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FOREWORD

This document summarizes the key findings and presents the background
material relevant to the study entitled ''Systems Analysis of Methods
for Installing Fuel Transport Systems.'' The report presents a systems
analysis approach and evaluation of alternatives considered for
installing rapidly deployable fuel transport systems for an army

in the field. Such methods include mechanized pipeline construction
equipment as well as other systems. The report is submitted to the
U.S. Army Mobility Equipment Research and Development Command
(MERADCOM) at Fort Belvoir, Virginia, by Arthur D. Little, Inc.,

20 Acorn Park, Cambridge, Massachusetts 02140, and was prepared under
Task Order No. 10 of Contract No. DAAK70-77-D-0024. This report was
prepared under the guidance of Mr. Leon Medler and Mr. Wayne Studebaker
of MERADCOM. Questions of a technical nature should be addressed to
Dr. Donald B. Rosenfield at 617-864-5770, the manager of the study

and principal investigator. Other contributors included Mr. Robert

H. Bode, Dr. Roger P. Caron, Mr. Robert Eiler, Mr. William P. Hidden,
Mr. Thomas P. Howard, Mr. Herbert H. Loeffler, Dr, W. Scott Nainis,
and Dr. Gordon Raisbeck.
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EXECUTIVE SUMMARY

The United States Army has identified a requirement for fuel pipeline
systems that can be rapidly laid in tactical situations. The U.S. Army
Mobility Equipment Research and Development Command (MERADCOM) commissioned
this study to determine the most promising approaches for developing such
systems.

The Army's goal is to lay 30 kilometers of pipeline per day, but the

number of men now needed to lay pipeline at that rate is unacceptable. Ap-
proaches that overcome this and other problems of today's system were
.sought. An example of a potential solution if it met technical require-
ments is a machine to mechanize the pipelaying operation. The study was
not, however, restricted to pipelines as such. Several different types

of fuel transport systems were considered, and one of the most promising
systems analyzed was a flexible hose system.

The approach followed in the study was a systems analysis and comprehensive
evaluation of all alternatives we were able to conceive. The study was
performed in the following steps:

e All systems that we could conceive of for the installation
of fuel transport systems were tabulated.

e All system attributes that we judged to have bearing on
the system utilities were listed and described. More than
30 attributes incorporating cost, performance, resource
requirements, and development risks were included.

e A two-phased scoring system (the second phase being more
detailed) was devised to relate the value and importance
of each attribute to a common goal.

e Competing systems were evaluated according to the scoring
system. The initial evaluation was made first to reduce
the number of candidate alternatives without eliminating
any of the best. The remaining alternatives were evaluated
at an increased level of detail in the second phase of the
study.

g



The first phase of the evaluation resulted in the following five candi-
date systems:

® The base system-- the currently manually coupled pipeline
system,

® Truck haulage system utilizing standard Army tractors and
bulk tank trailers.

® New pipeline concept--system for laying continuously formed
and seamed tubing from steel strip.

@ New pipeline concept-- system of mechanized coupling and laying
of joints and couplings.

® New concept -- system of laying long sections of
collapsible hose from large containers.

In the second phase of the study, a life cycle cost analysis based upon

8 common mission was performed for four of the five systems. For the contin-
uous tube forming system, additional research showed that the system was

not feasible for the given mission. The 1ife cycle cost analysis agyre-
gated all cost attributes to a common basis. The other non-cost attributes
were also aggregated into three additional rating factors. Thus, the

final evaluation was based on numerical ratings for the following four
attributes.

® Life cycle cost with and without deployment

e Development risk

@ System resource requirements for fuel transport system installation
® Performance and reliability of operating system

The final evaluation of the attributes is presented in Table 1. In the
table, the life cycle cost figures are presented in millions of dollars
for each 119-mile long system, and the other attributes are rated on a
scale from zero to four, where zero represents highly undesirable and

4 represents excellent. Based on the evaluation in this table, we
reached the following conclusions:

1. Both the truck haulage system and the present manual system
can be eliminated because of poor ratings in one of the major
areas. In truck systems, the cost is too high. This system
is, however, an excellent performer and involves no installa-
tion and might be useful as a backup system under certain con-
ditions. The present manual system requires too much manpower
for a rapid installation. This is reflected in the poor
rating for systems resource requirements in installation.
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2. The two systems that offer promise as future developments
are the hose system and the mechanized pipelaying system.
The actual choice between the two involves a utility trade-
off among the final four attributes. The hose system is
less expensive and facilitates laying. On the other hand,
it involves more development risk and rates a little lower
in performance and reliability (aithough the performance
and reliability are adequate for the mission). Various
mathematical systems for rating the overall utility can be
utilized. However, under most decision-maker preferences,
the hose system should be the first choice. In particular,
a decision-maker with low or moderate risk aversion should
choose the hose system. In this situation, performance
shortcomings appear to be relatively small and are overcome
by costs and system resource requirements advantages.

In a practical sense, the hose system is most appropriate for the applica-
tion. It is a rapid installation system and although the working life

is shorter and reliability is a little lower, tactical pipelines are

not meant to be long lasting, highly reliable systems.

We wish to emphasize that both systems merit further consideration. Both
systems involve some development risk. The hose system requires the
development of a medium pressure 300 psi flexible, collapsible hose.
American Biltrite believes that such a hose can be developed and is con-
sidering an internal development program for 300 psi fire hose. The
pipelaying system requires the development of a highly mechanized laying
system and a new coupling for automatic machine joining of the joints.

The short-term recommendation is to direct the initial research and devel-
opment program to the hose concept.

ix
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CHAPTER 1 - INTRODUCTION, BACKGROUND AND STUDY ORGANIZATION

1.1 INTRODUCTION

This systems analysis of methods of installing fuel transport systems

was undertaken under the auspices of the Systems Analysis Division of

the Program and Analysis Directorate of MERADCOM on behalf of the Petroleum
and Environmental Technology Division of the Energy and Water Resources
Laboratory. The points of contact for the study were Mr. Wayne E.
Studebaker for technical guidance, and Mr. Leon Medler for contracting
guidance under the direction of Mr. Jerry Dean.

The original objective of the study was to identify and evaluate pipeline
construction, equipment and system concepts that would enhance the rate
of petroleum pipeline construction and reduce personnel requirements
during rapid construction. The study required the performance of the
following activities in support of the above objective:

® Analyze current military and commercial pipeline construction
practices in order to identify problem areas including con-
straints on rates of construction and labor intensive operations.

e Synthesize potential solutions to problems considering auto-
mation/mechanization of the various aspects of pipeline con-
struction.

e Formulate systems concepts providing the capability to rapidly
construct petroleum pipelines with minimal personnel.

e Conduct trade-off analyseé to determine the optimum system
configuration for each alternative concept.

e Compare alternative system concepts on the basis of cost and
operational effectiveness.

e Identify the rapid pipeline construction equipment system
concept(s) possessing sufficient military worth to merit
further development.

PERTSRE LY, R Rt PR ARG Y e,




e Identify areas of technical risk which need to be resolved
prior to entry into system development.

MERADCOM has been considering such concepts for the past several years.
An artists conception of an automated system is presented in Figure 1-1.
A simple mechanized system is presented in Figure 1-2,

At the initial organization meeting at MERADCOM on January 15, 1979 the scope
of work was broadened to include all potential petroleum handling systems

to assure that the universe of alternative petroleum handling and delivery
systems have been documented and evaluated by an objective, qualitative

and quantitative systems analysis.

1.2 BACKGROUND

The current military petroleum pipeline system uses 20' sections of 8"
and 6" lightweight steel tubing with reinforced grooved ends. The pipe
couplings consist of a self-sealing gasket and a split housing that makes
a bolted connection. The principal problem with this pipeline system is
the time required and the labor intensity of manually laying the pipe-
line. Nine men are required to lay one section of 8'" pipe and make one
joint in 4.5 minutes, and seven men are required to lay one section of

6" pipe and make one joint in 4 minutes. The present mission requirement
is to lay 85 miles of 8" pipeline and two 17-mile divergent legs of 6"
pipeline in five 20-hour days. The present manual method of laying re-
quires six Quartermaster Petroleum Pipeline and Terminal Operating Com-
panies of 181 men each, of whom 122 are available to work on the pipeline
and the others are in support. The objective of MERADCOM is to provide
the Army with the system capabilities of laying a pipeline or its equiva-
lent in five days with one company of approximately 181 members.

The USSR has a mechanized capability of laying a military petroleum pipe-
line. The following brief description of the Soviet Mobile Pipelaying
Machine was given by a source document.

PIPE
Diameter - 150 mm
Length - 6-7 Meters
Material - Steel

Coupling - Rubber lined female pressure fitting

PIPE HANDLING

Initial Description

- 80 sections per truck load, 8 layers of 10.
- Transfer from truck to pipelayer 10 sections, one layer at
a time by crane mounted on pipelayer.
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Latest Description

- Truck carries pallet of 40 sections.
- Transfer pallet with 40 sections of pipe as unit from truck
to pipelayer with crane mounted on pipelayer.

PIPELAYER

- Three-axle semi-trailer towed by crawler or wheel mounted
tractor with 5th wheel.

- Pipe coupled while machine is moving

- Operator controls Joining operation

- Pipe '"forced sharply rearward" for joining

- 2 or 3 laborers walk beside machine to remove rocks and cut
brush in pipe path and to assist when machine malfunctions.

1.3 STUDY ORGANIZAT ION

The results of this study are organized under the following topics,

each of which is presented in a separate chapter. The logical flow of
the various chapters parallels the various steps utilized in the study.
Figure 1-3 presents the logical flow of the study. Chapter 2 introduces
the systems analysis methodology, while Chapter 3 introduces the engin-
eering concepts. Chapters 4 and 5 lead into the five chapters on the
selected concepts for Phase !! evaluation, and Chapter 11 consolidates
the results of Chapters 5 through 10.

Chapter 1| - Introduction, Background and Study Organization

Chapter 2 - Systems Analysis Methodology

Chapter 2 presents the attributes of tactical fuel delivery systems that
have bearing on thejr usefulness and a systems analysis approach to
evaluate alternatives with such multiple attributes. The chapter

presents the methodology by which the remaining analyses are performed.

Chapter 3 - Description of Alternative Pipeline Systems

This chapter presents descriptions of the various systems considered for
installing pipeline or other fuel delivery systems.

Chapter 4 - First Phase Evaluation

This chapter presents the systems evaluation of the various alternatives.
Five systems alternatives were selected for more detailed evaluation in
the second phase.

Chapter 5 - Mission Definition for Comparative Evaluation of
Selected Concepts

In the second phase of the evaluation procedure, a common pipeline mission
is defined by which life cyclecost is computed. Life cycle cost is one of

5




the major (but not the sole) ratings determinants in the second phase
evaluation.

Chapter 6 - Economic Analysis of Base Case Manual System

This chapter presents the life cycle cost computations for the basecase
manual pipelaying system, which is the present system utilized by the
Army.

Chapter 7 - Economic Analysis of Truck Haulage System

This chapter presents the life cycle cost computations for the system
that utilizes tanker trucks for fuel delivery.

Chapter 8 - Analysis of Forming Concept

This chapter presents a description and analysis of the forming concept.
In the second phase evaluation, it was determined that a forming machine
would be larger and more costly and less reliable than originally en-
visioned. Development risk was judged to be very high. In view of this,
the life cycle cost of the forming concept was not analyzed.

Chapter 9 - Decription and Economic Analysis of Mechanized Pipeiaying
System

This chapter presents a description and a life cycle cost analysis of the
mechanized pipelaying system. In implementing the mechanized pipelaying
system, future engineering development is required. The description

of the system presents several joint and pipelaying concepts.

Chapter 10 - Description and Economic Analysis of
Collapsible Hose Concept

This chapter presents the description and life cycle cost analysis of the
flexible, collapsible hose concept. This concept requires signifi-

cant development and the Chapter presents the issues involved in the
development.

Chapter 11 - Second Phase Evaluation and Recommendations

This chapter presents the evaluation of the surviving alternatives and
our final recommendations. The evaluation methodology, which reduces
system characteristics to four final measures, is also explained here.
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CHAPTER 2 - SYSTEMS ANALYSI|S METHODOLOGY

= .

2.1 GENERAL METHODOLOGY

e e g

i L

The overall method of identifying concepts most appropriate for the fuel
transport systems was a systems analysis approach consisting of two major
steps:

e Identification of alternative systems concepts
e Systems evaluation of the alternative concepts ir terms of

- the systems attributes.
The actual process was somewhat more involved in that first, the attributes
appropriate for systems evaluation had to be identified, and second, the

evaluation procedure was an iterative one involving two phases. A flow-
.- chart for the overall procedure is depicted in Figure 2-1.

In identifying system attributes, those characteristics of the systems

we believed might be useful in evaluation were tabulated and categorized.
| These attributes spanned the range of cost and performance characteristics.
. After each evaluation, attributes were refined by aggregation and in some
cases, elimination. Attributes were eliminated if there were no discernable
differences with respect to that attribute among the remaining system
concepts. An example of this was ease of leak detection. None of the
identified system concepts appeared to show any advantages with respect
to ease of leak detection. Groups of two or more related attributes were
aggregated when their scores were highly correlated.

e AT R

-4
= SRS Y.

e o

Evaluation of systems attributes was performed in several ways. One f
mentioned was a qualitative evaluation that compares the relative merits

of competing systems. As an example, a relative scale of 0 to 4 was {
frequently utilized where 4 represented the best relative score for a |
particular attribute and 0 represented the lowest relative score. Another
method was the comparison of actual numerical value for certain attributes. '
As an example, in the final phase of evaluation, life cycle cost in esti-

mated dollars was utilized as a basis for comparison.

The most desirable method of analysis would have been evaluation of all

attributes for each system candidate in complete detail. However, the i
cost and time constraints on this study precluded such an approach and

the methodology utilized was an iterative evaluation procedure.

In the first phase, all attributes were evaluated qualitatively, using i
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relative scales, to eliminate alternatives that were clearly less desir-
able than others. In the second phase, when only a limited number of con-
cepts were being evaluated, more detailed quantitative measures of the
attributes were used. Where more precise measures could not be applied
or failed to discriminate between systems, the detail in the systems
descriptions was enriched to provide additional scoring criteria.

The actual overall evaluation in each of the iterative steps consisted of

a. A qualitative or quantitative evaluation of each attribute
for each system or system component.

b. A scoring or trade-off analysis to evaluate each system
overall subject to the multi-attribute scores.

The scoring involved the weighting of each attribute score for an overall
system score. In the final phase of evaluation, however, a somewhat modi-
fied method of system trade-off was utilized. The detailed methodologies
for system scoring and evaluation are described in the first and second
phase evaluations in Chapters 4, 5 and 11.

2.2 SCORING METHODOLOGY

In order to develop an overall ranking of the alternative pipeline con-
cepts, it was necessary to combine ratings of individual system attributes
and effectively weigh them together in order to produce an overall total
score for each concept. A complicating factor was the fact that the rela-
tive importance of an attribute does not stay fixed over the entire range
of the attribute value. For example, a particular attribute level may
saturate in the sense that more, or a better level of the attribute may
not provide any perceivable advantage. On the other hand, as an attribute
level falls toward the unacceptable range, the positive contribution to
the overall score should be reduced drastically. For this reason, we
utilized a non-linear scale for relating the overall score to each attri-
bute score.

The other key aspect was an additive approach relating total scores to
the contribution from each attribute.

Formally, let

A, = quantitative attribute level where available

X, = qualitative attribute score (between 0 and 4.0)

i = system (concept) index

score weight function associated with score level X

L.
—_—
>
~
"

i
N = number of attributes

10
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where

X, = XI(AI) = qualitative attribute scoring function (1)
' converts a quantitative score to a 0 to

4L relative score. (See, for example,

Figure 11-2).

The overall system score would be:
N N

Wror = I W (X;) = I W (X (A)) (2)
jm] j=l
In Phase || major attribute evaluations were developed by finding a set
of major attribute weightings:
k leNK

Where

NK = set of al! attributes associated with major performance index K.

In general the weighting function may not be addltive and equation (3)
becomes

”nAJonK s wMAJORK (X;3 TeNy) ()

The two-phase approach is depicted in Figure 2-2.

2.3 IDENTIFICATION OF ATTRIBUTES

In order to evaluate each of the concept systems, a list of system attri-
butes were developed. In each of the evaluation phases, the attribute
list was reduced to some extent to reflect possible aggregation and elimina-
tions (the latter when there was little or no variations among systems).
These are discussed in the sections on first and second phase evaluations.
The attribute list in this chapter represents a complete list of system
characteristics judged by us to be Jjmportant to MERADCOM, without regard
to relative importance, overlap, discriminatory ability, or level of
appropriate detail. Therefore, all of the following were considered, but
possibly not utilized in later evaluations. Subsequently, in the first
phase evaluation, the list was modified and reduced.
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The major attribute categories for the pipeline system include the five
following areas: if

System Performance 4
System Reliability and Risk
System Cost &
System Resource Requirements b
System Vulnerability

There is an overlap among the five above areas. For example, system costs
and resource requirements are directly related; Ilikewise some aspects

of reliability are parallel to system performance. Separating the attri-
butes into groups and using finer breakdowns of the attributes allows
attribute scoring and weighting exercises to distinguish among disparate
pipeline design concepts.

In order to compare two pipeline concepts on a relevant basis the concepts
must be developed so that they both target the same major performance
goals. In this case the major performance goal is a design installation|
rate of 20 miles/day of installed pipeline to a total length of over 100
miles and having a capacity of 35,000 bbl/day. These performance attri-
butes should be generally similar among candidate designs; the major
variation is expressed in the other important attributes such as relia-
bility and costs.

System Performance Attributes

P.1 Average pipeline laying rate (miles/day)

a. Under fully equipped or '‘automated'' conditions
b. Under ''nonautomatic'' or backup conditions

P.2 Pipeline capacity (bbl/day)
P.3 Degradation of pipeline laying rate when facing rough terrain
P.4 Effects of ambient temperature on
a. Operaticn
b. Installation
c. Maintenance and repair
P.5 System performance over time, i.e., operational lifetime
P.6 System component storage shelf life
P.7 Expected concept development time (years) by major component

a. Pipeline
b. |Installation/connection equipment
c. Other transport equipment

L 85 miles of 8" pipe and 34 miles of 6'" pipe to an actual total length
of 119 miles.

13




‘)

T N e e e e S

|

System Reliability and Risk Attributes

R.1

R.2

R.3

R.4

R.5

R.6

R.7

In-field likelihood of meeting major performance specifications

a. Pipeline laying rate
b. Pipeline capacity

Pipeline availability (% of time demanded) with a given
maintenance program

Percentage leakage after initial installation and inspection

program

Development Risk

a. Risk of higher than expected development cost

b. Risk of lower than expected major performance level
in design

c. Risk of longer than expected development time

Risk of unforeseen problem in development and deployment

a. Pipeline

b. Installation equipment

c. Other transport equipment

Safety for Personnel

a. Installation
b. Operation

Suscept{bility to in-transit damage

a. Likelihood of a leak (% probability per unit length)
b. Likelihood of material waste (% material)

System Cost Attributes

c.1

c.2

Cost of component development (106$)

a. Pipeline material
b. Fabrication/installation/assembly equipment
c. Other transport equipment

Cost of component acquisition ($/unit or $/unit length)

a. Pipeline material
b. Fabrication/installation assembly equipment
c. Other transport equipment

14
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C.3 Cost of pipeline material storage handling and transport
to supply depot

4 Pipeline fabrication/installation/assembly costs ($/unit length)

5 Average pipeline transport cost from supply depot into position
($/unit length)

.6 Pipeline operating costs ($/bbl-mile)

7 Pipeline maintenance and repair costs ($/bbl-mile)

8 Life cycle cost ($/bbl-mile)

System Resource Requirements Attributes

RR.1 Manpower requirements (hours/mile or hours/bbl-mile)

a. Installation

1. Unskilled
2. Semi-skilled
3. Specialized

b. Operation

1. Unskilled
2. Semi-skilled
3. Specialized

RR.2 Equipment requirements

a. Special to theater transport

b. Trucks

c. Fabrication/installation/assembly equipment
d. Other machinery

RR.3 Reliance on scarce or limited supplier materials
RR.4 In-field energy requirements

a. Installation
b. Operation
c. Maintenance and repair

System Vulnerability Attributes

Relative ease of sabotage destruction to pipeline
Dependence on vulnerable equipment for installation and repair

V.
v.
V.3 Relative ability to divert and tap

WN -

a. Ease of tapping
b. Ability to detect

V.4 Ease of sabotage repair




. The goal in developing the attribute list was the consideration of all
possible, factors in rating competing systems. At each evaluation stage,
attributes were refined to a degree commensurate with the evaluation.

In the first stage of evaluation the goal was to rank the competing
systems with respect to the above list of attributes. Attributes were
aggregated when highly correlated attributes could not be evaluated at

a high level of detail. This procedure is described In Chapter &.
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CHAPTER 3 - DESCRIPTION OF ALTERNATIVE PIPELINE SYSTEMS

3.1 INTRODUCTION

In order to determine the best overall solution to meeting the performance
and cost requirements it was decided to review the full range of all con-
ceivable technical approaches to a pipeline system development. In this
chapter the major approach categories are listed and discussed separately.
Once the number of pipeline system candidates was reduced to five (later,
one of the five - a forming process - was eliminated, leaving only four)
it was possible to investigate the alternatives in more detail. Many

of the initial assumptions on performance and function were changed during
the second phase study.

1. Major Alternative Categories

The major concept categories Included:

H - Hose A1l forms of flexible hose, collapsible
and non-collapsible

C - Continuous A1l forms of condult generation from
extrusion of metal and plastic materials.

-
1

Forming All forms of generating conduit from
rolled flat stock of metal and plastic
materials

w
[}

Sectioned Pipe A1l forms of sectioned rigid and semi-rigid
conduit of metal or plastic materials coupled
together during installation.

Non=-Pipe All methods of non-pipeline transport of fuel
using such approaches as conveyor belts,
ballistic projection, tanker trucks, etc.

17




Essentially all conceivable systems fall into the above classes. Many
variations of approach (both major and minor variations) exist within
each major concept category. The purpose in the Phase { evaluation
and screening was to eliminate the obviously inferior concepts and
focus upon a few more promising alternatives,

2. Phase | Enumerated List of Concepts

A large number of different concept alternatives were proposed. Each
of these concepts which is listed below meets the major pipeline per-
formance specifications (i.e., laying rate of 20 miles per 20-hour day
and an average throughput capacity of 35,000 barrels per day.) Each
concept is thought to comprise a system that encompassed all components
which are required to meet all of the performance specifications. Thus,
for example, a flexible hose concept requires, in addition to the hose
itself, the trucks and machinery required to handle transport and lay
spools of hose. In listing the various alternatives a labelling code
has been devised which breaks the concepts into major categories and
allows minor variations among concepts to be distinguished.

The pipeline systems listed comprise a list of alternative systems de-
veloped upon initial investigation on the general mission requirements.
The technical discussion of these alternative concepts forms the basis
for the Phase | evaluation.

The sources of evaluative information of these alternative concepts
included in-house knowledge of engineering capabilities and performance
of various pipeline systems and components, information furnished by
MERADCOM in the form of reports, and informal discussions and information
collected from appropriate equipment vendors contacted and querled during
Phase | of the study.

The detailed set of alternatives used for evaluation include:

Hose

Hl Flexible, non-collapsible, low pressure rolled hose,
8' diameter spool dimension

H2 Flexible, non-collapsible, medium-high pressure rolled
hose, 8' diameter spool dimension

H3 Flexible, collapsible, low-medium pressure rolled hose,
8' diameter spool dimension

HYy Flexible, collapsible, reinforced, high pressure rolled
hose, 8'' diameter spool dimension

HS Flexible, collapsible, glass reinforced ''B'' stage thermoset

rolled hose.

18
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Continuous

Cl

Extruded aluminum, high pressure, continuous pipeline
manufacture

c2 Extruded plastic, unreinforced, low pressure, continuous
pipeline manufacture

c3 Extruded plastic, reinforced, medium-high pressure, continuous
pipeline manufacture. (This alternative encompasses formed
rings and ribs, filament wound, braided fibers of glass or
metal, chopped fibers in melt extrusion with mat.)

ch4 Drawn steel, continuous pipeline manufacture

c5 Drawn aluminum, continuous pipeline manufacture

cé Flow-turned steel, continuous pipeline manufacture

(o Flow-turned aluminum, continuous pipeline manufacture

c8 Continuously cast steel pipeline manufacture

Cc9 Continuously cast aluminum pipeline manufacture

clo Continuously cast plastic thermoset, unreinforced, low
pressure pipeline manufacture

Cll Continuously cast, plastic thermoset, reinforced medium-
high pressure pipeline manufacture

Forming

Fl Roll formed cylincer from coiled flat strip, plastic. (This
alternative encompasses a bonded seam, a locking strip seam
and a lock bend seam and thermoseal.)

F2 Formed pipeline from coiled flat strip, steel. Several

sub-alternatives include:

. Welded seam

Molecular bonded seam

Riveted seam and film liner
Overlap and adhesive seam

Lock bend seam and thermoset seal
Lock bend seam and film liner

. Locking strip seam

w "0 o0 oo
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F3

F4

F5

Sectioned Pipe

Formed pipeline from coiled flat strip, aluminum.
Some subalternatives include:

a. Welded seam

b. Molecular bonded seam

c. Riveted seam and film liner

d. Overlap and adhesive seam

e. Lock bend and thermoset seal seam
f. Locking strip seam

Formed pipeline, prestressed cylinder from flat strip
(either steel or aluminum)

Spiral tube formed pipeline. (This alternative encompasses
parallel layers of multiple strips of metal with adhesive
bond, cross winds of multiple strips with an adhesive bond,
and cross winds of multiple strips of a plastic pultrusion
with resin bond).

Sl

S2

S3

S4

5
s6
s7

S8

Sectioned pipeline with mechanized pipe handling and coupling.
(This alternative encompasses all types of existing couplings
and either steel or aluminum. The couplings could be, for
example, friction forced-fit, threaded, grooved pipe with
clamp and gasket, or bell and spigot.)

Sectioned pipeline with mechanized pipe handling with some
type of final manual step. The types of couplings are the
same as for alternative S| and either steel or aluminum is
a possibility for this alternative.

Sectioned pipeline with manual handling and manual coupling
with some type of guide utilizing either steel or aluminum
and one of the four types of existing couplings listed under
alternative SI.

Sectioned pipeline with manual pipe handling and manual
coupling utilizing either steel or aluminum and one of the =
four types of couplings noted above, but without some type o
of guide to be used during assembly. 5

Arc welded sectioned pipeline, steel ﬂ

Arc welded sectioned pipeline, aluminum

Sectioned pipeline with manual pipe handling using a clamp
and gasket plastic coupling

Sectioned pipeline with manual pipe handling, plastic,
threaded coupling.

20




S9 Sectioned pipeline with manual pipe handling, plastic,
q bonded coupling.
| vy S10 Sectioned pipeline with mechanized pipe handling and a
plastic coupling.
Sl Sectioned pipeline, mechanized pipe handling and plastic,
threaded coupling
L S12 Sectioned pipeline, mechanized pipe handling, plastic,
bonded coupling.
i- S13 Telescoping tubing, steel
Sly Telescoping tubing, aluminum
L S15 Telescoping tubing, plastic
s1é Hinged tube sections, either steel, aluminum, or plastic
S17 Sectioned pipeline with mechanized pipe handling either
3 steel or aluminum, but with some type of coupling designed
i for mechanized equipment. Coupling will be a new design.
f Non-Pipe
NI Conveyor belt system with rubber bags
N2 Conveyor belt system with rigid containers (barrels)
N3 Land vehicles (trucks) carrying rubber bags
.
i Nb4 Land vehicles - tanker trucks
i: N5 Air transport - rubber bags
; N6 Water transport of rubber bladders
I N7 Ballistic projection of fuel in a sequential system
3. Discussion of Initial Mission Specification

ey
. .

r—-: t« ‘.

} Implicit in the enumeration of the approximately fifty alternative con-

& cepts was an expectation about overall system performance. The major
performance goals are |) laying rate - i.e., 20 miles per 20-hour workday;
and 2) pipeline throughput capacity of 35,000 barrels per day of distil-
late oil during a 20-hour pumping day.

The first major performance attribute places a very high burden on the
design of any pipeline system., With 20-foot pipeline sections, for example,
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20 miles per day represents one joint assembly every 14 seconds. A manual,
. sectioned pipeline system thus requires many crews of pipeline installers
1. working on assembly simultaneously in order to meet the installation rate
requirements.

i The second major performance attribute, the fuel throughput rate, has

major design implications. Thus, the sectional pipeline and hose system
must use 6' and 8" conduit, and 274 tanker trucks are required to trans-
port fuel as depicted in concept N4,

The initial Phase | list of concepts was developed as an outgrowth of

a systems ''brainstorming' session held at Arthur D. Little early in the
beginning of the project. Subsequent to this initial brainstorming session t
a more detailed review and description was performed on the major attri-
bute categories prior to developing the Phase 1 concept rating (as dis-
cussed in Chapter 4 of this report).

A ‘A R

3.2 DESCRIPTION OF ALTERNATIVE SYSTEM CONCEPTS

1. Hose 5
Hose construction can take many forms. Heavy walled, stiff (non-collapsible) 4
hose can be designed for thousands of psi but it would not be practical g
for the pipeline application on a weight and cost basis. v

e Non-collapsible Hose: Hl and H2 {L

&

A practical hose constructed of elastomer and heavily reinforced 5
with metal or glass fiber could conceivably be designed to !
operate at pressures comparable to rigid pipe. We assumed that j
this material could be rolled, but not flattened. This would 3

form concepts Hl and H2. It is assumed that less development

effort and risk is involved with HI. Connections between
lengths and to fittings can be made with couplings similar
to current practice with hose. To take best advantage of
this system for laying hose rapidly, it would be logical

to use the greatest lengths that can be transported with
present vehicles. Originally, a 10' cube (which corresponds
roughly to 10 tons) was proposed. A 10' diameter 10' long
spool could hold 2000' of hose,2 which could weigh up to

10 1bs/ft. It was eventually decided to reduce the spool
diameter to 8'.

VRS

[ I I T I T T T i —

2 The 200 foot length of hose could exist in a series of shorter sections
coupled together and then rolled (e.g., 200 foot lengths).

3 The 10' by 10' profile of tie spools was considered too targe for the
existing transport equipment. An 8' by 8' spool dimension was later

considered.
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Because of lack of presently available hose with these char-
acteristics, it was assumed that a substantial amount of
development effort would be required to produce it together
with attendent risk. The usual manufacturing processes for
making reinforced hose involve a large number of layers and
a variety of materials.

For HlI and H2 non-collapsible hose, shipping density is low,
because in addition to the hollow bore of the hose, the spools
have hcliow centers, and the cylindrical exteriors do not

pack ~iosely. In order to investigate the resource require-
ments of the Hl and H2 hose systems an installation scenario
was studied. To construct 100 miles of hoseline, 500 1000’
lengths must be trucked from the base point to the end of the
assembly point, at an average round trip of 100 miles, this
equals 50,000 truck miles.%

50,000 truck miles
50 Hours

1,000 truck miles/hr
15 Miles/hr.

= ]000 truck miles/hour

= 67 trucks, or 34 trucks for a 20 hour day

50,000 miles

7.5 Hiles = 20,000 gallons fuel

Installation of the hoseline can be done by the delivery trucks
with minimal additional equipment. When a truck arrives at the
end of the installed hose, the new end is coupled on and the
truck drives on, unrolling hose; at 5 mph, this can be done in
5 minutes. Multiplied over the entire hoseline, 20 truck-hours
are required to lay the hose, or | hour per truck in the 50 hour
project. Therefore, installation is accomplished without signifi-
cant use of additional equipment, manpower, or fuel. Special
terrain conditions can be accommodated with minimum additional
effort. Maintenance would be required if damage to the hose
occurs. An entire 200' hose section can be replaced in the case
of major damage. Smaller sections can be replaced by installing
couplings with truck mounted equipment. Punctures can be sealed
with threaded plugs.

4 These numbers were used for preliminary estimation purposes and as
such are superseded by later, more accurate estimates in the Phase |l analysis.
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@ Collapsible Hose: H3 and H4

If the hose decribed in Hl and H2 can be flattened from 7' diameter
down to 2'' thick by 11" wide, the volume is reduced by at least
one-half. On the other hand, development cost, uncertainties,

and product costs areslikely to be still higher than those of
non-collapsible hose.

Primary transport tends to be voiume rather than weight-1imited,
so there would e a reduction in shipping cost for H3 and H4.

If transport during construction is weight-limited, then there
would be no gain in reducing the volume. On the other hand, if
trucks could accommodate 10 tons of hose, twice the length, or
2000', could be carried. The impact would be to reduce the
number of truckssfrom 67 to 33 for a 10 hour day; two shifts
would have this.

Manpower and fuel consumption would be reduced essentially in
proportion for H3 and H4. Other factors, relating to coupling
methods, maintenance and vulnerability, would remain similar to
non-collapsible hose concepts.

2. Continuous

The continuous production of conduit in the field has appealing features
namely in transporting the pipeline material into the field. For this
reason a number of concepts were reviewed.

e Continuous Metal Processing: Cl, C4, C5, C6, C7, C8, and C9

A number of processes could be used to manufacture metal tube.
These include extrusion, drawing, continuous casting, flow
turning, and combinations of these. Since the feed material

for these processes is in its densest possible form, there is
considerable appeal in shipping the raw material and manufacturing
tube in very long sections in the field. The important advantage
of this approach is very good shipping density, both in primary
transport and during installation. The resulting tube should

have excellent mechanical properties, at minimum weight per

unit length.

Unfortunately, the disadvantages would probably outweigh these
good features. Equipment for metal extrusion is large and
massive, to the extent that it is probably not possible to make

it mobile under tactical conditions. The power requirements of this

5 This initial assumption did not hold to be true in the Phase || analysis.

These initial assumptions for H3 and H4 were modified in the Phase 11
analysis for the user system.
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equipment would be extremely high. Therefore, all the gains
made in transporting compact raw material will be lost in
transporting the fuel required to convert it into the finished
product. In light of these factors, it is hardly necessary

to consider in addition the problems of field maintenance and
skill levels required for its successful implementation.

e Continuous Plastic Processing: C2, C3, C10 and Cl1

Generating plastic tubing continuously in the field is a much
more feasible prospect compared to metal tubing. To achieve

a structure capable of operating at reasonably high pressures,
some sort of reinforcing would be required. Therefore,

the problem is not only to generate plastic tube, but to intro-
duce the reinforcing at the time of manufacture. A possible

method to be considered for this application would be

the continuous casting of a thermoset material containing
chopped fiber. Alternatively a more promising concept

would be obtained by adding the fiber in the form of

cloth, braid, mat, roving, or filament wound; however,

this process would be more complex to design and implement.

As is the case of continuous metal tube, the plastic raw
materials are compact, but because more plastic than metal

is required for a given pressure rating, it is not as

compact. The main advantages of a plastic extrusion process
over metal processes are that the equipment can be transportable,
and the energy requirements could be reasonably low. However,
the shelf life of resins is limited, and the casting process
is usually very temperature sensitive.

In operation, a tube generating vehicle would move along at
the desired rate of 2 mph. Tank trucks of resin would accom-
pany the tube generator, feeding its limited reservoirs by
hose. When one truck ran out, the next tank truck would con-

nect while tube is generated without interruption. At 10 lbs/ft., ‘j
10 tons would last 2000' or 12 minutes. During the operation I8
50 truck-hours would be needed, which is a small percentage -

of the transport time. As in the rolled hose concept, Hl and
H2, 67 trucks would be used. Increasing the capacity to 20
tons would reduce the number of trucks to 33.

PORFLRE QRSN g 1l

3. Forming

Like continuous conduit manufacture forming involves constructing a pipe-
line in the field. Unlike continuous manufacture forming only requires
the shaping of the pipeline material and the production of some type of
longitudinal bond. Forming methods differ in two aspects: (1) the v
type of material used; and (2) the method devised to produce the longi-

tudinal seam.

P
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e Forming Metal Stock: F2, F3, F4

Metal tube can be formed from coiled flat strip. Either aluminum
or steel strip could be used. There are a variety of methods to
make a sufficiently strong seam, and to seal it. The various
methods of producing the longitudinal seam include combinations
of metal working; use of glues and sealants; and the adoption of
locking strips. The development effort of any forming system
with selected seams would be high. The development would draw
heavily upon similar existing technologies, however. In any case,
the strip would be formed into a cylindrical shape by roll forming.
Once the metal is bent into shape then the seam is built. Addi-
tional roll forming work would be required for all types of seams.

For the purposes of evaluation consider that the stock to

be transported consists of 8' diameter rolls of sheet aluminum
1/8'" thick and 20" wide. At 7,000 lbs. the shipping density
is very high. Installation is performed by a vehicle that

can carry two rolls, and forms tube at a 2 mph rate. Each
roll makes one-half mile of tube, so the vehicle can run |
mile between reloads. Accordingly, trucks of 7 ton capacity
deliver 2 reels at 1 mile intervals along the 100 mile route.
100 round trips of 100 miles are required to place the rolls
into the field. This results in the requirement of 10,000
truck miles. With 100 hours available, 100 truck-miles/hour
can be done with seven trucks averaging 15 mph. The forming
process is likely to encounter terrain conditions that are
unsuitable for pipe manufacturer. In this case, the gaps would
be left, to be joined later by adapters and conventional tech-
niques. Damage repair and maintenance would utilize the same
adapters and techniques.

Forming Plastic Stock: F)

In lieu of metal (aluminum or steel) plastic sheet could be
roll-formed. Forming of plastic has the advantaqe that it
could be performed with less energy and fewer requirements for

precise alignment. A bonded seam would be a workable seaming option.

The major disadvantage of plastic forming is strength. It would

have to operate at a very low pressure (less than 150 psi unless the

pipe was reinforced). The inclusion of reinforcing material
essentially makes it equivalent in complexity to the continuous
processing concepts C3.




L @ Spiral Tube Formed Pipeline: F5

Another alternative is to produce a pipeline that is formed by

multiple, spiral-wrapped layers of metal which are bonded together
with adhesive. The concept is similar to that used to make paper !
cardboard tubing except it would have to be implemented on much
larger scale. The advantage of the spiral-wrapped tube is that |
it would not have a longitudinal seam and could ultimately work f
at higher pressures than the other forming concepts. The main j
drawback of the concept is complexity.

i L. Sectioned Pipeline

The most obvious approach to pipeline laying is to use sectioned metal
(aluminum or steel) pipeline with couplinos to join the sections.
Achieving the desired laying rate is a major problem with any sectioned
pipeline system. Twenty miles in 20 hours allows only 14 sec./joint.

At first glance, this seems like insufficient time to perform the se-
quence of terrain preparation, retrieving a section of pipe from storage,

' . . - . 3
- aligning, making the joint, and depositing it in place. One solution
is to overlap the time of the functions so that the time from one com-
o pleted joint to the next is much less than the sum of the times of the

various operations to complete one joint.

Another solution is to run more than one pipelaying machine simultane-
ously and thereby allow more time per joint (i.e., using three machines
allows 42 seconds/joint on average). The major disadvantages of multiple
- simultaneous machines are greater costs and resource requirements.

® Manual and Semi-Manual Section Pipeline Systems: S3, S4, S5, S6,
S7, S8, S9

Even the slowest manual method of constructing pipeline by joining
short sections can be done at the desired rate by sufficient dupli-
cation of crews and equipment. This is present practice and is
only investigated as a baseline reference. A system that would

i be of real interest would be capable of meeting this rate with a

i g single piece of equipment and crew (or small number e.g., three or
fewer), The method as envisioned would be to rapidly take

e I

.
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{ sections from storage, align them, and join them. |[f 20' sections
u are used, joints must be made every I4 seconds in a 20 hour day.
Transporting sections from storage at these rates presents a
{- major resources requirement and a design challenge.
| &
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A company of 181 men, 122 of whom are available to lay pipe, can
manually lay about 5 miles of pipe per shift. At this rate it
will require 5-6 companies of crews to manually lay the pipeline;
this is a major disadvantage of the manual mechanized pipeline
systems.

The number of truck-miles needed to transport the pipe to the
assembly site is calculated by assuming that one transport truck
can carry 100 8" pipeline sections.’/ Because each section is 20'
long the number of truck-loads of pipe to be transported is 26A4.
The average round-trip travel distance per truck is 100 miles.
Thus, 26,400 truck-miles are required for transporting the pipe
to the assembly point. |If the average truck speed is 15 mph then
the required number of trucks is 18.

@ Mechanized Sectioned Pipeline Systems: SI, S2, Si0, S11, S12, S17

There are two required areas of development. First, for the 4
mechanized pipeline system a joint must be developed that meets the
basic requirements of reliability and also lends itself to mechan-

ized assembly. Then a method of section storage, feeding, and
assembly must be fitted into a vehicle. The development effort
will be in proportion to the degree of mechanization. These can
range from manual systems with alignme~t fixtures through powered
systems with manual control, all tne way to full automation.

The components will consist of sections of aluminum, steel, or
plastic tubes. The ends will be adapted with attached or separate
couplings. In this form, the material is of moderate cost, con-
sisting of raw material with value added by machining and assembly.
Shelf life should be long with moderate care in storage.

s adeds

The sections have low density in transport, and must be protected
from damage. An 8' x 20' pallet can hold 100 sections totalling

2,000'. This could weigh from 4 to 8 tons depending upon the i
material used.

e g e
JARBET LA NERhy, N

Installation is envisioned to be performed by a vehicle that carries
one pallet of 100 sections and assembles them at a speed of up

to 1 mile/hour. As with the manual concepts to provide pallets

at 2,000' intervals, 264 trips of 100 mile average must be driven. '
In 100 hours, this requires 264 truck-miles/hour, or 18 trucks

at 15 mph. Trucks must be fitted with cranes for self-unloading.

7 These numbers represent only an example and were modified in Phase 1.
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The assembly vehicle can have three levels of mechanization.
Sections can be moved by hand, with fixturing that aligns parts

for rapid assembly. Parts can be conveyed by power, under direct
operator control, In this case, the operator would initiate placing
a section, making a joint, and controlling the forward motion of

the vehicle. Alternatively, all of these functions could be
initiated by sensors, with the operator performing a monitoring
function. The manual system does require more manpower than the
powered systems, but at a somewhat lower skill level. The
mechanized equipment is expensive, specialized, and the impact

o upon construction in the case of breakdowns indicates the need
: for back-up equipment. Energy requirements are expected to be
E I moderate.

Maintenance of a pipeline assembled by this method is not likely
to require more than routine familiarity with the procedures and
portable tools.

In analyzing these systems, it was determined that some of the
systems would be infeasible or very difficult to develop for the
job. For an example, the mechanized system of sectioned pipelines
would be very difficult to develop utilizing existing couplings.
We, therefore, developed alternative S17 to incorporate a new type
of coupling.

® Telescoping Sections: S13, Sl4, S15

A variation of assembling pipe sections utilizes a number of
diameters that telescope. There are two advantages:

1. A telescoping set of pipes can be deployed by pulling,
without specialized assembly equipment. This produces
at least 10 times the length between manually coupled
joints.

2. The shipping density can be moderate to high.

The disadvantages are that many tube sizes are required, and all
but the smallest is oversized for the flow it carries. A moderate
development effort should be adequate to produce a functional
system, since no special field vehicle will be required. The

cost of components will be high, because of the many tubing sizes
that are larger than necessary. The sets of tubes are well pro-
tected by the outer shell in storage, and should present no
special problems.

Shipping density is quite high. 4000' collapse into 16 sections
of 12" diameter, which occupy 4' x 4' x 20' and weigh 16,000 1bs.
In comparison, 2000' of 125' wall aluminum sections require

8' x 8' x 20' and weigh about 7,000 lbs., Therefore, telescoping
tubes occupy about one-eighth the volume. Tactical supply of
tubes during pipeline construction can be done with 9 trucks with
an 8-ton capacity. In a 100-hour program, 10 are required since
they will be used for installation also.
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The major variations of the telescoping pipeline are the type of
L material used; i.e., steel, aluminum or plastic.

Assembly of the pipeline will require driving a loaded truck to
the end of the pipeline. A telescoping section will be unloaded
and coupled manually. Then the truck will pull the free end, i
extending the 20' set to 240'. The joints are expected to seal
| without attention. Then another section is coupled and the pro- I
- cess is repeated. To achieve the desired rate, the coupling and
A pulling must be done in 3 minutes, which will occupy the truck
i

45 minutes, each trip. This adds 100 truck-hours, or one more
a truck.

DTN TN A

No dedicated vehicles or unusual skills are required for installa-
tion. Maintenance, on the other hand, presents some unusual pro-

blems. With 12 pipe sizes, replacing sections requires a larger-

than-average inventory. This is partially offset by the fact

that undamaged sections of a set are reusable.

5. Non-Pipe Concepts

There are a number of concepts which do not use any form of pipeline for
the conveyance of the fuel. Most of these are not reasonable approaches

to the proposed problem, but are included for sake of comparison and com-
pleteness.

® Trucks: N3, N4

|
o
|
|

Before a pipeline is operational, fuel must be transported by
vehicles. Tank trucks may have a capacity of 10 tons of fuel.
This is about 3,000 gallons, 70 barrels. 35,000 bbls/day requires
550 truckloads, each with a 200-mile round trip. 1In a 20-hour
day, 275 trucks are required.8 Another 50 trucks are required

to provide their fuel. Using rubber bags instead of tank trucks
has few advantages over tank trucks. One advantage is that the

use of bags allows for a more versatile type of vehicle to be
used.

Y

g T

® Water Transport: N6

The only vehicles that have an adequate capacity and operating
economy are ships and barges. |If there are waterways for these,

it is reasonable to assume that the area is developed, and will
also have pipelines.

8

These numbers were modified slightly in the Phase 1l analysis.




e Other Non-Pipeline Methods: NI, N2, N5, N7

Conveyors transporting containers such as bags or barrels are
many times the component costs and installation cost. Handlinra
of containers at the desired rates does not appear practical

One 42 gallon barrel would be required to arrive every 2 seconds.

Ballistic projection of the fuel by streaming was suggested. Such
an approach immediately raises insurmountable technical and en-
vironmental issues. (For these reasons it scored the lowest in
the Phase | assessment,)

There were some alternatives that were clearly dominated by others. Non-
collapsible hosing at low pressure would not gain any advantages over
either non-collapsible hosing with high pressure or collapsible hosing
with low pressure. All of the alternatives were scored and evaluated,
however, and we were thus able to refine and calibrate the scoring system
by examining the scores for those systems that would be either very dif-
ficult to develop or not as desirable as similar alternatives.
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CHAPTER 4 - FIRST PHASE EVALUATION

4.1 INTRODUCTION

This chapter presents the results of the first phase evaluation of the
various alternatives tabulated in Chapter 3. The purposes of this first
phase evaluation included:

1. Eliminating from further consideration those alternatives
that fall short of the mission objectives.

2. Reducing the number of alternatives to a set small enough
to enable detailed analysis and comparison.

3. Determination of those attributes with high discriminatory
power and eliminating those criteria that do not effectively
discriminate among alternatives.

In the preliminary stage of analysis, we could not evaluate with precise
detail the utility or score for any candidate system. There were two
reasons for this. First, there were many attributes, and in order to
evaluate the trade-offs between the attributes, a detailed consolidated
cost analysis would have been necessary. This would not have been feasible
for the numerous alternatives posed in the previous chapter. Second,

it was not clear in which direction detailed state-of-the-art research
should be directed. Thus, it was important in the first phase to recog-
nize systems that were potentially superior performers even though
development risk might appear to be high.

The first phase evaluation procedure evaluated the various systems for
the various attributes, using the general methodology described in
Chapter 2. The steps in the procedure were as follows:

e Consolidation of system attributes into categories that
can be estimated in a first pass evaluation.

e Evaluating each alternative and component choice for each
attribute into an absolute score that can be added to scores
for other attributes by using the weighting procedure dis-
cussed in Chapter 2.
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e Totalling scores for each scenario.

® Analysis of scores and formulation of those concepts appropriate
for second-phase analysis.

Each of these principles is described in the following sections.

4.2 CONSOLIDATION OF SYSTEM ATTRIBUTES

The list of attributes presented in Chapter 2 included all possible
system characteristics that we could conceive as relevant to the Army.
When relevance was questionable, we nevertheless included the attribute
to be sure that nothing of significance was lost. In the actual evalu-
ation, a consolidated list of attributes was utilized. The consolidated
list was obtained by elimination of certain attributes and aggregation
of others. Attributes were eliminated if a) the attributes represented
absolute requirements of the system (in which case an inadequate rating
would eliminate the system), or b) the various systems were equivalent
with respect to the attributes. An example of the latter situation was
susceptibility to tapping.

In the aggregation stage, certain groups of related attributes were con-
solidated, either because analysis showed they were different descrip-
tions of the same factor, or because experience showed that over the set
of systems under consideration the individual attribute scores were
highly correlated. In these situations, aggregation greatly simplified
the evaluation procedure.

The set of attributes that remained were reordered in a hierarchy to show

degrees of relationship among them, and the resulting list included the
following:

1. System Cost Attributes

A. Development

e Cost of component development

e Cost of installation equipment development
B. Procurement

e Component

e Installation equipment

C. Support Readiness Operation Cost

e Shelf Life
® Weight and volume restrictions
e Training
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2. Development Risk

A.
B.

Risk Level

Dependence of procurement on limited resources

3. Reuseability

A.
B.

Local

Ability to reship

L. System Resource Requirements for Installation

A.

m O O o

G.

Transportability to theater

e Pipeline

® Assembly equipment

Manpower for transport

Transport requirements to site
Special equipment for site transport
Manpower for assembly

e Specialized

® Non-specialized

Fuel for installation

Dependence of assembly on special equipment

5. Performance and Reliability

A.

Installation

® Reliability of installation equipment
e Degradation of installation under adverse conditions

Operation

Reliability as a function of time

Maintainability

Safety

Ease of leak detection

Lifetime

Vulnerability

Field operating costs

Manpower Requirements for Operation and Maintenance

This list of attributes was utilized in the evaluation discussed

in this chapter.

P T
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4.3 SCORING SYSTEM

For each system alternative each attribute was rated on a scale from 0 4
to 4. The results of this scoring are tabulated in Table 4-1. The L
interpretation of these scores is as follows: 19

0 - Highly Undesirable J
1 - Poor b
2 - Fair &
3 - Good

4 - Excellent

However, these scores were unweighted. A four on one alternative may
have a different implication than a four for another alternative. In
order to convert this relative score into an actual comparative score,

a transformation was necessary for each alternative. The table of trans-
formations is presented in Table 4-2. In developing the transforma-
tions, there were two principles employed. These were

1. Non-linear utility
2. Unequal weights of attributes

The non-linearity of utility was necessary to distinguish between the
different importances of attribute qualities. Maintainability, for
example, was judged to be a moderately important attribute in overall
system performance, but possibly less important than other attributes.
The difference between a good and an excellent system in terms of main-
tainability may not be particularly important in the evaluations of an
overall system. However, the difference between a poor or fair system

on one hand, and an excellent system on another hand, could be substantial.
In particular, forming systems, although otherwise scoring ex.remely
well, would suffer in the maintainability area because a broken pipeline
would be very difficult to repair. For this reason, we utilized a non-
linear scale for the maintainability scoring. Thus, although the overall
maximum score was less than the maximum score for other attributes, the
difference in scores between a 2 and 3 was substantial.

Other attributes were also characterized by a non-linear scorinq trans-
formation. These included development risk and use of manpower. For
both of these attributes, there was very little difference between good
and excellent scores. There were larger differences between fair and
good scores.

The other principle in the scoring transformation was unequal weights.

The overall weights of attributes, as determined from the maximum possible
score, ranged from 15 for fuel for installation, vulnerability, the two
reuseability characteristics and dependence of procurement on limited
resources to 150 for each of the two capital costs categories. The
categories showing high differences in two relative scores included the
two capital costs categories, risk level of development, the probability
of a system functioning over time, maintainability, the two assembly man-
power categories, and manpower for transport.
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We also utilized severe penalties for systems manifesting scores of 0
for a given attribute. As an example, safety was not a heavily weighted
attribute. However, we attached a penalty of -100 for any system exhib-
iting a score of zero in safety. An example of this was prestressed
cylinder formed pipeline system. Because of this safety deficiency, the
system rated poorly. (In some sense, the scoring system also reflects
the degree of variation of a given attribute. By attaching a rating of
15 to safety we did not mean to imply that safety is unimportant. To
the contrary, safety is an important characteristic in pipeline systems.
The maximum weighting of 15 was in actuality a recognition of the fact
that systems varied very little in safety characteristics with the ex-
ception, of course, of prestressed systems.)

Weighting and scoring transformations were derived from conversations

with MERADCOM concerning essential characteristics and relative importance

of various factors. The transformations were reevaluated and refined
after an initial set of scoring tabulations.

4.4 SCORES

The overall scores of the various systems in decending order of score is
as follows:

Alternative Score

S17 Mechanized sectioned pipe with joint

to be designed 959.5
F3(e,f) Formed pipeline from coiled metal strips
F2(qg) steel alternative g, aluminum alternative

e and f 920.5
F2(e) Same, steel alternative e 915.5
3 Manual sectioned joints 915
H3 Flexible, collapsible, low-medium

pressure hose 895
F2(a) Formed from steel strips, alternative a 870.5
H2 Non-collapsible hose 870
F3i(a) Formed from aluminum strips, alternative a 855.5
H1 Low pressure, non-collapsible hose 845
N4 Tanker trucks 825
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S6

Sl

S5

s8, s16

F2(b)
s1
S14
H4
$2

N3

S4
F2(f)
F3(d)
s13
s12
F3(c)
F3(b)
515
N6, C4
NS
59

Fl

c7

Fi
€9
F2(d)

Welded pipe

Mechanized sectioned pipe, existing joint

815

810.5

785
775
767.
751.
747
738
735.
734.
734
731
725
722
716
715
702.
682
673
665
659.
653.
653
652.
648
638.
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F2(c), C5 638
c12, c8, c6, H5 633
cl 627
S10 623
S7 618
F5 550.5
C2 507
C3 506
chn 481
cio 393
N1, N2 2
N7 -4bo

4.5 CONCLUSIONS AND PLAN FOR PHASE 1|

Upon examination of the scores of the various alternatives, the follow-
ing five system concepts were selected as candidates for further evalu-
ation. The five systems represent the highest scoring systems plus the
addition of tank trucks. We felt that tank trucks merited further in-
vestigation due to the Iimmediate availability of fuel In a truckina sys-
tem and for the purposes of attribute comparison.

1. Mechanized assembly of sectioned pipeline using steel
or aluminum and a coupling (to be designed). This alter-
native dominates all other mechanized systems using
sectioned pipeline and existing couplings.

2. Roll formed cylinder from coiled flat strip. The various
metal options were somewhat comparable in scores. In
accordance with the order of these scores we considered
as the most feasible choices steel and aluminum
with a lock bend seam and thermoset seal or a locking
strip seam, although others (possibly new ones) were
not be ruled out.

3. Flexible, collapsible, low to medium pressure, rolled
hose. This alternative dominates both the non-collapsible
hoses and the high pressure collapsible hoses. The latter
is not feasible and received a very low score in development
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risk. The glass reinforced ''B'" stage thermoset alternative
had too low a shelf life to be practical.

4. Manual systems using sectioned pipeline. This system, which
is the current system being utilized by the Army, scored well
except with respect to the critical attribute of manpower.
Existing couplings seem sufficient for manual systems.

5. Tank trucks. This system scored very well in several areas
and dominates non-pipe approaches. Its advantage is immediate
fuel delivery, and its disadvantages are operating cost and
resource requirements.

In order to complete the project we needed to evaluate these five system
concepts more accurately and provide some of the details necessary for
system development. Such detail included, for example, the nature of the
coupling in a mechanized assembly system. In the second phase of the
project we evaluated the same attributes again for the five concepts.
However, we estimated cost and manpower requirements in more accuracy

and detail, and utilized trade-offs of these attributes. The methodology
for performing this task Is presented in the next chapter.
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CHAPTER 5

MISSION DEFINITION FOR COMPARATIVE EVALUATION OF SELECTED CONCEPTS

S5.]1 INTRODUCT ION

In Phase | of the system analysis of mechanized pipeline construction,
over 50 alternative concepts were conceived and qualltatfvely ranked.
Five system concepts that scored very high in the preliminary qualita-
tive analysis were subjected to a much more detailed analysis in the
second phase to determine the costs and benefits of each. This analysis
was also the basis for recommendations about a research and development

program, the first major step toward procurement. The five systems j
that survived the preliminary Phase | evaluation were: 2
® The base system. Current manually coupled 6'" and 8'" pipeline {

as described in section one, Coupled Pipelines, Chapter 9 of .
TM5-343, Military Petroleum Pipeline Systems. 3

® A truck haulage system utilizing Army standard 5-ton 6 x 6 'é
tractors, MOD M818, and Army 5,000 gallon bulk tank trailers, !

MOD M967; again, an existing system.

® New pipeline concept. Laying of continuously formed and seamed
6'" and 8'" tubing from steel strip.

‘ud

g e
%

® New pipeline concept. Mechanized coupling and laying of 20'
sections of 6" and 8" pipe with continuous auto feed and

attaching of joints and couplings from 8' to 8' x 20' unit
modules.

® New concept. 6'" and 8'' collapsible hose -- long sections
and mechanized coupling, flaked in 8' x 20' containers. |

All of the cost attributes and those other attributes that appear to be
mission-dependent were evaluated in the context of a common mission.
The purpose of this chapter is to describe that mission in the detail {
needed to support the cost and other attribute estimates. The 1ife !
cycle begins with research and development, except for the existing base-

line pipeline system and truck haulage, where the life cycle begins with

procurement. To support consistent comparisons, we assumed a common
life cycle schedule as follows: i
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Pipeline Life Cycle

Year

Subcycle 80 81 82 83 84 85 86 87 8889 90 91 92 93
ReD o
Procurement E—

Transportation
(Mfg. to Depot)

Support Readiness- ,
Training & Maintenance 3

S S

Transportation
(Depot to Theater) I l

Lay Pipeline

Operate Pipeline L_____4

5.2 MISSION DEFINITION

1. Research and Development Program and Subcycle

For each of the new pipeline concepts, the non-government cost for a
research and development program was estimated for the entire pipeline
system with the exception of existing or common subsystems, modules,
components, etc. For instance, conventional existing pumping stations
were utilized by all systems. There may be the requirement, however,
for the development of an interfacing fitting. The cost and duration
of the research and development program was based upon the factoring
in of R&D risk.

The outline of the RED program in Fiqure 5-1 conforms to the Army system
acquisition cycle. On this we have superimposed risk analysis. As an
illustrative example, suppose the evaluators agree that the most likely
value of cost and duration for a particular stream of development are
$3,500,000 and 28 months respectively. At the same time, they will gen-
erate optimistic and pessimistic estimates of cost and duration, expressed
as a percentage of the most likely estimates. The product of the two
gives optimistic and pessimistic estimates in units of cost and time.

The process is illustrated by the following:

A
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e Risk Evaluation (Example only)

Cost Duration
a. Optimistic 90% 0
b. Most Likely 100% 100%
c. Pessimistic 200% 150%

® Risk/Cost Summary (Example only)

a. Optimistic $3,150K 22.4 Mo.
b. Most Likely 3,500K 28
c. Pessimistic 7,000K 42

2. Procurement Program and Subcycle

The principal items in the procurement program are the conduit, its
couplings and/or fittings, and support and repair components. The other
principal cost item is the pipeline laying equipment. For cost estimating
there is only one purchase made, and it included 15% of the procurement
cost for the cost of spares. All procurement costs are in 1979 dollars.
The procurement for the pipeline laying equipment, however, is for six
Quartermaster petroleum pipeline and terminal operating companies. There
is one of these companies on active duty at Fort Lee, Virginia, and there
are five reserve units. Each company is to have the capability of laying
100 miles of pipeline at the specified rate. Pipeline laying equipment
is the specific equipment required for pipeline assembly and will not
include any special equipment utilized for crossing streams, rivers, or
performing any grade improvement. This latter category of equipment is
considered a stand-off for all alternative systems.

Other standard equipment includes the costs of booster pump stations since
certain systems may require more booster pump stations than others. For
future purposes it was desirable to obtain the costs of transportation
equipment per diem since such equipment would be used for a very

limited time only. There is also standard equipment such as containers
which would be acquired to hold the material in depot and in the theater
prior to deployment. The containers would also be utilized in the actual
laying of the pipeline. Risk factors concerning procurement were recog-
nized such as the use of critical materials, the sensitivity of the sys-
tem to cost escalation, and any attributes the system may have toward
obsolescence for any reason, and these were also accounted for in the
development risk attributes. Aspects of this subcycle include:

e Cost Elements

e Time Frame attributes (1979 dollars were used)
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® Duration

Identification of time frame for one time procurement such as year
three to year four, or 36 months to 48 months.

L e Conduit

(1) 8,85 miles
. (2) 6'",34 miles
(3) Couplings and fittings
- (4) Support and repair components

- e Pipeline laying equipment for six Quartermaster petroleum pipeline
=k and terminal operating companies.
- e Standard Equipment
e Booster pump stations (based on equations and data supplied
by (MERADCOM).9
8
I The equations assume:
i
@ Pipeline pump station configuration is similar to those described
= in the Army Facilities Components Systems Technical Manuals.
- e Commercial components of the required size and pressure ratings

are readily available.

e Centrifugal pumps driven by high-speed medium duty diesel engines
are used.

e Design operating pressure is in the range from 100 psi to 720 psi.

The equations are:

8" Pipeline
C = 45,000 + 64.25P + 0.089 PQ
6" Pipeline

C = 21,875 + 16.33P + 0.089PQ |1
where

C = Cost of pump station in 1979 dollars. Includes diesel-engine-
driven pumps, valves, fittings, sand traps, scrapper launchers, etc. |3

P = Normal operating pressure-psi

Q = Normal rate of flow-gpm 9

Letter from W. Studebaker, 24 April 1979
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e Transportation company rental (No Procurement; operating costs part

of other subcycles)
® Miscellaneous containers

We considered the Mil Van container as well as any standard container
that is conmercially available. The containers are to be used for ship-
ment only and not for storage in the depot. The exception could be hose;
in that particular case the container would be part of the procurement.
The Army has ordered 3,000, 40' tandem trailers which will carry two 20°
containers. They also have at present 28' stake trailers. All of these
trailers are hauled by an appropriate tractor.

e Total life cycle procurement cost

3. Transportation from Manufacturer to Depot

For 8!1 land shipments within the States, we considered a cost based on
$96l per ton. This includes manufacturer to depot and depot to user and
user's return of material to the depot. Each movement is $96 per ton.

We assumed that the manufacturer is somewhere in the Midwest. The pro-
curement would be shipped to either of two depots -- DSA, Columbus, Ohio,
or the depot in New Cumberland, Pennsylvania.

h. Support Readiness - Stand-by and Operating Attributes and Costs

The pipeline and spares would remain in inventory at the depot. All
equipment would be distributed to the six companies. Equipment spares
would be held at the depot. Each year during the two-week reserve
training session sufficient pipeline (6 miles) would be withdrawn from
the depot and then returned to the depot following the training exercise.
The cost for shipment would be $96/ton each way. Depot cost are not
allocated; hence there would be no charges for inventory holding.

Inventory Holding Costs - None

Training Costs

- Material including shipment
= Maintenance per year
= Manpower per year

® System Upgrade and Improvement Cost

It is assumed that there is no system upgrade or improvement throughout
the life cycle of the alternative pipeline.

10 MERADCOM Cost Analysis Handbook, Second Edition, Fort Belvoir: U.S.
Army Mobility Equipment Research and Development Command, 1979.




5. Transportation from Zone of Interior Depot to Theater Port of

Entrx Degot

This transportation cost is calculated at $403/ton.

1

6. Lay Pipeline 30 Kilometers per 20-Hour Day

e Lay 85 miles of 8' pipeline over level terrain

e Llay two, 17 mile lengths of 6" pipeline over level terrain; the
legs are divergent.

Assume that there are only 122 men out of the 181 men who will be actively
engaged working on the pipeline--61 men on each of the two shifts. This
company has to have the capability of laying at the prescribed rate. If

it is not possible to lay the pipeline at the prescribed rate, the operating
efficiency of the concept would be lowered. Drivers for delivering material
would be from the transportation truck company and are not included as a
manpower limitation; they are a cost.

7. Operate Pipeline Six Months at a Rate of 35,000 Barrels per
20-Hour Day

The pipeline would be operated by two Quartermaster Petroleum Pipeline
and Terminal Operating Companies. For both companies there would be 244
men available to operate the line. Each pumping station requires two men
to operate and perform first line maintenance. The usual pumping station
would have four pumps in series -- three would be operating, one would

be on standby. The pipeline would be patrolled by helicopter as well as
by walking two-man teams. It is expected there are at least five

teams required. We did not assume any particular level of hostile action
or vandalism by the civilian population.

All costs of operations that are stand-off between alternative systems
were excluded from the life cycle cost analysis.

The following five chapters describe each of the final alternatives and
their life cycle costs based on the mission described in this chapter.

11 MERADCOM Cost Analysis Handbook, Second Edition, Fort Belvoir: U.S.
Army Mobility Equipment Research and Development Command, 1979.




CHAPTER 6 - ECONOMIC ANALYSIS OF BASE CASE MANUAL SYSTEM

6.1 DESCRIPTION OF SYSTEM

and proceeds to the next joint 20 feet further along.

The method of laying pipeline that is now used is manual alignment and
assembly of sections of rigid pipe.

The twenty-foot sections of pipe
are delivered by truck and dropped off approximately in position. A
crew of men on the ground aligns the length of pipe, couples the joints,

The method of

laying this manual pipeline is described in Section 1, Coupled Pipelines,

Chapter 9 of TM 5-343, Military Petroleum Pipeline Systems.

The basic

doctrine for the Petroleum Pipeline and Terminal Operating Company working
in a theater of operations is described in FM 10-207, Petroleum Pipeline

and Terminal Operating Company.

The operational requirement, as described
herein in Chapter 5 in the definition of the mission, is to lay a pipeline of
85 miles of 8" thin wall steel tubing sections and two legs of 17 miles

each of 6'" thin wall steel tubing sections utilizing the current military
standard split-ring mechanical couplings.
6'"' pipe by a pipeline crew are presented in Table 6-1.

The rates for laying 8' and
In this table and

in other tables relating to worker efficiency, it is assumed that a work
crew takes a ten minute rest period, leaving fifty minutes per hour as
work time. It is also assumed that in a twenty-hour work day, there are

two ten hour shifts.

TABLE 6-1

MANUAL PIPELINE LAYING RATES

e ol

[ —
. '
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r Crew Length of Pipe
I L Pipe Size Joint Making 20' Sections Laid/ 20" Sections taid/ Laid/10 Hr. Shift
Size (Men) Rate-Min/Joint 50 Min.Hr. 10 Hr. Shift Ft./Shift
8" 9 4.5 11.11 1. L 2dd. a2
6" 7 4.0 12.50 125.00 2,500.00

e




The requirement is to lay the pipeline at a rate of 30 kilometers per 20
hour day, or 18.64 miles per day. The number of crews required to lay ]
a pipeline at 30 kilometers per day and the number of crew shifts avail- :

able from the Petroleum Pipeline and Terminal Operating Company is pre-
sented in Table 6-2.

-

TABLE 6-2

e e

CREWS REQUIRED TO LAY PIPELINE AT 30 KM/Day (18.64 Miles/Day)
AND MAXIMUM CREWS AVAILABLE FOR PIPELAYING PER PETROLEUM
PIPELINE AND TERMINAL OPERATING COMPANY

Pipeline Required Lay Crew Shift Rate No. of Crews

No. of Crews
Size Rate Ft/Day Ft/10 Hrs,

Required/Day Available
8" 98,425. 44 2,222.22 Ly, 29 13.56

ta 6" 98,425.44 2,500.00 39.37 17.43

4
p [ It is apparent from the foregoing table that more than one company will
i be required to lay the manual pipeline at 30 kilometers per day rate.

' Furthermore, some of the available crews may be needed for checking the

layed pipeline, helping unload trucks, and so forth. Hence, we will

assume for all calculations that the number of crews available from any

one company to lay 8' pipeline would be 12, and to lay 6" pipeline would

be 15. A Petroleum Pipeline and Terminal Operation Company laying would ?J

then have the capability of laying at the rate presented in Table 6-3. |
]

TABLE 6-3

PETROLEUM PIPELINE AND TERMINAL OPERATING COMPANY PIPELINE LAYING RATE

i
Pipeline !
Size Rate Feet/Day Rate Miles/Day Rate KM/Day i

g 12 x 2,222.22 = 26,667' 5.05 8.13 ‘

6" 15 x 2,500.00 = 37,500' 7.10 11.43
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The number of companies required to lay at a 30 kilometers per day
is presented in Table 6-4.

TABLE 6-4

NUMBER OF PETROLEUM PIPELINE AND TERMINAL OPERATING COMPANIES
REQUIRED TO LAY A PIPELINE AT 30 KM/DAY RATE

ipeline Rate/Co.-Day Number of

rate

ume

Size KM/Day Companies Required Ass

8" 8.13 3.69 L.
6" 11.43 2.62 3.

The tactical plan would be to utilize four Petroleum Pipeline and
Operating Companies to lay the 85 miles of 8" pipeline and then to
three of the companies to lay the 6'" line while the fourth company
initiating operation of the 8" line. The number of days required
the 8" pipeline and the 6" pipeline is presented in Table 6-5,

TABLE 6-5
20-HOUR DAYS REQUIRED TO LAY PIPELINE MISSION REQUIREMENT

Mission Req. No. of Combined Number of

0

0

Terminal
use

is
to lay

Days

Pipeline Length Req. Laying Rate/Day Reducing Constant

Size (Miles) KM Companies  KM/Day Crews

Crews

8 85 136.79 4 32.52 4.21
6" 34 54.72 3 34,29 1.60
4 45,72 -

L.21

1.20

Total 5.81

54
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By reducing the number of companies from four to three after the comple-
tion of the 8'" line, it is possible to lay the mission pipeline in 5.81

days. By keeping all four crews working on the 6'' line, the time can

be reduced to 5.4l days. We shall assume that the 5.81 days are accept-
able and all subsequent calculations are based upon reducing the number

of companies from four to three after the 8' pipeline has been laid.

6.2 LIFE CYCLE COST

The life cycle costs analysis follows the description in Chapter 5. In
this and the next few chapters, each of the seven general subcycles from
RED to operation is analyzed in the order they follow in Chapter 5. Any
subcycle not applicable to this particular system is commented on.

1. Research and Development Program and Subcycle

Since the manual pipelaying system already exists, there is no need for
a research and development program. Hence, this subcycle is absent, and
the cost incurred is $0.0K.

2. Procurement Program and Subcycle

For the purposes of this study, the best available cost data are used
for the lightweight steel tubing sections. Unfortunately, there is no
recent procurement history to use as a cost base and most pipe mills do
not have tooling to produce the tubing sections. The following prices
age based on an informal discussion with Cal-Metal Corporation on March
28, 1979.

Pipeline Section Size:
8" Grooved Pipe $373.44 for a 20' joint
6" Grooved Pipe $297.00 for a 20' joint

It should be pointed out that these quotations are appreciably higher
than prices obtained in 1976. The cost for comparable aluminum grooved
pipe in 1976 was quoted as $206.09 for an 8'" section, and $143.12 for a
6" section. 12 |f these price quotations were inflated at 39.4% which
represents the rise in aluminum mill shapes from 1976 to 1979 as taken
from the MERADCOM Cost Analysis Handbook, they would still be 23% and
33% higher, respectively than the prices above. Hence, we are of the opinion
that the 19739 quotations may be somewhat high. They are, however, used
for the life cycle cost analysis for both the manual pipeline laying
system and the mechanized pipeline laying system presented in Chapter 9.
Sensitivity analysis using modified costs is presented in Chapter 11.

Wayne E. Studebaker, Military Petroleum Pipeline Systems, Report 2249,
(Fort Belvoir, Virginia: U.S. Army Mobility Equipment Research and
Development Command), June 1978, page 88.
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@ Quantity Requirements for Pipeline Mission

Section and Coupling Calculation for:

85m x 5,280'/m
20!

85 miles of 8'" pipeline - = 22,440 8" sections & couplings
Section and Coupling Calculation for:

34m x 5,280'/m
20!

34 miles of 6' pipeline - = 8,976 6'" sections & couplings

Based on an analysis of pressures and flow rates, pump stations
for the 8 pipeline are required every 9.5 miles and stations for
the 6'' line are required every 9.7 miles. Consequently, 9 and 4
stations are required for the two sets of lines respectively.
Cost Calculation for Pump Station for 8'" Pipeline
Cost each = $45,000 + 64.25 P + 0.089 PQ
where

P = 500 psi

Q = 1,225 GPM (BHP = 417)
Cost each = $45,000 + 64.25 x 500 + 0.089 x 500 x 1,225

= $131,637.50

Cost Calculation for Pump Station for 6'" Pipeline

Cost each = $21,875 + 16.33P + 0.089 PQ

where
P = 600 psi
Q = 612.5 GPM (BHP = 250)
Cost each = $21,875 + 16.33 x 600 + .089 x 600 x 612.5

$64,380.50

et ot 24 LONEUN paL e
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® Procurement Costs for Current Manual System

Price Total Cost

| tem Quantity 1979% $ (000)
20', 8" Grooved Pipe
Sections (lightweight 22,440 373.44 8,380.0
steel tubing)
20', 6" Grooved Pipe
Sections (lightweight 8,976 297.00 2,665.9
Steel Tubing)
8" Couplings 22,440 21.90 L9l.4
6'' Couplinacs 8,976 13.40 120.3
Pump Station for
8" Pipeline 9 131,637.50 1,184.7
Pump Station for
6" Pipeline 4 64,380.50 267.5

Subtotal without spares 13,099. 8K

15% Spares 1,965.0K

Total

3. Transportation Subcycle - Manufacturer to CONUS Depot or Unit

165,064, 8K

Total ltem | 4
Weight Tons 13 ¥
or equiv. tons Trans. Cost Trans. Cost ‘
Quantity on cube basis Per Ton § $(000) &
8" Pipe!ine %
Section @ 212 1bs. 22,440 2872 96 A 3
and 256 Equivalent lbs, '
when coEted on a cubed
basis !
e i "
g ,;(',"‘,’:,;f’e bk 8,976 763 96 73.2

13 MERADCOM Cost Analysis Handbook, 2nd

Edition

T4 Military Petroleum Pipeline Systems, TM 5-343 (Washington: Headquaters,

Department of the Army, 1969)




8'' Malleable t

lron grooved 22,440 255 96 24.5 ﬁ
couplings @ ;
22.75 lbs.
6'" Malleable
i Iron grooved 8,976 61 96 5.9
couplings @
13.5 lbs.
- Pump station for
- 8" pipeline @ 9 108 96 10. 4
12 tons
Pump Station
1 for 6" pipeline . 38 i 33
l @ 9 tons
Subtotal before 4,095 393.2
I Spares
- Spares @ 15% 614 29.0
- Total 4,709 452.2

L. Support Readines: Subcycle -- Standby and Operating Attributes
and Costs

In accordance with the mission definition, six miles of 8" pipeline are
taken from the depot and one mile of pipeline shipped to each of the six
Quartermaster Petroleum Pipeline and Terminal Operating Companies which are
on two week reserve training. Depot costs are not allocated, and hence
there are no charges for inventory holding. The support readiness is
carried out over a ten year period.

e Inventory Holding Costs =-- None

@ Training Costs

The training costs include the shipment of material from the depot and |
return to the depot, maintenance costs for the equipment that is used it
during the two week training period each year for ten years and the man-
power cost for the two week training period each year for ten years.

58
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e Transportation Costs
Weight of one mile of 8' pipeline =

5,280' (256 lbs/section + 22.75 lbs./couplings) _
200 X 2,000 1bs/ton %.8 tom

e 10 year Transportation Cost =

2 trips/year x 10 years x (6 miles x 36.8 tons/mile + 1 station
x 12 tons/station) x 1.15 spares x $96/ton = $514.0K

e Operating and Maintenance (0&M) Costs
0&M cost for pump for station for 8'" pipeline

The operating cost is based on the BHP required and the data supplied in
MERADCOM Report 2249 Military Petroleum Pipeline Systems. For the 430
BHP station, the cost is $12.70 per hour. Based on the eighty hours

of pump station operation during the annual two week training period for
each company, the total cost is

80 x $12.78 x 6 x 10 = $61.3K

0&M Cost of a R-600 ST Mack Tractor or equivalent (56,070 GVW rating)
and 40' flatbed trailer, 34 ton capacity. Based on the Cost
Reference Guide for Construction Equipment, 1979 edition, the

hourly cost of the combination is

Tractor and Trailer Cost Per Hour

$/Hour of Operation

Cost Category Tractor Trailer
Overhaul Parts & Supplies 0.71 0.46
Operating Parts & Supplies 1.18 0.43
Fuel 3.18 -
Lube .56 0.09
Tires 3.25 0.57

Total 8.88 1.55
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® 0&M Cost Per Hour for Tractor and Trailer
= $8.88 + 1.55 = $10.43/Hour

@ 10 Year Cost = 2 tractor/trailers/company x 6 companies x 80
hours x 10 years x $10.43/hour = $100.1K

@ Total 0&M Costs

Pump Stations =9$ 61.3K
Tractor/Trailers = $100.1K
$161.4K

® Manpower Costs

Average Cost per working man per year in Petroleum Pipleine and Terminal
Operation Company = $14,600/year, including prorated share of administra-
tive and support personnel costs.

e 10 Year Manpower Costs =

l%g x $14,600/man year x 122 men/company x 6 companies x 10 years

3
= $4,099.2K

It is assumed that the company supplies drivers during training
exercises.

e Summary of Training Costs

Transportation $ 514.0K
0&M 161. 4K
Manpower 4,099. 2K

Total SL,774.6K

e System Upgrade and Improvement Cost

It is assumed that there is no system upgrade or improvement
throughout the life cycle of the current manual pipeline system. 17

e Summary of Support Readiness Costs

Inventory Holding Costs $ 0.0K

Training Costs L,774.6K

System Upgrade 0.0K 4
Total SL,774.6K T




5. Transportation Subcycle - CONUS Depot or Unit to Theater POE Depot

The cost of shipment was assumed to be $403 per ton based u?gn transporta-
tion cost factors for a theater in Europe or the Near East.

B e Total tonnage from Transportation Subcycle including
spares = $4,709 tons

il e Transportation Cost = 4,709 tons x $403/ton = $1,897.7K

7 ‘ 6. Mission - Lay Pipeline at a Rate of 30 KM per 20-Hour Day

The mission requires laying 85 miles of 8" pipeline over level terrain
and the laying of two 17 mile lengths of 6'" pipeline over level terrain.
: The two legs are to be divergent. All statistics for the number of
.1 Petroleum Pipeline and Terminal Operating Companies required to lay the
pipeline at the specified 30 kilometer per day rate are presented in

i section 6.1, description of the system.

@ Petroleum Pipeline and Terminal Operating Company Requirements

A summary of Table 6-5 is presented below in Table 6-6.

"1 TABLE 6-6

i SUMMARY OF 20-HOUR DAYS REQUIRED TO LAY PIPELINE WITH
] MAXIMUM MANPOWER EFFICIENCY

Pipeline Mission Req. Number of Laying Number of E

Size Length-Miles Companies 20-Hr Days Req. e

g 85 4 b.21 §

6" 34 3 1.60 ’
Total 5.81

® Transportation medium truck company requirements

In addition to the Petroleum Pipeline and Terminal Operating Company

requirement, there is also the requirement for manpower and tractor/traillers
from a transportation medium truck company (container/cargo). The trans- {
portation medium truck company delivers the pipe and couplings to pre-

e il e i 00 R e no P 2 H n  ,

5 MERADCOM Cost Analysis Handbook
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determined positions along the pipeline as it is being laid.

The company has 183 men total, of whom 120 are drivers. The remainder

are admistrative and support personnel.

The men are capable of operating

two, 10-hour shifts per day and have 60 tractors. The annual cost per
driver is $16,033. It is assumed that at any one time 25% of their
vehicles will not be operable in accordance with FM 101-10-1. It is also
LO' in length with a capacity of 34 tons.
Each trailer is capable of holding two unit loads of pipe. The unit and

assumed that the trailers are

Pon———
.

[ e |
'

TABLE 6-7

UNIT AND TRAILER LOADS

Pipe Sections per 8' x 8' x
Unit Loads

trailer loads for pipe are presented in Table 6-7.

20' Unit Loads & Sections
per 40' Trailer Load

Weight-Lbs.

i Pipeline
Size Sections
8" 100
6" 169

. . J

for each size of pipeline.

21,200

28,730

TABLE 6-8

Unit Loads Sections
2 200
2 338

The required number of trips of trailer loads is presented in Table 6-8

TRAILER TRIPS REQUIRED

Pipeline Total Sections Trailer Loads Average Round Trip
Size for Mission and/or Trips (RT) Distance-Miles
g 22,440 112.20 85.0
6" 8,976 26.56 187.0
8" Couplings 10 85.0
6" Couplings 2 187.0
8" Pump Stations 5 85.0
6" Pump Stations 2 187.0




For e
The t
speed
six t
route

Pipel

Size

8“
6“

ach size pipeline, the total round trips are presented in Table 6-9.
ime per round trip is based on the truck travelling at an average
of 15 miles per hour, and assumes a loading and unloading time of

otal hours. (This includes stringing the pipe along the pipeline

).

TABLE 6-9
TRACTOR-TRAILER HOURS

ine Total T ime/Round Total Time
Round TriEs Trig-Hours Hours
128 11.67 1,494
31 18.47 573
Total 159 - 2,067

e Tractor/trailer requirement - Based upon the requirement for
completing the pipeline in 5.81 days, the available hours are
116.2 hours based upon the following calculation:

Available hours = 5.81 days x 20 Hour/Day = 116.2 Hours

e The nominal number of tractor trailers is determined by the
ratio of values obtained from the last two calculations.
This result is divided by .75 to account for the fact that
additional trucks are required because of unscheduled down
times

iy > % 2067 =
Number of tractor-trailers 75 x 1182 23.7

Thus the actual requirement (after rounding) is 24 tractor-trailers
and 48 drivers

e Lay Pipeline Subcycle Costs

The lay pipeline subcycle costs are of two types -- equipment
operating and maintenance and manpower.

e O0&M Costs

The 24 tractor/trailers will operate 2,067 hours. Hence, the
O&M cost is arrived at by the following calculations:

63
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e Tractor-Trailers

0eM = 2,067 Hrs. x 10.43/Hr. = $21.6K

po—

We have assumed that the need for any other equipment other

than the tractor/trailers would be conmon to the other systems
with the exception of the truck haulage system. Therefore,

we have not identified any other operating and maintenance costs,

L e Manpower Costs

The manpower costs are presented in the following calculations

i i_ for the two principal types of Army units required.
E
e Army Units Companies Number of Days Company Days
| Petroleum Pipeline 3 5.81 17.43
‘s and Terminal
Operating Co. 1 4.21 4.21
i, Total 21.64

e Petroleum Pipeline and Terminal Operation Company Manpower Costs

,
.
]

21.64 Company Days x 122 men/Company x $14,600/man year = $105.6K
365 Days/Year

SN
'

&

e Transportation Medium

Truck Company Manpower Costs =

48 men x %.gl days $16,033/man day = $12.3K

Total Manpower Costs =

Petroleum Pipeline and $105.6K
Terminal Operating Company

Transportation Medium

= m &N NN MM
°

Truck Company 12.3K
$117.9K

6k

- =




e Total Lay Pipeline Costs

0&M Costs $ 21.6K
Manpower Costs 117.9K
Total $139.5K

7. Operate Pipeline for Six Months at a rate of 35,000 barrels
per 20 hour-day

The pipeline is operated by two Petroleum Pipeline and Terminal Operating
Companies. In accordance with FM 10-67, each company can operate approx-
imately 60 miles of pipeline. Each pumping station requires at least

two men on duty at all times when operating. For maintenance purposes,
the usual pumping station has four pumps in series but only three would
be operating at any time. The cost of operating the line includes both
equipment operating and maintenance as well as manpower.

® O0&M Costs

The only operating and maintenance costs that are included in the
study are those for the pump stations for 8" pipeline and the
pump stations for 6' pipeline. The 0&M cost for a pump station
for the 8'" pipeline is $12.78 per hour based on the 430 BHP
rating, as noted in the section on Support Readiness.

The 0¢éM cost for a smaller pump station, also based on MERADCOM
Report 2249 and the 260 BHP rating, is $8.17 per hour.

Thus, 0&M costs = 20 bes ; 365 days [ 9 (1arge pump stations) x

3

= 3,650 hrs. x 147.7/hour = 539.1K

In addition to the regular 0&M costs, based on MERADCOM Report
2249, one overhaul is performed on each pumping station. Based

on overhaul costs in Report 2249 as well as the transportation
involved, this cost is estimated to be $476.5K. (This consists of
$84.5 transportation cost and $392.1 for the overhauls of the 13
stations.) The total 0&6M cost is thus $1015.6K.

® Manpower Costs
The manpower costs are incurred from the two Petroleum Pipeline

and Terminal Operating Companies, each with 122 men and an annual
man year cost of $14,600.

65

$12.78 hr. + 4 (small pump stations) x $8.17/Hr]
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Total Manpower Costs =

2 companies x 122 men/company x 1/2 year x $14,600/man year
= $1,781.2K

Total Pipeline Operating Cost

0&M $1,015.6K

Manpower _1,781.2K
Total  $2,796.8K

Summary of Life Cycle Costs of the Base System -- Manually

Coupled 6" and B" Pipeline

Cycle (k$)
Research and Development 0.0
Procurement 15,064.8
Transportation-Manufacturing-CONUS Depot 452.2
Support Readiness 4,774.6
Transportation-CONUS Depot-Theater 1,897.7
Lay Pipeline 139.5
Operate Pipeline 2,796.8

Total $25,125.6
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CHAPTER 7 - ECONOMIC ANALYSIS OF TRUCK HAULAGE SYSTEM

7.1 INTRODUCTION

This method of tranporting fuel is the use of tanker tractor/trailer com-
binations and an existing road network. The characteristic that dis-
tinguishes this system from the other alternative systems is that there

is no installation of the system. The system is available for immediate
use, and this, of course, offers great advantages in flexibility. On

the other hand, the system involves a large capital outlay for procurement.

This chapter presents the life cycle cost analysis of the truck haulage
system. The system utilizes Army 5-Ton, 6x6 tractors, Model 818, and

Army 5000 gallon Bulk Tank Trailers, Model M967. The mission is to
deliver 35,000 barrels of petroleum fuels per day for one six-month period
between the port of entry of the theater and the inland terminals 100
miles away. The truck cycle was assumed to be as follows:

Operation Rate Cycle Time
Fill 600 gpm 8.33 minutes
Drive Out 15 mph L00 minutes
Unload 600 gpm 8.33 minutes
Dead Head Back 15 mph 400 minutes
Wait 20 minutes
Total Time 836.66 minutes or 13.94 hrs.

The critical number in the life cycle cost calculation is the number of
trucks required for the mission assuming a 20 hour per day operation. ?
This is computed in the following manner:

’ 000 barrels/da
Number Requireed = 5000 Gal :ruck x 42 Gal/Barrel x 13.94 hrs/cycle

t+ 20 hr/day = 205 trucks
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However, since it is assumed that any time only 75% of the trucks are ii
available, 274 trucks and 548 drivers are needed. The life cycle cost
analysis follows directly from these numbers.

7.2 LIFE CYCLE COST COMPUTATION

1. Research and Development Program and Subcycle

I — e
e . e tualiog

It is assumed that no research and development is required.

2. Procurement Program and Subcycle

Based on information supplied by MERADCOM, the procurement cost is

Unit Total
| tem Quantity Price 1979% Cost $(000)
Tractor, Mod 818, 5T 6 x 6 274 37,623 10,308.7
Trailer, Bulk Tank Mod M967
5,000 Gallon Capacity 274 35,000 9,590.0
Spares @ 15% - - 2,984.8
Total Procurement 22,883.5K

3. Transportation Subcycle Manufacturer to Depot or Using Unit

This involves the transportation of vehicles to the truck companies 14

Weight Each Total Shipment Transportation %j

Vehicle Quantity Tons Tons Cost per Ton $(000) | 4

Tractor 274 6.0 1644 $ 96 $157.8

Trailer 274 4.5 1233 96 118.4 &
Spares ha 10.5 L32 96 41.5
Total 3309 $317.7

4. Support Readiness Subcycle

e Inventory Holding Cost
It is assumed in the mission description that there are no
inventory holding costs.

® Training Costs

These include transportation, operation and maintenance, and man-
power costs for the training session. To compute these costs
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in a parallel manner as for the other systmes, it is assumed that
enough drivers are being trained each year to meet three times |
the mission delivery capability. Since 548 drivers are needed %
for the mission, 1644 drivers (who drive 822 trucks) should be 3
trained. However, during the 2 week period it should not be ‘j
necessary to devote a great deal of training time to actual

driving. Probably not more than two hours per year per driver .
(or four per truck) would be charged to training. Thus, the

total training costs can be computed as follows:

e Transportation Costs
Since every medium transportation truck company has vehicles in
its possession at all times, there are no transportation costs
for training.

e Operation and Maintenance

Based on the Cost Reference Guide for Construction Equipment, the
cost per hour for each tank truck is S$S14.51 per hour. Using 822
trucks for four hours per year for 10 years, the total cost is
$477.1K

® Manpower Costs

At a cost of $16,033 per man year (drivers), using 164 men for two
weeks for ten years, the total cost is

$16,033 x 14/365 x 1644 x 10 = $10,110.0K
e Total Training Costs are $10,587.1K

® System Upgrade and Improvement Costs

It is assumed that there are no such costs.

e Total Support Readiness Cost are $10,587.1K

i i o
»
]

i 5. Transportation Subcycle - CONUS Depot or Unit to Theater POE Depot
g -
i‘ Based on the data in the section Transportation Subcycle Manufacturer to
; (1 Depot using Unit, and a shipping cost of Sh03 per ton, the total cost is
g |
3309 tons x $403/ton = $1333.5K
- 6. Install System

For this system, the cost of installation is zero.

!




7. Operate System for Six Months at 35,000 Barrels per 20-Hour Day

e O0&M Costs

Based on 20 hours per day for 6 months, 205 trucks operating at
any time and an operating cost per hour of $14.51 (See Operation

E L and Maintenance). The total cost is
E i 205 x 182.5 x 20 x 14.51 = $10,857.1K
g ® Manpower Costs L
: !
P | For the 548 men at $16,033 per man year and for 6 months, the l
g manpower costs are a
; $16,033 x 548 : 2 = $4,393.0K F
§ e Total Operating Costs %
$15,250.1 E
8. Total Life Cycle Cost ($)
- S Research and Development 0
; Procurement 22,883.5K
i Transportation-Manufacturing to Depot 317.7K
' Support Readiness 10,587.1K
Transportation to Theater 1,333.5K
Install System 0
’ Operate System 15,250. 1K
i ’
E | Thus, total life cycle cost is $ 50,371.9K |
' 1
|
. |
i |
: I
|
» |
i U !
[
u
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CHAPTER 8 - ANALYSIS OF FORMING CONCEPT

8.1 INTRODUCTION

This chapter presents the final analysis of the forming system. In this
concept, coils of flat metal strip would be delivered into position along
the pipeline route. A forming machine would form the strips into a
cylindrical shape and form a longitudinal seam. The types of seams

that scored well in the Phase | analysis were lock bend seams with ther-
moset seals and locking strip seams. The analysis performed in Phase ||
emphasized but was not restricted to these subalternatives.

The conclusion from the second phase analysis was that forming is less
feasible than originally judged. An actual forming system would be ex-
tremely large and costly. Scores for installation equipment cost, trans-
portability and reliability of installation equipment, and degradation
under adverse conditions would all substantially decrease. The highest
scoring forming system was rescored under the Phase | criteria, and the
resulting score was substantially less than the other Phase || concepts.
On these bases, we eliminated the system as a final candidate and did

not compute the life cycle costs. The chapter presents the reassess-
ment and revised scoring.

8.2 FEASIBILITY ANALYSIS

The concept is to coilthe longest possible strip of flat sheet metal that
can be conveniently transported. This is brought to a forming machine,
where it is placed on an unwind stand. The free end is threaded through
a set of forming rolls which bend it into a cylindrical shape. The

edges must then be joined and sealed. Finally, a cutoff mechanism is
required to permit terminating a length of pipeline. There are several
reasons why this process is appealing and scored well in the evaluation
process.

The pipeline stock is very compact and quite inexpensive before instaila-
tion. Installation is envisioned as a smooth continuous process with low
man-loading requirements. Furthermore, the resulting pipeline is of

high quality and reliability, suitable for a permanent installation.
These features combine to make the forming option attractive on first
investigation.

To assess the feasibility of this system, and to estimate the operating
parameters, vendors were contacted. There are a large number of companies

who do contract roll forming. Some of them specialize in tubing manufac-
ture. A second category of vendors design and build roll forming equip-
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ment. To seam the roll formed shape, a number of processes were investi-
gated, and appropriate vendors were contacted. A final area of inquiry
was directed toward identifying groups who have had experience related

to our desired end product, namely a portable tube mill. The general
results of these inquiries indicate that some operations of the tube
making process are routine and equipment is readily available. Other
steps require equipment that has been specially designed for mobile
operations. There are remaining steps that are not so readily performed
and require further research.

® Metal Stock

In the quantities required, sheet steel of .100" thickness, sheared
to 20" or 26" wide, is available from suppliers. A roll of steel
8' in diameter, with a 4' diameter core, holds 4500' and weighs
39,000 lbs. which is probably twice as heavy as practical.

20,000 lbs. is 6.5' in diameter, and is 2300' long.

® Stock Reel

An unwind stand for a 10 ton stock reel is a substantial structure,
probably on the order of 2 tons. |t must be convenient to re-
load. This is a purchaseable item with little development needed.

e Reloading

In order to utilize stock delivery trucks to their maximum ad-
vantage, and therefore require the fewest trucks, stock deliveries
will not be in phase with pipe former's requirements. For this
reason the reel must be moved into place ahead of the forming
machine. The pipe former will encounter reels every 2300'.

It is difficult to make them coincide with the end of the last
reel, so some method will be required to adjust the difference.
The most straightforward solution is to provide a truck with a
crane, whose function is to retrieve reels of stock and load

them into the pipe former. |t can also be used to perform various
other functions between retrievals.

e Forming

Vendors who construct roll forming equipment describe the pipe
forming section to consist of 6 roll stands spaced on about 20"
centers. This results in a 10' long assembly. Operating speeds
are generally about 30' per minute, but 70' per minute is still
considered reasonable. There do not seem to be any strict limits
preventing the desired rate of 90' per minute, except that more
power will be required. The rough estimate is that 25 hp is more
than adequate.




Seaming

The edges of the roll formed tube must be joined with a seam that
is as strong as the tube wall, and is completely sealed. Several
methods have been examined to make this seam.

Commercially available tube and pipe has a welded seam.. The
cleanest joint is usually a resistance welded butt seam with

the upset removed. Minimal equipment for this purpose is
estimated to cost $50-370,000. The limiting factor is speed.
About 5' per minute is an average operating speed, and vendors

do not believe that this equipment can produce more than 10!

per minute. A company that specializes in the design and construc-
tion of pipe mills quotes entirely different speeds; 75' per
minute is routine for their high frequency welding. According

to this vendor, the equipment to perform the entire operation
from coiled stock to finished pipe is 200' long. Furthermore,

it is highly sensitive to alignment and speed stability. The
vendor does not believe that this equipment can be reduced to

a size practical for a mobile unit, nor does he believe that it
can be made to tolerate the varying speeds and stresses inherent
in mobile operation. Arc welding has speed limitations. If the
power is increased in an attempt to weld faster, poor penetration
and a great deal of spatter results. However, this equipment

is much smaller and less expensive, suggesting the possibility

of multiple welders following the pipe former, each at a fraction
of the total speed. About ten units would be required operated in
a leapfrog sequence, where the last unit is moved up to the first
position when its weld joins the beginning of the weld of the
next unit. The process seems quite unwieldy.

A lockbend is often used in roll forming thinner stock. In 0.100
inch thick steel it is predicted that another 6 roll stands, add-
ing another ten feet to the equipment, will be required. This
can operate at the desired rolling speed. Unfortunately, a
lockbend is not a seal, and is likely to be quite bulky in this
stock thickness. With the addition of a gasket, hot-melt, or
thermoset sealant, this process could possibly meet the output
requirements. One disadvantage is the ponderous equipment in-
volved, but the crippling defect is that the lockbend reduces

the pressure capability by an order of magnitude.

Other, less common welding processes were examined to determine
if it is possible to increase the rate at which the weld can be
made. The introduction of metail power into an oxygen jet pro-
duces extremely high temperatures for fast flame cutting. This
is not usually employed as a welding process, but led to con-
sidering not only powdered fuel but powdered oxidizers in the
form of metal oxides. The conclusion of this line of reasoning
was the thermit process. Used for many years to weld rails, it
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requires only two components; powdered aluminum and iron oxide.
When the mixture is ignited, the aluminum burns, or oxidizes in
the oxygen given off by the heated iron oxide. The iron oxide
is reduced to metallic iron, in molten form because of the heat
of the reaction.

To apply the thermit process to pipe welding, a rapid method of
handling the powder must be devised. A possible solution is to
provide long plastic film sausages filled with powder. These
would be laid onto the seam after the pipe was formed, and ignited
at the far end. Depending upon composition, the reaction can be
adjusted to travel at about the forming rate. This permits laying
the next sausage while the previous one is burning. Since the
molten iron must be contained, one edge of the formed pipe can

be formed into a shallow trough, and the other can overlap one
sidewall of the trough to lock the edges together, and to dip

into the melt, assuring a good weld. Vendors of materials for
this process express some concern about the method of containing
the reaction. This may be a factor that complicates and slows
the process below the requirements.

e Cooling

In commercial pipe production, the weld is cooled before triming
and subsequent handling. For a mobile application, it may be
possible to omit this to avoid lengthening the machine still
further.

e Cutoff
To permit moving the machine independently of the pipeline, the
pipe must be cut. In this case, a travelling cutoff mechanism
is not required because pipe production will be stopped for cut-
ting. A bandsaw or cutting torch, properly guided, can perform
this function.

e Butt Welding

To connect to existing pipeline, mechanical connectors or butt

welding can be used.
all-welded system.

The butt welding process is preferable in an
This equipment requires guiding and clamping

motions, with high frequency resistance equipment similar to the
seam welding equipment. Butt welding is also applicable for

joining a new roll of stock to the end of the old roll while the
process is running. This must operate on the fly, and therefore
may take up more space than can be afforded on mobile equipment.

8.3 CONCLUSIONS AND REEVALUATIONS

This evaluation leads to some inevitable conclusions regarding the feasi-
bility of continuous forming for the rapid deployment of pipeline. The
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seaming and sealing processes identified fall into four categories: im-
practical to implement, unacceptable pressure capability, unacceptable
rate, and equipment too ponderous and unwieldy for this application. Ac-
cordingly, forming is considered unfeasible for the given pipelaying
scenario. However, the resistance welded version, although impractical
for a tactical application, has other attributes that may make it attrac-
tive for the subsequent installation of more permanent pipeline.

In the context of the Phase | scoring, the scores for the best possible
forming alternatives were reevaluated. As an example, alternative F3e
had a revised score of 605 and this indicates without a life cycle cost
analysis that the concept is not as cdesirable as the others. The revised
individual attribute scores for altzrnative F3e is presented in Table 8-1,
Revised scores are lower in cos:, devziopment, assembly equipment relia-
bility, transport requirements and degradation under adverse conditions.

A hypothetical machine is depicted in Figure 8-1.
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CHAPTER 9

DESCRIPTION AND ECONOMIC ANALYSIS OF MECHANIZED PIPELAYING SYSTEM

9.1 DESCRIPTION OF SYSTEM

1. Introduction

The concept of a mechanized pipelaying system invovles the use of machine
to align and couple twenty foot sections of pipe. The sections are trans-
ported to location and the machine is either self-loading or loaded by
forklift.

This concept was the highest scoring concept in the Phase | Analysis and
has been considered as a rapid pipeline installation alternative by the
Army. Before procurement of such a system can be made, the machine and

a joint appropriate for mechanized pipelaying must be developed. Currently
available joints are not appropriate. However, it is not anticipated that
the development of the joint and machine pose a serious problem.

This chapter presents descriptions and sketches of typical joints and
pipelaying concepts, plus the life-cycle cost analysis of the system.

2. Overview of the System

@ Sizing the System

The pipeline system comprises one 85 mile section of 8" pipe and
two branch lines of 17 miles each of 6' pipe. The pipe is a
lightweight steel tubing in 20 foot lengths with bell and spigot
joints which are self-locking at assembly. The pipeline is layed
by a traveling machine which automatically feeds each section of
pipe from a self contained supply to an assembly mechanism which
joins that section to the preceding section by pushing the ends
together until the joint automatically locks. The machine moves
continuously at a rate of approximately | foot per second, leaving
the joined sections of pipe on the ground behind it.

Two machine concepts were considered. Either one is capable of
making the bell and spigot joints when pushed into position. For
the first concept, when equipment is stopped, it is capable of
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reloading itself from a supply by lifting, moving, and lowering an
8' x 8' x 20' package of pipe into a position on its bed for pro-
cessing. It feeds pipe from the bottom layer, one piece at a time,
to a pushing device for making the joints. For this concept, the
only additional vehicles needed are tractor-trailers.

A second concept involves a fork lift truck for machine supply.

Thus, fork lift trucks as well as tractor trailers would be required.

The two concepts are depicted in Figures 9-1 and 9-2. Typical fork
lifts are depicted in Figure 9-3. For the purposes of the mission,
the concept utilizing fork lifts was chosen for life cycle cost
analysis.

One of the important considerations in the costing of the pipelaying
operation is the number of machines required to meet the thirty
kilometer per day pipelaying design goal. To determine this re-
quirement, the machine time for pipeline installation was computed,
based on the parameters in Chapter 6 and an estimated 20 seconds to
connect each joint:]

8" Pipe 17

Pipe sections per load 100

Net length per section 19.5 ft.

Pipe laid per load 1950 ft.

Loads required for 85 miles 230

Time to lay load at 20 sec/joint 33.3 minutes

Time to reload machine 8.0 minutes

Additional maneuvering time 2.0 minutes
Total time per load 43.3 minutes

Machine time to lay 85 miles 166 Hours

In order to reduce the total number of required pipelavina machines to

two (i.e.,1.5 operating machines and 75% availability) the joint con-

nection time must be reduced to about 12 seconds, a time we believe would

be difficult to maintain in practice.

17

It is assumed that the effective pipe length is slightly reduced to

account for the complexity of the joint
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FIGURE 9-3
TYPICAL FORK LIFTS
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6" Pipe

Pipe sections per load 169

Net length per section 19.5 ft.

Pipe laid per Load 3296 ft.

Loads required for 34 miles 55

Time to lay load at 20 sec/joint 56.3 minutes

Time to reload machine 8.0 minutes

Additional maneuvering time 3.5 minutes
Total time per load 67.8 minutes

Machine time to lay 34 mi 62  hours

Total machine time required = 228 hours

Since the time available at 30 km or 18.6 miles per 2% hour day =

(119 + 18.6) 20 = 128 hours, two pipe laying machines are required, making
available a total of 256 machine hours during the time allotted to lay

the pipeline. This does not provide much margin for down time, so a

third machine should be added. This also provides a necessary margin of
reliability, and three machines were assumed throughout the analysis.

One other type of concept was considered. For this third concept, re-
loading is performed without stopping. This increases the available

pipe laying and can reduce the number of machines required to two. During
the reload operation both vehicles cover an area about 32 feet long, 20
feet wide as they move in unison at a rate of 2 feet per second. The
device is about 3 feet higher than Concept | so that pipe in the pipe-
layer can feed continuously during reload cycle. This device is more
complex and the cost of a pipelayer might be 25% more. Three or four
additional men are required during the reload cycle. The first two cor-
cepts were judged to be more appropriate.

Once the pipeline system is installed, it operates at a maximum pressure
of 500 psi in the 8'" section and 600 psi in the 6' branches. The delivery
rate is 35,000 barrels per 20 hour day of diesel fuel having a specific
gravity of .8448 and a kinematic viscosity of 3.85 centistokes at 60°F,
The pressure differential is 480 psi in the 8'" line and 580 psi in the

6'' branches; nine pumping stations are required in the 85 mile section

of 8'" pipe, and 2 pumping stations are required in each 17 mile leg of

6'" pipe.

e Alternative Joint Concepts

As noted previously, use of a pipelaying machine would require
development in new pipe joints. Existing joints would not be
appropriate. We have conceived several joints that might be
appropriate. The concepts and accompanying figures are presented
below.
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| FIGURE 9~4 b
COUPLING CONCEPT NO. | :
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The cost does not include items welded to ends of pipe, which
is assumed to be the same cost as end preparation of present commer-
cially available pipe.

Concept No. 2 (Figure 9-5)

Description

Each length of pipe has identical fittings permanently attached
to both ends by welding. Each fitting has an external sealing
surface near the end and a locking shoulder near the point of
attachment to the pipe. An external sealing ring containing two
gaskets in internal grooves surrounds the ends of two adjoining
sections of pipe. A split locking ring having latching fingers
on both ends (similar to the fingers of the locking ring in Concept
1)surrounds the sealing ring. The latching fingers seat behind
the locking shoulders of the fitting to hold the joint together.
The two halves of the split locking ring are fastened together
by bolts and nuts.

Assembly

Before transportation to the pipelaying site, the gaskets are
assembled in the sealing ring, and the two halves of the locking
ring are fastened in place around the sealing ring. To join two
sections of pipe, the ends are first aligned. In the case of manual
assembly, this would be done by a temporary internal aligning member
pulled through the pipe to each joint in sequence. The ends of the
two sections are then inserted into the ends of the locking ring,
forcing the latching fingers to open, and then into the sealing

ring until the latching fingers snap in place behind the locking
shoulders.

Disassembly

To disassemble a joint the two halves of the locking ring are
separated, by removing the two nuts, and removed from the joint.

The ends of the pipe sections may then be withdrawn from the sealing
ring.

Advantages

Ease of assembly very good

Very good adaptability for automated assembly

Sealing surface of fitting somewhat protected by larger diameter
adjacent portion of fitting

Internal gasket well protected against damage

Easy disassembly for repair or reuse
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Oisadvantages

1_ Joint stability questionable
Locking ring costly to make
Two gaskets increase possibility of leaks

Lo Estimated Procurement Cost

, 6" - $80-120
B 8" - $120-180

1 The cost does not include items welded to ends of pipe, which is
i assumed to be the same cost as end preparation of present commercially

available pipe.

Concept No. 3 (Figure 9-6)

PN S AR
o

I Description
as Each length of pipe has a locking shoulder near one end and a

female fitting has an internal groove containing a lip-type gasket
which forms a seal against the outside surface of the male end of

i the adjoining section of pipe. A two-piece locking ring surrounds
the locking shoulder of the male end of the pipe and a shoulder
- at the end of the female fitting, locking the two sections of pipe

together. The two halves of the locking ring are held in place by
their projecting ends, which are a snap fit over the outer chamber
of the locking shoulders.

[—
- )

Assemblx

Two sections of pipe are joined by inserting the male end of one
in the female fitting of the other until the end of the female
fitting contacts the locking shoulder. The two halves of the
locking ring are then snapped over the two shoulders, locking the
two sections together.

Oisassemblx

To disassemble a joint, the halves of the locking ring may be
driven using a hammer and a punch inserted in the gap at the end
of the projecting tab. Alternatively, a special tool could be
inserted in that gap and opened to force the two halves of the
ring apart and off the joint.

Advantages

Ease of assembly good

Good adaptability for automated assembly

Very good joint stability

Sealing surface of male end somewhat protected by larger diameter
of adjacent shoulder
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FIGURE 9-6
COUPL ING CONCEPT NO. 3




Internal gasket well protected against damage
Easy disassembly for repair or reuse

Disadvantages

More complicated assembly procedure than Concepts | or 2.

Estimated Procurement Cost

L 6" - $14
g - 422
i The cost does not include items welded to ends of pipe, which is
= assumed to be the same cost as end preparation of present commercially
= available pipe. The seal is smaller and locking ring is more
| complex. Therefore, the cost should not be higher than those of
. presently available couplings.

e Alternative Construction (Concept 3a)

The locking ring can be replaced by a bolted two piece clamp ring
- similar to the one used in the present standard joint. However,
i_ one half of the clamp ring would have tapped holes, eliminating
the nuts used with the present ring. Manual assembly and dis-
assembly would be somewhat slower than for Concept 3 but the joint
would still be adaptable for automated assembly using mechanized
feeding and torqueing of the bolts. Joint security would be im-
proved over Concept 3.

[—
' » i
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Concept No. 4 (Figure 9-7)

Description

Each length of pipe has identical fittings permanently attached
to both ends by welding. Each fitting has an external sealing
surface ncar the end and a locking shoulder near the point of
attachment to the pipe. An external sealing ring containing two
gaskets in internal grooves surrounds the ends of two adjoining
sections of pipe. A two-piece locking ring surrounds the sealing
ring and engages the locking shoulders to hold the joint together l
The two halves of the locking ring are held in place by a spring ,
latch on one end of each half, which engages a slot in the ad- 1
jacent end of the other half. 1

Assemblx

Before transportation to the pipelaying site, the two gaskets are

assembled in the sealing ring. To join two sections of pipe, the I
ends are first aligned. In the case of manual assembly, this would
be doen by a temporary internal aligning member pulled through

the pipe to each joint in sequence. The ends of the two sections




FIGURE 9-7
COUPLING CONCEPT NO. &4
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are then inserted into the locking ring and pushed together. The
two halves of the locking ring are then placed over the sealing
ring and the locking shoulders, and snapped together to lock the
joint.

Disassembly

To disassemble a joint, the spring latches are pried up using a
large screw-driver or special tool, and the two halves of the
locking ring removed.

Advantages

Sealing sufaces of fittings somewhat protected by adjacent
locking shoulders

Internal gaskets well protected against damage

Easy disassembly for repair or reuse.

Disadvantages

Ease of assembly only fair

Adaptability for automated assembly is only fair because of
increased number of parts

Joint stability questionable

Estimated Procurement Cost

6" - $25-35
7' - $40-55

The cost does not include items welded to ends of pipe, which is
assumed to be the same cost as end preparation of present commercially
available pipe.

Alternative Construction

The locking ring can be replaced by a bolted two-piece clamp as
described under alternative constructiorn for Concept 3. This would
make manual assembly and disassembly slower, but would still be
adaptable for automated assembly and would provide a more secure
joint. The joint would be similar to a presently available joint,
but assembly would be easier and quicker because of the gaskets
being pre-assembled within the sealing ring.

9.2 LIFE CYCLE COST ANALYSIS FOR FORK LIFT OPTION

1. Research and Development Program and Subcycle

Research and development 2ffort is required both for the pipelaying

machine and the compatible joint concept, and this is tabulated as followsi,//
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® Machine

1. Initial Design
12 Man months @ $10K $120K

2. Stress Analysis

4 Man months @ $10K 40K
3. Redesign

6 Man months @ $10K 60K
4. Details

36 Man months @ $5.0K 180K

5. Component Specs

4 Man months @ $10K 40K

6. Procurement and Expediting

3 Man months @ S10K 30K

7. Assembly and Testing
12 Man months @ $6K 72K

8. Modification to Design, Details and Specs
9 Man months @ $6K 54K
$596K

Design, Development, and Tooling for Production of New Pipe Joint

1. Initial Development-Conceptual
10 Man months @ $10K 124K
L Man monts @ $6K

2. Advanced Development for Validation
8 Man months @ $10K 104K
L Man months @ $6K

3. Initial Testing
4 Man months @ $6K 24K

4. Prototype Development and Testing
4 Man months @ $10K 76K
6 Man months @ $6K
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5. Production Engineering Planning

6 Man months @ S10K 60K
$388K
Total $984K

2. Procurement Program and Subcycle

As in the baseline system, there is a great deal of uncertainty in the
cost of pipeline sections. This uncertainty is even further increased

by the fact that a new joint must be developed. In the economic analysis,
the figure of $373 per 20 section for 8'" pipe and $297 per section per

20' section for 6'' pipe are again used. However, in Chapter 11, lower
prices are utilized for sensitivity analysis.

In view of this the procurement cost for pipe, couplings and pump stations
is identical to the baseline system and is $15,064.8K. The other part of

the procurement costs are the pipelaying machine and fork 1ift costs:
The estimates for these costs are as follows:

Pipelaying machine cost detail

). Chassis, 4 axles and wheels $125K
2. Drive Train 30K
3. Tandem Steering 35K
4. Hydraulic Power Supply 10K
5. Two lower layer escapements - structure 5K
6. Two lower layer escapements - hydraulics

cylinders, valves, tubing, fittings 4K
7. Two lower layer elevators - structure 4K

Two lower layer elevators - hydraulics

cylinders, valves, tubing, fittings 4K
8. Two single pipe escapements - structure 4K

Two single pipe escapements - hydraulics

cylinders, valves, tubing, fittings Lk
9. Pipe joining mechanism - structure 8K

Pipe joining mechanism - hydraulics

cylinders, valves, tubing, fittings 5K
10. Pipe load containment structure 8K

§246K
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Assembly and Test Costs

1. Assembly - entire pipelayer structure
12 Man months @ $6K

Assembly - entire pipelayer hydraulics
6 Man months @ $6K

Testing and adjusting hydraulics
2 Man months @ $6K

Cycling and modifying system under loads
6 Man months @ $6K

Field Test and Modification
6 Man months @ $6K
Purchased Materials - Modifications

$202K

Thus, the total cost for each machine is estimated to be $448K, and the
total for the three machines is, including 15% spares is $1545.6K. The

cost per fork lift (e.g., Clark Model 800) is $207K and hence the total
for 3 fork lifts, plus 15% spares is $714,.2K. Thus, the total procurement
cost is $17,324.6.

3. Transportation Subcycle - Manufacture to CONUS Depot or Unit

® Pipe, stations, and couplings would run $452.2K as based on
analysis in Chapter 6.

In addition, three pipelaying machines at 360 tons each and
three fork lifts at 55 tons each with 15% contingency spares
at $96/ton would cost $137.4K.

Total cost of transportation from manufacture to CONUS Depot
cost is $589.6K.

4. Support Readiness Subcycle

Note that the system is similar to the manual system with the addition of
fork lifts and pipelaying machines. Thus, the support readiness cost is
equal to the total support readiness cost for the baseline system in
Chapter 6 with the addition of operating costs for one fork lift and
pipelaying machine and transportation for one pipelaying machine.




e Total support readiness for baseline system = $4,774.6K

Pipelaying machine and fork 1ift transport cost =
415 tons x 10 years x 2 trips/year x $96/ton trip = $796.8K

e Fork lift and pipelaying macgine operating costs are estimated
to be about $53.9 per hour.I or

10 years x 6 companies x 2 weeks/year x 40 hours/week x $53.9/hr =

$258. 7K.

e Total support readiness costs are $5,830.1K.

5. Transportation Subcycle CONUS Depot or Unit to Theater POE Depot

The total cost is the baseline system cost ($1897.7K) plus the transporta-
tion cost of the three machines plus fork lifts at $403 per ton,

(3 machines x 415 tons x 1.15 spares factor x $403 = $577.0K) and the
total cost is S2474.7K.

6. Lay Mission Pipeline at a Rate of 30 km per 20 Hour Day

The three pipelaying machines operate simultaneously on different sections
of the pipeline. Each machine is serviced by a fork lift truck. The

pipe is hauled from the POE to the machines by tractor-trailers, 2 machine
loads of pipe per trip. The average hauling distance is 85 miles round
trip for 8" pipe and 187 miles round trip for 6' pipe, at an average speed
of 15 mph. The tractor-trailer combinations are the same as used for the
manual system in Chapter 6.

The mission takes about 6.4 days, although the time may be less since, theo-
retically, three machines when operating provide excess capacity. Each
machine has a crew of three men and two additional men walk along side

and inspect the laid pipeline. The procedure should not require the use

of a full crew.

Tractor-trailer requirements for hauling pipe are listed in Table 9-1.
Table 9-2 lists tractor-trailer requirements for hauling pumping stations.
Thus, the number of tractor-trailer days is 61. The cost of the number
of drivers is based on 82 to be consistent with the assumption that 25%
of the tractor-trailers will not be operable at any time. Given a 6.4
day mission, 13 tractor-trailers and 26 drivers are required. The costs
for the subcycle are therefore as follows:

18 Based on the Cost Reference Guide for Construction Equipment, 1979
Edition, for a fork 1ift plus a heavy duty off the road vehicle. The cost
of the latter was increased by 50% to reflect the complexity of the pipe-
laying machine.
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TABLE 9-1

TRACTOR-TRAILER REQUIREMENTS FOR HAULING PIPE

- 8" Pipe 6" Pipe  Total
{ i‘ Average Round Trip, Miles 85 187 -
: Hauling Time at 15 mph, hours 5.7 12.5 -
| Loading Time per Trip, hours .13 A3 =
% } Unloading Time per Trip, hours A3 .13 -
B Waiting Time per trip, hours «5 .5 -
i Total Time per Trip, hours 6.5 13.3 =
{ Trailer Loads Required !9 115 28 143
L Tractor-Trailer Days Required 38 19 57
{
‘. TABLE 9-2

| TRACTOR-TRAILER REQUIREMENTS FOR HAULING PUMPING STATIONS

8" Fipe 6'"' Pipe Total
i Average Round Trip, Miles 85 187 - i
. Hauling Time at 15 mph, hours Sl 12.5 -
B Loading and Unloading Time, hours 2.0 2.0 - f
!~ Total Time per Trip, hours 7.7 14.5 - f
Trailer Loads Required - 2 8 ' 2
Tractor-Trailer Days Required 2 2 4 | '

—

L]
19 Two loads per trailer are assumed as in Table 6-7.
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e Operation and Maintenance

At an operating and maintenance cost of $10.43 per hour
(See Chapter 6) the tractor/trailer cost is

[ 61 tractor/trailer days x 20 hours/day x 10.43/hour = $12.7K

@ Operating Costs

Estimating operating costs for each machine and fork lift at
about $53.9 per hour (See Support Readiness Subcycle), the
machine and fork lift cost is

2 operating machine sets x $53.9/hour x 6.4 days x 20 hours/day
= $13.8K

. J . ‘ .

e Total 0&M Costs are $26.5K
e Manpower Costs
" Assuming the cost of one company, the pipelaying cost is
. 122 men x 6.4 days x $14,600/man year : 365 days/year = $31.2K

The 26 drivers for the tractor trailers cost

26 x 6.4 x $16,033 : 365 = 7.3K

[
-

and the total manpower cost is $38.5K

e Total Cost To Install System

(01, ] $26.5K
. Manpower 38.5K :
Total $65 K <

7. Operate System for 6 Months at 35,000 Barrels Per 20 Hour Day

. o,

This cost is identical to the baseline system and is equal to $2,796.8.

e
@

Summary of Life Cycle Cost for Mechanized System

‘: Research and Development $ 984.0K F
' Procurement 17,324.6K
Transportation - Manufacture to Depot 589.6K 8
» Support Readiness 5,830.1K
[ Transportation to Theater 2,474.7K
Install System 65.0K
v Operate System 2,796.8K
i Total Life Cycle Cost §30,06h.8K ¢ ,
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CHAPTER 10 - DESCRIPTION AND ECONOMIC ANALYSIS OF COLLAPSIBLE HOSE CONCEPT

10.1 INTRODUCT ION

The concept envisioned at the end of Phase | was a flexible, collapsible,
low-to-medium-pressure hose. This concept has become more attractive

in the past few years because of the possibility of increasing hose
operating pressure values from 150 psi to 300 psi. There is no question
that such medium pressure hose systems entail more development risk than
any of the other concepts. However, our discussions with experts and
manufacturers have led to the conclusion that the system is feasible.

Some of the issues involved in developing and using such a hose are pre-
sented in Section 10.2. Section 10.3 presents the life cycle cost
analysis. One of the advantages of the hose system (as described in
Chapter 3, Section 2, '"Collapsible Hose: H3 and H4'') is that it can be
easily installed. The hose can be layed out continuously from a moving
trailer and can be adjusted by a walking two man team.

10.2 USE AND DEVELOPMENT OF HOSE SYSTEM

Collapsible hose (6", 8' in diameter) is fabricated by extruding a thin
inner tube of thermoplastic elastomer (e.g., polyester or polyurethane
type) and covering with multiple outer jackets of woven high strength
yarnor filaments. The woven outer jacket is the primary pressure retain-
ing element. The thin (0.020" - 0.030") inner tube functions primarily
as an impermeable channel for the fuels.

Such constructions are currently primarily used for municipal and indus-
trial hose applications. Diameters in use range from 1-1/2" to 6. It
may be possible to weave 8' diameter jacketing on the same looms.
Hose couplings have traditionally been made from brass for water service
but extruded aluminum couplings have also gained favor because of the
considerable weight savings and cost savings resulting from their use.
Maximum working pressures currently achieved are 150 psi; however, it may
be feasible to at least double the working pressure limitation through use
of:

® higher strength fibers

® double jacketing

e tighter jacket weaves

Abrasion resistance can be improved by dip coating.
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The installed pipeline system comprises one 85 mile section of 8" hose

and two branch lines of 6'' hose each 17 miles long. The hose is fabri-
cated in sections 100 feet long, which are joined together by extruded
aluminum couplings before flaking in 8' x 8' x 20' containers that

serve as shipping storage, and pipeline laying containers. The contain-
ers hold 10,000 feet of 6' hose and 7,500 feet of 8'" hose, with separators
between layers of flaked hose. It should be possible to use the contain-
ers for shipping to the distribution point and to use the same containers
as part of the field laying system.

The hose system operates at a maximum pressure of 300 psi and a delivery
rate of 35,000 barrels per 20 hour day of diesel fuel having a specific
gravity of .B448 and a kinematic viscosity of 3.85 centistokes at a tem-
perature of 60°F. The pressure differential in the pumping stations is
280 psi; 16 pumping stations are required in the 85 mile line of 8"
hose, and 4 pumping stations are required in each 17 mile leg of 6' hose.

As noted, there is a substantial amount of development risk in the hosing
concept. In Figure 10-1 we present how the R/D program relates to the
pipeline life cycle. An initial and advanced product development program
as well as an engineering development/prototype manufacture phase is re-
quired. The timing for these phases of the R/D program is shown in

the figure.

The overall objectives of the initial product development program are to:

® Demonstrate maximum working pressure possible using currently
available materials and manufacturing methods.

® Design hose using most promising approaches.
@ Build/test experimental models.

Other major areas to be explored during this initial product development
program are:

® Premeability
ot
® Cut-through resistance
e Effects of long-term (10 year) storage
e E&Ervironmental resistance (ultraviolet, cold, heat, etc.)
® Long-term exposure testing

® Abrasion resistance

e Details of construction (e.g., adhesive between tube and jacket,
outer protective coating)
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e Practical manufacturing lengths

e Evaluation of suitability of current coupling designs
e Estimated manufacturing rate
e Manufacturing economics

e Capital investment requirements

e Effects of physical factors on pipe performance (e.g., stretching
. (v8%) during filling, effect of fluid weight on coupling retention,
folding during storage)

L At the conclusion of the initial product development program it is anti-
cipated that the contractor(s) will have demonstrated the feasibility/
unfeasibility of using flexible hose constructions for the proposed ap-
plication, the upper practical limit of working pressure, defined the re-
quirements for changes in manufacturing methods, estimated manufacturing
ot costs and production rates and established test procedures. Experimental
models of the most promising hose construction will have been made and
tested and the results evaluated.

The overall objective of the advanced product development program is to
i achieve validation of the product concept by the Army. This will be
achieved by designing,building, and testing prototype products of the most
promising configuration(s) as determined in the initial product develop-
ment program described above. We estimate that five or ten 50' or 100'
sample lengths will be required for development and operational testing.
These samples will be built using available production equipment or

3 simply modifications thereof. No extensive equipment purchase is en- 1
- visioned.
I In a final engineering development/prototype manufacture program, the ‘

following objectives would be accomplished. :

® Carry out the design and engineering necessary to create a
1, satisfactory production system.
. ® Produce and test prototype samples using a ''soft'' production
system.

.

e Construct a '"hard" manufacturing system.

L ® Manufacture 1-2 miles of production prototype hose for evaluation
by the Army.

! 10.3 LIFE CYCLE COST

l: As in other chapters, the life cycle cost is computed in accordance with
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the mission definition in Chapter 5, complete with the appropriate sub-
cycle headings.

|. Research and Development Program and Subcycle

Cost ($000) Time (Mo.)
Initial Product Development 120.0 10
Advanced Product Development 225.0 18
Engineering Development/
Prototype Mfg. and Testing 320.0 24-30
Total 665.0 52-58

The timing of research and development, which most crucial for this al-
ternative, is depicted in Figure 10-1.

2. Procurement Program and Subcycle

Quotations (Rough Price Estimates) by American Biltrite for hosing was
$8.50 per foot for 6'" hose and $12.00 per foot for 8' hose. The present
Army cost for 4 inch hose,which operates at 125 psi,is $7.65 per foot.
Consequently, in the final evaluation, we performed a sensitivity analy-
sis and added a contingency factor so that the prices were $10.00 and
$14.00 per foot for 6' and 8'" hose respectively. The analysis in this
chapter uses the base American Biltrite estimated cost figures.

® Quantity Requirements

Cost

6" hose (34 miles = 179,520 feet) $1,525.9K
Cost per foot = $8.50 including fittings

8" hose (85 miles = 448,800 feet) $5,385.6K
Cost per foot = $12.00 including fittings

6'"' hose containers (18 required) $ 108.0K
Cost each $6,000

8" hose containers (60 required) $ 330.0K

Cost each $5,500

(The lower cost for 8' hose containers reflects the fact that fewer
separators are needed)

Total Hose and Containers $7,349.5K
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e Cost Calculation for Pump Station for 8" Hose
l‘ Cost each = 45,000 + 64.25P + .089PQ = $96,983
P = 300 psi, Q= 1225 gpm (BHP = 250)

‘. From the analysis of the pressure drop based on hose, 16 pump
stations are required.

Total cost (K$) $1,551.7K

T e Cost Calculation for Pump Station for 6'" Hose
i
Cost each = 21,875 + 16.33P + .089PQ = $43,128
z P = 300 psi, Q= 612.5 gpm (BHP = 125)
From the analysis based on 300 psi hose, 8 pump stations are
T required.
4
Total cost is $ 345.0K
I e Total Procurement (K$)
. Hose and Containers $7,349.5K
.- Pump Stations for 8" Hose $1,551.7K
i‘ Pump Stations for 6' Hose S 345.0K
Total $9,246.2K
I Plus (15% spares) 10,633.1K v
I 3. Transportation Subcycle Manufacturer to CONUS Depot or Unit ‘,
| tem Quantity Wt/Unit(1b) Total Tons ;j
| 8" Hose 448,800 ft. 3.0 673.2 ¥
6" Hose 179,520 ft. 1.7 152.6 |3
8" Containers 60 units L1150 20 124.5 20 4
1 6'' Containers 18 units 5300(8600) 47.7(77.4) {1
I_ Pump Stations for 8' Hose 16 units 18,000 144.0 '
Pump Stations for 6'" Hose 8 units 14,000 _56.0 !;
> '
L Total Tons 1227.7 f
- Cost @ $96/Ton 117.9K ;
& Plus 15% |
' Contingencies 135.6K

20For transportation costing, the volume is the limiting factor on containers
of 6" hose. The excess in computing the cost on a cube basis is added to
the weight of the container and the total charged tonnage is in parenthe-

ses.
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4. Support Readiness Subcycle

L
As described in Chapter 5, these costs include transportation, installa-
r tion and operation of a small hose system for a two week training session
1 for each year during the ten year period. The system includes four con-
tainers of 8' hose and (at most) two pumping stations.
® Inventory Holding Costs
i

None since Depot Costs are not allocated

| —
®

Training Costs

; These include transportation, operation and maintenance, and man-
I; power costs for the training session.

e Transportation Costs

e Hose (30,000 ft x 3.0 1b) 4L5.0 tons
Containers (4 x 4150 1b) 8.3
Pumping stations (2 x 18,000 !b) 18.0

Total Weight(x 1.15) 82.0 tons

® Transportation Cost for 10 years at two trips per year and
$96 per ton trip is $157.4K

e Operation and Maintenance

e Pumping
Station operating cost per hour is $7.90 based on BHP and is
computed as same manner as in Chapter 6. For the 80 hours
in the two week period per each of the ten years for the two
stations and six companies, the cost is
2 x 10 x 80 x $7.90 x 6 = $75.8K

® Tractor and Trailers
Using the same costs for tractors and trailers as in Chapter
6, but only one tractor-trailer for the operation, the cost

is $50.1K

e Total 0&M costs are $125.9K
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® Manpower Costs
S

/”/The manpower costs are the same as for the manual system, and
thus totals $4099. 2K.

e Total training costs are $4382.5K
® System Upgrade and Improvement Costs

It is assumed that there is no system upgrade or improvement
e Total support readiness costs are $4382.5K

5. Transportation Subcycle - CONUS Depot or Unit to Theater POE Depot

As in Chapter 6, the cost per ton is S403 and hence the total cost (See
3. Transportation Subtcycle Manufacturer to CONUS Depot Unit) allowing for
spares Is

1227.7 x 1.15 x $403 = $569.0K

6. Mission: Lay Hose at Rate of 30 km per 20 Hour Day

The cost of laying the hose system is based on the same truck parameters
as the other_concepts. These parameters are described in Chapter 6 in
the presentation of the life cycle cost of the manual system.

The difference results from the method of installation, which

can easily be performed by one company. The hose is hauled in its con-
tainers from the POE to the laying site by tractor-trailers, 2 containers
per trailer. The average hauling distance is 85 miles round trip for 8"
hose and 187 miles round trip for the 6' hose, at an average speed of

15 mph. The hose is installed by laying out continuously from the moving
trailer the previously coupled hose at an average rate of 5 mph. The hose
line is then walked by 2 man teams who adjust the position of the hose
where necessary and remove sharp objects which might damage it. These
teams are responsible for covering 1/4 mile of hose per hour. (Thus

only a portion of the company is actually needed.) At the prescribed
rate of 30 km per 20 hour day, it takes 6.4 days to lay the pipeline.

Tractor-trailer requirements for hauling and laying the hose are as fol-
lows:
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TABLE 10-1

8'' Hose 6'' Hose Total
Average round trip, miles 85 187 -
Hauling time at 15 mph, hours 5.7 12.5 -
Loading time per trip, hours 1.0 1.0 -
Hose carried per trip, miles 2.84 3.79 -
Laying time at 5 mph, hours 0.6 0.8 -
Total time per trip, hours 7.3 14.3 -
Trailer loads required 30 9 39
Tractor-trailer days required R 7 18

Tractor-trailer requirements for hauling pumping stations are as fol-
lows:

TABLE 10-2

8" Hose 6'' Hose Total
Average round trip, miles 85 187 -
Hauling time at 15 mph, hours 5.7 12.5 -
Loading and Unloading time, hours 2.0 2.0 =
Total time per trip, hours 7.7 14.5 -
Trailer loads required 8 4 12
Tractor-trailer days required 4 3 7

The minimum required tractor-trailer days for hose and pump stations are
25. Given that the mission is about 6.4 days and using a 752 availability
figure K—RZE_T7§ = 5,2 tractor-trailors are required. Rounding up, 6

tractor-trailors and 12 drivers are required. The costs for the sub-
cycle are therefore as follows:

e Operation and Maintenance

At an operating and maintenance cost of $10.43 per hour for
tractor-trailers (See Chapter 6) the operating and maintenance
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costs for laying the pipeline is
25 tractor-trailer days x 20 hours/day x $10.43/hour = $5 2k
Manpower

Assuming that the cost of a full company is incurred for hose
installation the cost is

122 men/company x 6.4 days/company x $14,600/man year : 365 days/year
= $§31.2K

The 12 drivers cost 12 x 6.4 x $16,033 : 365 = §3,4K and the
total manpower cost is $34.6K.

Total Cost to Insta}l,System

0sM § 5.2K
Manpcwer 34.6K
Total $39.8K

Operate System for 6 Months at 35,000 Barrels per 20 Hour Day

[
.

This computation is also consistent with the mission analysis description
specified in Chapter 5 and exemplified in Chapter 6.

[,

e 0&M Costs

Based again on data in MERADCOM Report 2249 and the BHP ratings
the operating and maintenance costs per hour are $7.90 and
$4.42 for the large and small stations respectively. Based on
requirements for 16 and 8 stations respectively, the cost is

Cost = 20 hours/day x 182.5 days [16 x $7.90/hour + 8 x $4.42/hour]

$590. 4K

In addition to the regular 0&M costs, based on MERADCOM Report
2249,0ne overhaul will be performed on the pumping station sys-
tem. Based on overhaul costs from Report 2249 as well as the
transportation involved, this cost is estimated to be $653.6K
(this consists of $534.5K for the overhauls of the 24 stations

plus $119.1K for transportation) and thus total 0&M costs are
$1244,0K

Manpower Costs

This would be the same as the base case manual system or $1781.2K.
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e Total Operating Cost is $3025.2K

8. Total Life Cycle Cost

Research and Development
Procurement
Transportation-Manufacture to Depot
Support Readiness

Transportation to Theater

Install System

Operate System

Thus, the total life cycle cost is
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$ 665 K
$10,633.1K
$  135.6K
$ 4,382.5K
$  569.0K
$ 39.8K
$ 3,025.2K
$19,450.2K




CHAPTER 11

SECOND PHASE EVALUATION AND RECOMMENDAT IONS

11.1  INTRODUCT ION

This chapter presents the final evaluation of fuel transportation alter-
natives. The form of the chapter emphasizes the method of evaluation
and reserves the presentation of the recommendations to the last section
of the chapter. The actual policy to be followed by the Army in system
implementation should depend somewhat on their own interpretation of the
results presented here. For example, the recommendations depend on the
sensitivity of the Army to cost and development risk. Therefore, the
method of evaluation is presented before the final recommendation.

The method of evaluation is a compromise between treating the score for
each attribute independently and converting the scores to a single score
with a weighting formula fixed once for all. The non-cost attributes
were grouped in three categories, and scores within each category were
collapsed to a single numerical rating. These three ratings and two
measures of cost comprise a set of ratings whose components are measures
of:

e Life cycle cost with and without deployment
An index of development risk

An index reflecting system resource requirements for system
installation

® A composite index of system performance and reliability

Because each of these attributes are in themselves important, and because
it is difficult to perform a quantitative trade-off among these at.vi-
butes, we chose to qualitatively evaluate each system on the merit of

the values for the four attributes above. |In this manner, for example,
the performance or cost can be assessed without regard for other issues.

These attributes are not completely incommensurable. Life cycle cost can
take into account some amount of development risk, system resource re-
quirements and performance and reliability attributes. For instance,
manpower levels can be costed and contingencies can be added to account
for development risk. But such methods suffer from two weaknesses. First,
these attributes can have an importance in their own right, and beyond
that of their nearest dollar equivalent. |f manpower requirements are
high, the system is undesirable even if the dollar cost is not excessive.
If development risk s too high, it may not be possible to develop the
system at all. Second, the amount of dollars (or any other common unit)
equivalent to a given increment of manpower or a given increment of reli-
ability may vary from time to time and place to place, or even from
evaluation to evaluation at the same time and place. For these reasons,
we did not try to reduce the evaluation to fewer than the above components,
of which only the cost values are uneqivocally in the same unlits.
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In the remaining sections of this chapter, the determination of each
vector component and the summary conclusions are presented.

11.2 STEPS IN ANALYSIS

The reduction of the evaluation to the numerical summary vector was ac-
complished in three steps. The first step was a reduction of attri-

butes to a reduced list. The second step was a reassessment from Phase |
of all the attributes and the third step was a consolidation of the remain-
ing attributes into the five valued vector.

The purpose in reducing the attribute list was to facilitate the final
evaluation. The greatest reduction resulted from a consolidation of
nine different cost attributes in the original attribute list into life
cycle cost. Other reductions were accomplished as follows:

e Manpower for transport, special equipment for site trans-
port, and ease of leak detection were eliminated because there
were no important differences in these attributes among the
final systems.

e The two reuseability attributes were aggregated into a
single reuseability rating (and also categorized with
system reliability and performance).

e Two attributes for transportability to theater were con-
solidated to one.

e The two attributes for manpower for assembly were consoli-
dated to one.

The attributes dropped from the Phase | scoring and ranking included those
attributes which were deemed: (1) not variable among the concepts; (2) of
very minor significance; and/or (3) essentially represented by one or more

attributes included in the list of attributes used for the final comparative
evaluation.

Life cycle cost was computed two different ways, one with a single deploy-
ment of the system and a second calculation without any deployment. Cost
without deployment includes all subcycles except transportation to theater,
lay pipeline, and operate pipeline. Thus, the final list of attributes
utilized for comparative evaluation was
Cost Attributes

@ Life cycle costs with and without deployment
Development Risk Attributes

® Risk level

e Dependence on scarce resources
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System Resource Requirements for Installation

t @ Transportability to theater (tons)
e Transport requirements to site (truck miles)

4
e Manpower for assembly (man hours)

l; ® Dependence on special equipment
System Reliability and Performance Attributes

@ Reliability of installation

@ Degradation of installation under adverse conditions
e Operating reliability

® Maintainability

e Safety

e Lifetime

® Vulnerability

® Reuseability

@ Manpower requirements for operation and maintenance.

In the second step of the analysis the system attributes were reevaluated
in light of the mission analysis and state-of-the-art research performed
in the second phase analysis. Some of the attributes, such as transport-
ability to theater, transport requirements to site, and manpower for
assembly, were computed on the basis of the mission analysis. Recall that
these attributes were used in the computation of life cycle costs, but
represented important measures in their own right. As an example, the
baseline system requires a great deal of manpower and this affected the
rating of this system through resource requirements as well as cost. The
attribute evaluations are presented in Table 11-1.

Most of the system resource requirements attributes were quantifiable,
specifically, tons transported, truck-miles for assembly and manpower
for assembly. The qualitativezrequirements could then be converted into
the 0-4 scale used in Phase |. These are in parentheses in Table 11-1.

21 " ’ ;
A score level of 5 was used to indicate that in some resource categories ’
the tank truck system had no requirements whatsoever. ‘
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For those attributes, such as reliability, for which there is no quanti-
tative measure, the ratings were based on consensus opion and were fre-
quently the same as the Phase | evaluations. Ratings have been revised
where necessary to reflect additional research knowledge. The rationale
for final attribute scoring is as follows:

i

Major Attribute Category - Development Risk

Development Risk

Development risk was assessed for each system. The tank truck
option uses off-the-shelf equipment and would, therefore, score
a 4.0. The baseline also requires no RED and therefore received
a score of 4.0. The mechanized pipeline system requires that
two major components be designed; namely, the pipe joining ma-
chine and the automatic locking coupling. Both devices are well
within the state-of-the-art, but some design risk is involved;
we, therefore, rated the risk level at 2.8. The collapsible
woven jacket hose, in our opinion, offers substantial development
risk (the manufacturer, however, is confident of his ability to
develop the hose on a time-frame about 10 months longer than the
48-month mission time-frame). The hose thus scored at 1.5 for
development risk.

Dependence upon Scarce Resources

The other development risk attribute is Dependence upon scarce
resources. The tank truck concept and the baseline pipeline
system both scored 3.5, because of the possible dependence upon
welded steel pipe and couplings for the pipeline system and a
vehicle manufacturer for the tank truck system. The mechanized
pipeline scored at 3.0 because of its more specialized equipment
requirements. The hose scored the lowest at 2.5 because medium
pressure fuel hoses have not yet been developed.

Major Attribute Category - System Resource Requirements

for Installation

Transportability to Theater

Three out of the four attibutes in this major category are quanti-
fiable. An 0.0 to 4.0 (or 5.0) rating was assigned for them. The
total tons of equipment and pipe transport required for the four
systems is as follows:

Baseline Pipeline System - 4,684 tons
Mechanized Pipeline System - 6,116 tons
Hose System = 1,517 tons

Tank Truck System - 3,309 tons

3
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The transport requirements include the conduit and installation
equipment weight for dedicated equipment. Truck company equip-
ment is assumed to be available at location. The values of the
tonnages were scored on a basis of 0.0 to 4.0 as shown in Figure
11-1,

g T = 4
=5 0 A
: R e ;
.._E 3?9 h\§=i\\\ F
- 3 .h
< - ‘\
') )
-:-w% o] g
= Sy .
k. S 1
.;_0 40 L
~ e
1 [ tope 200 300 & 5000 6p00 7000 8900 %
o S : (Transport Tons) ¥
3
i;. FIGURE 11-1 ¢

RATING SCORE FUNCTION FOR TRANSPORT TON REQUIREMENTS i3

e Transport Requirements to Site

The truck-miles required for pipeline installations are as follows for

|E the four concepts:

Baseline Pipeline System - 16,700 truck-miles

Mechanized Pipeline System - 15,900 truck-miles
Hose System - 7,100 truck-miles : 5
Tank Truck System - 0.0 truck-miles :

The truck-miles estimated for each system have been converted to a 0.0
to 5.0 rating range as indicated in Figure 11-2,
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FIGURE 11-2

RATING SCORE FUNCTION FOR INSTALLATION TRUCK-MILE REQUIREMENTS

® Manpower for Assembly

The manpower requirements for pipeline assembly are measured in
total man hours, based on the addition of both Pipeline and
Terminal Operating Company and Truck Transport Company hours.
The total assembly hours are as follows:

|

i

|
Baseline Pipeline System - 29,200 man-hours f'
Mechanized Pipeline System - 7,100 man-hours ‘}

i

l

s

Hose System - 2,700 man-hours
Tank Truck System = 0 man-hours

Figure 11-3 indicates how the manpower levels converted into
the 0.0 to 5.0 ratings.
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FIGURE 11-3

RATING SCORE FUNCTION FOR INSTALLATION MANPOWER REQUIREMENTS

Dependence Upon Special Equipment

The dependence of the installation on special equipment was scored sub-
jectively. The hose system [s deemed the most flexible of the four sys-
tems in terms of installation under adverse conditions or conditions
where equipment breakdowns occurred; it scored a 4.0; The tank trucks
also scored a 4.0. The baseline pipeline system rated a 3.5. The me-
chanized pipeline system was rated the lowest because of its dependence
on the use of specialized pipelaying equipment (three machines will be
in use with one spare available). The mechanized pipeline system rates
a2.0.

3. Major Attribute Category - System Reliability and Performance

The attributes in this major attribute category were all rated subjective-
zy for each attribute categor:. Each attribute was rated on the 0.0 to
.0 scale.




e Reliability of Installation

The hose system was rated the most reliable in terms of installa-
tion- 4.0; as was the tank truck system. Correspondingly, lower

in rating was the manual, baseline pipeline system at 3.0. Because
the mechanized equipment depends upon relatively complex machinery

it was rated at 2.5.
Degradation of Installation Rate Under Adverse Conditions

The hose system and the tank truck systems were judged the best
of the four. They were assumed to suffer some degradation of
installation rate under adverse conditions and were thus rated
at 3.5. The baseline pipeline system was rater lower at 3.0
and the mechanized pipeline system was judged most susceptible
to adverse weather and terrain conditions and was thus rated at
2.5

Operating Reliability

The operating reliability depends upon a number of factors in-
cluding the number of pump stations used, the nature of the con-
duit used and the number of couplings. The tank truck system
scored well because of its built in redundancy; its score was
3.5. The two sectioned pipeline systems scored at 3.3. The
hose system scored the lowest at 2.0 because of the increased
number of pump stations and the greater possibility of hose
rupture.

Maintainability

All of the systems scored relatively low on maintainability
because of the nature of the system. The baseline pipeline
and tank truck systems scored the best at 2.8. The mechanized
pipeline system scored slightly lower because of more effort
required in replacing sections with the automatically locking
compling. The hose scored the lowest at 2.0 because of the
greatest potential for problems due to wear and vandalism.

Safety

Total systems safety differ slightly among the systems. The
hose system would rate the best at 3.5, because of its ease in
installation and the lower operating pressure involved. The
baseline pipeline system rated lowest at 2.8, because of all the
human labor involved during installation. The mechanized pipe-
line and the tank truck systems both have counter balancing risk
factors (machinery in use versus truck movements) and were both
assessed at 3.0.
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e Lifetime

The tank truck system was rated at 3.0 because of the wear and
tear effects placed upon the tank trucks within six months of
operation. The two sectioned steel pipeline system scored a
top value of 4.0 on lifetime. The hose system scored only 2.5
because it is believed that dynamic reactions of the hose to
pressure variations causes wear and abrasion to the point that
its useful life is not expected to be significantly longer than
the six-month deployment period.

e Vulnerability

The tank truck system may be less vulnerable than the others and
hence it scored a 4.0. The other systems are all vulnerable

and the hose received a slightly lower score to reflect increased
vulnerability.

® Reuseability

The most reuseable concept, of course, is tank trucks which

rate a 4.0. The hose rates a 3.0 because it can easily be col-
lected and resued (although its physical life and durability would
become a factor in the field). The baseline pipeline system
scored a 2.5. The mechanized pipeline system scored a lower

value of 2.0 because of the problems of dealing with the locking
coupling and its cleanliness requirements.

® Manpower Requirements for Operation and Maintenance

Both the pipeline concepts scored a top value of 4.0. The hose
system was down-rated to 2.5 to account for the greater pumping
station and maintenance costs. The tank truck concept was scored
a value of 0.0 in this regard.

In computing the life cycle costs because of the uncertainties in hose
and pipe prices, the basic costs were modified in two ways, and these
are reflected in Table 11-2. Under both modifications hosing prices
were raised about 18% as noted in Chapter 10 to reflect contingencies

(to $10.00 ft. and $14.00/ft. for 6 and 8 inch hose respectively). Pipe
prices were lowered in accordance with the pipe price variation discussed
in Chapters 6 and 9. In the first modification, the decrease was 11.5%
and 16.5% for 8'" and 6'* pipe respectively and in the second modification,
the decrease was 23% and 33% respectively. The larger decrease is con-
sistent with the 1976 price basis and a 39.4% price rise since then.

(See section on Procurement Program and Subcycle, Chapter 6.) The first
modification, which used an average of the original basis and the in-
flated 1976 price is utilized in a later tabulation. The sensitivity
analysis in Table 11-2 shows that even with uncertainties the hose sys-
tem has a cost advantage.
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In the final step of analysis, the attribute ratings in Table 11-1 were
reduced to the numerical summary vectors. To perform this step, the
various attributes for system reliability and performance were reduced
to a single rating value. A similar reduction was performed for devel-
opment risk and system resource requirements. The equation for the
development risk index was:

e Development Risk Index = .8 x risk level + .2 x Dependence on
Scarce Resources

This value is a weighted average of the two parameters.

The equation for the System Resource Requirements Index was:

e Resource Requirements Index = .15 x Transportability to Theater

+ .15 x Transportability Requirements

to site
+ .625 x Manpower for Assembly
+ .075 x Dependency on Special

Equipment

.5 If Assembly Manpower Rating Very
Low

The equation was a weighted sum of the four attributes that emphasized

assembly manpower. The .5 penalty was in recognition of the issue that

any system with excessive manpower requirements during installation should

be severely down-rated.

The only involved attribute reduction equation was for performance and
reliability. Recognizing that there is a wide variation of performance
and reliability attributes for any system, several methods for computing
the overall rating were utilized. These are summarized in Table 11-3.
The first three methods, modified Phase |, Average, and new weighting
represent total scores of the form.

y. = Overall performance and reliability rating for alternative i

xi. = PRating on performance and reliability attribute j for
J alternative i
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and

‘ La, =1

where

the aj are weighting constants.

pu—

- For the modified Phase | scheme, the aj are proportional to the weights
i in Phase |, except that some minor attributes are eliminated.

| For the averaging scheme,
a; = .125 for all ]
For the new weighting (adjusted so that the 0.0 - 4.0 is maintained)

| } a. = .1875 for operating reliability, maintainability and
2= manpower for operation and maintenance.

aj = .0675 for safety, lifetime, vulnerability

aj = ,125 for others

VT RS
NPT

The new weighting reflects a modified emphasis on the relative importance
of the attributes, which places greater emphasis upon reliability, main-
tainability and field manpower with reduced emphasis upon safety, life-
time and vulnerability.

g T
W

The point reduction scheme gave each atlernative 50 points and subtracts
points for deficiencies as follows:

Reliability of Installation: | point if less than 4

Degradation of Installation Rate: 1 point if less than 3

Reliability and Maintainability: 1 point for the mechanized system
L points for hose

Lifetime: | point for hose
Reuseability: 1 point for the mechanized system
Operation and Maintenance Manpower: | point for hose

5 points for trucks

For the geometric averaging scheme, the equation utilized was:

b,
= J =
Y ) Xij or log Y Ebj log xij
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where 1 represents products and

.067 for safety, lifetime and vulnerability

.133 for others

Upon examining the scores in Table 11-3, columns | to 5, the subjective
assessed overall rating in column 6 was given to each system. The base-
line received the highest rating, as it was a reasonable performer in all
areas. The table also contains in parenthesis, values that the truck
system would receive if the operation and maintenance manpower requirement
problem did not exist. This issue is that the truck system is outstanding
in performance and reliability except for this area. (There is one area
where the latter system is deficient, and that is in the dependency on

an acceptable highway network. Cince the mission assumes an acceptable
road network, we have not formally downgraded the system in this area.)

Table 11-4 summarizes the scores for the consolidated attributes. The

life cycle cost figures were based on the steel prices as explained earlier
in Section 11.2 and modified in Chapter 6. The recommendations based on
Table 11-4 are discussed in the next two sections.

11.3 AN OVERALL UTILITY MEASUREMENT

Table 11-4 presents a listing of numerical evaluations that can be used
directly by a decision maker. The table can be used in different ways.
One way is a weighting scheme to determine overall utility as formulated
by the equation:

Zi =z C’Ui'
j g
where
Z, = Overall utility for alternative

o
(]

Weighting constant incorporating decision maker's utility
J for attribute category j.

Uij Rating for attribute category j and alternative i

By grouping the weightings used in the Phase | analysis (See Table 4-2),
it is possible to get values of the C, weighting for the four major attri-
bute categories: %
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; e Life cycle cost, Cl = ,32
: e Development Risk, C2 = .08
e System Resource Requirements, C3 = .28
e System Reliability and Performance, Ch = ,32
f 0 First, the life cycle costs have to be placed into a computible rating
format. This is performed by using the rating transformation function
! as shown in Figure 11-4, where $0.0 cost rates a 4.0 and $50.4 million
: cost rates a 0.0.
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Using the ratings of Figure 11-4 and the aggregated scores for each of
the three other major attribute categories, the following scoring table
resulted.

TABLE 11-5
PHASE 11: TOTALLY WEIGHTED AND SCORED ANALYSIS
Net
Total Life Dev. Sys. Resource Reliability & Weighted
Cycle Cost Risk Requirements Performance Score
Baseline Pipeline 200 3.9 0.5 L.o 2.4
Mechanized Pipeline 1.8 2.8 2.6 3.5 2.6
Hose System 2.5 | L.o 25 2.9
Tank Truck System 0.0 3.9 4.7 45 5
Weight .32 .08 .28 .32
According to the scoring shown in Table 11-5, the highest score would go

to the hose system at 2.9 (out of 4,0). The next highest would be the
mechanized pipeline at 2.6, and the baseline pipeline system, the tank truck
system would be lowest at 2.4,

11.4 CONCLUSIONS AND RECOMMENDAT IONS

The problem with the utility equation technique has been that it is fre-
quently difficult to express a utility in equations, and the mathematics
can obscure the actual trade-offs. A second method of evaluation would

be subjective evaluation of Table 11-4. In this manner, Table 11-4 would
represent a final output that the decision-maker should carefully evaluate.
Upon a subjective evaluation, the following conclusions can be reached.

I. The trucking alternative, although generally excellent in
other areas, is simply too costly. However, this alterna-
tive should be used as back up under certain conditions.

2. The baseline alternative uses too much manpower. This was
known before this study was performed and the rating system
corroborated this shortcoming in the area of systems resource
requirements.

3. Given the unacceptability of trucks and the manual pipeline
system, the choice is between hosing and mechanized pipeline.
This choice involves a utility trade-off. The hose system
is less expensive and easier to lay down. (That is, it is
stronger in system resource requirements.) On the other hand,
it involves more development risk and rates a little lower in
performance and reliability.
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Although performance and reliability are lower, there are some performance
and reliability attributes,such as reliability of installation, degrada-
tion of installation rate, and reuseability, for which the hosing system
is better.

Our own assessment was that under most decision-maker preferences, the
hosing system should be the first choice. |In particular, a decision-
maker with low or moderate risk aversion would choose the hose system.
Under these circumstances, performance and risk appear to be overcome by
cost and system resource requirements advantages. In a practical sense,
the characteristics of the hose system would make it particularly ad-
vantageous for the quick installation, short lifetime, Ssystems that the
Army is interested in. We wish to emphasize, however, that both systems
merit consideration.

As has been emphasized in previous chapters, both systems would involve
technical risk. An appropriate hose system still needs to be developed.
For the mechanized pipelaying syscem, both a joint and machine must be
developed. |In view of the higher risk for the hosing system, the recom-
mendation for the immediate future would be to direct research and toward
the actual 300 psi hose. At a future date, the final suitability of this
concept can be reevaluated.
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REFERENCES

Cost Reference Guide for Construction Equipment, 1979 Edition

R.L. Keeney and H. Raiffa, Decisions with Multiple
Objectives, J. Wiley, 1976.

Letter from W. Studebaker on Pumping Station Costs

MERADCOM Cost Analysis Handbook 2nd Edition, U.S. Army Mobility
Equipment Research and Development Command, Fort Belvoir, Virginia,

1979.

Military Petroleum Pipeline Systems, Headquarters, Department of
the Army; Washington, D.C.; TM5-343; February 1969.

Wayne E. Studebaker, Military Petroleum Pipeline Systems, Report 2249,
U.S. Army Mobility Equipment Research and Development Command;
Fort Belvoir, Virginia; June 1978.

Tables of Organization and Equipment

TOE 10-207H3 Petroleum Pipeline and Terminal Operating Company
TOE 55-18H6 Transportation Medium Truck Company

OTHER SOURCES

2y

U.S. Army Mobility Equipment Research and Development Command
American Biltrite Corporation
Numerous Roll Forming Vendors. These included:

Oakley Products Corporation (314) 781-5552

Ardcor Division of American Roll Tooling, Inc (216)951-1200
Product Efficiency Co., Inc. (716) 891-5664

Gifford Hill Company (509) 535-1781

Yoder Company (216) 631-0520
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Numerous Welding Vendors. These Included:

Thomson General Corporation (617) 272-2900
. Shrewsbury Engineering Co. (617) S42-5164
Suburban Welding Company (617) 881-3200
Welder's Supply Company (617) 272-0400
Thermatool Company (203) 357-1555

Texas Instruments, Inc. (617) 222-2800

U.S. Thermit, inc. (201) 657-5781
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