance parameters or other variables treated by a model are

internall y consistent , or which sets match specific times (and , there-

fore , physica l conditions of combatants) in a g i v e n  nuclear scenario.

For examp le , if a tank’ s speed is assumed to be only 7O~ of its norma l

speed , (i.e., the assumption being that an irradiated tank crew would

operate the tank at a reduced speed) , there is no way to know what the

corresponding values of ki l l  probability and engagement rate should be.

Another consideration in the use of the parametric

approach is that like IETAM , mos t models of land combat emp loy fixed
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tactics within a g ive n simulated engagement. In reality, as a nuclear

engagement progresses and the i mpact of TNE beg ins to be felt , tac t i cs

wou ld be expec ted to cha nge . ~n par ticular , as the combat effective-

ness of a un it beg ins to decrease as a result of TNE , the uni t may be

wi thd rawn and replaced , or i t~ role may be changed so that the success

of the combat operation is less sensitive to changes in the unit ’s per-

forma nce level.

The TETAM Land Comba t Mode l was used in this ana l y s i s

beca use of it s a v a i l a b i l i ty and recen t use by the BDM Corporation. It

is p robabl y too highl y aggrega ted and spec i f i c  in it s appl ica t ion to be
very useful  in inves t igating the effects of INE. This ana l ysis shows

that a more appro p r ia te land comba t model wo u ld t rea t the effec ts of
crew pe rfo rmance level more exp l i c i t ly, and would treat tactics for

i ndivid w’ l crews as a variable.

3.3.2 Rel i ab il i ty Model - Paramet ric Analys is
Because of cross-trainin g, and the ab i l i ty to opera te

a 14-crewmember tank with onl y three crewmembers , a tank crew can be

treated as a system with series and parallel elements. This suggests a

mode l in g approach using c lass i ca l r e l i a b i l i ty ana lysis. If a l l  the

var io u s tasks pe r fo rmed by a n i nd iv id ual crew member i n a g iven time

period , or m i s s i o n , are aggrega ted into just one ‘‘ task’ ’ , a si mple re-

l i a b i l i ty equation can be derived that expresses tank crew “r e l i a b i l i ty”
as a fu nction of crewmember ‘ ‘ r e l i a b i l it ies ’’ .

A pro totype model using this a pproach was developed and
is described in Appendix B. A para metric ana l ys i s was pe r formed , usi ng

a ra nge of val ues of rel i ab i l it y for each c rewmembe r . Thes e val ues
correspond to the postirradiation performance leve l of a crewmember for

all tasks he performs during a mission . The res u l t , for each such set

of perfor mance val ues , is a crew reliabil ity. This could be cons t rue d
to mean the probability that the crew would perfo rm as if undegraded.

Al ternatively, i f  applied to a large numbe r of tank crews , crew re-

liab i l i t y  could be interpreted as the effective force level; i.e., 10
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tanks each with a crew reliability of 0.9, would be equivalent to 9 or

fewe r tanks wi th undegraded crews , depending upon the tactica l situation

and the tanks ’ roles.

This approach was an attempt to bypass the data gaps of

the human performance response to nuclear radiation , and weapon system

performance as a function of operator physica l condi tion . In effect ,

it replaces these two gaps with a sing le , equivalent gap labeled “re-

liab i l i t y ”. Though this does not reall y change the prob l em , it might

s implif y the collection of data and validation of the concept via the

type of test described be l ow in section E, “Syn the t ic Human Nuclear
Experience ”.

3.4 Other Factors

The preceding has dea l t mainl y wi th the effects of in i t i a l

nuc lear  radia t ion on man ’s comba t performance . His performance w i l l  be

a function of other factors as well.

3.4.1 Fallout and Ra i nout
Fallout and ra i nout can result in high levels of radia tion .

A uni t may find itself in an area of fallout , or may have to pass thro ugh
such an area , and its mobility may be constra i ned by enemy forces. In

such cases , the time spent in the area may be enough to cause the ab-

sorp tion of doses large enough to produce TNE. Such doses could be

additive to those alread y experienced , depending on the times of ex-

posure .

3.4.2 Maintenance Tasks

There is a considerable amount of maintenance to be per-

formed on military equipment. If the maintenance personnel are suffering

INE , the work they perform may be of less than norma l quali ty. Equip-

ment so m a i n t a i n e d  may exhibit degraded rel i a b i l i t y ,  and this w i l l  im-

pact on the combat effectiveness of a unit. Appendix 0, ~.ih i ch lists

tasks required of the M6OA 1E3 crewmembers , shows that abou t 15 percent
of the crew ’ s time is spent in maintenance tasks. -
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3.4.3 Synergis tic Effects

A combatant suffering injuries from nuc l ear weapon blast

effects , therma l radiation , or conventiona l weapons sufficient to be

declared a casualty will be removed from action , regardless of TNE , and

should be so treated in a mode l of land combat. If lesser injuries

occur , they may, in combination with TNE , be sufficient to cause a

casualty . Alternatively, they may cause degradation of performance in

addition to that caused by TNE.
3.5 Relative Magnitude of INE Impact on Combat

The relative magnitude of the impact of INE on combat effec-

tiveness wil l  depend not onl y on the distribution of initia l  nuclear

radiation doses among combatants , but also on nuclea r blas t and the rmal
radiation effects , the y ields of weapons used , and the effects of con-

ventional weapons. Appendix C treats the distribution of initial nuclea r

radiat ion doses an-i blast and therma l effects. A discussion of some of

the data from that A ppendix follows .

The distance iron ground zero at which casua l ty—producing

nuclear therma l radiation and blast effects occur increases faster with

weapo n y ield than does the distance at which a g iven l evel of init i a l

nuclear radiation occurs. Above a certain weapon yield , a person w i l l
suffer sufficient promp t injury from blast effects that he would be

declared a casualty, independent of the initial nuclear radiation dose

rece i ved. This y ield depends upon weapon type and on a person ’s

vulnerability to nuclea r weapon effects. At such weapon y ields or

greater , onl y prompt casualties wil l  be produced.

The def in i t ion g i ven in AR 310—25 “Dic tionary of Un i ted States Army
Terms”, dated June 1972 , is taken: “Any person who is los t to h is
organization by reason of having been declared dead , wounded , injured ,
diseased , interned , captured , missing; or a person whose whereabouts
or status has not been determined .”
The relevant part of this definition is “. . .who is los t to his organ-
ization. ..“, which implies that a casualty contr ibutes nothin g in the
performance of a task or mission by his organizat on .
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Below these y ields , time-variable nuclear effects (INE) wil l

be produced in therma l radiation and blast effect survivors in vary ing

degrees. Table 3 shows the distribution of initia l  nuc l ear radiation

doses grea ter than 1 rad in tank crews surviving the blast effects.

For the weapon y ields treated in Table 3 up to and in-

cluding 100 kt , from 76.7 percent to 86.2 percent of tank crews not

becoming casualties from blast effects (i.e., blast effect surv i vors)

wi l l  rece i ve less than 200 rad. This dose is the threshold of fatality

production from initial nuclear radiation. Few or no deaths would

res ult. The radiation syndrome would be of relative l y low intensity ,

and the mean performance degradation would be correspondin g l y low .

From 9.4 percent to 15 percent of the tank crew blast effect

survivors would receive doses of from 200 to 1 000 rad. According to

Reference 1 , fatalities among these combatants due to initial nuclear

rad i a t io n would be as fo l lows :

Dose (Rad) ~ Fatalities lime to Death

200-400 0-30 4-12 weeks

400-600 30-90 2-10 weeks

600-1000 90-100 1-6 weeks

From 0.6 percent to 11.2 percent would rece i ve a dose greater

than 1000 rad. According to Reference 1 , all such personne l would

die from the dose rece i ved . Reference 2 states that for a dose of

2500 to 3500 rad ,

“Personnel wil l  become incapacitated within 5 minutes of ex-
posure and wi l l  remain so for 30-45 minutes. Personnel wil l  then re-
cover but wil l  be functionall y impa i red until death. Death wil l  occur
in 14-6 days .”

For a dose of 7000 to 9000 rad ,

“Personne l w i l l  become incapacitated within 5 minutes of
exposure and for physicall y demanding tasks will remain incapacitated
until death. Death will occur in 1-2 days.”
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V
For a dose of 1 7000 to 19000 rad ,

“Personne l will become incapacitated within 5 minutes of ex-
posure and for ~~y task will  remain incapacitated until death. Death
wil l  occu r within 1 day.”

The sever i ty  of response for the higher doses , coupled w i t h
the relative l y low percentage of personnel receiving such doses and the

p robable incidence of accompany ing blast and therma l radiation effects ,

suggests the following classification :

Dose Percent of Irradiated* Performance
(Rad) Personnel Receiving Dose Degradation

1-200 77-86 Minima l

200-1000 9-15 Moderate-Seve re

1000+ 1-1 1 Comp lete

~Personne l receiving at least one rad

For purposes of modeling or of estimating the impact of TNE ,

the gross assumptions could be made that personnel receiving more than

1000 rad are prompt and permanent casualties; those receiving l ess than

200 rad pe rform as if they had not been irradiated (this still admits

of considerable variation of performance among personnel); and those

receiv ing between 200 and 1 000 rad exhibit marked performance degrad-

ation prior to death from one to 12 weeks post irradiation . In effect ,

this reduces the prob l em to one of estimating or calculating the impact

of prompt casualties (from blast effects , ther mal radia t ion , and in i t ia l
nuclear radiation for blast effect and therma l radiation survivors re-

ceiving more than 1000 rad) and , for a relative l y small group, perfor-

mance degradation plus delayed fatalities. This does not solve the

problem of finding the impact of performance degradation , but does con-

fine it to a small percentage of the combatants.

Recall that in the above , the results are based on the detonation

of a sing le , airburst nuclea r weapon . The overlapping effects of multi p le
weapons are not treated ( th is  would tend to increase the incidence of

~

- -_--

~

- -  ~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -  ~~~~~~~~~~~~~



hi gher doses), nor is fallout or ra i nout treated. Ne i ther is a non-

uniform distribution of combatants treated . Clearl y, this would affect

the distribution of doses among personne l and it would differentiate

among classes of personne l (e.g., if onl y command personnel suffered

all of the prompt casualties and fatalities , or if onl y a particular

element of a force, say the artillery , were to suffer prompt casualties ,

the i mpact would be diffe rent than if such casualties were distributed

among the entire force).

4. THE IMPACT OF NUCLEAR RADIATIO N ON PERFORMA NCE

Each of the modeling approaches discussed above requires data on

the performance response of man to nuclea r radiation . These data do

not exist , nor is it like l y that they will ever be collected in a time l y

manner. A summary of the effects of nuclear radiation on man and on

other mammals is g iven here . In Section E, following, considerations on

the use of such data in predicting man ’s performance response are

presented.
4.1 Effects of Ionizing Radiation

Physiolog icall y, ionizing radiation princi pall y affects the

ability of immature cells to mature to functional cells of organ systems .

Normal l y, as older cells wear out or die , they are replaced by maturing

ce l l s  wh ich continue the physiolog ica l and biochem ica l functions of body
maintenance . For example , the bone marrow supplies mature functional

blood cells continuousl y. I mmature cells of an organ system are radio-

sensitive and are easily killed or damaged by radiation , whereas mature

functional cells are more radioresistant.

Organ systems composed primaril y of mature functional cells

with a very low or zero turnove r rate are quite radioresistant. Radio-

sensitive organ systems contain a large proportion of i mmature cells and

have a high turnove r rate of mature functional cells. The level of radio-

sensi tivity of an organ system is to a large extent proportional to the

rep lacement rate of mature functional ce l l s .
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4.l .l Time to Death

Whole body radiation may result in death due to three

s ign i f i can t ly diffe ren t mechanisms depending on the dose leve l and the

organ system most affected. Figure 5 schematicall y shows mean survival

time for essentiall y all tested mammalian anima l species (denoted by

the letter “A”) as a func tion of dose .

The dashed lines labeled “C” represe n t rough l imi ts for
mammalian species . The three segments of curve A correspond to three

different fatality mechanisms . Mean surviva l time for the first portion

of the curve (about 350 to 1300 rad) is dose dependent and corresponds

to fatalities resulting from radiation damage to the hematopoietic organ

sys tem . The symptoms of this type of damage are called the hemato-

poietic syndrome . The second portion (from abou t 1300 to 10 ,000 rad)

corresponds to fatalities resulting from radiation damage to the gastro-

in testina l (Gl) organ system . The symptoms of this type of damage are

called the GI syndrome . Man ’s response to GI damage is shown by the

curve segment labeled “B”. The third segment of curve A corresponds to

fatalities caused by damage to the centra l nervous sys tem (CNS), the

symp toms of such damage being called the CNS syndrome .

Depending on the absorbed dose , the frequency distri-

bution of survival times of the decedent occurs about one or two modes ,

corresponding to whether an indiv id ual is dyi ng from damage to one or

two organ systems . The frequency distribution of surviva l times is

characteristicall y a Poisson distribution.

Fi gure 6 diagra maticall y presents the frequency of death

as a function of time for different doses.

There is a characteristic correspondence between mean

surviva l time and the particular organ system whose damage produces

dea th. The central nervous system (CNS) is composed pr imar i ly of ma ture
functional cells with a zero turnove r rate , and consequentl y the CNS is

high ly rad iores is tant .  However , a dose of 10 ,000 rads or greater w i l l
k i l l  or injure CNS cells and result in death within two days or less.

The gastrointestina l (CI) tract has a nonzero turnove r rate of mature

functional cells. Death due to radiation damage of the gastrointestina l
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tract occurs approx i matel y six days after a 1 000 to 5000 rad dose . Bone

marrow has a hi gh turnove r rate of mature functiona l cells (blood cells).

Death due to hematopoietic damage occurs approx i mately 20 days after

i rradiation and results from a dose of from 200 to 500 rads.~
4.1.2 Performance Response of the Macaca Mulatta Monkey to

Nuclear Radi ation
Performance decrement studies have been conducted at

the Armed Forces Radiobiology Research Ins titute (AFRRI) and the USAF

Schoo l of Aerospace Medicine (SAM). Research at AFRRI and SAM indicate

tha t the performance of the irradiated Macaca Mulatta monkey as a func-

t ion of t ime is in f lue nced by the following factors: absorbed dose3 ,

dose rate ,
0 
part of body irradiated 

4,5,6 
neu tron -gamma r a t i o  ~~ type

of task 7’°, and motivation .

Before examining the effects of these factors , i t is
relevan t to define what is meant by “performance”, especially if the

response data for monkeys are to be used to ind i cate what man ’s per-

formance response to nuclear radiation mi ght be. The meaning of the

word “perfor mance” for the monkey is g iven by the fo l lowing , abs tracted

from Reference 3 -

The monkeys “ . . .were maintained in primate restraint chairs

des i gned for behavioral studies and housed in idividua l isolation booths.

Each anima l was p laced in the restraint chair at the beginning of train-

ing and was ma int ai ned i n the chair  un t il pos t i r rad i a t ion tes t ing was
completed , approximatel y 25 days .”

“The animals were trained to do a discrimination task

consisting of a circle and a square simu l taneousl y projected onto the

backs of two transparent pressp lates. An additional cue was also avail-

able to the animal; at the beg inning of each trial a 15—watt house li ght

was illuminated in the cubicle. An interval of 10 seconds elapsed

Bond , Mammalian Radiation Lethality
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“between the onset of successive trials. After the onset of the visual

stimuli , an anima l was allowed 5 seconds to complete the problem by

pressing the pressplate illuminated with a square . If he performed

correctly, the house l igh t ex t ingu ished and the subjec t remained in
darkness for the remainder of the 10-second interval. If the subject

performe d incorrec tly by pressing the circle or failed to respond within

5 seconds , a tone was sounded , the cubicle li ght rema i ned on , and an

electrical shock was delivered to the subject. The animals were tra i ned

to an accuracy criterion of 90 percent correct or better. On completion

of training, each anima l was subjected to a base-line test. The data

from this test allowed each anima l to serve as its own control. ”

Pos t i r rad ia t ion , the f r a c t i o n  of responses that were

correc t , normalized to the base-line test score , cons tituted the mon-

key ’s level of performance. In this case the task performed by the

monkey was p ri ma r ily cogni tive in nature (i.e., an ac t of knowing , in-

cl uding both awareness and jud gement); the onl y phys ica l ac t iv i ty wa s
to p ress the pressp late . In tests in which the monkey performed a

physica l task , name l y running or walking in a squirrel cage type of

apparatus called a “primate phys i ca l activity wheel” , level of perfor-

mance was measured by the numbe r of revolutions of the wheel achieved

duri ng a g iven time period . The whee l had to be turned at a rate cor-

responding to a pace of between one and five miles per hour. Be l ow

one mp h , an electrica l shock was administered ; above five mph the wheel

was slowed by a brake , but no shock was g iven. Postirradiation per-

formance was normalized to baseline , preirradiation performance .

The test data indicate that with increasing absorbed

dose , dose rate , and/or gamma-neutron ratio , the initial performance

decrement increases or is longer in duration . The l eve l of performance

degrada tion for a cognitive task requirin g li ttle phys i ca l activity

(e.g., differe ntiating between two different visual cues) is not as

pronounced as for a more physica l task (e.g., running on a treadmill).

The factor of motivation would seem to be critica l , but unfortunatel y is
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difficult to quantif y . General l y, the degrada t ion in the perfor mance
of a task by a li ghtl y mo t iv ated i rra dia ted monkey appears to be grea ter
than that by a hi ghl y mo t iva ted monkey .

The effec t of increased dose on the perfo rmance of a simple

cued avoida nce task is d isp lay ed in Figure 7. The time of onset of the

ini t ia l  decre ment in pe r forma nce is indepe nden t of the dose leve l or the
t ype of task; howeve r , the r a t e  of recovery  i s  dependent upon dose.

The pe rfo rmance l eve l of irradiated monkeys is dependent

upon the type of task being performed . Fi gure 8 prese nt s the perfor mance
of the Macaca Mulatta as a function of time after receiving 2000 rads .

Performance is shown for a cued avoidance task (cognitive task) and for a

physica l activity task (running on a treadmll). The in i t i a l  decrement

i n pe r for ma nce is mu ch mor e prono unced fo r the phys i ca l task , and the t ime

to recovery f rom th is  decre ment is prolo nged compared to the less phy s ica l
task . In addi t ion , when phys ica l ac t iv it y i s  an e s s e n t i a l  component of

a task , the performance l eve l of the whole task is degraded. In a t e s t

combining both physica l and cognitive tasks , separating the phys ica l task
from the cognitive task improves the performan ce of the cogn itive task.

I n a collaborative stud y between AFRRI and SAM , the per-

formance of irradiated animals tha t had been trained to operate a primate

equ i l i b r i u m  platform (PEP)*, a physica l task (see Fi gure 9), was corn-

pared to the performance of animals with similar radiation exposure but

required to perform onl y a simple discrimination (cognitive) task (see

Fi gu re io) . No si gnificant differen ces were observed in the incidence

and severity of the in i t i a l  performance decrement. However , the l eve l of

recovery observed in the discrimination-trained animals 30 minutes post-

irradiation was not reached by the PEP-trained animals un t i l  150 minutes

af ter exposure .

~ The primate equilibrium platform was desi gned to de termine the ef fec t
of radi ation on the equilibrium function . The task for the primate was
to p ilo t the p l atform by manipulating a “joy stick” i n order to maintain
the p la t fo rm in a rela t i ve ly  hor i zon tal position .
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The neutron-gamma ratio (ng) has a potentiall y si gnifican t

effec t on postirradiation performance - Calculations by Thorp and Young

sugges t that the abi l i t y  of neutrons to incapacitate , relative to gamma

radia t ion , is on ly 0.68. A nimals receiving a higher proportion of gamma

in their total dose exhibi t a more severe performance decrement. Figures

9 and 10 indicate that animals which receive a pulsed dose with a neutron-

gama ratio of 0.5:1 exhibited a more severe earl y t ransien t perf orma nce
dec rement than an i mals irradiated with a neutron—gamm a ratio of 9:1.

(See Fig ure II).

The biolo gica l response to ionizing radiation is dependent

upon the par t ic u lar monkey being i r rad ia ted . Under the sa me condi t ions ,

some monkeys may exhibi t no performance degrada t ion , some may exhib it

an int ermedia te leve l of perfor mance degrada t ion , while others are

v i r tual l y i ncapacitated. The variance in the performance of two irrad-

ia ted monkeys is graphical l y disp layed in Fi gure 12 for a cogni tive

task. The variation in performance of a phys i ca l task for two other

a n i m a l s  i s  shown in Fi gure 1 3.
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5. PERFOR kANCE RESPONSE OF MAN TO NUCLEAR RADIATION

in the vi rtu al absence of da ta on man ’ s perfor mance res ponse to
nuclear radiation , the tes t da ta on ir rad ia ted monkeys are perha ps the

bes t ava i l ab le  indica tor . i t would appea r tha t , like the monkey , the re

wou ld be an ini t ial performance decre men t for man af ter absorbi ng a dose — -

of nuclear radiation . For doses less than those causing permanent in-

capaci ta t ion , the ini t ia l  response would be fo l lowed by the la ten t

phase , or a period of remission during which pe r for mance would i mprove ,

rela tive to the in i t i a l  degraded level. Following this , and depe nding

on the dose rece ived , there wou ld be ei ther a con ti nued recovery and
perfor mance imp rovemen t , or a termi nal phase in which perfor mance again
degrades , fol lowed by dea th.

Fo r some lowe r ran ge of doses , the duration and level of the

in it ial pe r for mance decrement and perfor mance du r ing rem i ss ion  wou ld I~e

such tha t a comba tant wo u ld no t be declared a casual ty , but would remain

i n action . This would depend not onl y on the absorbed dose , bu t also
on other injuries suffered (e.g., from ther mal radia ti on , blas t effects ,

or conventional munitions) and the severity of the comba t situation .

The validi ty of an extrapolation from the results of monkey tests

to the performance of such a person in combat would appea r to rest, in

par t , on the similarity of task complexity . The monkey ’s tasks in the
labora tory were relative l y s i mp le . Comba t tasks can be broke n down into
si mp le e le men t s , however. Appendix D presents a task breakout for

M60.41E3 crew members , based on a study made for the M551 tank . One task

for the gunner , “Firing i n Power Mode” , is anal yzed be low to explore the
feasib i l i t y  of extrapolation from monkey to man.

Assuming that the gunner has detected , iden t i f i e d , and ac qu i red the
targe t , this task requ i res the gunne r to track the target (assume a

m o v i n g  tar ge t ) ,  placing the cross hairs of the si ght on the des i red
i mpact point on the target , and to fire the gun when he feels he has
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established the correct tracking rate and aim point. Though none of
the monkey ’s tasks were l i ke this one , assume that the task of keep ing

the Primate Equilibrium Platform (PEP) leve l is sufficientl y close to

be equivalent.

If a gunner ’s pre irradiation performance of the firing task were

known , one could then hypothesize that , since the monkey ’s performance

on the PEP at time T after absorbing a dose of R rads was 0.5, the gun-

ner ’ s performance under the same conditions would be 0.5. But how is

the gunner ’s performance measured? For this task it could be some func-

tion of the means and standard deviations of aim and tracking rate

errors i n azimuth and elevation in a short time interva l before firing .

A pe r fo rmance  of 0.5 could mean that the standard deviations are in-

creased ‘ - ~ a factor of two , with a corresponding change in the va l ue of

the functk’n .

Some of the assumptions that are impl i c i t  in the hypo the tica l pro-

cess described above include :

(I) The task of keep i ng the PEP eve l is as difficult for the

irradiated monkey to pe r form as the task of “firing in the power mode”

is for the irradiated tank gunner .

(2) Man and monkey are simi l a r l y af fec ted by radia t ion des p i te
interspecies , wei ght , and size differences.

(3) Man in comba t is motivated to the same (unknown) degree as

the monkey in the laboratory , even thoug h environments , recent experience ,
know l edge of radiation effects , and know led ge of the consequences of

actio n are differ ent.

(L i) F i r ing  i s ei ther the onl y task the gunner has to do , or else

his firing performance is unaffected by other tasks that he has performed

or expects to perform.

(5) As i de from radiation effects , phys i ca l conditions of man and

monkey are eithe r similar , e.g., recent nourishment , sleep, fati gue and

injuries , or else differences have no effect on task performance .

_ _ _ _  _ _ _ _ _ _ _  
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(6) Interactions with other combatants (e.g., the gunner ’s tank

comma nder , who issues commands to him) have no e f f e c t  on performance .

Recall tha t the monkey was isolated , and did not work coopera ti vel y w i th

others -

(7) The unchang i n g  environment of the monkey is equivalent , in

terms of effect on performance , to the con s tan t ly chang ing enviro nmen t

of the man in combat.

Thi s is no t a t r i v i a l  group of assumptions. Without some emp irica l data

to support the assertion of equivalence in monkey-man performance ,

one is left onl y with a qualitative sense of similarity.

Quantification of perfor mance i s not necessar i l y s traigh t forward

for the tasks listed in Appendix D. For example , the Tank Commanders

task 10 .0, “Communica tions (Command and Control)” , would not be easy

to quantif y, and there is no apparent corresponding task in the radiation

exper iments with monkeys . Given that the tasks that p rinci pally drive

the outcome of a simulated engagement could be defined and “performance ”

es tab l ished for each , however , their mul t ip li ci ty and the necessity for

treatment at individua l combatant leve l p roduces an intractable modeling

prob l em . Unfortunatel y, the radiation experiments with monkeys appear

not to have produced data that could reasonabl y form the basis for

es t i m a t e s  of group or aggregative performance of irradiated combatants.

6. SYNTHETIC HUMAN NUCLEAR EXPERIENCE

The data from experiments with irradiated monkeys have onl y a limited

usefu l ness in p r e d i c t i n g  man ’s performance response to nuclear radiation .

Of the data collected on the effect of whole body irradiation on man

(combat , therapeu ti c , and accidental), practically none relates to man ’s

ability to perform tasks , postirradiation . Reference 9 contains some

informa tion on postirradiation susceptabilit y to easy fa t iguability. It

also contains data on certain physiolog ica l responses during exercise of

a healthy , nonirradiated male voluntee r who underwent pharmacolog ically-

incuced gastrointestinal distress (i pecac was administered). These

responses were similar to those of irradiated patients during exercise.
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Th is suqgests a different approach to the problem of finding the

impact of pe r formance deqradatio n on combat operations ; name l y, to

o bs e rve the ope rations of performance -degraded perso nnel in t roop
t r a i n i n g  e x e r c i s e s , and thei r impact on force cap ab i l i t ies . The v i r tue

of this approach is that nothing is left out; all tasks and combatant

interactions relevant to the “tac t ica l si tua t ion” of the training exer-

c i se  ac tua l l y occur.

Two me thods of perfor mance degradation could be used . In the first ,

the phy s i c a l  condi t ion of the t ra inees is no t af fec ted , and performance
degr ada t ion is si mula ted ei ther by using low-achievi ng trainees , or by
mo d i f y i n g  equ ipment  or procedures so that tasks are more difficult to

pe rform. Perfo rmance is a controlled variable in this case , and the

ef fec t s of pe rformance level on simulated combat operations are observed.

In the second method , the t ra inee is made to expe r ience some symp toms
s i m i l a r  to those that would result from irradiation , and the res u lt ing
impac t on his  pe r formance is observed , togethe r wi th its effect on simu-

la ted combat ope rations. In this second method , it is possible to cor-

rela te s pe c i f i c  expos u res to nuclear radia t io n wi th impac t on comba t

operations , since the symptomatology of human response to nuclear radi-

ation is relative l y well known . This cannot be done in the first method

si nce the rela t ionship be twee n dose and perfo rmance is unknown for ma n.
The production of a radiation-like syndrome for a l ower range of

ra diation dcscs could be safe l y and reversib l y accomplished by the u se

of emetics and cathartics . These would p roduce vom i t ing , stomach cramps

and diarrhea. Fati gue could be induced by a comb ina t ion of die t , exer-

c i s e , slee p depr iva t ion , and temporary blood leve l reduction (i.e., some

of a subjec t ’s blood is removed and later returned) . More realism would

be achieved if pa tknts undergoing whole-body radiation treatment could

be used as trainees. The leve l of radia tion used in treatments is

relativ el y low , however , and performance degradation may be sl i ght.

Pa tients undergoing chemotherapy also exhibit symptoms similar to those

- ~~~~~~~~ - -
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p roduced by irradia tion . The drugs used (e.g., cy toxin , v i n c r i s t ine ,

ac tinomycin) attack high turn-over rate cells and produce blood cell

depression and some gastrointestinal tract denudation .

7. CONCLUSIONS

A ll of the model i ng approaches requi re da ta on the pe r fo rmance
response of man to nuclear radiation . Such data do not exist. Data

f rom radia t ion experimen t s on monkeys appea r to be app l i cab le  onl y in

the most elementa l instances. Even then there are such si gnificant

d i f f erences be tween man and monkey , and be tween labora tory and com ba t

environments , that an extrapolation from monkey to man would have

serious uncertainties. A pproaches to bypass ing  the da ta ga p, such as

pa rame t r ic analyses or the use of p layers to speci f y human response ,

are arbi tr ary and prod uce no new information about the i mpact of TNE.

The approach of synthesizing human nuclear experience in training

exercises via performance-degraded trainees would do much to close the

data gap. This approach may be con t rovers ia l , however , depending on

the man ne r in wh ich performa nce degrada t io n is achieve d . A si gnificant

shortcoming of this approach would be the f a i l u r e  to ach ieve  m o t i v a t i o n

i n t rainees of the leve l tha t mi gh t be seen in combat.

Of the two approaches , the la tter appears to have the grea tes t

potential for producing usefu l  r e s u l t s .
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APPENDIX A
TETAM

I. GENERAL

From 1971 to 1973 the Combat Developments Experimentation Command

conducted a s e r i e s  of f i eld t r i a l s  to evaluate antitank missile systems .

This series of trials was desi gnated Experiment 11.8 , Tactica l Effective-

ness Testing of Antitank Missiles (TETAM). The field trials were designed

to:

(1) Contribute to the assessment of the effectiveness of U. S.

TOW , SHILLELAGH , and DRAGON , the British SWINGF IRE , and the German/French

MILAN A nti-Tank Missile (ATM) systems under simulated combat conditions.

(2) Provide da ta for use as input to and verification of certain

U . S. Army hi gh resolu tion predictive combat models.

The f i e ld  tri a l s  we re conduc ted in four d i s t i n c t i v e  phases:  1E , 1 , 11 ,

and 111 . Each phase investi gated a particular aspect of ATM system effec-

t I veness.
The pr ima ry objec t i ve  of Phase II I  was to obtain performance data on

defensive l y-emp l oyed ATM systems and attackin g armor elements when engag ing

each other in simulated combat.

Phase II I  consisted of two-sided , real-time casualty assessed field

trials. Trials were run over varying terrain with vary ing threat and

defe ns ive tac t ics , and some trials were run under artificial illumination

condi tions. Data was collected on all si gnifica nt events (e.g., each
m i s s i l e  f i r i n g  and its subsequent effect on a target). Positional data

on each player element was also collected throug hou t the duration of each

trial.

The defensive force was dep loyed in a deliberate defense while the

threat force attacked using eithe r a Rapid Approach ’~ (RA) or Fire and

Rap id Approach is the tactic wh i ch permits an attacking force to close
on its objective in the shortest possibl e time , rel y ing on speed to
minimize casualties.
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Movement~ (FM) tactic. The positions of defensive Anti-Tank Missile

Systems (ATMS) were selected to prov i de adequate coverage of the defen-

sive fron t. The platoon leader was given latitude for position selection

for each trial. The threat force route of advance was se l ected by the

threat force commander , cons t rai ned onl y by the boundaries of the experi-

mentation site and influenced by the approach tactic. The maximum threat

force was nine simulated T-62 tanks , three BTR-4OP with SAGGER ATGMs

(Anti-Tank Guided Missile) and three unarmed BMP (Infantry Combat Vehicles).

The maximum defensive force was two TOWs , two DRAGONs , and one SHILLELAGH

ATM system.

2. CONDUCT OF TRIALS

The threat force ’s objec tive was to seize and destroy the defensive

force by fire and reach the Trial Term i nation Line (TTL)**. The de-

fens i ve force ’s objective was to destroy the threat force forward of the

TTL. Prior to the commencement of each trial , the defensive systems

were emp l aced within the defensive area . Simu l taneousl y, the threat

force was assembled approx i mate l y 5 kilometers downrange out of si gh t of

the defens i ve area . Both the defensive platoon leader and threat company

commander were briefed on the tactica l situation and were allowed free

p lay in planning their defense or attack.

Fire and Movement tactic is a technique employed by and within a man-
euvering force , wherein one element of the maneuvering force covers by
fire the advance of the rema i nder of the force ; the firing and movement
phases are alternated as required.

*~ Threat vehicles were ha l ted and administrative l y removed from play
when they reached the Trial Term i nation Line. This line was established
approx i matel y 200 meters forward of the ATM positions and designed to
keep the threat force from actuall y overrunning the defensive positions ,
possibl y causing damage to vehicles or instrumentation or injuring
personnel. The full effect of close combat and armo r shock action were
therefore not p layed during the t r i a l s .
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A trial consisted of the free play between the two forces , as each

a ttemp ted to des t roy the other ’s force by si mulated fire . A computerized

casualty assessment mode l was used in near real-time to decide the result

of each si mulated fire (mobility k i l l , firepowe r k i l l , total k i l l , miss).

Referees called these results to the pla yers , who then simulated a cor-

responding action . The desi gn of the experiment required tha t the battle

be forced in order to obtain engagement data over the entire range of

the battlefield. The threa t force was therefore denied the options of

calling in artillery support , or ob ta in ing  ass i s tance from seco nd
echelon forces , and was compelled to continue the attack. If all of

one force received total k i l l s  and/or depleted their ammunition stock ,

the trial was term i nated. If this event did not occur , the trial was

term i nated when all surviving threat vehicles reached the TTL .

3. TETAM LAND COMBAT MODEL

The TETAM Land Combat mode l is a simple empirical mode l based on

the results of the ana l ysis of Phase II I  trials. It was desi gned to

post-pla y the Phase I I I  trials for the purpose of conducting a sensi-

tivity anal ysis of the effect of changes in the m i s s i l e  pe r formance
parameters of flight time s, reload times , hit probabilities , and kil l

probabili ties.

The mode l can be divided into fou r logica l components: trial

preparation , offense , defense , and ut i l i t y  programs .

3.1 Trial Preparation

The follow i ng TETAM i nput parameters can be varied : offe; -~ive

tactic; number of tanks , ATG Ms , TOWs , SHILLELA GHs , SWINGFIREs , and

DRAGONs - nom i na l mix is 9-3-2-1—0-2; basic missile loads; defensive

and o f fe ns ive  
~k 

and P~~; tank speed; and reload time .

Tank and ATGM paths are selected random l y from those that were

used in Phase II I  trials , weighted by their frequency of use during field
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trials. Likewise , the ATM sites are chosen randomly from those used i n
the f i e l d  t r ia l s , wei ghted by their freq ue ncy of u se du ri ng t r i a l s .

In te r v i s i b i l i ty descr i pt ions fo r each path—ATM pair , based

on l i n e- o f — s i g h t  measurements of the actual terrain are used .

3.2 Of fense

A t ime s tep of 10 seconds was chosen . If , a t the beg inning of

each 10 second i n te r va l , the tanks and ATGMs are alive and have not

experienced mob i l i ty k i l l s , they ~re al lowed to move forw a rd a t the
average speed appropria te for the offensive tactic being played. ATGMS

move at tank speeds for the f i r s t  5 minutes of the trial , then slow to a

speed such tha t their average t r ia l  s peed is equal to tha t observed
duri ng Phase I I I  f i eld tr ia ls .

Then for each of the tanks , a ra ndom num ber is compared to the

probab i li ty tha t a tank w i l l  have an engagemen t a t i ts ra nge from the
defe nsive positions in a 10-second per iod . If the random number selected

is less than this probability, the tank may have an engagement. The

tar get i c  selected from the intervisible ATMs , wei gh ted propor t ional to
the length of time they have been intervisible. If an ATM has recentl y

f i r e d , i t i s twice  as l i ke ly to be engaged . Because the tank engage-

ment ra te is so low , the selection of targets for tanks is not crucial

to the results of the tri a l .  The result of this engagement is then

decided by essent i a l l y  the same casualty assessment routine as was used

dur ing  the Phase II I  t rials.

Fol lowing the determination of engagements by tanks , f i r e
engagements by ATGMs are determined . ATGMs fire if a minimum time since

i ts last engagement (normally 20 seco nds for fl i gh t time and reloading)

is exceeded and if a randomly selected numbe r is less than the number of

i ntervisible ATMs times the ATGM engagement rate per 10 seconds. If the

ATGM f i r e s , it fires at the last target engaged , if that target is s t i l l

al ive . This reflec ts the behavior of the ATGMs during the w ie l d experi-

ments. If a new target is to be selected , the target is selected as it

was with tanks . ATGMs are not allowed to fire after their basic load

has been exhausted. Out-of-range aborts can occur.
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The above procedure is performed in sequential order on the

of fe ns i ve  vehic l es . Af te r a l l  of them have been considere d , each of

the defensive systems is examined according to the following rules.

~- .3 Defense

3 .3. 1 DRAGONS
If the reload and flight time for the last engagement

is exceed ed , and the l i ve  DRAGON has no t exha u s ted i ts bas ic  load , a

random number is compared to the probabilit y tha t a DRAGON fires at

intervisible targets within range in a 10-second period . If the random

numbe r is less than this  probabi l i ty , i t is ascertained whether a target

is wi thi n 1100 me ters . The addi t ional 1 00 meters pe rm its the appr op r ia te

number of out—of-range aborts as observed in the Phase II I  field experi-

ment to occur. The first offensive vehicle satisf y ing these co ndi t ions

is engaged . After casualty assessment , whe ther the DRAGON survives to

f i r e  aga in is de term ined by selec ting a random number and comparing it

to the probability (as observed in the field trials) that the DRAGON

survives for the o f fens iv e tac t ic bei ng p lay ed . i f  the DRAGON i s to
die , the nea res t inte r v i s i b l e  of fe ns ive vehi c le is credi ted wi th the
k i l l , s ince who ac tua l l y does k i l l  it is no t a s i gn i f i can t tr ia l  per—

formance rdicator.

3.3.2 TOWs

If a TOW is a l i v e, has exc eed ed its f l i ght and re load
times since its last engagement , has no t exhaus ted i ts basic load , and

a random numbe r selected is less than the probability of a TOW engag ing

a target in a 10-second per iod , a target is selected . The comb i ned TOW

and SHILLELAGH prefe rence for tanks over ATGMS was not considered large

enoug h to si ynific a ntl y a f f ec t the t r ia l  out come s , so a l l  int erv i s ib le
targets are given equal wei -j hts. These wei ghts are increased i f  the
offensive vehicle has just become intervi sib l e or if it wa s the las t

target at .~h i ch the TOW fired. A random number is then used to select

the tar q t . and casualty assessment occurs.
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3.3.3 SHILLELAGHs and SWINGF IREs

They behave like the TOW, wi th ap p rop ria tely d i f feren t

val ues of the input parameters. Flight and reload times are shorter ,

but the probability of engag i ng during a 10-second period is the same as

the TOW.

3.4 Ut i l i t y  Programs

The threa t vehicles are moved on stra i ght line segments approx i-

matin g the paths used in the Phase II I  trials.

The result of a casua l ty assessment is held until the average

fligh t time of the missile has expired. If intervisibi l ity s t i l l  holds

between the firer and target , the actual casualty assessment is made

(total k i l l , f i re powe r k i l l , mobility k i l l ) ;  otherwise it is recorded as

a loss—of-acquisition abort.

I n t e r v i sibility is updated in the following fashio n:

(1) If a threat vehicle is intervisible with an ATM , its cumulative

int e rv i s i b i l i ty~ is incre mented every 10 seconds.

(2) If a veh~ cF e is partia ll y obscured by vege ta t ion , i ts cumulative

i n t e r v i s i b i l i t y  is incremented 50 percent of the time depending upon the

sel ection of a random number.

(3 ) If a vehicle is not intervisib l e , i ts c umula ti ve in te r v i s i b i l i ty
is set equal to zero.

(4) If a vehicle has died , it s cumu la t ive in te r v i s i b i l i ty decays to

zero over about a minute.

The res u l t s of each engagemen t are reco rded , incl uding f i r e r

type , targe t number , range , results of the engagement , and trial time

a t t ime of m i s s i l e  impac t. Possible engagement results are total k i l l ,

fir epowe r k i l l , mob i li ty k i l l , out—of—range abort , loss of acquis i ti on
abor t , previous k i l l , and survive.

Leng th of time tha t int e r v i s i b i l i t y  has been in effect.
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o . RESULTS

Sens i t i v i t i e s  of measures of battle outcome to changes in values of

TETAM la nd combat model inputs are based on the analysis of 6620 simulated

trials. Table 4 describes the four genera l types of trials run , the

offens ive and defensive parameters varied , and the sample s i ze . For each
se t of t r i a ls , values of input parameters were degraded in ten equal steps

to approx i matel y one percent of thei r i n i t i a l  values. Twenty trials were

run at each level of degradation . Baseline trials (i.e., t hose wi th no

degradation in the va l ues of the input parameters) were run for each of

the four sets. In the first , seco nd , and fourth set of trials , the

ca pa b i l i t ie s of the of fe n se a nd defense wer e ba sed on t he re s u l t s of TETAM
Field Trials conducted at Fort Hunter Liggett. The term ‘‘ norma l t r ials ’’
w i l l  refer to these tr i a l s , as va lu es of offensive and defensive para-

meters were derived from the actua l field data. In these tria l s  the

defense was very strong and virtually destroyed the offense , w ith only 23

percent of the threat force reaching TTL for the FM tactic. In the third

set of trials , in order to more evenly balance the forces , the offense

was strengthened 80 percent and the defense was weakened 28 percent.

These tr i a l s  wi ll be refe r red to as ‘‘ adjusted trials. ’’ Unde r these condi-

tio ns more than half of the threat force reached the TTL.

The offensive parameters varied in the first set of norma l trials

were tank speed (TS), ki l l  probability 
~~~~ 

engagement probability 
~~~~

and tank gun reload time . Battle outcome showed l i t t l e  sensitivity to

changes in any of the offensive parameters. This can be attributed to

t he low i n i t i al val ue for o f fe n s i ve  
~E 

and the hig h in i t ia l  va lue for

def ensive 
~E 

and defensive The low tank engagement probability

resulted in very few tank engagements (.5 engagemen t-~ per tank per trial ,

FM) , a very low percentage of the offense reaching TTL , and very few

ca sualties being sustained by the defense . Only 23 percent of the offense

reached TTL in these trials. Since the offense was already virtuall y

des tr oyed in the basel in e t r i a l s , any fur t her dec reas e in of fens i ve
ar1d/or offensive had l i t t l e  i mpact on trial outcome .
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TABLE 4. TRIA L DESCRIPTION , PARAMETERS VARIED , AND SAMPLE SIZE
FOR TETAM LAND COMBAT MODEL S E N S I T I V I T Y  ANALYSIS

Trial Description Parameters Varied Sample Size

Tank SpeedOffense Norma l
Offensive K il l  probabilityDefense Nor mal

Offensive Engagement 
80 BaselineOffensive Parameters Varied Probabi l ity

Defe ns ive Pa rame te rs F i xed
Tank Reload Ti me

Offense Norma l
Defensive Engagement 

600Defense Norma l Probab i l i ty
Offensive Parameters Fixed Defe n s i ve K i l l  probabil ity 20 Basel in e
Defe n s i ve Pa rame ters Var i ed

Off ense Strengthened (8O?~) T ank Speed
Defense Weakened (28~c )

Offe nsive Engagement 880
Offe n s i ve Parame ters Varied Probability

70 Baseline
Defens ive Parameters Fixed Offensive Ki l l  Probability

Offensive Fo rce Va r ied
Defense Norma l

Numbe r of Tanks 80
Of fe n s i ve Parame te rs Fixed

Numbe r of ATGMs 40 Baseline
Defensive Parameters Fixed

;:This i s the sample size for each tacti c FM or RA.
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I n order to find sensitivities of combat outcome to variations in

val ues of o f fens ive para me ters , the defe n se was weakened in the seco nd
set of trials so that more of the offense would survive and reach TTL.

In this set of trials the values of the defensive parameters of engage-

ment probability and ki l l  probability were degraded . Table 5 pre-

sents a par t ial summa ry of these t r i a l s  fo r two measures of ba tt le
out come - perce nt of of fe nse reaching TTL (?~ OFF) and the ratio of ki l l s

i nflicted/sustained by the defense (I/S)~
; (see ANNEX for complete

results). Since the threat is detection limited , the percentage of the

threat force able to reach the TTL is a more relevant measure of balanced

forces than the I/S ratio. Table 5 indicates that the offensive and

defensive capabilities are more balanced when the defense is weakened by

approximatel y 40 percen t~~. At this level of degradation about half of

the threat force reaches TTL. In this set of trials sensitivities of

meas ure s of ba tt le outcome to deg rada t ion in va lues of defe n s i ve 
~k 

and

appear. Measures of battle outcome were found to be onl y sl i gh t ly

more sensitive to changes in defensive 
~k 

than to changes in defensive

In the first two sets of trials , the threa t force was mu ch weaker
tha n the defense . Most of the offense was killed and most of the ATMs

su rv i ved .  This is not unexpected , and it is v e r i f i e d  by the f i e l d  da ta .
Howeve r , the sensitivities of battle outcome to changes in the offensive

parameters  of 
~E’ ~k’ and TS are masked to some degree by the unequal

c a p a b i l i t i e s  of the of fense and defense.  In the second set of trials

s e n s i t i v i t i e s  beg i n to appear as the defense is weakened .

In the th i rd  set of r ia l s the offensive and defensive capabilities

were more even ly  balanced.  The of fense was strengthened by increas in g
the tank engagement rate by 80 percent. The defense was weakened by

reducing t he ATMs engage ment rate and 
~k 

by 28 percen t. For the FM tactic

* Defensive casualty exchange ratio I/S is the number of casualties in-
flicted by defense divided by number of casualties susta i ned by defense.

** i.e ., 40 pcrcent reduction in the va l ues of defensive 
~k 

and
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TA BLE 5, SENSITIVITY OF INDICATED MEASURES OF COMBAT OUTCOME
TO COMBINED DEGRADATION OF THE DEFENSIVE ENGAGEMENT
PROBABILITY AND KILL PROBABILITY (NORMAL TRIALS)

Meas u rePercent
Degrada t ion  Percent  of Of fense De fens ive  Cas ual ty
in Defensive Reachin g TTL Exchange ratio (I/S)

P a nd PE k FM RA FM RA

0 23 21 4.21 12.1 3

10 30 31 3.46 6.18

20 37 34 3.39 6.14

30 54 41 1.56 5.85

40 59 53 1.40 3.61

50 65 54 1.55 4 .11

60 72 62 1.16 2.14

70 82 73 0.63 3.00

80 87 79 0.33 1.00

90 91 84 0.02 0.18

99 94 85 0.00 0.00

70

— —-- -
~~~~~~~~~~~~~~~~~



V

this resulted in 57 percent of the offense reaching TTL and 64 percen t

of the defense be i ng killed (see Table 6). Table 7 displays base-

line va l ues for severa l measures of battle outcome for these adjusted

trials.

In this set of trials , values of three offensive parameters were

varied. They were engagement probability, probability of kill , and

tank speed . The va lues of these para me ters were degraded ind iv idua l l y
and together in ten equal steps to approximatel y one pe rcen t of their
i n i t i a l  va lues except for tank speed , wh ic~ was degraded to approximately

30 percent of its initial va l ue . Twenty trials were run at each leve l

of degradation. The sensitivity of measures of battle outcome to changes

in values of the offensive input parameters PE , Pk , and TS were approxi-
mated by fitting a straight line to the data points (see A ppendix

using the techni que of linear regression . Measures of battle outcome

considered include :

(1) Numbe r of tanks coming within 200 meters of defense;

(2) Number of AIMs alive when tria l ends;

(3) Number of tanks killed;

(4) Percent of o f f e n s i v e  vehicles coming within 200 meters of

defe nse;
(5) Defensive casualty exchange ratio.

Fi gures 14 throug h 29 graphically display the stra i ght line fit

for the numbe r of tanks alive and the number of ATMs alive when the

center of mass of the tanks is 2000 meters , 1000 meters , and 200 meters

from the defense for each of the offens i ve input parameters varied and for

both the FM and RA tactics . Table 8 and 9 show relative sensitivi ties of
f i ve  measures of comba t outcome to cha nges in the values of the indicated

of fens ive inpu t parameters for the FM and RA t a c t i c s , respec t i ve ly.  The

table en t r ies  are not absolute values , but are proporatio n~ l to the slope

of the underl y ing regression line (the actua l intercepts and slopes of all
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TABLE 6. COMPARISON OF MEASU RES OF BATTLE OUTCOME
FOR NORMAL V S.  ADJUSTED TRIALS

Measure of
Combat Outcome

Trial Type Percent of Offense Percent of

____________________________ Reach ing TTL Defense K il l ed

FM RA FM Rt

Norma l Offense 23 21 38 12
Norma l 3efense

Of fense Strengthened (8O~) 57 38 64 20
Defense Suppressed (28~ )

TABLE 7. BASELINE VALUES OF MEASURES OF COMBAT OUTCOME
(ADJUSTED TRIALS)

Measure

°
~ ofNo. of Numbe r of 

~ of Offensive Defensive ~ounds Tr ialTanks AIMs Alive 
TOWS Vehicles Exchange FiredTactic

Per TimeReaching at Trial
killed Reaching Ratio (Sec)200M From Termination Tank200M FromDefense

_______ __________ ____________ _______ 
De fense 

__________ _______ _______

FM 5.30 1.80 68.5 56.5 1.28 1.02 1130

RA 4.04 4.00 25.7 38.2 5.07 0.24 830
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FIGURE 21. NUMBER OF ATMS ALIVE WHEN TANKS REACH
IND ICATED RANGE FROM DEFENS IVE POSITION
VS PROBABILITY OF ENGAG I NG IN 10 SECONDS

80



0 200 METER LINE
X I 000 METER LINE
+=2000 METER LINE

B +- FIRE AND MOVEMENT ~
— 

+ + +
7 + +

• x

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I I I 4 I I I
100 90 00 70 50 ~0 ‘~0 30 20 10 0
PRO BA BILITY OF KILL ING FIN ANT I —TANK WEAPON SYSTEM

(PERCENT OF BASELINE)
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TABLE 8. RELATIVE SENSITIVITY OF MEASURES OF BATTLE OUTCOME
TO CHANGES IN VA LUES OF OFFENSIVE INPUT PARAMETERS
FOR THE FM TACTI C (ADJUSTED TRIALS)

Meas u re 
___________ ____________

No. AIMs Percent of
Input No . Tanks 

Alive Percent of Offen sive Defe n s i ve
Pararieter(s) Reaching 

When Trial TOWs Vehi cles Casualty
IlL

“ i ried Ends k i l l ed  Reachi ng Exchange
Ra t ioDefense

Ta n k S peed ,

Engagement
-5 .1 2.7 -65 -50 5.5Probabili ty,

&K i l l
Proba b ii i  ty

Engagement
Probab i l i t y  —1. 8 2.5 

- 
69 -22 6.3

K i ll
Probabili ty -1. 14 2.1 -71 -18 3 .9

Tank Speed -1. 5 -0.6 25 4.5 O.O

~ 10 a = 5 ~t > 20 ~ > 20

Note: The - i - r i , k  tha t an entr y is incorrect is <1 % un le- ~s otherwiseno ted -
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TABLE 9 . RELAT I VE SENSITIVITY OF MEASURES OF BATTLE OUTCOME
TO CHANGES IN VALUES OF OFFENSIVE INPUT PARAMETERS

~OR THE RA TACTIC (ADJUSTED TRIALS)

Meas u re

Percent ofNo . AlMs DefensiveNo. Tanks Percent of OffensiveIn put Alive Casualty
Parameter (s) Reachi ng When Tr ia l TOWs Veh ic le s Exchan geTTL killed Reachi ngVar ied  Ends Ra ti oDefense

Tank Speed,

Engagement
Probabili ty , — 3. 14 0.7 —14 6 24 9.0

&K i l l
P robabil it y = 10

Engagement -0.14 1.0 -28 -14.0 16.7
Probability

a > 2 O

K i l l
0.3 1.0 -29 1 .3 16.2Probab i l i ty

a > 2 0  a > 2 0

Ta n k Speed -2.5 0.1 2.1 —1 3 2.1

> 20

Note : The ri- r isk that an entr y is incorrect is <I~ unless othe rwise
noted .
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regression lines are presented in ANNEX. Table 8 indicates that the

majori ty of measu res of comba t out come a re more se n si t iv e to cha nges in

~E’ ~k’ 
and IS. For the FM tactic the number of tanks reaching TTL is

almost three times as sensitive to the simu l taneous degradation of all

parame ters as it is to a degrad at ion i n 
~E 

For the FM tac t ic a g ive n

change in res u lt s i n ap p rox ima tel y a 25 percent larger change in

the number of tanks reaching IlL and in the num be r of AIMs a l i ve  a t

t r i al ter m ina t ion than for a s im i la r  cha nge in 
~~ 

Very li tt le can be
conc luded about the impac t of the cha nges in ta nk s peed on meas u res of
battle outcome other than the fact tha t measures of battle outcome are

generall y not sensitive to a degradation in tank speed . In a l l  but

one measure of battle outcome for both tactics , the a-risk ~ that the

sens i t i v i t i e s  associated with IS in Tables 8 and 9 are incorrect

is grea ter than 5 percent and in most cases greater than 20 percent.

I n the preceding trials , the cha nges in of fe ns i ve  and defe n s i ve
para me ters ref lec ted dec reases in crew membe r per for mance . Whe n the
decre ment in perfo rmance is so severe tha t a c rew ca nnot opera te a t afl ,

o r whe n dea th occurs , the effect is the same as reducing the number of

offensive or defensive forces (assuming no rep lacements are available) .

In the fourth set of trials , th i s ef fec t was exp lo red.

I n these trials the offensive and defensive values of input para-

meters were held fixed at baseline levels while the threat force was

reduced in number. Table 10 presents a summary of these trials for three

meas u res of ba tt le out come (
~ OFF , u S , and numbe r of ATMs killed per

threat vehicle) .

* ~ is a function of the correlation of measures of battle outcome to
leve l of degrada tion of TETAM i npu t parameters and the number of
degre es of freedom . ~ is statisticall y equivalent to the risk of
be ing incorrec t in making a statement “The slope of the regression
is d ifferent from zero.”
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TABLE 1 0. SENSITIVITY OF MEASURE OF COMBAT OUTCOME TO REDUCT I ON IN
NUMBER OF THREAT VEHICLES (NORMAL TRIALS)

Measure

No . of
~ Off ensive Vehicles Defense Number AlMs killedThreat

Reach ing TTL Exchange Ratio Per Threat VehicleVehicles ___________ _________ ________ ________ __________ ___________

FM RA FM RA FM RA

9 Tanks
3 ATGMs 31 28 4.21 12.1 3 .158 .052

7 Tanks II 16 9.47 143.67 .094 .0172 ATGMs

5 Tanks
1 ATGM 8 8 11. 94 66.67 .067 .013
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0
Figures 30 and 31 show the percentage of tanks alive and the per-

centage of APIs alive as a function of the in i tial size of the threa t

force when the center of mass of the tanks is 2000 meters, 1000 meters ,

and 200 meters from the defense for the FM tactic. Fi gures 32 and

33 displ ay similar curves for the RA tactic. Figures l~ and 16

indicate that more of the tanks are killed in the 1000 to 2000 meter

range than in the 200 to 1 000 meter range . Table 10 presents the

sensitivities of batt le outcome to changes in the number of threat

vehicles. As the threat force decreases by 50 percent the percentage

of threat vehicles reaching IlL decreases by 70 percent and the defensive

casua l ty exchange ratio increases 200 percent for the FM tactic and

~e50 percent for the RA tactic. Forty percent more ATMs are killed per

threat vehicle when the threat force increases from 6 to 9 as compared

to 68 percent more AIMs ki lled per threat vehicle when the threat in-

creases from 9 to 12. This set of trials ind i cates that the threat is

strongest in proportion to the number of threa t ~ehic1es when 12 threat

vehicles are played , and the indication is that 15 threa t vehicles

would more nearl y equalize the capabilities of the offense and defense.

Sensitivities found in this set of trials ind i cate that the remova l of

tanks due to postirradiation performance degradation of tank crews

would impact negative l y on battle outcome. The indication is that the

i mpact of the initial loss of three tanks on battle outcome is greater

than the impact due to the subsequent loss of three additiona l tanks .

The anal ysis performed with the TETAM land combat model illustrates

the sensitivity of measures of combat outcome to changes in offensive

and defensive force parameters. However , the relation between the per-

formance of tank crews or crew members and force parameters must be

deve l oped . Probability of kill , probability of engagement , tank speed ,

and tank gun reload time are the four parameters of the TETAM mode l most

closel y related to human performance . The following is a discussion of

these relationships .
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5. TANK GUN RELOAD TIME

The form of the relationshi p between dose and reload time is un-

certain. It is hypothesized , however , that a nonirradiated loader ,

loading as fast as he could , would tire and his reload time would in-

crease with the numbe r of rounds loaded . If loading is done at a

slower rate, the loader would recover somewhat between rounds , and the

re l oad time would not increase as fast.

The irradiated loader , experiencing fatigue as part of the radiation

syndrome, would take longer to reload , and he would tire faster than the

nonirradiated loader. This is shown schematically in Fi gure 34. Re-

load time would also be influenced by other fatiguing activities , and

by the necessity to vomit , if that particular symptom of radiation sick-

ness were present.

Because the loader ’s activities are primarily phys i ca l , his per-

formance would be expected to degrade more for a g iven dose than would

the performance of the tank comander or gunner, whose activities are

large l y nonphysica l . However , for the TETAM field trials , the number of

firings per tank per trial was so low (.5) that battle outcome is in-

sensitive to tank gun re l oad time .

6. PROBABILITY OF KILL

Probability of kil l , given firing at a target , is a function of

aim error , range , error in ranging, boresi ght error , target vulner-

ability, and type of round fired . If the tank commander and gunner were

experiencing radiation sickness , It is possible that aim and range errors

would be laryer than those of nonirra diated personnel. These effects

would vary with the radiation symptom being experienced .
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Aim error would be large r when the gunner is nauseous and/or
vom iti ng than when these symptoms have subsid ed. Aim error as a func-

tion of time after irradiation may be as shown in Fi gure 35. The shape
of the curve is based on the typica l monkey response to nuclear radia tion .

If the targe t is detected by the tank commander and handed off to

the gunner , he may do so with less precision or clarity of communication

if he were sick. In addition to aim and range errors , the time from

target detection to firing may increase with radiation sickness. For

fleeting targets , this could reduce kill probability .

The impact of increased time from detection to firing depends on the

intervis ibi l ity of tank and target as a function of terrain , vegetation ,

and tank and target motion . The tank commande r ’s impact on kill prob-

ability could be in the form of an increase in t ime  to range on a target

or to communicate to the gunner the target ’s l ocation . He may also err

more in l ocating the target , but except for gross inaccurac i es, it is

not clea r what effect this will have on the gunner ’s aim error.

Measures of the outcome of the s~mu fated TETAII tria l s are sensitive

to probability of kill , and therefore are sensitive to degradations in

the tank commander ’s and gunner ’s performance . The precise i mpact of

these sensitivities on battle outcome is unknown . However , if the

relationships described above are developed in detail , the quantitative

impact of the irradiated crew members ’ response in battle outcome may
be determined.

7. ENGAGEMENT RATE

Engagement rate is a function of target detection , the decision to

fire at a detected target , the ability to lay the gun on the target and

to fire , and the response of all crew members . Onl y live tanks can fire

so engagement rate also depends upon the ability to detect and kill a

defensive target before the tank itself is killed . Engagement rate is

thus more like an outcome of combat , rather than a parameter whose va l ue
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determ i nes the outcome. The impact of crew member performance degradation

on engagement rate requires a mode l of land combat in wh ich the impact of

crew member performance degradation on the following is represented :

(1) Targe t detection (by any crew member) ;

(2) Decision to engage a given target. (This would be a function

of the number of other targets detected , support ing f i res  f rom other

tanks of the unit , ranges to various targets , and the tac t ic  be ing

p layed) ;

(3) Handoff of target from tank commander to gunner;

(4) Probabi l i ty  of k i l l ;

(5) Re l oad time ;

(6) Maneuvering to advantageous positions.

Even though measures of combat outcome are sensitive to changes in

the offensive engagement rate , the quantitative i mpact of crew member

performance degradation on engagement rate is not known because the

relationships are comp lex , and man ’s response to radiation is unknown .

8. TANK SPEED

Tank speed is complex like engagement rate and is a function of at

least the following:

(1) Drive r performance ;

(2) Tank commander ’s maneuver decision ;

(3) Terrain and vegetation ;

(4) Tactic be i ng played ;

(5) Day li ght and weather conditions;

(6) Enemy forces and tactics ;

(7) Tank operationa l status.

It is not clear how driver performance , as affected by the radiation

syndrome , interacts with other variables above except in very general

terms . Figu re 36 illustrates the relation in terms of a simp lified

feedback loop. The driver response function is the critical unknown in

this fi gure .
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9. CONCLUSIONS

Meas u res of comba t out come are mos t sensi ti ve to the s i m u l taneo u s
c hange in va lues of engagement p robab i l i t y ,  k i l l  p r o b a b i l i t y ,  and tank

speed. Fo l lowing t h i s , in order of dec reas ing sens it i v i ty , meas u res of
combat outcome are most sensitive to changes in engagement probability,

kil l  probability , tank speed , and tank gun reload time . When the threat

uses a fire and movement (FM) tactic , the number of tanks reach i ng the

objec t i ve  is a lmost  three t imes as sens i t i ve  to the simu l taneous changes

of a l l  parameters as it is for a change in engagement probability alone .

For the FM tac t i c  a g iven change in engagement p r o b a b i l i t y  result s  in

approxima te ly  a 25 percent greater change in the number of threat  tanks

r e a c h i n g  the ob jec t ive  than for  a s i m i l a r  change in k i l l  probability .
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ANNEX TO APPENDIX A

DATA PACKAGE

Sens i t i v i t y  of Measures of Combat Outcome to

Table JI Degradation of Va l ues of Defensive 
~k 

and

Defensive 
~E for the FM Tactic (Norma l Trials)

Sensitivity of Measures of Combat Outcome to

Table 12 Degradation of Va l ues of Defensive and

Defensive for the RA Tactic (Norma l Trials)

Percentage Change in Measures of Comba t Outcome

Table 13 for a 99~ Degrada tion in the Values of Offensive

Inpu t Parameters for the FM Tactic (Adjusted Trials)

Percentage C hange in Measures of Comba t Outcome

Table 11+ for a 99~ Degradation in the Va l ues of Offensive

Input Parameters for the RA Tactic (Adjusted Trials)

Measures of Comba t Outcome for 5OO~ Increase in

Tab le 15 Va lues of Offensive Parameters for the FM Tac t i c

(Adjusted T r i a l s )

Measures of Comba t Outcome for 5OO~ Increa se in

Table 16 Va l ues of Offensive Parameters for the RA Tactic

(Adjusted T r i a l s )

Tab le 17 Measures of Ba t t le  Outcome and Linear Regression

Parameters for Ad jus ted T r i a l s
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TABLE 1 3. PERCENTAGE CHANGE IN MEASURES OF COMBAT OUTCOME
FOR A 99~ DEGRADATIO N I N THE VALUES OF OFFE NS IVE
IN PUT PARAMETERS FOR THE FM TACTIC (ADJUSTED
TRIALS)

Measure o f 
— ______________ ______________ ________

PJra 0C t..r~~~~~~~~~~~~~~_
t
~~
01
~
n- Probabi l i t y  Probahi l ky  Tank Spee d Prob. , & K i l l

Na m ed —_.~~~ 
_____________ _____________ __________ 

Pme .n b a t i l l ty

NLLnSbcr o f Tanks
Rn- .echlng 20 0 -33 27 -28 -94

Me t e r s  From Defense t

o f Tanks
Pe e c h i n n j  1000 - 20 -16* -35 76

1”t e rs  From Defense

Nnrber of Tanks
Reaching 20 00 3* 20* 45

M e t e r s  From Defense

Number o f ATM,
Al  vp When Tank s
Reach 200 Meter ,  1 63 115 -32* 176

f rom Defense

N um ber  of ATM,
A l i v e  When Tanks
Reach 1 000 Meters 71 72 .1.9* 52*

From Defense

r of AIMs
A l i v e  When Tanks
R t n m h 2000 Meters  2 1 II. - 16  19*

From Defense

Percent of
TO W s K i l l ed  -90 -93 36* -88

Percent of Of fensk’e
Veh ic les Reach Ing —38 -32 -9* -91

2000 Meters  From Defense

Dc fen S lie
Exchange 630 508 -2* 760

Rat io

Rounls F i red
Per Tank -89 I? 179 -41 *

T r i a l  lIme s — 5 * 172 140

This  I, the T r i a l  l e rm i na t lon  line

* RIsk 2*

___________ ______- -~~~~~~~~~ - 

109 ~~~~~~ 

-

~~~~~~~~~~~~~~~~



S

F

TABLE l~+. PERCENTAGE CHANGE IN MEASURES OF COMBAT OUTCOME
FOR A 99~ DEGRADAT I ON I N THE VALUES OF OFFEN S IVE
INPUT PARAMETERS FOR THE RA TACTIC (ADJUSTED
TRIALS)

Measure o f 
— 

larch S peed ,
B a t t le (ngageeent KI l l  Engage m ent

Parameter (s) mitcone Probability Pr oba b i l i t y Tank Speed 
Prob , L K i l l

V a r i e d  
_________ ~~~~~~~~ ________ _____________ _____________ 

Probability

i , ,mn ber of Tanks
Teaching 200 .9* 8* -65 -80

Meters From Defen-eset

luembcr of Tanks
Reaching 100 0 .5* 7* 71 —82

M,’ t e r s  From Defense

tu ber of Tank,
Reaching 2000 

~ * 3’ —36 — 0 13
M e t - m s  From Defense

ii - r of AT M,
A Hmi e When Tank,
Reac h 20 0 Meter s 27 29 3* 19*

From Defense

ts ber of Tanks
Rm .nchin g 0000 1 8 22 -5* 4*

Meter ,  From Defense

flum nber of ATM~A l i v e  When Tank,
Fe -o h  2000 Mete rs 5* 7* —1 9* .5*

From Defense

Percent of
TOWs Ki l led - 83 -86 6~ - 11 8

Percent of Of fensIve
V e h i c les ReachIng -10* 3~ -37’ -65

2 000 Meters  from fi efense

Def en si v e
Exchange 550 47 * 271.

Rat io

Rounds Fired -95 03’ 127

T r i a l  Ti me s 2 .34 203 193

I l b s  l~ the Trial Te rm lnnatloei LIne

* Risk 2*

—-  

~~1 10 

- - - 

~~~~~~~~~~~~~~~~

- - - - -——- - __________
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TABLE 15. MEASURES OF COMBAT OUTCOME FOR 500% INCREASE
I N  VALUES OF OFFE NS I V E  PARA METERS FOR THE FM
TACTIC (ADJUSTED TRIALS)

Meas u re of T n m b ~~~p.-ed
B a t t l e  En’jagemcnt K i l l  1 oh Speed EnNa I.nn.nt

Parameter(s) Outcome Probability P r o b a b i l i ty Pro b , F. K i l l
Va ried 

-
~~~

_____ -—____ -- 
r

Re ~~~~ cf Tanks
Reachi ng 200 6 8 5  6 .70 7 7 5  8 5 0

Mete ’ s  F,onr Defenset
(5.3o)~

Nu*r’ber of Tanks
Reaching 1000

Meter, Frn,nn Defense 
7-30 7.45 8.20 865

of Tanks

Me t e r s  From ~~~ nse 7.80 7.95 8.65 8.80

(7-79)

I s e b e r  o f ATM ,
All an’ When Tanks
Reach 200 Meter, 1.20 1.05 3.60 1 65

From Defense
(1.80) 

__________ ___________ _______

Nu m ber of AI M s
Alive When Tanks
Reac h 1000 Meters 1.90 1.90 4.45 2 . 7 0

From Defense
( 2 . 7 3 )

Number of AT M,
A l i v e  iherm Tanks
Reach 2000 Meters 3.60 3 5 5  4 8 0 14 .05

From Defense
(4. 19)

Perc ent of
TOWs Killed 88 98 23 95

(69)

Percent  of O f fens i ve
V e h i c les  Reaching 7l~ 74 82 93

2000 Me te rs  From Defense
__ _

~~~~

5) 
- - -—-—-- - - - --— --~~~ 

DefensIve
Exchange -59 .60 .93 .114

______ 
(1.28) 

__________ _________ ________

Rounds F Ired
Per Ta nk 2 .95 .62 36 -83

( 1 .02 )

T r i a l T i m e s
( 0 1 3 0 )  1160 12 10 290 300

T r i a l  Terminitlofi

* Numbers in pa ren thes is  are bas e l i n a .  values.

I l l



TABLE 16. MEASURES OF COMBAT OUTCOME FOR 500% INCREASE
I N VALUES OF O F F E N S I V E  PARAMETE RS FOR THE RA
TACTI C (ADJUSTED TRI A LS)

- .. M e a s u r e  of tank ~ p nm -ff .
- - - - Ba It Ic! Engagement (~ II ‘i ’l  ( n t

Pam .* - ,  t . - r  - . 1 - - m u tcome Probability Probabi Ii ty 
ink Speed 

- . F. ‘ I I

Number of Tanks

M e ? . - ,~~~ F r ~~, ~~~ens eo 5 .1 5 5 .7 5 7 . 7 0  8.10

(4 . 04 ) ’  
_________

I. i c r  of Tamm k s

~~~~~~~~~~ ~m~?~~~m ms e 
5 .70 6.10 7 85  8.90

14 - 3 1)

‘I ‘her of tanks
~- .c hing 2000

C - m rs  FComi Defense 7.50 7.95 8.90 8.95
(7 44 )

o f AIMs
Al~~ ,m When Tanks
Reac h 200 Meters 2.75 2.25 .l~~55 2.30

From Defense
( 4 0 0 )  

_______ _______

.mi-,rbe r of ATM i
A l i v e  When Tanks
Peach 1000 Meters 3 .2 5  2 . 7 0  4 . 6 5  2 . 8 5

From De fense
14 .23)

‘lu’ ber o f A IM s
A l i v e  When Tanks
L . , c h  2000 Meters 4 .30 4.25 4.80 3.85

from Defense
(4.91)

Percent of
TOWs k i l l e d  65 80 5 83

(26)

Percent of Offensive
V ehi ciei Reaching

2000 Meters From Defense 50 53 82 84

_ .._~~-~L _ ~~~~~~~~~
_ - -

Defensive
t~ change 1.80 1.20 2.6’. p

(5 07)

Ro unds  F i r e d
Pc r Tank .93 .29 .014 -D I

(.24)

Tr ial Time s I 830 840 240 250
(830)

L Trial termi na tio n

Nunnber, in parenthesis are ba s el In e values.

1 12
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Table 17 presents measures of battle outcome and linear regression

parameters for the TETAM trials with offense strengthened 80 percent and

defense weakened 28 percent. The heading on each of the eig ht pages of

Table 17 ind i cates which offensive parameter was degraded and which

tactic was played.  Measures of comba t outcome and l inear  regress ion para-

meters are displayed in the first third of each page. The f o l l o w i ng l i s t

explains the abbreviations used for the linear regression parameters and

measures of comba t outcome .

L inear  Regress ion Parameter

INT = Intercept of Regression Line

Sl ope = Slope of regression l ine (depends on scali ng of axes).

Corr = Regression correlation coefficient.

% CHG = Pe rcen t cha nge of ord i na te of reg r e s s i o n l i ne f rom base l in e
val ue to maximum degradation .

T = Slope divided by standard error of slope .

80~ Con f (Slope) = C o n f i d e nce i n te rva l  for  slope .

Measures of Comba t Outcome

% TOWs = Pe rcen t of TOWs k i l l e d .

% DEF = Percent of offense coming within 200 meters of defense .

Ra tio = Defensive casualty exchange ratio (# casualties inflicted by
defense H casualties sustained by offense) .

Ro unds = Numbe r of rou nds a tan k f i res per tr i a l .

Mean Ti me = Mean trial durat ion in seconds.

# Tanks = Number of tanks w i t h i n  200 meters of defense .

l 000m = Nu mbe r of tan ks coming  wi th i n 1000 meter s of defense.

2000m = Numbe r of tanks coming within 2000 meters of defense .

~ ATMS = Numbe r of ATMS alive when center of mass of tanks comes
withi n 200 meters of defense .

l 000m = Numbe r of ATMS alive when center of mass of tanks comes
wi thin 1 000 meters of defense .

2000m = Numbe r of ATMS alive when center of mass of tanks comes
within 2000 meters of defense .

_ _ _- - - 

1 1 3  

-



The bot tom two-thirds of each page presents the raw data for the

indicated measures of battle outcomes. The first co l umn indicates the

leve l of degrada tion of the offensive parameters. Succeeding column s

list values of the comba t outcome measures. 100 percent of baseline

means there is no degradation , 80 percent of baseline means the re is 20

percen t degradation of the va l ues of the indicated offensive parameters ,

and 500 percent of base l ine  means tha t the va lue of the input parameter

has been improved 500 percent.

The bottom th i rd  of each page shows the average number of tanks that

have come w i t h i n  the indicated range from the defense and the nu mber of
ATMS alive when the center of mass of the live tanks come within the

indicated range of the defense .

114
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Table 17 MEASURES OF BATTLE OUTCOME AND LINEAR REGRESSION PARA-
METERS FOR ADJUSTED TRIALS
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Table 17 (Continued)
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1 4 L 111 11
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sk The negative va l ue resul ts from using a straight line fit of the data .
In th is  case , a po lynomial f i t  would be appropriate .
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Table 17 (Cont inued)
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V

APPENDIX B

CREW R E L I A B I L I T Y  MODEL

There are two ways in which the performance leve ls  for ind ividua ls

of a tank crew can serve as inputs to the TETAM land combat model . One

way invo lves the sys temat ic  v a r i a t i o n  of the i n p u t para me ter s used i n
the model. The second is based on a model of crew r e l i a b i l i t y .  Th is

i nvolves the removal of a numbe r of tanks from the threat force while

othe r TETAM input parameters are held fixed .

The tank crew r e l i a b i l i t y  model is based On the assumpt ion that the

i ndividua l crew members of a tank crew eithe r can or cannc.t work together

as a crew to per form a “we ll defined tank operat ion ” . That is , e i ther

the crew is funct ioning at a p re sc r ibed  l eve l  of per formance , or i t isn ’ t .

I f the crew is func t ion ing,  t hen a “go” s i tua t ion e x i s t s ;  o the rw ise  a

“no-go” situation exists.

Whe n the crewmembers are opera t i n g  a t near  lOO~ of base l ine  perfor-

rnance , it is more probable that a “go” s i tuat ion e x i s t s  than when one or

more of them is operating at some lesser leve l of performance . The

re l i a b i l i t y  of a tank crew is  the p r o b a b i l i t y  that the crew w i l l  perform

as if undegraded , and is a function of the performance levels of the

i nd i v i d u a l crew members.
Because of crew c ross - t r a i n i ng ,  and the a b i l i t y  to operate a tank

with onl y three crew members , the functional relationship be tween reliabil-

ity and performance of crew members may be app roxi ma ted by con s i de r ing

the four individua l crew members as components of a system with redundanci es

as illustrated in Fi gure 37. In this system the tank coninander and gunner

are assumed to be in “parallel” , i .e ., each can pe rform both the gunner ’s

and tank comander ’s tasks in the absence cf the other. The loader and

driver are assumed to be in “series ”, i.e., both are required to perform

i n orde r to ma i n ta i n  the t ank  wea pon system performance . Another constraint

i s  that e i ther the loader or driver , but not both , may be replaced by either

the tank comander or gunner.
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INPUT : Crew members ’ Pe r formance Levels

L1I~~~~~~~~~~~~~~~~~~~ :::i
OUTPUT : Crew Rel i a b i l i t y

Figure 37. Schematic Representation of a Tank C rew as a
System With Inhe rent Redundancies.
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p
The reliability of this system is a function of individua l crew

member performance levels and is given by Equation 1. The reliability

g i ven by Equation 1 is the probab M ity that the crew will perform as i f

undegraded , i.e., unaffected by nuclear radiation . When applied to a

large number of tanks , the equation yields the effective percentage of

undegraded tar,ks. This percentage , however , depends on the tactica l

si tua t ion , order of battle , and the task required of each group of tanks ,

which may vary in difficulty. Baseline va l ues for the reliability of

undegraded tank crews are needed to normalize the output of Equation 1

w ith  respect to task d i f f i c u l t y .  For example , a tank crew may be faced

wi th such a aifficult task tha t the probability of success is close to

zero even though the tank crew may be at 100 percent of baseline per-

formance . Therefore , the output of Equation I , which indicates the

percentage of undegraded tanks , is meaning ful when compared to the

number of undegraded tanks (i.e., tanks with undegraded crews) perfor m ing
a mission at a given level of task difficulty .

Re l iabi fl ty of crew f(P1, P2, P3, P,4)

P
1
(’l ’~’2

) P
3
P
4 

+ P2 ( i —P 1 ) P3P4 + P
1
P
2
P
3
(i-P 4)

+ P1
p
2
p4(i—P 3

) + p 1
p
2
p
3
p
4

where P1, P2, P3, P4 are performance levels

of Tank Commande r , Gunner , Loader , and Driver ,

respectively.

Equation 1 . Functiona l Re lationshi p Between Crew Reliability and
Crew Member Performance .
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The following example of the reliability model is based on the

sample data in Table 18. Performance levels of the Individuals of five

tank crews and the corresponding tank crew reliability levels determ i ned

by Equation 1 are shown in the table. The average of the reliabilities

of the f ive  tanks is the percentage of tanks in a “go” state . It is

assumed tha t if a tank is in a “go” state or a “no—go ’’ state it is

operat ing at 100 percent or 0 percent of i ts  p re i r rad ia t i on  performance

leve l , respectively.

Assuming tha t the level of task difficulty in th is  example i s  such
tha t any nondegraded crew could perform the task , the average r e l i a b i l i t y
from Table 18 indicates that 75 percen t of the five tanks are in a “go”

state and 25 percent in a “no-go” state . The number of tanks input into

the TETAM Post Play mode l should the refore be reduced by 25 percen t ,

wh i le  the othe r input parameters are held f i xed . The impact of reduced

threat on battle outcome may then be assessed through the use of the TETAM

model. The output of TETAM has been found to be sensitive to changes in

t hrea t force.

Performance l evels of individuals wi l l  vary depending upon the leve l

of i r r a d i a t ion , dose ra te , neu t ron-gamma ratio , mot iva t ion , stress , bio-

log i ca l varia tion of individua l sensitivity to ionizing radiation , and
the task being performed (see ANNEX A). It is not known what the perform-

ance limits of irradiated crew members will be; however , 10 performance

levels have been assumed . The 10 performance levels in Table 19 which

have been chosen y ield a broad range of results for crew reliabilities.

For examble , performance level 1 corresponds to a l l  of the i n d i v i dua l
crew members at 100 percent basel ine performance w i t h  a resu l t i ng  crew

re l iability of 1.0. Performance leve l 5 corresponds to the tank commande r

and gunner at 75 percent baseline performance and the loader and drive r

at 50 percent base l ine  performance . This  leve l y ields a crew r e l i a b i l i t y

of .52 as determ i ned by Equation 1. Performance leve l 10 results in a

crew reliability of .05 . If not otherwise noted , performance l evels 1

through 10 in Table 19 are used throughout this Appendix.
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TABLE 18. EXAMPLE OF TANK CREW RELIABILITY AS A FUNCT I ON
OF CREW MEMBER PERFORMANCE

Crew Membe r Performance .Reliability
Tank if Tank .Gunner Loader Driver i,from Eq. 1Commander

.75 .80 .80 .75 .78

2 .55 .95 .45 .85 .65

3 .95 .70 .70 .80 .80

.90 .45 .85 .85 .79

5 .80 .75 .45 .90 .71

- 5 Average Reliability .75
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TABLE 19 . CREW REL IABILITY (FROM EQUATION 1) AS A

FUNC T ION OF C REW ME MBE R PERFORM ANC E

Level Crew Membe r Performance Crew

Tank Reliability

C ommander Gunner Loader Dr ive r

1.0 1 .0 1.0 1 .0 1 .00

2 1.0 1 .0 .75 .75 .94

3 1.0 1.0 .50 .50 .75

4 .75 .75 .75 .75 .74

5 .75 .75 .50 .50 .52

6 1.0 1.0 .25 .25 .44

7 .50 .50 .50 .50 .31

8 .75 .75 .25 .25 .27

9 .50 .50 .25 .25 .14

10 .25 .25 .25 .25 .05
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The assumption that the tank commander can substitute for the gunner

(etc.) with no degradation in system performance is i m p l i c i t  in Equation 1.

However , the effect of crew substitution on system re l i a b i l i t y  may be

more than minimal.

The requirement to shift a c rewman from his assi gned position in the

ta n k to a no ther posi t ion cou ld  res u l t in  a pe r f o r m a nce decreme nt d ue to
an i n i t i a l  unfamiliarity with tha t position . This could be minima l with

a skilled crewman , bu t a more pronounced and sustained performance degra-

da tion could occur as a result of concentrating the functions of two

stations into one.

T h i s  i s  bes t i l l us t ra ted by the r e su l ts of tes t i n g  cond uc ted by the

3rd Infantry Division , des igned  to eva l ua te the e f f ec t ive ness of the
three-man tank crew in the M6OA 1 tank. From these tests it was established

tha t fewe r f i r s t round h i t s , less  success in  ad j us t i ng f i r e  af ter a f i rs t

round miss , and a d e l a y  i n getting off a first round resulted. However ,

scores on the Table V I I I  Crew Pro f ic iency tes ts  for the three-man crew

were fc’jnd to be much less affected than had been expected . 1

Reduced levels of performance when crew members are required to sub-

stitute for others while performing all required functions may be accounted

for  by in troducing replacement factors into Equation I . The result is

given by Equa tion 2.

Equation 2 g i ves the crew re l i a b i l i ty as a f un c t io n of in d i v i d ual
crew member pe r fo rmance  a nd degrada t io n in  crew membe r per fo r ma nce when
a crew membe r subs titutes for anothe r crew member. Table 20 presents

replacement factors as a function of the missing crew membe r , subs t i tute

crew members , and crew position which has been filled. The replacement

fac tors are taken to be constants and not a function of radiation -degraded

performance l eve l s .  In this table , for example , it is seen tha t when the

gunner  subs t i t u tes for  the tank comander , the gunner ’ s performance of

his own tasks degrades by a factor of 1 - and by a fac tor of 1 -

for  the tank commander ’ s tasks . If the tank commander were to substitute
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Crew Re l i a b i l i ty = (1 — 

~~) 
(-1 - a 1)P 1 (1 — P

2
) P

3
P
4

+ (‘p — a
4

) (1 — cx
3

) P
2
(1 — P

1
) P

3
P4

+ (1  - a
2

) ~ 
— cx 1

) (1 - B 1 ) 
[P

1P2 P
3
(l — P

4)

+ (I - P
3
)1 + P

1
P
2
P
3
P
4

whe re P 1 , P2, P3, P4 are pe r fo rmance l eve l s  of
tank commander , gunner , loader , and drive r ,

respec t ive l y. a1, a2, a3, 
~~~ 

are replace-

men t parame ters tha t degrade per fo rmance
and 0 < 

~2 ~~
- 

a
4 ~ 

< a
3 

< 1 , 0 < B 1 < 1

(See Table B-3).

Equation 2. Crew Reliability as a Function of Crew
Member Per formance and Degradation in
Performance When a Crew M€ mber Substitutes
For Another Crew Member.



TABLE 20. PERFORMANCE REPLACEMENT FACTORS WHEN
CREW MEMBERS ARE REQUIRED TO SUBSTITUTE
FOR OTHER CREW MEMBERS WHILE ALL FUNCTIONS
ARE MA I NTAINED

- - . Rep l a c e~ erit Factors
M i s s i n g  Substitute

Cr ewr nerber CreWn)e rri~er  Ta n k Commander Gunner Loader D r i v e r

I—u I— u~ 1
Tank Commander Gunner 

*
_____________ 

G G I. D

Gunner Tank Commander 2 I-u
i I I

TC IC I D

Tank Comma nder 
I-a

3 
I~ O 4 

I_ 8
~ 

1

G G IC D
Loader

I-a I - a I-f ~ IGunne r 2 I I

IC IC G D

Tank C ommander 1_ 0
3 I-a s, 1 I 8

~
G G L TC

Driver
I~ a 1— a 1G unner 2 I I

IC TC I C

*Lr tte r i n d i c a t e s  wh i Ch crew,,.ec,ter is f i l l i n g  t h i s  p o s i t i o n :

TC — Tank C o,Telander
C — Gunner
I — Loader
o — Driver

1 3 1
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for the loader , the table ind i cates that the tank commander ’ s pe rformance

of t he loader ’ s tasks would degrade by a factor of 1 - ,“

~~~~

. I n  th i s

examp le , however , s ince the tank commander is  s u b s t i t u t i n g  for the loader ,

the gunner must substitute for the tank commander while also performing

his own tasks as a gunner. This results in replacement factors uf

— cz~~ for the gunner ’ s posi ti on a nd 1 - for  the tank  comma n de r ’ s

pos i t ion .

Since there has been no precise determination of the magnitute of

the rep lacement parameters a 1 , a2, a3, x ,, and v a r i o us val ues o~ these

parameters have been selected as inputs to Equat ion 2 , yieldi ng a broad

range of results. Table 21 lists the values of the replacement para-

meters used in Equation 2. Table 19 provides the performance inputs

P 1, P2 ,  P3, and P4 for Equat ion 2.

The combination of 21 replacement parameter values and 10 performance

levels results in 210 va l ues of crew rel i a b i l i t y .  These are shown in

Tabl e 22 . Table 22 indica tes tha t as the magnitude of the rep lacement

parameter increases and/o r the performance level decreases , the cre~-.

r e l i c b i l i t y  decreases and falls off to zero .

The uncerta in ty  in the leve l of performance of an i n d i v i d u a l  crew

membe r may be quite large. Biolog ical variation in Macaca Mu latta monkey,

resulting in variance in performance levels indicates that human perform-

ance w i l l  vary also . It is quite unlikely that an individua l crew member ’s

postirradiation performance level would be precisely known . However , the

sum of the  crew member pe r fo rmance  l e v e l s  i s  l i k e l y to vary less than in

i n d i v i d u a l ’ s performance because of the larger sample s i ze .

Table 24 l ists performance levels whose entries sum to a constant.

The data in Table 24 were used to generate Fi gure 38, which shows the
e lationship between crew re l i a b i l i t y  and the sum of the four crew members ’

pe r formance levels.

For example , in Figure 38 the crew rel i a b i l i t y  of 0.24 when the sum

of crew membe r performance leve ls  equals 2 is a mean e l i a b i l  ty bas ed on
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TABLE 21 . CREW MEMBER REPLACEMENT PARAMETERS
USED I N  E Q U A T I O N  2

Rep l ace m en t Para me tersCase ____________ __________ ________ _________ ___________

a
1 

a
2 

a
3 

a4 B

0 0 
-— 

0 0 0
2 0.06 0.02 0.08 0.04 0.01

3 
- 

0.0 8 0.04 0.1 0.06 0.02

4 0.1 0.06 0.1 0.08 0.03

— 
5 0.1 0.08 0.1 0. 1 0 .04
6 

-
~~~~ O~ i 0.1 0.1 0.) 0.05 

-

7 0.15 0.05 0.2 0.1 0 .025
8 0.2 0 .1  0.25 0.15 0.05
9 0 .25  0 .1 5  0 .2 5  0.2 0.075

10 0 .25 0 .15 0.3 0.2 0.075
Il 0.25 0.2 0.25 0.25 0 . 1
12 0.25 0.25 0.2 5 0.25 0.125

13 0.3 0.2 0 .35 0.25 0.1
14 0 .35 0.25 0. 4 0.3 0 .125
15 0.4 0.3 

- 

0.45 0.35 0.15

16 O. 4c 0.35 0.5 0.4 0.175

17 0.5 0.4 0.5 0.45 0.2

18 0 .5 0.45 
- 

O.~, — 
0.5 0.225

19 
— 

0.5 0.5 0.5 0.5 0.25
20 0.75 0.75 0.75 0.75 0.375
21 0.9 0.9 0.9 0.9 0.45
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TABLE 22. CREW RELIABILITY (FROM EQUATION 2) AS A FUNCTI ON
OF CREW MEMBER PERFORMANCE AND REPLACEM ENT PARAMETERS

Pe rfo rnnncc Leve ls
Case l~ 2 14 ~~~~~ ~~~~~~

l~”~ l .0O~ 0 .9 14 0 .75 0.7 14 
~~~~ 

0. 44 0.31 0.27 0 . 1 14 0 .0 5
2 1.00 0 .90 0.7 1 0 .70 ~~~~~~~ O. ’iO 0.29 0.25 0.13 0.05

3 1.00 0.89 0.68 0.68 0.39 0.28 0.24 0.12 0.04

14 1.00 0.87 0.66 0.67 ~~~~ 0.37 0 2 7  C.23 0. 12 0 . 014

5 1.00 0.86 0.65 0.66 o~ + z+ 0.36 rL26 0.22 0 .12 0.04

6 1.00 0.85 0.63 0.65 _pj~~ 
0.35 0 .26 0.22 0.1 1 0.014

7 1.00 0.86 0.614 0.61+ 0~~3 0.36 0.26 0.22 0 1 1  0.014

8 1.00 0.82 0.59 0.60 0.1,0 0.32 0.23 0.20 0.10 0.014

9 1.00 0.78 
~~
5
~~~~~~~~~~~ 36 0.28 0.2 1 0 .17 0.09 0.03

10 1.00 0.78 0.54 0.57 ,_p3E~ 0.28 0.21 0.17 0.09 0.03

Il 1.00 0.77 0.52 0.55 
~~~~~~~ 

0.27 0.20 0. 16 0 .08 0.03

12 1.00 0J5 0.50 O 5 4 o ,3j 0.25 O~~9 0 1 5 cL08 0~~3

13 1.00 0.75 O 0 O 3 ~~~~~~ 0.25 0.19 0.15 0~~8 0.03

114 1.00 0.146 0.50 ~~~~~~~~~~ 0 .2 2 0. 17 0.14 0.07 0.02

15 1.00 0.70 0.143 0.1+7 0.28 0.20 0.l~ 0.12 0.06 0.02

16 1.00 0.67 0,140 
~~~j5 _Qj5 

0.17 0.14 0.11 0.05 0.02

17 1.00 0.65 0 .37 0. l4 3 ~~~~~~~~~~~ 0.15 0.13 0.09 0.05 0.02

18 1.00 06 14 0.36 0.42 0.14 0. 12 0.09 0.014 0.02

19 1.00 0.63 0.314 0.41 0.22 0.13 0.12 0.08 0.01+ 0.01

20 1.00 0.58 0 .27  0-314 0.16 0.08 0.00 0.04 0.02 0.01

21 1.00 0.56 0.25 0.32 0.14 0.06 0.06 0.04 0.02 0.00

*These leve l ~~~ corresponc~ to the Tc-~- - I  4’s in Table F-2.

*~ TI ,(”~( case 4’s corr c - - j n n d  to the case ifs in lable F-4 .

tlhe ce l l  e n t r i e s  are crew reliabilities for given crew member performanc e
Ieveh~ end r ep l ~,c - r- ~- t t  parameters.

_ _  
_ _ _ _ _ _  

- _



input data from Table 24. In this case , the 15 performance l evels

listed in Table 24 under “sum of per fo r mance l evel = 2” serve as inpu t

data to Equation 2. The resulting 15 crew reliability levels are

averaged , y ielding a crew reliability of .24. The variance of the 15

re l i a b i l i ty levels is displayed in the graph. Fi gu re 38 indicates

that:

(1) Crew reliability is relatively unaffected by variance in

ind iv idua l  crew member pe r formance .

(2) The resu l t ing  overa l l  var iance in crew r e l i a b i l i t y  is m in ima l .

(3) There appears to be no need to know precisel y individua l crew

membe r performance levels.

Figure 39 shows crew reliabili ty as a function of the sum of per-

formance levels for rep lacemen t pa ra meter v a l u e s  of 0 , .25, .50, and

.75. Figure 39 is similar to Figure 38 and is based on the input data

of Table 24. The values of the rep lacement parameters correspond to

Cases 1 , 12 , 19, and 20 in Table 21. Table 23 contains the va l ues of

crew r e l i a b i l i t y  p lo t ted in Fi gure 39, along with the correspond i ng

standard deviations.

‘35



/

Y

SUM ElF CREW MEMaER’S PERVElRMRNCE LEVELS
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ANNEX TO APPENDIX B

PERFORMANCE LEVEL LISTING

Table 24 li sts the performance l evels used in Equation 2 to

ge nera te Fi gures 38 and 39, and Table 26. The en t r ies  appearing in

each row from left to rig ht are performance levels for the tank com-

mander , gunner , loader , and dr i ver , respec ti vel y. The va l ues of per-

forrnance levels were chosen to generate variance in individua l performance

wh i l e  the individual entries of rows of a group were constra i ned to sum

to a constant.
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Table 24. LISTING OF PERFORMANCE LEVELS AND SUM OF PERFORMANCE
LEVELS USED TO GENERATE V A R I A N C E

Su m of Performance Levels — 0.5 Sum of Performance Leve ls  — 0.75

0.2 5* 0. 1 0.0 5 0.1 0.25 0.25 0.1 0.15

0.2 0.1 0. 1 0.1 0.17 5 0.175 0.25 0.15

0.0 5 0.05 0. 2 0.2 0.2 0.2 0.2 0.1 5

0.07 5 0.25 0.075 0. 1 0.05 0.15 0,25 0.3

0.1 0.1 0.1 5 0.15 0.075 0.275 0. 15 0.25

0.17 5 0.1 0.075 0. 15 0.05 0.35 0.05 0.3

0.2 5 0. 15 0.05 0.05 0. 15 0.15 0.2 0.25

0.05 0.05 0.05 0.35

Sum of Performance Levels  1 Sum of Performance Levels 1.2 5

0.2 5 0.25 0.25 0.25 0.25 0.25 0.25 0.5

0,1 5 0. 1 0. 35 0. 1+ 0.1 0.1 0. 1+ 0.65

0.1 5 0 .3 0.3 0. 2 5 0.1 0.3 0. 4 o.45

0. 1 0.4 0.1 0. 4 0.45 0.2 0.3 0.3

0.2 0.3 0.2 0.3 C.35 0. 4 0.1 0.4

0. 5 0.1 0.2 0.2 0.75 0.25 0.1 0.15

0.12 5 0.2 0. 475 0.2 0.55 0.3 0.25 0. 15

0. 3 0.4 0. 1 0.2 0. 5 0.5 0 .15 0.1

0.17 5 0.3 0 .125 o.4 0.6 0. 15 0. 1+ 0.1

0.1 75 0.525 0.1 0.2 0.05 0.05 0.65 0.5

0.4 0.5 0.05 0.05 0. 15 0.55 0.05 0.5

0.075 0 .375 0.05 0.5 1 0. 1 0.1 0.05

0. 1 5 0. ) 0. 35 0.4 0.95 0. 1 0. ) 0.)

0.12 5 0.4 0.125 0.35 0. 45 0.3 0.25 0.25

0.45 0.2 0.2 0.4

‘~Entr les from left to ri ght are performance levels for the
tank commander , gunner , loader , and driver , respectively.
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Table 21+ . (Continued)

Sum of Perfor mance Level s — 1.5 Sum of Performance Levels — 1.75

0.25 0.25 0.25 0.75 0.5 0.5 0.5 0.25

0. 5 0.5 0.25 0.25 0.25 0.25 0.25 I

0.7 0.05 0.5 0.25 0.75 0.75 0. 1 0.15

1 0.2 5 0.1 0. 15 0 .6 0.25 0.75 0.15

0.2 0.8 0. 4 0.1 0. 45 0.3 0.1+5 0.55

0. 7 0.05 0.7 0.05 0.55 0.2 0.7 0.3

0. 6 0.6 0. 15 0.15 I 0.05 0.65 0.05

0. 5 0.25 0.6 0.15 1 0.35 0.2 0.2

0.4 0.35 0.4 0.35 0.2 1 0.2 0.35

0. 6 0.15 0. 4 0.35 0.25 0.25 0.5 0.75

0.9 0. 4 0.) 0.1

0.) 0.9 0.4 0,1

Sum of Performance Levels 2 Sum of Perfo rmance Levels 2.25

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.75

0.25 0.25 0.75 0.75 I 0.4 0. 4 0.4 5

0.35 0.65 0.25 0.75 0.75 0.75 0.25 0.5

0.4 0.4 0.6 0.6 0.65 0.35 0.75 0.5

0.5 0.4 0.6 0.5 0.5 0.5 0.6 0.65

0. 3 0.7 0.3 0.7 0. 4 0.4 0.7 0.75

1 0. 35 0. 4 0.2 5 0.6 0.6 0.4 0.65

0. 3 0.7 0.2 0. 8 0.2 0.7 0. 6 0.75

0.2 0.2 0. 8 0.8 0.3 0.85 0.3 0.8

0.2 0. 8 0.1 0.9 0.3 0.7 0.55 0.7

0.1 0.) 0.9 0.9 0.9 0.9 0.2 0.25

0.1 5 0.85 0.05 0.95 I I 0.05 0.2

0.95 0.05 0.95 0.05 0.05 0.95 0.25 I

0. 15 0.1 0,75 I 0.3 0.85 0,1

0.2 5 0.5 0.25 I 0.25 I 0.7 0.3
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Table 24. (Continued)

Sum of Performance level s — 2.5 Sum of Performance Level s 2 .75

0.75 0.75 0.5 0.5 I 1 0.5 0.25

0. 65 0. 6 0.75 0.5 I 0.35 0.9 0.5

I 1 0.25 0.25 0.75 0.75 0.75 0.5

0.75 0 .5 I 0.25 0.5 0.5 I 0.75

0.1 0.8 0.8 0.8 0.7 0.7 0.7 0.65

0.8 0.85 0.8 0.05 0.5 0.9 0.9 0.45

0.5 0.5 0.5 1 0.05 0.9 0.9 0.9

0 .45 0.55 0.7 0.8 0.1 0.9 1 0 ,75

0.35 0.65 0.6 0.9 0.85 0.1 0.9 0.9

0.9 0.9 0 .35 0 ,35 0.25 0.75 0.8 0.95

I 0 .2 5 0,9 0.35

0.9 0.75 0.35 0.5

Sum of Performance Levels — 3 Sum of Performance Levels — 3 .25

0.7 5 0.75 0.75 0.75 I I I 0.25

0.65 0.65 0.85 0.85 1 1 0.5 0.75

0.95 0.55 0.85 0.65 1 0.55 0.95 0.75

0.95 0.55 0.95 0.55 I I 0.4 0.85

0.05 0.95 I I I 0.35 1 0.9

0.15 0.85 I 1 I I 0.3 0.95

0.2 5 0.75 I I 1 0.4 0.9 0.95

0.85 0.4 0.75 I 0.75 0.75 0.75 1

I I 0.5 0.5 0.85 0.85 0.55 P

0.6 0.4 I I 0.9 0.9 0.7 0.75

0.45 0.55 I I
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Tabl e 24. (Concl uded)

Sum of Perfor mance Levels 3.5 Sum of Performance Levels — 3.75

0.75 0.75 I I 1 I 0.825 0.925

1 I I 0. 5 I 1 I 0.75

0.85 0.65 1 I 0.85 0.9 I 1

I 0.6 I 0.9 1 0.775 I 0.975

0.95 0.55 I I 0.95 0.8 I I

I 0. 72 5 I 0.775 1 0.825 0.925 1
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A P P E N D I X  C
NUCLEAR WEAPON EFFECTS

The de tona t ion of a n u c l e a r weapo n res u l ts i n  seve ra l  primary

effects that can serve as casualty producers. These include blast ,

therma l radiation , a nd nuclear  rad ia ti on .

I . BLAST EFFECTS

There are two effects of the blast or shock wave . The first is

the e f f e c t of ove rp ress u re on the bod y, wh i ch may cause injury to

i nt e rna l  or gans or rup tu re the ea r d r u m s . The second i s t r a n s l a ti ona l
acceleration by the strong winds produced by the nuclea r burst , together

w ith subsequent deceleration by impact with the ground or other un-

y ielding objects. Such accelerations can cause injury, as ca n impac t

with blast- energ i z ed  d e b r i s  or w i th the i nt e r i o r  of a veh i c l e  tha t has
been translated or overturned by blas t winds.

Casualty production due to blast depends on the hardness of the

targe t and the deg ree of ove rp ress u re a r i s in g f ro m the shock wave . B l a s t

radius , R(B) , i s d e f i n e d  as the d i s tance f ro m g round zero a t w h i c h  a
particular target on the ground has a .50 probability of receiving a

spec ified degree of damage . For un i forml y d i stributed , ra ndom l y o r i e nt ed
targets , abou t 85 percent of those within the circle with radius R (B)

rece i ve at least the specified degree of damage . A number of targets

outside this circle w i l l  also rece i ve the spe Li fied degree of damage ,

and t h i s  number is equal to abou t 15 percent of the ta rge ts  ins ide  the

c i r c l e .  The total number of targets receiving the specified damage is

therefore equal to the numbe r of ta rge ts wi t h i n the ci rc l e  wi th rad i us
R(B) .

Table 25 g i ves b last  rad i i  for C,evera l ta rge ts  and weapon y i e l d s .

It is germane to consider what happens to the crew of a tank that rece i ves

11+ 5
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mode ra te b las t damage , Class I I .  To undergo such damage from blast ,

the tank would have to experience overturnin g , c o n s i d e r a b l e  acce l e r a t ion
or tumbling. It is like l y that the crew of such a tank would suffer

injuries from i mpact with the vehicl e interior.

2. THERMAL R A D I A T I O N

Therma l radiation from a nuclear burst can burn the skin of a

person , even under clothing, and can i gn i te c lo th i n g , causing fur ther

burns. If a person is looking at a burst or a point near it , bu rns

on the re t ina may be prod uced , caus i ng v a r i o u s  degrees of pe rma ne nt loss
of vis ion . The visible radiation can also produce “dazzle” or temporary
loss of v i s i o n .

The product ion of c a s u a l t i e s  by t herma l rad ia t ion  is d i f f i c u l t  to

predict because of the many ways in which a person could be shielded .

Fi gure 1+0 shows approx i mate ground distances at which second- and

third-degree burns could be produced on exposed s k i n  for  a nu mber of
weapon y ields . Th i rd-degree burns would be i ncapacitating , as wou ld
second-degree burns on critica l reg ions of the bod y (e.g., around the

eyes , retina l burns , and on the hands). However , most kinds of shielding

are ef fec t ive in pr eve nt ing such burns a nd pe rsonnel  i n s i d e  a tank or
APC , or i n f a n t ryme n s h i e l d e d  by a t ree or v e h i c l e  wo u ld  be u n a f f e c ted .

3. DAZZLE

Dazzle , or flash—bli ndness , is a term used to designate an i mmediate

temporary loss of v i sua l  f un c t ion res u l ti n g from exposure of the human

eye to a b r i l l i a nt f l a s h  of l i gh t. It occurs when the radiant energy

de l i ve red  to the re t ina  does no t ra i se the t i ss ue above ~t s c r i t ica l
val ue , and thereb y prod uce a l e s i o n , b ut i s  s u f f i c i e nt to caus e b leach i ng
of the photochem i ca l substances wi thin the rods and cones. The physio-

log i ca l response includes the ini t i a l  dazzle effect and the after-image .
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Dazz le gene ra l l y  is defi ned as the i n i t i a l  reaction of the eye to bri ght

li ght , while the after-image is a transient scotoma caused by a visual

imp ression that lasta after the stimulus has ceased to exist. The

li ght-adapted eye depends entirel y on cone response , and , f o l l o w i n g
bleachi ng, the iodops in in the cone regenerates promptly. The comple tel y

da rk-adapted eye depends on the response of onl y the rods , and rhodops in

regenerat ion in the rods is neg l i g ible for several minutes after bleaching.

Ob jec ts  seen in day l i gh t appear much b r i gh ter than when seen a t n i ght;

th us a lesser degree of recovery is necessary for effective day l igh t

vi s ion . Recovery of effective vision is much faster if eyes are flash -

bl inded in daylight than when the flash—blindness occurs at night;

furthe r , recovery i s fas ter under b r i gh t mo o n l i ght condi t io ns when there

i s some cone response , than on a moonless night. It follows that fla sh—

bl i ndness is of longer duration and of more tactica l si g n i f i c a nce for
ni ghttime bursts than for daytime bursts.

EM- i describes flash—blindness (dazzle) as follows :

Fla sh-bl indness (dazzle) is a temporary impa i rment of vision

ca u sed by the saturation of the li gh t sensitive elements (rods

and cones) in the retina of the eye . It is an entire l y r e v e r s i b l e
phe nomena w h i c h  w i l l  no r m a l l y blank out the entire visual field of

view with a bri gh t after— i mage . Flash—blindness normall y w i l l  be
brief , and recovery i s comp lete.

During the period of flash-blindness (severa l seconds to

minutes) useful vision is lost. This los> of vision may p rec l ude

effective performance of acti vities requiring constant , precise

vis ual function . The severit y and time required for recovery of

v is ion are determined by the intensity and duration of the flash ,

t he v iew ing  ang le f rom the burst , the pup il size , bri ghtness

necessary to perform a task , and the back ground and visual com-

plexi ty of the task. Flash-blindness w i l l  be more severe at night

si nce the pupil is large r and the object being viewed and the back-

groun d are usua l l y d i m l y i lluminated .
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i lash-b l i ndness may be p roduced by sca tt ered l i ght and does

no t ne c e s s a r i l y req uire eye focusing on the fireball.

3 .1 Duration of Effect

3. 1 . 1  Unprotected, Day-adapted

Results of severa l tests indicate tha t light -ad apted sub-

jects oriented away from line-of-sight of the bursts experienced no

vis ual impa i rment. Those subjects in aircraft who viewed a 11+-kt low-

ai r burst from a distance of about 14.5 km experienced temporaril y-

i mpa i red vision with recovery in 2 minu tes . Other recovery times have

been noted as within 5 minutes.

3.1.2 Unprotec ted, Dark—adapted

The onl y data avail able on flash-blindness effects on the

dark-adap ted unprotected human eye are from Operation TUMBLER-SNAPPER.

Those resul ts ind i cate that viewing from 16 km the fireballs of 30-kt

or l8.5-k t low-air bursts for an interva l between 46 and 52 msec after

burst until blink w i l l  require consi derable recovery periods and is like l y

to produce a minima l retinal burn.

3. 1 .3 TUMBLER—SNAPPER

Subjects who observed two daytime bursts had dark-adapted

eyes and were in a light-ti ght trailer located abou t 16.1 km from both

bursts. Half the observers (total numbe r unstated) were unprotected ,

and ha l f  wore p r o t e c t i v e  red gogg les that were estimated to transmit

abo ut 22 percent of the energy i n  the v i s i b l e  and i n f r a r e d  spec t r um.
A ll observers v iewed throug h portholes that opened between 1+6 and 52

msec after flash , a nd closed af ter 2 seconds. The tests were dis-

continued because of two retinal injuries .
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TUMBLER-SNAPPER repor ts do not identif y re t ina l i nj u ry
with shot , but do state that none of the individuals wearing gogg les was
injured . Observers wearing red goggles recovered the use of their eyes

more rap idl y than those who were unprotected .

Some insight into recovery time at ni ght can be gained

f rom the Up sho t Kno thole  da ta i n v o l v i ng pro tec ted person nel . Dark-

adapted personnel who rece ived abou t 25 percent of the incident light

recovered from f lash-b l indness in about 4 minutes.

3.2 Directiona l Effects

Hard tack II :  At Shot Hamilton (a fractional kiloton burst),

25 Ar my and Marine officers were stationed in the open in three groups

loca ted 5700 feet from ground zero . They were oriented at 90, 135 , and

180 degrees from the line of si ght of the day li ght shot on a 50-foot

wooden tower. I mmediatel y af ter the shot , all perso nnel (who were

comp lete ly li ght-adapted and unprotected by gogg les) demonstrated norma l

visua l acuity, and no subject reported experiencing dazzle.

It was concluded that dazz le  is  eithe r non-existent or transi-

tory in nature when the individua l is li ght-adapted and tha t the return

of pho top ic visio n is rapid when adequate illumination is provided for

per formance of v i sua l  tasks .

3.3 Militar y Evalua tion of Dazzle

The appropriate Army manual (FM 101-31-1 ) g ives the Army view

of the subject as follows :

Visual Effects: The flash of lig ht produced by a nuclear

exp losion is  many t imes br i ghter t han the sun. This lig h t can d a z z l e
personne l or produce permanent retinal burns. These effects can be

produced at greater distances from the burst than can skin burns.
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Sufficient therma l energy a r r i ves  so fast  that reflex actions , such as

bli nking, g ive onl y l im i ted protection .

Dazzl e (flash-blindness) is a temporary loss of v i s i o n .

Dazzl e from a burst during dayli ght hours persists for about 2 minutes.

On ly the personnel fac ing  d i r ec t l y toward t he burst or a r e f l e c t i v e

sur face can be da zz led .  At n ight , dazz le a f f e c t s  almos t a l l  personnel

i n the target area . Recovery may be expected within 10 minutes in

personne l fac ing  the burst  and w i t h i n  3 minutes in a l l  o the rs .  Loss of

ni gh t vision persists for longe r periods. Recovery of nig ht adaption

may be experienced in as l i t t l e  as 15 minutes , depending on the level of

v i s ual  ther ma l  ener gy rece i ved .

3. 6 Co ncl u s i o n

Fl ash-blindness (dazzle) is a poorly documented effect; how-

eve r , there is a general agreement that personne l recover from the effect

in a few minutes during day light. Onl y those personne l looking in the

gener a l d i r ec ti on of the exp losion are sig nificantl y af fec ted du ri ng

day li ght.

4 . I N I T I A L  NUCLEAR RADIATION

I n i t i a l  nuclear radiation , which occurs within a minute or less

af ter a bur ’,t , is ion izing radiation that can damage cells of the body.

Res idual nuclear rad ia t i on  f rom f a l l o u t , or from elements in the earth’ s

surface that have become radioac t ive by neutron capture , also produces

ioniz ing radiation and can damage the body. Such damage manifests it-

s e l f  i n  a v a r i ety of symp toms depend ing  on the amoun t of radiation ab-

sorbed by the body .

Death due to in i t i a l  nuclear radiation may occur almost i mmediatel y

o r pe rha ps as much as 12 weeks l ater , dependi ng upon the dose . The
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symptoms of cell damage due to ionizing radiation can range from a head-

ache or loss of appetite to inc ,i~~u i tation . Persons experien cing the

l owe r range of such symptoms could be expected to continue their duties ,

though pe rhaps at a l ower leve l of performance . These two effects , the

occurre nce of dea th days or weeks af te r ex posu re , and a pe r iod of t ime

follow i ng exposure during which a person ’s performance is degraded ,

are referred to as ‘‘de l ayed ’ ’  or time-variable nuclea r effects (TNE).

The synerg is t i c  combinat ion of two or three nuclear we6pon e f f e c t s
cou ld g iv e rise to either promp t casualty production or delayed effects ,

even if no single effect would have done so. The possibility of the

synerg i s t i c  e f f e c t i s  recognized , however there are insufficient data to

support a quantitative treatment of it.

D i s t a n c e s  f rom ground zero (GZ) at wh i ch various i n i t i a l  nuclear

radiation doses and blast effects would result from a low ai rburst over

a flat plain are illustrated schematicall y i n Fi gure 1+1 . The probability

is 0.5 that a random l y oriented target (in this case , a tank) located at

a dis tance R(8), the blast radius , from GZ would rece i ve moderate blast

damage. Crew members inside a tank located a distance of R(l8000) from

GZ would receive an 18 ,000 rad dose from i n i t i a l  n uc l e a r  r a d i a t io n. A t

any po int c loser to GZ , the dose rece ived would be greater than 18 ,000

rad. If i t  is assumed that personnel r’e c e i v i n g  doses of from 100 rad to

18,000 rad would suffer delayed (time variable) nuclear effects~~, the

area of the a nnu l us d e f i ned by R (18000) and R( 100) is an i n d i c a t i o n  of

the potential incidence of delayed nuclear effects resulting from the

detonation of a single nuclear weapon .

i .e. , personnel receiving a dose greater than l8 ,000 rad would suffer
i mmeidate permanent incapacitation ; those rece iving less  tha n 100 rad
would survive , and wou ld ex h i b i t  ins i gnificant reduction in performance .
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Fi gure 41 . Nuclear Blast and Init i a l  Radiat ion (Schematic) .
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As weapon y ie ld  increases , the b las t  rad ius , R(B) , increases at a

greater rate than does the d i s tance a t which  a g iven i n i t i a l  nuclear

radi at ion dos e i s rece iv ed . As y i e l d  i n c rea ses , R(B) w i l l  successive l y

exceed R( 1 8000), R(8000), etc. It is assume d that all crew members of

a tank that is modera tel y damaged by blast effects w i l l  be injured (from

impact w i t h  the tank i n te r i o r )  as the tank is accelerated or tumbled by

the blast. Further , the se i n j u r i e s  a re  ass umed to be of su ch a deg ree
as to cause the crew members to be declared casualties. (At the ve ry

least , t he tank i t s e l f  is out of ac t ion  for some t i m e ) .  As the b l as t

radius R(B) increases beyond R(lOO) , the numbe r personne l in comba t

suf fer ing de layed nuclear e f f e c t s  would be reduced to zero , prov ided

that all personne l within the blast radius were declared to be casualties

from blast effects.

The blast area is shown in Figure 42 for personnel in tanks , and

i n Fi gu re 43 for unprotected , prone personne l in the open and in a

fores t. The blast effects for personnel in a forest include injur y f ro m

t rans la t i ona l  acce le ra t ion  and subsequent impact w i t h  the ground or a

tree , and from be ing h i t  with blast-energ i zed deb ris or with blown-

down t rees.  These f i gur es show the a reas for  wh i ch the i nit i a l  n u c l e a r
rad i a t io n dose is grea te r than 18 ,000 rad , 8,000 rad , . . . 1 rad. A

protection factor of 0.6 for neutrons , and 0.1+ for fission and secondary

gamma is assumed for the tank . The dotted lines indicate the a rea of

the circle with radius R(B), wi th i n  w h i c h  p ro mpt casua l t ies from b l a s t

effects are produced. As y ield increases , blast effects become the

com inant casualty producer.

In these f igures , nuc lear  warhead Type 1~’~ was used for y ie lds less

than I kt; Type 2 was used for y ields from 1 kt to 30 kt; and Type 7

was used for y ields of 100 kt and greater. Computations were made onl y

“See “Capabilities of Nuclear Weapons (U)”, DNA-EM- l , Headquarters ,
Defense Nuclear A gency , dated 1 Jul y 1972 ~Pr i v n te Communications).
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fo r y i e l d s  of 0 .01 , 0.1 , 0.3, 1.0 , 3, 10 , 30, 100 , 300, a nd 1 000 k t .

The marked change in slope of the curves from 0.3 kt to 1.0 kt , and

from 30 kt to 100 kt , i s  caused by the cha nge from one warh ead typ e to
another.

Th e hei gh t of bu rs t (HUB) u sed was 1 00W 0
~~

5 feet , where  W i s  y i e l d

i n k i l o tons , for  y i e lds  less than 100 kt .  For y i e l ds  of 100 k t a nd

more , HUB was 1 8UW035 fee t. Th i s  i s  the l owes t HUB tha t y i e lds

m i l i tary i nsi gnificant fallout , but this HUB is not necessaril y optimum

for the production of blast effects. If the HUB had been chosen for

this eff ect , R(B) would have been larger , e s p e c i a l l y for the hi gher

y ie lds , and the i nc i d en ce of d e l a yed nu c l e a r  e f f e c ts wou ld  hav e bee n
reduced even more .

In Tab le 26 , the areas of annu li corresponding to var ious dose

i n t e r v a l s  are shown. These i nd i ca te  the d i s t r i b u t i o n  of doses among

tan k crews rece i v i ng  a dose of one rad or more. In t h i s  tab le , t he area

affected by b l a s t , wh i ch i s  shown i n the f i r s t row of the tab l e , has

been subtracted out; i.e., the re ma i n i n g  areas shown a re for b l a s t

survivors. For examp le , for a 10 kt yi eld , R(B) exceeds R(18000) and

there are no blast survivors who receive more than 18 ,000 rad. This is

i n d i c a te d by the dash in the cell for 10 kt and for dose greater than

18 ,000 rad. in the next l ower entry under 10 kt , for the annulus 18 ,000 -

8000 rad , the area i ndicated (.21 kni 2
) is  the area of the an nulus defined

by R(B) and R(8000), since R(B)  exceeds R( 18000 ) The maximum dose for

bl ast surv i vors in this case is between 18 ,000 and 8000 rad.

I n Table 27, the areas of Table 26 are pre - ~ents- i as percentages

of the area of the circle with radius R(l00). T h i s  corresponds t ’  the

assu r’-pt ion that personnel r e c e i v i n g  doses of less  than 100 rad w i l l  not

exh i b i t  de layed nuclea r e f f e c t s .  As in Tab le  26 , when b l a s t  rad ius

exceeds R(lower bound) of an interva l , no entry is giver sioce blast

e f f e c t s  dominate and onl y pr omp t c a s u a l t i e s  are produced . As y i e l d  goes
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beyond abou t 30 kt , th e perce nt of cas ua l t ies  prod uced by b l a s t e f f e c ts
increases rapidly. At 300 kt or more , a l l  perso nn el  r e c e i v i n g  100 rad

or more would be prompt casualties from blast effects.

Table 28 shows the distribution of doses only for bl ast survivors

rec e i v i n g  1 00 rad or mor e. For y ields of 30 kt or less , about 63 to 79

percent rece i ve doses of 1000 rad or less. From 15 to 23 percent re-

ce ive doses of 1000 - 3000 rad , and abou t 6 to 18 percent rece i ve doses

from 3000 - 1 8000 rad. Above 30 kt , blas t survivors w i l l  experience

only the l ower range of doses.

The assumption that every tank inside the circle with radius R(B)

w o u l d  be modera tel y da maged i s  no t s tr ic t l y  t r ue . Some ta nks i ns i d e
R(B) w i l l  not be so damaged , and some tanks outside R(B) w i l l  be dam-

aged , but the total number damaged is equa l to the number of tanks within

R(B) under the assumption of a uniform distribution of tanks. Thus , the

crew of a tank inside R(B) that is not moderately damaged may not ‘be-

come casualties from the blast effect, and so wi l l  suffer an i n i t i a l

nuclear radiation dose higher than indicated in Tables 26, 27 and

28 . Tanks outside R(B) that do receive blast damage , and whose cr ews

become prompt casualties from blast effects , w i l l  red uce the number of

bl ast survivors receiving l ower doses. The tables 0re therefore biased

toward an incidence of l ower doscs.

Ther mal radiation effects have not been included. Their inclusion

would increase the number of pro mp t casua l t i es , es pec i a l l y  for personnel

who are unprotected . I t is d i f f i c u l t  to quantif y the e f f e c t of ther ma l
radiation because many ki nds of shielding (e.g., a vehicle or trees)

a re e f f e c t ive , and the positions of personr- - l rel a tive to these shields

would have to be known . Taking blast and therma l effects together would

tend to produce even a more rapid decrease in the percent of surs.~ivo r’7

experiencing hi gh nuclear radiation doses a-~ weapo n y i e l d  inc reases .

Because of lack of performance data on irradiat e d humans , the

response of a person to high doses is d i f f i c u l t  to predict. Data on
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monkeys show , however , that an in i t i a l  performance decrement in response

to h i gh doses i s promp t , seve re , and long lasting. Such effects , ob-

served in combat personne l , wou ld  p robab l y cause them to be declared

cas ual t ies , even thoug h i n  the la ten t phas e they may recove r su f f i c i ent l y
to perform at a reduced leve l

Tables 26, 27, and 28 treat personnel in tanks . From Fi gure

~43 it is seen that for unprotected personnel , the y ield at which

b l a s t e f f e c ts be g i n to dominate as a casualty produce r is less than

tha t for personnel in tanks . This would tend to decrease the number of

unpro tec ted b las t s u rv ivors  ex per ie nci ng hi gh doses. Because they are

unpro tec ted , such personnel would be more susceptible to therma l

ra iiation than would protected personnel (e.g., personnel in a tank or

armored personnel carrier) . This would further reduce the number of

sur v i v o r s  s u f f e r i n g  h i gh i n i t i al  n uc le a r ra d i a t ion doses .

A n examination of other warhead types indicates that , excep t fo r

different dose-versus-distance functions and neutron dose to gamma dose

ratios , the same genera l type of dose distribution among blast survivors

exists.
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APPENDIX D

M6OA 1E3 CREWMEMBER TASKS

Based on the results of tests on the Macaca Mulatta monkey , it can

be expected tha t tank crewmembers whose tasks are primaril y physica l in

nature wi l l  suffer greater performance degr0iation from irradiation

than those whose tasks are less physical.

The data contained in this annex have been compiled to establish a

basis for the determination of the individual crewmembers ’ tasks , the

percentage of time spent in the performance of tasks , and the degree

of ph ysical and nonphysica l activity for each crewmember.

The tasks enume rated for each tank crewmember (see Table 29)

relate to the requirements of the M6OA1E3 main battle tank and encom-

pass both operational and support functions within a simulated 214—hour

battlefield day (see Table 31). The M6OA 1E3 was selected as the basic

weapon system because i t  w i l l  be in the greatest number in the U.S.

near-future tank inventory. The basis for the task breakout is a stud y

by HumRRO
1 
on crew duties and tasks for operation of the Genera l SHERIDAN

Tank , M551 . This data base was used as a guide for developing tasks for

the M6OA 1E3 crewmen,bers.

The percentage of time spent in the performance of crewmember tasks

and the numbe r of physica l , nonphysica l , and neutral task elements for

each task are g iven in Table 30. A physical task element is one tha t

principall y requires phys i cal strength to perform (e.g., loading a 105mm

round , or lifting a hatch cover). A nonphysica l task element is one

that requires much cognitive activity (e.g., observing for targets). A

neutral task element may contain both physica l and nonphysica l components ,

but requires little physica l effort (e.g., pushing a button) .

These data are based on technical references and judgments made by

experienced tar kers. A 214-hour battlefield day exercise , conducted by
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F
the British Royal Armored Center in conjunction with its evaluation of

the Swedish S-tank in 1 968, was used as a basis for establishing per-

centage of time performing the various combat activities (Table 32).

168



TABLE 29. FUNCT I ONS AND DUTIES OF THE M6OA 1 CREW

TANK COMMANDER

1.0 Acquiring Targets/Observ i ng

1.1 Searchi ng for Ta rge t s

1.2 Desi gnating Target to Gunner

1.3 Ov erriding the Gunner

1. 4 Dis p laci ng the Power Contro l Handle

1 .5 P reparing the Range Card

1 .6 Operating Laser Rangefinde r

2.0 Loading and Unloading V e h i c l e  Weapo n s

2.1 Half-loading the Cal. .50 Machine Gun

2 .2 Fu ll y-loading the Cal. .50 Machine Gun

2.3 Unloading the Cal. .50 Machine Gun

3.0 Engag in g Targe t s

3 .1 Iss u ing Fire Command

3.2 Issuing a Coaxial Machine Gun Fire Command

3.3 Issuing a Subsequen t Fire Command

3.14 Iss uing a Range Card Fire Command

3.5 Preparing to Fire the Cal. .50 Machine Gun

3.6 Firing the Cal. .50 Machine Gun Sem i or Fully Automatic

3.7 Secu ring the Cal. .50 Machine Gun after Firing

4.0 Responding to Weapon Malfunction

4.1 Respond i ng to Cal. .50 Machine Gun Stoppage

5.0 Operating the Cupola

5.1 Preparing to Operate the Cupola

5.2 Ac tivating and Deactivating Cupola-Power Operation

5.3 Travers ing Cupola Electrically from Inside Cupola

5.4 Traversing Cupola Elec trical l y from Ou tcide Cupola

5.5 Activating and Deactivating the Cupola-Manual Operation

5.6 Trav ersing Cupola Manually
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TABLE 29. (Continued )

6.0 O pera t ing  the Ni ght Vision Instrument (NVI)

6 .1 I ns ta l l i ng the N V I
6.2 Activating and Deactivatin g, Adj usting the NV I

6.3 Boresi ghting the NV I with the Cal . .50 Machine Gun

6.14 Removing the NVI

6.5 I nstalling the NVI Low Temperature Adapter

6.6 Removing the NV I Low Temperature Adapter

7.0 Rep len ish ing Ammunition Supp l y

7.1 Reloadi ng M a i n  Gun Ammu n i t ion i nto Ve h i c l e
8.0 Opera t ing Aux i l i a r y  Equ i pment

8.1 Opening and Closing Cupo la Hatch
8.2 Adj usting Tank Cormiander l s Sub-floo r and Sea t Verticall y

8.3 I nstalling the Cal. .50 Machine Gun Carrier Assembl y

8.4 Remov i ng the Cal. .50 Machine Gun Cover Assembl y

8.5 Ins talling the Cal. .50 Flash Hider

8.6 Removing the Cal. .50 Flash Hider

8.7 Engag ing and Disengag in g Cal . .50 Travel Loc k

8.8 Checking and Adjusting Cdl. .50 Machine Gun Headspace

8.9 Checking and Adjusting Cal. .50 Machine Gun Timin g

8.10 I nstalling and Operating Xenon (AM/VVS-3A) Searc hl i ght

9.0 Mai ntenance

Preven t ive
9.1 Checking Turret (Exterior)

9.2 Checking Turret (Interior)

9 .3 Checking Hull  (Ex te r i o r )

9.4 Checking Crew Compartment

9.5 Checking Fire Contro l System
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TABLE 29. (Continued)

Req u i red
9.6 Main taining the Turret (Interior)

9.7 Mai ntaining the Turret (Exterior)

9.8 Mai ntaining the M2 Cal. .50 Machine Gun

10.0 Communications (Command and Contro l)

11. 0 Messing

11 . 1  Stowage and Remova l of Rations

1 1 .2 Setting—up/Operating Cook Stove and Utensils

11.3 Preparation of Mea l (Heating)

11 .4 Cleaning and Restow ing of Cooking Gear

DRI  VER

1. 0 Driving the Vehicle

1 .1 Perfo rming Pre-s tartin g Checks

1 .2 Starting the Engine — Moderate or Hot Weather

1 .3 Starting the Engine — Cold Weather

1. 4 Starting the Eng ine - S lav ing
1 .5 B raki ng

1.6 A ccelerating

1.7 Steering

1 .8 Pivoting

1 .9  F o r d i n g
1.10 Shif ting

1 . 1 1  Tow i ng a Disabled Vehicle

1.12 Stopp i ng the Vehicle

1 .1 3 Stopping the Eng ine

1 .14 Opera ting the Driving Lights

1.1 5 Observing
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TABLE 29. (Cont inued)

2 .0 
~~~~~~~~~~~~~~~~ ~~ W arning I. i~~h t s

2 . 1  Rt - r s ’ . d i n q  to £ng in t ’ Temperature Warning L i ght

2 . 2  R e p  ing o Low -O i l  T~-~~ ra tu re  Warn ing Li ght

2 . 3  ~t -~ p nd i n g  ~~~I 
I 

~- smi ss i on Oil—Temperature Warnin g

2. 14 Re~ p r ’ ~ing to Transm ission Low-Oil Pressure Warnin g Light

3.0 Op e rat in q tH Si ghtin g E qu i pment

3. 1 In—t,ll inq/ O per at inq/Rem o v i ng the Periscope

3.2 O p t - r  t ing the Periscope Washers and Wi pers

3.3 Insta ll ing/Ad justing/Re m oving the Headset A ssembly

3. 14 Install ing/R eI-o ving Periscope Head Assembly

4.0 Opera t ing A u x i l i a r y  Lqu i pmn ent

14 .1 Opening/Clos ing Driver ’s Hatch

14 .2 Opening/Closing Escape Hatch

4.3 Adjusting the Driver ’ s Seat

4.4 Operating Driver ’ s Dome Light

4.5 Operating Perso nne l /Winterization K i t  Heaters

4.6 Operating Fixed Fire Ex tinguishers

4.7 I nstalling Tow Shackles , Tow C a b l e  o r Tow Bar
14.8 Removing Tow Sha ck les , Tow Cab le or Tow Bar

14.9 Opening and Closing Engine Compartment Exhaust G r i l l s

14.10 Operating Instrument Panel Light Switch

1i .l l Installing/Removin g Driver ’ s CBR Equ i pment

5.0 Maintenance

Prevent ive

5.1 Checking the Hull (Exterior)

5.2 Checking the Suspension

5.3 Check i ng t he Eng ine Compartment

5. 4 Checking the Crew Compartment
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TABLE 29. (Continued)

Regu i red

5.5 Maintaining the Hull (Exterior)

5. 6 Maintaining the Hull (Interior)

5.7 Maintaining the Eng ine Compartment

~.8 Maintaining the Suspension System

6.0 Commun i cations

7.0 Mess ing

7.1 Stowage and Remova l of Rations

7.2 Setting-up/Operating Cook Stove and Utensils

7.3 Preparation of Meals

7.14 Cleaning and Restowing of Cooking Gear

G U N N E R

1.0 opera ting the Turret

1. 1 Preparing to Operate the Turret

1. 2 Activa ting/Deactivating Turre t Power Contro l

1.3 Activating/Deactivating Turret Stabilization Mode

1 . 14 Nu ll ing Out Elevation and Azi m uth Drift

1.5  D isp lac ing  the Power Contro l Handle

1. 6 Ac tivating/Deactivating/Operating Turret Manual Controls

2.0 Operating Gunner ’ s Si ght ing Equi pmen t

2.1 Placing the M IO5E 1 Telescope into Operation

2.2 Opening and Closing B a l l i s t i c  Shield

2.3 Operating the Periscope Washer/W i per

2.4 Pla cing the M3SE 1 Periscope into Operation

2.5 Ac tivating/Operating/Deact ivating Laser RF
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TABLE 29. (Continued)

3.0 Boresi ghtin g and Zeroing Vehicle Weapons

3 .1 Boresi ghting Main Gun

3.2 Boresighting 7.62mm Machine Gun

3.3 Perform i ng Parallax Adjustmen t of M IO5E 1 Telescope and Mount

3.4 Al i gn Laser RE with M35E 1 Retic l e Making Parallax Adjustment

3.5 Activate/Operate XM2 I Computer for Zeroing

3.6 Zeroing Main Gun

3.7 Zero i ng the 7.62mm Machine Gun

4.0 Engag ing Targ et s

14 .1 Firing i n Powe r Mod e

4.2 Firi ng in Manual Mod e

4,3 Firing 7.62mm Machine Gun in Power Mode

14 . 14 Firing 7.62m Machine Gun in Manual Mode

4.5 Range Card Firing  on Plotted Target

14.6 Range Card Lay to Direct Fire

14 .7 Range Card F i r ing  at an Area Target

5.0 Employin g Methods of Fire Ad justment

5.1 Applyin g Primary Method of Fire Adjust m ent - Burst on Target

5.2 Ap p l ying Al ternate Method of Fire Adjustment

6.0 ~p~ rati ng Indirec t Fire Contro l Instruments

6.1 Zero i ng Azimuth Indicator

6.2 Determ i ng Deflection to a Given Target

(~.3 Makin g Small Deflection Changes

6.14 Layinq Gun in Elevation with M 1 3A 1C Elevation Quadrant

6.5 Layi ng Gun in E lt-v ~~t ion with M IA I Gunner ’ s Quadra nt

6.6 Lay i ng Gun i n E l e v a ti on
6.7 Testing Az i m u t h  Indicator for Accuracy

6.8 Testing Azimuth Indicator for S! i ppage
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TABLE 29. (Continued)

7.0 Responding to a Misfire

7.1 Responding to a Main Gun Misfire

7.2 Responding to a 7.62mm Machine Gun Misfire

8.0 Opera ting A u x i l  iary E q u i pment

8.1 Adjusting Gunner ’ s Seat

8.2 Adjusting Hei gh t of Pow er Con t rol H an d l e
9.0 Rep lenishing Ammunition Suppl y

9.1 Assist i n Reloading Ammunition into Vehicle

10.0 Maintenance

Prevent ive

10.1 Che ckinq Mount and Turrent Systems

10.2 Checking Fire Con t ro l System

1 0.3 Checking Crew Compar tn~-nt

Requ i red

10. 4 Maintaining Turret (Interior)

10 .5 Maintaining Turmet (Ex terior)

10.6 Mainta i ning the Gun

10.7 Maintaining the M73 7 .E 7- Machin e Gun

11.0 Communications (Intercom)

12.0 ME~~~ 1 ]

12 . 1 Sto~a ie and Removal of Rations

12 .2 Setting-up/Operating Cook Stove and Utensils

12.3 Preparation o1 M - l  (Heating)

12 . 14 Cl eaning and Restowing of Cooking Gear

L OA DER

1.0 Operating the Dr t-uh

1. 1 Opening and Clo sing the Breech l anu al l y
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TABLE 29. (Continued )

2.0 Loading and Un l oadin g Vehicle Weapons

2.1 Loadin g the 105mm Round

2.2 Loading the 7.62mm Coaxial Machine Gun

2.3 Un loadin g the Main Gun

2.14 Unload i ng the 7.62mm Coaxial Machine Gun

3.0 E ngag ing Targ et s

3 .1 Preparing the Gun for Firin g

3.2 Preparin g the 7.62mm Coaxial Machine Gun for Firin g

3.3 Responding to a Fire Command

3.4 Respond i ng to a 7.62mm Coaxial Machine Gun Fire Command

3.5 Firi ng the 7.62mm Coaxial Machine Gun Manua ll y

3.6 S e c u r i n g  the M a i n  Gun af ter Fi r in g
3.7 Securing the Coaxial Machine Gun after Firing

4.0 Responding to a Weapon Ma l function

4.1 Respondin g to a Misfire

14.2 Removing a Stu k Round of 105mm Ammunition

4.3 Removing a Live Round from 7.62mnm Coaxial Machine Gun

4.14 Controllin g a Runaway Coaxial Machine Gun

14 .5 Removing a Ruptured Ca rtri ~~ e Case from 7.62mm Coaxial Machine Gun

5.0 Op erating the Loader ’ s Si ghting Equ i pment

5.1 I nstalling, Operating and Removing the XM37 Periscope

6.0 Rcp len is hin g Ammunition Supp l y

6.1 Handling Ammunition for Stowage

6.2 Stowing Ammunition into Hull Racks

6.3 Removing Ammunition from Hull Racks

6.4 Stowing Ammunition into Turret Bustle Racks

6.5 Removing Ammunition f rom Turret Bustle Racks

6.6 Stowing Ammunition into Turret Floo r Racks

6.7 Removing Ammunition from Turret Floor Racks

6. 8 Stowing Ammuni tion into Turret Read y Racks

6.9 Remov i ng Ammunition from Turret Read y Racks
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TABLE 29. (Conc l uded )

7.0 Opera t ing A ux i l i a r y  E q u i pnient

7.1 Opening and Closing Loader ’ s Ha tch
7.2 Operating the Loader ’ s Dome Li ght

7.3 Lock ing and Unlocking the Turret

7.14 Adj usting Pre ssu re  i n Reco i l  Mecha n i s m
7.5 Ins talling, Operating and Removing Turret CBR Equ i pment

7.6 Removing and Install ing AN— VVS— 3A Xenon Searchl ight

8.0 Maintenance

Preventive

8.1 Checkin g Turret (Exterior)

8.2 Checking Turret (Interior)

8.3 Checking Fire Contro l System

8.14 Checki ng Crew Compartment

Req u i r ed
8.5 Maintaining the Turret (Interior)

8.6 Mai ntaining the Turret (Exterior)

8.7 Mai ntaining the Fire Contro l System

9.0 Communications

9.1 Turning-on , Operating and Turning-off AN/VRC Radio

10.0 Messing

10 .1 S towage and Removal of Rati on s

10.2 Setting-up/Operating Cook S tove a nd U ten s i l s
10.3 Pr eparation of Mea l (Heating)

10 .14 Cleaning and Restowing of Cooking Gear

11.0  Obse rv ing /De tec t i ng  Targets

1 1 . 1  Vi ewing thru Periscope

11.2 Vie wing thru Binoculars

1 1. 3 Viewing Unassisted
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TABLE 30. PHYSICAL , N O N P H Y S I C A L , AND
NEUTRAL TASK ELEMENTS , AND
PERCENT OF TIME SPENT , BY TASK

Number of Task Elements
Percentage

Non- of Time
Tas k Ph y s i c a l  Phys ic a l Neut ral 

- 
Spent

Tank Commander

1.0 Acquiring Targets/ 4 24 4 44.0
Observing

2 .0 Loading & Un loadi ng 14 18 0 1 .0
Weapons

3.0 Engaging Targets 5 13 23 7.0

14.0 Responding to Weapon 14 7 5 0.5
Ma 1 function

5.0 Operating Cupola 7 15 0 10.0

6.0 Operating Ni ght V i sion 
7 46 1 1 0.0

I nstru m ent

7.0 Replenishing Ammunition 14 8 1 2.0

8.0 Operating A uxi li ary 614 149 0 2 0
Equ i pment

9.0 Maintenance
a. Preventive 26 43 3 7.8
b. Required 37 36 0 14 .2

10.0 Communications 0 8 1 10 .0
11 .0 Messinq 3 2 1 1 .5

Driver

1.0 Driving the Vehicle 53 59 5 33.0

2 .0 Respondin g to War n ing 15 18 5 0.5
Lig hts

3.0 Operating Sighting 25 16 0 146.5
Equ i pm ent/Ob servin q

14.0 Operating Auxiliary 56 141 14 1. 0
Equ i pnient
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TABLE 30. (Continued)

Percentage
Non- of Time

Tas k Physica l Phys i c a l  Ne utr al  S pent

5.0 Maintenance
a. Prev entive 100 102 0 10.1
b. Requ i red 121 32 1 5.14

6.0 Communications 0 6 I 2.0

7.0 Messing 8 2 1 1.5

Gunner

1.0 Opera ting Turret 3 28 0 7.0

2.0 Operating Gunner ’ s Si ghts 7 18 0 3.0

3.0 Boresi ghting and Zeroing 
31 77 5 1.0Weapons -

14.0 Engag ing Targets 16 48 33 5.0

5.0 Em p loying Methods of 
0 7 6 2 0Fire Adjus tmen t

6.0 Operating Indirec t Fire 
14 30 1 

- 

0.5Cont rol Equ i pment

7.0 Responding to Misfires 0 15 9 0.5

8.0 Operating Auxiliary 
14 5 0 2.5Equ I pment

9.0 Replenishing Ammunition 
14 3 1 2.0Supp iy

10.0 Maintenance
a. Preventive 12 714 7 9.8
b. Required 58 27 0 5.2

11 .0 Communication 0 6 1 6.0

12.0 M e i ng 5 2 1 1.5

13.0 Ob serving 1 3 0 514.0
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TABLE 30. (Concluded )

Percentage
Non- of Time

Task Phys i cal Phys ica l Neu t ral Spen t

Loader

1 .0 Opera ting Br eech 14 14 0 0.5

2.0 Load ing and Unloading 
15 18 0 5 0Ve hicle Weapons

3.0 Engaging Targe ts 15 17 8 5.0

4.0 Respond i ng to Weapon 114 8 3 5.0Ma I function

5.0 Operating Loader ’ s 
3 14 0 1 2.0

S i ght

6.0 Replenishing Ammunition 
15 3 0 14.0

Suppl y

7. 0 Operat ing A u x i l i a r y  26 12 2 4 .0
Equ I pment

8. 0 Maintenance
a. Prevent ive  53 84 1 9.8
b. Required 20 12 0 5.2

9.0 Comm unication s 2 10 1 10.0

10.0 Messing 10 5 3 1 .5

11 .0 Observing/Target Detection 7 5 0 38.0
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167 _

TABLE 31 . RESULTS OF ROYAL ARMORED CORPS TRIAL
SIMULATING A 214 -H OUR BATTLEF I ELD DAY ’

Time Percentage
Activity (Hr/Mm ) of Time

Movements 3:35 114. 9

Engagements 1 :10 14 .9

Halts/Alerts 15 05 62 8
Stand-To s ‘

Observation 14 :10 17. 14

~Reference 2
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TABLE 32. PERCENTAGE OF PHYSICAL , N O N P H Y S I C A L , AND NEUTRAL
ELEMENTS OF CREW TASKS WE I GHTED BY TIME SPENT
P E R F O R M I N G  TASKS AS A F U N C T I O N  OF CREW P O S I T I O N S

Task E l ements
Crew Member Physica l Nonph ysical Neutral

(~) (~)

Tank Commander 19 69 12

Gunner 25 69 6

Loader 50 147 3

Driver 514 1414 2
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