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AFIT/GLM/LSM/915-41
Abstract

This study applied a screening technigue methodology to
systematically obtain organizational consensus in the
establishment and ranking of Army surface transportation
performance measurement criteria and system design
attributes. This model was then used to assess the
feasibility of tiL.ree potential liquid propellant logistics
concepts.

A literature search identified the fundamentals of
defining and measuring transportation capability,
Departments of Defense and Transportation hazardous material
classification, liquid propellant packaging and logistics
concepts, and current distrisuticn brocedures for products
of similar commodity characteristics.

A subjective (intui*ive) research approach provided the
means for constructing a descriptive performance evaluation
model by surveying twenty-four subject matter experts from
the Army's Transportation and Ordnance (Munitions) Corps.
The application of systematic approaches in obtaining
consensus provided an.audit trail for the management problem
solving process.

The methodology consisted of nominal-interacting group
processes to develop ten system design attributes, repeated
use of the paired comparison 1instrument to weight the six

performance criteria and rank the ten attributes, and use of

x1




a scoring medel to rank order the ten attributes based on
the weighted criteria. Four senior Army transportation
managers were then asked to assess three proposed liquid
propellant logistics concepts based on the ranked system
design attributes.

Research findings supported the Army's qualitative
commitment to ensuring environmental and personnel safoety,
to simultaneously improve the operational capability of
logistics with the tactical capability of combat forces. and
to reducing the logistics burden in support of highly mobile
forces. Visual and statistical examination of the rankings
revealed sufficient evidence that the two sampled
populations have identical probability distributions and a
high degree of positive correlation (consistency).

Discrete distributioﬁ was selected as the most feasible
logistics concept. Major strengths of this system included
high reliability and maintainability of both equipment and
product packaging; flexibility in transfer, handling, speed.
and mode compatibility: lot control; and compatibility with
ex1sting concepts. A major weakness of discrete
distribution was the retrograde of empty containers:
however, the use of disposable drums could eliminate this

weakness.
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AN ANALYSIS OF ARMY TRANSPORTATION CAPABILITY
TO SUPPORT THE DISTRIBUTION OF LIQUID
PROPELLANT IN FIELD ARTILLERY APPLICATIONS

I. INTRODUCTION

Background

The Iran-Iraq War. in which over one million people

may have died, 1s stark evidence of what conflict

in the develecping world can be. More than a dozen

developing nations have 1,000 or more main battle

tanks, and a simillar number possess ballistic missiles
or have access to technologies for their development

(Rice, 1990:6).

The decade of the 1990s will pose unparalleled
challenges and risks for the global interests of the United
States and its allies. While recent events in the Soviet
Union and Eastern Europe have reduced the risk of direct
superpower confrontation. Soviet and Soviet backed forces
around the world will continue to pose a significant
security challenge. In addition, growing and increasingly
sophisticated military capabilities in the developing worid
have given rise to a complex and dangerous global security
environment (Rice, 1990:6). For example. it was technolingy
alone that made a third-world country like Irag a first-
class threat to world political and economic stability.

To meet the challenges of deterring world-wide low to
medium intensity conflicts on a high-technology battlefield.
the Field Artillery Corps is developing its first new-
generation 155mm Self-Propelled Howitzer (SPH) in over 30

years. The M109 series weapon system, shown in Figure 1,

was designed as a medium-weight, self-propelled, air




Figure 1. Self-Propelled Howitzer, M109A3

transportable carriage for the 155mm howitzer. Its mission
is to provide mobile direct support (DS) artillery fire to
mechanized, infantry. and cavalry units (Rodolfo. 1991).
The M109 SPH requires a crew of six soldiers, has a maximum
speed of 35 miles per hour, and a cruising range of 220
miles (TM 9-2350-311-10, 1991:1-7.8). Ammunition stowage
includes 22 conventilonal projectiles, 12 chemical or
illumination projectiles, and two Copperhead laser-guided
projectiles. Propellant stowage allows up to 14 M4 solaid
bag canisters and 22 mixed canisters (TM 9-2350-311-10,
1981:E1 - E-8). Maximum range of the MIB5 main qun is
14.600 meters with zone seven charges, 18,000 meters with

zone eight charges, and 23,500 meters for zone eight with




rocket-assessed projectiles (TM 9-2350-311-10, 1691:1-1 - 1-
18). Zones one through eight represent concentric circles
of distance drawn from the weapon system. Firing within
each zone requires the combination of a specific number of
bag charges and a specific gun tube elevation.

The impetus for development of this new weapon sSystem
was both the Navy's development of a water soluble. salt-
based liquid propellant and breakthroughs in advanced gun
technology such as the regenerative liguid propellant zun
(RLPG). Liquid propellants offer significant tactical and
logistical advantages over the current system of solid bag
powder. These benefits include increased firing range.
increased stowed basic load, increased rate of fire.
continuous zoning. enhanced personnel safety, greater
survivability of the weapon system and the crew. decreased
logistics burden, lower vulnerability of the propellant,.
reduced muzzle flash and blast, simplification of
autoloading mechanisms. and significantly reduced production
costs (Kelly. 1988:13; Watson et al. 1690:1).

AirLand Battle Doctrine

Army doctrine forms the basis for planning and
conducting combat operations. This same doctrine also
jJuldes the modernization. technological development. and
acquisition programs designed to maintain the force. he
Army's cornerstone of operational and tactical doctrine.
AirLand Battle, is applicable to all environments and

provides for the most efficient and effective interservice
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integration of available combat power. Speed in mobility
and maneuver and maximum utilization of rescurces 1s
stressed in order to concentrate all available combat power
at critical points on the battlefield.

AirLand Battle doctrine is founded upon the basic
tenets of seizing and retaining the initiative, physical and
mental agility to react quickly to changing developments,
projecting combat power throughout the depth of the enemy
formation, and synchronization of combat assets against a
numerically superior enemy (FM 100-5, 1986:14-17). AirlLand
Battle doctrine envisions a very large and fluid
battleground without a fixed front. It will not be possible
to assume that airspace 1s safe or to distinguish linear
battle lines (Russ, 1988:13). The concept directs
simultaneous operations over the full breadth and depth of
the battlefield in close operations to destroy enemy front
line forces, deep operations to destroy enemy follow—on
forces, and rear operations to retain freedom of action for
sustainment of committed forces and the movement of reserves
(FM 100-5, 1986:15).

Dynamic and continuously evolving, the Army's doctrine
is designed to take full advantage of the quality and
training of American soldiers and developments in new
technology. In anticipation of future requirements, the
Army is developing a new doctrine termed AirLand Battle-
Future. This new concept will focus on the Army's

participation in joint and combined operations and form the

4




principles that the Army will adopt to guide its combat
tactics beyond the year 2000 (Rice, 1990:22).

Airl.and Battle-Future Doctrine

AirLand Battl!e—-Future (ALB-F) represents the Army's
changing orientation "“from a concept of forward deployed-
forward defense to one of forward deployed-forward presence”
(Foss, 1991:20). ALB-F depicts the changing doctrine,
training, equipment, and organizations necessary to deter
and defeat a technologically advanced, highly capable threat
force on the future battlefield.

ALB-F recognizes several important trends. First,
while technological advancements have significantly
increased the capability of modern weapon systems, these
advancements also have been accompanied by increasing costs.
The result will be a more sophisticated, smaller Army on the
future battlefield (Foss. 1991:21). Second. improved
intelligence sensors now can provide the corps commander
with the ability to detect and monitor threat forces up to
400 kilometers forward of the battle area. Finally,
improved target acquisition capability coupled with accurate
long-range fires (artillery, multiple launch rocket system
(MLRS), air. and attack helicopters) allow the corps
commander to mass long-range fires and extend the battle
zone up to 100 kilometers forward of the battle zone (Foss,
1991:22). This last point significantly increases the
premium placed upon long-range, highly accurate, highly

mobile weapon systems such as the M109 series SPH.
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From these capabilities, the Army envisions a new
battlefield structure as depicted in Figure 2. Smaller,
highly mobile forces initially will be dispersed. Upon
detecting the enemy force, the corps commander would mass
and commit his long-range fire weapon systems. and maneuver
units would form to fight a highly synchronized battle.
Following contact with the enemy, friendly force would again
disperse and reconstitute (Foss, 1991:22). Logistics units

would be dispersed in the corps rear area.

400 km Detection Zone

* Digperse
100 km Battle Zone

* Mass

* Pight

Forces

* Redisperse
Dispersed

* Reconstitute

KX
oKX

Loglstics
Base

Figure 2. AirLand-Future Battlefield (Adapted form
Foss, 1991:22)

Field Artillery Corps Doctrine

An important premise of AirlLand Battle doctrine is that

combat support units must be equally as mobile as the combat
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maneuver units {Infantry and Armor). Field artillery
provides accurate, high volume direct (DS) and/or general
support (GS) indirect fire to the maneuver units and counter
battery fire for the destruction of hostile artillery
emplacements.

These fire support roles range from "danger close"”
(within 600 meters of friendly forces) to a maximum range of
23.5 kilometers (zone eight charges with rocket-assisted
projectiles) (Lewis, 1990). Throughout this range of
distance, accuracy of the weapon system 1s paramount. In a
danger close situation, accuracy is obviously 1important fo
defeat the enemy while ensuring the safety of friendly
forces. Likewise, at maximum range, accuracy i35 critical to
defeat pinpoint targets. Artillery fire is the Army's only
immediate, on-call indirect fire ground support weapon
system capable of attacking the enemy's follow-on echelons
before they close with friendly maneuver forces (FM 6-20-1,
1990:2-17) .

Field artillery supports all phases of an offensive
operation. Through techniques of massive bombardment,
artillery fire is used to isolate portions of the
battlefield. Artillery fire missions can be substituted for
a maneuver force against enemy positions in an economy of
force role for limited periods (FM 6-20-1, 1990:2-2). This
tactic of economy of force allows the tactical commander to
mass limited combat maneuver forces in a superior ratio to

the enemy at the point of attack. Massive, violent
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artillery fires targeted against the enemy's frontline
defenses, observation posts., command and control, indirect
fire weapons, and resgserves are used to weaken an objective
before the attack. 1In deep attacks that precede and
accompany offensive operations, artillery fire support also
can include the use of nuclear and chemical munitions (FM 6-
20-1, 1990:2-20).

During the attack, artillery fire is used to neutralize
and suppress enemy forces. Fire missions can be used to
assist friendly aircraft providing close air support (CAS)
by suppressing enemy air defense weapons; and, in
-conjunction with electronic warfare (EW), neutralize the
enemy commander's ability to command and control his unit.
(FM 6~20-1, 1990:2-2). During the battlefield consolidation
phase following an attack. artillery support fires are used
to protect reorganization and consolidation of the
objective, break up counterattacks, and prevent enemy
reinforcement (FM 6-20-1, 1990:2-4,5).

Finally, defense in AirLand Battle is not passive, but
entails uffensive operations by subordinate units. The
ability of artillery fire to maintain flexibility and
agility in controlling the tempo of the battle is critical
to reseizing the tactical 1nitiative for transition to
offensive operations (FM 6-20-1, 1990:2-20).

Combat Service Support Doctrine

The mission of combat service support (CSS) is to

maintain maximum combat power at theater and subordinate
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echelons from the port of debarkation forward into the
covering force area (FM 100-10, 1983:Preface, 1-1). The
three categories of CSS are personnel services, health
gservices, and logistics (transportation, supply and field
services, and maintenance). Together, these elements are
responsible ‘to man, arm, fuel, repair. supply. transport,
and sustain the force.

“"Forward support.” founded upon the five sustainment
imperatives of anticipation, integration, continuity,
responsiveness, and improvisation. describes the character
of combat service support under the AirLand Battle concept.
CSS planners must anticipate the needs of the maneuver
forces based both on future battle plans and on
contingencies that may develop. To ensure unity of effort,
support plans must be fully integrated into the operational
and tactical plans of the combat commander. Quick and
continuous support allows maneuver commanders to maintain
the initiative on the battlefield. Support commanders must
be responsive to meet the surge needs of the combat force
and to relocate support bases in response to enemy and
friendly action. Finally, support commanders must improvise
unconventional support measures to overcome the
unanticipated contingencies on the battlefield.

Ordnance Corps (Munitions) Doctrine. Munitions support

in the theater of operations is supplied as far forward as
transportation assets and the tactical situation permit (FM

100-10., 1983:1-7). The Theater Army Area Command (TAACOM)
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exercises command of assigned and attached ammunition units
required for operation of theaterwide ammunition services.
TAACOM responsibilities include ammunition service support
to the theater, publishing the controlled supply rate (CSR)
for major subordinate units in the communications zone
(COMMZ) . maintaining control of and dispersing COMMZ
ammunition stocks, and planning for the rotation of stocks
(FM 9-6, 1989:2-12).

The Theater Army Material Management Center (TAMMC)
provides theaterwide retail management of ammunition,
including direct requisition from the national inventory
control point (NICP) located in the continental United
States (CONUS) (FM 9-6, 1989:2-12). The TAMMC is a direct,
subordinate unit of the Theater Army Commander. As the
central commodity manager of ammunition, TAMMC prescribes
the levels of supply to be held in the combat zone (CZ) and
the COMMZ, determines the CSR for conventional ammunition,
and establishes standards and policies for selection of
sites and construction of ammunition service facilities (FM
9-6, 1989:2-12). The TAACOM Materiel Management Center
(MMC) ., an extension of the TAMMC, is the ammunition
commodity manager in the TAACOM.

Through its ammunition group(s), the TAACOM provides
general support (GS) to the theater and corps areas by
establishing theater support (TSA) and corps support (CSA)
ammunition supply areas and direct support (DS) to divisions

through ammunition supply (ASP) and transfer (ATP) points
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(FM 9-6, 1989:1-4: 2-~12). This overview is illustrated in
Figure 3. The COSCOM Materiel Management Center (MMC)
manages ammunition within the corps, and through its
ammunition group, supplies ammunition to the corps combat
divisions (FM 9-6, 1989:2-12).

Each division contains a Main Support Battalion (MSRB)
and three Forward Support Battalions (FSB). An FSB provides
combat service support to a maneuver brigade. Each FSB
operates one ammunition transfer point (ATP) designed to
support a three to four battalion maneuver brigade with an
assigned or attached direct support (DS) artillery battalion
(FM 9-6, 1989:2-8 - 2-12) -

The brigade ATPs are located between 15 and 30
kilometers from the forward line of own troops (FLOT). An
additional ATP may be established in the division rear by
the MSB. Each ATP is equipped to provide a capability of
450-to 600 short tons (ST) of ammunition per day (FM 6-20-1,
1990:7-31) .

The Corps Support Command (COSCOM) establishes
ammunition supply points (ASP) within each division zone of
operations. COSCOM ASPs are iocated between 45 and 60
kilometers from the FLOT (FM 9-6, 1989:2-8,9). The number
established is determined by demand and the number of direct
support ordnance compania2s available to the corps. These
ASPs must handle all of the division ammunition requirements

not filled by the ammunition transfer points (ATP) and
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Ammunition Flow within the Theater Using the
Maneuver Oriented Ammunition System (MOADS)

Figure 3.
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satisfy up to 20 percent of the ATP demands (FM 9-6, 1989:2-.
9 - 2-12). Combined, the ASPs and ATPs supporting one
division should be able to issue 4,000 ST of ammunition per
day in support of above—average demands for limited periods
of time (FM 6-20-1, 1990:7-32).

Transportation Corps Doctrine. The mission of the

transportation system in a theater of operations is "the
timeiy delivery to planned destinatio > of both effective
combat forces and the means for their sustained support"” (FM
100-10, 1983:1-10). Transportation requirements are
assessed by point of origin, intermediate links and nodes,
and destination. The quantity of suppiies required to
sustain the forward deployed force becomes a major work load
factor against which the structure of the transpcortation
system is defined (FM 100-10, 1983:1-7). Having determined
the quantity of personnel, cargo. and equipment to be moved,
these force increments are sequenced in order of desired
arrival at destination (FM 100-10, 1983:1-10).

Movement within the transportation network is governed
by four basic principles. These principles are centralized
control, regulation. fluidity and flexibility, and maximum
use of carrying capacity (FM 55-10, 1986:1-1). Control of
transportation movemen.s is centralized at the highest level
capable of adequately exercising control, i.e., the
commander tasked with providing integrated logistical
support. Extensive regulation and coordination of movements

are required to support highly mobile forces and to prevent
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congestion and conflict with competing users (allied forces,
civilian commerce/refugees, etc.). The transportation
system must possess the capability to divert or reroute
movement to provide an uninterrupted flow of traffic.
Finally. transportation capacity cannot be stored.

Partially loaded or idle assets are both examples of wasted
capacity.

As depicted in Figure 4, the theater Transportation
Command (TRANSCOM) exercises command of assigned and
attached Army transportation units required for the
operation of theaterwide trangportation services. TRANSCOM
is functionally organized to support the theater and to
provide the capability necessary to accomplish the
transportation mission iﬁ.the COMMZ. This capability may
include motor transport groups. rail groups, terminal
groups, and aviation battalions. While TRANSCOM commands
the transport units of the COMMZ, these assets are managed
and tasked by the Theater Army Movement Control Agency
(TAMCA) (FM 55-10. 1986:5-1).

TAMCA provides theaterwide movement management services
and highway traffic regulation within the theater and
exercises centralized movement management within the COMMZ
(FM 55-10, 1986:1-4, 4-1). The TAMCA is a direct,
subordinate unit of the Theater Army Commander. As the
central movement management agency., TAMCA provides
coordination of U.S., allied, and host nation forces;

prepares movement and port clearance plans and programs;
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controls movement control teams; and provides technical
supervision of corps movement control centers (MCC) (FM 55—
10, 1986:1-4, 4~1). Finally, the TAMCA is responsible for
coordinating and monitoring the transport of all intransit
shipments from the continental United States (CONUS) or the
COMMZ from origin to final destination (FM 55-10, 1986:9-1,
9-2).

In the Corps area., centralized movement management is
provided by the Corps Support Command (COSCOM) Movement
Control Center (MCC) (FM 55-10, 1986:1-5). COSCOM MCC
authority and responsibility are essentially identical to
those of the TAMCA, but are limifed by echelon of command.
geographic area, and available resources (FM 55-10, 1986:6-
1). The MCC coordinates the movement of Theater Army
transportation assets operating in the combat zone (CZ) and
coordinates retrograde movement from the CZ to the COMMZ
with the TAMCA. All movements between the COMMZ and the
corps area must be coordinated between the TAMCA and the
corps MCC to prevent overiocading of any segment of the
transportation system (FM 55-10, 1986:1-5, 9-4).

Modernization

The Army is continuously modernizing its equipment to
maintain the technological advantage over a threat force
that 1s superior in numbers. While political changes are
taking place within the Soviet Union and its allies, they
still continue to modernize as they eliminate obsolete

equipment and excessive troop strength. In the foreseeable

16




future, Soviet forces will remain the major potential
adversary against which the Army must measure 1its
capabilities and readiness (Rice 1990:37).

Developing world countries dramatically have improved
thelr forces in quantity and quality. A rising number
possess capable forces with modern weapons that can
influence regional balances of power and hold wvital U.S.
interests at risk. The recent crises of Operation Just
Cause in Panama and Operations Desert Storm in the Middle
East provide clear evidence of the dangers inherent in the
unstable international environment. They demonstrate the
need to continuously modernize, train, and maintain a ready
Army (Rice, 1890:5).

Technology is the key to the Army's long-term force
modernization, with less emphasis placed on marginal near-
term advantages through modification of outdated systems
(Rice, 1990:37-45). The goal is to invest in technologies
that will enable the Army to provide its forces with the
sophisticated and reliable equipment necessary to defeat
lncreasingly capable threats around the world.

Liguid Propellant Technoloqgy

Solid propellant guns. using either bag or cartridge
charges, have existed in their present form for almost 100
years (Future Close Combat Vehicle System Phase 11, 1983:3-
1). While periodic research efforts began investigating the
application of liquid propellants as early as the end of

World War II. only recently have developments in propellant
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and gun technology made such concepts practical for military
appiication. High energy content was perceived, 1n the
early studies, as the primary advantage for exploring liquid
propellant concepts; however, more recent studies cited the
propellant’'s fluid nature and more benign chemical
characteristics as the principle féctors in ascertaining
military value (Morrison, et al., 1687:1).

The Key problem with solid propellant 1s that it 13
actually a nigh explosive that must be formed into grains of
specific size and geometry to obtain a controlled rate of
gas release required by a particular caliber of gun. Even
for a particular caliber of gun, the propellant design
parameters have to be adjusted 1f the mass of the
projectiles being fired varies significantly (Technology
Assessment, 1983:3-1). Conventional gun designs control the
rapid generation of the solid propellant charge through the
linear burning rate and total burning surface of the
propellant grains.

The loose granular propellant 1s sewn into silk bags
which are hand-loaded separately behind the projectile 1in
the gun tube. A standard package charge contains several
bags. each one containing a different amount of powder.
Velocity control 1s achieved by selecting which bags are
used. 1.e., bags are removed to achieve the necessary
propellant combination for the zone of fire. Continuous
range capability 1s achieved by varying the angle of fire

for any particular charge weight.
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Bag charges also have a number of operational
disadvantages which have led to the development of
alternative charge concepts. Several of these disadvantages
are: all unused charge increments must be destroyed: a
considerable amount of packaging material is used 1in
transporting these charges; the hand-loading process 1S
highly susceptible to human error: and the structural
composition of the bags is such that automation of the
loading process for the battlefield environment is extremely
difficult (Stark. 1984:8).

Liquid propellant concepts overcome these disadvantages
by forming the charge at the gun by metering a variable -
amount of propellant directly into the breach. Morrison,
Knapton, and_Klingenberg noted many potential advantages 1in
the application of liquid propellant technology to a 155mm
self-propelled howitzer system. These included a doubling
of onboard ammunition storage, a simblification of auto-
loader mechanisms, increased rate of fire, and enhanced
stockpiling characteristics. Moreover, advantages specific
to the use of a hydroxylammonium nitrate (HAN) based
propellant and a regenerative liquid propellant gun (RLPG)
were 1ncreased safety, continuous 2zoning, reduced
vulnerability of the propellant. reduced muzzle flash and
blast., and increased range for acceleration of sensitive
projectiles (Morrison et al, 1983:2-10). However, perhaps
the most significant advantage would be realized in the cost

savings of propellant production. The packaged cost per
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pound of a HAN based propellant was estimated at
approximately 10 percent of a conventional M3Al solid
propellant charge (Morrison et al, 1983:15).

Thus the Army's interest 1in liquid propellants for
field artillery application is based on four factors: a
single propellant without modification could be used in a
wide assortment of guns; the realization of a much higher
muzzle velocity: the possibility of eliminating the
cartridge case 1n high performance ammunition; and the
pumping of the propellant from a storage container remote
from the gun (Future Close Combat Vehicle System Phase TIT.,
1983:3-3., 3-6). In self-propelled artillery. remote pumping
woirld allow formerly 1naccessible interior spaces to be usad
for propellant storage and 1t would make possible "single
chambering"” of the complete round and thus automatic
loading. Further., automation of the loading process could
potentially reduce the number of personnel required and
possibly the size of the weapon system (Technology
Assessment. 1983:3-3).

Justification

Logistics has been subordinated in past weapons
developments. We have the best main battle tanks
in the world - but how do we still load them?

BY HAND THROUGH THE TURRET, ONE ROUND AT A TIME!
This is a totally unacceptable when under fire.
(Lewis, 1990)

The Army is continuously applying new technologies in
the development and acquisition of advanced weapon systems

to ensure that 1ts numerically inferior forces will maintain
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the technological advantage on the battlefield. However,
most new weapon systems have been designed without the co-—
development of a supporting logistics system. This
subordination of logistics has later proven detrimental to
combat effectiveness.

A classic example of this situation is the Army's M1
Main Battle Tank. Acquisition of the weapon system did not
consider the need for a method of ammunition resupply while
in a combat environment. As a consequence, the tank must be
rearmed one round of ammunition at a time through the main
hatch on the top of the turret. This can not be
accomplished under conditions of fire and maneuver without
placing the weapon system, personnel, bulk ammunition
supply. and the ammunition resupply vehicle‘at considerable
risk.

Research Objective

This thesis will analyze Army surface transportation
performance measurement criteria and system design
attributes for liquid propellants in Field Artillery
applications. Transportation by motor vehicle, rail, and
inland waterway (lighterage) will be analyzed. The Army, in
a joint effort between the Army Armament Research
Development and Engineering Center (ARDEC) and the Army
Laboratory Command (LABCOM), 1s conducting an Advanced
Development Program to evaluate a Liquid Propellant Gun and
Ammunition System for the next generation Field Artillery

application in the 155mm Self-Propelled Howitzer.
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Development of the Regenerative Liquid Propellant Gun (RLPG)
has yielded significant improvements 1in weapon system
capabilities. However, development of logistics support
doctrine was initially postponed pending determination.
through operational testing, of the liquid propellant's
inherent characteristics and the weapon system's operational
requirements.

Problem Statement

No comprehensive analysis has been performed to
identify the performance measurement criteria and design
attributes of an Army surface transportation system
necessary to suppcrt the distribution of liquid propellant
in Field Ar.. .ery applications. The development of
transportucion doctrine 1is dependént upon the inherent
char..cteristics of the propellant; the selected method of
p.ckaging: the operational requirements of the weapon
gystem: and the cargo capabilities of the motor wvehicle,
rail, and inland waterway (lighterage) transportation assets
currently available or emerging in the Army inventory.

Investigative Questions

1. What 1is transportation capability? What are the
principles involved 1n measuring transportation capability?
2. What are the Departments of Transportation and

Defense classification procedures for newly developed
hazardous products?
3. What are the proposed liquid propellant packaging

requirements and logistics fielding concepts. based on the
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inherent characteristics and applicable hazard
classification?

4. How have other organizations planned for the
trangsport of liquid propellants and other products of
similar commodity characteristics?

5. What are the relative strengths and weaknesses of
the proposed logistics fielding concepts for liquid
propellant in Field Artillery applications?

a. What are the relevant surface transportation
performance measurement criteria for evaluating logistics
fielding concepts?

b. What are the relevant system design attributes
which must be considered for inclusion into the final
selection of a liquid propellant logistics fielding concept?

Assumptions

Three propellants are currently under development by
the Army: liquid propellant, unicharge. and electro;
thermal. Based on the current research emphasis and the
inherent limitations of electro-thermal and unicharge
concepts, this thesis assumes that liquid propellant will be
selected for the next generation field artillery
application. The second assumption 1s that transportation
capability must be assessed based on assets currently in the
Army inventory or under acquisition. Funding for
development of new transportation assets usually fairs less
favorably than the primary weapons system (Kelly, 1988:67).

Third, since liquid propellant and the primary weapon system
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are 1n the development and testing stage, assumptions must
be made as to the final packaging configuration.

The package may be a technical compromise based on the
implications of the tentacles of packaging. All
participants, from production through logistics to the
user. must support the method of packaging. (Acton.
1990)

Scope and Limitations

Although there are many segments of the transportation
pipeline. this thesis will analyze only Theater Army surface
transport by motor vehicle. rail, and inland waterway
(lighterage) from the port of debarkation to the brigade
ammunition transfer point in the theater of operations.

This will encompass analyzing each segment of the Theater
transportation pipeline from the port to the Theater Army
and Corps Support Command ammunition supply points., and
ultimately to the Bfigade Forward Support Battalion (FS3$B)
ammunition transfer point. The European theater was
selected for analysis because initial fielding of the liquid
propellant and weapon system 15 programmed for fielding to
units of the V and VII Corps.

Summar

Field Artillery operations are an integral component of
the Army's AirLand Battle tactics, serving as a force
multiplier and providing economy of force. Artillery
provides accurate and high volume indirect fire support and
counter battery fire support to the task force maneuver
units. The Army has been working to develop safe and

insensitive propellants to replace highly explosive
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propeilants for gun propulsion systems. One such approach
has been liguid propellants. Liquid propellants offer
numerous benefits over the current system of solid bag
powder, the most notable of which are i1ncreased range of the
weapon system, reduced sensitivity of the propellant, and
reduced production cost.

The purpose of this research study is to identify the
most 1mportant performance measurement criteria and design
attributes of an Army surface transportation system required
to support the new generation of 1535mm Self-Propelled
Howitzer. This study will quantify the success—-dependent
qualitativé characteristics of a surface transportation
system necessary to sustain the desired level of customer
service through the logistics chain and to the ultimate
user.

Chapter II. Literature Review, provides a basic
understanding of transportation capability and capability
measurement., hazardous material classification, liquid
propellant packaging and fielding concepts, and current
planning procedures for the transport of liquid propellants.
Chapter III, Methodology. describes the method of problem
solution through field surveys and prioritization matrices.
Chapter IV, Data Analysis and Findings. details the
statistical and analytical results of the field survey.
Finally, Chapter V, Conclusions and Recommendations, answers
the research question for recommending selection of a ligquid

propellant logistics fielding concept.
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II. Literature Review

Overview

The first four investigative questions of Chapter I
provide the structur: for performing both the literature
search and experience surveys. The literature search
provided background knowledge on previous research in the
areé of study. Recognizing that only a fraction of all
knowledge in a field is documented, the experience survey
was used to supplement the literature search by seeking
information from persons knowledgeable in the field of
transportation and liquid propellant technology (Emory.
1985:63). These persons helped to focus the research effort
by contributing their thoughts on which were the important
issQes and aspects of the study. The experience survey also
aided in providing insight into the relationships and
variables under study (Emory., 1985:169-171).

This chapter begins by first defining transportation
system capability and a discussion of two approaches to
measuring system capability. Next. a review of the
Department of Transportation (DOT) procedures for product
classification is presented with an examination of
Department of Defense (DOD) procedures for mandatory
compliance with the DOT requirements. Third, an examination
1s conducted of the proposed liquid propellant packaging
requirements and logistics fielding concepts. Fourth, an

overview is presented of current planning procedures used by
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other organizations for the handling, storage, and transport
of products with commodity characteristics which are similar
to those of liquid propellant. Finally, this chapter
concludes by presenting an assessment of the research
maturation found in the literature search.

Transportation Capability Assessment

Manheim pictured a total transportation system as a
single, multimodal system operating within an external
environment (Manheim, 1979:11). The identification and
analysis of a transportation system requires equal
consideration for the characteristics of the product
transported, the various modes upon which the product will
be conveyed. and the network of modal facilities through
which the product will be transported (Manheim,_1979:12—13).

User and operator options, or decision variables,
affect mode selection within the transportation system
(Manheim, 1979:15). The user specifies the required volume,
delivery time/date. and destination based on actual and
forecasted use. The transportation operator makes decisions
on mode selection, routes, schedules, quantity of assets
employed, and physical facilities used to achieve a desired
ievel of user support.

Transportation mode selection also is affected by
technolcgy., assets, network characteristics, and
organizational policies (Manheim, 1979:15-17). The
development and procurement of new transportation

technologies enables demand to be satisfied at lower costs,
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increased volume, and higher levels of user support. Also,
each transportation mode has a finite number of assets
available for use; and not all modes may be available at the
same time, or to a single operating manager. This option
also includes the number of assets available in the system
and their characteristics (Manheim, 1979:16).

Network characteristics include the geographic location
of the transportation links and nodes (Manheim, 1979:16).
Nodes are the facilities, such as the port of debarkation,
inland port terminals, intersections, trailer transfer
points, and rail yards. Links are the rights—of-way, such
as the highways., waterways, and rail lines. Finally,
organizational policies include a wide variety of
management, organizational, and institutional doctrines, as
well as decisions abouf functional and geographic
operational structures (Manheim, 1979:17).

The entire transportation system is composed of many
components linked together as sets of subsystems. These
subsystems are envisioned as a network of facilities for
movement or transfer (Manheim, 1979:16). Analysis of the
pattern flows in the transportation system (the origins.
routes, destinations, and volumes of the product moving
through the system) provides an understanding of system
behavior and a means of predicting the effects of internal
and external changes (Manheim, 1979:163-173). This is

accomplished by focusing on those aspects of transportation
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that provide the greatest impact on system performance
(Manheim, 1979:173).

Service 1s the most important aspect to the user, while
agssets required and resources consumed are the most
important aspects to the operator. An analysis of
technology., assets, network characteristics, and
organizational policies is performed with the primary aim of
understanding their impact on the level of service provided.
assets used, and resources consumed by the transportation
system (Manheim, 1979:163-173).

Hay defined a transportation system model as including
two principal components: +he physical elements of the
system and the environmental or regional elements. Physical
elements - include vehicles, terminals, people, and
activities. The environmental elements consist of factors
such as location and climate (Hay, 1977:18). Hay also
suppdrted Manheim's approach of developing a model of a
transportation system that can be represented graphically to
show the capacity of the various factors and their relative
relationships (Hay. 1977:540-342).

Manheim defined capability as a level of service, or
the maximum number of items per unit of time that can be
processed through a component of the system (Manheim,
1979:268-271). In quantitative analysis, this is known as
the "critical path." Hay also defined transportation
capability in terms of a level of service required to meet a

volume of demand. The specific characteristics of a
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trangsportation system that provide service for a volume of
demand include: capacity., speed, accessibility,
flexibility, and frequency. According to Hay. the capacity
of a transportation system is a function of vehicle
capability, vehicle speed, and route capacity (Hay,
1977:265-267) .

Measurement of Transportation Capability. Manheim

defines capability as both physical capacity., the maximum
volume of product that can be processed through the system
per unit of time, and practical capacity, a lower level of
volume that recognizes that delays of some magnitude are
still tolerable (Manheim. 1979:271). Measurement of the
maximum level of material processed through a system
requires five types of mathematical models: service,
resource, demand, equilibrium, and activity-shift (Manheim.
1979:30-31).

The service model calculates, based on a specific set
of options, the achievable levels of service as various
product-flows move through the system. Second. the resource
model calculates the resources required to meet that level
of service. Next, the demand model calculates volume of
product demanded by the user at various levels of service.
Fourth, the equilibrium model calculates the volume of
product flowing in the total transportation system as a
function of the level of service and user demand. Finally,
the activity—-shift model is a feedback loop designed to

predict long-term changes in the distribution and structure
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of the transportation system resulting from the short-term
equilibrium calculations (Manheim, 1979:30-31).

Hay measured capability by the quantity of product
which can be moved per unit of time between two points by a
given combination of fixed assets and facilities (Hay.
1977:538). Sources of traffic requirements are identified
and evaluated for their maximum generated potential. Then,
traffic routes, modes, volumes, capacities, vehicle trips,
and destination points are determined and compared to
required capacity (Hay, 1977:480).

Hay argued that no fully acceptable mathematical model
has been developed to permit complete evaluation of a
transportation system (Hay, 1977:538). Thus. the graphical
representation must be broken down through analysis of the
relationships between the subsystems. These relationships
must be quantified and evaluated by minimizing cost to
achieve maximum capacity for a given level of resources
(Hay, 1977:538-539).

Both Manheim's physical capacity models and Hay's
analysis of subsystem relationships for measuring
transportation capacity are dependent upon the physical
properties of the commodity. These characteristics
determine the packaging, handling, transportation, and
storage requirements of the product. The next section will
examine the Departments of Defense (DOD) Transportation
(DOT) mandatory hazard classification tests for newly

developed hazardous products.
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Department of Defense Explosives Hazard Classification
Procedures

Background. Two hydroxyammonia nitrate (HAN)-based
propellants, designated LP 1845 and LP 1846, are being
tested as a potential replacement propellant in the 155mm
Self-Propelled Howitzer. An explosive material normally is
assigned an interim hazard classification for use during
research and development. and then a final classification 1is
assigned prior to the material's release into operational
service inventory (Technical Bulletin 700-2, 1989:9-1). It
1s the responsibility of the Department of Defense component
(DODC) sponsoring development of, or first adopting for use.
an explosive material to generate the necessary test data to
assign an appropriate hazard classification (TB 700-2,
1989:3-1).

Procedures for hazard classification of ammunition and

explosive items are contained in Department of Defense

Explosives Hazard Classification Procedures (Army TB 700-2,

Navy NAVSEAINST 8020.8A, Air Force TO 11A-1-47, Defense
Logistics Agency DLAR 8220.1). This publication establishes
common DODC procedures for testing and interpreting the
reaction of ammunition and explosives to specific
"initiating influences" (TB 700-2, 1989:1-1). Based on the
material 's reaction. the manual prescribes the procedures
for assigning the Department of Defense (DOD) Hazard
Class/Division, DOD Compatibility Group. Department of

Transportation (DOT) Hazard Class, DOT Shipping Descraiption,
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DOT Label. United Nations (UN) Number, and North Alantic
Treaty Organization (NATO) Standard Nation Agreement
(STANAG) No. 4123 data (TB 700-2, 1989:3-1, 8-2).

However, TB 700-2 does not contain a formal methodoclogy
for the hazard classification of liquid propellants
(Herrera, 1990:1). Instead, the manual prescribes that,

In the case of liquid explosives/propellants, the

sponsoring organization will convene a committee

of experts to establish and assure performance of

a test series to qualify the liquid for hazard

classification which is analogous to that required

by this document for solid explosives. Liquid

explosives and propellants will be classified

using test procedures established by the

developing DODC and approved by the Department of

Defense Explosives Safety Board (DDESB) on a by-

case basis. (TB 700-2, 1989:1-1) -

In the absence of a formal testing protocol, the two liquid
propellants were assigned an interim hazard classification
of 1.3 Class B Explosive (Herrera, 1983:1, 1990:13). This
classification will remain in effect during the research

stage of product development.

Hazard Class/Division. The hazard class is a numerical

designator assigned to denote whether the propellant is
either explosive or poisonous (toxic). In the United

Nations publication, Transport of Dangerous Goods, a hazard

class designation of 1 identifies explosives while 6
identifies poisonous (toxic) material (TB 700-2, 1689:4-1.
4-2). The hazard division 1s a numerical designator
assigned to denote the character (aggregate physical
features and traits). predominance ¢f the associated

hazards and potential for causing casualties or property
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damage. As illustrated in Table 1, there are five divisions
within hazard class 1 (explosives) that indicate the type of

hazard (TB 700-2., 1989:4-1).

Table 1

Hazard Class 1 Divisions (TB 700-2, 1989:4-1)

Hazard Class/Division Hazards
1.1 Mass explosion
1.2 Non—-mass explosion
1.3 Fragment producing
1.4 Moderate fire, no blast, or
fragment
1.5 Explosive substance, mass

explosion, or Ammunition
article, unit risk

Also, when required to describe the hazard., a
supplemental numerical designation will be placed to the
left of the Hazard Class/Division for 1.1 thrbugh 1.3 (e.g..
(12)1.1. (08)1.2, or (06)1.3). This designator is used to
denote the minimum separation distance, in hundreds of feet,
to ensure specified separation distance from hazardous
fragments of firebrands produced by ammunition and explosive
items. A minimum distance designator is mandatory for all
items in hazard class/division 1.2 (TB 700-2, 1989%9:4-1).

For all items in hazard class/division 1.1 and 1.3, a
minimum distance designator 1s mandatory only where a
minimum separation distance from limited quantities exceeds
that specified by the applicable explosives quantity-

distance table. DOD 6055.9-STD (TB 700-2, 1989:4-1).
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Storage Compatibility Group. Ammunition and explosives

are assigned to one of 12 storage compatibility groups (TB
700-2, 1989:4-1). Of these, only the first three groups., A,
B, and C as presented 1in Table 2, are applicable to the

liguid propellants under consideration by the Army.

Table 2

Storage Compatibility Groups (TB 700-2, 1989:4-1, 4-2)

Group Description

A Initiating explosives. Packaged initiating
explosives that have the necessary sensi-
tivity to heat, friction, or percussion to
make them suitable for use as initiating
elements in an explosive train. Examples are
lead azide. styphnate, mercury fulminate,
and tatracene.

B Detonators and similar initiating devices.
Items containing initiating explosives that
are designed to initiate or continue the
functioning of an explosive train. Examples
are detonators, blasting caps., small arms
primers, and fuses without two or more safety
features.

c Packaged propellants, propelling charges. and
devices containing propellant with or without
their means of ignition. Items that upon
initiation will deflagrate or explode.
Examples are single-, double-, triple-base,
and composite propellants, rocket motors
(solid propellant), and ammunition with inert
projectiles.

United Nations Number. The United Nations publication

Transport of Dangerous Goods, ST/SG/AC.10/1, lists four-

digit numerical designations for the international transport

identification of goods and materials. These codes also are
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listed in "Title 49.," Code of Federal Requlations, Part 100

to 127. paragraph 172.102 (TB 700-2., 1985.4-2).

Classification Methodology for Liquid Propellant.

Herrara conducted an in-depth literature search of past
criteria, procedures. and tests used to classify solid
propellants. He then made an assessment of the available
published information to determine if the current procedures
could equally be applied to the evaluation of liquid
propellants (Herrera, 1983:1,2). From his findings, he
selected the following documents to develop test procedures
and a pass/fail criteria:

North Atlantic Treaty Organization. Manual of Tests for

Qualification of Explosive Materials for Military Use.
NATO AQP-7. August 1986.

United Nations. Recommendations on the Transport of
Dangerous Goods: Tests and Criteria (First Edition).
NY: United Nations, 1986.

Department of Defense, Explosives Hazard Classification
Procedures. TB 700 -2. 1986.

Herrera used Technical Bulletin (TB) 700-2 as the
principal model for establishing a hazard classification for
liquid propellants. While NATO AOP-7 provided procedures
and tests for classification, the corresponding acceptance
criteria were omitted. The United Nations document
prescribed procedures for testing and interpretation of
data. but relied on the competency of the testing authority
for discretion in interpreting the results. As with the
NATO document, this manual also lacked criteria to establish

hazard classification (Herrera, 1990:1).
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TB 700-2 prescribed procedures, tests, and criteria for
establishing a hazard classification for ammunition and
explosives. The only modifications necessary were to the
test equipment. HAN-based liquid propellants are sensitive
to decomposition by transition metals and chemically
incompatible with many other materials. Containment in
compatible containers was incorporated where required
(Herrera, 1990:1).

Az 1llustrated in Figures 5 through 7, Herrera
developed a methodology for hazardous classification that

accounts for the various methods of ignition ligquid

Liquid . Screening Explosive
Propellant Be Tests — ™ Reaction
v ¥ — v
No Explosive
Reaction Class A Class B
T A )
Y A 4
Critical Critical
Mass Diameter

No Explosive| Explosive
Reaction Reaction

Hazard
Claggification

Figure 5. Hazard Classification (Herrera. 1983:13, 1990:3)
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Figure 6. Explosive Reaction (Herrera, 1983:13, 1990:3)
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Figure 7. No-Go Reaction (Herrera, 1983:13, 1990:3)




propellant could potentially experience in 1ts environment.
Once a propellant displays a positive explosive reaction 1n
any one of the laboratory screening tests, furtier sting

is continued to determine 1f the propellant is a Class A or
B explosive. Full-scale critical mass and diamefer testing
subsequently will confirm the laboratory classification of

the propellant.

Department of Transportation Hazard Class, Marking. and
Label Procedures

The procedures specified in "Title 49-Transportation,”

Code of Federal Requlations, along with the results of

mandatory DOD and NATO testing will be used for assignment
of appropriate Department of Transportation hazard class,
shipping description, and label (TB 700-2, 1989:4-1). These
tests and'their‘respecﬁive results are described below.

Transportation Hazard Classification Testing.

Mandatory interim classification testing. or screening
tests., must be performed prior to full-scale packaged end
item tests for approval of hazard classification (Herrera,
1990:3, 13). Full scale tests subsequently must be
performed to test the sensitivity of the propellants under
simulated conditions as encountered 1n manufacture, storage,
transportation. and user environments. Under the shock of
loading. liquids of all types generate hydraulilc pressures.
These pressures are contingent upon the critical mass.
degree of confinement., and density of the liquid (Herrera,

1983:1). Mandatory testing is required by "Title 49," Code
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of Federal Requlations for transportation and by NATO STANAG

No. 4123 and DOD for storage hazard classification (TB 700-
2, 1989:5~1 - 5-7). These mandatory tests include:

Detonation

Ignition and Unconfined Burning
Thermal Stability

Impact Sensitivity

Card Gap

b WM

Detonation Test. The test apparatus is

constructed as outlined in JB 700-2. A solid lead cylinder
head. 1-1/2-inch diameter by 4-inches high, is placed upon
one piece of mild steel plate, 1/2-inch thick by 12-inches
square, SAE 1010 to 1030 (TB 700-2, 1989:5-3). The liquid
propellant sample, housed in a decontaminated polyethylene
bottle 2-inch diameter x 2-1/2-inches high, is placed on top
‘of thevlead cylinder (Herrera, 1990:6). A No. 8 blasting
cap is placed perpendicular to and in contact with the
propellant surface. The cap is detonated and reactions are
recorded. If the lead cylinder is deformed in excess of
1\8-1inch, detonation has occurred. The test 1is fepeated

five times or until detonation occurs (TB 700-2, 1989:5-3).

Table 3

Detonation Test Results (Herrera., 1990:11)

Sample 1D Detonation Reaction
LP 1845 None
LP 1846 None
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The results of the detonation test are listed in Table
3. No detonation occurred during the test for either LP
1845 or LP 1846. The DOD regards this test as one of the
most critical of the mandatory testing requirements
(Herrera, 1990:11). Also, the absence of sympathetic
detonation, which could lead to mass detonation, enhances
the survivability of the weapon system and its crew. Had
detonation occurred, the propellant would have been
classified as a DOT Class A hazardous material with a DOD
class/division 1.1 designation (mass detonable) (TB 700-2,
1989:5-9; Herrera, 1990:11).

Ignition and Unconfine: Burning Test. This test

is conducted in two phases, once with only one bottle of
propellant -and once with four bottles placed in a single row
1n contact with each other. Each phase is repeated twice to
confirm the results. A 12 x 12 x 4-inch stainless container
is filled to a level of 1\4-inches thick with Kerosene-
soaked sawdust (TB 700-2, 1989:5-3). The liquid propellant
sample, housed in a decontaminated polyethylene bottle 2-
inch diameter x 2-1/2-inches high, is placed in the center
of the sawdust container (Herrera, 1990:6). The saw dust 1is
ignited and reactions are recorded. The second phase of the
test is conducted with four bottles of propellant placed in
a row, each in contact with the next bottle (TB 700-2,
1989:5-3) .

The results of the ignition and unconfined burning test

are listed in Table 4. No reaction occurred for either LP
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1845 or LP 1846 when exposed to burning sawdust soaked with
kerosene (Herrera, 1590:11). This test simulates two
conditions: a fire in a storage location and whether
thermal heat transfer can initiate a detonation. If the
test conditions had resulted in a detonation, the propellant
would receive a classification of DOT Class A, Type 4
Explosive, and . . ."[would] not be shipped until
instructions are received from the Office of Hazardous
Materials Transportation, Department of Transportation" (TB

700-2, 1989:5-3).

Table 4

Ignition and Unconfined Burning Test Results
(Herrera, 1990:11)

Sample 1D ) Detonation Reaction
LP 1845 None
LP 1846 None

Thermal Stability Test. This test is also

conducted in two phases. The first pl.use screens for
thermal instability by testing for ignition, explosion. or
decomposition. The second phase screens for the severity of
the thermal instability by measuring the extent of
temperature rise in the sample. The second phase of the
test is performed only if the first phase does not provide a
definitive conclusion regarding sample stability (TB 700-2,

1989:5-3) .
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A decontaminated polyethylene bottle, 2-inch diameter x
2-1/2-inch high x 0.5-mil thick, is filled with propellant
(Herrera, 1990:3). The bottle is then covered, weighed, and
placed in a constant temperature, explosion-proof oven. The
temperature of the oven is raised to 75 degrees centigrade
and maintained for a period of 48 hours. Provided that
neither i1gnition nor explosion has occurred, the bottle is
removed, cooled, and weighed. A record is maintained of
sample volatility (weight loss as a percent of the sampie
welght) that occurred during the test. The propellant is
considered to have passed the test if no ignition,
explosion, or decomposition (color change, fumes, weight

loss, etc.) has occurred (TB 700~-2, 1989:5-3).

Table S

Thermal Stability and JANNAF Thermal Stability Test
Results (Herrera, 1990:10)

Temp of Major

Exotherm
Test Sample ID Reaction Onset (=C)
Thermal Stability~ LP 1845 None
LP 1846 None
JANNAF Thermal LP 1845 120
Stability® LP 1846 122

a. 48 hours at 75<C in vented oven
b. Heat at constant temperature rate of 10«C/min

The results of the thermal test are listed in Table 5.

If decomposition has occurred, the second phase of the test
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1s performed. This test is performed like the first phase
except with two samples (one test and one reference sample)
and the addition of thermocouplies (a sensor devise, composed
of two dissimilar metallic conductors joined at their ends,
used to electrically measure temperature) to measure the
temperature differential (TB 700-2, 1989:5-3).

No reaction (detonation) occurred for either LP 1845 or
LP 1846 (Herrera, 1990:10). This test is used by the
Department of Transportation to identify "DOT Forbidden"
materials for transportation. If the test conditions had
resulted "in either a detonation, burning., or marked
decomposition of the sample”, the material would not have
received certification for shipment (TB 700-2, 1889:5-9).

Impact- Sensitivi.y Test. This test is not

required if the propellant failed to detonate in the
detonation test (TB 700-2, 1989:5-3). Impact tests are
designed to assess compression ignition of propellants in a
partially filled chamber. Drop weight tests are used to
rate sensitivity of the material for combustion type
environments an’ to assess behavior under rough handling and
storage conditions (Strobie et al, 1988:1).

The Jdevice is first dropped from a height of 48 inches
and at one-half increments thereafter until detonation
occurs. If the steel diaphragm is punctured, the diaphragm
1s severely deformed, or the propellant is consumed,

detonation has occurred. Again, the height reported, and

therefore the impact sensitivity of the propellant. yields a
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50% probability of detonation (Herrera. 1990:11). Also

shown are the drop heights at which 0% and 100% detonation

occurred.
Table 6
Impact Test Results (Herrera, 1990:11)
Drop Height (inches)
Sample ID 0% 50% 100%
LP 1845 28.0 30.0 31.0
LP 1846 29.0 30.5 33.0

The results of the impact test are listed i1n Table 5.
The difference in drop height between LP 1845 and LP 1845 1s
only one inch. The one inch drop difference a§ Zero percent
between LP 1843 and LP 1846.15 attributable to 3% more water
in LP 1846. For the purpose of comparison, nitromethane,
which is classified as a flammable liquid, has a drop height
of 20 inches at 0% (Herrera, 1990:11). This test 15 used to
determine i1f a detonable substance 1s DOT Class A. Type 4.
and . . . "(would] not be shipped until instructions are
received from the Office of Hazardous Materials
Transportation. Department of Transportation” (TE 700-Z.
1989:5-9) .

As stated above. Herrara used a 1986 update of TR 70C-C
to conduct his tests. The 1989 update of the publication
requires only the conduct of 10 tests at 3-3/4-inch height

using the Bureau of Explosives impact apparatus (TB 700-2.

45




1989:5-3, 5-5). If the test conditions result in impact
sensitivity of less than 4 inches 1n more than 50% of the
trials, the propellant would, as under the 1986 update
criteria., receive a classification of DOT Class A, Type 4

Explosive (TB 700-2, 1989:5-9).

ENGINEERS SPECLAL
BLASTING CAP (J-2) ‘ﬁl____qﬁf
WOOD BLOCK

PENTOLITE BOOSTER

CARD GAP CELLULOSE
ACETATE CARDS
0.01-INCH EACH

PROPELLANT OR
EXPLOSIVE SAMPLE

CARDBOARD TUBE
STREL TUBR

1/16-INCH AIR GAP BETWEEN
STEEL TUBE AND PLATR
3/8- INCH WITNESS
PLATE

WOOD STAND

2 |

Figure 8. Card Gap Test Apparatus (TB 700-2, 1989:5-6;
Herrera, 1990:4)

6"® min

Card Gap Test. The test apparatus is constructed

as outlined in TB 700-2. The device, as shown in Figure 8,
consists of a series of chambers containing the boosters.
cards, propellant, and witness plate. The acetate cards

(0.01- inch thick) are uscd to measure the charge sensitivity
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of the explosive. The greater the number of cards used. the
more sensitive the propellant. A clean hole cut through the
witness plate indicates detonation (TB 700-2, 1989:5-5).

The test is first performed using no cards. If no
detonation occurs, the test is repeated two more times to
confirm these results (TB 700-2, 1989:5-5). If a detonation
occurs, the test is repeated using eight cards and then
doubling the preceding number of cards on each successive
trial (e.g., 8-16-32-64, etc.) until the number of cards
prevents detonation. Then, the number of cards are reduced
by one-half the previous addition until a 50% probability of
detonation is oblained (VB /00~2, 1989:5-5). Propellant
charge sensitivity 1s measured and expressed in terms of the
number of acetate cards necessary to achieve a 50%

probability of detonation.

Table 7

Card Gap Test Results (Herrera, 1990:11)

No. of
Sample ID Cards Visual Observation
LP 1845 8] Witness plate deformed
No holes 1in plate
LP 1846 0 Witness plate deformed

No holes in plate

The results of the cvard gap test are listed in Table 7.
Both propellants used zero cards (Herrera. 1690:10). Under

the criteria of TB 700-2 for solid propellants., 70 cards or
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less or no reaction at zero cards would result in a DOT
Class B classification. A result in excess of 70 cards
would have classified the propellant as DOT Class A (TB 700-
2, 1989:5-9). This is the standard test to determine the
sensitivity of a material to the shock from a detonation
(Herrera, 1990:10).

Storage Hazard Classification Testing. Full—-scale end

item tests are required by NATO STANAG 4123 and the DOD for
storage hazard classification of ammunition and explosive
materials as specified in TB 700-2. These tests include:

1. Single Package Test

2. Stack Test

3. External Fire, Stack Test
As illustrated in Figure 9, the type of ammunition or
explosive and the results of preiiminary testing together
may permit a tailcring of full-scale classification testing.
This is allowed to minimize the total resources consumed.
For example. it 1s unnecessary to continue successive
repetitions of the single package and stack tests 1if the
first repetition results in detonation of the total
contents. While each test should be performed on a
hazardous material, it is possible, under certain
circumstances, to curtail testing and thus save time and
resources (TB 700-2, 1989:5-7).

The single package and stack tests are usually
conducted for three repetitions to confirm the results.
Although statistically insignificant (TB 700-2. 1989:5-7),

this small sample testing does allow the test control
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authority to detect errors made in testing procedure,
exercise judgement in interpretation of the results, and
assess the reproducibility of the test results.

Single Package Test. This test uses an integral

(component of the product) source of ignition in an effort
to cause the product to detonate or deflagrate (burn
suddenly and violenfly). The stack test is designed to
assess the external hazard to the field environment by
measuring the extent of detonation or deflagration (TB 700-
2, 1989:5-7). As indicated in Figure 8, there are two
instances in which this test may be used as an 1nexpensive
substitute for the stack test with multiple packages:

1) An outer package containing more than one article,
and

2) A package containing a sihgle article with no
significant expectation of hazard.

The package containing the product(s) to be tested 1is
piaced on the ground. A confinement barrier, at least one
meter thick., is constructed by placing bags or boxes filled
with dirt or sand around and on top of the package (TB 700-
2. 1989:5-7). An article near the center of the package is
then "stimulated" by use of its own source of ignition or
detonation. When the product does not ignite or detonate by
its own integral source, an artificial source is used. The
test is performed a minimum of three times, unless
detonation of the total contents occurs on the first

repetition (TB 700~-2, 1989:5-8).
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Multiple Article/Package Stack Test. The stack

test also uses an integral source of ignition to cause the
product to detonate or deflagrate. This test is designed to
assess the external hazard to the environment by measuring
the violence and extent of detonation when one article or
package in a stack of five unpackaged items is initiated (TB
700-2, 1989:5~-7). As indicated in Figure 8, there are four
instances in which this test should be conducted:

1) An unpackaged article,

2) A package containing a single article or a package

containing an article without inner packing where a

significant hazard is expected,

3) A single package test which results in detonation
of total contents, and

4) A single package test which does not result in
.detonation of total contents but where "severe
effects"” (effects short of a detonation of total
contents but being so severe or directional as to
question their effect in the stack) are observed.

A minimum of five packages or unpackaged articles are
stacked on the ground and arranged in a manner that would
most likely cause rapid. natural transmission of the
explosion from one item to the next. A confinement barrier,
at least one meter thick, 1s constructed by placing bags or
boxes filled with dirt or sand around and on top of the
package (TB 700-2, 1989:5-9). An article near the center of
the package is then stimulated by use of 1ts own source of
ignition or detonation. When the product does not ignite or

detonate by its own integral source, an artificial source is

used. The test is performed a minimum of three times,
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unless detonation of the total contents occurs on the first
repetition (TB 700-2, 1989:5-9).

Blast pressure measurements are used with this test.
Fragmentation hazard assessment, while not mandatory, is
encouraged to acquire additional information about the
product hazard. However, when the test control authority
has determined to assign the material to DOD class/division
1.1. DOT class A, for risk of mass detonation, a repetition
of the stack test may be conducted without the confinement
barrier. This test modification may be used for
fragmentation hazard assessment as a substitute for the
external fire stack test (TB 700-2, 1989:5-9).

External Fire Stack Test. This test is designed

to assess the effect of an external fire on the articles or
packages. If the fire does cause detonation or |
deflagration, this measures the intensity of the force,
extent of the propagation, and the external hazard to the
field environment (TB 700-2, 1989:5-7). Fragmentation and
blast pressure measurements are performed as part of this
test; however, blast measurements may be omitted when the
expected reaction is other than mass detonation (TB /700-2,
1989:5-7) .

A minimum of five packages or unpackaged articles are
stacked on a wooden platform approximately one meter above
the ground. A steel band is placed around the stack to
maintain 1ts integrity during the test. Ailr dried kindling

{less than 30mm thick) is placed beneath the platform and
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around the stack of packages to at least 0.5 meter thick.
The kindling is saturated with 135 gallons of diesel fuel or
kerosene, then the kindling 1s 1ignited on two sides. This
test, unlike the single and multiple stack tests, is usually
performed only once (TB 700-2, 1989:5-9).

Blast Pressure Measurement. Blast pressure

measurements are used to evaluate the output of an explosive
blast wave. relative to a TNT equivalent. for products as
they are packaged and stored and for ammunition components,
to assess the contribution to total energy release (TB 700-
2, 1989:5-9, 6-1). For example. liquid propellant., when
assembled with the projectile (a mass detonating ammunition)
as a combat configured load (CCL) under the Maneuver
Oriented Ammunition Distribution System {(MOADS), may augment
the overall explosive yield.

A collection system for recording and measuring blast
overpressure as a function of time is used to measure the
blast yield. The test equipment used to meésure the results
consists of a transducer (an electromechanical or electronic
device which measures one type of energy, such as a blast
wave, then converts and retransmits it in another energy,
such as electrical), signal conditioning equipment. a..d
recording equipment (TB 700-2, 1989:6-1).

Fragmentation Hazard Assessment. Analysis of fragment

field dispersal, area density. and individual fragment
welight are used to determine the minimum separation

distances for fragment hazard to personnel (TB 700-2,
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1989:6-1). The fragment field produced by a test stack is
characterized by the number of fragments emitted from the
stack per unit of angle, and the distribution of the number
of fragments with respect to individual fragment weight.
Risk of injury to exposed personnel 1s determined by
fragment density at the target, and whether injury of a
specified levz2]l of severity (a function of fragment .nass and
impact velocity) occurs in the event of a strike (TB 700-2,
1889:6-1). Based upon the results of single package
testing. one of two methcds will be used to perform fragment
field sampling.

The first method is followed if single package testing
reveals the risk of mass detonation, or 1f the external fire
stack test is expected to result in mass detonation of the
total contents of the package (TB 700-2, 198G:6-6). 1In the
first sitvation. fragmentation sampling may be conducted
during the multipie article/package stack test, while in the
latter instance, sampling may be conduclted 1n conjunction
with tLhe [ire shack test. I[f single package testing reveals
that the risk of mass detonation i1s negligible. and
therefore the external f(ire stack test i3 not expected to
result 1n mass detonation. fragmentation sampling will be
performed in conjunction with the ¢x: rnal firs stack test
(TB 700-2, 1989:6-8).

Additional Testing Requirements. Based upon the

applicable hazardous material, the following additional

tests may also be required by the Department of
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Transportation to assess transportation and storage
requirements (Herrera, 1990:1):

Adiabatic Compression

Critical Diameter

Flash Point

Minimum Pressure for Vapor Phase Ignition
Electrostatics

UL W B =

Adiabatic Compression Test. Adiabatic compressicn

testing examines the sensitivity of compression ignit »n.
Compression 1ignition 1s a potential sources of secondary
ignition hazard (any ignition due to source other t%an th=
desired direct 1initiation). Secondary ignition may occur
from hot spot development associlated with bubble collapse
under compressive l1oading from hydrodynamic surge pressure
waves (Herrera., 1990:2).
The results of the adiabatic compression test are

listed 1n fable 8. No detonation occurred for either LF
1845 or LP 1846 during confined pressure/heat testing to

260.000 psi1 (Herrera. 1990:11).

Table 8

Adiabatic Compression Test Results (Herrera, 1990:12)

Reaction at

Sample ID 260,000 psi/sec
Control (water) None
LP 1845 None
LP 1846 None
Critical Diameter Test. Critical diameter 15 the

minimum diameter at which a cylindrical charge of an
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explosive will sustain a steady—state detonation. Since
detonations will not occur in a charge smaller than the
applicable diameter, a large critical diameter is desirable.
The results of the critical diameter test are listed 1in
Table 9. Detonation probhes indicated that detonation
occurred-with LP 1845 in the 4-inch diameter cylinder and
with LP 1846 in the 5-inch cylinder. As in the impact test,
the difference in sensitivity between LP 1843 and LP 1846 is

attributable to 3% more water in LP 1846 (Herrera, 1990:12).

Tak =2 9

Critical Diameter Test Results (Herrera. 1990:12)

Sample ID Baffles™* Detonation Reaction

LP 1845 No Apparent reaction at 4 in.
LP 1846 No . Apparent reaction at S in.
LP 184~ Yes Apparent reaction at 4 in.
LF 1846 Yes Apparent reaction at 5 in.

*Whiffle ball-type polyethylene spheres occupying
approximately 12% of the canister volume

Table 10

Flash Point Test Results (Herrera, 1990:12)

Sample ID Reaction™*
LP 1845 None
LP 1846 None

*Propane flame at 75<C
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Flash Point Test. The results of the flash point

test are listed in Table 10. Since the formulation of each
propellant contains 16.8% (LP 1845) and 20.0% (LP 1846)
water, the vapor above each liquid is primarily water vapor.
It was therefore expected that there would be no flash point
for either propellant (Herrera, 1990:12).

Minimum Pressure for Vapor Phase Ignition. The

propellants began to decompose as the incremental
temperature increases reached 1202C. This test and the
Flash Point test results confirmed that there was no minimum
pressure for vapor phase ignition for either propellant

(Herrera, 19%90:13).

Table 11

Minimum Pressure for Vapor Phase Ignition Test Results
(Herrera, 1950:13)

Sample ID Reaction

Water (control) None

LP 1845 None (material decomposed)
LP 1846 None (material decomposed)

Electrostatic Test. No reaction occurred during

the test for either LP 1845 or LP 1846. This was as
expected since the oxidizer, hydroxyammonium, and the fuel,
triethanolammonium nitrate, are nitrated salts that are
completely ionized 1n the water portions of the compound.
The electrostatic charge build-up 1s therefore quickly

dissipated and cannot reach a sufficient level to hazardous
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discharge (Herrera, 1990:13). The results of the

electrostatic test are listed in Table 12.

Table 12

Electrostatic Test Results (Herrera, 1990:13)

Sample ID Reaction*
LP 1845 None
LP 1846 None

*1 uf and 12.5 Joules at 5 kV

Table 13

Container Criteria. Specification 34, BOE-6000-F
(Ekman, 1989:4-10)

1. Polyethylene for the material of construction of
“individual containers.

2. 150 to 160 gallon capacity consisting of three or
four individual containers with inlets and
outlets manifolded with plastic (PVC, CPVC. or
polyethylene) tubing. The number of individual
containers will be determined by the
configuration of the forward ammunition resupply
vehicle (FARV).

3. Quick disconnect male half-fittings on inlet and
outlet ports.

4. Pressure relief capability will be incorporated.

5. 2500 1lbs (maximum) for palletized contai:-i's when
filled with liquid propellant (STANAG 2828).

6. All pallet and support materials of construction
will be polyethylene or metals which can be
decontaminated.

Storage and Transport Containers. Final design of a

liquid propellant container can not be determined until
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final hazard classification testing has been completed. It
is anticipated that final classification will allow shipment
in accordance with Specification 34 (178.19) of BOE-6000-F,
Hazardous Mater?als Regulations of the Department of
Transportation (DOT) (1 November 1986) (Ekman, 1989:4-10).
If this reclassification is obtained, the LP shipping

container should meet the criteria listed in Table 13.

Table 14

Liquid Propellant Component Test Program
(Ekman, 1989:4-5)

Test Pump Disconnect Container Plumbing

>

Endurance X X X
(Life Cycle)
Compatibility
Efficiency*
Contamination
Leakage
Durability*
(Handling)
Performance* X X
Palletization

Manifolding

X X

X KK
P oo

)X <K
> K

*NORMAL (+70=F), high (+160°F), and low (-60°F)

Testing of the LP shipping container design will be
conducted to verify capability with DOT Specification 34 or
as determined by the hazardous classification tests. A
detailed presentation of the performance testing
requirements are presented in Table 14 and Figure 10 (Ekman.
1989:4-13). The performance testing requirements, as
outlined below, will be conducted to determine container

utilization ~apability under field conditions:
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1. Compatibility with LP during long-term storage.

2. Performance during filling and emptying with setup
as shown in Figqure 10.

3. Cleaning.

4. Durability.

/] —T—
F’ ivum
I IAAA
- Lp
- _T_
[ ‘ Heat
Exchanger
Drain
0-50 PSIG T
rill -
Tank I—
P\m GEM

Figure 10. Ligquid Propellant Performance Test Schematic
(Ekman., 1989: 4-6)

Demilitarization and Disposal of Liguid Propellants.

Potential scenarios may involve the disposal of liquid
propellants. GSereral of these are:

1. Disposal of the propellants at the end of its
usefu! life.

2. Disposal of contaminated liquid propellant.
3. Dispeosal of water used to flush spillage or

extinguish a fire 1nvolving stored liquid
propellant.
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4. Disposal of contaminated soill resulting from
propellant spills during transportation or use.
(Graham, 1990:4-1)

The liquid propellant currently being developed for
military application consists of a mixture of an oxidizer,
hydroxylammonium nitrate (HAN}, a fuel., triethanolammonium
nitrate (TEAN), and water. During the manufacture of TEAN,
the chemical reaction may produce a hazardous impurity. N-
‘nitrosodiethanolamine (NDELA). This substance is an organic
compound known to be toxic and a carcinogen, posing an
exposure hazard to workers manufacturing the TEAN (Graham,
1990:1-2, 3-1). Studies have shown that specific
manufacturing techniques and the HAN component of liguid
propellant can markedly reduce the NDELA formed during
manufacturing (Graham, 1990:3-2) and eliminate the NDELA
hazard in the final liquid propellant product (Klein, 1991).

When a HAN--based propellant 1s no longer useable for
its designed purpose, 1t must be disposed of as a waste
product. When dispcsal 1s required, the propellant becomes
a regulated waste under the Resource Conservation and
Recovery Act (RCRA) (Graham, 1990:7-1). Fropellant not
contaminated with NDELA may be treated and demilitarized
under RCRA using either water or salt (NaCl) (Klein, 1991).
Water is effective because liquid propellant. an agueous
solution, loses 1ts energy content as additional water 1s
added. Salt (NaCl) 1s effective because the chlorine atoms

react with the transients to suppress the flammable
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properties, thus not permitting the propellant to burn
(Klein, 1991). Further. under RCRA regulations, a treated
non-NDELA propellant may then be flushed into the public
sewer system and to a community wastewater treatment
facility (Graham, 1980:7-2).

Three techniques have been identified as being
potentially useful for demilitarization and disposal of
large quantities of liquid propellant. These techniques
include thermal destruction. biological treatment. and
photolytic degradation. These three technologies were
selected based on the six criteria of technical feasibility,
cost effectivenesys, potential for full--scale implementation,
applicability in remote areas. potential for adverse
environmental impact, and potential for compliance with
environmental regulations (Graham, 1960:1-4).

Biological treatment has the greatest potential for the
disposal of HAN-based liquid propellant residues in an
economical. safe manner 1in a wide variety of environments.
The primary disadvantage of thermel destruction was a lower
level of compliance with environmental regulations, while
the main disadvantage of photolytic degradation was its high
capital cost. Microbial degradation methods are currently
being used for the disposal of various organic compounds,
including explosives. Available biological treatment
systems that may be applicable for the degradation of liquid

propellants include composting. aerobic bioreactor, rotating
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biological contactor, fluidized bed reactor, and trickling
filter treatment.

Ligquid Propellant Logistics Concepts

Three liquid propellant logistics concepts are
currently be studied as potential candidates for liquid
propellant technology (Beaudet, 1989:I-5). Each concept was
designed to be compatible with development of both the
Maneuver Oriented Ammunition Distribution System (MOADS) and
the Palletized Loading System. These three concepts are:

Discrete. Liquid propellant (LP) is loaded at the
lcad, assembly and pack (LAP) facility and transferred
through the entire logistics chain to the battalion
reload/rearm point (BARP) in palletized 30-50 gallon sealed
plastic containers. At the BARP, the LP is pumped from the
rearm vehicle directly into the self-propelled howitzer's
(S5PH) LP reservoirs (Beaudet, 1989:1I-5).

This concept continues to use existing logistics chain
(solid propellant) transportation and transfer eguiument. A
winch or lifting device will be required to upload
containers into the rearm vehicles (Beaudet, 1989:IX-1).
Containers are palletized on existing standard size pailets
and shipped in break-bulk containers. At the ATP container
pallets are broken—-down and individual containers are loaded
onto user rearm vehicles. The LP i1s pumped from the rearm
vehicle into the SPH reservoir tanks (Beaudet, 1989:IX-~-1).

The 30 and 50 gallion containers are not man-portable (a

30 gallon container at 12.5 pounds per gallon weighs 375
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pounds) but are easily palletized on existing pal'~2ts and
could be handled and stored in the resupply vehicle 1n an
efficient manner (Beaudet, 1989:A-2). A 50 gallon container
was selected because 1t can be easily compared to a current
55 gallon POL drum for which ample data 1s available
concerning manufacture. strength, handling. transport, and
cost of various container material.

Bulk. At the LAP facility, LP is loaded into 1.800
gallon stainless steel tanks which are either trailer-
mounted or are on integrated skids/pallets for truck or
palletized load system (PLS) transfer. The LP 1is
transferred to the forward ATP and pumped into the rearm
vehicle. The LP is then pumped from the rearm vehicle intoc
the SPH LP reservoirs at the BARP (Beaudet, 1989:A-2). Tho
transporting and transfer of the 1800 gallon tanks is
handled in a manner similar to POL products. The total
weight for one tank 1is 10-11 tons. '"Four of these
contalners will supply one day's battalion requirement at
300 rounds per day per gun’ (Beaudet, 1989:A-2).

Combination. At the LAP facility, LP is loaded into

bulk 1,800 gallen stainless tanks. which are trailer-or skid
mounted and transferred as far forward as possible. The
propellant is then down-loaded at this location into
discrete containers (30-50 gallons or 150 galions). The
discrete containers are uploaded into the rearm vehicle, and
the propellant is then pumped from the discrete containers

into the SPH reservoirs at the BARP (Beaudet, 1989:A-2).
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This logistics concept uses Bulk POL type transfer from the

wholesale to the retail supply location (CSA, ASP, or ATP).

At this interface, the liquid propellant is then pumped into
discrete contailners.

Propellant Characteristics

The Phase I study (kkman, 1989) concludes that the
components (and questions for further study) of the LP
logistics system can be grouped into two broad categories:
containers, inciuding palletization of discrete containers
(less than 150 gallons) and containerization for larger
containers; and. transfer systems used to transfer LP
between storage tanks, containers, and the howifzer.

The three logistics concepts do not require new
vehicular material handling equipment (MHE); however.
modifications may be necessary to supply power to‘the
transfer components {(Beaudet, 1989:II-3). Suitable
contaliners and transfer components are commercially
available. Satisfactory compatibility of the products is
achlevable by using various combinations of stainless steel
and plastics (Beaudet, 1989:11-3). Final selection of each
1s dependent upon final i1dentification of the physical
properties and hazard classification of the propellant.

Safety is a high-priority concern, 1including both
explosive hazards and toxicity. The numerous preliminary
and ongoing hazard classification tests have placed LP 1n
DOT Class B. with Class C a possibility after appropriate

full scale testing is concluded.
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Testing has shown that unconfined propellant 1is
relatively insensitive. The drop welght sensitivity test
resulis were 29 1inches for LP 1843 and 31 inches for LP
1846. Most scolid propellants have averaged a sensitivity
range of 10 inches (Beaudet, 1989:VI-40). LP will not burn
at atmospheric pressure and can be safely stored under low
pressure. While the exact threshold pressure that will

sustain combustion has not been determined., bonfire tests

ot
[J)]
O
(a1}

indicate that LP decomposes and gives off large amoun
toxic brown fumes of mixed nitrogen oxides (Beaudet,
1989:VI-40). The card gap test also records detonation
sensitivity. Both LP 1845 and LF 1846 tested at zero cards.
Propellant vulnerability tests also demonstrate the
relative inseusitivity of the propellant. Hot spall tests
(steel balls heated to various temperatures and dropped into
contalners of propellant) reveal that red hot steel balls
dropped 1nto small containers fizz and give off vellow
fumes. Dropped into large containers of propellant, the
heat capacity of the LP was sufficient to stop the reaction.
Next, a rifle bullet failed to cause a reaction when shot
into a gallon container of LP (Beaudet. 198%9:VI-41). A 5-
inch shaped charge shot i1into a polyethylene container did
result 1n a violent explosion: however. this reaction was
suppressed by using small (38mm) hollow plastic balls as
batfles (consuming only 8% of the container volume). In
subsequent testing., the 5-inch shaped charge Jjet penetrated

the LP container and ignited the aluminum plate behind the
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contaliner, and the LP stream following the jet quenched the
white hot burning aluminum (Beaudet, 1989:VI-~-42).

Toxicity of liquid propellant 1s relatively low. When
handling LP, goggles should be worn and water resistant
protective clothing 1s recommended. Absorbed through the
skin. LP will cause a typical nitrate poisoning reaction by
attacking the red blood cells. If washed off 1mmediately.

tests have shown 1t to be an 1irritant with reversible

effects. Splashed 1n the eye. tests have also shown it to
be an irritant. In tests cn laboratory animals (rabbits),
washing

at 30 seconds alleviated the conjunctival and
iritic symptoms and prevented the development of
corneal lesions. Immediate washing at 10 seconds after
dosing was even more successful at alleviating the
symptoms. (Justus and ‘Korte, 1988:9)
There is no vapor hazard from LP (the vapor above the liquid
18 water); however, an aerosol stream from a brcoken pumplng
line would pose an 1nhalation hazard (Beaudet, 1986:VI-1l).
The major environmental impacts are 1n the manufacture,
transportation., and disposal of LP. In the logistics chain.
there 1s always the possibility of a spill. Small spills
can be washed away with water. The resulting effect on the
environment would be the same as an overdose of fertilizer
(Beaudet. 1989:VI-42). A large spil!l would require
remediation. Nitrate 1on concentrations (below 2 ppm

coneentration regquirement) 1n water can lead to

methoglobinemia 1n 1nfants (blue babies) (Beaudet, 1989:VI-

42 . A protocol for handling large spills has not been developed.
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Transport of Ligquid Propellants with Similar Commodities
Characteristics

A search was made of published literature to i1dentify
liguid propellants with chemical and physical properties
similar to HAN-based propellants. This search revealed Otto
Fuet [, usced by the Navy as a torpedo propellant, as the
only nitrate-based propellant with physical characteristics
similar to those of LP 1845 and LP 1846. Otto Fuel 17 1is
also classified as a Class B explosive propellant. The
following aspects of Otto Fuel [I will be assessed:
physical characteristics; environmental and personnel
safety; transfer operations: packaging; transportation; and
dispcsal.

Physical Characteristics. Ott> Fuel II is a stable,

noncorrosive liquia monopropellant composed of nitrate ester
in solution with a desensitizing agent and a stabilizer.

The propellant has an extremely low vapor pressure which
minimizes the hazards usually associated with other
monopropellants. Otto Fuel has a high flame point. an
extremely low vapor pressure, and 1s relatively safe to
handle (Jensen, 1978:22-~1). Storage and transfer areas must
be kept neat and clean and absolutely free from
combustibies. Ail leaks and spills must be flushed away .t
once with large amounts of water. Thesge areas willl be
‘n3pected trequently and safety regulations must be strictly

enforced.
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Environmental and Personnel Safety. An adeguate water

supply will be available for firefighting., flushing. and for
personnel showers and eye baths. A cold-water eye bath and
approved safety—-type personnel showers must be properly
located for immediate use in a emergency (Jensen, 1678:22-
1).

All personnel engaged in the handling. storage. or
transfer of Otto Fuel II shall he thoroughly briefed on:

1. The chemical nature and physical »roperties of 2tto
Fuel II.

2. The primary toxic symptom of exposure to the fuel.

3. The availability and mandatory use of approonriate
safety equipment.

4. The employment of f{orced air ventilation systems
where gross spillage 1s probable.

5. The compatibility of construction materials.

6. The safety precautions to observe. (Adams, 1966:
507; Jensen, 1978:22-3 - 1)

Transfer Operations. At least two operators will be

assigned during all handling., storage, and transfer
operations. After all transfer connections have been made,
both inlet and ocutlet valves will be inspected before
transfer operations begin. After transfer 1is completed, the
piping will be drained to prevent the fuel from being
trapped between closed valves (Jensen, 1978:22-3). 1If a
pressure system 1s used. aluminum piping segments will Dbe
installed on each side of the transfer pump to provide
protection against detonation propagation (Jensen, 1978:22-

8) .

69




only fully trained personnel will perform logistics
operations with Otto Fuel II. All operations will be
controlled by standardized procedures and checklists. The
standard procedures will be ava:lable to and strictly
followed by all personnel. BSpilled fuel will not be flushed
into common drainage systems (Adams, 1966:524). An adequate
supply of water will be availlable for safety shcwers for
personnel and flushing spills. All personnel will wear the
applicable approved protective clothing and safety
equipment. All valves, pumps, switches, etc. must be
clearly identified and labeled (Jensen, 1978:22-8).

Packaging. When shipping in small quantities (355
gallons or less), the fuel must be packed in a 3 gallon
polyethylene drum overpacked in a steel drum, epcxy lined or
coated with a material impervious to the Otto Fuel II.
Quantities in excess of 5 gallons but not exceeding 55
gallons. must be packed in a polyethylene inner container
(1716 inch thickness). The inner container must fit snugly
in a 55 gallon (removable head) steel drum. After emptying,
containers may be reused onstation. They shall not be
shipped to another activity for reuse (Jensen, 1978:22-9).

Quantities in excess of 55 gallons are considered bulk
shipments. Fcr bulk shipments, Otto Fuel II will be
classi1filed as "Propellant Explosive (Liquid), Class B"
(Jensen, 1978:22-9.1.2.a; Table 22-5). Only Department of
Defense approved carriers shall be utilized for bulk

shipments. The consignor 1is required to 1nspect the
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transport tank for contamination and seal the tank lid after
filling. The consignee must unload the fuel by gravity flow
or by the application of up to 50 psi air pressure (Jensen,
1978:22-9.1.2.e). After unloading, the transport tank must
be resealed (with no attempt made to clean-up or
decontaminate) and delivered to an approved DOD
decontamination site for cleaning prior to reuse (Jensen,
1978:22-9) .

Transportation. The shipping and storage containers

must not be filled to more than 95 percent capacity (Jensen,
1978:22-9.a). All shipping and storage containers must be
provided with éome means to prevent internal pressures in
excess of 60 psi (Jensen, 1978:22-9.b). Shipments may be
transported by rail, motor, water, or trailer-on-flatcar
(TOFC). Air shipments are authorized by Military Airlift
Command (MAC). Logistics Air (LOGAIR), Quick Transport
(QUICKTRANS), or Priority Air Dispatch, Inc. (PAD). When
offering this material for shipment, a copy of the Otto Fuel
IT1 transportation accident procedures shall be attached to
all shipping papers (Jensen, 1978:22-9).

Disposal. The recommended disposal procedures for
large quantities of Otto Fuel II are dumping in deep water
at sea or burning in port. The disposal site in port should
have a radius of 100 feet (Jensen, 1978:22~11.1). Disposal
of small quantities, such as amounts accumulated from minor
spi1lls. shall be disposed of by absorbing the fuel in

gsawdust, rags. or cotton waste. This contaminated material
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shall be transported to a disposal area in an airtight metal
container and then burned (Jensen, 1978:22-11.2).

Research Maturation

The research maturation model of Schendel and Hofer
(1970) was adopted a3 an d4i1d in conducting the literature
review. This model! specifically aided in cataloging the
source documents and examining the developmental state of
research work already accomplished in the field. To
establish a sense of order. the literature review was
conducted using a two step approach: first, each topic was
grouped according to its respective investigative question:
then, each topic was indexed according to the developmental
state of the research work.

Research Maturation Model. A-field of research

progresses from a beginning to its present state along a
certain developmental path. This advancement 1s achieved
through use of a research methodology which 1is used to focus
research energies., organize facts, and explain phenomena
(Schendel and Cool., 1988:27). However, Schendel and Cooli
contend there 1s a distinct absence of a paradigm. or
central organizing model, to track the advancement of
research. In fact., they argue that the lack of a central
methodology 1s owed substantially to the 1nability or
reluctance of researchers to employ a scientific methodology
toward research (Schendel and Cool, 1988:27).

Schendel and Cool's model of research maturation has

been adapted for use as a means of focusing the research
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energies of this thesis. As depicted in Figure 11, research
i1s classified i1into one of four cells. or phases. The model
provides a means of examining the maturity of the research
work previously accomplished. The arrow describes the
direction in which research progresses with advancement in

research maturity (Schendel and Cool, 1988:27).

Sophistication of Research

Immature Mature
]
PrescriptivJ (1) i (3) Testing
!
!
Emperical j-----—---f------------ O enly bt Hypotheses
(2) | (4) :
\
Descriptive ] Generation
Subjective Objective

Nature of Explanation

Figure 11. Research Maturation Matrix, Scientific Method
(Adapted from Schendel and Cool, 1588:28)
Cell (1) contains the prescriptive works of practice
and experience. The term prescriptive is defined as
"acquired by, founded on, or determined by prescription or
by long standing custom”™ (Mish, 1988:1048). While these
Wworks are of some value. they seldom move beyond practice

and experience to advance serious questions about cause and
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effect (Schendel and Cool. 1988:28). Schendel and Cool
summarize the prescriptive cell as:

. the worst of all research worlds depicted,

[where] much work, mostly embodied in the form of

untested. or worse, untestable, statements [lie].

(Schendel and Cool, 1988:28)

Research generally begins with a subjective attempl Lo
describe the field of study and to define and label the
problem area (cell (2)). The term descriptive is defined as
"referring to, constituting, or grounded in matters of
observation or experience’ (Mish, 1988:359). The
descriptive process requires personal insight, judgement,
and creativity. Schendel and Cool assert that 'conceptual
development 1s needed to define the boundaries of a field"”
{Schendel and Cool, 1988:28). Research maturation through
the subjective descriptive phase then leads to the objective
generation of hypotheses.

The obiective generation of hypotheses, cell (3).
depicts the meticulous. accurate description of problem area
phenomena (Schendel and Cool. 1988:28). Research work
contalned in this phase include excellent field research,
complete data bases. and careful classification of
phenomena. This quadrant progresses from an understanding
of the field and comprehension of the problem to generation
of precise hypotheses. These hypotheses are 1ntended to
test cause and effect relationships and i1dentify possible

treatment methods (Schendel and Coecl, 1988:27-30).
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Hypotheses testing. cell (4), 1s the final and optimal
phase of the research maturation model. Schendel and Cool
summarize the hypotheses testing cell as:

. research orientated toward testing

hypotheses, developing causal models, and

ultimately with validating prediction theory. It

is. or should be., the outcome of all research to

develop such predictive theory, theory which can

guide practice and explain results achieved

(Schendel and Cool. 1988:29).

These four phases outline the maturation of research
through the various stages of development using the

scientific method.

Research Sophistication. Figure 12 1llustrates the

state of the research reviewed in the development of ligquid
propellant technology and logistics doctrine. Most of the
research literature was =subjective; that 13, the literalure
was both prescriptive and descriptive 1n nature. This was
expected dite to the present research and development stage
of work 1in the field of liquid propellants. Very little
resecarch has progressed Lo the gencration of hypotheses and
hypotheses testing phases.

The subjective assignment of this literature 1is
difficult and not always clear-cut. It is not unusual for
many works to exhibit characteristics of more than one
research phase (McCauley. 1991). However, each literature
source was categorized to only one quadrant in an effort to
gimplify the process. organize the source literature. and to

focus research energies.
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Summary

This chapter began by defining transportation system
capability and discussed two approaches to mea:sur ing sy:=ioem
capability. Next. a review of the Department of
Transportation (DOT) procedures for product classification
was presented with an examination of DOD procedures for
mandatory compliance with the DOT requirements. Third. an
examination was conducted of the proposed liquid propellant
packaging requirements and logistics fielding concepts.
Fourth. an overview was presented of current planning
procedures used by other organizations for the handling.
storage. and transport of products with commodity
characteristics which are similar to those of liquid
propellant. Finally, the chapter concluded by presenting an
assessment of the research maturation found in the
literature search.

Chapter III will proceed by describing the data
collection techniques used in this research. This
literature review provided the background information and
firm foundation upon which to build the data collection
instruments and conduct the case study analysis of the three

proposed liquid propellant logistics concepts.
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III. Methodology

Qverview

Chapter III1 describes the methodological approaches
employed to answer the investigative questions formulated in
Chapter I. The research design executed 1in this study
encompassed three major phases. The first phase involved
exploratory research including both a detailed literature
search and an experilence survey. This established a basic
understanding in the areas of transportation capability and
capability measurement; hazardous material classification:
proposed liquid propellant packaging requirements and
logistics delivery concepts: and current planning procedures
for the handling, storage. and transport of liquid
propellants.

The second phase comprised the construction of a
subjective, descriptive surface transportation performance
evaluation model based upon performance measurement criteria
and system docsign attributes.

The third phase validated the model through the
application of a paired comparison survey and scoring model.
This 1involved a subjective approach of prioritizing surface
transportation system design attributes based on weighted
performance measurement criteria. A case study analysis was
then conducted based on the weighted system design

attributes. These three phases provided the qualitative
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data necessary to answer the investigative questions posed
in Chapter I.

Research Technique for Investigative Question One

Investigative question one asked, "What 1is
transportation capability?” and "What are the principles
involved 1in measuring transportation capability?"” A
detailed literature search was conducted to examine the
areas of transportation capabili*y and capability
measurement. Marvin L. Manheim, editor for the Center for
Transportation Studies of the Massachusetts Institute of
Technology. and William W. Hay. Professor of Railway Civil
Engineering at the University of Illinois, provided
comprehensive definitions of transportation capability and
effectively explained the principles involved 1n measuring
system capability. These principles were presented in
Chapter II.

Research Technique for Investigative Question Two

The second investigative guestion asked. "What are the
Departments of Transportation and Defense classification
procedures for newly developed products?" Research for this
information was performed through a literature search of
published manuals and reports from the Departments of
Transportation and Defense. These documents were ~cquired
through the Defense Technical Information Center (DTIC) and
the Interlibrary Loan Serwice. A summary of the

requirements and procedures, as applicable to liquid
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propellant classification, were thoroughly discussed in
Chapter II.

Research Technique for Investigative Question Three

The third investigative question asked, "What are the
proposed liquid propellant packaging requirements and
logistics fielding concepts, lkased on the 1nherent
characteristics and applicable hazard classification?" A
literature search was conducted of liguid propellant
research and development (R&D) contractor progress reports.
These documents were acquired through DTIC and the Jet

Propulsion Laboratory (JPL), California Institute of

Technology. These concepts were fully discussed in Chapter
I1.
Research Technique for Investigative Question Four

The fourth i1nvestigative question asked, "How have
other organizations planned for the transport of liquid
propeliants and other products of similar commodity
characteristics?"” A review was made of Joint Army. Navy,
NASA. Air rorce (JANNAF) Propulsion Committee documents for
nitrate—based liquid propellants with commodity
characteristics similar to those of the liquid propellant
under development by the Army.

This 1nquiry eventually focused upon Otto Fuel 1I, a
liquid torpedo propellant used by the Navy, as a prototype
for exan.inlng the handling. storage, and transportation of

HAN-based propellants. Otto Fuel II 1s a nitrogen—based.

Class B Explosive propellant with commodity characteristics
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similar to LP 1845 and LP 1846. These findings were
presented in Chapter II.

Research Technique for Investigative Question tive

The fifth investigative question asked, '“What are the
relative strengths and weaknesses of the proposed logistics
fielding concepts for liquid propellant 1in Field Artillery
applications?” "What are the relevant surface
transportation performance measurement criteria for
evaluating logistics fielding concepts?” "What are the
relevant system design attributes which must be considered
for inclusion into the final selection of a liquad
propellant logistics fielding concept?” To evaluate this
question, 1t was necessary to construct a transportation
performance evaluation model. This model was developed. with
an applicable focus toward the research and development
(R&D) aspect of proposed logistics concepts. The output ot
the medel, prioritized system design attributes, was then
used 1n a case study analysis to evaluate the relative
strengths and weaknesses of the proposed logistics fieiding
concepts.

Model Selection

The role of analysis in the managerial decision-making
process can best be understood by the flow diagram
1llustrated in Figure 13. All decision making processes
include both gualitative and guantitative analyses. In
qualitative analysis, the adecision maker draws primarily

upon 1ntuitive judgement and experience to summarize and
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evaluate the situation in

order to reach a decision.

Emphasis is placed on qualitative analysis when solving

unstructured problems characterized by high uncertainty.

long time horizons, or when the decision maker must draw

upon experience from solving similar problems.

al, 1985:3; Hicks, 1987:23).

(Anderson, et

Management Problem,

]

[

1

Quantitative

1. Iconic Models
2. Analog Models

3. Mathematical Model

Qualitative

1. Subjective Approach
2. Delphi Approach
3. Scenario Writing

{

]

[

Summary and
Evaluation

[

Management Decision

Figure 13. The Decision-Making Process (Adapted

Anderson, et al, 1985:3)

It was critically important to carefully screen
select an appropriate evaluation model.
to the extent that it enables the researcher to draw
conclusions about a real situation through study and

analysis. Quantitative models,

such as 1iconic,

A model has

from

and

value

analog, and

mathematical models, are useful 1in analyzing historical
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numeric data (Anderson, et al, 1985:6), while qualitative
models, such as Subjective approaches., the Delphi study. and
scenario writing, are appropriate to analyze language and
thought data. This 1s especially appropriate when
historical data 1s unavailable or questionable (Anderson. et
al, 1985:598).

As with development of liquid propellant, research and
development (R&D) project selection decisions are
characterized as relatively unstructured problems that are
concerned primarily with the allocation of organizational
resources (Baker and Pound. 1964:124). Perhaps having the
greatest influence on the decision process is the inherent
uncertainty associated with the R&D process (Moore and
Baker, 1969:B-212).

Subjective Qualitative Approach. A subjective. or

intuitive, approach was selected in this research effort. A
subjective analytic approach is based upon the 1nherent
ability of the mind to think logically and creatively in
identifying system elements and establishing relative
relationships among them. These 1nherent abilities are to
communicate what 1s observed, determine the relative
intensity of the relationships. and synthesize these
relationships for comprehensive understanding (Saaty and
Kearns, 1985:19).

The subjective pailred comparison technique was selected
because: 1) there 1s complete control over the survey

process as the researcher and the group of expert
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respondents are physically collocated:; 2) the face-to-face
iteration process develops consensus rapidly and fosters
teamwork and enthusiasm within the group (Souder, 1980:72):;:
3) there is no delay between group input and individual
recelpt and feedback of that input: 4) the technique uses a
hybrid nominal-group 1interaction process in which dynamic,
open~group discussion is used to establish the variables for
consideration. and individual, anonymous assessments Lo
determine the judgements; and 5) qualitative judgements are
expressed in absolute numbers based on relative comparisons.
These relative judgements are made as part of a rigorous
derivation of an estimated underlying ratio scale (Saaty,
1980:66-70) .

A subjective survey approach conducted prior to the
implementation phase of system design provides the benefit
of comments in a realistic environment, i.e., from the
field. This eliminates the proliferation of computer
generated '"war game" solutions and thus program
specifications which are typically created in isolation of
realism (Lewis: 1990).

Souder contends that the paired comparison method
focuses careful thinking and eliminates irregulaties in
decision making (Souder. 1980:32). For a planning and
problem solving process in which there 1s no measurement
scale to validate the result. Saaty also argues that paired
comparison is the appropriate tcchnigque (Saaty., 1980:6). In

the absence of specific quantitative measures, Lawshe and
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Balma state that the pairwise comparison technique is one of
the best measures of successful performance. Uniike other
structured group decision-making approaches, a formal value
assessment method such as the paired comparison method '"is
used to bridge vocabularies and lend credibility to each
individual 's rankings' (Souder, 1975:680).

The paired comparison technique, nominal-interaction
process, and scoring model mechanisms enhance decision
making and provide a systematic approach in obtaining
consensus, provide an audit trall, and provide an effective
communication and decision making device sufficiently
rigorous to focus discussion on the alternatives rather than
the process used to derive the alternatives (Harrington.
1989:13; 1991:91). The tools are simple and easy to
implement, yét sufficiently rigorous to solicit individual
and group Jjudgements in a systematic manner (Harrington.
1889:15). For example, the ordinal rankings produced from
multiple objectives can then be used as inputs to multible
objective mathematical programming models, such as goal
programming (Harrington, 1989:195).

Moore and Baker (1969) conducted a computational
analysis to compare the behavior of multiple criteria
scoring models to that of economic and linear programming
models. Using an analytical approach. their goal was to
investigate whether scoring models, given the same input
data and alternatives, provide results consistent with those

of the other models. Both additive and multiplicative
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indices for computing the scoring models were investigated.
Their analyses revealed first that the rank-correlation
coefficients were high enough to confirm the assertions of
Brandenberg (1964):
that a significant and positive correlation
exlists between the project rankings by the scoring
model and those resulting from the economic and linear
programming models. (Moore and Baker, 1969:B -219)
Second., their analyses found that ". . . the additive
scoring model i1ndex consistently provided a higher degree of
rank~order consistency than the multiplicative index (Moore
and Baker, 1969:B-220). Third, the additive index actively
incorporated all observations including those at both
extremes of the scale. while the multiplicative index
favored alternatives which received average rankings (Moore

and Baker, 1969:B-220).

Qutline of Methodology

The methodology, as shown in Figure 14, was instituted
in four phases. During the preliminary phase, problem
definition., population definition., and sample selection were
accomplished.

During the second phase, paired comparison surveys ‘j.re
administered to the sample groups. This required two
separate days of field work. The first day involved
criteria selection. nominal group interactive p'ncess (open
discussion with individual selection) to dev=21lop surface
transportation system design attributes. and a paired

comparison survey to weight the criter.a. The researcher
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START

Problem Definition

Define Population

Select Sample Size
(determine expertise required)

Overview Briefing

Select the Criteria
(nominal group interactive process)

Weight the Criteria
(paired comparison technique)

Select the Attributes
(nominal group interactive technique)

Compare the Attributes for each Criteria
(paired comparison technique)

Scoring Model - Attribute Rank Order
(weight attributes to all criteria)
Data Analysis
(nonparametric statistics)

Case Study Analysis
(logistics concept(s) feasibility)

Compile Final Report

Figure 14. Methodology Procedure

then coded the survey responses into a prioritization matrix

to derive the weighted score and significance level for each

criteria.

On the second day. an attribute paired comparison

survey was completed for each criteria that achieved a

minimum consensus weighted level (explained later in this

chapter) .
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During the third phase, the researcher transcribed the
survey responses into a scoring model to weight the
attributes and perform a statistical analysis of the rank-
order probability distributions. Phase four culminated the
methodology with a case study analysis which evaluated the
strengths and weaknesses of the three proposed liquid
propellant logistics concepts based upon the weighted
attributes.

The methodology was designed as a decision aiding tool
to provide: 1) qualitative surface transportation
performance criteria and system design attributes from
expert field operators: 2) reliable information to
transportation planners to communicate with Army Logistics
Center (LOGCEN) and Training and Doctrine Command (TRADOC)
planners concerning logistics concept performance; and 3)
consensus input to the logistics concept selection process.

Preliminary Phase. This phase problem included

definition of the management problem., population definition
from which to draw the sample group, and selection of the
sample size.

Problem Definition. No comprehensive analysis has

been performed to identify the performance measurement
criteria and design attributes of an Army surface
transportation system necessary to support the distribution
of liquid propellant in Field Artillery applications. The
problem facing the researcher involved selecting and rank-

ordering the criteria and attributes being used in the case
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study analysis, since the ranking would obviously influence
the decision.

Population Definition. The population of the

paired comparison field survey respondents comprised all
Majors (Grade 04) and Captains (Grade 03) of both the Army
Transportation and Ordnance Corps and vesselmaster senior
chief warrant officers (Grade CW4/3) of the Transportation
Corps. Table 15 segments the population under consideration
for this study. Vesselmaster senior chief warrant otficers
from the transportation corps were included in the survey
population because they are the operators for the Army's
watercraft career field. Watercraft, rail, and highway

modes provide the Army's surface transportation triad.

Table 15

Transportation and Ordnance (Munitions) Corps
Officer Population (Gilgallon, 1991; Brown. 1991)

Transportation Corps:* 04, 88A00 273
03, 88A00 595
Watercraft: CwW4, 880A2 16

CwW3. 880A2 10 897
Ordnance Corps:" 04. 91DO0O 199
03, 91D0O 465
Munitions: CW4, 910A2 6

CW3., 910AZ 31 701

Total 1.598

Corps 1nventory dated January 1991
+ Corps 1nventory dated August 1990
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Sample Selection. Interviews were conducted with

the Directors, Directorate of Combat Development,
Transportation and Ordnance (Munitions) Corps, to select a
list of survey respondents. A respondent selection
criterion of greater than eight years experience in their
respective career fields and assignment in strategic
planning or doctrinal instruction was set. These interviews
were necessary to identify respondents both knowledgeable in
their respective areas of combat service support logistics
and capable of contributing to the final decision of
selecting the transportation concept for the liquid
propellant logistics system.

In identifying respondents to participate in a paired
comparison survey, it is recommended to select 9--14
knowledgeable persoﬁs who are subject matter experts in the
field being studied (Baker and Pound, 1964:125). Otherwise,
the number of participants becomes cumbersome. Twenty-four
respondents were selected (Appendix A) by the Directors of
Combat Developments, twelve from each corps, to participate
in the survey. All those selected participated through both
days of surveying (100 percent response rate). Table 16
details the composition of the respondent group. While
every effort was made to achieve equal experience and
functional representation, obvious differences existed
between the two corps in composition of the Directorates and

personnel structures.
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The sample respondents from the Transportation Corps
included one senior Master Warrant Officer from the Office
of the Chief of Transportation (OCT), four senior company
and field grade officers and two senior Chief Warrant
Officers from the Directorate of Combat Developments (DCD),
two senior company and field grade officers and two senior
civiliansAfrom the Professional Development Division
(INSTR). and one senior Chief Warrant Officer vesselmaster
from the operational watercraft field (OPER). The sample
respondents from the Ordnance (Munitions) Corps included one
senior field grade officer from the Office of the Chief of
Ordnance (QCO): one senior field grade officer and three
senior civilians from the Directorate of Combat Developments
(DCD): and three senior company and field grade officers,
three senior civiliané, and one senior noncommissioned

officer from the Professional Development Divisions (INSTR).

Table 16

Survey Respondents by Corps and Directorate

Corps/Office . OCT/O' DCD : INSTR: OPER ' Total !
Transportation : 1 { 6 : 4 : 1 : 12 i
Ordnance (Mun) 1 i 4 i 7 & i 12 1
Total 2 ¢ 10 ¢ 11 ¢ 1t 24

Phase Two. This phase two involved days of field wc.K

to select the surface transportation performance measurement
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criteria and system design attributes, and paired comparison
surveys to weilght the criteria and compare the attributes.

Overview Briefing. To ensure respondent

cooperation, an overview session was conducted to explain
the problem definition, objectives, and methodology for
development of surface transportation performance
measurement criteria and system design attr-outes. The
briefing explained the need and purpose of the ranking
process, the impdrtance of the data, and the significance of
the outcome to the logistics system.

The participants were told that their rankings would be
kept strictly confidential. Since the results were
anonymous, minority opinions and less experienced
participants would not be subjected to "specious persuasion”
of loud. persuasive, or dominant group members (Souder,
1980:72). The respondents were briefed on the mechanics of
the ranking process and questions were answered. Each
participant was provided a brief yet thorough glossary of
definitions (Appendix A) to ensure a common understanding of
each criterion and attribute under consideration (Juran,
1988:61-63) .

Select the Criteria. Criteria selection built

upon previous research conducted by the Jet Propulsion
Laboratory (JPL). Talifornia Institute of Technology

(Beaudet, et al., 1989:V-4). In the Report on Liquid

Propellant Logistics System Study, Phase I (1989), a

logistics attribute ranking questionnaire had been employed
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Lo determine the critica: performance measurement criteria
for the first iteration down-sele<t phase (pertformed by JrL)
from sixtcen proposed liguid propellant logistics conceprs
to six candidate concepts. The author selected these six
logistics attributes used in the previous questionnaire as
the surface transportation performance measurement criteria
to be used 1n this study. These criteria are listed 1n
Table 17.

Each criterion was reworded to actively reflect the
desired outcome. For example, the third criterion should
read. Increase Personnel and Environmental Safety. not
Safeltly/Ervironmental (Brassard., 1989:111-10Y). This
"active'" rewording was necessary to express the criteiia in
terms of delivery, quality. and other performance measures
for evaluating surface transportation capability {(Harrington
et al, 1991:86-87: Spekman., 1988:75-80). The list of
criteria was confirmed for accuracy by the Technical Group.
JPL. and the Directorate of Combat Developmenis, U.S. Army

Transportation Center and School.

Table 17

Surface Transport Performance Measurement Criteria for
Liquid Propellant Technology (Ekman. et al., 1989:I-3)

Reduce Logistics Burden

No Customized Technology

Increase Personnel! and Environmental Safety
Increase Operatioral Capability of Logistics
Increase Tactical Capability of Users

Low Cost to Implement

[o W0 BN SN SV Sl g
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Weight the Criteria. The paired comparison

booklets were developed based on the work of C. H. Lawshe
and Newell C. Kephart (Lawshe and Balma, 1%66:375-390). The
criteria and were paired, four to a sheet, in accordance
with a Random Order of Pairs Table (Lawshe and Balma,
1966:379-389). This randomized format served to remove
respondent bias caused by continuous sequencing. The sheaets
were cut 1nto individual strips to contain only one pair,
and then the strips were assembled into a booklet. This
booklet arrangement thus allowed the rater to visualize and
consider only one pair at a time (Lawshe and Balma.
1966:377) .

To conduct the criteria paired comparison survey, each
member of the respondenf group was given a c¢riteria paired
comparison booklet and a glossary oﬁtlining common
definitions of the criteria. Both the booklet and the
glousary are reproduced in Appendix A. Each group member
was directed to individually and anonymously judge whether
each criteria pair was equal 1n 1importance/preference or
whether one criterion was significantly or extremely more
important/preferred. As demonstration in Figure 15, 1f the
two criteria were “"Equally Important/Preferred." the single
center box would be marked. However. if the rater made a
relative judgment that one criterion was “Significantly” or
"Extremely More Important/Preferred." that appropriate

criterion's box would be selected.
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Equally Significantly Extremely

IBEITTanLs ®orE IRcIrtanty MOrE LATGrIIRY

dour L3l

Fraferres Frars

Reduce Logistics Burden

Low Cost to Implement X

Figure 15. Paired Comparison of Surface Transportaticn
Performance Measurement Criteria

The pairwisc grouping of the criteria was accomplished
using a Random Order of Pairs Table to eliminate order as a
source of bias in the testing instrument (Lawshe and Balma.
19606:379-389). The rater made a relative Jjudgment about
each pair (skipping none!) 1n the order in which the pairs
were presented in the bocklet.

Following completion of the criteria paired comparison
booklets by the respondents., the researcher transcribed eacn
1ndividual relative comparison to a numerical raw score
us1ing the values shown in Table 18. This broad ranking
scale provided for a rigorous ordering of the criteria

(Saaty, 1980:66).

Table 18

Pairwise Comparison Ranking Scale (Brassard, 1989:108)

10 = Extremely more important/preferred

5 = Jignificantly more important/preferred
1 = Equally important/preferred

1/3 = Significantly less important/preferred
1/10 = Extremely less important/preterred

93




I T ..
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] Reduce Logistics
1 5 10
Burden
No Customized
2
Technology 1/5
3 Increase Persconnel and 1/10
Environmental Safety
4 Increase Operational
Capability of Logistics
5 | Increase Tactical
Capability of Users
6 | Low Cost to Implement
fand |
Column Totals Tota

Figure 16. Ranking the Criteria, Pairwise Compar:ison
Matrix Instrument (Brassard. 1989:110)

Next. the researcher constructed a criteria
prioritization matrix. The criteria were listed in the
cclumn headings i1n any order from left to right. then
2ntered in the same order along the row headings of the
matrix as shown in Figure 16. The total of the individual
raw scores for each comparison was entered 1in the
appropriate row—column intersection of the matrix with the
reciprocal score entered in the reciprocal column-row
intersection. The matrix 1s interpreted by reading first
across a row, and then up the column. For example, in
Figure 16. the first criterion. Reduce Logistics Burden. nas
heen judged significantly more important/pretferred than

second criterion, No Customizcd Technology.




To tabulate the individual criterion weighted wvalue,
the total group score 1n each row-column intersection was
converted to a decimal value and then row and column totals
were added to form the "Row/Column Totals." Next, the
column totals were added together for a "Total Across
' Columns Grand Total." Each row total was then divided by
the grand total to obtain a percentage (Brassard, 1989:109;.
This percentage formed the weighted (normalized) score that
was used as the critericn weight, or multiplier, in the
final scoring model. The final step in completing the

criteria paired comparison was to establish a minimum

=]
o
@

acceptance level of 10 percent for each criteria rank.
system design attributes will be evaluated only upon
critefia above this consensus level.

A built—-in check of the group's logic and the
researcher's tabulation is provided in two ways by the
symmetry of the completed matrix instrument around the
diagonal (Souder, 1980:31): {1) the grand total of the row
summations must equal the grand total of the column
summations; and. (2) the column entitled "As a % of Grand
Total"” must equal 1.0000 (or 100%).

Select the Attributes. An initial list of sixtsen

performance-based system design attributes, Table 19. were
chosen by the researcher and presented to the group for
consideration. These attributes were selected from the
discussions, findings, and recommendations contained in the

Report on Ligquid Propellant Logistics Systems Study, Phase I
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and Il (1989), by the Jet Propulsion Laboratory (JPL),
California Institute of Technology. and academic principles

contained in the Practical Handbook of Distribution/Customer

Service (1985), by Warren Banding, and Strategic Logistics

Management (1987), by James R. Stock and Douglas M. Lamhert.
This was done to provide a basis for beginning the group
discussion with attributes that were supported in research

and academic literature and to save valuable time.

Table 16

Surface Transport Design Attributes for Liquid
Propellant Technology (Blanding, 1985:129-162; Ekman,
et al., 1989:3.1-84; Beaudet, et al., 1989:V.1-VII.44;
Stock and Lambert, 1987:264-7, 723 -4)

Provide HazMat Containment Training
Streamline HazMat Documentation

Provide HazMat Contingency Equipment

No Additional MOS Training

No Increase in Manpower

Design Flat Racks for Multipurpose Use
Design Pallets for Easy Access Top and Bottom
High Reliability and Maintainability

Use Current Handling/Transport Equipment
Compatible between Modes of Transport
Compatible with Allied Equipment

Capable of Automated and Manual Handling
Quick Transfer Speed at POD, TSA, and C5A
Quick Transfer Speed at ASP and ATP

High Package Integrity to Minimize Damage
Lightweight/Low Cube Packaging

OCONGUL, W
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The transportation group reviewed the initial list of
attributes through open discussion, making additions and
deletions until consensus was attained. Discussions were
controlled by the members. who could participate as much or

as little as each desired. A list of sixteen attributes was
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reached in one nominal group session. The group's final
l1st of system design attributes was subsequently reduced to
ten items.

The major probliem encountered in using the paired
comparison technigue to develop a ranking system was the
time required to rank the pairs (Lawshe and Balma, 1266:47).
The number of pairs 1ncreased rapidly as the number ot
variables increased. Ranking 4 variables would require 6
pairs. 16 variables would require 120 pairs, and 130
variables would require 4,950 pairs. The number of paired
comparisons for any group of variables 1s determined by the
formula ¢ = N(N-1)/2. where N 153 the number of variables
under consideration and € 13 the number of resulting paired
comparisons (Tiffin and McCormick. 1965:233). While methods
for partial pairing of larger groups have been developed
(Lawshe and Balma. 1548: McCormick and Bachus. 1952;
McCormick and Roberts, 1952). these technigues were not used
to ensure full coverage of the selected-variables.

An 1terative ballot technigque was used to reduce the
list of attributes to a manageable number. The list of
attributes was reduced by presenting each member with a
separate list of the attributes and directing them to
anonymously sSelect the ten 1tems considered most important.
The researcher collected the lists and compiled a summary of
the group's ten most i1mportant attributes. Each member was
then given the second list and directed to reassess their

top ten attribute choices 1n light of the group consensus.
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The researcher collected these results and compiled a final
list of the ten most important attributes for paired
comparison.

Compare the Attributes. Each member of the

respondent group was given an attribute paired comparison
booklet for each criterion judged as significantly important
and a glossary outlining the common definitions of the
criteria and attributes. Both the attribute booklet and the

glossary are attached in Appendix A.

Judge the relative importance/preference based on the
criteria: REDUCE LOGISTICS BURDEN.

Equally Significantly Extresely
inportant/ Mora important/ Morg lmpcrhant:
freferreg Freferred Erafarrga

Use Current Handling

and Transport Equipment

High Reliability and X
Maintainability

Figure 17. Paired Comparisoﬁ of Surface Transportation
System Design Attributes
The respondents were directed to complete one booklet

for each criterion, based only upon that criterion. As
before, each group member was directed to anonymously judge
whether the attribute pair was equal in
importance/preference or whether one attribute was
significantly or extremely more important/preferred based on

each criterion. This is illustrated in Figure 17.
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As with the criteria. the pailrwise grouping of the
attributes was accomplished using a Random Qrder ot Pairs
Table fto eliminate order as a bias in the testing instrument
(Lawshe and Balma. 1966:379-389). Once again, the
respondent made a relative judgment about each pair
(skipping none) 1n the order 1n which the pairs were
presented 1n the booklet.

Following completion of the attribute paired comparison
booklets by the group members., the researcher scored and
converted each relative comparison to a numerical raw sccre
using the values shown 1in Table 3. Next, the researcher
constructed an attribute prioritization matrix. The
attributes were listed in the column headings 1n any order
from left to right. then entered 1in the same order along the
row headings of the matrix as shown in Figure 18. The total
of the i1ndividual raw scores for each comparison was entered
1n the appropriate row-column intersection of the matrix
with the reciprocal score entered i1n the reciprocal column-
Yow intersection.

As with the criteria matrix, individual raw scores were
entered in each row-coclumn 1ntersection and totaled. the
total group score was converted to a decimal value. and then
row and column totals are added together to form the
Row/Cclumn Total. Next. the column totals are added
together f[our a Total Across Columns Grand Total. Each row
total was then divided by the grand total to obtain a

percentage (Brassard. 1989:109). This percentage formed the
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Provide HazMat
Containment Trainin
Provide HazMat
Contingency Equipment

2
3 |No Increase in Manpower
4
S

Deslgn Flat Racks for
Multipurpose Use
High Reliability and
Maintainability

Uge Current Handling
and Transport Equipment
Compatible between
Modes of Transport
Compatible with Allied
Equipment

9 Capable of Automated
and Manual Handling

1g | Quick Transfer Speed
at ASP and ATP

Grand
Column Totals Ta éﬁ S

Figure 18. Ranking Attributes by Individual Craiterion.

Pairwise Comparison Matrix Instrument
(Brassard. 1989:113)

welghted (normalized) score that would be used as the

attribute multaiplier i1n the final scoring model matrix. The

final scoring model matrix will compare each attribute based

on all criteria for a final weighted attribute rank

ordering.

Phase Three. During the third phase. the researcher

transcribed the survey responses 1nto a scoring modei to
welght the attributes. Nonparametric statistical analyses
were then performed on the rank-order probability
distributions. Statistical procedures are covered later in
this chapter.

oScoring Model. The researcher constructed a

scoring model to prioritize the transportation system design




attributes based on all significant, weighted criteria
(Brassard, 1989:114-116). A scoring model 1is a screening
technique which provides a means of constructing a
descriptive decision aid for prioritizing the surface
transportation system design attributes based on known
weighted performance measurement criteria (Brassard,
1989:99; Harrington et al, 1991:83).

Screening techniques are used in logistics to make
strategic decisions where judgement remains an important
part of the analysis process (Ballou, 1985:346). Screening
techniques also are used in the feasibility analysis of a
structured system development (Harrington, 1991:8). White
states the principal advantage of using a scoring model
approach 1s that:

it makes the process of weighing variables
explicit: Dbecause it forces us to formalize the
important elements of the . . . decision, it helps us
bring our tacit assumptions to the surface and
questions our intuitive or habitual priorities.

(White, 1978:11)

The scoring model 1ncorporates absolute scales for
ranking the relative worth of each item Lo every other item

in the data set. The scores are then combined into one

ordinal value number, using the formula:

n
rj-;ciau {1,7=1,2,...,n
-1

where T, is the combined value of the jt»r system design

attribute, C . is the relative weight of the it"
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performance criterion, and A, | is the relative attribute

score derived based on each individual criterion. The value

for A+ 1s found by the formula:

2
&
A!j=—_—1—— i,j’k=l'2’---'n

Y (Z‘; s,)

were Si:isw 15 the vector score of the j®*"™ attribute on the
ke" criterion.

The criteria used as a basis for comparing the
attributes were entered in the column headings in any order
and the attributes were entered along the row headings in
the same order as in the attribute paired comparison
matrices as shown in Figure 19. Next, the weighted score
from each attribute matrix was entered and multiplied by
each criterion weighted score. An additive scoring model
index was use to compute the individual column and row
scores to form the "Row/Column Totals," and column totals
were added to form the "Total Across Columns Grand Total."

Finally. each attribute raw score was divided by the
grand total to obtain a percentage (criteria-weighted).
This formed the final weighted (normalized) score for each
system design attribute. These overall rankings determined
the relative, perceived standings of each system design
attribute against the field of ten attributes. To provide a

final ranking that was easier to interpret, the author

104




gTe30],
pueis

J
8TEe30L UWNTOD

dlv pue dgvV 3je
paadg 1Iajsuril MoIind

BuTTpueyd TenuUPW pue
pejewoainy jo ayqede)d

juswdTnbyg
POITIY U3TtM o1qtraedwod

31o0dsue1], JO SOPOW
usamlaq a1qiraiedwo)

qusudinby 31odsue1], pue
BuripueH jJUL1IIND I8N

A3TTTqRUTEIUTEN
pue A3T1TgeIisy Uubiy

esn esodaind 3NN
103 syoey jeld ubisag

1omoduey Ul 98BS IDUT ON

quawudinby Aouabutiuo)
JENZPH epTA01d

butute1], juswulIeIUO)D

IPWZeH 8pIACId

00T-0
eTeos

1e30L( T30l
30 | moy

vH#
eTId]TID

eH
©I1193T1D

zH
eI193111D

i#
er19311d

1989:116)

(Brassard.,

Ranking Attributes by all Criterion,

Scoring Model

Figure 19.
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converted criteria-weighted attribute percent scores to a

scale of 0-100 using the formula (A, -p,)/(A.~-A,). where A,

18 the attribute percent score being converted, A, is the
highest attribute percent score, and A: is the lowest
attribute percent score.

It should be noted that these six criteria and ten
attributes were selected by the group of expert
transportation managers as the most 1mportant tor
consideration in the survey. Thus, the attribute with a
score of zero (0) does not indicate unimportance of a
criteria-welght attribute, only that 1t is considered the
least important of the field of ten selected attributes.
While such scores give no i1ndication of absolute zero of
merit, they do enable the estimation of the relative si1ze of
the steps or intervals between the variables. The survey 1is
limited to a given range of items, and merely allows the
range to be divided between the highest and lowest items and
to locate every other item within this range (Woodworth and
Schlosberg. 1954:255).

Data Analysis. Bureaucracy and functional

specilalization may create dissimilar perceptions of
organizational goals (Thompson, 1968:487) and can hinder the
achlievement of organizational consensus (Souder, 1975:68) .
For these reasons. 1t was deemed necessary to survey
respondents from both the transportation and the ordnance
corps 1in order to make certain inf :rences about validity and

consistency of the surface transportation performance
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evaluation model and the resuiting c¢riteria and svstem
design attributes.

Nonparametric statistical test methods are used to
compare two or more populations that are based on a rank-

ordering of the sample measurements corresponding to thair

%)
T

relative magnitudes (McClave and Benson. 19833:64
rank order probability distributions must be evaluarted ©3
determine whether the two samples came from fthe same
population of legisticians. If nypotheses testing conrirms
high correlation and 1dentical frequency distributions,
inferences can be made about the two corps popdiatlions.

T3 fo

o

[l

This section 1dentirfies the statistical te

evaluation probability distributions of the two samplied
populations. There are .two categories of data fcr which the
t and F tests are unsuitable. The first 1s data which do
not satisfy the basic assumptions ot normal probabillity
distributions and equal variances. The second 1s data in

the

(™

form ot "responses that are not susceptible to
measurement but that can be ranked in order of magnitude’
(McClave and Benson. 1988:946) .

Thus nonparametric tests must be used to compare the
probability distributions of the sampled populations using
relative ranks. This i3 accomplished through comparizon of
the sample observations rather than with actual numerical
numpers (McCTlave and Benson., 1988:940). The weightea
attribute scores from the two respondent groups were

statistically compared to determine 1) 1t the nrobability

107




distributions associated with the two populations were
equivalent; and., 2) the strength of the linear relationship
between the two population distributions.

Rankit Plot. First, a visual evaluation of

the attribute rankings was conducted by producing a Rankit
Plot. This test indicates whether the plotted variable
corresponds to a normal distribution.

Wilcoxon Rank Sum Test for Independent

Samples. Second, the Wilcoxon Rank Sum Test for Independent
Samples was computed to examine if the two sampled
populations have identical probability distributions
(McClave and Benson, 1988:967). The Wilcoxon Rank Sum Test
is the nonparametric equivalent of the small sample paired t
test used when'the population relative frequencies conform
to the normal distribution. This test bases 1its comparison
on the rank sums (totals of the ranks) of the data (McClave
and Benson, 1988:948).

The null and alternative hypotheses are:

Ho: The two sampled populations have identical
probability distributions

H a: The probability distribution for the
transportation corps population has shifted to
the left or the right of that for the ordnance
corps

The decision rule to reject the null hypothesis is:

Reject Ho of p < alpha of 0.05 significance level

Spearman's Rank Coefficient Correlation.

Spearman's Rank Coefficient Correlation ms was computed as

a nonparametric measure of the strength of the linear
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relationship between two variables (McClave and Benson,
1988:980). Spearman's Coefficient is the nonparametric
equivalent of the Pearson's Product Moment Coefficient of
Correlation r Test used when the population relative
frequencies conform to the normal distribution. The
correlation coefficient is essentially a measure of the
degree to which individual differences in the sample items
vary together (Lawshe and Balma, 1966:276). Thus, rs is
comparable to the least squares slope and computed from the
same values; however, unlike the slope. r e 1s a scaleless
rank order measure of magnitude (McClave and Benson,
1988:514) .

The null and alternative hypotheses are:

Ho: The p = 0 (no population correlation between
ranks)

Ha: The p > 0 (population correlation between ranks)
The decision rule to reject the null hypothesis is:

Reject Ha of s > alpha of 0.05 significance level

As a caution, it should be noted that high correlation
does not presuppose causality. ‘“The only safe conclusion
when a high correlation is observed in the sample data is
that a linear trend may exist between x and y" (McClave and
Benson, 1988:515-516).

Phase Four. This phase completes the methodology with
case study analyses which evaluated the strengths and

weaknesses of the three proposed liquid propellant logistics
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concepts based upon the criteria weighted system design
attributes.

Logistics Concept Feasibility. To determine the

feasibility of each liquid propellant logistics delivery
concept, case study analyses were conducted four senior Army
Transportation managers. These managers were selected in
the same manner as the survey respondents. The only
modification to the selection criteria was that the
respondent has had at least battalion level command
experience.

The case study analyses were coordinated by telephone.
Each respondent was then provided in advance, by facsimile
machine (FAX), an introductory briefing. list and glossary
of the rank ordered system design attributes, description of
the proposed logistics concepts, and decision matrix. This
allowed the respondent the necessary time to thoroughly read
and understand the concepts and develop a response.

A case study analysis was used to evaluate the three
proposed liquid propellant logistics concepts. The
background briefing was mailed to each respondent. This
briefing contained a description of the three concepts, a
listing of the weighted criteria and prioritized attributes,
and a step by step format for conducting a case study. This
complete briefing is reproduced in Appendix A.

Summary
In summary, this methodology involved nominal group

interactive (open discussion) processes to develop surface
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transportation performance measurement criteria and system
design attributes, a paired comparison technique to
systematically weight the criteria and prioritize the
attributes, a scoring model to weight the attributes to all
significant criteria, and a case study analysis to evaluate
how each proposed logistics concept would perform against
the weighted attributes.

This chapter addressed the research techniques used to
answer the.investigative questions posed in Chapter I.
These techniques included a detailed literature search and
experience survey, the administration of a transportation
performance evaluation model, and a case study analysis.
Chapter IV proceeds to describe the model development, model

application, and data analysis and findings.
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IV. Data Analysis

Qverview

This chapter describes the results attained during
development and administration of the surface transportation
performance evaluation model, the findings and statistical
analysis of the inclusive scoring model, and the liquid
propellant logistics concept decision matrices analysis.
The analysis and findings are presented in the same sequence
as the model development in Chapter III, Methodology.

Data Collection

Data collection required close coordinaticon to ensure
that valuablie resource in time and travel funds were not
wasted. Telephone coordination was made with the
Directorate of Combat Developménts. U.s. Army Transportation
Center, and the Training and Doctrine (TRADOC) Munitions
System Manager Directorate., U.53. Army Missile and Munitions
Center.

Despite every effort to explain the purpose of the
research and the use of the data, probliems developed with
the TRADOC Munitions Manager'‘'s office. Upon arrival at
Redstone Arsenal to administer the paired comparison
surveys, the TRADOC Munitions Manager unexpectedly declined
to support the research. This resulted i1in a second visit
being required to the Munitions Center. Subsequent

coordination was accomplished directly with the Missile and

Munitions Center Director of Combat Developments.
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Initi1al coordination was followed by written
correspondence (Appendix A). The Directors of Combat
Developments from each Corps responded with their support
and a list of twelve survey respondents in accordance with
the predetermined selection criteria (Appendix A).

Paired Zomparison Survey. The purpose of the paired

comparison survey was to rank order the most 1mportant
performance measurement criteria and design attributes ¢f an
Army surface transportation system required to support the
new generation of 153mm Self-Propelled Howitzer. The
results would quantify by rank order the success-dependent
qualitativg characteristics of a surface transportation
system necessary to sustain the desired level of customer
Bservice through the logistics chain to the ultimate user.

The technique used was primarily based on Harrington's
(1939) vendor performance model. The author embellished
this method based on technical improvements employed by
Lawshe and Balma (1966) and Brassard (1989). The survey
respondent grbup consisted of twelve knowledgeable experts
from the Army Transportation Corps and twelve from the Army
Ordnance (Munitions) Corps. The respondents were
individually selected by the directors of the Corps'
respective Directorates of Combat Development. Selection
letters and biographical sketches are included in Appendix A
to substantiate each respondent's selection.

As stated 1n Chapter III. to overcome the major

limitation of the paired comparison technique -~ large number
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of comparisons - a consensus level of .10000 was established
to 1dentify and eliminate insignificant criteria from the
model. Only criteria above this predetermined consensus
level would be carried forward to succeeding stages of the
model's development. The survey consisted of two separate
palred comparison questionnaires.

Criteria Survey Results. The rcsponse rate for

the criteria paired comparison survey was 100% participation
from 12 of 12 respondents from both corps' proponency,
combat development., and professional development logistics
experts.

The first questionnhalre (Appendix B) contained Six
surface frransportation performance measurement criteria.
These criteria (Table 20) were provided by the‘researcher.
A paired comparison booklet was constructed to derive the
criteria welghts 1n a rigorous and systematic manner. The
guestionnaire construction and criteria validation wer=e

explained in detail in Chapter III.

Table 20

Performance Measurement Criteria

Reduce Logistics Burden

No Customized Technology

Increase Personnel and Environmental Safety
Increase Operational Capability of Logistics
Increase Tactical Capability of Users

Low Cost to Implement

[0S RSSOV N
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Tachn respondent was required tO ancnymousiy fTn
nominal portion) consider each independent pair and maks a
subjective judgement about the relative importancs of one

- RS =~ M
the results of tihe

0 show
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0]

criteria over the other. Figure
transportation respondent group’'s survey, and rigures 21 the
Ordnance group's rasults. Tne resulis were used o

eliminate nonconsensus crifteria and welgnt the atiributes.

Criterig oy I 2 b2 1 a4 | 5 1 6 | Row Totals
1 |Reduce Logistics Burden | ' ' '
344 ! 19.8 | 126 | 206 | 4356 1 131.0!0.1361
2 |No Customized l |
Technalogy 15.2 9.0 2.6 8.5 30.8 ! 66.1 | 0.0687
3 |lncrease Personnel and !
Environmental Safety 39.6 | 73.2 49.5 | 396 | 67.0 I 268.910.2793
4 |Increase Operational ' l
Capability of Logistics 37.2 | 86.0 | 246 39.6 ! 54.2 2418 10.2510
5 ilncreose Tactical ! l
Capabilily of Users 356 { 62.2 | 168 | 19.8 30.0 | 167.4 ! 0.1739
6 |Low Cost to Implement
: 19.0 | 25.4 3.7 10.1 29.4 87.6 |0.0910
Column Totais . ' Grand Total
146.6 { 281.2 | 76.9 | 94.6 | 137.7 1225619626 1.0000

Figure 20. Transportation Corps Criteria Paired
Comparison Survey Results

Criteria [ 1 2 | 3 4 | 5 8 | Row Totals
1 [Reduce Logistics Burden T
424 | 205 | 188 | 149 | 304 | 1270 | 0.128
2 |No Customized T T
Technology 28.3 2.0 2.1 9.3 | 252 | 889 | 0.088
3 |Increase Personnel and
Environmental Safety 408 | 80.0 398 | 257 | 720 | 2581 | 0.258
4 |increase Operational
Capability of [ogistics 538 | 75.0 | 245 288 | 630 | 2449 | 0.243
5 |Increase Tactical
Capability of Users 404 | 58.2 | 305 | 387 88.2 | 2450 | 0.243
8 |Low Cost to Implement
180 | 342 | 38 45 9.1 874 | 0.087
Column Totals Grand Total
187.9 | 2898 | 811 | 1039 | 878 | 2588 | 1009.3 100.00%

Figure 21. Ordnance (Munitions) Corps Criteria Paired
Comparison Surwvey Kesults
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Both respondent groups independently selected the same
four criteria as significant. Each ranked High Reliability
and Maintainability as the most important performance
criteria. An interesting intermediate finding was that
criteria two and three were selected in reverse order by the
two groups. The munitions group ranked Increase Tactical
Capability of Users second, while the transportation group
2ranked Increase Operational Capability of Logistics second.
Perhaps this is because the primary customer of the
munitions activity is the tactical user. while the primary
customer of the transportation activity 1is other logistics
services.

Attribute Survey Results. The second

questionnaire (Appendix B) consisted of ten surface
transportation system design attributes. These attributes
were selected by the Transportation Corps respondent group
using group interaction. An initial list of sixteen
attributes was provided by the researcher to save time and
begin the group discussion. Validation of the initial
attribute list was provided 1n Chapter III.

Through brainstorming techniques, the group developed a
list of sixteen attributes believed to be important as
gtandard system design attributes for a surface
transportation system. Two separate 1terative rounds of
balloting reduced the list of attributes to a manageable

size of ten (Table 21).
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Table 21

System Design Attributes

Provide HazMat Containment Training

Provide HazMat Contingency Equipment

No Increase in Manpower

Design Flat Racks for Multipurpose Use

High Reliability and Maintainability

Use Current Handling and Transport Equipment
Compatible between Modes of Transport
Compatible with Allied Equipment

Capable of Automated and Manual Handling

0. Quick Transfer Speed at ASP and ATP

= OONOAADL WM

The attributes selected by the transportation
respondent group has support in doctrine and academic
literature. Seven of ten attributes stressed equipment
performance-based system design standards reflecting
reliability, maintainability, and interoperability. The
remaining three attributes emphasized a concern for adequate
operator training and containment material to ensure
environmental and personnel safety.

The second paired comparison survey randomly paired the

ten attributes into forty—-five pairs, viewed individually in :
succession. The respondent was required to anonymously

consider each independent pair and make a subjective

Judgement about the relative importance of one attribute

over the other. Each respondent completed one attribute

paired comparison survey for each consensus level criterion.

Prioritization Matrices and Scoring Model. Following

completion of the paired comparison surveys, the researcher

coded the surveys into separate ASCII text files (Appendix D
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and E). The data files, one for each respondent group, were
then read into a microcomputer spreadsheet which calculated
the prioritization matrices.

From these matrices, the spreadsheet scoring model then
calculated a rank order scoring model by individually
weighting each attribute by the consensus level performance
measurement criteria. This scoring model provided the final
scores of the system design attributes (Table 22) for
statistical and qualitative analysis. This procedure has

been fully explained in Chapter III.

Table 22

Weighted Scores of System Design Attributes

ATTRIBUTE TRANS ORD
1. Provide HazMat Containment Training 69 71
2. Provide HazMat Contingency Equipment 56 63
3. No Increase in Manpower 0 0
4, Design Flat Racks for Multipurpose Use 2 30
5. High Reliability and Maintainability 100 1060
6. Use Current Handling and Transport

Equipment 54 27
7. Compatible between Modes of Transport 85 47
8. Compatible with Allied Equipment 45 25
9, Capable of Automated and Manual

Handling 45 42
10. Quick Transfer Speed at ASP and ATP 62 81

Qualitative Assessment Survey

Once the criteria had been weighted and the
attributes rank ordered, a small group of senior Army
transportation officers were asked to complete gualitative

assessments of the three logistics concepts based on each
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surface transportation system design attribute (Appendix C).
This group was then asked to complete a simple Decision
Matrix Survey (Appendix C, Attachment 4) to compare their
qualitative and quantitative judgements.

The purpose of the qualitative assessments and the
decision matrix was to evaluate the relative strengths and
weaknesses of the three proposed logistics concepts
(discrete, bulk, and combination). The senjor respondents
included the Commander, 8th Transportation Brigade
(Training): the Deputy Commander, 7th Transportation Group
(Terminal); Commander. 71st Transportation Battalion
(Training). and the Commander, Sunny Point Ammunition Port.

Their biographical sketches are included in Appendix A.

Table 23

Attribute Rank Order by Logistics Branch

ATTRIBUTE TRANS ORD
1. High Reliability and Maintainability 100 100
2. Compatible between Modes of Transport 85 47
3. Provide HazMat Containment Training 69 71
4. Quick Transfer Speed at ASP and ATP 62 81
5. Provide HazMat Contingency Equipment 56 63
6. Use Current Handling/Transport Equip 54 27
7. Capable of Automated/Manual Handling 45 42
8. Compatible with Allied Equipment 45 25
9. Design Flat Racks for Multipurpose Use 2 30
10. No Increase in Manpower 0 0

Data Analysis

The relative rank—order scores (Table 23) of the two

populations were examined to evaluate the validity and
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consistency of the surface transportation performance
evaluation model and the resulting criteria and system
design attributes. The population scores were evaluated for
visual linearity, equivalency of probability distributions,
and strength of population correlation.

Data Populations. As described in Chapter III.

nonparametric tests were used to compare the probability
distributions of the sampled populations and the strength of
the linear relationship between the two distributions. The
data test involved four steps. First, the rank order data
sets were visually examined with Rankit Plots to determine
whether the variables conformed to a normal distribution.
Second. the Wilcoxon Rank Sum T Test for Independent Samples
was computed to examine if the two sampled populations have
identical probability distributions. Third, Spearman's Rank
Coefficient Correlation ra Test was performed, noting the
Chi-squared approximation, to examine 1if there was a
population correlation between the two ranks. Finally, the
test results are evaluated and the decision is made whether

to reject the null hypothesis.

Rankit Plot. Statistix produces a Rankit Plot of the
variable and calculates an approximation of the Wilk-Shapiro
normality statistic. The Rankit Plot for the Army
transportation group is shown in Figure 22, and the plot for
the Army Munitions group in Figure 23. Except for random
variation, 1f the data conforms to a normal distribution,

the plot of the rankits against the data sample. reordered
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Figure 22. Rankits versus Transportation Group Rankings
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Figure 23. Rankits versus Munitions Group Ranking
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by rank, should produce a straight line. As illustrated,
the general shape of each curve is linear and the Wilk-
Shapiro approximation 1s very high in both plots. These
results combine to indicate a normal distribution.

Wilcoxon Rank Sum Test. The nonparametric Wilcoxon

Rank Sum Test for Independent Samples (Figure 24) was -
computed to examine if the two sampled populations have
identical probability distributions based its comparison on
the rank sums (totals of the ranks). It evaluates whether
the system design attribute means were drawn from identical

distributions.

WILCOXON RANK SUM TWO SAMPLE (MANN-WHITNEY) TEST FOR
SCORE = CORPS

SAMPLE ' AVERAGE
CORPS RANK SUM SIZE U STAT RANK
1 110.0 10 55.00 11.0
2 100.0 10 45.00 10.0
TOTAL 210.0 20

EXACT PROBABILITY OF A RESULT AS OR MORE EXTREME
THAN THE OBSERVED RANKS (1 TAILED P VALUE) 0.8295

NORMAL APPROXIMATION WITH CONTINUITY CORRECTION 0.340
TWO TAILED P VALUE FOR NORMAL APPROXIMATION 0.7337

TOTAL NUMBER OF VALUES WHICH WERE TIED 6
MAX. DIFF. ALLOWED BETWEEN TIES 1.0E-0005

CASES INCLUDED 20 MISSING CASES O

Figure 24. Wilcoxon Rank Sum Two Sample Test

Chapter III illustrated the null and alternative

hypotheses, and the decision null for rejecting or failing
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to reject the null hypothesis. The observed level of
significance (alpha) and decision rule whether to reject or
fail to reject the null hypothesis is:

Reject Ho if p < alpha of 0.05
An observed significance level of 0.05 indicates the Type I
error that the researcher is wiliing to accept. This
implies the acceptance of a one in twenty chance of
incorrectly saying the populations have identical
probability distributions when in fact they differ Since
the p-value equals 0:.3400 (Figure 24) and is greater than
0.05, we fail to reject the null hypothesis. These results
are confirmed by noting that the two population Rank Sums
(110.0 and 100.0) (Figure 6) both fall within the upper and
lower critical values (T¢ = 79 and Tu - 131) of Table XTI,

Statistics for Business and Economics (1988). Therefore,

there i3 insufficient evidence to indicate the probability
distributions differ.

Spearman's Rank Coefficient Correlation. Spearman's

rank coefficient correlation re is computed as a
nonparametric measure of the strength of the linear
relationship between two variables. The correlation
coefficient is essentially a measure of the degree to which
individual differences in the sample items vary together. A
value of ra near or at 0 indicates little or no linear
relationship between the sample variables; a value near +1

and -1 implies a strong relationship. The rs value of
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0.8389 in Figure 25 indicates a strong positive correlation

between the two population rankings.

SPEARMANS RANK CORRELATIONS, CORRECTED FOR TIES

MUNITIONS TRANSPORT

MUNITIONS 1.0000

TRANSPORT 0.8389 1.0000

'MAXIMUM DIFFERENCE ALLOWED BETWEEN TIES 1.0E-0005
CASES INCLUDED 10 MISSING CASES O

Figure 25. Spearman Rank Correlation Coefficient

Chapter III illustrated the null and alternative
hypotheses, and the decision for rejecting or failing to
reject the null hypothesis. With pse defined as the
population Spearman rank correlation coefficient, the
decision rule to reject the null hypothesis is:

Ho: The pea = 0 (no population correlation between
ranks)

Since the r s —value equals 0.8389 (Figure 7), we reject the
null hypothesis and conclude that the population rank
correlation coefficient, p g, differs from 0. These

results is confirmed by noting that the r & (Figure 25)
exceeds the critical value of 0.564 of Table XVI, Statistics

for Business and Economics (1988). Thus, there is

sufficient evidence to indicate the probability
distributions are strongly correlated. This test result
also indicates the degree of rank order consistency between

the tw> sample groups (Moore and Baker, 1969:B-218).
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Again, as stated in Chapter III, a caution should be
noted that high correlation does not presuppose causality.
"The only safe conclusion when a high correlation is
observed in the sample data is that a linear trend may exist
between x and y" (McClave and Benson, 1988:515-516).

The Null Hypothesis. Using an observed significance

level (test statistic) of 0.05, the Wilcoxon Rank Sum Test
p-value of 0.3400 strongly indicates that the mean ranks for
the groups are similar enough to conclude that the rankings
are similar. We therefore fail to reject this test's null
hypothesis that the p probability distributions are
identical. -

The Cpearman's rank correlation coefficient rg value
of 0.8389 makes a strong argument for rejecting that test's
null hypothesis that ps equals 0. We conclude that the
population rank correlation coefficient p s differs from O.
There is a strong evidence of positive correlation between
the ranks.

These results confirm that both population sample
distributions are from the same population. Inferences can
be made with consistency and confidence about the surface
trangportation system design attributes in analyzing the
three liquid propellant logistics concepts.

Summary

This chapter described the results of the paired

comparison survey, the scoring model, and the decision

matrix. The paired comparison survey provided a qualitative

125




assessment of surface transportation performance measurement
criteria and system design attributes from twenty-four
expert logisticians from the transportation and munitions
corps. The scoring model rank ordered the attributes based
on weighted consensus-level criteria.

Statistical analysis revealed very strong positive
correlation between the two corps' rankings. High
correlation indicates strong consistency of the results.

The tests further showed that the two rankings have
identical probability distributions. From these results, it
can be inferred that the two sample respondent groups belong
to the same population. Finally, the-decision matrix
provided a qualitative assessment of the relative ranking of
the three logistics concepts. Chapter V summarized the
qualitative and quantitative findings of the research
questions and Chapter VI presents recommendations for

further research.
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V. Findings

Overview

A subjective research approach, using nominal group and
paired comparison techniques, provided a means of
constructing a descriptive surface transportation
performance evaluation model by surveying knowledgeable
logistics experts. This ﬁethodology achieved a qualitative
level of consensus for surface transportation performance
measurement criteria and system design attributes for
analysis of proposed liquid propellaﬁt logistics concepts.

The validity of the descriptive model was assured by
participation of selected logistics experts using the
nominal group interaction process with immediate feedback.
Selection of the sample respondent groupé by the respecfive
Directors, Directorates of Combat Developments, in
accordance with pre—established criteria, substantiated the
level of expertise possessed by the survey participants.

Statistical Findings

This methodology was administered to sample groups from
the Transportation and Ordnance (Munitions) Corps. A level
of rank-order consensus was achieved on performance
measurement criteria and system design attributes for
analysis of proposed liquid oropellant logistics concepts.
Data analysis. performed in Chapter IV, established
sufficient statistical evidence that the system design

attribute rank-order results from the two samples have
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identical probability distributions and high positive
correlation (consistency). Thus 1t can be concluded that
performance criteria and system design attributes (standards
of measurement) have value in analyzing the performance of
the proposed liquid propellant logistics concepts. The
combination of nominal-interacting group processes and the
paired comparison technique provided a valid methodology for
assessing the qualitative (noneconomic) characteristics of a
logistics distribution concept.

The final step in assessing the strengths and
weaknesses of the proposed liquid propellaat lugisilics
concepts involved case study analyses by four senior Army
transportation officers. The officers were asked to
complete, based upon the ten rank—ordered system design
attributes, a case study analysis and a decision matrix of
the three proposed logistics concepts for the distribution
of liquid propellant. These results provided the necessary
data to answer investigative question five as proposed in
Chapter I.

Research Findings

The research goal of Chapter I was to perform a
comprehensive analysis to identify the performance
measurement criteria and design attributes of an Army
surface transportation system necessary to support the
distribution of liquid propellant in Field Artillery
applications. This analysis required a review of

transportation capability and capability measurement, hazard
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classification procedures, feasible packaging and fielding
concepts, and current distribution procedures to answer the
final research question.

Investigative Question One.

What is transportation capability? What are the
principles involved in measuring transportation
capability?

Capability is a level of service required to meet a
volume of demand. This capacity is the maximum volume of
product which can be moved per unit of time between two
points by a given combination of modal assets and network
facilities. The specific characteristics of a
transportation system include internal asset capacity,
speed, accessibility, flexibility, frequency. and external
route capacity. The user views level of service as the most
impo;tant system characteristic, while assets required and
resources consumed are the most important aspects to the
operator.

Transportation mode selection i1s influenced by
technology. assets, network characteristics, and
organizational policies. Operator and user decision
variables affect mode selection within the transportation
system. The user specifies the required volume, delivery
time/date, and destination based on actual and forecasted
use. while the transportation operator makes decisions on
mode selection, routes, schedules, quantity of assets
employed., and physical facilities used to achieve a desired

level of user support. The development and procurement of
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new transportation technologies enables demand to Dbe
satisfied at lower costs, increased volume, and higher
levels of user support.

The principles involved in measuring system capability
focus upon anaiysis of the relationships between the
transportation subsystems. Subsystem relationships must be
quantified and evaluated by minimizing cost to achieve
maximum capacity for a given level of resources. Analysis
of subsystem relationships for measuring transportation
capacity are dependent upon the physical properties of the
commodity. These characteristics determine the packaging.
handling, transportation, and storage requirements of.the
product.

Investigative Questicon 1wo.

Wh&t are the Departments of Transportation and Defense

classification procedures for newly developed hazardous

products?

The two liquid propellants under development by the
Army have been assigned an Department of Transportation
(DOT) interim hazard classification of 1.3 Class B Explosive
for laboratory analysis. Figures 5, 6, and 7 accurately
represent the hazard classification procedures of liquid
propellant for full-scale production and fielding. The
physical properties of LP 1845 and LP 1846 have not been
fully determined, and classification testing is in progress.
Preliminary findings of these tests indicate that DOT Class

C designation, with resulting storage and transportation

quantity/distance advantages, is a possibility.

130




Laboratory test results reveal neither a detonation
(detonation, thermal stability, and card gap tests) nor
ignition/burning (ignition/unconfined burning and impact
sensitivity tests) reaction for either propellant.
Supplemental test results also indicate no reaction
(adiabatic compression. flash point, vapor phase minimum
pressure, and electrostatics tests) for either propellant.
Critical diameter reaction was recorded at 4-inches (LP
1845) and 5-inches (LP 1846).

Investigative Question Three.

What are the proposed liquid propellant packaging
requirements and logistics fielding concepts, based on
the inherent characteristics and applicable hazard
classification?

Packaging. Design of a liquid propellant
container can not be determined until final hazard
classificaﬁion testing has been completed. It is
anticipated that final classification will allow shipment in
accordance with Specification 34 (178.19) of BOE-600C-F
(bureau of Explosives), Hazardous Materials Regulations of
the Department of Transportation (DOT).

Appropriate testing of the LP shipping container design
will be conducted for verification of capability to meet DOT
Specification 34 or as determined by the hazardous
classification tests. In addition, a proposed verification
test program. listed in Tables 13 and 14, wiil be conducted

to determine container utilization capability under field

conditions.
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Logistics Concepts. Three liquid propellant

logistics concepts have been proposed as potential
candidates for liquid propellant technology. Each concept
was designed to be compatible with development of both the
Maneuver Oriented Ammunition Distribution System (MOADS) and
the Palletized Loading System. These three concepts are:

Discrete. Liquid‘propellant (LP) 1s packaged
at the load. assembly and pack (LAP) facility in 30-50
gallon sealed plastic containers. Individual containers are
palletized on existing standard size pallets and shipped in
break—-bulk containers. These palletized containers are
transferred throughout the logistics pipeline to the user's
battalion relocad/rearm point (BARP). At the BARP, the
pallets are broken down and individual propellant containers
are transferred to the rearm vehicle. The liquid propellant
is pumped from the rearm vehicle directly into the self-
propelled howitzer's (SPH) LP reservoirs.

This concept continues to use existing logistics chain
(solid propellant) transportation and transfer equipment,
except for the inclusion of a winch or lifting equipment to
upload containers into the rearm vehicles. The 30 and 50
gallon containers are not man-portable but are easily
palletized on existing pallets and could be handled and
stored in the resupply vehicle in an efficient manner.

Bulk. Liquid propellant is packaged at the
LAP facility into 1.,800-gallon stainless steel tanks which

are either trailer-mounted or are on integrated
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skids/pallets for vehicle transfer. The propellant tanks
are transferred to the BARP and pumped into the storage
containers on the rearm vehicle. The LP is pumped from the
rearm vehicle directly into the SPH's LF reservoirs.

The transporting and transfer of the 1800 gallon tanks
is handled in a manner similar to bulk petroleum products.
The total weight for one 1,800 tank is 10-11 ST (12.5 pounds
per gallon). Four of these size containers would supply one
day's battalion requirement at 300 rounds per day per gun.

Combination. Liquid Propellant is packaged

at the LAP facility into bulk 1,800 gallon stainless tanks,
which are trailer-or skid mounted and transferred as far
forward as possible. The propellant is then down-loaded at
this forward location by pumping into discrete containers
(30-50 gallons or 156 gallons). The discrete containers are
then uploaded into the rearm vehicle at the BARP, and
finally pumped from the discrete containers into the SPH's
reservoirs. This logistics concept uses bulk petroleum type
transfer from the wholesale (LAP facility) to the retail
supply location.

Investigative Question Four.

How have other organizations planned for the transport

of liquid propellants and other products of similar

commodity characteristics?

Joint Army, Navy, NASA, Air Force (JANNAF) Propulsion
Committee documents revealed Otto Fuel II, a liquid torpedo

propellant used by the Navy. as the most likely candidate

for examining the handling, storage., and transportation of

133




HAN~based propellants. Otto Fuel II is a nitrogen-based,
Class B Explosive propellant with commodity characteristics
similar to LP 1845 and LP 1846.

Otto Fuel II is a stable, noncorrosive liquid
monopropellant composed of nitrate ester in solution with a
desensitizing agent and e stabilizer. The propellant has an
extremely low vapor pressure which minimizes the hazards
usually associated with other monopropellants. Chapter II
presents a summary of Otto Fuel II's physical
characteristics, environmental and personnel safety
considerations, transfer operation procedures, packaging and
transportation requirements, and disposal guidelines.

Investigative Question Five.

What are the relative strengths and weaknesses of the
proposed logistics fielding concepts for ligquid
propellant in Field Artillery applications? What are
the relevant surface transportation performance
measurement criteria for evaluating logistics fielding
concepts? What are the relevant system design
attributes which must be considered for inclusion into
the final selection of a liquid propellant logistics
fielding concept?

This section will address the criteria and attribute
paired comparison surveys and logistics concept analyses by
senior Army transportation managers.

Survey Findings. The criteria paired comparison

survey involved an analysis of surface transportation
performance measurement criteria. This survey provided
rank-order feedback on the relative importance of the six

criteria for evaluating a proposed logistics concept.
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Each group ranked High Rel 1ibility and Maintainab:lity
as the mosct important performance criteria (Figure 1 and 2).
Two criteria, No Customized Technology (0.0687) and Low Cost
to Implement (0.0910), failed to meet the minimum weighted
score of 10 percent. These were eliminated from subsequent
stages of the model.

An interesting intermediate finding was that the
criteria rank-ordered as two and three, Increase Operatioaal
Capability of Logistics and Increase Tactical Capability of
Users, were selected in reverse order by the two groups.

The munitions group ranked Increase Tactical Capability of
Users second, while transportation group ranked Increase
Operational Capability of Logistics second. The ordering of
the criteria may be due to the fact that munitions
personnel, as the final linxk in the ammunition logistics
chain, are in direct contact with the tactical user, while
transportation personnel are "up-stream” 1in the logistics
pipeline., and thus insulated to some degree trom the user.

Next, the attribute paired comparison survey involved
an analysis of surface transportation system design
attributes based on the consensus—-significant performance
criteria. This survey provided rank-order feedback on the
relative importance of the ten attributes, individually
weignted by the criteria, for evaluating a propcsed
logistics concept. Table 24 shows the weighted rank-order

scores from the transportation respondent group, and Table

25 shows the scores from the ordnance group.




Table 24

Transportation Group Weighted Attribute Scores

1. High Reliability and Maintainability 100
2. Compatible between Modes of Transport 85
3. Provide HazMat Containment Training 69
4. Provide HazMat Contingency Equipment 56
5. Quick Transfer Speed at ASP and ATP 62
6. Use Current Handling and Transport

Equipment ' 54
7. Compatible with Allied Equipment 45
8. Capable of Automated and Manual .

Handling 45
9. Design Flat Racks for Multipurpose Use 2
10. No Increase in Manpower 0

Table 25
j Ordnance Group Weighted Attribute Scores

1. High Reliability and Maintainability 100
2 . Quick Transfer Speed at ASP and ATP 81
3. ‘Provide HazMat Containment Training 71
4. Provide HazMat Contingency Equipment 63
5. Capable of Automated and Manual

Handling 42
6. Compatible between Modes of Transport 47
7. Design Flat Racks for Multipurpose Use 30
8. Use Current Handling and Transport

Equipment 27

. Compatible with Allied Equipment 25

10 No Increase in Manpower 4]

Both respondent groups ranked "High Reliability and
Maintainability" as the most important attribute. This is a
design and manufacturing concept of fielding logistics
equipment that will require less maintenance and is easily
repaired when it does break. Reliability reduces dependence
on spare parts and increases the capability and

survivability of the logistics pipeline. Maintainability
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reduces dependence on personnel with highly specialized
diagnostic skills.

On the opposite end of the spectrum, both groups ranked
“No increase 1in Manpower' as the least important of the ten
attributes. This last ranking, combined with the first
ranking for high reliability and maintainability, calls into
question the current policy of reducing logistics manpower
wherever possible. There 1s a preoccupation with increasing
the operational capability of the combat service support
structure by advances in equipment technology while
simultaneously reducing the manpower requirement. New
systems such as the Palletized Load System vehicle/trailer
are being designed for operation by only one driver. It is
-assumed that one operator will drive the vehicle for twenty
hours a day and still be able to maiﬁtain. service, and
repair the vehicle. We further assume that it will be easy
to replace this highly skilled vehicle operator.

The transportation group understandably ranked
"Compatible between Modes of Transport' as second most
important, while the ordnance group ranked "Quick Transfoer
Speed at ASP and ATP as second. These two rankings reflect
the unique aspects of each corps' daily mission. 'The
transporter is aware of the intermodal nature that a
logistics concept must adopt, while the ordnance person is
aware of the need for increasing survivability and reducing

target signature of the ammunition point in the combat -one.
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Both groups surprisingly ranked "Provide Hazardous
Material Containment Training" and Provide Hazardous
Material Contingency Equipment" as number three and four
respectively. This reflects a keen awareness for protection
of personnel and the environment from the dangers of
hazardous/explosive material. George Haddow (1887) argues
that training of personnel i3 an important component of safle
trausportation of hazardous material. "It 1s ultimately the
skills, knowledge, and, above all, the attitude of the men
and women who operate the trucks and trains that plays ‘the
most significant safety role"” (Haddow, 1987:315). The
Office of Technology Assessment found that human error
accounts for 62 percent of hazardous cargo accidents. A
Federal Highway Administration report further concluded that
94.5 percent of preventable accidents were the result of
driver failure (Haddow, 1987:315).

Logistics Concept Analyses. All three concepts

appear to be very analogous to the transport of Class III
(Petroleum Products) (Kubiszewski, 1991).

Discrete. Discrete distribution was judged
very high in terms of reliability and maintainability of
both the delivery vehicle and the product container.
Commercially available drums are reliable, and the use of
disposable drums would further enhance the concept by
eliminating the requirement for retrograde operations
(Featherston, 1991). Drums would allow more flexibility in

the distribution and issue of liquid propellant (Chalkley,
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1991). Discrete containers could be moved forward with
ammunition and would require no additional breakdown at the
ASP (Featherston, 1991).

Discrete would require no additional manpower. Drums
could be handled like existing ammunition and only require
"breakdown" (like other ammunition) for movement forward
(Featherston, 1991; Chalkley, 1991). Discrete would allow
numerous options in container design: weight; fit in rearm
vehicles; capacity of the howitzer reservoirs; ability to
resupply the weapon system directly from the drum when the
threat allows;:; production lot control; etc. (Featherston,
1991; Kubiszewski, 1991; McWard; 1991).

There are inherent weaknesses in adopting the discrete
concept. First is the environmental impact of empty drums.
Drums tend to be scattered about, and could cause
containment problems if there was a spill. It would be more
difficult‘to demilitarize or dispose of thirty-six 50-gallon
drums than one 1800-gallon tank. The discrete concept would
also require more storage space than tankers (Featherston,
1991; Chalkley, 1991).

Bulk. The bulk concept also ranked high in
reliability and maintainability. Commercially available
tanks, like drums, are also very re.iable (Featherston,
1991). Tank storage possesses the abiiity to store larger
quantities of LP at one location. Again, it would be much
easier to demilitarize one 1800-gallon or thirty-six 50-

gallon drums (Featherston, 1991; Chalkley, 1991). Emergency
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equipment could be stored on the tank in some way, where it
would not be feasible with pallets (Featherston, 1991).

Employing bulk packaging from the load and pack
facility (LAP) to the battalion rearm point (BARP) would
enhance the speed and survivability of resupply., thus
reducing the enemy's ability to detect logistics nodes
(McWard, 1991).

Experience drawn from several REFORGER exercises have
proven that large quantities of Class III (Liquid Petroleum)
can be moved forward to the user beyond the ATPs, thereby
minimizing the deadtime due to transfer of fuel at various
nodes (McWard. 1991). ~ Experience shows that the less you
handle the product, the less likelihood for spillage
problems. Bulk distribution directly to the use.- would be
easiest on the logistics pipeliné because it requires less
transfer and handling (Kubiszewski, 1991).
| Manual handling, however, was a major deficiency of
bulk transport. If bulk is used, someone would have to
manually perform the transfer in the ASP (Featherston,
1991). It appears that a gas station type operation would
be required in the ASP or BARP if 1800-gallon tanks are
used. Current organizational structures would have to be
adjusted to handle the distribution of the LP if dispersed
from 1800-gallon tanks to users (Featherston, 1991).

It appears that the addition of a new component to
existing rounds would increase manpower requirements to move

the LP through the system. Ordnance companies do not have
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equipment to disperse the LP. Field Artillery units also
would require additional transport to move LP in their area,
or reduce the ammunition capability of their rearm vehicles
(Chalkley, 1991). 1If tankers or trailer mounted tanks are
used, the ASP would require "yard-dogs" inside the ASP to
shuffle tankers, or 1ncrease the requirements for trailer
transfer detachments (Featherston, 1991).

Equipment compatibility will have to be coordinated
with the allies. Specific areas to examine for
compatibility are: hose connections; drum size; rack size;
pumps; etc (Featherston, 1991). All concepts would support
flat racks as long as a 'special” flat rack for LP is not
developed. The containers should be developed to fit common
flat racks for maximum use of space, but not restrict common
use of flat racks (Featherston, 1991). |

Combination. Advantages of the combination

concept include allowing the flexibility to meet surge
requirements with bulk and incremental demands with discrete
(Featherston, 1991). Management of transport modes could
also be improved by controlling the mix of assets dedicated
to the trangportation of liquid propellant and ammunition
(Chalkley, 1991: McWard, 1991). Pumping would allow for
quick transfer speed at the forward ammunition supply point
(ASP) and reduce the requirement for retrograde of empty
discrete containers (Chalkley, 1991).

The combination concept was, however, eliminated for

obvious reasons by the majority of the respondents. First,
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the concept requires additional resources in both personnel
and equipment (Featherston, 1991). Second, the concept
presents a lucrative interdiction target to threat forces
(this would render the entire weapon system ineffective,
theater-wide), and the theater tactical commander should
receive all sustainment supplies in an immediately useable
form (McWard).

Summary

This chapter analyzed the findings of the investigative
guestions, statistical tests, paired comparison survey,
gscoring model, and logistics concepts case analyses. The
findings of the investigative questions presented
definitions for transportation capacity and capacity
measurement; procedures for hazardous material
classification and the results and implications of
preliminary laboratory testing; three proposed liquid
propellant logistics concepts: and the storage. handling,.
and transportation procedures for a similar commodity.

Once a preliminary understanding of the underlying
background and constraints of liquid propellant distribution
were examined, the paired comparison survey and scoring
model established a rank-order of performance criteria
weighted system design attributes for analysis of surface
transportation logistics systems. Finally, the logistics
concepts case analyses presented the strengths and
weaknesses of the three proposed concepts, selecting

discrete as the most feasible distribution concept.
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VI. Conclusions and Recommendationg

Overview

The changing world political situation., economic
realities of a smaller military. and the acquisition of
technologically advanced weapon systems are presenting
unprecedented challenges in strategic defense planning. The
fall of communism in the Soviet Union and the Warsaw Pact
Alliance, bilateral reduction in military forces, and the
development of increasingly lethal, mobile weapons systems.
combined to present military planners with a level of
uncertainty that significantly compounds the plqnning and
problem solving process.

Continuous modernization remains one of the Army's six
guiding imperatives. Modernization, discussed in‘Chapter I
1s undertaken to enhance warfighting capability by providing
the best equipment available. Military research and
development programs. with their 1nherently high economic
cost and high degree uncertainty, require a statistically
reliable qualitative decision model that is able to capture
noneconomic relationships to supplement cost-benefit models.

The Army's expanding emphasis on total quality
management has resulted in efforts to involve the soldier 1in
systems development. This thesis developed and implemented
a formal surface transportation performance measurcment
model. The circumstances leading to model construction

included the uncertainty surrounding the introduction of
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liquid propellant in the Army inventory, development of the
next generation Self-Propelled Howitzer, and the obvious
need to capture years of training and experience from expert
logisticians.

The performance measurement model was developed using
nominal-interacting processes to develop performance
criteria and system design attributes, paired comparison
surveys to weight the criteria and prioritize the
attributes, a scoring model to rank-order the attributes
based on all consensus-significant criteria, and case
analyses of the candidate logistics concepts based upon the
rank-order system design attributes. Results of the case
analyses identified strengths and weakness of each concept
and a recommendation for selection of one potential system
for further development.

Research Limitations

The original research charter was given by the
Directorate of Combat Developments, U.S. Army Transportation
Center. This charter expressed the requirement to examine
developments in liquid propellant technology and to make
doctrinal and procedural recommendations for surface
transportation of the produ~<t within the theater of
operations.

It was not possible to completely fulfill this charter.
Product packaging design and selection depend on the
Departments of Transportation and Defense classification of

the product. Further, transportation, storage. handiing,.
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and procedures ultimately depend on the packaging concept.
The physical and hazard characteristics of liquid propellant
have not been determined, although prototype and full-scale
testing i1s in progress. Therefore, the original charter
could not be realized until product testing and
classification are completed and product packaging has been
selected.

Research Conclusions

This purpose of the research was modified to provide a
descriptive framework for systematically identifying surface
transportation performance criteria and standards for
measuring performance.

1. First. the logistics performance criteria
established by the Jet Propulsion Laboratory were verified
by two sample groups of Army logistics experts. A high
level of group consensus was attained through systematic use
of a rigorous paired comparison survey. These criteria
further quantitatively validated the Army's qualitative
commitment to ensuring environmental and personnel safety,
co-developing the operational capability of logistics with
the tactical capability of combat forces, and reducing the
logistics burden 1n support of highly mobile forces.

2. Second, surface transportation system design
attributes were established by the transportation sample
group and verified by the ordnance sample group. A high
level of group consensus was attained through systematic use

of nominal interacting group processes and repetitive use of
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rigorous pailred comparison surveys. These standards., used
to evaluate transportation performance, correlated with the
Army's qualitative doctrine for logistics system design and
employment. The imperatives of AirLand Battle Future
doctrine specifically emphasize a highly flexible,
responsive logistics force to sustain the mobile warfighting
capability of the tactical commander.

3. Third, the system design attributes were rank
ordered by magnitude. This final score quantified the
qualitative standards by which to measure potential and
fielded logistics concept performance. This was
accomplished through the use of a rigorous scoring model
which compared each attribute base on all weighted criteria.

4. Fourth, a high level of organizational consensus
was achieved in establishing the performance criteria and
system design attributes. As previously stated, the model
was 1mplemented using two sample groups. one Transportation
and one Ordnance (Munitions), of knowledgeable subject
matter experts. Subsequent statistical testing revealed
high correlation (consistency) and identical probability
distributions for the two sample groups. These findings
indicated sufficient evidence for having achieved a high
level of organizational consensus for surface transportation
performance measurement criteria and system design
attributes for analysis of proposed and fielded liquid

propellant logistics concepts.
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S. Fifth, both respondent ygroups ranked "High
Reliability and Maintainability" as the most important
attribute, and "No increase in Manpower" as the least
important of the ten attributes. This finding indicates a
need to reevaluate the doctrine of increasing operational
capability of logistics by increasihg the size and
technology of equipment while simultaneously reducing the
manpower requirement. New systems such as the Palletized
Load System (PLS) vehicle/trailer are being developed for
operation by only one driver. It.is assumed that 1) one
operator can drive the vehicle for twenty hours a day and
«till be able to maintain, service. and repair the vehicle:
and, 2) this highly skilled "Super Driver" can be easily
replaced.

é. Sixth, high rankings for '"Provide Hazardous
Material Containment Training" and "Contingency Equipment, "
along with historical information on hazardous material
traffic accidents, indicate a strong concern for ensuring
adequate skills, knowledge, and above all, the attitude of
the soldiers who operate the modes of transportation.

7. Seventh, a high ranking for "Compatible between
Modes of Transport"” parallels the commercial growth in
intermodal transportation. The emergence of intermodal
distribution recognizes the importance of achieving an
optimal mix of available transportation modes to attain

maximum flexibility at least total cost.
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8. Eighth, discrete distribution was selected as the
most feasible logistics concept. Four senior Army
transportation managers assessed three proposed liquid
propellant logistics concepts (discrete, bulk, and
combination) using the system design attribute rankings.
Majcr strengths identified included very high reliability
and maintainability of both equipment and product packaging,
flexibility and speed, lot control, and compatibility with
existing concepts. A major weakness of discrete
distribution was the retrograde of empty drums: however, the
use of disposable drums could eliminate this weaknes:.

Recommendations for Further Research

During the application of this research project,
several recommendations for policy-makers and further
research were identified.

1. Future research based on the descriptive model
developed in this thesis should include validation of the
surface transportation performance measurement criteria and
system design attributes. The criteria used in this
research were incorporated from a previous study to ensure
some degree of comparability. The system design attributes,
as developed, were scaled down to a list of only ten to
alleviate the size constraint of the paired comparison
instrument.

2. Future research should be conducted to investigate
the performance measurement criteria and system design

attributes for each mode of surface transportation. This
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research presented a general descriptive model of surface
transportation. Future research should individually
investigate highway. rail, marine terminal. and watercraft
modes of transportation. The limited, although 3Jeneral,
treatment of strategic transgportation planning was a
function of the inherent time and rescurce constraints of
the thesis effort.

3. Resident and nonresident courses of transportation
instruction should include periods of instruction on the
transportation performance criteria standards for
measurement (attributes) to broaden the students analytical
knowledge and to ensure a common understanding of the
terminology and concepts.

4., Selected resident courses of transportation
instruction should include a period of instruction in which
feedback, 1in the form of performance criteria and standards
of measuremeni as presented in this research. :3 solicited
from the students. This process would provide departments
responsible for developing transportation doctrine,
equipment, and organizations with continuous group-consensus
feedback from field operators.

5. Strategic transportation maragers and planners at
the U.S5. Army Transportation Center should consider
employing the methodology and findings of this research.
The methodology was designed for use by middlie and upper
management as a problem solving decision aid. The

techniques are simple and easy to implement and understand.
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A technique for classroom implementation of this research
methodology has been formulated by Dr. Thomas C. Harrington,

Judgement and Screening Models in Logistics: from the

Classroom to the Boardroom (1991), Department of Information

Systems and Decision Sciences, University of Florida at Fort
Myers, Florida 33919 (813-432-5520).
Summary

The purpose of this research effort was to develop a
qualitative surface transportation performance evaluation
model . for assessing proposed liquid propellant logistics
concepts. Strategic logistics decisions usually transcend
organizational boundaries and contain a high degree of
uncertainty. Research evidence indicates that managers
often rely on judgement models such as various screening
techniques and decision matrices.

Through the use of a nominal interacting group process,
palired comparison surveys, and scoring model, group
consensus was quickly attained. Criteria weighted system
design attributes were then ranked in order of magnitude.
These attributes were finally used to assess three proposed
logistics concepts. The methodology described in this
thesis has great potential for assessing the noneconomic
characteristic of a proposed or fielded logistics concept.
Subjective approaches to management and problem solving
processes should be used as a supplement to cost-benefit
models to provide a complete analysis o{ logistics

decisions.
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Appendix A: Respondent Selection. Field Surwveys

Cover Letter. Transportation Corps

DEPARTMENT OF THE AIR FORCE
AlR UNIVERSITY
AIR FORCE INSTITUTE OF TECHNOLOGY
WRIGHT-PATTEASON AIR FORCE BASE OH 45433-5583

Director, (Colonel Tcney)

irectorate of Combat Developments
U.S. Army Trasnportation Center and School
Fort Eustis VA 23604

Dear Colonel Toney

At the School of Systems and Legistics, graduate students apply
their conceptual academic knowledge to "real world" problems.

Qur thesis program ensures students effectively apply and execute
acceptable research methodolegies in a Departament of Defense
setting. With assistance of organizations like yours, students
have had great success in providing their sponsors with useful
research findings.

Request assistance in the thesis effort of Capt John S. Lenart,
Jr., a graduate student working on his Master of Science degree
in Transportation Management. His unclassified research examines
surface transportation performance measures and system design
attributes for liquid propellant technology in Field Artillery
application. To conduct his research, Capt Lenart requires the
parzicipation of twelve officers, selected by yocur office as
knowledgeable experts in the field of surface transportation
management, to complete a paired comparison survey.

Capt Lenart has coordinated his specific survey and data
requirements with MAJ Larrabee. For further information on this
thesis effort, please have your staff contact Capt Lenart at
AUTOVON 785-8989, or write to AFIT/LSM, Wright-Patterson AFB, OH
45433-6583, ATTN: Capt John S. Lenart, Jr. I appreciate your
cooperation in this matter.

PHILLIP E. MILLER, Lt Col, USAF
Head, Dept of Log Mgt
School of Systems and Logistics

STRENGTH THROUGH XNOWLEDGE
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Respondent Selection Letter. Transportation Corps

DEPARTMENT OF THE ARMY
U. S ATMY THANSPCATATION SCHOOH
FOAT RUSTIS, VINGIMA 7304 SIS

amr 0
ATTENTION OF

Combat Developments Directorate

Captain John S. Lenart, JT.
AFIT/LSM
Wright Patterson Air Force Base, Chio 45433-6383

Dear Captain Lanart:

I have received your request f£or thesis research assistance.
You requested that my office identify twelve knowledgeable
experts in the field of surface transportation management to
complete in a paired comparison questionnaire. My office will
gupport your research survey effort in any way possible.

I have identified the %ollowing twelve managers, in accor=-
dance with your gelection criteria, as recognized kncwledgeable
experts in the fisld of surface transportation management. These
managers were selected from within the Directorate of Combat
pDevelopments and the Professional Developments Division, U.S.
Army Transportation Center and School, and the 7th Transportation
Group, U.S. Army Forces Command: ’

NAME RANK AUTCVON
BENFER, Dennis B, LTC 927-6005
RISEOP, Ployd C., Jr. DAC 927~-6906
BREWSTER, Charles S. CW4 927~5453
D'ATELLO, James V. CpT 927-6163
EDSEL, Andreas cer 927-5323
ELMORE, Richard M. Cw4 927-5523
GENTRY, Thomas E. CW4 927-4622
LARRABEE, Scott MAJ (P) 927-67130
MCGEE, James T. DAC §27-6958
WAGNER, Stanley MAJ 927-6075
WATERS, Brian P. CPT 927-3878
WEHRLI, Prederich N. ceT 927-6700

1 have appointed Captain Colon, AUTOVON 927-6967, as my
action officer to assist you in further coordination efforts.
Captain Colon will coordinate the time and place for you to
conduct your survey, and ensure the above personnel are available
to participate. Good luck on your masters program and thesis.

Sincerely,

F— C d
)5“ i
. ’ Eltiah Tone
. Colonel, U.S. Army

Director of Combat Developmpents
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Cover lLetter. Ordnance (Munitions) Corps

DEPARTMENT OF THE AIR FORCE
AIR UNIVERSITY
AIR FORCE INSTITUTE OF TECHNOLOGY
WRIGHT-PATTERSON AIR FORCE BASE OM 45433-6533

Director, (Colonel Raymont)
Directorate of Combat Developments
U.S. Army Munitions Center and School
Redstone Arsenal AL 35897-6500

Dear Colonel Raymont

At the School of Systems and Logistics, graduate students apply
their conceptual academic knowledge to "real world" problems.

Our thesis program ensures students effectively apply and execute
acceptable research methodologies in a Department of Defense
setting. With assistance of organizations like yours, students
have had great success in providing their sponsors with useful
research findings.

Request assistance in the thesis effort of Capt John S. Lenart,
Jr., a graduate student working on his Master of Science degree
in Transportation Management. His unclassified research examines.
surface transportation performance measures and system design
attributes for liquid propellant technology in Field Artillery
application. To conduct his research, Capt Lenart requires the
participation of twelve officers, selected by your office as
knowledgeable experts in the field of munitions management, to
complete a paired comparison survey.

Capt Lenart has coordinated his specific survey and data
requirements with Mr. Dennis and Dr. Crooks. For further
information on this thesis effort, please have your staff contact
Capt Lenart at AUTOVON 785-8989, or write to AFIT/LSM, Wright-
Patterson AFB, OH 45433-6583, ATTN: Capt John S. Lenart, Jr. I
appreciate your cooperation in this matter.

PHILLIP E. MILLER, Lt Col, USAF
Head, Dept of Log Mgt
School of Systems and Logistics

STRENGTH THROUGH XNOWLEDGE
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Respondent Selection Letter, Ordnance (Munitions) Corps

DEPAATMENT OF THE ARMY
U.S ARMY ORDNANCE MIBSAE ANO MUMITIONS CINTER ANO SCHQOL
REDETONE ARSENAL, ALABAMA 338878000

gLy TO
ATTENTION OF

Director, Combat Developmants

Captain John §S. Lenare, Jr,
Attentfon: AFIT/LSM
Wright-Pasterson Air Forca Base, Ohic 45433-6583

Captain Lanart:

I have received your requast for thesis research assistance. You
reguestaa that my office identify twelve knowladgeable experts in the fleld of
mynitions management to complete a paired comparison quastionnaire., My offica
will suppare your reasearch survey effort in any way possibla,

[ have {dentified the following twelve managers, in accordance with your
selaction critaria, as recognized knowledgeable experts in the field of
munitions management, Thesa Danagers were selecied from within the
Jirectorata of Campat Developments and the Command and Staf? Oepariment,
U.S. Army Qranance Missile and Munitions Center and Schoel.

NAME RANK DsN
Aquilers, Robert cPT 788-9845
Barnes, Lowell DAC 746-7995
8rady, Timothy W. DAC 788-2867
Ford, Robert M. DAC 788-9845
Francis, Linda cPT 746-3817
Gates, Howard R. DAC 78842865
Goodman, Phillip J. DAC 746-9846
Harrison, Rex A. cPT 788-9853
McEnroae, Loughlin K., Jr. SFC 788-9843
Randall, Richard R. MAJ 788-2870
Rupp, David R. MAJ 788-3855
Watkins, Raymond F. DAC 788-2868

Or. Crooks, DSN 746-2820, will serve as the U.S. Army Ordnance M{ssile and
Munitions Cantar and School peint of contact to assist you in further
¢oordination efforts, He will coordinate the time and place for you to
conduct your survey and will ensurs the above personnel are availabie to
participate. Good luck on you masters program and thesis.

RICHARD JyJR T
Colonel, Ord e Corps
Director, Combat Developments
Copy Furnished:

Or. Crooks, Command and Staff Qapartment
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Biographical Sketches

Biographical sketches were furnished by each survey
respondent. Twenty—eight sketches are enclosed. Twenty-
four sketches, twelve from each corps pertain to the paired
comparison survey respondents, and four sketches pertain to
the decision matrix survey respondents. The intent was to
substantiate, through training and assignments, the
credibility of these individuals as knowledgeable experts in
the fields of transportation and munitions management.
These persons were individually selected to participate in
the survey by their respective branches. The selection
process was thoroughly described in Chapter III,
Methodology.

Transportation Corps Paired Comparison Survey
Respondents.

Benfer, LTC Dennis E. Lieutenant Colonel Dennis
E. Benfer is Chief, Professional Developments Division, U.S.
Army Transportation Center and School, Fort Eustis,
Virginia. He is the course manager for the Transportation
Officer Basic and Advanced Courses, Pre-Command Courses, and
six processional development courses. His division is
responsible for developing and presenting programs of
resident academic and professional instruction for highway,
rail, and marine terminal transportation operations to
selected military and civilian personnel of the Army,.
Department of Defense, foreign military, and other
designated civilian personnel.

LTC Benfer received a commission through the Army
Reserve Officer Training Corps and his Bachelor of Arts
degree in History in 1972 from the Western Kentucky
University., and received his Master of Arts in Education
from the Western Kentucky University in 1973. His military
education includes the Infantry Officer Basic Course and
Transportation Officer and Advanced Course.

LTC Benfer's career spans over 18 years of active
military service in highway and marine terminal management
planning and operations. His key assignments include
Infantry and Support Platoon Leader and Battalion
Maintenance Officer. As Commander, 363rd Transportation
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Company (Medium Truck), Fort Dix, New Jersey, his unit
transported ammunition, supplies, and all other classes of
supplies throughout the eastern United States. As the
Director, Terminal Operations, Plans, and Security,
Transportation Terminal Command Europe (TTCE), LTC Benfer
was responsible for coordinating marine terminal operations
throughout the European and Mediterranean theaters. His
duties included coordinating ammunition vessel operations
conducted at Nordenhau, Germany, Zeebrugge, Belgium, and
Berry Wales. As Executive Officer, 6th Transportation
Battalion (Truck), Fort Eustis, Virginia, he provided staff
sup«rvision and coordination of over 970 personnel and 500
major items of equipment. He deployed as the battalion's
Task Force Commander for both Bright Star 90 (Egypt) and
Ocean Venture 90 (Puerto Rico). His task force duties
included coordinating and conducting local- and line-haul
resupply to divisional units and operating the
Arrival/Departure Airfield Control Groups.

Bishop, Floyd C., Jr. Floyd C. Bishop, Jr. is
Chief, Rail Instruction Branch, Professional Developments
Division, U.S. Army Transportation Center and School, Fort
Eustis, Virginia. His branch is responsible for developing
and presenting rail and Lraffic management academic and
professional instruction for rail transportation operations.
He is also responsible for writing Army rail operations
doctrine within the Department of Defense.

Mr. Bishop received his Bachelor of Arts degree in
Business and Transportation in 1971 from Jacksonville
University. His career spans over 29 years in rail
management planning and operations. He began his career
with the Seabocard Coast Line in operations and accounting,
progressing to agsistant agent, yardmaster, auditor, and
finally assistant director of accounting. 1In 1977 he
accepted an appointment with the Interstate Commerce
Commission as a Railroad Service Agent, and finally as
Special Agent in charge of Rail Investigation. In 1982, he
accepted his current position with the U.S. Army
Transportation Center and School.

Brewster, CW4 Charles S. Chief Warrant Officer
Charles 5. Brewster is Systems Chief, Contractor Training
Development, New Systems Training Office, Directorate of
Combat Developments, U.S. Army Trangportation Center and
School, Fort Eustis, Virginia. He i3 responsible for
coordinating Integrated Logistics Systems (ILS) development
for Army watercraft with contractors.

CW4 Brewster received his Bachelor of Science degree in
Nautical Science in 1967 from the California Maritime
Academy, and received his Master of Arts 1in Business
Management and Administration from Central Michigan
University in 1983. His military education i1ncludes the
Harbor Craft Deck Officer Course, both the Marine Warrant
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Officer Basic and Senior Courses, and both the
Transportation Officer Basic and Advanced Courses.

CW4 Brewster's career spans over 29 years in watercraft
and marine terminal management planning and operations. He
has sailed as an Ordinary Seaman, Able-Body Seaman, Third
Mate, Second Mate, Second Assistant Engineer, and Master on
board U.S. flag vessels ranging from 65-foot passenger/cargo
ferry boats, ocean-going tow boats, break-bulk freighters,
combination break-bulk/container vessels, containerships,
and tankers.

In 1970, he received a Navy commission, serving 1in
positions from Division Officer through Executive Officer,
Surface Division 1-29 Division Officer, MSO 411, USS
Exultant. In 1974, he accepted an appointment as a U.S.
Army Warrant Officer. His key assignments include Vessel
Master of both Landing Craft Utility and Large Tug Boats;
Second Mate and then First Mate of the U.S. Army Vessel
Page; First Mate of the U.S. Army Vessels McHenry and Betsy
Ross: Acting Commander, 469th Transportation Detachment,
U.S. Army Vessel Sutton; Marine Evaluator, U.S. Army
Transportation Center and School; Harbormaster/Port
Operations, Azores; Marine Instructor, U.S. Army
Transportation Center and School; and U.S. Army Reserve
Advisor. :

D'Attelo, CPT James V. Captain James V. D'Attelo
is a Doctrine Analyst, Directorate of Training and Doctrine,
U.S. Army Transportation Center and School, Fort Eustis,
Virginia. His duties include management and coordination of
the development or revision of Army transportation doctrine.

CPT D'Attelo received a commission through the Army
Reserve Officer Training Corps and his Bachelor of Science
degree in Finance in 1980 from Providence College. His
military education includes both the Transportation Officer
Basic and Advanced courses, Combined Arms Services Staff
School, Transportation Stowage and Hazardous Material
Course, and the Officer Maintenance Course.

CPT D'Attelo’'s career spans over 10 years of active
military service in highway and marine terminal management
planning and operations. His key assignments include
Platoon Leader, Terminal Service Company (Breakbulk),
Terminal Operations Officer, Military Traffic Management
Command, Livorno, Italy: Battalion S-4 Logistics Officer,
6th Transportation Battalion (Truck):; Commander, E Company.
71st Transportation Battalion (AIT): and Transportation
Advisor, Saudi Arabian National Guard, Operations Desert
Shield/Storm.

Edzel, CW4 Andreas Chief Warrant Officer Andreas
Edzel 1is a Senior Watercraft Instructor, Marine Rail Branch.
Technical Training Division, Directorate of Instruction,
U.S. Army Transportation Center and School, Fort Eustis,
Virginia. His duties include Developing and presenting
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programs of resident academic and professional instruction
for navigation and seamanship, the Warrant Officer Entry
Course, A-2 Certification Course (Army Unlimited Masters
License), and the Senior Warrant Officer Course.

CW4 Edzel received his Associates degree in General
Studies in 1976 from St Leo College. His military education
includes both the Marine Warrant Officer Basic and Senior
Courses, the Marine Warrant Officer Advanced Course, and the
Warrant Officer Technical Certification Course (U.S. Coast
Guard) .

CW4 Edzel's career spans over 27 years in watercraft
and marine terminal management planning and operations. His
assignments key include Vessel Master of both Landing Craft
Utility Large Tug Boats; Second Mate and then First Mate of
Large Tug Boats: and First Mate and then Vessel Master of a
Large Tug Boat. Azores.

Elmore, CW4 Richard M. Chief Warrant Officer
Richard M. Elmore is the Commander, 335th Transportation
Detachment, Logistics Support Vessel Besson, 10th
Transportation Battalion (Terminal), Fort Eustis, Virginia.
His duties include both Detachment Commander and Vessel
Master. The detachment self-deployed to the Persian Gulf in
support of Operation Desert Shield, providing inter- and
intra-theater movement of ammunition and equipment.

CW4 Elmore received his Associates degree in General
Studies in 1988 from St. Leo Coilege. His military .
education includes both the Marine Warrant Officer Basic and
Advanced Courses. CW4 Elmore's carceer spans over 15 years
in watercraft and marine terminal management planning and
operations. He began his career as an Ordinary Seaman on
t'y boats on Puget Sound and the west coast of the United
States, accepted a Warrant Officer appointment with the Army
National Guard in 1978, and then finally entered active
duty. His key assignments include Vessel Master of both
Landing Craft Utility and Large Tug Boats, Third Mate and
then Second Mate of the U.S. Army Vessel Sutton, and First
Mate of the U.S. Army Vessel Page.

Gentry, MW4 Thomas E. Master Warrant Officer
Thomas E. Gentry is the Chief, Marine Safety Office, Office
of the Chief of Transportation, U.S. Army Transportation
Center and School. His duties include the Army's Marine
Certification License Program Manager, Career Sea Pay
Program Manager. and Marine Safety Program Manager.

MW4 Gentry received his Bachelor of Arts degree in 1981
from St. Leo College. His military education includes the
Harbor Craft Deck Officer Course, both the Marine Warrant
Officer Advanced and Senior Courses, and the Master Warrant
Officer Course.

MW4 Gentry's career spans over 32 years in watercraft
and marine terminal management planning and operations., with
15 years as a Vessel Master. His credentials include an
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Unlimited Motor Vessels Upon Oceans License, Radar Observer
Certification, and Harbor/Coastal Pilot Certification.

His key assignments include Vessel Master of both
Landing Craft Utility and Large Tug Boats; Second Mate and
then First Mate of the U.S. Army Vessel Page; Coastal Pilot,
Vietnam; First Mate of the U.S. Army Vessels McHenry and
Betsy Ross; Acting Commander, 469th Transportation
Detachment, U.S. Army Vessel Sutton; Control Officer, Joint
Logistics Over the Shore exercise; Marine Evaluator and
Projects Officer. U.S. Army Transportation Center and
School; Harbormaster and Port Operations Officer, Azores;
Marine Instructor, U.S. Army Transportation Center and
School; and U.S. Army Reserve Group Advisor.

Larrabee, MAJ(P) Scott Major(P) Larrabee is the

Deputy, Concepts and Studies, Directorate of Combat
Developments, U.S. Army Transportation Center and School,
Fort Eustis, Virginia. His duties include supervising the
development and design of future Army Theater Transportation
Force Structure.

MAJ(P) Larrabee received a commission through the U.S.
Army Military Academy at West Point in 1974, and received
his Master of Science in Transportation Management from the
Florida Institute of Technology in 1983. His military
education includes the Infantry Officer Basic Course,
Transportation Officer Advanced course, Logistics Executive
Development Course, and Command and General Staff-College.

MAJ(P) Larrabee's career span3 over 17 years of active
military service in highway and marine terminal management
planning and operations. His key assignments include
Infantry Platoon Leader; Battalion Adjutant and S-1 Officer;
Battalion Maintenance Officer; Assistant Operations S-3
Officer, Division Support Command, 2nd Armored Division;
Commander, 567th Transportation Company (Terminal Service),
J-4 Transportation Officer, U.S. Forces Korea: Chief,
Operations Center, Inland Traffic Division, Military Traffic
Command Headquarters:; Plans Officer, Assistant Chief of
Staff., 2nd Corps Support Command; and Executive Officer,
229th Movement Control Center. 7th Corps.

McGee, James T. James T. McGee is a
Transportation Management Officer, Transportation Analysis
Branch, Transportation Engineering Activity, Military
Traffic Management Command, Newport News, Virginia. His
duties include developing and presenting rail and traffic
management academic and professional instruction for rail
transportation operations, Rail Instruction Branch,
Professional Developments Division. U.S. Army Transportation
Center and School, Fort Eustis, Virginia.

Mr. McGee received a commission through the Army
Reserve Officer Training Corps and his Bachelor of Arts
degree in History in 1971, a Master of Arts in History in
1973 and a Master of Science in Transportation Management
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from the Florida Institute of Technology. Mr. McGee holds a
U.S. Army Reserve commission as a Major. His military
education includes both the Transportation Officer Basic and
Advanced Courses, Strategic Mobility Planning Course, and
Command and General Staff College.

Mr. McGee's career spans over 20 years in highway and
rail management planning and operations. He began his
career as an Army Transportation Officer. His key military
assignments include Platoon Leader of a light truck platoon:
U.S. Army Reserve Training and Readiness Officer:
Transportation Movements Officer, Karsruhe, Germany:
Movements Officer, Bremerhaven, Germany: and Instructor,
U.S. Army Transportation Center and School. 1In 1984, he
accepted an appointment as a Trainmaster with Consolidated
Rail Corporation. In 1986, he accepted his current position
with the U.S. Army Transportation Center and School.

Wagner, MAJ Stan Major Wagner is the
Transportation Plans and Operations Officer, Directorate of
Combat Developments, U.S. Army Transportation Center and
School, Fort Eustis, Virginia. His duties include project
manager for the development and design of future Army
Theater Transportation Force Structure.

MAJ Wagner received a commission through the Army
Reserve Officer Training Corps and his Bachelor of Science
degree in Education in 1978 from the Indiana University of
Pennsylvania, and received his Master of Science in
Transportation Management from the Florida Institute of
Technology in 1990. His military education includes both
the Transportation Officer Basic and Advanced Courses,
Combined Arms Services Staff School, and Command and General
Staff College.

MAJ Wagner's career spans over 15 years of active
military service in highway and marine terminal management
planning and operations. His key assignments include
Platoon Leader of a light truck platoon; Commander, 365th
Transportation Company (Light Truck): Movement Services
Officer, NATO SHAPE Support Group; Logistics Officer, NATO
Support Activity Brussels; Assistant Forward Area Support
Coordination Officer;: Commander. 594th Transportation
Company (Medium Truck), 101st Airborne Division; Battalion
Assistant Operations S-3 Officer; and Battalion S-4
Logistics Officer.

Waters, CPT Brian F. Captain Brian F. Waters a
Combat Developer, Directorate of Combat Developments, U.S.
Army Transportation Center and School, Fort Eustis,
Virginia. His duties include developing the requirements
and specifications for Army wheeled wvehicles.

CPT Waters received a commission through the Army
Reserve Officer Training Corps and his Bachelor of Arts
degree in Political Science in 1981 from The Citadel. His
military education includes the Transportation Officer Basic
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and Advanced courses, Combined Arms Services Staff School,
and Strategic Mobility Planning Course.

CPT Waters career spans over 10 years of active
military service in highway management planning and
operations. His key assignments include Platoon Leader of a
truck platoon, Battalion Maintenance Officer, Commander,
105th Transportation Company (Petroleum), Battalion
Adjutant/S-1, Training with Industry, CSX Transportation
(Rail Transport Group).

Wehrli, CPT Friedrich N. Captain Friedrich N.
Wehrli is an Instructor/Writer, Tactical Transportation
Branch, Department of Instruction, U.S. Army Transportation
Center and School, Fort Eustis, Virginia. His duties
include developing and presenting traffic management
academic and professional instruction for both the
Transportation Officer Basic and Advanced Courses.

CPT Wehrli received a commission through the Army
Regserve Officer Training Corps and his Bachelor of Arts
degree in Latin American Studies in 1982 from the University
of Connecticut. His military education includes both the
Trangportation Officer Basic and Advanced courses and
Combined Arms Services Staff School.

CPT Wehrli's carcer spans over 10 years of active
military service in highway and marine terminal management
planning and operations. His key assignments include
Platoon Leader of a medium truck platoon:; Commander,
Headquarters Detachment, 106th Transportation Battalion
(Truck), and Commander, 551st Transportation Company (Cargo
Transfer) .
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Ordnance (Munitions) Corps Paired Comparison Survey
Respondents.

Barnes, SGM(R) lLowell Mr. Barnes 1s an
Instructor/Writer, Munitions Concepts and Studies Division,
Command and Staff Department, U.S. Army Missile and
Munitions Center and School, Redstone Arsenal, Alabama. His
duties include developing and presenting munitions
management academic and professional instruction for Officer
and Noncommissioned Basic and Advanced Courses. He is
regponsible for writing Army munitions operations doctrine
within the Department of Defense. He designed and
implemented the Commander's Field Module for Munitions
Officer Advanced Course, and has served as a Hazardous
Devices Training Instructor.

Mr. Barnes received his Bachelor of Science degree 1in
Business Administration in 1985 from Athens State College.
His career spans over 35 years of ammunition management
planning and operations. His key military assignments
include three tours in Vietnam as an ammunition manager;
several assignments in Explosive Ordnance Disposal; Chief
Ammunition NCO, Headquarters, Korea Military Advisory Group:
Sergeant Major, Assistant Chief of Staff, Ammunition,
Headquarters, 19th Support Brigade, Korea; Sergeant Major,
Directorate of Training., U.S. Army Missile and Munitions
Center and School.

Brady, Timothy W. Mr. Brady is a Combat
Developments Specialist, Munitions Branch, Concepts and
Studies Division, Directorate of Combat Developments, U.S.
Army Missile and Munitions Center and School, Redstone
Arsenal, Alabama. His duties include planning, developing,
and accomplishing conceptual studies for the development of
Army logistics doctrine for conventional, chemical, and
muniticons items. He is the AirLand Battle (ALB) Concepts
Officer, responsible for integrating all ammunition
logistics elements into AirLand Battle operations. These
elements include Combat Configured Loads (CCL), required and
cortinuous ammunition resupply rates, materiel requirements,
Force Structure, movements and all related Combat and Combat
Support requirements.

Mr. Brady received a commission through the Army
Reserve Officer Training Corps and his Bachelor of Arts
degree in International Studies in 1974 from Widener
University, and received his Master of Science in
Contracting and Acquisition Management from the Flcrida
Institute of Technology in 1987. He is a graduate of both
the Ordnance Officer Basic and Advanced Courses, Service
Ammunition Officer Cour-se, and Conventional Ammunition
Course.

Mr. Brady's career spans over 17 years of active
military service in conventional and unconventional
ammunition management planning and operations. His key
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assignments include Platoon Leader, U.S. Logistics
Detachment, Turkey; Commander, Headquarters Company and then
Ammunition Technical Officer., 6th Ordnance Battalion
{(Special Ammo); Chief, Chemical Munitions, Depot Property,
Toole Army Depot: Deputy Commander, U.S. Army Ammunition
Plan, Milan, Tennessee; and Munitions Instructor,
Directorate of Professional Development, U.S. Army Munitions
Center and School.

Ford, 1SG(R) Robert M. Mr. Barnes is Chief,
Munitions Branch, Command and Staff Department, U.S. Army
Missile and Munitions Center and School, Redstone Arsenal,
Alabama. His duties include supervising the development and
presentation of resident academic and professional
instruction for ammunition to selected military and civilian
personnel of the Army, Department of Defense, foreign
military, and other designated civilian personnel. e
directed the design and development of several ammunition
training programs, including the Standard Aimy Ammunition
System (SAAS) for automated accounting and the Ammunition
Ofticer Branch Transfer Course.

Mr. Ford received his Bachelor of Arts in Sociology in

1974 from the State University of New York, and received his
Master of Arts in Administrative Science from the University
of Huntsville in 1980. His career spans over 29 years of
ammunition management planning and operations. His key
military assignments include three tours in Vietnam as an
ammunition manager establishing forward Ammunition Supply
Points (Direct Support): several assignments in Explosive
Jrdnance Disposal; Battalion Operations Sergeant:; First
Sergeant of a nuclear weapons ammunition company in Germany:
Chief of Ammunition, Panama; and bilingual Instructor for
ammunition logistics at the School of the Americas, Panama;

Francig, CPT Linda Captain Linda Francis is an
Instructor/Writer, QOfficer Advanced Course Branch, Logistics
Ma.iagement Division, U.3. Army Missile and Munitions Center
and School, Redstone Arsenal, Alabama. Her duties include
developing and presenting conventional munitions management
academic and professional instruction for both the Ordnance
Officer Basic and Advanced Courses.

CPT Francis received a commission through the Army
Reserve QOfficer Training Corps and her Bachelor of Arts
degree in English, Linguistics, and Accounting in 1982 from
The Ohio State University. Her military education includes
poth the Ordnance Officer Basic and Advanced courses.
Combined Arms Services Staff School, and Marine Command and
Staff School.

CPT Francis' career spans over 9 years of active
military service in ammunition management planning and
operations. Her key assignments 1include Ammunition
Accountable and then Control Officer, 44th Ordnance Company
(Conventicnal Ammo); Commander, Headquarters Detachment
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84th Ordnance Battalion DS/GS (Conventional Ammo); and
Ammunition Technical Officer, 84th Ordnance Battalion. The
84th Ordnance Battalion provides ammunition direct support
to the 8th Infantry Division, 2nd Armored Division
(Forward), and storage of 150.000 tons of preposition war
reserve munitions.

Gates, SFC(R) Howard R. Mr. Howard R. Gates 1is a
Combat Development Specialist (Munitions), Munitions Branch,
Concepts and Studies Division, Directorate of Combat
Developments, U.S. Army Missile and Munitions Center and
School, Redstone Arsenal, Alabama. As a Projects Officer,
his duties include planning, developing., and accomplishing
conceptual studies for the development of Army logistics
doctrine for conventional, chemical, and munitions items.
He was responsible for developing the Maneuver Oriented
Ammunition Distribution System utilizing the Palletized Load
System.

Mr. Gates' career spans over 34 years of ammunition
management planning and operations. His key military
assignments include Noncommissioned Officer in Charge
(NCOIC), Ammunition Supply Point, 10lst Ordnance Battalion
(Conventional Ammo); NCOIC, Ammunition Supply Point, XVIII
Airborne Corps, Fort Bragg: and Ammunition Manager,
Headquarters, Materiel Assistant Command, Republic of
Vietnam.

Goodman, MGS(R) Phillip J. Mr. Phillip J.
Goodman is an Instructor/Writer, Munitions Concepts and
Studies Division, Command and Staff Department, U.S. Army
Missile and Munitions Center and School, Redstone Arsenal,
Alabama. His duties include developing and presenting
munitions management academic and professional instruction
for Officer and Noncommissioned Basic and Advanced Courses.
He is responsible for writing Arny munitions operations
doctrine within the Department of Defense.

Mr. Goodman received his Bachelor of Science degree in
History in 1977 from Athens State College. His career spans
over 36 years of ammunition management planning and
operations. His key military assignments include Platoon
Leader of a conventional ammunition company; Ammunition
Officer (Forward)., 3rd Marine Division; Ammunition Stock
Chief 1lst Marine Division, Instructor. Ammunition School,
ist Marine Division; and Instructor, Marine Corps Ammunition
Schocl, Quantico, Virginia.

Harrison, CPT Rex A. Captain Rex A. Harrison 1is
an Instructor/Writer, Officer Advanced Course Branch,
Logistics Management Division, U.S. Army Missile and
Munitions Center and School, Redstone Arsenal, Alabama. His
duties include developing and presenting conven*ional
munitions management academic and professional instruction
for both the Ordnance Officer Basic and Advanced Courses.
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CPT Harrison received a commission through the U.S.
Army Military Academy at West Point in 1985. His military
education includes both the Ordnance Officer Basic and
Advanced courses and Combined Arms Services Staff School.

CPT Harrison's career spans over 8 years of active
military service in ammunition management planning and
operations. His key assignments include Ammunition
Operations Officer, 583rd Ordnance Company (Special Ammo)
and Commander, Headquarters Company, 83th Ordnance Battalion
(Conventional Ammo), Akizuke, Japan.

Libby, MAJ(P) Edmund W. Major(P) Edmund W. Libby
is a Doctoral Candidate, School of Engineering. Air Force
Institute of Technology, Wright Patterson AFB, Ohio. He
received his Bachelor of Science degree in Chemical
Engineering in 1975 from University of California at
Berkley, and received a Master of Science in Guided Missile
Engineering in 1983 from the Air Force Institute of
Technology. His military education includes the Infantry
Officer Basic Course, Ordnance Officer Advanced Course
(Missile/Munitions) and Command and General Staff College.

Prior to entering active duty, MAJ Libby worked as a
engineering technician at the Navy's China Lake Naval
Weapons Center, California, where he designed and tested
components of the rocket motors for the 5-inch cannon-
launched guided projectile.

-After commissgsioning in 1975, MAJ Libby served in
Germany from 1976-79 as the Ammunition Technical Officer of
the 84th Ordnance Battalion (Conventional Ammo). His
regsponsibilities included ammunition direct sgsupport to the
8th Infantry Division, 2nd Armored Division (Forward), and
most REFORGER/2+10 Units, as well as storage of 150,000 tons
of propositioned was reserve munitions. He subsequently
commanded the Army's only maintenance company for Warsaw
Pact ordnance materiel, and served as a System Engineer on a
major missile program in the Strategic Defense Initiative.

In 1987, MAJ Libby returned to Germany where he served
as the Chief of Missiles, Munitions, and Armament for the
VII Corps Materiel Management Center. In this capacity, he
was responsible for management of all munitions operations
in the Corps and played a key role in planning for Corps
operations for wartime. In particular, he maintained an
. extremely close relationship with the Corps Movement Control
Center and other transportation activities regarding their
functions in support of munitions movement.

McEnroe, SFC lLoughlin K. Sergeant First Class
Loughlin is an Instructor/Writer, Munitions Concepts and
Studies Division, Command and Staff Department, U.S. Army
Missile and Munitions Center and School, Redstone Arsenal,
Alabama. His duties include developing and presenting
munitions management academic and professional i1nstruction
for the Ordnance Officer Basic Course, Warrant Yfficer
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Certification Course, and Noncommissioned Officer Advanced
Course.

SFC Loughlin is pursuing his Bachelor of Science degree
in General Studies at Columbia College. His career spans
over 19 years of ammunition management planning and
operations. His key military assignments include Assistant
Team Chief and Gunner, 105mm Towed Howitzer; Assistant Team
Chief, Special Weapons (Nuclear), Maintenance and Assembly:
Ammunition Supply Advisor, Materiel Office (MATO), 6th
Ordnance Battalion (Conventional Ammo); and Platoon
Sergeant, Maintenance Reconfiguration (Disposal), Chemical
Weapons, Johnston Island, Pacific.

Randall, MAJ Richard R. Major Richard R. Randall
is the Chief, Munitions Branch, Concepts and Studies
Division, Directorate of Combat Developments, U.S Army
Missile and Munitions Center and School, Redstone Arsenal,
Alabama. His duties include supervising the planning,
developing, and accomplishing conceptual studies for the
development of Army logistics doctrine for conventional,
chemical, and munitions items.

MAJ Randall received a commission through the Army
Reserve Officer Training Corps and his Bachelor of Arts
degree in Mathematics in 1974 from the Northeastern
University. He has two Master of Science degrees, Computer
Information Systems and Computer Resource Management, and a
Masters of Business Administrate degree. His military
education includes both the Ordnance Officer Basic and
Advanced Courses and Combined Arms Services Staff School.

MAJ Randall's career spans over 16 years of active
military service in ammunition management planning and
operations. His key assignments include Technical Escort
for the disposal of chemical munitions, U.S. Army Escort and
Disposal Agency; several asgignments with Explosive Ordnance
Disposal; Ammunition Accountable Officer (Conventional),
Miesau Army Depot., Germany; Data Analyst, Field Command,
Defense Nuclear Agency Inspector General:; and 2nd Corps
Support Command Ammunition Planning Officer during Desert
Shield/Storm.

Rupp, MAJ David R. Major David R. Rupp is the
Chief, Officer Advanced Course Branch. Logistics Management
Division, U.S. Army Missile and Munitions Center and School.
Redstone Arsenal, Alabama. His duties include supervising
the development and presentation of conventional munitions
management academic and professioral instruction for both
the Ordnance Officer Basic and Advanced Courses.

Major Rupp received a commission through the Army
Reserve Qfficer Training Corps and her Bachelor c¢f Arts
degree in Government in 1978 from the University of Texas at
Austin. His military education includes both the Ordnance
Officer Basic and Advanced courses, Combined Arms Services
Staff School, Command and General Staff College.
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MAJ Rupp's career spans over 13 years of active
military service 1n ammunition management planning and
operations. His key assignments include Platoon Leader,
Magazine Control Officer, and Class V Control Officer. 63rd
Ordnance Company (Conventional Ammo), Fcrt Lewis and Yacima
Training Area. Washington; S-4 Logistics Officer, 80th
Ordnance Battalion (Conventional Ammo): S-2/3 Operations
Officer, 6th Ordnance Battalion (Conventional Ammo): Surety
Officer, Korean Ammunition Management System, Korea:
Executive Officer, Kansas Army Ammunition Plant; Executive
Officer, Sunflower Ammunition Plant: Commander, Headquarters
Company., 196th Ordnance Battalion (Conventional Ammo);
Executive Officer, 196th Ordnance Battalion.

Watkins, MSG(R) Raymond F. Mr. Raymond F. Watkins
is a Logistics and Munitions Training Specialist, Concepts
and Studies Division, Directorate of Combat Developments,
U.S. Army Missile and Munitions Center and School., Redstone
Arsenal, Alabama. His duties include developing and writing
operational and organization plans for the Standard Army
Ammunition System (SAAS) configuration.

Mr. Watkins received his Bachelor of Arts degree in
Business Administration in 1971 from Athens State College.
His career spans over 33 years of ammunition management
planning and operations. His key military assignments
include Operations Sergeant, 529th Ordnance Company (Special
Weapons): Maintenance Crew Chief (Special Weapons), Seneca
Army Depot; Maintenance Platoon Sergeant, 619th Ordnance
Company (Special Weapons); Research and Analysis Sergeant,
Special Weapons Packaging and Transport Survivability, U.S.
Army Air Defense Board, Fort Bliss, Texas: Senior Instructor
and Special Weapons Instructor, U.S. Army Ordnance Center
and School, and First Sergeant of the 619th Ordnance Company
(Special Weapons).
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Transportation Corps Logistics Concept Analvyses
Respondents.

Featherston, COL Michael S. Colonel Michael S.
Featherston, a native of Arkansas, entered active duty as a
Regular Army Officer through the Army Reserve Training
Program (DMG) in May of 1965, upon graduation from Henderson
State College, Arkadelphia Arkansas. His initial assignment
was with the Infantry, culminating as a Platoon Leader in
the 1st Battalion, 18th Infantry, 1st Infantry Division in
the Republic of Vietnam. Upon completion of his combat arms
detail, Colonel Featherston was transferred to the
Transportation Corps.

He has served in numerous troop assignments to include
Company Commander, Battalion S-3 and Executive Officer. and
Deputy Commander of the 7th Transportation Group (Terminal)
at Fort Eustis., Virginia. Colonel Featherston's second
Vietnam assignment was as the Brigade Transportation Officer
of the 3rd Brigade (Separate), 1st Cavalry Division. He
also has served several assignments with the Military
Traffic Management Command (MIMC), including Operations
Officer at Military Ocean Terminal, Sunny Point and Izmir,
Turkey., Commander, Transportation Battalion (Terminal)
Baltimore, Deputy Project Manager, Transportation
Coordinator - Automated Command and Control Information
System (TC ACCIS) and Brigade Commander, Military Ocean
Terminal, Sunny Point and the MIMC Mid Atlantic Sub Area
Commander. He also served at the Army Military Personnel
Center and as Chief, Transportation Management Division,
Office of the Deputy Chief of Staff, Logistics, Department
of the Army. He is presently the Deputy Director of
Distribution (Support) for the Army and Air Force Exchange
Scrvice.

Colonel Featherston holds an MA from Central Michigan
University and is a graduate of the Army Command and General
Staff College, Armed Forces Staff College, and the
Industrial College of the Armed Forces. He also served a
tour in the Training With Industry (TWI) Program at the
Alabama State Docks, Mobile Alabama. Colonel Featherston's
awards include the Bronze Star Medal for Valor (with four
Oak Leaf Clusters), Purple Heart, Defense Meritorious
Service Medal (with Oak Leaf Cluster), Meritorious Service
Medal (with two Oak Leaf Clusters), Air Medal, Joint Service
Commendation Medal (with Oak Leaf Cluster). Army
Commendation Medal (with Oak Leaf Cluster), Army Achicvement
Medal, Vietnamese (Cross of Gallantry with Bronze Star,
Combat Infantryman Badge. and the Parachute Badge.
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McWard. COL Robert G. Colonel Robert G. McWard
was born 1n lLakehurst, New Jersey. and was raised in
Phoenix, Arizona. He attended college at the University of
Arizona in Tucson. where he earned his commission through
the Army Reserve Officer Training Corps. Branched as a
Transportation Officer, he entered active duty at Fort
Eustis, Virginia, in the fall of 1967.

His assignments include Platoon Leader, 513th
Transportation Company. 38th Transportation Battalion and
Company Commander, 4lst Transportation Company. 181lst
Transportation Battalion (Truck) Mannheim, Germany (1977-
1869); S-4 and S-1., 71st Transportation Battalion
{Terminal), Republic of Vietnam (1969-1970); S-4, S-1, and
Executive Officer, 3d Battalion 26th Field Artillery (TA)
and Battery Commander, Headquarters Battery, 214th Field
Artillery Group, Fort Sill, Oklahoma (1970-1973):; Operations
Officer., Military Traffic Management Command Terminal
Greece, Piraeus, Greece (1974-1977): Executive Officer, U.S.
Army Transportation Center., Fort Eustis, Virginia (1980-
1683): Commander, 181st Transportation Battalion (Truck),
Mannheim, Germany (1984-1986); Director of the Office of the
Chief of Transportation, U.S. Army Transportation Center,
Fort Eustis, Virginia (1987-1988); and Director of the
Department of Professional Development at the U.S. Army
Transportation School (1988-1990). Colonel McWard assumed
command of the 8th Transportation Brigade, Fort Eustis,
Virginia, July 1990..

He is a graduate of the Transportation Officer Basic
and Advanced Courses, the U.S. Army Command and General
Staff College. and the U.S. Army War College. He also holds
a Baccalaureate Degree in Political Science from the
University of Arizona and a Masters Degree in Guidance and
Counseling from Ball State University.

His awards and decorations include the Bronze Star
Medal, the Meritorious Service Medal (with two Oak Leaf
Clusters)., the Joint Service Commendation Medal, and the
Army Commendation Medal (with Oak Leaf Cluster).
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Chalkley, LTC James R. Lieutenant Colonel James
R. Chalkley entered the Army in Many 1973. A distinguished
military graduate from the Virginia Military Institute, he
was commissioned a Regular Army Transportation Corps Officer
with a Combat Branch detail in the Field Artillery.

LTC Chalkley holds a Bachelors Degree in History from
Virginia Military Institute and a Masters Degree from the
Florida Institute of Technology. He is a graduate of the
Field Artillery Officer Basic and Transportation Officers
Advanced Courses. the Army Command and General Staff
College, and the Navy Command Staff College.

LTC Chalkley's assignments include: Forward Observer,
C Battery, 2/320th Field Artillery; Platoon Leader, 594th
Trangportation Company (Medium Truck): Assistant Division
Transportation Officer, 10lst Airborne Division (Air
Assault); Chief, Air Traffic Coordinating Office, Ramstein
Air Bage, Germany; Commander, 69th Transportation Company
(Medium Truck): Assistant Professor of Military Science,
University of Richmond: Lieutenant and Captain Assignment
Officer, Military Personnel Center:; Personnel Action
Officer, Office of the Deputy Chief of Staff for Personnel,
the Pentagon; Assistant S-3, 7th Transportation Group
(Terminal); Executive Officer., 24th Transporlation Battalion
(Terminal): Executive Officer to the Commanding General,
U.S. Army Transportation Center at Fort Eustis; and
Executive Officer, 7th Transportation Group (Terminal).

LTC Chalkley's awards and decorations include the
Bronze Star Medal. the Meritorious Service Medal (with 5 QOak
Leaf Clusters), the Army Commendation Medal (with 2 Oak Leaf
Clusters), the Army Achievement Medal (with 1 Oak Leaf
Cluster), the National Defense Service Medal. the Southwest
Asia Service Medal, and the Department of the Army Staff
Identification Badge.

170




Kubiszewski, I.TC Robert IlL.ieutenant Colonel Robert
Kubiszewskil was born on 31 July 1949 in East Chicago,
Indiana. He received a Bachelor of Science Degree 1in
Chemistry from Indiana University and was commissioned
through the Army Reserve Officer Training Corps in 1972.

LTC Kubiszewskil received his Master of Science in Operations
Research Systems Analysis from Case Western Reserve
University in 1978. LTC Kubiszewski 1is a graduate of the
Transportation Officer Basic and Advanced Courses, and the
Command and General Staff College.

His assignments include: Company Commander of the
372nd Terminal Transfer Company and Assistant S-2/3, 19th
Transportation Battalion (Truck), Fort Campbell, Kentucky:
Systems Analyst for the Patriot Management Office, Redstone
Arsenal. Huntsville, Alabama: Technical Advisor for the NATO
Patriot Management Office and S-2/3 of the 181lst
Transportation Battalion (Truck), Federal Republic of
Germany: Executive Officer of the 6th Transportation
Battalion (Truck): and Chief, Army Driver Standardization
Office, United States Army Transportation School, Fort
Eustis, Virginia.

Decorations awarded to LTC Kubiszewski include the
Meritorious Service Medal (with Oak Leaf Cluster)., the Army
Commendation Medal (with Oak Leaf Clusters), and the Army
Achievement Medal (with Oak Leaf Cluster).
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Appendix B: Paired Compariscon Field Survey

Paired Comparison Briefing Paper

Good morning, and thank you for taking valuable time
out of your busy work schedule to participate in this
survey. My name 1s Captain John S. Lenart., Jr., and I am an
Army Transportation Corps officer. I am a graduate student
pursuing a Masters of Science degree in Transportation
Management at the Air Force Institute of Technology. Wright-
Patterson Air Force Base, Dayton. Ohio.

This morning you will be participating 1n a paired
comparison survey of surface transportation performance
measurement criteria and system design attributes for liquid
propellant technology in Field Artillery application. The
liquid propellant logistics system is being developed by the
U.S. Army Research Development and Engineering Center
(ARDEC). Picatinny Arsenal. and the Jet Propulsion
Laboratory, California Institute of Technology. A similar
but much broader study was conducted during the first "down-
select" phase in which sixteen logistics systems were
narrowed to three candidate systems. These three systems
are discrete, bulk, and combination discrete/bulk.

This survey is being administered to a select group of
logistics '"experts;'" therefore, your response is extremely
important. You were selected to participate in this
research effo:rt because your experience and knowledge
qualify you as a logistics transportation 'expert". Your
ratings will be combined with those of other experts to
develop a prioritization model describing the relevant
performance measturement criteria and system design
attributes for consideration toward final selection of the
liquid propellant logistics system.

To identify and prioritize the criteria and attributes,
this survey uses a series of paired comparison
prioritization matrices. The Prioritization Matrix. a form
of scoring model, is a screening technique which provides a
means of constructing a descriptive decision aid for
prioritizing tasks, 1ssues, time, product/service
characteristics, resource allocation, etc., based upon the
welghted criteria. Screening techniques are used 1n
logistics to make strategic decisions where judgement
remains an important part of the analysis process.

Your ratings will be kept strictly confidential. The
reliability of the findings depends heavily on my receiving
a complete response from each person in the sample.
Responses from all participants will be combined to form
composite scores for statistical analysis and
interpretation. A summary of the survey results will be
provided to you upon completion of my work.

This survey consists of three phases. Phase I consists
of two parts. First, each of you anonymously will complete
a pailred comparison questionnaire of the six performance
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measurement criteria. Your results will be scored and used
for determining the relative weight of each criterion and
selecting which criteria will be used during Phase II.
Second. you will be presented with an initial list of
sixteen system design attributes that I compiled and from
several liquid propellant logistics studies and academic
literature. In open discussion, you will be asked to agree
upon a final list of attributes. This process ¢of achieving
group consensus through open discussion is called the
nominal group interactive technigque. Once a final list of
attributes has been agreed upon, each you will select the
ten most important attributes for use during the second
phase of the survey. This final attribute selection process
will be accomplished by ancnymous ballot in two rounds. In
the first round, each individual will select what he/she
considers to be the ten most important attributes. These
ballots will be collected and tabulated. The original
attribute list and results of the first ballot will be
redigtributed and each will be asked to reevaluate his
original selections based upon the group consensus of the
first round ballot. The second ballot will then be
tabulated, and a final list of the ten most important
attributes will be selected.

During Phase II, each of you anonymously will complete
a paired comparison questionnaire of the ten system design
attributes based on each criterion that was selected during
Phase I. Your results will be scored and used for
determining the relative weight of each attribute. _

Phase III will be completed by the researcher. During
this phase, the weighted, normalized score of each attribute
will be weighted by the normalized score of each criterion
to identify the total relative prioritization and importance
of each attribute. This reliative importance will indicate
the attribute's impact on the logistics system for liquid
propellant technology. Now I want to draw your attention to
the instructions for completing the paired comparison
guestionnaire.
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Paired Comparison Survey Directions

You will complete a questionnaire booklet to
individually compare six surface transportation performance
measurement criteria. The criteria are as follows:

Reduce Logistics Burden

No Customized Technology

Increase Personnel and Environmental Safety
Increase Operational Capability of Logistics
Increase Tactical Capability of Users

Low Cost to Implement

AL QWM =

Each pair of criteria will be rated on the basis of
relative importance of each criterion as compared to every
other criterion. This is illustrated below. If the two
criterion are judged to be "Equally Important/Preferred,"
the single center box will be marked. However, 1f you make
a relative judgment that one criterion is "Significantly" or
"Extremely More Important/Preferred." the appropriate
criterion's box will be selected. For example, if '"Low Cost
to Implement"” was judged to be "Significantly More
Important/ Preferred," the following selection would be
made.

-Equally Significantly Extresely
Importants More [mportant/ More {mportant/
Preterred Freferrag Frofarred
Reduce Logistics Burden
Low Cost to Implement X

The pairwise grouping of the criteria has been
accomplished using an "Order of Pairs" table. Therefore,
you are to make a relative judgment about each pair
(skipping none) in the order in which the pairs are
presented in the bookiet. Consistency in judgment is
unimportant; what is needed_is your unbiased judgment on
each pair of criteria independent of your judgement on
previous pairs. Once the relative importance of each of the
criterion has been established, each system design attribute
must be judged on how completely 1t meets each of the
criterion.

Next, you will review an initial list of sixteen system
design attributes. In group discussion, you are asked to
review the validity and completeness of the list, adding and
subtracting as agreed upon by group consensus. Once
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consensus has been achieve, two rounds of anonymous ballots
will be used to reduce the list to the ten most important
attributes.

Finally, the ten system design attributes will be
compared against each of the significant criteria. The
paired comparison booklets in this final part of the survey
are identical to each other. However, the attributes in
each booklet must be rated based on each of the criterion
being applied. For example, the first attribute booklet is
compared based on the criterion "Reduce Logistics Burden."
the second booklet based on the criterion "No Customized
Technology " etc.. Each respondent should refer to the ;
attached glossary to attain a common understanding of the
criteria and attributes.

If you have any questions about the survey, please call
Major Robert McCauley at (513) 255-4149 (AV 785-4149) or
Captain John S. Lenart, Jr. at (513) 254-1062. Thank you
very much for your help.

THANK YOU FOR PARTICIPATING IN THIS SURVEY
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Surface Transportation Performance Measurement Criteria

Six criteria have been defined to provide a common
understanding of the performance measure concepts. These
criteria were selected from the Report on Liquid Propellant
Logistics Systems Study, Phase I, published by the Jet
Propulsion Laboratory, California Institute of Technology.
Each definition provides a short outline of the term's
meaning for use in completing the paired comparison ratings.

Criteria

1. Reduce Logistics Burden. The criteria concerned with
the increased or decreased logistics burden associated with
the introduction of a new technology into the Army's weapon
inventory. A decreased burden implies reductiocn in supply.
transportation, maintenance, production, and/or cost
requirements.

2. No Customized Technology. The criteria concerned with
the operation, use, technical approaches, problems,
applicability, solutions, and application of selected
systems. components, and equipment at the logistics links
and nodes. The system should incorporate only current and
emerging equipment: any new equipment requirements should be
satisfied with off-the-shelf purchases.

3. Increase Environmental and Personnel Safety. The
criteria concerned with a thorough understanding of the
toxicological effects of LP and the consequences of
disregarding them. It addresses the safe handling,
exposure, treatment, demilitarization, and environmental
impacts from spillage or accident from threat action of the
known hazard.

4. lncrease Operational Capability of Logistics. The
criteria concerned with the operational environment such as
host nation support and operating conditions in particular
areas of operation. Conflict in undeveloped areas or where
security of developed ports can not be assured will require
increased use of logistics—-over-the-shore (LOTS) and host
nation support. It addresses the capability of
transportation to respond to surge quantities from
significantly higher demand rates during general
mobilization and conflict, operate in varying climatic
conditions such as extreme cold or heat and desert
conditions., quickly and efficiently relocate ammunition
stocks at logistics nodes as the fluid nature of the
battlefield dictates. and the durability and fiexibility of
the transport system to maneuver for cover and concealment
from threat action. The logistics system must support all
phases of combat and the various combat operations and must
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be able to degrade (equipment losses and manual handling)
gracefully, survive, and still support the combat units.

5. Increase Tactical Capability of Users. The c:iiteria
concerned with trade-off analyses and tachnical compromises
which favor tactiral capability of users over logistics
considerations. 1t addresses the capability of the user to
support desired rates of fire. reduce crew vulnerability,
and improve weapon system survivabilits. Tactical
capability 1s used to assess functions of force
multiplication, combat interface, and support capabilities.

6. Low Cost to Implement. The criteria concerned with the
use of curr :nt and emerging handling and transport
equirment: cheap. durable, and diswosable package
(container), and the ability to fill, seal. and discharge LP
in a non-contaminating manner. It addresses container and
pallet losses and retrogrades ac various nodes, container
palletization and break bulk, downloading from large to
small containers, and costs associated with materials
(containers and pallets) and operations (handling. break
bulk., download, and retrograde). Cost 1s defined as cost 1in
dollars per pound of liquid propellan®.
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Paired Comparison Survey of Surface Transportation
Performance Measurement Criteria

I —— ————— —__— ———_____— _ —————

(-2 Equally Significantly Extresely
[apartant/ More Important/  More [mgortant’
Pretarred Preferred Prefaerred

Reduce Logistics Burden

No Customized Technology

e ———— ———— ———___—__———— — — — ——————— ]

{3-11 Equally Significantly Extresely
{aportant/ More Important/ Mors Importanty
Preferred Freferred Preferreg

Increase Tactical Capability
of Users

Reduce Logistics Burden

(6-3) ' Equally Significantly  Extresely
{aportant/ More [mportant/ More Important/
Preferred Praterred Preferrad

Low Cost to Implement

Increase Tactical Capability

of Users ,
]
(3-2; Equally Significantly Extreaely

[nsartant/ More Impartant/ Mare Ilgportant/
Preferred Preferred Preferred

Increase Operational Cap-
ability of Logistics

No Customized Technology
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b —

{3-4; Equally Significantly Extresely
Important/ More [mportant/  More Important/
Preferred Preferred Praserred

Increase Personnel and
Environmental Safety

Increase Operational Cap-
ability of Logistics

_—— ___  _—— ————— —————————————— ]

{1-& Equally Significantly Extresely
Taportant/ More Important/  More Important/
Preferred Proferred Frafarrag

Reduce Logistics Burden

Increase Operational Cap-
ability of Logistics

]

(6-2) Equally Significantly Extresely
Impartant/ More Important/  More Important/
Preferred Preferred Proferred

Low Cost to Implement

No Customized Technology

{I-5) Equally Significantly Extresely
Ispartant/ More [mpertant/ Mora [mportant/
Preferred Preferrad Prefarred

Increase Personnel and
Environmental Safety

Low Cost to Implement

b _  —— __ _ __— _————  ——— _—— —— ——— ———_—_—
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e

{4-4) Equally Significantly Extresely
Isportant/ More [mportant/  Mores Important/
Preferred Preferred Freferred

Increase Operational Cap-
ability of Logistics

Low Cost to Implement

k-

{2-3) Equally Significantly Extremely
Im.urtant/ More [mportant/ More [npartant/
Freferred Preterrag Prefterred

No Customized Technology

Increase Personnel and
Environmental Safety
o e ]

(1-3) Equally Significantly Extresely
{aportant/ More [mportant/ Mare lmportant/
Preferred Preferred Freferred

Reduce Logistics Burden

Increase Personnel and
Environmental Safety

(b-1) tqually Significantly Extremely
[aportant/ More laportant/ More [mportant:
Preferred Preferred Fresarradg

Low Cost to Implement

Reduce Logistics Burden
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e _— —————_——

12-5) Equally Significantly Extresely
{aportant/ More Important/ More important/
Proferreg Preferreg Praterred

No Customized Technology

Increase Tactical Capability

of Users
E -
{3-3) Equally Significantly Extresely
Important/ More lagortant/ More lmportant/
Preferrad Praferrad Preterred

Increase Tactical Capability
of Users

Increase Pergonnel and
Environmental Safety
—

{4-3; Equally Significantly Extreaely
[nportant/ Mars [mportart/ Mare [mportant’/
Preferred Preferred ‘FPreferred

Increase Operational Cap-
ability of Logistics

Increase Tactical Capability

of Users
e ———]
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Surface Transportation System Design Attributes

Ten attributes have been defined to provide a common
understanding of the system design concepts. These
attributes were selected from the Report on Liguid
Propellant Logistics Systems Study, Phase I, published by
the Jet Propulsion Laboratory, California Institute of
Technology. Each definition provides a short outline of the
term's meaning for use in completing the paired comparison
ratings.

Attributes

1. Provide HazMat Containment Training. Provide LP
containment training for immediate response in the event of
gspills or leakage. Training should include immediate first
aid treatment methods for exposure to liquid propellant’
(LP) .

2. Streamline HazMat Documentation. Simplify
documentation, labeling, and placarding of LP shipments.

3. Provide HazMat Contingency Equipment. Provide supplies
and equipment for the handling, containment, and/or limited
demilitarization of LP to render non—-furictional as a
propellant or explosive in an emergency situation.
~Equipment should include first aid supplies for exposure 1o’
LP.

4. No Additional MOS Training. No additional training is
required at MOS schools (however, may require unit training
through correspondence extension course training).

5. No Increase in Manpower. No increase in manpower
required to transport LP. An important guideline for the
study of LP technology is the capability to reduce manpower
in the logistics pipeline.

6. Design Flat Racks for Multipurpose Use. Design flat
racks for the transport of multiple/alternative products and
classes of supplies. Includes adaptability for use in
retrograde operations.

7. Design Pallets for Easy Access Top and Bottom.
Concerned with the access to the pallet for all sides. top
and bottom. Includes the need for side posts (top access)
designed to collapse for empty stacking and transport
efficiency.

8. High Reliability and Maintainability. Reliability 1is
defined as the probability that an item will perform its
intended function for a specified interval under stated
conditions. In the simplest sense, reliability means how
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long an item will perform its intended function without a
breakdown. Maintainability is defined as the ability of an
item to be retained in. or restored to, specified condition
when maintenance is performed be people having specified
skill levels, using prescribed procedures and resources. In
the simplest sense, maintainability means when it does break
down, how difficult is it to troubleshoot and repair?

9. Use Current Handling/Transport Equipment. The LP
logistics system should interface with current handling and
transport equipment. The system should incorporate only
current and emerging equipment; any new equipment
requirements should be satisfied with off-the-shelf
purchases.

10. Compatible between Modes of Transport. Package
configuration should be compatible with the physical
characteristics ¢f MHE, lighterage (watercraft), rail, and
truck. The package must contain and protect the contents
against the dynamic fluid conditions inherent with each
mode.

11. Compatibie with Allied Equipment. France, Germany. and
Great Britain are currently studying LP technology. LP
logistics system must include capability to supply and be
supplied by allied equipment in a multinational force
structure. -

12. Capable of Automated and Manual Handling. Packaging
designs that enable manhandling in order to sustain
logistics chain support in the event of material handling
equipment (MHE) unavailability due to malfunction, threat
action, etc.

13. Quick Transfer Speed at POD, TSA, and CSA. Nodes
located in the Communications Zone (COMMZ). Transfer times
need to be reduced as much as possible with equipment that
is easy to maintain and operate. Anticipated higher
munitions expenditure rates and greater mobility
requirements on the future battle field necessitate a
logistics system that is both responsive and efficient.

14. Quick Transfer Speed at ASP and ATP. Nodes located in
the Combat Zone (CZ). Transfer times need to be reduced as
much as possible with equipment that 1is easy to maintain and
operate. Anticipated higher munitions expenditure rates and
greater mobility requirements on the future battle field
necessitate a logistics system that is both responsive and
efficient.

15. High Package Integrity to Minimize Damage. Considers
the need to minimize damage at user destination (weapon
system) .
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16. Lightweight/Low Cube Packaging. Addresses utilization
of space and weight limitations on mode of transport. Also
reduces material handling costs.
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Paired Comparison Survey of Surface Transportation System
Design Attributes

- — — ]

e Equally Significantly Extresely
faportant More Important/ More lapartant/
Preferred Preferred Freferred

Provide HazMat Containment
Training

Provide HazMat Contingency

Equipment
e
(10-3) Equally Significantly Extresely

Isportant More Important/ More lmportant/
Freferrad Preferrad Prefarreg

Quick Tranafer Speed at ASP

and ATP

High Reliability and

Maintainability
— e ]
(7-9) Equally Significantly Extremely

lepartant More [aportant/ Mare lmportant!
Preferred Preferred Freterred

Compatible between Modes
of Transport

Capable of Automated and

Manual Handling
E—_— _____—————— ————_— ——___——— —— ______— — — — ——__———._3

SELY Equally Significantly Extremely
’ {aportant More [mportant/ Mcre [apgrtants
Preferred Freferred Frofarreg

Provide HazMat Containment
Training

Design Flat Racks for
Multipurpose Use

e - - — . ——— " — —
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{I-8) Equally Significantly Extresely
[mpartant More [mportant/ Morzs laportant/
Preferred Preferred Fraferrad

No Increase in Manpower

Use Current Handling/

Transport Equipment
— 3

13- Equally Significantly Extresely
{aportant more Important/ More Imporfant;
Freferred Praferrag Preferrag

Compatible with Allied
Equipment

Provide HazMat Contingency

Equipment
b
(2-9 Equally Significantly Extresely
isportant More Important/ More [mportant;
Freferred Preferred Freferray

Provide HazMat Contingency
Equipment

Capable of Automated and
Manual Handling
]

(-2 Equally Significantly Extreaely
[apartant Mare Impartant/ More lmportant/
Praferred Freferred Freferrad

Quick Trangfer Speed at ASP
and ATP

Provide HazMat Contingency
Equipment

e — . .~
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k- __————

i19-4) Equally Significantly Extresely
Irportant More [mportant/ More Imporiants
Preferred Preferrag Praferres

Quick Transfer Speed at ASP
and ATP

Design Flat Racks for
Multipurpose Use
—_ ]

{9-p) Equally Significantly Extremely
[apartant More Important/ More [aportant/
Preferred Freferred Freferred

Capable of Automated and
Manual Handling

Use Current Handling/

(3-1) Equally Significantly Extremely

[aportant More Important/ More fmportant/
Preferred Preferred Frefsrred

Compatible with Allied
Equipment

Provide HazMat Containment

Training
4
{5-0 Equally Significantly Extremely

{rportant nare [mportant/ Mora leporfant/
Preferred Preferrad Freferred

High Reliability and
Maintainability

No Increase in Manpower

-
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- ——————— ———_— —__— ——— —— ]

i2-7 Equally Significantly Extresely
{mportant ¥ore laportant/ More [mocrtant/
Prererred Preterred Preferrag

Provide HazMat Contingency
Equipment

Compatible between Modes
of Transport
]

(9=t Equally Significantly Extremely
laportant More importamt/ More lmportamt:
Preferrad Fraferred Pratarred

Quick Transfer Speed at ASP
and ATP

Provide HazMat Containment

Training
]
{1-8) Equally Significantly Extresely

[aportant © More [mportant/ More Important;
Freferrad Preferred fraferred

Provide HazMat Containment
Training

Use Current Handling/
Transport Equipment
e 4

{4-7) Equally Significantly Extremely
important More lagortant/ More Important/
Praferred Proferred Frefarred

Use Current Handling/
Transport Equipment

Compatible between .jodes
of Transport

b = ————— —
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e —

{5-9 Equally Significantly Extremely
Tapartant More leportants More lmportant:
Preterred Preferrag Praferreg

High Reliability and
Maintainability

Capable of Automated and
Manual Handling

e
k- ————

(8-7; Equally Significantly Extreaely
{aportant More Isportant/ Mors lmoortants
Freferreq ¥rararrag Erarerraqg

Compatible with Allied
Equipment

Compatible between Modes
of Transport

P =

{2-4 Equally Significantly Extresely
iaportant More [aportant/ More Ispartant/
Preferred Brafarrag Frefarreg

No Increase in Manpower

Design Flat Racks for
Multipurpose Use

-

te-2 Equally Significantly Extresely
isportant More Imoartant: More lapartant/
Preferreg Preferrad Fraferreg

Use Current Handling/
Transport Equipment

Provide HazMat Contingency
Equipment
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(10-9 Equally Significantly Extremely
iaportant Mora isportant/ Mors impartant/
Freferred Prefarred Prafarreg

Quick Transfer Speed at ASP
and ATP

Capable of Automated and
Manual Handling

(13-4 Equally Significantly Extresely
[mpoitant Morz [mportant, #are [npartart.
Fre-erred freferrag Fredarran

High Reliability and
Maintainability

Use Current Handling/
Transport Equipment

e ——————— — —— —

i7-3) Equally Significantly Extresely
{mportant More Important/ Mare [aporfant/
Fraferreg Fraferreg Freferreg

Compatible between Modes
of Transport

High Reliability and
Maintainability
e —— —

5-% Equally Significantly Extremely

Impartant More Importants More [mportant/
Freterrsd Fraferreg Frafarrag
High Reliability and
Maintainability
Compatable with Allied i
Equipment J
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e ————————_———— W _

(6-8! Equally Significantly Extresely
Impartant More lapartant/ More Imggrtant/
Freferreg Freferred Preforred

Use Current Handling/
Trangport Equipment

Compatible with Allied

Equipment
— ————— ———— ——— ——— ————————— ———__—
(1-3i Equally Significantly Extresely
[apcrtant More imparfant/ More impaoriant;
Prefarreq Preferred Prefarred
Provide HazMat Containment
Training
No Increase in Manpower
(2-3) Equally Significantly Extreaely
[mportant More lmportant/ More [spartanty
Frefarrad breferragd Prefarrad

Provide HazMat Contingency

Equipment l:—

High Reliability and

Maintainability
{8-10 Equally Significantly Extresely
[aportant More Iaportant/ More lsgartant:
Freferrsg Fraeferrec Presarred

Compatible with Allied
Equipment

Quick Transfer Speed at ASP
and ATP
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{1-5 Equally Significantly Extremely

{spartant fare ianortant/ More lagartanty
Prefarred Fraeferrag Prefarrad
Provide HazMat Containment
Training
High Reliability and
Maintainability
e — —— ——— —— - —— ——— ———— ——— ——— —  — — —  — — ——— ——
{4-7: Equally Significantly Extremely
Iagartant Maore laportant/ More Imgortant!
Preferrag Preferred Fratarrad

Design Flat Racks for
Multipurpose Use

Compatible between Modes

of Transport
]

13-4) Equally Significantly Extremely
imoortant More Important/ More lamportant/ .
Preferrad Praferred Freterred

Compatible with Allied
Equipment

Design Fiat Racks for
Multipurpose Use
]

(4-9) Equally Significantly Extresely
Important More Important/ HMore laportant/
Fraferreg Prefarred Frarerred

Design Flat Racks for
Multipurpose Use

Capable of Automated and
Manual Handling




- —— ———— —_ _—— _ ———— ———— —_ _—___ — _ — —__————————— —______§

{7-1 Equally Significantly Extreaely
[aportant More [aportant/ More impartant/
Freterred Fraferrad Praterved

Compatible between Modes
Modes of Transport

Provide HazMat Containment

Training
]
4-1 Equally Significantly Extresely

iagortant More Important/ Move imporizat
Freferrad Praferrag Preferras

Design Flat Racks for

Multipurpose Use

Provide HazMat Contingency

Equipment
- ]
{1e-7 Equally Significantly Extreaely
' » “{mportant Mare laportant/ Mare [mparianty

Prafarred Frafarred Frecerrad

Quick Transfer Speed at ASP
and ATP

Compatible between Mod
of Transport

9-1 Equally Significantly Extresely
laportant More Important/ More lagortant:
Preferred Preferred Fraterred

Capable of Automated and
Manual Handling

Provide HazMat Containment
Training
_
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e — ——— — A ——————————

g-4 Equally Significantly Extresely
Tmportant ¥ore Imoortant/ More [mportants
Pratarrag Freserren frefarreg

Use Current Handling/
Transport Equipment

Design Flat Racks for
Multipurpose Use
1

(1-3) Equally Significantly Extresely
Iapartant Mara Imoortants dMaras lmoortant,
Frafarred Frafarreg Fratarrea

No Increase in Manpower

Compatible with Allied

Equipment
]
3-3i Equally Significantly Extresely

Inportant Mora lmportant/ More [aportart
Prafarred Freferred “reserred

Capable of Automated and
Manual Handling

No Increase in Manpower

— — —— —  ——  — - — ————— _—————_——___

13~ 10 Equally Significantly Extresely
Important More Iaportant/ More impcrtants
Preterrad Preferreq Prefarrag

No Increase in Manpower

Quick Transfer Speed at ASP
and ATP
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e —

(-7 Equally Significantly Extreaely
imoortant More Important/ Mare isporftant/
Preferred freferred Freferrad

Provide HazMat Contingency
Equipment

No Increase in Manpower

e ——

(6-10; Equally Significantly Extresely
Iaportant More leportant’ More [sportant:
Preferred Preferrag Frefzrreg

Use Current Handling/
Transport Equipment

Quick Transfer Speed at ASP

and ATP
-
3-8 Equally Significantly Extremely
lapartant ¥.re laportant/ Mare imocriants
Freferred Praterre: Fraferrag
Capable of Automated and
Manual Handling
Compatible with Allied
Equipment
-
4-5) Equally Significantly Extreaely
[mportant More importants Maore [sjortint
Freferved Fraferrag Frefarrad

Deasign Flat Racks for
Multipurpose Use

High Reliability and
Maintainability
k.
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e

{7-7 Equally Significantly Extremely
{aportant More lapartant; More imoortant:
Fraterred Preterrag “ratarrag

Compatible between Modes
of Transport

No Increase in Manpower

e — —
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Appendix C: Logistics Concepts Assessment

Briefing Paper

Good morning, and thank you for taking valuable time
out of your busy work schedule to participate in this
survey. My name is Captain John S. Lenart, Jr., and I am an
Army Transportation Corps officer. I am a graduate student
pursuing a Masters of Science degree in Transportation
Management at the Air Force Institute of Technology. Wright-
Patterson Air Force Base, Dayton., Ohio. My masters thesis
is an analysis of logistics fielding concepts tor liquid
propellant in Field Artillery applications.

This survey 1s being administered to a select group of
senior logistics "experts;' therefore, your response 1s
extremely important. You were selected to participate in
this research effort because your experience and knowledge
qualify you as a senilor logilstics transportation "expert'.
Your ratings will be combined with those of other experts to
assess the proposed liquid propellant logisbtics concepts.

Please complete the following steps:

1. Read the brief narrative of the three liqu:d
propellant logistics concepts (Attachment 1).

2. Read the brief background summary of current
developments in liquid propellant technology and hazard
characterization (Attachment 2).

3. Read the brief glossary of qualitative surface
transportation system design attributes for development of a
logistics concept. These criteria will be used to rank the
three liquid propellant logistics concepts (Attachment 37.

4. Please enclose your biography and written comments
concerning the three logistics concepts.

5. FAX your biography and written comments to:
CPT Lenart
AFIT/LSM/Ciass 918
FAX: AV 785-8458, COMM (513)255-8458

Thank you for your time and effort.
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Liguid Propellant Logistics Concepts

Three liquid propellant logistics concepts are
currently be studied as potential candidates for liquid
propellant technology. Each concept was designed to be
compatible with development of both the Maneuver Oriented
Ammunition Distribution System (MOADS) and the Palletized
loading System. These three concepts are:

(1) Discrete. I.iquid propellant (LP) 1s l!loaded at the
load, assembly and pack (LAP) facilily and Lransferred
through the entire logistics chain to the user’'s battalion
reload/rearm point (BARP) in palletized 30-50 gallon sealed
plastic containers. At the BARP., the LP is pumped from the
rearm vehicle directly into the self-propelled howitzer's
(SPH) LP reservoirs. This concept continues to use existing
logistics chain (solid propellant) transportation and
transfer equipment. except for the inclusion of a winch or
lifting equipment to upload containers into the rearm
vehicles. Containers are palletized on existing standard
s1ze pallets and shipped 1n break-bulk containers. At the
Ammunition Transfer Point (ATP), container pallets are
broken—-down and individual containers are loaded onto user
rearm vehicles. The LP is pumped from the resupply rearm
vehicle directly into the SPH reservoir tanks. The 30 and
50 gallon containers are not manhandleable but are easily
palletized on existing pallets and could be handled and
stored in the resupply vehicle in an efficient manner.

(2) Bulk. LP is loaded at the LAP facility into 1,800
gallon stainless steel tanks which are either trailer-
mounted or are on integrated skids/pallets for vehicle
transfer. The LP, 1in tanks, is transferred to the forward
ATP and pumped 1nto the storage containers on the rearm
vehicle. The LP is then pumped from the rearm vehicle
directly into the SPH's LP reservoirs at the BARP. The
transporting and transfer of the 1800 gallon tanks is
handled in a manner similar to POL products. The total
weight for one 1,800 tank is 10-11 tons. Four of these size
containers will supply one day's battalion requirement at
300 rounds per day per gun.

(3) Combination. LP is loaded at the LAP facility
into bulk 1,800 gallon stainless tanks, which are trailer-or
skid mounted and transferred as far forward as possible.

The propellant is then down-locaded at this location by
pumping into discrete containers (30-50 gallons or 150
gallons). The discrete containers are then uploaded into
the rearm vehicle at the BARP, and finally pumped from the
discrete containers into the SPH's reservoirs. This
logistics concept uses bulk POL type transfer from the
wholesale to the retail supply location (CSA, ASP, or ATFP).

Attachment 1
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Background Summary of Current Developments in Liquid
Propellant Technology and Hazard Characterization

The components of the LP logistics system can be
grouped into two broad categories: 1) containers, included
palletization of discrete containers (less than 150 gallons)
and containerization for larger containers; and, 2) transfer
systems used to transfer LP between storage tanks,
containers, and the howitzer.

The three logistics concepts do not require new
vehicular material handling equipment (MHE):; however,
modifications may be necessary to supply power to the
transfer components. Suitable contaliners and transfer
components are commercially available. Satisfactory
compatibility of the products 1s achievable by using various
combinations of stainless steels and plastics. Final
selection of each 1s dependant upon final identification of
the physical properties and hazard classification of the
propellant.

Safety is a high-priority concern, including both
explosive hazard and toxicity. The numerous preliminary and
ongoing hazard classification tests have placed LP in DOT
Class B, with Class C a possibility after appropriate full
scale testing 1s concluded.

Testing has shown that unconfined propellant is
relatively insensitive. The drop weight sensitivity test
results were 29 inches for LP 1845 and 31 inches for LP
1846. Most solid propellants have an average sensitivity
range of 10 inches. LP will not burn at atmospheric
pressure and can be safely stored under low pressure. While
the exact threshold pressure that will sustain combustion
has not been determined, bonfire tests indicate that LP
decomposes and gives off large amounts of toxic brown fumes
of mixed nitrogen oxides. The card gap test also records
detonation sensitivity - both LP 1845 and LP 1846 tested at
zero cards. ’

Propellant vulnerability tests also have shown relative
insensitivity of the propellant. Hot spall tests (steel
balls heated to various temperatures and dropped into
containers of propellant) reveal that red hot steel balls
dropped into small containers fizz and give off yellow
fumes. Dropped into large containers of propellant, the
heat capacity of the LP was sufficient to stop the reaction.
Next., a rifle bullet failed to cause a reaction when shot
into a gallon container of LP. A 5-inch shaped charge shot
into a polyethylene container did result in a violent
explosion: however, this reaction was suppressed by using
small (38mm) hollow plastic balls as baffles (consuming only
8% of the container volume). Subsequent testing showed that
As the 5-inch shaped charge jet penetrated the LP conbtalner

Attachment 2
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and ignited the aluminum plate behind the container, the LP
stream following the jet quenched the white not burning
aluminum.

Toxicity of liquid propellant is relatively low. When
handling LP, goggles should be worn and water resistant
protective clothing is recommended. Absorbed through the
skin, LP will cause a typical nitrate poisoning reaction by
attacking the red blood cells. If washed off immediately.
test have shown it to be an irritant with reversible
effects. Splashed in the eyes, tests have also shown it to
be an irritant. In tests with laboratory animals, washing
out within 20 seconds did little damage to the eyes;:
however, 1f left 1n the eyes for one minute, the animals
took a week or more to recover. There is no vapor hazard
from LP (the wvapor above the liquid is water); however, an
aerosol stream from a broken pumping line would pose an
inhalation hazard.

The major environmental impacts are in the manufacture,
transportation, and disposal of LP. 1In the logistics chain,
there 1s always the possibility of a spill. ©Small spills
can be washed away with water. The resulting effect on the
environment would be the same as an overdose of fertilizer.
A large spill would, however, require remediation. A
protocol for handling large spills has not been developed.
If a large amount of LP entered either surface or ground
water, serious contamination would occur. Nitrate ion
concentrations (below 2 ppm concentration requirement) 1in
water can lead to methoglobinemia in infants (blue babies).

Attachment 2
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Glogsary of Qualitative Surface Transportation System Desiqn
Attributes

1. High Reliability and Maintainability. Reliability is
defined as the probability that an item will perform its
intended function for a specified interval under stated
conditions. In the simplest sense, reliability means how
long an item will perform its intended function without a
breakdown. Maintainability is defined as the ability of an
item to be retained 1n, or restored to, specified condition
when maintenance 13 performed be people having specified
skill levels, using prescribed procedures and resources. In
the simplest sense, maintainability means when it does break
down, how difficult is it to troubleshoot and repair?

2. Compatible batween Modes of Transport. Package
configuration should be coumpatible with the physical
characteristics of MHE, lighterage (watercraft), rail, and
truck modes of transportation. The package must contain and
protect the contents against the dynamic fluid conditions
inherent with each mode.

3. Provide HazMat Containment Training. Provide LP
containment training for safe, immediate response in the
event of spills. Training should include immediate first
aid treatment methods for exposure to liquid propellant
(LP).

4. Quick Transfer Speed at ASP and ATP. These are the
transfer nodes located in the Combat Zone (CZ). Transfer
time needs to be reduced as much as possible. Anticipated
higher munitions expenditure rates and greater mobilily
requirements on the future battle field necessitate a
logistics system that 1s bolh responsive and efficient.

5. Use Current Handling/Transport Equipment. The LP
logistics system should be compatible with current handling
and tranuport equipment. The system should incorporate only
current and emerging equipment. Any new equipment
requlirements should be satisfied with off-the-shelf
purchases.

6. Provide HazMat Contingency Equipment. Provide supplies
and equipment for the handling., containment, and/or limited
demilitarization of LP spills to render non-functicnal as a
propellant or explosive 1n an emergency situation.
Equipment should include first aid supplies for personal
exposure to LP.

Attachment 3
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7. Capable of Automated and Manual Handling. Packaging
designs that enable manhandling in order to sustain
logistics chain support in the event of material handling
equipment (MHE) unavaillability due to malfunction, threat
action, etc.

8. Compatible with Allied Equipment. France, Germany. and
Great Britain are currently studying LP technology. LP
logistics system must 1nclude capability to supply and be
supplied by allied logistics equipment in a multinational
force structure.

9. No Increase in Manpower. No increase in manpower
regquired to transport LP. An i1mportant guideline for the
study of LP technology is the capability to reduce manpower
in the logistics pilpeline.

10. Design Flat Racks for Multipurpose Use. Design flat
racks for the transport of multiple/alternative products and
classes of supplies. Includes adaptability for use 1in
retrograde operations.

Attachment 3
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Appendix D: Transportation Corps Paired Comparison Data
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Appendix E:

Ordnance Corps Paired Comparison Data

Criteria Paired Comparison

N PAIR 1 2 3 4
1 (1-2) S 1 1 .1
2 (5-1) 201 10 10
3 (6-5) 1001 11
4 (4-2) 5 5 3 5
S (3-4) 10 1 10 10
6 (1-4) 5 5 10001
7 (6-2) 5 1 10001
8 (3-6) 10 5 10 10
9 (4-6) 1 1 10 10
10 (2-3) 1.2 01 1
11 (1-3) 101 1001
12 (6-1) S S 1 1
13 (2-5) .2 5 1 1
14 (5-3) 1.2 1 1
15  (4-5) i0 1 1.1

Attribute Paired Comparison
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10 (9-6) S 1 5 1
11 (8-1) S 1 S5 1
12 (5-3) 10 1 10 5
13 (2-7) 10 .2 10 5
14 (10-1) 5 1 10 1
15 (1-6) 10 5 10 5
16 (6-7) .2 1 1 1
17 (5-9) S 1 1 1
18 (8-7) 1 1 .2 1
19 (3-4) S 5 .2 .2
20 (6-2) .1 S5 .1 .2
21 (10-9) 1 5 1 1
22 (5-6) 5 1 5 1
23 (7-5) .2 1 .2 1
24 (5-8) 10 1 10 5
25 (6-8) 1 .2 5 1

5

= s e N 1 U] b e e

8]

D e e e

208

6

FORPRDNODNKE

e kS N
[N e

=gl e

[UE
N O~

7

A, .
NN NN

QP T == U [¢9]

[WERRI
3V N

.

I

8

1

.2

[\ )

o,

PR OIPOOOOO0 OO0

B PP OAEROREP,O O

(=)

[6) N

ely.

9

N § W & WS W S )

(&1 S I e e e e L

s8]

N

s
o

o -
on AV]

=) = e Ul Ul = .
[\N] o

UNYS Ry

[\

DU = 1 o b o b o o 2 o D 2

11

A== U

=N

U" -

R el O S N

[l O e e B SRR O L B

12

(@)}
[\8)

_ .

NN O

QO A OB .
NN

[SSIAN I N}

(A}




26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
a4

Z

O OO W

(1-3) 10 .. 10 10 5 10 9 9
(2--9) S 1 10 10 5 5 .21
(8-10) 1 5 2001 1 5 2001
(1-5) 10 1 10 10 5 5 201
(4-7) 1 1 1 1 1 20 .2 1
(8-4) 1 1 2001 1 5 1 1
(4-9) 1 5 1 5 1 2 .2 1
(4-2) .1 5 101 .2 1 .2 .2
(7-1) .1 5 .11 .2 .1 .2 .2
(10-7)y 5 5 1 1 1 .2 01 1
(9-1) .1 5 .1 .1 .2 .1 5 1
(6-4) 1 1 1 1 1 5 5 .2
(3-8) .2 5 ) 201 .2 1 .2
(9-3) 5 1 5 S 1 5 5 S
(3-10) v 1 2 1 2 .2 .2
(2-3) 10 1 10 10 5 10 5 5
(6-10) 2 1 1 1 1 5 201
(9-8) 1 1 5 1 1 5 ) 1
{(4-5) 2 1 20 .2 1 .1 .1 .2
(7-3) 5 1 5 1 1 5 5 S
Increase Tactical Capability of Users.
PAIR 1 2 3 4 S 6 7 8
(1-2) 10 1 1 1 29 .2 1
(10-5) .5 . .2 .2 5 10 .2 .2
(7-9) 5 S .2 5 .2 .2 1 1
(1-4) 5 5 10 5 .2 5 1 1
(3-6) 1001 .2 10 1 .2 01 .2
(8-2) 1 5 .2 .1 5 5 .2 5
(2-9) 5 5 5 10 .2 .2 .2 1
(10-2) 5 5 .2 .2 5 10 5 1
(10-4) .1 1 1 5 5 10 5 1
(9-6) 5 1 5 10 5 10 5 1
(8-1) 5 5 5 .1 5 10 1 1
(5-3) 10 5 10 5 ] 10 10 5
(2-7) 1 . 1 5 .2 .2 .2 5
(10-1) 5 5 5 .2 5 10 5 1
(1-6) 10 1 1 5 1 .2 1 5
(6-7) .2 1 1 .2 1 1 .2 01
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(8-7) .11 .2 .2 5 1 2001
(3-4) 1. .2 5 .20 .2 1 .2
(6-2) i 5 1 201 .2 S .2
(10-9) 10 35 S 5 1 10 1 .2
(5-6) 5 1 10 5 1 10 5 10
(7-5) 5 1 1.2 01 1.2 1
(5-8) 1 1 10 5 .2 10 10 5
(6-3) 1 1 5 5 .2 .2 5 .2
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— . U~

Ul = U -
SN

[\ WKV}

]

U= = = .

[UT

[oY
o

= b b (J) B2 b b b (] b S b e e b b b ] 2 e e o () b

[N

== O UL e

— U -

\N]

11

[N\ O3 (NI V]

S
(W]

Ul D= U= W DO U

DO N

[S76) IyS)]

- -

A= U= -




29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

Z

OONOWU L WP

(1-3)
(4-7)
(8-4)
(4-9)
(4-2)
(7-1)
(10-7)
(9-1)
(6-4)
(3-8)
(9-3)
(3-10)
(2-3)
(6-10)
(9-8)
(4-5)
(7-3)

Increase Operational Capability

N

-

Ll O OO B o i

.2 .
.2 1
1 1
2 1
.2 1
3 .
1 1
S 1
o} 1
1 .
3 S
3 .
S 5
2 1
o) 1
.1
5 1

e e e ] e

.
[sN]

of Logistics.

PAIR

(1-2)
(10-5)
(7-9)
(1-4)
(3-6)
(8-2)
(2-9)
(10-2)
(10-4)
(9-6)
(8-1)
(5-3)
(2=7)
(10-1)
(1-6)
(6-7)
(5-9)
(8-7)
(3-4)
(6-2)
(10-9)
(5-6)
(7-5)
(5-8)
(6-8)
(1-3)
(2-3)
(8-10)
(1-5)
(4-7)
(8-4)

1

1

~ == LAl O

[SUI SR )

.2

(NS NG NE N

- w -

(61

Lol ol el G NS B O O 6 B

Lol ol O | B B

NNNNON

— .

AU+ — U -
')

NN NN

(SN0 ) I

N o

0o NN

UrreeEe,rO0- kO ow-
(o9

6

7 8
.2
.21
S 1
5 1
5 .
201
2 1
1 1
5 1
1 1
201
3 3
1 1
1 1
S 1
201
1

.2 1
S .
1 1
1 1
1 1
201
5 1
3 1
3 1
201
.2 1
L2 .
201
1 1

.2

[\

[\N]

xS

9

R R R PRUR s s PO O GO
DV

— .
— OO

10

el el el el e e S e ol el ol el el el S SR SRR Sy S Sy N

PO UL OO -

12

[SS AT O V]

NN

[GING NG NGINEING NS NG NG I




32
33
34
35
36
37
38
39
40
41
42
43
44

2

OWONOOD, WP

(4-9)
(4-2)
(7-1)
(10-7)
(9-1)
(6—-4)
(3-8)
(9-3)
(3-10)
(2-3)
(6-10)
(5-8)
(4-5)
(7-3)

Reduce Logistics Burden.

PAIR

(1-2)
(10-5)
(7-9)
(1-4)
(3-6)
(8-2)
(2-9)
(10-2)
(10-4)
(9-6)
(8-1)
(5-3)
(2-7)
(10-1)
(1-6)
(6-7)
(5-9)
(8-7)
(3-4)
(6-2)
(10-9)
(5-6)
(7-5)
(5-8)
(6-8)
(1-3)
(2-5)
(8-10)
(1-5)
(4-7)
(8-4)
(4-9)
(4-2)
(7-1)

NN

U

— N G
(28]

[SSIR AT JG N (8]

DA

= Ol OO

1

10
10

e P, AWM e
N NN

N = = =

N

e

3

[

e N TN - = e
NN o

[ e el

4

[NV N o

oo

= o —

- A - P
N (SN ]

U =P gguouauu oo
N [sN] [\N]

o N

Ul O
o

o, -

[ . wu - . . . . .
NP O

OMNMNOOFPFPNORFEFN

[0 I

Do

— 1

A=t == - O

(S I S

. . — . = = .
N NN

[

NN

RO OO O

16 TS I G I e S S e
[se} [\ N N [y}

- = O
O

SW]

= -

el o e S ol S S S S

WIS J O S WYY N TR —
™ 8] jon}

e e

—_ U= O

. [ [UE
[NV N tv [\S]

= OV Ui OO

NN I

DN = =

SO

(_’ﬂ.

Uy U1
AN

P OAr- O O

12

g oo




35
36
37
38
39
40
41
42
43
a4
45

(10-7)
(9-1)
(6—-4)
(3-8)
(9-3)
(3-10)
(2-3)
(6-10)
(9-8)
(4-5)
(7-3)

- O

Ul > = b=

= e (e

[l ol @ | ]

Ol =

R N

212

O = = O

O == O =

[E—

== QO

(S8 B ]




Paired Comparison and Scoring Matrices

Appendix F:
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Spreadsheet Map

Figure 26.
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‘Welcome to Microcompurier Pcired Compecrison Scoring
Model Qualitative Decisicn Aid Tool for Mcncgers.

Programmer: Captain John S. Lenart, Jr.. USA
Last Revision Update: Saturday 08 -Jul-31
Today's Oate: Thursday  12-Aug-31

This paired cemparison scoring madel hos been specificcily

designed os a generic, user friendly decisicn aid tool to
pricritize military transpertation performance measurement

criteria and system design attributes.
l To continue, i
press: ENTER |

Enter New Criteria?

[Enter New Attributes?

Input External Survey Data File?
View Results of Criterig Survey?
View Results of Atiribute Survey?
[Exit Program?

" This pairwise comparison scoring model will accomedate
the interaction of from one to twelve respondants.

The program dllows the researcher to conduct pairwise
comparison of six criteria and ten attributes.

Use the ARROW keys tao highlight the desired menu
option, then press the ENTER key to continue.

Figure 27. Spreadsheet Panel A (Welcome Screen) and
B (Main Menu)
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Select Criteria?
Print Criteria Ranking Table? The criteriac have been rank ordered
Ralurn to Main Menu? by the paired comparison technique.

This ronking has been determined by
selected experts in the field.

3 Increase Personnel and Environmentai Safety 0.2793
4 Increase Operational Capability of Logistics 0.2510
5 Increase Tactical Copability of Users : 0.1739

1 Reduce Logistics Burden 0.1361

6 Low Cost lo Implement 0.0910
2 No_Customizad Tachnology 0.0687
Criteria #1 0.2793

Criteria to be used in the paired #2 0.2510
comparison survey: #3 0.1739
M 0.1361

Print Attribute Ranking Table?

Return to Main Menu? The attributes have been weighted by
all criteria and then ranked on a
scale of 0 to 100. This table pre-
sents the ranking as determined by
selected experts in the field

1 Hign Reliability and Maintainability 100
2 Compatable between Modes of Transport 85
3 Provide HazMat Containment Training 69
4 Quick Transfer Speed at ASP and ATP 62
b Provide HazMat Contingency Equipment 36
6 Use Current Handling and Transport Equipment 54
7 Capable of Automated and Manual Handling 45
8 Compatible with Allied Fquipment 45
9 Design Flat Racks for Multipurpose Use 2
10 No Increase in Manpower 0

Figure 28. Spreadsheet Panel C (Criteria Ranking) and
D (Attribute Ranking)
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0 1 2 2 4 5 ) .6
Saturdey Sunday  Mondcy  Tuesday Wednesday Thursday Friday

Enter your new criteria. Use the ARROW keys to move within
the blocks, ond then the F2 key to enter or edit a line.

Each line is fimited to 24 characters. Press the ENTER key
ONLY when finished entering il six criteria (12 blocks) to
return to the main menu screen.

1 |Reduce Logistics Burden 4 |Increase Qperationd
Capability of Logistics
2 |No Customnized 5 |Increase Tactical
Technology Capability of Users
3 |Increase Personnel and 6 |Low Cost to Implement
Environmental Safety

Figure 29. Spreadsheet Panel E (Date Lookup) and
F (Criteria Entry)
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Flecsa enter your raw attributes.

Use the ARRC'Y «xeys to mcve

within the biocks., onc the F2 key to enter or ecit a line. Each

line is limited to 24 cheracters.

Press the ENTER kay o caontinua.

t  |Provide HazMat 6 |[Use Current Hendling
Containment Training ard Transpert Equioment
2 |Provide HozMat 7 |Compatcble between
Contingency Eguipment Modes of Transcert
2 |No Increase in Mcrpower 8 |Compatible with Allied
Equipment
4  |Design Fier Recks for 8 |Capcble of Automnated
Multicurposa Use and Mcnual Hendlirg
S |High Reliabiiity cnd 10 |Quick Trcnsfer Speed
Maintaincbility at ASP and ATP
!
Enter your data disk path and file f
name in the block. Use the F2 key '
to enter or edit the name. Press A:\ATDATA.PRN
the ENTER kev to continue.
[To refurn to the main menu and
view the results of the paired
comparison matrices. press: ENTER

Figure 30.

Spreadsheet Panel G (Attribute Entry) and

H (ASCII Data File Entry)
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Figure 31.
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Figure 32.
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Figure 33.
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Figure 34.
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