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A. PURPOSE

In October, 1971, Cameron Engineers, Inc., Denver, Colorado,
contracted with Colorado State University to make an inventory of
environmental elements existing in a portion of Rio Blanco county.
The inventory is presented in this report.

This inventory identifies, and quantifies so far as possible,
those components of the ecosystem which might be affected by activities
of man. It will form the data-base for future use in projecting
environmental impacts.

Environmental elements are classified in six categories with a
chapter for each: Geomorphology; Soils; Water Resources; Climate;
Biota; and, Recreational, Cultural and Aesthetic Values.

Although analysis, interpretation and impact projection are
not required by the agreement, a limited amount of discussion is

unavoidable and will be found throughout the report.

B. STUDY AREA
The study area encloses 216 square miles within Rio Blanco county
in Western Colorado. Figure I-1 shows the area outlined with a hatched
line. Most of the area is within Piceance Creek Basin, with a small
part on the west in the Douglas Creek watershed. Yellow Creek and
Piceance Creek provide the principal surface drainage system.
Figure 1-2 shows the location of these creeks within the White

River Basin.



C. PERSONNEL and PROCEDURE

The study was conducted by a team of eight scientific experts
organized through the Environmental Resources Center. The principal

investigators and their respective section of the study are:

Dr. Stanley A. Schumm Geomorphology

Dr. Robert D. Heil Soils

Prof. Dale Romine Soils and Man-made Features
Dr. Norman A. Evans Water Resources

Dr., William E. Marlatt Climate

Dr. C. Wayne Cook Biota

Dr. Clinton H. Wasser Biota

Dr. Arthur T. Wilcox Recreational, Cultural

and Aesthetic Values

Team coordination was provided by Norman A. Evans, Director of the
Environmental Resources Center with assistance from Dale Romine.

The team spent two days in the field at the study site making
observations and gathering data available from the files in local
offices of federal and state agencies. Local citizens were interviewed,
as well., File and published data were gathered from all known sources,

inluding the Bureau of Land Management, Soil Conservation Service,
Bureau of Reclamation, and the Colorado Department of Natural Resources
and its several Divisions. Substantial information was obtained from
the files of the CSU Department of Radiation Biology on material collected

for a report on Piceance Basin.
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GEOMORPHOLOGY




A. INTRODUCTION

The Piceance Creek Basin is a structural basin and a topographic
high forming the easternmost portion of the Tavaputs Plateau, which is
part of the Uinta Basin Section of the Colorado Plateau Physiographic
Province (1).

The geomorphology of the Uinta Basin has never been systematically
studied, and only a very general description of the eastern part of the
Tavaputs Plateau is available. Clark's (2) brief description of the
area is quoted here as follows: 'The interstream divides are broad,
consisting of a series of discontinuous cuestas upheld by local sand-
stones and indurated limey and siliceous zones. Both stream and dry
washes are deeply incised in canyons. The topography is large scale
and coarse grained, with distances of half a mile to a mile between
tributary drainages. The entire topography is subsequent and in late
youth. The area is completely drained, relief is at a maximum, and
the largest streams are beginning to develop small flood-plain scrolls
along their lower courses. Even the longest streams are mere trickles
at the bottom of canyons almost 1000 feet deep; flash floods accomplish
most of the erosion.'" This general description can be partly applied
to the Piceance Creek area, but it provides neither useful information
on landscape details nor on the erosional and depositional processes
operating within the area.

A reconnaissance investigation of that portion of the Piceance
Creek area that is of concern to Cameron Engineers (TIS, R 101, 100,
99w; T 2S, R 101, 100, 99w) was made in the field. In addition, aerial
photographs provided by the Meeker office of the Soil Conservation
Service and topographic maps of the U. S. Geological Survey were used

to supplement field observations.



B. GEOLOGY

The general geology of the study area is discussed in a report by
Donnell (3). Hydrogeologic and surface water data and a structural map
are contained in a hydrologic atlas prepared by Coffin et al. (4). A
map showing major fold axes (5) was examined to determine the effect of
structure on drainage lines. The channel patterns do not seem to be
affected by the folds. However, it is apparent that the drainage
patterns are controlled at least in part by the dip of the Evacuation
Creek member of the Green River Formation, and the headwater tributaries
of Ryan Gulch in T 3S; R 99W suggest a major control of their orientation
and spacing by joints.

The only other obvious structural feature is a graben, which is
clearly visible on the aerial photographs. It trends southeast from
Stake Spring Draw in section 14, T 2S5, R 99W to Ryan Gulch. This
structure has only minor effect on drainage patterns.

Although the seismic waves generated by large earthquakes that
occur elsewhere probably can be detected in the Piceance Creek area
the seismic risk is minor (6). No obvious signs of landscape modifica-
tion by earthquakes can be detected on the aerial photographs.

C. PHYSIOGRAPHY

The rectangular Cameron Area can be divided topographically into
three parts as follows: 1) The western third, which is drained by
Douglas Creek and which consists primarily of the westward flowing
tributaries of Douglas Creek. 2) The headwaters of Spring Creek which
occupy about half the area of T1S, R100W. Drainage in this area is to
the north, and the west fork of Spring Creek lies between the major

escarpments of Cathedral Bluffs and Big Ridge. 3) The eastern half is



drained by the eastward and northeastward flowing tributaries of
Yellow Creek and Piceance Creek.

These three topographic subdivisions are shown on the Fig. II.1
and on the Water Canyon, Philadelphia Creek, Sagebrush Hill, and Wolf
Ridge U. S. Geological Survey topographic maps which cover essentially
all of northern portion of the area, although a small part along the
northern boundary is not included. The southern part of the area is
shown on the White Coyote, Black Cabin Gulch and Yankee Gulch topo-
graphic maps.

D. GEOMORPHOLOGY AND GEOMORPHIC PROCESSES

Each of the previously noted physiographic subdivisions of the
area will be described in this section.

1. Douglas Creek Area

That portion of the study area west of Cathedral Bluffs and Big
Ridge is rugged and not easy of access. Dendritic drainage patterns
are incised into deep valleys. V-shaped valleys with narrow flat
alluvial floors are typical. The gradients of the tributaries to
Douglas Creek are steep. For example, Philadelphia Creek rises at an
altitude of 8000 feet and it enters Douglas Creek at an altitude of
5800. The 2200 feet of fall occurs over an airline distance of from
4.5 to 5.0 miles. These channels are steep, and they are efficient
conveyors of water and sediment to Douglas Creek. This is especially
true, because the alluvial floors of each valley are trenched by a
gully or an arroyo. Douglas Creek itself has incised itself into the
alluvium of its valley, and it is a typical arroyo similar to those of

the Southwestern United States.
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The incision of Douglas Creek probably occurred during historic
times, and it is this incision that is responsible for tributary
rejuvenation. Near the junction of East and West Douglas Creeks a
small log cabin is partly buried in the alluvium of East Douglas Creek.
This cabin is probably less than 80 years old and its door fronts
directly on a 20-foot drop into the deep gully of East Douglas Creek.
There appears to be little doubt that the incision of Douglas Creek has
occurred since the construction of this cabin. Although apparently
having little bearing on the problems of oil shale extraction, this
log cabin provides clear evidence that the valleys of the Piceance
Creek area are fragile, and where they are untrenched they are
susceptible to erosion. In the Douglas Creek area erosion of the
valley floors is rapid, and large quantities of sediment are delivered
to Douglas Creek and thus to the White River itself. This fact will be
of little concern unless the valleys of the Douglas Creek tributaries
are used for storage of mine waste and processed o0il shale. Measures
must be taken to retain such material in these valleys, for they are
efficient conveyors of water and sediment, and unless the material is
stabilized in the valleys it will reach the White River and eventually
cause downstream sediment problems.

It should be noted that the numerous roads constructed to the west
of Douglas Creek to service the oil wells of the Rangley o0il field have
apparently had little effect on erosion in that area. Thus, drilling
and the construction of access roads in this area as well as in the other
portions of the Cameron area will probably have a negligible influence

on the land forms and on the erosional character of the area.



The raw or incised channels in the Douglas Creek area can be
readily identified on aerial photographs. Only in a few cases such as
Vandamore Draw and the Right Fork of East Fourmile Draw (Philadelphia
Creek Quadrangle) has the trenching of the valley-fill alluvium not
extended to the headwaters of the streams.

Hence, if overburden or processed shale disposal is anticipated in
this area, as suggested in the report of the Special Committee of the
Governors 0il Shale Advisory Committee (7, care must be taken that
the material does not reach Douglas Creek.

In summary, the portion of the Cameron Area drained by Douglas
Creek and its westward flowing tributaries is rugged, and in its
present state it is probably a high sediment contributor to the White
River. Flow is ephemeral in the tributaries, but in November 1971 there
was flow in Douglas Creek. It is doubtful that a significant increase
in erosion will occur unless large quantities of water are introduced
into the tributary channels. If mine waste and processed shale are
placed in these steep valleys, the sediment load of the stream will
increase or this material is eroded.

Although there is no evidence of mass movement along the
escarpment of Big Ridge and Cathedral Bluffs, an increase in the water
content of the formations comprising these features might induce
slumping and other types of large scale mass movement. There is some
evidence of slumping along the Book Cliffs to the south and in the
Roan Creek Valley. However, these events probably occurred during

periods of higher precipitation during the Pleistocene Epoch.



2. Spring Creek Area

This small area is in T1S, R100W and shown on the Philadelphia
Creek and Sagebrush Hills Quadrangles. Drainage is to the north, and
Spring Creek flows directly to the White River. Spring Creek and its
tributaries were and perhaps are aggressive and are eroding headward
into the drainage area of Yellow Creek. The West Fork of Spring Creek
occupies the area between Big Ridge and Cathedral Bluffs, and the
separation of these two escarpments is due to the downdip shift of
West Fork.

East Fork of Spring Creek has captured the headwaters drainage of
Little Duck Creek and Buckhorn Draw. The Calamity Ridge divide between
Spring Creek and Duck Creek drainage exhibits characteristics which
suggest that the east flowing tributaries of East Fork at one time
continued their courses to the east across Calamity Ridge, when their
waters and sediment loads entered Yellow Creek. This geomorphic
interpretation of the drainage patterns apparently has little significance
for the development of the oil-shale resource.

The gradient of the Spring Creek tributaries, although rising at
altitudes of about 8000 feet, are less steep than the Douglas Creek
tributaries. For example, the West Fork drops 1700 feet in an airline
distance of about 6 miles. The channels of both West and East Fork of
Spring Creek are well defined and continuous, and they provide an
efficient means of transport of water and sediment from this portion of
the Cameron area.

In summary, this area is less rugged than the Douglas Creek Area.
It is remote and not visible from the Douglas Creek road, and therefore

would serve as an excellent place to dispose of waste materials. Again,



it must be emphasized that these materials must be stabilized after
emplacement or the material will move down the Spring Creek channel to
the White River with serious consequences.

3. Yellow Creek Area

The eastern half of the Cameron Area is occupied by tributaries
to the Yellow Creek, which flow to the White River, and by Ryan Gulch
and its tributaries, which are tributary to Piceance Creek. Only a
small part of T2S, R99W contains Ryan Gulch drainage.

The character of the topography in this part of the Cameron Area
is significantly different from that in the Douglas Creek and Spring
Creek Areas. The topography is more subdued, and the drainage appears
to be controlled by the dip of the Green River formation. That is, the
rivers flow down dip. The distance from Cathedral Bluffs, which forms
the western drainage divide, to Piceance Creek and to the White River
is considerably greater than the distance from this divide to Douglas
Creek, and the slopes of the valleys and streams are gentler than the
Douglas Creek and Spring Creek channels.

Although outside the area of specific interest, the condition of
Piceance Creek may be of concern. The lower 3 or 4 miles of Piceance
Creek is deeply entrenched. Farther upstream Piceance Creek is
meandering on a well vegetated alluvial surface. If the downstream
erosion is controlled by bedrock or by a drop structure then the upper
portion of Piceance Creek will remain untrenched. However, if the
incision continues up Piceance Creek the tributaries to Piceance
Creek will probably be rejuvenated. Increased runoff from the Cameron
Area could accelerate this process. Piceance Creek should be kept
under observation, and headward growth of the arroyo, if it occurs,

should be controlled.



The eastward flowing streams of the eastern half of the Cameron
Area occupy valleys that are very different from those in the Douglas
Creek and Spring Creek drainage basins. The valleys are less deep, and
they contain an alluvial deposit that forms the flat valley floors. The
relief is about 500 feet from divide to valley floor, and the gradient
of valley floors is about 80 feet per mile (Wolf Ridge Quad.). Of major
concern is the condition of the valley floors. Unlike the Douglas
Creek and Spring Creek Areas the valleys do not everywhere contain a
well-defined channel, and discontinuous gullies are common in these
valleys. The fact that the channels are not continuous means that much
of the sediment conveyed through these channels does not reach the
White River or Piceance Creek, and that the sediment will be retained
within or near the boundaries of the Cameron Area. For example, Ryans
Gulch is trenched only near the junction of several of its major
tributaries, but where Ryan Gulch leaves the Cameron Area no well-
defined channel occupies the valley floor.

To the north discontinuous gullies occur in the tributaries of
Yellow Creek, and much of the tributary drainage has well-defined
entrenched channels. Hence, sediment from Corral Gulch and Stake
Springs Draw will be delivered to Yellow Creek, which is formed by the
union of these channels about 1% miles east of the Cameron Area boundary
(Wolf Ridge Quadrangle). Nevertheless, a short distance downstream of
this junction a 3/4-mile-long reach of Yellow Creek does not contain
a channel. Thus, the sediment from the large upstream drainage area
of Yellow Creek is trapped a short distance below the junction of Stake

Springs Draw and Corral Gulch.



The other major eastward flowing drainage is Duck Creek. Many of
the channels of Big Duck Creek and Little Duck Creek are trenched, but
both above and below the junction of these streams no channel exists.
Therefore, sediment from the Duck Creek drainage will be retained in
the valley of Duck Creek before it can leave the Cameron Area.

The channels and valleys of the eastern half of the Cameron Area
at present do not appear to deliver appreciable quantities of sediment
downstream, but the valley floors are inherently unstable, and any
increase in discharge of sediment load will trigger an erosional
response in the valleys. The discontinuous gullies can coalese to form
continuous channels that will move large quantities of sediment
downstream.

The development of discontinuous gullies, their coalescense to
form arroyos, and the eventual healing of these channels by renewed
deposition is a sequence of events that can be readily documented
throughout the western United States (8). Therefore, the apparent
stability of the alluvial valley-fill deposits in the area is deceiving.
The current condition of sediment storage in the eastern half of the
Cameron Area can change quickly to major export of sediment with serious
downstream consequences if and when the drainage lines become continuous.
Release of water into these channels can trigger a dramatic erosional
response, which should be avoided.

The flat-floored valleys are separated by convex or flat-topped
ridges. At present the erosion rates on these interfluve areas range
from slight to critical with 3% of the areas in the Yellow Creek Unit
(B.L.M.) subjected to slight erosion, 67% to moderate erosion and 30%

to critical erosion (9). This qualitative evaluation is indicative of

10



present erosion conditions in the area. For much of western United
States this classification is normal. Therefore, in some parts of the
area erosion is presently occurring at rapid rates.

The obvious effect of slope aspect is important in this regard with
north-facing valley sides better vegetated, gentler, and less susceptible
to erosion. South- and west-facing slopes and valley-sides are steeper,
less well vegetated, and obviously more vulnerable to raindrop impact
and surficial runoff. The north-facing slopes will be subjected to
more cycles of freeze and thaw during the year and probably soil creep
occurs on these slopes. The assymetry of some valleys apparently is
the result of these very different erosion processes and rates of
erosion on slopes of different aspect.

Storage of sedimentary materials in these relatively wide and
gently sloping eastern valleys near Cathedral Bluffs will be less
difficult than in the Douglas or Spring Creek Areas. Any attempt to
stabilize erodible material in this area should take advantage of the
better conditions on north-facing slopes. That is, the upper surface
of the deposit could be graded to form a north-facing slope, which
would aid in the establishment of vegetative cover.

E. SUMMARY

In summary, the Cameron Area can be subdivided topographically
into three parts. Valley slopes and valley gradients are steep in the
Douglas and Spring Creek Areas, and both water and sediment are
exported from these areas in large quantities because of the trenched
condition of the valley floors. Because these valleys are already
severely eroded, waste waters could be introduced into them with less

damage to the valley and streams than in the eastern part of the area.

11



However, natural stabilization of sedimentary materials will not occur,
and some type of control is required.

In the eastern half of the area, which is underlain by oil shale,
dramatic changes in the condition of the valleys can be expected if |
additional water is introduced into the channels (either large flood
peaks or increased annual flow). Flow retarding or detention structures
will need to be constructed if water is introduced into these channels.
On the other hand, the stabilization of sedimentary materials in the
headwaters of this area should be less difficult than in the Douglas
and Spring Creek Areas.

Erosion on the valley sides and on the interfluves is similar to
that occurring naturally elsewhere in the western United States, and
the reconnaissance investigations both in Cameron Area and in adjacent
areas to the west and south suggest that no significant acceleration
of hillslope erosion should occur during operations in this area.

Local problems of this type, which may develor can be controlled by

use of standard conservation techniques.
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CHAPTER III

SOILS AND EXISTING MAN-MADE FEATURES



A. INTRODUCTION

This chapter presents a general discussion of the soils which occur
in the study area and gives a broad classification of their capabilities
for agricultural, wildlife and recreation uses. Unavailability of
detailed soils information and detailed soil maps within the study
area made it necessary to discuss the soils in terms of their landscape
association. A general soils map of the study area was prepared by
delineating portions of land with broad similarities in soil pattern,
relief, geology, erosion susceptibility and vegetative types. The soil
association map is shown in Figure III-1. The six soil association
areas delineated on the general soils map are described in the following
pages. Primary sources of information used in the preparation of the
soil map and soil association descriptions were a soil association map
prepared by the Soil Conservation Service, aerial photographs, and from
field notes and experiences of professional soil scientists of the Soil
Conservation Service. (1) (4) (5) Erosion conditions and potential
erosion hazards are briefly noted for each association.

The man-made features which currently exist in the study area are
tabulated and their locations shown on maps of the area.

B. SOILS

1. Soil Associations

a. Soil association "A" (shallow, stony soils, moderately deep
to deep wind laid soils and Rockland areas) -- This association lies in
the extreme western part of the study area and occupies a north-south
band from one and one-half to six miles in width straddling Douglas
Creek. The landscape consists of high terraces, uplands and low mesas.
The Rockland areas consist of sandstone or shale escarpment-like bluffs

and cliffs.
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The dominant soil component in this association is shallow over
sendstone or shale materials which generally occur at less than 20
inches from the surface. The soils are light colored and have a
gravelly to stony loam texture throughout.

A second soil component has developed in moderately deep to deep
local wind deposited materials derived for the most part from sandstone
and with shale influence. The soils usually have loamy surface soils
and clay loam textured subsoils with slight to moderate lime accumula-
tions. These soils occur mainly on top of the high terraces and low
mesas. The Rockland areas are composed of geologic formations of sand-
stone or shale.

Included in this association are small areas of deep clayey soils
from shale; areas of saline or alkaline soils; moderately deep stony
loam colluvial soils and deep medium textured alluvial soils along
drainage bottoms. Small areas of mixed coarse textured gravelly and
cobbly outwash and rough gullied land also occur in this association.
Most of the soils of this association have high susceptibility to water
erosion because they are derived largely from soft silty shale materials.
A combination of steeply sloping land and high intensity rainstorms
during the summer greatly increased the severity of this problem. Most
runoff waters carry a high silt content. Extreme care is needed to
protect and maintain all vegetative cover on these soils. Re-establish-
ment of vegetation is difficult in this area due to low rainfall and
unstable soils. Erosion control measures are necessary around
construction sites or new roads to prevent gullying from taking place.

Many salt affected areas occur on the alluvial soils in this

association along Douglas Creek and its tributaries.



b. Soil association '"B'" (shallow and moderately deep, cobbly,
stony and shaly soils) -- This association occurs mainly in the western
one-third of the study area and lies east of and adjacent to soil
association "A". The landscape is highly dissected by intermittent
streams. It contains a repeating pattern of narrow, alluvial valleys
bordered by steep canyons with rocky slopes below low cliffs or bluffs
topped by sloping uplands and mesas.

The dominant soil component in this association is shallow over
shale of the Wasatch formation. Shale occurs at 10 to 20 inches from
the surface. These soils are light colored, low in organic matter and
gravelly to stony loam textured. They are generally calcareous through-
out. A second component of lesser extent is similar to the dominant
component except the soils are deeper, contain less rock fragments and
are more silty textured. They have formed in colluvial-alluvial
materials. A third soil component of this association is moderately
deep to deep and silty to loamy textured. These soils have developed
in local wind deposited materials. They occupy the flatter mesas.

Included in this association are deep dark colored alluvial soils
in valley bottoms and saline-alkali soils in low areas. Shaly badlands
with cliff-like topography and gullied land also occur.

The soils of this association are highly erosive and have fragile
stability. Water erosion on rocky, gravelly pinon-juniper slopes 1is
principally along roads and hunting trails. Trails and roads along
steep upper slopes have had a striking effect in concentrating runoff
water. Deep gullying and destructive bank cutting is visible along all
intermittent creeks and head cutting is common on side drains.

Detrimental flood deposits are left on alluvial fans and bottomlands



which formerly supported stands of grass. Any runoff carries a high silt
content. Extreme care is needed to protect and maintain any vegetative
cover on the soils of this association. Re-establishment of vegetation

is difficult due to the low rainfall and unstable soils. On-site

checking of most of these soils is necessary before starting any construc-

tion. Erosion control practices are necessary to prevent sheet and gully

erosion.
c. Soil association "C" (shallow dark colored soils of mountain
cliffs and ridges) -- This soil association extends as a narrow band

less than 3 miles, seldom more than a mile or two wide, in a north-south
direction across the center of the study area.

Conspicuous features of the landscape are light colored cliffs and
escarpments known as Cathedral Bluffs which face westward toward the
valley of Douglas Creek. The area along the west face of the bluff is
rugged, with a maximum relief of about 3000 feet. The area east of the
crest or the Cathedral Bluffs slopes gently northeastward. Above the
cliffs are sharp rolling wind-swept ridge crests which form a divide
between the Douglas Creek and Yellow Creek drainage basins, while below
are very steep talus slopes.

Soils of this association are predominantly shallow. Underlying
shales or fine grained sandstones are usually found at depths of 6 to
20 inches. Soil depth changes frequently within short distances. Shaly
loams and channery sandy loams are the common surface soil textures on
steep upper slopes. Deep soils containing high proportions of shale
and stone occupy lower colluvial slopes.

The major component of this association consists of high cliffs,

escarpments and bare exposures of shale, sandstone, marl and limestone



bedrock. Plant roots enter most of the residual beds and most shales
can be readily penetrated with digging tools.

Erosion within this association is mainly geologic in character.
Accelerated erosion is principally by wind on ridge crests where over-
grazing has denuded shallow loamy soils. Gullying is limited to narrow
drainageways occupied by deep, friable soils.

d. Soil association "D" (moderately deep and deep, dark colored
soils of the uplands) -- This association is located along the east
slopes of the Cathedral Bluffs.

The landscape consists of steep lower mountain slopes of rugged
relief dissected by narrow valleys and streams. Gently sloping areas
occur on the lower footslopes, swales, fans and alluvial bottomlands.
The soils have formed largely in Green River shale materials. The
dominant soil component occurs mainly in the brush covered areas. These
soils are moderately deep to deep. The surface soil is 8 to 15 inches
thick and very dark brown in color. Organic matter content is high.
Surface layers are loamy with loam and sandy loam textures being most
common. This is underlain by a light to dark brown subsoil that is one
to four feet thick and ranges from sandy clay loam to clay in texture.
Many subsoils contain gravel, stone and rock fragments. Lime is usually
leached to depths of 40 inches or more.

On steep colluvial slopes coarse fragments from higher lying rock
ledges and outcrops are usually scattered over the surface soil.

The second major soil component of the association occurs mainly
under forested areas. These soils are usually found in steep north
facing canyons and on north facing slopes. Most of these soils will

have a surface cover of forest litter. The surface soil is 2 to 6



inches thick and loam or fine sandy loam in texture. This is underlain
by a leached fine sandy loam to light clay loam subsoil. The substratum
is a shaly or sandstone material or bedrock occurring at depths of

10 to 40 inches.

A third soil component occurs in the open grass park areas. The
soils are generally more than 20 inches deep over very stony or fractured
bedrock materials. The surface is a loam or stony loam less than 12
inches thick. The loamy subsoil often contains some rock fragments.

Moderately deep and deep soils are intermingled in this association.
Deep soils have formed in valley fill and may have dark colored buried
soils within the upper four feet of the profile. Some dark surface
soils are usually thick and extend to depths of 20 inches or more.

Under the moderately deep soils, sandstone or shale occurs at depths
between 20 and 40 inches.

Included in this association are small areas of very shallow soils
over sandstone or shale, wet loamy soils in narrow swales and valley
floors. Scattered small areas of rockland or rock outcrops also occur.

The greater depth of the soils and a relatively higher degree of
profile development indicates that this soil association is the most
stable in the study area. It is part of a high water producing area
for tributaries to the White River.

Erosion is generally moderate. Because of the silty nature of the
Green River parent materials the runoff waters from eroding soils may
carry a high silt load. Care is needed to protect any vegetative cover

on these soils.



e. Soil association "E" (shallow rocky and deep moderately dark
colored soils of the uplands) -- This association lies in the extreme
eastern part of the study area.

The landscape is highly dissected by creeks and their intermittent
tributaries. There is a repeating pattern of narrow, gently sloping
alluvial valleys along creeks flanked by canyons or very steep rocky
slopes which rise to higher lying uplands. Narrow bands of rolling
upland or mesas form divides between upper reaches of creek tributaries.

The dominant soil component of this association is shallow over
weathered Green River shale which occurs at 10 to 20 inches from the
surface. The surface soil is loam to silt loam 2 to 5 inches thick.
The subsoil is silty clay loam to clay loam. Small shale fragments
occur throughout the profile increasing with depth.

A second soil component is similar to the dominant one except
that it is deeper to the Green River shale which occurs at 30 inches or
more from the surface.

A third component has soils that are moderately deep to deep. The
texture is a gravelly loam to gravelly sandy loam throughout. They
contain an abundance of small shale fragments and varying amounts of
cobble and/or stones. These soils are formed in recent colluvial
materials and side slopes below Green River shale cliffs.

Included in this association are deep dark colored soils on north
slopes and in alluvial valleys. Small areas of salt affected soils,
rock outcrops and cliffs of fine grained, limy shales and sandstones
are included.

The soils of this association are highly erosive due to the soft

silty nature of the parent materials. Silt content of excessive runoff



water is generally high. Water erosion on rocky, gravelly pinon-juniper
slopes is principally along roads and hunting trails. On-site investiga-
tion should be made before any construction is undertaken. Erosion
control measures are necessary around new construction sites on new

roads to minimize water erosion hazard caused by disturbance of soils

and destruction of protective vegetation.

f. Soil association "F" (moderately deep to deep, silty, narrow
valley alluvial soils) -- This soil association occurs along Big Duck
and Corral Creeks and tributaries of Yellow Creek in the study area.

The dominant component in this association is deep well-drained
soils with loam or silt loam surface layers and clay loam or silty clay
loam subsoils. The soils are generally alkaline.

A second component is very similar to the first but is affected
somewhat by watertable conditions.

Included in this association are areas of highly saline or alkaline
soils and small areas of gullied land.

2. Land Capability Classes

a. Definition -- Land capability classes which are broad land
use suitability groupings are designated by Roman numerals I through
VIII. Classes I through IV are considered suitable for cultivation with
the numerals indicating progressively greater limitations and narrower
choices for practical use. None of these classes are thought to occur
in this study area. Classes V through VIII, which are found in the
study area, are considered non-suitable for cultivation and again the
increase in class number indicates progressively greater limitations of

these lands with respect to use.



Class V - soils that are not likely to erode but have other limita-
tions (i.e., wetness, alkalinity, etc.) impractical to
remove, that limit their use largely to pasture, range,
woodland, or wildlife.

Class VI - soils in these lands have severe limitations that make
them generally unsuited to cultivation and limit their
use largely to pasture or range, woodland, wildlife, or
recreation.

Class VII - soils have very severe limitations that restrict their
use largely to range, woodland, wildlife, or recreation.

Class VIII - soils and landforms have limitations that preclude their
use for commercial plants and restrict their use to
recreation, wildlife, or water supply, or to aesthetic
purposes.

b. Probable occurrance of the land capability classes in each

soil association --

Assizzition Probable Land Capability Classes
A V; VI (most dominant); VII; VIII (severly gullied areas)
B VI; VII (most dominant); VIII
C VII; VIII (most dominant)
D VI (most dominant); VII; VIII
E V; VI (most dominant); VII; VIII
F V and VI (most dominant); VII

Percentage composition of Land-Capability Classes within soil association
areas is not known.

The land classes found in this area indicate that a protective
cover of vegetation is needed at all times to control water erosion. In

some parts of the area except for a few annual plants, little or no

10



vegetation grows and erosion is a severe hazard. Any disturbance of
the surface on these areas will increase this hazard.

The land class groupings point out the need for developing very
specific conservation plans on any area where soil disturbances are
likely to occur. Detailed soil surveys with accompanying conservation
plans are needed if adequate protection is to be achieved.

3. Availability of Soil Maps, Descriptions and Chemical and Physical

Data on Soils of the Study Area

a. Soil maps -- The only soil map available for the study area is
the general soil map shown in Figure III-1. This map is based on a
general reconnaissance of the area and is a first approximation of the
distribution of soils within the area.

b.  Soil profile data -- Most of the soils information given for
each soil association was based on field descriptions of soil profiles
examined adjacent to or surrounding the study area. Some field descrip-
tions were available for soil association "C'" described within the study
area. This reflects the lack of detailed soils information available
within the study area. To our knowledge there is no laboratory data
available for any soil samples taken from within the study area.

C. EXISTING MAN-MADE FEATURES

1. Transportation

The only hard surfaced highway passing through the study area is
State Highway 139 which parallels Douglas Creek. The hard surfaced
highway, improved roads and private roads are shown in Figure III-2. (7)
No jeep trails are shown. Very probably some truck trails exist which

are not shown. The closest scheduled airline service is provided at

11



Grand Junction, Colorado, and at Vernal, Utah. In addition, county

airports at Rangely and Meeker have 4,500 foot runways and will

accommodate light commercial aircraft.

2.

Land Improvements

See Figure III-3 (See Refs. (2) (3) (6))

Type

Number in Study Area

Water wells
Developed springs
Windmills

Check dams
Reservoirs

Fences

13

40 miles

Public Utilities

See Figure III-4 (2} (3) (6)

Power lines - approximately 21 miles

Pipe lines - approximately 46 miles

Other Land Use Features

See Figure III-5 (2) (3) (6)

Type

Number in Study Area

Hunting Clubs
Landing strip

Cow camps

12



Type Number in Study Area
{Cont'd.) (Cont'd.)
Gravel pits 6
Gas wells 7
Pumping stations 1

13
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CHAPTER 1V

WATER RESOURCES




A. THE STUDY AREA

Townships 1 and 2 south and Ranges 99, 100, and 101 west of the 6th
principal meridian enclose the study area. The eastern two-thirds of
the area is within Piceance Basin while the balance is in the Douglas
Creek watershed. Cathedral Bluffs, forming the western rim of Piceance
Basin, separate the two areas.

The eastern drainage is through Yellow Creek to the White River,
with minor runoff to Piceance Creek through Ryan Gulch. The drainage
pattern is dense, vegetative cover on the watershed is sparse, and
storm runoff is rapid. Watercourses are narrow with steep sides.

Douglas Creek drainage is less dense, although the watershed is
severely eroded.

Figures I-1 and I-2 show the boundaries of the study area and
the general location within the White River Basin.

B. SURFACE WATER

1. Stream Flow

Relatively little data are available on streamflows in tributaries
of the White River and none for the study area itself., Consequently
this section will include data from points close to the study area.

Stream channels are relatively straight throughout the study area.
They appear to be quite stable. Sediment loads are high, evidently a
result of erosion on the watershed. Annual sediment discharge from
Piceance Creek is estimated as 1.598 x 10° cubic yards and from Yellow
Creek, 2.395 x 10% cubic yards (2) (3).

Peak flows are reached during snowmelt (April - May) and low flows
occur in September or October. Many streams are dry from December to

April.



a. Piceance Creek -- The flow is relatively constant contrasted
with that of all other streams in the basin. Ground water from bed-rock
aquifers supplies some water to the stream (to be discussed in section C.).
Water stored in the alluvium also tends to modulate the flow.

Table IV-1 summarizes stream flow records for three stations on
Piceance Creek. The mean discharge at White River is 17.0 cfs; maximum
of record is 550 cfs. Data are only of two or three year duration,
however (4). The gaging stations are located on Figure IV-1.

b. Yellow Creek -- This is the primary drainage system for the
east part of the study area. Extending into the higher elevations at
Cathedral Bluffs, it produces very rapid runoff and high peak flows.
Table IV-1 shows an average discharge into the White River of 1.37 cfs;
but a peak of 1,060 cfs.

Precipitation at the higher elevations, above 8,000 ft., averages
26 inches annually, mostly snow. At elevations between 5,000 and 8,000
ft. the annual precipitation ranges from 12 to 20 inches.

¢c. Douglas Creek -- Less data on stream flow are available for
Douglas Creek than for either of the others. A gaging station was
operated in 1904-05 and again in 1915. No discharge records have been
found of recent date. The nearest gaging station is on the White River
4 miles downstream from the mouth of Douglas Creek.

Reference (1) contains estimates of runoff from a 25-year storm on
the watershed within the study area. Figure IV-la shows these estimates
by watershed sub-areas. Peak discharge is estimated at 20,530 cfs on
watershed No. 6. Obviously, runoff is concentrated very rapidly in

watersheds of this area.



Table IV-1.

SUMMARY OF STREAMFLOW RECORDS

[ Station numbers are those used in nublication ol surface-water records, except prefix 9 is omitted )

. Drainage Average Extremes of dischurge
St;t(;on Streamflow station Period of record arca discharge (cfs)
. (sq mi) (cfs) Muximum Minimum daily
0928 West Fork Parachute Creek near Oct. 1957 Sept. 1962 48,1 4.37 147 0
Grand Valley

0930 Parachute Creek near Grand Valley Oct. 1948 Sept, 1954 144 17.7 738 0
Oct. 1964 Sept. 1967

0935 Parachute Creck at Grand Valley Apr. 1921 Sept. 1927 200 303 912 0
Oct, 1948 Sept, 1954

0940 Rouan Creck at Simmons Ranch June 19335 Sept. 1935 % 7 e 142 0
Apr. 1936 Oct. 1936
Mar. 1937 Sept, 1937

0941 Carr Creek at Altenbern Ranch June 1935 Nov. 1936 17 2.85 143 0
Mar, 1937 Scpt. 1937

0942 Roan Creek abowe Clear Creck Oct, 1962 Sept. 1967 151 14.8 800 1.0

0944 Clear Creek near DeBeque July 1966 Sept, 1967 111 e 1,540 0

0950 Roun Creek near DeBegue Apr. 1921 Sept, 1926 321 40.0 1,220 3.2
Oct. 1962 Sept. 1967

3055 Piceance Creek at Rio Blanco Oct. 1952 Sept. 1987 -9 1.40 23 .

3060 Piceance Creek near Rio Blanco Oct. 1940 Sept, 1943 153 203 430 A

3062 Piceance Creek betow Ryan Gulch Oct. 1964 Sept. 1967 485 12.5 400 .80

3062.22 Piceance Creek at White River!? Oct. 1964 Sept, 1966 629 17.0 550 9

1062.55 Yellow Creek near White River! Oct, 1964 Sept. 1966 258 1.37 1,060 0
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2. Water Rights

A tabulation of water rights claimed on the streams in and around
the study area was made from file records in the Colorado Division of
Water Resources. Table IV-2 contains only those rights having earliest
priority. None of the rights on Douglas Creek have early priority, but
the earliest few are listed.

Priority within the Water Division determines the ''value" of the
right in terms of water. Early priorities will receive all the water
authorized by the appropriation, whereas late priorities may take only
that water left after earlier rights are filled. Except in flood periods,
that may be none.

No diversions are indicated on any of the streams within the study
area.

3.,  Quality of Water

a. Piceance Creek -- Surface water ranges from 500 mg/l dissolved
solids near Rio Blanco to 3000 mg/1 at the White River. A Department
of Interior report (5) estimates a 100 ton/day of salts discharged to
White River. An undetermined amount of this salt is due to irrigation
of about 5000 acres along the creek.

b. Yellow Creek -- The observed range in dissolved solids is 1400
mg/1 to 3000 mg/1 (4). Reference (5) estimates a salt discharge to
White River of 7 tons/day.

Reference (7) tabulates water quality data gathered in 1964-65 on
both Piceance and Yellow Creeks. Table IV-3 contains that data.
Sampling points are identified in a manner described in Reference (7).
They begin upstream and are listed in order downstream. Figure IV-2

displays inorganic ion concentrations for both streams.



Table IV-2,

PICEANCE CREEK

PARTIAL LIST OF WATER RIGHTS

Entity cfs ' Location ! Ad}ud.Da?eApprop. | Pszggiiy
P.L. Ditch 0.5 €2-97-35 1889 1883 6
Schulte Ditch 0.8 €3-95-15 1889 1884 9
Metz Ditch 1.00 c1-97-11 1889 1884 10
Metz Ist enlarg. 0.6 c1-97-11 1889 1884 11
Home Ditch 1.6 €3-95-15 1889 1884 13
Ryan Ditch 2.5 C1-97-32 1889 1884 14
Metz-Reigan Ditch 3.4 c1-97-11 1889 1885 22
Piceance Ditch 2.00 €2-97-36 1889 1886 37
Larson Ditch 25 CL-9h-4 1889 1886 38
Morgan Ditch2 0.4 Cl-9h-4 1890 1886 43
Emily Ditch 2,00 €2-96-31 1839 1886 45
Case-Story Dist. 5.200 C1-97-33 1889 1886 'y
BMH Ditch 5.4 €2-97-4 1889 1887 49
Burch Ditch 0.6 c1-97-2 1889 1887 50
Wallace Ditch 0.7 €3-95-18 1889 1887 53
MHM Ditch 7.00 €2-97-15 1889 1887 56
MHM Ditch 2.33 €2-97-15 1889 1887 56
Robert McKee Ditch 2.33 €2-97-22 1889 1887 56
O0ldland Ditch k.00 €3-96-12 1889 1887 57
Beard Watson Ditch 1.00 B1-94-35 1889 1887 58



Table 1V-2.

YELLOW CREEK

PARTIAL LIST OF WATER RIGHTS (Continued)

Date Div. 6
Entity ' cfs Location ' Adjud. ' Apprep. Priority
Wilson Ditch 1.00 C1-98~16 1889 1886 31
Latham Ditch 2.00 €1-98-30 1889 1887 56
Wilson 1st enlarg. 1.4 C1-98-16 1889 1887 62
Smith Ditch 0.36 €2-99-14 1926 1915 295
Smith Ditch 0.25 €2-99-14 1926 1915 295
DOUGLAS CREEK
Foundation Ditch 0.24 C4-102-35 1942 1905 L4s
J. P. White Ditch 0.80 C5-102-13 1942 1909 455
G. C. Bowman Ditch 0.70 €C3-100-15 1942 1913 473
Banta Ditch 1.43 Ch-102-10 1942 1916 482
Banta Ist enlarg. 3.35 C4-102-10 1942 1920 491
Foundation Ist enlarg. 0.56 C4-102-35 1942 1920 491
G. C. Bowman lst enlarg 1.63 €3-100-15 1942 1920 491
J. P. White enlarg. 1.63 €5-102-13 1942 1920 491



Locations

locations axe listed

in downstream order.

Table IV-3.

(Concentrations of dissolved conatituents, dissolved solida, and hardness given in parta per million)

Sce text for well-numbering system.

CHEMICAL ANALYSES OF SURFACE WATERS

Discharge (efsa):

Discharge measurements given in cubic fest per second: E, estimated,

Non=- Specific
care conduct=
Tom~ Man= Dis~  Hard- bon- Per- Sodium ance
Location Discharge Date of pera- Silica Iron ga- Cal- Mag= So~ Potas- Bicar~ Car- Sul~ Chle= Fluo- Ni- Do~ solved ness ate  cent adaorp- (micro- pH
(cfo) collec~ tyre (8102) {Fe) nese cium nesium dium  sium bonate bonate fate rég;’ ride trate Yon (:"K‘?" C::O hard- dfo" t::;‘(, uth;goc)
tion F Mo a My ta 1 3 o dleu= “0y ness dium ¥
r) () (ca) (M) (W) (K} (o) (cO,)  (50,) (1) (woy) () (galews s et
Pigeance Creek
C4-95~ laa « . 6~ B-65 o . . . . P 1206 33 .. .. 320 ] . 6 . . .. .. . 260 0 e e e 736 7.8
0.55% 10~ 6-65 40 .. . .. 75 52 . . 418 o . . 13 . . .. P 402 59 e e e 1,¢50 8.0
€3-95-36cc .5E 7-17-64 .. 14 0.00 0.00 57 33 70 1.5 344 ] 130 8.9 0.1 1.6 0.12 485 278 (] 35 1.8 753 7.9
~26db 2.1 10~ 6-65 47 .. .. .. 75 34 ' .« . 356 4] .. 9.5 .+ . .. . .. 324 32 PR 812 8.0
- 9d¢ 2.0 10~ 6-65 47 . . “ . “ . 58 39 .. .. 324 [+] . 9.5 . .. .. . . 304 1 S .« . 158 8.1
€3-96-11bd 9.1 10~ 6-65 -2 .. .. 66 47 ‘. - 404 1] .. 14 . .. .. .o 156 0 4 . 936 8.2
€2-97-36ha 1L.9 10~ 6-65 56 . . .. .. 59 57 .. . 476 o .. 16 .. .o .. . 382 O o4 v 1,160 8.0
€2-96~32dd 2.5E 7-11-64 4 . 15 .00 .00 40 46 149 1.9 544 0 144 23 1.3 5 W31 693 290 [ $3 3.8 1,90 8,1
C2-97-16de 4E 7-17-64 . . 16 00,00 52 85 190 2.6 567 4] 400 16 5 1.0 .24 1,040 480 15 46 3.8 1,500 8.0
.. 6~ B8-65 59 s Y .. 67 106 .. .. 716 o] v . 23 . . . .. 602 15 v e . 1,500 8.2
15.6 10~ 6-65 58 .. . » .. 70 72 . .. 546 4] .. 16 P P . .. 472 24 ) 1,350 8.0
Cl-97-32ad 17 6~ 8-65 65 . o .. .. 87 107 .o P 136 [} .. 18 .. . . .. 1,360 656 52 43 . . 1,670 8.1
Bl-97~135¢ca 2.58 7-17-64 . 17 .00 .00 52 117 529 3.9 1,250 45 610 46 4 1.3 .48 2,040 610 0 65 9.3 2,699 8.4
.« . 3-24-65 37 .o . e “ . 64 73 .. " fuvdu} [} .. 20 .. s . o« o« AM1,150 460 0 DY 1,050 8.1
.. 4-12-65 38 . . .. .. 30 28 [ . . 1,110 51 .. 39 . . .. .+ M1,750 209 [} o s e s 2,420 8.4
.. 6~ 8-65 67 . . .. .. g 1 .. - 1,200 22 .. 46 .. .. . . . . 574 [ 2,690 B.4
17.0 10~ 6-65 60 . . .. .. 41 86 . . .. (8] 16 . 30 .y .. A .« 456 0 w0 v 2,610 8.3
Bl-97~ 2ab 2 7-17-64 . . 11 .. .. 12 95 1,240 6.4 2,540 182 479 208 2.5 2,3 W14 3,490 420 0 86 26 5,620 8.7
32 3-24-65 36 .. . . .. 56 68 . . 1,010 0 . 45 .. .. o o AM1,380 420 0 .. e 2,010 8.2
14 4~12-65 40 . . .. .. 22 37 .. « o 1,630 81 .. 94 . .« « v A/2,340 205 0 e e 3,400 8.5
18 6~ B-65 0 .. .. .. 24 107 .. .. 1,430 59 .. 80 .. e « o 2,370 500 [ 3,270 8.4
19.3 10~ 6-65 64 .. . .. 22 81 .. .. 1,250 33 .. 79 .o . .. .. 386 [+ S 2,680 8.5
Black Sulpbur Creck
€2-97-20¢c 1E 7-171-64 . . 17 00 .00 76 81 123 1.4 418 0 372 9.5 3 5 15 916  52% 133 34 2.3 1,330 7.8
Hunter Creck
€2-97-27ac¢ «SE 7-17-64 o . 19 00 .00 92 106 157 2.2 566 0 532 9.5 .2 1.2 .16 1,200 665 201 34 2.6 1,630 8.0
Yellow Creek
§1-98-12hb .. 5+ 4-65 62 . R 60 175 I . 812 20 .o 24 .. .. « « A/2,020 870 155 PN 2,600 8,3
B2-98-26bb .. 5~ 3-65 65 . . .. .. 56 165 . . . 832 30 .. 20 .. .. « o /1,970 820 89 « e 2,540 B.4
~ 9ab 5e 3-24-65 33 12 .. P 36 63 424 216 16 363 69 . . 3.1 .. 1,420 350 0 72 9.9 2,166 8.3
.. 4~ 0-65 50 . . .. .. 16 59 . e o 1,420 102 e« 112 .. .. .+ A2,530 288 0+ e LS00 8.5
.. 5~ 4-65 65 . . .. . . 20 151 . . 1,600 928 v e 128 .. .. e o 2,750 670 0 s . 3,740 8.6
Roan Creek
€6~99~29ab JE 10~ 9-65 54 . . v . .. . s .. .. .. < . . M6 . . .. .. s . . .. .. PRI 816 . .
€6-98-32bdd 2 10~ 9-65 57 . .. v e . a .. .. . .. 263 . . - .. .. . .. .. e se 1,120 . .
€7-98-22ab 5 10~ 9-65 51 ., .o . .. .. .. .. .. .. 520 . . .. .« . e .. .. .. P 1,630 . .
-2%Q 2E 10~ 9-65 46 . . .. . .. . “ 4 .. . .. 809 . . .. .. .. .. . . v e e 2,610 .
€8-97-18aa +5E 10~ 9-65 62 . . .. .. .. .. .« .. .. « o 4,200 . . .. .. .. .. P . e N 7,160 . .

» Dissolved solids, rosidue on evaporation at 180°¢,
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c. Douglas Creek -- The only quality data found are ccntained in
Reference (6), an extract of which has been attached in Appendix IV-1 p. 6.
Occasional samples from the creek near Rangely indicate a T.D.S. range of
600 to 2000 p.p.m.

d. Colorado water quality standards -- Although the Colorado Water
Pollution Control Commission has classified only the White River, but not
its tributaries in the study area, the general provisions of the state
water quality standards do apply. In particular, "Basic Standards"
prohibit discharge of untreated waste into any waters of the state with
certain exceptions. Noxious, odorous, unsightly, toxic or deleterious
substances harmful to human, animal and plant life may not be introduced
into waters of the state.

The White River between the mouth of Piceance Creek and Rangely is
presently classified A, B

c, Dl' Appendix IV-2 is a statement of the

23
Colorado water quality standards including limits established for certain
quality parameters under each classified use.

4. Surface Storage

No major surface water storage facilities exist within the study
area. Figure IV-3 shows springs, developed springs, reservoirs and
check dams in the study area as reported in References (1,2,3). Three
reservoirs and several check dams are noted in the Douglas Creek
watershed. Their size and capacity are not documented. The reservoirs
provide water for livestock.

C. GROUND WATER

1, Structural Geology

Major structural features include a major basin syncline centered

at the north portion of Piceance Basin and a minor synclinal area near

11



the center of the basin. A high, known as Piceance Creek dome, separates
the two synclinal areas. Figure IV-4 shows these features. Formations
dip sharply at the east and north boundary and less sharply in the south
and west, illustrated in Figure IV-5. The Green River formation is
exposed at the surface throughout the basin.

Subsurface stratigraphy is displayed in Figure IV-5 along a
north-south line in R98W extending from TIN to T3S (see Figure IV-4) (8).
The Evacuation Creek member is present at the surface throughout the
northern portion of the basin, overlying the Parachute Creek member.

The Parachute Creek member consists of three zones: an upper zone,
including the Mahogany zone containing a high concentration of kerogen;

a middle zone called the ''leached'" zone, containing less kerogen; and a
lower zone containing about 30% by weight of nahcolite and dawsonite
minerals.

During times of tectonic stress the middle zone fractured extensively.
The Mahogany zone was relatively unfractured due to toughness of the
formation imparted by its kerogen content. Subsequently ground water
percolated through the middle zone leaching out soluble minerals
(nahcolite) leaving voids. The highly fractured and leached middle zone
eventually collapsed into a "rubble" along its upper and lower boundaries.
Figure IV-6 outlines the approximate area of leached zone.

Fractures penetrate from the middle zone into the lower zone and
there has been some leaching from the upper part of the lower zone.

This portion of the lower zone together with the middle zone constitute
a large aquifer extending under most of the basin. (An estimated 2.5

million acre feet of water.)

13
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2. Alluvium Aquifers

Alluvial deposits along Piceance and Yellow Creeks and in some of
the tributaries have formed aquifers, typical cross sections of which
are illustrated in Figures IV-7 and IV-8. They arc less than one mile
wide and range up to 140 feet thick. Saturated thickness runs up to
100 feet (4). Both water table and artesian conditions are found.
Lenses of gravel confined by low permeability clays produce flowing wells
in some places.

Aquifer characteristics reported (4) include storage coefficient
of 0.20 and transmissibility of 20,000 gpd/ft. Well yields are
expected up to 2,000 gpm.

a. Quality of water -- Ground water in the alluvium is generally
good, with less than 700 mg/l throughout the central basin. Principal
ions are Ca*™, Mg*® and HCO7. However, near the White River where
Piceance Creek discharges, dissolved solids increase to 8300 mg/l and
Na® becomes the dominant ion. A similar trend is found in the Yellow
Creek alluvium. This is due to highly saline water from the leached
zone of the Parachute Creek member coming into the alluvium from below.

Table IV-4 summarizes ground water quality from several aquifers,
including the alluvium (7).

b. Recharge -- Alluvium aquifers are recharged primarily by
surface infiltration and seepage from stream channels. No detailed
analyses of recharge sites and amounts have been made. The surrounding
Evacuation Creek member contains water which supplies numerous springs
and may also contribute to recharge.

Figure IV-9 is a piezometric surface contour map indicating ground

water flow toward both Piceance and Yellow Creeks.
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Table IV-4. CHEMICAL ANALYSES OF GROUND WATERS FROM SEVERAL AQUIFERS

{Concentrations of dissolved constituents, dissolved solids, and hardness given in parts per million)

Location: See text for well-numberinj system. Depth of wells Depth of well given in feet below land surface;

R, reported.
Geologic source: Tga, Anvil Points Member of the Green River Formation:
763, Garden Gulch Member of the Green River Formation: Tgp, Parachute Iron (Fe): 1In solution at time of sampling.
Crec’s ¥Merber of the Creen Piver Formation; Tge, Evacuation Creok Memher
of the Green Kiver Formation: Qal, alluvium; for the description of the
physical charecter of the water-bearing lormations see tabie 1.

Non-
car- Specific
Dig~ bo- Per- Sodium conduct-
Depth Ten= solved Hard- nate cent adsorp- ance
lccation Geologic  of Date of  pera- Si1lica Iron Cal-~ Mag~ Sodium Potas- Bicar-~ Car~ Sul~ Chlo- Fluo- Ni- Bo- solids ness  hard- so- tion {micro- pH
source well collec~ ture (Sxoz) {Fe)  crum nesium  (Na) sium bonate bonate fate ride ride trate ron {calcu- as ness dium ratio n&-g
(teet) tion (%) (ca)  (My) (K} (uco,) (cos) (so,) (€1} (7} (¥0,, (B) lated) CacO; CacOy at 237C}
Bl-97-11:iz T Spracg 8= 1005 56 17 .. 42 ag 516 0.8 1,030 19 630 47 2.5 0.1 0.40 1,890 508 0 69 9.9 ?.é} 8.4
=204 Cal Sprirg B-1K-(5 €0 14 P 0.0 24 10,100 31 23,300 1,110 155 1,660 32 55 4.9 245,000 98 [ 99 444 28,6 8.5
EYPRE] Qal Sprang 13~ 4-65 52 - .. 30 82 .. PRPE PRS0 0 .. 68 .. .. . . . . 430 o .. .o 2 8.2
g 104 16-16-a5 55 2.8 0.02 2.4 1% 3,380 8.8 7,100 296 85 985 16 .5 1.1 8,29 66 0o 99 181 12 e.q
ca Spring 10- 4-65 55 .. « . 80 57 . . <. 588 o P 14 [ N .. . 436 0 .. .. 1 8.0
183 10~ 5-65 54 .. .. 70 92 .. < . 1,110 o .. 145 .. .. .. .. 552 g .. P 2,700 1.6
2,600 6-16-65 50 15 <. 33 187 204 2.1 676 28 78 22 .4 5.8 21 1,710 852 252 42 4.2 2,280 &.4
132 13- 5-5% 54 .« .. 127 112 . .. 816 o .. 14 .. .. P .« . a0 191 . . - 2,130 1.8
£0 10~ 5«55 47 18 « . 116 156 292 1.9 748 12 854 28 .5 4.9 +27 1,850 930 291 41 4.2 2,4.0 8.3
110 4~ 6.5 45 18 .. 113 169 151 1.5 ] 0 601 18 .6 14 .16 1,280 720 313 31 2.4 1,632 8.0
116 10- 5-65 52 .. . . 112 101 . .. 418 [} P 18 .. .« . .. . 694 286 . . .. 1,652 8.0
170 4~ 9-65 50 16 . . 103 92 125 1.0 443 0 492 3 1.0 1% .14 1,080 628 204 30 2.2 1.453 7.8
« » 10~ 5-85 52 - . o 56 46 .. 446 ] .. 14 .. .« . . .« . 300 o .. . . 1,245 7.9
Spring  10- 5-6% 52 .. .. 143 a5 ‘. .. 570 o .. 20 - o . e .. 752 208 . . P 1,670 7.9
1,300R 10~ 5-6%5 55 P voeoil 109 “ o N 876 0 .. 12 .. .. . .. 725 43 . . .o 2,830 1.6
Spring  8-19-65 54 17 .. 73 20 119 -3 534 0 320 14 .7 25 1.1 923 552 114 32 2.2 1,380 6.1
Spring  3-23-€4 53 1 .04 00 99 3,9.0 8.8 1,240 4,150 65 746 6.9 14 2.1 9,610 408 0 95 84 12,82 8.5
5 6-22-45 50 17 . e 46 16.5 437 3.2 1,010 13 834 kE: 3 1.1 .1 .35 2,020 792 o 54 6.8 2,753 8.3
° 34 10~ 9-44 49 17 .00 67 45 w0l 1.4 470 0 149 8.0 .3} 9.3 .10 629 354 0 38 2.3 947 7.8
~132a Tip 3,000 8-17-65 80 12 .. 00 7.1 246 .4 570 0 47 9.6 5.1 .2 .66 608 29 o 95 2.0 969 8.2
€1-97-1l3cd Gal 68 10-25-65 52 i8 <23 56 240 1.1 552 o 309 25 1.0 1.9 .11 946 250 0 64 6.1 1,380 8.2
-1%ih  Tge,Tgp  Spring 10~ 8-65 50 P P ¥4 56 P <+ 1,000 49 . . 44 .. .. .« . 312 o .., .. 2,12C 8.6
~26ab Tep 3,051 10-12-64 70 12 .04 .0 9.5 7,540 19 9,880 4,320 15 542 30 2.3 2.6 17,400 40 0 100 522 20,330 8.7
Ci-99~ atc cal 115 1C- 7455 N 1.1 .. 17 47 108 1.3 104 o 339 13 .0 .6 .04 578 234 149 50 3a 99 37.%
- 4cz Lal 135 ll- 7-€5 : . .. 135 83 P .. 540 0 .. 16 - .. . P 702 259 . . .. 1,870 .7
~ bz Tog Sprang o= 745 49 P . . 115 94 “ e .. 636 0 . i .« . .. . . 674 10y . . .. i,5%2 8.0
~1iaa L3l o o 10- 7465 52 . . s 127 117 .o e 632 o o 17 o . .. N . e 796 18 . . .. 1,670 1.7
C2-94-19¢ Gai,Tga $8  8-27-65 50 31 . . 248 164 39 1.6 s18 0 879 17 .5 1.0 .06 1,640 1,300 870 6 ] 1,962 7.5
-30¢ T3 20% 8-27-65 48 14 o o« 112 154 133 1.3 416 [+ 770 n 7 .1 .08 1,400 910 569 24 1.9 1.830 7.6
C2-95-124 Tea 203 8-27-45 49 40 L2080 163 125 1.3 632 0 858 14 .3 4.1 .02 1,720 1,130 672 19 1.6 2,160 7.4
-233 T9p 75  B-27-65 48 27 « s B4 71 60 1.2 431 ¢ 232 5.0 .7 4.4 .08 697 500 147 21 1.2 1,22 8.0
€2-96~ <cb Tre Spring 10~ 8-65 47 s . . . 59 29 .. P 376 [+ R 10 - P PN « . 266 [+ N .« » 101 8.9
- 9¢b Toe EN 10- 8-65 . . 20 .+ 46 19 55 1.1 24 [} 34 10 .1 .8 .03 345 194 0 38 1.7 559 8.2
€2-97-27¢ calezy, Sprang  B-17-65 47 . .. 114 109 .. .. 556 0 P 9.0 . . P .. .. 734 278 . . PN 1,610 1.8
g {?)
=-30ad T3e Spring  10-13-64 45 15 .05 80 a8 149 1.0 526 0 451 6.6 .1 <3 .12 1,050 562 131 37 2.7 1,450 7.9
€2-98- 92s 10- 8-65 48 16 « . 98 126 243 1.4 682 0 703 17 .3 3.4 .21 1,540 765 206 41 3.8 2,10 8.0
=-il3b Qal,ts 10- 8-6%5 48 . .« 104 132 . - 694 [ . 20 .. - P .. 804 235 . . .o 2,165 1.9
«19ca Cai{?}),
Tge(?) Spring  8-17-65 47 . <. 98 110 “ .. 540 [} . 11 TN P .. . 696 253 . . .. 1,67C 1.7
-28&3 Qal{?),Tge Spring  B-20-65 47 16 .00 43 92 78 1.0 486 0 220 6.5 .4 6.3 .07 702 485 86 26 1.5 1,080 8.}
C2-59~ 4cc Tgelz?, Spring 10~ 7-65 47 17 . . 87 74 100 1.0 446 o 15 .2 3.6 07 854 522 156 29 1.9 1,230 8.¢C
Topl?)
-12ac Cal Spring 10~ 7-65 46 .. .. 115 90 .« .. 520 o .. 14 .. .. .. .« . 658 231 ., . . 1,532 7.7
-15dc cal .. 10-7-65 48 .. .02 80 76 P $ ¥ S ¥ . s12 98 . . L 280 109
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Table IV-4. CHEMICAL ANALYSES OF GROUND WATERS FROM SEVERAL AQUIFERS (Continued)

Non~
Dis~- car- _ Specific
Depth Tem- solved Hard-= bo- Per~ $2dium conduct-
location Geologic of Date of pera- Silica lron Cal- Mag~ Sodium Potas- Bicar- Car- Sul- Chlo- Fluo- Ni« PRo- solids ness nate cent adsorp- ance pH
source well collecs taxc (5102) {Fe) cium nesium  (Na) sium bonate bonate fate ride ride trate ron {calcu~ as hard~ so~ 100 {micro~
{feet) tion (3 (ca)  {M3) (K} (HCOJ) {COJ) (50,) (ci} (F} {xey) (2} latecd) Cacoy ness diun zatio  rhos,
Caco, at 25°¢)
£3-95-18ab Tge Spring 10~ 5-65 49 13 « « 5% 54 119 2.4 508 4 154 12 1.3 0.9 0,22 658 346 [} 43 2.8 1,030 8.1
~3lce Qal,Tge{?} e 9= 1-65 53 - .. 67 37 P . . 365 16 .. 7.5 ... - a e .. 322 0 .. - 850 8.4
C3-96~ Saa Tge Spring 10~ 8-65 47 11 <. 94 78 117 1.2 500 o 365 10 .3 5.6 .09 928 555 148 3 2.2 1,330 8.1
~liba Tap 1,000R S~ 7-42 70 13 ¢.01 8.0 1.4 664 1.2 1,610 63 4.1 30 30 4 .92 1,630 34 ¢ eg st 2,500  a.3
~1iba Tap 1,000R  4-1)3-55 70 11 .. 400 2.4 . s e 1,510 12 10 2 26 1.3 .. 1,640 24 0 %8 52 2,470 8.4
-11bh Tap 1,300 F-20H% h P PR A1 4.4 .« . . s 1,4H0 24 P 106 ) P .. 56 0 .. . . 2,530 8.2
C1-97-14¢h Qal{?),Tge Spring  B-10-65 47 .. . . 101 79 .« .. 542 ] .. 9.0 . . PR . s786 133 . .« L3I0 8.0
“2%7cd Qall?},Tge Spriny f-18-6% 46 . » .. 104 14 - .. 498 [¢] P a.0 .., P P 566 158 - s . 1,240 7.8
C3-98-22u5 Qal{?),Tge Spring  8-17-05 46, . .. 123 66 - . 463 [4] P 6.0 . . PR .. S16 201 .. .. L3000 7.7
C4-94-34Y Gal,Tga  Spring 8- <65 45 PR .. 13 I8 PN . . 422 ] FN 3.0 .. e r 2w P 340 ] .. P 687 7.8
C4~95- ha Quli?},Tyel?}, 74 8-)0-63 48 12 « s 53 28 66 3 255 [+ 161 1% .8 .3 .04 460 248 39 3? 1.8 103 8.1
Tt}
~ ELD Tge (2}, Tapl2} 99 g-31-65 49 23 + . B8 A% 90 .0 408 0 244 6.4 .8 3.9 .08 706 420 85 3z 1.9 1,040 7.7
~1%ce Gel,Toe 128 10-11-65 45 11 00 29 34 125 .5 38d [ 141 5.2 .1 6 .05 535 210 4 & 3.8 892 8.1
C3=97-12.:h Qal,Tee,Tgp 80 8-10-6% 48 15 .. 112 75 105 4 464 0 393 5.8 .7 4.8 .08 940 588 208 8 1.9 1,310 1.9
-3t Tan Spring  §-18-h5 43 .. <. 59 3 s . 332 [¢] vo. 3.0 . . P e e s .. 282 10 P .. €00 7.9
=330 Tae Spring  B-18-45 A5, . <. 75 38 .. . . 380 0 .. 4.0 . . 4w .. 344 32 .. . 730 7.8
~2ieh2 Gal Spring  B-1B-6% $7 .. . . 103 55 PR . . 510 0 .. 6.0 . . PN .. 486 68 ‘. . . 1,030 7.5
C4-98-1dcc  Tuel?) Spring  B-17-6% 45 .. « . 95 81 .. .. 196 0 . . 6.0 . . e s .. 570 245 P .« 1,210 8.0
=17eh Tue(?) Spring  8-24-G5 L1 ‘. .. 13 41 .« .. 350 26 - 6.5 . . P . e 352 22 “ . .. 836 8.4
~35a3 Tge Spring  8-18-6% 4 . .. 15 47 . .. 388 o . 3.0 . . PO .. g2 64 .. .. 85¢ 8.1
C4-99-10a¢ Tap Spring  10-12-64 45 18 .02 69 29 15 -4 374 ] 80 2.0 .0 1.8 .05 419 294 ] 23 .9 668 7.7
-10ac Tip Spring  B-ig-6% 46 P .. 14 29 - . s 354 [¢] 60 2.0 . . A ow e . . 304 14 . . .« 613 8.1
C5-94-13ab Tge Spring 8~ ~65 4%, . . . 57 21 . » . . 308 ] .. 2,6, ., P .. 228 [ . . .. s0s 7.
€5-9%-10¢ Qal(?) Spring 8-16-65 48 16 « o« 51 a4 41 1.5 345 ] 64 4.8 & 3.4 .06 390 282 o 24 1.1 629 7.
C5~96~ ILd Tye Spring  B-27-65 46 . ., .. 51 3} c e e 310 [ . s 5.0 . . PR . s 262 8 P .. 662 B,
AR cal Spring  8-27-5% 51 .. .. 39 33 .. .. 2066 ] P .0 . . ek e .. 232 14 P - 596 8.
- 25333 Qal SO0R B-13-6% 53 P . . 10 50 . o P 400 [+} - 8.0 . . « v s - 378 50 . o« - 862 7.
Cc5-97- lc Tap [ 8- ~65 5 .. .. 47 33 e .. J44 0 ' 5.0 . . e e . 251 0 .. .« . 679 8,
-23b Tye Spring 8- 65 55 . . .. 58 18 P .. 332 [} « . 3.0 .. P .. 218 [ I . 521 7.
€5-98- 2ac ~yp $pring  8-30-6% 43 . . .. 59 10 . . .. 324 o s . 4.0 .. “ s e .. 270 4 PR . 850 7.
C6-95-12ba Tqp Spring 8-26-65 46 . . .. 87 31 .. P 416 o .. 2.0 . . « s e .. 344 3 . s . . 621 7.
C6-96-293a Qay 33 10-12-46% 5% 2% « . 123 13 92 16 700 ] 267 10 1.2 1o 17 958 610 36 24 1.6 1,410 7.t
€6~-98-16aa cal 68R 10-13-65 .« 16 . . 63 52 75 2.5 446 1] 141 1: 9 5.4 .16 586 372 6 3¢ 1.7 918 7.9
~34od Qal 208 10-22-65% 57 ig . . 100 79 117 3.1 616 [ 252 12 1.2 3 .23 918 575 70 k34 2.1 1,310 7.%
€7-9%5-11aa Gal SCR 10-12-6% .. 19 -« 1700 122 198 5.2 656 [+ 793 18 .9 A 20 1,650 $25 387 32 2.8 2,180 7.%
€7-97~ S5ha  Qal{?} Spring 10-11-6% 50 6.8 . . 44 69 67 3.4 484 0 129 6,0 .6 1.5 .11 565 392 ° 27 1.5 1,000 8.C
€7-98- 4$ba Cal 61R 10- 9-45 52 15 s« 96 °0 149 2.3 598 0 10 W7 6.6 .22 1,090 610 120 25 2.6 1,530 8.C
-~ Bab qu(?;, Spring 10~ 9-65 . .« . . 48 94 .o « o 689 [¢] P 14 PN P e e . s 506 0 ‘o .. 1,830 8.}
Taa(?
~14ca Gal 68R 10~ 9-65 54 15 .15 144 170 396 3.8 137 0 1,220 35 .8 7 .57 2,350 1,060 458 45 $.) 3,010 8.C
€7-99-26¢e Spring 10-11~6% 50 .. D § 73 .. .. 512 ] .« . 10 PN N N 528 108 . .. 1,410 7.7
~270d Qsi(}), Spring 10-11-6% 47 16 . . 50 85 110 1.9 494 o] 287 5.4 .3 J50.10 800 478 73 33 2.2 1,220 8.1
Tgal?)
C7-100-25d0 Iiaz Spring  10-11-65 48 L < . 86 57 .. . . 494 [+ .. 5.0 . . PP « a 448 41 .o .. 1,050 7.¢
~3T4b [oXE1 Springy  10-11-65 51 . . . . 12 57 P - 424 [V P 5.0 . . v s .. 416 68 o . . . 824 7.€
€8- 97~ Tab ¢al 75R 10~ 9-65 54 16 . . 164 1B 293 1.3 692 0 1,040 18 .8 5.5 .31 2,030 1,020 453 33 4.0 2,630 7.¢



Saline water from the Parachute Creek member evidently flows upward
into the alluvium in the north portion of the basin. This is indicated
by both piezometric data and water quality data previously cited.

3. Evacuation Creek Member

Water is contained mainly in fractures. Test wells in the northwest
basin yielded 100 gpm (4). Numerous springs flow from this member.
Typical hydrographs of two such springs are displayed in Figure IV-10.
Peak flow ranges from 1.0 to 3.0 cfs, occurring during snowmelt in early
spring. Winter flows range between 0.3 to 0.7 cfs.

Figure IV-3 shows locations of springs and developed springs within
the study area (3).

a. Quality of water -- Total dissolved solids in the ground water
of this member ranges from 250 mg/l to 3000 mg/l. Figure IV-11 includes
a display of the concentration range of several constituents. Table
IV-5 summarizes data furnished by Shell 0il Company to the Colorado Water
Pollution Control Commission from a well at T1S; R97W; Sec. 29 indicating
T.D.S. greater than 4000 mg/1l.

b. Recharge -- Major recharge occurs at the high elevation margins
of the basin from snowmelt (4).

4, Parachute Creek Member

The physical nature of this aquifer is described previously and
illustrated in Figure IV-5. The Mahogany zone is an impermeable material
confining water in the middle zone and creating an artesian situation.
Limited fracturing of the Mahogany permits water transfer from the

middle zone into overlying formations.
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Table IV-5. QUALITY OF GROUND WATER FROM ALLUVIUM
(mg/liter)

Date Fe.| Ca | Mg. |[Na | HCO5| SO, | CI  |T.D.SJ pH
Dec. 3, 1970 (L1 140 | 250 |1530| 1510| 2160| 100 {5700 | 7.9
Jan. 30, 1971 ;ﬁl 142 | 281 [830 | 1440] 3360] 87 [6140 | 7.6
Feb. 13, 1971 1 148 | 315 |730 | 1300| 2450| 100 |[5040 | 7.5
Mar. 19, 1971 <f§.1 118 | 285 |310 | 1500 2345| 110 4670 | 7.5
Apr. 1, 1971 2.65| 135 | 275 |500 | 1588| 2148 103 {441k | 7.9
May 15, 1971 5.0 68 | 237 |uog9s| 1768| 2126 103 |4628 | 7.7
June 1, 1971 5.0 | 67.2] 237 |1120] 1854| 1923| 95.9 [4679 | 7.6
July 1, 1971 4.11| 68.8] 208.8{2830| 2292| 2007| 84.7 |4637 | 7.7
July 15, 1971 5.55| 67.2] 223.4{2115| 2166| 2123} 91.8 |46k2 | 7.7
Aug. 27, 1971 1.06{ 48.9{ 230 [1090| 1936| 2136| 141.2{4641 | 7.7
Sept. 1, 1971 | 17.6 | 54 | 210 {2375| 2072 2033| 138.4(4739 | 7.8
Sept. 3 1971 | 33.6 | 48.9| 226.2| 914| 1633 2036 84.7 |k254 | 7.7
Sept. 15, 1971 | 13.7| 56 | 230 |2375| 1806] 1983 138.4[4417 | 7.6
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The highly fractured and leached middle zone has an estimated
storage cocfficient of 10"4 under confined conditions but would incrcasc
to 10~! unconfined (4).

The lower zone contains water but its transmissibility is very low;
it cannot be considered to be a water-yielding aquifer.

a. Water quality -- Near the margins of the basin, water in this
member is similar to that in the Evacuation Creek member (up to 2000

mg/1 T.D.S.). Ions are mainly ca™™, Mg*" and HCOz. At half the radius

of the basin, dissolved solids are approximately the same but ions are
predominately Na* and HCO3. At the center of the basin, water contains
generally 25,000 mg/1 T.D.S., mainly Na® and HCOz. Chloride ion ranges
from 500 to 2500 mg/1 in this area.

Figure IV-11 includes a bar chart of water quality in this member.
Water from the lower zone (see Figure IV-5) contains 63,000 mg/1
dissolved salts.

b. Recharge -- Surface water at the margins of the basin percolate
vertically through the Evacuation Creek member into the Parachute Creek
member, recharging the middle (leached) zone. Piezometric data of
Figure IV-9 support this conclusion (4).

5.  Summary of Aquifer Characteristics

Table IV-6 from Reference (4) summarizes aquifer characteristics.
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Table IV-6.

Physicat character

Sand, gravel, and clay partly il
major valleys as much as 140
feel, goneraliy Iess than haif s
mile wade  [eds of clay may be
as thick as 70 frel, penecally
thickest near the contet of valieys,
Sand and pravel contan stungers
of ciay near mouths of small
thbutanes to major streams.,

Intertongainng and gradational beys
of sandstans, silistons. snd marl.
stune, Lant sns pyrachaendic t ks
and 8 few conglomerate tensrs,
Farms surtace 1ock over most of
the srea thins apnrraably west.
ward

System | Series Geologe unit "’::::;“
- F o4
i |5
- H % Alluvium 0-140
il
i
Evacuation Creek
Member 0-1.2%
Parachute Creek
. Member 500-1.800
9
H
3
¥
- Tt A S
g IS
i 3 Garden Gulch
] L] arden Gulcl .
= “ Member 0-900
Douglas Creek
Member 0-800
Anvit Points
Member o-1.870
Wasatch Formation | 300-5,000

Kerapena eous datanitic maristone
ot whuate] and Chale, cantanas than
pyroitantie besls, fractured to
depths of ot least 1 ROO feet
Abundant saline ininerals n
dreper part of the basin The
menber can be divided nto
thice rones —luph resintivity,
fow ressstivity of feached, and
Manopany toldest to youngest),
witch can be correlaied through-
out basin by use of geophysicatl
logs.

Pagery and tiaky maristone and
stiale, contauns same Heds of od
shate snd, locally, thun beds of
sandsione.

Sandstone. shale, and himestane;
contains cohtes and ostracods.

Shale, sandstane. and maristone
grade wathin a3 shart dietance
westward into the Dougtas Creek,
Garden Gulch, and fower part of
the Patachute Creck Member
Beds of sandsione are fine
gramed.

Ciay, shale, lenticutar sandstone,
locally, beds of conglomerale
snd bmestone. Beds of clay and
shale are the main constituents
of the formation. Contains
sypsum.

Water wabity

Near the headwalers of the maor
streams, dissolved-sohds cone
centrations range fram 250 to
700 mg/t. Domunant 1ons in the
water are geneddlly calcium,
magnesium, and bicarbonate, In
mast of the arca. dissolved sohds
tanps ttom 700 to as much as
25000 mg /'l Above 3.000 mg/i
the donunani sons sre sodium
and bicarbonate.

Water ranges from 250 to 1,800
mg/i dissolved sohds.

Water s3tges in dissolvrid-sohds
content bom 290 1o alicut b1.000
mel Below 500 mp 1 Caloum
1the gonnnanl catton. abave
$00 mp /), sodium s generatly
dommant  fuarbonate 1s pen.
eraify the donunant anion regard.
iess of concentration  Fluonde
tanges feom 0.0 to 54 mg/1,

. One water analysis iadicates ths.

solved-sohids concentiation of
12.000 mgr

The tew andlyses avarlable indicate
1hat dissolved-sohids content
eanges lrom LOU0 o 12.0UN g/l
Donunant tons are sodium and
bicarbonaste. or sodium and
«hlorste.

The prncipsl ions in the wales are
generally magnestum and sul-
fate The disscived-sohds con.
tent ranges trom sbout 1,200 to
1.800 mg/i.

Gypsum contributes sultate to both
surface-water and ground-water
supphes.

SUMMARY OF GEOLOGIC UNITS AND THEIR WATER-BEARING CHARACTERISTICS

Hytrologie charscler

Watet 15 under arlesaan pressure where sand
and gravel are overlain by beds of clay
Repnrted vieids a5 much as 1,500 gpm
Well yiokds will decrease with hine because
vallrys are narrow and the valley wallg
act as relabively imperaieabie boundaies
Tranamsnawvity tanges bom 20000 to
150.000 pod per 1t The stoiage coethaient
averapes D 20

Beds of sundstone are pradaounantly ting
gramed and bave low primeatiity Water
maves pramanty thiongh ftactuies The
wart ol Uie member fuglha e valley
floors is mostly diained  Reported 10
yinid as munch as 100 ppm wircts tested
0w the noith-reatral past of the hasn
Member has not been thoroughly tested,
and Intger yirlds pray he possibie

High tesintivity 2oae and Mahogany rone
Me rebatively unpermealds  The feachied
yone fnnddie vty contans, water in
solutian oprminges and s umter suthoent
attean pressure 10 cause flowing weils
Transnussivily ranpes tram less than
3.000 pod per 10 the marpns ol the hasin
1o 20.000 gpd oer 11 in the Centar of the
basin, Esumated yieids as much as
1.0U0 gomr.  Tolal waler in storage in
teached zonn 2 5 imillton acre-teet. or mose

Retalively impermeable and probadbly con.

tans few fractures  Peevents downward
movement of water i the Parachute

ang Roan Creeks dr3nages. $PHings a9 1

tound along contact with overlying rochs
Nol known 10 yield water to wells

Reiatively law permeabihily and probably
title fracturcd. Mammum yleld s un.
known, but probably fess than 50 gom

Sandstane beds have fow permeabhity. A
few wells tapping sandstons beds yield
jess than 10 gom. Springs 1ssuing trom
fractures yieid as much ss 100 gpm

Beds of clay snd shale are relatively imper-
meable. Beds of sandstone are pootly
permeable. Notl known to yieid water to
wells,
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CHAPTER V

THE BIOSPHERE: BIOTA AND ENVIROMENT




A. INTRODUCTION

This chapter concerns the indigenous and exotic flora and fauna,
whether occurring naturally, as a result of domestication, seeding or
transplanting, or feral escapees, and their abundance, importance, and
ecological relationships with the environment. The area under considera-
tion, in Townships 1 and 2 South, Ranges 99, 100, and 101 West in Rio
Blanco County, Colorado, will hereafter be referred to either as ''the
area' or ''the project area."

B. FLORA (DOMESTIC AND NATIVE)

1. Check-Lists and Plant Materials Guides

Preston and Hale (1) of the Soil Conservation Service have prepared
a "List of Plants Existing in Rio Blanco County, Colorado.'" The list was
prepared to substantiate the occurrence of the plants in the county when
cases of allergies, poisoning, and other harmful effects are believed due
to certain suspected plants. Seven categories of plants are used and

the number of entries (mostly species) are as follows:

TABLE V-1. Summary of plant entries by categories, Rio Blanco County,

Colorado.
Category Number of entries

I Crop, Gardens, Weeds 145
I1 Forbs (broadleaved herbs) 197
ITI Native Grasses 95
IV Introduced Grasses 18
V Native grass-like plants 24
VI Woody plants (trees, shrubs) 165
VII Miscellaneous (cacti, parasites) 15

This 1list serves as a guide to species which potentially may be present
and which may have some adverse effects or otherwise upon people. The

list is reproduced in Appendix V-1.



A partial check-list of plant species which occur in the experimentally
grazed pastures at the Little Hills Experiment Station close to the
project area on the Dry Fork of Piceance Creek is believed to be more
representative of the native rangeland vegetation found in the general
vicinity of the area (2). This check-1list includes four trees, 23
shrubs, 86 forbs, and 20 grass or sedge species, a total of 133 species.
It is reproduced in the Appendix V-2.

A useful listing of recommended species and planting practices is
contained in "Climatic Zone Planting Guide for Critical Areas,...Industrial
Sites," prepared by the Soil Conservation Service (3). Climatic zones
based on elevation, precipitation, and temperatures in Rio Blanco County
are delimited on a map. Douglas Creek bottomlands and lower slopes are
in Zone 2; the upper slopes, except for the crest of the Cathedral
Bluffs, and intermediate slopes of Yellow Creek are in Zone VII. The
upper slopes of Yellow Creek except the elevated crests of the Cathedral
Bluffs are in Zone IV, while the crests are in Zone VIII. For further
details about physical features affecting planting and specific grass,
legume, and woody plants adapted to each zone with background information
on planting equipment and practices, see the climatic zone planting guide
and map eproduced in Appendix V-3.

Merkle, D., et al. (4) have tested introduced and native species
and their adaptation, utility, and production for range improvement
purposes in the Meeker and Rifle area. McGinnies et al. (5) have also
tested species' adaptability state-wide including observations on several
foothill loam sites rather similar to those prevailing on the project
area. Hull et al. (6) have summarized recommendations for improving

sagebrush ranges and include recommendations for three elevational



zones in western Colorado. Their recommendations cover methods of
controlling or removing sagebrush and species and methods for reseeding.
Hervey (7) reported seeding and planting trials for improving game
ranges using browse plants. He included tests at the Little Hills
Experiment Station. Other work on restoring browse ranges using
transplants has been reported by McKean and Bartmann (8) at Little Hills.

Research in Utah on foothill and lower mountain ranges similar to
those found on the project area provide the bases for several range and
habitat improvement or restoration recommendations and practices.

Cook et al. (9) provide useful guides for seeding roadsides and
construction sites to stabilize and revegetate them esthetically. They
specify certain topsoil quality guides including the maximum-minimum
proportion of different soil fractions, and acceptable chemical properties,
available moisture capacity, and organic matter content. They caution
that '"fertile top soil added to roadway cuts and fills can be as
important to obtaining a stand of grass as it is to establishing lawns
around new homes where subsoils are frequently used for fill material.”
Specific guidelines are offered regarding fertilizers, seeding methods,
seeding equipment, rate and season of seeding, grass and legume species,
use of natural or fabricated mulches, weed control, and maintenance.
Such recommendations are believed applicable with adaptations based on
local experience for stabilizing roadways and construction sites in the
project area.

Plummer et al. (10) offer recommendations for restoring big game
ranges based on over a decade of research. In Utah as in western
Colorado, big-game winter ranges are most critical in maintaining

thriving herds and usually they are in most need of restoration. In



Utah they have observed that the following types of winter ranges offer
thc best opportunities for improvement for gamec and livestock in order

of decreasing importance: juniper-pinyon, mt. brush, cheatgrass and
annuals, big sagebrush, greasewood, blackbrush, and shadscale. They
further observe: "Burned areas within any of these types provide
exceptionally favorable areas for treatment and should be seeded within
the year of the fire.' They provide ten cardinal principles generally
applicable to the successful restoration of game ranges. Guides for
seeding specific types of game ranges include recommendations concerning
removal of competition, planting season, planting procedures, and adapted
species and mixtures. Of special significance is the fact that guidelines
are included for restoring pinyon-juniper, mountain brush, big sagebrush,
aspen and conifer, greasewood, and shadscale types, which collectively
comprise all of the vegetation types found on the project area.

2. Rangeland Vegetation

Virtually all of the land in the project area is rangeland and
suitable for grazing by domestic and wild animals. Most of the area is
in public ownership and administered by the Bureau of Land Management.
This bureau divides its lands into planning units and the area under
consideration is about equally divided into an eastern portion in the
Yellow Creek Planning Unit and a western portion in the Douglas Creek
Planning Unit. The Cathedral Bluffs divides these lands into their
respective planning units. Refer to the Grazing Administration overlay,
Fig. V-1, for the location of planning units and their boundaries.

Material for range vegetation types, condition and trend, grazing
administration, and facilities or improvements on the range come from
the comprehensive planning unit reports (11, 12) in the files of the
Bureau of Land Managemenz and is augmented by resource overlays.
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a. Vegetation types. -- Native vegetation in the project area
consists principally of three extensive types or plant communities:
sagebrush, northern or cold-desert scrublands of alluvial bottomlands
and deep-soiled areas; pinyon pine-juniper woodlands of the shallower
soiled hills and uplands; and a mixed mountain-shrub type on rocky
slopes and ridges intermixed but mostly on elevated plateaus and slopes
above the woodland type in the area. Lesser acreages of greasewood
occur on saline bottomlands along streams with a high water-table, e.g.,
along lower Douglas Creek; and several aspen or cottonwood groves or
stringer types occur where seeps, springs or live streams provide
moist sites essential for their growth. Smaller areas of grassland
and conifers occur in the Planning Units but are mostly outside the
project area. The entire Yellow Creek Planning Unit shows the
following vegetation pattern, similar but not identical to that portion
within the project area. Refer to Fig. V-2 for a composite picture of
vegetation types in the area. Note that all of the shrub types are

consolidated.

Table V-2. Acreages of Vegetation Types in Yellow Creek Planning Unit (11)

Broad Vegetative Type Acres Common Species*

Mixed shrubs** 207,091 Big sagebrush, Black greasewocod,
serviceberry, Mt. Mahogany,
Gambel oak

Pinyon-Juniper 206,507 Pinyon pine, Utah juniper,
serviceberry, Mt. mahogany

Conifer 4,007 Douglas fir

Broadleaf trees 10,192 snowberry, chokecherry, aspen

Grass 2,178 Junegrass, western wheatgrass,
needlegrasses

Barren 1,156

* Scientific names of plants are found in the appendix
** Sagebrush, mt. shrub, saltbush, greasewood types consolidated




A dot-grid estimate of the proportions (lacking precise acreage
figures) of the various types is 62 percent pinyon-juniper, 37 percent
mixed shrubs, 1 percent broadleaf trees (mostly aspen), and a trace
(less than 1 percent) barren. A '"Land Use and Cover Types' map dated
1954 by the Soil Conservation Service prepared for the Conservation Needs
Inventory, on file in S.C.S. work-unit office, Meeker, Colorado, shows
a small acreage of grassland (including half shrub mixtures), no Aspen
but some ''commercial timber species' (probably a mixture of Aspen -
Conifers), and two small tracts of irrigated land. Prevailing cover
types are woodland, brush, and sagebrush. (See Fig. V-2a.)

b. Individual species. -- Native grasses of major importance in
the area are: western wheatgrass, thickspike wheatgrass, beardless and
bearded bluebunch wheatgrasses, basin wild-rye, Indian ricegrass and
Sandberg's bluegrass. Escaped exotic species of importance are cheat-
grass brome and Kentucky bluegrass.

Introduced grasses that may be seeded for range improvement
purposes in the area are: crested wheatgrass, desert wheatgrass,
siberian wheatgrass, intermediate wheatgrass, pubescent wheatgrass, Amur
wheatgrass, and smooth bromegrass. Several of the native grasses,
notably western wheatgrass, beardless bluebunch wheatgrass, and Indian
ricegrass are also seeded. Haylands are commonly seeded to Alfalfa
and/or to timothy, smooth bromegrass, and redtop. Red and alsike
clovers may be seeded as legumes with the grass hay or irrigated pasture
mixtures.

Shrubs which provide forage and cover for domestic and big-game
animals of the area are: big sagebrush, black sagebrush, antelope
bitterbrush, mt. mahogany, rubber and lanceleaf rabbit brushes,
shadscale, winterfat, serviceberry, chokecherry, and snowberry.

8
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Trees which provide cover and some forage are: Aspen, narrowleaf
cottonwood, willows, pinyon pine, Utah and Rocky Mt. junipers, choke-
cherry, and Douglas fir. Utah juniper is used for fence post material.
Pinyon pine is good quality fireplace wood.

A variety of forbs occur in the area. Some have forage value;
some, esthetic value, while a few are poisonous to animals including
man. Among the more showy forbs which are poisonous to certain animals
are lupines, larkspurs, and death camas. Other esthetic species in the
area include: Asters, penstemons (foxglove), skyrocket gilia, mariposa
1lily, paintbrushes, and Colorado columbine, state flower protected by
law against picking. Refer to the Little Hills Experiment Station check
list of plans (Appendix V-2) for a partial 1list of plants on the area.

c. Vegetation inventories.-- Range surveys were completed on the
Douglas Creek planning unit in 1939 and for the Yellow Creek unit in
1941. The vegetation types and acreages are approximately the same
today except for a few areas where range-improvement work has manipulated
vegetation by cabling, spraying and/or seeding. Although the inventory
information is inadequate today due to changes in ''density," composition,
and grazing capacity the range allotments have become established,
grazing privileges adjudicated and there are no plans for another
forage inventory.

3. Rangeland Use and Grazing Administration

a. Grazing allotments. -- Refer to the grazing adminstration
overlays, Fig. V-1, for location of grazing allotments in the project
area.

Of seventeen allotments in the whole of the Yellow Creek Planning

Unit, three (Dry Duck Creek, Boxelder, and Reagle) are almost wholly in
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in the project area and four others (Barcus-Pinto, Indian Springs, Spring
Creek, and the Square 'S'") have some portion of their allotment acreage
in the project area. The project area in the Yellow Creek drainage is
about one-fifth of the area of the entire Yellow Creek Resource Unit.

All allotments in the project area on the Yellow Creek side are
grazed by cattle. For a summary of pertinent grazing information
showing acreages grazed, qualifications, season of use, and animal unit

months of grazing for the entire area of each allotment, whether wholly

or partially in the project area, see Table V-3. It should be noted that
only about one-fifth of these allotment acreages and animal unit months,
roughly extrapolated, are in the project area. Season of use varies
chiefly by elevation; areas at lower elevation are grazed during spring-
fall and winter; those at higher elevations are grazed during the

summer.

Table V-3. Summary of Yellow Creek Resource-Planning Unit Allotments
in the Project Area (11).

No. Acres Qualif- Season

Allotment No. Fed. State Pvt. ications Use AUM's
Barcus-Pinto 7 33,670 1,069 2,054 Sp,Su,F 1,587
Boxelder 13 26,297 2,000 2,010 1,074 Su,F 2,193
Indian Spgs. 8 11,357 2,207 868 Sp.Su,FW 537
Spring Cr. 11 38,763 3,049 4,567 Sp,Su,F 2,365
Dry Duck Cr. 12 10,476 490 959 622 Sp,Su,F 1,252
Reagle 15 23,775 370 2,440 1,266 Sp,Su,FW 2,501
Square "'S" 14 69,829 9,864 12,273 3,330 Sp,Su,FW 10,049

The Douglas Creek unit within the project area is grazed by both
sheep and cattle. Refer to the Grazing Administration overlay (Fig.
V-1) for the location of each allotment. One sheep allotment, ''Hogan
Draw,'" runs sheep in the northern portion of Township 1S, Range 101W,

during winter which allotment is undivided from the Rocky Ford allotment.
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All of the other allotments in the southern portion of that township and
those in the one to the south graze in common except for Water Canyon and
Texas Creek. Details are contained in the following table.

Table V-4. Summary of Grazing Data for Allotments of Douglas Creek
Planning Unit in the project area (12).

Allotment Name, Qualifications Kind of Season
No., Name of in Allotment Stock of Use Comments
Operator AUM's

7 Hogan Draw

Halandras 2310 Sheep W Both allotments
(6-Rocky Ford) used at same time
8 Philadelphia Dr. Cattle W,Sp, Common use in

Brady Su,F E.Douglas Cr.

15 Bull Draw " Allotment use
area not yet
established

25 E.Douglas Cr. "
Lowell Brady

Douglas Brady 1492 "
9 Water Canyon 3360 " W,Sp
17 Texas Cr.

Kirby 3030 " W,Sp

C. F. Steele 52 "

3082

18 Tommys Dr. - See #25 East Douglas Cr. (common use with it)

Brady

b. Grazing systems. -- Allotment management plans are developed

for each unit. Ranges are generally fenced or combine fencing with
natural barriers and some riding to hold stock on seasonal range units.
Many of the ranges in Yellow Creek are subdivided into spring, summer,
and fall units. Plans for the Reagle and Square '"S'" allotments suggest
that a deferred-rotation grazing system is employed wherever feasible.
The Reagle allotment grazes three seasonal spring, summer and fall

pastures in rotation. After three years under the plan the fall unit
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is grazed in spring and the spring unit in the fall, thus giving the
early grazed pastures a complete rest every few years until the end

of the growing season to restore vigor and production. Some increase
in plant cover by natural revegetation, either from reseeding or
vegetative spread, may be expected from this practice. The Square "S"
allotment uses a six-pasture deferred-rotation grazing system switching
use of spring and fall units every fourth year.

No improved grazing management system is evident in discussions
about the allotments in the Douglas Creek Planning Unit. The common
grazing of areas by several permitees and lack of much fencing would
seem to work against any deferred-rotation or other improved system.

c. Artificial range improvement. -- Three acreages of sagebrush
or mixed brush are shown on the range improvement overlays (Fig. V-3) as
having been sprayed for brush control in June, 1960, with excellent
results. Two units total 550 acres and whether the third area is a
part of the same project is uncertain at this date. The use of 2,4-D
herbicide spray kills or suppresses most of the susceptible broadleaved
plants which are growing vigorously and releases moisture and nutrients
which usually permit the grasses and resistant species to respond with
increases in height, production and cover. No such range improvement
programs are shown on the Douglas Creek side in the project area.

d. Management facilities. -- The Range Improvement overlay
(Fig. V-3) shows that there were 32 miles of fence, 14 developed springs,
one developed reservoir, one windmill and one well on the Yellow Creek
portion of the project area. On the Douglas Creek side there were 8
miles of fence, one reservoir, one well, and several check dams, the
latter for erosion control purposes but might serve to augment stock

water supplies occasionally.
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e. Livestock water. -- As noted under Management Facilities there
is considerable water development on the Yellow Creek side. Most of these
are spring developments which have limited capacity. More wells and
rubber aprons are needed to accomplish fuller and more uniform use of
the range but they are costly unless they can be coupled with pipelines
to service more area or units. Water developments are much more limited
on the Douglas Creek side and livestock and game animals appear to be
dependent to a large extent upon intermittent streamflow augmented by a
limited number of developed waters, only one reservoir and one well are
shown in the project area.

f. Range condition and trend. -- Range condition was mapped
several years ago for the two units using an earlier Deming two-step
methed (13). On that basis, B.L.M. estimates for the whole Yellow
Creek unit show 10 percent of the public domain land in good, 69
percent in fair, 19 percent in poor and 2 percent in ''bad" condition.
The mapped areas in different condition classes on the project area
(see Fig. V-1) show that most areas are in fair condition with lesser
acreages in poor and good condition. The majority of the project area
in the Douglas Creek unit is in poor condition with lesser acreage in
fair and a small area along the road, creek and pipelines in ''bad"
condition. Trend in condition for the Douglas Creek ranges was judged
to be mostly stationary.

4, Rare, Endangered, and Sensitive Species

Intensive collections of the flora have not been made in the
project area to give a more definitive picture. Recently Mr. Bert
Baker (pers. comm., Nov., 1971) of the Colorado Game, Fish and Parks

Department made a collection of Ceanothus martinii in the project area,
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which species of deerbrush is known to occur sparingly in Utah but had
never previously been known to occur in Colorado. Dr. Wm. Klein, curator
of Colorado State University herbarium, responded to inquiry about rare
and endangered species that there are many edaphic endemisms, rare
species or ecotypes associated with peculiar soil types or geological
formations, in western Colorado but that collections have not been made
for much of that region.

Aside from the new record for the deerbrush, manzanita, which is
highly prized for its decorative and novelty wood, occurs in isolated
colonies in the area and spottedly elsewhere in extreme western Colorado.
This esthetic shrub might be exposed to decimation by the development of
new roads in the area and it should be protected from cutting by regulation
on public lands. Similarly, the Colorado columbine should be protected
from flower picking and Rocky Mt. juniper, Douglas fir and Aspen,
valued for novelty wood, esthetics, and Christmas trees, respectively,
should be protected from the cutting of live trees to preserve their
contribution to the natural beauty of the area.

Potentially much greater danger and impact on the environment of
the area will be the baring of soil surfaces and removal of topsoil
in constructing roads and establishment of industrial and residential
installations. Once a soil surface has been bared it may require a
decade or a quarter of a century or longer for nature to restore some
semblance of stability by natural plant succession, providing some
topsoil remains intact. In the absence of any topsoil it may take a
century or longer for nature to heal the scars if it ever can, hence
the importance of regulations to preserve a natural cover wherever

possible and to require restoration of all disturbed sites. Restoration
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measures which rely upon nature in that area usually result in a natural
succession of Russian thistles and cheatgrass communities, which are
unsightly and constitute fire hazards, before native perennial vegetation
dominates the cover and stabilizes the site. Of special concern in this
regard is the fact that there are no known economically feasible methods
of restoring perennial vegetation on south-facing slopes, slopes greater
than the normal angle of repose for the soil or geological material, nor
for restoring cover on heavy clay or silt loam soils of a saline nature.
5. Sites

Almost all of the project area is non-cropland and such land in
natural vegetative cover is classed as range or timberland. ''Sites" or
distinct types of land that have differing potentials for producing
certain kinds and amounts of vegetation, e.g., range forage, timber,
etc., are commonly used to describe rangelands and timberlands. The
inherent productive capacity of such lands depends upon the interaction
of all environmental factors, but more particularly upon soil and climate,
impinging upon a site. The ultimate expression of that combination of
interacting environmental forces peculiar to a particular site is the
characteristic natural plant community potentially found on that site
when in 2an undisturbed state.

Range-analysis surveys or studies map the location of distinct
sites and evaluate range conditions as excellent, good, fair, poor, etc.,
according to how closely the kind and amount of vegetation approaches the
potential or inherent productive capacity of each site.

Soil units 3 and 5 (mapped as soil associations "A", "B", and "E",
and '"D", respectively, in Fig. III-1) which constitute about 90 percent

of the project area are grouped as '"foothill sites.'" Within these soil
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mapping units are found the following major range sites: Salt Flats,
Shallow Foothills, Clayey Foothills, Rocky Foothills, Rolling Loam,
Deep Loam, Loamy Slopes, and Mt. Loam (14).

Only broad relationships concerning sites, prevailing vegetation
types, range condition, stocking, and need for management are noted in
the White River Basin Water and Related Land Resources report (14), as
follows:

"The general aspect of rangelands is brush with an understory of
interspersed grasses. Big sagebrush is the distinguishing vegeta-
tion. Oakbrush is characteristic on some of the soils and elevation
zones. Serviceberry, mt. mahogany, and snowberry are other brush
types. Pinon pine and Utah juniper dominate the Shallow and Rocky
Foothill sites. Salt flats contain greasewood but it is limited to
conditions caused by high water table. Grass understory consists

of western wheatgrass, Indian ricegrass, native bluegrass, and
Junegrass. These grasses have decreased under heavy use and brush
has increased.”

"Productivity varies by individual range sites. Generally 10 to

20 acres are required per animal unit month of grazing. Average
range condition is fair. With application of good range management
practices, the range condition could be raised to good condition
and forage yields increased. Grazing management would include
proper distribution of livestock aided by location of water
developments, trails, fences, and salting grounds. Many of these
ranges are low in grass forage and high in sagebrush so sagebrush
control of adapted areas would improve range condition and forage
yield."

"Utah Juniper trees are prevalent in soil...units 3 and 5. Trees
have invaded the grazing area and reduced forage production in
certain areas. Removal of trees by chaining or other methods would
improve forage production on areas of deeper soils. In other
places the trees are a natural plant community and are described

as a woodland type. These areas should be managed for production
of wood products such as fence posts and firewood. Woodland areas
also provide excellent protection for wintering livestock."

"In soil...unit 8 (mapped as oil association 'C" in Fig. III-1),
the Cathedral Bluffs are the most predominant feature...Range
sites include shallow loam and mountain loam. Grazing management
is in conjunction with (soil) units 3, 5, and 7 (7 not in the
project area)."

There is a small undetermined acreage of phreatophytes in the

project area. Greasewood and cottonwoods are classed as phreatophytes

in that they obtain their water supply from the zone of saturation.
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Review of site analysis work indicates that the only detailed site
analyses made in the area were prepared for the Colorado Game, Fish and
Parks Department and cover their state lands and the surrounding allotment
of the Square '"S'" Ranch. A copy of the site map together with site
analyses data are on file in the Soil Conservation work-unit office in
Meeker, Colorado.

No forage or herbage production figures were found for any of the
sites on the project area. This information would be necessary to
define the potential production for major sites in the project area in
considering site or habitat restoration standards or goals. Some
helpful guides to range sites, vegetation, expected annual herbage
yields by site and condition classes, and initial stocking rates are
contained in the Technical Supplement to 'Water and Related Land
Resources, The White River Basin" report (14a). Limited yield information
is available for one pinyon-juniper site at the Little Hills Experiment
Station. Colorado Division of Game, Fish and Parks has two fenced range
study plots immediately adjacent to the project area, one on the Square
"S" Ranch and one in Douglas Creek, which could be used for site production
potential studies; but, unfortunately, no data have been recorded since
the year of installation in the 1950's.

C. WILDLIFE

Most of the material in this section about animals and populations
comes from Colorado Division of Game, Fish and Parks reports (15) for
unit 22 or from small-game management unit 8 which is much more extensive
in area covered. The Douglas Creek portion of the project area is in
wildlife management unit number 21 for which there is no comprehensive

report and little specific information. This unit (21) is generally
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characterized by department officers as similar to unit 22. Some
material concerning wildlife distributions and impacts is taken from
B.L.M. resource analysis reports concerning the Yellow Creek and
Douglas Creek planning units (11, 12). The six townships in the project
area being inventoried are but a small fraction of these two planning
units. Except for the game distribution overlays (Fig. V-4), data do
not come specifically just from the project area. Similarly, the
Yellow Creek part of the area comprises but a small part of Wildlife
Management unit, 22 known as the Piceance Creek unit.

1. Big-Game Animals

a. Mule deer. -- The most abundant game animal in the project
area is the Rocky Mt. mule deer. The Piceance Creek - White River
herd is believed to be one of the largest deer herds in North America.
Carhart (16) estimated that the herd numbered 20,000 animals in 1943
and characterized it as ''the most important flock of wild livestock
in Colorado." Some estimates in more recent years have reached
100,000 (16a) but no precise figures exist. The herd summers on the
higher elevations of the project area and on Roan and White River
Plateaus and winters in the Piceance, Yellow Creek, Douglas Creek, and
White River drainages.

The overlay (Fig. V-4) shows that most of the Yellow Creek area is
transitional with some of it grazed in spring and summer while lower
lying areas are fall-winter ranges. On the Douglas Creek side all of
the project area is considered winter range; however, it is likely in
either area that there is a monthly and yearly variation from this
pattern with seasonal boundaries being higher or lower according to the

prevailing weather conditions.
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The wildlife management unit 22 report (15) shows that road-
counts of deer along Piceance Creek in spring have varied from a low
of 2,153 in 1966 to a high of 9,876 in 1947 and was at the intermediate
level of 4,626 in 1970. W. T. McKean in a personal communication to
Schiager (17), noted that aerial counts made during the winter of 1968
estimated 52 deer per square mile on Yellow Creek. Colorado Game, Fish
and Parks Dept. estimated 5,720 persons hunted in 1968 and killed 5,512
animals in unit 22. Records (18; see Table V-5) show that 53,137 deer
were killed in game management unit 22 and 35,783 deer were killed in
game management unit 21 during the period 1959-1968, averaging 5,314
and 3,578 per year, respectively, based upon hunter-returned card
records. The Douglas Creek game unit ranks fourth in the state in
terms of deer harvested with Piceance first and Grand Mesa and Roan
Creek second and third, respectively. Yellow Creek planning unit is a
part of the Piceance Creek drainage and wildlife management unit 22.

The Yellow Creek and Douglas Creek watersheds provide favorable
habitat conditions for mule deer. There is excellent interspersion,
variety, and close proximity of suitable exposures, cover types,
forage and browse, and water. The dominant shrubs are available most
winters and are nutritious when present in mixtures. Trees may serve
for cover and also for temporary sources of nutrition in emergencies
even though inadequate in quality.

b. Predators. -- Mt. lions occur in limited numbers and naturally
prey upon deer and occasionally upon livestock. Coyotes occur throughout
the project area and although trapped or poisoned by a federal trapper
stationed in Rangely, considerable losses of sheep occur and occasionally

calves are reported lost. The Douglas Creek planning unit report notes
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Table V-5. FIFTEEN GAME MANAGEMENT UNITS WITH THE HIGHEST TOTAL DEER

HARVEST - TEN-YEAR PERIOD - 1959-68

Unit Number Name Harvest Rank
22 Piceance 57,137 1
42 Grand Mesa 45,078 2
31 Roan Creek 39,061 3
21 Douglas Creek 35,783 4
62 East Uncompahgre 34,548 5
32 Parachute 32,677 6
ii Strawberry 28,913 7
44 Brush Creek 27,638 8
33 Rifle 27,087 9
23 Miller Creek 26,245 10
40 Glade Park 25,641 11
70 San Miguel 24,880 12
43 Roaring Fork 24,875 13
71 Dolores 21,907 14
78 San Juan 21,183 15
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that it is estimated that over 1000 sheep are lost to such predation
annually. Some bobcats are reported in the area. Black bear occur at
higher elevations on summer range and may stray onto the area grazed by
sheep as periodically some control of bear is necessary when they prey
on sheep on summer ranges.

c. Other big-game animals. -- No exact data on populations of
other large game and predator animals are available. The fact that 70
elk, 9 bear, and 9 mt. lions were reported killed during 1965-1969 in
unit 22 suggests that such small populations probably have a minor
impact except for local browsing and predation.

Some beaver are reported on Douglas Creek; most are above the
project area but a few have been transplanted on the lower drainage
where it may aid in reducing erosion.

A small herd of elk is believed present seasonally on the Douglas
Creek side.

2. Small Game

Cottontail rabbits (5), white-tailed jackrabbits, snowshoe hare
and pine squirrel occur rather abundantly in the Yellow Creek area.
Game Dept. personnel estimate that there may be as many as 150-200
cottontails per square mile in the Piceance drainage. Small game
management reports by the Colorado Division of Game, Fish and Parks
estimate that in 1968 1,984 persons killed 24,813 rabbits in Small Game
Management unit 8, which is three times the size of wildlife management
unit 22 and suggests that such figures may be converted by one-third
as estimates for Piceance Creek.

Sage grouse, transplanted chukar partridge, blue grouse,

mourning doves and band-tailed pigeons occur in the area but are not
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abundant. Colorado Division of Game, Fish and Parks estimates that
there are 300 ducks in residence in winter and 1000 in spring, summer
and fall in Piceance drainage. One estimate (17) is 17 ducks per lineal
mile of stream during summer in the drainage. Some 27 species of
waterfowl and shore-birds are known to be present in the area. Effect
of waterfowl is believed nominal on the local economy; only 64 hunters
killed an estimated 571 ducks in 1969 according to one report (17).

3. Non-Game Animals

a. Mammals. -- Other mammals found in the area are: moles, shrews,
bats, hares and rabbits, rodents, carnivores, and even-toed hoofed
mammals (wild horses). One game and fish report (18) lists 26 species
of furbearers and non-game mammals but it is believed that the list is
incomplete.

The impact of small mammals upon native and seeded vegetation and
on other dependent organisms is not known but could be considerable.
Extensive prairie dog poisoning has reduced the population in places
to low levels. One extensive prairie dog town is shown on Douglas
Creek on the wildlife overlay. Rabbit populations periodically peak
to high levels necessitating some control measures. Furriers in,
Denver paid a small price for pelts around 1960 when rabbits in the
Meeker and adjacent areas were abundant. Craig Fur and Hide Co.,
Craig, Colorado, is said to still be purchasing rabbit carcasses
(pers. comm. J. W. Hale, Nov., 1971). Wild horses occur in the
project area. Their legal status and ecological impacts are uncertain.
Likely, however, they contribute to some seasonal deficiencies in

quantity of forage and range conditions.
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b. Birds. -- Game unit 22 is known to have a good diversity of
non-game bird species. Some 225 non-game species including 24 raptors
are listed as occurring.

c. Fish. -- Sport fishing in the Yellow and Douglas Creeks is
unimportant. The predominant fish are believed to be the mt. sucker
and speckled dace. Reports (12, 15, 17) indicate that rainbow trout
have been stocked by the Colorado Division of Game, Fish and Parks in
several areas among which are Stake Springs on Yellow Creek, Ryan
Ponds on Ryan Creek and in beaver ponds on Douglas Creek.

A list of animals known to occur in the Piceance Creek drainage is
shown in Appendix V-4.

4. Rare, Endangered, and Sensitive Species

The golden and bald eagles winter in the area. The bald eagle
is now classed as an endangered species. Prairie falcon is considered
a rare species. The greater sandhill crane, an endangered species, is
listed as a migrant in wildlife management unit 22, a part of which is
in the project area.

Chukar (partridge) which was planted in the area may be sensitive
but little is known of the fate of the colony listed on Douglas Creek.
There are still a few prairie dog towns in the area and the

blackfooted ferret, a rare and endangered species, is dependent upon
such habitats. Whether any ferrets occur in the area, however, is not
known.

Dr. Richards of Western State College, Gunnison, Colorado (pers.
comm., Nov., 1971), has reported that ringtail (cats) occur in limited
numbers near Douglas Creek. This species is rather scarce in western
Colorado and needs protection although nationally it is neither rare

nor endangered.
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A strutting ground is shown for sage grouse on the eastern edge of
the project area. Since it is an essential and critical habitat for
satisfactory reproduction such sites should be maintained undisturbed.

Schiager et al. (17) note: "It is possible, although not documented,
that the native cutthroat trout of the Colorado - Green River Basin
(Salmo clarki pleuriticus) may exist with (wildlife management) unit
22. ...This species is considered to be rare and endangered."

5. Habitats

As noted elsewhere in the sections concerning Mule Deer and Food
Habits the project area is primarily deer winter range. The White River -
Piceance Creek deer herd summers at higher elevations on the Roan and
White River Plateaus including some of the higher elevations of the area
around Cathedral Bluffs. A cardinal principle in big-game management is
that the seasonal range that is in shortest supply is the range which
restricts the population of a game species, in this case principally
deer. The fact that the Colorado Game and Fish Commission purchased
the Square '"S'" Ranch in the project area to protect the deer herd and
key winter range (which was strongly advocated by Carhart (16) earlier)
and to study forage requirements and livestock relationships testifies to
the importance of the area as critical deer winter habitat. Moreover,
as clarified in the Food Habits section which follows, the major forage
plants comprising most of deer winter diets (stomach analyses) are
dominants of the major range types in the project area. The intersper-
sion of several shrub and tree communities on these lower foothill
slopes, many of which remain relatively snow-free most winters due to
favorable slope exposures, with adjacent live streams or developed

waters combine to favor the area as key winter range for deer. As

27



suggested by Carhart (16), from observations in the area, the prevalence
of cattle rather than sheep allotments minimizes forage competition with
deer and would appear to better meet multiple use objectives of public
land administering agencies in the area. Some resource scientists (19)
propose the elimination of all sheep from the project area. However,

some 15 years of deer and livestock grazing studies at the Little Hills
Experiment Station leads to the conclusion that both deer and sheep, and
deer and cattle can graze the same experimental pastures without injury to
animals or the range provided stocking of each is kept at a defined
moderate level (2, 23).

Sage grouse occur in 'light" population densities, 1 - 10 birds per
square mile in the project area according to Rogers (20). His studies
indicated that the low density of birds despite extensive acreages of
sagebrush in Rio Blanco County may be due to the interspersion of pinyon-
juniper type of rugged terrain which is inferior habitat compared to
extensive level sagebrush plains with meadows, clover and water adjacent.
The close assocation with the sage grouse population in Colorado with
the big sagebrush type and the apparent dependence upon it seasonally
for its diet and nesting cover suggests that sagebrush habitats are a
critical requirement of this game bird. Certain exposed, snowfree sites
within the type are traditionally used for strutting grounds essential
in reproduction. Any plans for modifying these food, cover and reproduc-
tion sites need to take cognizance of, and make provision for, these
sage grouse habitat requirements.

Chukar partridges were planted in or immediately adjacent to the
project area in the 1950's; one colony is shown on the wildlife overlay

(Fig. V-4) in the northwest corner of the area. An excellent guide to
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Chukar habitat quality is given by Sandfort (21) in a revised rating
sheet devised to help locate suitable transplant sites. Twelve
essential characteristics are rated on a ten-point scale and each is
weighted by the critical importance of the particular characteristic.
The rating sheet was applied to the Little Hills Experiment Station to
note that it was marginal Chukar range due to its high elevation and
lack of sufficient roughness. Reference to the guide and to the
marginal rating for Little Hills makes evident that only the lower
Douglas Creek drainage adjacent to the Cathedral Bluffs or similar low-
elevation, rough terrain would likely rate any higher than Little Hills
and in any case would most likely still be marginal or secondary range.

Critical habitat needs of other game animals are not known in the
area although it seems likely that the combination of rugged terrain and
abundant deer and sheep populations in Douglas Creek favor mt. lionms.
6. Food Habits

a. Deer. -- The following table summarizes earlier work on food
habits of deer in the White River herd from 1938-1941, by Carhart et al.

(22), based upon about ten stomach samples per month.

Season
Species Winter* Spring Summer Fall
Percent by volume
Myrtle boxleaf -- 0.64 2.57 5.89
Creeping hollygrape 0.05 4.64 -- 3.28
Mt. mahoganies 5.50 0.44 2.07 12.85
Bitterbrush 1.38 -- -- 3.48
Pinyon pine 21.41 7.20 -- 6.29
Big sagebrush 37.16 26.49 -- 14.86
Black chokecherry -- 0.34 19.53 1.42
Serviceberry 7.49 20.80 54.16 17.60
Rabbitbrushes 7.69 -- -- 8.63
Junipers 14.02 2.52 -- 2.47
Douglas fir 0.27 3.30 -- 0.34
"Weeds," all species 1.54 9.16 5.63 2.63

29



Season

Species Winter* Spring Summer Fall
Percent by volume
Shadscale 2.07 0.44 -- 1.15
Scrub oak 0.90 3.43 12.57 5.72
Grasses, all species 0.52 12.22 0.38 0.30
Snowberries - 8.38 1.91 0.64
Green jointfir -- -- -~ 2.20
Roses -- - 0.19 2.84
Aspen -- -- 0.84 7.41

*Winter:Dec.-Feb.; Spring:March-May; Summer:June-Aug.; Fall:Sept.-Nov.

These early studies show that both a higher proportion of the deer
diet is browse and the preference is for certain browse species. For
example, deer secured 93 percent of their winter food from 6 browse
species, which comprised only 75 percent of the total forage available.
Similarly, six forage categories or species provided 84 percent of the
spring diet. During summer four species or categories provided 92
percent of the diet. In the fall six browse species again provided 68
percent of deer diets. Only in spring does grass comprise as much as
one-eighth of the diet at which time broadleaved herbs approach a tenth
of the diet.

McKean and Bartmann (2) have just concluded a long-time study of
the forage preferences and the effects of deer, sheep, and cattle
grazing singly and together at different intensities of stocking upon
the vegetation and soil at the Little Hills Experiment Station. The
prevailing cover types are similar to those grazed in winter by deer in
the project area and also grazed by sheep and cattle most commonly in
spring and fall, which seasonal pattern of use was studied in the investi-
gations. Little overlap is shown between deer and cattle and some
overlap between deer and sheep for the forages most preferred by each

kind of animal. These investigators conclude that when each kind of
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animal is stocked at moderate rates as defined in the study cattle or

sheep can be grazed during the spring-fall season and deer in winter
on the same experimental pastures without injuring the range or the
animals.

Unpublished file data (18) collected as a part of the Little Hills
investigations show the volume percentage each species of plants comprise
in the stomachs of all animals which died or were killed in each of the
experimental pastures. These studies show that in all pastures grazed
by deer alone or in combination with cattle or sheep four browse species
(serviceberry, big sagebrush, snowberry, and pinyon pine) comprise 71
percent of the volume of the deer stomach contents. When the data area
analyzed for pastures grazed only by deer these same four browse plants
comprise 69 percent of the diet. It should be noted that these deer
diets are for the winter grazing season. These four species on deer
winter ranges are dominants of the major vegetative types and point up
the reason that the prevailing cover types, i.e., sagebrush, pinyon-
juniper, and mt. shrub communities, are so useful for deer winter ranges.

McKean (23) has published a separate leaflet summarizing experiences
with stocking different kinds and number of animals on Little Hills
experimental ranges and prescribes moderate stocking levels for deer,
cattle and sheep.

b. Sage grouse. -- Food-habit studies (20) include analyses of
114 stomach samples collected in three counties, Jackson, Moffat and
Gunnison, in a two-year period. Of 40 plants included in these samples
big sagebrush, herbaceous sage, and clovers comprised most of the diets.
Big sagebrush was generally the major constituent in the diet during

the cooler months suggesting a greater dependence upon sagebrush for
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food during the periods when snow covered the herbaceous plants or when
they were absent. Forbs and insects comprised a greater proportion of
the diet in summer. Variations among samples from different locations
suggest that meadows and seeded rangelands may affect sage grouse diets
quantitatively and possibly qualitatively. Yearlong studies including
winter as well as summer food habits are essential to ascertain critical

needs of the species for food and cover.
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CHAPTER VI

CLIMATE



A. INTRODUCTION

As part of a reconnaissance and inventory of certain environmental
clements existing in a six township area of Rio Blanco County, Colorado
a short survey was made of the characteristics and controls of the
climate and air quality over the region. This chapter discusses the
major climatic features of the region with emphasis placed on those
characteristics which must be included in planning for development of
mining activities. An analysis of specific climatic elements with
summaries of pertinent data will be forthcoming at a later date.

B. CLIMATIC CONTROLS

The climate of any region is the result of a complex of inter-
actions of a number of factors usually referred to as the major
climatic controls. The latitudinal position, distance from the ocean
or other large moisture sources, elevation and topography are the
primary large scale controls of the climate of the Western slope of
Cclorado.

The latitudinal position of the region determines its solar climate,
i.e., the intensity and duration of solar radiation are identical for
all areas along the same latitude. Due to clouds, water vapor, dust
and turbidity, however, the solar heating will differ greatly at
different points along the same meridian.

Due to marked differences in thermal properties of water and soil,
regions whose climates are influenced by nearby oceans are very much
different from those in interiors of large land masses. The
"continentality" of a region, however, is not a simple function of the
geometric distance from the ocean but includes features such as

direction of prevailing winds, mountain barriers, etc.



Elevation above sea level and the orientation of mountain ranges
are important climatic features of Western Colorado. The blocking
action of the Sierra Nevada range of California and Oregon results in
heavy precipitation along the western slopes of this range with marked
aridity across Nevada, Utah and Western Colorado. Because the air
crossing Rio Blanco County from the west is so low in water vapor
content, precipitation amounts are generally insufficient for good
forest stands below about 9000' msl. Likewise, the Continental Divide
to the east is a very effective barrier of moisture flow from the Gulf
of Mexico.

C. REGIONAL ASPECTS OF CLIMATE

The climate of Rio Blanco County, Colorado is classified as arid
steppe. Comparative uniformity, especially in the valleys, is a
distinct quality of the regional climate. Severe cold fronts are a
rarity due to protection offered by the Continental Divide. Low
pressure areas and storm tracks are usually deflected to the north or
south by these mountains. High pressure areas tend to form over the
western slopes of the Colorado Rockies in winter which results in
moderate temperatures and abundant sunshine. The local climate is
strongly influenced by microclimatic factors (slope, aspect, elevation,
soil type and moisture, vegetation, air drainage).

Over the entire region, because of the normally low relative
humidity, the warm summer days cause little discomfort, and, in mid-
winter, when air temperatures are low, the strong solar radiation and
dry air combine to make a generally pleasant environment for human

activities.



D. ANALYSIS OF CLIMATIC RECORDS

Long term records are virtually non-existent for most climatic
elements for the survey area. Precipitation maximum and minimum
temperatures are currently being recorded at four stations within the
general area. Data was collected at a fifth station for a ten year
period in the early part of this century.

Table VI-1. Climate Stations in the Piceance Area, Rio Blanco
County, Colorado

Station Location Elevation Record Period
Little Hills 40° 00' N 108° 12' W 6200' 1946-
Lost Creek 40° 05' N 107° 25' W 8000 1910-1920
Marvine 40° 00' N 107° 35' W 7200 1936-
Meeker 40° 02' N 107° 54' W 64251 1891-
Rangely 40° 05' N 108° 47' W 5216" 1894-

More complete weather records are available for Grand Junction
(39° 07' N 108° 32' W) and Rifle (39° 32' N 107° 47' W). Unfortunately,
the data from Rifle has not been summarized. Data from Grand Junction
is included in this report when it is believed to be generally representa-
tive of the Piceance Area.
1. Temperature

Temperature statistics for Little Hills, Meeker and Rangely are
given in Tables VI-2 and VI-3.

Surface temperatures within the survey area are strongly influenced
by local topography. The temperatures measured at the three stations in

Tables VI-2 and VI-3 are for a height approximately five feet above the



Table VI-2. Temperatures” at Little Hills, Meeker and Rangely, Colorado (°F)

Mean Maximum Mean Minimum Mean

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

J 38.3 38.1 33.2 5.0 9.5 21.7 23.8 18.4
F 41.8 40.3 39.2 7.8 11.0 24.6 25.7 23.7
M 47.4 46.8 50.3 16.6 19.7 32.0 33.3 35.2
A 59.1 58.6 63.6 24.5 28.0 41.9 43.3 47.4
M 68.8 68.9 74.9 32.3 35.5 50.5 52.2 57.6
J 79.5 80.6 86.5 37.9 41.9 58.7 61.3 67.0
J 86.3 86.4 93.0 44.4 47.6 65.3 67.0 73.6
A 83.4 83.1 89.3 43.7 45.7 63.4 64.4 70.4
S 77.8 77.7 82.9 34.2 36.7 56.0 57.3 62.2
0 65.0 65.2 69.3 23.7 27.8 44.4 46.6 49.6
N 48.8 48.6 49.8 13.7 17.1 31.2 32.9 33.6
D 41.2 39.4 37.0 7.7 10.6 24.4 25.0 22.6
A 61.5 61.1 64.1 24.3 27.6 42.8 44.4 46.8

* Computed for the period 1951-60.



Table VI-3. Temperature Statistics” for Little Hills, Meeker and Rangely, Colorado. Record High and Low °F)

Highest Lowest # Days above 90°/below 32°
Month L. Hills Meeker Rangely L. Hills Meeker Rangely L. Hills* Meeker Rangely

J 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
J 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
0 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

¥ Computed for period 1951-60.
+ Data for Little Hills not available.



surface. Adjacent to the surface, the temperatures will often differ by
as much as 200-30o F between North facing and South facing slopes.
Hillsides exposed to strong solar radiation and high evaporative demand
versus those shaded much of the day by surrounding topographic features
result in marked variations in the geography of plant species across the
region.

2. Precipitation

Precipitation totals over the environmental inventory area are
strongly influenced by the local elevation and terrain. Because of
this, detailed precipitation maps are usually quite unreliable. Rangely,
elevation 5216, with an average annual precipitation of 8.87'" receives
only slightly over half that of Meeker, elevation 6347, Table VI-4. Each
of the three recording stations receives precipitation on the average
only 2-5 days per month with a raininess per rain day of about 0.3".

If one extrapolates linearly, it might be expected that precipitation
above 24" would be restricted to the highest ridges and elevations
above 8000'.

Table VI-5 shows that Meeker receives an average of about 90 inches
of snow per year with measurable snow occurring during eight months of
the year. At an average ratio of 10 inches of snow per one inch water,
it may be assumed that approximately one-half of the annual precipita-
tion at Meeker occurs as snow. Although snow depths may reach two or
three feet occasionally during mid-winter, the total number of days
during which the ground is completely covered is small, particularly in
areas exposed to solar radiation. At higher elevations, snowpack depths

might be expected to exceed six feet each year.



Summer precipitation occurs almost entirely as local thunderstorms.
These storms are often of high intensity with strong gusty winds, but are
usually of short duration. Local flash flodding is not uncommon from
these storms. Severe hail is rare.

Figure VI-1shows a planting guide map of precipitation and

temperature prepared by the Soil Conservation Service.



RIO BLANCO COUNTY

ZUNE I DROUTHY, PPT, <12®, WARM, ELEVATION APPROXIMATELY SLON¢
ZONE V DROUTHY, PPT, <12", MODERATELY WARM, ELEVATION APPROXIMATELY 5LOO' to 600"

ZUNE 1T SEMI.DROUTHY, PPT, 12 to 15", MOD. WaRM, ELEVATION APP«OK. SLOO to 6L0O!
ZUNE VII SEMI-DROUTHY, PPT. 12 to 15", MOD, COLU, 2LEVATION APPAOK. 600 to 8000!

20NE III MOD, HUIST, PPT. 15 to 20", MODERATELY CULD, ELEVATION APPR0OK. 6LOO to 8000
ZOdE VIII KO #OIST, PPT, 15 to 20", CULD, eLEVAT:UN APKROALHAT.LY >B000°

ZONE IV MOIST, PPT, >20%, COLD, ELEVATION APPROXIiiATLLY >8000¢

/ SCALE = 1/8 inch = 1 mile

S

Figure VI-1 Precipitation Areas of the Piceance Creek Study Region



Table VI-4. Monthly and Annual Mean Precipitation at Little Hills, Meeker and Rangely,
Colorado, 1951-60.

Total Precipitation Number of Days with Precipitation > 0.10"
Month Little Hills Meeker Rangely Little Hills Meeker Rangely
J 0.80 1.42 0.73 3 5 3
F 0.99 1.21 0.84 4 4 3
M 1.18 1.58 0.81 4 6 2
A 1.12 1.53 0.62 3 5 2
M 1.07 1.83 0.76 4 5 3
J 0.76 1.08 0.52 2 2 2
J 0.95 1.70 0.42 3 4 2
A 1.91 2.15 1.37 4 5 3
S 0.81 1.27 0.76 4 4 2
0 1.05 1.34 0.81 3 5 3
N 0.95 1.19 0.53 4 4 2
D 0.90 1.38 0.69 3 4 2

A 12,49 17.68 8.87 41 53 29




Table VI-5. Total Monthly Snowfall at Meeker,
Colorado 1951-60

Average
Month Snowfall (in.)

J 20.7
F 17.9
M 15.8
A 5.2
M 1.5
J 0

J 0

A 0

S T

0 2.9
N 12.3
D 15.2
A 91.5"

3. Fog, Dew, and Relative Humidity

No data is available on occurrence or amounts of fog, dew, or
relative humidity within the region. Steppe climates typically have low
relative humidity. Spot fog occurrence in the White River Valley is
probably somewhat more frequent than elsewhere in the region. At
Grand Junction, the annual frequency of fog is 7 with 2 days each of
fog in December, January and February and 1 day each in March and

November.

10



4, Wind

Winds in mountains pose a particularly difficult analysis problem.
Studies of local circulations such as mountain and valley winds, foehn
winds, surface winds, and large scale interaction and the large scale
flow itself require much more detail than is customarily available in
these regions. There are no wind records of wind direction and
velocities within the inventory area nor is wind information recorded
at any station in the region. No long term records are available for
Grand Junction and Rifle, Colorade. Local surface wind measurements
have been made near Rulison, Rio Blanco and Grand Valley for short
periods in conjunction with various research projects. Extrapolation
of these data can only be done in a very generalized way.

Figure VI-2shows the seasonal distribution of winds at the 700
millibar level over Grand Junction. It should be noted that these
wind roses indicate the sectors into which the wind blows rather than
the direction from which it blows. From this figure, it is seen that
the prevailing winds at this level (approximately 8500') are from the
Southwest and West-Southwest throughout the year. Winds from the North
and Northeast occur on the average of only 10-15% of the time.

From vegetation and terrain observations and judicious application
of a few laws of thermodynamics and fluid mechanics, some inferences
can be made concerning the surface winds over the inventory area. In
this geographical region, one may expect the following conditions will
hold.

During the daytime hours wind is usually controlled by the
geostropic flow at higher altitude. Below 50-100 meters, surface

friction and shear will cause a reduction in velocity and a
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SUMMER
Calm: None Calm: <1%

AUTUMN WINTER
Calm: <1% Calm: None
> 39 knots
20-39 knots
0-19 knots

Figure VI-2. Seasonal Distribution of Winds at 700 Millibars, Grand
Junction, Colorado (ESSA, 1969).
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counter-clockwise shift in direction of 15-20°. The average daytime
wind vector under fair weather conditions is a function of steepness of
slope, character of slope surface, nearness of other peaks and aspect.

Strongest winds will normally occur in winter and in early spring
and lightest winds during summer and fall. Vector changes in wind are
very sensitive to net radiation changes. Because of this a more pro-
nounced valley circulation will be found on south facing slopes than on
north. On the north faces maximum valley winds will be found near the
ridgetop and at the valley floor. Mountain (upslope) winds are
strongest along steep slopes with aspects facing the direct solar
radiation. Mean fair weather winds will rarely exceed 24 miles/hour.
Wind speeds are usually sharply reduced by friction over disected
plateaus.
5. Air Quality

From Table VI-2it may be noted that January is the coldest month
and July the warmest month. Night-time air temperatures are largely
dependent upon physiography with air drainage (valley winds) the
dominant elements. A night-time inversion, with light drainage winds,
is typical throughout the Piceance Basin. Under these conditions the
typical night-time surface flow pattern is down the creek drainages to
the North and Northeast, then turning Westward down the White River
valley. The vertical temperature structure is usually neutral to
moderately unstable during afternoon with a temperature inversion
forming shortly after sundown. The trapping layer under this inversion
is probably less than 1500 feet thick. A short term temperature record

on Cathedral Bluffs indicated that the inversion height is usually below
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8500' msl. In Parachute Creek near Grand Valley, Colorado, the
inversion height is between 7200' and 8500' msl. Inversion heights,

it should be noted, are not a function of altitude above mean sea level
but rather above the ground surface.

During mid-winter, the inversion normally breaks at least by early
afternoon. Under certain synoptic conditions, however, temperature
inversion conditions may persist for several days at a time. During
the summer and fall months, the inversions will normally break by
midmorning.

The tendency for air drainage and temperature inversion conditions
indicates a potential air pollution problem. There are, at present, no
major sources of pollution within the inventory area. If gaseous or
particulate matter are to be released into the atmosphere as part of the
oil shale processing, it would be necessary to assure that the stack
height extend above the local area inversion level and that the plume
be forced vertically to higher levels. The plume direction would then
probably be in the general direction of the upper level wind, i.e., to

the Northeast.
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CHAPTER VII

RECREATIONAL, CULTURAL & AESTHETIC ELEMENTS




A. INTRODUCTION

This inventory is restricted to identifying, listing and describing
those environmental elements in the study area which contribute to or
detract from the area's value for recreation use. It does not interpret
these elements as to their importance in determining either the quantity
or the quality of recreation activity the area may support. It does not
relate the resources of the area to the region of which it is a part nor
does it inventory the outside influences of population size or location
or competing resource attractions which may influence recreation use in
the area.

An inventory of this nature poses important questions of choice of
environmental elements to be considered. The scope of possible
recreational uses, including cultural and aesthetic uses, of an area
might range from highly developed urban-oriented activities to the
careful preservation of unique and fragile natural history values. The
natural resources of the area and its location in relation to potential
users greatly restricts these potential uses. To more clearly define
the limits of study the area was determined to fall into the Bureau of
Outdoor Recreation Land Class III, Natural Environment (1). This
decision is concurred in by the Bureau of Land Management which
administers the area.

The dominant feature in this class of recreation land is natural
scenery possessing varied and interesting land forms, flora and fauna
in an attractive natural setting. Its dominant recreational use
potential is for traditional outdoor recreation experiences where users

are encouraged to enjoy the resources '"as is' in a natural environment.



An important feature of the dominant natural environment in the
study area is topography and vegetation which enhances the recreational
value of "open space'.

It is obvious that this land classification category is not static
but that increased knowledge of scenic and cultural values might result
in reclassification to reflect appropriate recreational uses.

B. ENVIRONMENTAL ELEMENTS

The environmental elements to be considered are those which affect
this kind of recreational enjoyment. Thus the character of the natural
landscape assumes major inventory importance. These elements may be
grouped into three broad categories for convenience:

Scenery and landscape elements

Cultural elements including pre-history, history, natural
history and modern land uses

Recreational facility elements which add to or detract from
the area as a desirable setting for various recreational
activities

A substantial array of data exists for inventory of some of the
traditional natural resources of the area. However, there has been
little study given to those environmental elements peculiar to a
recreation inventory.

No inventory work has been done due to lack of personnel,
time and money. ----There is very little accurate informa-
tion on which to base the present recreation use activities.
There is even less information to base possible future
recreation use. This lack of information should have a
high priority for development. Observations by BLM, Game,
Fish and Parks Department and by people living in the area
are not enough to make any statements of useable accuracy.
More work is needed in the future to provide accurate
recreation information (2).



While much can be inferred by interpretation of standard resource
information and discussions with knowledgeable people in the area,
specific field studies will be necessary to provide satisfactory data
for several categories of recreation inventory.

Standard inventory data for the lithosphere, biosphere, water
resources and climate are necessary for an analysis of the recreation
resources of the area. These comprise other sections of this report and
will be referred to only incidentally as they may have special signifi-
cance to this section.

While recorded recreation data generally is meager and cannot be
accepted as representing a satisfactory inventory, excellent hunter
information is available for Bureau of Land Management Units and
Colorado Division of Game, Fish and Parks Game Management Units within
whose boundaries this study area falls. However, firm isolated data
for the study area is not available (8).

C. SCENERY AND LANDSCAPE ELEMENTS

The scenery of the area is considered to be good by the Bureau of
Land Management (Fig. VII-1). The general region of Rio Blanco County
is considered "excellent' in relation to the areas from which vacation-
ing visitors come (4).

The scenery of the study area is dominated by the Cathedral Bluffs,
extending NNW across the area in a high ridge rising to 8685 feet
elevation near the center and dropping to near 5500 feet at the NW
corner of the area along Douglas Creek and to about 6500 feet elevation
along Duck Creek at the NE corner.

These bluffs act as a hipped roof, producing nearly parallel

drainage channels at right angles to the line of the bluffs. Drainage



to the west drops rapidly in a number of deep canyons which open into
the narrow valley of Douglas Creek running NNW to the White River.
Across Douglas Creek similar but less abrupt drainage channels rise to
7680 feet elevation between Texas Mountain and the Rabbit Hills beyond
the study area.

To the east, the high lands near the bluffs consist of low parallel
rolling ridges separating stream beds which form deep gullies with
nearly vertical walls as they descend and finally open up to form narrow
meadow strips with deeply eroded stream beds near the east boundary of
the area. Drainage lines converge to form Yellow Creek and Ryan Gulch;
the former flowing to the White River, the latter first entering
Piceance Creek.

The landscape is essentially semi-desert with much exposed sedi-
mentary rock and alluvial fills which weather to a relatively uniform
buff color. Vegetation ranges from grasses and sagebrush to pinon-
juniper forest.

No comprehensive inventory has been made of the scenic elements to
be found in the area. The Bureau of Land Management has designated
most of the area from Douglas Creek east to a diagonal line running
from the NW corner of Tl, R99W to the SE corner of T2, R99W as Category
B scenery and the remainder as Category C scenery (Fig. VII-1). Travel
influence zones, where scenic protection has major importance have been
designated (Fig. VII-2). Two scenic overlooks are identified (Fig. VII-2).

One visit to the site by air and jeep (November 11, 1971) confirmed
the existence of all landscape compositional types used for scenic

inventories. Determining relative importance of these will require not
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only an on-site survey but also a regional analysis to isolate unique
qualities which may qualify for regionally significant scenic
recognition.

1. Landscape Influence Factors

Scenic inventories are based on identification of seven landscape
compositional types. These are determined by six principal factors
which affect the observer as he looks at a landscape (7). These are:

Distance

Observer position

Form (convex scenic elements)

Spatial definition (concave scenic elements)

Light

Sequence (progressive changes in scenery)

a. Distance -- The visual significance of a landscape feature is
determined, in part, by its distance from the eye of the observer. Thus
a landscape feature may assume great or little importance, depending on
the distance from which it is viewed.

There are three basic distance zones for inventory purposes:

Foreground (0 to 1/2 mile)

Middleground (1/2 to 4 miles)

Background (4 to « miles)

b. Observer position -- The position of the observer in relation
to the view he sees influences his reaction to that view and the
adaptability of that view to manipulation. There are three basic

observer positions for inventory purposes:
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Inferior (Essentially below the foreground landscape)

Normal (Line of sight generally coincides with the dominant
elements of the landscape)

Superior (Above the dominant elements of the landscape)

c. Form -- Form refers to the three-dimensional convex elements
of the landscape. To have form as a factor in landscape definition
there must be contrast to set it apart from the general view. Form is
described with common landscape terms such as mountain, butte, ridge,
range, escarpment and crag.

d. Spatial definition -- Spatial definition refers to the three
dimensional concave elements of the landscape. Here there is space with
boundaries ranging from narrow canyons to broad valleys. Descriptive
terms include gorge, meadow, valley, canyon, ravine and glen.

e. Light -- The effects of light on the landscape change from
day to day and during the course of the seasons. The influence of light
on landscape value is seen in such situations as color changes on rock
outcrops, the graying effect of distance and the impact of silhouettes
against the sky.

Elements in describing the influence of light are:

Color hue and value.

Distance to the lighted object.

Direction of the light source.

f. Sequence -- Sequence is the progressive change in scenic
elements as observed when one moves across a landscape. The amplitude
of contrast in scenic elements enriches appreciation of the landscape

and becomes important in scenic analysis of travel routes.



2. Landscape Composition Types

These factors of scenic analysis are represented in seven landscape
composition types for inventory purposes. These are:

Panoramic

Feature

Enclosed

Focal

Canopied

Detail

Ephemeral

a. Panoramic landscape -- This landscape provides distant views,
openness and little sense of boundary restriction. The sky and cloud
formations become important quality considerations.

b. Feature landscape -- Here the eye is drawn towards a single
landscape feature with other features being definitely subordinate.
This feature may be characterized by distinctive size or shape which
sets it apart from its surroundings.

c. Enclosed landscape -- This landscape may be compared to a
framed picture with its enclosing boundaries. There are lines of
visual attraction towards the central area of the view, and attention
is held in by the boundaries of the view. A lake with its water's
edge, or a canyon are examples.

d. Focal landscape -- A focal landscape is distinguished by
series of parallel lines that appear to converge and guide the eye
toward their apparent origin. Views up stream beds and canyons or

along parallel ridges are examples.



e. Canopied landscape -- This is a small scale landscape composi-
tion such as might be found in walking through a grove of trees or
along a narrow gully.

f. Detail landscape -- This is another small scale landscape
characterized by minor details which typically assume importance
because of their unusual form or contrast with the surrounding scenic
features. O0ld trees, distinctive rock coloring or erosion forms and
unusual plants are examples.

g. Ephemeral landscape -- Some landscape features are not per-
manent but when they occur, their affect on the observer is significant.
Characteristically beautiful sunsets, striking colors on cliff faces,
daily cloud formations over peaks and the tracks of wild animals are
examples.

The following general remarks about landscape compositional types
in the study area will serve to point out the importance of this
inventory data in quantifying the scenic resource. Panoramic landscapes
exist along the entire length of the Cathedral Bluffs. These are
highlighted at selected points by scenic overlooks of exceptional
quality (Fig. VII-1). In addition, a number of broad flats between
stream beds on the west side of the area (i.e., Dead Horse Ridge)
provide broad panoramas over sagebrush in the middle ground with juniper
borders and vistas east and west toward mountainous backgrounds.

Feature landscapes occur along the Cathedral Bluffs, and at points
along Douglas Creek and its several side drainages on both west and east
slopes. These include rock formations along the walls of canyons and

draws, and silhouettes in the Bluffs area.
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Enclosed and focal landscapes are characteristic of the drainage
beds on both west and east slopes. These provide a wide variety of
landscape features and assume special importance because they are the
location of roads and thus become focal areas in relating travel and
accessibility to the enjoyment of scenery (Fig. VII-2).

Canopied landscapes are not common in this area. An example is
found in a stand of old junipers at the confluence of Little and Big
Duck Creeks. The narrow, vertical erosion banks of heavily silted
stream beds are another example.

Detailed landscapes are found in unusual rock outcrops and the
unusual appearance of such trees as the old junipers and the large
sagebrush plants found in drainage channels on the western slope.

Ephemeral landscapes record the importance of atmospheric quality
in coloring rock cliffs or providing scheduled spectacular cloud
formations. Non-hunting enjoyment of wildlife, especially rare or
interesting species such as the mountain lion illustrate this landscape
type.

Travel influence zones or scenic corridors (Fig. VII-2) are visual
areas along roads. They have special significance because of their
accessibility to interested viewers. The scenery in these travel
influence zones has not been inventoried. Two zones are briefly
described here.

The road up Douglas Creek is a paved highway connecting the White
River valley near Rangely with the Colorado River Valley at Loma, near
Grand Junction. It is the only highway to traverse this area of varied
scenic quality. Recently paved across Douglas Pass, it can be expected

to assume increasing importance as a tourist scenic drive connecting

11



Colorado Route 50 (Pueblo, Gunnison, Montrose, Delta, Grand Junction) to
Colorado Route 64 and US 40 going west towards Salt Lake City, Dinosaur
National Monument and Flaming Gorge National Recreation Area. The road
through the study area is essentially an enclosed, focal landscape with
views to both sides cut off in the foreground and middle ground by
bluffs and canyon walls.

The valley floor varies in width to approximately 1/2 mile and
Douglas Creek forms a meandering, deeply cut channel with vertical
walls in a thick alluvial valley floor. On the east side eight major
canyons open up to provide middle distance views along narrow, high
canyon wzlls. On a branch road up Douglas Creek are four similar
canyons. In at least two places these canyon openings provide a back-
ground view to the Cathedral Bluffs. On the west side the hillsides
are less abrupt and canyons provide views up six principal valleys.

The valley is essentially in a natural condition. Man made
facilities include roads, pipelines, power and telephone lines and a
few buildings for pipeline servicing. The status of a few trailer
houses is not known. Negative scenic values are public utility wires
and poles and inadequate maintenance of the roadsides. The scenery
includes a number of significant features, combining enclosed, focal,
detail and ephemeral landscape types with good sequential qualities.

Corral Creek illustrates the high sequential view characteristics
of drainages on the western slope of the study area. Here the scenery
varies from flat valley meadows and juniper covered gentle side slopes
to narrow, rock bound valley passes and finally gullies with high,

nearly vertical walls cut in recently deposited silt. This quality of
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sequential scenery is further emphasized when the observer cuts across
to another drainage where broad sagebrush flats between draws provide
open panoramic views in all directions.

D. CULTURAL ELEMENTS

Cultural elements are historical and natural history features
which contribute to recreational enjoyment. Historical features are
associated with archaeological, Indian, pioneer, mining, homesteading
and modern land use sites. Natural history features are associated
with paleontology, geology, botany, zoology, water and climate.

No planned surveys have been made of historical features in the
area. General natural history inventories reveal the general distribu-
tion of these elements but do not reveal outstanding or unique features
of value for recreational use. Known features are located on appropriate
maps.

1.  Archaeological and Indian Sites

Pictographs are found on rock walls along Douglas Creek (Fig. VII-2).
No other sites are recorded. No Indian sites are recorded.

There are numerous recordings of petrographs and/or petroglyphs to
be found on rock exposures throughout the region, especially near
springs or streams. It may also be assumed that both archaeological
and historical Indian sites may be found near water sources in the area.
A major problem in surveying for these sites is the evidence of rapid
erosion in all parts of the area. Deposition many feet thick appears to
have occurred in the last few hundred years in several valleys and old
historic and archaeological sites may be deeply buried in existing

stream beds.
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2. Pioneer Mining, Homestead and Modern Land Use Sites

Mining and drilling sites have been omitted from this section by
direction. No pioneer or homestead sites are recorded in the area.
There are two recorded cow camps (Fig. III-5) and field observation
indicates that other resident or cattle structure sites are in the
area, along valleys on the west slope.

Other man made features are:

Airstrip. Fig. III-5

Windmill. Fig. III-3

Wells or Springs. Fig. III-3

Fences. Fig. III-3

Hunting Club. Fig. III-5

Evidence of grazing and meadow management practices are found in
much of the area.

Roads and trails (Fig. III-2) are supplemented by numerous unmarked
trails and off-road vehicle traces.

3. Paleontology

While no fossil or petrified wood locations are recorded in the
area there are records of both in the vicinity. It should be assumed
that sites may exist. Local citizens and workers in the area refer
vaguely to their locations (9).

Fossil insects have been reported in shale beds at lower elevations
close to the study area.

4. Geology
The entire area is geologically interesting, especially in relation

to the Mahogany ledge. Erosional and depositional features contribute
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to the recreation inventory, especially when combined with other land-
scape elements. Available geological data do not identify sites of
special recreation value for collection or display-in-place.

5. Botany and Zoology

These resource elements are noted elsewhere. They contribute to
the recreational resource of the area when they become available for
recreational enjoyment. There is no inventory of botanical features
of unusual natural history value. No known unique or outstanding
ecological communities are in the area (2,3). One on-site examination

revezled unusually large sagebrush plants (Artemisia tridentata) along

Corral Creek and an impressive stand of old gnarled junipers (Juniperus
scopuloruim) at the confluence of Big and Little Duck Creeks. A
thorough inventory may be expected to reveal individuals or groves of
important scientific or scenic value.

6. Wildlife

Wildlife resources are noted elsewhere. Wildlife is especially
valuable in the total recreation use picture of this region. Big game
hunting accounts for approximately 80% of the recreation activity in
the vicinity. It is safe to say that 99% of all roads in the unit are
traveled at least once during hunting season (2).

The study area is within a management unit which is very popular
for hunting deer. Some of the heaviest hunting pressure in the state
is in this unit. Elk, sage grouse, and cottontail rabbits are also
hunted here (3). Wildlife is important as an element in sightseeing,
especially in this type of natural environment. Good hunter use data

is available for the game management units of which the study area is a
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part but no exclusive data for the area itself is available. In addition,
non-game animal inventory data is available for the region (5).

7. Water and Climate

There are no open bodies of water for recreation use. Streams are
cool to cold but are characterized by severe fluctuation and high salt
and mineral content and fishing is limited.

Generally, the lower elevations are uncomfortably hot in summer
with cool nights. Most recreation, including 4-wheel drive vehicle
travel, artifact and rock hunting and hunting occurs in the spring and
fall. The higher elevations are suitable for recreation in spring,
summer and fall with picnicking, hunting and camping as typical
activities.

Snow conditions are satisfactory for snowmobiling.

E. RECREATION FACILITY ELEMENTS

These are miscellaneous landscape or development features which
add to or detract from the area as a desirable setting for recreational
activities.

1. Accessibility

Accessibility to the area is good. Colorado Route 64 follows the
White River a few miles to the north from Meeker to Rangely. Colorado
Route 13 runs a few miles to the east from Meeker to Rifle. Closer, a
good quality secondary road follows Piceance Creek, which picks up the
drainage from the entire east side of the study area, from Route 64 on
the White River diagonally to Rio Blanco on Route 13. To the south,
US Highway 6 and 24 runs from Rifle to Grand Junction and provides a
connection at Loma to the Douglas Creek road (Colorado 139) which rums

from near Rangely through the west side of the study area and over
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Douglas Pass. These roads provide ready access to the area, not only
from nearby population centers but also from tourist routes along two
major east-west highways and the principal north-south route in western
Colorado.

Virtually all parts of the study area are readily available to
wheeled vehicles over interconnecting gravel and dirt roads of varying
quality (Fig. III-2). In addition there are numerous jeep trails
interlacing the area (9).

There are no developed public recreation sites on the area. There
is one private hunting club (Fig. III-5).

2. Population Influences

There is no permanent population in the study area. While this
report does not call for a listing of outside influences affecting the
area, it is apparent that recreational use is totally dependent on
visitation from elsewhere, and that the environmental influence area
for purposes of recreational use analysis must consider the fixed local
population that provides day-to-day visitors to the area and the
transient tourist population which in this case is part of the Rocky
Mountain oriented national tourist market.

The composition of a changing population in the area will contribute
to changes in recreation demand as evidenced by the potential demand of

various occupation classes (6).
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Annual Activity Day

Occupation in Recreation
Professional, Technical § Kindred 36.7
Workers
Farm Workers 16.8
Clerical & Kindred Workers 32.8
Craftsmen, Foremen § Kindred Workers 30.0
Service Workers 26.0

3. General Recreation Activities

Bureau of Land Management Planning Unit statistics on recreation
use are not definitive for the study area. However some indication of
the relative amount of recreation activity in the area may be seen by
comparing the estimated visitor days of use for listed activities in

the Douglas Creek Unit (2).

Activity Visitor Days
Driving for Pleasure 200
Sightseeing 100
Picnicking 1,000
Camping 200
Hunting 20,130
Fishing 200
Rock Hounding 50
Artifact Hunting 350
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Even more interesting is the estimated proportions of local, instate

and out-of-state use.

Percent of Total Use

In-State
Activity Local Non Local Out-of-State
Driving for Pleasure 70 20 10
Sightseeing 70 20 10
Picnicking 90 8 2
Camping 50 40 10
Hunting 12 13 75
Fishing 90 10 --
Rock Hounding 90 10 --
Artifact Hunting 90 10 --

The following list is suggestive of the kinds of activities

associated with this class of recreation area.

These were considered

in developing this inventory of environmental elements.

Sightseeing

Walking for pleasure
Driving for pleasure
Horseback riding

Hiking

Back country vehicle use

Exploring

Rock hounding
Camping

Vacation cabin use
Archery

Wilderness enjoyment
Picnicking

Nature study

Vacation ranch use
Organization camping
Resort use

Winter sports
Hunting

Fishing

Water sports

Fossil, Indian & historic site hunting

19



F. REFERENCES

U. S. Dept. of Interior, 1969, Land Classification, Manual Release
630 § 635, Bureau of Outdoor Recreation.

U. S. Dept. of Interior, Douglas Creek Planning Unit Report,
Bureau of Land Management Office, Meeker, Colorado.

U. S. Dept. of Interior, Yellow Creek Planning Unit Report,
Bureau of Land Management Office, Meeker, Colorado.

U. S. Dept. of Agriculture, 1971, An Appraisal of Outdoor Recreation
Potentials in Rio Blanco County, Colorado, Soil Conservation
Service.

Colorado State University, 1971, Biological-Ecological Considera-
tions for Project Rio Blanco, Vol. 2.

U. S. Dept. of Interior, 1962, Outdoor Recreation for America,
OQutdoor Recreation Resources Review Commission.

U. S. Dept. of Agriculture Forest Service, 1968, Forest Landscape
Description and Inventories, PSW49, Pacific Southwest Forest and
Range Experiment Station.

Colorado Game, Fish and Parks Department, 1967, Colorado Outdoor
Recreation Comprehensive Plan.

Personal visitation with local residents and government employees
familiar with the area.



APPENDIX V-1

Excerpts from the following documents are included in this appendix:

Document

Iorns, W. V. et al. 1964, Water resources of the
upper Colorado River basin - basic data. U. S.
Geological Survey, Wash., D. C,, professional
paper 442,

Carroll, R. D. et al., 1967. Preliminary report on
Bureau of Mines Yellow Creek core hole No. 1, Rio
Blanco County, Colorado, U. S. Geological Survey,
Federal Center, Denver, Colo., open file report
TEI-869.

Ege, J. R. et al. 1967. Preliminary report on the
geology, geophysics, and hydrology of USBM/AEC
Colorado core hole No. 2, Piceance Creek basin, Rin
Blanco County, Colorado. U. S. Geological Survey,
Federal Center, Denver, Colo., open file report
TEI-870.

Cordes, E. H. 1969. Hydraulic testing and
sampling of USBM/AEC Colorado core hole No. 3,
Rio Blanco County, Colorado. U. S. Geological
Survey, Federal Center, Denver, Colo., report Oil
Shale 6 (USGS-289-3).

Wilson, Woodrow W, 1965. Pumping tests in
Colorado. U. S. Geological Survey, Federal Center,
Denver, Colo., ground water series circular 11,

Coffin, D. L. et al. 1967. Geohydrology of the
Piceance Creek structural basin between the White
and Colorado Rivers. Water Resources Div,, U. S.
Geological Survey, Denver, Colo., open file report.
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Table 223.--Green River basin between the Yampa and White Rivers ine

Green Division--Continued
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Green Bivision--Continued

Table 223,--Green River basin between the Yampa and White Rivers including the White Rier basin~-Continued
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3060C. Yellow Creek near White River, Colo.
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Green Divsion--Continued

Table 223,--Green River basin between the Yampa and White Rivers including the White River basin--Continued

Dlaszolved solids Hardness
{sum) as CaCOy Speeific
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3061B. White River 8.5 miles above Rangely, Colo. --Continued
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UNITED STATES
DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

Fedoral Center, Denver, Colorado 80225

PRELIMINARY REPORT ON BUREAU OF MINES YELLOW CRREK
CORE HOLE N0, 1, RIO BLANCO COUNTY, COLORADO

By

R. D, Carroll, D, L. Coffin, John R, Ege, and
F. A, waldﬁt

Abstract

Analysis of geologic, hydrologic, and geophysical data obtained
in and around Yellow Creek core hole No. 1, Rio Blanco County, Colorado,
indicate a 1,615=foot section of o0il shale was penetrated by the hole.,
Goophiysical log data indicate the presence of 25 gallons per ton shale
for a thicknezcs of 500 feet may be marginal, The richeat section of
oil saale {s indicated to be centered around a depth of 2,260 feet.
Within the oil shale the interval 1,182 to 1,737 feet is indicated to
be relatively structurally incompetent and probably permeable, Extension
of available regional hydrologic data indicate the oil shale section is
prodably water bearing and may yield as much as 1,000 gallons per minute.
Hydrologic testing in the hole is recomwmended.

Introduction

At tho request of the San Francisco office of the Atomic Energy
Cormissfion (SAN) the U,S. Geological Survey undertook to obtain pertineat
data on thae U.S, Bureau of Mines (USBM)~ Atomic Energy Commission core
wole Wo, 1, which penetrates oil shales of the Green River Formation in
Rio Blanco County, Colorado. This project was accomplished in con-
juaction with personnel of the USBM and their cooperation is gratefully
acknowledged, This report presents the results of a preliminary evaluation
of available data with particular reference to the aforementioned drill
hole. These data are the result of rapid analyses and should be considered

subject to future refinement,



The density logs indicate two intervals wherein the yield averages
in excess of 25 gallons per ton, in the Mahogany zone from 1,100 to
1,184 feet and near the bottom of the hole from 2,210 to 2,340 feet.

Average assays derived from the geophysical logs over several
intervals centered on these sections are shown in table 3. If the
method of obtaining oil assay relationships from the logs may be con-
sidered valid, the thickest and richest oil yield section is not in
the viecinity of the Mahogany zone but at the base of the hole. The
Llogs further indicate that the presence of a 500-foot section of oil
shale assaying 25 gallons per ton is marginal., The actual laboratory
oii assay is required to settle this question. The response of the
geophysical logs, however, indicate a more detailed analysis between
Livhology, oil shale, and the response of the various logs is warranted
pending core assay. This is true of all the logs as there are certain
features which appear to be lithologically significant, particularly

on the radiation logs.

Permeable zones

Permeable zones probably exist throughout the entire section of
role in both the Evacuation Creek and Parachute Creek Members. The
wriiling logs indicate permeability near 80 feet because of the presence
50 water in the returns. Without actual hydrologic testing in the hole,
howovor, othor pormonblo zonos muot be inforrod from indirect evidonce.
This method of approach infers greater permeability with greater fracture
froquency. On this basis the zone of poor core recovery (fig. 1) may
% a likely permeable section.
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Dotailed analysis of the core indicates that this zone is included
in Subunit C and Subunit D (figs. 1, 2, 3, and table 1). Subunit D
(1,595 to 1,745 feet) should be the = st porous and permeable interval
in the hole. Subunit C (1,120 to 1,595 feet) is indicated to be the
next most permeable and porous zone in the oil shale. Subunit A (770 to
1,020 feet) which spans the Evacuation Creek and oil shale contact has
an index number close to Subunit C and hence should have a similar
fracture porosity.

The interval between 1,745 and 2,545 (Subunit E) should be relatively
impermeable. It is in unfractured, tight, and competent shale. In this
core interval, however, the rock parts along shale-nahcolite boundaries,
indicating potential zones of weakness.

The geophysical logs also indicate that the zone of poor core
recovery is probably more fractured than is the rest of the oil shale
section. This is most noticeable on the caliper logs. It is significant
that this zone is also of relatively low resistivity and comparatively
high radioactivity within the oil shale sequence. This, coupled with the
high average neutron count rate in this zone, implies that processes
other than increased fracturing have been operable in this section.

A conclusion cannot be drawn on the preliminary data examined, however,
the following processes which affect the various logs are presented for
consideration:

Electric log decreased resistivity can be attributed to

(1) an increase in water content, other things being equal;

(2) an increase in water salinity, other things being equal;
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(3) a decrease in the path length available for electrolytic
conduction in the rock, or the converse, an increase in the number
of path lengths (porosity) available for electrolytic conduction; or

(4) combinations of (1), (2), and (3).

Gamma-ray log increased count rate can be attributed to a relatively
greater concentration of radioactive materials in these sections because
of preferential environmental features, e.g., adsorption during deposition;
or preferential removal of radiocactive material from adjacent zones.

The deposition of radiocactive material by incoming ground waters is
another possible mechanism.

The increased neutron log count rate indicates a decreased hydrogen
content in these zones. In most lithologies this may be attributed
to a decrease in water content, however, the relative abundance of hydro-
carbons is another contributing factor to the hydrogen content in the
0il shale. A general relationship between leansss of oil shale and
neutron count rate was found by Bardsley and Algermissen (1963). Further
analysis of all logs is considered desirable in this hole when more
detailed data on the core is available.

“he above considerations coupled with examination of the geophysical
logs (fig. 1) of the zone of poor core recovery indicate that this zone
nerits a more detalled examination regionally. This is further substan-

tiated by data pertaining to regional structure.
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Water-bearing zones, flow rates, and regional
distribution of water-bearing formations

Yellow Creek No. 1 Core Hole penetrated the three major aquifers
in the northern part of the Piceance Creek Basin (here considered to
be that part of the basin in Rio Blanco County). From top to bottom
they are: alluvium and the Evacuation Creek and Parachute Creek Members
of the Green River Formation. The distribution of these formations is
snown in figure 5 (in pocket). These three aquifers yield water to
many springs throughout the basin, and, although only a few wells have
been drilled, preliminary data indicate that wells tapping the alluvium
may yield as much as 1,000 gpm (gallons per minute), wells tapping the
Evacuation Creek Member may yield as much as 100 gpm, and wells tapping
the Parachute Creek Member may yield as much as 1,000 gpm. Permeable
zones in the upper part of the alluvium may be above the water table,
permeable zones in the Evacuation Creek Member topographically above
the floor of the major stream valleys may be largely drained, and
permeable zones in the Parachute Creek Member are probably saturated
except near the edges of the basin.

In the Evacuation Creek and Parachute Creek Members in the northern
puriv of the basin, regional movement of ground water is from the high-
lands near the edges of the basin toward the two major streams draining
ihe basin, Piceance and Yellow Creeks. The ground-water reservoir in
these two members is recharged solely from precipitation and probably
eventually discharges into the alluvium along Piceance and Yellow Creeks,
where the water leaves the basin either by streamflow or by evaporation

and transpiration.
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Parachute Creek Member.--The Parachute Creek Member is composed
almost entirely of oil shale. O0il shale is relatively impermeable;
nowever, the rock is fractured, and springs and seeps issuing from the
fractures at the surface indicate water movement through the fractures,
at least near the surface. Yields from the springs range from a few
gallons per minute to about 500 gpm. Subsurface fracturing is indicated
by zones of poor core recovery and recovered core that contains fractures.
Water movement through the fractures is indicated by oxidization (bleaching)
along the faces of the fractures and by deposition of carbonate minerals
in and along the fractures. Further evidence for fracturing and water
movement in the subsurface is indicated from abandoned oil-test wells
that have been completed as water wells. Data are incomplete from these
wells, but the casing records show that the wells were cased and cemented
to slightly below the uppermost oil-shale beda and plugged above the
lowermost oil-shale beds. Three of these wells (A, B, and C of fig. 5)
were tested. A summary of the test results (table 4) shows the range
of transmissibility of the Parachute Creek Member is small; however,
additional tests may show a greater range. Until more data become
available it may be assumed that the coefficient of transmissibility
represents the transmissibility of the uncased and unplugged portion
oI the Parachute Creek Member. Because core recovery and well logs
:néicate that generally the entire thickness of the Parachute Creek
Yomvor is not fractured, the determined transmissibility probably

represents only the fracture zones that contribute water to wells.



Table 4.--Summary of the resuv’*s of aquifer t-::s in the Parachute Creek Menber -7 the
Green Piver zovzation
Coefficient of Head at e:.l Duration of|] Average [Duration
Location Water-bearing| transmissibility|of recovery period | recovery discharge of
formation | (gallons per day| (in feet of water period (gallons [discharge
per foot) above land surface) (days) per minute)| (days)
A-Sec.10,T.1S.,R.96W.| Parachute Creek 2,000 22.8 1.0 57 135
Member, Green
River Formation
B-Sec.10, T.35.,R.96 V.. do. 2,000 87.8 2.1 230 .92
1/
C-Sec. 11, T.3S,,R.%W. do. 1,000 = 2.5 .18 64 1.0

1/ Discharge point is 2.5 feet above land surface, well flows 20 gpm.

64 gpm and measuring recovery of water level after puzping stopped.

Well was tested by pumping at

14!
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Present data are insufficient to define the contribution of water from
various zones of the Parachute Creek Member.

iractures in the Parachute Creek Member not only contribute water
to wells and springs but also cause poor core recovery and lost circu-
lation. Lost circulation, however, was not a serious problem during
the drilling of Yellow Creek No. 1 Zore ﬂble into the Parachute Creek
Member. The small losses of drilling fluid were easily controlled by
adding cedar shavings and cellophane strips to the drilling fluid. 1In
other areas of the northern part of the Piceance Creek Basin, lost circu-
lation in the Parachute Creek Member has been a serious problem and has
caused at least two oil-test wells to be abandured before the objective
horizon was reached.

Throughout the area water from the Parachute Creek Member is of
the sodium bicarbonate type. Measured conductivity ranges from 300 to
20,000 micromhos per centimeter at 25°C. The lower values are from
springs near the edges of the basin and the higher values from springs
or wells near the discharge points along Yellow or Piceance Creeks.
Fluoride ranges from O.1 ppm (parts per million) to 30 ppm. Chloride,
boron, nitrate, and phosphate are present only in small amounts.

Evacuation Creek Member.--The Evacuation Creek Member 1is composed
mainly of sandstone, barren marlstone, and siltstone. The sandstone
is fine to medium grained, cemented with calcite, and 1s probably of
relatively low permeability. The barren marlstone and siltstone are

probably relatively impermeable except where fractured. Many of the
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eéxposed fractures of this member have been filled with clay-sized
rmaterial or calcite.

The Evacuation Creek Member forms the surface rock over most of
the basin. Downcutting by streams has formed a rough hilly topography,
and the part of the member topographically higher than ths level of
the streams is mostly drained. Water wells are usually drilled in
the valleys and usually must penetrate at least 100 feet of the member
to yield sufficient water for domestic or stock supplies.

In Yellow Creek No. 1 Gfre Hﬁle, the upper 90 feet of the Evacuation
Creek Member was air drilled. During the drilling, from 50 to 100 gpm
of water was blown to the surface with the cuttings. When drilling
reached a depth of about 135 feet below land surface, drilling mud was
used and formation water stopped coming into the hole. 1In drilling
through the Evacuation Creek Member, drilling-mud losses were small
and were controlled by the addition of cedar shavings and cellophane.

Water from the Evacuation Creek Member is of the magnesium, calcium,
bicarbonate type; generally magnesium is equal to or greater than calcium.
Amounts of sulfate are small and the amount of chloride is very low.
Measured conductivity ranges from 1,000 to 2,500 micromhos per centimeter.

Alluvium.--The alluvium along Piceance and Yellow Creeks is generally
poorly sorted sand, gravel, clay, and silt. Sorting generally becomes
better and grain size larger near the base of the alluvium; in some
places beds of clay compose the upper 50 to 80 feet. The thickness of

the alluvium is as much as 130 feet, and the saturated thickness may
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be as much as 100 feet. Measured transmissibility ranges from 20,000
gpd per ft (gallons per day per fool) to 150,000 gpd per ft. Maximum
well yieids are estimated to be as much as 1,000 gpm.

The alluvium of the valleys tributary to Piceance and Yellow Creek
generaliy is thinner, and saturated thickness is less than in the main
valleys. The lithology is similar in the tributary and main valleys,
but il yields would probably be less in the tributary valleys.

Along Piceance Creek and along the lower reaches of Yellow Creek,
water in the alluvium moves toward and eventually discharges into the
stream. Along the upper and middle reaches of Yellow Creek and along
most of the tributaries, the water table is below the level of the
streambed and flood flows percolate to the water table.

Drilling into the alluvium is almost always accompanied by lost-
circulation problems. The permeability of the sand and gravel is relatively
high, and even above the water table losses of drilling fluid are common.
He: .y drilling mud and the addition of lost-circulation material are
often sufficient to allow penetration of the alluvium, but all wells
must be cased through the alluvium,

The 45 feet of alluvium penetrated by Yellow Creek No. 1 G6re Kole
was partly responsible for a four-day delay in drilling because circu-
lation could not be maintained. Heavy drilling mud, cedar shavings,
and cellophane strips did not stop fluld losses, and the problem was

finally solved by air drilling.
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Water in the alluvium generally is of the sodium hicarbonate type.
NMeasured conductivity of water increases downstream and ranges from
700 micromhos per centimeter where Piceance Creek enters the basin to
about 10,000 micromhos per centimeter near the mouth of Piceance Creek.
Along Yellow Creek in the vicinity of Yellow Creek No. 1 @6re Hole the

conductivity is about 2,500 micromhos per centimeter.

Joint system

Aerial photographs taken of the ground around the drill site show
lineations and drainage features which are interpreted as joints. Two
strong joint trends and a minor trend were measured. The two strongest
joint sets had average strikes of N. 32° E., and N, 48° W. The weaker
trend averaged N. 6° E. Donnell (1961) describes a well-defined system
of northwest and northeast-trending joints being present in the Green
River strata. Welder (USGS, oral communication) described most of the
oil shale joints at the surface as being of the high-angle type. The
core indicates that the majority of the naturally occuring joints in
the rock are high angle, i.e., greater than 60° dip. The near-horizontal
bedding plane fractures in the core may be a combination of both naturally
occuring joints and induced fractures caused by drilling stresses.

A statistical analysis of only the high-angle core fractures in
the engineering subunits suggest the joint spacing in the rock (listed
in table 5). These analyses are speculative and cannot be demonstrated,
nowever, they may indicate relative joint intensities. The intersection
of the two major high-angle northeast and northwest joint sets are
assumed to produce rhombohedral-shaped blocks. Neither the minor N. 6° E.
joints nor the effect of bedding plane fractures g:ie been considered in

table 5.
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UNITED STATES
DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

PRELIMINARY REPORT ON THE GEOLOGY, GEOPHYSICS, AND HYDROLOGY
OF USBM/AEC COLORADO CORE HOLE NO, 2,PICEANCE CREEK BASIN,
RIO BLANCO COUNTY, COLORADO

By
John R. Ege, R. D, Carroll, and F, A, Welder

Abstract

Approximately 1,400 feet of continuous core was taken between
800-2,214 feet in depth from USBM/AEC Colorado core hole No. 2, The
drill site 1s located in the Piceance Creek basin, Rio Blanco County,
Colorado, From ground surface the drill hole penetrated 1,120 feet
of the Evacuation Creek Member and 1,094 feet of oil shale in the
Parachute Creeck Member of the Green River Formation. O0il shale
yielding more than 20 gallons per ton occurs between 1,260-2,214 feet
in depth, A gas explosion near the bottom of the hole resulted in
abandonment of the exploratory hole which was still in oil shale,

The top of the nahcolite zone is at 1,693 feet. Below this depth
the core contains common to abundant amounts of sodium bicarbonate
galc intermixed with oil shale. The core is divided into seven
structural zones that reflect changes in joint intensity, core loss
and broken core due to natural causes, The zone of poor core
recovery is in the interval between 1,300-1,450 feet,

Results of preliminary geophysical log analyses indicate that
0il yields determined by Fischer assay compare favorably with ylelds
- datermined by geophysical log analyses., There is strong evidence
that analiyses of complete core data from Colorado core holes No, 1
and No.. 2 reveal a reliable relationship between geophysical log
response and oil yield,

The quality of the logs is poor in the rich shale section and
the possibility of repeating the logging program should be considered.

Observations during drilling, coring, and hydrologic testing
of USBM/AEC Colorado core hole No., 2 reveal that the Parachute Creek
Yember of the Green River Formation is the principal aquifer and the
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water in the Parachute Creek Member is under artesian pressure,

The upper part of the aquifer has a higher hydrostatic head than,

and is hydrologically separated from, the lower part of the aquifer,
The transmissibility of the aquifer is about 3500 gpd per foot. The
maximum water yield of the core hole during testing was about 500 gpm,
Chemical analyses of water samples indicate that the content of
dissolved solids is low, the principal ions being sodium and bicar-
bonate. Although the hole was originally cored to a depth of

2,214 feet, the present depth is about 2,100 feet,

This report presents a preliminary evaluation of core examination,
geophysical log interpretation and bydrological tests from the
USBM/AEC Colorado core hole No, 2. The cooperation of the U,S. Bureau
of Mines is gratefully acknowledged. The reader is referred to
Carroll and othems (1967) for comparison of USBM/AEC Colorado core hole
No. 1 with USBM/AEC Colorado core hole No. 2,
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HYDROLOGY

By
F. A. Welder

Introduction

Drilling of the USBM/AEC Colorado core hole No. 2 began June 24,
1966, using compressed air at 90 psi. Air, cuttings, and £fluid were
discharged through a horizontal pipe 80 feet long and 6 inches in
diameter. The hole was dry to 307 feet, where the cuttings became
damp enough to plug the hole, Air pressure was then increased to
300 psi, and a mixture of soap and water was injected at about 3 gpm.
This rate of water injection was maintained until total depth was
recached except while water samples were being collected or discharge
was being measured. The upper 411 feet of the hole is cased with
7-5/8-inch (0.D.) steel pipe.

The first noticeable discharge of ground water during drilling,
avbout 1 gpm, was at 447 feet (table 4). Between 957 and 1,026 feet,
the discharge increased from 30 to 153 gpm, &5 measured by a container
and stop watch. During drilling below 1,161 feet, discharge was
measured by a 9-inch Parshall flume 100 feet downhill from the end of
the discharge pipe. Because of leakage, evaporation, and infiltrationm,
discharge figures obtained with the flume may be 10 percent low.

Discharge rate, temperature, and specific conductance of water

discharged with the cuttings were plotted againat well depth (fig. 4).
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Table 4.--Specific conductance, temperature and discharge rate of water

during coring of USBM/AEC Colorado core hole No. 2

(Dagsh (-) shews that msasurement was not made)

Date Well depth Specific Temp. | Discharge Other
1966 below conductance °r (gpm)
© Kelly bushing micromhos
' (ft) per cm

6=25 447 1500 - 1 First wuter.

6-26 805 1000 57 25 150-minute recovery shows
transmissibility less
than 16U gpd per f(t.

6=-28 957 950 63 30

5-29 1026 1000 63 153

5-29 1032 1100 63 260

6-30 1161 960 65 220 Installed 9~-inch flume,
Some water is lost by
evaporation, leakage,
and infiltration.

7-2 1211 975 64 250

7-2 1290 875 65 315

7-4 1385 990 68

7-5 1423 990 67 420

7=5 1456 950 69 435 Static water level about
290 ft below KB.

7-6 1517 990 68 460

77 1570 1000 70 460

7-8 1673 1000 69 490

7-9 1758 1000 70 460

7-10 1857 1000 70 450

7-12 1990 1650 73 460 Water contains some gas.

7-13 1990 - - - Static water level 315 ft
below KB. 7 hours not
pumping.

7-13 2089 1900 74 510

7-14 | 2214 - - - Total depth--unable to
log below 2169 on 7-17-66.

7-17 2169-2214 - - - Static water level 314 ft
below KB atter 10 hrs of
no pumping. Started
pumping test at 9:30 AM.

7-17 2169-2214 2200 76 450 After 7 hours of pumping

recovery was started at
4:30 PM.
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Detwecen depths of 957 and 1,673 feet, the rate of incru..se of discharge
uas greatest, During drilling below 1,673 feet, the rate of discharge
remained fairly constant--although water was entering the hole below
1,673 feet, as indicated by the rise in water temperature and specific
conductance with depth.

The hole was cored to 2,214 feet, but the explosion near the
bottom of the hole caused a cave-in. Coring was stopped after the
explosion, but geophysical logging was subsequently completed, showing
a depth of 2,169 feet. On August 21, 1966, tha current-meter survey
showeé a depth of 2,100+ feet.,

The well was pumped by compressed air under 500 psi for 7 hours
on July 17, 1966. After the compressors were turned off, water-level
recovery was measured at regular intervals for 1,000 minutes, The
wvater lcvel was plotted against the log of time elapsed since pumping
ccased (fig. 5) and the transmissibility was computed to be 2,400 gpd
per foot,

Pumping tests using packers

From August 27 to August 30, 1966, pumping tests were made using
two packers to seal off a 300-foot section of the hole. A Reda sub-
mergible pump was set 5 feet below the top packer and pumped from the
interval between packers. Pumping tests were made under the following
conditions: No. 1, packers set at depths of 900 and 1,200 feet;

No. 2, packers get at depths of 1,198 and 1,498 feet; No. 3, upper
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packer set at 1,500, lower packer not used; No., &, tested entire hole
{(below casing to total depth) without using packers, Water temperature,
in degrees Fahrenheit, and specific conductance in micromhos per
centimeter were taken periodically throughout each test.

Test No. l.--Packers set at 900 and 1,200 feet. Water-level
nzasurements ware made in the zone between the bottom of the casing
and the upper packer (411-900 feet), in the zone between the packers
(900-1,200 feet), and in the zone between the bottom packer and total
depth (1,200-2,100%. feet), during both the pumping and recovery
phaszs of the test (table 5). As soon as pumping stariod, water levels
began to £fall in the zone between the bottom of the casing and the
upper packer and the zone between the packers (fig. 6), indicating
that there is hydraulic connection between the zones. Between 150 and
200 minutes after pumping started, the water level in the zone between
n2 casing and the upper packer rose 26 feet.

In the zone between the bottom packer and total depth, the water
began to decline slowly 8 minutes after pumping started and after
30 minutes declined rapidly. The decline continued throughout the
test, probably because the lower packer shut off recharge from a

higher zone.



Table _5 _

Water-level measurements during
test No. 1, USBM/AEC Colorado core hole No. 2

August 27, 1966
Zone between casing Zone between bottom packer and
Time and upper packer Zone between packers (900-1200 ft) total depth
(min) (411- 900 fr) - (1200 ~ 2100 * ft)
Electric Ailr gauge Air gauge
line pressure pressure
depth to Change in | Air gauge converted |Change in |[Air gauge converted Change in
water water pressure to depth water pressure to depth water
below level on 900 ft }Pressure| to water level on 1200 ft | Pressure] to water level
measuring | (drawdown)| airline change below (drawdown)| airline change below (drawdoun)
point (fe) (psi) (psi) |measuring (ft) (psi) (psi) | measuring (£e)
(fe) point point
(ft) (fe)
-8 b ¢ d e £ g h 1 i ) W
on: Au 27, 1966, 11:00 a.m.. aver discharge m_from zZone be n_packers
0 249.2 0 255 0 311 0 356 0 378 0
2 294.3 45.1 242 13 31 30 356 0 378 0
4 304.5 55.3 240 15 346 35 356 0 3zs 0
6 309.6 60.4 238 17 340 39 356 0 378 0
8 312.1 62.9 236 19 355 44 356 0 378 0
10 313.5 64.3 235 20 357 46 355 1 380 2
12 314.1 64.9 235 20 357 46 355 1 380 2
15 314.6 65.4 235 20 357 48 355 1 3so 2
20 317.0 67.8 234 21 359 51 355 1 380 2
25 318.2 69.0 233 22 362 51 355 1 380 2
30 318.9 69.7 233 22 362 53 355 1 380 2
40 320.3 71.1 232 23 364 53 354 2 382 5
50 321.4 72,2 232 23 364 53 353 3 385 7
60 322.3 73.1 232 23 364 53 353 3 385 7

Le



Table _5_

Water-level measurements during
test Ko. 1, USEM/AEC Colorado core hole No. 2 (contirued)

e e _ dugust 27, 19656 e
Zone beti.cn casing z betwa botto .
Time and upper packer Zone betwcen pacters (900-1200 ft) one eu:z: loét?i‘ packer and
(min) (411 - 900 f£t) (1200 ="2163° = 'fe) o
Electric Air gauge Air gauge
line pressure pressure
depth to Change in [Air gauge converted | Change in |Air gauge converted Changs in
water water pressure to depth water pressure to depth water
below level on 900 ft | Pressurefto water level on 1200 ft | Pressure | to water level
measur ing (drawdown)! airline change below (drawdowm)| airline change below (drawdown)
point (ft) (psi) (psi)|measuring (ft) (pst) (psi) |measuring (fe)
(ft) point point
(fe) (ft)
a b c d e f g h i i k
80 323.4 74.2 232 23 364 53 351 5 390 12
100 325.9 76.7 232 23 364 53 350 6 392 14
150 328.1 78.9 230 25 368 57 347 9 399 21
200 302.7 53.5 230 25 368 57 343 13 418 30
300 305 55.8 232 23 364 53 336 20 424 46
400 306.1 56.9 232 23 364 53 331 25 436 58
f£: August 27, 1966 240 p.m.
(Residual (Residual (Residual
drawdown) drawdown) drawdown)
0 306.1 56.9 334 22 430 51
2 292.0 42.8 232 23 k174 53 333 23 432 53
4 289.8 40.6 232 23 364 53 333 23 432 53
6 288.4 39.2 232 23 364 53 333 23 432 53
8 287.6 38.4 232 23 364 53 333 23 432 53
10 286.8 37.6 232 23 364 53 333 23 432 53
12 286.2 37.0 232 23 364 53 333 23 432 53

8¢



Tatle
Water-level mezsurements during
test No. 1, USBM/AEC Colorzdo core rnole No. 2 (continuad)
Auzust 27, 1065

Water level in feet below measuring point

Drawdown in feet of water =

square inch.

Zone batweern casing Zone between bottom packer and
Time and u::e2r packet Zone between packers (200-1,200 ft) total depth
(mir) (L1 .00 %) (1,200-2,100¢ £t)
Eleczric Air gauge Air gauge
line pressure pressure
depth to |[Charge in |Air gauge converted | Change in | Air gauge converted} Change ir
water water pressure to depth water pressure to depth water
below level on 900 ft | Pressure to water level on 1,200 ft | Pressure] to water level
measuring | (Residual | airline change be low (Residual airline change below (Res:idual
point drawdown ) (psi) (psi) measuring | drawdown) (psi) (psi) | measuringldrawiowr)
(£t) (£t) point (£t) point (tt)
(ft) (£t)
a b ¢ d e f g h i J k

15 285.5 36.3 232 23 36k 53 333 23 432 53

20 | 284.6 35.4 232 23 364 53 331 25 436 58

25 283.9 34.7 234 21 359 51 331 25 436 58

30 | 283.3 34.1 234 21 359 51 331 25 436 58

Lo | 282.4 33.2 235 20 357 L8 330 26 439 50

60 | 281.2 32 - - - - - - - -

80 280.4 31.2 235 20 357 L8 327 29 hhs £7
100 | 279.8 30.6 235 20 357 48 326 30 4h7 59
150 278.8 29.6 235 20 357 48 326 30 L7 A9
200 278.2 29.0 235 20 357 L8 319 37 464 85
300 277. k4 28.2 235 20 357 L8 312 Ly 480 102

NOTE: To convert air gauge pressure to depth to water in feet:

length of airline in feet - (pressure in pounds per square Iinch
X 2.31 feet of water per pound per square inch)

pressure change in pounds per square inch X 2.31 feet of water per pound per

6¢
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Well Jdischarge, watcer temperature, and specific conductance aro
shown below:

Time in minutes Specific

since pumpang Discharge conductance Temperature
started (gpm) (micromhos per cm) (°F)
30 93.4 1,000 65
100 88.8 1,000 66
i50 88.8 1,000 67
300 97.4 1,000 68
370 97.4 950 69.5
390 97.4 950 68
Average 94

Test No. 2.--Packers set at 1,198 and 1,498 feet. Water-level
measurements were made in the zone between the bottom of casing and
the upper packer (411-1,198 feet), the zone between the packers
(1,198~1,498 feet), and the zone between the bottom packer and total
depth (1,498-2,100% feet), during both the pumping and recovery

phases of the test (table 6).

During pumping, the water level in the zone between the bottom of
the casing and the upper packer, recovered consistently (fig. 7). This
was probably due to the fact that leakage from the upper zone to a
lower zone was shut off by the packer. Water level in the zone between
the packers declined during pumping and recovered after pumping started.

The water level in the zone between the bottom packer and total
depth declined throughout the test except for a slight recovery
immediately after pumping ceased. The decline probably was the result

of recharge from & higher zone being shut off by the packers.
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Table G

Water-level “uas. .ments during
test No. 2, USBM/ANC Colo.ado core hole No. 2
Aucust 28, 1966

Zous beot: _en casing Zone between bottca packer and -
Tiwo and upper packar Zone between packers (1193-1498 ft) total depth
nin) (4611-1193 ft) (1498 ~ 2109 = fr)
Electric Afir gauge Air gauga
line pressure pressure
depth to | Change in Air gauge converted |[Change in | Air gauge converted | Change in
water water pressure to depth water pressure to depth water
belcew level on 900 ft | Pressure| to water level on 1500 ft | Pressure| to water level
measuring | (recovery) | airline change below (drawdown)] airline change below (drawdoun)
point (ft) (psi) (psi) |measuring (ft) (psi) (psi) | measuring (ft)
(ft) point point
(ft) (ft)
8 b [ 4 e 4 A h i i k
Pump on: August 28, 1966, 3:00 p.m., average discharce 85.8 gom from zone between packers
0 274.5 0.0 398 0 278 0 464 o 426 0
2 261.3 13.2 390 8 297 18.5 462 2 431 6.5
4 256.0 18.5 385 13 308 30 461 3 433 ?7
6 255.1 19.4 381 17 318 39 461 3 A33 7
8 254.5 20.0 379 19 323 43 460 4 435 9
10 254.0 20.5 378 20 325 46 460 4 435 9
12 253.5 21.0 an 21 328 47 460 4 435 9
15 252.9 21.6 38 20 325 46 459 5 438 12
20 252.1 22.4 378 20 325 46 459 3 438 12
25 251.5 23.0 377 21 328 47 458 6 4540 14
30 251.0 23.5 376 22 330 51 457 7 443 16
50 250.0 24,5 374 24 33 55 456 8 446 18
50 249.4 25.1 373 25 336 58 454 10 449 23

43



Teble _6
Vater-level measurements during
test No. 2, USBM/AEC Colorado core

August 28, 1956

*ole No. 2

(contiruzd)

Zoue between cz:3ing Zone betwocn botton {igklr and
Time and upper pochzr Zone between packers (1198-1493 ft) total depth
(nin) (411-1198 ft) (1498 - 2100 * fr)
Elcctric Alr gauge Air gauge
line i pressure pressure
depth to | Chz-zz in | Air gauge converted Change in |Air gauge converted | Chanze in
water wzter pressure to depth water pressure to depth watav
belcw level on 900 ft | Pressw¢ to water level on 1500 ft |Pressure|to water level
measuring | (reccvery)| airline change| below (drawdown)| airline change belcw (drawdowm)
point () (psi) (psi)|measuring (ft) (psi) (psi) |measuring (ft)
(ft) point point
(fc) (ft)
8 b < a e f g h i i k
60 248.8 25.7 372 26 339 60 453 11 451 25
80 247.9 26.6 372 26 337 60 451 13 557 30
100 247.1 27.4 372 26 339 60 450 14 458 32
150 245.8 28.7 371 27 341 62 446 18 469 42
200 244 .8 29.7 369 29 346 £7 440 24 483 55
250 244.0 30.5 367 a1 350 72 439 25 485 58
300 243.4 31.1 365 33 354 76 435 29 490 67
(Residual (Residual
drawdown) drawdown)
off: August 28, 1955. 8:00 p.m.
2 243.4 1.1 368 30 348 69 440 24 483 55
4 243.4 31.1 368 30 348 69 439 25 485 58
6 243 .4 31.1 369 29 346 67 439 25 485 58
8 - - 370 28 343 65 438 26 486 53
12 243.4 31.1 372 26 339 60 440 24 483 56

€€
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Table G_

Vater-lcvzl meoacurements durin-

test No. 2, USHM/LEC Colorado core hole Yo, 2 (continued)

Aurucst 28, 1966

Zonz betveen \cas-i:.;; Zone teti . en betton packar ant
Tine ard i;per packer Zone between packers (1198-1493 ft) totel depth
Ledn) b 7 im110% fr) - T (1498 - 2100 * ft)
Electric Air gauge \Mr gauge
line pressure pressure
Cepth to Change in | Afr gauge converted Change in |Air gauge ronverted
vater wvater pressure to depth water pressure to depth Charge {r
tzlew level ca SO0 ft | Frescurce] to water level on 1500 ft | Pressurg to water water
coasuring | (recovivy) | airline change below (drewdovm)| afrline change | below level
point (ft) (psi) (psi) |measuring (ft) (pst) (psi) | measuring (drawlowr
(£ft) point point (ft)
(ft) (fc)

A b e d e £ 2 h i 1 %
(residual (residual
drawdowm) drawdeva)

15 2634 31.1 372 26 339 60 &40 24 483 56
20 - - an 25 336 58 439 25 485 33
25 - - 372 26 339 60 439 25 485 58
30 - - n 27 Ul 62 437 27 489 €2
490 243.1 31.4 371 27 341 62 433 i1 493 72
50 - - 7n 27 341 62 432 32 500 74
€0 - - 375 23 332 53 429 33 508 3
80 243.0 31.0 375 23 332 53 426 38 514 .13

100 - - 372 26 339 €0 424 40 518 93

150 242.2 32.3 371 27 Al 62 419 45 528 102

200 241.9 32.6 370 28 343 65 414 50 539 113

300 241.1 3.4 370 28 343 65 405 59 562 136

4%
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FIGURE 7.-Water-level measuramients during test No. 2, US.BM./AE.C. Colerady core hole No. 2, August 23,1966,
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Well discharge, water temperature, and specific conductarce are

showrn below:

Tiwe in minutes Specific
since pumping Discharge conductance Temperature
started (gpm) (micromhos per cm) (*F)
15 88.8 1,000 69
30 88.8 900 70
50 88.8 950 71.5
80 88.8 950 73
150 88.8 925 74
200 == 950 73.5
290 - 900 74

Average 88.8

-

rest No., 3.--The upper packer set at 1,500 feet, snd the lower

na2tkex not used. The core hole from 1,500 to total depth was pumped
durirg the test (table 7). Water level in the zone above the upper
packer rose gradually throughout the test, suggesting that the packer
wis holding and that hydrologic connection was negligible (fig. 8).
Well discharge, water temperature, and specific conductance are

srown balow,

Time in minutes Specific
sirce pumping Discharge conductance Temperature
____bee:n (gpm) (micromhos per cm) Cr
i3 84.8 950 67
23 80.3 950 68
&0 80.3 950 69.5
39 72.7 1,050 71
150 72,7 950 72
250 68.7 1,000 72
306 79 1,000 73

Aversage 74




Table 7

.

Vater-level measurements duriang
test 0. 3, USKM/AEC Colc.ado core hole No. 2

~August 29, 1966

Tine

Zone bel. .:n casing
and uprer packer

Zone between packer and total depth

(i) (411~1500 ft) (1500 - 2100 % ft)
Elcctric Air gauge
line pressure
depth to Change Air gauge converted Change
vater in pressure Pressure to depth in
beloy water on 1500 ft change to water water
measuring level airline (psi) below level
point (recovery) (psi) measuring (drawdown)
(ft) (ft) point (ft)
(ft)
A b ¢ d e 14 £
Pump on: Aucust 29, 1966, 1:00 p.m., average discharge 74 epm from zone between the
packer and total depth.
0 260.1 0 391 0 597 0
2 259.8 0.3 387 4 606 9
§ 259.6 8] 385 6 611 14
6 259.5 .6 384 7 613 16
8 259.3 .8 383 8 616 19
10 259.1 1.0 382 9 618 21
12 259.0 1.1 as2 9 618 21
15 258.8 1.3 3381 10 621 23
20 258.5 1.6 381 10 621 23
25 258.2 1.9 380 11 622 25
30 258.0 2.1 379 12 625 28
40 257.5 2.6 378 13 627 30
50 257.1 3.0 n 14 629 32
60 256.8 3.3 376 15 632 35

LEA



test No, 3, USBM/AEC Colorado core hole No. 2 (continued)
__ August 29, 1965

Table _7_
Vater-level measurecments during

Zone between caxing

S by e o

FJRE and upper packer Zone between packer and total depth
i) (411-1500 ft) (1500 - 2100 # f¢r)
Electric Alr gauge
line pressure
depth to Change Air gauge converted Change
water in precsure Pressure to depth in
below water on 1500 ft change to water water
measuring level airline (psi) below level
point (recovery) (psi) measuring (drawdowm)
(ft) (ft) point (ft)
(ft)
A b o d e f 2
80 256.1 4.0 374.5 16.5 635 38
100 255.6 4.5 373.5 17.5 638 41
150 254.8 5.3 368 23 650 53
200 254.0 6.1 363.5 27.5 661 64
250 253.4 6.7 359.5 31.5 669 72
300 - - .= 356 35 678 81
off: August 29, 1966, 6:00 p.m (recovery)
0 253.4 6.7 356 k3 678 81
2 252.9 7.2 359 32 671 74
& - - - - 361 30 666 69
6 252.8 7.3 363 28 662 65
10 .- .- 367 24 652 55
12 - - - - 369 22 648 51
15 - - - - 372 19 640 43
20 - - - - 374 17 636 39

8¢
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Table _7_

Vater-level measurements during
test No. 3, USEM/AEC Colorado core hole No. 2

Augast 29, 196F

(continued)

Zone betwecn casing T T T
Tie and upper packer Zone between packer a~d to:al depth
(nin) (411-1500 ft) (1500 - 2165 = fr) e
Electric Air gauge
line pressure
depth to Change Air gauge converted Change
water in pressure to depth in
below water on 1500 ft Pressure | to water water
measuring level airline change below level
point (recovery) (psi) (psi) measuring (recovery)
(ft) (ft) point (ft)
(ft)
-2 b c d e f -4
25 252.6 7.5 376 15 632 35
30 - - - - 378 13 627 30
40 - - - - 382 9 618 21
50 - - - - 383 8 616 19
60 - - - - 384 7 613 16
80 - - - - 385 6 611 14
100 251.8 8.3 391 0 597 0
140 - - - - 396 S 585 12
200 251.6 8.5 397 6 583 14
250 251.2 8.9 403 12 569 28
300 250.7 9.4 408.5 17.5 556 41

6€
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Test No. 4.=-=-No packers were used. The well was pumped at 93.4 gpm
for 250 minutes. ODrawdown was measured during pumping and recovery was
measured for 120 minutes after pumping ceased (fig. 9). Transmissibility
computed from the pumping phase was 3,400 gpd per foot (fig. 10) and
that irom the recovery phase was 3,600 gpd per foot (fig. 11). The
computed transmissibilities are probably affected by different rates
of Iflow between the upper losing zone and the lower gaining zone during

both pumping and recovery.

Well discharge, water temperature, and specific conductance are

shown below:

Time in minutes Specific
since pumping Discharge conductance Temperature
began (gpm) (micromhos per cm) (°F)
40 93.4 900 67
100 93.4 900 68
150 93.4 750 69
0 93.4 800 68
Py 93.4 950 69

Average 93.4

Water was moving from rocks near the top of the uncased section
down ¢ hole and out into rocks near the bottom of the hole. The
“wc&  adicating this are:

1. 7The head in the upper part of the hole is higher than in the

lower part of the hole.
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2. 7The specific conductance of the water from each test was
about the same as that of the water from the upper part of
the hole; whercas, during drilling the specific conductance
of water from the bottom of the hoic was much higher than
that of the water from the top part of the hole. Water
moved down the hole from the time that drilling was completed
until the packer tests were made. The amount of water withe-
drawn during the test was too small to "retrieve' all the

"top" water from the lower part of the hoile,

Deep-well current-meter survey

On October 21, 1966, a current-meter survey was made on USBM/AEC
Colorado core hole No. 2, using a Deerheardt-Owen spinner flowmeter,
The well was not puwmped during the survey, Results of the survey
(fig. 12) indicate that on October 21, water was entering the hole
between depths of about 1,200 to 1,400 feet, moving downward at
velocities of as much as 20 feet per minute and leaving the hole between
depths of about 1,900 to 2,070 feet. The quantity of water moving down

the hole at that time was about 30 gpm.

Quality of water

The chemical analysis of water pumped from the zone between the
nackers (900-1,200 feet) during test No. 1, is shown in table 8, and

the chemical analysis of water pumped from the zone between the packer
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L Results of deepewall curron? moter survey in U.S.8.M./A.EC Colorado core hole Na 2, October 21,1966
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Table _§ Chemical analysis of ground water puaped from ze o petween
depths of 900 to 1200 feot.

Lob. No. d24d04...

U.S. DEPT. OF 72 INTERIOR .- CIOLOCICAL SLRVEY
Statement o, Jater Analysis

Sevrce LS TIJAIC Colorado covg hole No. 2

¥ - ——

Location 35 milcs 'SW of Meeker, Colorado, {10 ~1arco Gor ncy

SI_' N % _NE %See_lb T 1S R __99W __Ficld/Giiice .« e .
NG e 271975 Tim, Ceni Tyze __Luae Use ’I‘Z;«; o ' -
C 3 ', AL \ "1\‘(‘1’ quxh(,,,) ?i)_Q_‘. Cosgd 'o___‘_d_l._L
Fiv.c deiis: Tems. { °F) 67 pH__~ Diem. (in.)_7=-5/ 2 Dote drilled_June _}22‘: .
Sp. \_ond. (1s: x.‘w-, 1000, Eh - Wetor level (ft. ) 311 .
Appecarance Jischorge 94

Test No. 1. Zomne between the packers { W.B.F. Evacuation Crecek & Parachuts Cgec
(900-1200 ft) ! Creen River Formation SeToTeT

, Owner U. S. Bureau of Mines

¥

.. -~

Chemical components Physicel charocteristics
ppm epm and compurca values
Silico (SiOQ) 13.0 Nissolved Solids { ppm)
Auminum (Al) Res. v~ cvap. ot 180°C 621
Iron { Fe) Calculoteu 626 o
sizngenase {Mn) Suspended solids { ppm)
Calcium (Ce) 6.0 0.30 Hordness as CaCO4 (ppm)
Yognesivm {Mg) 0.58 Total 44
Strontium {Sr) Non-carbonate -
Sodium (Na) 235.0 10.22 Spocific conductance
Potassium (K) 0.5 0.01 (umhos at 25°C) 970
pH 8.2
Color
Cotions {epm)__11.11 _ Radicchemical data
Sicarbonata (HCO3) 494 8.10 Alpha activity (pc/I)
Carbonate (CO3) ¢ asof ‘
Suifere (SO4) 113 2,35 Beta octivity (pc/i)
Chlorido {C1) 4.8 0.14 as of
Flooride {F) ) 0.17 Redium (Ra) (pe/1)
Nivvaie u\Q*) 0,2 ) Uranium (U) (ug/v)
nu.,am,t.: (?04) 0.06
sovon (B) 0,12 '
Anions {opm) 10.76

Led. No. Analysts Dote Checked
oy 49 om0 saasas
L Al ]
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and total depth (1,500-2,100% feet) during test No. 3, is shown in

table 9. The analyses show that the water in the two zones is similar;
al I3

in both samples the principike cation was sodium and the principke anion

was bicarbonate. Samples from other zones were taken for analysis, but

the results are not yet available.

50
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ok
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L0 Tope . Jsa 2st

Depts. (i1.) 2100 Cordto 411
Ciwm. (in.) / 5,_‘0 —Date driiled June 196
Ve tavel (F ) J

Dlschu'ge 74 P“X

W. B. F. Parachute Crgek Member,

tion

.__Qxeﬂn_ﬂmx__sma
Owner _U, S, Bureay of Mjineg

Chemical components

Physical charocteristics

ppm epm and computed valuas
Silica ($5i09) 13 | Dissolved Solids {opm)
Alominum (Al) | Res. on evop, ot 180 °c 659
lron { Fo) Caleuiu.~d 650
Ttancanese ( Mn) Suiponded soiics ( ppm) -
Acivm (Ca) 6.4 .32 Hardness as CaCO3 (ppm)
Megnasium (Mg} 48 Total 40
Strontium {Sr) ' Non-carbonate
Sodium {2 248,0 10.7¢ Ssncific condvetance
Potassivm ¢X) 0.4 0.01 (umhos at 25°C) 1040

pH 8.1

Color

Cations {(opm) _11.60

Radinchemical deta

Ciceibanote (HCOg) 564,0 9.24

Alpha octivity {pe/i)

Ceriancia (C04) 277.0 as of
Sutlzie (SO, )03 Q7.0 2.02 Beta activity (pe/l)
Gilerido (CH) 3.2 0.09 as of
«Ls o (F) A8 Q.36 Rodivm (Ra) (pe/l)
Hizilia (NO»), 0.3 0.001 | Urenivm (V) (ug/1)
Foahate (#8g) 0.0 -
Sovon (B) 0,11
]
Anions {epm)e i Zll
Leb. No. Anclysts Date Checked
Q=1 s1 ore e
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USGS-ALT7-F
UNITED STATES
DEPARTMENT OF THE INTERIOR 0il Shale-6
GEOLOGICAL SURVEY December 1969

Special Projects Branch

Federal Center, Denver, Colorado 80225

HYDRAULIC TESTING AND SAMPLING OF USBM=-AEC COLORADO
CORE HOLE 3, RIO BLANCO COUNTY, COLORADO

By
E. H. Cordes

ABSTRACT

On November 21, 1967, the U.S. Geological Survey, in cooperation
with the U.S. Bureau of Mines and the U.S. Atomic Energy Commission,
completed the hydraulic testing and sampling of USBM-AEC Colorado
Core Hole 3 in Rio Blanco County, Colorado. This hole was drilled to
explore the site for Project Bronco, a Plowshare experiment to study
the feasibility of in situ retorting of oil shale after breaking the
rock with a nuclear explosion.

The hydraulic tests indicate the existence of a highly permeable
water-bearing zone in the upper and middle parts of the Parachute Creek
Member of the Green River Formation of Eocene age. The zone yielded
water in excess of 2,700 cubic meters per day (500 gallons per minute).
During geologic time and even today, natural ground-water circulation
is believed to have dissolved the syngenetic salt deposits from a part
of the oil shale formations leaving a highly permeable zone of inter-
connected vugs and breccia channels. Older rocks underlying the
Parachute Creek Member are comparatively impermeable to water flow and
yielded less than 16 cubic meters per day (30 gallons per minuted) of
highly saline (49,000 parts per million dissolved solids) fluid.

Potential flooding of a rubble chimney is an important consideration
for project feasibility and safety. A first approximation of the
magnitude of flooding was calculated from the test data,
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A summary of the hydraulic test data is shown in table 1. Results

of chemical analyses are presented in the next section,
CHEMICAL ANALYSES OF CCH-3 WATER SAMPLES

Water samples were collected from various depths during the drilling
and testing of CCH-3, Table 2 describes the pertinent information relating
these samples to the hydrologic system and to each other.

The results of the general chemical analyses, table 3, show a
significant increase in dissolved-solids content with depth, The
general trend is recognized even if the magnitude of change is somewhat
affected by recirculation within the well bore during sampling.

Analyses of samples 68-637 and 68-638 are distinctly (ifferent and
certainly originate from separate aquifers and lithologies, Water from
the deepest zone, sample 68-638, showed a reversal in the anion concen~
tration of carbonate and bicarbonate. Both of these constituents had
been steadily increasing with depth (table 3). The chloride ion concen=
tration of sample 68-638 increased five times in relation to the previous
sample (68-637). A sharp change in ionic ratios suggests the presence
of a geologic contact, somewhere between the two sampled intervals. The
bottom~hole water may be fluid derived from the original evaporite en=
vironment,

The Denver Hydrogeochemical Laboratory, U.S. Geological Survey,
analyzed sumples 68-630 and 68-635 for tritium content and reported
both samples below 400 tritium units. These analyses provide back~

ground data to be used in assessing the effects of Project Bronco.

26
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Table 1.~-~Summary of hydrauvlic-~test data for
USBM-AEC Colorado Core Hole 3

i Test 1 Test 2 Test 3 Test &
Interval tested ;
_ N’ 111.5-290.5 {L11.5 =b56.3 11,5 =633.4 | 920-1,15L4.7
;‘jﬁ;;gfli j‘j“) (360-953) (360-1,1496? (360-2,078) |(3,018-3,786)
Static wafer level, 112 118 12k 200
meters (feqt)
b oy 1ec (367) (387) (107) (656)
Jetting depth, 283 Lk 1427 975
mecers (leet) (928) (1,156) (1,%400) (3,198)
Jetting pressure, 12.8 20.4 20.1 10.3
bars (psi) (186) (295) (292) (150)
Jetting tine, 236 515 1,353 732
Air volume,~/ ko x 10° k9 x 10° 100 x 10° L9 x 10°
m® per day {(cfm) (1,200) (1,200) (2,500) (1,200)
Average well
O . 600 2,000 3,000 60
dxschargc,é/ 4 2
m‘? ner day (gpm) (110) (360) (5%) (11)
Water level
recovery period, 123 360 732 1,909
min.
Transmissivity (T) 14 52 5 0.01
ciper day {zpd per ft) (1,100) (4,200) (6,000) (1)
Estimated specific
capacity §-/ ﬁ-/7-6 - - 2/6 1
of per day per mdd (0.42) )
(ppm per ft dd)
s 0.56 -- -- 1.3

nd surface datum,

rojected from recovery curves,

erated estimate,

ecorded by weir, corrected for losses,

idd, meter of drawdown; ft dd, foot of drawdown,

fter 4 hours.

sfter 12 hours,

, storage coefficient during pumping; S', coefficient during recharge.

CRRELBRX
Xy N1s

w - >
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Table 2.~--Water samples from USBM-AEC Colorado Core Hole 3

S":- n}cd zone SpecificZ/

U.S.G.S.| meters | fect TYPel/of Date Time Jezzézg Je::t:g ig?::g;ﬁgge :£%§E§}%}&

lab. no. b;:gw b;igw analysisjcollected (hours) =pd | spm Perzggcit c F

68-630 | 111.5 - | 360 -l G, M, T | 10-20-67 2400 3 600 | 110 el70 15.5| 60
290.5 953

68-631 ¢ 111.5 - | 360 -| G, M 10-22-67 1345 0.75 |el,100 [e200 e600 15.5] €0
370.6 1,216

68-632 | 111.5 - | 360 -| G, M 10-25-67 1125 1 1,600 | 300 700 15.5] 60
131.6 | 1,416

68-633 | 111.5 - | 360 -| G, M 10-26-67 1830 6 2,000 | 370 800 17.8] 64
456.3 1,496

68-634 | 111.5 - | 360 -] G, M 10-31-67 100 1.5 | 2,500 | 460 9,000 18.3| 65
542.5 1,780

€8-635 |111.5 - | 360 -] G, M, T | 11-3-67 0945 2.25 | 2,700 | k9o 25,000 21.1] 70
633.4 2,078

68-636 |111.5 . | 360 -|g, M 11-4-67 0715 23.5 | 3,000 | 5% 14,000 22.2| 72
480 1,575

68-637 | 688.5 - [2,259 -| G, M 11-16-67 1545 1 e60 | ell 32,100 15.5{ 60
960.7 3,152

68-638 | 688.5 - [2,259 -| G, M 11-20-67 0LoOo 11.5 60 11 els5,000 16.7] 62
975.4 3,199

1/ G, general; M, minor elements; T, tritium. 3/ Field determinatfon.

e Estimated value.

¥e



Table 3.--Chemtcal aralvs:s of water $r
(Results in millizra

5

ns per liter except as indicated)

=AEC Colorado Xore Hole 3

Cal- |Ma s Potas- |Ltth-] ¢ Bt Sul- | Ghl Fl X Qctho- | Dissolved :rg:z‘;: POV Sodtlua
Leb. ’t;:;“) z;‘:‘)‘ éu; aton | dlem | aioe | tum | bonace| bosace |fate | ride | ride |crace '?;‘;“ ::‘:: :Zou-?_ (r:::;:: Cat- | Hon- Cence pHl cont shs0cp-

a) | (Mg) | (Wa) (k) p(Lt) | (coy)| (Hco,) [(so,)| (c1) (r) {(x,) (v0, ) (s7) 15 180%) mag- | bon- (u:h:g sodgum | o 00

nesium | ate st 25°¢C)

6863 21 | 0.02] 12 0.01] 196 0.3 |0.06 16 86 | 137 6.5 o {01018 |@oO1 |37 602 75 0 1,800 | 8.5 85 9.9
68-631 21 .05 10 02| 225 & oot 1k 515 | 130 6.4 | 1.2 o] .25 | <01 |37 7 12 0 1,010 | 8.5 81 9.3
68-632 16 03] 5.6} <.01] 2% .2 | .08 16 621 54 6.3 9.4 .1 .38 <:ox 1.6 T18 66 0 1,090 | 8.5 8 13.0
68-633 15 03 5.2] <01 280 4 08 16 655 o 5.9 | 41.0 .1 .62 | <.01 | 1.4 Ok 55 0 1,120 | 8.9 92 16.0
68-634 17 A3 st .01 | 3,880 9.2 64 | h22 8,610 28 294 2L 01 21 2.2 .88 | 8,900 k0 0 11,0 | 8.4 99 269.0
68-636 18 011 .1} <.01]7,200 28 831 18 18,600 25| 180 28 01 3. b7 .86 {17,500 A2 0 20,200 | 8.5 9% 486.0
68-635 18 .21 3.4 | <.01 po,700 18 1.5 83y {26,800 24 | 1,180 3 0| 8.6 7.3 60 |26,5%0 32 o 27,%0 | 8.3 | 100 823.0
68-637 21 |10- 8.8 .12 16,000 k¢ 2.5 [5,100 |31,50 45| 3,700 3.4 o1 3.8 1.0 .08 [37,80 63 o 39,70 | 8.9 | 100 877.0
68-638 17 L6111 .17 p8,400 T 3.3 |3,210 [14,100 20% 18,800 2.8 01 341 .16 | B4 {48,700 267 0 0,0 | 8.8 9 450.0

Gg
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C22-45-.5dda indicates a well in the northeast quarter of the southeast
quartcr of the southeast qu .cer of sec. 15, T. 22 S., R. 45 W. The
capitai ictter C indicates .ue cownship is south of the base line and
that the range is west of the principal meridian. The absence of a
number following the lowercase letters shows that this was the first well
inventoried in the quarter-quarter-quarter section.

Most well locations given in this report are in the area controlled
by the six:th principal meridian, and the well-numbering system described
above applies to these wells. There are two smaller areas in Colorado
that are controlled by different meridians. Ome is the New Mexico
principal meridian, and wells in this area have the letters NM before
their location number. Another is the Ute principal mrridian, and wells
in this area have the letter U before their location number. The princi-
pal meridisn and base-line systems in Colorado are shown on figure 2.

HYDRAULIC PROPERTIES OF AQUIFERS

~—

Tue quantity of water that an aquifer will yield to wells depends

.5son tae hiydraulic properties of the aquifer. The prir- - inal hydraulic
sropercices of an aquifer are its ability to transmit . O store water.
“ie ability of an aquifer to transmit water is measures o s coeffi-
cient of transmissibility, and the capacity to store wate. - wieasured

oy its coefficient of storage.

In units commonly used by the Geological Survey, the coefficient
of transmissibility (') may be expressed as the rate of flow of water,
in gallons per day, at the prevailing temperature through a vertical
strip of the aquifer 1 mile wide extending the full height of the
aquifer under a hydraulic gradient of 1 foot per mile. The field
coefficienc of permeability () is expressed as the rate of flow of
water, in gallons per day, at the prevailing temperature through a strip
of the aquifer 1 mile wide and 1 foot thick under a hydraulic gradient
o 1 fcot per mile. The average field coefficient of permeability is
computed by dividing the coefficient of transmissibility by the aquifer
Luickness (n), in feet. The coefficient of storage (S) of an aquifer
s defined as the volume of water it releases from or takes into storage
¢r unit surface area of the aquifer per unit change in the component of
cad normal to that surface. Under water-table conditions, the coefficient
oi storage is nearly equal to the specific yield, which is defined as the
ratio of (1) the volume of water a saturated material will yield by gravity
to (23 its own volume. This ratio is stated as a decimal fraction.

e
I
8

Methods

The data presented in this report were analyzed by the Cooper-Jacob,
Jacob~-Lohman, or Thiem method. The equations used have been reduced to
their simplest forms. For information concerning the development of the
original equations and their reduction to the forms used here, the
reader is referred to the following publications: Cooper and Jacob, 1946;
Jacob and Lohman, 1952; Theis, 1935; Thiem, 1906; and Wenzel, 1942, p. 81.
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Introduction
This atlas presents the results of an investigation of the
water resources of part of the Piceance Creek structural basin
in northwestern Colorado. The area of investigation is between

the White and Colorado Rivers (see index map, fig. 1), an area of about

1,600 square miles in parts of Rio Blanco, Garfield, and Mesa Counties.
The U.S. Geological Survey's study of the water resources in

the basin was begun in 1964 and completed in 1966. The study was

made in cooperation with the Colorado Water Conservation Board.

The basic hydrologic data collected during this study are published

in a report by Coffin, Welder, Glanzman, and Dutton (1968). Additional

basic data collected after publication of the Coffin, Welder, Glanzman,

and Dutton report are in the files of the Geolog!cal Survey. The

data include results of aquifer tests, logs of wells and test holes,

hydrographs of streams, and chemical analyses of both ground water

and surface water in the basin.

The objective of the investigation was to describe availability,
occurrence, and chemical properties of the water resources of the
basin. This description will be useful for developing water supplies
and for coping with water problems associated with the development
of the oil shale resources. The Piceance Creek basin contains some
of the richest oil shale deposits in North America. These deposits
represent a huge potential source of petroleum and efforts are currently
being made to develop the resource. Some of the problems associated
with the mining and retorting of oil shale are: removal of water
from mines, supplying water for mining and retorting operations,
supplying additional domestic water for an increase in population,
effect of mining operations on present users of ground water and

surface water, and water-quality problems created by mining operations.
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The population of the basin is sparse, possibly less than
200. The major use of water is for irrigation and is supplied
mostly by surface water. Hay meadows and feed crops are irrigated
in the valleys of the four major streams (Piceance, Yellow, Roan,
and Parachute Creeks). The surface water supply is adequate
during the early part of the growing season and inadequate during
the late summer months.

Ground-water resources of the basin are relatively undeveloped
at the present because of sparse population and lack of arable land.
The three irrigation wells in the basin are in the alluvium of Roan
Creek. Four wells tapping the Green River Formation (originally
drilled for oil) are occasionally used for irrigation along Piceance
Creek. There are 65 small diameter wells, some of them flowing, and
about 250 springs tapping the alluvium and the Green River Formation

that supply water for domestic and stock use throughout the basin.

The Piceance Creek structural basin is a northwest-trending
downwarp lying between the White River uplift on the east and the
Douglas Creek arch on the west. The topography of the basin between

the White and Colorado Rivers is illustrated by the block diagram (fig. 2).

The edges of the basin are formed by cliffs of oil shale, which act

as hydrologic boundaries separating the basin from adjacent areas. A
major east-west topographic divide separates the structural basin into
two drainage basins: the northern drainage basin contains Piceance
and Yellow Creeks, which are tributary to the White River; the southern
drainage basin contains Roan and Parachute Creeks, which are tributary

to the Colorado River (fig. 2).
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Geology
A brief description of the geologic units in the Piceance Creek

basin and their water-bearing characteristics is given in table 1.

Table 1. (omitted)

A geologic map and summary of the geology and oil resources of the
basin is given in a report by Donnell (1961). The general shape of
the basin and the relation of geologic units are shown on the structure

contour map (fig. 3) and the diagrammatic section (fig. 4).

Surface rocks exposed in the basin are sedimentary and range in
age from the Cretaceous to the Quaternary (Donnell, 1961). Discussion
of the geologic units in this report will be limited to the Green
River Formation and younger rocks because these sediments are of
greatest economic interest and contain the principal aquifers in the
basin.

The Green River Formation of Eocene age rests conformably on the
Wasatch Formation and is the bedrock in the area (see diagrammatic
section, fig. 4). The formation is divided into five members: Anvil
Points, Douglas Creek, Garden Gulch, Parachute Creek, and Evacuation Creek.

The Anvil Points, Douglas Creek, and Garden Gulch Members are
composed of marlstone, shale, and sandstone. These units are relatively
impermeable. 1In general, they impede the movement of ground water

between the Green River Formation and the underlying rocks.
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The Parachute Creek Member overlies the Garden Gulch Member and
is composed principally of oil shale. This member contains the principal
bedrock aquifer in the basin. The member can be divided into three zomnes
(high resistivity, low resistivity or leached, and Mahogany) based on
differences in both geologic and hydrologic character. These zones can
be correlated throughout the central part of the basin based on their
characteristic appearance on electric logs as shown on the stratigraphic

section (fig. 5). The lowermost zonme in the Parachute Creek Member is

Figure 5. (omitted)

called the high resistivity zone. This zone contains oil shale and beds
of saline minerals, is relatively impermeable, and probchly is little
fractured. The high resistivity zome i_ confined to the center of

the northern part of the Piceance Creek basin (see diagrammatic section,
fig. 4) and ranges from less than 200 to more than 900 feet thick, as
indicated on the thickness map of the zone (fig. 6). The absence of
this zone elsewhere may be due to low concentration of kerogenm or to
removal of the saline minerals by solution. Apparently, some saline
minerals were deposited throughout the basin in the Parachute Creek
Member. Deposition in vugs and beds is undoubtedly most common near
the center of the basin and less common on the edges of the basin.

The zone overlying the high resistivity zone is characterized by low

resistivity on electric logs (see stratigraphic section, fig. 5).

In the center of the basin, where saline minerals make up a greater
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percentage of the member, the removal of minerals from the upper

part has resulted in voids, fracturing, collapse, and irregular bedding.
The low resistivity zonme which corresponds to the leached zone is more
porous and permeable than either the underlying or overlying zomes.
Because of its high porosity and permeability, the leached zone is the
principal bedrock aquifer in the Piceance Creek basin. The low
resistivity zone is best defined near the center of the northern part
of the basin and ranges from less than 400 to 700 feet thick as

shown on the thickness map of the zone (fig. 7).

The low resistivity zone thickens outward, but cannot be distinguished
on electric logs outside of the 700-foot thickness line (see
stratigraphic section, fig. 5). Core recovery from the leached

zone is generally poor, but when core is recovered, it is highly
fractured and contains vugs. Drillers oftem report lost circulation

in this zone.

Overlying the leached zone is the Mahogany zone, or as it is
called on the outcrop, the Mahogany ledge (see stratigraphic section, fig. 5).
The 2one contains a relatively thick section of oil shale. Saline minerals
are sparse in this zone and appavently were never thickly deposited.

The Evacuation Creek Member, consisting of marlstone and fine-grained
sandstone, overlies the Parachute Creek Member and forms the surface rock
throughout most of the basin. That part of the member topographically
higher than the level of the streams is mostly drained. The Evacuation
Creek Member is more permeable than the Mahogany zone but is less

permeable than the leached zone. The Evacuation Creek Member ranges from 0 to

1,250 feet thick.
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Alluvium of Quaternary age contains sand, gravel, and clay and
partly fills the stream valleys of Piceance, Yellow, Roan, and Parachute
Creeks. The permeable alluvium is an aquifer in the Piceance Creek
basin. The saturated thickness is as great as 100 feet. However, the
areal extent of the alluvium is small and is usually confined to belts
less than 1 mile wide. Because of this limited width, the alluvium is
not capable of supplying large quantities of water to wells for more

than a few months. The alluvium ranges from 0O to 140 feet thick.

Structure
The Green River Formation is cut by a very extensive joint or
fracture system, The orientation of many of the streams and their
tributaries appears to be controlled by these fractures. Streamflow
along joints or fractures provide avenues for recharge to both the
Evacuation and Parachute Creek Members. The joints are parallel to
ma jor structural features in the basin, but the primary trend is

towards the northwest.
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Precipitation
Distribution of precipitation in the Piceance Creek structural
basin is markedly affected by altitude (Iorns and others, 1965,
p. 184-185). Areas where the altitude is greater than 8,000 feet, such
as along the major divide and Cathedral Bluffs as shown on the

potentiometric contour map (fig. 8) receive as much as 26 inches of

precipitation per year, mostly as snow in the winter months. Areas
between altitudes of about 5,500 and 8,000 feet generally receive from
12 to 20 inches of precipitation annually. Streamflow generally is
greatest during spring snowmelt. Some of the springs in the basin
show a similar response to snowmelt as shown by the hydrographs of

selected springs (fig. 9).

Samples of water having a dissolved-solids content ranging from
250 to 63,000 mg/1 (milligrams per liter) have been collected in the
basin. The best quality of water is found in streams and aquifers
in the higher altitudes in the basin. The worst quality of water

is found in the high resistivity zone of the Parachute Creek Member.

Ground water in the Green River Formation
The Green River Formation is the best potential source of ground
water in the northern part of the Piceance Creek basin. The leached
zones of the Parachute Creek Member and the Evacuation Creek Member are
aquifers (fig. 5) and contain water under artesian pressure in most of
the area. There are many flowing wells and the maximum depth to water
is about 200 feet. The Garden Gulch Member and the high resistivity zone

of the Parachute Creek Member have low permeability and confine water
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in underlying aquifers. The Mahogany zone of the Parachute Creek
Member also confines water except where it is cut by vertical fractures.
These fractures permit water to move between aquifers (see diagrammatic
section, fig. 4). The leached zone contains water in fractures and
solution openings and is considered the principal bedrock aquifer in
the northern part of the Piceance Creek basin because it has the
greatest areal extent, permeability, and storage capacity. It contains
2.5 million acre-feet or more of water in storage (fig. 7). The
transmissivity distribution in the leached zone was estimated from
the thickness map of the zone (fig. 7) and from six aquifer tests
(Coffin and others, 1968). The transmissivity of the zone ranges from
less than 3,000 gpd per ft (gallons per day per foot) in the margins
of the basin to 20,000 gpd per ft in the center of the “asin. Tests
indicate that the potential yield of a well tapping the leached zone
may be as much as 1,000 gpm (gallons per minute). The artesian storage
coefficient of the leached zone is estimated to be about 10-4, but when

not confined, the storage coefficient would be about 10-1. Thus, pumping

very large quantities of water would cause water levels to decline
several hundred feet to the top of the leached zone in a short time,
but after water levels reached the leached zone the decline would
be much slower. The Evacuation Creek Member contains water mainly
in fractures. Its permeability is much less than the leached zome.

Test wells penetrating the Evacuation Creek Member in the north-central

part of the basin yield 100 gpm or less.

The major ground-water divide in the basin is approximately the
same as the topographic divide between the White River and the Colorado
River. GCround-water movement in the Green River Formation (northern

part of the Piceance Creek basin) is toward the two major drainages of
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the basin, Piceance and Yellow Creeks. Movement is normal to the contours
shown on the potentiometric contour map (fig. 8). The Green River
Formation is bounded on the wesat by Cathedral Bluffs. On the north, the
divide is near the main stem of the White River (fig. 8). Recharge on

the margins of the basin moves downward through the Evacuation Creek
Member and Mahogany zone into the leached zone of the Parachute Creek
Member. Data from a few wells indicate that the potentiometric head

in the leached zone near the edges of the basin is lower than the head

in the overlying zones. Other data indicate that near the center of

the basin the head in the leached zone is higher than the head in the
upper zone. These head relations indicate that the direction of flow

is downward in the margins of the basins, laterally toward the center

and northern edge of the basin, and upward in the lower reaches of
Piceance and Yellow Creeks and in the White River valley (see diagrammatic
section, fig. 4). In the center and northern edge of the basin water
moves upward from the leached zone through the Mahogany zone into the
Evacuation Creek Member where it discharges into Piceance Creek, Yellow
Creek, the White River, or is evaporated. Smaller amounts of ground
water are discharged to springs and flowing wells (fig. 8). The
potentiometric contours indicate that about half of the northern part

of the basin contributes ground water to Piceance Creek. South of the

major divide, water is discharged by springs that issue from fractures
near the top of the Mahogany zone. In the lower part of the stream
valleys, the Mahogany forms part of a cliff as high as 2,000 feet above
the stream. Spring discharge from the top of the zone in these areas
can be seen as a dark band along the upper part of the cliff. However,

most of this water evaporates before reaching a stream.
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Pumping large quantities of ground water from the Green River
Formation would change the points of discharge. Continuous pumping
of large amounts of ground water for a number of years could dry up
springs over a large part of the basin and stop much of the seepage
to the creeks. Many of the water holes used by wildlife would disappear
and the base flow of Piceance and Yellow Creeks would be appreciably
diminished to the detriment of present appropriators.

The dissolved solids concentration of water in the Green River
Formation ranges from 250 to 63,000 mg/l. Water near the edges of the
basin contains less than 2,000 mg/l dissolved solids and the dominant
ions are calcium, magnesium, and bicarbonate. About halfway between
the edges of the basin and the center, dissolved solids are about the
same as at the edges, but the dominant ions are sodium a..d bicarbonate.
Near the center of the basin, the water has dissolved considerable
amounts of saline minerals and the dissolved solids average 25,000 mg/1
and the principal constituents are sodium and bicarbonate. Chloride
concentration ranges between 500 and 2,500 mg/l. The graph (fig. 10)
relating dissolved solids of water in the basin to specific conductance
can be used to approximate dissolved solids concentrations from field
conductivity measurements. Water in the Parachute Creek and Evacuation
Creek Members are chemically similar in the higher parts of the basin
(Coffin and others, 1968). However, in the lower parts of the basin,
water in the Parachute Creek Member becomes highly mineralized from
contact with the saline minerals. For example, water in an abandoned
oil test well near Piceance Creek about 1.5 miles below Ryan Gulch
contained 17,400 mg/l dissolved solids, principally sodium and
bicarbonate. The water in the well contained 542 mg/l chloride and is
unsuitable for most uses. Water in the Evacuation Creek Member is a

mixed chemical type with no dominant cation or anion. The principal
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constituents are sodium, magnesium, and sulfate. Analyses of water
samples from the Evacuation Creek Member are summarized in a bargraph
(fig. 11). The dissolved solids concentration ranges from 250 to

1,800 mg/1. Water in the Parachute Creek Member has sodium and
bicarbonate as the principal ions, however, when the dissolved solids
are less than 500 mg/l, the principal ions are calcium and bicarbonate.
A summary of analyses of water samples from the Parachute Creek Member
is given in a bargraph (fig. 12). The dissolved solids concentration
ranges from 250 to 63,000 mg/l. The average dissolved solids
concentration of 6 water samples obtained during a pumping test of

the high resistivity zone was 63,000 mg/1.

Ground water in the alluvium

Alluvium is a source of ground water along Piceance, Yellow,
Roan, and Parachute Creeks. The alluvial aquifer is capable of
storing and transmitting more water per unit volume than any other
aquifer in the basin. However, the areal extent of the deposits is
small compared to that of the bedrock aquifers. The alluvium is
confined to belts less than 1 mile wide along the creeks. Along the
major drainages, the alluvium ranges from 0 to 140 feet thick and the
saturated thickness may be as much as 100 feet in a few places (Coffin
and others, 1968). Water in the alluvium occurs under both water-table
and artesian conditions. The permeability of the clay is much less
than that of the sand and gravel, and where it confines water in
underlying sand and gravel under enough pressure, water flows at the
land surface when tapped by a well. Typical occurrences of alluvium in
the major stream drainages are shown by the sections below the

potentiometric contour map (fig. 8, Sheet 3 of 3) (omitted)
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An aquifer test in the alluvium of Piceance Creek showed that
after pumping a few hours, the hydrologic boundaries of the alluvium
will affect drawdowns and well yields (Coffin and others, 1968).

The storage coefficient probably averages about 0.20. 1In places

where the alluvium contains clay beds, the transmissivity may be as

low as 20,000 gpd per ft. Thus, well yields vary widely from place to
place according to variations in lithology of the alluvium at the well
and proximity of the well to the hydrologic boundaries. Initial yields
from properly located, developed, and constructed wells are estimated to
be as much as 2,000 gpm. An irrigation well in Roan Creek was reported
to yield 1,500 gpm.

The alluvial aquifer is recharged by precipitation, by applied
surface water, by streams, and by infiltration from the Green River
Formation. The aquifer discharges to streams, springs, wells, and

to the atmosphere by evapotranspiration.

The dissolved solids concentration of water in the alluvium
ranges from 250 to 25,000 mg/l. Water in alluvium in the upper
reaches of the major drainages contains less than 700 mg/l dissolved
solids. In general, the principal ions in the alluvial water are
calcium, magnesium, and bicarbonate. Ions in the water in the alluvium
of Piceance Creek are predominantly calcium, magnesium, sodium, and
bicarbonate; the dissolved solids concentration increases downstream.
The dissolved solids concentration is about 700 mg/l at Cow Creek and
2,500 mg/1 at Dry Fork (fig. 8). Below Dry Fork the concentration
increases to 8,300 mg/l1 and sodium becomes the dominant cation. These

changes occur by solution and ion exchange and reflect the change in
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nature of the bedrock underlying the alluvium. Above Dry Fork the
alluvium {s underlain by the Evacuation Creek Member and below by the
Parachute Creek Member. Abandoned flowing wells below Dry Fork tapping
the Parachute Creek Member contribute locally to the increase in
dissolved solids. Water in the alluvium in Yellow Creek appears to

be within the range in composition and concentration of the water in
the alluvium of Piceance Creek. Dominant ions in the water in the
alluvium of Roan and Parachute Creeks are calcium, magnesium, sodium,
bicarbonate, and sulfate. The dissolved solids concentration of the
water is as much as 7,200 mg/l. The alluvium of Roan and Parachute
Creeks contains some gypsum which was derived from the Wasatch Formation.
Water in contact with the gypsum becomes increasingly concentrated

with sulfate. The sulfate concentration of a water sample obtained

near the mouth of Roan Creek was 4,200 mg/1.

Surface water
There are no long-term records of streamflow in the Piceance

Creek structural basin between the Colorado and White Rivers. Gaging
stations on seven streams have been operated at various times. The
records at these stations are summarized in table 2 and the station
locations are shown on the potentiometric contour map (fig. 8). Except
for two unpublished records, these data are published in Water-Supply
Papers of the U.S. Geological Survey and in the annual series, Surface

Water Records for Colorado, Part 1.



[Station: Numbers are those used in publication of surface-water records, except prefix 9 is omitted. ]
Station Drainage | Average | Extremes of discharge
No. Streamflow station Period of record area discharge (cfs)
(sq mi) (cfs) Maximum| Minimum daily
0928 West Fork Parachute Creek near Oct. 1957-Sept. 1962 48.1 4,37 147 0
Grand Valley
0930 Parachute Creek near Grand Valley| Oct. 1948-Sept. 1954 144 17.7 738 0
Oct. 1964~Sept. 1967
0935 Parachute Creek at Grand Valley Apr. 1921-Sept. 1927 200 30.3 912 0
Oct. 1948-Sept. 1954
0940 Roan Creek at Simmons Ranch June 1935-Sept. 1935 79 ———— 142 0
Mar. 1937-Sept. 1937
0941 Carr Creek at Altenbern Ranch June 1935-Nov. 1936 17 2.85 143 0
Mar. 1937-Sept. 1937
0942 Roan Creek above Clear Creek Oct. 1962-Sept. 1967 151 14.8 800 1.0
0944 Clear Creek near DeBeque July 1966-Sept. 1967 111 ———— 1,540 0
0950 Roan Creek near DeBeque Apr. 1921-Sept. 1926 321 40.0 1,220 3.2
Oct. 1962-Sept. 1967
3055 Piceance Creek at Rio Blanco Oct. 1952-Sept. 1957 9 1.40 23 .1
3060 Piceance Creek near Rio Blanco Oct., 1940-Sept. 1943 153 20.3 430 .1
3062 Piceance Creek below Ryan Gulch Oct., 1964-Sept. 1967 485 12.5 400 .80
3062.22 | Piceance Creek at White Rivert | Oct. 1964-Sept. 1966| 629 17.0 550 .9
3062.55 | Yellow Creek near White Riverl/ Oct. 1964-Sept. 1966 258 1.37] 1,060 0

1/Unpublished record.
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Commonly, all streams in the basin reach a peak during the snowmelt
runoff and decrease in flow beginning in June or July, and reach low
flow in September or October. Low flow continues through the winter.
Parachute Creek is often dry, or almost dry, from December until April.
The flow of Piceance Creek is more uniform than that of Parachute or
Roan Creeks because the flow is sustained by ground-water discharge
from the Green River Formation. However, in 1965 and 1966 the flow
of Piceance Creek below Ryan Gulch dropped below its average of 12.5 cfs
(cubic feet per second) to as little as 0.8 cfs during April or May

due to diversions for irrigation before the snowmelt runoff.

On October 6, 1965, discharge was measured at 13 sites and 8
samples for chemical analysis were collected from Piceance Creek from
Rio Blanco to the White River gage. The results of this study are

shown on the discharge-quality graph (fig. 13). Little water was being

diverted for irrigation and there had been no precipitation for several
weeks. The gain in flow downstream from Rio Blanco was caused by a
thinning of the alluvium, forcing the ground water to the surface.

The streamflow disappeared into the alluvium where it thickens at Cow
Creek, but 2 miles downstream the alluvium was saturated and surface
flow resumed. The potentiometric contour map (fig. 8) indicates that
the reach between Thirteenmile Creek and Black Sulphur Creek is fed

by ground water. The 14 cfs gain in this reach, as determined by the

October 6, 1965 study, supports this conclusion.
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The effect of ground-water discharge from the Green River
Formation on the chemical quality of water in Piceance Creek is
illustrated on the discharge~quality graph (fig. 13). Above Thirteenmile
Creek, the bedrock is the Evacuation Creek Member and ions in the water
in Piceance Creek are predominantly calcium, magnesium, and bicarbonate;
below Thirteenmile Creek, water contributed from the Parachute Creek
Member caused a gradual increase in sodium, which became the dominant
cation in the reach below Ryan Gulch. The dissolved solids concentration

ranged from 600 mg/l at Cow Creek to 2,000 mg/l at the White River gage.

Samples of water for chemical analysis at various discharges
were collected on Piceance, Yellow, Roan, and Parachute Creeks. The
results of the analyses are shown on the graphs showing chemical

character for the various streams (figs. 14 to 17). Water in the

alluvium is generally the same chemical character as the water in the
stream, but has a higher dissolved solids concentration. In general,
the quality of the water is best at high discharges but the chemical
character remains about the same. The observed range in dissolved
solids concentration in the four streams was as follows: Piceance
Creek, 440 to 5,700 mg/l; Yellow Creek, 1,400 to 3,000 mg/1;

Roan Creek, 430 to 2,300 mg/l; and Parachute Creek, 360 to 1,280 mg/l.
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Conclusions

1. Surface-water supplies in the basin are small and are
completely developed.

2. Additional ground-water supplies could be developed from the
Green River Formation or from the alluvium. Wells in the Green River
Formation might yield as much as 1,000 gpm. Wells in the alluvium
might yield as much as 2,000 gpm.

3. Pumping large quantities of ground water from either the
alluvium or from the leached zone of the Green River Formation would
have adverse effects on present surface supplies.

4. The water stored in the leached zone represents a potential
source of industrial supply that might last many years. The zone
contains 2.5 million acre-feet of ground water in storage. Pumping
large quantities of water from the Green River Formation would cause
levels to decline several hundred feet in a short period of time
(<1 yr).

5. Water pumped from the leached zone would contain dissolved
solids ranging from less than 2,000 mg/l near the edges of the basin
to more than 60,000 mg/l in the center of the northern half of the
basin. The 60,000 mg/l water might have a chloride concentration of
1,000 mg/1l or more. Water with a chloride concentration this high
is unsuitable for most uses. Ions in the water near the edges of the
basin are predominantly calcium, magnesium, and bicarbonate; the iomns

near the center of the basin are predominantly sodium and bicarbonate.
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6. 0il shale mining operations may be hampered by ground water.
Flooding by ground water would be most serious in mines which are
excavated in or below the leached zone. For example, near the center
of the basin, an open-pit mine with a radius of half a mile might
require a pumping rate of as much as 60 cfs to keep the mine dewatered.

7. Disposal of mine effluent in surface streams would increase
the salt load in the White and Colorado Rivers, which would pose a

gerious pollution problem.
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COLORADO DEPARTMEMNT OF HEALTH
Water Pollution Control Cormission
4210 East 11th Avenue

Denver, Colorado 80220

Adopted: Apmil 13,197/

Effective: Sept: |) 197

WATER QUALITY STANDARDS FOR COLORADO

The Second Session of the Forty-Fifth General Assembly of the State of
Cclorado passed Vater Pollution Control Legislation for the State of Colorado as
set out in Chapter 66, Article 28, C.R.S. 1963 (1967 Perm. Cum. Supp.). In adopt-
ing this legislation, the following legislative declaration was made:

"whereas the pollution of the waters of this state constitutes

a menace to public health and welfare, creates public nuisances,
is harmful to wildlife, fish and other acuatic life, and impairs
domestic, aqricultural, industrial, recreational, and other
beneficial uses of water; and whereas the problem of water
pollution of this state is closely related to the problem of
water pollution in adjoining states; and whercecas it is the public
policy of this state to conserve the waters of the state and to
protect, maintain, and improve the quality thereof for public
water supplies, for the propagation of wildlivc, fish and other
aquatic life, and for domestic, agricultural, industrial,
recreational, and other beneficial uses, and to provide that

no wastes be discharged into any waters of the state without
first being given the degree of treatment necessary to protect
the beneficial uses of such water, it is hereby declared that
the prevention, abatement, and control of the pollution of

the waters of this state are affected with a public interest

and the provisions of this act arc enacted in the exercise of the
police powers of this state for the purpose of protecting the
health, peace, and safety, and general welfare of the people

of this state."

These standards are the foundation for the classification of the waters
of the State of Colorado, as defined in the Water Pollution Control Act of 1966,
as amended.

Standards are subject to revision as technical data, surveillance
programs, and technological advances make such revisions desirable.

For purposes of enforcement of thesc standards, sampling will be done
at a point where these standards can be evaluated.

For purposes of enforcement of water classification standards, sampling
of the waters will be done at any point, except for areas immediately adjacent to
outfalls and except as may be noted in the text of the standards. In such areas,
cognizance will be given to thc opportunity for admixture of waste efflucents with
receiving water.
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Tests or analytical proccdures to determine compliance with standards
will, insofar as practicable and applicable, be made in accordance with the
methods given in the latest edition of "Standerd letheds For The Examination
Of Vater And Waste Water' published by the American Fublic Health Association,
or in accordance with tests or analytical procedures that have been found to be
equal or more applicable and satisfactory and accepted and approved by the
Commission.

In areas where a body of water is classified for more than one use,
the standards applicable to each usc shall apply and in casc of a conflict,
the more restrictive standards shell prevail in each instance.

VWhere and whon additional waters become available, hearings will be
held on the possible classification or reclassification of such waters for
further cnhancement. The quality of water will be maintained as high as possible
and in no case shall stream standards be violated.

It is expected that the present uses of the waters of Colorado will
continuc but if other uses develop, streams may be classified or reclassified
after public hearings.

Vaters of the state, the quality of which exce>ds the limits set in
these standards, vill be maintained at existing quality unless and until it can
be demonstrated to the State that a change in quality is justified to provide
necessary economic or social development. In that case, the best practicable
degrec of waste treatment to protect the current classification of such waters
will be required. The appropriate Federal authority will be provided with
information, from time to time, required to discharge his responsibilities under
the Federal Water Pollution Control Act, as amended.

I. CASIC STAMDARDS APPLICABLE TO ALL WATERS OF THE STATE:

A. All wastes capable of treatment or control prior to discharge into any
waters of the state, shall receive secondary treatment with disinfection
or its industrial waste equivalent, as determined by the State Water
Pollution Control Comnission. Lesser degrees of treatment or control
may be permitted only where it can be demonstrated that the standards
applicable to the classified use of the water can be attained. Greater
degreces of treatment or control will be required where it can be
demonstrated that it is necessary to comply with the standards appli-
cable to the classified use of the water.

B. Free from substances attributable to municipal, domestic, or industrial
wastes, or other controllable sources that will either scttlie to form
unsightly, putrescent, or odorous bottom deposits, or will interfere
with the classified use of the water.

C. Free from unsightly floating debris, oil, grease, scum, and other
floating material attributable to municipal, domestic, or industrial
wastes, or other controllable sources.

-2 -
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Free from materials attributable to municipal, domestic or industrial
wastes, or other controllable sources that will produce objectionable
odor, color, taste, or turbidity in the water, or objectionable aquatic
lifc which may result in cutrophication or other conditions that inter-
fere with the classified usc of the water.

Free from high temperatures, biocides, toxic, or other deletcrious
substances attributable to municipal, domestic, or industrial wastes,

or other controllable sources in levels, concentrations, or combinations
sufficient to be harmful to human or znimal life.

Radioactive materials attributeble to municipal, industrial or other
controliable sources will be minimum concentrations that are physically
and economically feasible to achieve. In nc case shall such materials
in the stream exceed the limits established in the current edition of
the U. S. Public Health Service Drinking Vater Standards or the limits
approved by the Federal Radiation Council, or, in the absence of any
limits specified by the U. S. Public Health Service or the Federal
Radiation Council, 1/30 of the 168-hour-week vaiues for other radio-
active substances specified in the National Bureau of Standards
Handbook 69.

II. ADDITIOMNAL WATER QUALITY STAHDARDS FOR DRODIES OF WATER THAT HAVE BEEN
CLASSIFIED FOR ANY OF THE FOLLOWING USES:

CLASS A.

l.

The following standards shall apply to water withdrawn for treatment
as a potable supply:

a. Bacteria: Wastes or substances from controllable sources shall
not bc discharged into these waters in amounts which will cause
the number of organisms of the fccal coliform group, as determined
by either multiple tube fermentation or membrane filter techniques,
to exceed a log mean of 1000 per 100 milliliters or excecd 2000
per 100 milliliters in more than 10% of the samples collected in
any 30 day period.

b. Dissolved Oxyaen: Dissolved oxygen shall not be less than 4
milligrams per liter.

c. pH: The pH shall be maintained between 6.0 and 9.0.

d. Taste and Odor: Ffrce from materials attributable to municipal,
domestic, or industrial wastes, or other controllable sources
that will produce taste or odor in thc water.

e. Dissolved Solids: Total dissolved solids, annual volume weighted
average, should be less than 500 milligroms per liter.

.-3..
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CLASS A, - continued

CLASS B.

1.

f.

Sclected Chemical Constituents: The following substances shall
not be prasent in such cmounts as Lo exceced the specified concen-
trations in a potable woter supply according to the mandatory
requirements of the latcst edition of the U. S. Public Health
Service Drinking Water Standards:

Substance Concentration - mg/1
Arsenic = = = = = = = = = = = - - 0.05
Barium =~ = = = = = = = = = = - - 1.00
Cadmium = = = = = = = = = = « = = 0.01
Chromium (Hexavalent) - - = - - - 0.05
Cyanide - = = = = = = = = = = - - 0.20
Lead- = = = = = = = = = = = = - = 0.05
Selenium- - = = = = = =~ = = =« - 0.0}
Silver= = = = = = = = = = = = = - 0.05

The following standards shall apply to waters classified for fish and
wildlife (Cold Water Fishery):

a.

Bacteria: Wastes or substances from controllcble sources shall not
be discharged into these waters in amounts which will cause the
number of organisms of the fecal coliform group, as determined by
either multiple tube fermentation or membrane filter techniques, to
excced a log mean of 1000 per 100 milliliters or exceed 2000 per 100
milliliters in more than 10% of the samples collected in any 30 day

period.

Dissolved Oxvgen: |In cold water fisheries, the dissolved oxygen
content shall in no case go below 6 milligrams per liter.

pli: pH shall be meintained between 6.5 and 8.5. No controllable pH
change will be permitted which will interfere with fish and aquatic

life.

Turbidity: No turbidity shall exist in concentrations that will
impair natural and developed fisheries.

Temperature: In cold water fisheries the temperatures shall not
exceced /0° F. No controllable temperature change will be permitted
which will interfere with the spawning and other aspects of fish life.
*Note: Sce additional temperature criteria on page 6.

Toxic Material: Frece from biocides, toxic, or other delectcrious
substances attributable to municipal, domestic, or industrial
wastes, or other controllable sources in levels, concentrations,
or combinations sufficient to be harmful to aquatic life.

-4 -
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CLASS B.

- continued

go

Other Material: Frec from materials attributable to municipal,
domestic, or industrial wastes, or other controllable sources
that will produce off-flavor in the flesh of fish.

The following standards shall apply to waters classified for fish and
wildlife (Warm Vater Fishery):

a.

Bacteria: Vastes or substances from controllable sources shall not
be discharged into these waters in amounts which will cause the
number of organisms of the fecal coliform group, as determined by
either multiple tube fermentation or membrane filter techniques, to
excced a log mecan of 1000 per 100 milliliters or exceed 2000 per 100
milliliters in more than 10% of the samples collected in any 30 day
period,

Dissolved Oxycen: In warm water fisheries, dissolved oxygen content
shall in no case go below 5 milligrams p~r liter.

pH: pH shall be maintained between 6.5 and 8.5. No controllable pH
change will be permitted which will interfere with fish and aquatic

life.

Turbidity: No turbidity shall exist in concentrations that will

impair natural and developed fisheries.

Temperature: In warm water fisheries the temperatures shall not
exceed 90° F. No controllable temperature change will be permitted
which will interfere with spawning and other aspects of fish life.
*Note: See additional temperature criteria on page 6.

Toxic Material: Free from biocides, toxic, or other deleterious
substances attributable to municipal, domestic, or industrial
wastes, or other controllable sources in levels, concentrations,
or comhinations suificient to be harmful to aquatic life.

Other Material: Free from materials attributable to municipal,
domestic, or industrial wastes, or other controllable sources
that will produce off-flavor in the flesh of fish.

The following standards shall apply to recreational waters classified
for body contact sports such as, but not limited to, swimming and
water skiing:
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CLAig_g. - centinued

CLA

(%]

a.

b.

¥ llote:
" due to lack of historical temperaturc data and lack of conclusive temper-
ature change criteria for the aquatic biota of waters of the state. These
factual data are being collected, however, to serve as a basis for setting
limits. In the meantime, the following tentative criteria will be used as
administrative policy:

s C..

Bactcria: Total coliform bacteria shall not cxceed 1,000 per
100 miiTiliters as a monthly average {cither MPH or MF count);
nor excced this number in more than 207 of the samples examined
during any month; nor exceced 2,400 por 100 milliliters in a
single sanple. In addition, the fecal coliform count shall not
exceed 100 per 100 milliliters, and the fecal streptococcus count
shall not exceed 20 per 100 milliliters, both of these limits to
be an average of five (5) consecutive samples within a month.

pH: pH shall be maintained betwcen 6.5 and 8.5.

Limits on temperature change in fisheries have not been established

In cold water fisheries an abrupt change in temperature must be
avoided and the normal pattern of diurna! and scasonal fluctuations
must be preserved. The maximum allowable temperature increase due
to waste discharges in streams and in the epilimnion of lakes shall
be 2°F. No warming waste discharge shall be permitted to the
hypolimnion of lakes.

In warm water fisheries an abrupt change in temperature must be
avoided and ihe normal pattern of diurnal and scasonal changes must
be preserved. The maximum allowable temperature increase due to
waste discharges in streams will be 5°F; in the epilimnion of lakes
the maximum increase will be 3°F., No warming waste discharge shall
be permitted in the hypolimnion of lakes.

in temperaturc measurement, allowance shall be made for a mixing
zone. Provisions shall be made for adequate mixing and no thermal
barrier to migration and frece movemant of aquatic biota shall be
permitted in any waters of the state.

The following standards shall apply to waters classified for industrial
uses:

a.

b.

C’

Dissolved Oxygen: Dissolved oxygen content shall not go below
3 milligrams per liter.

pH: pH shall be maintained between 5.0 and 9.0.

Turbidity: No turbidity shall exist in concentrations that will
interfere with established levels of treatment.

Temperature: The temperature shall not exceed 90°F.

-6 -
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CLASS D,

1.

The following standards shall apply to waters classified for irrigation:

a'

Total Dissolved Solids (Salt) Concentration: A time-weighted monthly
mean at & monitoring station which exceeds the time-weighted monthly
mean for a base period established by the Commission by more than two
standard deviations shall be subject to review by the Commission.

Sodium Adsorption Ratio: A time-weighted monthly mean at a monitor-
Tng station vilich cxcecds the time-weighted monthly mean for a base
period established by the Commission by more than two standard
deviations shall be subject to review by the Commission.

Toxic Material: Free from biocides, toxic, or other deleterious
substances attributable to municipal, domestic, industrial wastes,

or other controllable sources in concentrations orr combinations which
are harmful to crop life.

The following standards shall apply to waters classified for livestock
watering:

a.

Soluble Salts: The soluble salts shall not exceed 3,000 milligrams
per liter.

John R. Moran, Jr., Secretary
Colorado Water Pollution Control Commission

T. W. Ten Eyck, Chairman
Colorado Water Pollution Control Commission



WAITE RIVER SUB-BASIN STREAMS

CLASSIFICATION
AREA QUALITY
HR AREA FROM T0 CLASS
] Main Stem of White River Source near Trappers Lake Mcuth of Piceance Creek A, 81, D]
2 FKain Stem of White River Mouth of Piczance Creek Iintake for Town of Rangeley's A, Bz, c, DI
public water supply
3 Main Stem of Wnite River Intake for Town of Rangeley's Colorado-Utah State Line By, C, Dy

public water supply



APPENDIX 1V-3

This appendix consists of extensive excerpts from ''Biota and
Chemistry of Piceance Creek'', a thesis written by Bruce E. May,
Colorado State University, Ft. Collins, Colorado, June, 1970.

The excerpts reproduced herein are primarily the portions of
the thesis dealing with water quality. For complete details, e. g.
data on aquatic biota, photographs, references cited, etc., the
original thesis should be consulted.

The page numbers of the original thesis are shown in parentheses
following the page numbers assigned for this appendix.
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ABSTRACT

BIOTA AND CHEMISTRY OF PICEANCE CREEK

The impact of pollution on an aquatic ecosystem can
best be measured by a comparison of the chemistry and biota
before and after habitat alteration.

Monthly sampling of Piceance Creek, a small stream in
northwestern Colorado, showed distinct seasonal trends in
invertebrate populations. A marked spatial distribution
within Piceance Creek was due to habitat preference. Inver-
tebrates preferred the cool, clear water in upper Piceance
Creek. Fish populations of Piceance Creek were limited to
two species, however, these were not good indicators of pol-
lution. Some data were collected from White River and Yellow
Creek although no attempt was made to correlate the effects
of Piceance and Yellow Creeks on White River.

Fluctuating discharge was a major influence upon the
vertebrates and chemical composition of the water. Seasonal
variation, biomass, and species composition of invertebrates
of Piceance Creek appear to be characteristic of streams in
this area.

Bruce E. May

Fishery and Wildlife Biology
Department

Colorado State University

Fort Collins, Colorado, 80521
June, 1970
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STUDY AREA

Piceance basin is located in the center of Colorado's
oil shale deposits and covers 3,496.5 kmz. The basin has
four major drainages: White River, Piceance Creek, Yellow
Creek, and Douglas Creek (Figure 1l). Geomorphologically,
the Green River formation in Piceance basin is composed of
light gray to light brown shale and marlstone with some
sandstone and limestone (CWCB and USGS, 1966). Ground cover
consists of browse plants, Juniper, Douglas fir, and grasses.

Piceance Creek arises from springs located along the
basin at an altitude of 2,050 m and flows through the center
of the basin to the White River. Piceance Creek is 80 km
long with a discharge of 0.014 to 2.8 m3/sec. During summer
and fall months the upper fourth is usually dry. Extremes
in width, depth, and discharge occur after heavy rainfalls
and snow melt because of the geologic formation and sparce
vegetation. Piceance Creek is a major source of water for
agriculture in the area. Ponds located along the stream
serve as irrigation storage and provide a limited fishery.
The upper 4.8 km of permanent water is cold (0 to 11 C) and
generally clear, while the remaining portion has higher
temperatures and more turbidity.

Five permanent stations were established on Piceance

Creek. Selection of these stations was based on substrate
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type and possible variations caused by springs and
water sources.

Station I (Figure 2) was located 120 m from a spring
origin of permanent water. Substrate consisted of gravel
with occasional large rocks (15-18 cm). There was an ooze
or mud type bottom in some parts of the sampling area.
Water depth ranged from 8.7 to 26 cm with no deep pools.
Discharge was nearly uniform throughout the year. Water at
this station remained cool and generally clear throughout
the sampling period. Samples were taken at Station I to
evaluate the physical and chemical environment and the
macrobenthic community.

Station II, 2.8 km below Station I, was similar in
substrate composition to Station I. There were more large
rocks (15-18 cm) and deeper pools. Depth ranged (in sam-
pling area) from 8 cm (riffle area) to 60.8 cm (large pool).
Discharge was increased slightly because of several springs
entering into Piceance Creek. Water at Station II remained
cool and generally clear. Only samples to evaluate the
macrobenthic community were taken at this station.

Station III was located approximately midway between
the upper limits of Piceance Creek and its confluence with
White River. Three intermittent tributary streams enter
above this station adding to discharge and sediment load.
Only water samples were taken to evaluate the physical and

chemical environment of this station.
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Station IV, approximately 8 km below Station III, was
considerably different in substrate composition than Stations
I and II. One tributary and the three intermittent streams
enter Piceance Creek above this station. Bottom composition
was comprised mostly of fine gravel (shale) with a few large
rocks (15-18 cm). Depth was from 23 to 66.8 cm in large,
long pools. There was very little riffle area at this sta-
tion. Water samples were taken to evaluate physical and
chemical environment and bottom samples to evaluate the
macrobenthic community at this station.

Station V, 1 km above confluence of Piceance Creek with
the White River, was similar to Station TV. At this station
the stream had just emerged from a narrow canyon character-
ized by many meanders and an increased gradient. Substrate
consisted of fine gravel (shale) which was very unstable
(Figure 3). Depth and width varied seasonally because of
the unstable bottom. Samples were taken to evaluate the
physical and chemical environment and macrobenthic community.

White River, largest river in the oil shale area, con-
tributes substantial discharge to the Colorado River system.
White River supports a coldwater fishery in the head waters
and a warmwater fishery in the oil shale area. The river is
a source of water for agriculture and fishery and non-fishery
recreation. The White River study area, 25 km long, was
located above and below the confluence with Piceance Creek.

Three stations were located on White River. Station VI

was just above the confluence of Piceance Creek and White
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River, Station VII, 10 km below, and Station VIII, 25 km
below Station VI (Figure 4).

Yellow Creek, Rio Blanco County, Colorado, is a small
stream, but discharge fluctuates greatly. Sediment and
chemical components are carried into the White River during
high flows. Low discharge limits Yellow Creek for agricul-
tural and recreational uses.

One station was located on Yellow Creek near the bridge

on Colorado Highway 64.
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METHODS

Sampling Procedure

Physical factors, water samples for chemical analysis,
and biological samples were collected monthly. Water samples
were collected for physical and chemical determinations at
the stations indicated in Figure 5. Sampling was hindered
by ice conditions in winter and by high discharge in spring
and summer. More intensive sampling was conducted during
summer, 1969. Some physical and chemical parameters were

monitored weekly and biological sampling iras intensified.

Physical Parameters

Physical characteristics have a great influence on
species and abundance of organisms capable of surviving in
a given environment. Monitoring these parameters provides
information about the particular aquatic environment.

Important physical parameters of a stream are water
temperature, discharge, and conductivity. Temperature read-
ings were taken with a centigrade pocket~-type thermometer.
Air and water temperatures were taken monthly. Discharge
records were supplied by the United States Geological Survey.
Specific conductance was determined with a Beckman Model
RC~16B2 conductivity bridge and reported as u mho cm™! at

25 C.



& WHITE RIVER
Availl ~ G
E \7
vol
YELLOW
CREEK
m

km
C R ——y me §
0O 4 8 12

1

\A © DENVER

COLORADO

———— I

MEEKER
()

PICEANCE CREEK

UI/ I I

|

Figure 5.

Map of Piceance Creek, White River, and Yellow Creek.

(L1) 01



11 (18)

Chemical Parameters

All chemical analyses were carried out according to
standard method APHA (1965) unless otherwise stated.

Dissolved oxygen was determined by the Alsterberg modi-
fication of the Winkler Method. Alkalinity was determined
oy the indicator method titrating with 0.02N H,50, to a pH
4.5 endpoint. Hydrogen ion concentration was determined
with a Beckman Electromate glass electrode pH meter. Fil-
trable solids include all materials, liquid or solid, in so-
lution or otherwise, which pass through a 0.45 u filter and
are not volatilized during drying (APHA, 1965). Filtrable
solids and total solids were determined by evaporation at
103-105 C with filtration (using No. 40 Whatman filter
paper) when sediments were visable. Nonfiltrable solids
were calculated as the difference between filtrable and
total solids. Settleable matter was estimated by volume
using an Imhoff cone.

Cations (calcium, magnesium, sodium, and potassium) and
trace elements (cadmium, copper, chromium, iron, lead, man-
ganese, molybedenum, nickel, silver, and zinc) were deter-
mined by a Perkin-Elmer 303 atomic absorption spectrophotom-
eter. All samples were preserved by adding hydrochloric
acid to 1% of sample volume (FWPCA, 1969).

Anions (chloride, nitrate, silica, and sulfate) were
determined by standard quantitative techniques. Chlorides
were determined by the mercuric nitrate method. Nitrate was

wetermined by the phenoldisulfonic acid method (APHA, 1965;
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Rainwater and Thatcher, 1968). Silica was determined by the
colorimetric molybdosilicate method. Sulfate was determined
by gravimetric method with ignition of residue; hydrochloric
acid was added to prevent coprecipitation of other ions

(APHA, 1965; Rainwater and Thatcher, 1968).

Biological Parameters

Bottom samples were collected from September, 1968 un-
til December, 1969 with a regular sampling design from
December, 1968 to December, 1969.

Stream bottom samples were collected with a standard
square-foot bottom sampler (Surber, 1936) with 1 mm mesh.
One sample was taken from Stations I, II, IV, and V, estab-
lished on Piceance Creek, near the middle of each month.
Fifty samples, consisting of 180 subsamples, were taken from
Piceance Creek (December, 1968 to December, 1969). One sam-
ple (0.36 mz) was taken from Stations I, II, IV, and V ex-
cept during the months of October and November (1969) when
a sample consisted of 0.19 mz. Subsamples were combined to
reduce sampling variability. All organisms were stored in
70% alcohol.

Most organisms were identified to genus with the use of
Pennak (1953) and Usinger (1967). Identifications were con-
firmed by Dr. T. O. Thatcher, Entomology Department, Colorado
State University.

Abundance of each kind of organism was determined to

establish relative abundance trends, habitat preference, and
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linear distribution within Piceance Creek. Volumes and
weights were taken to estimate biomass (standing crop).

Fish populations were sampled when conditions permitted
with extensive sampling on Piceance Creek during summer
(1969) . Portable back-pack electrofishing gear was used to
capture fish.

Macrobenthos and fish populations were sampled on White
River and Yellow Creek when conditions permitted.

Macrobenthos was collected, in White River and Yellow
Creek, with a screen (1 m long, 0.7 m high) constructed from
wire screen attached to two poles (1 m long). Samples were
taken from approximately 2 m above the screen by overturning
the bottom substrate causing organisms to drift into the
screen. Species compositions of the White River study area

and Yellow Creek were monitored.
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RESULTS

Physical Parameters

Water temperature readings on Piceance Creek are given
in Figure 6. Differences between stations in a single month
depended on the day and time of day at which readings were
taken. Temperatures for White River and Yellow Creek were
similar to Piceance Creek, ranging from 0 to 23 C. Yellow
Creek reached a maximum of 31 C in August (1969) and had a
low of 0 C during winter (1968-1969).

Discharge of Piceance Creek is shown in F.igure 7. Mean
discharge for White River (near study area) ranged from
6.2 m3/sec (February, 1969) to 42.5 m3/sec (May, 1969).
Yellow Creek discharge rates have not been monitored since
1965.

Specific conductance was measured in the laboratory
after adjusting the water to 25 C (Tables 9, 10, 11, 12, 21,
22, 23, 63, 64, 65, and 74). Variations in specific conduc-
tance were similar to those found in 1965 by the United
States Geological Survey (Table 1). Specific conductance in
Yellow Creek ranged from 3,000 to 4,000 u mho cm™! at 25 C.
White River specific conductance was more nearly constant
(500-800 u mho cm™! at 25 C) with values increasing with

distance down stream.
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TABLE l.--Specific conductance (u mho cm~! at 25 C) from
various locations of Piceance Creek for three different
years

Station Sample Date

6 Oct. 1965! 2 Nov. 1968 4 Oct. 1969

1 986 -- 925
2 1,350 1,160 1,265
3 2,010 - 1,400
4 2,680 2,250 2,000

lAnalysis by USGS
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Chemical Parameters

Field Determinations:

Dissolved oxygen values of Piceance Creek were inverse-
ly related to temperature (Figure 8). Dissolved oxygen in
White River and Yellow Creek showed this same inverse rela-
tionship. Because of higher concentration of dissolved
salts in Piceance Creek and Yellow Creek, dissolved oxygen
concentration at saturation was lower than for White River
at the same temperature.

Total alkalinity for Piceance Creek ranged from 300 to
1,600 mg/l. Stations I, III, and IV wcre more homogeneous
with concentration increasing with distance down stream.
Station V was more concentrated, reaching a high in July
(1969) of 1,600 mg/l. Total alkalinity values for White
River were lower and more homogeneous (Tables 66, 68, and
70) . Yellow Creek data showed a high degree of variability.

Hydrogen ion concentration in Piceance Creek ranged
from pH 7.9 at Station I, to pH 8.4 at Station V. All pH
readings were similar with only slight variations. This
same homogenity was found in White River and Yellow Creek.
The pH of Yellow Creek was consistently higher (pH 8.5 to
8.8).

Filtrable solids from Piceance Creek showed some sea-
sonal trends. There was an inverse relationship between
discharge and filtrable solids (Figure 9). Total solids
were not analyzed prior to March, 1969, and discharge data

from October, 1969 to December, 1969 were unavailable;
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however, existing data indicated a direct relationship
(Figure 10). ©Nonfiltrable solids data are listed in Tables

13, 15, 17, 19, 21, 22, 23, 66, 68, 70, and 75).

Major Cations:

Piceance Creek dissolved calcium values showed a high
degree of variability (26 mg/l December, 1968 to 180 mg/1l
June, 1969). White River and Yellow Creek calcium data
showed similar variability (Tables 67, 69, 71, and 76).

Dissolved magnesium values indicated a seasonal trend.
Magensium concentration, wheén compared to discharge, indi-
cated an indirect relationship (Figure 1l1l). White River
dissolved magnesium data were less variable, with concentra-
tions ranging from 10 to 20 mg/l. Yellow Creek dissolved
magnesium values were seven times those of White River
(Table 76).

Sodium was the most concentrated cation in Piceance
Creek, ranging from 150 to 2,950 mg/l. Station V had the
highest concentration. A peak of 2,950 mg/l sodium was
reached at Station V in August (1969), which coincided with
a decrease in discharge. White River dissolved sodium
values ranged from 20 to 100 mg/l; the majority of values
found at the lower end of the range (Tables 67, 69, and 71).
Yellow Creek had a low of 300 mg/l and a high of 3,710 mg/1
(Table 76).

Potassium data for all three streams were highly vari-

able (Tables 14, 16, 18, 20, 67, 69, 71, and 76).
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Anions:

Slight seasonal trends were observed in dissolved chlo-
ride concentrations. Chloride concentrations at Station V
were an inversely related to discharge. Chloride ranged
from 7 to 135 mg/l in Piceance Creek, 2 to 25 mg/l in White
River, and 75 to 174 mg/l in Yellow Creek (Tables 14, 16, 18,
20, 67, 69, 71, and 76).

Dissolved nitrate presented some analytical problems.
Piceance Creek and Yellow Creek were consistently high in
chloride which had a masking effect on nitrate. Coloromet-
ric analysis required removal of chloride, whi~h was only
partially possible without causing further sensitivity prob-
lems due to the removal agent. Concentrations of chloride
in Piceance Creek and Yellow Creek ranged from 0.4 to 4.3
mg/l. White River during the winter (1968-1969) had a high
of 6.6 mg/l, but generally remained at 0.2 to 1.2 mg/l.

Dissolved silica in Piceance Creek showed no seasonal
trend. There was a high degree of within month variation
between stations on Piceance Creek. White River and Yellow
Creek showed similar results.

Dissolved sulfate values for Piceance Creek indicated
seasonal variation. Concentrations increased with distance
down stream (Figure 12). White River data indicated no sea-
sonal trend. Yellow Creek sulfate values were highest and

ranged from 501 to 892 mg/l.
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Trace Elements:

Trace elements (cadmium, copper, chromium, iron, lead,
manganese, molybdenum, nickel, silver, and zinc) were less
than 1 mg/l. There was no indication of seasonal trends in

these elements.

Biological Parameters

Macrobenthos:

Abundance:

Bottom samples yielded 10,505 organisms. Peak total
abundance of aquatic invertebrates in Piceance Creek occur-
red during June, 1969 (Figure 13). Mean monthly numbers
ranged from 140 organisms per m2 in April (1903) to 1,488
organisms per m2 in June (1969).

Diptera and Ephemeroptera comprised the greatest number
of organisms collected (Table 2). Dipterans were greatest
in abundance and ranged from 47 to 58% of total organisms
collected. Ephemeropterans, second in abundance, ranged
from 17 to 27% of the total. Tricopterans, at Stations I,
I1, and V, ranged from 7 to 8% of the total at all stations
except IV. Coleopterans ranged from 1 to 10% of the total.
Plecopterans were least abundant of all aquatic insects col-
lected. Noninsect aquatic invertebrates constituted the re-
maining organisms collected (Table 2). Oligochaetes con-
tributed the largest number to this noninsect group and
ranked third in total abundance. Table 2 also indicates the
possibility of spatial distribution of organisms in Piceance

Creck.
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DISCUSSION

Standardization of techniques is important in any study
designed to evaluate chemical conditions of a particular
aquatic environment. Collection and handling of samples
should be standardized to reduce error and variability.
Analysis for cations and anions must be directed to the par-
ticular aquatic environment in question. Techniques are
rarely the same for aquatic environments of different chem-

ical compositions and chemical concentrations.

Physical - Chemical

Water temperatures and dissolved solids exerted a pro-
nounced affect upon the dissolved oxygen concentration in
Piceance Creek, White River, and Yellow Creek. This effect
was consistent with the discussion by Reid, 1966.

The most pronounced physical parameter, and the parame-
ter which seemed to have the greatest affect on other physi-
cal and chemical parameters, was stream discharge. Data
from Piceance Creek showed that high discharge had a dilut-
ing influence upon filtrable solids and chemical parameters.
Low discharge exhibited a concentrating effect on these same
parameters.

White River physical and chemical content was also

affected by discharge in a similar way.
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Analytical problems caused by high dissolved salt con-
centrations may account for some of the variations. Inter-
ference and masking of certain elements by highly concen-
trated cations and anions caused the majority of detection
problems associated with atomic abscrption spectroscopy.

Calcium values from Piceance Creek ranged £from 20 to
180 mg/1 which exceeded the optimum range of the atomic
absorption spectrophotometer. The optimum range is approxi-
mately 1 to 3 mg/l. Dilution of the samples into the opti-
mum range did not fully solve analysis problems. Dissolved
solids in the samples were more concentrated than in the
standard causing variation and error. Calcium data from
White River were more homogeneous between stations. Concen-
trations did exceed the optimum range of the absorption
spectrophotometer.

Dissolved magnesium concentrations illustrated an in—
verse relationship between discharge and concentration very
well. Seasonal trends were evident and generally due to
discharge fluctuations.

Sodium and potassium data illustrated marked analytical

roblems. High sodium concentrations caused substantial
ionization in the flame which suppressed the absorption of
other elements. Potassium was affected to a greater extent
by this masking.

Results from analysis of anions were generally less
variable because of the analytical techniques involved in

anion analysis.
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Chloride concentrations in Piceance Creek showed slight
seasonal trends, with Station IV having extremely high con-
centrations and exhibiting a high degree of seasonal varia-
billty. Seasonal variability of chloride at Station IV was
related to the stream discharge. Chloride became highly
concentrated during the low flows of June, July, and August
(1969) ; with reduced concentrations occurring during months
having high discharge (August and September, 1969).

White River and Yellow Creek also showed seasonal
trends in chlorides related to stream discharge.

High chloride concentrations have an affect upon ni-
trate analysis. APHA (1965) states that small concentra-
tions of chloride can cause losses of nitrate and that chlo-
ride content should be reduced to below 10 mg/l. Detection
problems were created by the addition of silver sulfate
which gave the residue a brown to red color. Nitrate con-
centrations in Piceance Creek were generally low and sea-
sonal trends were hard to evaluate because of variations and
errors in analysis.

White River was not affected by chloride interference
as much as Piceance Creek, because chloride concentrations
were much lower. Chloride content in White River showed
seasonal trends. These trends appeared to be dependent upon
stream discharge.

Silica values in Piceance Creek were high and variable
with no apparent systematic seasonal variation. Silica is

probably present largely as monomeric silicic acid.



TABLE 9.~-Physical data collected at station I on Piceance Creek from September, 1968 to
December, 1969

Air Water Specific
Month Temperature Temperature Conductance Turbidity

(F) (<) (¢ mho cm™?!) (JTU)
September (1968) -— 15 - -—
November - - - -
December 29 0 1,000 -
January (1969) 21 1 950 --
February 9 0 1,000 ——
March 1 0 756 -
April 38 2 750 -
May - 5 - -
June 60 10 920 -
July 73 11 860 <25
August 67 12 960 <25
September 65 11 890 <25
October 54 8 925 <25
November 53 5 860 <25

December 49 5 830 <25

(6L) o€



TABLE 10.--Physical data collected at station III on Piceance Creek from September, 1968

to December, 1969

Air Water Specific
Month Temperature Temperature Conductance Turbidity

(F) (c) (p mho cm™!) (JTU)
September (1968) 52 12 1,000 -
November 47 6 1,100 -
December 36 1l 1,300 -
January (1969) 39 1l 1,250 -
February 20 0 1,300 -
March 26 0 1,400 -
April 42 5 1,150 -
May - 5 - -
June 62 15 1,440 -
July 84 19 1,440 <25
August 78 17 1,260 <25
September 75 14 1,140 <25
October 46 9 1,265 <25
November 58 5 1,240 <25
December 48 5 1,075 <25

(08) 1€



TABLE l1ll.--Physical data collected at station IV on Piceance Creck from September, 1968
to December, 1969

Air Water Specific

Month Temperature Temperature Conductance Turbidity Discharge

(F) (c) (u mho cm™?!) (3TU) (cfs)
September (1968) -- 15 2,200 - 20.2
November 32 5 2,250 - 16.7
December 36 1l 1,000 - 17.8
January (1969) 35 1 1,450 - 17.2
February 22 0 1,454 - 15.6
March 30 0 1,506 - 22.6
April 48 5 1,450 -- 28.8
May - 6 A - 24,3
June 70 15 1,760 - 12.4
July 84 15 1,750 <25 15.2
August 78 15 1,360 <25 25.3
September 76 14 1,270 <25 22.4
October 38 7 1,400 32 -
November 37 3 1,360 <25 -

December 46 4 1,190 28 -

(18) 2¢



TABLE 12.--Physical data collected at station V on Piceance Creck from September, 1968 to
December, 1969

Air Water Specific

Month Temperature Temperature Conductance Turbidity

(F) (c) (v mho cm™!) (JTU)
September (1968) 45 7 2,000 -
November 54 9 2,250 --
December 32 0 2,400 -
January (1969) 37 0 2,200 -
February 32 0 2,510 -
March 38 3 2,400 -
April 49 6 2,515 -
May - 6 - -
June 68 15 2,500 -
July 89 25 3,800 <25
August 84 22 1,875 63
September 76 17 1,850 38
October 34 6 2,000 36
November 28 0 1,750 28

December 38 0 1,525 110

(28) €¢
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List of Abbreviations and Their Meanings

DO - Dissolved Oxygen concentration (mg/l)
pH - Hydrogen ion concentration
phth - phenophthalein alkalinity (mg/1l CaC03)

TA - Total Alkalinity (mg/1l CaCO3)
FS - Filtrable Solids (mg/1l)
NFS - Nonfiltrable Solids (mg/1)
TR - Total Residue (mg/1l)

ss - Settleable Solids (ml/1)
Ca - Calcium (mg/1)

Mg - Magnesium (mg/1l)

Na - Sodium (mg/1)

K - Potassium (mg/1l)

Cl - Chloride (mg/1)

SO - Sulfate (mg/l)

4
SiO2 - Silica (mg/1)
NO3 - Nitrate (mg/l)
sC - Specific Conductance (u mho cm~!)

T - Turbidity (JTU)



TABLE 13.--Chemical data from station I on Piceance Creek from September, 1968 to

December,

Month DO pH phth TA ¥S NFS TR S§S
September (1968) 10.2 8.4 0.0  270.0  480.0 - - -
November 7.7 8.2 0.0 500.0 728.0 - - -
December 10.3 7.8 0.0 376.0 674.0 - - -
January (1969) 6.5 7.9 0.0 436.0 706.0 - - -
February 10.1 8.0 0.0 400.0 660.0 - - -
March 11.2 8.0 0.0 380.0 688.0 - - 0.1
April 9.0 7.6 0.0 304.0 506.0 1,014.0 1,520.0 1.3
May 9.6 7.8 8.0 350.0 598.0 70.0 668.0 0.1
June 8.3 8.0 0.0 392.0 656.0 4,0 660.0 0.0
July 10.4 7.9 0.0 368.0 614.0 12.0 626.0 0.0
August 9.4 7.9 0.0 396.0 653.0 2.0 655.0 0.0
September 10.0 7.8 0.0 412.0 647.0 5.0 652.0 0.0
October 10.0 8.0 12.0 406.0 675.0 53.0 718.0 0.0
November 10.6 7.9 0.0 400.0 661.0 3.0 664.0 0.0
December 10.2 7.8 0.0 542.0 128.0 670.0 0.0

404.0
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TABLE l4.--Chemical data from station I on Piceance Creek from September, 1968 to

December,

Month Ca Mg Na K Cl 50, SiO2 NO,
September (1968) 49.9 27.7 7.8 3.2 6.8 65.6 15.5 1.2
November 8l1.1 34.0 133.5 10.0 13.0 139.9 21.0 0.9
December - - - - 11.4 125.4 21.3 2.2
January (1969 75.0 31.9 107.7 3.7 12.0 150.1 15.5 0.9
February 79.3 32,2 107.1 4.2 11.0 148.7 15.0 2.1
March 79.3 33.0 111.6 4.0 11.0 283.0 16.0 0.5
April 77.0 32.0 97.9 2.4 8.0 91.1 18.0 3.0
May 90.0 50.0 131.3 4.3 8.5 146.5 16.0 3.8
June 99.0 47.6 110.0 2.8 10.5 141.0 16.5 3.2
July 94.0 44.8 105.7 2.4 10.8 147.3 16.5 1.7
August 110.0 48.7 129.2 3.1 11.5 134.4 18.0 0.8
September 82.0 48.1 107.9 0.6 10.8 153.4 15.5 0.7
October 85.6 60.6 235.0 6.0 11.0 154.9 25.0 2.5
November 64.6 53.9 197.0 5.1 11.0 128.6 20.0 0.5
December 61.6 46.4 202.0 5.8 10.5 139.2 19.5 2.9

(68) 9¢€



TABLE 15.--Chemical data from station III on Piceance Creek from September, 1968 to

December,

Month DO pH phth TA FS NFS TR SS
September (1968) 8.1 8.2 0.0 ;§6.0 650.0 - - --
November 7.7 8.2 0.0 500.0 728.0 - - -
December 10.3 7.8 0.0 376.0 674.0 - - -
January (1969) 7.0 8.2 0.0 480.0 454.0 - - -
February 10.4 8.2 0.0 500.0 948.0 - - --
March 10.7 8.0 0.0 492.0 1,014.0 -- - 0.8
April 8.3 7.8 0.0 424.0 760.0 865.0 1,625,0 1.3
May 8.2 7.8 12.0 496.0 902.0 178.0 1,080.0 0.2
June 8.1 7.9 0.0 552.0 1,064.0 4.0 1,108.0 0.1
July 8.4 8.0 4.0 532.0 1,122.0 13.0 1,135.0 0.1
August 8.0 8.1 0.0 496.0 900.0 200.0 1,100.0 0.3
September 9.0 7.9 0.0 468.0 837.0 101.0 938.0 0.1
October 9.0 8.0 12.0 582.0 954.0 135.0 1,089.0 0.1
November 10.8 8.0 0.0 508.0 945.0 49.0 994.0 0.1
December 10.0 7.9 0.0 496.0 842.0 116.0 958.0 0.2

(98) LE



TABLE 16.--Chemical data from station III on Piceance Creek from September, 1968 to
December, 1969

Month Ca Mg Na K Cl SO4 SiO2 NO4
September (1968) 73.5 32.3 10.5 4.0 11.1 118.8 17.9 2.7
November 102.0 44.7 308.0 3.6 16.3 676.9 22.0 2.2
December - - - - 11.4 125.4 21.3 2.2
January (1969) 82.7 38.4 129.1 4.0 13.0 269.7 16.5 2.4
February 99.4 40.4 138.8 4.7 13.0 305.0 16.5 2.9
March 95.8 41.1 176.0 5.4 14,0 401.0 16.5 1.7
April 91.0 56.0 155.6 3.6 13.0 177.5 19.5 2.1
May 89.0 67.0 195.5 3.5 14,5 305.0 19.0 1.4
June 101.0 91.4 199.2 4.8 17.0 337.2 20.0 0.2
July 108.0 84.7 242.3 4.6 14.0 319.9 20.0 0.6
August 100.0 74.4 171.3 3.8 11.0 226.1 19.5 0.6
September 99.0 69.4 155.1 0.7 12.5 229.6 16.5 0.8
October 74.3 78.4 293.0 7.1 14.3 269.1 26.0 0.9
November 72.6 74.7 253.0 7.0 14,0 254.6 17.0 0.5
December 70.8 76.9 276.0 6.0 13.3 248.2 25.5 2.6

(L8) 8¢



TABLE 17.--Chemical data from station IV on Piceance Creek from September, 1968 to

December,

Month DO pH phth TA FS NFS TR SS
September (1968) 6.0 7.9 0.0 630.0 1,828.0 -- - -
November 6.1 7.9 0.0 632.0 1,846.0 - - -
December 10.9 8.0 0.0 548.0 1,100.0 - o -
January (1969) 7.3 8.3 0.0 532.0 1,028.0 - - -
February 10.5 8.2 0.0 548.0 1,066.0 - - --
March 11.0 8.2 0.0 544.0 1,106.0 — - 0.3
April 9.0 7.9 16.0 508.0 1,004.0 1,016.0 2,020.0 1.4
May 8.2 7.9 32.0 592.0 1,022.0 7,096.0 8,098.0 1.7
June 8.5 8.1 20.0 608.0 1,376.0 4.0 1,340.0 0.1
July 9.2 8.0 12.0 620.0 1,482.0 18.0 1,500.0 0.1
August 8.0 8.1 0.0 504.0 1,010.0 222.0 1,232.0 0.5
September 8.8 7.9 4.0 500.0 973.0 205.0 1,178.0 0.2
October 10.0 8.2 16.0 532.0 1,053.0 88.0 1,141.0 0.1
November 11.0 8.1 10.0 552.0 1,090.0 190.0 1,199.0 0.1
December 8.0 8.0 35.0 524.0 952.0 168.0 1,120.0 0.3

(88) 6¢



TABLE 18.--Chemical data from station IV on Piceance Creek from September, 1968 to
December, 1969

e

Month Ca Mg Na K Cl S0, si02 N03
September (1968) 100.7 44.6 308.5 3.7 16.5 656.3 22,0 4.3
November 76.0 42.3 528.0 7.6 53.5 320.1 29.0 1.8
December - - - -— 11.4 125.4 21.3 2.2
January (1969) 75.0 31.9 107.7 3.7 12.0 150.1 15.5 0.9
February 95.1 41.6 202.0 4.9 14,5 358.0 16.5 3.3
March 88.2 41.9 268.5 5.1 15.0 441.0 16.5 1.5
April 93.0 80.0 199.7 4.3 15.8 294.3 20.0 1.8
May 100.0 87.0 190.8 5.7 16.8 358.0 19.0 2.6
June 113.0 119.9 233.7 4.9 19.0 471.3 20.0 0.3
July 95.0 109.0 242.3 4.5 19.8 460.6 19.5 0.4
August 86.0 83.8 165.0 3.4 11.8 314.7 20.0 0.6
September 96.0 85.2 164.2 0.8 9.5 302.3 19.5 1.2
October 100.4 101.4 287.0 7.3 13.3 344.0 30.0 0.6
November 76.7 91.2 274.0 7.8 15,0 341.8 17.0 0.6
December 73.2 83.2 281.0 7.6 14.5 320.4 24.0 2.6

(68) 0%



TABLE 19.~--Chemical data from station V on Piceance Creek from September, 1968 to

December, 1969

Month DO pH phth TA FS NFS TR Ss
September (1958) 9.7 8.2 0.0 834.0 1,654.0 - - -
November 9.1 8.2 0.0 1,036.0 1,930.0 - - -
December 10.9 8.1 0.0 976.0 1,794.0 - - -
January (1969) 6.8 8.3 16.0 888.0 l1,610.0 - - -
February 10.6 8.3 0.0 888.0 1,682,0 - - -
March 9.5 8.4 44.0 942.0 1,786.0 1,806.0 3,592.0 --
April 8.8 8.1 48.0 836.0 1,562.0 1,358.0 2,920.0 1.4
May 7.6 8.3 6.0 800.0 1,640.0 708.0 2,348.0 0.7
June 7.4 8.4 44,0 916.0 1,911.0 379.0 2,290.0 0.6
July 6.8 8.5 90.0 1,620.0 3,159.0 16.0 3,175.0 0.0
August 6.2 8.2 28,0 716.0 1,560,0 2,780.0 4,340.0 17.0
September 7.2 8.1 20.0 768.0 1,530.0 1,438.0 2,168.0 0.7
October 9.6 8.3 36.0 856.0 1,621.0 471.0 2,150.0 0.5
November 11.4 8.3 44,0 810.0 1,480.0 491.0 1,971.0 0.6
December 8.0 8.0 48.0 738.0 1,266.0 1,240.0 3,506.0 3.0

(06) 1%



TABLE 20.--Chemical data from station V on Piceance Creek from September, 1968 to

December, 1969

Month

Ca

Mg

Na

Cl

SO

4 3
September (1968) 53.5 61.3 411.5 ‘6.1 40.7 409.0 21.0 2,2
November 76.0 42.3 528.0 7.6 53.5 320.1 29.0 1.8
December - - - - 53.2 413.0 23.5 4.0
January (1969) 69.3 40.2 - 5.6 48.5 772.0 16.0 -
February 78.4 41.7 - 6.2 55.0 338.0 16.5 --
March 54.8 41.6 494.0 6.8 63.0 885.0 16.3 -
April 71.0 90.0 385.1 5.1 44.5 392.0 19.5 1.6
May 67.0 101.0 394.1 0.9 39.5 348.0 19.5 1.4
June 180.0 117.. 512.0 6.0 49.8 538.2 20.0 0.7
July 82.0 105.1 1,544.0 7.6 136.0 584.3 15.5 0.5
August 74.0 80.1 295.7 5.6 37.0 327.6 19.5 1.1
September 89.0 88.4 325.3 1.4 38.5 395.9 19.5 0.7
October 115.6 101.5 400.0 8.1 13.3 344.0 30.0 0.6
November 67.3 293.9 365.0 8.4 39.0 352.2 17.0 0.7
December 25.5 29.0 87.4 4.4 36.0 322.9 24.0 2.2

(16) 2%



43 (92)

TABLE 2l1.--Weekly sampling data from all stations June 10,
1969 to June 23, 1969

Date Station pH sC FS NSF TR T
1969
June 10 1 8.0 889 714 6 720 <25
2 7.9 1,550 1,041 93 1,134 <25
3 8.2 1,900 1,352 6 1,358 <25
4 . 3,800 2,946 262 3,208 <25
5 8.0 410 216 2 218 <25
6 8.0 439 - - - <25
7 o2 450 - - - <25
8 8.6 3,850 2,565 545 3,110 <25
June 16 1 8.0 1,040 661 109 770 <25
2 8.0 1,540 1,100 154 1,254 <25
3 8.2 1,860 1,409 156 1,560 <25
4 8.4 2,810 2,520 664 3,184 30
5 8.0 465 329 261 590 <25
6 8.1 525 367 240 616 30
7 8.1 520 350 746 1,096 40
8 8.8 3,750 2,949 335 3,284 <25
June 23 1 8.0 920 656 4 660 <25
2 7.9 1,440 1,104 4 1,108 <25
3 8.1 1,760 1,336 4 1,340 <25
4 8.3 2,500 1,911 379 2,290 <25
5 8.2 479 300 54 354 <25
6 8.2 480 337 47 384 <25
7 8.2 485 336 60 396 <25
8 8.8 3,550 2,914 146 3,060 <25




TABLE 22.--Weekly sampling

1969 to July 31, 1969

44 (93)

data from all stations July 10,

Date Station pH sC Fs NSF TR T
1969
July 10 1 7.9 860 614 12 626 <25
2 8.0 1,440 1,122 13 1,135 <25
3 8.0 1,750 1,482 18 1,500 <25
4 8.5 3,800 3,159 16 3,175 <25
5 8.1 498 338 14 352 <25
6 8.3 520 356 44 400 <25
7 . 510 344 10 354 <25
8 8.9 3,850 3,178 70 3,248 <25
July 17 1 7.9 880 648 8 656 <25
2 7.9 1,490 1,048 44 1,122 <25
3 8.1 1,790 1,398 6 1,404 <25
4 8.5 3,600 2,948 144 3,092 <25
5 8.2 580 418 8 426 <25
6 8.3 61, 450 26 476 <25
7 8.3 605 448 28 446 <25
8 8.6 3,800 3,070 10 3,080 <25
July 23 1 8.0 940 645 19 664 <25
2 8.0 1,430 880 208 1,088 <25
3 8.1 1,775 1,260 536 1,796 31
4 8.4 3,005 2,225 153 2,378 <25
5 8.1 640 415 60 475 <25
6 8.3 690 445 83 527 <25
7 8.3 725 447 137 584 <25
8 8.6 4,019 3,056 200 3,256 <25
July 31 1 8.0 938 662 2 664 <25
2 8.0 1,290 894 47 941 <25
3 8.0 1,460 1,082 434 1,516 <25
4 8.3 2,450 1,816 329 2,145 <25
5 8.2 550 414 67 481 <25
6 8.2 700 491 218 709 <25
7 8.3 730 539 605 1,144 50
8 8.6 3,750 2,879 425 3,304 <25




45 (94)

TABLE 23.--Weekly sampling data from all stations August 7,
1969 to August 29, 1969

Date Station pH SC FS NSF TR T
1969

Aug. 7-8 1 7.9 940 628 6 634 <25
2 8.0 1,310 986 66 1.052 <25

3 8.0 1,450 1,024 686 1,710 28

4 . 2,150 1,664 253 1,917 32

5 8.2 580 471 17 488 <25

6 8.3 665 369 123 492 <25

7 8.3 665 462 88 550 <25

8 8.6 3,450 2,890 144 3,034 <25

Aug. 19 1 7.9 920 - - - <25
2 8.0 1,215 - - - 118

3 8.1 1,360 - - - 255

4 8.1 1,810 - - - 2,000

5 . 690 410 310 720 162

6 8.0 700 465 2,019 2,484 800

7 8.0 800 - - - 1,400

8 8.9 3,015 - - - <25

Aug. 29 1 7.8 880 646 35 681 <25
2 8.1 1,080 849 261 1,110 52

3 8.2 1,150 916 890 1,806 38

4 . 1,825 1,522 1,082 2,604 53

5 8.2 580 444 215 659 27

6 8.3 640 457 823 1,280 70

7 8.3 680 480 347 827 40

8 8.8 3,550 3,054 246 3,300 25




TABLE 74.--Physical data collection at station IX on Yellow Creek from September, 1968 to
December, 1969

po—— . - [

Air Water Specific

Month Temperature Temperature Conductance Turbidity

(F) (c) (¥ mho cm~?!) (JTU)
September (1.968) 73 19 3,400+ -
November 44 2 3,400+ -
December 14 0 3,400+ -
January (1969) 29 0 3,400+ -
February 32 0 3,400+ -
March 32 0 3,400+ —_—
April 42 - 3,400+ -
May - 24 - -
June 68 19 3,550 -—
July 83 30 3,850 <25
August 87 31 3,000 <25
September 72 24 3,650 <25
October 44 11 3,500 <25
November 45 6 3,220 30

December 16 0 3,040 <25

(8%1) 9%
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List of Abbreviations and Their Meanings

DO
pH
phth
TA
Fs
NFS
TR
Ss
Ca
Mg

Na

Dissolved Oxygen concentration (mg/1l)
Hydrogen ion concentration
phenophthalein alkalinity (mg/1l CaCO3)
Total Alkalinity (mg/1l CaCo,)
Filtrable Solids (mg/l)

Nonfiltrable Solids (mg/l)

Total Residue (mg/1)

Settleable Solids (ml/1l)

Calcium (mg/1)

Magnesium (mg/1l)

Sodium (mg/1)

Potassium (mg/1l)

Chloride (mg/1)

Sulfate (mg/1)

Silica (mg/1)

Nitrate (mg/1)



TABLE 75.--Chemical data from station IX on Yellow Creek from September, 1968 to

December,

Month DO pH phth TA FS NFS TR ss
September 8.8 8.7 141.0 1,948.0 2,816.0 - - -—
November 11.7 8.5 0.0 1,487.0 2,780.0 - - -
December 11.4 8.3 0.0 1,544.0 2,838.0 - - -
January (1969) 6.9 8.3 60.0 1,520.0 3,092.0 - -- -
February 11.6 8.5 15.0 912.0 2,648.0 - -- -
March 10.6 8.5 64.0 1,108.0 2,312.0 48.0 2,360.0 -
April 8.2 8.4 176.0 1,420.0 2,556.0 1,644.0 4,200.0 -~
May 7.2 8.6 152.0 1,464.0 2,370.0 678.0 3,048.0 -
June 9.3 8.8 152.0 1,464.,0 2,914.0 146.0 3,060.0 0.0
July 7.6 8.9 264.0 1,600.0 3,178.0 70.0 3,248.0 0.1
August 7.0 8.9 128.0 1,052.0 2,446.0 144.0 2,590.0 0.0
September 6.8 8.8 240.0 1,888.0 3,043.0 152.0 3,195.0 0.0
October 10.5 8.7 174.0 1,616.0 2,860.0 115.0 2,975.0 0.0
November 9.6 8.5 100.0 1,464.0 2,600.0 512.0 3,112.0 0.6
December 12.0 8.4 112.0 1,716.0 3,016.0 60.0 3,076.0 0.0

(0€S1) 8%



TABLE 76,

Chemical data from station IX on Yellow Creek from September, 1968 to

Decenmbery,

Month Ca Mg Na K Ccl 50, SiO2 NO,
September (1968) 28.4 43,2 947.0 8.4 174.3 - 9.0 0.5
November 40.5 43.4 855.0 7.3 134.2 405.9 14.5 2.5
December - - - -- 152.2 505.3 19.5 --
January (1969) 25.6 43.5 929.0 7.6 150.0 -- 12.2 --
February 41.1 43.4 883.5 7.9 - - 11.4 -
March 37.2 43.4 683.0 7.3 75.9 892.0 14.5 -
April 31.0 115.0 - 2.5 1l0.8 553.8 14.0 1.2
May 24.0 145.0 934.0 5.3 106.4 570.0 23.0 0.6
June 30.0 121.8 1,208.0 5.2 139.8 660.9 6.1 0.3
July 41.0 117.0 1,643.0 5.5 169.8 667.3 4.7 0.4
August 31.0 117.6 3,711.0 1.4 90.0 670.7 9.7 1.0
September 22.0 111.7 1,098.0 2.4 164.0 501.2 3.2 0.5
October 28.0 93.2 632.0 7.4 135.8 653.5 6.0 0.5
November 42.3 142.8 676.0 10.4 101.5 603.3 8.2 1.2
December 15.7 50.5 303.0 5.1 153.5 665.5 10.0 3.6

(161) 6%



APPENDIX V-4

Excerpts from ''"Resource Analysis of the Yellow Creek
Planning Unit W-01-09" and “Resource Analysis of the Piceance
Basin Planning Unit $-01~11," White River Planning Area,
Craig District No. 1, U. S. Bureau of Land Management,
Meeker, Colorado. These unpublished reports were provided
through the courtesy of Mr. Stanley G. Colby, Area Manager.
The Yellow Creek report is dated June~July,1970 and the

Piceance Basin report is dated August-September, 1970.



(Piceance Basin Planning Unit)

C. HYDROLOGY

This planning unit is located in the Green River sub-basin
of the Colorado Hydrologic Region., Piceance Creek, a major
tributary of the Vhite River, traverses the planning unit from
the southeast corner westward to a point midway on the western
boundary and thence forms the boundary along the northwest quarter
of the unit. The Vhite River forms the north boundary of this
planning unit.

The majority of the drainages in this planning unit are fairly
stable., The only exceptions are those drainages in the north-
west corner of the planning unit and down along the west boundary
to the point where Piceance Creek forms the west boundary of
the unit. Strearbeds in the above describad areca drain land that
is extremely stecp, with a very fine grained soil which is easily
eroded. The vegetative cover is relatively sparse due to the
shallow solls and the impervious shale underlaying this soil.

The balance of the unit supports a good ground cover on relatively
deep soil with the exception of some isolated slopes with a south
or cast exposure.

Stresm channels in the northwest portion of the unit are
relatively straight wvith perpendicular banks exhibiting heavy
sloushing. Heavy alluvial fans are apparent at the mouths of

each side drainage where they enter the major drainges. Streams



in the balance of the planning unit, with the one exception of

Piceance Creek which meanders extensively, are also relatively straight
channeled, but perpendicular, exposed banks are not noted in these
streams until you get near their mouths. In their lower regions

vhere runoff volumes are relatively high, these streams exhibit

bank sloughing dbut not to & critical degree., Piceance Creek itself
bissects hay meadows for nearly all of its length, and is relatively
stable,

Aveilable information pertaining to this planning unit on ground
water is relatively scarce. There is data on 6 wells currently
producing livestock water. These wells vary in depth from 130 feet
to %00 feet. The Colorado State Game, Fish and Parks Division has
drilled several wells in the bottom of the dry fork of Piceance
Creek but the water content in many of these wells is so high in
dissolved szlts that pumping equipment does not last long. Water
quality from wells on public lands is generally adequate for culinary
and livestock use., Data concerning water quantities indicates it is
sufficient for livestock use. As long as the use is limited to
livestock, there is no question but what annual recharge would be

edequate to maintain the present water teble,



373,480 ac. 2" annual r

Form 16006 UNITED sTATES
(August 1969) DEPARTMENT OF THE INTERIOR
BUREAU OF LAND MANAGEMENT

PHYSICAL PROFILE
HYDROLOGIC DATA

Unit Date _ 3/31/70
B r
Piceance ’ Papworth
ITEM uNIT ANS%}T‘K&‘;NT SOURCE REFERENCE
. « UsGS
1. Water Yieldt ac. ft. 62,245 Atlss HA-19%
2. Water Use t ac. ft.
. . Taetors A fecting
3. Sediment Production cu. yds. 1’598,@0 Sed. Yield in Pac.SW
USGS
4. Other Pollutants § ppm 700# Atlas HA-61
Uolo
8. Calcium ppm 100 Atlas HA-189
b. Sodium ppm 100 " "
c. Sulphate ppm 100 " "
d. Chloride ppm 100 w oo
b UoCs Professional
e Magnesium ppm 100 Paper 4il
Rematks
Sed, Prod. based on: #Balance of pollutants made
up of misc. salts, primarily
17.7¢4 of uvnit yielding 3 ac. ft./sec./yr. carbonates & bicarbonates
39.8% of unit ylelding 2 ac. ft./sec./yr. per USGS Atlas HA-61

23.2% of unit yicliting 1 ac. ft./sce./yr.
19.3% of unit yielding .75 tc. ft./sec./yr.
Weignted ave.= 1.7 ac. £t./sce./yr.

563 secs. = 1.7 = 991.1 ac. ft./yr.

991.1 x 1613 = 1,553,640

g aaree with U:S.6.S. date,
nete: fcﬁurc dees not 37& L usel

Appears :1l\

o

11 cu. ft./sec (cfs) = 2 ac. ft./day = 730 ac. ft./year. 1 gal./min = .00223 cfs = 1.63 ac. ft./year.
Show total mean annual concentration of all salts on line 4. List mean annual concentration of major salts on
lines 4a, b, ¢, ecte.

*If ndditional spuace is required footnote under ‘‘Remarks’’



(Yellow Creek Planning Unit)

C. Hydrology

This planning unit is located in the Green River sub-basin
of the Coluredo Hydrologic Region. Piceance Croek, & major
tributery of thz White River, forms the northeast boundary of
the plaaning unit, with the ¥White River forming the north boundary
of the plenaing unit. Yellow Creek, another major tributary of
the White River, dissects the eesterm portion of the planning
unit.

With the exception of the northweat portion of the unit, the
headwaters of the major drninages are all fairly steble. They
all contain headcuts, tut the location of the cut varies from
one-third of the atresm length down from the hesdwaters to up
to two-thirds of the siream length below the headuaters. Below
the head cuts the channels are deep with perpendiculer sides
end nearly all of them cxhibit heavy sloughing during pesk flowa,.
The stream channels of the major drainages have o meandering
characteristic, but most of the tributary draincges are straight
channeled. Channels in the northwest cormer of the unit mentioned
above are ncarly all exhibiting bank cutting from the headwaters
to the mouth. The chonnels are relatively straight and exhibdbit
heavy cutting of the banks during peak flow pariods,

Most of the streams in this pleanning unit carry heavy sediment
loads at thcir mouths during perinis of high flow. Refer to form
1600-6 attached for estimates of water yield, sediment production,

vater pollutants, etc.



Ground water, ecpecially with regards to water quality,
seenms to be quite vorieble in thiz planning unit. Wells drilled
in the major draincze bettoms in the wnit vary in depth from
less than 100 feet up to 350 feet. The water from these wells
is palatzble, but generally quite hard. Most of the producing
wells on the ridges, used for watering livesiock, are results
of develcping cbanconed oil wells or test holces drilled in gearch
of o1l end gas. These range in depth firom 300 feet down to
1100 feet. Water quality is good although the water is generally
very hard. Some wells bave a high sulphur ccatent in the water
but the water is palatable. The vater content in some wella
along Plceance Creek cn the extrexe east boundary of the planning
unit i8 s0 high in dinsolved salts that these wells have to ‘e
abandoned because ccaventicanal punps cannot cperate economically.
Ro docuneated information ie available regrrding water
quantity in the area. Short term testing at very high voluxes
has been carried owt cn rome of the oil end gos teat holes, but
is not of a duration to provide dnta that can be substantiated.
Amnual recharge is unioubtedly adsquate as long as the wells
are used cnly for stockwater. Recharge would elso be asdeguate
for large volume puvweing in the ko jor dreinaze bottoms and along

Piceance Creek vwhich 13 & porepnisl rtirezn,



Form 16006
(August 1969)

UNITED STATES

DEPARTMENT OF THE INTERIOR
BUREAU OF LAND MANAGEMENT

PHYSICAL PROFILE
HYDROLOGIC DATA

& bicarbonates per U.S5.G.S. Atlas HA-61.

Unit Date 3/30/'7
Yellow Creck By Papworth
ITEM UNTT mﬁf"‘;‘z’ﬁ"é%“r SOURCE REFERENCE
1. Water Yield t s bt |y 0on B U*f;G'S' i
2. Water Use t . ft.
ater Fse & 2,280 District Records
3. Sediment Production cu. yds. 2,395,300 gggigrinﬁgigcténg Sed,
4. Other Pollutants § ppm 700 U&g:f’:s.}m 61
008.6080
a. Coleiun ppm 100 Atlzs FHA-189
. Sodiunm pom 100 ” »
c- Sulphate ppm 100 " "
d- Chloride ppm 100 .
N ppm U.S.C3. Professionzd
Maznesiun 100 Papor ki1
Remarks
Pollutants: 200 ppm misc. dissolved solids, primarily carbonates

Water use based on an average consumption of 1 ac., foot per acre

of hay raised.

An additional emount 18 shown for stored water in

livestock reservoirs.

% note: fiqure does net

A ppears high by "4

factor

ree with other data,

of qbont §.

e —

t1 cu. ft./sec (cfs) = 2 ac. ft./day = 730 ec. ft./year. 1 gal./min = .00223 cfs = 1.63 ac. {t./year.
$Show total mean annual concentration of all salts on line 4. List mean annual concentration of major salts on

lines 4a, b, ¢, cte.

* If additional space is required, footnote under ‘‘Remarks’’



APPENDIX V-5

Text of Reference (4) U.S5.G.S. Hydrologic Investigations

Atlas HA-370



INTRODUCTION

This atlas presents the results of an investigation of the
water resourves of part of the Piceance Creek structural ha-
sin in northwestern Colorado, The arca of invesbigation s
between the White and Colorado Rivers tsee mndey map),
an area of about 1600 square mides 1 purts of Rio Blanco.
Garlield, and Mosa Counties.

The US. Gueological Survey s study of the water resources
in the basin was begun in 1964 and completed in 1906 The
study was made in cooperastion with the Colorado Water
Conservation Board., The base hydrologie data collected
during this study are published in a report by Coflin, Welder,
Glansman, and Dutton (196X). Additional basic data col-
fected after publication of the Coftin. Welder, Glansman,
and Dutton report are in the files of the Geological Survey.
The data include results of aquifer tests, logs of wells and
test holes, hydrographs ol streams. and chenncal analyses
of both ground water and surface witer in the hasn.

The objective of the investigation was to dewribe availe
ability, occurrence, and chemical propertics of the water
resources of the basin, This deseription will be usclul for
developing water supphes and for coping with water probe
fems associsted with the development of the ol shade re-
sources.  he Piccance Creek hasin conttins sxome of the
richest oil shaie deposits in North America, These deposits
represent u huge potential source of petroleum and ciforts
are cureently being made to develop the resource. Some of
the problems associated with the mining and retorting of wil
shale are: removal of water from munes, supplving water for
mining and retoruing operations, supplying additional do-
mestic water for an increase 1n population, eliect of mining
operations on present users of ground water and surface
walter, and water-quality problems creasted by mining opera-
tions.

The population of the basin is sparse, possibly fess than
200. The major use of water i for irrigation and is supphcd
mostly by surface water. Hay meadows and teed crops are
irrigated in the valloys of the four major streams { Piceance,
Yelow, Roan. and Parachute Creeks). The surface water
supply is sdequate during the carly part of the growng sca-
son and inadequate during the late summer months.

Ground-water resources of the basin are relatively unde-
veloped at the present because of sparse population and luck
of arable tand. The three irrpation wells in the bawn are in
the alluvium of Roan Creek. Four wells tapping the Green
River Formation toruunally dritted for oil) are occasionally
used for irrigation along Piceance Creek. There are 65 small
diameter wells, some of them lowing, and about 230 springs
tapping the alfuviom and the Green Rinver Formation that

supply water for domestic and stock use throughout the basin,

The Piccance Creek structural basin is 3 northw est-trend-
ing downwarp Iving between the White River uphitt on the
cast and the Douglas Creek arch on the west. The topogra-
phy of the basin hetwcen the White and Colorado Rivers is
illustrated by the block diagram. The edges of the busin are
formed by cliffs of oif shale. which act as hydrologic bound-
aries separating the busin from adjacent arcas. A\ miyor east-
west topographic divide sepatates the structural basin into
two drainage busins: the northern drainage basin contains
Piceance and YeHow Creeks, which are tributary to the W hite
River: the southern drainage basin contains Roan and Para-
chute Creeks. which are tributary to the Colorado River.

GEQLOGY

A bricf description of the geologic units in the Piceance
Creek basin and their water-bearing characteristics is given
in the table. A geologic map and summary of the geology
and oil resources of the basin is given in a report by Doanell
(1961). The gencral shape of the basin and the relation of
geologic units are shown on the structure contoer map and
the diagrammatic section,

Surface rocks exposed in the basin are sedimentary and
range in age from the Cretaceous to the Quaternary (Don-
nell, 1961). Discussivn of the geologic units in this report
will be linuted to the Green River Formation and vounger
rocks because these scediments are of greatest economic in-
terest and contain the principal aquifers in the basin.

The Green River Formation of Focene age rests conform-
ably on the Wasatch Formation and is the bedrock in the
area (see diagrammatic section). The formation s divided

into five members: Anvil Puoints, Douglas Creck, Garden
Guich, Parachute Creek, und Evacuation Creek.

The Anvil Pormnts, Douglas Creek. and Garden Gulch
Members are composed of marbstone, shale, and sandstone.
These units are relatively impermeable. In gencral. they im-
pede the movement of ground water between the Green Rive
er Formation and the underlying rocks.

The Parachute Creek ‘Member overlics the Garden Guich
Memberand is composed principally of ot shale. This mem-
her contiains the principal bedrock aguiter in the basin, The
member cun be divided into three zones Chigh resistivity, low
resistivity or leached, and Mahogany) buased on differences
in both geologic and hydrologic character. These zones can
be correlated throughout the central part of the basin based
on their charuacteristic appearance on cleemie logs uas shown
on the stratigraphic section. The lowerimost sonc in the Par-
achuteCreck Momber is called the high resistivity zone. This
cone contains ol shule and beds of saline muncrals, is rela-
tively impermeable, and probably is iintte fructured. The
high resistivity zone is confined to the center of the northern
part of the Piceance Creck basin {see divgrammatic section)
and ranges from loss than 200 10 more than 900 feet thick, as
indicated on the thickness map of the sonce. Fhe absence of
this zone ehewhere may be due 1o low concentration of kero-
gen or 10 removal of the saline mincrals by solution, Ap-
parently, some saline mincrals were deposited throughout
the basin in the Parachute Creck Member.  Deposition in
vugs and beds is undoubtedly most commaon ncar the cen-
ter of the banin and less common on the cdees of the hasin,
The zone overlying the high resistivity sone s charactenised
by low resistivity on clectric logs (see stratigraphic sections,
In the center of the basin, where saline minerals make up a
greater pereentage of the ber, the removal of minerals
from the upper part has resulted in vouds, fracturing, col-
tapse, and irregular bedding, The low resistinats sone which
corresponds to the leached sone s mure porous and perme-
able than cither the underising or overiyving zones. Becuuse
of s high pore~ty and permcability, the leached rone
the principal bedrock aquiter in the Piccance Creck basin.
The tow resistivity zone is best defined near the center of the
northern part of the basin and ranges from less than 400
700 feet thick as shown on the thickness map of the rone.
The low resistivity sonc thickens outward, but canaot be
distinguished on clectrie logs vutside of the T00-fout thick-
ness line {see stratigeaphic sectiod). Core recovery from the
fcached sone is gencrally poor, but when core s recovered.
it s highly fractured and contains vugs. Drillers often re-
port lost circulation in this zone.

Orerbying the feached zone is the Mahogany sone. or as
it is called on the outcrop, the Mahogany edge (see strati-
graphic section). The sone contains a relanvely thick sec-
tion of il shale. Saline mincrals are sparse in this zone and
apparently were never thickly deposited.

The Evacuation Creek Member. consisting of marlstone
and fine-grained sandstone, overlies the Pacachute Creek
Member and forms the surface rock throughout most of the
basin. That part of the member topogruphucaily higher than
the evel of the streams 1s mostly drained. The bBvacuation
Creek Member is more permeable than the Mahogany zone
but iy less permeabie than the leached cone. - The Evacuation
Creck Member ranges from 0 to 1,250 feet thick.

Alluvium of Quaternary age contains sand. gravel, and
clay and partly fills the stream valleys of Piceance. Yellow,
Roan, and Parachute Creeks. The permeabic alluvium is an
aquifer in the Piccance Creck basin, The <aturated thick-
ness is as great as 100 fect. However, the arcal extent of the
atluvium is small and s usually confined to belts fess than
1 mile wide. Because of this fimited width, the alluvium is
not capable of supplying large quantitics of waier 10 wells
for more than a few months. The alluvium ranges from 0 to
140 feet thick.

STRUCTURE

The Green River Formation is cut by a very extensive
joint or fracture svstem. The orientation of many of the
streams and their tributaries appears 1o be controlied by
these fractures, Streamflow along joints or fractures pro-
vides avenues for recharge to both the B scuation and Par-
achute Creck Members.  The joints are parallel to major
structural features in the basin, but the primary trend s o
wards the northwest,



PRECIPITATION

Distribution of precipitation o the Piccance Creek strue-
tural basnis markedh sficcted by altitude tHorns and others,
1963, p. 183 183), Arcas where the altitude is greater than
K000 seet, such as along the muajor divide and Cathedral
Biutts, recene as much as 2oanches of precipitation per year,
mastly as spow in the winter months, Arcas hetween alti-
tudes of about 5,300 and X000 fect pencrally receive from
12 to 20 inches of precipitation annually,  Streamflow gen-
crally isgreatest during spring snowmclt, Some of the springs
in the busin show a similar response to snowmelt as shown
by the hydrographs of sclected springs,

Samples of witer having a dissolved-solids content rang-
ing from 230 10 63.000 mg - | (milkgrams per titer) have been
collected in the basin, The best quality of water is found in
streams and ageifers in the higher alutudes in the basin. The
worst quality of water is found in the high resistivity zone of
the Parachute Creek Member,

GROUND WATER IN THE GREEN RIVER FORMATION

The Green River Pormation is the best potential source
of ground water in the northera part of the Piceance Creek
basin, The keached zones of the Parachute Creck Member
and the Evactuation Creek Moember are aquifers and contain
watter under artesian pressure in most of the arca. There are
many floning wells and the maximum depth 1o water is
ahout 200 fuct. The Garden Gulch Member and the high
resistiv ity zone of the Parachute Creeh Menther have very
Jow permeability and conhine water in underhying aquifers,
The Muhogany sone of the Parachute Crech Member abo
confrnes water encept where it is cut by serticsl fractures,
These fractures permit water 10 mosve hetween aguifers (sce
diasrammatic section on Sheet 1) The feached sous con-
tans water in fragiures and soluting openings and i con-
sulered the principal badrock squiter in the northern part
of the Preeaites Crock baan becanse it has the greatest areal
cvient, permenhiiny . and storase capacity, It contains 2.8
nuthon acresfect or more of water in storage. The trans-
misaaty distribution in the leached zone wis estimaied from
the thich sess map of the zone (Sheet 1) and from siv aguiter
fosts (€ othin and others, 13683 The transmissiviiy of the
sone ranses from Joss than 3000 gpd per it (pations per day
pet Toots in the margins of the hasin o 20,000 gpd per ftin
the center of the basin, Tests indicate that the potentiad yield
of a weli tapping the leached zone may be as much as 1,000

epm (gallons per minute). The ancsian storaze coeflicient
01 ne acned zone iy estemaied to be about 10 ¢, but when

not confined, the storace cocthorent would be about 100
Thus, pumping very large guantitics of water would cause
water fevels to decline several hundred feet to the tap of the
feached 7one in o sbort tane (1 ), but alter water lovels
reached the lkeached zone the dechine would be much slower.
The Lyacuation Creek Member contiuns water nunnly in
fractures.  Hs permeabihity is much less than the leached
rone,  Test wells penctiating the bvacuation Creeh Mem-
ber in the north-conirad part of the hasin yicld 100 gpm or
fess.

The major ground-water divide in the hasin is approxi-
matcly the same as the topographic divide between the White
River and the Colorado River. Ground-water movement in
the Green River Formation (porthern part of the Piccance
Creek hasin)is&oward the two major drainages of the basin,
Piccance and Yellow Creeks. Mosement is normal ta the
contours shown on the potenuometric contour map, The
Green River Formation is bounded on the west by Cathedral
Blulfs. On the north, the divide is near the main stem of the
White River, Recharse on the mareins of the basin moves
downward through the | vacuation Creek Member and
Muahogany sone into the kached sone of the Parachute
Creeh Member, Data from o few wells indicate that the po-
tentiometric head in the Jeached sone near the edpes of the
basin is lower than the head in the overlying zones. Other
data indicate that near the center of the basin the head in the
feached zone s hipher than the head in the upper zone. These
head relations indicate that the dircction of flow is down-
ward in the muargias of the basin, laterially toward the center
and northern edpe o the basin, and upward in the jower
reaches of Piccance and Yellow Creeks and in the Whitc
River valley (see dinprammoatic section on Sheet 1), In the
center and northern edize of the havn water moves upward
and discharges ito Preeance Creek, Yellow Creeh, the
Winte River.on s evaporated. Smaller amounts of pround
water are discharged to sprmnes and flosing wells, The
porentiometne contoars ichaite that about hall of the

nuoethern part of the bavn contributes pround water to Pice-
ance Creek Southofthe major divide,water i discharged by
sprinaes that tsue from Iractures near the top of the
Mabozany sone.  In the lower part of the stream valleys,
the Mahogany forms part of a chitfas high as 2,000 feet above
the stream Spring discharge from the top of the sone in
these arcas can he seen as a dark band along the upper part
ot the ¢l Howeser, moat of this water evaporates before
reaching a stream,

Pumping large quantities of ground water from the Green
River Formation would change the points of discharge.
Continuous pumping of farge amounts of ground water for
a number of years could dry up springs over a large part of
the basin and stop much of the seepage to the creeks. Many
of the water hules used by wildlife would disappear and the
base flow of Piccance and Yellow Creeks would be appreci-
ably diminished to the detriment of present uppropristors.

The disselved-solids concentration of water in the Green
River Fogmation ranges from 230 10 63,000 mg 1. Water
near the edees of the bavin contains less than 2,000 me//1 dis-
solved solids and the dominantions are calcium, magnesium,
and hicarbonate. About habiway between the edges of the
bunin and the center, dissolved-solids are about the same as
at the edaes, but the dominant jons are sodium and bicar-
bonate. Near the center of the basin, the water has dissolved
considerabic amounts of suhine minerals and the dissolved
solidy wverage 25000 myg | and the principal constituents
aresadam and bicarbonaie, Chloride concentration ranges
between 306 and 2.500 me 1 The graph reluting dissobed
salids of water in the busin to specilic conductance can be
used to approvimate dissolved -sobids concentraions from
lickd conductinity measurements. Water in the Parachute
Crech and Fyacuation Crech Members are chemically simis
Lar n the higher parts of the busin (Cofun and vibiers, 1968).
However inthe Joser pasrts of the basin, water in the Para-
chute Creek Mormber becones highly mineralized from con-
tact wath the saline . voerals, For ovample, water in an abune
doned oif test well near Piccance Creeh about 1.8 mitles helow
Ryan Guich coatained 17300 mz | dissobved solids, princie
paily sodium and bicarbonate. The waier i the wel con-
tained 342 my 1 chloside and is unsitable for most vses,
Water in the Byacuation Creck Member is 0 mived chemical
type sath ne dominant cation or anton,  The principal con-
stituents are sodium, maernesium, and sulfate, Analyses of
witer samples trom the Eyacuation Creeh Member are sume-
marized o bar 2eaph atthe fett. The dissobved-solids cone
centration ranves from 230 to L8O me- L Water in the Para-
chute Creck Member has sodinm and bicarbonute as the
principal ions. however, when the dissobved-solids are fess
than 300 myp 1 the principations are calcium and hicarbonate.
A summiry of anidy ses of water samples from the Parachute
Creeh Member s enven in a bar graph at the left. The dis-
sobved solids concentration ranges from 250 10 63,000 mg/1.
The average dissohved salids concentration of 6 water sam-
ples obtiuncd during & pumping test of the high resistivity.
zone wias 63,00 mg 1.

GROUND WATER IN THE ALLUVIUM

Alluvium is u source of ground water along Piceance, Yel-
tow. Roun, and Parachute Creehs, The alluvial aquifer is
capable of storing and transmitiing more water per unit vol-
umie than ans other aqueder in the hasin, Howeser, the arcal
cxient of the deposits is small ¢compured to that of the bed-
rock aquifers, The alluvium is confined to belts Jess than
I mile wide along the erecha. Along the major drainages,
the alluvium ranges from 9 1o 130 feet thick and the <aturated
thichness may be as much as 100 fect in a few places (Coffin
and others, 1963). Water an the alluvium occurs under both
water-table und artesian conditions,  The permeahility of
the clay is much less than that of the sand gravel. and where
itconhines water in underly ing sand and gravel under cnough
pressare, witer flows at the ind surtace when tapped by a
well, Tapical occurrences of altuvinm in the major stream
drainages are shown by the sections below the potentiomet-
riv contour map.

An agufer test in the alluvium of Piccance Creek showed
that after pumping 1 fow hours, the hvdrologic boundarics
of the attsium witl affect draw dow s and w ol vields (Collin
andothers 190N} Thestoravecoctiivient probably averages
whaut .20, Fa places where the alluvium contains chiy beds,
the transnrssnaty may be as low a8 20000 gpd per (1. Thus,
well vickds vary wadcedy from place to plice according to varis
atons in lithology of the alluvium at the well and proxintity
of the well to the hydrologic boundarics. initial yicids from



propeely located, developed, and constructed wells are esti-
matcdtobeasmuchas 2,000 ppm. Ansrrigation well in Roan
Creek was reported toyvickd 1,300 0 pm.

The ablluvind aguiter is rechareed by preapiiation, by ap-
plicd surfisce water, by streams, and by intiltration from the
Green River Formation, The aquiter discharges to streams,
springs, wells, and to the atmosphere by evapotranspiration,

The dissolved-sobds concentration of water in the alluvi-
un ranges from 250 1o 25000 me 'L Water i adluvium in
the upper reaches of the maior diatnages contains less than
700 mg/1 dissolved-solids. In generad, the principal ions in
the alluvial water are calcium, maznesium, and bicarbunate.
Tons in the water in the abluviem of Piceance Creek are pre-
dominantly calcium:, magnesium, sodium, and bicarbonate;
the dissolved-solids concentration increases downstream,
The dissoived-solids concentration is about 700 ma/} at Cow
Creek and 2,500 mg /1 at Dry Fork. Below Dry Fork the cons
centration increases to 8,300 mye sl and sodium becomes the
dominant cation. These chunaes oc.-ar by <olution and ton
exvhange and reflect the chanpe in nature of the bedrock
underlyving the alluvium, Above Dry Pork the alluvium is
underlain by the E wtion Creek Member and helow by
the Parachute Creck Member,  Abaadoned flowing wells
below Dey Fork tapping the Parachute Creel Memiber con-
tribute locally to the increase i dissolved sobids, Water in
the alluvium in Yeilow Crech appears to be within the range
in composition and concentration or the water in the alluvi-
um of Piccance Creck. Dominantonsin the witer in the al-
luvium of Roan aud Parachute Creehs are caiciom, mayne.
sium, sodiom, bicarbonate, snd sullate. §he divsah ed-olids
conventration of the water is as much as 7.200 me i The
allusium of Roan and Parachule Creehs contams some gyp-
sum which was derived from the Wasatch Formution, Wa-
ter in contuct with the gypsum hecomes mereasingly con-
centrated with sulfate.  $he suifate concentration of 3 water
sample obtained acar the mouth of Roan Creek was 4,200
me/t.

SURFACE WATER

There are no long-term records of streamtlow in the Pice-
anceCreck structural basin between the Cotarado and White
Rivers, Gurgine stations on seven strewms hanve been operated
at various umues. The records at these statons are summa-
rized in the table and the station locations are shown on the
potentiometric contour nap. Except for two unpublisked
records, these data are published in Water-Suppiy Papers of
the ULS, Geotogcal Survey and in the annual seres, Suriace
Woater Revords for Colorado, Part 1.

Commonly, all sircams in the basin reach a peak during
the snowmelt runotf and decrease in tlow besinning in June
or July, and reach fow flow in Scptember or Octoher. Low
flow continues through the winter. Parachute Creek is often
dry. or ahwaest dry, from December until April. The ltow of
Piccance Creek is more uniform than that of Parachute or
Roan Creehs because the flow is sustained by ground-water
discharge from the Green River Formation. However, in
1965 and 1966 the fow of Piccance Creek below Ryuan Gulch
dropped below, its avernge of 12.5 ofs (cubic feet per sccond)
to as little as 0.8 ¢fs during April or May due to diversions
for irrigation bhefore the saowmeit runoff.

On October 6, 1965, discharge was measured at 13 sites
and 8 samples for chemical analysis were collected from
Piceancg Creek from Rio Blancoe to the White River gage.
The results of this study are shown op the discharge-quality
graph at the left. Little water was béine diverted Jor irriga-
tion and there had been no precipitation for several weeks.
The gain in flow downstream from Rio Blanco was caused
by a thinning of the alluvium, forcing the ground water to
the surface, The streamilow disappeared into the alluvium
where it thickens it Cow Creck, but 2 miies downsircam the
atfuvium was saturated and surface flow resamed, The po-
tentionetric contour map wndicates that the reach between
Thirtcenmile Creek and Black Sulphur Creck is fed by ground
water. The 14 cfs gain in this reach. as determined by the
October 6, 1963 study. supports this conclesion,

Thecffect of ground-water discharge from the Green River
Formation on the chemical quality of water in Piccance
Creek is illustrated on the discharge-quality graph. Above
Thirteenmile Crech, the hedrock is the Evacuation Creek
Member and ions in the water in Piccance Creek are predome-
fnantly caleium, maenesium, and bicarbonate: below Thire
teenmile Creck, water contribuicd drom  the Parachute
Creck Momber caused a gradaal increase in sodium, which
becanme the dominuant cation in the readh below Ryan Gulch,
The dissohed-sohdy goncentration rancoed from 000 mg, |

at Cow Creck to 2,000 me/tat the W hite River gage.

Sumples of water Tor chemical analysis at vanous dis-
charges were collected on Picennce, Yellow, Roan, and
Parachute Crechs, The rosulis of the analyses are shown on
the grapin showing chemicsl charucter for the various
streams. Water in the illuvium is generally the same chemi-
cai charicter as the water in the streiom, but has a higher dis-
solved-solids concentration. o penegal, the quatity of the
water is host at high discharges but the chemical character
ramains about the same. The observed range in dissolved-
solids concentration in the four streams was as follows:
Piccance Creck. 440 to 3,700 g/l Yellow Creck, 1400 to
3.000 mp/l Roan Creck. 430 to 2,300 mg/1: and Parachute
Creek, 36010 1,280 mp/L.

CONCIYSIONS

1. Surfuce-water supplics in the basin are small and tre
completely developed.

2. Additional ground-water supplics could he developed
fromthe Green River Formationor from the allusium, Wells
in the Green River Formation Bt vield as much as 1,000
gpm. Wellsin the altuviam mugiiyeld as much us 2060 gpm,

3. Pumping large quantitics o ground water from either
the athinium or trom the leached zone of the Green River
Formation would have adverse effects on present surface
supplics,

4. The water stored in the leached zone represents a po-
tentiatsource of industrial supply that meht kst many years,
The zone contims 2.5 million acre-feet ol ground water in
sorage. Pumping large quantitics of water from the Green
River Formation would cause levels to decline several hun-
dred feet in ashort peniod of time (- 1y,

5. Water pumped from the leached zone would contain
dissolved solids rangmg trom loss thun 2,000 mg- | near the
cdaes of the basin 1o more than 60,000 me i the center of
the northern hatt of the hasin, Fhe 60000 me | water mitht
have a chlonde concenteation of LOob gl or more, W
ter with a ~hlorade concentration thas heee s unsutabie for
most uses. 5 s in the water acar the edues of the basin are
predomnantly colcium, macnesium, and hcarponate: the
fons acar the centee of the basin are predontnantly sodium
and bhicarbonate.

6. Qil shale mining operations may be hampered by
ground water. Flouding by ground water would be mast
scrious in miaes which are excavated i or below the leached
2onc. For example, near the center of the basin, an open-pit
mine with a radius of half 3 mile might require a pumping
rate of as much as 60 cfs to keep the mine dewatered.

7. Disposal of mine cfiluent in surtace streams would
increase the salt losd in the White and Colorado Rivers,
which would pose a scrious poliution problem.
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UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

cooperating with
White River and Douglas Creek Soil Conservation Districts

LIST OF PLANTS EXISTING IN
RIO BLANCO COUNTY, COLORADO

This Inventory was prepared for Rio Blanco County health officials, doctors,
laboratory technicians, livestock and wildlife specialist, and all others
concerned with man and animals reacting to plants and plant substances.

This list can be used to substantiate the occurence of plants in the County
in the cases of allergies, poisoning, injury, and other harmful effects
caused by plants.

The list is set up with seven main categories in alphabetical order by
technical names. The common names given are for the species, genera, or
family of plants. As common names often vary in usage in different lo-
calities, they should not be considered technically correct, unless all
concerned have full knowledge of the common names. The exception is that
vegetable garden plants are most often known and referred to by the common
names.

Taxonomically, plants are listed by families, genus and species, but when
listed by categories the families, genus, and species appear in different
categories. An example is the genus Lactuca, "wild lettuce', which has a
respectable native forb species, pulchella, and a weed species, canadensis.

The preparation of this Inventory list involves time and study to make it
practical. However, it is a first attempt for the County of Rio Blanco--
so, the list may not be technically complete. The plants of Rio Blanco
County are so numerous in kinds and amounts that books and books could be
compiled on these plants--their good and their bad characteristics.

We attempted to recognize the plants that are especially ornamental, weedy,
etc. This is difficult to do as values such as "ornamental', 'weedy", etc.
are many times variable as the particular person's conception of what he
thinks is ornamental value, weedy, etc. All plants have some ornamental
value and, of course, the old adage that any plant "out of place' is a weed,
does have merit.

Quantitatively, the sunflower (Compositae) family of plants (i.e. sagebrush,
rabbitbrush, dandelion, etc.) and the 'Grass family' of plants contribute
most to Rio Blanco's pollen production. The 1ily (Lilacea), crowfoot
(Ranunculaceae), spurge (Euphorbiaceae), parsley (Umbelliferae), and bean
(Leguminosae) families probably contribute the most to the total poison
problems. However, in rather rare cases, any plant can be suspected as the
"troublemaker'.

It must be understood that plants cannot be divided into just good or bad
plants; most plants are harmless; many plants are bad under some conditions.
A few plants are bad under nearly all conditionms.

A green apple 'bellyache' is bad, but on the other hand, an apple a day
keeps the doctor away--providing you don't get in the 'poison ivy''.



I. CROPS, GARDENS, WEEDS

A.

Grass:

Avena sativa

Hordeum vulgare (