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Energy Consumption in the Pipeline Industry

by
William F. Banks

ABSTRACT

Estimates are developed of the energy consump-
tion and energy intensity (EI) of five categories of U. S.
pipeline industries: natural gas, crude oil, petroleum
products, coal slurry, and water. For comparability with
other transportation modes, it is desirable to calculate
EI in Btu/Ton-Mile, and this is done, although the necessary
unit conversions introduce additional uncertainties. Since
water and sewer lines operate by lift and gravity, a com-
parable EI is not definable.

This report was prepared as an account of work
sponsored by the United States Government. Neither the
United States nor the United States Department of
Energy, nor any of their employees, nor any of their

by or their employees, makes
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1.0 OBJECTIVES

1.1 Purpose of the Project

The work reported here is a part of a project
which is being .conducted by the team of Systems, Science
and Software (S®) of San Diego, and Pipe Line Technologists,
Inc. (Pipetech) of Houston, under ERDA Contract E(04-03)-
1171, "Energy Study of Pipeline Transportation Systems."
The basic purpose of the project is to assess the suscepti-
bility of the o0il, gas, and other pipeline industries to
energy-conservative technological innovations, and to
identify the necessary research, development, and demonstra=-
tions (R, D, & D) to exploit those opportunities.

The project final report is being published as
S® report SSS-R-77-3020, "An Energy Study of Pipeline Trans-
portation Systems." That final report will be a summary,
combining the results from the seven task reports listed
in Table 1.1-1. As will be noted from the table, this pre-~
sent report is one of those task. reports.

1.2 Purpose of this Report

Accomplishment of the broad objectives defined
above can best be realized if the energy consumption of the
pipeline industry is understood. Stated equivalently, it
is desired to understand the magnitude of the energy being
expended, its pattern, what measures could reduce it, and
what R, D, and D program will best enable and/or enhance
such reduction. The purpose of this report is to address
the first two of these questions,”i.e., how much energy is
being expended by the industry and what general pattern it
follows.
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3022
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TABLE 1.1-1

Project Reports

. Associated.

Title

An Energy Study of Pipeline Transpor-
tation Systems - Executive Summary

An Economic Model of Pipeline Transpor-
tation Systems

Energy Consumption in the Pipeline
Industry

Slurry Pipelines - Economic and Polltlcal

-Issues - A Review

Federal Regulation of the Pipeline Industry

Efficiency Improvements in Pipeline Trans-
portation Systems

Prospects for Energy Conservation in the
Pipeline Industry

s3 Financial Projection Model - Preliminary
User's Manual and System Overview

Tasks
All

1
(partial)
1

2.1

2.2

3
4,5

1 -
(partial)
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A second purpose is to estimate the unit energy
Aconéumption, i.e., the energy consumed per unit of transport
accomplished. This index of merit is often called energy
intensiveness (EI), but for succinctness it is herein re-
ferred to as energy intensity. It is calculated from any

of the formulae

where

A energy intensity

H
=
i

>

energy consumed

quantity of commodity transported

=g

distance transported

>

power

H M®M U 0O ™o
>

[

commodity flow.

The second and third formulae yield an instan-
taneous value for IE' while the first yields an average over
whatever time period E and Q have been integrated. In this
study, only annual averages are considered, so the line is
éonsidered to be in quasi-steady state operation. It is,
of course, recognized that system transients do in fact ad-
versely affect energy consumpation, as is discussed in Report
3025 of this series, Section 4.3.6.1.2, in connection with
pipeline duty cycles.
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The task of developing an accurate and precise
estimate of energy intensity reduces in practice to an effort
to determine the three quantities E, Q, and D, or equivalently,
the numerator E and the denominator (Q x D). As will be seen
in what follows, in the case of gas pipelines the numerator
E is known rather accurately but the denominator (Q x D) can
only be determined accurately by research into the records
of each individual pipeline company. The opposite situation
obtains with the oil pipelines, where the denominator (Q x D)
is reported by each company and published by the ICC, but the
numerator E can only be determined accurately by research into
the records of each individual pipeline company.

For purposes of drawing comparisons with other
transportation modes, it is highly desirable to convert the
I, to a common set of units, which in the ancient English

E
system is

Btu
Ton-Mile,

. This conversion introduces an inaccuracy, since
the standard units of measure for quantity are different in
the different types of pipelines. The standard unit in the
natural gas industry is the standard cubic foot (Scf). 1In
the petroleum industry it is the Barrel (Bbl or B), which
is 42 gallons. 1In the water industry it is the gallon.

And in the slurry industry it is the ton of coal. These and
other inaccuracies, and their reduction in the course of
future research into the subject, are discussed in the text
as they are encountered. '
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2.0 SUMMARY

Table 2.0-1 presents a summary of the energy

estimates for the six types of pipelines which were examined.

2.1 Gas Pipeline Energy Summary

The total annual energy consumption of the gas
pipeline industry, as pipeline fuel, is approximately 0.7
Quad (7x10!* Btu/hr). The 25-year trend may be seen by
reference to Table 3.3-1. The peak consumption, which oc-
curred in 1972, was 766,156 x 10° cf, or approximately 0.8
Quad. Additionally, a small amount of compression energy,
estimated to be less than five percent, is taken from non-
gas sources, principally as purchased electricity.

It is estimated that between 85 and 90% of the
pipeline fuel is consumed in the transmission function. The
production function consumes 4 or 5%, and the collection
function consumes between 6 and 8%, while the storage func-
tion appears to consume a negligible amount. No reliable
data have been found to indicate consumption by the distri-
bution function, but it is believed to be of the same order
of magnitﬁde as the collection function, i.e., less than 8%.
The approximate breakdown for 1974 can be seen by reference
to Table 3.3-3 in Section 3.3, p. 3-29.

The energy intensity (EI) of gas pipélines_varies
widely, usually between about 1000 and 4000 Btu/Ton-Mile. The

average appears to lie near 2000.

The pipeline companies db not calculate their
energy intensity since it is not a useful paramater to them
in their business, although energy consumption and conser-
vation are matters of primary concern to all levels of their
management. However, one large gas pipeline company, as an

2-1



Energy Con-
sumption,
Quads

Energy
Intensity

Table 2.0-1

Pipeline Energy Estimates

Natural Crude Petroleum
Gas 0il Products
0.710 0.070 0.068
2000 (1) 300 (1) 400V

(1) Btu/Ton-Mile

(2) Kw-Min/10° Gal-Ft

Coal-Water
Slurry

0.0044

Water Waste
Supply Water

0.050 . 0.017

220(2)

Total

¢eoe-LL-¥
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act of cooperation with the ERDA, performed the nécessary
research to assemble the data and calculate the EI of their
entire trunkline system for 1976. The result was just over
1000 Btu/Ton-Mile. 1In earlier years, when the system throhgh-
put was higher, the EI was possibly as much as 50% greater.

The minimum-cost EI appears to occur near the lower
end of the 1000-4000 range as may be seen from Table 3.4.2;1,
p. 3-41. A further point of interest is the fact that the
maximum profit and cash flow appear to occur near the top of
the range. It therefore appears that the price of gas must
increase by several times above the present interstate .regulated
value of $1.48/Mcf before the pipeline owner will be motivated
to operate at the most energy-conservation condition. In making
this observation, it is of course recognized that there are
other practicalities that militate againist operating gas pipe-
lines in their most energy-conservative mode. '

2.2 Crude 0il Pipeline Energy Summary

The 1976 energy consumption of the United States
crude o0il pipeline industry is estimated to be 2 x 10!° kw-hr
(0.07 Quad). Within the inherent accuracy of the method
which was employed to derive this figqure, it Would carxy a
high confidence level. There are, however, unknowns regard-
ing the input data which render the estimate suspect. Further
research would be required tb resolve these unknowns and im=-
prove the accuracy of both the méthod and of the specific

results.

2~-3
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The estimate for the energy intensity of the
crude lines is 286 Btu/Ton-Mile. This estimate is much be-
low others, e.g., those of Hirst (1973) and of Project In-
dependence (1974). However, search of those references has
not yet revealed the basis for those higher numbers, so that
reconciliation has not yet been completed, although it is
plaﬁned to continue the reconciliation.

To avoid leaving impressions of non-existent
accuracy, it is suggested that the rounded value of 300
Btu/Ton-Mile be used. ‘

2.3 Products Pipeline Energy Summary

The estimates for products lines are 0.068 Quad
for the energy consumption and 388 Btu/Ton-Mile for the
energy intensity. The general comments made earlier regarding
the crude o0il estimates apply here also. It is suggested
that the rounded value of 400 Btu/Ton-Mile be used for the
ET. '

2.4 Coal-Water Slurry Pipeline Energy Summary

This industry presently consists of only one
system, the Black Mesa Pipeline, Inc. The estimate for its
total energy consumption, when the complete deslurrification
process is taken into account, is 0.0044 Quad. The components
of this figure are shown in Table 2.4-1, which is a replica

of Table 6.4-1. The estimate for energy intensity is 3899
Btu/ton-mile, rounded to 4000. Several comments are in order.

First, although the figgre of 351,000 Btu/Ton-Miie
for the pipeline operation is known to be accurate, since it
was supplied as-a'courteéy by Black Mesa Pipeline, it of course
includes whatever inaccuracy is introduced by the postulated

efficiency of the electric generation and distribution grid.
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TABLE 2.4-1

Energy consumption - Black Mesa Pipeline
(Btu/ton of coal)

Slurry Water Supply . 36,000
Pipeline Operation
Pumping energy 186,000

Slurry preparation
& other operations 155,000

341,000
Deslurrification
Initial separation 205,000
Moisture correction, 483,000
32 to 10.74% -
688,000

Total 1,065,000
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Also, the 341,000 Btu for all pipeline operation may be either
overstated or understated, depending upon viewpoint, if the
purpose is comparison with other transportation modes. On one
hand, most of the energy of slurry preparation is for grinding.
Since the coal must be pulverized in any case, it is not fair
to charge all of this to transportation. On the other hand,
the line falls 2600 feet between its head and its critical
elevation. This free gravitational energy compares with less
than 8000 feet of head which is added by the pumps. Thus, when
-a comparison is made for equilevel terminals, taking both of
these factors into account, the energy consumed in pipeline
operation is slightly less, as may be seen in the first column
of Table 2.4-2. '

Second, if one accepts the estimate of Zandi [1974] of 544
Btu/ton-mile for the energy intensity of a railroad to move the
coal between the same two points, one sees an apparent large
advantage for the railroad. When the effects of distance, scale,
and current technology are taken into account, an energy inten-
sity of about 600 Btu/ton-mile is anticipated for a 1000-mile,

25 million-ton/year pipeline. The comparison between this esti-
mate and the estimate for the Black Mesa line is presented in
Table 2.4-2, which is a replica of Table 6.4-5.

Finally, a major conclusion that was reached earlier in
this program regarding the future of coal-slurry pipelines is
confirmed. 1In report R~3025 of this series, the conclusion
emerged that the coal slurry pipeline is a cost-effective and
.energy-effective mode of transport, but not in the coal-water
form. Thé coal-methanol slurry offers promise of eliminating
the huge energy penalties in the deslurrification process,
reducing the total pipeline water requirement by a factor of
perhaps three, and at the same time making a premium engine fuel
avaiiable. It is not suggested that coal can be converted to
methanol as easily as coal can be separated from water, but
there are many other returns that accrue from the energy invested
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TABLE 2.4-2
(TABLE 6.4-5)

Comparison of adjusted energy consumption
(Btu/ton of coal)

Black Mesa - ETSI
4 273 mi 1000 mi
10.74% moisture 26% moisture
4x10® tons- 25x108 tons

1967 technology 1977 technology

Slurry water supply- 36,000 25,000
Pipeline operation _ B ‘
Pumping energy 250,000 , 351,000
Other operations 31,000 47,000
| ~ 281,000 ° . 398,000
Deslurrification
Initial separation 205,000 65,000
Moisture 483,000 | - 136,000
correction )
: 688,000 201,000
Total 1,005,000 624,000
Length of pipeline (mi) 273 ) 1,000
Energy intensity (Btu/ton-mi) 3681 624

2-7.



in the conversion proéess and which render the coal-methanol
sYstem much to be preferred. Unhibited enthusiasm for the con-

cept is premature under the present absence of an overall sys-

tem analysis. Clearly, however, the concept merits such analysis.

2.5 Water Systems Energy Summary

The estimate for .energy consumption in water supply
systems is 0.05 Quad, and for waste water systems, it is 0.017
Quad. Energy intensity cannot be calculated for water systems
in the same way as is done for the other pipelines and other
transportation modes, because in water distribution systems,
unlike petroleum pipelines, the fluid is not pumped through
from source to destination. Instead, the water is pumped to a
high-level storage tank from which it flows by gravity through
the distribution lines to consumers. Since all the energy is
input to the system as work to raise the water to the storage:
reservoirs, the energy intensity fof water systems is defined
as energy per unit of mass per unit of 1ift. Thus, an energy

intensity that would put these systems on a comparative base with

other modes is not definable.
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3.0 ENERGY CONSUMPTION IN GAS PIPELINES
3.1 Gas Pipeline Industry Profile

- 3.1.1 Systems Description - Typical Gas Pipeline

Figure 3.1.1-1 displays a schematic of a complete
natural gas grid. At the top and bottom are shown gathering
and transmission systems which feed into a main loop. Gas
is sold off of the loop through sales meters, shown here at
several points around the loop. Gas may also be taken off
the loop and placed in storage, or of course returned from
storage to the loop, processes which consume energy and re-
quire compression facilities., Compression facilities, called
boosters, are also shown at several points around the loop.
In addition to supply from long-distance transmission '(trunk)
lines, gas may be fed into the loop from manufactured-gas
sources, LNG sources or LPG plants. At the upper right is
shown an offshoot through a sales meter into a distribution

system, of which there are typically several.

The present study is concerned with energy consump-
tion'and conservation in transportation, which for a pipeline
is the main line, or transmission system. On.Figure 3.1.1-1,
these are the sections between the treating plants and the
purchase meter stations, upper left and lower left corners.

3.1.2 Statistical Characterization of Gas Pipelines

As will be further explained in the next section,
the FPC collects data from the 81 Class A and Class B companies
(those whose annual revenue exceeds $1 million). For studying
industry trends, the FPC further defines "major" Class A and
Class B companies as those which sell 50 billion cubic feet

per year.
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Figure 3.1.2-1 shows the growth of gas pipeline
mileage by type for the years 1950-1975, 1In Figure 3.1.2-2,
the mileage for 1973 and 1974 is disaggregated by pipe size,
and Figure 3.1.2-3 shows the size trends during the decade
1964-1974 for the major companies. The Task Force which com-
piled the National Gas Survey in 1973 developed considerable
additional information beyond that contained in the regular
FPC statistics, and their breakdown is shown in Figure 3.1.2-4.

Figures 3.1.2-5 and 3.1.2-6 present statistics on
total compressor horsepower. Figure 3.1.2-7 shows statistics
on both pipe miles and horsepower for a selected subset of
the major companies, along with peak sendouts and revenues.

‘ The investments in plant to perform the major
functions are shown in Figure 3.1.2-8 for the period 1964-1974,
and more detailed breakdown compiled by the National Gas Survey
Task Force is shown in Figure 3.1.2-9. Expenses to maintain
and operate those plants are shown in Figure 3.1.2-10, and
some load factors are shown in Figure 3.1.2-11.

Finally, consumer profiles are shown in Figures
3.1.2-12 and 3.1.2-13. |
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. Field and Transmission Disiridbution

Year . . Total Gathenng Pipeiined Main
1950 81 T X 416
1951 406.6 $TYY : 19.1 . 2529
1952 : 4253 . 384 123.4 263.5
1953 “os a.s 130.4 274'$
1954 4108 al 1J9.0 817
1955 496.7 457 1459 J0s.3
1956 $25.2 416 1538 s
1957 5488 $0.0 160.1 3387
1958 $71.8 $1.0 165.4 Isal
1959 5998 s4.l 174.3 34
1960 630.9 5.8 1837 pLIN]
1961 659.0 - $6.7 191.9 4104
1962 68).2 $8.7 196.4 a8
1963 ) : 709.9 60.7 200.9 441.)
1964 136.2 61.0 205 4 498
1965 7615 61.7 Q1) : 494§
1966 ) 199.6 830 2170 5196
1967 $28) 837 254 - $39.2
1963 861.6 644 2348 $62.7
1969 1916 649 248.1 5786
19704 913.3 663 2522 $94 8
191R 914 86.2 254.3 6104

1972R 948.1 669 258.1 613.1

197)R 962.9 659 263.1 6138

1974R 974.1 664 262.2 6456

197§ 900 68.5 2626 0489

1973 Sicel 37194 68 4 260.9 $30.1

Pastic 356 00 00 356

Oiher 850 X 17 6) 2 .

8 Includes data for Hawen subscquent ta 1959 snd far Aluska subsequent i1n 1960; cactudes service mpe [ Jata not wmljusied
10 comman diameict equivaient. Milcuge shown us of end of exch year. :

B Includes ) 8 thouwand aules of Linderground Siotage mee in 1971, 3 3 thousand nuley in 1972, ) 4 thousand nules n
1973 4 9 thusand oules o0 1974, and $ O thousand nuies in 1978, somic of which was (nemcrly included in 1ichd and
Cuthenng pyw

€. Includes fiderglass.

R=Revined.

Source - AGA Gas Facts, 1976 Edition, published by
American Gas Association

Figure 3.1.2-1 - Gas Pipeline Mileage (in thousands)
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Al ¢lasmus A and B Major classen A and B
Ttem pipelices (amoust) ©  pipeboes’ (amount) .
1973 197 1073 1924
Field, all sises nombined. 54,900 33,748 62,311 42,046
Treosmuamon: ) o ’ v '
Ota 30inechee... ... 24 390 .40 19,201 18,332
5.1 W 100 incbes. .. 3¢.230 33,339 23.929 22,849
10.1 0 13.0 inches. . 17,820 ;{J)) 12.917 ' Y
38,822 Jove 26,063 ;Z.zg?
23 .38) 2),080 23,673 22,17
13,820 13,092 n.n: 13,092
3 1 1
30,130 30, a8, 330 29
154 ' S 154 ’112
37 ° 38 T .
472 [ 341 473 471
13,182 11.232 13,160 11.182
. . )
[12] 916 - (114 916
] z ............. wesacsns
18 I8 te.cecacecons -vecoee
193,933 186,927 . 139,088 . 139,662
3,960 3,83 3 .33 . 3,347

Source: FPC Statistics

Figure 3.1,2-2 - Gas Pipeline Mileage by Size
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|
S0 >
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Da-101-200menes | ] b eeees ...‘_‘- S
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field —
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p,,,.o.lofo inches
2
10 - e
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1200
1050
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900 -+ - _ R
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600 .
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49 /V
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0 - : : ]
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Source: FPC Statistics

Figure 3.1.2-3 - Gas Pipeline Mileage by Function
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Pipeline Size

Miles of Pipcline

Gathering

Nominal O.D. Transmission Storage Total
On Shore _ )

Under 10" 92.657.1 99,4625 2.908.9 . 195,0285
10* 5.787.0 13.324.8 342.1 19.453.9
11° 161.1 867.1 1,0282
12* 43017 20,081.2 531.9 249148
13~ 1202 905.0 25.9 1,051.1
147 928.8 5,176.7 119 6.117.4
15~ 7.8 75.8 83.1
16" ,305.6 16.205.4 314.8 19.825.8
18~ 516.9 52914 343 5,842.6
20" 1.9%0.7 18,186.9 322.1 20,439.7
21~ S - -
="~ 2312 53288 - 5.4 55599
23" 170.7 . 170.7
24~ 1,1982 19.652.4 86.1 20,931.7
26~ 272.0 14,1287 33.3 14.429.0
28" 2 1.l 13
30” 6275 842282 8.7 $4,864.4
81 3 154.3 154.6
32~ 189 189
84~ 68 1.717.4 1.724.2
36~ 417 11,4442 402 11,526.1
10~ 6.4 6.4
42 865.2 53 8685

Off Shore ]

Under 10~ 954.1 204.3 1,158.4
10" 109.8 1388 243.1
12~ 155.1 4069 562.0
14~ 27.8 442 72.0
16" 652 402.1 467.3
18~ $9.7 26.1 75.8
Source: National Gas Survey, FPC, 1973

Figure 3.1.2-4 - Gas Pipeline Mileage in Use, 31 December 1970
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_ Year * Total " Transmussion

1955 5.517 4.350
1956 6.011 4838
1957 6.633 s.412.
1958 6.996 5.612
1959 7.504 6.046
1960 734 . 6,359
1961 1.169 6.6%
1962 5.609 7.064
1963 3.818 1.261
1964 9.309 7.546
1965 9.708 . 7736
1966 10.242 8.182
1967 10.746 ‘ 8,596
1968 11.4)8 9.146
1969 12742 9375
1970 13,150 9.692
197 14.142 10,763
1972 14,506 10.976
1973 14.858 1nmn
1974R 15:181 - 11,4830
1973 ‘ 1543 120694

a. Not comparable to previaus years due (o reclassification
R—=Revised.

Source: AGA Gas Facts

Figure 3.1.2-5 - Gas Pipeline Compressor Horsepower (Thousands)
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Type o'frl"ac'il.ity

Ga(heﬁﬁg_ ‘ Tram;ni.éiion Storage | ‘ ' Total
No. Driving  Total  No. Driving  Total  No. Driving  Total  No. Driving  Total

Unius HP Units HP Units HP Units HP
On Shore 4 ‘ '

7177 3,860,751 6215 11,459,777 749 941,944 14,741 16.262,472
Of Shore ) . . ‘

208 165,343 4 4,400 207 170,743

Total

7,980 4,027,094 6219 11,464.177 749 . 941,944 14,948 16433215

Source: FPC National Gas Survey, 1973

Figure 3.1.2-6 - Gas Pipeline Compressor Horsepower,
31 December 1970



R/l /=2V<&<s

Compressor Stations ) Miles of Transmission Pipeline ] . 1973

No. of Instailed 10" & 101"~ 0174 Pesk Day Operatung

. Transmission: Horse- Under 200” Over Sendout Revenues

“"srme of Transmussion Sysiem Stauons power Total Diameter Diameter ~ Diameter {(MMCF} (3000.000)
Algonquin Gas Transmussion Co. ] 30.900 909 1 ] L] 490 704 04
Cities Service Gas Co. ) 235.510 $.278 1412 2.44) 1.415 1.97§ 244 §
Colersdo interstate Gas Co. 14 125.180 1.440 428 07 198 1.255 )0t
Columbia Gas Transmission Co. N [ ] 346,577 10.32§ 3 4.096 1.655 6.562 1.008 6
Columbra Gull Tran Co. ) 13 470,518 1.57% 130 pLY ] . 3078 1477 1349
Consaolidated Gas Supply Corp. 46 119,367 3.6Mn §38 2.454 680 4.4) s98?
Easi Tennessee Natural Gas Co. 10 25.170 1.012 447 b13) : 182 308 %9
El Paso Natural Gas Co. $3 80).068 9.418 1.80¢ 2.690 4.997 ).624 1.09 8
qorm Gas Transmission Co. . 20 144.070 4.267 1.384 29) 1.990 634 101.8
Michigan Wisconsin Pipeline Co. 30 766,942 1.620 132 00 5.597 4.300 101
Midwesiern Gas Transmission Co. 14 . 94.560 90) $S 0 848 L 2%} 2734
Mississippt River Transmission Co. 1] 97.248 1.834 20) 220 1411 1.014 1918
Natural'Gas Pipeiine Co. Of America 50 938.10§ 977§ 917 979 1.879 4.1 1109
Northern Naturat Gas Co. 1] 919,508 18.806 11.039 3.4 4.55) 3430 6457
Pacific Gas Transmission Co. 12 2)5.620 639 0 0 6)9 1,282 s0n 8
Panhandic Easiern Pipeline Co. 57 632.574 - 6.69% 729 1.)48 1.618 1.090 2713
€auth Georgia Natural Gas Co. 2 3.500 769 563 206 0 93 200
wsthern Nawural Gas Co. 36 154.726 6.690 968 3.579 2.14)° 2N 4421
Tenneco. Inc. 60 1284013 13.0n 1.295 1.708 10.0M 4.303 8236
Texas Eastern Transmission Corp. 15 1.176.110 8.816 382 1.580 . 684 3.060 678§
Texas Gas Transmission Corp. 19 461.710 $.559 119 1.4)9 2.929 2.498 369
Transcontinental Gas Pipeline Corp. 36 951.18$ $.71%0 18] 1444 6.583 417 : 601 |
Transwesien Pipeline Co. 134 . 226,014 3 t.338 438 1.§53 880 - 1840
- Trunkhine Gas Co. . 20 332.000 3679 [ 544 3.129 1.407 179)

United Gas Pipeline Co. 30 175,508 1.309 ) 2.64 R L) 1.901 3.63) 602.§

*lncludes transmission sysiems with more than 500 rmles of transmission pupzhne and $5,000.000 opemmg revenues.
Source; Federal Power Commission.

Source: AGA Gas Facts

Flgure 3 1.2-7 - Major Gas Pipeline Companies Operation
Statistics, 1975
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_

1964 1965 1966 1967 1968 1969 1970

Source: FPC Statistics

1971

1972 19 1974

Fiqure 3.1.2-8 - Major Gas Pipelines, Plant in Service
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Gross Plant By Type of Facility

— Accumulated
Compressor Process and All Depreciation
Pipeline Stations Conditioning Other Total Reserves
Production Plant ' o
On Shore 1,849.8 9129 826.1 950.0 4,538.%
Off Shore 210.7 65.2 464 15.1 3374
Total 2,060.0 978.1 8725 965.1 4.875.7
Transmission Plant
On Shore 14,019.9 2361.1 70.9 1,058.6 18,090.3
Oft Shore 505.8 4 s.1 5093
Total 145255 2961.1 71.3 1.041.7 18.599.6
Storage Plant
On Share 2855 368.0 425 1,001.83 1,647.3
Off Shore
Total 235.5 368.0 425 © 1,001.3 1,647.3
Intangible Plant
On Shore 6.9 1322 139.1
Oft Shore 4 2 . B
Toral 73 1524 - 189.7
General Plant
On Shore 84.3 4 547.1 631.8
Off Shore ) 3 8
Total ' 84.3 4 547.4 632.1
Other Plant
On Shore 267.4 20 275 458.8 755.7
Off Shore 1.5 15
Total 268.9 20 275 458.8 7572
Total Facilities
On Shore 16.463.1 4244.4 967.0 4,128.0 25.802.5
Off Shore 718.4 652 46.8 18.7 849.1
Toual 17.181.5 4.309.6 1,018 . 4.146.7 26651.6
ACCUMULATED DEPRECIATION, PLANT RESERVES
(For Companies Reporting Depreciation Reserves)
Totals - - - - ©24,300.0 8.190.1
Source: FPC National Gas Survey, 1973

Figure 3.1.2-9 - Gas Pipeline Plant Investment,
31 December 1970

3-12



10008

g EE

g

& BBE

Millions of Doflars

g88 8

&

10

R-77-3022

e
Purchased GaS_ |t
TrAnSMUSSION o mmenme™™ ) ’v
R —

g

Agministration

Source:

Figure 3.1.2-10 - Gas Pipeline Operation

FPC Statistics

and Maintenance Expentces

3-13

I | Prbduc-tionr and Gathering
l ‘ . - csme® '..‘.QJQW
A Dk ~at®®’. ""'."'
Products Extrachion 1 [ et

T Starage
.-"‘.‘

Exploration and Development

| L 1 _ ‘ | N

1964 1965 - 1966 1967 1968 1969 1970 1971 1912 1973 ‘1974

10000
8000

8

88

g

8

Millions of Doflars

s

5 8

10



R-77-3022

Range Load Factors

1-6 Included in Range » 1965 o 1971
1 70.00-74.99 4 1
2 75.00-79.99 1 1
L 80.00-84.99 2 4
4 85.00-89.99 4 2
5 90.00-94.99 ] 4
6 95.00-99.99 2 4
Total 16 16
Weighted Average 82.26 8787
Arith. Average 84.77 88.67

(1) Source: Form 2,

Source: FPC National Gas Survey, 1973

Figure 3.1.2-11 - Gas Pipeline Load Factors
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Year Toual Residential + Cu wl - Industrial Other
1950 115.4 - 62.5 B 2359 2).188.4 o 1.506.0
1951 193.) 0.3 2351 25.269.2 14174
1952 2019 R 2637 26.91).2 9.749.2
195) 254 132 258:6 28.385.9 12.231.6
1954 231 79 2716 - 29.549 6 10.345.7
1953 38 $5.2 2945 .29.161.3 10.2505
1956 2456 90.§ )06.4 Jo.152.8 $.996.6
v 1957 © 2528 ) 9.5 6.1 30,663 6 11.309.1 -
1958 1510 9.7 348 J0.)7156 - 10.770.4
1959 214.2 100 7 350.1 13.478.4 11.836.6
1960 1.0 104.3 N4 33.4950 12,5715
1961 28).4 106 7 390.7 32.624 13.468.7
1962 2951 110.9 4207 32.7113.9 13.795.1
198) 3028 1 4)0.6 . .08 1).460.2
1964 )79 118.) 469.5 37.089.1 1J.2)4 6
1965 3209 116.5 4321 36.982.6 12.009.3
1966 . 1364 13 $10.0 38.259.3 12,755.1
1967 J45.2 121.5 5)18 .10 11,3970
1968 624 124 1 5676 40.)130 13.129.2
1969 3167 118 4 6110 42,2200 11.321.2
1970 g6 8 1292 . 6409 42.386.7 12.2323
BRAX J95.0 1299 67} 8 T 42350 17.064 &
197 3917 1J04 (129 41941 3 16.428.8
1973 3170 1248 6848 40.051.7 12,1298
1974 pLIN 196 676.1 42.066.8 12.586.1
1975 336 HE 7089 32838 12.019 8

3 El:ludes'cuilomevsvp\nchum. for ressle snd saies for 1esalc Customer dats 1s bascd on yourly avereges. Escludes data
for Aleska priug 10 1959 and Huwaii prwr 10 1960.

Source: AGA Gas Facts

Figure 3.1.2-12 - National Gas Consumption (10° Btu/Customer)
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) § ’ Portland Used as Electric
Field Carbon Petroleum Cement Pipeline Public Uuhl‘ Other
Year Toul Use Black PlanisC Refineries Plants - Fuel Power Plants Industriai®
1950 4,440,197 1.187.473 410,852 455,096 96,986 125,546 628,919 1,535,328
1951 5.163.528 1.441.870 426.41) 537,774 102,508 192,496 763.998 1,698,559
- 1982 5.475. 843 1.483.75¢ 368,399 536.402 111,479 201,207 910117 1.858.485
1983 5,763,185 1.471,085 300,942 558.695 115,039 230,314 1.034,072 2.052.138
1954 5.923.647 1.456.88) 51,176 561,315 125.257 20,615 1,165,498 2,130,903
1955 - 6.317,1MN 1.507.671 244,794 625,243 131,400 245,246 1,153,280 2,409,538
1956 6.662.443 1.420.550 242,598 679.34) 144,192 295.972 1.239.311 2.640.477
1987 7.003.590 1,479,720 233.138 678.310 146,000 299.28 1,338,079 2.827.951
1958 1.074.623 1,604,104 211,048 681,912 164,000 NN 1.372.85) 2.828.4385
1959 1.931.930 1.717.402 214,612 752.2)9 188,000 349,348 1,627,097 3,063,232
1960 3.386.038 LTM9.6N 197.628 718,154 171,000 341,078 1,724.76) 3.390,747
1961 £.756.287 1,381,208 160317 772,028 180.000 J11.607 1.825.341 3.558.726
1962 9.204.898 1.993.120 133,302 139.877 188,000 382,496 1,965,590 3.752.508
1963 9.783.676 2.081.339 Hn 789.951 198,000 42),78) 2,142,930 4,030,293
o T 1964 10.327.458 2,082,029 115.626¢ $20.989 202.000 41),204 2.321.389 4.351.721
1965 10,709.017 1,909,697 118,574¢ 859,399 198.507 500,524 2.318.253 4,806,56)
1966 11.454.494 1.772,708 114,936 903,398 203,305 535,353 2,608,768 $.315.526
1967 12,167,932 1,925,500 108.961¢ 936.085 195,717 §75.152 1,743,251 5.682.666
1968 11.208.942 2,065,008 104 973¢ 913,957 202.921 $90.965 3,143,858 6,127,260
1969 14,219.996 2.212.208 98.251¢ 997.386 201.29S 630.962 3.486.394 6.611.00)
1970 15,151,792 2,305,171 85.884¢ 1.028,794 d 722,166 - 3,394,019 7.118,758
1971 15.532.192 2.296.7M7 61.699 1.062.938 d 742,592 3,992,983 1,373,203
® 1972 15.596.902 2,361,556 $1.939 1,070,626 d 166,156 3.978.673 7.383.952
1973R 15.033.909 2.412.466 49,682 - 1.07).742 [} by i N2 J.640.756 7.929.086
1974 15.061.627 2.)64.87 40.130 1.040.057 J 668.134 J.429.230 7.518.500

nA Indusirial consumption as réooned by the Buresu of Mines includes sales by non-utility pvoduccrx And others, 166 natursl gas mized with manufactured gas. Hence quantities vévoned in this able
subsiantiaily exceed those reporied in Secuion Vil as ullh(y indusirial sales.
b Consumpuon dy “*Eiectrc Pudlic Utility Power Plants™ inciudes small quantities of gas other than natural, impossidle 10 segregate. To this extent mumpnon by other industrisls is undersiated

c. Daa revised 10 include aatural gas 10 onrh Aydrovarduns, as of 1964,

d. Included in “*Other Indusiriai™.
Sources: U.S. Bureau of-Mines. Nanwal Gas Aumal, 1974. (Consumption of “electine public utility power planis®™ as reported (0 the Bureay by the Federat Povzr Commission).

R=Reviad ,

Figure 3.1,2-13 - Industrial Natural Gas Consumption (10° Btu)

Source:

AGA Gas Facts (Data from BoM)
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3.2 Gas Pipeline Data Sources

There are two primary sources of gas pipeline
data: the FPC Form 2 and the Bureau of Mines (BoM) Form
6-1341-2.

3.2.1 FPC Data

The FPC data is submitted on FPC Form 2 by the

81 Class A and B pipeline companies. These classes, by de-
finition, include all companies with annual gas revenues ex-
ceeding one million dollars. In addition, there are 22 Class
C and D companies, i.e., those having annual revenues between
$25,000 and $1,000,000. These latter, who account for less
than 1 percent of all interstate sales, file an abbreviated
Form 2A. '

All of the Form 2 and 2A reports are available
for public inspection. The FPC annually publishes a summary
of statistics relating only to the 81 Class A and B companies.

For statistical summary purposes, the commission
also defines a category called major companies, which includes
those whose combined sales for resale and gas transported
(inﬁerstate) for a fee exceed 50 MMMcf per year. This cate-
gory included 34 companies for 1975. Only the statistics on
these companies are used by the FPC to observe developments
in the interstate part of the industry. In 1975, these com-
panies accounted for 84 percent of total gas purchases by FPC
regulated pipeline companies from natural gas prdducers, and
85 percent of the natural gas production of all regulated
pipeline companies. These 34 majo;'companies also accounted
for 98 percent of city gate sales to intrastate utilities not
regulated by the Commission and 68 percent of the industrial
sales made by pipeline companies from their main transmission

lines.
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Almost all of the data reported on the Form 2 con-
sists of dollar amounts, and is, therefore, not of interest
for present purposes. Figure 3.2.1-1, Sheets 1, 2, and 3,
displays the List of Schedules which comprises the Form 2
submittal. Those schedules which are of present interest are
on Sheet 3 and have been overshaded to assist the reader.
Examples of the information and its potential use are presented
in the sections to follow.

3.2.2 BoM Data

The BoM collects data independently of the FPC.
Their data are collected on their Form 6-1341-A, which is
shown in Figure 3.2.2-1 Sheets 1 and 2. There are two in- -
teresting aspects to their operation. First, their coverage
is more comprehensive than that of the FPC, in that the BoM
tries to include all of the intrastate companies. Second,
the submissions are voluntary and therefore proprietary, and
cannot be disclosed without consent. '

Additionally, it is worth noting that it would
be remarkable indeed if full coverage were obtained by means
of voluntary submissions, so there must be some omissions.
This naturally leads to the thought that if it were decided to
further refine the calculations which use these data, it
would be desirable to verify Lhe extent of the coverage.

3.3 .Energy Consumption in Gas Pipelines

The BoM data‘of present interest are the figures
for consumption of compressor fuel. These figures are pub-
lished in their annual Minerals Yearbook, and are tabulated
annually in ‘the AGA publication, Gas Facts. Table 3.3-1 pre-
sents these figures for selected years since 1950. The con-
version to Quads has been done using three conversion factors -
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' T UST OF $THTDIASS (Neturol Gos Compony)
Dewugnate in cofuma 1l by the tcTme “none’” or “not applcable.” as Apprupriale. 1a inWancey -hn: no inflormation or amounts Nave heea re-
ponied 1a cenan whedubes  Pages may br umuied where the 1epoass are “none” ar “not applxcable™ w the whedulr on uach pages
' Schedule Daote
Tivke of Schadule Poge Ne. . Revised Remarks
o) [L]] (e} (4)
Genezat Corrorate INFORMATION AND SUMMARY FINANCIAL STATEMEINTS
Ceneral Iaformation. .. oo ceecececncecenccaccscaccsccsssccscensenssessancccccanns 101-1014 Dec. 72
Control OVEr ROPONGEM . e e v entaneiaaecieencanaaaaaiosascaneocaosecaccocannns 102 Oct. 1966
Corporations Controlled by Respondent. .o eoeeeeonaaonote. ceeeeeececenncaeae. 103
[0 1101 22 TRUTUU PP A 104 Dec. 73
DACECION . o oo ecceceencaecacncasensosessosaossasessscnasasasnsaasecscensascnsns 105
Sucurity Holdors ancd Voting Powmer. oo iireeiaciacrccicceccrnccccecinnan 106-107
fmpoctant Changes During (N YeRf. (oo uniiiiiiiiieannroncanacnncsenaansnccans 108-109
Comparative Balance Sheet—Statement AL oo noeiirneieereccacesnccsascccanann 110.112 Dec. 7h
Summary of Ulility Plant and Accumulated Provisinas for Depreciation. Amortization,
and Drxplrtion—Satement B .o eeeneereiieaeaceaneacceccececennceccacecaacas us Dec. 73
Statement oi Income for the YearStatement C ..., ceeermcsssssciscrancessccsnssnne 114=-116A Dec. 71‘
Statement of Retiined Eamings for the YeanStatanent T U 117 - 1174 Dec. T4
Statement of Changes In Financlal Position-Statement E _ 118-119 | Dec. /2
Barance Suuetr SurroaTinG ScuipuLLs
N I S 201 Dec. 73
Accumulated Provision for Depreciatioa and Amortization of Noautility Property. ... 201 Dec. 69
Investments. .. eeineineeecnenaneaneaceanan eeececeeceasescecensscccnsascanana 202 Dec. 7h
lavestments in Subsidiary ------=-- eateutetentanasaana e nan s s nannansananessaina] 203
Notes and Accounts ReCeivabIe. . cveeceeeeceeealaccecscasscncaccnsocecscanscsns 204 Dec. 65
Accumulaied Provisions for Uncollectible Accounts=Cr. ... ccverevenccneccnnencaas 204
Reccivables from Awsociated Companics..c.eouvecrecnccsccaccoscancnns eeemeaaca- 206 Dec. 73
Maiterials and Supplies. cceveceevieececcconanan R 207 Dec. 73
Cas SUOMT _ . L. o ueeecscmeccosmsoneccsssssensancsssscsncsasenscsossrcans e 207A Dec. 71
Production Fucl and Ol St00kS. e eeeeennneotoreseseancnncnnnnn ceererocnncanan. 209 Dec. 73
L TTS T Ve T S eeetescacecsesacceseccsecssscassannns eessccaioscacnns 210 Dec. 70
Miscrilanious Current and ACErued AMIS. . oo eeeeceeaceeeomncsasncoceoseacanaas 210 Oct. 73
Extraordinary Propenty Lomses. ..o iceeiaininecececnacecacncsccncenccnannnnsas 210 Oct. 73
Proymid Cas Purchases Under Purchase Agreements. ... ..co.cecnicocannes eeceeenes 210A Oec. 72
Advences for Gas Prior to lnitial Osliveries or Commission Certification] 2108 Oec, 72
Unamonized Dete Dix. and Exp. and Unamont. Premium on Debto.uceeeoaocaan.... 211 Dec. 73
Pretiminary Survey and Investigation Charges.cicciecieccaccrooncocasonans eenacan 212
Miscellancous Deirred Debith. o eeuneeneenne o eescesseesesmanssannansesene ....] . 214 | Dec.7b
Deferred Losses From Disposition of Utility Plant . 2144 Dec. 73
Unsaortized Laes and Galn on Rescauired Oedt_ _ _ _ _ —m e - - 2148
Accusulated Oeferred Incose Taxes = = = = = %o oeeaa LR 214C-D Dec. 15
Capited Stoek_______________ . . 21%
Capital Stock Subscribed, Capital Stock Liability for Conversion, Presmiue
on Capital Stock, and installaents Received on Capital Stock_________ - 216
Other Paid-in Capital . . 217
- N

Rev. {i2.7¢)

‘Figure 3.2.1-1 - Sheets 1-3, List of Schedules, FPC Form 2,
filed by Class A and B Natural Gas Companies
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UST OFf SCHEDULES {Notural Gos Company) {Continved)
Thedva Dote
Tale of Schadule Poge o Revired Remorks
(o} (L] {¢) t
Batanct Suety Surroanine Scueovies (Continued)
Disount 0n Capital SIo0k . L. ..ttt iiiiionsarenccacesaasencnnacesacaanns 218
Capital Stock Expense. .. .. e iteettaeessceeeceracasececantettsonctaananas . 218
Long-Term Debt. ... i ittt cre i ctarcaccnaeanannennannnn 219 Dec. 73
Sccurtities Tnued or Atsumed and Securitics Refunded or Retired During the Year. ... 220 Dec. 73
Notes Parable..ooneeen..... seeseeeacieeeitaeanaeeceerte e et s 221 Dec. 713
Payables 10 Ansociated Companies . .. oo . ot iceresrococnccscocnaoneconnnsanans 221 Dec. 73
Taxes Accued, Prepeid and charged Duning Yesr .. oooveiient cncnnnen ocecennncoanns 222-22A Dec. 73
Revunciliation of Reporied Net Income with Taxable Income for Federal Income Tanes. . an Dec. 73
Miwellancuus Current and Accrued Liabilities. . cooonnniinaeiericeniininnean... 224 Dee. 73
Customes Advancrs for Construction. ....oiuvneneenennn. teeeeeee ceens ceeeneaaes 224 Dec. 73
Deferred Gains From Gisposition of Utility Plant 2244 Dec. 73
Other Deferred Credits_____.__ ' oo ... e 225 Dec. 73
Undelivered Gas Odligations Under Salrs Agreecents ) 2254 Jul. 65
Operating Reserves ) 226 Dec. 73
Accusulated Deferred income Taxes______ 2271-227€ Dec. 74
Iavisitment Tax Crxdits Generated and Uleilized ... .. teccracccoccncansen reeeecaann 228 Dec. 75
Accumulated Delerred lavesiment Tax Credits. .o ooan. . ooo... ereseaceretasannnan 229 Dec. 75
IncovE AcoOUNT SurroaTiNG SCHEDULES
Gain or Loss on Digposition of Propernty ccccececacvcccoecccnsasancocncancss: 300 Dec. 73
Income from Utility Plant Leesed o Others ccvcecccccccccvscnaancccsancacane 01 Dec. 73
Particulars Concerning Certain Other Income ACCOUNtE e v e e ccccvcrccrcccncscsanas 03 Dec.?J
Purticulars Concerning Certain Income Deduction and Interest Charges ACOuntg ec e e as e ‘304 Dec. 73
Expenditures for Centain Civic, Political and Related AClivilieS e e s cencee cocecesas 308 Dec.?3
Extreordinary [leME e e evsmcceccecscoccesassnccnnsanssscacanascnsans 206 Dee. 74
) Ct:MMON ShaTum .
Common Ulility Plant and Exprases...... vereanan teecsccacmasoconnane. conreeen . 35
Regulatory Commission Eapcenses. .c.oveeuieeneneccnonnnenanns P . 353 Dec. 74
Charges for Outside Profecsional and Other Consultative Services ceeeeees 354 Dec. 70
Distribution of Salarics and Wages. .cooeoiiiieinnuccnnnan. tescmcasancsascssanna 355-396 Dec. 74
Can Praany, Sarrs, Ortnarine i Stavisticeas. Dara

Gas Plant in Service..o.u.onen. ceeeceeaans teeeeeeeee. cemensacscanassacscaiocass | 501e504 Dec. 72
Gas Plant Leased to Others_____. . - 505
Sas Plant Held for Future Use 506 Dec. 65
Production Properties Held for Fulure Use 5064
Construction Work in Progress and Complend Construction Not Clasnified—Cas...... 307 Dec. 72
Accumulated Provisivii for Depreciation of Gas Utility Plant. | . . oinuisnceas. ooue - 308 Dec. 74
Accuculated Provision for Amortization and Depletion of Gas Utility Plant-

Producing Natural Gas Land and Land Rights _ _ _ _ _ _ _ e e 2 S09 Dec. 73
Accunulated Provision for Amortization and Depletion of Gas Utility Plante

Underground Storage Land and Land Rights _ _ _ _ _ _ _ _ . e 510 Dec. 73
Accumulated Provision for Amortization and Lepletion of Gas Uti lity Plant-

Other Gas Plant in Service, Amortization and Depletion of Gas Plant

Leased to Others, Aoortization of Cas Plant Neld for Future Use _— . - 511 Dec. 7%

Rev (12-75)

Sheet 2

Figure 3.2,1-1 - (Continued)

3-20



R-77-3022

[ UST OF SCHLDULES (Naturel Gas Compuny) (Cominuved)
Schodule Oote
Titte of Schoduie Poge MNe. Rovised Romerks
(o) } ) () 0
Cas PLant, Savts, Oftaaning an0 STATBTICAL Data (Continucd)
Accun. Prove. for Amort. & Depletion of Gas Util. Plant-Aband. of Leases.. 512 Dec. 73
Ges Plaat Acquisition Adjustmecu aad Accumulaied Provision for Amontizatioa of
Gas Plaat }u:quixilion AQJusUments . ccecerececcancnnsas cccesscvesansocscavosans 513 Dec. 74
Gas Opersting REvEAWES . e evievnninreserersuncecsecsnccecscsecsaonaceccaccescs 514 Dec, 69
Ubsuthorized Overrua Peaaltics and Waivers of PeoalGes ..o o oo ceeoeceecaccnna. 513
Sel57ol FGiiT Gas by Communitiy.... - e eeeaeeaeteaneannenaranarannn $15-917 2 Dec. 1967
Rn.dmml ‘and Commercal Space Heating Customen. .. ceeecieciiecneeciaaacnan 518 Dec. 1966
laterruptible, Off Peak, and Firm Salos to Distribution System ladusuial Customens.. 518 Dec. 1966
Futdnod p2un el T3duitrial TERg= . VI ) vr i S feveecsmaa eececeee "d (‘13 Oec. 72
Snbn Yx_Reiale —:bamr"l‘l'c:f....g ...................................... reneee ‘?3}_—5_22-' Dec. 73
lmrﬂkp&r\mcnul Sala—Natural Cas.cuvieniacicncccnceenconcncssinccncsccasaean 523 Dec. 1966
Rent from Cas Property and Interdepartimental Rents. oo vevivenrcecncencecanceas '_52}
.Réverue from Tranporuation cf Ges o(Othcn-Nuuﬂ___g..................‘ ..... \_§2i‘3 Oct. 1966
uln o( Products Exiracted from Naturhl Gas..ovoousnoeeeeeceionsncsoesoensosocs 525
Revenuas from Narural Gas Processed by Others. o ce v ceccececcacecccccccccces 525 Dec. 1966
Incidenizl Gasoline and Oil Sales and O|hcr Cas Revenues. . ...cceveecccccnncacens __226 Dec. 72
an Op:nton and ’v(umauncc Ea.pc 3 ..................................... r-;’_‘*is} Dec. 73
Number of Cas Dcp-nmmc Employees..ccvecteccncncsonnnccnncnccccnoscccansnse 332
Lease Rentals Charged_______._._ 533-5330 Dec. 72
Explocation and Development Expenses . cueeniicceiiiecrainieeicncieccccancnanes 534
Abandoned Leases.cauinoainiceneaatccacsneioccaconcanctcoccocccccscrcancscnns 534 .
"Cus PurcRasesd oo ctaeenaeecaarena et enatann e aaans enneanreaa. TIETIQ | Oec. 72
E_r.t)unge Cas Tnnucl-o".t.l ............................................ renoa 53 Dec. 1966
Exchare Cu_f\«wmm;-‘... ..................................... eevescceacann .‘53;3 ) Dec. 69
Cas I e M.m'_wla ~539} Dec. 1966
Other Cu Supply I*'_:ptrun ................................................... - 5+0
Tmn_:mnno ndCompRﬂ-oacl ___EzOl.hm}.... ........................... Al Dec. 1966
Franchise RéQuirements. .. .cooeecciiotncucioscancncanssancacsccorascsscassaanas 542 Dec. 1966
Miscdlaneous Ceoeral Expenses (Gas).eooonuneneonnnne reeesesccacasreracnncnnse 543 Dec. 73
Construction Overheads —=Cas. .o vceencnrececcncnneccnes “ecsscasssascscscmsscnnn 543
Cencral Dexcription of Coantruction Overhead Procedure. ...veecceccceccooccncacans 544 Dec. 73
Depreciztion, Deplction, and Amortization of Cas Plant.. ... occeesneneuccnnnocacnn $45-5463 Oec. 71
Natural Gas Ruorv,- end Land Acreage (Oeleted, see FPC Form No. 40) - -
Natural Ces Reserves and Land Acreage (Deleted, see FFC Fora No. 40) .-
Changes in Estimated Hydrocarton Reserves and Costs §494-5498
Natural Gas Reserves Availablke from Purchase Agreements.....ceeeccececamececaan 550-551 Oec. 72
‘lnE—I ha ’roa-cTrcn ind cuh.rmq_smu'{*-al 552-55‘?9 Dec. 73
Produu.: 5 Exvaction O;nru-anl—-Nuunl GBS e itreneccsanansmasnrencacanans 5542555 | Oct. 1966
Lo T e U "$55-347 | Dec. 1966
Number ol Cas and Oil Wells..o.. e ieeeesenaseceaneennennssnnneons veerenenan 558 | Dec, 69
Field and Sworage Lines. ..ot iiciioiiirtaececacscecsencescaconcisanccasann . 359 Dec, 69
Gas Storsge..... emeem scececcsnecstcecstcencemestascatenssencancsecncntanne . 560-361 Dec. 72
TRy 5 RN 762
MihuPtired Gas Production STatat]. .. «ooeeuemneaeonreaseaceconecneonasnns 7 863 {Oct. 1966
Liquehed Poroleur Gat Opersliohs e . . ceuuenenenenee e cceesossnaannnannen eee | 1 564) 1O0ct. 1966
Teansmimion System Peak Deliveries...coceueececcneccsocccocscacsanscaccnccsane ‘jﬁs} Dec. 1966
Ausiliary Peaking FaCilitien. . «.unneennnneeeneeeenaenn sommaeanenceccnnansneaans 366 | Oct. 1966
Gas Accoint—=Natural Gat.evernennns ettt casvevacamcenns esreccmansnad eeccmen . EE:E Oct. 1966
Service [nterruptions Occunng on the Pipeine SYMeM .. eceeecececcconconcscsnasnaans ,.57 Dec. 70
LRI, 1Y e SRS | - STw_ |
Rescarch and Development ACUVItES . ... ceeeeeeccranscnacecncconocasnee cacconn S—ﬁsm’ Oec. 12
AUCHBION . et e e it 573 J Dec. 1965
Sheet 3

Figure 3.2.1~1 - (Continued)
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Figure 3.2.2-1 - BoM Form 6-1341-A

3-22



R=-77-3022

INSTRUCTIONS

Plesse provide e informanon requestud on the reverse side of s form and retusrn one
CopY as 3000 as posnibis in the enciowed envelope It will be appreciated i this report can
be reurned before the 15th of February.

Quangty ~ Report all velumes in MILLION CUBIC FEET st the pressure base of
14.73 pounds per square inch absolute at 60°F.

Value — Report all values in THOUSANDS OF DOLLARS.

-

State — Flle & separata ceport for each State in which your company operstes

U MIXED GAS OPERATIONS: [a mized gas operstions oaly the natural gas compo

- neot sbould be reported If doth natural and muxad gas are disutdbuted, report
nscural ges operations and the natural gus pordon of your mixed gas aperations on
sepurats formes. Adjust all volumes o the pressure base of 14.73 pounds per square
inch absolute at 60°F.

1IA1 Whaen [esses are not wholly owned by the reporting company. it is requestad that
the operator of the facility report 100 pe of the pr Exciude any pro-
ducticn from leases. which you cwn that are operated by others. Your company's
groas produczon of gas should include myuty interests and gas used wn own opers-
tions. Estimacs  necessary.

Value of “gross production st weil includes the producer’s reslization (rom all
products contauned 1o the gus delivered o natural gas processing plants. Asugn no
value o thas pordon of groes production used for repressuring. Do not uclude gath-
enng charges or State taxes. [gnore tax exempt inwarests and tax reimduryemensa

11A2 Raceipts of gas from compagies within the State covered by this report
& Report weal receipts of gas {rom other producers within the Stata

b, Receipta of gas (rom within the State from nacural gas processing plants

other thag your own, exchange gas. and gas received fof transport. should

be reportad by iodividual company and amount received from each company.

ITA3 Raeceipts of gas from outside of the State showd be shown by indlvidual company.
the bordering Stata from which the gas was rectived. and the amount received
fom esch company.

e,

1LA¢ Mithdrawals from undecground storage — Repor only < d gus
from swmge

11B1, 2, S Value of gas used in lesse operations. as plam Ael in your pipeline operations. and
exwacdon loss. should represent the cost o your company or sverage wellhead
price 6f e gua

11B1 Extraction loss — Total extraction loss for naturai gas processing plants operatad by
your own company. This volume and value should sgres with those reported on
the Form 6-1343- A Show disposition of residue gas [rom your own plants under
proper use category, Le., industnal sales 10 other companues, veoted. renumn 0
formadon.

1IB2 Include gus used in lease operutions. as plant fuel and ast use for gus U

1186 Total deliveries of nacural gas to natusal gas processing plants operstad by com-
panies other than your own.

ITB7a Ioclude exchange gas and gas delivered for transport as well as gos 30id o other
pipellne and distnOutiag companies within Staca  List companies and amoun: of
eack saie individually.

1IBTD Delivertes of gas ouwide of the Staté w pipeling of distr paniss slimild
be listod by company and amount of each saie individually.

11BS Detivates dirscuy tn canturmers:
8. Residencial — Inciude natural gas used in privats households for heating. cook- -
ing. and other household uses.
b Commercial —include nstural gus used by J ing o
such as hotais, restaurants, retail stores. laundries. and other uﬂn« enter-
prises; also gas used in agricultura. fosestry and fishenies.
¢ Industrial =Gas sold directly to industrial consumers. Include gas uscd us
lucl in chermucal planua (vour own uld others), used to produce cardon blaex,
gas by own
L8 ﬂnﬁi: utilitles — Natural gus und as fuel in elecric ydllty plants including
those operated Dy your company.
o Other consumers — Include delivenes 0 muncipalities and government agen-
cies {or use io schonls. insdtuuons. sTeet lUghring, et

1189 Report anly company-owned gas 1lored 1t UNGRIGTOUNT Wi age

Figure 3.2.2-1 -~ (Continued)
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Year

| 1950
1955
1960
1965
1970
1974

Table 3.3-1

R-77-3022

Energy Consumption in Gas Pipeiines,
Intrastate and Interstate

Fuel,
MMSCF

125,546
245,246
347,075
500,524
722,166
666,834

Source:

Approximate Energy Consumption, Quads

1020 Btu/Scf

107S'Btu/S¢f

960 Btu/Scf

0.128
0.250
0.354
0.511
0.736
0.682

Data collected by BoM

0.135
0.264
0.373
0.538
0.776
0.717

0.117
0.228
0.321
0.465
0.672
 0.620

-2



“the ERDA-conversion..factor of 0.98 trillion SCF per quadrillion
Btu (Quad), taken from ERDA-48, the value of 1975 Btu/Scf used
by BoM, and an approximate average lower heating value of 960
Btu/Scf.

Unfortunately, it is seldom clear from the presenta-
tion of the data what heating value is assumed, or how it is
calculated. The calorimeters commonly used to measure heating
~value introduce the gas into the combustion chamber by bubbling
through water, so that the gas is saturated with water vapor.
Thus, when the combustion products are cooled to the original
temperature and condensed, the latent heat of vaporization intro-
duced by saturating the gas is also measured. The appropriate
correction for this latent heat is taken as a part of the
standard measufing technique. However, the amount of gas origi-
nally present is less than would be the case with dry gas, by
the amount of dry gas which is displaced by the water vapor,

but no correction is made for this effect. Thus, the higher
'aheétinguvalue, on the dry basis,; is about 20 Btu/Scf more than
on the wet basis. Contracts are usually written on the wet
basis, many times for an HHV of 1000 Btu/Scf. The gas is
delivered dry, or nearly so, so that the delivered HHV is gen-
erally around 1020 Btu/Scf. The lower heating value (LHV) is
approximately 90 Btu less than the HHV. The HHV is used in

the table.

The figures presented in the last three columns of

Table 3.3-1 are a good approximation to the total energy con-
sumption in the gas pipeline industry. In addition to the un-
certainty already mentioned in Section 3.2.2 as to complete-
ness of coverage of all the intrastate pipeiines, these figures
contain three additional sources- of error. The first additional
source is just the cumulative result of the. inherent imprecision
in each of the constituent numbers which are added to make the
total. The standard deviation of the sum is simply the rms of
...the .sum .of. the individual wvariances.
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The second error source is the variation in heat-
ing values of the fuel. The 1020 Btu/Scf which was used in
the conversion from column 2 of Table 3.3-1 to column 3 was
used in ERDA-48 as an approximation to the average value for
pipeline-quality gas. AHowever, the BoM uses 1075 Btu/Scf, and
that value was used in column 4. A more realistic value would
appear to be that based upon the lower heating value, as shown
in the last column. The actual HHV varies of course but is
generally in the neighborhood of the first two figures.

The third error source lies in the fact that the
figures presented do not include other sources of compression
energy besides gas. There is a small fraction of pipeline com-
pressors which are electrically driven. For 1970-71, this frac-
tion was estimated as 4.1 percent. However, the methodology
employed in that reference is believed to contain a systematic
error which would reduce this figure by something over 10 per-
cent. The electric bills for electrically-driven compressor
stations are reported on Schedules 556 and 557 of Form 2, Thus,
if further refinement should become necessary or desirable, an
estimate bf this error could be made by totaling the figures
from those schedules of the 81 Class A and B interstate com-
panies. The uncertginty would then be reduced to the non-gas
energy by intrastate and Class C and D interstate companies.

The first two of these errors sources are compen-
sating and would tend to average out when taken over large
blocks of data. The third is in the form of omissions, and
thus makes the estimate low. Also, as has been noted, there
are almost certainly some omissions from the original BoM com-
pilations. Thus, it is likely that the best estimate is near
the high side of the range. It is therefore suggestedzthat a
two-figure estimate of 0.71 Quad be used. For a single-figure
estimate, 0.7 Quad is probably very good, i.e., the true value
is more likely to be nearer to 0.7 than to 0,6 or 0,8.
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The breakdown of energy consumed in the categories
of collection, transmission, storage and distribution is not
reported in terms of Btu consumed in each of these functions.
However, the dollar values of energy consumed by the inter-
state companies are reported on FPC Form 2 and are broken into
the first three of these categories. The task force which pre-
pared the National Gas Survey complied these figures for the 10
regions defined earlier by the Future Gas Requirements Committee.
These regions are shown in Figure 3.3-1. The task force compil-
ations are shown in Table 3.3-2, It is immediately noted, though
not unexpected, that there is no reported consumption for the
distribution process, since the reporting companies are not
engaged in distribution. Application of this same fractional
breakdown to the total consumption previously quoted in Table
3.3-1, yields the approximate breakdown for 1974, which is shown
in Table 3.3-3. The values for distribution were derived by
simply assuming that function about equal to collection.

3.4 Estimate of Energy Inteﬁsity of Gas Pipelines

As was. explained in Section 1.2 above, the energy
intensity of a transportation mode is calculated from the
formula

- energy consumed
E  ‘throughput x distance.

I

The throughput can be expressed in any convenient way, e.g.,
as a mass, volume, or energy content but‘for purposes of com-
parison with other modes, the most useful term is mass. Thus,
in the ancient English system of units, the EI is expressed
usually in Btu/ton-mile, or Btu per ton per mile.
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FUTURE' GAS REQUIREMENTS COMMITTEE REGIONS

— ‘
8 |

Source: FPC National Gas Survey, 1973, p. 104

Figure 3.3-1 - Regions Used in the Analysis
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Table 3.3-2 .

Distribution of Energy Cost, 1970, ¢/Mcf

Major Companies Only

Region Prod. Coll'n. Xmxn Strg. Dist.
1 0.037 0 1.311 0.015 0
2 0.026  0.019  0.931 0.064 0
3 0.016 0.008  0.776 0.007 0
" 0.003  0.025  0.814 0.026 0
5 0.026  0.031  1.089 0.012 0
6 0.007 . 0.073 ° 0.542 0.021 0
7 0.021 0.027 0.028 0.007" 0
8 0.045 0.089  0.167  0.001 0
9 0.068. 0.108  0.523  0.000 0

10 0.098  0.156  0.476  0.000 0
0.347 - 0.536 6,837 0.153 0
% 4.41 6.81 . 86.84 0.02 0

Source: National Gas Survey, p. 107-110

1.363
1.040
0.807
0.868
1,158
0.643
0.263
0.302
0.699
0.730

7.873
100
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Table 3.3-3°

Approximate Breakdown of 1974 Energy Consumption
in Gas Pipeline

Energy, Quéds

ERDA Factor BoM Factor

Function Fraction (1020 Btu/cf : (1075 Btu/cf
Produ;tion 0.0441 0.0301 : 0.0316
Collection 0.0681 0.0464 0.0488
‘Transmission - 0,.8684 0.5922 0.6227
Storage 0.0194 0.0133 0.0139
1.6000 o.észo ' 0.7170



R-77-3022

3.4.1 Industry-average Energy Intensity of Gas Pipelines

It is obvious that the average EI for the industry
cannot be calculated from summary statistics. Although total
energy consumed and total throughput are known with high preci-
sion, no figure for the distance exists. The distance figure
that would possibly be the most interesting would be the sum of
the throughput-weighted distances for each leq. 1In principle,
it would be possible to calculate the throughput for every leg
if there were a meter reading available at every branch point.
Such readings probably exist for most trunkline branch points.
The collection, compilation and réduction, and analysis of that
data would exceed the cost limits of thé present project, so
it has not been attempted. The complexity and scope of such
an undertaking can be appreciated by study of the gas pipeline
map published by the Federal Power Commission. Moreover, as
seen below, it is unnecessary for the present purpose, which

is the first order estimate of gas pipeline EI.
A
It is well to note at this point an important dis-

tinction between the overall, industrywide EI and that which
obtains for a specific route and haul. For example, in the

case of railroads, if one takes the total locomotive energy

consumed and divides it by the total ton-miles of transport,
the result, for the year 1972, is

5.446 x 10'* Btu  Btu

(I = N 700 —l
Rail 7.84 x 10!! Ton-Mile Ton-pMile

)

E

However, if one examines a particular route and
haul, one almost invariably obtains a much different figure.
For example, Zandi (1974) used the-railway engineers' handbook
formula to calculate the EI of a railroad which would duplicate
the haul of the Black Mesa slurry pipeline. He obtained a
figure of 450 Btu/Ton-Mile,

3-31
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Returning now to the case of the gas pipelines and
considering first the industry-wide EI, in the absence of
througﬁput data, it is necessary to make an estimate of the
throughput.

In preparing the FPC National Gas Survey, the Task
Force for Transmission Operations prepared estimates of the
cost of service in 1970 to each of the ten regions, shown again
in Figure 3.4.1-1. Referring once more to the national map
R-5721 (FPC 74) one again appreciates the complexity of the
national gas transmission network. However, it is observed that
Region 1 is supplied almost exclusively by Tennessee Gas Pipe-
line Company (Tenneco) from wells on the coast of Texas and
Louisiana. From the map, the separation of the center of col-
lection and center of distribution is scaled to be approximately
- 1700 miles. This provides a first-order estimate of the distance.

An estimate of the fuel consumed per MCF of through-
put is obtained from the Task Force estimate of the cost of ser-
vice for Region 1, which is presented in Table 3.4.1-1. It is
seen that the cost of fuel is estimated to be 1.311 ¢/MCF. '
Under FPC accounting, this gas is credited to purchases (or
production) at whatever purchase price (or production cost)
was paid. Reference to Schedule 529, Line 1, of the Form 2
filed by Tenneco for 1970 will reveal that figure. Since the
1970 figure is not readily at hand, for present illustrative
purposes the natiocnal average figure is used. “Reference to
Gas Facts, 1975, p. 110, repeated here for convenience of the
reader as Table 3.4.1-2, reveals that figure to be 17.1 ¢/MCF.
That this figure is probably very close to what Tenneco paid
in 1970 can be inferred from inspection of Table 3.4.1-3, where
it is seen that the Texas-Louisiana average wellhead price for
1974 was very close, i.e., within less than 2%, to the national
average. If the same were true for 1970, dividing the 17.1¢
value into the 1.311 ¢/MCF average fuel cost for transmission

; 3=32
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Region 1

Operating
Fuel '

.Maintenance

G & A

Depreciation

Income Taxes
Other Taxes
Return
Totals

Region 4
Opetating
Fuel

Maintenance
G & A

' Depreciation

Income Taxes
Other Taxes
Return

‘Totals

Table 3 . 4 . 1-1

COST OF SERVICE,

1970

Production Gathering Transmission Storage Distribution Total

¢ /MCF ¢/MCF ¢/MCF ¢/MCF ¢/MCF ¢/MCF
0.479 0 3.062 0.054 0 3.595
0.037 0 1.311 0.015 0 1.363
0.086 0.002 1.183 0.012 0 1.283
0 0 3.212 0 0 3,212
0.086 0 8.992 0.066 0 9.144
0.134 0 4.074 0.012 0 4.220
0.148 0 3.553 0.015 0 3.716
0.741 0 15.762 0.074 0 16.577
1.711 0.002 41.149 0.248 0 43,11
0.197 0.126 1.460 0.411 0.055 2.249
0.003 0.025 0.814 0.026 0.000 0.868
0.019 0.051 0.716 0.059 0.008 0.853
0,000 0.000 1.513 0.000 0.000 1.513
0.084 0.227 3.051 0.158 0.026 3.546
0,019 0.091 1.357 0.091 0.015 1.374
0.017 0.082 1.202 0.057 0.016 1.374
0.061 0.380 4.968 0.243 0.052 5.704
0.400 0.982 15,081 1.045 0.172 17.68

Data extracted from FPC Forms 2, 2A, 15 15A.
Source: FPC National Gas Survey.
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Average Wellhead Price and Marketed_Production of
Natural Gas, 1950-1975

Average
Wellhead Price

Table 3.4.1-2

R-77-3022

Marketed Production

Millions of

Trillions of

Year (cents per MCF) Cubic Feet BTU
1950 6.5 6,282,060 6,753.0
1951 7.3 7,457,359 8,016.7
1952 7.8 8,013,457 8,614.5
1953 9.2 8,396,916 9,026.7
1954 10.1 8,742,546 9,398.2
1955 10.4 9,405,351 10,110.4
1956 10.8 10,081,923 10,838.2
1957 11.3 10,680,258 11,481.0
1958 11.9 11,030,248 11,857.5
1959 12.9 12,046,115 12,949.5
1960 14.0 12,771,038 13,728.8
1961 15.1 13,254,025 14,248.1
1962 15.5 13,876,622 14,917.4
1963 15.8 14,746,663 15,852.7
1964 15.4 15,462,143 16,621.8
1965 15.6 16,039,753 17,242.7
1966 15.7 17,206,628 18,497.1
1967 16.0 18,171,325 19,534.2
1968 16.4 19,322,400 20,771.6
1969 16.7 20,698,240 22,250.6
1970 17.1 21,920,642 23,564.7
1971 18.2 22,493,012 24,180.0
1972 18.6 22,531,698 24,221.6
1973 21.6 22,647,549 24,346.1
1974 30.4 21,600,522 23,220.6
1975 44.5 20,108,661 21,616.8

2 Marketed production as reported by the Bureau of Mines is
equivalent to natural gas production usefully consumed.
includes natural gas sold by producers and other non-

It

utilities to industrial consumers and includes natural gas
mixed with manufactured gas for consumption.

Source:

(Excerpted from AGA Gas Facts,

3-35

1975,

U. S. Bureau of Mines, Natural Gas Annual

p. 110)



AN 7 7 NS o b

Table 3.4.1-3

Average Wellhead Price and Marketed Product%on of
Natural Gas, By State, 1974 and 1975
1974 1975

Average Marketed Average Marleted
Wellhead Price Production Wellhead Price Production

Division and State (cents per MCF) (MMCF) _ (cents per MCF) {MMCF')
United States 30.4 21,600,522 44.5 20,108,661
New England 0.0 0 0.0 4]
Middle Atlantic 44.6 87,627 68.0 92,304
New Jersey 0.0 0 0.0 0
New York 55.0 4,990 74.0 7,628
Penrsylvania 44.0 82,637 67.5 84,676
East North Central 49.0 162,800 66.6 188,859
Illinois 40.0 1,436 70.0 1,440
Indiana 14.0 176 39.0 346
Michigan 50.4 69,133 63.4 102,113
Ohio 48.2 923,055 70.6 84,960
Wisconsin Q.0 -0 0.0 0
West North Central 16.8 920,559 17.5 871,006
Iowa 0.0 0 0.0 0
Ransas 16.6 886,782 17.2 843,635
Minnesota 0.0 0 0.0 0
Missouri 31.4 33 34.0 30
Nebraska 4.0 2,538 54.1 2,565
North Dakota 19.9 31,206 23.0 24,786
South Dakota 0.0 °] 0.0 0
South Atlantic 36.5 247,672 $0.4 205,683
Delaware . 0.0 0 0.0 0
District of Coclumbia 0.0 0 0.0 ]
Florida £3.6 38,137 97.3 44,383
Georgia 0.0 [+] 0.0 0
Maryland 24.0 133 27.0 93
North Carolina 0.0 [*] 0.0 0
Soutli Carclina 2.0 0 0.0 0
Virginia 51.0 7,096 51.5 6,723
West Virginia 32.8 . 202,306 36.9 154,484
East South Central 44.7 178,545 59.3 172,697
Alabama 74.3 27,865 87.0 37,814
Keatucky 0.0 71,876 54.0 60,511
Mississippi 29.5 78,787 49.6 74,345
Tennessee 36.0 17 4.0 27
West South Central 30.6 17,687,346 45.6 16,298,056
Arkansas 26.0 123,975 34.7 116,237
Louigiana 30.7 7,753,631 42.3 7,090,645
Oklahoma 28.0 1,638,942 32.0 1,605,410
Texas 31.1 8,170,798 S1l.9 7,485,784
Mountain 29.3 1,821,684 38.2 1,801,478
Arizona 20.0 224 28.0 208
Colorado 20.0 144,629 26.0 171,625
Idaho 0.0 0- 0.0 0
Montana 25.3 54,873 43.3 40,734
Nevada 0.0 0 0.0 0
New Mexico 1.4 1,244,779 40.5 1,217,430
Utah 41.2 $0,522 48.0 55,354
Wyoming 24.5 326,657 33.7 316,123
Pacific 40.0 494,289 $6.7 478,578
Alaska ., 17.0 128,935 30.2 168,578
California 44.0 365,354 70.0 318,308
Hawaii 0.0 0 0.0 0
Oregon 0.0 0 0.0 0
Washington 0.0 0 0.0 0

Source: U. S. Bureau of Mines, Natural Gas Annual.

Reflects price at first point of transfer, representing sales made by producers.

(Excerpted from AGA Gas Facts, 1975, p. 109)
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to Region 1 yield a value of 7.667% for the ratio of gas con-
sumed in compression to gas transported. Using 1020 Btu/Scf
for the heating value and 41,000 Scf per ton then yields an
EI of 3206 Btu/Ton~Mile for the energy intensity.

Repeating the process for Region 4, the average
distance is scaled to be approximatély 850 miles from the Texas-
Oklahoma panhandles to the Chicago area, yielding a value of
2593 Btu/Ton-Mile for the EI. Further note of these estimated
values will be taken at the end of the next section.

3.4.2 Specific-haul Energy Intensity of Gas Pipelines

The EI for a specific transmission system can be
éalculated with high precision if all the pertinent engineering
design parameters are known with high precision, because the
gas dynamics are thoroughly understood and well-documented
steady flow correlations are available. Some of the more

familiar correlations are:

v

® Weymouth - used in distribution and gathering sys-
tems. The flow calculated with this formula will
result in conservative values and since the formula
is not complex, it is suitable for preliminary
sizing.

® Panhandle A - used extensively in the United States
- for large high-pressure transmission systems. The
formula is suitable for use in a Reynolds number
range of 5 x 10° to 11 x 10°,

® Revised Panhandle - used for high-pressure trans-
mission systems. This formula is used in the
Reynolds number range of 4 x 10° to 40 x 10°.

Each formula has as a variable the transmission
factor on which is based the loss in pressure due to friction
in the pipeline. The method for calculating this factor as
well as the application of the formulas is noted in a flow
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computation manual published by the American Gas Association.
The Petroleum Engineer Pipeline Handbook contains the data re-
quired for solving the revised Panhandle formula in metric
units.

_ The gas dynamics model used in this study is a
proprietary computer code of Pipe Line Technologists, Inc., a
participating company in this project. The code is available,
for a royalty, to serve the needs of qualified investigators
who may wish to verify or extend the results of this study.
Figure 3.4.2-1 presents, for illustrative purposes oﬁly, the
printout from the model for a particular system in a particular
year of its operation, and for a particular market (throughput).

Elsewhere in Task 1 of this project, reference
systems have been designed for each principal type of pipeline =
gas, crude, products, slurry and water. The reference gas sys-
tem was introduced in another report of this series, SSS-R-77-
3024, Section 7.1, where sbme economic simulation results were
presented. - Between the reference systém design and economic
model is the gas dynamics model already described, which takes
as input-the system design parameters and the p:éscribed through-
put (market forecast) and calcuiates the energy consumption and
cost of compression. '

Table 3.4.2-1 presents selected outputs from a
series of full economic simulation runs. The third column is
the EI for four throughputs. As would be expected, the EI is
nearly proportional to the square of the flow. Thus, there
is seen to be a wide variation in EI, within a range of reason-
ably expectable, or at least not highly unusual, market con-
ditions. ' T
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" Table 3.4.2.-1

Energy Intensity of Reference Gas System

Throughput, i Compression IE
,109 Ton-Mile/Yr Energy, lO‘sztu Btu/Ton-Mile

1.363 ‘ 1.528 1121

1.868 4,312 | 2308

2;3706 7.586 3125

2.5313 ' . 10.44% | 4127

3-41
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This now raises the question of what is the EI
most likely to be seen in practice. To the extent that pipe-
line operators understand their business and influence their
own destiny, the answer must be that the most likely EI is
that at which either the return to the operator is maximum or
some cost is a minimum. For any line, the total unit cost of
course is infinite for zero throughput, first decreasing as
throughput increases, passing through a minimum, then increas-
ing. The magnitude of the minimum cost, and the throughput at
which it occurs, are sensitive to line diameter, as is seen in
the example of Figure 3.4.2-2. |

. To investigate this question, a search for the
optimum throughput(s) was made by conducting full l6-year
simulations of pipeline operation at each throughtput. All
capital investiment was made in year zero, and throughput was
held constant for each case. Zero débt was taken, in an effort
to expose the true economic effect in terms of return on owner-
ship. Some selected results are tabulated in Table 3.4.2-2.

The first observation to be made is that the mini-
mum-cost point is below even the lowest EI (and throughput)
which was examined. It may be noted that the engineers who
designed the system were not surprised at this result. It was
their feeling that the minimum throughpﬁt condition, i.e., the
1.363 x 10° Ton-Miles/Day which corresponds to the IE of 1121,
is about at the minimum-cost operating point for this line.

More importantly, it may be observed that the
operating point which yields maximum return to an owner-investor
is at a much higher energy intensity. The price of fuel was
taken to be the $1.42/MCF recently set by the FPC, and even at
this relatively high price, in terms of previous years, the
maximum return operating point falls at an IE approximately

3-42
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Table 3.4.2-2

Search for Economic Energy Intensity

LAC* Book Profit*

,Btu/TigiMile Mills/Ton-Mile 10° s
1121 5.17 107
2308 5.95 o134
3125 7.3 142
4127 8.21 133

*l6-year present value, discounted at 10%.

3-44

Cash Fiow*
10° §

163

204

234

227
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three times greater than that of the minimum-cost point. To
bring the two together would require a gas price of several
dollars per MCF. '

It may also be noted that in none of the cases
studied was the FPC profit limit reached, so that the cost to
the consumer is the same all cases.

This area of investigation, i.e., the relation-

' ships between energy consumption, profit, and cost to the con-
sumer, contains many interesting questions aﬁd warrants further
investigation. In particular, when a plan is being developed
for implementation of tﬁe recommendations of Task 2, Regula-
tion and Tarriff, more detailed case studies will be needed.
Further work is therefore recommended.

Referring again to Figure 3.4.2-1, it is seen to
be éonsistent with the result just derived. For a 24-inch
line, which is the diameter of the reference system, the fig-
ure.indicates a minimum cost at about 300 x 10° ft3®/day, as
opposed to the 200 x 10° ft3/day which corresponds to the
minimum=-throughput point in Table 3.3.2-3. it seems quite
reasonable that the increase in fuel prices since 1963 could
account for this shift to lower flow.

Finally, i£ is observed that the maximum-return EI
of approximately 3100 BTU/Ton-Mile for the reference system is
not inconsistent with the 3200 derived in the previous section
for Regional 1, New England. The Tenneco line consists of
parallel pipes ranging in size from 24 to 30 inches. The lower
figure of 2600 which was derived for Region 4 is also not in-
consistent when it is recognized that the principal line from
the Panhandle area to Chicago consists of 24 to 36 inch pipes.‘
For the larger pipes, a lower energy intensity would be ex-

pected.

3-45
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The foregoing calculations were sent to several
pipeline companies for review. The responses were that the
methodology and values seemed reasonable, but since they had
never calculated EI, they could not comment upon the actual
magnitudes. However, one largé company performed the necessary
research into their own records and calculated the EI for the
trunkline portion of their system in 1976. The result was
just over 1000 Btu/Ton-Mile. However, in earlier years, when
~the throughput was much higher, the EI was of course much
higher, so- that the EI for that system may well have been above
1500 Btu/Ton-Mile. This result, of course, leads to the sus-
picion that the estimates developéd above are high.

Taking all of the foregoing discussion into account,
it is concluded that the 1976 average EI lies between 1000 and
4000 Btu/Ton-Mile, at high confidence. Taking the geometric
mean, in recognition of the skewed nature of the probability
density function, yields a value of 2000 Btu/Ton-Mile. This
is the estimate for energy intensity of gas pipelines.
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4.0 ENERGY CONSUMPTION IN OIL PIPELINES
4.1 O0il Pipeline Industry Profile

4.1.1 Pipeline History

On October 10, 1865, the first oil pipeline in
the United States was completed. It was 5 miles of 2-inch,
lap-welded, wrought iron pipe, held together by threaded
couplings, and ran from Pithole to Miller's Farm in Pennsyl=-
vania. It reduced the cost of transporting crude oil from
$3 to $1 per barrel. 1In the years immediately following,
pipelines of 2 to 6 inch-diameter pipe were built.

Table 4.1.1-1 is a statistical history of all oil
pipeline miles in the United States from 1918 through 1964.
Figure 4.1.1-1 shows the growth of various types of pipeline
for the same period.

From 1900 to 1910, United States oil pipeline
operators increased total trunkline length by 138%. In the
~decade from 1920 to 1930, the total length in operation was
increased by 81%, while actual shipments in that period in-
creased by 158%, due to the steadily increasing use of larger
diameter pipe. The greatest technical gain of the 1920-30
decade for reducing operating costs was the increase in pipe
diamater to 10 and 12 inches. With the exception of the
Prairie Pipeline's lZ—inch pipe in 1906 and Shell's 10-inch
in 1916, the largest in the United States had been 8 inches.

During the 1930's, pipeline industry expansion .
was erratic, due no doubt to the depression. However, there
were some important events. The firét pipeline to cross the
Continental Divide was built in this period. It was a 440-
mile line, with 6~ and 8-inch pipe, which ran from Lance.
Creek, Wyoming, to the Salt Lake plant of the Utah 0il Re-
fining Co. Also, products pipelines started their major

4-1
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Table 4,1.1-1

Pipeline Operations
in U. S. as Indicated
by Number of Miles of Pipeline in Operation
(Those Reporting to ICC - End of Year)

CRUDE OIL LINES B PRODUCT LINES
YEAR TRUNK . OATHERING . TRUNK TOTAL
1918 2,157 23,415 . e 45,572
1919 24,435 24,867 s 49,302
1920 : 25,330 27,663 cees 52,993
1921 26.292 28,968 e §5,260
1922 27,325 30,024 e 57,349
1923 31,322 33,438 ceee 64,760
1924 34,072 34,113 cens 68,185
1925 34,801 35,208 e : 70,009
1926 35,515 37,331 e 72.846
1927 41,610 34,460 e 76,070
1928 . 19,422 42,254 cees 81,676
1929 43,564 42,232 L 85,796
1930 45,388 42,806 534 © 88,728
1931 48,014 41,803 3273 93,090
1932 48,133 41,378 3,271 92,782
1933 . 49,468 40,859 3,397 93,724
1934 : 49,837 39,665 3,568 93,070
1935 : 48,641 39,380 4,016 . 92,037
1936 $0.263 19,600 - 4,148 94,01
1937 51,369 40,062 5,181 96,612
1938 51,781 38,874 - $283 95,938
1939 53,641 19,573 5,467 98,681
1940 . 54084 40,300 5,712 100,156
1941 : 57,502 41,858 6,075 105,435
1942 56,762 , 42,318 7,405 106,485
1943 57,586 42,471 . 8726 108,783
1944 59,259 43276 9,080 111,615
1945 59,576 43,994 9,781 113,351
1946 60,120 44,862 11,562 116,544
1947 61.561 45,909 11,828 113,298
1948 63,364 47,036 13,692 124,092
1949 62,272 . 41212 15,500 124,984
1950 64,622 47,593 16,374 128,589
1951 4 64,922 47,629 18,836 131,387
1952 64,888 » 48,522 19,305 132,715
1953 63,408 50,030 20,462 133,900
1954 64,145 50,689 24,128 138,942
1955 63,347 50,645 26,832 140,374
1956 : 61 88 51336 - . 29,465 142,686
1957 61,379 52,077 31,780 145,236
1958 61,702 49,787 32,865 144,354
. 1959 61,860 49,567 37,732 - 149,159
1960 62,059 49,401 40,508 151,968
1961 62,251 _ 49,656 41,830 _ 153,737
1962 61,702 48,063 45,288 155,053
1963 61,832 (est) 47,125 (est) 47855 (est) 156,812 (est)

1964 6,139 (est) 46,777 (est) 49,667 (cst) - 159,583 (est)

Source: Twenvieth Century Petroteum Statistics {(1966), p. 60.
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development during the depression, a noteworthy example being
the construction of the 732-mile Susquehanna-Sun. 0il Line
system in 1930-31. By 1937 it was transporting gasoline at
one-third. the unit cost of railroad shipping. Statistics for
this period are given in Table 4.1.1-2.

The importance of large pipe diameters is dramatic.
For example, a 1l0-inch line will transport fluid at an average
cost which is 37% lower than that for an 8-inch line. A 16-
inch line can double the delivery rate and decrease the cost
per barrel-mile by more than half in comparison to an 8-inch
line. Of course, these savings are realized only if a certain
minimum shipment level is maintained, and there are many in-
stancés in which the tradeoff of pipe costs, pumping require-
ments, and shipping volume favors the small-diameter pipeline.

By 1941, a 24-inch diameter pipeline was in opera-
tion. This was the Big Irish line, which extended from the
Gulf Coast to the Eastern Seaboard, and whose purpose was to
augment World War II tanker shipments. Table 4.1.1-3 shows
' the shift in oil transport methods from 1941 through 1945,
Figures 4.1.1-2 and 4.1.1-3 show the 1950-1975 trends in terms
of intercity freight and interstate pipeline shipments,

The Colonial system, built in 1963, was 2600
miles long, 1046 miles of which was made of 36-inch-diameter,
high strength, thin wall pipe. Today the system has 4127
miles of pipe, some of which is 40 inches in diameter. Its
trunkline shipping recérd for the year 1576 was over 591
billion barrel miles of petroleum products, the average haul
distance is approximately 1040 miles.

From the first pipeline .in 1865, 5 miles of 2-
inch pipe in Pennsyl?ania, the United States today has over
170,000 miles of crude oil and petroleum products pieplines,
and growth continues as shown in Table 4.1.1-4. It-is of
interest that the 9391 million barrels of crude oil shipped
through trunklines in 1975 was an increase over that shipped
in 1945 of approximately 5 to 1.

4-4
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Table 4.,1.1-2

Gasoline Production and Pipeline Shipments of Crude 0il
and Petroleum Products, 1931-41 (Millions of bbl)

Shipmaents originated on interstate

" Total gasoline cormmon carrier lines
‘ U. S. gasoline pipeline -

Year production * shipments Products Crude Totol
1931 396.4 157 489.1 504.8
1932 366.3 29.9 24.9 : 508.1 533.0
1933 376.2 38.4 29.0 537.6 X 546.8
1934 . 388.8 45.5 353 5773 6126
1935 426.8 51.0 43.6 723.0 766.6
1936 4710 58.9 315 755.1 806.6
1937 519.8 74.1 63.0 885.4 948.4
1938 516.1 85.6 85.1 7933 858.4
1939 556.9 95.1 70.2 802.8 873.0
1940 557.8 97.1 720 886.4 958.4

1941 623.3 113.0 82.4 971.1 1,053.5

* Finished gasoline ond naphthe, eaciuding noturol gos liquids.
Sources AFI, Pattoieui Faerl ond Pigures, 1939, 114, 170-171,
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Table 4.1.1-3

Average Daily Petroleum Deliveries to the East Coast by
Mode of Transportation (1941-45) :

1941 1942 1943 1944 1945 °

Tonk car 35000 {2.3) 624,684 (51.]) 851,905 (61.3) 446,113 (37.7) ' 504,497 (277)
Pipeline . 54000 (3.5) 120,459 (9.9) 266,990 {19.2) 662,559 (387) 732,837 (40.3)
Barges and lake tankers 28,000 (1.8) 80,793 (4.6} 112,347 (8.1} 127,640 (7.5) 127,002 (7.0
Total overland 117,000  {7.5) 825,938 {67.9) 1,231,042 '(88.8) 1,436,353 (84.0) 1,364,236 (75.0)

- Tanber ) 1,421,000 (92.5) 390,611 {321) 159,563 (11.4) 275,766 (16.0) 450,665 (25)
Total daily delivery 1,538,000 1,216,547 1,390,605 1,712,129 1,815,000

* Fint six months.
Source: Frey and Ids, History of PAW, 449.
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Table 4.1:.1-4

U. S. Pipeline‘Operations, Crude 0il and Petroleum Products

Miles of Pipeline ‘ 169,116 170,749

Total Deliveries | _ 9,131,713 9,391,347
(1000 B) ' .

Total Trunkline Traffic 2,631,849 2,892,129

(1,000,000 B-Mi)

Source:  0il and Gas Journal - August 23, 1976

Increase

.96%
2.74%

9.89%
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4.1.2 Pipeline Fabrication

Early pipelines were welded, but only along the
seam of the pipe during its manufacture. Lengths of pipe
were joined by threaded couplings. The additional require-
ments of threading the pipe ends made this a costly process,
particularly as pipe diameter increased. Coupling of pipes
by welding began on a large scale in the 1920's. By that
time also, seamless tubing has replaced the lap-welded pipe
.and electric arc welding had begun to replace oxyacetylene
welding. Techniques for repairing lines while they contained
0il or products were also being developed.

Large pipelines need either thicker or stronger
steel than do the smaller lines. Further, the use of high
pressures to increase fluid flow subiected the pipe to still
higher stress. These requirements were met by the develop-
ment of new alloys and heat treatments to increase pipe
strehgth to above 100,000 psi. This also increased the weld-
ability of the material. |

There was still a major problem which has forced
thick-wall pipe fabrication. The corrosion of external pipe
had to be accommodated by extra thickness to overcome the
électrolytic metal loss. This has been circumvented by the
development of special coatings and cathodic protection. 1In
products pipelines, some of the refined products have a cor-
rosive effect on the internal surface of the pipe. Here
again, techniques for protection have been developed, namely,
the use of intense coatings to prevent wall corrosion and ‘
of product additives to decrease corrosiveness of the fluid.
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4.1.3 Pipeline Pumping Equipment

Pumping machinery evolved from steam engines
through diesel engines to electrically driven\centrifugal
pumps. Electrical power for pipelines undérwent its first
major test in 1926 when a 30,000 barrel-per-day (B/D) main
line station was successfully powered by electric pumps. 1In
1927, the Oklahoma Pipe Line Co. opened an all-electric
50,000 B/D station, and in 1928, Shell 0il followed with an

almost completely electrically powered pipeline which was
| larger than the combination of the two just mentioned. This
was soon superseded by Atlantics's 500-mile West Texas Line,

which was exclusively powered by electricity.

In most cases today, electricity is used whenever
it is available. When it is not available, or there is a
~capital equipment advantage in continuing to use older machinery,
either diesel engines or gas turbines are used. In many cases
the fuel is drawn from the pipeline. Table 4.1.3-1 shows the
principai energy sources for five large companies selected
for study in the Federal Energy Administration's Project In-
dependence. It is seen that for these five companies, elec-
tricity was the principal fuel in an estimated 88% of the

usage.
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" Table 4.1.3-1

, Energy Intensity of

Selected Petroleum Pipeline Companies

Compady ?gg_M§§Za Principal Fuel
1: 1970 424.8 Electricity (87%)
1971 424.8 Electricity (87%)
1972 414.6 Electricity (90%)
1973 414.6 Clectricity (91.3%)
2 1971 520.9 Electricity (100%)
1972 358.4 Electricity (100%)
3: 1972 432.5 Electricity (76.3%)
1973 445.7 Electricity (75.8%)
4: 1970 546.9 Electricity (87.5%)
5: 1971 1018.6 Electricity (75.6%)
1972 1067.9 Electricity (72.6%)
Estimated Weighted |
Average 1972 432.91 88%
Responding Companies
Estimate for All ~
Companies 550 75-80%

aAdjusted to exclude fuel used on. non-trunk operations
since ton-miles were available only for trunkline move-
ments. Btu's are on a production basis and represent
Btu inputs to the utility plant when electricity is
in the form of energy use (i.e., 11,586 Btu/kw-~hr).

Source: Project Independence, Vol., II, 1974

Federal Energy Administration

4-12
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4.1.4 Pipeline Control and Monitoring

Control and monitoring of oil and produéts pipe-
line flow are now effected by digital computer systems which
control and meter flow, follow interfaces between products,
record flow operations, sense faults, actuate the alarm sys-
tems when necessary, provide delivery information, and as-
sist in customer billing. These systems have become highly
precise and have contributed enormously to both quality and
efficiency. )

Operational parameters such as pressure, flow,
and temperature, and equipment conditions such as temperature
of bearings and electrical windings, are sensed. Corrective
action such as a switch to standby equipment may be handled
entirely by the control system.

Modern petroleum préducts shipments demand highly
sophisticated batch separation equipment. This equipment
must first select the sequence of the products which inter-
face in the-pipeline, then the proper flow characteristics
to assure nonlaminar flow and thus prevent the products from
intermixing must be maintained. Next, interface cutting,
probably the most delicate of the operations performed by
the equipment, must be performed. Aviation gasoline, for
example, must be kept absolutely uncontaiminated. To achieve
this, the flow into the delivery truck cannot begin until
the interface between the aviation gasoline and the pro-
duct preceding it in the line has passed the outlet point.
Near the end of the delivery, the valve must be closed before
the next interface reaches the valve. Clearly, the more
reliable the equipment for this procédure,_the higher the
economic efficiency. It may be noted that electrical machinery
is most easily controlled.
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4,1.5 Economic Considerations

Pipeline barrel-mile shipment cost decreases mark-
edly with increased quantity. These costs, however, are not
affected to any large extent by shipping distance, which is
quite the opposite situation from that with rail or tanker
transport. As with all methods of transport, some threshold
shipment size is required for economical transportation by

pipeline.

Figure 4.1.5~1 shows a comparison of cost vs.
quantity for several modes of crude and products shipment to
and within Europe. Figure 4.1.5-2 separates pipeline capa-
bilities which were integrated in Figure 4.1.5-1 to show
throughput as a function of pipeline size. Another interesting
aspect of pipeline operation is shown in Figure 4.1.5-3 where
throughput is a function of pipeline utilization. This indi-
cated trend is consistent with that of Figure 4.1.5-1. Figure
‘4.1.5?3 is normalized to an ultimate minimum transportation
- cost. It shows unit cost of transporation for a pipeline
designed to accommodate an initial throughput shown at A with
a potential throughput as shown at B. Point C shows the unit
cost increase caused by the addition of pumping machinery,
and point D shows the advantage to bbth cost and throughput
when the potential of the new line is fully utilized.

As noted in Section 4.1.4, the products pipeline
makes much more stringent demands upon the control and moni-
toring system. This is particularly true in maintaining
separation of the various products in the line. The inter-
mixing of a small amount of one grade of crude o0il with another
is of small moment, whereas produdfé'batches must be precisely

separated.

In crude oil lines, most of the personnel is con-
centrated at the point where the o0il is gathered, gauged, and
sent into the pipeline. Conversely, the products pipelines,
personnel are most likely to be found at terminal points.

4-14
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4,1.6 Pipeline Ownership

~Although several large single-owned and non-
shipper-owned pipelines exist, the general practice is joint
ownership by a group of shippers who pool their investments
and their shipments. Joint ownership in most cases has proved
"to be economically preferable. Management modes vary among
jointly owned pipelines. For example, the giant Colonial
Pipe Line Co. maintains a single tariff throughout the sys-
tem, while in other systems, each owner establishes the tariff-
for his own shipments. Operations management also differs
from one system to another. The two management schemes most
prevalent are (1) operations management function performed
by one of the pipeline owners groups, and (2) operations
management by an outside company hired by the pipeline combine.

4.1.7 o0il Pipeline Characteristics

'Pipeline crude o0il movements pass through two
different steps or types of facilities. These are gathering
systems and trunk systems. As the name implies, in a gather-
ing system, crude oil is transported from the numerous pro-
duction leases in an oil field to a pipeline trunk station
or rail head. A gathering system might be compared to a
scries of small streams that feed into a river., It is in
the gathering system that crude o0il begins the first leg of
its journey to market. Figures 4.1.7-1 and 4.1.7-2 show
the two stages of the gathering system.[Barbe, 74].

In most instances, wells in the same general area
produce the same grade of oil which allows all feeder lines
in a gathering system to flow“togethér into a common stream
into the trunk station. If two types of crude are produced
in the same area and cannot be mixed together, it is necessary
to construct a dual gathering system;

4-18
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The collection of lease 0il in gathering systems
is performed by pipeline field people known as gaugers. When
lease tanks have been filled the producer notifies the pipe-
line gauger who samples the o0il for guality and verifies the
quantity before turning it into the gathering system. The
oil then moves by gravity or is pumped into tanks at the
nearest trunk station. In a modern oil field, a very large
percentage of the production from leases is transferred auto-
matically from producer to pipeline through Lease Automatic
Custody Transfer (LACT) equipment. Such equipment auto-
matically pumps oil from a lease surge tank when the oil
reaches a certain level in the tank, continuously monitors
the 0il for excess sediment and water content, measures the
oil through a meter as it is transferred and continuously
draws off a portion of sample of the oil into a container
from which the gauger can determine quality later.

The trunk line station is usually provided with
several tanks having capacity to:

° Store sufficient crude o0il to maintain a
constant flow to the next station.

. Receive the variable runs from gathering
systems.

° Measure the receipts from connecting carriers.

° Accumulate suitable quantities of different
- grades for desired batch sizes.

A crude trunk line station is schematically il-
lustrated in Figure 4.1.7-3, and Figure 4.1.7-4 illustrates
the trunklline system [Barbe 74].
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Figure 4.1.7.4 - Trunk Line System
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A products trunk line is illustrated in Fig.4.1.7-5.
Many similarities are obvious ‘[Carter 74]. However, there are
some important differences. Crude o0il lines, because of the
higher viscosity_of the 0il, are . generally of larger diameter
pipe than product lines. Products temperatures do not greatly
affect their viscosity; therefore pumping rates can remain
nearly constant with temperature. Also, the temperature
4control.problem is not severe. Crude oil operations, on the
other hand, are very éensitive to temperature because of the
higher visocity. Thus, temperature becomes more critical in
the crude lines and there are much greater demands for flexi-

bility in the pumping machinery.

Corrosion on the internal surface is a problem
chiefly confined to producté pipelines. Treatment of the
metal itself may help, but in most cases the products must
be made less corrosive either by additives or dehydration.
Crude oil lines suffer from paraffin deposits, which can
build up to considerable thickness. While this has the ad-
vantage of protecting against corrosion, the paraffin must be

scraped away periodically..
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4,2 0il Pipeline Data Sources

The data used in this study was obtained from

two sources:
(1) Reports to the ICC by the Companies

- (2) 1Interviews with several individual  companies

Figures 4.2-1 and 4.2-2 are copies of'péges from

" the iCC Report P, upon which the pipeline companies report

their annual operating expenses, Item Number 320, and Statistics
of Operation, Item Number 400. The cost of operating fuel and
power is reported on Line 4, Figure 4.2-1. The barrel-miles

are reported at the bottom of Figure 4.2-2.

The acquisition of data by interView was accom-
plished only with great difficulty, and only a few data values
were obtained. However, it will be seen that those values
are uéeful, and are believed to be very accurate. ’
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0 Carrier Initials Year 19
310. OPERATING REVENUE ACCOUNTS .
ls-l.alt the pipeline operating revenues of the respandent for the year, classified in accordance with the Uniform Sysiems of Accounts for Pipe I
ines. 0
l;‘i:‘ Operating revenue sccounts Crude oil Products Total
) ) o) () )
s $ '
1 [(200) Gathering revenues
2 |(210) Trunk revenues
3 {(220) Delivery revenues
4 (230} Allowance oil revenue
§ {(240) Storage and demurrage revenue
6 1(250) Rentalrevenue i
7 |1260} Incidental revenue : . . I
[ Total !
~
320. OPERATING EXPENSE ACCOUNTS
Staie the pipeline operating expenses of the respondent for the year.
. CRUDE OIl.
Line Operating expense accounts —- 2 :
No. Gathering Trunk Delivery Total
(1) (h) (<) id} {e)
s s s ) S
UPERATIONS B .
3 {0 Sufaries and wages
2 {3100 Supphes and expenscs
3 {320) Ourside services - !
4 J13MY Operating fuel and power
& a0 Ontlosses and shortages
6 TOTAL OPERATIONS FXPENSES
MAINTENANCE ;
T a0} Sulurees and wages .-1'
R [(410) Supphes and expenses :
9 |(420) Outside services j
10 |taMn Maintenance materials __
" TOTAL MAINTENANCE EXPENSLS
GENERAL
12 1140 Sularies and wages
1V |r110) Supptie{:md expenses —_—
14 (520 Qutside services .
15 [(530) Rentals (p. 48) !
16 |84 Depreciation and amortization - .
17 |(S%0) Pensions and benefits — i
I8 {(S4) Insurance —_ —
19 8701 Casualty and other nsses d j
D {15y Pipeling tanes (p 42 l
2 TOTAL GIENERAL EXPENSES |
22 Grand ‘| stals
21 Operating ratio (ratio of operating expenses ke operating revenues—percent). Ga_l_herjng Trunk

Figure 4.2-1 - ICC Annual Report Form =

Pipeline Annual Report P

Item 320, Operating Expense Accounts = Sheet 1
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Carrier Initials . Year 19

320. OPERATING EXPENSE ACCOUNTS~~Continued

Classifying them in accordance with the Uniform System of Accounts for Pipe Lines.

Line PRODUCTS TOTAL

No. GalhevirigA . Trunk Delivery Total ) Gathering " Trunk Delivery Tota!
[} 1) h | (0] N () (k) O ()] tm)

[ SV N

23 Delivery Total

Pipcline Annual Report P

Figure 4.2-1 - (Continued) Sheet 2
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4,3 Estimation Methodology for 0il Pipelines

It was explained in Section 1.2 above that the
accomplishment of this subtask reduces to an effort to esti-
mate the three quantities on the right-hand side of the
formula for the energy intensity,

= E_
It = 3XD
where,
. . Btu

IE A energy intensity, Ton-Mile
E A energy consumed annually, Btu
Q A quantity transported annually, Barrels
D A distance transported annually, miles

, Estimation of the numerator E constitutes an end
in itself, since the total annual energy consumptiocn is the
first objective of this study. Information regarding the
denominator is equally useful in the form of Q and D separately,
or as the product (Q x D). It has been seen in the preceeding
section that oil pipelines reportAthe data in the latter form,
as barrel-miles. Unfortunately, they do not report ton-miles,
nor average density. Thus, an imprecision of plus=-or-minus
five to ten percent is introduced by the use of any value
for average density which is unsupported by considerable re-
search. '

It has also been seen in the preceeding section
that the direct measurements, in the-form of recorded data,
whose total would represent the numerator E in the formﬁla,
does not exist. The companies are not required to record or



c.2

R-77-3022

maintain such data, and while some of them may do so, many
do not. Accordingly, it becomes necessary to work with such
data as does exist, which was seen to be the annual costs of
energy, as reported on Line 4, Figure 4.2-1 above.

The general approach which was taken then, was
to estimate the total energy by developing an estimate of the
average .unit cost of purchased energy and dividing that value
into the total cost of power and fuel. To estimate energy
intensity, the cost intensity is first calculated by dividing
throughput, in barrel-miles into the total energy cost. Di-
viding this result by the estimate of average unit energy
cost then yields the first-order estimate of energy intensity
(EI) at the pumping station meter. Dividing by the efficiency
of the electric generation ahd tfansmission system gives the EI
at the boiler.  Finally, the conversion from Btu/Barrel-Mile to

Btu/Ton-Mile is made by multiplying by a reasonable value of

- energy inverse density in Barrels/Ton.

Unfortunately; the totals published in the ICC
statistics are not broken into sufficient detail that this
method can be applied directly to those statistics, because
the only figure given for fuel and power costs includes
gathering and distribution energy as well as trunkline energy.
To obtain that breakdown, it is necessary to consult each of
the 104 reports filed by the individual éompanies. As will
be seen, that is neither convenient nor necessary, because
highly representative samples of the population of qompanies'
could be constructed. Having applied the method t§5those
samples, the intensity value thus obtained is then éxtra—

polated back to the entire population.

Finally, it is well to note that the same inabil-

ity to obtain an accurate estimate of energy intensity had

_been the result.of(an attempt by the National Petroleum Coun-

cil Task Force (NPC 73).' As reported in a“Rand Corporation
report (Anderson 75), "The NPC Group found no valid way to
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correlate distance, volume, and cost, using historiqal in-
formation on transmission costs." The analysis presented
here represents a first attack upon the problem.

4,3.1 Selection of Samples for Analysis

The first step in the execution of this method
is the selection of a sample from the population of 104 com-
panies, use of the entire population being neither necessary
~ or desirable. Since the viscosities of the crudes are generally
different from those of the products, it was desired to an4
alyze the statistics of crude oil pipeline companies and
petroleum products pipeline companies separately, so that
two samples were required. Since many companies operate both
products and crude lines, it was necessary to sort them into
three categories, i.e., those whose operations are predominantly
one type or the other, and those which are significantly both.
For convenience, a "prime" company in either the products or
crude category was defined as one whose trunkline shipments
in ‘'one of those two categories comprise at least 80% of its
total trunkline shipments. It was found that, of the 104
interstate pipeline companies in the United States in 1976,
91 met this definition. Most of the 13 which did not were
comparatively small, and for some, no trunkline traffic ta-
bulated at all was reported. |

The degree of specialization of the primes into
the two categories was analyzed for 1975, the figures for
1976 not being available at the time. The results are pre-
sented in Table 4.3.1-1.
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Table 4.3.1-1

Prime* Pipelihe Companies; 1975

A‘Degree of Specialization in Either Crude 0il or
Petroleum Products Shipments

$ of_SpecializatiQn ' 'Noonf Companies
100 _ 70
95-99 | i 10
90~-94 4
85-89 4
80-84 2

*Prime Company - One whose trunkline shipments of crude or
products comprise 80% of its total.
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It is seen that the specialization is extremely high, indi-
cating that the separation is virtually complete. When the
1976 figures appeared, the.complete specialization analysis
was not repeated, but it was verified that the specialization
of the primes had not changed in any non-trival way.

After the primes in each category were identified,
they were tabulated in ordér of trunkline barrel-miles of
traffic for 1976. Then sufficient companies were taken in
sequence from the top of the list to include at least 90% of
the trunkline barrel-miles for all the primes in that category.
This selection process yielded 21 crude and 14 products com-
panies. Their 1976 market share is shown in Table 4.3.1-2.

Tables 4.3.1-1 and 4.3.1-2 together show that the
two groups of selected companies are highly representative
Asamples of their categories. Discussion of the analyses per-
formed upon £hese samples will be presented in Section 4.4.
First, however, the estimation of the cost of purchased power'
will be discussed.

4.3.2 Estimation of Purchased Power Cost

Early inquiries had revealed that'pipeline com-
panies do not maintain explicit records of all their power
consumption, although engineering departments from time to
time may collect the figures for purposes of one study or
another. A number of companies (more than a dozen) were then
interviewed and asked if their energy consumption and energy
intensity could be obtained. It was found that they do not
collect the data or perform the calculations in the ordinary
course of business, although engineering studies may from
time to time become involved in such questions. They were
then asked to provide their actual average cost of purchased
electricity in dollars per kilowatt-hour. Most them declined;
however, the information presented in Table 4.3.2-1 was ob-
tained.

4-34
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Table 4.3.1-2

Market Share of Selected Companies, 1976

Trunkline Traffic, 10° B=-Mi

Group ' Crude Products
All Companies " 1,639,479 1,279,016
Selected Sample 1,447,949 1,017,999

(88%) (80%)

4-35
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Table 4.3.2-1

Electricity Costs of Pipeline Companies

[}

*

~

A Average
Type Electricity
of Geographical Cost, Time
Pipeline Region $/Kw-hr Period
Large Crude South-Southwest 0.0225 1976
Large Products Southwest 0.0235 1976
Small Crude West 0.0230 1976
Small Products Far West 0.0350 1976
Small Products Mid-West 0.0125 1/73-3/74
Large Water West-Central 0.0200 1976
Large Sewage Far-West 0.03666 June 1977
0.3594 6/1/76-6/1/77
0.03162 6/1/75-6/1/76
6/1/74-6/1/75

0.02289
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The pattern of variation which is seen Table
4.3.2-1 is as would generally be expected. Pipelines in the
gulf coast and southeast generally enjoy lower power costs
than eleswhere. Water companies are able to obtain the lowest
cost of all by virture of the large storage capacity in their
systems, which enables them to do most of their pumping at
night and take advantage of the lowest power rates. And
product lines generally have to pay somewhat higher rates
than crude lines, because with their more drastic duty cycles
they have higher peaking charges. An example utility rate
schedule is presented in Figure 4.3.2-1.

The first two values in Table 4.3.2-1 are probably
below the national 'average because they pass through the re-
gion which enjoYs the lowest power cost. The national average
cost of purchased electricity for the products lines is likely
to be nearer to the average of the second and fourth figures
than to the second. Hence, for the analysis, that average,

1 0.02925 $/kw-hr was used. Reducing this value in the pro-
portion of the first value in the table to the second then
yields 0.0280 $/kw-hr as the estimate for the national average
cost of purchased power‘for crude lines. There are no obvious
adjustments to be made for the water lines.

No defense of these estimates is offered, except that
they are reasonable. They are certainly useful as first-
order estimates and as a means to exercise the methodology.
The research that would be necessary to refine them is dis-

cussed later in this report.
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SAN DIEGC GAS & ELECTRIC COMFANY Reviscd _Cat. PUC Sheet No. - 2649-E
1880, CALIFORNMIA
sane Concalling __Revised  cal PUC. Shoot No, ____2N62-E
“{Sheet 1 of 3)
SCHEDULE A-6

GENERAL SERVICE - LARGE

APPLICABILITY

Applicable to general service including lighting, appliances, heating,
and pover, or any combination thereof, except as limited by Special
Conditions 1., 7. and 10.
TERRITORY

Within the entire territory served by utility.

) ‘ Per Meter
RATES Per Month

Energy Charge:
First 100 kwhr per kv of billing demand, per kvhr..... $ 0.0k132
Hext 00 kvwhr per kv of billing demand, per kvhr..... 03582
Rext 100 kwhr per kw of billing demand, per kwhr..... .02197
All excess kwhr, per KWhr..cveeoieecccecccocconcacnsns .01907

Minimum Charge:
The monthly minimum charge shall be $7,009.00 but pot less ihan
$1.40 per kv of billing demand.

Energy Cost Adjustment:

An Energy Cost Adjustment, a&s specified in Section 9. of the Preli-
minary Statement, will be included in each bill for service. The Energy
Cost Adjustment amount shall be the product of the total kilowatt-hours for
which the bill is rendered multiplied by $0.00761 per kilowatt-hour. (The
Energy Cost Adjustment amount is not subJect to any adjustment for serving

voltage.)

el Collection Balance AdJustment:

A Fuel Collection Balance Adjustment, as specified in Section 10. of
the TFreliminary Statement, will be deducted from each bill for service.
The Fuel Collection Balance Adjustment amount shall be the product of the
totel kilowatt-hours for which the bill is rendered multiplied by
per kilowatt-hour. (The Fuel Collection Balance Adjustment amount 1s not
subject to any adjustment for serving voltsge.)

3

(Continued) »
(Te be n-:ul By wabicy) ) ’ . L. (Te o laserwnd by CJ- YLD
Advice Leter No. ______“LJ._E reaura av " Date Piled ___September T, 19’75
. JOHN H. WOY
Dectsion No. - - o VI K PN LIt NT AT A VALUATION Effective sePtember 11 1976

F-18Q9

Figure 4.3.2-1 - Example of Electric Utility Rate Schedule

4-38
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SAN DIEGO GAS & ELECTRIC COMPANY Heviged Cal. P.U.C. Sheet No. 2f,50-E
SAN DIEGO, CALIFOANIA Reviied gﬁc,' 5<E
. Cancelling _Revired __  Cal P.U.C. Sheet No. . 2329-F

r-. 4 (Sheet 2 cf 3)

SCHEDULE A-6 (Continued)
RATES (Continued)

Residual 0il Sales Adjustment:

) A Residual 0il Sales Adjustment, as specified in Section 11. of the
Preliminary Statement, will be deducted from each bill for service. The
Residual 0il Sales Adjustment emount shall be the product of the total
kilowatt-hours for which the bill is rendered multiplied by i per
kilcyatt-hour. (The Residual Oil Seles Adjustment amount 1s not subject to
aay adjustaent for serving voltage.)

Franchise Fee Differential:

The franchise fee differential as indicated below will be applied
to the monthly billings calculated under this schedule for all customers
within the corporate limits as follows:

City of San Diego 1.9%

Such franchise fee differential shall be so indicated and added as a
peparate item to bills rendered to such customers.

SPECIAL CONDITIONS

1. Voltage. This schedule is applicabtle wvhere the customer receives
service at a standard voltage of the utility above 2 kv.

2. Primery Voltage Discount. Wnhen delivery hercunder is made and
energy is received at an available standard voltage above 2 kv, the charges
before pover factor adjustiment will be reduced as follows:

1 per cent in the range of 10.1 kv to 25 kv
k per cent above 25 kv

The utility retains the right to change its delivery voltage after
reasonable advance notice in vriting to any customer receiving a discount here-
under and affected by such change, and such customer themn has the option to
| change his system so as to receive service at the new delivery voltage or to
accept service without voltage discount after the change in delivery voltage,
through transformers owned by the utility. -

3. Voltage Regulators. Voltase'regulators. if required by the customer,
shall be furnished, installed and maintained by. the customer.

k. Billing Demand. The billing demand will be based on kilowatts of
maximum demand as measured each month, provided that the billing demand shall
in no csSe be less than the highest of (a) 5,000 xw, (b) 80 per cent of the
highest billing demand registered during the preceding eleven months, or (c)
4 the diversified resistance welder load computed in accordance with the
vtility's Rule 2F-2b.

{Continued) .
(Te be samried by eubery) L : (Te be (smrwed by Cd. P.U.C.)
Advice taotter No.__ . b13-E tesuko av Date Filed ___September T, 197C
B i JOHN'H. WOY
Decision Nc. — vt s s s varvanon  EllOCtive _ September 1, 1597€
Dacaliiian Na © F-1500

Figure 4.3.2-1 - Continued (Sheet 2)

4-39
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SAN DIEGO GAS & ELECTRIC COMPANY ' _Revised = Cql P.U.C. Sheet No. __~_2611-_E
Revised V)

SAN DIEGO, CALIFORMIA ) 2329-E

. Cancslling _Revised ___ Cql. P.U.C. Sheot No. -__233&2

SCHEDULE A-6 (Continued) (Sheet 3 of 3)

SPECIAL CONDITIONS (Continued)
L, Billing Demand. (Continued)

For maximum deman&s occurring between the hours of 10 p.m. to 7 a.m.
of the followving day, only 60 per cent of such meximum demand shall be considered.

5. Maximum Demand. The maximum demand in any month shall be the aversge
kilowatt input during that 15 minute interval in which ‘the consumption of
electric energy is greater than in any other 15-minute interval in the month
es indicated or recorded by instruments installed, owned and meintained by
the utility.

In the case of boists, elevators, furnaces and other loads vwhere
the energy demand is intermittent or subject to violent fluctuations, the
utility may base the maximum demand upon a five-minute interval instead of
a 15-minute interval.

6. Powver Factor Adjustment. This schedule is based on service to loads
having a maximum reactive kilovolt empere demand not greater than T5 per cent
of the maximum kilowatt demend. _In the event that the reactive demand exceeds
T5 per cent of the kilowatt demand, the customer shall, upon receiving written
notice from the utility, install and operate such compensating equipment as may
be necessary to reduce the reactive demand to 75 per cert or less of the kilo-
vatt demand. Unless such correction of reactive demand is made withip ninety
days, there will be added to each monthly bill following the ninety day period
a charge of 15 cents per kilovar of maximun reactive demand in excess of 75 per
cent of the maximum kilowatt demand (whether on peak or off peak) for the
month.

T. Limitation on Multi-family Service. This schedule is not applicable
to service to multi-family housing projects or other services associated
therewith, except housing on the premises of educational institutions,
industrial plants and military establishments when such housing is associated
vith the operation of the establishment..

Ny

8. Contract. A contract for an initial period of ten years, and for
‘| subsequent periods of five years each thereafter, will be required for each
customer served under this schedule. This contract may be cancelled at the
end of the initial period or at the end of dny subsequent period, provided
vritten notice is given twvo years in advance of the end of any such period.

9. Customer's Right to Terminate. In the event the net bill for eleetric
service to the customer is increased as a result of changes in this schedule,
the customer .shall have the right to terminate the contract upon vritten
notice given one year in advance of the date such service is to terminate,
aad given wvithin 90 days after the effective date of such change.

10, Miscellaneous. This schedule is not applicable to standby, auxiliary
service or service operated in parallel with a customer's generating plent.
Suometering or resale of energy will not be permitted.

(T0 Mo ismernd by wilitp) : L ) (Te be iswrwd by Cal. 2.UL.)

Advice Lstter No._______-413-E fasuea oy Date Filed___ September 7, 197c

' JOKN H. wOY L. 197
Decision No. - VICE PACSIOCHT.NATESR & VALUATION Effective September 1 970

Resolution No. _______f_:'..]:zq_‘)

Figure 4.3.2-1 - Continued (Sheet 3)
4-40
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4.4 Energy Estimates for Crude 0il Pipelines

The sample of 21 crude o0il pipeline companies
that were selected in Section 4.3.1 above are listed in
Table 4.4-1, along with some of their statistics of interest.
In 1976, they transported approximately 95% of all crude oil
trunkline traffic by primes and 90% of that by the entire
population. They were responsible for a combined shipment
in 1976 of 4,054,845 thousand barrels in an average haul of
357 miles, for a total of 1,447,949 million barrel-miles
shipped (columns 1, 2, and 8). '

Before proceeding with the energy calculations,
it is well to take note of column 4, shortages and losses.
ThHe reasons for the negative losses, which if real would
represent gains, or inflows of 0il into the system; are not
known. It is presumed that this is an over-and-under account
which is used to balance inventories. In that case, these
figures have no direct significance in the present calculation,
except as they may perhaps indicate something about the ac-
curracy of the other figures in the report. The significance
of these loss figures as indicators of physical leakage is
further discussed in Section 9.0 of Report R-3025 of this
series (See Table 1l.1-1 above).

Column 5 is also interesting. It shows the total
operations expense for each company. This total combines
salaries and wages, supplies and expenses, outside services,
operating fuel and power, and oil losses and shortages. By
comparison with column 3, it is seen that energy is by far
the largest component of operating expense, using 75% of the
total. Column 9 shows the percentages of total operations
expense for fuel and power costs for each company and, as in
the other cases, provides the weighted average for all the
companies listed.



Table 4.4-1 - Selected Crude 0il Companies

COST INTENSITY ANALYSIS

Zv-v

8 y 10 11 12
Trunkline Shipments 4 .5 6 7 Avg. & of Tot. Total Operating
.3 0il Losses Total Operat~- Fuel & Power Ship- Operating Expense
1 2 Fuel & Power &Shortages ing Expense S/MM, S$/M, ment Expense $/MM, S/M
Company MM B-Mi M B $ $ S B-Mi B Mi_ Col.3 Col.4 B-Mi B
Lakehead 293,629 391,540 18,507,533 832,231 23,206,770 63.03 47.27 750 79.8 3.6 79.03 59.27
Amoco 190,548 410,263 16,878,116 - 22,188,619 88.58 41.14 464 76.1 - 116.45 54.08
Shell 128,236 368,829 9,987,771 4,628,156 17,888,104 77.89 27.08 348 55.8 ~25.9 139.49 48.50
Mid-valley 107,936 142,803 9,977,052 104,559 11,261,282 92.39 69.87 766 88.6, 9.3 104.28 78.86
Texas Pipe - 94,033 335,957 6,668,842 397,358 9,143,089 70.88 19.85 280 72.9 4.3 97.18 27.22
Line Co.
Moblil 93,114 308,884 8,401,843 415,253 10,589,953 90.23 27.20 301 79.3 3.9 113.73 34.28
Arco 81,258 239,406 7,159,934 515,104 10,724,514 88.11 29.91 " 339 66.8 4.8 131.98 4§.80
Marathon 63,430 256,586 5,646,913 (1,950,054) 4,974,345 88.96 22.01 247 113.5 (39.2) 78.36 19.39
Exxon 62,111 445,637 6,178,988 1,417,716 10,988,270 99,48 13,87 139 56.2 12.9 176.91 24.68
Ashland 52,542 76,148 3,594,068 665,964 5,007,641 68.40 47.20 690 71.8 13.3 95.31 65.76
West Texas 52,392 131,873 2,255,450 199,901) 2,823,009 43.05 17.10 397 79.9 (3.2) -49.19 21.41
Pipe Line :
Southcap 44,23’ 69,378 2,393,579 -~ 2,649,767 54.11 34.50 638 90.3 - 59.90 38.19
Platte 35,357 51,307 1,821,852 - 2,165,823 51.53 35.51 689 84.1 61.26 42,21 .
Portland 23,322 140,242 3,082,864 872,086 4,173,679 132.19 21.98 166 73.9 20.9 178.96 29.76
Chicap 23,285 118,014 1,914,162 - 2,114,390 82.21 16.22 197 90.5 - 90.80 17.92
Texacao- 22,715 109,398 1,915,815 (51,751) 2,787,382 84.34 17.51 208 68.7 (1.9) 122,71 25.48
Cities service
Pure 20,939 93,228 1,825,319 12,325 2,861,435 87.17 19.58 228 63.8 4.3 136.66 30.69
Texas-NMex. 16,567 155,154 1,183,487 (30,687) 1,601,305 71.44 7.63 107 73.9 (1.9) 96.66 10.32
Owensgsboro- 16,0133 54,348 538,092 (365,191) 373,886 33.56 9.90 295 143.9 (97.6) 23.32 6.88
Ashlanad
Minnesota 13,330 51,304 2,553,828 {(126,291) 2,706,174 191.58 49.78 260 94.4 (4.7) 203.01 52.75
Cities 12,788 104,546 1,115,491 (38.946) 1,629,096 87.23 10.67 122 68.5 (2.4) 127.39 15.58
Service —
Total/Avg. 1,447,949 4054,845 113,600,990 7,206,931 151,858,533 78.46 28.01 357 74.8 4.7 104.87 37.45

Source: ICC Annual Reports “P", Pipeline Companies,1976

Zcoe~-LL-Y
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Finally, columns 11 and 12 show individual com-
pany total operations expenses per million barrel-miles and
per thousand barrels shipped, respectively. Weighted averages

are again provided.

4.4,1 Energy Consumption in Crude 0il Pipelines

The energy consumption of the sample may now be
estimated. The point of departure is the total trunkline
power and fuelAcost} column 3, of $113,600,990. Dividing
this cost by the value derived in the preceeding section for
unit power cost, 0.0280 $/kw-hr, yields 4.057 x 10° kw-hr.
This is the indicated consumption of energy at the pumping

station meter.

To obtain the energy consumption at. the electric
generating station, it is necessary to divide this result by
the appropriately - averaged efficiency of the generation and
distribution network. This efficiency has been variously
estimated between 20 aﬁa 25%, and for present purposes a
value of 22% will be used. The result is 1.8442 x 10!° kw-hr,
equal to 6.293 x 10'® Btu (0.063 Quad). This is the esti-
-mate for the energy consumption of the sample.

Similarly, an estimate for the energy consumption
by the total national crude pipeline population may be de-
rived, beginning with the 1976 fuel and power cost for all
the companies of $126,645,547.

126,645,547

- 10 _
028 % 0.22 2.056 x 10 kw-hr

0.070 Quad -
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The foregoing calculation disregards the fact
that some of the power is not purchased electricity. 1In
Figure 4.1.3-1 above, it was seen that. in five particular
cases the average amount of non-electric power was 12%. Now,
if the reason that most of the power is electric is that
electricity is generally cheaper, then a somwhat higher unit
power cost estimate than 0.0280 should be used for the non-
electric fraction. However, there is an offsetting influence
in that other prime movers tend to be more efficient energy
converters than the electric generation and distribution
systems. Since these two factors are both unknown and off-
setting, there is no readily evident basis to modify the re-
sult to account for the non-electric prime movers.

4.4,2 Energy Intensity of Crude 0Oil Pipelines

Referring again to Table 4.4-1, the trunkline
energy cost intensity for the sample is seen at the bottom
of column 6 to be $78.46 per million Barrel-Miles. Taking

a reasonable average specific gravity of 0.87 (6.58 barrels
.per ton) converts this cost intensity to $516.27 per million
Ton-Miles. So in the total energy calculation above, divid-
ing by 0.028 $/kw-hr yields 0.018438 kw-hr/Ton-Mile at the
station meter. Dividing again by 0.22 yields 0.0838 kw-hr/
Ton-Mile or 286 Btu/Ton-Mile at the generating station.

It is of further value to specialize to a specific
pipeline system., It was explaiﬁed in Section 4.2.2 above that
some actual power cost experience information was obtained
through interviews with individual companies. Taking this
.information and repeating the process yielded a value of 490
Btu/Ton-Mile, much more than obtained above for the national
average. The calculation is not presented here to preserve
the anonymity of the source.
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The reasons for this large difference were not
explored in depth, but the parameters of density, viscosity,
speed, lengths and diameters for the system were reviewed and
compared with those of other lines, and the difference was
found to be not unreasonable. The sensitivity of the result
to some of these parameters can be appreciated from Table
4.4.2-1.

This higher value for the specific case does of
course lead to the suspicion that the estimate derived above
may be low, but without further data and analysis there ap-
pears to be no basis to raise the estimate except by rounding.
It is, therefore, concluded that the best single-~figure esti-
mate is 300, and the best two-figure estimate is 290. 1In
view of the imprecision of the method, it is suggested that
300 Btu/Mile be used for both.

4.5 Ehergy Estimates for Products Pipelines

The sample of 14 products pipeline companies that
were selected in Section 4.3.1 above are listed in Table 4.5-1,
along with some of their statistics of interest. In 1976,
they transported approximately 94% of trunkline products
traffic by the primes and 78% of that by the entire popula-
" tion, This table is the analog of Table 4.4-1, and the
earlier general comments again apply.

4.5.1 Energy Consumption in Products Pipelines

The estimation of energy consumption for the pro-
duct lines is the parallel of that given earlier for the
crude lines. The results are 1.5508 x 1010 kw-hr (0.053 Quad)
and 1.9780 x 10 kw-hr (0.068 Quad) respectively, for the sample
and the national total. The 1976 total power and fuel cost as
reported by the ICC, of $127,284,960, and the average power cost
from Section 4.2.3 were used in these calculations.
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Table 4.4.2-1

Pipeline Energy Intensiveness
(Btu/ton-mile)

Pipeline Kinematic VlSCOSlty Kinematic VlSCOSéty Kinematic Vlsc051ty
diameter 0.000010 ft2/sec? 0.000075 ft2/sec 0.00050 ft2/secC
(in) Velocity (ft/sec) Velocity (ft/sec) Velocity (ft/sec)
3 6 9 3 6 9 3 6 9
8 180 590 1330 290 960 1850 460 1500 2870
20 60 220 450 90 310 660 140 490 980
32 30 130 260 50 170 360 80 270 . 540

3Kerosene at 80°F
bCalifornia crude oil at 80°F

©Light engine oil at 80OF

Source: Hirst, Eric, Energy Intensiveness of Passenger and Freight

Transportation Modes: 1950-1972, Oak Rldge National Laboratories,
April 1973 (ORNL-NSF-EF 44)

ccoe-LL-¥
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‘COST INTENSITY ANALYSIS

8 9 10 11 12
Trunkline Shipments .4 S 6 7 "Avg. § of Tot. Total Operating
’ 3 0il Losses Total Operat- Fuel & Power Ship- Operating Expense
. 1 2 Fuel & Power &Shortages ing Expense S/MM, S§/M, ment Expense $/MM, $/M
Company MM B-Mi M B __$ $ $ B-Mi B M1 Col.3 Col.4 B-Mi _B
Colonial 91,688 569,396 56,503,564 127,388 64,383,213 95.50 ,99.23 1039. 87.8 0.2 108.81 113.07
Plantation 105,640 186,089 9,059,872 372,462 13,682,728 85.76 48.69 568 66.2 2.7 129.52 73.52
Texas Eastern 65,570 115,518 5,090,446 657,295 9,182,267 77.63 44.07 568 55.4 7.2 140.03 79.49
Williame 62,4563 177,781 7,756,856 - 14,029,105 124.18 43.63 351 55.3 a 524.60 78.91
Mid-America 42,577 103,648 3,971,866 (478,014) 6,249,930 93,29 38.32 411 63.6 (7.6) 146.79 60.30
ﬁxplorer 33,805 59,029 1,730,074 623,459 3,312,077 51.18 29.31 573 52.2 18.8 97.98 56.11
Southern 26,080 206,846 4,648,535 67,154 ° 8,566,931 178.24 22.47 126 54.3 0.8 328.49 41.02
Pacific R A
Dixie . 18,797 29,078 2,155,141 445,103 3,453,575 114.65 74.12 646 62.4 12.9 183.73 118.77
Hydrocarbon 18!474 27,364 3,670,318 - ‘ 5,262,716 198.67 134.13 675 69.7 0 284.87 192.32
Wolverine 13,009 83,276 2,615,420 193,035 3,855,490 - 201.05 231.41 156 67.8 5.0 296.37 46.30
Olympic 15,818 68.424 985,814 - 1,724,286 76.79 14.41 188 57.2 0 134.31 25,20
Santa Pe 9,683 20,044 265,876 - . 7,954,109 27.46 13.26 483 3.34 0 821.45 396.83
Yellowstone 8,918 20,784 754,969 (26,027) 1,219,048 84.66 36.32 429 61.9 (2.1) 136.70 58.65
Laurel ' 8,457 42,706 582,661 699,672 2,146,303 68.90 13.64 198 27.1 32.6 253,79 50.26
Total /Avg.l1,017,999 1,705,983 99,791,412 2,681,527 145,021,778 98.03 58.49 597 68.8 1.8 142.46 84.81

Source: ICC Annual Reports “P" Pipeline Companies,1976.

Table 4.5.1 - Major Petroleum Pipeli-ne Companies
U. S. Trunklines, 1976

¢ecoe-LL-d
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4.5.2 Energy Intensity of Products Pipelines

Continuing'as before, and taking 0.80 (7.15 bar-
rels per ton) as a reasonable average specific gravity, the
average cost intensity of 98.03 $/10° B-Mi from Table 4.5-1,
column 6 becomes 700.62 $/10° T-Mile, and the estimate for
average energy intensity of the sample is 388 Btu/Ton-Miie
at the generating station, This is also the best estimate
for the population. '

- Again specializing to companies which were inter-
viewed, energy intensities of 323, and 405 and 887 Btu/T-Mi
were calculated. As before, the reasons for the variability
were not researched in depth, but the parameters were reviewed
and found to be reasonable. The very high number is not
typical, but is due to particular operating circumstances,
one of which is the kind of extreme duty cycle variation that
is discussed in depth in Report R-3025 of this series. 1In
fact, the only reason that the data were collected was that
the power costs had risen so high that management had ordered
a special engineering study of the situation. The results
were used in an intensive internal education program for

operating personnel and firstline supervision.

As before, rounding the value derived above leads
to 390 and 400 as the best two-figure and single-figure esti-
mates. In view of the imprecision of the method, the differ-
ence is not significant, and it is suggested that 400 Btu/T-
Mi be used.

4-48
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5.0 ENERGY CONSUMPTION IN WATER PIPELINES

Water systems may be placed into two classes -
supply and waste. Generally, the supply system provides
potable fresh water and the waste'system is a sewage system.
Their character is very different from that of other pipelines.
Notably, a characteristic of large water systems is the fact
that they are not pipelines at all over much of their span.
For example, the largest such system, the California (Feather
River) project, contains more canals than pipelines. Waste
systems are likewise characterized by the fact that most of
the flow is by gravity in hydraulically open channels under
gravity, as opposed to full-pipe flow under imposed head. The
energy input in both types of systems is almost exclusively
by electrically-driven pumps at intermittent 1lift stations.

It was explained in the opening section of this
report that the primary objective of this program is to assess
the susceptibility of the pipeline industry to energy-conser-
vative innovations, and to identify the oppocrtunties for energy
conservation. Report R-3025 of this series identifies those
opportunities and recommends the R, D, and D programs to ex-
ploit them. That report identified few such opportunities
for improvements in pipelines whose prime movers are electric
motors. Moreover, the notable exception, i.e., use of fuel
cells with DC motors, derives part of its attraction from two
factors which are absent in water systems. These are extreme
duty cycles and the possibility of transporting the fuel
through the pipeline itself. Thhé; no attractive energy-
conservative opportunities have been.identified for water pipe-

lines.
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5.1 Water Pipeline Industry Profile

Table 5.1-1 presents some interesting water in-
dustry statistics, to which reference will again be made later,
in developing an estimate of industry energy consumption.

The best sourcebook for general information about
the water industry is the Water Encyclopedia (Todd 70). Un-
fortunately, it is becoming somewhat out-of-date, and there are
apparently no plans to republish. Most of the tables to follow
are found there.

Table 5.1-2 presents the total water use in the
U. S. in 1965, It is noted that about 81% of withdrawal
(254,000 mgd of 314,470) is surface water and 19% is ground
water. The nationwide per capita use, bottom of second column,
was 1600 gpd, a very high figure because it includes all
agriculture and industrial use. A better coorelation is per-
haps seen in the per capita withdrawals through supply systems,
shown in Table 5.1-3. Table 5.1-4 presents the withdrawals
and use for 1965, and Table 5.1-5 presents projections of those
statistics to 1980. These projections were made in 1968,
Table 5.1-6, which presents costs of municipally supplied
water in the 1950's is interesting in that cost does not ap-
pear to particularly well coorelated with abundance.

Table 5.1-7 shows the drilling activity in 1964,
and Table 5.1-8 shows depths of the 1966 welis. The average
depth may be calculated from these figures as approximately
153 feet, a figure that will be useful later in estimating energy
consumption. Also useful will be the information in Tables -
5.1-9 and 5.1-10. o
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Table 5.1~-1
Water Industry Statistics

August, 1974

o Total
Public Water Supply.Systems United States
Number of Public Water Supply Systems 40,000
Municipal Systems, % of Total : 70%
Private Systems, % of Total 30%
Miles of Pipe for Water Distribution 12 million
Population Served . : 180 million
Replacement Value $125 billion
Capital Expenditures : $1.4 billion
Metered Usage as Per Cent of Total
Delivery Water Delivered
Municipal Systems ' - 83%
Private Systems 73%
Number of Employees : 180,000
Average Per Capita Usage 150 gpd ~ 0.10417 gpm
Average Per Capita Residential Usage 60 gpd
Total Water Supplies
Daily Withdrawal of Watér Frém All
Sources 370 bgd
Fresh Surface : 67%
Fresh Ground - 18%
Saline Surface : 14%
Saline Ground 1%

Source: American Water Works Association
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Table 5.1-2 - Water Used for Public Supplies in the
United States, 1965

Water withdrawn

Including irrigation conveyance losses

61,000

270,000 45,000 310,000

Pear Ground water Surface water Al sources
Stats Population capits . Fresh , Fresh . Fresh  Excluding .,
1.000's use Fresh Ssaline and Fresh  Saline and Sewage Fresh  Saline and conveyance
{gpd) satine saline smaline  loses  conwmed

Alabsma .. ..... 3.488 1,900 200 4] 200 6,300 o 6,300 0 6,500 [} 6.500 6,500 250
Alssks .. ...... 267 540 28 (] 26 120 1.0 120 [} 140 1.0 140 140 "
Arizons . . .. .... 1575 4,000 4,200 o 4,200 2,100 [} 2,100 66 6.300 0 6,300 5,100 3,100
Arkansas . ... ... 1941 1.100 1.200 [} 1,200 850 [+ 850 0 2,100 0 2,100 2,000 1,100
Catifornis. . .. ... 18,403 2,300 14,000 140 14,000 17,000 11,000 28,000 400 31,000 11,000 42,000 37,000 17.000
Coforedo . . ..... 1986 6,000 1.600 6.3 1,600 10,000 8.0 10,000 /] 12,000 14 12,000 11,000 5,800
Connecticut .. ... 2832 780 110 o 110 700 1,400 2,100 0 810 1,400 2,200 2,200 160
‘Delawsrs . . ..... 503 2.300 69 [1] 2] 55 1,100 1.100 [+] 110 1,100 1,200 1,200 17
Florids ........ 5,796 2,300 2700 80 2,800 4,100 6,100 10.000 [+] 6,800 6.200 13,000 13,000 1.600
Georgis . . . ..... 4,391 730 560 o 560 2,000 620 2,700 o 2,600 620 3,200 3,200 220
Hawsii. . . ...... 710 2,800 780 7 820 670 500 1.200 o 1,500 540° 2.000 1,800 570
idsho . . .. . 693 23,000 3,000 0 3,000 13,000 [+ ] 13,000 0 16,000 ] 16,000 12,000 5,500
Wtiinois . . . .. 10,641 1.600 670 4 700 16,000 [} 16,000 [} 16,000 k2 17,000 17,000 370
. 4893 2,000 600 59 610 9,000 /] 9.000 ] 9,600 59 9.600 9,600 330

.. 2,758 770 $00 0 500 1.600 [} 1,600 ] 2,100 o 2,100 2,100 290

Kensas ........ 2,248 1,600 2,300 4 2,300 §50 [} §50 0 2.800 0 2,800 2,500 2200
Kentueky. . .. ... 3.173 1,000 150 K 150 3,200 3 3,200 2 3.300 9 3.300 3,300 150
Louisisns. . . .... 3,560 1,900 1,200 51 1,300 5,100 340 6,400 o 6,300 400 6.700 6,400 1,600
Moing . ....... 986 800 44 (] a“ 520 220 740 0 570 220 780 780 57
Marylend . . ... .. 1534 1,200 120 o 120 1,300 2,500 3800 130 1,500 2500 4,100 4,100 20C
Massachusetts . . . . 5,365 620 280 ] 280 1,300 *© 1,700 3,100 1.1 1600 1,700 3.300 3.300 110
Michigan . . ..... 8317 1,100 430 14 450 8,400 ] 8.400 ] 8.800 14 8,800 8,800 310
Minnesots ...... '3,562 860 610 0 510 2,500 -0 2,500 (] 3,100 0 3.100 3,100 280
Mississippi . .. ... 2,309 650 600 ] 600 370 300 670 ] 970 300 1,300 1.200 330
Missourl, . .. .... 4,492 890 370 68 380 2,300 ] 2,300 1] 2,700 88 2,700 2,700 320
Montens . . ..... 703 9,500 [ 1] [} 81 6,600 [} 6,600 /] "6,700 (] 6,700 6,400 4,500
Nebrasks . .. .... 1459 3,100 1.900 o 1.900 2,700 ] 2,700 o 4,600 (] 4,600 3,900 2,700
Nevads . . ... e 470 4,800 660 27 660 1,600 ] 1.600 1.2 2,200 27 2200 1,700 1,300
New Hampshire . . . 673 720 42 ] 42 300 140 440 [}] 340 140 490 490 20
NewJdersey . . . ... 6,781 950 §90 9.0 600 . 2,000 3,700 6,700 0 2,600 3,700 6,300 6.300 470
New Mexico . . ... 1,014 3,000 1,400 ] 1,400 1,600 0 1600 22 3000 O 3,000 2,600 1,700
New York. . . .... 18,106 890 830 15 840 8,200 7.100 15.000 0 8,000 7,300 16,000 16,000 620
North Carofins. . . . 4935 800 420 [} 420 3,500 32 3,500 [+} 3,900 32 4,000 3,900 360
North Dskowa . ... 652 500 48 6.7 54 270 ] 270 0 320 6.7 330 280 170
Ohio. . ..... ‘e 10,203 1,500 800 [} 800 14,000 ] 14,000 0 16,000 ] 15,000 15,000 400
Okishoms . ..... 2,448 480 380 46 430 850 17 870 [} 1,200 63 1.300 1.300 460
Oregon . . ...... 1938 3400 o 0 710 6,900 [+) $,900 29 6,600 [+] 6,600 5,100 2,400
Pennsyivanis . . . . . 11583 1,200 690 [} 690 16.000 60 15,000 o 15,000 50 15,000 15,000 390
Puerto Rico. . . ... 2,633 - 630 150 1.7 150 430 1,100 1,500 (] 580 1,100 1,700 1,600 270
Rhods Isiand . . . . . 891 500 45 [} 45 110 300 400 [} 150 300 450 450 7
South Cerolina. . . . 2,550 690 130 [+] 130 1,500 150 1,600 [} 1,600 150 1,800 1.800 150
South Dekots . . . . 6886 630 180 19 160 270 1.0 270 [\] 430 29 430 340 250
Tennesses. . .. ... 3.850 1,200 350 (] 350 4,300 o 4,300 0 4,600 [} 4,600 4,600 350
Texss . ........ 10597 2,300 13,000 2.2 13,000 6.600 4,600 11,000 74 20,000 4,600 25000 22,000 12,000
Uah.......... 994 4,100 620 35 620 3,400 6.1 J400 62 4,100 86 4,100 3,400 2,400
Vermont . .. ... . 404 320 24 /] 24 10 [} 110 0 130 ] 130 130 15
Virginis . . .. .. .. 4420 1,200 200 ] 200 3800 1,300 5,200 [} 4,100 1,300 5,400 5,400 130
Washington. . . ... 2973 2,100 720 (] 720 5,500 30 6,600 [1] 6,200 31 6,300 6,100 2,400
West Virginia. . . . . 1815 2,700 160 4 160 4,800 -0. 4800 R 4,900 A4 45900 4,900 180
Wisconsin., . . . . .. 4086 1,200 460 0 460 4,300 0 4300 O 4800 0 4800 4,800 160
Wyoming . . . ... . 330 15,000 100 9 100 4,800 .1 4800 [+] 4,900 10 4900 3,600 2,100
District of Columbia. 802 440 1 (1] 1 350 ] 350 [+] 350 ] 350 350 15
United States! . . .. 196,411 1,600 470 61,000 210,000 44,000 250,000 670 290,000 78,000

linctuding Puerto Rico,
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Table 5.1 -3 - Water Withdrawls Per Capita for Public and
Individual Water Supply Systems in the United States

I3

{Source: U.S. Water Resources Council, 1968)
{Galions per capita per day]

Public Systems

| ) Year — , - . : Individual
Domestic Public Commercial Industrial Total §yslems
1965 73 20 28 3 157 51
1980 77 18 28 40 163 58
2000 81 16 28 43 168 71
2020 83 14 4 23 4s 170 83
®
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of Water in

the United States, 1965
A. Withdrawals
- . From '
Self- Steam-electric From
Region do?t'\llars.t'ic Municipal supptied power Agriculture Total gx’a‘::?' saline
‘ '."#"s"'a' Fresh Saline lrrigation Livestock sources 0UrCEs
North Atlantic . . . ... 390 5,446 9,499 10,500 11,400 151 81 37,467 2,562 15,380
South Atlantic-Guif . . . 504 1,980 3,360 7.600 3,700 3,270 146 20,560 4,221 4,132
Great Lakes . .. .. .. 274 3,622 9,068 12,000 - 75 79 25,119 963 .25
(o], 17 T 300 1,791 8,606 17,400 - 24 134 28,255 1,760 27
Tennessee. . . . . . ... 64 253 1,076 4,329 - 8 37 5,767 202 -
Upper Mississippi . . 203 1,103 1,664 4,800 - 95 314 8,179 1,707 18
Lower Mississippi , . S8 470 1,884 1,600 200 1,320 39 5,571 1,671 240
Souris-Red-Rainy . . . . 14 36 98 200 - 24 19- 391 55 -
MissOufi. . « . .o o 00 106 969 462 1,400 - 16,039 368 19,344 4,005 -
Arkansas-White-Red . . . 103 687 910 = 600 - 6,960 150 9,410 " 5,598 75
TexasGuif . . ... ... 40 1055 5465 2,00 200 7450 100 16,410 8,390 3,300
RioGrande. . . ... .. 10 254 215 70 - 6,671 69 7.288 3,130 133
Upper Colorado . . . . . 6 60 40 20 - 3,880 1 4,017 36 -
Lower Colorado . . . . . 6 342 140 10 - 6,400 15 6,913 4,147 -
GreatBasin. . ...... 15 274 225 10 - 4,575 16 5,115 935 -
Columbia-North Pacific. 148 1,105 1,911 8 - 26,400 59 29,63t 4,289 AN
California. . . ...... 90 4,010 1,250 70 5,600 26,200 80 37,300 13,610 6,140
Alaska. . . .. ..o 8 32 102 20 - - - 162 25 -
Hawaii. . . . ... .... 7 115 - 112 - 300 1,060 3 1,597 706 316
PuertoRico ....... 5 141 317 1 400 250 6 1,120 157 535
Total . ........ 2,351 23,745 46,405 62,738 21,800 110,852 1.726 269,617 58,169 30,352
8. Consumptive Use
. Steam-
Region d:l:::il: Muniu’pal sf:lt’:s::' a"ed electric po.wer Agriculture 'T otal
o ) ) Fresh Saline  lrrigation Livestock
North Atlantic. . . ... 186 905 555 75 83 150 69 2,023
South Atlantic-Guif . . . 472 363 260 42 19 1,400 139 2,695
Great Lakes . ...... 100 502 362 95 ~ " 68 72 1,199
Oho. ... ........ 200 230 410 138 - 24 132 1,134
Tennessee. . . ...... 61 46 174 6 - 8 36 331
Ubper Mississippi . . . . 101 162 58 61 - 83 05 770
Lower Mississippi . . . . 52 176 296 16 3 890 38 1,470
Souris-Red-Rainy . . . . 14 1" 7 2 - 24 19 77
Missouri, .. ...... . 85 221 7 24 - 9,798 355 10,554
Arkansas-White-Red . . . 94 241 322 41 - 5,030 146 5,874
TexasGuif . ....... 40 400 880 57 2 5,810 100 7,289 |
R Grande. . ...... 7 108 46 9 - 4,165 68 4,403
Ubper Colorado . . . . . 3 14 8 13 - 1934 10 1,982
Lower Colorado . . . . . 5 203 50 g8 - 3170 12 3,448
Great Basin. . . ... .. 9 94 37 2. - 2,100 " 2,253
Columbia-North Pacific . 134 182 100 - - 10,050 55 10,51
Cafornia, . ... .... 60 1,320 110 70 4 19,290 50 20,944
Altha, , ..., .... 1 7 .4 - - - - 12
Hewaii, , ., .. ..... 7 39 4 - 3 477 3 533
Puerto Rico. . ... ... ] 21 10 - 3 225 6 270
Totl ., . ...... 1,636 5,244 3,764 659 157 64,696 3 1,626 77,782
(Million gallons per day)
(Source: U. S. Water Resources Council, 1968)

5-6
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Table 5.1-5 = Projections of Withdrawals and Consumptive
Use of Water in the United States, 1980

A? Withdrawals

FSteam-

Region d:n‘::t'i " Municipal' Sc::ds::::'ed electric power Ag;_icultqn Total
_ Fresh Saline lrr_igagion Livestock -
North Atlantic. . . . . .. 400 7.100 14,100 10,900 ' 22,100 230 90 54,920
South Atlantic-Guif . . . . 380 3,300 4,900 28,500 12,000 3.8900 200 53,180
Great Lakes . ....... 257 5,030 16,700 25,700 - 110 96 47,893
Ohio............. © 350 2,330 11,600 27,300 - 40 129 41,748
Tennessee. . . ....... 128 358 1,600 10,100 - 18 48 12,252
Upper Mississippi . . . . . 143 1,770 2,800 9,500 - 110 477 14,800
Lower Mississippi . . . . . 80 647 2,500 5,900 600 3,030 59 12816
Souris-Red-Rainy .. ... 16 49 180 500 - 200 ry) 936
Missouri. . ......... 134 1,225 584 1,500 - 19,300 521 23,264
Arkansas-White-Red. . . . 213 1,418 1.880 4,100 40 8,400 228 17,279
Texas-Guif . . ....... 70 1,890 9,340 5500 2,700 9,400 180 29,080
RioGrande. .. ....... 10 430 910 70 - 6,840 70 8,330
Upper Colorado . . . ... 10 120 200 30 -~ 5,300 15 5,675
Lower Colorado . . . . .. 7 520 210 40 - 2,700 20 8,497
GreatBasin, ... ..... 15 450 340 30 - 6,200 20 7,055
Columbia-North Pacific. . 148 1,304 4,478 -4,000 - 31,400 77 41,407
California. . . ....... 90 5,090 1,660 90 18,300 30,950 110 56,290
Alaska. . .......... 11 120 200 200 - 4 - 535
Hawaii. . . .. ....... 5 195 134 - 900 1,420 4 2,658
PuertoRico. . . ...... 7 250 740 3 2,700 300 10 4,010
Total . ......... 2,474 33,596 75,026 132,963 59,340 135,852 2,375 442,626
B. Consumptive Use
: . Steam-
Region d:n‘:;:tli c Municipal Se'::ds:;zlal'ed electric power Agriculfurg Toal
) Fresh Saline lerigation Livestock
North Atlantic. . .. ... 200 1,210 850 - 120 180 230 80 2,870
South Atlantic-Guif . . . . 355 © 600 380 190 80 1.600 190 3,395
Great Lakes . ....... 85 702 . 728 184 - 95 87 1,881
Ohio. ....... N~ - 250 300 550 350 - 40 129 1,619
Tennessee. . . ....... 122 64 258 65 - 16 47 572
Upper Mississippi . . . . . 94 258 o8 ‘166 - 95 392 1,103
Lower. Mississippi . . . . . 72 238 400 60 4 2,180 58 3,012
Souris-Red-Rainy . . ... 16 16 8 4 - 150 21 215
Missouri. . .. ....... 108 280 =) : 80 - 12,100 502 13,160
Arkansas-White-Red . . . . 194 496 674 95 - 6,800 223 8,482
Texas-Guif . ... ..... 65 740 1,160 180 20 . 7,100 170 9,435
RioGrande......... 7 220 90 20 - 4,270 69 4,676
"Upper Colorado . . . . .. 4 30 35 17 - 2,600 14 2,700
Lower Colorado . . . . . . 5 310 80 35 - ' 3,630 . 15 4,075
GreatBasin, . ....... "9 154 56 25 - . 3,040 15 3,299
Columbia-North Pacific. . 134 219 244 13 - 12,900 n 13,581
California. . . ...... . 60 4,620 380 . 80 185 23,800 80 - 29,205
Alaska. . . . ... ..... 2 24 20 1 - 3 - S0
Hawaii. . . ......... 5 65 5 C - 9 640 4 728
Puerto Rico. . .. .. ... 5 35 20 - 20 270 10 360
Total . . ........ 1,792 10,581 6,126 1,685 498 81559 2,177 104,418

(Source:

(Million gallons per day)

5=7
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R-77-3022

Table 5.1-6 - Cost of Waﬁer from Municipal Systems in the
United States '

{Source: U.S. Public Health Service, 1959)

[Costs include operstion, maintenance, and amortization]

Dollars per mitlion gallons Dollars per million gallons

Alabema . .. ... ... P $227 Nebraska . . . . . . . v v v e $145
AriZON® . . . o - v v s s e aw . 157 .Nevada . ... ........... 137
Arkansas . . . . . T e e e e e 302 New Hampshire . . . . . ... ... 209
Colifarnid. « « ¢« v v v 0 v o oo 208 New Joersay . ............ 196
Colorado . . . . . c e e e e 229 ’ New Mexico. .. .......... 245
Connecticut . . . . . . .. ... 214 New York . ............ 190
Delaware . . . . . ... ..... .- 128 North Carolina . . .. ....... 229
District of Columbia ... .. 168 North Dakota . .......... - 302
Florida . ........... L. 244 : Ohio . ... ..o eeeiienn.. 181
GOOMgia . . ¢ ¢ ¢ 00 i e 174 Oklshoma . ............. 247
tdaho . . ... ... f et e e e 232 Oregon . ........... “ e 207
Winois . .. ... [N 136 ’ Pennsylvenia . . . . ... .. PP 180
indiana .. ........... 184 Rhode Isleand . .. .. ...... 196
lowas . . ... it e e .. 236.. South Carolina . . ... e e e e 169
Kansas . . ... ..o 00 264 South Deskota . .......... 281
Kentueky. . . . . . . e e e e e .. 144 Tenneisee . .. .... P, 233
Louisiana. . . ... ... e e 188 TOXAS . . . v v v e e e e e 244
Maine . .........c.u.. 103 Uaah .. ........... [, 184
Maryland . . . . . ... PP 136 Vermont . . . . ..o v v e v nn s 382
Massachusetts . . ... .... 193 Vieginia . .. ... e e e e e s 187
Michigan . . ... ........ R 151 ; Washington . . ... .. ...... ; ‘173
Minnesots . . ... ... ... 178 West Virginia ... ........ 212
Mississippi . . .. .. PP 219 Wisconsin, . . .. .......:.. 183
MiSSOUFRI . « v v v v v 0 o v o a 180 Wyoming . . ... .......... 224
Montana . . ........... 188 .
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Table 5.1-7 - Number of Water Wells Drilled in the
United States in 1964

{Source: U.S. Geological Survey)

Estimated number

Estimated number

of wells drilled of wells drilled
State 1864 State 1964
Algbams . .. ..... PP 4,500 Montans . .......... 2,000
Alasks C ot e e e e e 1,001 Nebraska . . . . .. ... .. 6,005
Arizona . .. ... s ee e 1,520 Nevadea ........... 825
Arkansas . . . . .. e e e e 5,000 New Hampshire . . . . ... 4,400
California. . « «.c o v o o v . 10,000 New Jersey . ........ 3,440
.Colorado . . . ... .0 v .. 5,911 New Mexico . . . ... ... 3,150
Connecticut . . . ... o 6,500 New York . ....... . 25,000
Delaware . . . ... . P 3,440 North Caroline . . ... .. 25,000
District of Columbia ... 12 North Dakota .. ... .. 3,760
Florida . ....... e 85,000 Ohio ............. 18,622
Georgia . ..... . 10,000 Oklahoms . ........ 5,000
Hawail .. ... . . 21 Qregon ... ........ 4,500
idaho . . . .. ... . 1,400 Pennsylvania . . . . ... .. 16,220
flinois . .. ... . 19,500 Rhode island . . ... .. 250
Indiana ...... . 15,000 South Carolina . . .. ... 5,400
fowa . . ... .o ceevaon 15,000 South Oakota . ... ... 5,426
Kansas s e e e PP 5,600 Tennessee . .. ... [ 8,000
Kentueky . . . . « . . ..o . 9,620 Texas . ... .. s e e e e 25.000
Louisians. . . . ... .. .o 2,620 Uah ........... .. 650
MSIN® . .. ... 000 1,700 Vermont . . ... ... ... 1,460
Marviand . . . .. . o o 8,002 Vieginia . . ... ...... 10,000
Massachusetts . . ... ... 9,000 Washington ., . ... .... 1,700
Michigan . . ... ...... 25,000 West Virginia . . . ... .. 6,900
Minnesota . ........ 9,000 Wisconsin., . .. ... .... 12.000
Mississippi . .. ..... Y. 5,900 Wyoming . . ......... 1,000
O Missouri L L. L L. ... TOTAL ....... 433,700
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Table 5.1-8 -~ Depths of Water Wells Drilled in the
United States in 1966

(Source: Ground Water Age)

Woell Depth, fast Percent of Drilled Wells .

< s0 4.1
51-100 26.9
101-150 27.8
151-200 : 20.6
201-300 : 1.5
301400 4.4
401-500 : 2.6

> 800 . 2.1

: 100.0
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Table 5.1-9 - Average Power to Pump Water

: , Power Required
Wire-to-Water Efficiency, Kilowatt—-Hours

Percent ‘ per 100 ft, per 1000 gpm
78 40
63 50
52 60

45 ' 70

Source: Illinois State Water Survey
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Table 5.1-10 - Useful. Factors in Preliminary Planning
of Small Pumping Plants

Horsepower re-

: Velocity quired for 10 feet
Pump or Pipe veloc- ’ head, Friction in  total head. Pump
pipe size, Gallons Acre-inches ity, feet v2 feet per 100 and transmission
in. per minute per 24 hours per second _5 teet feet of pipe efficiency =
70 percent
6 400 . 21.2 ’ 454 0.32 221 1.4
6 600 318 6.72 0.70 4.7 22
6 800 424 9.08 1.28 8.0 29
6 1,000 53.0 11.32 199 12.0 3.6
8 900 47.7 5.75 0.52 2.46 3.2
8 1,100 58.3 7.03 0.77 - 3.51 40
8 1,300 68.9 8.32 1.07 472 4.7
8 1,500 79.5 9.60 143 6.27 5.4
10 1,200 63.6 491 0.38 1.46 43
10 1,600 848 6.56 0.67 235 58
10 2,000 106.1 8.10 1.02 3.65 7.2
‘10 2,400 127.3 9.73 147 5.04 8.7
12 2,000 106.1 5.60 0.48 1.43 7.2
12 2,500 1326 7.00 0.77 2.28 9.0
12 3,000 159.1 8.40 1.10 3.15 108
12 3,500 185.6 980 - 1.49 4.10 12.6
14 2000 106.1 4.20 0.27 0.66 7.2
14 3.000 159.1 6.30 0.61 1.47 108
14 4,000 2121 8.40 1.09 2.47 144
14 5,000 265.2 10.50 1.1 3.92 18.0
16 3.600 180.9 5.74 0.51 1.10 13.0
16 4,400 233.3 7.01 0.76 1.8 15.9
16 5,200 2758 8.29 1.08 2.16 . 18.8
16 6,000 318.2 9.56 . 142 2.60 216
18 4,500 238.6 5.70 0.50 093 18.2
18 5,500 291.7 6.96 0.75 1.32 19.8
18 6,500 344.7 8.22 1.05 1.82 224
18 8,000 424.2 10.02 1.56 2.65 28.9
20 5,000 265.2 5.13 0.41 0.68 18.0
20 6.500 344.7 6.66 0.69 1.06 23.4
20 8,000 424.2 8.17 1.03 1.63 289
20 10,000 §30.3 10.40 1.68 253 36.1
24 8,000 424.2 5.68 0.50 0.66 289
24 10,000 530.3 7.07 078 098 361
24 12,000 636.4 8.50 1.2 1.40 433
24 14,000 742.4 9.95 1.54 1.87 505
30 12,000 636.4 5.44 0.46 0.47 43.3
0 16.000 848.5 7.36 . 084 0.83 §7.7
0 20,000 1061.0 9.09 1.29 122 722
30

24,000 12730 10.90 1.86 1.71 86.6

Source: U. S. Department of Agriculture
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5.2 An Example Water System

The 1976 Annual Report of the Denver Board of
Water Commissioners for the city and county of Denver, Colorado,
reflects a very well engineered and capably managed water sys-
tem. Figure 5.2-1 shows their supply system, and Figure 5.2-2
shows the major distribution facilities. Table 5.2-1 lists
the pumping station capacities. Table 5.2-2 is their 1976
water report, Table 5.2-3 is the 1976 power report and Table »
5.2-4 is the summary of water and power costs. Figure 5.2-3
shows the 1976 pump energy rate in kw-days through the year.
Figure 5.2-4 shows power cost history for the two water sys-
tems under their jurisdiction.

Although operation of what is called their Master
System (36,511 million gallons per year) and the Outside Con-
tract System (13,770 million gallons per year) is under the
" same management group, fiscal jurisdiction is, in some aspects,

separate.

The daily operating pumps for both systems are all
electrical. There are some gas engine pumps for standby opera-
tion only. It is interesting that they have tunneled under |
the Continental Divide for some of their water lines, the
total length of which is 1800 miles. They have a 4-stage lift
with some purification done at each plateau. The highest 1ift
for any given line is 400 feet, while the average lift for the
total system is 160 feet.

5.3 Water Pipeline Data Sources

The data sources used in the estimation of water
system energy consumption were those presented in the preceed-
ing sections. The national total and unit energy consumption
will be estimated from the data in Section 5.1 above.
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DEr L7 BLAR: OF WATER CPALSSITNERS

MAJOR DISTRIBUTION FACILITIES
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5=15

Figure 5.2-2 - Major Distribution Facilities




Pump Station

ASHLAND (5406)
5260 W. 29th Ave.

BANCROFT (5495)
1500 S. Pierce St.

BROADWAY (5525)
6549 S. Broadway

BROOMFIELD (5326)
9265 Washington St.

CAPITOL HILL (5401)
1000 Elizabeth St.

* CHERRY CREEK VILLAGE (5550)
4298 S. Tamarac Dr.

CHERRY HILLS (53£0)
1590 Radcliff Ave.

* CLARKSON STREET (5482)
5300 S. Clarkson St.

* COLORADO BOULEVARD {5620)
7595 S. Colorado Blvd.

* DATURA (5430)
5695 S. Datura St.

EINFELDT (5360}
1900 S. University Blvd.

1.8 G.S. Elevations in parentheses)

= Vault Type Structure wunderground)

Legend for Method of ()per.‘ninn:'

Pump
Number

Make of Motor

WONOW W

N =

LS N b Ut h WK - AN LW = w N - NOAW LW W - -t

NV R WN

M - Manual

Make of Pump

Delaval

Cameron

Cameron

Cameron

Fairbanks Morse

Fairbanks Morse
- Total

Fairbanks Morse
Aurora
Total

Peerless
Peerless
Total

Patterson

Patterson

Patterson
Tota!

Wheeler Economy

Byron Jackson

Cameron

Byron Jackson

Byron Jackson
Total

Aurora

Aurofa

Allis Chalmers
Total

Worthington
Woithington
Worthington
Worthington
worthington
Worthington
Total

Fairbanks Morse
Fairbanks Morse
Fairbanks Morse
Fairbanks Morse
Fairbanks Morse
Fairbanks Morse
Total

Allis Chalmers
Fairbanks Morse
Fairbanks Morse
Fairbanks Morse
Total

Fairbanks Morse
Fairbanks Morse
Total

Wheeler Economy

Byron Jackson

Bvron Jackson

Byron Jackson

Worthington

Wheeler Economy
Total

A - Automatic

Ceneral Electric
General Electric
Westinghouse
Westinghouse
Fairbanks Morse
Fairbanks Morse

Fairbanks Morse
Lincoln

Elliot Electric
Newman

ideal Electric
idea!l Electric’
Ideal Electric

General Electric
General Electric
General Electric
Westinghouse
Westinghouse

Marathon Electric
Marathon Electric

- Allis Chalmers

General Electric
General Electric
General Electric
General Electric
General Electric
General Electric

Fairbanks Morse
Fairbanks Morse
Fairbanks Morse
Fairbanks Morse
Fairbanks Morse
Fairbanks Morse

Allis Chalmers

Fairbanks Morse
Fairbanks Morse
Fairbanks Morse

United States
United States

General Electric
General Electric
Cencral Electric
Westinghouse
Electric Machinery
General Electric

R - Remote

5-16

Horse
Power

a0
2003
800
800

3600

R-77-3022

Head Capacity
In Feet In M.C.D.
140 8.0
175 15.0
175 35
175 5.0
265 5.0
265 5.0

41.5
254 3.6
15 22
. 5.
80 1.4
a2 4.4
5.
350 5.0
350 5.0
350 5.0
15.
175 20.0
175 12.0
164 20.0
175 17.0
175 23.0
92.0
173 0.8
173 0.3
160 13
2.4
220 20.0
220 '20.0
220 20.0
220 20.0
220 20.0
220 20.0
120.0
234 2.1
234 2.1
234 21
234 21
234 21
234 21
12.6
160 1.3
200 1.4
200 1.4
160 a3
5.5
165 3.0
165 3.0
6.0
175 200
175 17.0
175 12.0
175 5.3
175 20:0
175 200
943

Table 5.2~1 - Denver Water System =
Pumping Station Capacities
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pomp Sation
i A iy

ri17ABETH STREET (5380)
1200 Elizabeth St.

FIFTY-SIXTH AVENUE (5203)
<355 56th Ave.

FIRST AVENUE (5338)
1535 Ist Ave.

CHEFN MOUNTAIN (5837)
12300 W. Jewell Ave.

HIGHLANDS (5722)
&100 S. University Bivd.

HILLCREST (5602)
fLow f'ressure)
<203 S. Happy Canyon Rd.

HILLCREST (5602)
(High Pressure)
4200 S. Happy Canyon Rd.

JLUIAN STREET (5452)
267G S. fulian Sz

KASSLER (5496)
At Waterton

G Flevanions an pareathiosesy
wuilt Lype Stractue sUndersround

tegend for Method of Operation:

Pump
Number

Make of Pump

Make of Motor

WA -

M- Nonual

ingersoll-Rand
Ingersoll-Rand
Ingersoll-Rand
Ingersoll-Rand
tngersoil-Rand
Total

AWy -

Allis Chalmers
Alliy Chalmers
Allis Chalmers
Allis Chalmers
Allis Chalmers -
Total

[V I S VR Ry

Fairbanks Morse
Peerliss
Peerless
Peerless
Peerless
Total

VA wN -

Patterson
Patterson
Patterson
Patterson
Total

Faitbanks Morse
Fairbanks Morse
Fairbanks Morse
Fairbanks Morse
Delaval
Detaval
Delava!
Total

NGOV L W -

Allis Chalmers
Allis Chalmers
Delaval
Delaval
Delaval
Worthington
Warthingion
Total

NV AW

§ American Marsh
9 Delaval
10 Delaval
n Delaval
12 Delavdl
13 Patterson
Total

Fairhanks Morse

Allis Chalmers

Wheeler Economy

Fairbanks Morse
Total

N S

Gould
Worthington' .
Gou'd
Warthington.
Gould

Tota!

[VIRF N WO PR

A - Autamatie

Table 5.2-1 ~ Continued (Sheet 2)

Reliance
Reliance
Reliance
Reliance
Reliance

Adeal Electric

Ideal Electric
Ideal tlectric
ldeal Electric
Ideal Electric

Fairbanks Morse

- Marathon Electric

Marathon Electric
Marathon Electric
Marathon Electric

General Electric
General Electric
General Electric
General Electric

United States
United States
United States
United States
Ideal Electric
Ideal Electric
ideal Electiic

Allis Chalmers
Allis Chalmers
Electric Machinery
Electric Machinery
Electric Machinery
Fairbanks Morse
Fairbanks Morse

Westinghouse
Electric Machinery
Electric Machinery
Clectric Machinery
Electric Machinery
Ideal Electric

Fairbanks Morse
Allis Chalmers
ideal tlectric
fairbanks Morse

Eleciric Machinery
Fairpanks Morse
Electric Machinery
Fairbanks Morse
Elecine Nachinery

£ - Remate

5«17

Horse
Power

125

)
-
8

350

800
900
3,125

75
50
50

]

250

1,230
800
1,250
800
1,250
5.350

R-77-3022

Head Capacity
In Feet In M.G.D.
53 10.0
53 10.0
53 10.0
53 10.0
53 100

50.0

450 15.0
450 15.0
450 15.0
450 15.0
450 150
75.0

70 29
70 1.8
70 1.8
70 1.8
70 29
1.2

260 10.0
260 5.0
260 5.0
260 100
30.0

165 30
165 3.0
165 3.0
165 30
165 10.0
165 10.0
163 100
42.0

169 1.0
167 20
163 5.0
163 1.0
163 11.0
163 11.0
163 ne
52.0

320 0.8
38 25
313 4.8
315 10.5
315 10.5
320 10.0
39.%

120 2.9
118 2.0
120 1.7
120 29
9.5

325 15.0
325 10.0
325 15.0
325 10.0
329 150
65.0

NMethod of

Operation
M R
MM R
M R
M R
M R
M R
M R
M R
M R
M R
M A R
M A R
M A R
M A R
M A R
M R
M R
M R
M R
M A R
M A R
M A R
M A R
M A R
M A R
M A R
M A R
M A R
M R
M R
M R
A R
M R
M A R
M A R
M R
M R
M R
M R
M A R
M A R
M A R
M A R
M A R
M A R
M A R
M A R
M A R
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) bump Horse Head Capacity Method of
Pump Slaﬂon Number Make of Pump Make of Motor Power In Feet In M.G.D. Operation
KENDRICK ({5615) 1 Patterson Ideal Electric 300 120 10.0 M R
(Low Pressure) 2 Delaval General Electric 300 117 10.0 M A R
9380 W. Jewell Ave. 3 Worthington’ General Electric 75 119 29 M A R
4 Worthington General Electric 75 119 29 M A R
5 Worthington General Electric 75 19 29 M A R
Total 825 . 28.7
KENDRICK (5615) 7 Worthington Electiic Machinery 800 260 100 M A R
(High Pressure) 8 Worthington Electric Machinery 800 260 10.0 M AR
9380 W. Jewell Ave. 9 Patterson Ideal Electric 700 260 5.0 M R
10 Delaval ideal Electric 400 260 5.0 M A
1" Patterson ldeal Electric 700 260 10.0 M R
Total 3,400 40.0
LAKERIDGE (5520) 1 American United States 50 120 1.7 M A R
2700 S. Raleigh St. 2 Pacific ideal Electric 75 120 29 M A R
3 Pacific Ideal Electric 75 120 29 M A R
4 Allis Chalmers Allis Chalmers 50 120 20 M A R
Total 250 9.5
* LAMAR (5443) 1 Worthington Marathon Electric 100 120 29 M A R
6301 W. Yale Ave. 2 Worthington Marathon Electric 100 120 29 M A R
Total . 200 .8 :
LEE'GULCH (5510) 1 Peerless Marathon Electric 75 125 23 M A
7615 S. Broadway 2 Peerless Marathon Electric 75 1235 23 M A
’ Total, 150 4.
MARSTON (5485) 1 Worthington General Electric 700 166 20.0 M R
{Low Pressure) 2 Worthington General Electric 700 166 200 M R
5700 W. Quincy Ave. 3 Worthington General Electric 700 166 200 M R
4 Worthington General Electric 700 166 20.0 M R
5 Worthington General Elecuic 700 166 200 M R
Total 3,500 100.0
MARSTON (5485) 7 Fairbanks Morse Fairbanks Morse 200 320 29 M R
(High Pressure) 8 Patterson Ideal Electric 400 260 6.5 M R
§700 W. Quincy Ave. 9 Patterson Ideal Electric 900 260 10.0 M R
10 Patterson Ideal Electric 900 260 10.0 M R
i Patterson Ideal Electric 900 260 100 M R
Total 3,300 394
MEXICO AVENUE (5428) 1 Peerless Marathon Electric 50 95 1.7 M A R
4740 Mexico Ave. 2 Peerless Marathon Electric S0 95 17 M A R
3 Peerless Marathon tlectric 50 95 17 M A R
4 Wheeler Economy Marathon Electric 75 95’ 29 M A R
5 Wheeler Economy Marathon Electric 75 95 29 M A R
Total 300 10.9 .
* MONACQO (5546) 2 Peerless United States 50 120 21 M A
- 3490 S. Monaco St.
MONTCLAIR (5376) 1 Fairbanks Morse General Electric 400 165 10.0 M R
1105 Quebac St. 2 Byron jackson General Electric 200 160 5.0 M R
3 Warner Goulds tlectric Machinery 600 165 15.0 M R
4 Worthington Electric Machinery 600 175 15.0 M R
Total 1,800 45.0
SOUTHWEST METRO NO. 2(5594) 1 Hightrust Vertical 150 250 - 26 M A R
8775 W. Coal Mine Rd. 2 Fairbanks Morse  Fairbanks Morse - Joo 250 2.1 M A R
® ' Total 250 a7
108 G.S. Flevarions in parentheses)
Vault Type Structure (Underground)
.egend for Method of Operation: M - Manual A - Automatic © R - Remote

Table 5,2-1 ~ Continued (Sheet 3)
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pomp Station
« U NIVERSITY BOULEVARD (5653)
2395 Mineral Ave.

WESTWOOD (5490)
1305 W. Mississippi Ave.

yALE AVENUE (5414)
iltow Pressure)
2701 °S. Colorado Blvd.

YALE AVENUE (5414)
iHigh Pressure)
2701 S. Colorado Bivd.

Total Clear Water Pumped, 1976:

Pump
Number

Make of Pump

Make of Motor

& W w N

W =

NOAWwVaAWN

Fairbanks Morse

Fairbanks Morse
Total

Worthington

American

Fairbanks Morse
Total

Worthington

Worthington

Pacific

Fairbanks Morse
Total

Allis Chalmers
Fairbanks Morse
fairbanks Morse
Fairbanks Morse
Worthington
Fairbanks Morse
Total

Totals

50,713,670,000 Gallons

Total Consumption, 1976:
' 68,430,620,000 Gallons

Fairbanks Morse

Fairbanks Morse-

Century
United States

Fairbanks Morse -

Westinghouse
Westinghouse
Delco Electric
Fairbanks Morse

General Electric
Fairbanks Morse
Fairbanks Morse
Fairbanks Morse
Howell Electri¢
Robbins

R-77-3022

Horse Head Capacity Method of
Power In Feet In M.G.D. Operation
10 76 04 M A
10 76 04 M A

20 0.8
30 120 1.3 M A R
50 120 17 M A R
100 130 29 M A R
180 5.9
25 68 1.4 M A
25 68 1.4 M A
60 93 29 M A
_60 93 29 M A
170 8.6
30 170 0.7 M A R
125 170 34 M A R
60 170 ‘1.4 M A R
60 70 1.4 M A R
125 170 29 M A R
125 170 29 M A R
525 12.7
$6,740 1,093.4

Pumpage by Lifts, 1976:

First Lift,
Second Lift
Third Lift

.Fourth Lift

5-19
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37,310,340,000 Gallons
8,835,680.000 Gallons
4,453,350,000 Gallons
114,300.000 Gallons
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ANNUAL WATER REPORT

PEZRCENT FILTERED

soffat M. G. Filtered _ 16,328.53 M. G. Daily _- 44.74 B © 23.81
Marston M. G. Filtered _ 44,905.49 M. G. Daily _ 121.65 54.77
Kassler M. G. Filtered __7,833.65 . M. G. Daily 21.46 - 1.42
Total Filtered _ 63,567.67 - Total Daily _ _137.85 Total % 100.00
Master Contract Total Pumpage __ 36,511.48 . M. G.
Outside Contract Total Pumpage _ _13,769.78 . M. G.
Grant Total, Both Pumpage Contracts for thelYear 50,281.26 M. G..
Percent of First Lift Pumped ____  53.94% M. G. Pumped 35,98.2.‘98
Percent of Second Lift Pumped 12.92% M. G. Pumped 8,861,49  .
Percent of Third Lift Pumped _ 06.38% M. G. Pumped __4,376.22

Percent of Fourth Lift Pumped OO.QB% ‘ M. G. Pumped . 60.50
Total H.G. Pumped_50,281.26

Average M. G. Pumped Per Day During 197. _° 4

123.5
Average M. G. Pumped Per Day During 1976 _137.76

Table 5.2-2 - 1976 Water Report, Denver Water System
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ANNUAL POWzR REPORT

Master Contract Annual ChargeGOZ 911.72 Cost Per KWH).0130217 Total KWH Used 33,438, 104.
Outside Contract Annual Chargel(( 793,04 Cost Per KwH_ 0234905 Total KwH Used_]7 061,94]
ost of Electric & Gas (Small Bills) of Vaults & Stations 45,5971.38 Total

Peak Occurred Majoritv of oeaks occurred between 15th & 30th of each month.

Total Anrual Expenditures Allocated -forvPower, Electric and Gas $1,043,995.14

PDP-8 logger in Op‘eration‘ , - Days; Off - , Days -

'DP-~11/45 In Operation .. 360 . _Days; OFf_ 5 . Days

Table 5.2~3 - 1976 Power Report, Denver Water System
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SUMMARY OF WATER AND POWER COSTS - 1976

Total Consumption - - - 68,430.62 M.G.
Total Water Produced - - 68,567.67 M.G.
FILTER PLANT PRODUCTION

- R=77-3022

M.6. ... DAILY AVERAGE 1 OF TOTAL

Moffat 16,328.53 44.74 23.81%
Marston 44,405.49 121.65 64.77%
Kassler 7,833.65 21.46 11.42%
Totals: 68,567.67 187.85 100.00%

Total water pumped: 50,281.26

Master contract total pumpage e«veee 36,511.48
Outside contract total pumpage e---e- 13,769.78
Percent pumped to total consumption -- 73.47%

Pumpage by lift: ’ : % PUMPED OF €osT
. M.6. TOTAL PRODUCED PER LIFT
First 36,982.98 53.93% $ 560,935.61
Second . 8,861.49 12.92% 218,111.51
Third 4,376.29 : 6.38% 99,765.18
Fourth 60.50 0.08%2 2,374.19
Metro Sewer 15,342.58
Power Consumed other Sources 106,877.69

Small Bills, Elect. & Gas
Total: .
Power Consumed Other Sources (Master Contract):

a. 1200 Shoshone

b. 1600 W. 12th (Meters)

c. Kassler Filters

d. Marston Lake (Filter)

e. Waterton Punp

f. Moffat

POWER

Master Contract KWH Consumed . 33,438,104
Outside Contract KWH Consumed © 17,061,941 .

Total Consumed: . , , M.,
Master Contract Total Cost $ 602,611.72
OQutside Contract Total Cost $ 400,795.04
Cost of electricity and gas (small bills for vaults and stations)

_3mounted to: $ 45,591.38

Total cost all bills, 1976 ‘ $1,048,998.14

45,591.38
-$1,048,998.14

Table 5.2-4 - Power Cost History
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Figure 5.2-4 - Denver Water System - Power Cost History
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5.4 Energy Estimates for Water Supply Systems

_ In this study, an energy intensity in kilowatt-
hours per gallon per foot of head will be estimated. From
this, an estimate of. total energy consumption in kilowatt-
hours can be derived. This approach is'necessitated by the
fact that in water distribution systems, unlike petroleum
pipelines, the fluid is not pumped through from source to
destination. Instead, the water is pumped up to a high—levél
storage tank, from which if flows by gravity through the dis-
tribution lines to consumers. Since all the energy is input
to the system as work to raise the water to the storage re-
sevoirs, the energy intensity for water systems is definedAas
energy per unit of mass per unit of lift. When calcuiating
the EI, head which is dissipated in the lift pipe and the un-
recovered dynamic head must of course be included.

5.4.1 Energy Intensity of Water Supply Systems

For water distribution systems, the energy inten-
sity just defined is calculated by the formula

A Power (Kw)
E = Flow(l000 gpm) x Head (100 f£t)

I

-5 Kw=Min
lO Gal-Ft

For 1000 gallons'per minute of water at 8.328 1lb/gal

pumped against a total of 100 ft, the power into the water is

_ Gal # 1 Btu
Pw = 1000 Min X 8.328 EEI"X'IOO ft. x 77§-f—¥
X 1 Kw-Hr Min _
3712.14 Btu X ®0 g < 18.823 kKw
= 25.23 Hp
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At a wire-to-water efficiency of 67%, the power into the motor

is
Pm = 28.09 Kw = 36.66 Hp

And at a 22% efficiency for the generating and transmission
system, the power into the boiler at the generating station
is

Pb = 127.70 KXw = 171.18 Hp

Thus, the energy intensity at the boiler, for the elevation

head alone, is

Kw=-Min

I. (Lift) = 127.7 .
105 Gal-Ft

E

Referring again to Table 5.1-9 a total power re-
quirement of about 46 Kw is indicated at the pump efficiency
of 67% which was used above. This would indicate that in
general the velocity head and friction head together are
- about equal to the elevation head. Inspection of Table
5.1-10 shows that velocity head is generally small, less than
two feet for typical velocities. The friction head is several
feet per hundred feet, so that it is easy to see why the values
in Table 5.1-9 should be reasonable. The total intensity then
is '

I = 45 = 209,09 —XwzMin
10° Gal-Ft

E 0.22

_ It is interesting to compare this with the Denver
experience. That system was seen in Table 5.2-3 above to
consume 50,500,045 (33,438,104 plus 17,061,941) kw-hr to move
a throughput of (Table 5,2-2) 50,281.26 million gallons. The
energy intensity is
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50,500,045 Kw-hr « 60 Min
50,281.26 x 10° Gal x 160 ft Hr
= 37.663 —Kw-Min
10° Gal-Ft
at the motor, or
. < 105 Gal-Ft

at the-boiler.

5.4.2 Energy Consumption in Water Supply Systems

Referring again to Table 5.1-1 above, it is seen
that in 1974 the industry served approximately 180 million
people, consuming 150 gpd per capita, or 27 x 10° gpd. Also
in that table, and in Table 5.1-2, it was seen that about 20%
of the supplies are taken from ground water, i.e., wells.
Also, from Table 5.1-8, an average well depth of 153 feet was
calculated. There is no data available on average lift from
the surface, but if the 160 feet average at Denver is typical,
then the energy consumpﬁion, at the generating station boiler
is

B = 27 x 10° 3230 % 1oyp pon % 2°i;§-§§1¥§2

x (0.2 x 153 + 160) ft X 8760 %%

6.54 x 10!° §¥§E£ = 0.233 Quad

If the Denver experience (IE = 171) is more typical
than the IE of 132 which was calculated earlier, then

E = 6.54 x 10'° x 21= = 5.35 x 10*® B¥2BE 5 183 quag
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If the Denver experience (IE = 171) is typiecal,
then
E = 6.54 x 101° x 21+ = 5,35 x 10'° K¥-BX _ 4 183 Quaa
209 Yr

The average would appear to be near 0.2 Quad.
Two comments are in order.

First, if the 0.2 Quad is at all accurate, it is
somewhat surprising, in that it is several times larger than
the estimates for the other liquid pipelines. It therefore
merits further scrutiney.

Second, the principal uncertainty in the method-
ology is clearly in the estimate of average lift. In the above
examples, the principal questions involve the representativeness
of the Illinois Water Survey, Table 5.1-9, which is the basis
of the EI of 209.9, and of the Denver lift of 160 feet. While
it might be expected that the per-capita consumption might
not vary widely, perhaps by a factor of two or three across
the population of systems, it is easy to see how the average
1lift could vary by a factor of ten. Cleérly, refinement of
the estimate would require further research regarding these
two factors, the average 1lift being particularly important.

5.4.3 First-order Refinement of the Estimate

Stimulated by the considerations just_discussed,
J. S. Moore (1977) of Mueller Associates obtained information
about the Baltimore, Washington, D. C. and New York City sys-
tems, and -found the per-capita céhéumption for those systems
to be approximately 140, 150, and 200 gpd respectively. The
geometric mean of these values is 143 gpd, quite close to the
value of 150 in Table 5.1-1.
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Moore also found, somewhat surprisingly, that only
43, 73, and 10 percent respectively of those systems water
supplies were pumped. That is, New York apparently obtains
90% of its water by gravity. Thus, it appears unlikely that
the average lift for any of these three systems even approaches
the 160 feet of the Denver‘system. Since more specific in-
formation is not available for these systems, if they are to
be useful in developing national estimates, another approach

must be taken.

The per-capita energy consumptions for the Balti-
more and Washington systems were found by Moore to be 18.89
and 7.64 Kw-Hr in 1976. By contrast, the 1976 per-capita
energy consumption of the Denver system is approximately 48
Kw-Hr. Extrapolating from the 180 million population esti-
mated to be served in 1974 (Table 5.1-1) to 1976 at the same
growth rate as that seen in the standard metropolitan areas
over the preceeding two years (Statistical Abstract of the
U. S., 1976, Table 18), yields '183.3 million for the 1976.
population served. Taking the geometric mean of the three
per-capita energy figures above and multiplying by the popula-
tion served yields 1.193 x 10'® Kw-Hr consumed at the pump-
motor junction boxes. As before, dividing by 0.22 for the
efficiency of the electrical generation and transmission sys-
tem yields 5.42 x 10!? as the estimate for the total energy
consumption. The rounded, single-figure estimate of 0.05 Quad
is suggested. ‘ ”
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5.5 Energy Consumption in Waste-water Systems

Some recent energy experience of the San Diego
sewage system is summarized in Table 5.5-1. This is the pump
station through which all the metropolitan sewage is pumped
to the treatment plant, from which it is discharged several
thousand feet out into the ocean bottom. There are some 70
other pump stations in the San Diego system, many of them very
tiny. The power consumption and cost data for all these plants
exists, but has not been reduced or analyzed. The power for
all other stations combined is believed to be not more than
two-thirds that for station’2.

Table 5.5-2 shows a tabulation of the sewage plants
in 1962. Taking the 1962 population served of 118,371,919
from that table, ratioing up in proportion to general popula-
tion growth to 1976, and applying the San Diego per=-capita
energy consumption yields an estimate for the energy consump-~
tion of 0.017 Quad.

No defense of a single-point estimate such as this
is offered. 1It is simply the first step in what could be,
if they were needed, a series of successive refinements. If
in the future, such refinements are desired, the methodology
for the necessary research is now clear.
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Table 5.5~-1

City of San Diego Sewage Pump Station No. 2

FY75 FY76 FY77
Throughput, mgpd , 111.457 112,155 ©119.931
Energy, Kw-hr x 103 29,557 30,504 31,176
Eneréy cost, $ 676,468 964,597 1,120,611
Unit‘Energy Cost, ‘
$/Kw=hr - 0.02289 0.03162 0.03594

FY is July through .June
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United States

5-32

Total Separate Combined Both Not stated
STATES Popula- Popula- Popula- Popula- Popula-
Num- tion Num- tion Num- tion Nom- tion Num- tion
ber served ber served ber sarved ber served ber served
Alabams ... . ... 216 1,495,043 214 1,493,218
Alaska . . . . ... 21 61,620 8 . 3,260 ...eeeue
Arizona. . ..... 74 710,649 72 689,734 1 1
Arkansas . . . ... 161 792,675 141 705,285 2 18
California. . . . .. 506 11,458,492 477 9,359,536 17 12
Colorado . . . ... 176 1,421,106 170 1,309,431 3 107,000 .ccceere cvereerecninnenns 3 4,675
Connecticut . . . . 91 1,491,656 66 574,837 15 490,919 9 421,900 1 4,000
Delaware . . ... . 16 267,241 9 25,158 1 2,700 5 238,520 1 863
District of Columbia 1 1,323,870 ..cccevee ceveionnene vevens cecsceuns  sesssasescssansess 1 1,323,470 ......... ... reessirnianns
Floride . ...... 346 2,170,514 333 2,111,239 2 21,500 .ccceree cererreeene reaeees 1 37,775
Georgia . . ..... 276 2,268,492 262 1,083,157 6 914,515 a 268,920 4 1,900
Hawail . ...... 27 362,166 27 362,166 ereee teseens masenens o
Idsho . ....... 91 302,999 79 244,894 10 48,905 2 9,200 ..ocerrre et eererariaens
Wingis . ..... . 472 7,908,321 329 1,227,256 107 4,833,140 26 1,835,280 10 12,645
indiana . . . . . 321 2,867,845 103 364,915 206 2,445,065 3 36,040 9 21,825
. fows . .... e 438 1,676,800 400 983,090 18 184,760 10 402,350 10 6,600
Kansas . ...... 335 1,468,250 325 1,180,005 2 107,000 3 176,400 5 4,845
Kentueky. . . . .. 161 1,263,145 134 563,080 20 658,620 7 41,445 ... rerarennrnenens
Louisiana. .. ... 161 2,100,673 158 2,095,553 .veceee cocerrieccrenienn srseesns  svesemeenees - 3 5,120
Maine . .. ..... 109 479,453 37 68,720 39 198,650 32 210,608 1 1,475
Marylend . . . . .. 72 1,352,909 54 1,327,134 7 16,800 3 2,500 8 6,475
Massachusetts . . . 144 4,389,580 81 619,165 40 931,760 10 2,828,605 13 10,050
Michigan . ... .. 236 6,170,560 110 570,100 66 4,252,685 58 1,292,275 2 55,500
Minnesows . ... . 404 2,062,585 373 857,145 27 1,185,710 3 19,600 1 50
Mississippi . . . . . 168 779,456 164 755,056 ..ce... resnerenenersenes 1 18,600 3 5,800
Missouri . .. ... 466 2,643,725 411 1,065,225 6 44,945 24 1,411,960 25 121,595
Montans ., ... .. 114 385,220 103 299,680 4 19,600 7 65940 ... ceseeravasaresns
Nebraska . . . .. . 300 802,230 275 617,470 13 26,790 6 245,150 ] 12,820
Nevada .. ... .. 37 314,030 33 233,430 a 80,600
New Hampshire . . 78 283,460 19 45,660 29 91,350 27 144,200 3 2,250
New Jersey . . . . . 210 4,504,015 169 2,314,640 9 366,375 5 1,311,185 27 511,815
New Mexico . . . . 76 599,821 76 599,821
New York .. ... 548 13,443,148 389 2,709,148 53 519,525 87 10,192,945 19 21,530
North Carolina. ... 359 1,751,365 355 1,742,940 1 1,020 ......... 3 7.405
North Dakota ... 185 321,175 127 118,930 a8 196,855 ........ renesreessesrasen 10 5,390
Ohio. . .... .. 441 6,776,295 241 1,856,930 117 1,735,680 59 3,110,420 24 73,265
Okiahoma ... .. 284 1,452,524 279 1,438,724 5 13,800
Oregon . ...... 165 927,080 . 116 270,110 37 610,280 6 46,100 ......... 3,590
Pennsylvania . . . . 682 9,559,417 439 2,687,262 137 707,915 95 6,144,115 11 20,125
Puerto Rico . .. . 69 121,634 69 121,634 :
Rhode island. . . . 22 561,975 18 174,385  ceceveere  cenrrecnscsnnrons 3 386,470 1 1,120
South Carolina 221 927,114 221 927,114
South Dakota . . . 181 378,257 154 343,162 20 15,925 7 19,170 ..... ene sesessassasarase
Tennessee, . . . . . 135 1,478,443 126 1,122,268 5 195,125 2 142,100 = 2 18,950
Texas . . ...... 832 6,602,147 826 6,486,007 1 55,000 3 58,100 2 3.040
Uteh ........ 75 695635 75 695,635 .
Vermont . ., ... 52 186,157 8 8,390 7 8,555 36 165,812 1 3,400
Virginia. . ... .. 231 1,866,241 202 1,481,817 1 180,000 5 181,050 23 23,374
Washington . . . . . 230 1,628,330 133 373,650 46 825,505 15 302,030 36 127,145
West Virginia. . . . 176 726,181 98 168,460 a8 425,471 19 87,970 11 44,280
Wisconsin. . . . .. 392 2,668,315 306 712268 34 1,315,600 51 640,147 1 300
Wyoming . . . ... 71 222,276 68 221,155 ........ © irtirmveesrese  smssssete  asssesssass reenres 3 1,120
Total . ... 11,655 118,371,919 9,462 57,309,049 1,209 25,964,055 647 33,836,027 337 1,262,788
(Source: U, S. Public Health Service)
Table 5,5-2 = Municipal Sewage Treatment Plants in the
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Treated

Untreated Minor Primary intermediate Secondary
Popuis- Popula- Popula- Popula- Popula- Popula-
Num- tion Num- tion Num- tion Num- tion Num- tion Num. tion
ber served ber served bar served ber sarved ber served ber served
144 1,231,420 72 263,623 vesasans eenssscese 69 711,560 519,860
1 10,000 20 51,620 1 10,000 ..cccceor cereimnnronses essneies  eseerscerertenseren
69 684,699 s 25,950 17 35,274 649,425
137 618,475 24 174,200 ...ccoeer cornrccnenen voeses 73 173,155 445,320
484 11,399,057 22 §9,435 1 4,000 102 7,769,699 3,240,478
149 1,397,736 27 23,370 ... cee  sescarssssassesens 33 62,205 1 550,000 118 795,531
82 1,438,816 9 52,840 2 8,000 47 1,091,093 2 113,400 31 226,323
13 262,978 3 4,263  ..ccvee crireversennccnene 11 259,022 ...... vo  evsesrsesseceens 2 3,956
1 1,323,470 1 1,323,470
328 2,106,749 18 63,765 3 68,000 81 836,165 2 39,760 242 1,162,834
199 1,722,370 77 546,122 112 346,015 1 584,155 86 792,200
17 60,091 10 302,075 8 26,320 ....ceee ..eee 9 33,77
64 261,039 27 41,960 1 450 37 143,040 sersrsncsasncene 26 117,549
444 7,672,861 28 2}5,460 cosvesus  sevessasseesessens 72 475,850 26,060 370 7,170,951
190 2,598,375 n 269,470 .iiceene  ceeeccarorssacenes 40 452,870 5,800 149 2,139,705
372 1,302,430 66 274,370 32 221,405 1 4,000 339 1,077,025
322 1,312,440 13 155,810 38 143,300 ..ccovcee crvnreeneae 284 1,169,140
112 1,159,600 49 103,545 ........ 30 630,970 3 151,26 79 377,365
127 827,058 34 1,273,615 11 212,895 .ccoviier cevvncorncrinnes 116 614,163
17 43,995 92 435,458 ...cccee. cecreesccrcensves 14 28,795 .cviiinns coeenns sosnansan 3 15,200
53 1,317,744 19 35,165 2 4,650 30 114,359 ..... sove  sessescecssanese 21 1,198,735
85 3,544,635 59 844,945 10 1,752,215 22 1,249,235 1 430 52 542,755
213 6,109,385 23 61,175 2 6,030 109 4,835,900 3 87,200 Qa 1,180,255
344 1,997,718 60 64,880 .....c..  ceeererracecenenne 84 273,685 1 1,041,700 259 682,330
118 353,976 50 425,480 ....ccc.  cecsecssessecsenes 35 40,450 .....cc..  cevrecsmaniinns 83 313,526
366 912,990 100 1,730,735 24 98,170 .covvveer cerrenniininees 342 814,820
106 361,920 8 23,300 2 241,400 2 11,800 72 108,720
225 477,678 75 324,555 43 95,065 1 1,100 181 381,510
33 307,330 4 6,640 ......... 7 8,990 26 298,400
19 59,810 59 223,850 ......... 9 48,050 10 11,560
203 4,450,220 7 83,795 .icieeeer cereeseeenes 60 2,602,610 137 1,368,610
75 598,721 1 1,100 .cceiier vevcnnnsnns corsnen ] 5,196 70 593,525
407 11,420,209 141 2,022,939 6 298,680 247 3,158,624 148 7,870,295
255 1,299,980 104 451,385 128 165,245 127 1,134,735
170 270,755 15 50,420 ......... B ~ 54,740 137 216,015
351 6,416,805 90 359,490 102 895,110 27 1,148,015 222 4,373,680
276 1,443,474 8 9,050 36 204,685 1 1,200 239 1,237,589
146 866,480 19 60,600 51 596,050 ....... e eseresssseresane 95 270,430
384 ‘8,389,337 298 1,170,080 114 957,890 6 2,419,465 263 5,007,062
59 94 954 10 26,680 34 74,880 1 235 24 19,839
15 557,890 7 4,085 ........ vesesacenessesaane 7 187,790 8 370,100
178 616,442 46 310,672 5 10,040 105 192,828 64 413,307
159 332,202 22 -46,055 sesensivarssonsess 36 . 27,245 123 304,957
12 899,447 23 578,996 42 312,085 70 587,362
82s 6,565,152 7 36,995 116 189,851 709 - 6,375,301
58 465,045 20 230,590 .ccere  serensrscnersnenes 19 20,170 ... .. e rnesseasanes 36 444,875
14 74,902 38 111,255  ciiiieer  ceniccnnncnnanons 13 66,402 " 8,500
178 1,783,249 83 82,992 2 185,980 69 978,016 107 619,253
193 1,094,465 37 533,876 1 .7.000 86 687,825 104 389,030
46 294,196 130 431,986 ....ccece ceiiiiiccceenenns 32 201,935 14 92,260
386 2,661,428 6 6,890 1 880 107 483,615 8 239,705 270 1,937,225
60 212,940 n 9,335  eeeeee cestunennrantianne 7 46,118 2 16,400 T8 150,825
9.378 103,684,978 2,277 14,686,941 37 2,350,845 2,672 232,733,831 86 7,408,950 6,584 61,191,352

(Source:

U. 5. Public Health Service)

Table 5.5-2 = Continued (Sheet 2)
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6.0 ENERGY CONSUMPTION IN SLURRY PIPELINES

Réport R-3025 of this series (See Table 1.1-1
above) contains a technical discussion of slurry pipelines,
and a description of the only opérating U.S.line for long-
distance transport, the Black Mesa Line. Report 3023 dis-
cusses the economics'and'politics of slurry pipelines in depth.

Therefore, no profile is presented here.

In analyzing energy consumption in the Black Mesa
pipeline, it is necessary to consider the three distinct opera-
tions:

(1) The extraction of the water from the ground

and delivery to the pipeline head. These

operations are conducted by the Peabody Coal
Company.

(2) Slurrification and transportation of the
coal. These operations are conducted by the
Black Mesa Pipeline, Incorporated.

(3) Deslurrification and consumption of the coal.
These operations are conducted by the South-
ern California Edison Company.

6.1 Energy in Slurry Water

A The watef,for the Black Mesa pipeline is taken
from wells near the head of the line. The depth of the 1lift
varies between 2000 and 2200 feet. Taking 2100 feet as an
average, and allowing another 200 feet for friction and velo-
city brings the total head to about 2300 feet.

The proportion of (bone-dry) coal to water is 48
to 52 [Montfort, 1977]. The moisﬁﬁfé content of the coal is
specified by contract at -10.74%, and the content of the as-
mined coal averages very close to this figure. Thus, a ton

of contract coal contains

2000 x (1-0.1074) = 1785

6-1
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1b of dry coal. The slurry proportions vary slightly from

day to day, but average about 48% dry coal to 52% water.

'Tpus, a ton of contract coal entering the slurrifier emerges as
1785

048 " 3719

1lb of slurry, of which 2060 1b is the original contract coal
and 1719 1b is water which must be added to form the slurry.

Taking as before 64% for motor-pump efficiency and
22% for the electric grid, the energy investment in the water.
per ton of coal is

1719 x 2300

T78%0.64%0.22 ~ 36,093 Btu/ton

at the power plant boiler.

6.2 Energy in Pipeline Operation

The Black Mesa pipeline operation requires 22 Kw-hr
per ton of coal at the station meter [Montfort, 1977].. Again
(Sec. 4.4-1) allowing 22% efficiency for the electric grid yields

22 x 3412

03> = 341,200 Btu/ton

of coal transported, at the power plant boiler.

6.3 Energy in,DeslurrificatiQn

Deslurrification energy must be very carefully cal-
culated. There are many operations involved, as can be seen
from Table 6.3-1. Some of these operations would be required
with dry coal, though to a different degree. The Southern
California Edison engineers have calculated that the energy
consumed in deslurrification is aﬁoﬁt 63,000 Btu/ton of coal.
This energy is electrical power to the motors which drive
the equipment. The energy which must be input to the boiler
to supply this power is, for a station heat rate of 11,100.
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TABLE 6.3-1

ENERGY CONSUMED IN/CHARGEABLE TO DESLURRIFICATION

Active storage

Booster pumps to active storage
Agitators

Slurry transfer pumps

Water pump to primary treatment
Water pump to evaporation pond

Boiler fuel preparation

Centrifuges

Pulverizer mills

Steam cycle efficiency loss, 32% moisture vs 10.74%
Clariflocculator agitators -
Underflow pump

Underflow injection pump

Reslurry from inactive storage

Conveyor motors
Vibrator motors
Reslurry pump, primary
Reslurry pump, final
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Btu/Kw hr [Dina,-19771,

11,100

63,000 x -—3—4—12—

= 204,953 Btu/ton.

Additionally, the steam cycle efficiency suffers
under the requirement to reduce the moisture from the 32% to
which it is reduced in the initial separation to the 10.74%
contract value [Dina, 1976]. Taking

1173.8 - 34.08 = 1135.7 Btu/lb

of water as the sensible and latent enthalpy to heat the
moisture between the approximate conditions of 70F entering
and 280F stack gas exit, '

1135.7(0.32-0.1074) x 2000 = 482,900 Btu/ton.

6.4 Slurry Pipeline Energy Intensity

The energy comporents described above are summed
on Table 6.4-1. 1In 1976, the line transported 4,174,694 tons
of coal. Thus the energy consumption was approximately

4.446x1012% Btu

4,174,694 x 1,065,000

0.0044 Quad.

The energy intensity is obtained by dividing the
energy per ton by the 273.16-mile length of the pipeline.

1,065,000

=3 1g - 3899 ~ 4000 Btu/ton-mile.

Two of the energy componenté in Table 6.4~1 require
explanation. First, the pumping energy is that required to
add approximately 7500 ft of head to the slurry as it moves
through the pipe. However, it must be noted that the line
falls 2600 ft from its head to its critical elevation 12 mi
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TABLE 6.4-1

Energy consumption - Black Mesa Pipeline
(Btu/ton of coal)

Slurry Water Supply 36,000
Pipeline Operation
Pumping energy 186,000

Slurry preparation
& other operations 155,000

341,000
Deslurrification
Initial separation 205,000
Moisture correction, 483,000
32 to 10.74%
- 688,000

Total 1,065,000



from its terminal. Thus, if the purpose were an equal eleva-
tion comparison with other transport modes, it would be neces-
sary to use

7500 + 2600
7500

186,000 x = 250,480 Btu/ton

for the pumping energy.

Second, an estimated 80% of the energy for slurry
preparation and other operations is used in grinding the coal,
which would be necessary if the coal were transported in any
other way, and therefore cannot fairly be charged to transpor-
tation. If allowance is made for that fact, only about

155,000 x 0.2 = 31,000 Btu/ton

would be charged to transportation. When these adjustments
are made, the adjusted energy consumption given in Table
6.4-2 is obtained.

Several comments are in order. First, it must be’
recognized that all of the energy chargeable to the slurry
pipeline mode of transport is still not in the calculation.
For example, about a million dollars worth of chemicals per
year are rquired in thé deslurrification process. Some energy
is required to manufacture those chemicals, but the amount has
not been determined, and thus is not included in the calcu-
lation. It is believed to be insignificant.

Second, it is interesting to compare magnitudes.
The reader will recall from Sections 4.4.1 and 4.5.1 above that
the energy consumption of the crude and products pipeline net-
works was estimated at 0.070 and 0.068 » Quad respectively.
Thus it has just been concluded thét'wheh all the energy that
must be consumed has been taken into account, this single
pipeline consumes a tenth as much energy as either the entire
crude oil pipeline netwoik or the products network.



TABLE 6.4-2

R-3022

Adjusted energy consumption - Black Mesa Pipeline

(Btu/ton of Coal)

Slurry water supply

Pipeline operation

Pumping energy 250,000
Other operations 31,000

Deslurrification
' Initial separation 205,000
Moisture correction 483,000

Total
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R-3022

Third, it may be observed that the enérgy consumed in
pumping the slurry is small compared to the deslurrification
enerqgy.

Fourth, the conclusion.reached earlier in this program
regarding the future of coal-slurry pipelines is supported. 1In
report R-3025 of this series (see Table 1.1-1 above), the conclu-
sion was reached that the coal slurry pipeline is a cost-effec-
tive and energy-effective mode of transport, but not in the
coal-water form. The coal-methanol form offers promise of elim-
inating the enetrgy penalties in the deslurrification process,
and at the same time reducing the water requirement by a factor
of three or four. Clearly, as was recommended in that report,
the concept merits further study.

Finally, if one accepts the estimate of Zandi [1974] of
544 Bru/ton-mile for the energy intensity of a railroad to move
the coal between the same two points, one sees an apparent large
energy -advantage for the railroad. However, this should not be
extrapolated to future pipelines. As an example, Table 6.4-3
presents the energy consumption estimate of Energy Transportation
Systems, Inc. (ETSI) for a 25 million ton/year, 1000-mi water

slurry pipeline using advanced technology.

When these figures are adjusted on the same basis as
used in Table 6.4-2, except that a gravity boost of 3000 ft was
taken, the estimate shown in‘Table 6.4-4 is obtained. 1In Table
6.4-5, these results are rearranged to provide 'a direct compari-
son with the Black Mesa figures from Table 6.4-2. A dramatic
sixfold reduction in EI is seen to result from the combined
effects of greater distance (factor of four), greater scale
‘(factor of six), later technology (10 years), and much less

moisture to be removed (factor of 2.5),



TABLE 6.4-3

ETSI energy estimate

R=25Uce

(25 million tons coal/yr, 1000 mi)

Electric energy
Slurrification
Pumping
Dewatering
Water supply
Subtotal
Less grinding credit
Net electric energy

Steam energy
Total energy
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Energx

6ikwhre
~r

301
502
l46

40
989
-226
763 =

10

12 Btu
. yr



R-3022

TABLE 6.4-4

Adjusted energy estimate - ETSI pipeline
(25 million tons- coal/yr, 1000 mi)

_ Energy
l06kwhr_'e Btu
yr ton
Electric energy from grid
(M= 0.22)
Slurrification, net 340 47,000
Pumping 2,572 351,000
Water supply ’ 182 25,000
Electric energy from customer 475 65,000

power plant lines, initial
separation (station heat rate
= 11,100 Btu/kwhre)

~

Moisture correction, 32 to 26% 136,000

624,000
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TABLE 6.4-5

K=oU<c<s

Comparison of adjusted energy consumption

(Btu/ton of coal)

ETSI

Black Mesa

273 mi 1000 mi
10.74% moisture 26% moisture

4x106 tons" 25x10% tons

1967 technology 1977 technology

Slurry water supply 36,000
Pipeline operation .
Pumping energy 250,000
Other operations. 31}000'\
| 281,000

Deslurrification
Initial separation 205,000

Moisture 483,000
correction

688,000
Total 1,005,000

Length of pipeline (mi) 273
Energy intensity (Btu/ton-mi) 3681

25,000

351,000

47,000

398,000

65,000

136,000

201,000
624,000

1,000
624
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