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3. COAL SLURRY PIPELINES

INTRODUCTION

An analysis of coal slurry pipelines was presented 1in
our May 1976 study, Route Specific Cost Comparisons: Unit
Trains, Coal Slurry Pipelines and Extra High Voltage
Transmission [4]. The present study extends that analysis.

The earlier work included technical and economic cost
descriptions of the Black Mesa and ETSI pipelines as well
as some hypothetical pipeline routes. Water problems,
safety and environment, required resources, and labor
impacts were discussed at some length. Additionally,
pipeline impacts on competing railroads, slurry-rail
comparisons, and cost escalation were analyzed. The
difference 1in pipeline profitability to an owner-operator
versus a promoter-builder was suggested. These aspects are
not redone in this study. Here, we present a synopsis of
the previous results and a general statement of coal slurry
pipelines. Extensions of the arguments are presented where
they appear warranted. New material is developed in the
area of pnipeline branching and tapping. This would appear
necessary if slurry pipelines are to function as more than
private 1lines; 1if they are, for example, to be responsive
to common carrier reguirements.

Except for the availability of water, pipelines are
not geographically limited. To date, commercially proposed
pipelines have had a generally north-south orientation with
points of origin in the great plains and mountain states.
West to east and west to Pacific pipelines are feasible.
They are also feasible along the east coast and for
shipments out of Appalachia. In fact, the water problem
there may be a relatively small deterrent. We have found
no reason to expect that costing, other than for problems
associated with land values and terrain, differs
significantly by geographic region, A list of some
proposed and hypothetical coal slurry pipelines appears in
Table 3.1. Cost estimates are those proposed by the listed
source at the time of submission. They have not been
escalated.

A coal slurry pipeline is an available alternative to
unit train transportation. While the process is not new,
it was not until 1957 that a major coal slurry pipeline was
builit. The 10" diameter pipeline extended 168 miles from
Cadiz, Ohio to the East Lake Power Station of the Cleveland
Illuminating Company on Lake Erie. It operated until 1963
when changes in ICC rate making policies permitted the
competing railroad to offer cheaper unit train rates on all
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coal «carrying unit trains in the region. Apparently the
cost structure of the pipeline did not allow the meeting of
the new rates and the pipeline was closed. Since then the
line has remained inoperative. An engineering proposal was
formulated by Bechtel, sponsored by the former Federal
wWater Pollution Control Administration, for the inactive
pipeline to ship garbage from Cleveland to the Cadiz area
[1]. This proposal was not carried out because of local
opposition to garbage dumping at Cadiz. The incident,
however, has been denied in testimony by E. J. Wasp at a
House Subcommittee hearing on January 29, 1976 [2].

A second coal slurry pipeline was not built until

197@. It extends between the Black Mesa coal fields near
Kayenta, Arizona and the Mohave power plant in southern
Nevada. This 273 mile, 18" 1line was built as a cost

efficient alternative to the construction of 150 miles of
new railroad. The circumstances were ideal for the use of
a slurry pipeline. The distance between the Black Mesa
coal mines, located 128 miles north of the nearest
railroad, and the Davis Dam, located 30 miles north of the
nearest railroad, gave the pipeline a 2:3 distance
advantage. The availability of an adequate water supply
with which to move the coal, without the need for water
return, further reduced the relative costs.

A coal slurry pipeline system requires that the coal
go through a number of processing stages before it is used
by the power plant. Once mined, the coal is delivered to a
preparation plant where it is pulverized to sizes between
18 and 325 mesh and then suspended in about an equal weight
of water. This 50-50 slurry mixture has a consistency
approximating toothpaste. It 1is pushed through the
pipeline wvia electric pumping stations 760 to 100 miles
apart [3,p.3]. Flow velocity through the 1line must be
maintained within a narrow range. For example, if a 3.5
mph design is used at 5 mph, the system must be able to
withstand double the horsepower, peak pressure, and wear
(4,p.59]. Minimum flowrate must be maintained to avoid
particle settling and plugging. If an emergency situation
occurs, a maximum of three days shutdown is possible before
the coal particles settle in the 1line. However, 1in
general, once a pipeline system has been designed, because
of economic considerations on the one hand and design
limits on the other, flowrate is rather inflexible.

Pipelines may be routed through and around mountains,
cities and other obstacles. However, routing and terrain
are reflected in construction costs, pipeline pressure, and
required pumping power. If access to route paths is
difficult, additional pipeline construction costs accrue.
Elevation changes put more stress on pumps than level
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movement.

Two pipeline hazards are breakage and plugging. While
plugging does not occur on liquid or gas pipelines, line
breaks and leaks are not unknown. System reaction is
nearly the same for both cases. Stations upstream of the
plug or break must dump slurry into holding ponds and
introduce water for flushing. For a 1000 mile line with
190 mile station spacing, this means dumping slurry into a
holding pond eguivalent to one acre by 100 feet deep.
Complete flushing of the line would take 3§ hours [4,p.7%].
Downstream of the plug or break the slurry presents a
difterent problem. 1In the <case of a plug, the slurry
between it and the downstream station cannot be moved. 1If
plug removal or other repair takes more than a week, the
slurry may deposit in the pipe and lose fluidity. 1In the
case of breakage, the downstream slurry can be moved if the
leak 1is not too large. 1In that case there will still be
sutficient pressure remaining to f£lush the downstream mass.
Spillage however, creates environmental hazards, especially
if near or in a populated area. This procedure calls for
flushing water storage as well as holding pond storage.
For a 25MMTY, 3.5 mph, 16060 mile 1line station, the
requirement 1is 20,060 gal/min. of flushing water and 42
million <cubic feet of holding pond storage space.
Subsequent to the operation, disposal of the dumped slurry
remains. After the coal has settled it must be dredged and
removed. Unless a sufficient number of ready buyers, with
facilities capable of burning the finely divided coal are
available, the dumped coal is valueless. Reinjection is
possible from established holding ponds. This reqguires
provision for agitators and injection pumps. To date no
slurry line proposal includes this option. During the
interim period, the ponds themselves may cause an
environmental hazard. Dredged coal may be carried away by
the wind as coal dust. If the pond water is allowed to
evaporate, coal dust may be carried from the margins. The
flushing water is too dirty to dump into rivers or streams
and contains too 1little coal to Jjustify dewatering.
Pipeline safequards include the addition of standby pumps,
an emergency power source, and pipe overdesign. Standby
pumps are needed in case of main pump failure or if extra
power is needed for moving the slurry. Pipeline overdesign
minimizes the chance of breakage.

Pipeline failure is not a unique event. For example,
there were 1,373 failures of natural gas pipelines in 1975;
a better record than the 1,477 failures in 1974 [13].
While natural gas leaks are more dangerous than coal slurry
leaks, and there are many more miles of natural gas
pipelines, coal lines are more difficult to restart. There
can be no guarantee against breakage. The use of 3/8"
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thick 38" diameter pipe for <coal slurry at 1000 psi
suggests at least the same probability of breakage as that
for a natural gas pipeline. The seven year old Black Mesa
pipeline burst in two places on February 8, 1977 [23,24].
According to the newspaper report, slurry escaped into the
desert east and west of Kingman, Arizona. The amount of
escaped slurry was not reported. However, the Burlington-
Northern has taken color photographs of the extent of the
residue.

Inherent in pipeline movement 1is friction and the
resulting abrasion of both the <coal particles and the
pipeline wall. While coal particles become smaller along
the line, increasing slurry viscosity somewhat, the lack of
specific data shows that this may not be significant.
Normally, abrasion 1is not a problem when slurry moves at
low velocities.

Coal fines of less than 40 micronmeter size (<48um), a
result of the grinding process during shipment, cannot be

avoided. Use of these fines is a matter of concern. At
the present time, no solutions exist. An attempt to
dewater them has had limited success [6]. To reduce the

moisture 1in the slurry cake from 20 percent to 1@ percent,
a minimum of 1 percent of the heat of the coal has to be

used. Recent attempts at using natural gas or oil to dry
the coal cake appear to be an uneconomic engineering
practice. Retention of 20 percent moisture in coal mined

with that amount already contained is less objectionable.
Returning the transport water to the mine area after
dewatering may solve both the problem of the fines and the
acquisition of scarce water 1in the mining area. The
increase in total cost, however, is considerable.

Pipelines that have a slowly moving throughput and a
water <carrier may be subject to freezing in northern areas
during periods of severe cold. Most of the pipeline will
be underground but some portions must be exposed. Heated
sections or heavy insulation provides a solution at an
added cost. If the slurry freezes, expansion would result
in a pressure increase of more than 308 psi. More
importantly, a frozen section can act as a plug. Even the
presence of a slush may reduce pipeline slurry velocity to

unacceptably 1low speeds. Freezing may also cause uneven
concentration of the coal in the pipe as the outer portions
freeze first. When this melts, also unevenly, a natural

settling of the coal particles in the slush will occur.
Estimation of the danger of pipeline freezing is similar to
that of, for example, the estimation of the probability of
low water conditions on a river or drought. 1In the latter
case we estimate (regionally or locally), from past
records, the probability of a ten day low water flow during
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a given period of years; anywhere from ten to one hundred
years depending on our needs. For a pipeline with a given
life expectancy we can similarly estimate the probability
of a ten day period of temperatures below any given
arbitrary point.

The receiving plant centrifuges the slurry at high
speeds. This separates most of the coal from the water
leaving about a 25 percent total moisture content in the
coal. This remaining moisture causes about a 2.5 percent
loss in heating value compared to dry coal. This 1is
adequate for power plant use. Further drying is possible
but may be unnecessary [4, pp.l10-11]. Here, power plant
design 1is the determining factor.

One of the problems associated with slurry pipeline
analyses 1is the 1lack of operating experience. With only
one, relatively small, system presently in operation, new
proposals for 1lines three to four times longer with
throughputs of four to five times the gquantity mean that
the analyses are subject to some speculation. Furthermore,
the Black Mesa pipeline is ideally located; other systems
modeled wupon it must be analyzed carefully. As the Black
Mesa coal slurry system has been used as a prime source of
current technical information, some review is in order.

The contract pumping rate at Black Mesa is between 560
and 660 tons/hour, or 4.9-5.78MMTY, respectively. However,
the general literature indicates that the 1line moves 4.8
million tons of <coal per vyear. The slurry is about 48
percent coal by weight. Coal is delivered by conveyor belt
to the preparation plant. Once it is crushed and mixed
with water, it is sent to one of four 630,000 gallon
storage tanks. The slurry is agitated to prevent settling.
Four electrically powered pumping stations located 65 miles
apart move the slurry at about 3.5 mph. Actual trip
duration for a ton of coal is about three days. The effect
of terrain on operating pressure is seen in the Black Mesa
pipeline. There, the pressure drop due to pipe flow
friction and hydrostatic head produces a maximum pressure
of 1560 psig. Pipe flow friction was deliberacely
introduced at the delivery end to deal with this problem.
By decreasing the pipe diameter, the flow velocity is
sufficiently reduced as it enters the separation facility
[5]. -

A report prepared by M.L. Dina, plant engineer, Mohave
Generating Station, [6] provides an indication of some
technical problems and solutions. The major areas of
concern are centrifuging and «coal slurry temperature.
Centrifuging problems include: 1) underflow; 2) excess coal
cake moisture; and 3) wear on centrifuge linings. The
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under flow, which contains an average of 86 percent water
and 28 percent solids (95 percent of which are <4@um size),
when introduced into the centrifuge results in a 6 percent
moisture increase. For every one percent increase in fines
of <4Pum a one percent increase in cake moisture was noted.
The 400,000 tons of underflow that Mohave has produced
entirely fill a waste water pond 35 acres 1in area to a
depth of 14 feet. Studies concerning the use of these
tines are continuing.

By rerouting the underflow, added moisture was
eliminated. However, the ©power station design specified
the use of coal with a lower moisture content than could be
obtained by centrifuging. The initial design called for 25
percent moisture in the coal instead of the 28 percent
received. The first solution tried was to air dry this
coal cake. However, the system temperature was too 1low.
Subsequently, gas burners were installed to heat the air
from 658°F to 750°F. This proved sufficient and did not
affect other processing operations. Given the cost and
scarcity of natural gas, experimentation 1is underway to
convert to fuel o0il. In the long-run, a coal fired heating
system is probably desirable given the plant input.

An inherent problem of centrifuging is wear. Slurry
abrasiveness required overhauling the centrifuge every 500
to 1008 hours. Experimentation resulted in the use of new
materials. Alumina ceramic centrifuge flites were found to
have a life span of 15,0080 hours. Hardened stainless steel
cone liners 1lasted approximately 16,000 hours. These
changes have significantly improved the Mohave operation.



Origin
Destination

Wyo-Ark

Colo-Tex
Alamosa~-
Houston

Wyo-Tex
powder River
Region-Houston

NM-Ariz
Star Lake -
St. Johns

Utah-Nev,.
Aerton -
Arrow Canyon

Wwyo-Oregon
Gillette-
Boardman

Wyo-Ida.

WV-NY
Fairmont -
Staten Island

Mont-Wash
Spokane
Seattle

Mont-Wash
Spokane
Seattle

Mont-Wash
Seattle

Mont-Wash
Seattle

TABIE 3.1:
Distance Capacity
(Miles) (MMTY)
1009 25
961 15
1260 25

(22-38)

1208 25
200 19
175 18
800 10
1100

355 2.6
333 4.55
574 4.55
333 9.1
574 9.1
574 9.1

574

18.2

Pipe

(inches)

38

36-48

20,24

12

24,18

36,24

24

36

Total Cost s/ton
($18°)
758 7
509 12.2
1200 12.5
500
700
75.5
209.6 14.97
413.7 14.36
244.4 13.56
503.4 13.51

mills/

ton-mile

1

1¢
6.9-9.5

1.9¢

Proposed and Hypothetical Coal Slurry Pipelines

Source

ETSI

Houston Natural Gas

Brown & Root
CAC

Nev. Power Co.
Ariz. Pub. Service Co.

Nev. Power Co.

Gulf Interstate-NW Pipeline

Gulf Interstate~NW Pipeline

ERDA Prepared by Consolidated
Edison Co. of New York

and the Lummus Co., a
subsidiary of Combustion
Engineering, Inc.

Bureau of Mines

Bureau of Mines

Bureau of Mines

Bureau of Mines



SLURRY PIPELINE COSTS

Slurry pipeline costs as summarized in reference [4]
appear 1in Table 3.2. Also, material and labor parameters
are found in Tables 3.3 and 3.4. The pipeline is
capital intensive and the capital costs are front-ended.

The pipeline costs developed here are understated.
The relative cost of U.S. pipeline construction rose from
an index of 235 in 1973 to 343 in 1975 (1947=100). Between
1974 and 1975, alone, it rose 64 points. Similarly,
pumping eguipment (stationary engines, reciprocating pumps
and speed increasers) rose from an index of 273 in 1973 to
370 in 1975. Of this, 66 points were accounted for in the
last vyear [14]. The 800 mile Aleyeska pipeline, on which
the Bechtel Corporation had construction management control
until 1975 [15,16] and responsibility for welding quality
control until early 1976 [17, 18], was originally costed in
1968 at S900 million. The price was $6 billion by October
1974, $6.375 billion by June 1975 and about $7 billion by
February 1976 [19]. By July 1976, reported costs were $7.7
billion or somewhat less than $16 billion if interest costs
are added [20]. It is possible that in projecting the ETSI
slurry pipeline the original cost estimate of $750 million
was an understatement. It is probable that our escalation
of this to $1.034 billion is also understated. A current
estimate of at least $1.1 billion is in order.

Documentation of the present slurry pipeline systems
are found in several sources [3,4,6]. The Black Mesa
pipeline consists of one mine supplying one destination
with S5MMTY by a 273 mile, 18 inch pipeline. The Wyoming-
Arkansas, 1640 mile, 38-inch pipeline, would supply 25MMTY
[7,p.20]. Major costs accrue to the preparation plants and
dewatering stations. Right of way costs for buried
pipelines are assumed to be similar to o0il and gas lines.
The present value of removing the pipeline after its useful
life has not been included. Annual fixed charges are
estimated on the same basis as those for unit trains,
however, high wutilization is relatively more important.
If coal throughput must be dropped at the supply or demand
end, below minimum design capacity, the only method to
decrease coal shipment is to introduce excess water into
the system [4,pp.68-69]. The alternative of large coal
inventories at the supply end is expensive, at the demand
end even more SoO.

Figure 3.1 shows route specific costs for some
hypothetical routes [4] in dollars/ton for slurry pipelines
assuming water costs of §1 per 1660 gallons and $2.50 per
1900 gallons and for both cases of no return and where the
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water is returned including piping and pumping eguipment
cost at both a low level of $246,000 per mile (denoted RL)
tor the 27" diameter return water pipe and $486,006/mile as
a conservative high wvalue (RH). The figure of $240,000
per mile was close to that suggested by Bechtel and is
believed to be the lowest possible cost including pipes,
pumps, and motors but no new excavation or other route
preparation. Depending on current prices of equipment,
this figure might buy only the pipe. The figqure of
$480,000/mile accounts for the necessary uphill pumping and
a pump designed to handle inky water after separation of
the coal from the slurry. When water is returned, the unit
cost in cents/ton-mile (Figure 3.1) does not decrease over
distance as much as 1in those cases when water is not
returned. Also included in Fiqure 3.1 are the multipliers
for converting the unit costs to costs per million Btu
(MMBtu). Two multipliers are provided for each source, the
‘dry' basis (D) and the 'as mined' basis (M).

The availability of water is a major concern. The
point has been sufficiently emphasized by the present
drought in the states where the proposed 1lines originate.
Although the water for the proposed slurry lines may be
brackish, it can be used for some irrigation or other
purposes when mixed with sweet water. Sources of water at
pumping stations enroute are unlikely to be all brackish.
Presently there are no plans to build a pipeline with a
return water system. Pipeline water requirements are found
in Table 3.3. To this should be added the ETSI estimate of
3.66MM ft~ for a dumping pond at each station. However, a
holding pond of ten times this capacity might be needed at
the delivery point. Flushing water amounting to 27.4MM
gallons will be needed (the ETSI specification of 18.7MM
gallons does not include the volume of coal to be filled by
wager.) Hence, the water3reservoir should also be 3.66MM
ft” instead of the 2.5MM ft~ estimated by ETSI.

Water costs vary over a wide range,. Some estimates
for the ETSI line are presented in Volume 1, Section 1.9.2.
Costs are subject to such factors as accessibility and
alternative wuse py farmers and industry. Existing or
potential drought conditions in the supply end make water
and water rights a critical element. One way to reduce the
heavy reliance on an adequate water supply 1is to provide
for a return system. For the ETSI system, equipment for
this would cost about $257,0088 ver mile for 27" piping
diameter (approximately 38~\/2 although the pipe could be
24" diameter if the ©pumping velocity were suitably
increased) and $514,000 per mile as a conservative value.
Return pumping would reguire more power in order to move
the waste water. The benefits of long distance shipping
economics are not felt as much in a water-return system.
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But it offers a solution to the problem of fines as
exemplified by the Black Mesa receiving facility ([6]. With
return water, fines <could be returned for use in land
reclamation projects at the mine site.

If water could burn, a slurry line would be ideal. On
the east and west coasts, o0il may be an available
substitute as a «carrier, particularly for south-north
shipments. The idea dates back to World wWar II and has
lately been somewhat revived [21}. The o0il source would
probably be imports, but the coal content would reduce
total oil consumption. with the entire slurry burned,
transport costs are low. Particle deposition in oil takes
weeks not days as it does in water. Total costs may not be
lower than burning coal alone if scrubbing is unnecessary.
If crude o0il is wused as the «carrier, the differential
profit that could have been made from the sale of the
refined products must be added to the transport costs.

w
|
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TABLE 3.2: Itemized Capital Costs of Black Mesa and
Wyoming-Arkansas Coal Slurry Pipelines
(1976 Prices)

Black Mesa Wyaming-Arkansas

273 miles 1,040 miles
Preparation 5 x 106 tons/yr 25 x 106 tons/yr
1. Transport fram mine =—====weecccccmccenw- 1.5 ~=—eeeeee .
2, Truck hopper 0.05 .25
3. Initial crushing and cleaning 1.0 .
4, Stocking conveyor 0.2 .
5. In-active storage =-=-===---m-ccccccma—- 1.0 ——--eeeee .

6. Raw storage

7. Active storage

8. Dozers and scrapers

9. Conwveyor transfer tower

10. Transfer tower ---—---—-——;cccccemecn———-
11. Conveyor to bunkers

12, Bunkers and feeders
13. Operating plant

14, Vibrator

15. Impactor -=--————-—rmmmec e — e
16. Rod mill

17. Vibrator
18. Slurry holding tank
19. Slurry test loop
20, Land -=mmmmmmmmm e c e -
21, Wells and water pumps
22, Water working storage

23. Water reservoir and pipe
24. Water piping and rust inhibitor injectors
25, First pumping station ------=—=-=c—-—=--

TOTAL: Preparation ---=------------ 17.88 —==we=wmm

e e o o
(S S
e o
oron

VMOOOHOOOOMOOHOOOOOHO
. L]
OFHWWNOONHHFUVMUNOFHKEHEWNOMNOOGO

(8]
wn

L)
oot
o

N
W NMOHHAMANOOWONNMNMHFUMOOHEFWOMWULMIELEUBIO W
*
S OUTNNUOINDNNDNNDONUNUTIOOYINNUTOOOOOONWM

o]

Pigeline

26(a) Mainline 45,6 26(b) 700
27. Collecting and branch lines 190
28(a) Coal in pipelines 0.23 28(b) 4.4

TOTAL: Pipeline —--==-=====ceee—=oc 45,83 —--moeme 894.4
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TABLE 3.2: Itemized Capital Costs of Black Mesa and
Wyoming-Arkansas Coal Slurry Pipelines
(1976 Prices)
(Continued)

Black Mesa Wyaning-Arkansas
273 miles 1,040 miles

Separation 5 x 106 tons/yr 25 x 106 tons/yr

29 (a) Permanent storage 4.8 29(b) 13.0

30. Holding tanks 2,1 10.5

31. Dewatering centrifuges 4.0 18

32, Pulverizers 0.9 4.5

33. Flocculating tanks 0.7 3.5

34, Piping 0.15 0.75
TOTAL: Separation ---~—-—cc-———e- 12,65 ~=-=—=—~- 50.25
TOTAL CAPITAL COST -==-cecceccce—n=- 76,36 =====—m== 1034.0

Notes to Table 3.2:

1. Five 125-ton trucks for transport fram the mine @ $30,000 each.

2. Truck hopper @ $50,000

3. Two 28 ft by 14 ft diameter rotary breakers, $1,000/ton/hr x 660 tan/hr
x 1.5 [4a]

4, Movable stacking conveyor, $800/ft x 250 ft [4b]

5. 200,000 tons coal @ $5/ton in-active storage

6. 35,000 tons coal @ $5/ton raw storage + feeder and site development @
$500,000 [4c,5]

7. 38,000 tons coal @ $5/ton active storage + rotary plow, structure above,
and site development @ $810,000 [4c,5]

8. Four bulldozers or scrapers @ $150,000

9. 400 ft by 30 in. conveyor, $250/ft equipment x 400 ft x 1.28 labor and
material/material x 1.6 [4d,6a]

10, Transfer tower with 300 ton bin; coal sampled and weighed @ $300,000

11. 300 ft x 30 in. conveyor, $250/ft equipment x 300 ft x 1.28 labor and
material /materials x 1.6 [44,6a]

12, Three 590 ton bunkers with feeders @ $50,000

13, Operating plant @ $1,000,000 0.58 ..2

14, Three 6 ft x 10 ft w:l.ndeck vibrators, 3 x $1, 100/ft x 607" ft© x 1.32
installation x 2.4 stainless steel x 1.5 [6a]

15. Three impactors, 290 tons/hr, 3 x $85/ton/hr x 290
installation x 1.5 [6a]

16, Three 18 ft x 13 ft I.D. rod mills, 1,500 hp, 150 tons of rods,
3(150 tons x 2,000 1b x $l/1b + $20, OOO/hctor x 8.5 1nstallat10n) [Ze 2

17. Three 3.5 ft x 4 ft wedge wire screen vibrator, 3 x $900/ft2 x 140.58 /£
x 1.32 installation x 2.4 stainless steel x 3 wedge wire x 1.5 [6a)

1.2 ns/hr x 1.57
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18.

19.

21,
22,

23.
24.

25,
26a.,
26b.
27.

28a.,
28b.
29%a.

33‘

TABLE 3.2: Itemized Capital Costs of Black Mesa and
wyoming-Arkansas Coal Slurry Pipelines
(1976 Prices)
(Continued)

Four 650,000 gallon tanks with 10 ft 125 hp agitator, 4($60,000/tank

x 1.75 inflation + $350/hp x 1250.5 hp x 1.62 installation x 1.5
inflation) + $100,000 slurry tower

206 ft test loop, 4,200 gom @ $50,000

100 acres @ $500/acre

Five 3,400 ft wells and pumps @ $250,000 [9]

150 ft diameter x 48 ft high, 6.3 x 108 gal water storage tank,

$200,000 x 1.75 [6b]

3 x 106 gal plastic lined tank and 14 in., two-mile pipe, $150,000

x 1.75 + $40,000 pipe [6b]

Piping and rust inhibitor injectors @ $100,000

Three 1,750 hp, 330 tons/hr coal equivalent slurry pumps, 1,000 psi
discharge, 3 x $1,330,000 + $1,000,000 accessories [6c]

$7,120,000 pumping x 5 x 106 tons/9 x 106 tons x 1.65 inflati

+ $37,590,000 mainline x 273 miles/344 miles x 5 x 106/9 x 10° tons

x 2.1 inflation ~ $5,000,000 first pumping station [10]

($13,000,000 + $3,400,000) x 5 pipeline valuation in Nicbrara and Goshen
Counties, Wyoming, x 1,040 miles/106 miles x 0.91 deflation - $25,000,000,
first pumwping station (9]

($20,800,000 + 3,600,000) x 5 collecting pipeline valuation in Campbell
and Converse Counties, Wyaming, x 2 destination supply lines as well as
ocollecting lines x 0.91 deflation (9]

46,000 tons coal in pipe @ $5/ton

875,000 tons coal in pipe @ $5/ton

Two 36 x 106 gal storage tanks in a ground plastic lined, 90 tons coal
each, 2($200,000 for 6 x 106 gal tank item 22 x 60.8 gize factor x 1.75
inflation + 90,000 tons coal x $10/ton) [6b,8)

1 x 106 tons coal hauled by train and stored dry @ $10/ton + $3,000,000
for facilities

Three 6 x 106 gal holding tanks, 15,500 tons of coal, 3($200,000/tank

x 1.75 inflation + $200,000 agitator and accessories + 15,500 tons x $10/ton)
[éb, 8]

Twenty centrifuges, 20 x $35,000/centrifuge x 3.1 process plant cost ratio
x 1.9 [8,11b]

Ten pulverizers, $520/1b x (660 tons/hr x 2,000 1b/ton)0.35 x 1.59
installation x 1.8 [6a]

Two 200 ft I.D. tanks @ $350,000 [6b]

Piping @ $150,000

Source: [4]
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TABLE 3.3:

of Enerqgy Facilities (1976 S)
(Quantities per Year)
COAL SLURRY PIPELINE

(includes slurry preparation and dewatering)

I. MATERIALS

A. Major ng Materials, Volume, Energy Content:
25 x 16 1j:ons fine coal/year;
405 x 10+¢ Etus/year

B.

Other Materials and Supplies

1.

Lumber and Wood Products (2@,21):x
Lumber

Paper and Paper Products (24-26)
Chemicals and Allied Materials (27-32):

Corrosion retardants
Other

Subtotal

Stone, Clay, and Glass Products (35,36):
Negligible

Nonferrous Metals (38): Aluminum,
copper products

Metal Products (39-42): Pipe,
valves, and fittings

Miscellaneous: Negligible
TCTAL

II. MACHINERY AND EQUIPMENT
Nonelectrical machinery (43-50,52): Negligible
Electrical Equipment (53-58): Negligible
Transportation Eguipment (59-61): Negligible

Instruments and Controls (62,63): Negligible

3-14

Major Items Required for Operation and Maintenance

Thousands
of Dollars

122
31

1,378
62

1,440

122

298

2,013



TABLE 3

.3: Major Items Required for Operation and Maintenance

of Energy Facilities (1976 S)
(Continued)

Miscellaneous (64):
Machinery (pumps, pulverizers, etc.);
controls, electrical instruments,

communication eauipment

TOTAL

IIT. UTILITIES

Power and Light (68):
(1.5¢/kwh) ‘

Coal preparation 420 x 106 kwh
(49,020 KW)
Piveline movement 847 x 1@6 KWh
(98,856 kW)

Fuel (68):

Water (68): 6.43 x 109 gal
(S$S1/1006 gal)

TOTAL

sBureau of Economic Analysis industry category numbers

are in

Source:

parentheses.

[4]

2,986

2,986

6,300

12,700

6.43 x 106

19,161



TABLE 3

.3: Major Items Required for Operation and Maintenance

of Energy Facilities (1976 §)
(Continued)

Miscellaneous (64):

Machinery (pumps, pulverizers, etc.);
controls, electrical instruments,

communication equipment 2,986
6. TOTAL 2,986
III. UTILITIES
1. Power and Light (68):
(1.5¢/kWh)
Coal preparation 426 x 16® kwh
(49,028 KW) 6,300
Pipeline movement 847 x 166 kwh
(98,856 kW) 12,760
2. Fuel (68): 161
3. TOTAL [ex Water] 19,161
*Bureau of Economic Analysis industry category numbers
are in parentheses.
Source: (4]
Note: Water coéts, a separable item, may be estimated

on the bagis of $1/1666 gallons, with
6.43 x 18° gallons reguired, or $6,4360.
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TABLE 3.4: Manpower Required tor Operation of Energy
Facilities

(Average Man-Years per Year)

Coal Slurry Pipeline
(includes slurry preparation and dewatering)

A. NONMANUAL B. MANUAL
1. Technical 1. Craftsmen
a. Engineers: a. Critical skills:
Chemical 1 Pipefitter/welder
Electrician
b. Designers and draftsmen ] Operator, station
enaineer, pumpman
c. Supervisors and managers 4 Mechanic helper
d. Other technical: Mechanic
Office employees 2
Subtotal
e. Total technical 7 b. Other
c. Total craftsmen

2. Nontechnical:

Foreman 52 2. Teamsters and laborers

3. Nonmanual, TOTAL 59 3. Manual, TOTAL

Source: [4]

joolieo]

16
16
72

120

¥
129

32

152



FIGURE 3.1: Unit Cost -

Slurry Pipelines
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PIPELINE FLEXIBILITY AND BRANCHING

A slurry pipeline does not have the same advantage of
monotonic cost reduction with increases in throughput that
railroads do in the range from 5MMTY to 70MMTY. The reason
is that in moving from, say, 25MMTY to 7@MMTY, increasing
pipe diameters on a single line from 38" to 64" 1is not
desirable because 7¢MMTY represents a generating capacity
of at least 14000 MW. Because electric generatina stations
must be designed to handle powdered coal, rather than
larger sizes, a pipeline failure would be too costly. The
result of a prolonged blockage or disruption would be a
regional blackout. Good planning would call for three 38"
pipelines or, perhaps, two 46" pipelines as a safequard
against total interruption of regional coal supply. An
alternative would be a very large standby inventory of
caked coal powder. This presents environmental and safety
hazards.

One alternative is to operate a 3.5 mph line at, say,
5 mph to gain throughput. The undesirability of operating
a pipeline designed for 3.5 mph at 5 mph is seen in the
doubling of pumping power and a pipeline pressure at 143

percent of design capacity. For example, each pumpiling
station on the Black Mesa pipeline is eguipped with 3 pumps
with one as a spare. If this practice 1is applied,

operating at 122 percent capacity 1is feasible provided the
line can take a 50 percent increase in operating pressure.
In this case the unit transportation cost would be reduced
by 18 percent. Similarly, operating at the minimum flow
velocity of 3 mph gives a transfer capacity of 86 percent
for the same slurry but at 75 percent of the power need.
In this case, unit costs are increased by 15 percent.

Another option is to design a pipeline for 5 mph thus
giving the flexibility of a reduced load at 3.5 mph or 3
mph. For purposes of comparison, a case was calculated
(Table 3.5), showing changes in costs for such a pipeline
operating at 3.5 mph. Note that while a pipeline designed
for 5 mph may have a unit cost only 5 percent higher than a
3.5 mph line, when the former is operated at 3.5 mph the
unit cost will be 40 percent higher, for a 40 percent
capacity range.

If coal slurry pipelines are to become an important
factor 1in coal transportation, they cannot remain in the
class of single user or special case pipelines. A 273 mile
line with a throughput of only 5MMTY (Black Mesa) may serve
a single power station, but economics precludes extending a
5MMTY 1line to 750 or 1008 miles. On the other hand, even
if the economics of a 25MMTY, 1006 mile pipeline, is
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attractive, single users of such throughput are
nonexistent. Were they to exist, the risk of shutdown of
the 1line on the consumer or of a shutdown of the consumer
on the 1line suggests major economic penalties. The
consumer may gdain some protection by holding large (and
costly) inventories. But this must be considered a part of
the transport cost. The pipeline seeks protection by long
term take or pay agreements. (These prior agreements also
aid in financing the 1line.) Currently, the largest
producing mine is Decker No. 1 in Montana which had a 1975
output of 9.2 MMTY. The next three largest mines produced
less than 7 MMTY. The grouping after that falls well pelow
5 MMTY per mine. As companies, only Peabody and
Consolidation Coal produced more than 25 MM1Y in 1975. In
1975, only six states wused more than 25 MMTY in the
production of electricity. Of these only two, Ohio and
Pennsylvania, consumed considerably more. Among coal fired
utilities, the largest in 1975 was the Monroe plant of
Detroit Edison at 6.9 MMTY. The Four Corners plant in New
Mexico and the Labidie plant in Missouri consumed 5.9 and
5.7 MMTY, respectively. As coal use grows, both mine and
plant sizes may be expected to grow. They are unlikely to
grow to 25 MMTY. Hence, some form of slurry pipeline
gathering and distribution system is indicated.

One solution 1is to branch the pipeline to serve
multiple users. Each user must have its own dewatering
and other ancillary facilities. If the coal slurry
pipeline 1is to be a common carrier in more than name only,
a branching system is required unless a very large service
depot handling finely powdered coal 1is envisioned.
Movement of the powder or dewatered cake from the depot to
the consumer would not be simple and may be environmentally
hazardous. Dewatering equipment, however, is a major cost
of a slurry pipeline. Such plants are probably beyond the
reach of all but large consumers. Long-term agreements are
not entirely necessary as the customer will have to
amortize the plant in any event. Customers of the
requisite size 1in a given location, even with brancning,
are apt to be few., Branching does allow for flexibility
due to market <conditions but because, unlike gas or oil
lines, the slurry 1is subject to settling, a branched
operation is not simple.

Branching increases pipeline Flexibility because
instead of slurry transport from a point of origin to a
point of delivery, distribution along the pipeline route
can take place. However, unlike gas or liquid pipelines,
the flow velocity of a coal slurry 1line cannot be
arbitrarily varied. The pipeline must operate at a
flowrate above that required to keep the slurry from
settling, and below that permitted by the maximum design
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pipeline pressure. For a 3.5 mph design, the operating
speed ot the slurry cannot tall below 3.0 mph, or run above
4.3 mph (for a 5§ percent design margin).

Given these considerations, the following is a general
analysis ot a branching point along a pipeline. The case
of a single branching line is illustrated in a series of
tables. Cases of multiple branching are shown in Figure
3.2. These include double branching in 3.2(a) and single
branching segments in 3.2(b) and 3.2(c). Table 3.6 shows
the capacity range for branching under normal conditions.
Here, it 1is  assumed that the design specifications for
slurry flow, W , are: 3.5 mph normal, 3.0 mph minimum, 4.3
mph maximum, and 5.0 mph maximum for a specially designed
line. For a given segment of pipeline under normal
conditions, the range of safe operation is -14 percent to
+23 percent of the design flowrate. This 1is written as W +
23%~-14% (-14 percent to +43 percent for 5 mph). The
flowrate W + 23% 1s the maximum permissible to avoid 1line
burst, while W-14% is the slowest rate possible that avoids
slurry settling and plugging.

The effect of varying the branching flow W., is shown
in Table 3.7. the minimum flow is theoretically, zero when
the line is completely shut off. This is possible only if
shutting otf the designed flow, W., does not cause the
tlow, W, to exceed its maximum. The résulting effects are
shown 1n Table 3.8. These general cases indicate that the
flexibility of the system depends heavily on the size of

the branching 1line. The smaller the branch line, the
easlier it is for the main line to compensate for variations
in flowrate. In order for a branching system to have the

capability of total shutdown, it must be able to first
clear the 1line by flushing through with water. This
reguired pumping and storage adds significantly to the cost
ot the system.

The originally proposed Houston Natural Gas pipeline
may sServe as an example for application to the general
formulas. Their oroposed branching scheme is shown in
Table 3.9. It snould be noted that their latest proposal
is to use barges for distribution rather than branching

laterals. They have already merged with a major barge
line. Using mainline D, Tables 3.16 and 3.11 were
developed. For example, we can show the flexibility of

each line when the tlowrate of the branching line is at its
maximum and minimum design capacity. For normal operation,
in millions of tons per vyear, and the range of flow
variation:



=
It

6 (+ .14/-1.71) = 6 (+ 2%/-29%)

=
]

o 13.5 (+ 1.71/-1.07) = 13.5 (+ 13%/-8%)

=
It

E 7.5 (+ 1.71/-1.87) = 7.5 (+ 23%/-14%)

Note that 6 (+ .14/-1.71) means an increase of ©.14MMTY
above the 6MMTY design or a decrease of 1.71MMTY. The
second equality gives the same variation but in
percentadges. For a specially designed line capable of 5
mph speeds, the equilivant throughputs are:

=
]

F 6 (+ 1.14/-1.71) = 6 (+ 19%/-29%)

=
It

U 13.5 (+ 3.20/-1.71) = 13.5 (+ 24%/-29%)

=
1]

7.5 (+ 3.20/-1.07) = 7.5 (+ 43%/-14%)

The 20 percent increase 1in branch flowrate still
leaves room for flexibility. With respect to the maximum
and minimum branch flowrates, the maximum of 6.14MMTY can
be handled by simply increasing the flow in the source
pipe. The amount of slurry delivered to other points by
the main pipeline remains unchanged. However, operation at
minimum branch flowrate is impossible without decreasing
the flow to other points downstream:

Design Case

Wp = 5.0
W]: = 12.5
We = 7.5

Minimum Case

=
[

F 4.29; Wp decreased by 14%

Z,
"

" 16.7; WD decreased by 14%

=
]

E 6.4; Wp decreased by 15%



ngimum Case

=
]

6.14; WF increased by 43%

=
It

D 12.64; WD increased by 1%

=
]

6.5; WE remains constant

Because stopping the branching flowrate causes the
downstream section to exceed its allowable maximum, the
branch cannot be shut off. Halting this line would reguire
the main line to overate below the minimum flowrate of 3.0
mph, which is also not allowable.

Obviously, any changes in the main line will be felt

at other branching points. Similar analyses using the
technique employed above will determine conditions at other
points. With many branching points, the number of

variables increases at a very rapid rate. Nevertheless, if
coal slurry pipelines are to be truely common carriers
rather than private carriers under a public 1label, this
form of analysis must be repeated for each line and ftor a
number of potential customers. It would appear from the
above, however, that the ability to branch a coal slurry
pipeline to serve several major customers 1is severely
limited.

Akin to branching is tapping a slurry line. This 1is
different because there 1is no change in the original
diameter of the main pipeline. Branching would be designed
into a pipeline system. Tapping occurs when a consumer,
not one of the original customers, wishes to establish a
branch 1line to take advantage of the existing main line.
This is shown in Table 3.12. If tapped, the upsteam line's
flowrate must increase to compensate for this loss of
slurry at the tap. Table 3.13 shows the resulting flowrate
variations. As an example, it 1is helpful to use a
situation similar to that of our branchirg example (Table
3.6). The normal main line flow conditions of 10MMTY are
close to those of the branching case. Table 3.14(a) shows
the maximum tap situation for a 1@MMTY line while Table
3.14(b) shows this for a 25MMTY line. A major drawback to
tapping 1is the effect on the main line. A tap can draw 25
percent of the main line while still allowing the design
throughput downstream. However, the upstream line will be
operating at its maximum capacity. This rules out further
tapping unless one 1is willing to sacrifice downstream
throughput by adding water to maintain the flowrate.
Compared to the branching case, tapping lacks flexibility.
One may design for branching but one must adapt for
tapping; branching is preferred. This sugaests that
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additional customers, at a later date, may not be served.
An analysis of branching and tapping as & gathering system
from dispersed mines into a coal slurry trunk line may be
found in reference [22].



TABLE 3.5: Changes in Costs per 10@#@-Mile Pipeline
Designed for 5 MPH Flow at 5 MPH and

3.5 MPH as Compared to One Designed
for 3.5 MPH

(in million dollars)

Design
Operating Flow
Operating Capacity, MMIY

Capital Costs:
Gathering
Preparation
Piping & Pumping
Separatim

Total

Annual Costs:
Fixed Charges
Rate Base

Federal Tax

State Tax
Depreciation
Total
Operating Costs
Labor
Material

Power
Water ($1/1000 gal)

Total Annual Cost

Unit Cost:

$/ton
¢/ton-mile
¢/MBtu
¢/MMBtu/mile

Source: [4]

5 mph Line 3.5 mph Line
5 mph 3.5 mph 3.5 mph
36 25 25
22.3 22.3 15.5
117.9 117.9 81.9
1300 1300 860
72.4 72.4 50.3
1512.6 1512.6 1007.7
93.8 93.8 62.5
26.3 26.3 17.5
30.3 30.3 20.1
50.4 50.4 33.6
200.8 200.8 133.7
6.9 6.9 6.9
6.25 5 5
34.1 19 19
9.3 6.4 6.4
258.6 239.3 171.0
7.18 9.57 6.85
.72 .96 .69
36 48 33.9
.036 .048 .034
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TABLE 3.6:

Pipeline Branching Under Normal Conditions

>
O
>
v
@Q\%
¢
A —»
B —»
MAIN LINE
FLOWRATE
Z'EPCETL"S'S NORMAL MINIMUM MAXIMUM SPECIAL DESIGN
(3.5 mph) (3.0 mph) (4.3 mph) (5.0 mph)
A Wy 857w, 1.23w, 143w,
B wg 857wy L23wé 1.43wg
C we .857ws 1.23w, 1.43w,

W' = design flowrate
In all cases: W + 23%/-14%
For special pipeline design:

W + 433%/-14%
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TABLE 3.7: General Effect of Varying Branch Flowrate, W

C

<

R
Q?\X"
N //

B —»
MAIN LINE
5 I FLOWRATE
SIEPCETLI 3‘5 NORMAL MINIMUM MAXIMUM SPECIAL DESIGN
(3.5 mph) (3.0 mph) (4.3 mph) (5.0 mph)
i 7 ] 1 []
A max{e5 wa min{l.zzswAl min{1'43wA,
. .857wB +we 1.23WB +we 1.43wg +we
857 we 23w, o
B max 8 w.B min l2\3W.B min 1'43‘"!3
.857wA -we 1.23wA -wc 1.43wA —wc
| El1.23wy -.857wy|E\1.23w, -.857wy
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TABLE 3.8: General Case of Branch Line Shutdown
>
@)
%‘“Q\%(" "°
Vv /
€]
A —»
—_—
MAIN LINE
FLOWRATE
F;'EPCETI-"gE NORMAL MINIMUM MAXIMUM SPECIAL DESIGN
(3.5 mph) (3.0 mph) (4.3 mph) (5.0 mph)
A .85?wA 1.23wB 1'43WB
B 857wy 123wg 1.43 wg
C 0] S _— —_—
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TABLE 3.9:

Segment

A
B*
C
D*
E*
F

koute

Farmington to Walsenburg
Walsenburg to Amarillo
Amarillo to Plant X
Amarillo to Temple
Temple to Angleton
Temple

*Mainline Segments

Houston Natural Gas Branching Pipeline

Annual Throughput Capacity (tons)

5,000,000
15,006,000
1,250,960
12,500,000
7,500,000
5,000,000
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TABLE 3.10: Houston Natural Gas Pipeline,
Proposed Normal Operation

TEMPLV//

<
AMARILLO D —» |
E —s ANGLETON
FLOWRATE (MMTY)
Pslch-:-'loNﬁ' NORMAL MINIMUM MAXIMUM SPECIAL DESIGN
(3.5 mph) (3.0 mph) (4.3 mph) (5.0 mph)
D 12.5 10.7 : 15.4 17.9
E 7.5 6.43 9.21 10.7
F 50 4.29 6.14 7.14
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TABLE 3.11:

Houston Natural Gas Pipeline Variable
Branching Flowrate, W

pid

TEMPI.V//

<
AMARILLO D —»
E —» ANGLETON
FLOWRATE (MMTY)
PIPELINE
NORMAL MINIMUM MAXIMUM SPECIAL DESIGN
SECTION (3.5 mph) (3.0 mph) (4.3 mph) (5.0 mph)
10.7 [15.4 (17.9
D M) 6.43+w  |™M\ 9214w MM 107 +wg
6.43 (9.2 (107
E max) 10.7 -w. MM 15.4 - wo  |MiN] 17.9 - w
F Ye 4.29 6.14 7.14




TABLE 3.12: Example of Pipeline Tapping, Normal Operation

_ Q®Z
«VQ\F\ /
<
D —_— E ——
MAIN LINE

TE-€

FLOWRATE (MMTY)

PIPELINE

SECTION NORMAL MINIMUM MAXIMUM SPECIAL DESIGN
(3.5 mph) (3.0 mph) (4.3 mph) (5.0 mph)
D 10.0 8.57 12.3 14.3
E 10.0 ‘ 857 12.3 14 3
F 0 .857wF L23wF L43wF
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TABLE 3.13: Example of Pipeline 7Tapping, Varying Tap
Flowrate
. Q\\f,
«‘3\}‘\ /
<
D—» E —»
MAIN LINE
FLOWRATE (MMTY)
§|EPCETL||311\E| NORMAL MINIMUM MAXIMUM SPECIAL DESIGN
(3.5 mph) (3.0 mph) (4.3 mph) (5.0 mph)
D 857 wg +w 1.23wg 1.43wg
E .857w£—__- 1.23wé- We 1.43wé-— wg
F we 857w 1.23wg 143w,
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TABLE 3.14:

Examples of Pipeline Tapping

(a)

FLOWRATE (MMTY)
gECETLIg\ﬁ NORMAL MINIMUM MAXIMUM SPECIAL DESIGN
(3.5 mph) (3.0 mph) (4.3 mph) (5.0 mph)
D 12.3 10.9 12.3 143
E 10.0 8.57 10.0 12.0
F 2.3 1.97 2.83 3.29
(b)
FLOWRATE (MMTY)
PiPELINE NORMAL MINIMUM MAXIMUM SPECIAL DESIGN
SECTION (3.5 mph) (3.0 mph) (4.3 mph) (5.0 mph)
D 30.71 27.14 30.71 35.71
E 25.00 21.43 25.00 30.00
F 5.71 4.90 7.02 8.16




FIGUKE 3.2:

Eranching Examples
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COSTS LYD RESQURCWS FOR SLUERY PIPELINE

AILILIAN DOLLAPS =~ 25 MHTY - 3,5 MPH '

PQUTE - GEEERALIZED PIPELINE - 195,0 MILES

CCST OF WATZR 1.07 DOLLARS/T000 GAL

- - -

TOTaL C3SI(57 YRS)= 4012,69 (MILLION DOLLARS)

CALCULAT.LON FCR PETURY WATER

Enh ARALIUN
IPLu
SEPARAI.US PLANT

TOTAL <CaAPIIAL COST

lofAL 20SD(30 YRS} = UEND1, 44 (MILLTON DOLLARS)




CCST3 AYD RFSOURCES FOR SLURRY PIPEILINE

MTLLI?N DOLLARS = 25 MMTY - 3.5 MPH

POUTT - GFENZPALIZED PTIPLELINE - 195.0 MILES
CCST G WATFR 2,48 DOQLLARS/1079 GAL

SAPTWAL €O STS i PHEUAL _COSIS } UXIT COSTS
| ANEUAL FTZED CPARGE ON DERT | OPERATING COSTS |
PORIANATION 1704, 2 |rYTRAGT AT T BLST 179,5 | QPERATING I3BAOR 3,1 $/7TCH 3.58
PiP1l. s 201,2 (PATL BASC ZZe ADAINISZRATION 1.5 JTCH=HITE 1. 84
Su2AKATION PLANT 53.8 [FEDFRAL THY 02 MATERTAL £.3 /MMBRTU 17.40
. STATE TA Te 2 PCAT R~ 14, ¢ /MMBTU-MILE 0,089
DPRECIATION 1.0 WATER 17.2
TUIAL CAP2ITAL COST 359,3 |TNTAL DVPT RFTIFENENT 47,7 JTOTAL OPERATING COST 41.9 }
1 TOTAL ANNUZL $OST 83. 6 |

TOTAL CUS2 (37 IRS)= 539C,56 (MILLION DOLLARS)



CI37 S \ND RESOUACES TOT SLURRY PIPELIWNE

MILLICH DAOLLARS - 25 BMIY - 3.5 HPO

"AURT - GUNIPALIZED PIDFIING - 3%0,0 MILES

CIST OF WaTFR 1,07 DCLLARS/1000 GAL

CAPIIAL CISTS | MINUOAL C2STS | UNIT COSTS

................................................................................. - T —— - - - - - . e g -

gRngnAI;UN
44 .
SEPRiarzoq prant 21359
.
I
TOTAL CARIIAL COST S£0,5 |TNTAT DFRT RITIREMCNT
| TOTAL _ANNULL COST 110.7 1 !
TUTEL Co5T (30 YRS)s SCES,G1 (NILLTIY DOLLAES)
CALCULAILJN POR RETURN WATFR
T TCAPITAL COSTS | ENNUAL COSTS | UNIT_COSTS
[ ANGNFL FLLED CEARGE O DEET | OPIRATING TOSTS T
PREPARATION 104,2 {MVLEPAGF IATE BASE 593,90 JOPERATING LABOR 2.6 |$/T0N 5.68
pIpIgg. - £27.5 IFtTf £AsT 3R, 7 'ADNIW;STRATION 128 |(/7oN-mILe 1,46
ScPARALIION PLANT BT B [FFDLIAL CAY T3.6 [MATIRIAL TR AL 27,58
ISTATE ~A% 15.7 |PCRER- 27,8 |L7ukBrU-sILE 0,071 |
IDEPRECINTINN 26,2  |WATER . 7040 1
ToTi. CAPITAL COST “7B5.5_[TOTAL DTTT_FFTIFEAERT _10G.3 TTOTIL CPERATING COST _37.7 1 i
I TOTRL ANNUAL COST 142, 0 I |

Ivsau 50(3) YRS)— 6633.07 (MILLION DOLLARS)



COSTS AND RESQURCIS FOR SLURRY PTPFLINE

MILLIOW DJLLARS = 25 MMTY - 3.5 MPH

POUTE - GENTFALIZED PIPILINE - 390,C MILES

COST OF WATLEK Z.63 DOLLRRS/T00T7 GAL

':':::"m:E:ZZEEZE:‘"::::::::::::::::::::::::I:::::::::::::::.
; 2Ry = R
R g 1 18.6 /r:ma"u MILE 0. 060
5T 1 L S -
TOTAL CAPLTAL CO3T  560.5 |TOTAL D ‘vr-EEE:F?F:75:—?LZTLT'-:::::::::::_::EE;Z_L__ ________________________ _
o T TUML R TOST___TIn T T .

TUDAL CO5T (397 YRS)= 6FLU3,48 (MILLION DOLLLRS)



COST5 AUD RESOURCFS TOR SLURRY PIPELINE

MILLICH DOLLARS - 25 MMTY - 3.5 MPH

SOUTE = GEMERMALIZED PIPELING - 585,0 MILES
COST OF WATER 1.07 DCLLARS/100) GAL

TOI2L CO37 (30 YRSy = 2916, S2 (MILLTION LOLLARS)

CALCULATION FOR RETURN WATER

— f ———

TOTAL COST (30 YRS)= 8784,5% (HILLION DOLLARS)



TNSTS AY¥D PESQURCES FOR SLUREY PIPELINE

MILLIOJN DOLLAPS - 25 MHMTY = 3.5 MPH

ROUTE - GENTPALIZED PIPELINZ - 585,0 MILES

CCST OF WATZE 2.08 DCLLARS/T000 GAL

| AYNUAL C4OSTS |

FREPARALIIN 104,22 |AVERAGY FATE BASE A0,3 [OPZRATITLG LABOR g, 0 $/70¥ 65.70
PIPIN3 6C23,7 IRATE RAST 7. ADMINZSTRATION 2.0 /TOL=-MILE 1.04
SEPAXATICON PLANWNT F3,8 |FFDYREL TRY 12.2 MATERIRL 53 /YMBTY 29,63
|S2ATF TAY 15, 2 POWE3~ 22,9 /MEBTU-MILE N.051
IDSPE'CIA“’“" 25.8 WATER 7.2
TOGIAL CariTal CCST 761,28 JTCTAL DTORT RETIKEMENT 101.1 I“OTAL CPERAZING COST 51.5 |
] TCTAL ANNUAL CCST 152.6 ]

TOTAL COSI(3? YPS)‘

7896, 40 (M LLTION DOLLARS)




COSTS MND RESOURCES FOR SLUERY PIPELINE

UILLICN DCLLARS - 25 MMTY - 3.5 MPH

POUTT - GFNERRLIZED PIPELINE - 780,00 NMIILES
CoST OF WATFR 1.07 DCLLARS/1000 GAL

CAPITAL TnETS | \HNUAL CO57TS | U"I” COSTS
| AL FIL{%D CPAEGE ON DLBT | UPERATIRG LObTb T
PuaPAxaTIO 104,2 (AVERAGE PATE BASE ug1,5 {OPERATING LABOR 4,5 |$/T0N 6.95
PIPING 8NS,N {FATF EASE £3,7 JADMINISTRATION 2.2 {[/TOX=-MILE C.89
SLPARATION PLANT 3.8 [FrDOTRAL VA7 1he 7 [MATEXTAL e 3 |T/7UFRETU 33,73
]STAT® 7 19,3 | POWFR- 27.9 lt/MMBTU-HILE 0.043
|DFPPEFCT 3z.1 |WAT® 6.9 |
g

TOTAL CO5I(39 YrS)= €171,00 (KILLION DCOLLARS)

CALCULATTNLG FOR RETURN WATFER

1 UNIT COSTS

OPERATIKG COS“S

PRLPAAALTON 104,.2 AYERAGY 2ATE BASE 706,9 DPERATING LABOR 4.5 $/TON 9.73.
PIPIiG 1255,7 RMTE EAST | 38T« 1 EDMT Y ISTRATION 2.2 /T0F-NTLE Te 2D
SEPARATION PLANT 53.8 FRUERAL TAY 24.5 MATERIAL 5.3 /MMBRTI 47,22
STRTE TR 23,3 |PaNER- 43.5 ZMMBTU-MILE 0,061
DET A EP*A”'W" 47,1 WATER 0,0
Iu;ﬂu bﬁPLlAL r'OST 1“‘3 8 |19TAL DFBT RETIRFMENT 187.¢€ | TOTAL OPFRATING COST 55.6
| TCTAL ANWUAL 20sT 243,2 |

TOTAL COSI (39 YRS)= 1Q876 1% (MILLION DCLLARS)



CJSTS ATD RY¥SCU2CLES TOR SLUFFY PIPZLINE

FITLISY DOLLARS - 25 WMNTY - 3.5 FPH

ROUTE - GENERALIZED PIPELINZ - 780,C MILES
CN3T OF WATER 2.58 DOLLARS/1000 GAL

PxEPhoaloJdli -0 :Avdzkgu ;. 1552 It .

PIPING e RTTE Ra T

SERaKaTlod PLANT B3ef |FrReapT Taw £:5 (bzaik 35,

. [STET™ 0% 270 T/ MBTU=NITE OOt
{DIPRTCIATION ] 17.2 |

TGTaw CAPITAL COST ©53,1 |TOTAL DURT TUTIPFRENT 127.8  |TOTAL OPERATING COST  56.3 | -
| mOTAL PRUNUAL ZOST 134, 1 |

TOTAL JOST (39 YES)= 914C, 32 (MTL1TON DOLLARS)




CCZ7TS AND RESOURCTS FOR SLURRY PIPELINZ

MTLLTOR DJOLLARS = 25 MMTY =- 3.5 MPH

ROUT'® - GENERALIZED PIPELIN® - 975.,0 MILES
COST QF WATER 1,07 DCLLARS/1000 GAL

CARITAL COA I ANEUAL COSTS | USIT COSTS_
| ANNURL =D CEARGE 2% DEBT | OPERATIKG COSTS |
PREPARATION 10L.2 |AVEZAGT FATT BASE 552,1 |OTERATING LABOR 4,9 1$/70 8.21
PIDIh g T h. s | EATE BiST S I BT STRATION vy TTON=UILE L
SEPARATION PLANT 5308 |FFDIRAL TAY 2525 IMATERIAL 5.3 7MNMB 39, 84
STATE TAY 23.3  |powWeg- 31,3 /MMBTU-MILE D,041
DPPBTCEATION 33,8 [WATER €9
TITAL CAPITAL COS™ 11A4,2 |TOTAL DENT RETTPEMENT 54,5 |IOTAL OPERATING COST 50,7 |
) TOTAL ANNUAL COST 205,2 )
TOTAL CUST (37 YRS) = 942L,36 (MILLTOE DOLLARS)
CALCULA:Z0N FOR RETURY WATER
CTRPLIAL CA35°S ITEUEL COSTS T UNIT TUSTS
ATING COSTS ol -
PREPARALION 4O TY/T0R .75
PLPIaG 2.4 /TON=MILE 1. 21
SLPARATiON PLANT 5.3 7HEBTU 57,03
51.8 /MMBTU=-MILE 0,058
"' ()
TOTaL CAPLT: 64,5 |
] THTRL ATNURL “OS“ Jii.l 1

TOTAL CJS2(32 YRS)= 12967.72 (MILLION DCLLARS)




COSTS AND RISOURCTS FOR SLURRY PIPELINE

MTLLICN DOLLAES - 25 MMTY - 3.5 MPH

POUTT - GENTSPALIZED PZIPELINE - 975,0 HILES
CdS™ OF WATER 2.68 DAOLLARS/1000 GAL

------ ,EE-rEZ-ESSMQ | ANEKUAL CO);S | UNIT COSTS
| AYNUAL [FIYED vthG‘ ON DEBT | (23 PIHG COSIS ]
PkEP\HAlL)h 124,72 (AVHEEAGT TATF BASE 522, 1 lOPBRRTING LABOR 4,9 |3/1I0N 8,62
_Pi2: INIA, 2 | PATT BASH 7262 EDMINTSTRATION 2.8 I /TON-MTLE 0,88
SnPAnA;;Ou PLENT 53.8 |FEDERAL TRYX Z7. o | MATERTEL 53 IE/HNELJ 01,85
JSTATE TRY 23,32 ‘POWER- 31.1 I /MMBTU-MTLCS C.043
| DEPPECIATTION 38.8 WATER 17.2
TO;X. caPllal COST T1ru,2 JTCTAL DERT DETTFVMVNT T5E, I; TAL OPERED PC CO5T BT. T T
| TC”AL ANNURL COST 215.5 |

TGTAL CosT (30 YRS3)= 104952,28 (MILLTOL DOLLARS)



CR53328 aND RISOUECHES FOR SLUREY PIPESLINE
WILLION DOLLARS - 25 MMNTY - 3.5 MPH
ROUTE -~ GFENERALIZFD PIPELINE - 1170.0 MILES

ZCST OF WATER 1,07 DCLLIRS/T0U7T GAL
TATTAL COS5TS | Uu::-:;;..
Ok B 1
[X:] 5.3 $7T07 9 a7
84 2.7 /TON-MILE 0.81
23 5.3 /MUBTU 45,96
27 35.3 |[/MKRTU-MILE 0.039
[135) 5.9 1T 7 T T
RETIPEMNENT 181,72 55.5 |
I TOTAL RLNUEL TJST T
TOTAL OSI(37 YFS) = 10£77,29 (MILLION DQLLARS)
CALCULAIIOL FOR RETURN WATER
yAP¢;AI CH5ZI3 [ ENNTAL CO3TS T UhIm CUSTS
j ANNUAL FITZED CHARGE OW DFET | | OPERATING COSTS |
PREPARATILION 1A¢,2 |LVT"RAGE RATE BASE 1020.,8 [CPFRATING LTABOR 53 $/TON T3¢77
PIPING 1883,6 IPATE EASE 126.6 , |ADMINISTRATION 2.7 /TCN=MILE 1.18
SEPARATION PLANT 53.8 H?DP’?AL TAY 35,4 MATZRIAL 5¢3 /MMBTU 66485
S g 4C, 5 POWER=- 60,0 ZEMBTU-MILE 0.657
D“PP CcT \ Y 68,7 WATLTR T
TITAL CAPLial CO3T 2041 6 ITATAL D¥BT RETIREMENT 277.9 | TOTAL OPFRATING COST 73.u4 |
| "T.L A‘Y 1} 3 SeD iy 3T, 3 |
D . . P s W T W D AR P P M P P AP AR WD MR D R WS e TR D W WD AN W WP b WP s v S WP P WR AR R YR 4R SR MR M W W W W T W WD 4D W W W en e - - - - e - - - - - w w a —--- - an an e e S  wn --
TOTAL CUSI (37 ¥YRS)= 150“ «29 (MILLION DOLLAFS)




CJISTS AMND RESQUECR®S FOR SLURRY PIPELINE

MILLION DOLLAES = 25 MMTY - 3.5 MPH

RCUTEL = GEWERALIZED PIPELINE - T1770.0 MILLES
COST OF WATER 2.68 DCLLARS/17097 GAL

SAPITAL COCSTS | AINMUAL CP TS | nNIT COSsTS
I ANKRTAL ¥IT7FD THARGYT O DYBT 1 OJPZRATING TUOSTS |
PRcPaxAILON 82,7 'OPEFATINu LABCOR .3 '$/TOH 9,88
Poplliy iy 7 ADMTNISTRATICGN 2.7 r/T0LE=-NILE 0,84
SEPanALiGL PLANT 3.7 |WATERIEL 5.2 |[/FTETIU 57,97
7.2 POWER- 35,3 }/ MMETUO-MILE 0.041
5.5 WAT DR 17.2
101AL CA4PITAL "Ob”‘ T.Z2 |TOZAL OPERETISG COST 65,8 |
FL COST 247,0 |

TCTAL CU3X (30 YFSY= TTFRE, 16 (MTLLTOW DOLLTES)



