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FOREWORD

The Ar my Scientif ic  Advisory Panel (AS AP) conducted its Summer
Stud y ‘76 at the Armed Forces Staff College, Norfolk, Virginia, during
the period 19—30 July 1976. The Panel addressed the theme of Future
Systems through the six subgroups of Armament, Aviation , Electronic ,
Missile, Mobility , and Soldier Support Systems.

Thirty—six individuals from the ASAP and sixty renresentatives
from the Department of the Army General Staff and malor commands parti-
cipated in the two week study. The Specific tasks of the participants
were (1) to examine the compatibility of two documents — the Science and
Technology Objectives Guide (STOG), which delineates desired operational
capabilities in various categories, and the systems developmen t plans
prepared by the Army Laboratories — and (2) to determine if the laboratory
programs contained the appropriate technology efforts to achieve the
desired systems capabilities. It was reques ted that in the process that
technical efforts non—supportive of the STOG or of marginal value he
identified. Three ancillary tasks were subsequently added by which sub-
group chairmen were requested to: (1) assist US Army Training and Doctrine
Command (TRADOC) representatives to acquire and interpret significant
material for use in input for STOG-78; (2) identify and describe ideas
to be pursued by TRADOC in cooperat ion with U . S. Army Materiel Develop-
ment and Readiness Command (DARcOM) using Concept Development and Valida-
tion (CDV) funds ; and (3) suggest new initiatives appropriate for  Army
R&D.

The Summary Study part icipants arr ived at a general concensus in
their respective reports regarding the STOG. First of all, they felt that
it is a good vehicle for providing guidance to the laboratories as well
as a mechanism to conduct a dialogue between developer and user. The
laboratory programs are generally responsive to the STOG and have improved
in relevance to requirements over that of previous years . Most techrio—
logy base efforts relate to some Science and Technology Objective (STO)
to varying degrees . The level of detail of the STOG appears appropriate;
however, the STOs should ~iot constrain good laboratory efforts in high
pay—off areas. The participants heartily endorsed the concept of having
the STOG replace a variety of other guidance documents and serve as a
guidance directory .

The STOG can he expected to be more useful and relevant in subsequent
iterations 1 but it should not become so institutionalized that other
opportunities for providing guidance and exchanges are precluded. The
document should convey the user’s comments on how he fights and his
perception of desired systems capabilities and not closely specified
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solutions . Soldier support technology , as well as techn iques fo r
bet ter uti l izat ion of hardware in support of Corps of Engineers
missions , should be covered more adequately in the STOG. The subject
of smoke as a prob lem area arose in all areas examined.

Lastly , the STOG should include provision for countering advanced
and alternate threats and reflect a strong intelligence input . A time
frame should be identified in the STOG.

The reports of the subgroups are being published as six separate
docume n ts , each with a summary of recommendat ions near the beginning
of the volume on colo red paper. The documents are on f i le  with the
Defens e Documentation Center . The value of Summer Study ‘76 will be
the exte it to which the appropriate Army managers find the conclusions
helpful .

L-t T;±T— _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



I. SOLDIER SUPPORT SYSTEMS

A. OVERVIEW

The degree of correlation be tween the Science and Technology
Objectives Guide for F? 77 (STOG— 77) objectives in Soldier Support
Systems and related laboratory plans varies widely. In the case of
the Army Med ical Research and Deve lopment Command (A1~RDC) , for example ,
the program plan for medical, dental and life support research has
almost a one—to—one match. In the case of Human Engineering Laboratory
(HEL) , the program plans do not seem generally responsive to STOG—77
objectives. It was reported in the briefings that HEL did not
consider the STOG—77 as prime guidance for their program. The HEL
program is, however, a good program.

One problem that is apparent is that STOG—77 objectives and
laboratory plans are written to different levels of specificity .
Hence, it is difficult to relate one to the other. Also, in many
cases where a match exists, it is not clear whether or not the planned
level of effort is commensurate with the need. For example, some
broad Army Research Institute (AR!) programs list a string of
research areas that are not integrated into a coherent program and
no scope is specified for the various elements.

A general weakness of STOG—77 items is the lack of guidance as to
when a capability is needed. Also, some STOG—77 items are written in
such broad terms that almost any program in the general area could be
considered responsive. Perhaps STOG—78 items could be sharpened in
terms of time frame and specificity.

B. HUMAN RESOURCES AND PERSONNEL ADMINISTRATION

Finding:~

1. Overall, there is a good correlation between STOG—77 and Army
laboratory plans.

2. There must be greater emphasis on a technical program to assess
the effects of the quality and quantity of personnel to meet Army needs.

3. There is need for work related to development of unit effective-
ness in terms of techniques of leadership and management at all levels.
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Recommendations:

1. A program of research which anticipates and prepares for future
manpower concerns, such as the impact of significantly changing pop-
ulation distributions , and the impact of changing economic conditions
on recruitment and retention of personnel, is recommended.

2. Establish efforts to measure unit effectiveness in terms of
techniques of leadership and management.

C. TRAINING

Findipgs:

1. There is a general lack of coordination between STOG—77 and Army
R&D plans.

2. The areas of vehicle and mission simulation are ones in which
the Army generally lags.

3. Simulation technology needs more supporting research.

Ret ritnendations:

1. Army training programs require scientific and technological
support in five critical areas not explicitly addressed in STOG and that
are not properly represented in Army laboratory programs. (Retention;
technology base for training devices and simulators; large unit combat
simulation; technology base for field technical manual preparation;
and modes of presentation other than the printed page.)

2. Provide more support to simulation technology.

I). MEDICAL, DENTAL , AND LIFE SUPPORT SYSTEMS

Findings:

1. The existing Army Medical R&D Command program plans are highly
responsive to STOG—77, although gaps do exist in the STOG.

2. Personnel replacements for Army units during the first six
months of any future war will have to come primarily from the ranks of
those casualties that can be “repaired” and those who are diseased that
can be cured.

~ _ _ _ _



Recommendations:

1. Several science and technology objectives should be incorporated
into the Biomedicine and Health Capability Category.

2. The biomedical aspects of chemical agents, diagnosis, potential
vaccine protection, potential drug protection and/or therapy should
receive major emphasis.

E. HUMAN ENGINEERING AND PERFOR~~NCE ENHAN CEMENT

Findings:

1. The STOG objectives appear limited in scope in that they do not
cov2r the range of on—going and projected research activity in the Army.

2. The STOG objectives are not expressed evenly in their degree of
specificity ; they range from very broad to very specific matters.

Recommendations:

1. Recommend that the STOG be upgraded to reflect a coherent ,
balanced and comprehensive presentation of the human engineering/
performance enhancement program needed by the Army .

2. The Army should make better use of human factors information,
much earlier in the systems diesing and development cycle.

F. FOOD AND WATER

Findings:

1. There is a general lack of long—range feeding system user
requirements and objectives; nor does the user provide definitive ,
time—phased needs.

2. The need for techniques for utilizing subsurface water more
efficiently and for the efficient disposal of sewage were indicated.

Recommendations:

1. That the technology base aspects, as well as the peacetime
requirements, of subsistence and food service systems be addressed in
the STOG.

2. Water purification, supply, and distribution should have
higher priorities in the applicable STOs.

3



F. CLOTHING AND INDIVIDUAL EQUIPMENT

Findin:~~~

1. The STOG does not address itself sufficiently to the support of
the individual soldier in the field.

2. The NBC threat requires a very comprehesive program to include
all aspects of soldier support, especially in the areas of individual
clothing and equipment protection ; and in the event of contamination,
decontamination equipment and procedures .

Recommendations:

1. More resources be applied now to achieve the required objec-
tives of future NBC protection.

2. That the STOG encopass the specific objectives/requirements
for support of the individual soldier in adverse operational areas,
such as the Artic, desert, or mountains.

H. AIR DROP

Finding:~~

1. There appears to be a very close mathc between the air drop
development objectives In the STOG and the work currently underway.

2. The STOG does not define really long range development objec-
tives.

Recommendations:

1. Efforts should be started upon equipment location and assembly
aids .

2. Efforts should be considered in “stand—off” delivery systems.

I. NUCLEAR, BIOLOGICAL AND CHEMICAL WARFARE PROTECTION

Finding:~~

1. Although the program described in ARMCOM reports are responsive
to STOG for CW and BW, there is no evidence that NW is addressed.

2. Often the greatest deficiencies in NBC appear to be not in the
6.1 — 6.2 area, but actually in the 6.3 — 6.4 areas

.4



Recommendations:

1. Estab lish guidelines and a review procedure for incorporate NBC
protective features in new designs for equipment, clothing, and shelters.

2. Provide a requirement for a simple water kit to test for pos-
sibility and presence of chemical agents.

J. SOLDIER SUPPORT ENGINEERING

Findings:

1. The STOG and system development plans are essentially
compatible documents with only a few gaps.

2. There are few systems in this area, but rather dispersed,
fragmented efforts.

Recommendations:

1. A 6.1 program for camouflage should be established and funded.

2. NBC protection be included as an integrated part of environ-
mental control systems, where applicable.

5
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II. GENERAL DISCUSSION:

For convenience the “Soldier Support Systems” program has been
divided int o the following nine sub—topics . These are :

a. Human Resources and Personnel Adminis t ra t ion

b. Training

c. Medicine , Dentistry, and Li fe  Suppor t

d. Human Engineering and Perforirance Enhancement

e. Food and Water S .pp ly

f. Clothing and Individual Equipment

g. Air Drop Equipment

h. Nuclear, Biological and Chemical Warfare Pro tection

i. Soldier Support Engineering

This has been made necessary since there is no separate section in
the STOG—77 which describes the scientific and technical objectives for
soldier support systems. This casual treatment of soldier support
systems should not be allowed to continue. It leads to the con-
siderat ion of the need for soldier suppor t systems technology as a sor t
of af ter thought, i.e., something to be considered af ter a prob lem is
presen ted by a mater iel desi gn that never was forced to account for the
needs of the soldier. This is a major deficiency in the STOG—77 .
“Sold ier Suppor t Systems” is perh aps an adequate name for the items
above. The subgroup seemed to prefer “Life Support Systems.”

In addition to the systems previously cited , further examination of
the STOG—77 revealed other areas that properly can be accounted for in
“Soldier Suppor t Systems.” These are included under Soldier Support
Engineering :

7
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a. Electric Power

b. Coun termine

c. Fuels and Fuel Handling

d. Field Fortifications

e. Logistics over the Shore (LOTS)

f. Materials Handl ing Equip men t

g. Demolitions

h. Phys ical Secur ity

In an attempt to be responsive to the charge given to the subgroup ,
these items were also considered. Time did not permit an in-depth
analysis. The chemical, medical , training, and human engineering
areas would benefit from a more intensive study .

8
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A. Human Resources and Personnel Administration

I. INTRODUCflON

Manpower costs account for a major part of the Army ’s budget.
The area of human resources, therefore, offers significan t potential for
leveraging good investments tn research and development. STOG—77 defines
a broad set of user needs. Research and development projects in response
to STOG—77 needs In human resources and personnel management are contained
in the program of the Army Research Institute for the Behavioral and
Social Sciences (ARI) with one task area also in the program of the Human
Engineering Laboratory (MEL) , and one in the Army Medical R&D Command.

II. FINDINGS

A. GENERAL

Overall , there is a good correlation between STOG—77 and Army
labo ratory plans. The level of e f f o r t  of ARI programs -appears suitable
to the stated STOG objectives and current state of technology. The
closeness of the match suggests there has been a good level of communi-
cation between users and ARI in this area.

1. Excellent work is being done in the ART on improved performance
based measurement of job skill levels, and on individual capabilities to
permit the matching of type requirements with typical individual soldier
capabilities. This work is considerably superior to most work of the
same sort carried on in other parts of the economy. Work on physical
strength standards is less well developed, and requires more support.

2. The work of ARI in searching for improved methods for the
prediction of military aptitude is also firs t—rate.  The balance of
efforts to develop new predictors is appropriate, and is likely to be
productive .

3. Research on improved methods for the assessment of officer and
enlisted ‘~,erformance , and for improved officer and enlisted military
career information systems is relevant and appropriate. The work is
carried on at the appropriate level.

9 



4. The development of a better technological basis for more
efficient , more precise , and more comprehensive military career
management suffers from an inadequate system of reports on officer
performance where significant variat ions in performance are adequatel y
port rayed. The problem is not one of an adequate research base or an
adequate set of procedures for such an evaluation , but rather with policy
decisions which would support the adoption of improved procedures.
The problem is especially critical at the company offieer level, and
in combat units.

B. Supportive Work Needing More Emphasis

1. The STOC add resses the A rmy ’s need to rely on properly selected
persons whose special abilities and potentialities are discovered, devel-
oped , and used properly to achieve Army missions. ART ’s programs are
generally resDonsive . There mus t be greater emphasis on a technical
p rogram to assess the e f fec t s  of the quality and quantity of personnel
to meet Army needs. Currently , very few mental Category I and II soldiers
are being recruited , posing a serious problem for finding NCO ’s in
technical and combat areas. Needed is an expanded technical program
to analyze data on the total military force, to determine how well m di-
vidual officers and enlisted men of varying abilities have acquired
mil i tary  capab ilities that wi ll increase the Army ’s combat effect iveness.
ARI has one such project on enlisted personnel , beginning with accessions
in 1974. ARI had initiated an earlier project on 1973 ROTC accessions.
However, the capacity of the Army to provide the data, and the ARI
capacity to provide the research analyses is not fu l ly appa rent . Major
issues involved include the following: analysis of specific training,
unit  assignment , and job performance measurement as they relate to
later career achievements , team/uni t  composition data to estimate
effects of unit personnel turbulence/rotation on combat readiness;
ef fec t s  of leadershi p (o f f icer and NCO) continually in units on unit
performance and capability measures; effects of varying quantity/auality
of officer and enlisted “supply” on the force effectiveness of the Army;
and in—depth studies of attrition . Outcomes of these studies will inform
decisions on recruiting methods, training programs, and decisions about
staffing and deployment.

2. The work in defining the role of women in the Army is described
in terms that appear to be sensible and reasonable. The research out-
comes, however, will not give any realistic basis for determining the
appropriate female proportion of total strength.

10
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C. Good Quality Work not in STOG—77

1. ART has a program of research on “Contemporary Issues” that is
relevant to current con cerns in racial relations , d rug abuse, the
“generation gap ” , and Army—Conununity relations . This work is not
specifical ly ident i f ied as a need in STOG—7 7. It has lost funding by
recent Congressional action .

2. ART has a program of research in automated ins t ruc t ional
technology that is not specifically in STOG, but is directly relevant
to achievement of several objectives . The work should he continued.

D. Gaps

Four STOG—77 items related to human resources do not have identi-
fied, responsive programs . These are:

a. 16.6 Levels of Borrowed Personnel

b. 16.7 Organizational Structure Guidance

c. 16.8 Staffing Ratios

d. 17.9 Selection and Management of Personnel.

There is need for work not now being done related to the develop-
ment of unit effectiveness in terms of techniques of leadership and
management at all levels. Several STOG items are relevant: STOC—77—l6.5
on organizational effectiveness; STOG 77—16.6 on using borrowed military
manpower; STOG—77—l6.7 on organizational structures; and STOG 77—16.8 on
decisions on staffing ratios . Since these objectives are critical for the
Army, the need for a better program in this area is obvious. The cost
of training may become too high, for example, if a large portion of
trainees are minimally cap ab le, and require excessive time to develop
and sustain minimum skill levels. Policies on rotation would al”o then
need review, as would related personnel policies on the enlisted grades
associated with various military assignments. Within the Army, there are
enough variations in leadership styles and in modes of personnel utili-
zation employed to make it feasible for variants to he appraised; some
may be demonstrated to be effective and generalizable.

11
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E. Wo rk to be Terminated

Since no specific STOC. need is ident i f ied  for the ART work on
“Contempo rary Issues” , it would be appropriate to review this work wi th in
p roper DA organizations . Ei ther  a need migh t be estab lished or the
p rogram should be permit ted to phase ou t .

F. Comments for  TRADOC for STOG— 78

As in other areas , the objectives defined for research and development
in human resources would benef i t  by more precise defini t ion of the
objectives. It appears , howeve r , that ART has a good unders tanding of
th e needn and their pr ior i t ies .

Consideration s1-3uld be given to research to anticipate and p repa re
fo r fu tu re  manpowe r concern s , such as the impact of s ign i f ican t ly
changing pop ulat icn distributions and the impact of ch anging economi c
conditions on recruitment and retention of pe rsonnel.

12
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B. TRAINING

I .  IN TRODU CTION

Training is a very importan t area in which the Army must develop
and app ly ad vanced technology . There are few areas in which a higher
retu rn in terms of improved ef fec t iveness  and reduced costs can be
achieved.

A number of concurrent factors are causing fundame n ta l  changes in the
A rmy ’s app roach to t ra in ing .  Both the STOG—7 7 needs and Army R&D plans
ref lec t  this.  Howeve r , f ur ther  coordination between them is needed . A
number of STOG— 77 needs are not adequately addressed. Furthermore , the re
are needs , not listed in STOG—7 7 , which are being responded to by good
resea rch p r og rams -

The \ rmy places major reliance on the Army Research Ins t i tu te  for
the Behavioral and Social Sciences (ART ) for providing technological
suppo rt  for its training programs . Much of this wo rk is highl y p raised.
Some is considered to take too long, and to result only in reports of
l imited usefulness.  The mos t valuable support come s when technolog ical
assistance is provided in the form of persons working in the training
set t ing.

The scope and adequacy of ART projects  are d i f f i cu l t  to assess on
the basis of documentation . There is a lack of articulat ion amon g
va rious ART program documents. Also , end objective s are often not
clea r.  P rogram descriptions tend to be writ ten in very broad terms
th at do not match STOG—77 s ta tements .  Program statements developed for
the Fl 77 e f f o r t  show improvement .

A number of the STOG—77 objectives relate to simulation devices.
Planned projects relevant to a number of these needs are assigned to
DARCOM ’s P rogram Manager for Training Devi ces (PM—TRADE). Briefings
p rovided by TRADOC descr ibed p lans to develop tank gunnery trainers and
othe r devices. The STOG—7 7 objectives in this category were not
adequately addressed , an d the TRA DOC pl ans were conside red to be much
too modest.

II. FINDINGS

A. General

The ART Laboratory plans reflect a growing program in the area of
training. There are some good, well—focused efforts. However, it also
appears that there is a scattering of poorly focused and underfunded
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~lctivities with poorly defined objectives. More contact between users
and ARI to clarify needs , objectives , and program plan s seems needed.
The panel was informed that this ~ias recognized and steps have been
taken to obviate the problem in the Fl 77 program . The ARI p rogram
incl udes some signif ican t e f f o r ts wh ich pr obab l y  should appear in
STOG—77, bu t are absent. An example is the area of aut omated instruc-
tional technology . Othe r examp les are Individual Training and Person-
nel Programs and Management Systems for Career and Unit Purposes.

B. Supportive Work Needing More Emphasis

The general area of vehicle and mission simulation is one in which
the Army generally lags. It is a key area which should receive more
attention . Maintenance training is a high cost area, due to the
typi cal reliance on operational hardt’are. Significant cost savings
po ten tial exists through the use of electronic simulation technology .
The Navy and Air Force have begun active programs in this area. The
current ARI program plans do not give sufficient attention to this
problem area.

The general area of simulation technology needs more supporting
research , ranging from the behavioral aspects of “transfer of training”
to the development of specific simulation t~~’hniques (e.g., engagemen t
simulation , sensor display simulation , EW simulation.)

C. Good Quality Work not in STOG—77

A notable omission from STOG—77 is the need to develop automated
instructional technology , both as a free—standing capability and as an
adjunct to simulation systems for training. The ART pr ogram in cludes
some effort in this direction . There has also been a significant
e f f o r t in this area sponsore d by TRADOC at Fort Monmouth , New Jersey .
This effor t is called “Comp uter ized Training Sys tems Projec t” (PROJECT
ABACUS). In addition, the PM TRADE-~nanaged pr ogram incl udes planned
efforts in Automated Performance Measurements Evaluation , and AuN- -
ma ted Training Techni ques Evaluation .

There is a continuing need for research on learning behavior and
methods for assessing learning performance. This is fundamental to
effective training syStems. This need is being addressed at a low
level in the ART plan.

ART has a major activity directed toward developing and implementing
the idea of “imbedded training”. This concept involves designing
training capabilities into the regular operating situation for units and
systems. For example , in a computer—based tactical data system, an
effective training mode can be included at low cost if designed in from
the beginning.



Given the imp ortance of NOE f l igh t cap ab ili ty,  there should be
greater recognition given to the need for crew performance factors and
related training needs . ART ’s program includes a significan t program
in this area. In addition , the PM—TRADE program includes planned efforts
wh ich address this area of need. Examples are prolects on visual
simulation techniques (Panoramic Optical Prob e, Special Purpose
Algorithms for CCI) and a project on Syn thetic Fligh t Trainer Systems.

PM-TRADE has additional programs planned which may be responsive in
part to some STOG—77 training—related needs . Examples include :

a. Armor Training Device Technology Study

b. TOW/SHILLELAGH Second Generation Training System

c. Rem~ote Ta rget Systems

D. Gaps in Work in Support of STOG—77

No effort in available laboratory plans (ARI) was found in response
to the following STOG—77 items :

a. 8.10 Air Defense Trainers

b. 13.10 Simulation——Enemy Conununicationc and EW

c. l5.ld Training Devices—Electronic Simulation .

ART has established a field unit at Fort Bliss, Texas, to conduct
research studies related to air defense training . An initial project
will develop a training model for four A rmy skill codes, including
CHAPPARAL and VULCAN crewman . There are no known p lans , how ever , to
address the specific STOG—77 needs for air defense training devices.
Planned programs of PM—TRADE , such a~; Multiple Integrator Laser
Engagement System (MILES), may provide technology relevant to the
stated needs for Air Defense Trainers , but do not appear to be cur-
rently oriented toward the specific requirements of STOG—77 objectives
number 8.10.

In the area of Enemy Communications and Electronic Warfare , PM
TRADE has planned a study to define a basis for structuring an EW
training device program. This study is included in PM—TRADE Fl 77
plans. It is possible that some needs in this area could be covered
by research activities of the Army Security Agency School at Fort
Devens , Massachusetts. Research plans of ASA were not available for
review.
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The STOG— 77 item 15.ld on Electronic Simulation is not well
defined. A number of planned PM TRADE activities are potentially
responsive to this need , but f rom availab le descriptions , they do not
appea r to be closely correlated with the STOC s ta tement .

There appears to be at this time no realistic way to t rain for
indi rect f i re , fo r bat t lef ie ld  scenarios to produce casualty assessr~ nt
and for command and control. To date there are two studies ongoing and one
future study that may possibly answer the above . An other area is suit-
able ta rgets for  t raining.  Mine/Countermine Casualty Assessment System
(MICAPS) is another area where more answers are needed. Training
Devices/Simulators are being developed in support of Comb ined Arms!
Combat Service Support , Weapons Systems and Biological Training.

a. Indirect Fire. Presently , the Army possesses a limited means
of simulating direct fire only . Simulation prob lems can be subdivided
into two general categories :

(1) Assessment of casualties and destructive efforts.

(2) Simulation of weapons effects visual/sound cues.

b. Cousnand and Control Training Systems . Presently , the Army does
not possess the means to train commanders without troops in assessing
the bat t lef ie ld  si tuation in order to enab le them to command and control
the battle.

c. Elect ronic Warfare . Present ly , me an s to train pe rsonnel in the
area of elctronic warfare is very limited at Bde/Bn level and below .
Areas of concern and development are :

(1) Electronic counter/countermeasures .

(2) Electronic sensors

(3) Electronic Warfare Study——user requirements

d. Drive r Simulators . Presently , the Army does not possess the
means to simulate tank/vehicular driving .

e. Targets. Presently , the Army , Navy, and Air Force are delving
into all areas that will provide realistic battlefield targets
enabling its personnel to achieve proficiency to combat standards.
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f. Weapons Effect Signature Simulator (WESS). There is a need
for  WESS systems of all types of weapons to provide realism on a
simulated battlefield.

g. Mine/Countermine Casualty Assessment (MICAPS). Presently , the
Army does not possess means to simulate mine casualties in a training
mode.

None of the ab ove are especially listed in the STOG; however , each
category should have consideration for training by use of devices or
simulators .

III. RECOMMENDATIONS

A. Caps to be filled in Support of STOC—78.

1. A rmy training programs require scientific and technological
support in five critical areas that are not explicitly addressed in
STOG and that are not properly represen ted in Army laboratory programs.

(a) Each major training program requires technical assessment to
discover the degree to which training standards are reached, an
analysis of retention of training over time , and of the degree to
which that which is learned is the critical skill required for maximum
combat effectiveness. In addition , training methods must be geared to
the capacities of students. Training programs require special skills
and varieties of support . ART should have a more comprehensive program
in this area.

(b) There is no Army technological base for the developmen t and
evolution of training devices and simulators, no central laboratory
to develop and tes t appropriate training aids, and no capability for
develop ing a program in 6.1, 6.2, and 6.3a that would support the entire
Army training program. We applaud the reported arrangement to use the
Navy technological base to acquire an immediate capability. The Ar:riy ’s
needs are sufficiently broad , diverse , and unique to justify a substan-
tial effort that could be closely articulated with the major work in
progress in the Navy and Air Force.

(c) The A rmy requires a larger program in the development of a set
of procedures and supporting equipment that pe rmi ts  the deve lop ment and
testin g of simulation procedures that involves large units of the A rmy
engaged In simulat ion of combat . The argument for a capability “ to
scr immage ” is persuasive ; the current programs to develop an improved
technology I’~ this area are not adequate to the job . The p lanned programs
that have been made availab le for our review will not be sufficient to
the task.
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(d) The Army needs a technological base for  the prepara tion of
field manuals and technical manuals . Recent research with elementary
school texts has sh~~ n that nanv students can learn the sublect matter
easi ly,  bu t cannot understand the material in the way in which it was
presented. Manuals need to be pretested for more than reading level.
A cont inu ing effort need not delay productic n time , and can have a
great effect on usefulness of manuals.

(e) Modes o f presen tation other than the pr in ted page need to be
studied and developed for use in Army training.

2. Develop programs to fill gaps cited in D.

B. Work to be Terr-iinated. None identified.

C. Comments for ~RADOC for STOG—78.

Discussion with laboratory personnel is recommended to p lan time
dimensions on the needs and to determine the value of existing programs
for which there is not an identified need in STOG—77. More communication
with ARI and PM—TRADE is recommended to clarify stated needs to ensure
coordination of efforts related to future STOG items .

It was observed by the Subgroup that TRADOC was very concerned about
the lack of a dedicated DARCOM laboratory for 6.1, 6.2, and 6.3a effort
in training devices and simulators. DARCOM performs this work through
PM—TRADE who subcontracts the effort to the Naval Training Equipment
Cen ter in Orlando , Florida , and many other Army hardware efforts in many
laboratories. The generic technology base for Ar-my missions would
prob ably best be developed and executed for the Army by a ded icated Army
organization.



—4

-

C
C

I’- g— . >~ >< ><

0
4-J

~~~~ (d~ .,-4 0
5

.C 5 {~~ E b C
o c c ~~~a) Ct ~~~~~ 4.4 ~~~~~ 0 C ~~~~~~ C C Z ~~~~~~~ L)~~~~~ E

C a) 4) CO CO 0) C • ,-4 4.4 0) 1-4 CO C Q )
Ct 0 U~~~ 1 0  I C )  ~~~0 I 1-4 .0 (0 —l 4 - J C C 4 - ~~4-’ I u i - j  I~~~ 4~~~
I.. 1-4 n 0J C ‘-4 C C  5 5

C.~~ C •,-4 C t ~~~ 0 5 C ~~~~ ~~~o - ~-~~E o ~~~ ~~~~~~~~~~~~
o ~~~C w  ~~~E ’~4 C~~~ O a )  ~J ) 5 ~~~~~Q) O 5 ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1.1 1-i C) -~~~ 1-~~~1-i ~~~-~~~~Q .

~~~~>- O C t 1 -~ 0 < O ( 0 <
~~ I~~~~~5 ~~~~O I ~ A~~~4J C0 I O ~~~~~5 I 5 ~~~~~bO ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~E-. 4-4 U E-~~~U ’ e ~ I 4 1 ~4 C t  ~~~~~~~~~ ~~~~~

1 1 - s  0 ) 1 - i  ,—~~1.i C ~- 4 C O  0) ~~~~~~~~~~~t7 P-4~~~ ~~~ (0 0 0 .
X W .I ~~~—4 C t  ~~~W~~~~~0) I 5 1 -~~~~~C

~~ <5. C.~ Q~~0~~-~ Q I L ~~~~ ~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1-i
0

C
o Ct I~~~
-~ —4.1 I s

~~~~ w co s 0)
(0 C) (0 C) C

1- C —4 5 O~~~~~Ct 5 I 1 0
0 W C O C a ) C O  ~- 4 O  (t OO 00 00 --4
CO 0 )5  ~~~~1-i O 4 i - 4 C O  4 . J O C O  C 5 u ~ 5 (1) C C O I J

~4 Q  0 ) 0 )14 5 0 )1.4 (0 5 W~~-4 ’0 ~l W U )  .,4 0 )(0

~~ 0 ...4 ~~~~5u  ~~~~5 W  ‘-l~~~-. O  4 . 4 5 0  5 0 1 - I  C C.) ,-4

~4 CO ,-4 (1 .,.4 ~~ ~ 5 .,.~ 5 .,.4 .5 —4 -,4 0) ~,4 ._4
.C a ~ ~~~C t W  1 4 C 0 1-4 E 0 ) 4 . 4  -l Ct 4.~ O~~~~ CO
5 .,.l .,.l Ii- ,-4 ,.4 14 5 • . 4 5 c 0  ( 0 1 4 0 )  ~~w s
~~x ~~~-i~~.1 ~~~~ 1--~~~u-I cn~~~~ u Z 1 -~~Z o-~~o~~~ ~~~~~~~

0 Ct .0
• r— 0 0 .-4 —d’ .-4

0 0  -4 _4 .-4
(‘l

Cl) ~ ‘~~

21

-,



1-4
0

CU 0
0-.

(1)

CO
o C

0
0

I l-I

0
O 04 .4

2 0L Z

0)
4.1 (1)
Ct

0 S
~~ 0 o~

S E
H

“-4
Cd)
C
0

c” ~-. ~~Cl)
0)

• I-. 4.4
0 0) 0

5 4.4 4.) 4~ 0) Z 1-)
Ct I S O )  5 5  .4 14 5 .4 14

5 ~ 4 L O  0) 4.1 5
00 O~~~ E S  ~~ 0 14 0
C -,-4 u) E 0 5  5 5 0 0  S E  00

~~ 0) 0 4~ H 0—4 0J~~ -4 4.1 (0 5 5 i ~
C c O ) 4-i 14 4.1 .4 a) S 0-.Z 5 0 )  0 ) 1 4 ( 0
C’) 0 5  I 0) C1) I~~~. .c I I C  0) 5~~~.E- ~ 4.4 1-4 .0
14 C 0 5 0 )  CI~~1--. C aj •~-4 ~~ ~~ 0 E  Cl) 5 14

0 0 C U 1 4~~~~~ CO CU
o 1-~ 5 0 ) 0 . - I  0 0 )  Q 5~~~~~.,.4 0 0 H 0 4-1 0 0 ) 5 C t C  ~) O 5 0

1 4 Q .~ — <~~~~
j  ~~~~~~~~~~~~~~~ ~ 1 - 4 (0 4 J 4  0

I 0 C o~~0 ) 5  ~~~S I 5~~~ 1 ( 0 ,-I l  (05 I 0  I
4-i cO u-~~.-I S 1-i C .4 1-I CO E4 00 E-~ 5~~~ 

.
~.4 . 4  0)

H 1 4 . 5  00 (1) .4 4-4 (0 0) ,-4 H C O E H ’ ( 0Ct ,-4 .0 4-I CO 0)
< ~~~~W C Z 5 ” - 4  X 5  ~~~~14 > I-4~~~~~.-4 Z

I I I I I
CI) CO Cl) CO Cl)
0) 0) 0) 0) 0)

C 0~~~ -. C) 0 0 0
o .4 (0 •,-~ .4 .4 —~‘-4 :: i ,-4 1-
4-) 4) 0. 0) a) 0 ) 1 4  0)

0 ( 0  0 o~~~ 0 4.1 5 0 0) 0
— .4 .‘-~~~0 5 0 4-)
14 00 0 00 5 -,--4 00 0) .4 00 .4 00.4 00
C) 5 5 0 4 . 4  S E i .- ’  5 ’-4 s 5 5 5
5 .4 4.) . 4 1 4 5  . 45 ( 0  ~, 4 5 0) .4~~~~~.40) 5 . 5  5 4.J .-4 5 00,-I 5 0 0  5 — 5
0 .4 00 . 4 0 5  - 4 ( 0 5  -,-4 I ,-4 ~~~~~~~~( 0 .4  5 0)5 5 0 0 5  ( 0 . 0 1-  C O w S

14 ,-s 1-i ,-4 .,-4 1 4 5~~ .4 1 4 5 0 )  1 4 1 4 1 4
E-’CU0) 1-. CU C/) F-~~C,~~0 ~~~ O E ~

0 0) 44.4 00
O • -4 -4 _I -4 -4
0 0  . .
I-4 Z 1t1 LP~
C/) .-4

22

——. -—.—

~~

—

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 
—

-I.



14
‘S

CU 0
0-.

CO

CO
0 C

0
0
ci)

‘0
O 0 1-1 >< ~< C’<

0 0

a)
4-i U)
(0 .4

1<
0 0 ) . 5
0’O

(05

4-4

“-4
Cl)
S
C

C~~. ~-< 1-~ >~ >~Cl)
4)

I 00
0 (I-i S

CI) •.-I aj 4~) I
.5 (0.4 .5 5

‘0(0 5 5  0.. 1. 1 . 45  ‘ 00  .4
‘0 (0 ii) (0(1)0 0)0) ,-4 C0 00
0) 14 1- 0 1 - .  4.J E-’ ( 0 1 45

CO ~~~.4 ‘0 0 5  Ct 0 ’-4 i.~ CO 0 E-i .4 ’0C -4 t )  (0 ‘0 0 1- (O ct 5 .-I .4 5 5 4 . 1
CO 5 0 1 1 4  Cl) 1 ,-I 1-1 -‘-I I 5.0 O c t  4 J 0 . 1 4 ( 0 S
1-I E S  E-~ .0 CI) ‘H (05 4 . 4 5  0 ..4 (t

. 4 C O t4 E O C C U C O  0 . 5  (0 ,s 0 0 0 50  (0 .5 0 ) 1 4
0 ci~~~5 0 0 ) ( 0  C U S 0 - , - 1  C/) C) m o w O S -~~~.4 ~-4 u . 4 0 0 )

14~~~~~ 0 0 )  . 4 .~~~ E 1-I 1 4 1 -  .,-~ 4.I 1-~ 1-i .,.I I.i
~.. ~~~~~~~~~~~~ I 5 ~~~~~CO I S  I S . 4 I 5 I ( 0 0 0 I W I 1 - 5

‘I-i 1—i (V ’S .4 El 5 0) a) 4-) .4 C) 0 ‘0 (0
~~ 1-4 1-I 5 5  4-4 5 (0 4-4 (4) H ( 0 0 H S H S~~~4 H S H . 5 5
< ~~~0)~~~~~4)4J ~~~ 14~~~~~14 ~~~4) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~..) <0-.0-. L)c/) < E l 0 - I -l  ‘C~~~

(0 0 ) 5
4) 44-i 00 (0 (0

S () 0 ( 0 1 4  1 4 ( 0
0 .4 i-I 5 0 0

1- 5 5  b O O  ~.i4.1 0)0) 0 5  5~~~ ‘4-4 (0
0 0  .4 0 C O Q ~ 0

-‘-4 5 (0.4 -~14 0 0 ( 0 ( 0  C0 4.1 .-4 14 (4) 0)
C) 5 5 1 4  -~l 0 ( 0  ‘-4 0) .,~~~
(4) .~. 4 0 ) 0) 5 5 . 4  5 4.1 (0 ,-I
4) 5 4.1 5 ( 0 1 4 1 - 4  1 4 5
0 ~~~~~~~~ 5 4 . 4 4) S~~~ . ~~5.4(0 5(0i.j 1.~~~5 (0 0 0

1 4 ( 0 1 4  1 4 5 ( 0  C O o
1 - H Z  Z O  l~~.4

0 • .-4 (‘1 -~ N.
0 0.  . . .

In In In
Cl) ~—I .—4 ~-4 ,—.4

23 

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

T T  
C +

~~~~~~~~~~~~~ 4

_ _  _



C. MEDICAL , DENTAL , AND LIFE SUPPORT SYSTEMS

I . IN TRODUCTION

A rmy R&D programs in the area of medicine , dent istry , and l i fe
support are under the Army Medical Research and Development Command
(AM RDC). The existing AMRDC program p lans are h ighly  respons ive to
STOG—77 , though gap~ do exist in the STOG.

As the United States completes this bicentennial year and looks
back to consider our involvement in military conflict , it becomes eviden t
tha t dur ing 40 percen t of these 200 years , our nation experienced armed
conflicts though not all of these were officially entitled “war ”. In
considering tha t “the pas t is prologue ” and exi sten ce on th is plane t
seems to be one of eternal confl ict , i t is importan t to develop useful
solutions now for those time critical problems tha t may face f uture
mil itary forces . Military leadership recognizes that it takes people
to operate weapons. To overlook the simple requirements of food , wa ter ,
and supply, not to mention diseases and environmental problems existing
in areas of the world where we may have to figh t , may well br ing ab out
defeat of the best equipped and highly trained Army. One has only to
recall the disastrous experience of the 1958 Lebanon Landing in which
40 percen t of the troops were incapac itated wi thin 72 hours from
gas trointes tinal problems , or the 1973 Middle East ~‘1ar , where some
units  in the Jordan Valley experienced 100 percent at tack rates of
leishinaniasis. Operational plans that ignore medical f actors may well
be doomed to failure . It is of utmost importance that all elements of
military preparedness be in step and paced together.

Where will rep lacements come from in the first 6 months of a new
war? Military experts point out that the time lapse between N—Day
(mobilization) and fl—Day of a new war will be short; M—Day might even
follow fl—Day. Six months will be required to establish and operate a
draft system while combat units will be losing personnel. New weapons
and military developments have resulted in tactical plans and opera tions
estimates of a many fold increase in the number of anticipated
casualties. Replacements then can only come from the repair of those
who are wounded o’ the cure of those who are diseased. New and in-
novative combat surgical modalities , preventive medicine procedures ,
solutions to environmental difficulties , and cures for new diseases
will be time critical . Useful solutions should be developed now.
Congress should not line out Military Medical R&D items without prior
assurance that National Institute of Health (NIH) — Department of
Health , Education and Welfare (DHEW) can and will fulfill the military
requireme~u t and accept accountab ility. In the absence of DREW as-
surance, accountability devolves to the legislative body for such
action. In addition to recognition of the fact that tacticians must
not ignore medical input , It fur ther  should be recognized that what we
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do med ically must be in consonance wi th the pos ture of the Army in the
field now and in the future , and in harmony with the medical support
mechanisms of the Navy and Air Force . There is an emerging Army study,
TOMSS (Thea ter of Operations Medical Support Systems), tha t will have
U.S. Navy (plus Marines) and U.S. Air Force participation which will
continually review and update medical treatment , medical evacuation ,
cogen t clinical research , and medically—oriented materiel development
to determine existing deficits for which knowledge and technology have
ei ther no t been tasked to pr ovide solutions or have not vet bee n able
to p rovide answers desp i te  tasking.

“Lessons Lea rned” f rom past  mi l i t ary  operations should be addressed
in the STO ’s as well as in the statement of Desired Cap abil it ies .

II. FINDINGS

A. General

The re is good correlation between STOC—77 and AMRDC program p lans .
Clearly , the re has been close coordination ; however, additional science
and technology objectives will be identified in Part fl — CAPS.

• - B. Support Work Needing More Emphasis

1. The AMRDC program des cription for  Infectious Diseases reveals
an insufficient level of effort in the prevention , t reatment , and
epidemi ological research of malaria and other parasi t ic  diseases ,
r icketts ial  diseases , and respiratory diseases. En par ticular , work
in early ident i f ica t ion  of infe ctious agents , namely the promising
laser—mass spectrograph sys tem at For t Detrick , should receive maximum
effort.

2. The AMRDC program description reveals an insufficient level
of e f f o r t in combined stress opera tions , medical aspects of hel icopter ,
Combat Crew and Airb orne Medicine , prob lems associated with rapid trans—
location of large numbers of ready combat troops , and the abil it—’ to
operate, maintain , and repa ir highly sophisticated medical equipment .

3. The AMRDC program reveals an insufficient level of effort in
recovery from injury research and means to reverse shock lung • -

synd rome , nr d techniques to improve metabolic status immediately
following su rge ry of the combat wounded , and iden t i f i cat ion  and
treatment of sepsis.

4. Maximum e f f o rt in Military Burn Technology and Research mus t
be sus t ained as the thermally inj u red provide the most comprehensive
model of the combat wounded.

5. Continued improvement of field medical materiel to provide
diagnostic capabilities , early treatment and pain prevention at the
most forward levels of combat must be strongly emphasized.
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C. Good Quality Work Not In STOG—77

A~ RI)~ has a program on health standards for  mi l i t ary  pol lu tants .
No corresponding need statement was identified in STOG—77.

D . Gaps

!ht~ following science and techology objectives should be incorporated
i n t o  Capability Cat egory Number 77—17, Title Biomedicine and Health , of
the SlOG . Current objectives in the STOG are broadly stated , as they
shou ld be ; howeve r , detailed investigation has identified the following
projects of particular need in view of bric~ ings and scenarios presented.
The appropriate paragraphs where these additional objectives should be
included ~ ill be iden ti f ied  imme diately after the listing number below.

1. (Add to S~ OG paragraph 77—17.2, page E.24). Develop methods
for the immediate treatment of traumatic amp utations by the medical
aidman in the field. Develop a broad spectrum, injectab le antibiotic
with low incidence of side effects and allergic reactions, long shelf
life and ease of de termining whe ther it has los t po tency or been
dam4ged. Develop me- ods for immediate control of pain in the field;
nonaddictive drugs and or electronic devices. Eliminate the need for
tho. medical aidman t make sophis ticated trea tmen t decisions as to the
type of fluid for immediate field use by developing or identifying one
f l uid tha t can be rapidly and generally utilized. Improve treatment of
eye trauma.

2. (Add to STOG paragraph 77—17.4, page E.24). Develop methods
for  rapid field treatment of cold injuries of the extremities.

3. (Add to STOG paragraph 77—17.5 , page E.25). Develop measures
to cope with prob leme of performance in combined stress operations.
(Heat) (Effects of heat and contaminants on operation of combat
vehicles , i.e., tank s, APC ’s, etc.) Develop means to cope with the
stress associated with field operation of sophisticated expensiv~?
equipment.

4. (Add to STOG paragraph 77—17.7, page E.25). Improve the environ-
ment for ground transportation of casualties and identify and develop
alternative means of ground transportation in those situations where
friendly forces do not have air superiority. Develop new improved
devices for eye protection and vision improvement compatible with all
combat device modes. Develop the capability to manufacture replacement
fluids and provide all components of blood , or blood substitutes for
use in the theater of operations. Develop constant pressure/flow device
to eliminate inherent problems of gravity flow systems utilized by the
aidman in delivering fluids to the combat wounded in the field.
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5. (Add to STOG paragraph 77—17 .8 , pa ge E .25) . Prevent lethal
complications of radiation exposure, develop systems to support
radiation casualties of less than 600 rad, and provide support of
patients with 600—1200 rad expo’ure.

E. Poor Work. None identified.

III. RECOMMENDATION S

A. General Comments——Managerial Considerations

1. The biomedical aspects of chemical agents, diagnosis, potej~tia1vaccine protection , potential drug protection and/or therapy require a
similar technology base in biochemistry, pharmacology , physiology , im-
munology,  e tc . ,  to that associated with the parallel aspect of biologic
agents, and, to a major degree, with radiation inj u ry as well. From
this standpoint , the chemical prophylaxis and therapy tech base is
isolated. Full ROl would require a mechanism to take advantage of the
immunology , biomedical vaccination, and drug development efforts and
capabilities of the SC—DA.

2. Epidemiological and other aspects of field medicine need greater
emphasis and support; however, proposed Congressional cuts in funding
of specified biomedical R&D areas, if sustained, will seriously impair
the Army ’s ability to cope with these problem areas.

B. General Comments——Technical Considerations

1. Systems analysis should be made of all field Soldier Support
elements including medical.

2. Medical support systems should be included in SCORES. For
examp le , (a) Would drug or vaccine, or both, giving low order LD5O
protection against CW agents (all other factors being equal) produce
significant prolongation of troop function as to be decisive? (b) to
what degree does the increased physical and physiological stress c•tused
by wearing individual protective equipment in a chemical warfare scenario
impact on the ability to achieve the objective? (c) During tactical use
of nuclear weapons would drugs providing low order LD 50 protection . -

against radiation produce significant prolongation of troop performance
as to be decisive?

3. R&D efforts for flash protection of eyes should be linked to
R&D night vision systems.

C. Work to be Terminated. None identified.
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D. Comments for TRADOC for STOG—78

The emerging TOMS S s tud y wil l  provide linkage f or medical suppor t
req ui red in TRA1~OC scenarios . As scenarios are developed , it is
re commended that the study sponsor , Health Ca re Operations Directorate ,
O f f i c e  of the Surgeon General , DASG—HCO , Autovon: 227—2213, be advised
so that input may be provided.

With respect to the enemy use of infectious organisms (RW), a
potential new worry may exist. Research in the genetics of micro-
organi sms has shown tha t i t is possible to syn the tically recomb ine
genetic material (DNA) to create organisms which have particular
properties. Presently , much of the U.S. scientific community has
voluntarily imposed a ban on itself for this work . However, Harvard
is seeking permission to build a genetics lab in Cambridge , and more
recen t ly the Universi ty of Mich igan has elec ted to en ter this research
arena. The publi c concern regarding recombinant DNA is well founded.
In addi tion , there is the military concern that manit ulation of DNA
may be employed to produce BW agents for which research on counter-
measures by our military forces will not be possible in the absence
of a permissive pub lic policy .

To fur ther emphasize the lessons learned aspects of mil i tary
medicine , it is recommended that the following examples be added to
“Lessons Learned”, S7OG paragraph 4, page E.23:

(a) Skin problems accounted for 25 percent of all hospitalization
and 33 percent of outpatient visits in Vietnam and resulted in lost
du ty t ime of 262 ,162 man days.

(b) In WW II, rickettsial diseases such as scrub typhus and Q
fever caused major military problems . For example, 16,239 casualties
in allied troops in the Pacific Theater were attributable to scrub
typhus alone. Epidemic typus was a real threat to a number of civilian
wartime populations but proper vaccine protection prevented the loss

* of any American soldier to this dread disease.

(c) During WW II, there were admitted to medical facilities
90 ,535 casualties with a diagnosis of cold injury. A typical case
of frostbite required 3 to 4 months of hospital inpatient care.

(d) Arboviruses were a significant cause of disease in ¶4W II.
There were 89,461 cases of dengue , and 10,420 cases of sandfly fever
resulting in 788,628 man days lost.
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(e) No effective drugs are available for treatment or prevention
of trypar~osomiasis. Although data to assess the risk of leishmanial
infections to U.S. forces are limited, it must be noted that in the
1973 conflict between Israel and Arab nations, some units in. the
Jordan Valley had 100 percent attack rates of leishmaniasis.
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D. HUMAN ENGINEERING AND PERFORMANCE ENHANCEMENT

I. INTRODUCTI ON

Human engineering and performance enhan cement research activities
extend from the earliest possible conceptualization of mi l i tary  weapons
and operating systems , th rough the spectrum of development, engineering,
eval uation , and installation, to final combat performance and execution .
Hence , a multitude of opportunities exist for involvement and use of
these scientists and their data and products.

Three Army R&D activities , the Army Research Institute for the
Behavioral and Soc ial Sciences , the Human Engineering Laboratory,
and the Army Medical Research and Development Command , have programs
variously responsive to STOG—77 objectives in the area of human
engineering and performance enhancement. There is work planned
or ongoing that relates to each of eight STOG—77 items in this area.

Since this area is basic to effective utilization of A rmy personnel ,
for both current and future Army needs , a st ron g and well—coordinated
set of programs is necessary.

II. FINDINGS

A. General

The STOG objectives we re compared with the available Army R & D
materials , and in turn , these were compared with the ODDRE Tech nology
Coordination Paper (TCP) Human Resources, Chap ter V: Human Factors
in Weapon System Development and Operation , in which the Services ’
and Advance Research Project Agency (ARPA) work programs and objectives
are described for the FY 76 period and forecasted as to number of
years to complete.

From a broad , overview perspective , this analysis permits
several judgments to be made.

(1) In general, the STOG objectives appear limited in scope in
that they do not cover the range of ongoing and projected research
activity in the Army , and do not match the range of the TCP coverage.
Further , the STOC objecti ves are not expressed evenly in their degree
of specificity ; they range from very broad and encompassing problems,
to ~ery specific matters.

(2) Similarly , the TCP categories do not reach far enough in
several subareas. Specifically , several major Army prob lem areas
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are not very discernible (such as combat capability and readiness in
adve rse environ ment , an t i t ank weapon systems , women soldiers , heli-
copter nap—of—the—earth and nigh t tactics , etc) .

(3) While the work programs of the Army R&D agencies are generally
appropriately based in systems approaches and evolutionary methodo-
logical/ technologi cal ef for ts , the correlation between STOG—77 and
labo ratory plans is found to be only fa i r. The work in some cases
appears insufficiently focused on STOG objectives, or does not have
suf f ic ient emphasis or scope . Some HEL programs in par ticular
appear to have little relevance . On the one hand they do not ref lect
more than trivial or ancillary attention to some objectives, or on
the other , far exceed the stated objectives.

(4) As the STOG and its implement ing procedures are put into
full  e f f ec t in the A rmy , it is l ike ly tha t the general condi tion of
apparent disarray will be minimized.

( There are a few large questions in the human engineer ing
area which may need attention : organizing some STOG objectives
into “technology enhanceme nt” areas vs. organizing all into Army
mission/capability areas ; using STOG objectives as the basis for
human engineering lab work program development and funding; require-
ments for improving the ODDRE TCP human factors chapter.

B. Work in Support of STOC

Certain STOG objectives (both short and long term) appear to be
receiving adequate atten tion in the human engineering and pe r fo rmance
enhancement R&D areas.

(1) Aviation (STOG 7.13 , 7.14 , 7.16 , 7.17 , 15.8)

The ANRDC , ARI , and HILL R&D programs appear to p rovide re asonab ly
comprehe nsive coverage of prominent requirements. The STOG objectives
do not express fully these apparent requirements, or at leas t, the close
coupling needed between the ha rdware engi neerin g and h uman engineering!
human performance efforts.

(2) Human Resource Data for Weapon Sys tem Desi gn (STOG 15.2)

The aggregated laboratories/R&D centers efforts , especially
including the HEL DOD Human Factors Engineering Data Bank operation ,
may reflect progress toward a capability to develop and app ly h uman
resources data in weapon and support system design. STOG objective
77—15.2 states the need quite clearly . Emphasis is placed on the
“data to be used early” in the process , and the exact status of this
capability will have to be evaluated in terms of specific weapon
systems.
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(3) Others

Two STOG items , 15.5 (Evaluat ion of Mult i—Sensor Data) and 15.6
(imp rove d Maintenance Performance Aids) are addressed by programs
that are only marginally responsive , though they appear to be good
programs in their  own ri ght.

(4) Supportive Work Needing More Emphasis

As will be noted on the attached matrix , a number of progr ams
have been identified as needing more emphasis. Crew ‘~iorkload and
rela t ed h uman fac tor issues are of cri ti cal importance to achieving
a ni ghttime Nap—of—the—Earth capability. The entire Army tactical
bas is of air  mob ili ty is in jeopardy if this canahilitv is not at-
tained. Although the two STOG items (7.13 and 15.8) are directly
concerned with the area and a number of responsive laboratory programs
exist , the ma gn itude and impor tan ce of the problem call  f or a more
intensive effort.

To a lesser extent , the same concern holds true for STOG 7.16.
Imp roved Man—Machine Interface . While the STOG item is broadly
worded , it does relate to new battlefield sensors and tactical data
systems. Major advances in these are anticipated. The role of man
in these is often going to be a crucial factor in their success.
More attention td this area is warranted.

C. Other Work

(1) The R&D programs reviewed show a reasonably good grasp of

the larger system settings and interacting issues that are inherent in
much of the current and future Army development programs . Certain
project titles illustrate:

ARI: Software Research : Human Factors in Programming
System Embedded Training Development
Aircrew Performance Enhancement in Tactical Environment
Man—Machine Interface in Integrated Battlefield Control System

HEL Work Uni ts: Human Eye Movement as Related to Target Acquisition
and Camouflage

Lon g Term Performance Effects when Operating Army
Equipment

Infan t ry Sys tems Performance
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NARADCOM : A System for Combat Support Under Extreme Cold Conditions
Infantry System of Clothing
Air Crewman Sy stem of Clo th ing

AHRDC : Env ironmental Stress , Physical Fitness and Medical Factors
in Military Performance

Hel icop ter, Combat Crew and Airborne Medicine

(2) ART has a program , Human Performance in Field Assessment , that
has a numbor of elements. Most of these seem to be in the nature of
support work for field tests and are nct related directly to STOG—77
items. There is a clear need for this type of activity , but most of it
prob ab ly does not serve to advance technology , bu t is more in the na ture
of engineering support. Some of the program elements may , however ,
have significant new technology . In this case a future STOG oh-~ec t ive
to cover this would be appropriate .

d. Gaps

(1) New Generation Tank

STOC objective 5.7c  states a need for  human factors  engineerin~;
fo r the next main bat t l e  tank (also see 77—5.2 i ) . The only e f f o r t s
ident i f iable  are concerned mainly wit h the application of present
technology . The lack of technology program/project effort for what
seemingly wo uld be a major  Army requirement in the human eng ineering,
personnel , train ing, training device , medical areas — and indeed , with
the whole life—cycle process — is importan t to evaluate.

(2) Maintenance Performance Aids

STOC objective 14.3 implies quite strongly the need for human factors
informa tion in des igning “simp l i f i ed  f ield repair for all vehicles and
equipment.” (What is simplified/what does simplified mean for soldiers?)
Similarly , STOG objective 15.6 requests “Improved main tenance perfc rmance
aids. ’ The MEL program and the TRADOC related research of ARI bear on
these objectives , but do not face them directly .

Much emphasis has been given to the job performance and job training
aids area in recen t years , hut l i t t le  human resources R&D e f f o r t  has
been supported in this area (at least as far as visibi l i ty of funding
allocated).

This a rea requires evaluation , both f r om stan dpoint of STOG
identification and Army R&D program capability .
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(3) Soldier Performance in Combat Envi ronments

Two STOG objectives broadly and generally depict the major
areas of .soldie r performance prob lems in combat environments .
Objective 17.4 indicates need for improved performance in environ-
ments of extreme heat , cold , and altitude . Objective 17.5 requests
measures related to behavior and performance in conditions of con-
tinuous military operations , nigh t comba t , and rapid air trans locations.
While certain efforts of NARADCOM , Corps of Engineers R&D, and MEL
relate to these problem areas, the aggrega te does not appear to equal
the sizes of the problems , and more impor tan tly ,  do not appear to be
organized suff iciently for a direct focused approach to them . In
particular , the matters being concentrated on are largely hardware
and equipment—centered , without much attention to the soldier
variables ~~~~~~~

(4) Overall, there is a clear need for further coordination of
Army objectives and program content in the area of human engineering
and performance enhancement. ODDRE has conducted topical reviews
and had coordination meetings for the next version of the TCP to
improve program plans across the Services. Army agencies involved
in Army problems need to effect improved internal coordination on
numerous projects.

E. Poor Technical Quality Work

(1) It is not possible to identify work of poor quality without
intens ively focused inquiries. It seems possible to take issue with
projects in several areas as to the degree to which the project is
structured relative to the fundamental requirement (i.e., peripheral
pieces being worked on compared with what is needed for a central
attack), and the amount of effort and/or funding being provided. The
importance of the latter is that some e f f o r t s  are prob ab ly not wor th-
whi le be cause the allocat ion provides only token e f fo r t  and is therefore
delusionary in nature . (These statements should be regarded with some
caution because a fun damental  func t ion  of research is to produce
experts : the researcher may be equipped thereb y in a small are n to
provide guidance , advice, data , and information that enters directly
into Army systems and decisions that do deal wi th the larger problem.)

(2) certain programs at HEL, as noted on an attached matrix,
seem marginal in focus and scope; they may be candidates for redirection .

III .  RECOMMENDATION S

A. Gaps to be Filled to Support STOG

(1) Upgrade STOG, Focus R&D Program

A coherent , balanced , and comprehensive STOC — guided Army
human engineering/performance enhancement program is needed.



are the basic resource employed throughout the Army strategi c,
combat , and support capabilities (reflected directly by the
organization of the STOG) , all STOG categories should contain
clearly identifiable dwnan Engineering and Performance Enhance-
ment objectives. Along with the new ones , the existing objectives
in this area should be upgraded to express clearly the cen tral
thrust required.

(2) Depth Examination of Early Use of Human Factors Information
in Systems Design and Development

This problem is widely discussed , but little systematic R&D
eff ort is visible. The need in connection with the future Army
main battle tan!: design and development discussed earlier in II fl(l)
provides a cog~- nt opportunity to identify how and when research data
and R&D effort can be provided . Further , there is widespread conce rn
that in the current acquisition process system, an item or system is
en tered into early development stages wi thou t any involvement by
personnel of releven t laboratories .

(3) Focus R&D For Maintenance Performance Aids

This was discussed in II D(2) above.

(4) Focus R&D on Soldier Performance in Combat Environments

This was discussed in II D (3) above.

(5) Initiate Improvements in ODDRE Human Resources TCP Chapter V

As indicated in IIA(2) above, the TCP range does not appear to
ref lect  the p rob lem areas of the Army in the Human Eng ineering and
Performance Enhancement areas.

B. Significant Cotmnments for Use by TRADOC in Providing Input for
STOG 78

(1) In the Human Engineering and Performance Enhancement area ,
it is suggested that TRADOC should express a substantial need for
immediat e interface involvement and participation at the earliest
possib le time in the conceptualization , desi gn , development ,
feasibil i ty testi ng, etc. , of new Army weapons and support systems
that are being worked up by DARCOM development agencies. As no ted
in Recomsendat ion III A (3) , the human factors  information componen t
needs to be addressed and this componen t ough t to be necessarily
coupled with TRADOC doctrine and training proponency. While TRADOC
and DARCOM interactions and interfaces may well exist and fun ct ion to
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some degr~ e (and even perhap s satisfactorily) as reflected by the new
Concept Development and Validation funding management , there is no
visible human engineering and performance enhancement R&D coupling.
It is argued here that this R&D interface is essential for achieving
pr actical weapon and support system performance that will approach
the design objectives.

(2) TRADOC may wish to add a STOG objective related to the technology
of field testing.

C. New Ini iatives

(1) Experimental Center for Measuring Task Performance CapabiLities
of Women Sold iers

STOG objective 77.162 appropriately identFies the requirement
for developing a technological bas is for de f in ing the rol e of women
in the Army. ART and MEL programs reflect that important work is
be ing initiated. However , it is likely that few competent measures
can be developed under the conditions of unit day—to—day functioning .
It is suggested that the creation of a small experimental center
capability ,  for obtaining measurements across a wide sample of Army
job tasks under carefully controlled conditions and variables , would
speed up the development of the requisite technological data base,
provide legally valid basis for policy decisions , and assure ap-
propriate criteria to use in the personnel management processes.

Because ARI and HEI, both have programmatic interests , it would
appear that a joint research activity could be estab lished for a
period of 3 years maximum at a basic training center (such as
Fort Jackson).

This experimental research center would be responsible to
identify relevant job tasks, prepare suitable experimental
facil ities , design the measures-, conduct the investigations, and
collect, analyze and document the dat~i.

D. Concept Development and Validation Candidate Efforts

Sec tion III D — New Initiative : Experimental Center for Measuring
Task Performance Capabilities of Wc’nen Soldiers

This proposed initiative would appear to be a suitab le candidate
for DARCOM/TRADOC CDV funding.
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TV . Detailed Study Results and Rationale for Findings

(1) The attached chart (Att 1) shows the basic distribution of the
work of the laboratories review in the area of human engineering and
performance enh ancement , arraying the STOG objec tives agains t the
current version of the ODDRE Human Resources TCP breakouts.

(2) The analysis represents a way of depicting the work , bu t does
not purport to show the close “onnectors necessary between human
engineering work and the systems being developed. For example , ART
is closely involved in “integrated battlefield systems .” This work
includes -, as one par t , the design and development of job performance
aids and system proficiency maintenance techniques in the development
of the Tactical Operations Center.

(3) It appears characteristic of the range of work in this area
that “h uman factors  R&D ” does not stand alone but draw s -upon a range
of data across several disciplines anc~. exists in a meaningf u l  fo rm
when it is a part of a larger system/equipment/capability development.

(4) Accordingly , the analysis and recommenda t ion s for  the human
engir1cc~ ing and performance enh ancement subarea are oriented toward
sys tems and systems—related problems that are importan t for A rmy ’s
future capability.

V. STOG/Program Analysis

Attachment 2 reflects a matrix summarizing the analysis.
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E. FOOD AND WATER

I. INTRODUCTION

A. Food

The US. Army Natick Research and Develoo~ment Command (NARAD CON)
has the maj4)r materiel developer responsibilities for food R&D.
Nutrition and wholesomeness R&D is conducted by Letterman Arm Institute
of Research (LAIR). The Department of the Army is the executive agent
for the DOD Food Research , Develop ment , Testing, and Engineering (RDTE)
program. Army user responsibilities are divided between the U.S. Army
Quartermaster School for Field Feeding, the Troon Sunport Agency for
garrison feeding,  and the A rmy Surgeon General for  n ut r itional
standards .

In FY 75 , DOD ’s subsistence p rocurement amo unted to approximately
2.5 billion dollars . The food industry consists of over 40,000
food plan ts, but less than 1% actually perform any R&D and 90% of all
R&D efforts are proprietary . Because DOD food requirements include
unique needs to meet extended storage , excessive handling, wo r ldwide
distribution and operation in unusual environments , DOD must rely upon
its own R&D efforts or contract support from indus try to meet those
needs.

B. Water

The U.S. Army Mobility Equipment Research and Development Co mmand
(ME RADCO~1) is the lead DARCOM laboratory for water  R&D. NARADCO0I deals
with the water requirements associated with field feeding . OCE provides
policy guidance for user responsibilities , the U.S. Army Quartermaster
School is responsible for the water dis t r ibut ion system , and the Su rgeon
General provides sanitation standards .

The STOG guidance in the areas of water  supply and waste treatraent
are contained in capability categories 77—9 , Tactical Engineering;

— 77—1 4 , Logisti cs; and 77—19 , Env ironme nta l  Quality Control. The RDTE
prod ucts of MERADCOM include processes and equipment for the production ,
storage , and distribution of potable water; the collection and treatment
of waste water for reuse and/or disposal; and shipboard was te trea tment
for all Army watercraft having fewer than 25 men on board .

The systems developed by MERADCOM are for tactical organizations
generally operated and maintained by engineer trained personnel .
Equipment systems emphasize mobility where possible . Semipermanent
facilities to serve large troop populations are developed where required.
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04
U - FINDINGS

A. General Comments

1. Food research. This area Is described In the STOG in Capabil i ty
~tegory Number 77—14 , Logistics. Prioritized objective Number 14.1.

periains to food and packaging. Research and development actions in this
area are being accomplished by NARADCOM. Two documents have been provided
by that laboratory for analysis. The USANARADCOM Plan for Technical
Achievement, 1976—1996 serires a valuable purpose in providing long—range
goals and objectives while the USANARAT)COM Listing of RDTE Work Units
Reports, FY 76 provides a listing of active and recently completed RDTE
Work Units. The latter provides a more solid basis to answer ASAP
questions than the Plan for Technical Achievement since it concerns
current actions .

2. Nutrition Research. The STOG does provide guidance in the
area of nutritional research with STOG 17.10. The U.S. Ar~~ Medical
Research and Development Command through LAIR has research efforts in
the fol lowing areas :

a. Fl 77

(1) Mili tary Public Health. Ten projects have been identified in
the program.

( 2 ) Mil i ta ry Nutrition. Projects dealing with facilities (all
Services); use of nonanimal protein; field nutrition ; level of fat in
diets; nutrients and their impacts; and hospital feeding systems have
been identified. Total funds : $1,038 ,000.

b. Fl 78

Ten projects  per ta ining to the DOD Food RDTE Program have been
iaent i fl ed  with a fund pro lec t ion  of $1, 142 ,000.

c. Fl 79

Eleven projects have been identified with a fund projection of
$1,256 ,000.

3. Water Research. This area is described in the STOG in Cap—
ability Category Number 77-9.10 and 77—9.11. Research and Development
Actions in this area are being accomplished by ME RADCOM . Research
under way is described In:
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a. The ASAP Summer Study Mobi~~~y Equipment Systems Summary 1976.
This document provides a long—range technical forecast describing needed
research in two areas: Integrated ‘~Iater Supp ly ,  Storage and Dis-
tribution for the 1990-2000 timeframe ; and Liquid and Solid Waste
Disposal Sy stem for the 1990—2000 tiroeframe .

b. The MERADCOM prolects in support of the STOG water and waste
treatment areas are summarized in Table 1. The current RDTE program
relative to STO 77—9.8 in the development o~ a family of new water
purification units is in accordance with the DA anprove d ROC entitle d
“Family of Water Supply Equipment ”. The new multipurpose wa ter
purificat ion system making use 0

T the reverse osmosis process is
intended to produce potab le water from fresh , bra ckish and sea wa ter
sources and to remove chemically any radiological agents from water
to an acceptable level for drinking. A trailer mounted 600 GPH unit
is currently undergoing field test and advanced development of a truck
mounted 1500 GPFL unit has been initiated. Also , in connec tion with
this STO, studies have been Initiated on the modification or
adaptation of the 6—inch lay—flat hoseline with pumps and storage
tanks for distribution of water for extended distances in arid regions .

B. Work of Good Quality in Support of STOG but Inadequately Emphasised

1. Food Research. A review of the NARADCON RDTE list reveals that
many and varied prolects are under way in program categories 6.1, 6.2,
and 6.3. The technology base areas in subsistence which have sp e c if i c
actions are :

Area : Subsistence

Tech Base 100: Nutrition
200: Chemis try
300: Microbiology
400: Acceptance
500: StabIli ty
600: P rocessing
700: Packaging
800: Rodent and Insect Protection
900: Food Service Equipment
1000: Advanced Concepts

These areas appear to be receiving adequate emphasis. The technology
bases listed above are supported by projects, and personal interviews
with project supervisors revealed that the research Is dynamic and
purposeful. Chart 1 illustrates the subsistence program as a part
of life support.
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TABLE 1

WAT ER PURIFI CATION

STO # KEYWORDS MERADCOM COMMENTS

9.6 Rapid Constr/repair Temp Cam/Water General Objectives :
Bases/Por ts /  Supply  Waste Water
Facilities reuse (200 k) (1) Process , equipment

Reduce time , skill for production , storage
Prefab , modular distribution of potable
Indigenous mt ’ls water

9.8 Tactical Eng Transportable , Multi- (2) Collection ,
Water Purification purpose water equi p Treatment of waste water
F r e s h / B r a c k i s h , Sea T a c t i c a l  1-loseline and shi pboard waste
W a t e r  D i s t r i b u t i o n  (730 k) t rea tment  for  Army
Arid  Areas W a t e r c r a f t  (w/ less  than

25 men)

9. 10 T a c t i c a l  Eng F ie ld  La t r ine
Nor th  Temperate F a c i l i t y ,  Rinse Shower , More e f f o r t  on making
Sub Artic Laundry Wastewater waste water reusable

E v a c u a t i o n  of f rozen  (125 k) ra ther  than s a f e  for
m t l  environment

Engr A c t i v i t i e s
low temp, h igh CC & AF a l so  funding
wind , low v i s i b i l i t i e s  work

9 . 1 1  T a c t i c a l  Engr Work on shi pboard was t e
Desert , Tropic disposal not covered by

S t a b i l i z a t i o n  of a STO
Soils

Dust  Control
Wate r  p u r i f i c a t i o n
Gap Crossing
Constr  of LOC

14.7 Bulk  l i q u i d
POL/H 2 0

Storage
Handling
Dispensing

Organic Transp

19.2 Stds /C r i t e r i a  for Physical/Chemical
lbc Waste Water Waste water treat/

treatment/reuse rinse
Sewage Disposal (340 k)

19.3c Research in
Tac t ica l  sani tary
and Wastewater

Reverse Osmosis
600 GPH

1500 GPB
Lay flat Rose , 6”

with pumps
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2. Nutritional Research. The Medical R&D coimnand research program
appears to adequately support STOG STO 17.10.

3. Water Research. The MER-ADcOM program supports  STOG object ives
as shown in Table 1. Insufficient emphasis has been given to the
techniques for retreating waste water (laundries, sh~~iers, kitchens,
and sewage) and their use for non—consumptive purpose. A complete
recycle system analysis should be initiated.

C. Work Identified as Good Quality and High Relevance But Not in
Direct Support of the STOC

The NARADCOM food prograrn contains a number of projects being
accomplished to support other than Army activities (e.g., N avy ,
Marine Corps). These projects appear to be purposeful and will
add to the technology base development.

D. Gaps

1. Food R&D Programs . The following general statements are provided
conce rning gaps in the overall program .

a. A lack of long— range feeding system user requirements and
objectives.

Discussion : The NARADCOM Plan for Technical Achievement discusses
long—range requirements and objectives related to the laboratory R&D
efforts (pp. 5—10). The plan stresses that these must be adaptable
to the future battlefield. The user must provide his future require-
ments and objectives for combat zone feeding to NARADCOM.

b. The User Needs should be defini tive and time—phased.

Discussion: Many RDTE actions under way at NARADCOM result from
initiatives on the part of laboratory personnel; or as a result of
“provide by a certain date a list of your needs in subsistence develop-
ments”. Users should provide reciuirements in subsistence with the same
emphasis as in weapons systems .

— - c. Research is needed in the area of subsistence war reserves.

Discussion: What type of rations can be stored as wa r rese rves?
How are they rotated?
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d. RIYFE needed to develop field feeding sanitation equipment.

Discussion: The Army field feeding system is going toward central-
ization of messes at higher levels. There Is no suitab le eouipnent
avai lab le to clean and sanitize large items such as pots and pans.

e. Messing equipment is required to support centralized feeding
in the field.

Discussion: The Army would like to centralize messes at the bat-
talion level. The company level kitchen traller may not lend itself
to consolidation and testing is required. (The Marines want to stay
with tents.) RDTE efforts should be aimed to this area.

f. RDTE needed in field refrigeration systems.

Discussion : When ice cream arrived in Vietnam, the troops ate it
until it came out of their ears since limited storage capability existed.
If these types of foods are to be used in future field feeding, then
satisfactory equipment to handle them is needed.

2. Nutrition Program. No gaps were noted in this program .

3. Water Programs. The following areas require attention .

a. Techniques are needed to use subsurface water more efficie-’tly.

Discussion: Drilling equipment and personnel training and avail-
ability are inadequate.

b. Sewage disposal systems are inefficient.

Discussion : No equipment or techniques exist to dispose of large
quantities of waste without building long lead time conventional

— disposal systems .

c. Emphasis is needed to reduce water consumption .

Discussion: Water is a “cheap conunodity” until you must provide
it under combat conditions or in an arid environment. The reuse of
was te water for non—consumptive purposes would contribute to solving the
supply problem.

E. Work Identified to be of Poor Technical Quality.

None.

1~ 
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III. RECOMMENDATIONS

A. Actions should be taken to f i l l  the gaps id e nt i f i e d  in II.~ above .

B. Work to be Terminated.

None iden t i f ied .

C. The STOG should be revised to cove r the area of Soldier Sup por t
Sy stems more adequately. For example , the STOC. should have objectives
which apply to the subsistence technology base areas listed in paragraph
II .B above. Water purification , supp ly and distribution should be
given higher priori ties in the app licable STO ’s.

D. New Initiatives .

1. The ASAP final report should recommend that action should be
taken to fill gaps listed above. Those actions would be both management
oriented and technological .

2. The ASAP should recommend that the dialogues between the user
elements (TRADOC) and the laboratories should be more frequent and
meaningful. Too much laboratory research depends upon the initiatives
of the laboratories . The user must be more aggresive and the system
must permit a useful interchange between the user and developer .
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F. CLOTHING AND INDIV IDUAL EQUIPMENT

I. IN~ RODUCT ION

The US Army Na t i ck  Research and Development Comman d (NARADCOM)
has the materiel developer responsibility for individual combat clothing
and equipment. These items consist of the complete clothing ensemble ;
unde rwear , comba t un iform , foo twear , outer—garments , and load carrying
equipment needed to accomplish the combat mission . All of the individual
eq uipment designed to provide camouflage , chemical , flame and ballis tic
p ro tec t ion  such as the NBC protective clothing,  body armo r , and helmet
are included in this category . Edgewood Arnenal is responsible for the
individual  protect ive mask. Specialized eqt ipmen t  to meet specific
environme ntal or operational condi tions such as ex treme hea t , cold , or
altitude are also considered in this subgroup . The majority of this work
is carried ou t by the Clothing, Equi pment and Materials Engineering
Laboratory (CEMEL). The US Army Infantry Center , For t Benn ing, GA ,
is the user proponent for the development of these items.

CEMEL had a Fl 76 budget of 9.7 million dollars (9700 K) of which
RDTE was 4,100 K broken down by 6.1 - 300 K, 6.2 — 1800 K, 6.3 — 800 K,
6.4 — 1200 K. In support of procurement in the Production Engineering
area they had 2400 K , PEMA 500 K , and Cust omer Orders 2,700 K. This
budge t supports research , development and engineering covering 1400
individual items , most of which are relatively low cost but mus t be
procured in large quantities to sa t isfy  the total  Army and other
Defense Depa rtment requirements. For example , in FT 75 the Defense
Depa rtment bough t 1 ,260 ,000 pairs of combat boots at a cos t of $15.50
pe r pair. (Projections call for the procurement of 4 million pairs of
combat boots in FT 76—77 . )  This lab oratory does work for all services
and carries many programs from 6.1 through 6.4 and wri tes  the specifi-
cations and- provides technical support to manufacturers . An example
of in—house research is the interaction of photo/thermal energy with
materials . Much of the textile and fiber research necessary to support
military requirements is also done wi th in  CEME L since commercial
industry is “fashion ” oriented. Although a po r tion of CEMEL is
involved in fairly basic research , the majority of the staff is end
product oriented with numerous short—term projects.

The “Plan for Technical Achievement 1976—19 96” which was sent to
the panel members was not desi gned or intended to be the systems
development plan for NARADCOM but was a general blueprint of the
technological base needed during the period. A more appropriate
document to be used to compare the STOG with the NARADCOM efforts
to meet these objectives is the “Listing of RDTE Work Units Reports.”
This document lists specific projects which are/were being conducted
to solve the future needs of the Army in the areas which NARADCOM has
responsibility and was used by this subgroup to conduct- its analysis.
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II. FINDINGS

A. General Comments.

1. The STOG does not address itself sufficiently to the suoport of
th e individual soldier in the field. Certain priority items are generally
included , e.~~. , personnel armor (77—5.d , 77—14.6), NBC çrotective
equipment , ( 7 7 — 5 . 2 e , 77—10.1 , 7~ — 1O .2 , 77— 10.8), f ield clo thing
camouflage protection against 5oth visual and IR detection devices ,
(77—12.10 , 77—14.5) and flame protective clothing 77—5.2e , 77—l0.ld ,
77—14.5) have visibility; but certainly there ts need of a point of focus
for developing other items of equipment such as a new and better combat
boo t , or a combat boot for snecial applications , e.g., cold wea ther ,
jungle or desert use. In fact , NARADCOM devotes 50 K or one man—year
of effort to this cause , but no STOG reference can be matched directly
to th is program . Hence , in the area of clothing and individual equip—
ment , the STOC is not always in consonance with identified needs . In
the areas covered by the STOG , NARADCOM generally has developmental
programs to move toward and achieve the desired objectives.

2. The prob lem of the Army deve lo~rnent versus purchas ing commerical
equipment and clothing was addressed. The Director of CEMEL was
asked why he does not purchase commercial clothing and equipment . The
following points seem relevant and reasonable:

(1) The fiber producers , e.g., Dupont, carry out research for
their own purposes .

(2) The textile makers are usually sma]l firms that do no research
and development .

(3) The Army goals in textiles are different than commercial: life-
time of commercial civilian clothing is determined by fashion; the Army ,
by wear and durability .

~4) Some Army development equipment items, e.g., niountain boots ,
have been sold commercially .

(5) This problem is aggravated by the Small Business set—aside
and procurement procedures/regulations . Since present procurement
regulations requIre specifications for competitive bidding, procurement
of acceptable commercial items without the use of specifications is
not currently possible .

3. The NBC threat requires a very comprehensive program to include
all aspects of soldier support , especia lly in the a reas of individual
clothing and equipment protection and, in the event of con t amination ,
decontamination equipment and procedures. The R&D effort applied to
t his NBC threat is very minimal. Chart 1 shows the proposed protective
clothing goals.
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4. Discussion wi th laboratory personnel indicates a lack of the
integration of the individual with his clothing and equipment  in the
early stages of the weapon/vehicle system design . This interface is
essential and although required by STOG 77—15.2 must be continually
einphasJ~~eu by all members of the R&D community .

B. Work of Good Quality in Support of STOG but Inadequately Emphasized.

A review of the individual projects  l isted in the FT 76 RDTE Work
Uni ts Repor ts and personal interviews with p roject  supervisors indicated
that most essential areas are emphasized with the exception of NBC pro—
te ct ion.

C. Work Identified as Good Quality and of High Relevance to Future
Army Needs but Not in Direct Support of the STOG.

This category points out the disparity between the limited STOG
objectives in this category and the diverse area of clothing and individual
equipment that NARADCOM is working on. It is difficult to determine if
text i le  and fiber research is in direct support of the STOG and it is not
necessarily a valid assumption that the STOG is a complete listing of
ope rat ional requirements in all areas .

D. Gaps.

1. There exists a difference between technical feasibility and
operat ional necessity which all members of the R&D community mus t
recognize. The NBC threat that the US Army fac es in the f ield req uires
tha t  more resources be applied now to achieve the required object ives
during the time period under consideration. Currently ,  only $140 K is
appli ed by NARADCOM to chemical pro tec tion research on tex tile f ibers
and fabrics .

2. The STOG does not address the special clothing and equipment
problems associated with large numbers of women in the force structure.

3. The STOG does not encor-’-’ass specific objectives/requirements
for the support of individual clothing and equipment in adverse opera-
tional areas , e.g., arc tic , desert, or mountains.

E. Work Iden tified to be of Poor Technical Quality.

No ne.
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I I I .  RECOMMENDATIONS

A. Gaps to be Filled to Suppo rt STOG.

1. Immediate emphasis needs to be applied to the development of
both individual and collective NBC protective clothing and equipment .

2. Action needs to be taken to correct the gaps identified in lID
above.

C. Significant Comments for Use by TRADOC in Providing Input for STOC.—78.

TRADOC should take the in i tia t ive  to revise/expan d the STOG to cover
the gaps listed in lID and estab lish appropriate materiel acquisition
documents to achieve the identif ied needs .

D. New Initiatives .

1. There is a requirement for consolidating existing studies in the
anth ropometrics ; sizing and design of combat clothing and equipme r.t
fo r female personnel.

2. A joint effort umder the direction of the Surgeon General is
required to meet the support equipment needs of wounded personnel.
This is especially important in the arctic environment where movement
is restricted.

3. The Army spends and consumes large amounts of resources in
support of chemical p roducts f or the individual soldier , i .e . ,  soaps ,
cleaning compounds , and insect repellants. The STOG must add ress the
requirement for improved products for the combat soldier.

59

4 ~
- - - —

~~~.:~
- - :  ~~~~~~~~ 

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

-~ : -

- 
_ _  — 

_
~~~2~~_ _~~ ±~~ ~~~~~~~~~



C. AIR DROP

I. INTRODUCT I ON

The Army ’s airdroo capability is closely coupled w i t h  the Air  Force .
The Air Force has responsibility for procuring and onerating the aircraft
used in an airdrop opera ti on , and for establishing the fligh t path options ,
particularly altitude and speed. The Arriv provides the personnel and
material to be airdropped and at the technical level is responsible for
the deve lopment and procurement of the sne - ial materi-d , e.g., narach ut e- ,
p latforms , etc., require d for the airdrop , and ‘or the preparat ion 01
material for an airdrop .

The development of the special naterl il required for an airdrop and
of the rigg ing techniques to he u-~ -~ in preparini~ eq uipment for an aird rop
is currently the responsiblitv of the U.s. A rmy ~.a t i - ~ Research and
Development Command (NARAPCOM) . This ~r~ anizat1on also provides a
technical interface between the Army and the Air Force , advising
the Air Force in certain aspects of the development of aircraft for the
airdrop mission. All of the following is based on information provided
by the NARADCOM.

II .  FINDINGS

A. General

There appears to be a very close match between the airdrop development
objectives as defined in the STOG and the work current ly underway or
tentatively planned for initiation in F? 77, with the bulk of the act ivitv
already underway . The situat ion is depicted in the attached tab le.
Aside from a few items which are planned but unfunded and thus consitute
a technology gap , the single potentially most significant discrepancy
between the objectives set up in the STOC. and the current NARADCOM plans
lies in the upper limit established for the weigh t of a heavy load. The
STOG calls for an upper weight limi t c-f 50,000 pounds while the cur:-ent
NARADCOM development efforts , (as well as our existing can bili ti~-c)
have 35,000 pounds as an upper limit. The decision to push the weight
limit to 50,000 pounds needs to be reviewed by TRADOC and then , if
appropriate, the NARADCOM plans should be revised.

From somewhat mere of an overview point of view the close cor-
respondence between the STOG and the ongoi ng wo rk at N ARADCOM can be
t aken as a suggestion that the STOG does not def ine  really long range
development objectives . It is not clear what is being lef t  out but the
impression is unmistakable that while the STOG may be defining cap-
abilities we would like to put into the inventory 10 years hence, it
does not provide the guidance that would lead to new starts in develop-
ment 5 to 10 years hence. What is missing is the definition of things
we would like to be ab le to do but only have ideas for and no well
def ined , clearly feasible approaches for, at present.
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B. Work of Good Quality in Support of STOG but Inadequately Emphasized

The NARADCOM work on soft landing techniques , appears to be
receiving considerab ly less emphasis than its po ten tial would sugges t
is appropriate. There are two, perhaps complementary approaches to
the soft  landing problem , which comes under item 77— 7 .l o d  of the STOG ,
that are being investigated by NARADCOM. The first of these is the
use of retrorockets on the pallet used for airdrop of heavy material,
to slow the descent during the last 10 or 20 feet of the drop so that
a soft landing is achieved. The most significant negative factor here
is the cost of the retrorocke t equipment and associated with the controls
of the rockets so that zero velocity is reached jus t as the pallet
reaches th e groun d wi th  engine turn—off  at that instant .

The second-app~ - ach to soft landing is through the use of in-
flatable air bags on the underside of the pallet. These bags are
inflated during the descent process, possibly by rain air, and then
are collapsed as the hag and then the pallet strikes the ground. The
large thickness possible for the inflated bags , a thickness which has
no corresponding bulk handling problem since it does not exist until
af ter the cargo pallet has left the aircraft , provides a fall distance
of several feet for decelerating the payload. Not only does this
substantially reduce the peak deceleration but it also can be arranged
so tha t the air escaping from the bags as they are crushed produces an
air cush ion e f f e c t , allowing the pay load to slide across the ground. In
this way the payload can go smoothly from moving at the wind speed to
zero translational velocity.

At present NARADCOM is studying, at a low level of effort , the
required design tolerances for a retrorocket soft landing system, and is
maintaining an awareness of the work of other countries , particularly
France , in the use of inflatab le air bags. The two apnroaches are
actually quite complementary and appear to hold great promise for
soft delivery of a heavy load. Such a technique , if perfec ted , could ,
for example , make possible the delivery of a combat vehicle with its
crew on board ready to go. At present this technical area of soft
landing techniques is receiving a much lower technical effort than its
potential leads us to believe it deserves.

C. Work Identified As Not Being In Support of the STOG

ku of the airdrop related work currently going on or planned was
noted to be directly relevant to the STOG, i.e., every task effort
unde rway or planned can be associated with a STOG item.
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D. Gaps In Work In Support of the STOG

While NARADCOM has plans which address each item in the STOG a
number of these are unfunded in the near future and in some cases appear
to represent only a general intention to do work in the subject area. We
consider that these items represent effective gaps in the program plans
relative to the STOG.

Pe rh aps the most serious of these gaps is the lack of work on the
deve lopment of equipment location and assemb ly aids , (STOG l’~ 77.7 . 10 .6) .
It is p lanned for work in this area to be initiated in F? 7T or F? 77,
wheneve r funds become available. Moreove r , a technical approach to this
problem has not been clearly identified.

As can be seen from the attached table, work on a new maneuverab le
reserve parachute, (STOG II 77.7.lO.a), is still unfunded for the 6.4
portion of the effort. The technical effort in this  area has some
history, however, and the basic approaches to be developed appear to
be well defined. Similarly , work on a bundle delivery~ system, (STOG
# 77 .7 . l O . f) , is unfunded for F? 77. Here also the technical are a has
a prio r history and an approach to this prob lem has been defined.

In another way , perhaps the most serious deficiency in the NAR D~DM
ai rdrop progr am, in terms of its long ran ge implications, is the lack
of planned e f f o r t  in computer simulation , (STOG 1/ 77.7.l0.g), until F? 79.
Performance of work on this task would lay the foundations for a more
scientific approach to future developments. Without it, future devel-
opments will , of necessity, continue on the present cut and try basis.

III. RECOMMENDATION S

A. Gaps To Be Filled In Work In Support of the STOG

The four items discussed in Section lID, above, each represents
a real gap that should be f i l led.  In the near fu ture  work should be
budgeted on the following:

(1) The development of equipment location and assembly aids.

(2) The engineering development of a new maneuverab le reserve .

(3) A bundle delivery system.

(4) The development of a more complete basic understanding and
supporting computer models for  airdrop system design .
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B. Work That Should Be Terminated.

No recommendations.

C. S i g n i f i c a n t  Comments For TRADOC In P roviding Inpu t s  For STOG 78.

The very neat way the items of the current  STOG match up w i t h
ongoing or p r io r  e f f o r t s  in the airdrop development are a suggests  t h a t
the SlOG represents  a set of things the t echn ica l  people have been
t a l k i n g  about for  a long t ime and which , though requir ing  serious
deve l opment wo rk , they feel f a i r l y  con f iden t  of being able to achieve —

if o n ly  they are give n the necessary R&D funds . But surely the list
of mater ia l  requi rements should include can ahil i t ies that we would
like to have but whose technical feasibility we are unsure of. Such
items seem to he missing from the STOG.

In searching for an example to make the above comment more concrete,
we came upon t~~e fo l lowing  requirement , wh ich we sugges t be given care-
f u l  considerat iL’n for incorporation in the STOC—78. Because of the
capabilities of ~nemv air defense i t may no t he possible to bring
airdrop ai rcr af t ~nvwhere within many miles of the intended drop zone.
For th is reason th~ possibility of using steerab le parachutes with a
high glide—to—sink ratio with remote control steering should be explored.
It  may be poss ible  to achieve gl ide—to—sink rat ios  as high as 10:1, so
that from 20 kft., dIstances up to about 40 miles could be covered.
Exp lo ra to ry  work in this area should be undertaken for airdrop of both
pe rsonnel and heavy material .

This is, of course, only a single example, but is intended to show
the kind of new concepts in airdrop capability that ough t to be formu-
lated for possible Incorpo ration in the STOG—78. These are capabilities
that are desirab le bu t whose technical feas ib i l i ty  we have to start
thinking about.  For our future mil i tary  posture such new ideas need to
be examined and the STOC appears to be the best place to initiate ~wch
thinking.
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H. NUCLEAR , BIOLOGICAL , AND CHEMT CAL WARFARE PROTECTION

1. INTRODUCTION

Evidence of Soviet/WP preparedn ess in CW has led to a relatively
unfavorable assessment of US capabilities posture both as i t  relates
to protection and deterrence. Although there is some commonality
between the separate elements of NBC protection , there are also very
great differences , particularly as they relate to Nuclear effects
(E~1P, Blast , flash). The residual effects of Nuclear are perhans
the area where some commonality exists.

The preponderant effort in CB areas resides at Edgewood Arsenal (EA) .
Natick Research and Development Command (NARAD COM) is cognizant over
protective aspects of clothing and shelters as part  of this general
char ter .  The emphasis of NARADcOM ’s p rograms appea r to be si gn i f i can t ly
different from that at Edgewood Arsenal; more highly specialized
protective features characterize the latter organization’s work .

The 1976 ARNCOM plan document describes efforts primarily in detection
and alarm development , in contrast with the earlier 1975 document . An
updating of the earlier information may be neede d to assess responsive-
nes s to STOG ’s in areas othe r than detectors and medical protection.

II. FINDINGS

A. General

Taken as a whole , the program described in ARMCOM reports for
1975 and Fl 77 are responsive to STOG’s for CW and BW. One is left
with the feeling that work for Nuclear is completely lacking. There is
little, if any, indication of how Edgewood Arsenal works with
laboratories responsib le for vehicles , shelters and armor to meet
requirements for protection against CBW.

Often the greatest deficiencies in NBC appear to be not in the
6.1—6.2 area but actually in the 6.3—6.4 areas. For example, Edgewood
Arsenal has developed effective collective shelter systems for
protection against NBC. However, CB shelter and shelter systems have not
been type classified yet and have not been procured.
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B. Uork Which Appeared to he Resp onsive t o  the STOG.

1. Detectors fo r  CB_Agen t s  — ( 10 .4 )  At the p resen t  time , EA is
spending $5 .4 r1  in 6.1 and 6 .2  fo r  CB de tec tors . There  is some concern
because the ion i za t ion  d e t e c t o r  (ID)  seems to work , hu t  the basic
pr inc ip les  under l y ing t h i s  device are unknown .  Hence i t  is d i f f i c u l t
to an t i c ipa te  the problems , i n t e r f e r e n c e s , and f a l s e  a la rm ra tes  fo r
the ID.

The enzyme d e t e c t o r  scheme is a t t r a c t i v e  becaus e o f  its high
s p e c i f i c i t y ;  however , an end item is saddled wi th  many eng ineer ing
prob lems .

2. Detectors ~~~~~~~~en~ s 
— This  L; one area w h i c h  o f f e r s  a

chal lenge . Pr e s€- - techniques -4 - r e n ’ t  i d e a l , and the  S&T s ide is “ idea
poor ” .

3. D e c o n t a min a t i o n  Equ ipm ent  — (10.5) D e C on t a min a t i o n  o f Personnel
and Equipment—-no new i n f o r m a t i o n  given t~~ r F? 77. The program described
in 1975 ARMCOM p lan  appeared  e n t i r e l y  c o n s i s t e n t  w it h  STOG.

C. ~‘.‘ork  of Good ‘ualitv in Support of STOG hut Inadequately Emphasized.

1. Protective Clothiog versus Collective Shelters — The b igges t
chal lenge in p r o t e c t i v e  c lo th ing  is to achieve CB p r o t e c t i o n  w i t h o u t
increas ing the heat stress in the  so ld ie r .  Obviously ,  t h i s  t r ade  o f f
will always exist.

At the present time our newes t protect ive  c l o t h i n g  developed by
NARADCO~1 incorporates an absorbent mater ia l  which wil l  last approximately
six hours in a toxic environment . Its useful life when not in a CW
atmosphe re is not yet known . The logis tic burden imposed on the sy stem
b y the six—hou r resupply of a division may be insurmoun t able. There is
therefore  a de f in i t e  need for  improved f i l t e r ing  materials wh ch would
selective ly counteract toxic gases but  which would not he poisoned by
persp iration .

It should be poi nted out that becaus e of this six— hour usable l i f e
of protective clothing and because of the high logistic burden imposed
by the same, the use of integrated collective shelters should become a
high priority item. Hence the fighting troops would have a place to go
and wo u ld n ot have to be indi vidual ly exposed and individually protected
at all times.

For armored vehicles , there are two methods of achieving CB protection.
Either the whole vehicle is sealed and an environmental system is used
for providing clean air or personnel are individually protected . A
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decision has been mad .- that only the individuals should he protected.
In consideration of the added human stress provided by protective
cloth ing and gas masks and the staggering logistics burden , it seems
to this group that the collective protection of the vehicles has some
meaning ful advantages and that this decision should be reexamined in
li ght of  the present day capab i l i t i e s  and t h r e a t s .  Armored combat
veh ic les should be prov ided w ith an air  cond iti oned , filtere d environ-
mental support system.

2. The NARADCOM She l t e r  Pro~~ — The Narick R&D Command has an
ongoing f i e ld  she l t e r  program to replace the  p resen t  f i e l d  t en t s  and
shelters. However, no consideration has been given to the impact of NBC
on these shelters.

Though these shel ters  are not complete NBC shelters  wi th  double a i r
locks , environmental  systems , e t c . ,  it is possible to achieve s i g n i f i c a n t
increases in NBC protect ion wi th  small changes wh ich wi l l  not e f f e c t
the high mobility requirements. For example , the proper choice of water !
NBC repellent on the fabric over NBC permeable water repellents could
have large impact on survivability . Though shelters are not provide d
with environmental systems , they should have a zippered opening to
which an environmental system could be added when necessary. Though the
shel ter  is not hermetically sealed , slight ove rpressurizing and
filtration would increase survivability in a CB attack . With a little
imagination , small , s ignif icant , but inexpensive improvements can be
made to many shelters and vehicles.

3. Paints — At the present , there is very li tt le decon tamina t ion
equipment in the field. It ’s high ly prob ab le that wha t is there is not
in operational condition , and would be imprac t ica l  or hi gh ly t ime
consuming for decontamination of vehicles and other equipment. Hence,
there is a critical need to make decontamination as easy as possible .
That is another reason that overpressurized vehicles are required.
Protective systems which on l.y protect personnel in vehicles would he
very d i f f i c u l t  to decontaminate from both the inside and outside . To
ease the decontamination of the outside of the vehicles, it wou ld be
practical to have paints which would be exceedingly nonabsorbent to
chemicals . Hence, it mi gh t then be possible to simply decontaminate
by washin g down wi th pure water rather  than bleach solutions , etc.
There fore , research in the are a of p ro tec t ive pain ts and nonabsorb ent
paints is really an importan t area in NBC protection. A recent
decision by NARADCOM has been made not to use the better polyurethane
paints.

D. Work Identified as Good Quality and High Relevance to Future Arm
Needs but Not in Direct Support of the STOG.

None
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E. Gaps.

Included in the category of work that  should be done to support STOG
but  not bei ng accomplishe d are the following, eith er because no specif ic
p lan was found in the N AR.A]~COM or ARNCOM documents , or because no means
of coo rdinat ing wi th appropriate development agencies , as for  armored
vehicles and tanks was defined:

1. Maximum protection for tactical vehicles against CW/BW , flame
and nuclear e f fec t s .

2. Shelters and equipment protection against Nuclear .

3. Combat vehicle CB protection .

4. Filtering materials in the 6 .1—6.2 area.

5. Nonabsorbent paints in the 6.1 —6.2  area .

6. Development of highly effective decontamination equipment for
the decontaminat ion of vehicles , Howit zers , e tc . ,  (e .g . ,  high speed j ets
as used by the Soviets).

III. RECOMMENDATIONS

A. Establish guidelines and a review procedure for incorporating NBC
protective features in new designs for  equinment , clothing, shelters ,
etc.

B. Wo rk to be terminated—-non a .

C. Comeents for TRADOC in providing inputs for STOG 78. It is recom-
mended that user requirements define the time dime nsion . These
dates should be developed in consultation with the laboratories to
reflect technological feasibility.

D. Requirement for a simple water kit to tes t for potability and
presence of chemical agents.



I. SOLDIER SUPPORT ENGINE E RING

I. INTRODUCT ION

The scope of this task area is extremely broad , wherein STO ’s in
14 of the 19 capability categories in STOG—77 are germ ane ; only STO ’s
1, 2 (strategic) and 15, 16, 17 (combat support) are not germane.

The SDP ’s (System Development Plans) which include the apnropriate
technology e f f o r t s  are those of the DARCOM Laboratories; NARADCOM , and
MERADCOM; and the Chief of Enginee r ’s RDO Laborato ries , CERL , CRREL , and
WES . The 21 specific laboratories e f f o r t s  in these SDP ’s which are ap-
propriate are the following :

NARADCOM : Field shelters; field laundry—bathing—latrine facilities;
field clothing and equipment repair facilities; and
heaters

ME RADCOM : Camouflage ; containers (partial) ; cons truction ; counterutine
(partial) ; demolitions, environmental control equipment ;
electric power; field fortifications; fuels and lubes
(partial); physical security

OCE/RDO : Cold region aspects of combat engineering; construction of
permanent mil i tary facilities; environmental impacts of
military operations; energy sources and conservation for
fi xed installations ; OM&R of mi l i t ary  f acilities; protective
st ructures;  and temporary base construction

As a generalization , the DARCOM Lab oratory technology e f fo r t s  special-
ize on Army operational objectives whereas OCE/RDO Laboratories specialize
on the Army in the training mode, (i.e., the peacetime Army).

The correspondence between the STO ’s and the SDP ’s is given in the
matr ix  in -Table 1.

II. FINDINGS

A. General

A review of Table 1 reveals that the STOG and the SDP’s are essen—
tially compatible documents with only a few gaps , i.e., primarily those
in the NARADCOM SflP.
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In general , the L a b o r a t o r y  p lans  inc luded  the appropr ia te  e f f o r t s  w i th
some n a l or  exceptions : No 6.1 efforts to support  Camouf lage  (ME RADCOM) :
No 6 . 1 - a n d  6 . 2  f u n d e d  plans f o r  p hys i cal s e c u r i t y  (ME RADCOM) : Environ-
m e n t a l  Impact  of Mu Ops (OCE /R 1~) ) ;  and Temporar i Base C o n s t r u c t i o n
( O C E / R D O ) .  Noreover , no t echno logy  base program suppor t s  the  Army
Func t iona l  Component S y s t e m — — t h e  major  system for temporary base con-
s t r uc t i o n  (OCE/RDO ) al though in th is case , no req uirements exist.

It was also found that few “systems ” exist in the scope of the task area.
The keywords are d i spers ion  and f r agmenta t ion ;  the app rop r i a t e  STO ’s
i re a fragmented set and the SDP ’s are dispersed accord ing ly to be
compatible. This fragmentation disguises the importance and visibility
of these technological efforts. This fact contributes in part to the
lack of adequate  f u n d i n g  to implement  SDP ’s for  the Soldier  Suppor t
Engineering required in the mechanized battlefield.

And it was found that adeq uate Soldier Support Engineering is
essential for  v i c to ry  in the mechanized battlefield ; ineffective SSE is
effe ctive interdiction .
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Fin:i~ lv , i t  was f o u n d  r h i t  no  l RAIX )C recrc-s.-ii t t ion ron t he  1i~A l )( f l
Fn~~i nec- n wa s  p r e s e r t  • whe reai-. STfl ‘s ~~ and 19 ar. in his ml —cs ion c i r ’ - a .

F i n d in g  of i spe . - i f  i c n a t u r e  a re  g i ven  in  t h e  ~~l l o w i n g  s e c t i o n s .

B . ~h ’ rk of ~ o ’d  Qual  i tv  in S Icr , , r t ot  STOI hu t  l n a d er i  ic r e ly  Emph as  I zed

his work i s  id - n t  i f i e d  in te rms of .-in T .ropr~ c i t e  SPP e l emen t s  i n  Table 1.

amoi l . - - : The r ocrw - :  is of -:•c - .-l l i - n t  q u a i l  t v ;  emphasis mus t be
p lace - i  on ide : u . t  e r . ’~ u t  r e n i -n t  ‘l ’’ - iu :ce  n t  s in 6. 3 and 6. ~. a reas , e . g .
d e c oy s .  Emp has i s  s h o u l d  be pl ;icei by cc a inment dcvi- ! (‘7e rs to utilize
t echnology  b e c o m i n g  a v a i l a b ) c .  The M i i i  t arv  Worths ‘1 del dcve l oped b y

1- RAI OM f o r  c a m o u f l a g e  should be expanded  i n t o  o t h e r  areas of r esearch .
In c l o s u r e  1 to t h i s  repor t  is a b r i e f  d e s c r i p t i o n  o 6 t he  mode l .

C o u n t er m i ne :  The ~U~TRRA ( M e t a l  R e r a d i a t i o n  R a d a r )  t echno logy  a i r
borne , veh i cu l a r  mounted  and man p o r t a b l e  deserves emphas i s  becaus e i t
is the on ly foliage pene t rator dc -re ctor known f o r  stationary objects.

Env i ronmen ta l_ Cont ro l_ E q u i p m e n t :  P a r t i c u l a r  emp h asis should be
placed in u t i l i z a t ion of w a nt e  hea t , heat  exchange r s , solid state con t rols ,

.~ irip ]ete environmental systems to include NBC protection . A vehicular
he it source analysis should he conducted.

Electric Power: Work of good quality in power conditioning,
intecrated power switches and transcalent devices , i .e., heat pipe
technology for heat t r a n s f e r  in e l e c t r o n i c  devices such as thvristors ,
t r a n s i s t o r s , e tc .  These requi re more emphasis as well  as work in
c e r a n : i c  components f o r  mobile gas t u r b i n e  eng ine genera tor  power sources .

C o n t a i n e r s :  Emphasis woe f u l l y  i nadequa t e  1or rack tYi e c o n t a i n e r
inse r t s  fo r  anvi un lt i o n , n a r t s , eLe .

— Energy Sources,  e t c .  ( O CE / R D O) ~~-W RADCOM) : Work in so lar  power
sources and solar heating/cooling technology is excellent and should be
emphas ized .  The work in r e fu se  derive d fuel  is e x c e l l e nt  in qu a l i ty  as
well as the work in developing cost avoidance systems for total energy
at fixed installations .

Demol i t ion:  Emphas i s  is requ t red to sy s t e m a t i z e  the e f f o r t .

Physical  S e c u r i ty :  ~1ore emphasis is requ i red  in the - . l  and 6 . 2
research efforts and in the use of microprocessor technology to perform
a major part of the physical security ec~uipnent functions.
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OM&R (Operat ions  M aintenance and Repair ) of Fixed Facilities: The
wo rk is good bu t  the emphasis is i n a d equ a t e ;  the ROI o f this emphasis
cannot be short o~ phenomenal in reducinp maintenance dollars of f ixed
f a c i l i t i e s .

Temporary Base Contruction: A breakthrough on laminated structure
of p o ly u r e t h a n e foam and shotcre te  promises  adequate  mobi l i ty  in shel ter
c o n s t r u c t i o n  in all environments , including desert environments.

C. Work identified as Good Qualit” and of High Relevance to Future
A rmy Needs b u t  not in Di rect Suppor t  of STOG

Fie ld  She l t e r s :  The present s tudies  on f ie ld  shelters at N ARADCO?’
are of excel lent  qua l i t y  hu t  are not supported by a spec i f i c  pr io r i t i zed
objec t ive  in STO G— 77. This work has received high p r io r ity  in the past
and is in direct support of needs previously identified by TRADOC .

Field Laundry .. . Facilities/Field Clothing . . . Repair Facil i t ies
(NARADCOM): The work on field latrine and waste disposal i.e.,

highly mobile field systems to support t roops , relates to capability
category 77— 14. No spec i f ic  pr ior i t ized STO ’s are included therein .
D i t t o  fo r  f i e ld  c lo thing,  repair  fac i l i t i es, etc.

Con s t r u c t i o n  of Perm Mu Fac ’ s: The wo rk in architectural hahi ta—
b I i i t v , i . e . ,  the physical, social, and psychological needs of the
soldier and his family in the peacetime Army , is of great import and
of good q u a l i t y  b u t  on ly  l ightly supported in STO 77—18. The same
statement applies to the use of the industrialized building industry
to p rovide permanent mi l i t ary  faci l i t ies  at construction cost reductions
of as much as 25 percent .

D . G aps——Wor k that Should be Done to Support STOG but Not Being
Ac comp lished

Camouflage: A 6.1 program should he established and funded.

Physical Security : A 6.1 and 6 .2  program should be funded.

Environmental Control Systert: NBC protection must he included as an
in t eg ra t ed  par t  of the envi ronmental control systems , where applicable.

Elect ric Power: TTV~E (Test Diagnostic Measurement Equip men t) an d
solar power systems efforts are required.

Field Fortifications: Shelter cavities in form of soil “pipes ”
required with materiel reinforcement to be developed and NBC protection
added.
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Environmental  Impact of ~iilitary Opera t ions :  A 6.1 program should
be established.

OM&R of Military Facilities: A 6•l program should he established.

Temporary Base Construction : A 6.1 program should he established.

E. Work Identified to be of Poor Technical Quality .

None.

Ill. R1~COMNENDATIONS

A. Gaps to be filled to support STOG

See Paragraph lID. The responses are identical.

B. Work to b~ lemina ted

Non e.

C. Significant Comments for Use by TRADOC for STOG—77

1. Configure soldier support systems into a set of “systems”.

2. Develop STO ’s in Capability Category Number 14 on the following :

a. field shelters

b. cleaning/laundry/b athing, and combustion toilets

c. field clothing and equipment repair facilities

d. shelters for  amm unition supplies to cove r work in ongoing
programs at NARADCOM in response to ~xisting guidance by TPAT)OC.
Item numbe r 6, Inclosure 2, is re~ omznended text•

3. Camouflage (ME RAJ)COM) and Physical Security (?~ERADCOM) should
be subjects of separate STOG capability categories; Electric Power
(MERADCOM) ; Environmental Control Equipment (NARA I)COM and MERADCO~f;
Fuels and Fuels and Lubes (MERAPCOM) should be consolidated with in  the
STO ’s so that the effort is not dispersed throughout the document. See
Inclosure 3 for specific recommendations on Car’ouflage. If a separate
STO cannot be established for physical security , then the priority should
be raised to conform to DCSOP ’s priority .
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4. ! i inimallv prioritized STO ’s should he developed for the
Arm y Vunc t iona l  Component Sys tem;  i t  wou ld  be p r e f e r ab l e  to develop
a separate STOG capability category in Temporary Base Construction to
be c~ -ipat ih1e with the TRADOC approved s tudy  on Advanced Bases.

5. Demolition (‘!ERAPCOM): The outcome of an in—orogress demolition
study is necessary to develop significan t comments on STc,r,— 78 .  The
a;~proach has been coordinated with DA staff personnel and influenced by
t i~e -\B CA Ope ra t i ona l  Concep t s  19 86—1995 and d i scussions  w i t h  Naval EOfl
personnel  and o a r t i c u l a r l’-’ by two ma jo r  s tudies  by the UK . The fo l lowing
STO o b j e c t i v e s  f rom 9 . 7  w ou ld  be addressed :

a. rapid concrete/steel target destruction

b. remote control of demolition initiation

c. controlled demolitions in built—up areas (7aOBA)

6. Countermine (MERADCOM): The use of harmonic radars (METRRA
Technology) should be emt~hasized in operational objectives .

D. New Initiatives

1. Electric Power (ME RADCOM): System studies of use of nonlogistic
or synthetic fuels shold he initiated by TRADOC or DARCOM.

2. Fuels and Lubes (~1ERADCOM): The Development of a highly con-
centrated energy source should be a new initiative .

3. Construction of Permanent Facilities: The development of staffing
guides and ratios in the assessing and development of organization in
Corps of Engineers districts and divisions which implement MCA program.

E. Concept Development and Validation (CDV) Candidates

1. Field Shelters (NARADCOM): Development of a new generation of
general purpose tentage is recommended.

2. Field Latrines (NARADCOM): Development of a highly n~bile
combustion type field latrine system is recommended ; this would be in
accordance with a TRADOC LOA which is in coordination .

3. Camouflage (ME RA DCOM) : The efforts in smoke , aerosols, and
foams are candidates for CDV to give emphasis and funds to these programs
beyond the resources of the camouflage program.
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4. Countermine (~‘E RADCOM) : Airborn e and vehicle mounted METRRA
technology is recommended.

5. Electric Power (ME RADCOM) : Solar power systems and laser
transmission and distribution systems are recommended.

6. Construction of Perm anent Military Facilities: Use of
indus t r i a l i z ed  bui ld ing  indus t ry to furnish elements in MCA program
is high ly recommended . The dental  clinic program in OST requirement
in F’? 78 or F’? 79 is specifically recorunend~ d.

IV. Detailed Study Results

Numerous working  papers we re prepared by s t a f f s  of N ARADCOM ,
MERADCOM and OCF / RDO . These are too bulky for  presenta t ion  he rein.

78



.-4 Cd ,-4 O~ -4 0 (.1 0 0 ‘—4 — — ~.C — NIZ Z • NI • . . N. — — N- • NI
C C C —

~ • NI • ~ NI . . . . • -~7 
(_ ‘) 

~~~z z z — ~o - ~ ~~ .—4 -~ a~ 0’ m II) sf1 ‘-I • ~~I .-4 — .-4 ~~~~0’
0’ .-1

1 1 1 1  I 1 1 1 1 1 1  I I I  1 1 1 1 1 1

S
U
.4 5
4)5
.40
— . 4

a: ~~4 4.I
o C / C d
.4 1 0 1 4
.4 ‘4-4 0
4) 0.

5.4

4.15
—~~~ 01 ~‘ — ~~ ‘~~ --‘ S
.4 5 W~~~~.4’-~ 0

C. OJ 5 — 4 ---~~ U3 .4
C d . 4  .4 .—. C .,.4~~~~~~Qj

S , --
Cd Ø~~~5 14-. -I.J ~~

O W  .4 504-s .4 Is
—S 4-5 W 5 0~~~~~-I 1.’

.4 —4 ‘-.4 14 Cd 0.4 5 5
14 1 .-4 10 0 4.5~~~~ 4.i~~~~ U U5 4.5 1 Cd ~ 4 Ii

01 C d ’ ~ .4 4.’ 4.’ 0 ’—’S ~-~ C 4) 14 5 .4 5 C . C l  4)
U 1 1 0  Is 10 0 ~~~~~~~~ 0 E I ~~~ -. U 0J
— tO 0. U 10 5.4 0 ‘i-~ ~-4 I I-. S

5 1 0 0  0. ‘—‘ Is U W I s  1 0  5 (0 14
I-~ ~-. 5 —4 0 .4 .0 5 I — 0

C. 014.4 (0~~~ ‘4.1 5 0  I C C d U . 4 c 10 4 ) 0 .C -~ 0 0  14 0  .,-4 .. ~~ W C O 4 J $s~~~4
CJ~ - 4 5 4  U 5 . 4 5 5 5 5 ..  1.’ 11 0 . 4 5 5 . 4 0 1 4

Q j S O  00 1 4 1 4 . 40 0  1 4 ’ W(0 0 1 ) 5 . 4 5 0  0 5 . - I  ~~~0 9 5  .4 4.’
U,-~~~~~U 5  —l 5 5 1 4 4) 5 . 4  ~I~~~10 ( 0  0 1 5 5  ‘ 4 - 4 4 ) 1 0

I-~ ‘s-s .4 1 4 0 . 40 1 4  0 ~~~~1 4 0 > . O 0 IsS C d l . ’ 1.s ,-I Is 4) ~~~~~~~~ 4 ) 1 4 b 0  O w
,-4 ‘-4 _4 4) 0 ~~ 0) 5 0 ~~ 0 ,-4 ~~I (0 ‘10 S.4 Is 4)

o o ~~~..0 . 4 . 4 . 4 0  0 ( 0  0 0 0 0 5 , - I  . 4 5,C 0 O O S 5 ~~~~~ I s W
V U  U U U~~~~~ I~~~.J

79 o

_ _  ~~~~ ~~~~~~~ 111



- -

ADDENDU ”
MILITA RY WORTH ~~DE1

MILITARY WORTH OF CA9OI’FLAr.E

A persistent problem in the camouflage program has been to determine
the ‘military worth” of camouflage ; or what is the measurable con-
tribution ~f camouflage to increasing enemy casualties and/or reducing
friendly casualties . To provide an answe r or partial answer, me thodology
( c omp u t e r  aided wargames)  has been deve lop ed /acqu i red  to relate e ff e c t ~ive—
mess of camo u f lage hardware and techn iques to mili tary wor th (see
Figure 1).

The o u t p u t  f rom th i s  methodology has three broad uses :

Technica l  — Help establ ish required technical  performance
— Derive signature threshold requirements

Management — Provide input for allocation of R&D resources
— Prov ide inpu t for  logist ic/procuremen t dec isions

User — Provide input for force mixture and force effective-
ness

The methodology has two significant parts——one for examining
camouflage in close combat or direct fire situations. The other part
for  examining camouflage in rear areas where indirect fire (artillery ,
missi les , etc.) are used.

For informa tion contact :

Commander
ME RADCOM
ATTN : DRX FB -O
Fort Belvoir , VIrginia 22060

— 
- Pho ne: Autovon — 354—5047 or 354—5990

Commercial — (70 3) 664—5047 or 664—5990
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RECOMMENDED CHANGES TO PUBLICATIONS AND DATE

BLANK FORMS Use Part 11 (rer..rsr) fo r Repa ir Part o and
Spec ial Tool Lists (RPSTL) and Suppl yFo r u s e S  t h r o  4.,,,,. sio AR 310.1; 4.. prOpo n.n I egs nty I. th~ US Catalo 1s Supply Manuals (SC/SM). ~~ Y 12 , 1976

Army A4 1u~.n~ O.,.,.l C.nt .,.

T0~ F~~w.,d c, p,opon.ni of p obi.r~~i,on ‘A b ee,) ( i , ,rlod• Z I P  Cod.) FROMi ( A , S l v l l S  •~~J So, .540,.) (Include ZIP C..,)C)

US Army Logistics Center US Army Natick Research and Development
Afl N: ATN-CS Consnand

Natick , MA 01760

P A R T  I. ALL PUBL ICATIONS (EXCEPT RPSTL AND SC SM) AND BLANK FORMS
PUB L l C A 1 i - ~ ’. F O R M N U M B E R  D A T E  T I T ~,F

• (STOG-77) F~ 1977 Science & Technology Objectives
_____ _____ 

Guide , FY 77
I T E M  l~ U - ~~E PA P A .  L I NE F I G U R E  T A B L E  RECOMM E NDED C H A N G E S  ANO R E A S O N

N~ N O. ., R A P H  NC - NO. N~~ -h.. , wcr d.ng of r. ornmen ded change ,nu. r be ~~SVc f l )

4 E.13 inder “Lessons Learned ”, add the following para-
;raphs:

I. Adequate field latrine and waste disposal
facilities are necessary today to meet environ-
sental requirements when conducting field train-
ing exercises . Such facilities can be even more
important under combat conditions to maintain the
sorale , physical f i tness , and combat readiness of
troops in the field . Current practices are primi-
tive and present not only a pollution problem but
also a serious health threat. Mora~~suffers
since conditions can become loathsome .

2. There is a tremendous range of she l t e r  items
in the supply system, many dating back to WIT
requirements. There is wide spread dissatisfaction
with the degree to which they meet current field
functions . Completely new concepts of shelters are
required to provide improved habitability and a
be t ter  match to field shelter requirements as well
as a marked reduction in the total number of items
fielded in order to reduce the logistical support
requirements.

3. The present f i e ld  laundry system has limited
• transportability , requires considerable time to

set up and s t r ike the ancillary tent age 1 and
requires large amounts of water and fuel. The
large water demand requires  its employment at jr
near to the water source.

Reason: Not included in STOG 77.

6 E.14 Under “Priori tized S&T Objectives (STOs)’ , add the
following objec t ives :
1. Field laundry/dry cleaning, bathing, and
la t r ine  f a c i l i t i e s  are required to maintain the

- -  I . r c - r i -  I - -
, r,, ’ r lor,?,rro u - s t I r  fl Sb,. ~iot agt.s ph or ubparagrap b .

T P L O  •5A b.l - G R A ~) E  - 
p y - ’~~ c c E L F P P - ~ N€ EX C I , A c S ( F A U T O V O N . S I G N A T U R E

F c I F  N E r o ’ s

~ u c - p . ,~~)~~~~5 I ~~L C  0. * o - ( n IL L O E u S E D .

-- - S  —-—_ _ _



RECOMMENDED CHANGES TO PUBLICATIONS AND D A T E

BLANK FOR M S I i ‘ . r c  fl “ ‘ - ‘ c ’ . ’ - f o r Pr 
~
,o i c  Po r t s  oy ,1

1 ’ ’ ’  ..I T ~l L I s t s  P 5 ’ s r I . ,  and Su pply
~ ~
. AR 310. 1 4. 

~ ~~ ~ ~~~~~ ~, ~, ~~~

T 3 ,  .c A ..d ‘ P ’  E ° ~~~~~- ’I P5~~ I,c aSlue. - c - - ‘ - ‘ . - - - - - c ZIP (‘~~~ .- FROM) A r r I r ~~,- do.! / - . , ,,,,-~~, -/ , , -  J,oje l ip  ( ,.d.- .,

P A R T S .  A L L  P U B L I C A T I O N S  E X C E P T  RP S T L  AND SC SM) AND B L A N K  FORMS

‘~ ‘ 1 - M  ‘. MiS ER . A r y

1~~~’ M - . . .b  ~~~~~~~ L ‘u l  r , ‘) 4  7 U I l~~ I 5 , 1  VM S NC) 0 C I IA N G E S  A N D  l A ~~ I,N

~ - - - I ‘~~; •. t , , , ’ o ,  - . -~ -I r , , . - ,mmcn d, ’, !  ‘honac  mis s, he 5,,

morale and h e a l t h  ot troops in the f i e ld . Future
- systems must be h igh l y mobile , minimize water and

energy rr~qu i r ement s  and adequatel y meet waste
I 

disposal requirements .

2. Develop improved clothing and equipment repair
- 

I fac (lit ies for f i e l d  use (as required) to be
- compatible with new clothing and footwear materials
- 

and configurations . Field shops of the future
should be configured for greater mobility and for
servicing smaller groups.

- 3. An Integrated fami ly of field shelters is
needed to provide environmental protection for the

. performance of essential military functions . The
shelter ’. will be used Army-wide by combat and
combat support organizations throughout a theater
of operations . The fami ly will comprise three
basic shelter units: (a) Man Portable Shelter ;
(b) Transportable Container-Shelter; and (c)

- 
Transpor table Component System with sufficient unit
flexibility to acconnnodate all military shelter
requirements except where Theater-of-Operations

- 
(T . e.) constiuction or Militery Construction’Arnty
(MCA) items provided through construction service
are requi red . The basic units will be designed
f or us e indiv id u a l l y in combination with identical
units , by mod i fication with additional components ,
and in combination with other basic units. Trans-
portability is a primary criterion for establishing
the design and construction of each basic unit.

- Compa t ib i l i t y  w i th  avai lable t ranspor t  equipment of

I all modes current aad projected will be assured .
Specificall y ,  the objec t ives for this f amil y ar e

- to provide the general purpose shelter needs of an
integrated field shelter system within the minimum
number of basic modules (with provisions for ex- —

pansion) so as to~ ~(l) Reduce. number of total items
and repair parts;

A
’!ncrease multi-purpose use of

1i. I. r , - , , . ,  ri. - , , , I , - S s - r s is ,fh,n (Er -  5 u r . u ~c . r 5 - ? l  -r subper55 j r ..ph .

T Y P E! ’  NAM E - P S , I OR T I T L E  t~I LI E ’ ° . - N f  S • C s I A N c , F  A~~J Y ) ~~~ SIG NA IUP€
c ,~ , -, f • Y F N c _  - N

_ _ _ _ _ _  _ _ _ _ _  ii _ _ _ _ _ _

D A P01* fl l . , , . , A L S 5 r - A  .., 5 C . A 4.j. IB * . - ” * ’ L L B E  _ , S I r _
I r E e - 755 V

- T~~~i,,
T-
~~~

’’  - 
~~~~ 

- ~~T ’  “•V - 
~~~~~~~~~~ T~~~~ T,. -s - —

.5 A~

-- - --A -  -
.~ -.c- ~~~~~~~~~~~~~~~~ I- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



4 RECOMMENDED CHANGES TO PUBLICATIONS AND D A T E

BLA NK FORMS 
“I I I  t .

~ 
~~ I } and

En ,  s~ s 04 4.,. +Op,c sea  AR 350- I , ‘he prapon.o ’ ag e n cy ‘. She US < i ,, - .
~

. - . 1, ~~~~~~~~ SI SSI~A -’. , A d  ~- ro,’ r Genera l Ceo ’ .’ .

TO P,cwu , , I  ‘‘ p r I , , — , , . 
~ I ’, d I ’ ’ ’ ’ -) ~ -0 (~ ‘1~~’ - 1 I ’i ~~- i’!! -- - , FROM~ .4 r,~ ,I, ,,,,.i I - . . ,  “- - I , , -  I . , ’J n  I l l ’  ( ‘ if,’ .-

P A R T  I - ALL PUBLICA T IONS ) E X C E P T  RPSTL  AND SC SM) AND B L A N K  FORMS
14k ~ r I~ A T I ( . F~~~~, M N U M . I F .  c 4 r ~~ T I ’ ,. )

- I V  ‘* ‘ .E P A N S  ‘ .1 ~~~~I ,I) F ‘ A B L E REC MVI N O E O ’  ‘ r 4 N ’ ~ 1 S  A N :  ~ F A - .O’ .
N ~. ç,f) A F’ , 50 5 -)  I .., p ‘ ‘ ‘I’ ’ ’h . 5  r n-rn.- ,,. I ’ S  , hanSr ,r,uu r I-. ’ gF V.r tF -

individua l items ; (3) reduce log istical support --
iaintenance and supp ly; (4) reduce present financin

- 
investments by effecting (1), (2), and (3)  above ;

- (5) increase mobility by improving transporta bility
‘md decreasing reaction times; (6) improve the
tabitability for accomplishment of required field
functions to the extent consistent with maintaining
tigh mobility.

Reason: These technical objectives were not
included in STOG 77.

)ARADCOM MISSION - Should read “field shelters ”
rather than “tenting .”

F.7 4 Reason: More correct wording .
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RECOMMENDED CHANGES TO PUBLICATIONS AND D A T E

BLANK FORMS Use Part II (rever s e) for Repair Parts and
Special Tool L ials (RPSTL) and Supply 8 J 76F., eis af 4.,, loon , a.. AR 3 10.1 ;  4.. p,.pon .ns agen cy I s  thi US Catalogs ‘Supply Manuals (SC;SM). Ufl

Araty A64.o.n, G.n.,.l Ceot .,.

TO, (F’ .,is ’.rd Ia peop onc nl of pubf,ial,on m Ioen~) (Include ZIP ( .,,Ie, FROM, (A r  ,,e,Iv end lo r.(,m, ) (include ZIP C0d.)

P A R T  I - ALL PUBLICATIONS (EXCEPT RPSTL AND SC SM) AND B LANK FORMS
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