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This study was initiated by Headquarters, Department of the Army
(Deputy Chief of Staff for Operations (DCSOPS)), on 12 March 1980 and
was performed by the United States Army Transportation School at Fort

Eustis, Virginia.

The conclusions and recommendations of the study are those of the
Commandant of the Transportation School and are based on information
gathered and analysis done by the Transportation Schoo! in coordination
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ABSTRACT

This is a Department of Army directed study designed to answer the
questions on tactical wheeled vehicle fleet composition and requirements
as posed by the House Appropriations Committee of the United States
Congress. The methodology used the automated procedures established
throughout the Army for defining requirements and developing procurement
programs. These procedurcs are applied to eight alternative vehicle

fleets and the results are compared to a base case to establish the
preferred alternative.
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EXECUTIVE SUMMARY

1. INTRODUCTION.

a. Background. Since the Army Special Analysis of the Wheeled
Vehicles Stuay (WHEELS) in 1972-1973, Congress has questioned the Army
concerning the implementation of study recommendations. As yet, the Army
has not adequately explained, to Congress, the reasons why the Authorized
Acquisition Objective (AAQ) has fluctuated between and within the various
weight classes of vehicles. Until recently, the Army has not had a
system to capture the prime causes of the changes in vehicle
requirements. This is now being developed. Since the completion of the
WHEELS study, the Army force structure has changed significantly due to
the introduction of modern weapons systems and the addition of three new
combat divisions.

b. Study Directive. In response to questions from the Secretary of
Defense and the House Appropriations Committee, the Secretary of the Army
directed that a zero-based study of tactical wheeled vehicle requirements
be conducted. As a resuit of this guidance, Headquarters, Department of
the Army (HQ, DA) directed the US Army Training and Doctrine Command
(USATRADOC) to conduct a study to examine tactical wheeled vehicles in
terms of fleet composition and vehicle quantities. HQ, TRADOC
subsequently directed the US Army Transportation School (USATSCH) to be
the study agency under supervision of the US Army Logistics Center
(USALOGC). The Army plans to use the Tactical Wheeled Vehicle Fleet
study, after it has been approved, as the starting point of an audit
trail of tactical wheeled vehicle requirements. The TRADOC Tactical
Wheeled Vehicle Requiremerits Management Office (TWVRMO) is finalizing the
methodology to provide periodic snapshots of the tactical wheeled vehicle
requirements to provide thY audit trail between budget years.

c. Study Objectives. The study was to accomplish the following
objectives:

AN “ﬂ*erm.ac the payload categories and types of tactical

wheeled vehicles which would best meet the needs of the Army.

42) Piepare an acquisition program to include specification of
the number, type, and cost of vehicles required to transition from the
existing fleet to the preferred fleet.

(3) Develop an implementation schedule to align current
requirements document's Table of Organization and Equipment/Basis of
Issue Plans (TOE/BOIP) with study results. ]

d. Scope. The study was planned as an analysis of tactical wheeled
vehicle requirements and assets as described below:




(1) The study considers current TOE and BOIP (new equipment but
not new crganizations) for which a defined Army master force structure
need (active and reserve) exists through 1986. Requirements of the 1986
master (programed) force, as opposed to the current force, allow
determination of a preferred vehicle fleet for which a transition plan
can be developed and costed.

(2) The study considers the numbers and costs of tactical
wheeled vehicles authorized by Tables of Distribution and Allowances
(TDA) and Modification TOE (MTOE) in describing alternative fleets
quantitatively. The rationale for this is that TDA and MTOE are the
authorization documents used to determine the numbers of vehicles to be
procured, whereas, TOE are the requirements documents used to determine
the types of vehicles required by the Army.

(3) The study considers the current vehicle fleet along with
planned acquisitions and projected losses as determined by US Army
Development and Readiness Command (USADARCOM).

(4) The study considers the currently defined FY 86 Army master
force as portrayed in the Force Accounting System (FAS) and Total Army
Analysis (TAA) 86.

e. Methodology. The study develops equally effective, alternative
tactical wheeled vehicle fleets for the Army and compares the 20-year
program cost and manpower requirements for the alternative fleets. The
detailed steps in the methodology are summarized in figure 1.

(1) First, TOE proponents analyzed tasks requiring tactical
wheeled vehicles.

(2) The results were formatted as B0IP changes by TRADOC.

(3) The BOIP changes were applied to the force structure
authorization fo- equipment maintained in the Logistics Structure and
Composition System (LOGSACS).

(4) The resulting force structure authorizations for tactical
wheeled vehicles were used in the Materiel Readiness System (MARS) to
determine Authorized Acquisition Objectives (AAQ) which ccnsists of force
requirements, TDA requirements, Prepositioned Materiel Configured to Unit
Sets (POMCUS), special projects and contingencies, wartime consumption,
mobilization training losses and special wartime active replacement--
special allies.
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55) Concurrent with the steps described above, Operating and
Support (0&S) costs were developed for each vehicle by TARCOM.

(6) Deployment schedule data was developed by TRADOC based on
distribution of assets.

(7) 0&S costs for the fleet was calculated.

(8) Lastly, fleet 0&S costs were combined with fleet procurement
and development costs to determine the total cost of the tactical wheeled
vehicle tleet over a 20-year period.

f. Data Bases for Study. The data used by the study includes:

(1) TOE current as of 6 May 1980.

\ (2) HQ TRADOC-approved BOIP as documented in BPP26RL (6 May
1980).

(3) The Army master force as documented in the Logistics
Structure and Composition System (April 1980).

(4) Tactical wheeled vehicle asset status provided by DARCOM,
current as of 30 September 1979.

(5) Cost data provided by DARCOM, current as of 31 July 1980.
2. ANALYSIS OF CONSTRAINTS, ASSUMPTIONS, AND LIMITS.

a. Constraints. The following constraints were used in the study to
define and 1imit the alternatives considered.

(1) Elimination of 1/2-ton MULE and 8-ton GOER. Because some
of the vehicle payload categories are no longer required (they are
substitute items in some cases), or because there are only a few vehicles
remaining in the inventory, and action is being taken to eliminate those
vehicles from the fleet, the study group (in coordination with DARCOM)
reduced the number of body styles of vehicles to be considered as
requirements from 186 to 90 and in the process reduced the number of
payload categories of trucks from 7 to 5. Two payload categories, the
MULE and the GOER, were eliminated.

(2) Inclusion of 10-ton truck in each alternative mix. Based on
the TRADOC-approved BOIP for a 10-ton truck (HEMTT) and supporting COEA
(TACV Addendum), there is a validated requirement for the 10-ton truck in
the Army to support Pershing 1I, Multiple Launch Rocket System (MLRS),
Patriot, and the major users of ammunition {artillery, armor and
mechanized infantry). Recognition of this requirement means that a
10-ton truck would be included in any alternative fleet.




(3) Truck-Tractors. The retention of five truck-tractors in
each alternative fleet was based on their specialized capability and is
justified by the following rationale:

(a) The M915 line haul truck-tractor was designed to pull
semitrailer loads (containerized and break-bulk) weighing up to 34
short-tons (STONS).

e ekt e e
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(b) The M878 yard tractor was designed to quickly move trailer
| loads in support of port operations. This vehicle, required by the
| transportation terminal service company, has a hydraulic fifth wheel
which eliminates the need to manually raise and lower trailer legs.

(c) The M916 light equipment transporter (LET) and the M920
medium equipment transporter (MET) were designed to transport 1ight and
medium engineer construction equipment.

(d) The M911 heavy equipment transporter (HET) was designed to
transport the main battle tank (60 STONS).

1 (4) Affordability. In ordeir to compare the resource
requirements of fleet mix alternatives on an effectiveness basis, the
study analyzes fleet mix alternatives at full Authorized Acquisition
Objective (AAOQ) even though it is unlikely that the AAO will be procured
with current fiscal limitations. This study best supports the Planning,
Programing, and Budgeting System (PPBS) process by providing a complete
picture of the Army's needs for tactical wheeled vehicles from which the
impact of constrained resources can be measured.

b. Assumptions. The following assumptions were made in
accomplishing the study:

(1) The current and projected Army Master Force establishes a
valid requirement for the number of type units required by the Army.
Specifically, the Army Master Force outlined in the FAS, dated April
1980, was used.

(2) The TOE/BOIP for type units of the Army are valid for
purposes of this study except tactical wheeled vehicles. The intent of
this assumption is to assure that this study be limited to a study of
vehicles for Army units rather than a far reaching study of the
organization of the units of the Army.

(3) The kinds of vekicles to be found in the proposed fleet can
be determined by considering only the requirements which are derived from
the needs of TOE units, as opposed to TDA organizations and MTOE units.

TDA organizations use mostly administrative vehicles of kinds not to be
examined in this study.

(4) The divergence of MTOE and TDA authorizations for tactical
wheeled vehicles can be quantified as factored into proposed tactical

5
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wheeled vehicle fleets. The purpose of this assumption is to permit a
timely analysis of the Army's worldwide requirement for tactical wheeled
vehicles by October 1980 via analysis of TOE's as opposed to analysis of
8,000 MTOE and TDA units by the Major Army Commands (MACOM).

c. Study Limits.

(1) The study does not analyze current or projected force
structure (unit) requirements.

(2) The study does not analyze structuring of TOE's except for
tactical wheeled vehicles required in TOE/BOIP.

(3) The study does not analyze MTOE requirements nor TDA
requirements except as the number of vehicles impact on fleet quantities
and costs.

(4) The study focuses on projected (1986) requirements in order
to develop a modernization plan.

(5) The study uses the existing Army requirements and
acquisition data bases in order to compare alternative fleets. Study
results, therefore, may be used to support tactical wheeled vehicle
requirements in the POM.

(6) The study does not determine:
(a) Tactical wheeled vehicle useful life.

(b) The cost-effectiveness of tactical wheeled vehicle rebuild
versus replacement vehicle procurement policies.

(c) Priorities for distribution of new or replacement equipment.

(7) The study does not dictate structure of specific TOE's with
regard to the functions to be performed by tactical wheeled vehicles. HQ
TRADOC, on recomnendation of the TOE proponent agency, is responsible for
approving TOE changes.

(8) The study does not develop or establish the need for new
tactical wheeled vehicle types and models. The study uses cost data for
developmental vehicles and for new procurement of types presently in the
fleet.

3. MISSION NEEDS. The basis for the type vehicles needed by the Army is
found in the TOE.

a. The following seven different payload categories of trucks are
now in use by the US Army: 1/4-T, 1/2-T, 5/4-T, 2 1/2-T, 5-T, 8-T, and
10-T and constituted the starting point for requirement development.




b. The TRADOC study group developed an evaluation strategy which was
both comprehensive and yet manageable. This allowed the number of fleets
mixes to be evaluated to be reduced to 9 from the potential of 127 that
could be developed from seven payload categories. A synopsis of this
strategy is as follows:

e s S el

(1) Thke 8-ton Goer was eliminated as it is no longer planned for
procurement.

r

(2) The 1/2-ton M-274 (MULE) was eliminated as both the US
Marine Corps and the Army have determined that this special purpose
payload category should not be retaiied.

R Lo e

1 (3) The 10-to.a truck (HEMTT) will appear in all alternative
3 fleet mixes.

(4) The remaining set of vehicles to be considered were placed
into two groups for which there are distinct Army needs:

(a) Group A (command and control, light cargo) consists of 1/4-
and 5/4-ton vehicles.

(b) Group B (prime movers and intermediate cargo) consists of 2
1/2- and 5-ton vehicles.

(5) Some of the requirements (1light cargo) for vehicles in group
A could be met using vehicles from group B, but this would be
inefficient. Many of the towed loads requiring a vehicle prime mover
from group 8 could not be pulled by 1/4- or 5/4-ton vehicles. Use of the
10-ton vehicle to perform payload independent tasks such as prime mover
or shelter transport tasks currently required of 2 1/2-ton and 5-ton
trucks is inefficient. This rationale allows further reduction of the
mix alternatives according to the rule that a mix alternative must
contain at least one vehicle from each of groups A and B.

(6) The nine mix alternatives retained for consideration are:

Truck Payload Category (TON)

Mix Alternative Group A Group B

1
- 1 Base Case 1/4 5/4 21/2 5 10
2 - 5/4 21/2 5 10
3 1/4 - 21/2 5 10
4 1/4 5/4 - 5 10
. 5 174 5/4 2172 - 10
\ 6 1/4 - - 5 10
3 7 - 5/4 21/2 - 10
: 8 1/4 - 2172 - 10
9 - 5/4 - 5 10

7
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c. Analysis of TOE requirements for tactical wheeled vehicles for
each alternative was accompiished by the 20 schools/centers responsible
for developing and documenting Tables of Organization and Equipment. A
TOE proponent agency conference was conducted at the Transportation
School to orient proponent agency representatives on the methods of
analysis of TOE task requirements of trucks. The conference attendees
were provided a study plan briefing, a briefing on the master force and
BOIP, a briefing on the vehicle fleet and, lastly, a working session
using TOE and the rules and gquidance for task analysis from the study
plan. The rules included:

(1) Maintain a capability to do the job equal to the base case.

(2) Choose the least number of vehicles to do the job for
payload dependent tasks such as ammunition haul.

(3) Choose the smallest payload category vehicle where the task
is payload independent, such as, command and control.

(4) Use trailers to the maximum extent feasible consistent with
unit mission.

{5) Combine tasks where feasible.

d. Subsequent analyses of TOE by proponent agencies was staffed and
approved by the school commandants and agency commanders prior to
submission to the study group.

(1) Each TOt submitted by the proponent school/center was
checked against the master list of standard requirement codes (SRC)
scheduled to be in the FY 86 Force Accounting System (FAS) to ensure that
all TCE in the FAS were analyzed by the responsible proponent.

(2) TOE worksheet was checked for format, to include proper Line
Item Muwer (LIN), codes, and identification of primary and additional
duty drivers.

(3) TOE worksheets were further checked to see if the rules and
guidance for selecting alternative vehicles/trailers were foilowed an
that reasorable explanations were provided in those cases where vehicle
selection was contrary to the set rules and guidance (i.e., retention or
selection of a vehicle/trailer that was not under consideration in a
particular alternative).

4. DEVELOPMENT OF FLEET MIX ALTERNATIVES.

a. The methodology used in the study to expand the results of TOE
analysis described above inta the tctal Army rcquirement and procurement
program for tactical wheeled vehicles for each fleet mix alternative is
shown in figures 2, 3, and 4.
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(1) Development of Force Requirements (fig 2). The Ariy process
of development of force requirements for tactical wheeled vehicles is
identified in the figure by solid lines. The process starts with
analysis of TOE requirements to determine the types (payload categories)
of vehicles needed by the Army. A manual update of TOE was done to
account for the tactical wheeled vehicle requirements impact of emerging
weapons systems and organizational changes planned through 1986.
Generated requirements, for example, compressors which are required to be
mobile and are mounted on trailers, were counted but were not task
analyzed. The numbers of vehicles needed are determined from the
modified TOE authorization documents used by Army units in the field
multyplied by the number of units in the force structure corresponding to
those MTOE. MTOE are routinely changed by BOIP to account for new or
replacement equipment items. As indicated by the dashed arrow, the study
group, in coordination with proponent agencies, did manual) updating of
TOE and used BOIP formats to configure the Army's authorization for
tactical wheeled vehicles to the alternatives studied.

(2) Development of the AAO (fig 3). The second step in
determining the Army's requirement for tactical wheeled vehicles is shown
by the solid lines in the figure. The force requirement for tactical
wheeled vehicles is extended to the Initial issue Quantity (IIQ) by
adding TDA authorizations and POMCUS. Special project and contingency
requirements were added. Operational readiness floats, wartime
consumption and mobilization training losses were factored and added to
the 11Q. Lastly, wartime active replacement stocks for special allies
was added. The result is the Authorized Acquisition Objective (AAQ).
The dashed lines indicate that the study group configured TDA, POMCUS,
and MTOE residual authorizations (differences between TOE and MTOE) to
the alternative mixes studied. Nine AAQ's corresponding to the
9 alternatives were calculated in this manner.

(3) Development of Procurement Pregrams (fig 4). The procedure
for determining the procurement programs (cne for each alternative) is as
follows:

(a) The starting vehicle assets in the tactical wheeled vehicle
fleet are adjusted to account for planned receipts of new vehicles to
yield a forecast of 3ssets. The projected losses are calculated based on
a peacetime replacement facter applied to vehicles in units and not to
those in depot and POMCUS; hence, the factor is applied to the lesser of
the 11Q or assets avaflable.

(b) The forecast of assets is subtracted from the Authorized
Acquisition Objective to determine the shortage of assets measured
against requirements.

(c) The procurement program is tnen the lesser of shortages or
production capability.
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(d) These calculations were made for each alternative for each
of 20 years (1982-2001).

b. The entire process duplicates the normal procedure utilized in
developing requirements and Army procurement programs, provides an
acquisition plan to procure a preferred fleet, and provides a "strawman"
document (BOIP) to update TOE and authorization documents as required by
study objectives.

5. ANALYSIS OF RESOURCES.

a. The standard for comparison is the resource requirements of the
base case (fleet mix 1). The factors for comparison include procurement
costs, operating and support (0&S) costs, driver and mechanic
requirements, and time needed to procure the fleet mix alternatives. All
costs were developed in constant FY 82 dollars and were based on study
production quantities provided by the Tactical Wheeled Vehicle Management
Office (TWVMO) at TARADCOM. Production quantities used reflected
consideration of minimum production rate, an economic order quantity
production rate, and a maximum production rate. Hardware costs were
based on a "representative" buy of each particular vehicle or trailer.
For each standard study number (SSN), three investment cost estimates
which defined a cost curve for any procurement quantity were fed into the
MARS model for each alternative. The MARS model selected the production
quantity most appropriate to a given year buy and multiplied the proper
quantity of vehicles by the associated doilar values.

b. Operatinc and support costs were calculated based on assets in
the fleet for each year of the 20-year program.

c. A display of the total cost to buy and maintain each alternative
fleet, plus vehicle drivers, for 20 years is found in table 1. Only one
alternative fleet mix, 2, is less costly (20-year life cycle discounted
and undiscounted) than the base case, alternative 1.

d. Figure 5 depicts the percent deviation of each alternative from
the base case in terms of drivers, mechanics, indirect and total
personnel. The number of primary duty drivers was determined by TOE
proponent analysis. No significant differences in driver requirements
were found among alternatives; therefore, differences in the indirect and
total manpower requirements in each alternative are directly related to
differences in mechanic requirements. The mechanics needed for each
alternative were calculated based on the MACRIT adjusted to mileage by
geograpnic location to determine maintenance man-hours required by
vehicle payload category and based on the distribution of vehicles needed
by force component and by theater. Alternative 2 clearly requires fewer
mechanics than all other alternatives (7 percent fewer.mechanics than the
base case) bacause all 1/4-ton requirements went to the 5/4-ton vehicles
which require fewer mechanics than the 1/4-ton class with its associated
trailers. The number of mechanics in alternatives 7 and 9 fall below the
base case because they both include elimination cf the 1/4-ton payload
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Table 1. Total 20-year Program Costs for Each Alternative Fleet
(Constant FY 82 Dollars, Discounted, Billions)

Tk R

Number Alternative Procurement 2 pg:;:l:g Total

§ 174 5/4 212 5 10 + Development (- Driver) Oriver  Total  Dfscounted
i 1 X X X X X 2%.78 30.19 13.07 70,04 n.m?
2 0 X X XX 27.00 28.96 13.06 69,02 32.74

3 X 0 X X X 27.09 .12 13.01 .22 33.82

4 X X 0 X X 27.85 32.68 13.12 73.65 35.98

5 X X X 0 X .56 30.63 13.01 76.20 36.17

6 X 0 60 x X 28,01 34,25 12.88  75.14 36.37

7 0o X X 00X .76 29.42 13.01 75.19 35.86

% 8 X 0 X 0 X- 32,98 31.55 12,95 77.48 36,83
‘ 9 0 X 0 X X 28.06 .40 13.03 72,49 3.72

i
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class. All other alternatives require more mechanics than the base case
because the substitute vehicle in each case requires more mechanics than

the vehicle it is replacing.

e. The time to fill the AAO is primarily dependent upon
developmental lead time, maximum production rate, and the age of current
assets. The differences between alternatives did not exceed 1 year and
could be adjusted in that range, in the judgment of acquisition planners,
with minimum cost impact. For this reason, time to AAQ was found to ba a
nondiscriminator between alternatives.

6. ANALYSIS OF FLEET MIX ALTERNATIVES.

a. The base case (alternative 1) at full AAOQ was selected as the
standard for comparison of the eight fleet mix alternatives. It
represents the Army's currently planned fleet which consists of 1/4-,
5/4-, 2 1/2-, 5-, 10-ton trucks and tractors and associated trailers.
The base case is developed, based on TOE that will be effective in 1986,
and includes current TRADOC approved BOIP. The choice of 1986, as a
focus for requirements, allows comparison of alternative acquisition
plans and, as a result, program costs of each alternative. The 8-ton
GOER does not appear as a requirement in the base case since it is
replaced by 5- and 10-ton vehicles in the 10-ton HEMTT BOIP.
Additionally, the base case replaces the 1/2-ton MULE with 1/4- and
5/4-ton vehicles and includes a new 5/4-ton commercial utility/cargo
vehicle (CUCV; and HMMWV replacement for the M561 and M792 GAMA GOAT and
5/4-ton commerical type vehicles (M880) currently in the inventory.

b. Operationally, the base case fleet may be considered to be a
satisfactory set of tactical wheeled vehicles capable of meeting the
Army's needs in 1986. During analysis of tasks requiring vehicles, a
conscious effort was made by TOE proponents to hold the capability of the
base case equal to that specified in TOE and BOIP documents while
applying changes to 1/2-ton MULE and 5/4-ton GAMA GOAT vehicles. There
are, in fact, shortages of tactical wheeled vehicles and overload
conditions in certain TOE that should be corrected. By agreement, these
TOE were not changed for purposes of study consideration, even though
corrections are being processed by TRADOC through the normal TOE change
process. In the development of alternative fleets, TOE proponent
agencies were directed to use the same set of tasks requiring vehicles
and to hold fleet capabilities constant across the alternatives in order
to develop equally effective alternative fleets for the study.

c. The major shifts in vehicle requirements are summarized in
table 2. The resulting quantities for the major vehicle types are
displayed in table 3. Analysis of these tables indicates the following:

(1) The TOE analysis by proponents resulted in vehicle
replacement ratios that came close to 1:1 between the alternative mixes.
Payload independence of tasks, battlefield flexibility, payload volume
and general support transportation unit capability are the primary reason

16
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for the 1:1 substitution ratio. For example, figure 6 shows that 94
percent of tasks now performed by 2 1/2-ton trucks are payload
independent tasks and could require a 1:1 substitution of a 5-ton truck
in a fleet with no 2 L/2-ton trucks.

(2) Elimination of the 1/4-ton truck in alternati-~s 2, 7, and 9
can be achieved to a high degree by placing 1/4-ton requirements on the
5/4-ton payload category of vehicles on about a 1:1 basis. A significant
reduction in trailer requirements results from elimination of 1/4-ton
trailers along with 1/4-ton trucks. The variances in 5/4-ton
requirements in alternatives 7 and 9 are due to elimination of 5-ton and
2 1/2-ton trucks, respectively, as well as the 1/4-ton vehicle.

(3) Alternatives 3, 6, and 8 incidate that TOE p openents could
not entirely eliminate the 5/4-ton payload category of ve icles due to
nonavailability of required vehicle types. Based on DARCUM engineering
estimates, suitable alternative vehicles (in other paylcad categories)
could be developed using vehicle chassis currently programed for the
fleet for most requirements. However, HMMWV type weapons carriers
required in alternatives 3, 6, and 8 and for the ambulances needed in
alternative 6 could not be replaced with a readily available substitute
in another payload category.

(4) Elimination of the 2 1/2-ton truck in alternatives 4, 6, and
9 can be achieved except for a small number of 2 1/2-ton trucks needed by
airborne and airmobile units. The bulk of the 2 1/2-ton vehicles not
replaced in these alternatives are specialty vehicles, such as the M109
shop van, for which there was no suitable replacement in another payload
category. The use of "dummy" replacement vehicles (considered by DARCOM
engineers to be feasible modifications to vehicles in the fleet and by
proponents to be suitable for mission accomplishment) were used in the
study; for example, a 5-ton "dummy" vehicle shop van was used as a
replacement for the 2 1/2-ton shop van.

{5) Elimination of the 5-ton truck in alternatives 5, 7, and 8
can only be achieved by development of additional types of "dummy"
vehicies in the 10-ton and tractor categories of vehicles, particularly
the dump truck, tractor, tractor wrecker, and expansible van types of
vehicles.

(6) The total truck and tractor requirements column indicates no
significant difference in alternative requirements for numbers of prime
mover venicles. Significant trailer requirements reductions are
indicated for alternatives 2, 7, and 9.

d. The criterion of choice established in tne study plan (app B)
established the need to consider nonquantifible factors that could impact
on analysis of fleet mixes. Ouring the course of the study, the
following factors were identified and considered relevant for analysis.

18
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(1) Factor A. A lesser number of payload categories should
result in (1) increased proficiency and productivity of drivers and
mechanics; (2) reduced training requirements in the training base and in
units; and (3) reduced parts stockage at all levels of maintenance.

(2) ractor B. A larger fleet cargo capacity should provide
increased capability for payload dependent tasks, especially to satisfy
surges; and provides potential to meet growth in TOE equipment, increased
need for survivability; and increased demand for support of more complex
material items.

(3) Factor C. A greater number of payload categories should
assure improved matching of vehicles to mission tasks.

(4) Factor D. Fleet mixes which place lesser demands for
mechanics are to be preferred. Track and wheeled vehicle mechanics are
in short supply in the Army and the situation will most likely worsen.

(5) FACTOR E. Fleet mixes containing 2 1/2-ton and lighter
cargo vehicles are more readily deployable both intertheater and
intratheater.

e. Table 3, total vehicle requirements by payload category together
with table 4, fleet cargo capacity, present the results of analysis. It
will be noted in table 3 that the 5/4-ton vehicle number are circled for
alternatives 3, 6, and 8. No substitute vehicles for the XM966 weapons
carrier is readily available. Further, there is no replacement readily
available for the 5/4-ton ambulance in alternative 6.

f. Discussion of Results.

(1) The lesser number of payload categories found in

alternatives 7 and 9 tend to favor them for Factor A.

(2) Alternative 1 (base case) with its greater number of payload
categories and large numbers of 2 1/2-ton and lighter cargo vehicles
favor it for Factors C and E.

(3) The larger truck fleet capacities of alternatives 4, 6, and
9, shown in table 4, favors them for Factor B.
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Table 4. Truck Fleet Cargo Capacity {thousands of tons)

1/4 5/4 2 1/2 5 10

Alternative Totals

1 27.9 117.1 25¢ 299 217 913

2 -- 284.4 252 299 217 1016. 4

3 32.8 6.4 416 299 217 971.2

4 27.9 117.6 -- 80i.5 217 1164.0

5 27.9 117.1 257 - 541 943

6 35.9 14.6 -- 1045 217 1312.5

7 -- 284.4 256.3 -- 541 1045.7

8 52.8 6.4 421 -- 561 1021.2

9 -- 250 -- 807.5 217 1274.5

(4) From figure 5, the lesser demands for mechanics in
alternative 2, 7, and 9 favor them for Factor D.

7. UNCERTAINTIES AND SENSITIVITIES.

a. Uncertainty of Ammunition Expenditure Impact on Study Results.
Early in the study, the Study Advisory Group (SAG) directed tRat the
validity of TOE tasks requiring tactical wheeled vehicles be analyzed in
detail for selected units in order to support the study assumption tfrat
TOE requirements for tactical wheeled vehicles were valid requirements.
The results of tha analysis indicated that TOE with changes to
incorporate the XMl, and IFV/CFV in armor and mechanized infantry units
were valid as was the field artillery requirement for additional trucks
needed to provide fuel and ammunition.

b. Uncertaintv of Requirements for Tactical Wheeled Vehicles,
1987-2001. The study uses a Z0-year (198Z-2001) program cost to compare
alternatives. The 20-year program cost was used in order to zapture the
costs of vehicles with varying useful lives in addition to capturing the
total cost associated with acquisition and support of the Army's tactical
wheeled vehicle fleet. The Army's projection of vehicle requirements
does not extend past 1986. A display of program costs for each
alternative discounted at 10 percent per year is provided in table 3.
This procedure allows comparison of opportunity costs, and also serves to
weight the early years where requirements are more accurately known.

22




c. Uncertainty of Wartime Active Replacement Factor (WARF). The
Concepts Analysis Agency generates the wartime active replacement factors
v based on simulations of forces equipped with the currently planned
3 tactical wheeled vehicle fleet. From this, the currently planned FY §6
3 distribution of the types of vehicles in the fleet is determined. The
: major contributing factor to the attrition rate for each type of vehicle
is its location on the battlefield.

b d. Sensitivity of Program Costs to Extension of Vehicle Useful Life.
The 20-year program costs of the alternatives depend on the status of
assets in the alternative fleets. The cost of life extension versus the
cost of procuring new vehicles and the cost of 0&S for the extended fleet
versus 0&5 with new RAM improved vehicles was examined for alternative 1
i (base case) by extending the useful life of vehicles in the fleet by 25

| percent. The results of the base case extended life versus base case

i indicate a reduction in overall prongram costs for the base case extended
life of 8 percent.

e. Sensitivity of Alternative Program Costs to Contributing Cost
Factors. The major contributing factors to 20-year program costs are
indicated below for alternative 1, the base case.

Cost Factors By rercentages - Base Case

Development Less than one-tenth of a
¥ percent
. 1st and 2d Dest Trans 3%
Acquisition 38%
TOTAL Procurement 41x
1 Repair Parts, POI,
i Modification 14%
Driver 19%
Mechanics, [ndirect 26%
TOTAL 08S 55%

f. Sensitivity of Results Lo Acquisition Planning. Use of the MARS
model to produce the acauisition plan for each alternative examined 1n
the study required several iterations to produce an optimal acguisition
plan. This process required DARCUM acquisition planners to interact with
the MA?S mode! to ensure that unrealistic buys and alternatives resulting
1n chegper procurement costs were not made by the model. The
optimization programing available in the model at this time does not
adequa‘tely address family buys when operating without a funding
constraint. VYearly options to force vehicle buys, available in the
mode]l, were used by the acquisition planners to cure this problem.

‘ww;:w 1

g B. PREFERRED ALTERNATIVE.

a. Criterion of Choice (Study Pian Appendix B). “This study will be
essentially a fixed effectiveness variable cost study. Proponent
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agencies will maintain current capabilities of unit tactical wheeled
vehicles when selecting alternative mixes of vehicles. Because of

efficiencies due to reductions in numbers and types of vehicles Armywide,
it is expected that one or more of the fleet alternatives will be cheaper
than the current fleet. One of these fleet alternatives will be selected
as the preferred fleet with due consideration of nonquantifiable matters
that could impact on preferences."”

b. Quantifiable Factors.

(1) MNumbers of Vehicles. From table 3, section 6, seven of the
eight alternative fleets studied showed reductions in total numbers of
vehicles from those found in the baseline (al ernative 1 - table 3).
Three alternative mixes; 7 (-56.5 thousand), 2 (-55.4 thousand) and 9
(-55.4 thousand) clearly are dominant.

(2) Types of Vehicles (Payload Categories). Only two
alternatives were developed with three truck payload categories:
alternatives 7 and 9. A1l others contained at least four payload
categories. It is to be noted that the objective of achieving three
truck payload categories for alternatives 6 and 8 was unattainable due to
an inability to inaintain fixed effectiveness for all types of units.

(3) Fleet Costs. Frem tahble 1, section 5, alternative 2 is the
only fleet mix which is cheaper (total 20-year life cycle and total
20-year life cycle discounted) than the baseline alternative 1. It is to
be noted that the cost difference between the baseline (alternative !)
and the cheaper alternative is about $330 million (discounted costs) or
about 1 percent different from the baseline costs of $33.07 billion.

(4) Quantitative Summary. Thus, using the quantitative portion
of the presented criterion of choice, three fleet mix alternatives are
found to qualify.

1/4 5/4 21/2 5 10

Alternative 2 0 X X X X
Alternative 7 O X X ¢ X
Alternative 9 O X 0 X X

¢. MNonquantifiable Factors. Section 6 of the report introduced the
nonquantitative factors developed by the study team. These are reported
below to assist in developing the preferred alternative.
{1) Description of factors.

(a) Factor A. A lesser number of payload categories should
result in (1) increased proficiency and productivity of drivers and
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mechanics; 22; reduced training requirements in the training base and in
units; and (3) reduced parts stockage at all levels of maintenance.

(b) Factor B. A larger fleet cargo capacity should provide
increased capability for payload dependent tasks, escecially to satisfy
surges, and provides potential to meet growth in TOE equipment, increased
need for survivability, and increased demand for support of more complex
material items.

(¢) Factor C. A greater number of payload categories should
assure improved matching of vehicles to mission tasks.

(d) Factor D. Fleet mixes which place lesser demands for
mechanics are to be preferred. Track and wheeied vehicle mechanics are
in short supply in the Army and the situation will most iikely worsen.

(e) Factor E. Fleet mixes containing 2 1/2-ton and lighter
cargo vehicles are more readily deployable both intertheater and
intratheater.

(2) Discussion of Nonquantifiable Matters.

(a) Factor A, lesser number of payload categories, favors the
two 3 truck fleet mixes, alternatives 7 and 9.

(b) Factor B, larger fleet cargo capacity, favors in order:
alternative 9 (1.2745 million tons); alternative 7 {1.0457 million tons);
and alternative 2 (1.0164 million tons).

(c) Factor C, better matching one mission tasks to vehicle,
favors alternative 2, the only remaining alternative with four payload
categories.

(d) Factor D, lesser demand for mechanics, favors in order;
alternatives 2, 9, and 7 (fig 5).

(e) Factor E, deployability, alternatives 2 and 7 contain *he
2 1/2-ton vehicles which from size and weight considerations should be
more readily deployable than the 5-ton vehicles.

(3) From paragraph 8b(4) above, three alternatives (2, 7, and 9)
were selected using the quantitative criteria. These alternatives were
subjected to evaluation using the nonquantifiable factors. The results
of the nonquantitative analytis showed that no one alternative was
clearly dominant; however, using equal weighing of all nonquantifiable
factors, a slight advartage is seen in alternative 2.

d. Overall Summary. Use of the guantitative pertion of the

Criterion of Choice finds that of the nine alternatives. three fleet
mixes satisfy two or more of the three quantitative factors; alternatives
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2, 7 and 9. Equal weighting of all factors, quantitative and
nonquantitative, favors alternative 2 as the preferred alternative.

9. ESSENTIAL ELEMENTS OF ANALYSIS.

a. Introduction. Seven essential elements of analysis (EEA) were
identified in chapter 1. These seven EEA were considered as key to the
development of study results. Each element was formulated as a question
that was specificaliy tLargeted at the study objectives.

b. Element 1.

(1) Element of analysis: What quantities and mixes of tactical
wheeled vehicles are required for mission accomplishment?

(2) Analysis Results: The mission of the tactical wheeled
vehicle fleet can be accomplished equally effectively by different
combinations of vehicles by varying the number of each payload category
vehicle available to perform the mission. All combinations (or
alternatives) considered are based on TOE effective in 1986 and include
the impact of current TRADOC-approved BOIP. (See table 3.)

c. Element 2.

(1) Eilement of analysis: What is the developmental,
procurement, and operating cost for 20 years of fleet operations?

(2) Analysis results: Twenty-year program costs were calculated
for each alternative in ¥Y 82 constant dollars. The program cost for
each alternative includes procurement, developmental, operating and
support, and vehicle driver costs. Total costs were discounted 10
percent per year to compare opportunity costs for each fleet mix
alternative. (See table 1.)

d. Element 3:

(1) Element of analysis: Which alternative fleet will
accomplish the mission at the least cost?

(2) Analysis results:

(a) Fleet alternative 2 can accomplish the mission at least
cost. Its total 20-year procram cost is $69.02 dbillion. This total
discounted becomes $32.74 billion.

{b) The next closest cost-competitive fleet is the base case.
Its total program cost is $70.04 biliion--$1.02 billion in excess of the

least cost aslternative. The total discounted cost of the base case is
$33.07 billion--.33 billion in excess of the least cost alternative.
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e. Element 4.

(1) Element of ana1ys1s What is the preferred fleet of wheeled
vehicles to satisfy the Army's needs based on present organ1zat1ons7
Based on Army 86?

(2) Anaiysis results: An analysis based on the quantitative
factors found in the Study Plan Criterion of Choice shows that three
alternative mixes are dominate over all others: alternatives 2, 7 and 9.
When considering both quantitative and nonquantitative factors, equal
weighting favors alternative 2 as the preferred alternative.

f. Element 5.

(1) Element of analysis: For each vehicle type in the preferred
fleet, what is the quantity required and the time phasing necessary to
replace existing vehicles in the current fleet as they exceed
aye/condition criteria for retention?

(2) Analysis results: The procurement plan for the preferred
fleet (along with all other alternatives) was developed utilizing the
established procedures for procurement planning except that budget -
constraints were not imposed on the process. See chapter 4 for an
explanation of this process. Table 5 shows the quantity of vehicles by
category required for each year to replace projected peacetime losses
over 20 years. For each specific vehicle type in the preferred fleet,
procurement quantities and time-phasing of needs are displayed in the
procurement output of the MARS model maintained by the RDAISA at Radford,
Virginia.

g. Element 6.

(1) Element of analysis: What acquisition strategy/plan can be
developed to support the preferred fleet?

(2) Analysis results:

(a) The acquisition strategy for the preferred fleet takes into
consideration all of the considerations normally involved in procurement
planning, i.e., vehicle families, multi-year contracts, minimum buy
quantities, maximum buy quantities, economy of quantity, and limitation
on procurement period for commercial substitute vehicies. All of these
constraints and trade-offs were developed and staffed through the TARCOM
and TARADCOM acquisition experts and are based on the same criterion
normally utilized for development of the tactical veh1cle procurement
plan for budget submission.

(b) Table 5 reflects the acquisition strategy developed to
support the preferred alternative. Specific vehicle types that are based
on common chassis are categorized in table 5 by their highest density
body style. The quantity of vehicles along with their costs are
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displayed for the year in which procurement is required. Those specific
vehicles that do not involve family relationships would be procured
according to the quantity and time schedule displayed in the procurement
output of the MARS model maintained by the RDAISA at Radford, Virginia.
The procurement output of the MARS model contains specific quantity,
cost, and time-phasing data for every vehicle in alternative 2.

h. Element 7.

(1) Element of analysis: What is the implementation schedule
needed to change requirements and authorization documents to reflect
study results?

(2) Analysis results: BOIP changes for requirements and
authorization documents that reflect the appropriate number and type of
vehicles and drivers for each unit have been developed and put on file as
"strawman" BOIP documents at the Data Processing Field Office, US Army
Combined Arms Center and Fort Leavenworth Combat Developments Activity,
Fort Leavenworth, Kansas. These "strawman" BOIP documents will serve to
amend TOE to reflect the type and quantities of vehicles and drivers that
would be required by implementing any one of the various alternatives.
These BOIP would need to be updated to accomplish other changes (e.g.,
mechanics, etc.) necessitated by the introduction of these changes in
number and type of vehicles and drivers. The updated BOIP should be
accomplished as part of the normal TOE updating process done by TRADOC
agencies.

10. FINDINGS.

a. Preferred Alternative. The study group prefers alternative 2
(5/4-, 2 1/2-, 5-, and 10-ton trucks) as a tactical wheeled vehicle fleet
that meets the study purpose of reducing the number and types of
vehicles, saving resources (both dollar and manpower), without degrading
combat effectiveness of the Army's tactical wheeled vehicle fleet.

b. Other Findings. The study findings presented are those of the
Commandant, US Army Transportation School, and should not be considered
as Headquarters, Training and Doctrine Command or Department of the Army
policy or guidance unless so stated in approval documents published by
that headquarters.

(1) The tactical wheeled vehicle fleet development process as
studied is a repeatable methodology that generates basis of change for
Table of Organization and Equipment and acquisition plans to procure the
fleet.

(2) The trend in development of Tables of Organization and

Equipment is to eliminate the 1/4-ton truck, as evidenced by the
development of the High Mobility Multipurpose Wheeled Vehicle for weaoons
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carrier and command and control tasks and by acceptance of the M880
5/4-ton commerical vehicle to perform tasks previously done by the
1/4 ton truck.

(3) When Table of Organization and Equipment proponent agencies
are required to select an alternative vehicle, the trend was to select a
higher payload category rather than to select two or more smailer
vehicles to do the same job. This indicates that the TOE designers have
selected the smallest vehicle capable of doing the task in the current
fleet. It also indicates careful design of TOE to minimize personnel
assets needed for tasks.

(4) As discussed in paragraph 6, vehicle replacement ratios
approached a 1:1 between alternative mixes.

(5) There is a trend toward larger vehicles to compensate for

3 growth in the transportation capacity needed for some tasks. An example
is the growth of petroleum, oils, and lubricants, and ammunition
requirements due to the XMl tank and IFV/CFV.
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