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FOREWORD

L
This document summarizes the key find i ngs and presents the background
material relevant to the study entitled “Systems Ana l ysis of Methods

- L for Installing Fue l 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
r (MERADCOM) at Fort Belvoir , Virginia , by Arthur D. Little , Inc.,
L. 20 Acorn Park, Cambridge , Massachusetts 02140, and was prepared under

Task Order No. 10 of Contract No. DAAK7O-77-D—0024. This report was t..
prepared under the guidance of Mr. Leon Medler and Mr. Wayne Studebaker

L of MERADCOM . Questions of a techn i cal nature should be addressed to
V Dr. Donald B. Rosenfield at 617—864-5770, the manager of the study

and princ ipa l investigator. Other contributors inc l uded Mr. Robert

L H. Bode, Dr. Roger P. Caron , Mr. Robert El 1cr , Mr. William P. Hidden ,
Mr. Thomas P. Howard , Mr. Herbert H. Loeffler, Dr. W. Scott Na lnis ,
and Dr. Gordon Raisbeck.
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EXECUTIVE SUMMARY

The Uni ted States Army has i dentlf led a requirement for fuel pi peline
systems that can be rapidl y laid in tactica l situations. The U.S. Army
Mobility Equ i pment Research and Development Command (MERADCOM) commissioned
this study to determine the most promising approaches for develop i ng such
systems.

The Army’s goal is to lay 30 kilometers of p i peline per day, but the 
- 

V

number of men now needed to lay pipe line 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 techn i cal require-
ments is a machine to mechanize the pipe laying 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 ana l yzed was a flexible hose system.

p- V
- V

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

• All systems that we could conceive of for the installation
of fue l transport systems were tabulated .

• Al l system attr butes that we judged to have bearing on
the system utilities were listed and described . More than
30 attributes i ncorporating cost, performance, resource

L requirements , and development risks were inc l uded .

• 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.

• • Competing systems were evaluated according to the scoring
system. The initial eval uation was made first to reduce
the number of candidate alternatives without eliminating

• any of the best. The remaining alternatives were eva l uated
at an increased l evel of detail in the second phase of the
study .



• V The firs t phase of the evaluation resulted In the following five cand i-
- 

date systems:

• The base system- - the currently manually coupled pip eline
system.

• Truck haulage system utilizing standard Army tractors andV V 

bulk tank trailers .

• New pipeline concept--system for lay i ng cont inuously formed
• . - and seamed tubing from steel stri p.
- - 

• New pip eline concept-- system of mechanized coupling and laying
of joints and couplings.

I-

- - • New concept -- system of laying long sections of
collapsible hose from large containers. l~~

In the second phase of the study, a life cycle cost analysis based upon
a common mission was performed for four of the five systems. For the contin-• uous tube forming system, additiona l research showed that the system was
not feasible for the given mission . The life cycle cost analysis aggre-
gated all cost attributes to a common basis. The other non-cost attributes
were also aggregated Into three additiona l rating factors. Thus, the
fina l eval uation was based on numerical ratings for the following four
attributes. - - 

-

I.. - • Life cycle cost with and without deployment
• Developmen t risk
• System resource requ i rements for fue l transport system installati on• • Performance and rel iability 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 m illions of dollars

for each 119-mile long system, and the other attributes are rated on a
scale from zero to four, where zero represents hi ghly undesirable and
4 represents excellent. Based on the eva l uation in this table , wereached the follo w ing conc lusions:

1. Both the truck haulage system and the present manua l system
can be elIminated because of poor ratings in one of the major

- areas. In truck systems, the cost is too high. This systemIs , however , an excellent performer and Involves no installa-
tion and might be useful as a backup system under certain con-
ditlons. The present manual system requires too much manpower
for a rapid Installation. This is reflected In the poor
rating for systems resource requ i rements in installation .

.
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2. The two systems that offer promise as future developments
are the hose system and the mechanized pipelay ing system.

V 

The actua l choice between the two invo l ves a utility trade-
off among the fina l four attributes . The hose system is
less expensive and facilitates lay ing . On the other hand ,
it i nvo l ves more development risk and rates a little lower
in performance and reliability (although the performance
arid 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 ,

V a decision-maker with low or moderate risk avers ion 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 l ower, tactical p ipelines are
not meant to be long lasting, highly reliable systems.

We wish to emphasize that both systems merit further consideration . Both
V systems involve some developmen t risk. The hose system requires the F

developmen t of a med i um pressure 300 psi flexible , collapsible hose.
American 6 lt rite believes that such a hose can be developed and is con-
sidering an interna l development program for 300 psi fire hose. The
pipe lay ing system requires the deve l opment of a highly mechanized laying
system and a new coupling for automatic mach i ne joining of the joints .
The short-term recoimiendation is to direct the initial research and devel-

• - opment program to the hose concept. . 
-
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CHAPTER 1 - INTRODUCT ION, BAC KGROUND AND STUDY ORGANIZAT I ON

1.1 I NTRODUCT i ON

- This systems analysis of methods of installing fuel transport systems
J was undertaken under the auspices of the Systems Analysis Division of

the Program and Ana l ysis 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 techn i ca l 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 , equipmen t and system concepts that would enhance the rate

- -  of petroleum pipeline construction and reduce personnel requ i rements
during rapid construction . The study required the performance of the

V - foliow ng activities in support of the above objective:

- 

• Analyze current military and commercial pipeline construction
practices in order to i dentif y problem areas including con- V

straints on rates of construction and labor intensive operations.

• Synthes i ze potential solutions to problems considering auto-
mation/mechan i zation of the various aspects of pipeline con-
struct ion.

• Formulate systems concepts providing the capability to rapidly V

construct petroleum pipelines with minimal personnel.

J • Conduct trade—off anal yses to determine the optimum system
configurat ion for each alternative concept.

• Compare alternative system concepts on the basis of cost and
• operationa l effectiveness.

• Identif y the rapid pipel i ne construction equipment system
V concept(s) possessing sufficient military worth to merit

further development.

•

— ~~ _ .  ~~~~~~~~~~~~ - - — ~~~ -.-aU~~~~..M.- �a..- V.~~--~-
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• Identif y areas of techn i cal risk which need to be resolved
prior to entry into system deve l opment.

MERADCOM has been considering such concepts for the past severa l years.
An artists conception of an automated system is presented In Figure 1-1.
A simple mechan ized system is presented in Figure 1-2.

At the Initial organization meeting at MERADCOM on January 15, 1979 the scope V -~

of work was broadened to include all potential petroleum handling systems
to assure that the universe of alternat i ve petroleum handling and delivery

V systems have been documented and eva l uated by an objective , qualitative
r and quantitative systems anal ysis.
1..

1.2 BACKGROUND

The current military petroleum pipel i ne system uses 201 sections of 811
and 6” lightweight stee l tubing with reinforced grooved ends. The pipe

- couplings consist of a self—sealing gasket and a split housing that makes
a bolted connection. The principa l problem with this pipeline system is
the time required and the labor intensity of manually lay ing the pipe-
line. Nine men are requ i red 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 1 7-mile divergent legs of 6”
pipeline in five 20-hour days. The present manua l method of laying re-

- quires six Quartermaster Petroleum Pipeline and Termina l Operating Com-
panics of 181 men each, of whom 122 are avai lable to work on the pipel i ne
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 equ i va-

V 

- lent in five days with one company of approximately 181 members.

The USSR has a mechanized capability of laying a mili tary petroleum pipe- H
line. The following brief description of the Soviet Mobile Pipelaying

V Machine was given by a source document.

L PIPE

— 
Diameter - 150 mm
Length - 6-7 Meters
Material - Stee l
Coupling — Rubbe r lined female pressure fitting

- P I PE HANDLI NG - :1
Initial Description

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

- 2
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Latest Description

- 
- Truck carries pallet of 40 sections.- 
- Transfer pallet with 40 section s of pipe as unIt from truck

to pipelayer with crane mounted on plpelayer .

_____________________ 

I-
-

VPIPELAYER

- 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. -~~V I

- V 1 .3 STUDY ORGAN IZAT ION

V The results of this study are organized under the following topics ,
each of which is presented In a separate chapter . The log i cal flow of
the various chapters parall els the various steps utilized In the study.

V V Figure 1-3 presents the logical flow of the study. Chapter 2 introduces
the systems analysis methodology, while Chapter 3 introduces the engln-
eerlng concepts. Chapters 4 and 5 lead into the five chapters on the
selected concepts for Phase II evaluation , and Chapter Ii consolidates
the results of Chapters 5 through 10.

Chapter 1 - introduct Ion, Background and Study Organization

Chapter 2 - Systems Analysis Methodology

,. Chapter 2 presents the attributes of tactical fuel delivery systems that
have bearing on the)r usefulness and a systems analysis approach to
eva l uate alternatives wi th such multiple attributes. The chapter

4 - 
presents the methodology by which the remaIning analyses are performed .

._ Chapter 3 - Desçjjption of Alterna tIve 
~~

p
~
l inc Systems

This chapter presents descriptions of the various systems considered for

~ 
j ins talling pipeline or other fuel delivery systems.

Chapter 1~ - FIrst Phase EvaluatIon

-. This chapter presents the systems eva l uat ion of the varIous alternatives .
Five systems alternatives were selected for more detailed eva l uation in[ the second phase.

Chapter 5 - MissIon Definition for Comparative Eva l uation of
— r - - Selected Concepts

In the second phase of the eva l uation procedure, a common pi peline mission
is defined by whIch life cycle cost is computed . Life cycle cost is one of



_  _ _ _ _ _ _ _ _ __ _ _  _ V

the major (but not the sole) ratings determ i nants in the second phase
evaluation .

Chapter 6 - Economic Analysis of Base Case Manua l System

This chapter presents the life cycle cost computations for the basecase 
V -

V 

manua l p lpelaying system , which is the present system utilized by the
Army.

V Chapter 7 - Economic Analysis of Truck Haula1e System

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

V Chapter 8 - Anajysis of Form i ng Conc~pt

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 reliabl e than originally en-
visioned . Developmen t risk was judged to be very high . In vIew of this ,

- 
the life cycle cost of the forming concept was not anal yzed.

Chapter 9 - Decript lon and Economic Ana l ysis of Mechanized PIpeIay~~gSystem

This chapter presents a description and a life cycle cost analysis of the
- mechan i zed pipelay i ng system. In imp l ementing the mechan i zed pipelay ing

system , future engineering development is requ i red . The description
of the system presents severa l joint and pipelaying concepts.

Chapter 10 - Descri ption and Economic Analysis of
- - - Coll~ ps lb le Hose Concept

This chapter presents the descrip tion and life cycle cost ana l ysis of the
flexible , collapsible hose concept. This concept requires signifi-
cant development and the Chapter presents the Issues I nvolved in the
deve l opment.

Chapter Il - Second Phase Eva l uation and Recommendations

This chapter presents the eva l uation of the surviving alternatives and
r our fina l recommendations. The eva l uation methodology, which reduces

system characteristics to four fina l measures, is also exp lained here.

[
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V [~~CHAPTER 1
Introduction, I

- Background & Study
Organization

• H
a. —n CHAPTER 3 VCHAPTER 2
• - Description of

Systems Analysis Alternative Pipe
~~• Methodology line Systems

CHAPTER 4 
-:

1 F : ~~~~~: I$ -
~~~~~~~~~

CHAPTER 5
I.. Mission Definition For -

Comparative Evaluation
of Selected Concepts

CHAPTER 6 CHAPTER 7 CHAPTER 8 CHAPTER 9 CHAPTER 10T Economic Economic Analysis Description Description
£ Analysis of Analysis oJ of )‘orming & Economic & Economic

Base Case Truck Concept Analysis of Analysis of
Manual Haulage Mechanized Collapsible

I System System - 
Pipelaying Hose Con—

___________ 
System cept

CHAPTER 11

Second Phase
Evaluation &

Recoininendat Ions

: 1 7

I - c  
_ _  _ _ _ _ _ _

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
1~



V. 
-V

- — — -- -  
V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

a’

1~

- 
CHAPTER 2 - SYSTEMS ANALYSIS METHODOLOGY -

‘

2.1 GENERA L METHODOLOGY
- 

The overall method of identif ying concepts most appropriate for the fuel
transport systems was a systems analysis approach consisting of two major 4
steps:

- .  • Identificati’,n of alternative systems concepts
• Systems eva l uation of the alternative concepts ii~ terms of

the systems attributes.

The actua l process was somewhat more i nvol ved in that first, the attributes
appropriate for systems eva l uation had to be identified , and second, the
eva l uation procedure was an iterative one i nvolvIng two phases. A flow-

• chart for the overall procedure is dep icted in Figure 2-1.

In Identif ying 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.

I. After each evaluation , attributes were refined by aggregation and in some
cases, elimination. Attributes were eliminated if there were no discernable

1 diffe rences with respec t to that attribute among the remaining system
4. concepts. An example of this was ease of leak detection . None of the 

—identi fied system concepts appeared to show any advantages with respect
to ease of leak detection . Groups of two or more related attributes wereI aggregated when their scores were hig hly correlated .

Evaluation of systems attri butes was performed in severa l ways. One

I mentioned was a qualitative eva l uation 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 actua l numerica l value for certain attributes .
As an example , in the fina l phase of eva l uation , life cycle cost in esti—

C 
mated dollars was utilized as a basis for comparison .

The most des i rable method of analysis would have been evaluation of all
attributes for each system cand i date in complete detail. However, the
cost and time constraints on thi s study prec l uded such an approach and

L the methodology utilized was an iterative eva l uation procedure.
In the first phase, all attributes were eva l uated qualitatively, using

E
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L
relative scales , to eliminate alternatives that were clearl y less des l r-
able than others. In the second phase, when onl y a limited - number of con-
cepts were being evaluated , more detaIled quantitative measures of the
attributes were used. Where more prec i se measures could not be applied
or f~ il.d to discriminate between systems , the detail in the systems
description s was enriched to provide additiona l scoring criteria.

- 

The actua l overall eva l uation in each of the i teratIve 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 eva l uate each system

overall subject to the multi-at tribute scores.

The scoring invo l ved the weighting of each attribute score for an overall
system score. In the fina l phase of eva l uation , however, a somewhat mod i-

F fied method of system trade-off was uti lized . The detailed methodologies
for system scoring and eva l uation are described in the first and second
phase eva l uations 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 con-bine ratings of individua l 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-

V tive i mportance of an attribute does not stay fixed over the ent i re range
of the attribute va l ue. For example , a particular attribute l evel may
saturate In the sense that more, or a better l eve l of the attribu te may

-- not provide any perceivable advantage. On the other hand , as an attribute
leve l fails 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 relat i ng the overall score to each attri—

j bute score.

The other key aspect was an additive approach relating total scores to

I the contribution from each attribute.

Formally, let

A 1 — quantitative attribute l evel where available

— qualitative attribu te score (between 0 and 4.0)
1~

V I • system (concept) index

W 1
(X

1 ) — score weight function associated with score l evel

N — numbe r of attributes 

10
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where

x — x 1 (A~) — qualitative attribute scoring function (1)
- i converts a quantitative score to a 0 to

I~ relative score. (See, for exan~ le ,
Figure 11—2).

The overall system score would be:

— 

i~~ 

w
~

(x i) — E w
i (x i

(A i
)) (2)

• F
- In Phase II major attribute eval uations were developed by find i ng a set

of major attribute weightings:

- W — z w(x ) (3)L MAJORk iCN K

- 

Where

NK — set of al l attribu tes associated with major performance index K.

In genera l the weighting function may not be additive and equation (3)
becomes

L WMAJOR — WMAJOR (X 1 ; 1CN K)

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

2.3 IDENTIFICAT ION OF ATTR I BUTES

-
~ In order to eva l uate each of the concept systems, a list of system attrI-
j  butes were developed. In each of the eva l uation phases, the attribute

list was reduced to some extent to reflect possible aggregat ion and ellmina-
tions (the latter when there was little or no variations among systems).
These are discussed in the sections on first and second phase eva l uations .
The attribute list in this chapter represents a complete list of system
characteristics judged by us to be~Jmportant to MERADCOM , without regard
to relat ive impor tance, overlap, discriminatory ability, or level of

L appropriate detail. Therefore, all of the following were considered , but
possibly not utilized in later evaluations. Subsequently, in the first
phase evalua ti on, the list was modified and reduced .

C
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The major attribute categories for the pipeline system include the five
foi lowing areas:

V • System Performance
• System Reliability and Risk
• System Cost
• System Resource Requ i rements V

• System Vulnerability

There is an overlap among the five above areas. For example , system costs
and resource requ i rements are directly related ; likewise some aspects
of reliability are parallel to system performance. Separating the attri-
butes into groups and using finer breakdowns of the attributes allow s
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 desi gn installation 1rate 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 attrl-

- butes should be generally similar among candidate designs; the major
variation Is expressed in the other Important attributes such as rella-
bility and costs.

I System Performance Attributes

P.1 Average pipeline lay ing rate (miles/day)

V a. Under fully equ i pped or “automated” conditions
b. Under “nonautomatic” or backup conditions

P.2 Pipeline capacity (bbl/day)
P.3 Degradation of pipeline lay i ng rate when facing rough terrain
P.4 Effects of ambient temperature on

1 a. Operation
b. Installation

1 c. Maintenance and repair 
V

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
r b. Installation/connection equipment
L c. Other transport equ i pmen t 

V

85 mIl es of 8” pipe and 34 miles of 6” pipe to an actua l total length
of 119 mIles.

r
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System Reliability and Risk Attributes

L R.I In-field likelihood of meeting major performance specifications

a. Pipeline lay i ng rate
b. Pipeline capacity

R.2 Pipeline availability (% of time demanded) with a g i ven
I maintenance program

R.3 Percentage leakage after initial installa tion and inspection
program

R.4 Development Risk

j a. Risk of hi gher than expected deve l opment cost
b. Risk of lower than expected major performance l evel - --

- in design

L c. Risk of longer than expected development time

R.5 Risk of unforeseen problem in development and deployment
-

-

V 
a. Pipeline

j  b. Installation equipment

r c. Other transport equipment

R.6 Safety for Personnel
—( a. Installation
I. b. Operation

- R.7 Suscept~bi l ity to in-transit damage V

a. Likelihood of a leak (
~ probabiflty per unit length)

L b. Likelihood of material waste (
~ mater ial)

System Cost Attributes

I C.l Cost of component deve l opment (106$)

a. Pipeline material
v b. Fabrication/installation/assemb ly equ i pment
4, c. Other transport equipment

I 
C.2 Cost of component acquisition ($/unit or $/unit l ength)

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

1 14
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C.3 Cost of pipeline material storage handling and transport
to supp l y depot

- 

C.4 Pipeline fabrication/installation/assembly costs ($/unit length)
C.5 Average pipeline transport cost from supply depot into position

(S/unit length)
C.6 Pi peline operating costs ($/bbi—mlle)
C.7 Pipeline maintenance and repair costs ($/bbl-mile)
C.8 Life cycle cost ($/bbl—mlle)

System Resource Requirements Attributes

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

r a. Installation

1. Unskilled
2. Semi-skilled
3. Specialized

b. Operation

r 1. Unskilled
4. 2. SemI-skilled

3. Specialized

RR.2 Equipmen t requirements -

a. SpecIal to theater transport
b. Trucks
c. FabricatIon/installation/assembly equi pment 

V

d. Other machinery ~ - V

4 RR.3 Reliance on scarce or limi ted supplier materials
RR.4 In-field energy requ i rements

I a. Installation
b. Operation

I c. Maintenance and repair

~ystem Vulnerabil ity_ Attributes

V.1 Relative ease of sabotage destruction to pipeline I 
-

V.2 Dependence on vulnerable equipment for installation and repair
V.3 Relative ability to divert and tap

[ a. Ease of tapping
b Ability to detect 

V

I V.4 Ease of sabotage repair

- 1  15 
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The goal in developing the attribute lis t was the consideration of all
possible, factors In rating competing systems. At each eva l uation stage,

- attributes were refined to a degree commensurate with the eva l uation.
In the first stage of eva l uation the goal was to rank the competing I -

systems with respect to the above lis t of attributes. Attribu tes were
- - aggregated when highl y correlated attributes could not be eva l uated at

- 

a high l evel of detail. This procedure is described In Chapter 4.

a.

- L.

Ii
I
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CHAPTE R 3 - DESCRIPTIO N OF ALTERNAT IV E P IPELINE SYSTEMS
1- 1

3~,l INTRODUCTI ON
tj in order to determine the best overali solution to meeting the performance

- and cost requ i rements it was decided to rev i ew the fu l l range of al l con-
ceivable techn i ca l approaches to a pipeline system development. In this

- - chapter the major approach categories are listed and discussed separatel y.
Once the number of pipeline system candidates was reduced to five (later ,

V 
- one of the five - a forming process - was eliminated , leaving only four)
1~ 

it was possible to investigate the alternatives in more detail . Many

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

a -

- 1. Major Altern atLve Categories

The major concept categories Included :

H - Hose All forms of flexible hose, collapsible
o and non-collapsible

- E C - Continuous All forms of conduit generation from
extrusion of metal and pl astic materials.

I
F - Forming All forms of generating conduit from

rolled flat stock of metal and plastic
mater ials

f S - Sectioned Pipe All forms of sectioned rigid and semi-rigid
Ia conduit of metal or plas tic materials coupled

together during Installation .

II N - Non—Pipe All method s of non-pi peline transport of fuel
us i ng such approaches as conveyor belts ,
ballistic projection , tanker trucks , etc.

17
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Essen tia lly al l 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 I evaluation

V and screening was to eliminate the obviousl y inferior concepts and
focus upon a few more promising alternatives.

2. Phase I Enumerated List of Concepts

A large number of different concept alternatives were proposed. Each
V 

of these concepts which is listed below meets the major pIpe line per-
formance specifications (i.e., laying rate of 20 mfles 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 requ i red to meet all of the performance specifications. Thus ,
for example , a flexible hose concept requ i res, 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 var iations among concepts to be distinguished .

The pipeline systems listed comprise a list of alternative systems de-
- - veloped upon initial investi gation on the genera l mission requirements.

The technical discussion of these alternative concepts forn’s the basis
• for the Phase I evaluation.

The sources of eval uative information of these alternative concepts
inc l uded in-house knowledqe of eng i neering capabili ties and performance
of various p ipeline systems and components , information furnished by
MERAOCOM in the form of reports , and Informa l discussions and information

- V collected from appropriate equ i pment vendors contacted and queried during
Phase I of the stud y.

j The detailed set of alternatives used for evaluation inc l ude:

Hose

Hi Flexible , non-col lapsible , low pressure rolled hose,
8’ diameter spool dimension

~
,, H2 Flexible , non-collapsible , med i um-high pressure rolled

V 

- 

hose , 8’ diameter spool dimension

113 Flexible , collapsib le , low-med ium pressure rol l ed hose,
- 

8’ diameter spool dimension

114 Flexib le , collapsible , reinfo rced , high pressure rolled
- hose, 8” diameter spool dimension

H5 Flexible , col lapsible , glass reinforced “B” stage thermoset
- rolled hose.

L
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Con ti nuous

t Cl Extruded aluminum , high pressure , continuous pipeline
V manufacture

V - C2 Extruded p lastic , unreinforced , low pressure , continuous
pipeline manufacture

C3 Extruded plastic , reinforced , medium-high pressure , continuous
pipeline manufacture. (This alternatlve encompasses formed —

rings and ribs , filament wound , braided fibers of glass or
meta l , chopped fibers In melt extrusion with mat.)

a— C4 Drawn stee l , continuous pi peline manufacture
- 

CS Drawn alum i num , continuous pipel i ne manufacture

c6 Flow-turned steel , continuous pipeline manufacture

C7 Flow-turned aluminum , continuous pipeline manufacture

C8 Continuousl y cast stee l pipeline manufacture

C9 Continuous l y cast aluminum pipeline manufacture :~
ClO Continuous l y cast plastic thermoset, unreinforced , low

1. p ressure pip eli ne manufacture
V 

Cl I Continuousl y cast , plastic thermoset , reinforced med i um-
high pressure pipeline manufacture V

-

~~~~ 

- - -  Formin~

Fl Roll formed cylincer from coiled fiat strip, p lastic. (This
alternative encompasses a bonded seam, a locking strip seam

- and a lock bend seam and thermoseal.)

F2 Formed p ipeline from coiled flat strip, steel. Severa l
sub-alternatives inc l ude:

L.
V a. Welded seam

b. Mol ecular bonded seam

I. c. Riveted seam and film liner
d. Overlap and adhes i ve seam
e. Lock bend seam and thermoset seal
f. Lock bend seam and film liner
g Locking strip seam

I;
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F3 Formed pipeline from coiled flat strip, aluminum. V

Some suba l ternatives inc l ude: V

a. Welded seam
b. Molecular bonded seam
c. Riveted seam and film line r
d. Overlap and adhes i ve seam
e. Lock bend and thermoset sea l seam
f. Locking strip seam

F4 Formed pipeline , prestressed cylinder from flat strip
(eithe r steel or aluminum) 

V

F5 Spira l tube formed pipeline. (This alternative encompasses
parallel layers of multiple strips of metal with adhesive
bond , cross winds of multiple strips with an adhes i ve bond ,
and cross winds of multiple strips of a plasti c pultrusion
with resin bond).

- - Sectioned Pipe

Sl Sectioned pipeline with mechanized pipe handling and coupling .
(This alternative encompasses all types of existing couplings

F and eithe r stee l or aluminum. The couplings could be, for
example , friction forced-fit , threaded , grooved pipe with
clamp and gasket, or bell and spigot.)

S2 Sectioned p ipeline with mechanized pipe handling with some
type of final manua l step. The types of couplings are the
same as for alternative Si and eithe r steel or aluminum is
a possibility for this alternative.

S3 Sectioned pipeline with manua l handling and manua l coupling
with some type of guide utilizing either steel or aluminum
and one of the four types of existing couplings listed under

~
_ alternative Si.

V 
— 54 Sectioned pi peline with manua l pipe handling and manua l

V coupling utilizing either steel or aluminum and one of the
four types of couplings noted above, but without some type
of guide to be used during assembly.

S5 Arc welded sectioned pipeline , steel

S6 Arc welded sectioned pipeline , aluminum

S7 Sectioned pipeline with manua l pipe handling using a clamp
and gasket plastic coupling

41

S8 Sectioned pipeline wi th manua l pipe handling , plastic ,
threaded coupling.

L.
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S9 Sectioned pipeline with manua l pipe handling , plastic ,
bonded coupling.

SlO Sectioned pipeline with mechanized pipe hand ling and a
- plastic coupling.

F - - - Sli Sectioned p i peline , mechan I zed pipe handling and plastic ,
threaded coupling

Sl2 Sectioned pipeline , mechanized pipe handling , plastic ,
bonded coup ling. 

-
t

I
513 Telescop i ng tubing , steel

- - 514 Telescoping tubing, aluminum

515 Telescoping tubing, plastic

516 Hinged tube sections, eIther steel , aluminum , or plastic

V S17 Sectioned pipe line with mechanized pipe handling eithe r
r stee l or aluminum , but with some type of coup ling designed

for mechan i zed equipment. Coupling will be a new design.

- Non-Pipe

- Nl Conveyor belt system with rubber bags 4.

j N2 Conveyor belt system with rigid containers (barrels)
L .

- 
- I N3 Land vehicles (trucks) carrying rubber bags

N4 Land vehicles - tanker trucks

r N5 Air transport - rubber bags

N6 Water transport of rubber bladders

Ni Ballistic projection of fuel in a sequential system

r 3. Discussion of Initial Mission Specification

~ I-. VV 

Implicit in the enumeration of the approximately fifty alternative con-
cepts was an expectation about overall system performance. The major
performance goals are I) lay i ng 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 pump i ng 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 manua l ,
sect ioned pipeline system thu s requires many crews of pipeline installers
work i ng on assembl y simu l taneously in order to meet the installa tion rate
requ i rements.

The second major performance attribute , the fuel throughpu t rate, has
major design implications. Thus, the sectiona l 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 I lis t of concepts was developed as an outgrowth of l -~a systems “brainstorming ” session held at Arthur D. Little early in thea beginning of the project. Subsequent to this initial brains torming session
a more detailed rev i ew and description was performed on the major attri-
bute categories prior to develop i ng the Phase 1 concept rating (as dis-
cussed in Chapter 4 of this report).

3.2 DESCRIPT ION OF ALTERNATIVE SYSTEM CONCEPTS

1. Hose

Hose construction can take many forms. Heavy walled , stiff (non-collapsible)
hose can be des i gned for thousands of psi but it would not be practica l
for the pipeline application on a weig ht and cost basis.

. Non—co llapsible Hose: Hl and 112

I A practica l hose constructed of elastomer and heavily reinforced
with metal or g lass fiber could conceivably be designed to

I 
operate at pressures comparable to rig id pipe. We assumed that
this mate rial could be rolled , but not flattened . This would
form concepts Hi and 112. It is assumed that less development
effort and risk is involved with Hl . Connections between
l engths and to fittings can be made with couplings similar
to curren t practice with hose. To take best advantage of

L 
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

C 
spool could hold 2000’ of hose,2 which could weigh up to
10 lbs/ft. It was eventually decided to reduce the spool
diameter to 8’.~

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

The 10’ by 10’ profile of tue spools was considered too large for the
existing transport equipment. An 8’ by 8’ spool dimension was later( considered .

22
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Because of lack of presently availa ble hose with these char-
ac ter is ti cs , it was assumed that a substantial amount of

L development effort would be requ i red to produce It together
with attendent risk. The usua l manufacturing processes for

- making re i nforced hose i nvolve a large number of layers and
- 

I a variety of materials.

V For Hi and 112 non-collapsibl e hose, shipping dens i ty is low,
- because In addition to the hollow bore of the hose, the spools

I 

- have hoUow centers, and the cylindrical exteriors do not
pack r~osely. In order to investi gate the resource require-
ments of the HI and 112 hose systems an installation scenario
was stud i ed. To construct 100 miles of hoseline , 500 1000’
l engths must be trucked from the base point to the end of the
assembly point , at an average round trip of 100 mI les , this 4

., equals 50,000 truck mi les .’

I
50,000 truck miles 1 000 truck miles/hour

- 50 Hours

1 ,000 truck ml les/hr 
— 67 trucks , or 34 trucks for a 20 hour day

5O~0O0 miles — 20,000 gallons fue l2.5 Miles V

L
Installation of the hoseline can be done by the delivery trucks

J with minima l additiona l equipment. When a truck arrives at the
end of the installed hose, the new end Is coupled on and the
truc k drives on, unrolling hose; at 5 mph , this can be done in

I 5 minutes. Multiplied over the entire hoseline , 20 truck-hours
are required to lay the hose, or 1 hour per truck in the 50 hour
project. Therefore, installat ion is accomplished without si gnifi-

I cant use of additiona l equipmen t, manpower, or fuel. Special
terrain conditions can be accommodated with minimum additiona l
effort. Maintenance would be required if damage to the hose

E occurs. An entire 200’ hose section can be replaced in the case
of major damage. Smaller sections can be rep l aced by installing
couplings with truck mounted equ i pment. Punctures can be sea l ed
with threaded p lugs.

- c  
_ _ _ _

E 
~ These numbers were used for preliminary estimation purposes and as
such are superseded by later , more accurate estimates in the Phase II analysis.
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• Collapsible Hose: H3 and 114
1

If the hose decribed in HI and 112 can be flattened from 7” diameter
down to 2” thick by 1)” wide, the vol ume is reduced by at least
one-half. On the other hand , development cost , uncertainties ,
and product costs are

5
likely to be still hi gher than those of

non-collapsible hose.

Primary transport tends to be vol ume rather than weight-limited ,
so there would ce a reduction in shi pp ing cost for 113 and H4.

If transport during construction is wei ght—limi ted , then there
would be no gain in reducing the vol ume. On the other hand , f
trucks could accommodate 10 tons of hose, twice the l ength , or

1 2000’, could be carried . The impact would be to reduce the
numbe r of trucks

6
from 67 to 33 for a 10 hour day; two shifts

would have this.

a. Manpower and fue l consumption would be reduced essentially in
- 

proportion for H3 and H4. Other factors , relating to coupling
methods , maintenance and vulnerability, would remain similar to

I 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

1. reason a number of concepts were reviewed .

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

A numbe r of processes could be used to manufacture metal tube.
.- These inc l ude extrusion , drawing , continuous casting, flow

turn i ng , and comb i nations of these. Since the feed material
for these processes is in its densest possible form , there is
conside rable appea l in shipping the raw materia l and manufacturing
tube in very long Sections in the field. The i mportant advantage

- - of this approach is very good shipping density , both in primary
transport and during installation . The resulting tube should

- have excellent mechanica l properties , at minimum weight per.. unit length.

r Unfortunatel y, the disadvantages would probably outwe i gh these
good features. Equ i pment for metal extrusion is large and
massive , to the extent that It s probabl y not possible to make

- it mobile under tactical conditions. The power requ i rements of this

5 This in i tial assumption di d not hold to be true in the Phase II analysis.

L 6 These initial assumptions for 113 and 114 were modified in the Phase Il
anal ysis 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
t ransporting the fue l required to convert it into the finished
p roduct. In light of these factors , it is hardly necessary
to consider in addition the prob l ems of field maintenance and
skill levels requ i red for its successful imp l ementation .

• Continuous Plastic Processing : C2 , C3, ClO and C i l

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

-

a structure capable of operating at reasonably high pressures ,
some sort of reinforcing would be requ i red . Therefore, V

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 applica tion 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 , rov i ng , or filament wound ; however ,

t this process would be more compl ex to design and imp l ement.
As is the case of continuous metal tube , the plastic raw
materia ls are compact , but because more plastic than metal
is requ i red for a given pressure rating, it is not as
compact. The main advantages of a plastic extrusion process
over metal processes are tha t the equ i pment 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 sensit ive.

In ope rat ion , a tube generating vehicle would move along at
the des i red rate of 2 mph. Tank trucks of resin would accom-
pany the tube generator , feed i ng its limi ted 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.,
10 tons would last 2000’ or 12 minutes. During the operation
50 truck-hours would be needed , which is a small percentage
of the transport time. As in the rolled hose concept , Hi and
H2, 67 trucks would be used . Increasing the capacity to 20
tons would reduce the number of trucks to 33.

3. Form i ng

Like continuous conduit manufacture forming i nvo l ves constructing a pipe-
line in the field. Unlike continuous manufacture forming only requ i res

C 
the shaping of the pipeline material and the production of some type of
longitud i na l bond . Form i ng methods differ in two aspects: (1) the
type of material used ; and (2) the method devised to produce the long i-

C 
tud i na l seam.

- - V - -
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• Forming Metal Stock: F2 , F3, F4

Meta l tube can be formed from coiled flat strip. Either alum i num
or stee l strip could be used . There are a variety of methods to

- .  
make a sufficien tl y strong seam , and to sea l it. The various
method s of producing the longitudina l seam include comb i nations

V of metal working; use of glues and sealants; and the adoption of
locking stri ps. The development effort of any form i ng system
with selected seams would be high. The development would draw
heavil y upon similar existing techno l ogies , however . In any case , - 

-

the strip would be formed into a cylindrical shape by roll form i ng .
Once the metal is bent into shape then the seam is built. Add i-
tiona l roll forming work would be required for all types of seams.

For the purposes of eva l uation consider that the stock to a:

f be transported consists of 8’ diame ter rolls of sheet aluminum
La 1 /8” thick and 20” wide. At 7,000 lbs . the shipping density

is very high. Installation is performed by a vehicle tha t

t 
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 I
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 requ i red to p lace the rolls
into the fie ld. Thi s results in the requ i rement of 10 ,000
truck mi les. With 100 hours available , 100 truck -miles/hour
can be done with seven trucks averaging 15 mph. The forming

I. process is likely to encounter terrain condi tions that are
unsuitable for pipe manufacturer. In this case , the gaps would

L 
be left , to be joined later by adapters and conventiona l tech-
niques . Damage repair and maintenance would uti l ize the same
adapters and tec hniques.

• Forming Plastic Stock: Fl

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 &iergy and fewe r requirements for
precise ali gnment. A bonded seam would be a workable seaming option .

The major disadvantage of pla stic forming is strength. It would
have to operate at a very low pressure (less than 150 psi unless the
pipe was reinforced). The in clusion of reinforcing material
essentially makes it equivalent in complexity to the continuous
processing concepts C3.

1- - 
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• Spira l Tube Formed Pipeline: F5
- 

Another alternative is to produce a pipeline that is formed by
V mu l tiple , sp ira l -wrapped layers of meta l which are bonded together

i with adhesive. The concept is similar to that used to make paper
cardboard tubing except it would have to be imp l emented on much

V larger scale. The advantage of the spiral-wrapped tube is that
it would not have a longitud i na l seam and could ultimately work

- at hi gher pressures than the other forming concepts. The main

7 .  
drawback of the concept is comp l exity.

a .  ~e. Sectioned Pipeline

The most obv i ous approach to pipeline laying i5 to use sectioned metal
(aluminum or steel) pipeline with coupflnc’s to join the sections.
Achieving the desired laying rate is a major problem wi th any sectioned
pipeline system. Twenty miles in 20 hours allows only 14 sec./joint.

L At first glance , this seems like insu fficient time to perform the se-
quence of terrain preparation , retrieving a section of pipe from storage,
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 corn-
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 pipe l ay ing machine simu l tane-
ousl y and the reby allow more time per joint (i.e., using three machi res
allows 42 seconds/joint on average). The major disadvantages of multiple
simu l taneous machines are greater costs and resource requirements.

1~4

• Manua l and Semi-Manua l Section Pi peline Systems : S3, Sk , S5, S6,
S7, s8, S9
Even the slowest manua l method of constructing p ipeline by joining
short sections can be done at the desired rate by sufficient dupli-
cation of crews and equ i pment. This is present practice and is
onl y investigated as a baseline reference. A system that would
be of real interest would be capable of meeting this rate with a

—‘ single piece of equ i pment and crew (or small number e.g., three or
fewer). The method as envisioned would be to rapidly take
sect ions from storage , align them , and join them . If 20’ sections
are used , joints must be made every IL. seconds in a 20 hour day .
Transporting sections from storage at these rates presents a
major resources requirement and a desi gn challenge.

27 
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A company of 181 men , 122 of whom are available to lay pipe , can
manually lay about 5 miles of p ipe per shift. At this rate it
will require 5-6 companies of crews to manuall y lay the pipeline; —

this is a major disadvantage of the manua l mechanized pipeline
systems .

The number of truck-miles needed to transport the pipe to the
assemb l y site is calculated by assuming that one transport truck
can carry 100 8” pipeline sect ions.7 Because each section is 20’
long the numbe r of truck- loads of pipe to be transported Is 264.
The average round-trip trave l distance per truck is 100 miles.
Thus, 26,400 truck-miles are required for transporting the pipe
to the assembly point. ~f the average truck speed is 15 mph then - 

-

the requ i red number of trucks is 18.

t. • Mechanized Sectioned Pipeline Systems : Sl , 52, 510 , Sl i , Sl2 , S17

There are two required areas of development. First , for the
mechan i zed pi peline system a joint must be developed that meets the
basic requirements of reliability and also lends itself to mechan-
i zed assembly. Then a method of section storage , feeding, and
assembly must be f tted into a vehicl e. The developmen t effort
will be in proportion to the degree of mechanization . These can

t range from manua l systems with alignm c-—t fixtures through powered
systems with manua l contro l , all tne ~~~~ to full automation.

V 
The components will consist of sections of alumin um , stee l , or

f plas tic tubes. The ends will be adapted with attached or separate
L 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.

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 depend i ng upon the
material used .

f Installa tion is envisioned to be performed by a vehicle that carries
I. one pallet of 100 sections and assembles them at a speed of up

to 1 mile/hour. As with the manua l concepts to prov i de pall ets
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.

U
These numbers represent only an example and were modified in Phase II.

28

— - - — V .  - - .— . - - .. ~~ — - ~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~ —~~~~~~~~~~~ ~~~ 
_______

—A ___________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ —-



___________  
V

The assembly vehicle can have three l evels of mechanization.
Sections can be moved by hand , with fixtur ing that ali gns parts

- - for rapid assembly. Parts can be conveyed by power, under direct
V operator control , in this case, the operator would ini tiate placing

a section , making a joint , and controlling the forward mot ion of
the vehicle. Alternatively, all of these functions could be
initiated by sensors , with the operator perform i ng a mon i toring V

- 
- - function . The manua l system does requ i re more manpower than the —

powered systems, but at a somewhat lower skill level . The
mechan i zed equ i pment is expensive , specialized , and the impact V

~ 1.. upon construction in the case of breakdowns indicates the need V

C for back-up equipment. Energy requ i rements are expected to be
• moderate.

Maintenance of a pipeline assemb l ed by this method is not likely
-- to require more than routine familiarity with the procedures and

portable tools.

- In anal yzing these systems , it was determined that some of the
systems would be infeasible or very difficult to deve lop for the
job. For an example , the mechanized system of sectioned pi pelines
would be very difficult to develop utilizing existing couplings.

• We, therefore , developed alternative Sl7 to incorporate a new type
of coupling.

• Telescop ing Sections: 513, SiL., Sl5

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

- I. A telescop i ng set of pipes can be deployed by pulling ,
without specialized assembl y equ i pment. This produces
at least 10 times the length between manually coupled
joints.

( 2. The shipping density can be-moderate to hi gh.

The disadvantages are that many tube sizes are requ i red , and all

( 
but the smallest is oversized for the flow it carries. A moderate
deve lopmen t effort should be adequate to produce a functiona l
system, since no special field vehicle will be required . The
cost of components will be high , because of the many tubing sizes( that are l arger than necessary. The sets of tubes are well pro-

I. tected by the outer shell in storage , and should present no
special prob l ems.

Shipping density is quite hi gh. 4000’ collapse into 16 sections
of 12” diameter , which occupy 4’ x 4’ x 20’ and we i gh 16,000 lbs.

r in comparison , 2000’ of 125” wall aluminum sections require

U 8’ x 8’ x 20’ and weigh about 7,000 lbs. Therefore, telescop i ng
tubes occupy about one-eighth the volume. Tactica l supply of
tubes during p i peline construction can be done with 9 trucks with
an 8-ton capacity. In a 1 00-hour program , 10 are requ i red since
they will be used f or installation also.
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The major variations of the telescop i ng pipeline are the type of
material used ; i.e., stee l , aluminum or plastic.

Assembly of the p ipe line wi ll require driving a loaded truck to
the end of the p ipeline. A telescoping section will be unloaded V

and coupled manually. Then the truck will pull the free end ,
extend i ng the 20’ set to 240’. The joints are expected to sea l

- without attent i on. Then another section is coupled and the pro-
cess is repeated . To achieve the desired rate , the coupling and
pull ing must be done in 3 minutes , which will occupy the truck
45 minutes , each trip. This adds 100 truck-hours , or one more

-; truck.

-: No dedicated vehicles or unusua l skills are required for installa-
tion . Maintenance , on the other hand , presents some unusua l pro-
biems . With 12 pipe sizes , replac i ng sections requires a larger-
than-average inventory. This is partiall y offset by the fact

- - - 
that undamaged sections of a set are reusable.

t a -

-1 ~~
- 5. Non-Pipe Concepts

There are a numbe r 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 prob l em , but are inc l uded for sake of compari son and corn-
- pleteness .

- 
- I • Trucks: 143, ~

Before a p ipeline is operationa l , 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 tri p. In a 20-hour

r day , 275 trucks are required .8 Anothe r 50 trucks are requ i red

L to prov i de 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 .

• Water Transport: N6

The onl y vehicles tha t have an adequate capacity and operating
economy are shi ps and barges. If there are waterways for these ,
t s reasonable to assume that the area is developed , and will

also have pipelines.

- 1’V These numbers were modi fied slightly in the Phase II analysis.
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- • Othe r Non-Pipeline Methods : Ni , N2 , N5, N7
I 

Conveyors transporting conta i ners such as bags or barrel -s are
many time s the component costs and installation cost. Handl~ r’.~
of containers at the desired rates does not appear practical
One 42 gallon barre l would be required to arrive every 2 seconds.

Ballistic projection of the fue l by streaming was suggested . Such
an approach I mmediate ly ra i ses insurmountable technical and en-
vironmental issues. (For these reasons It scored the lowest In
the Phase I assessment .)

V There were some alternatives that were clearl y dominated by others. Non-
collapsible hos i ng at low pressure would not gain any advantages over

- 

a either non-collapsible hos i ng with hig h pressure or collapsible hos i ng
with low pressure. All of the alternatives were scored and evaluated ,
however , and we were thus able to refine and calibrate the scoring system a

by examining the scores for those systems that would be either very dif-

~
- -

~ 
ficult to develop or not as desirab le as similar alternatives.

I
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CHAPTE R 4 - FIRST PHASE EVALUAT I ON

4.1 I NTRODUCTION

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

1. Eliminating from furthe r consider ation those alternatives
that fall short of the mission objectives.

a

2. Reduc i ng 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 eva l uate with precise
detail the utility or score for any candida te system. There were two
reasons for this. First , there were many attributes , and in order to
eva luate 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 i mportant in the first phase to recog-
nize systems tha t were potentially superior performers even though
developmen t risk might appear to be high .

The first phase eva luation 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 :

• Consolidation of system attribu tes into categories that
can be estimated in a first pass eva l uation .

- i • Eva l uating 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.

t 1.

- 
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-
~~ • Totalling scores for each scenario.

• Analysis of scores and formulation of those concepts appropriate
for second-phase ana l ysis.

Each of these principles is described in the follow ing sections.

4.2 CONSOL I D.~T I ON OF SYSTEM ATTR IBUTES

The list of attributes presented in Chapter 2 inc l uded al l possible
system characteristics that we could conceive as rel evant to the Army .
When relevance was questionable , we neverthe l ess inc l uded the attribute
to be sure that nothing of si gnificance was lost. In the actua l evalu— 

1
1

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 i nadequate rating
would eliminate the system) , or b) the various systems were equiva l ent
with respect to the attribu tes. 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 tha t over the set
of systems unde r consideration the individua l attribute scores were 

V

( fl high ly correlated . In these situations , aggregation greatl y simplified
the eva l uation procedure.

The set of attributes that remained were reordered in a hierarchy to show
V degrees of relationship among them , and the resulting list inc l uded the

V following:

I ‘

I. System Cost Attribu tes

A. Development

1’ • Cost of component development
• Cost of installa t ion equ i pment development

B. Procurement

• Component
• Installation equ i pment

L C. Support Readiness Operation Cost

• Shelf Life
• Weight and vol ume restric tions
• Training
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V 2. Developmen t Risk

I A. Risk Leve l

B. Dependence of procurement on limited resources

3. Reuseabi llty

A. Loca l

B. Ability to reship

4. System Resource Requ i rements for Installation 
—

- A. Transportability to theater

• Pipeline
• Assembly equipment 

a

I 
B. Manpower for transport 

.C. Transport requirements to site a

0. Special equipment for site transport I -

E. Manpower for assembly

• Specialized
• Non-specialized

F. Fue l for installat ion

G. Dependence of assemb l y on special equ i pment

5. Performance and Reliab ility
V 

A. Installation

• Reliabili ty of installation equ i pment
• Degradation of ins tallation under adverse conditions

B. Operation

• Reliability as a function of time
• a Maintainability

• Safety
• Ease of leak detection
• Lifetime

- 

a Vulnerability
• a Field operating costs

• Manpower Requ i rements for Operation and Maintenance

This list of attribu tes was utilized in the eva l uation discussed
in this chapter.

I- ’
1]
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4.3 SCORING SYSTEM

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

0 - Highly Undesirable
1 - Poor
2 - Fair
3 - Good
4 - Excellent

- - However , these scores were unweighted. A four on one alternative may
• have a differen t implication than a four for anothe r alternative. In

order to convert this relative score into an actua l comparative score ,
a transformation was necessary for each alternative. The table of trans-
formations is presented in Table 4-2. In develop ing the transforma-
tions , there were two pr i nciples employed . These were

1 . Non-linear u tility
2. Unequal wei ghts of attributes

The non-lin earity of utility was necessary to d stinquish between the
different importances of attribute quali ties. Maintainability, for
example , was jud ged to be a moderately i mportant attribute In overall
system performance , but poss ibly less important than othe r attributes .
The differenc e between a good and an excellent system in terms of main-
tainabi l ity may not be particularly i mportant in the eva l uations 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 extremely
well , would suffer in the mainta i nabili ty area because a broken pipeline
would be very difficult to repair. For this reason , we utilized a non-

a. linear scale for the maintainability scoring . Thus , althou gh the overall
maximum score was less than the maximum score for othe r attributes , ther difference in scores between a 2 and 3 was substantial.

Other attributes were also characterized by a non-line ar scorinn trans- - .

r formation. These included developmen t risk and use of manpower. For
both of these attributes , there was very lit t l e  difference between good

a. 
and excellent scores. There were larger differences between fair and
good scores .

The othe r principle in the scoring transformation was unequa l weigh ts.
The ove rall weights of attributes , as determined from the maximum possible V

( score , ranged from 15 for fuel for installation , vulnerabili ty, the two
reuseability characteristics and dependence of procurem ent on limited
resources to 150 for each of the two capi tal costs categories. The
categories showing high differences in two relative scores inc l uded the
two cap i tal costs categories , risk l eve l of development , the probability
of a system functioning over time , mainta i nability, the two assembly man-
power categories , and manpower for transport.

_ _ _ _ _ _ _ _ _ _ _ _ _  
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We also ut ilized severe penalties for systems man i festing scores of 0
- for a given attribute. As an example , safety was not a heavily wei ghtedL 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 pi peline system. Because of this safety deficiency, the
system rated poorly. (In some sense, the scor i ng 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 chara cteristics with the cx-

, ception , of course , of prestressed systems.)

r Wei ghting and scoring transformations were derived from conversations
with MERADCOM concerning essential characteristics and relative importance
of various factors. The transformations were reevaluated and refined ‘l

V 
- after an initial set of scoring tabulations,

1s.4 SCORES

- 

V -
~ The overall scores of the various systems in decending order of score is

as follows : -

Alterna tive Score

Sl7 Mechanized sectioned pipe with joint
to be designed 959.5

F3( e,f) Formed pipeline from coiled meta l strips
F2 (g) stee l alternative g, aluminum alternative

e and f 920.5
1’

F2(e) Same , steel alternative e 915.5

I 
S3 Marsua l sectioned joints 915

H3 Flexibl e , coll apsible , l ow-medium
pressure hose 895

F2(a) Formed from stee l strips , alternative a 870.5

[ H2 Non-collapsibl e hose 870

F3(a) Formed from aluminum strips , alternative a 855.5

[ Hi Low pressure , non-collapsible hose 845

N4 Tanker trucks 825

_______________ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ -r



3 — —.

I
L — V

$6 Weided pipe 815

L SI Mechanized sectioned pipe , existing joint 810.5

S5 785

58, s 16 . 775 j
F2(b) 767.5

Sil 751.5

j • SUe 747

- H4 738

S2 735.5

N3 
- 

- 

734.5

-- S4 734

L F2(f) 731

- F’3(d) 725

S13 722

~
-

- 

S12 716

F3(c) 715

F3(b) 702.5
V 

Sl5 682

N6, C4 673

I N5 665

V S9 659.5
I. Fl 653.5

* C7 653

F4 652.5

IL  C9 648
F’2(d) 638.5



F2(c), C5 638

C12 , c8 , C6, H5 633

ci 627

$10 623

S7 618

F5 550.5

C2 507

C3 506

C 1l 481

“ ClO 393

- Ni , N2 2

N7 -440

L~,5 CONCLUSIONS AND PLAN FOR PHASE II

Upon examination of the scores of the various alternatives , the follow-
a-  ing five system concepts were selected as cand i dates for further evalu-

ation . The five systems represent the highest scoring systems plus the
I addition of tank trucks. We felt that tank trucks merited further in—
4 vest iciat ion due to the immediate availabili ty of fuel In a truckina sys-

tem and for the purposes of attribute comparison .

V 1. Mechanized assembly of sectioned pipeline using steel
or aluminum and a coupling (to be da~si gned). This alter—
native dom i nates all other mechanized systems using

I 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

4. as the most feasible choices stee l and aluminum
• with a lock bend seam and thermoset seal or a lockingL strip seam,although others (possibly new ones) were

not be ruled out.

1 3. Flexible , collapsible , low to med i um pressure , rolled
hose. This alternative dominates both the non-collapsible
hoses and the hig h pressure collapsible hoses. The latter

r 
is not feasible and received a very low scure in development

143
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I.
- risk. The glass reinforced “B’1 stage thermoset alternative

had too low a shelf life to be practical.

4. Manua l systems using sectioned pipeline. This system , which
- is the current system being utilized by the Army , scored well

- except with respect to the critica l attribute of manpower.
Existing couplings seem sufficient for manua l systems.

1 5. Tank trucks . This system scored very well in severa l areas
and dominates non-pipe approaches. Its advantage Is immediate
fuel delivery , and its disadvantages are operating cost and

j resource requirements.

In order to compl ete the project we needed to eva l uate these five system
concepts more accuratel y and p rovide some of the details necessary for

I system development. Such detail included , for example , the nature of the
coupling in a mechanized assemb l y system. In the second phase of the
project we evaluated the same attributes again for the five concepts.
However, we estimated cost and manpower requ i rements In more accuracy
and detail , and utilized trade-offs of these attributes . The methodology
for performing this task is presented in the next chapter.

I
I
I

I
I 

-
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CHAPTER 5
L ?-

• MISSION DEFIN ITION FOR COMPARATIVE EVALUAT I ON OF SELECTED CONCEPTS 
V

I
5.1 INTRODUCTION

- 

In Phase I of the system analysis of mechanized pipeline construction ,
over 50 alternative concepts were conceived and qualitatively ranked .
Five system concepts that scored very high In the preliminary quallta-

V tive analysis were subjected to a much more detailed analysis in the
second phase to determine the costs and bene fits of each. This analysis
was also the basis for recommendations about a research and development

i program , the first major step toward procurement. The fIve systems
tha t survived the preliminary Phase I evaluation were:

• The base system . Current manually coupled 611 and 811 pipeline F:
j as described in section one, Coupled Pipelines , Chapter 9 of fTM5-343, Mi lita r~ Petroleum Pipeline Systems.

• A truck haulage system utilizing Army standard 5—ton 6 x 6
- tractors , MOD M818, and Army 5,000 gallon bulk tank trailers , V

MOD M967; again , an existing system .

• New pipelin e concept. Laying of continuousl y formed and seamed
6” and 8’ tubIng from stee l strip.

1 • New pipeline concept . Mechanized coupling and lay ing 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

j modules .

• New concept. 6” and 8” collapsible hose -- tong sections

r 
and mechanized coupling, flaked in 8’ x 20’ containers.

All of the cost attributes and those other attributes that appear to be
— 

- . mission-d ependent were evaluated in the context of a common mission .
The purpose of this chapter is to describe tha t m ission in the detail
needed to support the cost and othe r attribute estimates . The lif e 

V

cycle begins wi th research and development , except for the exi sting base-
I line pipeline system and truck haulage , where the lif e cycle beg ins wi th
L. procurement. To support consistent comparisons , we assumed a common

life cycle schedule as follows :

1’
I’ 

‘-  ---- V.- . - - - - • ~~-- - -  -- -~~~~~

- 
—I - ~~~ - V.



_ _ _ _ _ _ _ _ _  —VV.V- -~~~~~~~~~~~~~~~~~~~ - - I

L ~~peline Life cycle

Year 1

-

Subcycle 80 81 82 83 84 85 86 87 88 89 90 91 92 93

R&D I
_ _ _ _ _  

I
Procurement I I I
Transportation 

-

(Mfg. to Depot)

Support Read i ness-
Training 8 Main tenance 1

- 
Transportation

I (Depot to Theater)

Lay Pipeline

- ~ 
[ Operate Pipeline I I

5.2 MI SS ION DEFINITI ON - ;

[ 1. Research and Development Program and Subcycle

V For each of the new pipeline concepts, the non—government cost for a 1
research and deve lopment program was estimated for the entire p ipeline

j  system with the exception of existing or common subsystems , modules , -

components, etc. For Instance , conventiona l existing pump i ng stations
were utilized by all systems. There may be the requ i rement , however , 

V

for the developmen t of an interfacing fitting. The cost and duration 1
of the research and developmen t p rogram was based upon the factoring

- 
in of R&D risk.

The outline of the R&D program in Fiqure 5-1 conforms to the Army system
V acquisition cycle. On this we have superimposed risk analysis. As an

illustrative example , suppose the eva l uators agree that the most likely
- 

value of cost and duration for a particular stream of deve l opment are -

$3,500,000 and 28 months respectively. At the same time , they will gen-
t crate optimistic and pess ImIstic estimates of cost and duration , expressed

as a percentage of the most likely estimates. The product of the two V

gives optimistic and pessimistic estimates in units of cost and time .
The process is illustrated by the following:

I H
I 

-
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~1

t • Risk Eva l uation (Example only)

- Cost Duration
a. Optimistic 90% - 80*
b. Most Likely 1 00% 1 00%
c. Pessimistic 200% 1 50%

1. • Risk/Cost Summary (Example only)

1,. a. Optimistic $3,150K 22.4 Mo. V
.- :

b. Mos t Likely 3,500K 28

r c. Pessimistic 7,000K 42

- 
2. Procuremen t Progçam and Subcycle

The principa l items in the procurement program are the conduit , its
couplings and/or fittings , and support and repair components. The other

I princ i pa l cost i tem is the p ipeline lay ing equipment. For cost estimating
there is only one purchase made, and it inc l uded 15* of the procurement
cost for the cost of spares. All procurement costs are in 1979 dollars.
‘The procu rement for the pipe l i ne laying equipment , however, is for six
Quartermaster petroleum pipelIne and termina l operating companies. There V

* 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 lay i ng equipmen t
Is the specific equipment requ i red for pipeline assembly and wi ll not
inc l ude any special equ i pment utilized for crossing streams , rivers , or

I performing any grade improvement. This latter category of equipment is
considered a stand-off for all alternative systems. V

Other standard equ i pment includes the costs of booster pump stations since V

1 certain systems may requ i re more booster pump stations than others. For
future purposes it was desirable to obtain the costs of transportation - 

-

equ i pmen t per diem since such equipment would be used for a very - -

I 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 actua l

r laying of the pipeline . Risk factors concerning procurement were recog-

I nized such as the use of critica l materials , the sensitivity of the sys-
tern to cost escalation , and any attributes the system may have toward
obsolescence for any reason, and these were also accounted for in  the
deve lopment risk attributes. Aspects of this subcycle inc l ude:

• Cost Elements

[ • Time Frame attributes (1979 dollars were used)

I
148 

-
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V - • Duration
a 

Identification of time frame for one time procurement such as year
* 

three to year four , or 36 months to 148 months.

- . • Conduit

(1) 8”~85 mi lesA . (2) 6”,34 miles
(3) Couplings and fittings
(4) Support and repair components 

V

• Pipeline laying equ i pment for six Quartermaster petroleum pipeline
and term i na l operating companies.

- • Standard Equ i pment

T • Booster pump stations (based on equations and data supplied
4,. by (MERADCOM). 9

The equations assume: 
-

~

• Pipeline pump station confi guration is similar to those described
in the Army Facilities Components Systems Technical Manuals.

• Commercial components of the required size and pressure ratings
are readily available.

• Centrifuga l pumps driven by high-speed med i um duty diesel eng ines
are used .

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

The equations are:

1 8” Pipel Ine

C — 45 ,000 + 64.25P + 0.089 PQ

1 611 Pipeline

I 
- C — 21 ,875 + l6.33P + O.089PQ —

t where

C — Cost of pump station in 1979 dollars. Inc l udes diesel—eng i ne-

1 driven pumps , valves , fitt ngs, sand traps , scrapper launchers , etc.
P — Norma l operating pressure-ps i

V 

‘ Q — Norma l rate of flow-gpm

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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- 
- • Transportation company renta l (No Procurement; operating costs part

of other subcycles) V.

• Miscellaneous containers

We considered the Mil Van conta i ner as well as any standa rd conta i ner
that Is conwnerclally available. The conta i ners 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’
conta i ners. They also have at present 28’ stake trailers . All of these
trailers are hauled by an appropriate tractor.

• Tota l life cycle procurement cost

3. Transportation from Manufacturer to Depot z
For ~ i l l and shipments wi thin the States, we considered a cost based on

1 $96~~per ton. This inc l udes manufacturer to depot and depot to user and
I 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 eithe r of two depots -- DSA , Columbus , Ohio ,I or the depot in New Cumberland , Pennsylvania.

4. Sqpport Readiness - Stand-ky and Operating Attributes and Costs

The pipeline and spares would remain in i nventory at the depot. All
1 equ i pment would be distribu ted to the six companies. Equ i pment spares
1 would be held at the depot. Each year during the two-week reserve

training session sufficient pipeli ne (6 miles) would be withdrawn from
the depot and then returned to the depot following the training exercise.I 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
— 4 - Maintenance per year

- Manpower per year

I • System Upgrade and Improvement Cost V

It is assumed that there is no system upgrade or improvement throughout V

the life cycle of the alternative pipeline.

-

V t ’  

_ _ _ _ _ _ _ _ _ _ _ _ _

10 MERADCOM Cost Analysis Handbook, Second Edition , Fort Bel voir: U.S.I Army Mobility Equ i pment Research and Development Command , 1979.
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1-;
- 5. Transportat ion from Zone of Interior Depot to Theater Port of

Entry Depot

This transportation cost is calculated at $403/ton. 1

6. Lay Pi~~ 1ine 30 Kilometers per 20-Hour Day —

• Lay 85 miles of 8” p ipeline over l evel terrain
- - • Lay two, 17 mile lengths of 6” pipeline over leve l terrain; the
- 

legs are divergent.

Assume that there are only 122 men out of the 181 men who will be act i vely
engaged working on the pipe iine--61 men on each of the two shifts. This

- company has to have the capabili ty of laying at the prescribed rate. If
- it is not possible to lay the pi peline at the prescribed rate , the operating
• - 

efficiency of the concept would be lowered . Drivers for delivering material
• would be from the transpor tation truck company and are not included as a

manpower limitation ; they are a cost.

7. O~erate Pi peline Six Months at a Rate of 35,000 Barreis per
20-Hour Day

The pip eline would be operated by two Quartermaster Petroleum Pip eline
and Termina l Operating Companies . For both companies there would be 244
men avail able to operate the line. Each pumping station requ i res two men
to operate and perform firs t line maintenance. The usua l pumping station

H would have four pumps in series -- three would be operating , one would
be on standby. The pipelin e would be patrolled by helicop ter as well as

- by walking two-man teams. It is expected there are at least five pteams requ i red. We did not assume any particular level of hostile action
or vandalism by the c i vilian population.

All costs of operations that are stand-off between alternativ e systems
were exc l uded from the l ife cycle cost ana l ysis.

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

C

11 MERADCOM Cost Analysis Handbook, Second Edit ion , Fort Bel voir: U.S.
- Army Mobili ty Equipment Research and Development Command , 1979.
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CHAPTER 6 - ECONOMIC ANALYSIS OF BASE CASE MANUAL SYSTEM

6.1 DESCRIPT I ON OF SYSTEM

The method of lay ing pipeline that is now used is manua l ali gnment and
assembly of sections of rigid pipe . The twenty-foot sections of pipe
are delivered by truck and d ropped off approximately in posi tion . A
crew of men on the ground aligns the l ength of ipe , couples the joints ,
and proceeds to the next joint 20 feet further along. The method of
lay ing this manua l pipeline is described in Section 1 , Coupled Pipelines , - 

-

Chapter 9 of TM 5-343, Militar y Petroleum Pipe ljne Sys~em.~ The basic
doctrine for the Petroleum Pipeline and Term i na l Operating Company working
in a theater of operations is described in FM 10—207, Petroleum Pi peline
and Term i na l Ope rating Company. The operationa l requirement ,as described
herein in Chapter 5 in the definition of the mission , is to lay a pipeline of
85 miles of 8~

1 thin wall stee l tubing sections and two legs of 17 miles
each of 6” thin wall steel tubing sections utilizing the current military
standa rd split—ring mechanical coup lings. The rates for laying 8’ and
6” pipe by a pipeline crew are presented in Table 6-I. In this table and

V 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 ‘1
work time . It is also assumed that in a twenty—hour work day, there are
two ten hour shifts.

TABLE 6-1 a

MANUAL P IPELINE LAYIN G RATE S

Crew Length of Pipe
Pipe Size Joint Making 20’ Sections La i df 20” Sections Laid/ Laid/IC Hr. Shift
Siz.’ (Men) Rate—M m /Joint 50 Min. Hr. 10 Hr. Shift Ft./Shift

8” 9 4.5 11 .11  111.11 2 ,222.22
6” 7 4.0 12.50 125.00 2,500.00

- - 
~ 
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The requ i remen t 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 requ i red to lay
a pipeline at 30 kilometers per day and the numbe r of crew shifts avail-
able from the Petroleum Pipeline and Term i na l Operating Company is pre-
sented in Table 6-2.

TABLE 6-2

CREWS REQUIRED TO LAY PIPELINE AT 30 KM/Day (18.64 Miles/Day)
AND MAX IMUM CREWS AVA ILABLE FOR PI PELAY I NG PER PETROLE UM

PIPELINE AND TERM I NAL OPERAT I NG COMPANY

- Pip eline Requ i red Lay Crew Shift Rate No. of Crews No. of Crews
Size Rate Ft/Day Ft/1O Hrs. Required/Day Available

4
8” 98,425.44 2,222.22 44.29 13.56

-. 6” 98,425.44 2,500.00 39.37 17.43 4

4..

I.

r It is apparent from the foregoing table that more than one company will
be requ i red to lay the manua l pipeline at 30 kilometers per day rate.

V 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 calcula tions tha t 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 Termina l Ope ration Company laying would
then have the capability of laying at the rate presented in Table 6-3. -

•

• 1
-
~~~~~

TABLE 6-3

PETROLEUM PIPELINE AND TERMINAL OPERATING COMPANY PIPELINE LAYING RATE- r
Pipeline

I.. Size Rate Feet/Day Rate Miles/Day Rate KM/Day
-

- -
V [ 8” 12 x 2,222.22 = 26 ,667 ’ 5.05 8.1 3

6” 15 x 2,500.00 = 37,500’ 7.10 11.43

L
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The number of companies required to lay at a 30 kilometers per day rate

- 

is presented in Table 6-4.

L
TABLE 6-4

NUMBER OF PETROLEUM PIPELIN E AND TERM I NAL OPERATING COMPANIES
REQUIRED TO LAY A PIPE LINE AT 30 KM/DAY RATE

PI pelin e Rate/Co.-Day Number of
Size KM/Day Companies Requ i red Assume

51
~ 

8 1 3  369 40

6” 11 43 262 3 0

I.

f The tactical plan would be to u tilize four Petro l eum Pipeline and Termina l
I Operatin g Compan ies to lay  the 85 mi les of 8” pipeline and then to use

three of the companies to lay the 6” line while the fourth company is
.

~~ i ni tiating operation of the 8” line. The number of days requ i red to lay
the 8” pipe l i ne and the 6” pipe line is presented in Table 6-5.

[ TA BLE 6-5
20-HOUR DAYS REQUIRED TO LAY PIPELIN E MISSION REQUIREMENT

I
Miss ion Req . No. of Combined Number of Days

I Pi pe li n e Length Req . Laying Rate/Day Red uc i n g Cons tan t
Size 

— 
(Miles) KM Companies KM/Day 

- 
C rews C rews

8” 85 136.79 4 32.52 4.21 4.21

6” 34 54. 7 2 3 34 . 29 1. 60 -

4 45.72 — 1.20

Total 5.81 5
~~~ 4 V ~

~~

V 
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V.

• - By reducing the numbe r of companies from four to three after the comple-
tion of the 8” line , it is possible to lay the mission pip eline in 5.81
days. By keeping all four crews working on the 6” l ine , the time can
be reduced to 5.41 days. We shall assume that the 5.81 days are accept-
able and all subsequent calculations are based upon reduc i ng the number
of companies from four to three after the 8” pipeline has been la id.

6.2 LIFE CYCLE COST

The life cycle costs ana l ysis follow s the descrip tion in Chapter 5. In
this and the next few chapters , each of the seven genera l subcycles from
R&D to operation is ana l yzed in the order they follow in Chapter 5. Any
subcycle not applicable to this parti cular system is commented on. —

1. Research and Deve l opment Program and Subcy~~e

Since the manua l pipe laying system alread y exists , the re is no need for
a research and development program. Hence , this subcycle is absent, and
the cost incurred is SO.OK.

2. Procurement Program and Subcycle

[ For the purposes of this study, the best available cost data are used
for the lightweight steel tubing sections. Unfortunatel y, there is no
recent procurement history to use as a cost base and most pipe mil l s  do
not have tooling to produce the tubing sections. The following prices
are based on an informa l dis cussion with Cal-Meta l Corporation -on March
28, 1 979.

Pipeli ne 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 tha t these quotations are appre ciably higher
than prices obtained in 1976. The cost for comparable aluminum grooved

I 
pipe in 1976 was quoted as $206.09 for an 8” section , and $143 .12 for a
6” section. 12 If these pri ce quotations were infla ted at 39.1s~ which
represents the rise in aluminum mill shapes from 1976 to 1979 as taken
from the MERADCOM Cost Analysis Handbook, they would st i l l  be 23~ and33% higher , respective ly than the prices above. Hence , we are of the opinion
that the 1979 quotations may be somewhat high. They are , however , used
for the life cycle cost analysis for both the manual pipeline lay i ng
system and the mechani zed pipeline laying system presented in Chapter 9.
Sensitivi ty analysis using modified costs is presented in Chapter 11.
12 . . . .Wayne E. Studebaker , M il , t~~y Petroleum Pipe l ine Systems, Report 2249,
(Fort Bel voir , Virginia: U.S. Army Mobili ty Equ i pment Research and
Development Command), June 1978, page 88.
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1:
• Quantity Requ i rements for Pi pe line Miss i on

Section and Coupling Calculation for:

85 miles of 8” pi pel i ne - 
85m x5,280’/m 

= 22 ,440 8” sections & coup l i n g s

- Sect ion and Coupling Calculation for:

34 miles of 6” pi pe l i n e  - 
34m x 5 ,280’/m 

= 8,976 6” sec t ions  & couplings

Based on an anal y s i s  of pressures and flow rates , pump stations
for the 8” p ipeline are requ i red every 9.5 rnfles and stations for

r the 6” line are requ i red 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 :
Cos t each = $45,000 + 64.25 p + 0.089 PQ

I where

P 500 ps i

[ = 1 ,22 5 GPM (BHP = 4 17)

Cost each = $45,000 + 64 .25 x 500 + 0.089 x 500 x 1 ,225

= $l 3l ,637 .~ O

• Cost Calcu lation for Pump Station for 6” Pipeline

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

where

( P=600 ps i

E
Q = 612.5 GPM (BHP = 250)

Cost each = $21 ,875 + 16.33 x 600 + .089 x 600 x 612.5

= $64,380.50

— 
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- • Procuremen t Costs for Current Manua l System —

Pr i ce To tal  Cos t
- 

I tem Quantity 1979$ $ (ooo)

20’, 8” Grooved Pi pe
Sections (lightweight 22,1+40 373.41+ 8,380.0

- 
stee l tubing)

20’, 6” Grooved Pi pe H
Sections (lightwe i ght 8,976 297.00 2,665 .9
Stee l Tubing )

8” Coup lings 22,440 21.90 491.4

[ 6” Coup lincs 8.976 13.40 120.3

Pump Station for

1 8” Pipeline 9 131 ,637.50 1 .184 ,7

Pump Station for
r- 6” Pipeline 4 64,380.50 257.5 IL-
.L.

Subtota l without spares 13,099.8K
-k . ~

- • -

t j 15* Spares 1 ,965.0K

Total 15, 0614.8K

~~~~~ Transportation Subcycle - Manufacturer to CONUS Depo t or Un i t

I To ta l  I t e m
W e i a h t Tons

V or equiv. tons Trans. Cost Trans. Cost
- 

- I Quant ity on cube b~* ’ is Per Ton S $(000)

8” Pipe line :
Section ~ 2 12 lbs. 22 ,1+1+0 2872 96 2 75 , 7

— and 256 Equ i va l en t lbs.
when costed on a cubed
basis

6” Pi pe l i n e  Sec t ion 
8

~ 170 lbs. 
,976 763 96 73.2

13 MERADCOM Cost Ana lysis Handbook, 2nd Edition
114 Mi li ta r y Petroleum Pipeline Systems~ TM 5-31+3 (Washington : Headquaterc .
Department of the Army , 1 969) 



8” M a l l eabl e
I ron grooved 22 ,41+0 255 96 24.5
couplings ~L. 22.75 lbs.

6” Malleable
I ron grooved 8,976 61 96 5.9
couplings €

- 13 .5 lbs.

Pump station for
8” p ipeline 

~ 9 1 08 96 10.4
V 

12 ton s

Pump Station
T , ,  . . 4 36 96 3 .5for 6 pipeline

() tons __________ ______ _______ __________

I Subtotal before 4,095 393. 2
J Spares

Spares ~ l 5~’- 611+ 59.0

1. Total 4,709 452.2

r

1+. S~pport Read ines~ Subcycle -- Standby and ~per ating At tributes
and Costs

In accordance with the miss ion definition , six miles of 8” pipeline are

I taken from the depot and one mile of p ipeline shipped to each of the six
Quartermaster Petroleum Pipel Inc and Termina l Operating Companies wh ich  are
on two  week reserve t ra i n in g . Depo t costs are not .illocated , and hence
there are no charges for inventory holding. The support readiness is

I carried out over a ten year period .

• Inventory Ho lding Costs -- None

• Training Cos t s V

L The tra i n i n l  costs include the shipment of material from the depot and
return to the depot , main tenance costs for the equipment that is used
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. V
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• Transportat ion Costs

We i ght of one mile of 8” pipeline =

5,280’ (256 lbs/section + 22.75 lbs./couptin9s) 36 8 tons20’ X 
2,000 lbs / ton .

• 10 year Transportation Cost =

V. 
2 trips/yea r x 10 years x (6 miles x 36.8 tons/mile + I station

x 12 tons/station ) x 1.1 5 spares x $96/ton = S514 .OK

• Operating and Maintenance (0&M) Costs

OSM cost for pump for station for 8” pipeline

The operating cost is based on the BHP requ i red and the data supp lied in
MERADCOM Report 2249 Military Petroleum Pip eline Syste .~~ For the 1+30
BHP station , the cost is $12.70 per hour. Based on the eig hty hours
of pump station operation during the annua l two week training period for
each company, the total cost is

80 x $12.78 x 6 x 10 S6l .3K
V 

• O&M Cost of a R-600 ST Mack Tractor or equivalent (56,070 GVW rating)
V and 40’ flatbed trai l er , 34 ton capacity. Based on the Cost

Reference Guid e for Construction Equ i pment , 1 979 ed ition , the
hourly cost of the combination is

Trac tor and T r a i l e r Cos t Per Hour
- L

r S/Hour of Operation
- Cost Category Tractor Trailer

Overhaul Parts & Supplies 0.71 0.1+6

Operating Parts 5 Supp l ies 1.1 8 0.43

-
~~~~ Fue l 3 .18 -

Lube .56 0.09 
VI Tires 3.25 0.57

-

- 
- - Tota l 8.88 1.55

-: 
L 
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• O&M Cost Per Hour for Tractor and Trailer

= $8.88 + 1.55 = $10.43/Hour

— I • 10 Year Cost = 2 tractor/trailers/company x 6 companies x 80
hours x 10 years x $10.43/hour 5100.1K

• Tota l OSM Costs

Pump Stations = $ 61.3K
Tractor/Trailers = 5100.1K

5161.4K

• Manpower Costs

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

• 10 Year Manpowe r Costs = :

- 365 x $14 ,600/man year x 122 men/company x 6 companies x 10 years

= $4,099.2K

It is assumed that the company supplies drivers during training
exerc i ses.

• Summary of Training Costs

Transportation $ 514.0K
O&M 161.4K

1 Manpower 4,099.2K

Total 54,774.6K

• System Upgrade and Improvement Cost

V I t is assumed that there is no system upgrade or imp rovement
- 

I throughout the life cycle of the current manua l pi peline system .

• Summary of Support Readiness Costs

Inventory Holding Costs $ 0.0K
T ra i n i n g  Cos t s 4 ,774.6K

t System Upgrade 0.0K

Total $4,774.6K

L

a
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r 5. Transportation Subcycle - CONUS Depot or Uni t to Theater POE Depot

I ~~~

‘ The cost of shipment was assumed to be $403 per ton based up~n transporta-
tlon cost factors for a theater In Europe or the Near East.’~

Li • Total tonnage from Transportation Subcycle including
spares — $4,709 tons

• Transportation Cost — 4,709 tons x $403/ton — $l ,897.7K

- 6. Mlsslon - Lay Pipeline at a Rate of 30 KM per 20-Hour D!y

I ~ The mission requires lay i ng 85 miles of 8” pipelIne over leve l terrain V

and the laying of two 17 mile lengths of 6” pipeline over level terrain.
1 The two legs are to be divergent. All statistics for the number of

Petroleum Pipeline and Term i na l Operating Companies requ i red to lay the
pip el inc at the specifIed 30 kilometer per day rate are presented In
section 6.1 , description of the system.

I. 
• Petroleum Pipeline and Termina l Operating Company Requ i rements

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

TABLE 6-6

SUMMARY OF 20-HOUR DAYS REQUIRED TO LAY PIPELINE WITH
- I MAXIM UM MANPOWER EFFICIEN CY

Pipeline Mission Req . Number of laying Number of
Size Length-Miles Companies 20-Hr Days Req.

8” 85 4 4.21
4* 6” 34 3 1.60

Total 5.814.

IlV.V • Transportation med i um truck company requirements

In addition to the Petroleum Plpel ine and TermIna l Operatlng Company
U requ I rement, there Is also the requ i rement for manp~ .er and tractor/trailers

from a transportation med i um truck company (container/cargo). The trans-
portatlon med Ium truck company delivers the pipe and couplings to pre

15 MERADCON Cost Ana l ysis Handbook
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1~
1. determined positions along the pipeline as it is be i ng laid.

The company has 183 men total , of whom 120 are drivers. The remainder
are admistra tive and support personnel. The men are capable of operating
two, 10-hour s h f ts per day and have 60 tractors. The annua l cost per
driver is $16 ,033. I t is assumed that at any one time 25~ of th e i r
vehicles will not be operable in accordance with FM 101-10-1. It is also

- -  assumed that the trailers are 40’ in length with a capacity of 34 tons.
- Each trailer is capable of holding two unit l oads of pipe . The uni t and

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

-

TABLE 6-7
a.

UNIT AND TRAILER LOADS 9
‘I

Pipe Sections per 8’ x 8’ x 20’ Uni t Loads & Sections
Unit Loads per 40’ Trailer LoadPi peline

Size Section s Weight-Lbs. Un it Loads Sections

8” 100 2 1 ,200 2 200

- 6” 169 28,730 2 338

1. The requir ed numbe r of trips of trailer loads is presented in Table 6-8
for each size of pipeline. - -

TABLE 6-8

TRAILER TRIPS REQUIRED

[ Pipeline Tota l Sections Trailer Loads Average Round Tri p
Size for M ission_ and/or Tri ps (RI) Distance -Mile s

1 8” 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 Sta t io n s 5 85 .0

6” Pump Stations 2 187.0

- -
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For each sIze pIpelIne , the total round trips are presented in Table 6-9.
The t ime per round trip is based on the truck trav elling at an average 

V

speed of 15 mIles per hour , and assumes a loadi ng and unloadin g time of
six tota l hours. (This inc l udes stringing the pipe along the pip eline
route). -

1 
- TABLE 6-91 

TRACTOR-TRAILER HOURS

Pipeline Tota l Time/Round Total Time
Size Round Trips Trip-Hours Hours

8” 128 11.67 1 ,494

6” 31 18.47 573
-~ L Tota l 159 - 2 ,067

~~~ I
• Tractor/trailer requ i rement - Based upon the requ i rement for

completing the pipeline in 5.81 days, the available hours are
116.2 hours based upon the following calcu lation :

Availabl e hours — 5.81 days x 20 Hour/Day — 116.2 Hours

• The nomina l number of tractor trailers is determined by the
ratio of values obtained from the last two calculations.

I This result is divided by .75 to account for the fact that
additiona l trucks are requ i red because of unscheduled down
t lines

I Number of tractor-trailers 
~~~~ 116.2 23.7

I Thus the actua l requ i rement (after rounding) is 24 tractor—trailers
an d 48 d r i vers

I • Lay Pi peline Subcycle Costs

The lay pipeline subcyc le costs are of two types -- equipment[ operating and maintenance and manpower.

• 0614 Costs

[ The 24 tractor /trailers will operate 2 ,067 hours. Hence, the
0614 cost is arrived at by the following calcula tions :

I
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• Trac tor-Trailers

O&M — 2 ,067 lIrs. x 10.43/Hr. — $2l.6K

We have assumed that the need for any othe r equ i pment other
than the tractor/trailers would be common to the other systems
with the except ion of the truck haulage system. Therefore,

I - 
we have not identified any other operating and ma i ntenance costs.

1. • Man power Costs

I The manpower costs are presented in the following calculations
1. for the two princ i pa l types of Army units required .

. . 
_____________ _____________

Army Units Companies Number of D~ys Company Days

Petroleum Pipeline 3 5.81 17.43
and Terminal
Operating Co. 1 4.21 4.21 4

1: Total 21.64

• Petroleum Pipeline and Termina l Operation Company Manpower Costs —

21.64 Company Days x 122 men/Company x $14,600/man year — 5105.6K
- t - 365 Days/Year

4-

• Transportation Med i um

Truck Company Manpower Costs

1 48 men x 5.81 days x $16 ,033/man day - $l2.3K

• Total Manpower Costs —

E Petroleum Pipeline and $l05.6K
Termina l Operatin g Company

Transportation Medium

L Truck Company 12.3K
$117. 9K
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• Tota l Lay Pipeline Costs

V 
0614 Costs $ 21.6K
Manpower Costs -117 .9K

Total $l39.5K

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

The pipeline is operated by two Petroleum Pipeline and Term i na l Operating
~ . Companies. In accordance with FM 10-67, each company can operate approx-

imatel y 60 miles of pipeline. Each pump ing station requires at least
two men on duty at all t imes when operating. For maintenance purposes,

j. the usua l pump i ng station has four pumps in series but only three would
be operating at any time . The cost of operating the line inc l udes both

~~

- equipment operating and maintenance as well as manpower .

• O&M Costs

The only operating and maintenance costs that are included in the
stud y are those for the pump stations for 8” pipeline and the

- 
pump stations for 6” pipeli ne. The 0611 cost for a pump station

f for the 8” pipeline is $12.78 per hour based on the 430 BHP
-
~~~~ rating, as noted in the section on Support Readiness.

The 0611 cost f or a smaller pump station , also based on MERADCOM 
V

Report 2249 and the 260 BHP rating, is $8.17 per hour.

Thus , OSM costs — 
20 hrs x 365 days E 9 (large pump stations) x - H

$12.78 hr. + 4 (small pump stations) x 58.17/Hr]

I — 3,650 hrs. x 147.7/hour — 539.1K

I In addition to the regular 0611 costs , based on MERADCOM Report
2249, one i~’verhaul 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 S392.1 for the overhauls of the 13

- 
stations.) The tota l 0&M cost is thus 51015.6K.

I • Manpower Costs

The manpower costs are incurred from the two Petroleum PipelineL and Term i na l Operating Companies , each with 122 men and an annua l
man year cost of $14,600.

I
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Tota l Manpower Costs — V

2 companies x 122 men/company x i/2 year x $l4,600/man year

— 51 ,781.2K

• Tota l Pipeline Operating Cost

0&M 51 ,015.6K

Manpower 1 ,781.2K

Iota I 52,796.8K

8. Summary of Life Cycle Costs of the Base Sy,~tem -- Manua lly
Coupled 6” and 8” Pipelin e

I

Cycle (KS)
L Research and Deve l opment 0.0

Procuremen t 15,064.8
Transportation—Manufac turing-CONUS Depot 452.2

‘ ~~. Support Readines s 4,774.6
Transportation-CONIJS Depot-Theater 1 ,897.7Lay P ip eline 139.5
Operate Pipeline 2,796.8

Tota l $25,125.6

II
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CHAPTER 7 - EC ONO M IC ANALYS I S OF TRUCK HAULAGE SYSTE M —

- r
7.1 I NTRODUCT I ON

i This method of tranport ing fuel is the use of tanker tractor/trailer corn-
binat ions and an existing road network. The characteristic that dis-

- tinguishes this system from the other alternative systems is that there
is no insta llation of the system. The system is availabl e for i mmediate-t use, and this , of course , offers great advantages in flexibility. On
the other hand , the system invo l ves a large capital outlay for procurement.

I
I 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 , Mode l 14967. The mission is to
delive r 35,000 barrels of petrole um fuels per day for one six-month per i od
between the port of entry of the theater and the inland terminals 100
miles away. The truck cycle was assumed to be as follows :

L 
Operation Rate Cycle Time

Fill 600 gpm 8.33 minutes
Drive Out 15 mph 400 minutes

I Unload 600 gpm 8.33 minutes
Dead Head Back 15 mph 400 minu tes
Wait 20 minutes

I Tota l Time 836.66 minutes or 13.94 hrs.

j  The critica l numbe r in the life cycle cost calculation is the number of
trucks requ i red for the mission assuming a 20 hour per day operation.
This is computed in the following manner:

Number Requireed — ~~~~~~~~~~~ ~ 42 Gal/Barrel x 13.94 hrs/cycle

* 20 hr/day — 205 trucks
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However, since it is assumed that any time only 75% of the trucks are
available , 274 trucks and 548 drivers are needed. The lif e cycle cost1 - analysis follows directl y from these numbers.

7.2 LIFE _CYCLE COST COMPUTATION

- I. Research and Development Program and Subcycle

I t is assumed that no research and deve l opmen t is requ i red .

2. Procurement Program and Subcycle

I Based on information supp lied by MERADCOM , the procurement cost is H

r
I. Unit Tota l

Item Quantity Price 1979$ Cost 5(000)
j Tractor , Mod 818, 51 6 x 6 274 37,623 10 ,308.7

T r a i l e r , Bulk Tank Mod M967
5,000 Gallon Ca pacity 274 35,000 9,590.0

I Spares t~ 15* - - 2,984.8

Total Procurement 22,883.5K

I
3. Transportation Suhcycle Manufacturer to Depot or Using Unit

-

- 1. This invo l ves the transportation of vehicles to the truck companies

— [ Weight Each Tota l Shipment Transportation V

Vehicle Quantity Tons Tons Cost per Ton $t000)

Tractor 274 6.0 1644 $ 96 $1 57 .8
Trailer 274 4.5 1233 96 118.4

-I 
Spares 41 .1 10.5 432 96 41.5

Total 3309 $317.7

1 4. ~pç rt Readiness Subcycle

• i nventory Holding Cost

It is assumed in the mis sion description tha t 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 del ivery capability. Since 548 drivers are needed

- 
for the miss ion , 1644 drivers (who drive 822 trucks) should be
trained . However, during the 2 week period It should not be
necessary to devote a great dea l of training time to actua l
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 :

• Transportation Costs

V Since every med i um transportation truck company has veh i cles  i n
its possession at all times , there are no transportation costs
for t ra i n i n g .

I:’!
• • Operation and Maintenance

Based on the Cost Reference Guide for Construction EQui pment , the
L. cost per hour for each tank truck is $14.51 per hour. Using 822

trucks for four hours per year for 10 years , the tota l cost is
1~ 5477.1K

• Manpower Costs

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

$16 ,033 x 14/365 x 1644 x 10 510 ,110.0K

- 
• Tota l Training Costs are 510 ,587.1K

• System Upgrade and Improvement Costs

It is assumed that there are no such costs.

• Tota l Support Readiness Cost are 510 ,587.1K

I 5. Transportation Subcycle- CONU S Depot or Unit to Theater POE Depot

Based on the data in the section Transportation Subcycle Manufactur er to
Depot using Unit , and a shipping cost of $403 per ton , the total cost is

p 3309 tons x $403/ton — 51333.5K

6. Install System
- 

For this system, the cost of installation is zero .

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

1. • 0614 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
and Maintenance). The tota l cost is

- 

205 x 182.5 x 20 x 14.51 = 510,857.1K

• Manpower Costs

For the 548 men at $16 ,033 per man year and for 6 months , the
manpowe r costs are

f $16 ,033 x 548 + 2 = $4,393.OK

• Tota l Operating Costs
V 

$15,250.1
- 

~- - 8. Tota l Life Cycle Cost (5)

Research and Developmen t 0
Procurement 22,883.5K
Transportation-Manufac turing to Depot 317.7K

V Support Readiness 10,587.1K
Transportation to Theater 1 ,333.5K
Ins ta l l  System 0
Operate System 15,250.1K

- Thus , tota l life cycle cost is $ 50,371.9K

1
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CHAPTER 8 - ANALYSIS OF FORMING CONCEPT

8.1 INTRODUCTION

This chapter presents the fina l analysis of the forming system. In this
concept , coils of flat metal strip would be delivered into position along H
the p i peli ne route. A forming machine would form the strips into a
cy lindrical shape and form a longitud i nal seam. The types of seams H
that scored well in the Phase I analysi s were lock bend seams with ther-
moset seals and locking strip seams . The analysis performed in Phase II (
emphas i zed bu t was not restricted to these suba l ternatives.

The conclusion from the second phase analysis was tha t forming is less
feasible than o r i g i na l l y  j udged . An actua l forming system would be cx-
tremely large and costly. Scores for ins tallation equ i pment cost , t rans-
portab li t y and reliability of installation equipment , and degradation
under adverse conditions would all substantially decrease. The highest
scor i ng forming system was rescored under the Phase I crite ria , a~ d the
resulting score was substantially less than the other Phase II co~icepts. P~.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 FEA S I B I L I T Y  ANALY S I S

The concept is to co il the longest possible stri p of f l a t shee t met a l tha t
can be conveniently transported. This is brought to a forming mach i ne ,
where i t is placed on an unw i nd stand. The free end is threaded through

V a set of forming rolls which bend it into a cylindri cal shape. The V

edges mu st then be jo i ned and sea l ed. F i n a l l y ,  a cutoff mechan i sm 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 pipeli n e stock is very compact and quite inexpensive before insta la-
tion . Installation is envisioned as a smooth continuous process with low H
man— l oading requirements. Furthermore , the resulting pipeline is of
hi gh quality and reliability, suitable for a permanent installation .
These features combine to make the forming option attractive on fir st
investigation.

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

do contract roll forming. Some of them speciali ze in tubing manufac-
:~~~ rr A second category of vendors design and bui ld roll form i ng equip—
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- ment . To seam the roll formed shape, a number of processes were invest i-
gated , and appropriate vendors were contacted. A final area of inqu i ry
was directed toward identif y ing groups who have had experience related
to our desired end produc t , namel y a portable tube mil l .  The genera l
results of these inquiries ind i cate that some operations of the tube

- - making process are rou t i ne  and eq u i pmen t is readily avai lable. Other
steps require equi pment that has been specially designed for mobile
operations. There are remaining steps that are not so readily performed
and require further research . 

V

-
V • Metal Stock

-

- ~ t .  In the quan ti t i e s  requ i red , sheet stee l of .100” th i c k n ess , shea red
to 20” or 26” w i d e , is available from suppliers. A roll of steel
8’ in diameter , with a 4’ diameter core , holds 4500’ and weighs

- - 39,000 lbs. wh ich is probably twice as heavy as practical.
20 ,000 lbs. is 6.5’ in dia meter , and is 2300’ lon g.

1. • Stock Reel 

~1An unwind stand for a 10 ton stock ree l is a substantial structure ,
probabl y on the order of 2 tons. It must be convenient to re-
load. This is a purchaseable i tem with little development needed. ri— 

• Re l oading
t .

In ord er to utilize stock delivery trucks to their maximum ad-
van tage , and therefore requ i re the fewes t t rucks , stock d e l i v e r i e s
w i l l  not be in phase with pipe former ’s requ i rements. For this

- reason the ree l must be moved into place ahead of the forming
- mach i ne. The pipe forme r wil l  encounter reels every 2300’.

It is d ifficult to make them coincide with the end of the last
reel , so some method wil l  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 p i pe former. It can also be used to perform various
other functions between retr ievals.

• Forming

Vendors who construct roll forming equipment describe the pipe
forming section to consist of 6 roll stands spaced on about 20” V

* centers. This results in a 10’ long assembly. Operating speeds
are generally abou t 30’ per minute , bu t 70’ per minute is still

I considered reasonable. There do not seem to be any Strict limi ts
I. preventing the desired rate of 90’ per m i n ute , excep t tha t more

power wil l  be required. The rough estimate is that 25 hp is more

I than adequate.
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V • Seaming

The edges of the roll formed tube must be joined with a seam that
V is as strong as the tube wa ll , and is completel y sea l ed . Severa l

method s have been exam i ned to make this seam.

Co~nercial)y available tube and pipe has a wel ded seam.. The
cleanest joint s usua lly a resistance welded butt seam with
the upset removed. Minima l equipmen t for this purpose is
estimated to cost 550-570,000. The limiting factor is speed.
Abou t 5’ per minute is an average operating speed , and vendors
do not believe that this equ i pmen t can produce more than 10
per m inute. A company that specializes in the design and construc-
tion of pipe mi l l s  quotes entirely different speeds ; 75’ per
minute is routine for their high frequency welding. Accord i ng
to this vendor , the equipment to perform the entire operation
from coiled stock to finished pi pe is 200’ long . Furthermore ,
it is highly sensitive to alignment and speed stability. The
vendor does not believe tha t this equipment can be reduced to
a size practica l 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
powe r i s  increased i n an a tt empt to weld fas ter , poor penetration
and a great deal of spatter results. However, this equipment
iS much smaller and less expensive , sugges tin g the p o s s i b i l i ty
of mul t i p l e we ld ers fo l low i ng the pi pe for mer , each at a fraction
of the total speed. About ten units would be required operated in

V 

- a leapf ro g sequence , where the last unit is moved up to the first
pos it ion when it s weld  joi ns the beg inn i ng of the weld of the
next unit. The process seems quite unwieldy.

A l ockbend is often used in roll forming thinner stock. In 0.100
inch thick stee l it is predicted that another 6 ro il stands , add-
ing anothe r ten feet to the eqU i pment , wil l  be required . This
can operate at the desired rolling speed . Unfortunately, a
lockbend is not a sea l , and is  l i k e l y to be quite bulky in this
stock thickness. With the addition of a gasket , hot-melt , or

— 1 thermose t sea l an t , this process could poss ibly meet the output
requirements. One disadvantage iS the ponderous equipment in-
volved , but the cripp l i ng defec t i s tha t the lockbend red uces
the pressure capability by an order of magnitude .

Other , less comon weld ing processes were exa m i ned to de term i ne
i f  i t is  poss ib le  to increase the ra te a t wh i ch the we ld  can be
macic. The introduction of metal 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-
siderin g not only powdered fue l but powdered oxidizers in the

k ~ I form of metal oxides. The conclusion of this line of reasoning
was the thermit process. Used for many years to weld rai l s , it

L
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requ i res only two components; powdered aluminum and i ron ox i de.
When the mixture is ignited , the aluminum burns , or oxidizes In
the oxygen g i ven off by the heated i ron oxide. The I ron ox i de
is reduced to metallic i ron , in molten form because of the heat
of the reaction .

To app l y the therm i-t process to pipe welding, a rap id  method of
handling the powder must be dev i sed. A possible solutio n is to

V prov i de long plastic film sausages filled wi th powder. These V

I . would be laid onto the seam after the pipe was formed , and ign i ted
at the far end. Depending upon composition , the reaction can be
adjusted to trave l at about the forming rate. This permits laying
the next sausage while the previous one is burning. Since the
molten i ron must be contained , one edge of the formed pipe can
be formed in to a shallow trough, and the other can overlap one
sidewall of the trough to lock the edges together , and to d i p  V 

-

in to the mel t , assuring a good weld. Vendors of materials for
th i s  process exp ress some concern abou t the method of con ta i n i n g
the reaction . This may be a factor that complicates and slows
the process below the requirements.

• Cool ing

In coninercial pipe production , the weld is cooled before triming
and subsequen t handling. For a mobile app licatio n , i t  may be
possible to omit this to avoid lengthening the machine still
further.

• Cutoff

To permit moving the machine independentl y of the p i p e l i ne, the
pipe must be cut. In this case, a tr a v e l l i n g  cutoff  mechan i sm

• is not required because pipe production wil l  be stopped for cut-
ting. A bandsaw or cu tting torch , p roper ly  guided , ca n perfor m
this function .

• Butt Welding

[ To connect to existing p i pe l i n e , mechan i ca l connec tors or butt
welding can be used. The bu tt welding process is preferable in an
all-welded system . This equi pmen t requires guiding and clamp i ng
mot i ons, wi th high frequency resistance equ i pment similar to the
seam welding equipment. Butt welding is also appli cable for
joining a new roll of stock to the end of the old roll while the V

process is running. This must operate on the fly, and therefore
L may take up more space than can be afforded on mobile equ i pment.

8.3 CONCLU S ION S AND REEVALUAT I ON S
L This evaluation leads to some inevita ble conclusions regard i ng the feasi-

bility of continuous forming for the rapid deploymen t of pipeline. The
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seaming and sealing processes I dentified fall Into four categories: im-1 , practical to Imp l emen t , unacceptable pressure capabi lity, unacceptable V

rate, and equipment too ponderous and unwieldy for this application . Ac-
cordingly, form i ng is considered unfeasible for the g i ven p ipe l ay ing
scenario. However, the resistance welded version , althoug h impractica l
for a tactical applica tion , has other attribu tes that may make it attrac-
tive for the subsequent installation of more permanent pi peline .

In the context of the Phase I scor i ng , the scores for the best possible
forming alternatives were reevaluated. As an example , alternative F3e

- had a revised score of 605 and this ind i cates without a life cycle cost
analysis that the concept is not as c~e~ i rable as the others. The revised
individua l attribute scores for aIt~rnative F3e is presented in Table 8-I.
Rev i sed scores are lower in cost., devc l opment , assembly equi pment relia-
bi l ity , transpor t requirements ~nd degradation under adverse conditions.

- - A hypothetical mach i ne is depicted in Figure 8—1 .
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V CHAPTER 9

- D E S C R I P T I O N AND EC ONOMIC ANALY S I S OF ME CHAN IZED P I P E L A Y I N G SYSTEM

9.1 DESCRIPT I ON OF SYSTEM

L . 1. Introduction

The concept of a mechanized pipe lay ing  sys tem invovles  the use of machine
1. to ali gn and couple twenty foot sections of pi pe. The sections are trans-

ported to location and the machine is either self-loading or loaded by -:

forklif t.

This concept was the hig hest scoring concept in the Phase I A nalysis and
- - has been considered as a rapid pipeline installa tion al ternative by the

Army . Before procuremen t of such a system can be made , the ma c h i n e  and
a join t appropriate for mechan i zed pipelaying must be developed . Currentl y
available join ts are not appropriate. However, it is not anticipated that
the deve l opment of the joint and machine pose a serious problem.

L
This chapter presents descriptions and sketches of typ i ca l joints and
p i p e l a y ing concepts , plus the life-cycle cost analysis of the system.

2. Overv i ew of the System

V • Sizing the System
0~

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 V

lightweight stee l tubing in 20 foot lengths with bell and spi got
joints which are self-locking at assemb ly. The pipeline is layed
by a traveling mach ine which automatically feed s each sec t ion of
pipe from a self contained supply to an assembly mechan i sm which
joins tha t section to the preced i ng section by pushing the ends - -

together until the joint automaticall y locks. The machine moves
continuously at a rate of app roximately 1 foot per second , leaving
the joined sections of pipe on the ground behind i t.

Two machine concepts were considered . Eithe r one is capable of
I. making the bell and spigot join ts when pushed into position . For

the first concept , when equ i pmen t is stopped , it is capabl&’ of
F
L
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reloading itself from a supply by lifting , moving, and lower i ng an
8’ x 8’ x 20’ package of pipe into a position on Its bed for pro-

- I 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 additiona l vehicles needed are tractor-trailers.

A second concept involves a fork lif t truck for machine supply.
Thus , fork lift trucks as well as tractor trailers would be required .

- 
The two concepts are depicted in Figures 9-I and 9-2. TypIca l fork
lifts are depicted in Figure 9-3. For the purposes of the mission ,
the concept util i zing fork lifts was chosen for life cycle cost
analysis.

One of the important considerations in the costing of the pipe lay i ng
operation is the number of machines requ i red to meet the thirty
kilometer per day pipe lay ing design goal. To determ i ne this re- V

qu i re ment , the machine  time for pipel i ne installation was computed ,
V - 

based on the parameters in Chapter 6 and an estimated 20 seconds to
connect each joint: 16

8” Pi pe
Pipe sections per load 100
Net l ength 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
- 
I Time to reload machine 8.0 minutes

Additiona l maneuvering time 2.0 minutes

V ~ Total time per load k3.3 minutes I -
I

Machine time to lay 85 miles 166 Hours

t U
In order to reduce the total numbe r of required øiøela vina mach ines to

two (i.e., L5 operating machines and 75Z availability) the joint con-
1 nection t ime must be reduced to about 12 seconds, a time we believe would
L be difficult to maintain in practice.

E 
It is assumed that the effective pi pe length is slightly reduced to

account for the complex i ty of the joint

- - V
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6” Pipe
- Pipe sect ions per load 169

Net length per section 19.5 ft.
Pipe laid per Load 3296 ft.
Loads requir ed for  34 miles 55

Time to lay load at 20 sec/joint 56.3 minutes
Time to reload machine 8.0 minutes

- 
Additiona l maneuvering time 3.5 m i n u tes

Total time per load 67.8 minutes

I Machine time to lay 34 mi 62 hours

- 
Tota l machine time required = 228 hours

1. Since the time available at 30 km or 18.6 miles per 2-~ hour day =

(119 18.6) 20 = 128 hours , two p i pe la y in g machi nes are req u i red , making
- ava i l a b l e  a total of 256 machine hours during the time allotted to lay
L the p i pe l i ne. T h i s  does no t p rovide much m a r g i n  for down t i me , so a

third machine should be added . This also provides a necessary margin of

J reliability, and th ree mach ines  were assu med throughou t the ana l ys is.

One othe r type of concept was considered . For this th ir~ concept , re-
l oad ing  i s performed wi thou t stopp in g. T h i s  in creases the a v a i l a b l e

[ 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

L device is about 3 feet higher than Concept 1 so tha t p ipe in the pipe-
l ayer can feed continuously during reload cycle. This device is more
comp l ex and the cost of a pipe layer might be 25~ more. Three or four

I 
additiona l men are requ i red during the reload cycle. The first two co--
cepts were judged to be more appropriate.

Once the pipeline system is installed , it operates at a maximum pressure

I of 500 psi in the 8” section and 600 psi in the 6” branches . The delivery
rate is 35,000 ba r re l s  per 20 hour day of d ie sel fue l hav in g a spe c i f i c
gravity of .8448 and a kinematic viscos i ty of 3.85 cent istokes at 60°F .

I The pressure differential is 480 psi in the 8” line and 580 psi in the
6” branches; nine pump ing stations are required in the 85 mile section
of 8” pipe , and 2 pump i ng stations are required in each 17 mile leg of

r 6” pipe .

• Al ternative Joint Concepts

[ As no ted p r e v i o u s l y , use of a pipelaying machine would requ i re
developmen t in new pipe joints. Existing joints would not be
appropriate. We have conceived several joints that might be

I appropriate. The concepts and accompanying figures are presented
below.

1
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COUPLING CONCEPT NO. I
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I!

The cost does not Inc lude items welded to ends of pipe , which
- Is assumed to be the same cost as end preparation of presen t commer-

d ail y available pipe .

• Concept Plo. 2 (Figure 9- 5)

Description

Each length of pipe has identica l fittings permanently attached
to both ends by welding . Each fitting has an externa l sealing
surface near the end and a locking shoulder near the point of
attachment to the pipe . An externa l sealing ring containing two
gaskets in interna l 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
l)surrounds the sealing ring. The latching fingers seat behind
the locking shoulders of the fitting to hold the joint together.
The two ha l ves of the split locking ring are fastened together
by bolts and nuts.

Assembly

I Before transportation to the pipelay i ng site , the gaskets are
assembled in the sealing ring, and the two ha l ves of the locking
ring are fastened in place around the sealing ring. To join two

F 
~ 

sections of pipe , the ends are first aligned . In the case of manua l
assembly, this would be done by a temporary interna l ali gning 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 ,
L forcing the latching fingers to open, and then into the sealing

• ring until the latching fingers snap in place beh i nd the locking
shou l ders.

• Disassembly

• I 
To disassemble a joint the two ha l ves 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.

• Advantajes[ Ease of assembly very good
Very good adaptability for automated assembly
Sealing surface of fitting somewhat protected by larger diameter

L adjacent port i on of fitt ing
Interna l gasket well protected against damage

- 
Easy di sassembly for repair or reuse



FI GURE 9-5
COUPLING CONCEPT NO. 2
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0 1 sadvantages

• Joint stability questionable
Locking ring costl y to make
Two gaskets increase possibili ty of leaks

Estimated Procurement Cost

6” - $80-120
8” - S120—l80

&

• The cost does not include i tems welded to ends of pipe , which is
assumed to be the same cost as end preparation of present commerciall y
available pipe.

• Concept No. 3 (Figure 9-6)

Descript i on

Each l ength of pipe has a locking shoulder near one end and a
female fitting has an interna l groove containing a lip-type gasket
which forms a seal against the outside surface of the male end of
the adjoining section of pi pe. A two-pi ece lock i ng 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 shou l ders.

Assembly~

I Two sections of pipe are joined by Inserting the male end of one
in the female fitting of the other un til the end of the female
fitting contacts the locking shoulder. The two halves of the

I locking ring are then snapped over the two shoulders , locking the
two sections together.

I 
Disassembly

To disassemble a joint , the ha l ves of the locking ring may be
• driven using a hammer and a punch inserted in the gap at the end[ of the projecting tab. Alterna tivel y, a special tool could be

inserted in that gap and opened to force the two ha l ves of the
ring apart and off the joint.

I Advantages

Ease of assembly good

I Good adaptability for automated assemb ly
Very good Joint stability
Sealing surface of male end somewhat protected by larger diameter

I of adjacent shoulder

89
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I
Interna l gasket well protected against damage
Easy disassembly for repair or reuse

Disadvantages

More complicated assemb l y procedure than Concepts 1 or 2.

Estimated Procurement Cost

6” — $14
8” - $22

The cost does not include i tems wel ded to ends of pipe , which is
assumed to be the same cost as end preparation of present comercially
available pipe . The seal is smaller and locking ring is more
comp l ex. Therefore, the cost should not be hi gher than those of
presently available couplings .

• Alternative Construction (Concept 3a)
t

The lock i ng ring can be replaced by a bolted two p i ece clamp ring
r similar to the one used in the presen t standard joint. However,

one half of the clamp ring would have tapped holes , eliminating
the nuts used with the present ring . Manua l assemb l y and dis-

- assembl y would be somewhat slower than for Concept 3 but the joint
would still be adaptable for automated assembly using mechanized
feeding and torque i ng of the bolts. Joint security would be im-
proved over Concept 3.

• Concept Plo. 4 (Figure 9-7)

I Description

Each l ength of pip e has identica l fittings permanently attached

I
to both ends by welding. Each fitting has an externa l sealing
surface near the end and a locking shoulder near the point of
attachment to the pipe . An externa l sealing ring containing two
gaskets in interna l grooves surrounds the ends of two adjoining

I sections of pipe . A two-piece locking ring surrounds the sealing
ring and engages the locking shoulders to hold the joint together
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-
jacent end of the othe r half. 4

L 
Assembly

Before transportation to the pipelay i ng site , the two gaskets are
assemb l ed in the sealing ring. To join two sections of pipe , the

L ends are first aligned . In the case of manua l assembly, this would
be doen by a temporary interna i aligning member pulled through
the pipe to each JOint in sequence. The ends of the two sections

I
I



FIGURE 9-7

I. COUPLING CONCEPT NO. 4
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1!
are then i nserted into the locking ring and pushed together. The

• two halves of the locking ring are then placed over the sealing
• L. 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 ha l ves of the

• locking ring removed . F
Advantages

Sealing sufaces of fittings somewhat protected by adjacent
locking shoulders

• Interna l gaskets well protected against damage
Easy disassembly for repair or reuse.

I Disadvantages

Ease of assembl y only fair
• T Adaptability for automated assembly is only fair because of

increased number of parts
Joint stability questionable

Estimated Procuremen t Cost

6” - $25-35
7” - $40 55 I;

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

• Alterna tive Construction

The locking ring can be replaced by a bolted two-piece clamp as
r described under alternative construction for Concept 3. This wou ld

make manua l 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 assembl y would be easier and quicker because of the gaskets
being pre-assemb led wi th in the sealing ring.

[ 9.2 LIFE CYCLE COST ANALYS IS FOR FORK LIFT OPT ION 
•

1. Research and Development Program and Subcycle

E Research and developmen t effort is requ i red both for the pipe l ay i ng • 
• •

.

machine and the compatible Joint concept , and this is tabulated as fol lows: ~~~~~~~~

I —
-
-- t



• Mach ine

1. Initial Design

12 Man months -~ 510K S12OK

2. Stress Ana lysis

4 Man months ~ 510K 40K

3. Redesign

6 Man months ~ 510K 60K

4. Details

36 Man months ~ 55.0K 180K

5. Component Specs

4 Man months ~ 510K 40K

6. Procurement and Exp editing
F

r 
3 Man months •~ 510K 30K

7. Asse mbl y and Testing

• 12 Man months ~ 56K 72K

8. Modifica tion to Design , De ta i ls and Specs
9 Man months ~ 56K 54K

S596 K

• Des i gn , Development , and Tooli ng for Produc t i~ n of New Pi pe Joint

1. Initial Development-Conceptua l
r 10 Man months ~ 510 K 124 K

4 Man monts ~ 56K

2. Advanced Development for Validation

8 Man months ~ 5 10K 104K
4 Man months ~ 56K

3. I n i t i a l  Tes t ing

[ 4 Man months ~ S6K 24K

4. Prototype Developmen t and Testing

4 Man months ~ 5 10K 76K
6 Man months ~) 56K

[
94



5. Production Eng ineering Planning

6 Man mont hs f~ 5 10K 60K
$ 388K

• Tota l 5984K

2. Procuremen t Program and Subcycle

• 
~~~
. As in the basel in e s ys tem , there is a great dea l of uncertainty in the

cost of p ipe l ine sect ions.  Th is  uncertainty is even further increased
by the fact that a new joint must be developed . In the economic analysis ,
the f igure of $373 per 20 sect ion for 8” pipe and $297 per sect ion per
20’ sect ion for 6” p ipe are again used . However , in Chapter 11 , lowe r

- •  pr ice s are u t i l i z e d  for s e n s i t i v i t y  ana lys is .

In view of th is the procuremen t cost for p ipe , couplings and pump s tat ions
• is identica l to the base line system and is $15,064.8K. The othe r part of

the procurement costs are the p ipe lay ing machine and fork l i f t  costs:
The es tim ates fo r these cos ts are as fol lows :

P ip elay ing machine cost detail

1. Chassis, 4 ax l es and wheels 5125K
2. Dr ive Train 30K

• 3. Tandem Steering 35K
4. Hydraulic Power Supply 10K
5. Two lower layer escapements - structure 5K
6. Two l ower layer escapements - hydra u l i cs

c y l i n d e rs , valves , tu b i n g , fittings 4K
7. Two l ower laye r elevators - Structure 4K

£ Two lowe r layer eleva tors - hydra u l i cs
cylinders , va lv es , tubing, fittings 4K

8. Two single p i pe escapements - structure 4K
Two single pi pe escapements - hydra u l i cs
cy l inders , valves , tubing, f i t t i n gs

9. Pi pe joining mechanism - structure 8K
-- Pi pe Jo ining mechanism - hydraulics
• c y l inders , va lves , tubing, fi ttings 5K

10. Pi pe load containment structure 8K

-- $2k6 K

I

r
p
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I.

Assembly and Test Costs

1. Assemb l y - ent i re p ipe laye r structure
• 12 Man months ~ 56K $72K

• 2. Assembly - entire pipelayer hydraulics

6 Man months Q 56K 36K H

• • 3. Test ing and adjust ing hyd raul ics

2 Man months @ 56K 12K

Ii. C yc l ing and modif y ing system under loads

• 6 Man months @ 56K 36K

• • 5. Field Test and Modif icat ion

6 Man mont hs @ 56K 36K :
6. Purchased Mater ia ls - Modi f icat ions 10K

- 5202 K

L 
.• Thus , the tota l cost for each machine is estimated to be 5448K, and the

tota l for the three machines is , including 15* spares is 5154 5.6K.  TheI. cost per fork l i f t  (e.g., C la rk  Mode l 800) is 5207K and hence the to ta l
for 3 fork l i f t s , p lus 15* spares is 57 14. 2K .  Thus , the tota l procurement

• - cost is $17 ,32 4 .6 .

3. Transportat ion Subcyc le - Manufacture to CONUS D!pot or Unit

• P ipe , sta t ions , and coup l ings would run 54 52 .2K as based on
ana lys is  in Chapter 6.

• In add it ion, three pipelaying machines at 360 tons each and
t hree fork l i f t s  at 55 tons each w i t h  15* contingency spares
at $96/ t on would cost 5 137 . 14 K.

1 • Tota l cost of transportat ion from manufacture to CONUS Depot
cost is 5589.6K.

• 4. Support Readiness Subcycle

Note that the system is similar to the manua l system w i t h  the add i t ion  of
• • I fork l i ft s  and pipe lay ing machines . Thus , the suppor t readiness cos t i s

equa l to the total support readiness cost for the basel ine system in
Chapter 6 w i t h  the addit ion of operating costs for one fork l if t  and

j [ pipelay i ng machine and transportation for one pipelay ing machine .
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• Tota l support readiness for basel ine system — 54 ,774.6K

• Pipe lay ing machine and fork l if t  transport cost —

4 15 ton s x 10 years x 2 t r ips /yea r x $96/ton t r i p — 5796 .8K

• • Fork l i f t  and pi pelay ing macj~in e operating costs are est imated
to be about 553 .9 per hour ,10 or

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

5258. 7K.
• Total support readiness costs are S 5, 83 0. 1K.

1 5. Transportat ion Subcyc le CONUS Depot or Unit  to Theater POE Depot

The to ta l  cost is the basel ine system cost (5 18 97 .7 K)  p lus the transporta-
t ion cos t of the three machines plus fork l i f t s  at $403 per ton ,

1 (3 machines x 415 tons x 1 .15 spares factor  x $403 = 5577 .0 K) and the
tota l  cost is $24 74 .7 K.

6. Lay M iss ion Pipel ine at a Rate of 30 km per 20 Hour Day

- 
The t hree p i p e l a y in g ma c h i n e s  operate s imultaneously on d i f fe ren t  sect ions

( of the p ipe l ine.  Each machine is serv iced by a fork l i f t  truck. The
I. pipe is hauled from the POE to the machines by tractor- t ra i le rs , 2 mach ine

loads of pipe per t r i p .  The average hauling d is tance is 85 mi les  round
( t r i p  for 8” p ipe and 187 mi les  round t r i p for 6” pipe , at an average speed

of 15 mph . The t racto r - t ra i l e r  comb inations are the same as used for the
manua l system in Chapter 6.

1~I The mission takes about 6.4 days , although the time nay be less s ince , t heo-
ret i c a l l y ,  three machines when operating provide excess capaci ty. Each
machine has a crew of three men ,and two add it iona l men wa lk  along s ide

I and inspect the la id  p ipel ine.  The procedure should not require the use
of a fu l l  crew .

[ Trac to r -t r a i l e r  requirements for hauling pipe are l i s t e d  in Table 9- I .
Table 9-2 l i s t s  t rac to r- t ra i l e r  requirements for hauling pumping s ta t i ons .
Thus , the numbe r o f t rac to r- t ra i l e r  days is 6 1. The cos t of the number

L of d r i ve rs  is based on 82 to be consistent  w i t h  the assumption that 25~of the t r a c t o r- t r a i l e r s  w i l l  not be operable at any t ime . Given a 6 .4
day miss ion , 13 t r ac to r- t r a i l e r s  and 26 d r i vers  are required. The costs
for the subcyc le are therefore  as fo l lows :

I 
_ _

I 18 Based on t he Cos t Refere nce Gu ide for Const ruc t ion  EQuipment, 1979
Edit ion,  for a fork l i f t  p lus a heavy duty of f  the road veh ic le .  The cost
o f the la t ter  was increased by 50* to reflect the complexity of the pipe-

• lay ing machine.
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TABLE 9-I

• TRACTOR-TRAILER REQUIREMENTS FOR HAULING PIPE

I 

_________________ ___________________ _______________8” Pipe 6” Pi pe Total

Average Round TrIp, Miles 85 187 -

Hauling Time at 15 mph , hour s 5.7 12.5 -

Loading Time per Tri p, hours .13 .13 -

Unloading Time per Trip, hours .13 .13 -

• Wa i t ing  T ime per t r ip ,  hours .5 .5 -

Tota l Time per Trip, hours 6.5 13.3 -

Trailer Loads Required 19 11 5 28 143
Tractor-Trailer Days Required 38 19 57

1

I .  TABLE 9-2

• TRACTOR-TRAILER REQUIREMENTS FOR HAULING PUMPING STAT IONS

8” Hpe 6” Pipe 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 -

• Tota l Time per Trip, hours 7.7 14.5 -

-• Trai ler Loads Requ i red 5 2 8
Tractor-TraIler Days Required 2 2 4

• 19 Two loads per trailer are assumed as in Table 6-7. 
•

U
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I
• Operat ion and Maintenance

I - At an operating and maintenance cost of 510.43 per hour
(See Chapter 6) the tractor/t railer cost is

1 61 tractor/traile r days x 20 hours/day x 10.43/hour — 512.7K

• Operating Costs

Esti mating operating costs for each machine and fork lift at
about 553.9 per hour (See Support Readiness Subcycle), the
machine and fork lift cost is

2 opera t ing machine sets x $53.9/hour x 6.4 days x 20 hours/day
= S1 3 .8K

• Tota l 0&M Costs are 526.5 K

I • Manpowe r Costs

• Assum ing the cos t of one company, the pipe laying cost is

- 122 men x 6.4 days x $14 ,600/ma n year 365 days/year — 53 1.2K

The 26 d r i vers  for the tractor trailers cost

26 x 6.4 x $16 ,033 365 = 7 .3 K

and the total manpower cost is 538.5K

• Tota l Cost To Ins ta l l  System

L 0&M 526 .5K
Manpower 38.5K

L Tota l $65 K

7. Operate Sistem f or 6 Months at 35L00° Barrels Per 20 Hour Day

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

1. 8. Summary of Li fe  Cyc le  Cost for Mechanized System

II Research and Developmen t $ 984 . 0K

I.. Procuremen t 17,324.6K
Transportat ion - Manufacture to Depot 589.6K
Support Readiness 5,830.1K

L Transportation to Theater 2,474.7K
Install System 65.0K
Operate System 2,796.8K[ Tota l Life Cycle Cost S30~0~~.8K
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I- CHAPTER 10 - DESCRIPT I ON AND ECONOMIC ANALYSIS OF COLLAPSIBLE HOSE CONCEPT

- 10.1 INTRODUCTION

• a .  H
The concept envisioned at the end of Phase I was a f l exib le , col la ps i ble ,

• low-to—med i um-pressure hose. This concept has become more at t rac t ive
V In the past few years because of the possibi l ity of inc reasing hose
• operating pressure va l ues from 150 psi to 300 psi. There is no question

- 
tha t such med ium 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 tha t the system is feasible.

Some of the iss ues involved in develop i ng and using such a hose are pre-
L. 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, Sec t ion 2 , “Collapsible Hose: H3 and H4”) is tha t it can be

easily installed . The hose can be layed out continuously from a mov ing ‘ I

trailer and can be adjusted by a wal l ing two man team.

10.2 USE AND DEVELOPMENT OF HOSE SYSTEM

r Collapsible hose (6” , 8” in diameter) is fabricated by extruding a thin
inner tube of thermoplastic elastome r (e.g., po l yester or pol yurethane
type) and covering with multiple outer jackets of woven high strength
yarnor filame nts. The woven outer jacket is the primary pressure retain-
ing element. The thin (0.020” - 0.030”) inner tube functions primarily
as an i mpermeable channe l for the fuels.

7 Such constructions are currently primarily used for munic i pal and indus-
h 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.

J Hose couplings have traditionall y been made from brass for water service
but extruded alumin um couplings have also gained favor because of the

I considerable weight savings and cost savings resulting from their use .

Maximum wo rk ing p ress ures cur rent ly achieved are 150 ps i ; howeve r , it may
be feasible to at least double the working pressure limitation through use[ of:

• highe r strength fibers

I • double jacketing

[ • tighte r jacket weaves

Abrasion resistance can be improved by di p coating .
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The installed pipeline system comprises one 85 mi l e section of 8” hose
and two branch lines of 6” hose each 17 miles long. The hose is fabri-
cated in section s 100 feet long, wh i ch are joined together by extruded

- al umi num coup l ings before flaking in 8’ x 8’ x 20’ conta i ners that
serve as shipping storage , and p ipeline laying conta i ners. The contain-

i 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 shi pping to the distribution point and to use the same containers
as part of the field laying system .

I The hose system operates at a maximum pressure of 300 psi and a delivery
ra te of 35,000 barrels per 20 hour day of diesel fue l having a specific
grav ity of .~ 448 and a kinematic viscosity of 3.85 centistokes at a tern— V

r perature of 60°F. The pressure differential in the pumping stations is
280 ps i ;  16 pump ing station s are required in the 85 mile line of 8”
hose , and 4 pump ing s ta t ions  are required in each 17 m i l e  leg of 6” hose.

L As no ted , there is a subs tan t ial amount of developmen t r isk in the hosing
concept. In Fi gure 10- I we present how the R/D program relates to the
p i peline life cycle. An initial and advanced product development program

L as w e l l  as an eng i neering development/prototype manufacture phase is re-
qu i red. The timing for these phases of the R/D program is shown in
the figure.

E~~ The overall objectives of the initial product deve l opment program are to:

• Demonstrate maximum working pressure possible using cu rrentl y[ available materials and manufacturing methods.

I 
• Desig n hose using most promisi ng approaches.

• Build/test experimental models .

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

I . Premeab il ity

• Cut- through resistance

I • Effects of long-term (10 year) storage

• Er.vironmental res is tance (u l t rav io le t , co ld , heat , e tc . )

I • Long-term exposure testing

I
s Abrasion resistance

• Details of construction (e.g., adhesive between tube and jacket ,
outer protective coating)
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J

V • Practical manufacturing lengths -•

• Eva l uation of suitability of current coupling desi gns

- • Estimated manufacturing rate

• Manufacturing economics

• Capital investment requirements

• Effects of physica l factors on pi pe performance (e.g., s t retching V

(i..8%) during f i l l ing,  effect of fluid weight on coupUng retention ,
- - 

folding during storage)
V 

At the conclusion of the initial produc t developmen t program it is anti-
V cipated that the contractor(s) will have demonstrated the feasibi li -ty/

- unfeasibility of using flexible hose constructions for the proposed ap-
plication , the upper practica l limi t of working pressure, defined the re-
quirements for changes in manufacturing method s, estimated manufac turing
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 overa ll objective of the advanced product deve ’opment program is to
V achieve validation of the product concept by the Army . This will be

achieved by des i gning, building, and testing prototype products of the most
V promising confi guration(s) as determ i ned in the initia l product develop-

ment program described above. We estimate that five or ten 50’ or 100’
sample lengths will be required for development and operationa l testing.
These samples will be built using available production equipment or

4 simp ly modifications the reof. No extensive equipment purchase is en-
V 

- 

~~
‘ visioned .

T In a fina l eng i neering development/prototype manufacture program , the
4. following objectives would be accomplished.

1 • Carry out the desi gn and engineering necessary to create a V
satisfactory production system.

• Produce and test prototype samples us i ng a “sof t” production
V system.

- • Construct a “hard” manufacturing system.

L • Manufacture 1-2 miles of production prototype hose for eva l uation

- 
by the Army.

L 10.3 L IFE CYCLE COST

As in other chapters, the life cycle cost is computed in accordance with

~~~~~~~~~~~~~~~~~~~~ ~~~~~~V
V

V V ;
V V
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I

the mission definition in Chapter 5, complete with the appropriate sub-
cycle headings.

1. Research and Development Program and Subcycl e V

Cost ($000) Time (Mo.)

- 
Initial Product Development 120.0 10

Advanced Product Development 225.0 18 
V

r Engineering Deve lopment/

• Prototype Mfg. and Testing 320.0 24-30

Total 665.0 52-58

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

4 2. Procuremen t Program and Subcy~~~

i Quotations (Rough Price Estimates) by American Biltrite for hos i ng 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.
Consequent ly, in the fina l evaluation , we performed a sensitivity analy-
sis and added a contingency factor so that the prices were $10.00 and

4-. $14.00 per foot for 6” and 8” hose respectively. The analysis in this
chapter uses the base American Biltrite estimated cost fi gures.

V •V • Quantity Requirements V

Cost

6” hose (34 miles a 179,520 feet) $l ,525.9K

J Cost per foot — $8.50 includ i ng fittings I]

j  
8” hose (85 miles — 448 ,800 feet) $5,385.6K

Cos t per foot — $12.00 including f i t t ings

[ 
6” hose conta i ners (18 requ ired ) $ 108.0K

Cost each $6,000

1 8” hose containers (60 required ) $ 330.0K

I 
Cost each $5,500 

V

(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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• Cost Calculation for Pump Station for 8” Hose

1. Cost each — 45,000 + 64.25P + .089PQ — $96,983

P 300 psi , Q 1225 gpm (BHP — 250)

From the ana l ysis of the pressure drop based on hose 16 pump
stations are required.

Tota l cost (KS) $l ,551.7K

r • Cost Calculation for Pump Station for 6” Hose

Cost each 21 ,875 + 16.33P + .089PQ — $43,128

P — 300 psi , Q 612.5 gpm (BHP — 125)

From the anal ysis based on 300 psi hose, 8 pump stations arer requ i red.

Total cost is $ 345.0K

I • Total Procurement (~~

Hose and Containers 57 349.5K

Pump Station s for 8” Hose $1 ,551.7K

( Pump Stations for 6” Hose $ 345.0K -
-

I~ 
a.

Total 59,246.2K

Plus (15% spa res) 10 ,633.1 K

T 3. TransportatIon Subcycle Manufacturer to CONUS Depot or Unit

I tem Quantity Wt/Unit(lb) Total Tons

V I 8”~Hose 41,8,800 ft. 3.0 673.2
6”~Iiose 179,520 ft. 1.7 152.6 V

8” Con ta i ners 60 units 4150 2 124.5
r 6” Containers 18 units 5300(8600) 0 47 7(77 4)20

L Pump Stations for 8” Hose 16 units 18,000 144.0
Pump Station s for 6” Hose 8 units 14,000 56.0

Total Tons 1227.7
Cos t ~ $96/Ton 117 .9 K
Pius 15% I V

Contingencies 135.6K

20For transportation costing, the volume is the limiting factor on conta i ners

[ 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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1’ 4. Support Read iness Subcycle

As described in Chapter 5, these costs include transportation , installa-
tion and operation of a small hose system for a two week t raining sess on

I for each year during the ten year period. The system inc ludes four con-
ta iners of 8” hose and (at most) two pumping stations.

[ • Inventory Holding Costs

None since Depot Costs are not allocated V

I • Training Costs

These inc l ude transportation , opera t ion and maintenance , and man-
L p~~er costs for the training session . V

I
• Transportation Costs

• Hose (30,000 ft x 3.0 lb) 45.0 tons

I Containers (4 x 4150 lb) 8.3

Pumping stat ions (2 x 18 ,000 Ib) 18.0 V

[ Total Weig ht (x 1.15) 82.0 tons 
V

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

• Operation and Maintenance

• 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 twoV s tat ions and s ix  companies , the cost is
2 x l O x 8 O x $7 .90x6— $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 V

V • Total 0th costs are $l25.9K
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• M.~~powe r Costs

V The manpower costs are the same as for the manua l system , and
thus totals 54099.2K.

I 

• Total training costs are 54382.5k

• System Upgrade and Improvement Costs

It is assumed that there is no system upgrade or improvemen t

• Total support readiness costs are 54382.5K

5. Transportation Subcyc le - CONUS Depot or Unit to Thea ter F’OE Depot

As in Chapter 6, the cos t per ton is $403 and hence the total cost (See
r 3~ Transp ortation Sub~ycle Manufacturer to CONUS Depot Unit) allowing for

spares I s

1227.7 ~ 1 . 15 ~. $403 5569.0K

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

V The cost of lay i ng the hose system is based on the same truck parameters
as the other , concepts. These parameters are described in Chapter 6 in
the presentati ’6n of the life cycle cost of the manua l system .

!. The difference resul ts fr~w~ the method of installation , w h i c h
can easily be performed by one company. The hose is hauled in its con-

• tainers from the POE to the lay ing site by t rac tor -trailers , ~ containersper trailer. The average hau li nq distance is 85 miles round tri p for 8”
hose and 187 miles round trip for the 6” hose, at an average speed of V

15 mph . The hose is installed by laying out continuou sly from the moving

L trailer the previously coupled hose at an average rate of 5 mph. The hose H
line is then wa l ked by 2 man teams who adjust the position of the hose
where necessary and remove sharp objects which mi ght damage it. These

I teams are responsible for covering 1/4 m il e of hose per hour. (Thus
only a portion of the company is actually needed.) At the prescribed r
rate of 30 km per 20 hou r day, it takes 6.4 days to lay the pi peline . V

I Tractor-trailer requirement s for hauling and lay ing the hose are as fol-
l ows:

I
I
I
I 

- - ::~~~~~~~~~~~~— ~‘-~~~~~~ --~~~~~~~~~~~ — - - -  ~~~~ ~~~~~~~~~~~~~~~~~~



-~~~~~~~ V V ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~ -~ - -L _ _  

V V 
- ~V 

“V 

_ _  _ _ _-~~ -— - - - ~~~~~~~ -r~~~ ~~ -. — V V~~~~~ ~~~~~~~~ V~~_

- 1.

1.
TABLE 10- I

8” Hose 6” Hose Total V

I Average round trip, miles 85 187 -

Hauling time at 15 mph , hours 5.7 12.5 -

I Loading time per trip, hours 1.0 1.0 -

Hose carried per trip, miles 2.84 3.79 -

1~ 
Laying time at 5 mph , hours 0.6 0.8 -

Tota l time per trip, hours 7.3 14.3 -

Trailer l oads required 30 9 39[ Tractor-trailer days required 1 1 7 18

I Tractor-trailer requirements for haulin g pumping stations are as fol-
lows:

I. TABLE 10-2

- [ . - 8” Hose 6” Hose Total

Average round trip, miles 85 87 -

Hauling time at 15 mph , hours 5.7 12.5 -

Loading and Unloading time , hou rs 2.0 2.0 -

I Total time per trip, hours 7.7 14.5 -

Trailer l oads requ i red 8 4 12

Tractor-trailer days requ i red 1+ 3 7

The minimum required tractor-trailer days for hose and pump stations are
1 25. Given that the mission is about 6.4 days and using a 75% availability
I. . 25figu re 6.4 x 75 — 5.2 t ractor-trailors are required. Rounding up, 6

I tractor-tra i lors and 12 drivers are required. The costs for the sub-
L cycle are therefore as follows :

r • Operation and Maintenance V

At an operating and maintenan ce cost of $10.43 per hour for
tractor-trailers (See Chapter 6) the operating and maintenance
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cost s for lay ing the p ipeline is

25 tractor-trailer days x 20 hours/day x $10.43/hour 55.2K

• Manpower V

Assuming that the cost of a full company is incurred for hose
ins tallation 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 = 53 .4 K and the
total manpower cost is 534.6K.

• Total Cost to Install System

O&M V $ 5.21<
4 V~~~~~

:. Manpc.~er 34 .6K

Total 539.8K

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

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

I. • 0th Costs

[ Based again on data in MERADCOM Report 2249 and the BHP ratings
the operating and maintenance costs per hour are $7.90 and
54. 1,2 for the large and small stations respective l y. Based on

I requ i rements 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] V

L 
= 5590.41< V

In addit ion to the regular 0th costs , based on MERADCOM Report
2249,one overhaul will be performed on the pumping station sys-

[ tern. Based on overhaul costs from Report 2249 as we l l  as the
transporta tion invo l ved , this cost is estimated to be 5653.61<
(th is  consists of $534 .5K for the overhauls of the 24 stat ions

I plus $1 19 .11< for transportation ) and thus total 0th costs are
S1244 .OK 

V

• Manpower Costs

IL This would be the same as the base case manua l system or $178l.2K.

k
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• Total Operating Cost is 53025.21<

8. Total Life Cycle Cost

• Research and Development $ 665 K

Procurement 510,633.1K

Transportation-Manufacture to Depot $ 135.6K
Support Readiness $ 4,382.51<
Transportation to Theater $ 569.01< 1 -

V 
Install System $ 39.8K
Operate System $ 3,025.2K
Thus, the total flfe cycle cost is $l9,45o.2Kr

H.
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- CHAPTER 1 1

SECOND PHASE EVALUAT I ON AND RECOMMENDAT I ONS

V t  
1.

V 

11.1 INTRODUCT I ON

This chapter presents the fina l evaluation of fuel transportation alter-
natives. The form of the chapter emphasizes the method of eval uatIon
and reserves the presentation of the recommendations to the last section
of the chapter. The actua l policy to be followed by the Army in systemV 

- 
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 eva l uation is presented before the final recommendation .

V The method of eva luation Is a compromise between treating the score for
cacti attribute i ndependently and converting the scores to a single score
with a weighting formula fixed once for all. The non-cost attribu tes

a were grouped in three categories , and scores within each category were
4 collapsed to a single numerical rating. These three ratings and two

measures of cost comprise a set of ratings whose components are measures
of: 

• Life cycle cost with and without deploymen t

• An index of devel opmen t risk

• An index reflectin g system resource requirements for system
installat ion

• A compos i te index of system performance and rel i abili ty

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

the values for the four attributes above. In this manner , for example ,
the performance or cost can be assessed withou t regard for other ssues.

These attributes are not compl etely incommensurable. Life cycle cost can
take into account some amount of development rIsk , system resource re-

- ‘ qu l rements and performance and reliability attributes . For instance ,
manpower l evels can be costed and contingencies can be added to account
for developmen t 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 equiva lent. If manpower requirements are
high , the system is undesirable even if the dollar cost is not excessive.
if development risk Is too high , it may not be possible to deve lop the V
system at all. Second , the amount of dolla rs (or any other common unit)
equivalen t to a given increment of manpower or a given Inc rement of rell-
ability may vary from time to tIme and place to place , or even from
evaluation to eva l uation at the same t ime and place. For these reasons, V

we did not try to reduce the evaluation to fewer than the above components,
of which only the cost va l ues are uneq l vocally in the same unIts.

I ll 
- V
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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
V 

V The reduction of the evaluation to the numerica l summary vector was ac- L
comp l i shed in three steps. The first step was a reduction of attri-
butes to a reduced list. The second step was a reassessment from Phase I
of all the attributes and the thir d step was a consolidation of the remain-
ing attributes into the five valued vector.

The purpose in reducing the attribute list was to facil itate the fina l
- - eval uation . The greatest reduction resulted from a consolidation of

nine different cost attributes in the ori gina l attribute list into life k
cycle cost. Other reductions were accomplished as follows :

• Manpower for transport , spec ia l  equipment for s i te  trans-
port , and ease of leak detection were eliminated because there

V -. were no important differences in these attributes among the
final systems.

• The two reuseabi lity attributes were aggregated into a
single reuseabi li -t y rating (and also categoriztd wi th

V system reliability and performance).
•

~ 
V

• Two attributes for transportabi lity to theater were con-
so l idated to one.

- • The two attributes for manpower for assembly were consoli-

I dated to one.

The attributes dropped from the Phase I scoring and ranking included those-- attributes which were deemed : (I) not variable among the concepts; (2) of
very minor significance; and/or (3) essentially represented by one or more
att r ibutes included in the list of attributes used for the final comparative

V evaluation .

Life cycle cost was computed two different ways , one with a single deploy-
ment of the system and a second calculation withou t any deployment. Cost

I withou t deployment includes all subcycles except transportation to theater ,
3 lay p i peline , and opera te pip eflne . Thu s , the final list of a t t r i bu tes

utilized for comparative evaluation was

L Cost Attributes

r • Life cycle costs with and withou t deployment

Development Risk Attributes

I • Risk level

• Dependence on scarce resources

I
11 2
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I: . . LSystem Resource Requirements for Installation

f • Transp ortability to theater (tons) V

• Transport requ irements to site (truck miles)

1. • Manpower for assembly (man hours)

( • Dependence on special equ i pment

System Reliability and Performance Attributes

[ • Reliability of installation 
V

• Degradation of installation under adverse conditionsU
I.. • Operating reliability

I . Mainta i nability

• Safety

I • Lifetime

~ 

• Vulnerability V

- • Reuseability

L 

• Manpower requirements for operation and maintenance.

V 

in the second step of the ana l ysis 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 requ i rements to site , and manpower for
assembl y, were computed on the basis of the mission analysis. Recall that
these attributes were used in the computation of life cycle costs , but
represented i mportant measures in their own right. As an example , the
baseline system requires a grea t dea l of manpower and this affected the
rating of this system through resource requ i rements as well as cost. The
attribute evaluations are presented in Table 1 1-1.

Most of the system resource requ irements a t t r ibutes  were quant i f iable ,
specifically, tons transported , truck-miles for assembly and manpower
for assembly. The qua litat ive21equirements could then be converted into
the 0-k scale used in Phase I. These are in pa rentheses in Table I l - I.

score leve l of 5 was used to ind i cate that in some resource categories
the tank truck system had no requirements whatsoever.

113
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For those attributes , such as rel i ability, for which there is no quanti-

I tative measure , the ratings were based on consensus op i on and were fre-

t quent l y the same as the Phase I eva l uations. Ratings have been rev i sed
where necessary to reflec t additiona l research knowl edge. The rationale
for f ina l  a t t r i bu te  scoring is as fo l lows :

1 1 . Major Attribute Category -_Development Risk

I . Developmen t Risk

Development risk was assessed for each system. The tank truck V

option uses off-the-shelf equipment and would , therefore , score

( a 4.0. The baseline also requires no R&D and therefore received
a score of 4.0. The mechanized pipeline system requires that
two major components be designed ; namely, the pipe join ing ma-

I chine and the automatic locking coupling. Both dev i ces are well V

- within the state-of-the-art , but some design risk is i nvo l ved ;
we, therefore , rated the risk leve l at 2.8. The collapsible

I woven jacket hose, in our op inion , offers substantial development
I risk (the manufacturer , however, is confident of his ability to

V 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

I deve lopment r i sk .

• Dependence upon Scarce Resou rces

1. The other developmen t r isk a t t r ibu te  is Dependence upon scarce V

resources. The tank truck concept and the baseline pipeline

I sys tem bot h scored 3 .5 ,  because of the po s s i b l e  dependence upon
welded stee l pipe and couplings for the pipeline system and a
veh icle manufacturer for the tank truck system. The mechanized
pipeline scored at 3.0 because of its more specialized equipment

I requirements. The hose scored the l owest at 2.5 because med i um
pressure fue l hoses have not yet been developed .

1 2. Major Attribute Category 
- 

System Resource Requirements
for  I ns ta l l a t ion

I s Transportability to Theater 
V

Three out of the four a t t i bu tes  in th is  major category are quanti-
f iable. An 0.0 to 4.0 (or 5.0) rat ing was ass i gned for them. The

[ total tons of equipment and pipe transport required for the four
systems is as fo l lows :

L . Baseline Pipeline System - 4 684 tons
• Mechanized Pipeline System - 6,116 tons
. Hose System - 1 ,517 tons
. Tank Truc k System - 3,309 tons

I 4

1 16 VL
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The transport requirements inc l ude the conduit and Installation

I equ i pment we ght for dedicated equi pment. Truc k company equip-
ment is assumed to be avai lable at location. The va l ues of the
tonnages were scored on a basis of 0.0 to 4.0 as shown In Fi gure
11 — 1.
_ _ _ _ _  -V V
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FIGURE 11— 1

[ RATI NG SCORE FUN CTI ON FOR TRA NSPORT TON RE QU IRE MENT S

I • Transport Requirements to S i t e

The truck-miles requ i red for pipeline ins tallations are as follows for[ the four concepts:

• Baseline Pipeline System - 16,700 truck-miles

L • Mechan i zed Pipeline System - 15,900 truck-mi les
• Hose System - 7,100 truck-mile s
• Tank Truck System - 0.0 truck-miles

El The truck-miles estimated for each system have been converted to a 0.0
to 5.0 rating range as Indicated in Figur e 11-2.

El
I
I
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FIGURE 11—2

RATING SCORE FUNCT I ON FOR INSTALLATION TRUC K-MILE REQUIREMENT S

I
• Manpower for Assembly V

[ The manpower requ i rements for pipeline assemb l y are measured in
total man hours , based on the addition of both Pipeline and
Termina l Operating Company and Truck Transport Company hours.

L 
The total assembly hours are as follows :

• Baselin e Pipeline System - 29,200 man-hoursF • Mechanized Pipeline System - 7,100 man-hours
• Hose System -2 ,700 man-hours
• Tank Truck System - 0 man-hours

V 

Fi gure 11-3 ind i cates how the manpower levels converted into
the 0.0 to 5.0 ratings.

I
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1. FiGURE 11— 3

RATIN G SCORE FUNCTION FOR INSTALLAT ION MANPOWER REQUIREMENTS

V 

- • Dependence Upon Special Equ i pmen t

The dependence of the installa tion on special equ i pment was scored sub-
V [ ~ jectively. The hose system is deemed the most flexib le of the four sys-

tems in terms of installation under adverse conditions or conditions
where equ i pment breakdowns occurred ; it~ scored a 4.0; The tank trucks

V 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 pipelay ing equipment (three mach i nes will be
in use with one spare available). The mechan i zed pipe line system rates

L. a 2.0.

T 3. Major Attribute Cate~ory - System Reliab i lity and Performance

The attribu tes In this major attribute category were al l rated subjective-
1 l y for each attribute categor~. Each attribute was rated on the 0.0 toL. 4.0 scale.

I
i 
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• 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 manua l , baseline pipeline system at 3.0. Because
the mechan i zed equipmen t depends upon relatively comp l ex machinery F
it was rated at 2.5.

• Degradation of Instal lation 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
insta llat ion rate under adverse conditions and were thus rated
at 3.5. The baseline pipeline system was rater lower at 3.0

I
V and the mechanized pipeline system was judged most susceptible

[ to adverse weather and terrain conditions and was thus rated at V

2.5.

1.
- 

• Operating Reliability

The operating reliability depends upon a number of factors in-
clud i ng 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 pipel ine systems scored at 3.3. The
hose system scored the lowest at 2.0 because of the increased

I number of pump stat ions and the greater possibili ty of hose
rupture.

• Mainta i nability

All of the systems scored relatively low on main tainability H
because of the nature of the system . The baseline pipe l ine
and tank truck systems scored the best at 2.8. The mechanized
pipeline system scored slightly l ower because of more effort

I required in rep l acing sect ions with the automatically locking
I coinpling . The hose scored the l owest at 2.0 because of the

greatest potential for problems due to wear and vanda lism.

[ • Safety

Total systems safety diffe r slightly among the systems. The
hose system would rate the best at 3.5, because of its ease in

Ii installation and the lower operating pressure i nvo l ved . The
baseflne pipeline system rated lowest at 2.8, because of all the
human l abor i nvolved during installat ion . The mechanized pipe-

I line and the tank truck systems both have counter balancing risk
fac tors (mac hi ner y In use versus truck movements) and were both
assessed at 3.0.

I
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V • Lifetime V

1. The tank truck system was rated at 3.0 because of the wear and V

tear effects placed upon the tank trucks within six months of
operat ion. The two sectioned stee l pipeline system scored a
top va l ue of 4.0 on lifetime. The hose system scored only 2.5
because It is believed that dynamic reactions of the hose to
pressure variat ions causes wear and abrasion to the point that
its useful life is not expected to be significantly longer than
the six-month dep l oyment period .

I • Vulnerability V

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

V and the hose rece i ved a s l ight l y lower score to re f lec t  increased V
vu lnerabil i ty .

• Reuseab ili ty

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 l i f e  and du rab i li t y  would
become a factor in the field). The baseline pi peline system
scored a 2.5. The mechanized p ipeline system scored a l ower

- - : value of 2.0 because of the problems of dealing w i t h  the locking
coup ling and its cleanliness requ i rements. V

• Manpower Requ i rements for Operation and Maintenance
a.

Both the pipeline concepts scored a top va l ue 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 l i fe  cycle costs because of the uncertainties in hose
_ and pipe prices, the basic costs were modified in two ways, and these
1 are reflected in Table 11-2 . Under both modifica tions hosing prices

were ra i sed about 18% as noted in Chapter 10 to reflec t contingencies
(to $10.00 ft. and $14.00/ft. for 6 and 8 inc h hose respectively). Pi pe
pr ces were lowered in accordance with the pipe pri ce var ia t ion  d iscussed
In Chapters 6 and 9. In the first modifi cation , the dec rease was 11.5%
and 16.5% for 8” and 6” pipe respectiv ely and in the second modific ation ,

~
- the decrease was 23% and 33% respective l y. The larger decrease is con-

V 4,, sistent with the 1976 price basis and a 39.4% pr i ce rise since then.
(See section on Procuremen t Program and Subcycle , Chapter 6.) The first

V modification , which used an average of the oriaina i basis and the in-
V - flated 1 976 price is utilized in a later tabu at ion . The Sensit ivi ty

- analysis in Table 11— 2 shows that even w i t h  uncertaint ies the hose sys
V tern has a cost advantage.

I 
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in the fina l step of ana ly s i s , t he a t t r ibu te  ratings in Table I l-I were
reduced to the numerica l summary vectors. To perform this step, the
various attributes for system reliability and performance were reduced
to a single rating va l ue. A similar reduction was performed for deve l-
opinent risk and system resource requirements. The equation for the

a developmen t risk index was;

• Deve lopmen t 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:

• Resource Requ i rements Index .15 x Transportabi l i ty  to Theater

+ .15 x Transportabi l i t y  Requirements.. to site

+ .625 x Manpower for Assemb l y

+ . 075 x Dependency on Special
Equ ipment

- .5 If Assemb l y flanpowe r Rating Very
Low

The equation was a weighted sum of the four attributes tha t emphasized
assembly manpower . The .5 penalty was in recognition of the issue tha t
any system with excessive manpower requirements during installation should

- be severely down-rated .

The onl y invo lved a t t r ibu te  reduction equation was for performance and 
V

reliability. Recognizing tha t there is a wide variation of performance
and reliability attributes for any system , severa l methods for computing
the overall rating were utilized . These are summarized in Table 11- 3 .
The first three methods , modified Phase I , Average , and new wei ght i ng

L represent total scores of the form.

y. a Z a . X ..
I J

where

y. = Overal l performance and reliability rating for alterna tive i

Rating on performance and reliability at t r ibu te  i for
alternative i
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and 

Z a = l

where 

.the a~ are weighting constants

• For the modified Phase I scheme, the aj are p ropor t ional to the we i ghts
in Phase I , except that some minor attributes are elimina ted .

For the averag i ng scheme,

- a. = .125 for all j
J

For the new weig hting (adjusted so that the 0.0 - 4.0 is mainta i ned )

a. = .18 75 for operating re l i ab i l i t y ,  ma in ta inab i l i t y  and
-~ manpower for operation and maintenance. 

V

a~ = .0675 for safety, lifetime , vulnerability V

a. a .125 for others
IV

V J

1
ii The new weighting reflects a modif ied 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 , a

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

V

Reliability of Installation : I point if less than 1~

Degradation of Installation Rate: 1 point if less than 3

I R e l i a b i l i t y  and Main ta inab i l i ty :  1 point for the mechanized system
4 points for hose

Lifetime: I point for hose
Reuseabi l i ty:  1 point for the mechanized system

I Operation and Maintenance Manpower: 1 point for hose
V 5 points for trucks

For the geometr i c ave ra gi n g scheme, the equation utilized was:

y 1 
— 11 X .~. or log y. = Eb. log X .~
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V 

where 11 represents products and V

.067 for safety, lifetime and vulnerability
V b . =
I J- 

.133 for others

- Upon examining the scores in Table 11-3, columns I to 5, the subjective V
assessed overall rating in column 6 was given to each system. The base-
line received the highest rating, as it was a reasonable performe r in all

- areas. The table also contains in parenthesis , values that the truc k
system would receive i f the operation and maintenance manpower requirement
problem did not exist. This issue is that the truck system is outstand ing
in performance and reliability except for this area. (There iS one area
whe re the latter system is deficient , and that is in the dependency on

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

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

V life cycle cost figures were based on the steel pr i ces as explained earlier
- in Section 1 1 .2  and modified in Chapter 6. The recommendations based on

Table 11-4 are discussed in the next two sections.

11.3 AN OVERALL UTIL ITY MEASUREMENT

Table 11-4 presents a listing of numerica l evaluations tha t can be used
directly by a decision maker. The table can be used in different ways.
One way is a wei ghting scheme to determine overall utility as formulated

- by the equation:

Z .  = ~~ C .U..

— 

I J I J

.1. where

V Z . = Overa l l  u t i l i t y  for a l t e rna t i ve

C . = Weigh t ing constan t incor porating decision maker ’s uti l i t y
-~ for a tt r ibu te ca tegory j.

U.. = Rating for attribute category j and a l t e rna t i ve  i

F
By grouping the weight ings used in the Phase I analysis (See Table 4-2), V

it is possible to get values of the C . ‘~e ight ing for the four major attri-

I bute categories: i

~~~~~~V i
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• Life cycle cost, C1 .32
- 

• Development Risk , C2 
— .08

V 

• System Resource Requ i rements , .28

• System Reliability and Performance, C4 .32

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.

t Y

. V V V 

V TT~ T
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FIGURE 11-4 V

RAT I NG SCORE FUNCT ION PROPOSED FOR TOTAL LIFE CYCLE COST
(ILLUSTRATIVE)

- 4. 
V
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UsIng the ratings of Figur e 11-4 and the aggregated scores for each of
the three other major attribute categories , the follow i ng scoring tab le

3. resulted .

- TABLE 11 — 5

j PHA SE Ii: TOTALLY WE I GHTED AND SCORED ANAL YS I S

Net
Tota l Life Dev. Sys. Resource Reliability & Wei ghted

- Cycle Cost Risk Requir ements Performance Score - -

Baseline Pipeline 2.1 3.9 0.5 4,0 2.14

J Mechanized Pipeline 1.8 2.8 2.6 3.5 2.6
H 1.

- 
Hose System 2.5 1.7 4.0 2.5 2.9

1. Tank Truck System 0.0 3.9 14.7 ~.5 2. 14

-- 
Weight .32 .08 .28 .32

Accord i ng to the scoring shown in Table Il -S . the highest score would qc’
to the hose system at 2.9 (out of 4.0). The nex t highest would be the

r mechan i zed pipeline at 2.6, and the base line pip eline system , the tank truck
L system would be lowest at 2.4.

V

11.4 CONCLUSION S AND RECOMMENDAT I ONS

The prob l em with the util i t y  equation techn i que has been that it is fre-
1 

quentl y difficul t to express a ut i l i t y  in equations , and the ma t hematics

L can obscure the actual trade-offs. A second method of eva l uation would
be subjective evaluation of Table 11-4 . In this manner , Table 11-4 would
represen t a fina l outpu t tha t the decision-make r should carefully eva l uate.

- Upon a subjective eva l uat ion , the following conclusions can be reached . -
V

1. The trucking alternative , although generally exc~ l 1en t in

r other areas, is simply too costly. However , this alterna-
1. tive should be used as back up under certain conditions.

2. The baseline alternative uses too much manpower. This was

1 known before this stud y was performed and the rating system
- corroborated th is  shortcoming in the area of systems resource

requ i rements.

L 3. GIven the unacceptability of trucks and the manua l p i peline
system , the cho i ce is between hosing and mechanized pipeline.
This choice invo l ves a utility trade-off. The hose system

L is less expensive and easier to lay down . (That is , it is
stronger in system resource requirements.) On the other hand ,
it i nvolves more development risk and rates a little lower in[ performance and reliability.
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L

Although performance and reliability are lower, there are some performance
and reliability attributes ,such as reliability of installa tion , degrada—
tion of installation rate, and reuseabil i-ty, for which the hos i ng system
is better.

Our own assessment was that under most decision-make r preferences , the
• hosing system should be the first choice. In particular , a decision—

I maker with low or moderate risk aversion would choose the hose system.
• Under these circumstances , performance and risk appear to be overcome by

V cost and system resource requirements advantages. In a practical sense,
the characteristics of the hose system would make it particularly ad-

V ‘ vantageous for the quick installa tion , short lifetime , systems that the
V 

Army is interested in. We wish to emphasize , however, that both systems I
- mer i t  consideration . I

- 
As has been emphasized in previous chapters , both systems would i nvolve

V technica l risk. An appropriate hose system still needs to be deve l oped .
For the mechanized pipelay ing sys~em, both a joint and machine must be 

-

developed . In view of the hig her risk for the hosing system, the recom-
V V mendation for the i mmediate future would be to direct research and toward

the actua l 300 psi hose. At a future date , the fina l suitability of this
concept can be reeva l uated .

- V F,

t 
~
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1. Cost Reference Guide for Construction Equi pmen t, 1 979 Edit ion V

2. R.L. Keeney and H. Ra i ffa , Decisions with Multip le —

Objectives , J. WIley , 1 976. -

3. Letter from W. Studebaker on Pumping Station Costs V

I 4. M ERA DCOM Cost Analysis Handbook 2nd Edition , U.S. Army Mobility 
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~~~~~~~~~~~

5. M i l i t a r y  Petroleum Pipel ine Systems , Headquarters , Department of
the Army ; Washington , D.C.; TM5-343; Februa ry 1 969.

6. Wayne E. Studebake r, Military Petroleum_Pipeline Systems, Report 2249,
U.S. Army Mobility Equ i pmen t Research and Developmen t Command ;
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7. Tables of Organization and Equipmen t

TOE lO-207H3 Petroleum Pipeline and Term i na l Operating Company
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V 1. U.S. Army Mobility Equipment Research and Development Command
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a. Oakley Produc ts Corporation (314) 781-5552 - -

b. Ardcor Division of American Roll Tooling, Inc (216)951-1200 -

c. Product Efficiency Co., In c. (716) 891-5664
d. Gif ford Hi l l  Company (509) 535— 1781
e. Yoder Company (216) 631-0520 V

4. Numerous Welding Vendors. These Included :

a. Thomson Genera l Corporation (617) 272-2900
b. Shrewsbury Eng ineering Co. (617) 342-5164
c. Suburban Welding Company (617) 881-3200
d. Welder ’s Supply Company (617) 272-0400
e. Thermatoo l Company (203) 357-1555
f. Texas Instruments , Inc. (617) 222—2800
g. U.S. Thermit , Inc . (201) 657-5781 
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