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3 A PROPOSED COMBAT FOOD SERVICE SYSTEM CONCEPT FOR THE ARMY IN 1990

EXECUTIVE SUMMARY

3 1. INTRODUCTION. The US Army Natick Research and Development Command

{(NARADCOM) was tasked and funded, in FY 74, to initiate a project to investigate the current

methods of combat feeding by the Army and Marine Corps, to develop and evaluate both

i short and long range improvements to these systems. The tasking was subsequently modified,
in FY 76, to also include and consider Army Medical Department requirements.

The project was conducted in two major phases, the first of which addressed present
food service operations, end determined those improvements that could be implemented with
' only minimum follow-on development efforts. This included testing prototypes of improved
systems, and completing a cost benefit analysis comparing them to the existing systems. This
phase was concluded in FY 77, and a number of technical reports were issued containing the
results, conclusions and final recommendations deriving from these efforts.!™®

'Smith, R., Stefaniw, (., Davis, M., and Kirejczyk, H. A System Evaluation of Consolidated ;
Field Feeding for the Army. Technical Report 75—83 OR/SA. Natick, MA: “US Army Netick
R&D Commend, Februery 1975.

iBeritz, S., Bustead, R., Kirejczyk, H., Kulinski, M., Meiselman, H., Silverman, G., Smith, R.,
Stefeniw, |. end Symington, L. The Camp Pendleton Experiment in Battalion Level Fiekd
Feading. Technical Report 7T-4—0QR/SA. Natick, MA: US Army Natick R&D Command,
July 1976.

3Baritz, S., Bustead, R., Bonczyk, T., Davis, M., Kirejczyk, H., Meiselman, H,, Silverman, G.,
Smith, R., Stefaniw, 1., and Symington, L. The Cemp Edwerds Experiment in Battalion Level
Consalidated Fisid Feeding. Technical Report 76--45—0R/SA. Natick, MA: US Army Natick
R&D Command, December 1975.

*Kulinski, M., Smith, R., and Stefaniw, |. A Cost end Systems Effectiveness Anelysis of the 3
XM-75 and XM—-76 Field Feeding Systems for Merine Corps Divisions. Technicel Report
7T-10-0R/SA. Natick, MA: US Army Natick R&D Command, July 1976. g

*Kirejczyk, H., Baritz, S., Byrne, R.,, Kulinski, M., Smith, R., and Stefaniw, 1. A Cost and ‘ﬁ
Systems Effectiveness Anelysis of Consolidated Field Feeding for Army AIM Divisions. ;
Technical Report Natick/TR—77/003. Natick, MA: US Army Netick R&D Command, October
1976.

*Kirejczyk, H., Bonczyk, T. and Hertweck, G. Eveluetion of Alternative Field Feeding Systems
for the Army Field Medicel Units. Technical Report. Netick, MA: US Army Netick R&D
Command, July 1978,
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The second phase of this project, initiated in FY 78, was directed towards developing
a totally new combat food service system concept for the future Army. The major thrust
r of this effort has been to define a system which takes maximum advantage of new food and
packaging technology, providing the mobility, flexibility and responsiveness necessary to deliver
high quality, hot meal service to all troops on the battlefield; the capability to transition from
combat to ceasefire and, eventually, to base development operations; and, finally, to improve
operational efficiency, thereby reducing the need for scarce manpower resources to perform
the food service function.

~In May 1978, a preliminary report was published, outlining the basic concept of the new

combat feeding system.” This report expands on that concept, and offers a detailed cost
analysis of the new system in comparison with the existing system. Certain modifications
to the basic concept were made as a result of coordinating the preliminary report with the
Army.,

2. DISCUSSION,

a. Background. Very early in the study several important factors became evident. The
battlefield in 1990 will engage highly mobile tactical units, widely dispersed over a broad range
of combat situations and locales. The existing methods of preparing meals from either frozen
and/or canned ingredients, to be consumed on site or delivered to the troops at a remote
site in insulated containers, and requiring sanitation, cannot be very well adapted to this kind
of situation. Recent advances in food and packaging technology, particularly in the area of
custom prepared foods, allow the consideration of new methods of food service where heating
and serving the food on disposable trays are the only food service functions performed on
the battlefield. This type of operation would provide the capability to be highly mobile, allow :
for heating on the move, to achieve a high level of responsiveness, and maximize the opportunity
for hot meals to be served to the combat forces, subject to prevailing conditions.

b. Scope. The new concept has been formulated to satisfy the feeding requirements
for all the troops in the theater of operations. In the process, considerable attention was i
devoted to the transition from combat to base development type feeding operations which
would occur after a ceasefire, and to the effect that the new system would have interfacing 4
with peacetime garrison feeding operations.

c. Assumptions. The following assumptions were specified after coordination and
concurrence by the US Army Training and Doctrine Command, (TRADOC) Message 11214427
JUL 78. These assumptions were rigorously followed, and significantly influenced tha definition
of the recommendad systam:

{1} The needs of the combat field feeding system will drive the requirements for
field feeding subsystam whether used in garrison or in training.

"8yrne, Robert J. A Proposed System for Army Combst Forces in the 1990's. Technical
Report Natick/TR/0256. Natick, MA: US Army Natick R&D Command, May 1978.




{2) The actual numbers and locations of units and troops in the theater of operations
will be based on the numbers and locations called for in the TRADOC Standard Theater Level
Scenario. The numbers and locations of units and troops in a Corps Area will be based on
the TRADOC Standard Scenario, Europe 1, Sequence 2A, Wwhich is compatible with the Theater
Level Scenario for the first ten days or a revision of this Scenario, which would be more
applicable. These forces will be extrapolated to a 1984 force structure using FY B4 program
forces. This force will be used to reflect the 1990's forces and is the best available information.

(3) The defined system will be flexible enough to respond to any Scenario, however,
the use of the TRADOC Standard Theater Level Scenaric will be sufficient to develop the
cost and effectiveness comparisons of the new system.

(4) In the Army of the 1990's, the preponderance of infantry in Europe will be
mechanized. Those troops carried on and fighting from armored vehicles will be directly assigned
to the vehicle as team members. Dismounted operations will remain a valid requirement during
this time period.

(5) The Army field feeding system must be capable of dealing with high intensity
combat,

(6) After a ceasefire, the theater feeding systems will transition from a combat system
to a base development system. Eventually, this base development system may transition to
a full garrison type system,

(7) A single minimum standard of support will prevail throughout the theater. This
minimum standard will be one hot meal each day for ail personnel whenever combat conditions
and situations permit.

{8) Food service operations will be curtailed in any NBC contaminated area.

{9) No host nation support will be considered.

{10} A water distribution system is not a function of the food service system and
will be addressed in a separate TRADOC effort.

(11} This study will not be restricted by current TOE and food service management
structures,

d. Methodology.
{1} The mission requirements of the future battiefield, during the next decade, were

considered. A model battlefield was created, from which specific distributions of all troops
were derived.

{2) A review of existing and projected food, packaging and equipment technologies
was conducted, and alternative system capabilities defined.
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(3) The various system alternatives were projected onto the model battlefield, and
their performance assessed. This was an iterative process, which gradually focussed on those
alternatives that provided the greatest potential for the best performance and efficiency. Various
operational methods were examinad until the most effective concepts were defined.

f {4) The existing method of combat feeding was projected onto the mode! battlefield
and detailed food, manpower, equipment, fuel and other resource requirements and costs
determined.

{5) Tha new system was similarly evaluated, and its tota! resource requirements and
costs determined.

{6} The peacetime manpower requirements of both the existing and the new system
were computed using current Army TOE personnel strengths.

{7) All of the results obtained were then used to complete a cost and benefit analysis.

Q 3. NEW SYSTEM DEFINITION.

a. General Concept of Operations, Food service during the combat period for troops
in the divisional brigade areas will consist of at least one hot meal daily, when conditions
permit, with the other meals being operational rations. The hot meals will be shelf stable, i
convenience foods in bulk packs, e.g., steam table pans, which are simply heated and served }
on disposable dinnerware from a small trailer mounted, food service unit, designed for company
level operations. In addition, it is proposed that combat vehicles be equipped with a capability
to heat components of the individual rations, as substitute for hot meals, for use when these
troops are engaged in high intensity or continuous combat, and cannot receive meals from
the food service unit.

Food service in division rear, corps and the Communications Zone {COMMZ) areas, except
for medical units, during this time, will usually consist of two hot meals daily, and the remaining
meal an operational ration., The hot meals will be the same rations as used in the combat
zone, but will be augmented with limited perishables, {i.e., salads, milk, etc.), as possible. The
food will be prepared at unit level from a modular field kitchen, which is comprised of modern,
fuel burning food preparation and sanitation equipment in a soft frame-type shelter. Meals
may be served on disposables, or on permanent plastic, compartmented trays,

These unit kitchens will, a soon as practicable, be integrated into area kitchens, with
a capacity to offer improved menus and service for up to BOO—1000 troops daily on a continuous
basis. This will be dictated by the missions of the units involved, and combat conditions
within a particular geogrephic eres. Therefora, as time passes beyond tha initial force
deployment in the theater, increasing numbers of large kitchens may be found operating in
tha rear and support areas.

Following combat, food service will transition to base development operations, during
which three high quality, hot meals will be offared each day. These meals will be a combination
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of T and A ration items. In order to achieve this transition, unit kitchen resources, including
food service personnel, to the extent possible, will be combined into large area kitchens. Those
combat elements authorized trailer mounted food service units will be issued additional
eqQuipment and shelters sufficient to allow them to establish battalion kitchens, It will make
little sense to continue to operate small, independent kitchens with limited food service
personnel and restricted variety and quality of hot meals, when larger, more efficient operations
can provide substantially better food service.

Management of the new food service system will not be considerably different than at
present, but there will be a need to reinforce and emphasize command control at battalion,
or a corresponding level, to insure the orderly and efficient consolidation of smaller units into
battalion or area kitchens, as required.

A representation of this concept of operations is depicted in Table 1, but it should be
understood that, in the reality of a dynamic combat environment, the situation, is generally
not expected to be so well-defined and structured as indicated.

b. Food Products. As previously emphasized, convenience foods were considered
necessary to be responsive t0 combat mission requirements. After all potential candidate foods
were investigated, those selected and recommended are the new thermally-processed, shelf-stable
products, which consist of high quality prepared foods packaged in half steam table pans, ready
for heating and serving, which have been tentatively designated as the T Ration. Frozen
convenience food systems were rejected during the investigation because of logistic
considerations. Other food preservation methods, such as freeze dried and/or compressed foods,
were found less acceptable for use in the combat zone because the need for water, reconstitution,
food preparation, additional equipment and personnel would reduce system responsiveness to
the combat mission. These foods, however, must be considered as an alternative for use in
other areas of the theater, because their reduced volume minimizes the related logistic support
requirements, Irradiated preserved convenience foods were not considered a viable candidate,
but they should not be completely rejected from future consideration, If this preservation
process can produce fully prepared, shelfstable products, of better quality and at less cost
than those recommended, a change to irradiated foods can be made at a later date. Also,
irradiated raw products, such as meats, could be substituted for perishable ration items which
are designated for use during the base development period,

The T-ration is the basic building block of the new combat food service system, which
will provide for a hot food capability almost anywhere on the battlefield, Selected food
products, which are now commercially available to be included in this type ration, are shown
in Figure 1.

These new food products were a follow-on development to the flexpack rations, and use
the same thermoprocessing techniques for preservation. In developing the flexpack foods, it
was apparent that the flat, thin geometry of the package reduced the time and temperature
sterilization factors significantly, thereby increasing the quality of the finished product.

The proposed system concept requires sustained consumption of this new ration on the
battlefield. Therefore, a wide variety of menu items will have to be developed to insure that
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SLICED ROAST PORK AND GRAVY  'SLICED BEEF IN JTALIAN SAUCE

FIGURE 1. T-RATION ITEMS
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troop acceptance remains high over extended periods of time. Even though there are some
limitations on the Kinds of menu items that can be processed in this manner, within the range
of the types of products that can be made available, significantly more variety can be achieved
in combat feeding than ever before, because of the simplicity of the heat and serve requirements
as compared to the conventional food preparation methods. Therefore, it can reasonably be
projected that a sufficient variety of high preference menu items can be developed to maintain
high troop acceptance over lengthy periods of use,

In addition to the T ration, low volume foods were considered because of the obvious
logistical advantages. An example of the possible cube reductions for some food items is
illustrated in Figure 2. These foods were not included for use in the combat zone because
of the need for water, reconstitution, and preparation activities, which would reduce system
response time and increase equipment and labor requirements. But, a mixed T and low volume
ration has been developed as an alternative to a total T ration for use in the corps and COMMZ
areas if logistic support operations are constrained, The necessary equipment will be available
in the modular field kitchens to prepare and serve this type menu. Final determinations with
regard to the use of the T ration or a mixed T and low volume ration will have to be based
upon whether the savings in cube, as shown on Figure 3, warrant the additional investment
in food service personnel needed to prepare and serve the mixed T and low volume ration.
Differences in troop acceptability should also be evaluated and considered.

The design of the new system required the definition of the type and variety of foods
that will be prepared and served. A menu was not necessary, since the daily schedule of
menu items is not a paramount consideration in the design process. However, a list of foods
and their frequency of serving was essential to determine food costs, cubes, weights, equipment,
and personnel requirements. In developing these lists, the major objective was to obtain high
levels of troop preference, This was achieved by using a recently developed mathematical
computer model to determine those foods which maximize troop preference subject to cost
and nutritional constraints.® The computer input included a menu item file with costs, nutrition,
and troop preference data. The cost constraint input was the Basic Daily Food Allowance,
and the nutritional requirements were those specified by the Office of The Surgeon General.
In addition to the above information, the length of the menu cycle also had to be established.
Using these inputs, a list of menu items and their frequency of serving was produced that
maximized troop preference subject to the indicated constraints. This list of foods, which
was in generic form, was then converted to specific T ration menu items, mixed T ration
and low volume menu items, and A ration menu itéems. A sample of the selected menu items
is shown on Table 2.

A summary of costs and cube of these foods are compared in Table 3. In comparing
these tables, it is apparent that a premium cost, weight and volume will be paid for the T

8 Batintfy, J., Ross, G., Sinha, P., and Zoltners, A. A Mathematical Programming System for
Preference-Maximized Nonselective Menu Planning and Scheduling, Part 1 Modals and
Algorithms. Research Report 3—75. Amherst MA: University of Massachusetts, Food
Management Science Laboratory, November 1975,
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TABLE 3

RATION PARAMETERS
ft? /Ration

Ration $/Ration (NP/P)*

T Ration $ 3N 0.147/0.000

Low Volume Ration 383 0.113/0.012

A Ration 3.13 0.070/0.101
*NP — Nonperishables
* P — Perishables
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Ibs/Ration
(NP/P)

4.86/0.00
3.17/0.28
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ration. However, the increased ration costs will be more than made up by savings in food
service personnel costs, so that the total annual operating cost of the new food service system
is less than the conventional system, as discussed in paragraph 3.e. Cost Analysis. Of most
importance, however, is that the T ration is essential to be responsive to and support combat
mission requirements. Also, as reported in the logistic analysis conducted herein the reduction
of fuel and water usage associated with the new custom food system will eliminate or
significantly reduce the overall logistic penalties.

It should not be forgotten that the rations employed for combat feeding must be
maintained as war reserves in peacetime; and, have to be integrated into the garrison feeding
program for rotation purposes, to sustain an adequate industrial base for wartime production,
and to preserve the proficiency for combat feeding. In most respects, the T ration conforms
very well to these requirements.

¢. Equipment. Given the new T ration, and the mission and operational considerations
expressed herein, the necessary equipment systems are proposed for development.

The troops in the combat zone need a food service system which can be responsive to
the battlefield situation and deliver high quality, hot meals on demand. The T ration is ideally
suited for this application. In addition, a highly mobile, food equipment system is necessary
to heat, deliver, and serve this ration. A small trailer mounted, food service unit, shown as
an artist’s concept in Figure 4, is recommended for this purpose. The food service unit will
contain a small, military standard, engine-driven generator set; a hot water boiler with controls
and circulating pumps; T ration heater; serving line equipment; hot and cold water dispensers,
for beverages; and, the necessary storage for rations, disposables, and supplementary food items,
such as bread, and other necessary supplies. [t is intended only to heat and serve the T ration,
and does not otherwise provide for any food preparation capabilities.

Over fifty percent of the combat troops in the forward combat zone will be assigned
to or operating from combat vehicles. Buring periods of intense and continuous conflict, these
troops will generally be unable to obtain hot meals from the trailer mounted units, and they
will have to subsist on individual rations. It is proposed that these vehicles be equipped with
a simple heating device, so that components of the ratiun can be heated as a substitute for
the hot meal, This ration heater will be designed so that it will not exceed the space now
claimed in these vehicles for existing rations and beverages, and will not interfere with vehicle -
mission power capabilities. Preliminary studies have indicated that such a capability is )
technically feasible within the electric power and stowage constraints of three representative !
vehicles analyzed MB0A1 tank, M113A1 personnel carrier, and Infantry Fighting Vehicles.®
The ration heater concept will include an individual folding or collapsible fabric, electric heating
pouch, of minimum power requirements, that will plug into a vehicle and that will accept
and heat the flexible packaged entree item of the Meal-Ready-to-Eat (MRE} ration. A concept
of this pouch is depicted in Figure 5. The final version of the heater design will, of course,

Py

% Rose, Harold, et. al. Combat Vehicle Crew Feeding Study. Technical Report 12329. Warren,
M1 US Army Tank and Automotive Command. October 1977.
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Figure 4 Trailer Mounted Food Service Unit
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Figure 5 Crew Ration Heating Device
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require further vehicle studies, and concept development and evaluation of alternatives under
field operating conditions.

The troops in the corps and COMMZ areas will not require the same high degree of food
service responsiveness as needed in the combat zone. Rather, a range of kitchen sizes {i.e.,
equipment and shelter capabilities} will be necessary to support food service requirements that
vary from company level to larger consolidations of troops operating in relatively secure areas.
In addition, a wider variety of food service equipment for preparing A ration and perishable
foods, as they become available, as well as for heating and serving the T ration will be required.
A modular kitchen design is proposed, which would allow the shelter and equipment resources
to be configured to the specific needs of the units in an area. These kitchens will be housed
in a modular frame type tent which can be expanded to any required, reasonable size. This
modular frame tent for a company level kitchen, shown in Figure 6, consists of two tent
sections, a tent fly for ventilation, with doors and windows. An example of an equipment
layout for this kitchen which is shown in Figure 7, will include a fuel burning oven, steam
table and griddle, work tables, sinks, racks, T ration heaters, hot water boiler, and a generator
set which will be needed to power automatic ignition of the boiler, controls and circulating
pumps, and possibly, small labor savings electric appliances, when they can be introduced.

These kitchen shelters and equipment can be able to be consolidated into larger battalion
or area kitchens, as shown in Figure 8. This arrangement combines the unit kitchen shelters
and equipment into a battalion level kitchen, connecting to a separate sanitation center, which
has an added tray washing capability for when permanent plastic trays and utensils are used
to serve the meals. A layout of this kitchen is given in Figure 9. All of the shelters and
equipment from the consolidation of unit kitchens will usually not be necessary in the resulting
larger kitchen, but the surplus can be retained on hand for back up purposes, and to allow
for rapid disassembly into unit kitchens, again, as may be required.

The combat forces which have the trailer mounted food service unit will organize battalion
kitchens, when they are located in a secure reserve area or after a ceasefire, to create a more
effective food service operation., A layout of this type is contained in Figure 10. This is
similar to the type of kitchen consolidation just discussed, but retains the trailer mounted
equipment to allow for quick redeployment purposes. The ability to establish such kitchens
requires that shelters, ovens, steam tables, griddles, sanitation equipment, and other items of
equipment, be held in reserve during the combat peried. This equipment would then be issued
to these units when they are in reserve status in secure areas, or after a ceasefire,

In summary, three different equipment systems have been recommended:

(1) a company level, trailer mounted food service unit to heat and serve T rations
to troops in the combat zone;

{2) a simple, individual ration heater for use during periods of intense and continuous
combat by wehicle crews and mounted troops; and,

(3) a modular, soft shelter kitchen for use in the corps and COMMZ, and by all troops
after a ceasefire. As noted, supplementary equipment and shelters will be maintained for use
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Battalion Area Kitchen Tent
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by combat troops, in combination with their trailer food service units, when they are in the
reserve for reasonable periods of time, and after a ceasefire.

One other major equipment item must be mentioned. !t is assumed that the bread
components of the daily menu will be procuced and supplied by the new Automated Bakery
System, now under development at NARADCOM.'® The ABS will exploit current technology
to achieve considerable improvements in product quality and significant manpower savings
relative to the M—1945 Baking System, which is being replaced. It will consist of automated
production equipment, for continuous or nearly continuous bread making operations, from
assembly of ingredients to wrapping of the finished products. These equipment components
will be assembled in six shelters designed to the cargo container specifications of the
Jnternational Organization for Standization” ({ISQ}, thus will be compatible with available
mechanical handling equipment and other |ift devices, and transporters and carriers. The bakeries
will be located and operate at the general support level, supplying bread products to division
support for subsequent distribution with the rations.

d. Personnel Requirements. Three different combat and combat support food service
systems were considered in determining personnel requirements;

{a} Conventional company levei operations with A and B rations, that is the current
standard Army system,

(b} The new T ration system proposed for company level use in the combat zone,
and as company level and/or larger kitchen configurations in the corps and COMMZ areas during
the combat period,

fc) Food service for base development operations, which include consolidated
kitchen operations with A and T rations after a ceasefire. Each of them was analyzed with
respect to the TRADOC Standard Theater Level Scenario to determine the number of food
service and KP personnel that are, or would be, required to operate the different systems,

The number of personnel required for the conventional system was based upon the current
TOE and AR 570-2.'"' For the new combat T ration system personnel requirements were
best judgement estimates, based on limited experience with total convenience food systems.
The number of personnel required for the base development system were derived from extensive

'°ys Army Training and Doctrine Command, ATCD-SP—P, Letter of Agreement for an
Automated Bakery System, USATRADOC ACN 22035. Letter Fort Monroe, VA: 10 April
1977.

11 US Department of the Army. Army Regulation 570—2: Manpower and Equipment Control,

Organization and Equipment Authorization Tables — Personnel. Washington: 22 July 1969
{Changes 1-8).
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data collected in field exercises using large consolidated kitchens.' 2.' * The number of personnel
required by the peacetime garrison system was determined from an evaluation of recent
headcount and attendance data, obtained from four combat divisions located at CONUS
instaliations, and the food service staffing autharized and necessary to meet these headcounts.'*

Food service personnel requirements for the different systems supporting the approximately
1.1 million troops in the TRADOC Standard Theater Level Scenario are shown in Table 4.
The total food service manpower requirements of 68,076 food service personnel for the
conventional system amounts to about 6.37% of the total force involved in the scenario. Since
no food preparation is necessary with the T ration, only 30,685 food service personnel are
required to operate the new combat system. This is a significant decrease of 37,391 from
the number of personnel required for the conventional system, reducing the total food service
personnel to only 292 percent of the theater scenario force.

It is important to emphasize that saving food service personnel was not the driving force
behind the design of this new concept. Review of the future battlefields revealed that a highly
mobile, flexible and responsive food service system, which could feed small, widely dispersed
units, was essential, if high quality, hot meals are required to be delivered to the troops during
combat operations. However, a major benefit of this new concept is that significantly fewer
personnel are needed to operate the food service system. Therefore, the personnel savings,
made possible by this more efficient system, can be invested into other priority requirements,
when the new system has been developed and deployed.

In general, the personnel requirements for the T ration system represent a conservative
high estimate. There are many activities required to operate a company kitchen other than
food preparation, so allowances for necessary supply support and other efforts, such as set-up
and relocation of kitchens, was included in the analysis of personnel requirements. The final
determination of the accuracy of these estimates will have to depend upon future field
evaluations.

An important dimension of this system and analysis design was to recognize the need
for transitioning from the combat system, after a ceasefire, to base development operations,
which would begin to approximate a peacetime garrison feeding system. To meet this need,
it is recommended that the modular field kitchens, and food service units with supplemental
equipment and shelters be consolidated into area kitchens, which can offer troops three hot

'%8aritz, S., et. al., “The Camp Edwards Experiment in Battalion Level Consolidated Field
Feeding,’”” 76—45—-0R/SA, US Army Natick R&D Command, Natick, MA: December 1975,

| YBaritz, 5., et. al., “The Camp Pendleton Experiment in Battalion Level Field Feeding,”
7T—-4—0R/SA, US Army Natick R&D Command, Natick, MA July 1976.

'4US Department of the Army. Army Regulation 570—-2: Manpower and Equipment Control,
Organization and Equipment Authorization Tables — Personnel. Washington: 22 July 1969
{Changes 1-8).

23

-

P




TABLE 4

FOOD SERVICE PERSONNEL REQUIREMENTS

Cooks K.P.'s Total
Conventional System 38,308 29,768 68,076
(A and B Rations)
New Combat System 21,144 9541 30,685
(T Rations)
Base Development 25,752 16,595 42,347

System Consolidated
Kitchens (A and T Rations)
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A or T ration type meals daily. As shown in Table 4, a total of 42,347 personnel are needed
to operate the base development food service system, an increase of 11,662 in the staffing
required for the new combat food service system. Since these personnel requirements are
based upon 2 projected custoner headcount of 100% of roster strength, which will decrease
eventually to peacetime headcount levels, it is expected that they will be reduced accordingly.
Therefore, this investment of almost 12,000 additional personnel in the base deveiopment food
service will be of a temporary nature.

Fortunately, KP requirements can be met, -immediately after the ceasefire, by assigning
more personnel from the duty rosters. Subsequently, military KP personnel can be reduced
consistent with the expected lower headcounts, ultimately to be replaced by civilian food service
workers, as is now done in Korea and Germany. Those military units that remain dispersed
in the field following the ceasefire should still be expected to perform their own KP duties.

The additional increment of 4,608 cooks that would be required to transition to the base
development system present @ more serious dilemma. If these cooks are not needed to support
peacetime garrison meal headcounts, nor to operate the combat system, it makes little sense
to carry them through many years of peacetime, just to be ready for temporary base
development operations in an overseas theater after combat has ended. Other options, such
as establishing a reserve force of cooks or temporary employment of civilian cooks, seem to
be more expedient solutions. Continued use of the less labor intensive T ration menu during
base development operations is another possible alternative, but this would add substantial
operating costs.

An analysis of the peacetime garrison food service system was conducted to determine
the cost of readiness in terms of food service personnel. The numbers of food service personnel
required in garrison were computed using detailed headcount and personnel authorization data
obtained from four Divisions in CONUS. The results were then prorated over the current
estimated total Army strength to obtain the total estimates for each of the three systems.
These results are presented in Table 5.

This analysis shows that with the current separate rations policies and Qining hall
headcounts, the conventional system requires the Army to retain 11,800 TOE cooks in peacetime
just to be ready for mobilization. Since, logically many more years of peace rather than wartime
can be forecasted, these personnel will be excess to garrison needs for many years. The cost
associated with carrying these excess food service personnel during peacetime might better be
spent in maintaining other combat ready forces during the same periods. The new combat
system would require only 3,300 excess TOE cooks for mobilization purposes, which would
result in a net reduction of 8500 cooks from the readiness requirements.

The base development system, which follows after combat, would require another 2,300
cooks more than the new combat system, or a total excess of 5,600 cooks, which is still
much less than required with the conventional system. However, staffing to meet the base
development requirements does involve a relatively high cost during peacetime. Since these
cooks would not be neec'ed until cessation of the conflict, and then only temporarily, there
should be sufficient time to recruit and train the necessary personnel, when required, rather
than maintain them as part of the standing force.
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In summary, the personnel requirements have been defined for the new food service system
and compared to the personnel needs of the existing system, both in combat and peacetime.
The comparison shows that the Armiy can reduce its food service personnel requirements by
B,500 in a peacetime, and by 37,391 in the expanded mobilization as required by the theater
scenario, if the recommended new system of combat feeding is developed and deployed. The
issue of whether to carry an excess of 2,300 cooks during peacetime to be ready to support
the temporary base development operations after combat ends, has been addressed, and it is
recommended that these excess not be permanently retained in the TOE force, Other options
are available to fulfill these requirements.

e. Cost Analysis. The existing and new combat food service systems were also compared
on the basis of costs. Four major variables were involved in this analysis: the mode of
system operation, the number of troops to be supported, the mix of rations served, and the
food service staffing levels. Each system is analyzed in the combat mode, in the base
development mode, and in the peacetime garrison mode of operation. Based on the TRADOC
Standard Theater Level Scenario, approximately 1.1 million troops are to be supported in the
combat and base development modes of operation, The number of troops to be supported
in garrison corresponds to the current Army TOE strength of about 530,000 troops. The
mix of rations in the combat mode of operations is 60 percent B and 40 percent MRE for
the conventional system, and 60 percent T and 40 percent MRE for the new system. The
base development and peacetime modes of operation envision one hundred percent A rations
in both cases. Food service staffing requirements for each system were determined in the
previous section of this report.

The comparative system costs presented are based upon the annual cost method. This
method is most consistent with Government decision making because it emphasizes costs, and
not return on investment. All major costs necessary to provide food service to the troops
were included, although over BS percent of the total system costs are related solely to food
and labor, and the results are relatively insensitive to other costs factors, such as equipment
and supplies,

The question of how to treat military KP labor costs was resolved by deciding to charge
these costs to each system based upon the amount of KP labor required. Even though a
savings of KP labor does not always result in an actual cost savings to the Army, it does
represent a real cost reduction to the food service system,

The total estimated annual costs for each system are included in Table 6.

Under the combat mode of operation, the total annual operating cost of the new food
service system is approximately 166—314 million dollars less than the conventional system.
This means that the increased costs of the T ration is more than compensated for by the
consequent reduction of labor costs. During the base development mode of operations, the
new system would reduce the total annual cost of food service by approximately 484 million
dollars. This savings is achieved by the reduction of 25,729 food service personnel within
the theater made possible by operating consolidated or area kitchens. Also, since both of
the systems will primarily use A rations in this mode of operetion, there is no cost penalty
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TABLE 6

ANNUAL SYSTEM COSTS (M$)

Type of Operation Existing System New System
Combat 2073 M 2659 M — 2B07 M?

(1.1 M troops) (60B/40 MRE) {60% T or T-Aug/d40% MRE)
Base Development 2791 M 2307

(1.1 M troops) {100% A) (100% A)
Peacetime’ 320 M 177 M

(530K TO&E troops) {100% A) {100% A)

' Food service personnel costs only.

2The 2807 M system cost includes additional food costs for a T ration augmented with
salads, soup, and cereal.
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assigned for the use of T rations, as above. Finally, the annual operating cost of the new
system in peacetime is 143 million dollars below the cost of the conventional system, which
is directly attributable to a reduction of 8,500 food service personnel that are excess 10 garrison
headcounts in the conventional system, but are carried during peacetime for readiness purposes.
Since this is an annual savings, that will accrue for the many more years of peace than war,
this savings can escalate to over a billion dollars during ten years of peacetime.

In summary, this cost analysis shows that the new system of food service offers considerable
cost advantages over the conventional system., The annual savings in operating costs with the
new food service system in the combat and base development mode of operations, supporting
1.1 million troops, and in the peacetime mode of operations, supporting 530,000 troops, are
substantial. The issue of whether reductions in personnel requirements are real savings, or
whether these spaces should be allocated elsewhere to improve the combat effectiveness of
the force is a subject best addressed by those most familiar with overall Army objectives and
needs, Regardless of how this issue is settled, the significant potential reduction of manpower
within the food service system is of considerable value to the Army, and presents an opportunity
to save millions of dollars annually.

f.  Logistics. One final comparison that is highly relevant, is to determine the potential
logistical impact of the new combat food service system relative to that of the existing system.
Some concern exists regarding the apparent increased burden of the higher weight and cube
of the T ration and the adged volume of disposables on available transportation and shipping,
that may already be taxed to the limit by the other highly critical supply demands.

The situation investigated was selected so as to reveal the greatest differences between
the operations of the two systems, under conditions that required the maximum of logistical
support. It was assumed that the existing system would be operating nonconsolidated company
level kitchens with B/MRE rations in the conventional manner; and, that the new system would
be providing T/MRE rations from the Food Service Units and Modular Field Kitchens, also
in a nonconsolidated mode of operation. In the latter case, only disposables are used in the
divisions, and in corps and COMMZ areas, meals are served on permanent, reusable plastic
trays that must be washed after each use.

Detailed estimates of the daily supply requirements were calculated for each system —
rations, bread and bread ingredients, fuel, water, disposables and expendables, i.e., dishwashing
compounds, scrapers and brushes - as would be necessary to support the total 1.1 million
troops in the theater, which are summarized in Table 7. The corresponding shipping and
transportation resources required to deliver and distribute these supplies to the theater were
then determined, as shown in Table 8.

Based on these results, there are moderate differences in the shipping requirements into
the theater, due to the higher weight and cube of the T ration and the added load of disposables,
amounting to the equivalent of about one nominal shipload every three weeks for the total
force of 1.1 million troops. These differences, however, are more than counterbalanced by
the overall reduction in intratheater transportation, when water requirements are considered.
The incremental increase in the number of intertheater semi-trailer trucks for the T rations
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TABLE 7

SUMMARY OF DAILY SUPPLY REQUIREMENTS

Supply Item B/MRE
Rations, ft* 182,913
Bread Ingredients, tons 121.8
Bread Product, tons 172.1
Water, gallons 3,689,214
Fuel, galions

— Mogas 275813

— Diesel 169,536
Disposabies, ft3 -
Expendabes, ft3 946

cremad n

T/MRE

204,563
120.1
169.6

1,791,092

35,026
189,650
7,901
704
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and disposables is more than compensated for by a corresponding reduction in fuel trucks.
In effect, the number of trucks in both systems are nearly the same, but there is some change
in the allocation of supply effort by the type of vehicle required. |f water transportation
requirements are considered in terms of the total volume of supplies, the new combat food
service system is clearly the most advantageous, since a reduction in the transport of 2 million
gallons of water per day can be achieved. Also, since fuel is a critical supply item to the
highly mobile combat force, the reduction of at least 220,000 gallons of fuel per day which
can be attained with the new system further substantiates the potential logistic advantages
of the new system. In addition, if the assumption of pipeline delivery of fuel, which was
used in this study, is relaxed, and over ocean shipment of fuel is necessary, the overall logistic
advantage of the new system is even more significant.

g. Interim System. WNear the end of this study, an awareness developed of the rather
urgent need for immediate improvements in combat feeding to be consistent and compatible
with the broad changes in organization, weapons, tactics and doctrine that are planned to occur
during the next five or six years. This new combat food service system proposal is only in
the concept formulation stage. A considerably longer period than another five years will
prabably be required to obtain the approvals for, and to complete a development program,
to the point of fielding a fully approved, type classified system, However, it would be possible
to make sufficient progress toward this goal, in a relatively shorter time, such that an interim
system with many of the same capabilities and advantages of the new concept, can be available,
which should provide for a satisfactory alternative until the new system acquisition process
is completed.

The key components of the interim system are a limited T ration menu, a modification
of the standard Mobile Kitchen Trailer (MKT), and an early version of the Modular Field
Kitchen. Very briefly, the concept of operations would be as follows:

a. Companies in the Divisions and actually engaged in combat, or companies requiring
high mobility would use the MKT, T ration and disposables to provide for hot meals at the
company level. When these companies are not engaged in combat, and in a secure ares or
after ceasefire, food service operations would be consolidated at battalion level, with two trailers
and a sanitation center, and using T and/or A rations.

b. Units located in the corps and COMMZ areas, would use the Modular Field Kitchen
and a supplemented T ration menu, when larger kitchen operations would be vulnerable targets
and/or logistics constraints prevent the introduction of A rations. Otherwise, unit kitchens
can be combined into area kitchen operations as circumstances permit, or after combat ceases.

¢.  All troops will subsist on individual combat rations whenever hot meals cannot be
delivered, or else are not available.

The interim system defined above can meet or exceed the minimum standard of one hot
meal daily in combat, if conditions permit, while significantly reducing the food service personnel
requirements and providing for some increase in responsiveness, as compared to the existing
combat feeding system,
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Development time should be minimal. The MKT is now being procured in quantity, and
only minor equipment adjustments are required to accommodate the T ration. The Modular
Field Kitchen is an adaptation of the standard Marine Corps M~75 system which was tested
in FY 76.'% Within the next year, it is expected that the variety of commercially available
tray pack food items, along with the new items of this kind that can be developed at
NARADCOM, will be adequate to establish the basic T ration menu, If this is the case, and
the system is acceptable to the Army, it can probably be type classified on an urgent basis,
and be ready for procurement and fielding within 3 years from the start of development.

4. FINDINGS.

a. The existing system for providing food service during combat would experience
considerable difficulty operating in the future conflict environment. This system, which evolved
from World War |1 experience, still relies on delivering of A and B ration ingredients to the
company level kitchen, where the food is prepared and cooked, and meals are either served
at the kitchen site, or transported in insulated containers to remote troop locations for
consumption. The associated sanitation operations are labor intensive, usually very demanding
of transportation requirements, and are generally inadequate and ineffective. The missions
on the new battlefield, which require more than fifty percent of the combat troops to be
assigned to and operating with highly mobile task forces, requires a new system which can
provide quality food service whenever the opportunity exists. This necessitates a capability
to heat food on the move, and to serve meals immediately upon arrival. The current system
simply cannot consistently and effectively, perform to these mission requirements. Therefore,
the frequency with which hot meals can be delivered,with the conventional system in this
situation will be minimal. Under these circumstances, it can reasonably be predicted that food
service in the combat zone will consist almost totally of individual operational rations for
extended periods of time,

b. Significant recent advances have been made in the state-of-the-art of thermostabilizing
processes and packaging of food products, which can provide shelf stable, prepared foods of
high quality which can be heated and served directly from the container. There are three
particular characteristics which make these products excellent candidates for inclusion in a new
Army combat food service system. Since they are completely prepared, and ready for serving
from the package after heating, most of the time consuming labor of meal preparation is
eliminated at the site of consumption. The products are potentially equal in quality to
preprepared frozen products, which have achieved high consumer acceptance in today’s market
place. Finally, being shelf stable products, they are amendable to storage and do not require
special handling or maintenance during shipping thereby simplifying combat logistics
requirements.

tSKulinski, M., Smith, R., and Stefaniw, |. A Cost and System Effectiveness Analysis of the
XM-75 and XM--76 Field Feeding Systems for ¥ arine Corps Divisions. Technical Report
7T-10-0OR/SA. Natick, MA: US Army Natick f&D Command, July 1976.
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c. With appropriate food and equipment developments, a new combat food service
system can be made available to meet the mission requirements, that can also provide the
benefits of reducing logistic problems, and increasing food service efficiency.

d. Commercial development of these new food products is progressing at an accelerated
rate. There are now more than six suppliers of these foods, and more than thirty five different
food products available on the market. Further and continued expansion of the number of
producers and products can be expected. The advanced position of NARADCOM relating to
this technology, based upon their previous flexpack development efforts and experience, provides
yet another opportunity to accelerate food products developments that will be necessary for
system testing and deployment,

e. There are no equipment or anticipated equipment developments, in the military or
industry, which satisfy the specific requirement for heating and serving the new rations in
combat. Concepts of these equipments are defined herein. Because of the relatively simple
design requirements, it is expected that the equipment development efforts can be accomplished
expeditiously.

f. There are certain equipments in the Army inventory, or now being considered for
development, which can be effectively used in the modular field kitchen, perhaps with some
modifications, which could also be accomplished in an expedited manner.

g. The recommended new system could reduce food service staffing requirements by
37,391 cooks and personnel, in the TRADOC Standard Theater Level Scenario, and save about
8,500 Army cooks now carried as excess during peacetime for readiness purposes.

h. The annua! operating costs for the new system during combat are 166~314 million
dollars less than for the current system. The savings of labor costs associated with the use
of the T ration more than balances the increased cost of the food. The annual operating
costs during base development are approximately 484 million dollars less per year. This
reduction is a result of the conversion from company kitchens to large battalion or area kitchen
operations, and the use of A ration menus, which are less costly than the convenience foods
used during combat. Finally, the annual costs of the current garrison food service system,
operating during peacetime, can be reduced by 143 million dollars per year if the new combat
system is adopted, because of the possible reductions in excess cooks retained in TOE units
for readiness purposes.

i.  With the new combat food service system, there is a modest increase in the shipping
requirements for supplies delivered into the theater, but a very significant potential for reducing
the total transportation required to distribute suppiies within the theater. The volume of water
consumed is reduced by 2 million galions per day, and the more critical fuel requirements
are at least 220,000 gallons less per day, with the new system. All of these factors, considered
together, clearly indicate the obvious logistical advantages of the new system concept.




5. RECOMMENDATIONS.

a. Development and evaluation of an interim system, based on the new concept, be
expedited to provide the necessary capabilities to satisfy the urgent requirements for
improvements in combat food service that are evolving in conjunction with the extensive
programmed changes in the Army force structures and weapons during the next few vyears.

b. The proposed new combat service system be approved for continued research and
development under AR 70-1, and all other related regulations and directives.

c. That research, development, testing and evaluation be conducted on a total system
basis, and not for the individual components of the system. Since the various components
are interdependent, and interact to affect the performance and efficiency of the system, their
separate development may produce less than optimal results. Therefore, numerous evaluations,
trade off and cost analyses will be necessary during the development cycle, Another important
consideration is that major changes in food service doctrine, training and logistics will be
required, and must be developed in the context of the total system, rather than with respect
to a component, All of these factors support the recommendation for a total system
development.

d. The new food service system be designated a nonmajor system paragraph 2.5, AR
701, for purposes of development. The new system will necessitate broad changes in the
way the Army feeds troops in combat, and may have an impact equivalent to that of a new
weapons system, or major change in combat tactics. Therefore, it is considered essential that
it be subjected to the same coordination and approval process as any other nonmajor system
development, Army invoivement in the project to this extent, should also provide the long
range commitment and support necessary to completely develop and field the new system.

e, Research and development continue in the Conceptual Phase (6.2, Exploratory
Development} until the feasibility of the concept is proven through field experimentation.
Transition from the Demonstration/Validation Phase (6.3, Advanced Development), into the
Full Scale Development Phase (6.4, Engineering Development) also depends upon successful
field tests. Many assumptions and best estimates were used in developing the final system
recommendations. These must be reduced to a minimum, by concept evaluation, before
progressing to full scale development of the system can be justified. Further, the data are
needed to verify the projected performance and efficiency of the new system concept, before
considering and initiating any of the major changes in foodservice doctrine organization, etc.,
that would be necessary for system deployment.

f. A master plan be developed which will identify, schedule and cost all major
conceptual, validation and development activities required to deploy this new system. This
master plan will provide the basis for the Acquisition/Development Plan, required by AR 70-27
for the transfer from exploratory development into advanced cdevelopment.

g. Efforts be initiated to plan and conduct concept evaluation. System evaluations will
be accomplished with experimental prototypes, paragraph 2.14 {1}, AR 70-1, while in the
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Conceptual Phase (6.2), directed towards reducing technological uncertainties; proving concept
feasibility by providing information relating to consumer acceptability, personnel staffing levels,
and the operational effectiveness of the concept under simulated combat conditions; and, to
obtain data for improved cost estimates. Further development and operational testing will
be scheduled, as required, during full scale development.

h. Prepare and coordinate a Letter of Agreement (LOA)} to outline the investigations
needed to validate the system concept and to further define the operational, technical and
logistics concepts necessary to proceed into Full Scale Development. The LOA, and the
following advanced development results, form the basis for the system Required Operational
Capability (ROC) that will be needed for entering into the Full Scale Development Phase.
This action should be scheduled so that approval of the LOA can be obtained immediately
after the resuits of the concept evaluation are available, so that advanced development can
begin without interruption.
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APPENDIX A
TECHNICAL PLAN AND RELATED DOCUMENTS

1. The approved revised technical plan, dated 11 November 1977, for the analysis and design
of long-range concepts of food service systems for the Army in the field is presented as Annex 1.
This version of the technical plan specifies the latest requirements of a phased multi-year effort
by the Operations Research and Systems Analysis Office directed towards improving the
effectiveness and efficiency of Army combat and field feeding systems and operations. In
particular, the revisions incorporated into this plan were to accelerate the schedule for
completion of this report, to aliow for timely decisions necessary to insure the continuity
of the research and development program required to implement the preferred system concept.

2. A copy of the current Memorandum of Understnading between the US Army Quartermaster
School and the US Army Natick Research and Development Command, Annex Ii, delineates
the roles and interfaces of the user and developer communities in those areas relating to
subsistence, equipment, shelters and other aspects of fieid feeding systems. This Memorandum 1
has been reviewed and continued, without modification, on two separate occasions since it

was originally signed on 10 February 1976, and most recently in August 1978. Of particular

interest is Appendix A, which defines the characteristics which should be inciuded in the Arniy

field feeding system for the 1985—95 time frame. This document provided the basic guidelines 1
for developing the concepts described in this report. ’

3. In addition, there are a number of assumptions that are basic to this analysis, which are
specified in TRADOC ATCD—S—A Message 1121442 Jul 78, Subject: Army Field Feeding
Study Assumptions, included as Annex |li.
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SERVICE REQUIREMENT: JSR AM 3-1 (APPENDIX I)

TITLE: FQOO SERVICE SYSTEM FOR THE ARMY IN THE FIELD

LEAD LABORATORY: Operati ons Research and Systems Analysis Office
MSR/JSR MANAGER: Gerald Hertweck

i PRCJECT NO. & TITLE: 1L162724AHG9A Analysis and Design of Military
’ Feeding Systems

TASK(S) NO.(S) & TITLE(S): AD, Long Range Studies of Military Feeding

Systems
FUNDING CATEGDRY VERIFIED: RATE:
REVISIDN & GATE: 11 November 1977

ROEERT J

APPROVAL LEAD LABORATORY:  Chrlot, CR/SA Ofc LIFE 3~‘av 157;

Name & ch1t10n gpature
JTS REVIEW: gs.q REP Jom E (H i J€n -:‘?

E pOS'It'Oﬂ ignat
J'ARREIT L. EENYON,LTC,

SERVICE APPRDVAL: USA REP.I y spare -

Name osition
[. REQUIREMENT INFORMATION:
A. SUBMITTING SERVICE: Army DATE SUBMITTED:
0TsG DATE SUBMITTED:
B. STATEMENT OF REQUIREMENT:

A critical need exists to significantly reduce the number of personnel
engageqd in support of the Army's field feeding system. This savings must
be achieved without degrading the quality of meais served in a combat
theater as well as in training. A need also exists to develop a food
service system that will be compatible with existing modular field hospital
equipment while simultaneously improving the Tevel of dietary food service
for these medical treatment units im direct support of divisional units.
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II. RECUIRED RESURCES:

A, IN-EQUSE PROFESSIONAL MANYZARS

(Figure no longer applicable)

B. FUNDING (IN Thous §)
1. In-House

(Figures on longer applicable)

TIT. PLANNED ACTTON:.
A. MAJOR OBJECTIVE OF TASK(S):

To define new technology altermative field feeding svstems for the
Army (to include medical and non-medical units) for use by the 1990 time
frame. The primary objectives of this effort is to define and analyze
feeding systems which will allow the Army to achieve sigiificant reductions
in the mmber of food service and K.P. persomnel required to operate the
system while maintaining or improving the quality of meals and increasing
the frequency of hot meals served to troops in combat and training.

The following will be accomplished:

1 Gwaracterizafion of the battlefield (Furopean Scenario) based
upcn the new Army Division Restructuring concept in terms of trocp or
unit location, troop densities, troop disversion and mmber of troovs

assigned to Wheeled or Tracked vehicles, This characterization will
include the COSCOM rear area as well as the combat areas.
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2. Based upon the dispersement of troops as determined (1) above,
develop the total food service resource package, (i.e., food, water,
workers, equipment, etc.) necessary to sustain all the troops on the
battlefield. This will be developed for the standard conventional system
and the feeding system as envisicned in the DRS concept.

3. Alternatives to the amrent field feeding svstems will be identified
based upon the characterization of the battlefield and the results from
already completed tec'mology surveys in food precessing, preservationm,
packaging, and food service equipment, and the specialized feeding require-
ments of all Armv troops in the overseas theater including field medical
units.

4. The impact of each alternative considered upon the reguirerents
of the garrison and field training feeding svstems will be identified.

5. Based upont a systems analvsis of the alternatives and comparison
of the alternatives to the standard and proposed DRS systems the "preferrec"
svstem will be established and defined. The cost and operational effective-
ness of the new alternative systems under combat conditions and under
peacetime conditions will be established.

6. Prepare a technical report which incorporates the detailed
analysis performed, provides detailed description of the preferred system,
and establishes RED requirements necessary to pursue final adootion and
implementation.

B. TETAILED TECHNICAL APPROACH:

The technical approach will be accomplished as follows:

1. Force Structure Characterization

The provosed force structure for the Furopean Scemario will be
re-analyzed based unon the new Division Restructuring Concept. The )
dispersion of unit troons, and vehicles om the battlefield will be .
identified and recorded. The information on Division combat forces will
then be used to create a COSCOM and the dispersion of units, troops, ad
vehicles within the COSCQM will be identified and recorded. For field
hospitals and other field medical units establish the type and frequency
of special diets, expected, the patient evacuation policy, expected mmber
of ambulatory to non-arbulatow patients, and other requirerents which will
impact upen the feeding svstem for field medical units.

2. Feeding Svstem Characterization N

Using the information from (1) atove the entire feeding system required
to supnort all the troops on the battlefield will be identified and located |
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on the battlefield. This should include all food service and related supply
resources. Such things as types and mumbers of rations, types and mmbers
of food service persormel, mumbers of food service vehicles, controlled and
non-controlled storage, and distribution centers will be identified,
recorded and located on the battlefield. Two base line systems will be
characterized. Bath the standard company level svstem with MXT's and/or
1948 kitchen shelter and the Division Restructuring Concepts with
consolidation will be characterized. These two systems will be analyzed
and documented as to the amount of food service resources (food, people,
equiprent, etc.) necessary to support all of the dispersed trocps. This
documentation will be used as the baseline against which the new alternative
systems are corpared to.

3. DPefine Altermatives

Based upon forecasts of what irproved or new food, packaging, and
equipment capabilities can be made available to the Arrmr in the 1990°'s
and what is needed to support Armv troops on the recorded scemario develop
standard alternative field feeding menus and meru policies which would be’
consistent with the required level of combat and support activities.
Concurrent with developing these menus and meru nolicies, develep and
define alternative concepts of supply, transportation, food preparation,
saitation and disposal. Combine all of the subsvstemr alternatives into
total system alternatives for the various units and sectors of the
battlefield.

4. Svstems Analvsis

Establish evaluation criteria, develop model and methodology for
analysis, perform cost and systems effectiveness analvsis of alternative
field feeding svstems, including cost to maintain field feeding systems
under peacetime or garrison enviromment. Based upen this cost and svstems
effectiveness analysis select the "praferred” svstem(s) and campletely
define the svstem.

S. Reports

Prepare and submit am initial report in Jawary, 1979 sunrarizing
recomrendations for solution of the long range field feeding problems,
including an evaluation of the combat feeding requirements, a description
of the preferred system concept and the anticipated mode of operations,
and an analysis of performance, effectiveness, costs and benefits of the
recommended svstem as compared to the baseline systems, This report should
be sufficient to permit staffing by the Army for a decision as to whether
OT not to proceed with research and develovment of the proposed svstem
concept.
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A final report will be prepared and submitted following the conclusion
of this total effort which will camletely document in detail, the systems
and cost effectiveness analyses and recommendaticns, as well as the results
of a comprehensive investigation of the garrison/field feeding interface
and the impact of the new svstem concept on logistical considerations,
particularly with respect to stockpiling of rations. In addition, the
revort will define the research and develomrent requirements and program
necessary to achieve and implement the system in the 1990 decade.

C. INDIVIDUAL WORX UNITS AND OBJECTIVES:
1. ap 032

Objective: Define a new field feeding svstem for the Army
capable of immlementation in the 1990 time frame which significantly
reduces the mumber of food service and X.P. persomnel required to cperate
the system while majintaining the qua.l:.tv of the meals and improving the
frequency of hot meals vrovided troops in combat. The 'preferred” system
will be established based unon a cost and svstems effectiveness analysis
of the most promising altermatives identified.

2. AD Q33
Cbjective: Provide the necessary technical support in food
processing, preservaticn, packaging, and food service ecuipment to
define, develop and evaluate alternative concepts as reguiTed.
D. APPLICABILTTY TN RELEVANT ON GOING EFFCRT
E. TIMELINED MILESTONE CHART: See Attached Figure
IV. REVIEW, REPORTING, TESTING, AND EVALUATION
A, METHCD OF REPCRTING PROGRESS T SERVICE AND JTS:
1. 1498's
2. Amual Research Evaluation
3. Reports and JFB Meetings
4. Informal Reports to JIS Upon Request

S. Informal and Formal Briefings as Required
6. Technical Report
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ANNEX |1 TO APPENDIX A |
MEMORANDUM OF UNDERSTANDING

DEFINING SYSTEM CHARACTERISTICS
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Memorandum of Understanding
betveen
the Unfited States Army Quartermaster School
: and
United States Army Natick Research and Development Cozmand

PURPOSE

The purpose of this Memorandum is to provide a basis of understanding be-
tween the US Army Quarterzasfer School (QMS) and the US Army Natiek Re—
search and Development Command (NARADCOM).

" SCOPE

The document clarifies/amplifies the interfaces between and the respective
roles of QNS as representing the User (The Army in the field) and NARADCOM
as the developer in all areas of mutual interest including but not neces-
sarily limited to subsistence, food service equipment, field service equip-
ment, shelters and aerial delivery equipment. '

EPFECTIVE DATE

This Memorandum will go into effect upon signature of both parties.

PERIODIC REVIEW

This Meporandum will be reviewed within six (56) months after the effactive
date and annually thereafter to deternine whether it will be continued with
or without wmodification or terminated. This Memorandum will expire cme (1)
Year from the date it is signed unless renewed prior to that date. Amand-
aents to this Memorandum must be signed by both parties.

COORDINATION REPRESENTATIVES

A. Por the purpose of coordicatfon and matters of pollcy and procedure
pertinent to the Iinterface between QMS and NARADCOM, the primcipal points of
contact are: .

(1) Qs = Director, Combat Developments, ATIN: ATISM-CD

{(2) * NARADCOM =~ Chief, Engineering Programs Management Office, ATTN: DRONM-E

B. The office of record and point of contact for this Memorandum after
signature will be:

(1) Qus: ' " (2) RARADCOM:
Directorate of Combat Developuents Comptroller
ATTN: ATSM-CD-M Management/Force Develop-

ment Division
ATTN: DRINM-~-CM
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CONCEPT

KARADCOM, in order to establish a technological base, define new systens
and develop and/or improve materiel to meet the needs of the Amy in the
field requires guidance from the Q!S. Such guidance in the form of doc-
trine, goals and objectives will be appended to this Memorandum. Appen-
dices will be added, amended and updated through jolat coordinatioa and
signed by Director of Combat Developments, QMS.

[P A"

A. INTERFACES

1. QMS and NARADCOM will hold semi-annual meetings to discuss such
things as long range goals, doctrine ,program status, ete. An agenda will
be formulated by the host agency and coordinated with the invitee. Host
for these meetings will alcernace.

i 2. In orxder to wmaximize the effectiveness of this Memorandum, direct
contact between (MS and NARADCOM personnel is eacouraged.

e

B. RESPONSIBILITIES
a. Quartermaster School

+ (1) ‘The school will provide NARADCOM with up-to-date iaformation on

: logistical doctrine to include, but not be limited to, manuals and pertinent
studies completed by TRADOC which impact on the areas covered by this Hemo-
randun.

{2) The school will submit, through TRADOC, requirements which provide
the detailed guidance on materiel developnents and studies which support
dor.tt:lne for the Army in the field.

{3) The school will assist NARADCOM, on request, in preliminary pre-
paration of technical plans for the DOD Focd RDTSE Program.

(4) The school will review technical plans as received from NARADCOM'
to insure they are compatible with the needs of the Army in the field.

‘be NARADCOM

(1) NARADCOM will inform the school on a timely basis of technical
developments, changes to milestones, and DOD and other service dctions of
interest.

(2) NARADCOM will coasider thc appendices to this Memorandum when pra—
pacing technical plans.




(3) NARADCOM will update the Q{S, on request, of advances in technology.

(4) NARADCOM will assist the QS in formulating requircments :ln accor—
dance with ‘we DARCOM~TRADOC Materiel Acquisition Handbook.

e. Joint

(1) Scandardizatﬁa of equipment with allied narlons will be considered
by both the Quartermaster School and NARADCOM in performing their materiel
acquisicion responsibilities.

{2) There vill ba = high degree of action officer: coordination on all
projects.

DEAN VAN LYDEGRAF ' RUFUS E. LESTER, JK.
Major General, USA : Colomel, QMC
Commandant Commander
0S Army Quartermaster School US Army Natick Research and Development
Command
DATEr
DATE:
50
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APPENDIX A

ARMY FIELD FEEDING CONCEPT 1985-1995

The Army field feeding system for rhe 1935-1995 time frame should
provide a mix of hot meals and operational rations consisteat with
the type and intensity of coabat.

The following are characteristics which should be included in the
Aty fileld feeding concept:

a. The best possible ration will be provided in the field in
accordance with resources available and the intensity of combat .

(location/situation in the theater).

b. Labor and skill level should be minimized by using foods that
greatly reduce field preparation effort (preferably cooked or heated
ip and served from the package).

c.  Availability of selected foods in sufficient quantity prior
to and upon mobllfzation should be assured by using food processing
and packaging techniques that have a high degree of acceptability and
& high probability of being commercially available before 1983.

d. A capability to prepare raw food must be maintained in field
kitchens, tao maximize the use of Indigenous food supplies.

. @ The distribution system for the food prepared must Iaclude
equipment which is a significant improvement over the current insulated
food container and compatible with associated transport equipment.

f. The quality of sanitation, sapported by training, supplies and
equipment, must be an integral element of all feeding situations. Re-
sources to accooplish sanitation should be significantly reduced.

L. SYnu Tewpousiveness should be Increased 3o that lead time be-
twesn preparation and service is greatly reduced.

k. Mobility characteristics should be compatible with the force
supported. '

1. Equipwent at the company level should be linited to heat and
serve. Equipment must also be capable of heating water as well as food.

}. BHest-mnd-serve capability in life support systexms of selected
conbat vehicles should be considerxed.

51
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k. Field food service equipment must use energy sources expected to be
available in 1985-1995.

1. Refrigeration should be available where required. Non-mechanical
refrigeration should be considered.

H. F. PENNEY

Colonel, QMC

Director of Combat Developments
USA Quartemmaster School

Date:
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ANNEX I1l TO APPENDIX A
TRADOC MESSAGE SPECIFYING

BASIC STUDY ASSUMPTIONS
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APPENDIX B

SCORES ANALYSIS

1. INTRODUCTION. The TRADOC Standard Scenario, Europe 1, Sequence 2A {1977-78),

provided the basic frame of reference for determining Army combat feeding requirements in ]
future conflicts. Data derived from the SCORES analysis of this scenaric were used to establish 1
the troop composition and distribution, i.e., strength, locations and density, in each area of
the theater. Given this information, and a general understanding of the modes of operations
of the different military units in these areas, feasible approaches to food service in this
environment are characterized in this Appendix. Subsequently, food, equipment and other
technologies were projected to define the specific alternative system concepts evaluated.

2. DIVISION FORCE ANALYSIS. In the Theater Level Scenario, the battle area is expectad
to be a very dynamic environment, with rapid and frequent changes in troop dispositions.
Mobility will be a key attribute of the combat force. Large numbers of small, mechanized
combat teams will comprise a significant part of the troop population, requiring food service.

Army combat divisions are, at present, structured according to the H-series Tables of
Organization and Equipment (TOE). It may be, however, that at some future time, the force
will be comprised of divisions with smaller, but more combat battalions, depending on the
outcome and decisions with regard to the current Division Restructuring Evaluation (DRE).
These divisions are described by a T-series TOE. Therefore, the crew/team and other force
analyses will consider both types of divisions.

For this purpose, a crew is defined simply as the troops assigned as operators and/or
combat teams to a vehicle that may be engaged in active combat, e.g., the four members of
a tank crew. Teams are small units of troops that operate in various combat roles, detached
from their main organizational elements, such as the NBC Decontamination Teams or the
Reconaissance Teams. This analysis is to establish the number of crews/teams within a nominal
division as an indicator of the importance and magnitude of the associated crew/team feeding ;
requirements.

It is assumed that:

(1) Recovery vehicles allocated to combat and combat support units in the forward
areas have crews consisting of two operator personnel.

(2} All recovery vehicles authorized the maintenance units are not considered as combat
vehicles, by the above definition.

(3) The only personnel assigned to Carrier Command Post vehicles designated as combat
vehicle crewmen are those with the Armored Cavalry Squadron.

The TOE of each division unit was reviewed to determine the number of authorized combat
vehicles and their crew sizes, and the number and sizes of any other combat teams, with the
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informed and expert assistance of personnel from the US Army Quartermaster School and
the Combat Arms Project Branch of this Command.

The results of this effort are summarized in Table B—1, and the distributions of crew/team
sizes for each division are presented in Table B—2. Based upon this analysis, it was observed
that approximately 43% of the H-series division and nearly 46% of the T.series divisions are
identified as crews/teams. Of these, 93% are associated with combat vehicles. About 72%
of the crews/teams in an H-series division consists of 4, 5, or 11 persons, while 76% in the
T-series division are composed of 4, 5 or 9 individuals. A large proportion of the crews In
either type of division are associated with two specific combat vehicles; an average of 45%
with the personnel carrier (D12087), and an average of 16% with tanks (V13101).

Under the conditions described, a total food service capability organic to the unit, with
all of the attendant equipment, personnel and functions to be performed, cannot reasonably
be considered. It may not even be possible to assure, with any high degree of confidence,
that the desired stated goal of providing these personnel with at least one hot meal per day
can be achieved with consistent regularity., Hot meals can be routinely delivered in conjunction
with the planned cycle of resupplying water, ammunition and fuel. {n this manner, combat
performance and effectiveness will not be significantly affected by any additional delay for
feeding, since the crew/teams generally are not functional during this period anyway. At other
times, during a lull in combat or as other opportunities are presented, additional hot meals :
can be delivered on request. However, this will require the food service system to be highly "
responsive to the uncertainties of combat; that is, it must be able to provide these meals on
short notice, and to effectively cope with those contingencies that may arise which prevent
or delay prompt delivery of the meals. In other circumstances, the crews/teams will have to
depend on the individual combat rations as the primary form of subsistence. For crews, a
heating capability integral to, and powered by, the vehicle will allow for occasional substitution
of a heated individual ration at those times when hot meals are not otherwise available. 1

The division area was subdivided into four regions — battalion, brigade, division rear and
DISCOM - as indicated in the diagram in Figure B—1, Then, based on the SCORES placement
of division units for the Europe 1, Sequence 2A Scenario, and the results of the crew/team
analysis, the distribution of the remaining division troops within these regions was established,
Table B-3.

More than 80% of the division crew/teams are located in the battalion areas, and these
represent 61% of the total battalion area strength. Food service requirements for the other
battalion troops are essentially the same as for the combat teams, in that they will have to
subsist on individual combat rations, and rely upon a highly responsive food service system
to provide hot meals.

Units in the brigade area are removed from the immediate scene of the actiod, so that
typically, there is not necessarily the same sense of urgency of response to food service
requirements. Thus, this could be the basic level of food service activity, and companies and
other small units on line would be supported from kitchens co-located with the battalion
headquarters and other elements in this area. This kitchen would be properly equipped to
provide at least a minimum capability for complete food service operations, but sufficiently

#
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*Line item Number

A93125
C20414
D10726
D10741
D11049
D11538
D11681
D12087
E56578
J95533
J96694
K56981
K57667
R50544
R50681
V13101

Description

Armared Reconnissance Assault Vehicle
Bridge Armor Vehicle Launch, Scissors Type
Carrier, 81MM

Carrier, 107MM

Carrier, Cargo

Carrier, Command Post

Carrier, Guided Missile {TOW}

Carrier, Personnel

Combat Engineer Vehicle

Guided Missile, Chaparrel, Carrier Mounted
Gun, ADA, Self-Propelled, 20MM
Howitzer, Heavy, Self-Propelled, 8"
Howitzer, Medium, Self-Propelled, 156MM
Recovery Vehicle, Full Tracked, Light
Recovery Vehicle, Full Tracked, Medium
Tank, Combat, Full-Tracked, 105MM
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TABLE B-3
SCORES PLACEMENT OF H-SERIES DIVISION UNITS
Area
Number Battalion Brigade Div Rear Discom
Unit Adjusted’ of Crew/ Crew/ Crew/ Crew/
Designation Strength Units Team Other Team Other Team Other Team Other
HHC, DIV 173 1 67 106 )
MP Co 195 1 a0 9 60 36 :
HHC, CAB 80 1 BO -
Avn Co, CAB 1BB 1 1BB
Atk Helo Co, CAB 233 2 466
Tam Co, CAB 195 1 195
CS Avn Co, CAB 152 1 152 ‘
HHC, Sig Bn 98 1 98 : '
Cmd Op Co, Sig Bn 194 1 19 90 B5
Fwd Comm Co, Sig Bn 165 1 165
Sig Spt Op Co, Sig Bn 146 1 50 96
\ HHC Co, Eng Bn 1B4 1 4 180
Cbt Eng Co, Eng Bn 146 4 294 144 98 4B :
Bridge Co, Eng Bn 156 1 12 144 1
HHC, Brig 102 3 6 300 :
HHT, ACS 172 1 10 162 L
Arm Cav Tp, ACS 154 3 463 9
Air Cav Tp, ACS 198 1 40 15B
HHB, Div Arty 203 i 203
TAB 158 1 136 22
HHB, 166 Bn? 211 3 196 438 (195) {(438) 1
FA Btry, 155 Bn? 93 9 540 297 (540) (297)
Avc Btry, 15656 Bn? 64 3 12 180 (12) (180)
HHB, B” Bn? 193 i 45 148 (46}  {148)
FA Btry, B” Bn? B9 3 156 111 {156)  (111)
Svc Btry, B Bn? 74 i 6 6B (6) (6B}
Cbt Intel Co 217 i 109 108
HHB, ADA c/v 129 1 129
ADA Btry Vul 102 2 132 72
ADA Btry Chap 115 2 7B 37 7B 37
j HHC Spt Cmd 108 1 108
- AgCo 273 1 273
Fin Co B8 1 B8
Hgt Spt Co, Med Bn 142 1 142
Med Co, Med Bn 75 3 225
HHC, S & T Bn 36 1 36
S&SCo,S& T Bn 127 1 51 76
Tmt Co, S& T Bn 201 1 201
Hg & Mnl Co, Mn Bn 110 i 110
Fwd Spt Co, Mn Bn 182 3 546
Hvy Mnt Co, Mn Bn 239 1 239
Msl Spt Co, Mn Bn 114 1 114
Div MMC 134 1 134
NBC Def Co 108 1 81 27
HHC, MI Bn 143 5 50 665
Rifle Co, MI Bn 166 15 2235 265
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TABLE B-3

SCORES PLACEMENT OF H-SERIES DIVISION UNIT {Cont'd)

Area

Number Battalion Brigade Div Rear Discom
Unit Adjusted! Of Crew/ Crew/ Crew/ Crew/
Designation Strength Units Team Other Team Other Team Other Team Other
Cbt Spt Co, MI Bn 148 5 530 210
HHC, TK Bn 156 5 120 660
Tank Co, TK Bn 88 15 1095 225
Cbt Spt Co, TK Bn 91 5 295 160
TOTAL 5782 3746 693 1779 102 1689 432 2179
% of Crew/Team Strength B3% - 10% - 1% . 6%
% of Total Strength 61% . 28% . 6% . 17%
% of Total Division Strength 58% 15% 1% 16% ;
NOTES:

1. Less authorized food service personnel strengths.
2. Artillery may be assigned to Brigade rather than operating in the battalion area.

1
=




flexible in design to be employed in whatever manner is appropriate to the prevailing combat
conditions, That is, menus could be augmented and food service may be expanded as the
situation permits.

Units located in the division rear and DISCOM are primarily combat support, combat
service support and command functions. These units are even further removed from the active
combat zone, thus responsiveness is even less critical. However, they normally operate somewhat
independently, and are dispersed for tactical reasons. Thus, there is also a need for unit level
kitchens to support the troops located in this area.

SCORES considers only H-series divisions, but the organization of T-series divisions are
quite similar, with the primary differences being the numbers and the sizes of the various
units. Hence, the resuits obtained apply, as well, to the T-series division, allowing only for
adjustment to reflect minor differences.

3. NON-DIVISION FORCE ANALYSIS. The type, number and mix of units in the Corps
and COMMZ areas, are less well defined, and much more varied, than for the divisions. Unlike
divisions, which are normally deployed in total, these units tend to be deployed separately,
on an as required basis. The types and numbers of these units are based upon such factors
as level of combat activity, ton-miles of supplies to be moved, number of casualties expected,
and number of troops to support.

a. Corps Areas. The compasition of units in the corps rear areas may vary tremendously
from one corps to another, in the same scenario, as well as a function of time. Characteristics
of the three different corps in the European Theater Level Scenario are summarized in
Table B—4, at two different points in time. As can be seen, troop strengths varied between
corps by about a 3 to 1 factor on D-Day, and 2 to 1 on D+90. The build-up in the troop
strength during this period ranged from 100-150% for two of the corps, to almost 700%
for the other one. At the same time, the corps areas varied in size by a ratio of 3 to 1
on D-Day, to not quite 4 to 1 on D+90,

Based on an examination of the types of units normally located in the corps areas, it
appears that certain of them would tend to be co-located, or at least, located in the proximity
of certain other units, e.g., transportation units with general supply units; maintenance units
with transportation units; and ambulance units with hospital units. At the same time, the
density of units cannot become so great as to present an attractive tactical target to the enemy.
Since the exact location of each unit within the corps was not precisely determined by the
SCTORES analysis, coupled with the wide variations in corps area characteristics, it was decided
to establish food service requirements on a worst case basis. It is assumed that units in corps
are uniformly dispersed throughout the area.

These units might initially operate with small individual kitchens, but as the areas become
secure and conditions stabilize, these kitchens may be integrated into larger food service
operations supporting up to 1000 troops.

The number of integrated kitchens required in each corps was calculated as the total
strength, divided by 1000, and rounded to the nearest whole number. The area supported
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TABLE B-4

CORPS AREA CHARACTERISTICS

D-Day
Corps Area Strength Area (1.c.) Strength
A 31,164 2,450 214,045
8 92,644 3,500 138,636
c 70,526 7,700 107,561
Total 194,334 13,650 461,242
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D+90
Area, km?

3,000
4,800
11,2560

19,050




by each kitchen is then just the total corps area divided by the number of integrated kitchens,
Assuming that the areas are square, and that the kitchens are located at the center of each
square, the marimum passible distance to a unit being supported would occur when it is located
at an extreme point of a square. The results of these calculations are graphed in Figure B-2.
As can be seen, the maximum distance varies from 4.4 to 7.4 km, averaging 5.9 km, on D-Day;
and 2.6 to 7.2 km, with an average of 4.5 km on D+90. In actuality, most units would
be probably located closer to the kitchen. The average distance between the Kitchen and
any unit is approximately 54% of the maximum distance.

Based upon these results, Table B—b, corps area troops are sufficiently dense that integrated
kitchens can be established as required.

b. COMMZ Area, The Communication Zone, or COMMZ, is located to the rear of
the corps. Because of their location, units operating in this area are least vulnerable to the
enemy threat, but are still somewhat dispersed for defensive purposes, to take advantage of
the terrain and existing transportation networks, or for other reasons. The following guidance
with respect to the SCORES placement of COMMZ units was provided:

{1) COMMZ units tend to be clustered in, and around, certain population centers,
rather than being uniformly distributed throughout the area.

{2) The number of population centers remains constant, with troops being located
within the same population centers between D-Day and D+80.

(3) Units within a given population center are uniformly distributed throughout the
center.

(4) The relative density of troops within a given population center remains constant
as a function of time, ie., the area of the population center increases in size propoartional
to the total troop strength.

{5) Medical units, because of their relatively higher feeding strengths and unique
feeding requirements, will maintain separate field kitchens.

The results of analysis are contained in Table B—6, The COMMZ was subdivided into
two areas, with about twice as many troops in the rear area as in the forward area. Troops
in the forward area are located in and around 33 population centers, while in the rear area,
they are located at only 12 population centers, Assuming the number of integrated area kitchens
required per population center is one per 1000 troops, or any fraction thereof, 65 are required
in the forward area, and 85 in the rear area. The area of a population center is taken as
circular about a given geographical point. The total area of all forward population centers
is 12,000 km?, and for all rear population centers is 4,200 km?. The number of companies
in a population center range from 3-24 in the forward area, and from 17—61 in the rear,
which amounts to 3—8 companies per kitchen forward, and 5—-6 companies in the rear, On
the other hand, the average area of the population centers varies from 150—850 km? forward,
and 30—-650 km? in the rear, so that the average area supported by each kitchen in the forward
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*Maximum distance to Kitchen, equals (AreaIZ)/’.
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TABLE B-5
INTEGRATED KITCHEN CHARACTERISTICS —
(1000 Troop Kitchen)
D-Day
Corps Area KM? MD*
A 79 6.3
B 38 44
c 109 7.4

CORPS AREAS

D+90
KM? MD

14 26

104 7.2
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TABLE B—8
COMMZ ANALYSIS

Forward
Total Troop Strength 40,700
No. Population Centers 33
No. Integrated Kitchens 556
Total Area, km? 12,000
No. Companies in Population Center 3-24
No. Companies/Integrated Kitchen 3-8
Area [km? }/Population Center 150--850
Area (km? )/Integrated Kitchen 120—-400
Max Distance, km 6—11

Rear
81,600
12
85
4,200
17-61
56
30-650

10-75

e Y
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and rear areas is, respectively, 120—400 km? and 10—75 km?. The maximum distance a unit
is located from an integrated kitchen at the center of a circular area, ranged from 6—11 km,
and averages 8 km, for the various forward population centers, and ranges from 2-5 km,
averaging 4 km, for the rear area population centers. Average distances, assuming a uniform
distribution of troops through the population centers, are two thirds of their respective
maximum distance.

COMMZ units are located close enough together to fac.itate establishing integrated
kitchens, if required or desired. Even for the least dense population center in the forward

area, the greatest distance which troops must be transported to a kitchen, or over which food
must be transported to the troops, is only about 11 km.
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APPENDIX C

FOODS, MENU-.CYCLES, MENUS

1. INTRODUCTION. The amounts and kinds of sustenance essential to, or desirable in,
the combat environment differs with respect to battle conditions, duration of commitment,
mission objectives, and other circumstances of the conflict situation. In the Theater Level
Scenario, combat units will be highly mobile and widely dispersed in a flux of changing
combinations and deployments. However, for each crew and vehicle there will be a recurrent
pattern of resupply, servicing and maintenance of vehicles, during which time meals or other
sustenance might be provided, without degradation of the combat performance or effectiveness
of these forces. The food service system, to be responsive under such conditions, must be
simple, flexible and functional. Therefore, the food and equipment components of the system ]
should be developed simultaneously to achieve the highest level of compatibility practicable,
consistent with these requirements.

Foods of the best quality available, within military constraints, should be utilized in the
field. These foods should be selected, insofar as possible, to provide meals which are most
preferred by the troops and insure adequate nutrition at those levels specified by The Surgeon
General, In the forward areas, particularly, the meals should require little or no preparation
prior to consumption, and variety should be restricted to a workable minimum to expedite
handling and issue, while maintaining consumption and nutritional goals. The package and
packaging should be compact and sufficiently rugged to protect the contents under the
anticipated conditions of shipping, handling and storage. The importance of packaging materials,
heat transfer properties, structural characteristics, geometry and size relative to the volume
of contents, and the composition of gas within the package, which may protect or degrade
the quality of food, must be observed and considered. Finally, a margin of safety should
be built into all food service systems for the support of military forces during hostilities, i.e.,
extended shelf-life should characterize these foods, for unforeseeable exigencies can impede
or halt resupply or change prearranged plans substantially, and alternative sources of food may
not exist.

Three general classes of menus and menu cycles are proposed. A fourteen day heat and
serve menu cycle is designed to provide hot meals as frequently as possible in the combat
zone. Another menu cycle is based on low-volume foods that may be required if logistic
and supply operations are constrained. Finally, an A-ration menu cycle will be used, as soon
as conditions permit, wherever possible. The respective rations, menus and meals are described
in considerable detail in the following discussion.

2. CANDIDATE FOODS. Foods for inclusion in military field feeding systems should
possess a considerable spectrum of desirable chemical and physical attributes, the important
ones of which are noted below, It would be a rare food, if any, that would possess maximum
or near maximum levels of all desirable traits. In practice, trade-offs are made depending
on the relative significance of the several attributes and the uses intended for the commodity.

(1) Nutritional Quality. Potential of the foods to meet stipulated nutritional
requirements.
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(2 Sensory Qualities. Acceptability (hedonic rating); color; flavor; aroma; appearance;
etc. Frequency of acceptance for prolonged periods of use.

{3} Cost. Ration costs relative to basic daily food allowance; manpower requirements
for preparation and serving; etc,

{4) Convenience. Readiness for consumption; ease of preparation and use; and, high
nutritional density.

{5} Stability and Resistance to Spoilage. Inherit compositional/physical/microbiological
stability; prolonged shelf life; low suscaptibility to destruction; resistance to food and container
interactions; resistance to CBR contamination; and low susceptibility to quality drift in
procurement,

(6) Versatility/Variety. Range of recipes, meals, and feeding conditions to which
adaptable; and utility in changing battle/supply situations.

(7) Logistic Requirements. Weight and cube; ease of handling, transporting, and storing;
and, degree of dependence on refrigeration or other critical equipment.

(8) Compatibility. Consistent with ration and menu, equipment and concept of
operations.

(9) Water Consumption. Water required for preparation, sanitation, clean-up and other
related uses.

{10) Sanitation. Ease of accomplishing sanitation and clean-up.

(11) Awailability. Sufficient variety and adequacy of industrial base within relevant time
frames.

a. Thermally Stabilized Foods. The common objectives of all food preservation
methods are the destruction or inactivation of microorganisms which are capable of decamposing
the foods; inactivation of the enzymes which cause deteriorative chemical changes; and,
protection from mechanical damage, insect infestation and rodent contamination,

In thermally stabilized foods, exposure to high tamperatures for a sufficient period of
time destroys or inactivates the bacteria and enzymes, Physical and chemical changes also
occur in the product itself, in response to the time and temperature of processing. Acid foods,
those having hydrogen ion concentrations of pH 4.5 or less, can be safely processed at the
temperature of boiling water., Foods less acid than this, in conventional processes, must be
axposed to a temperature of 260°F for at least 2.5 minutes, or to othar tamperatures and
times equally lethal to food-borne bacteria, To achieve a sufficiently high temperature at the
colc’ast spot in the food mass, and to maintain it for the critical period, exposes the balance
of the product to ovarcooking and detarioration of its quality. The sequence of come-up,
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cooking and cooling times for a food product in a #10 cylindrical can may take in excess
of three hours, although vibratory or agitating cookers or retorts can reduce this time
significantly.

Recently developed technology in thermal stabilization utilizes a rigid, rectangular
container, the size of a half steam table pan with the same volume as that of the #10 can,
referred to as the tray pack. The improved geometry of the package design reduces the cooking
time; in the case of the Kraft Company '‘Pasteurization Process”, to approximately 30 minutes
as compared to 240 minutes with the #10 can. This process consists of filling at near ambient
temperatures, sealing the containers, and heating in an agitating cooker to a sterilizing
temperature. The packaged product is then cooled and shipped to storage or sales.

The “Flash—1B" process, developed by Swift and Company, uses still other means to
shorten cooking times. This process is carried out in an hyperbaric chamber, in which water
boils at 260°F. The product is heated to that temperature and filled hot, with no cooling.
The cover is then affixed, and the closed container is then held for a brief period while the
residual heat of the product sterilizes the contents.

The same general principles characterize the "High IT" process of the FMC Corporation,
except that no hyperbaric capsule is required. The product and container are sterilized
separately. Filling is conducted at temperatures as high as 270° — 300°F, and the top is
immediately double seamed to the container, which is then held briefly, to ensure sterilization,
before being cooled.

Products developed using these newer technologies are now mostly in developmental and
test marketing stages. Those consumer items, which ultimately may result from current
industrial efforts, will likely differ in degree and kind from those required to meet more stringent
military requirements. Ewven so, if successful, considerable knowledge and production capacity
will have been developed, which may be exploited by the military, when needed.

Some indication of the quality potential of tray pack foods can be seen in the data of
Ta%le C—1. A comparison of these ratings with those of canned B ration entrees, Table C-2,
is of interest, The data in these two tables are not directly comparable, since the products,
their age, and other variables between the two, are dissimilar. Both sets of values, however,
appear 1o be in the same general rating level. Also illustrated, are the effects of storage time
and temperature on the quality of processed foods.

Canned heat-stabilized foods have been the backbone of military subsistence for many
decades, and they remain important today. Canned foods are consistently safe; with but very
rare exceptions, attractive; available in an ever expanding variety; and, if prepared properly,
nutritionally adequate. Further, they can withstand storage, under less than desirable conditions,
for considerable periods of time. The cans present a creditable barrier to physical and to
many chemical abuses, exclude insects, and to an appreciable degree, defy rodents. Costs are
moderate,
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TABLE C-1
HEDONIC RATINGS FOR TRAY-PACKED FOODS
PETERSON AIR FORCE BASE, AUGUST, 1978

Lunch 15 August 1978 Hedonic Rating® N
Sliced Roast Pork/Gravy 5.70 43
Lasagna 6.62 1
Potatoes 7.82 73
Peas 7.30 50
Corn 71.25 89
Cherries in Sauce 6.94 33
Dinner, 16 August, 1978 Hedonic Rating* N
Beef Burgundy 7.00 13
Stuffed Peppers 71.78 23
Eeef Stroganoff 5.68B 22
Barbecued Beef 5.73 48
Potatoes 6.75 73
Green Beans 6.64 67
Lima Beans 7.08 13
Apple Slices in Sauce 7.61 23
Blueberries in Sauce 7.57 14

* Average ratings using the Peryam and Pilgrim 9 point scale,'

}Peryam, D. R. and Pilgrim, F. J. "Hedonic Scale Method of Measuring Food
Preferences.” Food Technology, Volume 11, 1957, p9.
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To the attributes of canned foods already enumerated, there can now be added, the
exploitation of new shapes. Such changes enhance the quality of canned foods, by reducing
the heating cycle. Convenience is also increased by the changes in shape and processing. This
added convenience will be reflected in the savings of required food service manpower.
Preliminary tests have indicated savings to be very substantial .’

b. Dehydrated, freeze-dried, compressed foods. The logistic advantage of dehydrated
foods has long been recognized by the US Armed Forces. During World War 11, when shipping
was scarce, an intensive national effort was initiated to preserve as many kinds of food as
possible by drying, Product quality generally was very poor, and the state of the underlying
technology was, for the most part, very primitive. During the course of the war, however,
elite methods were developed for drying of antibiotics and blood plasma, one of which was
freeze-drying. An intensive development of this process, for the preservation of military foods,
was undertaken by the US Army during the middle 1950's. It has proven military utility
and established industrial production capability, Freeze-drying produces light-weight
convenience foods of excellent quality. The weight of foods is reduced in proportion to the
amount of water inherently present. Typical savings in weight, in terms of logistics, may lie
in the range of 50% to 75%,

Freeze-drying, however, does not reduce the volume of foods markedly, and volume
reduction is essential to realize maximum logistical savings. Owing to the low specific gravity
of foods, volume constraints will often limit load capacities before weight constraints.
Compression has provided very impressive volume reductions of freeze dried frods in a wide
array of vegetables, in some fruits, meats and meat products, seafoods of selected types, and
prepared dishes, such as chili con carne. More than thirty food items have been compressed
to date.

Certain debydrated and freeze-dried foods, especially those which are compressed, are
extremely viable candidates for inclusion in the field menus. The Navy is currently using
a limited number of such foods to conserve storage space on vessels such as submarines, which
are assigned protracted sea duty. Recurrent purchases and improved techniques in manufacturing
have lowered their costs significantly. The industnial base for the production of dehydrated
and freeze-dried, compressed foods currently is limited, but there is scarcely a major food
processor or purveyor in the US or any other industrialized country, {which does not have
an expanding position in the dehydrate market. Initial items include freeze-ciied coffee, soups,
casserole type foods and the like. Industrial interest will be responsive to military needs, if
and when these are clearly expressed, and there is evidence of continuing and reasonably sizeable
procurement requirements.

¢. Frozen Foods. Frozen foods are attractive for military use for many of the same

reasons that have made them increasingly popular in the home and in institutional food service:
high quality is attainable; they are convenient to prepare and serve; they save Kitchen labor

3US Army Natick R&D Command. Operations Research and Systems Analysis Office. MSR
USAF 9-1: Phase I. Presentation, 6 February 1879,
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and reduce waste; they provide extended shelf life when properly stored, as compared to fresh
foods; there is a wide variety of items and food styles; and, they are nutritious.

The principal disadvantage of frozen foods lies in their complete dependence on the
maintenance of virtually invariable, low temperatures to assure product safety and quality. The
long logistic trail of refrigerated storage, trucks and box cars are difficult to maintain.
Susceptibility to destruction by malfunction limits the usefulness of frozen foods to those
same areas in which the A-ration can be used. It is not practical to feed a complete frozen
food ration during combat. The quality and nature of packaging used in the preservation
of frozen foods is highly important to the retentien of product quality. It is to be noted
that most frozen foods are not sterile. There appear to be practical limitations on the size
and geometry of frozen food units/package, owing to the need to thaw the product prior
to its final preparation. Conditions prevailing during the thaw are critically important to
conservation of the inherent product qualities.*

The potential quality of precooked frozen foods, such as might be used in military meals,
is indicated in Table C—-3. Hedonic ratings are shown for a number of entrees at the beginning
of a storage test, and after twelve months of storage. The scores accorded the five entrees
indicate very high quality, but not every food tested scored as high as shown for these entrees.
The need for more effort in formulating attractive, convenient, labor saving pre-cooked frozen
foods seems apparent.

The consumer market abounds with frozen foods of an extremely wide assortment, In
a recent study by the US Department of Commerce,® it was found that a single US food
chain stocked more than 500 different frozen foods. The rate of growth in volume of production
between the years of 1965-1972 was 16.4 percent. Estimated total US production of frozen
foods, by principal category, for the year 1985 is shown in Table C—4. Based on these data,
production in 1985—1990 should be adequate 10 accommodate military requirements. Problems
could arise in converting civilian plants to military item production, since foods, packaging
and packing for military use will differ from those for commercial products in a number of
essential characteristics. If a decision is made to use these kinds of foods, it will be desirable,
in the interim, to engage in product formulation, packaging, stcrage and related research and
development,

A recently completed survey of the literature relating to general subject of the nutritiona!
content of frozen foods, i.e., levels of the several nutrients in frozen foods, losses during storage,
nutrition levels compared to canned and fresh food counterparts, concluded:

1US Department of Commerce. Frozan Foods for Military Troop Field Feeding: Economic
Feasibility Report. A Study for the US Army Matick L.aboratories. Project Order No. AMXRED
73-190: June 1974,

*ibid.
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TABLEC-4

ESTIMATED FROZEN FOOD PRODUCTION IN 1985

A BT 7

Volume
Product Category Millions of Pounds
Fruits 700 4
Meats 2,900 ) 1
Juice Concentrates 2,600 . ]
Vegetables 14,400
Seafoods 3,800
Poultry 2,400
Prepared Foods 22,200

Total 49,000




"“From the information available, it does not appear that the consumer will be any
maore nutritionally deprived from this feeding frozen food system than from any
(other}system in use today,”®

A 1974 US Department of Commerce study dealing with the use of precooked frozen
foods in military menus estimated an average cost of $3.24 per day for breakfast, dinner and
supper. The meal components were assumed to be bulk packaged, and costed for a 28 day
Master Menu cycle.”

d. lrradiated Foods. The technological development of irradiated meats, poultry, and
selected seafoods is far advanced. Unfortunately, such foods are not available for use at this
time. Later, when cleared for use by the responsible Federal Agencies, these foods should
be evaluated for military applications.

3. MENU CYCLES AND MENUS. The initial menus were developed using a computerized
mathematical program to produce a preference maximized non-selective menu.®.* The menu
generated by the program is actually a list of generic recipe items and their frequency of use
during a menu cycle, rather than a detailed schedule of items for each meal.

First, a fourteen day cycle of thermo-stabilized, tray pack foods, requiring only heating
for serving, was developed by the computer, Table C-5. Several substitutions, such as
barbecued pork instead of barbecued spare ribs, were effected for logistical and economic
reasons, Canned fruits are indicated for use, since fruits, in general, are eaten cold or at ambient

- temperatures, Dehydrated juices, commercially available, of good quality, conserve weight and
bulk. The cocoa, instant coffee, instant tea and other beverages are supplied in bulk dispensers
to be mixed with hot or cold water, a: appropriate. Bread for all menus will be supplied
from the Automated Bakery System. This cycle, designated as the T ration, is planned especially
for the combat zone, emphasizing ease of preparation and responsiveness to feeding the troops.

SWhite, Virginia M. Nutritional Effects of Processing and Reheating Centrally Prepared Foods.
Manuscript.  Natick, MA: US Army Natick R&D Command, 1978.

70p. cit., US Department of Commerce.

®Batintfy, J., Ross, G., Sinha, P, and Zoltners, A, A Mathematical Programming System for
Preference-Maximized Nonseiective Menu Planning and Scheduling, Part I: Models and
Algorithms. Research Report 3—75. Ambherst, MA; University of Massachusetts, Food
Management Science Laboratory. November 1975,

*Sinha, P., Balintfy, P, Ross, G., and Zoltners, A, A Mathematical Programming System for
Preference-Maximized Nonselectiva Menu Planning and Scheduling, Part Il:  Solution
Procedures. Research Report 3-75/2. Amherst, MA: University of Massachusetts, Food
Management Science Laboratory, June 1976.
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MENU CATEGORY

Entrees — L/D

Roast Beef/Gravy
Grilled Beefstaak
Beef Pot Roast/Gravy
Peppersteaks

Swiss Steak/Tom. Sauce
Meatloaf/Gravy
Salisbury Steak/Gravy
Swedish Meatballs
Ham

Roast Pork/Gravy
StuHfed Pork Slices
Italian Sausages

BBQ Pork

Roast Vaal/Gravy
Beef Stew

Lasagna
Spaghetti/Meatballs
Turkey Pot Pia

Chile Con Carne w Beans
Fried Shrimp

Baked Golden Chicken
Fried Chicken

Roast Turkey/Gravy
Shrimp Creole

Starch — L/D

Baked Potatoes
French Fried Potatoes
Hash Browns
Scalloped Potatoes
Mashed Potatoes
Beans, Baked

Spanish Rice
Macaroni/Cheese
Shoestring Potatoes

TABLE C-b6

CONCEPT MENUS BY ITEM FREQUENCY

RATION

2
3
1
1
2

1
1
1

1

-k N =2 N) = [N R N, JE G

-t )

4
1
1
2
8

Tray (T}
Tray {T)
Tray (T}
Tray (T)
Tray (T)
Tray (T)
Tray (T}
Tray (T)

Tray (T)

Teay (T)
Tray (T)
Tray (T)
Tray (T}
Tray (T}
Tray (T)

Tray (T)
Tray (T)
Tray {T)
Tray (T)
Tray (T}
Tray (T}

Tray (T}

Tray (T)
Tray (T)
Tray (T)
Tray {T)
Tray {T)
Tray (T)
Canned {B)
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Y Y - ) =

—

= W= N=NNN

&=l N

MINIMUM
VOLUME

Tray ({T)
Dehy (D)
Tray (T}

De;w (D)
Tray {T)
Tray {T)

Ca;'ined (8)

Tn;y (T)
Tray (T)

Dahy (D}
Dry/Dehy (D}
Dry/Dahy (D)
Dahy (D)
Dehy (D)
Dehy (D)
Tray (T)
Tray {(T)
Tray (T)

Dehy/Fabr (D}
Dahy/Extr (D)
Dehy (D)

*y (D)
-. {D)
Duehy (D)
Dry (D}

- N

— ol ol b

- ) b N = md =t BRI N) = b b

3
B
4
1
4
1

2

B

RATION

Froz {F)
Froz (F)
Froz (F}

Froz (F)
Froz {F)
Froz {F)
Froz {F)
Froz {F)

Froz {F)
Froz {F)
Froz {F)
Froz (F)
Froz {F)
Dry/Froz (F)
Dry/Froz (F)
Dry/Froz {F)
Dry/Froz (F)
Froz {F}
Froz (F)
Froz {F)
Froz {F)

Fresh (F)
Dehy/Extr (D)
Dehy (D)
Dahy (D}
Dehy (D)

Dry (D}

Dry/Ret (D} {F)




TABLE C-5

CONCEPT MENUS BY ITEM FREQUENCY {Cont'd}

MENU CATEGORY

Vegetables ~ L/D

Green Baans

Peas

Whole Kernel Corn

Cream Styla Corn

Mixed Vegetables
Waxbeans

Peas and Carrots

Broccoli

Spinach

Onion Rings, Franch Fried

Dessorts — L/D

Ice Cream
Asst Cakes/Frosting
Asst Pies
Straw. Sundaes
Asst Fruits
Strau:. Shortcake

]

Salads — L/C

Asst'd. Veg Salads

Cole Slaw

Fruit Salad/Creamy Dressing
Grapefruit/Orange Salad

Soups — L/OD
Asst’d, Soups
A

Beverages — L/D

Asst'd. Bev Base
Asstd. Soda

Cocos

Coffee

Tea

Milk {White or Choc)

RATION CONCEPT

T
RATION

4 Tray (T)
3 Tray (T}
4 Tray (T}
3 Tray (T)
3 Tray {T)
2 Tray {T)
2 Tray (T)

4 Tr;v {T}

4 Tray (T)
12 Tray (T)

9 Canned (B}
3 Tray (T)

20* Fresh (F)

3* Dehy/Comp{DC)
4* Dehy (D}

1* Canned (B)

14* Dehy (D)
14* Canned {B)

28 Dry (D}

6 Dry (D)

1B Dehy (D)
14 Dry (D)
19 Dehy (D)

MINIMUM
VOLUME

Dehy/C (DC)
Dehy/C (DC)
Dehy/C {DC)
Dehy {D}

Dehy/C (DC)

[ARAN AR

3 De-hy/Cmpd {DC)
4 Dehy/Extr (D}

5 Dry Mix (D)
13 Dry Mix/Dehy(D}

B Ca;med {B})
2 Dry/Dehy (D)

20 Fresh {F}

3 Dehy/Comp(DC})
4 Dehy (D}

1 Canned (B}

28 Dahy (D}

28 Dry (D)

6 Dry (D}

16 Canned {(B)
12 Dry (D}
17 Dahy {D)

A
RATION

Froz (F})
Froz {F) ]
Froz {F} {
Can. (B) T
Froz (F}

WWHson

T

Fn;z {F}

N

4 Dahy/Extr (D)

10 Froz {F)

2 Dry {D}

6 Dry Mix/Dehy/Froz(F)
4 Froz {(F)

5 Fresh (F)

2 Dry/Dehy (F)

20 Fresh {(F)
4 Fresh {F) ;
3 Fr/Froz (F}) I 4
1 Chilled {F}

28 Canned (B)

28 Canned (B)

6 Dry (D) 2
17 Canned (B) :
15 Dry (D)

19 Fresh (F)




TABLE C-6

CONCEPT MENUS BY ITEM FREQUENCY (Cont'd)

MENU CATEGORY RATION CONCEPT f
T MINIMUM A

RATION VOLUME RATION
Breok fast
Mesat Entres — B ]

1

Canadian Bacon ) 3 Prefried Flax (T) 3 Prefried Flax (T) 3 Froz {F}
Bacon o 6 Prafried Flax (T) 4 Prefried Flax (T) 5 Froz {F)
Ham Slices 2 Tray (T) 2 Tray (T) 2 Froz {F) '
Sausage 4 Tray ({T) 5 Tray (T) 4 Froz (F) ]
Non Meat Entree — B 3
Eogs 6 Tray (T) 5 Dehy Mix (D} 6 Fresh (F) '
Cheese Omelet 2 Tray (T} 1 Dehy Mix (D) 1 Fresh (F)
French Toast 2 Tray (T} 3 Mix/Bread (D) 3 Fresh/Bread(F)
Pancakes 4 Tray (T) 5 Mix (D) 4 Dry {F) '-1
Starch — B 1
Hominy Grits 2 Tray (T) - 1 Dehy Mix (D) 1
Hash Browns 6 Tray (T) 6 Dehy (D} 6 Dehy (D}
Juices/Fruits — B
Asst'd. Juices 9 Dehy (D) 7 Dehy (D) . ;
Asst'd. Fruits 4 Canned (B) 6 Canned (B) 14 Fresh {F)
Applesauce 1 Canned (B) 1 Dehy (D} -
Pastry/Muffin — B
Danish Pastry 2 Tray (T) - 2 Dry Mix (D}
Doughnuts 3 Tray (T) 3 Dry Mix {D) 3 Dry Mix (D}
English Muffins 1 Tray (T) 2 Dry Mix {D) 1 Dry Mix (D)
Blueberry Muffins 2 Tray (T) 1 Dry Mix (D) 1 Dry Mix {D)
Coreals .
Hot Cereal 7* Dry (D) 7 Dry (D) 7 Dry (D)
Cold Ceresl 6* Dry (D) 6 Dry (D) 5 Dry (D)

*Key to Symboails:

B = Canned, conventionsl process

C = Compresed

D = Dehydrated, freeze-dehydrated

Fabr = Fabricated

* Augmentation

F = Fresh or frozen

T = Tray peck {thermostabilized)
Extr = Extruded
Ref = Refrigerated




A twenty-eight day cycle was then constructad, which included not only the T rations,
but 14 days of shelf stable, minimum weight and volume foods, plus cereals, soups and salads,
as shown in Table C-5, Although only a few salads consist of ingredients which are shelf
stable, it is anticipated that fresh fruits and vegetables will eventually become available. This
cycle, refarred to as the minimum volume ration, was designed to increase the bulk density
of subsistence and reduce the logistic burdan by using dehydrated and compressed items. Tray
pack, flex-packed and canned items are included when their dehydrated counterparts are not
available, or, are not considered to be satisfactory.

A forty-two day cycle was finally developed by computer, including both the T ration
and minimum volume ration, as well as an additional 14 days of A rations, which is also
presented in Table C—5. Tha A ration consists of fresh and frozen foods and canned, dry
and dehydrated foods whose quality is such as to make tham suitable replacements for their
fresh or frozen counterparts,

Since the T ration, minimum volume ration and A ration consist of 14 day increments
of a 42 day cycle, the individual cycles were used to determine and compare their logistic
requirements and relative costs.

4. LOGISTICAL IMPACT OF RATION CONCEPTS. The logistical requirements generated
by each ration concept were obiained by selecting a representative sample of recipes or items
from each menu category. Detailed logistical data, gross weight and cube per hundred servings,
were then established for each item to estimate the average logistic load generated by each
menu category.

Logistical data for most recipes and items, excapt for the tray pack, were readily available
from the Federal Supply Catalog,'® in conjunction with tha military recipe file.!' The recipe
file detailed item requirements for each recipe, while the Federal Supply Catalog provided data
on the gross weight, net weight, and cube. The tray pack is a somewhat new form of food
packaging, and the number of items available is quite limited. Two approaches were used
for estimating the weight and cube of the tray packs. For most recipes, military volumetric
serving sizes were used to calculate recipe weight and cube, Using the filled volume of the
tray to be 96 fluid ounces, the numba of tray packs necessary to provide 100 volumetric
servings was calculated, and tha corresponding weight and cube determined. However, for
items in gravy, such as Swiss Steak, this approach was not acceptable. In this case, the weight
of meat required for 100 servings was calculated, and estimates were obtained of the amount
of gravy per tray pack required for proper packaging. Then the number of trays required
per 100 servings was calculated and converted to weight and cube measures. Table C—6
summarizes the estimated weight and volume of the three rations, in terms of pounds and
cubic feet per 100 rations.

1°Federsl Supply Catalog Stock List: FSC Group 89, Subsistence, C8900-SL. 1 January
1978,

' Dapartments of the Army, the Navy, and the Air Force. Technical Manual 10—412, NAVSUP
Publication 7, AFM 146—12, MCO P10110.16B: Government Printina Office. Washinaton D.C.
February 1969.




TABLEC-6

ESTIMATED LOGISTICAL PARAMETER VALUES FOR RATION CONCEPTS?
(PER 100 RATIONS) -

Minimum
T-Ration Volume Ration A-Ration
b ft3 b ft3 b ft? -;
i
Basic pb . . 28.0 1.17 380.1 10.07 ;
Ration NP 485.6 14.67 3169 11.32 219.4 6.97
T 4856 14.67 3249 12.49 599.5 17.04 ;
Augmentation® P 280 1.17 :
NP 68.5 277
T 965 304 i
Total P 280 1.17 280 117 380.1 10.07
Ration NP 554.1 17.44 3169 1132 219.4 6.97
T 582.1 18.61 3449 12.49 599.5 17.04 3
NOTES: ]
34 ration consists of three meals, breakfast, lunch, and dinner. 1

bp = perishable; NP = Nonperishable; T = Total. ?

€ Augmentation with cereals, soups and salads (latter fresh on an as available basis).
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Similar data on tha Standard B ration, the Meal, Combat, Individual and tha Meal,
Ready-to-Eat, Individual ara recorded in Table C—7 for comparative purposes.

Detailed logistical data on an itam/recipe basis within each menu category is presented
in Table C—8, along with tha menu category averages. The serving frequency of items within
a givan menu category, for each concept menu, and tha resulting estimated logistical parameter
values are tabulated in Table C-9.

5. MENU COSTS. Tha T ration, the minimum volume ration and the A ration menus were
each costed, itam by item, and the results summarized in Table C—10. Cost of the basic
T ration is $3.91 per day, with an additional $0.50 per day for cereal, soup and salads in
the augmented ration, for a total cost of $4,41 per day. Tha minimum voluma ration costs
E $3.83 per day, and the A ration costs $3.13 per day. All costs were calculated at current
price levels.

The estimated cost of tray pack itams was darived from costs supplied by the packers
E currently in tha market. In a few instances, anomalous figures appeared in the data provided.
The finished product cost in these cases was less than tha estimated raw product costs. Such
figures were delated from the calculations. Trays were calculated to have a capacity of 8.2667 i
servings of French toast, waffles, pancakes, Danish pastry, doughnuts, English or bluaberry
muffins. Anothar $2.53 per tray was added to the costs of the raw ingredients for these
products for packaging {calculated as the cost of tray-packing apple cobblers). For desserts
and French fried onion rings, $2.504 per tray packaging costs were added to raw ingredient
costs. Entrees and starch items were calculated to cost $0.113/serving, 13 servings per tray,
to package. Vegetables were estimated to cost $0.04 more per pound to tray pack than to ]
fill into #10 cans. ;

-

Canned fruits and dehydrated juices are served in both the T ration and minimum volume
ration breakfasts, with the cost differential due to the items selected. Fruits used in the A
ration are more costly because fresh assortments only are designated.

Costs of fresh, frozen, dehydrated and canned items, as presently procured by the military
were obtained from the Federal Supply Catalog Price List.

6. EVALUATION OF ALTERNATIVE RATION CONCEPTS. Four alternative ration
concepts were considared for combat feeding purposes. These ration concepts were selected
and designed to satisfy specific system objectives, requirerments, and constraints of an Army
combat feeding systam, thus includa food items processed and preserved by several different
techniques, The evaluation consisted of establishing the relative merits of the altarnative ration
concepts, with respect to these sevaral factors, to detarmina the preferred alternatives for combat
feeding applications,

a. Ration ARernatives.
(1} A Ration., Tha A ration, is tha ration normally used in garrison food service

operations. To large axtant, tha foods comprising this ration are fresh or frozen, and tend
to be perishable in natura, For two reasons, it is not considered as being a particularly viabla
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TABLE C-7
ESTIMATED LOGISTICAL PARAMETERS 1
{PER 100 RATIONS®) i
Standard B mci® MREP
b fi? b f? b ft3
NPC 206.3 1.1 650.0 19.8 288.0 23.2 ‘

NOTES:

At B e b -

3A ration consists of three meals, breakfast, lunch, and dinner.
BMCI = Mest, Combat, Individual j
MRE = Meal, Ready-to-Eat, Individual '

°NP = Nonperishable i
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b
TABLE C-10 -i
RATION COSTS
Minimum
Component T Ration Volume Ration A Ration
Fruit or Juice $ 1.080 $ 0.942 $ 1.615 |
Eggs, Potatoes, Pastry or Pancakes 9.754 3.195 2.895 A
i Breakfast Meats 3.760 3.843 2.880
; Cereal 1.422! 1.422 1.464
Lunch/Dinner
Entree 22002 23,857 17.303
Vegetable 1.826 4117 2171

Starch

Dessert

Bread?

Hot/Cold Beverages and Milk 6.480
Salad 3.731!

Soup 1913

Totals Per Person $64.744
for 14 Day Cycle $ 7.066

$/Ration $ 39
50’

NOTES:

! Augmentation costs.

2To be provided by Automated Bakery System.




altarnativa for combat feeding operations. First, such a ration would necessitata a reliable
refrigerated transport end storage capebility from tha initial sourca to tha ultimate point of
consumption, which would ba extremely difficult, if not impossible, to establish and maintein
under active combat conditions. Secondly, tha A ration, because of the relatively short shelf
life of tha food itams involved, cannot be effectivaly stockpiled es war readiness reserves,
However, this does not mean that the A ration cannot eventuelly be employed as a bulk
operetional ration in tha thaater, where tha situation permits and when it can be adequetely
supported.

{2) B Ration. The current B ration is a non-perishable, bulk operetional ration,
planned for a ten day menu cycle. It consists lergely of dehydrated, dehydrated compressed,
thermally processed items, thareby reducing the logistic requirements end allowing for reasonably
long storage periods.

(3) Minimum Volume Ration, The minimum volume ration concept was
developed for those situations whera transportation resources may be limited, and therefore
constrain the scope of combat feeding operations. Trenspartation requirements are datermined
primarily as a function of product weight and cube, but because of their low density,
transportetion of subsistance supplias are genarally cube dependant rather than weight limited.
Thus, the raesons for designing e minimum cube ration, rethar than trying to minimize weight.
This ration concapt includes predominantly dehydrated compressed vegetables, starches, soups,
atc. Sinca dahydration reduces cube only merginally and meny of the meal components other
tian tha antree cannot be acceptably compressed, they were selected in other preserved forms
that provide for higher troop accaptance and reduced preparation labor requirements, without
significantly exceeding the volume of similar dehydratad items. This kind of ration would
compara favorably to tha B retion in terms of storage and logistical implications,

(4) T Ration. The motivation underlying the T ration design was to achieve
flaxibility and maximum responsiveness. Flexibility is considered primarily in terms of the
adaptability of the ration to a broad range of combat conditions and operational requirements,
and its compatibility with tha remeinder of the Army food service program,

By responsiveness is meant tha total elapsed tima required to raact to planned and
unplanned requiraments to prapara, deliver, and serve hot meals, to troops under a variety
of conditions. This attribute of combet food service is critically important where forces will
be highly mechanized and widely disparsed, and the forward areas of tha combat will be
cheractarized by tha fluid, rapidly changing battla lines, end by the intensity of combat. Meal
opportunitias will be somewhat irragular, at best, end tha troops will be largely dependent
on individuel combat rations, such as tha Meal-Ready-to-Eat, for subsistence. A high response
ration concapt can reduce this dapendancy on individual rations, and materially increase the
likalihood and frequency of hot meals baing availabla on short notice to troops in combat.

Food items selacted for this ration concept should consist largely of totally prepared
itams. In general, such foods mey be frozen, irradiated, dehydrated/compressed, or thermally
processed. Frozen foods ware eliminated from consideration because of tha refrigerated storage
and trensport requirements. Irradietsd foods ara not expected to be availabla in sufficient
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quantity in the 1980 time frame to be seriously considered as the besis for a military ration.
For the kinds and variety of foods thet can be successfully dehydrated end compressed, sonie
degree of skill is required for reconstitution and a significant amount of time and labor is
needed to prepare them for serving. Also, in general, they cannot obtein the same high degree
of acceptanca by the consumer es foods processed end prepared in other forms. Therafore,
the high response ration concept is currently envisioned as consisting of fully praprepared,
thermally processed items, requiring only heating prior to serving.

b. Evaluation Factors, The total elapsed time from notification to prapare e meal,
until it is delivered and ready for serving, eithar onsite or at a remota location, determines
responsiveness. Tha T ration clearly is the most responsiva for onsite feeding. For remote
sita feeding, a ration concept which facilitates preparation, heating end/or cooking on the move
will be most responsive. Since the T ration requires only heating prior to serving, end the
necessary equipment can be deveioped with present technology which allows for heating in
transit with no food service worker involvement, it is also most responsive for this application.

All of the other altarnatives require some food service worker lebor and additional time
for the preparation and/or rehydration stages, and possibly for heating and cooking, either
prior to transport or at the final destination. The A and B rations are about equal in terms
of responsiveness, depending upon the exact menu itams. For example, dehydrated pork chops
(B ration) woukl taka a longer time to prepare than fresh pork chops (A ration), but on the
other hand, canned beef stew (B ration), takes less time than preparing beef stew from all
of its ingredients {A ration). However, on the average, these rations do not differ appreciably
in this respect. The entree portion of a meal typically requires the longest lead time from
start of preparation to serving. Since the minimum voluma ration contains a large proportion
of T ration type entrees, it is generally mora responsiva than the A or B type rations.

Many variables affect tha acceptance of e ration as served to the Individuel soldier. These
include preferance, initial quality, preparation and handling, holding time and serving
temperature as well as less tangibla considerations.

Preferenca pertains to the manu design rather than to the operating system effectiveness.
Regardless of the retion concept finally selected, the resuiting menu should be developed to
maximize preference, which will promote consumption and enhance nutritional meintenance
of the troops.

A major condition of acceptance is the quality of the food as served. The initial quality
of the ration can only be reduced, even under optimum conditions, through the preparation,
handling cooking/heating, holding end serving cycle of combat feeding. Generally, tha initial
quality of the A ration, which includes a large proportion of fresh and frozen products, is
higher than for the ramaining ration concepts, which are comprised of processed and preserved
itams. Even so, this does not necemarily imply that the A ration will sustain the highest
quality until served, which is certainly the more important criterion for troop acceptance. The
ration that maximizes final quelity, given the constraints, conditions, and parameters of the
field environment under which the combat feeding system must operate, should determine the
preferred concept.
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This final quality is determined, in part, by the length of time for which tha rations
are held between cooking, heeting and serving. ldeally, the rations should be served immediately
after caoking, with no holding period. In practice, however, the unsettled neture of the combat
environment may require that rations be prepared and then held for indeterminate periods
of time, because of uncertainty as to when a unit will be able to subsist, or as a result of
unexpected changes in conditions which prohibit the troops from subsisting at the scheduled
time. Thus, a combat ration should be such that excessive holding times are eliminated, or
that it suffers little degredation of quality, if it is necessary to hold it for any length of time.
The T retion appears to be best suited to this requirement, since it may be heated enroute,
or within a short time after arrival at the point of service; it can be maintained at fairly low
temperatures for reasoneble periods, with no further substantial loss in quality; and, within
limits, can even be withdrawn from the heating process and used at another time, provided
the package remains unopened.

Another important relationship to the final quality of the ration is the serving temperature
of the food. The distance between the field kitchen and a remote site, and unexpected troop
movements, which make it difficult to locate units being subsisted, contribute to the length
of time before prepared foods can be served, This time may be considerable, up to 3—-4
hours, or more. Therefore, food has to be delivered in either insulated or heated containers;
otherwise it becomes cold, and unacceptable. Although heated containers are not practical
et the present time, they may become feasible in the future. If insulated containers are filled
with food that is hot enough, or food is held in heated containers at temperatures high enough,
to avoid this problem, the residual heat continues the cooking process during the time while
in trensport, and the food becomes overcooked and less acceptable. In terms of minimizing
this source of degradation to food quality, the T ration is superior to the other alternatives.

Food service personnel are probably the most important variable affecting the final quality
of the food serviced. Their level of training, experience, skills, ability, motivation, etc. vary
tremendously. ldentical rations, prepared on the same equipment, in the same environment,
and under the same conditions, may vary considerably in acceptance, when served, because
of differences in the characteristics of the responsible food service personnel. A ration concept
which does not rely on a high degree of skill or training in food preparation, and employs
simple, easily operated equipment, decreases the possibility of producing poor guelity food,
The T ration requires the least lebor and skills, and uses the simplest equipment, as compared
to the other ration concepts.

The A and B ration concepts, based upon extensive field observations, require high levels
of food service worker effort. In peacetime, these food service workers ere normally in e
garrison, where A rations ere utilized, and only occasionally are they in the field where they
gain any experience with B retions. Besides being somewhat demanding and labor intensive,
both rations need a well equipped field kitchen for preperetion. The minimum volume ration
contains a raasonably large number of the same kind of entrees as the B Retion, so it rates
higher in this regard than either the A or B ration,

Except for food, labor is the largest cost of combat feeding operations. With the T retion,
all preperation labor has already been added, and it requires only heeting prior to serving.
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in effect, nearly all praparation iabor in the field is eliminated, and the heat and serve functions
can be performed by lowar skillad, lass costly personnal. However, it is important to note
that preparation is only one component of the total labor requirement. Based upon extensiva
work measurement data in the fiald exercises,!? the productiva man hours expended on pot
and pan sanitation can even exceed that expended on ration preparation. Thus, further
reductions in labor can be obtained if tha T ration is packaged to heat and serve directly :
from a container which is disposable. E

Two possible packaging forms for the T ration have been idantified, tha tray pack and
the flex-pack. The tray pack is rigid container, while the flex-pack is a non-rigid piliow type !
container. In either case, the contents can be heated and served directly from the package. ’ |
However, the non-rigidity of the flexible package either requires an additional container be
provided, into which to transfer the contents of the package prior to serving, or a frame from
which to suspend the package for serving purposes. Both approaches are unnecessarily
compliicated and more costly than the tray pack. Labor requiraments may also be higher
because of the additional transfer and handing required, and if the container or frame are
not disposabla, by the additional sanitation requirements. Therefore, in terms of minimizing
labor, the tray pack wouid appear to be a better option than the flex-pack for the T ration
concept.

The A and B rations ara both much more labor intensive, and about equal in total labor
requirements. The minimum volume ration, which makes extensive use of the same entrees
as in the T ration, lies somewhere between these extremes. Another aspect of personnel costs
to be considered are those incurred in peacetime to maintain combat readiness for mobilization
purposes. |f the combat staffing exceeds the peacetime garrison requirement, the excess cooks
must nevertheless be maintained in the "p‘eacetime environmant, which represents a major cost
penaity with the current system.

7. CONCLUSIONS, Foods and menus to be served in the combat zona to infantry and
crews, and other small units are described. It has been adequately demonstrated that the
T ration is tha preferred alternative with respect to maximum responsiveness, high troop
acceptance, and other ralevant cheracteristics, end should be adopted es the bulk combat ration.
The only disadvantage of the T ration compared to the other ration concepts is its higher
weight and cube. If logistical constreints on food service operations become important, then
the minimum volume ration is preferred to the B ration,

During combat, at least one hot meal per day, if conditions permit, consisting of
thermaily-stabilized, convenience types of foods in tray packs, that is, the T ration, will be
delivered to tha troops. initiaily, the ration will be employed in the support and reserve areas.
Certain other fresh foods (milk, salads, etc.) will be mada available as soon es practicable.
Three hot meals per day wiil be served in all aress of the theatre as soon as it is reasonable
to do s0. The menus for these meals will continue to add further fresh and frozen items,
so that eventually an A ration menu will thus be available.

13garitz, S., et. al. The Camp Pendleton Experiment in Battalion Level Field Feeding, Technical
Report 7T—4-0OR/SA. Natick, MA: US Army Natick R&D Command, July 1976.




When the conflict ceases, the total force will eventually convert to three hot meals per
day based on the A ration menu,
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APPENDIX D
FOOD SERVICE EQUIPMENT

1. INTRODUCTION. The food service equipment requirements of the Army in the field
in the 1990 time frame are identified. In general, the equipment must be compatible with
the anticipated menu, food packaging techniques, food preservation methods and other factors.
Further such equipment concepts must riflect the need for reduced labor requirements, be
capable of providing at least one hot meal per day to combat personnel, insure consistent
cooking and heating results, be able to prepare food from the raw state, efficiently use available
energy sources, be easy to maintain and, provide effective sanitation to reduce the likelihood
of food borne illness to a minimum,.

In accordance with these objectives and requirements, such factors as heat transfer, energy
options, equipment design philosophy, shelters, mobility, habitability, sanitation and waste
disposal are discussed and evaluated. Specific equipment and kitchen concepts are recommended
for further development.

2. ENERGY CONSIDERATIONS. The primary energy source used today by the Army in
the field is gasoline, but a shift to diesel fuels will occur in the future.! Aside from these,
other energy sources which may reasonably be considered for long range food service applications
include liquid petroleum gas, electricity and hydrogen gas.

The major variables to be considered in the selection of energy sources are responsiveness,
availability, cost, logistics, labor and safety. Responsiveness refers to those factors which affect
the length of time to heat or cook foods, such as the time it takes to make a cooking device
operational and the efficiency of the device. Labor relates to the level of effort required
for operating and meintaining a cooking device, as well as the skills required to carry out
these functions. Safety pertains to any hazards associated with the use of cooking devices
because of the type of energy source selected. Awailability, cost and logistics are self
explanatory.

a. Gasoline and Diesel Fual, Within the existing field feeding systems, both the M-2
burner unit, used with the M—1950 Field Range, and the immersion heater, used to heat water
in G. I. cans for sanitation purposes, are gasoline fired. In a typical company sized field
kitchen, during a peak period of activity, the fuel consumption amounts to about 6.5 gallons
per hour, which would be about the same with diesel fuel. However, there is a tendency
to leave burner units running, once they have started, so that the actual daily fuel consumption
per kitchen is much more than actuaily required. Also, there is no question that burner units
available today are inefficient, putting more heat into the kitchen than into the food being
cooked, but technologically, an improvement in efficiency of 50% or more is a distinct
possibility. Such efficiencies would also affect labor requirements, because burner units normally
are refueled from five gallon fuel cans and lighted off some distance from the point of use,
for safety reasons and then carried to the kitchen and placed in the cooking equipment.

1US Army Quartarmaster School. Fuel Type for Field Kitchen Use, Time Frame 1880—-1990.
Letter Ft. Lee, Virginie: 18 November 1975,
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Therefore, improvements in fuel usage efficiency will reduce both labor requirements and the
logistics burden,

Perheps the most obvious disadvantages of gasoline is the inherent danger of the fire and
explosion hezard, atthough diesel is a less volatile fuel. One approach to reducing this risk,
which is now under development, is to distribute the fuel from a remote source, and to install
improved ignition and control mechanisms on the burner equipment. :

ks o i St e a1,

b. Liquid Petroleum Gss (LPG). This type fuel was used in modified M—2 burner units, ]
on a limited basis, during the Viet Nam conflict. Although some of the problems of operating
gasoline-fired equipment were eliminated, e.g.,, maintenance, refueling, start-up, replacement of
generators, experience indicated the LPG just is not practical for general use in the field, because
it requires another completely separate fuel handling system. This added dimension to logistics
operations cannot be entirely justified for the benefits realized. Consequently, it is ]
recommended thet LPG not be considered for food service in a combat theeter.? 1

c. Electricty. In terms of electrically operated equipment, there are several factors to
consider. First of all, because electricity may not be available, or if it is, the current
characteristics of the electrical systems may not be compatible with the equipment being used,
it will be necessary for the military to rely exclusively on its own fuel driven generating
equipment. A large family of standard, gasoline and diesel engine driven generators is available
for a variety of uses, as indicated in Table D—1, Such equipment requires skilled maintenance
personnel and a ready supply of spare parts, and even then, back-up generating units are usually
necessary in case of power failure. In addition, many of these generators ere massive and
heavy, requiring either dedicated transporters or materials handling equipment for loading and
unloading them from their carriers.

The power demand of electrical kitchen equipment is substantial, Table D-2, requiring
more than 30 kw just to oparete a single oven and griddle, Although the fuel requirement
for a 60 kw diesel generator, needed to service a company field kitchen, is only & gallons/hour
the generator must be operated for as long as any electrical equipment is being used; oftan
as much as 24 hours/day, which would require up to 144 gallons of fuel per day. A camparabie
kitchen, using fuel fired equipment, would require 'no more than 40 gallons of fuel per ..
It could even be provided with a smell 3 kw generator, which uses about 0.8 gallons pe: ‘icur,
to operate powered burner units, slicers, choppers, pumps, etc,, et e penalty of only a iew
additional gallons of fuel per day.

All factors considered, the possibie adventeges of electrical energy may not werrant the
added costs that would be incurred es compared to diesel operations.

d. Hydrogen. Hydrogen as e potential energy source for combet food service, cannot -
be totally ignored. Electrolysis is probably the most achieveble method of producing hydrogen
in the field. Currently, one of the lergest electrolysis plents ever to be built, producing ebout

20p. cit., US Army Quertermester School,
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TABLE D-1
CHARACTERISTICS OF ELECTRICAL POWER SOURCES?
Fuel Consumption
Rating, kw Engine Type Woeight, ibs galions/hr
5 Diesel 900 057
5 Gasoline 488 1.4
10 Gasoline 850 24
10 Diesel 1,100 1.09
15 Diesel 3,000 1.5
30 Diesel 3,500 3.0
60 Diesel 5,000 6.0
100 Diesel 7,000 85
200 Diesel 10,500 10.0
31 anza, R.J. Evaluation of Energy Reguirements for Field Kitchens Using the Bare Base
Kitchen as e Baseline. Internal Memorandum. Natick, MA.: US Army Natick R&D
Command. Food Engineering Laboratory, October 1978,
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TABLE D-2

POWER CONSUMPTION OF VARIOUS KITCHEN EQUIPMENT*

Griddie 14 kw
Tilt Fryer 15 kw
Oven 16 kw
Steam System 75 kw
Toaster 4-6 kw
lce Machine 46 kw
Ice Cruﬁ Maker 4-6 kw

4Op. cit,, Lanza, R.
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3 tons/hour, will require about 150,000 kw of electrical power for this process.® At this
rate, 256 kw/lb, it would not be practical to produce hydrogen by utilizing conventional electric
generating equipment. Presently, there is a major development effort to improve the efficiency
of this process, thereby reducing the energy requirements. |f this technology can achieve
significant advances in the neer future, then the advantages of hydrogen as a field fuel could
become e reality, possibly even as early as the 1990 decade.

Aside from the obvious logistical advantages of being able to provide fuel near the point
of consumption, other benefits of hydrogen in a field kitchen operation include instant ignition
of burner units, nonpotluting by-products of heat and water, and improved safety, by eliminating
the explosion hazard since the hydrogen is absorbed on a solid substrate in the hydride form.

e. Conclusions. Of the various energy sources exemined, the Army plans to eventually
convert from gasoline to diesel fuel operations, and liquid petroleum gas and hydrogen are
not feasible contenders. Thus, diesel fuel and diesel engine generated electricity are the most
viable energy options on which to base future equipment developments.

3. HEAT TRANSFER CONSIDERATIONS. Heat transfer can be achieved by conduction,
canvection, radiation, or a combination of these methods. The heating media, which determines
H the rate of heating, may be water, steam, liquid fats, air or electromagnetic waves, i.e., infrared
1 or microwaves. The rate of heating depends upon a temperature gradient between the surface
and center of fgod mass. The lerger the temperature gradient, the more rapid the heating,
within the constraints of the maximum temperature which the food can tolerate without
adversely affecting the quality of the food product. In general, microwave and infrared radiation
heating is faster than conduction or canvection heating because the energy penetrates the surface
of the food. Steam heating is more rapid than contact heating because of the much greater
amount of heat transferred by the steam condensing on the food surface. For fluid media,
e.g., water or air, the heating rate can be improved by forced circulation. But each of these
methods have their limitations, and must also be considered from the point of view of cost,
complexity and eguipment requirements.

a. Contact Heating. This process involves heat being conducted directly to food or
food conteiners directly in contact with a surface heated by electricity, flame, steam, or some
other transfer medium, for example, frying. Where heet can be applied at several points of
contact at the same time, the heating time is significently reduced. This method might be
used to heat food packaged in containers. Some means would have to be provided to insure ‘
good contact of the heat source with top and bottom or sides of the container, which may J
require some controlled pressure mechenism. In the case of the tray pack, it might be difficult i
to employ, since the container is embossed on the top and bottom to increase its strength, 1
and this could preclude obtaining effective contact. In addition, unless the container is 4
completely full, there will be voids or air gaps, which wauld also prevent the intimete contact . }
required of this process. i%

{

! 5Braun, M. 1978. Weter Electrolysis — Its future role in the production of hydrogen. Brown, { :
i Boveri & Cie. Ltd., Baden/Switzerlend. Iy
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With a food container of satisfactory design, double-sided ccatact heating could be
accomplished in the manner shown in Figure D—1. The shelves or platens may be heated
electrically, or by en internal heat trensfer fluid flow system. The connecting fluid lines would
need to be sufficiently flexible to permit pressure 1o be epplied to the platens to enable good
contact with the containers. Such equipment would be relatively complex, fairly costly, and
would likely require some degree of skill to operete. And, of course, such a device would
; have little use for any other kitchen application.

b. Immarsion Heating. Foods may be heated by immersion in water, liquid fat (e.g.,
!. deep fat frying) or, possibly some other fluid media. Likewise, food packaged in containers

" can be heated by immersion to bring the contents up to serving temperature. When water
is used, the maximum temperature is limited to the boiling point of water, so that overheating
is virtually eliminated and the skill levels required are minimal. Operating with heated oil
or other fluids, at higher temperatures to obtain faster heating rates, would demand greater
awareness and competence on the part of the cook personnel to prevent overheating and damage
to the food. Further, if oil is used with an open flame burner, there is the danger of fire
or other burn hazard.

Water could be heated by electrical resistance elements inserted in the water, direct flame ;
or electrical heating at the base of the unit, steam injection heating, circuletion of water through :
a heat exchenger, or through the use of heat pipe technology. ]

immersion hesting of packaged foods is readily adaptable to combat feeding requirements, '
The equipment can be designed, so that hot meels delivered to the forward division aree can y
be heated enroute, using a device powered by the vehicle electrical system, storage batteries,
or a seif-contained fuel-buming heater. When the package reaches serving temperature, the
hot water provides a convenient holding medium to keep the food werm until served.
Alternatively, the packages may be heeted in an insulated container, which is then drained
and used as a transporter to deliver the food. A simple design for this epproach is shown i
in Figure D-2.

An important advantage of this method is that heated food, if not opened, can be cooled
and heated again at another meel, thereby minimizing food loss end waste. QObviously, this
cannot be carried 10 extremes, because food quelity end nutritive value will be degraded by
repeated heating. Also, the availability of a hot water supply after heating the food is
accomplished, although not potabie, can possibly be used for other purposes.

c. Steam Hesting. Steam heeting is one of the more efficient heeting methods known,
Swift, et. al.,® reported thet a low pressure steamer consumed only 41% of the energy used
by a conventionel gas oven, end 31.5% of the energy required by en electric convection oven,
to heat precooked, frozen food products in half-size steem table pens, which are similar to
the tray pack containers. Another importent result of this study, Table D—3, was that wide
verietions in heating time occured between conteiners of food in hot air ovens, while low
pressure steemers gave the most uniform heating results.

$Swift, J,, Conca, S., and Tuomy, J. Efficiency snd Cost Factors in Ra-thermalizina Frozen
Foods in Typical Dining Hall Equipment. Technical Report TR-78/014. Natick, MA: US
Army Natick R&D Command, 1978.

116

FUREULIRNNE  JE-- -0t LR




——

=

» e o T—

Si3UIRU0D NoRd Aes] jo Buneay 1dEOD papig-I|qnoq

1—Q a.nbig

i)

117




WATER IMMERSION HEATER FOR TRAY PACK CONTAINERS.

FIGURE D-2.
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TABLE D-3

THE TIME LAG FOR HEATING MULTIPLE CONTAINERS OF FROZEN FOODS
USING DIFFERENT ITEMS OF EQUIPMENT*

Equipment Set Point °F. Time Lag hrs 1
Conventional gas oven 350 0.78 |
Convection gas oven 300 042 ;
Convection electric oven 300 0.65
5-psig steamer 227 0.35
15-psig steamer 250 0.41 }

*Adapted from Swift, et. al.®
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Steam heating requires the use of a closed cabinet, an electric or fuel-fired steam generator,
and somewhat sophisticated controls. Further, the skill levels demanded of food service
personnel, in this case, ara significantly higher than for either immersion or contact heating
methods.

d. Hot Air Heating. Natural or forced air ovens are typically heated electrically or
by flame. A blower is added in forced hot air ovens to accelerate heat transfer, so that the
heating times ara substantially less than for natural convection ovens. Swift” noted that forced
convection was about twice as fast as natural convection when heating frozen foods in one-half
size steam table pans, even though the natural convection oven was operated at higher
temperatures.

Similar results were obtained in other unpublished studies using tray pack foods and a
variety of different heating methods, as shown in Table D—4. It appears that the times for
forced convection heating of tray pack containers does not differ significantly from that obtained
with water immersion heating. But, substantial temperature variations do occur with the forced
canvection oven, and the slowest heating containers may not actually reach serving temperature
until twenty minutes or more after the fastest heating containers. These differences are a
result of the air flow patterns in the ovens, and distortion of the pattern by the presence
of several containers in the oven. Oven manufacturers have not had much success in coping
with this problem, except to recommend rotating the product from hot areas to cooler areas,
and vice-versa, during the heating process. Because of the variations in heating rate in these
ovens, operational difficulties are increased. The additicnal time that would have to be allowed,
to insure that all containers are at proper serving temperatures, reduces the responsiveness of
this method.

Another important consideration of oven heating is that the containers must be opened
before heating, t0o prevent expansion and possibly bursting at the seams from internal pressure
generated during heating operation. Thus, once such foods are heated, they either must be
consumed or discarded. Further, with the lids removed from the containers, there is some
evaporation loss of the product during heating.

Hot air heating requires sizable equipment, to provide adequate space for air circulation.
The heat source can be electrical resistance or flame, and an electric blower would be required.
A prototype field oven, heated by an M-2 burner unit, has been developed and tested at
NARADCOM. Heating times for a load of twelve tray packs in this oven averaged about
60 minutes. This oven could be modified to provide additional capacity, if needed.

e. Infrared Haating. Both short or long wave infrared have been used in food
preparation equipment. Short wave infrared is produced by electrically powered quartz tube
elements, which heat very rapidly and, therefore, provide for essentially instant start-up of
operations. However, the quartz elements are somewhat fragile and easily broken, thus do
not appear to be appropriate for combat feeding applications. Long wave infrared is generated
by electrical resistanca or calrod elements, which are very durable, hava high heat capacity,
but ara slowar to reach operating temperatures. Alsg, long wave infrared is lass afficient in

0p. cit.,, Swift, J.
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TABLE D-4

EFFECT OF HEATING METHODS ON TIME TO HEAT SHELF STABLE FOODS
(75°F) TO SERVING TEMPERATURE (165°F)

Heating Method Temperature (°F.) Time (min)
Heating Media
Forced Convection Oven 276 42
Forced Convection Oven 308 36
Forced Convection Oven 348 25
Water Immersion Device 180 35
Steam Jacketed Kettle 212 20
Stock Pot with M—2 Bumer 212 20
Conventional Oven with M—2 400 60

2
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directly heating the product. B8ut, if infrared heating is to be amployed, it must be long
wave radiation equipment, to provide the necessary nuggedness for reliabie field operations.

The size of such equipment wouid need to be somawhat larger than for other methods
of heating, because the product or container must be exposed directly to the radiant sources,
and a greater distance between the sourca and the container is needed to obtain uniform heating
of the product. Although the heating times appear to ba quite competitive with aiternative
methods of heating,® the size of the equipment, and power requirements necessary to provide
sufficient capacity to meet combat feeding requirements, would mitigate against this concept.

- e —rrm—

f. Microwave Heating. Microwave heating, the most sophisticated of all of the heating
methods, has previously been evaluated for fieid feeding applications.” A major factor in
considering tha use of microwave heating is the electrical power required. The power required
depends, in part, on how rapidly the foods are to be heated; though increasing the power
will not reduce tha heating time proportionately, but rathar, can cause more intensive surface
heating which could damage the product. In addition, food in tray packs requires comparatively
more time and power to heat, because of the relatively poor penetration of microwave energy
into food over the temperature range 0°F to 160°F, and because the product is in a metal
container, so that heating time occurs only from the top of the open package. With transparent
containers, the heating times could be reduced by at laast one haif.

It is estimated that two 4 kw microwave aovens wouid be needed to provide the minimal
capacity required for combat feeding requirements, with a resulting line power requirement
of about 20 kw at 208 voits. An extensive equipment design effort wouid be required to
insure adequata reliability and minimal maintenance, but it is conceivable that by 1990, an
entirely solid state microwave oven could be available which would function under the most
severe field conditions,

1

g. Discussion. The evaluation matrix approach employed by Pilger'® was applied to
the six heat transfer methods discussed, i.e., water contact, immersion, steam, hot air, infrared,
and microwave, the results of which is shown in Table D-5. Comments on the ratings follow:

i  Bernazzani, R., Blais, R., Bows, P., and Kornuta, K, Evaluation of an Electric Radiant Heat,
Quartz Oven. Technical Report 74—-8~GP. Natick MA: US Army Natick R&D Command,
1973.

?Fox, M. and Dungan, A. L. The SPEED Field Feeding System, Technical Raport 70—11~GP.
Natick, MA: US Army Natick R&D Command, 1969,

'19pilger, R, E. Development of a Concept for a Field Kitchen Reconstitution System. Technical
: Report 75~12—-0R/SA. Natick, MA: US Army Natick R&D Command, 1974,
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{1) Effectiveness Criteria.

* {a) Percent of Menu. All shelf-stable tray pack foods can be prepared by each
of these methods.

i {b) Quality of Foods. Water immersion heating, because of the maximum

temperature limitation of the media, will least affect quality. Infrared could result in
overcooking and scorching the product. Hot air heating is less risky in this regard, but produces
some evaporative losses.

Eas

{c) Throughput. All methods can be operated to maintain a desired serving
rate of five persons per minute for a group of 200 troops.

{d} Emergency Cocking. An immersion heating system is a kettle operation,
§ hence can be used to cook raw foods on an emergency basis. All other methods need some
kind of additional container to heat or cook raw foods.

(e} Ease of Operation. Water immersion heating is essentially self-controlling;
the product temperature cannot exceed the boiling point of water. Contact heating equipment
is likely to be the most difficult 10 load and adjust. infrared, microwave and steam are small
batch operations, and therefore require constant attention.

(f} Packaging Flexibility. Most container sizes can be heated by water
immersion. Contact heating would have the greatest limitations, in that equipment adjustments
would have to be made for different package sizes.

{g) Safety. There is little danger associated with the use of immersion heating,
whereas steam and infrared pose serious burn hazards.

(h) Mobility, The number, size and weight of the equipment, for all methods
but water immersion, imposes significant restraints on mobility, Infrared and microwave units
would be most sensitive to damage during transit in a combat environment.

{i) Reliability. There are few opportunities for failure with water immersion q
equipment, while infrared and microwave equipment reliability could be seriously degraded
under field conditions.

{j) Maintainability. Microwave heaters would require the most spare parts and
technical service supp .rt. Infrared equipment maintenance would be mainly replacing infrared
elements. A plumber would be required for the steam system,

el g B TSiA

(k) Survivability. Microwave equipment could present some problems in
suppressing the electromagnetic signals, and both microwave and infrared equipment might be
subject to damage from nearby explosions,

{I} Environmental Suitability. Extreme cold would present the greatest
problem to water immersion heating. However, a ,900d grade elthylene glycol could be used
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as anti-freeze, which would permit operation even under artic conditions. Most other equipment
can be modified to operat™ in very cold weather.

{m) Development Risks. The greatest risks would be in the development of
microwave and infrared equipment, because of the need for greater comonent reliability under
the adverse conditions likely 10 be encountered.

(2) Resource Requirements.
(a) Manpower.

One person can operate the water immersion and hot air heating systems. The
major problem with the water and contact heating methods is the opening of the hot containers.
All other methods involve opening the containers before heating, Steam, infrared and microwave
methods require greater effort, because of the more frequent loading and unloading of these
ovens,

{b} Development Costs.

These ratings are based on the estimated development costs to build a working
prototype. The major cost for development of a water immersion heating prototype is the
compact water heater. Based on the present status of the Raytheon Company Heat Transfer
Module, and the results obtained with a prototype heater developed for another application,
these costs should be in the $50,000 to $100,000 range.

A contact heating device would be primarily a mechanical engineering effort, and would
utilize a hot water heat exchanger. Development costs should be of the same order magnitude
as for the water immersion system ie., $50,000—-$100,000.

Forced hot air ovens would require less development effort, probably little more than
modifying and improving on a commercial design, which should cost about $25—$50,000.
Similarly, the infrared system would probably be no more than a ruggedized version of the
commercial model, which would involve approxmiately $50-—-$75,000 additional development
costs.

A microwave oven would have to be higher powered than commercially available items,
and modified for easier servicing, through use of plugin components. The related cost of
development would be on the order of $75-$125,000.

A steam heater could be developed from a commercial model, with its own integral steam

generating system, hence, could probably be accomplished &t relatively low cost of
$25-$50,000.
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{¢) Production Costs.

Estimates of the »roduction costs of the developed items are as follows:

: Water Immersion $ 400
l ';‘ Contact Heating 1,000
: Forced Hot Air 3,000
Infrared 3,000

Microwave 6,000

Steam 1,000

(d) Operating Costs.

Operating costs are estimated in terms of labgr, fuel and water expended per
day. The infrared and microwave system, for example, would consume significant amounts
of electrical power, and therefore, substantial amounts of diesel fuel for the electric generators.
A steam system would use large amounts of water. Water immersion, contact and hot air
heating would be the least costly to operate,

(e} Conclusions.

Heat transfer methods were discussed to identify approaches to the design of
efficient cooking and haating equipment. An efficient, simple, essentially fool-proof method i
of heating tray pack rations in the field is required, but other cooking processes such as frying, i
oven baking, and roasting also need to be optimized.

On the basis of this evaluation, water immersion heating is the clear choice for use in
combat, Other heating studies alsc support this conclusion, therefore, a water immersion heating
system for shelf stable foods is recommended.

Forced convection hot air heating would appear to be the method of choice for baking
and roasting operations, though improved air flow technigues to insure more uniform results
are needed. Some additional heating capability would also be desirable, in the event electrical
power to operata tha air blowers is not available. Direct burner heating is a viable alternative
for this purpose.

4. EQUIPMENT DESIGN PHILOSOPHY.

a. Commonality. Food service equipmant should be designed to have & much
commonality with garrison equipment as possibla, so that food service personnal will be able
to operata field food servica equipment with minimal additional training. The ideal would
be to have fiald equipment identical with garrison equipmant, in appearance and operation,
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as well as in performance. This, at least, should be the goal of the development effort. The
field equipment should be simple to operate and maintain, durable, and efficient, in terms
of energy consumption as well as operation,

b. Flexibility. Food service equipment for the field should be designed so that it
is capable of being responsive to unexpected changes in the feeding situation. The prospects
for energy supplies in the future suggests that one begin to cansider the possibilities of designing
equipment which can operate from more than one energy source. In Viet Nam, the M—2
burner unit was modifiad to operata from liquid petroleum gas (LPG), because it was easier
to ignite and control, there were no start-up problems, handling was simplified, less frequent
refueling was required, and the fire and explosion hazards, wera reduced. An LPG system,
however, imposes logistic constraints for a combat food service which precludes its further
consideration,'!

Kitchen systems, other than those used in the forward combat and combat support areas,
which of necessity must operate under the most adverse environmental conditions, should reflect
garrison food service operations as much as possible, so that food service personnel will be
able to operate field equipment with only minimal additional training. In addition, if the
equipment were designed for both fuel-fired and electrical operations, either through a built-in
dual energy capability, or by means of interchangeable heating units, the transition from combat
to peacetime food service operations could be facilitated,

There are relatively few options open when designing multi-energy capability into food
service equipment. The heavy dependence on electrical power throughout the world strongly
suggests that electricity must be one of the alternatives considered. It is realized the overseas
efectrical systems may have different voitage and frequency characteristics, so that some means
of adapting to different electrical sources must be designed into the equipment. A second
alternative should be the primary energy source used by the military in the field. At least
during the next decade, this is likely to be diesel fuel and other petroleum derivatives used
to power field vehicles. It is not a difficult matter to design a fuel-fired oven or griddle,
to which electrical heating elements could be added or built-in at little additional cost.

The M—2 Burner unit, the current standard field heating device, is known to be inefficient,
and requires a considerable amount of routine maintenance, which interferes with the primary
responsibility of food service personnel, i.e., food preparation. In addition, these burner units
generate more heat into the work space than is used for cooking or heating food, hence field
kitchens, except in cold weather, tand to become uncomfortably hot. With the exception
of a hand valve to lower or raise tha heat output and a control for air adjustment, which
must be simultaneously regulated to obtain good fuel burning results, there is no feedback
control of the burner unit, such as a thermostat. A serious effort should be made to develop
a more efficiant, controllable heat source.

One approach to burnar unit operation which needs to be explored, is the use of a remote
pressurized fual tank to reduce the axplosion hazard associated with the present design, in

110p. Cit.,, US Army Quartermaster Sehool.
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which the fuel tank is an integral part of the burner unit. This would also result in a significant
labor reduction, since it would no longer be necessary to refuel and maintain individual burner
units on each piece of equipment. A blow torch preheater device, like that depicted in
Figure D-3, could be used to reduce the start up time of the M—2 bumer unit using gasoline.
Another approach would be needed with diese! fuel. There is currently an ongoing contract
effort directed toward the sclution of this problem {Contract No. DAAK60—-78-C—0045,
Investigation of ignition, vapor generation and burner design for a diesel fueled stove).

¢. The Heat Pipe Concept. The heat pipe is a development which found practical
application in the solution of heat transfer problems in space flight. A heat pipe is a hermetically
sealed pipe containing a heat transfer fluid selected for the temperature range of interest. A
t wicking material is bonded to the inside of the pipe. When one end of the pipe is heated,
the fluid vaporizes and condenses at the cold end, transferring the heat of condensation. The
condensed liquid then moves back to the hot end of the pipe, by capillary action in the wicking
material, to be heated, vaporized, condensed, etc. The concept has already been applied to
the design of food service equipment. Specifically, heat pipe griddles have been built for both
electrical or gas fired operations. A heat pipe griddle, designed and built by Hughes Aircraft
Company, using a modified M—2 burner unit as the heat source, is shown in Figure D—4.'?
The heat pipe principle has also been applied to the design of a deep fat fryer.'?

The advantages of a heat pipe cooking device are the rapid come-up to operating
temperature, and fast recovery to operating temperature when a load is placed on the device.
Heat pipe griddles reach operating temperature in about five minutes, as compared to 15-20
minutes for conventional griddles. A heat pipe griddle has an unusually uniform temperature
over the griddle surface, which can be described as essentially isothermal, whereas the
temperatures can fluctuate widely over the surface of a conventionally heated griddle. Because
of this feature, only a single burner unit, with sufficient output, is needed with the heat pipe
griddle. This not only means some reduction in fuel consumption, but more important, it
is highly responsive to use demand, since the griddle can be shut down, then put back in
operation in only minutes., The fuel economy feature also contributes less to the heating
of the work area, and therefore results in a lower discomfort level in the usually confined
kitchen areas.

The heat pipe concept could be the key to an effective, multi-energy capability equipment g
design. Resistance heating elements can be either built into the heat pipe or attached to the 3
underside. The latter approach is the least attractive alternative, because of the undesirable
effect of expansion and contraction on the heating elements when a flame heat source is applied.
When the elements are built into the unit, heat transfer is somewhat more efficient, the elements
are not subject to the same heat stresses, and fabrication of the unit should be simplified.

12 Hughes Aircraft Company, Griddle with a Heat Pipe Surface and a Liquid Fuel Bumer.
USANARADCOM Contract DAAG-17-73-C—-0171., 1873,

13 Lazaridis, L., Searight, E., and Shetsiek, D. Deep Fat Fryer. U.S. Patent No. 4, 091, 8O1:
1978.
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FIGURE D-3. MODIFIED BURNER UNIT WITH BLOW TORCH PREHEATER.
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Figure D—4  Heat Pipe Griddle for Use in Field Feeding
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5. CREW FEEDING.

a. Specific Requirements. The force structure analysis, Appendix B, indicates that
about 45% of the division strength will consist of crews assigned to or associated with combat
vehicies. The major objective of the food service system is to deliver at least one hot meal .
per day, 1o these crews and all other combat personnel. Otherwise, meals will be provided ]
‘ in the form of individual operational rations, which may also be heated and served as a substitute
for hot meals, if demanded by the situation. Therefore, a means is required for heating
operational rations onboard the vehicles,

b. Evaluation of Alternatives. Among the alternatives considered for heating
operational rations is a soft fabric envelope containing electrical resistance heating strips, inn i
which the Meal Ready to Eat (MRE) pouch can be inserted and heated.'® These heaters
are small enough to be issued to, and retained by, the individual crew members, or if a part
ot the vehicle equipment, they can be stowed in collapsed form to minimize space demands,
which are critical in these vehicles. In either case, electrical outlets will have to be provided
within the vehicles to power the heaters. A single device will draw only about 5 amps for
a five minute heating period. If necessary, the heating time can be extended to reduce the
power requirements; and, an appropriate discipline can be established when several heating
devices are operated at the same time to minimize the total vehicle power demands, these i
two characteristics, minimum space and power requirements, together with demonstrated .
capabilities of prototype evaluations of this concept, support recommendations for further
development and evaluation.

A second alternative is the British Cooking Vessel, Figure D—5, which has been evaluated
by ihe US Army Armor and Engineer Board, Fort Knox, Kentucky,'® and a draft LR has
been issued by the Armor Board'® for a vehicle ration heater. This device has been used
to boil water, heat rations, and even to fry certain foods. The dimensions (B2 x 9%U" x
9”) are such that the space claim is not particularly large, but the power demands for this
item, currently about 45 amps, may be excessive.

A German hot plate, also intended this purpose, was rejected because of its lack of
versatility. It cannot be used while the vehicle is in motion, and an additional container is
required in which to heat food or boil water.

'*Murphy, A. Personal Communication. Natick, MA: US Army Natick R&D Command,
1979.

'“Miller, J. B. Ration Heating Elements for Combat Vehicles Operational Feasibility

T;st. Final Report 7CO6CEPQO2508. Fort Knox, Kentucky: YS Armor & Engineer Board,
1977.

'“US Army Armor Center. ATEK—-CD-TE. Draft LR for Combat Vehicle Ration Heater.
Letter. Fort Knox, Kentucky: 14 August 1978.
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-Figure D-5

British Cooking Vessel
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c. Concept of Operations. The Food Service Unit, described in the foilowing section,
will, whenever possible, rendezvous with combat vehicies to deliver hot meals, and can also
carry operational rations for resupply of combat craws. Otherwise, combat vehicles will be
equipped with a devica for heating operational rations. It can be used when the vehicle is
running, in order to prevent any unnecessary drain on the batteries, or couid be provided
with interlocks to prevent this from occurring under other circumstances.

6. FOOD SERVICE UNIT.

a. Specific Requirements. The function of the Food Service Unit is to heat and deliver
one hot meal per day to combat troops. The hot meal will be made up of shelf stable
components in tray pack form, which require only heating, prior to serving. The meal may,
as circumstances permit, be augmented with salads, bread, desserts or other items.

Food service skills will be minimized by proper design of tha food service equipment.
Generally, only two or three persons, at most, will be requirad with the Food Service Unit
for company sized operations.

The Food Service Unit must have a cross country capability, and supply its own fuel
and water r.eeds.

b. Evaluation of Alternatives. All alternatives considered are based on the requirement
to deliver meals to the combat personnel. Thus, tha system must have mobility, whether
the food is heated and moved forward in insulated containers, or delivered forward, either
heated enroute or at the consumption site. The necessary mobility can be achieved by mounting
the food service equipment in a truck, or on a towed trailer, or by a special purpose vehicle,
designed especially for food service operations.

A special vehicie would not be usable for any other purpose, and would represent a
major development effort, therefore, is not considered a preferred alternative. Similarly, the
use of the truck for the Food Service Unit would take up scarce cargo space and reduce the
general utility of the vehicle, A trailer mounted Food Service Unit, with simple food service
equipment, appears to be the least costly alternative with the highest probability of success.
One concept is illustrated in Figure D—6, for which the schematic is provided as Figure D—-7.

c. Equipment Options,

(1}  Trailer. The M116A1, 3/4 ton trailer is an example of an existing trailer
which might be used as tha base for a Food Service Unit.

(2} Tray Pack Heater. A sketch of a circulating hot water heater for the tray
pack containers is shown in Figure D—2. Tha hedie- should have a capacity of eight containers,
sufficient to support a serving rate of five persons p.s minuta each thirty minute heating cycle.
The heaters can be insulated for greater heating efficiency, and fittad with latching, gasketed
covers to prevent spilling water during cross country transit. Another approach would be to
design a unit for direct haating, which could than also be used for cartain cooking operations,
such as the preparation of soups, stews or vegetables under emargency circumstances, where
only raw food is availabla,
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Figure D—6 Trailer Mounted Food Service Unit

136

- -




/

TRAY PACK TRAY PACK TRAY PACK TRAY PACK
HEATER HEATER HEATER HEATER
/ N_/ N_/ \_/ \
DIESEL
GENERATOR BOILER
STORAGE STORAGE
CABINET INSULATED
HOT COLD
WATER WATER
4 Figure D-7 Layout of Equipment on Trailer Mounted Food Service Unit

136




(3) Boiler. A closed, powered burner, water heater, similar to that shown in
Figure D—8, which has been adapted to field sanitation operations, would be used for the
tray pack heater. An example is a smali, but efficient, water heater of novel design by Raytheon
Company, procured and tested at NARADCOM several years ago.'’ The more desirable features
of this unit were that it was light weight {about 75 lbs); compact {1’ x 1’ x 4°); had a relatively
high heat output {176,000 Btu/hr) ‘which could be attained in less than three minutes from
] start-up.

{4) Diesel Engine Generator. A small military standard generator set, about 1 kw,
is needed to operate the pumping system and to provide power to the burner unit. Although
a diesel electric generator is suggested as a component of the food service unit, the energy
. requirements could also be provided by a 24 volt DC battery, by an alternator off the engine
3 of the prime mover, or, at some point in the future, perhaps by a high energy fuel cell power
' source of the type being devaloped by the Mobility Equipment R&D Command, Ft. Belvoir,
; Virginia, Tha diasel generator is presently indicated, because the power source is essential
if the prime mover is separated from the trailer.

{5) Hot Water Dispenser. Hot water for beverages is provided by indirect heating
using the boiler.

{6) Cold Water Dispenser. An insulated container with tap is used for cold water.
Although no special provision for cooling water is provided, developments in tharmoelectric
cooling could lead to a powered water cooling system,

{7) Storage Cabinets. Insulated storage cabinets for bread, pastry, salad and other
items are illustrated in Figure D-9,

{8) Insulated Carrier. Tray pack foods remain in the unopened container during
and after heating until actually required. It is not necessary to open the tray packs and transfer
their contents to insulated containers. In fact, this would be undesirable, because the insulated
container would have to be cleaned and sanitized after each use, whereas the tray pack container
itself is disposable. One example of a tray pack carrier configuration, that also allows the
carrier to function as a serving line component, is shown in Figure D—10. The four pan
capacity gives an appropnate distribution of two entrees, and one each vegetable and starch,
necessary to serve one meal to twenty troops. The carrier itself can be protected from spillage
by spreading a thin plastic film over it before the tray packs are inserted., It can be carried
like a suitcase or backpacked.

d. Concept of Operations. Food service personnel assigned to each company would

load the ration heaters with tray packs; place additional tray packs, operational rations

_ disposables, water and fuel in the prime mover; and depart for the rendezvous. Heating of

the tray packs could begin before departure, so that they would be ready to serve on arrival,
or at the rendezvous point if sufficient time is available,

17 Hapgood, W. Lightweight, Compact Space Heating/Water Heating System. Technical Report
72-58—-GP Natick, MA: US Army Natick R&D Command. 1972,
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Figure D—8 Water Heater for Field
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D-10. INSULATED TRAY PACK CARRIER.
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On arrival, the trailer would ba situated, the work tables erected as the serving line, insulated
tray pack holders set out on the table along with disposables and other items, and the first
tray packs opened and placed in the insuiated hoiders. One person would serve the meat,
while another would be occupied with opening tray packs, and heating additional tray packs
as needed to keep the lina stocked. Hot and cold heverages, and other items that may be
available, would be on a self-seive basis. Plastic bags would be used to collect trash and waste.
High rates of service, or serving large groups, could require the assistance of an additional

Closing down the Food Service Unit operation would invoive returning trays and pans
to the cabinets; wiping off the tables and insulated tray pack holders, possibly using pre-wetted,
disposable, sanitizing wash cloths; stowing the work tables; and ioading bags of trash and waste
on the prime mover.

On return, the storage cabinets and tables would be officaded and cieaned; tray pack
heaters drained and cleaned; disposables restocked; and, general maintenance carried out.

The Food Service Unit couid be operated in battalion rear or brigade with a company
kitchen to permit preparation of a T or limited A ration menu, when available. This kitchen

would be housed in a soft shelter, as shown in Figure D—11. The additionai equipment includes
a field oven, griddle, pot cradie, steam table, work tables, and fieid sinks with drain rack for
pot and pan washing.

Under some circumstances, such as a battalion moving into reserve, or after ceasefire,
the company Food Service Units can be integrated into a battalion level kitchen, as depicted i
in Figure D-12,
much of the equipment can be retained on the trailers to facilitate redeployment, as necessary,
Other food service equipment and a sanitation center are provided, capable of serving a limited 1
A.ration menu and expanded mea! service to the whole battalion.

The use of permanent dinnerware, instead of disposables, woulid depend on the status
of the combat situation. 3

UNIT KITCHENS. Eisewhere in the combat zone, kitchens will normaily be operated
at company level or fess, with T rations, to provide one, or perhaps, even two hot meals per
Under other than combat conditions, or in secure areas, they can be complexed or
combined into larger kitchen operations to provide either A or T type rations. Therefore,
unit kitchens need to provide a complete food service equipment capability at company level
and, at tne same time, be the modules from which to effectively assemble larger consclidated
or integrated area kitchens.

Three existing alternative field kitchen concepts ara considered for this purpose — a Mobile
Kitchen Trailer (MKT), the Modular Fieid Kitchan and the 1SO Container Kitchen — one which
is trailer mounted, another housed in a soft shalter, and the third in a rigid shelter. Each
alternativa is evaluated in terms of the specific operational requirements for future combat,
and is not limited to the current design or configuration which typifies a given aiternative.

In this exampie, the trailer units are shown backed into the shelter, so that
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a. Description of Alternatives. The MKT is an expandable, self-contained, trailer
mounted field kitchen, towable by a 2% ton truck. The MKT was originally designed and
type classified for company level operations with A and B rations. However, it can be easily
reconfigured to provide an A or T ration capability at company level, for example, as shown
in Figure D-13.

The Moduler Field Kitchen is housed in a frame supported shelter, and can be readily
expanded and adapted to food service operations at all levels, including units up to 1000—1500
in strength.'® The Modular Field Kitchen with an A or T ration capability, is depicted in
Figure D14,

An 1SO Container Kitchen in a rigid wall sheiter, which was designed to be compatible
with air and sea transport systems, is illustrated in Figure D—15, as it may be fitted out to
provide en A or T ration capability.

b. Equipment Options. The equipment listed in Table D—6 for unit kitchens is
definitive only to the extent of showing examples of equipment for preparing A or T rations.
All kitchen concepts would use the same basic equipment, though there would be some variations
in design necessary to accommadate to differences in the size and space of the shelters. For
example, modifications would have to be made to provide work surface covers on the griddles
or steam tables, or fold-up and attachable work surfaces wherever possible in the trailers.

i (1} Tray Pack Heater, This item would be fitted with a hinged cover to reduce
] evaporation loss, and with wire baskets to facilitate tray pack handling. The heater will be
filled with hot water from the boiler and maintained at 180°F or higher by means of a circulating
hot water system, The side walls should be insulated to reduce heat losses. The water could
also be heated by a fuel fired burner placed beneath the heater, if the situation required it.

(2) Forced Convection Oven. The oven is for roasting, baking or heating, as
determined by the menu being served. A powered burner is recommended, so that it can
be operated in the same manner as a commercial oven, but it should be designed to function
as a natural convection oven if electrical power is not available.

4 {3) Griddle. A heat pipe griddle offers greater fuel economy, however, a regular
type griddle may also be utilized. The heat pipe griddle surface is easier to maeintain.

(4) Steem Table. The steam teble can be heated directly, by e burner unit below,
although like the griddie and oven, may eiso be operated electrically, if adequate power were
available,

| VB Baritz, S., Bustead, R., Kirejczyk, H., Kulinski, M., Meiselman, H., Silverman, G., Smith, R.,
, Stefaniw, I., and Symington, L. The Camp Pendieton Experiment in Battalion Level Field
L Feeding, Technical Report 7T—4—-0OR/SA. Netick, MA: US Army Netick R&D Commend,
July 1976.
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TABLE D-6
BASIC EQUIPMENT ITEMS

Item Dimensions Ares (ft?)

Tray Pack Heater 26" x 26" 4.7

Griddle 24" x 48" 8.0

Steam Table 24" x 48" 80

Work Table 24" x 48" 8.0

Oven 30" x 39" 8.1

Pot Cradle 215" x 23" 34

Pastry Cabinet 28" x 20" 39

Insulated Cabinet 28" x 20" 39

Generator, 3 kW 35" x 24" 58

Boiler 30" x 22 5.6

Sink 26" x 26" 47

Rack 18" x 48" 6.0
i
'
1
{
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(5} Pot Cradle. A pot cradla is included to cook vegetables and other foods. The
heat source would be a non-powared bumer unit, though a hot plate could be substituted
if adequate power were available. Pots should have food contact surfaces that can be easily
cleaned.

¢. Evaluation of Alternatives. Of primary concern is whether or not the kitchen concept
can be operated effectively at company level or less, given the constraints and conditions of
the combat environment. Certainly, none of these kitchens are expected to be employed forward
of the brigade area during active combat. Division elements operating in these areas would
be supported by a trailer mounted Food Service Unit. Typically, then, unit kitchens would
be located in the division rear, though removed from immediate combat, may frequently be
threatened by enemy action, so that mobility is important.

The I1SO Container Kitchen Concept is quite small, with little usable floor space,
Table D—7. Experience has shown that a trained food service team can prepare and serve
hot meals from such a kitchen.'®.2% But, to support a large company, say 200—350 troops,
three hot meals per day, on a continuous basis, would require either one 20’ or two 10’ ISO
Container Kitchen to provide adequate work space. The amount of transportation and materials
handling equipment needed to move this sort of complex about, seems to mitigate against
serious consideration of this concept as a unit kitchen.

Only one MKT or Modular Field Kitchen would be required per company. The Modular
Field Kitchen has more than twice the space of an MKT providing sufficient room for storage
and sanitation functions. Separate additional storage and sanitatio: space would have to be
added to the MKT. Either of these two kitchens need a prime mover, a 2% ton truck, for
transport. Other mobility factors that have to be considered are the times necessary to strike
and stow the kitchen when being readied for movement, and subsequently to unload and erect
the kitchen at the new location; and, the possible effects of the load on the speed and
maneuverability of the transporting vehicle. Even though much of the equipment on the MKT
is fixed in place, the remainder must be positioned according to a fairly exact loading plan
when preparing for a move, because of space limitations. Then, certain components of the
trailer must be disassembled, the trailer unit buttoned up, and hitched to the towing vehicle;
all of which is time consuming. The Modular Field Kitchen shelter and equipment, on the
other hand, needs to be disassembled, packed and loaded onto the truck, although considerable
flexibility is allowed in the loading arrangement. It has been demonstrated that this can be

'Y Decareau, R, V. “Electrically powered Field Kitchens,”” Comell Hotal and Restaurant
Administeation Quarterly, May 1971,

2°McCormack, M. E. “Distillage Fuel-Fired Kitchens.” Cornell Hotal and Restaurant
Administration Quarterly, May 1971,
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TABLE D-7

SPACE ALLOCATIONS FOR ALTERNATIVE KITCHEN CONCEPTS

Module Dimensions Area Equipment’ Work Space

(L x W) {ft?) {fe?)* (ft*)
Modular Field Kitchen 16’ x 22° 352 75 277
MKT-75 15’ x 12.75' 191 64 127
1SO-Container-Container 7.6'x95" n 39 32
NOTES:

! Does not include generator and boiler, which wouid be located outside the kitchen.
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I accomplished in a fairly orderly manner, by untrained personnel, within approximately thirty
: minutes,?' which is comparable to what is expected with the MKT.

The Moduler Field Kitchen offers other benefits not obtained with the MKT. A loaded i
truck is generally faster end more maneuverable than one which is towing a trailer behind _J
it. On arriving at a new location, the time required to completely erect the kitchens for !
operation is about the same, in either case. With the Modular Field Kitchen, it is possible
to begin operations immediately after offloading only a few selected equipment items, wherees
the MKT is not quite as flexible. Under some circumstances, where only a limited, temporary
food service capacity is adequete, this ability may be highly advantageous. Based on this
comparison, it appears that the Modular Field Kitchen concept is equally as mobile, as a Mobile
Kitchen Trailer concept.

The unit kitchen, to be compatible with the overall system concept, must be able to 1
be assembled together into larger efficient kitchens, and to the extent possible, utilize equipment
common with the remainder of the system, specifically the trailer mounted Food Service Unit.
The Food Service Unit provides only a T retion capability, and is intended primarily as a
high response system for division elements ectively engaged in combat. However, an A ration
capability also needs be maintained at battalion level for eventual consolidation of food service
operations, or in the event of a contingency wherein the T ration cannot be supplied. It
is recognized that certain of the division units cannot consolidate on this basis, and must
maintain an independent A ration capability. In either case, some additional equipment will
have to be issued which can be combined with equipment components from the Food Service
Unit to yield a complete unit kitchen for A ration operations. Regardless of the level at
which the unit kitchen is established, the Mobile Kitchen Trailer concept needs additional prime
movers for towing, while the Madular Field Kitchen concept would not, as it could be loaded
onto either of the vehicles which are towing the water trailer or trailer mounted Food Service
Unit,

The ability to form a larger kitchen is not simply a question of whether the unit kitchen
can be combined and operated as e single kitchen, but one of the efficiency and effectiveness
of the resulting operation es well. The number of unit kitchens adjoined may vary considerably,
depending on e variety of conditions, but could renge upward to six, or possibly even more,
to support as many as 1000 troops. The Modular Field Kitchen shelter and equipment readily
facilitates the configuretion of a kitchen shelter errenged to a layout for the most effective
and efficient operation., With the Mobile Kitchen Treiler Concept, the equipment is essentially
fixed in place on the trailer, which makes reerrengement of the equipment and space to achieve
operational efficiency difficult, if not impossible. Just the siting, colocation, and levelling of

2!Kirejczyk, H. and Bonczyk, T. Evaluation of Alternative Field Feeding Systems for Army
Field Medical Units, Draft Technical Report. Natick, MA: US Army Natick R&D Commend,
July 1978,
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several adjacent kitchen trailers, with or without interconnecting platforms, can present
considerable difficulties, as compared to simply erecting and connecting the frame supported
tents, which are less sensitive to minor variations in their terrain. Past field evaluations indicate
that larger field kitchen facilities housed in modular shelters are preferred by food service
personnel to operating out of a multiple MKT complex.?2,2? Finally, when the Modular Field
Kitchen units are consolidated in number, there is sufficient equipment and tentage, not only
to set up a complete large size kitchen, but to provide for a sanitation center and a storage
shelter, if desired. With the Mobile Kitchen Trailer, additional shelters would have to be issued
for this purpose.

In summary, the I1SO Container Kitchen does not appear to be a feasible alternative for
Army combat food service. Comparing the Mabile Kitchen Trailer concept to the Modular
Field Kitchen concept, the latter seems to be more flexible and better suited to combat
requirements, offers a higher degree of compatibility with the total food service system concept,
is no less mobile, and is easly adapted to large scale food service operations.

8. CONSOLIDATED/AREA KITCHENS., Most companies would merge their unit kitchens
into consolidated area kitchens whenever the situation permits doing so. Depending on
availability, A or T rations could be prepared. The pooling of authorized food service personnel
would possibly egual, or may even exceed, the staffing requirements for A ration meal service
at the larger, more efficient level of operation.

a, Equipment Options. Almost all of the equipment contained in the unit kitchens
would also be operable in the consolidated area kitchens, but depending on the unit kitchen
design, other equipment items may have to be added.

In this mode, however, having the equipment to operate from a remote pressurized fuel
system would be most efficient and economical. A remote tank, with a fuel line manifolded
to the various heating units, i.e., the ovens, griddles, and other fuel-burning equipment, provides
a promising approach to significantly reduce labor, improve operations and reduce the danger
associated with operating burner units. Integral tanks with burner units are subject to increasing
pressure conditions, because of the proximity of the fuel tank to the heat source, and it is
not unusual to see the tank pressure rise to danger levels. The remote tank can be pressurized,
with suitable reducing valves to maintain a modest pressure level for fuel flow to the burners.
Also, it is much easier to install a relief valve in the remote fuel system than directly in a
bumer unit. Appropriate valving and disconnects in the manifold would allow bumer units
to be removed for repair and maintenance, without shutting down the entire cooking operation.

A fail safe valving and disconnect system is extremely important with a manifold system,
to avoid spraying fuel around the kitchen when a burner unit is removed. Dirt can easily

23 bid.

230p. cit., Baritz, S. et. al.
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get into these connections, if they are not handled carefully, resulting in delays, fuel spillage,
and down time for repairs. In addition, the manifold and fuel line design must permit the
line to be separated, so that any equipment item can be detached and function completely

alone.

b. Sanitation. Field sanitation now consists mainly of the mess kit {aundry line. The
use of disposable mess gear would eliminate the need for this setup, except for pot and pan
washing and general equipment cleanup. However, a backup system, in the event of a break
in the supply of disposables, must also be considered. Another alternative is to use permanent
trays and utensils, Some means of cleaning these trays, which is not labor intensive, would
then be required. A number of possibilities can be suggested.

{1) A manually, operated tray cleaner, in which thz tray is inserted. Brushes and
high pressure water spray remove the soil, after which the tray may be placed in a rack, and
put through a sanitizing rinse or water bath to sanitize the trays. The trays could then be
hung from a rod or placed in another rack to dry.

{2) A plastic film can be applied by dipping the trays into a prepared solution.
After use, the film is stripped from the tray and discarded. A new layer of film is applied
for each meal.

(3) The tray might be placed in a plastic film bag, and the open end closed or
sealed in some manner. Food would then be served on, and eaten off, the film cover. After
use, the bag would be removed and discarded, and the tray retained for use at the next meal.

Each of the possibilities will require some development effort to perfect. Plastic coatings
or bags would both have to demonstrate resistance to cutlery use, and meet acceptable standards
of food contact surfaces.

The effectiveness of a high pressure water spray systermn for soil removal has been already
demonstrated.?? During the test, trays were coated with a special food mixture and allowed
to dry for 20 hours, The trays were then passed over an arrangement of water nozzles and
exposed to a hiy pressure water spray. Soil removal was complete in tray movement rates
of 3 to 7 inches per minute. These test conditions were far more severe than would normally
be expected in actual operation.

c. Evaluation of Alhternatives. Based upon the evaluation of unit kitchens, the most
viable concept that could be utilized at company level in a combat environment, from which
larger consolidated kitchens can be effectively assembied, and, that is also otherwise compatible
with the total food service system, was the Modular Field Kitchen. As few as five companies
could pool their food service assets to obtain a consolidated kitchen, Figure D—16, which
would be sufficient to support up to 1000 troops, with a sanitation center for pot, pan and

4 EMC Corporation. Development of Concepts; Automated Scullery. Central Engineering
Report No. R—1914A. Santa Clara, California: 1963,
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tray washing, and still have adequate shelter space remaining for storage of non-perishable
rations. The only item of equipment which would have to be added is a manual tray scrubber,
if it were decided to use permanent trays in lieu of individual messgear or disposables.

9. CONCLUSIONS. Food service equipment for future combat food service systems must
reflect the efficiencies made possible by the introduction of improved shelf stable foods. To
this end, equipment must not add to the labor burden, but rather, require the least effort
10 operate and maintain by the food service personnel,

| The most likely energy source for cooking and heating purposes will be diesel fuel, since
ﬁ : it will generally be used for military vehicles, and therefore most abundant in the theater.

Efforts to develop an efficient and economical diesel burner systems for food service equipment
should be initiated at an early date. it should also be possible to provide some electrical
power through diesel electric generators to field food service operations, permitting them to
use certain labor saving items of food service equipment, such as slicers, can openers, etc.,
as well as to use powered burner systems and convection oven blowers,

Water immersion is clearly the simplest and most reliable method for heating shelf
stable foods to serving temperature, and has the least deleterious effect on the quality of those
foods. Water elso provides an excellent medium for holding unopened containers of food
at serving temperature until needed. Unused containers can simply be cooled and retained

: for use at a later time.

! Food service support to combat forces must be able to keep pace with those forces in

i order to provide them with at least one hot meal per day. This can best be accomplished
with a high response, food service unit, with the means for heating food enroute, so that
serving can begin shortly after arrival at the rendezvous. The equipment should be simple
enough to be manned by a food service staff of two or three men.

The company level food service operations in the combat zone should be provided with
additional items of equipment, so that certain other foods can be prepared to supplement
the menu, if possible. This kitchen should also have some sanitation capability.

The preponderance of vehicle mounted personnel suggests that an onboard means of hea.ing
individual operational rations is desirable. A lightweight, fabric heater which uses vehicle power
provides an answer to this problem,

Units operating elsewhere in this theater, typically do not require the same high response
food service capability. Rather, what is needed is a kitchen that can be operated at company
level or less, and also be the basis for establishing consolidated aree kitchens. The apparent
choice among the alternatives considered is the Modular Field Kitchen,

Sometimes, area kitchens will be located near sources of electrical power., Food service
equipment for the field should be designed to take advantage of this resource, but should
also have the capacity to operate from non-powered fuel burning energy sources. At least,
the kitchen should be equipped with a smell digsel electric generator which will permit the
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use of labor saving devices, such as slicers and can openers, as well as to power the fuel burning
equipment.

Refueling of self-contained burner units is labor intensive, hazardous and time consuming.
A remote, pressurized fuel sourca with a fuel line manifold to the individual burners is within
the state-of-the-art. Such e system would free personnel for their primary task of food
preparation and, be much less hazardous than at the present, by essentially eliminating the
danger of explosive fires in the kitchen,

Other heet transfer techniques appear to offer opportunities to improve field food service
from a functionel point of view. Heat pipe technology, for example, has been applied to
the design of improved griddles and deep fat frying. Field varsions of these two items are
also within the state-of-the-art.

In combat, the food service system can no longer support the use of traditional messkits
and the associated sanitation requirements. It is for this reason, that the use of disposables,
at least in the active combat area, and possibly elsewhere, is recommended. The volume of
waste generated by disposables is potentially a probiem, so some means of reducing the volume
of waste, perheps by compaction or shredding, needs to be investigated. Where practicable,
a reuseable tray, rmaintained at the kitchen site, is an alternative to disposables, end it is possible
to provide tray cleaning and sanitizing facilities for field use that are not labor intensive. Within
current technology, food service ware, such as trays, pot and pans, and kitchen utensils, with
soil rejection surfaces can be designed so that sanitation can be accomplished by simply
immersion in a high temperature water bath, or a low temperature, chlorinated water bath,
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APPENDIX E
STAFFING ANALYSIS

1. INTRODUCTION. One of the most significant costs of the combat food service system
are food service personnel, thus it was essential to develop plausible estimates of the staffing
requirements for the various system concepts and situations proposed for cost analysis. Ideally,
the design of future combat food service systems should consider the total spectrum of possible
conflict situations in which it can reasonably be expected that it will be required to operate.
Additionally, it has to be recognized that these conflicts may occur virtually anywhere in the
world, under all types of geographic and climatic conditions. Thus, any new System concept
recommended must be capable of being deployed, and operated efficiently and effectively,
in a wide variety of such circumstances. However, because of limitations and constraints on
available project resources, a detailed assessment of all of these factors simply was not possible
at this time. Rather the agreed approach was to formulate and evaluate alternative system
concepts for those requirements which derived from a combined analysis of the TRADOC
standard Theater Leve! Scenario (TLS) (1977-78) and the FY 84 Program Force, the best
available information, reflecting the 1990 force structure. Similarly, currently evolving
organizational changes, specifically that might result from the Division Restructuring Evaluation
(DRE), that could significantly impact on the future Army force structure were included in
the staffing analysis.

2. METHOD OF ANALYSIS. The alternative systems concepts considered are based upon
combinations of level of feeding, i.e., single or multiple units in an individual or consolidated
mode of operation with A, B or T rations. Unfortunately, the data available on any one
of the three different forces, that is, the FY 84 Program Force, the Theater Level Scenario
Army force, and the planned DRE force structure, were inadequate for purposes of developing
complete staffing requirements relative to each of these various concepts. The necessary
assumptions and techniques for extending these data to all the situations of interest are briefly
described in the following discussion.

a. Force Projections. Both the Theater Level Scenario and FY 84 Program Forces are
based upon the H-series Division Tables of Organization and Equipment (TOE). However,
there are substantial differences in the types and mix of units, and other variations between
the two forces, so that a . yYmmon basis had to be defined from which to project the future
Army force structure. The division equivalent was selected for this purpose, Since the largest
proportion of combat divisions will be mechanized by 1990, an Armored Division (SRC
17000H020) consisting of five Mechanized Infantry Battalions and five tank Battalions were
established as the H-series division equivalent (H—DE). In actuality, there is no standard
Armored or Mechanized Infantry Division, but the division base is essentially the same in any
case; the only important differences are the numbers of Mechanized Infantry and Tank Battalions
comprising each division. In any event, the total strengths, and therefore, the food service
requirements, do not vary significantly. Information provided in the TOE Master File dated
December 1977 indicates that the assumed H-series division equivalent consists of a total of
17,019 troops, of which there are 617 assigned food service personnel to operate company
level field kitchens. The DRE force is organized around a hypothetical T-series Division TOE,
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for which presently only one exists (SRC 17007700}, hence it is designated as the T-series
division equivalent. Again, according to the TOE Master File, there is 2 total of 18,138 troops,
including 415 food service personnel, assigned to this division. Fewer food service personnel
are need in this instance, because combat feeding operations are expected to be performed
on a consolidated basis. The projected divisional force structure for the Theater Level Scenario
was obtained by translating total division troop strengths into division equivalents, either H-series
or T-series, as shown in Table E-1.

The type, number and mix of non-divisional units are much more varied and less well
defined. Unlike a division, which is generally committed entirely, as a single element,
non-divisional units are assigned and deployed separately, according to a variety of factors,
e.g., level of combat activity, area of operations, number of troops supported, ton-miles of
supplies to be moved, expected casualties, etc., thus tend to vary considerably by scenario.
For the purposes of analysis, the composition and disposition of non-divisional units in the
Theater Level Scenario were assumed to be directly proportional to the equivalent component
of the FY 84 Program Force. All non-divisional units in the 84 Force were classified into
ona of four groups — medical or non-medical, and by location, CORPS areas or COMMZ —
and ratios calculated describing the distribution of troop and food service personnel strengths
in each group. These results were then applied to the known troop strengths in each
corresponding area of the Theater Level Scenario, establishing the projected force structure
characteristics given in Table E—1.

b. Food Service Parsonnal Requiremants. Presently, Army combat units are equipped
and staffed by TOE to deliver three standard B ration meals daily. Extensive work measurement
analyses, undertaken during recent field feeding system evaluations at Camp Pendleton and ;
Fort Sam Houston, clearly demonstrated that the workload associated with the preparation i
and service of A ration type meals in the field wera no different than for the 8 ration, therefore
the staffing requirements are assumed to be identical. Then, wherever applicable, actual TOE
authorizations are used to determine food service staffing levels. Otherwise, the guidelines
promulgated in AR 570-2, CB are utilized to establish the appropriate staffing for the A/B
ration, except for a large scale, consolidated kitchen {operating two twelve hour shifts per :
day, seven days per week, and serving approximately 1000 persans) which required a total
of twenty food service personnel, according to AR 570-7, C8, Also, KP personnel are
authorized at the rate of two for the first fifty rations served, plus one for each additional
fifty rations or major fraction thereof.

As now conceived, the T ration components will require virtually no preparation other
than heating and serving, and since they are packaged in their own serving containers, can
substantially reduca or evan completely eliminata the need for pot and pan sanitation,
Consequantly, far less food service personnel may be requirad than when serving the A/8 ration,
Although experience with use of T ration items in the field is still very limited, the preliminary
results of work measuremant analyses indicate that meal preparation labor is reduced by as
much as 73%. Conservatively, then, it is estimated that food service personnel requirements
with tha T ration are 50—60% less, which allows for a reasonable degree of uncertainty in
these initial results, and ensures that there is still sufficient personne! authorized to perform
those functions not directly ralated to tha type of ration utilized, a.g., pick up and delivery
of rations, POL and water. This permits for a simple, direct conversion of the above food
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TABLE E-1
1990 FORCE PROJECTIONS
THEATER LEVEL SCENARIO (D+90) 1

% Food Projected Force Structure ;
Total Service Food Service Non-Food Service
Strength Personnel Personnel Personnel
Division'
H-Series 431,558 3625 15,646 415912
T-Series 431,568 2.288 9,874 421,684
Corps®
: Non-medical 437,915 3.108 13,610 424,305
] Medical 34,671 4507 1,662 33,108 1
1
Commaz?
Non-medical 121,302 3.230 3,920 117,382
! Medical 38,997 6.184 2,411 36,586
Total
H-Series 1,064,443 3.490 37,149 1,027,294
T-Series 1,064,443 2.948 31,377 1,033,066
NOTES:

! Based on analysis by division equivalents.
| 2Based on analysis of comparable FY 84 Program Force Structure,
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service personnel and KP authorizations for tha A/B ration to a staffing guide for the T-ration,

Table E=2. In general, units authorized just ona or two food service personnel with the A/B

ration do not operate a separate field kitchen, but they are provided for the purpose of 1
augmenting the food service staff of the host unit to which the unit is attached. With the

T ration, these personnel are no longer required, for the additional burden on the host unit

is minimal and, at most, may require simply extending the serving period of a meal to

accommodate tha larger customer load, All other units are staffed at a minimum of two

food service personnel, or at about half of their TOE authorizations, with correspondingly ]
reduced numbers of KP personnel.

c. Division Staffing. Five different feasible concepts of combat division food service
operations were examined in detail. The resuits are presented in Tables E-3 and E—4.

(1} Unit A/B Rations. Because H-series divisions are now organized for this type
of operation, staffing requirements follow from the H-series division equivalent TOE personnel
authorizations. The T-series divisions, on the other hand, are intended to conduct consolidated
;| A/B ration operations, so that staffing of the T-series division equivalent had to be determined ]

) from AR 570-2, CB. The KP allowance is derived from the standard planning factor of two
i for the first fifty, plus one for each additional fifty, rations served.

(2) Consolidated A/B Rations, Food service operations in a division are
consolidatec wherever possible, and serve the A/B ration, In this case, the proposed T-series
division equivalent TOE staffing is appropriate, but the H-series division equivalent staffing
had to be obtained from AR 570-2, CB. Two levels of KP requirements were cc~~idered.
The first assumes conventional field sanitation practices, with standard KP staffing, nd, the
second is based on employing improved sanitation procedures and equipment, e.g., XM-75
sanitation center, thereby reducing staffing requirements to two for the first seventy-five, plus
one for each additional seventy-five, rations served.

(3} Unit T Rations. This concept is essentially the same as the present mode of
operation, described first, except that the T ration is used exclusively, instead of the A/B
ration. Therefore, food service personnel and KP staffing were defined by converting the above
requirements for operations with A/B rations at unit level in accordance with the T ration
staffing guide given in Table E-2.

{4} Unit T Rations/Consolidated A/B Rations. Another alternative is to consider
a combination of the two preceding options. Initially, food service operations are conducted
by each unit with the T-ration; then, as conditions permit, will subsequently transition to
consolidated operations with the A/B ration. Staffing requirements differ for some division
units with each operation; typically, mare food service personnel being needed in the latter
stage. Consequently, staffing would have to ba augmented at the time the transition was
implemented. Generally, it is expected that consolidated operations would be of a temporary
nature, as during base developmant, and that as the situation stabilizes, headcounts would
eventually decrease to tha point that tha added parsonnal could be released, The KP
requirements are as bafore, and assume that improved sanitation methods are available in the
consolidated operations,
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TABLE E--2
T RATION STAFFING GUIDE

TOE Authorizstions Proposad Staffing
{A/B Rations) {T Ration)
FSP Fsp KP
0-2 0 0
3 2 0
4 2 1
5 3 1
6 3 1
7 4 2
8 4 4
9 5 4
10 6 5
11 7 6
12 7 6
13 8 7
14 8 7
15 8 7
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{58) Unit T Rations/Consolidated A/B Rations with Reassignment of Personnel. This
approach is exactly the same as the previous one, except that in those units where the transition
resulted in excess food service personnel from the first to the second stage, these personnel
would be reassigned to other units under strength for consolidated operations. Thus, fewer
numbers of additional personnel would be required for augmentation purposes. This would
necessitate substantial changes in present policies and doctrine with regard to the management
of food service resources in the division, so that such transfers could be effectively accomplished.

A summary of the total staffing requirements under the various alternatives, for each type
of division, is provided in Table E-5, and for the Theater Level Scenario division force in
Table E—6.

d. Nondivisional Unit Staffing. Three alternatives were analysed for non-divisional food
service operations, as shown in Table E-7.

(1) Unit A/B Rations. This situation was discussed previously, and the staffing
requirements are presented in Table E-7. The associated KP requirements were estimated
for two different conditions; first, using the standard planning factor for all the units, and
then assuming that only the medical hospital units are provided with the improved sanitation
methods, with the consequent lower number of KP personnel needed.

{2) Unit T Rations. Staffing requirements for this alternative were determined by
means of the T Ration Staffing Guide, Table E—2, to convert food service personnel
authorizations to this type of operation.

{3) Unit T Rations/Consolidated A/B Rations, Under this option, all units initially
operate with the T ration, then as the opportunity develops, those units which are conveniently
co-located will combine into apprpximately 1000 man area kitchens, except for hospital units,
which by virtue of their size and mission, will continue to function at the unit level. Certain
selected units in the Corps areas and COMMZ will be authorized auxilliary equipment items
that permit expanding to A/B ration operations. Area kitchens of this size require twenty
food service personnel, and fourteen KP personnel when employing the improved sanitation
methods. If the individual units involved are normally authorized personnel only for unit
T ration operations, then staffing will have to be augmented on transition to consolidate A/B
operations. .

e, Total Staffing Requirements, More than fifty different concepts of operation can
be defined by simply combining all possible alternatives considered for the divisional and
non-divisional units, However, most of these were eliminated from further detailed evaluation
and comparison by the following assumptions:

(1) Food service operations do not differ between units located in the CORPS areas
and the COMMZ, except as already indicated for medical hospital units.

(2) Unit T ration operations are not conducted in the non-divisional areas unless

they are also performed by division units, but unit T ration aperations by the divisions does
not necessarily limit the non-divisional units to the same kind of food service.
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TABLE E-5

DIVISION EQUIVALENT STAFFING REQUIREMENTS

H-Series Divisions!' T-Series Divisions?

Alternative Fsp KP FSP KP ’
O Unit A/8 617 445 755 564 i

o Consolidated A/8 375 372 415 a1

Consolidated A/83 375 262 415 287
i o UnitT 332 133 409 163 5
o Unit T and 332 133 409 163 1

E Consolidated A/8 411 262 482 287
o Unit T and 332 133 409 163 1
Consolidated A/8 375 262 415 287 l

W/Reassignment

"

NOTES:
116,402 troops supported, exclusive of food service personnel,
217,723 troops supported, exclusive of food service personnel.

3 Improved sanitation methods allows for reduced KP strength.
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TABLE E-6

DIVISION STAFFING REQUIREMENTS

THEATER LEVEL SCENARIO

H-Series Divisions’ T-Series Divisions?
Alfternative Fsp Kp FSP KP
® Unit A/B 15,646 11,284 17,064 13.181
® Consolidated A/B 9,509 9,433 9,874 9,779 !
Consolidated A/8> 9,509 6,644 9,874 6,829 '1
® Unit T B,419 3373 9,731 3,878 ]
E
® Unit T and B,419 3,373 9,731 3878 i
Consolidated A/B 10,422 6,644 11,468 6,829
o Unit T and 8,419 3,373 9,731 3,878
Consolidated A/B 9,509 6,644 9874 6,829

W/Reassignment

NOTES:
LTS division force equals 25,357 H-series division equivalents.
TS division force equals 23.793 T-series division equivalents,

3 Improved sanitation methods allows for reduced KP strength.
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TABLE €E-7
STAFFING REQUIREMENTS FOR NON—-DIVISIONAL FORCE
THEATER LEVEL SCENARIO
Troop Strength Staff Requirements
Force Element Supported Alternative FSP KP
Unit A/B 13,610 11,236
Corps Areas UnitT 7510 2973
Non-Medical 424,305
Unit T and 8,486 5,940
Consolidated A/B
Unit A/B 1,562 1,334
Corps Areas
Medical 33,109 Unit A/8* 1,562 a38
UnitT 898 681
Unit A/B 3,920 3.007
Commz
Non-Medical 117,382 Unit T 2,181 1,073
Unit T and 2,348 1,643
Consolidated A/B
Unit A/B 2411 1,958
Commz
Medical 36,586 Unit A/B* 2,411 1,337
Unit T 1,480 1,188 z
[
*improved sanitation methods allows for reduced KP strength. 4
i
|
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{3) The concept of consclidation would be jointly implemented, rather than being
considered as independent and separate options for division and non-division units.

Of those remaining concepts, food service personnel and KP staffing requirements for the
total Theater Level Scenario force were then ascertained from the data in Tables E—~6 and
E-7, and are summarized in Table E-8,

3. RESULTS AND CONCLUSIONS., Compared to the baseline system, i.e., unit A/B ration
operations thmoughout, the other alternatives offer potential manpower reductions ranging from
nearly 6,000—18,000 food service personnel, and approximately 2000—21,000 KP personnel,
in the Theater Level Scenario, as detailed in Table E—9. In general the differences between
the H-series and T-series division organizations, for a particular aiternative is relatively small,
around 1000-2000 food service and 1400—1700 KP personnel.

Consolidation of unit A/B operations in the divisions, as proposed in the division
restructuring plans, results in onty minimal decreased in personnel requirements; 17—20% fewer
food service personnel and 16-21% less KP personnel. Significantly greater savings can be
obtained with unit T ration operations, which if extended to all non-divisional units as well,
amounts to a 45% reduction in food service personnel and a 6B% reduction in KP personnel.
The actual numbers of positions saved varies between 15,138 and 3B,590, depending on the
types of divisions involved and the degree to which T rations are utilized by the CORPS and
COMMZ force. Whether or not hospital units in the theater are unit A/B or T ration operations
is of little consequence with respect to total personnel requirements, because they comprise
such a small portion of the entire force strength, even including patient loads,

Dual mode alternatives, that is, unit T ration operations which subsequently transition
to consolidated A/B ration operations, also provide for substantial advantages in this regard,
although, slightly less than with the pure unit T ration strategies. In the initial phase, the
maximum decrease in staffing is obtained, but upon conversion to consolidated operations,
augmentation is necessary, so that 32—-37% reductions in food service personnel and 43—-46%
reductions in KP requirements are possible.

Therefore, as a result of this staffing analysis, it is concluded that the new combat feeding
system should be designed for a concept of operations based on the T ration. Such a system
can provide at least the same level of food service .s present operations, but much more
efficiently, since the labor required for food preparation is minimized with this kind of ration.
The decision as to whether to rely wholly on the T ration, or to use both A/B rations under
varying conditions, is examined in APPENDIX F, COST ANALYSIS.
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APPENDIX F
COST ANALYSIS

1. INTRODUCTION. Investment and annual costs are determined for both the baseline
systems and the new system concept, as defined in the preceding appendices. The major
system cost factors addressed are rations, labor, intertheater transportation, fuel, equipment,
water, and, in the case of the new system, disposable messgear. Although not separately
identified, intra-theater transportation costs are implicitly contained in several other cost factors.
Except for rations, labor, and possibly intertheater transportation costs, which amount to some
93 to 96% of the total system costs, other cost factors are relatively insignificant to the analysis
and comparison.

2. BASELINE SYSTEMS COSTS. The baseline system is intended to represent the existing
Army field feeding system as it would be projected into the Theater Level Scenario. There
are, however, several significant actions now being considered or implemented that can
substantially alter the form and content of the present system, if it is retained for future
Army combat operations. These include the current procurement of the MKT, which will
replece at least in part, the M48 field kitchens in the divisions; the Division Restructuring
Evaluation, that might result in the reorganization of the H series TOE divisions in line with
the new, proposed T series TOE; and finally, the pending decisions regarding the Unit Dining
Facilities concept, wherein food service operations of selected division units may be consolidated,
To our knowledge, at this time, there ere no considerations to modify the food service system
as it affects the nondivisional force, They would be expected to continue to generally operate
at company level with M48 kitchens.

Thus, there is no single baseline system which can be defined appropriately to exemplify
all possible future developments., For cost analysis, though, it is sufficient to determine an
average of the costs of the individual alternatives for comparative purposes, so long as they
are not widely devient. In this case, two average baseline system costs are derived: the first
involving company level operations, for both H series and T series divisions, with the MKT
and M48 kitchens; end, secondly, for H series and T series divisions conducting consolidated
food service operations from the MKT. The M48 kitchens were specifically excluded in the
latter instance, since consolidetion is being evaluated by the Army with only the MKT,

In addition, the types and propeortions of rations consumed will vary by regions of the
theater, i.e., division ereas, and between medical end non-medical units in the corps area and
COMMZ, and, as a function of time. Therefore, three different ration mixes ere also evalueted,
representing the status of combat food service operations at discrete intervels in the evolution
of a conflict.

The annual costs for the baseline systems are presented in Teble F—1. The methodology
and assumptions used to derive these costs are described in the following discussion.

a. Feeding Strengths. The numbers of troops supported by food service operetions
in each pert of the theater, is determined in the APPENDIX E, STAFFING ANALYSIS. To
these, must also be added the numbers of patients being treated in field medical units, also
requiring subsistence. At 100% bed strength, there would be 24,860 patients in corps, and

175

e




Eve9 IEL'B6ST  SL6'PZ  66L¥y LZEOOL  E£TSETT  PEILLE  9I5¥ZS  EYBZOEL v SUoIsIAIQ
0e0°L 80¢'9Z6Z #0091 68LYvy +96'89 LO9L6L  VBOLLE 9LG¥ZS 2659691  IHW/V  paepliosua)
1699 688'v8LZ 009l 66Lvy V9689 918’80l  P69'LLE 9/5¥ZS OEOVYOL  IHW/G Yim 210]

£99'9 LELOBLZ IEL'SZ  LSZ'SS  €ZO9LL  L16'VZZ  LSZvly 88L'vYO  OL6OLEL v
BEY'L 66£'SLlE EBO'OL  LSTSS L08'8L 1886l  LSZyLY 8B8L'PP9  ZEO'SOLL  IHW/Y SUOISIAIQ
660'L Zlveiez €80'91 /SZT'SS  L08'8L 695'60L  LSZTvIy B8BL'¥Y9  LGT'GS9L  IHW/S Yum 1oy
LG6'S veEZ0Z 0P0'T  vE8'L €009 652’8l BYZLZ  E£PSOP  LZV'90L v
1S0'9 194°60Z  8v6'L veg'L LeL’s ¥66°L1 8¥Z'LZ  EVSOF  LSPOLL EET, A4 (ed1paiy
GLS'S 0L5°48l gkl pER’L LzL's £25'9 BYZ'LZ  £¥SOY  £L9°€0L IHA/8 ‘ZWWOD
£05'9 606'L82  LS9Z  62Sv 2090l 9LLe2 Sv8'ly  616'99 1858t L v u
1099 §lZ'z6C  Le9'Z  628v  l8lOlL QEY'EL Sv8'lY 61699  BZYEVL IYA/Y  199Ip3N-UON |
690°9 118’89 L6  629Y  L81°0L 66¥'8 SP8’ly  6L6'S3  S66VEL IHN/8 ‘ZWWNOD ‘
890'9 Zre'LEL vOE’| Lt LIEY 899°LL $95'81 19792 110’89 v m
8169 ZZe0s1 S08'0 LI 828’2 £ZZ0L ¥95'81 1929 vi6e8 IHN/NY {EOLPIN
£65°9 L19T'EYL S08'0  LLLL 8287 v6L'S $95°81 {979z  I6T'L8 JYN/8 ‘sdio)
2059 668'6E0L 0656  0ZL8L EETOV v£8°58 09£'951 999'88Z 96Z'00S v 1
el 8LLELLL 616G  0ZL8l  L9TLZ 8ZZ'SL 09€'0GL  998'82Z BLYI99  JHW/V  [EOIPIN-UON
610°L 6L8°1ZLL 616'S  0ZL'8L  L9T°LZ 6192t 00£'9GL  998'8ZZ BZL'ZYY IHN/8 ‘sdia)
686'S {ZL'9e6  ¥BEG  666'LL ZLL'BE 986'€8 LL9EEL  1B6'ZIL  BZS6BY v
650'L 0LO'VOLL GBL'Y  6B6LL SYECZ 8zL 0L LLOEEL  1B6'ZIL SYE'069  3IHW/VY  Parepiiosuc)
1089 ZZLE90L  S6L'Y 666°LL  SvETT LLE'SY LL9EEL  186T91 BYE'SLY JHIN/8 ‘SuoisIAg
660'L EEL'BZLL  OPS6  LSP'BZ L8PS 08t°'s8 vETOLL  £65Z8Z GS9'L6Y v
vEL'S £92°€6Z1L w8V  LSY'BT 8BLIE z06°LL YETOLL  £69ZBZ SLPZOL  IHW/VY
L8t SYZ'ZSZl  WL8Y LS8BT  BBLZE ocLgp veT0Ll  €£652Z8Z 691°89 Iyw/g suoIsialg
uoney Jed  jenuuy Jelem Jusw feng uony dA dsd uoney xiy
51500 |Q10) -dinb3 -J0dsua1 ) soqe uoiizy

{$W) AHYIWANS 1SOD TVANNY SWILSAS ININ3SvE

=4 3718vl




54,160 patients in the COMMZ. Obviously, this assumes that casuaities :re replaced, so that
there is no reduction in operating unit strengths. Final estimates of the total feeding strengths
for each baseline system are provided in Table F-2.

b. Ration Costs. The ration costs are a product of feeding strengths, cost pér ration,
Table F—3, and the ration mix, that is, the proportions of each type of ration being consumed.
These are shown in Table F—4, and reflect current prices (October 1978), except for the MRE.
The first buy of the MRE has not yet been consumated, but it is anticipated will cost
approximately $8.25 per ration. Historically, from Army experience with past procurements
of this sort, the costs of subsequent buys should be reduced. Since the initial production
of the major MRE components involves a very substantial cost for new processing equipment
and plants and training of production personnel, and because the contractors have no assurance
of repeat sales, a significant proportion of this original capital investment must therefore be
returned by the first procurement. Once these costs have been recovered, however, the price
of subsequent ration purchases from these same contractors will be appropriately less. Taking
this into account, and comparing to the MCI price irend, the estimated future cost of the
MRE is $5.50 per ration, in current dollars {October 1978).

The logistics planning factor for total ration consumption, 60% bulk and 40% individual
rations, was used to assess the ration mix for each area of the theater. Percentages of bulk
and individual rations for the divisions, calculated from the SCORES an.lysis, were 46% bulk
and 54% individual rations. Guidance provided at the third meeting of the Joint Working
Group' was 95% bufk and 5% individual rations for the COMMZ. Then, to obtain the average
proportions of 60%/40%, the remainder had to be allocated at the rate of 57% bulk and 43%
individual rations to the corps areas.

c. Labor Costs. Food service personnel costs include only the costs of persons with
food service MOS directly involved in the supervision and operation of the kitchens. Other
food service personnel, responsible for higher level management functions, are not charged as
a system cost, It is expected that these indirect personnel costs would remain essentially
constant between the baseline systems. An average annual cost of $16,816 per man year?
was applied against the required staffing for each aiternative system as shown in Table F-2,
to establish the food service personnel costs. The KP labor costs, estimated at $13,916 per
man year, represent average Army wide costs for pay grades E2/E3.> Total KP staffing

'US Army Quartermaster School, ATSM—CD-C, Memorandum for Record, Subject: JWG
Meeting on JSR AM 3-1 {Appendix 1) Food Service System for the Army in the Field. Fort
Lee, Virginia, 13 November 1978.

2US Army Training and Doctrine Command Systems Analysis Activity. ATAA-TDA. MOS
Cost Update information for Force Stratification Analysis Reports 78039-78043. Letter. US
Army Natick R&D Command. White Sands Missile Range, New Mexico: 14 September 1978,

IComptroller of the Army, Directorate of Cost Analysis Office. Army Force Planning Cost
Handbook. Washington: June 1977.
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TABLE F-2

THEATER LEVEL SCENARIO FEEDING STRENGTHS FOR BASELINE SYSTEMS

H Divisions

H Divisions — Consolidated
T Divisions

T Divisions — Consolidated
Average

Average — Consolidated*
Corps — Non-Medical'
Corps — Medicat!

COMMZ — Non-Medical’

COMMZ — Medical
Total — Average

Total — Average Consolidated

NOTES:

Non-Food
Service
Personnel
415,912
415912
421,684
421,684
418,798
418,798
424 305

33,109
117,382

36,586
1,030,180

1,030,180

I Strengths utilized for cost analysis, from Table E—1.

Patients

24,860

54,160
79,020

79,020

Food
Service
Personnel
15,646

9,509
17,964
9,834
16,805
9,692
13,610
1,562
3920

2411
38,308

31,195

Total
431,558
425,421
439,648
431,558
435,603
428,490
437915

59,531

121,302

93,157
1,147,508

1,140,395

i e bt
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: TABLE F-3
; RATION COSTS |
Type Ration $/Ration’ j'
\\ 8 292 i
. MRE 5.50
T 3.91
T Augmented 4.41 ’
L
j; A 313 /
[
p Minimum Volume 3.83 4
: s
NOTES:
! Estimated cost for October 1978, from Table C=10. iR |
1
|
3
M
§
| ]
i
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requirements were derived from Tables E-6 and E—7. The resulting food service and KP
labor costs are included in Table F-b.

d. Intertheater Transportation Costs. The nominal route assumed for estimating costs
of intertheater transportation of rations is Chicago to the European theater, via commercial
container transport. Commercial charges are specified per measurement ton of a given product
category {(equivalent to 40 ft?® of container volume — not the shipping volume of one ton
of a particular product). From the established costs, and using empirical container utilization
factors, the actual rates for dry cargo and refrigerated products, corresponding to non-perishable
and perishable subsistence supplies, were determined in Table F—6. 8ased upon the
transportation costs per type ration, Table F—7, and ration requirements, Table F—4, the
transportation costs for the baseline systems were calculated and are summarized in Table F—8.

e. Equipment Costs. Equipment allocation criteria for both the MKT and M48 kitchen
are preserted in Table F—9, and the annual costs of specific equipment items contained in
these kitchens are given in Table F—10. From these data, and the force structures delineated
in Tables E~1, E-3, and E—4, detailed equipment costs were obtained for the baseline systems,
as shown in Tables F-11 to F-16.

f. Fuel Costs. The only fuel burning equipment in the baseline systems are the M—2
bumers, the immersion heaters and the 2% ton trucks. Fuel usage rates and costs for this
equipment are included in Table F—17, assuming three A or B ration meals are served, and
that the trucks average 100 miles a day. For fewer than three hot meals a day, proportionally
less fuel is used, since the MRE is not heated and served from the kitchens. Fuel costs in
each baseline system are adjusted in this manner for the different ration mixes, Tables F—18
and F—19. Total fuel costs for all the baseline systems are presented in Table F—20.

g. Water Costs. An Engineer Water Supply Company {SRC 05067H) was assumed to
establish the cost of water production in the field, which is detailed in Table F-21. Water
is required for food preparation and sanitation purposes, as shown in Table F—22. Total water
costs for the baseline systems, given in Table F—23, wcre caiculated from these data for the
ration mixes specified in Table F—4. Cost for transporting water from the water supply point
to the kitchen, approximately 25 miles per day, is included in the fuel costs for the 2% ton
trucks.

3. NEW SYSTEM COSTS. Under the new system concept, all active combat units, which
in most instances are those operating from brigade forward, will have just the trailer mounted .
Food Service Unit to deliver T ration meals, in adjunct to the MRE rations. The necessary .
equipment and capacity for A ration operations will be maintained at that level of organization,
usually battalion but sometimes company, consistent with the plan of consolidation that would
eventually become operative. All other units, now provided with a 8/MRE capability, will .
have, instead, the equipment and capacity io service A rations, but will generally be staffed .
only for T/MRE ration operations. i

The ration mix, as with the baseline systems, will vary within the theater, and transition
from T/MRE, to T Augmented/MRE, to A/MRE, as the conflict matures and combat conditions i
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TABLE F-5
LABOR COSTS FOR BASELINE SYSTEMS

THEATER LEVEL SCENARIO

Food Service Personnel KP Personnel

Baseline Systems Required M$/Y ear Required! M$/Year
Divisions — Average 16,805 282593 12,233 170.234
Divisions — Average Consolidated 9,692 162.981 9,606 133.677
6,737% 93,752

Corps — Non-Medical 13,610 228,866 11,236 156,360
Corps — Medical 1,662 26,267 1,334 18.564
COMMZ — Non-Medical 3920 65919 3,007 41.845
COMMZ — Medical 241 40,543 1,958 27.248
Total with Divisions 38,308 644,188 29,768 414.281
Total with Consolidated 31,195 524.576 27,141 377.694

Divisions

24,2727 337.769

NOTES:

!8ased on the current KP planning factor of two for the first fifty and one for each
additional fifty or major fraction thereof, rations served, except as noted.

28ased on a KP planning factor of two for the first 75, and one for each additional 75, or
major fraction thereof, rations served proposed for system employing improved sanitation
equipment and methods.
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TABLE F-6

COMMERCIAL CONTAINER TRANSPORTATION COSTS PER ACTUAL
PRODUCTION MEASUREMENT TON

Component Dry Cargo Refrigerated
Drayage {Chicago to Hatteras) $ 9.43! $ 12.80'
Ocean Freight? 32.06 85.56
Bunker Fuel Allowancs? -0.12 -0.12
Port Handling® 5.27 5.27
Total Per Container MTON 46.64 103.51
% Container Utilization 71% 62%
Total Per Actual Product MTON $65.69 $166.95
NOTES:

1 per ‘Container Rate Agreement’, averaged for three carriers.
1pAM 55-5, 31 August 1978

3PAM 55-3
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TABLE F-8

ANNUAL INTERTHEATER RATION TRANSPORTATION COSTS

THEATER LEVEL SCENARIO

{M$/YR) |
i
. Ration Mix i
Baseline Systems B/MRE A/MRE A
13
Divisions - Average 46.130 71.802 85.380
Divisions - Average Consolidated 45377 70.728 83.986
Corps - Non-Medical 42,619 75.228 85.834 |
Corps - Medical 5,794 10.227 11.668
COMMZ - Non-Medical 8.499 23.430 23.776 %
COMMZ - Medical 6.527 17.994 18.259 e
Total - with Divisions 108,569 198.781 224 917
Total - with Divisions Consolidated 108.816 197.607 223523 ;
i
|
'[
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&
?
J
:
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Type Kitchen

MKT & M48

MKT

TABLE F-9

EQUIPMENT ALLOCATION RULES

item
Immersion Heaters

Water Trailer, 400 gal

MKT Units

Trucks, 2%A ton

Ranges

Accessory Outfits
M48 Tent
Watar Bags

insulsted Food Containers

Trucks, 2% ton

Allocation Criteria

4 per 85 troops or fraction

Feading Strength No, Auth,
1 - 400 1
401 Plus 2

Feading Strength No. Auth,
1 - 300 1
301 - 650 2
651 Plus 3

Authorized one less than number of
MKT units and number of water
trailers.

Feading Strength No. Auth,
1-50 1
51 - 100 2
101 - 225 3
226 - 325 4
326 Plus 1 for each
additional 100
or fraction

1 per 4 ranges or fractions

1 per accessory outfit

1 per 100 troops or major fraction
1 per 25 troops or fraction

1 per water trailer

i
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: TABLE F-10
% EQUIPMENT COSTS*
Economic Life  Uniform Annual
Itemn Cost/Item {Years) Cost
MKT Unit $8820  Varisble $2,950 |
Range 744 4 235 |
Accessory Pack 89 3 36 E
M48 Tant 718 1 790
immersion Heater 86 4 27 ‘
Can, 32 gatlon 17 2/3 27
Insulated Food Container 85 2 49
Water Bag 67 1 74
Water Trailer, 400 gallon 4,244 6 974
Truck, 2% ton 17,813 8 4,080

4H4Q, Department of tha Army. SB 700-20: Army Adopted/Other Items Selected for
Authorization/List of Reportable Items, Washington, 1978 Microfichen Edition.
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TABLE F-17

FUEL USAGE RATES AND COSTS BY EQUIPMENT ITEM

Range w/M—2 Burner immersion Heaters Truck, 2% ton
Type Fuel Mogas Mogas Diesel
Cost ($/gal)’ $0.507 $0.507 $0.449
% Consumption Rate 0.50 gal/hr? 0.43 gal/hr? 0.24 gai/mi®
Usage Rate 12 hr/day* 12 hr/day® 100 mi/day
] Usage 2190 gal/yr 1883 gal/yr 8760 gal/yr
! Cost $1110/yr $955/yr $3933/yr

L)

NOTES:
! Average cost, provided by DFSC, October 1978.

2 Estimated based on operational experience.

3EM 101-0, Staff Officers Field Manual: Organizational, Technical and Logistical Data:
Unclassified Data, Juty 1971.

4 Assumes three A/8 ration type meais per day.
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TABLE F-20
FUEL COSTS FOR BASELINE SYSTEMS

THEATER LEVEL SCENARIO

(M$/YR)

Basaline Systems A/MRE or B/MRE A

Divisions — Average 32.788 54.874

Division — Average Consolidated 22.945 38.172

Corps — Non-Medical 27.267 40.233

Corps — Medical 2.828 4311

COMMZ — Non-Medical 10.187 10.602

COMMZ — Medical _ 5737 _ 6.003 f
Total — with Divisions 78.807 116.023

Total — with Consofidated Divisions 68.964 100.321 i




TABLE F-21°

WATER PRODUCTION COSTS

Unit: SRC 05067H Engineer Water Supply Company
: Annual Recurring Cost $2,138,000. |

Production Rate 27,000 gallons/hour, 18 hours/day

Yearly Production 177,390,000 gallons

Cost ($)/Gallon $0.012/gallon

NOTES:

S Directorate of Cost Analysis, QOffica, Comptroller of the Army. Army Force Pianning, Cost
Handbook, Washington, June 1977, (cost updated to FY 79)

TABLE F-22 ;
1

WATER USAGE RATES'

Food Preparation 0.5 gallons per A/B or MRE ration”
Messkit Sanitation 1.0 gallons per A/B type meal
Pot/Pan and Other Sanitation 0.5 gallons per A/B type meal

*Ration is three meals per day.

NOTES:

1Water usage rates estimated based on operational experience.

A

188




T T T

e

TABLE F-23

WATER COSTS FOR BASELINE SYSTEMS

THEATER LEVEL SCENARIO
MS$)

Bassline Systems A/MRE or B/MRE A
Divisions — Average 4.874 9.540
Divisions — Average Consolidated 4,796 9.384
Corps — Non-Medical 65919 9.680
Corps — Medical 0.805 1.304
COMMZ — Non-Madical 2537 2.657
COMMZ — Medical _ 1948 _2.040
Total — with Divisions 16.083 25131
Total — with Consolidated Divisions 16.004 24.975

e tarlll, m gy s e




allow; ultimately converting to tota! A rations, although in some cases, not until aftar the
conflict is concluded. Sinca most of the individual units will not have sufficient food service
personnal for A ration operations, aither additional staffing will have to be provided, or
designated units will combina thair resources into larger, more efficient kitchens that can operate
effectively within the limits of tha availabla food servica personnal. A cost summary for the
new systam is presented in Tabla F—24, which is compatible for comparison with the baseline
systems cost in Table F—1.

a. Feeding Strengths. Tha variations in feeding strengths from those of the baseline
systems are attributabla solaly to differences in food service personnel authoriz.tions, as
discussed in tha STAFFING ANALYSIS, APPENDIX E. Otherwise, tha numbers of personnel
and patients requiring subsistance support remain unchanged, as shown in Table F-25.

b. Ration Costs. Tha tot«! ration costs for the new system, Tabla F—26, were
calculated for these feeding strengths from tha ration cost estimates in Tabla F—3 and the
ration mixes noted in Table F-27.

¢. Labor Costs. Food Service labor costs for T ration and A ration operations are
given in Table F—28, These costs are based on $16,816 per year per food service MOS and
$13,916 per year par KP, as previously explained in paragraph 2.c, and staffing requirements
as indicated in Tables E—6, E—7 and F-25,

d. intarthestar Transportation Costs. The costs of transporting rations in the new
system, from CONUS to the European Theater, are based on the same assumptions a: for
the baseline systemns, paragraph 2.d. The results are contained in Table F-—-29.

e. Equipment Costs. Equipment allowances for all units are outlined in Table F—30.
Every company in division, now authorized a food service section, would be allocated a trailer
mounted Food Service Unit, if a high degree of responsiveness is required, e.g., mechanized
or tank companies, or 2 Modular Field Kitchen. Costs are shown in Tables F-31 and F-32,

As these companies convert to consolidated or integrated food service operations,
equipment and capacities will have to be axpanded. Kitchens hosting companies equipped
only with the Food Service Units will require some additional food preparation equipment
and shelter, Table F—33. Every host kitchan under consolidation will be provided a sanitation
center, Table F--34, and if the feeding strength is greater than 350 troops, additional focd
processing equipment as well, Table F-—35.

Two different kinds of prime movers would be used in the new system. A 2% ton truck
is still needed with the Modular Field Kitchens, but the smaller size and lighte: weight of
the trailer mounted Food Service Unit should not requira more than a 1% ton truck. Critelia
for truck and water trailar authorizations .ra ulso indicated in Table F—30.

Investment and annual equipment costs for the divisions are summarized in Table F—36.

Equipment costs for the ramaining non-divisional force ara presented in Tables F—37 and
F-38. As in tha divisions, every unit now authorized a food service capability would have
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TABLE F-25

FEEDING STRENGTHS FOR NEW SYSTEM

T Ration A or T Ration
Adjusted Troop  Food Service Food Service

New System Strength! Personnel? Total Personnel? Total

Divisions - Average 418,798 89,075 427,873 10,845 429,743
j  Corps - Non-Medica! 424,305 7.510 431,815 8,486 432,791

Corps - Medical 57,969 898 58,867 1,562 §9,631
f COMMZ - Non-Medical 117,382 2,181 119,663 2,348 119,730

COMMZ - Medical 80,746 1,480 92,226 2411 93,157

Total 1,109,200 21,144 1,130,344 25,752 1,134,952

NOTES:

' Troop and patient strength, less food service personnel.

3 Statfing requirements from Tables E—6 and E~7.
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TABLE F~26

NEW SYSTEM ANNUAL RATION COSTS (MS$)

Ration Mix ]
New System T/MRE T-AUG/MRE A/MRE A
Divisions 745,572 781.227 692.966 490.960
Corps - Non-Medical 722.854 768.141 653.679 " 494.442
Corps - Medical 98.543 104.717 89.914 68.011
f . COMMZ - Non-Medical 174.104 194.833 141.964 136.786
, COMMZ - Medical 134.296 150.286 110.457 106.427
Total 1,875,369 1,999.204 1,688.980 1,296.626
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TABLE F-27

NEW SYSTEM RATION MIXES

Ration Mix3 }
Type Feading ]
New System Rations Strength’ A T MRE
Division T/MRE? 427873 . 195,370 232 503
A/MRE 429,743 196,224 - 233,519
A 429,743 429,743 :
| Corps- T/MRE 431815 . 248,152 183,663
1 Non-Medical A/MRE 432,791 248,713 . 184,078 ]
A 432,791 . 432,791 -
. Corps- T/MRE 58,867 . 33,820 265,038
| Medical A/MRE 59,531 34,211 . 25,320 ;
A 59,531 59,531 . :
]
COMMZ - T/MRE 119,563 . 113,585 5,978 1
: Non-Medical A/MRE 119,730 113,744 - 5,986
: A 119,730 119,730 .
COMMZ - T/MRE 92,226 . 87,615 4,611 3
Medical A/MRE 93,157 88,499 - 4,658 1
A 93,157 93,157 :
Total T/MRE 1,130,344 . 678,551 451,793 :
A/MRE 1,134,952 681,391 - 453,561
A 1,134,952 1,134,952 - -

NOTES:

' Includes food service and non-food service parsonnel, and rations, '3
1T/MRE figures apply to T Augmented/MRE ration plan as well,

3 Ration mix ratios as indicated in Tabla F—4.
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TABLE F-29

NEW SYSTEM ANNUAL INTERTHEATER RATION TRANSPORTATION COSTS

New System

Divisions

Corps — Non-Medical
Corps — Medical
COMMZ — Non-Medical

COMMZ - Medical
Total

T/MRE
49519
47370
6.458
10.823

8.348
122.518

(MS$/YR)
Ration Mix
T—-AUT/MRE
56.203
55.974
7631
14.761

11.386
146.045

A/MRE
70.935
74.348
10.227
23.127

17.994
196.631

A
84.232
84.829
11.668
23.468

18.268

222 .456
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TABLE F~-30 ’
NEW SYSTEM EQUIPMENT ALLOCATION RULES %
Item Allocation Rule i
i
! Food Service Unit, Trailer Mounted - 1 per forward divisional unit i
' 1% ton Truck 1 per Food Service Unit, Trailer !
Maounted not requiring augmentation
Food Service Unit, Trailer Mounted, Consolidated
Augmentation Feading Strength No. Authorized
1 - 325 1
326 - 725 2
726 or greater 3
A
 : Modular Field Kitchen To units not requiring a Food
Service Unit, Trailer Mounted,
as follows:
Feeding Strength No. Authorized 1
: 1.325 1 |
‘ 326 - 725 2 5
726 Plus 1 additiona!l
per each 400
or fraction
2% ton Truck 1 per first Food Service Unit, Trailer

Mounted, Augmentation; or first
Modular Field Kitchen

Food Processing Augmentation 1 per kitchen servicing 350 or more
Water Trailer, 400 gallon Feeding Strength No. Authorized
1 - 400 1
401 Plus 2
Sanitation Center 1 per non<divisional medical kitchen

1 per divisional kitchen at the
consolidated level
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TABLE F-31

EQUIPMENT COST PER FOOD SERVICE UNIT, TRAILER MOUNTED

Economic
Cost/ Number/ Life lnvestment

Item {tem! Kitchen (Years)! Cost

Generator {3kw) $1,283 1 6 $1,283
Water Heater (Circulator) 1,600 1 8 1,500
Tray Pack Heater 400 4 10 1,600
Work Table 125 2 4 250
Can Opener 95 1 2 95
Pastry Cabinet 200 1 10 200
Holding Cabinet 200 1 10 200
Hot Water Heater 350 3 B 350
Beverage Dispenser 50 2 1 100
Insulated Food Container B6 4 2 340
Trailer 1,700 _I_ _E_ 1,700
Total $7,618

NOTES:

1 Costs and econmic life for most items are estimates.
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$ 295

281
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TABLE F—-32
EQUIPMENT COST PER MODULAR FIELD KITCHEN

Economic Uniform
Cost/ Number/ Life Investment Annuel
Item Item! Kitchen (Ysars)’ Cost Cost
Tent Section (8 Feet) $1,400 2 5 $ 2,800 $ 739
{ Generator (3kw) 1,283 1 6 1,283 295
l Weter Heater (Circuletor) 1,500 1 8 1,600 281
Sink 550 2 8 1,100 206
Griddie 1,000 1 10 1,000 163
Steam Tabie 750 1 8 750 141
Work Table 125 3 4 375 118
Oven 1500 1 4 1,500 413 ]
Bumer Unit 135 6 3 810 326 "~
Pot Cradie 400 1 8 400 75 -
Can Opener 95 1 2 95 55
Sheiving 20 2 2 180 104
Pastry Cabinet 200 1 10 200 33
Hoiding Cabinet 200 1 10 200 33
Hot Water Heater 350 1 8 350 e
Beverage Dispenser S0 2 1 100 110
Pot and Pan Set 200 1 6 200 46
Insulated Food Container 85 4 2 340 196
Totai o '_' $13,183 $3,460
NOTES:

1 Cast and economic life for most items are estimates.




TABLE F-33

EQUIPMENT COST PER FOOD SERVICE UNIT, TRAILER MOUNTED AUGMENTATION

Economic Uniform

Cost/ Number/ Life Investment Annual

item item! Kitchen (Years)! Cost Cost

Tent Section (8 Feet) $1,400 2 5 $2,800 $ 739

Griddle 1,000 1 10 1,000 163
; Steam Table 750 1 8 750 141
Work Table 125 3 4 375 118

' Oven 1,500 1 4 1,500 473
Burner Unit 135 6 3 810 326

Pot Cradle 400 1 8 400 75

Shelving 80 2 2 180 104

Pot and Pan Set 2_00 1 _6_ _ 200 46

Total $8,015 $2,185

NOTES:
! Cost and economic life for most items are estimates.
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TABLE F-34

EQUIPMENT COST PER SANITATION CENTER

Economic Uniform
Cost/ Number/ Life Investment Annyal
item Item! Kitchen {Year)! Cost Cost
Tent Section (B Feet) $1,400 2 5 $2,800 $ 739
Sink 550 4 8 2,200 412
Shelving 90 4 2 360 208
{ Drain Tables 300 2 4 600 189
Total $5,960 $1,548
NOTES:
! Cost and economic life for most items are estimates.

TABLE F-35
EQUIPMENT COST PER FOOD PROCESSING AUGMENTATION !
Economic Uniform
Cost/ Number/ Life investment Annual
Item ftem’ Kitchen {Years)' Cost Cost j
Meat Sliver $ 500 1 8 $ 500 $ 94 - 3
Vegetable Cutter 1,000 1 8 1,000 187 3
Tota! $1,500 $281 ,
NOTES:

1 Cost and economic life for most items are estimates.
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a Modular Field Kitchen. Except for medical unit kitchens, a meat slicer and vegetabla cutter
is supplied for evary 1000 troops for consolidated food service operations. Medical units are
already provided complete equipment as part of their food preparation and service sets. Trucks
and water trailers are authorized according to the baseline systams allowances.

; f.  Fual Costs. Tables F—39 through F—-41 indicate the fuel consumption rates and .
' costs for the various type kitchens with different ration mixas. Tables F—42 thrnugh F—44
summarize annual fuel costs for divisional and non-divisional troops with T rations and with
A rations. As with the baseline systems, fuel costs are prorated by the bulk to individual !
ration mix. Fuel consumption for 2% ton trucks is based on the same rationale as in the :
baseline systems. The fuel consumption for the 1% ton trucks is 3650 gallons of diesel per
vear at a cost of $1,639 based on a daily usage of 100 miles. In other than the division
areas, excepting medical units, it is assumed that A ration operations will be performed from
area kitchens assembled from the Modular Field Kitchens of participating units, serving 1000
rations per day. All medical units conduct independent food service cperations. ]

g. Water Costs, Water requirements for aach type ration are specified in Table F—45, 4
and the annual water costs for each area of the theater, shown in Table F—46, were determined ]
by using the ration mixes in Table F—27 and the water production costs from Table F—21,

h. Disposabla Messgear Cost. The T and T augmented rations are served on disposables.
Non-disposable messgear is 1 be used with A ration meals, which involve labor and fuel costs
fur sanitation. Cost estimates for disposables, derived in APPENDIX H, are included, in the
propartions datermined by the ration mix, Table F=27, in the new system cost summary in
Table F-—-24,

4, DISCUSSION., ‘The major cost factors specifically evaluated for the baseline systems were
rations, food service and KP personnel, intertheater transportation, fuel, equipment, and water.
The new system concept costs included the additional factor of disposable messgear.

Two baseline systems are considered: company level kitchens, or consolidated kitchens
in division, with company kitchens elsewhere. Both would operate initially with a 8/MRE
ration mix, which would transition to an A/MRE mix, and finally, to a total A ration. On
the other hand, with the new system, the initial ration mix is T/MRE at company level, then
a T Augmented/MRE mix, subsequantly converting to an A/MRE mix with consolidated
kitchens, and eventually, a total A ration,

The baseline systams bulk operational ration is the B ration, and the individual operational
ration is the MRE. In the new system, tha T ration replaces the B ration as the bulk operational
ration, but the MRE remains the individual operational ration. However, additional ration
mixes, where the bulk operational ration is aither augmented or replaced by tha A ration,
were considered because, at least historically, tha A ration has usually been introduced into
tha theater at some point in time, Four ration mixes were considered for the new system,
and only three for the baseline systams. The additional ration mix, T Augmented/MRE, is
essentially tha beginning of transition to an A ration, with the augmantation being mostly
milk, salads, cereals, and a timited number of other items, Tha baselina systams would probably
experiance a similar transition process. |f explicitly considered, the incremental cost of a
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TABLE F—45

NEW SYSTEM WATER USAGE RATES!

Item

Menu Requirement

Tray Pack Heating

Messkit Sanitation

Pot and Pan Sanitation
Total

NOTES:

IWater usage rates estimated based on operational experience.

NEW SYSTEM ANNUAL WATER COSTS {M$)

Area

Divisions - Average
Corps - Non-Medical
Corps - Medical
COMMZ - Non-Medicat

COMMZ - Medical

05

1.8

38

TABLE F-46

T/MRE

1.364
1.489
0.203
0511

0.394
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Ration Type
T

05

05

1.0

Ration Mix
A/MRE

3.777
4543
0.626

1.906

1.483

MRE

0.5

7.163
7.203
0.991
1.993

1.661

s
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similarly augmented B/MRE mix for the baseline systems would be approximately equal to
the difference in costs between the T Augmented/MRE mix and the T/MRE mix, or about
$150 million annually,

The baseline systems were evaluated with the standard messkit, regardless of the ration
mix. The costs of the messkit washline equipment, labor, fuel, and water required to operate
it, are included in the appropriate cost factors. The new system cust was established using
disposables with the T ration, and permanent messgear, other then the messkit, when A rations
are served. The rationale was that the washlines needed for messkit sanitation, besides being
relatively costly and labor intensive are just not operationally feasible for future combat
operations. Considering the alternatives, it was decided that disposables are preferable u.:der
these conditions. The cost of disposables and the transportation costs are included in the
new system cost when operating with T rations,

However, when the new system converts to A rations, permanent messgear will be used,
for which the labor, fuel, and water required for sanitation are included under the appropriate
cost elements. By pooling the . nit level food service equipment into a consolida‘ed mode
of operation with the A ration, sufficient equipment is ..vailable for sanitizing the perma..e .t
messgear. Thus, the cost of equipment required jor the sanitation has already been included
elsewhere. However, equipment for the sanitation of permanent rmessgear at unit level may,
or may not, exist, depending upon the type unit, and usually the location within the theater,
if this capability is required or desired, additional equipment will need be authoriz.d some
units. As will be seen later, such matters are quite insignificant from a systems cost standpoint.

5. RESULTS AND CONCLUSIONS.

a. Baseline Systems. The costs for the two baseline systems are summarized in
Tables F—47 to F-—49 considering each ration mix. Based on these results:

{1) The cost of rations and labor, account for 85% to 91% of the total baseline
system costs. Adding intertheater transportation increases these costs to 93% to 95% of the
total system costs.

{2) All other costs considered — fuel, equipment, and water — are relatively
insignificant, collectively accounting for only 5% to 7% of the total system costs.

{3} For a given ration mix, the baseline systems with consolidated kitchens cos.
approximately $190M less annually then company level kitchens,

{4) Within divisions, the cost per ration is approximately $1.087 less for the
consolidated versus the nonconsolideted system, primerily beceuse of reduced labor
requirements.

{6) In generel, the more forward a unit is located, the higher the cost per retion,
because of the increased utilizetion of the more expensive MRE rations.
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Factor
Rations
Labor - FSP
Labor - KP
Transportation
Fuel
Equipment
Water

Total!

NOTES:

! Costs and proportions may not add to total because of rounding errors.

TABLE F—47

LEVEL KITCHENS IN DIVISION

BASELINE ANNUAL SYSTEM COST SUMMARY WITH COMPANY

B/MRE A/MRE A
M$ Total% mMs Total% M$S Total%
1,655 55.69 1,708 54.83 1,31 46.97
644 21.67 644 20.67 644 23.07
414 13.93 414 13.29 414 14.83
109 3.67 199 6.39 225 8.06
79 2.66 79 254 116 4,16
55 1.85 65 1.77 55 1.97
16 0.54 16 0.51 25 0.90
2,973 100.00 3,115 100.00 2,791 100.00
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TABLE F-48
BASELINE ANNUAL SYSTEM COST SUMMARY WITH

CONSOLIDATED KITCHENS {N DIVISION

BMRE A/MRE A
Factor M$ Total% mS Total% MS Total%
Rations 1,644 50.03 1,697 58.00 1,303 50.13
Labor - FSP 525 18.85 525 17.94 525 20.20
Labor - KP 378 1357 378 12.92 378 14.54

Transportation 100 391 198 6.77 224 862 )
Fuel 69 2.48 69 2.36 100 385
Equipment a5 162 a5 1.54 a5 173
Water 16 0.57 16 0.55 25 0.96
Total! 2785 10000 2826 10000 2599  100.00

NOTES: ;

! Costs and proportions may not add to totals because of rounding errors.
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TABLE F—49

BASELINE SYSTEM COSTS/RATION (8}

COMPONENT

Division - Average

Divisions - Average Consolidated
Corps - Non-Medical

Corps - Medical

COMMZ - Non-Medical

COMMZ - Medical

Total - with Divisions

Total - with Divisions Consolidated

B/MRE
7876
6.801
7.019
6.593
6.065

5515
7.098

6.691

A/MRE
8.134
7.059
7.344
6918
6.601

_6.051
7.438
7.030

7.099
5.989
6.506
6.068
6.503
_5.951
6.663

6.243
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b. New System. The new system costs are summatized in Tables F—B0 and F-51,
from which it can be observed that:

(1) Two factors, rations and labor, account for 85% to 89% of the total system
cost, which increases to 93% to 96% if intertheater trensportation costs are included.

{2) Other cost factors, fuel, equipment, water, and disposables are insignificant,
representing only 4% to 7% of the total system cost.

{3) For the new system to transition to a total A ration mix, additional food seivice
personnel are required, which are not needed in a peacetime garrison environment. If staffing
for A retion food service is necessary on D-day, then these additional personnel must be
maintained in the TOE, resulting in an increased peacetime cost for readiness. However, if
this level of staffing is not necessary, the additional personnel must be provided from other
sources, when required, but greatly reducing the peacetime costs of combat food service
readiness.

c. Breakpoint Anelysis. Table F—52 summarizes the system cost breakpoints between
unit level, augmented T ration end consolidated A ration operations in the new system,
considering ration, labor, intertheater transportation, and equipment costs, which amount to
96% to 98% of thc total costs, For example, in divisions, the breakpoint is 46%. Thus,
if the consumption of buik rations exceeds 46%, the consolidated A ration operation is the
least costly. The additional labor and intertheeter transportation costs associated with the
A ration is more than offset by the reduced ration costs, as compared to the T ration costs.

The cost differential between the two modes .f operation is about $4.5 million for each
percentage point increase or decrease in the consumption of the bulk rations, above and below
the breakpoint. Since the average ration mix for the totel theater is 60% bulk and 40% MRE,
and the breakpoint for the new system, as a whole, is 41% bulk and 59% MRE, it suggests
that a total A ration operation might be more economical, that is, (60% — 41%) x $4.5 million,
or $86 million on an annual basis in the Theater Level Scenerio.

Such savings are only an illusion. First of all, the cost differential diminishes with the
megnitude of the force involved in the conflict, and the Theater Level Scenario is, perhaps,
an extreme situation. Secondly, in actuality, the total force will never be operating with strictly
one ration discipline for any lengthy period of time. The A ration will probably be utilizzd,
to a lesser or greater extent, throughout the entire conflict, so that the difference in the
percentage of A rations consumed will never be as great as indicated. Thirdly, food service
personnel are required to implement the A ration ogeration, for which there is an additional
continuing $38 million a year cost, with an active TOE strength of 530,000 troops, since they
would be in excess of peacetime garrison requirements. Finelly, end most important, it would
not even be feesible to operate e totally consolidaied A retion food service ;ystem in the
Scenario, or any other .onflict in which highly mobile combat forces will be engaged.

d. Cost Comparison. A comparison of the ennual system costs between the two baseline
systems and the new system, as e function of the ration mix, is included in Table F-53.
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‘ TABLE F--50

NEW SYSTEM ANNUAL COST SUMMARY
T/MRE T AUG/MRE A/MRE A

Factor M$ Toak M$  Total% M$  Total M$  Total%
Rations 1875 7052 1999 7121 1689 6362 1,297 56.22

F Labor - FSP 356 13.39 356 12.68 433 16.31 433 18.77
Labor - KP 133 5.00 133 4.74 231 8.70 231 10.01
Transportation 123 4.63 1486 5.20 197 7.42 222 9.62
Fuel 31 117 31 1.10 39 1.47 50 2.17
Equipment 54 2.03 54 1.92 54 2.03 54 2.34
Water 4 0.15 4 0.14 12 0.45 19 0.82
Disposables 84 3.16 84 2.99 - - - .

Total! 2669 10000 2807 10000 2665 10000 2307  100.00

NOTES:

! Costs and proportions may not add to total because of rounding errors.
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TABLE F-51
i NEW SYSTEM COSTS/RATION (§)
i Area TMRE T AUG/MAE A/MRE A
Divisions 6.793 7.064 6913 5.775
Corps - Non-Medical 6.367 6.709 6.204 5.384
Corps - Medical 6.383 6.724 6.622 5.727
COMMZ - Non-Medical 5941 6.507 5.470 5.364
COMMZ - Medical 5.807 _6.462 5.693 _5.587
Total 6.445 6.803 6.400 5.568
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TABLE F-52
SYSTEM COST BREAKPOINTS BETWEEN UNIT LEVEL T AUGMENTED

RATION SYSTEM AND CONSOLIDATED A RATION SYSTEM!

Area Breakpoint?
Divisions 46%
Corps - Non-Medical 35%
Corps - Medical 68%
COMMZ - Non-Medicat 23%
COMMZ - Medical 53%
Total 41%

NOTES:

1 Assumes sufficient personnel are authorized to operata with the T ration at unit level and
the A ration at consolidated level.

When tha percent of bulk ration consumption {ramainder MRE rations) exceeds this value,
the consolidated A ration system is less costly than the Unit Level T Augmented ration
systam.
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TABLE F-53

SYSTEM COST COMPARISON ]

Ration Annual E

System Mix Cost-M$ i

Baseline - Company B/MRE 2,973 1

A/MRE 3,115 1.

A 2,791 ;
Baseline - Consolidated B/MRE 2,785

A/MRE 2,926 ]
. A 2,599
New System TMRE 2,659

T-Aug/MRE 2,807 ]

; A/MRE 2,656 ‘
i A 2,307

— T ST ey e )
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Depending upon which baseline system is considered, the new system is about $126 to $314
million less costly, on an annual basis, in a combat environment, when operating with a mix
of operational rations; and, costs $292 to $484 milfion less with a total A ration.
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APPENDIX G
MEDICAL. COMBAT FOOD SERVICE

1. INTRODUCTION. A brief, general description and evaluation of the existing medical
combat food sarvice presented and compared with the new combat food service system concept.
The proposed changes that would result from the Division Restructuring Evaluation (DRE)
and the Combat Zone Hospitalization {CZH) concept are also considered, for if adopted, they
will significantly impact on the food servica requirements and operations of medical units and
hospitals in the field. This discussion will be limited to only those elements which have a
patient care capability, and are in support of combat divisions. Various other fieid, general
and station hospitals, and convalescent centers may be operating elsewhere in the theater. They
generally vary in number according to tha particular organization for tha theater. There are
also many other medical units without patient .ara facilities located in the combat zone or i
eisewhere in the theater, which are either subsisted with their host organizations, or if they
have a field kitchen, conduct food service operations in essentially the same manner as
! non-medical units, None of these units ara included in the evaluation.

[ 2. BASELINE SYSTEMS,

a. Food Service Requiremants. As presently planned, there will genarally be a Medical
i Battalion, two Combat Support Hospitals and an Evacuation Hospital in direct support of each
division committed to combat. Each of these units have food servica branches or sections
which are staffed and equipped to prepare and distribute food to assigned personnel and patients.
A summary of their personnel strengths and patient capacities, which determines the potential
level of food service requirements, is given in Table G—1. Under the DRE force concept
the only relevant change will be a realignment of the Medical Battalion resources, which will
substantially reduce their personnel strength, but putient capacity is not affected, as shown
in Table G—1. The Combat Zone Hospitalization concept, proposed by the Academy of Health
Sciences and approved by the Surgeon General in 1978, would replace one of the Combat
Support Hospitals normally allocated to a division with two Mobile Army Surgical Hospital
{MASH) units.

b. Staffing. Food service personnel authorized, including KP allowances, for the Medical
Battalion and the several hospital facilities are included in Table G—2. These staffing levels
presume two twelve hour shifts per day, supporting tha total number of assigned personnel
and maximum patient loads.

¢. Equipment. The food service equipment of the wvarious units, described in
Table G-3, is similar in terms of the types of equipment provided, but the allowance varies
depending on the numbers of personnal and patients supported.

d. Rastions, During combat operations, only tha Standard B Ration and individual
combat rations, the Meal-Ready-to-Eat, are to be utilized for subsistence within the thea.er.
Realistically, howevar, in a longer duration conflict, it may reasonably be expected that, a:
such time as perishable food items can be made available, they will be used to augment and/or
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TABLE G—1 ;

FOOD SERVICE SUPPORT REQUIREMENTS

Unit Designation

Medical Battalion
Medical Battalion (DRE)
MASH

Combat Support Hospital

Evacuation Hospital

FOOD SERVI

Maedical
Grede Battalion
E-8
E-7 1
E6 4
E-5 7
E-4 8
E-3 5
Subtota! 25
KP 14
Total 39!
NOTES:
1 All MOS 948,

2 Also authorized Captain, MOS 6

b e N K e

Personnel Patient
Strength Capacity
396 160
301 160
176 60
253 200
384 400
TABLE G-2
CE PERSONNEL AUTHORIZATIONS
DRE Combat
Madical Support
Battalion MASH Hospital

16
1"

27!

5C000, Diatitian,

234

Total
556
461
236
453

784

Evacuation
Hospital
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substitute for Standard B Ration menu items. In this case, it is anticipated that priority will
be placed on delivering fresh milk, salad ingredients and other high preference foods that will
promote ration consumption, thereby contributing to the improved morale and nutritional
sustenance of the troops. Of course, unless these food items can be obtained locally, this
situation is not likely to occur until it can be assured that all critical war materials are being
adequately supplied. Then, depending on the circumstances, after cessation of hostilities the
combat food service system may transition to base development, and eventually even to full
garrison food service operations. During this period, the menu would gradually evolve towards
a total A Ration.

Thus, in a combat environment, all personnel assigned or attached to the medical units
will be subsisted on the Standard B Ration, under the same feeding policies as prevail throughout
the theater for the remaining forces, i.e., a minimum of one hot meal per day, with all other
meals being individual combat rations. In general, hospital patients will receive only the Standard
B Ration, except for those patients requiring modified dietary rations. The modified rations
will consist of the B Hospital Ration or the B Haspital Liquid Ration, as appropriate. Patients
would be routinely fed individual combat rations only under exceptional, extenuating
circumstances, because of the possible adverse effect on the healing process. The relevant
characteristics of the different rations are described in Table G—4.

e. Systems Costs. The uniform annual costs of food service operations for the different
medical units are summarized in Table G—5. These costs were derived in terms of 1978 dollars,
using a 10% interest rate for future costs, but do not reflect the effect of inflationary trends.
Further, it is assumed that the conditions under which the costs were evaluated remain essentially
unchanged; that s, the units are operating in combat, supporting a constant level of personnel
and patients, with no change in the ration mix during the entire period of the evaluation.

All significant, identifiable costs are considered. Food and labor comprise nearly 90%
to 92% of the total costs, with transportation and fuel accounting for the largest portion of
the remaining costs.

Food costs are calculated for the mix of rations anJ costs specified in Table G—4, and
the food service requirements in Table G-—1,

Labor costs for the food service and KP personnel were determined for the personnel
authorizations, Table G—2, using average annual personnel costs {including salary and benefits,
support, training and o * or costs} as follows:

Cooks (MOS 94B) $16,816*
Cooks (MOS 94F) $16 309
KP (E-2 and E--3) $13916

*Difference between MOS 94B and MOS 94F is attributable to higher training costs of MOS
94B.
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}
TABLE G-4 j
RATION CHARACTERISTICS

5 Weight Cube Utilization Rates Per Cost Per :

i’ Type Ration {ibs) () 100 Troops/Patients Ration
Standard B 3.96 0.111 33.3/70.0 $2.92 f

Hospital B 5.98 0.170 00.0/15.0 $4.35

Hospital B Liquid 362 0.100 00.0/15.0 $2.23

Meal-Ready-to-Eat 3.88 0.232 66.7/00.0 $5.50
]

-
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Each item of equipment is amortized over its projected economic life, then annual costs
are obtained for the total equipment allowances of each unit, as indicated in Table G-3.
Estimates of the costs for maintenanca and repair of this equipment were not available, but
these costs are considered to hava littla effect on the total system costs, so may ba safely
disregarded.

Fual consumption rates are 0.428 gallons/hour for immersion heaters, 0.500 gallons/hour
for tha field range, and an average of 20 gallons/day for operating refrigeration in a field kitchen.
It is assumed that, for a two-shift food service operation, necessary to feed patients, each
heater and range will be used an average of twelve hours per day. Using a cost of gasoline,
$0.507/gallon, delivared in the theatar, total annual fuel costs were determined for the above
rates and the equipment allowances for each unit, Table G—3. Fuel cost for operating the
food service vehicles an average of 100 miles a8 day, which is $10.78 per truck based on the
cost of $0.449/gallon of diesel, is included to cover the transportation of food service related
items within the theater, All othar related vehicle costs are subsumed under personnel and

equipment costs.

Water costs, in the theatar, are estimated as $0.012 a gallon. One gallon per troop or
patient per meal is needed for ruesskit or patient tray washing, Water consumed for cooking
purposes amounts to 0.5 gallons/ration/day for the Standard B Ration or Hospital 8 Rations.
Total annual water costs are obtained by applying these consumption rates, and the ration
utilization factors from Table G—4, to the personnel and patient strengths listed for the Medical
Battalion and hospital facilities, given in Table G-—-1,

The transportation costs of the rations into the theater are assessed at:

e

Standard 8 $0.182 !
Hospital B $0.279
Hospital B Liquid $0.164
Meal-Ready-to-Eat $0.381

Costs for the hospital rations were calculated as a proportion of the Standard B Ration costs, ;
based on the ratio of their respective cubes.

Because the DRE and Combat Zone Hospitalization options are still being considered,
the medical combat facilities cannot be precisely datermined at this tima. Instead, an average
cost of the baseline system is established by evaluating all of the several alternatives that might
result from decisions regarding these options. As previously indicated, the present system
consists of the Medical Battalion, two Combat Support Hospitals and an Evacuation Hospital,
The DRE system involves only changes to the Medical 8attalion, whereas, the Combat Zone
Hospitalization system adds two MASH units in lieu of one Combat Support Hospital. Finally,
if both concepts are edopted, only tha Evacuation Hospital is unchanged. Costs were calculated
accordingly, for each of tha four caonfigurations, which are displayed in Table G~6. Since
these costs differ by only about 10% at the extremes, an average of $5,433,721 is taken as
the baseline system cost,
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TABLE G-6

BASELINE SYSTEMS COSTS

Present
Cost Element System _ DRE CZH DRE/CZH
Food $3,240,032 $3,079,140 $3,319,194 $3,168,302
Labor 1,798,785 1,605,693 1,875,544 1,682,452 ‘
Equipment 92 452 71,004 92,884 71,436 i
Fuei 189,103 150,389 189,222 150,507
Water 3041 29,718 29,382 28,689
Transportation 215227 204,328 220,943 210,044
Total Annual Cost $5,666,010 $5,140,272 $5,727,169 $5,301,431
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3. NEW SYSTEM CONCEPT.

a. Food Service Requirements, Patient capacities are unaffected by introduction of
tha new food service system concept, but personnal strengths are slightly decreased, raflecting
the lower food service personnel requirements, Teble G-7,

b. Staffing. Fewer food service personnel are required with T ration operations, as
shown in Table G—B. However, in this event, some meesures will have to be taken to ensure
the availability of the incrementel steffing needed to ultimetely transition to A retion operations.
This number will very from 23 to 38 more personngl, depending on which configuration of
medical units are actually supporting a division,

c¢. Equipment. Changes in the equipment allowances occur by replacing the field range
and accessory outfits and the immersion heaters authorized each unit kitchen with one Modular
Field Kitchen {MFK) for each epproximately 200 troops or patients, and adding a sanitation
center, |n the Medical Battelions, the MKT is completely eliminated.

d. Rations. Ration characteristics for the new system concept are presented in
Table G-9. A further discussion and description of the hospitel ration is contained in
ANNEX 1. The ration discipline assumed for the baseline systems also applies in this instance,
noting, once again that augmentation of the T retion, and eventual conversion to A rations,
is the more likely situation in any reasonably long conflict duretion.

e. Systam Costs. A summary of the annual costs of food service operations for the
different medical units is contained in Table G—10, calculated urdlar the same conditions as
specified for the baseline systems.

The ration costs and mix, Table G—8, were combined with the food service support
requirements, Table G—7, to obtain the total ration costs.

Average annual cost of individual food service and KP personnel are unchanged from the
baseline systems. Total annual labor costs are a product of these costs and the food service
personnel authorizations in Table G-8,

e

Equipment costs for the Modular Field Kitchen and sanitation center ere indicated in
Table G—11. Based on the equipment allocation criteria previously specified, total ennual
equipment costs were calculated.

Fuel consumption retes emount to 2.76 gallons of diesel fual end 6.00 gallons of MOGAS
per day, for a two-shift operation of the Modular Field Kitchen. Cost of gasoline and diesel
fuel remain as specified for the bassline systems. The costs of fuel for operating the food
service trucks has already been esteblished es $10.78 per truck essigned to the unit food service
operation, Teble G—3. Totel ennuel fuel costs were estimeted for the unit equipment ellowences
et these rates end costs.

Water requirements ere about 2/3 gallon per dey for troops, end one gallon per dey for
patients, for the assumed retion mix. Total ennuel watar costs were determined for the food
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TABLE G-7

FOQD SERVICE SUPPORT REQUIREMENTS

NEW SYSTEM CONCEPT

Personnei Patient }
Unit Designation Strength Capecity Total }
Medical Battalion 386 160 546
Medical Battalion {(DRE) 294 160 454
MASH 173 60 233
Combat Support Hospital 249 200 449 ‘
Evacuation Hospital 376 400 776 ]

TABLE G-8

FOOD SERVICE PERSONNEL AUTHORIZATIONS

NEW SYST:M CONCEPT
Food Sen ce

Unit Designation Personnel KP Total
Medical Battalion' 15 14 29
Medical Battalion (DRE)' 9 1 20 '
MASH 4 6 10 §
Combat Support Hospitaf? 7 10 17 .
Evacuation Hospital® 1" 17 28
NOTES: . i
'All MOS 248B.

2 Also authorized Captain, MOS 66C000, Dietitian.
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TABLE G-9

RATION CHARACTERISTICS
NEW SYSTEM CONCEPT
Weight Cube Utilization Rates Per Cost Per
Type Ration (tbs) (ft*) 100 Troops/Patients Ration
T Ration 4.86 0.147 33.3/90.0 $3.91
Hospital Ration' 3.00 0.180 00.0/10.0 $2.35
Meal-Ready-to-Eat 3.88 0.232 66.7/00.0 $5.50

NOTES:

t Estimated weight, cube and cost,

B e e
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F TABLE G—-11

EQUIPMENT COSTS

NEW SYSTEM CONCEPT
Equipment Investment Cost Annuat Cost
Modular Shelter $ 2,800 $ 739
Food Preparation Equipment $10,383 $2,721

Sanitation Center $ 5,960 $1,548




e r—

service support requirements of aach unit, Tabla G—7, using a cost of watar produced in the
thea:-- equal to $0.012 per gallon,

Intertheater transportation costs were based on the following shipping costs per ration:

T Ration $0.241
Hospital Ration $0.295
Meal-Ready-to-Eat $0.381

Cisposabls messgear will ba used to serva the T ration at a cost of $0.113 per meal,
which includes the intertheatar shipping costs. Tha number of meals ara found from the food
service requiremants, Tabla G—7, and ration utilization factors, Table G—9.

A summary of the annual system costs, when employing the naw food service system
concept, is provided in Table G—12. As before, thase costs differ so little, slightly less than
10%, that an average of $5,279,664 can be used to represent the new system concept costs.

4. CONCLUSIONS. Comparing the average costs of the baseline and the new system
concepts, there is a difference of $1564,057 a year for each division supported. In the thaater
level Scenario, there will be 25.3567 H-series or 23.793 T-series equivalent divisions involved,
so that the total potential cost savings is on tha order of $3.6 to $3.9 million annually, in
combat.

Perhaps, more significant, is the possible reduction in staffing with the new system concept,
which amounts to 23 to 28 food service personnel for each division suppc ~ted, dapending
on the alternative organization of medical facilities considered. This means that from about
550 to mora than 700 troops maintained in peacetime for readiness purposes may be eliminated,
if not actually required for peatetime operations, amounting to more than $9 to $11 million
annual savings during this period.
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Cost Element

Food
Labor
Equipment
Fuel

Water

Transportation

Total Annuai Cost

TABLE G-12
NEW SYSTEM CONCEPT COSTS
Present
System DRE CZH
$3,601,104 $3,434,211 $3,667,450
1,369,681 1,227,037 1,413,822
107,915 97,412 108,238
67,638 58,205 63,939
7,884 7.615 7.817
240,083 228,857 244,725
$5,394,305 $5,053,337 $5,505,991
247

DRE/CZH
$3,600,557
1,271,178
97,735
54,506
7,548

233,499

$5,165,023
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ANNEX | TO APPENDIX G

HOSPITAL RATION

1. INTRODUCTION. The medical staff, and the greatest majority of patients, will subsist
on the bulk ration, For those patients requiring special diets, a powdered nutritional supplement,
and thermally processed, shelf-stable, singla serving meals are proposed.

2. NUTRITIONAL SUPPLEMENT. The powdered nutritional supplement will be formulated
to provide not less than tha minimum requirements for a full liquid diet, and the recommended
daily dietary allowances for males between the ages of 19 to 51, when consumed in gquantities
of at least 3000 cc. It will be flexibly packaged in portions to supply 1000 cc of solution,
with tha following minimum nutritional composition:

Enargy 1000 kCals
Protein 34 g
Fat 35 g
Carbohydrate 138 g
Vitamin A 2500 U
Vitamin D 200 1U
Vitamin E 15 1U
Ascorbic acid 50 mg
Folacin 200 ug
Niacin 15 mg
Riboflavin B, 1 mg
Thiamin B, 1 mg
Vitamin B 1 mg
Vitamin B, 3 ug
Calcium 800 mg
Phosphorus 900 mg
lodine 70 ug
Iron 9 mg
Magnesium 200 mg
Zinc 75 mg

Flavoring agents such as strawberry, cherry, lemon, orange, chocolate and vanilla will be
supplied so that some taste variety may ba providad for those subsisting on this diet,

3. INDIVIDUAL MEALS, Patients requiring sodium, calorie, fat and fiber restricted type |l
HLP (Hyperlipoproteinamia) diabetic bland diats will be provided with meals that are
shelf-stable, and flexibly packaged in single serving portions. Entrees, which have already been
developed to meet tha aforamentioned diatary characteristics in a frozen form, can be thermally
processed instaad, with a minimum of modification. Suggested entrees are:

Baked Salisbury staak with mushroom sauca

Beef stew
Grilled loin staak
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Roast beef with vegetable sauce
Lemon baked perch
Chicken cacciatore
Roast chicken
Roast pork
Roast lamb with mint sauce
t Roast veal with currant sauce
]
3

At least nine entree items should be supplied in a single shipping container, correspending
LL to a three day cycla.

] Vegetable, starch and dessert items may also be packaged separately, or provided in other
forms, e.g., dehydrated and/or compressed, to provide the necessary flexibility to adapt them
to particular dietary requirements; or, they will be prepared from components of tha bulk
ration. In the latter instance, portions of vegetables and starches would have 1o be extracted
before seasonings are added, and finished separately, Dessert items can be prepared separately,
if necessary, in limited quantities. Some recipes which have already been developed to fill
these special dietary needs are;

Whole kemnel corn
Green beans

Mixed vegetables

Green peas

Spinach

Hashed brown potatoes
Parsley sliced potatoes
Oven browned potatoes
Mashed potatoes
Steamed rice

Spaghetti in tomato sauce
Sponge cake

Peanut butter cookies
Pound cake

4. CONCEPT OF OPERATIONS. The estimated 10% of patients requiring special diets,
bland fiber restricted soft, bland, dental soft, fat restricted, sodium restricted, calorie
restricted/diabetic, protein restricted, clear liquid, full liquid, and dental liquid, will be fed
as follows:

a. Patients requiring bland fiber restricted soft, bland, sodium restricted, fat restricted,
i calorie restricted, or diabetic rations will ba servad sodium, calorie, fat and fiber restricted,
i type 1 HLP diabetic bland antrees, and vegetabla, starch and dessert items especially prepared
1, for them. When the patient need not observe all of these dietary restrictions, appropriate
i adjustments can be mada.

250




b. Patients on a protein restricted diet will be fed combinations of fruit, fruit juices,
hot cereal, potato, vegetable, salad {when available}, bread or roll, butter, jam or jelly, sugar,
salt-pepper, coffee and tea with lemon juice powder from the tray pack or the minimum cube
ration. When mare than 40 g/day of protein can be tolerated by the patient, calculated amounts
of meat entrees may be added to the diet.

c. Dental soft diets will be created by grinding the bulk ration or special diet items
in accordance with the patients nutritional requirements.

d. Clear liquid diets will consist of beef and chicken bouillon, cherry, orange, strawberry,
raspberry, lemon, black raspberry and lime gelatin, gum based for room temperature set, coffee,
tea, lemon powder, sugar and salt.

e. Dental liquid diets can be prepared from components of ihe bulk ration by grinding
to very fine particle sizes that will flow readily through a straw.

f.  Patients on a full liquid diet will be fed either reconstituted dehydrated fruit juices,
strained cereals and cream soups, room temperature setting gelatins, coffee, tea with lemon
juice powder, sugar and salt and/or the powdered nutritional supplement, if a more nutritious
liguid diet is desired.

g. If patients do not have any special dietary requirements, but are unable to tolerate
the regular ration, they can be fed the sodium, calorie, fat and fiber restricted, type Il HLP
diabetic bland entrees, with specially prepared vegetables, starches and desserts, with consistency
modifications, as necessary,

h. {f the sodium, calorie, fat and fiber restricted, type Il HLP diabetic bland entrees
are not available, for whatever reason, the nutritional supplement can be fed to patients requiring

any of these special diets. The nutritional supplement will probably be satisfactory, if it is
not fed to a patient for an extended period of time.
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APPENDIX H
ANALYSIS OF INDIVIDUAL MESSGEAR ALTERNATIVES

t. INTRODUCTION. Three different types of individual messgear are considered for the
future combat food service system, These include the individual messkit now used by the
Army, permanent plastic compartmented trays and utensils, and disposable trays and other
items. Each alternative is evaluated in terms of costs of equipment and the associated sanitation
requirements.

2. DESCRIPTION OF ALTERNATIVES. Currently, the field messgear consists of a metal
messpan, canteen cup, and knife, fork and spoon, which are issued to, and maintained by,
the individual soldier. A messkit washline is assembled at the food service site for sanitation
purposes, comprised of four 32 gallon G.l. cans with immersion heaters attached for heating
water. After a meal is completed, the messkit is brought to the washline, where the food
waste is scrapped, and it is washed and rinsed in these cans. An assigned KP attends to preparing,
maintaining and cleaning the washline components at each meal period.

The permanent plastic ware will be issued directly to the food service operation, where
it will be maintained and available for use by each person attending a meal, A sanitation
center, which includes an integral hot water supply and manual tray washing capability, is
provided as a part of the authorized food service equipment. At the conclusion of the meal,
the tray and utensils are delivered to the sanitation center, the food waste is scrapped, and
the items are sorted for washing, which is done by the assigned KP personnel.

Disposable messgear includes a fiberboard, biodegradable compartmented tray, paper cup
and plastic eating utensils, which will be issued to the food service operation and then distributed
to the troops at each meal. No sanitation facilities are required since the used items will
be discarded following the meal. However, appropriate and acceptable procedures for handling
of the disposed materials will have to be established,

3. COST ANALYSIS. Investment and replacement costs of the messgear and related
sanitation equipment, which in this case, apply only to the individual messkit and plastic
dinnerware alternatives, are shown in Tables H—1 and H-2. Initiai costs were obtained from
standard sources, ie., Army Publication SB 700-20 and the GSA Supply Catalog, and
representative replacement factors were taken from Army Publication SB 10—496, The capital
recovery factor used to calculate the corresponding uniform annual costs is based on a 10%
interest rate. It is assumed, per AR 310-34, that one messkit washline will be provided for
each B85 or less troops, and that the sanitation center will service, on the average, 160 troops.
Further, since the sanitation center is also intended for pot and pan washing, only 50% of
these costs are charged to messgear sanitation. Cost of the disposable messgear are provided
in Table H=3.

Costs relating to consumable and expendable supplies for the messkit washline and

sanitation center operations, are shown in Tables H-4 and H-5, The indicated usage rates
are best estimates derived from operating experience at several field exercises.
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TABLE H-1

ANNUAL COST OF INDIVIDUAL MESSKIT AND WASHLINE EQUIPMENT

Unit Econamic Annual’

Equipment |tem Cost Life, Months Cost i
Pan, Mess Kit $ 6.40 12 $483.65 {
Knife, Field Mess 44 9 51.86 ’
Fork, Field Mess A9 9 22.10 l
Spoon, Field Mess A7 9 20.40 1
Cup, Water Canteen 2.24 12 209.10 ;
Heater, Immersion (4)? 86.32 51 99.25 1'
Can, 32 Gallon (4)? 17.40 8 108,19 ]

Total Annual Cost $994.54 k

Annual Cost/Person $ 11.70 ;

NOTES:

|
i

1 Annual cost per B5 persons, the capacity of the washline,

2 Number in parentheses indicates quantity required for single washline.
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TABLE H--2

ANNUAL COST OF PERMANENT PLASTIC MESSGEAR
AND SANITATION CENTER

Unit Economic Annual’ 1
Equipment item Cost Lifa, Months Cost 1

Plastic Tray $ 370 48 $ 187.20

Plastic Cup, 10 oz. .73 27 57.60

Fork, Stainless .28 9 62.40

Knife, Stainless .42 9 92.80

{ Spoon, Stainless .23 9 51.20
| Sanitation Shelter 3
Frame $1320.00 96 $ 247.00 ]
Fabric 1052.00 48 606.00 1
Fly 290.00 12 319.00 §
Sink {3)? 666,00 96 375.00 g
Shelving (2)? 109.00 24 126.00 '

M—2 Burner 163.00 48 51.00
Total Annual Cost? $1313.20 13

Annual Cost/Person $ 82

NOTES:

! Annual cost per 160 persons, the capacity of the sanitation center,

2Number in parentheses indicates quantity required for a single saniwation
center,

30nly 50% of the cost of the sanitation canter charged to warewashing.

——— T Qg e
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TABLE H-3

ANNUAL COST OF DISPOSABLE MESSGEAR

Cube/ Cost/ Annual’
Item 1000 Units 1000 Units Cost
Tray 7.56 $41.80 $1526.70
Fork 1.10 13.00 474.50
Knife 1.10 13.00 47450
Spoon 1.10 12.00 438,00
3 Hot Cup, 10 oz, 2.62 15.70 673.05
: Total Annual Cost $3485.75
j Annual Cost/Person $ 3486

et Al i s Tt

NOTES:

' Annual cost per 100 persons, assuming one meal a day served on disposables.

el
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TABLE H-4

ANNUAL COST OF CONSUMABL ES/EXPENDABLES

FOR MESSKIT WASHLINE

Item Usage Rate'
Dishwashing Compound .75 Ibs/meal?®
Water 80 gal/meal
Fuel, Gasoline 6.85 gal/meal
Scraper 1/week
Brush 1/week

Total Annual Cost
Annual Cost/Persen
NOTES:

1 Derived from operational data.

Unit
Cost

$ .30/Ib

012/gal®
507/gal®
.54 each

1.45 each

Annual?
Cost

$ 8213
350.40
1267.63
28.08
75.40
$1803.64

$ 2122

2 Based on serving one meal per day to each of 85 persons, the capacity of the washline,

IMIL-HDBK 740.

4 Estimated cost of water production by Engineer Water Supply Company (SRC 05067H).

5 Cost data provided by Defense Fuel Supply Center.




TABLE H-5
ANNUAL COST OF CONSUMABLES/EXPENDABLES
k FOR SANITATION CENTER
Annual?
item Usage Rate! Unit Cost Cost
Dishwashing Compound 15 Ibs/meal $ .30/b $ 164.25
Water 96 gal/meel 012/gal® 420.48
§ Fuel, Gasoline® 2 gal/meel 507 /gat® 370.11 ‘
Fuel, Diesel® 2.5 gel/meel 449 /gel 409.71 :
: Screper 2/week .54 eech 56.16
Brush 2/week 1.45 each 1560.80
Total Annual Cost $1571.5%
Annual Cost/Person $ 982
NOTES:

' Derived from operatione! data.

2Besed on serving one meal per day to each of 160 persons, the capacity of the sanitation
center.

3For M.-2 burner.
4 For water heating.

S Estimated cost of water production by Engineer Water Supply Company (SRC 05067H).

¢Cost data provided by Defense Fuel Supply Center.




Tha only labor costs axplicitly included in tha cost analysis are for the sanitation functions,
and are presented in Tabla H—6. Approximataly four manhours ara required to assemble,
maintain, and claan aach messkit washline operated during a meal period, servicing B5 persons.
Manual washing of trays and other itams in the sanitation center is estimated will require about
one manhour for aach 40 persons served. Of course, no such costs are incurred with the
use of disposable messpear. It is assumed that all KP labor will be provided by enlisted perscnnel
in pay grades E-2 and E--3, for which tha average annual cost is $13,916.

Intartheater transportation costs for disposables consist of ovarseas freight, port handling
and bunker fual allowanca charges, which total $52.40 per measurement ton, the equivalent
of 40 cubic feet. The volume of disposables required to serve a person one meal sach day
for a year is 492 cubic feet, therefore the annual shipping costs are $6.45. Assuming the
disposables ara transported from tha port area to division direct support by the Medium Truck
Company, using semitrailer trucks which cost $252.54 a day, and that the avarage cost of
transporting disposables in the thaater is approximately $0.285 per cubic foot, from Tables 1—6
and 1-7, this portion of the transportation costs amounts to $1.40 a vyear. Finally, the
disposables are transhipped in 2% ton truckload quantities to the Lsing units uver an average
distanca of 25 miles per day. Fuel costs for operating a truck are nearly $0.108 a mile,
amounting to $983.31 a year.®* The effective hauling capacity of the 2% ton truck is
approximately 10.6 measurement tons, or 425 cubic faet, so that the corresponding
transportation costs are $11.38 per yaar. Than, tha total annual transportation costs for this
altarnativa are estimated as $19.23.

Watar required for sanitation is to be transported to the kitchen site in a 400 gallon
watar trailar towed by a 2% ton truck. The distances and costs are assumed to be identical
to those for the disposables. From the data given in Table H—4 and H-5, the annual water
consumption rates per person, receiving one meal a day, are 344 gallons for the messkit washline,
and 219 gallons for the sanitation center, with associated transportation costs of $2.32 and

$1.47 a year, respectivaly.

Fuel costs includa delivery into the theater. Transportation costs for other expendables
and consumables could not be readily determined from available data, but are thought to be
ralatively insignificant, and are tharafore ignored.

Total annual costs for each altarnative are summarized and compared in Tabla H--7.

4, CONCLUSIONS. If considared completaly independently of all other aspects of combat
feeding operations, tha permanent plastic wara alternativa is quite obviously the most
cost-effective, by a substantial margin, Certainly, in any situation that offars a choice of methods

*The trucks used for this purpose ara those assigned to the food service units, which are also
used for various othar functions as wall, so that tha additional costs for ma.ntanance and
operation of the vahicles is otharwise charged as an annual equipment cost 1o the food service
system, and not explicitly included in this analysis.




TABLE H-6

ANNUAL LABOR COSTS FOR MESSGEAR SANITATION

Messkit! Sanitation?
Washline Center
KP Labor/Mea! 4 manhours 4 manhours
Annual Labor Requirements 1/3 manyear 1/3 manyear
Cost/Manyear? ' $ 13916 $ 13916 i
Total Annual Cost $4638.67 $4638.67 ?
Annual Cost/Person $ 5457 $ 2899
NOTES:
1Capacity 85 persons/meal. j

2 Capacity 160 persons/meal,

3 Average annual cost for pay grades E—2 and E—-3.
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TABLE H-7

ANNUAL COSTS OF MESSGEAR ALTERNATIVES'

Measkits Permanent Ware Disposables
Equipment $ 11.70 $ 8.21 $
Consumables/Expendables 38.20 17.68 62.75
tabor 98.23 52.18 -
Transportation 4.18 | 2.65 34.61

Total $152.31 $80.72 $97.36

NOTES:

YExpressed as annual cost per person, assuming an average of 1.8 meals are served each
person daily, in accordance with the logistics planning factor of 80% bulk rations and 40% '
individual combat rations for the total theater. 0




i for serving meals, it should be utilized. This genarelly will be the case in the Corps areas
and COMM2Z after tha forces end bettle lines bacome established. However, in the divisions,
conditions are axpected to ramain somewhat uncertein and unstable, so that any concept of
X food service operations necessiteting sanitation functions to be performed is just too limiting.
f Hence, even though disposables result in the higher costs, this .Iternative is most compatible
'; with the requirements for flexibility and responsiveness in the feeding of activa combat units.
1

The reported cost of disposables in Teble H—7 mey be greatar then should actually be
anticipated in this instance, for the besis of the cost estimates, 1.8 meals per person a day,
. is probably more then can be routinely accomplished under such conditions. But, even if
as many es 50% of the meals in the entire theeter were served on disposables, end the remeinder
on permanent plastic were, this combination would still be more cost-effective then the current
individual messkit operations.

1t is reelized thet, even though the canteen cup and messkit are no longer required for
feeding purposes in the new system, there may be other arguments for rataining and issuing
them, at least to the combat troops. For instance, the messkit represents a fellbeck position
in the event thet disposables are not aveileble, end, under some circumstances, the canteen
cup offers a simple expedient for heating the MRE retion. [n this case, the problem mey
exist as to how these items can be cleaned in the absence of any sanitation facilitias as part
of the food service operation. Several alternetives can be suggested. A nonstick coeting can
be permanently applied to the messkit and centaen cup which would allow easy cleening with
a disposable, chemicelly treated wiping pad. Another possibility would be to provide disposable
inserts or covers for these utensils which could be thrown eway after use, or some combination
of these different options, Unlike disposables, howevar, these methods would have to be
developed, and if so, would be unique to the military so that there would be no existing
production base, and would likely result in higher costs.




APPENDIX |
LOGISTICS ANALYSIS

1. INTRODUCTION. A matter of continuing concern in the planning and organization of
Army combat forces for the future is the availability of adequate transportation and shipping
to support and sustain large scale military actions, Therefore, the projected logistic demands
of the new combat food service system should be examined and compared with those for
the existing system.

. 2. SUPPLY REQUIREMENTS. The amounts of each of the various supply items are

' estimated for the existing system assuming company level operations with B and MRE rations.

Similarly, for the new system, it is presumed that food service opérations are being conduc.ed

C with either the Food Service Unit or Modular Field Kitchen, in a nonconsolidated mode, using
the T and MRE rations.

a. Rations. The assumed ration mix for the entire theater of operations is 60% bulk
and 40% individual rations, but these proportions are varied by the particular area of the theater.
Specifically, approximately 46% B or T rations will be consumed in the divisions, about 57%
in the corps areas, and 95% in the COMM2Z, with the remainder of the meals consisting of
MRE rations, as discussed in paragraph F.2.b. Using these data, the mean weight and cube
of the different combinations of rations for each area were calculated, and are included in
Table 1-1. Then, the total weights and cubes of the rations to be supplied daily were computed
on the basis of the expected numbers of troops in each area, Table 1-2.

b. Bread. Fresh bread, one-half pound per person per day, is included as a component
of the A, B or T ration. This bread is expected to be provided from the Automated Bakery
Systems (ABS), operating at the general support level and supplying the finished product to
direct support units for distribution with the rations. A single baker of this kind can produce
14,700 one pound loaves of bread a day, from 10,400 pounds or 2.27.3 cubic feet of dry
ingredients and 735 gqallons of water. At this rate of output, the ingredient supply and bread
distribution requirements necessary to support each area of the theater, corresponding to the
numbers of B or T rations served, are as indicated in Table 1-3.

c. Water. The quantities of water used for meal preparation and sanitation depend
on the type of ration served and the kind of messgear used. Five gallons per day are needed
with the B ration and standard issue messkit and canteen cup; one gallon per day is required
for preparing and serving the T rations on disposables; 1.B gallons per ration served are needed
for tray sanitation; and, one-half gallon per day is consumed with the MRE ration, as shown
in Tables F—22 and F—45. Total water supply requirements are estimated, in Table 1—4,
for the specified B/MRE and T/MRE ration mixes in each area,

d. Fuel. Fuel supply requirements for the food service equipment and vehicles are
provided in Table |—5. Total quantities of the various items of fuel burning equipment operated
in the different areas of the theater were derived from Tables F—11 through F—13 for the
existing system, and from Tables F-3%, F-~32 and F—36 through F—~38 for the new system.
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H TABLE 1-3

BREAD SUPPLY REQUIREMENTS

B/MRE
! Number of ingredients Water, Product
i Area B Rations! tons ft? gallons tons fit3
# Division 198,900 35.2 1,538 4,960 49.7 17,205
Corps 285,869 50.6 2,210 7,128 715 24,728
COMMZ 203,736 36.0 1,575 5,080 50.9 17,623
Total 688,505 121.8 5,323 17,168 1721 59,556
T/MRE
Number of ingredients Water, Product
Area T Rations? tons i3 gallons tons fi?
Division 195,370 346 1,510 4,871 48.8 16,900
Corps 281,981 499 2,180 7,031 705 24,391
COMMZ 201,200 356 1,555 5,017 50.3 17,404
Total 678,551 1201 5,245 16,919 169.6 58,695

NOTES:
! From Table F—4.

2from Table F—-27.

o=y @

e b— ——

266




T

SLUPLL)
#59'895
L69'E68

ZYLLE

suoj|eb
‘1018 M8

£6L°1SY
68501

102802
£08'ZET

JHW

165’829
00Z'102
186182
0LE'S61

1

sbuney jo sequiny

L2LA
ZWWOD

sdio)

uoisiag

ey

SLNIWIHINDIH AVddNS HILYM

9v0'ZLI'E
Z90'vZ0’L
zel'ses’l
rAs: ARy

suojjeb
1918 )0

v—13718vL

(€4 ?lqel wiold,

‘v~ 9jqe) wou4,

£00'6SY 505889
gzL0L 9€L'c02
LIS11T 698582
£0L'96C 006861
IUW g

SBuney jo sequuiny

‘S310N
|®eL
ZWWOD
sdio?)
uosiag

esry

267

AL Sl L




NOTES:

TABLE 1-6

FUEL SUPPLY REQUIREMENTS

P R
Fuel Use Rate,

Equipment gallons/day
M-2 8urner 6?
Immersion Heater 5.162
2% ton Truck 24
Fuel Consumption, Equipment

gallons Trucks

Ration Mix

Fuel Requirements Mogas

gallons Diesel

Fuel Use Rate,

Equipment gallons/day
Food Service Unit 16.56
Modular Field Kitchen 2.76/6.00%
1% ton Truck 10
2% ton Truck 24
Fuel Consumption, Equipment

gallons Trucks

Sanitation 3

Fuel Requirements, Maogas

gallons Diesel

2 Uses Mogas; other equipment uses diesel fuel.

B/MRE
Division
11,860
28,778
3,619

219,654
86,856

46/54

100,297

86,856

T/MRE
Division

2,766

883

2,128

1,434
48,243/5,298?

55,696

46/54

2,420
77,726

! Average of H and T series divisions with M48 kitchen or MKT,

268

Authorized Equipment
Corps

7,967
26,313
2,689

183,677
64,536

§7/43

105,499
64,536

Authorized Equipment
Corps
2,746
2,689
7,6580/16,4762
64,536
13,218/10,574%
57/43

20,044
82,11

3g8ased on 3.75 gallons MOGAS and 4.6875 gallons DIESEL per 100 T-Rations served.

COMMZ
2,766
11,067
756

73,702
18,144

95/5

70,017
18,144

cCOMMZ
880
753
2,430/5,280%
18,072
9,431/7 545°

95/5

12,562
29,813
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Fuel consumption rates for this equipment, except for the trucks, is not used with the MRE
ration.

e. Disposables and Expendables. Usage rates for expendables required with the messkit
washline — dishwashing compound, scrub brushes and scrapers — are given in Table H—4,
Shipping cubes were estimated from data listed in the GSA Supply Catalog. Information relating
to the volume of disposables used with the T ration in the new system was develaped in
Table H=3. Total supply requirements for disposables and axpendables, based on the quantities
of B and T rations used in the several areas of (he thaater, are presented in Table 1—6.

3. TRANSPORTATION AND SHIPPING REQUIREMENTS. Transportation within the
theater will be provided by the Medium Truck Company {TOE 55—018H), using either
semi-trailer trucks, each with an effective hauling capacity of 11.1 tons or 800 cubic feet,
or by 5000 gallon fuel trucks. Supply networks for the Theater Level Scenario {consistent
with the Phase |l Study, Logistics Operations in the Communications Zone} which describe
the flow of materiels are illustrated in Figures 1—1 through |-b. Twenty percent of the loads
are from the port of entry or pipelina terminal to the direct support units {DSU), and the
other 80% of the loads are transhipped via the area general support units {(GSU). The trucks
are capable of two line hauls per day, from the port or terminal directly to corps or division
and between corps and division, or four short hauls per day on the other segments of the
network, Distribution below the direct support unit level is not explicitly considered.

In the case of bread, ingredients are shipped to the port of entry, and then delivered
to the bakeries located with the genaral support units. The finished bread products are
transferred to the direct support units.

Fuel will be delivered into the theater by pipeline, and then transported to the direct
support units in 5000 gallon fuel trucks in the same manner as all other supplies.

Water does not figure in this analysis of transportation requirements, since each kitchen
and bakery is authorized a 2% ton truck and 400 gallon water trailer to provide for its own
water supply. But, the truck is also used for a variety of other purposes, and will be retained
even if the water requirements are less,

At present, ration distribution raprasents the lergest single demand for logistical support,
followed by fuel, bread, and than bread ingredients, as indicated in Table 1-7, Expendables
are of relatively little significance in this regard. With the new food service system, there
i$ a noticeable increase in the number of semi-trailer trucks needed to transport rations and
disposables, which is more than balanced by the sizable reduction in the number of fuel trucks
required. Bread requirements produce almost no differences between the two systams,

Although water consumption is of no direct consequence pertaining to transportation
requirements, it is perhaps relevant to observe, thet with the present system, neerly 2,000,000
more gallons of water are required daily than with the new system. This trenslates into more
than 4,700 additional trailer loads that must ba obtained each day by the kitchen trucks,
and has obvious implications concarming the number of Engineer Water Supply Companies thet
must be maintained end operated in the fiald,
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TABLE 1-6

DISPOSABLES/EXPENDABLES SUPPLY REQUIREMENTS

NOTES:

- 8/MRE T/MRE

i Number of Expendables Number of Expendables Disposables

i Area B Rations!' 3 T Rations® 134 ft?
Division 198,900 273 195,370 . 7,901
Corps 285,869 303 281,981 411 .

; COMMZ 203,736 280 201,200 293 7,901

 Total 688,505 946 678,561 704 7.901

1

i

' From Table F—4,.

] 2From Table F=27.
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Semi-Trailer

Fuel
Trucks

Trucks

SUMMARY OF TRANSPORTATION REQUIREMENTS

Supply Item
Rations

8read Ingredients
Bread Products
Expendables
Disposables
Mogas

Diesel Fuel

TABLE (-7

B/MRE
1731
4.6
23.9

0.8

39.1

263
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T/MRE

1910

4.6
23.6
05
8.9
4.4

28.2

Net Change

+179

- 0.3

+ 8.9

+ 19
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Shipping requirements, summarized in Table |—8, are determined by the volume of rations,
bread ingredients, disposabies end expendebles that must be delivered to the ports of entry.
Suppose that all shipping will be accomplished by commerciel container vessels, each with a
nominal capacity of 332 containers, and that a container can effectively be filled 10 1800
cubic feet. Then the additionai shipping requirements for the new system, which :re about
15% greater when compared to the existing system, amount to about one shipload every three
weeks.

Another perspective of the differences between the two systems is obtained by comparing
the total transportetion and shipping requirements, including water supply, in Teble 1-9. To
do so, the volume of all food service supplies were expressed in common units of cubic feet.
intertheater shipping requirements for the new system ere greater, by siightly over 15%, while
the intratheater transportation requirements are more than 30% less, for a net reduction in
the total volume of neariy 255,000 cubic feet. Although some varietions can be observed
refative to every item, the differences can be explained almost wholly in terms of the sanitation
methods employed with each of the two systems. Disposables in the new system account
for the major proportion of the difference in shipping requirements, whereas the difference
in transportation requirements is primarily a result of the higher water and fuel usage in the
present system, most of which is for sanitation operations.

in conciusion, there are real differences in the logistical support required by the two
systems; both in the magnitude of the effort, and in the allocation among transportation and
shipping resources. The advantage cleariy lies with the new combat food service system concept.
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TABLE |-8

SUMMARY OF SHIPPING REQUIREMENTS

Supply Item
Rations

8read Ingredients
Expendables
Disposables

Total, ft?

Total Cube
B/MRE T/MRE
182913 204,563
5,323 5,245
946 704
- 7,901
189,182 218413
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TABLE 1-9
COMPARISON OF SYSTEM REQUIREMENTS

INTERTHEATER SHIPPING

Total Cube
Supply Item B/MRE T/MRE
Rations 182,913 204,563
Bread Ingredients 5,323 5,245
Expendables 946 704
Disposables 5 7,201
Total, ft? 189,182 218,413

INTRATHEATER TRANSPORTATION

Total Cube
Supply Item B/MRE T/MRE
Rations 182,913 204 563
Bread Ingredients 5,323 5,245
Bread Products 59 556 58,695
Expendables 946 704
Disposables s 7,801
Fuels* 59,535 30,0358
Water* 493,178 239,435
Total ft3 801,451 546,578

*One gallon equals approximately 0.133681 cubic feet,
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APPENDIX J
RESEARCH AND DEVELOPMENT PLAN

A new combat food service system has been defined for the Army in the 1990’. This
Appendix outlines a plan for the research and development that will be necessary to translate
this concept into an acceptable operating system, available to the Army within the desired
time period. The overall plan is structured in accordance with the prescribed research,
development, test and evaluation (RDT&E)} procedures for acquisition of nonmajor systems,
as delineated in AR 70—1 and related regulations and directives.

This work will be programmed and funded under the DOD Food RDT&Engineering
Program. Any current or planned performance on relevant Army requirements in this Program
will be subsumed under this project, or will be directly tasked for specific contributions to
the system development. The exception is the Automated Bakery System (ABS), which is
an independent, on-going approved project at NARADCOM. Insofar as other military service
requirements in the Program are commensurate with this project, in particular, USAF 9-1,
Mobility and Augmentation Food Service &ystem, and JSR AM 3—1 (Appendix 11}, Food Service
System for Supporting Marine Air/Ground Task Force Elements, common development
requirements will be integrated, whenever possible, to minimize the total development effort,
time and costs. The resulting plaa:

a. ldentifies specific actions to be taken, and the food, equipment and ancillary items
to be developed, Table J—1.

b. Provides detailed estimaies of the professional and technical manpower, funding and
other resources required for these purposes, Tables J—2 and J-3.

¢. Establishes a realistic schedule and milestones, consistent with current budgeting
practices, and the controlling documentation, testing and decision processes required for
acquisition of a nonmajor system, through type classification, Figure J—1.

The Project Office will be responsible for all technical efforts at NARADCOM required
to complete concept evaluation and for system development, and insuring that all activities
are conducted in accordance with the established schedule and milestones,

Development of all equipment and ancillary items required by the new concept, including
experimental  prototypes necessary for the concept evaluations, will be accomplished by the
Food Systems Equipment Division, Food Engineering Laboratory,

The Food Technology Division, Food Engineering Laboratory, efforts will be directed
toward the developmant, testing and evaluation of both commercial and new tood products
for the T ration menu, and preparing tha appropriate technical data and specifications for
procurement of these items; and, for packaging devalopments necessary 10 insure the protection
of tray pack componants of the T ration during shipping, handling and storing, to the point
of consumption.
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Design and deveiopment of the sheiters for the Modular Fiald Kitchen and sanitation unit,
a cover for the Food Service Unit, and the boilers, controls and circulating pumps to operate
the tray pack heatars and sanitation devices will be undertaken by the Shelters Division,
Aero-Mechanical Engineering Laboratory.

Technical support for food acceptance, human angineering and microbiological assessments
during concept evaluation and system development will be provided by the Behaviorai Sciences
Division, Food Sciences Laboratory.
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