17--SECONDARY ENVIRONMENTAL IMPACTS
FROM URBANIZATION

By Barry 1., Walton and Edward M, Dickson

A, Sources of Secondary Envirnnmental Impacts

The environmental effects of the ocperation and construetion of syn-
thetie liquid fuel plants can be considered to be 'primary’ or 'direct”
impacts. The environmental consequences that arise from the attendant:
urbanization and behavior of residents can be considered to he 'secon-
dary" or "indirect’ impacts. These secondary effects can contribute
significantly to the overall environmental change that is likely to oc-
cur in a predominantly rural region that undergoes suﬁstantial growth at
a fairly rapid pace. BSources of secondary impacts derive from municipal
services (fresh water, production of waste water and solid waste), land
use {construction of dwellings, roads, and utility corridors: grfect ﬁn
water run-ofi patterns), habitation (automotive air pollution, energy
utilities, gnimal mortality}, and recreation/leisure activities (use of
parklands, vandalism, alteration of habitats). This chapter is prima-
rily concerned with these secondary effects as they apply to the coal and
0il shale regions of the West. Some of these effecis can be guantified
using scaling factors for readily predicted changes, and others can oﬁly
be projected in a genheral way, based on empirical evidence from past

ocourrences.,

B. Urban Growth: Coal and Q0il Shale Regions of the West

Urban areas in Wyoming, Montana, North Dakota, and Coloradoe occupy

a very small fraction of the total land area. lFor example, Gillette,
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in Wyoming's Powder River Basin, occupies only abour 10,000 acres of
the over 3 million acres of Campbell County. Towns in these states are

widely dispersed (50 to 100 miles apart).

Urban growth on the open grasslands of Montana, Wyoming, and North
Dakota is characterized by sprawling communities with smwall populations.
Urban development in the oil shale country of Colorado, which is charac-
terized by a broﬁen Landscape of ¢lifts, river valleys, and plateaus,1
would be restricted to the broad-bottomed river valleys, the only land

suitable for town-making.

Nearly all of the towns in the c¢coal fegioﬁs of Montana, Wyoming,
and Norih Daketa, and in the oil shale regions of Colorade have small
populations, Gillette, Wyoming (1875 population of 11,000}, and Rangeley,
Colorado (1970 population of 2150),° typify their regions. Population
growth from the construction and operation of a 100,000-B/D (16,000-m" /D)
coal liguefaction plaﬁt would add an estimated 2400 primary jobs to em-
ployment {see Chapter 8) in coazl miming, while a 100,000-B/D oil shale
complex would add 1700 jobholders in oil shale country. The 2400 job-
holders, their families, and the associated service personnel and their
families would likely locate in the one or two towns close to the lique-

faction facility and the coal mines.

C. Quantifiable Impacts

1. Scaling Factors

Tables 17-1 and 17-2 provide some of the impertant scaling
factors for urban living applied to predicted urban growth in the coal
and o0il shale regions of the West, The data in Table 17-3 are a compil-
ation of automotive emissions scaling factors for various levels of con-

trol anticipated for the future. However, recent postponements in the
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Table 17-1

SCALING FACTORS FOR URBAN LIVING

¥*Conversion Factors: 1 gal -~ 3.79 x.107%n®: 1 mi = 1.61 km;
4.05 x 10°m*.
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Item . Unit* Quantity
Fresh water consumption

National average Gal/capita day 150

Dumestic 40%
Cowmercial 18%
Industrial 24%

Public uses 18%

Colorado 170

Wyoming 200

Moniana 190

Waste water production

WNational average Gal/capita day 120
Colorado 140
Wyoming 160
Montana: 150

‘Solid waste production
Nationul average Lbs/capita day 1400
Residential and commercial electric 1000 kWh/capita o.2
power consumption
Private automobiles

National avcrage Cars/capita 0.48
Colorado 0.35
Wyoming 0.51
Montana 0.49

Distance traveled per passenger automobile Miles/car-year- 10,000
Land requirements for dwelling units Acres/person 0 .065
Streots and reoads (municipal and rural)

National averape Mileage/capita 1.8 x 107%
Colorado 3.6 % 107®
Wyoming 1.2 x 10-%
Montana. 1.1 x 107t

Acreage or municipal and rural roads " Acres/mile 12

1 aecre =




Table 17-2

WATER RUNOFF COEFFICIENT C AND
BAINFALL IN WYOMING AND COLORADO
(Fraction of Rainfall Flowing into Rivers and Streams)

Undisturbed land

Eastern Wyoming™ 0.07-0.09
Piceance Basin' 0.04-0.08

Disturbed land

Suburban land* 0.25-0.40

Light industrial’ 0.50-0.80

Gravel roadwaysg 0.15-0.30
Rainfail

Gillette/eastern Wyoming

Average annual® 11-15 (27-38) in./yr (em/yr)
Peak dailiy*™ 2.8 (7.1) in./yr {em/yr)

Piceance Basin Colorado

Average annual’ 12-24 (30-61) in./yr {cm/yr)
Peak daily** 2.8 (7.1) in./yr (em/yr)

*Average annuallrunoff of 1 in./yr (Reference 3) with annual
rainfall ef 11 to 15 in. (Reference 4).
tAverage annual runoff of 1 in./yr (Reference 3) with annual
rainfall of 12 to 24 in. (References 1, 3).
iReference 6.
fReference 7.
**Reference 8, assuming Lhe same peak daily rainfall for Pieeance

Basin.
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imposition of increasingly stringent emissions standards, suggest that
the relevant factors applied in any given time frame of this study arc

uncertain,

The scaling factors glven in Tables 17-1 through 17-3 have
been uzed to derive the results shown in Tables 17-4 through i7-7 for
the Powder River Basin in Wyoming and the Piceance Basin in Colorado for
the maximum eredible implementation scenario, The significance ai the
results given in the tables is amplified from the standpoint of environ-

mental concerne in the following sections of this chapter.

2, Water-Related impacts

a. Runoff

The paving of streets and the roafing of structures alter
the runoff of precipitation because there is less open ground to absorb
it. This results in the alteration of stream flows manifested both by

an increase in quantity and by a compression in time of the tlow™

The runoff Q can be expressed by the simple eguation

Q = CIa
where ¢ is z constant, I is the precipitation rate, and A is the area

affécted.T

Table 17-2 gives the fractional runoff coefficient for

various activities that cover the land surface with water-diverting

*Less time elapses between the falling of the precipitation and the on-
set of runoff flow, and the runoff flow ceases gquicker after the pre-

cipitation ends.
+Q 1s usually given in ft3/s, I in im,/hr, and A in acres.
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materials and undisturbed areas. Urbanization of undisturbed lands
could be expected to increase runoff 3 to 5 times that of the undis-
turbed landscape. Much of this extra water goes into storm drains and

sewers. In rural areas, new roads will increase runoff into streams,

Tahle 17-2 also shows the range of annual rainfall for
the two regions. Much of the nonshow precipitation occurs during thunder-
storms, with thunderstorms occurring about 30 days per year in eastern
Wyoming and about 40 days per year in western Colorade.? We assume a
peak daily.rainfall of 2.8 in./day (7.1 cn/D) for both regions. Thunder-~

storms will induce the most damaging runoff.

b. Increased %alinity

It is predicted that the withdrawal of river water for
muﬁicipal use will increase the concentrations of dissolved salts in
the Upper Colorado Basin, which experiences problems with increasing
salinity.g Fach milligram per liter increase in dissolved solids per - \E
unit volume (salinity) increases the economic detriment in the 10Qer
Colorado Basin at the rate of $230,000 per mg/f increase. For an oil
shale industry of 1.5 to 2,0 million B/D, the increase in dissolved
solids (mg/f) from the increase in residential water consumption is
estimated at 0.6 to 1.0 mg/f, which gives a total "annual detriment of

$1.2 to 2.3 million per year,.

c. Waste Water.

Analysis has shown that the cost of a shale- or coal-
derived synthetic crude 0il is insensitive to the cost of water, con-
sequently, a plant could easily afford to treat urban waste water for
use, However, it can he readily calculated that the population induced
by an 0il shale plant would generate wastc water at a rate that would

satisfy only about 10 percent of the water requirements of a single
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plant.  Thus, a population ot almost 100,000 people would produce only

-enough wastc water per year fo satisfiy a single 100,000-B/1 (16,000.m5/D)
0il shale plant. Clearly, reuse of residential waste water could at best
make only 2 small contribution to meeting the water needs of an oil shale

industry.

3. Air Quality Impact

Table 17-8 compares the automotive air ﬁollutiun with that
from an oil shale plant. As can be readily seen, the automotive air
poliution is 1/40 to 1/900 that of the air pollutioﬁ from the oil shale
industry. Thus, the impact on regional air quality derived from the
atmospheric dispersion modeling of Chapter 16 will be a good represen-

tation of the total effect on air quality in the Piceance Basin,

D. Nonguantifiable Impacts

1. Impact of Increased Land Use

Three major urban land uses will develop around the towns in
the coal and oil shale regions: Land use of permanent housing and rec-
reation areas for the operating force of the plant and mines, and for
the service personnel and their families, Land use for temporary hous-
ing for the construction force for the plant (often temporary housing in
trzilers evoelves inte permanent housing in the same trailers). Land use

for commercial development, roads, and utility corridors,

All of these land uses disturh rangelaﬁd, open space, and
watershed adjacent to a town, Unpaved roads and graded lands, highly
subject to wind and water erosion, create dust and contribute to topsoil
degradation. The sparse groundcover and low rainfall contribute to soil

instability in areas of disturbed vegetatiou.
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2. Water Quality Degradation

The relatively arid areas of thg Powder River and the Piceance
Basin atford considerable opportunity for water guality degradalion.
Sparse groundcover in the Powder River Basin, wheﬁ disturbed by construc-
tion activity, lecads to erosion and stréam giltation following rains, In
these areas, which arc already short of water for urban use, an increase
in water consumption will lead to stream degradation through flow reduc-
tion. CUrban construction on important underground water recharge can
lead to the lowering ol water tables, Diversion of rainwater runoff
through construction activity or the rechannelling of streamflow ecan
lead to water gquality degradation, Road construciion on the steep un-
stable hillsides of the Picéance Basin pften leads to landslides, which

fill or block streambeds.

Much of the water in the areas under consideration flows in
underground aquifers. In the Powder River Basin, these aquifers-are un-
likely to be affected by construction agtivities or urban growth except
through increased usage for residential or industrial use, In Colbrado,
many of the recharge areas for aquifers lie at the base ol cliffs and in
the flat areas along rivers. Some disturbance of underground aquifers

in this area is possible.2

3. . Impact on Recreation Areas

Scaling factors cannét he used to generalize environmental
impacts tﬁat stem from increased recreational or leisure time activities
in an area because the effects of thease activities are related io the
nature of a given lecale and the sociceconomic status of the inhabitants
nof the settlements invoivéd. Particular to this category of impact are
the activities of increased use of public parkland, hunting and fishing,

and off- and on-the-road travel,
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Growth of population brings heavier use of public parklands,
Unless the quantity of park-like land with public access increases along
with the population, the existing areas receive more intense use-~-some-

times exceeding their capacity to recover from wear and tear,

People fregquently seek 0utdoor recreﬁtional activity on pri-
-vatc lands--sometimes by trespass. As the nation-becgmés increasingly
motorized, leisu;e activity has more and more invélved off-the-road
driving with such vehic¢les as motoreycles, dune buggies, four;wheei-
drive Jeéps and trucks., Much of this off=-the-road ogeration is destruc-
tive to vegetation, disruptive to wildlife, and it creaté; dﬁst and.ﬁoise
problems. Oiten, access by these vehicles leads to_vandélism bf histofic
sites, archeological resources, and unique features of the en?ironment,

not to mention litter, which is a common product of off-the-road travel,.

State and federal agencies own nearly 33 percent of the land
ir the Northern Great Plains Resources Program study area, with these
1ands_form1ng a virtual patchwork quilt on the land. Man} different
federal and stute agencies control land. The recreationai value of fhe
land is most likely to bhe seriously affected by growth. Thelbio}ogical
responsiveness of the land and the biclogical carrying capac;ty of the
land are most likely to be impacted lzst. Population growih already
impacts several arecas; for example Flaming Gorge nearIRock Springs,
Wyoming; Kevhole State Park in northeastern Wyoming near Gillelte and
Shefidan, Wyoming; and €uster National TForest near Colstrip. Coal de-
velopment in Wyoming would likely make Keyhole State Park Wyoming's most
heavily used park.'® The Northern Great Plains afea and the Rocky Moun-
tains to the west now contain uncrowded recreation areas, Population‘
growth will impact the guality of recreation by imtroducing crowding and
heavy use of the most accessible recreation areas, Rivers and reservoirs,

for cxample, are primc recreation use areas, With a growing demand for

3
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water bv energy companies, surface arsa reductions in many reseyvolrs

are to be expected. More people will share less water for recreation.

The recreation habits of residents in the Northern Great Plaius
area differ from those of out-of-state tourists. Tourists tend to fre-
quent the better known national parks and monuments. Those residents
who hunt.and fish generally use state lands, national forests, and Bu-
reau of Sport Fisheries and Wildlife arcas. An increase iﬁ the resident
population from coal mining and conversion will impact local recreation
opportunities most heavily, with c¢ity and counfy parks, state parks
close to mining towns, and federal lands close to mining activities the
most seriously affected. In Wyoming, the annual influx of visitors‘to
Yellowstone National Park, which totals over 2 million people, dwarfé
. the 300,000 Wyoming rcsgidents, 1In anothef part éf the state, however,
in Natrona, Converse, and Niobrara counties (élong the Platte Riverj aver
90 percent of the fishing in 1970 was by residents.’® The impacis Irom
new residents will overshadow the impacts from tourists in most recrea-

tion areas other than national parks and monuments,

4. Impact on Animal Populations

Increased pqpulation brings with it increased road mileage and
road travel in rural areas, This travel endangers the lives of large
znd small animals that frequently cross the roads: antelope, squirrels,
skunks, deer, rabbits, turtles, snakes and raccoons, Nocturnal animals
are especially susceptible. Studies have confirmed that a large cause

of death among wild animglw is their being struck by vehicles on highways.

Increased numbers of people increase the legal and illegal
hunting and fishing pressure on game animals and sport fish., In addi-
tion, there is an increase in destructicen for destruction's sake--espe-

cially of predatory animals, birds of precy, and snakes,
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The layout of roads, habitation, and recreational arcas can
. S

affect animate and plants, in a region differentially, Some species
adapt well te human activity and eéven inerease in numbers as domestic
vegetation substitutes for nalive forage, or as the number of predators
is iessened. lluman habltation harms cother animals or bilirds when home
rangé territories are dimiﬁished or transected, or_whén a unique feature

essential to part of their life cycle (e.g., trout spawning beds in

streams) is destroyed,

bther subtile factors can alse be important to the viability
of wildlife habitat. For example, the sage grouse and sharptziled
grousc prefer certain sagebrush areas as strutting ground for their
matiqglritual. In the Powder River Basin development will lead to more
powerlutility lines which in the past have given birds of pref an un-
naturaL but strategic vantage point from which fo attack grousé{ several

grouse c¢colonies have been decimated in the past by this means. > *

In the Piceance Basin, de*elopment will withdraw critical
winter range in the river valleys for deer, an;elope, and elk in the
White River and Colorado River Basins. The availability of winter range
determines the size 0f the herd that can be supported by the available
habitat. Destruction of winter range has a far more severe effect on

herd size than similar destruction of the more abundant summer range.

E. Summa ry

There are many indirect envirommental consequences of the urbani-
zation that would be induced by ¢oal and oil shale conversion facilities
developments, Amoqg those that can be estimated quantitatively are ef-
fects on'precipitation runoff, waste water production, and air guality
impacts from automobiles. We have shown that there is little chance of
using urban waste water to satisfy all the needs of an oil shale plant

because a single plant needs about 10 times as much water as the
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population induced by the plant will produce. We have also shown thai
the automobile contribution to air pollution will be small compared to

the pollution caused by the plants themselves.

Important, but nonquéntifiable, impacts include effects on land use
patterns, over use and abuse of recreational and rural landscapes, and

increased animal mortality from heing struck by automobiles,
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18--HEALTH ISSUES IN SYNTHETIC LIQUID FUELS DEVELOPMENT

By Robert V. Steele

A, Introduction

There is little question that synthetic liquid fuels development
:will produce adverse effects on human health due both to the further
emission of pollutants already regulated and the release of yet to be
identified toxic, carcinogenic, or other health-iumpairing agents, How-
ever, owing to the lack of concrete data on which to base an analysis,
the extent of such effects caunct be predicted quantitatively until some
develepment tukes place and the appropriate clinical and epidemionlogical
studies are carried oui. All that can be done at this stage is to dis-
cuss the health issues that are likely to arise as a synthetic fuels
industry develops and té point out the critiecal areas in which research,
planning, and testing will be necessary to forestall or minimize dele-

terious eftects on human health,

E, Effects of Industrial Development in New Areas

To the extent that synthetic fuels development is carried out in
areas that currently enjoy low levels of environmental pollution, in-
creased levels of health effects are likely to occur in these areas.

The impacted population will consist not only of the current residents
of these areas, whose numbers are small in many cases, but zlso af plant
and mine worﬁers and their families who will have migrated to the devel-
opment sites. Even with moderate 1e§els of growth, the new population
associated with development could swamp the current population in many

areas after 10 or 15 years, as shown in Chapter 22,
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Yince the number of cases of impaired health should be proportional
to both the ambient concentration ol pollutants and the number of people
exposed, a ''square law’ might be proposed to express the hcalth impacts
of additional development. The ''square law' says that health effects
increase roughly as the sguare of the level of production, since bo th
ambient pollutant concentrations and population exposed are roughly
proportional to this guantity. Although it wouldlbe difficult to make

L)

any quantitative formulation of this "square law, the notion indicates

that the level of effects may be higher than would be initially expected

due to the remote siting of much of the development.

The most obvious health effects would be those related to increased
levels of pollutants for which EPA has set siandards, especially air
pollutants such as Nox, SDB, particulates, oxidants, and so forth, The
EPA primary standards for these pollutants are designed to protect human
health. EPA. secondary standards are designed' to protect human welfare
by minimizing the effects on plant life, materials, etc, If these ambient
air quality standards are rigorously enforced, then few health effects
would arise from these sources of pollution, Asg discussed in Chapter 16,
fhere are many variableg, however, that determine ambient concentrations
of pollutants, including the relative location of plant sites, weather
conditions, secondary pollutant rqleases due to increased population, and
gso forth. Control measures may not necessarily be applied until some
level oflpollution is reached at which health effects begin to appear,
Even then, it may take several years hefore appropriate contr&l measures

can be implemented,

Another area where time lags may cccur between the onset of health
effects and .the implementation of control regulations is the emission of
conmpounds specific to the new synthetic fuel processes that have not
previously been regulated, Careful advance planning and testing will be

required to ensure that the releases of all substances ithat affect health
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are accounted for and quantified so that appropriate rcgulations can be

formulated, if necessary,

C. End Use Impacts

Due to the potential for the widespread use of synthetic liguid
fuels in automotive transportation, there is.h great potential for im-
pacting the Health of large numbers of people., The effects of interest
are thosc that arise from differences in the combustion of syrthetic
fuels compared with those that arise from the combustion of conventional

fuels,

The most pronounced differences in automotive pollutant emissions
are in the combustion of methanol or methanol-gasocline blends compared
with the combustion of pasoline. Reductions in the emissions of auto-
motive poliutants (Nox, €0, hydrocarbons, and aldehydes) have been re-
ported for straight methanol fuell:® and methanol/gasolinc blends,® with
the exception that aldehyde emissions are higher than for gasoline.
Formaldehyde is a partial oxidation product of methanol and it accounts
for most ¢f the aldehyde emissions from methanol combustion., It éan act
as a respiratory irritant and an allergenic agent. The use of advanced
catalytic converters can reduce €O, hydrocarbon, and aldehyde emissions
by an order of magnitude for both gasoline and pasoline/methanol com-<
bustion.?® Aithough differences remain in emissions between the two cases,

the levels are so low that the differences are no longer as significant,

A problem in the use of methanol is that it displays acute toxic ef-
fects both through vapor inhalation (the maximum allowable exposure is
200 ppm c¢ompared with 400 ppm for octane) and through absorption by the

% It is also acutely toxic when ingested orally.4 However, this is

skin,
not likely to be a problem in fuel use, especially if blends are cmployed,
Rather, the routine contact with both vapor (methano! has a vapor pressure

of 100 mm of Hg at 20°C compared to 10 mm of Hg for octane} and spilled
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liquid poses a significant health hazard to service station attendants

and others who Ireguently handle or are exposed to automotive fuels,

Differences in the emissions from the combustion of fuels refined
from shale or coal syncrude and those from combﬁstion of conventional
fuel have not bheen identified, It is likely that the only significant
differences would be in the trace elements or unburned hydrocarbon
emissions. TFor example, it is known that upgraded shale oil and coal
syncfude contain higher fractions of aromatics than do natural crudes.”
This aromatic fraction is largely converted to gésoline, and the aromatic
content of exhaust gas is apparently ptroportional to the aromatic content
of the gasolinc. Therefore, higher emissions of aromatics'may oecur from
the use of synthetic gasoline. It is not known whether or not any of
these aryomatic compounds will bhe among those identificd as carcinogens,
However, it has been reported that carcinogens in raw shale oil are de-
stroyed in the process of hydrotreating (upgrading)} to produce synthetic

crude 0il."

Baoth coal and eil shale contain toxic trace elements. (See Ta-
bles 4-13 and 4-14.) It is likely that many of these will be remaved
during coal liguefaction and shale oil upgrading. However, analyses of
the syncrude praducts have not been carried out, and there is no indiea-~
tioh &8s yvet of the extent to which trace elements will find their way inta

refined ﬁroducts.

D, Localized and Occupational Healtih Problcems

An important conce}n in coal and oil shale conversion activities is
the possibility of adverse health effects on workers and on loecal communi-
ties, This concern is centered mé;e around the possible release of car-
cinogens, toxic trace elements, 'or more exotic‘pollutants than it is

around pollutants whose release is currently regulated and that can he
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readily controlled. It is well known that substances derived from coal,
such as coal tar, contain carcinogenic compounds, Raw shale o¢il isg also
known toc contain carcinogens, The toxic trace elements in coal and oil

shale are discussed in Chapter 4.

The main guestions concerning these and other toxie materials are
whe?her will they be released to the environment, and if sco, what will
be the quantities involved. It has been reported that a coal ligquefac-
tion pilot plant operated by Union Carbide had to be shut down in 1960
because the plant workers developed cancerpus lesions on their skins.”

" Some mechanisms of airborne release of cancer-inducing material can be
inferred from .this report, However, since such reports have not been
received from other opefations, more would have to be known about the
actual operating conditions of the plant to draw 2ny conclusions gen-

erally applicable to coal liguefaction.

At one point it was feared that the disposal of large guantities of
spent shale would create a cancer hazard due to the presence of carcino-
genic compounds such as benzu[a]pyrene in the carbonacecus residue on the
spent shale, However, tests carried out for The Qil Shale Company (TOSCO)
indicate that the carcincgenic potential of spent shale is low, due to
the very small concentrations of benzo[a]pyrene and other pelycycelic aro-
matic hyclrocarbons.8 Rﬁw_shale oil has a mild carcinogenic potential,
comparable to some intermediate refinery products and fuel oils.® Up-
graded shale 0il has a carcinogenic potential about an order of magnitude
less than that of raw shale oil, consistent with the belief that poly-
cyclic aromatics are broken down by hydrogenation. Thug, oil shale and
its products do not appear to.present a serious cancer hazard. However,
safe plant operating procedures should be énforced to prevent the workcers
from contact with intermediate retorting products, which display a "mild”

carcinogenic potential,

610




The release of 6ther Loxic substances should be carefuliy studicd
to insure that these materials are not released to work areas or the gen-
cral enviroument. The pathways and ultimate fales of many substances,
ineluding toxic trace elements, in the conversion process are not well
understood, Thus, basic chemical and analytical studies should bhe car-
ried out to determine the contents of all waste streams from synthetic
liquid fuel processes to determine if health hazar@s might be created by

these streams and if abatement procedures may-be needed.

Another area of concern is the potential for contamination of local
water éupplies through runoff from solid waste disposal piles--primarily
spent shale and ceoal ésh. Although current plans for c¢oal and oil shale
conversion incorporate measures to prevént such contamination, some moni-
foring of waste disposal practices will help to insure that contamination
does not ocecur accidentzlly--during flash floods, for example. Tn addi~
tion, there are subtle effects that might go easily unnoticed. Examples
are percolation of highly saline water through spent éhale piles to under-
lﬁing aquiferé and the disposal of coal ash in mined out areas where |
aguifers have alyready been disturbed, which would cause further contam-

ination.

E, Research Needs

A great deal remains to be learned about the health effects of syn-
thetie liquid fuel production and use. The need for research in ‘this area
is large, but just as important is the timing with which the research is
carried out. To have the greatest effect in moderating human health im-

pacts, the research should be carried out simultaneously with the devel-

opment of the synthetic fuel technologies.

The following important datas are needed:
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¢ Identification of all toxic substances, including carcinogenic, .
'~ teratogenic, and mutagenic agents, in waste streams. !

® The trahsport of these substances through the environment.

® The fate of these substances in the environment, including
mechanisms of degradation and transformation,

. ® The potential feor human health impairment at the concentration
levels expected from releases from full-scale plants,

The strong need fof the type of data indicated above has prompted_a num-
ber of government agencies to institute research programs to acquire déta
on health effects of energy technologies., In particular, EPA has begun
élsfudy; to be performed by SRI, concerned with radiuactive contaminants
assqciéted with new energy technelogies including coal liquefaction apd
0il shale conversion, In addition, the EPA Office of Energy, Minerals,
and Industry has established several programs in this area.. Qther organi-
zations, such ﬁs the National Institute of Environmental Health Sciences
anﬁ the National Institute .for Occupational Safety and Health, have held
worksh;ps in health aspects of energy conversion, Furthermore, the Bio-
medical and Eﬁvi;onmental Division of the Energy Research and Development

Administration (ERDA) will be responsible for carrying out health eflects

research on ERDA-supperted technology programs.

There is, therefore, a reasonable expectation that important health
effects data will be obtained on synthetic fuel technonlogies as they are
developed anq reachr the stages of final commerecialization. If thorough
research and approprigte measures for contrel and regulatioﬁ are carried
out, it is possible that health effects of synthetic fuels development
ma& be minimal. To insure this, carcful coordination of the research
efforts of government agencies and private industry is reguired, along

with thoughttul and timely application ot researeh results.
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19--WATER AVAILAEILITY IN THE
WESTERN UNITED STATES

By R. Allen Zink

A. Introduction

The production of synthetiec liquid fuels from coal and oil shale

® .
For projected synthetic fuel

inyolﬁeé waterlintensiﬁe processes,
plants in’ the eastern states, it appears that--on a major watershed
basis--the wéter impact will be small even in fhe dry months of dry
years (see Chapter 20), However, for the o0il shale region in Colorado
and the coal region of the Nofthern Great Plains, the situation is more
complex, The water problem in the semiarid, energy-rich West is not
simply one of getting enough water to satisfy demands, it is qlso'the
problem of establishing & decision making mechanism to select the
priorities that will gictate fﬁture allocations of a limited amount of

water. The western region has reached the point at which the order of

those priorities will soon have to he set.

The demands on the West's limited budget of water come from many

directions:
. Irrigation of crops
. Livestock watering
* Dogmestic use (status gquo)
o Urban development (growth)
*

Advances in the technologies such as processing oil shale while still
underground hold premise of reducing the water reguired by one-half
or more; also, dry cooling towers in coal conversion processes, al-
though considerably more expensive than the contemplated wet cooling,
could reduce water use.
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’ Industrial production

. Aesthetic values
. Feecreational use
. Energy development

West of the 100th meridian, there is an immiment water hudget
dilemma that will pit the many needs in direct competition. The
primary contributing factors to this competition are:

. Generally arid conditions (precipitation of approximately

14 inches per year)
b Population growth
¢ Increasing use of irrigation in agricultﬁre

° Federal subsidies of water that result in cheap
irrigation water for agricultural projects

. Stated national goal of reducing dependence on
foreign sources of energy, with consequent interest
in new domestic sources.

. Extensive coal and oil shale resources in this arid
region,.

¢ Rising interest in protection of the fragile
environment.

In view of this competition, some hard decisions will have to be
made affecting different people with different needs., How does the
energy-poor NYew Englander feel about the Montana rancher whose land is
heing stripped of its character? How does that rancher feel about
gasoline shortages in Los Angeles? These decizions will have both
regional and national implications, and presently existing laws and
institutions may not be up to the task of making the necessary choices.
This chapter sets out the nature and sources of the complex problems

implicit in western water for energy development.
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B, Water Rights and the Federal Government

A major factor in the issue of water for energy in the West is the
rele of the federal povernment--both as a claimant to certain amounts of
water, and as an institutional disburser of water. From the persbective
of the western states, a more accurate statement would be the federasl
government as claimant to uncertain amounts of water. The situation is
so unsettled that neither private investors nor state governments can act

with confidence in plamnning projects where water will be needed,

This section explcres the source and dimensions of the federal claims,
.the conflicts created by them, and the implications of the situation for

energy development,

1. Scope of Federal Water Rights:

it

When the Un?ted States government obtained the territories that
are now the western slates, if assumed sovereign dominion and power over
all the land, mineral resources, and water, The government encouraged
development of the new territory through homesteading and'stock grazing
land grants, and new states were carved out of the territories. Of the
original federal domain, mﬁch of tﬁe land continues to be property of the
linited Statesr Table 19-1 shows the percentages of federally owned land
in the mineral rich states of Colorado, Wyoming, and Montana:! Of
greater significance is the contribution that federally owned lands make
to natural water rqnoff in the major river basins of the West--66 percent
of the Missou}i River Basin and 96 percent of the Upper Colorado River
Basin.! From a strictly propriétafy standpoint, the federal gavernment
] has.alpowerful equitable argument for ownership and control over waters
arising on “its" property. The U.S. Constitution, in faet, gives Con-

grcss the power .
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to dispose of and make all needful Rules and Regulations
respecting the territory’or the Property belonging to the
United Stztes; and nothing in this Constitution shall be
3o construed as to prejudice any claims of the United
States....”

Table 19-1

PERCENTAGE OF FEDERALLY-OWNED LAND IN
COLORADOQ, MONTANA, AND WYOMING

Federally-Owned

State Land (%)
Colorado 36.3
Montana 29.6
Wyoming 48,2

Other scufces ol federal power over water are also found in
the Constitution. Indeed, the war power has been relied upon to justify
the Tennessee Valley Authority project.®’* Under the supremacy clause,
treaties are superordina?e to state law; thus, federal power exists to
construct improvements on intgrnational watercourses pursuant to a treaty

obligation, irrespective of state law.®

The general welfare clause of
the Constitution has been cited as authority for federal action vis-d-vis
a privately held water right.é'a Federal power over &aters capable of
use as interstate highways' (waterways) arises from the ¢ommerce clause
of the Comstitution.® "An early Supreme Court case -held that this power
to regulate commerce necessarily includes control over navigation.7 Thus,

Congress may control the navigable waters of the United States and keep

them open and free.

. Of the above impressive federal powers over water, all bul two

would—-if exercised to the detriment of a privately held right--result in
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compensation being paid by the federal government for that private loss,
Exercise of federal power over navigable waters would not result in com-

pensation being paid to one whose loss occurs with the exercise of the

power:

Ownership of a private stream wholly upon the lands of an
individual is conceivable; but that running water in a
great navigable stream is capable of private ownership is
inconceivable,”

That is, no power resides in an individual to acquire a property right
in a navigable stream; Eherefore there can be no taking away of said
right and no compensation would be paid. Similarly, exercise of federal
power over a federally-owned proprietary water right could not result in

an individual loss for which compensation would be forthcoming,

These last two federal powers are most feared by the states
because of the extent of the powers and because when they are exercised
no compensation is paid to those whose water rights are displaced., Each

of these powers wil! he discussed in turn,

2, Fedéral Paower Over Navigable Streams

_Federal power over large navigable streams such as the Missis-
sippi or Delaware Rivers seems reasonable since such waterways have served
8s highways for interstate commerce throughout our country's history.
However, application of the doctrine has been so extensive that true
navigability is no longer the test. Thus, a stream is navigable if it
can be made so by reasonable improvements.9 A gtream is navigable if it

' The definition of a

affects the navigable capacity of the mainstream.
"navigable stream” reaches so far that one must explore in order to find
a2 nonnavigable stream. The impact on state action is clear, for the

state’s power to authorize appropriation of water ",..is limited by the

superior power of the federal government | to secure the uninterrupted

'
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navigability of all navigable streams within the limits of the United
States."" % The exteﬁded definition of navigable streams has potentially
provided Congress with the necessary taool to establish sweeping national
water legislation with, e.g,, a Federal water Board' reviewing every
application for water, superseding all prior state allocations——andrno

compensation would have to be paia.t?

3. Federal Properietary Water Rights

For the few nonnavigable streams that escape the definition
extension discussed above, or for all western streams arising on federal
jands~--in the event Congress does not establish plemary power over the
nation's waters--the power of the Congress under the property clause to

deal with its “water” property is impressive.

As previously described, federal land holdings in the West are
substantial. The underlying 'force of the proprietary Iedéral claim to
western water is based on the argument that unless and until the TUnited
States gives up control or ownership of zuch lands and waters, they re-

main under the control of the federal govermment.

It is argued that, relative to these lands, federal legisla-
tion of 1866,'% 1870,'° and 1877 (the Desert Land Act)'* served to sever
federal water from the federal land, making the water available for dis-
position through the laws of the respective states, Support for the

argument came from the U,S, Supreme Court in California-Oregon Power

Company v. Beaver Portland Cement Co.: 3

The fair construection of the provision now under review
is that Congress intended to establish the rule that for
the future the land shall be patented separately...with
the result that the grantee will take the legal title to
the land conveyed, and such title, and only such title,
to the flowing waters thereon as shall be fixed or ac-
knowledged by the customs, laws and judicial decisions
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of the state of their location.... What we now hold is
that following the Act of 1877, if not before, all non-
navigable waters then a part of the public domain be-
came publici juris, subject to the plenary control of the
designated states....

The language seems clear. However, subsggquent cases have had the result

of severely weakening the message. The first warning to the states came

18

in Federal Power Commission v. Oregon, known as the . Pelton case. 1In

Pelton the Supreme Court acknowledged that the Desert Land Act severed

the water/from the land, but the Court made a critical distinetion between
"public lands" and "reserved lands," holding that the Act applied only to
public lands., Publiec lands, the Court said, are those lands owned by the
federal- government that are subject to disposal under federal public land
laws, e.g., land avajlable for homesteading or mining, Reserved lands

are not so subjecl, but are those lands being held by ﬁhe federal govern-
ment for a particular purpose--e.g., national recreation areas, national
forests, national wildlife preservation areas; and petroleum reserves for
uaﬁional defense,

Federal power to reserve water for thesc public land reserva-

7

tions was first recognized in Winters v. United States.'” The Supreme

Court held that, in the case of the Indian reservation before it, even
though the subject of water rights was not mentioned in the documents
used to create the land reservation, there existed an_implied intent
on the part of the federal government to reserve sufficient water aris-
ing.on traversinglof bordering the Indian land to make the land usable,
The Court said:

The power of the government to reserve the waters and

exempt ilhem from appropriation under the siate laws is

not denied and could not be....,'? That the government
did reserve them we have decided....
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Tn 2 federal district court case invelving a federal land
reservation in Nevada for the United States Navy,®° Nevada attemptéd to
force the United States to seek a state water permit before taking water
from the land, Again, the court held that there was no requirement for
compliance with state law--the act of reserving the land for military
purposes removed the land and water from the Desert Land Act and indi-
cated an intent to reserve sufficient water for the purposes of the land

reservation.

The Supreme Court addressed the issue again in Arizona v, Cali-

fornia,31 in which several kinds ol federal reservations were before the
Court, After affirming the validity of the Winter's doctrine in the
Indian water question before it, the Court upheld the Special Master's
finding that
The principle underlying the reservation of water rights
for Indian Reservations [is] equally applicable to other
federal establishments such as National Recreation Areas
and National Forests, We agree.,.that the United States
intended to reserve water sufficient for the future water
reguirements of the Lake Mead National Recreation Area,

the Havasu National Wildlife Refuge, the Imperial Na-
tional Wildlife Refuge and the Gila Natiomal Forest,??

The Court proceeded to describe a guantifiied standard for
Indian rescrvation water related to the number of irrigable acfes, but
1eft unneasured the water allocation for the other federal reservations,
saying only that theysshall have an amount of water "reasonably needed

to fulfill the purpose’ of the reservation.

The Court also reiterated the Winter's holding that the effee-
tive date for determining the priority of these water rights is the date
the land was withdrawn from publiec land status, i.e.,, the date the res-
ervation was created. As a result, water appropriaztions made prior to

such date are vested in the appropriator, but apprepriations made
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subsequent to that date are not vested and could be subject to taking

without compensation through exercise by the federal government of its

water rights.

4, Summary of Federal Water Power

The federal government has the constitutional power to deéelop,
regulate, and allocate--including making allocations to itself--all west-
ern water resources, and it can do so irrespective of state laws. When
acting under the commerce clause's navigation power, the government need

pay no compensation for disrupted private investments,

Furthermore, the federal government can-withdraw-large'tracts
of its weésterin land from public sale or lease. These reservations have .
a water right in an amount necessary to accomplish the purposes of the
reservation, and the priority 0of the water right is the date of the land
withdrawal, Any private water rights acquired subsequent to that date
are junior to‘the federal right and can be usurped without payment 6f

compensation,

5, Federal Reserved Lands in the 0il Shale Region

The. cperation and impact of federal power is seen in the oil
shale region cof the Upper Colorade Basin. Seventy-two percent of the
land in the region is owned by the federal government, and that federal
land contains 79 percent of the region's oil shale.23 Of the total fed-
eral land in the region, reservations have been carved out (1) for future
Navy fuel needs°* and (2) for purposes of "investigation, examination
andlclﬁssification."ag The Naval Oil Shale Reserves were clearl& made
for the contemplated development of the hydrocarbon resource, If the

2?1 "purpose of the reservation’ test is applied to

Arizona v.California

delermine the amount of water implicitly reserved by the zction of the
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Fxecutive Orders, the result is an amount of water needed to support the
mining and retorting operation. This figure has been estimated at not

less than 200,000 acre-ft per year.26 The priority of the federal water
right in this amount dates from the issuance of the Bxecutive Orders es-
tablishing the reservations. Again, private rights aeguired after those

dates are junier to the federal right.

. The reservation made in this region by the 1930 Executive Order

1"

for the purposes of investigation, examination, and classification”

is less easily handled under the Arizona v, California test. It is ar-

gued that "investigation, examination, and classification’ are bare ad-
ministrative geological functions reguiring very little water, and that
there wias no purpose stated encompassing government development of oil

27

shale in commercizal quantitieé. If this argument is accepted, then a

new statement by the federal government would be necessary to the effect
that commercial development of thé oil shale resource on the reservétion
tract is the federal purpose, The federal government could then have the
necessary water, but the priority date of the water right would be the
date of the new statement rather than the 1930 date of the oriéinal
Execcutive Order. Private water rights derogated by the "newly contem-
plated’ oil shale development would be senior to the tederal rights and

therefore would have to be compensated in the taking by the federal

government,

G, Implications of the Federal Power

The amount of water for all the various ' purposes of federal
reserved land in the ¥est is a matter of speculation., For example, it
may be argued that a purpose of the extensive national forests reserva-
tions ig the production and contrel of water, thereby creating a federal

water right in the total amount of the water arising on that forest land,
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One study~° has pointed out that o Bt

The federal theories underlying reservations and navigation

servitude assume that the United States can leave its owner-
ship or authoritiy in suspended animation and can call it in

piecemeal or in toto whenever it feels that the time has

come for a project,...

The uncertainty of that "'suspended animation” has angered and frustrated
state authorities in their efforts to deal with both state interests in

water aﬁd'thé'interests of their private citizens.

7. Attempts at Resolution

Colorado has recently tried to remove federal water rights and
interests from suspended animation in particular cases. A little used

federal law states the following:25

Consent is given to join the United States as a defeundent
in any suit (1) for the adjudication of rights to the use
of water ol a river system or other source, or (2) for the
administration of such rights, where it appears that the
United States is the owher of or is in the process of ac—~
quiring water rights by appropriation under state law, by
" purchase, by exchange, or otherwise, and the United States

L

is a necessary party to such suit. The United States,
when a party to any such suit, shall (1) be deemed to have
waived any right ito plead that the state laws are inappli-
cable or that the United States is not amenable therete by
reason of its sovereignty, and (2) shall be subject to the
Judgments, orders and decrees of the court having juris-
diction, .., '

Colorado did include the United States as a party in a state
enurt water rights adjiudication and the United States refused to par-
ticipate, The matter ultimately was carried €b the U.5. Supreme Court
where Colorado prevailed,®°® 3% The vietory is a limited one, however,

for the decision does not give the states power to guantify federal
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water rights generally.* The result ig a mechanism for a slow, pain-
staking, expensive, ad hoc measuring of federal water claims, with the
federal government unrelenting in its point of view. Now that the case
is back at the state court level (to where the U,5, Supreme Court sent
it saying, 'Proceed") the federal government is listing its claims in
vague and expansive terms. Typical is the federal claim for its water

rights in fthe Arapaho National Forest in Colorado:

The United States of America hereby claims certain quanti-
ties of the surface, ground and underground waters, hoth
tributary and nontributary, which were unappropriated as-
of the reservation dates.... The United States claims
direct water rights, storage water rights, transportation
rights and well rights for purposes which include, but are
not limited to, the following: growth, management and
production of 2 continuocus supply of timber; recreation;
domestic uses; municipal and administrative~site uses;
agriculture and irrigation; stock grazing and watering;
the development, conzervation and management of resident
and migratory wildlife resources including birds, fishes,
mammals, and all other classes of wild animals and all
types of aquatic and land vegetation upon which wildlife
is dependent; fire fighting and prevention; forest im-~
provement and protection; commercial, drinking and sani-
tary uses; road watering; watershed protection and man-
agement and the securing of favorable conditions of water
flows; wilderness preservation; flood, soil and erosion
control; preservation of scenic, aesthetic and other pub-
lic values; and fish culture; conservation, habitat pro-
tection, and management. With respect to the category of
fish culture, conservation, habitat protection, and man-
agement, the Imited States claims the right to the main-
tenance of such continucus, uninterrupted flows of water
and such minimum stream and lake levels as are sufficient
in guantity and quality to: ‘

*Left unanswered is the effect of the statute on permit-tyvpe states, such
as Wyoming and Meontana, where water riphts are determined administra-
tively, not judicially. ’
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(1) Insure the continued nutrition, growth, con-
servatioﬁ, and reproduction cof those species
of fish which inhabited sueh waters on the
applicable reservation dates, or those spb—
cies of fish which are thereafter intraduced.

(2) Attain and preserve the recreational, scenic,

" and aesthetic conditions existing on the ap-
plicable reservation dates, or to preserve
those conditions which are thereafter caused

to exist, 3®¥

1t is important, after catching a breath, to emphagize the gov-
ernment’s earlf-stated caveat that the federal claim is "...not limited
to,,.. the purposes stated in this exhaustive list, Stunned by the
vigor of - the federal govermment's activities in-the-aftermath of the
Eaple Countv'ﬁeciéion, the Colorado Water Conservation Board passed the

following resolution: |

Whereas the federal government has new filed numerous
claims for water rights in the Siate of Colorado,..to
establish federal claims to much of the water origi-
nating in Colorado...; and

Whereas the federal government is claiming an unspeci-
fied and unknown amount of water...; and :

Whereas the granting of the claims sought by the Tmited
States could seriously jeopardize the exizting system
of water rights within the State of Colorado, could
create a dual system of administration and decrees,
could require water users needlessly to re-adjudicate
rights already acquired and decreed under state law,
could adversely affect Colorado's rights under the
Colorado River Compaet and the Upper Colorado River
Basin Compact, and will cast an almost impossible burden

*Taken directly from the U.S., filing papers in the Colorado Court. The
lengthy guote is felt necessary to make the point,

tColorado Waler Conservation Board; Resolution passed at the meetlng of
January 18, 1973, (Emphasis added.)
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upon the citizens of this state in attempting to protect
their individual waler rights;

Now therefore, be it resolved,..that the Board does hereby
recommend to the Governor...(letc.]...that all steps neces-
sary and proper, including appropriate funding, be taken
and authorized to adjudicate them and thereafter adminis-
ter them in accordance with  state law...,

The Board is calling {for the fiscal resources to oppose the
federal water lawyers. The gauntlet was thrown when the open-=nded fed-

eral claims were filed,

There have béen numercus alttempts in the U.S. Congress to leg-
islate a solution to the problem of seemingly open-ended federal wafer
claims, but none of the measures was passed.®? For thé mést part, théy'
were introduced by western congressmen‘seeking to subjeect virtually all

federal water claims to state law.

Nevertheless, most pgéplé agree that something must be done to
remove the fé&eral water cloud. Two nationai studics have called for
congressional action to require federal cooperation in puréuit of a solu-
tion, The Public Land Law Review Cémmission recommended a complete guan~
tification of all federal water claims, including publie notice of all
prospective water uses under federal reserved rights; this group also
recoﬁmended that provision be méde for payment of compensation where the
exercise of a federal right weould interfere with water-rights-vested

under siate law prior to the 1983 decision in Arizona v. California.™

In its 1973 report,54 the National Water Commission called for a quanti-

fication only of existing federal water uses,1 with future reserved rights

*Reference 1, pp, 147-149,
t8ee Sect, 10 for discussion of Natiponal Water Commission treatment of
the intricate Indian water rights issue, '
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to be exercised through compliance by the federal government with the
law of the state in which the federal project is located; the priority
of the federal water right so acquired would be the date of the applica-

tion for state permit or otherwise as determined by state law.

ILegisiation has been d;afted.by the Land and Natural Resources
Division of the U.8. Department of Justice at the request of the Secre-
tarf of the Interior, scting in his capacity as Chairman of the U.S.
Water Resources Council. The proposed zect seeks "...to provide for the
inventorying and quantification of the reserved, approprizative, and other
rights to the use of wa#er by the United States...,"®® in?luding an in-
.ventory of Indian water rights, The act provides for judicial review in

federal court of the administrative determinations made in pursuit of

the comprehensive inventory. No provision is made for the payment of com-

pensation and there is no intent to subject federal rights to state law:

...more than ever before, in this day of awareness of eco-
logical necessities ahd environmental and other values
which may be antithetical to the economic objectives of
many local water developments, it would seem clear that
the public interest does not necessarily reguire that all
future development under the United States reserved rights
vield to immediate development under state law,3%

A noted commentator, Dezn Frank J, Trelease, has pointed out
that such a proposed inventory ecould cause great problems in that the

federal agencies concerned

v..may prepare inventories which are grandiose claims of a
plie-in-the-sky order, which may confirm the worst fears of
state planners [and energy developers] who will see little
laft for them, and which may unnecessarily becloud titles
to unused waters, perhaps deterring development even more

than the present uncertainties,<%
£

v

k.

The response of the Department of Justice to this criticism is

that the provision for adjudication of claims made by the administrative
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