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Preface

This report details the results and findings of data collection efforts during various
Army field training exercises focused on quantifying and understanding the kitchen
workloads and fuel consumption levels generated by current field feeding operations.
Data collection covered field training exercises at the following installations: Fort Bragg,
Food Hood, Fort Stewart, Pohakuloa Training Area, National Training Center, and Joint
Readiness Training Center. This work was conducted during the period October 2002 to
September 2004 under the U.S. Army Natick Soldier Center Combat Feeding Research
and Engineering Program (CFREP) AH99 project Field Feeding Kitchen Workloads.
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Executive Summary

This report details the results/finding of data collection efforts during field
training exercises with representative Army units focused on quantifying the kitchen
work loads and fuel consumption levels generated by current field feeding operations,
field kitchens, and group field rations. The objectives for collecting this data were to:

o Quantify kitchen workload and fuel consumption impacts generated by
current Army field feeding operations to provide a baseline to identify and
evaluate potential benefits of future research and development initiatives.

¢ Quantify workload and fuel consumption reduction benefits generated by the
recently fielded Container Kitchen, Modern Burner Unit, and Unitized Group
Rations.

e (Collect quantitative workload data to support follow on development of a
kitchen workload and staffing model as a function of key workload drivers,

such as: type ration, number of meals prepared, and mix of on-site to remote
site meals.

Field data collection efforts covered 17 different field kitchens during 7 different
field-training exercises. A time-based sampling methodology was utilized to estimate the
kitchen workloads by task and equipment operating hours, and resulting fuel
consumption levels for each kitchen by meal period. The work sampling data collection
included 11 defined productive kitchen work tasks to include food preparation, serving,

pot/pan sanitation, kitchen sanitation, burner maintenance, etc. Key results/findings
include:

e Overall kitchen workloads can be highly variable between meal periods for
the same kitchen due to different labor content menus and work efforts that
occur during some, but not all, meal periods - for example receive supplies or
dig soakage pit.

e Average overall kitchen workloads can be highly variable between similar
type and size kitchens due to differences in cook team experience, training,
and productivity; food preparation methods utilized, and general operating
procedures.

e Based on 30 meal periods of Mobile Kitchen Trailer and 11 meal periods of
Container Kitchen work sampling data, the Container Kitchen and Mobile
Kitchen Trailer appear to be approximately equally efficient if utilized to
support the same number of meals and feeding environment.

e Food preparation is the largest work activity and accounts for about 32% of
overall kitchen workload. The 3 largest kitchen work activities (food
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preparation, pot/pan sanitation, and serving) represent about 69% of overall
kitchen workload.

Total kitchen workload, food preparation, and pot and pan sanitation work
hours increase with the number of meals prepared. Serving work hours
increase with the number of on-site meals. Remote site feeding and perhaps
pot and pan sanitation work hours increase with number of remote site meals.

Worker productivity is higher with larger kitchens. Based on MKT kitchen
data, worker productivity for kitchens preparing 150 to 200 meals averaged
8.0 meals per work hour, while productivity for kitchens preparing 700 to 850
meals averaged 12.2 meals per work hour or slightly more than 50% higher.

The new Unitized Group Rations ( A and Heat/Serve) significantly reduced
kitchen food preparation work hours as compared to the former group A and
B rations that they replaced. For the UGR rations, food preparation work
hours averaged 2.5 work hours per 100 meals as compared to a much higher
4.6 work hours for the former A/B rations. For field kitchens supporting 400
and 900 soldiers, this savings equates to a workload reduction of 16.8 and
37.8 work hours per day, respectively, or an equivalent 1.9 and 4.2 cook
positions.

The new Modern Burner Unit significantly reduced kitchen workloads
associated with starting, fueling, maintaining, and repairing kitchen burners as
compared to the former M-2 burner. From historical data, M-2 burner work
hours averaged 1.4 work hours per 100 meals while MBU work sampling data
results indicated a very minimal 0.1 work hours per 100 meals. For field
kitchens supporting 400 and 900 troops, the MBU workload savings equates
to 10.4 and 23.4 work hours per day, respectively, or an equivalent 1.2 and 2.6
cook positions per kitchen.

The Container Kitchen utilizes significantly more fuel than a Mobile Kitchen
Trailer due to the kitchen’s larger generator and associated higher fuel
consumption rate and longer daily operating hours to power the kitchen’s
refrigerator. In terms of gallons per 100 meals, the Container Kitchen utilizes
about 43% more fuel at 2.26 versus 1.58 for the Mobile Kitchen Trailer.
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ARMY FIELD KITCHEN WORKLOADS AND FUEL
CONSUMPTION

Introduction

Background

During the past several years, the Army has fielded a new field kitchen, a new
burner unit, and 2 new group ration concepts designed to upgrade and improve the
effectiveness and efficiency of overall field feeding operations.

The Army’s current field system includes 3 types of kitchens to include the
Mobile Kitchen Trailer (MKT), the Kitchen Company Level Field Feeding - Enhanced
(KCLFF-E), and the recently fielded Container Kitchen (CK). The MKT was fielded in
the 1975 timeframe and was designed to support company level feeding and provide
group “A” or “B” type rations to up to 350 soldiers per meal. With company level
feeding, an infantry or a tank battalion (e.g. 1 headquarters company and 4 line
companies each) was authorized 5 MKTs and each MKT was operated as a separate
company level kitchen. In the early 1980°s, the Army implemented battalion level
feeding operations for most divisional combat battalions. With the change to battalion
level feeding, MKT authorizations were reduced to 3 for an Infantry Battalion and 2 for a
Tank Battalion. With battalion feeding, the MKTs are collocated at the Headquarters
Company and operated as one consolidated kitchen. With this feeding concept, group hot
meals were prepared and transported in insulated food containers (IFCs) to remote line
companies as needed. With the change to battalion level feeding, the Army fielded the
KCLFF-E at company level to maintain a limited company level food preparation
capability. The KCLFF-E provides a company level tray ration capability and a limited
“A” ration capability to include hot beverages, hot soups, and select “A” ration items.

During the late 1970’s and early 1980’s, the Natick Soldier Center was involved
in several technology demonstrations and field expetiments to evaluate the effectiveness
and work loads of alternative kitchen and ration concepts to support Army battalion level
feeding and USMC field feeding operations. These evaluations included 3 complexed
MKTs and Modular Tent Kitchens (MTKSs) for battalion level feeding, 2 MKTs and a
MTXK for field hospital feeding, a new sanitation center to support field kitchen
operations, and a new tray ration concept to supplement the standard group “A” and
group “B” rations.

Since these field evaluations, the Army has fielded the new Container Kitchen,
the new Modern Burner Unit (MBU), a sanitation center, and the new Unitized Group
Ration - A (UGR-A), and new Unitized Group Ration - Heat/Serve (UGR-H/S). The
focus of each of these was to upgrade, simplify, and improve field-feeding operations;
reduce kitchen workloads, and increase the capability and flexibility to provide supported
troops with frequent, highly acceptable group hot meals.




Objectives
The objectives of this report are to:

e Detail the methodology utilized to collect data to quantify kitchen level workloads
and fuel consumption associated with current Army field feeding operations;

e Detail and discuss the resulting kitchen workload and fuel consumption data
collected for representative Army units and field kitchen feeding operations;

e Quantify the kitchen workload and fuel consumption impacts generated by current
field feeding operations to provide a baseline to evaluate the potential benefits of
future high payoff research and development initiatives; and

¢ Quantify any workload and fuel consumption reduction benefits generated by the
recently fielded new kitchen, burner unit, and group rations.

In addition, the work sampling data will be utilized to support a follow on effort
to develop a kitchen workload and staffing model as a function of key work load drivers
to include: number of troops supported, type group meals and number per day, and mix
of on-site to off-site feeding.

Field Kitchen and Burner Descriptions

Army units are presently authorized a variety of field kitchens all with the same
primary burner unit (MBU) to support their field feeding requirements. The kitchens
include:

Mobile Kitchen Trailer (MKT),

Kitchen Company Level Field Feeding - Enhanced (KCLFF-E),
Modular Tent Kitchen (MTK), and

Container Kitchen (CK).

. * &

For this project, work sampling and fuel consumption data was collected for
various Army units with MKT, KCLFF-E, and CK kitchens. While no project data was
collected with the MTK kitchen, historical data for MTK type kitchens is available from
prior field evaluations and presented in Appendix C. Based on prior historical data, MTK
and MKT kitchen workloads are approximately the same when utilized to prepare the
same type ration and number of meals.

Mobile Kitchen Trailer (MKT)

The MKT was fielded in the 1975 time frame and designed to support company
level feeding operations and to prepare group “A” or “B” type rations for up to 350
soldiers per meal period. The MKT is mounted on a 1% T trailer and towed by a Light










800 meals per meal period. CK equipment includes 7 MBUs to support food
cooking/preparation activities, 2 commercial refrigerators, an environmental control unit,
and a self-contained 10 KW generator for power. Other cooking items include an oven,
tray ration heater, cook stands/pot cradles, griddle, and steam tables. Figures 3 and 4
depict an external view of the expanded CK and the kitchen’s internal hot food serving
line.

Modern Burner Unit (MBU)

Fielding of the JP-8 fueled MBU to replace the gas-fueled M-2 burners was
initiated in FY01. The MBU is the primary heat source and is utilized by all Army
kitchens to include: MKT, KCLFF-E, and new CK. The MBU requires limited electrical
power that is provided by a battery pack for the KCLFF-E, and the kitchen generator for
the MKT or CK. Benefits of the MBU, compared to the M-2, include push button

starting, refueling in place, and significantly reduced workloads to start, maintain, and
repair.

Group Ration Descriptions

Current and former rations utilized to provide group hot meals to Army units
include:

e Current Group Rations
o Unitized Group Ration - Heat/Serve (UGR-H/S),
o Unitized Group Ration - A (UGR-A).

e Former Group Rations
o B Ration,
o A Ration.

Field data collection efforts under this project covered only the current UGR-H/S
and UGR-A group rations. Relative to UGR-H/S ration, data collection was limited to
KCLFF-E and CK operations, while for the UGR-A ration data collection covered all
current kitchens to include KCLFF-E, MKT, and CKs. Historical workload and fuel
consumption data for the prior “A” and “B” group rations with MKT and Modular Field
Kitchens (MFK5s) are available from prior Natick field evaluations and experiments. For
comparative evaluations, the historical “A” and “B” ration data is adjusted and detailed in
Appendix C. A brief description of each type ration follows.

Unitized Group Ration - Heat/Serve (UGR-H/S)

The UGR-H/S (Figure 5) is the first group ration utilized during operational
deployments. This ration is shelf stable and requires no refrigeration. To insure
complete meals and simplify distribution, all components and quantities for 50 group
meals are pre-assembled at a continental United States (CONUS) depot and transported













Methodology

Approach

Field kitchen workloads and fuel consumption levels are dependent on several
potential factors to include: type field kitchen, type group ration prepared, actual menu
prepared, total number of meals prepared, mix of on-site and remote site feeding; and
assigned food service personnel quality, training and experience.

The general approach for project data collection was to observe and collect
requisite workload and equipment operating hour data for a variety of different units and
feeding situations during realistic field training exercises (FTXs). To the extent possible,
FTXs were identified and kitchens selected to facilitate data collection for different type
units, different size units, different on-site versus remote site feeding mixes, etc.

Table 1 summarizes the project field data collection for 17 unit kitchens. The
data was collected during 7 separate FTXs. Data collection for each field kitchen ranged
from 1 to 4 complete meal periods and covered six CK, nine MKT, and two small
KCLFF-E operations. Of these, 14 of the kitchens prepared UGR-A rations only, and
only 3 prepared UGR-H/S or a combination of UGR-A and UGR-H/S rations. During
the data collection period, opportunities to collect data relative to the UGR-H/S ration
were limited as available quantities were primarily reserved for the on-going Operation
Iraqi Freedom deployment. Overall project data collection covered 45 complete meal
cycles to include 41 UGR-A meals and only 4 UGR-H/S meal periods.

Each unit planned and conducted their own FTX feeding operations. No changes
or adjustments were requested to support Natick data collection goals. Most kitchens
prepared 2 group meals per day, and on occasion a few prepared only one. When
kitchens prepared 2 meals per day, data collection sometimes covered both meal periods
and sometimes only a single meal period. When data collection involved both meal
periods, the data collection period covered the entire workday from the start of initial
breakfast work activities to the completion of all after dinner meal cleanup activities.
When data collection covered 2 meal periods, the data collection period was typically
from about 0300 to 2100 or 18 hours.- For these days a break time was selected and all
observed work prior to this time were allocated to the breakfast meal and all work after
this time were allocated to the dinner meal. When data collection covered only a single
meal, the data collection period was typically from about 0300 to about 1130 for a
breakfast meal, and 1130 to 2100 for a dinner meal.




Table 1. Field Data Collection Location and Kitchen Summary

Location/ Ave Meals/Meal Period Type Type
No. FTX Onsite Remote Total Kitchen* UGR
1 Ft Bragg 50 650 700 MKT+ A
2 Ft Bragg 325 75 400 MKT A
3 Ft Bragg 90 760 850 MKT+ A
4 Ft. Hood 140 60 200 MKT A
5 Ft Hood 0 150 150 MKT A
6 Ft Stewart 185 815 1,000 2 MKT A
7 Pohakuloa 100 100 200 MKT A
8 Pohakuloa 100 0 100 KCLFF-E A
9 Pohakuloa 100 0 100 KCLFF-E H&S
10 NTC-1 700 0 700 CK A and H&S
11 NTC-1 175 375 550 CK A
12 NTC-1 450 250 700 CK A and H&S
13 NTC-2 350 0 350 MKT A
14 NTC-2 400 0 400 MKT A
15 JRTC 650 0 650 CK A
16 JRTC 850 0 850 CK A
17 JRTC 1,700 0 1,700 2CK A

* Also utilized extra equipment from KCLFF-E like tray heater(s) and pot cradle(s).

Data Collection

Three types of data were collected relative to each observed unit kitchen to
include:

e Descriptive kitchen data
e Kitchen work load data
MBU/Generator utilization data.

A description of each type data to include associated methodology follows:

Descriptive Kitchen Data

Kitchen workload and fuel consumption can be potentially impacted by several
factors such as type kitchen, type group ration prepared, actual menu prepared, and
number of meals prepared. Therefore a set of descriptive kitchen data was recorded for
each kitchen and meal period for which kitchen work load and equipment utilization data
were collected. This descriptive data facilitates analysis, evaluation, and interpretation of
the collected quantitative kitchen work sampling and equipment utilization data.
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Types of descriptive data recorded for each kitchen and meal period include:

Quantity and type field kitchen,

Extra equipment utilized,

Sanitation Center equipment,

Quantity and size generators utilized,

Number MBUs,

Feeding plan - number and type group meals per day,
Re-supply/logistical support for rations, water, fuel, and waste disposal,
Type ration and menu prepared by meal period,

Total meals prepared by meal period,

Remote site feeding - number of sites and number of meals by site, and

Miscellaneous - other data to facilitate the analysis/interpretation of resulting
work load and equipment operating hour data.

The resulting kitchen level descriptive data is presented in Appendix A for each
kitchen, while the by meal period data (e.g. type ration/menu prepared, total meals
prepared, number remote sites, etc.) is provided in the detailed by meal period workload
data tables in Appendix B.

Kitchen Work Load Data

The work sampling method of data collection was utilized to collect quantitative
data to characterize direct kitchen workloads associated the observed umit field kitchens
by meal period. With this data collection method, a set of field kitchen tasks that cover
major kitchen work activities and other specific work activities of interest, are first
defined. Clear task definitions are essential to insure consistency and minimize
variations between data collectors so to facilitate valid assessments, comparisons, and
interpretation of the resulting by kitchen by meal period by task workload data sets.
Examples of major kitchen work activities include Food Preparation, Serving, and
Pot/Pan Sanitation. Table B-1 lists the kitchen work tasks and associated task definitions
utilized for the work sampling data collection. The list of kitchen tasks includes:

Food preparation
Serving

Supervision

Other Food Service
Other Non Food Service
Remote Feeding
Kitchen Sanitation
Pot/Pan Sanitation
Supply

Burner Maintenance
Generator/Other Maintenance

11




The two general work tasks, Other Food Service and Other Non Food Service, are
designed to capture all productive work efforts by cooks or Kitchen Police (KP) that are
not covered by the other specific work tasks. Examples of work activities for the 2
general work tasks include:

-Other food service tasks: cooks receiving supervision, food service team
meetings, general planning, etc.

-Other non - food service tasks: digging soakage pit, erecting/tightening
camouflage nets, KPs receiving supervision, maintaining hand washing units, etc.

With work sampling data collection, observations are taken at set times and a set
time interval. For kitchen workload data, the observation interval was 15 minutes to
include on the hour, quarter-hour, and half-hour. At each time point, cooks and KPs in or
around the kitchen or sanitation center area are observed and categorized as being
productive (working) or not working (non productive). For those determined to be
productive, each is then classified as performing the work task that best fit their observed
work effort. The clock time and resulting number of total cooks and KPS performing
each productive work activity is then recorded on the data collection sheet (Figure B-1).

The work sampling data collected covered only those work activities observed
and performed by cooks and KPs in and around the direct kitchen, sanitation center, and
ration storage areas. Work efforts expended by cooks or KPs in other areas away from
the kitchen area are not covered by or reflected in the work sampling data. Examples of
these other non covered productive work efforts include: time to pick up and deliver
required supplies (rations, ice, fuel, water) from supply points, time to haul/dispose of
kitchen rubbish; supervisor, cook, and KP meetings away from kitchen area (e.g. in living
quarters tent); and off site kitchen supervisor efforts to include meetings with unit to
coordinate feeding plans and remote site feeding requirements, complete required
requisition and other paperwork, etc. For development of a total kitchen workload and
staffing model, these additional off-site workloads will need be estimated and added to
those covered by the work sampling data to insure proper and sufficient kitchen staffing.

Overall and by task, direct kitchen workloads are determined from the work
sampling data as follows. For each meal period, the recorded observations for each work
task are summed. The resulting task totals for each meal period are then multiplied by
the observation time interval of % hour to obtain work hours by task for the meal period.
Overall kitchen workload for the meal cycle is finally determined by summing the task
work hours across all work tasks.

See Appendix B for a more detailed description of kitchen work sampling data

collection to include detailed task definitions, data collection form, and resulting detailed
by kitchen, by meal period, and by task workloads (productive work hours).
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MBU/Generator Utilization Data

Equipment sampling was utilized to collect fuel burning equipment operating
hour data to estimate kitchen fuel consumption levels. The method used was essentially
identical to that used to collect kitchen work sampling data with one exception - a longer
30-minute observation level to include observations on the hour and half hour.

The same data collector collected kitchen work sampling and equipment sampling
data. For equipment sampling data collection, the types and locations of all field kitchen
associated fuel burning equipment were first identified. At the set time points, each item
was observed and determined to be on (operating) or off (not operating), and the total
quantity of each item by area determined to be operating was recorded on the data sheet.

Types of kitchen fuel burning equipment included the MBU for all kitchens, one
or two 2-KW generators for MKT field operations, and a 10-KW generator for CK
operations. For KCLFF-E operations, the limited power required by the three MBUs is

provided by a battery pack that is recharged as needed by the MKT or another unit
generator.

For MKT operations, one 2 KW generator is authorized to provide all required
_power for all MBUs and any necessary kitchen or sanitation center lights. To reduce
noise levels, this generator is normally shut off between the breakfast and dinner meals
and after the completion of the dinner meal when not required to support kitchen
operations. While MKTs are authorized a single 2 KW generator, three of the observed

MKT operations utilized two or separate generators to support MKT and sanitation center
operations.

The CK includes a larger 10 KW generator to provide the additional power
required by kitchen refrigeration, air conditioning, warming cabinets, lights, MBUs, etc.
Because of the kitchen refrigeration, the CK generator normally operates continuously
from the start of first kitchen work activities for breakfast to the completion of after
dinner work activities with the exception of shut downs for refueling or maintenance.
The CK generator is normally only turned off from the completion of after dinner work
activities to the start of breakfast meal activities to reduce nighttime noise. When
providing 2 group meals per day, the CK generator would typically operate continuously
from about 0300 to 2100 daily or 18 hours per day or 9 hours per meal period.

Equipment sampling operating data was limited to the MBU for the KCLFF-E,
MKT, CK, and sanitation centers; and the 2-KW generator for MKT operations. For CK

kitchen operations, the 10 KW generator was assumed to operate an average 9 hours per
meal period.

Fuel burning equipment operating hours by meal period were calculated from the
equipment sampling data as follows. For each meal period, the recorded observations for
kitchen MBUs, sanitation center MBUSs, and 2-KW generators were summed. The
resulting totals by type item and area for each meal period were multiplied by the
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observation time interval (%2 hour) to obtain operating hours, and then by the items fuel
consumption rate to obtain item fuel consumption by meal period. Total kitchen fuel
consumption was then determined by summing the resulting fuel consumptions across all
type items.

For more details relative to the equipment sampling data collection, to include

data collection forms and resulting equipment operating hour data, by type kitchen and by
meal period - see Appendix B.
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Results and Discussions

Project work sampling and equipment operating hour data collection covered a
total of 17 different unit kitchens to include 2 KCLFF-E, 9 MKT kitchens, and 6 CK
kitchens. Of these, kitchens 1 to 14 operated as regular mobile field kitchens in a regular
field environment. Each of these kitchens was prepared to move as needed during the
FTX. For these 14 field kitchens, the two KCLFF kitchens (8,9) used a single serving
line for both hot and cold meal components, while each MKT and CK kitchen used their
internal kitchen serving line for hot food components and a separate outside serving line
for all other meal components to include: hot and cold beverages, deserts, salads, fruit,
breads, condiments, etc. The outside serving lines were often totally self-serve and
sometimes staffed with 1-2 servers for select items like salad or canned fruit or pudding.
With these kitchens, soldiers simply sat on the ground or returned to their tents to
consume their meals.

Kitchens 15 to 17, all CK kitchens, were set-up and operated in a stationary
permanent base camp environment similar to that expected for the unit’s planned Iraq
deployment. There were no plans to move any of these kitchens. These kitchens also
had very large commercial tent with tables, chairs, and floor mats for troop dining, large
commercial ISO container freezers and refrigerators, and trailer mounted grease traps and
large wastewater holding tanks, etc