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MILITARY PETROLEUM PIPELINE SYSTEMS

l. SUMMARY

1. Sumnmary. Since first employed carly in World War 11, pipelines have served
a vitul role in the bulk distribution of fuel during every subsequent conflict involving
U.S. combat forces. Pipelines huve proven to be the most efficient meuns for over-
land transportation of large quantities of liquid hydrocarbon fuels. The present Army
capubility to instull, operate, und maintain petroleum pipelines is examined herein in
light of current commercial pipeline technology und projections of fuel consumption
for combat units in the cvent of future hostilities,

The vbjective of this investigation Is to provide a meusure of effectiveness for
and to determine the technlcal feasibility of alternative pipeline systems operating as
subsystems in a large logistical system for distribution of fuels in a theater of opera-
tions during wartime conditions, Desired improvements in the Military pipeline opera-
tional capubility include:

u.  More rapid construction (up to 30 kilometers per day).

B, Greater system rellability.

¢.  Reduced personnel requirements,
d.  Lower life cycle costs,

¢, Minimizing potential for fuel losses.

A broad array of pipe materials, pipe joining techniques, pumping equip-
ment, ancillary pipeline components, and system designs have been evaluated., The
findings reveal thut substantive improvements in the operational effectiveness of Mili-
tary pipelines can be achieved using aluminum pipe and self<latching mechanical
couplings in lieu of the existing Military stundard grooved-end steel pipe joined by
split-ring mechanical couplings and gaskets, This substitution will achieve the primary
goal of In¢reased constructlon rate with a reduction in manpower requirements. In
addition, the change in pipe material and construction methodology will result in
improved pipeline operational and maintenance chatacteristics,

The use of high-speed, medium-duty diesel engines at all pump stations is
essentinl to minimizing total life cycle costs for pineline systems, As fuel costs have

continued to rise, the high cfficlency of diesel ¢ngines has become the overriding
fuctor in thelr favor,

Two or more pump units, operating in serles, are needed at each booster
pump station to realize the maximum pipeline system mission reliability at the lowest
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overall cost. Equipment down time has o strong influence on mission reliability, Thus,
to reduce logistical support requirements and climinate excessive administrative down
time waiting Tor repair parts, all pipeline pumps should share engines with other high-
density items of equipment.

Except for special applications, flexible hosclines are nelther efficlent nor
cost effective for transporting large quantities of fuel. Hoselines should be considered
as u viable means for bulk distribution of fuels only if flexibility, high mobility, rupid
deployment and recovery, und frequent relocution are essential mission requirements.

t
b
iq
3
]

Development of un improved petroleum plpeline system should be
accompunied by improvements in tanker mooring and discharge systems and bulk
fuel storage facilities. The tactical commander's needs can be satisfled only if u com-

plete bulk fuel distribution system extends from tunkers moored off shore to the fuel
tanks of the tactical vehicles.

R e e T R

Il. INTRODUCTION

_ 2. Subject. This report contains the results of the system definition activities

conducted by MERADCOM during the evaluation of alternative techniques for con-

; struction of military petroleum pipelines us subsystems of bulk petroleum fuels distri-
bution systems in theaters-of-operation.

An Army reorguanization of the echelons above division was approved by the 4

Army Chief of Staff. The new doctrine climinated the fleld army and, consequently, 3

the fleld army support command from the organlzational structure., Inherent in this 5

teorganization were changes in responsibilities and changes in territorial organization '

\. which may affect bulk petroleum doctrine, organizations, equipment, and management :
: procedures,

The “*Special Analysis of Wheeled Vehicles (WHEELS)" study and a follow-
on study, “Recommended Vehicle Adjustment Number 9 (REVA-9) (Expanded)”
recommended reductions in the number of vehieles, including bulk petroleum vehicles,

i
-enL,

orgunic to the armored, infantry, and mechanized (AIM) divisions and nondivision
units. The WHEELS study and REVA-9 (Expanded) study covered vehicle require. I
ments by TOE organization but did not address doctrine, organizations, materiel k

requirements, and management procedures for effective bulk petroleum supply and
distribution in the theater-of-operations,

In the event of uny military conflict within the foreseeable future involving
a significant commitment of combat forces in conventional warfare, immense quanti- 1
ties of liquid hydrocarbon fuels will be required to support combat operations. The k
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theater army is normally assigned the responsibility to provide and operate the theater
petroleum distribution system in support of all U.S. torces und other authorized con-
sumers operating in a theater-of-operations.  This includes inland waterway and intra-
hurbor movement of bulk fuel supplies. As a result of the increased consumption of
fuels, the demund for trunsporting fuels has outgrown the capability of existing bulk
fuel distribution systems,

The Adjutant General, Department of the Army, by a letter directive dated
6 Junuary 1975, directed the U.S. Army Truining and Doctrine Command
(USATRADOC) to conduct 4 study to determine the adequacy of current doctrine,
orgunizations, equipment, and management procedures to provide petroleum storage
and distribution within theaters-of-operation and, where appropriate, to recommend
necessary changes in doctrine, organization, equipment, and management procedutes.
By Indorsement to the DA letter directive, Headquarters, TRADOC designated the U.S.
Army Logistic Center (USALOGC), Fort Lee, Virginia as the activity to perform the
study. The responsibility was further delegated to the U.S. Army Quartermaster
School, Fort Lee, Virginia. The tesults of that study are contained In the U.S. Army
Quartermaster School Final Report, “Bulk Petroleum Fuels in u Theater of Opera-
tions," June 1977 (Volume I, Executive Summary and Main Report, and Volume II,
Appendixes). The results of this investigation of alternative pipeline concepts and con-

struction techniques are Intended to supplement the findings of the Quurtermaster
School study.

3. Background. Liquid hydrocurbon fuels were initially used by military forces
in small quantities, These limited quuntities of fuel were shipped and stored in 5-gallon
cans and 55-gullon drums employing the same logistical support procedures used for
distribution of other puckuged products,

The advent of mechanized military forces substantially increased the quanti-
ties of fuels consumed in a theuter-of-operation, Distributicn and storage of fuels as
packaged products in sufficient quuntitivs to meet the increasing demand placed an
undue burden on the logistical system. Use of tunk trucks and railroad tank cars pro-
vided some relief in the number of cuns and drums that had to be handled. The rapid
advances [n the mechanization of our Armmed Forces, however, resulted in the con-
sumption of liquid hydrocarbon fuels in quantities which exceeded reasonable expecs
tution for distribution of fuels as puckaged products using the then existing loglsticul
supply systems.  As a result, pipelines were first used by the military for bulk fuels
distribution soon after the United States entered World War [1.

Prior to the entry of the United States into World War 11, the Shell Oil

Company submitted to the War Departiment & proposal for a lightweight grooved-end
steel pipe and bolted-coupling pipeline system that was casily assembled by hand.
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This ptoposal received little attention because of a general disinterest in military
petroleum pipelines and sutisfaction with existing methods of fuel distribution. It was
not until 1942 that the War Depurtment estublished a policy for use of pipelines tor
distribution of gasoline in support of combat operations. The pipeline concepts and
construction technigues adopted during World War 11 were essentially those proposed
by Shell Oil Company and are still in effect today,

Documentation of events surrounding the use of coupled pipelines during
World War II, the Korean War, and the Vietnam Conflict indicates a wide range of
problems. Despite these probiems, the evidence shows pipelines to be un effective
moede for overland transportation of large quantities of liquid fuels,

Although the use of plastic, composite, und aluminum pipelines by Industry
has increased significantly in recent years, welded steel pipelines still dominate the
commercial pipeline Industry, The quality of 4 welded steel pipeline is determined by
the quality of the welds, Pipeline welding is u difficult and rigorous task where perfec-
tion is required to produce u reliable pipeline. Civiliun pipeline welders are usually men
of exceptional skill who have achieved a high degree of proficiency through training
and extensive experience. They maintain their high-level proficiency through continu-
ous fleld practice. Lucking continuing requirements for construction of welded stecl
pipelines, it Is impossible for the Army to develop and maintain an adequate crew of
qualified welders. Even it an udequate number of qualified welders were available,
the maximum possible rate of construction using munual pipeline welding techniques
would be too slow to support the tactical operations of today's highly mobile military
forces.

In 1957, the Army Initiated uction on u development program for an auto-
matic plpeline girth welding muchine, A luboratury model of a high-frequency,
induction-pressure welding machine developed under this program achieved lmited
success. On 4 January 1960, however, the Office, Chief of Engineers directed that
work on the automatic girth welder be terminated on the basis that studies revealed no
requirement for welded pipolines for overlund transportation of fuels. A subsequent
study conducted by the Combat Development Group of the Engineer School, at the
direetion of the Chiel of Engineers, recommended acceleruted development of an auto-
matic pipeline welder for high-pressure pipeline of 8- und 12-inch diameters.

In late 1901, an experimental mobile pipe mill developed by Industry was
uscd to construct 30 miles of 8-inch product pipeline. This mill fubricated high-pressure,
longitudinally welded steel pipe.  The pipe was produced in long lengths us the self-
propelled, self-contuined mill moved along the pipeline right-ofsway, Army observers
were impressed with the potential construction enpability of the moblle pipe mill con-
cept.  After projected construction capabilitics were compared, the mobile pipe mill
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wis considered to have greater militury potential than the automatic girth welder, As
a result, all work on the automatic girth welder was terminated and a development pro-
gram for a mobile pipe mill was initiated on 17 August 1962,

An extensive investigation of the mobile pipe mill was conducted while
monitoring of the operution of the prototype mobile pipe mill developed by Industry
continued. An Engineering Feusibility Study revealed mujor problems with production
rate, operability, reliubility, maintsinability, maneuverabllity, transportability, and
safety, The ability to produce good longitudinal welds was considered critical to the
success of u mobile pipe mill, ‘A detailed welding study recommended the addition of
a4 weld-normalizing process. The additional power and equipment required for
normalizing would Increase the size and complexity of the mill making it improbable
that the desired performance could be achieved. On this busls, MERADCOM recom-
mended termination of the mobile pipe mill development task und was directed to

initlate a study program to determine the most advantageous militury POL pipeline
construction technique,

Following termination of the mobile pipe mill development program,

" MERADCOM began investiguting alternative methods and materials for pipetine con-

struction. From this Investigation, fleld fabrication of composite pipe emerged us o
voneept meriting further exumination, A feasibllity study conducted for MERADCOM
by the Materinls Engineering Division, Feltmun Research Laboratory, Pleatinny Arsenal
concluded flicld fubricution of composite pipe could be accomplished by wrapping
multiple plies of resin<impregnated fibergluss, woven cloth tupe and curing the tesin
with high-intensity ultraviolet light, Subsequent research in this area has indicated that
Improved resin cure mechuanisms and a mandrel for a continuous wrapping process
must be developed before field fubrication of composite pipe can be considered a
viuble approach for military pipeline construction. A critical factor In demonstrating
the military sultability of ficld-fabricated composite pipe, or any other method of pipe-
line construction, is the ubility to uchieve un acceptable rate of construction,

During this same time period, the Combat Operations Research Group
(CORG) of Technicul Operations, Ine. was conducting a study for the U.S, Army
Combat Developmenrt Command Enginecer Agency to identify bulk petroleum distri-
butlon systems that would be ¢ffective in all lovels of warfare, The CORG study,
Bulk Petroleum Fucilitles and Systems (BPFS). involved an extensive analysis of a large
numbet of candidate pipe materials, joining methods, pumping units, storage tanks,
and mooring equipment, resulting in o recommended Army bulk petrofeum system for
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the 1975 time frame.™  However, materiel development requirement documents
authorizing development of recommended new items were never approved.

Phis wvestigation includes reassessing many ol the pipeling companents and
system coneepts evaluated by CORG. Data from the BPFS study are utilized herein
to the extent possible. Noew developments in technology are Incorporated where uppli-
cuble.  The rapid rise of costs since 1967-1969 when the BPFS study was conducted
hus required substantinl updating of the cost duta. In addition, this analysis is based on
different operational scenarios rellecting current projections of future military fuel
requirements,

4. Statement of Problem. The objective of this investigation Is to provide a
measure of effectiveness and determine the technical feasibility of alternative pipeline
systems as a subsystem of a logistical system for overland trunsportation of bulk liquid
hydrocurbon tucls by military troops in a theater-ofsoperations under wurtime con-
ditlons. The results of this study are intended to identify u plpeline systems concept
that, to the extent possible, will:

& Maximize the system roliability where system reliability Is defined as
the probubility that a quantity of fuel equal to the minimum duily consumption cen be
transferred from a port of entry to the bulk distribution breakdown point.

! R. Stnley LaValee ot al; Bulk Petrolewm Facilities and Systems (BPFS) - 1970-1988, Phase |: 1970-1978, Main
Report, Combat Operations Rexcarch Group, Technlcul Operations, Ine.; Alexandria, Vieginia; Novembor 1968,

: Lidward W. King; Bulk Petroleum bacilitics aund Systems (BPES) — 1970:1988, Phase |: 1970-1978, Annex A,
Historical and Doctrinal Review, Combui Operations Resvarch Group, Technleal Operatlons, Ine; Alexandria,
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b, Maximize the rate of construction to provide the capability to advance
the pipchead us ripidly as possible, at rates up to 30 kilometers (18,0 miles) per day.

¢, Minimize the number of personnel, skill levels, and tralning required for
pipeline construction, operation, und maintenance of military petroleum pipelines,

d.  Minimize the total life cycle cost for a complete pipeline system.

¢.  Minimize the potential for fuel losses due to naturul disasters, hostile
action, pilferage, contuminution, and administrative hundling errors.

. INVESTIGATION

§.  Methodology. This section describes the procedures, assumptions, cons
straints, und scenarios established as a basis for comparison of candidate pipeline com-
ponents and synthesized systems, The first step in the unalysis process, illussrated in
Figure 1, Is evaluation of the major components included in an integrated pipeline sys-
tem, These components analyses provide the basis for selection of components during
the synthesis of pipeline systems for systems evaluation. The results of the reliability
und technological risk nssessments arc considered In evaluating the cost and operational
effectiveness of the candidate systems,

a.  Assumptions. For the purpose of this investigation, the following
ussumptions ure applicable unless otherwise stated herein,

(1) All performunce characteristics shall be based on standard atmo-
sphere conditions,

(2) All pipelines shall be used to handle multiple products using con.
ventional batching procedures. The product mix shall consist of 20 percent motor
gusoline, 30 percent diesel fuel, und 50 percent jet fuel (JI-4). All flow characteristics
shall be bused on the heaviest fuel which is diesel having a specific gravity (SP GR)
of 0.8448,10

(3) Each candidate pump station wil] include a manifold of the same
basic design used in the Army Facilities Components System (AFCS). Changes to the
standard manifold designs will be made to adapt the pressure rating of the manifold
to the requirements of each particular pump station concept.

10 Military Petroleunt Pipeling System, Departmont of tho Army Techinical Manual, TM 5.343; February 1969;
P62,
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Figure |, Schematic diagram of analysis procedure.

b. Constraints. Unless otherwise stated herein, the following constraints
ure applicable throughout this investigution:

(1) Construction, operation, and maintenance of all pipeline candi-

dates must be possible under environmental conditions specified in AR 70.38 for cli-
mutic categories | through 7,

(2) The nominal diameter of all cundidate pipelines shall be 4, 6, or

8 inches. Use of multiple parailel lines to obtuln the required throughput capability is
permissible,
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{3) All pipeline components, uil materials, and any special items of
equipment required for pipeline construction and/or maintenanee shall be  air-
transportable by C-1 30 uircraft,

¢.  Scenarlos., Two hypothetical missions are defined in the following
puragraphs to provide a4 common busis for comparison of candidute components and
alternative systems. These scenarios are gencral In nature reflecting various operutional
requirements that could occur in numerous locutions throughout the world, No
uttempt has been made to develop mission profiles representative of specific threats,

{1) Scenario | — Ninety-doy conflict. U.S. troops ure deployed by uir
into a foreign objective area 100 miles inland from un availuble port of entry. Deploy-
ment of additiona!l personnel und equipment into the same arca continues until day +40,

The inltial elements deployed urrive with sufficient supplies, in«
cluding fuel, to sustuin operutions for 3 days. Beyond day +3, all fuel is brought
forward by airlift and/or 5,000-gullon tunk trucks from an existing commercial marine
terminal at the port-ofsentry 100 miles away until u pipeline can be installed.

To expedite instaliation. the plpeline Is lald along the most direct
route possible utilizing road ditches, railroud right-of-ways, stream beds, ete., through
arcas where gruding would otherwise be required.  The resulting pipeline profile is
defined {n Tuble 1 und Figure 2. This pipeline profile is intended to reflect the major
changes In elevation which impact on pipeline system design, No attempt has been

made to include minor undulations in elevation which have little effect on pipeline
design or performance.

Table |, Pipeline Profile for Scenarlo |

Distunce from Marine Terminal Elevation Above* Murine Terminal

(miles) (feet)
0 0

10 100
20 400
30 800
40 1300
$0 2000
60 3000
70 1500
80 500
90 400
100 400

® Profile s assumed to have o constuat slope between elevations shown,
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Figure 2. Pipeline profile for Scenario 1. %

The pipeline runs through neutral territory, Subotage by guerril
action und pilferage nre constant problems,

oy

The daily fuel consumption in the objective arca increases at a
relatively steady rate from day +1 to day +40, The daily fuel requirements are con-
stunt from dny +40 through day +90. The available commercial marine terminal at the

; b

port of entry has adequate mooring fucilities and storage capacity to ussure u constant !
supply of fuel to the pipeline.  Actual daily fuel requirements are shown in Table 2 ;
and Figure 3,

A political settlement is reached 90 days after the initial deploy-
ment of troops und 4 cease-fire goes into effect, All U.S. forces are withdrawn; how-

ever, the pipeline is left in place to be maintained by Indigenous forces pending the
1 potentlal outbreak of further hostilities.

g A Adbimili e SO

(2) Scenariv I ~ Established Theater-of-Operations. Forces are
operating in an established theater-of-operations. The primary port-of-entry for fuel
_ hus been destroyed by enemy action creating u need to construct a pipeline to supply
' fuel from un ulternate port-of-entry 100 miles from an intermediate storage terminal,

All pipes, pumps, and ancillary items required for installation of
the pipeline are available from resources stockpiled in-country. The new pipeline route .
is over gentle rolling terrain which cun be cleared adequately for pipeline construction
by not more thun two pusses with o bulldozer. The chunge in elevation is ussumed to

be u constant gradient rising 500 feet (8 feet per mile) from the port-of-entry to the
intermediute storage terminal,
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Table 2. Daily Fuel Consumption  Scenario |

Day Daily Consumption Cumulative Total
Giallons/Duy Burrels/Duy _(Barrels)
| thru 3 0 0 0
9 4,200 100 100
5 4,200 100 200
6 192,990 4,595 4,795
7 thru 9 226,170 5,385 20,950
10 298,200 7,100 28,050
11 313,320 7,460 35,510
12 435,750 10,375 45885
13 435,750 10,375 56,260
14 thru 19 477330 11,368 124,450
20 thru 24 605,22 14410 196,500
2§ thru 29 708,330 16,865 280,825
30 786,450 18,725 299,550
31 thru 33 869,820 20,710 361,680
34 942,060 22430 384,110
35 934,710 22,255 406,365
Jo thru 38 1,070,370 25,485 482,820
39 thru 54 1,128,540 20,870 916,740
55 thru End 1,160,040 27,620 2,183,200

The alternative pipeline systems are designed to deliver un averuge
of 35,000 barrels of fuel dully when operating 23 hours per duy.

The pipeline will be used to support military operations for a
period of' 3 years,

6.  Pipeline Operation. A military bulk petroleum fucls distribution system in a
theater-of-operutions consists of un array of equipment and fuctlities. When U.S, forees
are first deployed into an objective area. the distribution system will be very simple
and will grow as the campalgn develops. PFigure 4 llustrates. In schemuatic form, the
type of fuchlities which might be found in a theater of operations which has developed
sutticiently to provide stubility In rear areus. The complexity of the distribution

system and the amount of equipment involved will vary with the size of the ¢combat
force being supported.

A shipsto-shore fucility I8 required to transfer fuel from tunkers moored off-
shore to the onshore facllities, In protected waters, the ship-to-shore fuctlity may be a
pipeline lald out onto a jetty where the tanker {s berthed alongside. In unprotected
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Figure 3. Dully fuel consumption - Scenario 1,

waters, the ship must be moored some distunce off the beuch using a multileg or single-
point mooring ftucility. In such cases, the fuel must be trunsferred ashore through a
Noating hoseline, u submarine hoseline, or a bottom-laid pipeline. Pumps aboard the
tanker provide the pressure to push the fuel to the shoreline. Although this study dovs
not directly address the technical uspects of construction, operation, und maintenance
of ship-to-shore facilities, much of the informution reluting to pipe und pipe-joining
techniques may be applicable to offshore systems, It must be recognized, however, the
criteria for selecting the best technical approach for offshore pipelines are significantly

different from that for onshore pipelines. The need for offshore fucilities is discussed
In Appendix A 1o this report,

The fuel Is delivered from the ship-toshore facility to a marine terminal
storuge facility or base terminal. The ship-to-shore pipeline will be connected to the
marine terminal manifold, All storage tanks within the marine terminal will be inter-
connected 1o this munifold by pipelines so that fuel may be transferred from the
tanker directly to any of the storage tanks. This switching manifold ulso provides the
cupability to transfer fuel between tanks within the marine terminal and to detiver fuel

to pipelines extending inland. Flood and transfer pumps are installed in the switching
manifold for this purpose.
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The total storage capacity  required
lotal amount of fuel require
mnber of other factors,

dba marine terminal depends on the
dto support operations within the theater as well as i
e required storage capacity may be obtaine
coninercial storage favitities, bolted or welded steel tanks, collapsible self-supporting
Fabriv tanks, or husty storuge reservoirs. For the purpose of this study (¢ Is assumed
that adequate storuge can be provided. This study does consider the pipe required for
the switching manifold and for interconnecting the tanks.

dusing existing

Fuel is transferred inland from a marine termingl by pipeline to Intermediate
or pipehead storage terminals. Functionally, these storage facilities are essentially the
same as marine terminals, Intermediate terminals are generally located where brunch
pipelines leave the main line and where fuel must be distributed to users, The pipe.
head storuge teeminal s located at the end of the pipeline, A pipehead terminal will
become an intermediate terminal if the pipeline is extended. In all cases, the storage
capacity at a pipeline termina js g function of combat support requirements,

Typically, military pipelines have been classified dceording to use as three
general types: assault, tactical, und logistica),

An assault system is installeg rupidly to provide
forces during fust moving assault operutions, Used as an expedient means to satisfy
rapidly changing situations, assault systems are temporary fucilities, The Hoseline Out-
fit, 4-inch, FSN 3835-892-5157, consisting of' 13,000 feet of 4-inch collapsiblc hoge, u
booster pump, and ancillary items including valves, fittings, a repair kit, u pucking kit,
ete., is the only system the Army hus stundardized for this purpose,

fuel to advancing combat

A tactical pipeling system may be temporary or semipermanent and s
empluced rapidly to maintain the pipe head as close as possible to udvancing forees,
In general, o tucticul system requires more effort and time to emplace than an assault
system but provides the capability to hundle larger quantities of fuel, Employing cur-

rent Army doctrine, mechunically coupled lightweight stee! tubing would be used for
tactical pipelines,

Logistical systems ure more permane
quuntities of fuels within stabilized areas,
welded steel pipeline installed by a civilian p

nt pipelines designed to transfer lurge
At present, a logistical system would be 4
ipeline construction compaty.

This study reviews a wide variety of pipe materials and construction tech-
niques seeking improved means for sutislying the Army’s needs for agsault, tactical, und
logisticul systems. Hosclines und pipelines of various diametors and pumps of varying

capacitles are considered in relation to the range of fuel quantities that may be
required.
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1. Classes of Pumps, Pumping units are critical elements in all fuel distri-
bution systems providing the power to move the fuel through the pipelines, to trans-
fer tuel between tanks, and for dispensing fuels. A bulk distribution system of the
type illustrated in Figure 4 will include a variety of pumping requirements depending
on many factors. For the purpose of this study, all pumping units are considered to
fall within two general classes: flood-and-transfer pumps and booster pumps.

(1) Flood-and-Transfer Pumps. Included in this cluss of pumps are
those pumping units frequently teferred to as flood pumps, transfer pumps, feeder
pumps, or supply pumps,. Flood-and-transfer pumps are normally Installed in storage
terminal switching manifolds where they serve a vaniety of functions. In general, they
are used to transfer fuel into. within, and out of storage terminals. In support of a
pipeline operation, s flood-and-transfer pump draws fuel from storage tanks and
delivers the fuel to the first pipeline booster putping station providing the required
manifold suction pressure. Typleally, flood-und-transfer pumps are high-capucity,
low-head pumps designed to operate without a positive pressure at the pump inlet
(suction). In addition, flood-and-transfer pumps are normally self-priming after initial
charging of the case with liquid.

(2) Booster Pumps, Booster pumps, sometimes referred to as main-
line or trunkline pumps, provide the pressure to maintain flow through the pipeline.
When more than one booster pump is located at u booster pumping station, the pumps
are usually locuted udjacent to each other In a manifold which may connect the pump
suction and dischurge lines in parallel or series. Booster pumps are high-capucity, high-
head pumps und normally require a positive pressure at the pump inlet (suction).

b. Method of Operation, The type und amount of equipment required st
a pumping station varies depending on the method of operation, There are three basic
methods of pipeline operution: tight-line, fout-tankage, and regulation tankage.

(1) Tightline Operation. The fuel distribution system i'lustrated in
Figure 4 dopicts tightline pipeline operations between the marine ternunal and the
intermediate storuge terminal and between the intermediate storage terminal and the
pipehead storage terminal, At cach booster pumping station, the receiving pipeline is
connected directly to the inlet of the booster station manifold as shown in Figure §.
This is the most complex method of pipeline operation becuuse it requires exuact co-
ordination of all pumping units along the pipeline between storage terminals,

(2) Float-Tanknge Operation. Using the float-tankage method of pipe-
line operation cuch pumping stution draws fuel directly from storage tunks located at
the pumping station site, At the next pumping station the fucl i discharged from the
incoming pipeline directly into storage tanks. The float tunkuge method of operation,
fllustruted in Figure 6. allows vach pipeline segment to operate independently, The
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Figure 8. Tightline pipeline operation.
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Figure 6, Float-tankege pipeline operation

only requirement for coordination between pumping stations is for the receiving sta-

tion to monitor the incoming flow to insure that the fuel being recelved is directed into
the proper storuge tunks.

(3) Regulation Tankage Operation. A pipeline operated using the
regulution tankage mcthod shares some common characteristics with both the tight-
line and flont-tankage methods of operation. As in a tight-line operation, the pipeline
coming into a regulation tankage pumping station is connected dir=ctly to the inlet of
the pumping station manifold, However, as itlustrated in Figure 7, an open tine from
the incoming pipeline is also connected to a storage tunk as in a float-tunkage opera-
tion. Using the regulation tankage method of operation, all pumping stations are
operated simultuncously at or nedr the same flow rate, The storuge tank at each
booster pumping station allows u slight varlation in flow rates between udjacent
pumping stations. [t ulso ullows brief periods of interruption of operation of any pipe-
line segment without affecting the operation of the other pumping stations. Since the
storuge cupacity of the regulation tankage at cach pumping station normally would
be small, the average flow rate of cach pumping station between two mujor storuge
terminals must be upproximately the same over uny extended period of operation.

Otherwise, one pumplag station will require all pumping stations to adjust thelr
pumping rate or shutdown,
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Figure 7, Regulation tankage pipeline vperation.

Certuin udvuntages and disadvantages are inherent to each method of
pipeline operution, However, the influence each of the generul characteristics has on
the suitability of a method of opcration for a particular application is tempered by
numerous factors, The National Security Industrial Assoclation (NSIA) trude-off
technique is used to compare the suitability ol the three methods for military pipeline
operations, (A detuiled description of the application of the NSIA trade-off technlque
is contuined in Appendix B). The factors considered in this evaluation are shown in
Tables 3, 4, and 5 with the relative weighting und ruting vulues assigned for each factor.

Table 3. Lvaluytion of TI!Inllm.l Method of Pipeline Operation

Patnmotors Conslderations Relative Basic Rating Adjusted Valuea
Welahting ___Undusirable Desirable — Undesirable  Deslruble
LEquipment Reguired Pump Units ] +70 +210
Storage Tanks K} +70 +210
Installution Munpower 3 +90 +270
Skil) Leveln 4 +70 +240
Equipmont 2 +50 +100
Time $ +100 +500
Qperation Manpower k! +70 +210
Skitl Level 4 <70 =280
Throughput ) -850 <280
Capueity
Cummingling 4 +70 + 281
1-ued Luoskes 1 +10 +10
Salety 1 <30 -0
Communleation ] =50 80
Maintenunce Munpower 4 +10 +30
Shell Levels 3 +10 +10
Fquipment 2 +20 +30
Tolals 48 510 +2130

Net Value = 2130610 = 520
Averdpe Net Value = [520/48 = +31,7




Table 4. Evaluation of Float<Tankage Method of Pipeline Operation
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Purameters Considerations vlative Basic Rating Adjusted Values
Weighting Undesirable Desiruble — Undesipable Desituble ‘
| Equipment Required Pupip Umts 3 <) 90
5 Storage Lanks 3 «30 =90
; Inatullution Munpower 3 <30 90 R
3 ! Skill Levals 4 =30 . -120 .
: Equipment 2 <10 20
B ' Time s =70 150
E: Opetation Mnnpowur.' 3 30 =180 .
: Skill Level 4 +70 +280
B Throughput § +100 +500
Capacity
& Commingling 4 =70 -280
i Fuvl Lossos | =10 «10
. Sufety | +50 +50
A Communleations 1 +70 +70
iy Maintenance Manpowar 4 «30 120
o Skill Levels 3 -10 =30
b Lquipment 3 -10 20
; 3 Totaly 48 1370 +900
- Net Value = 900 - 1370 = 470 :
- Avorage Not Valug » <470/48 = 9.8 3
3 f
s Tablo 8, Evaluatlon of Regulation Tunkuge Method of Plgeline Operution
¢ Parametors Considerationa Relutive Basle Rullng Adjusted Values E
F Weighting  Undostrably Donirably ~ Undesirable  Dusituble j
- Equipment Required  Pump Units 3 +10 +10 ]
Storage Tanks 3 10 +30 ;
: Installution Munpowet 3 +10 +30
Y Skill Levels 4 «30 -120
B . quipment 2 -10 -0
Time s +30 +150
4 Operation Munpower 3 =30 =80 )
Skill Levels 4 +20 +80
i Thraughput 4 +50 +250 4
b Capuclty
: ’ Commingling 4 -50 <200
f: 1-uel Lossos | -1 o0
3 Safuty ] +50 +50 ;
A Communientions l <30 <30 b
Y oL S
: Maintenunce Muanpowaer 4 -10 40 - 1
; Shell Lovels k| =10 -30 7
K Equipment _3__ +0
3 Totuls 48 -$40 +620 :
4 Not Valuo = +620 - $40 » + 80 ,
. Averugo Not Value = +B0/4B = +1.7 :
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Equipment requirements at the first pipeline booster pumping station is
virtwally the same for all methods of pipeline operation. A tlood-and-transter pump is
required to draw fuel from the storage terminal and deliver the fuel to the booster
pumping station manifold at the required suction pressure, The booster pumping
statlon must include o sufficient number of booster pumps to develop the required
puimping station dischurge pressure,

In 4 Moat-tankuge pipeling operation every booster pumping station ls
essentlatly u smull intermediate storage terminal, Thus, every booster station requires
virtually the sume amount of cquipment as is required at an intermediate storage
terminal except the total storuge capacity may be less, In some applications, it is
possible that the storuge cupucity availuble at booster pumping stations may permit
some reduction in the storage cupucity required at marine, Intermediate, and pipehead
storuge terminals, However, since storage tunks, switching manifolds, flood-and-trunsfer
pumps, and booster pumps are required ut every booster pumping station, the float-
tankuge method of pipeline operation requires the greutest amount of equipment.

Thus, from an cquipment stundpoint, the flout-tunkage method of operation is the
least desirable approuch.

By contrast. the tight-line method of pipeline opetution s the most
desirable approuch becuuse it roquires the leust umount of equipment. Since each
booster pumping station manifold receives fuel from the Incoming pipeline at the
requited suction pressure, u tightdine booster pumping station consists of the number
of booster pumps necessary to develop the required pumping station discharge pressure
plus the interconnecting munifold. Requiring no storuge tanks at the booster stations,
the totul storage capucity in a tight-line pipeline is that required at marine, intermedi-
ute, and pipchead storuge terminals. Flood-and-transfer pumps are required only at the
storage torminals, In some cuses it may be desirable to have stundby pumps at cach
booster stution to improve the system reliability, Evon in this event, the total equip-
ment will be less than for either of the two other methods of operation.

In u rogulution tankage pipeline operution, the amount of equip-
ment required Is a function of the desired flexibility of operation. 1f very limited
storage capucity Is provided at cach booster pumping stution, the amount of equipment
required Is minimized at the expense of operationul flexibility. Increusing the storage
cupacity at euch booster pumping station provides greuter flexibility of operation.
When minimum storage is used at cuch boostor pumping station, the float-tunkage
method of operation s not appreciubly different from a tight-line operation. At the
other extreme, if the storage capacity at esch booster pumping station in a regulation
tunkage pipeline operation Is large, the equipment requirements and operational
flexibility approaches thut of a float-tankage opurution. Because the system can be
tullored to the requirements of the individual situation, the advantages of the regula-

tion tankage method of operation are considered to marginally outweigh the
disadvantages,
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For military applications where rapid rates of construction are required,
the tight-line method of pipueline operation is highly duesirable because the required con-
struction eftort is minimized.  Further, the tightline method of operation requires

little, iFany, construction equipment for installation, On the same busts, instatlation ol

u Roat-tankage pipeline system will require the greatest umount of construction effort
and support equipment since Instullation of uny significant umount of storage fucilitios
requires u substantial construction eftort. If self-contained pump-engine units are used,
the pumps require low skill levels for installution. Collapsible self-supporting tanks can
be installed by relatively untrained personnel.  Any other type of storage has the
undesirable feature thut some special skills und truining are required to produce a satls-
fuctory fuel containet,

On the basis of installotion fuctors, the tight-line method of operation
is highly desirable because pump statlons can be installed quickly, Aguin, the Noat-
tankage method of operation is the least desirable upprouch beeause of the time required
for instulling storuge tanks.

Manpower requirements are the greatest for u (loat-tunkuge operation
since operation of cuch pump station requires the operation of a tank furm. Since this
upproach allows the greatest flexibility in operation, the skill levels required are not us
stringent,  Only u few people ure required to operate a pipeline using the tight-line
method.  However, because every pump station must operate in exact coordination
with all other pump stations, operating poersonnel must be well trained in pipeline
operating procedures, A disudvantuge of the tight-line method of operation is that
cach ltom of equipment must have high reliability to Insure an acceptable system avail
ubllity if the required throughput approuches the design dellvery capucity of the
system. The most obvious method of reducing reliability requirements for individual
items of equipment is to use regulution or float tankage, Another alternative is to
increase the maximum throughput cupacity of the system so that the total demand can
be delivered with the system operating at less than optimum performance and allowing
more systom downtinme, Component and system reliability s examined more fully in
subsequent sections of this report,

When batching Is used to deliver severul products through u single
pipeline, commingling of the fuels at the interfuces between butches ulways oceurs,
The tightline method of operation minimizes the commingling problem since, for cach
bateh, only one interfuce must by cut out along the entire length of the pipeline.
When float-tunkage Is used a new interfuce s introduced to the pipeline at each
pumping station und must be cut out when the fuel is recelved into tunkage at the next
pumpling station, Thus, the flout-tankage method of operation results in substantially
more commingling thun in a tight-line operation, Also, each pumping station must
huve sepurate tankage for euch type of fuel being handled,
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When the regulation-tunkuge method of operation is used only one
interface per bateh is required between storage terminals.  Variations in flow rates
between adjucent pipeline segments will result in fuel being discharged into or drawn
from the tunkage at cach booster pumping station, Thus, cach pumping station must
have separate storage for each type of fuel handled. When an interfuce passes through
u booster pumping station, the valving in the tankuge manifold must be switched to
direct the flow Into u tank containing the sume type of fuel as that passing through the
pipeline. At best, this method of operation will result in more commingling than a
tight-line operation.

The tightline method of pipeline operation minimizes vapotization
losses since the fuel Is maointained under a positive pressure ut all times when in the
pipeline, The flout-tankage method of pipeling operation creates losses due to the con-
stant breathing of tanks as the fuel is pumped In and out of the tanks at each pumping
station. The loss of fucl Is small when regulation tankage is used since only a small
purt of the fuel enters the tankage at cach pump station.

In a tight-line pipeline operation, all pumping units along the pipeline
ure effectively in serics. Thus, the pressure in the pipeline at any point la equal to the
sum of the pressure rise across cuch pump unit upstream less all fluid friction losses
oveurring upstream from the point in question. If the downstream end of the pipeline
is blocked by closing a valve or other means of stopping flow, the fluid friction losses
are zero resulting in the pressure in the pipeline being equal to the summation of the
pressure rise across all upstream pump units, If o line blockage were to oceur while all
pump unlits ure operating, the pressure in the downstream end of the pipeline would
exceed the burst pressure of the pipuline unless adequate overpressure controls are
included in the system. To avoid this problem, each pump unit must be equipped with
an automatic pressure control to shut down cach pump unit in the event the discharge
pressure exceeds n predetermined level.  In uddition, pressure relief valves should be
included in the pipeline to relleve any excess pressure in the event the pump units
fuiled to shut down should an overpressure condition oceur,

In the float-tunkoge method of operation, the pipeline is open to the
atmosphere (through o tank) where the pipeline enters cach pumping statlon. There-
fore. the maximum pressure to which the pipeline may be subjected, neglecting water-
hammer and other transient conditions, is the maximum discharge pressure one
pumping station can develop plus any additional pressure resulting from varlations in
clevation, With the exception of cuses where extreme changes In clevation oceur, there
Is lttle chance of overpressure condltlons occurring In a floot-tunkage pipeline,
Problems ussoclated with downhlll pressure regulation are exumined in subsequent see-
tions of this report,
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In a regulation tankage pipeline operation the pipeline is normally open
to a tunk at the entrance to cach booster stution, Under normal operating conditions
the regulation tankage pipeline, like the float-tankage pipeline, should not be subject to
excessive pressures. However, it all the lines to regulation tankage are closed, the sys-
tem becomes a tight-line operation. Becuause of this possibility, the regulution tankuge
pipeline requires overpressure protection similar to that of a tight-line pipoline.

There must be communication between pump stations irrespective of
the method of operation. In a tight-line or regulntion tankage operation, the cntire
system is controlled by a dispatcher who must be in constunt contact with all pump
statlons, In the foat-tunkage method of operation euch pump stution must be able to
communicate with the operator at the next station, In addition, a dispatcher must
coordinate the amount and type of fuel to be pumped through the line, However, the
total communications requirements are less critical than for tight-line or regulation
tunkage operation.

Most commercial plpelines are tight-line operations. The high reliabil-
Ity of commercial pipeline cquipment und use of automation allowing control of un
entire plpeline system from a central location has virtually eliminated the major dis-
advantages of the tight-line method of operation, The high cost of installation, opera-
tion, and muintenunce of the additlonal storage tunks required for elther a regulation
or float-tunkuge method of operation cannot be justified for commerclal applications,

The nature of military pipcline operations und the necessity to use
equipment having lower inherent reliabilities thun commercial pipeline equipment tend
to increase the attractiveness of float- or regulution-tunkage operation. However, uny
advantages In operational effectiveness offered by the flout- or regulation-tunkage
metheds of operation are offset by the lesser umounts of construction time und con-
struction, operation, and maintenance personnel and equipment required for 4 tight-
line pipeline, This is demonstrated by the uverage net values computed in Tubles 3. 4,
and §.

From Tuble 3. the average net value tor the tight-line method of pipe-
line operation {s +31.7. Using the NSIA busic rating scale. this positive value equates
to u desiruble ruting. From Table §. the regulation tankage method of operation hus a
small, +1.7, but positive uverage net value, This small absolute average net value indi-
cates the advantuges, and the disadvantages negate each other.,

The ugverage net value of <9.8 computed in Tuble 4 cortesponds to
slightly undesiruble rating on the NSIA basie ruting scule. This rating Is undesirable
only when compared to the other two ulternatives considered. This rating should not
be construed to indicate the float-tunkage method of aperution i unaceeptuble for
military pipelines,

ts
t2




i g

T

T W] TP P ot e rie

L T T

The tightdine method of pipeline operation is the method of operation
used throughout the remainder of this study. This approuach is tuken recognizing con-
version of a tightdine operaticn to a float- or regulation tankage operation is possible

by simply udding storuge tunks and flood-and-transfer pumps at cach booster pumping
station,

7.  Pump Stotions, The pump stations are literally the heart of a pipeline
system. Design of an integrated plpeline system requires cureful matching of pump
stution performance to pipeline flow charucteristics. In the selection of the pump sta-
tion design bust suited for military pipetine application, it is necessary to evaluate the

alternative types of pumps and prime movers available and to determine the optimum
number of pump units per station,

a.  Types of Pumps, Pump types are determined by the method used for

converting mechanical energy (power) to hydruulic energy (flow and pressure). The
broadest division is on the basis of displacement, elther positive or variable (non-
positive) displacement. Euch revolution of u positive displucement pump displaces o
fixed quantity of liquid. The amount of liquid displaced by each revolution of a
vuriable displucement pump is a function of numerous operating parameters,

Types of positive displacement pumps in¢lude:

Diaphragm or bellows,

Geur (internal and external).
Peristultic.

Lobed.

Piston (radlal, axial, und eccentric).
Plunger (rudial, axial, and cceentric).
Screw.

Swash-plate.

Vane (gulded. sliding, and swinging).

Only piston- und plunger-type positive displacement pumps huve seen
any significant application in the pipeline industry. The principul advantuge of piston
und plunger pumps is thelir inherent high mechanical efficiency. The principal dis-
udvantuges of these pumps are: they are expensive, heavy, and bulky. and they deliver
u pulsuting flow, Most other types of positive displacement pumps are not well suited

to pipeline applications becuuse of limitations on availuble flow rutes and discharge
pressure,

To uttain their high efficiencies, positive displacement pumps must be
designed with close internal working clearances. As a result, any solld contuminunts in
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the liquid being pumped produces high wear rates and often causes premature pump
failure.  For this reason, positive displicement pumps are not considered suitable for
military pipeline service,

Traditionally, militury pipeline pumps have been variable-displucement.
type centrifugu! designs, In its pure form. a centrifugal pamp 18 an impeller composed
of u number of curved vanes radiating off u hub enclosed by a cireulur pumping
chamber. As the liquid enters the center or eye of the impelier, it is swept up by the
leading edge of the vunes. The centrifugal force created by the liquid being forced to
rotute with the impeller slings the liquid to the outside of the impeller. At the outside
diameter of the impeller, the pump case gathers the liquid and directs it toward the
pump outlet converting the additional velocity imparted to the liquid by the impeller
to hydraulic energy or pressure. Since flow through centrifugul pumpy is from the

center of the impeller outward from the axis of rotation, they are ofteh referred to as
rudjul-flow pumps,

By locating n propeller or fun-shaped impeller in a fluid passage, energy
cun be imparted to the fluid by rotation of the Impeller. In.this case the direction of
flow Is parallel to the axis of rotation. Hence, this type of pump is referred to as an
axlal-flow pump. Although the pumping action is not u result of centrifugal force,
axinl-flow pumps are included in the broad classification of centrifugal pumps. This Is

4 convenient grouping since the pumping action and performance churacteristics are
somewhat similar to a true centrifugul pump.

Combining some of the design principles of radlul-flow and axlal-flow
pumps produces a pump which gencrates the pumping action purtly by centrifugal
force und partly by propeller uction. Pumps of this type, kniown as mixed-flow pumps,
can develop higher discharge pressures than straight propelles-type pumps and handle
larger volumes more efficlently than true centrifugal pumps.

The term *‘centrifugal pump® us used herein, unless otherwise specified,
includes radial-flow, mixed-flow, and axial-flow pumps. The pump design theory used
to determine the propeller/impeller vane shape which will produce the required
performance characteristics is well established and documented in detail in the techni-
cal literature. Thus, this investigation addresses the performance characteristics of

centrifugal pumps only to the extent necessary for cost and operutional effectivencss
analysis,

As noted earlier, the desired performuance churacteristics for a pump
operating under normal conditions ure used to determine the physical design features
of a centrifugal pump Intended for u specific application, 1If actual operating condi-
tions are different from the design parameters, a centrifugal pump adjusts its per-
formance to match the existing conditions,  Similarly, the performance characteristics
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of a centrifugal pump can be altered by changing the pump rotational speed.  As dis-
cussed in subsequent sections of this report, these two characteristics make centrifugal
pumps extremely well suited for military petroleum pipeline systems,

3
>
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The BPFS study conducted by CORG for the U.S. Army Combat
Developments Commund includes a detailed analysis of the suitability of centrifugal
pumps for military pipeline service, This study'! concluded:

Becauso of the many udvuntuges of the centrifugal impeller pump such s light welght,

siall size, ubllity'to pump particlescontaminated fuel, and low cost, It is recorimended
for pipeline pumping applications,

This recommendation is supported by the use of centrifugal pumps almost exclusively
by Industry for petroleum product pipelines, There huve been no significant changes

In pump technology since the BPFS study was completed in 1969. Thus, without
E. further comparative analysis, centrifugal pumps are accepted In this investigution as the
best type of pumps for militury pipelines.

1

'l
2
4

b. Prime Movers, A varicty of prime movers suitable for drlving pipeline
pumps are avalluble. The pipeline industry, dominated for muny years by the diesel
englne, recently has seen substantial gains in the popularity of electric-motors and gas-
turbine-cngine-driven pumps. The selection of prime movers for commerclal petroleum
product pipeline pumps is usually bused on un economic analysis. In euch case, the
required pump performance characteristics are well defined and all avallable encrgy
sources cun be identified. In contrast, military pipeline pumps are designed to sutisfy
u broad runge of generul requirements allowing the pumps to be used in a vuricty of
applicutions, Since pump station locations are unknown, the alternative energy sources
must be limited to those fuels that the military plans to have available,
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(1) Electric Motors. Electric-motor-driven pumps have a lower initial
cost, ure smaller in size, weigh less, havo a higher roliability, require less maintenance,
and are more readily adapted to automuted systems than pumps driven by any other
type of prime mover. When a continuous supply of low-cost clectricity is availuble
from a relfuble clectrical power distribution system, electricsmotor-driven pumps are 3
clearly the best choice. The low probability of an adequate electric powsr supply
line being readily available at the desired pump station locations, particulatly in foreign

countrics, makes electricsmotor-driven pumps an impractical consideration for militury
application,
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The alternative to line power is to use engine-generator sets to
generate the electrical power. This is an impractical approach because of the unneces-
sary loss of efliciency introduced to the system and the cost of nonessential equip-
ment. 10 an engine is to be the primary source of power, the engine cun drive the
pumps eliminating the need for electric motors and generators,

e o e T

A disadvantage of clectricsmotor-driven pumps ocvurs when it is
desiruble to vary pump operating speeds to meet changes in operational requirements,
Varluble-speed electric motor contruls are expensive, huve low efficiencies, and are .
complicated.  An alternative to variuble-specd motors Is to equip each pump stution
with several pumps of varying capacities and discharge licads, Manifolding these pumps
together so they can be operated In varfous paralle! and/or serles configurations allows
choosing the combination of pumps that most nearly meets the desired operating
conulitions,

A less desiruble upproach for varying the dischorge conditions for
u fixed-speed electrivsmotor-driven pump station Is to instull u throttle valve in the
; discharge line, This allows Infinitely variable dischurge conditions achieved through an

- inefTicient sacriflce of discharge pressure, At best, the need for variuble control of the
f discharge from un ¢lectric-powered pumping station will result in increused cost und
1 complexity of operation,

3

{ (2) Gasoline Englnes. In terms of sheer numbers, the reciprocuting

piston, spark-ignition internul combustion engine is the prime mover most widely used
today for mobile or portuble equipment applications. More commonly referred to as
gusoline engines, they are produced by numerous munufacturers in a wide variety of
sizes with power ratings up to 200 bruke horsepower (bhp). Industrial models of
_ gusoline engines are available from a few manufucturers with power ratings up to 300
] bhp.

- In the powoer runge below 30 bhp, nearly all engines in use today
- are spark-lgnition, burning gusoline. Muny of these small engines are alr cooled for
- simplicity and to reduce their weight, slze, and cost. The relative low inltia) cost of

gasoline engines make it extremely difficult for other types of engines to be competis
tive for applications where power requirements are low and the cost of the fuel con-
sumed 18 not an overriding fuctor in the total life cycle cost,

Gusoline engines ure compuratively simple to operate. Although
regular maintenunce iy required to keep them operating propetly, they are relatively .
casy to muintain. The recent Introduction of electronic ignition systems on some guso-
; lino engines has greutly reduced the required maintenance but adds to the complexity
of the ignition system, Electronic fuel Injection and super charging can be added to
gasoline engines, but the gains in performance do not justify the assoclated increase
in cost and complexity.
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Gasoline engines operate well over a broad range of speeds and
under varying load conditions. ‘They operate most efficiently at rated speed and power
setting but do not suffer excessive losses in efficiency at low speeds and under partial
louds.

Although there Is no definitive Army policy in this matter, the
trend today is away from using gasoline engines on new items of military equipment,
The goul is greater fuel economy and reduction of the rumber of types of fuels used.
Informal guldance furnished by TRADOC indicates that no future pipeline pumps
should be powered by gasoline engines. On this busis, gusolinecngine-driven pumps ure

not considered in this study even though some datu are presented for comparison
purposes,

(3) Dlesel Engines.  Reciprocating piston, compression-ignition,
internal-combustion engines, better known us diesel cngines, are rapidly replacing
gasoline engines for most upplications other than for very low power service, passenger
cars, and other light vehicles.  In the power range above 30 bhp, diesel engines are
competitive with gusoline englines, particularly for operations requiring long life.

Medium-duty, high- and medium-speed industrial engines ranging
in horsepower output from the very small engines to In excest of 1200 bhp are avail-
uble from the major divse! engine manufacturers. In goneral. these diesel englhes welgh
from 1.5 to 2.5 tmes us much as comparuble gasoline engines und muy cost 3 times
as much,  However, diesel engines are much more rugged and relluble thun gasoline
engines: they have the ability to operate for long perlods with little or no maintenance

and require fewer overhuuls during u substantially longer service life thun do gasoline
chgines.

Standard models of heavy-duty, low-speed diesel engines are uvail-
able whih power ratings exceeding 10,000 bhip. Special marine and stutionary versions
muay exceed 40,000 bhp, Produced by only a few manufacturers, the smaller sives of
these engines muy weigh twice us much as comparable medivm-duty diese! engines and
the cost may be several orders of magnitude higher, The major advantages of these
heavy-duty units inchide their low specific fuel consumption and the ability to operate
continuously for pertuds of 3 to § years before requiring overhaul, Designed to with-
stund repeated overhauls, these large engines virtually have an infinite service life,

Because of thelr Immense size und weight, it s frequently neces-
saty to ship the lurge heuvy<duty diesel engines to the installution site purtiully dis-

asseimbled. Thus, these unity are impracticul tor use other than ut permanent installa-
tions,
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Current production of diescl engines offers a wide choice of

modvls and cdesigns for every power requirement throughout the range from a few
horsepower to tens of thousands of horsepower. The unique feature of diesel engines
is that over their entire power runge, they have a comparatively high efficiency. This
high cefficiency is 4 major advantage, since cach diesel engine may be operated at any
power setting and at varying speeds with little or no loss of efficiency. No other type
of prime mover can claim this capability. As a result, the diesel englne is superior

where fuel cconomy is important, particularly if operating conditions include varying
loads und speeds.

Most research and development effort over recent years has beer
devoted to increasing the powcr output from a given displacement, improving fuel
consumption, and increasing engine rellability and service time between overhauls, The
demand tor higher specific power outputs and Increased efficiencies have been met by
design changes which have Increased the mechanical und thermal stresses on the engine
structures. However, the availability of improved materials and lubricants has allowed

advances in these ureas, accompanied by improvements in engine rellability and longer
periods of operation before overhuul.

Predictions for future improvements of diesel engines reflect in.
creases of 20 to 25 percent in power output for a given displacement with no signifi-
cunt increase In welght or loss in economy, reliability, or service life. Drustic changes
In diesel engine designs and performunce charucteristics are not foreseen in the near

Future. However, breakthroughs may be reslized through the use of concepts such as
variable-compression rutios or free-piston engines.

(4) Gas‘Turbine Engines, The ges-turbine engine gained its first real
success as @ prime mover late in World War 11 us it rapidly took over the aircraft pro-
pulsion field. Characteristics ol the gas-turbine giving it roady acceptance by the air-
craft industry were a high power-to-weight rutios, good reliability, and low mainte-
nance. These udvantages were considered to override the reputation of gas-turbines
for high fuel consumption, particularly at less than full-load conditions.

The pipeline industry becume the first significant user of gus-
turbine engines outside the gircralt industry when El Puso Nuutral Gas Co. installed
IR pas-turbine-driven compressors on o gas-transmission pipeline early in the 1950%,
Low-cost fuel availuble from the pipeline, low initinl cost, cuse of installation, reduced
maintenance, und suitability for remote control made the gas-turbine engines competi-
tive with other types of prime movers where npower requirements were high.

Since that time. pas-turbine engines have gained wide acceptancye
m gas-transmission pipelines with 62.9 percent of the installed horsepower buing gas
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turbine power by 1971.92 Gas-transmission pipclines are an ideal application for gas-
turbine cngines because large contritugal and axial-flow compressors can be driven at
the turbine shaft speed. The high output shaft speed of the gas-turbine must be
reduced substantially to be compatible with liquid pipeline pump rotating speeds.
Desaite the need for gear speed reducers, the gas-turbine has acquired a part of the
liquid pipeline pump market, although acceptance as o pump drive has been sub-
stantially slower than for driving gas compressors.

The greatest uccoptance of the gas-turbine by the pipeline industry
has been for offshore upplications where the high power-to-weight ratio, low vibration,
high relinbllity, low maintenance requirements, and suitabllity for remote operating
techniques including control, cundition-monitoring und failure-detection systems are
important. The rapid rise in fuct costs since 1973 hus made the high fuel consumption
rates for gas-turbines u more significant fuctor in the total life cycle cost of a unit and
has tended to reduce the rate of acceptance. However, during this same period a sub-
stuntial increase in the use of gus-turbines for electric-power generation has resulted in
production economics reducing the initial acquisition cost,

The use of turbine engines for electric-power generation began to
grow rupidly following the Northeast blackout in November 1963, By using standard
pas-turbine mechanical-drive packuages to achleve production cost savings, gas-turbine
ehu. o bucame cost competitive with other types of prime movers for generuting
eluctrical power during periods of peak power consumption und to meet temporary
and emergency power generation requirements. As power demands have grown taster
than new fossil fuel and nuclear power plunts have been completed, many gas-turbine
peaking wnits have been foreed into servive for longer periods than anticipated for
normal peaking services, This experience hus shown the lorge gus-turbine engines to be
cost competitive in many applications.

The gas-turbine engines being marketed today as standard models
include a mixture of heavy-duty units designed specifically for industrial applications
and of aircraft engines modified for industrial use. Most of these engines have continu-
ous power ratings in excess of 1,000 bhp, There are few commetcial models of guse
turbine engines available with continuous power rutings below 500 bhp, and the selece
tion Is only slightly better in the power range from 500 to 1000 bhp.

The efficiency of gas-turbine engines drops rapidly when they are
being operated under loads less than 85 percent of the maximum continuous power
ratings,  Thus, it behooves the equipment designer to select o gas-turbine engine having
4 continuous powur rating maiched closely to the nommul operating load. This is

12

“Cost ol Pipeline und Compressor Station Construction under Non<Budget Type Certitfeate Authotizations as
reported by Pipeline Companles in Fiscal Yeur 1971 taly 1970 through June 1971, report of | ederad Powet
Commission Bureau of Nutural Gas.
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frequently precluded by the lack of standard models in many power ranges, The high
cost of engine devetopment makes it impractical to develop a new gas-turbine enginge
tor e specific application unless a high utilization ol the engine cun be foreseen, Both f'
gusoline and diesel engines enjoy o decided advantage in this respect because (u) their
g efficiency is not reduced significantly when operating under purtial load und (b) there
are numerous standard models availubie with virtually any continuous power rating . g
that may be required, 4 E

{5) Engine Derating Factors.  The performance of an internul : .
combustion engine varies with altitude and temperature.  Engine munufacturers typi- -
cally provide brake horsepowet ruting duty corrected to SAE test code J-816A standard
conditions of 500 fest altitude und BS°F ambient.  Seu level and 60°F ambient is
another set of conditions frequently used for rating engines. In cither cgse, the engines
must be derated to account for the loss in power which results if the engine is operated 3
3 at o higher temperature and/or altitude than rating conditions. -

The recommended derating fuctors vary between types of englnes P
as well as between manufacturers of the same type of engines, The derating fectors 3
for gasoline engines and naturally aspitated diesel engines follow the same gencral
pattern.  The most conservative provedures recommended for these engines require
derating 3 percent for euch 1,000 feet ubove sea level and 1 percent for each 10 degrees k
above 60°F, A few manufacturers Indicute that no derating Is required up to 5,000 3
feet altitude and 85°F. The most common practice for deruting rasoline engines and
naturally aspirated diesel engines is to reduce the stundard values by 3 percent for gach ¥
1,000 fect above S00 feet altitude and | percent for each 10 degrees above 85°F,

Lha e Rt e e

Turbocharging a diesel engine overcomes much of the effect of i
higher aititudes.  As a result, the recommended derating factors are less than for
1 naturally aspivated engines. A significant number of manufucturers do not require .

derating ut altitudes and temperatures up to 5000 fest and 85°F. The lurgest derating
factors identitied for turbocharged engines ure 2 percent for each 1000 feet of altitudy
3 above sen level and 1 percent for euch 10 degrees above 60°F,

Gas-turbine engines suffer the greatest loss in power output due to
§ increased temperatures and higher altitudes, In addition. air filters which produce inlet
% losses and exhaust gas silencers causing buck pressure add significantly to the required £
3 derating fuctors, An altitude correction factor of 0.785 Is representative of niost manu- . N
fucturers recommended derating at S000 feet altitude and 85°F. In addition, the .
! ratings tuken at atmospheric pressure must be further reduced by approximately 0.5 g
1 percent for cuch Inch of water pressure loss at the turbine inlet or bagk pressure at the
1 turbine exhaust. It & unlikely that these pressure losses cun be kept below 6 inches of
gf water representing an additional power reduction of approximately 3 percent. Thus, a
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power correction factor of 0,72 s representative of the required derating for o gas-
turbine capable of operating at altitudes up to 5000 feet,

¢.  Performance Characteristics of Centrifugal Pumps, Although a varicety
of factars determine the performance churacteristics of a centrifugal pump, pump per- . :
formunce is usually defined by four paraimeters common to all pump designs: E

(1) Cupaclity is the rate of low, usually expressed in gallons per minute,

(2) Head or Total Dynamic Head (TDH) Is the tota! pressure increuse
produced by the pump, most conveniently ¢xpressed as the height, in feet, to which
the pump can lift the fluld being pumped.

(3) Specific speed is o dimensiotdess number that describes the Inters
nul geometry of the pump,

(4) Net positive suction head (NPSH) is u measure of the energy von-
ditions of the fluld as it enters the suction side of the pump, usually expressed in feet
of fluid, absolute,

Vuriation of the heud with capucity at o constant speed Is called the
pump characteristics. 1n additlon, the characteristics of a pump include the relatlon-
ship of pump efficlency and the bruke horsepower required to drive the pump. Any
change in the flow characteristics of the system in which o centrifugal pump is oper-
ating will be accompanied by a change in capacity, head, brake horsepower. and
efficlency. When the pump speed is changed, the pump performance churacteristics
change. Tlhese phenomena are illustrated in Figure 8 by the performance curves for the
military stundurd 4-inch, four-stage pump when operating ut 1800 and 2000 rpm,

The -vurlution of head. capacity, and bruke horsepower follow definite
uffinity laws, These rules are:

(1) The capacity of a pump changes in direct proportion to the speed
of the pump. Doubling the pump speed doubles the capacity,

TR S B

(2) The head developed by a pump chunges directly as the square of
the speed. Doubling the pump speed increase the head by a factor of four (23).

TR

, (3} The brake horsepower required to drive a pump increases in direct
: proportion with the cube of the speed. Doubling the speed increases the brake horse-
power by a factor of eight (2%).
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. Figure 8, Performance characteriatics of o d-inch, four-stage pump, 4
! ;
For exumple, consider a pump which would deliver 1,000 gpm at S00 -
feet of head and require 100 bhp when operating at 1,800 rpm.  The performance of ;
this pump it driven at 2,000 rpm would be detormined as follows: i
(1) Since capacity varles directly with speed, the rate ol flow at 2000

rpm would equal 1,200 gpm x (2,000/1,800), or 1,111 gpm,

(2) Increasing the head in proportion to the square of the speed, the
head at 2,000 rpm would be 500 x (2,000/1,800)? or 617 feet.

(3) [Increasing the bruke horsepower by a ratio equal to the cube of

the change in speed finds the new required bruke horsepower equals 160 x (2,000/
1,800)*, or 219 bhp.

e oo €5, ool Dina el e 1

The first step in the selection of a centrifugal pump for a particular
application is to determine the required rate of tlow und pressure rise. These pet-
formance requirements are usually established by the system requirements.  The next ,
step is to establish the pump operating speed. I the pump is to be close-coupled to the -
prime mover, the speed will be determined by the prime mover selected to drive the
pump.  Generally o gear-type speed increaser or decreaser cun be used between the
printe mover and the pump to obtain o mors desirable pump speed.
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The pump performuance characteristics under normal operating condi-
tions {i.c., capacity, head, und impeller rotating speed) ure used to determine the basic
physical design features of the pump. As defined previously, specific speed is o dimen-
sionless number that describes the internal geometry of a centrifugal pump, The speci-
fic speed vulue is the same for all centrifugul pumps of the same geometric shape,
regardless of size. The formulu for computing specific speed (N,) is:

N - NQV'
"

where:
N = |mpeller rotational speed, rpm,
Q = {low rate, gpm.
H = pressute developed by the pump, feet of fluid,

The impeller vane shapes for various specific speeds {llustrated In
Figure 9 provide the most efficient pump performance. In general, the higher the
impeller rotational speed, the smaller the pump can be and still develop the required
discharge pressures, The cost and weight of 4 pump are a direct function of the size,

Therefore, it Is deslrable to design centrifugal pumps using the highest specific speed
consistent with other system performance requirements,

Specitic Speed

500 1000 2000 3000 5000 10000
®
'i ﬂ&
Jlé J ‘q.: J\y S: — — nigr of__
Zenirituga Mised-Flow Propeier  Retatien

Figure 9. Impeller vane shape versus specific speed,

The upper tmit for specitic speed is usuully g function of net positive
suction hewd (NPSH). By definltion, NPSH is the pressure at the iniet of the pump
(read in feet of liquid and corrected to the pump centerline), minus the vapor pressure
of the liquid at the pumping temperuture, plus the velocity head of the liquid at the
pump intet, Two NPSH values, required und available, must be considered.

The availuble NPSH s a charucteristic of the system in which the pumps

are located and Iy the difference between the absolute pressure at the pump inlet and
the vupor pressure of the liquid,  Avallable NPSH may include the effects of atmo-
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spheric pressure, static head due to difference in clevations in the suction manifold,
and pressure from other pumps located upstream in the pipeline system,

A liguid must be pushed into the impeller of a centrifugal pump. The
required NPSH is the pressure, in feet of liquid, at the pump inlet required to push the
liquid into the impeller at the required rate of flow. The required NPSH is a function
of pump design and must be determined by testing, Although there Is no simplified
method for determining the required NPSH, there are some known relationships, For

u glven geometric shape and size, required NPSH varies in direct relution with specific
speed,

Unless the avallable NPSH exceeds the required NPSH, cavitation will
oceur in the inlet of the pump. When this huppens, small vapor bubbles form in the
liquid in the low-pressure area of the pump suction, As the liquid pusses through the
pump, the Increasing pressure causes these vapor bubbles to collupse. The results are
usually a drop in pump capacity, discharge pressure, and efficiency accompunied by
severe pitting and croslon of the lmpeller vanes. Thercefore, it is imperative the suction
pressure at the inlot to each pump be equul to or greater than the required NPSH.,

ke
A

e

i

e il il ki
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The mont efficient pipeline design is bused on operating at the highest
pump dischurge pressure possible within the sate limits of the pipeline and the lowest
possible pressure at the inlet to pump stations. The difference between these two pres-
sures determines the ullowable pressure loss between pump stations. Since pressure
loss through a pipeline at a given flow rite Is o function of line length, the maximum

ullowuble pressure drop between pump stations provides the maximum spacing
between pump stations.

TR
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From the preceeding discussion it becomes evident there is conflict :
between pump and pipeline design goals regarding NPSH, In pump design, the goal Is
to use the highest possible specific specd to minimize pump size, welght, and vost.
Since the required NPSH increuses with specific speed. the incentive In pump design js
toward high NPSH values, 1n contrast, officlent pipeline design demands minimizing

4
the required NPSH, As u result, u trudeoff of NPSH requirements must be made to ;
determine the most effective system design,

RO

In the simplest form, a centrifugnl pump would be a single impeller . ;
with the cupubility to develop the totul pressure rise desired across the pump. Muny . 1
singlesimpetler pumps are used for low-pressure upplications, However, high-pressure E
pipeline operational requirements normally exceed the performunce cupubility of g
single<impetler pumps, The desired performance iy then achieved by using two or more “ ;
impellers operating In series or parallel, This muay be accomplished by Including more 1
thun one impeller In the same cuse as a multistage pump or by using more than one )
4 pump unit ut u pump stution, Normally pipeline throughput requirements impose per-

. YT AN A R Y
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formaunce, maintenunce, und relinbility requirements that cannot be satisfied by a single
pump-engine assembly,

The use of redundant compone'ms Is an effective means of improving
system reliability, The effucts the use of multiple-unit pump stations have on the

: 3 roliubility and maintainability of a complete pipeline system are examined In paragraph
: 10 of this report.

. When two or more pumps of squal rating are operated (n parallel, the
' combined capacity of the pumps at any dischurge pressure is 8 multiple, equal to the
number of pumps on line, of the capacity of a single pump operating at the same dis-
charge pressure, Similarly, when two or more pumps of equal tating are operating n
serles, the combined dischurge pressure at any capacity Is an equal multiple of the dls-
churge pressure of a single pump operating at the same capacity, Figure 10 shows the

heud-capacity curves for a single pump, two pumps operating in parallel, and two
pumps operating in serles,

HEAD-CAPACITY, THO PUNPS [N SERIES

PIPELINE FLON LOSS

Ao s At

el e calrdad

T
WA prwc S

! 7“““-»-\‘_\{ HEAD CAPACITY, TN PUMPS IN PARALLEL i
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3 'JF

2

HEAD-CAPACITY, OHE PUMP
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% . RATE OF PLON _
Figure 10, Head-capucity curves for pumps operating in parallel and series, 3
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To determine whether the muximum tlow rate from two pumps will be
obtained with the pumps in serivs or parallel, the pump head-capacity curves and pipe-
line Now loss curve must be plotted. Forexample, it curve Ly in Figure 10 represents
the dynamic fTow loss through « pipeline, the muximum Now rate will be obtained if
the pumps are operated in parallel at the intersection of curve Ly with the head-cupucity
curve for two pumps in parallel, 1f the dischuarge end of the pipeline is ¢lovated to u
height H above the pump statlon, the totsl dynamic heud Joss through the pipeline is
represented by curve L. Under these conditions, the flow rute would be the sume for
both purallel or series pump operation since the flow loss curve interseets the pump
head-capacity curves at their intersection point, Elevating the discharge end of the
pipeline to a helght of 2H ubove the pump station shifts the total dynumic head loss
through the pipeline up to curve L3 The highest Now rate would then oceur if the
two pumps were operated in series ut the intersection of curve L, und the head-
capueity curve for two pumps operating in series, Thus, If the normal rate of flow lles
to the lett of the Intersection of the parallel und series head-capacity curves, the
highest flow rate will result if the pumps are in serfes, [f the normal rate of flow lies
to the tight of the intersection of the purallel und series head-capacity curves, parallel
operations will result in the highest rute of flow,

In Figure 9, a shift in operating conditions from curve L; to L, would
result in a smuller chunge in flow rute if the pumps were operating In serles rather than
purullel, At the sume time, the change in operating pressure would he the greatest if
the pumps were in series.  Thus, under varluble flow conditions, series pump opera-
tion provides the tost stuble rate of flow, while purallel operation achieves 4 more
stuble operating prossure, From this compurison it Is apparent that the stability of the
rute of flow und operating pressure is u function of the slope of the pump head-capucity
curve. Ay a general rule, the most stuble and efficient pipeline operution is achieved
with ull booster pumps opetuting in setles,

d.  Comparison of Pump-Engine Assemblies. Lixisting military pipeline
pump units consist of pumps which are coupled to ongines and mounted on rugged
skidetype bases, Mounted on the same skid are all the accessories, including the radia-
tor, starting systein, controls, ete., necessary for each unit to be entirely self-contuined.
This provides portable units which are ready for operation us soon as they can be
moved {nto position und connected into the pipeline pump station manifold, Site

preparation is limited to the grading required to provide a relatively flut area for the
pump station,

The pump industry has avalluble numerous standurd models of pumps
suitable for usc with all types of prime movers. Most of the major pump manufacturers
Include in thelr standard product lines a series of gusoline-engine-driven and diescl-
engine-driven pump ussemblies, skid- or trailer-mounted as self-contained units. This
Includes ull sizes of units from low-capucity units to units cupable of flow rates exceed-
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ing 5.000 gal/min, Typicully, these units ure designed for low-pressure application with
the maximum operating pressure seldom exceeding 125 Ib/in? . These stundard model
pump-cngine assemblies offer reliable performan e at o refatively luw cost.

Although stundard models are uvailable, pipeling pump-engine uassem-
blies are ulmost ulways designed for each application to provide the desired flow rate
und operating pressures, automatic controls, and other special features. Most pump
munufacturers modify existing designs as necessury to tailor the pump performance to
u spucific application. The cost of a pump-engine ussembly increases rapidly as special
design requirements are imposed, Becuuse of the need to tailor pumps to specific
needs, most pumps are produced to order. Only o fow mukes und modets sell in suffl-

clent quantities to justify the manufacturer maintalning pumps in stock for off-the-
shelf delivery,

Design of highly efficient purap units requires careful matching of
engine performance to pump power requirements, ldeally, the power required to drive
a pump operuting under a fiaed sel of conditions would be equal to the maximum con-
tinuous horsepower rating of the ongine. This Is seldom possible because few pump
units actually operate under fixed conditions ut all times. For military applications,
the variables In operating conditions include capacity, head, Muid, clevation, and
environmental conditions, all of which affect pump or engine performance,

For the purpose of the anulyses herein, the following criteria apply to
all pump-cngine assemblies:  Although the pump units are primarily for petroleum
pipeline service, ull engines must have continuous power ratings, when derated for
operation at S000 fect altitude and 85°F ambient, which equal or exceed the brake
horsepower required if pumping water: ull compatisons of pump unit cost, welght, and
size versus brake horsepower ure bused oh the power required when pumping water at
the head and capucity corresponding to the bust efficiency point of the pump,

(1) Procurement Costs. The cost of pump engine assemblies s highly
dependent on design requirements. With application of the method of least squares
for lincar regresslon analysis to the list price of 30 standurd models of gasoline<ngine-
driven pumps, the rolationship between cost end brake horsepower is determined to be
represented by the equation:

Cost = 1,770 +43.9 BHP (kg. D

where
Cost = average list price in dollars,
BHP = derated continuous brake hotsepower ruting of the engine.
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As noted previously, the standard model pump engine assemblies
are typically tor low-pressure applications.  Further, they are generally single-stage
pumps with tew, if any. automatic controls. ‘Thus, kquation 1 represents the cost of
what might be considered basic flood-and=transter pumps. Because of the low-pressure
ratings of the pump cases, however, these pump units would be suitable for use only
within a tank farm where there is no chance of their being over pressured,

The vost of similur skid-mounted, gusaline-engine=lriven, multi-

stage pumps suitable for pipelines operating ut pressures from 300 to 500 Ib/in? cun
be found using the equation:

Cost = 2353+ 576 BUP (kq. 2)

The estimated muxbnum vost for complex high-pressure, gusoline-
engine-driven, multistage pipeline pumps is expressed by the equation:

Cost = 106,075+ 70.4 BIP (£q.

The wide variution In the potential cost of gasoline-engine-driven
pumps Is Hlustrated gruphically in Figure 11. The most likely cost of gasoline-engine-
driven pumps suitable for military pipeline operations would full somewhere between
the cost of the commerciul low-pressure unit (Eq. 2) and the projected upper cost limlt
(Liq. 3). Therefore, for the purposc of cost comparisons herein, the cost of gusoline-

engine-driven pipeline pumps is considered to be the meun between Equations 2 and 3
or:

Cost = (2353 +52.6 BHP) + (16,078 + 70.4 BUP)
Y

Cost = 9214 + 64,0 BHP (kq. 4)
Using a similur cost unalysis process, it is determined that a rea-

sohable estimate of cost for militury pipeline pumps powered by medium- or high-
speed, medium-duty diesel engines cun be computed using the equation:

Cost = 13,500+ 100.7 BIIP (k. §)
There are no stundard model pump-engine ussemblies using low-
speed, heavy-duty diesel engines. Becuuse of the high cost, it Is essentlal that cach unit
be designed for the specific application where It will be used. Pump units will normully
utilize o standard mode! basic engine ond the pump may be v modification of a stand-

ard design. However, the integration of controls, accessories, and other special design

requiremtents results in highly individuatized designs, The cost of low-speed, heavy-
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i Figure 11, Cost of gasoline-engine-driven pump units.
duty diesel-cngine~driven pump units, based on the costs of the various engines, pumps.
‘ und accessories, is projected to be In the range represented by the equation:
] Cost = 36,100 + 1097 BHP (Eq. 6) :
a 3
__ ?
t : Gus-turbine-engine-driven  pumps, like lowsspeed,  heavy-duty K
. diesel-engine-driven units, are not produced as standard models. Some engine manu- k-
: . fucturers market standurd engine modules or mechunicul-drive packages which ure :
; : casily adapted to drive pump unlts, Based on the cost for these units, the cost of u gas-
turbine-engine-driven pump unit cun be upproximated using the equation: 3
B
% Cost = 57,500 + 169.4 BHP tkg. 7) 1
' ;
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Equations 4, 5, 6, and 7 are graphed in Figure 12, These data
allow a general camparison of pump costs over the range of brake horsepower shown,
A degree of caution must be exereised, however, it Figure 11 is to be used to estimate
the cost of pump units of a given powsr rating. First, because the number of standurd
model gas-turbine engines available (especiully below 1,000 bhp} is limite
for gus-turbine engines Is valid only for brake horse
engines ure available, Second, a large demand for
slze would result in a substantial cost fe
finally, the curves reptese
ussumblies and

PPN % & L. S ki

d, the curve
power vulues where stundard mode!
i gas-turbine engine of a particular .
duction through production economics, And

nt, at best, u genoral guide to the cost of pump-engine
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of any specific unit. .
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The curves for gasoline and medium~duty diesel engines can be
considered continuous since. among the various makes and models, it is possible to
select an engine of virtually any conceivable brake horsepower desired. There are sub-
stantially fower makes and models of heavy<duty, low-speed diesel engines uvoilable,
However, most heavy-duty engine manufucturers offer several cngine models with the
number of cylinders per engine optional and ranging from as few as 3 to gg many as | 8,

As u result, standard model heavy-duty diesel engines are avaflable across the entire
power range,

(2) Transportability. Guidance and procedures for use by materiel
and combat developers during the materfel ucquisition process Is contained in AR 7047,
“Enginecring For Transportability," dated 28 Jahuary 1976, The transportability
criterin imposed by AR 7047 s dependont upon the mode of transportation to be
used. To minimize the possibility that a pump unit may be denied movement or
unuceeptably delayed, this analysis assumes the tequirements for water, ruf), truck, and
uir trunsportubility apply.  Further, it is assumed the weight und size of pump units
shall be limited to the following requirements for transportation in U.8. Air Force air-
craft us specified in Appendix F of AR 7047: Length - 20 feet; width ~ 8 feet:
height -- 8 foet; weight - 20,000 pounds.

These dimensions are consistent with other modes of trunsporta-
tion conforming to the cross-section for Internationa) Orgunizations for Standurdizg-
tion (1SO) und American Nutional Standurds Institute (ANSI) Series | containers. The
20,000-pound weight limit is also consistent with the muximum boom lift cupability
for muny lighters und barges,

The upproximate weight of a pump unit cun be determined using
Flgure 13, Applying the criteriu that ull pump units must welgh less than 20,000
pounds eliminates all sizes of heavy-duty, diesclengine-deiven pump units from con-
sideration.  The curve for the weight of medium- or high-speed, mediume-duty digsel
engine is represented by the equation:

WT = 9,000 + 36.2 BIIP, (Lq. 8)

Substltuting the maximum allowable weight of 20,000 pounds,
the upper fimit of bruke horsepower using medium-duty. high- or medium speed diesel
engines Is computed as follows:

20,000 = 9,000 + 36.2 Blp,

or

BHP = 304 bruke hotsepower,
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Figure 13. Weight of engine-driven pump units,

The curve in Figure 13 for the weight of gas-turbine-engine-driven
pump units can be expressed mathematically as

i

WT = 3590+ 11 BHP/ (Eq.9)

Substituting 20,000 pounds as the maximum allowable weight, the maximum avail-
able bruke horsepower is caleulated to be:

20,000 = 3,590 + 11 BHP, :
13
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BHP = 1492 bruke horsepower.
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The weigint ol gasoline-engine driven pump units is represented by

the equation:
Wl = 4170 + 36 BHP. tkg. 10)

Using this equation, the maximum brake horsepower for u gusoline<engine-driven pump
unit would be

20,000 = 4,170 + 36 BHP.
or

BHP = 440 bruke horsepower.

This value Is greater than the power rating of the largest gusoline engine in production,
Thus the upper limit on the size of gusoline-engine-driven pump units iy restricted by
the availability of large engines, not by weight.

The relationship between the slze of vorlous pump units is shown
in Figure 14. Gus-turbine engines are typically considered to be extremely compact,
dulivering u large amount of power from smull units. In ¢ontrast to this popular view,
Figure 14 shows that for units requiring less thun 300 brake horsepower, both gasoline-
engine-driven pumps and medium-duty diesel-engino-driven pumps are smaller than gos-
turbine-engine-driven pump units, This results from the fuct that bulky air inlet Rlters
and exhaust gas silencers are required by guselurbine engines,

Applying the dimensional limits from AR 7047, the largest
deceptuble unit is 8 feet by B feet by 20 feet, or 1280 cuble feet. The relationship
between volume and brake horsepower for gusoline-enginesdriven pump units s
cxpressed by the equution:

VOL = 42+ 0,83 BIIP. (Bq. 1D

/
A volunie of 1280 cubic feet equates to 1492 brake horsepower, Thus, us with weight,

the largest acceptable gasoline-engine-driven pump unit is a function of the availability
of large engines, not volume,

The volume of medium-duty diesel engines can be expressed
mathematically as:

VOL = 56+ 1.7 BHP, (Lig. 12)
45
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Figure 14. Volume of engine-driven pump units,

Using this equation to convert volume to power, 1280 cubic feet is equivalent to
720 broke horsepower. The upper limit of 304 brake hotsepower computed on the

busis of welght is substantially lower and Is the controlling fuctor for size of
medium-duty dicsclengine-driven puimps,

e S TS T

The volume versus brake horsepowe
engines represents the mathematical expression:

5

reurve for heavy-duty diesel

AT s

VOL =115+ 1.9 BHP. (Eq. 13)
Using this equation, 613 brake
g feat, Counsidering only size, heavy-duty diesel-c
¥ brake horsepower could be used, However, the
were eliminated on the basis of excessive weight,

hotsepower is equal to ) 280 cubije
ngine=driven pump units up to 613
reader s reminded that these unity
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The equation for volume versus brake horsepower for gas-turbine
engin-c-driven pump units is:

VOL = 350+ 0.75 BIIP, (Eq. 14)

A volume of 1280 cubic feet converts to 1240 brake horsepower using this equation.
The power limit computed on the busis of weight s 1,492 brake horsepower resulting
in volume being the factor controlling the size of gas-turbine-engine-driven pump units.
This limlt on unit size could become oven more restrictive i the unit cannot be
vonfigured to prevent one dimension, width, length, or height, from exceeding the
ucceptable limit before the other two dimensions reach thelr respective limits,

The foregoing caleulutions are summarized in Tuble 6, showing
the largest pump unit of cach type that will conform to the trunsportability
requirements  of AR 70-47 without upproval of amended transportability
churacteristics,  These horsepower. rutings are based on projected weights and
dimensions of average pump units und, therefore, should not be considered ubsolute
maximum values. Through tradeoft of varfous design characteristics It muy be possible
to develop slightly lurger units within the weight and size limits.

Table 6, Transportability Limits on Pump Units

Muximum Brake Limiting

Ty e Lngine Horsepower, Derated Fagtor
Gusoline 440" Weight
Medium-Duty Diesel 304 Weight
Heavy-Duty Diesel 0 Weight
Gas-Turbine 1240 Volume

* Standurd commuerenl models of gasoling engines this lurge are not readily svoilable.,

(3) Fuel and Lube Oil Consumption.  The cost of the tuel consumed
by an engine-driven pump unit represents a major portion of the total cost of operation
and maintenance, Figure 15 shows the average specific fuel consumption for gasoline.
dlesel, anid gus-turbine engines. These data are representative of the averuge fuel con-
sumption for cach type of engine based on the assumption the engines ate operated at
4 power output cquul to the maximum continuous bruke horsepower, rating derated
for operation at 5000 feet aititude and 85°F umbient temperature,

The fuel consumption data Tor gas-turbine engines in Figure 15 are
for simple, or noneregencrative, cyele engines, By adding u regencrator to recover
heat from the exhaust gases, the efficiency of u gas-turbine vngine can be Improved.
A regencritive gassturbine engine will cost approximately 20 pereent more, Iy lurger
and heavier. and requires more maintenance than o simplescyele gas-turbine ol an
cquivalent power output,  Thus, a regenerative engine would be preferable only for
applications where fuel consumption is of primary importancee,
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4 Figure 18, Speciflc fusl consumption of engines,

Most gas-turbine engines in use today ure of the simple-cyele type.
k I regenerative gas turbines are developed and produced commurciully for vehicle
3 upplications, the production base may be large enough for them to be cost competitive
_v with simple-cyele engines.  This broud commerclal application Is not foreseen in the
3 Immediate future, Thus, tis study considers only simple-cyele gas-turbine engines,
" In addition to their lower fuel consumption, diesel engines have u
[ cost advantage in the price of fuel consumed,  The Military standard prices of fuel,

as of Junuury 1976, were:
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Cost
§ Type Fuel (Dollurs/Gallon)
: Muotor gasoline $0.381
b Divsel $0,339
) $0.373
) $0.355

- Using these prices, the cost of fuel, in dollars per brake horsepower
- . hour are shown In Figure 16, The advantages of sinall diesel engines in applications

where fuel costs are a significunt part of total life cycle costs is readily apparent in
Figure 16, This cost difference becomes even greater when the engines are employed
overseus adding fuel transportation costs to the basic fuel costs.
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Figure 16. Fuel cost, dollars per brake horsepower-hour,
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Lube oil consumption rates for gasoline and diesel engines are
approximately equal and increase with engine size. Oil consumption in reciprocating
piston engines genetally increases as wear occurs during normal openttion: however,
this Jdoes not represent o signhificunt change under normal operuting conditions.
Extremely high lube oll consumption is usually indivative of 4 serious problem meriting

! immediate uttentlon to prevent serioys dumage to the engine. By contrast, turbine
I engines consume little lube oll because the lubricution systems ure totully sepurated .
from the combustion process. Averuge rates of Jube oll consumption ure shown in ,
Figure 17, .o
(N
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(4) Maintenance.  The maintenance characteristios of g punip-engine
assembly  weigh  heavily  on the suitability  tor pipeline service. Operutional
requirements frequently demand un entire pipeline system be maintuined in continuous
opetution for extended periods of time, Thus, the frequency of shutdowns required
for maintenanee muy be as important as the umount of maintenence required,

Centrifugal pumps are  relatively  simple  muchines  generally
considered to provide highly reliuble service with little malntenance,  Assuming the
pump Is properly destgned, bulunced, uligned, and free from exgessive stresses from
piping connections, only lmited muintenunce will be required except for periodic
replacement of bearings und shuft seals,  Limited data availuble for the chemieal
processing industry Indicate (1t is reusonuble to expect centrifugal pumps to have o
Mean Time Between Failure (MTBF) of ut least 10,000 hours,

Becuuse of their complexity, engines require substantially more
maintenance than the pumps.  As with pumps, lmited data are avaituble applicable
to the maintemancee requirements for engines used to drive pipeline pumps. A survey
of pipellne operating companies  yielded dath on 1387 gusoline-, diesel, and
gus-tutrbinesenginesdriven pumps ranging in size from less than 50 horsepower to more
thun 3500 horsepower,  Becuuse of the wide range ol sizes amd varled upplications,
these datn do not reflect well defined pump muintenunce characteristivs,  Theretore,
the survey data have been used to develop un estimuted range of values for pump unit

malntenance characteristies.  These data are shown in Tuble 7 and Figures 18, 19,
20, and 21,

. Luble 2, Projected Maintonance Charucteristics for Militury Pipeline Pump Units
Gasoline-Engine.  Diesel-Englne- Gas-Turbine.Engine.

Charactoristic Driven Pumps . Driven Pumps Driven Pumps
Muintenance Rutlo--expressed us  MIN 0.20 0.01 0,01
ratio of maintenance munhours
to operating hours MAX 0.70 0.06 0.05
Mean Time Between Overhaul-  MIN 2,500 5.000 4,000
oxpressod in operating hours MAX 8,000 12,000 10,000
Overhuul Cost—expressed as MIN 28 18 1.5
percentage of procurement cost  MAX RE] k] 25
Expectod Servico Life~oxprossed  MIN 8,000 20,000 20,000
in operating hours MAX 35,000 50,000 120,000

49

Lk




gar Lo e R

PRy FET

o N LS T TR AR

Tt e mieeam bttt

Average hourly maintenanee costs per operating hour are shown
These vasts increase with the size of the pump unit; however, the
maintenance costs do not increase proportionally with bruke horsepower. The
manhours reguired to perform most routine malntenunee tusks are not sigaiticantly

ditferent for lurge or small engines.  As a result, maintenance costs per bruke
lorsepower hour decreuse with engine size,

in Fieure 18,

c.s+ \

AVERAGE HOURLY MAINTENANCE COST (DOLLASS/OPERATING HOURY

BRAKE HORBEFOWER (BHP)

Flgure 18, Hourly maintensnce coat for pump units,

£y

o G i L

b




b s M L )

The averige costs for overlaul of pump units are shown in Figure
19 as pereentage  of the intital procurement cost,  Although the overhaul cost as a
percentage of procurement cost is highest for gusoline-engine-driven units and lowest
for gas-turbine-engine-driven units, ¢ gus-turbine-engine-driven pump unit is still more
expensive to overhaul than o gasolinc-engine-driven unit of equivalent size. For
example, the overhaul cost for 100-brake horsepower units would be:

Type of Engine
Gusoline Diesel Gas-Turbine
Procurement Cost $15,600 $23,500 $74.400
Overhaul Cost us 32.7% 29.5% 244
Percentage of
Procurement Cost
Overhaul Cost $5,101 $6.933 $17.856

Some gas-turbine engines are designed us modular units. These
manufacturers recommend replacement of the modules “on condition” in lieu of
complete engine overhaul. This hus a distinet advantuge in reducing overhaul costs.
Some modules may operate successively for periods fur in excess of the average time
for overhaul of complete engines. The modular concept dous not eliminate overhaul
costs, since modules removed must be repaired.

Representative Mean Time Between Overhaul (MTBO) and expected
service lite data are shown In Figures 20 and 21, respectively. Tnese duta represent
conservative expections compared to MTBO und service life data obtained from the
pipeline industry, However, it is not reasonable to expuect equipment operating in o
mititary combat environment to be us duruble as pumping equipment operating in the
less severe and demunding environment of commercial pipelines. New materials und
design of gas-turbine engines specifically tor Industry applications may produce
significant increases in the MTBO. However, because the availubility of these engines
remuins doubtful, this report reflects the expection for existing gas-turbine engines
which are predominately afreruft engines adupted to provide output shaft power.

8. Pipe. Pipe selection is generully the most important decision made during
the design of a pipeline,  The size, material, wall thickness, and other physical
propertivs of the pipe determine many other fuctors concerning the construction,
operation, and muaintenance of u pipeline. Because a wide runge of ceonomlie and
tec hnologleal considerations hmpact on the design of every pipeline, there are no
detinitive guidelines to be followed in pipe selection,.

8l

S S il A vy by ot i v e b e St v

o landaid




Ty

LN

AVERAGE OVERHAUL COST (PERCENT Or PROCUREMENT COST)

35

30

25

20

15

10

GASOLINE-ENGINE DRIVEN

DIESEL ENGINE-DRIVEN

GAS-TURBINE-ENGINE-DRIVEN

3

b

e

 — 1 I | N 1 "
500 1000 1600 2000 2500

ERAKE HORSEPOWER (BHP)

Figure 19. Average pump unlt overhaul cost as percentage of procurement cost,
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Figure 21, Expected service life of pwiip units,

54

L."
2000

2500

TR s .|

TN i B Bl

i gt

5

OSSO U NS SO e SRS S IPOL-CPCY S

et M L e S T3 A . ¢ bn e




e 473 FE

T Y T T

o

Al el

e u,..._wnﬂ_"" ’ RS

e T LU T Lo N SIS R S,

The first step in the pipe selection process must be identitication of availuble
alternatives, On 7 January 1976, MERADCOM Contract No, DAAGS3-76-(C-0096
was awarded to Value Engineering Company (VECO)Y,  Alexandriy, Virginia, to
investigate various pipeline concepts considering various materials, joining techniques,
and construction procedures. This investigation was to be broud in nature considering
innovative pipeline concepts as well as conventional materials und construction
techniques.  Euch plpeline concept was to be evaluated to determine its suitability as
att element of u system for militury overland trunsportation of bulk liquid hydrocarbon
fuels In u theater-of-operations under wartime conditions,

Defined in the broadest sense, the term “‘pipoline’ may include the pipe.
valves, flttings, pumps, storage tanks, and all other facilitles required to transport
a fludd, under pressure, from one point to another, In a narrow sense, o pipeline muy
be conmsldered to be only the pipe through which the fluid flows. For the purpose
of the investigation conducted by VECO, u “pipeline”™ was defined as any conduit
theough which fuel cun be puiped regurdless of the materials used to form/fubricate
the pipeline including metals, plustics, compaosites, elustomers, and/or combination
thereof,  VECO was to consider the pipeline (conduit) exclusive of design detalls for
pump stations, storage fucilities, and uncillary equipment essentlal to the operation
of an integruted plpeline, except comlderution wug to be glven to the relative
contributions of these items to total system cost, personnel required for installation,
operation, maintenance, system rellability, cte,

a.  Objectives and Criteria for Pipe Evaluation Propram. The objective
of this Investigution wus to provide some meusures of effectiveness und technleal

feusibility for various cundidate pipeline concepts and construction techniques which
will:

(1) Maximize the system reliubility.  System rellubility wus defined
as the probabliity that a minimum dolly throughput requirement can be delivered
from u port-of-entry to a bulk distribution breukdown point.

() Maximize the rute of pipeline construction, providing  the
cupability to advance a pipe head at a rote sufticlent 1o keep puce with fustsmoving

combat and combat-support units advanclng at rutes up to 30 kilometers (18.6 nilles)
per day.

(3y Minimize the nunber of personnel, the skill levels, and the amount
of equipment required for pipeline construction, operation, and maintenance.

(4)  Minimize the totul life eyele cost for a complete pipeline system,

55

P i i ot AL (r RGNS mArT VAR LS AT BT

I s




P LT

AP

BT

Lh

e

T T e

(5) Minimize the potential tor tuel losses due to natural disasters,
hostile action, pilferage, contamination, and administrative handling errors

(0 Minimize repair and mamntenaice down time,
Evuluation criteria furnished included the following:

(1) The uveruge daily throughput requirement will not be less than
10,000 barrels (420,000 gallons).

(2) The muximum average duily throughput will not exceed 35,000
barrels (1,470,000 gallons).

(3) The average distance from the port-of-entry to the bulk
distribution breukdown point will be 100 miles,

(4) Construction, operation, and maintenance of the pipeline shall
be possible in climatic categories 1, 2, §, 6, und 7 as defined in AR 70-38.

(5) The nominal size of cach cundidate pipelinie shall be either 4,
6. ot 8 inches. Use of nmultiple parallel lines to obtain required throughput
requireinents may be constdered ns un aceeptable concept,

(6)  All pipeline systemn components und each item of required
construction equipment shall meet the requirement for water, rail, truck, and air
transportation.

The Essential Elements of Analysis were to include, but not necessurily
be limited to, the following:

(1) Conducting a thorough survey of Industry to identify as many
cundidate plpeline concepts us possible.

(2) Identifying, for cach candidate pipeline concept, the essential
engineering characteristics.

(3) LEstablishing a measure of cost and operationsl c¢ffectivencss
tor vach feasible pipeline concept,

(4) For each of the fuasible candiduates, identifying the level of effort
in research, development, engineering, und testing required for the pipeline and any
ancillary equipment.
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(5) ldentitying the technological risks ussociated with vach proposed
pipeline coneept.

(6) Runking the candidates in order of relutive potential, identilying
necessary tradeolts,

The jhvestigation wus conducted in two phases, Phase | consisted of
four steps intended to reduce the large number of potential concepts down to a few
of the most promising ideus which could be anlayzed in detail, The first step consisted
of detining the toctors and characteristics to be considered und the constraints to be
upplied in determining the technical feaslbility and military suitabllity of a concept,
The second step consisted of estublishing the interrelationships between the fuctors,
charocteristics, and constraints.  During step three, VECO developed a listing of
alterative pipeline concepts.  Step four of Phase | wus the evaluation of all the
voncepts identitied and selection of four concepts offering potential for use in a
military bulk fuel distribution sysiem,

Phase 11 of the investigation involved a more detailed study of four
selected concepts.

1. Interrelationships Between Pipeline Characteristics and Design Criterlo.
The following design constraints und pipeline system characteristics were identitied
by VECO to have a significant affect on the design of military pipelines. Although
the listing was not intended to be all-inclusive, it was consldurc(.l to identify the
primary fuctors to be considered in evaluating ulternative plpeline concepts.

Air Transport - The degree of suitubility for air transportation via
C-130 aircraft.

Bend vs Fittings - The relation with regurd to advantuge of the use

of bent pipe sections as opposed to the use of separate fittings for directional changes
in the pipeline,

Climate - The climatic conditions at the installation location which
aftect pipeline {nstallation and operation,

Digmeter - Pipe diumeter (in inches).

Equipment Requlred - The types and quantities of equipment required
for installution und construction of the pipeline,

Fluid Temperature — The average temperoture of fuel flowing through
the pipeline, determined mainly by the climatic conditions of the pipeline location,
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Hostility Duration  The time span of the wartime conditions under
which the pipeline must operate,

Inspection/Test — The inspection and testing requirements for all
components of the completed pipeline,

Joining Method — The construction techniques and mechanical
components required to join pipe section during instuliation,

Joint Cleanliness -~ The level of foreigh matter present during
installution which affects proper joining of pipe sections.

Maintuinabllicy — Probubility of retuining an ftems in or restoring un
[tem to operation under u given maintenance policy.

Manhandiing — The degree of sultability of pipeline components for
reprated physical hundling by personnels the maximum allowable weight of materials
per mun was assuined to be 30 pounds for repeated lifting.

Material - Pipe material and its properties (i.e.. composition, Jensity).

i%
¥ Number of Crews —~ The total quuntity of crew units required to
instull the pipeline at the specified installation rute,
) .
; Number Purallel Lines - The number of parallel pipelines required
R, o v
: to maintain o specified rate of flow,
g 3
1 Number of Pump Stutlons — The total quantity of pumping stations ‘
: required for the total length to pump fuel at the specified rate through the total 4
1 length, J
_ |
Pretab Cuapability -~ The possibility of performing some assembly ;
operutions prior to stringing the pipe, such as attaching u coupling to one end of
cuch length of pipe. so that only one connection need be made at installution, P
Pressure Loss — The overall loss of fluld pressure due primarily to [

friction as tuel pusses through pipeline. .

Product Contamination - The degree to which interior surfuces of : !
z pipe ccuplings and fittings affect the quality of the fluid being pumped through 1
the plipeline,
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Pump Hoersepower - The hydraulic horsepower rating required of the
pumps used to propel fuzl through the pipeline,

Reliability — Probubility that the pipeline will continue In operation
for a given period of time,

Reuse Components -- Those pipeline system components which are
cupuble of being reused in new construction,

Right-of-Way Required — The distance (meusured in feet) required on
either side of the pipeline for equipment and personnel during installation,

Safety ~ The absence or presence of huzards (to personnel) inherent
in 4 particular construction technique,

Section Length — Average length (in feet) of fabricated pipe sections,

Service Life - The average expected length of time pipeline
components will function before requiting replacement.

Size of Crews - The number of persons required on ench installution ;
(oining) crew to mueet the specificd installution rate with the method employed, (
b

Skill Level — The level of truining and pructical experience required
ol each crew member for proper Installation of the pipeline.

Storage Lite  The maximum period of time materials may be stored
under probuble storage conditions without deterioration.

Mk

Surfave vs Buried - The relation with regard to advantage of installed
pipeling (below ground) to pipeline installed at ground level,

: Terraln  The surface features of the installation location which alfect g
1 pipeline instaltation and operation.
\ !
{ Time per Joint - The averuge elupsed time required by personnel to 3
! Join two pipe sections during installution and move to the next joint, k
q. :
"‘ ; Throughput  The daily maximum required quantity of fuel to be i
R passed through the pipeline. :
»f? Installation Rute - The speed at which pipeline must be installed ;
(miles/dity).
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Total Length - The total required length in miles of completed pipeline
measured from the port-of-entry to the bulk distribution breakdown point.

Velocity - The average speed of fuel flow necessiry to maintain the
required rate of flow through the pipeline,

Vulnerability -~ A measurement of' the potential for pipeline operation
disruption by external forces (i.¢,, hostile action).

Wall Thickness - Half the difference between inside and outside pipe
diameter dimensions (in inches).

Weight ~ The average woight of fabricated pipe sections in pounds per
foot of tength.

Working Pressure — Average fluid pressures which Cfubricated pipe
sections must withstund during normal pipeline operation,

;
L
%

Friction Factor ~ Hazen-Willlams coefficient (usually 140 — 150),

N A

Tho Interrelationshlps among these design constraints und pipeline
system characteristics were established using the mutrix shown in Figure 22, The

factors listed on the left side of the matrix were found to be independent; that is,
they uffect some uspect of the system deslgn but are not uffected by the system

i - e T T

design. .
3
b Listed across the top of the mutrix are the dependent fuctors, These ;
" fuctors wll are affected by one or more tuctors of the system design und, n turn,
[ have some Influence on other dusign considerations,
i’.
i A dot appears in the matrix at the intersectlon ol euch horizontal 3
% line and column where the corresponding factors were determined to have u sighificunt
: interrelutionship. For example: The skill level required for installation (tenth column 4
'\;- heading) s o tfunction of the equipment required for instullution (seventeenth line i
3 heading), the pipe-oining method (nineteenth line heading), and the suitability of 1
; the joining method for prefubrication of certaln ussemblies (twenty-fourth line
* heading).  As with the listing of independent und dependent fuctors, the interactions
{ shown In Figure 22 ure not allsinclusive but were selected to provide u relivble tool
f for comparison of candidute pipeline concepts.
§ c¢. Methodology for Evaluation of Pipeline Concepts. To use the :
b Interrelutionships or inteructions between the design fuctors us 4 tool for compatison 3
b . 1 . 1.
L of the concepts, a value was assigned to cach of the 162 relutionships identificd in 3
L :
60
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Figure 22, The matrix can then be used-to compare pairs ol concepts on the basis
of the interictions,

Ihe values assigned to the interactions were determined as tollows: !

(1) Eath horizontal entry wus assigned a value based upon the number
ol designated interactions in that Hne, For example, the line lubeled “Joining Method ™
has 12 interactions, The independent varlable *Joining Method,” therefore, hag a
value of 12/162 on the busis of the 162 possible interactions.

(2) Each column entry wus given u value based upon the numnber of
inteructions in that column and the values from step 1 for cach of the lines Interacting
in that column, For example, the column labeled “Size of Crews' hus six interactions
whose horizontal line values total 47/162, The dependent varinble “Size of Crews"
then has u value of 6/(47/162).

(3) The value for vuch individual interuction then wus taken as the ?
normallzed product (rounded-off) of the line and column values,  Using the sume
example as in steps | oand 2 wbove, the product is (12/162) times [6/(47/162)] or
1.532. This value is then normalized based on g value of 2,000, the highest interuction
vilue that appears in the mateds. This value oceurs at the interaction of “*Service Life”
as a function of “Climate.” The scoring value for the example is (1.532/2.000) 10 =

7.66 or, rounded-off, 8, us shown in Figure 23 at the interaction of “Size ol Crews”
us u function of *“Joining Method.” 3

After the results were compiled, euch Interaction value was examined
4 tor plausibility. Any unomulles were reconciled through re-examination of the
] definitions of variubles involved.

PRI g TS Py

s

Compurison of two candldate concepts using the mutrix shown in
Figure 23 would require o substuntial amount of knowledye regurding each conceept,
; Due to the large number of convepts iduntificd and problems encountered in data
1 collection, it way impossible for VECO to acquire this extensive knowledge of cuch
concept. To do so would huve required a level of effort in excess of the seope of
the contract, Therefore, it wus necessary to develop u simplified matrix which, with
limited data, would identity the concepts possessing the greatest military potentiul,

For the screening process to be valld, however, it was Imperative to consider as many . i
" ke
fuctors us possible.

Al e

¢ oo o B,

AR

The abbreviated matrix shown in Figure 24 was developed for this
purpose, It requires definition of only four independent design fuctors (Joining ]
method, pipe material, working pressure, and weight), yet those tour had a bearing

TR R L

62

R Rt

¥

b FALNT anenio et vl 8 prh B
il i o v Y PRy - AL LMk dar, abadd e sl e e RN




i
!
v
63

[P URUSPEPFIIPL Y VS SRR &

3 : o loamt o ittt s X % L v as it e b
o LMD b Ao it il T bt 22k L veas




i S A TSI I A L W et T = e =
i .
.
p . D B . sitle 2By
1
3 K L1 0 ¢ < B 3 [ TRSTING W aOn
$-
s .1 s N [ [] s wre e
x‘ S WITLEN LG
3.4
|
L
K
4 -
1
—d
v
v
=t
[ X
+Tet E LB ki -] v L3 Ed o ~
A HUT NP
LA S /2, e,
<7 ,r: X 2 .W-UJ/ A..O:',J
oSS /E, -+ ST >
o /e, YA 0
AYA T T N5 QAN
.1.1 ~ 2, 7

e in s, ettt R i Sttt b 5. B s et et




upon 27 of the 36 dependent fuctors.  The values computed for cach aof the
interactions in the full matnx (Figure 23) were retained.

By use of this matrix, the concepts, taken in pairs, were scored by
compurison, That is, the attributes of the two concepts were compared in each of
the 36 points of consideration. In cach instance, the concept huving the superior
characterdstics recelved the scoring value, In the case of equal quulifications or where
sufficient duta were not avalluble, both congepts were awarded the value, Thus,

. the significance of the two scores computed when two concepts are compared s not
their magnitudes, but the difference between the scores.

d. Identification of Pipeline Concepts. Beginning with the CORG BPFS
Study '**3' gy background information, VECO uttempted to obtain information on
wll availuble pipe materials, joining devices and methods, and high-speed pipeline
construction technigues.  Using a variety of sources to identify manufacturers,
suppliers, and other potential sources of information, VECQO sent out 774 solications
- for data. Replies were received from 264 of the organizations contacted, with 67
}‘\- o of them supplying useful information,

At the outset, an effort was mude to contact the 14 compunics
identified in the CORG BPFS Study to update the findings of that study., These
companies are identitied in appendix C.

. —————————

L 1 R. Swnloy LaValee ot als Butk Perroleum Factlitios and Svstemns (BPFS) - 1970.1988, Phase 1: 1970-1978,

: Main Report.  Combat Opotations Reseurch Group, Technival Operations, Inc. Alexandriu, Virginia; November

1968,

H

A 14 Fdwand W, King: Bulk Petrolewm Facllities and Svstems (BPES) 1970, 1988, Phase | 19720.1978, Aniex A,

) Historfeal and Doctringl Review,  Combat Operations Reseurch Group, 'echnical Operations, 1oes Alexandels,

hf Virginia: November 1969,

] IS R, Dean George et al; Bulk Petrolonm Favilitis and Systems (RPES) - 1970-1988, Phase 1+ 1970.1985, Annex

L B, Part [ Miitary  Fquipment  Survey, Combal Operations Research Group, Technical Operations, Ine,;
Alesundrin, Virginia; November 1969,

3 ia R, Dean Geotge ot ul; Bulk Pevroleam Factlities and Svstems (BPFS) - 1070.1988, Amrex 8, Part I, Industry

- Fyguipment Survey,  Combut Opetations Rescarch Group, Technical Operutions, Ine.; Alexandriy, Vieginia:
Novembaer 1969,

. 1 Ray A. Anderson, Bk Petrolenm Facilitfes and Systems (BPES] 19720:1988, Phase |- 1970:1975, Amnex

Fipeline  Stmulation Model. Combal Operations Researeh  Group, Technical Operations, Ine Alexandrly,
Virginlu; Nuvemba 1969,

L Kuy A, Anderson et al; Bulk Petroleum Factlitios and Systems (BPES) 19701985, Phase 1. 19701978, Annex

E, Cost Effectiveness Analysis,  Combat Operations Reseprch Group, ‘Technival Operations, e Alesandei,
Vinginta; November 1969,

Gordon B, Puge and Richard A. Turkets thtk Petroleum Facllities and Svstems (BPES) - 1970.1 985, Phase [:
1970:1978, Amnex ¥, Engineer Organization and Equipment. Combat Operations Research Group, ‘Technleal
Operations, Ine.: Alexandreia, Yieginia; November 1969,

"

Wy, Stanley LaValee amd Kennoth R. Simnmons; Bulk Petroleum Facilities amd Svstems (BPES)  1970.1 988,
Phese 1: 1920 1978, dAnnex U Synthestzed Eaginecr Budk Petealewm Factlivies Svstenn, Combat Operations
Research Group, ‘Technical Operations, Ine.: Alesandrla, Viginia, November 1969,

“Juhn M. MeCroary ot uly Budk Petroberm Facilities and Svstems (BPFS) - 1970.1USS, Phase 1: 19781088,
Combat Operations Researeh Groap, Fechnieal Operations, Incs Alesandriu, Virglnie; November 1969,
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Using data obtained from 34 of the compunies contacted, VECO
detined 39 pipeline coneepts, collectively employing a wide assortment ol conduit
materials and joining methods. The only pipe materials eliminated from consideration
were gluss, wood, concrete, and lead.  These were judged not suitable for the specified
militury application,

For the purposes of Identification a flve-digit alphanumeric code was
assigned to each concept. Each digit represented a charucteristic or purameter, Figure
25 presents anexplanationof the code, For example, the 2 in the identificution code
2173D s the concept status (proposed during this study); the 1 indicates the joining
method (mechanical coupling); the 7 is the joint geometry (sepuarate fittings); the 3
is the joint description (thermal welding): und the D indicates the conduit muterial
(polypropylene pipe).

On the basis that application of uny concept would fall into the near
time-frame, VECO considered only those concepts cither ulready commetcially
avalluble in the form specifiod or those requiring only aduptation or modification
to meet the criterin.  Any long-term process development was not deemed feasible:
henee, concepts requiring extensive development were not considered.

Listed below are the 39 concept definitions, Including five systems
currently used by the military: concepts 11112, 12342, 12343, 1234E, und 1240E,

Concept 11112, This concept is a pipeline currently used by the
military, 1t employs steel, AP SL pipe, grude A or B, Jolned by manua) welding.
Weights of 4-inch-, 6-<inch-, and B-inchedlameter pipes are 10,00 1b/ft, 14.97 Ib/it,
and 22.34 Ib/1t, respectively: corresponding working pressure are 1700 1b/in?, 1200
Ib/in?, and 1000 Ib/in?, respectively,

Concept 12342, ‘This concept is a conventionul military pipeline
using stecl, APl SL pipe, grade A or B, with grooved pipe couplings such as, Victualie
style 77 or Gustin-Bacon No. 100 bolted couplings.  Weigh. of 4-inch-, 6-inche, and
Beinchediameter pipes are 10.00 Ib/ft, 14,97 1b/it, and 22.34 1b/It, respectively:

corresponding  working pressures are 1000 Ib/in?, 1000 1b/in?, and 800 1b/in?,
respuectively.

Concept 12343,  This coneept s a conventional milltary pipeline
using lightwelght steel tubing with weldedsend nipples, The joining method is the sume
as that used In concept code 11342, Weights of 4-lnch-, 6-inche, and B-inch-diumeter
tubing are 3.53 Ib/tt, 7.28 lb/1t, and 9.81 Ib/ft, respectively; corresponding working
pressures are 600 1b/in?, 600 I1b/in?, and 500 Ib/in?, respectively.
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Concept 1234E.  This is a concept currently used by the military.
It uses synthetic rubber hose asseiiblies conforming to MIL-H-52262, joined by
grooved pipe couplings, Weight of 4-inch-diameter hose is 1,08 Ib/ft, with a working
pressure of 125 [b/in? (500 Ib/in? burst/225 Ib/in? prool).

Concept 1240E, This concept is currently used by the military, It
uses synthetic rubber hose ussembiles conforming to MIL-H-82127, joined by cam
and grooved couplings., Welghts of 4-inch- and 6-inch-diameter hoses are 1.25 1b/ft
und 2.3 Ib/ft, respectively; corresponding working pressure is 100 1b/in? for diameters
(400 1b/in? burst/200 Ib/in? prool).

Concept 21111, This concept proposes u plpeline using aluminum,
schedule 40, 6061-T6 pipe, joined by muanual welding, Weights of 4einch-, 6-in¢h-,
and  8-inch-dinnteter pipes are 3,73 1bo/it, 6.50 1b/ft, and 9.88 Ib/ft, respectively:
corresponding working pressures are 1000 1b/in?, 800 Ib/in?, und 650 Ib/in?,
respectively.

Concept 21122, This concept represents a proposed pipeline using
steel, APl 5L pipe, grade A or B, Joined by automatic welding equipment, such as that
avallable from Dimetrles, Astro-Are, or Sviaky Bros, Weights ot 4-jnch-, dinch-, und
B-inch«diameter pipes are 10.00 Ib/ft, 1497 Ib/ft. und 22.34 1b/ft, respectively:
corresponding working pressures are 1700 1b/in?, 1200 b/in?, und 1000 1b/in?,
respectively.

Concept  2123C. This concept  proposes  using  high-density
polycthylene (1TDPE) pipe, joined by thermal welding, such us Ryerson “Monoline™
and M.L. Sheldon “Scluirpipe.””  Weights of 4-inch-, 6-inch-, und 8-inch-diumeter
pipe ure 277 Ib/ft, 5.99 Jb/It, wd 9.35 b/t respectively: corresponding working
pressure is 160 1b/in? for cach diumeter.

Concept 2173D. This concept uses scheduie 40 polypropylene pipe.
Joined by thermally welded, separate fittings (R & G Sloane “Fuseal™).  Weight of
4-inch- and  oeednchediameter pipes are 187 1b/ft and 3.56 1b/ft, respectively;
corresponding working pressures ure 128 /in? and 100 Ib/in? | respectively.

Concept 220DB. This proposed pipeline concept uses epoxy resin
fibergluss-relnforeed  plastic  pipe. Jjolned by CIBA-GEIGY “Pronto-Lock™ and
“Pronto-Lock I male/female integral threaded couplings,  Welghts for 4-inch-,
G-inche, und 8-inch<dinmeter pipes are 0.8 1/1t, 1,7 Ib/ft, and 3.3 Ib/ft, respectively:
corresponding working pressures are 300 Ib/in?, 200 Ib/in?, und 150 1b/in?,
respectively.
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JOINING METHOD

W e

Welding

= Mechanical coupling l

Adhesive bonding

Frictlion coupling
Contlinucus condult (Few jolints)

JOINT GEOMETRY

0 = Not applicable

= V-groove butt jolnt

= Plaln end butt Jolnt

~ Grooved nloe

= Cam~and=groove coupling
- Bell-and-spigot

= Flanged

- Separate Fittings

- Tongue~and-groove

9 - Swaged-on grooved pipe flttings

® ~JOWN Bt —

CONCEPT STATUS

| « Presently used
~ Proposed d

by mliltary

thls s+ud

Figure 28. Coucept identification codes,
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JOINT DESCRIPTION

0 - Not appliceble
| « Menual welding
2 = Automatic welding
3 = Therma| walding
4 « Bolted coupling
% « Wedge locking coupling
6 - Latching coupling
7 = Bolted grippling coupling
8 = Rubber seal or "0" ring
: 9 -~ Flange clemp and "O" ring
- A = Locking strip
. 8 « Butt-and-strap hand lay-up
1 C = Threuded
1 D - Male/Famale threaded integral coupling ]
3 E - Swaging E
4 F = Latehing lugs 3
‘ &
; CONDUIT MATERIAL ?
: | « Aluminum, schedule 40 plpe, 6061=T6 or 5063=T62
] 2 - Steel, AP| 5L plpe, grade A or B
3 3 - Steel, Ilghtwelght tubling
: 4 = Stesl, schedule 40 plpe ;
1 5 = Steel, high=strength well casing
1 6 = Steel, spiral welded plpe i
3 7 = Cast lron plpe
; 8 -~ Ductlle tron pipe i
9 = Polyvinyl ¢hloride (PVC) pipe 3
A = Polyester resin fiberglass relnforced plastic '
(FRP) plpe 4
B - Epoxy resln flberglass relnforced plastic plpe :
1 C = High dansi+y polyethylene (HDPE) plpe 3
{ D - Polypropylene plpe ;
‘ £ =« Synthetlc rubber hoge
. XXXXX b
FIVE=DIGIT CODE 3
3 Figure 28. Concept identiflcation codes. (Continued) 4
69

Loy PRIy PP s . ] ‘ e ﬁ




P

e gy % UTELFEESEEI AP DT RN : AR C

Concept 222720 Thas coneept is o proposed pipeline using steel. AP
S opipes grade A or B oined by Gustin-Bacon No. 200 bolted gripping couplings.
Weiehts of danch . o-inch-, and K-inch-dinneter pipes are 10,00 b/t 14,97 1b/t,

aind T2 3 DI respectnely - correspondimg warking pressures are 1000 Ib/in®. 600
b=, and SO0 Ib/in?, respectively.

Concept 22273, This conceept proposes a pipeline using lighiweight

steel tubing, jomned by the same mechanical coupling as that used in Coneept 22272,
Weights ol deinche, O-inch-, and B-inch-diameter pipes are 3,53 1b/1t, 7.28 Ib/it, und

9.51 /i1, respectively; corresponding working pressures are 60U 1b/in?, 600 ib/in?,
and 500 1b/in? ! respectively,

Concopt 22341,

This concept proposes using uluminum, schedule
40. 6061-To pipe.

Sections are joined by grooved couplings, such us Gustin-Bacon
No. 101 bolted coupling.  Weights ot 4-inch-, 6<inch-, and 8-inch-diameer pipes are

373 I/, 6.56 1L/, and 9.88 /1L, respectively: correspomding working pressures
are 1000 1L/in?, 1000 1b/in? , and 800 1b/in?, respectively,

Concept 22356. This concept uses spiral-welded steel pipe, Joined by
Naylor “Wedgelock™ wedge locking grooved-pipe couplings.  Weights of 4-inche,
O-inch-, and 8-inch«diameter pipes are 3.96 1b/ft. 7.94 1b/tt, and 13.20 b/,
respectively; corresponding working pressure is 400 1b/in? for cach dianeter.

Concept 22363, This proposed pipeline concept consists ol lightweight
steel tubing with welded-end nipples. Sections are joined by latching grooved pipe
couplings, such us Victiulic style 78 or Guston-Bucon No. 115, Weights of 4-inche,
teinch-, and B-nchdiameter tubing are 3.53 b/, 2.28 ib/ft, and 9.51 Ib/it,
respectively: corresponding working pressure is 300 b/in Tor eavh diameter,

Coneept 22401, This concept proposes using aluminum, schedule 40,
6061-T6 pipe, joined by cam-and-groovesty pe cauplings, such uas Andrews 400A, 400D,
6GO0A. 60O, 800A, 300D, or OPW 633-A, 633-D with NPT female threads
aluminum), Weights of deinche, 6einche and &-inch-diameter pipes are 373 1b/(t.

0.56 10T, and 988 1b/1t. respectively; corresponding working pressures are 100 Ib/in?,
75 W/in®, and SO 1b/in? | respectively.

Concept 22404, This concept proposes using steel, schudule 40 pipe,
joined by cam-groove-type couplings, such as Andrews 400A, 400D, 600A, 000D,
ROOA. 800D, or OPW 633-A, 633-D) with NPT female threads (steel), Weights of

Jeinche, oeinchs, and S-inchadiameter pipes are 10.79 /0t and 28.58 Ih/Tt, respectively:
corresponding working pressure is 100 ih/in? for the 4- and 6-inch diameters.

70

=

e bt s

SRR SR PERESLLS e

P P I N




B T T

Concept  224AB. This is a  proposed  pipeline concept using
filiment-wound cpoxy resin fiberglass-reinforced plastic pipe, joined by hell-and-spigot
coupling with locking key strip, such as those available from Brunswick and Fiberaluss
Resources.

Concept 225F1. This proposed pipeline uses aluminum 6063-T63 pipe,
joined by Race and Race “Raocebilt” bell-and-spigot coupling with an 0" ring seal
and latehing lugs. Weights of 4-inche, G-inch-, und B-inch-dinmeter pipes ure 1.35 1b/f1,
3,00 1b/tt, and 4.64 1b/ft, respectively; corresponding working pressure is 350 1b/in?
far cach dinmeter,

Concept 2269A. This proposed pipeline coneept uses filument-wound
polyester resin flberglass-reinforeed plastic (FRP) pipe, joined by Beetle *Quick-Lock™
flunge clamp with 0" ring, Weights of d-inche, 6-inch-, and B-inch-dinmeter pipes
are 1S Ib/re, 2.7 Ib/rt, and 4.1 1b/rt, respectively: corresponding working pressures

are 200 Ib/in?. 200 1b/in? and 150 Ib/in?, respectively. :

Concept 227AB.  This is a proposed pipeline coneept using vpoxy ]
resin liberglass-reintforeed plastic pipe, joined by Fibergluss Resources’ “Kwik-Key” 4
coupling with 0" ring and locking strip,  Welghts of 4-inch, 6-inch-. and ;;
S-inch-diameter pipes are 0.8 ib/f1, 1.6 Ib/ft, und 2.7 1b/f1, respectively: corresponding %
working pressures are 350 lb/in?, 250 1b/in?, und 200 Ib/in2, respectively. E

Concept 22705, This concept proposes using high-strength well casing E
steel pipe, joined by Armco “Seal Lock" threwded well casing couplings,  Welghts '-;
ol deinch-, o-inch-, und S-inch-diumeter pipes are 11.60 Ib/t, 23.00 1b/ft, and 32.00 3

Ib/f1, respectively: corresponding working pressures are 2100 Ih/in?, 1700 1b/in?,
and 1500 Ib/in?, respectively.

Concept 228A1.  This concept proposes a pipeline using aluminum,
schedule 40 pipe. Joined by Sundia Labs' male/female  tongue-and-groove coupling 3
with locking strips (“Tuped Joint™). Welghts of d-inch-, 6-inch-, and B-inch-diameter

4

pipes arce 3.73 Ib/ft. 6.50 IM/TL, and 9.88 ib/ft, respectively: corresponding working i
pressures ore 1700 1b/in2, 1200 1b/in?  and 1000 Ib/in? . respectively. :
Concept 228A2. This concept uses steel, APL SL pipe, grade A or B, f

joined by the same coupling as that used in Concept 228A1, Weights of 4-inch-, i

o-inche, and 8 inchediumeter pipes are 1000 1b/it, 14,97 Jb/ft, and 22.34 Ib/it,
respectively: corresponding working pressures are 1700 1s/in?, 1200 1b/in?, and
1000 1b/in?, respectively,
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Concept 22948, This concept  proposes  using  cpoxy  resin
fibergluss-reintoreed  plastic pipe, joined by “Gamagrip™ swaged-on grooved pipe
couplings.  Weights of d-inche and 6-inch-diameter pipes are 0.8 Ib/ft and 1.7 Ib/ft,
respectively; corresponding working pressures are 225 Ib/in? and 250 Ib/in?,
respectively,

Concept 232BA. This concept uses fllament-wound - olyester resin
fibergluss-relnforced plustic (FRP) pipe, jolned by butt-und-strap hand lay-up of resin
and mat, such as that available from Century Fiberglass. Welghts ot 4-Inch-, 6-inch-,
and S-nchedjameter pipes are 1.5 1b/ft, 2.7 Ib/1t, and 4.1 Ib/ft, respectively:
corresponding working pressure Is 150 Ib/in® for euch diumeter.

Concept 23509. This concept proposes u pipeline using polyvinyl
chloride (PYC) pipe, joined by cemented (adhesive-bonded) bellsand-spigot couplings,
such as those available from Certain-Teed. Weights of 4einch- and 6-inch-diameter
pipes are 1.822 1b/ft and 3,947 Ib/ft, respectively: corresponding working pressure
is 200 b/in? for both diameters.

Concept 2350B. This concept is a pipeline employing epoxy resin
fiberglass-reinforced plastic pipe, joined by cemented (udhesive-bonded) bell-and-spigot
couplings, such as those uvailuble from Fibergluss Resources, Fiber Cast, and Koch,
Weights tor d-inch-, 6«inch-, and 8-inch-diameter pipes ure 0.8 Ib/ft, 1.6 1b/ft, and
2.7 1b/11, respectively: corresponding working pressures ure 350 Ib/in2, 250 Ib/in?,
and 260 1b/in?, respectively.

Concept 23709.  This concept proposes using polyvinyl chloride
(PYC) pipe, joined by cemented (adhesive-bonded) fittings, such as those available
from Certain-Teed and Dixie Plastics. Weight of d-inch-, o-inche, and 8-inch-diameter
pipes are 1,822 1b/tt, 3.947 1b/It, and 6.679 1b/1t, respectively: corresponding working
pressure is 200 Ib/in? for cuch diameter.

Concept 2370B. This concept proposes a pipeline using epoxy resin
fiberglass-rcinforced  plastic  (FRP)  pipe. joined by  Conley  FRP  cemented
Caudhesive-bonded) fittings,  Weights tor 4«inch-, 6-inch-, and 8inch-diameter pipes
are 0.8 Ib/tt, 1o Ib/ft, and 2.7 1b/f, respectively: corresponding working pressure
is 150 th/in® tor cach diameter.

Concept 240E1,  This concept uses aluminum schedule 40, 0061-T6
pipe, joined by “ZAP-LOK" swaged bell-and-spigot triction coupling. Weights of 4-
inch-, Geinch-. and S-inch-diameter pipes are 3,73 b/t 6.56 1b/I't and 9.88 1b/ft,
respectively: corresponding working presstires are 1700 1b/in?. 1200 Ib/in, and
1000 Ib/in?, respectively.
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Concept 240E2.  This concept proposes using steel, APE SL pipe,
grade A or B, joined by the sume method s that used in Concept 2405 1. Weights
of 4-inch-, 6-inch-, and S-inch-diimeter pipes are 10.00 1b/{t, 14.97 Ib/f1, and 22.34
1b/ft, respectively; corresponding working pressures are 1700 Ib/in?, 1200 Ib/in?,
and 1000 1b/in?, respectively.

Concept 24587, This s a pipeline concept using cust iron pipe, joined
by a bell-und-spigot-type friction joining mechanism with an “0* ring seal, such as
McWave “Tyton” and American “Fustite,”  Welghts of 4-inch-, 6-inch., and
Binch-diameter pipes are 15 1Ib/ft, 23.9 1Ib/ft, und 34.7 1b/ft, respectively;
corresponding working pressure Is 350 Ib/in? for euch diumeter,

Concept 24588. This concept proposes using ductile iron pipe. joined
by a bell-and-spigot-type friction joining mechanism with an 0" ring seul, such as
McWave “Tyton” und American ‘‘Fastite.”  Weights of 4-inch-, 6«inch-, and
8-inch-diameter plpes are 134 10/ft, 21 1b/ft, and 29.7 1b/ft, respectively:
corresponding working pressure is 350 [b/in? for each diameter.

Concept 24589, This Is u proposed concept using polyvinyl chloride
(PVC) pipe, joined by bell-und-spigot coupling with a rubber seal, such as ASC Plastics’
“Vulcan® with integral coupler; Certain-Teed “Fluid-Tite;” Clow “Bell-Tite;" Ethy
“Bell-Ring:” Johns-Munville “Ring-Tite;” Rehau *Mechan-O-Joint.," Weights for
4-Inch-, 6-inch-, und 8-inch=liametes pipes are 1.86 Ib/ft, 4.05 1b/ft, and 6.91 Ib/ft,
respectively; corresponding working pressure is 200 Ib/in? for euch diumeter.

o Concept 2458C. This concept proposes a pipeline using high-density
polyethylene (HDPE) duct, with a bell-und-spigot-type friction joining mechanism E
with an *0" ring seal, such as Phillips Product “'Driscon 3700." Weights for 4-inch
and e-inch<dismeter plpes are 0.96 b/t and 1.82 1b/ft, respectively: corresponding
working pressure is 75 Ib/in? for both dlameters.

Concept 24789.  This concept presents a proposed pipeline using ;
polyvinyl chloride (PVC) pipe, joined by Tridyn “Wedge-Tite” [friction coupling :
with rubbee seal.  Welghts of 4-inche, o-inch-, and 8-inch-diameter pipes are 1.48 ¥
b/, 3.22 Ib/1t, and 5.44 Ib/ft, respectively: corresponding prossure is 200 1b/in?
for cach diameter.

Concept 247EL,  This concept proposed a pipeline using aluminum 3
schedule 40, 6061-To  pipe. Joined by McDonnel “Duraswage” swaged-triction 3

couplings.  Weights of 4-inch-, 6-inch-, and 8-inch-dlameter pipes are 3.73 b/, 6,50 ;
Ih/rt, and 9.88 IW/1, respectively: corresponding working pressures are 1700 1b/in?. ]
1200 th/in?, and 1000 1b/in?, respectively. ;
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Concept 247E2,
pipe, grade A or B, joined by the same method as that used in Concept 24785,
Weights of d-inche, o-inch-, and B-inch-diameter pipes are 10.00 1b/ft, 14.97 l/i,

and 2234 Ib/1t, respectively; corresponding working pressures are 1700 Ib/in?, 1200
Ib/in?, und 1000 Ib/in?, respectively,

e. Comparison of Proposed Concepts, The 39 proposed pipeline concepts

were paired for comparison as shown in Figure 26, Relative scores for the concepts
i cach pair were computed using the ubbreviuted scoring mateix (Figure 24), These
scores are shown, inclosed in parentheses in Figure 26, The concept from cach pairing
receiving the lowest score was climinated from further consideration.  Using

sequentiul patrings of the higher scoring concepts, 34 of the 39 concepts were
climinated from further consideration,

When the scoring matris technique for comparison of alternatives is
used, uny alternative found to have an unuceeptable churacteristic is ussigned a value
of zero. Three concepts (2123C, 217ED, and 24588C) recelved scores of zero because
the matetials, high-density polyethylene and polypropylene, are hot compatible

with the applicable petroleum products throughout the speciticd ¢nvironmental
tetperature range.

A MERADCOM program review found that the pairing procedure used
by YECO will not necessarily select the five best concepts, In Figure 26, concepts
PEEED, 12342, 12343, 21111, 21122, 2123C, 2173D, amd 230DB are compared to
cach other through the paiving process. 1t {s valid to vonclude that concept 220DB

Is the preferred concept from this group of elght. However, concept 220DB has not
been compared, in any way, to the 31 other coneepts listed below concept 22008
along the left side of Figure 26, Thus, it is possible that uny, or all. of these 31
concepts coukl be superlor to concept 22008,

Simtlarly, concept 22341 s superlor to coneepts 232372, 22273, 22350,
22363, 22401, 22404, und 225AB. However, the relative value of concept 22272
in comparison to the 31 other concepts is not knows. Therelore, it is not valid to
conchude that concept 22341 is necessarily one of the five best concepts,

Following this rationale to its conclusion. concepts 220DB, 22341,
225F 1, 240K1, and 24789 have not been identified positively as the five best ulternu-
tives, Actual determination of the five best concepts using pulred comparisons would
require 1 large number of compatisons based on a complex decision tree, As an alter-
native, VECO compared the five proposed concepts to five concepts currently in use
by the Militury, The results of these comparisons are shown in Figure 27. In every
cuse, when the abbreviated scoring matrix was used, the proposed convepts all scored
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Figure 27. Present systems compured to proposed concepts.

higher than the existing Military systems,  The number in parentheges below each pro-
posed coneept identification vode s the sum of the differences between the concept
scores and the respective scores for the five present Military systems,

Further evaluation of concept 24789, PVC pipe joined by Tridyn
“"Wedge-Tite™ friction coupling, could Lave some seepage at the joints. In the usual
application (waterlines) for that type of pipe, some seepage at the joints is allowable,
Lliminating the potential for the seepage would require chunges in tolerances, manu-
fucturing methods, and/or the geometry of the proprictary seal. Duc to this problem
and because concept 24789 had the lowest total sum of the differences when com-

pared to the five existing Military systems, the concept was eliminated from further
consideration,

f.  Summary of Value Engineering Compuny Findings. Given the objec.
tives and critera specificd {n the contruct (outlined hercin In paragraph 8), vonstruc-
tion of 100 miles of 8-inch-diameter pipeline was sclected as the basis for comparison
of the four concepts. For the purposes of this investigation, VECO considered the

ability to deliver the muximum anticipated throughput to be the most demunding
criterion,
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For cach concept, a method of construction and sequence of operation
considered to be the most efficient and costeetTective means of construction were
established. 1o cach case, the construction capability of a single crew was less than the
desired 30 Kilometers per day, Thus, the evaluation considered the use of multiple
crews to achieve the desired rule ol construction,

(1) Concept 220DB - CIBA-GEIGY PRONTO-LOCK Pipe System.
The CIBAGEIGY fibergluss-reinforeed epoxy resin pipe is avalluble in diameters from
2 inches through 16 inches, Designed for continuous operation at g maximunm working
pressure of 150 1b/in?, the product line includes pipe, fittings, and sdupters. Using o
bell-und-spigot desigp, the PRONTO-LOCK mechanical joining system provides a
quick, simple mothod for joining pipe and flttings.

The bell-shaped. fomule-end fitting or PRONTO-LOCK box end,
shown in Figure 28, is threaded internally und contains an O-ring seal in a groove below

the threads. The male end of the pipe or PRONTO-LOCK pin is threaded above the
smooth tapered end which is stabbed into the box, compressing the O-ring to estublish
u seal. For pipe digmeters from 2 inches through 6 inches, the stundard PRONTO-LOCK
pin has the tupered sealing surtuace and thread fubricated as un lategral part ol the pipe.
The foint is tightened by rotating the pipe with a strap wrench,

Buecnuse of problems associgted with alignment and rotating pipe
of dinmeters from 8 inches through 16 inches, the male threads are on a concentric
sleeve which can be rotated to tighten the joint without rotating the pipe. This con-
centric sleeve sents against a shoulder at the back of the tapered sealing surtuce. This

design feature, designated PRONTO-LQCK . permits 2 degrees of angulur deflection
in the joint,

Stundard nominal juint length for the CIBA-GEIGY pipe is 40 feet
An 8inch-dlumeter, 40-foot section of pipe. with end fittings., weighs approximatels
145 pounds.  Thus, four men can handle one section of pipe without uny special
mandling equipment,  VECO proposes the pipe to be hauled to the construction site
using S-ton trure tractors towing flutbed semitrailers with telescoping bodies. Each

joint of pipe would be joined to the end of the pipeline as it is oft-losded from the
delivery trucks.

Installation of a joint of pipe begins with two men positioning
cribbing to support the pipe during installation.  Simultancously, four men off-lead a
section of pipe from the delivery truck, curry it to the end of the pipeline, and place
the pipe an the cribbing.  After removing the end protectors, Inspecting the pipe ends
for dirt und damuge, and lubricating the pin, the four men lift the section of pipe, stuab
the pin into the box end of the previous section, und run the threud up, Another crew
member, using o strap or spanner wrench tightens the joint, The crew then lifts the
pipe allowing the cribbing to be removed and advanced to the next joint of pipe.
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(on 8=inen oniy)

Bearing Ring

C~Ring Saske*
Flgure 28, Ciba-Geigy PRONTO-LOCK Joint,

Two men are stutioned an the delivery truck to ussist in offsloading
the pipe. Thus, the proposed mstallution proceduee requires at least 9 nyen, Jon the
truck off-louding the pipe. 2 to carry and position cribbing, 4 to carry and install the
pipe, and | to tighten the joint. The estimated rate of construction for this crew is ong
joint vvery 84 seconds, ) his Lquates to u construction tate of Q.32 mile per hour,
Assuming u crow works u 1N0-houyr shift, the maximum length of line installed in one

day by ane crow would be 3.2 miles, Thus, to obtain the desired construction rate of
18.6 miles per day, at Jeast six crews would be required
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Based on turther aualysis, it was concluded that 8 crews, working
4 crews per shilt and two 10-hour shifts per day, can best accomplish the construction
of 30 kitometers (18,60 mites) per day. This approach will allow adequate time for the
crews to install valves and fitting, make grade crossings. ete.

To support the Installation crews, o continucus supply opetation
is required. It wuas assumed that cach truck cun haul 36 (:ngths of 8-jnch-diameter
pipe maintaining un uverage traveling speed of 30 miles per hour wad that all the pipe
is prepositioned at one end of the 100-mlle pipeline. On this basis, it was determined
that thirty-cight S-ton truck tractors with telescoping tlatbed semitrailers would be
required to maintain a continuous supply of pipe,

Additionul equipment requirements include seven 2-%-ton cargo
trucks and two ti-ton utllity trucks., Two of the seven 2-Y2-ton cargo trucks would be

outfitted as pipeline construction trucks with winches and A-frames for installing
valves und other heavy components.,

To deliver 35,000 barrels per day through one B-inch-diameter
CIBA-GEIGY pipeline would require approximately 19 pump stations, assuming no
change in clevation along the 100-mile length of the pipeline.  Each pump stution

would operate at a maximum discharge pressure of 150 th/in? delivering upproximately
100 hydraulle horsepower.

(2) Cuncept 22341 -~ Grooved-End, Mechanically Coupled,
Aluminum Pipe System. Mcechanical couplings for juining groovedsend plpe are
munufactured by Gustin-Bacon Division, Acroquip Corporatior. Lawrence. Kinsus,
and Victualic Company ot Amerlca, Flizabeth, New Jersey,  This coneept employs
the sume basic design as the Military standard coupled steel pipelines except it is
praposcd 1o use schedule 40, 6061-To wluminum pipe and aluminum couplings.

A segmented coupling engages circumitvrential grooves around
the end ol the pipe us shown in Figure 29 to provide a positive mechanically locked
joint.  An clustomeric gasket encased by the coupling seals the joint, When used
with appropriate  couplings, B-inch-diameter, grooved-end, schiedule 40 aluminum
pipu is suitable for operating at pressures up to 300 Ib/in®. An B-inch grooved coupling
will allow Udegree, 41 minutes deflection in the joint,

A 20-ot length of schedule 40, 8-inch-diumeter, aluminum pipe
weighs approximately 198 pounds. Use of longer fengths would be desirable to reduce
the number of joints.  However, the weight of longer sections would preclude
manhandling the pipe during the stringing-and-kiying operations.
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It is proposed that the pipe stringing and joining be accomplished
as o single operation. The procedure to be used would be as outlined in TM 5-343 for
construction of coupled steel pipelines, The VECO investigation concluded that one
crew can luy 70 sections of 8-inch pipe during u 10-hour shift, On this basis, achieving
a 30kilometer-per-day construction rate would require 70 crews working 35 crews
per shift and two 10-hour shifts per day, Construction rutes uctually achieved during
tests at Fort Belvoir using steel tubing indicates this estimate of possible construction
rates is extremely pessimistic,

A 2-%-ton truck tractor und a bolster truller would be required
to supply pipe to cuch of the 35 crews. Additional equipment required would include
ten 2Ya-ton pipeline construction trucks and ten ¥%-ton utility trucks, The 2-4a-ton
pipeline construction trucks would be equipped with winches and A«rames.

Delivery of 35,000 barrels per duy through an 8-inch-diameter,
schedule 40, coupled aluminum pipeline would require five pump stations, Each pump
station would operate at o muximum discharge pressure of 800 1b/in? delivering
approximutely 475 hydraulic horsepower,

(3) Concept 225F1 — Race and Race Racebilt. This concept proposes
using schedute 10, 6063 aluminum pipe. The pipe Is joined by a mechanical coupling
manufuctured by Ruce und Race, Inc., Winter Haven, Florida, Marketed under the
registered trudemark  Racebilt, cach length of pipe hus a female coupling und male
fitting permanently attached by wekding. Two sections of pipe ure joined by Inserting
the male end into the fenmule coupling us shown in Figure 30, The cust male fitting
has two latching lugs, As the male fitting is inserted into the female coupling,
Soii-tauslgsdptelt rings automatically enguge the latching lugs, providing a positive

Lateh Spring

TROK =

{inskat
e rimir o : “r-._-m--.‘_-._

Q*-lj-ﬁ& : T
Male Aduminum Mpe End ‘7¢/ Famate Aluminum Plpoe ind

Latch -
Figure 30, RACEBELT mechanical coupling
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lock.  An elastomeric seal in the bore of the femule coupling provides a seal around
the outside o the nude fitting.  An undercut on the latching lugs prevents refease
of the latches while the coupling is under pressure.

The coupling increases the uwseful length of o section of pipe
by 0.58 foot. With th¢ coupling attached, a 40-foot scction of schedule 10,
8-inch-diumeter pipe weighs approximately 208 pounds.  Although it will be an
arduous tusk, these sections of pipe cun be munhandled for stringing and joining,

The stringing-und-luying procedure proposed by VECO is identical
to that tor the CIBA-GEIGY pipe except the coupling uutomatically latches itself,
climinuting the need for a crew momber to secure the joint, The estimated time
required to luy one joint of pipe 18 54 seconds. Bused on this joining rate, VECO
projects 6 crews (3 crews working two 10-hour shifts) can luy 30 kilometers of pipe
per duy and have enough time availuble to install the necessary valves and littings,
make grade crossings, cte. E

3
1

Euch construction ¢rew would consist of 15 men including o
crew chicl, 7 men to carry, align, und joln the pipe sections, 2 men to install valves
and fittings; 2 men to curry and position cribbing: and 3 menu working on the Jclivery
truck to assist with off-londing the pipe.

i s -

Assunming Ston truck tructors towing flutbed semitrailers with
telescoping bodies are used to haul 36 lengths of pipe per load, 40 trucks would L
needed to support construction of 30 kilometers of pipeline per duy.  Additional

Trag

NSRRI Y. -9

2. Ltk S

! equipment required would Include five 2-Vi-ton curgo trucks and two Y-ton utility [
¥ trucks, Two of the 2-Vi-ton trucks would be equipped with winches and A-frumes '
4 for handling valves and other heavy items,

% With the maximum operating  pressure  for  B«nche-diameter ;

schedule 10 aluminum pipe limited to 350 Ib/in?, u 100-mile-long plpeline would «;

X require nine pump stutions to deliver 35,000 barrels of fuel per day. Each pump i
; stution would produce approximately 215 hydraulle horsepower. ;
_ (4) Concept 240E1 - ZAP.LOK Systems [International, Ing, i
! (ZAP-LOK). The ZAP-LOK pipe Joining process, developed by ZAP-LOK Systems :
g [nternationul, Inc., Houston, Texus, produces a Joint equal in burst streagth to the 1
4 original pipe strength. One end of cach section of pipe is expunded or “belled™ us |
3 shown In Figure 31. The opposite end of cach length of pipe Is beveled slightly and

; an annular groove is rolled into the outside diameter. A portable hydraulic press 1
: forces the grooved end of one pipe section into the belled end of another pipe section, 4
;
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Concapt Code 240€|

Aluninum Belled Pipe End

Epoxy Sealant -—/

(3 Placus)

Aluminum Grooved Plpe End

Figure 31, ZAP-LOK Joint,

The end preparation, belling und grooving, can be accomplished
at the pipe mill, in a storuge yurd, or on the Job site, The controlled-foree fit of the
Jolnt provides o metalto-metal seul.  An epoxy upplied before assembling the joint
serves as o lubricant und o secondary seal.  The Joint reduces the useful length of
un 8-inch pipe by approximately 0,88 foot.

The ZAP-LOK process Is suituble for joining pipes from i-inch
through 12«inch diameter of various wall thicknesses and materiuls.  VECO has
recommended use of 8-inch-diameter, schedule 40, 6061-T6 aluminum pipe with

u working pressure of 1,000 Ib/ind. A 40-foot length of this pipe weighs
approximutely 395 pounds,

The proposed installation procedure begins with stringing the
pipe using a side-boom tractor to unload the pipe from the truck, The pipe would
be placed on eribbing to protect the pipe and facilitate the joining crew,

The hydroulic joining press would be carrivd by a side-boom
tractor und operate using power from the tractor hydraulic system.  The joint of
pipe being added to the pipeline would be picked up Ly another side-boom tractor,
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the ends inspected, and the epoxy applivd to the mating surfuces.  After properly
aligning the new section of pipe. the hydraulic press would grasp the pipe and foree
the joint together, )

The time required to join a section to the pipeline is estimated to
be 90 seconds. At this rate, cight crews of four crews per shift working two 10-hour
shifts per day would be required to construct 30 kilometers of pipeline per Jay.

Two stringinig crews oft § men cuch would be required to string
the pipe in advance of the joining crews. Each crew would consist of & vrew chief,
u tractor operator, and 4 men to assist In handling and positioning the plpe, Each
joining crew would consist of 7 men: 1 crew chief, 2 tractor operators, 3 men to

assist in handling the pipe and applying the epoxy, and | man to operate the joining
machine,

Five-ton truck tractors towing flatbed semitrailers with telescoping
bodies would be used to deliver the pipe to the construction site, Assuniing cach truck
can haul 26 sections of schedule 40, 8-inch-dlameter pipe in 40-foot lengths, it Is
estimated that 35 trucks would be required to string 30 kilometers of pipe per day.
Two side-boom tractors would be required for stringing the pipe und unother cight
slde-boom tructors would be required for joining the pipe.

Delivery of 35,000 burrels of fuel per day through 100 miles
of 8inch sluminum pipe at 1000 lb/in? maximum operating pressure would require

four pumping stutlons, Euach pumping station would produce appproximately 590
hydraulic horsepower,

(5) Results of Concept Comparisons. Table 8 presents tabulated
weight and volume data for the four selected concepts.  All equipment dimensions
and weights are actual vilues, unless noted otherwise.  An additional 10 percent
of total amounts (based on 100-mile pipeline) is included in the culculations, as noted,
to compensate for quantities of pipe lost or damaged in transit,

Material and equipment cost datu shown in Table 9 are based
on 1976 manufacturer's quotations. For the ZAP-LOK system, pipe preparation
vost does not include spare or buck-up cquipment, The vost of using a grooving
machine, as an alternative to having the mill perform the grooving operation, is not
included in pipe preparation cost for the grooved-pipe coupling system,

Trunsportation costs are based on MERADCOM “Cost Estimating
Guidance Transportation Cost™ statement of 9 Sep 1975, Costs include U.S. Line
Haul, U.S. Port Handling, Overseas Port Handling, and Overseas Line Haul charges.
Flgurcs for U.S. Line Haul and U.S. Port Handling charges far pipe only are computed
from volume (for low-density items, charges are based on volume rather than weight),
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Aluminum Bel lud Plpe End

Epoxy Sealant Aluminum Grooved Plpe End

(3 Places)

Figure 31. ZAP-LOK Joiut,

The end preparation, belling und grooving, cun be accomplished
ut the pipe mill, in u storage yard, or on the Job site. The controlled-foree fit of the
joint provides a metal-to-metal seal. An epoxy applied before assembling the Joint
serves as & lubticant and a secondary seul. The joint reduces the useful length of
an 8-inch pipe by approximately 0,88 foot,

The ZAP-LOK process is suitable for joining pipes from 1-inch
through 12-inch diameter of various wall thicknesses und materiuls,. VECO has
recommended use of 8-nch-diameter, schedule 40, 6061-T6 aluminum pipe with

o working pressure of 1,000 Ib/in?, A 40-foot length of this pipe weighs
approximutely 395 pounds.

The proposed installation procedure begins with stringing the
pipe using a side-boom tructor to unload the pipe from the truck. The pipe would
be placed on cribbing to protect the pipe and facilitate the joining crew.

The hydraulic joining press would be carried by a side-boom

tractor and operate using power from the tructor hydraulic system, The joint of
pipe being udded to the pipeline would be picked up by another side-boom tractor,
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The prices of gate valves for the systems are included becuause
of the differences in ¢ost Tor the different sizes required to handle the varying working
pressures. A 000-pound class gate valve selected for the ZAP-LOK und grooved-pipe
systenis cests approxumately $4100; a 300-pound cluss gate valve selected for the
Racebilt system costs about $1700; and a 150-pound gate valve selccted for the

PRONTO-LOCK system costs approximately $1200. Valve quantities required for
cach system will also vary,

otk gad

TR

Tuble 10 provides a comparison of the busic pipe costs for 4-, 6-,
and 8-inch nominal sizes,

SN T

Ciia

Considering calculated  totul costs, uxclusive of relative
performance or manpower required for installution, the PRONTO-LOCK system costs
the least of the four systems ($3.413,000); ZAP-LOK costs 2.4 times as much
($8.087,000); groovedspipe 2.1 times as much ($7,006,000); and Racebilt 1.3 times 4
us much ($4,403,000), The PRONTO-LOCK system costs represent costs for prepared
pipe (ready to install), purchased directly from the manufacturer, There is no sepurate
chuarge for preparing the plpe and no equipment required for the joining process.

T TR

A

i o ot

The higher ZAP-LOK cost Is attributed to u considerably higher 3
price for schedule 40 aluminum pipe (versus FRP), the expense of preparing the pipe b
: (belling und grooving), und o large expense for equipment to perform the joining
' operation, The cost of purchasing four joining presses (51,745.400), of course, ;
represents an initial cost only und a more accurate representation may be the long-term i

costs over the perlod of time the equipment is used, The high initial equipment cost
would also be reduced if the presses were leased,

L e BT

Similarly, the grooved-pipe system gosts are higher because of
high aluminum prices (versus FRP) und pipe preparation costs (grooving) in addition :
to the cost of the mechunical vouplings employed.  Sinee 20-foot pipe sections were p
used In the system design (versus 40-foot seetions for other concepts) the number of 1

joints are therefore doubled, plpe prepuration costs and coupling costs could be hulved a
If 40-foot sections ate used,

¢ T R g ATy T

s T EE T

The Rucebilt system costs, however, represents the price ol
prepared pipe. The cost of the Racebilt aluminum pipe with the couplings welded on

the ends Is 38% less for pipe which is approximately SO% Hghter in welght thun the
schedule 40 pipe.

For all four systems, the cost of consumable materfals used in
installotion is relatively Insignificant (under $4,000) compared to other costs. There
is ditthe vuriation in the transportation cost for ull systems.  Although the Racobilt

B ki
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system weighs considerably dess than aither the ZAP-LOK or grooved pipe system
and the PRONTO-LOCK system weighs less than Racebilt, respective transportation
charges are calvuluted on volume, which differs little.

The results off comparisons of thc'ic- v selected concepts using
the Plpeline Scoring Matrix, Figure 23, are shown in Figurc 32, On the basis of the
22008  ClBA-Geigy "Bronto=Lock" 3
22341 Aluminum Grooved-Pipe Coupllings
225F1 Race 'snd Race "Racebi!+"
240€1 ""Zap-Lok" 3
§
1
PROPOSED CONCEPTS ‘é
]
22008 22341 228F1 240QE! %
750 798 873 1
\ i
22008 766 778 "\ | 786 3
E
1
g 766 781 £S1 1
- 22341 “ %
g 750 768 TN |
N
§ 778 766 56"
g 228F| .

798\ 78! s \
786 "9 308

240E!

Ecmitssnt strn b S bl

673 691 £65

b e e

Figure 32. Comparison scores of proposed pipe concepts,
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perfornunee and design criteria selected. the Racebilt system placed  the highest
of the tour selected systems, Tolowed by PRONTO-LOCK, suminum grooved-pipe
couplings, and ZAP-LOK.  The ranking is bascd on comparison scores of wll four
systenis taken in pairs, teo Racebilt lad higher scores when paired with cach of the
other systems: ZAP-LOK had lower scores tor all three pairings. The scoring indicates
that, considering a wide runge of operating conditions and general requirements,
Rucebilt is the superior system.  However, it iy recognized that under certain
circuiustances and given specitic requirements, another system could perform as well
as or better thun Racebilt. Al systems, thepefore, are capuble ol meeting the Military
fequirements.,

On the basis of materinl and system deslgn churacteristics which
served us the basis for scoring, pipe sections for all systems have the sume nominal
digmeter,  The pipe materinl then is u crivical factor, With the exception of
PRONTO-LOCK, all systems use aluminum pipe that can be bent us required an the
field, The ZAP-LOK system is the most  pernmanent of the four, heaviest in weight,
and allows the Tongest unsupported length of pipeline. ZAP-LOK operates under the
highest working pressure (1000 ib/in?), hence requires fewer pumping stations thereby
increasing the maximum system reliability.  Conversely, the PRONTO-LOCK system
cun be disussembled and reused and employs the lightest sections of pipe, but its
nonmetallic construction requires more support per pipeline length und is more
vulnerable to abuse (from terrain) thun any of the other systems. PRONTO-LOCK
operates under the lowest working pressure (150 Ib/in?) and. on the basis of the
number of pumping stations required, this limits the maximum mathematicully
possible system reliubility that cun be achieved.

The instullation procedures individually selected for the four
systems were considered by VECO to be the most efticient means ol uchieving the
required installation rate, Racebilt required the least amount of skill to install. The
Joining operation involves little more than aligning two muting pipe ends and bringing
them together with enough thrust to lift two spring-louded lutches over two lugs. The
grooved-pipe and PRONTO-LOCK systems also are relatively casy to Install. The
ZAP-LOK system requires the most skill to install thus making desirable for the joining
muchine operators to hive some prior truining. Since the ZAP-LOK joint is relutively
permanent, an improperly made joint is not readily corrected, meaning some delay
in the construction operation, ZAP-LOK pipe, for that matter, can be joined only
with mechunized equipment, whereas Racebilt, PRONTO-LOCK, and grooved-pipe
sections cun be assembled by hand, The grooved-pipe installation requires the longest
time per joint (8.55 minutes) and Rucebilt the shortest (54 secunds).  Installation
times ure clearly subject to climatic conditions at the site, Low temperatures would
uffect the time required to upply and cure the epoxy used in the ZAP-LOK system,
All systems except Racebilt would require low-temperuture lubricunts,  All factors
considercd, Racebilt Is the cusiest system to install und ZAP-LOK the most difficuit,
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Rucebilt also requires the least number of crews (total manpower)
to mecet the required installation rate, and rrooved-pipe requires the most manpower
CTable 11, A Racebilt crew requires no tools tor installation; a PRONTO-LOCK crew
requires enly the use of a spanner wrench; a grooved-pipe coupling crew would use 4
torque wrench and an alignment cage; and a ZAP-LOK crew would use a hydraulic
press to join pipe. Major installation, supply, und joining equipment requirements
for cach system (shown in Table 12) are dependent on many variables. Although no
one system is superior in terms ol equipment utilized, ¢uch system requirement is
lurge considering an operation of this scale, Once the pipe Is jolned, the ZAP-LOK
system is the most difficult of the four to repair und maintain, Replacement of &
damaged section would require a crew to cut out the damaged section and to bell and
groove mating ends in the ficld unless another joining operation is considered. Repair

of damaged sevtions in the other systems would require simple replacement of the
damaged sections,

Development of any of the four concepts into g Military system
would not require an extended time period. nor would it involve a high risk, All the
systom concepts are based upon commerciully proven components, There ure,
however, certain areas which require investigation it the systems are to perform
satisfuctorily in the Military environment.

The durability of the CIBA-GEIGY PRONTO-LOCK tibergluss
pipe material would need to be estublished with respect to ultraviolet (sunlight)
exposure, extreme cold temperatures, and physical abuse.  The Integrity of
ticld-bonded pinend (male) fittings when gecomplished under extreme climatic
conditions would need to be estublished, The characteristics and limitations of the
grooved-pipe system using malleable iron couplings and steel pipe are well established.
Similar limits with regard to strength and durability would need to be set tor the
aluminum system,  The primary areas of voncern with the Race and Race Racebilt
system would be the strength ol the fairly lght gage (schedule 10) pipe, the durability
and vulnerability of the cust-end (Ittings, and the effectivencss of the rubber seal
at low temperatures and low line pressures.  Development of the ZAP.-LOK system
would involve developing a “militurized™ version of the joining equipment. tailoring
the equipment tor 4-, 0-, and &incli pipe only, and other similir changes. A reliable

means for applying the epoxy seatunt in extreme cold und wet condltions would also
necd to be devetoped,

Based on the results of their contract effort, the Value Engineering
Compuny concluded:
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On the basis of contact with professional and trade organizations and
private industry, only a few arcas ol pipeline technology have shown mirked
progress or developmaent in the last several years, For example, automatic
welding techingues have inproved the quality ot joints; but because there
has been no great reduction in time required, rapid-welded  pipeline
installation is not possible, Hose is relutively versatile and can be cusily
transported and installed; but its applicution is limited by its low working
pressures,

As a result of the information obtuined and on the basis of preliminary
findings, the development of an eftective concept for rapid installation of
4 system for distribution of bulk tuel appears feusible, using relutively
proven technology.

All four concepts under consideration appear to be supetior, on the

limited basis of the prefiminury evaluation, to the Military systems currently
available,

Of the four system concepts, the Rucebilt system runks highest by
the scoring matrix criteria, while the PRONTO-LOCK system has the lowest
projected costs. The ZAP-LOK system required the fewest men. Depending
on the Army'’s urea of cmphasis, any ol the four coneepts explored would
be sujtable for further development as o military system,

9.  Ancillary Equipment. In addition to the pipe and pumping equipment,
there is o wide variety of components required for sufe, efficient pipeline operation,
Design requirements for cach of these pipeline components are dependent on muny
factors, particularly the pipeline size, operating pressure, und Now rate,  Selection
of the proper ancillary equipment is an essential purt of designing a well-integrated

~ pipeline system,

A detailed examination of cach type of component included in a pipeline
system is beyond the scope of this report. Thus, the following discussion s intended
only to identify some of the major issues that must be considered in pipeline design,
To the extent possible, the potential impuct on overall system cost and operationul
effectiveness is presented,

a.  Pump Stadon Manifolds. A typicul layout of a pump station, including
four pumps interconnected for series operution, is ilustrated in Figure 33, This
manifold layout allows maximum flexibility in the series mode of pump stution
operation.  Any desired combination from one to four pumps may be operated
stmultancously,  Valves in the manifold allow each pump to be isolated from the
manifold pressure,
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The pump station nanifold can be considered to consist of several
Jdiscrete sections. The incoming pipeline or trank line terminates an the inlet to the
weonnng pipe cleaner station,  This section of the manifold is required to cateh or
trap, without interrrupting flow, any internal pipe scrapets, pigs, or other pipe cleaning
devices being pumped through the pipelines.  Similarly, the outgoing pipe cleaner
stution provides the capubility to introduce scrapers, pigs, or other cleaning devices
into the flow stream as it leaves the pump station.

The intake sundtraps colleet dirt, scale, sludge, and other debris
pumped through the pipeline followlng intital startup, after the line has been broken
for maintenance, or,that has been loosened by an internal seraper or plg. Sundtraps
are intended to remove lurge particles and debris which might damuge a pump, lodge
in valves rendering them inoperative, or otherwise cuuse operational problems,
Sandtrups are not Intended to serve us quality control devices.

The unit pump nmanitold identificd In Flgure 33 includes that part
of the punmp stution manitold required to connect one pump to the pipeline. Thus,
the pump station munifold, as shown, includes tour unit pump manifolds. It is this
portion of the manifold that changes If the pump station is designed for parallel
pump opetation. Figure 34 shows schematically u typleal luyout for series operation
ol a four-pump station. Incoming and outgoing pipe cleaner stutions and a sandtrap

stution kientical to those Hlustrated In Figure 33 would be required with the manifold
connecting the pumps in parallel,

The number of vulves, fittings, und pipe sections aure approximately
equal for cither pump stutions operating in parallel or series ussuming cach station
includes an equal number of booster pumps. Examination of Figures 33 und 34 shows
that a substantial amount of construction effort will be required if a complete
munifold is delivered to the Installation site as individual components, The size and
weight would preclude shipping a pump station manifold preassembled as a complete
unit. However, it would be possible to preassemble the incoming and outgoing pipe

cleaner stutions, intuke sundtraps, and at leust the major portion of the pump
manifolds us separite units,

(1) Valves, Control of flow in u pipeline system is nccomplished
by the use of valves. Essentially, valves perform the following busic functions:

(a) Start or stop flow.

(b) Determine and change direction or path of flow,
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) (¢)  Prevent buckflow.
i
() Relieve or regulate pressure,

To meet the varied flow control requirements, the list of types of
valves Is virtually endless. Vulves must be properly selected and maintained to provide
the desired service. Because of the many types of valves avallable and the differing
operational requirements, this study does not attempt to make an in-depth evaluation

of valves. Instead, this discussion is limited to the contribution of valves to the cost
and welght of pump station manlifolds,

Table 13 lists the approximate cost and weight of cast steel rising
stem gate valves and swing check valves, The manifold for a single pump booster
station of the conflguration shown in Figure 33 Includes ut least 10 pate valves and 2
check valves, For each additional pump udded to the manifold, 2 gate vulves and
1 check valve are required. Becuuse of the number ol valves required and their high

cost und welght, vulves represent more thun half the total cost und weight of a pump
stution manifold.

e £ YT T AR TR IS

B o e

Although diftlcult, it would be possible to install 4inch, 150-
and 300-pound<class valves and 6-inch, 150-pound-¢lass valves without the aid of
muterinls handling equipment. Beyond these sizes and welghts, it becomes essentiul
to have some type of support equipment availuble for valve installation, Even then,
ussembly of pump stutlon munifolds will be a slow, laborious tusk requiring severul k
; men., Muximum preassembly of pump stution manifolds will substantiully reduce i
the time und manpower required for pump stution construction, .

Improvements {n valve technology in recent yeurs have been
primurily through the introduction to new materials. Coatings applied to internal
valve parts have led to substantial improved performance of valves in highly corrosive
applicutions. Reinforced-plastic valves are finding acceptance for some low-pressure
upplicutions,  Typicully, butterfly valves arc smaller, welgh much less, and are less

Al

: expensivo than othe types of valves. Improved designs have Jed to greater utilizution

ol butterfly valves for applications up to 150-b/in? pressure differential. Butterfly

valves with pressure rutings up to 720 Ib/in? tor sizes up to 12 inches have recently
; beconie availuble from a few manufacturers.  Virtually no data is avuilable regarding !
the rellabllity and maintenance characteristics ol the valves, . :

The changes in valve technology do not Indicute u need for any i
significant change from the types of valves currently in use throughout the petroleum :
pipeline industry. However, future Military pipeline design und development prograins

should include u thorough survey of the valve industry to insure that no opportunity
for impravement hus been overlooked.
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(2) Fittings. Included in the broud category of fittings are clbows,
tees, wyes, crosses, reducers, unions, plugs, return bends, and many other specialty
items,  Fittings used to connect the various parts of o system muy be made of a wide
range of materials to meet various service requirements.  Fittings are manufuctured
in a wide range of standard types and sizes for use with all types of mechunical
couplings as well us tor welded joints,

Individuaily, fittings represent o small part of the cost und weight
of a complete munifold. However, due to the lurge number required in u complex
munlfold, fittings may represent a significant part of the total munifold cost und

weight, Use of stundurd fittings and elimination of the need for specinlty items is an
essential purt of good manifold design.

Virtually every concelvable technique suitable for jolning pipe
could be used for connecting parts within a pump station manifold. However, the
technique best sufted for jolning pipe may not necessarily be well suited for all joints
within 4 pump station manifold. For example, welding would not be a suitable means

for connections to pumps, valves, and other components which may require removal
for repuir or replacement.

Selection of the type of fittings und method of joining to be used
within pump station and tank-furm manifolds will require careful study after the
pipeling joining method is selected. It is important to remember that leaks are most
likely to occur at mechanical joints. Thus, it ls imperative that the fittings sclected
have a pressure rating compatible with the pipeline operating conditions and that the
number of joints be held to o minimum, The versatility of the currently standard Mili-
tary grooved-end mechanical couplings mukes this joining technique extremely well
suited for Military applications. Other than the possible use of aluminum fittings in

lieu of steel to reduce maintenance requirements, preliminary evaluations Indicate Little
potential for improving Military manifold designs.

The approximate cost of pump station manifolds using grooved
couplings is shown in Figure 35, The top three curves represent the estimated costs for
4., 6+, and 8-nch-nominal-digmeter manifolds for a one pump station of the general
configuration illustrated in Figure 33, The cost of a unit pump manifold is represented
by the Jower three curves in Figure 35. Thus, the cost of a complete four-pump
manifold as shown in Figure 33 would be equal to the cost read from the manifold
cost curve for the appropriate line size plus three times the unit manifold cost read
from the appropriate unit manifold curve in Figure 35.
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Using the same approach, the approximate weight ol a pump
station manifold can be determined using Figure 36, The valves, sand trap, and cleaner
stations compiise the nkijority ol a pump station manifold cost and weight. Use ol a
juining teehnique other than grooved couplings would have little effect on the total
manitold cost or weight,  Theretore, Figures 35 and 36 are used throughout this
report us being representative of pump station manifold costs and weights without
regard for the pipeline joining technique used,

b. Pressure Regulation. The pressure at uny point in u pipeline is a
tunction of' both static and dynamic heud. Because of the effects of gravity, liquids
ulways tend to move towurd the center of the carth,  This charucteristic creates u
pressure, normally referred to as stautie head, proportional to the vertical distance
between the liquid surfaee and the point where the pressure Is meusured,

If flow In a pipe Is uphill, the stutic head resists flow and adds to the
energy that must be supplied by a pump to obtaln the desired rute of flow, When
flow is downhill, the stutie pressure tends to push the liquid through the pipeline,
helping to overcome the friction loss from the fuel flow. When pumping is interrupted
und the pipeline is shut down, there is no friction loss to of'fset the statle heud. Thus,
on the downhill run, the pressure at the lowest point in the pipeline may be higher
under no-flow conditions than when tlowing.

The need for pressure regulation in Militury pipeline was first identified
during Workl Wur 11.  Construction of pipelines over the Himulays Mountains in
China-Burma Theater and in mountalnous terrain, such us found in Northern ltaly,
found locations where static pressure could becotne excessive,

It 1953, the US. Army Engineer Rescarch and Development
Laboratories (USAERDL) at Fort Belvolr, Virginia, initiuted a study of the problem
of Military plpaline pressure  regulation requirements. Approximately 22
manufacturers were contacted to determine commerclal availability of suitable pressure
regulating equipment. At that time, one valve manufucturer’s control oquipment
appeared suitable for application to a Military, portable, pressure-reguluting station,
Evaluation tests on these valves began in Qctober 1954 and revealed that the rubber
expundable tubes which were the prime components of the valves would not operate
effectively at subzero temperatures and a low-temperature, fuel-resistant rubber was
not uvallable,

In 1956, a contract was uwarded to Arlund Engincering Company to
Investigate, evaluate, and select suitable pressure-regulating equipment.  The final
report, titled “Pressure-Regulation Valves for Militury Pipelines,” was submitted to
the Chief of Engineers, U.S. Army, in April 1957, This report recomnmended a valve,
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but, again. it was ineftective for operation at subzero temperatues. During this study,
ussistance was solicited from 41 valve manutacturers, 35 pipeline operators, § pipeline
design and engineering organizations, and the American Petroleum Institute Committee

on Pipeline Transportation. The general comments received from these organizations
indjcated the tollowing:

(1) The type of pressure regulation used on commercial overland )
pipelines is determined by the requirements of a specific location und application,

(2) Euch design is peculinrly suited for that location.
(3) Notwo designy are necessarily alike,

The design restraints or requirements for commercial applications
ure, therefore, somewhut different from the initial Military objective of using one
3 standurd pressureeregulating station assembly for ull requirements. 1t is noteworthy
- that, subsequent to this perlod (1956-57). the Mititury objective chunged to one of
3 upplying a variety of pressuresreguluting stations to meet all Military requirements, 3
ruther than one regulating station for ull Military requirements. During this 1956-57 ‘
study, vorrespondence from u leading pipeline design and construction firm indicuted i
that it was being faced with u complex pressure-reguluting problem concerning a
proposed plpeline over rugged terrain trom Sicaslcu, Bolivia, to Aricu. Chile. The
remotencess ol this pipeline indleated a need for pressure reguluting stutions that were

A operated solely by hydraulic pressure and were self-regulated, automatle, and
3 ungttended,

I TR

TEEE

In June 1960, the Petroleum Equipment Branch (USAERDL)
completed o study to Investigute the requirements, methods, and equipment for
r‘. pressure regulation in long, downhill, Military-pipeline sections or where the pipeline i
, profile forms a deep gorge, Included in this study was additional testing und evaluation
of un Improved version of the reguluting valve thut was evaluated in the two previous
: studies of' 1953 und 1986-87. As in previous programs, the testing found the valve
would not operate offectively at subzero temperatures,  Conclusions drawn in
USAERDL Technivcal Report 1639-TR, “Pressure Regulation in Long Downhiil

§
] Scctions of a Mbitary Pipeline,” duted June 1960, by M. A, Pachuta, indicuted :
b additional  study, duesign, and development  were required to obtain  sultable i
pressure-regulating vquipment. B J
Comnierclal methods used to overcome the high pressure resulting l'rom K
{ lurge chonges in elevation include: 4

THTE
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(1) Use of welded pipeline construction exclusively, which inherently
will withstund higher pressures than coupled lightweight tubing,

(2)  Chunge to a heavier-wall pipe in critical areas of 4 pipeline where
excessive pipe pressures could be encountered,

(3) Use of a smaller-diameter pipe while maintaining or increasing
" the wall thickness to accommodate higher pressures assocluted with criticul sections
of pipeline.

(4) [Installation of u relief valve and plping to a storage tank in arcus
of a pipeline where criticul pressures could be encountered.  Whenever excessive
pressures ogeur, product Is relieved to storuge and later pumped back into the pipeline,

(5) Control of pipeline pressure limits with pressure-vegulating valves
or shutotT valves that are powered with an externgl source of power, such as electricity
or compressed alr.

(6) Control of pipeline pressure limits with pressurc-regulating valves
thut are powered with the hydroulic pressure of the product belng canveyed in the
pipeline.

In November 1965, the Departinent of the Army approved a Small
Development Requirement for a “Family of Pressure-Regulating Equipment, 6-, 8-,
und 1 2-Inch, Military Petroleum-Products Pipelines,”

[n October 1969, Willlums Brothers Engineering Compuny, Resoures
Sciences Center, was awarded Contruct DAAK02-70-C-0119 for the design of portable
pressure-regulating stations for eriticul downhill sectiuns of 6-, 8, und 12-mch Militury
petroleum fuel pipelines. The final report, “Portable Pressure«Regulating Systems loe
Critical Downhill Section ol 6-, 8-, und 12-lnch Militury Petroleum Pipelines, Report
No. 2" dated September 1970, contuins drawings and  specifications for
pressure-roguluting stutions.

Funding Umitutions at that time prevented the fabrication und testing
of the Military-duesigned pressure-reguluting station.  However, Willlams Brothers
Engineering Compuny has built and instulled u commercial station which is u moditied
version o the Military station, Complete detalls of the 1969.70 development eifort
are contained in ‘Technicul Report 2017, “Portuble Pressure-Regulution Station for
Critical Downhill Sections of 6+, 8, and 1 2-lnch Military Fuel Pipelines,” prepured by
H. N. Johnston, Fuels Handling Equipment Division, MERDC, duted November 1971,
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The need for a pressure-reducing station suitable for worldwide use
Specitic operational requirements must be estublished based on the line
sizes, operating pressures and flow rates determined to be suitable tor future Military
pipelines.

renains,

¢. Contrals, Today every commercial pipeline uses some automatic
and/or remote controls, Some of the more sophisticated facilities ullow one disputcher
to operate an entire complex pipeline system, This high degree of automation is made
possible through the use of computers which can monitor slmost every performancy
characteristic  throughout the ontire system,  In some instances, the complex
instrumentation, sonsing a given conditlon, sends a signul to the computer which mukes
a decision and transmits a signal to the appropriate automatic contro] device muking
the necessary change in operating conditions, In other cases, the sensor signul muy be
Jdispluyed visually Tor the dispatcher to interprot and Initlute the required action,

The pipeline control tunctions can be divided into two categories:
dispatching and pump station control, The dispatehing cun include control of ull
storage terminals assoclited with the pipeline or cun be limited to just the pumping

equipment, control valves, und other components reloted solely to opetation of the
pipuline itselt,

In a totally automuted and centrally controlled system, cach storuge
tunk would be equipped with u sensor device to provide the dispatcher with an
Indication of the quantity of ruel In the tank, Al flow-control valves would be
operated by clectrie, hydruulic, or pneumatic actuators and controlled by u switch
on the dispalcher ¢ontrol panel. Instrumentation would be required to provide the
disputcher with an Indication of cach valve position, In uddition, the dispatcher
would have the capubllity to start, stop, control, and monitor the performance of
all pumping equipment associnted with the system. Because of the remoteness of the

dispatch r to muany of the fucllities, u complex data communicutions system is
requlrey.

There Is not universal ugreement among pipeline operating compunies
regarding the degree of sutomation that can be justified cconomicully, Automated
dispatcher control systems may prove feasible for commercial operation whete, over -
4 period of several years, the reduction in operator personnel cost may offset the
initlal investment costs, However, for the relatively short duration a Military pipeline

would normually be in service, the high investment cost of sn automated central
disputcher control capability cunnot be justitied.

Automation ol some pump station control functions can be considered

optional. However, there are some pressure control functions that require automatic
control tor sale, etticient pipeline operation.
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Automation ol the normal pump station startup and  shutdown
procedures are optional,  Automatic controls are commercialty available which, upon
receiving the proper signal, will follow a preseribed procedure and sequence to start up
the pump station and bring it to some predetermined operiting condition. The sime
automatic controls cun be programmed to shut down the entire station upon command
from the dispatcher or from a local operator.  As with fully wutomating u pipeline
system for single dispatcher control, the cost of a fully sutomated pump station
startup und shutdown capubllity {8 not economicolly justificd for military pipeline
systems,

The espential requirements {or uutomatic pump stution controls involve
maintaining aceeptuble suction and discharge pressures for pump stations in tight line
operations, The requirement for automatic control of pump station suction and
discharge pressures can be seen by examining the hydroulic gradients shown in Figure
37, If, in Flgure 37, the normal pump station operating conditions are 300 1b/in?
disc'urge pressures and 20 1b/in? suction pressure, the normul hvdraulic gradient
will be as shown, 1f 300 {b/in? represents the muximum safe working pressure,
controls must be provided to prevent a higher pressure. In addition, it 20 Ib/in? is the
minimum required suction pressure, the controls must prevent loss of suction pressure
or dumage to the pumps will result,

Figure 37. Hydmulic gradient for three-pump-station pipeline,

If the dispatcher wants to reduce the throughput rate, he will reduce
the discharge pressures at pump station A, This pressure reduction will result in u
reduced flow gradlent between pump stutions A und B, If pump stations B and C
attempt to continue to operate on their normal gradients, the gradient between A
and B will attempt to assume the same flow rute or gradient, Since the dispatcher
has reduced the pressure at A, the only way the gradient between A and B can be
made to assume a steeper ungle thun the reduced gradient shown is by lowering the
suctlon prossure at B, Since 20 Ib/in? is the minimum required suction pressure,
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station B must reduce its flow rate to mateh the new flow rate at station A to muintiin
adequate suction pressure,  Similarly, when station B reduces the throughput rate,
station C must reduce its throughput rate to avoid i low suction pressure. 1na totally
automated  pipeline, thie control system will automatically adjust the operating
vonditions it stations B oand C so that cach station s pumping at the same rate it s
recviving.

e e NI N
1%% 4
e

Without an wutomatic control system, the pump station operators
must make these adjustments,  Extremely close coordination between pump stution .
operators is required,  Every adjustiment of operating conditions at one station atfects ’
the conditions at every other station along the pipeline,  Unless the pump station
operators lollow the approprivte procedures, every adjustment of operating conditions
becomes g continuous process of adjustments as euch pump stution “hunts® tor the
desired operating conditions,
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A more serious condition oceurs in the event of un unexpected chunge
of operating conditions.  Assume a pipeline system is operuting at the conditlons
fudicuted by the normal gradient in Figure 37 und pump station B shuts down due
to a mechanical failure of the pump. Operating conditions along the entire system
will be affected immuediately.

When station B shuts down, the suction pressure at B will rise because
the pump is no longer taking the flow away from the teceiving line. If pump station
A attempts to continue operating at the same throughput rate, the increase in suction
pressure will cause the normal gradient fram A to B to move up trying to maintain
the same slope.  This results in an increase in discharge pressure at pump station A,
I the 300 tb/in? discharge pressure at each pump station is equal to the maximum safe
operating pressure, the increased operating pressure resulting from a pump failure
at station B, will cause the discharge pressure at station A to exceed the maximum
sale operating pressure.  To avoid u possible line rupture, euch pump station must
have discharge pressure controllers to reduce the throughput rate or shut the system
down in the event any pump station except the firse is shut down unexpectedly,

JEPILTRIPLI 0
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Continuing the same exumple, when pump stution B shuts down, the
discharge pressure will drop.  This drop in discharge pressure at station B will result
in a drop in the suction pressure at station C, As discussed previovsly, the throughput g
rute ut C must be reduced uecordingly to avoid operating at conditions below the
minfhm required suction pressure,

< o 31 RS
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A wide range of events can couse changes In pipeline operating
conditlons which necessltate adjustments in throughput rates.  Other events may
require totul shutdown of all pump stations. For example, consider what would
happen 1IF, In Flgure 37, station D Is o receiving terminal and, in the process of
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switching tanks, all valves are inadvertently closed before opening u valve 1o another
teceiving tunk.  All pump stations must be shut down immediately to avoid
overpressuring the pipeline,

A sudden drop in operating pressure must also result in shutdown of
) all pump stations. A drop in suction pressure at station B, Figure 37, could result
. from numerous causes including an intentional reduction of throughput rate at station
A or luilure of one pump in a multipump operation, In both of these cases, it would
be aceeptuble for stations B and C to Immediately adjust their operating conditions
to mutch stution A and allow the system to continue to operate at a reduced rate.
However, the drop in suction pressure at station B could also be a result of a partial
rupture In the pipeline somewhere between stations A and B, If the rupture is very
<lose to station B, the discharge pressure at station A will not be affected significantly.

Without the aid of extensive condition monitoring equipment to
immediately identify the cause of any abrupt change in operating conditions, the
pump pressure controllers must shut the pumps down when preset limits are exceeded. :
I after determining the cause of the shift in operating conditions it is found safe to ?j
resume operations, normal startup procedures can be foliowed to establish the desired ¥
operating conditions. This operating procedure will result in shutting the system down
sometimes when it may not be necessary, but it also precludes unnecessary dumage
to equipment and excessive fuel spills.

In addition to monitoring and controlling suction and discharge
pressure, safety devices ure required to protect pumplng cquipment ugainst excessive
temperature of cooling water or lubricating oil, nsutticient lubricuting oil pressure, 4
and overspeed of the pump engine.  Sensors, transducers, actuators, and other
automatic equipment suitable for monitoring und control of pipeline pumping 1
conditions are avalluble commerclully, Very littie specialized equipment is required "

to provide all necessary controls. i

d.  Flow Measurement. in the past. the Army has placed lttle emphasis 4§
on continuous-flow  measurement devices as components of  pipeline  systems. 4
Howuever, recently there has been growing interest in volumetric measurement of fuels 1

at ull levels in Military tucls distribution systems.  Aa examination of pipeline
operntions finds that gccurate flow measurement data can be used profitably in the -

é, manggement and control of pipelines. i
I3 . . . . '
i There are a4 variety ol volumetric measurement techniques in E
] commercial use today. A number of new flow-meusuring instruments have been 3
2 developed recently to satisty exacting industris]l requirements und to overcome miny ¢
5 of the problems associated with traditional devices in special applications,  Still, the ;
' ;
1 4
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most common type of volumetric measuring devices in usce toduy are positive
displacement meters.  These meters use some mechanical method to divide the flaw
through the meter into a sequence of fixed volumes, By counting the number of {ixed
quantities passing through the meter. a highly accurate measure of rate of flow is
determined.,

Desirable features of positive displacement meters include their high
accuracy, long life, and direct drive of mechanical readout devices eliminating the need
for an external power source. Disadvantages include high initial cost, difficulty In
calibrution, und heavy weight. A ldrge number of manufacturers produce standard

models of positive displacement meters offering vvery concelvable capucity range and
pressure rating. '

Vortex velocity metors have galned limited Military acceptance. In
these meters, a paddleswheel- or squirrel-cage-type rotot is mounted In an offset
chamber so thut one side of the .rotor extends into the flow stream. The motion
of the liquid through the meter turny the rotor at a speed proportional to the rate
of flow. Like the positive displacement meters, vortex velocity meters can drive s
mechanicu) readout device without using external power. I necessury, the meter can

be used to drive a signal generator with the output fed to a remote electrical readout
device.

The principal advantages of vortex velocity meters are low cost, light
welght, and ease of maintenance and calibration. They have good accuracy over the
ruted flow range but suffer u relutively high pressure loss, At low flow rates, the
mewers are highly {naccurate; thus, it is imperative that a vortex velocity meter be of
the proper size tor the specific application,

Produced by Bull Munufucturing, [ng., North Salt Luke. Utah, the
vortex veloeity meter is uvalluble in five standard sizes, having rated flow ranges of
6 to 50, 25 to 200, 60 to 500, 120 to 1,000 and 260 to 2,600 gallons per minute.

The 25 to 200 and 60 to 500-gal/min sizes conform to the requirements of Military
Specifications MIL-M-82180 (MC).

A varlety of meters have been evaluated by MERADCOM for
volumetric measurement of fuel ut large bulk-storage tank jnstallations, Details of
this test and cevaluation program are contained in USAMERDC Report 2024,
*Bidirectional Meter Used for Volumettic Meusurement of  Military-Stundard
Hydrocutbon Liquid Fuels at Bulk Storuge Installutions,” dated February 1972, by Joc
Medruno,  As u result of this program. a vortex velocity meter is included as a part

of the ancillary support cquipment for the 25.000-burrel hasty storuge reservoir
type-classified in 1976, '
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% Turbine meters use a multivane propeller or turbine rotor positioned
: so that the axis of rotation coincides with the centerline of the pipeline. Flow through
the meter turns the rotor at a speed proportional to the rute of flow. Magnetic ele-
ments on the turbine blades passing sensing devices on the meter body generate an elec-
L tronic pulse, This signal may be fed directly to a readout device or transmitted to
: . remote readout device. When properly Installed, turbine meters are very accurate,
L - However, they are sensitive to changes in pipeline configuration immediately ahead and
E* downstream of the meter. The turbine meter Is extremely lightweight, but remote
3 : electronic readout devices requiring explosion-proof cases can become bulky and
i heavy. Available from several manufacturers, turbine meters tend to be relatively
3 expensive,

Pressure differentiul or orifice-type meters operate on the principle that
@ change in velocity of the lquid flowing through the meter produces a change in pres-
sure, The amount of pressure change is dependent on and can be correlated to the rate
! of flow. Mechanical devices cun be used to convert the differential pressure to an
indicution of flow rate, More commonly, it is desired to record the throughput. In
this event, un electronic integrator must be used In conjunction with some type of
timing device. Differential pressure meters are lightwelght and low in cost, Problems,
include the need to calibrate the meter in the installed position and the accuracy that is
affected by the specific gravity of the liquid being measured.

T TR T

Several Mow-measuring devices based on the vortex-shedding phenom-
¢non have emerged recently, When a liquid must puss around a fixed obstruction in
the flow stream, vortices form on the downstrenm side of the obstruction, The forma-
tion of these vortices is accompanied by o pressure pulse. The frequency of the pres-
sure pulses involved in vortex formation cun be related to fluid velocity which is a
function of flow rate. A number of different types of obstructions are used to produce
vortex formation depending on the technique used to convert the pressure pulses to an

electronic signal that can be integrated with a time signal and fed to the desired flow
measurement readout.

The Coanda effect and jet deflection principle have been borrowed
from fluidic technology for two new methods of flow meuasurement. In cach case the
fluidic phenomenon is used to generate o pressure differential which is proportional to

the rate of flow. Analog cirenits convert the pressure differential data to an electronic é

N slgnul which can be displayed on the desired readout device, ‘

¥

je

: . Other types of electronic flow meters use electromagnetic flow-sensing 4
' : elements, ultrasonic Doppler-effect, and differentlal capacitance of pressure-sehsing ;
‘ diuphragms. These volumetric measuring techniques along with the vortex-shedding, i
Counda effect, und jet deflection principles involve no mechanical devices, Using solid .":
, 3
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state electronics, these flow meters should have good reliability, Like pressure dirfer-
ential meters, these flow measuring devices should be calibrated in the installed
position and they require i constant supply of clectrical power.

Features to be considered in selecting the meter most suitable for Army
tield use include:

(1) Lineur rangeubility.

(2) Repeatability.

(3) Maeter reproducibility,

(4) Sensitlvity to viscosity.

(5) Meter factor adjustment,

(6) Metor factor vonsistency.

(7) Compatibllity to fuels.

(8) Service life,

(9) Readout restrictions.
(10) Euse of maintenance,
(11) Calibration requirements.
(12) Physical churucteristics.
(13) Cost.

Evaluation of meter characteristics ugainst these factors finds the vortex
velocity meters to most nearly sutisfy all requireients,

e. Product Loss Reduction Service, Past history of militaty pipeline
operations show large Josses of fuels huve occurted due to ruptured or broken pipe-
lines, Some of these losses have resulted from operational fullures: however. most of
the losses have been the result of hostile actions, subotage, or pliferage. As a result of
such losses, the Vietnum Laboratory Assistatice Program (VLAPA) requested o means

of automatic shutoff in a pipeline so that fuel would not drain from the entire line in
the event of damage ot pilferuge.

Under modification P0O003 to MERADCOM Contract No. DAAKO2.

7000119, Williams Brothers Engineering Company designed a system consisting of
three major ftnctional components;

(1) A full-opening ball valve equipped with an actuator controiled by P
buck pressure, a lockout, and an exhuust pilot valve,

(2) An excess-flow pilot valve designed to function with an upstream
orifice.
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(3) A volumetric flowmeter.
Unique characteristics of the system ure as follows: v

(1) The system will shut down u pipeline in both the flowing and
stutic conditions in case of u line break without using uny external power sources.

(2) Muintenance may be performed with a minimum of special

equipment,
(3) The system muay be used in worldwide environments,
(4) The system provides o means to isolate and locate a line break.
| (5) The system provides for the use of pipeline scrapers to clean the
ne,

The design study?? concludes that:

(1) To provide a means of automutic shutoff for reduction of product
loss due to failure or deliberate destruction of military pipelines, the tine must be
divided into sections with automatic shutoff valves, thus reducing the amount of pro-
duct that will drain from the line at one point,

(2) By using differont pressure settings on the exhaust pilot valves,
operating personnel will be able to determine the general location of a line failure
under static conditions,

(3) The flow rate indicator can be used to locate leaks while the line
is operating in flowing conditions,

(4) The designed system should be satisfuctory for military use,

This system can play an important role In both the reduction of fuel loss due to pipe-
line failure or deliberate destruction and in locating leaks. The design needs to be
tested to determine if the operational characteristics are satisfactory,

f.  Interfuce Detection. Most pipeline operations will involve handling
more than one type of 1*tel. Three fuels — motor gasoline, diesel fuel, and turbine fuel —
comprise the majority of Military fuels used today. Aviation gasoline Is still used but

n H. N. Johnston, Potential Methods for Reduction of Product Loss in Military Pipelines, Report 2034, U.S, Anny
Mubility Equipment Resvurch and Devolopment Contor, Fort Belvolr, Virginiu, August 1972,
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in such small quantitivs that methods of shipment other than pipelines ure more
practical,

The process of pumping more than one fuel through u single pipeline
is known as “batching.” [n some cases a rubber ball or other type of butch separator
{s inserted into the pipeline to segregute batches of fuel in the pipeline. More fre-
quently, no separator Is used und the commingling of the two products at the interface
between batches iy negligible,  The most importunt fuctor in preventing excesslve com-

: mingling between batches is “cutting” the pipeline throughput into the uppropriste .
b : receiving tunk,

The pipeline dispatcher is responsible for control of all injections of
product into the pipeline. By knowing the time of injecting a new product, the flow
rute, and pipe size, the dispatcher can compute the approximate time the interface will £
puss uny point on the plpeline. However, variations in flow rate and line size, although |
slight, make it impossible to predict the time the interface will arrive with sufficient E
accurucy for the recelving terminal to cut the incoming product to a different tunk. :
Meters cun be used to provide un indication of the urrival of an interface: however, g
Inaccurucies of less thun one percent allow the potential for excessive commingling, '

To solve this problem, u batch Interfuce detector is used to detect the
arrivul of a product interfuce. These Instruments monitor the specific gravity of the
fuel in the pipellne with sufficlent accuracy to detect the change when an interface
pusses the sensor.  Upon sensing an ubrupt change in specific gravity, a signal will
actuute both audlble and visual signals., As a safety precoution it is a good ldea to draw
a fuel sample from the pipeline perlodically and confirm the fuel type by color and
appearance, This visual check should be made just prior to the expected arrival of an
Interface and immediately upon receiving an interfuce signal from the batch interface

detector to nsure the Interface is cut at the proper point to segregate the two products
in the proper tanks,
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Batch Intorface detectors conforming to Military Specification MIL-D- A

£2840 (ME) ure currently being procured. These units are satisfuctory for all Military
pipeline operations,
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B ' }
10. Relinbility Assessment, Data available relating to the reliubility of a com.

plete pipeline system are virtually nonexistent, It Is impossible to develop any stand- . E

i urd model for a dctailed rellubility assesament since every pipeline system Is unique. .

[ Howsver, there are some intcrrelationships between certain components that exist in 5

% avery pipeline system. This rellability assessment uses those interrelationships to estab- !

} L
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lish the effecc pump station rellability has on pipeline system reliability. Knowing the
interdependence between pump station and pipeline system relisbility, it is possible to
draw some conclusions regarding the reliability and maintainability churacteristics
required for individual pump units,

a. System Model. Tho pipeline system reliability model is illustrated
schematically in Figure 38. A marine terminal tank delivers fusl through a flood pump
station to the first of three pipeline booster pump stations, The pipeline from the
third booster-pump station dischurges the fuel directly into tunkage at a storuge termi-
nal. Because of the tremendous number of factors that impact on the performance
of a plpeline system,. the number of variables cun eusily become unmanageable. To pre-
clude this condition, the following assumptions were made.

MARINE TERMINAL

“=——FLOND PUMP STATION
| - - 3 -

| _/l._’._F
JODSTER PUMP STATIONS

!‘I';;Ol TERMTNAL

(1) The storage capacity and receipt capubllity of the marine terminal
Is sufficient to maintain 4 continuous supply of fuel to the pipeline so that empty
tunks ot the marine terminal will never prevent the pipeline from operating at the
desired throughput rate.

Figure 38, Schematic of pipeline system reliability modal,

(2) The flood pump station has the cupability of continuous delivery
of fuel to the number | hooster stution at the required suction pressure so that the
pipeline will never be prevented from opernting because of insufficient suction pressure.

(3) For uny glven simulation. all booster pumps will be identical,
having the sume performance characteristics. The relationship between pump station
discharge pressure and flow rate shall be as shown in Figure 39. This curve represents
typical pump performance for a double-suction centrifugal pump having a specific
speed (N, ) = 1800.
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booster pumps operating In sories,

20
(%) Standby pumps muay be used at the booster pump stations. The

performance characteristics of the standby pumps shall be the same as all other booster

4)

Figure 39, Pump station performance characteristics for pipeline system rellability model.
pumps. The number of standby pumps at booster pump station | need not be the

sume s at stations 2 and 3.
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6) The flow loss characteristics of cach pipeline segment (i,
; between station | and 2, between station 2 and 3, and between stution 3 and the
; storage terminal) shall hc'lhc\ same,

i (7) The reliability of the pipe is assumed to be 1 for the purposes of
} this analysis,
(8) All simulations shall begin with the storage terminal empty and
“ run for a period of 90 duys, Each “tank empty” event at the storage terminal,
3 excluding at initiation of the simulation, shall constitute a mission failure,
The friction head, or loss of head, from a fluid flowing in a pipe can be
calculated using the Darcy-Weisbach equation:
i 2 :
3 H, = 0.03 l‘fl.g_ :
: d 3
:
k where F
H, = head loss in feet. 4
‘ f = dimensionless friction fuctor. L
L. = Jength of pipe in feet. i
i Q = rate of flow in gallons per minute,
d = {nsido diameter of pipe in inches,
:
E The friction fuctor is a function of the roughness of the inside surfuce
; of the pipe und of Reynold's Number. The Reynold's Number is a dimensionless num- ;
% ber which can be caleulated using the equation:
é,
¢ R = 3.160Q
; dy
|
- whete 3
R = Reynold's Number, :
: Q = rute of flow in gallons per minute,
Jd = inside diameter of pipe in Inches,
v = kinematic viscosity of the liquid in centistokes,
{
: After computing the Reynold's Number, the friction factor is read from k
the generul resistance diagram for uniform Mow In conduits shown in Figure 40, i
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For u given pipeline design, the values for L and din the Darcy-Weishach
cquition become constants, ‘The change in friction fuctor, I, over the normal range of
flow rates in pipelines is small. Thus, we can assume it to be a constant without intro-
ducing a large crror in caleulated volues, The Durcy-Weisbach equation then becomes:

; . _ H'- ™ CQ’
' where:

v 0.03] fL
(= _.._a.‘__._

If the loss of head, Hy, und rate of flow, Q, ure expressed as a porcent
of their magnitudes at the pipeline design point, both vuriables will have a value of 100

percent at the design point. Substituting these values into the simplified equation und
solving:

H, = CQ?
100 = € (100)?
C=001

’ g
- Therefore:

% H,=0.01 Q?
{
: when: H, {s expressed us a percent of the head loss at the design rate of flow,

Q is expressed as a percent of the design rate of flow,

This cquation is plotted in Figure 41 with the pump performance
characteristics from Figure 39. Intersection of the two curves at 100 percent of design »
rate of flow and design woiking pressuro represents the desigh point. In order to 4
ovaluate the effects of changes in flow loss and pump performance characteristics,

these two curvos are used as the booster pump station design characteristics in
analyzing all varlation of the reliability model.

N LA N BT

N i

R

1t wus stipulated In the definition of the model, paragraph 10a(6), that 1
the flow churacteristics of each pipeline segment shall be the same, Therefore, the ;
l ' equation H, = 0.01 Q? ropresents the flow loss betweon any two udjacent pump stations,
s By definition then, tho flow loss through any two adjacent pipeline segments, from sta-
tion A to C or station B to D, would be twice the flow loss through a single segment,
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pa——_ - N m i
+ } PR JTT
- FT T —Z N
13 : -— 2 P
' T st - .
* - : 0 .#.\l
— = AP, W P
—— . ——— e il Y
T ] - Tt X
T T :
T T —+ S R : 1
e : “ — —]
. H B . o

16
60
I
40
20(1

- o ©
-

NSS4 IMIA0N VST 10 1IN

!
!
i
l&m&wmmﬁﬁ' D5 Rvatnadbarnicons:

br 5 e oot e AR IS 2 TSI Y St A o s bt LA 0 s AR 4

i e b ik s e L s Bty o et e R e Eades Y




{ e R e a0

I 1, represents the flow loss through two adjucent pipeline segments, then:

G beamtadaa:

H,, = () (1)) =(2) (0.01Q%)
= 0.02Q?

Following the same rationale, the flow loss through all three segmants of the pipeline
In Figure 38, will be equal to three times the loss through one pipeline segment. If
H,, is the loss through three pipeline segments, then:

Hyp = (3) (Hp) = (3) 0.01Q%)
E = 0,03Q?

The equations for Hy, H,, and H,, ure plotted in Figures 42 and 43 os
curves Ly, Ly, and Ly, respectively, In Figure 42, curve D represents the pump station
g performance chutacteristics from Figure 39, Since the pump stations in the model are

] in serivs, the combined discharge heud from two pump stations would be twice that for .
: : u single station. Curve H in Figure 42 represents working pressure values that are twice )
: the working pressure values of curve D indicating the combined discharge head from g
| two pump stations, Using curves D and H in conjunction with the pipeline flow loss ‘
: curves Ly, Ly, and Ly, it is possible to determine the flow churacteristics of the
x reliubility model pipeline system for all possible operating conditions when each
: booster pump stution includes only one pump unit.
‘E -
L Under normal operating conditions the pump unit at cach pump sta- 1
1 tion would provide the pressure to overcome the pressure loss in each respective pipe-
. line segment, Thus, the design point at the ntersection of curves D and L. indicates 1
4 operation at 100 percent of dusign rate of tlow and design pressure. Note that curve :i
i H, the combined heud for two pump units, intersects curve Ly, the combined loss 3
{ through two pipeline segments, at 100 percent of the deslgn rute of flow. This condi- 3
] tion is valid only when all pumps and pipeline segments have the sameo Now charucteris- 4
tic us specified in the model definition, 4
‘r The normal hydraulic gradients for the pipeline system reliability model {
; are shown In Figure 44, Those gradients correspond to the intersections of curves D )
; and L, In Figure 42, With oniy one pump at cach booster stution, a pump failure com- 3
% pletely eliminates the pumping capabllity ut thut statlon. If the failure oceurs ut i
‘ stutlon 1, the eatlre pipeline Is inoperative since there is no pressure to push the fuel .
; through the pipeline segment from station | to station 2. This is un important con-
E siderution in determining the need lor standby or backup units, }
1
i 121




s 2

-

e AL kLo e i

PERCENT OF DESIGN WORKING PRESSURE

PERCENT OF DESIGN RATE OF FLOW
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o ok AT

it




e e £ e S T PR

R etk sl e e Lo L i e SO AN e

160

140

120

0

.
—f
it
any
0

I Iy

3
par ]
e
.
<
s
=
¢l : <
? - i nay of
1 (IS «‘.w. w B &
v L1137 HTHIRY A
f 1 ] T o g
| L 2 7
pAE ks ] -
h 111 L 1y
M ST TSR g & =
..m saliizilsiai ﬁL ! —
i T T F-4
LE o ™
! (LEN] Pest ¥ =]
H y =]
i 1 Hists.’ o x
{ 1 3 w
i

per booster statlon,

A LR e Rew e L ¥ T

Figure 43. Plpeline flow characteristics for reliubility model using one or three pumps

RNSSIYd MWDNOR WIS 0 ININI

T

iERETT

S

FhAA

o
F By e e - -

€3 per bt 7l IR T
o
V

o
i
t




e

e

¢ I R BRI T T T

EUES

100w

STATION STATION 2 STATION 3

STOMGE
TERMIMAL
Figure 44, Hydraulic gradients for rellability model pipeline system,

Fallure of the pump at booster station 2 ellminates the pressure
increase at that point, Booster station ! must then push the fuel from station 1 to
stution 3, cuusing the hydraullc gradient in Figure 44 vo shift to the dotted gradient
line between station 1 and station 3. To maintain adequate suction pressure, booster
station 3 must reduce its pumping rate to obtain a hydraulic gradient having the same
slope, shown as a dotted line between station 3 and the storage terminal, If the pump
at station 1 continues to opetate at the same speed, the new flow rate will be 75 per-
cent of the design rate of flow, Indicated by the intersection of curves D and L,y in
Figure 42. As the flow conditions move from curve L, to L; on curve D, the pressure
increuses from 100 to 113 percent of the design working pressure. If the pipeline will
not withstand this increase in operating pressure It will be necessary to reduce the
pump speed at station | until the pump performance curve, D, Intersects the curve L,
at 100 percent of the design working pressure, corresponding to 71 percent of the
design rate of flow This study assumes the pipeline design working pressure is bascd
on a sufety factor suincient to allow all pumps to operate at the increased pressure

resulting from operating at the intersection of the normal performance curve with flow
loss curves Ly and L s,

_ The preceeding procedure uscd to determine the throughput rate in the
event of a fallure at pump station 2 can be used to determine the flow conditions for
any possible combination of pumps operating. Table 14 shows the intersections of
curves in Figure 42 corresponding to the various combinations of pumps that can be

operating in the reliability model pipeline system when each pump station consists of
a single pump.

Table 14, Interaction of Flow Loss and Pump Performance Curves
for Single-Pump Booster Stations

Number of Booster Pumps Operational Intersection Figure 42
Station 1* Station 2 Station 3
1 1 1 D-L,
1 - 1 DL,
] 1 - H-L,
1 -

_ oL o
* The system s inopetable unloss the pump ut boonter station 1 Is operational,
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Curve B, Figure 42, represents the pump performance churacteristics
when two pumps in series are used at cach station to obtain the design rate of flow und
working pressure, Curve D is u multiple of two of curve B; that is, for any rate of low
the working pressure on curve D is twice that on curve B, Curve F s a multiple of
three of curve B roflecting the charactoristics of three pumps in series, Curves H and J
are multiples of four and five, respectively, of curve B,  Using two pumps per station
in the reliubility model pipeline system, design conditions would be indicated by the
Intersection of curves D and L,, in Figure 42 and the normal gradients in Figure 44,
Fallute of one punip at booster station 1 would result in the oporating conditions
moving down cutve L, in Figure 42 to the intersection with curve B, This corresponds
to the dotted hydraulic gradient line betwecn stations 1 und 2 in Figure 44, To muin-
tain adequate suction pressure at stutions 2 and 3 after the failure occurs at station |,
the pumping rate at stations 2 and 3 must be reduced to yield the sume hydraulic
gradients for thelr respective pipeline segments, This can be accomplished at stations
2 and 3 by reducing the speed of all pumps or shutting down one pump at each station,

The flow rate resulting from any possible combination of pumps
operating with two pumps at each station can be determined from the intersections of
curves B, D, F, H, und J with curves L,;, L; and L, in Figure 42. The maximum
possible flow rate for any situation will be the percent of design rate of flow cor-
responding to the intersection of the two curves furthest to the right that will yleld
hydraulic gradients having the same slopes for all sections of the pipeline. The curve
Intersections indicating the rute of flow for ull possible situations with two pumps at
each booster station are listed in Table 1§,

Figure 43 contains pump performance and flow loss curves for the
reliability model pipeline system when three pumps in series are used at euch station to
develop the design working pressure. Table 15 lists the appropriate curve intersections
for the flow rates under all potential operational conditions with three pumps per
station. Figure 42 includes the pump performance curves for detsrmining operating

conditions when four pumps are used at each booster station to develop the design
working pressure,

b. Elements of Analysis. The reliability model is constructed to analyze
the interrelationships between the following parameters and project their affect on the
mission rellability of the pipeline system.

(1) Pump Station Configuration. The pump station configuration
defines the number of pumps operating at each pump station when the pipeline is
operating ot design conditions. In addition, the number of reserve or standby units at
edch pump station must be specified.
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Tuble 18, Interaction of Flow Loss and Pump Performance Curves for
Two-Pump Booster Stations

Number of Booster Pumps Qperutional Interscction Figure 42
Station 1* Statlon 2. Stution 3

2 y) D-L,
J-L,
H-L,
E.L,
H-L,
F-L,
D-L,
D-L,
D-L,
B-L,
B.L,
D-L,
B-L,
B"L|
DeL,
B-L,
B-L,
B"L 3

] st oma o D P

B I e e PN "N S SIS Iy S V)
j —— —wro )

§ =t — R =) =D =8 —

* At loast ohe pump must be opotutionul at bouster station | for the systom to operate.

(2) Mean Time Between Failure (MTBF). For each simulation, the
MTBF for the booster pumps is specified. The simulation model uses the specified
MTBF to determine, on a random basls, the time pump fallures occur based on an
exponential distribution,

(3) Mean Time to Repair (MTTR). The MTTR for the pumps is speci-
ficd for euch configuration as a triangular distribution with the minimum, most likely,
and maximum repair time stated In hours, The MTTR includes the total time a pump
unit is Inoperative due to a failure and, therefore, includes uctive repair time and
administrative down time. Administrative down time encompasses the time required
for maintenance personnel to truvelto the pump station site after being notified of a
pump fallure and time spent wuiting to receive repair parts, as well as any other down
time not spent actually repaiving the failure.
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Tuble 16, Interaction of Flow Loss and Pump Performance Curves for
Three-Pump Booster Stations

; Number of Booster Pumps Operational Intersection Figurs 43
b , Station 1* Station 2 Station 3
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Table 16, Interaction of Flow Loss and Pump Performance Curves for
Three-Pump Booster Stations (Cont'd)

Number of Booster Pumps Operational Intersection Figure 43
Station 1 * Station 2 Station 3

A"Ll
A-L,
A-L,
A'Ll
A-L,
A-L
B-L,
A-L;
A-Ly
A-L,;
A-l,

f o — — 0N

—— - e e e - o
| m W | =W | — N

-

* At loust ono pump must be operational at booster station 1 for the system to be oporable,

(4) Consumption Versus Throughput Ratle. The average dally
consumption of the forces being supplied by the pipeline is specified as ¢ ratio in rela-
tion to the daily throughput rate of the pipeline when operating at design conditions,
For example, if a pipeline ls designed to deliver 30,000 barrels of fuel per day und the
average duily consumption rate is° 27,000 barrels of fuel, the consumption versus
throughput ratio is (27,000/30,000) = 0.9. Since this ratlo is a dimensionless number,
the analysls remains indepetdent of spaclfic flow rates,

{5) Reserve Storage. The total capacity of the fuel storage tanks at
the storage terminal, Figure 38, constitutes the reserve storage. For each simulation
the amount of reserve storage available is specified as a multiple of the averuge daily
consumption rate,

{6) Restart Point. The pipeline design throughput rate is always in
excess of the average dally consumption. Therefore, barring excessive system failures,
the storage terminal will ultimately be filled to capuacity. The maodel shuts the pipe-
line down at this time. The pipeline romains In a shutdown condition unti! consump-
tion reduces the fuel on hund to a predetermined level. At this “‘restart point,” the
pipeline resumes delivery of fuel from the marine terminal to the storuge tertminal.
Thus, the resturt point is stated as a percentage of the reserve storage capuacity,
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¢.  Mission Reliability. The mission of the pipeline is to maintuin a supply
of tuel at the storage terminal adequate to satisfy consumption demands. Thus, as
stated in paragraph 10a(8), a mission failure occurs when the reserve storage tanks are
drawn down to un empty condition, This event may result from either of two condi-
tions. The most critical situation would result from u complete failure of the pipeline
80 that no fuel is available at tho storage torminal, A less severe situation occurs when
pump failures have reduced the pipeline throughput rate below the consumption rate.
Under this condition, the pipeline would be continuing to deliver some fuel but at a
rate insufficient to satisfy total demand. In either case, a tank-empty event is con-
sidered a mission failure since both Instances would require some curtailment of
uctivitles,

d. Simulation Results, Consider first simulation results based on the
following conditions. :

(1) Pump Station Configuration. One pump at ¢ach pump station
with a standby unit at station 1. :

(2) MTBF. Simulations to be run for MTBF values of 150, 300, 450,
and 600 hours,

(3) MTTR. Triangular distribution having ¢ minimum value of 9
hours, u most likely valuc of 12 hours, and a maximum value of 18 hours,

(4) Consumption Versus Throughput Ratio. The average daily con-
sumption is 0.9 times the pipeline design throughput rate,

(5) Reserve Storage. The totul available storage capacity at the
storuge terminal is equal to three days consumption,

(6) Restart Point. Pipeline operation is resumed when the total
fuel on hand 1s drawn down to 90 percent of the reserve storage capacity.

The conditions fisted in purugraphs 10a(1) through (6) uctually repre-
sent four sets of operutionul conditions because of the four separate MTBF values
given in paragraph 10a(2), Since the MTBF and MTTR values for each pump failure
are selected on o rundom buasis, the actual system rellability value determined during
one simulation run will be u function of those particular values selected at random by
the computer model for that simulation run. Because these variations in MTBF and
MTTR values will cause u significunt variation in the system rellabllity, it is necessary
to run a series of simulations to get convergence of the results toward the actual system
reliubility that can be expected. Each of the four data points plotted to develop the
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upper curve in Figure 45 represent an average of the actual values obtained from 50
simulation runs, It is readily apparent from this curve, that increasing pump MTBF
increases mission reliability rapidly up to about 200 hours. The increase in mission
reliability continues until the pump MTBF reaches approximately -500 hours at a
mission reliability 0,96, Beyond that point very little improvement in system mission

E reliability can be uchieved by increasing the MTBF for pump units, The center curve

i in Figure 45 represents the results of simulation runs using the conditions stated above,

k except the miniimum, most likely, and maximum MTTR values ure increused to 36, 48,

g and 72 hours, respectively. Simllarly, the lower curve in Figure 45 represents results

B from the simulation mode! developed using the same operating conditions but mini-

% mum, most likely, and maximum MTTR values of 72, 96, and 144 hours, respactively.

i

From Figure 45, it is readily appurent that MTTR s u significant factor in determining '
mission reliability for a pipeline system.

]

Continuing the rellabllity unalysis process, the system designed
: characteristics stated in paragraphs 10a(!) through (6) are used with the exception
;

that the number of pumps at cuch pump station is changed to include two pumps at
each booster station with a standby unit ut pump station 1, Mission reliability resuits

obtained from this pipeling conflguration are plotted in Figure 46, The top curve
L represents the mission reliubility obtained using un MTTR distribution having mini
: mum, most likely, und maximum values of 9, 12, and 18 hours, respectively., The two
lower curves represent the system reliability that will result from this pipeline con-
figuration with increases in the MTTR values. A comparison of Figures 45 and 46 will %
show that for low MTBF und MTTR vulues, mission reliability for a system using one A
pump per station with a standby at station 1 exceeds mission reliability for a similar i
system usihg two pumps per station with a standby unit at station 1. Further examina-
tion of the two flgures shows that the mission retlability for the two-pump-per-station

e 2 e ezt A I N
RS

1

configuration exceeds the single-pump-per-station conflguration for all conditions E

when the MTBF s greater than 350 hours. i

The effects of changes In pump statlon configurations are more readily %
: discernible in Figure 47, The three curves in Figure 47 represent mission reliability 4
: values obtained using the system configuration identifled in paragraphs 10a(1) through
(6) with changes in number of pumps ut each station. The top two curves are the top 3

curves from Figures 45 and 46 based on the MTTR values of 9, 12, and 18 hours, The i

lower curve reflects what happens when the standby unit is eliminated from the first 3

pump station of a system having only one pump at each booster station. In a pump J

station of this configuration, the total pipeline system is rendered inoperative with the 4

failure of the pump unit at the first station, H

1
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Variations in the pipeline system reliability model discussed in the pre-
vious paragraph represent only a few of the muny possible variations in pipeline system
design and operating conditions.  Thus, a reliability analysis which will pinpoint the
most desirable pipeline system design und operating conditions becomus a complex
study In itself. The results presented In the preceding paragraphs are intended to pro-
vide an Indicution that the preferred pipeline systom design will include at least two
pumps in each booster stutlon with a standby unit at pump station 1. Because of the
complexity of the pipeline system reliability analysts, the complete results of such a
study are not included herein, The reliability analysis work fs continuing at
MERADCOM und the results will be published later,

As noted earlier, data reluting to the reliabllity of pipeline systems are
virtually nonexistent, The primary factor contributing to the reliability of the pipeline
system is considered to be the reliability of the engines used to drive booster pumps.
Because pipeling pump reliability duta were not avuiluble, it was necessary to obtain
reliability duta on engines from other sources. Figure 48 shows the relationship

between engine horsepower and Mean Time Between Failure, in hours, for diesel and
gas turbine ciagines,

The MTBF curve for diesel engines is based on datu collected during
more than 100,000 houts of reliability testing on 28 diesel engine generators at
MERADCOM. The engines on these generutor sets were ruted from 36 to 340 brake
horsepower, The test records were unalyzed to determine which fuilures were related
specificully to the engine. The curve for diesel engines in Figure 48 shows the relution.
ship between horsepower and MTBF reflected by these data, Contrary to & commonly
held belicf, the MTBF for diesel engines decreuses with increase in size.

A compurutive analysis of gus-turbine and diesel engines conducted by
the Nuval Ship Systemy Command?® identifies a cortelution between the reliability
characteristics for the twao types of engines, Using that relationship and the data on
diesel engine genorutors, it is possible to develop a relationship between horsepower

and MTBF for turbine engines. That relationship is rupresented by the turbine engine
curve In Flgure 48,

Comparison of the curves in Figure 48 with Figures 45 and 46 shows
the reliability of tho existing gus-turbino cngine to be adequate to meet pipeline pump
requirements throughout the horsepower runge shown providing the MTTR can be held
to low uverage values. From previous analysis it was determined that the brake horse-
power ratlng of diesel engines when derated for aititude and temperature, nust be
limited to slightly more than 300 brake horsepower. On this basis we can expect the

3 Coniparative Analysis 1 Selected Gay Turbine and Diesel Engines. Report No, 1080, Naval Ship Systems Come
mund, Washington, D.C., April 1969,
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MTBE for diesel-engine-driven pumps to be in the range of 400 hours. Again,
examining Figures 45 and 4o, it is found that diescl-engine-driven pumps of this size .
will meet pipeline system reliability requirements provided that MTTR s again held to ;
low values,  The dutu presented in Figures 45 and 46 indicute clearly that achieving g

-

aceeptable pipeline system reliubllity (Is dependent on the ability to repair pump
failures in o minimum amount of time.

Table 17 presents maintenunce data extructed from the Navy study on
diesel and turbine engines. Analysis of these duto shows un MTTR of 12.2 hours for
pus-turbine engines and 9.0 hours for diesel engines,  Precautions must be exercised in
compuring these repair times to those for equipment operating In remote environe
ments, such us at pipeline booster pumping stations, Two factors contribute to the
fact thut the Nuvy repair time will probably be substantiully less thun those encountered
by the Army in pipeline systems operations. The Navy dutu are bused on cquipment
mounted on ships where personnel, facilities, and repair parts are available immediately,
Svcond, because the Navy personnel live with this equipment over extended perlods of

time performing duily maintenunce, they are inherently more fumiliar with the main-
tenunce requlirements,
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Table 17, Compurison of Gas-Turbine und Diesel Engine Reliability and
t Maintainability Characteristics

Churacteristics

i

Turbine Engine Diesel Engine
1071 1224

Total Muintenanee Manhours 8340 4980

Preventative Maintenance Actions 395 6606

Preventative Maintenance Manhours 2008 834 !

Corrective Maintenunce Actions 382 372

Corrective Maintenance Manhours 4670 3389

Totul Maintenance Actions

PP Y
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This fuctor focuses on a critical issue associated with a selection of pipe-
ling pump engines. If pipeline pump failures. cunnot be repaired and the pumps
returned to service In a few hours, the system reliability will not be acceptuble. At
best, the data In Table 17 are indicative of the minimum active maintenance hours
which can be expected to be required to support gas-turbine and diesel enpines. The
fact that the MTTR for diesel engines Is less than for gus turbines tends to favor diesel
engines for pipeline pump applications. However, it is anticiputed that in the environ-
ment where pipeline pumps will be operating, administrative downtime will probubly
exeeed active muintenance thne. To minimize the logistical support requirements
for pipeline booster pumps, it is desirable to select pipeline pump engines that are used
in other high-density ftems of Militury cquipment. Since pipeline pumps are typically
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low-density items, the logistical support is often difficult. Selection ef high-density
engines from other applications will provide a logistical su; port system that s well
established,  Approach to design of pipeline pumps can go far in minimizing the
integrated logistical support requirement for pipelinge systems.

s

.11, Technological Risk, . The pipeline industry has established a broad techno-
logicul base through many years of proven experience. The high initlal investment
costs for pipeline construction and the continuing high cost of pipeline operation and
muintenance provide a constant incentive for uidvances in technology which will
improve the cost q'ffectiveness of pipeline operations, Because the initlal invostment
costs arc high there are high economle risks assovinted with the introduction of any
new technology that may affect the seiviceability of the pipeline system being installed.
For this teason, advances-in pipeline technology tend to be highly developed and
proven by a number of trial caves before gulning wide adceptance by the pipeline
industry,

A

R T

L

The reader should not construe the foregoing comments to indicate a lack of
emphasis on technological progress within the pipeline industry. To the contrary,
extensive research and development programs covering many different facets of pipe-
lining are conducted and/or sponsored by individual compunies und trade associations.
Because of these programs, a continual evolution of pipeline technology can be
expected. Because of the nature of the pipeline industry, however, the prospects for
rudical advances in pipeline technology which would render existing technology
obsolete in the near term are highly improbable. On this basis, a Military pipeline sys-
tem developed using current and emerging technology available from the private sector
Is not subject to becoming obsolete within the foresceable future.

Viewed strictly from the standpoint of avajlable technology, the technologi-
cal risks assoclated with Military pipeline constiuction appear extremely low, How-
ever, factors which have little, If any, Influence in the private sactor become intportant
considerations in Military pipeline construction. The need for construction of a new
sommerclal pipeline can be anticipated well in advance of the time the facility must be ‘
operational. Extensive planning and economic analysia precede the actual design and - ¥
construction. Every pipeline is unique, designed to satisfy a well-defined set of opera- ;
tional requiremients. No attempt Is made to standardize on one design to sotisfy a k
variety of requirements. Economic factors are the driving forces influencing the selec- §
tion of pipe materials, pumping equinment, operating pressures, methods of construc- 4
tion, ew. There is little incentive for rapid rates of construction unless a cost
advantage can be realized. The necessary personnel and skills are available within the
civilian lubor force, b

i L
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The need for rapid construction rates, 1o minimize manpower an't skill
requirements, (o use a common design to satisty all potential operational requirenents,
and to react guickly tu needs af any location in the world restricts the direct applica-
tion of commercial pipeline technology to Military pipeline construction, Inability of
existing pipedoining -techniques to provide the desired rates of construction and
problems telating to extreme environmental conditions appear as the greatest barriers
to be overcome in developing u pipeline system which s totully responsive to Military

- operationul requirements. Technology emerging from industrial déveloptnent programs
cannot be expected to provide solutions to these problems. Thus, if these problems

- are to be solved, it will' be incumbunt upon the Army to carry out thc necessary

research and development.

The survey of the pipeline industry conducted by Vulue Engineering Com-
pnny for MERADCOM did not identify a pipeline installation technique which would
wllow one constructlon crew to lay 30 kilometers of plpeline per day. However, at
least two of the pipe-joining techniques evaluated are amenable to automation such
that a properly designed pipe-laying machine could possibly achieve the desired pipe-
laying rate. Foreign intelligence reports indicute the Soviet military forces currently
have such a machine. Bused solely on a technical assessment, developing such a
machine presents limited risks, The question remaining to be resolved is whether the

need for rapld rates of pipeline construction und to minhmize manpower requirements
{s sufficient to justify the cost,

Construction of the trans-Alaska pipeline has demonstrated that the prob-
lems inherent to pipeline construction In extreme environments can be overcome.
However, the Alyeska brute-force solution of employing a mussive amount of person-
nel und equipment at o tremendous cost is not an acceptable approach for Military
pipeline construction, The exorbitant costs cannot be justified to support a conflict of

probuble short duration. More importunt, personnel and equipment In the numbers
needed could not be amassed in the available response time.

The trans-Aluske pipeline project is un extremely ambitious undertaking far
ovtstripping any Militury pipeline construction requirement that can be envisioned.
A reulistic look at the problems associated with pipeline construction under extreme
cold conditions indicates the inherent problems are amplified as the size of the con-
struction effort grows, Thus, a smaller military pipeline construction effort should
require less complex solutions than those employed by the Alyeska Pipe Line Co. At
the same time, some problems, such as protection of personnel and equipment from
the extremes of the environment, will not change and many of the same solutions can
be applied. I terms of the ability to meet future Military requirements, the primary
significance of the current trans-Alaskun pipeline construction effort is not how the

task is being accomplished, but that, given sufficlent resources, the hostile arctic
environment can be circumvented.
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Solutions to existing Military pipeline construction requirements ure
achievable through the application and adaptaiion of currently available technology.
Requirements peculiar to the Military mode of operation do not present any impene-
trable tec,hnk.ul batriers. Development of a pipeline system prowdlng greater cost and

-operational effectivenesy thaii the existing Military standuard, lightweight steol, coupled.

pipelines appears to be.podsible with virtuglly no risk. The capahility to install pipe-
lines at rates up to 30 kilometers per day is also attainable and presents few techiologl-
cal problems. The number of luy crews required to achivve this rate of construction
will be affected by the cunstruction -technique sefected. Satisfying the extreme

environmentdl requirements will be more difficult and involves a significant level of
risk,

The crucial element in the development of an Improved Military pipeline
system appears to be identification of the appropriate pipe material and the proper
pipe-joining technique. ‘Once these vital issues have been resolved, development of the
proposed- pipeline system can proceed to a successful conclusion with only minor
technical problems to be resolved. It is anticipated that development of the special
support equipment necessary to achieve the rapid installation rate will require-a more
comprehenslve development program than the pipeline system itself and, consequently,
a longer development period. *This should not be cause for delaying the development
of the pipeline system using an interim, less rapid. means of installation if there is an
immediate need for an Improved pipeline system.

Satlsfying the requirements tor pipeline ¢onstruction under extreme environ-
ments will be the most costly, roquiri1g the greatest amount of effort and time and
presenting the greatest risk. As with the rapid-luying capuability, this effort can also lag
the pipeline development effort if uppropriute considerution is glven to environmental
requirements during the pipeline system dovelopment effort. In establishing develop-
ment requirements, it must be clearly undemstood that extreme climatic conditions are
golng to result in reduced performance charactoristics and impose greuter personnel
and support ¢quipment requirements. Failure to revognize these critical issues may
preclude uchieving the estublished goals, Attempting to sutisfy operational require-

ments in excess of the absolute minimum acceptable performance levels will unneces-
sarily incresse development thine and costs,

12. Synthesis of Candidate Systems. The gonerul mission requirements defined
In paragraph § for Scenarios | and Il are used a3 the basis for comparing alternative
plpeline systen concepts. CGutlined in the following paragraphs are basic system design
charactoristics for cach alternative system concept and scenario. In addition, similar

data are presentod for an 8«inch-diameter pipeline constructed using Military standard,
lightweight steel, coupled pipe.
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Alternatives 1 through IV are 8-Inch-diameter pipelines using the four pipe
concepts selected by Value Engincering Company ior detailed analysis during their
investigation of pipe maierials and joining techniques, Alternative V employs the same
busic concept as Alternative HI except u thicker wall pipe is used to allow a higher
working pressure.  Alteinative VI is a varlation of Alternative IV considering thinner
wall pipe to reduce the level of effort required {or systemn installation.

Alternatives VII and VILI are 6«inch-diameter pipelines using the same basic

system concepts as -Alternatives [l and 1V, respectively, The fuel delivery require-

- ments for both scenatios will require paralle! 6-inch pipelines. However, because of the

low Initial consumption rate in Scenario 1, a single 6-Inch pipeline can satisfy delivery

requirements through the fitst 19 days. Thus, the level of construction effort required
to estublish an initlal operational capubility is significantly reduced.

Because of the emphasls placed on rapid pipeline construction by the
combut developer, the feasibility of automatic or semiautomatic mechanized pipe-
laying techniques is considered. Two of the joining techniques being constdered are
amenable to mechanical assembly by automatic equipment. These Include the RACE-
BILT coupiings included in Alternatives 111, V, and VII and the ZAP-LOK joining tech-
nique employed by Alternatives 1V, V1, and V11l References herein to Alternatives

I, IV, V, and VI when a mechanlzed assembly process is used will be as Alternatives
II-A, IV-A, V-A, and VI-A, respectively.

Military pipeline design criteria states that the throughput of different types
of fuels to be pumped nust be considered, und the heaviest fuel making up 24 percoat'
or more of the total throughput is to be taken as the design fuel.?* Diesel fuel is the
heaviest of ull fuels likely to be pumped through a Military pipeline. The evaluation
criterlu established In parugraph § herein states diesel fuel represents 30 percent of the
total throughput. Therefore, all pipeline design caleulations are bused on diesel fucl at
60°F having u 0.8448 specific gravity?® und a kinematic viscosity of 3.85 centistokes.®

The maximum duily throughput requirements for Scenario 1 is 27,620
barrels per day. Jsing a design rate of flow of' 950 gal/min will allow delivery of the
maximum required dully throughput in approximautely 20 hours of operation. This

ilow rate 18 within the flow range normally considered efficient for B«inch-diumeter
pipelines.

The throughput rate for Scenario Il is specified as 35,000 barrels in 23

hours. This equates to a design rate of flow of 1,068 pal/min,

M :)cpurtmunt of the Army Technical Manual, Military Petrolcum Pipeline Systems, T™ 5-343, February 1969,
P 6.1,

23 4hid. p. 6-2,
26 phid, p. (4,
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A summary .« ine design calculations used to determine the system
characteristics for each altermative is contuined in Appendix E. The principle design
features for each Alternative are tabulated below:

a.  Alternative I,

Pipe — Fibergluss-reinforced epoxy resin manufactured by Ciba-Geigy
Corporation with PRONTO-LOCK, threaded, mechanical couplings bonded on pipe
ends. (Refer to Figure 28).

Nominal Outside Diameter (in.) B.5/8
Nominal Inside Diameter (in.) 8.3
Nominal Wall Thickness (in.) 0.15
Maximum Safe Working Pressure (Ib/in?) 150

(feet of diesel fuel) (From manufacturer’s literature) 410

Scenario | Scenarlo 11

Design Working Pressure (1b/in?) 147 147

(feet of dlesel fuel) 402 401
Number of Booster Pump Stations 25 24
Power Required at Each Booster Station (bhp) 10§ 1
Number of Pressure Regulation Stations 6 N/A

b,  Alternative 11,

Pipe - Aluminum, 6061.T6 Alloy, Schedule 40 with grooved-end
mechunical couplings and gaskets. (Refer to Figure 29.)

Outside Diameter (In.) 8.625
Inside Diameter (in.) 7.981
Wall Thlckness (in,) 0.322
Maximum Safe Working Prossure (1b/in?) 800
(feet of diesel fuel) 2,187
Scenario | Scenarlo 11
Design Working Pressure (lb/in? ) 800 761
(feet of diesel fuel) 2,187 2,081
Number ol Booster Pump 4 S
Power Required at Euch Booster (bhp) 631 675
Number of Pressure Regulation Stutions ! N/A
141




¢. Alternative 111.

Pipe - Aluminum. 6003-T6 Alloy, Schedule 10 with RACEBILT
Industrial couplings manufactured by Ruace and Race, Ine. (Refer to Figure 30,)

Outside Dlnﬁleter (in.) 8.625 .
Inside Diameter (In.) 8.329 '
Wall Thlekness (n) - | 0.148
Maximum Sufe Working Pressure (1b/in?) 350 :
(feet of diesel fuel) (as recommended by coupling manufacturer) 957
Scenario | Scenurio 11
Design Working Pressure (Ib/in?) 342 341
(feet of diescl fuel) 935.5 934
Number of Booster Pump Stutions 9 10
Power Required at Each Booster Station (bhip) 264 294
Number of Pressure Regulation Stations ' 3 N/A

d.  Alternative V.

Pipc — Aluminum, 6061-T6 Alloy, Schedule 40 with swaged bell-and-

T e

spigot joints formed by the ZAP-LOK process. (Refer to Figure 31.) . 1
Outside Diameter (in.) . 8.625 ]
Inside Diumeter (in.) ‘ 7.981 ;
Wall Thickness (in.) 0322 :
Maximum Safe Working Pressure (Ib/in?) 1,000
(fect of diesel fuel) 2,734 )
Scenario | Scenarlo 11 3
Design Working Pressure, (1b/in?) 807 946.5
(feet of digsel fuel) 2,207.8 2,588 b

Number of Booster Pump Stations 4 4
Power Required at Each Booster Station (bhp) 611 840 :
Number of Pressure Regulation Stations None N/A : g
k.
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e.  Alternative V,

Pipe  Aluminum, 6063-T Alloy with RACEBILT Industriul couplings

munutuctured by Ruce und Race, Ing.

Outside Diameter (in,)
Inside Digmeter (In.)

Wall Thickness (in.)
Maximum Safe Working Prossure (Ib/in?)

(fout of diesel fuel)

. Scenario |

Design Working Pressure (1b/in? ) 464

(feet of diesol fuel) 1,269
Number of Booster Pump Stations 7
Power Required ut Euch Booster Stution (bhp) 362
Number of Pressure Regulation Stations ]

f.  Alternative VI,

Pipe — Aluminum, 6061-T¢ Alloy, Schedule 10 with swuged boll-and-

spigot joints formed by the ZAP-LOK process,

Outside Diameter (in.)

PPN ARSI { PR

8.625
B.225
0.200
482

1318

Scenario 11
A S

449
1,227

]
393
N/A

8.628

Inside Diameter (in.) 8,329
Wall Thickness (in.) 0.148
Maximum Sufe Working Pressure (Ib/In?) ' 661

(foet of diesel fuel) 1,807

Scenario 1 Scenario 1l

Design Working Pressure (Ib/in?) 661 659

(feet of dicsel fuel) 1,807 1,803
Number of Booster Pump Stations 5 5
Power Required at Each Booster Station (bhp) $22 583
Number of Pressure Regulation Stations l N/A
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8. Alternative VII.

Pipe - Aluminum, 6063-T6 Alloy, 6-Inch, Schedule 10 with RACEBILT
tndustrial couplings manatuctured by Race and Race. Inc.

¥ | Outside Diameter (in.) 6.625
E ; Inside Diameter (in.) 6.36)
' Wall Thicknoss (in.) 0.134
3 Muximum Sufe Working Pressure (Ib/in?) 410
4 (foet of diesel fuel) 1,121
'g Scenario | Scenario 11
Dusign Working Pressure (1b/in?) 396 376
1 (fect of diesel fuel) 1,083 1,028 ) :
¢ Number of Booster Pump Stations 8 10 ’
[r Power Required at Each Booster Station (bhp) 121 133 3
‘F Number of Pressure Regulation Stations 2 N/A %
i b Alternative VILL, k
i
; Pipe — Aluminum, 6061-T6 Alloy, 6-Inch, Schedule 10 with swaged
; bell-and-spigot joints formed by the ZAP-LOK process,
Outside Diameter (in.) 6.625 i
Inside Diameter (in.) 6.361 :
T Wall Thickness (In.) 0.134
: Muximum Safe Working Pressure (Ib/in?) 780 3
* (feet of dlescl fuel) 2,123 ;
: Scenario ] Scenurio 11
¢ Design Working Prossute (/i ) 678 732 %
! (foet of diesel fuel) 1,855 2,001 7
t Number of Booster Pump Stations 4 5 E
Power Required at Euch Booster Statlon 278 337 . g
; Number of Pressure Regulution Stations ! N/A : i
144 3
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i.  Military Standard Pipeline System,

Pipe Lightweight Steel Tubing, 8-Inch with grooved pipe nipples
welded on ends in accordance with MIL-T-425 tor grooved-end mechanical couplings
and gaskets.

. ET— AT ATV

Outside Diumeter (in.) B.625
Inside Diameter (in.) 8.415
N - Wall Thickness (in.) 0.1046
Maximum Sufe Operating Pressure (1b/in?) $00
(feet of diesel fuel) 1,367

Scenario | Scenario 11 3
Design Working Pressure (1b/in?) 436 483 ;
{feet of diesel fuel) 1,192 1,321

Number of Booster Pump Stutlons 7 7
Power Required at Euch Booster Statlon (blip) 340 423 i
Number of Pressure Regulation Stations 1 N/A R

; 13. Cost Effectiveness Analysis. This analysis reviews the major cost elements
assoctuted with the construction, operation, und maintenance of each of the candidate
pipeline systems, Specific costs contributing directly to the total cost of satlsfying the ,
onerutional requirement of the applicable scenarios are estimated, based on the pipe- k
lae system design churacteristics listed in paragruph 12, Providing an indication of the
relutive cost of the alternative pipeline systems, these cost data ure used to assist in
Identifying the candidate system best suited to Military pipeline requirements. A :
formal TRADOC/DARCOM Cost and Operational Effectiveness Analysis (COEA) will 3
be required to establish the total lifescycle cost for nny candidate system selected for
continued development.

- e i LM
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u.  Basls for Comparison. For cuch alternative pipeline system, the follow- >
ing costs are identifivd In constunt FY76 dollars,

TR

(1) Procurement Costs, The procurement costs listed represent the
projected costs of purchusing the pipo. valves, manifold components, pressure regula-
tion stations, and pumping equipment necessary for construction of 100 miles of pipe-
line, The costs are estimates based on the gencral cost relutionships presented in Seg-
' tion I ruther than a detailed cost estimate for specific items of materiel.  For
3 exuimiple, the costs of all pumping units were determined as u function of computed
! derated brake horsepower usihg the cost versus horsepower relationships shown in !
%‘ Flgure 12, These cost datu are indicative only of major end-ltem manufucturing costs,
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No attempt has been made to include rescarch and development, investment non-
recurring, or initial provisioning and truining costs,

(2) Transportation Costs, The transportation cost for cach candi-
dute system includes the estimated cost of delivery from the manufacturer to the user
in an overseas thoater-of-operations for cach major component included In the pipe- .
line system. These costs are based on the fuctors for second destination to overseas
users contained in the “Cost Estimuting Guidance for Transportation Cost,” included
hereln us Appendix D. These data do not include the cost of delivering the required
construction equipment to the theater-of-operations. It is assumed the construction
equipment will be uvailable to support a variety of construction projects in uddition to
installing pipelines,

(3) Construction Costs. This category includes the cost of the person.
nel and equipment involved directly In the installation of the pipe, pump statlons, and
pressure regulation stations, Excluded are the costs of clearing and grading, grade and
river crossings, and other speciul construction requirements which are primarlly
dependent on the terrain traversed ravher than the method of pipeline construction. E
- In cach case, where a trude-off of additional equipment for fewer personnel could be J:,

3

made, the option of fuwest personnel wus selected unless such a choice would add
Inordinate costs or equipment requirements. The totul resources applicd represent the !
> minimum capable of achieving a construction rute of 30 kilometers per day.

' For the purposes of computing personnel costs, an wsverage
3 military puy grude of 1i-5 ls ussumed. From CMDRAMC message, AMCCP.FA, dated
’ 10 December 1978, listing vomposite stundard rates for use in computing the cost of
Military personnel services (Army), the rate for pay grade E-5 is $4,63 per hour. The
estimutes of manhours expended include all personnul, including equipment operators, -
directly involved In the installation of the pipeline, pumps, und pressure regulation
1 stutions,  The ussocluted cost of administrutive and support personnel are not included,

T T W)

PR

The construction ¢equipment costs ure computed using the daily
ownership und hourly operating and overhaul costs from the COST REFERENCE k
3 GUIDI{ FOR CONSTRUCTION EQUIPMENT, compiled by Nutlonal Research and
' Approval Compuny und published by Lyuipment Guide-Book Company, 1978 copy-
right., Where data for the specific items of equipment required were not avallable, cost
duta for ltems of vquipment considercd to be comparable i cost of ownership and .
operation were adapted, These cost data account for depreciation, fuel, lubricants,
tires, parts, und overhaul and repair labor,

et e B

(4) Operating Costs. Included in the operating costs ure personnel, ;
fuel, und lube ofl, Operating munhours ure bused on a crow consisting of four opery- ¥
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tors and a crew chief operating cuch pump station and performing organizational main-
tenance. This allows continuous operation having at least two operators on duty at all
times without anyone belng required to work more than 10 hours per day, As with
construction labor costs, the operating costs include only those manhours directly
involved with the operation of the pipeline.

(5) Muaintenance Costs. Included in the total maintenance costs are
labor, repair purts, materials, und supplies required for performance of both scheduled
and unscheduled maintenance. For Scenario 11, the total number of operating hours
represents several overhaul periods for the pumping units and, in some cases, exceeds
the expuocted service life of the pump enginoes, In all cuses, pump unit overhaul costs
have been Included together with the associated cost of transportation round trip to a
CONUS overhaul fucility. Where appropriate, replucement pump costs, containing
overseas transportation costs, have been included in the cost of maintenancs,

b. Cost Analysis. A summary of the Scenoario | and 1] costs computed for
Military standard coupled lightweight stee! pipelines is contained in Tuble 18, These
estimuated costs for procureinent, transportution, construction, operation, and main-
tenunce are bused on the system design characteristics described In paragraph 11 with
one diesel-enginesdriven pump at cach booster stution,

Tuble 18, Summary of Costs for Military Standurd Pipeline Systems

‘ Parameters Cost (thousunds of dollurs)
Scenario | Scenardo 1

Procurement $3.653 $ 3.039
Trunsportation 634 633
Construction 366 368
Operation 62 10,420
Maintenance 268 3,758
Totul $5,483 $18.812

The estimated costs for the alternutive pipoline systems described in
paragraph 11 are tabulated in Tables 18 through 30, The difference in cost resulting
from use of divsel-engine-driven pumps and gas-turbinesengine-driven pumps is shown
for cuch proposed alternutive Bdnch-diameter plpeline system concept.  Turbine
engines were not evaluated for the o-Inch-dlumeter pipeline coneepts because coms
mercial tirbine engines with the required power rutings are not readily avalluble,
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Table 19, Sununary of Costs: Alteinative |

Parimeters

Cost (Thousands of Dollars)

One Pump per Station

Two Pumps per Station

Diesel Turbine Diesel Turbine
Scenario |
Procutement $ 4315 $ 5,645 $ 4,799 $ 7.215
Transportation 1,339 1,310 1,376 1,329
Construction 168 168 178 178
Operation 058 1,660 966 1,782
Muintenance il 308 354 321
Total $ 7.104 $ 9.091 $ 7.673 $10.828
Scenarlo 11
Procurement $ 4211 $ §.532 $ 4,665 $ 7,096
Trunsportution 1,334 1,300 1,368 1,322
Construction 166 166 174 174
Operation 15,263 26,907 15.343 28,977
Muintenance 5,317 0,004 0,572 8,979
‘Totul $26,291 $39.975 $28.122 $46,548
Tuble 20. Summary of Costs: Alternative 11
Cost (Thousands of Dollars)
Purameters One Pump per Station Two Pumps per Station
Digsel Turbine Diese! Turbine
Scenario |
Procurement Transportability § 7913 $ 7396 $ 8,408
Trunsportation  limits on size and 573 593 877
Construction weight of pump 364 3066 366
Operation units prohibit using 1,094 657 1,271
Maintenance one dicselengine- 274 282 276
Total driven pump to $10.078 $ 9,294 $10,958
develop the totul
hydraulic head
Scenario [1 required at each
Procurement pump station, $ 8,008 $ 7,551 $ 8,287
Transportation 577 603 582
Construction 64 366 366
Operation 18,030 11,041 20,912
Maintenance 4,174 4,116 4,863
Total $31,153 $23,677 $35,010
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Table 21, Summary of Costs: Alternative 111
Cost (Thousands of Dollars)
Purameters One Pump per Station Two Pumps per Station
P Diesel Turbine Diesel Turbine
: Scenarlo |
Procurement $ 47758 $ 5,397 § 4951 § 5959
Trunsportation 1,308 1,291 1,321 1,299
Construction 148 148 152 152
Operation 602 1,084 615 1,220
Maintenance 307 302 317 307
Total $ 7,140 $ 8,222 $ 7,356 $ 8937
3 Scenatio 11
: Procurement $ 4772 $ 5478 $ 4967 $ 6,103
4 Transportation 1312 1,292 1,325 1,299 3
! Construction 148 148 182 152 2
Operation 11,265 20,264 11,507 22,887 g
Maintenunce 4416 5,001 4,670 6,191 3
2 Total $21.913 $32,243 $22,621 $36,632 ‘
‘ Table 22. Summury of Costs: Alternative I11-A
) Cost (Thousands of Dollars) 3
3 Purumeters One Pump per Statlon Two Pumps per Station 3
Digsel Tutbine Diesel Turbine N
5 Scenario | ¢
g Procurement 3 4,775 $ 5,397 $ 4951 3 5,959 L
1 Transportution 1,308 1,291 1321 1,299 )
2 Construction 235 235 239 239 A
Operation 602 1,084 618 1,220 ]
1 Muintenance 307 302 317 307 '
I Total § 7227 $ 8,309 $ 7443 $ 9.024 ¥
‘ Scenario 1] ]
: Procurement $ 4,772 § 5478 $ 4967 $ 6,103
Transportation 1312 1,292 1,325 1,299
' Construction 235 238 239 239
Operation 11,268 20,204 11,507 22,887
! Maintenance 4,416 5,061 4,670 6,191 j
Total $22,000 $32,330 $22,708 $36,719 |
N
b
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Table 23. Summary of Costs: Alternalive IV 3
Cost {Thousands of Dollars} "
Parameters One Pump per Station Two Pumps per Stution _}"
Digse] Turbine Digsel Turbine 3
Scenario 1
Procurenment Transportability $ 7,258 $ 6,711 £ 72018
Trunspottation  limits on size und 572 §92 576 )
Construction welght of pump 341 342 342
Operation units prohibit 851 519 988 g
Muintenance using one diesel- 249 255 251
Totul englne=driven 5 9,268 $ 8419 $ 9,275 3
pump to develop f
Scenurio 11 the totul hydraulic See Note 3
Procutement h““'d required at $ 7,030 $ 6,656 $ 7.230
: Transportation vach pump stution, 574 604 $78
3 Construction 341 344 344 ;.-
: Operation 17,399 10,709 19.396 3
. Maintenanee 2,892 3,078 3,296 b
3 Total $28.236 $21.391 $30,844 3
:— NOTE:  Tunsportability Hmits on size and welght of pump unlt require three diesel-englie-dtiven pump units (o
develop the tote! hydraulic hotsepower required ut vach pump ststiot, k-
k, Table 24, Summary of Costs: Alternative IV-A 7
] Cost (Thousunds of Dollurs)
3 Parameters One Pump per Station Two Pumps per Station -‘,:
: Diesel Turbine Diesel Turbine
3 Scenarlo | 5
1 Procurement Transportabllity $ 7,255 § 6711 3 7.118
Transportation  limitson size 572 592 576 8
] Construction and weight of 298 300 300
i Operation pump units 851 519 988 p
4 Maintenance proluli»lt Llnsinsi 249 255 251
. one diesel-engine- py %0912 b
E Total driven pump to § 9.225 $ 8,377 $ 9.233 1
Scenario 11 ﬂenilucmit'hl:‘c:xtlm Sce Note
Procurement rey uirvd"ut oach $ 7,030 $ 6,656 $ 7,230 -
Transportation ':]m 3 station 574 604 578 4
Construction MM ' 298 301 300 |
Operation 17,399 10,709 19,396 3
Muintenance 2,892 3,078 3,296
Total $28,193 $21,348 $30,800 1
NOTE: Trunsportabitity limits on slze und weight of pump units tequite three dieselengine-driven pump unita to 3
devolop the total hydisutie homepower required at eoch pump station,
150
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Table 25. Summary of Costs: Alternative V

Paramecters

Cr

Cost {Thousands of Doilars)

Two Pumps per Station

One Pump per Station i

) CTI TR UENLRT TT TR T SOty vt 1308 | ML IS

. Diese! . " Turbine - Digsel Turbine , .
Scenario | ' Co T o
Procurememt ~  Trunsportability $'6,327 . § 5908 $ 6,751
Trinsportation ~ limits on slze and 1,286 .0 1,312 C 1,292
Construction weight of pump 154 157 157
Operation units. prohibit. - 996 "1,, 600 1,188
- Maintenance using one dissel- 309 . - 322 34
Total engine-driven . $9,072° § 829 $ 9,702
. . pump to develop Do
~ Seenario Al N‘thlg 't'ota)_hydraullc e
Procurement ~  ledd requiredat - g 6517 " 4 6012 $ 7,000
Transportation  €ach pump station. 1,289 1,320 1,296
Construction. - 188 - 158 © 158
Operation 19,639 - 11,476 22,682
Maintenance 4,894 - 4,621 5,353
Total - $32,489 . §23,587 $36,489
T, o
Table 26, Summiry of Costs: Aiternantive V-A
Cost (Thousands: ot Izolars)
Parameters One Pump per Station e _I wo Puinps per Station
Diesel Turbine Diasel Turbine
Scenario 1
Procurement Transportability $ 6,327 $ 5908 3 6,751
Trunsportation  limits on size and 1.286 1,512 1,292
Construction weight of pump 233 235 235
Operation units prohibit 996 600 1,188
Maintenunce using one dicsel- 309 322 34
Total engine-driven $ 9.151 $ 8374 $ 9.780
pump to develop
Scenario 11 the totul hydraulic
Procurement hca}d required at $ 6,512 $ 6,012 $ 7.000
Transportation ~ 4ch pump stution. 1,289 1320 1,296
Construction 233 236 236
Operation 19.639 11,476 22.682
Malintenance 4,894 4,621 5,353
Total 332,567 $23.665 336,567
151

PO TP TRRC IR LN B P P e-Le PR BRL S S

. O T R L R P T T, WY
i i b o i s i ol et R

TPRTEY %

e e Ao




TP R PE T T T

e e L e g e

Tuble 27. Summary of Costs: Alternative V1

Cost (Thousands of Dollars)

Paranmeters One Pump per Station Two Pumps per station
Diesel Turbine Digsgl Jurbine_
Scenario | ' ‘ N
Procurement Transportabllity $ 3,847 $ 3,399 $ 4,019
‘Transportation limits on size and 561 579 563
Construction weight of pump 368 370 370
Operation units prohibit 952 528 1,008
Maintenance using one diesel- 267 273 267
Total engine-driven $ 5,995 $ 5,146 $ 6,224
pump to develop _
Scenarlo 11 the total hydraulic :
Procurement ~ head required at $ 3,895 $ 3,467 $ 4,171
Transportation €3¢ pump station. 560 583 564
Construction 368 370 370
Operation 16,118 9,750 18,746
Maintenance 3,891 3,800 4,840
Total $24,832 $17,970 $28,091.
Table 28, Summary of Costs: Alternative VI-A
Cost (Thousands of Dollarg)
Parameters One Pump per Station Two Pumps per Station
Diesel Turbine Diesel Turbine
Scenario |
Procurement Transportubility $ 3,847 $ 3,399 $ 4019
Transportation  limits on size 561 5§79 563
Construction and weight of 300 301 301
Operation pump units 982 528 1,008
Maintenaice prohibit using 2677 273 267
Total one diesel- 5 927 § 5,077 $ 6,153
engine-driven
Scenario 11 pump to dcvelop‘
Procurement the totul hydruulic g 3 gos $ 3.467 § 4,171
Transportation ~ head required at 560 543 564
Construction euch pump station. 299 301 301
Operation 16,118 9,750 18,746
Muintenance 3.891 3.800 4,840
Total $24.763 $17.901 $28.622
152
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Table 29. Summary of Costs: Alternative Vi1

e “‘ .;._. e

Parameters Cost (Thousands of Dollars)
o o Scenario I ' . Scenarig.ll
Procurement - 86,596 36778
Transportation 1,748 , - 1,760
Construction 136 © 136

“Oporation - ' ©o 762 - 15,696
_Maihtenance - 452 5,386
Total - $9.694 $29,756

Table 30, Summary of Costs: Alternative Vil

Parameters Cast (Thousands of Dollars)

Scenario | “Scenarlo I1
Procurement $4,502 $ 4,700
Transportation 918 932
Construction 396 400
Operation 562 12,082
Maintenance 398 7.306
Total $6.776 $25,420

Several cost considerations bearing on the selection of the best pipe-
lino system design are evident in Teble 18, Examining first the Scenario 1 costs for the
Militury standurd pipeline system, one finds that procurement costs represent approxi-
mately 67 percent of the total vosts identified. Including procurement, transportation,
and construction, the coust of cstublishing an operational capubility represents 85 per.
cent of the total Scenario | cost tor the Military stundard system. Thus, for the short
duration contlict, the operation and maintenance costs are not of primary concern.

Continved exumination of the duta presented in Tuble 18 reveals o
contruposition of Scenario 1. For this longer period of operation (3 yeurs), the cost
of operation becomes the major cost factor constituting more than 55 percent of the
totul scenarlo costs identified.  Fuethermore, the cost for maintenance exceeds
procurement cost, becoming the second lurgest contributor to total scenario costs,
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The total Scenario 1 and Scenario 1 costs from Tables 1R theough 30
are summarized in Table 31, The contribution of procuremient, transportation, con-
sttuction. operation, and maintepance costs to total scenario costs are sitown in
Table 32 expressed as a percentage of total scenario cost,  In general, the relationship
between the various components of totul scenario costs outlined previously for. the
Military standard lightweight, coupled, steel system hold tnue.

For a specific type und size, plpe cost variés in direut proportion to wall
thickness, Since the maximum safe working pressure Is u direct function of pipe wall
thickness, the cost of pipe variey directly with bperating pressurc, Pipe is the highest
cost item In u pipeline system, normally representing more than half the totul invest-
ment {n materiel,  As a result, changes in pipeline design churacteristics which uffect

the operuting pressure have a corresponding effect on the cost of pipe and signifl.
cuntly affect the total cost of procureinent.

In contrast, maintenance costs tend to vary in nverse proportion o
operating pressure, Two factors bear on this relutionship. In general, a high-pressure,
thick-wall pipe will be less susceptible to dumugé and deteripration than thin-walled,
low-pressure pipe. Thus, the high-pressure pipeline will normally require less main.
tenance than a low-pressure pipeline. In addition, the number of pump stations
required Is inversely proportiona) to the operating pressure, The number of pump
units in a pipeline system hus a greater effect an maintenance costs than the size of the

pump units, Therefore, un increase in pipeline operating pressure allows a reduction
In the number of pump units and the associated malntenance costs,

The cost of operating & pipeline ulso tends to vary indircctly with
operating pressure, Fewer large pump stutions are slightly more efficient than numer.
ous small stations thus creating some cost savings for high-pressuie pipelines. More
important, the number and cost of oporating personnel are a direct function of the
number of pump stations, Thus, it is desirable to use us few pump stutions as possible,

For both Scenarios [ und 1, Altemative VI-A has the lowest total cost,
Using 8-inch-diameter, 6061-T6 alloy aluminum schedule 10 pipe joined by an auto-
mated ZAP-LOK process, this cundidate system has o proposed maximum operuting
pressure of 660 lb/in®. The next lowest cost candidate system is Alternative V1
which Is the same system concept except commercial construction practices are to
be used In lieu of the automatic joining equipment., Using two diesel-engine-driven

pumps per station, these are the oniy alternatives that have total scenario costs-that are
less than the total cost of a Mllitary standard system,
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Table 31, Cost Summary: Scenarios | and 1l

E: Cost (Thousands of Dollars)
‘ Alternative One Pump per Station Two Pumps per Station
I Diesel Turbine Diesel Turbine
o Scenutio |
T MIL.STD - $ 5483
I 7,104 $909] - §7673  $10,825
e , A See Note | 10,078 9,294 10,958
. ';f 1 7,140 8,222 7,368 8,937
1H1-A 7,227 8,309 7,443 9,024
N v Seve Note | 9,268 8,419 9,275
IV-A See Note | 9,225 8,377 9,233
Vv See Note ) 9,072 8,296 9,702
. : V-A See Note 1 9,151 8,374 9,780
i \2 See Note 1 5995 5,146 6,224
g : VI-A See Note | 5,927 5,077 6,158
l: ' VIl - - 9.694 -
VIl 6,776 - - -
: Scenario 11
MIL-STD 18,812
3 I 26,291 39,975 28,122 46,548
I Sve Note | 31,153 23,677 35,010
I 21913 32,243 22,621 36,632
\' 1-A 22,000 32,330 22,708 36,719
Iv See Note 2 28,236 21,3912 30,844
IV-A See Note | 28,193 21,3483 30,800
\Y See Note | 32,489 23,587 36,489
V-A See Note | 32,567 23,665 36,867
b VI See Note | 24,832 17,970 28,691
..: VI-A Sec Note | 24,763 17,901 28,622
i Vil - - 29,754 -
: vill 25,420 - - -
N NOTES:
¥ 1. Trunsportability ihmita on sizo and wolght of pump units prohibit using one divsel-engine-dsiven pump to
Y . develop the total hydruulic hoad required at vach pump station,
i 2. Transportability Umityon size and wolght of pump units require three dlesclenging-drlven pump units to develop
b the total hydraullc horsepower required ut sach pump station,
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Table 32. Broakdown of Scenario Costs In Percentuge of Totul Costs

Alternative Procurement Trangportation Construction Operution  Maintenance Total

(%) () () (") (%) (%)
Seenario |
MIL.STD 66.6 1.6 6.7 10.2 4.9 100
! 60,7 18.8 24 13.5 46 100
i ™6 6.4 3.9 7.1 3.0 100
1 66,9 18.3 21 8.4 4.3 100
A 6.1 18.1 33 8.3 4.2 100
v 79,7 7.0 4.1 6.2 3.0 100
IV-A 80.1 7.1 36 6.2 3.0 100
v 7.2 15.8 1.9 7.2 39 100
V-A 70.8 18.7 2.8 7.2 1.8 100
Vi 66.1 113 7.2 10.2 5.3 100
VI.A 670 114 59 10.3 $d 100
vil 68.0 18,0 1.4 79 4.7 100
Vil 66.6 1.6 6.7 10.2 4.9 100
Scenurio 1f
MIL-STD 193 34 1.9 $5.4 20,0 100
_. [ 16.0 5.1 0.6 $8.1 20.2 100
] 1} 39 2.5 1.6 46.6 17.4 100
m 21.8 60 0.7 S14 201 100 }
3 liA 21 6.0 1L 512 200 100 i
L v 31 2.8 1.6 $0.2 144 100 %
1 IV.A 312 2.8 14 48,6 14.4 100
] v 2838 56 0.7 48.5 19.6 100
V-A 28.4 56 1.0 $4.3 19.5 100
3 vi 19.3 32 2.1 4.5 21. 100 :
4 VIA 19.4 32 1.7 $1.7 212 100
3 vit 22.8 5.9 0.§ 47,5 18,1 100
Vil 18.5 3.7 1.6 854 287 100 )
;
Jé é
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The three candidate systems (Alternatives 11, 1V, and IV-A) having the
highest maximum safe operating pressures (800, 1,000 und 1,000 tb/in?, respectively)
are alse the three highest cost systems for Scenario 1. This emphasizes the fact that
high procurement costs ussociated with high operating pressures cannot be offset by
suvings in operation and maintenance costs if the pipeline is to be in operation only a
short period of time,

As operating time Increases, the contribution of operation and main-
tenance costs becomes significantly more important. This is readily apparent from the
duta in Table 32. For Scenario 1, operation and maintenance costs are estimated to
represent approximately 10 percent of the total cost for the 90<lay period. For the 3
years of operation In Scenario [, operation and maintenance costs represent approxi-
mately 70 percent of the total cost.

Tuble 33 lists cach alternative in order of total scenario cost, This
ranking shows that 8 of the 13 alternatives fall in the sume order for both scenarios.
For the other S alternatives, there is no correlation between thelr positions in the
rankings. Solely on the busis of cost, Alternatives VI and VI-A offer the only oppor-
tunity for improvement over the existing Military standard system. The next lowest

cost systems for both short- and long-term operations would be Alternatives 111 or
II-A, followed by Alternatives V or V-A.

Tuble 33, Runklng of Alternatives in Order of Total Scenario Costs

Scenario | Scenario 11
Alternative Total Cost Alternutive Totu] Cost
VI-A $5.077 VI-A $17.901
Vi 5,146 Vi 17,970
MIL-STD 5.483 MIL-STD 18,812
Vil 6,776 Iv.A 21,348
[ 7,104 v 21,39]
It 7,140 1l 21,913
1A 7,227 1i-A 22.000
Y 8.296 A 23,587
V-A 8374 V-A 23,665
1V-A 8,31 H 23,677
v 8419 A1 25,420
Il 9,294 ] 26,291
Vil 9,694 Vil 29,786

NOTES:
L. Cust shown in thousunds of dollurs.
2. Cost shown Is for the loast-cost pump stutivn conlipuration for euch liernative.
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Without exception, dieselengine-driven pumps offer significunt savings

in comparison to turbinc-engine-driven pumps for every alternative system. For

Scenurjo 1, this savings runges from 10 to 41 percent, For this 90-day mission, the

higher initial procurement cost of turbine engines is the major fuctor contributing to

. the higher overall cost. For Scenario 11, the savings with diesel-engine-driven punips
: ranges from 43 to 66 percent. In this longer term application the higher fuel cost for
turbine engines overrides all other cost considerations, As the petroleum shortage

continues to force fuel prices upward, the high fuel consumption of turbine engines

becomes an ever-increasing liability, Turbine engines may offer some savings in main-

tenance costs, however, those savings cannot offset their higher Initlal investment and
fuel costs,

The principal advantage of turblne-engine-driven pumps for Military
pipeline applications is their low welght in comparison to dlesel-engine«driven pumps of
equul capucity. This feature is of purticular Importance if the intent Is to use only one
pump unit at euch pump station in a high-pressure pipeline. Reliabjlity considerations
which indicate the need for at least two pump units at each pump station diminishes
this weight advantage, since cach unit will necessurily be smaller and lighter in weight.
Since the size and weight of diesel-engine-driven pump units of the cupacities being
considered in this study do not cxceed Militury transportubility limits, the higher costs
assoclated with turbine-engine-driven pump units cannot be justified.
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14, Operational Effectiveness Analysis. The purpose of this analysis Is {v pro-
vide a measure of effectiveness for each alternative pipeline system concept identifled p
in puragraph 11, Employing the NSIA trude-off wechnique (reference Appendix B), 3
cach alternative Is compared to the Military standard, lightweight, steel coupled pipe-

line. The result s u computed value indicative of the relative effectiveness for each
F candlidate system design conceept.

3 s sl e, b

a,  Definition of Operational Effectiveness Evanluation Parameters. An
Indeterminable number of fuctors having many intricate interrelationships bear on the
1 operutional effectivencss of a pipeline system. Thus, to contain this analysis within

achievable bLounds, only parameters having primary significance and a meuasurable
effectiveness are cvaluated,

Recognizing the pitfalls associated with less than an ull-encompassing
treatment of the subject, the considerations listed in Tuble 34 are selected as consistent
with the objectives of this study, The definition of each conslderation is purposely

kept as broud as possible and still retaln congruency of meaning in the evaluation of
the ulternative pipeline concepts,
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Tuble 34, Operational Eitectiveness Evaluation Criterla
Purumeters Conriderations Relative Busic Rating Adjusted Values
Welghting  Undesirable  Desjrable Undesirable  Desiruble

AT AN

Construction  Raw
Joint Reliability
Number of' Personnel
Special Skills nd Training
Equipmont Requirements
Transportability
Environmantal Factors

Oporation Mission Rellubility
Number of Personnl
Special Skills und Training
Fuel Consumption

Maintenunve  Euse of Rupalr
Number of Personnel
Specinl Skills and Tralning

4
4

w
wl&u—-uu N A e — .t ra BB

Equipment Requirements
Other Vulnerability

3 Durability
3 Sufety
; Storage

Rucovorabllity
EE Totals
é' Net Adjusted Value » Avoruge Not Value =
i (1) Construction Parameters, The following considerations relate to
-

the construction effort required to estublish a pipeline operutional cupability.

(n) Rate. In uccordance with the study objectives set out In
g parugraph 4, the desired construction cupability is to advance a pipehead as rapidly as
- possible with o goal of 30 kilometers per duy, Assuming 20 hours construction
operating time per duy, the desired construction rate is 1.5 kilometers (or approxi
mately 0.93 miles per hour). The basic rating for each alternative is computed as a
" ratio of the construction rate of a single crew using the proposed construction
technique versus the rute of construction of u lightwelght steel, coupled pipeline by u
crew following the procedure outlined in reference.?” The evaluation of construction
rate is made Independent of the number of personnel or amount of equipment
| ' employed by the construction crew,

oREETS

_ (b) Joint Reliability. For the purposes of this vvaluation. joint
3 rellability refers to the probability that, when assembled, following normal opueruting
procedures, the joints in the ussembled pipoline will have adequate strength and will

27 Milltary Petroloum Pipeline Systems, Meadquartors, Departmont of the Army. Washington, D.C., TM3$.343,
I-ebruary 1969,
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not lenk. Weak or leaking joints requiring rework betore the pipeline cun be placed in
operation require additional construction effort. The net result is a reduction in the

effective rate of construction. On this basis, joint reliability is an essential element of

rupid pipeline construction.

(¢) Mumber of Personnel, LEucn alternative plpeline concept iy
evaluated on the basis of the number of construction manhours required to emplace
100 miles of 8-inch surfuce-luid plpeline, including pump stations and pressure-
regulation stations, under uveruge conditions. Munpower requirements for clearing und
grading, grade and river crossings, and other special construction requirements which
are primarily a function of the terrain traversed by the pipeline rather than the method
of joining or construction provedure are not considered In the evaluation., The esti-

muted construction man-hours do reflect the use of multiple crews to achieve u con-
struction rate of 30 kilometers per day.

{d) Special Skills and Training. The need for special skills und
training for construction personnel employed in the proposed construction procedure
are compured to existing Army pipeline vonstruction truining programs. Skills which
cun be developed and maintained only through formal training are of primary concern,
Skills which can be developed to an ucceptable degree of proficiency after minimal on-

the-job training without formal or prior training have little bearing on the assigned
ruting.

(e) Equipment Requirements. The umount and type of equip-
ment required to install the candidate pipeline system are compured to the require-
ments for installing lightweight, steel, coupled pipelines. The highly desired construc-
tion procedure would employ nothing more then o minimal number of standurd Mili-
tary vehicles to dellver the pipe to the job site. Requirements for excessive umounts of

staidurd constructlon cquipment are equally as undesirable as the need for highly
speelulized items of support equipment,

(f) Transportability. The movement of materials and equipment
from the munufacturers to un overseas construction site involves a complex trans-
portation cffort. Considerstion s given to all elements of the transportation system,
both commercial and military, ussessing the burden of moving the tremendous tonnage
comprising a pipeline system. Of primary concern are any special hundling requires
monts imposed by the equipment to be transported. The trunsportability limits this
study places on equipment design precludes any unacceptable trunsportation demands,

(8) Environmental Factors. Encompassed in this consideration

is any cnvironmental factor that could impede achieving the desired construction
cupability.
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(2) Operation Parameters. The following considerations relate to the
operition of Military pipeline systems,

(u) Mission Reliability. As defined previously, mission reliability
is the probability :hat a4 quantity of fuel equal to the minimum daily consumption can
be transported from n portsof<entry to a bulk distribution breakdown point, Each
ulternative is evaluated by comparison to the expocted performance of existing Militury
standurd equipment,  To the extent possible, all factors bearing on the operational
rellubility of a pipeline system are considered.

{b) Number of Personnel. This consideration is reflective of the
number of personnel involved directly In the operation of a pipeline. Requirements
for personnel for operation of marine terminals, tank farms, and other facilities which

support the pipeline operation but are not directly affected by the pipeline design are 3
not included in this evaluation. 3

{¢) Special Skills and Troining. Certain basic skills are necessary
to operate any pipeline: however, the skills and training that are unique to a specific
alternative pipeline concept ure of special concern. In uddition, consideration is given
to the number of personnel that must possess skills unique to the pipeline operation.

PR

td) Fuel Consumption. This Is a direct comparison of the esti-
mated fuel consumptions for the alternative pipeline system versus Military stundurd

3 diesel-engine«driven pumps delivering fuel through an B-inch, lightweight, steel coupled
3 pipeline, )

Rt o Al Gt soy o

(3) Maintenance Parameters, The following considerations related to
the mulntenance aspects of a Military pipeline system operution,

(a) Ease of Repair. The dogree of difficulty encountered in
repair of u pipeline has a significant bearing on the time required for repair. This cons
sideration weighs all factors assoclated with the candidate pipeline system which may
3 affect the capability to properly maintain the pipeline system. This considers such

issues us unusual logisticul support requirements which may involve excessive adminie

strative down time as well as the level of physical effort associsted with accomplishing
maintenance and repait tasks,

PR T
2o 1 B

JOT. JPP

(b) Number of Personnel. As with construction and operation,
i ) this consideration deals with the number of personnel involved directly in the main-

: tenance of u pipeline. Al estimates of required manpower Include performance of
; scheduled and unscheduled maintenance Including repair of 8 nominal amount of
damuge from hostile action,

PPy
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(¢} Special Skills snd Training. The objective is to identify any
unusual skills or training that may be required in the performuance of pipeline main-
tenanee, BEqually important is any requirement to substantially increase the nuinber of
personnel in existing training programs or ogeupationl specialitics,

,. ; (d) Equipment Requirements. Of importance are requirements
' for speclal equipment or the need to dedicate standard items of equipment spocifically
to pipeline maintenance support,

¢ (4) Other Evaluation Parameters.” The following considerations do not

full conveniently into the category of construction, operation, or maintenance but are

' of suffivient importance to be Included in the compurison of the operatlonal effective-
ness of the candidate systems,

(2)  Valnerability. The vulnerabllity of the pipeline encompasses
the subjectivity to all modes of potentinl dumage from auccidental events, through
pilferuge by the indigenous population to all types of hostile action,

(b) Durabllity., The ability of the pipeline to exist in an operable
condition for a loug period of time is evaluuted, Of interest are such factors as cor-
rosion, doterioration of clustomers, pump and engine wearout, ete,, which have an
uffect on useful sarvice life,

T

(¢) Safety. The probability of events involving personal injury,
loss of life, or property damage is evaluated. It is assumed that sound engineering
Judgement is upplied to all alternutive pipeline designs.

b iR e

(d) Storage. This consideration evaluutes cach alternative in
terms of long-term storuge of contingency reserves,

(e) Recoverability. The level of effort required to recover a pipe-
line system and the suitability ot the equipment for redeployment s evaluated,

NP e B -

b. Operational Effectiveness Evaluations. Bused on the findings of the
reliabllity assessment and cost analysis, the opcrational effectivencss evaluation for
cach alternative considers only pump stations utilizing two diescl-engine-driven pumps
at each booster stution to develop the required total dynamic head. The exceptions to
this ure Alternatives IV and IV-A in which the weight and size of diesel-engine-driven {
pump units make It necessary to use thres pumps at each booster station,

885 it T
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Table 35 shows the alternative pipeline systems in descending order of
g_ metit based on the mugnitude of the NSIA trade-off scores computed in Tables 36
; througir 47, The procedure for applying the NSIA trade-oft technique, stipulates that
i # busic rating vadue of +100 or -100 overrides all other considerations, In cases whete
) one or more system characteristics are ussigned a +100 rating while other character-
: istics recelve u -100 rating, the negative or unucceptable rating takes precedence,
Examination of the basic rating values In Tables 36 through 47 finds these limiting
criteria apply to only two of the alternutive pipeline concepts,
Table 35. Summary of Operational Effectiveness Evaluation Scores
Alternative NSIA Score
A +16.9
IV-A +14.4
V-A +14.0
11 +134
ll-A +11.4
1 +10.7
VI-A +9,7
A +9.3
v 8,9
Vil +8.0
Vil -2.2
4 | -9.3
§
q In the evaluation of Alternutive 1 (Tuble 36) und Alternative VII

3 (Tuble 46), the number of personnel required for pipeline operation s ussigned 4 =100
ruting. In the evuluation provess, the basic rating for the number of operator personne!
was equated fnversely to the percentage change in operator personnel required when
compared to o Military stundurd, lightweight, stecl, coupled pipeline system, In the
cuse of Alternative 1, the low maximum safe operating pressure requires a large number
\ of pump stations, This In turn {nereuses the number of operator personnel by more
than 240 percent. Any increase of 100 pereent or more recelves a basic rating ot <100
excluding the alternative from consideration. For Alternative VIL, the requirement to
v . operute two puarallel pipeline systems cach having o lurge number of pump stations
. results in un increuse in operator personnel of more than 100 pereent,

? The exclusion of Alternative 1 as a result of its being assigned a basic

' ruting value o =100 has little impact on this unalysis. Alternative 1 s one of two ulier-

. natives which have negative uverage net values, This negative value indicutes the opera-

4 tional effectiveness of Alternative | would be less than ror the existing Milltary
163
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Table 36, Operational Effectiveness Evaluation of Alternative |

Parameters Considetationy Relutive Basic Rating Adjusted Vulues
Wuighting  Undesirable  Desirable Undesituble  Deslrable ,
Construction  Rate ] +28 +100
Joint reliubility 4 +50) +200
Nuliber ol porsunnel 4 +63 +260
' Special skills und tralning 2 +38 +20
? Fquipment requiroments 3 +18 +45
Transportability 2 -3 -70
Environmienta) factors 1 .
Opetration Mission rellabllity 4 =70 -280
Number of persannel 4 =100 400
Spocial skills and training 2 15 =70
lFuel consumptlon 3 0 0 0 0
Maintenanco  Fawne of ropalr 3 =13 -108
Nuniber of personnel 4 <10 -R0
Spoctel akills and tevining 2 0 0 0 0
Equlpment roquirements k| 0 0 0 0
Other Vulaerubility 3 -3 -108
& Durability 2 0 0 0
?; Safety i 0 i] 0 1}
v Storage 3 -38 =108
2 Recuverabllity A 0 0 0 0
¢ Tutuls S8 =1,218 +678

Net Adiunsted Value » #6758 =1,215 = <340
Avoryge Net Valug = -54(1/58 = =93

Eacitns oo = eiid

T

T YRR
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Table 37, Operational Friectiveness Evaluation of Alternitive 1

Patatniglers { onuderations Relative Busle Ruting Adjusted Values i
) Woighting  Undesirable  Desirable  Undesirable Desirable :
K Constructiin. Rate 4 ] 0 0 0 i
Joint reliubility 4 0 0 1] 0 B
b . : ’ Number of pemonnsl 4 0 0 0 0 B
’ ' Speciul xkills vad tsaining 2 0 0 0 0
Equipment requiremonts 3 0 u 0 0
. Transportability 2 *1§ +30
. . Environntiontul factors 1 0 0 0 0
Operation Mission retlability 4 +38 +140
Numbet of personnel 4 +30 +120
Spe tul skills und 1ralning 2 0 0 0 0
Fuel consumption 3 -15 -43 3
Malntenanee  Kase of repair 3 ] 0 0 0 )
2 Number of pecsonnet 4 -5 -20 3
3 Special skUls and trainlng 2 0 0 0 0 :
L:quipment requiroments 3 0 0 0 >
Other Valnerability 3 +1$ +45
) Durability 2 +38 +70
3 Sufety | +70 +10
E Stotage 3 +70 +210
Recovorability 4 0 0 L. 0 k
_ Totals 58 £ +685 i
3 Net Adjusted Value = +68S « 68 = +620 ;
5 Averuge Net Value = +620/88 = +10.7 ‘;
g 4
1 1
=
g
! __2
] %
g i
\ z
¥
3
f- "3
:-‘S
%
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Table 38. Opetational Litectiveness Lvaluation of Alternative i1

Paramciery Conslderations Rulutive Basic Ruting ' Adjurted Values
Welphting | Undgsirable  Desirable Undesitable  Desirable
Construction Rate 4 +40 : T +160
Joint retinbitity ) 4 +38 - +140 T .
j Number of persunnel v4 +10 - +210 o,
i Speclat skills und training 2 +20 : LS FAR
. liquipinent requirements k| : +20 T 60
Transportubility b -3 ) i) . :
Environmentul factors 1 +3¢ o +33 . p
Opotatlon Mission retability 4 -8 ~100
Number of porsonnel 4 -40 «160
Spocial skills and training 2 0 0 0 0
Fuol ¢onsumptlon 3 0 0 0 0
Muintonance  Fase of repair k} -18 -45
Number of personnel 4 -3 =20
Spovial skills und training 2 0 0
Fquipment requirements 3 +38 +108
Other Vulherabllity 3 0 0 0 0
Durubitity 2 +70 +140
Safety | +38 +35
. Storage 3 +70 +210
; Recaverability 4 U 0 0 0
l’; Totals 38 ~358 +1,138
] Net Adjusted Value = +1,135 ~388 = +780 :
3 Average Net Value = #780/58 = +13.4 .
]
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‘Table 39, Operutional b ffectiveness bvaluation of Alternutive 1A

Puranseters Caonsiderations Relstive Busic Rating Adjusted Values
Weighting — Undestrable — Deslrable Undesirable  Desirable "
Comstruvction  Rale 4 +35 +380 4
Joint reliability 4 +3$ +140
Number of personnel 4 . +80 +320
Speciul skills und truining 2 =70 «140
Equipment requiztnients 3 <70 «210
‘Trunsportubility 2 18 0 3
Envitonmental fuctors 1 +38 +38
Opetation Mission rellubility 4 -2 -100 3
Nurbor of porsonnel 4 40 ~160 .
Spoclal ukills und trulning bl 0 0 0 0 ool
tuel consumption 3 0 0 0 ] k-
Maintenunee  Euse of repalr 3 -1$ -4$
Number of persornnel 4 -5 ~20 A
Speclal skills and tealnitg 2 0 1} '
Eguipment requirements 3 +35 +108 3
Other Vulnerability 3 0 0 0 0 2
Durubility 2 +70 +140 i
Suluty 1 +38 +38 3
Storage ] +70 +210 4
Rocuverabllity 4 0 0 0 0
Totuls 58 ~708 +1,368

Net Adjusted Value » +1,365 = 708 = +660
Average Net Volue = +660/58 = #1 1.4
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Table 40. Opetationad Eitectivoness Evaluation ol Allernative 1V
Parametery Considerations Ralutive Bavie Rating Adjusted Values ":l
Welghting  Undesirable Desitable Uidesituble  Desirabie o
Construction Rale 4 +20 . +80
Joint reliubility 470 . o +280
Nitmber ol personnel 4 +80 - T 0 ! .
Spociul skdls und training. 2 <18 : Y] - "
Equipment requirements 3 0 - . Y1 [ ) S
Trunsportability 2 S G +40 .
Environmental factors | -18 : : B : *
Opurativn Missiun reliubility ¢ S0 L _:-+_?k')0 - -
Number of personnil 4 48 . R0 '
Special skills and tralning 2 ~18 R [
fugl consumption R} -15 N 4§ ,
Maintenance  Fuse of repailt 1 =18 .24 . i
Nutnbur of personnel 4 =18 “h0) “
Spacial skills und training 2 -0 =120 ‘ :
Lquipmont 1equiroments k| =70 =210
GOther Vuluorability k! +50 +| 50
Durability 2 +93 +190
Sufuty | +70 +70 f
Staruye 3 +70 +210 E
Rucoverubility 4 =50 =200 3
Totul $8 1,208 +1,720 E

Nut Adjusted Value = +1,720-1, 208 » +518
Avergge Net Value = +515/58 « +8.9
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; Table 41. Operational Elfectiveness Evaluation of Alternative 1V-A
Parameters Considerations Relative Basic Rating Adjusted Values
b Wolghting __Undesirably__Dedlruble __Undealrablo _Destrable,
‘ ; { ' Construction  Rato 4 +93 +380
Co Joint reliubility 4 +70 +280
" P .- ' Numbet of personniel ] +83 +340
- Special skills and training 2 ~10 ~140
: liquipment requirements 3 -8D ~240
o B ) Transportability 2 +20 +40
’;:,'., i - Envirommental fuctors 1 =33 -35
E? : Oporation Mission reliability 4 +50 +200
o Numbet of porsonnel 4 445 +180
‘%‘S Spociul skilla and truining 2 0 0 0 0
;) I'uel consumption 3 -18 ~45
i
P Muaintenance  Lusv of repair 3 -75 =228
%‘A Number of personnel 4 .18 60 ]
Spociul skills and tralning 2 =25 =50 B
Lquipment requirvments 3 =70 =210 2
b ;
L Other Vulnetability 3 +$0 +180 3
i Durability 2 498 +190 ;
" Salcty 1 +70 +70 p
k Storuge 3 +70 +210 ;
f Recoverubility 4 =50 =200 4
Totals S8 »1,208 +2,040 ]
Nut Adjusted Value = $2,040 « 1,208 = +833
Averuge Net Value = +833/58 w 14,4 E
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Table 42. Opurational Effectivencss b valuation of Alternative V

PR

Parameters Considerations Relutive Busle Rating Adjusted Vidues
Weighting  Undesirable  Desirable Undesitable  Desirable
Constiuction  Rate 4 +35 +140
Joint reliubllity 4 +315 +140
Number of personnel 4 +70 +280
Speciul skills und truining 2 +20 +40
Equipment requlremonta 3 +20 +60
Trunsportability 2 -15 =30
Environmental fuctors 1 +35 +35
Oporation Misslon rollsbility 4 =10 -40
Number of personnel 4 -1 ~60
Spuclul skills and tralning 2 0 0 0 0
I'uel consumption K} -10 =30
Muintennnce Fase of repulr 3 -18 -45
Numbgr of personnel 4 ] 0 0 0
Spocial skills und truining : 0 0
li’quipment requirements 3 438 +108
Other Vulherability k] 0 1] 4} 0
Durabitity 2 +70 +140
Sufety 1 +13 +35
Storage 3 +70 +210
Recovernbility __4_ 0 0 0 0
Totals T =208 +1,188

Net Adjusted Value = 1,188 - 205 - 4980
Averuge Net Value = +980/58 = +16.9
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Tublv 43, Operationu) I'ftectivencss Evaluation ol Alternutive V-A

Parumeters Conslderations Relative Basic Rating Adjusted Values
Welghting Undesitable  Doslruble  Undosirable  Dosleable
Construction  Rate 4 +98 +380
Joint roliability 4 +3S +140
| . Number of personnel 4 +80 +320
" Special skitly and training 1 =70 -140
Equipment requiroments k} By li] -210
Transportabllity 3 -7 «30
Environmental fuctors 1 +15 +38
Operation Mission rollubility 4 -10 =40
Number of personnel 4 -13 =50
Speclal skills und truining 2 0 0 0 0
I'uel consumption 3 =10 =30
Maintenunce  Laso of eopair K} -1 -4
Number of personnel 4 0 0 [V} 0
Speclul skills and truining 2 0 0
LEquipmont requirementa 3 +35 +108
&
) Othor Vulnerability 3 0 0 0 0 4
: Durabllity 3 +70 +140 %
4 Safety ) +38 +38 4
: Storuge ki +70 +210
3 Recuverability 4 0 0 0 0 ]
) Totuls [T -588 +1,368 J
; Not Adjunted Value = +1,368 - $88 = +810 :
- Avoruge Not Vilue = +810/38 + 14,0
A
E
L
?
:
]
2
#
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Fable 44, Opetational Eifectiveness Evaluation of Alternative Vi

Patumetery Considetstions Relutive Hasfc Ruting Adjusted Vulues
Weighting  Undesifable  Desirable Undesirable  Desirable

Conatruction  Rate 4 +40 +160
Juint reliability 4 +70 +280
i Number of petsonnel 4 +10 +280 .
i Spoviul skilly und teaining 2 -3 <70 ‘
Equipment requirements k} =70 =210
Transportubility 2 +20 +40
Environmental tactors | -38 =35
Qputution Mission rellubility 4 +33 +{40
Numbur of personnel 4 +30 +12U
Spoevial skills and training b1 -18 «30
FFuel vonsumption k] 0 0 0 0
Muintenance  Lase of repuie 3 -5 «228
Number of personnel 4 -15 60
Spoectal skills und trulning 2 <60 -120
Fquipment requirements k! -10 -210
Other Vulnerabllity 3 +70 +210
Durability 2 +95 +190 4
Salety 1 +70 +70 1
Storuge 3 +70 +210 3
Recoverabllity 4 ~50 «200
Totals 58 =1,160 +1,700
Net Adjusted Value = +1,700 = 1,160 = +540 3
Average Not Value = +340/38 + 9,3 3
y
3
3
h
:
3
4
é
{
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Lable 5. Operational Fifectiveness I valuation of Alternative VI-A 4
rumeters Consieritions Relative Basle Raung Adjusted Values
Wuﬁhmm Undusiruble  1iesirabie Undusirgble  Desirable ; ‘
Construction  Rate 4 +95 +380
Joint reliability 4 +70 +280 i
Number o personnel 4 +8S +240) N
Specinl skills and tulning 2 -70 <140 P
Equipment requiremunts k| «80 -340
Tranaportubility 2 +20 +40
Enviconmental fuctors 1 -38 -38
Opetution Mission rellubitity 4 +38 +140
Number of personnel 4 +30 +120 X
Spectal kil und training 2 -8 =30 '3
l'uel consumpition k] 0 0 0 0 ey
Maintenance  fase of repuir 3 78 -228 A
Numbet ol personnel 4 «18 -80
: Speciul skills und tratning 2 6t -130 E
] Equipment requirenients k] =70 =210 ‘
1
?; ' Other Vulnerability 3 +50 +130 3
: Durability 2 +9§ +190 A
3 Suluty 1 +70 +70 3
- Storupe 3 +0 +210 E
' Rocovorability 4 -0 200 [
e P — :
Totals S8 -1,260 +1.820 4
3 Net Adjusted Value = +1,820 - 1,260 = +560 H

L. Avetage Net Value = +560/88 = +9.7

A

el e
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Table d6. Operationul ffvctiveness Evaluation of Alternative VI

PParameters Considerations Relutive Husic Rating Adjusted Values
Woephting Undesiruble  Duesirable Undesirable  Dusirable _
Canstruction Rate q +635 +260 ; é
Joint reliabitity 4 +3§ +140 i j
Number of personnyl 4 +78 +300 P
i ] Speciul skills und tenining 2 +20 +40 4 T
i Equipment requiroments 3 +20 +60 no
! Trunsportability 2 «15 «30 A
Endronmentul fuctors 1 +18 +38 : ’-’§
. : Qpeeatlon Misstow tellubitity 4 0 0 ] 0 T
Numbut of porsonnel 4 «100 400 : ‘"§1
Speclul skiliv und tralning 2 0 0 0 0 S
Luel consun ption 3 -18 435 T
Maintenance  Ease of repulr k) «1§ -5 -
Number of personnel 4 -80 =320 ﬂ
Spocin! skills und truining 2 =10 =20 i
Equipment tequitoments 3 +38 +108 i
Other Vulnorability k! (] 0 0 1] Z«
. Durability 2 +70 +140 3
] Saluty ! +38 +35 i
N Stotage 3 +70 +210 4
1 Recuverubility 4 0 0 0 0 H
B ——— mmnnt— nmmesm— s
3 Totuls $8 ~460 +1,328 '
3
3 Net Adjusted Value » +1,328 = B0 = + 305 i
] Averugs Net Value = +468/58 = +8,0 i
3 4
E N
4
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Lable 47. Operational Fffectiveness Ivaluation of Alternative VI

il ik el m i)

Paramicters Considerutions Relutive Husie Rating Adjusted Vilues
Weighting — Undesiruble Lesirable Undusirable  Desirable
Construction  Rate 4 +33 +140
Juint reliubilly 4 +70 +180
Number of personnel 4 +33 +140
Spociul skills and tralning 2 -3 =70
Equipment tequiroments 3 =70 =210
Transportability 2 ~18 «30
Environmontal factors 1 =38 -1
Operation Mission relinbility 4 +38 +140
Numbor of personnel 4 -13 =50
Spuciul skills and training 2 0 0 0 0
luel consumption k] -1$ ‘s
Maintenunce  Fase of repulr 3 -7 =228
Number of personnel q 80 ~320
Spectal akills and training 2 -28 -50
lsquipment requirements 3 33 =108
Other Vulnerabitity 3 +18 +108
Durabiity 1 +70 +140
Sufuty | +70 +70
Storuge K +70 +310
Recovetability 4 1] =200
Totule L] =1,380 +1,228
Net Adjusted Value » +1,228 . 1,350 = <[ 28
Average Net Value » <] 24/88 = 22,2
175
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standard system.  Similarly, Alternative VII is not u desirable concept becuuse of its
relatively low NSIA score.

In the statement of the siudy objectives, u JO-kilometer-per-day con-
struction rate was specified as a gool. It was then assumed that any construction pro-
cedure that would achivve the desired objective of 30 kilometers per day would merit
a +100 basic ruting. Further, it Is assumed that a RDT&E program to develop a fully
automatle pipesjoining cupubility will be undertaken only if there is adequute evidence
the 30-kilometer-per<luy construction rate cun be achieved. Based on these assump-
tions, all mechunized pipe-laying concepts could logically be ussigned a +100 ruting for
construction rate. None of the alternutives being considered provides the capabllity
fot a single crew to construct 30 kilometers per day without using s fully automated
pipeJjoining machine. Applying the rule that a +100 rating overrides all other fuctors
would then lead to a declsion to develop a mechunized pipe-laying capability,

Although the design goal for uny automatic pipe-uying muchine would
be 30 kilometers per day, there is some technological risk und the goul may not be
fully achieved. Becuuse of thes risk, euch mechunized alternative Is assigned a muxi-
mum tating of +95 for construction rate. This precludes a predisposition to develop an
automutic pipe-luying process with negligible cffect on the average net values for the
fully automated alternatives,

The pipeline concept receiving the highest NSIA trade-off score (16.9)
for operational effectiveness Is Alternative V. A key feuaturc of this pipeline system
concept uppeurs to be the RACEBILT Industrial couplings which provide the cupubil-
ity to rupldly emplace and recover the pipeline while allowing o moderately high pipe-
line operating pressure.  Review of the cost datu summarized in Table 33 shows
Alternative V. to have compuaratively high mission costs for both Scenario 1 and
Scenario 11 In contrast, Alternative 1V-A runks second in operational effectiveness
with un NSIA trade-oft score of 14.4 while having the lowest mission costs (refer to
Tuble 33). Thus. the NSIA trade-off scores from Tuables 36 through 47 und the cost
data from Tuble 33 are used in Table 48 to compute vulues reflecting the combination
of cost and operationul effectiveness for cuch alternative pipeline system,

The cost ratios  for Scenario 1 listed in column 3 of Tuble 48 are
obtained by dividing the applicable mission cost for Scenario 1 by the estimated
Scenario | mission cost Tor the present Military standard pipeline system,  Similarly.
the cost ratios Tor Scenario 1) ure the Scenario 1 costs listed in Tuble 33 divided by the
estimated Scenario 11 ¢ost Tor the milltary standurd system, The composite cost ratio
for cach alternutive is obtained by dividing the sum of Scenario L and Scenario 1 costs
hy the sum of the two scenario costs for the Military standard pipeline system,

176

R VIGIRATRE . TR ok

NS TRt e



6T~

0e-

Lz~

2

€1

[ 7a8 }

HiA

[V
(X2 'S+ Sv+ 9i 851 LLi 08+ HA
o+ 701+ +ot+ $60 $60 €60 L6+ V1A
86+ L6+ 66+ <60 90 60 €6t IA
901+ I'ri+ 6+ el 91 €571 Ori+ V-A
61+ SEl+ I+ 171 Y| IS 691+ A
LT+ LT+ 6+ A | £rt £5°1 vii+ V-Al
R s 8L+ 86+ €T pil 23| 6’8+ Al
6+ 6+ 1433 ¥ il | 9¢°] P+ Y-l
601+ T+ 001+ P | 0Tt 129 ] vEl+ mn
£+ YL+ €9+ Ll vl Gl L0+ ]
Ler- ovi- 0€l- Ly (| or'i £6- [
(g) ) 9) ) ) €) <) i
Aisodwo)  ff oweu3og [O.Ieug  Jpsodmo) g oueussg I ouenOg 102§ AnFwagy
21005 SSARANIA)] feuoijeizd( pue 150 oney 1s0) HOprig ViSN

SHNSY SS2UAANDIY fevonesad() PuE 150 gy ajqr |

177




o S AR SRR

Tl cost and operational effectiveness scores listed in columns 6, 7.

and ¥ of Tuble 48 are equal to the NSIA trade-ofT scores, listed in column 2, divided®

by the applicable cost ratio, This adjustment of the operational effectiveness scoring
values in proportion 1o misston costs sipniticantly changes the mapmitude of most of
the scotes while having only a minor effegt on a few alternatives. The runk order for
the resulting cost adjusted values differ not only from the rank order of the hasic NSIA
trade-ofT scores but also between Scenario 1 and Scenario 11, The rank order for the
composite cost and operational effectivencss scores is the same, except for Alternatives
Il und 1V, for the Scenario 1 scores, In all cuses, however, Alternative V retains the

highest cost und operational effectiveness score,

From Tuble 48, column 6, Alternutive VI-A runks second for the shont
duration operation represented by Scenario 1. For the longer durution operation
depicted by Scenario Il and for the composite evaluation, Alternative IV-A runks
second. Both of these concepts ure bascd on developing a fully sutomated pipe-laying
machine to install aluminum pipe using the ZAP-LOK joining process. Logicully,

Alternative VI-A proposes using a relatively lightweight sehiedule 10 pipe to minimize
the cquipment procurenient cost (o be amortized during the relutive short mission
duration of Scenario 1. Following the same rationale, the higher cost of the heavier
wall schedule 40 pipe cun be offset by Increases in operating efficiency and reduced
maintenance costs over the longer period of operation in Scenario I, Since the length
of a potential future Military contlict cunnot be projected aceurately. the best pipeline
system using the ZAP-LOK joining technique is probably a compromise using u pipe
wall thickness somewhere between the 0.148 inch evaluated as Alternative VI-A and
the 0.322 inch considered in Alternative 1V-A. Examination ot the basic ruting values
assigned to the varlous considerations in evaluating Alternatives 1V-A und VI-A, Tubles
41 and 45, respectively, does not indicate such a compromised pipeline design concept
would result Inoa cost and operational effectivencss score greater than the score
computed for Alternative V, Tuble 42,

The cost and operational effectiveness data presented heretotore do not
consider two important factors, rescarch und development requirements and logisticul
support.  As noted previously in the discussion of technological risks, developing the
fully sutomated plpe-laying cquipment proposed by Alternatives 1V-A and VI-A would
require an extensive research and development program. In contrast, Alternative Vo is
hased on manual assembly of the pipeline. Other than the vehicles needed to deliver

the pipe to the construction site, there is no requirement for equipnment 1o assemble
the pipeline,

A ay———————

L Nogative NSIA trwle-oit scores siust be multiplicd by the cost rutios o mainlein consistent relationshipn
hetween the scores.
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Peacetime Military pipeline construction requirements, if any. will be
associated with personnel training programs.  Even under the most severe combat con-
ditions that can be envisioned, the requirements in u theater of operations will never
exceed simultuncous construction of more than a few pipelines. Although it Is
essentiul for the Army to huve a petroleum pipeline construction capability, any
speclalized cquipment used solely for this purpose will be a low-density item with
limited utilization. Consequentiully, any large expenditure for research and develops

ment will represent a significant purt of the total life cycle costs of the pipeline system
selected,

Following the same rationale, the logistic support costs for a special-
ized item of pipeline construction or maintenance equipment will add to the life-cycle
cost for the pipeline system, Thus, reseatch aud development and logistic support
requirements reinforce the desirability of the simple, manual pipe-joining technique
proposed by Alternative V us opposed to other complex, mechanized pipeline con-
struction procedures.

The proposed mechanical method of joining plpe is an expledient to
rapid pipeline construction with minimal skills. Typlically, rapidly assembled joints are
inherently less reliuble than welded joints, Thus, quick coupling methods should be

used only when operational requirements will not allow use of a more reliable joining
technique.

As noted in Paragraph 3, the Army cannot develop and maintain the
high degree of skills required for construction of welded pipeline, The ZAP-LOK join-
ing process offers a viable alternative to welded pipe joints for applications where high
rates of construction are not an essential requirement. Military adaptation of the
commercial ZAP-LOK joining process would provide a Military capability to construct
high pressure pipelines without highly skilled personnel. An assessment of potential
requirements for future Military construction of high-pressure, permanent pipelines is
needed to determine If the ZAP-LOK process should be adopted for Army use,

The use of flexible hoseline systems for some fuel transportation appli-
cations has frequently rccelved considerable attention. As a result, the Army 4-inch
hoseline outfit, FSN 3835.892.5157, and the 6-inch hoseline equipment from the U.S,
Marine Corps Amphiblous Assault Fuel System (AAFS) wers included in the investiga-
tion of plpe materials and construction techniques conducted by the Value Engineer-
ing Company. These systems are identified as concepts 1234E and 1240E, respectively,
in paragraph 8 herein. In both cases, other concepts were found to be better sufted to
overland transportation of large quantities of fuels.
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In comparison to the alternative system  designs evaluated in the
preceding paragraphs, hoseline systems would have operational characteristics most
nearly approximating Alternative 1, low-pressure, fibergluss-reinforced, plastic pipe.
The low pressure rating ol hoseline is the major weakness if the fuel must be
trunsferred more than a few miles, For longer distances, excessive numbers of booster
pump stations are required, As the number of pump stations increases, equipment
procurement costs rise. More importunt is the proportionate increase in the number
of operator und maintenunce personnel required.

Problems associated with low-pressure operutions overshadow the
advantages of flexible hoseline systems. There have been attempts by Industry to
develop lightwelght flexible hose suituble for moderate- to high-pressure application.
However, the rescarch and development effort needed to solve the problems
encountered have not been forthcoming because of luck of funds, Without established
requirements for a high-pressure hoseline system, there has been no justification for
the Government to fund such a program. Lacking a definitive market potential,
Industry will not pursue the matter without Government funding.

Flexibility is the principal advantage of hoseline systems. The ability
to traverse extremely uneven terrgin und to change directions without special fittings
or the problems of bending pipe can significantly decrease the Installation effort of
some applications. In addition, if the hose is flexible enough to collapse, methods
for luying the hose such as flaking and rolling on reels allow more rapid installation
than possible with discrete lengths of rigid pipe.

Along with allowing more rupid installation procedures, collapsing
the hose for storuge and trunsportation greatly reduces the volume to be handled.
For example, in the 4-Inch hoseline outfit, 1,000 feet of 4«inch hose is fluked into
a contalner measuring 12 feet in length, 6 feet in width, and 1 foot high. A stuck
containing 1,000 feet of 4-inch pipe which is 12 faet tong und 6 feet wide would be
approximately 2 feet high. Thus, the cubage of a 4-inch hose when collupsed is
approximately one half the cubage of un equivalent length of 4-inch pipe. Assuming
the hose wall thickness does not become too large to aliow collapsing the hose tightly,
the spuce saving Is even greater with larger diameters.

Welght must also be considered when evaluating the transportability
of hose in comparison to pipe. The 150-lb/in? working pressure of the hose in the
4-inch hoseline outfit weighs approximately 1.65 pounds per foot of length, A
6061-T6 alloy aluminum pipe having a 4-Inch inside diameter and welghing 1,68
pounds per foot would have & wall thickness of approximutely 0.109 inch und an
dllowable working pressure of nearly 1,000 1b/in?, Thus, for an equivalent weight,
a 4-inch, 6061.T6 aluminum pipe will allow 4 working pressure more than 6 times
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greater than that of the 4-inch hoseline outfit.  Similarly, the 100-Ib/in? -working-
pressure, 6-inch hose in the Marine Corps AAFS weighs approximately 2.3 1b/ft.
A 6061-To aluminum pipe having a 6-inch inside diameter and weighing 2.3 b/t
would have a4 wall thickness of approximately 0.095 inch and a maximum allowable
working pressure upproaching 600 1b/in®, In this case, use of aluminum pipe allows

a six-fold increase in working pressure for the same weight and a corresponding
reduction in the number of pump stations required.

The reduced volume of collupsible hose is an advantage for surface
transportation where, for most vehicles and watercraft, the amount of pipe that
can be carried is a function of available cargo spuce rather than ullowable weight
load limit. For overscas shipment, 35,000 pounds is the load limit for C-130 aircraft.
A Nuking tray from the 4-inch hoseline outfit containing 1,000 feet of hose weighs
approximately 2,000 pounds. Within the weight limit, one C-130 aircraft can carry
17 fluking trays or 17,000 feet of collapsible 4-inch hose. An equal quantity of
0.095-inch-wall, d-inch-inside-dlameter, aluminum pipe will fit into the cargo hold
of u C-1 30 uircraft without completely filling the usuble space.

The 35,000-pound maximum load lmit will allow a C-130 aircraft
to catry approximately 14,000 feet of 6-inch hose from the Murine Corps AAFS.
Spuce limitations will allow & maximum of approximately 11,000 feet of 6-inch-
Inside-digmeter by 0.09S-inch-wall aluminum pipe to be loaded into a C-130 aircraft,
In this cuse, an aircraft can carry approximately 25 percent more hose than aluminum
pipe. This difference becomes inconsequential when one considers that the hoseline
will require 2 booster pumps for eacit aircraft load of hose while the pipeline will
need only 1 lurge booster pump for 5 aircraft louds of pipe.

Insutticient data ure available on the physical characteristics of an
8<nch lightwelght collupsible hose to make a direct comparison with 8-inch aluminum

plpe. However, the relutionshlp is expected to be similar to that of the 6-inch hoseline
versus pipeline discussed ubove.

In June 1970, the Navy laboratorics were tasked by the Chief of Naval
operations to uid the Murine Corps in developing equipment to satisfy present and
future needs. As a part of this program, the Civil Engineering Laboratory (CEL), Port
Hueneme, Cualiforniu reviewed the Marine Corps fuel storage and distribution capabll-
{ties. The CEL study found the Marine Corps AAFS to be sutlsfuctory for future use
when employed in its normal mode of trunsferring fuel from u shore fucility to a Tuctl-
cul Airfield Fuel Dispensing System (TAFDS) focated a maximum of § miles away.
However, future requirements for resupply of fuel are expected to include deljvery
of fuel to remote expeditionury sites locuted more thun 25 miles from the typical
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TAFDS sites. The CEL study concluded that the present Marine Corps systems cannot
effectively supply the required fuel over these long distances,®  Even if hose is found
to be superior to pipe on the basis of operationual effectiveness, its use is difficult to
justify because of the high cost. The price of the 6-inch lightweight hose in the Marine
Corps AAFS is approximately $7.00 per foot of length. The G-inch, 6061-T6 alumi-

num pipe to which it has been compared would cost approximately $2.25 per foot of
length,

Experience has shown lightweight hoselines to be a highly versatile
means for the distribution of bulk fuels in support of assault operations where flexibil-
ity, extreme mobility, rapid deployment, and frequent relocation are essential to
mission success. As the situation stabllizes, distances increuse, and the volume of fuel
to be supplied grows, hoselines must be replaced with pipeline facilities to meet opera.
tional requirements, The Army 4-inch hoseline outfit is capable of satisfying many of
the operational needs where hoselines are practical. A valid mission statement showing
that this system will not meet future Military fuel distribution requirements must be
defined befote development of a larger capacity system can be justified.

1§, Recommended Plpeline System Design Characteristics, The large number of
candidate pipeline components and systems considered by this study has precluded
analysis of cach alternative in sufficient depth to develop n detalled design specification
for any specific component or pipeline system concept. Instead, the purpose of this
study has been to identify the pipeline system concept that is most responsive to
future Military bulk fuel distribution reqquirements, To this end, the following para-
graphs outline the general design characteristics of a pipeline system that will function

effectively when deployed as a subsystem in a total bulk fuel distribution system
operating in a theater-of-operations.

The rate of pipeline construction can be increased while reducing the
construction manpower requirements by replacing the present Military standard 20-
foot lengths of grooved-end steel pipe and split-ring couplings with longer lengths of
sluminum pipe joined by a self-lutching mechanical coupling, To achieve the maxi-
mum rate of construction, it is desirable to use the longest lengths of pipe consistent
with human engineering factors for manhandling and transportation lmitations,

To meet the required throughput requirements, the most efficient
aluminum pipeline will have a nominal diameter of 8 inches and a wall thickness of
approximately 0,200 inch. The maximum pipe section length consistent with world-
wide transportation limitations is 35 feet. The welght of 4 35-foot length of 8.625-
inch-outside-diameter by 0.200-inchewull, 6063-T6 aluminum alloy pipe is 204 pounds.

PR Winfroy, ot al, Marine Corps Fuel Systems (1975:1983),  Technical Nute N-1243; Navul Civil Fugineertng
Luboratory; Port Hueneme, Callfornia; Ducombur 1972,
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A scection of this pipe. including a lightweight coupling, can be handled by 4 men,
For sustained pipeline laying operations, it is recommended that the pipe stringing and
joining teams include 6 men to handle | section of pipe.

: A simple, self-latching mechanical coupling of the type represented by

' . the RACEBILT coupling, manufactured by Race and Race, Inc., Winter Huaven, Florida,
is the preferred pipe-joining technique. The primary advantages of this type of
coupling is that it can be assembled In a few seconds without any tools or training, A
disudvantage of the coupling is that the V.type gasket provides a seal in only one direc-
tion, against internal pressute, 1f the pressure outside the pipeline exceeds the internal
pressure, leakage past the gasket may occur. This precludes using the RACEBILT
couplings In tank farm manifolds and In other applications where the pipe may be in
the suction manifold for flood-and-transfer pumps, Use of grooved-end pipe and split-
ring mechanical coupling is recommended for all manifolds where the pipe may be a
part of a suction manifold.

;

k

E - Any required bends in the pipeline can be formed using conventional
I pipe forming practices. Mauking field bends at the job site can be time consuming,
patticularly if the proper equipment is not readily available. As an alternative, it is
recommended that pipe-laying crews be furnished a variety of prefabricated bends of
11, 22%, 45, and 90 degrees to be installed in the pipeline where needed.
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Rising fuel costs are continually increasing the cost advantage of using
high-speed, medium-duty diesel engines to power all flood-and-transfer and pipeline
booster pumps, If possible, pump units should use diesel engines that are common to
other high-density items of equipment to reduce loglistical support requirements, The
potential for improved mission reliubility through reduced administrative down time

further supports pump units sharing engines with other high-density items of equip-
ment.

1 Maximum pipeline mission reliability at the lowest cost is achleved
] using two or more pump units operating in serles at each booster pump station. A
stundby booster pump unit Is required at the first booster pump station in each pipe-
line to malntain un adequate flow rate through the first segment of the pipeline.
Improvement in misslon reliability resulting from standby pump units at other than the
4 first booster pump stution does not merit the additional cost whaere the pipeline
. : throughput capucity will allow sufficient downtime to porform scheduled maintenance.

g All pipeline equipment should be designed with adequate controls and

: protection devices for safe operution using the tight-line method of pipeline operation
which provides the most efficient utilization of personnel and squipment. Fully auto-
3 mated booster pump stutlons are not practical for Military pipeline vperations because
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they are too costly and require skilled maintenance personnel.
Puinp station manitolds should be prefubricated as modules to elimi-
nate as much on-site assembly work as possible. An improved Military pipeline system

should include the following ancillary items:

o, Meters for volumetric meusurement of pipeline throughput.

b,  Pressure regulation equipment for long down-hill pipeline sections.

¢.  Product loss reduction equipment providing automatic shutoff due
to failure or deliberate rupture of a pipeline.

As noted at the beginning of this chapter, a pipeline is a subsystem of a
much larger theater bulk-fuel distribution system. The success of any pipeline In
satisfying its assigned mission is dependent on other elements of the total distribution
system. Specifically, there must be a constant supply of fuel to the pipeline and

adequute storuge capucity to receive the pipeline throughput, The current Military
capability s deficient in both of these areas.

The problems assoclated with supplying fuel to a pipeline are examined
in Appendix A of this report, This analysis identifics the need for development of an
Improved tanker mooring and discharge system. More advanced moorings, probably
of u singlespoint type, capable of restraining larger tankers under more severe seastate
conditions are¢ required. More important, the tanker discharge capability must be
expanded to provide higher flow rutes from tankers moored farther off the coastline.

The large-capucity, collapsible, self-supporting fuel-storage tanks now
under development ut MERADCOM will significantly improve the Army's bulk fuel
storage capability. However, a detailed englneering analysis of the entire theater-of-
opcrations requirements for bulk fuel storage is neaded to insurc that existing and

future fuel storage facilities are compatible with the remainder of the theater bulk
fuel distribution system.
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V. CONCLUSIONS
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16. Conclusions. It is concluded that:

a. The operationu! effectivencss of Military-petroleum pipelines cun be
N . improved significuntly by using aluminum pipe joined by .f-latching mechanical
,-i : ' couplings (RACEBILT Industrial fittings or equivalent) in lieu of the present Military
! - stundard, lightweight steel, grooved-end pipe and split-ring couplings,

G T BN T TR TR

b. Al flood-und-transfer and pipeline booster pumps should be powered

by highspeed, modium-duty diessl engines that are common to other high-density
items of Military equipment,

¢, The maximum pipeline reliability at the lowest cost van be achieved
using two pumps operating in series at each booster station.

i
+
;!;
{

d. The tightline method of pipeline operation should be employed to
achieve the most efficient use of personnel und squipment,

¢, Flexible hoselines are not practical us a means for transporting large
quantities of fuel except in support of assault operations where flexibility, high

g e AT AT

mobility, rupid deployment and recovery, and frequent relocation are essential mission
j. requirements, ]
? f.  Existing tunker mooring. and discharge facilities are not capable of 3

transferring fuel from vessels moored offshore to marine terminals at rates which will

maintain a constant supply of fuel to pipeline systems satisfying projected combat
support requirements.
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APPENDIX A

TANKER MOORING AND DISCHARGE SYSTEMS

In the preceding puges, a pipeline system employed as an clement of a larger
bulk fuel distribution system has been exumined In detail us the link between using
units and source of bulk fuel supply. LExistence of that source has been implicitly
ussumed; however, its avallubllity Is contingent upon the sequential interaction of
ocean-going tankers, means to transfer fuel from tankers to a shore-bused marine
terminal complex, und means to store large volumes of fuel at the marine terminal,
That fuel would eventually be transferred forward to using units through pipelines,
hoselines, railears, tunk trucks, or a combination of such conduits and vehicles, 1t
must be noted that cach conveyance meuns cited s useful onldy if there is at leost
a8 much fuel uvuiluble at the source us the volume plunned to be conveyed forward,
For example, if it is planned to pump 10,000 barrels of Tuel through en overland
pipeline on u glven day, the ussemblage of elements on the outlet side of the pipeline's
first pump station will perform well only if that amount (10,000 barrels) of fuel
Is availuble at the marine terminal upstream from that pump station. Thus, the tuctical
communder will be serviced adequately only il u complete bulk fuel distribution
systemt which extends from tanker to front=line tuctical vehicle fuel tunk is provided.
The relationship of the various elements will beconie obvious IF the supply, demand,
und fuel reserve ure addressed briefly before proceeding further,

1 vt o B

Y P

The tuel reserve ut any instant is simply the difference between the cumulative
volume of fuel delivered and the cumulative volume of fuel consumed. That difference
can only be non-negative, since once the fuel reserve is reduced to zcro there may
be no further deliveries to using units, und for that reason ho further decrease in the
fuel reserve, The volume of fuel consumed must be loosely vonstrued to include fuel
uctually consumed in vehicles, stationary cquipment, and uircraft, plus fuel lost
through leakage, sabotuge, und pilferage,

it B A . LR LS
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The fuel reserve will normually be stored In the marine terminal and in the forward
corps ureas,  Its level will vary in response to discontinuous chunges in fuel delivery
and fuel consumption rates, The overlund delivery means and that portion of the fuel
reserve maintained by the using units in the forwurd corps aren must be capable of
weommodating the inevitable fluctuations in demand.  The higher the potential
throughput and the reliubility of the delivery means, the less important the forward
ares fuel reserve becomes,  Conversely, f the delivery means (8 of low potential
throughput or low reliubility, the turger the forward area fuel reserve objective must be.
At the bepinning of the pipeline, the fuel reserve levels within the marine terminal will
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vary in response to two factors. The first is the level of combat intensity as manifested
in fuel comsumption rates.  The second factor is a group of uncontrollable variables
which collectively dictate whether or not fuel may be delivered to the marine erminal,
The principal variables are: (1) availability of tankers which have the required retined
petroleum products on board; (2) avuilability of existing tunker mooring and discharge
facilities or coastline churacterstics which permit a tanker to approuach sufficiently
close to the shoreline to permit the use of Military mooring and discharge fucilities;
(3) neur-shore current veloclties, sea conditions, und climutology within the operating
envelop of the nooring and discharge system; and (4) rellability of the tanker's pumps
und mooring and the meuns used to transfer fuel from tanker to shore (l.e., plpeline,
hoseline, or shuttle craft).

The world's coustlines vary substantiully In termus of their suitability for
near-shore tanker operations, A given coastline muy have numerous, few, or no
harbors, and those harbors that exist may be cither natural or artiticlal. Even when
harbors do exist, their availability is subject to upproval of the host nution. If harbors
are availuble, the tacticul communder must decide il their convenience is worth the
risk which tuel dischurge operations pose to other facllities within the harbor area,
Turning to the more demanding situation where use of existing hurbors hus been
rejected for some reason, the plunner is fuced with u fourfold problem: u site must
be located which is compatible with Militury mooring and discharge systems; a tanker
with the required types und volume of fuel must be availuble; the environmental
conditions prevailing at the time the trunster of fuel is to tuke pluce must be within
the dusign operating envelopment of' the mooring and discharge system; and the system
must be tunetionul In u mechanical sense, All four conditions must be satistied before
fuel may be transferred from sea to shore. If the first two conditions have not been
sutistled, the tucticul commander is left to rely on fuel fown in by aircruft (bladder
bird and wet wing); it the two lutter conditions huve not been sutisfied, he may draw
on the fuel reserve stored in the nrine terminal until the untuvorable conditions
subside or the mechunicul fullure s repuired.

The generie problem of delivering fuel from tanker to marine terminal hus been
exumined in detail In two prior works, the conclusions of which will be summarized
below. The reader is referred to the origina works® ! A2 for  additional  information
regurding the sources of duta und the study methodology used in reuching the
vonglusions which are;

Al 15 Cevaseo, Mulli-Leg Tunker Mooring System and Untoading 1acility ; System Model und Rellubility Analysis,
LS. Army Mobliity Fquipment Research and Development Command, Fort Delvoir, Vieginla, Junuary 1976,

A-d . Cevasea, Coustul Charactoristios and Their Afteet on Tunker Dischurpe Operations: A Preliminary Investiga-
tion, U.S. Army Mubility Fquipment Researcht und Development Command, 1ot Belvolr, Virginla, Pending
Publication.
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a.  As tankers are moored further offshore, s mooring and discharge system
would have to embody increasingly higher mission relihility values if the same level
of performance is to be maintained. all other things being equal.

b Accumulation of a tuel reserve is absolutely  essential it numerous
weather-induced fuel interruptions are to be avoided.

¢. A greater number of tunkers, moorings, und unloading lines is required
during the first 30 duys of a hostility than during the post-duy 30 period. This oceurs
since the fuel consumption plus o contribution to the fuel reserve must be

accommodated  during the first 30 days, while only consumplion must be
accommodated afterward,

Jd. The discharge means cottecting the tunker and murine terminal is expected
to constitute the limiting bottleneck in virtually uny mooring and dischurge system
used by the Military. While it generally will never be feusible to discharge fuel at &
rute ¢ven approuaching the volumetric capacity of o tanker’s pumps, the problem
could be umelloruted somewhat by: (1) use of multiple discharge units with cuch
mooring: (2) reducing pipeline friction by application of an internul coating to the
unloading line or use of friction reducing fuel udditives (both could be thought of
us decreasing the roughness coefficlent and thereby increasing the flow rute): und
(3) use of offshore pumping stations to increase flow rate.  The use of multiple

conveyance units und Internal coatings appeuar to be the more feasible of the
possibilities presented.

¢, Weather will periodically and predictively prevedt a tanker from [nitlally
mooring or from remuining in u mooring; weather fuctors, therefore, influence the
volume of fuel which may be discharged, The degree of influence will vary both from
site-to-site and as a function of the month during which operations take place. The
current mooring and discharge system  (multileg tonker mooring system) has a
limitation of seastate 2 or less. Thus, this system would be avalluble only 40 percent
of the time during the worst month of the year on 4 worldwide average and 70 percent
on an gnnugl average basis, While this problem imay not be overcome totally in any
reasonable manner, development of a second-generation mooring kystem capable of
restraining tankers in scastates beyond the seastate 2 limitation of the current system
would at least diminish the problem.

f. The current system may only service tankers moored within 5,000 feet
of the shore. This implies that the smallest tankers within the Military Sealift
Commund (MSC) fleet may be sufely moored and dischurged only 47 percent of the
time off coustlines which are otherwise suituble. Attentlon should be given to

developing 4 second generation unloading line which may be placed further oftshore
thun the current line,
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g Since the 25.000-DWT size tanker is the smallest within the MSC et
Ot s also the Lirgest which the carrent system may handle), attention should be
piven to develaping o second-generation moeoring capable of sutely accommodating
tankers larger than the 25,000-DWT size.

h.  The current system is usable only in locations where the current velocity
is 1 knot or less. Only 56 percent of worldwide lunding beaches fall in that category.

. The explosive-embedment unchor development effort consisted lurgely
of innovation ruther than of deliberate application of theoreticul rescarch findings.
While the anchor was subsequently proven to be a useful device, further improvement
must await the theoretical findings which a basic and exploratory reseurch effort
would be cxpected to uncarth, This problem is further exacerbated by ignorance of
the mooring load/time history which the anchors must resist.

Jo The probubility of delivering tuel from a vessel positioned off a rundomly g
selected lunding beach on a rundomly selected day using the current mooring und 3
dischurge system is relatively low (i.e., the current system lacks universality). While -j
total universality is not uttainable in a pragmatic sense, an advanced mooring and :
discharge system would do much to elevate the degree to which universality is 1
approuched. The reader is cuutioned thut the comparisons to be presented artificially, *1
influte the current system's worth - the current mooring will only accommodate a '
L fraction of the MSC tanker fleet while an advanced mooring would conceivably

} sccommodate the entire fleet. The present und advanced dischurge system operating
3 envelopes are glven in Table A-1,

Table A-1. Operating Envelope Parameters for
Present and Advanced Tanker Mooring and Discharge Systems

cmsd i witini

System Capability _

Parameter Present Target ¥

Seastate 2 3 ;
; Current Velocity | knot 2 knots :
§ Conduit Length 5,000 feet 10,000 feet 4
¢ Tanker Sizc 25,000 DWT 38,000 DWT 4
|
i

The above capabilitics may be trunsformed into measures of utility by means of ‘i

methodology developed elsewhere to obtain the probabilities presented in Table A-2.
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Table A-2. Probabilities of Being Able to Transter Fuel for
Present and Advanced Mooring and Dischiarge Systems!

Probability of Being Able to Transfer Fuel, Given:

Paraneter® Present System Advinced System
P 0.18 - 047 0.53 - 0.71
pd 0.70 (.85

)

The present and advaneed systems uddressed vinbody the operuting capabilities cited in the preceding Tuble as
prosent und turget, respoctively,

For unhual oveutrence rates of seustates ubove the upper oporational Limit, h.e., svastate 2 fur the present system
and seastute 3 for the advanced system (see the proceding tuble).

Probability of dulivering fuel from o vessel positioned off u randomly se¢lected landing beach on a randomly
selected day.

Probubllity of delivering tuel from a vesssl on a randomly selected day utilizing n present or advanced system
which has been installed ofixhore from the objective uren.

In summary, the present tunker mooring und discharge system would be
responsive to the tactical commander's needs between 18 und 47 percent of the time,
while un advanced system would increase this value to between 53 and 71 pereent;
the latter value jumps to 85 percent once u site hag been selected for the system.
The present system's indicated utility would be even less it the probabilities in Table
A-2 were adjusted downwurd by o factor corresponding to the percentage of the
MSC tanker fleet less than or equal to the current system’s limit of 25,000 deadweight
tons (less than half the MSC fleet). The 1.5 fold to 3 fold increase in potential
coverage of worldwide landing beaches associuted with the advanced system would
reduce initial site selection constraints substantially, An enhanced scastate tolerance
would increase the hypothetical advanced system's usefulness by approximating 150
percent during the worst month of the yeur and by a lesser 120 percent on an annual
busis. An advanced discharge means with a potential throughput double that of the
present would halve the number of systems required to support a given magnitude
hostility, frecing personnel and equipment for other tasks. While the advanced
system's conflguration may not be uccurately predicted at this time, it is known that
the mooring component would undoubtedly be of a single-point type,

C
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APPENDIX B

NSIA TRADE-OFF TECHNIQUE

A trade-off technique Is a method, procedure, or device used us an ald in decision
: muking. The purpose of trade-offs Is to “weigh” two or more ulternatives or choices
in un objective and systematic manner so as to increuse the probability of arriving

at a correct decision,

One of the best known trade-off techniques was developed by the Natlonal
Sccurity Industrial Association (NSIA). This technigue involves breuking s complex
problem down into a number of smaller problems, the successive solutions of which
lead dlrectly to solution of the basic problem. The goal is to objectively express
cach element of a problem in numerical terms for use in substuntiating the optimum
decision,

The NSIA technique, when applied objectively, provides reasonable accuracy
in decision muaking without requiring the excessive amounts of time and manpower
which often preclude the application of more sophisticated technlques. The principul
disadvantage of the NSIA technique is that it does not require examination of ull !
lower order purameters which may impact on the final outcome. Despite this 3
weakness, the NSIA technique Is vastly superlor to any qualitative judgment of the 4
relutive merits of several alternative courses of uction,

BT STy AT T

The evaluator of the effect of a particulur ulternative should include in the
3 evaluation all uspects of the problem that would possibly be involved, When this Is
P done by trade-offs, it is possible to refine the bulunce of the favoruble and unfavoruble
effects of cuch alternutive on the overall problem. The total effect of cach alternative
is expressed ns 4 numericul value and can be incorporated with similur overall meustires
of the effect on the total problem. The finul result obtained becomes an objective

busis for judging the desirability of adopting the ualternatives that have been so
unalyzed,

o it

e

Gl et S

The NSIA trade-off technique produces positive or negative numericul values
for the possible effects of u particular parameter (or a chunge therein) on all the
characteristics und other fuatures of o system. As such, it represents an evaluation
of the system from one particulur point of Interest. The evaluator uses numerical
values from + to +100 for estimated favorable effects and vuluey from « to =100
for those found to be unfuvorable. An estimute of either +100 or -100 would override
3 all other considerations,

e e
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Several precautions should be taken in applying this technique. Evaluation
should be made only by individuals fully qualified in the arca of the system
characteristic being studied.  Sccond, whenever possible, a given cvaluation should
be made independently by two or more such experts, with the algebraic average

! of ull to be used. Finally, all possible effects of a given alternative should be
J : considered. When this has been done for all the alternatives that have been proposed,
" a reasonably clear and rather conclusive indication is obtained of the dogree of
desirability of each. It is evident that every effort must be made to describe clearly
and completely any alternative that 1s proposed so that all the evaluators obtain a

uniform and accurate understanding of that alternative,
Procedures for applying the NSIA technique:

(1) Deflne the problem to be solved clearly und concisely,

(J) List all the alternatives that can be considered as possible solutions to
thls problem.

(3) For each such alternutive, obtain or prepure drawings, schematics, and

g other materials that define it clearly.

b

3 (4) For each alternative, prepare a data sheet similar to the one shown as

E Figure B1,

k.

F» NOTE: From thils point, this procedure relates solely to the steps tuken for one

- of the ulternatives being studied by trade-off,

I

(5) Determine all of the parameters, such as reliubllity, safety, cost. und

: schedule, that could be affected if this alternative wore adopted, Enter these by

3 number in the appropriate column of the data sheet for this alternative, Enter spocial

- informution of significunce about any of these characteristics in the column headed

i "Considerations.”

.

(6) For cach charucteristic entered In the “Purumeters” column, cstablish ;
and enter in the “Relatlve Welghting” column n suitable welghting value that represents 3
the relative importance of each characteristic to the system. A value of unity should :
be assigned to the leust important characteristics, with appropriate whole-number

1 values given the others, according to their importance. For example, If the effect on 3

: schedule were considered leust important, it would be given the fuctor of |, und if . 3

4 Safety were considered to be twice as important, it would be weighted by a factor ¢

! of 2. In some Instunces, {ractional welghting values can be used. 3

-' :

3 3
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(") Evaluation of cuch alternative in relution to each system charucteristic or
other purameter should then be made by the individual or group best qualified to
judge its desirability.  For example, the reliability group would evaluate the feature
from the viewpoint ol its effect on subassembly or system religbility; the humuan
fuctors group would do the suime from the human engineering viewpoint. Whenever
possible, u number of independent evaluations should be made, In every instance,
however, utmost care must be taken that each characteristic assocluted with an
alternative Is evaluuted in isolation, never as influenced by other characteristics, Euch
evaluator, huving made his evaluation, ussigns to his findings an uppropriate positive
or negutive number to Indicate the degree of desirability or undesirabllity that hus
been determined. (See the sculo of numerical values given in Flgure B-2.) If several
evaluations have been made of the alternative in relation to a single system
characteristic, the ulgebraic average of the group Is computed und entered, us either
undesirable or desiruble, in the “*Basic Rating" column.

+100 Necessary
+ 90
g
&
+ 60 Very Desirable
$:
+
+ 30 Desirable
+ 20
+ 10
0 No Effect
- 10

- 30 Undesirable

- 1758 Very Undesirable

=100 Unacceptable
[]
Figure B-2. Basic rating scale,

(8) Multiply the assigned value in the ‘‘Basic Rating"” column by its
corresponding welghting fuctor, and enter the product, us either undersirable ot
desirable, in the *Adjusted Values" column.
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kil
(9 lHaving done this tor cuch of the system characteristics or other purameters

selected as significant for this alternative, add algebraically all the values entered in

the “Adjusted Values™ column, establishing  thereby a totul net value for the
. ulternative,
3
¥ . \ .
:_; O (10) Obtain a total weighting tuctor for this design teature by adding all weighting :
‘\. x El :

values entered on the datu sheet.

¥

e 1y,

; R (11) To determine an uverage net value for the design features, divide the totul

i : net value by the total weighting factor. The resulting algebraic sign (plus or minus)

; will indicate whether this alternative is desiruble or undesirable, and Its absolute

f value will measure the degree of Its desirability or undesitablility, - The average net
value thus determined is the figure of merit for this particular alternative,

When this technique has been applied to all the alternatives under consideration,
the average net vulue determined for cach will provide an optimum solution of this
purticulur problem,

ks
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APPENDIX C

COMPANIES MENTIONED IN BPFS STUDY

Aerojet-General Corporation (AOMO) Mobile Pipe Constructors, Inc.
9236 Eust Hull Road 16 Edgewuter Drive
Downey, Californln 90241 Belvedere, California 94920 .
Aeroquip Molir, Glen
Gustin-Bucon Division Post Office Box 52
Post Office Box 927 Linthleun, Muryland 21090
Lawrence, Kansas 66044 (See Moblle Pipe Constructors)
Anercoat Corporation Race and Ruce, Incorporated
Ameron Corrosion Control Division Post Office Box 1400
Brea, California 92621 Winter Haven, Floridu 33880
Anbeck Company Reynolds Aluminum Company
Post Office Box 19418 Post Office Box 27003-ZA
Houston, Tuxas 77024 Richmond, Virginla 23261
(See Zupata)
Rockwell International
CIBA-GEIGY Corporation North American Aviation Group ;
Pipe Systems Department 1700 Eust Imperial Highway
9900-T Northwest Freeway Eil Segundo, Culifornia 90245
Houston, Texus 77018 g
Smith, A, O., Corporation :
CIBA Products Company Reinforced Plastics Division ;
556 Morris Avenue 2700 West 65th Street :
Summit, New Jersey 07901 Little Rock, Arkansus 72209 k
(See CIBA-GEIGY) b
Victaulic Company of America ;
CRC-Crose International, Ine. 3102 Hamilton Boulevard g
, Post Office Box 3227 South Plainfield, New Jersey 07080 : =
- Houston, Texas 77024 -
: Westinghouse Electric Corporation :
: Frieberg und Fonnsbeck Associates Industrial Equipment Division
: Post Office Box 2127 Post Office Box 300 1
: Fullerton, Culifornia 92633 Sykesville, Maryland 21784 :
' Gustin-Bacon Division Zaputa Pipeline Technology, Inc.
Certain-Teed Products Corporation 2521 Fuirway Park Drive 3
Post Offlce Box 15079-8 Suite 420 : .
Kunsas City, Kunsas 66115 Houston, Texus 77018

e

(See Aeroquip) For Overhaul®
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APPENDIX D
COST ESTIMATING GUIDANCE
. TRANSPORTATION COSTS
1.  Basic Factors.
a. Budger Factors, (Source: Mrs, June Stucey, Prog & Budget Div, &M
Div, ODCSLOG, 26 sun 75). These figures represent summury rates for all cargo,
us reflected in the FY 76 Second Destination Transportation budget,
Budget Converted
Fuctors . to S TON
CONUS Line Haul 347.88/S TON $47.88
CONUS Port Handling 13.02/M TON 32,55
Mil Sealift Cmd 61.81/M TON 154,53 p
0/S Port Handling 5.90/M TON 14,75 3
O/S Line Haul 10.93/S TON 10,93 3
b. Conversion Factors,
| M TON = 40 ft?
1 S TON = 100 ft? :
2.5 M TON = | S TON (General Cargu) 3
- ! MTON = | § TON (Ammunition) :
_"1
c.  Packing and Crating Weights. Guidance hus been requested from ODCSLOG.
F In the interim, a tuctor of 10 percent will be added for general cargo and ammunition
: only. ]
1 ' 2. Computations. (Source: RAC Study: Sclected Uniform Cost Factors; A Manual 3
3 for the Army Materlel Command, Jun 72).
. 3
a4, Determine weight of equipment to be transported in terms of § TONS, !
J Vehicles and large volume items should be computed from volume (cube): general
] cargo and ammunition, directly from weight. Source reference for Military vehicles !
: and selected organizationul equipment currently in the inventory is TB 55.46-2. ;
: 3
‘ 199 :
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b.  Add weight of packing and crating for general cargo and sammunition, i

¢ Apply the following composite factors to total tonnage (S TON):

15t Dest. 2nd Destination ,‘é
To User __ For Overhaul® . i
Totul Tonnuge 547.88
Inventory Positioned in CONUS® $47.88  $95.764 Do
Inventory Positioned O/S® $271.57°  $543,14¢ P2
% 1 distributlon unknown, ussume $0-80, -
b Sum of all factors, plus double welghting of O/S line haul bocause of intermudiate back-up dopot.
“ Thisly transportution cost for vach averhaul. Multiply by numbor of overhauis as determined In caiculation of
depot overhaul costs, .
4 Twice ongewuy transportation cost to user, %
3, Models,
a.  First Destination Transportation.
(STONx 1.1)
or x $47.88
(ft*/100)
3 :
P b, Second Destination Transportation, 1
1 :
' (S TON x 1.1)
2 or x  [(% Conus x $47.88) + (% O/S x $271.57))
% (3 /100)

¢.  Transportation for Overhaul.

e il
i

Second Dest x 2 x No. of Overhauls
Trans Costs per Unit

4. Ratlonale, Should include:

a.  The models, . 4

b, The statement that: Cost fuctors were obtained from Program and Budget
Diviston, S&M Directorate, ODCSLOG. Cost models were derived from RAC Study:
Sclevted Uniform Cost Fuctors: A Manual for the Army Materiel Commund, Jun 72,
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APPENDIX E

DESIGN OF ALTERNATIVE PIPELINE SYSTEMS

Assessment of the cost and operational effectiveness of u pipeline concept
requires definition of the principal hydraulic design characteristics of the actual system
to be evaluated, The dosign procedure For each alternutive pipeline concept evaluated
in this report is summarized in this appendix.

Military pipeline design criteria states the throughput of different types of fucls
to be pumped must be considered, and the heaviest fuel making up 24 percent or
more of the total is to be tuken as the design fuel.®*! Diesel fuel is the heaviest of
ull fuels likely to be pumped through Military pipelines. The evaluation criteria
cstablished in paragruph § of the busic report states diesel fuel represents 30 percent
of the totu) throughput. Therefore, all pipeline design calculations are based on
diesol fuel at 60°F having u 0.8448 specific gravity®*? und u kinematic viscosity
of 3.85 centistokes." -3

The friction head, or loss of head, dug to fuel flowing through the pipeline
is computed using the Darcy-Weisbuch equation snd resistance coefficients from
Figure 40 of the busic report.

From Tuble 2 of the report, the maximum dally througput requirement for
Scenario 1 is 27.620 burrels per duy, A deslgn rate of 950 gul/min Is selected tor
Scenurlo 1. This flow rate will allow the maximum dally throughput requirement
to be delivered in approximately 20 hours of operation,

For Scenario H, the design rate of flow is specified as 35,000 burrels in 23 hours
of opetution. This is equivalent to a throughput of 1,068 gal/min.

o. Alternative I The pipeline is constructed using {iberglass-reinforced epoxy
resin pipe with PRONTO-LOCK mechanical joints manufuctured by CIBA-GEIGY
Corporation, The muximum safe working pressure lor an 84nch-diameter pipeline
is 150 Ib/in?,  Assuming 20 Ib/in? suction pressure is required at the pump inlet,
the pressure Joss between pump statlons cannot exceed (150 - 20) = 130 Ib/in?,

It Departmont of the Army Technical Manual, Milttary Potroleum Pipeline Systems, TMS-343, ebruury 1969,
P 61,

Y2 1hid, p. 6.2,
B3 i, p. C4,
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(1) Scenario I. For diesel Tuel having a specific gruvity of 0 8448 at 60°F,
130 Ib/in? is equal to 355 feet of tuel. At the design rate of flow of 950 gal/min, the
Muid friction loss through the pipe is computed to be 71.2 feet per mile, The total
dynamiv head losses from the marine terminal to the highest point in the pipeline
at mile 608 iy (71.2) (00) = 4272 feet of tuel plus 3000 feet increase in elevation

3 : F’ (reference Figure 2 of the busic repont) or 7272 feet total heud. Dividing the totul
;} T head of 7272 feet for 60 miles of pipeline by the 358 feet maximum total dynamie
- ; heud per pump station gives a value of 20.5. Thus, 21 booster pump stations are
S . required for the firet 60 miles ol pipeline, The dosign head for cuch pump station
S will be 7272/21 or 347 feet total dynamic head. The hydraulic gradient shown in
y g Figure E-1 for pump stutions 1 through 21 is constructed using these flow
4 § / characteristics,

e TR

Iiv the Jownhill run between miles 60 and 80, Figure E-l, the slope of the pipeline
profile is steeper thun the hydruulic gradient. Under these conditlons, the static
heud exceeds the Nuid friction losses; therefore, no pump stations are required In this
. section of the pipeline, The erltical pressure in this section of the pipeline occurs
: under no-flow conditions whete the static head must be maintained at or below the
maximum safe working pressure of 150 Ib/in? or 410 feet of fuel. The total drop
In clevation from mile 60 to mile 90 is 3000 - 400 = 2600 feet. Dividing this total
static head by the maximum allowable head, u value of 2600/410 = 6.34 is obtuined,
Thus, 6 pressure regulation stations must be used on the downhlll run to prevent
over pressurization of the pipeline under stutic conditlons,

i3
3

b b ahlid il

e

When pressure regulation stations are used at locutions R1| through Ro6 us shown
In Figure E-1, the resulting static heud is shown by the stepped hydruulic gradient,
At the design rute of flow, the static head below pressure regulation station R6 will
push the fuel to mile 81.3. Four pump statlons, euch developing u total dynamie k
heud of 311 teet of fuel, are required to push the fuel on to the end of the [00-mile ;
pipe' ne. This results in the hydraulic proflle shown in Figure E-1 for booster pump 3
stations 22 through 25, 3

o

“ll
B

The locations for the booster pump stations and pressure reguluting stutions 4
ure listed in Table E-1, 3

R

The operating conditions for booster pump stations | through 21 of 347 feet
: total dynamic head and 950 gul/min equate to 83.2 water horsepower. From Flgure
’ E-2, a booster pump of this size will have an efficiency of approximately 0.797,
The brake horsepower required to drive the pump is 104.4 bruke horsepower,

L4 All locatlons along the pipeline are designated by the distance, In milex, from the first booster pump station;
la., mile 60 1s 60 milos from the tirst bouster pump sation,
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Tuble E-l. Location of Pipeline Booster Pump Stations und
Pressure Reduction Stations tor Alternative I Scenario 1.

Station Type Location*
Pl Booster Pump 0
P2 Booster Pump 4.27
P3 Booster Pump B.54
P4 Booster Pump 12.26
Ps Booster Pump 15.69
Po Booster Pump 19,12
P7 Booster Pump 22.32
Py Booster Pumip 25.44
P9 Booster Pump 28.56
Plo Booster Pump 31.54
Pl Booster Pump 34.40
P12 Booster Pump 37.26
P13 Booster Pump 40.11
P14 Booster Pump 42.59
P1s Booster Pump 45.07
Pla Booster Pump 47.55
P17 Booster Pump §0.03
P18 Booster Pump §2.05
P19 Booster Pump 54.07
P20 Booster Pump 56.09
P21 Booster Pump 58.11
R1 Pressure Regulating 62.48
R2 Pressure Regulating 64.93
R3 Pressure Regulating 67.41
R4 Pressure Regulating 69.89
RS Pressure Reguluting 73.56
_ R6 Pressure Regulating 77.29
: p22 Booster Pump 81.30
- P23 Booster Pump 86.38
P24 Booster Pump 91.26
- P25 Booster Pump 95.63

¢ Locution shown as miles from the matine termingl,
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(2) Scenario IL.  As in Scenario I, the 130 'b/in? muximum pressure rise
across cach pump staticn equates to a head of 355 feet of fuel. At the specific design
throughput of 35,00C barrels in 23 hours, or 1,065 gal/min, the fluid Tunction losses

;.- for diesel 1uel will be 78.0 teet of tuel per mile of pipeline. Adding the specitied 5 feet i;
T ( : per mile rise In clevation of the pipeline profile yields a total dynamic head of 83 feet %

2 per mile of 8,300 feet over the 100-mile length of the pipeline. Dividing this value . 3

P by the 355 feet maximum head for each pump station yields a value of 23,88, Using . ]

3 24 booster pump stations, the total dynamic head of each station is 8300/24 or 346 ¥
i feet. The resulting hydraulic gradient for the pipelire is shown in Figure E+3 with the 7

- f pumps located 4.17 miles apart. e
R ’J ! Booster pump stutlon design conditions of 1,065 gal/min at 346 fect total 2
Ly dynamic head equal 93.1 water'horsepowet, Using an efficlency of 0,797 from Figure 4
g 3 ' E-2, 116.R brake horsepower are required to drive the pump.
E’_ b.  Alternative II. Using schedule 40, 6061-T6 aluminum pipe, this pipeline 4,
1 is installed using aluminum mechanical couplings for grooved-end pipe. The maximum :

sufe working pressure for the 7,98 lanch-lnsidesdiumeter pipe 1s limited to 800 Ib/in?
by the pressure ruting of the couplings. Using 20 1b/in? suction pressure, the effective 4
pressure loss between pump stutions is limited to (800 - 20) = 780 Ib/in?. Bused on ;
; diesel fuel at 60°F having u specific gravity of 0.8448, 780 1b/in? is equivalent to
! 2133 feet of fuel.

(1) Scenario I. Diesel fuel flowing at the 950 gal/min design rute of flow
will produce B2.1 feet per mile fluid friction losses. The total head requirements
: for the 100-mile pipeline, including 400 feet increase In elevation Is (82.1) (100)
v + 400 = 8610 feet. Four pump stations operating at the maximum safe discharge

pressure will develop (4 x 2133) = 8532 feet of head. This is just 78 leet or 19.5
feet per pump statlon less than necessary to meet the deslgn conditions. [t is not
practical to Increase the number of pump statlons from 4 to 5 to obtain this small
: amount of additional head, Possible ulternatives include: (a) increasing the muximum
5_, operating pressure by 19.5 feet, which reduces the fuctor of safvty slightly: (b)
- reducing the suction pressure by 19.5 feet; or (¢) reducing the design rate of llow.
For this analysis, reducing the design flow rate is assumed to be the best approuch.

1 A totul effective head of 8532 fect less 400 feet stutic head from change in
3 elevation results In 8132 feet of head uvailable to overcome dynamic flow losses.
Using the Darcy-Weisbach equation to compute the rate of flow corresponding to
u fluid friction loss of (8132/100) = 81,32 feet per mile yields u new design rate

w; of flow of 945 gal/min. The hydraulie gradient for the pipeline system with four
] pump stations operating at 945 gal/min und 2133 fect of head {s shown in Figure E-4,
B
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The downhill run from mile 60 to mile 90 presents no problems under dynamic
' conditions since, as shown in Figure E-4, the hydraulic gradicnt from pump stution
- P4 to the end ol the pipeline is below the curve for the maximum sale working
- pressure, The pipeline profile fulls 2188 feet, equivalent to the maximum sufe working
pressur:, botween mile 60 and mile 76.88. Thus, without a pressure regulution
stution, the pipeline would be overpressured from mile 76,88 to the end (mile 100),

AR
4

This sct of design conditions presents an ideul situation for employing u pressure
. reducing stution, A horizontal static gradient line drawn 2088 fect ubove the profile
Cg at mile 100 intersects the dynamic gradient at mile 75 us shown in Figure E-4, By
0 : positioning the pressure reduction station at this point and adjusting the pressure
Y setting to limit the downstream prossure to 1488 fect, the pressure reduction station
oo H wiil not restrict the flow at design flow conditions, Under stutic conditions the
b . pressure regulution station will limit the downstream pressure to 1488 lect of head.
P ' Adding the 600 feet difforence in elevation from the pressure regulation station ut
mile 78 to the lowest section of the pipeline from milé 90 to 100, the maximum
static pressure downstream from the pressure regulation station is (1488 + 600) = ;
2088 feet. The difference in elevation from the highest point on the pipeline at mile g
60 to the pressure regulation stution at mile 75 is 2,000 feet. This is the highest
statlc prossure in the pipeline above the pressure rogulation station occurring at the
pressure regulation station inlet,

The locutions for the pipeline booster pump stutions and the pressure regulution
stutlons are shown in Table E-2,

e d be

Tuble E-2. Locution of Plpeling Booster Pump Stations und
Pressure Regulation Stations for Alternative Il - Scenario 1.

WA

Station Type __Locution*
Pi Booster Pump 0
P2 Booster Pump 20.48 »
P3 Booster Pump 37.82 §
P4 Booster Pump 51.84
R1 Pressure Regulution 75

¥ Locution shown us miles from the matine torminal,

The booster pump stations operating at 945 gal/min and 2,133 feet total dynamie
head develop 509 water horsepower. From Figure E-2, a booster pump of this size
would have an efficlency of approximately 0.807. The power required to drive the
pump would be 631 brake horsepower,

e ol e
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entire pumping operation at cach booster pump station.

When turbine-engine<driven pumps are used, one pump unit can handle the
The size and weight of o

Jdieselenginesdriven  pump unit would exceed Military

03 1-bruke  horsepower
Thus, two dieselengine-driven units rated at 315 bruke

trunsportability limits.
Units of this

horsepower each would be required ut each booster pump station.
size slightly exceed the limit of 304 bruke horsepower listed in Table 6 of the busic
report, However, this limit is based on the uveruge weight of pump units, By judiclous
selection of components, design of 4 315-brake horsepower diesel-engine-driven pump

of ucceptuble size und welght is possible,

Bused on the foregoing, the minimum number of pumps required at cach booster
station for Alternative 11, Scenario | will be one turbinegsengine-driven pump or two

diesel-engine-driven pumps.

(2) Scenario II. The same pressure churacteristics used in Scenurio I upply.
Thus. the maximum operating pressure is 2188 feet of head and the maximum total

dynamic head developed at euch pump stution Iy litmited to 2133 feet. For diesel
fuel Nlowing at the design rate of flow of 1,085 gal/min, the fluid friction losses
through the pipe are computed to be 9,632 feet for the 100-mile pipeline. Adding the
Increase in clevation of §00 feet, the totul head requirement at the design rate of flow
is 10,132 feet. When five booster pump stations are used, each pump station must
develop 10,132/5 = 2026.4 feet of heud. Figure E-5 shows the hydruulic gradient

for the pipeline with the pump stations located 20 miles apart.

The hydruulic horsepower developed by a pumping station delivering 1,065
gul/min at 2026.4 feet of head is 545 water horsepower, Applying a pump efficlency

of 0.808 from Figure E-2, the power required Is 675 brake horscpower.

As was the case in Scenario I, one turbine-engine-driven pump can be used at
euch pump stution. Transportability limitations require the use of three 225-brake

horsepower diesel-engine-driven pumps at each booster station.

¢. Alternative 1II.  This alternative uses 6063-T6 aluminum pipe joined by
The maximum sufe

mechunical couplings manufuctured by Race and Race, Inc.
working pressure recommended by the manufacturer for 8S.dnch-diameter,
0.150-inch-wull pipe iIs 359 Ib/in?. Aguin, using 20 lb/in? suction pressure, the
maximum pressure loss betwoen pump stations is (3§9 - 20) = 339 Ib/in?. This
maximum working prossure is equal to 982 feet of diesel fuel. The maximum total
dynammic head for each pump station is Umited to 927 feet with 5§ feet suction

pressute,
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(1) Scenario I, The design flow rate of 950 gal/min translates to 67.4
feet per mile fluid friction losses for the 8.239-inch-inside-diameter pipe, The dynamic
flow losses from the marine terminal to mile 60 are (60) (67.4) = 4,044 feet. Adding
the 3000 feet static head due to chunge in elevation, the pump stations in the first
00 miles of the pipeline must develop a total head of (4,044 + 3,000) = 7,044 feet.
Dividing the total head required by the maximum head per station, a value of
(7044/927) =» 7.6G0 is obtained. Therefore, 8 pump stations are required to develop
7,044 fect of head or (7044/8) = 880.5 feet totul dynamic head per pump station,
Figure E-6 shows the hydraulic gradient for this pipeline design.

On the downhill run from mile 60 to mile 90 both the dynami¢ and static
gradients would exceed the maximum safe working pressure without the use of
pressure regulation stations, In this case the pipeline designer has an option on how
the line is to be dosigned, Since the totul change in slevation of 2600 feet is less than
three times the sufe working pressure of the pipe, only two pressure regulation statlons
would be required to malntain safe static pressure conditions. However, the static
head below the last pressure regulution station would not be sufficlent to push the
fuel all the way to pump station P9 in Figure E-6. This would require two pump
statlons in the pipeline between mlle 80 and mile 100. By using three regulation
stutions on the downhill run as shown in Figure E-6 only one pump station, P9, Is
required in'this segment of the pipeline, The use of three pressure regulation stations
und one pump station is a superior cholce over two pressure rogulution stations and
two pump stations.

The final system design is us illustrated by the hydraulic gradient in Figure E-6.

The locutions tor ull booster pump stations and pressure regulation stations are shown
in Table E-3.

Table E-3. Locution of Pipeline Booster Pump Stations and
Pressure Regulation Stations for Alternutive 11 -- Svenario 1.

Station Type Location*
Pl Booster Pump 0
P2 Booster Pump 11.1
P3 Booster Pump 20.1
P4 Booster Pump 8.3
Ps Booster Pump 359
Pa Booster Pump 429
P7 Booster Pump 49,3
P8 Booster Pump 54.7
R1 Pressure Regulation 64
R2 Pressure Regulation 68
R3 Pressure Regulution 74
PY Booster Pl 804

* Location shown as miles from marine tetminal,
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A pump station operating at 950 gal/min and 880.5 feet total dynumic head
develops 211 water horsepower.

From Figure E-2, a booster pump of this size will have an efficiency of 0.800.
The power required to drive a pump of this size is 264 bruke horsepower,

(2) Scenario 1. Under the specified design conditions, the fluid friction
losses when flowing ut 1,068 gal/min ure 82,9 feet por mile. Adding the § feet per

mile static gradient yields a total head requirement of 87.9 feet per mile or 8790 -

feet for the entire 100-mlle pipeline. Ten booster pump stutions, euch developing
879 feet total dynamic head, are required to maintain the pump station discharge
pressure below the maximum sufe working pressure of 9387 feot, Operating ut 55
leet (20 1b/in?) suction pressure and 897 feet total dynamic head produces u working
pressure of 934 feet, The corresponding hydraulic gradient is shown in Figure E-7
with 10 miles between pump stations.

The hydruulle horsepower cquivalent to 1,065 gul/min and 879 feet total dynamic
head is 236 wuter horsepower. From Figure E-2, the pump efficlency is 0,801 with
the pump power requirements being equal to 294 brake horsspower,

For both diesel-engine-driven pumps and turbine-engine-driven pumps, the total
dynamic head can be developed by a single pump ut each booster station.

d. Alternative IV. This pipeline concept joins 6061-T6 aluminum pipe by the
ZAP.LOK mechanical swaging process. Using 8-inch schedule 40 pipe, having an
inside diameter of 7.981 Inches, the pipeline has a maximum safe operating pressure
of 1,000 Ib/in?. With 20 lb/in® suction pressure, the maximum effective pressure
loss between pump stations cannot exceed (1,000 - 20) = 980 Ib/in?, When pumping
diesel fuel, equivalent heads are: 1000 lb/in? = 2735 feet of fuel, 980 ib/in? = 2,680
feot of fuel, and 20 1b/in? = §§ feet of fuel,

(1) Scenario 1. Diesel fuel flowing at the deslgn rate of flow of 950 gal/min
incurs fluld frictlon losses of 82.11fcet per mile of pipeline. The total head requirements
for the 100-mile pipeline, including the statlc head of 400 feet due to the net rise
In elevation Is (82.1) (100) +400 = 8610 fect of fuel, The minimum number of pump
stations required to develop the total head without exceeding the 2735 feet maximum
safe working pressure is four. With each pump station developing 2,152.5 feet total
dynamic head and having a suction pressure of §§ feet, the working pressure is 2207.5
feet of fuel. The hydraulic gradient for this pipeline system is shown in Figute E-8,

The dynamic hydraulic gradient is well below the maximum safe working pressure
at all points along the pipeline. The pipeline profile falls 2600 feet from mile 60 to
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mile 90. The resulting maximum static head of 2,600 fecet is also less than the 2,735
feet maximum safe working pressure.  Therefore, no pressure regulation stations are
required for this pipeline design.

The booster pump station location are shown in Table E+4,

‘ B
|:
|

. Table E-4, Location of Pipeline Booster

: . . Pump Stations for Alternative IV -- Scenario 1.

i R R ; Station Location* 2

: Pl .0 ‘ . 3
P2 20.9 - 8

[ : P3 37,9 ‘

: ' P4 $1.9

*Lucution shown as miles from the matine terninal, ‘

The booster pump station performance requirements of 950 gal/min and 2,152.5 3
feet of heud correspond to 516 water horsepower.

.._
e

Bused on pump efficlency of 0,807 from Flgure E-2, the power required to drive
the putip would be 611 brake horsepower.,

—~—

’ 5 A single turbine-engine-driven pump s capable of delivering the required
horsepower, Two diesel-englnedriven pump units, each rated ut approximately 308
bruke horsepower are roquired. Otherwise the weight and size of the pump units
would exceed Military transportubllity limits,

S

(2) Scenarlo II.  As in Scenurio 1, the muximum safe working pressure,
: maximum loss between pump stutions and pump stution suction pressure are 2,734,
; 2,680, und 5§ feet, respectively, At the specified flow rate of 1,065 gal/min the fuid .3
; friction losses are equal to 96.32 feet per mile of pipeline. The 500 feet rise in 4
clevation along the length of the pipeline added to 9632 feet dynamic flow losses .
g creates a total head requirement of 10,132 feet. When four pump stutions are used, #
{ cach pump station must develop (10,133/4) = 2,533 feet pump suction pressure.
The hydraulic gradient is shown in Figure E-9 with the pump stations located 25

miles apart,

The hydrautic horsepower of a pump opetuting at 1,068 gul/min and 2,533 feet :

of hewd is 681 water horsepower, From Figure E<2, a pump of this size would have

. an efficlency of 0.811, The required bruke horsepower is computed to be 840 bruke ;
’ horsepower,
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One turbine-gngine-driven pump can satisty the total pump station performance
regquitements. Three diesel-engine-driven pumps, cach rated at approximately 280
brake horsepower, are requirad at each pump station to prevent the weight and size
of the pumps from exceeding Military transportability limitations.

, e. Alternative V. ‘I'his alternative employs 6063-T6, 8-inch, 0.200-inch-wull,

. aluminum pipe joined by mechanical couplings manufactured by Race and Race, In¢.
The maximum sdfe working pressure recommended by the manufacturer for this pipe
ls 482 Ib/in?. With 20 Ib/in? suction pressure required the maximum pressure loss
between pump stations s (482 - 20) = 462 lb/in?. Expressed in feet of l.ead using
0.8448 specific gravity diesel fuel, pressures of 482, 462, und 20 lb/in?® correspond
to static heads of 1,318, 1,263, und §5 feet of fuel, respectively,

(1) Scenario 1. At the design rate of flow, the fluid friction loss through
the 8.223-Inch-inside-diameter pipe is computed to be 71.4 feet of fuel per mile. The
total flow losses from the marine terminnl to mile 60 are (60) (71.4) = 4,284 feet plus
3000 feet increase in elevation, or 7,284 feet. Dividing the total required head by the
maximum allowable total dynamic head per pump station ylelds a value of (7,284/
1,263) = 5,77, Therefore, six booster pumnp stations are required to develop 7,284 feet
of head or (7,284/6) = 1,214 feet of head per stution. Figure E-10 shows the hydraulic
gradient for this pipeline design.

On the downhill run from mile 60 to mile 90 the hydraulic gradient at design
flow conditions would not exceed the maximum safe working pressure for the pipe.
However, under no-flow conditions the static head would be 1,318 feet ut mile 68.79
resulting in overpressuring of the line from that point to mile 100. Locuting a pressure
regulation station at mile 68.67 adjusted to maintain the discharge head at atmospheric
pressure will limit the maximum static head to 1300 feet of fuel at the inlet to the
pressure regulution station and between mile 90 and mile 100. Below the pressure
i_ regulation station, the static head will push the fuel to mile 84.5 at the design rate
of flow. A pump station developing 1062 feet of head is required at this point to
push the fuel on to the end of the pipeline,

S e B

e £ i

] A pumping station delivering 950 gal/min at 1,214 feet total dynamic develops
' 291 water horsepower,

1 Applying a pump efficiency of 0.802 from Figure E-2, the required engine power
rating is 362 lhorsepower.  Using turbine-engine«driven pumps, one pump unit can
landle the entire pumping operation ut cach booster pump station. The size und
weight  of  u  dicselengine-driven pump of this capucity would exceed the
trunsportability limits established herein. Thetefore, ut least two diesel-engine«driven
pumps would be required at cach pump station.
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The locations of the pump stations and pressure regulation stations are shown
in Table E-S,

Table L:-5, Location of Pipeline Booster Pump Stations und
Pressure Regulution Stations for Alternative V. - Scenario 1,

Station Type Locution*

Pl Booater Pump 0

P2 Booster Pump 13.94
P3 Booster Pump 25.38
P4 Booster Pump 35.76
PS Booster Pump 44,95
P& Booster Pump 5291
R1 Pressure Regulution 68.67
P7 Booster Pump 84.5

* Location shown ua niiles frons matine terminal,

(2) Scenario Il The specified design conditions result in fluid friction
losses of 88.8 feet per mile. Adding the S-feet-per-mile static grudient of the pipeline
profile yivlds a total head requirement of (88,8 + §) = 93.8 feet per mile or 9,380
feet for the 100-mile pipeline. Eight booster pump stations, each developing 1172
feet total dynamic head, will develop the required head within the limics of the 1,318
fect maximum safe working pressurc. Operating with 55 feet (20 Ib/in?) suction
pressure, the pump station discharge pressure, or working pressure, at design conditions

is (55 + 1,172) = 1,227 feet of fuel. The resultant hydraulic gradient is shown in
Figure E«1 1,

The hydraulic horsepower equivalent to 1,065 gul/min and 1,172 feet total
dynumic head is 315 water horsepower, From Figure E-2, the corresponding pump
efficlency is 0.801 used to compute the required engine rating of 393 brake
horsepowsr, As in Scenario I, a single turblne«engine«driven pump unit can be used
ut each pump station. Two diesel-engine-driven pumps will be required ut each station
because of transportability limits on size and weight.

f.  Alternative V], In this pipeline design, 6061-T6 ulloy schedule 10 aluminum
pipe 18 Jjolned by the ZAP-LOK mechanical swaging process. The
8.329-inch-inside-diameter pipe has a maximum safe operating pressure of 661 Ib/in?,
equivalent to 1,807 feet of diesel fuel. Operating with 20 Ib/in? (55 fect) pump

suction pressure, the maximum pressure loss between pump stations is limited to
(1,807 - 55) = 1,752 feet of fuel,
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(1) Scenario I, Diesel fuel tflowing at the design rate of flow of 950 gal/min
will lose 67,1 feet of heud per mile due to fluid friction. The total head requirement
for the first 60 miles of pipeline is (67.1) (60) + 3,000 = 7,026 feet including the 3,000
feet rise in clevation. Four pump stations discharging at the maximum safe operating
pressure will develop (4) (1752) = 7,008 feet of head. Adding the 55 feet suction head
available at station 1, the total dynamic head is (7,008 + 55 - 7,026) = 36 feet at mile 60,

The hydraulic gradient when flowing at design conditions, shown in Figure E-12,
would be below the maximum safe working pressure at all points from pump station
P4 to the end of the pipeline without a pressure regulation station, However, &
pressure regulation station must be used on the downhill slope from mile 60 to mile
80 to prevent overpressuring the pipeline under static conditlons,

By locating a pressure regulation station at mile 67, adjusted to maintain the
discharge pressure at 55 feet, the fuel will flow to mile 90 by gravity due to the drop
in elevation. A pump station at mile 90 developing 614 feet total dynamic head will
provide the pressurc necessary to maintain the design rate of flow to the end of the
pipeline. The resulting hydraulic gradient is shown in Figure E-12, Locations of the
booster pump stutions and pressure regulation stations are shown In Table E-6,

Table E«6. Location of Pipoline Booster Pump Stations and
Pressure Regulation Stations for Alternutive VI ~ Scenario I,

Station Type Location*

Pl Booster Pump 0

P2 Booster Pump 20.09
P3 Booster Pump 35.90
P4 Boosiet Pump 49,28
R1 Pressure Regulation 67

Ps Booster Pump 90

* Locatlon shown as milos from marine topminal.

The booster pump performance requirements for station Pl through P4
correspond to 420 water horsepower.  Based on u pump efficlency of 0.805 from
Figure E«2, the power required to drive the pump is 522 brake horsepower. A single
turbine-enginesdriven pump is capable of delivering the required pump performance.
In order to maintain the pump unit welght und size within the transportability limits,
two dieselengine-driven pumps will be required ut pump station P, P2, P3, and P4,
A single pump of the same capacity would be adequate at pump station P8,

(2) Scenario 11, As in Scenurio 1, the suction pressure, muaximum total
dynamic head gt cach pump statlon, and maximum safe operating pressure are 585,
1,782, and 1,807 feet of fucl, respectively. At the speelfied rate of flow of 1,065
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gal/min, the fluid friction losses are equal to 82.4 feet per mile.  Adding the
S-feet-per-mile rise in elevation creates u total head requirement for the 100 miles of
pipeline or (82.4 + 5) (100) = 8,740 fect. Five booster pump stations, cach developing
1,748 feet total dynamic head, will provide the required hydrauiic horsepower. The

hydraulic gradient is shown In Figure E-13 with the pump stations located 20 miles
apart.

The hydraulic horsepower produced by o pump operating at 1,065 gal/min and
1,748 feet total dynumic head is 470 water horsepower. Based on a pump efficlency
of 0.806 from Figure E-2, the required engine power rating Is 583 brake horsepower.
One turbine-enginedriven pump can satisfy the totu]l pump statlon power
requirements, Transportability lmits on pump size and weight will require two
diesel-engine-driven pumps at each boosater stution,

§. Alternative VII. Selected to evaluate the possibility of using two 6sinch-
diameter plpelines, this alternative uses 6063-T6 aluminum pipe joined by Race and
Race, Inc,, mechanical coupling. The maximum sufe working pressure recommended
by the manufacturer for the 6.625-inch-outside-diameter, 0.134-inch wall pipe is
410 lb/in?. As with the B«inch-diumeter pipelines, the minimum acceptable pump sta-
tion suctlon pressure is assumed to be 20 Ib/in?, The maximum pressure loss between
pump stations is 410 - 20 = 390 1b/in? which is equivalent to 1,066 feet of fuel,

(1) Scenario |. The design flow for euch 6-Inch pipeline is assumed to be
one half the 950 gal/min flow rate used for 8-inch pipelines, or (950/2) = 475 gal/min.
At this rate of flow, the fluid friction losses will be 69.9 feet of fuel per mile of pipe-
line length, Adding the 3,000 feet static head due to the rise in elevation, the pump
stations in the flrst 60 miles of the pipeline must develop a total head of (4,194 +
3,000) = 7,194 feet of fuel. Dividing the total required head by the maximum allow-
able pressure rige at each station ylelds a value of (7,194/1,006) = 6.74, Therefote,
seven pump stutions are required, developing (7,194/7) = 1,028 feet of dynamic head.
Figure E-14 shows the hydraulic gradient for this pipeline design,

On the downhill run from mile 60 to 90, both the stutic und dynumic gradients
would exceed the maximuin safe working pressure for the pipe without the use of
pressur¢ regulation stutions, The optimum system design would use two pressure
regulation stations located at mile 67 und mile 76 as shown in Figure E-14. By proper
adjustment of the discharge pressure at the mile 76 pressure regulation station, the
uvallable static head will muintaln the desired rate of flow to mile 89.2. Another
pump station I8 requested ut that point to push the fuel to the end of the pipeline
at the required flow rute,
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The locations for all booster pump stations and pressure regulation stations

-, are listed in Table E-7,
i Tuble E-7. Location of Pipeline Booster Pump Stations and
3 . Pressure Regulation Stations for Alternative VI — Scenario 1.
I Station Type _Locution*
Pl Booster Pump 0
] P2 Booster Pump 123
P3 Booster Pump 22.4
i P4 Booster Pump 31.6
X . P§ Booster Pump 40.1
¥ P6 Booster Pump 47.5
E P7 - Booster Pump 539
: RI Pressure Regulution 67.0
b R2 Pressure Regulution 76.0
P8 Booster Pump 89,2
’ * Location shown un milos from marine totminal,
L A pump station operating at 475 gul/min und 1,028 feet total dynamic head k
develops 133 water horsepower, Using u pump efficiency of 0.798 from Figure Es2, 3]
the power required to drive the pump will be 153 brake horsepower.
: (2) Scenario II. Under the specified design conditions with each 6-inch :
; pipeline carrying one-hulf the required 1,065 gal/min rute of flow, or 5§32.5 gal/min,
H the fluld friction losses ure computed to be 92.3 feet of fuel per mile, Adding the
% 5-feet-per-mile static gradient yields a total head of 97.3 feet per mile or 9,730 feet
of fuel for the entire 100-mile pipeline. Ten booster stations, each developing 973 ]
feet total dynamic head, are required to maintain the pump stution discharge pressure .
; below the maximum safe working pressure of 1,121 feet of diesel fuel, The resulting 3
v hydraulic gradient is shown in Figure E-15. R
F The hydraulic horsepower equivalent to 532,85 gal/min und 973 feet of fuel _
: Is 135 water horsepower, From Figure E-2, the pump efficlency will be 0,798, The
: pump power requirement is 135/0.78 = 169 brake horsepower.
: h.  Alternative VIII.

This plpeline design is bused on using two parallel
6-inch-diameter, 6061-T6 aluminum alloy, schedule 10 pipe joined by the ZAP-LOK

f{ . - mechanical swaging process. The 6,625<Inch-outside-diumeter pipe hus n maximum
I ~ safe working pressure of 780 Ib/in?, equivalent to 2,123 feet of diesel fuel, Operating

with 20 Ib/in? (38 feet of fuel) pump suction pressure, the maximum pressure loss
between pump statlons is (2,123 « §8) = 2068 feet of fuel,

it n S e o
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(1) Scenario 1. Diescl fuel flowing ut the design rate of flow of (950/2)

= 475 gal/min will lose 69.9 feet of head per mile due to fluid friction. The total

head requirement for the first 60 miles of pipeline is (69.9) (60) + 3,000 = 7,194 .

feet of fuel, Using four booster pump stations, the total dynamic head developed at :

. each stotion is (7,194/4) = 1,799 feet of fuel. | :

The hydraulic gradient, shown in Figure E-16, when flowing ut design conditions :
is below the maximum safe working pressure at all points along the pipeline without
the use of a pressure regulation station. However, a pressure regulation station must be
used on the downhill run from mile 60 to mile 80 to prevent overpressuring the pipe- .
line under static conditions. The resulting static gradient is as shown in Figure E-16 p

with the pipeline booster pump station’s and pressure regulation station's locations as
listed in Tabie E-8,

Table E-8. Location of Pipeline Booster Pump Stations and

, Pressure Regulution Stations for Alternative VIII - Scenurio 1
% : Station Type , Location*
'f Pi Booster Pump 0

i P2 Booster Pump 20.0

¥ P3 Booster Pump 359

‘ P4 Booster Pump 49.3

R1 Pressure Regulation 73.0

¢ Location shown us miles from matine terminal,

The power requirement for a pump station operating at 475 gal/min and 1799
feet total dynamic head is 222 water horscpower, Based on a pump efficiency of
0.800 from Figure E-2, the pump engine must have a continuous power ruting of
278 brake horsepower

(2) Scenario Il As in Scenarlo 1, the suction pressure, maximum total )
dynamic head st cach booster pump station und maximum safe operating pressure 3
are 55, 2,068, and 2,123 feet of diesel fuel, respectively. At one-half the required 3
throughput rate of (1,065/2) = 532.5 gal/min, the fluld friction losses are equal to

B et ol s et e e e L

5 92.3 feet per mile, Adding the S-feet-per-mile rise in elevation gives a total dynamic
it . head of (92.3 + §) (100) = 9,730 foet of fuel for the 100 miles of pipeline. Five 5
i booster pump stations, each developing 1,946 fect total dynamic head, will provide 3
; the required hydraulic horsepower, The hydraulic gradient Is shown in Figure E-17,
A flow rate of 932.5 gul/min and 1,946 feet total dynumic head Is equal to %
- 270 water horscpower. Based on u pump efficiency of 0.801 from Figure E-2, the b
; required pump engine power rating s 337 bruke horsepower. In order to maintain
;
E ]
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the  pump unit  weight and  size  within  the  transportability  limits,  two 2

. B . ;)

dicselengine-driven pumps will be required at each booster pump station, }

i.  Military Standard System. To satisfy the scenurio requirements with
Military standard equipment, 8-inch, lightweight, stes! tubing jolned by grooved-end
mechanleal couplings would be used. The maximum safe working pressute of
S00 Ib/in? is equal to u head of 1,367 feet of diesel fuel, The Military stundard 6-inch,
destage, dieselengine-driven pump, conforming to MIL.P-§3375A is designed to
operute the 20 Ib/in?, or 55 feet, of pressure at the inlet. Thus, the maximum pressure !
rise at cach pump station is limited to (1,367 < §5) = 1,312 feet total dynamic head.

One pump unit is capable of developing this head at the deslgn rates of flow for
Scenarios [ and 1.

-

(1) Scenario I, At the design rate of flow of 950 gul/min, the fluid friction
loss for diesel fuel is computed to be 63.7 feet per mile. The total head required
in the pipeline segment from the marine terminal to the highest point in the pipeline
at mile 60 is (63.7) (60) + 3,000 = 6,822 feet of fuel. Six pump stations cach
developing 1,137 fect of head will achieve the design rute of flow to mile 60. The
actual working pressure will be 1,137 feet total dynamic head plus 55 feet suction
pressure or 1,192 feet of fuel.

.
e
s
..
3
1
v
;L
5
L

The drop in elevation of 2,600 feet between mile 60 and mile 90 exceeds the
maximum sufe working pressure of the lightweight steel tubing. As a result. u pressure
regulation station must be used in this downhill run. When the pressure regulation
station is focated at mile 69 with the discharge pressure adjusted to §§ feet of fuel,
the satic head at the Inlet to the pressure regulation station under no-flow conditions
will be 1350 feet. At the same time the maximum static head in the lowest section
of the pipeline from mile 90 to mile 100 will be 13085 feet of fuel.

PRl 1

At design flow conditions, the static heud will be adequate to move the fuel
to mile 88. At that point 4 pump station adding 725 feet total dynamic head will
be required to maintain flow. The resulting hydraulic gradient is shown in Figure E-18,

The locations of the pump stations and pressure regulation stations are shown in
Table E-9.

RS Bl & i bt il

VT PO

(2) Scenario II. At the specified deslgn rute of flow of 1,065 gal/min,
the fluld friction losses for diesel fuel will be 83.6 fect of fuel per mile. Adding § feet

SR

; per mile rise in elevation gives a total head requirement of 88.6 feet per mile or 8,860 E
{ feet through 100 miles of pipeline. Seven booster pump stations, located 14.3 miles 1
] apart, will deliver the required flow when each booster station develops 1,266 feet Q

total dynamic head. The hydraulic gradient for the pipelinc is shown in Figure E-19.

o e
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Table E-9. Location of Pipeline Booster Pump Stations and
Pressure Regulation Stations for Military Standard Pipeline - Scenario [
Station Type Location®
Pl - Booster Pum'p C N | I
- P2 Booster Pump L 1427 :
- P3 Booster Pump’ ) 25.79-- - .
o P4 Booster Pump - 3616 o '~
: B Booster Pump 45.24 _ v
Pe Booster Pump §3.06 ) :
P _ Rl Pressure Regulation 69
: P7 Booster Pump 88
* Locution shown in miles from the marine termina), ’
£
1
i
3
! ¥
1
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