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INTRODUCTION

The following discussion of the environmen-
tal and natural resource impacts of transporta-
t ion of  coa l ,  by  ra i l road un i t  t ra ins or  coa l
slurry pipelines, recognizes the inherent dif-
ferences between the two modes of transporta-
tion The form of the product transported dif-
fers, the physical environment under which the
products are transported differs and therefore,
the environmental impacts differ. Coal slurry
pipelines use substantial amounts of water,
whereas railroads require essentially no water
for the transportation of coal. The major en-
vironmental impacts of railroads are the delay,
no i se, and inconvenience caused by t ra ins
traversing populated communi t ies . Both
modes of transportation wilI cause some en-
v i ronmenta l  impacts  f rom const ruct ion and
facil i ty improvement. Slurry pipelines and in-
creased unit train operations are directly com-
parable only in the areas of air pollution, safe-
ty and health, noise, and energy and materials
resource depletion Even these areas present
analytical problems: diesel locomotives emit
pollutants along a linear path, while the emis-
sions due to power generation for coal slurry
p ipe l ines would  be concent ra ted a t  severa l
point sources. A large percentage of the oc-
cupational accidents due to pipelines would
occur  dur ing const ruc t ion,  but  the present
study anticipates only a nominal amount of
new ra i l  const ruct ion.  Addi t iona l ly ,  many i f
not al I the impacts are interrelated For exam-
ple, noise pollution has an effect upon land
use, as does the diversion of water to a slurry
pipeline from an existing or projected future
alternative use

The discussion is limited to the incremental
impacts of moving the estimated amounts of
coal. That is, analysis of alI railroad impacts is
not attempted, but rather those impacts at-
t r ibutab le  to  the est imated increased coa l

transportation. The incremental impacts due
to moving comparable  amounts  o f  coa l  by
coal slurry pipeline are analyzed, but because
of the necessary pipeline construction and the
f i x e d  o r i g i n ,  d e s t i n a t i o n ,  a n d  v o l u m e  o f
pipelines, the incremental and total impacts
are nearly the same.

The discussion is also Iimited to the differen-
t i a l  i m p a c t s  o f  c o a l  s l u r r y  p i p e l i n e s  a n d
railroads. It is assumed that the coal wil l  be
transported and not, for example, burned at
the mine site. Other modes of transmission,
whi le  admi t ted ly  poss ib le ,  are not  analyzed
here.

T h e  p e o p l e  a d v e r s e l y  i m p a c t e d  b y  c o a l
transportation are not necessari ly the same
p e o p l e  w h o  w i l l  b e n e f i t  f r o m  t h e  p o w e r
generated by the coal. The study is concerned
with the nature, extent, and duration of the ex-
amined impacts .  Rai l roads and o i l  and gas
pipelines have been on the American scene for
many years. Many of their environmental i m -
pacts are welI known and it is relatively easy to
compare them with other aspects of human ex-
perience.

Three k inds o f  impacts  were se lec ted for
study:

1.

2.

3.

T h o s e  w h i c h  h a v e  b e e n histor ical ly
significant, such as air pollution,
Those which, from a scientific standpoint,
a p p e a r e d  t o  h a v e  t h e   p o t e n t i a l  f o r
significance; e.g . ,  the in teract ions be-
t w e e n  c o a l  a n d  w a t e r  i n  t h e  s l u r r y
pipeline, and
T h o s e  w h i c h  i n i t i a l l y  a p p e a r e d  to b e
insignif icant but which, due to their fre-
quent appearance in the public debate,
required an objective, thorough examina-
tion; e.g., the potential for coal dust being
blown off of coal hopper cars.
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The following section discusses the most im-
portant environmental issue associated with
coal slurry pipelines — the availability of water.
The major environmental impacts associated
with increased railroad unit train operation —
noise, traffic, delay, and inconvenience — are
discussed in the next section. Longer term im-
pacts ,  ch ie f ly  those resul t ing f rom p ipe l ine

operations, and shorter term impacts, chiefly
associated with construction, are reported in
later sections. Some of the construction and
o p e r a t i o n  i m p a c t s  h a v e  a c t u a l l y  b e e n  o b -
served, while other impacts may not have yet
been observed but were either deemed likely
to occur or subject to enough public debate to
be included.

WATER USE BY PIPELINES

A s  i l l u s t r a t e d  i n  f i g u r e  2 0 ,  w a t e r  r e -
quirements for transmission of coal as a slurry
are  substant ia l  and dependent  upon coa l -
moisture content. T h e  f o u r  h y p o t h e t i c a l
pipelines discussed earlier in this report would

Figure 20–Transmission Water Requirements
as a Function of Coal Throughput Moisture Content
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Source Science Applications, Inc

require a total of from 35,000 to 47,000 acre-
feet per year (AF/yr) of water. These aggregate
figures, which are presented by hypothetical
pipeline route in table 25, do not reveal much
about either the impacts of such water use
upon the areas which would supply the water,
or the source of the necessary water. To place
the consumptive use of water in perspective,
the water supply potential of four hypothetical
p ipe l ine or ig ins was evaluated.  In  two source
locations, Wyoming and Montana, the Bighorn
River would supply water by aqueducts to the
slurry pipeline origin. Ground water from the
Madison Limestone Formation was also con-
sidered as a water source for the pipeline f rom
Wyoming. The Tennessee River would supply
the pipeline from Tennessee and the Green
Rive
pipe

w o u l d  b e  t h e  w a t e r  s o u r c e  f o r  t h e
ine from Utah.

Table 25. Water Requirements for
Hypothetical Coal Slurry Pipelines

Range of
Million tons annual

of coal requirements
Route per year AF/yr

Wyoming-Texas . . . . . . . 35.0 13,000-20,000
Montana-Minnesota/

Wisconsin . . . . . . . . . . 13.5 6,000-8,000
Tennessee-Florida. . . . . 16.0 10,000-12,000
Utah-California. . . . . . . . 10.0 6,000-7,000

a Includes water for transmission and emergency
flushing reservoir replenishment. Minimum is for high-
moisture coal and no spills. Maximum is for low-moisture
coal and a worst case of one spill per year.
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A l t h o u g h  t h e  f o u r  p i p i e l i n e  r o u t e s  a n d
destinations are hypothetical, the general loca-
tion of the source of the routes is plausible
b e c a u s e  o f  t h e  a b u n d a n c e  o f  c o a l  a t  t h e
selected locations. Most of the water required
for a given pipeline must be available near the
pipeline origin. The generalizations from the
four specific cases are therefore of widespread
importance with respect to water usage and
avaiIabiIity.

Two types of  potent ia l  impacts  f rom the
water use were investigated: those upon the
immediate, surrounding env i ronment , i.e.,
streams and aquifers, and those upon alter-
nat ive water  uses,  The f i rs t  category ,  en-
vironmental impacts, are minor for the follow-
ing reasons:

●

●

Withdrawals  o f  sur face water  for  coa l
slurry pipeline use wouId constitute a very
small fraction of the physically available
flows in supply source streams or rivers. If
one ignores other  uses of  water  as a
resource, effects upon flow rate, dissolved
oxygen concent ra t ion, salinity, waste
ass imi la t ive  capac i ty ,  and o ther  water
quality parameters would probably not be
m e a s u r a b l e .  F o r  e x a m p l e ,  a  g r o u p  o f
pipelines moving 125 million tons of coal
per year from Wyoming would use a max-
imum of 3 percent of the Bighorn River’s
average depleted flow at the Wyoming-
M o n t a n a  S t a t e  l i n e .  A g r i c u l t u r a l  u s e s
d o w n s t r e a m  f r o m  t h e  n e a r b y  B o y s e n
Reservoir are more likely to deplete flows
to a point where water quality seriously
declines. Pipelines from Tennessee carry-
ing 31 million tons per year would remove
at most O 1 percent of the flow of the Ten-
nessee River .  I n both cases f lows are
reguIated by reservoirs.

A l though increased pumping of  ground
w a t e r  f r o m  t h e  M a d i s o n  F o r m a t i o n  i n
W y o m i n g  c o u l d  r e s u l t  i n  d e c l i n e s  i n
potent iometr ic  head at  some d is tance
from well fields, there is no evidence that
local or regional subsidence or reduced
surface streamflow wouId occur.

T h e  o t h e r  c a t e g o r y  o f  e n v i r o n m e n t a l l y

related impacts from water use by coal slurry
pipelines is a reduction in some present or
future alternative water uses. In each of the
four hypothetical cases studied, the physical
supply of water is suff icient to transport the
coal even with substantial future expansion of
pipeline volumes. However, three legal factors
limit the actual water available:

1.

2,

3.

I n t e r s t a t e  c o m p a c t s ,  S t a t e  l e g i s l a t i v e
restrictions on use, Indian rights, and the
possible exercise of Federal reserve rights
all place a practical l imit upon quantity
of water that may be used in a given river
basin or State. Ironically, the greater the
hydro log ic  area cons idered,  the more
restricted the water supply.

The prior appropriation doctrine, based
upon the concept of earl iest beneficial
use of water, dominates the water rights
system in the coal-producing areas of the
West. In most Western States, including
Wyoming and Colorado, the user who is
“first in time is first in right. ” The holder
of a relatively recent right which is subor-
dinate to older claims may be allowed to
appropriate or divert little or no water in
times of drought.

Water  r ights  systems in  the West  are
administered by the States, usualIy
through the State engineer .  Obta in ing
water rights is often a t ime-consuming,
complicated affair, and the wouId-be ap-
propr ia tor mus t  o f t en “stand in Iine
behind a series of prior applications.” 1

The current drought is dramatizing the scar-
city of water in the West at the same time that
plans for increased energy development, in-
c lud ing min ing, e lect r ic  power  generat ion,
coal gasif ication and l iquefaction, and shale
o i l  exp lo i ta t ion, a l l  would requi re re lat ive ly
large increases in consumption of the region’s

1 W Certsch, “Utah Water  SupplV, ” study of Al?ernat)ve  Loca-
tIOnS of C oa/-F/red  E/ectr/c Cenerat/ng  Plants to Supp/y  Energy
F r o m  We$tern  Coal  to the Depa r tmen t  of Water l?esource~,,
Unlverslty of California at Los Angeles, Institute of Ceophyslcs
and Planetary Phvslc~  and Off Ice of E nvlronmenta I Science  and
Englneerlng,  pp 645 to 6-53, March 1977
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water. 2 3 In each of the potential coal slurry
pipeline origin areas except Tennessee, de-
mand projected for the 1985-2000 period ex-
ceeds the legally available supply. In the case
of the Bighorn River in Montana, for example,
the combination of present uses, signed con-
tracts for U.S. Bureau of Reclamation water,
and applications for future appropriations ex-
ceeds the State’s compact share of the river’s
flow by over 450,000 AF/yr. Demands in the en-
tire Montana portion of the Yellowstone River
Basin (to which the Bighorn is tr ibutary) wil l
reach the legally available supply by the year
2 0 0 0. 4 S i m i l a r l y ,  a c c o r d i n g  t o  s o m e  p r o j e c -
t ions,  the area around Gi l le t te  would have
(wi thout  a  s lur ry  p ipe l ine)  a  def ic i t  o f  over
100,000 AF/yr by 2000, unless water were im-
ported. 5

The signif icance of these deficits is that a
coal slurry pipeline could use surface water
only at the expense of growth in the existing
and new uses. Ground water could in some
cases reduce the deficit, but not the competi-

2 R Neh r t ng, B Zyc her, and J Wharton, Coa I Development in
the Northern Great P/ains A f%e//m/nary  Report,  R-1 981 -N SF/RC,
prepared by Rand Corp , for National Science Foundation,
August 1976

‘ Report on Water for Energy in the Northern Great P/a/ns Area
W/th  Emphas/s on the Ye//owstone  R/ver E?as/n, U S Department
of the Interior, Water for Energy Management Team, january
1975

‘ Ibid
5 The Wyoming Framework Water P/an, State of Wyoming,

State Engineer’s Office, Laramie,  Wyo , May 1973

t ion.  For  example,  water  f rom par ts  of  the
Madison Formation is chemically suitable for
most  munic ipa l ,  indust r ia l ,  and agr icu l tura l
uses, in addit ion to coal transportation. Fur-
thermore, assuming it were physically possible
and economical to withdraw enough water to
overcome the pro jected def ic i t ,  w i thdrawals
w o u I d  e x c e e d  t h e  p r e s e n t es t ima te  o f
recharge, so that the consequences of ground-
water mining would have to be considered.

It is imposs ib le  to  predic t  which speci f ic
future water uses would be precluded by coal
slurry pipeIines. The major types of competing
uses would be energy-re la ted indust ry  and
agricuIture. Rather than speculate upon the
m y r i a d  o f possible futures, “water-u se
equivalents” of a given slurry pipeline demand
were estimated. Table 26 Iists the total water-
use equivalents for the four pipelines exam-
ined in  the case s tud ies.  For  example,  the
pipeline f r o m  T e n n e s s e e  w o u l d  c o n s u m e
about the same amount of water as one to
three coal gasif ication plants using the Lurgi
process. Similarly, the Montana pipeline would
take enough water to revegetate about 3,000
acres of  sur face-mined land in  the Cols t r ip
area in  1985.  I f  a l l  the water  for  the four
pipelines carrying 74.5 mill ion tons of coal per
year were redirected, it could be used to mine
160 to 220 million tons of coal, reclaim 16,000
to 21,000 acres of surface-mined land, serve up
to 10 coal gasification plants or up to 5 coal

Table 26. Water-Usea Equivalents for Hypothetical Pipelines

Montana-
Wyoming- Minnesota/ Tennessee- Utah-

Alternative use Texas Wisconsin Florida California

Coal mining (106 tons/yr). . . . . . . . . . . . . . . . . 60-90 30-40 50-60 30-40
Mine reclamation (103 acres). . . . . . . . . . . . . 6-9 3 5 3
Coal gasification’ (plants)

—Lurgi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-4 0-2 1-3 0-2
—C0 2 Acceptor . . . . . . . . . . . . . . . . . . . . . . 1-4 1-2 1-3 1-2

Coal Liquefaction (plants). . . . . . . . . . . . . . . 1-2 0-1 1 0-1
Electric power generation (plants). . . . . . . . 1-2 0-1 0-1 0-1
Municipal (103 people) . . . . . . . . . . . . . . . . . . 65-130 50-60 100-120 20-25

a Net consumptive use for all categories except municipal. b For 2 years. c 250 million scf/day. d 100,000 bbl/day.
e 1,OOO-MWe plant at 35-percent efficiency, 70-percent load factor, wet cooling tower. f Based upon projected withdrawal
rates for 1990. Also based on total withdrawal and not net consumptive use.
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l iquefaction facilt ies, or provide cooling for 2
to 4 powerplants. To process 1 ton of coal, an
elect r ic  powerp lant  requi res roughly  seven
times as much water as a slurry pipeline does,
and about twice as much water is needed to
gasify the same amount of coal, Mining, on the
other  hand requi res approx imate ly  ha l f  as
much water per ton of coal as slurry transpor-
tation.

The nature, magnitude, and probabil i ty of
impacts upon agricultural alternative uses de-
pend entirely upon local condit ions. In Ten-
nessee, where only 65 acres are irrigated in the
coal source area, the impacts upon agricuIture
w o u l d  b e  m i n i m a l ,  F a r m i n g  i s  r e p o r t e d l y
marginal in parts of Carbon and Emery coun-
ties in Utah, so that some farmers may be will-
ing to selI their water rights and thus eliminate
some agricultural uses. Alfalfa, hay, and corn
are the main irrigated crops in the Wyoming,
Montana, and Utah source areas. Sugar beets
are fairly important in Montana, as is irrigated
pasture in Utah. Vegetable and fruit crops are
not  i r r igated to  as s ign i f icant  an extent  as
grains. Because of the large present use of ir-
r igation water (about 200,000 AF/yr) and the
pro jected demand for  B ighorn River  water ,
agriculture in the Bighorn River Basin is, of all
the cases studied here, most likely to face a
conflict with other uses, including coal slurry
pipelines,

The remainder of this section discusses in
more detail water availabil i ty and the impact
upon future water  uses for  each of  the
pipelines.

Water for the Wyoming Pipeline

T h e  h y p o t h e t i c a l 35 mi l l ion- ton-per-year
pipeline from Wyoming would require 12,640
to 19,300 AF/yr of water in Wyoming. Addi-
t i o n a l  w a t e r  f o r  e m e r g e n c y  r e p l e n i s h m e n t
could be obtained along the pipeline route in
the States of Nebraska, Colorado, Kansas, and
Texas, and local sources would be sufficient.
Flows in surface streams in the Powder R i v e r
Basin area are low and irregular and therefore
are not a reliable water source for coal slurry

pipelines. Addit ionally, the water demands of
the pipeline would exceed the available water
by 1985 if t h e  L i t t l e  M i s s o u r i , Belle
Fourche,  and Cheyenne Rivers  were re l ied
upon. The Bighorn River Basin in northcentral
Wyoming is a reasonable source of water sup-
ply for a coal slurry pipeline originating near
Gillette. It is estimated that 1.8 mill ion AF/yr
a r e  n o w  a v a i l a b l e  t o  W y o m i n g  f r o m  t h e
Bighorn River Basin for new beneficial uses. ’

The Madison Formation was analyzed as a
potent ia l  water  source because o f  the pro-
jec ted fu ture”  compet i t ion for  sur face water
and the controversy associated with ground
w a t e r  s o u r c e s  i n  W y o m i n g .  T h e  M a d i s o n
aquifer consists principally of carbonate rocks
of Mississippian age (about 310- to 345-miIlion
years old) underlying northeastern Wyoming,
s o u t h e a s t e r n M o n t a n a , n o r t h w e s t e r n
N e b r a s k a ,  a n d  w e s t e r n  N o r t h  a n d  S o u t h
Dakota. Figure 21 shows the outcrops and sub-
surface extent of these rocks. The Madison is
composed ch ie f ly  o f  l imestone (CaCO3) and
do lom i t e  (CaMg(C0 , )2) .  Because these car -
bonate rocks are relatively soluble in water,
the development  o f  kars t ,  or  so lu t ion-cav i ty
features, is common. 7

The water-bearing and transmitt ing capabil-
ity of the Madison is highly variable because
of its primary structure, the karst features, and
the filling of the latter. As the Wyoming State
Engineer notes, “No rock d i f fers  more rad i -
cally with respect to water yield than Iime-
stone. Limestone can rank among the most
productive aquifers, or can be as unproductive
as shale.” 8 The Madison ’s  pr imary  poros i ty ,
i .e., that due to open spaces between car-
bonate grains, appears to be low and to vary
spat ia l ly .  Dolomi te  beds seem to be more

s Ibid
7 L F Konlkow,  l%elfrnjr?ar~ D/g/ta/  Model  of G r o u n d  W a t e r

Flows In the Mad/son Group, Powder River  Basin and Adjacent
Area~, Wyom/ng  Montana, 5outlI  Dakota,  North LMo&, arrd
Nebraska, U S Ceologlcal  Survey Water Resource Investigations
63-75, j anuary  1976

n /nvest/gat/on  of Recharge to Ground Water Reservoirs of
Northeastern W yomlng  ( The Powder River Bas/n), State of
Wyoming, State E nglneer’$  Off Ice, June 1976
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Figure 21 –Outcrops and Subsurface Extent of Madison Limestone and Major Tectonic Features

115° 110 105
100°

Base U S Geological Survey o 100 300 MILES
1 7500,000 1970

Source U S Geological Survey, 1975
,
0 100 200 300 KILOMETRES

porous than limestone beds in this aquifer. ’
water is stored mainly in and transmitted
through secondary openings such as fractures,
joints, and solution cavities. The occurrence of
these secondary openings is quite variable and
di f f icu l t  to  predic t ,  which may expla in  the
wide range in yields of water wells drilled into
the Madison. 0

Certain structural features greatly influence
the hydrologic characteristics of the Madison.
Several areas of folding and faulting have been

‘ Leonard Konikow, U S Geological Survey, Lakewood, Colo ,
per;onal  communlcatlon,  Sept 14, 1977

‘0 L F Konlkow, Pre//rn/nary  DIgIta/  Mode/ of Ground Water
flows In the Mad/son Croup,  Powder R/ver Bas/n and Ad/acent
Areas, ~% yomlng,  Montana, South  Dahota,  North Dakota, and
Nebrasha,  U S Geological Survey Water Re$ource  Invest lgatlons
63-75, j anuary  1976

identif ied, while others have been in fer red.
Folding and fault ing probably have fractured
the rocks and increased their permeability.11

Faul ts  o f ten a lso act  e i ther  as barr iers  to
lateral movement of ground water or as con-
d u i t s ,  a l t h o u g h  t h e  r o l e  o f  f a u l t s  i n  t h e
M a d i s o n  h a s  n o t  b e e n  c o n c l u s i v e l y  d e t e r -
mined. The U.S. Geological Survey is testing a
hypothesis that the Madison is actually several
discontinuous hydrologically isolated aquifers
rather than a single continuous one. 2

Figure 22 shows the configuration of the top

‘ ‘Plan of Study on the Hydrology of the Mad/son L/mestone
and Associated Rocks In Parts of Montana, Nebraska, North
DaAota,  South Dakota, and Wyom/ng,  U S Ceologlcal Survey,
Open File Report 75-631, Denver, Colo , December 1975

“ E Illot Cushlng, U S Geological Survey, Lakewood, Colo ,
personal communlcatlon,  Aug 22, 1977
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Figure 22-Configuration of the Top of the Madison Group
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of the Madison Group in northeastern Wyo- are shown in figure 23. At its deepest portion,
ming and southeastern Montana; contour Iines which appears to be in Converse County, Wyo.,
show the e levat ion  above mean sea leve l . i t  is about 10,000 feet below sea level and
Depths to the Madison from the land surface 16,000 feet  be low the land sur face.  In  the

Figure 23–Depth From Land Surface to the Madison Limestone and
Equivalent Rocks in the Powder River Basin and Adjacent Areas

Interval 2000 feet
Datum & land surface
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(in cooperation with the
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Source State of Wyoming, State Engineer’s Off Ice, 1976
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Table 27. Selected Data From Madison Formation Wells and Springs, Powder River Basin, Wyo.

Well Penetrated Specific
Location depth Test Discharge Drawdown thickness capacity

N oa

T R Use b (feet) date(s) (9pm) (feet) (feetC) (gpm/ft)

1 . . . . . . . . 33N
2 . . . . . . . . 33N
3 . . . . . . . . 33N
4 . . . . . . . . 33N
5 . . . . . . . . 33N
6 . . . . . . . . 36N
7 . . . . . . . . 39N
8 . . . . . . . . 40N
9 40N

10: : : : : : : : 40N
11 . . . . . . . . 40N
12. . . . . . . . 40N
13 . . . . . . . . 41  N
14. . . . . . . . 42N
15. . . . . . . . 43N
16. . . . . . . . 44N
17. . . . . . . . 45N
18. . . . . . . . 45N
19. ... ....45N
20. ... ....45N
21. ... ....45N
22. ... ....45N
23. ... ....45N
24. ... ....46N
25. ... ....46N
26. ... ....46N
27. ... ....46N
28. ... ....46N
29. ... ....46N
30. ... ....46N
31. ... ....46N
32. ... ....46N
33. ... ....47N
34. ... ....48N
35. ... ....48N
36. ... ....49N
37. ... ....52N
38. ... ....52N
39. ... ....53N

75W
75W
76W
76W
77W
62W
61W
61N
61N
61N
61N
61N
84W
81W
80W
63W
61W
61W
61W
61W
61W
61W
61W
60W
62W
63W
64W
64W
64W
65W
65W
66W
60W
65W
65W
83W
61W
63W
65W

OFW

OFW
In
In
T
T

OFW
OFW
OFW
OFW
OFW

s

OFW
u
M
M
c
s
In

OFW
S.I
s
In
A
u

OFW
OFW
OFW
OFW

P
M
M

ND
ND
M
P

8,591
9,337
8,770
6,954
7,615
3,116
2,889
7,467
5,049
4,889
4,975
4,968

424
4,246
9,300
6,881
2,638
2,872
2,738
2,728
3,073
3,028
3,596
1,178
2,677
2,592
7,542
5,125
4,522
8,109
7,737
8,780

380
3,161
3,191

1963
1951
1962
1964
1966
1974
1962

1971-2
1971-2
1971-2
1971-2
1971-2
1963
ND

1973
1967
ND

1966
1965
ND
ND

1960
1960
ND
ND
ND

1956(?)
1965,1972

ND
1960
1972
1972
ND

1972
1972

Spring 1973
Spring 1969
1,123 1972
1,341 1962

510
N Dd

75-320
195
65

104,180
30

297-359
491-726

4,121-5,599
1,700-7,200

482-650
15

1,080
170,315

250
600-1,500

460
176

1,200
117
650
290
35
30

580
280

70,308
30

425
225
360

8
210
155
200
300
200

15-55

800
ND

16-92
ND
ND

217-386
36

274-298
100-133
152-202
35-418
11-25

60
ND

139,219
175

173-462
200
18
ND
ND
ND
ND
ND
ND
ND
80

65,293
ND
295
76

211
ND
110
101
N Ad

NA
74

1-19

235/250
ND

240/250
ND
ND

250/250
81/300
350/350
350/350
214/350
281/310
291/310
200/200

ND
340/340
400/400
26/400

400/400
43/400

ND
ND
ND
ND
ND
ND
ND

428/450
450/450

ND
369/450
400/450
390/450

ND
261/500
464/500

NA
NA

23/550
42/600

0.64
ND

3.5-4.7
ND
ND

0.47,0.48
0.83

1.0-1.2
4.4-7.1
25-31
17-49
26-44
0.25
ND

1.2,1.4
1.4

3.2-3.6
1.4
15
ND
ND
ND
ND
ND
ND
ND
3.5
1.1
ND
1.4
3.0
1.7
ND
1.9
1.5
NA
NA
2.7

2.9-1.5

a Nos. 1-5: Glenrock,6-12:  Northeast NiobraraCounty, 13: Big Horn Mountains, 14-15: Kaycee, 16-24: Newcastle, 5-32: Osage,
33: Black Hills, 34-35: Upton, 36:Johnson County, 37-39: Crook County.

bOFW  = oil field waterflood, S = stock watering, U = unused, M = municipal, C = commercial, A = abandoned,
P = public,T  = Test, In = industrial, I = irrigation.

C Thickness penetrated by wel I/estimated total thickness of formation.
d ND = no data, NA = not applicable.
Source: U.S. Geological Survey, 1976.

southeastern Powder River Basin, the Madison vary widely in physical and geological charac-
is about 3,000 to 4,000 feet below the Iand sur -
face. ’3 In this area the aquifer is roughly 100- 1‘ P W Huntoon and T Womack,  “Technical Feaslblllty of the

to 500-feet thick (table 27). Proposed Energy Transportation Systems Incorporated Well
F i e l d ,  Nlobrara  C o u n t y ,  Wyo  ,“ Contr/but/ons to Geo/ogy,

The Madison Limestone and related aquifers Unlverslty  of Wyoming, Vol 14, No 1, pp 11-25, 1975
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teristics, and, as a consequence, so does their
ability to store and transmit water. This com-
plexity precludes simple basinwide generaliza-
tions from individual well tests, and also make
i t  d i f f icu l t  to  establ ish conclus ive ly  that  a
given observed effect is due to any specif ic
cause.

The potentiometric surface of an aquifer at
a given location is the level to which nonflow-
ing water would rise in a well at that location.
I t  is  s ign i f icant  because the d i f ference be-
tween the levels of the land and the poten-
tiometric surface is the height to which water
must be pumped to reach the land surface. If
the potentiometric surface is above the land
surface, a welI will be free flowing and the rate
of f low proportional to the difference in the
levels. Pumping is necessary when the poten-
tiometric surface is below the land surface and
t h e  a m o u n t  o f  p u m p i n g  p o w e r  r e q u i r e d  i s
dependent  upon the magni tude o f  the d i f -
ference in levels. Figure 24 shows the most re-
c e n t  e s t i m a t e  o f  t h e  c o n f i g u r a t i o n  o f  t h e
p o t e n t i o m e t r i c  s u r f a c e  o f  t h e  M a d i s o n  i n
northeast Wyoming and southwest Montana.
These data are important in predicting aquifer
activity because the ground water will tend to
flow from areas of higher to areas of lower
potentiometric surface.

Recharge is the process of water addition to
the aquifer. The configuration of the poten-
tiometric surface of the Madison aquifer in-
dicates that the major areas of recharge would
be the Bighorn and Laramie Mountains on the
west and southwest and the Black Hills on the
east. Where exposed, the Madison often con-
tains numerous fractures, joints, and cavit ies
w h i c h  m a y  c a p t u r e  p e r c o l a t i n g  w a t e r  a n d
thereby localize the recharge effects. The ac-
tual recharge to the Madison in Wyoming has
been estimated at about 75,000 AF/yr.14

In order to estimate future impacts of in-
creased withdrawal of water from the Madison
a q u i f e r ,  t h o s e  a r e a s  w h i c h  a r e  p r e s e n t l y
withdrawing water from the aquifer have been

14 /nvest/gat/on  of Recharge to Ground  Water Reservoirs of
Northeastern Wyom/ng  [ The Powder R/ver Basin), State of
Wyoming, State E nglneer’s  Off Ice, June 1976

analyzed. In several eastern Wyoming loca-
tions (Midwest, Newcastle, and Osage) and a
western South Dakota locat ion (Edgemont) ,
decreases in the potentiometric surface due to
pumping have been observed. 15 16

Several models are available for interpreting
test-well data and predicting the effects, over
time and over a given area, of pumping water
f rom the Madison.  The predic t ions of  these
models can and have been used to support dif-
f e r i n g  p o i n t s  o f  v i e w  o n  t h e  e f f e c t s  o f
withdrawals for slurry pipelines. However, al l
the models  are substant ia l ly  l imi ted by the
lack of data on the Madison Formation and by
debatable simplifying assumptions. Figures 25
a n d  2 6  s h o w  t h e  p r e d i c t e d  r e s u l t s  o f  t h e
various models for potentiometric levels at the
four locations for which data is available. (The
specif ic predictions in the f igures are for the
withdrawal of 15,000 AF/yr from the Madison
by a well field in Niobrara County.) The impor-
tant conclusion is that the models probably
represent the range of possibil i t ies and the
actual  i m p a c t o f  i n c r e a s e d  p u m p i n g is
somewhere within this range.

It is clear that increased pumping in a con-
centrated area on or near the periphery of the
P o w d e r  R i v e r  B a s i n  i s  l i k e l y  t o  h a v e  a
measurable ef fect  upon the potent iometr ic
surface at distances up to 10 or 20 miles. The
decrease will cause some wells to flow at lower
pressures while greater pumping will be need-
ed to maintain flows in other welIs.

Water  qual i ty  in  the Madison var ies f rom
place to place. Some wells yield water which
exceeds U.S. Public Health Service drinking
water standards, and for example, Edgemont,
S. Dak. uses the aquifer as a municipal water
supply. In eastern Wyoming and southwestern
N e b r a s k a  w a t e r  f r o m  s o m e  o t h e r  w e l l s ,

‘5 
P/an of Study on the Hydro/ogy  of the Madison L/mestone

and Associated Rocks in Parts of Montana, Nebraska, North
Dakota, South Dakota, and Wyom/ng,  U S Ceologlcal Survey,
Open File Report 75-631, Denver, Colo , December 1975

“ F A Swenson, W R Mlllerr et al , Maps Showing  Conf/gura-
tjon and Th/ckness and Potent/ometr/c  Surface and Water Qua//ty
in the Madison Group, Powder River Bas/n, Wyoming and Mon-
tana, U S Geological Survey, Miscellaneous Invest lgatlons
Series, Map 1-847-C (1 1,000,000), Reston, Va , 1976
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Figure 24– Potentiometric Surface of the Madison in Eastern Wyoming,
Southeastern Montana, and Western South Dakota

1 .’ ‘1 ‘\

. .

.,
Source Konikow L F U S Geological Survey Water Resource Investigations 63-75 (January 1976) Contour shown In teet a~ove mean sea level.
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Figure 25—Potential Drawdown of Potentiometric Surface Near Edgemont
and Provo, S. Dak., Due to 15.000 Acre-Feet per Year Withdrawal From the Madison Formation

“in Niobrara County, Wyo., According to Different Models

Edgemont Provo
-  -  — — -  - - -

Source Science Applications Inc.

although not always suitable for drinking, can
be used for stock watering and irrigation.

Present Wyoming uses of Madison aquifer
water amount to about 25,400 AF/yr, approx-
imately 80 percent of which is for industrial
uses such as secondary oil recovery, oil refin-
ing, and electric powerplant cooling (see tables
28 and 29). About 3,600 to 3,800 AF/yr are used
in Montana for  secondary o i l  recovery  and
coal mining operations. 7 A n n u a l  d i s c h a r g e s
are about 1,800 AF/yr each for municipal sup-

‘ 7 Ibid

Land Surface

Present
Potentiometric
Surface

USGS (leaky)

USGS (non-leaky)

Huntoon and Womack
(recharge)

Huntoon and Womack
(no effect from
fault)

ply at Rapid City and Edgemont, S. Dak.18 T h e
total present withdrawal-from the Madison is
about 32,000 AF/yr.

Positing present levels for existing uses of
the water in the Bighorn River Basin and the
Madison F o r m a t i o n ,  t h e r e  i s  s u f f i c i e n t
u n a l l o c a t e d  w a t e r  t o  s u p p l y  t h e  m a x i m u m
levels of the hypothesized coal slurry pipeline.

“ L F Konlkow, Prel/m)nary  Digital Model of Ground  Water
F/ows in the Madison Group, Powder River  Basin and Ad/acen?
Areas, Wyoming, Montana, south Dakota, North Dakota, and
Nebraska, U S Ceologlcal Survey Water Resource Investigations
62-75, January 1976



Ch. VI Environmental and Social Impacts ● 9 9

Figure 26—Potential Drawdown of Potentiometric Surface Near Newcastle
and Osage, Wyo., Due to 15,000 Acre. Feet per Year Withdrawal From the Madison Formation

in Niobrara County, Wyo, According to Different Models

Newcastle Osage

Source Science Applications Inc

The uncertainty arises
pipeline water use is

Land Surface

Potentiometric Surface
USGS (leaky)

USGS (non-leaky)

Huntoon and Womack
(recharge)

Top of Madison

when future coal slurry
contrasted wi th future

a l ternat ive water  uses. Future a l ternat ive
energy uses inc lude present  munic ipa l  and
agr icu l tura l  uses p lus pro jected increased
municipal, agricultural, industrial, and energy-
related uses.

I f  a l l  p ro j ec ted  f u t u re  a l t e rna t i ve  uses
material ize, a water deficit would requi re  im-
portation of surface water before 2000, prob-
ably through aqueducts or increased ground
water supply as through pumping the Madison
aqui fer .  I f  water  is  impor ted by aqueducts

from the Bighorn River Basin to the Powder
River  Basin:  the surp lus f rom the Bighorn
would be suf f ic ient  to  permi t  a l l  pro jected
growth to 2000. By 2000, however, Bighorn
River  surp lus  would  be inadequate .  An in-
crease in ground water withdrawals could off-
s e t ,  t o  a n  u n k n o w n  e x t e n t ,  t h e  p r o j e c t e d
deficits.

I t  i s  imposs i b l e  t o  i den t i f y  t he  spec i f i c
benef ic ia l  uses which would compete wi th
coal  s lur ry  p ipe l ines in  the face of  fu ture
deficits.
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Table 28. Estimated Water Obtained
From Madison Wells

1973 Maximum Minimum
withdrawal (year) (year)
acre-feet acre-feet acre-feet

Wyoming
Converse County.
Crook County. . . .
Johnson County. .
Natrona County . .
Niobrara County. .
Sheridan County .
Weston County . . —
Total Wyoming

(1973). . . . . . . . .

540 1,651(1970) 410(1962
187 187(1973) 5(1963)

2,116 4,345(1968) 2,100(1961)
15,542 20,103(1971) 100(1954)

o 7(1964) 4(1966)
152 300(1933) 125(1967)

6,904 6,904(1973) 1,290(1942)

25,441

Montanaa . . . . . . . 3,620

South Dakotaa . . . 3,620

Total (1973). . . . 32,681

aKonikow,  L. F., Preliminary Digital Model of Ground Water
Flows in the Madison Group, Powder River Basin and Adjacent
Areas, Wyom/ng, Montana, South Dakota, North Dakota, and
Nebraska, U.S. Geological Survey Water Resource Investigations
63-75, January 1976,

Source: State of Wyoming, State Engineer’s Office, /investig-
ation of Recharge to Ground Water Reservoirs of Northeastern
Wyom/ng  (The Powder River Basin) (June 1976), unless otherwise
noted.

Table 29. Uses of Madison Ground Water
in Wyoming, 1973

Acre-feet
Use withdrawn

Municipal . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,258
Domestic, commercial, stock, fish,

and irrigation . . . . . . . . . . . . . . . . . . . . . . 1,558
Industrial . . . . . . . . . . . . . . . . . . . . . . . . . . . 20,595

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . 25,441

Source: State of Wyoming, State Engineer’s Office,
1976.

Water for the Montana Pipeline

The coal source for the pipeline from Mon-
tana would be Colstrip, Mont. Flows in the sur-
face streams in the immediate area are too
u n r e l i a b l e  t o  s u p p l y  w a t e r  f o r  c o a l  s l u r r y
pipelines, which wil l  require 6,300 to 7,600
AF/yr. The U.S. Bureau of Reclamation has sug-
gested the use of an aqueduct to divert water

f rom the Bighorn River .  ”  Such a d ivers ion
could provide about 209,000 AF/yr (see figure
27). However, Montana law may preclude use
o f  s u c h  w a t e r  f o r  c o a l  s l u r r y  p i p e l i n e s ,
however, inasmuch as such use to transport
coal out of State has been deemed by statute
not to be a beneficial use.

By the terms of the Yellowstone River Com-
pact, Montana’s share of the Bighorn River’s
f low averages about 400,000 AF/yr. Although
present uses of this water account for only
a b o u t  h a l f  t h i s  a m o u n t ,  p r o j e c t e d  f u t u r e
demands exceed supp ly  by  the  year  2000.
Table 30 shows that present unexercised in-
dust r ia l  opt ions ( r ights  to  purchase water ,
usual Iy  f rom ex is t ing or  proposed s torage
facilities, for a given time) and applications ex-
ceed Montana’s share of the Bighorn River.
Pipelines will have to compete with alternative
water uses for water.

Table 30. Water Supply and Demand,
Bighorn River Basin, Mont.

Water
quantity

Use category AF/yr

Present agriculture . . . . . . . . . . . . . . . . 200,700
Industrial optionsa. . . . . . . . . . . . . . . . . 228,000
Additional applications. . . . . . . . . . . . . 422,000

Total projected demandb. . . . . . . . 850,700

Montana’s share of Bighorn . . . . . . . . . 400,000

Projected deficit. . . . . . . . . . . . . . . 450,700

a Not exercised as of January 1975.
b Does not include municipal use or reservoir evapora-

tion.
Source: U.S. Department of the Interior, Water for

Energy Management Team (January 1975).

Water for the Tennessee Pipeline

The hypothetical coal slurry pipeline has its
source near Tracy City, Term. The pipeline
wouId require 10,300 to 12,100 AF/yr. The loca-
tion of this pipeline source is on a divide strad-
dling three drainage systems. To supply a coal
slurry pipeline, water must either be brought

“ Appraisal Report on Montana-Wyoming Aqueducts, U S
Bureau of Reclamation, Denver, Colo , April 1972
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Figure 27– Proposed Aqueducts, Bighorn River to Colstrip

I /

Source U S
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uphill to the coal or the coal must be conveyed
to a re l iab le water  source.  Ample water  is
available in the Tennessee River and could be
withdrawn downstream from Nickajack Lake,
a nearby reservoir, and pumped about 1,300
feet up to Tracy City. Ground water supply is
not a feasible alternative in southeast Ten-
nessee.

Given the large flows in the Tennessee River
(average 2.56 x 10 7 AF/yr) withdrawal of up to
12,000 AF/yr by several coal slurry pipelines
would not be expected to have any significant
impact u p o n  s t r e a m  w a t e r  q u a l i t y .  T h e
primary current consumptive uses of water in
the Tracy City area are municipal and do not
present  apparent  conf l ic t  w i th  fu ture a l ter -
native water uses, including pipelines.

Water for the Utah Pipeline

The hypothetical coal slurry pipeline from
Utah would t ranspor t  coal  f rom any of  the
seams in the Book Cliffs or Wasatch Plateau in
east-central Utah. Water requirements for the
hypothet ica l  route would be 6,390 to  7 ,150
AF/yr. In addit ion to the water necessary for
the slurry, water may be required for revegeta-
t ion of  the p ipe l ine r ight -o f -way.  Water  for
revegetation, however ,  must  be supp l ied a t
l o c a t i o n s  a l o n g  t h e  r o u t e ,  n o t  j u s t  a t  t h e
pipeline source,

Coal in this area is mined in rugged terrain
characterized by high escarpments and narrow
ravines. If the slurry preparation pIant were at
a mine site, water would have to be pumped
through elevation gains of up to 1,000 feet.
The alternative would be to deliver coal by
train, truck, or conveyor to the base of the
cliffs. The Green River at Green River City has
an average discharge of 4.614 mil l ion AF/yr,
and the minimum flow between 1894 and 1970
was 184.6 thousand AF/yr. 20 The Price River at
Woodside, Utah (22 miles upstream from the
confluence with the Green) has an average
discharge of 74,620 AF/yr .21 Physical supply of

‘“ Surface kt ater  .supplv  of the United States, ~ 966-1970, Part 9,
Co/orado  Ri\er Ba~/n, L’ol ,?, Co/orado  Rl\er Basin from  G r e e n
R/ver to Compact Po/nt,  U S Geological  Survey, Water-Supply
Paper 2125, 1971

~’ Iblcf

water for use in a slurry pipeline is ample. The
Green River, because of its greater flow, is the
most l ikely water source for this route. The
Navajo sandstone aquifer underlies this area,
but local data on yields are very limited, and it
is not considered here as an alternative source.

The chief limitation upon water use for coal
slurry pipelines in Utah appears to be institu-
t ional .  The Green River  jo ins the Colorado
River about 50 air miles south of the town of
Green River, and the Price is a tributary of the
Green River. Any use of surface water (and cer-
ta in  ground water  sources)  in  eastern Utah
must be considered in the context of Utah’s
participation in the Colorado River Compact,
whereunder the Lower Colorado River Basin
must receive 75 mil l ion acrefeet of Colorado
River water over any 10-year period; the Upper
Basin ’s  annual  share is  thus the to ta l  f low
minus 7.5 miIIion acre-feet. By further agree-
ment among the Upper Basin States, Utah is
entit led to 23 percent of whatever the Upper
Basin has left after deliveries to the Lower
Basin .22 The State’s annual allotment is about
1.2 to 1.4 million AF/yr.

Addit ionally, in Utah, all water belongs to
t h e  p u b l i c  a n d  m a y  b e  a p p r o p r i a t e d  f o r
beneficial use. 23 For an application to be ap-
proved there must be unappropriated water,
the d ivers ion p lan must  be phys ica l ly  and
f i n a n c i a l l y  f e a s i b l e ,  a n d  t h e  a p p r o p r i a t i o n
must not be speculative. Whether water use
for  a  coa l  s lur ry  p ipe l ine meets  these re-
quirements must be determined by the State
e n g i n e e r ,  u n d e r  g u i d e l i n e s  f r o m  t h e  U t a h
Board of Water Resources.

It is quest ionable  whether  the t ransfer  o f

12 G D Weatherford, “Legal Institutional  Assessment of the
Water Allocation Prlorltles  In the Colorado River Basin, ” Utah
Coal for Southern California Energy Consumption, P C Grew, M
Simmons, and B Sokolow (Eds ), Unlverslty of California at Los
Angeles, Department of E nvlronmental Science and E nglneerlng,
Report 76-19, pp 3-1 to 3-23, 1976

1 ~ R pu rt l ch, ) Wegner,  et al , ‘‘Utah Water Law, ” Study  of

A /ternat/ve  Locat/ons  of Coa/-F/red  E/ectr/c  Generating P/ants to
Supply Energy From Western Coal to the Department of Water
Resources, Unlverslty of California at Los Angeles, Institute of
Geophysics and Planetary Physics and Off Ice of Environmental
Science and Engineering,  pp 6-109 to 6-120, March 1977
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Utah water to another State is legal.24 25 Such
a t ransfer  may be poss ib le  i f  the receiv ing
State rec iprocates.  Transpor t  o f  water  f rom
Utah to  Cal i forn ia  would const i tu te  t ransfer
from the Upper Colorado River Basin to the
Lower Basin and must be compatible with the
Colorado River Compact. In the final analysis,
the hypothet ica l  coal  s lur ry  p ipe l ine would
compete wi th  o ther  fu ture a l ternat ive water
uses,  many of  them energy re la ted,  for  a
limited water supply.

Alternative Water Supply Sources
Given the relative scarcity of water in some

potential coal slurry pipeline origins, i t has
been suggested that pipelines use water less
suitable for other beneficial uses. 26 27 S a l i n e
water is defined as water having a TDS (total

d i s s o I v e d  s o l i d s )  c o n c e n t r a t i o n  e x c e e d i n g
1,000 mil igrams per l i ter (mg/1).A number of
saline western ground water sources, including
parts of the Madison Limestone, have been
identif ied 28 For example, water with a TDS
concentration exceeding about 1,300 (mg/I is
not useful for crop irr igation, Although water
with high concentrations of TDS or other con-
stituents may require treatment by the user, it
can Iiberate fresh water at the pipeline source
for other uses, In addition, diversion of highly
sa l ine waters  f rom t r ibutary  s t reams c o u l d
h e l p  m e e t  d o w n s t r e a m  s a l i n i t y  r e d u c t i o n
goals. It has also been suggested that primary
sewage treatment effluent be used as the coal
slurry carrier medium. 29 30 Irrigation return

“ W Cert$ch, LJ S Energy Research and Development Ad-
mln l\trat  Ion Idaho Operations off  Ice, Idaho Fa I Is, Idaho, per-
sonal { ommunlcation,  July 19, 1977

~ ~ D d ~, Id F \,erett, U S B urea u of Land M a n a gem e n t, C da r c I tV
Dlstrlc t ott I( e, Cedar Citv, Utah,  persona l  communlcatlon, j uly

11, 1977

“ J K Rice, J M Evan$,  and M Warner, fn~  Ironrnental Con-
>~ciera tjonf ot the Ufe  of $a Ilne it ater  In Cod I \ Iufrv P/pe//nes

“ J a me\ Lam bert, U S Bureau o t  L a n d  M a n a g e m e n t ,
Cheyenne, W(

YO , personal communlcatlon,  Aug 21, 1977
‘a h+at~onal  Energ] Tran>portat/on,  Vol 1, ( urfent Svsterns  and

Mo\emt?nt$, Congre$stonal Research Serv  ice, May 1977

“ A C f3uc  k, “~egllgtble [ nvlronmental Irnpac t of Coal Slurry

Plpel lnt~s ‘ Proceec//ngf ot the . 2 n d  /nternat/ond/ Techn/ca/  Con
fer[>nce on $ ~urrp  Tran  $portat Ion I a \ L’ega ~ N ev , pp 81-87, ,Ma r

2 4 ,  1977

“) J W M o o r e ,  S t a t e m e n t  before U S ti(~use  ot Rt=pre\en-
tat tves Comm  !tt~e on I nterlor and I n~u I a r Aft a I rj, S LI bcom -

m I t tee on I nd I a n A f t a t r5 a n d PU b I I c Land 5 — IM  I ne~ and h! i n I n g
Chwenne wvo , June 9, 1977

flows are another possible water source. Final-
ly, recovered slurry water could be recycled in
the coal slurry pipeline.

End uses of the recovered slurry water may
affect the feasiblity of using saline water or
water with high TDS. Use as evaporative cool-
i n g  t o w e r  m a k e u p  o r  d i r e c t  d i s c h a r g e  t o
s t r e a m s  w o u l d  r e q u i r e  t r e a t m e n t  o f  t h e
recovered slurry water, although conventional
l ime and soda ash softening fol lowed by ion
exchange resin treatment may suffice. 31

Primary sewage treatment effluent also has
high TDS,  as wel l  as  cons iderab le  organic
mater ia l ,  bacter ia ,  and other  contaminants .
Secondary treatment eff luent, which is con-
siderably more amenable to reuse, was used in
1973 in nine powerplant cooling systems, 32 and
has been proposed for at least one more, and
has been suggested for use in pipelines. An im-
portant question is whether local communities
in coal-producing areas can generate enough
sewage effluent to supply a coal slurry pipe-
line. For example, all the community domestic
was tewa te r  t r ea tmen t  f ac i I i t i e s  i n  t he  two
counties near the origin of the hypothetical
Utah slurry pipeline, produce a combined total
of 3.4 mil l ion gallons per day of eff luent, or
about 3,850 AF/yr. 34 If this could all be col-
lected, it would still be insufficient except as a
supplementary  supply .  Advantages of  us ing
sewage eff luent are that a reliable minimum
daily flow is obtainable in areas of water short-
age, and such use decreases the need for con-
struct ion of sewage treatment faciIities.

“ G K Mal Ik, Associate Pl~nt  E nglneer,  Mohave  Generating
Station, Nev , personal  communication, J UIV 12, 1977

“ E Goldman and P j Kelleher, ‘Water ReuJ[L  I n FO$SI I Fueled

Power Stations, ” Complete L$ ater Reuw  lncf~istrv  f (lpportunlt},,
L K Cecil (Ed ), American Institute of Chemical E nglneerf, pp
240-249, 1973

i J C L Weddle  and A C Rogers, k$ ater  R~c/arna(/on  Proce~s

E;~/uat/on  for the Ar/zona  Nuc/ear  Power  Project  prejented  At
the American Institute of Chemical E nglneer$ Water Reuse C-on
feren( t’, Chl( ago, Ill , May 4-8, 1975

‘4 L J Nleyers,  R D M I I Iar,  and R E T urlev ‘‘Water Cha I Ienges
I n C a rbon and ~ rner} Count Ies, Impact of fner~v  De~ e/opment
on Utah kt ater  Resources, Proced/ng~ or the ]rd ,4 nnua 1 Con-
f e r e n c e  ot the Utah ~ectlon  of the 4mer/can  kt ater Re>ource\
As soc /,] ?/on, pp 97-1 11, F eb 20,  1975
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A final alternative water source is recycling
and reuse of the recovered coal slurry pipeline
wastewater. The major disadvantage of this
a l t e r n a t i v e  i s  t h e  a d d e d  c o s t  o f  a  r e t u r n
p i p e l i n e .  T h e  a d v a n t a g e  i s  t h a t  w a t e r  r e -
quirements would be substantial ly decreased.
The extent of water savings is dependent upon
the moisture content of the coal, as well as the
e f f i c i e n c y  o f  t h e  d e w a t e r i n g  p r o c e s s ,  a n d
typically about two-thirds of the water could
be recycled.

If saline water were to be used in a coal
s lur ry  p ipe l ine, t h e  m a i n  p r o b l e m  f o r  t h e
system itself would be increased corrosivity in
the presence of high-dissolved solids concen-
trations. Increased use of corrosion inhibitors
may be required. Suspension of finely divided
coal in water with high sodium concentrations
may cause, through an ion exchange, an in-
crease in sodium bound to the coal surface,
resulting in fouling problems when the coal is
burned .35 A mitigating measure could be to
wash the coal with Iow-TDS or acidified water.

Coal-Water Interactions and Corrosion

Possible chemical interactions between coal
and the carrier medium are important because
of  poss ib le  adverse env i ronmenta l  impacts
from: 1) a slurry spil l  or pipeline rupture; 2)
slurry dewatering process and water reuse or
waste water disposal; and 3) alteration of com-
b u s t i o n  c h a r a c t e r i s t i c s  o f  t h e  e n d - p r o d u c t
coal. Nonetheless, very l i t t le is known about
coal-water interactions.

C o a l ,  a  c o m b u s t i b l e  s o l i d  f o r m e d  f r o m
decomposed vegetation, has a wide variety of
physical and chemical properties. The chief
elements in coal are carbon, hydrogen, and ox-
ygen, with smaller amounts of nitrogen, sulfur,
and a large number of trace elements. Oxygen
content  ranges f rom about  1 .5  percent  by
weight in anthracite to about 30 percent in
l ign i te ,  The h igher  the oxygen content  the
more chemicalIy reactive the coal.

‘5 j K Rice, J M Evans, and M Warner, Env/ronrnenta/  Con-
sfdera tjons  of the Use of Sa /)ne Water (n Coa / .S/urry Pfpe//nes

Coal in slurry form has a large surface area
in contact with the water. For example, if each
coal part icle is assumed to be spherical and
completely surrounded by water, then given
the par t ic le  s ize d is t r ibut ion of  the ex is t ing
B l a c k  M e s a  p i p e l i n e36  the contact  area,  or
possible reactive surface, for one contract ton
of coal is about 220,000 square meters, or
about 55 acres. Thus, because of the variety of
reactive compounds in coal, the large reactive
surface, and the long residence time (about 13
days for a 1,1 70-mile pipeline), coal-water in-
teractions could be substantial.

Although considerable evidence is available
concern ing what  mater ia ls  wi l l  be leached
f rom coal  by  water  in  the presence of  a i r ,
almost none exists for the anaerobic condi-
t ions that wil l  be encountered in a pipeline.
The reactions involved in the well-known acid-
mine drainage phenomenon, for example, re-
quire oxygen. Oxygen will be present in a slurry
p i p e l i n e  s y s t e m  o n l y  w h e r e  t h e  s l u r r y  i s
prepared and first introduced into the pipe.

In summary, as long as the slurry water is ox-
ygenated for  a t  least  the in i t ia l  par t  o f  the
journey, it is likely that some constituents will
be t ransferred f rom the so l id  to  the l iqu id
phase.  The extent  o f  leach ing wi l l  depend
upon the initial pH, the presence of potentially
leachable species in the feed water, and the
tendency of dissolved ions to precipitate at
slurry temperature and pH. Coal composit ion
is  a lso cr i t ica l .  Before f i rm conclus ions on
chemical  react ions in  a  rea l  s lur ry  may be
drawn, i n f o r m a t i o n  o n l e a c h i n g  u n d e r
anaerobic conditions is necessary.

Corrosion and corrosion inhibitors may af-
fect slurry wastewater quality. In general, cor-
rosivity (the corrosion rate) increases with in-
creasing temperature, dissolved ionic strength,
and decreas ing pH.  These fac tors  can be
directly affected by coal surface interactions.

Chemical addit ives are known to be effec-
tive in minimizing corrosion. If corrosion in-
hibitors are not used, an appreciable amount

16 M L DI nd, C)peratlng  Experience a t the ? 580-M w COal  SlurrY
F/red Generating StatIon,  presented at the International Con-
ference on Slurry Transportation at Battelle Memorial Institute,
Columbus, Ohio,  Feb 3, 1976
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of iron will enter the slurry, but apparently
only a small amount of iron will remain in solu-
t i o n .  O n e  c o r r o s i o n  i n h i b i t o r ,  h e x a v a l e n t
chromium,  cou ld  pose env i ronmenta l  prob-
lems in the event of a spil l .  Wildlife drinking
the spil led slurry wastewater with the corro-
sion inhibitor could be poisoned. 37

Slurry Water Reuse and Impacts

At the receiving end of a coal slurry pipeline,
the slurry may be dewatered by several means
(either alone or in combination): centrifuga-
t ion,  chemica l  f loccu la t ion,  38 vacuum f i l t r a -
tion, 39 or heating. Slurry dewatering yields are
var iab le ,  but  ca lcuIat ions based on f igures
repor ted by  one p lant40 indicate that 64 per-
cent of the slurry carrier medium is available
for reuse.

The u l t imate use o f  the recovered water
depends upon its chemical quality at the point
where i t  leaves the s lur ry  system and the
technical and economic feasibil i ty of treating
it to permit alternative reuses. The three major
potent ia l  reuses are: m a k e u p  w a t e r  f o r  a
powerplant cooling system, discharge to sur-
face waters, and agricultural irrigation.

Table 31 lists the effluent requirements
which recycled coal slurry water must meet in
order to be discharged into a water of the
United States from a steam powerplant, the
most Iikely end point of slurry pipeline. The ef-
fect of contaminants in recovered slurry water
upon compliance with water quality standards
is difficult to assess, because in most cases the
recovered slurry water will be given more treat-
ment or mixed with other water streams within
the plant. Prior to discharge, the powerplant or
other coal slurry pipeline terminus would be
required to obtain a discharge permit under
the National Pollution Discharge EIimination
System of the Federal Water Pollution Control
Act of 1972, administered by the Environmen-
tal Protection Agency (EPA). Also, some of the
65 priority pollutants identified under the set-
t l e m e n t  a g r e e m e n t  i n  N a t i o n a l  R e s o u r c e s
D e f e n s e  C o u n c i l  v s T r a i n  i n c l u d e  t r a c e
materials present in coal.

Table 31. EPA Discharge Standards for New Sources,
Steam Electric Power Generating Point Source Category

Maximum average
Maximum for for 30 consecutive

EffIuence characteristic Source any one day days

pH . . . . . . . . . . . . . . . . . . . . . . . . . . . . All except once-through cooling 6.0-9.0

Total suspended solids. . . . . . . . . . . Low-volume wastesa 100 mg/I 30 mg/l
Bottom ash transport 100 mg/I 30 mg/l
BoiIer blowdown 100 mg/I 30 mg/l
Fly ash transport Zero discharge

Total copper. . . . . . . . . . . . . . . . . . . . Boiler blowdown 1.0 mg/l 1.0mg/l

Total iron . . . . . . . . . . . . . . . . . . . . . . Boiler blowdown 1.0 mg/l 1.0 mg/I

Corrosion inhibitors . . . . . . . . . . . . Cooling tower blowdown No detectable amount

a Wastewaters from wet scrubbers, ion exchange water treatment, blowdown from recirculating house service water
system, etc.

b Mass discharge Iimit is 0.05 x flow x values in table.
c Include, but are not Iimited to, zinc, chromium, and phosphorus.
Source: 39 C.F.R. 36186,40 C.F.R. 7095,23987, and 42 C.F.R. 15690.
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T h e  s e c o n d  a l t e r n a t i v e  e n d  u s e — d i r e c t as to best available technology would apply.
discharge to surface streams–might be con-
sidered if the water from the slurry were not The only signif icant problem with the third
u s e d  a f t e r  d e w a t e r i n g  a t  t h e  d e s t i n a t i o n al ternat ive sIurry end use — agricuItural
powerplant, or if the plant used once-through irrigation — is the high levels of TDS (400 to
cooling. A discharge permit would be required 1,100 mg/1 ) in slurry water. Dilution with better
in this case as well. No standards currently ex- q u a l i t y  l o c a l  w a t e r  c o u l d  r e d u c e  t h e  T D S
ist for slurry discharge so “engineering judg- Ievels sufficiently to permit agricultural uses.
ment” as to best available technology would
apply.

COMMUNITY DISRUPTION BY RAILROADS

T h e  m a j o r  e n v i r o n m e n t a l  i m p a c t  o f  i n -
creased unit train operation will be the impact
upon the daily lives of the people of the com-
muni t ies  through which the un i t  t ra ins wi l l
pass. Many towns, especially in the West, have
been bu i l t  a round and because o f  the ra i l -
roads. Railroad rights-of-way often divide ma-
jor portions of towns. The impact of increased
unit train operations wil l  be to increase the
v o l u m e  o f  t r a f f i c  o n  c e r t a i n  r o u t e s ,  a n d
perhaps this increase will reach a point where
it disrupts the transportation, land use, and
social patterns of the residents. The impacts
are not environmental in the strict, traditional
sense. They are instead social impacts — affect-
ing the Iifestyles of people.

Virtually all the train-related environmental
impacts discussed elsewhere in this chapter
have a social and psychological component.
Social components of the impacts cannot be
r e a d i l y  q u a n t i f i e d  l a r g e l y  b e c a u s e  o f  t h e
variabil i ty of human response. Nonetheless,
the possibil i ty and variabil i ty of human reac-
tions must be noted. For example, 26,000 addi-
t iona l  people  l iv ing between Gi l le t te ,  Wyo. ,
and Houston, Tex., would be exposed to noise
levels exceeding EPA recommended standards
as a result of 17 million tons per year of in-
creased coa l  t ra f f ic  a long the hypothet ica l
route. If train noise makes an impacted area
less desirable, then the people affected wil l
either move or adjust their Iives to the noise.
Increased train traff ic could alter commuting
pat terns.  People may have to  leave home
earl ier every day to compensate for possible

delays caused by trains on their trip to work.
The main point here is that thousands of peo-
ple will each be affected in a relatively small
way.

One immediate measurable aspect  o f  the
disruption is rai l-highway grade crossing ac-
cidents. In the period 1965-74, an annual U.S.
average of 21,000 rail-related accidents oc-
curred, of which 5,000, or 24 percent, occurred
at rail-highway grade crossings. In attempting
to determine whether such accidents will in-
crease with an increased volume of unit train
operations, s imple assumpt ions are inap-
plicable. Accident rates are a function of type
of  c ross ing protect ion,  numbers o f  t racks,
numbers of trains and vehicles per day, urban
or rural setting, and time of day. It is clear
from analysis of 3,870 grade crossings in 2 1
States that increased unit train operation
would result in increased accidents. The in-
crease is not in direct proportion to the in-
crease in train volume. A 74.5 million tons per
year increase in coal traffic could result in 8
deaths and 30 injuries above present levels if
the case assumptions are correct (see table 32).
For example, in one hypothetical case, a 90-
percent increase in train traffic will yield a 21-
percent increase in deaths and injuries. These
accident rates would be reduced by the in-
s t a l l a t i o n  o f  a n y  t r a f f i c  p r o t e c t i o n im-
provements.

The frustration or inconvenience to the local
community and accidents indirectly related to
increased train volume are not readily quan-
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Table 32. Predicted Annual Injuries and Deaths Based on Present
and Hypothetical Train Traffic Levels

Rail traffic Incremental
Present with hypothetical impact of

raiI traffic added tonnage added tonnage No. of Coal tonnage
Route Deaths Injuries Deaths Injuries Deaths Injuries crossings (106tons/Yr)

Gillette-Dal lab. . . . . . . . . . . . . . 6.0 23.1 8.1 31.1 2.1 8.0 659 18
Gillette-Houston . . . . . . . . . . . 10.9 42.8 13.2 51.9 2.3 9.1 1,393 17
Colstrip-Becker/Portage . . . . . 8.6 33.1 9.4 36.6 0.8 3.5 695 13.5
Tracy City-Waycross . . . . . . . . 6.0 23.6 6.5 25.2 0.5 1.6 480 16
Waycross-Tampa . . . . . . . . . . . 1.3 5.1 1.6 6.4 0.3 1.3 190 8
Waycross-Ft. Lauderdale . . . . 4.1 15.9 5.4 20.9 1.3 5.0 281 8
Price-Barstow . . . . . . . . . . . . . . 1.5 5.7 1.8 7.1 0.5 2.3 172 10

Total . . . . . . . . . . . . . . . . . 38.0 149.0 46.0 179.0 8.0 31.0 3,870 74.5

Source: Science Applications, Inc.

Table 33. Annual Added Vehicle Operation Costs (1974 Dollars) and Travel Time
Due To Increased Coal Train Traffic

Vehicle oper- Traveler
at ion costs ($) time costs ($) Total ($) Time stopped (hrs.)

Movement T1 T2 T1 T 2 T 1 T2 T 2 -T 1 T 1 T2 T2-T1

Gillette to Dallas . . . . . . . . . 3,160 3,532 2,184 4,489 5,344 8,021 2,677 347 1,366 1,019
Gillette to Houston . . . . . . . 3,639 4,023 3,024 5,288 6,663 9,311 2,648 647 1,693 1,046
Colstrip to Becker. . . . . . . . 1,879 2,028 2,112 3,013 3,991 5,041 1,050 602 983 381
Colstrip to Portage. . . . . . . . . Cannot distinguish between T1 and T2. . . . . . . . .
Tracy City to Waycross. . . . 2,707 2,832 3,108 3,589 5,815 6,458 643 898 1,225 327
Waycross to Tampa . . . . . . 526 542 423 467 949 1,009 60 86 104 18
Waycross to Ft. Lauderdale 4,169 4,297 5,078 5,440 9,247 9,737 490 1,456 1,820 364
Price to Barstow . . . . . . . . . 650, 691 583 800 1,233 1,491 258 137 225 88

Totals . . . . . . . . . . . . . . 7,826 3,243

T1 — Present rail traffic In trains per day. T2— Rail traffic with hypothetical added tonnage in trains per day.
Source: Science Applications, Inc.

tifiable. Stopping and waiting for trains to pass
through railroad crossings results in additional
vehicIe operat ion and  t r ave l - t ime costs.
Assuming present  t ra in  and h ighway t ra f f ic
plus the added coal trains considered in the
four case studies, the estimated added costs
were calculated. As shown in table 33, the coal
unit trains would impose estimated added an-
nual delays of 3,243 vehicle hours if no new
grade crossings are built. The precise amount
of time and cost borne by any one person or
community cannot be accurately calculated,
but  spread across mi les  o f  t rack ind iv idua l
delays and costs should be relatively minor.

Mitigation of increased railroad-highway ac-
cidents and traffic delays requires costly grade
separations. Cost aside, grade separations are
an important alternative for vehicular traff ic
at rai lroad crossings, although other types of
disruption may not be easily mitigated.

Increased train traff ic in communities that
are divided by railroad tracks without grade
separations could yield unquantif iable prob-
lems. For example, emergency fire, medical, or
police vehicles may occasionally be tempo-
rari ly delayed in reaching emergency situa-
tions. Grade separations should therefore be
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c o n s i d e r e d  w h e r e  t h i s  t y p e  o f  p r o b l e m  i s
sign if i cant.

Increased rail  traff ic could cause problems
in rural areas where the land is primarily used
in ranching and farming. Either “sheep-tight”
fences, designed to reduce hazards to free-
ranging animals, or frequent train traff ic wil l
prevent ranchers from crossing railroad tracks
with their herds. Increased unit train traff ic,
addi t ional  fenc ing,  or  new ra i l  const ruct ion
could make this problem worse. On the other
hand, cattle passes are built in new rail lines,
and old l ines often parallel highways, which
block the passage of catt le independently of
raiI activity.

Another  impact  of  increased t ra in  t ra f f ic
with social and psychological implications for
the af fected communi ty  is  no ise.  The main
noise sources in unit train operations are the
locomot ives ’ d iese l -e lect r ic  motors ,  the in-
teraction between wheels and rai ls, and the
v ibra t ions o f  hopper  cars .41 M a x i m u m  t r a i n
sound levels  range b e t w e e n  8 0  a n d  1 0 0
decibels (dBA) at a distance of 50 feet, 42 b u t
the perception of sound is very subjective and
s u b j e c t  t o  r e d u c t i o n  b y  l a n d  f o r m s ,  t h i c k

4 ’ J M Fath, D S Blomqulst,  et al , Measurement of i7a//road
No/se – Line Operat/on  and Retarder~, National Bureau of Stand-
ards (NT I S COM-75-l  0088),  1974

4’ Ibid

vegetation, and dense ly  packed hous ing  or
buildings. The day-night average sound level
( Ld n) ,  which is a  n o i s e  e x p o s u r e  m e a s u r e
weighted more heavily for nighttime than for
daytime, increases with increasing numbers of
rail line haul operations. Table 34 identifies the
human effects of various EPA recommended
noise levels outdoors in residential areas and
on farms. The Environmental Protection Agen-
cy has judged the level of 55 dBA to be the
maximum al lowable L dn which protects public
health and welfare, with an adequate margin
of safety.

Guidelines for community noise exposure,
b a s e d  o n  t h e  Ld n, w e r e  a v a i l a b l e ,  s o  t h e
population potentially exposed to noise levels
e x c e e d i n g  t h e  s t a n d a r d  w a s  e s t i m a t e d  a s
shown in table 35. In short, the noise impact
for each hypothetical railroad route depended
upon two factors: 1 ) the predicted increase in
the number of railroad Iine-haul operations
due to heavier coal traffic, and 2) the popula-
t i o n  d e n s i t i e s  a l o n g  t h e  p r o p o s e d  r o u t e s .
A l t h o u g h  t h e  i n c r e a s e d  n u m b e r  o f  p e o p l e
likely to be subjected to levels above 55 dBA
can only be roughly estimated, it is clear that
the number will increase.

The impact upon the l ives of the affected
people of the increased exposure is impossible
to assess because noise impacts depend heav-

Table 34. Summary of Noise Levels Identified by EPA as Requisite to Protect
Public Health and Welfare with an Adequate Margin of Safety

Effect protected Recommended
against noise level Area
Hearing loss Leq(24)

a 70 dBA All areas

Outdoor activity L d n 55 dBA Outdoors in residential areas and farms and other
interference and outdoor areas where people spend widely varying
annoyance amounts of time and other places in which quiet is a

basis for use.

L eg(24 ) 55 dBA Outdoor areas where people spend limited amounts of
time, such as schoolyards, playgrounds, etc.

Indoor activity L d n 45 dBA Indoor residential areas
interference and

Leg(24) 45 dBA Other indoor areas with human activities
annoyance such as schools, etc.

aLe~ is the constant A-weighted sound level which conveys an equivalent amount of sound energy as does an A-weighted
time-varying sound over a given time period. Le 24) is the L~~ of a 24-hour period.

1Source: Adapted from U.S. Environmental rotection Agency, NTIS:PB 239429(1974).
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Table 35. Population Exposed to Noise Levels Exceeding EPA
Community Noise Guidelines Along Case Study Routes

Total trains per day
Percent

Route 10 25 50 90 T1a T2a increase
Gillette-Dallas b . . . . . . . . . . . . . . . 67,800 111,000 164,900 220,600 58,000 88,000 52
Gillette-Houston C . . . . . . . . . . . . . 70,300 115,000 170,800 228,600 78,000 104,000 33
Colstrip-Becker d. . . . . . . . . . . . . . 30,900 50,500 75,000 100,300 45,000 53,000 18
Becker-Portage e . . . . . . . . . . . . . . 21,300 34,900 51,800 69,400 32,500 34,000 5
Tracy City-Waycrossf . . . . . . . . . . 29,700 48,600 72,200 96,600 50,000 63,000 26
Waycross-Tampa g . . . . . . . . . . . . 11,100 18,200 27,100 36,200 10,500 14,500 38
Waycross-Ft. Lauderdaleh. . . . . . 28,300 46,300 68,700 92,000 44,000 51,000 16
Price- Barstool. . . . . . . . . . . . . . . . 16,800 27,400 40,700 54,500 19,000 22,500 18

aT1 is the current number of trains per day as it appears in grade-crossing inventory data. TZ = Tl plus the projected in-
crease in coal trains per day. bAverage T, and T, are 7.2 and 16.6, respectively. CAverage  T, and T,  are 11.4 and 20.8,
respect ivel  y. dAverage T, and T, are 19.6 and 26.6, respectively. eAverage T, and T, are 21.6 and 23.4, respectively.
fAverage  T, and T, are 20.7 and 35.3, respectively. 9Average T, and T, are 9.1 and 16.4, respectively. ‘Average T,
and Tz are 22.4 and 29.7, respectively. IAveraqe TI and TZ are 12.6 and 15.9, respectively.

Source: Science Applications, Inc.

i I y  upon sub jec t ive  fac tors  wh ich  vary  f rom i n -
d i v i d u a l  t o  i n d i v i d u a l .  A m o n g  t h e  f a c t o r s
which wil l  influence individual perception of
impact are:

●

●

●

•

●

●

●

For

Length and speed of the train;
Time of day noise occurs (this is taken
into account in estimating the Ldn va lue) ;
Whether windows are opened or closed;
Background noise level when trains are
not present;
P r e s e n c e  o f  p a r t i c u l a r l y  d i s t u r b i n g  o r
p leas ing sound f requencies,  i .e . ,  some
people may enjoy the sound of a train
horn in the night, while others may dislike
it;
History of prior exposure to train noise;
and
History of

example,

W i t h  t h e

noise exposure in general.

n terms of total number of peo-

ple impacted by train noise, the effect would
be greatest in urban areas. Background n o i s e
and noise tolerance may well be highest in
these areas however, thereby minimizing the
subject ive response to  the increased t ra in
noise,

Carefu l  p lanning now can he lp  to  avo id
some of the serious negative impacts of in-
c r e a s e d  t r a f f i c .  R a p i d l y  d e v e l o p i n g  c o m -
munit ies should plan urban growth to avoid
communi ty  d iv is ion by ra i l road t racks.  Rai l
t r a f f i c  s h o u l d  b e  r o u t e d  a r o u n d  d e n s e l y
populated areas, and where new tracks are
being laid, they should whenever possible by-
pass extant communities. Areas along railroad
rights-of-way can be zoned nonresidential so
as to minimize the noise impact of increased
rail traff ic, Where warranted, grade separa-
tions can be built
relocated.

CONSTRUCTION IMPACTS

o r  t r a c k s  o t h e r w i s e

e x c e p t i o n  o f  t h e  p r e v i o u s l y are comparable in many respects. Most of the
enumerated water requirements for coal slurry railroad l ines which wil l  be uti l ized by coal
pipelines and the peculiar community impacts unit trains are already in existence, and im-
of raiIroad unit train operations, the en- p a c t s  f r o m  n e w  t r a c k  c o n s t r u c t i o n  w i l l
v i r o n m e n t a l  i m p a c t s o f  c o n s t r u c t i o n  a n d therefore not be as extensive as impacts from
operation of coal slurry pipelines and railroads coal slurry pipeline construction. This section
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d i s c u s s e s  t h e  e n v i r o n m e n t a l i m p a c t s  o f
p ipe l ine and new ra i l road const ruc t ion ac-
tivities. Some impacts, noise from construction
equipment, for example, will occur only during
actua l  const ruc t ion,  whereas o ther  impacts ,
l ike destruction of vegetation, wil l  require a
few years to rectify. In most locations, con-
struction impacts for coal slurry pipelines and
new railroad construction are relatively minor.
I n  a r i d  a n d  b i o l o g i c a l l y  s e n s i t i v e  a r e a s ,
however, construction impacts are magnif ied.
Fortunately, b y  c a r e f u l  a d v a n c e  p l a n n i n g ,
m o s t  p a r t i c u l a r l y s e n s i t i v e  l o c a t i o n s –
marshes, ponds, refuge areas, etc., can be
avoided by route alterations. When these loca-
t ions cannot be bypassed, adverse biological
impacts can be mitigated by performing con-
s t r u c t i o n  a c t i v i t i e s  d u r i n g  t h e  b i o l o g i c a l l y
least sensitive time of the year. The adverse
impacts of construction on rare, threatened, or
endangered species must be minimized, if not
avoided entirely. 43

The same type of short- and long-term im-
pacts that are discussed for pipelines will be
experienced in railroad construction. However,
the mitigating measures available after com-
pletion of a pipeline, i.e., revegetation, recon-
tour ing and eventual  re turn to  or ig ina l  land
uses, are not entirely applicable to railroad

4] Threatened W//d///e of the United States, U S Department of
the Interior, Fish and Wildlife Service, U S Government Printing
Off Ice, Washington, D C , March 1973

rights-of-way because of the continued above-
-ground surface existence of the rail lines,

The most obvious environmental impact of
pipel ine construct ion is the clearing of
vegetation —trees, shrubs, and grasses—from
the pipeline route and right-of-way (see figure
2 8 ) .44 45 Construction of the pipeline also re-
quires trenching by blasting and excavation
with backhoes, stockpiling of the soil, installa-
t ion of the pipe, and back-fi l l ing. Since 100
foot rights-of-way are required, as much as 12
acres per mile of pipeline could be impacted.

The loss of  vegetat ion wi l l ,  in  turn,  tem-
porar i ly  d isrupt ,  on a local  sca le,  pr imary
biological productivity, which provides energy
for  h igher  organisms.  A d d i t i o n a l l y ,  s o m e
animal communities will be affected by in-
creased human act iv i ty  (e .  g . ,  hunt ing and
vehicu lar  acc idents) . I n  s o m e  c a s e s  t h e
animals will be destroyed; in other cases, they
wil l  be forced to relocate unti l  the construc-
tion activity subsides or the habitat returns to
its original or a comparable condition. Forced
re locat ion of  w i ld l i fe  dur ing reproduct ive or
breeding seasons may magnify the adverse im-
pact on wildlife.

44 F C Vasek, H B Johnson, and D H Esllnger, “Effects of
Plpellne ConstructIon on Creosote Bush Scrub Vegetation of the
Mojave  Desert, ” Madrono,  Vol 23, No 1, pp 1-13, 1975

4’ F/na/ Environmental Impact Statement, Alaska Natural Gas
Transportation 5ystem, O;erv/ew Vo/ume,  U S Bureau of Land
Management

Figure 28–Typical Pipeline Construction Spread

Clearing and
Grading

Clean-Up and
Restoration Source Bureau of Land Management
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Construct ion o f  p i p e l i n e  a n d  r a i l r o a d
facilities for coal handling will require perma-
nent use of land for spurs and sidings, bridges,
load ing and un load ing fac i l i t ies ,  and main-
t e n a n c e  s t a t i o n s .  D u r i n g  t h e  c o n s t r u c t i o n
phase, vegetation will be destroyed and local
fauna will be forced to relocate. The effects of
floral and faunal disruption from rail construc-
tion wil l  be similar to the effects from coal
slurry pipeline construction, however, they wilI
genera l ly  not  be revers ib le  as  they are  for
p i p e l i n e s .  D i s r u p t i o n  o f  b i o l o g i c a l  c o m -
munities is discussed in this chapter as an im-
pact of raiIroad operation.

In c r e a s e d presence o f p e o p l e  a n d
machinery during construction increases the
fire hazard for both railroad and pipeline con-
struction. Fire would result in further loss of
vegetative cover, wiIdlife habitats, and disrup-
tion of biologic communities.

The durat ion o f  coa l  s lur ry  p ipe l ine con-
struction impacts may be governed by the ex-
tent of compaction, mixture of soil layers, and
alteration of drainage patterns, all of which af-
fect the potential for revegetation. Erosion by
both wind and water  o f  lands le f t  w i thout
vegeta t ive  cover  couId  be substant ia l ,  par -
ticularly on steep slopes in arid climates. 46 S o i l
particles may be blown or carried away by sur-
face runoff, resulting in loss of topsoil, unsight-
ly and potentially hazardous alterations of the
ground surface, and pol lu t ion of  r ivers and
streams. 47 R a p i d  e s t a b l i s h m e n t  o f  a  n e w
v e g e t a t i v e  c o v e r  w i I I  h e l p  m i n i m i z e  t h e s e
problems.

Pipeline construct ion wi l I temporar i ly
disrupt soils and destroy vegetation along the
right-of-way, creating an undesirable visual ef-
fect and exposing bare soil to chemical change
and erosion. Experience has shown that most
areas affected by pipeline construction can be
successfu l ly  revegetated.  Revegetat ion is  a
natura l  process which occurs  a f ter  a  major

“ D G A Whltten and J  R V Brooks ,  The  Pengu/n D/ct/onary

ot Geology,  PenKu!n Book$, Baltlmore, Md ,  1972

4 ‘ FIna  / [nk /ronrnentd/ /rnpdcf Stafernenf, A Iask.a Na tu ra l  Gas
Tran$porta//on $}~tern,  O\erk ~ew L’o/ume,  U S B u r e a u  o f  L a n d

M a n a g e m e n t

disturbance of the vegetative cover, whether

by fire, erosion, or  human act iv i ty .  Natura l
revegetation is a relatively slow process and
may require a number of years 48 49 depending
on v a r i o u s  g e o g r a p h i c , geological, and
climatic factors. Rapid revegetation to reduce
erosion and restore biological productivity by
deliberate planting of desirable plant species is
necessary in some areas. In Wyoming, crested
wheat grass (Agropyron desertorum) has been
used to establish a quick grass cover. It does
not  spread,  but  i t  is  not  invaded by nat ive
species and leaves an area usually discordant
w i t h t h e  s u r r o u n d i n g region. Potent ia l
revegetat ion prob lems in  the West  inc lude:
prevent ion of  mix ing the top so i l  w i th  the
“ h a r d p a n ”  o r  “ c a l i c h e ”  ( a  l a y e r  o f  i n -
penet rab le  carbonate  so i ls ) ;  inadequacy o f
water supply for plant growth; 50 51 and dif-
f iculty of quickly establishing ground covers
which will be easily invaded by the surround-
i n g native species. Revegetat ion can a lso
minimize the impact of construction activit ies
related to railroad construction. The track and
immediate  r ight -o f -way may not  be revege-
ta ted but  the wider  area af fected by heavy
construction activity can be.

The aesthetic and productive value of land
may be temporarily decreased by pipeline con-
struction. Most of the pipeline right-of-way in
the hypothetical routes examined in this report
cuts through agricultural land, and disruption
of agriculture therefore could be a signif icant
env i ronmenta l  impact .  The product ion o f  a t
least one full growing season would be lost for
croplands, possibly more for natural grazing
lands. For example, as much as 7,600 acres of
pastureland and 3,500 acres of harvested crop-
Iand would be lost for the single hypothetical

‘a F C Vasek,  H B Johnson, and D H E ~llnger, “Eftects  of
Plpellne Construct Ion on Creojote Bush Sc rub \’egetatlon ot the

Mojave De$ert, ” Macfrono, Vol 2 J, No 1, pp 1 - 1 1  1 9 7 5

49 W T Pla$s, “ Revegetatlng S u r f a c e - M i n e d  1 and, ” Mlnlng

Congress lourna/,  Vol 60, No 4, pp 53-59, 1974

‘0 A  R  Verma  a n d  j L Thames,  ‘Rehabllttatlon ot L a n d
Disturbed by Surtace  Mlnlng Coal In Arizona, ” journal of SOII
and L+ ater Con>er\at/on,  pp 129-131, Malt-l une 1975

“ F C  Vasek, H  B J o h n s o n ,  a n d  D  H  Esllnger, “Effect$  of

Plpellne Const ruc t Ion on Creosote  Bush Scrub Vegeta t ion  o f  the

Mojave Desert, ” Madrono, k’ol 23,  No 1, pp 1-13, 1975



112 ● Coal Slurry Pipelines

Wyoming to Texas pipeline (table 36). Note
that the lost acreages represent very small
percentages o f  the county  to ta ls .  Loss o f
agr icu l tura l  product iv i ty  wi l l  probably  be a
negligible impact of rai lroad construction ac-
tivity because so little new construction will be
necessary, and the smalI amounts of new con-
st ruct ion wi l l  most  l ike ly  be as spurs and
therefore not transect agricultural lands.

P ipe l ine const ruct ion may d isrupt  recrea-
tional activities and aesthetic values in certain
a r e a s .  T h i s  c o n s t r u c t i o n impact c a n  b e
minimized by careful route planning to avoid
recreational areas, and to t ime construction
w i t h  s e a s o n s  o f  l o w  u s e . D i s r u p t i o n  o f
streambeds and f lows can also be minimized
by schedul ing const ruct ion dur ing low- f low
periods, so as to avoid temporary impacts such
as s e d i m e n t  l o a d i n g ,  r e d u c e d  v i s i b i l i t y ,
photosynthesis, and resultant altered produc-
t iv i ty .

Pipeline grades must be below 16 percent.
Notching or sidehill cuttings to achieve these
gradients may create sharp topographic
features and surface runoff. 5253 Careful recon-
touring of the lands to the original contours
wi l I  min imize long- term adverse impacts  on
s lopes and s t reams.  Rai l roads requ i re  a  1-
percent grade, so greater amounts of grading,
cut t ing,  and f i l l ing may be requi red for  the
l imi ted amounts  o f  new t rack const ruct ion.
Wherever  poss ib le ,  s teep s lopes should  be
stabilized to acceptable angles and physically
covered to prevent erosion until vegetation is
established.

Dust-particle emissions from Iand clearing,
blasting, e x c a v a t i o n ,  g r a d i n g ,  c u t  a n d  f i l l
operation, and operation of vehicles on un-
paved roads is another impact of pipeline con-
struction. Estimates of the precise amount of
dust emissions are site-specific in that they de-
pend upon soil moisture, soil particle size and

“ B W  Slndelar,  R L Hodder, and M E Ma}erus,  5urface-
M/ned land Reclamation Research In Montana, Montana State
Unwerslty, Montana Agricultural Experiment StatIon, Research
Report 40, April 1973

“ W C Bramble and R H Ashley, “Natural Revegetatlon of
Spoils Banks In Central Pennsylvania, ” Ecology, Vol 36, No 3,
Pp 417-423, 1955

dis t r ibut ion,  and loca l  meteoro log ica l  condi -
t ions such as wind and humidity. Dust emis-
sions can be reduced by about 50 percent by
w e t t i n g  d o w n  t h e  c o n s t r u c t i o n  a r e a  t w i c e
daily. 54

Dust-particle emissions during railroad con-
struction are of the same character as air emis-
sions from coal slurry pipeline construction. A
q u a n t i t a t i v e  c o m p a r i s o n  i s  n o t  a t t e m p t e d ,
however ,  because o f  the s i te  spec i f ic i ty  o f
such factors.

N o i s e  e m i s s i o n s  a r e  a n o t h e r  i m p a c t  o f
pipel ine a n d  r a i l r o a d  c o n s t r u c t i o n . M o s t
pipel ine c o n s t r u c t i o n  w i l l  a v o i d  h e a v i l y
populated areas, noise is a relatively minor im-
pact, and the magnitude of pipeline construc-
tion noise is no different from other construc-
tion noise.

The impacts of construction of coal slurry
p i p e l i n e s  a n d  n e w  r a i l r o a d  t r a c k a g e  a r e
qual i ta t ive ly  s imi lar . It is expected that  new
track const ruct ion wi l I  requi re  greater  c i r -
cu i t ry ,  grad ing, and  cu t  and  f i l l  a c t i v i t i e s
b e c a u s e  o f  t h e  l e s s e r - r e q u i r e d  g r a d e  f o r
railroads (1 percent) as compared to pipelines
(16 percent). However ,  the to ta l  amount  o f
new track construction will be very small com-
pared to  p ipe l ine const ruct ion,  because the
railroad network necessary for coal unit train
operation is largely extant. Finally, because
pipelines wil l  be buried beneath the Earth’s
surface there is greater opportunity to mitigate
adverse construction impacts by recontouring
and revegetation of the pipeline right-of-way.
Pipeline routes can also now be planned to
avoid especially sensitive areas of biological,
agricultural, or other important human activ-
ity. This rerouting to mitigate environmental
impacts must be balanced with the costs of
various routes.

The geographical area of construction af-
f e c t s  t h e  s i g n i f i c a n c e  o f  t h e s e  i m p a c t s .
Although extensive pipeline construction is an-
ticipated, the narrowness of the rights-of-way

54 G A Jutze, K Axetell, jr , and W Parker, /nvestigat/on  of
Fugit/ve  Dust Sources Em/ss/ons and Contro/,  U S Environmental
ProtectIon Agency, Research Triangle Park, N C , EPA-45013 -74-
036a, j une 1974
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Table 36. Agricultural Land Use Along Hypothetical
Wyoming-Texas Pipeline Route

Total acreage Acreage Total county

7% of coun-
ty land Harvested Miles Acres

State/County County Farmland i n farms Pastureland crop land Woodland traversed disturbed

WYOMING
Campbell
Weston
Converse
Niobrara
Goshen

95.5
98.3
89.0
95.3
91.2

93.6

76.9
93.4
87.3
86.7

101 .2a

2,650,848
1,269,502
2,332,325
1,499,910
1,014,638

6,116,375

918,495
225,015
220,069
566,863
218,688

1,231,553

579,793
99,194

819,067

66,637
16,424
41,427
50,309

166,666

5,821
96,974
17,178
11,946
14,962

46 552
17 204
3 36

69 828
21 252

3,043,520
1,540,416
2,740,224
1,672,960
1,425,984

2,905,296
1,514,920
2,439,713
1,593,748
1,299,978

341,463 146,881 156 1,87210,423,104 9,753,655
NEBRASKA

Sioux
Scotts Bluff
Banner
Merrill
Cheyenne

360
288
228

36
528

56,064
165,723
99,571

142,092
276,944

740,394

29,448
3,594

767
5,640

836

40,285

30
24
19

3
44

1,320,192
464,448
472,320
897,408
758,912

3,913,280

1,014,620
434,023
412,126
778,422
767,591

120 1 , 4 4 03,406,782

1,149,769
467,309

1,433,473— .
3,050,551

87.1

98.6
107.4a

94.1

COLORADO
Logan
Phillips
Yuma

6,866
739

6,217

40
4

65

480
48

780

1.308

284,267
217,896
365,958

868,121

1,166,272
435,200

1,522,816

3,124,288 13,822 10997.6

91.4
87.0
85.9
90.7
90.6
80.3
98.6
93.2

107.8 a

91.0

95.7
88.7
94.0
85.9
96.6
96,7
91.0
57.6
76.7

1,497,454

178,537
229,010
266,836

87,719
174,168
197,759
48,892
97,831

332,409

KANSAS
Sherman
Wallace
Logan
Wichita
Kearny
Finney
Haskell
Gray
Meade

675,200
583,040
686,720
463,360
547,264
832,896
371,200
557,952
626,368

617,347
507,271
589,876
420,293
495,951
669,155
365,903
519,931
674,923

4,860,650

263,277
150,332
161,968
205,131
181,435
315,943
237,692
279,155
213,988

2,008,921

1,833
417

4,605
233
344
962
206

1,220
3,619

13,439

36
35

9
36

4
39
17
6

38

432
420
108
432

48
468
204

72
456

2,640220–5,344,000 1,613,161

652,135
503,162
495,104
304,389
243,708
277,243
170,952
264,683
179,688

OKLAHOMA
Beaver
Ellis
Roger Mills
Beckham
Washita
Kiowa
Tillman
Comanche
Cotton

1,145,344
794,880
729,600
580,480
645,696
657,216
576,832
693,760
416,320

1,096,044
705,121
686,026
498,778
623,462
635,696
525,189
399,659
365,037

334,576
146,756
106,372
153,787
335,668
311,083
312,392

94,666
163,172

8,905
13,387
6,388
6,221
7,133
3,605
3,579
9,545
3,348

38
54
27

4
28
43
29

3
4

456
648
324

48
336
516
348

36
48

2,7606,240,128 5,535,023 88.7

78.2
89.8
80.2
74.3
81.1
66.4
69.5
81.4
81.1
72.4
67.8
69.7
66.2

24.8

3,091,064

184,627
524,734
417,9343
337,041
180,252
174,185
195,644
285,137
238,310
328,869
281,047
190,820
269,090

130,727

1,958,472 62,111 230
TEXAS

Wichita
Clay
Jack
Parker
Hood
Johnson
HiII
McLennan
Falls
Limestone
Robertson
Brozos
Grimes
Mont-
gomery

390,912
705,344
604,928
577,664
272,640
473,472
646,400
640,000
488,960
595,520
561,216
374,720
512.704

305,699
633,564
485,116
429,407
221,006
314,219
449,540
521,270
521,270
431,771
380,628
261,086
339.505

96,151
72,875
12,208
33,825
20,142
86,124

200,984
161,548
116,653
47,176
47,176
32,098
23,460

6,679
9,326

33,659
28,139

8,254
6,171
8,106

17,048
18,831
31,216
52,967
36,640
29.305

19
34
36
37

5
25
32
28

(b)
28
19
39

228
408
432
444

60
300
384
336
312
(b)

336
228
468

697,408 171,985 5,717 44,716

331,057

7 84
7,541,888 5,341,483 70.8 3,738,421 956,583 335 4,020

—..—
aThe acreages of farms which are in more than one county are credited to one county sometimes making the farmland averages fOr that

county greater than the total acreage for that county.
bTh e Pipeline route runs along the approximate boundaw  between these two counties.
Source: Science Applications, Inc.

.,], . -1 -
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l imits the regional environmental signif icance. habitats of rare or endangered species, these
The impacts discussed here are geographically impacts assume greater significance than they
very  nar row, but  in  cer ta in  very  sens i t ive  would  e lsewhere.
ecosystems, such as deserts, wetlands, and

OPERATIONAL IMPACTS

This section discusses the impacts of opera-
tion, as opposed to construction, of coal slurry
pipelines and coal unit trains. The major im-
pacts for each mode of transportation, water
r e q u i r e m e n t  f o r  p i p e l i n e s ,  a n d  c o m m u n i t y
disrupt ion i n c l u d i n g  r a i l r o a d  h i g h w a y  a c -
cidents and delays and noise by unit trains,
have been discussed earlier.

Air

Pipeline operations will have an indirect and
relatively minor impact upon air quality if the
e l e c t r i c i t y  r e q u i r e d  t o  r u n  p u m p s ,  s l u r r y
p r e p a r a t i o n  e q u i p m e n t ,  a n d  d e w a t e r i n g
facilities is generated by combustion of fossil
fuels. If it is assumed that the electricity would
b e  p r o v i d e d b y  c o a l - f i r e d  p o w e r p l a n t s
operating at 35 percent efficiency and meeting
EPA new source per formance s tandards for
nitrogen oxides (NOX), sulfur dioxide (SOX), and
particulate emissions, then emissions of these
pollutants for al l  of the four pipeline cases
would be 12,000, 21,000, and 1,700 tons per
year of NO., S0x , and particulate, respective-
ly.

T h e  e n v i r o n m e n t a l  i m p a c t  o f  t h e  t o t a l
number of emissions is difficult to assess. In
most cases, power will be required at various
points along the pipeline route, thus, the im-
pact of the air emissions would therefore be
widely distributed. I n reality, these emissions
would increase local levels by less than a few
percent and probably not have a signif icant
impact on local ambient air quality.

D i e s e l - e l e c t r i c  l o c o m o t i v e s  e m i t  c a r b o n
monoxide (CO), hydrocarbons (HCs), nitrogen
oxides (chiefly nitr ic oxide (NO)), particulate,
and other polIutants during l ine-haul opera-

tions. The amount of each pollutant emitted
depends upon several factors, including fuel
composi t ion and heat ing va lue,  load,  grade
and use or lack of abatement equipment. In
table 37, emission factors, in terms of pounds
of  po l lu tants  emi t ted per  1 ,000 ga l lons o f
diesel fuel consumed, are listed. To put these
emissions into perspective, consider the emis-
s ions for  a  un i t  t ra in  coal  movement  f rom
Wyoming, of about four t imes the volume of
the hypothetical pipeline to Dallas, Tex. Such
a movement of 65 million tons of coal would
require 228 mil l ion gallons of diesel fuel per
year.

Table  38 shows the emiss ions expected
therefrom and compares the train emissions to
the emissions from highway vehicle traffic.

A n o t h e r  u s e f u l  w a y  o f  e x a m i n i n g  a i r -
pollution impacts would be to determine the
impact on ambient air quality. Table 39 shows
the locomot ive emiss ions and resu l tant  am-
b i e n t  c o n c e n t r a t i o n s  f o r  t h e  v e r y  u n l i k e l y
worst  case s i tuat ion in  Wyoming.  Wyoming
State ambient air quality standards are shown
for comparison. Ambient concentration of CO,
S OX and par t icu la te would be at  least  two
orders  o f  magni tude be low Wyoming s tand-
ards.  Hydrocarbon emiss ions approach the
standard. Nitrogen oxide emissions appear to
exceed the standards, although, the standards
are for nitrogen dioxide while emissions are
predominant ly  n i t r ic  ox ide.  Thus,  even the
worst case analysis of locomotive emissions
would not, in and of itself, violate ambient air
quality standards.

T h e  e n v i r o n m e n t a l i m p a c t o f  t h e s e
pollutants is diff icult to assess. They clearly
represent a source of increased air emissions,
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Table 37. Diesel Locomotive Emission Factors

Emissions, lb/1 ,000 gal. fuel consumed

Engine type

2-Stroke 2-Stroke Composite
supercharged turbocharged 4-Stroke average

Pollutant road road road used
Carbon monoxide. . . . . . . . . . . . . 66 160 180 174C 160d

Hydrocarbons. . . . . . . . . . . . . . . . 148 28 99 78c 28d

Nitrogen oxides (NOX as NO2)... 350 330 470 430C 330d

Particulates a. . . . . . . . . . . . . . . . . 25b

25
Sulfur oxides . . . . . . . . . . . . . . . . . 57b

57
Aldehydes (as HCHO) . . . . . . . . . 5.5b

5.5
Organic acids . . . . . . . . . . . . . . . . 7 b

7

aBased upon highway diesel emissions; no actual Locomotive particulate emission test data available.
bBased upon national distribution of engine typeS.
CFor all case studies except Utah-California.
dFor Utah-California case study.
Source: U.S. Environmental Protection Agency, Cornpi/ation  o/Air F’o//ufant  Emission Factors, 2nd Ed. (Feb. 1976).

Table 38. Estimation of Vehicle Equivalent of Diesel Locomotive
Air-Pollutant Emissions for 65 Million Tons of Coal

per Year Between Wyoming and Texas

1977 Highway vehicle equivalents

Locomotive All
emissions Automobiles vehicle types

Pollutant lb/h r-mile vehicles/hour vehicles/hour

Carbon monoxide. . . . . . . . . . . . . 3.7 39-92 29
Hydrocarbons. . . . . . . . . . . . . . . . 1.7 190-530 100
Nitrogen oxides . . . . . . . . . . . . . . 9.1 700-1,100 910
Sulfur oxides. . . . . . . . . . . . . . . . . 1.2 N Dc

2,500d

Particulate. . . . . . . . . . . . . . . . . . 0.53 N Dc

450d

aAssumes consumption of 228 million gallons/year of diesel fuel, 1,227-mile one-way
haulage distance.

bHighway  vehicle  equivalents were defined as the number of highway vehicles which
would emit  the same amount of  the speci f ied pol lutant as would the train movement of
specif ied dimensions.

CNO data for comparison.
dNatiOnal average emissions  are 4.9 x 10-4 lb/mi  Ie SOX and 1.2 x 10-3 lb/mile of particu  IateS.

Source: Science Applications, Inc.

yet they are neither from an easily controlled pared to air emissions associated with coal
s ta t ionary  source nor  a  cont inuous mobi le s lur ry  p ipe l ine operat ion in  any meaningfu l
source, Iike, for example, continuous passage manner. Pipeline- related emissions are from
of  automobi les.  Rather ,  t ra in  passage is  a powerp lants  which produce the energy f o r
relatively isolated event, with opportunity for pipeline uses, whereas railroad unit train emis-
pol lu tant  d ispersa l  dur ing in terva ls  between sions are dispersed over the length of the rail

train passages. The impact of air emissions route.
f rom un i t  t ra in  operat ions cannot  be com-
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Table 39. Worst Case Ambient Air-Pollutant Concentrations
for Unit Trains Transporting 65 Million Tons of Coal

per Year From Wyoming to Texasa

Locomotive Worst case Wyoming standard
emissions concentrate ion

Pollutant lb/h r-mile µglm 3
µflg/m 3 Time period

Carbon
monoxide 2.92 210 10,000 8-hr maximum, not to be exceeded more

than once/year
Hydro-
carbons 1.31 95 160 3-hr maximum, not to be exceeded more

than once/year
Nitrogen
oxides 7.20 520 1 00b Annual arithmetic mean

Sulfur oxides 0.95 2.9 260 24-hr maximum, not to be exceeded more
than once/year

Particulate 0.42 1.3 150 24-hr maximum, not to be exceeded more
than once/year

aAssumes shipment of 65 x loo tons/year over 1,227 miles, with diesel fuel consumption of 227,871,000 gallons/year.

bstandard  is for NC)2,  whereas emissions are mostly NO.
Source: Science Applications, Inc.

Dust Emissions

I t  has been suggested that unit coal train
operations, including loading and unloading of
hopper cars, occasionally result in the emis-
sion of coal fines and other fugitive dust par-
t icles to the atmosphere. Fugit ive dust emis-
sions may occur (1) during loading of hopper
cars, (2) during unloading, (3) as blowoff from
hopper cars in transit, or (4) through entrain-
m e n t  o f  d u s t  a c c u m u l a t e d  a l o n g s i d e  t h e
tracks.

Modern t ra in  load ing fac i l i t ies  cons is t  o f
10,000- ton-capaci ty  temporary  s torage s i los
equipped with chutes for deposit ing the coal
directly into the hopper cars, with water jets to
spray the falling coal to suppress coal dust. For
all practical purposes, dust emissions are con-
fined to an area extending a few feet from the
silo exit and entrance, and do not pose a com-
muni ty  a i r -po l lu t ion prob lem.  (Workers  con-
trol the loading from within sealed enclosures
and are thus not exposed to the coal dust.)
Coal losses appear to be negligible compared
to the volume loaded.

The main  types o f  un load ing are  bot tom
dumping and rotary dumping. 55 Rotary  dump-
ing facil i t ies are entirely enclosed and would
present  about  the same min imal  degree o f
pollution hazard as would the loading si los.
Emiss ions f rom any type of  loading fac i l i ty
would remain wi th in  the boundar ies of  the
rece iv ing fac i l i ty ,  except  for  occas iona l  en-
trainment by gusts of wind.

Although blowoff from coal trains has been
raised as an environmental issue, supporting
scientif ic data are lacking. Predictions of in-
c r e a s e d  e m i s s i o n s  d u e  t o  e x p a n d e d  c o a l
transportation appear to be extrapolations of
h i s t o r i c a l  e x p e r i e n c e  i n  t h e  E a s t ,  w h e r e
relatively dry coal was more Iikely to leak from
poorly sealed hopper cars.56 Western coal, hav-
ing a relatively high moisture content, tends
not to be dusty. An increasing number of hop-

55 R, G. S., “Decide Between Rotary and Bottom-Dump Coal
Unloading,” Power, Vol. 119, No. 8, p 47,1975,

56 F  E Arm bruster and B,J Candela, Research A na/YS;S of Fac-

tors Affecting Transportation of Coal by Rai/ and Slurry  Pipe/ines,
Final Report, Vol. 1, prepared by Hudson Institute, Inc , N Y , for
Burlington Northern Inc , April 1976
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per  cars ,  notab ly  those un loaded by ro tary
dumping, have permanently sealed bottoms. It
is believed that most fine particles are either
lost during the first few miles of haulage or set-
tle to the bottom of the hoppers very early. 57

T h e  W e s t e r n  W e i g h i n g  a n d  I n s p e c t i o n
Bureau, which performs weighing services for
western railroads, reports that it has received
no claims of coal lost in transit. 58 Any d i f -
ference between the weights of the coal cars at
origin and destination, which would reflect the
amount  o f  coa l  los t ,  are  not  detectab le .  5 9

Local off icials in Wyoming, Colorado, and II-
Iinois, all of which have appreciable coal train
traffic, report that they have received no com-
plaints of fugit ive coal dust emissions. 60 61 62 63

Finally, it has been observed that a moving
train may stir up dust accumulated alongside
the right-of-way. The extent and effects of this
ent ra inment  depend upon loca l  cond i t ions,
such as recency of  prec ip i ta t ion and wind
speed and direction. In a strong wind, the im-
p a c t s  o f  t h e  t r a i n  c o u l d  p r o b a b l y  n o t  b e
distinguished from those of general airborne
particulate pollution.

In summary, western experience and limited
scientif ic evidence indicate that fugit ive dust
emissions from unit train operations are likely
to have negligible impact on air quality.

‘7 Thomas Healey,  Environmental Division, Peabody Coal
Company, St Louis, Mo , personal communication, Sept 16,
1977

58 D T homa son Western Weigh Ing and Inspect Ion  Bureau,

Denver, Colo , personal communlcatlon, Sept 19, 1977

“ Gary Root,  General  Manager of  Transportat ion and
Distrlbutton, Amax Coal Company, personal communlcatlon,
Sept 19,1977

‘0 Bernard Dailey, Wyoming Department of Environmental
Quality,  Air Quality  Dlvislon, personal communlcatlon,  Sept 9,
1977

61 Wllllam  Reese, Colorado Department of Public Health, Alr
Pollutlon  Control Dlvislon, personal communlcatlon,  Sept 15,
1977

‘2 Anthony Tel ford, I Il}nols Environmental Protect Ion Agency,
Dlvlslon of Alr Pollution Control, Analysis  SectIon, personal
communlcatlon,  Sept 15, 1977

6] Edward Crooke, Director of Environmental Studtes, Argonne
National Laboratory, Argonne, III , personal communlcatlon,
Sept 15,1977

Disruption of Biological Communities

Railroad lines generally constitute a visible
linear strip of artificial texture, color, and land-
form across the landscape. The cleared break
in  the vegetat ional  communi ty  d iv ides the
natura l  ter r i tory  and prov ides room for  the
establishment of a new transit ional commun-
ity along the edge of the permanently cleared
roadbed shoulder. This transitional community
is characteristically an area of open low-her-
b a c e o u s  v e g e t a t i o n  m a i n t a i n e d  i n  a n  i m -
mature stage of succession by maintenance of
the railroad right-of-way and occasional f ires.
Transition zones often exhibit high plant diver-
s i t y  a n d  g r e a t e r b io log ica l  product iv i ty .  b ’
Habitats associated with railroad l ines often
support different flora and fauna than the sur-
r o u n d i n g  r e g i o n .  65 66 67 I n c r e a s e d  r a i l  o p e r a -
t ions w i l l  p e r p e t u a t e this man-created
ecotone.

Whi le  d iv is ion of  natura l  ter r i tor ies may
e n h a n c e  d e v e l o p m e n t  o f  t r a n s i t i o n a l  c o m -
muni t ies ,  i ts  e f fects  are not  a l l  benef ic ia l .
Creation of a visible discordant strip may af-
f e c t  w i l d l i f e  b e h a v i o r  p a t t e r n s ,  a s  s o m e
species are hesitant to enter a region which has
b e e n  d i s t u r b e d .  I n  a d d i t i o n ,  w i l d l i f e
movements may further be affected by the ad-
dit ional noise and activity of passing trains,
and the estab l ishment  o f  fences to  pro tec t
livestock from accidental collision.

The question of the effect of railroad fenc-
ing and operation upon wildl i fe migration is
controversial. Arguments supporting and op-
posing the contention that railroads constitute
barriers are each handicapped by a lack of

64 R L  Sm Ith, Ecology  and Field B io/og  y, 2nd E d I t Ion, H a rPer
and Row Publishers, San Francisco, Cal If , 1974

‘S j C, Kelcey,  “lndustrlal  Development and Wildlife Conser-
vation, ” Environmental Conservation, Vol 2, No 2, pp 99-108,
1975

“ B  Lejmbach, “The Flora of Railway Tracks of Eastern
Pomerania Coast, ” Fragrn F/orist  Cebot,  Vol 21, No. 1, pp 53-66,
1975, cited In Bio/ogica/ Abstracts,  No 47275, November 1976.

‘7 V V Sentemov, “Adventltlous  Species of Conspermum  L In
the Flora of the Udmurtian ASSR, ” Bot Zlf, Vol 54, No 6, p. 934,
1969, cited In Biological  Abstracts, No 59045, June 1971.



118 ● Coal Slurry Pipelines

hard data.” Theoretically, a fence designed to
be sheep- and antelope-tight wil l  present a
physical barrier and alter established animal
predation patterns, isolate communities, and
thereby prevent  c ross-breed ing,  and d is rupt
seasonal migration. The effect of such a bar-
r ier  is  of  par t icu lar  concern i f  migrat ion to
t rad i t iona l  breeding or  nest ing areas is  in -
h ib i ted and reproduct ion is  reduced.  ”  I t  is
be l ieved by  some that  ante lope movement
( e s p e c i a l l y  t h e  l o n g e r  r a n g e  m i g r a t i o n  o f
a n t e l o p e  d u r i n g  s e v e r e  s t o r m s )  m a y  b e
rest r ic ted.  On the o ther  hand,  in  many in-
stances the railroad right-of-way parallels a
major highway which might, in itself, act as a
barrier anyway.

I f  i t  is  assumed that  l ivestock protect ion
fences will present a barrier to wildlife migra-
tion, provision for crossing should be required.
However ,  w i ld l i fe  behav ior  response is  d i f -
ficult to predict. Even if crossings of adequate
s ize and d is t r ibut ion are prov ided,  wi ld l i fe
may not use them, especially if the animals are
frightened by trains, storms, or predators.

W i l d f i r e s  a l s o  d i s r u p t  b i o l o g i c a l  c o m -
munities. Railroads are reportedly a significant
cause of  vegetat ion wi ld f i res .  For  example,
tables 40 and 41 show wildfire occurrences in
Nebraska and Wyoming. Although the precise
number may under-report the number of fires’”
and may in some cases (about 15 percent 7 1)
misidentify the source, it is clear that railroads
do cause a number of fires. The railroad fires
burn substantial acreage, as shown in table 42.

F i r e s  c a n  b e  s t a r t e d  b y  s p a r k s  f r o m
locomotive exhaust and steel brakeshoes or by
operating and maintenance crews. To reduce

the f ire hazard, nonsparking brakeshoes are
generally used for coal unit trains, f ireguards
are c r e a t e d  a l o n g t h e  r i g h t - o f - w a y  b y
mechanica l  or  chemica l  c lear ing,  and o ther
spark-arresting equipment and fuel addit ives
are employed. Turbochargers, with which most
u n i t - t r a i n  l o c o m o t i v e s  a r e  e x p e c t e d  t o  b e
equipped in the future, also act as spark ar-
resters. 72

Careless use of f lares by maintenance-of-
way crews has been identified as a cause of.
f i res ,  but  i ts  s ign i f icance is  uncer ta in .  Ac-
co rd i ng  t o  a .  Wyom ing  S ta te  f i r e  o f f i c i a l ,
ra i l roads seem recept ive to  suggested f i re
prevention programs directed toward railroad
personnel .73 Other  measures to  reduce f i re
hazards inc lude ont rack f i re  pat ro ls  by the
r a i l r o a d  c o m p a n i e s ” and nonspark ing  com-
position brakeshoes on new hopper cars. 75

With improved fire prevention techniques,
increased use of  the t rackage (which may
resul t  in  greater  repor t ing,  awareness,  and
prevent ion o f  f i res) ,  and the increased ex-
posure of wildlands to sparks, the incremental
change in wildfires due to unit train operation
is difficuIt to determine.

The major operational impact of coal slurry
pipelines with disruptive effects on biological
communi t ies  is  acc identa l  sp i l ls  o f  s lur ry .
There are three pr inc ipa l  ways by which a
slurry spill could occur along the transmisison
route:  1)  p ipe l ine rupture due to  excess ive
p r e s s u r e ;  2 )  b r e a k a g e  r e s u l t i n g  w h e n  t h e
p i p e l i n e  i s  a c c i d e n t a l l y  s t r u c k  b y  d i g g i n g
equipment; and 3) washout of the pipeline dur-
ing a flood. Under the relatively high pressures
of coal slurry in portions of the pipe, small
leaks will normally develop quickly into major

“ James Lambert, U S Bureau of Land Management,
Cheyenne, Wyo , personal communication, Aug. 23,1977

69 Final [environmental Impact Statement, A Iaska ~atural  Gas
Transportation System, Overview Volume, U S. Bureau of Land
Management.

70 U S Department of the Interior, Fina/ Environment/ State
ment, Proposed L)eve/opment  0/ Coa/  Resources in the Eastern
Powder River Coa/  Basin of Wyoming, Vol. I I 1, U.S. Department
of Agriculture, Interstate Commerce Commission, 1974.

7’ Michael Gagin, Wyoming State Forestry Division, Cheyenne,
Wyo  , personal communication, Aug. 26,1977

7’ U S Department of the Interior, Final Environment/ State
ment,  Proposed lleve/oprnent of Coa/ Resource in the Eastern
Powder  River  Coa/ Basin of Wyoming, Vol 111, U S Department
of Agriculture, Interstate Commerce Commission, 1974.

73 Michael Gagin, Wyoming State Forestry Division, Cheyenne,
Wyo  , personal communication, Aug. 26,1977

74 Allan R. Boyce, Burlington Northern, St. Paul, Minn  , per-
sonal communication, Sept. 6, 1977,

7’ Al Ian R Boyce, Burlington Northern, St Paul, Minn.,  per-
sonal communication, Aug 15, 1977.
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Table 40. Wildfire Occurrence in Nebraska, 1971-76

Year 6-yr
Cause 1971 1972 1973 1974 1975 1976 avg.
Railroad. . . . . . . . . . . . . .
Debris burning . . . . . . . .
Equipment use . . . . . . . .
Lightning . . . . . . . . . . . . .
Smoking . . . . . . . . . . . . .
Electric fences.. . . . . . .
Children . . . . . . . . . . . . . .
Incendiary . . . . . . . . . . . .
Campfires . . . . . . . . . . . .
Miscellaneous . . . . . . . .

274 373 387 723 535 763 509
413 593 208 426 420 798 476
211 113 123 244 185 278 192
102 73 99 311 107 173 144

51 79 51 150 108 170 102
33 41 16 37 28 23 30
24 29 6 34 27 50 28
13 5 4 43 33 34 22

4 2 1 11 3 9 6
127 209 121 322 313 389 247

TOTAL . . . . . . . . . . . 1,252 1,517 1,016 2,301 1,759 2,687 1,755

Source: Westover D.E., Nebraska Wildfires, State of Nebraska, Department of Forestry
(1977)

Table 41. Wildfire Occurrence in Campbell and Converse
Counties, Wyo., 1971-73

Number of fires Acres burned

Cause 1971 1972 1973 1971-19731971 1972 1973 1971-1973

Railroads. 43 28 32 34 1,163 2,762 242 1,389
Lightning. 21 40 30 30 21,981 8,170 3,025 11,052
Other . . . . 13 34 21 23 2,066 1,020 184 1,090

TOTAL. . 77 102 83 87 25,190 11,952 3,451 13,531

Source: U.S. Department of the Interior, Final E/S, Proposed Deveopment of Coal
Resources in the Eastern Powder River Coal Basin of Wyoming (1974).

Table 42. Acreage Burned by Wildfires in Nebraska, 1971-76

Year 6-year
Cause 1971 1972 1973 1974 1975 1976 average
Debris burning. . . . . . . . . . . 13,647
Railroad . . . . . . . . . . . . . . . . 4,652
Lightning . . . . . . . . . . . . . . . 7,224
Equipment use . . . . . . . . . . 1,740
Miscellaneous. . . . . . . . . . . 5,151
Smoking. . . . . . . . . . . . . . . . 555
Children . . . . . . . . . . . . . . . . 71
Incendiary . . . . . . . . . . . . . . 18
Electric fence . . . . . . . . . . . --
Campfire. . . . . . . . . . . . . . . . 30

12,975
13,183
2,249
4,489
3,788
2,021a

69
27

11

1,467
2,080
8,467
4,465

980
608

3,662
0
5

10

3,655
7,197
7,309
5,307
6,105
3,147

177
2,410

298
86

30,272
6,752
4,402
8,822
1,800

399
27

262
799

30

4,315
2,424
5,095
4,850
3,567
1,222

56
50
99
16

11,055
6,048
5,791
4,945
3,565
1,325

677
461
300

31
TOTAL . . . . . . . . . . . . . 33,088 158,812 21,744 35,691 53,565 21,694 34,198
aThis figure does not include the Mullen Fire of March 1972, which burned 120,000 acres.

Source: Westover, D. E., Nebraska Wildfires, State of Nebraska, Department of Forestry (1977).
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ruptures. 76 The quantity of slurry released to
the env i ronment  wi l l  depend upon the f low
rate, pressure, burial depth, overburden den-
sity, time for detection and pipeline shutdown,
and proximity of holding ponds. Pipelines have
been constructed with reserve holding ponds
along the way. Using this approach, the slurry
flow would be arrested in event of spill and the
offending section of pipeline evacuated into
the pond.

Only one coal slurry pipeline spill has been
recorded,  ”  and the env i ronmenta l  impacts ,
p r imar i l y l a n d  a n d  w a t e r impacts, are
therefore on ly  speculat ive.  Presumably ,  the
coal particles will be filtered from the water by
the top few feet of soil. The effect of the coal
in the soil upon plant growth is unknown. The
impact of a spil l  into streams depends upon
the relative flows of the stream and the spill.
Coal sludge could temporari ly harm aerobic
benth ic  organ isms, h a m p e r  f i s h  f e e d i n g ,
smother eggs and larvae, and adversely affect
s p a w n i n g .  T e m p e r a t u r e  c h a n g e s  a n d  c o a l
sludge could result in fish kills as well. These
impacts, however, are not likely to be severe.

7 ’ Edward j Wasp, Vice President, Energy Transportation
Systems, Inc , San Francisco, Calif , personal communication,
)UIY  8,1977.

77 John Montfort, Black Mesa Pipeline Company, Flagstaff,
Arlz , personal communication, Sept 21,1977

Energy/Materials Requirements

An env i ronmenta l  impact  o f  p ipe l ine con-
struction and operation and railroad expansion
and operation is the consumption of energy
and materials made from natural resources.
Stee l  and energy requ i rements  for  the four
hypothetical pipeline routes are shown in table
43, and steel for hopper cars, locomotives, and
rails (for new construction and replacement)
a n d  e n e r g y  t o  p r o d u c e  t h e  s t e e l  a n d  f o r
transportation of coal are shown in table 44.
The direct steel requirements for pipelines and
railroads to transport 74.5 million tons of coal
over a 35-year period are 1.3 million tons for
pipelines and 3.5 mil l ion tons for railroads.
Although pipelines require less steel, recycling
is less costly for railroads. Similarly, the energy
directly required to produce the steel and for
coal  t ranspor tat ion is  greater  for  p ipe l ines
than for rail, averaging for the cases 610 Btu
per net ton-mile for pipelines and 390 Btu per
net  ton-mi le  for  ra i l roads.  Greater  ra i l  c i r -
cuity diminishes this relative advantage some-
what .  Averages are f requent ly  mis lead ing,
however, and energy requirements can differ
quite widely in a given case. The results pre-
s e n t e d  h e r e  i n c l u d e  p i p e l i n e s  w h i c h  f o r
economic reasons would probably not be con-
structed. In addition, railroad locomotives use
diesel fuel derived from petroleum, while pipe-

Table 43. Steel and Energy Requirements for the Case Study Pipelines

(35-year life cycle)

Wyoming Montana Utah Tennessee
to to to to Grand

Texas Wisconsin California Florida totals

Coal transport (10° tons/year). . . . . . . . . . . 35 13.5 10 16 74.5
Steel requirement (103 tons). . . . . . . . . . . . 733 216 133 245 1,327
Energy for making steel (1012 Btu). . . . . . . 17 5 3 6 31
Energy for construction (1012 Btu). . . . . . . 3 2 1 2 8
Energy for operation (1012 Btu/year) . . . . . 14 7 6 10 37
Total energy (1012 Btu/year) . . . . . . . . . . . . 15 7 6 10 38
Total energy per 10° tons of coal trans-

ported (1012 Btu). . . . . . . . . . . . . . . . . . . . 0.4 0.5 0.6 0.6 0.5
Operation energy per net ton-mile (Btu)a . 410 710 1,150 920 610
Percentage of energy content of the coal

required to transport it 1.000 miles . . . . 2.3 3.9 6.4 3.8 3.2

aRoljnded to nearest 1()  Btu.
Source: Data from Science Applications, Inc.
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Table 44. Steel and Energy Requirements of the Railroad Case Studies

(35-year life cycle)

Wyoming Montana Utah Tennessee
to to to to Grand

Texas Wisconsin California Florida totals

Coal transport (10’ tons/year). . . . . . . . . . . 35 13.5 10 16 74.5
Steel for hopper cars(103 tons) . . . . . . . . . 461 110 102 218 891
Steel for locomotives (103 tons). . . . . . . . . 110 22 30 58 220
Steel for rails (103 tons). . . . . . . . . . . . . . . . 1,446 319 201 398 2,364
Total steel requirement (103 tons) . . . . . . . 2,017 451 333 674 3,475
Energy for making steel (1012 Btu). . . . . . . 12 3 2 4 21
Energy for transportation (1012Btu/year) . 17 4 2 8 32
Total energy (1012 Btu/year) . . . . . . . . . . . . 17 4 3 8 32
Total energy per 106 tons of coal trans-

ported (1012Btu) . . . . . . . . . . . . . . . . . . . 0.5 0.3 0.3 0.5 0.4
Transportation energy per net ton-mile

(Btu) a. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 340 360 440 580 390
Percentage of the energy content of the

coal required to transport it 1,000 miles 1.9 2.0 2.4 2.4 2.0

aRoundedtO nearest 10Btu.  Mileages arelargerthan forpipelines duetogreater circuitY.
Source: Data from Science Applications, inc.

Iine pumps operate on electricity often derived
from other fuels.

Occupational Health and Safety

Occupational injuries and disability days for
pipeIine construct ion a n d  o p e r a t i o n and
railroad operation are shown in tables 45 and
46, respectively. Historical data on accidents
o n  c o a l  s l u r r y  p i p e l i n e s  a r e  l i m i t e d ,  a n d
pipeline accident rates were estimated from
oil pipeline data. The last column of table 45
shows the number  of  in jur ies and d isabi l i ty
d a y s  f o r  c o n s t r u c t i o n  f o r  3 , 1 4 6  m i l e s  o f
p i p e l i n e  ( t h e  t o t a l  l e n g t h  o f  t h e  f o u r
hypothet ica l  routes)  and t ranspor t  o f  74.5
million tons of coal annually. On the average,
one disabil i ty day would result from each 45
mi l l ion ton-mi les o f  coa l  t ranspor ted,  about
half of which are due to construction, i f  one
assumes that the pipeline will be in operation
for  35 years . D a t a  w e r e  n o t  a v a i l a b l e  f o r
estimating deaths due to pipeline construction
or operations.

Deaths, injuries, a n d  d i s a b i l i t y  d a y s  f o r
railroad employees were estimated from acci-
dent rates on general freight train operations
excluding labor categories not applicable to

unit trains. As shown in table 46, in carrying the
same 74.5 mil l  ion tons of coal per year as
pipe l ines,  ra i l roads would,  accord ing to  the
estimate, experience 1.9 deaths, 304 lost work-
day injuries, and 14,000 disability days annual-
Iy. One disability day occurs per 6 million ton-
miles of coal transported and one death per 43
bill ion ton-miles.

Employees wil l  be exposed to noise from
severa l  operat ions i n  c o a l  s l u r r y  p i p e l i n e
systems, including water pumping, coal slurry
preparation, slurry pumping, and dewatering. 78

Coal slurry preparation involves crushing and
grinding operations w h i c h  g e n e r a t e con-
s iderab le  no ise. PipeIine employees are
reportedly exposed to noise levels in the range
of 90 to 95 dBA by these processes 79 but the
plants are sufficiently few and remote to avoid
s ign i f icant  communi ty  no ise impacts .  Deep-
wel l  submers ib le  pumps are used to  draw
water from wells, and because of the depth at
which the pumps are located,  no no ise is

7’ W S Gray and P F Mason, “Slurry Pipelines  What the Coal
Man Should Know In the Planning Stage, ” Coal Age, Vol 80, No
9, pp 5a-62, 1975

7 ’ John Montfort, Black Mesa Pipeline Company, Flagstaff,
Arlz , personal communication,  June  30, 1977
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Table 45. Predicted Occupational Injuries and Lost Workdays
From Case Study Pipeline Construction and Operation

Wyoming Montana to Utah Tennessee
to Minnesota to to

Texas & Wisconsin California Florida Total

Construction
Injuries . . . . . . . . . . . . . . . . . . . . . . 281 221 125 193 820
Lost workdays . . . . . . . . . . . . . . . . 5,228 4,112 2,326 3,591 15,257

Operation
Injuries per year. . . . . . . . . . . . . . . 31 8 4 9
Lost workdays per year. . . . . . . . . 577 149 74 167 967

Million net ton-miIesa

Per injury . . . . . . . . . . . . . . . . . . . . 942 702 653 724 831
Per lost workday . . . . . . . . . . . . . . 51 38 35 39 45

alncludingconstruction assuming a35-year pipeline life.
Source: Science Applications, Inc.

Table 46. Predicted Occupational injuries, Lost Workdays,
and Deaths From Case Study Unit Train Service Expansion

Wyoming Montant to Utah Tennessee
to Minnesota to to

Texas &Wisconsin California Florida Total
injuries

Number per year . . . . . . . . . . . . . . 140 48 38 78 304
Lost workdays per year. . . . . . . . . 6,300 2,160 1,710 3,510 13,680

Deaths per year . . . . . . . . . . . . . . . . . 0.98 0.27 0.12 0.51 1.9

Million net ton-milesa

Per injury . . . . . . . . . . . . . . . . . . . . 355 235 180 176 268
Per lost workday . . . . . . . . . . . . . . 7.9 5.2 4.0 3.9 6.0

Million net ton-milesa

Per death . . . . . . . . . . . . . . . . . . . . 51,000 41,000 35,000 27,000 43,000
aMileage is larger than for pipelines due to greater circuity.
Source: Science Applications, Inc.

reported at ground level. The mainline pumps
of pipelines can be quite noisy, l ike any un-
shielded 5,000 horsepower pump emitt ing 82
dBA at 50 feet. 80 However,  bu i l t - in  sh ie ld ing
and enc losure in  a  pumphouse reduce the
sound level significantly .8’ Railroad noise w a s
discussed in the section of this chapter on
community disruption, and rai lroad employees

OO Draft EnVjro~~e~~a/  /rnpact Statement, Crude 0;/ ~fafWor-
tation system: Va/dez,  Alaska to Midland,  Tex.,  U.S. Bureau of
Land Management, November 1976

SI Nick Tuttle  Wll[lams  Brothers Process $2 WlCf?S,  Tulsa,
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are exposed to the same sources at closer prox-
imi ty .

The above f igures should  be regarded as
e s t i m a t e s  b e c a u s e  o f  t h e  t y p e  o f  d a t a
ava i lab le  and the assumpt ions made in  ex-
t rapo la t ing d isab i l i ty  days f rom these data.
Nonetheless, the f igures provide a useful in-
dication of total and relative employee health
a n d  s a f e t y  f o r  r a i l r o a d s  a n d  c o a l  s l u r r y
pipelines. Even including t h e  a c c i d e n t s
associated with construction of pipelines, as
well as operat ion, railroads experience
signi f icant ly m o r e  d i s a b i l i t y  d a y s  t h a n
pipelines.


