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SUMMARY 

( ) Draft (X) Final Environmental Statement 

Department of the Interior, Bureau of Reclama\ion, Upper Colorado Region 

l. Type of Action: (X) Administrative ( ) Legis la ti ve 

2. Description of the proposal: The Paradox Valley Unit of the Colorado River Basin 
Salinity Control Project would be located in Mont rose and San Miguel Counties in 
southwestern Colorado. The unit would involve pumping brine ground water from a 
series of wells along the Dolores River in Paradox Valley, thus reducing th e 
influx of salt to the r iver by an estimated 180,000 tons annually below the pres
ent level of 205,000 tons. The brine would be piped t o a nea rby hydrogen sulfide 
stripping plant for the removal of toxi c hydrogen sulfide gas, then piped to 
Radium Evaporation Pond in Dry Creek Basin, located about 20 miles southwest of 
the well field. Land woulq be acquired and developed as a wildlife area around 
the pond to compensate for losses caused by the inundation of habitat. A 6- year 
construction period would be required. 

3. Summary of environmental impacts and unavoidable adverse effects: By reducing the 
salinity of Colorado River water, the unit would have beneficial economic impacts 
of about $4, 186,000 annually for water users in the Lower Colorado River Ba sin. 
In the local unit area, construction would place temporary strains on community 
facilities and services, but no long-term i mpacts would result. Two ranchers who 
own grazing land and have grazing permits on public land at the evaporation pond 
would be adversely affected, one quite severely, by the necessary acq uisition and 
withdrawals if suitable replacement lands were not available. 

The unit would reduce the average annual flows of the lower Dolores and Colorado 
Rivers by about 3,950 acre-feet. The salinity of the Co lorado River at Imperial 
Dam would be decreased by a net value of 18.2 mg/1, res ulting from a decrease of 
18.6 mg/1 because of salt removal and an increase of 0.4 mg/1 because of stream 
depletion. 

The existing warm water fi shery in the Dolores River would be enhanced signifi
cantly for the first 7 miles below the well field and enhanced slightly for an 
additi onal 63 miles to t he confluence with t he Col orado River. A s light enhance
ment would also occur i n the Colorado River downstream from the confluence. 
Wild life habitat would be permanently reduced by 3,630 acres from inundation at 
the pond and by 28 acres from the cons truction of other unit structures. These 
losses would be largely compensated for by the acquisition and development of 
3,660 acres for a wildlife area and the revegetation of about 218 acres t empo
rarily disturbed during construction. In addition it is estimated that about 60 
acres of riparian habitat a long about 7 miles of the Dolores River downstream from 
the well field would be slowly improved because of the reduction of salts in the 
river water. 

Two archaeologica] sites would be inundated by the evaporation pond. Prior to 
inundation, a program to collect information would be conducted. 

4 . Alternatives considered : 
1. One alternative evaporation pond site . 
2. A lined bypass channel for the Dolores River, with an evaporation pond 

adjacent to the channel. 
3. Nondevelopment. 
4. Five plans for smaller scales of development. 

5. List of entities from whom comments have b~en requested or received: 
See list on next page. 

6. Date made available to E.P.A. and the public: 
Draft statement: May 11, 1978 -
Final statement: MAR 2 O 1979 
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CHAPTER A 

DESCRIPTION OF THE PROPOSAL 



A. DESCRIPTION OF THE PROPOSAL 

l. Introduction 

This statement has been prepared on the environmental aspects of 
the Paradox Valley Unit of the Colorado River Basin Salinity Control 
Project, which would be located in Montrose and San Miguel Counties in 
southwestern Colorado . The unit is planned to reduce the inflow of 
brine springs to the Dolores River in Paradox Valley, which has been 
identified as one of the major na tural sources of salinity in the Colo
rado River Basin, and thereby improve the quality of Colorado River 
water for use in the lower basin States and the Republic of Mexico . 

The unit was authorized for construction by the Colorado River 
Basin Salinity Control Act of 1974 (Public Law 93-320) as part of a 
basinwide program for the enhancement and protection of the quality of 
water available in the Colorado River for use in the United States and 
Republic of Mexico. This program would help to control salinity levels 
in the Colorado River while the Colorado River Basin States continue to 
develop and use their apportioned shares of water from the river and its 
tributaries. Title I of the Act authorized the construction of a de 
salting complex and associated measures to control the salinity of water 
available below Imperial Dam. Title II authorized the construction of 
the Paradox Valley Unit and three other units above Imperial Dam as the 
initial stage of the Colorado River Basin Salinity Control Project. It 
also directed that planning reports be expedited on 12 additional units 
above Imperial Dam. A thirteenth unit has been added for study since 
the passage of the Act . 

Preliminary information and cumulative impacts for Paradox Valley 
and the other 16 units in Title II have been presented in a final 
environmental statement on the Colorado River Water Quality Improvement 
Program (FES 77-15). The statement was prepared by the Bureau of Recla
mation of the Department of the Interior and the Soil Conservation 
Service of the Department of Agriculture. A final environmental state
ment, Colorado River Basin Salinity Control Project, Title I ( INT FES 
75-57), has been prepared by the Bureau of Reclamation on the desalini
zation plant and associated measures. 

2. Plan of Development 

The Paradox Valley Unit would be constructed along the Dolores 
River, which crosses the valley near its midpoint perpendicular t o the 
valley's axis , and in Dry Creek Basin, which is approximate ly 20 miles 
southeast (see the General Map). Under unit operations, brine ground 
water presently seeping in along the banks and bottom of the Dolores 
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River in Paradox Valley would be pumped from wells along the river and 
conveyed by a pipeline to a stripping plant, where it would be treated 
for the removal of toxic and highly corrosive hydrogen sulfide gas. The 
brine would then be pumped in a pipeline to the crest of the divide 
separating Paradox Valley and Dry Creek Basin and then conveyed by 
gravity flow to Radium Evaporation Pond for disposal (See Figure A- 1) . 

As a result of the development, salts entering the Dolores River 
and subsequently the Colorado River from Paradox Valley would be reduced 
by about 180 ,000 tons a year, or about 88 percent of the present average 
annual inflow of 205,000 tons. The unit would deplete the average 
annual flow of the Dolores and Colorado Rivers by a maximum of about 
3,950 acre-feet. 

The salinity of the Colorado River at Imperial Dam woul d be reduced 
by an estimated 18.2 milliffams per liter (mg/1), or about 1 .6 percent 
of the 1976 modified base- salinity level of 1,102 mg/l at the dam. 
The reduction of 18.2 mg/l represents a net change resulting from a 
decrease of 18.6 mg/l from the reduction in salt loading and an increase 
of 0.4 mg/l from the concentrating effect of the stream depletion . 

An important aspect of unit development would be a plan for the 
acquisition, development, and management of lands around the evaporation 
pond to mitigate the loss of wildlife that would otherwise occur with 
construction and operation of the evaporation pond . Following initial 
development these lands would be turned over to the State to be managed 
as an integral part of the State's wildlife management program. Since 
the wildlife area was not included in the unit plan when it was author
ized, the approval of the appropriate congressional committees would be 
required before the plan could be implemented. A program for the pres
ervation of prehistoric and historic resources would also be carried out 
during constru~tion . 

3. Project Features 

a. Introduction 

A brine well field is now being installed as part of a design 
data collection program which is scheduled for completion in 1980. The 
purposes of the program are to design and test a well field that would 
effectively reduce the brine inflow to the river and to determine a 
design pumpi ng rate for each well and for the entire well field. The 
testing program is estimated to extend over 2 years and until the pro
gram is completed, sufficient information will not be available t o 
determine the final design capacities of unit features. Consequently, 
the estimates used and the impacts assessed in this report are based 

!.f The 1976 modif ied base is a hypothetical preproject condition 
which takes into consideration all Reclamation projects constructed or 
under construction as of 1976. For further explanation see Cumulative 
Impacts Section C-ll.f. 
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upon the extreme condition that 5 cubic feet per second (cfs) of brine 
must be pumped constantly during the 100-year life of the unit. Fur
thermore, because of the necessity for extended testing to determine the 
most efficient pumping rate and pattern, construction of major project 
features other than the well field would not commence until the results 
of the testing program had been fully documented and analyzed. Since 
the possibility exists that a pumping rate substantially less than 5 cfs 
may be warranted following analysis of the testing data, an array of 
alternatives at lesser pumping rates is presented in Chapter H, Alterna
tjves. These alternatives will be given the utmost consideration for 
brine disposal if a pumping rate of less than 5 cfs proves feasible. 

b. Design 

(l) Brine Well Field 

The brine well field, as shown in Figure A-2, would 
consist of approximately 18 brine production wells, 68 monitoring wells, 
stream gaging and water quality sampling stations, and a buried pipeline 
leading from the well field to the hydrogen sulfide s tripping plant 
(Bureau of Reclamation 1978a). The well field would be located on both 
sides of the Dolores River from about midway in the river's course 
through Paradox Valley to its exit from the valley, \\'here advanced 
planning studies (Bureau of Reclamation, l978b) have shown that the bulk 
of the brine ground water enters the river. The Bureau, with the 
approval of the Federal Environmental Protection Agency, has drilled 18 
test wells as part of its design data collection program . It is antici
pated that these wells, with only slight modifications, would serve as 
brine production wells under actual operational conditions. The 68 
wells that would form the ground water monitoring system, as well as the 
water quality and stream gaging stations, have all been installed as 
part of earlier investigations in the valley and would also be used for 
permanent operations. During design and testing of the wells, the brine 
would be discharged into a temporary disposal pond located north of the 
well field on the west side of the river. Testing is expected to be 
completed in 1980, at which time the pond would be filled in, covered 
with topsoil separated and set aside during excavation, and then seeded. 
Based on an environmental assessment, a negative determination has been 
prepared for the various stages of this work in compliance with the 
National Environmental Policy Act of 1969 (Bureau of Reclamation, Feb
ruary 17 , 19 77 . ) 

(a) Brine Production Wells 

The 18 test wells, which are expected to serve as 
brine production wells, have been drilled along a 1.7-mile reach of the 
river, with 10 on the west side and 8 on the east. All of the wells 
except one extend into the alluvial aquifer of sand and gravel to depths 
of between 48 and 77 feet. The remaining well has been drilled into 
brine-filled cavities that have been identified in bedrock at depths of 
about 133 to 155 feet. The pump chamber casing of each of the 18 
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wells has an inside diameter of about 12 inches. A screen forming the 
lower 15 to 40 feet of the casings allows brine to enter the wells and 
is surrounded by gravel packing to prevent pumping fine sands from the 
aquifer. A flow meter, control valves, a tap for sampling the chemistry 
of the brine, and a pump sized for the design capacity of each well 
would be installed at each well for both the test program and long-term 
operations. The Bureau has applied to the State of Colorado for use 
permits for the 18 wells and has also begun consultat ion with the State 
for the necessary water rights for the unit. 

To modify the wells for long-term production, the 
wellheads would be enclosed by concrete structures about 8 feet high and 
nearly 9 feet long on each side to prevent damage from weather, floods, 
and vandalism. The roofs provided for these structures would be re
movable so that the well pumps could be easily repaired or replaced. 
Pipelines along both sides of the river would collect the brine from the 
pump discharge lines at the wells and convey it to the hydrogen sulfide 
stripping plant. The lines would have a total length of about 3 .l 
miles . Constructed of reinforced plastic mortar or some other material 
resistant to corrosion, the lines would be buried with a minimum cover 
of 3 feet. 

(b) Ground Water Monitoring Wells 

The 68 monitoring wells drilled during unit investi
gations would form a grid around the production wells and would be used 
to monitor the water table, the interface between the brine and a thin 
layer of relatively fresh water that overlies the brine, and the brine 
pressure head at various points in the aquifer. The information ob
tained would be used to modi fy whenever necessary the pumping rates and 
patterns for the production wells. In addition to the 68 wells, other 
wells 9rilled during previous investigations would be monitored. 

The monitoring wells include 39 shallow wells and 29 
deep wells . The shallow wells have been drilled to depths of about 25 
feet, with screens placed from 10 to 25 feet deep. These wells would be 
used to monitor the elevation of the water table and, with the use of 
electrical conductivity meters inserted in the pipes, to determine the 
depth of the brine-freshwater interface. The deeper wells generally 
contain three pipes, each extending to a different depth and screened at 
the bottom to determine the ground water pressure head from three 
general zones. A shallow pipe, screened from the 10- to 25-foot zone , 
would be used to observe the water table and the brine-freshwater inter
face; a second pipe, screened near the base of the alluvial aquifer 
between 56 and 80 feet deep, would be used to measure the brine pressure 
head in that zone; a third, screened in the gypsum bedrock between 215 
and 300 feet deep, would also be used to measure the brine pressure 
head. A grout seal has been placed between the pipes to p revent the 
water in these three zones from intermixing in the well. Electrical 
conductivity meters and occasional samples would be used to monitor 
water quality in the various zones . 
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(c) River Monitoring System 

The monitoring system includes facili ties for as
sessing the effectivenes r. of pumping in lowering the salt influx to the 
river . Five electrical conductivity meters, which have been placed 
along the side of the stream, would continuously indicate the conduc
tivity of the riverflows above, within, and below the well field. Water 
samples taken each week at two stream gaging stations where the river 
enters and leaves the valley would be used to substantiate the accuracy 
of Lhe meters and to measure the changes in the chemical makeup of the 
water in the river. 

(2) Hydrogen Sulfide Stripping Plant 

Because of the toxic and corrosive nature of the hydrogen 
sulfide gas found in the pumped brine (at concentrations in excess of 
100 mg/1), it would be necessary to remove it. For this purpose, a 
hydrogen sulfide stripping plant would be constructed approximate ly 1 
mile south of the well field and just north of State Highway 90 . About 
0.4 mile of an existing county road would be paved to provide access . 

The site of the facility, surrounded by a chain U nk 
fence 600 feet ~ ong, 400 feet wide, and 8 feet high, would conta j n 
offices, the stripping plant, a parking area, a switchyard, a shop anrl 
P~uipment storage building, and the first pumping plant for the pipeline 
to Radium Evaporation Pond (see Figure A-3). Fresh water for the site 
wnuld he provided by a shallow well drilled near the adjacent rimrock of 
the valley walls . 

In the treatment plant, which could be operated auto
matically or manually, an aeration process would oxidize the hydrogen 
su lfide in the brine, producing water and elemental sulfur . Prior to 
oxidation, a solution of nickel sulfate would be added to the brine as a 
catalyst to assist in the process . Up to a maximum of 5 cfs of brine 
would flow into four aeration tanks, where compressed and filtered air 
would be diffused t hroughout the brine to oxidize the hydrogen sulfide. 
High pressure air would be released through an outside vent to dissipate 
harmlessly in the atmosphere . Elemental sulfur, totaling approximately 
7h0 pounds daily based on the maximum pumping rate, and detoxified brine 
wnulrl be discharged together into the forebay reservoir of the firs t 
P'Lm •j ,115 plant for the pipeline to the evaporation pond. The aerati on 
pr , ,·ess would reduce the concentration of hydrogen sulfide from about 
100 llig/1 to about 0 . 02 mg/1. Provisions would be made for continuous 
moni ttJring to prevent Hr gas from reaching toxic levels in enclosed 
work areas at the plant. ttlureau of Reclamation, 1978a). 

(3) Brine Pipeline and Pumping Plants 

The brine pipeline, with a diameter of from 15 to 18 
inches, would extend about 20.5 miles from the hydrogen sulfide strip
ping plant to Rad i um Evaporation Pond. The pipe would be buried at 
depths of from 3 to 5 feet. For the first 14 .3 miles to t he top of the 
divide between Paradox Valley and Dry Creek Basin, the brine would be 
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pumped through the pipeline. The rema1n1ng 6.2 miles of pipeline would 
convey the brine by gravity into the pond. 

Eight fully automatic pumping plants would be constructed 
to lift the brine from an elevation of 4,960 feet at the stripping plant 
to 7,000 feet at the divide. The first, as explained previously, would 
be located at the stripping plant . The others would be located as shown 
on the General Map. The plants along the valley floor would be spaced 
at intervals of from 3 to 4 miles, while those on the valley slopes 
would be about 0.5 to 1.5 miles apart. The dynamic pumping head (brine) 
would be 366 feet at the first plant and 275 feet at each of the others. 
Each plant would consist of a one-story building for the pumps, a sub
station, a forebay, and an air chamber. The entire yard at each plant, 
covering an area of 140 feet by 100 feet, would be enclosed by a chain 
link fence 8 feet in height. 

Pumping Plant No. 1 would have a forebay reservoir with a 
diameter of 71 fe.et and a volume of 2 acre-feet. The reservoir would be 
lined with polyvinyl chloride to prevent leakage into the surrounding 
ground water. The other plants would have forebay regulating tanks 
constructed of reinforced fiberglass. Each of these tanks would have a 
height of 26 feet, a diameter of 31 feet, and a capacity of 0.5 acre
foot. The air chambers, or surge tanks, would vary from 4 to 9 feet in 
diameter and 7 to 15 feet in height and would be used to absorb pressure 
changes caused by variations in brine flow. Should an emergency or a 
breakdown in the system require draining any section of the pipeline, 
the forebays located at the pumping plants would be able to contain all 
the brine in the 14.3-mile pumped section of pipe. 

The brine line would be constructed of reinforced plastic 
mortar pipe with the sections of the pump stations constructed of alumi
num br~nze pipe. Corrosive damage from the brine solution would be most 
severe at the valves and meter couplings on the brine pipe network. 
Accumulations of mineral encrustations at these points would accelerate 
the deterioration of these fittings. The estimated service life of the 
pipeline is 50 years and of the fittings 10 years. The pumping units on 
the brine line also have an estimated service life of 10 years. 

Supervisory control of the stripping plant and brine line 
pumping stations would provide a nearly constant monitoring of the 
operations (Bureau of Reclamation 1978a, pp. 40-41) . Part of the duties 
of the permanent operating force would be to inspect the operation of 
the valves and meters on the brine line periodically. 

Malfunctions of the pumping units, breaks in the pipe
line, or stripping plant breakdowns would be automatically picked up by 
the centralized control station and alarms would notify the operating 
personnel. Maintenance or replacement of any damaged fitting could be 
made during temporary shutdowns of the unit without jeopardizing the 
overall operation. Standby in-line pumping units would also be provided 
at each pumping station to facilitate maintenance on the units. De
watering of the pipeline or hydrogen sulfide stripping plant would be 
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provided by being able to drain the pipeline into the forebay reservoir 
at Pumping Plant No. 1 and the forebay tanks at Pumping Plants 2 to 8. 
These tanks would also make it possible to isolate and drain segments of 
the pipeline. 

Existing roads would provide access to the pipeline and 
to all of the pumping plants except No. 2, where a gravel access road 12 
feet wide and 1,000 feet long would be constructed south of State High
way 90 (Bureau of Reclamation , 1978a). 

( 4) Radium Evapora t l " I I Pond 

Radium Evaporation Pond would be located in Dry Creek 
Hasin and would be formed by a dam on an intermittent tributary of the 
Wes t Fork of Dry Creek ann a Jike on an intermittent tributary of the 
main s tem of the creek (see Figure A-4). Covering an area extending 
across a low saddle between the forks, the pond would have a surface 
a rea of 3,630 acres and a total storage capacity of 86,800 acre-feet, 
cons1:;ting of 65,700 acre-fePt for the disposal of brine and deposited 
salts, 2 ,400 acre-feet for sediments from storm runoff over a 100-year 
period of unit operations, and 18,700 acre-feet for flood storage, which 
would protect the dam against the design maximum annual inflow of 22,200 
acre -feet with an anticipated minimum evaporation during that year of 
3 ,500 acre-feet. The flood storage would be large enough to retain and 
ev·-tporate all inflows entering the pond from the surrounding drainage 
area after the 100-year life of the unit, since no water must be allowed 
to soill and possibly contaminate local ground or surface water. Even 
Lhough the pond would contain enough capacity to store and evaporate all 
inflows, including floods, a spillway and a surcharge capacity of 6,540 
acre-feet would be provided on top of the flood control pool as standard 
Rec lamation policy to protect the dam and dike against a design flood 
having a peak flow of 39,300 cfs and a 3-day volume of 6,600 acre-feet . 

Nearly all of the pond area is underlain by impervious 
Mancos Shale, which would prevent seepage of brine into ground or sur
f..Jce waters. Permeability tests conducted in drill holes in the area 
indicate t hal the shale is extremely watertight (Bureau of Reclamation, 
1976a). Tw.:> areas on the northeast side between the dam and dike, 
however. are underlain by generally fractured Dakota Sandstone and would 
be lined with a blanket of i mpervious material having a thickness of 5 
fpet, a total area of 640 acres, and a volume of 5,200,000 cubic yards 
lt31Lreau d [ Reclamation, 1978). 

Radium Dam and Dike would be rolled earthfill structures 
\\'ith riprap on the upstream faces and sand and gravel on the downstream 
faces to protect against erosion. A combined spillway and outlet works 
would be located in the left abutment of the dam. The spillway would 
include an inta ke structure near the crest of the dam, a vertical con
duit leading to the base of the dam, and a horizontal conduit under the 
base of the dam rlischarging i nto the intermittent tributary of the West 
Fork. The inlet of the spillway would be at the base of the surcharge 
capa r 1ty . The outlPt works would consist of an intake structure at the 
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A. DESCRIPTION OF THE PROPOSAL 

l. Introduction 

This statement has been prepared on the environmental aspects of 
the Paradox Valley Unit of the Colorado River Basin Salinity Control 
Project, which would be located in Montrose and San Miguel Counties in 
southwestern Colorado . The unit is planned to reduce the inflow of 
brine springs to the Dolores River in Paradox Valley, which has been 
identified as one of the major na tural sources of salinity in the Colo
rado River Basin, and thereby improve the quality of Colorado River 
water for use in the lower basin States and the Republic of Mexico . 

The unit was authorized for construction by the Colorado River 
Basin Salinity Control Act of 1974 (Public Law 93-320) as part of a 
basinwide program for the enhancement and protection of the quality of 
water available in the Colorado River for use in the United States and 
Republic of Mexico. This program would help to control salinity levels 
in the Colorado River while the Colorado River Basin States continue to 
develop and use their apportioned shares of water from the river and its 
tributaries. Title I of the Act authorized the construction of a de 
salting complex and associated measures to control the salinity of water 
available below Imperial Dam. Title II authorized the construction of 
the Paradox Valley Unit and three other units above Imperial Dam as the 
initial stage of the Colorado River Basin Salinity Control Project. It 
also directed that planning reports be expedited on 12 additional units 
above Imperial Dam. A thirteenth unit has been added for study since 
the passage of the Act . 

Preliminary information and cumulative impacts for Paradox Valley 
and the other 16 units in Title II have been presented in a final 
environmental statement on the Colorado River Water Quality Improvement 
Program (FES 77-15). The statement was prepared by the Bureau of Recla
mation of the Department of the Interior and the Soil Conservation 
Service of the Department of Agriculture. A final environmental state
ment, Colorado River Basin Salinity Control Project, Title I ( INT FES 
75-57), has been prepared by the Bureau of Reclamation on the desalini
zation plant and associated measures. 

2. Plan of Development 

The Paradox Valley Unit would be constructed along the Dolores 
River, which crosses the valley near its midpoint perpendicular t o the 
valley's axis , and in Dry Creek Basin, which is approximate ly 20 miles 
southeast (see the General Map). Under unit operations, brine ground 
water presently seeping in along the banks and bottom of the Dolores 
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River in Paradox Valley would be pumped from wells along the river and 
conveyed by a pipeline to a stripping plant, where it would be treated 
for the removal of toxic and highly corrosive hydrogen sulfide gas. The 
brine would then be pumped in a pipeline to the crest of the divide 
separating Paradox Valley and Dry Creek Basin and then conveyed by 
gravity flow to Radium Evaporation Pond for disposal (See Figure A- 1) . 

As a result of the development, salts entering the Dolores River 
and subsequently the Colorado River from Paradox Valley would be reduced 
by about 180 ,000 tons a year, or about 88 percent of the present average 
annual inflow of 205,000 tons. The unit would deplete the average 
annual flow of the Dolores and Colorado Rivers by a maximum of about 
3,950 acre-feet. 

The salinity of the Colorado River at Imperial Dam woul d be reduced 
by an estimated 18.2 milliffams per liter (mg/1), or about 1 .6 percent 
of the 1976 modified base- salinity level of 1,102 mg/l at the dam. 
The reduction of 18.2 mg/l represents a net change resulting from a 
decrease of 18.6 mg/l from the reduction in salt loading and an increase 
of 0.4 mg/l from the concentrating effect of the stream depletion . 

An important aspect of unit development would be a plan for the 
acquisition, development, and management of lands around the evaporation 
pond to mitigate the loss of wildlife that would otherwise occur with 
construction and operation of the evaporation pond . Following initial 
development these lands would be turned over to the State to be managed 
as an integral part of the State's wildlife management program. Since 
the wildlife area was not included in the unit plan when it was author
ized, the approval of the appropriate congressional committees would be 
required before the plan could be implemented. A program for the pres
ervation of prehistoric and historic resources would also be carried out 
during constru~tion . 

3. Project Features 

a. Introduction 

A brine well field is now being installed as part of a design 
data collection program which is scheduled for completion in 1980. The 
purposes of the program are to design and test a well field that would 
effectively reduce the brine inflow to the river and to determine a 
design pumpi ng rate for each well and for the entire well field. The 
testing program is estimated to extend over 2 years and until the pro
gram is completed, sufficient information will not be available t o 
determine the final design capacities of unit features. Consequently, 
the estimates used and the impacts assessed in this report are based 

!.f The 1976 modif ied base is a hypothetical preproject condition 
which takes into consideration all Reclamation projects constructed or 
under construction as of 1976. For further explanation see Cumulative 
Impacts Section C-ll.f. 
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upon the extreme condition that 5 cubic feet per second (cfs) of brine 
must be pumped constantly during the 100-year life of the unit. Fur
thermore, because of the necessity for extended testing to determine the 
most efficient pumping rate and pattern, construction of major project 
features other than the well field would not commence until the results 
of the testing program had been fully documented and analyzed. Since 
the possibility exists that a pumping rate substantially less than 5 cfs 
may be warranted following analysis of the testing data, an array of 
alternatives at lesser pumping rates is presented in Chapter H, Alterna
tjves. These alternatives will be given the utmost consideration for 
brine disposal if a pumping rate of less than 5 cfs proves feasible. 

b. Design 

(l) Brine Well Field 

The brine well field, as shown in Figure A-2, would 
consist of approximately 18 brine production wells, 68 monitoring wells, 
stream gaging and water quality sampling stations, and a buried pipeline 
leading from the well field to the hydrogen sulfide s tripping plant 
(Bureau of Reclamation 1978a). The well field would be located on both 
sides of the Dolores River from about midway in the river's course 
through Paradox Valley to its exit from the valley, \\'here advanced 
planning studies (Bureau of Reclamation, l978b) have shown that the bulk 
of the brine ground water enters the river. The Bureau, with the 
approval of the Federal Environmental Protection Agency, has drilled 18 
test wells as part of its design data collection program . It is antici
pated that these wells, with only slight modifications, would serve as 
brine production wells under actual operational conditions. The 68 
wells that would form the ground water monitoring system, as well as the 
water quality and stream gaging stations, have all been installed as 
part of earlier investigations in the valley and would also be used for 
permanent operations. During design and testing of the wells, the brine 
would be discharged into a temporary disposal pond located north of the 
well field on the west side of the river. Testing is expected to be 
completed in 1980, at which time the pond would be filled in, covered 
with topsoil separated and set aside during excavation, and then seeded. 
Based on an environmental assessment, a negative determination has been 
prepared for the various stages of this work in compliance with the 
National Environmental Policy Act of 1969 (Bureau of Reclamation, Feb
ruary 17 , 19 77 . ) 

(a) Brine Production Wells 

The 18 test wells, which are expected to serve as 
brine production wells, have been drilled along a 1.7-mile reach of the 
river, with 10 on the west side and 8 on the east. All of the wells 
except one extend into the alluvial aquifer of sand and gravel to depths 
of between 48 and 77 feet. The remaining well has been drilled into 
brine-filled cavities that have been identified in bedrock at depths of 
about 133 to 155 feet. The pump chamber casing of each of the 18 
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wells has an inside diameter of about 12 inches. A screen forming the 
lower 15 to 40 feet of the casings allows brine to enter the wells and 
is surrounded by gravel packing to prevent pumping fine sands from the 
aquifer. A flow meter, control valves, a tap for sampling the chemistry 
of the brine, and a pump sized for the design capacity of each well 
would be installed at each well for both the test program and long-term 
operations. The Bureau has applied to the State of Colorado for use 
permits for the 18 wells and has also begun consultat ion with the State 
for the necessary water rights for the unit. 

To modify the wells for long-term production, the 
wellheads would be enclosed by concrete structures about 8 feet high and 
nearly 9 feet long on each side to prevent damage from weather, floods, 
and vandalism. The roofs provided for these structures would be re
movable so that the well pumps could be easily repaired or replaced. 
Pipelines along both sides of the river would collect the brine from the 
pump discharge lines at the wells and convey it to the hydrogen sulfide 
stripping plant. The lines would have a total length of about 3 .l 
miles . Constructed of reinforced plastic mortar or some other material 
resistant to corrosion, the lines would be buried with a minimum cover 
of 3 feet. 

(b) Ground Water Monitoring Wells 

The 68 monitoring wells drilled during unit investi
gations would form a grid around the production wells and would be used 
to monitor the water table, the interface between the brine and a thin 
layer of relatively fresh water that overlies the brine, and the brine 
pressure head at various points in the aquifer. The information ob
tained would be used to modi fy whenever necessary the pumping rates and 
patterns for the production wells. In addition to the 68 wells, other 
wells 9rilled during previous investigations would be monitored. 

The monitoring wells include 39 shallow wells and 29 
deep wells . The shallow wells have been drilled to depths of about 25 
feet, with screens placed from 10 to 25 feet deep. These wells would be 
used to monitor the elevation of the water table and, with the use of 
electrical conductivity meters inserted in the pipes, to determine the 
depth of the brine-freshwater interface. The deeper wells generally 
contain three pipes, each extending to a different depth and screened at 
the bottom to determine the ground water pressure head from three 
general zones. A shallow pipe, screened from the 10- to 25-foot zone , 
would be used to observe the water table and the brine-freshwater inter
face; a second pipe, screened near the base of the alluvial aquifer 
between 56 and 80 feet deep, would be used to measure the brine pressure 
head in that zone; a third, screened in the gypsum bedrock between 215 
and 300 feet deep, would also be used to measure the brine pressure 
head. A grout seal has been placed between the pipes to p revent the 
water in these three zones from intermixing in the well. Electrical 
conductivity meters and occasional samples would be used to monitor 
water quality in the various zones . 
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(c) River Monitoring System 

The monitoring system includes facili ties for as
sessing the effectivenes r. of pumping in lowering the salt influx to the 
river . Five electrical conductivity meters, which have been placed 
along the side of the stream, would continuously indicate the conduc
tivity of the riverflows above, within, and below the well field. Water 
samples taken each week at two stream gaging stations where the river 
enters and leaves the valley would be used to substantiate the accuracy 
of Lhe meters and to measure the changes in the chemical makeup of the 
water in the river. 

(2) Hydrogen Sulfide Stripping Plant 

Because of the toxic and corrosive nature of the hydrogen 
sulfide gas found in the pumped brine (at concentrations in excess of 
100 mg/1), it would be necessary to remove it. For this purpose, a 
hydrogen sulfide stripping plant would be constructed approximate ly 1 
mile south of the well field and just north of State Highway 90 . About 
0.4 mile of an existing county road would be paved to provide access . 

The site of the facility, surrounded by a chain U nk 
fence 600 feet ~ ong, 400 feet wide, and 8 feet high, would conta j n 
offices, the stripping plant, a parking area, a switchyard, a shop anrl 
P~uipment storage building, and the first pumping plant for the pipeline 
to Radium Evaporation Pond (see Figure A-3). Fresh water for the site 
wnuld he provided by a shallow well drilled near the adjacent rimrock of 
the valley walls . 

In the treatment plant, which could be operated auto
matically or manually, an aeration process would oxidize the hydrogen 
su lfide in the brine, producing water and elemental sulfur . Prior to 
oxidation, a solution of nickel sulfate would be added to the brine as a 
catalyst to assist in the process . Up to a maximum of 5 cfs of brine 
would flow into four aeration tanks, where compressed and filtered air 
would be diffused t hroughout the brine to oxidize the hydrogen sulfide. 
High pressure air would be released through an outside vent to dissipate 
harmlessly in the atmosphere . Elemental sulfur, totaling approximately 
7h0 pounds daily based on the maximum pumping rate, and detoxified brine 
wnulrl be discharged together into the forebay reservoir of the firs t 
P'Lm •j ,115 plant for the pipeline to the evaporation pond. The aerati on 
pr , ,·ess would reduce the concentration of hydrogen sulfide from about 
100 llig/1 to about 0 . 02 mg/1. Provisions would be made for continuous 
moni ttJring to prevent Hr gas from reaching toxic levels in enclosed 
work areas at the plant. ttlureau of Reclamation, 1978a). 

(3) Brine Pipeline and Pumping Plants 

The brine pipeline, with a diameter of from 15 to 18 
inches, would extend about 20.5 miles from the hydrogen sulfide strip
ping plant to Rad i um Evaporation Pond. The pipe would be buried at 
depths of from 3 to 5 feet. For the first 14 .3 miles to t he top of the 
divide between Paradox Valley and Dry Creek Basin, the brine would be 
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pumped through the pipeline. The rema1n1ng 6.2 miles of pipeline would 
convey the brine by gravity into the pond. 

Eight fully automatic pumping plants would be constructed 
to lift the brine from an elevation of 4,960 feet at the stripping plant 
to 7,000 feet at the divide. The first, as explained previously, would 
be located at the stripping plant . The others would be located as shown 
on the General Map. The plants along the valley floor would be spaced 
at intervals of from 3 to 4 miles, while those on the valley slopes 
would be about 0.5 to 1.5 miles apart. The dynamic pumping head (brine) 
would be 366 feet at the first plant and 275 feet at each of the others. 
Each plant would consist of a one-story building for the pumps, a sub
station, a forebay, and an air chamber. The entire yard at each plant, 
covering an area of 140 feet by 100 feet, would be enclosed by a chain 
link fence 8 feet in height. 

Pumping Plant No. 1 would have a forebay reservoir with a 
diameter of 71 fe.et and a volume of 2 acre-feet. The reservoir would be 
lined with polyvinyl chloride to prevent leakage into the surrounding 
ground water. The other plants would have forebay regulating tanks 
constructed of reinforced fiberglass. Each of these tanks would have a 
height of 26 feet, a diameter of 31 feet, and a capacity of 0.5 acre
foot. The air chambers, or surge tanks, would vary from 4 to 9 feet in 
diameter and 7 to 15 feet in height and would be used to absorb pressure 
changes caused by variations in brine flow. Should an emergency or a 
breakdown in the system require draining any section of the pipeline, 
the forebays located at the pumping plants would be able to contain all 
the brine in the 14.3-mile pumped section of pipe. 

The brine line would be constructed of reinforced plastic 
mortar pipe with the sections of the pump stations constructed of alumi
num br~nze pipe. Corrosive damage from the brine solution would be most 
severe at the valves and meter couplings on the brine pipe network. 
Accumulations of mineral encrustations at these points would accelerate 
the deterioration of these fittings. The estimated service life of the 
pipeline is 50 years and of the fittings 10 years. The pumping units on 
the brine line also have an estimated service life of 10 years. 

Supervisory control of the stripping plant and brine line 
pumping stations would provide a nearly constant monitoring of the 
operations (Bureau of Reclamation 1978a, pp. 40-41) . Part of the duties 
of the permanent operating force would be to inspect the operation of 
the valves and meters on the brine line periodically. 

Malfunctions of the pumping units, breaks in the pipe
line, or stripping plant breakdowns would be automatically picked up by 
the centralized control station and alarms would notify the operating 
personnel. Maintenance or replacement of any damaged fitting could be 
made during temporary shutdowns of the unit without jeopardizing the 
overall operation. Standby in-line pumping units would also be provided 
at each pumping station to facilitate maintenance on the units. De
watering of the pipeline or hydrogen sulfide stripping plant would be 
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provided by being able to drain the pipeline into the forebay reservoir 
at Pumping Plant No. 1 and the forebay tanks at Pumping Plants 2 to 8. 
These tanks would also make it possible to isolate and drain segments of 
the pipeline. 

Existing roads would provide access to the pipeline and 
to all of the pumping plants except No. 2, where a gravel access road 12 
feet wide and 1,000 feet long would be constructed south of State High
way 90 (Bureau of Reclamation , 1978a). 

( 4) Radium Evapora t l " I I Pond 

Radium Evaporation Pond would be located in Dry Creek 
Hasin and would be formed by a dam on an intermittent tributary of the 
Wes t Fork of Dry Creek ann a Jike on an intermittent tributary of the 
main s tem of the creek (see Figure A-4). Covering an area extending 
across a low saddle between the forks, the pond would have a surface 
a rea of 3,630 acres and a total storage capacity of 86,800 acre-feet, 
cons1:;ting of 65,700 acre-fePt for the disposal of brine and deposited 
salts, 2 ,400 acre-feet for sediments from storm runoff over a 100-year 
period of unit operations, and 18,700 acre-feet for flood storage, which 
would protect the dam against the design maximum annual inflow of 22,200 
acre -feet with an anticipated minimum evaporation during that year of 
3 ,500 acre-feet. The flood storage would be large enough to retain and 
ev·-tporate all inflows entering the pond from the surrounding drainage 
area after the 100-year life of the unit, since no water must be allowed 
to soill and possibly contaminate local ground or surface water. Even 
Lhough the pond would contain enough capacity to store and evaporate all 
inflows, including floods, a spillway and a surcharge capacity of 6,540 
acre-feet would be provided on top of the flood control pool as standard 
Rec lamation policy to protect the dam and dike against a design flood 
having a peak flow of 39,300 cfs and a 3-day volume of 6,600 acre-feet . 

Nearly all of the pond area is underlain by impervious 
Mancos Shale, which would prevent seepage of brine into ground or sur
f..Jce waters. Permeability tests conducted in drill holes in the area 
indicate t hal the shale is extremely watertight (Bureau of Reclamation, 
1976a). Tw.:> areas on the northeast side between the dam and dike, 
however. are underlain by generally fractured Dakota Sandstone and would 
be lined with a blanket of i mpervious material having a thickness of 5 
fpet, a total area of 640 acres, and a volume of 5,200,000 cubic yards 
lt31Lreau d [ Reclamation, 1978). 

Radium Dam and Dike would be rolled earthfill structures 
\\'ith riprap on the upstream faces and sand and gravel on the downstream 
faces to protect against erosion. A combined spillway and outlet works 
would be located in the left abutment of the dam. The spillway would 
include an inta ke structure near the crest of the dam, a vertical con
duit leading to the base of the dam, and a horizontal conduit under the 
base of the dam rlischarging i nto the intermittent tributary of the West 
Fork. The inlet of the spillway would be at the base of the surcharge 
capa r 1ty . The outlPt works would consist of an intake structure at the 
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base of the dam and a conduit that would connect with the horizontal 
spillway conduit. This facility would be required temporarily for 
drainage during construction but would eventually be covered with salt 
deposits and thereafter become inoperable. Technical data pertaining to 
the dam and dike are shown in the following table. 

Table A-1 
Radium Dam and Dike 

Crest (feet) 
Height 
Length 
Width 

Material volume (cubic yards) 
Discharge capacity (cubic 

feet per second) 
Outlet works 
Spillway 

Radium 
Dam 

87 
8,300 

30 
1,480,000 

810 
50 

Radium 
Dike 

56 
7,500 

30 
1,004,000 

Eight ground water monitoring wells would be drilled 
around the pond to monitor water quality, thereby indicating whether 
brine was seeping into the ground water downstream. Two wells would be 
located immediately downstream from the dam on either side of the tribu
tary to the West Fork, and two would be located immediately downstream 
from the dike on either side of the tributary to Dry Creek. Three wells 
would be drilled between the dam and dike on the north side of the pond, 
and another would be located on the south side of the pond. Each well 
would consist of one pipe 25 feet deep that would permit observation of 
the water table and another 60 feet deep that would measure the hy
draulic pressure at that depth. The shallow pipe would have a screen 
permitting observation from 5 to 25 feet, and the deep pipe would have a 
5-foot screen on the bottom. If any leakage occurred through the dam or 
abutments, it would be collected and recycled back into the pond. 

A gravel county road about 4.1 miles long would be re
located to pass around the evaporation pond on the south and west sides 
and would be constructed according to current county standards. In 
addition , two gravel roads 12 feet wide would be constructed to provide 
access from the relocated county road to the dam and dike. The road to 
the dam would be 2.6 miles long, including a section crossing the crest 
of the dam; and the road to the dike would be 1.5 miles long, including 
a section crossing the crest. 

Vegetation, primarily sagebrush, would be cleared at the 
sites of the dam, dike, and impervious blanket . The material would be 
disposed of according to Federal, State, and local standards (Bureau of 
Reclamation, 1978a). 
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(5) Construction Headquarters and Permanent Operating 
Facilities 

A government construction headquarters and a temporary 
goverrunent housing camp would be located near the hydrogen sulfide 
stripping plant site. The construction headquarters would consist of an 
office-laboratory, garage, and warehouse. The housing camp would con
sist of about 17 mobile housing units to accommodate government con
strurtion personnel. Wells would be drilled along t he rimrock southeast 
of th~ camp to obtain water of suitable quality for domestic use , and a 
sewage disposal unit would be constructed. 

Following construction, the trailers would be removed and 
the construction headquarters would b e converted for use as the perma
nent operating headquarte rs. To house permanent operating personnel, 
four houses would be constructed just south of the plant site. The 
w;~ L c' r and sewage systems constructed for the camp would be readily 
:tdnptable for the permanent hous i ng units . 

(6) Transmission Facilities 

Power to operate the brine well field, hydrogen s ulfi de 
stripping plant, pipeline pumping plants, construction camp, and per
manent ho using would be obtained from the Colorado River Storage ProjecL 
and wheeled to the unit area by Colorado Ute Electric As sociation and 
then to unit facilities through an existing 46-kV transmission line 
owned by the San ~hgue l Power Association. Overhead taplines to the 
well fie ld and buried lines to the strippi ng plant and pumping pla nts 
would he constructed from the existing line ; since t he line roughly 
pnrallels a l l proposed faci lities requiring power, the l ongest tapline 
needed would be about l, 000 feet . The tap lines would be designed to 
prevent hazards . (Bureau of Reclamation, l978a) . Construction has begun 
on the taplines to the wel l field so that the testing program t here can 
proceed. The const ruc tion of these lines was included in the environ
me nta l assessment of the well fie l d (Bureau of Reclamation, February 17, 
1977) . 

(7) ~ildlife Program 

To compensate for wildlife population losses which would 
o therwise occur with the construction and operation of Radi um Evapora
bon Ponci for a 100-year period, land adjacent to the pond would be 
acquired and ini tially developed for wildlife as a unit cost. The de
vr I opment would be made substantially as recommended by the Fish and 
''11ldlife Service in a memorandum of January 21 , 1977. Consisting of 
PI-out 1,320 acres within the min i mum take line and about 2 , 340 acres 
.1rf}ui red specifically for wildlife, t his area would be improved by 
constructing five small water retention s t ructures of about 2 acres each 
to collert runoff for vegetation and wildlife and by planting and ferti -
1, z.~.ng a mixture of species that are desirab l e for forage, such as 
\\hea tgra ~s , Indian ricegrass, Fild rye, smooth brome, and fourwing 
~altbush. Fences would be i nstalled around the outer perimeter of the 
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area to exclude unmanaged livestock. It is estimated that those meas
ures would increase the carrying capacity of the land sufficiently to 
compensate for the anticipated population losses of many species now 
found within the pond area . The area would be made available to the 
Colorado Division of Wildlife specifically for wildlife management . The 
Division has informally expressed a desire to manage the area, which has 
consequently been designed to adjoin land already under the Division's 
jurisdiction and thus facilitate an integrated management program. 

All sites disturbed during construction, including the 
pipeline rights-of-way and construction access roads, would be revege
tated with plants that would benefit wildlife. An estimated 218 acres, 
consisting of 199 acres along the brine pipeline and 19 acres at the 
well field, would be restored . Topsoil removed from the areas to be 
disturbed would be replaced, shaped, and contoured to blend with the 
landscape and to facilitate the growth of new vegetation. The plant 
species used would be selected for their wildlife value, and to ensure 
establishing a vegetative cover, fertilizer and water would be applied. 

(8) Cultural Resource Program 

Under a contract with the Bureau of Reclamation, archae
ologists from Fort Lewis College surveyed the area of unit influence and 
identified 22 archaeological sites. The proposed locations of facili
ties have been adjusted to avoid 20 of the sites, and a program of data 
collection and evaluation would be conducted for the other two sites. 
At one site, an area of prehistorical lithic scatter in the proposed 
evaporation pond, the program would consist of collecting materials from 
the surface, testing for the depth of the materials, and determining 
cultural affiliations if possible. The second site, the remains of a 
homestead ranch, is also located within the proposed pond area. The 
progra.m for this site would consist of gathering historical information 
and mapping and photographing the site. If the results were to indicate 
that either site would yield significant information, or should the 
sites be determined eligible for inclusion in the National Register of 
Historic Places, the Bureau of Reclamation would comply with Section 106 
of the National Historic Preservation Act of 1966 which provides for 
Advisory Council comment on Federal undertakings, and would follow the 
"Procedures for the Protection of Historic and Cultural Properties" (36 
CFR Part 800) which have been established by the Advisory Council on 
Historic Preservation to implement the aforementioned law . 

The Bureau of Reclamation would mitigate the impact of 
the project on any significant cultural resource property located as a 
result of construction. Sites located during construction would be 
evaluated by an archaeologist or other appropriate professional. A 
determination would be made in consultation with the Office of the State 
Archaeologist of Colorado or the State Historic Preservation Officer, as 
appropriate, regarding the property's eligibility for inclusion in the 
National Register of Historic Places. Should the property be eligible, 
36 CFR 800 would be followed. 
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(9) Source of Construction Materials 

The required construction materials for building the unit 
features would include 7,400,000 cubic yards of impervious fill, 164,000 
cubic yards of pervious fill, 120,000 cubic yards of riprap, and unde
termined quantities of concrete aggregate and ready-mix concre te (Bureau 
of Reclamation, l978a). The impervious materials for the dam, dike, and 
blanket would be available within the maximum waterline of the evapora
tion pond . 

Pervious materials, conc rete aggregate, and riprap would 
be available at a site about 13 road miles southeast of the evaporation 
pond site . The pervious material and concrete aggregate would consist 
of gravel deposits that have already been opened and used for highway 
construction. The riprap would be obtained from a hard, dense, crystal
line limestone exposed in massive but moderately broken beds. Existing 
roads would provide access to the site. Ready-mix concrete would be 
bought from commercial suppliers. 

(10) Unit Rights-of-Way 

The unit rights-of-way would be obtained from both pri
va t ely owned and public land. Table A-2 shows the rights-of-way accord
ing to feature and present ownership. The pipeline right-of-way i.s 
based on an 80-foot width for the public land to be withdrawn, with a 
40-foot permanent easement and 40-foot temporary construction easement 
for private land. 

Table A-2 
Land acquisition (acres) 

Land ownership (acres) 

Feature±' 
Brine well field-1 

Withdrawn 
Fee title 
Easements 

Hydrogen sulfide plant 
Brine pipeline 

Withdrawn 
Easements 

Brine pipeline pumping plants 
Radium Dam, Dike, and Evapora-

tion Pond 
Construction materials 

easements 
Operating facilities 
Wildlife area 

Total 

Bureau of 
Land 

Mana gement 

60 

125 

5 

1 ,250 

20 

1 1 050 
2 510 

1/ Permits have been obtained from 
the design data co llection program. The 

Private 

285 
20 

6 

74 
2 

3,700 

4 
1 1 290 
5 381 

landowners 
land would 

by fee title or easements for permanent operations . 
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285 

20 
6 

125 
74 

7 

4,950 

20 
4 

2,340 
7 891 
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c. Operations 

(l) Brine Removal 

The operation of the well field would lower the level of 
the brine ground water to an elevation below the bottom of the stream 
channel and thereby reduce the flow of brine into the channel, as illus
trated in Figure A-7. To maintain the lowered brine water table, the 
pumping rates would be continuously coordinated on the basis of informa
tion obtained from the ground water monitoring wells and the river 
monitoring system. 

As explained in the introduction to this section, the 
unit's designs are based upon a maximum pumping rate of 5 cfs, which 
could be required to initially lower the level of the brine ground water 
and to adjust for possible fluctuations in ground water movement caused 
by seasonal and annual variations in recharge or other circumstances . 
Yet, once the brine was lowered, a reduced pumping rate would probably 
be sufficient as a long-term average to maintain the lower level, since 
the brine inflow is estimated to average only about 0.8 cfs. 

Both the overall rate and the pattern of pumping are 
critical for effective unit operation. The pumping rate must be suf
ficient to lower the brine and keep it at the lower level, but not so 
large as to excessively lower the brine and draw the overlying layer of 
fresh ground water down into the pumping zone, which would result in 
unnecessarily high pumping rates. The pumping pattern is important, 
since lowering the interface too much in one part of the well field and 
too little in another would also result in inefficient operations by un
necessarily pumping fresh water in one area while still allowing brine 
to enter the river in another. 

The evaporation pond would be designed for 100 years of 
operation based upon an average annual inflow of about 6,200 acre-feet. 
The inflow would consist of 3, 600 acre-feet of brine, assuming a con
stant pumping rate of 5 cfs, and an average of 2,600 acre-feet of pre
cipitation on the pond surface and runoff from the surrounding drainage 
area. Only 3, 950 acre-feet of the 6, 200-acre-foot total would con
stitute a depletion of the Dolores and Colorado Rivers, however, since 
only about 350 acre-feet of the precipitation and runoff would have 
reached the river under natural conditions--the remainder having been 
lost to evapotranspiration before ever reaching the river. 

In the early years, the pond would grow fairly rapidly 
because the surface area would not be large enough for annual evapora
tion to exceed annual inflow. After about 25 years, over 50 percent of 
the total volume and over 75 percent of the total area would be occupied 
by brine and deposited salts. As the pond filled, however, the ex
panding surface area would cause a gradual increase in evaporation, and 
the rate of filling would consequently decline. The pond would grow to 
about 70 percent of its total volume and 85 percent of its total area 
after 50 years and to 75 percent of the volume and 90 percent of the 
area after 75 years. 
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Evaporation rates for saturated brine vary considerably 
from seasonal variations in weather, but are estimated at an average of 
about 29 inches annually, about 85 percent of which occurs from April 
through October. After about the 30th year of operations, the annual 
evaporation would exceed the annual inflow, and the brine accumulated in 
earlier years would slowly be evaporated until it disappeared in about 
the 75th year . After this time, essentially all water reaching the pond 
each year would be evaporated, although there would be some carryover 
from year to year because of low evaporation rates in the winter . 
During the summers, the higher rate of evaporation would result in the 
exposure of a salt flat over much of the area. When full after 100 
years, the pond would have an average evaporation potential of about 
8,000 acre - feet annually to dispose of storm inflows. 

Evaporation would increase the salinity of the brine from 
260,000 mg/1 initially to saturation at about 350,000 mg/1. This con
centration would be reached after about 6 years and would be maintained 
during the remainder of unit operations, with only minor short-term 
changes from seasonal fluctuations in evaporation rates and from high 
storm runoff diluting the salts. Deposition would begin when the brine 
reached saturation, and the volume of the salts in the flooded area 
would gradually increase with respect to the volume of brine until the 
pond became essentially filled with salts and occasionally covered by 
only a thin layer of water. 

(2) Water and Mineral Rights 

The operation of the unit would deplete the Dolores Ri ver 
at a rate of up to 5 cfs. During periods of normal or high riverflows, 
this depletion would not affect diversions downstream by holders of 
senior water rights, since the flows would still be sufficient to ful
fill their rights. In periods of low riverflows, however, the unit 
depletion would prevent the fulfillment of all the rights. Conse
quently, provisions would be required to compensate the users for re
ductions in their diversions, to obtain senior water rights for project 
operations, or to augment the streamflow by exchange or some other 
means. The method would be selected in coordination with the State of 
Colorado. 

In addition, the Bureau would file with the State of 
Colorado for storage rights at Radium Evaporation Pond. The San Miguel 
Water Conservancy District holds a conditional storage right at the 
site, since the Bureau proposed in a 1966 feasibility report on the San 
Miguel Project to build Radium Reservoir for irrigation and fish and 
wildlife users (Bureau of Reclamation, 1966). Although the project was 
authorized by the Colorado River Basin Act of September 30, 1968 (Public 
Law 90-536) and is now in advance planning stages, the Bureau's project 
plan no longer includes any developments in Dry Creek Basin. 

Appropriate action would also be taken to acquire what
ever minerals or mineral rights were determined to be necessary for 
project operations. These acquisitions could include the mineral rights 
to the sodium at the wellfield . 
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(3) Power Use 

The peak electrical capacity and average annual energy 
use of the unit facilities are shown in Table A-3 (Bureau of Reclama
tion, l978a) . Power needs for the hydrogen sulfide plant and the per
manent operation and maintenance housing would be only incidental and 
have consequently not been listed. 

Table A-3 
Unit power use 

(PumEing rate of 5 cfs) 
Peak Average 

electrical annual 
capacity energy use 

Feature (kW) (kWh) 
Brine well field 124 1,081,000 
Pumping plants 

No. l 260 2,270,000 
No. 2 200 1, 720,000 
No. 3 200 1,750,000 
No. 4 200 1,720,000 
No. 5 200 1,720,000 
No. 6 200 1,720,000 
No. 7 190 1,700,000 
No. 8 190 1 670 000 

Total 1 764 15,351,000 

4. Administration, 0Eeration, and Maintenance 

The Bureau of Reclamation, from offices in Durango, Colo., would 
administer the. Paradox Valley Unit. The unit would be operated year
round and would require four full-time personnel and additional tempo
rary help during major equipment repairs (Bureau of Reclamation, 1978a). 
It is anticipated, as explained earlier, that the Colorado Division of 
Wildlife would administer the wildlife management area around Radium 
Evaporation Pond. 

5. Construction Program 

The construction of the unit would take 6 years. As shown in 
Figure A-8, the first 2 years of the construction program would be 
devoted almost exclusively to the testing program at the well field. 
Construction on the remaining major project features would only commence 
after the data collected had been analyzed to determine the most effi
cient pumping rate and environmentally sound disposal method. Con
struction would require an estimated average of 162 private and govern
ment employees annually, based on a 9-month construction season. The 
work force would be largest in the fifth year, when about 340 employees 
would be needed. 
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Figure A-8 
Construction program 

Calendar years 
Feature 

Brine well field 
1 2 3 4 5 

Hydrogen sulfide plants 
Brine pipeline 
Pumping plants 
Radium Evaporation Pond 
Construction camp 
Permanent operating facilities 
Wildlife measures 
Cultural resource 

ro ram 
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B. DESCRIPTION OF THE ENVIRONMENT 

l. Conditions in the Lower Colorado Basin 

Because of its total salt contribution of 205,000 tons annually, 
Paradox Valley is a major source of salinity in the Colorado River and 
increases the salinit y of the river by about 21 mg/1 at Imperial Dam. 
The 1976 modified salini1_)J level at Imperial Dam is estimated by the 
Bureau to be 1,102 mg/1.- The high salt concentrations in the Lower 
Colorado River Basin adversely affect mo re than 14 million people and 
about 1 million acres of irrigated farmland in the southwestern United 
States. The most severely affected are municipal and i ndustrial users 
in the Los Angeles-San Diego area and irrigators in southern California 
and Arizona. Overall, the damages attributable to sal inity were esti
mated at $53 million in 1973 and may reach an annual level of $124 
million by the year 2000 with continued development of water resources 
and no measures for salinity control (Bureau of Reclamation and Soil 
Conservation Service, 1977). 

According t o a recent study by the Bureau of Reclamation, water 
users in the lower basin have annual economic losses of $230,000 for 
each increase of l mg/ 1 at Imperia l Dam, consisting of $188, 000 for 
direct impacts and $42,000 for indirect impacts (Kleinman, et a l, 1974). 
Consequently, the damages to users resulting from the salt contribution 
of 21 mg/1 from Paradox Valley are estima ted to be $4,830 ,000 annual l y . 
The losses connected with municipa l and industrial use come primarily 
from increased water treatment costs, accelerated pipe corrosion and 
applian~e wear, increased soap and detergent needs, and decreased drink
ing water potability. For irrigators, the higher concentrations result 
in decreased crop yields, altered crop patterns, tncreased leaching and 
drainage requirements, and increased management costs. 

2. General Unit Setting 

The Paradox Valley Unit area consists of Paradox Valley on the main 
stem of the Dolores River and the northern part of the Dry Creek Basin 
to the southeast in the San Miguel River drainage . The San Miguel River 
is a tributary of the Dolores River, which in turn is a tributary of the 
Colorado River. 

l/ The 1976 modified salinity l evel is a hypothetical preproject 
condition which takes under consideration all Reclamation projects 
constructed or under construction as of 1976. For further explanation 
see Cumulative Impacts, Section C-11-f. 
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Paradox Valley · is 3 to 5 miles wide and 24 miles long on a 
northwest-southeast axis. The va lley floor is relatively flat and is 
enclosed by steep, sometimes nearly vertical, walls of sandstone and 
shale. Elevations vary from under 5, 000 feet along the river in the 
valley to about 7, 000 feet on the divide between the valley and Dry 
Creek Basin. 

The valley has a distinctive scenic quality. Contrasting with t he 
reddish hues of the rugged sandstone walls are the green hues of 
riparian growth along the river and West Paradox Creek, irrigated land 
in the western part of the valley, and juniper stands on some of the 
valley's side slopes . The La Sal Mountains, which are located in the 
Manti-La Sal National Forest, border Paradox Valley on the northwest and 
rise to an elevation of about 12,000 feet. These mountains, forested on 
the lower slopes and · often snow-capped, form a striking background to 
the valley. 

Dry Creek Basin is a relatively broad, shallow valley that is 
approximately 15 miles long and 5 miles wide and varies in elevation 
from 6,300 feet in the center to about 7,000 feet on the northern edge. 
The northeast slope of the basin has been incised by the main stem and 
West Fork of Dry Creek, which drains northeast into the San Miguel 
River. The basin is more open than Paradox Valley, with predominantly 
gentle slopes covered by pinyon-juniper woods at higher elevations and 
sparse shrubs at lower ones. This area does not exhibit the distinctive 
color and topography that gives Paradox Valley its attractive quality. 

The only communities in the valley are the very small farming towns 
of Paradox and Bedrock. Other communities in the vicinity are Nucla, 
Uravan, and Naturita, all located on or near the San Miguel River to the 
east of the valley. There are no communities in the northern part of 
Dry Creek BasiQ. The nearest commercial centers are Moab, Utah, 60 
miles to the northwest of Bedrock; Montrose, Colo., 70 miles to the 
northeast; Grand Junction, Colo., 100 miles to the north; and Cortez, 
Colo., 100 miles to the south. 

Although relatively isolated, the unit area is served by a network 
of Federal and State highways and county and local roads. Colorado 
State Highway 90, Utah State Highway 46, U.S. Highways 163 and SO, and 
Interstates 15 and 70 provide access to Moab and to Salt Lake City, 
Utah, about 300 miles northwest. Colorado State Highways 90 and 141 , 
U.S. Highways 6 and 50, and Interstate 70 provide access to Montrose, 
Grand Junction, and Denver (about 260 miles east of Grand Junction). 

The unit area is characteristic of the semiarid Southwestern United 
States, with low precipitation and humidity, abundant sunshine, high 
evaporation rates, and wide ranges between daily high and low tempera
tures. The prevailing winds are from the southwest and are fairly 
strong in the spring. The Bureau of Reclamation has maintained weather 
stations at Bedrock and in Dry Creek Basin since 1975. During this 
time, the average annual precipitation has been about 8 inches at 
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both locations, occurring primarily from July through October in the 
form of afternoon thunderstorms. Temperatures have varied from daytime 
highs of about 100° F in the summer to nighttime lows of about -20° F in 
the winter. 

3. Economic and Social Conditions 

a. Population 

Paradox Valley, Dry Creek Basin, and surrounding areas are 
very sparsely populated, and the population is generally concentrated in 
the small communities. Although census figures are unavailable, the 
Bureau of Reclamation estimates the population of Paradox Valley at 
roughly 300 people, including about 200 in Paradox and 80 in Bedrock, 
both of which are unincorporated farming communities. The northern part 
of Dry Creek Basin, where the evaporation pond would be located, has no 
population. The . only incorporated towns in the general area are 
Naturita (pop . 1,000) and Nucla (pop. 1,000), located about 20 miles 
southeast of Bedrock. Another community in the area is Uravan (pop . 
650), a company- owned mining town about 10 miles northeast of Bedrock. 

b. Economic Development 

The only significant economic activities in and near the unit 
area are agriculture and mining for uranium and coal. Agricultural 
development has been relatively stable compared to mining, which has 
undergone considerable fluctuation in uranium exploration and 
development. 

In Paradox Valley the main economic activity is agriculture, 
which employs nearly all of the local residents. The western part of 
the valley contains about 2,500 acres of irrigated land, producing 
primarily livestock feeds. Livestock are grazed on the nearby La Sal 
Mountains during the summer and in eastern Paradox Valley and Dry Creek 
Basin during the late winter and early spring. Irrigated agriculture is 
also practiced outside the immediate unit area in the vicinity of Nucla, 
employing nearly half of the town's residents. 

Uranium m1n1ng and processing, after a period of intense 
activity in the 1950's and a substantial decline in the 1960's, has 
rapidly expanded in recent years in the general area of the unit. 
Carnotite, a mineral containing vanadium and the radioactive elements 
uranium and radium, is mined on mesas around Paradox Valley and 
Dry Creek Basin, and most of the ore is trucked to a processing plant 
operated by Union Carbide in Uravan. The plant uses brine piped from a 
well in Paradox Valley, and local drilling operations use brine pur
chased from a second well in the valley (see Figure B-1 ). Undeveloped 
mining claims blanket the site of Radium Evaporation Pond. A new 
uranium ore processing mill is in the planning stage for construction in 
the vicinity of Slick Rock, Colo. , about 40 miles southwest of Nucla. 
The project would bring a maximum of about 840 temporary residents into 
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the area in 1981, the projected peak construction year; up to 170 new 
residents would remain in the area to work in the mill through 1988. 
(Western Montrose County Comprehensive Development Plan , Regional 
Planning Commission, 1978.) Coal is strip-mined in the vicinity of 
Nucla for a small powerplant located on the San Miguel River southeast 
of the town. There is some discussion of expanding the strip mining 
operation. Colorado Ute Power is currently studying the feasibility of 
a coal-fired, steam-generating plant near the project area, but the 
venture is highly speculative at this time because of the quality of 
coal in the area. On the basis of what is known at present, the plant 
could employ a maximum of 6, 320 persons in 1985 for construction, a 
number that would decline to a maximum of 840 once the plant becomes 
operational. The precise location of the plant is highly uncertain at 
this time (Western Montrose County Comprehensive Development Plan, 
Regional Planning Commission, 1978). Overall, mining employs directly 
and indirectly nearly all of the people in Uravan and Naturita, as well 
as over half of the population of Nucla. 

cance. 
logging 
provide 

c. 

Other types of development are generally of minor signifi
Two small sawmills in the town of Paradox are supported by 
in the La Sal Mountains and other areas to the east, but do not 
substantial employment. 

Availability of Housing and Utilities 

Housing and utilities are generally adequate for the existing 
population but could not handle any population growth without expans ion . 
Although in some cases new construction could meet the demands of 
moderate, long-term growth, the area lacks the flexibility t o accom
modate short-term fluctuations without straining facilities. Essen
tially all of the housing units and mobile home hookups are occupied, 
and only the tqwn of Nucla has plans for future growth. Based primarily 
upon the possibility of inc reased coal mining northwest of town , these 
plans call for a 35-unit mobile home park and an 89-unit subdivision. 

The residents of Paradox and Bedrock use private wells and 
septic tanks. In the other communities, public utilities provide water 
and sewage but are already operating at their capacity. Naturita has a 
new water treatment plant, but the distribution system has serious 
leakage problems. The town has received Federal funds to rehabilitate 
its existing system and to add service for about 1,000 customers. The 
sewage system is old and operating at capacity. To accommodate its 
planned housing expansion, Nucla plans to expand its domestic water 
system by 160 taps by adding a 500-gallon storage tank, lining an exist
ing reservoir, and replacing the distribution system. The town also 
plans to include funds in its 1978 budget for installing an aeration 
unit at its open sewage lagoon, which would double its capacity (it now 
serves about 440 houses). The company-owned town of Uravan has adequate 
water and sewage facilities, and no expansion is expected. If any 
modifications are made, they will be closely tied to increased opera
tions at the uranium processing plant. 
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Figure B-1--Existing brine well and storage tank encrusted with crystallized salts. 
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The unit area is served by t he Nucla-Naturita Telephone 
Company, the San Miguel Power Association, the Northwest Pipeline 
Company (natural gas), and the Arrow Propane Company. The facilities 
are all adequate for the present and could also respond to moderate 
growth with no problems. 

d. Facilities and Services 

(l) Education 

The unit area lies within the West End School District in 
Montrose County and the Norwood School District in San Miguel County. 
The West End District contains elementary schools at Paradox, Nucla, and 
Uravan; a junior high school at Naturita; and a senior high school at 
Nucla. All of these facilities are in good condition. With a total 
enrollment of 923 students and a staff of 53 teachers, the student
teacher ratio is about 17 to l. The district considers a ratio of 25 to 
l to be ideal and estimates that a ratio of up to 30 to l, while not 
desirable, could be accommodated by the existing system. A speci al 
education program is available for children with learning disabilities. 
The Norwood School District has one elementary school, with grades 
kindergarten through 8th grade, and one high school with grades 9 
through 12. There are 25 teachers and 335 students in all grades, 
giving a student to teacher ratio of 14 to l. In addition, a small 
school with grades kindergarten through 3rd grade is located in Dry 
Creek Basin . This school presently has l teacher and an average of 3 to 
5 students. The school has had as many as 10 students in the past. At 
present the school district operates a 62-passenger bus into the Dry 
Creek area where it picks up 20 children. 

(2) Medical Care 

Medical personnel and facilities are extremely limited in 
the area. A general practitioner is located in ~ucla, and a company 
doctor f o r Union Carbide in Uravan also maintains a private pra cti ce. 
In addition, two county nurses make periodic visits to the area. Two 
ambulances are located in Nucla. The nearest hospitals are in Moab, 
Grand Junction, Montrose, and Cortez. 

(3) Police and Fire Service 

Police protection for the local area is provided by the 
Montrose County Sheriff's Office, town marshals in Nucla and Naturita, 
and volunteer s heriff's posses in both towns. The nearest jail is 
located in the county se at of Montrose. 

A volunteer fire department of about 50 men serves the 
Nucla-Naturita area, with two engines at Nucla and one at Naturita . 
Uravan has a company fire department operated by Union Carbide. No 
organized fire units are located in Paradox Valley or Dry Creek Basin. 
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(4) Transportation 

No daily passenger service to the area is provided by 
commercial airlines, buses, or railroads . A small airport at Nucla 
handles small private and chartered planes, and the Gateway-Uravan Stage 
(a large station wagon) offers daily mail and passenger service between 
the area and Grand Junction. 

(5) Recreation 

Recreational facilities in the communities are limited to 
a bowling alley, indoor theater, and park in Nucla and a drive-in 
theater in Naturita. In both towns, residents may participate in or 
view activities at the junior high and high schools . Residents may also 
take part in the various hunting seasons and may fish year- round in 
lakes and streams in the area. 

(6) Retail Trade 

Retail trade is quite limited and generally directed 
toward essential items, with local residents travelling to commercial 
centers outside the area for a significant amount of shopping . Nucla 
and Naturita each have one grocery store, one pharmacy, one hardware 
store, and two cafes. 

4. Air Quality 

Because Paradox Valley and surrounding areas are sparsely popu
lated, with few industries to affect air quality, the major sources of 
suspended particulates are generally limited to wood waste-disposal 
areas and open-burning disposal areas. The two small lumber mills in 
the town of Paradox produce a visible plume from burning waste but are 
not large enough to deteriorate the general air quality. The nearest 
industries are a coal-fired generating plant at Nucla and a uranium mill 
at Uravan. Although only partial air quality data are available, the 
Colorado Department of Health indicates that the plant and mill have no 
significant effect on Paradox Valley or Dry Creek Basin (Telecommuni
cation, Colorado Department of Health, Denver, Colo., 10/31/77). 

5. Geology 

a. Paradox Valley 

Paradox Valley lies along one of five major salt anticlines 
that have been identified in southwestern Colorado and southeastern 
Utah. The valley was formed by the erosion of faulted and uplifted 
sandstone and shale formations, exposing a residual gypsum cap that 
covers approximately 14,000 feet of salt and salt-rich shale (Cater, 
1970). Figure B-2 illustrates the development of the valley, which may 
have begun as long ago as 250 million years. The emergence of distant 
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mountains on each side of the area placed lateral pressures on the 
intervening sedimentary formations, resulting in warping and fracturing 
along weak zones. Consequently, a deeply buried layer of salt began to 
flow upward into the fractured area, creating an elongated swell known 
as an anticline . The crest of the anticline has gradually collapsed as 
a result of the fracturing, and the Dolores River has combined with East 
and West Paradox Creeks and other erosional forces to remove the col
lapsing upper materials and give the valley its present form . A General 
Geology Map for the unit is shown in Figure B-3. 

b. Unit Features 

The brine well field would be located on a flood plain com
posed of an average of about 10 feet of poorly graded sand underlain by 
clay-filled gravels and cobbles sometimes extending to depths of over 
100 feet. The soils in the well field area are nonplastic silts and 
very fine sand. These materials are unconsolidated and completely 
saturated part of the year, but judging from the heavy drill rigs that 
have been at the well site, they have very good bearing strength. The 
hydrogen sulfide stripping plant, located just outside the flood plain, 
would be underlain by silty sand, lean clay, and caliche to a depth of 
almost 15 feet. The brine pipeline and pumping plants would be con
structed in soil varying from silty sand to lean clay, with occasional 
alluvial gravels and rocky slopewash deposits. Although the pipeline 
would cross fault blocks on the slopes of the divide between Paradox 
Valley and Dry Creek Basin, they are apparently inactive. The soils in 
Paradox Valley are predominantly reddish-bro\om eolian, with moderate 
permeability and low salinity. 

At Radium Evaporation Pond the abutments and foundation of the 
dam would be located on the relatively tight, good foundation of Mancos 
Shale and Dakota Sandstone. Part of the dike would be located on a 
tight foundation of clay derived from Mancos Shale, and part would be 
located on a tight bed of shale which is part of the Dakota Sandstone 
Formation. Water tests conducted by the Bureau at a number of drill 
holes in the pond basin indicated that the underlying material was 
entirely i mpervious (Bureau of Reclamation, l978b) . This condition is 
also evident from the artesian flow produced in nearby stock wells 
drilled into an aquifer which underlies the Mancos Shale. The soils of 
the pond area and surrounding land within the proposed right-of-way are 
characterized by a relatively thin mantle of reddish-brown eolian soil 
and grayish-brown residual soil underlain by clay derived from Mancos 
Shale. The reddish-brown soil has moderate permeability and low salin
ity, while the grayish-brown soil has moderately slow permeability and 
high salinity (Bureau of Reclamation, l978b). 

c. Mineral Resources 

The unit area lies within the Uravan Mineral Belt , an ex
tensive mineralized region in eastern Utah and western Colorado. The 
belt has for decades been Colorado's leading source of uranium and the 
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associated minerals vanadium and radium. Most of the mineralization 
occurs in the Salt Wash Member of the Morrison Formation, which has been 
extensively mined on mesa tops and outcrops in the vicinity of the unit 
area. The Salt Wash Member reportedly lies about 900 to 1,500 feet 
beneath the site of Radium Evaporation Pond, and the area is blanketed 
in mining claims (Ward, 1977). Claims have also been staked on the 
north side of the divide between Paradox Valley and Dry Creek Basin. 
Although no development has occurred, Union Carbide Corporation is at 
present conducting exploratory drilling in the basin to determine if the 
deposits are great enough to warrant development. The corporation 
reports that an extremely large ore deposit would have to be found in 
order to make its recovery economically feasible. To date, ore bodies 
of substantial size have not been delineated, but the company is suffi
ciently encouraged to continue exploration through 1978 (Letter, Union 
Carbide Corporation, Grand Junction, Colo., October 5, 1977). 

The edges of Paradox Valley and Dry Creek Basin are favorable 
geologic structures for oil and gas accumulation, and small gas fields 
are located about 5 miles north and 3 miles south of the evaporation 
pond site (Ward, 1977). No producing wells have been drilled, however, 
although exploration has been conducted in the basin. The pond site 
itself, centrally situated over the trough of the syncline, is not a 
likely location for gas accumulation. 

d. Seismicity 

The Paradox Valley Unit would be located in an area of minimal 
seismic risk in which very little damage could be anticipated from 
earthquakes. No known epicenters have been recorded within the imme
diate unit area; however, tremors from other areas may be felt. Accord
ing to the National Geophysical and Solar-Terrestrial Data Center, 
earthquakes wi~hin a 200-mile radius of the unit area have had recorded 
magnitudes ranging from approximately 3. 0 to 5. 4 on the Richter Scale 
and a range of Mercalli intensity from III to VIII. No known epicenters 
have been located within 19 miles of the unit area (see Figure B-4). 

--1 

6. Water Resources 

a. Stream Systems 

The major streams in the unit area are the Dolores River and 
its largest tributary , the San Miguel River (see Figure B-5). Both 
exhibit the large seasonal fluctuations characteristic of streams in 
southwestern Colorado, with very high runoff during the spring because 
of melting snow in the mountains and very low flows after midsummer. 
The Dolores River is normally low and occasionally dry in Paradox Valley 
during the late summer and fall as a result of declining snowmelt runoff 
and large irrigation diversions in the upper part of the basin. Occa
sional high flows of very short duration occur in the summer and fall, 
however, from afternoon thunderstorms. Smaller tributaries of the 

B-11 

( 

( 

( 



( 

( 

113 
0 

112 
0 

( 

71-3.8 r-
66-4.0 r-66-~·;-4./ ---l----~6=7=-3=.8~r-------r 400 

70-4.3 ~ 67-4.5 ~ 
~ 

- _j_ _____ ,_ ~ 

73-5.4 

~ 

110 

67-3.8 cr- MOAB • 

0 

109 
0 

100 
75-4 .4 

~ 

GRAND 
JUNCTION 

• CORTEZ 

67- 4.1 

o-

0 

108 

s E IS Ml C ~w,':'~!oLoRADo 
~ VALLEY VJ 

PARADQ FIGUR£ 8-4 

71-4.3 

~ 

107 
0 

64-4.0 

65-4.3 
66-4.7 b' 
-o 

0 

39 

EXPLANATION 

. BnfBr with YBar £arthquak~tu7fe'{ Richter Sea/B) ~ 67-4.1 or tv and Madg'nf~ d MBrca/1) 
or (Mo t 18 

. a/ and Solar -National GleDop;:s~~nter, 
£ Terrestia 0 

SOURC : BouldBr, Colorado. 

N. 

50 50 

SCALE OF 

B-12 



Clscoe 

e Moab tl) 
:z: 
t-
~ 

I 

\ 
• • 

I 
• • 

I 
• • 

I 

• 
15 0 15 

Scale of Miles 

Dolores River Basin 
Colorado River Basin Salinity Control Project 

Paradox Valley Unit 

FIGURE B-5 
B- 13 



Dolores include La Sal Creek, which enters from the northwest about 5 
miles upstream from Paradox Valley, and West Paradox Creek, which enters 
from the northwes t within Paradox Valley. East Paradox Creek, which 
drains the southeastern part of the valley, is intermittent and has 
essentially no effect on the river. The only tributary of the San 
Miguel River in the area is Dry Creek, which is also intermittent and 
has little effect on the riverflow. 

The Dolores River originates in the San Juan Mountains of 
Colorado to the southeast of the unit area and flows for about 165 miles 
to Paradox Valley, which it crosses perpendicular to the valley's axis. 
The river then flows another 70 miles to its confluence with the Colo
rado River northeast of Moab. Since 1971, when the Bureau installed a 
gaging station at Bedrock (where the river enters Paradox Valley), the 
average annual flow has been 299,400 acre-feet (Bureau of Reclama
tion, 1978b). About 83 percent of the flows in the Dolores River have 
occurred during April, May, and June. Daily flows have varied from a 
maximum of about 9, 280 cfs in April to no flow in September. A small 
amount of water is diverted just above the stream gaging station at 
Bedrock for irrigation in the valley, but flows are also contributed 
from West Paradox Creek, irrigation return flows, and saline ground 
water. Consequently, the average annual flow at the exit from the 
valley from 1971-76 has been about 313,500 acre- feet. Recorded daily 
flows have varied from a maximum of 9,500 cfs in April to a minimum of 
0.5 cfs in August. 

The flows of the river will be altered by the Bureau of Recla
mation's Dolores Project, on which construction was begun in September 
of 1977. The Final Environmental Statement was filed with the Council 
on Environmental Quality (CEQ) on May 9, 1977 (INT FES 77 - 12). The 
project involves the construction of McPhee Dam on the river about 110 
miles upstream from Paradox Valley to store water for irrigation, mu
nicipal and industrial use, and a stream fishery. This development will 
reduce the average annual flow by about 105,200 acre- feet, or 35 percent 
of the flow at Bedrock and 20 percent at the mouth of the river. Gen
erally, the reductions will occur during the high spring runoff. In the 
summer, fall, and winter, when the river is normally low, releases made 
at the dam to improve the stream fishery will increase the flow down
stream. Averaging 25,400 acre-feet annually, these releases will be 
maintained at minimums of 20 cfs in dry years, 50 cfs in normal years, 
and 78 cfs in wet years. It is estimated that the releases will provide 
increased flows in Paradox Valley in normal and wet years, or about 3 
out of every 4 years. In dry years the releases will probably be en
tirely depleted by evapotranspiration before reaching the valley. 

Portions of the Dolores River have been recommended for in
clusion in the National Wild and Scenic River System, based upon studies 
made pursuant to a 1975 amendment to the Wild and Scenic Rivers Act of 
October 2, 1968. A final environmental statement on the proposed inclu
sion was prepared by the Bureau of Outdoor Recreation, U.S. Department 
of the Interior, and the Forest Service, U.S. Department of Agriculture, 
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and filed with CEQ in 1976 (INT FES 76-56). Paradox Valley was specif
ically excluded from the studies, which were conducted by the U.S. 
Departments of Agriculture and the Interior and the Colorado Department 
of Natural Resources. These agencies recommended that a lOS - mile reach 
of the river immediately above Paradox Valley be included in the system 
and that the reach from just below the valley to the Utah State line not 
be included until further studies were completed. 

West Paradox Creek, originating on the southeast slopes of the 
La Sal Mountains, flows to the southeast through Paradox Valley to its 
confluence with the Dolores River. The creek contributes an average of 
about 6,600 acre-feet annually to the river, with recorded flows varying 
from about 2.5 to 82 cfs. The flow is partially regulated by Buckeye 
Reservoir, a 1,600-acre-foot facility located on the upper part of the 
drainage, where water stored during spring runoff is released in the 
summer to irrigate land in western Paradox Valley. 

The San Miguel River also originates in the San Juan Mountains 
and flows to the northwest for about 65 miles, joining the Dolores about 
3 miles downstream from Paradox Valley. The average flow at Uravan, 4 
miles above the confluence, is estimated at 107,500 acre-feet annually 
and 83,200 acre- feet during April through July. 

b. Ground Water 

Brine ground water appears to underlie the entire length of 
Paradox Valley at varying depths (Bureau of Reclamation, l978b). This 
ground water is very close to the surface along the Dolores River and is 
in contact with the bottom and sides of the river channel for about 1.5 
miles, beginning at the middle of the valley and extending downstream to 
near the river's exit from the valley. The depth to the top of the 
brine appears to increase upstream and to the west. Concentrated brine 
has been measured in a well at a depth of more than 100 feet about a 
mile west of the well field. To the east of the river the brine remains 
near the surface. 

The brine surfaces at several locations in and adjacent to the 
streambed. Although it is impractical to directly measure this inflow, 
since it occurs in the form of many small springs and seeps, the Bureau 
estimates that it varies from 0.2 to 2.1 cfs and averages 0.8 cfs. The 
flow seems to exhibit a certain degree of seasonal fluctuation, being at 
its lowest during the spring or summer and at its highest during the 
fall or winter. 

A layer of comparatively fresh water overlies the brine in 
West Paradox Valley and also surfaces in the river. The top of this 
water lies from 10 to 40 feet below the surface, depending upon loca
tion, and is pumped from wells for irrigation. The closest irrigation 
well is about l mile from the river. Known to be at least 100 feet 
thick about a mile from the river, the layer gradually thins out closer 
to the river. This water, in addition to the brine, results in a total 
contribution to the river of between l. 5 and 4 cfs from seeps and 
springs (Bureau of Reclamation, l978b). 
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7. Water Quality 

a. Stream Systems 

Information on water quality in the area is available from 
several sources. The Bureau of Reclamation, as part of its investiga
tions for the unit, has collected samples from the Dolores River at 
Bedrock, at its exit from Paradox Valley, and at a point about 5 miles 
below the confluence with the San Miguel River. The Bureau has also 
collected samples from West Paradox Creek. In addition, the Environ
mental Protection Agency has provided data on water samples collected by 
various other agencies from the Dolores River in the vicinity of the 
unit area and from the San Miguel River . Attachment l at the ba ck of 
this environmental statement summarizes this information. 

The quality of the streams varies considerably on a seasonal 
basis because of fluctuations in runoff and in the volume of brine 
ground water entering the Dolores River channel. Salt concentrations 
are low during the high spring runoff but increase drastically as the 
flow drops, particularly in the Dolores River below the area of sur
facing brine. Heavy metals, conversely, are normally at higher levels 
during the spring, when the high rates of flow scour sediments from the 
riverbed. Turbidity is also high at this time. The Dolores and San 
Miguel Rivers also contain low levels of radioactive particles derived 
from natural sources and from the extensive uranium mining that has 
occurred in the area. 

Analysis of samples collected by the Bureau during a 5-year 
period from 1971 to 1976 indicated the concentration of total dissolved 
solids (TDS) in the Dolores River where it enters the valley at Bedrock 
(above the brine well field) varied from 140 to 3,700 mg/l and averaged 
697 mg/l (Bm;:eau of Reclamation, l978b). The predominant constituents 
were sulfate, bicarbonate, chloride, sodium, and calcium. The annual 
salt load averaged about 107,000 tons. Samples collected at the same 
general location by the Colorado State Department of Health from 1969 
through 1972 contained radioactive particles, but only one sample ex
ceeded the Public Health Service's acceptable limits for drinking water . 

The Bureau ' s . samples collected from the river at its exit from 
Paradox Valley (below the brine well field) during the same period had 
TDS concentrations varying from 170 to 166,000 mg/l and averaging about 
12,280 mg/l. At the times of high salinity, nearly all of the water in 
the river originated from surfacing brine and irrigation return flows. 
Particularly high were the average concentrations of sodium, which 
increased from 117 to 4, 309 mg/l as the river crossed the valley, and 
chloride, which increased from 148 to 6, 9ll mg/l. Significant but 
smaller increases occurred in the levels of sulfate, potassium, mag
nesium, and calcium. The annual load of dissolved solids averaged about 
312,000 tons, indicating that the river picked up about 205,000 tons in 
crossing the valley . The estimated daily pickup averaged 560 tons and 
varied from a minimum of ll5 tons to a maximum of l, 430 tons. The 
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Bureau's samples were not analyzed for radioactivity, but samples 
collected by the Colorado State Department of Health from 1970 to 1976 
about 5 miles downstream did have low levels of radioactive particles. 
These samples also contained heavy metals and selenium in low 
concentrations. 

Table B-1 shows the average concentrations of major chemical 
constituents of the Dolores River at Bedrock (above the brine area) and 
near Bedrock (below the brine area) during the Bureau's 5-year period of 
sampling. As the table indicates, the levels of sodium and chloride 
increased substantially between these two locations, while sulfate, 
potassium, magnesium, and calcium underwent smaller increa ses . 

Table B-1 
Major chemical constituents 

Dolores River , 1971-76 

Total dissolved solids 
Sodium 
Chloride 
Sulfate 
Potassium 
Magnesium 
Calcium 
Bicarbonate 

(m /1) 
At 

Bedrock 
697 
117 
148 
204 

6 
25 
80 

176 

Near 
Bedrock 
12,282 
4,309 
6,911 

618 
225 
109 
165 
189 

Below the mouth of the San Miguel River the salinity of the 
Dolores River decreases considerably during periods of low f low because 
of the i nflow of comparatively fresh water. During periods of high 
flow, the San Miguel is mu ch smaller than the Dolores River but similar 
in salt concentration and, consequently , has little effect on salinity. 
Samples collected by the Bureau from 1974 to 1976 about 5 miles below 
the confluence had an average salinity of about 2, 230 mg/1, with ex
tremes of 170 mg/1 and 7,920 mg/1. As was typical with other reaches, 
the predominant salts were chloride, sodium, and sulfate. Samples 
collected somewhat farther downs t ream by other agencies indicated low to 
moderate levels of heavy metals, selenium, and radioactivity. 

West Paradox Creek, which joins the Dolores River in the brine 
well field area, has a minor effect on the quality of the Dolores River, 
contributing about 19 tons of salt per day and 7,000 tons per year 
according to Bureau of Reclamation samples for 1971-76. The salinity of 
the creek, averaging about 800 mg/1 during this period, has ranged from 
260 to 1,970 mg/1 and has consisted primarily of sulfate, bicarbonate, 
and calcium. 

The San Miguel River, as indicated earlier, contributes rela
tively fres h water to the Dolores River. Based upon samples collected 
by the Colorado St ate Department of Health, the estimated TDS concen
tration has averaged about 700 mg /1. The salinity of the river consi sts 
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primarily of s ulfate, calcium, chloride, sodium, and magnesium. Radio- ( 
activity and heavy metals have been low to moderate . 

b. Ground Water 

Seeps and springs along the banks and bed of the Dolores River 
in Paradox Valley are of two general types: those wi th relatively fresh 
water varying from about 1,500 mg/1 to 4,000 mg/1 and those with brine 
of about 250,000 mg/l. Water pumped from test wells near the river has 
had a salinity of about 260,000 mg/1 (Bureau of Reclamation, 1978) . The 
brine, which is nearly 8 times as saline as sea water, consists almost 
entirely of sodium and chloride, with smaller amounts of sulfate, potas
sium, and other salts. Heavy metals, particularly iron and lead, and 
nonradioactive strontium are also present in limited amounts . Notice
able amounts of hydrogen s ulfide gas in excess of 100 mg/ 1 are released 
into the atmosphere as the brine surfaces, creating a noxious odor. 

Bureau studies (Bureau of Reclamation, l978b) indicate t ha t 
ground water contributes a total salt load of about 198,000 tons an
nually to the river, with daily values of f r om 100 to 1,430 tons. The 
brine evidently accounts for essentially all of t he salt, since the 
re l atively fresh water could contribute only about 16 tons per day at a 
flow rate of 4 cfs, which is estimated to be the maximum flow of all 
ground water entering the river. The brine, however, at its estimated 
flow of 0.2 to 2.1 cfs and a salinity of 260,000 mg/1, could produce 100 
to 1,430 tons daily. 

8. Vegetation and Land Use 

a. General 

Information on the vegetation of the unit area has been ob
tained from reports prepared by the Bureau of Reclamation (Cressey and 
Gard, 1975) and Fort Lewis College under a cont ract with the Bureau 
(Somers, 1976). Varying largely according to the availability and 
quality of water and the type of soil, the vegetation communities in
clude riparian growth along the Dolores River and West Paradox Creek; 
irrigated agricultural land (principally forage crops) in the western 
half of Paradox Valley ; sagebrush and semidesert shrublands of grease
wood, seablite, and winterfat- snakeweed in the eastern half of the 
valley and Dry Creek Basin; and pinyon-juniper woodland at the higher 
elevations on the sides of both the valley and the basin . Table B-2 
gives the estimated acreage of each type within the proposed rights-of
way for unit facilities, and Figures B-6 and B-7 show the general loca
tions of the various vegetation communities. 

The riparian vegetation is dominated by tamarisk, which varies 
from sparse along the river to dense groves up to 100 yards wide along 
West Paradox Creek . Grasses, with rushes in marshy areas, form t he 
understory on the west bank of the river, while no significant under
story is found on the east bank. Stands of cottonwood trees are scat
tered along both sides of the river upstream from the confluence of the 
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Table B-2 
Vegetative communities and unit features 

(Unit--acres) 
Operation Pipe-

and line Radium 
Brine mainte- and Evapo- Radium 
well H2S nance pumping ration wildlife Borrow 
field ~lant housing :Qlants Pond area area Total 

Riparian and grassland 83 83 
Agricultural land 52 52 
Sagebrush 24 6 4 165 472 2,01l 2,682 

1:1:1 
I Semidesert shrublands 
I-' 

Greasewood 36 944 259 1,239 \0 

Seablite 108 108 
Winterfat-snakeweed 5 2,214 1,208 3,427 

Pinyon- juniper 36 182 218 
River channel 62 62 
Exposed gravel and 

riprap 20 20 
Total 365 6 4 206 3,630 3,660 20 7,891 
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creek, with a tall -shrub understory of New Mexico forestiera and a lower 
understory of grasses. Downstream from the area of surfacing brine the 
riparian vegetation consists almost entirely of tamarisk. 

Irrigated land occupies much of the valley floor to the west 
of the river, with major crops consisting of alfalfa, small grains, and 
pasture. Near the river the pastures consist of almost marshy meadows 
and occasional thickets of rushes. 

The sagebrush community occupies most of Paradox Valley east 
of the river and a large portion of Dry Creek Basin as well. The 
dominant plant in this community is big sagebrush, in association with 
other species such as four-wing saltbrush. Normally, the understory is 
sparse and consists of perennial grasses and mixed annual forbs. In 
many areas, overgrazing has reduced the understory to primarily 
cheatgrass . 

The greasewood .community is found in the vicinity of the brine 
well field , along East Paradox Creek, and in other intermittent drain
ages and arroyos in eastern Paradox Valley and Dry Creek Basin. The 
dominant plant is black greasewood which may be found in association 
with other species such as seablite and scattered big sagebrush. In 
most instances, the understory is very sparse or totally absent. 

Seablite is the dominant plant in areas near the well field 
where greasewood is not found. In general, little or no understory of 
grasses is present in these areas, which are characterized by salt
encrusted ground. 

The winterfat-snakeweed community is not found in Paradox 
Valley but occupies a significant portion of Dry Creek Basin at the 
evaporation pqnd site. The understory may consist of short grasses or 
may be absent . The presence of snakeweed generally indicates that 
overgrazing has occurred . Although winterfat may continue to provide 
grazing, particularly for sheep, snakeweed is unpalatable. 

Pinyon- juniper woodland is found on the slopes of Paradox 
Valley, on the surrounding mesas, and at the higher elevations in Dry 
Creek Basin. Pinyon pine and Utah juniper predominate, although Rocky 
Mountain and common juniper are also present. The understory consists 
of woody shrubs, such as mountain snowberry, antelope bitterbrush, 
mountain mahogany, and serviceberry. Also found in this community are 
big sagebrush, rabbitbrush, prickly pear cactus, and various forbs and 
grasses. 

b. Threatened or Endangered Vegetative Species 

No threatened or endangered plant species have been identified 
in the unit area. One species on the proposed list of endangered and 
threatened wildlife and plants (Federal Register, Vol. 41), Echinocereus 
triglochidiatus Engelm . var. enermis Schum., has been identified in the 
Manti-La Sal National Forest approximately 6 miles northwest of Paradox, 
Colo . 
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9. Fish and Wildlife 

a. Fish and Aquatic Invertebrates 

The Colorado Division of Wildlife, under a contract with the 
Bureau of Reclamation, has prepared a report on the streams in the unit 
area (King, 1976). During its investigations, the Division identified 
predominantly warm-water, nongame fishes in La Sal Creek, the Dolores 
River, and West Paradox Creek. East Paradox Creek, an intermittent 
stream, may be inhabited temporarily by fishes from the Dolores River 
during spring runoff . Dry Creek, also an intermittent stream, does not 
support fish. Table B-3 shows the relative abundance of the fishes 
collected at each location during the study. 

Flannelmouth sucker 
Bluehead sucker 
Mottled sculpin 
Speckled dace 
Roundtail chub 
Red shiner 
Fathead minnow 
Black bullhead 
Cutthroat trout 
Rainbow trout 
Channel catfish 

Table B-3 
Fish col l ected in the unit area 

( ercent) 
Dolores River 

La Sal 
Creek 

97 

2 
1 

Above 
Paradox 
Valley 

17 
5 
8 

45 
12 

6 
4 
3 

Within 
and 

below 
Paradox 
Valley 

89 
7 

4 

Below the 
mouth of 
the sav 
Miguel-

X 
X 

X 

X 
X 
X 
X 

Total 100 100 100 

West 
Paradox 

Creek 

5 
50 
18 

27 

100 
1/ Because the large 

collection techniques, the 
volume of water in this reach restricted the 
population composition has not been estimated. 

La Sal Creek, entering the river about 5 miles above the 
v a lley, is a year-round stream but does not contribute enough flow to 
significantly alter the river habitat. Although the upper reaches of 
the c reek support trout, the lower reaches are characterized by such 
species as the flannelmouth sucker and bluehead sucker, the mottled 
sculpin, and spe ckled dace. The stream bottom is silty, and the in
vertebrates are characterized by large numbers of black fly larvae. 

Aquatic habitat in the Dolores River consists primarily of 
long pools with sand and silt bottoms which, during periods of low flow, 
are connected only by subsurface flows or short stretches of riffles. 
Fish cover in the form of boulders, undercut banks, and overhanging 
vegetation is found within and below Paradox Valley but is scarce im
mediately above it. 
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The most abundant fish in the river upstream from the valley 
is the speckled dace, followed by the flannelmouth sucker and the round
tail chub. Present in smaller numbers are the mottled sculpin, red 
shiner, bluehead sucker, fathead minnow, and black bullhead. Local 
residents report that a few catfish have been taken but fishing pressure 
is very light. The most abundant aquatic invertebrates are black flies, 
caddisflies, and midges. 

In the valley and immediately downstream, the habitat for fish 
and aquatic invertebrates is adversely affected by the influx of saline 
ground water . Fishes inhabit this reach whenever the riverflow is 
sufficient to dilute the brine but generally move into other reaches or 
tributaries when low streamflow results in higher salinity. At low 
flow, dead fish have been observed floating in pools of brine. Nearly 
all of the fish are flannelmouth suckers, although small numbers of 
bluehead suckers and fathead minnows are also present. Although numer
ous samples for aquatic invertebrates were taken, none was found because 
of very high salinity. 

Fish habitat is significantly altered by the San Miguel River, 
which discharges into the Dolores River about 3 miles below Paradox 
Valley and improves the water quality during the summer and fall, when 
the Dolores is very low and saline above the confluence. Fishes known 
to inhabit this reach include the flannelmouth and bluehead suckers, 
cutthroat and rainbow trout , channel catfish, black bullhead, and round
tail chub. Although not collected by the Division of Wildlife, the sand 
shiner, green sunfish, carp, and largemouth bass are also known to occur 
below the valley (Holden and Stalnaker, 1975). Samples of invertebrates 
were not collected, but it is assumed that the improved water quality is 
conducive to limited production of black fly larvae and midges. 

West ~aradox Creek, which has abundant fish cover because of 
beaver dams, aquatic vegetation, and overhanging vegetation, supports 
the mottled sculpin, fathead minnow, speckled dace, and bluehead sucker. 
Common invertebrates include black fly and caddisfly larvae, two species 
of snail, and one species of bivalve. 

b. Threatened or Endangered Fishes 

It is doubtful that the Dolores River has recently supported 
the Colorado River squawfish and humpback chub, which are listed as 
endangered, or the bonytail chub and humpback sucker, which have been 
proposed for endangered and threatened status, respectively (Holden and 
Stalnaker, 1975) . The Dolores River does, however, enter a reach of the 
Colorado River about 70 miles downstream from Paradox Valley that has 
been recommended by the Colorado River Endangered Fishes Recovery Team 
as critical habitat for the Colorado squawfish. This reach totals 
nearly 200 miles, including about 87 miles upstream from the confluence 
of the Dolores River and 108 miles downstream to Lake Powell in southern 
Utah . 
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c. Wildlife 

Information used in describing the terrestrial wildlife of the 
Paradox Valley Unit area and adjacent areas was derived from reports 
prepared by Colorado Division of Wildlife (1976) and Fort Lewis College 
(Somers, 1976) under cooperative agreements and contracts with the 
Bureau of Reclamation. These reports are available for public inspec
tion at Bureau offices in Durango, Grand Junction, and Salt Lake City. 

(l) Big Game 

(a) Mule Deer 

Paradox Valley, Dry Creek Basin, and surroundjng 
areas support both resident and wintering herds of mule deer. The sizes 
of the herds fluctuate from time to time and have declined from a popu
lation peak reached in the early 1960's. The Colorado Division of Wild
life estimates that the deer population in and near the unit area con
sists of about 200 year-round residents, with wintering populations 
totaling approximately 700 animals. 

Probably the greatest value of the area is as winter 
range. During normal years, heavy snows in late fall force deer out of 
the eastern slopes of the La Sal Mountains and onto winter concentration 
areas on the ridges and mesas surrounding western Paradox Valley. 
Approximately 300 deer are known to utilize this area. Other signifi
cant wintering populations may be found along the northern edge of 
eastern Paradox Valley (less than 100) and on the mesas and ridges along 
the northern edge of Dry Creek Basin (approximately 300). These herd s 
summer on the slopes of mountains to the south of the unit area. Win
tering areas and migration routes are shown in Figure B-8. 

Since most of the area is located below 8,000 feet 
in elevation, it also serves as a year-round range for deer, with the 
resident populations of about 200 deer concentrated along the Dolores 
River in Paradox Valley, on mesas surrounding the valley, and in the 
pinyon-juniper and sagebrush interface in northern Dry Creek Basin . 

Few deer are harvested in and adjacent to the unit 
area, amounting to about 20 annually from western Paradox Val ley and 25 
annually from the mesas between the valley and Dry Creek Basin. The 
approximate annual harvest for nearby areas is estimated at 100 to 300 
animals, occurring primarily on the eastern part of the La Sa l Mountains 
and t he eastern edge of Dry Creek Basin. Because a recent purchase of 
8,733 acres of land within the basin for the Dry Creek Basin State Wild
life Area by the Colorado Division of Wildlife ha s increased hunter 
access, however, the harvest may increase s lightly. 

(b) Elk 

Historically, elk have not used the area as exten
sively as deer, but their numbers have been increasing recently. 

B-25 



' ' '~ --'" :~ 

I 
I 

\ 

\ 
I 
I 

GUEL 
l MONTROSE 

I 
I 

I~ 
~a: :::)g 

10 
1(.) 

}/. 

0~)-

e1G ~ ..... 

Gr.., 
su.., 

EXPLANATION 

~ ELK WINTER CONCENTRATION AREA 

..,._- ELK MIGRATION ROUTE 

[]]] 
MULE DEER WINTER CONCENTRATION 
AREA. 

F===l MULE DEER PREFERRED YEAR-ROUND 
t::::=::j RANGE. 

-+--- MULE DEER MIGRATION ROUTE 

NUCLA 

'1l 
~ ..... + 

~ 

COLORADO RNER BASIN SALINITY CONTROL PROJECT 
PARADOX VALLEY UNIT- COLORADO 

MUL£ D££R AMJ ELK 
GENERAL RANGES 

FIGURE B-8 

B-26 

( 

( 

( 



( 

Although nearly all of the land in the vicinity of the unit is potential 
winter range during years of abnormally high snowfall, only one area is 
consistently used. Herds that summer on the La Sal Mountains move to a 
winter concentration area north of the town of Paradox, and aerial 
surveys conducted during the winter of 1975 revealed 67 elk in this 
area. In addition, a few elk from mountains to the southeast of the 
area cross Dry Creek Basin to winter on its northern edge during years 
of abnormally heavy snowfall. The winter concentration area and migra
tion routes are shown in Figure B-8. 

Although the summer populations are concentrated in 
the mountains near the area, a few elk may occasionally be found along 
the southern side of Paradox Valley. During the hunting season there is 
no significant harvest in the area, since the animals are normally still 
on their summer range at higher elevations. 

(c) Pronghorn 

A few pronghorns are found throughout the southern 
part of the area, their year-round range encompassing most of Dry Creek 
Basin and adjacent valleys to the southwest. Although the wildlife 
study revealed only 1 to 3 pronghorns in the basin, the local Wildlife 
Conservation Officer reported that as many as 12 to 20 have been sighted 
over the past few years, most commonly observed in the area between the 
West Fork of Dry Creek and Big Gypsum Valley to the southwest. Prong
horn distribution is shown in Figure B-9. 

Recent plans to transplant pronghorns from north
western Colorado to Dry Creek Basin were abandoned because of livestock 
and predator problems. The basin will, however, receive strong consid
eration for future transplants if conditions permit (personal communica
tion; Mr. Hal Burdick, Senior Wildlife Biologist, Colorado Division of 
Wildlife, March 3, 1977). The area is now closed to pronghorn hunting 
because of low populations. 

(d) Black Bear and Mountain Lion 

The black bear is an uncommon but occasional resi
dent of the area, occurring primarily at higher elevations along the 
east side of the La Sal Mountains. This species was not observed during 
the study but has been reported in the west end of Paradox Valley in the 
past few years by local landowners. No bears have been reported to have 
been taken by hunters during recent years. 

The mountain lion feeds extensively on deer, and its 
territories generally follow deer movements. The area receiving the 
greatest mountain lion use is shown in Figure B-9. During the study, 
mountain lion tracks were observed in the Dolores River Canyon southwest 
of Bedrock. Reports have also been received from local residents who 
have observed signs of lions in the canyon and mesa areas southwest of 
Paradox Valley. The Wildlife Conservation Officer's population estimate 
for 1975 was a minimum of six and a maximum of 10 lions in the general 
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vicinity of the unit area, based on observations of signs, harvest 
reports, and information from local residents. 

Since 1965 the area has been open to mountain lion 
hunting, either in special seasons or in conjunction with regular deer 
and elk seasons. No lions are believed to have been harvested during 
the 1975 season. 

(2) Small Game Mammals 

The only small game mammal known to inhabit the unit area 
is the desert cottontail, which is common throughout the area and par
ticularly abundant in the sagebrush habitat of eastern Paradox Valley 
and Dry Creek Basin and in riparian areas along the Dolores River. 
Although no harvest statistics are available, this species is known to 
receive moderate hunting pressure. 

(3) Furbearers 

Furbearers inhabiting the area include the beaver, musk
rat, ringtail, marten, long-tailed weasel, badger, gray fox, striped 
skunk, and spotted skunk. The beaver and muskrat are by far the most 
common species and constitute the greatest part of the annual harvest, 
being trapped for commercial purposes and to prevent flooding or damage 
to ditches. Trapping pressure for the other furbearers is either light 
or nonexistent. 

The beaver and muskrat occur primarily along streams in 
the area and may also be fo und in the open irrigation and drainage 
systems in western Paradox Valley. The ringtail is quite common in 
rocky areas along the lower Dolores and San Miguel Rivers but is rarely 
seen because of its strictly nocturnal and secretive nature. The marten 
is considered rare within the area, possibly found only in forests west 
of Paradox Valley. The population of the long-tailed weasel is quite 
small, since most of the area is too low in elevation to be considered 
good habitat. Badgers are not abundant but can be found in almost a l l 
habitats, particularly in open areas and areas around farms and meadows. 
The gray fox is common throughout the area, with the highest densities 
along stream bottoms and other riparian areas. Its presence was par
ticularly noted along West Paradox Creek. The striped skunk is often 
sighted in the lower valleys along streams and in farm lands, being well 
adapted to living in association with man . Spotted skunks, which prefer 
lower elevations and rocky habitats, are considered rare in the area, 
and the trapping season is closed Statewide . 

(4) Varmints 

The Colorado Division of Wildlife classifies varmints as 
a sometimes damaging group of mammals offering favorable opportunities 
for sport harvest. Those found within the area include the coyote, 
bobcat, red fox, raccoon, porcupine, black-tailed jackrabbit, rock 
squirrel, and Gunnison's prairie dog. 
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The coyote is abundant throughout the area and was jden
tified near all of the proposed unit features. During most of the year 
the range of the coyote is quite extensive; during the winter months, 
however, it tends to concentrate in the lower elevations, where small 
mammals are more active and deer are more abundant. Increasing in 
population over the past few years, it is hunted and trapped quite 
extensively and probably constitutes the most valuable fur resource in 
the area. 

Bobcats are considered to be uncommon, preferring the 
bushy canyons along the Dolores River and along the mesas southwest of 
Paradox Valley. The red fox is considered rare in the area but may be 
found along West Paradox Creek near its confluence with the Dolores 
River. Raccoons are generally limited to a few specific areas along the 
Dolores River and West Paradox Creek, on the agricultural area in west
ern Paradox Valley, and occasionally along the forks of Dry Creek. 

The porcupine is found in small numbers in most of the 
area. It is common in pinyon- juniper habitats on the divide between 
Paradox Valley and Dry Creek Basin, and along portions of Dry Creek. 
The black-tailed jackrabbit is widely distributed, preferring grass
lands, crop lands, and sagebrush flats located in Dry Creek Basin, on 
the divide between the basin and Paradox Valley, and in western Paradox 
Valley. 

The rock squirrel is the most numerous varmint, providing 
an important food source for predators. This species is widely distri
buted but is particularly common in broken rocky terrain along stream 
bottoms. The Gunnison's prairie dog is considered uncommon. A few 
three- to five-mound colonies or single mounds may be observed within 
the western portion of Dry Creek Basin, on the divide between Paradox 
Valley and the basin, and in the western part of Paradox Valley. 

(5) Small Nongame Mammals 

Nongame mammals play an important role in the ecosystem 
of the area by providing a prey base which significantly affects popula
tions of predators. Species found in the vicinity of the unit facili
ties include the valley pocket gopher, western harvest mouse, deer 
mouse, pinyon mouse, brush mouse, white-throated woodrat, Mexican wood
rat, least chipmunk, Colorado chipmunk, white - tailed antelope ground 
squirrel, and Ord's kangaroo rat. Of these species, the deer mouse is 
the most abundant, and the white-tailed antelope ground squirrel is the 
least abundant. 

(6) Raptors 

At least 13 species of raptors are known to inhabit the 
study area. Year-round residents include the golden eagle, marsh hawk, 
goshawk, Cooper's hawk, sharp-shinned hawk, red-tailed hawk, American 
kestrel, prairie falcon, and great horned owl. The numbers of marsh 
hawks and American kestrels may substantially increase during the 
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warmer months as breeding populations move into the area. Seasonal 
residents include the turkey vulture, northern bald eagle, and rough
legged hawk. The peregrine falcon has also been identified in the area, 
as discussed in a later section of this chapter. 

The golden eagle is known to nest in the Dolores River 
Canyon and along Roc Creek, a tributary of the river below Paradox 
Valley . Hunting areas include essentially the entire area, but most 
birds seem to prefer the more open areas of Paradox Valley, Dry Creek 
Basin, and Big Gypsum Valley. 

The Cooper's hawk, sharp- shinned hawk, and goshawk are 
found in riparian and pinyon-juniper areas but are relatively uncommon. 
The marsh hawk and red-tailed hawk are commonly found in open areas, 
although the latter may use a variety of habitats. 

The American kestrel is the most common raptor in the 
area. The kestrel may be found in croplands, desert shrubs, pinyon
juniper and riparian habitats. It may be frequently observed on power 
lines and fences adjacent to roads in Paradox Valley and Dry Creek 
Basin. 

The pra~r~e falcon is rare in the area. An active aerie 
was l ocated along the north rim of eastern Paradox Valley during the 
spring of 1976, and falcons were observed on both rims of the valley, in 
the valley, and in the Dolores River Canyon below the valley. 

The rough-legged hawk usually inhabits the area only 
during the winter, and prefers the open habitat of croplands, grass
lands, or low desert shrubs containing prominent perching sites. 

The great horned owl is fairly common in the area and 
prefers a riparian or pinyon-juniper habitat where nest and roost trees 
are available. The turkey vulture is common throughout the area in the 
late spring and summer. No nest sites were identified in the vicinity 
of the proposed unit. 

(7) Gamebirds 

Gamebirds inhabiting the area include the sage grouse, 
mourning dove, band-tailed pigeon, and ring-necked pheasant. The 
mourning dove and band-tailed pigeon are migratory species, arriving in 
the a rea during the spring and leaving in the fall, while the sage 
grouse and ring-necked pheasant are year-round residents. Doves are 
seasonally abundant, nesting along the Dolores River, West Paradox 
Creek, and the pinyon-juniper mesa tops and feeding on agricultural land 
and semidesert shrub lands. Doves received moderate hunting pressure 
throughout the area. Band-tailed pigeons are rare in the area, pre
ferring higher elevations to the north of the valley. Sage grouse are 
very restricted in their range, occupying a relatively isolated tract of 
big sage and grass land habitat within and near the evaporation pond 
site in Dry Creek Basin. The habitat is now in poor condition because 
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of grazing by sheep. Approximately 40 birds inhabit this area, and the 
Co l orado Division of Wildlife does not allow hunting because of the low 
population. No strutting grounds we re located i n the basin. Ring
necked pheasants, although fluctuating i n population, are common on the 
agricultural lands of western Paradox Valley and in the riparian areas 
of the Dolores River and West Paradox Creek. This species exists pri
marily on private lands with restricted access; therefore, hunting 
pressure is low. 

(8) Waterfowl and Shore Birds 

The Dolores River is an important resting and feeding 
area for many species of waterfowl and shore birds, although the popula 
tions undergo significant seasonal fluctuations . The mallard is the 
most numerous and widespread waterfowl species and may be found along 
the Dolores River throughout the year. Others known to inhabit the 
area, particularly the river and stock tanks in Paradox Valley, include 
the gadwall, Canada goose, pintail, green-winged teal, redhead, common 
merganser, and American coot. Waterfowl are subject to moderate hunting 
pressure during the fall and winter because adjacent public land pro
vides relatively easy access to the Dolores River . 

Although the killdeer, common snipe, and spotted sand
piper were the only shore birds identified, concentrations of many 
additional species are believed to frequent the wetland habitats, par
ticularly along the river and West Paradox Creek, during spring and fall 
migrations. 

(9) Nongame Birds 

Approximately 150 species of nongame birds inhabit the 
area, 92 of which were identified during the wildlife inventories. 
Although nongame birds inhabit all vegetative types, the riparian habi
tat along West Paradox Creek and the Dolores River is probably the most 
important. Other communities--in descending importance with regard to 
total number of nongame species--include pinyon-juniper woodland, agri
cultural land, sagebrush, native grassland, and the single-species 
desert shrub habitats of seablite, winterfat-snakeweed, and greasewood. 
Communities consisting of a mixture of these desert shrubs would be 
slightly more desirable. 

Most species of nongame birds identified are considered 
common in most areas of southwestern Colorado; some, however, are rela
tively unco~non and may be considered unique in both the unit area and 
southwestern Colorado. These species include the whippoorwill, ar.h
throated flycatcher, bank swallow, plain titmouse, common bushtit, 
Bewick's wren, rock wren, gray catbird, yellowthroat, blue grosbeak, 
Lazuli bunting, brown-capped and gray-crowned rosy finches, lark 
sparrow, sage sparrow, and Brewer's sparrow. 

B-32 

( 

( 

( 



( 

(10) Reptiles and Amphibians 

Amphibians associated with streams, springs, and stock 
ponds in Paradox Valley include the red-spotted toad, Rocky Mountain 
toad, western leopard frog, and Hammond's spade-foot toad. The west 
fork of Dry Creek and arroyos draining the western end of Dry Creek 
Basin during periods of summer rainfall are inhabited by red-spotted 
toads, western spade-foot toads, and Arizona tiger salamanders. 

Eleven species of reptiles inhabit land within or near 
the proposed unit rights-of-way. The wandering garter snake and short
horned lizard occur in Paradox Valley in the vicinity of the Dolores 
River. Sagebrush and pinyon-juniper habitats of western Paradox Valley 
and the divide between the valley and Dry Creek Basin contain species 
such as the northern sagebrush lizard, northern plateau lizard, plateau 
whiptail, short-horned lizard, Great Basin gopher snake, and midget 
faded rattlesnake. Semidesert shrublands and peripheral rocky outcrops 
in Dry Creek Basin are inhabited by species such as the short-horned 
lizard, northern sagebrush lizard, northern plateau lizard, northern 
tree lizard, Great Basin gopher snake, wandering garter snake, western 
yellow-bellied racer, and midget faded rattlesnake. Large numbers of 
midget faded rattlesnakes were observed during spring in the vicinity of 
the proposed Radium Dam site, suggesting the existence of a hibernation 
site. 

d. Threatened or Endangered Wildlife 

The studies of the unit area by the Colorado Division of 
Wildlife and Fort Lewis College revealed no wildlife species there on 
either the State or Federal list of threatened or endangered fauna. A 
recent report (July 1977) of a peregrine falcon sighting within the area 
has been confirmed, however, and it is known that a pair of peregrines 
successfully nested and produced a fledgling. In order to protect the 
site from future human disturbance, the Colorado Division of Wildlife 
has requested that the exact location of the aerie not be disclosed. 
Even more recently, the northern bald eagle, which was observed by the 
study teams along the Dolores River in Paradox Valley and in Dry Creek 
Basin, has been added to the list of Federally threatened or endangered 
fauna (Federal Register, Vol. 43, No. 41, February 14, 1978). It 
usually inhabits the unit area during the winter, and is but an infre
quent visitor during the summer. No nesting areas were observed by the 
study teams, and the area is not considered to be essential for the 
species. 

The Great Basin silverspot butterfly (Speyeria nokomis 
nokomis) was included in the July 3, 1978, Federal Register listing for 
proposed endangered or threatened status or critical habitat because of 
the present threatened destruction, modification, or curtailment of its 
habitat or range. This butterfly has been reported in the Paradox 
Valley about 5 miles northwest of the nearest unit feature proposed for 
construction . The larval stage exists solely on violets; the violets, 
in turn, need the environment of marshy meadows formed by an abundant 
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and constant supply. of water . The main threat facing this species, as 
given in the Federal Register, is the conflict between the violet's need 
for moist habitat and man's growing water needs. 

10. Prehistorical and Historical Sites 

No properties listed in or eligible for the National Register of 
Historic Places are found in the unit area (Federal Register, Vol. 42, 
No. 21, and all monthly supplements). Under a contract with the Bureau, 
archaeologists from Fort Lewis College inventoried areas within and near 
the proposed rights-of-way of the features and located 17 prehistorical 
and 5 historical sites (Applegarth, 1975 and 1976). The 17 prehistori
cal sites consist of lithic scatter that appears to be on the surface 
only, with little indication of subsurface structures. The sites mo st 
likely are connected with the latter part of the Ute Indians' occupation 
of the area, which ended in the 1880's, and probably represent tempora ry 
encampments or hunting stations. Only one of these sites, which lies 
within the high-water line of the evaporation pond, is located within 
the proposed site of a unit facility. 

Of the five historical sites inventoried, one is within the high
water line of the evaporation pond, two are above the high-water line of 
the pond, and two are in the vicinity of the well field. The three 
sites in the vicinity of the pond consist of homestead ranch buildings 
and corrals t hat were probably settled between 1910 and 1920. A site 
north of the well field consists of a three-walled stone structure , 
which probably was part of a cabin, and associated trash. The other 
site, located southwest of the well field, includes a grave with a 
headstone inscribed with the year 1891. This site is surrounded by a 
pole and wire fence. 

The brine pipeline alignment in the northern part of Dry Creek 
Basin crosses part of the Dominguez-Escalante Trail of 1776, which has 
been designated for study under the provis ions of the National Trail 
System Act of 1976 (Public Law 94-527) to determine eligibility for 
inclusion in the system. Since no physical evidence of the trail itself 
exists, historians have interpreted its location prima rily from a diary 
Friar Escalante kept during the expedition (Bolton, 1972). The trail is 
believed to cross Dry Creek Basin, probably passing just north of the 
evaporation pond site , and following the lower part of Dry Creek to the 
San Miguel River. 

B-34 

( 

( 

( 



CHAPTER C 

ENVIRONMENTAL IMPACTS OF PROPOSED ACTION 



( 

C. ENVIRONMENTAL IMPACTS OF PROPOSED ACTION 

1. Lower Colorado Basin 

By reducing salinity levels and helping to maintain salinity stand
ards along the Colorado River, the Unit would benefit millions of water 
users. A major beneficial economic impact would occur for more than 14 
million municipal and industrial water users in the Southwestern United 
States, particularly in the Los Angeles-San Diego area, and on about one 
million acres of irrigated farm . land in southern California and Arizona. 
According to a recent Bureau of Reclamation study (Kleinman, 1974), 
reductions in salinity at Imperial Dam result in direct and indirect 
benefits totaling $230,000 for each decrease of l mg/1. Since the 
Paradox Valley Unit would reduce the average salinity at Imperial Dam by 
about 18.2 mg/1, water users in the Lower Colorado Basin would benefit 
by $4,186,000 annually . The savings associated with municipal and 
industrial use would occur primarily from decreased costs for treatment, 
reduced pipe corrosion and appliance wear, decreased use of soaps and 
detergents, and increased potability of drinking water. For irrigators, 
the lower salinity concentrations would result in increased crop yields, 
more uniform crop patterns, decreased leaching and drainage require
ments, and decreased management costs. 

Other Colorado River water users, both within and outside the 
basin, would also benefit from the salinity reductions of the Paradox 
Valley and other units of the basinwide salinity control program. 
Because of the widespread and diffuse nature of these benefits, however, 
they cannot be fully quantified in monetary terms. Some of the benefits 
would occur directly, such as those that would be realized by users of 
water for culinary purposes and for irrigation. Additional benefits, 
more difficult to identify, would also occur, particularly to users of 
fossil or other fuels processed with Colorado River water. 

2. General Setting 

The Paradox Valley Unit would have both short- and long-term 
impacts on the local setting. During construction work the use of heavy 
machi nery, incr eased human activity, excavation, and clearing would 
detract from t he natural landscape . Although revegetation would be 
accomplished by r eseeding along the alignments of the buried pipelines 
and cleared areas surrounding surface structures, the recovery would 
occur slowly because of the arid climate, particularly where pinyon
juniper woodland would be removed along the pipeline. 

The surface facilities of the unit, including the well field , 
stripping plant, and pumping plants, would alter the landscape over a 
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long period of time and would detract from the scenery locally . Only 
the hydrogen sulfide stripping plant and brine pipeline pumping plants 
would be visible from highways and communities in the valley. The brine 
pipeline would create a long-term scar on the divide between the valley 
and Dry Creek Basin. The evaporation pond, although located in the more 
isolated Dry Creek Basin, would have the largest adverse effect, gradu
ally creating a salt flat of about 3,630 surface acres at the end of 
the 100-year period of unit operation. 

The unit would have a beneficial impact on the appearance of the 
area along the Dolores River within and downstream from the well field 
area. The removal of brine would eliminate the exposed salt flats and 
noxious hydrogen sulfide gas and promote the growth of riparian vegeta
tion along the river's banks. 

3. Economic and Social Conditions 

a. Employment 

The unit would provide a maximum of about 340 direct employ
ment jobs per year for skilled and unskilled workers during the 6-year 
construction period, including 51 government jobs and 289 private con
tracting jobs. These estimates are based on the assumption that each 
job would be full time during a 9-month construction season. As Table 
C-l shows, a total of 27 employees would be working the first year, 340 
in the fifth year, and 181 in the sixth year. An annual average of 
approximately 141 of the workers, or about 89 percent, would come from 
outside the unit area, according to studies conducted by the Bureau of 
Reclamation (1977). 

Based on the Bureau of Reclamation's past experiences, an 
estimated 30 percent of the total construction costs, or approximately 
$15 million, would be paid in salaries to direct employees in the unit 
area, reaching a peak of about $5 million in the fifth year. 

Construction work and direct salaries would also create an 
estimated maximum of 170 indirect employment jobs, as shown in 
Table C-l, to provide goods and services for those directly employed. 
Because of the limited goods and services available in Naturita and 
Nucla, a maximum of about 25 percent of the indirect employment would 
occur in the unit area, and 75 percent would occur outside the area in 
communities with more extensive shopping facilities, like Cortez, 
Montrose, Grand Junction, and Moab. Because the lower salaries normally 
associated with such work would not encourage workers to move to the 
area, the indirect employment in the unit area is expected to be filled 
from the existing labor force and from households whose heads are 
directly employed on the unit. Outside of the unit area, the labor 
forces in the respective communities would fill the indirect employment 
jobs. 
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Table C-1 
Estimated direct and indirect em:eloyment 

Construction }~:ear 
1 2 3 4 5 6 

Direct employment 
Contractors' employees 23 42 115 192 289 172 
Government employees 4 6 18 32 51 29 

Total 27 48 133 224 340 181 
Indirect employment 

Inside unit area 3 6 17 28 42 23 
Outside unit area 10 18 49 84 128 67 

Total 13 24 66 112 170 90 

On completion of construction, four full-time and four part
time employees would be directly employed operating and maintaining the 
facilities for the 100-year life of the unit. No indirect employment 
would result in the area from long-term unit operations. 

b. Po:eulation 

The unit would have a significant impact on population d11ring 
the 6-year construction period as a result of direct employment, but it 
would have essentially no long-term effects after the completion of con
struction. No population increase is anticipated as a result of indi 
rect employment because the local labor force would fill the available 
jobs. 

The Bureau's experience with similar projects in relatively 
isolated areas indicates that of the direct l y employed government and 
contractor personnel coming from outside the local area (averaging 141 
employees and reaching 302 during the peak year), a maximum of only 
about 29 percent ·would bring their families with them because of the 
isolation of the area, the lack of adequate shopping and recreational 
facilities, and the seasonal nature of the construction work (Bureau of 
Reclamation 1977). Therefore, t he maximum population influx attrib
utable t o the unit would be 41 people in the first year, rise to 513 in 
the fifth year, and decrease to 273 i n the sixth year . Of these, the 
influx of government employees and their families would be 4 people in 
the first year, 45 in the fifth year, and 24 in the sixth year. Table 
C-2 shows the population influx resulting from direct employment. 

Table C-2 
Po:eulation influx 

Construction }~:ear 
1 2 3 4 5 6 

Workers without 
families 17 34 84 141 215 114 

Workers and families 24 42 117 197 298 159 
Total 41 76 201 338 513 273 
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c. Housing 

During the 6-year construction period the unit would have 
minimal impacts on permanent housing in the area because of the lack of 
housing vacancies to accommodate workers and the unlikelihood that any 
new housing would be built for only a short-term influx of people. As a 
consequence, the construction force coming from outside the area would 
have to rely on temporary housing units such as mobile homes or campers. 

Up to 46 of these employees would be government personnel who 
would be housed at the temporary construction camp at the hydrogen 
sulfide stripping plant, which is described in Chapter A. A maximum of 
230 workers would be required for Radiwn Evaporation Pond, and an 
estimated 204 of these employees would require housing. It is antici
pated that the contractor for this facility would also provide a con
struction camp, based upon previous Bureau experience with similar 
situations. The camp would probably be located adjacent to Colorado 
State Highway 141, about 5 miles east of the pond site, where power and 
water would be available from existing transmission lines and wells. As 
an alternative, the camp could be located closer to the pond site, where 
power would also be available from existing lines, but water would have 
to be hauled in. For either site, the contractor would provide utility 
hookups, temporary leach fields for waste disposal, trailer sites, and 
trailers themselves if necessary. 

Fifty-eight construction employees, including 52 from outside 
the area, would be required for the various contractors on the other 
unit facilities. Since each of these contractors would have a rela
tively small nwnber of employees, it is not expected that any of them 
would prov1de temporary housing, although they may provide utility 
hookups for employees' trailers or campers. The hookups, as well as the 
contractors' headquarters, would probably be located near Bedrock, where 
water and power are available. Some of the employees, however, may find 
hookups in the nearby communities of Nucla and Naturita. 

Long-term operations would also have minimal impacts on perma
nent housing. Only four permanent employees would be required for the 
unit, and housing would be constructed for them near t he hydrogen sul
fide stripping plant, as discussed in Chapter A. 

The contractors and the Federal government would have to 
comply with the provisions of Colorado Senate Bill 35 on subdivisions 
and the Colorado State Standards and Regulations for Mobile Home Parks 
concerning sanitation, domestic water, the collection and treatment of 
sewage, electricity, access roads, maintenance, and street lighting. 
Rezoning approval would have to be sought with the San Miguel County 
government for the nongovernment construction camp near Radium Evapora
tion Pond; no zoning change would be required for the government con
struction camps in Montrose County. The contractors and Federal 
government would have to comply with county regulations on the number of 
mobile homes permitted per acre . 
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d. Facilities and Services 

(1) Education 

Unit construction wou l d temporarily create a slight 
strain on educational facilities in the area; however, it is unlikely 
that any significant expansion would be required. The projected number 
of children would not increa s e the student-teacher ratio beyond accept
able limits. Children from the government camp would attend West End 
District Schools . The following numbers of children would be expected 
during construction years 3 through 6, and because the project influx is 
so small it would only fractionally change the district's present 
student-to-teacher ratio of 17 to 1. 

Construction year 
Age 3 4 c:: 

J 6 
5-11 3 4 6 4 

12-14 l 1 2 1 
15-17 l 1 2 1 

Total 5 6 10 6 

Children from the contractor's construction camp would 
probably attend Norwood schools. Although Norwood is generally outside 
the area that would be influenced by construction of the unit, the camp 
would probably be located in San Miguel County and in the Norwood School 
District. The following numbers of children would be expected. 

Construction year 
Age 3 4 5 6 

5-11 15 25 37 22 
12-14 5 8 11 7 
15-17 5 8 11 7 

Total 25 41 59 36 

The projected influx of students during the peak year 
would change the student-to-teacher ratio from its present 14 to 1 to 16 
to 1, still well below the generally accepted optimum of 25 to 1. Based 
on present conditions, the Norwood District might have to buy or lease 
one additional bus and hire one additional driver during the peak year 
of construction since the number of new students would exceed the avail
able seating on the school bus that now serves the area. 

Payment of the costs connected with the increased stu
dents, which could vary considerably depending on the methods the 
school district takes to handle a short-term influx, would be distrib
uted among local taxes, State funds, and Federal impact aid funds 
available under Public Law 81-874 and subsequent amendments to alleviate 
the effects of Federal projects. After construction the temporary 
demand for increased educational facilities would end . 
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(2) Water and Sewage 

Because the unit would have construction camps for most 
employees, no impact is anticipated on the water and sewage facilities 
in Nucla or Naturita. Those few employees who would prefer to live in 
trailers in those communities would not put a severe strain on the water 
and sewage facilities. 

(3) Police and Fire 

The expans ion of police protection would be necessary to 
maintain the present level of service for the increased population, but 
it is unlikely that the towns would hire new personnel because of their 
limited budgets and the short duration of construction. A maximum of 
two new policemen would be needed in the area, most likely in Naturita 
or Nucla, based on a general planning rate of approximately two officers 
per 1,000 people. The existing volunteer fire units in Naturita and 
Nucla would probably not expand because the construction camps would be 
located outside any established fire districts. 

(4) Transportation 

Although there would . be an increase in area truck and 
automobile traffic, particularly during the fifth year of construction, 
this increase would be well within the design capacities of affected 
highways and county roads, since present use on these roads is light and 
their condition is good. The construction camp, which the Bureau of 
Reclamation believes the primary contractor would almost certainly have 
to build, would probably be located about 5 miles from the work area. 
The S-mile trip to and from work would be over a good quality county 
road that has low usage. During the peak year of construction traffic on 
the road could increase by over 100 cars during the early morning and 
evening hours. 

Increased road use would also occur because of the hauls 
that would be necessary to obtain riprap and pervious materials for use 
at the pond site. The source for these materials is loca t ed about 13 
miles southeast of the evaporation pond site, and hauling would be over 
adequate county roads in Dry Creek Basin and on Highway 141. An esti
mated 8,200 trips would be made for pervious material and 6,000 trips 
for rip rap over the 4 years of primary construction activity. Safety 
measures to inform and to protect the public would be coordinated with 
the State Division of Highways and incorporated into contractor's 
specifications. 

(5) Medical 

The influx of people into the unit area would undoubtedly 
put a strain on the limited medical care now available. Host people 
would probably obtain medical services in the nearby commercial centers, 
which are capable of taking care of additional people. 
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(6) Recreation 

The limited indoor recreational facilities and community 
parks in the unit area would be severely strained during construction. 
Because of increased competition for use, the facilities would meet far 
fewer of the needs of the local people. The effect of new people on 
outdoor activities such as hunting and fishing would be minimal. There 
could be, however, an increase in off-road recreational driving with the 
construction work force influx, which, over the short term, could 
increase management responsibilities on public land and create the 
possibility for a minor increase in the incidence of trespassing on 
private property. 

(7) Retail Trade 

Retail trade in the unit area would increase to meet the 
demands of construction personnel for goods and services in service sta
tions, grocery stores, pharmacies, and cafes. As stated earlier, much 
of the incomes would probably be spent outside the unit area on goods 
and services such as vehicles, clothes, and major household items in 
commercial centers like Grand Junction, Montrose, Cortez, or Moab . The 
increased retail trade in these cities would not cause any recognizable 
direct or indirect adverse impa cts. 

Indirectly, retail trade would sustain some loss over the 
long term because of the conversion of 2,500 acres of public grazing 
land to proj ect use. The monetary value from livestock production on 
this land is estimated at $2,500 annually, some of which undoubtedly 
filters into local business. 

Although landowners of the private property that would be 
acquire.d for unit use would be paid the fair market value for t heir 
land , there could be some loss to local business over the long term, 
since payment from the Federal Government would be in lump sum, and this 
money, if not reinvested in the area, might not be available to local 
business on a sustained basis. Countervailing these potential adverse 
impacts would be the new retail demand created by the permanent work 
force at the hydrogen sulfide stripping plant. These workers would have 
a combined salary of about $69,000, annually, an undeterminable portion 
of which would be available to area business. 

(8) Electrical Energy 

At the maximum pumping rate of 5 cfs, the unit would use 
an annual average of 15,200,000 kilowatt-hours of electric power. This 
power, which would be avai lable from the Colorado River Storage Project 
System, would thus become unavailable for other potential users in the 
basin. To give some idea of the magnitude of this requirement, it has 
been estimated that 15,200,000 kilowatt-hours would be sufficient to 
s upply the noncommerical needs of a town of about 1,500 people. 
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4. Air Quality and Noise Levels 

The unit would have short-term adverse effects on air quality 
because of the increased car and truck traffic along area roads and 
highways. Air quality and noise levels during the 6-year construction 
period would also be affected because of emissions and dust from con
struction equipment, blasting operations, and handling of earth or 
aggregate materials, and smoke from burning cleared timber and brush or 
rubbish. The actions would increase particulate levels and decrease air 
quality in the vicinity of the stripping plant and pipeline. The 
increase would be minimal and would disperse quickly. Another nuisance 
would be noise from construction equipment, vehicle traffic, and blast
ing. Much of the work, however, would occur at a distance from the 
local population. 

The unit would not have long-term adverse impacts on ambient air 
quality or noise levels. Removal of the brine that now enters the river 
would reduce the noxious odor of hydrogen sulfide gas. The hydrogen 
sulfide stripping plant would not adversely affect air quality, since no 
gases would be emitted to the air except high pressure air released 
through an outside vent to dissipate harmlessly in the atmosphere. 
Because electric pumps would be used in the brine well field and for the 
pumping plants on the brine pipeline, noise levels in the vicinity would 
not rise appreciably . 

Air quality would not be affected by the evaporation process at the 
pond itself, since the hydrogen sulfide gas would have already been 
removed and the severe osmotic pressure associated with the brine would 
restrict bacteriological growth and render the pond essentially 
lifeless. 

Salt blowing from the pond would be minimal. Observations and 
consultations with others who have operated and are operating large 
brine evaporation ponds indicate that when the salt precipitates out it 
crystallizes and becomes a rock-hard mass. Two examples of this were 
observed, one on the Malaga Bend Experimental Salinity Alleviation 
Project in New Mexico and the other at Texas Gulf Sulfur at Moab, Utah. 
Both have a large pond with large amounts of precipitated salts around 
the edges. Vegetation around the two areas showed no sign that any salt 
had blown from the pond. In addition, the Union Carbide effluent ponds 
at Uravan, Colo., used for precipitating salt brine-uranium liquors, 
produce only large crystalline particles and are free of dust problems. 
The prevail i ng winds in the unit area, as measured at Bureau of Recla
mation stations at Bedrock and Dry Creek Basin, are from the southwest. 
Any minor quantities of windblown salt would be carried to the north of 
the populated farm area in Dry Creek Basin and in the direction of the 
alkaline/ saline-tolerant sagebrush and greasewood vegetation (see 
Figure B-7, Vegetation Map). Records show that the winds are at their 
most forceful in spring when the ground is dampest, further reducing the 
possibility of an airborne dust problem. 
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5. Geology and Mineral Resources 

Radium Evaporation Pond would have no effects on the existing 
geology of the area. Slumping would not occur because of the shallow 
slopes in the basin. Underlying formations would not be affected, since 
the basin is watertight and the dam and dike foundations would be sealed 
by cutoff trenches, blanketing, and grouting. The filling of the pond 
would not cause any induced seismicity, and such factors as the seismic 
history, geology, and the dam's material composition would be fully 
analyzed in final designs to ensuif; that the dam and dike could with
stand a maximum credible earthquake.-

Although no substantial uranium ore bodies have been identified by 
Union Carbide Corporation in the ore-bearing zone 900 to l ,500 feet 
beneath the proposed Radium Evaporation Pond, the corporation has been 
sufficiently encouraged to continue exploration. If extensive deposits 
are located beneath the pond, neither Reclamation nor Union Carbide 
geologists are concerned that the pond would create technical mining 
problems, since the overburden is thick and the pond would be water
tight. They are concerned, however, that m1n1ng costs could be 
substantially increased, since the pond could dictate the location of 
surface facilities, which in this type of mining must be quite exten
sive, and thus necessitate longer underground haulage distances. Both 
could be serious economic detriments (Union Carbide Corp . , October 5, 
1977). The Bureau of Mines also voiced concern because of the potential 
conflict of interest and recommended an alternative pond site be sought 
(Ward, 1977). Through subsequent conversations, however, the Bureau of 
Reclamation assured the Bureau of Mines that at the maximum pumping rate 
of 5 cfs not only is the Radium Pond site the only impermeable pond site 
in the unit area, but that the use of the evaporation pond is far 
superior, both economically and practically to all other methods that 
were examined for brine disposal at the reconnaissance level. Reclama
tion also explained that Union Carbide expects to complete its explora
tion program at the Radium Pond site in 1978 and that the final decision 
on whether or not to build Radium Evaporation Pond would not be made 
until the well field testing program is completed in 1980 and the 
results completely analyzed. Thus, when the final decisions were made 
on the construction of the pond, it would be with the full knowledge of 
the results of Union Carbide's exploration program. 

6. Water Resources 

The maximum depletion of the Dolores and Colorado Rivers is esti 
mated to average 3,950 acre-feet annually, based on a pumping rate of 5 
cfs. The depletion, however, would be less if a lower pumping rate were 
feasible. Approximately 3,600 acre-feet of the depletion would result 

!/ A hypothetical earthquake from a given source that could pro
duce the most severe vibratory ground motion at the site. 
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from removing and evaporating brine now entering the Dolores River, and 
350 acre-feet would be attributable to the evaporation of natural runoff 
in Radium Evaporation Pond. 

The Bureau estimates that the maximum unit depletion of 3,950 acre
feet annua lly would consist of about 3,550 acre-feet of surplus stream
flows not appropriated under existing rights and about 400 acre- feet now 
diverted during low streamflows by holders of senior rights downstream 
of Paradox Valley. The 3 ,550-acre- foo t depletion would be charged to 
Colorado's allocated share of Colorado River water and would thus reduce 
the amount of water available for future development within t he State. 

If, through augmentation, the Bureau of Reclamation in coordinated 
effort wi th the State of Colorado is able to replace for its present use 
the 400 acre-feet that would be required for project operation during 
late summer low flow periods, the effects on present downstream users 
would actua lly be beneficial since the quality of the replacement water 
would be considerably higher than that which they presently use because 
of the contribution from Paradox Valley. However, if augmentation were 
not possible, 400 acre- feet would have to be acquired for project use 
from present users downstream. While the present users would be compen
sated for the water rights to the estimated 400 acre - feet, there would 
be a slight reduction in agricultural production in the area, since this 
water is presently used for such crops as alfalfa, small grains, and 
irrigated pasture. 

The unit depletion would be about 1 percent of the average annual 
streamflow of the Dolores River immediately above its confluence with 
the San Miguel River. The depletion would be particularly noticeable 
during late summer and fall when the riverflow below the valley is 
frequently less than 5 cfs and consists mostly of surfacing brine ground 
water and irrigation return flows. In these circumstances, the unit 
would deplete essentially all of the flow between the valley and the 
mouth of the San Miguel River. The relative magnitude of depletion 
would be r educed, however, as a result of l arge flows that would reach 
the valley in the summer and fall from the Dolores Proj ec t (see Section 
B-6). During the spring, when the flows would be much larger with or 
without the Dolores Project, the depletion would be negligible. 

Radium Evaporation Pond would reduce the natural runoff in Dry 
Creek Basin by about 2,600 acre-feet annually, but it is estimated that 
only about 350 acre-feet would otherwise have reached the San Miguel 
River, with the rest lost through evapotranspiration in the pond area 
and along the channel of Dry Creek . The depletion of 350 acre-feet 
would be negligible, amounting to only about 0.1 percent of the average 
annual runoff of the San Miguel River at Uravan. 

The unit would have no significant effects on West Paradox Creek or 
private wells in the western part of the valley . Because of the dis
tance of these wells from the brine well field, the pumping of brine 
would cause a maximum drawdown estimated at no more than about 1 to 2 
feet in the private wells . 
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7. Water Quality 

a. Stream Systems 

By removing an estimated 180,000 tons of salts annually, the 
unit would decrease the average annual flow-weighted salinity of the 
Dolores River by about 474 mg/1 at the exit from Paradox Valley, or 
about 65 percent below existing conditions (Bureau of Reclama
tion, 1978b). The largest reductions would occur in the concentrations 
of sodium and chloride, with relatively small reductions in sulfate, 
potassium, magnesium, calcium, and various heavy metals (particularly 
iron and lead). Overall, the water quality of the river would be only 
slightly lower just below the valley than it is just above, because the 
unit would not remove all of the salts entering the river in the valley. 

Although the unit would reduce the salt influx in the valley 
by about 88 percent, the resulting reduction in the concentrations of 
total dissolved .solids would vary considerably on a seasonal basis 
because of the large fluctuations in streamflow. During the spring, 
when the salinity is normally low because of the dilution effect of high 
snowmelt runoff, the unit would improve the quality only slightly. 
Since the salinity can increase by as little as 30 mg/1 (from 120 to 150 
mg/1) under present conditions as the river crosses the valley, the unit 
reduction could be as low as 20 percent. During the low flows of summer 
and fall, however, when the river consists predominantly of highly 
saline brine, the unit would cause a dramatic improvement. Under pres
ent conditions, the maximum concentrations have been 3,700 mg/1 on the 
upstream side of the valley and 166,000 mg/1 on the downstream side. In 
situations similar to this, the unit reduction would be in the neighbor
hood of 90 .percent. 

The salt removal of the unit would be reflected downstream in 
the Dolores River and in the Colorado River b~low their confluence but 
would be progressively buffered by increased flow. As Table C-3 shows, 
the amount of the average annual reduction would gradually decrease to 
about 18.2 mg/1 in the Colorado River at Imperial Dam. Seasonal varia
tions would also be buffered downstream, since regulatory reservoirs on 
the Colorado River have reduced the seasonal fluctuations in flow. 
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Dolores River 

Table C-3 
Average annual unit effects 

(flow-weighted 

Location 

Below Paradox Valley 
Below confluence with San Miguel 

River 
Colorado River 

Below confluence with Dolores River 
At Imperial Dam 

on water quality 
mg/1) 

Present With 
level unit 

!/729 255 

?:./ 659 355 

'}_/695 665 
'}_/1,102 1,084 

1/ Historical 
2! Historical 

average, 1971-76 (available record). 
average, 1974-76 (available record) . 

Reduc-
tion 

474 

304 

30 
18.2 

3! The 1976 modified salinity level, as explained earlier, is a 
hypothetical situation which takes under consideration all projects con
structed or under construction as of 1976. For further explanation, see 
Cumulative Impacts, section C-11-f. 

The unit would have no effect on the water quality of the San 
Miguel River. Radium Evaporation Pond would retain and evaporate all of 
the brine, with no leakage to influence either Dry Creek or the San 
Miguel. As stated in Chapter A, evaporation would increase the salinity 
of the brine from 260,000 mg/1 at first to saturation at about 350,000 
mg/1 after the sixth year. This concentration would be maintained 
during the remainder of the unit operations, except for minor short-term 
changes resulting from high storm runoff diluting the salts. 

b. Radium Evaporation Pond 

It is unlikely that the production of significant amounts of 
hydrogen sulfide would occur at the evaporation pond (Bureau of Reclama
tion, March 8, 1976). Although elemental sulfur would be piped to the 
pond, sulfur bacteria, of themselves, do not reduce this element to form 
the potentially toxic compound. It is also unlikely that such bacteria 
would produce a significant amount of hydrogen sulfide from the decompo
sition of organic matter, since the high salinity of the pond would 
prevent significant populations of biological organisms. Although blue
green algae, one of the most highly salt-tolerant aquatic organisms, are 
known to exist in high salinities, having recorded tole rances of 137,000 
to 159,000 mg/1, their growth would probably be severely restricted by 
the brine which in this case would range from 260,000 mg/1 initially to 
350,000 mg/1 at saturation. 

8. Fish and Wildlife 

a. Fish and Aquatic Invertebrates 

The unit would have essentially no benefical or adverse 
effects on fish and aquatic invertebrates during construction but would 
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have significant beneficial effects in the long te rm as a result of 
reduced salinity. The improvement would be particularly noticeable in 
the Dolores River from Paradox Valley to the confluence with the San 
Miguel River and less dramatic from this point to the confluence with 
the Colorado River. The unit would have a small benefi cia l effect on 
the Colorado River. 

During construction work the installation of the collection 
pipeline from the well field to the hydrogen sulfide stripping plant 
would temporarily increase the t urbidity of the Dolores River and the 
lower 1,000 feet of West Paradox Creek. The fishes in this area are 
well adapted to high turbidity, however, and would consequently not be 
adversely affected. In addition , the work would probably be done during 
periods of low flow, when the lack of water and the high salinity would 
normally prohibit fishes from occupying these reaches. 

Unit operations would have a major beneficial i mpact on the 7 
miles of the Dolores River from the brine wel l fi eld to the mouth of the 
San Miguel River by reducing the salinity levels that have previ ously 
limited or prohibited fish and aquatic invertebrates during much of each 
year . Consequently, fishes such as the speckled dace, flannelmouth 
sucker, bluehead sucker, roundtail chub, red shiner, fathead minnow, and 
black bullhead could occupy this reach whenever sufficient flows were 
available . In addition, invertebrates such as black flies, caddisflies, 
and midges would become established. Fish would still be forced out of 
this reach during the extremely low flows of late summer and early fa ll, 
and the duration of such occurrences could be increased by the maximum 
unit depletion of 5 cfs. Even with this circumstance, however , the 
stream would be inhabitable for a longer time each year than it now is . 
With the Dolores Project (INT FES 77-12; May 9, 1977), sufficient f l ows 
would be available for a year- round fishery in about 3 out of every 4 
years. . The improved water quality of the Dolore s River would also 
encour age the development of fish cover in the form of submerged and 
riparian vegetation along the 7-mile reach from the well field to the 
mouth of the San Miguel Rive r. 

The unit would also enhance fish and aquatic invertebrates in 
the Dolores River between the mouth of the San Miguel River and the 
confluence with the Colorado River, a distance of about 63 miles. 
Although the San Miguel River contributes enough flow to dilute the 
salinity and provide a year-round fishery, the improved water quality 
resulting from the unit would be sufficient to cause a minor increase in 
existing populations. · 

Because of the relatively large flow and salt load in t he 
Colorado River, the reduced salinity and flow resulting from the unit 
would not cause a noticeable change in fish habitat . Existing popula
tions and distributions would not be altered. 
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b. Threatened or Endangered Fishes 

The Fish and Wildlife Service analyzed the possible impacts of 
the unit in compliance with Section 7 of the Endangered Species Act. 
The effect of the flow depletion (3,950 acre-feet in the Colorado River) 
on proposed critical habitat for the Colorado River squawfish and 
humpback chub is so minute as to be immeasurable in terms of potential 
habitat alteration. The Fish and Wildlife Service analyzed the poten
tial impacts of the unit on these species and stated that the improved 
water quality attributable to the unit could enhance their environment, 
although additional studies would be necessary to verify this conclusion 
(See Attachment 2, Memorandum of February 15, 1977). 

c. Wildlife 

(1) Introduction 

The unit would affect wildlife because of temporary and 
permanent losses of habitat and the limited degree of human activity 
required for the operation of the facilities. Of the 7, 891 acres of 
land acquired for the unit, wildlife habitat would be altered on about 
7,536 acres. The remaining 355 acres, which would be located at the 
well field and construction material sites, would not be changed from 
existing habitat. Of 7,536 acres of habitat modified, 218 acres would 
be temporary losses along pipeline alignments, 3, 658 acres would be 
permanent losses at other unit facilities, and 3,660 acres would be 
improved habitat at the wildlife mitigation area. It is estimated that 
about 60 acres of riparian habitat along about 7 miles of the Dolores 
River downstream from the well field would be slowly improved because of 
the reduction of salts in the river water. Table C-4 shows the types of 
wildlife habitat changes by feature within the unit rights-of-way. 
Radium Evaporation Pond would cause the only major long-te rm loss, 
amounting to 3, 630 acres after 100 years of unit operations, and the 
othe.r surface structures would result in only minor permanent losses 
totaling less than 30 acres. 

During the 6-year construction period, wildlife would be 
disturbed within and near the rights-of-way as a result of noise, dust, 
blasting, men and equipment, and temporary losses of vegetation. The 
more mobile and adaptable species could avoid the construction areas by 
moving to adjacent land, although in many cases this land would already 
be at its carrying capacity and would not be capable of supporting addi
tional animals. Consequently, some individuals would be lost, and the 
habitat would be deteriorated. Other species which are less mobile, 
primarily reptiles and other small animals, would suffer losses at the 
construction sites . Generally, the population losses that would result 
from temporary disturbances and losses of habitat would gradually be 
offset as the habitat recovered and was reoccupied by various species. 

Long-term impacts would vary according to species . Among 
big game populations the pronghorn and mule deer would not be signifi
cantly affected because of the mitigation provided by the proposed 
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Feature and present habitat 
Brine well field 

Cropland or irrigated pasture 
Grassland 
Tamarisk 
Seablite 
Sagebrush 
Greasewood 
River channel 
Pinyon-juniper 
Winterfat and snakeweed 

Subtotal 
Hydrogen sulfide stripping plant 

Sagebrush 
Housing for operation and maintenance 

Sagebrush 
Pipeline and pumping plants 

Sagebrush 
Pinyon-juniper 
Winterfat and snakeweed 

Subtotal 
Radium Evaporation Pond 

Sagebrush 
Greasewood 
Winterfat and snakeweed 
Borrow area 

Subtotal 
Radium wildlife area 

Sagebrush 
Greasewood 
Pinyon-juniper 
Winterfat and snakeweed 

Subtotal 
Total 

Table C-4 
Terrestrial habitat changes of t he Paradox Valley Unit 

Acres 
required 

52 
2 

81 
108 

24 
36 
62 

0 
0 

365 

6 

4 

165 
36 

5 
206 

472 
944 

2,214 
20 

3 650 

2,011 
259 
182 

1 208 
3,660 
7,891 

No 
habitat 
change 

46 
2 

69 
102 

20 
34 
62 

0 
0 

335 

20 
20 

355 

Habitat losses 
Temporary Permanentl/ 

5 

9 
4 

1 

19 

0 

0 

158 
36 

5 
199 

0 

0 

0 

0 
218 

1 

3 
2 
4 
1 

11 

6 

4 

7 

7 

472 
944 

2,214 

3' 630 

3 658 

Habitat 
gains 
(per

manent) 

2,011 
259 
182 

1 208 
3 660 

213 660 

Habitat with the unit 

11 acres of operation and maintenance roads and 
well sites (no habitat); 19 acres of pipeline 
right-of-way which would be revegetated after 
construction; remaining 335 acres required 
for right-of-w@y but unchanged. 

No habitat 

No habitat 

7 acres of pumping plant sites; 199 acres of 
initial loss through construction that would 
later be revegetated with shrubs and grasses. 

Habitat permanently lost through construction 
and inundation. 

Existing source area that could be slightly 
expanded. 

Developed and managed for improved habitat. 

ll Total permanent loss figures do not reflect 20 acres of existing borrow area not currently used as wildlife habitat. The borrow site 
would be used as a source of project riprap and gravels. 

11 The estimated 60 acres of riparian habitat along the Dolores River that would slowly improve as habitat because of the reduced salinity 
have not been included in the total. 
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wildlife area. Others, including the elk, black bear, and mountain lion 
would also not be significantly affected, since they are generally not 
found in the area of unit impacts . Small game and nongame mammals, 
furbearers, and varmints would also be affected very little. 

Some species of raptors, gamebirds, nongame birds, and 
reptiles would benefit from the unit, while others would undergo small 
losses. The unit effects on waterfowl cannot be entirely predicted at 
this time, but field investigations are underway to evaluate the im
pacts. Reptiles would decline, and amphibians would increase their 
range and density. 

(2) Big Game 

(a) Mule Deer and Elk 

The construction of the unit would result in short
term losses of mule deer, primarily as a result of temporary losses of 
habitat along the alignments of the buried pipelines. Amounting to 
about 199 acres, this habitat loss would consist of a small part of the 
range now used by about 100 wintering deer and less than 200 year-round 
residents. The loss is considered to be an insignificant portion of the 
available range, and the affected area would gradually be restored by 
reseeding with more desirable t~~es of vegetation. 

The only significant long-term impact on mule deer 
would be the inundation of a maximum of 3,630 acres of winter range by 
the evaporation pond (based on the assumption that the part of the pond 
area allocated for flood storage and evaporation would also be lost for 
wildlife use). This loss would occur gradually, with about 50 percent 
of the area flooded after 25 years , 70 percent flooded after 50 years, 
and 100 percent flooded after 100 years. Although the area is now used 
by an estimated 80 to 100 deer there should be no overall impact on the 
population, since the development and management of 3, 660 acres around 
the pond as a wildlife area would increase the carrying capacity of this 
land and potentially compensate for the wildlife displaced from inun
dated habitat. Because of the unpalatability of brine, animals would 
not ingest a sufficient quantity to cause detrimental effects . 

The brine well field would have a minimal long-term 
effect on deer . This area, which supports a s mall year-round herd, 
would be adversely affected by the loss of 11 acres of habitat and the 
small increase in human activity at the site. Although some animals 
would be displaced, the overall impact on the valley's population would 
be relatively minor. 

The unit would have no significant impacts on elk, 
either short term or long term. This animal normally uses the area only 
in years of abnormally heavy snowfall. 
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(b) Pronghorn 

Because of the wildlife mitigation area the unit 
would overall have little effect on the pronghorn population. Radium 
Evaporation Pond would inundate 3,630 acres of habitat now used by less 
than 20 animals, but the population is limited by predation and live
stock competition rather than by a lack of available range. By improv
ing the habitat in the wildlife area and fencing the area to exclude 
livestock but not pronghorns, the unit would provide a habitat of better 
quality than now exists for the present population or for animals con
sidered for planting from other parts of the State by the Division of 
Wildlife. 

(c) Black Bear and Mountain Lion 

The unit would have no significant impacts on the 
black bear or mountain lion. Both of these species use the area only 
minimally. 

(3) Small Game Mammals 

Populations of the desert cottontail, which is the only 
small game mammal identified in the unit area, are expected to be 
temporarily reduced by the loss of habitat along the brine pipeline, but 
the revegetation of this area would more than compensate for the losses. 
The restored habitat would probably contain a diversity of shrubs and 
grasses that would be more desirable than the sagebrush that now pre
dominates. In the long term the evaporation pond would displace a 
substantial number of animals, and the well field would displace an 
insignificant number. The wildlife area would provide additional habi
tat of a good quality, however, and as a result the overall impact of 
the unit would .be slightly beneficial. 

( 4) Furbearers 

Impacts on furbearers would vary according to species. 
The construction of unit facilities would lead to temporary reductions 
in populations of the long-tailed weasel, gray fox, striped skunk, and 
badger by reducing habitat and the number of prey species available. In 
the long term, however, the development of the wildlife area and the 
revegetation of the pipeline alignment would provide a more desirable 
diversity of vegetation, increased cover, and increased abundance of 
prey. As a result, these furbearers would benefit from the unit. In 
addition, the reduced salinity of the Dolores River would have a bene
ficial impact on the beaver and muskrat by providing increased habitat 
in the form of streamside and submerged aquatic vegetation. The unit 
would have no effect on other furbearers--including the ringtail, mar
ten, and spotted skunk--since the area lacks desirable habitat for these 
species. 
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(5) Varmints 

Unit construction would have temporary adverse effects on 
the varmints inhabiting the area, but no significant impacts would 
remain following the development of the wildlife area and the revegeta
tion of the pipeline alignment. One species, the raccoon, would benefit 
in the long term from increased riparian vegetation along the Dolores 
River below the well field. 

(6) Small Nongame Mammals 

Populations of small nongame mammals would temporarily 
decline during construction but would return to approximately their 
present levels after the development of the wildlife area and the re
vegetation of the pipeline alignment. Overall, the population density 
would not be significantly changed, but the modifications in the habitat 
would change the species composition by favoring some species, such as 
the deer mouse and western harvest mouse, more than others, such as the 
pinon mouse, white-tailed antelope ground squirrel, and Ord' s kangaroo 
rat. 

(7) Raptors 

The unit's effects on raptors, beneficial for some spe
cies and adverse for others, would overall result in a slight decrease 
in raptor use of the area. Many raptors would benefit from an increased 
density of prey species in the wildlife area. The removal of 36 acres 
of pinyon-juniper woodland along the brine pipeline would reduce by a 
minor amount the available nesting habitat of the Cooper's hawk, gos
hawk, and great horned owl; but the revegetation of this area with 
shrubs and grass would provide suitable hunting habitat for species such 
as the red-tailed hawk, rough-legged hawk, and American kestrel. 
Increased human activity and loss of habitat during the long-term opera
tion of the brine well field would cause a minor decrease in hunting 
areas for red-tailed hawks and prairie falcons nesting along the nearby 
cliffs, but this impact would be more than compensated for by the estab
lishment of improved riparian habitat along the Dolores River . Conse
quently, the overall effect on these two species would be beneficial. 

(8) Gamebirds 

The unit would have minor effects on gamebirds in the 
area, with the possible exception of the sage grouse. Populations of 
the ring-necked pheasant and mourning dove would decline slightly as a 
result of the small loss of habitat at the well field. The mourning 
dove could take advantage of the vegetation changes along the pipeline 
alignment as an additional feeding area, but the impact would be minor. 
A sage grouse population of about 40 birds would be displaced by the 
inundation of 472 acres of sagebrush habitat at the evaporation pond. 
This area is in poor condition as a result of livestock grazing, however, 
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and the grouse population could be increased by fertilizing and seeding 
to improve the 2,011 acres of similar habitat in the 3,660-acre wildlife 
area. 

(9) Waterfowl and Shore Birds 

The improved water quality in the Dolores River, by 
increasing submerged and streamside vegetation, fish, and aquatic in
vertebrates, would enhance the habitat for waterfowl and shore birds 
downstream from Paradox Valley. Studies being conducted on the possible 
impacts of Radium Evaporation Pond, although not completed, suggest that 
prolonged exposure to the brine would be dangerous for waterfowl, but 
that the birds would be unlikely to remain on the pond long enough to 
experience serious consequences. 

These studies were undertaken in response to concern 
expressed by the Fish and Wildlife Service over the possibility of 
waterfowl mortality caused by exposure to evaporation ponds with very 
high levels of dissolved solids. A laboratory investigation was con
ducted by Colorado State University under a contract with the Bureau, 
using mallard ducks which were exposed to brine similar to that expected 
to occur at Radium Evaporation Pond, under variable climatic conditions. 
Results of the study (Colorado State University, 1977) clearly indicated 
that the brine could be lethal because of severe dehydration and hypo
thermia if the birds were confined to the water at low temperatures for 
12 hours or more. Shorter exposures may not be fatal, and the birds 
used in the tests showed discomfort and a preference to leave the brine 
after about 2 hours, suggesting that wild birds landing on the pond 
would soon leave for surrounding land or preferably a source of fresh 
water. Although the birds used in the experiment could not fly because 
their wings were clipped, the small effect that salts had on their 
feathers suggests that wild birds could probably lift off in flight, 
even after several hours of exposure. 

Although this study has contributed significantly in 
determining the potential effects of Paradox Valley brine on waterfowl, 
additional laboratory investigations have been initiated, and a field 
study was begun in February 1978. The study is being conducted at a 
temporary 5-acre evaporation pond located immediately northwest of the 
brine well field and adjacent to the Dolores River. The Colorado State 
University Department of Physiology and Biophysics is conducting experi
ments designed to determine the impacts of the brine on captured wild 
birds of both diving and dabbling types under natural conditions. The 
results of both lab and field studies will be subject to review by the 
Fish and Wildlife Service and the Colorado Division of Wildlife and will 
also be available for review by any other interested parties. If the 
results of the field study indicate significant losses of waterfowl 
would occur because of Radium Evaporation Pond, the Bureau, in coordin
ation with the appropriate State and Federal Agencies would undertake a 
mitigation program to help offset those losses. 
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(10) Nongame Birds 

Increased human activity and vegetation clear ing during 
construction would temporarily displace nongame birds and cause rela
tively small declines in population. In the long term, however, most of 
the unit facilities would cause little overall change . Revegetation 
along the pipeline would cause a significant change in species diversity 
along the alignment but not in species density. Increased riparian 
habitat along the river and improved habitat at the wildlife area would 
largely mitigate the population losses caused by unit construction and 
operation. 

(11) Reptiles and Amphibians 

The unit would decrease the populations of most reptiles 
in the area, since revegetation along the pipeline and the development 
of the wildlife area are not expected to compensate for habitat losses. 
One species, the side-blotched lizard, would benefit from the additional 
open habitat along the pipeline, but others would be adversely affected. 
The evaporation pond would also have an adverse effect that could not be 
rnitigated. There would be little effect in the well field area . 

Amphibians would benefit from the habitat modifications 
of the unit. Existing brine pools and salt deposits along the river 
would be replaced by more desirable freshwater pools filled during 
spring floods, and water retention structures in the wildlife area would 
also provide additional habitat. Overall, populations of amphibians 
would increase. 

d. Threatened or Endangered Wildlife 

Possible effects on the active peregrine falcon aerie in the 
unit area have been investigated by the Fish and Wildlife Service, in 
accordance with the requirements of Section 7 of the Endangered Species 
Act. The Service reports that the improved riparian vegetation result 
ing from the unit could enhance hunting areas for the falcon. The unit 
in all likelihood would not jeopardize the falcon or adversely affect 
its critical habitat (see Attachment 2, Memorandum of October 18, 1977). 
The Bureau of Land Management will initiate a monitoring program and 
close the nesting area seasonally (March l to August l) to public use 
and development. Based on the Fish and Wildlife Service's recommenda
tion, the Bureau of Reclamation, Bureau of Land Management, Fish and 
Wildlife Service, and Colorado Division of Wildlife would cooperate to 
ensure adequate protection, determine the extent of breeding areas, and 
identify the exact aerie location. 

Although the northern bald eagle is a winter visitor to the 
unit area, the construction and operation of the unit are not expected 
to have a significant impact on the species for several reasons. Heavy 
construction activity would not occur during the winter months when the 
eagles most frequently inhabit the area. The permanent four-member work 
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force, based at the stripping plant, would not unduly increase present 
human activity in the area. The evaporation pond and surrounding wild
life area would remove a total of 7,290 acres from what presently serves 
primarily as livestock range that provides carrion (primarily from dead 
sheep) for wintering northern bald eagles. On the other hand, the 
wildlife area, once established, would support more wildlife, providing 
either carrion or prey for the eagle. The riparian habitat along the 
Dolores River would improve once the salinity influx was reduced, and 
would provide better habitat for such eagle prey species as rabbits . 

The presently known Paradox Valley habitat of the Great Basin 
silverspot butterfly (Speyeria nokomis nokomis) as given in the Federal 
Register of July 3, 1978, is about 5 miles northwest of the nearest area 
to be affected by construction of any unit features. In August 1978, a 
survey for the butterfly and the violet plants essential to the larval 
stage was conducted by Bureau biologists on all land that would be 
affected by project activities. No evidence was found of either the 
butterfly or the violet. 

9. Prehistorical and Historical Sites 

Two sites--one the remains of a ranch and the other an area of 
lithic scatter--lie within the basin of Radium Evaporation Pond and 
would be flooded . Neither site has been formally evaluated for eligi
bility for the National Register of Historic Places . In the opinion of 
the State Historic Preservation Officer, however, the historical home
stead site does not appear to be eligible for listing in the Register 
(Hartmann, March 11, 1977. See Attachment 3.). The small lithic site 
would be evaluated for eligibility before initiating construction on the 
pond. The collection and possible excavation program planned for the 
site has been reviewed and approved by the Colorado State Archaeologist 
(Rippeteau, March 18, 1977. See Atachment 3.). The brine pipeline 
would cross part of the route through Dry Creek Basin taken in 1776 by 
the Dominguez-Escalante expedition. 

10. Land Ownership and Use 

As shown in Table A-2, the proposed rights-of-way for unit features 
would total approximately 7,891 acres. About 5,381 acres of private 
land would be acquired and used for such unit features as the brine well 
field, hydrogen sulfide plant, brine pipeline, brine pumping plants, 
evaporation pond, and operation and maintenance housing. This land 
consists of about 5, 072 acres in San Miguel County and 309 acres in 
Montrose County. The county revenue of San Miguel County would be 
reduced by about $1,186 as a result, but the decrease is negligible 
compared to the total annual revenues of $161,000. The reduction in 
Montrose County would be imperceptible. For the loss of these tax 
revenues, the counties would receive payment under provisions of Public 
Law 94-565 (Local Government Units. Public Lands, Payments.) . 

C-21 

( 

( 

( 



( 

An additional 2,510 acres of land already in public ownership would 
be used for unit purposes. Since the pipeline would be covered and the 
soil reseeded, livestock would be able to use the right-of- way for 
grazing. Wildlife would be able to use the well field, pipeline right
of-way, and the area around the evapoartion pond for habitat. 

Two ranching operations would be affected by the acquisition of 
about 4,990 acres of private land at Radium Evaporation Pond and the 
withdrawal of another 2,300 acres of p~blic land administered by Bureau 
of Land Management on which they now hold grazing permits. Neither 
rancher's farmstead would be affected by the necessary land acquistions 
and withdrawals, since their headquarters are not in the pond area . 
Yet, one rancher would lose 3,110 acres of private grazing land which he 
now uses as winter range for his sheep operation in conjunction with 
Bureau of Land Management grazing permits on public land which supports 
the sheep operation during the summer months. Because this rancher's 
holdings are quite extensive (estimated at over 50,000 acres within the 
county) the impact of the land acquisitions at Radium would probably not 
be severe; but if replacement lands with adequate public grazing rights 
attached to them could not be found, his ranch income would be reduced. 

The impacts on the second rancher are potentially more severe. 
Although he would lose less acreage, estimated at about 1,880 acres, his 
is a much smaller operation. Thus, the necessary acquisition would 
reduce his private holding by almost half and his privately owned winter 
pasture by about two-thirds, and also cause a reduction of 500 acres in 
his public grazing permits. This reduction, in the opinion of Reclama
tion analysts, may make continued ranching operations uneconomic and, in 
that case, the Bureau would offer to purchase his remaining land. At 
the very least, the reduction could cause changes in the type of opera
tions, if replacement lands with adequate grazing permits could not be 
found. The San Miguel County Agent reports that some grazing land is 
available in the area. The Bureau of Reclamation has contacted the two 
ranchers involved concerning the potential impacts if the unit, as 
proposed, is funded for construction. They have also been advised of 
assistance and possible compensation available under the Uniform Relo
cation and Assistance Act, P.L. 91-646. 

The projected land use changes, particularly at the evaporation 
pond, could also have an impact on livestock production in the project 
area. Present production on the 7, 290 acres that would be needed for 
the pond and surrounding wil~jfe area is estimated at 12 or 13 acres 
per animal-unit-month (AUM).- This represents winter grazing for 
roughly 100 cows with their calves or 500 ewes with their lambs. If the 
present operators elected not to go to some kind of feeder operation to 
compensate for the loss of winter grazing land or could not find re
placement land that is presently grazed well below its capacity, a 
significant reduction in this present production would be necessary. 

1_/ The amount of feed necessary to support one cow and unweaned 
calf or five sheep for l month . 
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11. Cumulative Impacts 

a. Introduction 

The Bureau of Reclamation has proposed preparation of a 
comprehensive environmental statement covering Reclamation activities 
along the entire Colorado River. In order for this undertaking to 
proceed, Congressional funding will be required. If funded, the state
ment will assess the environmental impacts resulting from operation and 
maintenance activities on existing projects and proposed further actions 
on existing projects. In addition, it will assess the significant 
cumulative impacts expected in about the next 25 years whether they come 
from operation of existing projects, projects under construction, proj
ects proposed for construction, or projects under study in the Colorado 
River area. The comprehensive statement also will be responsive to 
issues raised by several environmental groups, including the Environ
mental Defense Fund, Colorado Open Space Council, Trout Unlimited, the 
Island Foundation, the Sierra Club, and the Wilderness Society. 

The statement will require some time to prepare if it is 
indeed to be comprehensive in scope and depth . In order to give as much 
information as is now available, however, the following discussions are 
prepared as an appraisal of the cumulative impacts in the Upper Colorado 
River Basin of 19 units and participating projects of the Colorado River 
Storage Project (hereinafter designated CRSP) which are constructed or 
under construction and three developments which are scheduled for the 
start of construction in 1977 and 1978 pending compliance with the 
National Environmental Policy Act, including one of CRSP and two of the 
Colorado River Basin Salinity Control Project. Except for salinity, the 
analysis does not extend to any authorized developments planned for 
construction ~tarts beyond 1978 since firm information for such projects 
is not available. 

The base for the discussions, termed the 1976 modified bas e , 
is a hypothetical condition which includes actual conditions in 1976 
with modifications for effects of developments which are under construc
tion. The base includes many Federal and private developments, but the 
effects of CRSP are analyzed separately. In turn, the cumulative 
effects of the three developments scheduled for construction starts in 
1977 and 1978 are analyzed as an increment to the 1976 modified base 
condition. The comparisons of project conditions with the assumed base 
condi tions are admittedly imprecise. They are based on the best infor
mation currently available, however, and give some perspective to 
impacts of Reclamation developments in the Upper Colorado River Basin. 

The individual developments included in the appraisal are 
listed in Table C-5 and shown on the map in Figure C-1. The dates of 
authorization and actual or anticipated dates of completion are listed 
with the projects. Although some of the developments are not scheduled 
for completion for several years, they are considered as in place since 
their construction has been started and in some cases is well a l ong . 
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Table C-5 
Developments included in cumulative impact analysis 

CRSP developments constructed or under construction 
Storage Units--Act of April 11, 1956 

Curecanti, Colo. 

Actual or 
estimated 
completion 

date 

Blue Mesa Dam, Reservoir, and Powerplant 1966 
Morrow Point Dam, Reservoir, and Powerplant 1970 
Crystal Dam, Reservoir, and Powerplant 1977 

Flaming Gorge, Wyo . 1963 
Glen Canyon, Utah and Ariz. 1965 
Navajo, N. Mex. 1963 

Participating projects 
Act of April 11, 1956 

Florida, Colo. 
Paonia, Colo. 
Silt, Colo. 
Smith Fork, Colo. 
Hammond, N. Mex. 
Central Utah, Utah 

Bonneville Unit 
Jensen Unit 
Vernal Unit 

Emery County, Utah 
Lyman, Wyo. 
Seedskadee, Wyo. (Fontenelle Dam and Powerplant) 

Act of June 13, 1962 
Navajo Indian, N. Mex. 
San Juan-Chama, Colo. and N. Mex. 

Act of September 2, 1964 
Bostwick Park, Colo. 

Act of September 30, 1968 
Dallas Creek, Colo. 

1963 
1962 
1966 
1963 
1975 

1996 
1986 
1961 
1965 
1980 
1964 

1987 
1983 

1971 

1981 

Developments scheduled for construction starts in 1977 and 1978 
Act of September 30, 1968 

Dolores, Colo.(CRSP) 1988 
Act of June 24, 1974 

Grand Va lley Unit, Colo. (Colorado River Basin Salinity 
Control Project) 1987 

Paradox Valley Unit, Colo. (Colorado River Basin Salinity 
Control Project) 1984 
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Two of the developments listed, the Bonneville Unit of the 
Central Utah Project and the San Juan-Chama Project, would involve 
diversions of water out of the Colorado River Basin. Essentially all of 
the water of the San Juan-Chama Project would be delivered to the Rio 
Grande River Basin in New Mexico. Water of the Bonneville Unit would be 
used both in the Uinta Basin of Utah, which is part of the Colorado 
River Basin, and in the Bonneville Basin of Utah, which is a part of the 
Great Basin. 

The Fruitland Mesa Project in Colorado and the Savery-Pot Hook 
Project in Colorado and Wyoming, both participating projects of the CRSP 
had been scheduled for early construction starts. They were not funded 
in the Public Works Appropriation Bill of August 7, 1977, however, and 
the President 1 s Water Review of 1977 resulted in the administration 1 s 
proposal they be deauthorized; therefore they are not included in the 
appraisal of future developments. 

The discussions of cumulative impacts are based on numerous 
reports of the Bureau of Reclamation and Federal, State, and local 
agencies. The references are so numerous that they could not all be 
identified in this section, but they are included in the Bib liography in 
Section I. 

b . Socio-Economic Conditions 

(1) Crop Production 

(a) CRSP Developments Constructed or Under 
Construction 

The contribution to crop production of CRSP develop
ments constructed or under construction is large, amounting to a value 
of nearly $26 million annually, or about 25 percent of the t otal crop 
production in the basin with assumed ultimate development of the CRSP 
projects considered (1976 modified base). Additional crop production 
from water exported from the Colorado River Basin under the Bonneville 
Unit and San Juan-Chama Project would have a value of nearly $15 million 
annually. A project-by-project comparison of crop production in the 
basin is shown in Table C-6 along with data used for comparisons. Crop 
production from CRSP developments constructed or under construction both 
within and outside of the basin is shown in Table C-7. The value of 
water for irrigated pasture and the value of livestock and livestock 
products have not been included in either the base or the CRSP projec t 
evaluations because comparable data are not available. As a general 
rule in the Upper Basin, however, it can be stated that the value of 
crop production is only about a third of the gross agricultural produc
tion and the value of livestock and livestock products accounts for the 
remaining two-thirds. Thus the total value of agricultural production 
in the Upper Basin from CRSP developments constructed or under construc
tion is roughly estimated at about $80 million annually, with an addi
tional value of about $45 million outside of the basin. 
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Table C-6 
Summary of annual gross crop values 

from CRSP projects constructed or under construction 

Production in basin shown in 
1969 Agricultural Census 
indexed to 1975 

Crop production from CRSP 
Projects within basin 
based on 1975 Bureau of 
Reclamation crop reports 

Curecanti Unit 
Flaming Gorge Unit 
Glen Canyon Unit 
Navajo Unit 
Florida Project 
Paonia Project 
Silt Project 
Smith Fork Project 
Hammond Project

21 
Bonneville 2?it
Jensen Unit
Vernal Unit 
Emery County Project 
Lyman Project 
Navaj~ In2fan Irrigation 

ProJect-
Bostwic k Park ProjecZ/ 
Dallas Creek Project
Seedskadee Project 

Subtotal 
Less crop production in both 

1969 cens us and 1975 crop 
reports 

Total crop production in 
basin (1976 modified 
bas e) 

Percent of crop production in 
basin from CRSP developments 

l/ Exclusive of irrigated 
~/ Based on 1975 per acre 

Irrigable acreage 
(acres) 

Full 
service 

land 

5,730 
2,230 
2,120 
1,420 
3,900 

440 

770 

100,000 
1,320 

ll7,930 

Supple
mental 
service 
land 

13,720 
13,070 
4,480 
8,060 

26,450 
3,640 

14,781 
17,210 
46,670 

4,290 
20 , 850 

173,221 

Irrigation 
s upp ly 

(acre-feet) 

No i rriga t ion 
No irrigation 
No irrigation 
No irrigation 

26,000 
20,000 
13,000 
10,000 
19,000 
22 , 700 
5,000 

18,000 
22,000 
49,000 

330,000 
ll,OOO 
ll,200 

No irrigation 
556,900 

pasture and l ives t ock production. 

Gross value 
of crop 

1 production_/ 

$84,957,000 

1,057,000 
1,352,000 

548,000 
251,000 
733,000 
802,000 
167,000 
602,000 
473,000 
486,000 

19,256,000 
305,000 
622,000 

26,654,000 

5,016,000 

106,595, 000 

25 

values for nearby existing projects. 
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Table C-7 
Summary of annual gross crop values within 

and outside of Colorado River Basin from 
CRSP projects constructed or under construction 

Crop production from CRSP 

Irrigable area 
(acres) 

Full Supplemental 
service 

land 
service 

land 

Irrigation 
supply 

(acre- feet) 

Gross value 
of crop 1 production_/ 

projects within basin ~1~17==,9=3=0=====1=7=3~,2=2=1========5=5=6~,9=0=0====$=2=6~,=6=5=4~,0=0==0 
Crop production from CRSP 

projects out of basin 
Bonneville Unit 

Bonneville Basin 29,370 186! 720 184 ,300 ll,303,000 
San Juan-Chama Project 

Rio Grande Basin 84,380 61,300 3,577,000 
Subtotal 29,370 271,100 245,600 14,880,000 

==================~========~== Total CRSP in and outside 
of basin 147,300· 444,321 802,500 41,534,000 

!/ Exclusive of irrigated pasture and livestock production. 

(b) Developments Scheduled for 1977 and 1978 Construc
tion Start 

The three developments scheduled for construction 
starts in 1977 and 1978 would contribute more than $5 . 7 million in 
additiona l agricultural crop production or about 5 percent of the 
basin's crop production in the 1976 modified base . A comparison of crop 
production that would result from the three projects is shown in Table 
C-8. Based on the assumption that crop production represents only about 
a third of the total agricultural production, the value of gross agri
cultural production from the three projects is estimated at about $17 
mill ion. 

(2) Power 

The capability for power production from CRSP projects 
constructed or under construction is estimated at slightly more than 6 
million megawatt-hours. This is equivalent to nearly 10 percent of the 
1975 power consumption in the CRSP power marketing area which includes 
the entire States of Arizona, Colorado, New Mexico, Wyoming, and Utah, 
as well as three southwestern counties of Nevada and a small portion of 
California. The comparison of project capability and consumption in the 
market area is shown in Table C-9. On the basis of an average annual 
use of 2,600 kilowatt-hours per capita, the CRSP power generation from 
projects constructed or under cons trucLion would be sufficient to meet 
residential needs of more than 2 . 3 million people or , from another per
spective, could supply the entire estimated residential needs in the 
State of Arizona. No power would be generated by the developments 
scheduled for construction starts in 1977 and 1978. 
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Table C- 8 
Summary of annual gross crop values from developments 

scheduled for 1977 and 1978 construction starts 

Time frame 
1976 modified base 
Projects scheduled for 

1977 and 1978 con
struc t ion starts 
Dolores Project 
Grand Valley Unit 
Paradox Valley Unit 

Subtotal 
Total 

Percent of 1976 
modified base 

Irrigable area 
(acres) 

Supple-
Full mental 

service 
land 

35,360 

service 
land 

26,300 

Irrigation 
supply 

(acre-feet) 

90,900 

Gross va lue 
of crop 1 produc tion_/ 

$106,595, 000 

1,595,000 
- 154,000 

no irrigation 
5,749,000 

112,344,000 

5 
1/ Exclusive of irrigated pastures and livestock production. 
2; Represents increased production on existing Grand Valley Project 

that would result from decreased salinity levels. 
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Table C-9 
Power capability of CRSP projects constructed or under 

construction compared with 1975 consumption in marke~ ar7a 
Capacity Generat~on-

Project capability 
Curecanti Unit 

Blue Mesa 
Morrow Point 
Crystal 

Flaming Gorge Unit 
Glen Canyon Unit 
Bonneville Unit 
Seedskadee Project 
Navajo Indian Irriga-

tion Project 
Total 

State 
Power market area 

Arizona 
California 
Colorado 
Nevada 
New Mexico 
Utah 
Wyoming 

Total 

(MW) (MWh) 

60 
120 

28 
108 
950 
133 

10 

268,984 
365,664 
173,000 
604,903 

4,233,668 
300,670 
63,912 

~~2~3~----------~~1~18,000 
1,432 6,128,801 

1975 consumption~/ 
(MWh) 

20,468,000 
N/A 

15,792,000 
7,672,000 
6,748,000 
7,644,000 
4,452,000 

62 776 000 
l/ Based on 19th Annual Report, Colorado River Storage 

Project and . Participating Projects for Fiscal Year 1975 for 
P+ojects completed. 

~/ Based on the 1975 Energy Production System in the 
States of the Rocky Mountain Region by Charles D. Kolstad, 
Los Alamos Scientific Laboratory of the University of 
California. 

(3) Municipal and Industrial Water 

(a) CRSP Developments Constructed or Under Construction 

The municipal and industrial water supply for CRSP 
developments constructed or under construction amounts to a total of 
541,500 acre-feet annually, including about 216,500 acre-feet for mu
nicipal uses and 325,000 acre-feet for industrial use. Based on an 
estimated annual per capita use of 0.25 acre-foot, the water for munici
pal use could supply the domestic water for a population of about 
860,000 or a city about the size of Denver, Colo. The largest single 
use of industrial water is for steam-electric power generation. The 
supply available from individual projects is shown in Table C-10. 
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Table C-10 

CRSP 
Municipal and industrial water supply-

developments cons tructed or under construction 
(Unit--acre-feet) 

For use within Uppe r 
River Basin 

Glen Canyon Unit 
Navajo Unit 

Colorado 

Central Utah Project 
Jensen Unit 
Vernal Unit 

Emery County Project 
Lyman Project 
Seedskadee Project 
Dallas Creek Project 

Subtotal 
For use outside Upper Colorado 

River Basin 
Bonneville Unit 
San Juan-Chama Project 

Subtotal 
Total use 

142, 000 
64,000 

18,000 
2,000 
6,000 
1,500 

120,000 
28,000 

381,500 

99,000 
61 , 000 

160 , 000 
541 500 

(b) Developments Scheduled for Construction Starts 
in 1977 and 1978 

Of the three developments scheduled for construction 
starts in 1977 and 1978, only t he Dolores Project would provide water 
for municipal and industria l use. It would develop 8,700 acre-feet for 
residential use in local communities. 

(4) Recreation 

(a) CRSP Developments Constructed or Under Construction 

It is estimated CRSP developments constructed or 
under construction will provide more than 5 million man-days of recrea
tion use annually within the Upper Colorado River Basin, as shown in 
Table C-11. This constitutes an estimated 12 percent of the overall 
recreation use within the basin, assuming al l CRSP developments are in 
place (1976 modified base). The greatest contr ibution from CRSP comes 
in the area of water-related recreation which is limited in the largely 
semiarid to arid Upper Colorado River Basin. This is borne out in Table 
C-11 which shows 29 percent of the fishing, 25 percent of the boating, 
and 14 percent of the camping in the basin is at CRSP developments. 
From an economic standpoint these contributions are significant, since 
recreation and tourism are major industries in the basin. In addition 
to recreation development i n the basin, CRSP developments provide 
another 500,900 man days of recreation use outside the basin. 
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Table C~11 
Recreation use-- CRSP development s constructed or under construction 

(Unit--annual man days) 
Project Sightseeing Picnicking CamEing Boating Fishing~) Hunting2 / Ot her3 7 Total 

Upper Colorado River Basin 
Recreation use without 

CRSP (1976)!:._/ 8,720,430 5,625,610 . 8,807,030 1,815,320 3,221,400 1,403 , 640 9, 311 , 940 38, 905 , 370 
CRSP recreation use 

Curecanti 480,730 16,400 102,800 51,800 82,7 00 110 5 , 070 739 , 610 
Flaming Gorge 98,000 24,000 132 '300 133,600 143,700 7,900 119,300 658 , 800 
Glen Canyon 84,140 18,900 798,300 166,700 210 ,800 530 91 , 980 1 , 371 , 350 
Navajo 60,020 40,400 38,600 56,200 64 ,100 3,910 87 , 660 350,890 
Florida 31,500 11,500 4 ,100 2,500 25,000 3, 000 77' 600 
Paonia 4,700 3,500 4 ,100 1,200 2 , 600 10 650 16,760 
Silt 17,000 3,000 16,500 6,600 28,700 150 4,070 76 , 020 
Smith Fork 23,180 10,000 16,600 11' 100 36,700 1, 520 99 ,100 
Hammond 
Central Utah 

Bonneville Unit 76,250 24,400 91,500 79,300 551,800 9,150 24 , 400 856, 800 
Jensen Unit 10,000 3,200 12,000 10,400 9,500 1, 200 3 , 200 49 , 500 
Vernal Unit 10,600 9,200 8,100 17,600 7 , 400 50 7 , 910 60 , 860 

Emery County 13,800 14,200 57,800 19,700 49,600 3,900 16 ,400 175,400 
Lyman 3,670 12,840 11,000 1,830 47, 000 1, 830 5 , 500 83 , 670 
Seedskadee 9,500 1,000 12,000 7,500 55, 000 600 1, 650 87 , 250 
Bostwick Park 26,000 500 7, 900 100 200 34 , 700 
Dallas Creek 147,620 26,050 130,250 43 2 420 6, 000 No es t i ma te No es t i mat e 353 , 340 

Total 1 2096 2 710 219 2 090 1,435,950 609,450 1,328,500 29,440 372,510 5, 091,650 
Recreation use in basin 

with CRSP (1976 modi-
fied base) 9,817,140 5,844,700 10,242,980 2,424,770 4 ,549,900 1, 433,080 9,684 , 450 43 , 999 , 020 

Percent attributable 
to CRSP 11 4 14 25 29 2 4 12 

CRSP use outside of basin 
Bonneville Unit 57,530 18,410 69,030 59,830 225,200 6,900 18, 410 455 , 310 
San Juan-Chama Project 1, 920 2,940 23,040 5,380 8,300 No estimat e 4 ,050 45 ,630 

Total 59,450 21z350 92,070 65,210 233,500 6 2900 22, 460 500 , 940 
Total CRSP use in and 

outside of basin 1 2156zl60 240z 440 1 ,528,020 6742660 1,562z 000 36!340 394 ,9 70 5 .592 ,590 
1/ Includes use for r eservoirs and improved streams . 
2! Does not include hunt i ng use on project agricultural l ands . 
3; Includes swimming, hiking, and water skiing . 
4/ Hypothetical value- - derived from State Comprehensive Ou t door Recreation Plans f or the portion of f i ve basin States involved , updated t o 

estimated 1976 conditions, less 1976 recreation use of CRSP developments constructed. 
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One of the tradeoffs for the new recreational oppor
tunities has been the elimination of white-water boating opportunities 
in the canyon sections of Lake Powell (Glen Canyon) and Flaming Gorge 
Reservoir. Some reservoirs, particularly Lake Powell, have adversely 
altered the natural splendor of the landscape by inundation, but, on the 
other hand, these areas now receive increased recreation use because of 
the improved access and facilities. For instance, it has been estimated 
that Rainbow Bridge al/Lake Powell had been seen by no more than 20,000 
people prior to CRSP .- The National Park Service now estimates that, 
with Lake Powell, as many as 80,000 people a year visit the bridge. 

(b) Developments Scheduled for 1977 and 1978 Construc 
tion Starts 

Of the three projects scheduled for construction 
starts in 1977 and 1978, only the Dolores Project would increase the 
recreation use base. As shown in Table C-12, the Dolores Project would 
result in an additional 473,900 man-days annually, or about l percent . 
The greatest increases would come in fishing, boating, and picnicking. 
Perhaps the most significant recreational tradeoff associated with the 
project would be the loss of some white-water boating opportunities 
below McPhee Reservoir on the Dolores River for the establishment of a 
perennial stream for fishing, other recreational uses, and i mprovement 
of aesthetic values. 

(5) Employment Opportunities 

(a) CRSP Developments Constructed or Under Construction 

CRSP developments constructed or under construction 
account for about 4, 500 permanent jobs annually, including about 4, 000 
jobs in _agriculture and 500 associated with operation and maintenance of 
CRSP developments, as shown in Table C-13. Of the 4,500 jobs, about 
2,800 are associated with employment in the basin and 1,700 outside of 
the bas i n. Total employment in the basin in the 1976 modified base, 
including CRSP developments constructed or under construction, i s about 
168,800, with the CRSP developments accounting for about 2 percent of 
the total. The impact of CRSP on agricultural employment is more 
significant, however, amounting to about 14 percent of the total in the 
1976 modified base. Additional employment opportunities are created 
outside of the basin by the Bonneville Unit of the Central Utah Project 
and the San Juan-Chama Project. 

(b) Developments Scheduled for 1977 and 1978 Construc
tion Starts 

Developments scheduled for construction in 1977 and 
1978 would result in an increase of more than 380 permanent jobs, 

1/ Sypulski, John S., The Colorado River, Reprint from New York 
State-Range School Alumni News . 
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Table C-12 
Recreation use--developments scheduled for 1977 and 1978 construction starts 

(Unit--annual man days) 
Project Sightseeing Picnicking Camping Boating Fishing!/ Huntin~/ 

Recreation use in basin with 
CRSP (1976 modified base) 

Recreation use for projects 
scheduled for 1977 and 1978 
construction starts 

9,817,140 5,844,700 

Dolores 26,550 96,560 
Grand Valley Unit 
Paradox Valley Unit 

Subtotal 26,550 96,560 
Total 9,843,690 5,941,260 
Percent increase 0.3 1.7 

1/ Includes use for reservoirs and improved streams. 
Z/ Does not include hunting use on project agricultural 
lf Includes swimming, hiking, and water skiing. 

10,242,980 2,424,770 4,579,900 1,433,080 

48,600 60,350 152,100 31,800 

48,600 60,350 152,100 
10,291,580 2,485,120 4,732,000 

0.5 2.5 3.3 

lands. 

Other3/ 

9,684,450 

57,940 

57,940 
9,742,390 

0.6 
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Table C-13 
Average annual employment opportunities 

CRSP develooments constructed or under cons true tion 
CRSP 

operation 
Agriculture and main-

Direct Indirect Total tenance Other Total 
Upper Colorado River 

Basin ~ithout CRSPl/ 12,000 3,000 15,000 151,000 166,000 
Upper Colorado River Basin 

Storage units' and Seedskadee Project.!./ 230 230 
Florida Project 120 30 150 6 156 
Paonia Project 300. 70 370 6 376 
Silt Project 70 20 90 6 96 
Smith Fork Project 70 20 90 2 92 
Hammond Project 50 10 60 5 65 
Bonneville Unit BO 20 100 10 110 
Jensen Unit 20 10 30 5 35 
Vernal Unit 140 30 170 7 177 
Emery County Project 150 40 190 3 193 
Lyman Project 140 30 170 3 173 
Navajo Indian Irrigation 

Project 750 1BO 930 102 1,032 
Bostwick Park Project 30 10 40 2 42 
Dallas Creek Project 30 10 40 2 42 

c Subtotal (rounded) 1 900 500 2 400 400 2 BOO 
Outside of Upper Colorado River Basin 

Bonneville Unit 1,100 2BO 1,380 91 1,471 
San Juan-Chama Project 170 40 210 37 247 

Subtotal (rounded) 1 300 300 1 600 100 1 700 
Total (rounded) 3,200 BOO 4,000 sou 4,500 

Total baain employment including CRSP 
1976 modified base 13,900 3,500 17,400 400 151,000 168,800 

Percent of basin employment resulting 
from CRSP develoEments 14 14 14 100 0 2 

lj For interrelated power operations. 
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including about 340 jobs in agriculture and more than 40 jobs associated 
with project operation and maintenance. Temporary employment would 
amount to a total of more than 11,000 additional jobs over the various 
construction periods for the three projects. Estimated employment 
oppo~tunities from the three projects are listed in Table C-14. 

Table C-14 
Employment opportunities--

developments scheduled for 1977 and 1978 construction starts 

1976 modified base!/ 
Employment in

creases 
Dolores Project 
Grand Valley 

Unit 
Paradox Valley 

Unit 
Total 

Percent of 1976 

Average annual permanent 
employment opportunities 

(number of jobs) 
Opera

tion and 
Agriculture main-

Direct Indirect Total .terrance 
13,900 3,500 17,400 400 

270 70 340 30 

10 

4 
270 70 340 44 

Total tem
porary em

ployment 
opportuni
ties over 
project 

construc
tion 

periods 
Total (man-years) 

17,800 

370 6,270 

10 4,840 

4 700 
384 ll ,810 

modified base 2 2 2 ll 2 
l/ Based on U.S. Water Resources Council, 1975 Water Assessment 

Specific. Problem Analysis, Upper Colorado Region, Technical Memorandum 
No. 2, August 1976. 

c. Aquatic Wildlife 

(1) Habitat Changes 

(a) CRSP Developments Constructed or Under Construction 

As shown in Table C-15, CRSP has resulted in a 
slight increase (an estimated 1 percent) in the miles of cold water 
fishery (primarily supporting trout) in the Upper Colorado River Basin 
and a significant decrease (an estimated 34 percent) in the miles of 
warm water fishery (primarily supporting catfish and nongame species). 
In total, these changes constitute an estimated 6 percent reduction in 
the sport stream fishery in the Upper Colorado River Basin. Addi
tional impacts not shown in the table include the degradation of 183 
miles of existing cold water fishery, the improvement of 285 miles of 
existing cold water fishery, and the improvement of 190 miles of exist
ing warm water fishery. 
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Table C-15 
Increases and decreases in stream fisheries 

in Upper Colorado River Basin 
from projects constructed or under construction 

Stream miles 
Changed 

from warm 
Type of Wi tho'tl In- to co~9 
fishery CRSP- undated water-
Cold water 7, 715 133 +212 
Warm Water 1 811 405 -212 

1976 
modified 

base 
7,793 
1 194 

Changes 
(per
cent) 

+1 
-34 

ll Based on Upper Colorado Region Comprehensive 
Appendix XIII, Fish and Wildlife, June 1971. 

Framework Study, 

~/ Changed as a result of storage regulation. 

A project-by-project description of the streams im
pacted and the reservoirs created is presented in Table C-16. The table 
points to some of the more significant tradeoffs which have resulted. 
For instance, in place of the estimated 538 miles of stream fishery 
inundated, CRSP impoundments create approximately 263,880 surface acres 
of flat water fisheries. Moreover, some of the better trout stream 
fishing in the Upper Basin States has been created downstream of a 
number of the CRSP reservoirs. Fifteen miles of the Colorado River 
below Glen Canyon, 73 miles of the Green River below Fontenelle, 26 
miles of the Green River below Flaming Gorge, and 18 miles of the San 
Juan River below Navajo are rated as good to excellent trout stream 
fisheries whereas before CRSP they were rated primarily as poor to fair 
warm water fisheries. In contrast to the creation of the cold water 
stream fishery areas, important adverse impacts pertaining to the cold 
water stream fishery of the Upper Colorado River Basin are the inunda
tion of 40 miles of the Gunnison River by the Curecanti Unit, the inun
dation of 27. miles of several streams by the Bonneville Unit of the 
Central Utah Project, and the degradation of about 109 miles of stream 
by the Bonneville Unit. All of these stream sections were rated good to 
excellent prior to inundation, with the Gunnison River section regarded 
as one of the better cold water stream fisheries in the entire basin. 

Table C-16 shows that with the increase in the 
available fishing water created by the CRSP activities there has been an 
accompanying and significant annual increase of fishing use in the Upper 
Basin. From the standpoint of aesthetics or quality experience, it 
could be argued that the existing conditions after CRSP are artificial 
or man made and therefore no longer constitute a natural, quality 
fishery experience. However, it should also be recognized that although 
the fishing experience may be artificial, CRSP has generally improved 
fisherman access and provided fishing opportunities to a much greater 
segment of the Nation's fishing public. 

pleted 
table. 

Various specific fishery programs have been com
or are being planned under CRSP that are not reflected in the 
For example, two National fish hatcheries have been developed 
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shery improved 

Project (re~ change 
Upper Colorado Ri\ 

Curecanti 
(Blue Mesa) r: quality, 
(Morrow Poi~atures, 
(Crystal) rbidity 

Flaming Gorge 
(Flaming Got 

Glen Canyon 
(Glen Canyor 

Navajo 
(Navajo) 

s 
Florida (Lemon); 
Paonia (Paonia) 
Silt. (Rifle Gaf 
Smith Fork (Crc 
Hammond (no ref 
Central Utah 

Bonneville l3 

Jensen Unit 
Vernal Unit 

Emery County (~ 
(Huntington) 

plus im-

Lyman (Meeks Cs, access, 
(Stateline) ·.mprove

Ires 
Seedskadee (For,, tempera

:urbidity 
Bostwick Park hum flows 

l water 

Dallas Creek (I 
Total witl 

No fisl 
Warm w( 

Use 
(fisher-
man days) 

No estimate 
available 

16,900 

3 ,BOO 
Not available 
Not available 

40,000 
Not available 

s,ooo 
None 
None 
None 

2,000 

None 
None 
None 
None 
1,000 
1,000 

33,000 

4,300 

6,000 

Flat wacer fishery created 
Estimated 

use 
in 1976 

Acre~ and t~pe (fisher-
of fishery I man days) 

9, 1BO CW 82,700 

42,000 cw 126,BOO 

163,000 CW and WW 207,000 

15,600 Cll and WW 4B' 500 

600 Cll 20,000 
300 Cll 2, 600 
350 Cll 2B,700 
400 Cll and WW 36,700 

19,900 Cll 11549,Boo 

500 Cll 9,500 
BOO cw 7,400 

1,200 cw 40,000 
200 Cll B,200 
500 Cll 30,000 
300 Cll 17,000 

B,750 Cll and WW 22,000 

300 CW 3, 600 

No fishery planned£/ 

Cold w~----------------,~~~--------~,_~,-------------~~~~~ 
T<===============~1~1~3~0~00~=======2~6~3~,~B~B~0============~1~,~2~40~5~0~0 

Outside of basin 
Bonneville Uni\ 21197,900 

San Juan-Chamal~um~~f~1~ow~s--------~~1~0~0~0~------~~5~9~0~0~C~II~----------~~7~3~0~0 
Total outi================~2~B~3=0=0==========1=4~,S3~o2o================~2~o25~2=0~0 
Total chat 

27,300 8,400 CW and WW 

outside 141 300 27B 1BO 1 445 700 
1/ Table sh~ithin Upper Colorado River Basin since the base data necessary 

to make an impact 
2/ Quality J 

3! Quality < 
4/ Consists Stillwater, Hayes, Mona, Jordanelle, Diamond Fork, and Lampton 

ReserVoirs. 
Sf Combinati 
6; A reservcshery. If public pressure forced stocking, however, an esti

mated-24,400 man-e 
21 Fishing 1 
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with CRSP funds. Jones Hole Hatchery in Utah produced 2.6 million trout 
in 1975, and Hotchkiss Hatchery in Colorado produced 3.3 million. These 
hatcheries are used to help stock CRSP reservoirs and segments of im
proved streams. Specific fishery lakes have been constructed or stabi
lized in association with the Curecanti, Bonneville, and Emery County 
Projects, and post-impoundment studies have been funded to provide 
management data for project streams and reservoirs. 

(b) Developments Scheduled for 1977 and 1978 
Construction Starts 

The three projects scheduled for construction 
starts in 1977 and 1978 would cause an estimated 0.1 percent increase in 
the cold water stream fishery and an estimated 2.3 percent decrease in 
the warm water stream fishery (see Table C-17). These changes would 
amount to a net decrease in the stream fishery in the Upper Colorado 
River Basin by only about 18 miles (0.2 percent). In addition the 
projects would improve about 44 miles of existing cold water fisheries 
and 52 miles of existing warm water fisheries. No existing fisheries 
would be degraded. 

Table C-17 
Increases and decreases in stream fisheries in 

Upper Colorado River Basin of developments scheduled for 
1977 and 1978 construction starts 

Stream miles 
Changed 

1976 warm to Remain-
coldl/ ing con-

water- ditions 
Type of modified Inun-
fishery base dated 

Cold water 7, 793 2 +ll 7,802 
Warm water l 194 16 -11 1,167 

!/ Changed as a result of storage regulation. 

Changes 
(per
cent) 
0.1 

-2.3 

Table C-18 gives a project-by-project description of 
the streams to be affected and shows the 18 miles of streams to be 
inundated can be classified as generally poor cold or warm water fisher
ies. 

The tradeoffs for the streams lost and degraded are 
the creation and improvement of reservoir fisheries with a total surface 
area of about 5,200 acres and the improvement of 44 miles of cold water 
stream fishery and 52 miles of warm water stream fishery. Although the 
Grand Valley and Paradox Valley Units would improve the downstream water 
quality, no significant change in the related warm water fisheries is 
expected. It is estimated the three projects would result in a net 
increase of approximately 106,100 man-days of fishing annually for warm 
and cold water species of fish. 
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(2) Endangered Fish Species 

(a) CRSP Developments Constructed or Under Construction 

Four endemic species of fish unique to the Colorado 
River and its larger tributaries (generally the downstream portions of 
the Green, Yampa, Gunnison, and San Juan Rivers) are of particular 
concern in evaluating impacts of the CRSP. These four species are the 
Colorado River squawfish, the humpback and bonytail chub, and the hump
back sucker. Because of a decline in habitat range and population 
numbers, the Fish and Wildlife Service has classified the Colorado River 
squawfish and humpback chub as endangered species, and a number of 
Colorado Basin States have classified the humpback sucker and the bony
tail chub as endangered and/ or thre.atened .. 

The four species are all large river fishes. They 
evolved in the natural river and its larger tributaries when the en
vironment of these streams was extremely harsh and characterized by warm 
water, radical flow fluctuations, heavy silt load, areas of extreme 
turbulence, and high dissolved solid concentrations. The populations 
have declined drastically, however, with the changes in aquatic habitat 
caused by man's activities. The decline is attributable to such activi
ties as construction of large river impoundments, dumping of wastes and 
pollution in the river systems, introduction of exotic species of game 
and nongame fish, and other physical and chemical alterations in the 
system. 

The Fish and Wildlife Service under the Endangered 
Species Act of December 28, 1973 (P.L. 93-205), is in the process of 
proposing that approximately 620 miles of the Colorado River and tribu
taries be designated as critical habitat for the Colorado River squaw
fish. The stream sections to be affected by this proposal are the 
Colorado River from Lake Powell to Grand Junction, Colo., the Green 
River· from the confluence to the junction with the Yampa, the Yampa 
River upstream for about 90 miles, and a short section of the Gunnison 
River upstream from the junction of the Colorado River. 

Within the lower Colorado River Basin, the area 
downs treaT; of Glen Canyon Dam, the species are now either rare or non
existent.- The basic reason most often cited for their decline is the 
construction and operation of approximately 15 impoundments which con
trol the lower river and have significantly altered the river habitat. 
In the Upper Basin it can be estimated that prior to the CRSP there were 
approximately l, 350 miles of habitat occupied by the Colorado River 
squawfish and the humpback chub. The CRSP has inundated 364 miles and 
changed the river conditions in another 170 miles of stream habitat 
below mainstream impoundments to eliminate a total of 534 miles of 
habitat as shown in Table C-19. 

l/ Holden, Paul B. and 
Abundance of Mainstream Fishes 
Basins, 1967-73, Transactions 
April 1975. 

Clair B. Stalnaker. Distribution and 
of the Middle and Upper Colorado River 
of the American Fisheries Society, 
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Project 
Dolores 

McPhee Reservoir 

Monument Creek Reservoir 
Dawson Draw Reservoir 
Groundhog Reservoirl/ 

Grand Valley 
Paradoxl/ 

Summary 
Warm water fishery 
Cold water fishery 

Total 

Table C-18 
Fishery data for CRSP developments scheduled for construction in 1-977 and 1978 

Streams inundated 
Length (miles), quality, Loss of use 

, and type of fisheryl/ (fisher-
'Main stem Tributaries man days) 

10 (P) WW 

2 (P) CW 

10 
2 

12 

6 (P) WW 

6 

6 

Insignificant 

None 
Insignificant 

None 
None 

Stream sport fishery improvedl 
Length 

(miles), 
quality, 
and type 

of fisheryl/ 

11 (G) CW 
45 (G-F) WW 

33 (G) CW 

7 (F) WW 

52 
44 
96 

Reason for 
improvement 

Improved flows and 
access 

Improved flows 

Water quality 

I 

~ncr ease 
! in use 
:(fisher
man days) 

i 
~0,000 cw 
ZB,OOO CW 

' ls,ooo cw 
I 

No estimate 
i available 

I 
28,000 
is ooo 
46 000 

ll Quality factors given as E-excellent, G-good, F-fair, P-poor, and 0-no sport fishery; CW denotes a cold water fishery 
water fishery. 

2/ An existing reservoir to be improved through stabilization. 
}/ Includes an offstream, 3,600-acre evaporation pond that would have no value for aquatic life. 
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Flat water fishery 
created or improved 

Acres 
and type 

of fisheryl/ 

4,470 CW 

84 ww 
294 cw 
400 CW 
None 
None 

84 
5 164 
5,248 

and WW denotes 

Estimated 
use 

(fisher
man days) 

52,000 

1,500 
35,000 
17,600 
None 
None 

106 100 
a warm 
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Table C-19 
Loss of river habitat for endangered fish species 

in Upper Colorado River system--CRSP 
developments constructed or under construction 

(Unit--miles) 

Glen Canyon 
Colorado River 
San Juan River 

Flaming Gorge (Green 
River) 

Navajo (San Juan 
River) 

Curecanti (Gunnison 
River) 

Total 
!/ Also altered 

Eliminated 
by inun
dation 

186 
71 

72 

35 

364 
habitat in 

Loss due to 
water qual
ity change 

Y15 

65 

40 

50 
170 

Lower Basin. 

Total 

201 
71 

137 

75 

50 
534 

Glen Canyon Dam in addition to altering 15 miles of 
habitat downstream in the Upper Basin also altered flow and water 
quality downstream in the Lower Basin for many more miles, including the 
Marble and Grand Canyon areas which were once considered significant 
habitat for the native fish species. Prior to closing Flaming Gorge Dam 
the Fish and Wildlife Service conducted a fish eradication program in 
the reservoir basin and in the tributary area downstream to Dinosaur 
National Monument, which eliminated many of the native fishes in this 
section of the Green River. However, this operation did not kill all of 
the fish or permanently alter the river habitat. The Curecanti Unit 
dams have not directly affected any of the original habitat of the four 
large river species. However, the associated changes in flow regime and 
temperature in the 50-mile stretch of the Gunnison River between Delta 
and Grand Junction, Colo., have probably f?ntributed to the decline of 
some species and the elimination of others.-

Unlike the large storage units discussed above, the 
smaller participating projects constructed or under construction have 
not eliminated habitat of the Colorado River endangered fish species. 
The projects in total, however, reduce the flows in the main stem, 
change water quality and, therefore, may indirectly have an adverse 
effect on the endangered fish species. The degree to which the projects 
may adversely affect the endangered species is very difficult to esti
mate because of the lack of information concerning life, history, and 
habitat requirements. 

!./ Kidd, George, An Investigation of Endangered and Threatened 
Fish Species in the Upper Colorado River as related to Bureau of Recla
mation Projects, Unpublished Consultant's Report for Bureau of Recla
mation, January 1977. 
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(b) Projects Scheduled for Construction Starts in 1977 
and 1978 

Development of the three projects planned for 1977 
and 1978 in the Upper Colorado River Basin would not directly affect any 
known populations of the four endangered species by inundation of habi
tat or by discharge of tailwaters into inhabited areas. The fish 
stocked in project reservoirs and streams would not be expected to 
travel the substantial distances necessary for them to compete with the 
endangered fish populations. As Table C-20 shows, the Grand Valley 
Salinity Control Unit is the only development located near endangered 
fish habitat. That unit, however, does not entail storage or any major 
features which would alter fish habitat in the Colorado River, nor is a 
fish stocking program planned in association with this project. 

Project 
Dolores 

Grand Valley 

Paradox Valley 

Table C-20 
Major project features in relation to 

endangered fish species habitat 
Known endangered 
fish population 

Feature 
McPhee Reservoir 

Irrigation system 
improvements 

Brine well field 

Location 
Colorado River 

at the mouth 
of Dolores 

Colorado River 
at mouth of 
Dolores 

Distance 
from project 

(miles) 
180 

0 

75 

Although tolerances of the endangered fishes for 
temperature, turbidity, salinity, and flow changes have not been deter
mined, the Bureau of Reclamation does not believe the species would be 
significantly affected by the small changes which may have been pre
dicted for these environmental factors for the following reasons. 

The Dolores Project, which is the only project with 
an on-stream storage reservoir, would change temperatures in flows imme
diately below the reservoir. By the time these flows reached the Colo
rado River, which is known to be inhabited by endangered fish species, 
however, they would have equilibrated with the average air and soil 
temperatures. Thus, water temperatures of endangered fish habitat would 
not be influenced. 

It is anticipated that turbidity levels in the 
Dolores River immediately downstream of the Dolores Project would be 
slightly decreased during spring runoff as a result of sediment depo
sition in the reservoir. The change would be indiscernible by the time 
ilows from the project reached known endangered fish habitat because of 

C-43 

( 

( 



( 

c 

( 
' 

natural interchanges of sediment pickup and deposition in the Dolores 
River. Project return flows from agricultural lands would enter the San 
Juan River where they would slightly increase turbidity levels during 
the summer. The Paradox Valley and Grand Valley Units are not expected 
to affect stream turbidity. 

The salinity changes that would result from the 
three projects are not expected to affect any of the endangered species 
since all have been recorded as living in areas with extensive varia
tions in salinity levels. Salinity levels as far downstream as Lees 
Ferry are projected to average less than 800 mg/1 after construction of 
the three projects. At the Colorado-Utah border in 1974, salinity 
levels in the Colorado River ranged from 339 mg/1 to 1,300 mg/1 with no 
apparent adverse effects on the endangered species in that area. The 
Colorado squawfish and humpback sucker have also been successfully 
reared from egg stage to lengths of 10 to 12 inches at Willow Beach 
Natioy?l Fish Hatchery in water with salinity levels greater than 800 
mg/1.- . 

The Dolores Project would reduce historic peak flows 
and slightly increase historic low flows in known habitat areas of 
endangered fish species. Because postproject flows would be within the 
range of historic flow fluctuations in these areas, however, it is not 
thought that the flow changes would have adverse effects. Changes in 
streamflows resulting from the Paradox Valley and Grand Valley Units 
would not be significant. Exact numerical values for the flow changes 
caused by the three projects are not given because the probability of 
error in measurement is substantially greater than the changes them
selves would be. 

d. Terrestrial Wildlife 

(1) Developments Constructed or Under Construction 

Because of the many variables involved and the limited 
data available on wildlife populations, no attempt has been made 
to estimate changes in terrestrial wildlife populations caused by CRSP 
developments constructed or under construction. Indications of the 
effects on the wildlife, however, can be gained from study of changes in 
habitat. In this analysis, five broad types of habitat--(1) riparian, 
(2) aspen-conifer, (3) shrub, brush, pinyon-juniper, (4) grassland, and 
(5) cropland-pasture--have been considered as key habitat, or habitat 
essential to the preservation of a species, with the emphasized species 
being game species such as mule deer, elk, moose, bighorn sheep, ante
lope, sage grouse, turkey, and waterfowl. Of the area in the Upper 
Basin in th't'f types, a total of about 42 million acres is considered 
key habitat.- CRSP reservoir and irrigation developments constructed or 

!/ Willow Beach National Fish Hatchery, Quality of Supply Water 
for Raceway at Willow Beach Hatchery. 1976. 

2/ Key habitat description and estimated acreage have been 
developed for Upper Colorado River Basin Frame Work Study, Appen-
dix XIII: Fish and Wildlife Resources, 1971. 
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under construction reduce this habitat by about 367,800 acres or about 1 
percent. In addition to changes in the Upper Basin, changes occur on 
about 70,000 acres of land in the Bonneville Basin and Rio Grande Basin 
as a result of CRSP developments. All of the habitat changes are not a 
total loss to wildlife since most key habitat has been converted to 
reservoirs and irrigated cropland which have value to a variety of 
waterfowl, small game, and nongame species. Although the changes in the 
basin appear small in relation to the total habitat, they have signifi
cant impacts in local areas of individual projects and are one of the 
many man-caused factors placing pressure on wildlife in the basin. A 
summary of the habitat changes is given in Table C-21. 

In addition to the habitat changes tabulated, adverse 
impacts on wildlife result from construction of such facilities as 
canals, powerlines, recreation areas, and access roads. Then, too, some 
reservoirs, such as Flaming Gorge, have indirectly affected key habitat 
by interfering with historic big game migration routes. Irrigation 
projects have also probably adversely affected wildlife by necessitating 
localized control measures because of crop depredation problems on newly 
irrigated cropland. On the other hand, livestock grazing has been 
controlled within rights-of-way for some reservoirs to the benefit of 
wildlife. 

Losses of riparian shrub habitat, amounting to about 
8,700 acres, are especially significant to local project areas because 
of the relative scarcity of such vegetation and its importance to a 
diversity of species. Mule deer and, to a lesser extent, elk use these 
areas for food and cover. Other wildlife groups which are more depend
ent on this vegetative type and which have been adversely affected by 
its loss are furbearers, nongame birds, small mammals, and birds of 
prey. At Glen Canyon, for example, the narrow band of riparian habitat 
inundated probably represented the most critical habitat in this desert 
environment and should be recognized as a locally significant loss. 

The losses of approximately 2, 000 acres of subalpine
montane forest habitat have probably not been significant because of 
the small acreages involved with individual projects. Such lands, 
however, are important to deer and elk for food, cover, and fawning and 
calving areas. 

Some of the most significant impacts would be related to 
the loss of approximately 199,000 acres of brushlands and pinyon
juniper woodlands in the basin. In much of the basin these areas are 
winter range for deer and elk. Some of these areas also provide key 
habitat for antelope and sage grouse. Cottontail rabbits and numerous 
nongame species also utilize this habitat. In terms of key habitat 
available, this acreage loss does not appear significant basinwide, but 
this habitat type often includes crucial areas for individual herds or 
groups of animals. 
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Key habitat in\, Upper 
Colorado River Ba
sin without CRSPll 

Changes in Upper Basiui/ 
Curecanti Unit \ 
Flaming Gorge Unit. 
Glen Canyon Unit 
Navajo Unit 
Florida Project 
Paonia Project 
Silt Project 
Smith Fork Project 
Hammond Project 
Bonneville Unit 
Jensen Unit 
Vernal Unit 
Emery County Project 
Lyman Project 
Seedskadee Project 
Navajo Indian Irriga-

tion Project 
San Juan-Chama Project 
Bostwick Park Project 
Dallas Creek Project 

Total 
Total remaining habitat 

in basin--1976 modified 
base (rounded) 

Percent change 
Changes outside of basin 

Bonnevil·le Unit 

Riparianl/ 

200,000 

430 
1,730 

90 
15.0 

10 
5 

10 
10 

3,000 
40 

10 
260 

2,860 

5 

100 
8, 710 

191,300 
4 

Table C-21 
Major terrestrial wildlife habitat changes-

CRSP developments constructed or under construction 
(Unit--acres) 

Aspen
conifer 

6,648,900 

Shrub, 
brush, 
pinyon-

juniper3/ 

29,987,300 

Reductions 

1,010 
800 

100 

15 

20 

1,945 

6,647,000 
' o. 03 

6,000 
34,970 
2,930 

12,190 
5,930 
2,430 
2,320 
1,590 
3,030 

17,500 
680 
580 

2,160 
1,190 
3,660 

100,000 

1,400 
920 

199,480 

29,788,900 
0. 7 

Grassland 

1,064,700 

270 

.2.1153,290 

300 
100 

3,000 
230 

260 

190 

157,640 

907,100 
17 

Cropland-pasture 

3, 720,700 

Reductions 

2,079 
940 

4,000 

200 
130 

200 
60 

300 

2,310 

600 
10,810 

G.iins 

5,730 
2,230 

' 2,120 
1,420 
3,900 

440 

770 

i 

100,000 
! 
1,320 

I 

I 
117 930 

3,827,800 ' 

3 I 
I 

Bonneville Basin 25,000 12,000 29 370 
San Juan-Chama Project 

5
1.' 

730 Rio Grande Basin 5 31,810 
Total 25,005 43,810 35,100 

Total changes in and out- I 

Flat 
water 

80,700 

Gains 

9,180 
42,000 

163,000 
15,600 

600 
300 
350 
400 

19,900 
500 
800 

1,400 
800 

8,750 

300 
1 000 

264,880 

345,580 
328 

8,400 

5,905 
14,305 

Specific 
wildlife 

develop
ments 

Not 
determined 

Gains 

5,520 

3,060 

10,200 
500 
600 

2,030 
1,270 

22,000 

1,000 
46,180 

14,500 

8,000 
22,500 

side of basin 33,715 1,945 243,290 157,640 153,030 279,185 68,680 
lf Derived from the 1971 Upper Colorado Region Comprehensive Framework Study (1965 data) adjusted to reflect habitat changes due to 

CRSP units constructed prior to 1965. . I 

11 Data on quantity of riparian habitat are scarce. Habitat losses due to CRSP projects were estimated on the basis of miles of 
stream inundated, with the exception of Flaming Gorge, Curecanti, and Glen Canyon where habitat figures ~ere available from pre-impoundment 
studies. 

11 
.'!../ 
2.1 

Includes pinyon-juniper woodland, mountain 
Figures shown are estimates for land either 
Generally not considered key habitat. 

brush, salt desert shrub, and northern and southern desert shrub types. 
inundated or placed under full service irrigation. I 
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Most of the grassland lost, approximately 153,000 acres, 
was in Glen Canyon. Much of this land would be considered desert and 
would not represent key wildlife habitat. It had a low density of vege
tation including Indian rice grass and galleta and desert shrubs which 
provided little food and cover for wildlife. 

CRSP has inCreased irrigated croplands and pasture by 
about 107,000 acres. These lands and small patches of weeds, fence 
rows, and "waste" areas associated with them provide important feeding 
area during certain times of the year for game species such as rabbits, 
pheasants, doves, quail, and waterfowl. Small mammals, nongame birds, 
and raptors also use such habitat extensively .. 

CRSP developments constructed or under construction in
crease the surface areas of flat water in the Upper Basin by more than 
300 percent. This habitat is of value to wildlife, particularly water
fowl and shore birds. 

Some losses of habitat, for instance riparian habitat, 
are difficult, if not impossible, to mitigate. Wildlife mitigation and 
enhancement programs, however, are being undertaken to offset other 
wildlife habitat losses incurred by the projects. For example, one 
wildlife refuge and four waterfowl areas are being developed to replace 
losses or enhance waterfowl habitat. These include the Seedskadee 
National Wildlife Refuge in Wyoming and the Brown's Park Waterfowl 
Management Area in Utah, both along the Green River; Miller Mesa Water
fowl Area on the west shore of Navajo Reservoir in New Mexico; and the 
Desert Lake Waterfowl Management Area in eastern Utah. Stewart Lake 
Waterfowl Management Area in eastern Utah is being improved in connec
tion with the Vernal and Jensen Units, and planning is underway to 
mitigate waterfowl losses on the Uintah-Ouray Indian Reservation by 
construction of waterfowl habitat areas along the Duchesne River in 
eastern Utah. 

Big game range improvements designed to increase the 
carrying capacity of existing range to replace habitat losses incurred 
by CRSP developments are being made in association with the Flaming 
Gorge Unit, Emery County and San Juan-Chama Projects, and the Jensen and 
Bonneville Units of the Central Utah Project. Additional purchases are 
being planned in the Bonneville Unit and Lyman and Dallas Creek Projects 
to mitigate big game range losses. Adequate measures to mitigate habi
tat losses associated with the Curecanti Unit have not been accomplished 
to date. However, updated recommendations have recently been received 
from the Colorado Division of Wildlife, and the Bureau plans to actively 
respond to the recommendations. 

(2) Developments Scheduled for Construction Starts in 1977 
and 1978 

The three projects scheduled for construction starts in 
1977 and 1978 result in an estimated direct reduction of about 16,400 
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acres of wildlife habitat as shown in Table C-22. Most of this habitat 
would be considered key habitat. This loss represents a small portion 
of the total key habitat available in the basin but is significant to 
some local areas. Because of the importance of these lands to game 
species, approximately 7, 900 acres of the same types of lands are 
planned for acquisition and initial development to mitigate potential 
wildlife losses. The acquired lands should substantially offset poten
tial wildlife losses. 

e. Availability of Water 

(l) CRSP Developments Constructed or Under Construction 

The amount of water in the Colorado River available for 
consumptive use in the Upper Basin has been conservatively estimated by 
the Secretary of the Interior at an average of 5,800,000 acre-feet annu
ally. This estimate is based on provisions of the Colorado River Com
pact of 1922 and the Upper Colorado Basin Compact of 1948 and is based 
on the assumption that the Upper Basin would be obligated to meet one
half (750,000 acre-feet annually) of the commitment of the Mexican Water 
Treaty of 1944. The estimate also takes into consideration, among other 
factors, the capability of existing regulatory storage in the Upper 
Colorado River system to meet compact commitments to the Lower Basin. 

Of the average of 5,800,000 acre-feet annually estimated 
to be available to the Upper Basin, approximately 4,591,000 acre-feet is 
committed to developments constructed or under construction. Of these 
commitments, 1,214,000 acre-feet, or 26 percent, is committed to units 
and participating projects of the CRSP. Depletions by States are shown 
in Table C-23. Depletions from individual projects are shown in Table 
C-24. 

(2) Developments Scheduled for 1977 and 1978 Construction 
Starts 

Estimated depletions for the three projects scheduled for 
construction starts in 1977 and 1978 amount to a total of 80,190 acre
feet annually, all for the State of Colorado. These depletions are 
shown in Table C-24 in comparison with the estimated entitlements and 
estimated 1976 depletions for Colorado and the Upper Basin as a whole. 

f. Salinity 

(l) CRSP Developments Constructed or Under Construction 

The salinity level of the Colorado River at Imperial Dam 
under 1976 modified base conditions, including effects of CRSP develop
ments constructed or under construction, is estimated at l, 102 mg/l. 
This reflects the effects of many variable factors. It includes the 
natural salt in the river before man's activities as well as salt 
resulting from man's activities, including storage regulation, diver
sions for use within and outside of the basin, evaporation, and return 
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Time frame 
Total habitat in 1976 

modified base condi
tions 

Habitat changes with 
projects scheduled 
for 1977 and 1978 
construction starts 
Dolores Project 
Grand Valley Unit 
Paradox Valley Unit 

Total 
Remaining habitat 
Percent change 

Riparian 

191,300 

500 
1,000 

2/ 
1,500 

189,800 
-0.8 

Table C-22 
Major terrestrial wildlife habitat changes--

1977 and 1978 construction starts 
(Unit--acres) 

Aspen
conifer 

6,647,000 

Shrub, 
brush, and 

pinyon-juniper 

29,788,900 

Habitat reductions 

2,500 

3 800 
6,300 

6, 647,000 29,782,600 
0 -0.02 

Grassland 

907,100 

Reductions Gains 

8,800 

200 
8,600 

898,500 
-0.9 

1/ A fish and wildlife plan has not been completed at this time. 

Cropland-pastJre 

3,827,800 I 

Reductions Gains 

2,600 ' 7,500 
I 

I 
4,900 I 

3,832,700 
I +0.1 

ll Approximately 50 acres of riparian would be improved because of salt reduction in 7 miles of the Dolores 

Flat water 

345,600 

Specific 
wildlife 

devel
opments 

46,180 

Habitat gains 

5,200 4,200 
!/ 

3,700 
5,200 7,900 

350,800 54,080 
+1.5 +17 .1 
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Table C-23 
Stream depletions of CRSP developments 

constructed or under construction compared with 
estimated entitlements and 1976 modified conditions 

(Unit--1 000 acre-feet) 

Colorado Wyoming Utah 
Estimated entitlement 2,976 805 1,322 
Actual de~yetions as 

of 1976- 2,097 409 835 
Additional depletions 

from projects under 
construction 295 120 165 

Total depletions to 
1976 modified base 2,392 529 1,000 

CRSP depletions 339 109 336 
Percent of CRSP de-

pletion to total 
depletion 14 21 34 

lf Includes evaporation from storage reservoirs. 

Table C-24 

New 

332 

291 

623 
430 

69 

25 

22 

47 

Stream depletions of developments scheduled for 
1977 and 1978 construction starts compared with estimated 

entitlement and 1976 modified conditions 
(Unit--acre-feet) 

Estimated entitlement 
Total depletions in 1976 

modified base 
Depletions from projects 

scheduled for 1977 and 
1978 starts 

Dolores Project 
Grand Valley Unit 
Paradox Valley Unit 

Subtotal 
Remainder of estimated 

entitlement 

Colorado 
2,976,000 

2,392,000 

80,900 
-4,000 

4 000 
80,900 

503 100 

C-50 

Total 
Upper Basin 
5,800,000 

4,591,000 

80,900 
-4,000 

4 000 
80,900 

1,128 100 

3,698 

893 

4,591 
1,214 

26 



flows. Because of the many variable factors involved, it is extremely 
difficult to determine the effects on salinity from any particular 
development. Nevertheless it has been estimated that of the 1,102 mg/1 
salinity level in the modified base, approximately 147 mg/1 or 13 per
cent could be attributable to the units and participating projects of 
the CRSP included in the base. Of the total 147 mg/1 contribution, 128 
mg/1 would be attributable to concentrating effects of stream depletions 
and 19 mg/1 to the salt loads contributed. Except in cases where 
special studies have been made to determine specific loading from a 
project, it has been assumed that irrigation would increase the salt 
load from new lands by 2 tons an acre but would result in no additional 
salt load from supplemental service lands. The depletions and salt 
loads from each development are shown in Table C-25. 

(2) Developments Scheduled for 1977 and 1978 Construction 
Starts 

Estimates have been made of salinity impacts on the 1976 
modified base that could be expected with the three developments in the 
Upper Colorado River Basin scheduled for construction starts in 1977 and 
1978 pending compliance with the National Environmental Policy Act. 
Table C-26 shows the estimated salinity impacts of the developments at 
Imperial Dam, while Table C-27 shows the developments' effects on the 
Colorado River system at points above Imperial Dam. Table C-26 also 
shows estimates of economic externalities of the salinity effects. 
These externalities have been based on a rate of $230,000 for each mg/1 
of salinity increase at Imperial Dam. This rate has been estimated by 
the Bureau of Reclamation and takes into account reduced productivity 
and increased agricultural production costs that downstream water users 
might experience from the salinity impacts. It also takes into account 
increased costs that might be necessary for treatment of municipal and 
industrial water as a result of salinity increases and the reduced life 
of water pipes and other facilities that would result from the increases 
in concentration. 

(3) Overview of Colorado River 

Estimates of future salinity levels in the Colorado River 
are highly speculative. Various entities have made projections in the 
past and have arrived at differing estimates because of different base 
conditions assumed with respect to quantity of runoff, rate of develop
ment, and implementation of salinity control measures. In order to 
provide some early perspective of projected salinity levels in the 
river, however, this section includes a discussion of Bureau of Reclama
tion estimates and the results of one of several analyses made by the 
Colorado River Basin Salinity Control Forum. 

In its study the Bureau of Reclamation analyzed effects 
of 43 water resource developments and 17 salinity control measures. 
Except for the Fruitland Mesa and Savery-Pot Hook Projects which were 
excluded from the study since they were not funded in the 1977 Public 
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Table C-25 
Estimated depletions and salt loads 

CRSP developments constructed or under construction 

Projects 
Storage units 

Curecanti 
Flaming Gorge 
Glen Canyon 
Navajo 

Participating projects 
Florida 
Paonia 
Silt 
Smith Fork 
Hammond 
Central Utah 

Bonneville 
Jensen 
Vernal 

Emery County 
Lyman 
Seedskadee 
Navajo Indian 
San Juan-Chama 
Bostwick Park 
Dallas Creek 

· Total 
Increase in concentration 

at Imperial Dam (mg/1) 

Depletions 
(1,000 

acre-feet) 

10 
so 

460 
26 

14 
10 

6 
6 
5 

166 
15 
12 
17 
10 
22 

254 
110 

4 
17 

1,214 

128 

Saltl/ 
loads
(!, 000 
tons) 

11 

4 
3 
8 

y -27 
1 

2 

1/220 
- -16 

3 
9 

218 

19 

Total 

147 
1/ Negative amount due 

salts-:-
to transbasin diversion of 
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Works Appropriation Bill, the developments are the same as those dis
cussed in the Final Environmental Statement, Colorado River Water 
Quality Improvement Program of May 1977 (FES 77-15) prepared by the 
Bureau of Reclamation and Soil Conservation Service. Also, except for 
the exclusion of the Fruitland Mesa and Savery-Pot Hook Projects, the 
water resource developments are the same as those listed in the Depart
ment of the Interior's Progress Report No. 8, Quality of Water, Colorado 
River Basin. The water resource developments include authorized Federal 
developments as well as State, local, and private developments. Thirty
three of these are in the Upper Basin and 10 in the Lower Basin. The 
salinity control measures are planned to provide control of point, 
diffuse, and irrigation sources of salinity. Under the Colorado River 
Salinity Control Act of June 24, 1974, four salinity control projects 
were authorized for construction and 12 authorized for further study. 
The 17th unit, the Meeker Dome Unit in Colorado, is now also under 
investigation. Of the 17 salinity control measures, 12 would be in the 
Upper Basin and 5 in the Lower Basin. 

The Bureau of Reclamation estimates were made to the year 
2000. They were based on hydrologic records for the period 1941-74, 
since this is the only period having extensive concurrent runoff and 
quality data, and on the assumption that all projects constructed or 
under construction as of 1976 had been under full scale operations for 
the entire period of record. During this period the mean annual virgin 
runoff at Lees Ferry was approximately 13.9 million acre-feet. The 
corresponding depletion levels at Imperial Dam for the years 1990 and 
2000 were projected to be 13.5 million acre-feet and 13.9 million acre
feet, respectively, part of which is supplied by inflows below Lees 
Ferry. 

Estimates of future salinity in the Colorado River were 
compared against a standard salinity level of 879 mg/l at Imperial Dam 
(average historical concentration of 1972). This standard was proposed 
by the Colorado River Basin Salinity Control Forum and approved by the 
Environmental Protection Agency. Establishment of this standard was 
part of the salinity program in the Colorado River Basin which is being 
undertaken with the general objective of keeping salinity in the Lower 
Basin at or below present levels while the Basin States continue to 
develop their compact apportioned water. 

Salinity projections of the Bureau of Reclamation are 
shown in Table C-28 and Figure C-2. As shown in the table, salinity 
control measures authorized and under study would provide a reduction of 
about 1.9 million tons of salt annually. This level represents a con
centration reduction of about 204 mg/l at Imperial Dam in the year 2000, 
which only partially offsets the expected maximum total concentration of 
1,205 mg/l. In order to attain the adopted salinity standard, addi
tional control, augmentation, or management steps will be necessary. 
Thus weather modification, vegetation management, watershed improvement, 
additional desalting, and various nonstructural measures remain to be 
considered and studied in detail. 
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Project 

Dolores 

Grand Valley 
Paradox 

Table C-26 
Salinity impacts at Imperial Dam 

of projects scheduled for 1977 and 1978 construction starts 
Effects of concentration Effects of salt loading 

Stream Economic Change in Economic 
depletion Effect on exter- salt load Effect on exter-

(1,000 salinity nalities (1,000 salinity nalities 
acre-feet) (mg/1) ($1,000) tons) (mg/1) ($1,000) 

80.9 

-4.0 
3.9 

Participating projects of Colorado River Storage Project 
10.1 -2,323 10.0 1.0 -230 

Units of Colorado River Basin Salinit)!: Control Project 
-.5 115 -410.0 -42.5 9, 775 

.4 -92 -180.0 -18.6 4,278 

Table C-27 
Salinity effects of projects scheduled for 1977 
and 1978 construction starts as related to base 

conditions on Colorado River system 
(Unit--mg/1)1/ 

1976 Effects 
Stream and 

reference point 
Colorado Rive~ at Lees 

Ferry, Ariz:. 
Colorado Rive!r at 

modified 
base 

677 

Imperial Dam 1,102 
ll Rounded to nearest unit. 

of three 
projects 

-40 

-50 

Base 
with three 

projects 

637 

1,052 

ef~~~~! 1 
salinityj 

(mg/1) I 

11.1 

-43.0 
-18.2 

Total 
economic 
exter

nalities 
($1,000) 

-2,553 

9,890 
4,186 
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Table C-28 
Summary of cumulative salinity impacts at year 2000 

projected by Bureau of Reclamation 
(average annual conditions) 

Present modified (1974)1/ 
Development projects 

Projected total year 2000 

Total 
depletions 

(1,000 
acre-feet) 

Development 
11,500 
2 350 

13,850 

Salt 
added 
(1,000 
tons) 

level 

67 
67 

Salinity 
at 

Imperial 
Dam 

(mg/1) 

861 
344 

1,205 

Salinity control measures 

Salt 
removal 

necessary 
to maintain 
879 mg/1 at 
Imperial Dam 

(1,000 
tons) 

2 830 
2,830 

Salinity Salt to be 
reduction at removed 

Imperial (1, 000 
Dam (mg/1) tons) 

Authorized (4 units) 73 634 
Under investigation (13 units) 131 1,250 

Total 204 1 884 
l/ Present modified refers to historic conditions (1941-74) modi

fied to reflect all upstream existing projects for the full period. 

Curve A on Figure C-2 shows the shape and magnitude of 
salinity effects of anticipated Colorado River Basin development from 
the 43 identified water resource development projects without any salin
ity control. Curve B shows salinity effects shown by Curve A accom
panied by the timely construction of four authorized salinity control 
units. Curve C shows the cumulative effects of incorporating the 17 
salinity control units authorized and under study. Curve D shows the 
additional measures needed to obtain the 1976 salinity standard. 

The Colorado River Basin Salinity Control Forum analyzed 
an array of runoff and depletion levels in developing the salinity 
standards. The results of one of its analyses are plotted in 
Figure C-3. Curve A represents the salinity effects of the anticipated 
basin development without salinity control measures. Curve B represents 
the effect of adding the four authorized salinity control projects, 12 
of the salinity control projects under investigation (Meeker Dome not 
included), and the adoption of a "no salt return" policy to industrial 
development. The Forum has concluded that the salinity standard can be 
maintained through 1990 under certain sets of conditions. Recognizing 
the inherent difficulty in projecting cumulative future impacts in the 
basin, a key provision allows for reassessment and review of salinity 
criteria every 3 years. 
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The methods of analysis used by the Forwn and the Bureau 
of Reclamation are similar. The input asswnptions were different, how
ever, and the resulting projected 1990 salinity levels are different. 
The following is a comparison of one set of asswnptions used by the 
Forwn with those used by the Bureau in its study. 

Using other sets of conditions the Forwn also found that 
with full implementation of all identified salinity control measures, 
1990 salinities can be maintained at or below the 1972 standard of 879 
mg/l at Imperial Dam if there is a low depletion rate with a virgin flow 
at Lees Ferry of 14,000,000 acre-feet annually or if there is a moderate 
depletion rate with a'virgin flow of 15,000,000 acre-feet annually. 

Virgin runoff 
(Lees Ferry) 

Depletion level 

Salinity control 

Bureau of Reclamation 
13,900,000 acre-feet 

13,500,000 acre-feet 

Completion of 4 author
rized and 13 investi
gated projects. 
Grand Valley 410,000 
tons salt load deple
ton. Adoption of a 
"no salt re.turn11 

policy to large in
dustrial development. 

Forwn 
15,000,000 acre-feet 

12,600,000 acre-feet 

Completion of 4 autho
rized and 12 investi
gated projects (Meeker 
Dome not included). 
Grand Valley 200,000 
tons salt load deple
tion. Adoption of a 
"no salt return'' 
policy to industrial 
development. 

As shown in Figure C-3, the Forwn projected a decrease in 
salinity for the period 1977-79 because of projected releases of excess 
flows from storage passing Imperial Dam. These releases would be re
quired because an average inflow of 15 million acre-feet would occupy 
all available storage in the basin before the projected depletions 
equalled the total inflow. The Forwn depletion projections include most 
of the same projects and developments as those of the Bureau of Reclama
tion. The anticipated date of completion for some of the projects is 
later in the Forwn' s projections and its projected total depletion by 
1990 is less. The long-term runoff at Lees Ferry (1906-7 4) is 14.9 
million acre-feet and the Forwn adopted a future water yield closer to 
that nwnber in its assessment. 
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D. MITIGATING MEASURES AND AIR AND WATER QUALITY ASPECTS 

1. General 

This section presents the measures that would be employed to pro
tect the environment and mitigate the adverse effects of the unit . 

2. Safety of Dams 

In accordance with Reclamation policy the final design of Radium 
Dam and Dike would be based on extensive geologic investigations. In 
addition, the design data would be reviewed by independent engineering 
firms with appropriate expertise to ensure that no data were overlooked 
or incorrectly analyzed. During construction piezometers and settlement 
instruments would be installed to monitor any changes that might occur 
as the pond filled. 

3. Measures to be Employed During Construction 

Construction specifications would be written and construction 
activities monitored to protect the environment . Contractors would have 
to comply with pertinent Federal, State, and local laws, orders, and 
regulations concerning the prevention and control of air and water 
pollution and noise. Specifications would al so require the preservation 
of the landscape. 

a. Air Quality and Noise Control 

During construction, measures would be carried out to reduce 
dust and excessive exhaust pol lution. Noise levels would be kept below 
75 decibels at night (8 p.m. to 7 a . m.) and 80 decibels during the day, 
as meas ured outdoors at residences or other noise- sensitive areas . 

b. Water Quality 

Construction of the Paradox Valley Unit would be performed by 
methods that would not increase the turbidity of Dry Creek above natural 
levels. However, since Dry Creek is an int ermittent stream, a 404 
permit would not be sought. The San Miguel River below the confluence 
with Dry Creek would be monitored and State of Colorado water quality 
standards would not be violated. 

Minimal erosion control practices would be utilized to prevent 
excessive sedimentation to the San Miguel River. Construction activ
ities would be performed by methods that would prevent solid matter, 
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debris, and other contaminants from entering streams, ground water, and 
other water courses. Such pollutants include refuse, garbage, grout or 
cement, sanitary wastes, and petroleum products. Turbidity would be 
contr.olled by the use of suitable sedimentation or settling ponds and 
flocculating agents where necessary. The Bureau would obtain permits 
under the National Pollutant Discharge Elimination System. The con
tractor would be required to comply with stipulations governing the 
issuing of these permits to control the quality of waste water dis
charges. Small stilling basins may be constructed in the stream below 
the construction site to reduce the stream energy and settle out sus
pended sediment if necessary . These stilling basins would be cleaned out 
during nonflow periods to insure their reuse. 

c. Landscape Preservation 

The construction camp, shops, offices, and yards would be 
located and arranged so as to preserve soil and vegetation as much as 
practicable. At the evaporation pond site, these areas would be located 
within the basin of the pond. On abandonment all materials and debris 
would be removed from the site, and the construction area outside the 
basin would be reshaped and revegetated with native grasses and trees. 
The movements of crews and equipment would be limited to established 
routes, and if temporary roads were necessary the alignments would be 
restored. Borrow and riprap areas would be excavated so as not to pond 
water, and, before being abandoned, the sides would be brought to stable 
slopes and shaped to give a natural appearance. 

d. Other Considerations 

Should the use of pesticides be necessary, only those regis
tered with the Environmental Protection Agency in compliance with the 
Environmental Pesticide Control Act of 1972 would be used . Drilling and 
blasting would be carried out in compliance with applicable Federal, 
State, and local safety regulations. 

4 . Measures Incorporated in Unit Design and Operation 

a. Wildlife Measures 

To compensate for potential losses in wildlife populations 
caused by the filling of Radium Evaporation Pond, 3,660 acres of private 
and public land surrounding the pond would be acquired, developed, and 
maintained specifically for wildlife with Congressional approval, as 
discussed in Section A-3b(7) . About 15 miles of fence would be built 
around the area to exclude unmanaged livestock, and water retention 
structures would be constructed to collect natural runoff. Seeding of 
selected browse plant species and fertilizing would be done to improve 
the habitat for wildlife. 
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All powerlines constructed to serve the brine pumping plants 
would be designed to eliminate electrocution hazards to raptors. Areas 
along the brine pipeline right-of-way that would be disturbed during 
construction would be reseeded with species of browse, forbs, and 
grasses that would benefit wildlife by providing food and cover and by 
increasing the diversity of vegetation. 

b. Archaeological and Historical Sites 

The Bureau would comply with specific regulations contained in 
the Reservoir Salvage Act of 1960, Presidential Executive Order 11593, 
the National Environmental Policy Act of 1969, the Historic Preservation 
Act of 1966, the Historic Sites Act of 1935, and the Antiquities Act of 
1906, which are intended to protect, preserve, restore, and maintain 
prehistorical, historical, and anthropological resources on public land. 
According to its specific policy to mitigate adverse impacts on his
torical and archaeological sites, the Bureau adheres to the following 
program. 

l. Contracting with professional archaeologists to examine the 
project area and to provide inventories of the resources 

2. Evaluating the resources for significance and for eligibility 
for nomination to the National Register of Historic Places 

3. 

4. 

Nominating to the register any properties deemed eligible 

Seeking the advice of the President's Advisory Council on 
Historic Preservation whenever properties eligibl e for or 
already on the Register would be affected 

5. Developing and carrying out specific mitigation programs in 
coordination with the State Historic Preservation Officer and 
the Advisory Council on Historic Preservation 

The loss of the prehistorical site located within the evaporation 
pond would be mitigated by collecting surface materia ls and testing for 
the depth of the prehistorical lithic scatter to obtain information 
about the site. Should the recovered materials reveal that significant 
amounts of data might be recovered, although this possibility is un
anticipated, the site would be completel y excavated. To mitigate the 
loss of the historical site at the pond, research would be conducted to 
establish its history. Information would also be recovered by mapping 
and photographing the site. 

Other mitigating measures would include monitoring construction 
activities and having a professional archaeologist evaluate any sites 
uncovered during construction. Standard clauses in the construction 
specifications would also serve to protect a ll cultural resources by 
keeping men and equipment away from any sites. 

D-3 



c. Preservation of Scenery 

Whenever practicable, roads, borrow and rip rap sources, and 
other facilities would be loca ted so as to minimize their visual 
effects. Design criteria, color, and textures would also be considered 
in helping blend features into the surrounding landscape. The hydrogen 
sulfide stripping plant and the pumping plants, for example, would be 
painted in an earth tone and would have a low profile. 

d. Protection from Hazards 

Project features have been designed to m1n1m1ze hazards. 
Safety devices at the well field, hydrogen sulfide stripping plant, and 
pumping plants would include fences and warning signs. 

e. Land Acquisition 

All land acquisitions would be accomplished under prov1S1ons 
of the Uniform Relocation Assistance and Real Property Acquisition Act 
of 1970 and other pertinent Federal legis lation and regulations. These 
acts and regulations compel the Government to pay an amount determined 
to be the fair market value based on an approved procedure of appraisal. 
In partial takings, the fair market value includes any lo~s in value to 
the remainder of the property (severance damage). All landowners would 
be advised of acquisition procedures, assisted in the preparation of 
applications for reimbursement, and provided with other services that 
the Act requires. 
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E. UNAVOIDABLE ADVERSE EFFECTS 

The predicted beneficial and adverse environmental impacts con
nected with the Paradox Valley Unit have been discussed in Chapter C. 
Measures designed to mitigate adverse effects and protect the environ
ment are outlined in Chapter D. This chapter lists the most significant 
adverse impacts that could not be avoided or fully compensated for. 

l. General Setting 

The unit's structures would be visually unattractive to some peo
ple . The most significant impact would be the brine pond and eventual 
salt flat created with the gradual filling of Radium Evaporation Pond. 

2. Water Resources 

The unit would deplete the average annual flows of the lower 
Dolores and Colorado Rivers by a maximum of about 3,950 acre-feet. This 
reduction would be about l percent of the Dolores River's flow below 
Paradox Valley and would be about 0 .l percent of the Colorado River's 
flows immediately below the confluence with the Dolores River. 
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F. SHORT- AND LONG-TERM ENVIRONMENTAL USES 

This chapter briefly discusses the extent to which the unit would 
involve exchanges between short-term environmental gains at the expense 
of long-term losses, and vice-versa, and the extent to which the pro
posed action precludes future choices. 

l. Short-Term Gains Compared to Long-Term Losses 

For the short term, Federal funds for construction would provide 
job opportunities and stimulate the local economy during the 6-year con
struction period. The excavation of the prehistorical site would con
tribute to the knowledge of the area's prehistory. 

Over the long term, certain environmental losses would occur. The 
unit would deplete the flows of the Dolores and Colorado Rivers by an 
annual average of about 3, 950 acre-feet. Two ranchers would be ad
versely affected, one of them markedly, because of necessary land acqui
sitions at Radium Evaporation Pond. A total of 3,658 acres of wildlife 
habitat and grazing land would be permanently lost, consisting of 3,630 
acres at Radium Evaporation Pond and about 28 acres removed by other 
surface fa cilities. Minimal losses of deer would result at the brine 
well field because of increased human activity. The removing of 36 
acres of pinyon-juniper woodland along the brine pipeline and the in
creased human activity at the well field would reduce the available 
nesting habitat or decrease the hunting area for some species of rap
tors . . Long-term losses would also be expected for some of the various 
species of small nongame mammals, gamebirds, nongame birds, and rep
tiles. Although studies have not been completed, waterfowl losses could 
occur at the evaporation pond. The unit structures would disrupt the 
scenery of the area. 

Inundation of the pond could restrict the development of potential 
uranium deposits beneath the site. Two archaeological sites would be 
permanently lost by inundation of the pond. 

2 . Short-Term Losses Compared to Long-Term Gains 

Short-term losses would include the strain placed on local utili
ties, educational and medical facilities, police and fire protection, 
recreational facilities, and other community services. Temporary losses 
for wildlife, such as mule deer, small game and nongame mammals, fur
bearers, varmints, and nongame birds, would occur during the clearing of 
218 acres of habitat for the proposed pipeline. 

The most significant long-term gains would be from the benefits 
derived in the Lower Colorado Basin resulting from reduced salinity, 
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totaling $4,186,000 annually, and from contributions toward the main
tenance of established salinity standards along the river. The habitat 
of fish and aquatic invertebrates would be enhanced in about 70 miles of 
the lower Dolores River. Habitat improvement at Radium Evaporation 
Pond, along the Dolores River, and along the brine pipeline would bene
fit pronghorns, small game and nongame mammals, furbearers, varmints, 
some raptors, and gamebirds, waterfowl and shore birds, and one species 
of reptile and represents a long-term commitment to the habitat require
ments of these species. 

3. Relationship Between Unit Development and Future Options for 
Resource Development 

The fuels, power, manpower, and construction materials required for 
unit construction and operation would not be available for other uses. 
Federal funds committed to the unit could not be put to other uses. The 
water depleted from the river, although extremely small, would also not 
be available for alternative uses. 
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G. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

A total of 7,891 acres of land now ih use for livestock grazing and 
wildlife habitat would be acquired for unit purposes. Of this total, 
4,211 acres would be irreversibly and irretrievably committed to long
term unit purposes for the evaporation pond, well field, hydrogen sul
fide plant, housing, and brine pumping plants. The 3,660 acres in the 
wildlife area, although committed to its proposed use for a long period, 
could be restored to approximate present conditions, if desired. The 20 
acres required for construction materials would not be irreversibly 
committed to the unit . 

The construction materi als irretrievably committed to use would 
include an estimated 7,684,000 cubic yards of soil, sand, gravel, 
cobble, and riprap required for the dam, dike, and pond, as well as an 
undetermined amount of materi als for roads and other features. Concrete 
aggregate of an undetermined quantity would come from the area for con
struction of the dam, dike, part of the brine pipeline, hydrogen sulfide 
plant, and pumping plants. Cement and manufactured materials brought in 
from outside the area would be irretrievably committed to unit purposes. 
Construction would also involve the consumption o.f energy such as fuels, 
explosives, and electrical power. After construction, an average of 
15,200,000 kilowatt-hours annually of electrical energy would be con
sumed at the brine well field, hydrogen sulfide plant operation and 
maintenance housing, and pumping plants. 

With a maximum pumping rate of 5 cfs and proposed flood storage 
capacity in Radium Evaporation Pond, 3,950 acre-feet would be irretriev
ably depleted each year in the lower Dolores River and the Colorado 
River. The evaporated water would be unavailable for other uses in the 
Colorado River Basin. 

Two archaeological sites would be irretrievably disturbed because 
of an investigation program and unit construction. The sites, which 
would be inundated by Radium Evaporation Pond, consist of an abandoned 
ranch homestead and an area of lithic scatter. 

The unit would irreversibly change the scenery for the life of the 
unit wherever manmade structures would be built as unit features. After 
100 years, Radium Evaporation Pond would be irreversibly committed as a 
salt flat. 
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H. ALTERNATIVES ' TO PROPOSED ACTION 

1. Introdu~tion 

This chapter . qiscusses three alternatives to the proposal. The 
first is th~ alternative of no Federal development. In the second 
alternative, ~adium Evaporation Pond would be replaced by a pond in 
Sinbad Valley to the north of Paradox Valley, which is the only other 
site in the unit a!ea that would be suitable for disposing of brine at a 
rate of 5 cfs. · The other plan is based upon diverting the Dolores River 
into a lined bypass channel to be constructed across Paradox Valley. 
The brine ground water would continue to surface in the natural flood 
plain to form an evaporation pond in the middle of the valley. 

The Bureau also cons ide red three al terna ti ve concepts which were 
discarded because of doubtful practicality and which are not included in 
this chapte~. , One of ~hese would involve desalting the moderate and low 
flows of the Dplores River immediately downstream from the brine area 
and piping the effluent to Radium Evaporation Pond for disposal. The 
product water would be 'returned to the river channel. The surfacing 
brine itself could not be treated, since it is too saline for present 
desalting processes. In fact, it is already saltier than the effluent 
from a desalting plant. This alternative would remove much less salt 
than the proposal, would have excessively high construction and opera
tion costs, and would require large amounts of electric power. 

The second .method would be to establish a freshwater lake over the 
zone of brine inflow to. develop a positive head over the aquifer and 
thus reduce or prevent brine inflow into the river. This method would 
require the construction of a dam with outlet works and would inundate a 
large acreage of bottom and agricultural land and a number of farm homes 
in the Bedrock town area. Consequently, due to the high cost to invest
igate, the large adverse environmental impact to the area, and most of 
all the inability to determine the overall effectiveness for a number of 
years, the method was rejected. 

The third method would be to identify the source or sources of 
ground water recharge, then drill wells and pump the frest water before 
it comes. in contact with· the salt dome beneath Paradox Valley. The 
potential recharge area is very large, however, including West and East 
Paradox Valley, the .valley walls, and the nearby La Sal Mountains; and 
the amount of recharge that must be specifically identified is quite 
small at about 1 cfs. Recharge may also be diffused over the entire 
area rather than restricted to within smaller localities. As a con
sequence, identifying and controlling the recharge would be very costly 
with only limited results. 
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In addition to studying alternatives to the proposed plan, the 
Bureau has considered several measures that would be feasible if a well 
field pumping rate of about 2 cfs rather than the proposed rate of 5 cfs 
would effectively remove most of the salt now entering the river. A 
long-term rate in the range of 2 cfs is a possibility, given the rate of 
brine inflow, which is estimated at an average of 0.8 cfs and a maximum 
of 2.1 cfs. Consequently, in one alternative, the Bureau has modified 
the proposed plan by reducing the design capacities of the unit facili
ties and has also formulated four alternatives for brine disposal that 
may be possible at a reduced pumping rate. Three of these alternatives 
would replace Radium Evaporation Pond with alternative ponds, and 
another would involve the injection of brine into deep wells . In each 
case the brine well field, hydrogen sulfide stripping plant, and modi
fied brine pipelines would still be r.equired. The alternative plan 
previously introduced for constructing the Dolores River bypass channel 
would also be considered at 2 cfs, since its capacity, costs, and ef
fectiveness are based upon the flow of the Dolores River rather than the 
rate of brine inflow. 

If ongoing testing s hows that a pumping rate at or near 2 cfs would 
indeed be effective in removing the salts, the Bureau would reanalyze 
the unit to determine whether one of the 2 cfs plans discussed in this 
section would be more desirable than the proposed plan . 

2. Alternatives to the Proposed Plan 

a. Nondevelopment 

The discussion of this alternative is based on the assumption 
that the unit would not be developed as a Federal project. Although 
other organizations could conceivably undertake it~ development, the 
interstate and international aspects of salinity control would present 
serious problems for such an action. These problems wquld arise because 
the unit, although located in Colorado, would offer the most tangible 
benefits to water users in the Lower Basin States of California and 
Arizona as well as in the Republic of Mexico. In addition, the unit is 
part of a comprehensive program involving all seven States in the Colo
rado River Basin. 

Without the unit's salinity reductions of 180,000 tons of salt 
annually, the water users in the Lower Basin States would not realize 
the annual economic benefits of about $4,186,000. Salinity would cause 
increasing economic damages in the future, ~nd other methods to help 
meet the salinity standards would have to be looked at and used if water 
resource development continues in the basin . 

Economic and social conditions in the unit area would remain 
essentially as they are now, with no short-term impacts from the influx 
of construction workers and no long-term impacts from the acquisition of 
private grazing land, with associated losses of grazing permits on 
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public land. In addition, the potential exploitation of uranium de
posits would not be restricted by Radium Evaporation Pond. 

Wildlife habitat would not be reduced by unit structures, nor 
would riparian habitat along the Dolores River be enhanced by the re
duction of salinity . Consequently, wildlife populations would remain at 
or near their present levels. The stream fishery in the river would 
continue to be very poor, and frequently nonexistent, in the 7-mile 
reach from Paradox Valley to the confluence with the San Miguel River. 
Fisheries would also be unchanged in the lower Dolores River and in the 
Colorado River. 

Archaeological sites in the area would remain undisturbed and 
perhaps unstudied. The landscape of the area would not be altered. 

b. Sinbad Valley Evaporation Pond 

(l) D~velopment Plan 

This alternative would involve pumping 5 cfs of brine 
from the existing well field to an evaporation pond in Sinbad Valley, a 
collapsed salt anticline located about l3 miles northwest of the well 
field (see Figure H-1). After being pumped from the wells, the brine 
would be collected and conveyed to an adjacent hydrogen sulfide strip
ping plant on the west side of the Dolores River for treatment. Because 
of very rugged terrain between the plant and the pond site, the brine 
would then be conveyed in a buried pipeline for about 26 miles down
stream along the river and about 3.7 miles up Salt Creek, an intermit
tent stream which drains Sinbad Valley and is tributary to the Dolores 
River. A high-lift pumping plant would be required near the confluence 
of the two streams to lift the brine through a total vertical difference 
of about 1,060 feet into the pond, with power obtained from an existing 
transmission line along the river about 1 mile to the east. 

The evaporation pond would be formed by the construction 
of a large earthfill dam across Salt Creek on the downstream side of the 
valley. About 413 feet high and 1,440 feet long at the crest, the dam 
would contain an estimated 9,800,000 cubic yards of material (about four 
times as much as Radium Dam and Dike combined). The pond, which would 
have a useful life of 100 years at the maximum brine inflow of 5 cfs, 
would have a total capacity of about 245,000 acre-feet, over twice as 
large as the proposed Radium Evaporation Pond, but a surface area of 
only 2,280 acres, or about one-third smaller. The additional capacity 
would be required for two reasons. First, the pond would have to store 
and evaporate a larger volume of average annual precipitation and sur
face runoff than occurs in Dry Creek Basin . Second, because of the 
valley's steep topography a large capacity would be necessary to create 
an adequate surface area for evaporation . Even as now designed, the 
pond's water surface would not be large enough for annual evaporation to 
equal the average annual inflow of brine, precipitation, and surface 
runoff during the 100-year period of operations. Consequently, the pond 
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would consist primarily of brine at the end of the unit life, with some 
deposited salt, and only after a long period of time would all of the 
water evaporate and leave an exposed salt flat. 

The construction cost and cost per ton of salt removed 
would be about three times as high as the proposed plan. In addition, 
the construction of an evaporation pond in the valley would pose serious 
technical engineering problems because of the geology. The dam would 
require a large amount of material, and there is no known quantity of 
sui table material in the area. Large-scale seepage could also be a 
severe hazard, necessitating expensive lining of the reservoir basin. 
The valley floor is the residual cap of a salt dome, composed of gypsum 
and other soluble materials like those found beneath Paradox Valley, and 
would consequently be questionable for a pond basin. The valley walls 
would also cause seepage problems since the strata dip away from the 
pond site, are highly fractured, and are characterized by collapsed 
fault blocks . 

(2) Environmental Impacts 

This alternative would have essentially the same impacts 
as the proposed plan on lower basin water users, water quality, and fish 
and aquatic invertebrates in the Dolores River. Construction would re
quire a larger work force over a longer time span, however, and would 
thus bring more money into the area in the form of salaries and retail 
trade, but as a result would also place a greater strain on local munic
ipal facilities. Stream depletions of the Colorado River would be 
slightly greater. The acquisition of private land for the pond would 
not seriously affect the one rancher in the valley since the operation 
is quite extensive. Since Salt Creek is intermittent and highly saline, 
the evaporation pond would not have any impacts on fish and aquati c 
invertebrates below it. The acquisition of wildlife mitigation lands 
could, depending on their ultimate location, seriously jeopardize ranch
ing operations, since these acquisitions would have to be quite large in 
order t o adequately compensate for the wildlife habitat inundated by the 
pond and degraded by the pipeline. The pond would inundate up to 2,280 
acres of wildlife habitat characterized by mountain mahogany, Gambel's 
oak, and serviceberry on the valley slopes and mixtures of pinyon
juniper woodland with sagebrush on the valley floor. Although this is 
about 1, 350 acres less than would be lost at, the proposed Radium Evap
oration Pond, it is a critical winter range for mule deer and also a 
good range f or mountain lion. The brine pipeline along the river would 
also cause a significant loss in wildlife populations by the removal of 
about 100 acres of valuable riparian habitat. Because of these impacts, 
this plan could require a much more extensive mitigation program than 
the proposed plan. The Fish and Wildlife Service, under Section 7 of 
the Endangered Species Act, would have to review this alternative for 
potential adverse impacts on the peregrine falcon, since additional 
riparian habitat would be lost. 
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c. Dolores River Bypass Channel 

(l) Development Plan 

This alternative would involve diverting the Dolores 
River out of its natural channel and routing it across Paradox Valley in 
a channel constructed of impervious material, allowing the brine and 
fresher ground water to evaporate in the natural flood plain where they 
now surface (see Figure H-2). Intermittent flows of East Paradox Creek 
would also be evaporated, but the flows of West Paradox Creek would be 
diverted into the bypass channel, which would be located to the west of 
the present riverbed. 

At the upstream side of the valley an earthfill diversion 
dam 80 feet high and l, 000 fee t long at the crest, combined with a 
cutoff wall, would force all of the surface and subsurface flows of the 
river into the bypass channel, which would have a total length of about 
5 miles. The eastern bank of the channel, with a height of about 52 
feet above the natural riverbed, would prevent the maximum probable 
riverflow of 74,200 cfs from spilling into the brine evaporation area. 
The western bank would be lower, about 22 feet high, and would contain 
the estimated 25-year flood of 11,600 cfs. Although larger flows would 
spill over the western bank away from the natural river channel and 
temporarily inundate up to 900 acres, the water would drain out as the 
flood receded. An impervious lining of compacted earth placed on the 
bottom and lower sides would handle flows of 3, 000 cfs or less, which 
occur about 95 percent of the time. With larger flows the water level 
would rise into the unlined portion of the banks, where some seepage 
would occur, but the infrequency and short duration of such occurrences 
would keep the losses to a minimum. At the downstream side of the 
valley, the channel would end with a concrete drop structure that would 
discharge the flows into the natural riverbed. A second dam and cutoff 
wall would be constructed across the riverbed just upstream from the 
drop structure. This dam would also be earthfill, with a height of 80 
feet and a crest length of 850 feet. The purpose of this structure 
would be to prevent the surfacing brine from leaving the valley and 
entering the river downstream from the bypass channel. Impounded behind 
the dam, the brine would form an evaporation pond in the natural flood 
plain of the river . The pond would be enclosed by the lower dam on the 
north, by the bank of the bypass channel on the west, and by natural 
terrain on the south and east. With a maximum size of 58,200 acre-feet 
in volume and 2,630 acres in surfa ce area, it would be large enough for 
a 100-year operational life. At its maximum size, it would extend 
across the entire width of the valley. The tot~l construction cost and 
the cost per ton of salt removed would be about the same as the proposed 
plan. 

The long-term effectiveness of this plan is uncertain, 
since the formation of a large pond on top of the seeps and springs 
could alter the behavior of the ground water. As the pond grew larger, 
the increasing static head created by the water and the precipitated 
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salts might gradually overcome the ground water pressure that now forces 
the brine to surface along the river. Consequently, part or all of the 
brine might begin to surface at one or more locations outside the con
trol area and again enter the river. 

The plan could be modified by increasing the size of the 
upper dam to provide temporary storage space for floodflows of the 
Dolores River. The stored flows would then be gradually released at a 
controlled rate into the bypass channel, thus allowing the capacity of 
the channel to be decreased. Such a modification does not offer any 
economic advantage, however, since the increased cost of the dam would 
outweigh the decreased cost of the channel. 

(2) Environmental Impacts 

This alternative would have larger adverse impacts on 
local economic and social conditions than the proposed plan as a result 
of relocating up to ten residences, a cemetary , part of Colorado State 
Highway 90, and about 5 miles of county road. In addition, up to 2,630 
acres of pasture, irrigated cropland, and range would be removed from 
agricultural production. Although the total acreage affected would be 
less than the 3,630 acres inundated by the proposed Radium Evaporation 
Pond, most of it is of a much better quality for agriculture . An addi
tional 900 acres of agricultural land would be temporari ly taken out of 
production when the Dolores River flows were high enough to flood over 
the western bank of the bypass channel. The residents of the valley 
would probably be offended by the presence of such a large and unaes
thetic structure across the middle of the valley. 

The stream depletion is estimated to be nearly the same 
as the proposed plan at a maximum of about 3, 750 acre-feet annually, 
consisting of 2,900 acre-feet of brine and fresher ground water and 850 
acre-feet of intermittent flows from East Paradox Creek. If the brine 
did not surface in new areas, the impacts on water quality in the lower 
Dolores and Colorado Rivers would be the same as the proposed plan, with 
a salt reduction of 180,000 tons annually. 

Like the proposed plan, this alternative would enhance 
stream habitat for fish and aquatic invertebrates downstream from Para
dox Valley by the improvement in water quality. The bypass channel, 
however, would eliminate about 5 miles of river channel in Paradox 
Valley above the brine area that now supports fish whenever the flows 
are sufficient. 

The evaporation pond would reduce the available wildlife 
habitat in the valley by inundating 2,630 acres of cropland and pasture, 
native grassland, sagebrush, greasewood, seablite, pinyon-juniper wood
land, and nearly all of the valuable riparian growth in the valley. 
This vegetation, particularly the riparian growth, is considered to be 
more valuable for most wildlife species than the vegetation found at the 
proposed Radium Evaporation Pond site. Big game mammals would be mini
mally affected because of their limited use of the area, but small game 
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and nongame populations would be reduced significantly. The alternative 
would also have a greater potential for adverse impacts on the critical 
habitat of the endangered peregrine falcon by reducing hunting areas. 

3. Smaller Scales of Development 

a. Modified Radium Evaporation Pond 

(1) Development Plan 

If pumping brine from the well field at 2 cfs would 
reduce the salt inflow by about 180,000 tons annually, all of the pro
posed unit facilities would be reduced in operating capacity. None of 
them could be eliminated, however. The hydrogen sulfide stripping 
plant, brine pipeline, pumping plants, and evaporation pond would all 
have the same locations as they would at 5 cfs. The most significant 
change would involve Radium Evaporation Pond, which would be reduced 
from 86,800 to 36,000 acre-feet in capacity and from 3,630 to 1,780 
acres in surface area, located entirely in the drainage of the West Fork 
of Dry Creek. Radium Dam would be reduced in size to a height of 89 
feet and a crest length of 6,000 feet but would have the same location. 
The dike, also considerably smaller with a height of 22 feet and a crest 
length of 5,500 feet, would be located on the saddle between the East 
and West Forks. Because of the smaller pond, the size of the wildlife 
area would also be reduced. The total construction costs and cost per 
ton of salt removed would be slightly more than half the cos ts of the 
proposed plan. 

(2) Environmental Impacts 

This alternative would have fewer short-term impa cts 
during construction than the proposed plan, since a smaller work force 
and shorter construction period would be required. The plan would have 
essentially the same long-term impacts with respect to economic and 
social condi tions, water quality, fish and aquatic invertebrates, and 
histori cal and archaeological sites. Of the two ranchers with grazing 
land at the pond, the impacts on the one who would be severely affected 
in the proposed plan would remain substantially the same since his lands 
would still be in the pond basin . The other rancher would be less 
affected since his land is in right-of-way required primarily for wild
life mitigation land, which would be considerably less in this alterna
tive . Although the stream depletion would be less, about 1, 770 acre
feet annually compared to 3,950 acre-feet, the resulting impacts on fish 
and wildlife habitat downstream would not be significantly different. 
The only marked difference would be at the smaller evaporation pond, 
which would inundate less than half as much wildlife .habitat and result 
in smaller population losses. Because of the uniformity of habitat 
throughout Dry Creek Basin the species affected would be similar, in
cluding mule deer, pronghorn, sage grouse, small game, nongame, and 
raptors. Range acquisition and improvement would compensate for most of 
the potential losses . 
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b . Modified Sinbad Valley Evaporation Pond 

(l) Development Plan 

This plan would involve pumping the brine to Sinbad 
Valley for disposal, as discussed earlier, but the H2S stripping plant, 
29.7-mile brine pipeline, pumping plants, and evaporation pond would be 
reduced in capacity to handle only 2 cfs of brine. The evaporation pond 
would have a maximum capacity of 146,000 acre-feet and a corresponding 
surface area of 1,600 acres. The dam required to form the pond would be 
a bout 360 feet high and l , 400 feet l ong at the crest. Because of the 
valley's steep topography , the pond's water surface would not be large 
enough for annual evaporation to equal the average annua l inflow of 
brine, precipitation, and surface runoff during the 100-year period of 
operations. Only after a long period of time would all of the water 
evaporate and expose a salt flat. 

Like the l arger evaporation pond in Sinbad Valley this 
pond would also have serious geologic problems. The problems would 
include the lack of a known quantity of suitable material for cons truc
tion and the potential for large-scale seepage through the valley floor 
and walls. This plan would be about three times as costly as the 
modified Radium Evaporation Pond and nearly twice as costly as the 
proposed plan described in Chapter A. 

(2) Environmental Impacts 

During construction, this plan would have more serious 
adverse impacts on local economic and social conditions than the plan 
just described for the reduced Radium Evaporation Pond, since the work 
force would be larger and the construction period would be longer. The 
plan would have essentially the same long-term impacts, however, with 
respect to economic and social conditions, stream depletions, water 
quality, and fish and aquatic invertebrates . Impacts on wildlife would 
be more severe because of the inundation of about 1,600 acres of crit
ical winter range for the mule deer and the loss of about 100 acres of 
valuable riparian habitat along the brine pipeline. The pond would also 
remove good range for the mountain lion. Because of the overall im
pacts, a significant mitigation program would be necessary . 

c. East Paradox Val ley Evaporation Pond 

(l) Development Plan 

With a well field pumping rate of about 2 cfs, the brine 
could be evaporated at an alternative site about ll miles southeast of 
the proposed hydrogen sulfide stripping plant. A buried pipeline with 
three pumping plants would convey the brine to the evaporation pond, 
which would be located on a low and relatively flat saddle separating 
Paradox Valley from the northern tip of the Dry Creek drainage. A dike 
and a dam would be constructed to form the pond. On the west side a 
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dike with a height of 88 feet and a crest length of 7, 970 feet would 
extend across East Paradox Creek. On the east side a dam with a height 
of 180 feet and a crest length of 2,140 feet would be located on an 
intermittent tributary of Dry Creek. The resulting pond would have a 
total capacity of 65,000 acre-feet and a maximum surface area of 1,030 
acres. The large capacity would be required to produce an adequate area 
for evaporating the brine. Even with the 1,030 acres, evaporation would 
occur more slowly than inflow, and few salts would be deposited during 
the 100-year period of operations. Eventually, however, an exposed salt 
flat would replace the brine. This plan would be about twice as costly 
as the scaled down Radium Evaporation Pond and about equally as costly 
as the proposed plan. 

The location of the dam in this plan presents geologic 
problems, since the foundation would be situated in a number of fault 
blocks. The site is an area of peripheral collapse dividing the main 
Paradox salt cell from a lesser salt cell whi ch underlies this reach of 
the Dry Creek drainage. Consequently, an expensive lining would be 
required for the pond. 

(2) Environmental Impacts 

This alternative would have the same impacts as the 
small-scale Radium Evaporation plan on economic and social conditions, 
(both short- and long-term), stream depletions, water quality, and fish 
and aquatic invertebrates. The impacts on wildlife would generally be 
smaller however. The brine pipeline and evaporation pond would affect 
fewer acres, and the habitat involved would be less valuable for wild
life. The 11-mile-long pipeline would remove about 110 acres of sage
brush and semidesert shrublands, compared to a total loss of about 206 
acres for the proposed pipeline . In addition, the proposed line would 
affect some pinyon-juniper woodland, which is more valuable for many 
species of wildlife. The evaporation pond would inundate about 570 
acres less than the 2-cfs Radium Evaporation Pond and would be located 
in an area that is generally less valuable for wildlife. This alterna
tive would have a minimal impact on local agriculture , since most land 
utilized would be Federal land presently managed by the Bureau of Land 
Management, although there would be a slight reduction in grazing 
permits. 

d. West Paradox Valley Evaporation Ponds 

(1) Development Plan 

At a pumping rate of 2 cfs or less, the brine could also 
be evapora ted by a series of eight small ponds beginning adjacent to the 
well field and extending to the northwest for about 2 miles. The hydro
gen sulfide stripping plant would also be located on the northwestern 
side of the well field, and a buried pipeline would extend from the 
plant along the length of the ponds, with a separate turnout and valve 
for each pond. A pumping plant would be installed at the beginning of 
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the pipeline. The ponds would be formed by excavating eight small 
basins and using the material to construct surrounding dikes that would 
range in height from 25 to 80 feet. The resulting ponds would vary in 
size--the smallest with a capacity of 1,670 acre-feet and a surface area 
of 130 acres, the largest with a capacity of 8, 900 acre-feet and a 
surface area of 500 acres. The total capacity would be about 29,600 
acre- feet. To prevent any seepage, the ponds would be lined with im
pervious material, such as butyl rubber, vinyl, or treated clay derived 
from local shale formations such as the Mancos Shale or Morrison For
mation. The ponds would be constructed one at a time as needed during 
the 100-year operational life of the unit, and the last one would not be 
completed until about the 70th year. As each one was filled with salt 
deposits, it would be covered with earth and seeded. The cos ts for this 
plan would be about the same as the costs of the alternative plan using 
the 2-cfs Radium Evaporation Pond. 

(2) Environmental Impacts 

Since the ponds would be built as needed over a 70-year 
period, this alternative would have fewer beneficial and adverse impacts 
on economic and social conditions from construction work than the 2-cfs 
Radium Evaporation plan. The alternative would have the same long-term 
impacts as the small Radium evaporation plan with respect to economic 
and social conditions, stream depletions, water quality, and fish and 
aquatic invertebrates downstream. The eight ponds would remove about 
the same total amount of wildlife habitat, consisting of 1,700 acres of 
sagebrush, pinyon-juniper woodland, and semidesert shrubs, but the re
sulting impacts on wildlife would be different. Big game species use 
the area only minimally and would consequently not be affected signifi
cantly, while small game and nongame species would experience signifi
cant declines in population. The plan would al so have a much greater 
potential for adversely affecting critical habitat of the endangered 
peregrine falcon by the inundation of hunting areas and long-term human 
activity at the ponds. 

e. Deep Well Injection 

(l) Development Plan 

This plan would involve pumping the brine at a rate of 2 
cfs or less from the existing well field, removing the hydrogen sulfide 
gas, then injecting the brine into one or more deep wells as a means of 
disposa l. The injection deep wells, located in Paradox Valley near the 
river, would eliminate the need for the brine pipeline and evaporation 
pond. A stripping plant would still be needed, however , to insure that 
the H2S gas did not impede underground injection of the brine. If 
necessary, additional surface facilities would be constructed to pre
treat the brine by filtration or the addition of chemicals in order to 
prevent clogging of the formation. 
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A study by a consulting geo l ogist under contract with the 
Bureau has recommended that an abandoned oil exploration well, located 
about 0.75 mile southwest of the brine well field, be rehabilitated and 
tested to determine the feasibility of brine injection (Turner, 1975). 
The well extends over 15,000 feet into sediments of Mississippian age 
underlying the salt core of Paradox Valley. Because of their extensive 
size, thickness, and noted porosity, these sediments could possibly 
provide a suitable subsurface reservoir for the brine. The depth to the 
sediments is also a favorable factor, since they are deep enough to be 
unaffected by faults and other structures that could cause leakage to 
the surface and is also well below any freshwater circulation and con
fined by the thick layer of salt immediately above it. Because of the 
depth and homogeneity of the formation, injection would not be likely to 
cause tremors, as have occurred elsewhere, but other environmental 
impacts--as yet undetermined but associated with the increased pressures 
and fluids within the formation--could occur . 

To. investigate this means of disposal, the oil well would 
be rehabilitated, tested, and drilled to a greater depth if the tests 
showed that this would open up additional porous zones . A buried pipe
line would convey the brine from the hydrogen sulfide stripping plant, 
and a pumping plant would be installed to compress the existing forma
tion water and thus force the brine into the sediments. Although deep 
well injection for oil production is an established practice, its use 
for waste disposal into Mississippian-aged formation at depths of 15,000 
feet is still considered experimental. Since brine would be injected 
into a formation which already has an existing fluid, compression of the 
fluids and perhaps the formation rock itself would be necessary. 

Several potential problems of a more definable nature 
would occur with this alternative, however, particularly in the area of 
deep well effectiveness. Even if the formation would receive brine 
without significant problems, a large number of new wells would probably 
be required to provide an operational life of 100 years for the unit . 
Some wells would probably encounter impervious areas of the formation 
and would have to be discarded, and the successful wells would probably 
exhibi t a great deal of variation in the rate of brine they could re
ceive and the storage area available for brine. 

The total construction cost of this plan would depend 
upon the number of wells ultimately required to inject brine for an 
operational period of 100 years. The number of wells would in turn be 
dependent upon the injection rate per well, which in comparable, opera
tiona l deep wells varies from .25 to 1.0 cfs and upon the life of each 
well, which would probably be less than 10 years. The injection pres
sure would probably be in the range of 1,000 to 2,500 pounds per square 
inch. The Bureau of Reclamation estimates that the cost of rehabili
tating the existing well and installing surface pretreatment facilities 
would be about $1,000,000, and that the cost of installing each new 
injection well would be about $3.5 million. Because of the many vari
able and unknown factors involved in deep well injection, the total 
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construction costs could vary considerably. If conditions were ex
tremely favorable, with each well receiving l cfs of brine over a useful 
life of 10 years, this plan would be the most economical of all of the 
2-cfs plans for a 100-year project life, amount ing to perhaps half of 
the cost of the modified Radium Evaporation Pond plan . If conditions 
were unfavorable, however, with each well receiving only about 0.25 cfs 
over a life of only 3 years, this plan could cost perhaps four or five 
times as much as the modified Radium Evaporation Pond plan. Based on 
optimum efficiency of deep wells to handle 2 cfs of brine, annual opera 
tion, maintenance, and replacement costs, including t he power require
ments, would be similar to those in the recommended plan . 

(2) Environmental Impacts 

Construction work on this plan would occur over a long 
period of time with new injection wells drilled as necessary. Conse
quently, while the resulting construction impacts on local conditions at 
any one time would be of much smaller magnitude than the 2-cfs Radium 
Evaporation plan, they would essentially endure over the life of the 
project since construction would be continual. The alternative would 
have the same long-term impacts as the 2- cfs Radium plan on stream 
depletions, water quality, and fish and aquatic invertebrates downstream 
from the well field. It would have smaller effects on most species of 
wildlife, and agriculture, however, since it would have no evaporation 
pond to replace existing habitat. In addition, the short pipelines to 
the disposal wells would remove only a small amount of habitat. The 
well field would have impacts similar to those in the proposed plan, and 
the surface pretreatment facilities would probabl y have effects quite 
similar to those of the hydrogen sulfide stripping plant. By requiring 
fewer surface structures, the alternative would have lesser impacts on 
the scenery of the area. Continual construction activity at the well 
field, however:, has the potential to adversely affect the endangered 
peregrine falcon. 
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CHAPTER I 

CONSULTATION AND COORDINATION 
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I. CONSULTATION AND COORDINATION 

l. Development of the Proposal 

In formulating the proposed plan, the Bureau of Reclamation ob
tained planning aid and evaluation of unit purposes from several Federal 
and State agencies, including the Fish and Wildlife Service, the Bureau 
of Land Management, the Colorado Division of Wildlife, the Colorado 
State Archaeologist, and the Colorado State Historical Society. 

2. Preparation and Review of Draft Environmental Statement 

a. Preparation of Statement 

In preparing the Draft Environmental Statement, the Bureau of 
Reclamation received informati on from various Federal, State, and other 
agencies and organizations concerning the present environment, antici
pated impacts of the unit, and recommendations for the wildlife area and 
the archaeological· preservati on plan. The Fish and Wildlife Service 
provided a planning aid memorandum concerning possible impacts of the 
unit and recommended a mitigation plan, which the Bureau incorporated 
into its plan. The Service also furnished information, which is 
attached to this statement, on the impacts of the unit on endangered 
species. The Colorado State Division of Wildlife, under a contract with 
the Bureau, conducted an inventory of fish and wildlife in the area and 
the expected impacts from the unit. Also under a contract with the 
Bureau., Colorado State University is studying the effects of brine on 
waterfowl. A fauna inventory was conducted by Fort Lewis College under 
a contract with the Bureau, and, under a contract with the National Park 
Service , the college reported on the archaeological and historical 
resources in the area. Information on the geology and mineral resources 
of the unit area and water quality data came from such agencies and 
organizations as the Environmental Protection Agency, the U.S. Geo
logical Survey, the Bureau of Mines, and Utah State University. The 
Colorado State Archaeologist and the Colorado State Historical Society 
asses sed the impacts of the proposed action on archaeological sites in 
the unit area. 

b. Distribution of Statement 

When the Draft Environmental Statement (DES 78-18) was re
leased in May 1978, approximately 250 copies were distributed for review 
to Federal, State, and local agencies and to water users' organizations, 
conservation groups, educational institutions, news media, and indi
viduals. Copies were also made available for public inspection at 
public, college, and univers i ty libraries. Agencies and organizations 
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rece1v1ng the draft statement and those commenting thereon are indicated 
in the distribution list near the front of this statement. 

The review period for the Draft Environmental Statement began 
with the notice of availability published in the Federal Register of 
May 17, 1978. The review period officially ended June 26, 1978; how
ever, written comments received after that date have been accepted and 
considered in preparation of this final statement. 

c. Public Hearing 

A formal public hearing was held June 17, 1978, to receive 
comments on the Draft Environmental Statement. Notice of the hearing 
was made in the Federal Register of May 17, 1978. The hearing was held 
at the Nucla, Colo., high school. It was convened at 10 a . m. and was 
adjourned at about 10:45 after all who wished had testified. The hear
ing was conducted by James Limb, Regional Solicitor's Office, Department 
of the Interior, Salt Lake City, Utah. John W. Keys, Chief of the 
Colorado River Quality Office of the Bureau of Reclamation, Denver, 
Colo., and Wayne E. Cook, Senior Staff Officer, Western Colorado Proj
ects Office, Durango, Colo. , were present to represent the Bureau of 
Reclamation and to receive the testimony. 

Forty-three people signed the attendance registration for the 
hearing. Ten persons presented oral testimony. The following is a list 
of those testifying in the order in which they appeared. 

Name 
Neil Reams 
Dan Crane 
Kent Dahlquist 

Bill Raley 

Mike and Vivian Young, 
Netherton family and, 
Bill and Carol Koon 

Jack De Koevend 
Wes Wilson 
Marshall Hughes 
Victor Roushar 

Earl Wilcox 

Representing 
Montrose County Commission 
Naturita Town Council 
Union Carbide Corporation and 

self 
San Miguel Water Conservancy 

District 
Local residents: Donna Netherton 

presented statement for all 

Town of Nucla 
EPA-Denver Regional Office 
Self 
Attorney representing Marshall 

and Charles Hughes of Norwood 
Self-holder of mineral rights 

A verbatim transcript of the hearing was recorded by an offi
cial reporter. This transcript has been boJlnd and is available for 
public inspection at the locations listed on the following page. Copies 
can be purchased from the reporter, Holman W. Mills, 6123 Queen Court, 
Arvada, Colo. 80004. 
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Bureau of Reclamation 
Upper Colorado Regional Office 
125 South State Street 
Salt Lake City, Utah 84147 

Bureau of Reclamation 
Western Colorado Projects Office 
835 2nd Avenue 
Durango, Colorado 81301 

Major concerns expressed at the hearing centered on the impact 
on ·the local communities whose education, medical, law enforcement, and 
water and sewage systems are already taxed by energy resource develop
ment; potential mineral resour~es that would be covered by the evapora
tion pond and existing mineral rights in the area; possible salt 
contamination of fresh water supplies; possible damage and health 
problems from windblown salt; loss of possible use of evaporation pond 
area for waterfowl habitat and a recreation area in the future; and 
consideration of alternative brine disposal methods . Bureau of Recla
mation responses to comments read by Mr. Roushar (representing Messrs. 
Marshall and Charles Hughes), Mrs. Donna Netherton (speaking for Ed and 
Donna Netherton, Mike and Vivian Young, and Bill and Carol Koon), and 
Mr . Wes Wilson (representing the Environmental Protection Agency) are 
included in the written comments section and, therefore, are not sum
marized here. A summary of the major concerns presented at the hearing 
and responses to them follows. 

Concern: 

The local people and the impact the unit would have upon communities and 
county government is not being considered. Impacts from the unit would 
come o.n top of energy-related impacts. It would be beneficial to every
one, including the companies and corporations causing impacts, to do 
advance planning so that services such as education, medical care, water 
and sewage, and law enforcement are not inundated. 

Response : 

We agree that there is a need for advance planning. Among our purposes 
in circulating the Draft Environmental Statement was to inform people in 
the area of proposed development of the potential impacts and the plan
ning that has been undertaken to keep any adverse impacts at their 
miniumum. 

Impacts of the unit on the local, social, and economic conditions have 
been described in Section C-3. The unit area's economy and the part 
energy development has played in that economy are described in Section 
B-3b. According to the recently released Western Montrose County 
Comprehensive Development Plan (October 1978), prepared by the District 
10 Regional Planning Commission, no new large-scale developments are 
forecast for the unit area in the immediate future. A uranium mill is 
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planned at Slickrock, Colo., about 40 miles south of the unit area, but 
should not impact the unit area because of the distance involved. 
According to the District 10 Regional Planning Commission's report there 
is also the possibility of the construction of a coal-fired generating 
plant in the general area. But because plans for this development are 
extremely tentative, an impact analysis cannot be accomplished at this 
time. 

Concern: 

In the long term, wouldn't it be cheaper and more environmentally desir
able to remove the 18.2 milligrams per liter of salt by enlarging the 
desalting plant now being constructed in the lower basin. 

Response: 

Given the present state of the art, the cost of salinity control is more 
a function of the volume of water handled and treated than of the total 
dissolved solids concentration. This means that it invariably is more 
cost effective to handle and treat water of low volume and high TDS con
centrations at or near the source of pollution than it is to treat 
diluted concentrations at some central point far removed from the pollu
tion source. Because the Paradox Valley water is highly concentrated 
brine and low in volume, the unit is very cost effective, but if the 
Paradox Valley water were to be treated at some point downstream on the 
main stream of the Colorado, the cost effectiveness would be greatly 
dimini shed since the volume of water that would have to be treated would 
be vastly greater and the concentration diluted by other sources. 

The desalting plant being constructed in the lower basin is not on the 
main stream of the Colorado River but on the tributary Gila River where 
the TDS concentrations are higher and the volume of flow much smaller. 
Moreover, this desalting plant does not benefit United States water 
users since it is below all major diversion points within the United 
States and could not therefore fulfill the purposes of the Paradox Val
ley Unit. 

Concern: 

A reservoir for recreation and waterfowl habitat could be built in the 
future . The salt flat would preclude the use for other purposes. 

Response: 

The Bureau of Reclamation, in a 1966 Feasibility Report on the San 
Miguel Project, proposed that Radium Reservoir be built for irrigation, 
recreation, and fish and wildlife purposes. The water s upply for the 
reservoir would have been imported from the San Miguel River through a 
project-constructed conveyance system. Although the project was author
ized for construction in 1968 and is now under advance planning studies, 
t he Bureau has modified the plan and no longer proposes a reservoir at 
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the site. Any reservoir at this site would be shallow and would have a 
large surface area, thereby resulting in considerable evaporation. 
Without the importation of water from the San Miguel River, the amount 
and timing of water in Dry Creek would be inadequate to establish and 
maintain a reservoir. Advance planning studies have not shown that the 
recreation and waterfowl potential benefits of Radium Reservoir could 
offset the costs of importing water . 

Concern: 

There was agreement on the advisability of taking salt out of the river. 
However, the method of disposal was a concern. Other alternatives such 
as deep well injection and Dolores River bypass channel were given as 
preferable disposal methods. It was mentioned that it is essential the 
Bureau of Reclamation keep its options open regarding alternative 
methods . 

Response: 

Section A-3 has been rewritten to make clearer the fact that the well 
field testing program and determination of the design pumping rate based 
on those tests is only a first step in project development. As shown 
and explained in Section A-5, Construction Program, the construction of 
other major project features would commence only after the results of 
this testing program have been compiled, fully analyzed, and reviewed. 
Only then would the final determination on the disposal method be made. 
The emphasis in the statement on the 5-cfs pumping rate and the sizing 
of Radium Evaporation Pond to accommodate that pumping rate was made so 
that maximum impacts could be assessed as called for under NEPA. This 
course of action should not be construed as an attempt to prematurely 
eliminate options. The alternatives presented in Chapter H, par
ticular~y the 2-cfs alternatives, will continue to be given serious con
sideration during the testing program. 

Concern: 

The town of Nucla proposed that, with some assistance, the temporary mo
bile home camp and necessary water storage for construct ion workers 
could be developed on town land. 

Response: 

The Bureau of Reclamation appreciates this suggestion from the town of 
Nucla, but it is probable that the camp would be constructed closer to 
the work site. The primary construction contractor would have the 
option of building the camp at Nucla, however, and the environmental 
statement will serve as a public record showing that the town does have 
some interest in having the camp there. If the camp were constructed at 
Nucla, the short-term social impacts would remain in the magnitude fore
cast in the statement except that they would be more focused on the town 
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itself. Sewage and water treatment facilities would have to be expanded 
and school enrollments in the Nucla school would increase substantially 
over those estimated in the statement, but enrollment would still remain 
substantially below the generally accepted optimum student-to-teacher 
ratio of 25 to l. (The impacts on Norwood school would not occur as 
reported in the statement if the contractor took this option.) The 
contractor could enter into an agreement with the town to help defray 
the cost of expanding water and treatment facilities since those ex
penses would accrue to him if the camp were built nearer Radium Evap
oration Pond. 

Concern: 

The salt removal would benefit primarily the lower Colorado River Basin. 
Benefits to the local area are very minimal at best and very short term. 

Response: 

The purpose of the Colorado River Basin Salinity Control Project, of 
which the Paradox Valley is one unit, is to help maintain salinity 
standards in the Colorado River while the Basin States, including the 
State of Colorado, continue to use and develop their apportioned share 
of that water. As discussed in some detail in Section C-11, Cumulative 
Impacts, the development and use of Colorado River water has been of 
major economic and social benefit to the people in the Upper Basin 
States. However, this development has not been without some significant 
tradeoffs. One of these has been an increase in salinity in the water 
available to Lower Basin users, causing decreased crop production on 
irrigated farmland and increased maintenance costs to municipal and 
industrial users. Therefore, a sensible salinity control program bene
fits the interests of all the States in the Basin, for it minimizes the 
threat of decreased production and increased operating costs in the 
Lower Basin while it helps to insure the continued use and development 
of apportioned water in the upper States. 

Concern: 

The pipeline and pumping equipment could fail, which would cause brine 
to permanently damage existing plants and animals and fresh-water 
supplies. 

Response: 

Corrosive damage from the brine solution would be most severe at the 
valves and meter couplings on the brine pipe network. The estimated 
service life of the pipeline is 50 years, the fittings 10 years, and the 
pumping units 10 years. Supervisory control of the stripping plant and 
brine pumping would provide a nearly constant monitoring of the opera
tions. Part of the duties of the permanent operating force would be to 
inspect the operation of the valves and meters periodically. Provisions 
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would be made in design of the system to make repairs wi thout jeopardiz
ing plants and animals or fresh- water suppl ies. A more detailed dis 
cussion of safeguards can be found in Section A-3b(3). 

Concern: 

The pumping plan has not been proven. The Bureau should not now incur 
costs associated with the building of an evaporation pond. 

Response: 

It has never been the Bureau's intention to build Radium Evaporation 
Pond prior to extensive test pumping at the well field. Only after the 
data gathered through the testing program at the field have been anal
yzed and reviewed both within and outside the Bureau would the final de
termination on the most efficient and environmentally acceptable method 
of brine disposal be made. Sections A- 3a and A- 5 have been expanded to 
clarify this matter. 

Concern: 

Who furnishes the 3,950 acre-feet of water that will be depleted by the 
unit? 

Response: 

The depletion would come from the State of Colorado's apportioned share 
of Colorado River water. It should be recognized, however, that 3,950 
acre-feet is only a preliminary estimate and that the final design pump
ing rate could a ctually be substantially less since the brine inflow 
into the river is only in the magnitude of 500 to 900 acre-feet 
annually. 

Concern: 

The evaporation pond would cover a uranium deposit that has the poten
tial of deve lopment as a mineral resource. 

Response: 

The Bureau of Reclamation has dealt with t his concern in Sections B-5c 
and C-5. It f eel s it can carry the analysis no further at this time be
cause of the inconclusiveness of the information available from Union 
Carbide Corporation. Also see response to the letter from the Bureau of 
Mi nes. 

Concern: 

Mineral rights are privately owned in Paradox Valley at the site of the 
well field, and the construction of the Paradox Valley Unit may have an 
effect on these rights. 
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Response: 

The question of whether, in this case, the brine is a compensable 
mineral is being considered by the Department of Interior's legal divi
sion. If the determination is made that it is and that the unit would 
disturb that mineral, the owners of the affected minera l estates in 
Paradox Valley would be compensated by the Federal Government in accord
ance with existing law and procedures. 

d. Written Comments 

Numerous written comments on the Draft Environmental Statement 
have been received by the Bureau of Reclamation. Some of the views 
expressed in these comments parallel those given at the public meeting, 
but in total they cover a wider range of concern. Copies of the written 
comments are included at the end of this chapter. The letters are 
grouped alphabetically in the following four categories: (a) Federal 
agencies, (b) State and local governments, (c) private organizations, 
and (d) individuals. The originals of these written comments are on 
file in the Upper Colorado Regional Office of the Bureau of Reclamation 
in Salt Lake City, Utah. 

3. Disposition of Comments Received on Draft Statement 

The review comments r eceived by the Bureau of Reclamation, both 
written and oral, have been considered in the preparation of this Final 
Environmental Statement. The statement has been expanded and modified 
where appropriate to accommodate the input received in these comments. 

Where response is appropriate, each letter reproduced in this 
chapter is followed by a memorandum which responds to the viewpoints 
raised. Some of the letters require no response, but their receipt is 
acknowledged. 
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Comments from Federal Agencies 

Department of the Interior 
Bureau of Land Management 
Bureau of Mines 
Fish and Wildlife Service 
Geological Survey 
Heritage Conservation and Recreation Service 

Advisory Council on Histori c Preservation 

Department of Agriculture 
Forest Service 
Soil Conservation Service 

Department of the Army, Corps of Engineers 

Department of Health, Education, and Welfare 
Public Health Service 

Environmental Protection Agency 
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JN REPLY REFER TO 

United States Department of the Interior 

Memorandum 

BUREAU OF LAND MANAGEMENT 

C O LORA DO STATE OFF ICE 
ROOM 7 00. COLOFiADO STATE BAN I< B UIL D ING 

1600 BRO AD WAY 
OE,..IV[R COL0Q.AU0 :::-020~ 

JUN 2 6 l!J /8 

To: Regional Director, Bureau of Reclamation, Upper Color;a)fb"1 

Regional Office, P. 0. Box 11568, Salt Lake City, Uta~~~{l 

From: State Director, BLM, Colorado 

C0-922 
1793 

Subject: DES-78/19 - Paradox Valley Unit, Colorado River Basin Salinity 
Control Project, Bureau of Recl amation 

We have reviewed the draft environmental statement and offer the following 
comments. Specific comments are keyed to page numbers. 

General Comments 

The Paradox Valley Unit draft statement has not considered in depth 
the visual resource in the description of the environment in Section B 
and in the impacts chapter, Section C. The short paragraph on "Preserva
tion of Scenery" in mitigating measures, Section D, has no conti nuity 
with previous chapters and offers nothing specifi c . Impacts on visual 
resources should have been systematic and specific . 

The description of the proposed action is not detailed enough to adequately 
assess visual impacts such as location of facilities, cuts and fills, 
clearings, etc. 

Greater emphasis should be given to the soils resource in the ES . Informa
tion on the erodability, engineering properties and abil ity to sustain 
rehabilitation measures seems appropriate. 

There is no reference to other projects in the region, such as uranium 
exploration and mining expansion, Shell, Mobil and other co2 well field 
and pipeline developments, coal development, and other water projects, 
etc . , which will have cumulative impacts on the economic and social 
integrity of the population of the region. A project of thi s size would 
have impacts in conj uncti on with others, and i t should be analyzed in 
light of the other impacting activities, not apart from it. 

Save Energy and You Serve A me rica! 
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The ES also needs a description of the existing roads, their condition, 
their present traffic load, and the resulting increase in use due to 

2 

the proposal. The assumption has been made in the analysis that most of 
the workers would commute from distant areas by private vehicle to work. 
The impacts to the roads and safety due to the increase in use should 
be assessed. 

Benefits to recreation have been analyzed in terms of increased numbers 
of man days of certain activities. A similar list of man days lost to 
the other recreation values, such as wilderness, solitude and aesthetics, 
should have been examined. Quality of experience is as important as 
quantity of use. 

Drawings in transverse and cross-section of the two dams on the Radium 
Evapo~ation pond would be helpful in interpreting the size of the 
structures. Volume capacities in millions of cubic yards are difficult 
to envision. 

In assessing economic and social impacts, it would be helpful to provide 
a more detailed description of the stages of implementation. Figure A-7, 
page A-20, appears to be the only such description. 

Specific Comments 

Page A-5: The oblique photo on page A-5 does not sufficiently identify 
the 68 monitoring wells, 19 brine wells, and stream monitoring stations 
on the map. 

Page A-6, paragraph 3, Hydrogen Sulfide Stripping Plant: The amount of 
nickel sulfate which would be used as a catalyst, and the concentration 
in the bri ne should be discussed. 

Page A-12 , paragraph l, Radium Dam: More detail in the dam descriptions 
is needed. 

Page A-13, paragraph 4, Transmission Facilities: A description of the 
construction and design details of the proposed transmission facilities 
would be helpful . It should show how they are designed to eliminate 
hazards to raptors. The map should give the route of the power line. 

Page A-19, paragraph 3, Construction: More detail is needed on stages 
of implementation . 

Page B-6, Recreation: The ES needs to discuss dispersed recreation 
capabilities in the Paradox Valley, as well as the relatively intensive 
river running potential along the Dolores. In terms of regional recrea
tion interest, Bedrock is the downstream egress point for a significant 
{approximately 5,000 visits annually) number of river running trips on 
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the Uolores River. This point also marks the lower-most extension of a 
lO~mile segment of the Dolores River that has been recommended in the 
final Wild and Scenic Rivers study report for inclusion in the national 
W & SR system. The relative significance of the area for sightseeing/ 
pleasure driving is indicated in the most recent Colorado Department of 
Highways traffic volume studies. 

Page B-6, paragraph 4, Transportation: An influx of a large number of 
construction workers would likely cause an increase in recreational 
driving, especially off-road and back-road use. Present use data would 
be helpful here. 

Page B-6, Item 4- Air Quality: No discussion of climate appears in the 
description of the environment. The observation is made that existing 
climatic conditions, such air flow patterns, wind velocities, etc., 
have not been considered in the Nucla and Dry Creek Basin areas. In 
view of the fact that radium is to be extracted from a Dry Creek Basin 
evaporating pond, these climatic conditions may need to be described to 
ascertain potential health hazards to the Nucla, Naturita and Norwood 
communities . 

Page C-4, paragraph 1-3: This is an example of where visual impacts 
have been ignored. Temporary mobile home parks can cause considerable 
visual blight. 

Page C-5, Facilities and Services: No discussion of the effects of 
increased traffic has been given in this section. 

Page C-6, paragraph 1, Recreation: An influx of construction workers 
away from their families would result in increased use of back country 
roads and two-track trails. Vandalism of archeological sites and some 
violation of game laws might occur. 

C-15, paragraph 2, Raptors: Consideration should be given to the effect 
the powerline will have on raptors in the vicinity, and shown in the ES. 

PagesC-27, 28- paragraphs 1 and 2, Recreation: This section describes 
numerous effects of other Colorado River Storage Projects, but no specific 
impacts of the Paradox Valley project are discussed. 

The loss of one recreation resource is not compensated by the increase 
in another. Accessibility to a recreation event or location may detract 
from its value to some people. This discussion does not consider the 
impacts to wilderness, solitude, or visual recreation values separate 
from increased fishing, boating and camping. 
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Page C-52, Table C-28: It is apparent from the table that even if the 
authorized and investigated projects were implemented, the salinity of 
the Colorado River at Imperial Dam would still increase . 

4 

Considering that many of our comments deal with the adequacy of treatment 
of impacts to several resource values, we would appreciate an opportunity 
to comment on the final ES and on other ES's concerning CRSP projects . 

Overall, the attempt in this DES to discuss cumulative impacts in terms 
of CRSP projects appears grossly misleading. There is probably a need 
to discuss those impacts in an ES as indicated in earlier correspondence ; 
however, the cumulative effect on southwest Colorado of this and other 
actions can and should be the focus of this ES. 

cc: Oirector (260) 
Montrose District Office 
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Memorandum 

To: Files 

Subject: Response to Letter from Bureau of Land Management, Colorado 
State Office, Denver, Colo., Dated June 26, 1978. 

l. Comment: 

The Paradox Valley Unit draft statement has not considered in depth the 
visual resource in the description of the environment in Section B and 
in the impacts chapter, Section C. The short paragraph on "Preservation 
of Scenery" in mitigating measures, Section D, has no continuity with 
previous chapters and offers nothing specific. Impacts on visual re
sources should have been systematic and specific. 

The rlescription of the proposed action is not detailed enough to ade
quately assess visual impacts such as location of facilities, cuts and 
fills, clearings, etc. 

Response: 

The visual quality of the project area has been briefly and generally 
discussed in Sections B-2 and C-2, General Setting. 

A comparison of the existing visual resource and the basic elements with 
which to evaluate scenic quality was made by our landscape architect us 
ing the Bureau of Land Management's Visual Resource Management guide . 
The scenic quality rating procedure is based upon the premise that all 
landscapes have scenic value, but those with the most variety and con
trast have the greatest potential for high value. Classifications uti
lized in the evaluation process are land forms , vegetation types, water, 
colors, and scarcity or uniqueness of features. Applying this process 
gave a low rating to the a rea around the unit features, and a more 
extensive and detailed inventory was not considered necessary. This 
process is in keeping with the general directives set forth in the 
Council on Environmental Quality guidelines, which specifically advise 
that presentation and analysis should be exhaustive only in those areas 
of major environmental impact and concern. 

Section D-3c, Landscape Preservation, specifically states what would be 
done to preserve or restore the natural landscape. Figures in Chapter A 
are aerial photographs or maps showing locations of the unit features. 
There would be no cuts and fills. Material sources for the dam and dike 
would come from within the reservoir basin or from an already disturbed 
area, as discussed in Section A-3b(9). 
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2. Comment: 

Greater emphasis should be given to the soils resource in the ES. In
formation on the erodability, engineering properties and ability to 
sustain rehabilitation measures seems appropriate. 

Response: 

A detailed land classification soil survey was not conducted because 
this project, unlike many Reclamation projects, is not an irrigation 
development. Information on the soil characteristics at project con
struction sites, however, is presented in Section B-5 , Geology. Infor
mation on the soil resource can also be gained from the description of 
existing vegetation, Section B-8. Information on the construction 
measures that would be used to restrict erosion is contained in Section 
D-3b. Information on landscape preservation is contained in Section 
D-3c. 

3. Comment: 

There is no reference to other projects in the region, such as uranium 
exploration and mining expansion, Shell, Mobil and other C02 well field 
and pipeline developments, coal development, and other water projects, 
etc., which will have cumulative impacts on the economic and social in
tegrity of the population of the region. A project of this size would 
have impacts in conjunction with others, and it should be analyzed in 
light of the other impacting activities, not apart from it. 

Response: 

Reference is made in Section B to present and future developments in the 
area . However, information on the future developments lacks detail and 
certainty in many key areas; therefore to avoid any misleading specula
tion we have had to limit our detailed description of impacts presented 
in Section C to available data. As new information is released, it will 
be used in the planning process. 

4. Comment: 

The ES also needs a description of the existing roads, their condition, 
their present traffic load, and the resulting increase in use due to the 
proposal. The assumption ha s been made in the analysis that most of the 
workers would commute from distant areas by private vehicle to work. 
The impacts to the roads and safety due to the increase in use should be 
assessed. 

Response: 

The assumption was not made that most workers would commute from distant 
areas by private vehicle. On the contrary, Section C-3c of the Draft 
Environmental Statement described in detail the housing that would be 
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expected and showed that almost all workers would probably live in camps 
near the construction sites. All roads in the area are in good con
dition and have low to moderate use, so the minor increase in traffic 
should have no significant impact on roads and safety. Increased road 
use would occur during the time for obtaining riprap and pervious mate
rials. The source is located about 13 miles southeast of the evapora
tion pond site, and hauling would be over adequate county roads through 
Dry Creek Basin and on Highway 141. An estimated 8,200 trips would be 
made for pervious material and 6,000 trips for riprap over the 4 years 
of primary construction activity. Safety measures would be incorporated 
into contractor's specifications. 

5. Comment: 

Benefits to recreation have been analyzed in terms of the increased num
bers of man days of certain activities. A similar list of man days lost 
to the other recreation values, such as wilderness, solitude and aesthe
tics, should have been examined. Quality of experience is as important 
as quantity of use. 

Response: 

The Bureau assumes that this comment is intended as a remark about rec
reation use as it is assessed in the Cumulative Impacts, Section 
C-llb(4), since recreation features are not a part of the plan for the 
Paradox Valley Unit itself and no long-term change in recreation use has 
been predicted as a result of the unit. Reclamation did not attempt to 
give a man-day value to such recreation values as wilderness, solitude, 
and aesthetics that may have been lost because of the recreation devel
opments that have accompanied many Reclamation projects since it knows 
of no reasonable way to make such a computation. However, the Bureau 
recognizes that there have been significant tradeoffs as a result of 
these developments. Specifically identified in Section C-llb(4) are the 
adverse effects on white-water boating and the inundation of the natural 
landscape by reservoirs. Included within the l atter are the loss of 
recreation values such as wilderness, solitude, and perhaps aesthetics. 
Also see response to comment 21. 

6. Comment: 

Drawings in transverse and cross-section of the two dams on the Radium 
Evaporation pond would be helpful in interpreting the size of the struc
tures. Volume capacities in millions of cubic yards are difficult to 
envision. 

Response: 

The Bureau of Reclamation recognizes the need to help the reader come to 
some spatial understanding about the physical dimensions of the dam and 
dike. That, in part, is why information on these structures' crest 
length, height, width, and material volume ha s been presented in Section 

1-16 

( 

( 

( 



c 

A-3b ( 4). It is also why Figure A-5, which is an aerial photo of the 
pond site with an artist's concept of the proposed pond sketched over 
it, has been included. Reclamation does not agree that detailed design 
drawings in transverse and cross-section would aid appreciably in inter
preting the size of these structures and has therefore not included 
them. This information is available from design drawings and planning 
documents at Reclamation offices in Durango and Salt Lake City. 

7. Comment: 

In assessing economic and social impacts, it would be helpful to provide 
a more detailed description of the stages of implementation. Figure 
A-7, page A-20, appears to be the only such description. 

Response: 

The discussion in Sections A-3a and A-5 has been expanded to show the 
relationship of the testing program to the construction of maj or project 
features. The first 2 years would be a period of testing and evaluation 
at the well field. Construction of major features would begin following 
data collection, analysis, and determination of the disposal method. 
Impacts presented in Chapter C are based upon this testing and construc
tion schedule. 

8. Comment: 

Page A-5: The oblique photo on page A-5 does not sufficiently identify 
the 68 monitoring wells, 19 brine wills, and stream monitoring stations 
on the map. 

Response: 

A map has been included as Figure A-2 that shows the location of 31 of 
the monitoring wells and 3 of the stream salinity monitoring stations, 
as well as the pipeline and test wells. The rest of the monitoring 
wells so closely surround the test wells they are impossible to portray 
on a map of this scale. The other two stream monitoring stations are 
about 1.5 miles north and south of the outside stations shown on the 
map. 

9. Comment: 

The amount of nickel sulfate which would be used as a catalyst, and the 
concentration in the brine should be discussed. 

Response: 

For a 5-cfs hydrogen sulfide stripping plant, approximately 60 pounds, 
or l cubic foot per day, of nickel sulfate would be used, which would 
result in a concentration in the brine of about 2 parts per million. 
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10. Comment: 

Page A-12, paragraph 1, Radium Dam: More detail in the dam descriptions 
is needed. 

Response: 

The information presented in the statement, Section A- 3b(4), on the 
location and physical dimensions of the dam and dike has been condensed 
from detailed technical design data. Reclamation feels that this infor
mation i n combination with the information on dam safety, Section D-2, 
and Geology, Section B-5, is adequate to come to an informed, nontech
nical understanding of the dam and dike . Reclamation also feels that 
this approach is consistent with CEQ Guidelines which specifically 
advise against the inclusion of "highly technical and specialized 
analyses and data." The technical design information is available for 
public inspection at the fol l owing locations . 

ll. Comment: 

Bureau of Reclamation 
Upper Colorado Regional Office 
125 South State Street 
Salt Lake City, Utah 84147 

Bureau of Reclamation 
Western Colorado Proje cts Office 
835 2nd Avenue 
Durango, Colo. 81301 

Page A-13, paragraph 4, Transmission Faci l ities: A description of the 
construction and design details of the proposed transmission facilities 
would be helpful . It should show bow they are designed to eliminate 
hazards to raptors. The map should give the route of the power line. 

Response: 

A description of the transmission facilities is presented in Section 
A- 3b(6). Since, as explained there, all project facilities are in 
proximity to existing transmission lines, preliminary design estimates 
indicate that the longest tapline to be constructed would be about 1,000 
feet . Reclamation analysis indicates that aesthetic impacts asso ciated 
with this construction would be minor, and we believe that the informa
tion presented is adequate to reach that conclusion. It is stated in 
Section D-4a that the taplines would be designed t o prevent hazards to 
raptors. This information has been added to Section A- 3b(6) so that 
there is no misunderstanding. Design consideration for t he tap lines 
would be based primarily on information presented in Suggested Practi ces 
for Raptor Protection on Powerlines, June 1975, and distributed by 
Raptor Research Foundation, Inc., for Edison Electric Institute. Sec
tion A-3b(6) has also been expanded to show that the construction of 
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the taplines at the well field has begun and that a negative determina
tion (February 17, 1977) has been written consistent with the require
ments of NEPA. More detailed design information on the taplines is 
available from Reclamation offices in Durango and Salt Lake City. 

12. Comment: 

Page A-19, paragraph 3, Construct i on: More detail is needed on stages 
of implementation. 

Response: 

The discussion has been expanded to give added detail to the signifi
cance of the construction time table, as explained earlier in the re
sponse to comment #7. 

13. Comment: 

Page B-6, Recreation: The ES needs to discuss dispersed recreation ca 
pabilities in the Paradox Valley, as well as the relatively intensive 
river running potential along the Dolores. In terms of regional recrea
tion interest, Bedrock is the downstream egress point for a significant 
(approximately 5,000 visits annually) number of river running trip s on 
the Dolores River. This point also marks the lower-most extension of a 
105-mile segment of the Dolores River that has been recommended in the 
final Wild and Scenic Rivers study report for inclusion in the national 
W & SR system. The relative significance of the area for sightseeing/ 
pleasure driving is indicated in the most recent Colorado Department of 
Highways tra ffic volume studies. 

Response: 

As reported in Section C-3d(6), the unit would have only a minimal 
impact on hunti ng and fishing. Paradox was specifically excluded from 
the Dolores River Wild and Scenic River study, as discussed in Section 
B-6a. Since the town of Bedrock is the downstream exit point for the 
river running and marks the lowermost extension of the segment of the 
river recommended for wild and scenic status, the unit features would be 
north and east of the area and would not have an effect on those recrea
tional aspects. The General Map shows the location of the unit's fea 
tures relative to Bedrock. In Paradox Valley, unit features would have 
some visual impact, but measures would be taken, such as the low profile 
of buildings at the hydrogen sulfide strippi ng plant and painting the 
buildings in earth tones, to minimize adverse impacts. Sections D-3c 
and D-4c discuss these measures. The most recent traffic volume figures 
for Paradox Valley available from the Colorado State Highway Department 
show an average of 540 vehicular trips per day west of Naturita and 950 
east of Naturita. The increase in part reflects multiple trips by 
residents in the vicinity of the more urbanized area. This volume is 
considered light usage according to the Colorado State Highway Depart
ment. This is not indicative of significant sightseeing/pleasure driv
ing in the vicinity of unit features. 
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14. Comment: 

An influx of a large number of construction workers would likely cause 
an increase in recreational driving , especially off- road and back-road 
use. Present use data would be helpful here . 

Response: 

No information on this subject is available for the Paradox area, ac
cording to the Bureau of Land Management, which has jurisdiction there . 
However, it is probable with the temporary increase in personnel that an 
increase in back-road/off-road driving would also occur. The demand 
upon county roads and public l ands would be low initially, increasing to 
moderately high during the fifth year of the project and dropping back 
to low in the sixth year. 

15. Comment: 

Page B-6, Item 4, Air Quality: No discussion of climate appears in the 
description of t he environment. The observation is made that existing 
climatic conditions, such as air f low patterns, wind velocities, etc ., 
have not been considered in the Nucla and Dry Creek Basin areas . In 
view of the fac t that radium is to be extracted from a Dry Creek Bas in 
evaporating pond, these climatic conditions may need to be des cribe d to 
ascertain po t entia l health hazards to the Nuc l a, Naturita, and Norwood 
cvmmunities . 

Response: 

The last paragraph of Section B-2 of the Environmenta l Statement de
scribes the existing climat ic cond i tions of the area. The name, Radium 
Evaporation Pond, should not be ta ken as being descriptive of any chemi
cal process to be employed. The pond is named for Radium Mountain, a 
landmark in the area . The purpose of the pond, as stated throughout the 
statement, is to evaporate brine which presently pollutes the Dolores 
River. Elemental radium would not be present in the pond nor would it 
be extracted . 

16. Comment: 

Page C-4, paragraph l-3: This is an example of where visual impacts 
have been ignored. Temporary mobile home parks can cause considerable 
visual blight. 

Response : 

Mobile home parks can cause considerable negative visual impact; how
ever, it does not have to be so and the impact can be minimized. As 
stated at the end of Section C- 3c, the contractors and Federal Govern
ment would have to comply with county regulations on mobile home spacing 
and with Colorado Senate Bill 35 on subdivisions and the Colorado State 
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Standards and Regulations for Mobile Home Parks concerning sanitation, 
water, sewage, electricity, access roads, maintenance , and street light
ing, as explained in Section C-3c. All county regulations covering 
mobile home owners would have to be followed. Mobile homes are already 
common in the area and many of the local people live in this type of 
housing. 

17. Comment: 

Page C-5, Facilities and Services: No discussion of the effects of in
creased traffic has been given in this section. 

Response: 

The existing highways and county roads are in good condition. The pres
ent population is low and, therefore, present traffic is light. The 
construction camp, where the majority of new people probably would be 
housed, is about 5 miles from the work area; transportation to and from 
work would be over an existing county road that has low usage now. This 
increased traffic may be an inconvenience to some residents. The in
creased use would be only during construction and would not have a 
long- term effect. The Draft Environmental Statement has been reviewed 
by the State, and possibilities for increased traffic problems were not 
identified . 

18. Comment: 

Page C-6, paragraph l, Recreation: An influx of construction workers 
away from their families would result in increased use of back country 
roads and two-track trails. Vandalism of archaeological sites and some 
violation of game laws might occur. 

Response: 

The Bureau of Reclamation has no substantiation for the assumption that 
the presence of construction workers, with or without their families, 
would mean vandalism of archaeological sites or violations of game laws. 
Some increased use of roads and trails might occur, but in an area so 
vast with so much potential for such activity the impact should be mini
mal. The Bureau of Reclamation hopes that the environmental statement 
has been helpful in allowing the Bureau of Land Management to anticipate 
any increased public use that may occur during the construction phase on 
public land under its administration. 

19. Comment: 

C-15, paragraph 2, Raptors: Consideration should be given to the effect 
the powerline will have on raptors in the vicinity, as shown in the ES. 
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Response: 

This potential hazard was considered using Suggested Practices for 
Raptor Protection on Power lines, June 1975, distributed by Raptor Re
search Foundation, Inc., for Edison Electric Institute. As stated in 
Sections A-3b(6) and D-4a, transmission lines will be designed to 
eliminate this hazard to raptors. 

20. Comment: 

Pages C-27, 28- paragraphs land 2, Recreation: This section describes 
numerous effects of other Colorado River Storage Projects, but no spe
cific impacts of the Paradox Valley project are discussed . 

Response: 

Each subject in the cumulative impacts section, C-ll, is discussed in 
two parts: (a) CRSP Developments Constructed or Under Construction and 
(b) Developments Scheduled for Construction Starts in 1977 and 1978 . 
The impacts or significance of the Paradox Valley Unit as it relates to 
each of the subjects discussed can be found in the latter. As Table 
C-12 shows, the Paradox Valley Unit is expected to have no significant 
impacts on recreation. 

21. Comment: 

The loss of one recreation resource is not compensated by the increase 
in another . Accessibility to a recreation event or location may detract 
from its value to some people. This discussion does not consider the 
impacts to wilderness, solitude, or visual recreation values separate 
from increased fishing, boating, and camping. 

Response: 

The opinion has not been expressed in the Cumulative Impact Section, 
C-ll, that a decrease in one recreation resource is compensated for by 
the increase in another. It is simply reported that projections indi
cate Colorado River Storage Projects will provide well over 5,000,000 
man-days of recreation use annually and that this use has a significant 
impact on the region's recreation and tourism industries. But, on the 
other hand, it is also reported in Section C-llb(4) that there have been 
significant tradeoffs as a result of these opportunities. Specifically 
identified are the adverse effects on white-water boating opportunities 
and the inundation of the natural landscape by reservoirs. It is also 
noted that even inundation is in some instances not without some com
plexity, for, as reported, sightseeing trips to Rainbow Bridge at Lake 
Powell have increased markedly because of the easier accessibility 
provided by the reservoir. The Bureau of Reclamation recognizes that 
accessibility detracts from the value for some people and adds to the 
value for others. Because of the absence of public consensus, the 
statement is intended to be merely a presentation of these tradeoffs and 
not an attempt to be judgmental about them. 
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22. Comment: 

Page C-52, Table C-28: It is apparent from the table that even if the 
authorized and investigated projects were implemented, the salinity of 
the Colorado River at Imperial Dam would still increase. 

Response: 

Accompanying the table cited above is a discussion explaining that the 
salinity control measures authorized and under study would only par
tially offset the expected concentration at Imperial Dam. A list of 
additional measures that can be utilized is also given. 

23. Comment: 

Overall, the attempt in this DES to discuss cumulative impacts in terms 
of CRSP projects appears grossly misleading. There is probably a need 
to discuss those impacts in an ES as indicated in earlier correspond
ence; however, the cumulative effect on southwest Colorado of this and 
other actions can and should be the focus of this ES . 

Response: 

The Cumulative Impacts Section, Section C-ll, has been included because 
the Bureau believes it affords the interested reader an opportunity to 
better grasp the significance of Reclamation projects in the Upper Colo
rado River Basin and put in perspective the relationship between the 
Paradox Valley Unit and other developments already constructed or under 
construction. While the section does add breadth to the statement, the 
introduction to the section explains its purpose, and it should not , 
therefore, pose an obstacle to the reader who is only interested in the 
Paradox Valley Unit itself. 

I-23 



O FFICE OF THE DIRECTOR 

United States Department of the Interior 
BUREAU OF Ml:"lES 

2401 E STREET, NW. 

WASIII.\CGT0:-.1, D .C. 20241 

July 3, 1978 

DES-78/19 

Memorandum 

Commissioner, Bureau of Reclamation trJy~ 
Aott~ Througn: Assistant Secretary--Energy and Miner s 

From: Director, Bureau of Mines 

To : 
7 1978 

Subject: Draft environmental statement, Paradox Valley Unit 

On page C-7 reference is made to Union Carbide's ongoing exploration 
and evaluation of the deep-seated uranium mineralization underlying the 
proposed Radium reservoir site. It is evident that after several years 
of exploration at what must be a substantial cost this uranium mineral
ization is at least marginally attractive. Whether or not Union Carbide 
can convert the deposit to an orebody- -considering the current state of 
the art of uranium recovery and near-term expectations of uranium's 
market value--seems immaterial at this time. Technologic innovation is 
difficult to foresee; however, the 7-fold increase in uranitm's market 
price thus far in the 1970's is the kind of inducement that makes inno
vation attractive. And because it is the consensus that the long-term 
cost of energy fuels will continue to increase appreciably in real terms , 
the marginal mineral deposits (noneconomic resources) of today appear 
certain to become the orebodies (economic reserves) of tomorrow. Apparently, 
at worst, the uranium mineralization of Radium reservoir site fits the 
marginal- deposit definition at this time. 

Radium reservoir would be a 3,630-acre brine disposal pond, surrounded by 
3,660 acres developed and managed so as to enhance the few species of 
wildlife that would be adversely affected by the pond. Clearly, cost of 
future underground mining of uranium beneath the pond would be substantially 
increased. Horeover, r ecovery of the uranium by solution mining, if it 
becomes feasible in this area (as it is elsewhere) during the 100- year l ife 
of the disposal pond, would also be subject to increased costs if not pre
cluded altogether. 

In essence, the uranium r esource underlying proposed Radium reservoir may 
be locked up for a century. This mineral-related conflict at the Radium 
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site was pointed out in the March 1977 Bureau of Mines report on mineral 
resources at the proposed Paradox Valley Unit. We continue to believe 
that an alternative to Radium reservoir would be in the best interest of 
long-term uranium conservation. 

Thank you for the opportunity to review this well-prepared draft environmental 
statement. 
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Memorandum 

To: Files 

Subject: Response to Letter from the Bureau of Mines, Dated July 3, 
1978. 

After rece1v1ng the above referenced letter, the Bureau of Reclamation, 
in renewed conversations with the Bureau of Mines, has had the oppor
tunity to emphasize that at least 33 alternative methods and/or sites 
for brine disposal were examined at the reconnaissance level, and that 
the proposed plan plus the seven alternatives presented in Chapter H are 
the most feasible from the standpoint of the environment, economics, 
geology, and engineering technology. Reclamation has also informed the 
Bureau of Mines that Union Carbide's mineral exploration program at 
Radium Pond site will be completed prior to the completion of the well 
field testing program, and that the final decision op the method of 
brine disposal will only be made once the results of that testing pro
gram have been analyzed. At that time, Union Carbide will have complete 
information to present, whereas now it does not, and that information 
will be considered in coming to the decision on the best site and me t hod 
of brine disposal. 
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United States Department of the Interior 
FISH AND WILDLIFE SERVICE 

In Reply Refer To (ES} 

MEMORANDU~1 

TO: 

FROM: 

SUBJECT: 

AREA OFFICE COLORADO-UTAH 
1426 FEDERAL BUILDING 
125 SOUTH STATI.: STREET 

SALT LAKE CITY, uTAH 84138 

June 1, 1978 

Regional Director, Bureau of Reclamation 
Salt Lake City, Utah 

Acting Area Manager, Fish and Wildlife Service 
Salt Lake City, Utah 

Paradox Valley Unit, Draft Environmental State~~ht 
(EC 78/17) 

In response to the transmittal dated f·1ay 16, 1978, we have reviel•ted the 
subject statement and believe the document adequately describes ex isting 
fish and wildlife resources and adequately discusses the project impacts 
on those resources. 

Regarding mitigation however, Page D-2 should sti pulate that range improve
ment (fertilizing and seeding) will be an incorporated wildlife measure. 
It s~ould also be stipulated that the Bureau of Rec lamation will construct 
requirP.d mitigating features if the continuing studies determine significant 
losses of waterfowl will result with construction of Radium Reservoir. 
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Memorandum 

To: Files 

Subject: Response to Letter from Fish and Wildlife Service, Colorado 
Utah Area Office, Dated J une l, 1978 . 

l. Comment: 

Regarding mitigation, however, Page D-2 should stipulate that range i m
provement (fertilizing and seeding) will be an incorporated wild l ife 
measure . 

Response: 

It is explained in the wildlife program, Section A-3c(7), that among the 
spec j fie measures to improve t he land to be managed for wildlife at 
Radium Evaporation Pond are ferti l izing and seeding. Section D- 4a 
summarizes the information re lative to t he wildlife program; however, so 
there can be no misunderstanding, the fact that seeding and fe rtilizing 
would be part of the plan has been added. 

2 . Comment: 

It should also be stipulated that t he Bureau of Reclamation will con
struct required mitigating features if the continuing studies determine 
significant losses of waterfowl will result with construction of Radium 
Reservoir. 

Response: 

The Bureau of Reclamation recognizes this responsibility and has added 
language to Section C- 8c(9) acknowledging it. 
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United States Department of the Interior 
GEOLOGICAL SURVEY 

OPPICE OF THE DIRECTOR 

In Reply Refer To: 
EGS-DES-78/19 
Mail Stop 760 

Memorandum 

RESTON, VIRGINIA 22092 

JUN 1 6 1978 

To: Director, Office of Environmental Affairs 
Bureau of Reclamation 

Through \J)\ssistant 

From: Dnirector, 

Secretary- -Energy and Minerals 

Geological Survey 

Subject: Review of draft environmental statement for 
Paradox Valley Unit, Salinity Control Project, 
Colorado 

We have reviewed the subject draft environmental statement 
as requested in your memorandum of May 12 . 

The loss of access to potential uranium deposits beneath the 
evaporation pond has been referred to only briefly (p. c-7, 
par. 3) and has not been mentioned in the summary of environ
mental impacts. 

On the basis of the hydrologic design for the evaporation 
pond (p. A-7, par. 4), there is no probability of a spill 
until after the 100-year period of operation. Thereafter, 
as continued sediment inflow would reduce the flood-storage 
capacity, the probability of a spill would eventually be
come significant . The tong-term consequences should be 
discussed in the statement. 

Locations of surrounding wells that are in use and of pro 
duction and observation wells with respect to the river 
should be shown on a map drawn to scale. Such a map should 
also show the distribution of the alluvium and any other 
pertinent geologic features. To permit impact appraisal, 
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the typical hydraulic characteristics of the aq~ifer should 
be included in the statement. The current water-table con
figuration and the topography of the alluvial valley should 
be discussed to permit evaluation of the significance of 
underflow parallel to the stream axis. The draft statement 
asserts that nearly all of the Radium Evaporation Pond is 
underlain by Mancos Shale, the low permeability of which 
is expected to protect ground water. We suggest that at 
least representative permeabilities of the shale and other 
underlying materials as well as a surficial geologic map 
of the pond area should be included in the impact analysis. 

·-·- c· - t. . ..._ · L '- ., 
I 

..._ . \_'. 

AbU .. Director ( 
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Memorandum 

To: Files 

Subject: Response to Letter from the U.S. Geological Survey, Reston, 
Va., Dated June 19, 1978. 

1. Comment: 

The loss of access to potential uranium deposits beneath the evaporation 
pond has been referred t o only briefly (p . C- 7, par. 3) and ha s not been 
mentioned in the summary of environmental impacts. 

Response: 

The possible uranium deposit was a lso mentioned in Section F-1 (Short
and Long-Term Environmenta l Uses) of the Draft Environmental Statement. 
These sections remain in the Final Environmental Statement. Access to 
the possible uranium depo sit would not be lost but would be made more 
expensive. 

2. Comment: 

On the basis of the hydrologic design for t he evaporation pond (p. A-7, 
par. 4), there is no probability of a spill until after the 100-year 
period of operation. Thereafter, as continued sediment inflow would 
reduce the flood - storage capacity, t he probability of a spill would 
eventually become significant. The long-term consequences should be 
dis cussed in the s t atement. 

Response: 

The es timated average annual sediment inflow to the pond is 24 acre
feet; during the 100-year life of the pond, 2 ,400 acre-feet of sediment 
would be accumulated . After 100 years the sediment would continue to 
accumulate and slowly reduce t he flood-storage capa city. After about 
800 years the flood-storage capacity would be used up, and i nflows would 
begin to spil l . Since much of the sediment from the surrounding drain
age would be Mancos Shale and other cl ays with low permeability, which 
would cover the salt, and since natural inflows wo uld be in the form of 
thunderstorms that would quickly dissipate, it is not anti cipated that 
there would be much interaction between the runoff and the underlying 
salt. At that time t he sediment would be about 5 feet thick . 

3. Comment: 

Locations of surrounding wells that are in use and of production and ob
servation wells with respect to the river should be shown on a map drawn 
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to scale. Such a map should also show the distribution of the alluvium 
and any other pertinent geologic features. 

Response: 

Figure A-2 has been added to the statement showing the location of the 
production and observation wells . Because of the scale of the map, 
irrigation wells, which are to the west in the valley, could not be 
shown. The area's surficial geology with the proposed project features 
overlain is shown in Figure B-3, General Geology Map. 

4. Comment: 

To permit impact appraisal, the typical hydraulic characteristics of the 
aquifer should be included in the statement. The current water-table 
configuration and the topography of the alluvial valley should be dis
cussed to permit evaluation of the significance of underflow parallel to 
the stream axis. 

Response: 

In nontechincal terms, the typical hydrauli c characteristics of the 
aquifer and water table configuration have been explained in Chapter A 
as they relate to the design and operation of the well field. Addi
tional pertinent information is contained in Sections B-6, Water Re
sources, and B-7, Water Quality. Although no contour maps have been 
included, a schematic drawing, Figure B-2, and the accompanying narra
tive, Section B-Sa, have been included to help the general reader come 
to an understanding about how the valley's topography was formed . This 
information has been extracted from detailed technical planning docu
ments which are available for public inspection at Reclamation offices 
in Durango and Salt Lake City. The approach Reclamation has taken is in 
keeping with CEQ Guidelines which advise against including "highly 
technical and specialized analyses and data" in th~ statement. The 
information presented is a helpful approach in allowing the general 
reader to come to an understanding of the ground water aquifer and the 
design principles used in planning the well field to arrest the brine 
inflow into the Dolores River. 

5. Comment : 

The draft statement asserts that nearly all of the Radium Evaporation 
Pond is underlain by Mancos Shale, the low permeability of which is ex
pected to protect ground water. We suggest that at least representative 
permeabilities of the shale and other underlying materials as well as a 
surficial geologic map of the pond area should be included in the impact 
analysis. 
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Response: 

In the draft statement, Section B- 5b, i t was explained that inflow 
permeability tests conducted by the Bureau of Reclamation in the pond 
basin indicated the underlying formation to be entirely impervious. 
Reclamation lab tests have shown the compac t ed Mancos Shale to have a 
permeability in the range of 0.005 foot per year. The artesian effect 
in nearby stock wells adds supporting evidence, sin ce the basin's drain
age is extremely limited and in a semiarid area with a low amount of re
charge. A surficial geologic map, Figure B- 3, is also a part of Section 
B-5b. Reclamation feels that this information belongs in Chapter B 
since it is, properly, a description of existing conditions and not 
impacts. However, the information presented does allow the Bureau to 
assert, as it has in Chapter C, that the unit would not affect the 
area's geology and that the pond would be water tight. Details of the 
permeability tests are available for public inspection at Reclamation 
offices in Durango, Colo., and Salt Lake City, Utah. 
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1N JU:I" L Y J\EFER TO: 

DES 78-19 
D6427- UCO 

Memorandum 

U:dted s~·?.tes Dep~u.·trnerL C.r ,!1e Intc< !l' 
HERITAGE CONSERVATION AND RECREATION SERVICE 

~lOOmll~~RXlOOa!X&~ 
WASHINGTON, D.C. 20240 

To: Director , Office of Environmental Affairs, Bureau 
of Reclamation 

From: Director , Heri tage Conservation and Recreation Service 

Subject : Review of Draft Environmental Statement for Paradox 
Val ley Unit , Montrose and San Miguel Counties, Colorado 

This 1nemorandum responds to your May 13, 19 78 , request that we r eview 

the document noted above . The p roposed cultural resource p rogram 

provides adequate mitigation for the loss of the two cultural resource 

sites. In addition , the discussion of the Dominguez- Escal ante Trail 

is satisfactory. Therefore, we find that the document adequately 

addresses the environmental and programmatic concerns of this agency. 

-/Y}~~ . ~is~erral Delapcir~ 
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Memorandum 

To: Files 

Subject: Response to Undated Letter from Heritage Conservation and 
Recreation Service, Washington, D.C. 

The Bureau of Reclamation acknowledges the letter and appreciates the 
review of the Draft Environmental Statement. 
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Advisory Council on 
Historic Preservation 
1522 K Street N.W. 
Washington. D.C. 20005 

Mr. Harl M. Noble 
Acting Regional Director 
Upper Colorado Regional Office 
Bureau of Reclamation 
P. 0. Box 11568 
125 South State Street 
Salt Lake City, Utah 84147 

Dear Mr. Noble: 

May 22, 1978 

This is in response to your request of May 11, 1978, for comments on 
the draft environmental statement (DES) for the Paradox Valley Unit, 
Colorado River Basin Salinity Control Project, Montrose and San 
Miguel Counties, Colorado. 

The Council has reviewed' the DES and notes that the Bureau of 
Reclamation has identified one archeological site at the location 
of the Radium Evaporation Pond which will be affected by the proposed 
project. We a l so note that this site has not been evaluated for 
eligibility for inclusion in the National Register of Historic Places . 
We suggest t hat the final environmental statement demonstrate compliance 
with Section 106 of the National Historic Preservation Act of 1966 
(16 USC 470f, as amended, 90 Stat. 1320) in accordance with the "Procedures 
for the Protection of Historic and Cultural Properties" (36 CPR Part 800). 
If this archeological site is determined eligible for inclusion in the 
National Register and there will be an effect on the property the f inal 
environmental statement s hould contain the comments of the Council in 
accordance with the Procedures. 

We look forward to workjng with the BR if this property is determined to 
be eligible for inclusion in the National Register after consultation with 
the Colorado State Historic Preservation Officer. Should you have any 
questions or require additional information regarding this matter, please 
contact Brit Allan Storey of the Council staff at P. 0. Box 25085, Denver, 
Colorado 80225 , or at (303) 234-4946, an 

FT:l;u"~~~ 
c::

~/.,..,, ~ 711(/a£;/ 
/Loui . lvall 

Assistant Director, Office of 
Review and Compliance, Denver 

The Ccnmcil is an independent unit of the Executive Branch of the Frdt!ral G011t!rnmmt charged by the Act of 

October 1 5, 1966 to advise the President and Con!(ress in the field of Historic Preservation. 
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Memorandum 

To: Files 

Subject: Response to Letter from the Advisory Council on Historic 
Preservation, Dated May 22, 1978. 

Comment: 

We note that one archaeological site at the location of Radium Evapora
tion Pond has not been evaluated for eligibility for inclusion in the 
National Register of Historic Places. We suggest that the final envi
ronmental statement demonstrate compliance with Section 106. 

Response: 

Preliminary evaluation indicated that the site is probably not eligible 
for the National Register. Further evaluation is necessary for a final 
determination; however, since further evaluation is itself destructive 
to the site it was decided to delay this work until the final decision 
is made on the brine disposal method. The site would not be affected if 
the evaporation pond were not constructed. The State Historic Pres
ervation Officer concurred with this decision. Should the site be de
termined eligible for the National Register and the decision made to 
construct the pond, the Bureau of Reclamation would follow all necessary 
procedures in consultation with the State Historic Preservation Officer 
and Advisory Council. 
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UNITED STATES DEPARTMENT OF AGRICULTURE 

FOREST SERVICE 

11177 West 8th Avenue 
P.O. Box 25127 

Lakewood, Colorado 80225 

Office of Regional Director 
Bureau of Reclamation 
P. 0. Box 11568 
125 South State Street 
Salt Lake City, Utah 84147 

Gentlemen : 

1950 

June 

Thank you for the opportunity to review the Draft Environ-

mental Statement for the Colorado River Basin, Salinity 

Control Project, Paradox Valley Unit. 

Sincerely, 

L ~\ ) r ( t_Ll-'h,\_,· 

CRAIG W. RUPP 
Regional Forester 
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Memorandum 

To: Files 

Subject: Response to Letter from Forest Service, Regional Forester, 
Lakewood, Colo., Dated June 30, 1978. 

The Bureau of Reclamation acknowledges the letter and appreciates the 
review of the Draft Environmental Statement . 
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UNITED STATES DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE ( 

P. 0. Box 17107, Denver, CO 80217 

Mr. Harl M. Noble 
Acting Regional Director 
Bureau of Reclamation 
Upper Colorado Regional Office 
P. 0. Box 11568 
Salt Lake City, UT 

July 21, 1978 

Re: Paradox Valley Unit Draft EIS - Com~ 

Dear ~1r . Noble: 

The Soil Conservation Service has the following specific comments 
on the Draft Environmental Impact Statement on the Paradox Valley Unit: 

1. Section B (Description of the Environment) 

a. Page B-10 - Soils information is limited. No reference 
made to soil characteristics (i.e . , shrink-swell potential, 
etc.) that may determine construction si t e suitability. 
Nothing included about production potential of sojl s in 
the Paradox Valley area. 

b. Page B-18 - Ninterfat (Ceratoides lanata) is a valuable 
forage plant that usually would decrease under heavy 
grazing pressure, whereas snakeweed would tend to increase. 

2. Section C (Environmental Impacts) 

a. Pages C-1 to C-54 - This section of the draft environmental 
statement does not adequat ely address the rangeland 
production that will be irreversibly lost (4,211 acres). 
The environmental statement should show the long-te rm loss 
of range production expressed in terms of expected potential 
range condition class for each range site. In addition, 
the statement could show the acreage production of the 
present rangeland to be changed (4 ,211 acres) in acres per 
animal unit month. 
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b. Page C-6, paragraph 4 - A statement is made that "salt 
blowing from the evaporation pond would be minimal because 
the precipitated brine would form a hard crust". This 
conclusion could be further supported by observations from 
existing evaporation ponds. Areas of the pond will not be 
dry and wind could move the brine solution. As a result, 
there could be air movement of the salt and deposition of the 
salt on adjacent areas downwind from the evaporation pond. 

c. Pages C-9 to C-10 - Fish and Wildlife - This section should 
specifically address wetlands that will be impacted. In the 
Description of the Environment, the document mentions "rushes 
and marshy areas" (see page B-18, line 10); a "marshy meadows" 
(see page B-18, line 19); and "wetland habitats" (see page B-31, 
last paragraph). However, the impact section makes no reference 
to wetland habitat changes. 

Sincerely, 

"' \ 
~ ~\(\~~ 

Robert G. Halstead 
State Conservationist 
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Memorandum 

To: Files 

Subject: Response to Comments from the Soil Conservation Service 

l. Comment: 

Page B-10: Soils information is limited. No reference made to soil 
characteristics (i.e., shrink-swell potential, etc.) that may determine 
construction site suitability. Nothing included about production poten
tial of soils in the Paradox Valley area. 

Response: 

Information on the soils at the proposed project construction sites is 
contained in Section B-5, Geology. With the exception of the acreage at 
Radium Evaporation Pond that would be inundated, the unit would not in
fluence soil production potential. At Radium, the Bureau of Land Man
agement has estimated that grazing capacity is from 12 to 13 acres for 
each animal-unit-month (AUM) and could probably be upgraded to 5 acres 
per AUt-1 through a range improvement program, giving some idea of the 
soil 1 s production potential. 

2. Comment: 

Page B-18: Winterfat (Ceratoides lanata) is a valuable forage plant 
that usually would decrease under heavy grazing pressure, whereas snake
weed would tend to increase. 

Response: 

Winterfat has been deleted as an indicator of overgrazing. 

3 . Comment: 

Section C (Environmental Impacts), pages C-l to C-54: This section of 
the draft environmental statement does not adequately address the range
land production that will be irreversibly lost (4,211 acres). The envi
ronmental statement should show the long-term loss of range production 
expressed in terms of expected potential range condition class for each 
range site. In addition, the statement could show the acreage produc
tion of the present rangeland to be changed (4,211 acres) in acres per 
animal unit month. 
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Response: 

It is estimated in Section C-8c(l) that 3,610 acres of public and pri
vate range would be irreversibly lost for grazing. Present production 
from this acreage is l animal unit month (AUM) for 12 or 13 acres and 
would amount to about 300 AUM 1 s of grazing annually. This represents 
winter grazing for about SO cows with their calves or 250 ewes with 
their lambs. 

Production from this area could be increased significantly through range 
improvement, according to the Bureau of Land Management (BLM) . Although 
BLM has no immediate plans for range improvement in the project area, 
they anticipate that eventually land in this area would unde rgo brush 
eradication and reseeding. Based on similar range improvement programs 
in southwestern Colorado, it is estimated by the BLM that production 
could be increased to 5 acres per AUM. At this l evel of production 
grazing losses would amount to about 700 AUM 1 s annually representing 
winter grazing for 120 cows and their ca l ves or 600 ewes with their 
lambs. 

4. Comment: 

Page C-6, paragraph 4: A statement is made that "salt blowing from the 
evaporation pond would be minimal because the precipitated brine would 
form a hard crust." This conclusion could be further s upported by 
observations from existing evaporation ponds. Areas of the pond will 
not be dry and wind could move the brine solution. As a result, there 
could be air movement of the salt and deposition of the salt on adjacent 
areas downwind from the evaporation pond. 

Response: 

Through observations and consultations with others who have and are 
operating large brine evaporation ponds, it has been determined that 
when the salt precipitates out, it crystallizes and becomes a rock-hard 
mass. Two examples of this were observed, one on the Malaga Bend Exper
imental Salinity Alleviation Project in New Mexico and the other at 
Texas Gulf Sulfur at Moab, Utah. Both have a large pond with large 
amounts of precipitated salts around the edges. Vegetation around the 
two areas showed no sign that any salt had blown from the pond. In 
addition, the Union Carbide effluent ponds at Uravan, Colo. , used for 
precipitating salt brine-uranium liquors, produce only large crystalline 
particles and are free of dust problems. The prevailing winds in the 
area, as measured at Bureau of Reclamation sta tions a t Bedrock and Dry 
Creek Basin, are from the southwest and are strongest in spring. There
fore, the winds off the pond would be blowing to the northeast away from 
the populated farm area i n Dry Creek Basin and in the direction of the 
alkaline/saline-tolerant sagebrush and greasewood vegetation (see Figure 
B-7, Vegetation Map). 

I-43 



5. Comment: 

Pages C-9 to C-10, Fish and Wildlife: This section should specifically 
address wetlands that will be impacted. In the Description of the Envi
ronment, the document mentions "rushes and marshy areas" (see page B-18, 
line 10); a "marshy meadows" (see page B-18, line 19); and "wetland 
habitats" (see page B-31, last paragraph) . However, the impact section 
makes no reference to wetland habitat changes. 

Response: 

In Section C-8, Table C-4, subscript No. 2, refers to the anticipated 
increase in value of some 60 acres of riparian habitat along the Dolores 
River. However, because the estimate is a highly subjective judgment, 
we did not include it as an actual habitat change. The Fish and Wild
life Service Coordination Act report (January 21, 1977) refers to tem
porary turbidity as the only measurable project impact on the aquatic 
environment. On October 18, 1977, and in response to a Bureau Section 7 
Compliance request, the Fish and Wildlife Service concluded that the 
project "could improve riparian vegetation, and as a consequence, bene
fit the prey-base for falcons." Although no quantification of these 
changes has been made, we believe the overall riparian and wetland 
habitat should improve because of decreased salinity in the Dolores 
River. 
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SPKED-\ol 

REPLY TO 

ATTENT ION OF 

DEPARTMENT OF THE ARMY 
SACRAMENTO DISTRICT. CORPS OF ENGINEERS 

6!50 CAPITOL MALL 
SACRAMENTO, CALIFORNIA 95814 

Office of Regional Director 
Bureau of Reclamation 
PO Box 11568 
Salt Lake City, Utah 84147 

Gentlemen: 

15 J une 1978 

Your recent l etter inclosing your dr af t environmental statement for the 
Paradox Vall ey Unit, Col orado River Basin Salinity Control Pr oject (INT DES 
78-19) was referred by the Office of the Chief of Engineers to the Sacramento 
District for reply. 

We have reviewed the statement, and the proposed work will not conflict with 
flood control projects or investigati ons within our jurisdiction. However , a 
Department of the Army permit may be required under the Clean Water Act 
(33 USC 1344), as amended. 

We appreciate the opportunity to review the draft environmental statement . 

Sincerely yours, 

Engineering Divisi on 
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Memorandum 

To: Files 

Subject: Response to Letter from Army Corps of Engineers, Sacramento 
District, Dated June 15, 1978. 

Comment: 

We have reviewed the statement, and the proposed work will not conflict 
with flood control projects or investigations within our jurisdiction. 
However, a Department of the Army permit may be required under the Clean 
Water Act (33 USC 1344), as amended. 

Response: 

Because the tributaries have a combined average annual flow of less than 
5 cubic feet per second, they are considered headwaters and therefore, 
exempt from individual 404 permit requirements (Part 323 of the July 19, 
1977, Federal Register, Vol. 42) . 
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 
PUBLIC HEALTH SERV ICE 

CENTER FOR DISEASE CONTROL 

ATLANTA. GEORGIA 30333 

TELEPHONE: (404) 633 · 3311 

Office of Regional Director 
Bureau of Reclamation 
P.O. Box 11568 
Salt Lake City, Utah 84147 

Gentlemen: 

June 16, 1978 

We have reviewed the draft environmental stat ement on the Paradox Valley 
Unit, Colorado River Basin, Salinity Control Project. We are responding 
on behalf of the Public Health Service. 

It is noted that the Radium Evaporation Pond will have a surface area of 
3,630 acres and will be designed to retain the evaporated brine that will 
be collected in a 100-year period. This facility will be located in 
Dry Creek Basin, which is a tributary to the San Miguel River. The river 
does not currently have a salinity problem. The wisdom of storing this 
amount of salt high in the San Miguel Basin in perpetuity should be 
re-examined. Geological events, design errors, and human failure do 
occur, thus the proposed pond could pose a potential disaster to the 
San Miguel River. Therefore, the most current technology available for 
spil l prevention and erosion should be employed in the proposal. The 
pond is designed fo r a 100-year life. For a plan of this duration, we 
feel some type of perpetual maintenance commitment should be addressed . 

With respect to the alternatives to the Radium Evaporation Pond, 3. e . 
would be the least favorable option. 

On page C-6 , the document states no gases would be emitted to the air 
from the hydrogen sulfide plant. This is not consistent with the process 
description on page A-6. This part states: "High pressure air would be 
released through an outside vent to dissipate harmlessly in the atmosphere." 
In conclusion, it is unrealistic to expect that no unoxidized hydrogen 
sulfide would be stripped from the brine and vented to the atmosphere. 
This would pose an odor problem in the vicinity of the plant. 

The vector potential associated with the evaporation pond and seepages was 
addressed by letter of December 5, 1977, from Dr. Sam Breeland, Bureau 
of Tropical Diseases, Center for Disease Control, to Mr. Wayne E. Cook 
in Durango, Colorado. 
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Page 2 - Office of Regional Director 

Thank you for the opportunity of reviewing this document. We would 
appreciate receiving two copies of the final statement when it is issued. 

Sincerely yours, 

~ .-, . u k I c -., '1..4.·.-L- s. .-::;;-...,...<..)1_ u 

~ William H. Foege, M.D. c·- Assistant Surgeon General 
Director 
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Memorandum 

To: Files 

Subject: Response to Letter from Public Health Service, Center for 
Disease Control, Atlanta, Ga., Dated June 16, 1978. 

l. Comment: 

It is noted that the Radium Evaporation Pond will have a surface area of 
3,630 acres and will be designed to retain the evaporated brine that 
will be collected in a 100- year period. This facility will be located 
in Dry Creek Basin, which is a tributary to the San Miguel River. The 
river does not currently have a salinity problem. The wisdom of storing 
this amount of salt high in the San Miguel Basin in perpetuity should be 
re-examined. Geological events, design errors, and human failure do 
occur, thus the proposed pond could pose a potential disaster to the San 
Miguel River. Therefore, the most current technology available for 
spill prevention and erosion should be employed in the proposal. The 
pond is designed for a 100-year life . For a plan of this duration, we 
feel some type of perpetual maintenance commitment should be addressed. 

Response: 

Radium Evaporation Pond would actually be fairly low in the San Miguel 
River Basin, rather than high. It would be located on tributaries to 
Dry Creek, which enters the San Miguel River about 20 miles upstream 
from the river's confluence with the Dolores River, which already has a 
salinity problem from Paradox Valley. Although the unit is designed for 
an operational life of 100 years, the Bureau would retain continuing 
maintenance responsibility for the unit. As explained in Section 
A-3b(4), extreme care would be taken in the design and maintenance of 
the pond to insure that no leakage would occur. Also see response to 
the U.S. Geological Survey Comment 2. 

2. Comment : 

With respect to the alternatives to the Radium Evaporation Pond, 3.e. 
would be the least favorable option. 

Response: 

The Bureau of Reclamation acknowledges the comment but, as explained in 
the statement, intends to investigate the well injection alternative 
(3e) further if the well field testing program indicates a pumping rate 
at or near 2 cfs would control the brine inflow to the Dolores River. 
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3. Comment: 

On page C-6, the document states no gases would be emitted to the air 
from the hydrogen sulfide plant. This is not consistent with the 
process description on page A- 6. This part states: "High pressure air 
would be released through an outside vent to dissipate harmlessly in the 
atmosphere." In conclusion, it is unrealistic to expect that no unoxi 
dized hydrogen sulfide would be stripped from the brine and vented to 
the atmosphere. This would pose an odor problem in the vicinity of the 
plant. 

Response: 

Section C-4 has been revised to explain that high pressure air would be 
released to dissipate harmlessly in the atmosphere. During the period 
January 27 to February 10, 1976, a small pilot hydrogen sulfide strip
ping plant was field tested at Paradox Valley using the aeration 
process. During this test no odors were associated with the discharged 
air or water, indicating total stripping of the hydrogen sulfide . 
During the fall and winter of 1978 tests will be run to obtain addi
tional design data and verify the effects of the stripping process. The 
designs of the permanent stripping plant would include specifications 
stating that the plant must meet Federal and State air quality regula
tions concerning gases and odors around the plant. 

4. Comment: 

The vector potential associated with the evaporation pond and seepages 
was addressed by letter of December 5, 1977, from Dr . Sam Breeland, Bu
reau of Tropical Diseases, Center for Disease Control, to ~lr. Wayne E. 
Cook in Durango, Colorado. 

Response: 

The letter from the Public Health Service, December 5, 1977, stated, 
"Certain vector mosquitoes prefer saline water habitats, and the evapo
ration pond and seepages could provide this type of breeding site. It 
is suspected, however, that the salinity will probably be too great for 
prolific mosquito production." Therefore, it is believed that no vector 
problem would occur. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION VIII 

1860 LINCOLN STREET 

DENVER. COLORADO 80203 

JUL 1 7 1978 
Ref: 8W-EE 

Mr. Joe D. Hall 
Regional Director 
U.S. Bureau of Reclamation 
Upper Colorado Regional Office 
P.O. Box 11568 
125 S. State Street 
Salt Lake City, Utah 84147 

Dear Mr. Hall: 

The Region VIII Office of the Environmental Protection Agency has 
reviewed the draft environmental impact statement for Paradox Valley 
Unit, part of the Colorado River Basin Salinity Control Program. EPA 
strongly supports your agency's efforts to reduce the salt load in the 
Colorado River Basin in order that State adopted and EPA approved 
salinity standards might be maintained. Such efforts are supported 
particularly where there are few conflicts with aesthetic, recreational 
or environmental values as is the situation with the Paradox Valley 
saline seeps. However, EPA does have severe environmental problems 
regarding the proposed method of brine disposal. 

Surface disposal of brine at the Radium Evaporation Site has the 
following potential environmental problems: 

1. possible contamination of underlying aquifers, 
2. possible fugitive dust problems regarding salt dispersion 

to surrounding areas, 
3. erosion of the proposed salt flat over geologic time, 
4. conflicts with the existing land uses of ranching, wildlife 

habitat, and uranium exploration, 
5. possible hazard to waterfowl. 

EPA believes that disposal by deep well injection is the environmentally 
preferred solution and therefore should be seriously investigated for 
brine disposal. Deep well injection will not require large tracts of 
land for surface disposal with its attendant environmental problems. To 
be environmentally acceptable, brine injection must be below possible 
interference with potable or potentially potable aquifers and the risk 
of seismic changes should be minimal. 
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The economic suitability of deep well injection is highly dependent 
upon the rate of pumping necessary to achieve efficient salt removal. 
Therefore, the eighteen month study proposed by the Bureau to ascertain 
well pumping rate is an ideal time to simultaneously study the feasibility 
and costs of deep well injection. 

EPA requests that the Bureau define in the final EIS specific criteria 
to determine 11 Satisfactory .. salt removal. EPA understands that the Bureau 
feels committed to removing 180,000 tons per year of salt regardless of 
the pumping rate, or cost associated impacts, needed to achieve this 
reduction. While EPA supports this goal, it is our opinion that the Bureau 
should consider both an 11 0ptimization 11 of cost per unit salt reduction 
as well as 11 total 11 salt removal. This is particularly important in light 
of OMB 1s concerns about cost effectiveness due to the limited resources 
available for program implementation. The Paradox Valley Project is 
suitable for a program staging approach with the initial phase based on 
an 11 optimum 11 level of salt removal while maintaining the opportunity for 
"total 11 removal at a later stage (assuming that the 11 0ptimum 11 level is 
detenni ned to be 1 ess than 11 tota 111 remova 1 ) • EPA recommends that the stag
ing approach be fully explored in the final EIS. 

EPA also notes that brine disposal by deep well injection offers the 
advantage of reducing the secondary impacts to surrounding communities. 
Rather than constructing the Radium Evaporation Pond initially which 
requires a large construction crew, a deep well injection system would 
require fewer construction employees. New wells need only be constructed 
as needed, therefore the 11boom-to-bust 11 effect would be reduced. 

To meet the goal of using the environmentally preferred solution by 
deep well injection, the Bureau should not incur sunk costs related to 
surface disposa~. The initial study period should be used to determine 
if deep well injection is feasible possibly by converting an existing deep 
well, such as the Continental Oil well, for the purpose of disposing brine. 

According to the procedures EPA has adopted to rate the adequacy 
of draft environmental impact statements, the draft EIS for the Paradox 
Valley Unit will be listed in the Federal Register in Category ER-2. 
This means we have environmental reservations with the proposed action 
and request additional information as outlined in this letter and the 
attached detailed comments . My staff is available to meet with your staff 
to discuss resolution to these problems. 

Ala rsom------
Regional Administrator 

Enclosure 
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Detailed Comments 
by the 

U.S. Environmental Protection Agency 
on the 

Paradox Valley Unit Draft EIS 

Deep Well Injection Alternatives 

1. It is not true that deep well injection for disposal is only an 
experimental technique. The oil industry used deep well injection to 
dispose of more than 3.4 billion barrels of brine in 1976 plus an 
additional 16 billion barrels that were injected for secondary recovery. 
It is probably true that few if any disposal wells inject into formations 
which are as deep as the one that the Continental Oil well taps, but there 
is no reason not to test this alternative if the amount of brine being pumped 
is not large. There are wells which inject at depths greater than 10,000 
feet for purposes of secondary recovery. 

2. The Turner report (Feasibility Study~ Brine Disposal EY Deep 
Injection on the Paradox Valley Unit, 1975) indicates that the Continental 
Oil well bottoms below the salt formation in two hundred feet of sediment of 
Mississippian age. This location separated from any potable aquifer by 
the impervious salt dome and distant from the faulted edges of the anti
cline is suitable from an environmental standpoint for permanent disposal 
of brine. 

Because this is potentially an environmentally suitable location for 
deep well injection, EPA strongly recommends the Bureau invest in retro
fitting this well to determine the costs and feasibility(rate of accept
ance, useable life, environmental acceptability, etc.), of brine disposal 
by this method. It may be possible to develop this well soon enough to dis
pose of brine developed during the test program. 

Radium Evaporation Pond 

1. There needs to be a better description of the ground water conditions 
at this evaporation and pond site. This should include the depth to water 
in both the artesian and non-artesian aquifers which apparently underlie the 
site. There should also be some estimates (based on site infiltration data) 
on the worst case infiltration rates that might be expected. If the Radium 
Evaporation Site is the selected alternative, the Bureau should install 
monitoring devices directly under the site in the unsaturated zone both in 
the portion underlain by the Dakota Sandstone and in the portion underlain 
by the Mancos Shale. This could be done by installing vacuum lysimeters 
buried prior to installation of the clay liner that will be used in portions 
of the pond. Monitoring the unsaturated zone will allow an early warning 
if brine is moving out of the site at rates larger than are deemed allow
able. Have ·any infiltration estimates been made for the Radium site using 
the drill hole data and data on the site geology? Are there any open 
fracture systems due to the faulting and folding in this area which might 
transmit salt water into Dry Creek and thus to the San Miguel River? 

I-53 



2 

2. The draft EIS states that all drill holes in the pond site will 
be sealed by grouting. What is the estimate of the total number of wells 
which will need to be sealed? Uranium exploration has apparently taken 
place in this area for 20-25 years? How will old wells be located? 

3. The Bureau of Mines opposes the use of this site due to potential 
conflict with uranium extraction. What is the estimated cost for mineral 
right purchase? By what methods would any subsequent mineral recovery use to 
prevent brine flow into such a mine? The San Miguel Water Conservancy Dis
trict has raised the question of water rights ownership at this site. What 
is the status of water rights that might be effected in the Dry Creek Basin? 
What is the cost of securing these rights? The estimated annual cost due to 
reduced livestock production should be specified. 

4. There are two possible mechanisms for the drift of salts and fugitive 
dust from this evaporation pond that should be investigated. First when 
the pond has received a large amount of surface runoff, the depth of brine 
and runoff combined with the long reach may create significant wave action. 
The resultant evaporation could cause a salt drift downwind. Second, incom
ing sediment from surface runoff will dry and may move along the crusted 
salt (especially since there would be little or no vegetation) creating a 
dust storm of particulates and salt. The significance of these two poten
tial problems plus any problems with noxious odors should be reviewed in the 
final EIS. 

5. Over geologic time the salt deposited at the Radium Site will erode 
downstream to the San Miguel River. What efforts can be made to stabilize 
the dikes to minimize the rate of erosion? 

6. What can be done if the brine pond does lead to waterfowl mortality? 
Are any additional studies planned to define the extent of this problem? 

Well Field 

1. EPA understands that the proposed 18-month study to determine rates 
of pumping at the well field should solve many of the unresolved problems 
associated with brine pumping. Therefore the following questions need not be 
answered in the final EIS but rather in the detailed study the Bureau pro
poses. EPA does request that the Bureau specify in the final EIS what 
constitutes efficient salt removal criteria. As suggested in our cover 
letter, EPA prefers to see consideration of optimizing along with maximiz
ing pumping. Of course, the well field study may show almost 100% salt 
reduction at low pumping rates which is ideal. What we are concerned with 
is that low pumping rate may achieve significant salt reduction but not 
100% but the Bureau will attempt to get 100% salt removal regardless of 
pumping rate. High pumping rates near 5 cfs demand much greater costs 
for any disposal alternative and may bias the analysis against the deep 
well injection alternative. 

I-54 

( 

( 



t 

3 

2. There is little discussion as to what the magnitude of the lowering 
of salt water, fresh water interface is expected to be and whether the 
pumping of wells, which are obtaining their b rine from zones that are 
close to the interface, may create a mixing effect between the fresh water 
and the salt water. There shoul d be some discussion as to the amount of 
fresh water which may be mixed with the brine and the magnitude of the 
change in quality that is acceptable. Have the existing and projected 
Piezometric surfaces been mapped? What will be the frequency of ground 
water monitoring? Will the - "temporary disposal pond" interfere with monitor
ing during the test period? How does the width of exposure of the Dolores 
to the salt anticline compare to the well field design? A more detailed 
cross-section through the valley could clarify. If the Dolore~ River is 
"occasionally dry" does this indicate that the brine is evaporating or leav
ing by subsurface flow? Flow figures are at McPhee Dam. What would they 
be at the Bedrock gage? What impact will the flow modification have on the 
ground water/surface water interface in Paradox Valley? More detailed discus
sion of the seasonal variation in the surface water/groundwater relationship 
is needed. The basic hydrology should receive more attention, specifically: 

(a) ground water/surface water relationship as it now exists 

(b) ground water/surface water relationship with project 

(c) ground water/surface water relationship with McPhee Dam. 

3. There is no discussion as to whether corrosion problems with associa
ted cost increases are anticipated and whether this could effect the project. 
The HzS that is in the brine could cause problems with the pumping units 
themselves which could require the use of special corrosion resistant pumps 
or a hig~ maintenance cost. The various management alternatives and their 
costs should be discussed. 

4. What is the status of the necessary well permit and acquisition of 
water rights? 

5. Many of the proposed well field facilities are in the flood plain. 
This includes the temporary disposal pond for brine disposal during the pump
ing tests. How will this structure be flood-proofed? What will be done 
to protect wells and the stripping plant from flood damage? What is the 
effect of the project being shut down during extensive flooding? 

General Comments 

1. Because costs are used by the Bureau to justify alternative selection, 
EPA believes the final EIS should have a cost analyses of pumping rates 
and disposal alternatives. This is particularl y important to determine 
if the environmentally preferred solution of deep well injection is of 
similar cost to the proposed action. 
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2. What is the status of the Wild and Scenic River Study? 

3. The possible use of solar energy should be considered. 

4. When will the results of the cultural survey be available? 

( 

( 
, 
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Memorandum 

To: Files 

Subject: Response to Letter from t he Environmental Protection Agency, 
Denver, Colo . , Dated J uly 17, 1978. 

l. Comment: 

EPA believes that disposal by deep well injection is the environmentally 
preferred solution and therefore should be seriously investigated for 
brine disposal. Deep well injection will not require large tracts of 
land for surface disposal with its attendant environmental problems . To 
be environmentally acceptable, brine injection must be below possible 
interference with potable or potentially potable aquifers and the risk 
of seismic changes should be minimal . 

The economic suitability of deep well injection is highly dependent upon 
the rate of pumping necessary to achieve efficient salt removal. There
fore, the eighteen month study proposed by t he Bureau to ascertain well 
pumping rate is an ideal time to simultaneously study the feasibility 
and costs of deep well injection. 

Response: 

The Bureau agrees that deep well injection could potentially have the 
fewest adverse environmental impacts of all the alternatives and, conse
quently, has not rejected this method of possible brine disposal. This 
method is limited to low pumping rates and is highly dependent upon the 
characteristics of the receiving formation, which may or may not be uni
form beneath Paradox Valley. Because of the large expense associated 
with an investigation of deep well injection, it is not reasonable to 
evaluate this alternative more fully until the effective pumping rate at 
the brine well field is determined . Sections A-3a and H-1 state that if 
the testing program indicates that a pumping rate at or near 2 cfs would 
be effective the unit plan would be reanalyzed to determine whether 
another disposal method or site would be more desirable than the pro
posed plan. 

2. Comment: 

EPA requests that the Bureau define in the final EIS specific criteria 
to determine "satisfactory" salt removal. EPA understands that the Bu
reau feels committed to removing 180,000 tons per year of salt regard
less of the pumping rate, or cost associated impacts, needed to achieve 
this reduction. While EPA supports this goal, it is our opinion that 
the Bureau should consider both an "optimization" of cost per unit salt 
reduction as well as "total" salt removal. This is particularly 
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important in light of OMB's concerns about cost effectiveness due to the 
limited resources available for program implementation. The Paradox 
Valley Project is suitable for a program staging approach with the 
initial phase based on an "optimum" level of salt removal while main
taining the opportunity for "total" removal at a later stage (assuming 
that the "optimum" level is determined to be less than "total" removal). 
EPA recommends that the staging approach be fully explored in the Final 
EIS. 

Response: 

The Bureau of Reclamation believes that theoretically, net benefits 
would be maximized at 100 percent salt removal, although this level of 
salt removal may not be practically attainable. 

The major costs associated with the unit would be for the hydrogen sul 
fide stripping plant, the 20. S-mile pipeline, the pumping plants, and 
the evaporation pond. Costs associated with the well field would be 
minor by comparison, and the efficiency of the salt removal would be 
more dependent on modifications and improvements in the well field than 
on the overall pumping rate. The purpose of the well field testing pro
gram is to determine the efficiency of the well field as well as the 
overall pumping rate. If the ratio of total costs to salt removal does, 
at a given level, begin to increase with each succeeding increment of 
salt removal, optimization of cost effectiveness vs. salt removal would 
be considered. 

The Bureau is, in essence, in a staged development, since the design 
data collection program will permit the analysis of various methods of 
operation and various pumping rates before proceeding with the construc
tion of any major structures for brine treatment , transportation, and 
disposal. This approach is particularly valuable because at almost any 
pumping rate, these structures will be much more costly to build and 
operate than the well field itself. 

3. Comment: 

EPA also notes that brine disposal by deep well injection offers the ad
vantage of reducing the secondary impacts to surrounding communities . 
Rather than constructing the Radium Evaporation Pond initially which re 
quires a large construction crew, a deep well injection system would re
quire fewer construction employees. New wells need only be constructed 
as needed, therefore the "boom-to-bust" effect would be reduced. 

Response: 

The Bureau of Reclamation recogni zes that during the construction phase 
the impacts on the area's social environment with deep well injection 
disposal would be of less magnitude than under the proposed plan. The 
tradeoff, however, would be that some construction activity would be 
necessary at least intermittently over the 100-year life of the project 
and ha s so stated in Section H-3e(2). 
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4. Comment: 

To meet the goal of using the environmentally preferred solution by deep 
well injection, the Bureau should not incur sunk costs related to sur
face disposal. The initial study period should be used to determine if 
deep well injection is feasible possibly by converting an existing deep 
well, such as the Continental Oil well, for the purpose of disposing 
brine. 

Response: 

The Bureau would not incur sunk costs related to surface treatment, con
veyance, and disposal until the design pumping rate is determined. Nei
ther does it feel it should incur sunk costs for deep well injection 
until it is determined that the pumping rate would be substantially less 
than 5 cfs, since deep well injection would be impractical at the high 
rate of disposal . 

5. Comment: 

It is not true that deep well injection for disposal is only an experi
mental technique. The oil industry used deep well injection to dispose 
of more than 3.4 billion barrels of brine in 1976 plus an additional 16 
billion barrels that were injected for secondary recovery. It is prob
ably true that few if any disposal wells inject into formations which 
are as deep as the one that the Continental Oil well taps, but there is 
no reason not to test this alternative if the amount of brine being 
pumped is not large. There are wells which inject at depths greater 
than 10,000 feet for purposes of secondary recovery. 

Response: 

The Bureau did not mean to imply that deep well injection is experi
mental in all parts of the United States. Injection into Mississippian
aged f ormations in the Western States at depths of 15,000 feet is 
cons i dered experimental, however. Another important factor is that the 
Bureau would not be injecting into formations from which oil is being or 
has been removed, as is the usual case with the oil industry. 

The Bureau agrees that deep well injection should be given serious con
sideration if the pumping rate is considerably less than 5 cfs and has 
so stated in Section H-3e. 

6. Comment: 

The Turner report (Feasibility Study of Brine Disposal ~ Deep Injection 
on the Paradox Valley Unit, 1975) indicates that the Continental Oil 
well bottoms below the salt formation in two hundred feet of sediment of 
Mississippian age. This location separated from any potable aquifer by 
the impervious salt dome and distant from the faulted edges of the 
anticline is suitable from an environmental standpoint for permanent 
disposal of brine. 
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Response: 

As stated in the discussion of the deep well injection plan, Section 
H-3e, the Bureau recognizes that the rehabilitation of Continental 
Scorrup #l well would be the most practical method t o investigate deep 
well injection, since the well has been drilled and is only 3/4 of a 
mile from the well field. Although the well may be ideally suitable 
from an environmental standpoint, the economics of injection may be 
formidable in view of pretreatment requirements, limi t ed well or re
ceiving formation capacities, and high pumping pressures, possibly in 
exc~~~ of 2,000 psi. 

7. Comment: 

Because this is potentially an environmentally suitable location for 
deep well injection, EPA strongly recommends the Bureau invest i n retro
fitting this well to determine the costs and feasibility (rate of 
acceptance, useable life, environmental acceptability, etc.), of brine 
disposal by this method. It may be possible to develop this well soon 
enough to dispose of brine developed during the test program. 

Response: 

If, as the testing program proceeds, the pumping rate appears to be sig
nificantly less than 5 cfs, the Bureau is prepared to consider retro 
fitting this well as part of the testing program. 

8. Comment: 

There needs to be a better description of the ground water conditions at 
this evaporation and pond site. This should include the depth to water 
in both the artesian and non-artesian aquifers which apparently underlie 
the site. There should also be some estimates (based on site infiltra 
tion data) on the worst case infiltration rates that might be expected. 
If the Radium Evaporation Site is the selected alternative, the Bureau 
should install monitoring devices directly under the site in the unsat
urated zone both in the portion underlain by the Dakota Sandstone and in 
the portion underlain by the Mancos Shale. This could be done by in
stalling vacuum lysimeters buried prior to installation of the clay 
liner that will be used in portions of the pond. Monitoring the unsat 
urated zone will allow an early warning if brine is moving out of the 
site at rates larger than are deemed allowable. Have any infiltration 
estimates been made for the Radium site using the drill hole data and 
data on the site geology? Are there any open fracture systems due to 
the faulting and folding in this area which might transmit salt water 
into Dry Creek and thus to the San Miguel River? 

Response: 

As mentioned on page B-7 infiltration tests conducted in the Mancos 
Shale have indicated it to be entirely impervious. Investigations are 
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continuing to locate possible fractures or well holes that would allow 
the brine to escape from the pond. If all these wells have not already 
been plugged as required by State law they would be plugged with grout 
and/or covered by an impervious blanket. 

Drilling, studying the logs of existing drill holes, and geological in
vestigations have verified that nearly all of the pond area is underlain 
by Mancos Shale. At some locations, the thickness of the shale was 
greater than 600 feet. As pointed out in the environmental statement, a 
blanket composed of Mancos Shale would be put over areas where the 
shales are thin or sandstone outcrops are exposed. Lab tests by the 
Bureau of Reclamation have shown the compacted Mancos Shale to have a 
permeability in the range of 0.005 foot per year. 

At the pond, the exchange of sodium in the brine with the calcium in the 
shale would cause some structural change in the shale that would aid in 
the sealing of the pond. Because of the high concentration of salts in 
the brine, generally no salts would be leached out of the shale . 

The Bureau has devised a monitoring program using eight peizometers 
which would be clustered around the evaporation pond to monitor any 
leakage as discussed in Section A-3b(4). The use of vacuum lysimeters 
will also be considered if it is determined that they would provide a 
more adequate monitoring system. 

9. Comment: 

The draft EIS states that all drill holes in the pond site will be 
sealed by grouting. What is the estimate of the total number of wells 
which will need to be sealed? Uranium exploration has apparently taken 
place in this area for 20-25 years? How will old wells be located? 

Response: 

An estimate of the number of drill holes that would need to be sealed is 
not available. However, to i nsure location of all drill holes at the 
time of final design data collection for Radium Evaporation Pond, the 
Bureau would obtain drilling logs from the companies that have conducted 
exploratory drilling in the basin--these include Union Carbide Corpora
tion, Atlas Corporation, and AMAX, Inc . It would also consult the drill 
records of BLM and the Bureau of Mines. Because the Bureau is aware 
that there may be unrecorded drill sites, it would be prepared to con
duct a field search survey to insure that all wells had been located . 

10. Comment: 

The Bureau of Mines opposes the use of this site due to potential con
flict with uranium extraction. What is the estimated cost for mineral 
right purchase? By what methods would any subsequent mineral recovery 
use (sic) to prevent brine flow into such a mine? 
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Response: 

Because it has not yet been determined whether sufficient quantities ex
ist to make it economically feasible to extract the uranium at depths of 
1,000 feet or more, no economic impacts have been identified . Moreover, 
the Bureau of Reclamation does not believe nor did the Bureau of Mines 
report conclude that the existence of a brine evaporation pond would 
physically preclude the development of uranium deposits. An evaporation 
pond would restrict the location of surface facilities and make the ven
tilation of the mine more difficult, thus creating the potential for in
creased costs. Also see response to Bureau of Mines letter. 

ll. Comment: 

The San Miguel Water Conservancy District has raised the question of wa 
ter rights ownership at this site. What is the status of water rights 
that might be effected (sic) in the Dry Creek Basin? What is the cos t 
of securing these rights? The estimated annual cost due to reduced 
livestock production should be specified. 

Response: 

The San Miguel Water Conservancy District holds a conditional storage 
right at the proposed pond site. That storage right expires in 1980. 
The r ight will probably not be renewed since the pond site is not now 
being considered by the Bureau of Reclamation in its advance planning 
studies on the San Miguel Project. The site has been judged unsuitable 
for storage because any development there would be subject to a high 
evaporation rate, making it questionable whether the San Migue l Project 
water users could afford the wate r depletion from evaporation that would 
occur. In these determinations, the fact that the flow, timing, and 
quality of water in Dry Creek Basin are inadequate to establish and 
maintain a reservoir at this site without substantial importation from 
another source was also a consideration. 

12. Comment : 

There are two possible mechanisms for the drift of salts and fugitive 
dust from this evaporation pond that should be investigated. First, 
when the pond has received a large amount of surface runoff, the depth 
of brine and runoff combined with the long reach may create significant 
wave action. The resultant evaporation could cause a salt drift down
wind. Second, incoming sediment from surface runoff will dry and may 
move along the crusted salt (especially since there would be little or 
no vegetation) creating a dust storm of particulates and salt. The sig
nificance of these two potential problems plus any problems with noxious 
odors should be reviewed in the final EIS . 
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Response: 

Through observations and consultations with others who have been and are 
operating large brine evaporation ponds, it has been observed that when 
the salt precipitates out, it crystallizes and becomes a rock-hard mass. 
Two examples of this were observed, one on the Malaga Bend Experimental 
Salinity Alleviation Project in New Mexico and the other at Texas Gulf 
Sulfur at Moab, Utah . Both have a large pond with large amounts of pre
cipitated salts around the edges. Vegetation around the two areas 
showed no sign that any salt had blown from the pond. In addition, the 
Union Carbide effluent ponds at Uravan, Colo., used for precipitating 
salt brine-uranium liquors, produce only large crystalline particles and 
are free of dust problems. The prevailing winds in the area, as 
measured at Bureau of Reclamation stations at Bedrock and Dry Creek 
Basin, are from the southwest. Any minor quantities of windblown salt 
would be carried to the north of the populated farm area in Dry Creek 
Basin and in the direction of the alkaline/saline-tolerant sagebrush and 
greasewood vegetation (see Figure B-7, Vegetation Map). Records show 
the winds are at their most forceful in spring when the ground is 
dampest, further reducing the possibility of an airborne dust problem. 

The only noxious odors associated with the brine stem from hydrogen sul
fide gas, which would be stripped from the brine before it reaches the 
evaporation pond. There would be no odors from bacteriological factors 
at the evaporation pond itself; because of severe osmotic pressure asso
ciated with brine, the pond would be essentially lifeless. 

13. Comment : 

Over geologic time the salt deposited at the Radium Site will erode 
downst~eam to the San Miguel River. What efforts can be made to stabi
lize the dikes to minimize the rate of erosion? 

Response: 

The Bureau of Reclamation does not believe that the dikes or salt would 
erode, since the upstream face of the dikes would be riprapped and even
tually armored with salt and sediment and the downstream face would be 
protected by sand and gravel. Moreover, by the time the flood storage 
pool is filled with sediment (after about 800 years, assuming an opera
tional life of 100 years) and floods begin to spill over the spillway a 
5-foot-thick layer of fine, relatively impervious sediment would sep
arate the salt from natural runoff. 

The Bureau of Reclamation has annual maintenance review and rehabilita
tion and betterment programs on all of its dams to insure their stabil
ity. Also see response Geological Survey, comment #2. 
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14. Comment: 

What can be done if the brine pond does lead to waterfowl mortality? 
Are any additional studies planned to define the extent of this problem? 

Response: 

As noted in the statement, Section C-8c(9), preliminary results of the 
CSU study suggest that waterfowl would not be harmed by the brine under 
natural conditions. But the results of the completed study will be re
viewed by State and Federal natural resource agencies . Should the 
completed studies indicate that losses of waterfowl are likely to occur, 
the Bureau would coordinate with the Fish and Wildlife Service to miti
gate such impacts. Possible mitigative measures could include develop
ment of waterfowl habitat to increase waterfowl production elsewhere and 
thereby net out overall losses, although any specific recommendation 
would depend on the degree of impact. Based on our preliminary find
ings, we do not anticipate any losses at the brine pond. 

15. Comment: 

EPA does request that the Bureau specify in the final EIS what cons ti
tutes efficient sal t removal criteria . 

Response: 

Please see response to your comment if2, preceding. 

16. Comment: 

Because costs are used by the Bureau to justify alternative selection, 
EPA believes the final EIS should have a cost analyses of pumping rates 
and disposal alternatives. This is particularly important to determine 
if the environmenta lly preferred solution of deep well injection is of 
similar cost to the proposed action. 

Response: 

It is the policy of the Department of the Interior that elaborate finan
cial analyses are not part of an environmental statement. This informa
tion is developed in technical planning documents which are available 
for public inspection at the following locations . 

Bureau of Reclamation 
Upper Colorado Regional Office 
125 South State Street 
Salt Lake City, Utah 84147 

Bureau of Reclamation 
Western Colorado Projects Office 
835 2nd Avenue 
Durango, Colo. 81301 
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The following tables show comparative costs of the different alterna
tives at 5 cfs and 2 cfs. Detailed cost information for the deep well 
injection alternative is not available, since, to determine costs, 
information would be needed as to the injection rate, injection pres 
sure, and life of the well. As explained in Section H- 3e, this informa 
tion could only be gathered through actual operation. 

Cost summary of alternatives 

Proposed plan 
Alternative plans 

Sinbad Valley Evapo
ration Pond 

Dolores River bypass 

Construction 
costs (January 

1977 prices) 
$50,390,000 

162, 500,000 

Annual 
equival7nt 

cost-
$3,498,000 

10,484,000 

Cost per 
mg/1 of 
salinity 

reduction 
$192,200 

576,000 

channel 56,000,000 3,700,000 203,300 
l/ Includes the capital investment and interest during construc

tion amortized over a 100-year period at 5 5/8 percent interest and an
nual operation, maintenance, and replacement costs. 

Cost summary of small-scale plans 
(well field pumping rate of 2 cfs) 

Modified Radium Evapo
ration Pond 

Modif ied Sinbad Valley 
Evapo_ration Pond 

East Paradox Valley 
Evaporation Pond 

West Paradox Valley 
Evaporation Ponds 

Deep well injection 
Dolores River bypass 

Construction 
costs (January 

1977 prices) 

$34,800,000 

108,400,000 

58,700,000 

35,400,029 
Unknown-

Annual 
equivat7nt 

cost-

$2,379,000 

6,754,000 

3,910,000 

2,330,029 
Unknown-

Cost per 
mg/l of 
salinity 

reduction 

$130,700 

371,100 

214,800 

128,029 
Unknown-

channel 56,000,000 3,700,000 203,300 
l/ Includes the capital investment and interest during construc

tion amortized ove r a 100-year period at 5 5/8 percent interest and an
nual operation, maintenance, and replacement costs. 

~/ The Bureau estimates that each injection well would cost about 
$3.5 million but cannot determine the total number of wells required or 
the total cost of the plan. 

17. Comment: 

What is the status of the Wild and Scenic River Study? 
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Response: 

As explained in Section B-6a, the Final Environmental Statement on the 
Dolores River Wild and Scenic River Study was filed with CEQ in 1976 
(INT FES 76-56). It was recorrunended in the statement that a lOS-mile 
reach above Paradox Valley be included in the Wild and Scenic River 
System and that the reach from just below the valley to the Utah State 
line not be included until further studies were completed. Paradox Val
ley itself was specifically excluded from the study. To date, Congress 
has not acted upon these recorrunendations. 

18. Corrunent: 

The possible use of solar energy should be considered. 

Response: 

At the present time, solar energy as a source of electrical power for 
the unit is not economically competitive with other means. If, however, 
it becomes competitive in the future, the conversion to solar energy 
would be investigated. 

19. Corrunent: 

When will the results of the cultural survey be available? 

Response: 

The cultural survey conducted by archaeologists from Fort Lewis College 
is available for public inspection at the following location . 

Bureau of Reclamation 
Western Colorado Projects Office 
825 2nd Avenue 
Durango, Colo. 81301 

1-66 

( 

( 



c 

b. Comments from State and Local Governments 

State of Colorado 
Colorado Geological Survey 
Colorado Historical Society 

Office of the State Archaeologist 
Office of Historic Preservation 

Department of Health 
Division of Commerce and Development 
Division of Employment and Training 
Division of Highways 
Division of Water Resources 
Division of Wildlife 

State of California 
Colorado River Board of California 

State. of Utah 
Division of Health 

I-67 



RICHARD D. LAMM 
GOVERNOR 

COLORADO GEOLOGICAL SURVEY 
DEPARTMENT OF NATURAL RESOURCES 

715 STATE CENTENNIAL BUILDING - 1313 SHERMAN STREET 
DENVER, COLORADO 80203 PHONE (303) 839-2611 

Mr. Stephen 0. Ellis, Principal Planner 
Colorado A-95 Clearinghouse 
Department of Local Affairs 
Division of Planning 
520, 1313 Sherman Street 
Denver, CO 80203 

June 8, 1978 

JUN 0 9 1978 

JOHN W. ROLO 
Director 

Dear Mr. Ellis: RE: DRAFT ENVIRON}1ENTAL STATEMENT, 
PARADOX VALLEY UNIT 

This office has reviewed the above draft environmental statement 
and find that it has adequately evaluated the proposed development . 

RHP/vt 

GEOLOGY 
STORY OF THE PAST ... KEY TO THE FUTURE 
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Memorandum 

To: Files 

Subject: Response to Letter from State of Colorado, Geological Survey, 
Denver, Colo., Dated June 8, 1978. 

The Bureau of Reclamation acknowledges the letter and appreciates the 
review of the Draft Environmental Statement. 
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Office of the 
State ArchaeologisL 

839- 3391 

COlORADO 
HISTORICAL 

SOCIETY 
The Colorado Heritage Center 1300 Broadway Denver, Colorado 80203 

Mr . Stephen Ell i s 
Colorado A- 95 Cl earinghouse 
Department of Loca l Affairs 
Division of Planning 
520 Centennial Building 
Denver, CO 80203 

RE: Draft Environmental Statement for the Paradox Va l ley Unit, 
Colorado River Basin Salinity Control Project, Bureau of 
Reclamati on, Department of the Interior: Archaeological 
Resources 

Dear Mr. Ellis: 

( 

The Office of the State Archaeologist has received and reviewed 
the Draft Environmental Statement for the Paradox Valley Unit, 
Colorado River Basin Sal inity Control Project, Bureau of Reclamation, 
Department of the Interior . . (The Colorado Historical Society's 
Department of Historic Preservation will independently comment upon ( 
architectural/historical resources . ) 

If the stipulations described on page A- 14-·15 for Archaeological 
Resources are adhered to, we find that the Archaeological Resources 
have been adequately considered and meet the goals and objectives 
of the National Historic Preservation Act et alia and those of this 
Office. ---

Thank you for the opportunity to comment on the proposed project. 
We appreciate the Bureau of Reclamation ' s consideration of Colorado's 
Heritage and our non-renewable Archaeological Resources. 

If this Office can be of further assistance, please do not 
hesitate to call upon ES Reviewer Betty LeFree (839- 3391). 

For the State 

BER(BJL) :ng 
cc: Townsend, SHPO 

Noble, Regiona l Director 

Weakly, BRec 
Madden, BRec 
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Memorandum 

To : Files 

Subject: Response to Undated Letter from State of Colorado, Colorado 
Historical Society, Office of the State Archaeologist, Denver, 
Colo. 

The Bureau of Reclamation acknowledges the letter and appreciates the 
review of the Draft Environmental Statement. 
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The Colorado Heritage Center 1300 Broadway Denver, Colorado 80203 

June 20, 1978 

s. 0. Ellis 
State Clearinghouse 
520 State Centennial Building 
1313 Sherman Street 
Denver, Colorado 80203 

RE: Bureau of Reclamation; Colorado River Basin Salinity 
Control -- Paradox Valley Unit 

Dear Mr. Ellis: 

( 

We shall comment pertaining to architectural and historical prop-
erties that may be located within the impact area of this proj e ct; ( 
the office of the State Archaeologist will comment separately con
cerning archaeological properties. 

The Bureau of Reclamation has consulted with our office previously 
concerning architectural and his·torical properties. Based on the 
information supplied, we concurred with the Bureau that it had 
fulfilled its responsibilities to identify and consider historical 
properties as required by the National Historic Preservation Act 
of 1966, as amended (copy enclosed). We have no addition or changes 
to our previous comment. 

Sincerely, 

Preservation 
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Memorandum 

To: Files 

Subject: Response to Letter from State of Colorado, Colorado Historical 
Society Coordinator, Historic Preservation, Denver, Colo., 
Dated June 20, 1978. 

The Bureau of Reclamation acknowledges the letter and appreciates the 
review of the Draft Environmental Statement. 
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4210 E. 11TH AVENUE DENVER 8022 0 PHONE 388-6111 EXT. 329 

ANTHONY ~OBBINS. M.D .. M.P.A. EXECUTIVE DIRECTOR 

DATE: Junel5, 1978 

SUBJECT: NON-STATE ASSISTANCE 

TO: Stephen Ellis 
Division of Planning 

REVIEW AND COMMENTS JUN 16 1978 

DIV. Of Pl.fo NNlNr; 

PROJECT TITLE: Colorado River Basin Salinity Control Project- Paradox 
Valley Unit 

STATE ID ENT I FIER: /178-112 

COMMENTS DUE BY: 6/15 

( 

Yes[B No u I s this project cons i stent w i t h the goals and ( 

YesLI No I~ 

Yes l=i No 0 
YesQ No LXJ 
Comments: 

SOC-3, Feb 77 

objec ti ves of this agency? 

I s there evidence of ove rl app in g of du p l i ca 
t i on with ot h e r agencies? 

I s meeting desired w i th applicant? 

A 15-d ay extension is requested. 

Name, Title & Phone 

MlCKI BMU~ES , PROGRAM ADMINISTRATOR 

ATTACHMENT B 
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4210 E. 11TH AVENUE DENVER 80220 PHONE 388-6111 EXT. 329 

ANTHONY ROBBINS. M.D .. M.P.A. EXECUTIVE DIRECTOR 

DATE: 

SUBJECT: NON-STATE ASSISTANCE 

COMMENTS DUE 8 y: 

YesEJ No u 
YesLI No I~ 

Yesl=i No Q/" 
YesU No LL=Y' 
Commen t s: 

SOC-3, Feb 77 

Is this project consist e nt wit h the goals an d 
objectives of this agency? 

Is there evidence of overlapping of duplic a
tion with other agenc ies? 

Is meeting desired with applicant? 

A 15-d ay extension is requested. 

Name, Title & Pho~e 

ATTACH MEN T 8 
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Memorandum 

To: Files 

Subject: Response to Letters from State of Colorado, Department of 
Health, Denver, Colo., Dated June 15, 1978, and June 26, 1978. 

The Bureau of Reclamation acknowledges the letters and appreciates the 
review of the Draft Environmental Statement. 
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TO Stephen 0. Ellis, Principal Planner 
Colorado A-95 Clearinghouse 

JUN 22 1978 

DJV. OF flN~NJNr, 

FR0:'-1 Russ CaldHell, Commerce & Development ~ C-

SUBJECT 

DATE 

Colorado River Dasin Salinity Control Project 
Paradox Valley Unit 

June 21, 1978 

I am sorry for the six day delay in giving you our co~~ents 
on the Bureau of Reclamation EIS for Paradox Valley. The 
89 COBG reviews have back logged us to a considerable extent. 

The Division has circulated the EIS to . offices in the Division. 
A number of major concerns have been raised that necessita·te 
a lack of support for the project from Commerce and Develop
ment. Although our comments try to stand within the bounds 
of economic considerations, com..-nent n\.t.llber four may be 
outside· our particular expertise. 

In general, this Division recog:;izes the need to remove 
salt from the rivers to improve water quality for down
stream users. Unfortunately the proposed activity with 
all alternatives conside~ed lacks sufficient benefits to 
Colorado anri causes sufficient problems to warrant no sup
port £rom this Division. Specific concerns inclu~e: 

{ 1) The ir.reye·rsable loss of graying lands ( 7, 891 acres ) 
now in use for livestock grazing further hinders 
the state's abili·ty to promote and continue economic 
diversity on the western slope . The grazing land 
affects are currently being used for sheep grazing. 
This sector of our agriculture economy has been 
suppressed. In fact, Colorado's sheep population 
has declined in recent years due to other fede ral 
action such as reduction in federal land available 
for grazing. Through othe r federal prograQs 
Colorado has begun an effort to stabilize the sheep 
production. The proposed project will adversely affect 
these efforts. 

(2) The Division of Comme rce and Deve lopment is 
concerned about the cumulative effect of . this activity 
with other Bureau projects and with ene r gy anrl 
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mineral development on the Western Slope. Loss 
of agricultural capacity in grazing for this activity 
needs to be compared with other federally induced 
development (energy). It appears than the continued 
decline of agriculture from this federal projec·t and 
others may eliminate the state's ability to create 
a diversified and stable west slope economy. 

(3) The project proposes a loss of 3,950 acre feet 
of water in the annual flow of water downstreams. 
Will downstream beneficiaries of the project be 
willing to credit this loss to Colorado? 

(4) Although the communities affected by the project 
will gain some temporary employment and grmo~th in 
retail sales, will the strain on local services 
be worth the benefits? It appears this project 
with the ct~ulative effect of energy development 
will further strain local service capabilit.ies. 
The upward limits of the total pressures being 
placed on these co:;;ununities should be identified 
and the com.r:mnities should be compensated for the 
services required. 

(5) During the transaction of developing n ew 
habit~t areas for wildlife, will there be an 
economic loss due to removal of existing habitat? 
The sportit:tg/hunting activities in the area 
contribute significantly to the local economies. 
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Memorandum 

To: Files 

Subject: Response to Letter from Division of Commerce and Development, 
State of Colorado, Dated June 21, 1978. 

1. Comment: 

In general, this Division recognizes the need to remove salt from the 
rivers to improve water quality for downstream users. Unfortunately the 
proposed activity with all alternatives considered lacks sufficient ben
efits to Colorado and causes sufficient problems to warrant no support 
from this Division. Specific concerns include: 

(1) The irreversible loss of grazing lands (7 ,891 acres) now in 
use for livestock grazing further hinders the state's ability to 
promote and continue economic diversity on the western slope. The 
grazing land affects (sic) are currentl y being used for sheep 
grazing. This sector of our agriculture economy has been sup 
pressed. In fact, Colorado's sheep population has de clined in 
recent years due to other federal action such as reduction in 
federal land available for grazing. Through other federal programs 
Colorado ha s begun an effort to stabilize the sheep production. 
The proposed project will adversely affect these eff orts . 

(2) The Division of Commerce and Development is concerned about 
the cumulative effect of this activity with other . Bureau projects 
and with energy and mineral development on the Western Slope. Loss 
of agricultural capacity in grazing for this activity needs to be 
compared with other federally induced development (energy) . It 
appears that the continued decline of agriculture from this federal 
project and others may eliminate the state's ability to create a 
diversified and stable west slope economy. 

Response: 

Only about 3,610 acres, mostly in the evaporation pond basin, would be 
irreversibly lost to grazing. Much of the remaining acreage requirement 
for project use would be committed on a long-term basis for wildlife to 
the exclusion of livestock, but this commitment should not be considered 
irreversible. 

As described in the statement, the project's purpose is to help protect 
the water quality in the Col orado River Basin while the Basin States, 
including the State of Colorado, continue to use and develop their 
apportioned share of that water. Among the chief beneficiaries of the 
water development, as shown in Section C-11, have been the agricultural 
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interests of Colorado's western slope. It can therefore be seen that a 
sensible salinity control program is of considerable importance to the 
economy of western Colorado with respect to the continued use and de
velopment of Colorado water for agriculture as well as for a variety of 
other uses. 

2. Comment: 

The project proposes a loss of 3,950 acre-feet of water in the annual 
flow of water downstreams. Will downstream beneficiaries of the project 
be willing to credit this loss to Colorado? 

Response: 

The depletion would come from the State of Colorado's apportioned share 
of Colorado River water. It should be recognized, however, that 3,950 
acre-feet is only a preliminary estimate and that the final design pump
ing rate could actually be substantially less, since the brine inflow 
into the river is only in the magnitude of 500 to 900 acre-feet 
annually. 

3. Comment: 

Although the communities affected by the project will gain some tempo
rary employment and growth in retail sales, will the strain on local 
services be worth the benefits? It appears this project with the cumu
lative effect of energy development will further strain local service 
capabilities . The upward limits of the total pressures being placed on 
these communities should be identified and the communities should be 
compensated for the services required. 

Response: 

Because the nearby communities are small, retail sales and services are 
very limited and the local people themselves must go to larger popula
tion centers. Businesses and services tend to grow because of demand, 
and local facilities would grow to meet whatever is practical for the 
temporary demand. Part of the purpose of the environmental statement is 
to help local people and businessmen to understand the short-term nature 
of impacts on local services. Section C-3 recognizes areas in which 
construction would place temporary strains on local services and facili
ties. For the goods and services not available locally the construction 
people would resort to the many larger communities in the general area 
where there s hould be no strain from the additional trade. 

4. Comment: 

During the transaction of developing new habitat areas for wildlife, 
will there be an economic loss due to removal of existing habitat? The 
sporting/hunting activities in the area contribute significantly to the 
local economics. 
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Response: 

The development of the proposed wildlife area would compensate for the 
loss of habitat caused by project construction and operation. The 
increase in wildlife on the developed lands and the improved access pro
vided by the Colorado Division of Wildlife, which would manage the wild
life area, would guard against any decrease in hunting opportunities 
because of the project. 
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Subject: Non-State Assisttmce 

State Clearinghouse 
Division of Planning 

fill VIET·Lf\N.!?_f_Q; ::·ENTS 

Applicant Agency : ~(( ~£b~ti~"-'o::..;: .... r ______ _ 

State Identifier: ~ 

Cotr"11ents due by: W11c lS/ /;f_Ltf' _ ______ _ 

Ye1: No J_ 

Yes No -X-
Yes No _x_ 
Coa:::centc: 

soc-3, Apr. 76 · 

This project is consistent with the goal~ and 
objectives of this &~c~cy. 

There is e viden::.e o£ c..~·crlnpring or d'.!pli.c '"-t i.on 
with other ~8.:"-!n.Cj_t:~; • 

A 

A 

me:etine is den i red \d. th eppl).cc-nt. 

15-dr.y extension is requested. 

---------- -------------

~~-z;?d---
Rie:he rcr L. f..f:::d 
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Memorandum 

To : Files 

Subject: Response to Letter from State of Colorado, Division of Employ
ment and Training, Denver, Colo . , Dated May 22, 1978. 

The Bureau of Reclamation acknowledges the letter and appreciates the 
review of the Draft Environmental Statement. 
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STATE DEPARTMENT OF HIGHWAYS 
JACK K INSTLINGER 

DIVIS ION OF H IGHWAYS 

E . N . HAASE 

CHIEF ENGINEER 

STA.TI: 01' C:Ol.ORAPO 

EXECUTIVE DIRECTOR 

COLORADO STATE PATROL 

COL. C. WAYNE KEITH, 

CHIEF 

4201 EAST ARKANSAS AVENUE • DENVER COLORADO 80222 • 1 3031 757 . 9011 

Mr. Philip H. Schmuck 
Director 
Colorado Division of Planning 
520 State Centennial Building 
1313 Sherman Street 
Denver, Co l orado 80203 

Dear Mr. Schmuck : 

J une 26 , 1978 

The Colorado Department of Highways has comp l eted its review of the Draft 
Environmental Impact Statement for the Colorado River Basin Salinity Control 
Project - Paradox Valley Uni t and offers the follo1ving comments . 

The project as proposed will not have an impact on any current highway wa ter 
quality monitoring programs . It does not appear t hat the project wi ll inter
fere with any proposed highway system in the area. The Bureau of Reclamation 
is requested to contact the District Engineer, C.A. Morain, Highway Building , 
Durango, 259-1241, to obtain the proper utility permits when crossing S.H. 90. 

Thank you for the opportunity to review this document. 

Very truly yours, 

Harvey R. Atchison 
Director 
Division of Transportation Planning 

() ;;} 
By l :_'i I tL· 

.rj' ' 
/...,,.({t i. :.',4 .'\.. 

Patsy D. Goodman 
Acting Manager 
Impact Evaluation Branch 

REG/rg 
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Memorandum 

To: Files 

Subject: Response to Letter from State of Colorado, Department of 
Highways, Dated June 26, 1978 . 

Comment: 

The project as proposed will not have an impact on any current highway 
water quality monitoring programs. It does not appear that the project 
will interfere with any proposed highway system in the area. The Bureau 
of Reclamation is requested to contact the District Engineer, C.A. 
Morain, Highway Building, Durango, 259-1241, to obtain the proper 
utility permits when crossing S. H. 90. 

Response: 

Prior to any construction involving crossing State Highway 90 the Bureau 
of Reclamation would obtain the proper utility permits . 
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Ri CHARD D. LAMI'vl 
Governor 

MEMORANDUM 

DIVISION OF WATER RESOURCES 
Department of Natural Resources 
1313 Sherman Street · Room 818 

Denver, Colorado 80203 
Administration (303) 892-3581 
Ground Water (303) 892-3587 

June 16 1 1978 

TO: CHARLIE JORDON 1 DIVISION OF PLANNING 

C.J. KUIPER 
State Engineer 

JUN 1 ~ 1978 

Ulv. Uf PLArmmG 

FROM: DR. JERIS A. DANIELSON, DEPUTY STATE ENGINEER 

SUBJECT: PARADOX VALLEY UNIT 1 DRAFT ENVIRONMENTAL STATEMENT 

In accordance with your request, we have reviewed the above referenced 
statement. We have primarily one basic concern with the proposed project 
which involves the effect of the stream depletion of the project upon down
stream senior water rights. 

The statement indicates that the annual depletion to the Dolores River could 
be 3 950 acre-feet per year . A portion of this depletion will occur in the 
irrigation season when streamflow is not sufficient to satisfy the decreed 
water rights downstream . The statement does not mention these detrimental 
effects nor does it offer to remedy the injury through a plan for augmentation 
or plan of exchange . 

In light of this potential for injury to downstream water rights , this office 
has not issued permanent well permits for the 19 well permit applications 
on file . We have issued temporary permits to allow testing of the well 
field so that a final design can be developed. A condition on the permit 
states that at the end of the testing period the well s must be plugged and 
abandoned unless a plan for augmentation is approved by the Division 
Water Court. 

We would strongly recommend that the Final Environment Statement contain 
a section on the mitigation meas res that will be taken to protect t he rights 

of downstream water users. a_ ~~ 
Danielson 

JAD/HDS :mvf 
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Memorandum 

To: Files 

Subject: Response to Letter from Division of Water Resources, Depart
ment of Natural Resources, State of Colorado, Dated June 16, 
1978. 

Comment: 

The statement indicates that the annual depletion to the Dolores River 
could be 3950 acre-feet per year. A portion of this depletion will 
occur in the irrigation season when streamflow is not sufficient to 
satisfy the decreed water rights downstream. The statement does not 
mention these detrimental effects nor does it offer to remedy the injury 
through a plan for augmentation or plan of exchange. 

We would strongly recommend that the Final Environmental Statement con
tain a section on the mitigation measures that will be taken to protect 
the rights of downstream water users. 

Response: 

The Bureau recognizes that the maximum depletion of 3,950 acre-feet an
nually would interfere with the ability of downstream irrigators to make 
diversions in fulfillment of their water rights. Before construction 
could be undertaken, provisions would be required to compensate the 
users for reductions in their diversions, to obtain sen~or water rights 
for project operations, or to augment the streamflow by exchange or some 
other means. The method would be selected in coordination with the 
State of Colorado and would depend to some degree on the brine pumping 
rate determined as a result of the current design data collection pro
gram . A section has been added to Chapters A and C to discuss the proj
ect water rights. 
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STATE OF COLORADO 

Richard 0. Lamm, Governor 

DEPARTMENT c;:: NATURAL RESOURCES 

DIVISION OF WILDLIFE 
.Jack R. Grieb, Director 

6060 Bro adway 

Denver, Colorado 80216 (825-1192) 

June 28, 1978 

Mr. Stephen 0. Ellis , Princ ipal Planner 
Centennial Building 
Colorado A - 9 5 Clearinghouse 
Denver, CO 80203 

lUI • \1 
' - 0 ~ ~·; /2 

Re: Colorado River Basin Salinity Control Projec:t 
Paradox Valley Unit 

Di\1. u/ 1-l r,. 
/, I /'; l1ili 

Dear Steve : 

The DOW has r eviewed the Draft Environmental Statement for the 
Paradox Valley Unit of the Colorado River Basin Salinity Cont rol 
Project. This r eport is well written and, except for a few minor 
comments, adequately assesses the impacts on the fish and wildlife 
resources. These c omments are: 

B-28 (2) Small Game Mammals 

Sentence l. Insert "project" before area . It is possible that the 
chickaree or red squirrel inhabits fo r ested areas adjacent to the 
project area . 

B-30 (6) Raptors and C-15 (7) Raptors 

The loggerhead shr ike is n ot a raptor since it i s not in the orde r falcon
iformes or strigiformes. It should be classified as a nongame bird 
since it is of the order passeriformes. 

D-2 (4) Measures incorporated in Unit Des ign and Operation 

First sentence - add "developed" to "· 
maintained with Congress iona l approval 

pond would b e acquired and 
II 

DEPARTM ENT OF NATURAL RESOURCES, Harris Sherman, Executive Di rector • WILDLIFE COMMISSION, Thomas Farley , Choirm~n 

Sam Caudill , Vice Chairman • Roger Clark, Secretary • Jean K. Tool, Member • Vernon C. W illiams, Member 

J ay K. Childress, Member • Michael Higbee, Member • Wilbur Redden, Member 
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Page 2 
June 28 , 1978 
To: Stephen 0. Elli s 
Re: Colorado R iver Basin Salinity Control 

Project - Paradox Valley Unit 

I-1 (2) Preparation of Draft Environmental Statement 

No mention i s made of Preston Somers contribution. 

Chapter H - Alterna tives to Proposea Action 

We do not believe that adequate study has been g i ven to the alternative 
methods of brine disposal particularly as to the l ocation of the 
evapora tion ponds. Since the project i s still experimental and the 
amount of brine disposal is unknown, we suggest that an interagency 
study be conducted to choose a me thod of brine disposal which would 
have the l east amount of environmental impact. 

JRG / kk 

cc: Harris She r ma n 
Bob Evans 
Bob Rosette 

Sincerely yours, 
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Memorandum 

To: Files 

Subject: Response to Letter from State of Colorado, Division of Wild
life, Dated June 28, 1978. 

1. Comment: 

B-28 (2), Small Game Mammals: Sentence 1. 
area. It is possible that the chickaree 
forested areas adjacent to the project area. 

Insert "project" before 
or red squirrel inhabits 

Response: 

This has been corrected in Section B-9c(2) of the Final Environmental 
Statement. 

2. Comment: 

B-30 (6), Raptors and C-15 (7), Raptors: The loggerhead shrike is not a 
raptor since it is not in the order falconiformes or strigiformes. It 
should be classified as a nongame bird since it is of the order 
passeriformes. 

Response: 

This has been changed in Sections B-9c(6) and B-9c(9). 

3 . Comment: 

D-2 (4) Measures incorporated in Unit Design and Operation: First sen-
tence - add "developed" to " pond would be acquired and maintained 
with Congressional approval " 

Response: 

This has been added to Section D-4a of the Final Environmental 
Statement. 

4. Comment: 

I-1 (2) Preparation of Draft Environmental Statement: 
made of Preston Somers' contribution. 
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Response: 

Section I-2 has been changed to include the fauna inventory conducted by 
Dr. Somers under a contract between the Bureau of Reclamation and Fort 
Lewis College. 

5. Comment: 

Chapter H, Alternatives to Proposed Action : We do not believe that ade
quate study has been given to the alternative methods of brine disposal 
particularly as to the location of the evaporation ponds. Since the 
project is still experimental and the amount of brine disposal is un
known, we suggest that an interagency study be conducted to choose a 
method of brine disposal which would have the least amount of environ
mental impact. 

Response: 

At the reconnaissance level the Bureau examined at least 33 alternative 
methods and/or sites for brine disposal. Those presented in the alter
native chapter are the most feasible from the standpoint of the environ
ment, economics, geology, and engineering technology. 

The extensive coordination that was an integral part of the plan formu
lation process has been outlined in Chapter I, Consultation and Coordi
nation. Reclamation intends to maintain an open review process, and it 
will initiate renewed interagency coordination if the well field testing 
program indicates a pumping rate at or near 2 cfs would curtail the 
brine inflow into the Dolores River. 
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;TAtE O F CALIFORNIA-THE RESOURCES AGENCY 

COLORADO RIVER BOARD OF CALIFORNIA 
107 SOUTH BROADWAY, ROOM 8103 

LOS A NGELES, CALIFORNIA 90012 

(213} 620-4.480 

Mr. Harl M. Noble 
Regional Director ' s Office 
U. s. Bureau of Reclamation 
Post Office Box 11568 
125 South State Str eet 
Salt Lake City, Utah 84147 

Dear Mr. Noble: 

June 27 , 1978 

We have reviewed the "Paradox Valley Unit Draft Environmental 
Statement" dated May 11, 1978 . We recognize the difficulties 
connected with preparing such a statement when the sizes of required 
facilities are unknown (evaporation pond , delivery lines , etc . ) . 
The Colorado River Board of California strongly supports this 
salinity control project and , considering the limited data available , 
feels you have made the proper choice from alternatives available. 

Other comments on the report are as follows: 

1 . Nowhere in the report are doll ar costs of the project 
presented . The report made it clear that sufficient data has not 
been gathered to size the project . Nevertheless , since certain 
maximum and minimum sizes of the facilities have been assumed , it 
is possible to present the costs for these upper a nd lower limits. 
Si nce the benefits have been presented in dollar amounts , the costs 
should also be shown. 

2. On page A- 3 it states that testing of the well field is 
expected to be completed in 1979. This is inconsistent with the 
information presented to the Colorado River Basin Salinity Control 
Forum at the December, 1977 , meeting by the Bureau ' s Colorado River 
Water Quality Control Office. At that meeting , Bur eau representat i ves 
reported that a two-year well field testing program would be under
taken in early 1978. This discrepancy should be corrected. 

3. The report does not present methods or data upon which 
the flood reservation in the various evaporation ponds was determined. 
Was flow data actually gathered at the reservoir sites, or was a 
maximum flood flow synthesized? Si nce salt from the ponds mus t not 
escape, adequate flood flow storage must exist. We recommend that 
the method of determining flood storage requirements be presented. 

4 . The report points out that a uranium bed underlies USBR ' s 
preferred evaporation pond; that USBR and Uni on Carbide agree the 
bed can be mined even if a pond is constructed; that the Bureau of 
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Mr. H. M. Noble 
June 27, 1978 
Page two 

Mines recommends the pond not be built because of the uranium bed; 
and that the quantity of uranium available is speculative. We 
support the Bureau of Rec 1.amation' s position that the best evaporation 
pond site lies over the uranium bed and that is where it should be 
built. 

5. Your report discusses the Colorado River Salinity Control 
Forum's projections of future water quality conditions made for the 
June, 1975, report. Your discussion of the Forum's conclusions is 
misleading. You say "The Forum has concluded that the salinity 
standard can be maintained through 1990" ( P C- 54). For the one 
set of Forum conditions presented in your report, that ' s an accurate 
statement. But, the Forum studied numerous sets of conditions and 
found that "with full implementation of all identified salinity 
control measures, 1990 salinities can be maintained at or below 
1972 salinities for the following water supply and depletion 
rates: 

Hoover Dam - Virgin flow at Lee Ferry of 14 million acre-feet/ 
year or more w1th the moderate depletion rate . 

Parker Dam - Virgin flow at Lee Ferry of 14 million acre-feet/ 
year or more w1th a low depletion rate and 15 million acre-feet/year 
or more with the moderate depletion rate . 

Imperial Dam - Virgin flow at Lee Ferry of 14 million acre-feet/ 
year or more with a low depletion rate and 15 million acre-feet/year 
or more with the moderate depletion rate." 

6. Page C- 26 says, "The Fish and Wildlife Service under the 
Endangered Species Act of December 28, 1973 , (P. L. 93-205), is 
in the process of proposing that approximately 620 miles of the 
Colorado River and tributaries be designated critical habitat for 
the Colorado River Squawfish." If such classification would affect 
construction of a salinity control unit, we oppose such classifica
tion and urge the Bureau to do likewise . 

We appreciate the opportunity to review this environmental 
statement . 

Sincerely yours, 

Myron B. Holburt 
Chief Engineer 
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Memorandum 

To: Files 

Subject: Response to Letter from Colorado River Board of California, 
Los Angeles, Calif., Dated June 27, 1978. 

l. Comment: 

Nowhere in the report are dollar costs of the project presented. The 
report made it clear that sufficient data has not been gathered to size 
the project . Nevertheless, since certain maximum and minimum sizes of 
the facilities have been assumed, it is possible to present the costs 
for these upper and lower limits. Since the benefits have been pre
sented in dollar amounts, the costs should also be shown. 

Response: 

Briefly, the reduction in salinity at Imperial Dam would result in di
rect and indirect benefits annually of about $230,000 per milligram per 
liter . In addition there are unquantified benefits to recreation, 
wildlife (particularly aquatic), and aesthetics. The annual equivalent 
cost for the net salinity decrease at Imperial Dam for the extreme 5 cfs 
plan would be $192,800 per milligram per liter. If a l ower pumping rate 
were utilized, the cos t would be lower. Also see response to EPA com
ment /116. 

It is the policy of the Department of the Interior that detailed techni
cal and economic analyses are not presented in environmental statements. 
This informa tion is developed in technical planning documents which are 
available for public inspection at the following locations. 

2. Comment: 

Bureau of Reclamation 
Upper Colorado Regional Office 
125 South State Street 
Salt Lake City, Utah 84147 

Bureau of Reclamation 
Western Colorado Projects Office 
835 2nd Avenue 
Durango, Colo. 81301 

On page A-3 it states that testing of the well field is expected to be 
completed in 1979. This is inconsistent with the information presented 
to the Colorado River Basin Salinity Control Forum at the December, 
1977, meeting by the Bureau's Colorado River Water Quality Control 
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Office. At that meeting, Bureau representatives reported that a two
year well field testing program would be undertaken in early 1978. This 
discrepancy should be corrected. 

Response: 

The 2-year testing program would be completed in 1980. References to 
this date have been corrected in the Final Environmental Statement. 

3. Comment: 

The report does not present methods or data upon which the flood res
ervation in the various evaporation ponds was determined. Was flow 
data actually gathered at the reservoir sites, or was a maximum flood 
flow synthesized? Since salt from the ponds must not escape, adequate 
flood flow storage must exist. We recommend that the method of de
termining flood storage requirements be presented. 

Response: 

In reaching floodflow storage requirements for Radium Evaporation Pond, 
the maximum annual inflow was determined using monthly rainfall records 
at Norwood correlated with monthly flow volumes in Dry Creek Basin in 
terms of yield per square mile. In addition, all precipitation data in 
the general region were studied, and the maximum probable precipitation 
for each month was determined. Maximum storms in the general region 
occurring in areas with topography similar to that in the vicinity of 
the unit were included. 

After the 100-year life of the unit, the pond would still have the capa
bility to store and evaporate the maximum annual infl<;>w. After about 
800 ye~rs the slowly accumulating sediment would have filled the flood 
storage capacity. Inflows would begin to spill but should not present a 
hazard, as explained in the response to U.S. Geological Survey comment 
#2. 

4. Comment: 

The report points out that a uranium bed underlies USBR 1 s preferred 
evaporation pond; that USBR and Union Carbide agree the bed can be mined 
even if a pond is constructed; that the Bureau of Hines recommends the 
pond not be built because of the uranium bed; and that the quantity of 
uranium available is speculative. We support the Bureau of Reclama
tion 1 s position that the best evaporation pond site lies over the 
uranium bed and that is where it should be built. 

Response: 

Reclamation analysis indicates that Radium Pond site is easily the best 
at a pumping rate of 5 cfs; however, as explained in the statement, Rec
lamation will give full consideration to all of the 2-cfs alternatives 
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if the testing program shows that the smaller pumping rate would effec
tively reduce the brine inflow to the Dolores River. 

5. Comment: 

Your report discusses the Colorado River Salinity Control Forum's pro
jections of future water quality conditions made for the June, 1975, 
report. Your discussion of the Forum's conclusions is misleading. You 
say "The Forum has concluded that the salinity standard can be main
tained through 1990" (P C-54). For the one set of Forum conditions 
presented in your report, that's an accurate statement. But, the Forum 
studied numerous sets of conditions and found that "with full implemen
tation of all identified salinity control measures, 1990 salinities can 
be maintained at or below 1972 salinities for the following water supply 
and depletion rates: 

Hoover Dam - Virgin flow at Lee Ferry of 14 million acre-feet/year 
or more with the moderate depletion rate. 

Parker Dam - Virgin flow at Lee Ferry of 14 million acre-feet/year 
or more with a low depletion rate and 15 million acre-feet/year or more 
with the moderate depletion rate. 

Imperial Dam - Virgin flow at Lee Ferry of 14 million acre-feet/ 
year or more with a low depletion rate and 15 million acre-feet/year or 
more with the moderate depletion rate." 

Response: 

Section C-11 (3) has been revised to explain that the Forum studied 
numerous sets of circumstances in its projections and that the com
parison made in the statement with Reclamation projections reflects but 
one of them. 

6. Comment: 

Page C-26 says , "The Fish and Wildlife Service under the Endangered 
Species Act of December 28, 1973, (P.L. 93-205), is in the process of 
proposing that approximately 620 miles of the Colorado River and tribu
taries be designated critical habitat for the Colorado River Squawfish." 
If such classification would affect construction of a salinity control 
unit, we oppose such classification and urge the Bureau to do likewise. 

Response: 

A final designation of "critical habitat" for the Colorado River squaw
fish has not been made. The final designation will rest, in part, upon 
the life requirements for the species. The Bureau is actively cooperat
ing with the Fish and Wildlife Service to develop adequate information 
to determine what those requirements are and thereby establish a biolog
ical basis for determining "critical habitat." Opposition to the final 
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"critical habitat" designation would have to be made on the basis of the 
adequacy of the biological information presented in coming to that de
termination, rather than the potential impact such a designation might 
have on the salinity control program in the basin. 
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Social Services 

Mr. Harl Noble 
Acting Regional Director 
Bureau of Reclamation 
7402-A Federal Building 
125 South State 
Salt Lake City, Utah 84138 

Dear Mr. Noble: 

June 16, 1978 
533-6146 

Scott M. Matheson, Governor, State of Utah 
Anthony W. Mitchell , Ph.D., Executive Direc tor 

Re: Paradox Valley Unit 
Draft Environmental Statement 

We have rev i ewed the Draft Environmental Statement for the Paradox 
Valley Unit of the Colorado River Basin Salinity Cont rol Project and in 
general find it brief, concise and well written. The following comments 
are offered for your consideration: 

1. We failed to find a summation of the project costs t o include a 
cost to benefit ratio. 

2. On page A-7 it is stated that a polyvinyl ch l oridelinerwill be 
used to prevent leakage from the forebay of pumping plant No. 1. 
Based upon our experience with PVC liner, it is recommended 
that the specificat i ons call for a performance test prior to 
acceptance. 

3. On page A-7 it is stated that the flows from various inter
mittent tributari es of Dry Creek wou ld be intercepted and 
contained by Rad ium Pond. It i s fe lt that the document could 
be improved by adding a short di scuss ion concerning the feas 
ibility of routing surface runoff around the Radium Pond. 

4. On page D-1 paragraph 3.b provides the standard assurance 
that water quality standards will not be violated and pos
sible construction impacts wil l be mini mized. It i s fel t 

Division of H ealth 
Environmental Health Services Branch 
Lynn M. Thatcher 
Deputy Director of Health 

An Equal Opportunity Employer 
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Mr. Harl Noble Page Two June 16, 1978 

that these catchall statements should be re-evaluated in 
light of the construction related impacts at the Stateline 
Reservoir site. 

We appreciate the opportunity to review the document and hope our 
comments have been helpful. 

Sincerely, 

) 
1~.:-" ,1,. •. ( l (' .. \\...··---·.- . . 

~ 

1 
_ Ca 1 vi n K. Sudweeks 

,· · Director 
Bureau of Water Quality 

JRC :br 
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Memorandum 

To: Files 

Subject: Response to Letter from Bureau of Water Quality, Division of 
Health, State of Utah, Dated June 16, 1978 . 

l. Comment: 

We failed to find a summation of the project costs to include a cost to 
benefit ratio. 

Response: 

Briefly, the reduction in salinity at Imperial Dam would result in 
direct and indirect benefits annually of about $230 ,000 per milligram 
per liter. In addition there are unquantified benefits to recreation, 
wildlife (particularly aquatic), and aesthetics. The annual equivalent 
cost of the net salinity decrease at Imperial Dam for the extreme 5- cfs 
plan would be $192,800 per milligram per liter . If a lower pumping rate 
were utilized, the cost would be lower . 

It is the policy of the Department of the Interior that technical and 
exhaustive financial considerations are not part of an environmental 
statement. This information is developed in technical planning docu
ments which are available for public inspection at the following 
locations. 

2. Comment: 

Bureau of Reclamation 
Upper Colorado Regional Office 
125 South State Street 
Salt Lake City, Utah 8414 7 

Bureau of Reclamation 
Western Colorado Projects Office 
835 2nd Avenue 
Durango, Colo . 81301 

On page A-7 it is stated that a polyvinyl chloride liner will be used to 
prevent leakage from the forebay of pumping plant No. l. Based upon our 
experience with PVC liner, it is recommended that the specifications 
call for a performance test prior to acceptance. 
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Response: 

The specifications would call for a performance test on the polyvinyl 
chloride liner prior to acceptance. Specifications would also include 
handling and placing methods that would prevent damage to the lining. 

3. Comment: 

On page A-7 it is stated that the flows from various intermittent tribu
taries of Dry Creek would be intercepted and contained by Radium Pond. 
It is felt that the document could be improved by adding a short discus
sion concerning the feasibility of routing surface runoff around the 
Radium Pond. 

Response: 

Radium Evapora t ion Pond would be designed to s tore and evapo rate maximum 
probable f l oods in addition to the brine inflow. A bypass large enough 
to handle a major flood would be extremely costly. There would be no 
advantage in bypassing natural runoff of flows less than major floods 
since the pond would need the additional capacity for the major f loods 
anyway. Even if a bypass channel were constructed large enough to 
bypass major floods, considerable additional pond capacity would be 
necessary to store and evaporate precipitation falling directly on the 
pond surface. It is much more economical to have additional capacity in 
the pond for all inflows than to try to bypas s portions of the 
flood flows. 

It should be pointed out that one of t he main advantages of the Radium 
site is the very small amount of area ac tually dra i ning into the pond 
area. The topography of the area is such that placement. of the dam and 
dike was made to exclude any large tributaries. The largest amount of 
natural inflow to the pond would be the precipitation falling directly 
on the pond surface. 

4. Comment : 

On page D-1 paragraph 3. b provides the standard assurance that water 
quality standards wil l not be vio l ated and possible construction impacts 
will be minimized. It is felt t hat these catchall statements s hould be 
reevaluated in light of the construction related impacts at the State
line Reservoir Site. 

Response: 

It was not intended that the measures described in Chapter D to protect 
water quality standards should be interpreted as catchall statements . 
They are a sincere attempt to frame in nontechnical language a summary 
of the detailed technical language contained in all contract specifica
tions which general contractors working on Reclamation proj ects are leg
ally required to abide by. The attempt to keep the discussion of these 
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measures in nontechnical language is in keeping with the CEQ guidelines. 
However, since this attempt has been somewhat misconstrued, the section 
in question has been expanded. 

The Bureau of Reclamation recognizes the problems it has encountered in 
protecting the surface water quality below Stateline Dam. The problem 
developed from the fact that the coordination between reservoir clearing 
and dam construction got out of phase, allowing sediment that should 
have been settled out behind the dam to escape to the waterway down
stream . While the Bureau of Reclamation believes that the language in 
its contract specifications is adequate to protect the water quality at 
construction sites, it also recognizes that under exceptional circum
stances, like those that transpired at Stateline Damsite, better 
coordination is needed to properly monitor and enforce contract speci
fications. Presently, the Bureau in cooperation with EPA is drafting 
erosion control plans to facilitate better coordination and enforcement. 
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Comments From Organizations 

Colorado River Water Conservation District 

Environmental Defense Fund 

Upper Colorado River Commission 
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Office of Regional Director 
Bureau of Reclamation 
P.O. Box 11568 
125 South State Street 
Salt Lake City, Utah 8414 7 

Dear Sir: 

June 27, 1978 

We appreciate the opportunity to review the Draft Environmental Statement 
for the Paradox Valley Unit, Colorado River Basin Salinity Control Project (INT 
DES 78-19). 

The following comments are offered for your consideration~ 

1. Table A-2 on page A-16 indicates that 1, 29 0 acres of private ly owned 
land will be taken exclusively for wildlife mitigation, in addition to 1, 050 acres 
of BLM land which will be removed from multiple use for the same purpose. Perhaps 
this compensates for supposed adverse impact on wildlife, but it generates an added 
adverse impact on the ranching community which is not adequately addressed. The 
statement on page C -18 that revenue to San Miguel County v.o uld be reduced by 
$1 , 186 and is therefore negligible is totally misleading. The acutal loss to the 
economy of the area would be the yross value of the reduced number of livestock 
sold, since practically all of such receipts pass through local business channels. 
This project which primarily benefits people in other areas and other states, should 
not be used by the Fish and Wildlife interests as an excuse to alter established land 
use practices. 

2. The report contains very detailed information on the adverse impacts 
resulting from the project but verylimited and brief data on the significant long term 
beneficial effects on fish and aquatic invertebrates {page C-9 and C-1 0), improve
ment of riparian habitat along the Dolores River (page C-11) and improving the 
e nvironment for Colorado Squawfish and Humpback Chub {page C-11). 

3. Chapter C includes data on the i mpact that construction v.o uld have on 
adjacent towns. These effects appear to be minimized in the report. The assumption 
is made that the construction workers will all be housed at the construction camp 
and all government workers at the government camp and that the majority of retail 
purchasing would be done at larger commercial centers. This may not occur. All 
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Regional Director 
Bureau of Reclamation 
June 27, 1978 
Page 2 

facilities and services in thi s area a re now receiving maximum utili zation and the 
influx of construction and government personnel coul d c reate major problems in the 
nearby towns • 

4. Page A- 19 presents a table on energy requirement for project operation 
indicating an average of 15,200 , 000 kw hours annually . This is a substantial 
energy requirement and could be expanded beyond the brief one- sentence reference 
in Chapter G - - Commitments of Resources. 

5. The inclusion of data and i nformation on CRSP Units and Colorado River 
Salinity Control Units (pages C-21 to C-54) may be necessary but is confusing to 
a receiver and his analysis of the effects of one particul a r project. 

6. Pages A-5, A-6, and A- 7 provide information on facilities, their 
operation and location. No information is provided on the corrosive effect of the 
brine on the pipeline and the pumps -- i.e . what is the estimated life of the 
facilities? What type of inspections or procedures a re planned to prevent or handle 
brine leakage ? 

In reviewing this report it is obvious that the benefits occuring from control 
of salinity of water in the Colorado River Basin far exceed any projected adverse 
impacts . This fact deserves more positive emphasis . 

RCF:dvc 

Very tr't;,_you) /; / 

~' .~ /, - ... :~ .. ~-
ROlAND c . FISCHER 
Secretary-Engineer 
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Memorandum 

To: 

Subject: 

Files 

Response to Letter from Colorado River Water Conservation Dis
trict, Glenwood Springs, Colo . , Dated June 27, 1978. 

l. Comment: 

Table A- 2 on page A-16 indicates that l, 290 acres of privately owned 
land will be taken exclusively for wildlife mitigation, in addition to 
1,050 acres of BLM land which will be removed from multiple use for the 
same purpose. Perhaps this compensates for supposed adverse impact on 
wildlife, but it generates an added adverse impact on the ranching 
community which is not adequately addressed. The statement on page C-18 
that revenue to San Miguel County would be reduced by $1,186 and is 
therefore negligible is totally misleading. The actual loss to the 
economy of the area would be the gross value of the reduced number of 
livestock sold, since practically al l of such receipts pass through 
local business channels. This project which primarily benefits people 
in other areas and other states, should not be used by the Fish and 
Wildlife interests as an excuse to alter established land use practices . 

Response: 

The Bureau of Reclamation recognizes from the comment that there are 
secondary impacts on the area's economy which were not adequately 
addressed and has, consequently, expanded Section C-3d(6) to cover the 
adverse impacts the acquisition of private grazing land would have on 
the area's retail trade . Reclamation feels that the more direct adverse 
impacts on San Miguel County's tax revenues and the two ranchers who 
would lose private holdings and public grazing permits at the pond site 
and the measures available to mitigate those impacts have been ac
curately addressed in the section in question, C-10. 

Reclamation has the responsibility to protect against or minimize ad
verse impacts that could occur to a given environment as the result of a 
Federal undertaking under its sponsorship . The proposed wildlife pro
gram and Federal assistance available to the two ranchers under the 
Uniform Relocation and Assistance Act are attempts to be responsive to 
the interests of both . 

The Bureau of Reclamation recognizes that the more tangible benefits of 
the Paradox Valley Unit would occur for the Lower Basin water users, but 
indirectly the unit would also act to insure the continued development 
of the State of Colorado's apportioned share of Colorado River water by 
helping to maintain the river's quality. The Bureau is aware of the 
desirability of economic diversity and stability in western Colorado, 
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particularly with respect to agriculture. Two Colorado water resource 
development projects, the Dallas Creek and Dolores Projects, are under 
construction and will be of considerable economic benefit to the economy 
of western Colorado (see Section C-11, Cumulative Impacts). The San 
Miguel Project, now in the advance planning stages, is in the general 
Paradox Valley Unit area. This project, if found environmentally 
acceptable under the NEPA process and funded by Congress, would be of 
considerable economic benefit to the area. 

2. Comment: 

The report contains very detailed information on the adverse impacts re
sulting from the project but very limited and brief data on the signifi
cant long-term benefical effects on fish and aquatic invertebrates (page 
C-9 and C-10), improvement of riparian habitat along the Dolores River 
(page C-11), and improving the environment for Colorado Squawfish and 
Humpback Chub (page C-11). 

Response: 

Both adverse and beneficial project impacts on wildlife have been quan
tified wherever possible (see Section C-8). If adverse impacts have 
generally been treated in more detail it is because considerable back
ground information and detail is needed to test and analyze the effec
tiveness of the plans to mitigate those impacts. This approach is 
consistent with Reclamation policy and the requirements of the National 
Environmental Policy Act. For the Paradox Valley Unit, beneficial 
impacts, generally associated with the improved water quality of the 
Dolores River, would be of a gradual nature. For this reason, quantifi
cation, which would of necessity be extremely subjective under these 
circumstances, has in most cases been avoided so as npt to give the 
impression of scientific accuracy where, in fact, it does not exist. 

3. Comment: 

Chapter C includes data on the impact that construction would have on 
adjacent towns . These effects appear to be minimized in the report. 
The assumption is made that the construction workers will all be housed 
at the construction camp and all government workers at the government 
camp and that the majority of retail purchasing would be done at larger 
commercial centers. This may not occur. All facilities and services in 
this area are now receiving maximum utilization and the influx of con
struction and government personnel could create major problems in the 
nearby towns . 

Response: 

The Bureau of Reclamation recognizes the difficulty in assessing social 
impacts before the fact. But in arriving at the analysis presented in 
the statement, a trend analysis compiled on similar Reclamation projects 
(Bureau of Reclamation, 1977) was consulted, and the opinion of a 
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private construction contractor with immediate and recent experience on 
Federal projects of a similar nature was sought. The information gained 
in this process plus the knowledge that the only available housing on 
any scale in the area is over 90 miles away in the cities of Grand 
Junction, Montrose, and Cortez, Colo., and Moab, Utah, led the Bureau to 
conclude that construction camps for government and nongovernment 
workers would be almost imperative. Therefore, the Bureau included the 
construction of a camp to house government workers as part of the proj
ect plan. The Bureau would not force the primary private contractor to 
build a camp to house his personnel; but the construction specifications 
would contain background information pointing out the lack of housing in 
the immediate area. The Bureau feels relatively sure that contract bids 
which are based on the construction specifications would properly con
sider that fact. If the contractor chooses not to accommodate his 
personnel, which seems unlikely, it would be necessary for most of his 
work force to travel from 4 to 5 hours a day to get to and from work-
time he would almost surely have to compensate them for with overtime 
pay. 

In the unlikely event that most of the workers were forced to live in 
the larger cities outside the immediate area most of the impacts, ad
verse and beneficial, to the small towns, as portrayed in the statement, 
would be on a much smaller sca l e. The exception would be in the area of 
highway traffic. In the peak construction year, traffic would be in
creased on the connecting State and Federal highways by an estimated 75 
to 100 cars in the early morning and evening hours. These highways 
presently have from light to moderate use, and in the opinion of the 
Colorado State Patrol such an increase would not adversely affect public 
safety since the increased traffic would still be well below the high
ways' carrying capacity. 

It is because of the recognition that the limited facilities and serv
ices in the nearby small communities are fully utilized that the assump
tion was made that construction-related personnel would resort to the 
larger trade centers for major purchases. The local people themselves 
go to these larger communities for goods and services . 

4. Comment: 

The inclusion of data and information on CRSP Units and Colorado River 
Salinity Control Units (pages C-21 to C-54) may be necessary but is con
fusing to a receiver and his analysis of the effects of one particular 
project. 

Response: 

The Cumulative Impacts Section, Section C-ll, has been included because 
the Bureau believes it affords the interested reader an opportunity to 
better grasp the significance of Reclamation projects in the upper Colo
rado River Basin and put in perspective the relationship between the 
Paradox Valley Unit and other developments already constructed or under 
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construction. While the section does add breadth to the statement, the 
introduction to the section explains its purpose, and it should, there
fore, not pose an obstacle to the reader who is only interested in the 
Paradox Valley Unit itself. 

5. Comment: 

Pages A-5, A-6, and A-7 provide information on facilities, their opera
tion and location . No information is provided on the corrosive effect 
of the brine on the pipeline and the pumps--i.e. what is the estimated 
life of the facilities? What type of inspections or procedures are 
planned to prevent or handle brine leakage? 

Response: 

Corrosive damage from the brine solution would be most severe at the 
valves and meter couplings on the brine pipe network. The estimated 
service life of the pipeline is 50 years, the fittings 10 years, and the 
pumping units 10 years. Supervisory control of the stripping plant and 
brine line pumping station would provide a nearly constant monitoring of 
the operations. Part of the duties of the permanent operating force 
would be to inspect the operation of the valves and meters periodically. 
Provisions would be made in design of the system to make repairs without 
jeopardizing plants and animals, fresh water supplies, or the overall 
operation. A more detailed discussion of safeguards has been added to 
Section A-3b(3). 

6. Comment: 

In reviewing this report it is obvious that the benefits occurring from 
control of salinity of water in the Colorado River Basin far exceed any 
projected adverse impacts. This fact deserves more positive emphasis. 

Response: 

The Bureau of Reclamation feels that it has given proper emphasis to 
both the benefits and the adverse impacts of the project . The primary 
purpose of the environmental impact statement is to provide clear and 
objective information on the environmental consequences of a proposed 
Federal action for the public and its elected representatives. To take 
an editorial stance favoring one set of consequences over another would 
be counter to that purpose and in direct conflict with Reclamation in
structions and the CEQ Guidelines . 
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.>->'!.OI..Y~~.· ~. Environmental 
· ... :~;: Defense 

Fund 
1657 Pennsylvania St., Denver, Colo. 80203 (303 ) 831 ·7559 

June 30, 1978 

Office of the Regional Director 
Bureau of Reclamation 
Federal Building 
125 South State Street 
Salt Lake City, Utah 84147 

Gentlemen: 

Attached are our comments on the Draft Environmental 
Statement for the Paradox Valley Salinity Control Unit . 
Please note that the address for the Environmental Defense 
Fund listed on p. 3 of the DEIS is incorrect. We also did not 
receive a copy of the DEIS that was released on May 11, 1978, 
till June 5 and only after a call to the Bureau's offices in 
Denver. 

MEA:j 
Enclosure 

Sincerely , 

I ,. / .- / 

Mohamed T. El-Ashry , Ph . D. 
Co-Chairman, Water and 
Land Resources Program 

OFFICES IN : NEW YORK CITY (NATIONAL HEADQUARTERS); WASHINGTON, DC; BERKELEY, CALIF.; DENVER. COL. 

Printed on 100% Recycled Papor 
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·-"'="" .. ~,..,.,.~~ Environmental 
· ... :.:;: Defense 

1657 Pennsylvania St., Denver, Colo. 80203 (303 ) 831 -7559 
Fund 

COMMENTS OF THE ENVIRONMENTAL 
DEFENSE FUND ON THE DRAFT 

ENVIRONMENTAL STATEMENT (INT-DES-78-19) 
FOR THE PARADOX VALLEY UNIT OF 

THE COLORADO RIVER BASIN SALINITY CONTROL PRO J ECT 

By: 

Mohamed T. El-Ashry, Ph.D. 
Co-Chairman, Water and 
Land Resources Program 

June 30, 1978 

OFFICES IN: ·NEW YORK CITY (NATIONAL HEADQUARTERS); WASHINGTON, DC; BERKELEY, CALIF.; DENVER. COL. 

Printed on 100% Recycled Paper 
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Genera] Comments: 

I n reviewing the Draft Environmental Statement (DEIS) 

for the Paradox Val l ey Unit, one immediately recognizes the 

great sim i larity with the other Burea u proposed salinity con-

t rol projects to date . Like the Grand Valley Unit (EAR pub-

lished in December , 1977), t h e Paradox Valley Unit as proposed 

in the DEIS is overdesigned for the benefits that may be re -

ali zed. While brine inflow is estimated to average only about 

0.8 cfs (DEIS at A-18), designs of the unit's components are 

based on a maximum pumping rate of 5 cfs (DEIS at A- 15). We 

recognize that a high pumping rate would be required initial-

ly to lower the level of the brine ground water . However, we 

seriously question the wisdom of designing an entire project 

with a lifetime of 100 years solely on the basis of th e in-

itial high pumping rate. We believe, based on the estimated 

average inflow of 0.8 cfs and a report prepared by the U .S . 

Geological Survey at the request of the Bureau of Reclama-
~/ 

tion , that the unit's designs should be based on a sustained 

withdrawal rate of 1.5-2.0 cfs which can meet the main objec-

tive of the project but at less than half the cost o f th e pro-

posed plan. As a matter of fact, the DEIS presents four al-

ternatives for brine disposal at a well field pumping rate of 

2 cfs. 

"Evaluation of Hydrogeologic Aspects of Proposed Salin
ity Control Program in Paradox Valley, Colorado," U.S. 
G.S. Open-file report 78-27. 

-We note that the Bureau of Reclamation chose to com
pletely ignore any reference to this report in the DEIS. 
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Equally important, this project is advanced for fi-

nal approval while its basic effectiven ess is still greatly 

in doubt. The 34-day pump test conducted in 1976 failed to 
'!:_/ 

provide the needed information for a design pumping rate. 

Well No. 3 did not produce, while Well No. 2 had a very poor 

yield. Also, there was no conclusive evidence of any change 

in the salinity content of the Dolores River during the pump-

ing test. 

Recommendation: 

In view of the complex hydrogeologic conditions in 

Paradox Valley and the many uncertainties involved in the pro-

posed plan we strongly recommend staged construction of the 

project. Stage One would consist of construction of the brine 

well field, monitoring wells, stream water quality monitoring 

stations, and a temporary brine disposal system . Since most 

of these components have already been constructed, expenditure 

at this stage will be minimal. Information gained from Stage 

One operation will then be used to arrive at future planning 

decisions for the overall unit including alternative brine dis-

posal systems and sizing of the hydrogen sulfide stripping 

plant, brine pipeline, and pumping plants. This recommendation 
1.1 

has been made by the Bureau's own officials in 1976 and was 

included .in the Quarterly Progress Report (fcotnote 2) . 

'!:_/ Bureau of Reclamation, "Colorado River Water Quality Im
provement Program-- Quarterly Progress Report," July, 1976. 

11 Memorandum to the Files from the Water Resources Branch, 
Bureau cf Reclamation, June 21, 1976, regarding "Design 
P.umping Rate for Paradox Valley Unit Facilities." 
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As we mentioned in our comments on the Grand Val le y 

Unit last February , we believe tha t in the initial phases of 

implementation of the salinity contro l program the Bureau of 

Reclamation should plan for optimal cost-effective controls 

while it further identifies different levels of treatment in 

each sub - basin and determines where funds ought to be utilized 

for the maximum ben efit throughout t he basin. 

Specific Comments: 

1. Economic Analysis 

In contradiction to the Grand Valley EAR, the DE IS com

pletely lacks any information on the cost of the project or on 

its construction, operation and maintenance. Yet, benefits 

from the project have been quantified and assigned a dollar 

value. Should one assume that the b enefits exceed the costs? 

How does one determine the cost-effectiveness of the proposed 

plan? How does one compare the cost-effectiveness of the al-

ternatives? On what basis would decisionmake rs choose a final 

plan for implementation? Both decisionmakers and the publi c 

must be provided with such information so that independant 

analyses can be made. Alternatively, one must assume that 

there is no d e finite basis at the present time for the proposed 

plan, nor for the alternatives to it, and that it was premature 

to issue a DEIS on the project. Certainly the DEIS gives that 

impression. For example, on page H-2 appears a statement that 

the entire pumping plan analyzed in the DEIS may be drastically 

r evised (''If ongoing testing shows that a pumping rate at or 
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near 2 cfs would indeed be effective in removing the salts, 

the Bureau would reanalyze the unit to determine whether one 

of the 2 cfs plans ..• would be more des i rable than the pro

posed plan . "). 

The lack of detailed cost figures is definitely a major 

deficiency in the DEIS and should be rec t ified. He recommend 

that cost figures published in future documents include as 

well the cost of minerals forgone by unit construction and 

increased costs of future mining due to the proposed location 

of the evaporation pond. 

2. Radium Evaporation Pond 

We question the statement on page A-7 of the DEIS that 

"nearly all of the pond area is underlain by impervious Mancos 

Shale, which would prevent seepage of brine i nto ground or 

surface waters." Additional data and ana l yses to support this 

statement should be supplied particularly in view of the 

Bureau ' s own experience in Grand Valley where canals placed in 

Mancos Shale are leaking with the water l eaching considerable 

amounts of salts from the shale and eventually returning to 

the river. 

The proposed evaporation pond site is also a potential 

site for the proposed San Miguel Project. Use of the site for 

brine disposal for the next 100 years wo u ld eliminate that op

tion from consideration in developing plans for the San Miguel 

Project. This should be analyzed in the Paradox Valley EIS. 

By letter on October 30, 1975, Union Carbide Corporation 

I-115 



- 5 -

requested the Bureau's consideration for their Uravan Mill to 
if 

participate in the Paradox Valley Project. Less than a year 

later a meeting was held at Uravan Plant between Union Carbide 

and Bureau of Reclamation representatives to discuss the pos-

sibility of disposal of the Uravan Mill effluent in Radium 
i/ 

Evaporation Pond. Ther e is no mention in the DEIS of such 

possibilities. Should it be assumed that no plans whatsoever 

exist for future disposal of mill effluent from the Uravan 

Plant into Radium Evaporation Pond? 

3. Dolores Project 

The Bureau of Reclamation's Dolores Proj ec t involves the 

construction of McPhee Dam on the river approximately 110 

miles upstream from Paradox Valley. This will redu ce the 

average annual flow of the river by about 105,200 acre-feet , 

or 35% of the flow at Bedrock (DEIS at B-11). What will be 

the impacts of flow reduction on the operation a nd effective-

ness of the Paradox Valley Unit? I .t is imperative that they 

be analyzed in the EIS. 

In addi tion, the DEIS states th at during late s u mmer and 

fall the Paradox Valley Unit would deplete essentially all of 

the flow of the Dolores River b e tween the valley and the mouth 

of the San Miguel River· till th e McPhee Dam is completed (D EIS 

!/ Letter of Mr. J. F. Emerson, General Manager , Mining and 
Milling, Union Carbide Corp., Grand Junction, Colorado, to 
Mr. Edward K. Wiscombe, Bureau of Reclamation, Grand 
Junction, Colorado. 

i/ Memorandum to the Files from the Water Resources Branch, 
Bureau of Reclamation, April 20, 1976. 

l-116 

( 

( 

( 



c 

- 6 -

at c-7). Releases after completion of the dam, however, will 

provide increased flows in Paradox Va l ley in normal and wet 

years or about three out of every four years (DEIS at B-14). 

While the information is appreciated, an analysis is needed 

of the implications of these depletions and increased flows 

on the hydrology of the fresh and salt water aquifers in the 

valley and the operation and efficiency of the salinity con

trol unit. 

Alternatives 

By far, the major deficiency of the DEIS is the al-

ternatives section. Thi s section appears to be an after-the-

fact justification of the proposed action. It d oes not anal-

yze all the reasonable alternatives and does not include all 

the pertinent data even for the alternatives liste d t o allow 

consideration of the optimal, cost effective, and least e nvi-

ronmentally objectionable plan. It must be recognized that 

the National Environmental Policy Act (NEPA) i s intended to 

facilitate policy choices. Yet, there can be no choice if 

alternatives to the proposed action are lacking or inadequ ate 

ly analyzed . 

Outside the "nondevelopment" and "Dolores River By

pass Channel" the alternatives listed in the DEIS are entirely 

for the brine disposal component of the unit . Viable alter-

natives which must b e considered and analyzed in the DEIS in

clude those which would achieve the same objective (reducing 

Colorado Rive r salinity) with more efficiency and at less cost 
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both economically and environmentally at other locations in the 

basin. This ce r tainly is in line with the philosophy of treat -

ing salinity as a basin-wide problem adopted by all federal and 

state agencies. However, it seems that such consideration and 

analysis, while legal l y required, will not take place till i t is 

recognized that man - made sources of salinity (i . e . agriculture 

and oth e r land - use rela t ed sources) may be more completely con

trolled than n a tural sources and with significant secondary ben

efits in the respective regions. 

Another alternative to the proposed action that should 

have b ee n considered and analyzed in the DE I S is one that would 

prevent or intercept recharge to the aquifer~, thus minimizing 

brine discharge. While it is recognized that there are several 

different sources of g r ound water recharg e that occur over a 

l arge area in the valley, which may limit the effectiveness and 

increase the cost of s uch approach, the option should still be 

considered as a supplemental cont r ol measure. As indicated in the 

U.S.G.S. r epor t cited earlier, pumping fresh ground water upgrad

ient from zones of leaching would (1) e ventually reduce the rate 

of brine discharge; (2) provi de a source of water to augment the 

flow of the Dolores River during extreme low- flow periods, and 

replace the flow to the Dolores River that would be diverted by 

th e well field; and (3) provide a replacement so urce of irriga

tion water for farmers in the valley who may experience lower 

yields f rom their irrigation wells due to int erference from t he 

well fie l d. Potential long- term benefits of thi s option are 
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(1) reduced annual pumping requireme n ts in the well field, (2) 

reduced annual costs for brine disposal through a pipeline; and 

(3) extended life of the project. 

Among the alternative brine disposa l plans listed in the 

DEIS, the "deep \~ell injection " alternative appears to be the most 

cost-effective and with the least adverse environmental impacts. 

Yet no adequate analysis is presented to i n dicate its feasibility 

and no data were mentioned to suppo~t its rejection. He strongly 

recommend serious investigation of this alternative before any 

final disposal plan is adopted. If these investigations prove 

its infeasibility, however, we recommend serious consideration 

of the "\vest Paradox Valley Evaporation Ponds" al te rna t i ve for 

brine disposal which costs about half the expense of the propos e d 

plan and will involve construction of the eight ponds one a t a 

time as needed. 
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Memorandum 

To: Files 

Subject: Response to Letter from Environmental Defense Fund, Denver, 
Colo., Dated June 30, 1978. 

l. Comment: 

. the Paradox Valley Unit as proposed in the DEIS is overdesigned 
for the benefits that may be realized. While brine inflow is estimated 
to average only about 0. 8 cfs (DEIS at A-18), designs of the unit's 
components are based on a maximum pumping rate of 5 cfs (DEIS at A-15) 

Equally important, this project is advanced for final approval 
while its basic effectiveness is still greatly in doubt . In view 
of the complex hydrogeologic conditions in Paradox Valley and the many 
uncertainties involved in the proposed plan we strongly recommend staged 
construction of the project. Stage One would consist of construction of 
the brine well field, monitoring wells, stream water quality monitoring 
stations, and a temporary brine disposal system. Since most of these 
components have already been constructed, expenditure at this stage will 
be minimal. Information gained from Stage One operation will then be 
used to arrive at future planning decisions for the overall unit in
cluding alternative brine disposal systems and sizing of the hydrogen 
sulfide stripping plant, brine pipeline, and pumping plants. 

Response: 

The schedule proposed in the Draft and Final Environmental Statements is 
essentially the proposal suggested in this comment. The well field 
would be operational, proven effective, and an operational pumping rate 
would have been determined before final design and construction of other 
facilities would be undertaken. To comply with NEPA the maximum en
vironmental impacts associated with the extreme condition, that 5 cfs of 
concentrated brine would be pumped continuously for the 100-year life of 
the unit, were evaluated. Through the testing program, it is possible 
that a significantly lower pumping rate would be determined. Alter
native brine disposal methods would also be reevaluated based upon the 
pumping rate determined from the testing program. Sections A-3a, A-5, 
and H-1 discuss these steps. 

2. Comment: 

As we mentioned in our comments on the Grand Valley Unit last February, 
we believe that in the initial phases of implementation of the salinity 
control program the Bureau of Reclamation should plan for optimal cost
effective contro ls while it further identifies different levels of 
treatment in each sub-basin and determines where funds ought to be 
utilized for the maximum benefit throughout the basin. 
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Response: 

The Bureau of Reclamation in its planning and investigation of this and 
other salinity control projects has always taken into account the cost
effectiveness of the projects and tried to optimize the cost
effectiveness. Cost figures for the Paradox Valley Unit show it to be 
the most cost-effective salinity control unit of the four units author
ized for construction. However, it should be pointed out that all 
identified salinity control projects or their equivalents will be needed 
to meet the standards in the Colorado River by 1990. 

3. Comment: 

The lack of detailed cost figures is definitely a major deficiency in 
the DEIS and should be rectified. 

Response: 

Briefly, the reduction in salinity at Imperial Dam would result in 
direct and indirect benefits annually of about $230,000 per milligram 
per liter. In addition there are unquantified benefits to recreation, 
wildlife (particularly aquatic), and aesthetics. The annual equivalent 
cost of the net salinity decrease at Imperial Dam for the extreme 5-cfs 
plan would be $192,800 per milligram per liter. If a lower pumping rate 
were utilized, the cost would be lower. 

It is the policy of the Department of the Interior that detailed techni
cal and economic analyses are not provided in environmental statements. 
This information is developed in technical planning documents which are 
available for public inspection at the following locations. 

4. Comment: 

Bureau of Reclamation 
Upper Colorado Regional Office 
125 South State Street 
Salt Lake City, Utah 84147 

Bureau of Reclamation 
Western Colorado Projects Office 
835 2nd Avenue 
Durango, Colo. 81301 

Radium Evaporation Pond - We question the statement on page A-7 of the 
DEIS that "nearly all of the pond area is underlain by impervious Mancos 
Shale, which would prevent seepage of brine into ground or surface wa
ters." Additional data and analyses to support this statement should be 
supplied particularly in view of the Bureau's own experience in Grand 
Valley where canals placed in Mancos Shale are leaking with the water 
leaching considerable amounts of salts from the shale and eventually re
turning to the river. 
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Response: 

Drilling, studying the logs of existing drill holes, and geological in
vestigations have verified that nearly all of the pond area is underlain 
by Mancos Shale. At some locations, the thickness of the shale was 
greater than 600 feet. As pointed out in the environmental statement, 
areas where the shale is thin or where sandstone crops out would be cov
ered with a blanket of compacted Mancos Shale. Lab tests at the E&R 
Center have shown the compacted Mancos Shale to have a permeability in 
the range of 0.005 foot per year. 

In Grand Valley, the Mancos Formation is impervious at depth, but a 
weathered zone near the surface can transmit water along joints, frac
tures, and bedding planes. The water that is leaking through the weath
ered shale and leaching salts is relatively pure water when compared to 
the brine that would be put in Radium Evaporation Pond. At the pond, 
the exchange of sodium in the brine with the calcium in the shale would 
cause some structural change in the shale that would aid in the sealing 
of the pond. Because of the high concentration of salts in the brine, 
generally no salts would be leached out of the shale. 

5. Comment: 

The proposed evaporation pond site is also a potential site for the pro
posed San Miguel Project. Use of the site for brine disposal for the 
next 100 years would eliminate that option from consideration in devel
oping plans for the San Miguel Project. This should be analyzed in the 
Paradox Valley EIS. 

Response: 

The Bureau of Reclamation, in a 1966 Feasibility Report on the San 
Miguel Project, proposed that Radium Reservoir be built for irrigation, 
recreation, and fish and wildlife purposes. The water supply for the 
reservoir would have been imported from the San Miguel River through a 
project-constructed conveyance system. The project was authorized for 
construction in 1968 and is now under advance planning studies; the Bu
reau has modified the plan, however, and no longer proposes a reservoir 
at the site. 

The irrigation area the reservoir served has been deleted because of 
high salinity return flows. The benefits for recreation, fish, and 
wildlife are not sufficient to cover the high costs of importing a water 
supply from the San Miguel River to maintain a reservoir. At the pres
ent time, there does not appear to be any potential for including 
Radium Reservoir in the San Miguel Project plan. 

6. Comment: 

By letter on October 30, 1975, Union Carbide Corporation requested the 
Bureau's consideration for their Uravan Mill to participate in the Para
dox Valley Project. Less than a year later a meeting was held at Uravan 
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Plant between Union Carbide and Bureau of Reclamation representatives to 
discuss the possibility of disposal of the Uravan Mill effluent in 
Radium Evaporation Pond. There is no mention in the DEIS of such possi
bilities. Should it be assumed that no plans whatsoever exist for 
future disposal of mill effluent from the Uravan Plant into Radium 
Evaporation Pond? 

Response: 

In discussing the possibility of disposal of the Uravan Mill effluent in 
Radium Evaporation Pond with representatives from Union Carbide, it was 
determined that the effluent would need pretreatment before being placed 
in the pipeline to the evaporation pond. It was also determined that at 
this time the economics of the pretreatment were not feasible. If in 
the future the technical problems can be worked out, there still exists 
some possibility for future disposal of the mill effluent from the 
Uravan plant into Radium Evaporation Pond. 

7. Comment: 

The Bureau of Reclamation's Dolores Project involves the construction of 
McPhee Dam on the river approximately 110 miles upstream from Paradox 
Valley. This will reduce the average annual flow of the river by about 
105,200 acre-feet, or 35% of the flow at Bedrock (DEIS at B-11). What 
will be the impacts of flow reduction on the operation and effectiveness 
of the Paradox Valley Unit? It is imperative that they be analyzed in 
the EIS. 

Response: 

The operation and effectiveness of the unit would not be affected by the 
average annual 35 percent reduction in flow of the Dolores River. It is 
not likely that the river is one of the sources of recharge of the 
brine. Because the halite-rich zone is between 600 and 1,000 feet below 
the ground surface and the surfacing brine has a greater density than 
the recharge water, considerable elevation is needed at the recharge 
source to create sufficient hydrostatic head to force the brine into the 
river. During low, high, and average flow years the brine continues to 
emerge in the river, and the flow in the river does not appear to affect 
the mechanism or the amount of the discharge. 

8. Comment: 

In addition, the DEIS states that during late summer and fall the Para
dox Valley Unit would deplete essentially all of the flow of the Dolores 
River between the valley and the mouth of the San Miguel River till the 
McPhee Dam is completed (DEIS at C-7). Releases after completion of the 
dam, however, will provide increased flows in Paradox Valley in normal 
and wet years or about three out of every four years (DEIS at B-14). 
While the information is appreciated, an analysis is needed of the im
plications of these depletions and increased flows on the hydrology of 
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the fresh and salt water aquifers in the valley and the operation and 
efficiency of the salinity control unit. 

Response: 

The years when the Paradox Valley Unit would essentially deplete all of 
the flow of the Dolores River between the valley and the mouth of the 
San Miguel River would be extremely dry years. Historically, flows 
leaving the valley at these times have contained salt concentration in 
excess of 20,000 mg/1 and have been as high as 160,000 mg/1. The fact 
that the flows would be possibly eliminated would have very little 
effect on the hydrology of the fresh and salt water aquifers in the 
valley. The water level in the river has a very limited effect on the 
hydrology of the fresh and salt water aquifers in the valley. Even 
during flood stage approximately only l/4 mile on each side of the river 
is affected. The pumping in the well field would affect the ground 
water in the aquifers to a very limited extent. For instance, it is 
estimated that ground water levels approximately l/2 to l mile west of 
the river would only be lowered in the range of a few tenths of a foot. 

9. Comment: 

By far, the major deficiency of the DEIS is the alternatives section. 
This section appears to be an after-the-fact justification of the pro
posed action. It does not analyze all the reasonable alternatives and 
does not include all the pertinent data even for the alternatives listed 
to allow consideration of the optimal, cost effective, and least envi
ronmentally objectionable plan. It must be recognized that the National 
Environmental Policy Act (NEPA) is intended to facilitate policy 
choices. Yet, there can be no choice if alternatives to the proposed 
action are lacking or inadequately analyzed . 

Outside the "nondevelopment" and "Dolores River Bypass Channel" the al
ternatives listed in the DEIS are entirely for the brine disposal com
ponent of the unit. Viable alternatives which must be considered and 
analyzed in the DEIS include those which would achieve the same objec
tive (reducing Colorado River salinity) with more efficiency and at less 
cost. 

Response: 

The alternative section is a presentation of sufficient data on reason
able alternatives and their expected impacts to allow readers to evalu
ate each plan on its own merits and to compare it with the proposed 
plan. Based upon the information presented, it is possible to make 
reasonable judgments about the cost effectiveness and the environmental 
aspects of each of the plans. As a consequence, this section does 
facilitate policy choices, as well as explaining the rationale for the 
selection of the proposed plan. To place even more emphasis on the fact 
that options have not been foreclosed, Sections A-3a and H-3 point out 
that various alternatives may still be reanalyzed after the completion 
of the 2-year testing program at the well field. 
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The Bureau is aware that most of the plans deal with various means of 
brine disposal, and this fact is a reflection of where most of the pos
sibilities for variation lie. The Bureau has, however, introduced other 
methods of preventing the brine from affecting the Dolores River and 
pointed out the important advantages or disadvantages of each . These 
methods include (1) attempting to reduce or eliminate the ground water 
recharge, (2) attempting to prevent the brine from rising to the surface 
by pumping fresh water into shallow wells and forcing it downward, (3) 
separating the river from brine ground water by placing it in a lined 
channel across Paradox Valley, and (4) desalting riverflows to remove 
salt. 

Since the purpose of the Paradox Valley Unit is to remove the brine now 
surfacing in the valley, all of these alternatives have been directed 
toward that end. A consideration of other plans elsewhere in the Colo
rado River Basin that would reduce the salinity of the river at Imperial 
Dam have been discussed in the basinwide, comprehensive Final Environ
mntal Statement on . the Colorado River Water Quality Improvement Program 
(FES 77-15, May 19, 1977) prepared by the Bureau of Reclamation and the 
Soil Conservation Service. 

10. Comment: 

Another alternative to the proposed action that should have been consid
ered and analyzed in the DEIS is one that would prevent or intercept re
charge to the aquifers, thus minimizing brine discharge. While it is 
recognized that there are several different sources of ground water re 
charge that occur over a large area in the valley, which may limit the 
effectiveness and increase the cost of such approach, the option should 
still be considered as a supplemental control measure. As indicated in 
the U.S.G.S. report cited earlier, pumping fresh ground water upgradient 
from zones of leaching would (1) eventually reduce the rate of brine 
discharge; (2) provide a source of water to augment the flow of the 
Dolores River during extreme low-flow periods, and replace the flow to 
the Dolores River that would be diverted by the well field; and (3) 
provide a replacement source of irrigation water for farmers in the 
valley who may experience lower yields from their irrigation wells due 
to interference from the well field. Potential long-term benefits of 
this option are (1) reduced annual pumping requirements in the well 
field, (2) reduced annual costs for brine disposal through a pipeline, 
and (3) extended life of the project. 

Response: 

For fresh water to become as concentrated as the brine found at the well 
field, it must circulate through almost pure halite, which is found at 
depths of 600 to 1,000 feet in test drill holes in Paradox Valley. The 
Bureau recognizes that there are probably several different recharge 
sources, and a ground water flow net with the stream lines necessary to 
show circulation through the halite indicates that the recharge area is 
very large, including East and West Paradox Valley and the nearby La Sal 
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Mountains. While it is recognized that some salinity control could be 
achieved if the recharge could be reduced or eliminated, identifying the 
particular source or sources of only 1 cfs or less over such a large 
area could take a very long time with only limited results. 

The possibility of using ground water to augment low riverflows and 
thereby replace the water depleted by the brine well field is being con
sidered, although the Bureau does not believe that there would be any 
appreciable effect on the brine recharge. If water were made available 
to augment the river it could not at the same time be used for irriga
tion in Paradox Valley, nor would the irrigators need additional water, 
since the brine well field would have no significant effect on their ex
isting wells. In fact, pumping fresh water in western Paradox Valley to 
try to reduce the brine recharge could as easily reduce the recharge of 
the fresh-water irrigation wells. 

11. Comment: 

Among the alternative brine disposal plans listed in the DEIS, the "deep 
well injection" alternative appears to be the most cost-effective and 
with the least adverse environmental impacts. Yet no adequate analysis 
is presented to indicate its feasibility and no data were mentioned to 
support its rejection. We strongly recommend serious investigation of 
this alternative before any final disposal plan is adopted. If these 
investigations prove its infeasibility, however, we recommend serious 
consideration of the "West:. Paradox Valley Evaporation Ponds" alternative 
for brine disposal which costs about half the expense of the proposed 
plan and will involve construction of the eight ponds, one at a time as 
needed. 

Response: 

The alternatives section points out that deep well injection could be 
the -most cost effective of the 2-cfs plans in the event that all condi
tions are favorable. If, however, the conditions are not uniformly 
ideal, it may well be the most expensive plan. The total costs could 
thus vary considerably and could only be determined after drilling and 
operating the wells. 

Deep well injection has not been rejected as a possible brine disposal 
method. This method is limited to low pumping rates and, because of the 
large expense associated with an investigation of deep well injection, 
it is not reasonable to evaluate this alternative or its potential im
pacts more fully until the effective pumping rate is determined. Sec
tions A-3a and H-1 state that if the testing program indicates that a 
pumping rate at or near 2 cfs would be effective , the unit plan would be 
reanalyzed to determine whether another disposal method or site would be 
more desirable than the proposed plan. 
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UPPER COLORADO RIVER COMMISSIONI 
355 South Fourth East Strut 

Salt La~e City, Utah 84111 

June 14, 1978 

Mr . Harl M. Noble 
Acting Regional Director 
Upper Colorado Region 
U. S. Bureau of Reclamation 
P. 0. Box 11568 
Salt Lake City, Utah 84147 

Dear Harl: 

We have reviewed the Draft Environmental Statement 
for thE Paradox Valley Unit, Colorado River Basin Salinity 
Concrol Project and have the following minor comments for 
your consideration: 

1. Page A-1, second paragraph, second sentence: 
There are no international salinity standards for the Colo
rado River. The agreement with Mexico provides only for a 
differential between Imperial Dam and the Northerly Inter
national Boundary. The program is not intended to maintain 
standards while the Republic of Mexico continues to develop. 
Mexico is fully utilizing the water available to it from 
the Colorado River and no new development is intended. We 
suggest this sentence read as follows: 

"This program would help to maintain salinity 
standards in the Colorado River while the Colorado 
River Basin States continue to develop . " 

2. Page C49, Table C27: We are somewhat confused 
by the column heading "1976 modified base." A condition 
resulting in 1102 mg/1 at Imperial Dam would appear to be 
about a 1990 level of salinity. We would appreciate an 
explanation of the term "1976 modified base." 

We appreciate the opportunity to review the Paradox 
Valley Draft Environmental Statement. 

IVG:hiw 

Sincerely yours, 

Ival V. Goslin 
Executive Director 
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Memorandum 

To: Files 

Subject: Response to Letter from the Upper Colorado River Commission, 
Salt Lake City, Utah, Dated June 14, 1978. 

l. Comment: 

Page A-1, second paragraph, second sentence: There are no international 
salinity standards for the Colorado River. The agreement with Mexico 
provides only for a differential between Imperial Dam and the northerly 
International Boundary. The program is not intended to maintain stand
ards while the Republic of Mexico continues to develop. Mexico is fully 
utilizing the water available to it from the Colorado River and no new 
development is intended. We s uggest this sentence read as follows: 

"This program would help to maintain salinity standards in the 
Colorado River while the Colorado River Basin States continue 
to develop." 

Response: 

This change was made in Section A-1 . 

2. Comment: 

Page C-49, Table C-27: We are somewhat confused by the column heading 
"1976 modified .base." A condition resulting in 1,102 mg/1 at Imperial 
Dam would appear to be about a 1990 level of salinity. We would appre
ciate an explanation of the term "1976 modified base." 

Response: 

A footnote to Section A-2 explains the 1976 modified base, and Section 
C-llf has a detailed discussion of this base. The effects of many fac
tors are reflected in this base. It includes the natural salt in the 
river before man 's activities as well as the salt resulting from man's 
activities including storage regulation, diversions for use within and 
outside of the basin, evaporation , and return flows. The base takes 
into consideration all Bureau of Reclamation proj ects constructed or un
der construction as of 1976. 
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Comments From Individuals 

Victor T. Roushar, Attorney, representing Charles Hughes and 
Marshall Hughes 

Donna Netherton for Bill and Carol Koon, 
Donna and Ed Netherton, and 
Mike and Vivian Young 
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WOODROW, ROUSHAR, WEAVER S. ~TT}1fifi\S , 
ATTORNEY. AT LAW 

P . o . Box 327 

MONTROSE. COLORADO 61401 

June 16, 1978 

United States Department of Interior 
Bureau of Reclamation 
Upper Colorado Regional Office 
P.O. Box 11568 
Salt Lake City, Utah 84147 

144 80. UNCOW~AHOfllla.. 

~HONIE 

13031 a ~•••a1 

Re: Colorado River Basin Salinity 
Control Project, Paradox Valley 
Unit, Colorado 

Gentlemen: 

We represent Mr. Marshall Hughes and Mr. Charles Hughes of Norwood, 
Colorado. 

On behalf of our clients we wish to express a very strong protest 
to the proposed development. 

We have just recently reviewed the Draft Environmental Statement 
and in ouropinion insufficient emphasis is given to the fact that there 
will be irreversible and irretrievable loss of valuable resources. 

The Draft Environmental Statement touches very briefly on the fact 
that 4,211 acres will be irreversibly and irretrievably committed to uses 
which are inconsistent with either livestock grazing or wildlife habitat, 
namely, the evaporation pond, well field, hydrogen sulfide plant, housing, 
and brine pumping plants. 

Our clients will be immeasurably damaged by the loss of 3,110 acres 
of prime grazing land. The location of the land is such that the grasses 
and browse are s ubstantially more desirable feed for both livestock and 
wildlife than much of the surrounding land. In addition, the property 
belonging to our clients is probably the last well suited natural large 
reservoir site in the entire state which could be reasonably used for 
recreational and wildlife purposes in addition to its use for grazing. 

In its pres ent use there are taxes collected from the land, almost 
no services from the tax collecting entities are required, and a valuable 
commodity is raised, namely, livestock for food and clothing. The proposed 
use of the property according to the Statement will require the irretrievable 
commitment of an estimated 7,684,000 cubic yards of soil, sand, gravel, 
cobble, and rip rap for the dam, dike and pond as well as undetermined 
amount of materials for roads and other features. The Statement also 
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United States Department of the Interior 
June 16, 1978 
Page Two 

points out that concrete aggregate of an undetermined quantity would come 
from the area for construction of the dam, dike, and part of the brine 
pipeline as well as hydroge n sulfide plant and pumping plants. 

The Statement points out that after construction is complete an 
average of 15,200,000 kilowatt hours of e lectrical energy will be consumed 
annually at the brine well field, hydrogen sul fide plant operation, and 
maintenance housing, and pumping plants. Considering the cos t of electricity 
for the private sector at today's rates for energy it is almost incomprehensible 
that the Government would be considering such an enormous commitment to 
this project. 

Our clients take exception to the inordinate waste of tax resources 
for the untried, unproven, and nonsensical project outlined in the Draft 
Environmental Statement . 

The Draft Environmental Statement contains the information that 
with a maximum pumping rate of 5 c . f.s. and proposed flood storage capacity 
in Radium Evapo~ion Pond, 3,950 acre feet would be irretrievably depl eted 
each year from the Lower Dolores River and the Colorado River . 

Since the present administration has seen fit to annihilate so many 
other water projects in the west for the announced purposes of saving the 
drain on the treasury, we would like to recommend that this particular 
project be treated in the same manne r and that the irreversib l e destruction 
which is planned be stopped before the damage becomes greater. The last 
two part s of the brief statement in th e Draft Environmental Statement 
point out that two archeological sites would be irretrievably disturbed' 
and that the unit would irreversibly change the scenery for the li fe of 
the unit wherever manmade structures are built and that after 100 years 
Radium Evaporation Pond woult:l he irreversi.hly cotnJTlitted as a salt flat . 

We respectfully submit that such a salt flat is neither needed 
nor desired by anyone who has any familiarity with the same and particularly 
not wanted nor desired by our clients whose land will be so horribly 
destroyed. 

VTR: sg 
cc : Mr. Marshall Hughes 

Hr. Charles Hughes 

Respectfully submitted, 

::OOR~~ 
Victor T. Roushar 
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Memorandum 

To: Files 

Subject: Response to Letter from Victor T. Roushar Representing 
Marshall and Charles Hughes, Dated June 16, 1978. 

l. Comment: 

We have just recently reviewed the Draft Environmental Statement and in 
our opinion insufficient emphasis is given to the fact that there will 
be irreversible and irretrievable loss of valuable resources. 

The Draft Environmental Statement touches very briefly on the fact that 
4,211 acres will be irreversibly and irretrievably committed to uses 
which are inconsistent with either livestock grazing or wildlife habi
tat, namely, the evaporation pond, well field, hydrogen sulfide plant, 
housing, and the brine pumping plants. 

Our clients will be immeasurably damaged by the loss of 3,110 acres of 
prime grazing land. The location of the land is such that the grasses 
and browse are substantially more desirable feed for both livestock and 
wildlife than much of the surrounding land. 

Response: 

It is emphasized in Chapter G, Irreversible and Irretrievable Commitment 
of Resources, "that 4, 211 acres would be committed to long-term unit 
purposes . " It has also been emphasized throughout the statement that 
the primary purpose of the Pa radox Valley Unit is to help protect the 
water· quality of the Colorado River while Colorado River Basin States, 
among them the State of Colorado, continue to use and develop their 
apportioned share of that water. The primary beneficiaries of that 
development have been, and should continue to be, agricultural and 
municipal and industrial users, as explained in considerable detail in 
Section C-11. 

The environmental statement attempts to address and measure the poten
tial impacts on the two ranchers who hold land and have grazing permits 
at the site of the proposed Radium Evaporation Pond. The Bureau of 
Reclamation has not taken lightly those potential impacts. It has made 
a number of personal contacts with the people involved advising them of 
Federal assistance available to them under the Uniform Relocation and 
Assistance Act (P.L. 91-646). Among the options available to them under 
the Act is the option of seeking Federal assistance in finding and 
acqu1r1ng replacement property . The Bureau will continue to extend 
advice and information on the progress and direction of the proposed 
unit. 
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One of the indirect beneficiaries in protecting the water quality of the 
Colorado River is wildlife, particularly aquatic species. It has also 
been pointed out in the statement (Section C-8) that in the immediate 
unit area the reduction of brine inflow into the Dolores River would re
sult in upgraded riparian vegetation along the river in and below Para
dox Valley, thus indirectly benefiting wildlife. 

Through coordination with the Fish and Wildlife Service and the Colorado 
Division of Wildlife, the Bureau of Reclamation has attempted to compen
sate for the loss in wildlife habitat that would be caused by the in
stallation or construction of project features. It feels the wildlife 
program, Section A-3b(7), compensates for those losses. This opinion is 
shared by the State and Federal agencies with interest and expertise in 
that area as shown in their letters which have been presented in this 
section. 

2. Comment: 

. the property belonging to our clients is probably the last well 
suited natural large reservoir site in the entire state which could be 
reasonably used for recreational and wildlife purposes in addition to 
its use for grazing. 

Response: 

Any reservoir constructed at the Dry Creek Basin site would be shallow 
with a large surface area and, therefore, subject to considerable evap
oration. The amount, timing, and quality of water in Dry Creek would be 
inadequate to establish and maintain a recreational and wildlife reser
voir at this site without substantial imporation of water. Moreover, 
any type of reservoir, whether for recreation, wildlife, or salinity 
control, would eliminate grazing at the site. 

3. Comment: 

In its present use there are taxes collected from the land, almost no 
services from the tax collecting entities are required, and a valuable 
commodity is raised, namely, livestock for food and clothing. 

Response: 

Section C-10 of the Draft and Final Environmental Statements has a dis
cussion of the private land that would be acquired and the reduction in 
tax revenues. This section also points out that for the loss of these 
revenues, the counties would receive payment under provisions of Public 
Law 94-565. 

4. Comment: 

The proposed use of the property according to the Statement will require 
the irretrievable commitment of an estimated 7,684,000 cubic yards of 
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soil, sand, gravel, cobble, and riprap for the dam, dike and pond as 
well as undetermined amount of materials for roads and other features. 
The statement also points out that concrete aggregate of an undetermined 
quantity would come from the area for construction of the dam, dike, and 
part of the brine pipeline as well as hydrogen sulfide plant and pumping 
plants. 

Response: 

The materials to be used represent a very small amount of the non
metallic minerals available in the area. The Bureau of Mines report, 
Mineral Resources at Paradox Valley Unit, Dolores River, March 1977, 
states that sand, gravel, and stone are removed from deposits in the 
region in small quantities and, because these nonmetallic mineral re
sources are abundant, a mineral-related conflict is not anticipated in 
the area. 

5. Comment: 

The statement points out that after construction is complete an average 
of 15,200,000 kilowatt hours of electrical energy will be consumed annu
ally at the brine well field, hydrogen sulfide plant operation, and 
maintenance housing, and pumping plants . Considering the cost of elec
tricity for the private sector at today's rates for energy it is almost 
incomprehensible that the Government would be considering such an 
enormous commitment to this project. 

Response: 

It is recognized that the Paradox Valley Unit would use a large amount 
of electrical energy. The 15,200,000 kilowatt-hours would be sufficient 
electrical energy to supply the noncommercial need of a town of about 
1,500 people. · It should be pointed out that the 15,200,000 kilowatt
hours are projected for the 5-cfs rate, which is the estimated maximum 
rate. Any lower pumping rate would mean lower power consumption. Also, 
by comparison, energy consumption in a desalinization plant would be 5 
times as great to achieve the same effectiveness. 

The Paradox Valley Unit, even with the maximum pumping rate of 5 cfs, is 
still the most cost-effective project of any of the identified salinity 
control projects. Its operation would not only benefit the 14 million 
people in the basin but would also help to control the salinity levels 
in the Colorado River while the Basin States continue to use and develop 
their apportioned shares of the river's water. 

6. Comment: 

Our clients take exception to the inordinate waste of tax resources for 
the untried, unproven, and nonsensical project outlined in the Draft En
vironmental Statement . 
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Response: 

The major facilities would not be built until the well field has been 
tested and the method is proven to be effective. 

7. Comment: 

The Draft Environmental Statement contains the information that with a 
maximum pumping rate of 5 cfs and proposed flood storage capacity in 
Radium Evaporation Pond, 3,950 acre feet would be irretrievably depleted 
each year from the Lower Dolores River and the Colorado River. 

Response: 

The 5-cfs pumping rate and 3 ,950 acre-feet stream depletion are pre l imi 
na ry estimates based on a maximum pumping rate . The actual ra te and de
pletion would be established only after the test period, as explained jn 
Sections A-3a and H-1. It is also important to note that the water be
ing depleted from the lower Dolores River and the Colorado River is in 
the form of a highly saline brine. Although the brine discharge is nat 
ural, it is a problem in the Dolores and Colorado Rivers and adversely 
affects water users downstream and has the potential to stymie continued 
water resource development in the Basin States . The Paradox Valley 
Unit 's purpose is the elimination of this source of pollution to the 
benefit of all users in the Basin. 
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June 21, 1978 

Office of Recreational Director 
Bureau of Reclamation . 
P. 0. Box 11568 
125 South State Street 
Salt Lake City, Utah 84147 

Gentlemen: 

Please find enclosed copy of statement presented 

June 17, 1978 at the Paradox Valley Salt Removal Project 

hearing on behalf of the residents of Dry Creek Basin, 

Colorado. 

Very truly, 

Ed Netherton 

EN/dln 

Enclosure as stated above 
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According to Mr. Olsen of the Bureau of 

Reclamation, there is no population in Dry Creek Basin, 

but we have a small community of people who live here 

because they think this is the best place in the world 

to live. Their whole life ' s savings and accumulations 

are in Dry Creek Basin. We are naturally very disturb ed 

at the prospect of a large area of salt fla ts that we 

feel would very likely contaminate the air and underground 

water. 

While engineers claim that there would be no 

fluctuat i on in the water level other than a constant 

increase of the area, we have seen cloud bursts during the 

summer months that cause as much as two or three hundred 

second feet of water to flow in surrounding arroyos for 

a period of 30 minutes to one hour . In this particular 

site, the ridge to the West of the reservoir is a solid 

sandstone area which is just like a tin roof. When we 

have cloud bursts, the water would run down these arroyos 

and into the proposed salt. lake, thus making the danger 

of a fluctuation in the water level very great. 

We appreciate the fact that the Bureau of 

Reclamation had picked Dry Creek Basin on account of the 

Mancos shale that underlies the proposed evaporation pond, 

but in· the past 30 years we have seen hundreds of seismograph 

holes and uranium exploration holes drilled through this 

Mancos shale. We knoN that underlying the layer of'Mancos 

shale is a strata of good water which is the life blood of 

many residents in this community. We have been assured by 

geologists that salt water going through these holes would 

very likely contaminate any good water that lies under the 

layer of Mancos shale. 
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About 90% of the time the direction of the wind 

in this area is from the West to the East, and as the 

proposed evaporation pond is on the West side of Dry 

Creek Basin and the community where we all live is on the 

East side, we will be down wind and in the direct path of 

any airborne salt coming off of any salt flats that will 

most assurerlly develop as a result of this evaporation pond. 

We feel that this blowing salt would completely destroy 

the vegetation, water fowl and wildlife on our property. 

We also feel that the odor coming from the salt evaporation 

process will make living down wind uncomfortable, if not 

impossible, and may present a hazard to human health. In 

as much as the evaporation pond will cover more than five 

and one-half- square miles, it is nearly impossible for the 

wind to blow in any direction without crossing these salt 

flats. 

We know these predictions are contrary to the 

findings of your engineers, but we do not feel that these 

objections are without foundation, nor are they improbable. 

Our major concern is tvhether or not the Bureau 

of Reclamation is prepared to make full restitution in 

the event that the residents of Dry Creek Basin should 

suffer damages to their property, homes or livelihood. 

Another major concern of the residents in Dry 

Creek Basin is focused on our school system. We are aware 

that a possible influx of a number of families for a short 

period of time would cause an additional amount of duress 

and strain on our already limited school budget, as'we have 

a small tax base and a large district to support, with 

a large amount of public domain. 

We hope that if the Bureau of Reclamation establishes 

a camp in this area, that it will be in the area of already 

existing bus routes so as to prevent prolonged bus runs and 

additional facilites being put into use. 
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The aforestated comments are submitted by Bill 

and Carol Koon, Mike and Vivian Young and Ed and Donna 

Netherton. 
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Memorandum 

To: Files 

Subject: Response to Letter from Donna Netherton dated June 21, 1978. 

1. Comment: 

According to Mr. Olsen of the Bureau of Reclamation, there is no popula
tion in Dry Creek Basin, but we have a small community of people who 
live here because they think this is the best place in the world to 
live. 

Response: 

What Mr. Olsen said was that within the land acquisition boundary of the 
reservoir there is no population. It is recognized that people would be 
affected by construction of the unit, and the Bureau of Reclamation is 
prepared to cooperate with them in any way possible in evaluating the 
project's effect on them and potential means of mitigation. 

2. Comment: 

While engineers claim that there would be no fluctuation in the water 
level other than a constant increase of the area, we have seen cloud 
bursts during the summer months that cause as much as two or three hun
dred second feet of water to flow in surrounding arroyos for a period of 
30 minutes to one hour. In this particular site, the ridge to the west 
of the reservo~r is a solid sandstone area which is just like a tin 
roof. When we have cloud bursts, the water would run down these arroyos 
and into the proposed salt lake, thus making the danger of a fluctuation 
in the water level very great . 

Response: 

An inflow of 300 cfs for l hour would result in a water level increase 
of about 0.01 foot in the pond, with its surface area of 3,300 acres. 
The maximum flood inflow used in the design of the flood storage capac
ity which was large enough probably never to occur, would have a peak 
inflow of 39,300 cfs and a total volume of 6,600 acre-feet in 60 hours. 
This would result in a water level fluctuation of 2 feet in 60 hours 
when the reservoir surface area was 3,300 acres. 

3. Comment: 

We appreciate the fact that the Bureau of Reclamation had picked Dry 
Creek Basin on account of the Mancos Shale that underlies the proposed 
evaporation pond, but in the past 30 years we have seen hundreds of 
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seismograph holes and uranium exploration holes drilled through this 
Mancos Shale. We know that underlying the layer of Mancos Shale is a 
strata of good water whi ch is the life blood of many residents in this 
community. We have been assured by geologists tha t salt water going 
through these holes would very likely contaminate any good water that 
lies under the layer of Mancos Shale. 

Response: 

At the time of final design data collection for Radium Evaporation Pond, 
the Bureau would obtain drilling logs from the companies that have con
ducted exploratory drilling in the basin--these include Union Carbide 
Corporation, Atlas Corporation, and AMAX, Inc. It would also consult 
the drill records of BLM and the Bureau of Mines. Because Reclamation 
is aware that there may be unrecorded drill sites, it would be prepared 
to conduct a field search survey to insure that all wells had been 
located. Methods employed to prevent salt water from escaping through 
the holes could include plugging and grouting each hole or placing a 
blanket of compacted Mancos Shale over the hole. 

4. Comment: 

About 90% of the time the direction of the wind in this area is from the 
west to the east, and as the proposed evaporation pond is on the west 
side of Dry Creek Basin and the community where we all live is on the 
east side, we will be down wind and in the direct path of any airborne 
salt coming off of any salt flats that will most assuredly develop as a 
result of this evaporation pond. We feel that this blowing salt would 
completely destroy the vegetation, water fowl and wildlife on our 
property. 

Respons~: 

Through observations and consultations with others who have been and 
are operating large brine evaporation ponds, it has been determined that 
when the salt precipitates out, it crystallizes and becomes a rock-hard 
mass. Two examples of this were observed, one on the Malaga Bend Ex
perimental Salinity Alleviation Project in New Mexico and the other at 
Texas Gulf Sulfur at Moab, Utah. Both have a large pond with large 
amounts of precipitated salts around the edges. Vegetation around the 
two areas showed no sign that any salt had blown from the pond. In 
addition, the Union Carbide effluent ponds at Uravan, Colo., used for 
prec ipitating salt brine-uranium liquors, produce only large crystalline 
particles and are free of dust problems. The prevailing winds in the 
area, as measured at Bureau of Reclamation stations at Bedrock and Dry 
Creek Basin, are from the southwest. Any minor quantities of windblown 
salt would be carried to the north of the populated farm area in Dry 
Creek Basin and in the direction of the alkaline/saline-tolerant sage
brush and greasewood vegetation (see Figure B-7, Vegetation Map). 
Records show the winds are at their most forceful in spring when the 
ground is dampest, further reducing the possibility of an airborne dust 
problem. 
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5. Comment: 

We feel that the odor coming from the salt evaporation process will make 
living down wind uncomfortable, if not impossible, and may present a 
hazard to human health. Inasmuch as the evaporation pond will cover 
more than five and one-half square miles, it is nearly impossible for 
the wind to blow in any direction without crossing these salt flats. 

Response: 

The only odor associated with the Paradox brine is due to hydrogen sul
fide gas. This gas would be removed from the brine before it is trans
ported to Dry Creek Basin. Because of severe osmotic pressure asso
ciated with brine the pond would essentially be lifeless and there would 
be no odors due to bacteriological factors at the pond site. 

6. Comment: 

Our major concern is whether or not the Bureau of Reclamation is pre
pared to make full restitution in the event that the residents of Dry 
Creek Basin should suffer damage to their property, homes or livelihood. 

Response: 

It has been the history of the Bureau of Reclamation that it has compen
sated people for damages to their property, homes, or livelihood if it 
was responsible for that damage. We assume that this will continue to 
be standard policy. 

7. Comment: 

Another major concern of the residents in Dry Creek Basin is focused on 
our school system. We are aware that a possible influx of a number of 
families for a short period of time would cause an additional amount of 
duress and strain our already limited school budget, as we have a small 
tax base and a large district to support, with a large amount of public 
domain. 

Response: 

The statement addresses the probable impacts the influx of construction 
workers' school children would have on the area's school system in Sec
tion C- 3d (l) . The analysis based on trend data gathered from other 
Reclamation projects indicates that even at the peak of construction the 
class rolls should be increased by fewer than 60 students. If the 
nongovernment construction camp were built near the pond site, as the 
Bureau of Reclamation feels it would be, most of this increase in en
rollment would be felt at the Norwood school. Presently the s tudent
to-teacher ratio there is about 14 to l. The anticipated influx of 
students would leave the ratio well below the generally accepted optimum 
of 25 to l . Therefore, it should not be necessary to expand the present 
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classroom capacity or teaching capability at the school. However, it 
might become necessary for the school district to expand its existing 
school bus program during the peak year of construction to handle the 
projected increase. The Norwood School District has been notified of 
these projections and has been advised of the Federal impact aid funds 
that would be available to them under Public Law 81-874 to help al
leviate any increased school operation costs caused by the project. 

8. Comment : 

We hope that if the Bureau of Reclamation establishes a camp in this 
area, that it will be in the area of already existing bus routes so as 
to prevent prolonged bus runs and additional facilities being put into 
use. 

Response: 

If, as anticipated, a construction camp would be located near the 
evaporation pond site, children from the camp would attend school in 
Norwood. The camp would be on the existing bus route. At present the 
62-passenger bus carries 20 children. This capacity would be adequate 
with the possible exception of the peak construction year. The impact 
to the school system is discussed in greater detail in Section 
C-3d(l). 
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ATTACHMENT 1 

Cheoical anal;ts i s of water same l es.!/ Sheet 1 of 4 

( 
Dri nking water standards 

Number Publ i c Number 
of Sam'lltng Conce nt rat ion Hea lth of tices 

Con at itucnts Units S8111(!1CS E!eriod Mi n iowa Ave rage Maximum Service Colorado exceeded 

Dolores Ri ver a t Bed rocldl 
flow cfs 8- 71 to 10- 76 0 448. 5 6 , 240.0 
Temperature OF 256 8- 7l to 10- 76 32. 0 52. 0 89 . 0 
Conductivity (250 C) caicroMo 256 8- 71 to 10- 76 201. 0 1 , 094. 0 4 , 470.0 
pH su 256 8- 71 tO 10- 76 7. 2 8 . 0 8 . 5 
T1lS cg/1 256 8- 71 to 10- 76 120 . 0 697 .o 3 . 670 . 0 500 500 149 
Calcium (total) r.~g/1 256 8- 71 to 10- 76 6 . 4 80 . 1 460. 0 
Magnesiuo (total) cg/1 256 8- 71 to 10- 76 1.5 24 . 6 132 . 0 125 125 
Sodium (total) mg/1 256 8-71 to 10- 76 5 . 0 117 . o 759.0 
Pot<Jssium (total) mg/1 256 8- 71 to 10- 76 . 8 6 . 0 28.2 
Chloride (total) cg/1 256 8-71 to 10-76 3 . 9 148. 2 1 , 169.0 250 250 47 
Sulfate (total) mg/1 256 8- 71 to 10- 76 2 . 7 204.4 2,170.0 250 250 54 
C.lrbonate (total) rng/1 256 8- 71 to 10- 76 0 . 9 20.0 
Bicarbonate (total) mg/1 256 8-71 to 10-76 81.0 176. 4 332. 0 

Dolor es River a t Bed roc k.~/ 
Flow cfs 50 10- 64 to 6-66 18 . 0 544 . 6 4 ,370. 0 
Conductivity (25° C) mi cromho 51 9- 64 to 6- 66 215 . 0 835 . 1 1, 780. 0 
pll su 51 9-64 to 6-66 7 . o 7 . 9 8.6 
Total hardness mg/ 1 51 9-64 to 6-66 95 . 0 259 . 8 1 , 040. 0 
Calc Lur:1 (d Las.) mg/1 51 9-64 to 6-66 30. 0 72 . 1 356 . 0 
:-tagncslum (diss . ) mg/1 51 9- 64 to 6- 66 4. 9 19.4 39 . 0 125 125 
Sodium (diss.) mg/1 51 9-64 to 6- 66 6 .9 73.0 188 . 0 
Potassium (diss.) mg/1 51 9-64 to 6- 66 1.0 3.8 8. 7 
Chloride mg/1 51 9- 64 to 6- 66 4.9 90 . 2 288.0 250 250 
Sulfate (total) mg/1 51 9-64 to 6-66 26 . 0 157. 8 916 . 0 250 250 
Bicarbonate mg/1 51 9-64 to 6-66 87 .o 164.8 245.0 
Slllca (dlss . ) cg/1 1 9- 64 9 . 0 9 . 0 9 . 0 
Boron (d iss.) 1'&/1 1 9-64 200. 0 200. 0 200. 0 
Rndioactivlty 

Alpho (dtss.) pc/1 14 12-69 to 1-71 1.1 5.8 11.0 
Alpha (su:.p.) pc/1 14 12-69 to 1-71 . 2 1.9 4 . 7 
Alpha (total) pc/1 14 12-69 t o 1- 71 2 . 7 7. 7 14 . 0 
Beta (d iss.) pc/1 14 12-69 to 1-71 4 . 8 10. 6 20 . 0 
Beta (susp.) pc/1 14 12- 69 to 1- 71 . 9 5. 0 14 . 0 
Beta (total) pc/1 14 12-69 to 1- 71 8. 3 15 . 6 25 . 0 !.11 , 000 
Rodiun~-226 (diss . ) pc/1 156 10- 61 to 6-72 . OJ .5 13.8 3 
Radium-226 (susp.) pc/1 1 6-69 . 8 . 8 . 8 
Radiurt-226 (sed . ) pc/1 1 1- 69 2 . 3 2. 3 2.3 
Strontium-90 (tot al) pc/1 I 10-69 2 . 2 2. 2 2. 2 10 
Strontlum-89 (total) pc/1 1 10-69 0 0 0 
Uranium (diss.) 1'&11 143 10- 62 to 6-7 2 .1 8. 5 35.0 

West Paradox Cre ckl.l c Flow cfs 255 8- 71 to 9 - 76 . 3 6 . 6 96.0 
Tempera cur~ Op 255 8- 71 to 9-76 32 . 0 49. 0 82. 0 
Conductivity (250 C) micromho 255 8- 71 to 9 - 76 395 . 0 1 , 303. 0 2,540. 0 
pll su 255 8-71 tO 9- 76 7 . 5 8 . 0 8 . 7 
T1lS mg/1 255 8-71 to 9-76 262 . 0 1 ,005.0 1 , 970. 0 500 500 237 
Calcium (total) mg/1 255 8-71 to 9-76 46.0 137 . 3 245. 0 
Magnesium (total) mg/l 255 8- 71 to 9- 76 15.0 80.8 188. 0 125 125 
Sodium (totol) mg/1 255 8-71 to 9-76 8 . 0 44.0 200. 0 
Potassium (total) mg/1 255 8- 71 to 9- 76 1.2 4 . 6 63. 0 
Chloride (total) mg/1 255 8-71 tO 9- 76 6. 4 45.1 294.0 250 250 2 
Sulfate (total) mg/1 255 8-71 to 9-76 90.0 476.3 936.0 250 250 237 
Carbonate (total) mg/1 255 8-71 to 9-76 0 1.1 34 . 0 
Bicarbonate (total) mg/1 255 8- 71 to 9- 76 96. 0 260. 1 379.0 

Dolores River at exit from Paradox Valle~2/ 
Flow cfs 276 8-76 to lQ-76 . 6 460.6 6 ' 270.0 
Temperature or 284 6-70 co lQ-76 30.0 
Turbidity NTU 21 6-70 to 11- 74 2 . 0 394 . 1 5,000.0 
Conductivity (25° C) micromho 284 6-70 tO 1D-76 218. 0 17 , 231.0 164 , 000.0 
pH su 278 6- 70 to 10-76 7 .o 7. 9 8.8 
T1lS mg/1 280 6-70 to 10-76 150. 0 12 ' 282.0 166 , 000.0 500 500 231 
Ammonia (totaL) mg/1 22 6- 70 to 11- 74 0 . 5 4. 5 
Calcium (total) mg/1 276 6- 70 to 10-76 27.0 165 . 5 985.0 
Hagneaium (tot:.l) mg/1 276 6-70 to 10-76 4 . 5 108.7 1,152 . 0 125 125 70 
Sodium (Local) mg/1 280 6-70 tO 10-76 7 . 0 4 , 309 . 0 57,960. 0 
Chlortdc (total) mg/1 284 6-70 to 10-76 5 . 0 6 '911.1 92 , 638.0 250 250 226 
Sultat.e (total) mg/1 277 6-70 to 10-76 27 .o 618. 5 5 ,856.0 250 250 183 
Carbonate (total) mg/1 257 8-71 to 10-76 0 . 6 17 . o 
Bicarbonate (total) mg/1 257 8- 71 to 10- 76 69 . 0 189 . 3 317.8 
Potassium (total) mg/1 257 8- 71 to 10-76 1.6 225 . 1 2 , 893. 0 

Dolores Ri vcr 1 lc mile above confluence with Sa n Higuel River.J/ 
Temperature or 47 6-70 to 7-76 32 . 0 52 . 8 85 . 0 

Turbid Lty llTU 41 6-70 to 7-76 2 . 0 266 . 6 5 , 000 . 0 
Conductivity (25° C) micromho 47 6- 70 to 7- 76 320 . 0 11,193 . 3 100, 000 . 0 
Dissolved oxygen mg/1 27 5-73 to 7-76 7 . 7 10 . 1 14 . 2 

8.0 . 0. (5- dny) mg/1 33 6-70 to 7-76 . 3 1.7 6 . 0 

C.O.D . mg/1 1 8-72 25 , 578 . 0 25, 578 . 0 25 , 578 . 0 

pH su 36 6-70 tO 7- 76 7 . 5 8 .1 8 . 8 
Ar:u:.onh (total) mg/1 42 6- 70 to 7-76 0 .4 4. 5 
Nitrite (total) mg/1 41 6- 70 t O 7-76 0 . 02 . 3 
Nitrate (total) cg/1 39 6-70 to 7- 76 0 .4 3.2 
Nitrogen (total KJEL) cg/1 2 4-76 co 6- 76 3 .4 4 . 0 4.6 
Phosphorus (total) cg/1 24 3-74 to 7- 76 0 . 1 1.1 
Phosphates (total) cg/1 16 6-70 to 9- 73 0 . I .4 

Cyanide (tot.1l) mg/1 23 6- 70 to 6- 76 0 0 0 .20 .01 0 
Total hardness mg/1 41 6- 70 to 7-76 110. 0 624.0 3,120.0 
Calciu11 mg/1 28 6-70 to 6- 76 78. 0 442.5 2,840.0 
MD.gnesiua (total) mg/1 28 6- 70 to 6-76 7 .o 71.8 334.0 125 125 

( 
Sodiu11 ~total~ msll 42 6-70 to 7-76 11. 0 3 , 105. 3 4 ,800.0 

1/ All data, with the exception of Bureau of Reclamation infomation, a r e STORET da ta fro= the Air and Water Surveillance and Analysis Division . 
EnvirOnmental Protection Agency , Denve r, Colo. 

2/ Samples collected by Bureau of Reclamation. 
J/ Samples collected by Colorado State Department of llc~tlth. 

il If radium- 226 and strontium-90 are withi n their respect i limits, water havi ng a gross beta concentration of up to 1 , 000 pc/1 is usually accept-

able. When radiurn-226 and s tront ium-90 exceed the limits • the T01di.o.1ctiv1.ty of the wa te r s uppl y should be investigated even i f the gross bet a concentrat ion 

ts less than 1 , ooq pc/1. 
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ATTACHMENT 1 

Constituents 

Sodium adsorption ratio 
Chlor ide 
Sulfate (tot al) 
Fluoride (total) 
Arsenic ( t otal) 
Boron (tot al) 
Cadmium ( t otal) 
Chromium (hexavalent) 
Coppe r (tota l) 
Iron (total) 
Lcod (toto!) 
Manganese 
Molybdcnua ( t otal) 
Silver (total) 
Zinc (total) 
Selenium (total) 
Me rcury (total ) 
Radioactiv ity 

Alpho (diss.) 
Beta (diss . ) 
Rl>dium-226 (dbs.) 

Total coliform (MPN CONF) 
fecal colifor:o (HPNECMEO) 
KBAS 

now 
Conductivi ty (250 C) 
pi! 
TDS 
Cal cium 
H.:~gncsiua 

Sodluca 
Potassiug 
Chloride 
Sulfate 
Carbonate 
Bicnrbonnte 

Temperature 
Turbidity 
Conductivity (25° C) 
D Lsso 1 ved oxygen 
8 . 0. D. (5-day) 
C.O.D. 
pH 
Ammonia (total) 
Ni t rite ( t otal ) 
Nt crate (total ) 
Nt trogen (total !UEL) 
Phosphat e (total) 
Phosphorus (total) 
Cyanide (total) 
Total hardness 
C.tlc:t.um 
Magnesium (total) 
Sodium (total) 
Sodium adsorpt i on rntio 
Chloride 
Sulfate (total) 
Fluoride (total) 
Arsenic (total) 
Boron (total) 
Cadal.iuta (total) 
Chromium (hexavalent) 
Copper (tot:.l) 
[ron (total) 
Lead (total) 
Manganese 
Molybdenum (total) 
Silver (total) 
Zinc. (total) 
Selenium (total) 
Mercury 
Radioactivi t y 

Alpha (d iss . ) 
Beta (diss.) 
Rodium-226 (diss . ) 

Toto;~! coliforD (MPN CONF) 
Fecal e:oliforo (MPNECM£0) 
KBAS 
Fecal streptococcus (MF 

M-ENT) 

Units 

~>g/1 
mg/1 
mg/l 
p g/1 
pg/1 
pg/1 
pg/1 
p g/1 
p g/1 
pg/1 
p g/ 1 
p g/1 
pg/1 
pg/1 
pg/1 
j>g/ 1 

pc/1 
pc/1 
pc/ 1 
/ 100 m1 
/ 100 •1 
mg/1 

cfs 
micromho 
s u 
og/1 
mg/1 
mg/1 
•g/1 
mg/1 
•g/1 
mg/1 
mg/ 1 
mg/1 

OF 

Hach NTU 
•icromho 
rng/1 
mg/1 
mg/1 
su 
mg/1 
mg/1 
mg/1 
mg/ 1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 

mg/1 
mg/1 
mg/1 
pg/1 
pg/1 
p g/1 
pg/1 
pg/1 
p g/1 
pg/1 
pg/1 
pg/1 
pg/1 
p g/1 
pg/1 
pg/1 

pc/1 
pc/1 
pc/1 
/100 m1 
/100 ml 
mg/1 

/100 m1 

Number 
of 

samples 

Chemical anal ysis o f water SaD1ple5! / ( conrtnu«'d) 

Sampling 
period Hlnift'I.Jm 

Concentrat i o n 
Average 

Do lo res River, it mile above c onfl ue nce wi th San Miguel RivC! r 2/ 
40 
46 
29 
26 
24 
26 
24 
24 
24 
26 
24 
24 
18 

9 
25 
24 

4 

24 
24 

9 
46 
47 
39 

18 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

47 
42 
47 
26 
42 

2 
36 
45 
45 
45 

1 
21 
23 
26 
39 
28 
28 
39 
39 
40 
28 
28 
26 
28 
26 
26 
26 
26 
26 
27 
19 

9 
26 
26 

3 

23 
lD 
10 
47 
48 
39 

6-70 to 7- 76 0 . 4 33. 5 
6-70 t o 7- 76 9 . 0 4 , 495.1 
6-70 to 6-76 46.0 527.5 
6-70 to 6- 76 . 1 . 2 
6-70 to 6- 76 0 0 
6- 70 to 6- 76 297.3 
6-70 to 6-76 3. 1 
6- 70 to 6-76 6. 7 

::;g ~~ ~=;~,. 70~ :~ 
6-70 to 6- 76 1. 8 
6- 70 to 6- 76 80. 0 
2-71 to 6- 76 7.8 

11-70 to 6- 76 6. 7 
6-70 to 6- 76 80.0 
6-70 to 6- 76 .8 

11-70 LO 1-72 0 . 3 

7-70 LO 6-76 
7-70 to 2- 76 
8-70 to 2- 76 
7-70 to 7-76 
7-70 tO 7-76 
6-70 to 7-76 

1.. 7 
6 . 0 

.3 
2. 0 
2.0 
0 

51.3 
96.2 

.7 
1, 383. 6 

731.0 
0 

Dry Creek Bt confluence with San Miguel Rivcr1/ 
3-73 t o 3-77 0 26 . 8 

3, 554 .o 
7. 8 

9-60 to 3-77 610.0 
9-60 to 3-77 7 . 1 
9-60 to 3-77 t.l4 .0 3 , 469.0 

295.4 
194.2 
387 .o 

9-60 tO 3-77 59.0 
9-60 to 3-77 14.0 
9-60 to 3-77 48.0 
9-60 to 3-77 4. 3 10.0 

85. 3 
2 , 007.7 

L.4 
242 . 8 

9-60 to 3-77 9 . 9 
9-60 LO 3-77 161.0 
9-60 Lo 3-77 0 
9-60 ~0 3-77 87 . 0 

San Higucl Ri ver at confluence wit h Dolo res Rtve r- 4/ 
6-70 to 7-76 
7-70 to 7-76 
6-70 to 7-76 
3-73 to 7-76 
6-70 to 7-76 
8-72 tO 10-72 
6-70 LO 7- 76 
6-70 to 7- 76 
6-70 tO 7-76 
6-70 to 7-76 
6-76 
6-70 LO 9-73 
3-74 to 7-76 
6-70 LO 6-76 
6-70 tO 7-76 
6-70 to 6- 76 
6-70 to 6- 76 
6-70 to 7-76 
6-70 LO 7-76 
6-70 to 7-76 
6-70 LO 6-76 
6-70 LO 6-76 
6-70 to 6-76 
6-70 tO 6-76 
6-70 LO 6-76 
6-70 LO 6- 76 
6-70 tO 6-76 
6-70 LO 6-76 
6-70 to 6-76 
6-70 to 6-76 
2-71 to 6-76 

11-70 to 6-76 
6-70 to 6-76 
6-70 to 6-76 

11-70 to 1-72 

6-70 to 2-76 
11-70 to 9-75 
6-70 to 11-75 
7-70 to 7-76 
7-70 to 7-76 
6-70 to 7- 76 

7-72 

Dolores River below mout h 

32.0 51.1 
3. 7 88.1 

310.0 1,0)9 . 9 
7 .o 10. 1 

.9 14.2 
30 . 0 1, 209.5 

7 . 4 8. I 
0 9. 8 
0 . 3 

. 2 2. 0 
s. 2 5. 2 
0 .J 
0 .I 
0 0 

122.0 4 12.8 
114 . 0 277.8 

7 . 0 39 . 6 
14.0 55 . 6 

. 4 1.1 
7 .o 48.7 

16.0 393. 7 
.1 . 4 

0 0 
64.6 

. 5 
0 

30 . 5 
306 . 2 

4. 5 
115 . 2 

1.6 
0 

32.3 
1.1 

0 0 

7.0 24 . 5 
11. 9 19.4 

. 2 . 6 
4.0 3 , 045 . 1 
2.2 200.6 
0 0 

. 1 .1 

of San Miguel River1/ 
Flow cfs 63 9-74 to 5-76 38.0 

32. 0 
268.0 

674.0 
49.0 

3 , 750 . 0 
7. 7 

2,227.0 
106.0 

Temperature 0 r 63 9- 74 to 5-76 
Conductivity {25° C) micromho 63 9-74 to 5- 76 
pH su 63 9-74 to 5-76 
TDS mg/1 63 9-74 to 5-76 
Calciua cg/1 63 9-74 to 5- 76 
Magnesiua. og/1 63 9-74 to 5-76 
Sodium cg/1 63 9-71. to 5-76 
Chloride mg/1 63 9-74 to 5- 76 
Sulfate mg/1 63 9-74 to 5-76 
Carbonate mg/1 63 9-74 to 5- 76 
Bicarbonate mg/1 63- 9-74 to 5- 76 
Potassium m /l 63 9-74 to 5-76 

5. 6 
lH.O 
)6.0 
6.0 
9.0 
6.0 

36. 0 
0 

10.0 
2.0 

51.0 
612.0 
955.0 
379 . 0 

• 5 
147 .o 
32.0 

Maximum 

(conLinued) 
220 . 0 

76. 000 . 0 
3, 330.0 

. 8 
0 

2 . 600 . 0 
72. 0 

160. 0 
50 . 0 

6 , 000. 0 
29.0 

500. 0 
100. 0 
60.0 

790. 0 
5.0 

. 9 

2 31.0 
446 . 7 

1.2 
3 . 000. 0 
3 , 000 . 0 

.4 

418 . 0 
8 , 860 . 0 

8 . 2 
9 . 800.0 

470.0 
732.0 

1 , 162.0 
2). 0 

266.0 
5 , 549. 0 

9. 3 
629 . 0 

76. 0 
800.0 

2,400.0 
14 . 8 

384.0 
2,389.0 

9 . 1 
41.0 

2 . 5 
11.0 
5. 2 

• 3 
. 6 

0 
894 . 0 
545 . 0 
112.0 
140.0 

2 . 7 
151 . 0 
944.0 

.9 
0 

170. 0 
10.0 
0 

770. 0 
2 , 200 . 0 

74 .o 
600 . 0 

10.0 
0 

270 . 0 
10 . 0 

0 

135 . 0 
36.0 

2. 8 
30,000 . 0 

2 , 200.0 
0 

.l 

4,820 . 0 
77 . 0 

12 . 600.0 
8 . 6 

7,920.0 
260 . 0 
207.0 

2,208. 0 
3 . 515 . 0 
1 , 513 . 0 

17.0 
373 . 0 
113 . 0 

Sheet 2 of 4 
Dr inking water standards 

Pub l i c Nuaber 
Health 

Service 

250 
250 

50 

10 
50 

1 . 000 
300 
50 
50 

50 
5 . 000 

10 

1,000 
) 

500 

125 

250 
250 

45 

125 

250 
250 

50 

10 
50 

1 . 000 
300 

50 
50 

50 
5,000 

10 

111,000 
3 

125 

250 
250 

• 2 

Co Lor:.do 

250 
250 

2.4 
10 

10 
50 

1, 000 
300 

50 
50 

5,000 
10 

500 

125 

250 
250 

'·5 

125 

. 01 

250 
250 

2.4 
10 

10 
50 

1 ,000 
300 
50 
50 

5,000 
10 

125 

250 
250 

of tiaes 
exceeded 

33 
21 
0 
0 

I 
0 
0 

29 

17 

1 
28 

0 

0 

0 
19 

0 
0 

0 
0 
0 
4 
1 

12 

0 
0 
0 

0 
0 

46 
43 

1/ All data, with the exception of Bureau of Reclamation information, are STOREi data from the Air and Water Surveillance and Analysis Division, 
EnvirOnoental Protection Agency. Denver, Colo. 

2/ Saoples collected by Colorado State Oepartcent of Health . 
3/ Samples collected by t he Bureau of Reclamat ion. 
J.! Coll ected by Colorado State Department of Health. 
5/ tf radium-226 and strontium-90 are within t heir respective limits , water having a gross beta concentration of up to 1.000 pc/1 is usually accept

able .- When radium-226 and strontium-90 exceed the limits , t he radioact i vity oi the water s upply shoul d be investigated even if the gross bct.a concentration 
is less than 1 , 000 pc/1. 
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( 

Cons cicucnts 

Flow 
Teo pera ture 
Conductivity (25° C) 
Dissolved oxygen 
Carbon dioxide 
pH 
TDS 
Nitrate (diss.) 
Nitrite and nitr.nc (dlss.) 
Phosphate 
Phosphorus 
Total hnrdncss 
C.alclum (di.ss . ) 
Magnesium (diss.) 
Sodium (diss.) 
Sodium adsorption ratio 
Chloride 
Sulfate (total) 
Carbonate 
Bicarbonate 
Potassium (d tea. ) 
Fluoride (diss.) 
Silica (diss.) 
Boron (d iss. ) 
I ron (diss.) 
Manganese (diss .) 

Flow 
Ter:Lperature 
Dissolved oxygen 
pll 
Ammonia (total) 
Nitrite (total) 
Nitrate (total) 
Phosphorus (total) 
Phosphorus (dhs.) 
Cadmium (disa.) 
Chroo.ium (dlss.) 
Copper (diss . ) 
Iron (diss.) 
Lead (diss.) 
Manganese (diss.) 
Zinc (diss .) 
Radioactfvi ty 

Radium-226 (diss . ) 
Radium-226 (susp.) 
Uraniuc (di.ss.) 
Uraniucr. (susp . ) 

Tecperature 
Turbidit y 
Conductivity (25° C) 
Dissolved oxygen 
8.0. D. (5-dny) 
c.o.o. 
pll 
Ammonia (totol) 
Nitrltc (total) 
Nitrate (total) 
Nitrogen (total KJEL) 
Phosphate (total) 
Phosphorus (toul) 
Cyanide (toto)) 
Total hardness 
Calcium 
Magnesium (to t a 1) 
Sodium (total) 
Sodiua adsorption rnt1o 
Chloride 
Sulfate (toto!) 
Fluoride (total) 
Arsenic (total) 
Boron ( total) 
Cadmium (tota.l) 
Chromium (hexavalent) 
Copper (total) 
tron (total) 
lead (total) 
M.:lnganesc 
Molybdenum (total) 
Si.lver (total) 
Zinc (total) 
Selenium (total) 
Mercury 
Radioactivity 

Alpha (diss.) 
Be t o (di ss . ) 
Radiuo-226 (dtu . ) 

Total coliform (HPNCONF) 
Fecal coliforcr. (MPNECMED) 
HBAS 

Units 

cfs 
oF 

microMo 
mg/1 
og/1 
su 
og/1 
og/1 
og/1 
og/1 
mg/1 
mg/1 
mg/ 1 
cg/1 
mg/1 

mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
pg/1 
pg/ 1 
pg/ 1 

cfs 
OF 

og/ 1 
su 
mg/1 
mg/1 
mg/1 
og/1 
•g/1 
1'8/l 
1'8/1 
>Jg/1 
pg/ 1 
>Jg/1 
pg/1 
1'&1 1 

pc/1 
pc/1 
pg/1 
1'811 

oF 

Hach NTU 
o1cromho 
m8/ 1 
mg/1 
og/1 
su 
mg/ 1 
mg/1 
mg/ 1 
mg/1 
mg/ 1 
mg/1 
mg/1 
•8/1 
mg/1 
"g/1 
mg/1 

mg/1 
mg/1 
mg/1 
p g/1 
p g/1 
pg/1 
1'&11 
pg/1 
pg/1 
1'8/l 
1'&11 
,.g/1 
1'&11 
1'&11 
1'&/1 
pg/1 

pc/1 
pc/1 
pc/ 1 
/100 101 
/100 m1 
" /1 

Nuabcr 
o f 

samples 

186 
191 
190 

81 
12 

125 
44 

I 
36 
37 
36 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 

4 
38 
4 

22 
22 

6 
6 
1 
3 
8 
8 
8 
1 
8 
8 
1 
8 
8 
8 

93 
76 
91. 
15 

54 
47 
55 
14 
37 

1 

"' 45 
43 
43 

I 
31 
II 
28 
44 
43 
43 
44 
44 
47 
39 
31 
29 
41 
29 
28 
28 
42 
28 
39 
13 
15 
39 
43 

5 

41 
26 
20 
56 
56 
29 

Chemica l analysis o f watf.l'r samples!/ (continued) 

Sampling 
period 

Dolo res 
1-70 to 9-73 
1-70 [0 9-73 
1- 70 co 9- 73 
4-70 co 8-73 

12-71 [ 0 9-73 
1-70 [0 9-73 
1-70 [0 9-73 

10-70 
1D-70 [0 9-73 
2-70 [0 9-73 

10-70 to 9-73 
1- 70 to 9-73 
1-70 ,. 9-73 
1-70 to 9- 73 
1-70 to 9-73 
1-70 [0 9-73 
1- 70 to 9- 7 3 
1-70 [0 9-73 
1- 70 to 9-73 
1- 70 to 9-7 3 
1-70 [0 9- 73 
2-70 [ 0 12-72 
2- 70 co 9-73 
2-70 to 11-72 

12-72 
12- 72 

Dolores 
9-71 co 2-72 
9-71 to 2-72 
9-71 [0 2-72 
9- 71 [0 2-72 

12-71 
12-71 [ 0 5- 72 
12-71 to 8-73 
12-71 to 8-73 
12-71 [0 8- 71 
12-71 to 8-73 
12-71 to 8- 73 
12-71 [0 8-73 
12-71 co 8- 73 
12-71 t o 8-73 
12- 71 to 8-73 
12-71 [0 8-73 

7-71 co 7- 73 
8-71 to 7-73 
7-71 to 9-73 

10-72 to 7-73 

Dolores 
1-68 [0 t. - 76 
2-68 co 4-76 
1-68 [0 4-76 
3- 73 co 4-76 
2-68 to 4-76 

10-72 
1-68 [0 4-76 

10-68 [0 4-76 
11-68 to 4- 76 
10- 68 [0 4-76 

4- 76 
10-68 to 9-73 
4- 71.. co 4- 76 
2-68 co 4 - 76 
2-68 [0 4- 76 
2- 68 co t. - 76 
2-68 to 4-76 
2-68 [0 4- 76 
2-68 to 4- 76 
2- 68 [0 4- 76 

10-68 [0 4-76 
1-68 to t.-76 
2-68 [0 4-76 
l-68 [0 t.-76 
1-68 t o 2- 76 
2-68 [0 •-76 
2-68 [0 4-76 
2- 68 [0 4 - 76 
2- 68 to 4- 76 
2-68 [0 4-76 
l-72 [0 4-76 

11-68 [0 4 - 76 
2-68 to 4- 76 
1-68 co t.-76 

lD-70 to 1-72 

l-68 [ 0 t.-76 
10-68 to 11- 75 
lD-68 [0 4 - 76 
1-68 to 4-76 
1-68 to 4- 76 
~-69 co 4-76 

Concentrat Lon 
Mlnimurn 

River at Gatcway.Z/ 
10.0 
32.0 

300.0 
5.4 
2.8 
6. 5 

212.0 
4. 7 

• 2 
0 
0 

130.0 
37 .o 
9.4 

19.0 
.1 

18.0 
7. 2 
0 

108.0 
2 . 1 

• 3 
3. 7 
.1 

40.0 
100.0 

River at CatewayJ/ 
84.0 
32.0 
8. 4 
7.1 

• 6 
0 

• 2 
0 
0 
5.0 
5 . 0 
5.0 

15.0 
5 . 0 

10.0 
s.o 

.1 
0 

. 5 
1.0 

River at Gateway~! 
32.0 
3. 4 

315.0 
1 . 2 
1.0 

45.0 

' · 2 0 
0 

. 2 
3 . 4 
0 
0 
0 

129.0 
98.0 
5.0 

12.0 
• 4 

16.0 
56.0 

.1 
0 

0 
• 6 
. 2 

22. 0 
2. 2 
0 

Average 

934.4 
50.5 

2 . 356.0 
9. 3 
7 .4 
7.4 

1,418. 8 
4. 7 
1.4 
.I 

0 
421.7 
101.4 

41. 1 
333.4 

6. s 
512.4 
319.9 

0 
162.0 

11.6 
.4 

7.4 
72 . 5 
40. 0 

100.0 

250.3 
40.3 
10.6 

7. 3 
. 6 

0 
l.l 

. 2 

.1 
5 .4 

13 .1 
16.2 

147 . 0 
10 . 5 
77.1 
13. 2 

.6 
3 . 6 

10.5 
10.3 

51.3 
393.6 

2,795.6 
9.8 
5 . 9 

1.5.0 
8.1 
5 .1. 

• 3 
1.9 
3. 4 

.1 
• 2 

0 
1.74 .1 
298.3 
44.7 

448.2 
7.7 

691.1 
354. s .. 

0 
91.2 

0 
0 

. 7 
706. 9 

1.9 
39.7 

6. 2 
0 

24 .1 
.9 
• 2 

37.6 
27.2 
1.0 

2,~49.6 

318.0 
0 

Maximum 

1,250.0 
79.7 

8.000.0 
14.0 
11.0 
8. 5 

4 , 680. 0 
4 . 7 
3. 5 

• 6 
. 2 

1,100.0 
220 . 0 
1 30.0 

1,200.0 
20.0 

2 , 000 . 0 
940.0 

0 
256 . 0 
69.0 

. 5 
9.4 

130.0 
40 . 0 

100.0 

700.0 
67 . I 
LL . 8 
1. 5 

. 6 
0 
2 . 4 
1.1 

• 2 
6.0 

20. 0 
37. 0 

540.0 
22 .0 

220.0 
40.0 

3.3 
79.4 
37 .o 
76.1 

75.0 
5,000.0 
8,000 .0 

12.2 
48.0 
45 .0 

8 . 8 
20 . 5 

3 . 5 
6. 2 
3 . 4 

. 5 

.5 
0 

1, 510.0 
815 . 0 
169.0 

1,800.0 
31.0 

2 , 700.0 
727 .o 

.9 
0 

500 .0 
.l 

0 
20.0 

7 ,800.0 
20.0 

300.0 
so.o 
0 

300.0 
1 . D 
1. 1 

271.0 
79 .8 

2. 6 
34 , 800 . 0 

3 , 300 . 0 
0 
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Drinking water standards 
Publ ic Number 
Health 

Service 

500 

125 

250 
250 

300 
50 

10 
50 

1 , 000 
300 

50 
50 

5,000 

1.5 

• 2 

125 

250 
250 

50 

10 
so 

1.000 
300 

50 
50 

50 
5 ,000 

10 

.?h ,ooo 
3 

Colo rado 

500 

125 

250 
250 

2.4 

300 
50 

·~ 
10 
50 

1,000 
300 

50 
50 

5,000 

125 

.01 

250 
250 

2.4 
10 

10 
50 

1,000 
300 
so 
50 

5 , 000 
10 

of times 
exceeded 

30 

0 

0 

0 
0 
0 
1 
D 
5 
0 

18 
18 

0 

0 

35 
32 
0 
0 

0 
D 
0 

16 
0 

lJ 

0 
0 

0 
D 

All dat a, with the exception of Bureau o f Reclamation information, a.re STORET data from the Air and Wa ter Surveillance and Analysis Division, 
Env irOnoen ta 1 Protection Agency, Denver, Colo. 

2/ Samples collected by u. S. Ceo logical Survey. 
)/ Samples collected by U. S . Geological Survey , analyzed l:y EPA. 
4/ Saoples collected by Color..,do Stat e Department of Health. 
5! lf radiuo-226 and strontium-90 a re within their rcspectfv, limits , water having a gross beta concentration of up to 1.000 pc/1 is usually acccpt

nblc.- When radtuct-- 226 .and scrontiuct-90 exceed the limits, the rndioJctivity of the w.atcr s upply should be investigated even if the groes betA concentration 
is less than 1, 000 pc/1. 
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A TT ACI!l1ENT 1 

Constituents 

Conductivity 
pH 
TOS 
Ca l cl.um (total) 
Magnesium (total) 
Sodium. (total) 
Ch loride 
Sulfate (total) 
Sulfide (total) 
Carbonate (total) 
Bicarbonate ( total) 
Potassium (total) 
Cadmium (tota l) 
Chrom ium (tot al) 
Copper (total} 
I ron (total ) 
Lead (tOLa l ) 
Manganese (total) 
N1C"ke1 (total) 
Lithium (total) 
Zinc (total) 
011 (total) 
R.adioacctvlty 

Uni ts 

micromho 
su 
10g/1 
mg/1 
mg/1 
mg/1 
mg/l 
mg/1 
.. g/1 
01&/1 
mg/1 
mg/1 
~g/1 
pg/1 
r s/1 
pg/ 1 
~g/1 
pg /1 
pg/1 
~g/1 
pg/1 
rs/1 

Nua.ber 
of 

samples 

Che31ira l analysis of water saoplcs!l (continued) 

Sampling 
period Mini mum 

Concentration 
Average MaximuUl 

Brine pumEcd f rom well near Dolores River 1 Paradox Vallc:l2/ 
1 3- 75 221,000.0 221 , 000.0 221,000.0 
1 3-75 7.9 7. 9 7.9 
1 3-7S 2S8 , 000.0 2S8,000. 0 2S8,000.0 
1 3-7S 1, 340.0 1,340.0 1,340.0 
1 3- 7S 1,720.0 1, 720.0 1,720.0 
I 3-75 100,900.0 100,000.0 100,000. 0 
1 3- 75 16S, OOO.O 16S , OOO.O 16S,OOO.O 

3-75 S,S90.0 S,S90.0 S , 590.0 
3-75 74 .4 74. 4 74.4 
3- 7S 0 0 0 
3-7S 118.0 118.0 118 . 0 
3-7S 5,JSO.O S , l SO.O 5 ,150. 0 
3-7S 470.0 470.0 470 . 0 
3-7S 260. 0 260.0 260 . 0 
3-7S 220.0 220.0 220.0 
3-7S 2 ,400.0 2 , 400.0 2,400.0 
3-7 S 2,900.0 2 , 900.0 2 , 900.0 
3- 75 370.0 370.0 370.0 
3-7S 230. 0 230. 0 230.0 
3-75 130.0 130. 0 130.0 
3-7S 620.0 620. 0 620.0 
3-75 100.0 100.0 100.0 

Strontium total /1 J- 75 2 300.0 300 . 0 300.0 

Sheet 4 of 4 
Drinking wate r s t andards 

Public Numbe£" 
Health of tlmo:s 

Servic
1
e Colorado exceeded 

12S 12S 

2SO 2SO 
2SO 250 

10 10 
so so 

1 , 000 1,000 
300 300 
so 50 
so 50 

5,000 s,ooo 

1 All dat a , with exception of Bureau of Recla~tion lnCorma t ion, are STORET data from the Air and Water Survetl la.nc.e and Analysis Division , 
EnvirOmncntal Protection Agency , Ocnvr:r. Colo. 

2/ Bureau of Reclamation. 

4 

( 



( 

( 

( 

In Reply Refer To 
(ES) 

United States Department of the Interior 
FISH AND WILDLIFE SERVICE 

AREA OFFICt: COLORADO- UTAH 
1426 FEDERAL BUILDING 
125 SOUTH STATE STREET 

SALT LAKE CITY, UTAH 84 138 

February 15, 1977 

ATTACHMENT 2 

Memorandum 

To : 

From: 

Subj ect : 

Regional Director 
Upper Colorado Region 
Bureau of Recl amati on 
Salt Lake City, Utah 

Area Nanager 
U. S. Fi sh and Wildlife Service 
Salt Lake City , Ut ah 

Compliance with Section 7 of the Endangered Species Act 
of 1973, Paradox Valley Salinity Control Unit, Colorado 
(BR) (Your memor andum of February 7 , 1977) 

An anal ysis of the impact of the subject unit on the Color ado squawfi sh 
(Ptychocheilus lucius) and the Humpback chub (Gila ~) was not 
presented in our Advance Planning Aid Memorandum, because aquatic studies 
conducted by the Color ado Division of Wildlife and other investigators have 
not found these two species to be present within the pr oject area. The 
proposed improved wat er quality resulting from this project may enhance 
their chances of survival and improve their critical habitat . This opinion; 
however, will have to be ver ified by additional studies on t he life 
cycl es and habitat requirements for these endangered fishes. Also , 
it would be contingent upon not developing other projects that would 
increase the salinity of the Colorado River by the 16 mg/1 that the 
Paradox Valley Unit is designed to r emove from the aquatic environment. 

If we can be of further assistance, please advise . 
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ATTACHMENT 2 

United States Department of the Interior 
FISH AND WILDLIFE SERVICE 

1/}.ILT.VG ADDJI£SS: 

Po4t 0/ba Box '1.i4~'i 

(Hft.tXr F,duol Cr"''' 
tN R£Pl Y RE~(R TO ; [Hnvu. Color"ado 80225 
FA/SE/Falcon, peregrine--

STI!££T I.OCA TION 

10591 a•nt SurA Al'('f'IU~ 
Lo•':uood. Colorodo 
.A.cro.u ~'t-om F«iual Ctf1lU 

Coop.--BR--Paradox Valley Cnit ocr 1s 1977 

HEHORANDill-l 

To: Regional Director, Upper Colorado Region 
Bureau of Reclarr~tion, Salt Lake City, Utah 

From: Regional Director, Region 6 
Fish and \.Jildlife Service, )enver , Colorado 

Subject: Endangered Species Consultation--Paradox Valley Unit, 
Colorado River Salinity Control Project 

In response to your request for formal consultation we have conducted 
a threshold examination. l~e conclude the Paradox Valley Unit, as now 
proposed, will in no likelihood jeopardize the continued existence of the 
American peregrine falcon or destroy or adversely modify its critical habitat. 

By lowering the soil salinity, construction of the Paradox Valley Vnit, 
as nm., proposed, could improve riparian vegetation and, as a consequence, 
benefit the prey-base for falcons. However, this is not true of sowe 
of the other alternatives developed for the Environmental IMpact State~e~t. 
If one of these other alternatives is selected to replace the proposal 
now being considered and the neH proposal may result in some adverse 
impact on riparian vegetation, the prey-base, or directly affect the falcons, 
then the neH proposal should be re-exa:nined under the Section 7 formal 
consultation process . 

As you are aware, the eyrie(s) located in the general area of the project 
is either new or has not been observed prior to this summer. It is 
certainly a siF:,nificant find and offers an opportunity to ir.1prove the 
status of the peregrine in that area by various techiques carried out in 
conjunction with the ~\estern Breeding Project of the Colorado Division 
of Wildlife and the Peregrine Fund at Fort Collins, Colorado. 

The State Director of the Bureau of Land Hanagement has indicated, 
since the nesting location is almost entirely on public lands, they 

Save Energy and You Serve America! 
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ATTACHMENT 2 

will initiate a monitoring program for any adverse action and will take the 
necessary legal steps to close the area seasonally (~~rch 1--August 1) 
to public use and development. 

We recommend the four agencies (Bureau of Land Management, Colorado 
Division of \vildlife, Bureau of Reclamation, and Fish and \vildlife 
Service) cooperate to assure adequate protection, determination of the 
total feeding area and exact eyrie(s) location. In addition, we r ecommend 
including some project features to further i mprove the riparian vegetation 
by developing marshy areas in the project area. Finally, we \vish to 
commend you on the conservation actions taken to protect these birds and 
their habitat. The awareness of this need by your people will add con
si.derably to the recovery effort for American peregrine falcon. 
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ATTACHMENT 3 

THE STATE HISTORICAL SOCIETY OF COLORADO 

Colorado State Museum, 200 Fourteenth Avenue, Denver 80203 

Mr. Wayne E. Cook 
Senior Staff Officer 
United States Department of the Interior 
Bureau of Reclamation 
Upper Colorado Region 
Western Colorado Projects Office 
Post Office Box 640 
Durango, Colorado 81301 

RE: Colorado River Basin Salinity Control Project, 
Paradox Valley Unit, Colorado 

Dear Mr. Cook: 

March 11, 1977 

This office shall comment concerning only architectural and historical 
properties that may exist in the project impact area; the office of the 
State Archaeologist has been furnished the enclosures of your letter and 
will respond separately concerning archaeological properties. 

After reviewing the survey information, we feel that the Bureau of Recla
mation has thoroughly fulfilled its responsibility to identify properties 
that possess architectural and historical value in the impact area of the 
project. We also commend its effort to redesign portions of the project 
to minimize impacts upon the identified properties. As stated in your 
letter, we concur that the only architectural property to be affected is 
site 5-SM-169. However, after examining the information gathered relat
ing to this site, we find that it does not appear to be eligible for list
ing in the National Register. If the Bureau of Reclamation concurs with 
our finding, then no mitigatory efforts are required by federal preserva
tion law. 

A summary of the Bureau of Reclamation's compliance with the procedures 
set forth in 36 CFR Part 800, and our comments, should be included in all 
environmental reviews and assessments of this project. 

We look forward to working with the Bureau of Reclamation in the same 
spirit of cooperation on other projects. 

FOR THE STATE HISTORIC PRESERVATION OFFICER 

Sincerely, 

Is/ James Edward Hartmann 
Curator, Historic Preservation 
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ATTACHMENT 3 

THE STATE HISTORICAL SOCIETY OF COLORADO 

State Archaeologist (Interim address) Pioneer Hall 
University of Denver, Denver 80210 

Mr. Wayne Cook 
Bureau of Reclamation 
P.O. Box 640 
Durango, CO 81301 

March 18, 1977 

RE: Colorado River Basin Salinity Control Project,. 
Paradox Valley Unit, Colorado 

Dear Mr . Cook: 

We have received and examined the materials forwarded to us fo r SRPO 
comment in regard to this project. I believe you have already received 
SHPO comment on historical dimensions from the Department of Historic 
Preservation of the State Historical Society . 

Your intention to monitor and evaluate archaeological sites en coun
tered in the project is adequate mitigation in my opinion. This is based 
in part upon the outstanding recent record of the Bureau in managing ar
chaeological resources and upon the information about the archaeological 
resources so far developed. 

If I remember our discussions, site 5SM164 and 169 are small sit es 
whose eligibility to the Register has not been formally evaluated. I 
imagine that the collection necessary to evaluate them will mitigate them 
out of existance, except for a small amount of excavation at 169. Conse
quently, I expect the fiscal commitment for the proposed work at 164 and 
169 will be modest. 

For the State Historic 
Preservation Officer 

Is/ Bruce E. Rippeteau, Ph.D. 
State Archaeologist Colorado 
Phone: (303) 744-1713 
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