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FOREWORD

The Regional Oil Shale Study is being conducted for the Department
of Natural Resources, State of Colorado, by four groups as follows:

1. Water Resources by the U. S. Geological Survey

2. Regional Development and Land Use Planning by
the Oil Shale Regional Planning Commission

3. Revegetation of Disturbed Areas by Colorado State
University

4, Environmental Inventory, Analysis and Impact
Study by the Thorne Ecological Institute

This report represents the completion of Part I Phase One, the
Environmental Inventory, Analysis and Impact Study by Thorne
Ecological Institute.

The purpose of Part I Phase One is to assemble presently available
information with applicable literature references in each of the environ-
mental components, to complete a field reconnaissance and to make

this information available to each of the Thorne Principal Investigators
and to other study groups through the Environmental Steering Committee.
This report includes available information, the results of the recon-
naissance and the literature on thirteen environmental components.

The Principal Investigators and the components are as follows:
Alden, Howard R., Ph.D. Recreation Resources
Burke, Hubert D. Scenic Resources

Cringan, Alexander T., Ph.D. Terrestrial Vertebrate Fauna

Ferchau, Hugo, Ph.D. Plant Ecology
Fox, Charles J. Soils
Jennings, Calvin, Ph.D. History and Anthropology

Landon, Robert E., Ph.D. Surficial Geology
Marlatt, William E., Ph. D. Climatology
Marquardt, William. C., Ph.D. Disease Vectors
Meiman, James R., Ph.D. Surface Runoff & Snow
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Pettus, David, Ph. D. Cold-blooded Vertebrates
Wilber, Charles G., Ph.D. Water Quality

The study area is in the Piceance Basin and its surrounding stream
corridors.

The boundaries are as follows, beginning at Rifle, Colorado, on the
Colorado River, the corridor goes north up Government Creek between
the Grand Hogback on the east and the Roan Plateau on the west and
continues north down Sheep Creek which flows into the White River
near Meeker. From there the corridor of the White River extends
west, downstream, to Rangely, Colorado. From Rangely the bound-
ary goes up Douglas and East Douglas Creek and over a saddle and
down Roan Creek to the town of DeBeque on the Colorado River, then
east up that river to the point of beginning at Rifle.

Part I, Phase Two will consist of selected studies needed to provide
information necessary for an adequate assessment of the probable
impacts of the development of a commercial oil shale industry. Con-
sideration will be given the entire basin but emphasis will center on
the two lease sites Ca and Cb.

These studies will be limited to those which can be accomplished with-
in time and budget limitations. Needed studies which are beyond the
scope of the Regional Oil Shale Study or beyond time or budget limita-

tions will be outlined and the need for them discussed in appropriate
reports.

Part II will be the study of the impact of the proposed commercial oil
shale development.
The time scale for completion of reports is:

Part I Phase One..... Feb. 15, 1973

Part I Phase Two .... July 31, 1974

Part II.ceococceocscaes Oct. 15, 1974
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A RECONNAISSANCE REPORT ON THE SCENIC RESOURCES
OF THE PICEANCE BASIN RIO BLANCO AND
GARFIELD COUNTIES, COLORADO

I. INTRODUCTION

A. Designation

This report is Part I, Phase One of the Scenic Resources portion of
the Environmental Inventory, Analysis, and Impact Study being done
by Thorne Ecological Institute for the Regional Oil Shale Study.

B. Purpose and Scope

The purpose of this report is to accumulate existing information re-
garding the scenic values of the Basin and to describe the scenic
resource in general terms based on a reconnaissance of the region.

C. Location and Description of the Region

The report covers the Piceance Basin, an area of approximately 1600
square miles lying in Rio Blanco and Garfield Counties, Colorado,
between the Colorado River on the south and the White River on the
north.

The Piceance Basin is geologically a part of the Colorado Plateau.

It has been subjected to extreme vertical uplift during recent geologi-
cal time. The result is a broad shallow basin lying on top of an ele-
vation known as the Roan Plateau. The edges of the basin lie near the
rim of the plateau. Because of this, the streams draining the out-
ward faces of the plateau are short, few in number, and have a steep
gradient. In contrast, Piceance and Yellow Creeks and their tribu-
taries which drain the Basin are longer and have less gradient,

Fig. 1.
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The plateau is bordered by stream valley corridors. Beginning at
Rifle, Colorado on the Colorado River, the corridor goes north up
Government Creek between the Grand Hogback and the Roan Plateau
and continues north down Sheep Creek which flows into the White
River near Meeker. From there the corridor of the White River
extends west downstream, to Rangely. From Rangely the boundary
goes south up Douglas and East Douglas Creek over a saddle and
southeast down Roan Creek to the town of De Beque on the Colorado
River and then east up that river to the point of beginning at Rifle.

The Colorado River Valley lies between three and four thousand feet
below the south rim. The White River Valley is only a few hundred
feet below the north rim because this rim is lower, between six and
seven thousand feet, compared to the elevation of between eight and
nine thousand feet on the south, east, and west rims. Also the
Colorado River Valley is about five hundred feet lower than that of the
White River.

The native vegetation of the region is made up of the sagebrush,
mountain shrubs, and pinon-juniper characteristic of the Plateau
Region. The broader valleys have ranch headquarters, with irrigated
hay and grain fields. The high points along the south rim of the
plateau have patches of Douglas fir. Clumps of aspen are found at
higher elevations, mostly on north slopes. Cottonwoods form bands
along the Colorado and White Rivers and extend along some tribu-
taries of the Colorado at lower elevations. The lower alkali flats are
often characterized by greasewood.

D. The Scenic Resource

1. Visual Perception

The visual landscape usually is the first and most lasting impression
received by a visitor. Thanks to the camera, it is also the most
easily and accurately recorded. Damage to this component of the
environment usually is quickly noted and resented when seen by the
general public. In the present sensitive state of society, the public
can be expected to become involved promptly when scenic values are
damaged or threatened.

The eye perceives line, form, mass, texture, color, and light value.
Appreciation for a scene is associated with patterns and variations of
these values. Variation without pattern leads to a confused image,

while pattern without adequate variation is monotonous. Artists term
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a picture with too much variation as '"busy' and work for subtle pat-
terns of repetition with variation to achieve a balance between order
and interest. A good example of repetition with variation is a view

in which successive mountain ranges can be seen. All are of a simi-
lar pattern, yet each is different in line, form, color, and light value.
The scenic value of the canyons of the oil shale region results from
changes in form between valley bottoms, talus slopes and vertical
cliffs and from the variations in color, texture, and light value which
accompany them.

2. The Components of the Ecosystem in Relation to the Scenery

Geomorphology is one of the most influential components of scenery.
Land form characterizes a landscape as plains, mountains, canyon
lands, plateaus, etc. Vegetation determines surface pattern, tex-
ture, and color, and characterizes a landscape into categories such
as forest, prairie, chaparral, or brush land. Air quality affects
color, light value, and visibility. Water as a means of cutting
valleys and canyons and as lakes and streams determines the form
of landscapes. Animals may dominate a scene temporarily, for
example, a pair of eagles circling over a cliff, or deer browsing

on a hillside, may add life to a seemingly dead landscape. In the
web of the ecosystem, almost all of the other components affect
scenery. Since scenery is only the visual perception of combina-
tions of the other components as they appear at a given moment,
scenery does not affect other components. However, management
to preserve scenic values may have considerable effect on the

other components.

3. Evaluations of Scenery

Most people agree that scenery has value. They also generally
agree as to what constitutes scenic beauty and what is distasteful.
These values have been recognized and described in adjective
terms. Recently, since scenic values have had to compete with
economic values, it has been necessary to search for methods by
which scenery could be evaluated more precisely than could be
done with "beautiful', '"magnificent', ''pretty', 'ugly', and simi-
lar descriptive terms.

In 1962 Lewis and Oertel developed a ""Landscape Perceptual Sur-
vey' involving a visual corridor and a full inventory of all important
perceptual values such as railroads, highways, buildings, vegeta-
tion, slopes, and interesting views. A series of maps were made
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on which recreation uses were located. From these maps the field of
view and the important scenic values could be plotted from any point
on the highway, (Lewis & Oertel 1963).

In 1963 Pushkarev described some of the successes and failures ex-
perienced in appraising scenic values along the highways in North-
eastern United States. He used ''the driver's cone of vision'' as a
basis for description, (Pushkarev 1963).

Appleyard, Lynch and Meyer of Massachusetts Institute of Technology,
in the same year used tape recordings, films, and photographs to
appraise scenery. They recorded everything that they saw while trav-
eling repeatedly over several routes, (Appleyard et al. 1963).

In 1965 the U. S. Forest Service in the Pacific Northwest developed a
scenic rating system for location of roads for greatest recreation
benefit, (U.S. Forest Service 1965).

In California in 1968 Litton of the College of Environmental Design,
University of California, working with the Pacific Southwest Forest
and Range Experiment Station, developed a basis for description of
scenery using the factors of distance, observer position, form,
spatial definition, light and sequence in describing seven types of
landscapes: (1) Panoramic, (2) Feature, (3) Enclosed, (4) Focal,

(5) Canopied, (6) Detail, and (7) Ephemeral. He has illustrated these
methods for field use, (Litton 1968).

In 1968 Leopold faced with the task of determining whether or not
Hell's Canyon was a truly unique scenic area and worth preserving at
the cost of a reduced capability for generating electrical power,
developed a method for describing a river valley and comparing it to
other locations, (Leopold 1968).

At the same time, searching for a means of evaluating the place of
scenery in multiple-use forest management, Burke of the U.S. Forest
Service Rocky Mountain Forest and Range Experiment Station, work-
ing with Lewis and Orr, landscape architects for the Southwestern
and Rocky Mountain Forest Service regions respectively, developed a
numerical method for classifying scenery from a roadway. It was
based upon the characteristic scenery for any given area. At a series
of points along a roadway scenic ratings were made in specified
directions. Average or ''characteristic' scenery was given a '"'zero"
rating. If the view had elements of beauty or interest superior to the
characteristic landscape it would be rated as a ''plus one'. If some
work of man detracted from the natural landscape a ''minus one' was
given., These values were accumulated and weighed to give estimates
of the scenic resource. Photographs were taken at the observation
points preserving a record so that subsequent observations from the



I-6

same point would indicate whether the landscape were stable, im-
proving , or deteriorating, (Burke, Lewis and Orr 1968).

Ian McHarg working for the Conservation Foundation brought out his
""Design with Nature'' in 1968 and included in it is a system for evalu-
ating the components of scenery by use of a series of maps and over-
lays, (McHarg 1971).

Shafer of the U.S. Forest Service Northeastern Forest Experiment
Station in 1969 explored the possibility of quantifying previously
selected qualitative values of wilderness recreation with an attitude
scale, used mainly by sociologists and psychologists. Scenics
formed a major portion of the analysis, (Shafer 1968).

The White River National Forest in 1971 developed a Visual Analy-
sis of Glenwood Canyon, Colorado in which five features: (1) rock
walls, (2) talus slopes, (3) water, (4) vegetation, and (5) man made
elements were used in a classification that ranged from '9'" the
worst condition or '""major modification, rock cuts readily apparent,
old cuts unnatural and readily apparent' to "'l1' the best condition
with '""natural rock formations, no apparent modification, old cuts
completely blend with natural''. Ratings were made at a series of
stations throughout the canyon and photos were taken for the record.

II. THE SCENIC RESOURCES OF THE PICEANCE BASIN

A. The Relative Scenic Position of the

Piceance Basin

The scenery of the Piceance Basin has features that would be highly
prized in less favored regions of the United States but lying as it
does between the superb scenery of the Rocky Mountains to the east
and the spectacular canyon lands to the west, it suffers by compari-
son. There are but few descriptions of the scenic resource of the
Basin and these reinforce this contrast. In an article in Colorado
Magazine describing the scenery of the mountain country, the author
quotes a resident of Meeker as calling it ''a place between where
people go''. The oil shale area was described as about the size of
New Jersey and except for a few isolated ranches virtually unin-
habited, ''as wild and desolate as any in the west and covered with
bluffs, cedar-sage washes and gullies'. From there the article
goes on to describe a trip into the beautiful Flattops Primitive Area
that lies to the east of Meeker in the White River National Forest,
(Wood 1970).

—
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The '"Cameron Report' described six townships which included the
Corral Creek area of the Basin and extended west over the Cathedral
Bluffs. The bluffs in this report are said to dominate the landscape
which is essentially semi-desert. Panoramic landscapes were ob-
served along the rim of the Cathedral Bluffs, with some scenic over-
looks of exceptional quality. Feature landscapes also were noted
along Cathedral Bluffs and broad panoramas of sagebrush and juniper.
Intimate or detailed landscapes were found in unusual rock outcrops
or in clumps or individual old juniper trees. The '"Cameron Report'
confines itself to the six-township study area and makes no compari-
son to surrounding regions, (Colo. State University 1971).

In contrast, the ''Draft Statement on the Prototype Oil Shale Leasing
Program!' emphasizes the regional disparity in scenic value by saying,
""The environs adjacent to but outside of the oil shale lands contain
many prime outdoor recreation opportunities'. They reinforced this
statement with photos showing three scenic views from the mountains
to the east, and two from Flaming Gorge reservoir to the northwest.
Only one photo from the area was used; this showed the Cathedral
Bluffs. The scenic disparity is recognized further in the statement,
""The area is visited sparingly by tourists at times other than during
the big game hunting season. This is probably because of the proxim-
ity of the area to more desirable country with high recreation

values. . . . Some of the more spectacular scenic areas in the region
surrounding the oil shale lands include Dinosaur, Colorado, Arches,
Canyonlands, and Black Canyon National Monuments. Numerous

scenic areas and campgrounds of the National Forest, [occur on
areas] such as the White River and Uncompahgre National Forest.
These prime scenic areas are within 100 miles of the oil shale lands."
However, in a later portion both Cathedral Bluffs and Piceance Creek
are listed as important scenic areas, (U.S. Dept. Interior 1972).

The Bureau of Land Management's '"Management Plan'' makes no
evaluation of the scenery but says, that there are no bodies of water
in the area except the White River. (This report covers only the
northern portion of the Basin) It states, ''Scenery of the unit could be
improved by improving vegetative composition and vigor by improving
the wildlife habitat. Watershed improvement practices, such as
check dams and gully plugs constructed to retard erosion would aid to
improve the scenery. Construction of reservoirs would also improve
the scenery'", (B.L.M. 1970). The B.L.M. has also prepared maps
showing scenic corridors, but all trails are impartially listed as
such.



B. Description of the Plateau and its Corridors

The Piceance Basin appears as a broad, shallow depression draining
to the north through channels cut in the rim by Piceance and Yellow
Creeks. Upon reaching the edge of the Basin in any direction the
observer would look down, from 600 to 1500 feet on the north into
the White River Valley and to over 3000 feet on the south into the
Colorado River Valley. Thus the plateau is surrounded by valleys
which contain streams, highways, settlements, and which also con-
stitute visual corridors. The scenic description will be divided into
the plateau and corridors as follows:

The Plateau

The Colorado River Corridor

The White River Corridor

The Piceance Creek Corridor

The Government Creek and Sheep Creek Corridor

. The Douglas Creek Corridor

ECTY IS S SR U 6 .

The Roan Creek Corridor.

1. The Plateau

The Piceance Basin provides an excellent opportunity to observe the
influence of geologic structures upon the landscape. The plateau is
composed of the Green River Formation. This was laid down in
Eocene time in four layers or members. The youngest (the one on
top) is the Evacuation Creek Member. This is made up of gray, red,
and brown sandstones, gray and yellowish siltstones, and gray-brown
sandy shale, with occasional thin beds of low grade oil shale and
marlstone. This geologic formation covers the entire top of the
plateau. Because of its sandy character, poorly developed stratifi-
cation and relatively porous nature, it erodes into a rough, hilly
topography, Fig. 2. ’

Along more deeply eroded valleys, such as the valley of Piceance
Creek and some of the larger tributaries, the more massive sand-
stone beds form prominent bluffs, some of which are 200 to 300 feet
high, (Landon 1972), Fig. 3.
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The Evacuation Creek Member of the Green River Forma-
tion is made up of sandstones, siltstones, and sandy shale,
and erodes into a rough, hilly topography. This formation
covers the top of the entire plateau.
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Sandstone cliffs at the junction

of Barcus and Yellow Creeks.

]
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The surface of the Basin appears to be a smooth, gentle dip when
looking across the tops of the rounded hills from the rim, but the
topography is a succession of hills and valleys remarkably alike,
Fig. 4.

Near the south rim and at other points of high elevation there are
clumps of Douglas fir (Pseudotsuga menziesii) on north-facing slopes
where moisture is more available all year, and aspen (Populus
tremuloides), Fig. 5. Along the north rim there are stands of juniper
(Juniperus spp.). Otherwise the plateau is covered by mountain
shrubs such as (Amelanchier alnifolia), oakbrush (Quercus gambelii),
snowberry (Symphoracarpus oreophilus), sagebrush (Artemesia
tridentata), and grass. The brush reaches a height of about 15 feet
on better sites and the juniper rarely exceeds 20 feet, Fig. 6.

Repetition, in the form of the successive rounded hills and valleys
together with the uniform texture and color pattern of the shrubs and
grasses form a landscape that as a whole may be described as
monotonous. This does not mean, however, that it is without interest
because there is an endless variety of intimate landscapes with
pleasing masses of silver-green sage combined with the varying
shades of darker greens of the shrubs or occasionally a juniper tree
of great age and character.

To a trained observer, the interplay of geologic materials, slope,
aspect and topographic position together with the composition and
density of the various plant communities can be fascinating

Fleetingly present, but nevertheless an important component of the
scenic resource, are the living creatures. In proper seasons hawks,
eagles, or buzzards soar along the rising air currents at the crest of
the slopes. Grouse are sighted occasionally, and deer are seen
frequently. As on the sea or plains, vastness of the landscape pro-
vides a stage on which in summer, frequent storm clouds unfold a
series of magnificant ephemeral views.

Scenic resources are not confined to beautiful, grand or awe

inspiring features that focus interest. They also include all the

land in between. Frequently, lands described as monotonous are

more sensitive to damage by careless or thoughtless actions than

are the more varied landscapes. This can be seen on the desert

or plains where discarded automobile bodies are visible for a

mile or more, and destroy much of the pleasure of the view.

These same car bodies discarded in a less monotonous area

might for the most part be hidden, or at least the view of them would be
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Fig. 4. Looking southeast from the rim of Cathedral Bluffs, the
Basin appears to be a smooth gentle dip.




Fig. 5.
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Looking slightly west of north from near the southeast
rim of the Basin over an aspen stand.



Fig 6.

Juniper and sagebrush.
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restricted. Similarly, a structure of any kind, a raw shale pile, a
tower, a power line, a road, or the refuse from mining on this
plateau would be more conspicuous and have more scenic impact than
identical forms and masses would have in areas of greater scenic
variety and lower visibility.

Scenic impacts may be classed as ''objective' or those that affect an
area directly, such as the area covered by an auto salvage yard.

'"Subjective' impacts are those that are felt outside of the area of
objective impact. This would be the area outside of the salvage yard
from which it could be seen.

On the plateau a towering pile of raw shale might cover less than 5
acres, - objective impact, yet it could be seen from scores of square
miles - subjective impact. Both impacts should be considered in any
consideration affecting scenics, but the subjective impacts are
particularly important on the wide open space of the plateau.

2. The Colorado River Corridor

The Colorado River Valley is at a lower elevation, wider, deeper in
relation to the cliffs bordering the valley, and has a greater human
population than the other corridors. The route for potential Inter-
state Highway 70, U.S. Highways 6 and 24, and the Denver Rio
Grande Western railroad parallel the river. Numerous ranch head-
quarters, some industrial and mining operations, and three towns,
Rifle, Grand Valley, and De Beque occupy the valley, Fig. 7.

The Evacuation Creek Member of the Green River Formation that
covers the plateau can be seen as conical caps on the over 3000 foot
rampart formed by the Roan Cliffs to the north. The vertical drop of
hundreds of feet from the rim of the canyon is formed by the Parachute
Creek Formation - the o0il bearing member. Below this the Garden
Gulch and Douglas Creek Members of the Green River Formation
rest upon the red and brown materials of the older Wasatch deposits.

Below the vertical cliffs, talus slopes composed of broken rock that
has fallen from the cliffs form great conical masses. The repetition
of conical forms in a variety of sizes, colors, textures, and relation-
ships to the vertical cliffs above and the level canyon floor below
forms a visual corridor of great beauty. Anvil Point, Allen's Point
and Mt. Callahan are high points on the rim of the north wall. The
vegetation - the same species found on the plateau forms patterns of
color and texture related to the direction in which the slopes face and
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Looking northeast up the Colorado River Valley at Grand
Valley.
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their angle to the sun. Those which face the sun most directly are
dry and vegetation is reduced to a few scattered plants and the color
is that of the geologic material. On shaded slopes a dense cover of
vegetation occurs and those slopes are a combination of greens.

The floor of the valley is covered with ranches and irrigated fields, a
pleasing contrast, especially in summer when the arid aspect of the
canyon walls is relieved by the green of alfalfa and hay, Fig. 8.

This corridor has great scenic importance. Areas may be divided
into three classes of scenic importance. This classification assumes
that the more people view a scene, the more important it is.

Class I. This is an object or location that affects the scenic experi-

ence of thousands of people in an area of regional or national interest.

Class II. This is an object of location that affects the scenic experi-
ence of thousands of people in an area of local interest or of but a few
hundred people in an area of regional or national interest.

Class III. This is an object of location that affects the scenic experi-

ence of but a few hundred people in an area of local interest.

It should be noted that interest in an area may change and that would
change its classification. A family burial plot becomes an area of
national interest when a former president is buried there.

The Colorado River Corridor is seen by thousands of people annually
and all Interstate Highways and U.S. Highways are assumed to be
areas of regional or national interest. This corridor, therefore,
falls into Class I. whereas the plateau, most of the Douglas Creek
Corridor and the Roan Creek Corridor would be Class III. The
remainder of the corridors would fall in Class II.

This corridor probably would not be greatly affected by the direct or
on-site impacts related to an oil shale industry. But, it would be
vulnerable to a variety of indirect or off-site impacts such as clots of
urbanization scattered along the valley, greatly increased numbers of
houses, service facilities, and ''quick buck' operations. The scenic
degradation would not be confined to the offending structures them-
selves, but because of the depth and shape of the canyon and prevail-
ing climatic conditions, the emissions from the added buildings and
traffic could create a tunnel of smog itor the length of the corridor.

Parachute Creek is an important tributary and contributes to the
scenic value of the Colorado River Valley in this stretch. It is about
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Looking
Valley.
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toward De

Beque up the Colorado River
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three-fourths of a mile wide on the canyon floor at Grand Valley and
reaches about 18 miles back into the plateau. The canyon is walled
by the high precipices of the Roan Plateau. At its head in small
tributary canyons there are beautiful waterfalls which flow year long,
Fig. 9.

3. The White River Corridor

The White River Corridor lies between Meeker and Rangely, Colo-
rado. Colorado Highway 64 parallels the river. The valley floor is
covered with ranch headquarters, irrigated meadows, and fields. In
places the valley widens to about two miles.

This valley is not bordered by high walls but by rounded hills which
reach from 400 to 600 feet at the edge of the visual corridor, Fig. 10.

The hills are covered with sagebrush and a scattering of juniper.
There are trees here and there along the river but they do not form a
stream border of any consequence. Occasionally there are reddish
sandstone ledges that break the uniform pattern of the rounded hills,
but these are not sufficiently large or colorful to be considered out-
standing. The most interesting views in this corridor are of ranches
and livestock.

Piceance Creek and Yellow Creek flow into the White River from the
south. There is a black topped road the full length of Piceance Creek
to Rio Blanco. A gravelled road runs up Yellow Creek for a short
distance.

White River has sufficient water and space to accommodate the
urbanization that would accompany commercial development. Be-
cause of this it is highly vulnerable to unregulated construction. In
this instance a pretty ranching valley, not outstanding scenically,
could become a very ugly valley filled with the clutter of boomtown
development. This area is not unaccustomed to this because Rangely
was a typical oil boomtown when it began, Fig. 11.

Four areas in the White River Corridor are particularly vulnerable to
scenic degradation. Rural non-farm acreages, unregulated and un-
screened mobile home parks, and accompanying drive-in type enter-
prises can be expected to the west of Meeker, to the east of Rangely
and near the mouths of Piceance and Yellow Creeks.
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West Fork of Parachute Creek Canyon.
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Looking south across White River Valley at mouth of
Piceance Creek.



Fig. 11.
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Looking east up White River Valley at Rangely airport.
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4. The Piceance Creek Corridor

This corridor would carry most of the traffic from the lease sites
unless added roads were to be constructed. The scenic corridor is
closely restricted by the low hills which border the valley. There are
but few places where an observer can see more than a mile up or down
valley. The view is not unpleasant to one interested in western ranch
country. Nevertheless, one mile looks remarkably like another for
the full length of the creek, Fig. 12.

While it is monotonous scenically this corridor is unspoiled and be-
cause of its location it is highly vulnerable to boomtown development
from Rio Blanco on Colorado Highway 13 to ""White River City' at its
mouth.

Any scenic degradation in this corridor would be emphasized by the
monotony of the remainder of the area. A more scenic area might
also have greater variability and perhaps could absorb more ugly
intrusions than a less scenic and less varied area.

5. The Government Creek and Sheep Creek Corridor

The eastern boundary of the study area is the Grand Hogback which
forms the east wall of this scenic corridor and the Roan Plateau
forms the west, Fig. 13.

Neither Government Creek or Sheep Creek have more than a trickle
in them except during snowmelt or following a rain. The east wall of
the corridor - the Grand Hogback is made up of geological debris of
varicolored clays, sandstones and shales. The west wall near Rifle
is spectacular but to the observer following Highway 13 north this
view soon falls behind. Coming south the traveler is turned from this
good view somewhat by the road layout.

The floor of the canyon is not outstanding scenically because in places
the floor has been preempted by power lines. Five run along the
valley in one place.

Rio Blanco store sits at the junction of Highway 13 at the head of
Piceance Creek. The highway runs along the Government Creek
drainage and over a low pass into the headwaters of Piceance Creek
and over another little pass into Sheep Creek.
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Looking northwest down Piceance Creek toward the mouth
of Black Sulphur Creek which comes in from the upper left.
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Fig. 13. Looking north up Government Creek from the east rim of
the Roan Plateau.
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There are some ranch headquarters in this corridor, but one is more
likely to notice the numerous abandoned homesteads - evidences of past
economic disaster. These valleys have already suffered considerable
scenic degradation.

6. The Douglas Creek Corridor

A highway ties the two streams discussed in the foregoing paragraph
into a single corridor but the west boundary of the study region is
along two streams that are not joined by a road, although a man that
knows the country can get from one to the other by following jeep
trails. The western boundary of the Basin follows Douglas Creek
and Colorado Highway 139 south from Rangely but leaves them and
goes up East Douglas Creek along a road at the base of Cathedral
Bluffs until it ends at a ranch headquarters, Fig. 14.

From some places along the rim and from the air,Cathedral Bluffs
show their spectacular beauty. However, the bluffs can be seen but
from very few places along the road as they are hidden by the lower
terraces formed by debris from the bluffs, Fig. 15.

Douglas Creek is not an attractive stream because of the rapid
changes in its course and the enormous load of debris that it car-
ries. It is a small stream a few inches deep that can be stepped
over in most places, running at the bottom of a deeply cut channel
with vertical mud walls. The unstable character of the stream bed
is demonstrated by an old cabin that has been buried to the eaves in
debris and then has seen a change in stream course that leaves the
door with a 20 foot drop below it, Fig. 16.

The immensity of the seemingly unseen space below the Bluffs
leaves the Douglas Creek Corridor extremely vulnerable. It has
been proposed that this space be used as a disposal area for pro-
cessed shale. Environmental Statement for the Proposed Oil Shale
Leasing Program Vol. III p. IV-3 states that about 1000 acres
would be buried in 20 years by a single 50, 000 bbl/day plant.
Under present conditions with but a single plant this could be a
feasible solution. However, if population should increase, as it
would with development, the Cathedral Bluffs would be the closest
scenic area to the population centered in the Rangely area and the
space now hidden probably would acquire greatly increased scenic
interest.

Some scenic loss could be expected in the Douglas Creek valley
from uncontrolled development reaching south from Rangely but
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Looking southwest over the rim of the Cathedral Bluffs.
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Cathedral Bluffs from one of the few places that they can be
seen from the roadway at their base. This photo is taken
from ranch headquarters that can be seen in the lower center
of Fig. 14.
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The debris in this valley has moved sufficiently to bury this
cabin to the eaves and then cut a channel that leaves the front
door twenty feet in the air.
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this would not compare to that that could be expected east of town in
the White River Valley.

The remainder of the Corridor is too narrow and not attractive for
building. At present it appears that there would not be much change.
The corridor ends on the divide between East Douglas Creek and
Roan Creek.

7. The Roan Creek Corridor

Like Douglas Creek, the upper portions of this corridor are on
ranches and presently not open to the public. The boundary line
continues from East Douglas Creek over the top of the plateau and
plunges into Roan Creek Canyon, Fig. 17.

Views to the east are toward the Roan Plateau and are more spec-
tacular than to the south or west.

The extreme dissection of the plateau along Roan Creek leaves oil
shale in bodies not large enough to be mined under present demands. 1
This together with the inaccessibility of the area except at De Beque
would appear to reduce the vulnerability of this area to scenic
debasement except at De Beque, which is in the Colorado River
Valley, Fig. 18.

C. Conclusions and Recommendations

Although suffering by comparison with the Rocky Mountains to the
east and the Canyonlands to the west, the Piceance Basin and its
corridors have scenic resources that would be greatly prized in
less favored parts of the nation.

The Piceance Basin appears as a wide shallow expanse that slopes 1
gently up to a rim on all sides. The rim is cut on the north by
Piceance and Yellow Creeks which drain the Basin into White River. 1

Although appearing as a smooth surface when viewed from a rim,
the Basin is composed of a series of rounded hills with deep V- ‘
shaped canyons.

On the whole, the scene is monotonous but there is a great variety
of small, intimate landscapes that are interesting particularly to
someone trained to observe the interplay of vegetation growth form,
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Looking southeast at the beginning of Roan Creek Canyon.
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Roan Creek widens as it flows southeast.
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density, and composition as it relates to soils, topographic position
and aspect.

The monotony of the scene makes it vulnerable to any change in line,
form, mass, texture, color, or light value because such changes
would be highly visible against a background with but little variation.

The Colorado River Corridor has cliffs reaching 3000 feet above the
valley floor whose sculptured forms have great beauty and variety.
The irrigated valley floor provides a pleasant green contrast to the
red and yellow earth colors of the canyon walls. The valley also is
highly vulnerable to scenic debasement because it forms attractive
sites for the location of an expanded population which would accom-
pany the commercial development of oil shale. Settlements, if not
strictly regulated, could become clots and clutters of drive-ins,
garish signs, unscreened mobile home parks which typify strip
development. The nature of the canyon encourages strip development
which in this instance would be particularly unfortunate scenically
because Interstate 70 follows this route and this scenic debasement
would be in full view of the nation.

The White River and Piceance Creek Corridors are perhaps most
vulnerable to scenic debasement that might accompany the develop-
ment of the prototype leases. The areas just east of Rangely, at the
mouth of Piceance Creek and to the west of Meeker are perhaps in
greatest danger. The rather uniform character of these valleys
makes them vulnerable in somewhat the same manner as that of the
plateau because any scenic debasement would be highly visible.

The Douglas Creek Corridor lies in a manner that screens the
Cathedral Bluffs from a view from the road. These bluffs are
scenically important enough to be given special consideration even
though they are not presently well known beyond the immediate region.
In the event of considerable expansion of population the Cathedral
Bluffs may become very important as a local recreation area, or with
the installation of added roads could become the visual focus for real
estate developments designed to house the expanding population.
Because of its location the Roan Creek Corridor should receive but
little impact unless some major realignment of roads should occur.

The Government Creek-Sheep Creek Corridor is quite narrow, but
some of the abandoned homestead sites have sufficient area to allow
for rural non-farm housing. The area around Rio Blanco and the
small basin to the west of it is a logical location for a boomtown or
for staging areas containing temporary buildings, pipe yards, parking
for heavy equipment, and the like. Unless carefully controlled, this
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attractive area could very easily take on an appearance reminiscent
of some of the worst associated with oil fields.

III. RECOMMENDATIONS FOR RESEARCH

The evaluation of scenery in quantitative terms is barely beginning
and much research is needed to devise means of selecting and
analyzing the components of the landscape in terms that are com-
parable to other values that are used in land use decisions. How-
ever, such research is beyond the scope of the inventory, analysis
and impact report being prepared by Thorne for the Regional Oil
Shale Study.

In applying present knowledge and techniques to the Piceance Basin
and its bordering corridors much could be done to survey, classify
and analyze the scenic resources. However, the area is so large
as to make a general appraisal of this type beyond the scope of the
present study in both money and time available. For these reasons
no "Part I Phase Two' research is recommended. This recon-
naissance report is deemed adequate as a basis for the '"Part Two'
Impact Study.

However, when the mining plans related to the lease areas are
finalized, or agreement is completed as to the assumptions that
will be used, a scenic survey will be needed that covers the pro-
posed mine and plant sites, connecting roads and conveyor net-
works, service corridors and off-site locations that will contain
the expected expanded population and service facilities. This sur-
vey should record the present scenic condition of these installations
and provide a means by which periodic scenic reassessments may
be made.
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VI. GLOSSARY

Color - Color is expressed by hue generally called color, that is
yellow, blue, green etc. Value means whether the color is
light or dark, i.e. light green, dark green.

Eocene time - A geologic period less than 60 million years of age
when mammals developed rapidly.

Feature landscapes - Landscapes dominated by a single feature. If it
is at all important it usually has a name, i.e. Pikes Peak.

Form - The shape of an object, examples are the cone-shape of a fir
tree or the rounded shape of fruit trees. Square objects,
long-low objects all express form. Mesa, butte, hogback,
valley, plain all express form.

Intimate landscapes - Landscapes where small items, a single
flower, or a tree or a small clump of shrubs or trees form a
minature landscape. Gardens form minature landscapes.

Light value - The intensity of the sunlight from brilliant as on a clear
day in the western mountains to a very soft or subdued light
on a hazy day on the coast. A dark cloudy day is the other
extreme. Light value is one of the important components of
scenery in the West.

The direction of light is also important, backlighting gives a
flat appearance to a landscape, light at 90 degrees gives
maximum contrast. Backlighting may provide interesting
special effects but it also may produce only silhouettes.

Line - A feature of the landscape that can be represented by a single
line such as the edge of a road, the horizon, the outline of a
hill or the trace of an old trail.

Mass - Mass is an expression of size, a massive building, a moun-
tain, a large grouping of clouds all represent mass.

Multiple-use forest management - Management in which all of the
uses of the forest are considered in developing a management
plan. Although all uses are considered usually only the most
important compatable uses are selected for any one piece of
land.

Talus slopes - The accumulation of rocks and finer materials at the
base of a perpendicular cliff.
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Texture - Texture expresses the surface conditions, smooth as a new-
mown hay field, nubbly as a field with shocks of corn or wheat.
Vegetation frequently is the factor determining texture.

Visual corridor - The area seen by an observer as he travels along
any route.
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SURFACE GEOLOGY AND GEOMORPHOLOGY OF
PICEANCE CREEK BASIN, RIO BLANCO AND
GARFIELD COUNTIES, COLORADO

I. INTRODUCTION

The Piceance Creek structural basin is an elongated, regional down-
warp in northwestern Colorado, lying between the Grand Hogback on
the east and the Douglas Arch, more or less along the Colorado-Utah
border, on the west. The area of economic interest for oil shale and
associated minerals, about 1,600 square miles in extent, is the
central part of the basin lying between the Colorado River on the south
and the White River on the north.

The topographic expression of the central area, generally referred to
as the '"Piceance Basin'!, is that of a plateau resulting from the basin-
ward dip of the sediments from all points on the periphery. The
central part of the basin is filled with the youngest sediments, namely,
the sandstones, etc. of the Evacuation Creek member of the Green
River Formation. Erosion around the margins of the plateau has
exposed progressively older deposits. The hard, impermeable marl-
stones and oil shales of the Parachute Creek member, immediately
below the Evacuation Creek sediments, form spectacular, near-
vertical cliffs around the major portion of the plateau.

The highest portions of the plateau near its margins rise to elevations
of more than 9, 000 feet while the surrounding lowlands lie from 3, 000
to 4, 000 feet lower.

Two major river systems drain the area. The Colorado River, flow-
ing from east to west, delimiting the area of interest on the south,
drains the southerly one-third of the area. The White River, flowing
from east to west, forms the north boundary of the area of interest.

A major tributary of the White River, namely, Piceance Creek,
drains the central part of the basin and Yellow Creek, also a tributary
of the White River, drains the northwest part of the basin.

II. GEOLOGIC CONTROLS OF STREAM AND
LAND FORM DEVELOPMENT

To a significant degree, the topographic features of the Piceance
Basin are controlled by geologic factors of stratigraphy, structure



II-2

and jointing or fracturing and regional drainage. Faulting, though
present in the central part of the basin, is not characteristic of the
area.

III. STRATIGRAPHY

All of the formations exposed in the area of economic interest, re-
stricted to the central part of the basin, are deposits of Eocene age,
namely, the several members of the Green River Formation and the
underlying Wasatch Formation exposed in the lowlands surrounding the
plateau.

Deposits of limited areal extent and Paleocene in age, are included
with the Wasatch Formation in mapping and are not separately de-
scribed in this report.

Although Mesaverde Group sediments of Upper Cretaceous age com-
prise the structural boundary of the basin on the east, a description of
these sediments is, likewise, not included in this report on the basis
of being irrelevant to the oil shale deposits which are of primary
interest.

IV. GREEN RIVER FORMA TION

The Green River Formation is divisible into four members throughout
the Piceance Basin except in the easterly part where the two lowest
members are indistinguishable and mapped as a single unit designated
the "Anvil Points'' member. The usual four members, from top to
bottom, are: The Evacuation Creek, the Parachute Creek, the Garden
Gulch and the Douglas Creek.

1. Evacuation Creek Member

The Evacuation Creek member of the Green River Formation was
named by W. H. Bradley on the basis of excellent exposures in eastern
Utah, (2).

The Evacuation Creek member is the youngest unit of the Green River
Formation. It forms the surface over the major part of the Piceance
Basin.
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The Evacuation Creek member consists chiefly of sandstone, silt-
stone and sandy shale, with occasional thin beds of low grade oil
shale and marlstone. The unit is generally buff to light brown in
color and occasionally iron-stained. The formation is considered
fluviatile in origin.

Because of its sandy character, poorly developed stratification and
relatively porous nature, the Evacuation Creek member in the central
areas of the basin erodes into a rough, hilly topography. Near the
cliff faces the formation recedes somewhat as rounded hills, exposing
to the surface the less porous calcareous siltstones and marlstones of
the underlying Parachute Creek member.

Along more deeply eroded valleys, such as the valley of Piceance
Creek and some of its larger tributaries, the more massive sandstone
beds form prominent bluffs, some of which are 200 to 300 feet high.

Because the Evacuation Creek member is the youngest deposit in the
area and is not overlain by any younger formation, its original thick-
ness is indeterminate. The greatest thickness of Evacuation Creek
sediments was drilled in a well in the Piceance gas field where a
thickness of 1,250 feet was measured, (5). Normally, the unit has a
thickness of 500 to 750 feet. It has a gradational contact with the
underlying Parachute Creek member, the base of the unit being
mapped ''at the base of the first sandstone or siltstone bed 10 feet or
more in thickness that occurs above the uppermost sequence of key
marlstone beds in the Parachute Creek member!', (5). Because of
the lenticular character of the deposit, the mapped contact varies
from place to place and in the northern part of the area the unit rests
unconformably on truncated beds of the Parachute Creek member, (5).

2. Parachute Creek Member

Bradley (2) named the Parachute Creek member of the Green River
Formation for the excellent exposures of the unit in Parachute Creek
north of Grand Valley where it contains especially rich oil shale beds
of unusual thickness.

The Parachute Creek member contains the oil shale deposits of eco-
nomic interest throughout the Piceance Basin. The erosion-resistant
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oil shale and marlstone beds of the unit form the spectacular, light-
colored, near-vertical cliffs which rim the plateau.

In contrast to the overlying Evacuation Creek sediments, the deposits
of the Parachute Creek member were laid down in quiet water, as evi-
denced by the remarkable bedding and microscopically thin laminae
characteristic of this unit. Conditions of deposition were so uniform
over great distances, even from the Piceance Basin into the Uinta
Basin of eastern Utah, that short sequences of ''varves'' may be corre-
lated with perfect confidence from one basin to the other, (8).

The sediments comprising the Parachute Creek member of the Green
River Formation consist principally of indurated silty marlstone and
so-called ''oil shale'. The term, ''oil shale'' is a misnomer on two
counts. The organic matter in ''oil shale' is not ''oil'" or 'petroleum"
in the usual sense, but an insoluble substance which has been called
'""'kerogen''. When heated, kerogen distintegrates to produce ''shale
oil"'. The host rock which contains the kerogen is not a ''shale'' in the
common meaning of the word, but a silty marlstone or magnesian
limestone. It may be considered to be a fine-grained dolomite.
Nevertheless, it is referred to as ''oil shale''.

Except for thin beds of tuff and certain unusual lithologic types inter-
bedded with the marlstone, the rocks described above are very resis-
tant to erosion. The richer beds of oil shale are the most resistant.

Weathering of oil shale produces a white color, so that cliffs of marl-
stone and oil shale are very light in color and have a distinct layered

appearance because of the easily-eroded interbedded tuffs.

The greater resistance to erosion of rich oil shale beds underlain by
less resistant barren or lean zones results in prominent overhangs
along the cliffs. Fracturing or jointing is especially well developed
in the brittle marlstones. When large blocks are undercut by erosion,
slumping may take place. The undercut block has a tendency to fall
or rotate towards the valley. Any incipient fractures in the wall,
therefore, tend to open. Ultimately, the block will fall and become
part of the talus at the foot of the cliff, leaving a fresh vertical face
on the cliff corresponding to the plane of a fracture or joint.

Barren marlstone is white or light-gray in color. Oil shale is
brown, tan, or even black on a freshly broken surface, but in weather-
ing, oil shale becomes essentially white as a result of precipitation of
lime or calcium carbonate on the surface.

——
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Interbedded with the oil shale and the marlstones of the Parachute
Creek member are a number of tuff beds, thin limestones, algal
limestones and similar, rather unusual sediments, several of which
have been used as "'marker' beds for purposes of correlation and
structure mapping. The most important of these is the '"Mahogany
Marker', a 6- to 8-inch bed of analcitized volcanic material.

The Mahogany Marker is important because it is very widespread,
virtually always present and unique in appearance and because it bears
a constant relationship to the very rich Mahogany oil shale bed, being
a few feet above it. The Mahogany Marker records an outburst of
regional volcanic activity shortly following the deposition of rich oil
shale for a considerable period of time over a very extensive area in
what is now the Piceance Basin in Colorado and the Uinta Basin in
Utah.

At its type locality in Parachute Creek, the Parachute Creek member
has a thickness of 1,000 feet, (5). The unit thickens northward into
the basin, so that in Middle Fork Canyon above its confluence with
East Middle Fork, a thickness of 1,170 feet can be demonstrated.

In the subsurface the Parachute Creek member increases greatly in
thickness towards the basin ''deep'' centering in Townships 1 and 2
South, Ranges 97 and 98 West, more or less corresponding to the
course of Piceance Creek where it swings from a northwesterly
course to a northerly course. In this area the oil shale sequence has
a thickness in the order of 2, 000 feet, (8) (9).

The Parachute Creek member is thinnest near the headwaters of
Little Spring Creek in the extreme northwest part of the basin. Here
the unit measures about 500 feet in thickness and it contains very
little oil, (5).

Various authors have divided the Parachute Creek member on the out-
crop into two or three units, but all agree on an upper unit, consider-
ing the lower part as either a single unit or a two-part unit, (5). The
Upper Oil Shale Zone contains the most important oil shale beds. The
unit varies in thickness from 300 feet in the extreme northwest part
of the basin to about 680 feet in Township 7 South, Range 99 West, a
few miles northwest of De Beque, Colorado.

The basal part of the Upper Oil Shale Zone, known as the Mahogany
ledge on the outcrop and as the Mahogany zone in the subsurface, is
the primary zone of economic interest at this time. The Mahogany
ledge, consisting almost entirely of oil shale, forms a near-vertical
cliff or ledge on most outcrops because of the presence of
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easily-eroded tuff beds above it and below it. The upper delimiting re-
entrant has been referred to locally as the "A Groove''. The lower
reentrant corresponding to a barren zone is unnamed.

The term, '"Mahogany'' stems from the appearance of polished surfaces
of rich oil shale derived from a 3- to 10-foot bed of especially rich oil
shale which occurs within the Mahogany ledge. About 10 feet above the
Mahogany bed is the Mahogany Marker, previously mentioned. The
latter, varying from a few inches in thickness to 6 or 8 inches, con-
sists of analcitized volcanic tuff or ash. Lithologically, it is totally
unlike the oil shale sequence in which it occurs and, therefore, it is
readily recognizable on the outcrop. It much resembles a rusty sand-
stone in color and texture, but often contains sticky, black oil. As
previously stated, the Mahogany Marker is present nearly everywhere,
providing an excellent datum for structure mapping. The Mahogany
Marker occurs about 25 feet below the top of the Mahogany ledge, or
25 feet below the "A Groove'. These relationships are shown on

Fig. 1.

On the outcrop, the combined Middle and Lower Oil Shale Zones are
somewhat less in thickness than the Upper Oil Shale Zone, but in the
subsurface in the deeper parts of the basin these units increase in
thickness and in richness. Core drilling in the deep part of the basin
has proved the presence in these lower zones of more than 1, 000 feet
of 25-gallon per ton oil shale compared to some 220 feet of oil shale
of similar grade in the Upper Oil Shale Zone. From this '""basin deep'
towards the margins of the basin, the lower and middle zones become
thinner and their oil content decreases. In the northwest part of the
basin both the middle and lower zones are absent so that the Upper
Oil Shale Zone rests on the Garden Gulch member, (5).

A number of unusual minerals, some highly soluble, are present in

the Parachute Creek member sediments, especially in the Mahogany
ledge. Ellipsoidal cavaties observable on the outcrop record the
leaching out of nodules or concretions of nahcolite, naturally-occurring
sodium bicarbonate, (NaHCO3). In the central areas of the basin beds
of nahcolite are believed to occur interbedded with the oil shale sedi-
ments and in association with beds of common salt, or halite, (NaCl).
Finely disseminated with the oil shales in the central part of the basin
is the mineral dawsonite, a ''dihydroxy sodium aluminum carbonate',

The "B Groove'' is another local term identifying the barren
zone separating the Lower Oil Shale Zone from the Middle Oil Shale
Zone where these zones are distinguishable.
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corresponding to the formula, '(NaAl) (OHZCO3). " Figure II-27 and
Fig. II-28 in Volume I of "Draft Environmental Statement For The
Proposed Prototype Oil Shale Leasing Program'', pages II-69 and

I[I-70, U.S. Department of the Interior, September, 1972, respectively,

depict the extent and thickness of nahcolite-bearing oil shale and of
dawsonite-bearing oil shale in the central part of the Piceance Basin.

Other somewhat soluble minerals of possible interest known to occur

in the Parachute Creek member sediments include pyrite (FeSZ),
gypsum (CaSo4 . ZHZO) and anhydrite (CaSO4), (7).

3. Garden Gulch Member

The Garden Gulch member of the Green River Formation is a clay
shale and marlstone sequence somewhat similar to the overlying
Parachute Creek member but lacking the carbonate and kerogen con-
tent of the latter. The unit is identifiable along the westerly margin
of the plateau and easterly along the north margin as far as the mouth
of Piceance Creek. Along the south margin of the plateau the unit is
identifiable as far east as Mt. Callahan near Grand Valley. Along the
easterly margin of the plateau the unit merges with lower beds of the
Parachute Creek member and with the equivalents of the underlying
Douglas Creek member to form another mapping unit referred to as
the '"Anvil Points' member, named for the erosional features of this
name at the U.S. Bureau of Mines experimental mine in Township 6
South, Range 94 and Range 95 West. Thicknesses of the Garden
Gulch member on the outcrop range from about 100 feet on Lake
Creek, a tributary of Douglas Creek on the west edge of the plateau
to about 900 feet west of De Beque.

Core holes and tests for oil and gas in the central part of the basin

prove that basinward the Garden Gulch member increases in thick-
ness and oil shale content, (8) (7).

4, Douglas Creek Member

The lowest unit of the Green River Formation is the Douglas Creek
member. The unit consists mostly of buff to drab sandstone with
minor amounts of limestone and shale. In thickness, the member
ranges from a maximum of about 800 feet at its type locality in
Township 4 South, Range 101 West, west of the present area of inter-
est, to zero in the subsurface north of the Piceance gas field. Along
the westerly edge of the plateau the Douglas Creek member maintains
a thickness of about 400 feet, merging into shale of the Garden Gulch
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member in the vicinity of Fletcher Creek in the northwesterly part of
the basin. The unit is identifiable along the southerly margin of the
plateau as far east as Mt. Callahan, east of which point the unit is
included in the Anvil Points member. Core holes indicate that the
unit becomes shaly basinward, merging into the Garden Gulch shales
in the deep parts of the basin.

5. Anvil Points Member

Along the eastern margin of the plateau a unit referred to as the
""Anvil Points'' member includes the equivalents of the Douglas Creek,
the Garden Gulch and some of the lower beds of the Parachute Creek
member. Bradley (2) interpreted the unit as the shore facies of the
Green River Formation, indicating the source of the sediments to
have been toward the east. The unit was named by Donnell (4) for its
excellent complete exposure at Anvil Points in Section 7, Township 6
South, Range 94 West.

Donnell (5) describes the Anvil Points member as follows: '"The

Anvil Points member is an extremely heterogeneous unit. At the

type locality it contains approximately 30 percent gray shale, 25 per-
cent gray shale and interbedded thin-bedded brown and gray sandstone,
20 percent massive brown and gray sandstone beds, and slightly less
than 10 percent light-brown marlstone containing little or no oil. The
remainder of the member consists of siltstone, algal limestone, and
oolitic limestone. The Anvil Points member is 1,530 feet thick at the
type locality. At upper Piceance Creek it reaches a maximum thick-
ness of 1,870 feet''.

The unit overlies the Wasatch Formation with conformity and it inter-
fingers conformably with the overlying Parachute Creek member.

V. WASATCH FORMATION

The Wasatch Formation, also of Eocene age, underlies the Green
River Formation above described. For purposes of mapping, an un-
named sandstone-shale unit, probably the equivalent of the Ft. Union
Formation which occurs throughout the Rocky Mountain region, and
an underlying gravel known as the '"Ohio Creek conglomerate'!, are
included with the Wasatch Formation by Donnell and others. For the
purposes of the present report it is sufficient to state that the Wasatch
Formation forms the base of the plateau on all sides.
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The Wasatch Formation consists of brightly colored clays and shales,
lenticular bodies of sandstone with minor amounts of pebbly conglom-
erate, limestone, black carbonaceous shale and coal.” The formation
is considered fluviatile in origin. Colors, primarily in the shales,
vary from dark red through pink, white, green, lavender and yellow,
with shades of red predominating. Sandstones are generally brown to
buff.

The greatest reported thickness of Wasatch beds in the Piceance Basin
is 5,500 feet in a test well in the Piceance gas field and a thickness of
5,300 feet was measured along the Colorado State Highway 13 about 10
miles north of Rifle (5). The unit thins toward the west and it varies
greatly in thickness, but it is of sufficient thickness everywhere to
preclude the outcrop of any older deposits around the base of the
plateau.

VI. IGNEOUS ROCKS

The top of Mt. Callahan, about 4 miles west of Grand Valley, is com-
posed of a flow of basaltic lava, probably an outlier of the lava beds
which underlie Battlement Mesa to the south across the Colorado
River. No other igneous rocks are known in the basin.

VII. STRUCTURE

1. Folds

The regional downwarp which constitutes the greater Piceance Creek
structural basin is modified by local, though major, structural fea-
tures. In the southeasterly portion of the regional downwarp is the
Divide Creek anticline, located directly south of the village of Silt,
south of the Colorado River and south of the area of interest for oil
shale. The Divide Creek anticline which brings Mesaverde Group
sediments of Upper Cretaceous age to the surface is gas-productive.

The Piceance Creek anticline which is gas-productive in the Douglas
Creek member of the Green River Formation is a domal structure
located within the area of oil shale interest. This structure is located
between Piceance Creek and Dry Fork of Piceance Creek, principally
in Township 2 South, Ranges 95, 96, and 97 West.

The easterly margin of the regional downwarp is marked by steep dips
associated with the Grand Hogback. The rocks of Upper Cretaceous
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age which comprise the hogback are near vertical or even overturned
while the younger Tertiary rocks lying to the west of the hogback and
forming the bordering lowland of the plateau, exhibit decreasingly
steep dips westward. Basinward dips on the south and west margins
of the plateau are in the range of 1/2 to a few degrees while the basin-
ward dips on the north margin are in the range of 15 to 25 degrees.

The gentle dips of the west margin of the plateau are modified signifi-
cantly by several southeasterly-plunging anticlinal folds. In the
northwest part of the basin the influence of the southeasterly projec-
tion of the Blue Mountain anticline is noted in the vicinity of Barcus
Creek extending southeasterly through Township 1 North, Range 99
West. A similar southeasterly-plunging anticlinal nose, interpreted
as the southeasterly projection of the Rangely anticline, occurs in
Townships 1 and 2 South, Range 99 West. The most pronounced
southeasterly-plunging anticlinal nose, however, occurs at Cathedral
Creek, a tributary of Douglas Creek, crossing the common corner of
Townships 3 and 4 South, Ranges 99 and 100 West. The effect of
these positive structures has been to cause the plateau margin to
swing southeasterly into reentrants of the cliffs at each structure and
to bring the underlying oil shale zones of interest closer to the sur-
face along their axes.

The Cathedral Creek structure last above described, projected south-
easterly, aligns with an anticlinal feature trending northwesterly
from the south margin of the plateau, namely, the Crystal Creek
anticline. This positive feature lies west of Parachute Creek from
the vicinity of Mt. Callahan and northwesterly through Township 6
South, Range 97 West. Projected northwesterly, it passes into a
structural saddle located southeasterly of the Cathedral Creek struc-
tural nose in the vicinity of the common corner of Townships 4 and 5
South, Ranges 98 and 99 West.

Southwesterly of the Crystal Creek anticline is the Clear Creek syn-
cline, a closed structural downwarp closely following the course of

Clear Creek. The regional northeasterly dip of the basin forms the
southwesterly flank of the syncline.

2. Faults
Faulting is virtually absent in the Piceance Basin.
The only area of observable faulting is in the vicinity of the junction

of Ryan Gulch with Piceance Creek, southwesterly of the Piceance
gas field. A. C. Austin (1) has recently compiled structural data
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indicating the dominant direction of fault or fracture development to be
west-northwest. On the whole, displacements are very minor, being
less than 50 feet. Individual "faults'' or fractures contain secondary
calcite fillings and at one point on Black Sulphur Creek in the south-
west quarter of Section 27, Township 2 South, Range 98 West the
calcium carbonate includes many stringers of a solid hydrocarbon re-
sembling gilsonite, (5).

3. Fractures ,and Joints

The fine-textured, brittle sediments of the Parachute Creek member
and the more massive sandstone beds of the Evacuation Creek member
exhibit prominent jointing and fracturing.

Jointing is especially well developed and conspicuous on cliff faces of
Parachute Creek marlstone and oil shale where erosion along less
resistant beds causes overlying blocks to rotate toward the canyon and,
eventually to fall to the valley floor. Where it is possible to observe
the same bed progressively farther back from a cliff face, it may be
seen that the fractures are still present, but not open. It is believed
that these closed or incipient fractures developed during periods of
regional deformation as a result of strains set up in these rigid, com-
petent deposits.

Generally speaking, fractures are aligned in two regional sets, one
northwesterly-trending and the other northeasterly-trending, although
these directions vary considerably from one place to another on the
plateau. These fracture systems influence, and in some cases, con-
trol stream development.

The area of minor faulting above described is closely related to frac-
turing. As stated, the dominant trend of the fractures at that place is
west-northwest.

A joint or fracture pattern is well displayed on the plateau surface at
Cathedral Bluffs where erosion has stripped off the Evacuation Creek
sediments to expose a dip slope of Parachute Creek marlstone and

oil shale in Sections 32 and 33, Township 3 South, Range 99 West.
Two, and possibly three, sets of well developed joint systems are
exposed at this location, the strongest of which has a trend of North 70
to 75 degrees West.

Although local studies of joint patterns have been made for a number
of localities on the plateau, no over-all studies are on record.
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VIII. REGIONAL DRAINAGE CONTROL

The Piceance Basin lies entirely within the drainage system of the
Colorado River. The main branch of the Colorado River flows from
east to west and forms the southern boundary of the area of interest.
The White River forms the north boundary, flowing from east to west.

The White River is a tributary of the Green River which, in turn,
flows into the Colorado River in central Utah. As a consequence of
this long course to reach the Colorado River in central Utah, the
White River, where it drains the Piceance Basin, has not reached an
elevation as low as the Colorado River has where it receives the
drainage from the south part of the basin. The White River at the
mouth of Yellow Creek, a north-flowing drainage west of Piceance
Creek, has an elevation of 5,535 feet and at the mouth of Piceance
Creek it has an elevation of 5,690 feet. By contrast, the Colorado
River at the mouth of Roan Creek has an elevation of about 4,950 feet
and at the mouth of Parachute Creek, an elevation of 5,100 feet.
Thus, the Colorado River points are nearly 600 feet lower than the
White River points receiving Piceance Basin drainage. Streams
emptying into the Colorado River, therefore, generally have steeper
gradients than streams emptying into the White River. As a conse-
quence, erosion is more active along the southern edge of the basin
and the cliffs are steeper and higher than anywhere alse around the
plateau.

The divide between the White River drainage basin on the north and
the Colorado River drainage basin on the south closely follows the
southern rim of the plateau in response to the northward dip of the
beds and the greater activity of the south-flowing streams. The
divide is about 15 miles north of the Colorado River but 35 miles
south of the White River.

The principal streams tributary to the Colorado River are, from east
to west: Government Creek which joins Rifle Creek to flow into the
Colorado River at Rifle, marks the east edge of the area of interest;
Parachute Creek which joins the Colorado River at Grand Valley; and
Roan Creek which joins the Colorado River at De Beque and which
marks the west boundary of the area of interest.

Nearly all of the central part of the basin is drained by Piceance
Creek and its numerous tributaries. Yellow Creek, similar to
Piceance Creek, drains the northwesterly part of the basin and joins
the White River below the mouth of Piceance Creek.
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Douglas Creek, flowing northward to the White River, marks the west
boundary of the area of interest.

Where the dip of the sediments is opposite in direction to the course of
a stream, the slope is known as the ''erosion' slope. Where the dip of
the beds is in the same direction as the course of a stream the slope is
known as the ''dip'' slope. Erosion slopes are steeper than dip slopes
except where the dips are exceptionally steep. It follows, therefore,
that, since the beds dip basinward everywhere around the plateau, the
erosion slopes surrounding the plateau will be steep, especially where
the impermeable, highly fractured beds of the Parachute Creek mem-
ber are exposed, Thus, the south edge of the plateau, where the
stream gradients to the Colorado River are very short and steep, and
a great thickness of marlstone and oil shale is exposed, is character-
ized by high, very steep or vertical cliffs while the upland slopes into
Piceance Creek are dip slopes and, therefore, gentle.

The various dip-slope streams in the central part of the basin flow on
Evacuation Creek sediments. Where the stream gradients are great
enough, however, beds of the underlying Parachute Creek member
are exposed.

In the southeasterly part of the basin various branches of Parachute
Creek, here flowing basinward and thus down dip slopes, have eroded
through the Evacuation Creek sediments to expose upper Parachute
Creek sediments, but not sufficiently deep to expose rich oil shale.

In the southwesterly part of the basin, where the regional structure is
high and the stratigraphic section thin, various tributaries of Roan
Creek, flowing down dip slopes, have eroded through the Evacuation
Creek and Parachute Creek sediments, exposing the Garden Gulch and
Douglas Creek members. These tributaries include Clear Creek,
Brush Creek, Carr Creek and Roan Creek itself.

On the west side of the basin, streams tributary to Yellow Creek or to
Piceance Creek similarly expose oil shale zones of the Parachute
Creek member. These include Canyon Creek, a tributary of Yellow
Creek and Black Sulphur Creek and Canyon Creek, tributaries of
Piceance Creek.

Although not as high as the south-facing cliffs along the Colorado River,
the cliffs on the east side of the plateau west of Colorado Highway 13
and Cathedral Bluffs on the west side of the plateau, are similarly
spectacular. The north-facing bluffs along the White River are not as
high nor as spectacular as any of the other aspects of the plateau, but
in every case the bluffs or cliffs are erosion slopes resulting from the
basinward dip of the sediments.

| S——
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IX. ALLUVIAL DEPOSITS

Deposits of alluvial materials in the Piceance Basin consist of flood
plain and stream bottom sands and gravels and the huge talus deposits
at the base of the great cliffs surrounding the plateau. Springs and
water wells indicate that both stream bottom deposits and talus slopes
are water-bearing to a degree.

1. Flood Plain and Stream Bottom Sands and Gravels

Flood plains are best developed along the two major streams of the
region, namely, the Colorado River and the White River. In width,
these deposits vary from less than a quarter of a mile to several
miles where tributary streams or topographic conditions controlled
by structure cause a slackening of stream velocity or a spreading of
the river behind a local barrier. Although the place may be outside
of the area of immediate interest, the best example of the latter is
the wide flood plain at Meeker just above where the White River cuts
through the Grand Hogback.

Restricted flood plains are found along all of the larger tributary
streams, but, on the whole, they are seldom wider than a few hundred
feet, and often discontinuous. The widest and most continuous flood
plains of this group occur along Piceance Creek, lower Parachute
Creek and lower Roan Creek.,

2. Talus Deposits

Deposits of talus at the base of cliffs of Parachute Creek marlstone
and oil shale are a characteristic feature of the Piceance Basin, and
especially of the canyons and cliffs surrounding the plateau.

Great blocks of marlstone and oil shale fall down from the outcropping
Parachute Creek sediments as a result of the extensive jointing in
these beds. As erosion procedes and the massive ledges become
undercut as a result of faster erosion in soft underlying beds,
especially in beds of volcanic ash, huge blocks slump away from the
main mass, breaking away along incipient fractures or joints.
Eventually, the blocks tumble away to accumulate at the base of the
cliff. Insufficient stream activity, reflecting the semi-arid climate
of the region, allows the talus to accumulate to heights of 500 to 600
feet.
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Talus slopes form at several levels, in each case below steep cliffs of
Parachute Creek member sediments. Upper talus slopes may be sup-
ported by resistant beds at their base and rise against the cliff above,
having been derived from a cliff face higher in the section.

Massive talus deposits occur in all of the canyons tributary to the
Colorado River, such as the several forks of Parachute Creek and the
tributary canyons of Roan Creek. Upstream from the limited flood
plain deposits above described, the gullies and canyons are choked
with poorly-sorted debris contributed by the active talus slopes on
either side.

Huge talus deposits also occur on Cathedral Bluffs on the west side of
the plateau and along the east face of the plateau. Talus slopes are
less characteristic of the north face of the plateau, primarily because
the Parachute Creek sediments are thinner and less typically devel-
oped, (5).

X. TOPOGRAPHICALLY CHARACTERISTIC TERRAIN UNITS

The Piceance Basin embraces three general physiographic types of
terrain: upland areas, canyon areas and lowland areas. Within each
type subtypes may be delineated. Each type is developed from a
unique and characteristic geologic background and each develops
unique physiographic features which must, necessarily, have a bear-
ing and influence on the biologic aspects of the ecosystem.

1. Upland Areas

The upland areas are those areas within the rim of the plateau. The
upland areas comprise the greatest proportion of the area of interest--
possibly 75% of it.

Elevations on the upland range from about 7,500 feet to more than
9,000 feet.

The upland is developed almost wholly on beds of the Evacuation Creek
member of the Green River Formation. Except for a few minor
alluvial deposits along streams, the Evacuation Creek sediments were
the last to be deposited in the basin. Subsequent erosion, following
uplift of the area, has developed a rough, hilly topography. Locally,
along certain streams, the sediments of the Evacuation Creek member
have been removed, exposing the underlying Parachute Creek beds.

—
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Upper Black Sulphur Creek and Canyon Creek tributary to it in
Townships 3 and 4 South, Range 99 West are good examples where
the Mahogany Marker and the Mahogany bed have been exposed.

The principal drainage of the upland area is Piceance Creek and its
numerous tributaries. Yellow Creek, similar in many respects to
Piceance Creek, drains the northwest part of the upland. Roan
Creek and the several forks of Parachute Creek drain minor areas of
the upland in the southerly part of the basin. The drainage divide
between the Piceance Creek drainage basin and the southward drain-
ages of Roan Creek and Parachute Creek is closer to the south rim
of the plateau, running in a general east-west direction.

On the whole, the upland area is a monotonous surface of low relief
along drainage divides with considerably greater relief across local
divides. A portion of Wagonroad Ridge in sections 28, 21, 22, 15
and 11 of Township 3 South, Range 99 West shown on Black Cabin
Gulch and Yankee Gulch Topographic Quadrangles of the U.S.
Geological Survey may be cited as typical. In a northeasterly direc-
tion on the ridge, topographic relief is about 225 feet per mile.
Transverse to the ridge relief is 200 feet in a quarter of a mile.

The major drainage of the upland, Piceance Creek, after cutting
through the east rim of the plateau near the settlement known as Rio
Blanco, flows in a general northwesterly course, more or less
following the synclinal axis of the basin. The stream swings north-
wardly around the Piceance gas field structure, joining Dry Fork of
Piceance Creek near the southeast corner of Township 1 North,
Range 97 West. Thus, in the upper and middle parts of its course
Piceance Creek flows in structural trough created by the north-
dipping flank of the basin and the domal uplift at Piceance gas field.
Along this course of Piceance Creek all tributaries to it, whether
from the north or the south, are flowing down-dip.

Dry Fork of Piceance Creek flows in a general northwesterly and
westerly course around the north side of the Piceance gas field struc-
ture, following the syncline formed between the Piceance Dome on
the south and the regional southward and basinward dip on the north.
Thus, its tributaries also flow on dip slopes.

North of the junction with Dry Fork, however, Piceance Creek flows
across the regional south dip of the beds, cutting through the re-
mainder of the Green River Formation to join the White River in beds
of the Wasatch Formation.
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Previous mention was made of the flood plain and stream bottom
alluvial deposits of Piceance Creek. The structural conditions above
described for both Piceance Creek and Dry Fork of Piceance Creek,
operate to contribute any available ground water to these deposits.
Dip slope sources of ground water are especially significant from the
south side of the basin into Piceance Creek, an area of possibly more
than 300 square miles. Numerous springs along Piceance Creek and
constantly wet meadows throughout the valley attest to the subsurface
flow of ground water into this stream.

Test wells drilled for oil or gas (Clubine Ranch, Yankee Gulch
Topographic Quadrangle) were completed as flowing water wells,
probably from fracture zones in the Parachute Creek member, the
wells being located essentially in the trough of the syncline. Un-
doubtedly, the major source of this water is the extensive south flank
of the syncline extending from the regional drainage divide 8 to 10
miles to the south. Surface water very likely enters fractures which
reach the surface, traveling through fractures to reappear as springs
at lower elevations.

A similar situation occurs in the valley of Dry Fork of Piceance
Creek, the site of a former Colorado State Fish Hatchery. Numerous
springs located in the syncline are a source of water.

Yellow Creek, in its lower stretches, flows parallel to Piceance
Creek and about 5 miles to the west of it, swinging through an arc of
about 20 miles length in accommodation of its course to the south-
easterly-plunging structural nose previously described as a south-
easterly extension of the Blue Mountain anticline in the vicinity of
Barcus Creek. Yellow Creek cuts through south-dipping beds in
Township 2 North, Range 98 West to join the White River in beds of
the Wasatch Formation, approximately 9 miles west of the mouth of
Piceance Creek. All of the longer tributaries of Yellow Creek are
eastward-flowing, viz., dip slope streams. Some have cut deep
enough to expose Parachute Creek marlstones and even oil shale.
Similarly, the upper stretch of Yellow Creek itself, is a dip slope
stream.

The structural conditions referred to in the foregoing discussion are
depicted in two recent publications, (1) (3).

Except for a few places on the larger minor streams, such as Black
Sulphur and Canyon Creek previously mentioned, the oil shale deposits
extend totally unbreached under the upland area and without outcrop
except around the rim of the basin. The deeper deposits are known
only through exploration drilling.
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The depth and cover of the oil shale deposits under the upland, there-
fore, must be taken fully into account in any plan for exploitation of
these deposits. The only places amenable to development by level
adits are on the rim of the plateau, and there, only in regard to the
Upper Oil Shale Zone, primarily the Mahogany Zone. (Deep zones of
oil shale occur only in the structurally deep parts of the basin.)

Sites within the upland, therefore, could only be developed by slopes
or through shafts.

An important consequence of any exploitation in the structurally deep
part of the basin, whether in the upper zones or the lower zones,
would be the production of waste rock and waste water, both of which
could be both alkaline and saline. Relatively shallow water wells in
this part of the basin found hard, alkaline water, (3). Very deep
mining would, unquestionably, encounter bedded salt and bedded
nahcolite as well as other alkaline minerals and dawsonite dissemi-
nated in oil shale.

A limited number of areas on the west side of the basin appear
promising for open-pit mining of the Mahogany Zone. The lower oil
shale zones in these areas are lean and the deep zone deposits are
not present.

2. Canyon Areas

Canyon areas, including the cliffs surrounding the plateau, are char-
acteristically the areas of outcrop of the Parachute Creek member of
the Green River Formation. The hard, impervious, but universally
jointed marlstones of this unit, underlain by easily eroded sediments
of the Garden Gulch member or its equivalents, forms near-vertical
cliffs around the plateau as well as the walls of canyons wherever the
Parachute Creek beds are exposed. The height of the near-vertical
walls at any particular place depends on a number of factors, such as
the depth of erosion, the thickness of the Parachute Creek member
and the structural elevation of the unit at that place.

Erosion, as in a stream bed, once having penetrated a hard bed,
readily cuts deeper into the soft bed below until the base level of the
stream is reached. Lateral erosion in the soft bed, widens the valley
floor.

Before being breached by a stream, however, the hard beds prevent
down-cutting, resulting in the formation of waterfalls at the points
separating the breached stretch downstream from the unbreached
stretch upstream. The waterfall areas, of course, correspond to the
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cliff faces on either side of the canyon, producing the ''box' canyon
characteristic of the region.

Side streams which enter the larger canyons at elevations above the
main canyon floor are '""hanging'' valleys, i.e., they are developed in
the higher beds of the Parachute Creek member or in the overlying
Evacuation Creek member, forming waterfalls as they reach the main
canyon. Davis Gulch, a tributary of Middle Fork of Parachute Creek,
is a good example.

The southern one-fifth to one-fourth of the Piceance Basin is charac-
teristically the area of canyon development on a grand scale. Upper
Black Sulphur Creek and its tributary, Canyon Creek, and other
gulches within the basin, are also canyons of the same type, but
developed on a lesser scale due to a higher base level.

The principal canyons in the area embraced by this report are Para-

chute Canyon and its several branches and Roan Creek and its several
branches, including Cow Creek, Clear Creek, Brush Creek and Carr
Creek.

The canyon walls and peripheral cliff faces all have a stepped-back
profile due to the alternating hard and soft layers of the Parachute
Creek sediments. Rich oil shale beds such as the Mahogany ledge,
for example, form prominent benches and vertical cliff faces.

Talus slopes accumulate on protruding ledges and on the canyon floor,
in some cases extending upward against the canyon wall 500 to 600
feet. Due to the semi-arid climate of the region, the streams are un-
able to clear the active talus from their courses which then become
choked with unsorted angular debris derived from the cliffs above.

The Garden Gulch member clays and shales or the equivalent Anvil
Points sediments, where they are protected from erosion by the over-
lying, resistant Parachute Creek marlstones, form very steep slopes.
Farther from the cliffs the slopes become gentler, ultimately blending
into the lowlands surrounding the plateau.

3. Lowland Areas

Lowland areas completely surround the Piceance plateau and they in-
vade the southern margin along Roan Creek and, to a lesser extent,
Parachute Creek. The sediments underlying the lowland areas are the
lower units of the Green River Formation and the Wasatch Formation.
West of Cathedral Bluffs Cretaceous rocks, not described in this re-
port, are also exposed.
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The Wasatch Formation, consisting largely of clay and shale, is
generally easily eroded. Locally, sandstone is present. On steeper
slopes the brightly colored soft clays erode into spectacular erosion
forms of pinnacles in colors of white, pink, red, green and lavender.
On gentler slopes the formation erodes into a flat terrain which is
commonly cultivated in the areas surrounding the plateau.

Along the Colorado River on the south and along the White River on
the north, floodplains are commonly cultivated or grazed. Cultiva-
tion is also practiced to a lesser degree along Government Creek and
Sheep Creek on the east side of the plateau and in the lower portions
of Parachute and Roan Creeks.

XI. CURRENT INVESTIGATIONS CONDUCTED BY OTHERS

1. U.S. Geological Survey

The major current activities in oil shale being conducted by the U.S.
Geological Survey include the following:

(a) Surface geologic mapping of six quadrangles, namely,
Yankee Gulch, Rock School, Jessup Gulch, Greasewood,
Square S and Wolf Ridge, by four geologists under the super-
vision of D. C. Duncan. Publication is expected in the near
future.

(b) Surface and ground water resources evaluation to determine
the amount and quality of available water. Project is under
direction of John D. Bredehoeft.

(c) Construction of a regional cross-section along route of
Equity Oil Company pipeline from head of Piceance Creek to
mouth of Piceance Creek to crossing of Cathedral Bluffs to
Douglas Creek. Surface sections are measured and sampled at
the three places mentioned. Project is under direction of
Donald A. Brobst.

(d) John R. Dyni is making a study of nahcolite in hand-selected
cores along a basin-wide cross-section, employing X-ray tech-
niques.

(e) John R. Donnell is involved in the Department of the
Interior's Oil Shale Impact Statement for the Proposed Oil Shale
Leasing Program.
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(f) W. C. Culbertson and Janet Pitman have prepared a chapter on
oil shale resources of the Green River Formation for inclusion in
the Survey's Mineral Resources Appraisal study. The volume is
presently in process of publication.

(g) An extensive three-part bibliography on oil shale has been
prepared under the direction of John R. Donnell. The three parts
concern: publications of the U.S. Geological Survey; publications
by Survey authors in non-survey or ''outside'' publications; and
selected publications by non-survey authors. The bibliography is
in process of review and publication.

2. U.S. Bureau of Mines

Current projects of the U.S. Bureau of Mines concerning Piceance
Basin oil shale include:

(a) Study of fundamental chemical and physical properties of a 7-
inch core supplied by the Superior Oil Company from the north
part of the basin for calibration and evaluation of the Birdwell 3-D
log. Properties being measured are: organic content; mineral
variation; and stratigraphy or lithology. It is the objective of the
project ultimately to utilize a geophysical log such as the 3D to
determine resource and other information and data, obviating the
need for coring and chemical analysis.

(b) Cores from the Colorado C-a proposed lease block are being
assayed.

(c) Fifteen sets of drill cuttings from oil and gas wells or tests
are being assayed.

(d) A technique to estimate nahcolite and dawsonite content of oil
shale from oil yield determinations is being investigated. If suc-
cessful, the technique is to be used to estimate the reserves of
these substances in the basin.

(e) A 2,800-foot section of o0il shale is being intensively studied
to reconstruct the geologic history of the basin and the environ-
-mental conditions of oil shale deposition.

(f) A "Report of Investigations' is presently in process of publi-
cation describing the occurrence and significance of the mineral
"aragonite' in the Mahogany Zone. Publication is expected in
early 1973.

=l
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XII. CONCLUSIONS AND RECOMMENDATIONS

1. Adequacy of this Report for Part 1

It is the writer's conclusion that this report in its present form satis-
fies the requirements for Part I.

2. General Conclusions

Exploitation of the Piceance Basin oil shale deposits will involve
mining of the shale, surface processing and disposal of the processed
shale. In situ processing is recognized as a future possibility.

Mining could be in open-pits in a few limited areas, in general close
proximity to the west rim of the plateau. All other mining operations
would be underground, either as drift or adit mines entering from the
cliff faces or as slopes or shafts from the surface of the plateau.

Disposal of solid mine waste from cliff-face entries would be similar
to natural talus slopes, but would bring unweathered rock material to
the surface, some of which would contain soluble mineral salts.

Solid waste from slope or shaft mines could be retained on the surface
of the plateau or could be transported to local canyons or to the boun-
dary cliffs. The foregoing report as well as available surface
geologic maps describe the terrain and the geologic conditions which
would be affected by such solid waste disposal.

Waste water from such mining operations undoubtedly would contain
certain salts and elements which would require special handling.
Some of the waste water, possibly all of it, could be utilized in pro-
cessing operations, but it is a virtual certainty that disposal of it in
the surface drainage would not be permissible.

The greatest problem of waste disposal would be the disposal of pro-
cessed shale. The physical nature of processed shale and its chemi-
cal reaction to surface water will govern acceptable methods of
disposal. The different processes proposed produce different types
of ''spent' shale or ''processed' shale. These differ in physical as
well as chemical characteristics, all of which have a bearing on dis-
posal techniques.

There is strong evidence that the inherent fractured or jointed condi-
tion of the Parachute Creek marlstones provides a route for water to
travel down-dip and into aquifiers not far below the surface. Leaching
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of processed shale, therefore, must be avoided or otherwise taken
into account to prevent pollution of the water supply.

Upland mine operations with upland processing plants and upland dis-
posal of solid wastes would result in less damage to the physiographic
environment than would cliff-side operations. In some cases a per-
centage of the solid wastes could be disposed of underground, or in
upland valleys and canyons, more or less restoring the plateau to its
condition in the recent geologic past. Open-pits near the western rim
could provide sites for the disposal of solid wastes from adjoining
operations, if not for the operation which created them.

The foregoing remarks are only generally applicable. Specific pro-
posals should be carefully examined on an individual basis to assess
the various alternatives available.

Access routes to proposed operations should be thoroughly investi-
gated. Routes through canyons and over cliff faces are vulnerable to
weather conditions as well as to unstable talus slopes and the danger
from spalling cliffs. Alternate routes from Piceance Creek offer
more acceptable grades, very much greater safety, and much less
damage to the existing environment. All of the potential operations
in the central area of the plateau would be more readily accessible
through Piceance Creek valley. Only the potential operations on the
southern rim of the plateau might be serviced better by cliff-side
roads from the Colorado River valley, and even these might be better
served by roads over the plateau. Careful consideration of access
routes, therefore, is essential.

XIII. RECOMMENDED TASKS FOR PHASE II

1. Basin Maps

For the use of other investigators, it is recommended that two gener-
alized basin base maps be prepared of the study area, a topographic
map and a surface geology map.

The outline base map furnished by the Colorado State Geologist can be
used to produce a simplified geologic map showing the areas of the
Evacuation Creek member, the Parachute Creek member, and the
underlying rocks as a unit. The Mahogany Marker, where recognized,
can be shown as a line within the Parachute Creek unit. Such a map
would serve for soil and vegetation studies, hydrologic studies, access
routes, social studies, etc.

—
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Plate 48 in U.S. Geological Survey Bulletin 1082-L by J. R. Donnell
would be the source for this map.

A generalized topographic map on the same scale, (1:125, 000) would
be similarly useful to all investigators. This map would show the
characteristic terrain units described in this report, namely, the
upland, the canyon-cliff unit and the lowland. Drainages would be
shown simply. Topography would be shown in hachures, not contours.

2. Land Status Map

It is recommended that a map showing the status of the oil shale lands
be prepared showing areas of patented oil shale claims, areas of
public domain and areas of unpatented oil shale claims. Such a map
would clearly indicate where operations on privately-owned lands
could take place. Proposed lease blocks on the public domain would
be shown as would State-owned wildlife reservations.

The three maps above recommended mainly require compilation and
drafting. It is probable that some of the sponsors of the study would
be willing to furnish needed data for the land status map. The infor-
mation needed for the basin base maps is publicly available.

A rough estimate of the cost for the preparation of the three maps
may be made on the following basis:

One draftsman's time for one month for each map, using
privately available land data; U.S.G.S. published geologic
map; and published topographic maps:

160 hours X 3 480 hours, + 20 hours,
= 500 hours @ $10.00 per hour $5, 000.00.

In each case the product would be a film transparency from which
prints or other transparencies could be produced.
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XIV. BIBLIOGRAPHY

An exhaustive bibliography is now in preparation for publication by
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available upon publication.
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XVI. Glossary

Adit - A nearly horizontal passage from the surface by which a mine
is entered.

Algal limestone - a limestone formed by growths of algae.

Alluvial - pertaining to material carried or laid down by running water.

Analcitized - altered to a mineral composition containing analcite, a
mineral of the zeolite family, a hydrous sodium-aluminum
silicate.

Anhydrite - a mineral consisting of anhydrous calcium sulphate.

Anticline - an elongate fold in sedimentary rocks in which the limbs
slope downward away from the crest - ''anti'' (opposite) and
"cline'' (slope).

Aquifer - a water-bearing bed or stratum or deposit.

Aragonite - a mineral consisting of calcium carbonate, chemically
identical to calcite but crystallized in the orthorhombic
system as opposed to the hexagonal system of calcite.

Basalt - a fine-grained, dark-colored volcanic rock.

Base level - the lowest level to which erosion is possible; usually a
temporary level controlled by the level of a stream or body of

water into which a stream empties.

Calcite - a mineral consisting of calcium carbonate, crystallized in
the hexagonal system. See aragonite.

Concretion - a local well-defined concentration of mineral matter in
a sedimentary rock that has a composition notably different
from that of the enclosing material; usually of rounded or
ellipsoidal shape.

Conformable - a term applied to beds of rock that have been laid down
in uninterrupted succession, have parallel bedding planes and
have been similarly affected by disturbances.

Conglomerate - consolidated equivalent of gravel.

Core - a cylinder of rock obtained by drilling.
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Core hole - a drill hole where core drilling has been done; where
core samples have been obtained.

Dawsonite - a mineral of aluminum and sodium described as a
""dihydroxy sodium aluminum carbonate'’; present in the
deepest part of the Piceance Basin.

Dip - the angle which a bed makes with the horizontal. Also applied
to the inclination of other plane surfaces, such as faults, etc.

Dip slope - an erosional surface sloping in the same direction as the
dip of the sediments underlying.

Dolomite - a mineral consisting of calcium-magnesium carbonate.
The term is also used to describe a sedimentary rock of simi-
lar composition, analogous to 'limestone', but containing mag-
nesium in addition to lime.

Dome - a structural uplift with dips in all directions outwardly from a
central area.

Drill cuttings - chips of rock brought up to the surface in a drilling
operation.

Drift - a horizontal underground passage; usually applied when the
working is following a fissure or rock contact in contrast to a

cross-cut which transects geologic structure.

Erosion slope - an erosional surface sloping in a direction opposite
to the direction of the dip of the underlying sediments.

Facies - a term designating an aspect or appearance of a sedimentary
rock deposit distinguishing it from other occurrences, such as
the shore facies of a shale deposit.

Fault - a break in the earth along which there has been movement.

Flank - the limb of a fold, such as the limb of an anticline or of a
syncline.

Flood plain - the relatively smooth land bordering a stream, built up
of sediment carried by the stream and dropped in quiet water
beyond the influence of swift current.

Fluviatile - pertaining to river action.

Gilsonite - a mineraloid, a variety of black, brittle asphalt.

e
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Gradient - the rate of a slope or stream bottom, such as '"100 feet
per mile'!, etc.
Gypsum - a mineral consisting of hydrous calcium sulphate.
Halite - a mineral consisting of sodium chloride, or common salt.
Hanging valley - a tributary stream which joins the main stream at a
grade above the main stream so as to form a waterfall in its

course.

Impermeable - a rock is said to be impermeable when it does not
permit the passage of fluids through it; impervious.

Incipient - as incipient fracture, a potential fracture, usually a
closed fracture which can become open with slight ground
movement.

In Situ - "in place'’.

Jointing - fracturing; a system of fractures along which there has
been little or no movement in contrast to faulting which
implies movement.

Kerogen - a term applied to the bituminous material in oil shale.

Lava - rock which has solidified from molten rock poured out on the
earth's surface.

Lenticular - lens-like. Applied to a rock mass that thins out in all
directions.

Lithology - pertaining to the physical characteristics of rocks,
usually sedimentary rocks.

Marlstone - indurated marl. (Marl is an impure limestone, or

calcareous clay, as contrasted to a limestone or a dolomitic
limestone.)

Nahcolite - a mineral consisting of sodium bicarbonate. Occurs as
concretions in oil shale and as beds in the deeper parts of the
Piceance Basin.

Nodule - a small concretion.

Nose - an open-ended plunging anticlinal structure, called a nose
because it causes a bowing of contours on a structure map.
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Oolitic - pertaining to rocks made up of oolites which are small spher-
ical or ellipsoidal accretions resembling fish roe.

Patented oil shale claim - deeded land. Deed issued by federal gov-
ernment to land originally claimed as oil shale placer claim.

Permeable - a rock is said to be permeable if it allows the passage
of fluids through it.

Plunging - as in '"plunging anticline', the inclination of the axis of a
fold. Plunge is the angle between the crest or trough of a fold

as described on a certain bed and the horizontal.

Pyrite - a mineral consisting of iron disulfide. The common brassy
metallic mineral in coal, oil shale, etc.

Saddle - a structural term to describe the place where opposite plung-
ing structures meet, as between opposite plunging anticlinal
folds.

Shaft - a vertical or steeply inclined mine entry.

Siltstone - indurated silt or very fine-grained, usually somewhat
shaly sandstone.

Slope - an inclined mine entry.

Spalling - weathering or exfoliation of a rock face resulting in the
breaking off of chips, etc., often resulting in a rounded sur-
face remaining.

Stratification - bedding in sedimentary deposits.

Stratigraphy - pertaining to the study and interpretation of sedi-
mentary rocks.

Structure - pertaining to the attitude of sedimentary rocks. (Also
used in context of internal structure of minerals, etc.)

Syncline - a down fold; opposite of anticline. (''syn', together, and
""'cline'' or slope.)

Talus - the accumulated rocks and rock materials at the base of a
cliff or steep slope.

Tuff - indurated or somewhat indurated volcanic ash.

e
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Unconformable - a condition in which overlying beds are not parallel
to beds below indicating a change in conditions of deposition or
structural development.

Unpatented oil shale claim - an oil shale placer mining claim held by
right of ""entry' or by ''location''. Title rests with the federal
government.

Varves - laminae indicating cycles of annual sedimentation, usually
consisting of changes in grain size due to alternating summer
and winter conditions.
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A RECONNAISSANCE AND REVIEW
OF THE SOILS OF THE PICEANCE BASIN,
RIO BLANCO AND GARFIELD COUNTIES, COLORADO

I. INTRODUC TION

The Piceance Basin general soil survey encompasses roughly 2, 132
square miles or about 1, 364, 480 acres. The area lies principally in
Garfield and Rio Blanco Counties with about 10 square miles in Mesa
County. The area lies between Township 3 North and Township 8
South; between Range 94 West and Range 101 West.

A. Objectives of the Study

The purpose of the study is to obtain the location and descriptions of
the soils in broad terms consistent with the land types and the scope
of the ecological inventory, yet in sufficient detail to allow relation-
ships to be made with other phases of the study such as geology,
hydrology, biological studies, engineering, climatology, and aesthetic
considerations.

B. Literature and Data Review

A review of the literature revealed that existing soil surveys consisted
of general soil association maps prepared by the Soil Conservation
Service, U.S.D.A. and based upon existing topographic, geologic,

and scattered farm and ranch soil surveys for planning purposes.
Descriptions of the soil associations were obtained from the Soil
Conservation Service. Detailed soil series descriptions were obtained
from the Soil Conservation Service and from the U.S. Forest Service

(9).

II. METHODS USED IN STUDY

The methods used in the survey were in accord with instructions

(Soil Survey Manual, U. S. Department of Agriculture, Handbook

No. 18, 503 pp.) for a low intensity survey (3). Low intensity surveys
are for management of range and forest lands.
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III. FINDINGS AND RESULTS—SOILS DESCRIPTIONS

A. Soil Classification

According to criteria of the new comprehensive system, 7th Approxi-
mation (4), the soils of the Piceance Basin area are classified as
follows:

1. Cryoborolls. Soils formed under low temperatures with
a dark surface layer.

2. Cryoboralfs. Cold, moderately deep and deep soils with
thin surface soils and developed under a conifer type
vegetation.

3. Argiborolls. Developed under cool temperatures and
sage and grass vegetative cover.

4. Argiustolls. Noncalcareous soils developed under cool
temperatures and pinyon-juniper vegetation.

5. Eutroboralfs. Calcareous soils developed under cool tem-
peratures and pinyon-juniper vegetation.

6. Camborthids. Soils developed under warm temperatures.

7. Torrifluvents. Soils developed from alluvial materials
under warm temperatures.

8. Fluvents. Well-drained to poorly drained, often saline-
alkaline soils developed under warm temperatures on low
terraces, first bottoms and floodplains.

9. Haplargids. Well-drained soils developed under warm tem-
peratures on mesas, benches, and in canyons.

10. Natragids. Warm, well-drained soils developed on mesas
and benches.

11. Haploborolls. Soils developed under cool temperatures on
terraces and fans.

12. Ustifluvents. Calcareous soils developed under cool tem-
peratures on terraces and floodplains under brush and grass
vegetation.



Table 1. Table of Characteristics for Soil Associations—Colorado State Key for County General Soil Maps — Estimated Properties (with adaptations by Fox).

Depth to
Seasonal
High Shrink- Frost ) - . Dom
Soil Association Number, Slope Bedrock Perme- Watertable Flood Swell Action Ml.ltra' Topt.)- Ly ;retn Veget .tion
Name, and Components (%) (Inches) ability (Inches) Hazard Potential Potential Reaction Texture tion tion Other at. egetal

49. Cryoboralfs-Rock outcrop
Cryoboralfs 9-25+ 10-60+ NR >60 None NR NR Acid Channery Mod. to  Mtn. Cold Cal. Asp.en -
Rock outcrop - 0 - - None -- -- surface loam or High slopes G. Wooded shale conifer
Minor Soils fsl

50. Cryoborolls-Cryoboralfs
Cryoborolls 15-25+ >40 NR 560  None NR NR o Loamy- Slow to " ®ol =8 A::::""
Cryoboralfs 15-25+  10-60+ NR >60  None NR NR clayey Medium o
Rock outcrop - 0 -- - None -- e sub.

52. Argiborolls-Haploborolls . s
Argiborolls 15-25+  20-40+ NR >60 None NR NR Calcar- -- "ou Mtn. slopes Cool Aeolian age &
Haploborolls 15-25¢+  20-40+ NR >60 None NR NR eous terraces & ETAns
Rock outcrop - None -- -- floodplains floodplaina

54. Argiustolls-Haploborolls X Pinyon-
Argiustolls 9-25 20-40+ Slow >60 None High Moderate " Loams & n Sloping Cool Over nyen
Haploborolls 9-25 <20  Slow >60  None Moderate Moderate SCL's to steep shale Juniper
Rock outcrop - 0 -- - None - - Mtus.

55. Eutroboralfs-Rock outcrop-

Haploborolls " o
Eutroboralfs 15-25+ <20 NR >60  None NR NR i e "o Steep . :
Rock outcrop - 0 e = None e .- Mtn. Sandstone
Haploborolls 15-25+ 20-40 NR >60 None NR NR Slopes

59. Camborthids- Torriorthents-

Haplargids . X i i
Camborthids 15-25+ <20  Slow >60 None Low Low " LI "o Steep Hills Warm
Torriorthents 15-25+ <20 Slow >60 None Low Low breaks,
Haplargids 14-25+ 20-60 Slow >60 None High Low canyongs

64. Rock outcrop 3
Rock outcrop 25+ 0 - = None - - Acid Loamy Low to Steep Cold Rocks Conifers
Minor Soils surface High Mtn. slopes & Aspen



Table 1. Continued.

Depth to
Seasonal
High Shrink- Frost
Soil Association Number, Slope  Bedrock Perme- Watertable Flood Swell Action Infiltra- Topo. Pos- Parent Dom.
Name, and Components (% (Inches) ahility (Inches) Hazard Potential Potential Reaction Texture tion tion Other Mat. Vegetation
95. Haplargids-Camborthids
Haplargids 3-15 >60 NR >60 None Moderate Low Calcar- Loams Mod. to  Mts, Ter- Warm Shale Pinyon-
Camborthids 3-15 >60 Mod >60 None Moderate Low eous High races, Mesas sandstone Juniper
96. Haplargids-Torriorthents-
Rock outcrop
Haplargids 3-15 >60 Mod >60 None Low Low -- -- “ Mesad, o LE 53
Torriorthents 15-25+ <20  Mod >60 None Low Low benches,
Rock outcrop - 0 g - None - == canyons
98. Cryoboralfs-Cryoborolls-
Rock outcrop
Crycboralfs 15-25+  20-60 NR >60 None NR Moderate -- -- Med. to -- Cold - =
Cryoborolls 15-25+ >40 NR >60 None NR Moderate High
Rock outcrop - 0 i - None e -—
99. Torriorthents-Rock outcrop
Torriorthents 15-25+ <20 Mod >60 None Low Low Calcar- Medium L Breaks & Warm-
Rock outcrop - o . = None -- .- eous to fine Canyons shallow -- -
100. Natragids-Haplargids-
Camborthids
Natragids 3-9 >60  Slow >60 None High Low -- -- " Mesas & Warm - =
Maplargids 3-9 >60 Mod Rap. >60 None Moderate Low benches
Camborthids 9-15 20-40 Mod Rap. >60 None Moderate Low
132, Ustifluvents-Fluvaquents
Ustifluvents 3-9 >60 Mod >60 Rare Low Moderate Calcar- Sandy Loam Slow to  Terraces " Alluvium Brush &
Fluvaquents 0-3 >60 Mod 20-40 Common Low Moderate eous to SCL. medium & grasses
floodplains
133. Ustorthents
Ustorthents 15-25+ <20  Rapid >60 None Low Low " " f Steep Mesas " = Pinyon
Ustorthents 15-25 20-40 Mod >60 None Low Low % breaks Juniper

Minor Soils

NR - Not rated because of variability.
-- = Not applicable or information not available.
l/characteriatics based on series descriptions.

2/s0i1 permeability: Slow 0.05 - 0. 20 inches per hour; Moderately

s

‘slow 0.20 - 0.80; Moderate 0.80 - 2.50; Moderately rapid 2.50 - 5.00; Rapid 5.00 - 10.00 inches per hour.



Table 2. Soils Legend - Piceance Basin.

Soil Association Number, Slope Bedrock
Name, and Components (’.)p (Inches) Soil Association Characteristics
49. Cryoboralfs-Rock outcrop
Cryoboralfs 9-25+ 10-60+ Cryoboralfs-Rock outcrop association: Cold, deep to shallow, well drained, gently sloping
Rock outcrop to steep soils and Rock outcrop and rock slides on high mountain slopes.
Minor Soils
50. Cryoborolls-Cryoboralfs
Cryoborolls 15-25+ > 40 Cryoborolls-Cryoboralfs association: Cold moderately deep and deep, well drained, mod-
Cryoboralfs 15-25+ 10-60+ erately steep and steep soils on mountain slopes.
Rock outcrop - 0
52. Argiborolls-Haploborolls
Argiborolls 15-25+ 20-40+  Argiborolls-Haploborolls association: Cool, dominantly deep and moderately deep, well
Haploborolls 15-25+ 20-40+ drained, moderately steep and steep soils on mountain slopes.
54. Argiustolls-Haploborolls
Argiustolls 9-25 20-40+  Argiustolls-Haploborolls association: Cool, dominantly moderately deep and deep, well-
Haploborolls 9-25 <20 drained, sloping to steep soils on mountain slopes.
Rock outcrop - 0
55. Eutroboralfs-Rock outcrop-
Haploborolls
Eutroboralfs 15-25+ <20 Eutroboralfs-Rock outcrop-Haploborolls association: Cool, shallow and moderately deep,
Rock outcrop - 0 well drained, steep soils and Rock outcrop on mountain slopes.
Haploborolls 15-25+ 20-40
59, Camborthids-Torriorthents- %
Haplargids
Camborthids 15-25+ <20 Camborthids-Torriorthents-Haplargids association: Warm, dominantly shallow, well-
Torriorthents 15-25+ <20 drained, steep soils on hills, breaks, and canyons.
Haplargids 15-25+ 20-60
64. Rock outcrop
Rock outcrop 25+ 0 Rock outcrop and cold very shallow to moderately deep, somewhat excessively drained,
Minor Soils coarse to moderately fine textured, dark and light colored soils on steep and very steep
slopes.
82. Fluvents
Fluvents 0-3 >60 Warm, deep and moderately deep, well-drained to somewhat poorly drained, often saline-
Minor Soils alkaline, mod. fine to sandy soils, affected by fluctuating watertables.
93, Haplargids-Camborthids
Haplargids 3-15 >60 Warm, deep to shallow, well-drained, light colored, calcareous and often gypsiferous
Camborthids 3e15 >60 gravelly to stony medium textured scils and reddish brown, medium textured wind
deposited soils.
96. Haplargis-Torriorthenta-
Rock outcrop
Haplargida 3-15 >60 Warm, deep to shallow, well-drained, gently sloping and moderately steep soils and rock
Torriorthents 15-25+ <20 outcrop on mesas, benches, and canyons.
Rock outcrop - 0
98. Cryoboralfs-Cryoborolls-
Rock outcrop
Cryoboralfs 15-25+ 20-60 Cold, deep to shallow, well-drained, sloping to steep soils on mountain slopes and
Cryoborolls 15-25+ >40 mesas.
Rock outcrop - 0
99. Torriorthents-Rock outcrop
Torriorthents 15-25+ <20 Torriorthents-Rock outcrop association: Warm, shallow, well-drained, aloping to steep
Rock outcrop - 0 soils and Rock outcrop on breaks and canyons.
100. Natragids-Haplargide-
Camborthids
Natragids 3-9 >60 Warm, deep and moderately deep, well-drained, moderately steep or gently sloping soils
Haplargids 3-9 >60 on mesas and benches.
Camborthids 9-15 20-40
132, Ustifluvents-Fluvaquents
Ustifluvents 3-9 >60 Cool, deep and moderately deep, well-drained to poorly drained, moderately coarse to
Fluvaquents 0-3 >60 moderately fine textured, calcareous and often saline-alkaline, light to dark colored
Minor Soils soils on nearly level to gently sloping low terraces and narrow valley floodplains.
133, Ustorthents
Ustorthents 15-25+ <20 Cool, shallow to moderately deep, well-drained, calcareous, moderately fine to mod-
Ustorthents 15-25 20-40 erately coarse textured and often stony soils with dark surface layers and light colored
Minor Soils subsocils on moderately steep to steep mesas and shale or fine sandstone breaks.
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13. Ustorthents. Calcareous soils developed under cool tempera-
tures on steep mesas and breaks under pinyon-juniper vegeta-
tion.

14, In addition to the above classified soil groups are ""Miscellane-
ous Land Types'' such as rock outcrops (3). Descriptions of
this unit follows;

B. Descriptions of Available Soil Series
and the Soil Associations in Which They Occur: (Some
Soil Series Descriptions are Unavailable at This Time)

Soil series descriptions are not available for all soil associations at
this time. Some soil series occur in more than one soil association;
the association, or associations in which a soil series occurs is indi-
cated under the series description. For example, the Rencalson series
occurs in associations 59, 93, 96, and 100. The Dominguez series
occurs in only soil association number 96.

1. Rencalson Series

The state of soils survey in Basin is such that but few soils have been
described. One soil series, Rencalson, has been described but the
locations of the boundaries have not been mapped. This soil is found

in Soil Associations No. 59, 93, 96, and 100 (Tables 1 and 2 and Figure
1). This soil series is described below:

The Rencalson series is a member of the fine, montmorillonitic, mesic
family of Ustollic Haplargids. Typically, Rencalson soils have very
friable, granular A horizons and B2t horizons having prismatic and
subangular blocky structure. They overlie interbedded shale, siltstone,
and soft sandstone between 20 and 40 inches.

Typifying Pedon: Rencalson loam - grassland
(Colors are for dry soil unless otherwise noted.)

Al 0-5'""--Grayish-brown (10YR 5/2)l/ loam, dark, grayish,
brown (10YR 4/2) moist; moderate fine granular and
crumb structure; soft, very friable; neutral (pH 6.6);
clear smooth boundary. (4 to 6 inches thick)

1
—/Refers to Munsell color chart, a standard used by soil surveyors.
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Bl 5-9"--Grayish-brown (10YR 5/2) clay loam, dark grayish-
brown (10YR 4/2) moist: weak medium prismatic struc-
ture that parts to medium subangular blocks; very hard,
very friable; a few thin glossy patches on faces of peds;

neutral (pH 6.8); clear smooth boundary. (3 to 4 inches
thick)

B2t 9-23"--Brown (10YR 5/3) heavy clay loam, dark brown (10YR
4/3) moist; moderate medium prismatic structure that
parts to moderate medium angular blocks; extremely hard,
friable; thin nearly continuous wax-like coatings on faces
of peds; thin wax-like coatings in root channels; neutral
(pH 7.2); gradual wavy boundary. (5 to 18 inches thick)

B3 23-32"--Light brownish-gray (10YR 6/2) clay loam, grayish-
brown (10YR 5/2) moist; weak medium subangular blocky
structure; hard, friable; few thin glossy patches on faces
of peds and some glossy coatings in root channels; neutral
(pH 7.2); clear smooth boundary. (3 to 12 inches thick)

I1C 32 -40'""--Noncalcareous, interbedded shale, siltstones and
soft sandstone.

Range in Characteristics: Thickness of the solum ranges from 15 to
40 inches, and depth to the paralithic contact ranges from 20 to 40
inches. The weighted average organic carbon content of the upper

15 inches is approximately .8 percent and the sand/clay ratio ranges
from less than 1 to about 3. The soil is 90 to 100 percent base satu-
rated. Content of coarse fragments ranges from 0 to 15 percent, but
is typically less than 5 percent. Mean annual soil temperature ranges
from 47°F. to 58°F., and mean summer soil temperature ranges
from 60°F. to 76°F. Primary structure is usually granular or crumb
but is subangular blocky in some pedons. This horizon is soft to
slightly hard and slightly acid to mildly alkaline. Texture is typically
a heavy clay loam or light clay but clay may range from 35 to 50 per-
cent, silt from 15 to 45 percent, and sand from 15 to 55 percent with
more than 15 percent fine sand or coarser. This horizon is neutral to
mildly alkaline.

Setting: The Rencalson series occurs on gently to moderately sloping
upland hills and ridges. Slopes usually range from 2 to 20 percent.
These soils are developing in fine textured, noncalcareous parent
sediments weathered from noncalcareous sedimentary bedrock. At
the type location the average annual precipitation is 12 inches, with
peak periods of precipitation during the spring and early summer
months. The average annual air temperature is 46°F., the average
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summer air temperature is 68°F., the mean annual soil tempera-
ture is 51°F., and the mean summer soil temperature is 68°F,

Drainage and Permeability: Well-drained. Runoff is medium,
permeability is slow.

Use and Vegetation: These soils are used principally as native pas-
tureland, however, they may be cultivated in some areas. Principal
native vegetation includes western wheatgrass, sagebrush, green
needlegrass, and cactus.

2. Dominguez Series

Another soil, the Dominguez Series, is associated with Soil Associa-~
tion No. 96. The Dominguez series is a member of the fine, mont-
morillonitic, mesic family of Ustertic Camborthids. Typically,
Dominguez soils have thin granular A horizons; very coarse pris-
matic to angular blocky, fine textured B2 horizons; and fine textured
Cca horizons.

Typifying Pedon: Dominguez clay loam -~ grassland
(Colors are for dry soil unless otherwise noted.)

Al 0-5"--Brown (7.5YR 5/3) heavy clay loam, dark brown
(7.5YR 4/3) moist; moderate fine granular structure;
soft, very friable; calcareous; moderately alkaline (pH
8.4); clear smooth boundary. (4 to 6 inches thick)

B21 5-9"--Reddish brown (5YR 5/3) heavy clay loam, reddish
brown (5YR 4/3) moist; weak coarse prismatic structure
that parts to moderate medium angular blocks; hard and
extremely hard, very friable; cracks one-fourth to one-
half inch wide when dry; few shiny patches on vertical
faces of peds; calcareous; moderately alkaline (pH 8. 4);
clear smooth boundary. (3 to 6 inches thick)

B22 9-25"--Reddish brown (5YR 5/3) clay, reddish brown (5YR
4/3) moist; moderate very coarse prismatic structure
that parts to moderate coarse angular blocks; extremely
hard, very plastic; few wax-like patches presumed to be
silicate clay on vertical faces of peds; cracks one-haif
to one inch wide when dry; many slickensides; calcareous;
moderately alkaline (pH 8. 4); gradual wavy boundary.

(8 to 20 inches thick)
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Clca 25-35"--Reddish brown (5YR 5/3) clay, reddish brown (5YR
4/3) moist; weak very coarse angular blocky structure;
extremely hard, very plastic; cracks one-half to one inch
wide when dry; some visible secondary calcium carbonate
accumulations as concretions, thin seams, and streaks:
moderately alkaline (pH 8. 4); gradual wavy boundary.

(8 to 14 inches thick)

C2ca 35-47"--Light reddish brown (5YR 6/3) clay, reddish brown
(5YR 5/3) moist; massive; extremely hard, very plastic;
cracks one-half to one inch wide when dry; some visible
secondary calcium carbonate accumulation as concretions,
thin seams, and streaks; moderately alkaline (pH 8. 4).

Range in Characteristics: Depth to bedrock or strongly contrasting
substratums is greater than 40 inches. Texture of the control section
is typically clay or heavy clay loam, and clay ranges from 35 to 50
percent, silt from 15 to 40 percent, and sand from 15 to 35 percent
with more than 15 percent but less than 35 percent being fine or
coarser sand. Content of coarse fragments ranges from 0 to 15 per-
cent but is commonly less than 5 percent. These soils are commonly
calcareous throughout and have continuous horizons of secondary
calcium carbonate accumulation. Mean annual soil temperature
ranges from 47 to 58°F. and mean summer soil temperature ranges
from 60° to 78°F. These soils are usually moist in some part between
4 and 12 inches for more than 1/4 but less than 1/2 of the time the soil
temperature exceeds 41°F., and are usually moist in all parts between
4 and 12 inches for less than 60 cumulative days during the 120 days
following the winter solstice.

Setting: Dominguez soils are on nearly level to moderately sloping
alluvial fans and valley filling sideslopes. Slope gradients range from
0 to about 10 percent. These soils formed in fine textured, calcareous,
alluvial fan sediments weathered from reddish brown calcareous shales
of the Morrison formation. At the type location average annual pre-
cipitation is 14 inches with peak periods of precipitation occurring
during the spring and early summer months. Mean annual air tem-
perature is 48°F. and the mean summer air temperature is 63°F.

Drainage and Permeability: Well drained; rapid runoff; slow perme-
ability.

Use and Vegetation: These soils are used principally as native pasture-

land. Native vegetation is black sage, big sage, western wheatgrass,
Indian ricegrass, and scattered greasewood.
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Distribution and Extent: The western slope area of Colorado. The
series has moderate extent.

3. Troutville Series

Soil Associations Nos. 49, 50, and 98 contain the loamy Troutville
series (Figure 1). The Troutville series is a member of a loamy
skeletal, mixed family of Ochraptic Cryoboralfs. Typically these
soils have thin moderately dark colored A horizons, light colored
vesicular A2 horizons that tongue into the B2t horizon, and B2t
horizons in which silicate clay is accumulating in lamellae. They
have albic (gray leached) horizons, and argillic (with accumulations
of clay) horizons.

Typifying Podon: Troutville gravelly sandy loam

01 4-1"--Undecomposed needles, bark twigs, and grasses.
(1 to 2 inches thick)

02 1-0"--Partially decomposed organic material derived from
the material above. (1 to 2 inches thick)

Al 0-3"--Brown or dark brown (10YR 4/3 dry) sandy loam,
very dark brown (10YR 3/3 moist); strong medium
crumb structure; soft dry, very friable moist; 10 to
15 percent gravel; noncalcareous, pH 6.8; clear
wavy boundary. (0 to 4 inches thick)

A2 3-12"--Light gray (10YR 7/2 dry) cobbly sandy loam,
brown (10YR 5/3 moist); weak fine platy structure
breaking to moderate medium granules; slightly
hard dry, very friable moist; 20 percent cobble and
gravel; noncalcareous, pH 6.8; diffuse wavy boundary
(4 to 12 inches thick)

A&B 12-21"--Variegated colors ranging from light gray (10YR
7/2 dry) to brown (7.5YR 5/4 dry) sandy loam, brown
(10YR 5/3 moist) to brown or dark brown (7.5YR 4/4
moist); weak medium subangular blocky structure;
slightly hard dry, very friable moist; thin nearly con-
tinuous clay films on some of the soil aggregates;
this horizon consists of clayey materials occurring as
seams and small nodules embedded in a light colored
matrix like that of the overlying horizon; 60 percent

stone; noncalcareous, pH 6.8; gradual wavy boundary.
(6 to 12 inches thick)
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B2t 21-40"--Variable colors ranging from light yellowish-brown
(100YR 5/4 dry) to brown (7.5YR 5/4 dry) sandy loam in
which there are many discontinuous lamellae of sandy
clay loam or clay loam; yellowish-brown (10YR 5/4 moist)
to brown (7. 5YR 4/4 moist); 1 to 10 cm thick; weak med-
ium subangular blocky structure: slightly hard dry, very
friable moist; thin nearly continuous clay films on the sur-
face of pads in the lamellae; 60 percent stone; some clay
coatings on stone fragments; noncalcareous, pH 6. 8;
diffuse irregular boundary. (10 to 32 inches thick)

C 40-60""--Yellowish-brown (10YR 5/4 dry) sandy loam, dark
yellowish-brown (10YR 4/4 moist): massive; slightly hard
dry, very friable moist; 60 percent stone; noncalcareous,
pH 6.8. (Several feet thick)

Range in Characteristics. Thickness of the solum (A&B horizons)
ranges from 20 to 60 inches, and there should be no bedrock above
40 inches. Typically these soils are noncalcareous for more than 60
inches. In some places the thin Al horizon may be entirely absent.

The soil has a weak platy structure breaking to fine granules, however,
it may be weakly subangular blocky in places. Consistence is soft
to slightly hard.

The A&B horizon consists of material like that of the lamellae des-
cribed in the B2t horizon embedded in a matrix of material like that
described for the A2 horizon. The finer textured silicate clay par-
ticles occur as nodules and as thin seams. Reaction of the A&B
horizon ranges from pH 6.0 to pH 7.5.

Structure of the B2t horizon is typically subangular blocky but varies
in both grade and class. Consistence of the entire horizon ranges
from soft to slightly hard, while that of the lamellae ranges from

hard to very friable. Texture of the lamellae in the B2t horizon

(2 subdivision of the B horizon containing clay) is typically a very
stony sandy clay loam but clay may range from 15 to 35 percent,

silt from 5 to 40 percent, and sand from 30 to 75 percent. The matrix
material between the lamellae is typically a sandy loam. Thickness of
lamellae ranges from 0 to 10 cm and total more than 15 cm in aggre-
gate. Content of coarse fragments range from 35 to 85 percent and is
mostly stone and boulders.

Setting: The Troutville series occur on moderately to steeply sloping
mountain sides. Slope gradients range from 2 to 30 percent. They
are developing in glacial till or in materials weathered and moved
locally down slope from a variety of rocks. At the type location the
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average annual precipitation is 18 inches, 11 inches of which falls
during the months of April through August. The average annual
soil temperature is 38°F., and the average summer soil tempera-
ture is 45°F., with a 0 horizon more than 4 inches thick and 55°F,,
without a 0 horizon.

Drainage and Permeability: Well-drained. Runoff is medium to rapid,
and permeability is medium to rapid.

Use and Vegetation: These soils are used as native pastureland, for
forestry, and for recreation. Principal native vegetation includes
lodgepole with some spruce and fir, and with a weak understory of
grasses and shrubs.

4. Billings Series

A bottomland and valley fillings soil in Soil Associations No. 59,
96, and 99 has been described. It is the Billings Series described
below. The Billings series is a member of a fine-silty, mixed
(calcareous), mesic family of Typic Torrifluvents. Typically,
Billings soils are deep and have moderately fine texture in the
10-40 inch control section.

Typifying Pedon: Billings silty clay loam - cultivated
(Colors are for air dry soil unless otherwise
noted.

Apl 0-3"--Light brownish-gray (2.5Y 6/2) silty clay loam,
dark grayish-brown (2.5Y 4/2) moist; weak medium
granular structure; hard, firm, sticky, plastic;
many medium roots; common medium pores; strongly
calcareous, moderately alkaline (pH 7.9); clear
smooth boundary. (1 to 6 inches thick)

Ap2 3-11"--Light brownish-gray (2.5Y 6/2) silty clay loam,
dark grayish-brown (2.5Y 4/2) moist: weak fine
blocky and subangular blocky structure; hard, firm,
sticky, plastic; many medium roots; common fine
pores; strongly calcareous, moderately alkaline
(pH 8.0); clear smooth boundary. (0 to 8 inches
thick)

C1 11-18"--Light brownish-gray (2.5Y 6/2) silty clay loam,
dark grayish-brown (2.5Y 4/2) moist; weak fine
blocky and subangular blocky structure; hard, firm,
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sticky, plastic; few fine roots; few fine pores; strongly
calcareous, mildly alkaline (pH 7.8); gradual wavy
boundary. (6 to 15 inches thick)

Cc2 18-42'"--Light brownish-gray (2.5Y 6/2) silty clay loam,
dark grayish-brown (2.5Y 4/2)moist; weak coarse sub-
angular blocky structure; hard, firm, sticky, plastic;
few fine roots; few fine pores; strongly calcareous, mildly
alkaline (pH 7.0); diffuse boundary. (10 to 24 inches
thick)

C3 42-58'"-- Light brownish-gray (2.5Y 6/2) silty clay loam,
dark grayish-brown (2.5Y 4/2) moist; massive; hard,
firm, sticky, plastic; few fine roots, few fine pores; few
fine grayish-brown (10YR 6/2) soft gypsum nodules;
strongly calcareous, moderately alkaline (pH 8. 0).

Range in Characteristics: Salinity and alkali range from slight to
strong. Clay minerals are mixed, but are dominantly illite and
kaolite. Calcium carbonate equivalent ranges from 5 to 25 percent.
Gypsum has segregated in the lower C horizon. It is in crystals and
nodules that amount to 0.5 to 10 percent of the horizon by volume.
Mean annual soil temperature is 47° to 52°F. There are distinct
mottles below 36 inches in the moderately well drained phases. The
10-40 inch control section has colors similar to those of the A hori-
zons. It contains 27 to 35 percent clay loam to clay loam. Reaction
ranges from mildly to strongly alkaline.

Setting: These soils are on alluvial fans, flood plains and narrow
alluvial fans. Parent material is alluvium from alkaline marine
shales containing gypsum. Slopes range from 1 to 10 percent. The
climate is semiarid. Mean annual temperature is 47° to 52°F., and
the freeze-free period ranges from 110 to 160 days. Mean annual
precipitation ranges from 7 to 11 inches.

Drainage and Permeability: Well and moderately well drained. Run-
off is medium to rapid and permeability is slow.

Use and Vegetation: Where irrigated and not too saline, alfalfa, small
grains, sugar beets, and beans are grown. Present vegetation on
rangeland is mainly shadscale, snakeweek, galleta grass, and grease-
wood.

Distribution and Extent: The semiarid and arid parts of Montana,
Wyoming, Colorado and Utah. The series is extensive.
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Remarks: The pH values given are of soil paste. The Billings
series was classed in the Alluvian great soil group.

5. Ravola Series

Another bottomland valley filling soil is the Ravola Series found in
soil associations 59, 96, and 99. The Ravola series is a member
of the fine-silty, mixed (calcareous), mesic family of Typic
Torrifluvents. Typically, Ravola soils have light brownish-gray
thin A1l horizons, and loam texture in the 10-40 inch control section.

Typifying Pedon: Ravola loam - cultivated
(Colors are for dry soil unless otherwise noted.)

Apl 0-6'"~~Light brownish gray (2.5Y 6/2) loam, dark grayish
brown (2.5Y 4/2) moist; weak coarse subangular blocky
structure; slightly hard, friable, slightly plastic; many
fine roots, few coarse roots; common fine and medium
pores; moderately calcareous; mildly alkaline (pH 7. 8);
clear smooth boundary. (2 to 6 inches thick)

Ap2 6-9"~-Light brownish gray (2.5Y 6/2) loam, dark grayish
' brown (2.5Y 4/2) moist; strongly compacted plowpan

layer; weak coarse subangular blocky structure that
parts to weak coarse granular structure; hard, friable,
slightly sticky, slightly plastic; many fine roots:
common fine pores; few medium pores; moderately
calcareous: mildly alkaline (pH 7.7); clear smooth
boundary. (0 to 3 inches thick)

Cl1 9-18"~-Light brownish gray (2.5Y 6/2) loam, dark grayish
brown (2.5Y 4/2) moist; weak thin platy structure that
parts to weak very thin platy structure; hard, friable,
slightly sticky, slightly plastic; few coarse roots,
many fine roots; many large pores; common fine
pores; moderately calcareous; mildly alkaline (pH
7.7); gradual wavy boundary. (9 to 24 inches thick)

Cc2 18-45"~-Light brownish gray (2.5Y 6/2) loam, dark gray-
ish brown (2.5Y 4/2) moist; weak coarse subangular
blocky structure that parts to weak medium granular
structure; slightly hard, friable, slightly sticky, slightly
plastic; few large roots, many fine roots; common large
pores; strongly calcareous; mildly alkaline (pH 7.9);
gradual irregular boundary. (6 to 30 inches thick)
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C3 45-60"--Light brownish gray (2.5Y 6/2) loam, dark grayish
brown (2.5Y 4/2) moist; massive; soft, very friable; few
fine roots; few fine pores; moderately calcareous: mod-
erately alkaline (pH 7.9).

Range in Characteristics: Ravola soils are usually dry when not
frozen, unless irrigated. Soil temperatures are warmer than 47°F.
These soils are mildly to strongly alkaline and contain 5 to 25 percent
calcium carbonate. The 10- to 40-inch control section is loam, silt
loam, or very fine sandy loam, containing 18 to 27 percent clay and
less than 15 percent coarser than very fine sand.

Setting: These soils are on alluvial fans and in narrow alluvial valleys.
Slopes range from 0 to 6 percent. The soils formed on alluvium from
shale. The climate is semiarid. Mean annual temperature is 47°

to 52°F., and the frost-free period is 110 to 160 days. Mean annual
precipitation ranges from 7 to 11 inches.

Drainage and Permeability: Well~drained; medium runoff; moderate
permeability.

Use and Vegetation: Irrigated areas are used for growing small
grains, corn, sugar beets, alfalfa, and pasture. Present vegetation
on unirrigated areas is shadscale, greasewood, galleta grass, rabbit-
brush, and big sagebrush.

Distribution and Extent: Eastern Utah and western Colorado., The
soils are extensive.

6. Persayo Series

A loamy soil on steeply sloping upland hills is the Persayo Series.
This is found in Soil Associations 59 and 99. The Persayo series is
a member of the loamy, mixed, calcareous, mesic family of Typic
Torriorthents. Persayo soils are calcareous throughout and typically
have thin, slightly darkened Al horizons and moderately fine textured
C horizons. They overlie soft shale or siltstone at depths of 10 to 20
inches.

Typifying Pedon: Persayo silty clay loam - grassland

(Colors are for dry soil unless otherwise noted.)

Al 0-4''--Light yellowish brown (2.5Y 6/3) light silty clay loam,
light olive brown (2.5Y 5/3) moist: moderate fine granular
structure, weak platy in the upper 1/2 inch; soft, very
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friable; calcareous; moderately alkaline (pH 8.2); gradual
smooth boundary. (3 to 7 inches thick)

Cl1 4-14"--Light yellowish brown (2.5Y 6/4) light silty clay loam,
light olive brown (2.5Y 5/4) moist; weak medium sub-
angular blocky structure that parts to moderate fine gran-
ules; hard, very friable; few small calcium sulfate crystals;
calcareous; moderately alkaline (pH 8.2) gradual smooth
boundary. (7 to 14 inches thick)

Cc2 14" --Calcareous, gray and yellow shales and siltstones.

Range in Characteristics: Depth to the underlying paralithic contact
ranges from 10 to 20 inches. Content of organic carbon in the surface
15 inches or in the soil above the bedrock is approximately .4 percent.
Calcium carbonate equivalent ranges from about 5 to 14 percent, and
content of calcium sulfate ranges from less than 1 to about 10 percent.
The series control section is typically heavy silt loam or light silty
clay loam, but clay ranges from 18 to 35 percent, silt from 30 to 65
percent and sand from 5 to 45 percent. Coarse fragments are usually
less than 5 percent and range from 0 to 15 percent. Mean annual soil
temperature ranges from 47° to 58°F. Mean summer soil temperature
ranges from 60° to 75°F. These soils are dry in all parts of the mois-
ture control section for more than 3/4 of the time that the soil tempera-
ture is above 41°F. It is moderately to strongly alkaline (pH 8.0 to
8.5) and is soft to slightly hard. The C horizon is moderately to
strongly alkaline (pH 8.0 to 8.5). It contains some visible calcium car-
bonate and calcium sulfate which are not concentrated into a definite
horizon of secondary accumulation and are considered to be character-
istic of the parent sediments rather than pedogenic.

Setting: These soils are on moderately to steeply sloping upland hills
and ridges. Slope gradients range from 2 to about 45 percent. The
soils formed in thin sediments weathered from underlying soft sedi-
mentary bedrock. At the type location average annual precipitation is
8 inches with peak periods of precipitation occurring during the spring
and early summer months. Mean annual air temperature is 53°F. and
mean summer air temperature is 70°F.

Drainage and Permeability: Well-drained; medium to rapid runoff;
slow to moderate permeability.

Use and Vegetation: Used almost exclusively for native pastureland.

Native vegetation is salt sage, greasewood, shadscale, and scattered
grasses.

Distribution and Extent: Western Colorado and Wyoming, northwest-
ern New Mexico and Utah. The series is of large extent.

[
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7. The Escarpment
(Miscellaneous Land Type ""Rock Outcrop')

The Escarpments typify the area scenically but occupy but little
space. The description of these soils are usually referred to as
""Rock Outcrop.' Rock outcrop includes areas in which 90 percent
or more, of the exposed surface consists of barren rock. It forms,
or includes areas of fixed bedrock forming the vertical, or near
vertical, parts of the canyon walls. The rocks forming such areas
are dominantly sandstone and shale with some limestone and marl-
stone. These areas are unstable and rocks are frequently rolling
down onto the talus slopes below. The area is too steep to allow any
significant soil development. Scattered plants obtain precarious foot-
holds in the crevices of the rocks.

Soils and Their Characteristics

The soil series (those available), miscellaneous land types, and
their characteristics are shown in Table 1. (Refer to general soils
map for distribution and extent of soil associations.)

IV. EXPLANATION OF TERMS AND FOOTNOTES
FOR TABLE OF CHARACTERISTICS FOR SOIL ASSOCIATIONS

Colorado State Key for County General Soil Maps (9)

Estimated properties and ratings for each component of the soil asso-
ciations are based on dominant conditions. Variations from the domi-
nant conditions can be expected within most components.

1. Soil Association-- A mapping unit used on general soil maps
in which two or more defined taxonomic units occurring together in
a characteristic pattern are combined on the map into one unit. The
components of the soil association may or may not be contrasting.

2. Soil Slope-- A soil characteristic normally measured with
a hand level and expressed in terms of percentage -- the difference
in elevation for each 100 feet horizontal. The following slope class
ranges and descriptive terms were used:

0-3 percent nearly level

3-9 percent gently sloping
9-15 percent sloping

15-25 percent moderately steep

more than 25 percent steep
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3. Soil Fertility and Productivity--Soil fertility is dependent
upon the presence and availability of plant nutrients in the soil.
Table 3 shows the chemical composition of selected soil samples
from the Dow Area and will be representative of many of the soils
in the Piceance Basin. From these data, it is evident that the soils
are well-supplied with plant nutrients. Soil fertility is not directly
observable. It is the quality that enables the soil to provide the
proper compounds, in the proper amounts and in the proper balance,
for the growth of specified plants, when other factors, such as light,
temperature, moisture, and the physical condition of the soil, are
favorable (1) (3).

The physical composition of selected soil samples from the
Dow Area will be representative of many soils in the area (Table 4).

The soils of the Piceance Basin are not productive of a wide
variety of crops. Because of temperature and moisture, the area
is best suited to the growth of grasses and other range plants. On
some of the alluvial soils along streams, and at lower elevations,
hay crops such as alfalfa and timothy are grown. Meaningful data
on soil-herbage yield potentials for the area were not available.

4, Hydrologic Groups--

Group A

Soils having high infiltration rate even when thoroughly wetted con-
sisting of chiefly deep, well to excessively drained sand and/or gravel.
These soils have a high rate of water transmission and would result in a
low runoff potential.

Group B
Soils having moderate infiltration rates when thoroughly wetted, con-

sisting chiefly of moderately deep, moderately well to well-drained soils
with moderately fine to moderately coarse textures. These soils have a
moderate rate of water transmission.

Group C
Soils have slow infiltration rates when thoroughly wetted, consisting

chiefly of (1) soils with a layer that impedes the downward movement of
water or (2) soils with moderately fine to fine texture and a slow infiltration
rate. These soils have a slow rate of water transmission.

Group D
Soils having very slow infiltration rates when thoroughly wetted, con-

sisting chiefly of (1) clay soils with a high swelling potential; (2) soils with
a high permanent water table; (3) soil with clay pan or clay layer at or near
the surface; and (4) shallow soils over nearly impervious materials. These
soils have a very slow rate of water transmission.
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V. CONDITIONS, TRENDS, AND POTENTIAL
VULNERABILITY OF THE SOILS

With the exception of alluvial soils along the Colorado and White Rivers
or their main tributaries, the soils are cool or cold which limits the
kinds of crops that can be grown. The uplands are mainly limited to
range plants and shrubs. Some timber occurs in the uplands but are
areas inextensive and consists of aspen, conifers, and brush.

The alluvial soils along streams are generally warmer so alfalfa,
timothy, and other crops are grown.

Most of the soils are calcareous or alkaline except for those
developed under conifers which are acid in the surface. They are for
the most part, of loamy textures with medium to high permeabilities.
The upland soils have developed from shales, sandstones, or loess.
Soils along streams and drainageways have developed from alluvium.

Soil erosion by both wind and water are serious and largely the result
of overgrazing. The effects of wind erosion are particularly evident
in the uplands. In some of the upland soils the surface soils (A
horizons) are very shallow. Gravel and channery matterial left as a
lag after the fines have been removed by the wind serve to retard
further erosion.

The upland soils are extremely vulnerable to overgrazing or oil shale
operations as any disturbance of the soil will accelerate erosion by
wind. Re-establishment of vegetation will be difficult owing to low
precipitation, short growing season, and wind action. Present vege-
tation on many areas is now very sparse.

Alluvial soils are susceptible to erosion by water in the form of sheet
erosion, gullying, and channel erosion. Re-establishment of vegetative
cover on these soils will be much faster because of their greater depth
and supply of plant nutrients. Special engineering practices for
erosion control will be necessary, along with reseeding or replanting
in some areas.

Rock outcrop and talus areas have limitations that preclude their use
for commercial plant production and restrict their use to recreation,
wildlife, water supply, or to aesthetic purposes (6).
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Fertility, soil. The quality of a soil that enables it to provide com-
pounds, in adequate amounts and in proper balance, for the
growth of specified plants, when other growth factors such as
light, moisture, temperature, and the physical condition of the
soil are favorable,

Horizon, soil. A layer of soil, approximately parallel to the surface,
that has distinct characteristics produced by soil-forming pro-
cesses. These are the major horizons:

O horizon. - The layer of organic matter on the surface of a
mineral soil. This layer consists of decaying plant resi-
dues.

A horizon. - The mineral horizon at the surface or just below
an O horizon. This horizon is the one in which living organ-
isms are most active and therefore is marked by the accu-
mulation: of humus. The horizon may have lost one or more
of soluble salts, clay, and sesquioxides (iron and aluminum
oxides).

B horizon. - The mineral horizon below an A horizon. The B
horizon is in part a layer of change from the overlying A
to the underlying C horizon. The B horizon also has dis-
tinctive characteristics caused (1) by accumulation of clay,
sesquioxides, humus, or some combination of these; (2) by
prismatic or blocky structure; (3) by redder or stronger
colors than the A horizon; or (4) by some combination of
these. Combined A and B horizons are usually called the
solum, or true soil. If a soil lacks a B horizon, the A
horizon alone is the solum.

C horizon. - The weathered rock material immediately beneath
the solum. In most soils this material is presumed to be
like that from which the overlying horizons were formed.
If the material is known to be different from that in the
solum, a Roman numeral precedes the letter C.

R layer. - Consolidated rock beneath the soil. The rock usually
underlies a C horizon but may be immediately beneath an
A or B horizon.

Lamellae. Thin (sometimes discontinuous) layers within a soil hori-
zon differing in texture or consistency.

Lithic contact. Boundary between soil and continuous, coherent,
underlying material.
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Paralithic contact. Also a boundary between soil and continuous co-
herent underlying material. The underlying material has a
hardness of less than 3 (mohs scale). Material can be dug
with a spade.

Pedogenetic. Soil horizons, or profiles, developed through soil
genesis as opposed to those resulting from geologic deposi-
tions.

Pedon. The entire soil profile.

Epipedon. - The individual soil horizons with a soil profile.
Solum. The "A'" and "B'" horizons of a soil profile. (5)

Bedrock. Any solid underlying rock. (Includes sandstones
and shales that can be penetrated with digging equipment. )

Permeability. Soil permeability is that quality of soil that
enables it to transmit water and air. Accepted as a measure of
this quality is the rate at which soil transmits water while satu-~

rated. That rate is the '"saturated hydraulic conductivity'' of soil
physics.

Permeability estimates apply to the lowest permeability rate of
the B2 horizon or control section of the soil profile. The follow=-
ing classes are used:

Permeability class Numerical range
(inches per hour)

Very slow Less than 0.06
Slow 0.06-0.2
Moderately slow 0.2-0.6
Moderate 0.6-2.0
Moderately rapid 2.0-6.0

Rapid 6.0-20

Very rapid More than 20

Values listed are estimates of the range in rate and time it takes
for downward movement of water in the major soil layers when
saturated, but allowed to drain freely. The estimates are based

on soil texture, soil structure, available data on permeability and
infiltration tests, and drainage observations of the water move-
ment through soils. In most cases, particularly with soil horizons
that are high in clay or organic matter, permeability rates under
unsaturated conditions are considerably higher than the values given
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here. On a given soil type, percolation through the surface layer
varies according to land use and management as well as with initial
moisture content.

Depth to seasonal water table. Depth of upper surface of ground
water or depth below which soil is saturated with water. Great varia-
tion may be expected where the depth to water table is shown as greater
than 60 inches. It may range from depths of 5 to 10 feet to depths of
several hundred feet.

Flood hazard. Susceptibility to a temporary covering of the soil
surface by water from sources such as streams overflowing their
banks or runoff from adjacent or surrounding slopes. Flood frequency
classes are defined as follows:

None: No reasonable possibility of flooding.
Rare: Flooding unlikely but possible under abnormal con-

ditions. No evidence of flooding within the soil profile.
Pedogenic horizons usually have developed. (Flooding
probability is so low that it imposes no more than
slight or moderate soil limitation ratings for soil

uses except those with high per-acre investments,

such as residential developments).

Common: Flooding likely under normal conditions. The soil
profile shows evidence of flooding. (The probability
of recurring floods is great enough to impose severe
limitations on many uses of soils such as sanitary
facilities and community development. Restrictions
on farming may be slight to severe depending on dura-
tion and season of flooding.

Shrink-swell potential. Soil quality that determines its volume
change with change in moisture content. Building foundations, roads,
and other structures may be severely damaged by the shrinking and
swelling of soil. The volume change of soil is influenced by the amount
of moisture change and the amount and kind of clay.

Classes used to express shrink-swell behavior in terms of coefficient
of linear extensibility (COLE) are:

Low <0.03 COLE
Moderate 0.03-0.06 COLE
High >0.06 COLE
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Confer with Thane Johnson, Bureau of Land Manage-
ment, Denver Federal Center concerning Animal
units per month on range lands.

Confer with Robert Accola, Soil Scientist, Soil Con-
servation Service about soils in the Piceance Basin,
Colorado.

Confer with Robert Accola, Clayton Pierce, Soil
Scientists, and Erk King Hydrologist, all of the
SCS concerning soil hydrological ratings.
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I. INTRODUCTION

The richest known deposits of oil shale of the Green River Formation
of Colorado, Wyoming and Utah lie in the Piceance Creek Basin in
northwestern Colorado. As a result of the anticipated energy short-
ages facing the United States, it is probable that attempts will be
undertaken to develop a commercial oil shale mining industry in the
basin. Several companies are already conducting engineering and
economic feasibility studies both on private and on federally owned
lands.

Because of the need to process large volumes of the oil bearing rock
in most types of extraction being considered, there is a potential for
heavy environmental impact. This report is a brief inventory of the
climatic resources of the region and includes recommendations for
studies which will be needed to minimize the degradation of the
atmospheric environment within the Piceance basin.

II. GENERAL CLIMATIC FEATURES AND CLIMATIC CONTROLS

Figure 1 shows the location of the Piceance Creek Basin. The Roan
Plateau which contains the bulk of the shale deposit is a dissected
plateau bounded by almost vertical escarpments facing the Colorado
River on the south, the White River on the north, Douglas Creek on
the west, and Government Valley and Sheep Creek on the east. The
climate of the plateau is usually classified as arid steppe and is char-
acterized by abundant sunshine during all seasons, insufficient pre-
cipitation for strong vegetative growth, warm summer temperatures,
and low relative humidity.

Large scale climatic features controlling the climate across western
Colorado are latitude (solar climate), distance from ocean or other
large water bodies, location with respect to storm tracks, elevation,
and shape and orientation of topography. Of major importance is the
blocking effect of the Sierra Nevada mountain range of California and
Oregon which results in heavy precipitation on the windward side of
this range from air masses moving inland from the Pacific and a large
rain shadow across Nevada, southern Idaho, Utah, and western
Colorado. Air arriving in western Colorado from the west is usually
so low in water vapor content that precipitation amounts are generally
insufficient for dry land agriculture. The continental divide is an
effective barrier to flow of moisture from the Gulf of Mexico.
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Figure 1. Location of the Piceance Creek Basin.
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The height and orientation of the mountain ranges control to a major
extent the storm tracks over the western United States. Severe cold
air masses are quite rare in the western Colorado area. In mid-
winter, the region is often under the domination of a large high
pressure ridge with clear skies and warm daytime temperatures.

Due to the combination of lack of precipitation, low amount of cloudi-
ness, strong solar radiation, and high evaporative demand, the only
significant stands of timber at elevations below 9000 feet msl are
along streambeds and on protected, north facing slopes.

Since the area is protected from most traveling weather disturbances
by major topographic features, the basin has a comparitively uniform
climate with infrequent rapid changes in air temperature and weather
conditions, i.e. a small interdiurnal variability. Local climatic
controls--aspect, slope, elevation, soil type and moisture content,
and vegetation are the dominating features during much of the year.
The scale of these controls varies with location and weather element
involved. For example, air temperatures near the surface are
strongly influenced by plant shading, soil type and color, evaporation
and transpiration, slope and aspect. A comparison of surface tem-
peratures of bare soils on north facing and south facing slopes will
often show as much as 20-30°F. difference although the locations
may be only a few feet apart. Slopes exposed to strong solar radia-
tion and high evaporative demand will have a plant species composi-
tion entirely different from nearby slopes which are shaded much of
the day.

III. SUMMARY OF CLIMATIC ELEMENTS

A. Data Sources

Long term records are virtually nonexistent for many climatic
parameters in the Piceance Creek Basin. Two stations, Meeker and
Rangely, have recorded daily precipitation and air temperature
maxima and minima since the 1890's. A national weather service
climatological station was established at the Little Hills Fish and
Game Station in 1946. Fairly complete records of daily maximum
and minimum air temperatures and precipitation are available from
that station. Since 1971 noontime measurements of wind have been
made at the Little Hills location for transmittal to the fire weather
network station at Craig, Colorado. No record of these measure-
ments is maintained, however, at either Little Hills or Craig.
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More complete weather stations with information recorded on sky
cover, visibility, wind, precipitation type, etc. at one and three hour
intervals are available at Grand Junction and Rifle, Colorado. Much
of these data have not been summarized.

From the above it may be seen that the only official weather station
within the basin proper is the one at Little Hills which is located in a
small side valley off the side of the Piceance Creek not far from the
junction of the Piceance with the White River. The other four stations
are located in the Colorado River and White River valleys at lower
elevations and not in the basin per se.

A number of unofficial and special purpose stations have been estab-
lished within the basin, however. Records at the grade school in the
Piceance have been kept for a number of years. A station was
established at the Union Oil Company shale demonstration plant in
Parachute Creek valley in 1957. In addition to daily maximum and
minimum air temperatures and precipitation, data is available on
barometric pressure at this location. Colony Development Opera-
tions operated a network of stations in and around the Parachute
Creek airshed for almost two years. At present, temperature and
wind information are being recorded continuously from a 200 foot
tower on a ridge between Davis Gulch and the Middle Forks of the
Parachute Creek near divide road by C.D.O. Temperature and pre-
cipitation stations were established for a few months on the Naval Oil
Shale reserve by Cameron Engineers in 1967-68. Several weather
stations on the Cathedral Bluffs, Black Sulfur Creek, Fawn Creek,
and Yellow Creek with information on hourly temperature and wind
were operated for a one year period in 1970-71 in connection with the
Rio Blanco project. Snow measurements have been made over a few
seasons and at only a few locations.

Unfortunately, many of the short term or special purpose stations
were established at locations which would permit limited usefulness
in detailed climate studies of the entire basin. In some cases, the
exact locations are not adequately identified. In other cases local
terrain and vegetation features were such as to bias the measure-
ments. Instrument standardization calibration and intercomparisons
are completely nonexistent for all stations. Very little of the data
collected by these special purpose stations has been released.
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B. Precipitation

The average precipitation across the Piceance Basin is strongly
influenced by local terrain and elevation. Rangely, in the northwest
corner, with an elevation of 5216 ft msl, receives only slightly over
one-half of that received at Meeker, where the elevation is 6347 ft
msl. From short term records obtained at a few locations, it is
estimated that the average annual precipitation on the mesa top is

25 inches. In an earlier study of the entire upper Colorado River
Basin (Marlatt and Riehl, 1963), it was found that basin average
precipitation exhibits an extremely high variability even on an annual
basis.

Table 1 shows total monthly and annual precipitation for available
stations having records of at least 5 years.

Table 2 shows the average number of days with precipitation for
Rangely, Little Hills, and Meeker.

Each station averages 2-5 days per month with precipitation with a
raininess per rain day of about 0.3'". At Grand Junction where num-
ber of days with precipitation are recorded on the basis of 0.01"
minimum, precipitation is recorded on 4-7 days per month.

Information on thunderstorms is recorded only at Grand Junction.
The average of 38 days with thunderstorms at Grand Junction is
probably slightly lower than might be expected across the Piceance
Basin.

Table 3 shows the snowfall averages each month at Grand Junction
and at Meeker.

At an average ratio of 10 inches of snow per one inch of water, it
may be assumed that approximately one-fourth of the annual pre-
cipitation at Grand Junction comes as snow while approximately one-
half comes as snow at Meeker. Snow depths may reach two to three
feet in midwinter at lower elevations in the basin. Because of the
high solar radiation and clear skies, the snow does not persist for
long periods at exposed locations below 7000 feet. At higher eleva-
tions, snowpack may be expected to exceed six feet each year.
Drifting may be a problem at certain locations particularly on divide
road and in the Cathedral Bluffs area.



Table 1. Total mean monthly and annual precipitation (inches).

(after Striffler and Wymore, 1972).

Summary for available stations and predicted mean precipitation by elevation zones

——

Period of
Station Record Elevation Jan Feb Mar Apr May  June July Aug  Sept Oct Nov Dec Annual
(Feet)
Colorado River Basin
Grand Junction 1931-70 4,849 .61 .64 .74 .76 . 62 .49 .56 1.03 .93 .79 .57 .60 8.34
Grand Valley1 1966-70 5,090 1,25 .62 .61 .90 .86 1,53 .94 1.32 1.49 1.60 1.11 1.54 13.77
Rifle 1931-70 5, 319 .88 .80 .84 .94 AL 17 .93 1.14 1.02 1.13 .80 .89 10.91
Altenbern 1951-70 5, 690 1,46 1,18 1,27 1.30 1.19 1.10 1.20 1,99 1.46 1.22 1.20 1.42 15.91
Glenwood Springs 1931-70 5,823 1.68 1.57 1.38 1.78 1.30 1,23 1.33 1.67 1.50 1.45 1.15 1.41 17.45
White River Basin
Rangely 1951-70 5,216 « D7 «Z5 .66 w73 .72 .68 72 1,10 1.42 .82 .61 .64 9.12
Little Hills 1951-70 6,148 .67 .90 .95 1.36 1.18 1.10 .96 1.73 1.16 .98 .94 .97 12.90
Meeker 1941-70 6,242 1.22 1,14 1.45 1,70 1.49 1.52 1.51 2.00 1.27 1.44 1.14 1.39 17.27
Marvine 1951-70 7,200 1.61 1.62 1.74 1.89 1.40 1.50 1.50 2.09 2.09 1.65 1.47 2.08 20.64
Average of all stations 5,811 1,09 1.07 1.13 1.31 1,08 1.05 1.09 1.59 1.32 1.18 .99 1.08 14.08
Total Precipitation by Elevations Zones from Regression Equations
5, 000 P i .76 .76 .87 sTZ .67 .76 1,18 97 .90 .68 .69 9.78
6,000 1.16 1.15 1.21 1.41 1.16 1.14 1.16 1.69 1.40 1.25 1,06 1.29 15,08
7,000 1.55 1.54 1.67 1.96 1,54 1.60 1.5 2.20 1.83 1,60 1.43 1.89 20.37
8, 000 1.94 1.93 2.12 2,50 1.93 2.06 1.96 2.71 2.26 1.95 1.81 2,49 25.66
Lapse rate per 1,000 ft. elevation .39 .39 .45 .54 .39 .46 .40 .51 .43 .35 .38 .60 5.29
2
r .39 .60 .74 .75 - 72 .81 .69 .72 .73 .66 .78 19 R g
xy
Standard error of the estimate (S ) .39 25 #21 .25 .19 - 18 ol 25 21 .20 .16 .24 2.30
yoXx

INot used in calculations because of short record period (May 1965 - Dec. 1970).

9=AT
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Table 2. Precipitation days (> 0.10") at three stations in the
Piceance Creek, and White River drainages, northwestern
Colorado, 1951-60.

Month Rangely Little Hills Meeker
J 3 3 5
F 3 4 4
M 2 4 6
A 2 3 5
M 3 4 5
J 2 2 2
J 2 3 4
A 3 4 5
S 2 4 4
@) 3 3 5
N 2 4 4
D 2 3 4
A 29 41 53

Table 3. Total average monthly snowfall, Grand Junction, Colorado
and Meeker, Colorado.

Month Grand Junction Meeker
I 6 21
F 4 18
M 4 16
A 1 5
M T 2
J 0 0
J 0 0
A 0 0
S T T
(@) T 3
N 3 12
D 5 15
A 23 92
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Rainfall intensities are of critical importance in development planning
of the Piceance Basin. Unfortunately, most secondary stations have
not measured short term precipitation intensity. A detailed analysis
of rainfall amount-duration-frequency for a 28 mile? area of upper
East Middle Fork of Parachute Creek was made by Wright Water
Engineers, Inc. (1965).

C. Other Hydrometeors

Hail is rare over most of western Colorado. Almost no data is avail-
able on occurrence of or amounts of fog, dew or relative humidity
within the basin. At Grand Junction the average annual frequency of
fog is seven days with two days each recorded in December, January
and February and one day in March and November. Spot fogs prob-
ably occur in the White River Valley and over the wet meadowlands
along the Piceance Creek on occasion in spring and fall. Steppe
climates typically have low relative humidity with midafternoon read-
ings commonly below 30%.

D. Air Temperatures

Midlatitude steppe mountain and valley climates typically have large
diurnal and annual temperature ranges. Because of the aridity of the
region midsummer afternoon temperatures are often quite high in the
basin on slopes and areas exposed to strong solar radiation. Due to
cold air drainage the lower valleys occasionally have midwinter tem-
peratures well below -20°F.

Striffler and Wymore (1972) calculated temperature means by eleva-
tion zones from regression equations using data from five stations in
the Colorado River valley and four stations in the White River drain-
age. Data from these stations and from their analysis are given in
Table 4. Air temperatures were recorded for a period of about one
year from four stations located at various elevations within the basin
as part of the Rio Blanco study program (CER, Geonuclear, 1971).
Because of time and funding limitations, the data were not reduced
and analyzed for this report. Pertinent statistics on air temperature
for Little Hills, Meeker and Rangely are given in Table 5.



o
Table 4. Mean monthly and annual temperatures ( F) for available stations and predicted mean temperatures by elevation zones (after Striffler and
Wymore, 1972).

Period of
Station Record Elevation Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec  Annual
(Feet)
Colorado River Basin
Grand Junction 1931-70 4,849 25.6 33.3 41.5 52.0 62.4 71.3 78.4 75.6 67.4 55,0 39.5 28.8 52.6
Grand Valley 1966-70 5,090 24.5 33.3 40.6 47.8 59.5 67.4 76.0 73.5 63.8 49.4 38.4 26.3 50.0
Rifle 1931-70 5, 319 22.9 29.5 37.9 47.8 56.5 64.1 70.8 68.7 60.4 49.6 36.3 26.4 47.6
Altenbern 1961-70 5, 690 21.9 29.8 35.3 44.1 55.1 62.2 70.1 67.3 58.1 48.2 36.6 24.7 46.2
Glenwood Springs 1931-70 5,823 24.2 29.7 37.2 47.1 56.1 63.9 70.8 68.5 60.7 S50.5 36.3 26.7 47.7
White River Basin
Rangely 1951-70 5,216 16.9 24.6 34.2 47.0 57.4 66.3 73.3 70.1 60.7 46.3 34.5 21.1 46.1
Little Hills 1951-70 6,148 21,2 25.6 31.7 41.5 50.7 58.5 65.8 63.7 55.6 42.4 32.6 23.5 42.7
Meeker 1941-70 6,242 21.0 23.3 32,8 43.3 52.4 60.0 67.0 64.8 56.7 47.0 33.8 24.7 4.1
Marvine 1951-70 7,200 18.6 24,5 27.6 38.3 43.4 55.2 61.6 59.6 50.5 43.6 33.9 23.1 40.0

Temperature Means by Elevation Zones from Regression Equations

5, 000 23.3 30.8 39.4 49.3 59,7 67.9 75.4 72.7 64.0 50.8 37.4 26.1 49.8

6, 000 21.3 27.2 33.9 44.0 52.7 61.7 68.6 66.2 57.6 47.0 35.2 24.6 45.1

7,000 19.4 23.5 28.4 38.8 45.8 55.1 61.7 59.8 51.3 43.2 32.9 23.2 40.3

8, 000 17.5 19.9 22.9 33.6 38.8 48.7 54,9 53.3 44.9 39.4 30.6 21.7 35.5

Lapse rate per 1,000 ft, elevation -1.93 -3.64 -5.51 -5.23 -6.94 -6.40 -6.82 -6.46 -6.35 -3.77 -2.27 -1.46 -4.76
2

r .25 .48 .82 .87 .96 .90 .92 .91 .89 .53 .53 .21 .84

Xy

6-Al



Table 5. Temperature statistics* for Little Hills, Meeker and Rangely, Colorado. Record high and low (OF).

Highest Lowest # Days above 90°/ below 32°

Month L. Hills Meeker Rangely L. Hills Meeker Rangely L. Hills" Meeker Rangely

] 60 59 53 -35 -28 -37 0/31 0/31

F 64 58 63 -32 -33 -36 0/28 0/28

M 70 70 74 -25 -8 -8 0/29 0/30

A 80 78 86 7 8 11 0/22 0/17

M 87 89 95 13 20 24 0/9 1/4

] 97 100 104 20 25 30 2/2 13/

J 98 97 102 30 33 40 8/ 25/

A 98 94 101 28 29 32 4/ 17/

S 95 94 98 12 20 25 0/8 5/3

o 91 83 86 -1 9 8 0/23 0/23

N 68 69 72 -27 -17 -5 0/28 0/29

D 69 59 57 -30 -20 -20 0/30 0/31

A 98 100 104 -35 -33 -37 14/210 61/196

0T-AI

*
Computed for period 1951-60

+
Data for Little Hills not available.

—— — — — -— — — - e ~
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Frost in the valleys is believed to be more common and of greater
intensity than on the mesa top in winter due to air stagnation. Aver-
age frost penetration into the soil is 24 inches with a 10 year maxi-
mum of 50 inches. Last spring frost in the White and Colorado River
valleys is about June 1. First autumn frost is mid September giving
an average growing season below 5500 ft msl of 100-130 days.

Above 8000 feet usually the frost free period is less than 30-45 days
each year. Heating degree days for the valleys below 6000 feet msl
is 5500-7500 units.

Figure 2 shows a generalized precipitation temperature map of part
of Rio Blanco County.

E. Wind

The circulation of air within the Piceance poses a particularly diffi-
cult analysis problem. Studies of local circulations such as mountain
and valley breezes, foehn winds, interactions between local and large
synoptic flow and even the large scale wind patterns require much
more detail than is customarily available in mountainous regions.

Approximately one year of data on wind at heights of two meters above
the surface were obtained at four locations within the basin for the
Rio Blanco study. A network of stations were established in and
around the Parachute Creek airshed for a period of about two years
by Colony Development Operation. Measurements are currently
being made of 3-component winds at several heights from the surface
to 200 feet on a tower above Middle Fork of Parachute Creek near
Dere Cabin Ridge. None of the data from Colony Development has
been released for publication. The Rio Blanco data is provided as
wind direction frequencies in references.

Figures 3 through 10 show most common wind flow patterns for
early morning and early afternoon taken from the Rio Blanco study.
Figure 11 shows the seasonal distribution of winds at the 700 mb
level over Grand Junction. It should be noted that these wind roses
indicate the sectors into which the wind is blowing rather than the
direction from which it blows. From this figure, it is seen that the
prevailing winds at this level (approximately 8500 ft msl) are from
the southwest and west-southwest throughout the year. Wind occur-
rence from the north or northeast average only 10-15% of the time.



RIO BLANCO COUNTY
III

P A= = N |
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ZONE I DROUTHY, PPT. 12", WARM, ELEVATION APPROXIMATELY 5400'
ZONE V DROUTHY, PPT. 12'", MODERATELY WARM, ELEVATION APPROX. 5400 to 6400'

ZONE II SEMI-DROUTHY, PPT. 12-15", MOD. WARM, ELEV. APPROX. 5400 to 6400'
ZONE VII SEMI-DROUTHY, PPT. 12-15", MOD. COLD, ELEV. APPROX. 6400 to 8000'

ZONE III MOD. MOIST, PPT. 15-20", MOD.COLD, ELEV. APPROX. 6400 to 8000'
ZONE VIII MOD. MOIST, PPT. 15-20", COLD, ELEVATION APPROX. 8000'
ZONE IV MOIST, PPT. 20", COLD, ELEVATION APPROXIMATELY 8000’

SCALE - 1/8 inch = 1 mile

FIGURE 2. CLIMATIC REGIMES OF NORTHERN PART OF PICEANCE CREEK STUDY AREA
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Wind Flow Patterns for the Piceance Creek Basin.
September, October, November - 1400, 1500, 1600 HRS.
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Figure 4. Wind Flow Patterns for the Piceance Creek Basin.
September, October, November - 0200, 0300, 0400 HRS: -




Figure 5.

Wind Flow Patterns for the Piceance Creek Basin.
December, January, February - 1400, 1500, 1600 HRS.
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Figure 6. Wind Flow Patterns for the Piceance Creek Basin. Rk
December, January, February - 0200, 0300, 0400 HRS. "




Figure 7.

Wind Flow Patterns for the Piceance Creek Basin.
March, April - 1400, 1500, 1600 HRS.



Figure 8.

Wind Flow Patterns for the Piceance Creek Basin.
March, April - 0200, 0300, 0400 HRS.




Figure 9,

Wind Flow Patterns for the Piceance Creek Basin.
July, August - 1400, 1500, 1600 HRS.



Figure 10.
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Wind Flow Patterns for the Piceance Creek Basin.
July, August - 0200, 0300, 0400 HRS.
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SPRING SUMMER
Calm: None Calm: <1%

AUTUMN
Calm: <1%
> 39 knots
20-39 knots
0-19 knots
Figure 11. Seasonal Distribution of Winds at 700 Millibars, Grand

Junction, Colorado (ESSA, 1969).
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From analysis of the scanty available data, it appears that the local
wind circulation which will control transport and diffusion character-
istics of the Piceance Basin are strongly controlled by the local
topographic features and the coupling and uncoupling of surface flow
and the synoptic gradient flow.

The severe dissecting of the basin by small streams and gullies and
sharp elevation differences would lead one to anticipate a significant
diurnal mountain and valley flow. During daytime, air will tend to
move both vertically and up valley due to terrestrial heating. Be-
cause much of the basin drains to the northeast and north, however,
the local wind system is obscured at the locations of the Rio Blanco
stations. The observed winds are stronger where the directions of
the local surface wind and the gradient flow are aligned. Wind
velocities are less where the directions are opposed with frequent
reversal of direction.

At night, as heat is lost from the high elevation, cold air tends to
drain down into the valleys and lower depressions. A snow cover
on high mountains reinforces the nighttime drainage flow. As the
cold air pools in the valleys and lowlands, an inversion is formed
within these areas which restricts the dispersion of smoke or pollu-
tion in the boundary layer. Height of the inversion is dependent
upon the depth and duration of the drainage air, the topography of
the area, and the surface thermal features.

It is believed that the roughness of the terrain across the Piceance
basin affects the upper level free air flow to a considerable extent.
Wind velocities will be retarded and a counter clockwise turning of
15-20° will result in the frictional layer (150-600 ft.).

IV. SUMMARY OF AIR QUALITY PARAMETERS

Tables 6 and 7 provide information on the Federal and State Air
Quality Standards applicable to the Piceance Basin.

Measurements on background levels of SO,, NO,, hydrocarbons and
particulates were recorded for almost two years at the Colony
Development Operations laboratory site in upper Parachute Creek.
These data are not available at this time.
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o
Table 6. National primary and secondary ambient air quality standards (corrected to 25 C and

1013.2mb).
Maximum Maximum Maximum Maximum
Annual 24—Hom',|= 8-Hour " 3-Hour " 1-Howr "
Mean Concen. Concen. Concen. Concen.
3 3 3
Sulfur Dioxide 60ug/m 260ug/ m - 1300ug/m =
(0.02ppm) (0. 1ppm) (0. Sppm)
3 3 3
Particulates 60ug/m 150ug/m -- - 160ug/m
3 3
Carbon Monoxide - - 10mg/m - 40mg/m
(9ppm) (35ppm)
3
Nitrogen Dioxide 100ug/m e -- -- -
(0.05ppm)
3
Hydrocarbons -- e -- 160ug/m .
(0.24ppm)
Total Oxidants

*
Not to be exeeded more than once per year.

NOTE: The primary standard concentrations for particulates and sulfur dioxide are somewhat
higher than the secondary standard concentrations. Only the secondary standards are

reproduced here for these pollutants,
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Table 7. Air quality standards for Colorado.

Maximum Maximum Maximum Maximum
Annual 24-Hour 8-Hour 3-Hour 1-Howr
1973 Mean Concen. Concen. Concen. Concen.
3 3 3
Sulfur Dioxide 60ug/m 300ug/m - - 800ug/m
(0. 18ppm)
3 3
Particulates 70ug/m 200ug/m i - -=
3 3 3
Carbon Monoxide 2mg/m = 12mg/m -- 30mg/m
(2ppm) (10ppm) (25ppm)
3
Nitrogen Dioxide 100ug/m = o -- -
(0.05ppm)
* 3 3 3
Hydrocarbons 65mg/m s 130mg/m -- 260mg/m
(2ppm) (Sppm) (10ppm)
* 3 3 3
Total Oxidants 26ug/m _— 40ug/m - 130ug/m
1976
3 3
Sulfur Dioxide 25ug/m 150ug/m -- -- -
3 3
Particulates 55ug/m 180ug/m == - --

*
Proposed.
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In September 1971, the Colorado Department of Public Health ex-
panded its statewide network of air sampling stations to include dust
measurements at Rangely, Meeker and at the Equity Oil Company
camp on Black Sulfur Creek, a tributary of the Piceance. Data for
1972 from these stations are given in Table 8.

At the present time, the only source of particulate matter in the
Piceance Basin is from roads and trails. During dry periods the
roads are dusty. During the growing season the hydrocarbon produc-
tion from the native vegetation may be a significant source of this
material.

It is believed that the air quality in the basin is, at present, well
within the standards set by the State of Colorado.

V. CLIMATE AND AIR QUALITY PROBLEMS ASSOCIATED
WITH OIL SHALE DEVELOPMENT

Three potential problems of climate and air quality in the Piceance
Basin are anticipated if large scale oil shale mining and processing
are developed.

1. Blowing dust.

The surface soils of the basin contain a sufficient
amount of fine materials to become a serious dust problem
at locations where the vegetation is removed and its sur-
face disturbed. If a large amount of soil overburden is
manipulated, efforts must be made immediately to revege-
tate or seal the surface--or both.

2. Mine tailing piles.

The mine tailings pose a major microclimatology prob-
lem. The thermal characteristics of the material indicate
that the tailing pile will cool only slowly and the black
material will absorb large amounts of solar energy. It
might be expected that snow falling on the tailing pile would
melt more rapidly than on the surrounding soils. The pres-
sure of an artificial thermal island would probably create a
change in the local wind field. If the temperature differ-
ences are sufficient, a chimney effect may even be created.



Table 8. High volume dust sampler measurements’; Piceance Creek Basin, Colorado - 1972.

Location
Black Sulphur Cr. Rifle Grand Valley Meeker Rangely

Month Ave. Max./Date Ave. Max. /Date Ave. Max. /Date Ave. Max. /Date Ave. Max. /Date
January 13 35 136 320% 75 151 62 159 58 125
February 11 35 140 209" 100 172 62 88 41 76
March 28 45 124 187 103 160 63 87 45 73
April 25 63 92 218x 116 326x 64 133 38 60
May 34 84 81 120 79 182 72 201 35 65
June 25 45 72 135 39 63 44 60 35 60
July 44 81 77 106 39 48 83 256 31 50
August 26 39 83 124 42 63 50 67 36 60
September 34 98 74 104 32 48 51 101 32 61
October 19 58 77 128 23 45 21 35 20 42
November 4 8 106 168 44 77 61 122 29 75
December 4 11 41 67 19 40 40 91 31 92
Average

(for the year) 22 92 60 58 36

3

1
All values in ug/m

xIndicates above 24 hr state standards.

e m—

92-Al



Iv-27

Air pollution.

The amount of pollution in the lower atmosphere is a
function of both the horizontal and vertical wind velocities
and the vertical temperature profile. With strong winds,
materials emitted from even an intense source are trans-
ported away rapidly and the cleanliness of the air is not
reduced. The higher the wind speed, the greater is the
vertical turbulence. Under calm or light wind conditions,
adequate ventilation is dependent upon the amount of mate-
rial emitted and the ambient air temperature profile.
Under unstable lapse rates, i.e. when the temperature
decrease with height is 3°F or greater per 1000 ft, and
light winds, vertical overturning occurs moving dirty air
up and clean air down. This overturning, however, is not
possible under stable lapse or temperature inversion
conditions.

No balloon soundings have been ever made in the
Piceance Basin. Radiosonde balloons are released at
twelve hour intervals at Grand Junction. Under the prevail-
ing winds, most of these balloons cross the basin but at
altitudes well above the boundary layer.

From the few indirect observations available and apply-
ing physical reasoning, it is believed that the vertical
temperature profile is probably neutral during an average
day with a shallow temperature inversion forming shortly
after sundown. The height-frequency-duration of the
trapping layer under the inversion is the controlling factor
of the limits of the rate at which pollutants may be placed
in the atmosphere from an oil shale development.

ViI. RECOMMENDATIONS

Blowing dust.

Studies should be undertaken to determine the best
methods for reducing the potential for blowing dust. Roads
carrying frequent traffic should be sealed and the road side
cuts revegetated or mulched. (It may be possible to use
crushed raw shale as an effective mulch).
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2. Microclimate effects of oil shale tailing deposits.

Studies should be made to 1) determine the thermal char-
acteristics of the oil shale tailings, 2) determine the best
methods of modifying the tailing surface to provide a favor-
able microclimate for seedling establishment, and 3) model
the effect of the hot tailing pile on the local temperature and
wind field.

3. Air pollution.

It is vital that field studies be made to determine the
climatology of the boundary layer characteristics of the
basin. Data on average time of onset and dissipation of the
temperature inversion and its duration and strength should
be obtained for each season. With this information it is
possible to determine the volume of air available into which
pollutants may diffuse. Once we know this volume, it will be
possible to calculate the ventilation rates necessary for
various emission levels to operate without exceeding state
standards.

These three studies are critical to the development of the oil shale
industry in the Piceance Basin. They should be gotten underway in the
near future to assure that sufficient measurements are available to
permit valid decisions on stack emissions permissible, best locations
for plant sites, etc.
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VIII. APPENDIX

Sources of Data and Pertinent Information

A thorough search for all pertinent information on weather data was
made by the author as part of this and previous researches in the
Piceance Basin. As indicated in this report, very little long term
climatological information is available anywhere in the basin. Of the
two major sources, the data collected by Colony Development Opera-
tion is in the process of being published and is not now available.

The data collected by CER Geonuclear is summarized in the Environ-
mental Impact Evaluation Report for Project Rio Blanco dated
October 12, 1971.

A form was sent to each major oil company associated with the
Piceance deposit. Replies from these sources are included in this
appendix.
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Chevron 0il Company
Western Division
1700 Broadway, P.0. Box 539, Denver, CO 80201

January 5, 1973

Regional 0il Shale Study
Weather Information

Dr. William E. Marlatt
3611 Richmond Drive
Fort Collins, Colorado 80521

Dear Dr. Marlatt:

The only weather information we have available from our
Rangely 0il Field operations are temperature graphs since
1966 showing maximum and minimum temperatures on a daily
basis, and copies are attached hereto. 'he temperatures
were recorded at Chevron's water plant located about five
miles west of the town of Rangely.

Yours very truly,
B. Lukens

BL:ic
Encl,
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Date
Record
Started

Date
Record
Ended

Record
Quality

Wind (Sensor)

Air Temperature
(Sensor)

Relative Humidity
(Sensor)

Solar Radiation
(Sensor)

Precipitation

Snow

Soil Temperature

Air Quality

Please indicate name and address of party with whom future

correspondence should be conducted.
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Getty

Getty Oil Company | 3810 Wilshire Boulevard, Los Angeles, California 90010 - Telephone: (213) 381-7151

Minerals Exploration Department

December 18, 1972

Dr. William E. Marlatt
3611 Richmond Drive
Fort Collins, Colorado 80521

Dear Dr. Marlatt:

Please refer to your questionaire concerning climatological
work our company might have conducted on our shale property.

Unfortunately for your information gathering goals, it has
not been our practice to gather information concerning day to day weather
data. However, for several years we have been gauging the run off of the
upper end of the West Fork of Parachute Creek, lower part of Clear and
Roan Creeks should such information be useful,

Our engineering and related studies will tend to consider and
compensate for the 50-100 year major problem areas rather than the day
‘to day information gathering.

Division Minerals Landman

DAN/ap
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THE CARTER OIL COMPANY
HOUSTON, TEXAS 77001

RESOURCE ACQUISITIONS December 6, 1972 POST OFFICE BOX 2180

W. B, OLIVER
MANAGER

J. L. COOK
CHIEF LANDMAN

B. WALLS
CHIEF GEOLOGIST

Dr. William E. Marlatt
3611 Richmond Drive
Fort Collins, Colorado 80521

Dear Dr, Marlatt:

In answer to your request for weather data within the
Piceance Basin, I regret to inform you that Carter has not
compiled any weather data from this area,

It is true that we have had field programs in this area,

but this was several years ago, and at that time we did not
collect the type of data you are now requesting.

Sincerely yours,
4 /7 - 3 o s
/}(_/( Z< // &

B. Walls

BW:vm
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Date Date
Record Record
Location Started Ended

Record
Quality

Wind (Sensor)

Air Temperature
(Sensor)

Relative Humidity
(Sensor)

Solar Radiation
(Sensor)

Precipitation

Snow

Soil Temperature

Air Quality

Please indicate name and address of party with whom future
correspondence should be conducted.

Sorry - we have records on none of these.

E. C. Hixson
Mobil Oil Corp.
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Date Date
a Record Record Record
Location Started Ended Quality
Wind (Sensor)
Air Temperature
(Sensor) Continuing
Daily max. and min. Jan. 1957 Dec. 1972 Good
Relative Humidity
(Sensor) Mar. 1957 June 1958 Good
Solar Radiation
(Sensor)
Continuing
Precipitation July 1957 Dec. 1972 Good
Snow
Soil Temperature
Air Quality
i Continuing
Barometric Pressure Oct. 1958 Dec. 1972 Good

Please indicate name and address of party with whom future
correspondence should be conducted.

Harold E. Carver
Minerals Exploration Co.
P.O. Box 54945

Los Angeles, Cal. 90054

2All locations are at Union Oil Company Shale Demonstration
Plant, 12 miles north of Grand Valley, Colorado, on Parachute

Creek.
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MinNErRALS EXPLORATION COMPANY
P.O. BOX 54945
LOoS ANGELES, CALIFORNIA 90054

461 SO. BOYLSTON ST.

LOS ANGELES, CALIF. 90017 December 5 ’ 1972

213 486-6920

Mr. William E. Marlatt
3611 Richmond Drive
Fort Collins, Colo. 80521

Dear Mr. Marlatt:

In response to your recent letter which I received on
December 4, I can tell you that Union 0Oil Company indeed

does have some weather information pertinent to the Piceance
Basin. It was all recorded at the Union 0il Shale Demonstra-
tion Plant located 12 miles north of Grand Valley, Colorado,
on Parachute Creek. The inventory form you sent with your
letter has been filled out and is returned as you requested.

Please let me know if any of the information we have would
be of interest to you. We would be glad to send it to you

in exchange for copies of all the other information you
receive.

For your information, Minerals Exploration Company is a wholly-
.owned subsidiary of Union 0il Company with responsibility for
exploration for minerals other than oil and gas. The 0il

Shale Department of Union 0il Company for management purposes
is in the Minerals Exploration Company.

Yours very truly,

'Qﬂkvasz £, Corar

Harold E. Carver
Project Manager
0il Shale Department

HEC :mm
Encl.

—r———
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THE O1L. SHALE CORPORATION
1600 BROADWAY
DENVER, COLORADO 80202
303 /292-5140
CABLE ADDRESS 'TOSCOPETRO"

December 19 7 1972 680 FIFTH AVENUJE

NEW YORK, NEW YORK ICOI9

Dr. William E. Marlatt
3611 Richmond Drive
Fort Collins, Colorado 80521

Subject: Weather Data
Dear Dr. Marlatt:

Please excuse my delay in responding to your
letter which we received on December 4, 1972, requesting
available weather data from our files. This is to advise
you that I expect to respond to your letter in detail in the
near future, but due to other activities have been unable
to do so thus far.

TOSCO does have available a substantial amount
of weather data from the Piceance Basin, much of which
is information which has been obtained by Colony Develop-
ment Operation, which may already be in your possession.
I will return your form and the information available at
the earliest possible date.

Very truly yours,

N :
\\Q\.\ X«\\'\\\ ‘&

H. MICHAEL SPENCE
Assistant General Counsel

HMS,/bm

cc: Mr. Charles E. Haberman
Mr. Douglas E. Nelson
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AMERON

”GI”EE”S 1315 South Clarkson Street, Denver. Colorado 80210 L Yelephone 303 -744-3175 e TWX 810 931-2699

December 5, 1972

Dr. William E. Marlatt
3611 Richmond Drive
Fort Collins, Colorado 80521

Dear Dr. Marlatt:

This is in response to your recent letter concerning the
availability of weather data for the Piceance Creek Basin.
Although we have collected such data from various sources
over the years, we have never been in a position to generate
any original data from personal experience. Thus, I am sorry

to report that we can be of no help to you in this particular
undertaking.

If anything comes up in the future for which we may pos-

sibly be of some assistance, please don't hesitate to contact
us.,

Sincerely,

N S D

John D. Baker

JDB:pp

Enclosure

\——



Location

IV-50

Date
Record
Started

Date
Record
Ended

Record
Quality

Wind (Sensor)

Air Temperature
(Sensor)

Relative Humidity
(Sensor)

Solar Radiation
(Sensor)

Precipitation

Snow

Soil Temperature

Air Quality

Please indicate name and address of party with whom future

correspondence should be conducted.

None available.

John D. Baker

Cameron Engineers
1315 S. Clarkson St.
Denver, Colo. 80210
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S—
”GI”EEB 1315 South Clarkson Street, Denver. Colorado 80210 L] Telephone 303-744-3175 e TWX 910-931-2699

January 25, 1973

Dr. William E. Marlatt
Department of Watershed Sciences
Colorado State University

Fort Collins, Colorado 80521

Dear Bill:

Enclosed are the temperature and precipitation data
gathered on Naval 0il Shale Reserve No. 1 that I told you
about the other night. As you will note, the data are
sporadic at best and might resist meaningful analysis.

Also, I did remember correctly that gauge locations are
not adequately identified. To solve this problem, it will
be necessary to contact the Bureau of Land Management office
in Rifle, 129 West Third Street, 81650. Robert Kline is the
Area Manager; he is usually in the Rifle office on Fridays
only. On Mondays, however, he is usually in the Grand
Junction office. He's in the field the rest of the week.

I will be most happy to stop and obtain the information
when I am next in the area. I thought I should pass along

this information, though, since I don't plan to be over there
again until March and in case you will be.

I hope this will be helpful. Please don't hesitate to
call on me in the future. #

Sincerely,

Do . Doabo

John D. Baker

JDB:pp

Enclosure
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A. Physical Profile

1. Climate
a. Mean precipitation - 25 inches.
b. Seasonal distribution pattern - see illustrations.
c. Maximum and minimum temperatures during recording
period (June - September) -
. o
Maximum - 9OOF
Minimum - 30 F
d. Evaporation rate - 5 feet per year.
e. Humidity - approximately 62%.
f. Snow occurrence - snow usually occurs from October 15
to mid-April. Snow depths are usually 4 to 5 feet.
g. Wind intensity and prevailing direction - west to south-
west with low velocities of 2 to 6 mph.
h. Frost-free season - the month of July.

Limiting effects of climate - the cold temperatures at
night and the short growing season are main limiting
factors.

[
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WEATHER - NOSR

Summer 1971

Temp. Precipitation
Date High Low in Inches
6/8/71 64 -8 (first reading .70
of season)
6/16/71 68 36 .23
6/17/71 70 40 .00
6/18/71 42 .00
6/21/71 76 42 .00
6/22/71 76 42 .00
6/23/71 74 40 .00
6/24/71 38 .00
6/28/71 70 38 .00
6/29/71 60 33 .00
7/1/71 69 37 .00
7/7/71 Highs not recorded 38 .00
7/8/71 40 .00
T/13/71 39 .00
7/14/71 40 .Q0
7/15/71 - 7/22 /71 38 .84
7/27/71 40 .00
7/28/71 40 .00
7/29/71 40 .00
7/30/71 36 .00
8/1/71 39 .00
8/2/71 39 .00
8/3/71 42 .00
8/4/71 41 .18
8/5/71 39 .00
8/6/71 - 8/10/71 37 .05
8/11/71 42 .00
8/12/71 40 .05
8/13/71 40 .00
8/14/71 40 .00
8/17/71 40 .19
8/18/71 39 . 04
8/19/71 40 .00
8/20/71 37 .75

8/21/71 - 8/23/11 39 .18
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Weather - NOSR (cont.)
Summer 1971

Temp. Precipitation

Date High Low in Inches ‘
8/24/71 41 .15 E
8/25/71 41 .32 X
8/26/71 41 .00 }
8/27/71 41 .05 ‘
8/28/71 - 8/30/71 36 .60
8/31/71 38 .05
9/1/71 40 .00
9/2/71 38 . 02
9/3/71 Started snowing at 0915 -~ 2-3" of snow
9/4/71 - 9/6/71 26 .40 .
9/7/71 30 .40 |
9/7/71 - 10/5/71 54 20 .74 )
10/5/71 - 10/14/71 56 23 0 I

Ave=67 Ave=38

Mean = 53



Date

7/6/70
7/7/70
7/8/70
7/9/70
7/10/70
7/11/70
7/12/70
7/13/70
7/14/70
7/15/70
7/16/70
7/17/70
7/18/70
7/19/70
7/20/70
7/21/70
7/22 /70
7/23/70
7/24/70
7/25/70
7/26/70
7/27/70
7/28/70
7/29/70
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Weather Data - NOSR - 1970

\

7/30/70)

7/31/70
8/1/70
8/2/70
8/3/70
8/4/70
8/5/70
8/6/70
8/7/70
8/8/70
8/9/70
8/10/70
8/11/70
8/12/70
8/13/70
8/14/70

Taken at Blue Cabin

Previous 24 hrs

High Low Ppt.
70 38 0
69 40 0.53
66 40 0
73 40 0
75 37 0.03
54 40 0
78 38 0
78 38 0
73 40 011
74 40 0
72 38 0.06
74 40 0
7l 40 0.01
72 36 0.64

gauge post broken -

some ppt.

? 42 0
73 38 0
74 44 0
65 44 0
74 46 0
64 44 0
67 45 0

? ? 0
68 43 0
72 40 T
74 40 0
72 40 0
72 43 0

? 45 0
72 43 T

.38
9D
.03

.81
w15
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Weather Data - NOSR - 1970 (cont.)

Blue Cabin

Previous 24 hrs
Date High Low Ppt.
8/15/70 72 41 T
8/16/70 63 35 0
8/17/70 70 39 0
8/18/70 69 38 0.10
8/19/70 70 38 0
8/20/70 72 42 0
8/21/70 61 41 T
8/22 /70 59 42 0.78
8/23/70 58 36 0.03
8/24/70 58 38 0
8/25/70 58 40 T
8/26/70 70 42 0
8/27/70 65 41 0
8/28/70 58 42 T
8/29/70 66 41 0
8/30/70 70 45 0
8/31/70 69 40 0.33
9/1/70 66 40 T
9/2/70 58 34 0.09
9/3/70 62 34 0
9/4/70 63 34 0
9/5/70 54 36 0.01
9/6/70 54 27 1413
9/7/70 39 25 0
9/8/70 63 31 0
9/9/70 58 34 0
9/10/70 ? 30 0
9/17/70 58 24 0.24
10/6 /70 56 27 0.17
3585 2199 5.98

Ave=66 Ave=

Mean = 54

41



Date

12 July

25 July
31 July
8 Aug.
10 Aug.
11 Aug.
12 Aug.

14 Aug.

8 Sept.
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NOSR Weather Summer 1968

Temperature
Max. Min.
63 37
85 36
78 37
82 34
70 38
66 42
77 34

Trace of snow

74 19.5

595 278
Ave=T4 Ave=35

Mean 55o

Precipitation

. 02

«l5

.15

1.20

1.20

.04

.30

1.50

4.56



TEMPERATURE AT TRAILER 1967

IV-58

Month High in Low in Month High in Low in
Day Degrees f Degrees f Day Degrees f Degrees f

6/22/67 67 33 8/3/67 80 35
6/23/67 68 35 8/4/67 79 34
6/24/67 68 26 8/5/67 83 35
6/25/67 72 30 8/6/67 75 33
6/26/67 68 36 8/7/67 78 32
6/27/67 77 34 8/8/67 76 34
6/28/67 68 38 8/9/67 79 43
6/29/67 78 30 8/15/67 78 41
6/30/67 77 32 8/16/67 80 38
7/6/67 82 39 8/17/67 83 37
7/7/67 71 44 8/18/67 82 36
7/8/67 70 42 8/19/67 85 43
7/9/67 76 35 8/20/67 78 40
7/10/67 81 37 8/21/67 77 39
7/11/67 79 42 8/22/67 78 43
7/12/67 77 36 8/23/67 82 33
7/13/67 79 43 8/29/67 81 34
7/18/67 79 33 8/30/67 75 40
7/19/67 79 34 8/31/67. 79 40
7/20/67 82 37 9/1/67 81 32
7/21/67 79 37 9/2/67 82 31
7/22/67 82 39 9/3/67 83 33
7/23/67 80 44 9/4/67 81 34
7/24/67 78 43 9/5/67
8/2/67 82 34 9/6/67

3734 1753

Ave =78° Ave =36

Mean =57
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SYNOPSIS

Data on runoff and snow conditions on the Piceance Basin are inade-
quate for environmental impact analysis purposes. Runoff and snow
characteristics are both vital components of the Piceance ecosystem
but runoff is far more susceptible to change by oil shale extraction
activities.

Further interpretation of soil characteristics from soil association
maps could be combined with a vegetation type map to delineate run-
off producing characteristics of land units if infiltration and runoff
tests also would be made on key soil-vegetation units. This would
require a minimum of $7000 for the watershed studies and assumes
supportive efforts in soil and vegetation studies. Techniques for
combining existing regional precipitation information with the needed
hydrologic land unit classification to produce storm runoff estimates
are illustrated in this report.

The requirement for snow cover observations relates mainly to possi-
ble impacts on wildlife and plants and to surface disposal of pro-
cessed shale as it may affect water quality. Information required is
depth-area distribution early in the snow season (wildlife habitat
evaluation) and at the time of maximum accumulation (plant and run-
off relations). A feasibility study is suggested involving aerial
oblique-photos for general plant-landform relationships and aerial
infra-red verticals at a few carefully selected sites for detailed
ecologic studies and for correlation with satellite coverage. The
cost of this study would be $7200 and it would be most beneficial if it
were concurrent with plant, soil and wildlife studies.



I. INTRODUCTION

The objective of this study was to analyze existing information on sur-
face runoff and snow in the Piceance Basin and evaluate the adequacy
of the data base for environmental impact analysis with emphasis on
the interrelation of surface runoff and snow to other ecosystem com-
ponents. To accomplish this objective key personnel of selected
Federal agencies were interviewed, an on-ground field inspection and
fly-over reconnaissance made, and a literature search was conducted.
Personnel working on other facets of the Regional Oil Shale Study were
visited and information exchanged.

Surface runoff as used in this report refers to that water running on or
near the surface of the land that usually reaches a stream rapidly com-
pared to '"base flow' or ''groundwater flow.' Synonyms include ''direct
runoff'’, ''direct surface runoff' and '""storm runoff.'" Methods used to
predict runoff from storms include flood frequency analysis and unit-
graph techniques. Both approaches are illustrated with the limited
data available to illustrate the kind of information needed to assess
environmental impact.

Snow depth, distribution, drifting, and density are important factors
in ecosysterm analysis because they influence the amount and timing of
water yielded to streams, ground water aquifers, soil moisture re-
charge, plant distribution and growth, and animal distribution and
habitat. Snow is also of direct importance in relation to man's
mobility, recreation, communications and transportation facilities.

This report was prepared as a team effort with valuable contributions
from Professor Ed Schulz of the Colorado State University Depart-
ment of Civil Engineering and Mr. Ivan Wymore, graduate student in
Watershed Science at Colorado State University.

II. REGIONAL CHARACTERISTICS

The Piceance Basin is located in the high foothills on the western
slope of the Rocky Mountains in Colorado. It is drained by Piceance
and Yellow Creeks which are tributary to the White River, and
Parachute and Roan Creeks which are tributary to the Colorado
River. The terrain consists mostly of the highly dissected Roan
Plateau that is bounded on the south by the escarpment of the Roan
Cliffs, where the oil shale is exposed. To the north, the slope to
the White River is more gradual and the vegetative cover is better,
though sparse by the standards of more mesic areas.
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Watershed management problems of the Piceance Basin are typical
of those found on a large portion of the rangelands in the western
states - erosion, sedimentation, and reduced productivity. Accel-
erated erosion is mostly confined to the steeper upland divides and
the stream valleys. Over much of the area erosion has been limited
to washing along stock trails and roads where runoff water concen-
trates, and to gullying or stream bank erosion along the narrow
drainageways. Deep gullying and streambank erosion are common
along the main channels of both Piceance and Yellow Creeks, and
headcutting is common on most of the side drainages.

Precipitation distribution is strongly affected by altitude (Iorns,

et al., 1965, p. 184-185). The crest of the Roan Plateau and
Cathedral Bluffs receive an average of about 26 inches per year,
while the lower areas of the basin average about 10 inches annually.
The orographic effects of the steep areas tend to result in high
intensity thunderstorms in the late summer. Individual storms have
very high rainfall intensities, high runoff rates, and produce large
quantities of sediment on a local area.

Streamflow is generally ephemeral in the upper reaches of the major
drainageways and side gullies. Peak flows, exclusive of summer
storms, generally occur during snowmelt (March, April, and May).
Parachute Creek is often dry or almost dry, from December until
March (Coffin, et al., 1971). Flow in Piceance Creek is more uni-
form because the flow is maintained by groundwater discharge from
the Green River Formation.

Except in very wet years, precipitation does not meet the potential
evapotranspiration demands of the vegetation. The average annual
runoff at Piceance Creek below Ryan Gulch was less than 1/2 area
inch. The runoff that does occur results from spring snowmelt or
high intensity rain. Snowmelt runoff is predominantly from sub-
surface flow. High intensity rains produce surface runoff; a large
part of surface runoff may infiltrate the valley alluvium. High storm
runoff and sediment yields are part of the natural geologic setting.

III. RUNOFF CHARACTERISTICS

A. Available Records

Runoff records in the immediate vicinity of those watersheds likely
to be affected by oil shale development are limited and of short
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duration. The State of Colorado had 293 stream gaging stations in oper-
ation as of 1955 (Todd, 1970). The average gaging density in Colorado
is 356 sq. mi. per stream gaging station. The average stream gage
density over the United States is 585 sq. mi. per stream gaging station.
The intensive use made of water resources accounts for the more dense
network in the State of Colorado. The gaging stations have been in-
stalled on watersheds having significant water yield or at points where
measurements are required for administration or management of the
water rights and water distribution system. The runoff records are
regularly published by the U.S. Geological Survey. Unfortunately,

the relatively dense stream gaging network does not extend into those
regions of the State of Colorado having oil shale resources. Table 1
gives a list of gaging stations located in the vicinity of the oil shale
resources.

There are several aspects of the runoff records which are useful in
this analysis. The distribution of watershed yield by months and from
year-to-year provides information regarding the dependable water
resources from the watershed. The monthly distribution for the water
year 1971 is given in Table 2 for the stations on Roan Creek and
Piceance Creek. The monthly runoff for the 1965 water year is given
for Parachute Creek. The records for these years were selected
because these years appeared to have near average yield. The range
in the observed annual yield is also given for each station. Knowledge
about the water yield from the region provides a standard of refer-
ence for sub units or small tributaries in the watershed.

B. Flow Duration Data

The annual and seasonal variability in stream discharge is a very
important factor in aquatic ecosystem analysis. The hydrologist
usually expresses this variability by flow duration analysis. This
information is especially helpful in environmental evaluations of
water quality, aquatic biology, and recreation potential.

Flow duration data are obtained by dividing the range in mean daily
discharge from highest to lowest in any given period of record into

30 or 40 classes arranged from the smallest to largest. The number
of days when the mean daily discharge falls into each class is counted.
The number of occurrences in each class is accumulated for the
period of record beginning at the highest observed mean daily dis-
charge. The number of occurrences in each class is converted to
percent of the total months in the record. The U.S. Geological
Survey has developed a number of computer programs which carry
out some of the statistical computations. An example of the flow

—
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Table 1. Stream Gaging Stations - Piceance Basin and Vicinity.
USGS Watershed Period of
Number Station Area Record

9.0875 Elk Cr. at Newcastle 180 sq. mi. 1922-24; 1954-60
9.0920 Rifle Cr. nr. Rifle 137 1939-46; 1952-64
9.0928 West Fork, Parachute Cr. nr.

Grand Valley 48.1 1957-62
9.0930 Parachute Cr. nr. Grand Valley 141 1948-54; 1964-70 (*)
9.0935 Parachute Cr. at Grand Valley 198 1921-27; 1948-54
9.0940 Roan Cr. at Simmons Rch.

nr. Highmore 33.2 1935-37
9.0941 Carr Cr. at Alternbern Rch.

nr. Highmore 18 1935-37
9.0942 Roan Cr. above Clear Cr. nr.

DeBeque 151 1962-68
9.0944 Clear Cr. nr. DeBeque 110 1966-68
9.0950 Roan Cr. nr. DeBeque 321 1921-25; 1962-71 (*) (A)
9.3040 South Fork, White River at Buford 170 1919-20; 1951-71 (A)
9.3041 Big Beaver Cr. nr. Buford 34.6 1955-64
9.3042 White R. nr. Meeker 660 1961-71 (A)
9.3043 Coal Cr. nr. Meeker 25 1957-68
9.3045 White R. nr. Meeker 762 1901-6; 1909-71 (A)
9.3055 Piceance Cr. at Rio Blanco 9 1952-57
9.3060 Piceance Cr. nr. Rio Blanco 153 1940-43
9.3062 Piceance Cr. below Ryan Gulch

nr. Rio Blanco 485 1964-71 (*) (A)
9.3062.2.2 Piceance Cr. at White River 629 1964-66; 1970-71 (A)

(A) Gaging Station active as of 1971.

(*) Records used in this analysis.

¥-A
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Table 2. Monthly Distribution of Water Yield (Acre Feet) Tributaries
Draining Oil Shale Resource Region.

Parachute Creek Roan Creek Piceance Creek
9.0930 9.0950 9.3062

Month 1965 1971 1971
Oct. 82.ac, ft: 770 ac. ft. 1340 ac. ft.
Nov. 40 839 1370
Dec. 2 . 748 1220
Jan. 1.2 734 1040
Feb. 5.6 657 946
Mar. 3.0 922 2430
Apr. 1200 1060 731
May 8710 1270 581
June 2550 1180 503
July 980 1120 497
Aug. 529 1220 640
Sept. 194 877 605
Water Year 14,300 11,410 11,910
Highest 22,030 46, 080 16,830
Year (1969) (1969) (1970)
Lowest 3,950 7,600 9,470
Year (1967) (1964) (1968)
Period of
Record Used 1965-70 1963-71 1965-71
Gage Eleva-

tion 5770' 5380!' 6070
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duration data obtained from the USGS progrra.m1 is shown in Table 3.
The conventional Flow Duration Curve can be obtained by graphing
the column shown as ""CFS'' as the ordinate and the column shown as
"PERCT'" as the abcissa.

C. Flood Peak Discharges

The flood producing characteristics of a stream are presented as the
probability of peak discharges for those stations having a sufficient
length of record. The highest instantaneous discharge in each year
of record is selected in the analysis. Various procedures are used
to fit a theoretical probability distribution to the observed annual
flood peaks.

The log-Pearson Type III probability distribution was used to fit the
data in this investigation. If a theoretical distribution can represent
the observed data, then estimates of flood peak discharges expected
to recur only rarely can be easily obtained from known properties of
the theoretical distribution. It should be pointed out that a reason-
ably long length of record is required to fit the distribution. None of
the gaging stations on the smaller tributaries in this region have
records of sufficient length. There is nothing to prevent the attempt
to fit a distribution to the annual data of only a few years of record;
however, it should be recognized that a correspondingly large possi-
bility of error in the prediction exists.

Annual flood peaks were fit to the log-Pearson Type III distribution
and the mean, standard deviation, and coefficient of skew of the log-
transformed peaks were computed. The flood peak discharges for
various recurrence intervals for the three gaging stations are com-
pared in Table 4. The basic data from which the probability was
estimated are given in Table 5.

The flood probability for the three watersheds is shown on Figures
1-3.

These graphs are a convenient means for estimating the probability
of a flood magnitude not shown in Table 4.

1
Supplied by Colorado District Office of USGS.



Table 3. Flow Duration Data Supplied by Colorado District Office of U.S. Geological Survey.

Station Number 09306200
Duration Table of Daily Discharge for Year Ending September 30

Piceance Creek BL Ryans Gulch near Rio Blanco Colo.

Class 0 2 4 6 7 B8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Year

1965 3 3 15 7 6 7 9 8 9 11 11 12 19 28 76 36 25 25 26
1966 I 1 5 9 4 10 12 40 37 26 18 17 49 56 26 24 5 1
1967 2 3 10 14 18 18 25 24 25 24 18 17 14 24 56 52 3 4 2 3
1968 6 13 16 23 28 30 48 34 23 20 32 16 21 16 17
1969 2 3 4 8 14 32 77 95 48 41 16
1970 4 3 5 8 9 14 14 26 37 109 65 22
Class CFS Total Accum Perct Class CFS Total Accum  Perct Class CFS Total Accum
0 0.00 0 2191 100.0 9 2.90 39 2080 94.9 18 12.0 199 1331
1 0.80 5 2191 100.0 10 3.40 49 2041 93.2 19 14.0 319 1132
2 0.90 3 2186 99.8 11 4.00 59 1992 90.9 20 17.0 213 813
3 1.10 6 2183 99.6 12 4.70 72 1933 88.2 21 20.0 231 600
4 1.30 6 2177 99.4 13 5.50 106 1861 84.9 22 23.0 154 369
5 1.50 18 2171 99.1 14 6.50 104 1755 80.1 23 27.0 85 215
6 1.80 13 2153 98.3 15 7.60 114 1651 75.4 24 32.0 66 130
7 2.10 30 2140 97.7 16 8.90 95 1537 70.2 25 38.0 17 64
8 2.50 30 2110 96.3 17 10.00 111 1442 65.8 26 44.0 14 47
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Class CFS Total
27 52 T
28 61 11
29 72 6
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31 99 1
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33 140 3
34 160 2

32 33

Accum

34
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CFS-Days
5658.3

5027.6
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Table 3. Continued

Highest Mean Discharge, in CFS, and Ranking, for the Following Number of Consecutive Days in Year Ending September 30

Piceance Creek BL Ryans Gulch near Rio Blanco Colo.

Year 1 3 7 15 30 60 30 120
1965 81.0 3 58.0 3 43.1 3 37.2 4 36.5 3 313 3 26.5 3 24.3
1966 200.0 1 163.0 1 127.0 1 88.1 1 53.5 2 34.4 2 27:3 2 2550
1967 31.0 6 24.3 6 22.9 6 18.9 6 17.0 6 15.4 6 14.2 6 13.9
1968 68.0 4 43.0 4 41.9 4 37:5 3 33.5 4 28.2 5 21.6 5 20.5
1969 49.0 5 43,0 5 40.0 5 34,5 5 30.2 5 28.5 4 25.1 4 23.0
1970 90.0 2 85.0 2 T7:1 2 70.9 2 56.9 1 40.4 1 34.3 1 31.6

— s o N
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19.

2],
11.
16.

21,

28.

Lowest Mean Discharge, in CFS, and Ranking, for the Following Number of Consecutive Days in Year E ding March 31

Piceance Creek BL Ryans Gulch near Rio Blanco Colo.

Year 1 3 7 14 20 60 90 120
1966 1.50 3 1.57 3 1.69 3 1.91 3 2.86 2 9.19 3 11.50 3 14.20
1967 0.80 1 0.83 1 0.96 1 1.16 1 3.88 3 4.97 2 5.66 2 6.10
1968 1.00 2 1.03 2 .23, 2 1.49 2 1.90 1 3.24 1 3.15 1 3.45
1969 3.40 4 4.20 4 4.74 4 4.91 4 5.05 4 10.60 4 12.10 4 11..70
1970 6.00 5 6.97 5 7.47 5 8.74 5 12.10 5 12.90 5 16.10 5 18.30
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Percent Chance of Occurrence

USGS Number 9.3060
7 Years of Record
1 485 Sq. Mi.
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Figure 1. Frequency Analysis for Piceance Creek below Ryan
Gulch, near Rio Blanco, Colorado. (Log-Pearson
Type III Method.)
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USGS Number 9.0930
12 Years of Record
141 Sq. Mi.
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Figure 2. Flood Frequency Analysis for Parachute Creek near Grand
Valley, Colorado (Log-Pearson Type III Method.)
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Flood Frequency Analysis for Roan Creek near DeBeque, Colorado. (Log-Pearson
Type III Method.)
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Table 4. Comparison of Flood Peak Discharge (CFS) for Given Recur-
rence Intervals.

Piceance Parachute Roan
Creek Creek Creek
USGS Number 9.3062 9.0930 9.0950
Drainage Area - Sq. Mi. 485 141 321
Length of Record - Yrs. 7 12 9
Recurrence Percent
Interval Probability Peak Discharge (cfs)
1.0101 yrs. 99% 51 13 45
1,05 95 70 34 104
l.11 90 84 54 155
1.25 80 104 92 240
2 50 162 218 493
5 20 257 432 : 872
10 10 331 578 1113
25 4 437 755 1390
50 2 525 876 1575
100 1 621 988 1740

200 0.5 727 1090 1890
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Table 5. Recorded Maximum Discharges at U.S.G.S. Stream Gaging-
Stations in the Piceance Basin, Colorado.

e —
—

Maximum Discharge (CFS)

Water Piceance Parachute Roan 3

Year Creekl Creek2 Creek

1949 318

1950 148

1951 147

1952 738

1953 320

1954 100

1963 110

1964 466

1965 190 199 466

1966 400 70 153

1967 75 24 1,220

1968 184 513 407

1969 141 408 608

1970 104 226 608

1971 211 1,000
Statistical Analysis
Years of Record (N) 7 12 9
Mean(;:) 186.4 267.6 559.8
Standard Deviation (S) 98.2 197.5 340.4
Coefficient of Variation 0.527 0.738 0.608
Standard Error of Mean 37.118 57.025 113.477

1Piceance Creek below Ryan Gulch, near Rio Blanco, Colorado
(USGS 9.3062).

2

Parachute Creek, near Grand Valley, Colorado (USGS 9.0930)
3

Roan Creek near DeBeque, Colorado (USGS 9.0950).

Source: U.S. Geological Survey. 1949-71. Water resources data
for Colorado. Part l. Surface Water Records.
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IV. PRECIPITATION

Precipitation is the input to the hydrological system. Analysis of
precipitation records demonstrates that certain regional character-
istics exist. When precipitation data are unavailable at a particular
location, knowledge about the regional characteristics can be em-

ployed to estimate the precipitation at the location under investigation.

A. Precipitation Records

The long term precipitation stations in the upper Colorado River
Basin were studied by Schleusener and Crow (1961). There are no
long-term precipitation stations in the Piceance Basin. Table 6
gives a list of the precipitation stations in the region together with
the period of record.

B. Regional Precipitation Intensity

Many major storms occurring in the United States have been
analyzed. The intensity-duration characteristics of the point pre-
cipitation data have been analyzed and the results are presented as

a series of maps in the Rainfall Frequency Atlas of the United States,
Hershfield (1961). The maps in the Atlas were consulted for a loca-
tion - Latitude 39°50' and Longitude 108°10' - in the Piceance water-
shed. Design storm rainfall was obtained for a range of storm
duration extending in time from 5 minutes to 24 hours.

There has been some criticism of the use of the Atlas in the moun-
tainous regions of western United States. As a consequence, the
National Weather Service has carried out additional studies in these
mountainous regions. New maps have been prepared which are
intended to replace the maps given in WBTP40, Miller (1967).

The difficulty in the application of these maps lies in the estimation
of the rainfall depth to be received over a short duration of time.
Either set of maps give reasonable values for a 24-hour period.
Concern arises with very short durations of time. Experience has
shown that a small area could receive critical rainfalls from a con-
vective storm of short duration. This short duration storm would
be long enough to bring the watershed to equilibrium discharge.
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Table 6. Precipitation Stations - Upper Colorado Basin.

Period of Type of Elevation of
Record Gage1 Station
Meeker 1893-72 R 6242 feet
Glenwood Springs 1893-72 NR 5823
Rifle 1909-72 R 5400
Collbran 1893-70 NR 6460
Grand Junction 1893-72 R 4855
Altenbern 1947-72 NR 5690
Grand Valley 1964-72 NR 5090
Little Hills 1946-72 NR 6140
Marvine (Ranch) 1947-72 NR 7343
Rangely 1950-72 NR 5216

1R = Recording; NR = Non-recording.
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The National Weather Service has provided a method for estimating the
short duration rainfalls given values of the l1-hour, 6-hour and 24-hour
rainfalls. In the application of these rainfall data to design hydrograph
problems, the Bureau of Reclamation, Miller and Clark (1960),
recommend limiting the use of the rainfall data to 30 minutes duration
or greater. This restriction arises because of the properties of con-
vective storms which can produce unusually high intensities for short
intervals of time.

Recognizing the need for having estimates of rainfall for short dura-
tions in the design of small municipal projects, Wright and McLaughlin
(1969) developed a nomograph which permits an estimate of storm
rainfall depth for short intervals of time given the 1-hour, 6-hour and
24-hour rainfalls for any given return period (probability of occur-
rence). This nomograph was used to prepare estimates of the short
duration rainfall depths.

The rainfall depths for different short durations obtained by these
different methods were compared with the maximum depth observed
at Grand Junction (reported in Todd, 1970). The data for Grand
Junction are used in this instance because the very short interval
rainfall intensity is obtained only at second order weather stations.
Grand Junction is the only second order weather station in this
vicinity., The characteristics of the storm rainfall obtained from
these various sources are compared in Table 7. Also shown in
Table 7 is a column with a label "USE' which are the recommended
values for design purposes. These values are based on the maximum
observed values for a 5-minute interval and a 24-hour rainfall at
Grand Junction. Between these two duration intervals, the rainfall
depths were distributed to conform to the distribution of the rainfall
depth suggested by WBTP40 and the DRCOG nomograph.

The values of the rainfall depth in the USE column of Table 7 are
believed to have a 1% chance of occurrence in any year. The values
of the storm rainfall depth are shown in the USE column as a Mass
Curve of Rainfall for a design storm over the Sorghum Gulch
Watershed. The Mass Rainfall Curve is shown in Figure 4.

— r—e— s



Table 7. Design Storm Rainfall.
From From Max.
WBTP40 Revised ESSA From Observed
Duration 1% Prob. Maps - 1% Prob. DRCOG Grand Junction USE
(inches) (inches) (inches) (inches)
5 min. .54 il
(extrapolated) (extrapolated) 42 .39 .40
(8-22-14)
10 min. N4 .45 .62 .54 .60
(extrapolated (extrapolated) (8-22-14)
15 min. .93 .60 .76 .59 .75
(extrapolated) (extrapolated) (8-22-14)
30 min. 1.19 .85 1.00 .66 .95
(extrapolated) (8-5-18)
60 min. 1.45 1.10 1.20 .92 1.20
(extrapolated) (9-2-38)
2 hr. 1:72 1.35 1.40 1.06 1.45
(8-1-53)
3 hr. 1.88 1.52 1.52 1.19 1.62
(10-5-25)
6 hr. 2:20 1.80 1.80 1.41 1.90
(9-2-38)
12 hr. 2.52 2.10 2.10 1.74 2.20
(9-22-41)
24 hr. 2.85 2.40 2.40 2.50 2.50

(10-17-08)

L1-A
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V. RUNOFF ESTIMATION

A. The Unit Hydrograph and Soil-Cover Complex Method

In the runoff records section examples of statistical flood frequency
estimates were presented and discussed. Another approach to
estimating peak runoff is by use of the unit hydrograph and hydrologic
soil-cover complexes. This approach has the advantage that it
allows evaluation of runoff producing characteristics and changes
thereof on small land units. This capability is required in environ-
mental impact analysis. Furthermore, the technique is widely
accepted by federal land management agencies such as the Bureau of
Land Management, Forest Service, and Soil Conservation Service.

A small watershed was selected as an example of how existing infor-
mation could be utilized to predict storm runoff and to identify addi-
tional data needs for improvement in prediction. Sorghum Gulch
(3.72 sq. mi. drainage area) was selected to provide an illustration
of the effect of precipitation intensity, vegetative cover, soils,
slopes, and other hydrologic factors on the surface runoff. Sorghum
Gulch is a small tributary of Piceance Creek about 16 miles down-
stream from Rio Blanco, Colorado, near the Oldland Ranch (Fig. 5).
It was selected partly because it passes through the prototype oil-
shale leasing site Colorado tract C-b (USDI, 1972, p. III-46).

This surface runoff estimation example was deliberately conducted
with available information to illustrate estimation methodology where
detailed field surveys are not available. As such, it provides rough
estimates of runoff volumes and peak flows suitable for planning, but
the estimates would require considerable refinement for design of
structures.

Climatological and hydrologic installations with sufficient data for
detailed rainfall-runoff hydrograph analysis are nearly non-existent
for small drainage basins. This has resulted in the development of

a large number of empirical and semi-empirical formulae by
practicing hydrologists and research organizations for synthesizing
design hydrographs. To illustrate methodology, the method of
hydrograph synthesis developed by the U.S. Soil Conservation Service
(1971) is utilized. This method has the advantage of being adaptable
to a wide variety of watershed conditions, sizes, and design criteria.

Application of the SCS hydrograph synthesis method to a specific
watershed requires the following data:
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1. Watershed drainage area factors.
a. Size of the watershed in acres or square miles.
b. Length and width of the watershed.
c. Average slope of the watershed.

2. Point rainfall expected from a 6-hour storm (inches)
for the selected frequency.

3. Watershed runoff producing characteristics associated
with the soil-vegetative cover-land use complex. This
requires the development of a hydrologic soil-cover
complex number, or runoff curve number, which for
this report is abbreviated as '""CN'.

4, Time of concentration (Tc) in hours, which is the time
required for surface runoff from the remotest part of
the drainage basin to reach the point being considered.

1. Watershed Drainage Area. Fortunately, the entire Piceance
Basin oil-shale area has detailed U.S. Geological Survey topographic
maps available on the scale of 1:24000 (1~in. = 2, 000 ft.). These
maps permit the determination of many of the topographic and drain-
age area features, and aid materially in determining the vegetative
cover of the watershed. The following information for Surghum
Gulch was determined from the USGS Map (1952):

Sorghum Gulch Watershed - Piceance Basin

Drainage Area (A) = 2,382 Acres or 3.72 sq. mi.
Greatest length of travel for surface

runoff (L) = 29,000 ft.

Average width of watershed = 3,578 ft.

Elevation at top of watershed = 7,500 ft.

Elevation at Piceance Creek = 6,340 ft.

Elevation change (Ah) = .1, 160 ft.

Average watershed slope (S) = % x 100 = 4.0 percent
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2. Point Rainfall Data. The determination of rainfall amounts and
frequencies was discussed in an earlier section of this report. For
evaluation purposes the one percent probability (100 year recurrence)
6-hour storm producing 1.9 inches of rainfall (Table 7) was used.
Figure 4 provides a graphic presentation of the estimated rainfall
distribution over the 6-hour period.

3. Hydrologic Soil-Cover Complex Numbers. The runoff curve num-
ber (CN) shows the relative value of the hydrologic soil-cover com-
plex as direct runoff producers. The higher the number, the greater
the amount of direct runoff to be expected from a storm. Determina-
tion of specific CN-s is done with reference to both soil cover and soil
type. The soil cover from the hydrologic point of view is rated good,
fair, or poor. Soil types are rated on the basis of infiltration capacity
at the end of long duration storms, and without the protective effects
of vegetation. The ratings are A to D, with A having the lowest run-
off potential, and D having the highest.

The vegetative cover for Sorghum Gulch was estimated from vegeta-
tion maps (3-inch/mile) being prepared by Dr. C. Terwilliger, Jr.
under Phase I-E of the Oil Shale Revegetation Study Committee,
Colorado State University, and the 1:62500 aerial photo mosaic for the
area. Some oblique aerial views of the potential oil shale leasing site
C-b were also used. This vegetative information was plotted on the
USGA (1:24000) base map (Figure 5). The soil association boundaries
(Nos. 50, 55, and 132) from the SCS General Soil Map for Rio Blanco
County? (1972) were also transferred to the base map. The areas of
vegetative cover types by soil association for the Sorghum Gulch
watershed are shown in Table 8.

Table 8. Acreage of Vegetative Cover Types by Soil Association for
Sorghum Gulch Watershed.

Soil Association

Vegetative Type 50 55 132 Total
Pinyon-Juniper Woodland 490 896 1,386
Pinyon-Juniper (Chained) 278 278
Mountain Browse 142 133 275
Sagebrush-Grass 195 237 432
Pasture or Wet Meadow . o, 11

Total 827 1,544 1 2,382

1Chapf:e:r 9, SCS National Engineering Handbook, Section 4,
Hydrology Provides detailed tables and charts.

2
USDA-SCS, Portland Ore. M7-0-22275-52 (3 sheets).

e
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To arrive at curve numbers for each vegetative type the available in-
formation from published reports on the White River Basin by the
U.S. Department of Agriculture (1966), SCS range site descriptions,
and the descriptions for the three soil associations were reviewed.
The hydrologic soil grouping for the soil associations found in the
Piceance Basin were obtained from the U.S. Soil Conservation
Service.l The Sorghum Gulch associations were as follows:

Hydrologic
Soil Group Soil Association Description
B and C 50-Cryoborolls- Cold, moderately deep and deep,
Cryoboralfs well drained, moderately steep
and steep soils on mountain slopes.
C 55-Eutroboralfs- Cool, shallow and moderately
Rock outcrop- deep, well drained, steep soils
Haploborolls and rock outcrop on mountain
slopes.
B 132 - Ustifluvents- Cool, deep, well to poorly drained,
Fluvaquents nearly level and gently sloping
soils on flood plains and low ter-
races.

Additional information on the soil associations of the Piceance Basin
is contained in the writeup by Heil (1972) for Phase I-C (Part 2) of the
Oil Shale Revegetation Study Committee, Colorado State University.

Table 9 summarizes the results of the hydrologic soil-cover complex
analysis and the method used to determine the weighted curve number
of 70, which was used for all runoff determinations. It should be
recognized of course, that soils and vegetative cover surveys of the
area would permit much more accurate estimation of the CN values.

It should also be noted that the above CN = 70 is specifically for
Antecedent Moisture Condition (AMC)-II, which is the average condi-
tion. The equivalent value for AMC-I (lowest runoff potential with
dry soils) would be a CN = 51, and for AMC-III (highest runoff poten-
tial with saturated soils from antecedent storms) would be a CN = 85
(SCS-NEH 4, 1971, p. 10.7).

Personal communication from Clayton Spears, Soil Conserva-
tionist, SCS-USDA, working with the Colorado State Land Use Com-
mission.



Table 9. Sorghum Gulch Hydrologic Soil-Cover Complexes and Curve Number Determination.

Hydrologic Cover Ground Curve Percent Curve No. X
Soil Group Land Cover Condition  Cover Number Acres of Area Percent
C Pinyon-Juniper Fair 60% 70 1,386 58.2 4,073
B&C Pinyon-Juniper Low
(Chained) Good 70% 60 278 11.7 700
G Mountain Browse Fair 55% 80 275 11.5 924
B Sagebrush Grass
(Soil Assoc. 50) Fair 50% 50 195 8.2 409
C Sagebrush Grass Fair 50% 65 237 9.9 647
(Soil Assoc. 55)
B Pasture or Wet Meadow Good 50 11 w9 23
TOTAL - 2,382 100.0 6,776
Weighted Curve Number = Golis (078 Use CN = 70

100

ve-A
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Determination of direct runoff Q in inches is generally made from
figures that provide for solution of the runoff equation. In using the
triangular hydrograph method, however, it is often useful to be able
to estimate the runoff from rainfall increments individually. Chow
(1962) su%gests the following adaptation of the original SCS runoff
equation:

(R - Qg - 2) 2 Where: R = rainfall in inches
CN
Q= 800 CN = runoff curve number
Etew ~ 8

For the Sorghum Gulch example where R = 1.9 inches and CN = 70

2
(ig; :',’82) = .202 inches.

the direct runoff Q =

4. Time of Concentration (T_ ). There is a delay after any heavy

rain before the runoff reaches its peak. This delay is a watershed
characteristic called lag (L), which is related to the time of concen-
tration (T ) and may be estimated from it by the relationship
L=0.6 T.. It can easily be understood that time of concentration
determination is critical for estimating peak flows. The time of
concentration for the watershed was developed by Kirpich's method
from the USGS topographic base map. This method utilizes the
hydraulic length of the watershed from the outlet to the most distant
point (L = 29, 000') and the difference in elevation between the outlet
point and the divide (Ah = 1,160'). From Kirpich's nomograph T =
1.20 hours for Sorghum Gulch (U.S. Bureau of Reclamation, 19.68,
p. 47).

Flood Hydrograph Synthesis by Triangular Hydrograph Method.

The Soil Conservation Service method of developing a composite flood
hydrograph using a triangle for the unit hydrograph was utilized
(SCS-NEH 4, 1971, Chapt. 16). In brief it utilizes the following steps:

1
. TFhis formulae is invalid for rainfall amounts of less than the

200
initial abstraction, or where R < (C_N - 2) . For a curve number of

70 this initial abstraction is .86 inches of rainfall.
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Given the following information:

Step 1.

Where:

Drainage area = 3.72 square miles
Time of Concentration (Tc) = 1.20 hours

Curve Number CN = 70

Antecedent Moisture Condition II

Rainfall for 1% probability storm = 1.90 inches
Storm Duration 6-hours

Develop unit hydrograph

D= 0,133 T "
= 0.133(1.20)
= 0.16 hours

L=0.6 Tc = 0.6 (1.20)
= 0.72 hours

D 0.16

Tp— > + L = > + .72
= 0.80 hours

T, =2.67 T, =2.67 (0.80) 7
= 2.14 hours !
484 AQ 484 (3.72)Q

9 - T,  0.80 i

2,250Q or 2,250 cfs for one inch of runoff

D = Duration of excess rainfall (hours)

L = Watershed lag in hours f
T = Time to peak (hours) i
TP = Time of base for triangular hydrograph (hours)
qp = Peak discharge (cfs)

Tabulate the accumulated rainfall by 10 minute increments
(D = .16 hour) as shown on Table 10, column 2 utilizing storm
distribution from Figure 4.

Compute the accumulated runoff (Table 10, column 3) using
CN = 70 and AMC-II for each 10-minute increment

( 200 2)2 : {
Q- “onN t _ (R - 0.86) ’
o, 800 R + 3.44

CN



Table 10. Tabulation of Rainfall, Runoff, and Peak Discharge of the Triangular Hydrographs in 10-
minute Increments for the 1% Probability (100-year Recurrence) Storm (CN = 70).

Accumulated Accumulated Incremental Peak Discharge
Time (hrs.) Rainfalll Runoff2 Runoff of Hydrograph

(Inches) (Inches) (Inches) (CFS)

0 0 .00

Q.17 0.60 .00

0.33 0.80 .00
0.50 0.95 .002 . 002 4.50
0.67 1.06 .009 .007 15.75
0.83 1.14 .017 . 008 18.00
1.00 1.20 . 026 . 009 20.25
1.17 1.26 .035 .009 20.25
133 1.31 . 044 .009 20.25
1.50 1.35 . 052 . 008 18.00
1..67 1.39 .060 . 008 18.00
1.83 1.42 .067 . 007 1575
2.00 1.45 .074 .007 1575
2.17 1.49 .081 . 007 15.75
233 1.52 . 088 . 007 15.75
2.50 1.55 . 095 . 007 15.75
2.67 1.57 .102 . 007 15.75
2.83 1.59 .108 . 006 13.50
3.00 1.62 .114 . 006 13.50
3.17 1.65 .120 . 006 13.50
3.:33 1.67 .126 . 006 13.50
3.50 1.68 « 132 . 006 13.50
3.67 1.70 . 137 .005 11.25
3.83 1.72 . 142 . 005 11.25

LA



Table 10. Continued

Accumulated Accumulated Incremental Peak Discharge
Time (hrs.) Rainfalll Runoff’ Runoff of Hydrograph

(Inches) (Inches) (Inches) (CFS)
4.00 1 .73 . 147 .005 11.25
4.17 1.75 . 152 . 005 11.25
4,33 1.76 . 157 . 005 11.25
4,50 1.78 .162 . 005 11.25
4.67 1.79 . 166 . 0045 10.12
4.83 1.81 171 . 0045 10.12
5.00 1.82 « 175 . 0045 10.12
B4 T 1.83 . 180 . 0045 10,12
5.33 1.84 .184 . 0045 10.12
5.50 1.86 .189 . 0045 10.12
5.67 1.87 .193 . 0045 10.12
5.83 1.89 .198 . 0045 10:12
6.00 1.90 .202 . 0045 10.12

82-A

1
Accumulated rainfall (R) for 1% probability 6-hour storm from Figure 4.

2
Accumulated runoff (inches) for CN = 70 and AMC-II

2
Q - (R - .86)
" R+ 3.44
3 484 A Q 484 (3.72)Q
9 T .80 HeRE A
P
q = Incremental runoff (Col. 4) X 2,250 cfs.

P



Step 4.

Step 5.

Step 6.

Step 7.
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Tabulate the incremental runoff (Table 10, column 4).

Compute the peak discharge for each incremental runoff
(Table 10, column 5) by multiplying by the peak discharge
for one inch of runoff (2,250 cfs).

484 AQ 484(3.72)Q
9%~ 0 =7 0.80

The peak of the first incremental hydrograph is
q =2,250(.002)= 4.5 cfs
P

Plot each incremental hydrograph. The first increment
is plotted at 10-minutes (.17 hour) with a peak discharge
of 4.5 cfs and the end of base at (.17 + 2.14) 2.3 hours.
Each incremental hydrograph is plotted one unit of D
(10-minutes) later in time.

Add all of the triangular hydrographs to obtain the com-
posite hydrograph for the storm (Figure 6). The Sorghum
Gulch 1% probability 6-hour storm was estimated to pro-
duce a flood peak of 117 cfs from the 3.72 square mile
drainage area. This gives a value of 31 cubic feet per
second per square mile.

B. Emergency Spillway Hydrograph Development

by the SCS Method

The Soil Conservation Service emergency spillway hydrograph analy-
sis offers a rapid means of calculating probable peak flows, and a
synthetic hydrograph, that is suitable for design of many types of
water control structures. The methodology for the emergency spill-
way hydrograph is in SCS-NEH 4, 1971, Chapter 21.

Given the following information:

Drainage area = 3.72 square miles

Time of Concentration (Tc) = 1.20 hours
Curve Number CN = 70

Antecedent Moisture Condition II

Rainfall for 1% probability storm = 1.90 inches
Storm duration 6-hours



DISCHARGE (C.FS.)

Figure 6. Sorghum Gulch Flood Hydrograph for the 1% Probability Event by Triangular Hydrograph
Method.
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Step 1. Determine the 6-hour storm rainfall amount. This was
derived in the Unit Graph problem and the same 1.90
inches is used for purpose of comparison.

Step 2. Determine the areal rainfall amount. The drainage area
is under 10 square miles so no adjustment is necessary.

Step 3. Make a duration adjustment in rainfall amount. No
adjustment is necessary because the time of concentra-
tion is less than 6-hours.

Step 4. Determine the runoff amount, Q. This was determined
to be 0.202 inches in the previous Unit Graph calculations,
but it would normally be determined from Figure 10.1
of the SCS Handbook.

Step 5. Determine the hydrograph family. By using Figure 21.3
(ES-1011) with P = 1.9 inches and CN = 70 read hydro-
graph family 4.

Step 6. Determine the duration of excess rainfall, TO. From
Figure 21.4 (ES-1012) with P = 1.9 inches and CN = 70
read by interpolation that To = 3.74 hours.

Step 7. Compute the initial value of T .

T = 0.7 T
P-o0.7(1520)
= 0.84 hours

Step 8. Compute the To/Tp ratio. This is 3.74/0.84 = 4.45.

Step 9. Select a revised To/Tp ratio from Table 21.16. For this
example the example the To/Tp rev = 4.

Step 10. Compute Rev. Tp'

T
o) 3.74
Rev. Tp = (TO/TP) e P = 0.935
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Step 11. Compute qp.
_ 484 A 484 (3.72)
9" Rew. T 0.985 - L9ECcls
P
Step 12. Compute qu. Using the Q from Step 4 and the qp from
Step 11 gives Q(qp) = 0.202 (1926) = 390 cfs.
Step 13. Compute the times for which hydrograph rates will be
computed. The Rev. T_ is multiplied by entries in
Table 21.17 for the selected hydrograph family.
Step 14. Compute the hydrograph rates. The Q(q.) value deter-

mined in Step 12 (390 cfs) is multiplied by the q /q
ratios for the selected hydrograph family from €
Table 21.12.
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Table 11. Calculations for Emergency Spillway Eydrograph by SCS Iathod.
IEAPD DY 3ot ROMiRg.
DATE — s e s g s
HYDROGRAPH COMPUTATION COMPUTER BY .. o
CHEECKED BY cavous s
o ) (/T IRev. T, lasta /g l0Na )| Ry (G, ‘D0
WATERSHED OR PROJECT ____Piceance Basin t q Q
HOURS CFS IHCHES
STATE ___Colorado ] 0 0 0
2 .37 8.97
STRUCTURE SITE OR SUBAREA __Sorghum Gulch 3 .75 55.7 N
| 4 1.12 | 106
DR.AREA__3.72 __SQ.M..  STRUCTURE CLASS ’ 1.50 | 127
B 1.87 | 133
T, 1,20 HR. STORM DURATION 6.0 HR. ! 2.24 131
8 2.62 | 126
POINT RAINFALL _1.90 N, 3 556 | 1ig
ADJUSTED RAINFALL: : —
10 3.37 | 114 )
AREAL : FACTOR in. 1 3.7 m
DURATION : FACTOR IN. 12 4.11 103
13 4.49 77
RUNOFF CURVE NO. __70
14 4.86 48
0 _0.202 . 15 5.24 26
16
HYDROGRAPH FAMILY NO. _4 > 5.62 14
! 5.99 8
18
COMPUTEDT —84 __ HR. 6.37 >
P 19 6.74 3
20
T 3.74 ___ HR. 7.11 2
0 2l 7.49 0.8
22
T,/ T): 7.86 0.4
cowpuTep _4.45 . usep___4.0 @ 8.24 0.0
A 8,62 0.0
REVISEDT _0.035 i:
q — _ 484A 1926 cFs. a
p REV.‘Tp 5
(Q¥gy) = 390 CFS. 2
30
HCOLUMN) = (t/ Tp) REV. Tp o(COLUMN) -« (g / up)(Qqu\ 31
32
Q(COLUMN) -+ (Q, /Q)Q 1
3




Figure 7. Sorghum Gulch Emergency Spillway Hydrograph for 1% Probability Event (SCS Method).
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VI. SNOW OBSERVATIONS

Snow is an important environmental component in the Piceance Basin.
The importance of snow to streamflow was discussed in the Runoff
Records section of this report. Snow is also interrelated with vege-
tation in that brush and trees trap snow in the otherwise open and
windblown area. Thus additional moisture is trapped in the soil
water system in the snow catch areas. This in turn favors the spread
of tree and brush vegetation types. Snow is also a vital control factor
on the movement of big game and on the amount of winter range avail-
able.

Some indication of regional snow conditions may be obtained by ex-
amination of the winter precipitation records from Little Hills

(Elev. 6140'), Meeker (6347'), and Rifle (5400'). However, these
data are of only very limited value because of the low elevation of the
stations.

The nearest Soil Conservation Service snow course is Burrow Moun-
tain approximately 20 miles southeast of Meeker at an elevation of
9000 feet (U.S. Soil Conservation Service, 1972). The SCS snow
course data are obtained as index measurements for forecasting run-
off and they do not necessarily represent regional snow distribution
patterns. No readily useable snow data were found for the study area.

In order to obtain some idea of snow distribution patterns on the area,
oblique photos were obtained during a watershed and wildlife recon-
naissance flight over the study area on December 27, 1972. The
remainder of this section is an annotated photo description of snow
conditions at that time. These data are presented to illustrate the
applicability of ecologic interpretation from relatively inexpensive
oblique aerial photographs. All photos were taken from approximately
1000 feet above the land surface. The elevations in the photo captions
are estimated land surface elevations.



Photo #5
. o
Heading 122

Elevation 7000

Looking back (NW) at Little Hills Station.

Snow cover on hills and valley bottom.

Browse line is apparent on trees.






Photo #8
. o
Heading 203 l

Elevation 6500

Looking west at Magnolia Camp at head of
Collins Gulch. Snow accumulation behind J

brush and wind drifting apparent.






Photo #9
. o
Heading 179

Elevation 6400’

Looking west at main Piceance Creek showing

mouth of Stewart Gulch at left center.
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Photo #12
; o
Heading 184

Elevation 7000’

Looking west at West Fork of Stewart Gulch
showing chained area between West Fork and
Sorghum Gulch. Snow accumulation in
naturally protected topographic depressions
is evident. Prototype leasing site Colorado

tract C-b.

——






Photo #13
Heading 184°

Elevation 7000’

Looking west at West Fork of Stewart Gulch
showing chained area between West Fork and
Sorghum Gulch. Snow accumulation in
naturally protected topographic depressions
is evident. Prototype leasing site Colorado

tract C-b.






Photo #15
. o
Heading 184

Elevation 7000'

Looking west at West Fork of Stewart Gulch
showing chained area between West Fork and
Sorghum Gulch. Snow accumulation in
naturally protected topographic depressions
is evident. Prototype leasing site Colorado

tract C-bh.
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Photo #18
Heading 820

Elevation range 6000 to 8000

Looking north at Davis Gulch, tributary
to Parachute Creek showing snow accumulation
in meadow bottoms and in topographic and vege-

tation protected areas.






Photo #23
: o
Heading 275

Elevation 8000-8500"

Looking north on north side tributaries of
East Middle Fork of Parachute Creek. Note
snow accumulation associated with brush
vegetation and in areas protected from wind

by topography.






Photo #33
; o
Heading 289

Elevation 8200'

Divide Road between Story Gulch and
Parachute Creek. Note strong wind
effects on snow distribution and

accumulation associated with brush

(center left) and aspen (center right).
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Photo #43
. o
Heading 289

Elevation 7000' at stream junction.

Looking NE down Willow Creek at junction
of East and West Forks. Approximately
6 inches of snow in valley bottoms. Note

wind-blown slopes free of snow.







Photo #52
. o
Heading 289

Elevation 8000

Looking northeast down Wagonroad Ridge

into Ryan Gulch.
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Photo #55

Elevation 8400' on bluff tops.

Looking northeast from over Cathedral
Bluffs into Piceance Basin. Note wind

blown snow-free areas.
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VII. NEEDED INFORMATION

A. Surface Runoff

The Sorghum Gulch example used in this report illustrates the type of
information required to predict surface runoff response to land use
changes. A detailed vegetation map when available could serve as the
base for inferring soil hydrologic condition. Existing range site and
soil association descriptions would aid in this interpretation. Field
checks of the major vegetation-soil complexes could then be made to
validate both soil hydrologic rating and percentage ground cover.

Small runoff plots should be established, some in conjunction with the
nine USGS erosion transects. These plot studies should include appli-
cation of simulated rainfall in order to measure infiltration and runoff.
These runoff data could then be used to evaluate runoff curve numbers
associated with the major soil-vegetation complexes. These plots
could serve as focal points for a number of component studies (plant,
soil, water, animals) by investigators from various projects in the
Regional Oil Shale Study.

Rainfall and peak flow from small tributaries measured in the USGS
Study would give additional valuable information to check the runoff

curve number-unitgraph technique.

A suggested budget for these studies is as follows:

Investigator - 24 days @ $125 $3, 000
Field Assistant - 20 days @ $25 500
Travel and Subsistence 1,500
Rainfall Simulator Apparatus 1,000
Other direct costs 1,000

Total - $7, 000

B. Snow Distribution

The Piceance Basin affords an excellent opportunity to test the
effectiveness of ERTS satellite imagery to map snow distribution.
If adequate snow distribution maps could be made via satellite, then
valuable ecologic information relating to wildlife habitat and hydro-
logic regime may be available from the 18-day interval satellite
imagery.
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It is suggested that initial efforts be directed toward a comparison of
snow cover mapped on USGS topographic sheets (1:24000 scale) from
satellite and color infrared aerial photographs. Selected photo
transects within the basin would be flown at or near the time of
satellite overpass. An ideal time for the initial feasibility study
would be in April during snowmelt. Two levels of flights are sug-
gested: A high level flight for satellite comparison and a low level
(~1:6000) for interpretive analysis of snow-vegetation relationships.
The low level photos would be limited to those areas where intensive
plot studies of soil, vegetation, water relations could be conducted.
These plots could be integrated with the surface runoff study recom-
mended in the previous section. The suggested budget for this study
is presented in Table 12.

Table 12. Suggested budget for snow distribution study.

Principal Investigator - Snowl, 10 days $1,250

Photo Interpretation Specialists 500
Aerial photos

Plane - 5 hours @ $110.00 550
Camera rental 200
Operator 100
100 posi-transparencies 500
Map transfer to 7-1/2 minute quads 600

Satellite data (from USGS) -

Satellite imagery transfer to 7-1/2 min. quad 1,000
Digital tape analysis 2,000
Other direct costs 500

TOTAL - $7,200

llf this feasibility study is conducted then soil, plant, wildlife,
and erosion investigators should include analysis time also.
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I. INTRODUCTION

The Piceance Basin can be described as ''semi-wilderness' with a
mosaic-like pattern of vegetation. The vegetational diversity
supports an equally diverse animal population. The mosaic-like
distribution of vegetation is in response to a diversity of habitat
which is the result of a multitude of physical, biological and human
factors.

Vegetation Ecosystems

The higher regions near the rim represent areas of relatively high
moisture. Douglas Fir, Spruce-Fir and Aspen are distributed in
small widely spaced stands over this area. The reasons why these
tree communities occupy so little of the rim area and why they occupy
the areas they do and not similar unforested areas is not known. It
is expected that fire and man may be important contributing factors
for its restricted range. In between the isolated tree stands is a well
developed Mixed Shrub community dominated by Utah Serviceberry,
Gambel Oak and Snowberry. Drier sites are dominated by Big Sage-
brush and Bitterbrush. On some north facing slopes Mountain
Mahogany, often covers extensive areas.

At lower elevations in the basin, the same communities occur, with
the exception of the tree communities. Some trees occur,usually in
protected drainages or north-facing slopes. On hotter and drier
sites the Pinyon-Juniper community is well represented. It ranges
from stands of pure Pinyon to stands of one or two different species
of Juniper, with numerous combinations of composition in between.
Pinyon stands seem to occupy the sites with better soil development
and moisture. Other community types usually reflect variations of
the Big Sagebrush and Mixed Shrub communities. Communities such
as Greasewood, Wild Rye, Indian Rice Grass, and the Cathedral
Bluffs communities respond to particular niches created by soil
salinity, special moisture characteristics, high winds and other
unique combinations of environmental factors that form a relatively
restrictive habitat. These small stands of vegetation will require
considerable study to provide an understanding of the ecological rela-
tionships involved.
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The elevation ranges from 5,250 feet in the center of the basin to about
8,700 feet at the rim. The difference in elevation results in a hot, dry
interior at the lower elevations and a cooler, moisture climate near
the rim. The interior appears to be drier due to an increased evapo-
transpiration rate and a lesser total precipitation, while the higher
elevations receive more moisture, and being cooler, have a reduced
evapotranspiration rate.

The aspect or direction of slope controls the amount of insolation that
the slope and vegetation on that slope receives. The insolation being
the greatest on south facing slopes and the least on the north-facing
slopes, with the east- and west-facing slopes receiving an equal
intermediate amount. An increase in insolation increases evapotrans-
piration rates. The result is that at any given elevation south-facing
slopes are the driest followed by west-facing, east-facing and north-
facing slopes in order of decreasing evapotranspiration rates.

The degree of slope is also a factor in controlling the exposure to
insolation. In general, as the degree of slope increases total insola-
tion and reradiation decreases. This has the result of decreasing
temperature extremes. The days are cooler and nights warmer than
comparable flat surfaces.

The wind acts to form precipitation patterns, evapotranspiration
rates, seed and pollen distribution and snowdrift. The prevailing
winds appear to be from the northwest. These winds seem to be very
important in the maintenance of certain communities, especially
those along the Cathedral Bluffs. They also tend to drift snow and
deposit it behind ridges on the east-facing slopes. This acts to
further increase the available moisture of these slopes, which
already have a more favorable evapotranspiration rate than the west-
facing slopes.

The differences in soil types that exist in the area may have a pro-
found effect on vegetation vigor, diversity, viability of seeds, size,
depth of root systems and susceptibility to drouth, frost and para-
sites. Particular communities such as those dominated by Grease-
wood, and Wild Rye respond to the decreased competition resulting
from increased salinity in the valley bottoms.

Grazing and browsing have been extensive in the area and the effects
of overgrazing and heavy browsing pressure are readily apparent.
Overgrazing and browsing pressures introduce many ecological prob-
lems. Palatable species tend to be the most severely injured, and
unpalatable ones may escape injury and be benefited by the release
from competition. A less direct effect of intense grazing, but
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important, results from the increased erosion and deposition caused
when plant cover is thinned and the soil is no longer protected from
wind and water.

These factors are closely related to the existing vegetation composi-
tion and dynamics. The plants of the region are well adapted to the
particular combinations of physical and biotic factors present in each
of their respective habitats. Any changes in this habitat, either
natural or man influenced, changes the relationships of the plants in
that habitat to their physical and biotic environment and to each other.
From these changes particular successional patterns will develop.

Nearly all of the habitats would have similar plant and animal in-
habitants after disturbance. The differences in time required, degree
of productivity, degree and quality of disturbance, length of individual
successional stages, roles of individual native species and extent of
new niches which may be provided are all variables that have not been
determined. These variables must be accounted for before an objec-
tive impact statement can be made.

The vegetation types which may be the most susceptible to impact by
man are those which have associated witi them the greatest soil
development and the best microclimate conditions. The Mixed Shrub
community is an example of this. If disturbance by man were to
destroy the soil accumulation, which has occurred over time, the
vegetation would be expected to revert to a drier and less productive
type. Since little data exists that can be used in projecting impacts
for such problems, research is needed to demonstrate the processes
involved.

It is necessary to understand the specific and peculiar environmental
processes of an area so that impacts in the future may be evaluated
against known standards. Data should be gathered regarding growth
rates of individual species, productivity rates of the individual com-
munities, tolerance ranges of the individual species, the ecological
roles played by both individual species and communities, micro-
climate characteristics within community types, soil moisture trends,
seasonal variations, and unique combinations of factors which may
provide niches for rare or endangered species. All this information
is essential if future impacts are to be approached with any degree of
predictability.
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II. REVIEW OF INFORMATION AVAILABLE

Despite the size of the area of oil shale deposition (1, 600 square miles),
the region has received little attention from a vegetational viewpoint in
any published papers. This has been substantiated in the report by
Ward and Slauson (1972), of the Regional Oil Shale Study's Rehabilita-
tion Group. Most of the work done in the area has been by agencies
who have, for recognizable reasons, devoted expenditures to obtaining
information relating to solving practical problems which fall into their
respective areas of concern. Utilizing Soil Conservation Service data,
a vegetation map of the Piceance Basin has been constructed by the
Rehabilitation Group. It is recognized to be too general and limited in
depth to provide a foundation for a detailed environmental analysis.

The Rehabilitation Group is developing successional trends and the
continuum approach to vegetational analysis. The Colorado Division
of Wildlife is studying browse transects at Yellow Creek Ridge, near
Ryan Gulch, and at Fawn Creek and Scandard Gulch.

There is a need to examine the vegetation to determine the various
ecosystem types present and to determine the composition of the
types as units. Species which are not included or which are mini-
mized in the studies of vegetation by people interested in grazing or
wildlife often have value as indicators of impact, or may play a sig-
nificant role in the operation of an ecosystem. There is also a need
to develop a better understanding of the role played by each of the
component species in a vegetation type, so that impacts may be pre-
dicted more accurately.

—
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I. INTRODUCTION

A. Objective

The purpose of this report is to describe the results of an inventory of
the mammals and birds of the Piceance Basin in Rio Blanco and Gar-
field Counties, Colorado. It has been prepared for the Colorado
Department of Natural Resources by the Thorne Ecological Institute.

B. Location

The area is bounded on the north by the White River, on the west by
Douglas Creek and Roan Creek, on the south by the Colorado River
and on the east by Government and Sheep Creeks which parallel
Colorado Highway 13 between Rifle and Meeker (Appendix 3). It
includes all of the Colorado Division of Wildlife's Wildlife Management
Units 22, 32, and parts of Units 21 and 31. The area is also within
Small Game Management Unit 8 (Appendix 3).

II. METHODS AND SCOPE

The inventory is based on field work, literature review and interviews
with personnel who have knowledge of the fauna of the Piceance Basin.
A bibliography of impacts from disturbances on wildlife, and recom-
mendations for further research on wildlife are also included,

III. RESULTS AND DISCUSSION

A. Mammals

A total of 82 species of Mammals either occur or have occurred in
the Piceance Basin, Table 1.
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26.

28,
2.
3l.

32.
33.
34.

35.

36.

Table 1. Matrix of manwalz of the ROSS area and ecosystems, altitudinal zones, status, importance, sensitivity and
trend (Baker and McKean 1971, Lechleitner 1969, Armstrong 1972).
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Footnotes to Tables 1 and 4

Ecosystems

1. CIliff -~ Includes canyon walls, slopes and extremely rocky areas.
2. Grass - All open grass stands including dry and wet meadow types.
3. Sage - Includes all sagebrush lands.

4. Shrub - Includes all woody shrubs (Mountain mahogany,

Serviceberry, Bitterbrush, Oakbrush and Snowberry).

5. Conifer - Includes all conifer species except Pinyon pine and
Juniper.

6. Pin-Jun - Includes all Pinyon pine and Juniper.

7. Aspen - Includes all Aspen.

8. Broadleaf - Includes all deciduous trees except Aspen.

9. Saltbush - Includes all Saltbush lands (Atriplex spp.).

10. Greasewood - Includes all greasewood lands (Sarcobatus spp.).

11. Annuals - Includes all lands where annual grasses or forbs are

dominant.
12. Cult/Hay - Includes all hay meadows, farm lands and hay stacks.
13. Riparian - Includes all areas adjacent to water.
14. Stream - Includes all running water, intermittent streams and
springs.
15. Marsh - Includes all bogs and standing water with little open
water.
16. Lake - Includes all standing open water.

Altitudinal Zones

17. 5000/6500
18. 6500/7500
19. 7500/8500
20. 8500 +

Seasons

21. Spring - March - May.

22. Summer - June - August.

23. Fall - September - November.

24. Winter - December - February.

25. Migrant - Rest area during migration for birds, generally,
species do not nest in area.

Status

26. Common - Seen regularly, abundant.

27. Uncommon - Irregular sightings, occurs occasionally.

28. Possible - May or may not occur at various times, accidental
29. Uncertain - Should occur, no records or infrequent sightings.
30. Rare - Listed as rare in '"Red Data Book!''.

31. Endangered - Listed as endangered in '"Red Data Book'.
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Importance

32. Economic - Contributing to the local economy.

33, Aesthetic - Important to humans for visual recreation.

34. Hunting - Listed by Colorado Division of Wildlife as a
game species.

Ratings for above:

No importance

Slight importance
Moderate importance
Important

Very important

BN -
1

35. Sensitivity

Ratings for above:

0 - No impact expected

1 - Increase due to impact

2 - Decrease due to impact
36. Trend

Ratings for above:

0 - Currently stable

1 - Currently increasing
2 - Currently decreasing

Scientific names are located in Appendix 1 for mammals and Appendix
2 for birds.

A.0O.U. Number - American Ornithological Union; equivalent to
scientific name.
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The list includes 1 marsupial (opossum), 5 shrews, 14 bats, 5 hares
and rabbits, 33 rodents, 18 carnivores (wolves, cats, bears and mink-
like animals), 5 even-toed ungulates (deer, elk) and the wild horse.

Of these, the grizzly bear, gray wolf, black-footed ferret and moun-
tain sheep no longer occur. Another 40 species are either rare or
their status in the region is uncertain.

1. Snowshoe Hare (Lepus americanus)

Snowshoe hares occupy the Douglas fir and aspen ecosystems above
7, 500 feet along the Roan Plateau from Douglas Creek to State High-
way 13, (Appendix 3). Baker and McKean (1971), quoting Shepherd
(1956b), gave a density of 125 snowshoe hares per square mile on the
habitable range. This figure probably applies to the better hare
habitat, with densities lower in less desirable occupied areas.

The ROSS area is not a prime snowshoe hare area. There is little
range as compared to the more mountainous areas of the state, and
hunting potential is low. Hare populations appear stable, but may be
sensitive to future disturbances.

Harvest data and hunting pressure of the snowshoe hare for years
1968-1970 are shown for Small Game Management Unit 8 in Table 2.
An average of 65 hunters took 64 snowshoes per year. This is less
than one hare per hunter, and less than one percent of the state total.

2. Cottontail Rabbits (Sylvilagus audubonii, S. nuttallii)

Cottontail rabbits occupy all of the ROSS area, (Appendix 3).

Shepherd (1965a), citing a study from northcentral Colorado, indicated
a density of 150-200 cottontails per square mile for the state. Baker
and McKean (1971) stated that this estimate is applicable to Wildlife
Management Unit 22 which encloses both lease sites. Cottontails
occupy all of the ecosystem types available, but are more abundant in
the sagebrush and shrubland communities of the valleys where ade-
quate cover and food are available.

Harvest data for cottontail rabbits from 1968-1970 are shown in
Table 2. An average of 1550 hunters harvested 15, 230 cottontails per
year from Small Game Management Unit 8. This was 9.8 rabbits per
hunter, and 5.3 percent of the total cottontail harvest in the state of
Colorado.

3. Beaver (Castor canadensis)

White (pers. comm. 1972) delineated two areas of occupied beaver
range within the ROSS area. One was near the confluence of East



Table 2. Small game harvests and hunting pressures - Small Game Management Unit 8.

Number of Hunters--% State Total

Harvest--% State Total

Species 1968 % 1969 % 1970 % 1968 % 1969 % 1970 %
Snowshoe hare 91 1.8 30 0.5 73 1.1 115° 0.6 78 0.4 0 0.0
Cottontail rabbit 1984 4.5 1328 3.0 1319 3.1 24813 7.6 11606 4.2 9276 4.1
Blue Grouse 298 2.5 154 1.3 213 2.1 1172 4.3 73 0.4 368 2.5
Sage Grouse 179 3.4 301 3.3 258 3.6 590 4.5 767 3.5 724 5.0
Ring-necked

Pheasant 313 0.5 621 0.9 129 0.2 586 0.4 1040 0.7 127 0.1
Chukar 114 6.0 453 20.4 151 -10:5 o la i 606 18.0 247 7.9
Mourning Dove No data 276 1.1 290 1.2 No data 5828 1.8 2412 0.8

From Baker and McKean 1971 and personal files of

H. Funk.

8-IIA
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and West forks of Douglas Creek; the other was in the vicinity of East
Fork and East Middle Fork of Parachute Creek (Appendix 3).

Economically, the beaver is of little value in the ROSS area. Some
fishing potential and waterfowl production does exist in the ponds.
Trapping is low or non-existent, because better trapping can be found
in other parts of the state. Historically, the beaver may have been
more abundant with more trapping as indicated by the name Trapper's
Creek, at the head of Parachute Creek, and several washed out ponds
on the Parachute Creek which were much larger than existing ponds.

4, Coyote (Canis latrans)

The coyote is distributed over the entire ROSS area (Appendix 3).
No accurate estimate of densities is available, but Piggott (pers.
comm. 1973) using a scale of 1-10, comparing the Piceance Basin
with the rest of Northwest Colorado, rated coyote abundance as
eight.—l- Coyotes occupy every ecosystem in the ROSS area and eat
a variety of foods. Rabbits, rodents and carrion constitute their
main diets (Lechleitner 1969); however, domestic livestock and
larger wild animals are also part of their diet. Coyote populations
have probably remained stable in the Piceance Basin.

5. Black Bear (Ursus americanus)

Black bears are present in the ROSS area along the Roan Plateau and
in the northeast corner encompassing Kendall, Segar and Joe Bush

1/

— The information requested in your recent letter regarding
wildlife in the Piceance Basin is difficult to provide in detail. Most
of the area contains sizeable populations of lions, coyotes, and bob-
cats. On a scale of 1 to 10 comparing this area with the rest of
Northwest Colorado, I would evaluate lions 7; coyotes 8; and bobcats

8. I would be very reluctant to try to give an estimate of actual
numbers.

Several private trappers and guides take varying numbers of these
species from the area but the actual figures are not available.
Animals taken by personnel from this Division are as a result of
requests to alleviate local damage situations and are of little conse-
quence to the total population picture. (Excerpt from letter of Ray H.
Piggott, District Supervisor, BSFW, Glenwood Springs, Colorado to
LeRoy Carlson, Colorado State University.)
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mountains (Appendix 3). White (pers. comm. 1972) stated that the
northeast corner contains old boars that migrate in from the east.
The Roan Plateau has a resident population that is low in numbers
(Baker and McKean 1971). Bear harvest amounts to 20 to 30 animals
taken per year (Game Harvest Statistics 1956-1971). The popula-
tion trend for bear in the Piceance Basin is probably stable to down-
ward.

6. Mountain Lion (Felis concolor)

All of the ROSS area is mountain lion habitat (Appendix 3), but moun-
tain lions are intolerant of man and are restricted to the more rugged
and remote areas within the Piceance basin. No accurate estimate of
the number of lions within the ROSS area exists; however, Piggott
(pers comm. 1973) stated that the area contains sizeable populations
of lions., Using a scale of 1 to 10 comparing this area with the rest
of northwest Colorado, Piggott evaluated lions seven. 1/

Until March 1965, a bounty of 50 dollars was paid by the state for
each lion killed. Since 1965, the lion has been listed as a game ani-
mal. An estimated 6 to 10 animals are taken by hunters per year
from the Piceance Basin (Game Harvest Statistics 1956-1971).

7. Bobcat (Lynx rufus)

Bobcats are located over the whole Piceance Basin (Appendix 3). As
with coyotes, no accurate estimate of numbers is available. Piggott
(pers. comm. 1973) stated that bobcat populations were sizeable.
Using a scale of 1 to 10 comparing the ROSS area with the rest of
northwest Colorado, Piggott rated bobcats ei:ght..l_/

The bobcat is a predatory animal, feeding on rodents and rabbits in
all the ecosystem types available (Table 1). They also take some live-

stock, chickens and larger wild animals.

8. Elk (Cervus canadensis)

Elk distribution can be broken down into summer and winter distribu-
tions (Appendix 3). Summering animals occupy the Roan Plateau with
the density being quite low (Baker and McKean 1972; White, pers.
comm., 1973). Denney (1965) listed the Roan Plateau as having what
he called his lowest category of abundance (less than 100 animals har-
vested annually). Wintering herds contain the resident population and
animals that migrate in from adjacent areas, particularly from the
White River Plateau to the east (Baker and McKean 1971). The highest
winter use areas are Segar Mountain to the northeast and Hammon-
Barcus Creek in the northcentral portion of the region (Baker and
McKean 1971).

ol
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Elk harvest is quite low with 40-50 animals taken per year (Game
Harvest Statistics 1956-1971). In some years, the season on elk
has been closed for much or all of the ROSS area, i.e., 1962-1964,

The elk population is probably stable. A helicopter trend area has
been established by the Colorado Division of Wildlife but no data are
available (Appendix 3).

9. Mule Deer (Odocoileus hemionus)

Mule deer is the most important wild mammals present in the ROSS
area of Colorado. The deer are found over the entire area during
summer, and migrate to ranges below 6, 800-7, 400 feet in the winter
months (Baker 1970). The winter distribution is shown in Appendix 3.

Baker and McKean (1971) stated that the highest winter deer concen-
trations are located in the northeast corner of Unit 22 enclosed by the
White River, Piceance Creek, Dry Fork Piceance Creek, Timber
Gulch and Sheep Creek. Deer concentrations are also high between
Hammond Draw and Barcus Creek and between Barcus Creek and Ryan
Gulch. Baker and McKean (1971) stated that aerial counts of the
Yellow Creek trend area (Appendix 3) in 1968, yielded 52 deer per
square mile. Winter densities are lower south of Ryan Gulch and west
of Piceance Creek in Unit 22.

Deer also winter on the west side of the Cathedral Bluffs in Unit 21,
in the Roan Creek drainage (Unit 31), and in the Parachute Creek
drainage (Unit 32). Concentrations for all three areas are high at
elevations below 7, 500 feet during winter months.

Deer winter range browse condition was summarized by Baker (1970).
Browse composition was rated as medium or adequate while density
and vigor were both rated low. Big sagebrush (Artemisia tridentata)
constituted the most abundant winter range shrub of the plots mea-
sured (33%) with serviceberry (Amelanchier sp.) and mountain
mahogany (Cercocarpus montanus) slightly lower (28% and 26%).
Bitterbrush (Purshia tridentata), rabbitbrush (Chrysothamnus

viscidiflorus) and Gambel's oak (Quercus gambellii) were also impor-

tant, totaling eleven percent. Valley haystacks also supply winter
food for the deer.

The Piceance Basin has the highest total deer kill in the state, with
Unit 22 ranked first, from the viewpoint of total harvest, Unit 31

third, Unit 21 fourth, and Unit 32 sixth, for the years 1959-1968
(Baker 1970). These four units account for over 15, 000 deer harvested
per year (Game Harvest Statistics 1956-1971).
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Deer kill per square mile, hunters per square mile and success ratios
for Units 21, 22, 31, 32 and all combined for years 1956-1971 are
shown in Appendix 4. The highest harvest was in 1962, with nine
deer taken per square mile for the entire area. The lowest was in
1971, with two deer per square mile. The average was 5.14 deer
per square mile for all the units combined. The mean, standard de-
viation and standard error of the mean are shown for all four units
and all combined in Table 3 for kill per square mile, hunters per
square mile and success ratio.

10. Wild Horse (Equus caballus)

Wild horses occupy the northern portion of the Piceance Basin between
the Cathedral Bluffs and Piceance Creek (Appendix 3). White (pers.
comm. 1972) estimated the herd at 150-200 animals.

Due to recent federal legislation (PL 92-195 1972), the feral horses
have been given complete protection. The Bureau of Land Manage-
ment has been given responsibility for the horses and plans are being
drawn up for management of the animals (Cook, pers. comm. 1973).

2
11. Extinct Mammals—/

Several mammals that are now locally extinct once occurred in the
Piceance Basin. Black-footed ferrets were known to occur during
the early 1900's (Warren 1942) and is nationally considered an
endangered species (Red Data Book). The gray wolf and grizzly
bear are now extinct in the ROSS area. Bighorn sheep once occurred
along the Roan Plateau (Baker 1965) but have now disappeared (White,
pers. comm. 1972).

2
12. Other Mammals—/

Many other mammals occur in the Piceance Basin. A listing of all
mammals is in Table 1. Some of the more important species from
aesthetic or ecological standpoints are: shrews (5 species), bats

(14 species), jackrabbits (2 species), yellow-bellied marmot, white-
tailed prairie dog, ground squirrels (5 species), chipmunks (3 species),
red squirrel, rorthern pocket gopher, mice and voles (19 species),
muskrat, porcupine, fox (2 species), weasels (2 species),

American badger, skunks (2 species), white-tailed deer, pronghorn
and bison (located at Little Hills).

2
—/Scientific nomenclature is in Appendix 1.



Table 3. Deer harvest statistics for Units 21, 22, 31, 32 and all combined from
1956 to 1971 for ROSS.
Kill/sq mile Hunter/sq mile Kill/Hunter

Unit X St.dev. St.etr. X St. dev. St.err X .St.dev. St.err.
21 3,83 1. 69 0. 42 3.64 0.81 0.20 0.98 0.34 0.08
22 5. 30 3..36 0.84 5.56 1. 75 0.44 0.88 0.30 0.08
31 4.90 2.69 0.67 4.07 1. 42 0. 36 1: 15 0. 32 0.08
32 8.85 5.19 1..30 7.89 3.14 0.78 1.07 0. 34 0.09
All 5.14 1.99 0.49 4.93 0. 85 0.21 1.02 0.29 0. 07

€1-1IA
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B. Birds

A total of about 258 species of birds may be expected to occur in the
Piceance Basin, although some can be expected to occur only very
rarely.

This total includes 1 species of loon, 4 grebes, 1 cormorant, 6 herons,
26 waterfowl, 16 hawks, vultures and eagles, 6 gallinaceous birds
(grouse, pheasants), 4 cranes, coots, and rails, 25 shorebirds, 11
gulls and terns, 4 pigeons, 1 cuckoo, 8 owls, 8 woodpeckers, 5
hummingbirds, 4 other non-passerines (non-perching birds), and 128
species of perching birds, (swallows, warblers, robins, crows, jays,
sparrows, etc.), (Table 4).

i Waterfowlé/

The Piceance Basin provides summer and winter habitat for ducks and
geese (Appendix 3). Summering birds occupy the White River, Colo-’
rado River, Piceance Creek, Yellow Creek, Douglas Creek, Roan
Creek, Parachute Creek and many other springs and beaver ponds
throughout the ROSS area. Summering populations consisted of
Mallards, Gadwalls, Green-winged Teal, Cinnamon Teal, Blue-winged
Teal, American Coots, Pintails, Canada Geese, and mergansers.
Several species of diving ducks are located along lakes and larger
rivers (Baker and McKean 1971). Jobman (1967) estimated a summer
duck population of 138 birds, including adults and broods, for an eight-
mile section of Piceance Creek and Dry Fork near Little Hills Experi-
ment Station. Baker and McKean (1971) projected the above figure
into 1000 ducks along Piceance Creek and its tributaries during the
summer. An environmental impact study on Interstate Highway 70
between Silt and Rifle stated that several hundred breeding birds were
present along the Colorado River (Anon. 1972). No estimate for the
rest of the Piceance Basin is available,

Wintering ducks are limited to the White River, Colorado River, and
open spring-fed waters along Piceance Creek, Parachute Creek and
other tributary streams. Wintering populations for the Colorado River
are estimated at 5000 ducks (Anon. 1972). No estimate for the rest of
the Piceance Basin is available. Wintering populations consist of
Mallards, Green-winged Teal, Common Goldeneye, Gadwalls, Buffle-

heads, and Common Mergansers (Baker and McKean 1971, Hamilton
1972).

3
—/Scientiﬁc nomenclature is located in Appendix 2.
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32.
33.
34,

35,

36.

Table 4.

Matrix of birds of the ROSS area and ecosystems, altitudinal zones, seasons, status, importance,
sensitivity and trend (Baker and McKean 1971, Bailey and Neidrach 1967, Davis 1969).

A.0.U. No. SPECIES

* Ecosystems|

Common Loon

007
003

Horned Grebe

Eared Grebe

004

Western Grebe

001

Pied-Billed Grebe
Dble-Crest Cormorant
Great Blue Heron
B1-Crown Night Heron
American Bittern
White-Faced Ibis
White-Fronted Goose

Snowy Egret
191.9 Least Bittern
180 Whistling Swan
Canada Goose
Black Brant
Snow Goose
Mallard
Gadwall

006
120

94
197
202
190
187
172
174
m
169
132

135

Pintail

143
139
140

141

Green-Winged Teal
Blue-Winged Teal

Cinnamon Teal

American Widgeon

137

Shoveler

142

144

Wood Duck

Redhead

146
150

147

Ring-Necked Duck

Canvasback

Greater Scaup

148

Lesser Scaup

149

Common Goldeneye

151
152

Barrow's Goldeneye

Bufflehead

153

Ruddy Duck

167

Cliff
Grass
Sage

Shrub

Conffer
Pin-Jun
Aspen
Broadleaf

Saltbush
Greasewood
Annuals

Cult/Hay

Riparian
Stream
Marsh
Lake

Alt. Zone

—— ] —

5000/6500
6500/7500
7500/8500
8500 +

Season

Spring
Summer
Fall

Winter
Migrant

Status

] ———
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Matrix of birds of the ROSS area and ecosystems, altitudinal zones, seasons, status, importance,

sensitivity and trend (Baker and McKean 1971, Bailey and Neidrach 1967, Davis 1969).
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Table 4. Matrix of birds of the ROSS area and ecosystems, altitudinal zones, seasons, status

» importance,
sensitivity and trend (Baker and McKean 1971, Bailey and Neidrach 1967, Davis 1969) ™ e
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3. Sage 1|11 I 1
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5. Conifer 1111 1 B B
6. Pin-dun 1 1
7. Aspen
8. Broadleaf 11 1
9. Saltbush 11111 1
10. Greasewood 1111 1
11. Annuals 1 1
12. Cult/Hay HENESEEE! 111
13. Riparian 1
14, Stream 1
15. Marsh 1
16. Lake 1|1
Alt. Zone
17. 5000/6500 1l 1] 1{1 111
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* See Footnote at end of mammals (Table 1.)
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Harvest statistics for Rio Blanco and Garfield counties show an
average of 3400 ducks killed by 450 hunters per year (Table 5). No
breakdown can be made as to how many are taken in the ROSS area
itself.

2 Hawksé/

Many species of hawks are found in the Piceance Basin; a complete
list is given in Table 4. Densities are not known, but hawks exist
over all of the ROSS area.

The Osprey and Prairie Falcon are regionally rare. The Peregrine
Falcon is an endangered species (Red Data Book). The Prairie
Falcon is an uncommon resident, while the Osprey and Peregrine
Falcon are possible migrants through the area (Baker and McKean
1971), although they may reside in the Piceance Basin during some
summers.

Of particular importance to hawks, are the many cliffs and rock faces.
These cliffs provide nesting areas that are remote and safe from most
disturbances.

3 Eagles-?"/

Both the Golden Eagle and Bald Eagle occur in the ROSS area (Baker
and McKean (1971). Bald Eagles may summer and are common winter
residents along the White and Colorado rivers, and occasionally along
smaller streams. The Golden Eagles are common residents year-
round over the entire area. Population densities of both species of
eagles are not known, but the Piceance Basin does contain many birds.

4, Owlsé/

Eight species of owls are listed for the ROSS area. These are the
Screech Owl, Flammulated Owl, Great Horned Owl, Pygmy Owl,
Burrowing Owl, Long-eared Owl, Short-eared Owl and Sawwhet Owl
(Baker and McKean 1971). Of these, the Great Horned Owl and
Burrowing Owl are common, and the Long-eared Owl is uncommon.

5. Blue Grouse (Dendragapus obscurus)

Blue Grouse are distributed along the Roan Plateau and Cathedral
Bluffs above 7, 000 feet in Douglas fir and aspen stands (Appendix 3).
The Segar Mountain area also contains some blue grouse (Baker and
McKean 1971). White (pers. comm. 1972) stated that densities are
low along the Cathedral Bluffs north of the baseline, but are high along
the Roan Plateau. Harvest statistics for Small Game Management
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Table 5. Waterfowl harvest from 1958-1970 for Rio Blanco County
and Garfield County.

No. Hunters Harvest
Year Rio Blanco Garfield Rio Blanco Garfield
1958 135 372 824 1442
1959 81 541 627 1721
1960 38 112 516 1194
1961 64 291 423 674
1962 98 260 252 414
1963 111 277 531 1504
1964 170 291 645 1404
1965 73 362 226 1076
1966 16 50 587 1945
1967 105 184 267 406
1968 106 265 1180 1348
1969 64 312 571 2901
1970 161 403 1494 2795

From Baker and McKean 1971 and personal files of H. Funk.

he——
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Unit 8 are shown in Table 2. An average of 220 hunters took 540
blue grouse per year. The blue grouse population is probably stable,
that is, fluctuating within limits normal for the species.

6. Sage Grouse (Centrocercus urophasianus)

Sage Grouse are found throughout much of the sagebrush lands within
the distribution boundaries (Appendix 3). Rogers (1964) classified
this area as being lightly populated with 1-10 birds per square mile
of occupied range. Two strutting grounds are listed for the Piceance
Basin: one on 84 Mesa on Yellow Creek and the other near the Oil
Well area at Little Hills Experiment Station (Rogers 1964).

Harvest for Sage Grouse in Small Game Management Unit 8 are shown
in Table 2. An average of 690 sage grouse are taken by 240 hunters.
It is impossible to state how many of these birds come from the ROSS
area.

7. Ring-necked Pheasant (Phasianus colchicus)

Ring-necked Pheasants are found along the White and Colorado Rivers
and along Parachute Creek (Swope 1965) (Appendix 3). Densities are
listed as low with 0-15 birds per square mile of occupied range
(Swope 1965, Baker and McKean 1971). The Colorado State Reforma-
tory Honor Camp located at Rio Blanco Lake has raised and released
pheasants periodically to augment the population along the White
River (Baker and McKean 1971).

Harvest statisticsare listed in Table 2 for 1968-1970. An average

of 580 pheasants were taken by 354 hunters per year in Small Game
Management Unit 8.

8. Chukar (Alectoris graeca)

Chukars were introduced into the Piceance Basin in the 1950's (Baker
and McKean 1971). Introductions around Little Hills Experiment
Station have apparently failed, but others have persisted in Roan and
Parachute Creek canyons, middle Piceance Creek between Stewart
and Story Gulches, Yellow Creek, and lower Alkali Gulch east of
Rangely (Appendix 3). Densities are not known, but are probably
low, with the Roan and Parachute Creek canyons having the greatest
number of Chukars (White, pers. comm. 1972).

Hunting has been allowed since 1958 except for 1972. Harvest data
for Small Game Management Unit 8 are listed in Table 2. A three-
year average of 310 chukars were taken by 240 hunters.
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9. Mourning Dove (Zenaidura macroura)

Mourning Doves are abundant in the Piceance Basin throughout the area
(Appendix 3), particularly in the sagebrush, shrubland, and pinyon-
juniper ecosystems (Baker and McKean 1971). Dove populations are
probably stable and relatively insensitive to disturbances.

Two years of harvest data are shown in Table 2 for Small Game Man-
agement Unit 8. An average of 4000 doves were taken by 280 hunters
annually for the two years.

10. Other Bird sé'/

Many other birds are listed in Table 4. Estimates of densities and dis-
tributions of most of the birds are not available. Birds of particular
importance or interest are: Great Blue Heron, Sandhill Crane,
Virginia Rail, Sora, Killdeer, sandpipers, Rock Dove, Poorwill,
Common Nighthawk, hummingbirds, flycatchers, Horned Lark,
swallows, jays, Black-billed Magpies, Common Raven, Dipper,
shrikes, warblers, Western Meadowlark, blackbirds, and sparrows.
All of these birds are important in the ecosystems of the Piceance
Basin; most are of aesthetic value to the local birdwatchers; some are
also sensitive to disturbance.

IV. PROPOSALS FOR FURTHER STUDIES

A. Proposal to Establish Procedures for
Monitoring Effects of Oil Shale Prototype Leasing
Program in Colorado on Mule Deer Populations

Investigators
A. T. Cringan
L. W. Carlson
Research period: March 1, 1973-July 1, 1974

1. Introduction

There has been much speculation on the effects of developing an oil
shale industry on wildlife populations in Colorado (particularly mule
deer). During the past 25 years the Colorado Division of Wildlife has
carried out much research on deer in the Piceance Basin, but no study
has been designed specifically to study impacts of oil shale develop-
ment on deer. To assess impacts of oil shale development, a perma-
nent monitoring system would have to be established both on-site and
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off-site for control. This system should be established now, to
obtain baseline, preconstruction information for the evaluation of

the impact of an oil shale industry. The system would have to be
continued during construction, operation and for several years after
operations have ceased. For purposes of this study, the Colorado Oil
Shale Region extends from the Colorado River to the White River,

and from State Highway 13 to the main streams of Roan and Douglas
Creeks. It includes all of State Wildlife Units 22 and 32, and parts

of Units 21 and 31.

2. Justification

By establishing a baseline, monitoring system, the impact of the
prototype oil shale development can be assessed. The Colorado
Division of Wildlife has a trapping and tagging program for deer in
the Piceance Basin with the objective of studying deer movements
rather than to evaluate the effects of oil shale development specifi-
cally. The mule deer is the most important wild mammal present in
the four Wildlife Management Units encompassing the Colorado Oil
Shale Region. The mule deer rates number one economically, from
the viewpoint of total harvest, rates highly aesthetically, and is im-
portant in the local environment, providing a large biomass, affecting
vegetative cover and composition and providing food for secondary
consumers.

3. Objectives

a. Establish a monitoring system to assess the effects of oil
shale development at its various stages on selected param-
eters relating to mule deer including population size, dis-
tribution and movement.

b. Establish baseline data on deer to use to evaluate changes

in deer population and distribution associated with oil shale
development.

c. Aid in establishment of a cooperative interagency program
of monitoring throughout construction, operation and early
post operation phases.

4, Methods

a. Conduct literature review on census methods, aerial photo-
graphy, multispectral photography, helicopter counts, and
browse-pellet transects.
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Establish monitoring location.
(1) Tract C-a

(2a) Set up grid with stratified random samples for
specific location of the three census methods.

(b) Choose specific location within strata.

(2) Buffer zone around lease area.

(a) Establish as in a (2) above.
(b) Same as a (b) above.

(3) Control zone - area having similar characteristics as
site C-a but not affected greatly by oil shale develop-
ment.

(a) Same as a (a) above.

(b) Same as a (b) above.

Establish browse-pellet transects using permanent locators
for tract site, buffer zone, control area.

Set up flight areas and run repetitive, low altitude, high
resolution photography 1 to 5 times per year.

Establish and run helicopter counts once per year.

Reread browse-~-pellet transects prior to July 1974 and once
per year thereafter.

Evaluate monitoring techniques used.

In cooperation with Colorado Division of Wildlife, Bureau of
Land Management, Bureau of Sport Fishery and Wildlife and
leasing companies, establish a cooperative agreement for
the continuation of the monitoring.
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Data Processing: Computer time for data evaluation.

Schedule:

March 1 - June 1, 1973

Literature review, design study and field work, obtain
materials, pick transect locations for browse-pellet
surveys, obtain all available data from agencies that
have not been obtained already.

June 1 - September 1, 1973

Establish permanent browse-pellet transects, read once
with uncleared pellet plots, finish literature review; and
begin formation of interagency committee.

September 1 - December 1, 1973
Evaluate summer's work, establish helicopter and
photography sample areas, work up data collected.

December 1, 1973 - February 1, 1974
Run photography flights, evaluate data collected.

February 1 - March 1, 1974
Run helicopter counts, evaluate data.

March 1 - April 1, 1974
Process data, write up preliminary report.

April 1 - June 1, 1974
Reread browse-pellet transects, process data, prepare
thesis and work on final report

June 1 - July 1, 1974
Write and submit final report and thesis.

Budget
Mar-Dec Jan-July
1973 1974
Salaries & wages
grad. assist @ $350/mo. * 3500 2450
Undergrad. assist. 2750 1650
Professor 2500 1250

Total salaries

Equip/materials 800 400

Total

5950
4400
3750
14100

1200



Budget (Continued)

Air Time

Fixed wing
Helicopter
Total air time

Travel

Car

per diem
supervisor
Total travel

Services

Typist
Publ. costs
Total services

Total cost
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Mar-Dec
1973

100

1100
1200
300

100

Jan-July
1974

300
1000

660
600
300

300
250

Total

400
1000
1400

1760
1800

600
4160

400
250
650

21510

&
Subject to revision, in event of change in fee structure.

B. Proposal to Conduct Research

on the Populations and Ecology of Raptors

of the Piceance Basin, Colorado

1. Introduction

At least 24 species of raptors,

2. Justification

16 falconiforms and 8 owls, occur in
the Piceance Basin. This research is proposed in order to better
evaluate populations of these species in the basin, especially in the
vicinity of the proposed lease sites C-a and C-b.

Available estimates of raptor populations of the Piceance Basin are

imprecise. They are inadequate to permit reasonable and dependable
prediction of the expected effects of an oil shale industry upon raptors.

Ecological relations affecting raptors in this region, similarly, are

poorly understood at present.
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Raptors which are known to occur in northwestern Colorado include
the nationally endangered Peregrine Falcon, and the regionally rare
Bald Eagle and Osprey. There is convincing evidence that the
Piceance Basin is an important wintering range for the Golden Eagle,
and that the White and Colorado Rivers are important as wintering
habitats for the Bald Eagle.

3. Objectives

de

To estimate the numbers of raptors in the Piceance Basin
by species, season, habitat, and altitude, especially with
reference to lease sites C-a and C-b.

To establish procedures to monitor populations of raptors
throughout exploration, construction, operations, and into
post-operations of an oil shale industry; to assure monitor-
ing by aiding in establishment of an interagency cooperative
agreement.

To identify ecological relations of the various species of
raptors present that would aid in prediction of impacts, and
in development of mitigative measures.

4. Methods

Walked transects

Motor transects

Aerial counts

Time /area counts

Nesting studies

Small mammal population studies
Carrion availability studies
Habitat evaluation

Literature review

5. Time Schedule

March 1, 1973 - April 30, 1974

Establish field procedures for use throughout the year.

Aid in establishment of interagency coordinating committee.

Prepare first draft of inventory and impact analysis.

May 1 - June 30, 1974

Revise and complete inventory and impact analysis.

Confirm monitoring recommendations.
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6. Budget
Salaries 1973 1974 Total
Grad. Research Ass't. ($350/mo.) $ 3500 $2100 $5600
Under grad. Ass't. ($550/mo.) 2750 1650 4400
Professor ($2500/mo.) 2500 1250 3750
Subsistence 3000 1500 4500
Travel
Mileage 1100 660 1760
Air Charter 100 75 175
Supplies, materials, services 900 500 1400
Totals $13850 $7735 $21,585

C. Proposal to Conduct an Inventory of Mammals other
than the Mule Deer, and of Birds other than
Raptors, of the Piceance Basin, Colorado

1. Introduction

Some 82 species of mammals and 258 species of birds are presently
believed to occur, if only rarely, in the Piceance Basin., Separate
proposals dealing with mule deer, and with the basin's 24 species of
raptors, have been developed. There remain all other species of
mammals, together with 234 species of birds, which should properly
be considered in overall analysis of impact of an oil shale industry in
Colorado. This research is proposed to better evaluate populations
of mammals and birds of the Piceance Basin.

2. Justification

Available estimates of populations of mammals and birds of the Piceance
Basin are imprecise, and in most cases, of low confidence. Ecological
relations of most species of birds and mammals in the region are

poorly understood, and consequently, it is difficult to predict accurately
the consequences of any oil shale industry that might be developed.

3. Objectives

a. To establish general parametric baseline data on mammals and
birds (other than mule deer and raptors) of the Piceance Basin,

[W—

| S——
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Colorado, especially with reference to beaver, coyote, black bear,
mountain lion, bobcat, elk, mountain sheep (if still present), wild
horse, waterfowl, upland game birds, highly specialized life-forms,
wilderness species sensitive to disturbance, regionally scarce species,

and commensal species which are likely to respond positively to
industrialization.

b. To establish procedures designed to generally monitor the
effects of industrial oil shale development in the Piceance Basin upon
mammals and birds; to aid in establishment of a continuing monitoring
system.

c. To identify ecological relations between mammals, birds, and
their new environment, which are likely to be of significance from
the viewpoint of effects of an oil shale industry upon these organisms.

4, Methods

Secondary literature review

Interviews

Transects (walked, driven, flown)

LAHR photography (Low Altitude, High Resolution)
Permanent plots for breeding bird census
Permanent live-trapping plots for small mammals
Waterfowl census

Enumeration of sage grouse leks

Small game and waterfowl bag analysis
Fur-bearer production studies

Aerial beaver pond counts.

5. Time Schedule

March 1, 1973 - April 30, 1974

Establish field procedures appropriate for application
throughout the year.

Aid in establishment of interagency coordinating committee.
Prepare first draft of inventory and impact analysis.

May 1 - June 30, 1974

Revise and complete inventory and impact analysis.

Confirm monitoring arrangements.
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Budget

Salaries

Grad. Research Ass't. ($350/mo.)
Undergrad. Ass't. ($550/mo. )
Professor ($2500/mo.)

Subsistence

Travel

Mileage
Air Charter

Supplies, materials, services

Totals

1100
300

1200
$14350

660
150

750

Total

$5600
4400
3750

4500

1760
450

1950

$8060 $22410
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