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SUMMARY SHEETS 

Paradox V~lley Unit 

Colorado River Basin Salinity Control Project 

LOCATION 

The Paradox Valley Unit would be located in Montrose and San Miguel 
Counties of southwestern Colorado in the Upper Colorado River Basin. 

PLAN 

The unit would be designed to reduce the salinity of the Dolores and 
Colorado Rivers by. pumping brine ground water from a well field located 
along the Dolores River in Paradox Valley and thus preventing it from 
surfacing in the riverbed. A test well field has already been installed 
as part of a design data collection program, and other facilities re­
quired for brine treatment and disposal would be added during unit 
construction. 

The brine would be piped from the well field to a nearby hydrogen sul­
fide stripping plant, where potentially toxic and corrosive gas would be 
converted into sulfur. An operational headquarters would be constructed 
at the site of the stripping plant. The treated brine and sulfur would 
be piped from the stripping plant to the proposed Radium Evaporation 
Pond for disposal. The pond·would be located in Dry Creek Basin to the 
southeast of the w~~l field, and eight pumping plants would be installed 
on the pipeline to lift the brine over the divide between Paradox Valley 

· and the bas in. 

To reduce adverse impacts on wildlife, a wildlife area would be devel­
oped near the evaporation pond and other areas temporarily disturbed by 
construction would be seeded with plant species valuable as wildlife 
habitat. Since the wildlife area was not included in the unit plan 
when it was authorized, the approval of the appropriate congressional 
committees would be required. Also included as part of the unit would 
be a cultural resource program to collect and preserve archaeological 
information from two sites located within the proposed evaporation pond. 

EFFECTS ON COLORADO RIVER (average annual) 

Stream depletion (acre-feet) ........... . 
Decrease in salt load (tons). . . . . . . . . . . . 
Effects on salt concentration at Imperial Dam (mg/1) 

Increase from concentrating effect of stream depletion . 
Decrease from reduction of salt load 

Net decrease .................. . 

3,950 
180,000 

0.4 
18.6 
18.2 
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SUMMARY SHEETS (Continued) 

ESTIMATED COSTS 

Construction costs (January 1977 prices) 
Salinity control 

Brine well field. . . . . . . . . 
Hydrogen sulfide stripping plant .. 
Brine pipeline ......... . 
Brine pipeline pumping plants . . 
Radium Dam, Dike, and Evaporation Pond .. 
Transmission lines and substations ..... . 
Permanent operating facilities .. 
Operation and maintenance housing . 
Capitalized movable equipment . 
Service facilities ......... . 
Depreciation and salvage ..... . 
Investigations (Reclamation fund) . 
Wildlife mitigation . . . 

Subtotal . . . . . 
Cultural resource program. . 

Total ...... . 
Annual equivalent cost of construction .. 
Annual operation, maintenance, and replacement 

costs (1974-76 prices) ........... . 
Total annual costs . . . . . . . . . 

Annual equivalent cost per mg/1 of net salinity 
decrease at Imperial Dam. . . . . . . . . . . 

COST ALLOCATIONS (iOO-year period at 5 5/8 percent interest) 

Reimbursable costs 
Salinity control facilities 

Nonreimbursable costs 
Salinity control facilities 
Cultural resource program 

Subtotal 
Total 

2 

Construction 
costs 

$12,595,000 

37,786,000 
9,000 

37,795,000 
so,39o,ooo 

$1,900,000 
2,300,000 
5,900,000 
4,800,000 

33,000,000 
590,000 
175,000 
390,000 

1,010,000 
820,000 

-1,570,000 
456,000 
610,000 

50,381,000 
9,000 

50,390,000 
3,175,000 

332,300 
3,507,300 

192,700 

Annual 
operation, 

maintenance, 
and replace­
ment costs 

$84,600 

247,700 

247,700 
332,300 
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SUMMARY SHEETS (Continued) 

REPAYMENT OF REIMBURSABLE COSTS (SO-year repayment period) 

Lower Colorado River Basin Development 
Fund 

Upper Colorado River Basin Fund 
Colorado Division of Wildlife 

Total 

PROJECT FEATURES 

Number 

Wells 
Brine production wells 
Ground water monitoring wells 

Brine pipeline 
Brine pipeline pumping plants 

Dams (feet) 
Height above streambed 
Crest length 

Evaporation Pond 
Capacity (acre-feet) 

Flood control 
Inactive 
Dead 

18 
68 

8 

Total 
Surcharge 

Maximum water surface area (acres) 

3 

Construction 
costs 

$10,706,000 
1,889,000 

12,595,000 

Depth 
(feet) 

48-155 
20-300 

Length 
(miles) 

20.5 

Radium 
Dam 

87 
8,300 

18,700 
62,060 

6,040 
86,800 

6,540 
3,750 

Annual 
operation, 

maintenance, 
and replace­
ment costs 

$70,200 
12,400 

2,000 
84,600 

Capacity 
(cfs) 

0.1-1.1 

5 
5.26 

Radium 
Dike 

56 
7,500 
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Appendixes to the Paradox Valley Unit have been prepared in two vol­
umes with the data grouped as follows. 

APPENDIX A 
DESIGNS AND ESTIMATES 

APPENDIX B 
HYDROSALINITY 
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CHAPTER I 

INTRODUCTION 

Unit Purpose and Location 

The hydrosalinity appendix presents the results of definite plan stud­
ies of the Paradox Valley Unit, Colorado, of the Colorado River Basin Sa­
linity Control Projects. The unit, as shown in Figure 1 on the following 
page, is one of four salinity control units authorized for construction 
by Title II of Public Law 93-320 signed by the President on June 24, 1974. 
The three other units are the Grand Valley Unit, Colorado; the Las Vegas 
Wash Unit, Nevada; and the Crystal Geyser Unit, Utah. Prior salinity con­
trol investigations were authorized by the Colorado River Storage Project 
Act (Public Law 84-485), the San Juan-Chama Project and Navajo Indian Ir­
rigation Project Act (Public Law 87-483), and the Fryingpan-Arkansas Proj­
ect Act (Public Law 87-590). 

The Paradox Valley Unit would be located in Montrose and San Miguel 
Counties of southwestern Colorado, just east of the Colorado-Utah State 
line as shown on the frontispiece map. The unit area would consist of 
Paradox Valley on the main stem of the Dolores River and the northwestern 
part of 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. 

The Paradox Valley Unit would be designed to reduce the brine inflow 
to the Dolores River in Paradox Valley. This inflow has been identified 
as a major natural point source of salt in the Upper Colorado River Basin. 
As the river crosses the valley it picks up an estimated 205,000 tons of 
salt annually from surfacing brine ground water and irrigation return 
flows and carries them to the Colorado River. 

Unit Setting 

Economic development 

The only communities in Paradox 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 is no permanent population in the north­
western part of Dry Creek Basin. 

Paradox Valley was first settled in 1877 by farmers and ranchers. Al­
though sporadic mining booms have occurred since that time, agriculture 
and some small industries have remained as the economic base for the 
people in the valley. 
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LOCATION OF 

N. 

FOUR AUTHORIZED SALINITY CONTROL UNITS 
COLORADO RIVER BASIN 
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CHAPTER I IN'l'RODUCTION 

Agriculture in Paradox Valley is confined to the West Paradox Creek 
watershed which contains about 60~300 acres, with approximately half in 
private ownership and the remainder under Federal control.. The watershed 
is located in portions of Montrose County, Colorado, and San Juan and 
Grand Counties, Utah~ About 2,500 acres are under irrigation with a wa­
ter supply from West Paradox Creek, Buckeye Reservoir in the La Sal Moun­
tains to the northwest, and ground water wells. Livestock and livestock 
feeds provide the principal source of income, The eastern half of the 
valley provides a limited amount of range, and Dry Creek Basin also pro­
vides some sparse grazing. 

Two sawmills located near the town of Paradox process timber from 
the La Sal Mountains to the northwest and the Uncompahgre Plateau to the 
east, but these operations provide little employment. Mining also con­
tributes to the local economy. Carnotite, a mineral containing the radio­
active elements uranium, vanadium, and radium, is mined on the mesas sur­
rounding Paradox Valley. This activity has increased considerably in re­
cent years. A major portion of the ore is shipped to a processing plant 
in Uravan, which uses brine from a well in Paradox Valley in the milling 
process. Brine from a second well is sold for use in drilling operations 
in the area . 

Vegetation 

Natural vegetation in the project area varies according to elevation, 
precipitation, soil, and other factors. The Dolores River supports ripar­
ian vegetation characterized by cottonwood and forestiera upstream from 
the brine seeps and tamarisk downstream, with forbs and grasses found in 
both sections. Rushes are found in marshy areas along the stream. In· 
both Paradox Valley and Dry Creek Basin, extensive semiarid areas with 
saline soils are characterized by greasewood, seablite, winterfat, snake­
weed, and other salt-tolerant plants. Sagebrush is found on higher slopes 
throughout the area and is associated with a large variety of grasses wher­
ever overgrazing has not occurred. Pinyon-juniper woodlands characterize 
the mesas and high slopes. No endangered or threatened plants have been 
identified in the unit area. 

Fish and wildlife 

In the vicinity of Paradox Valley the Dolores River and West Paradox 
Creek support primarily nongame fishes, including the speckled dace, flan­
nelmouth sucker, roundtail chub, mottled sculpin, red shiner, bluehead 
sucker, fathead minnow, black bullhead, and channel catfish. Because of 
the influx of saline ground water in the valley, fish inhabit the reach 
in and immediately downstream only when the streamflow is high enough to 
dilute the salt and move into other reaches or tributaries whenever low 
flows result in high salinity . 

3 
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CHAPTER I INTRODUCTION 

Big game mammals in the unit area include the mule deer, elk, prong­
horn, black bear, and mountain lion. Small game mammals, furbearers, var­
mints, and nongame mannnals are found throughout the vicinit;:y of the unit. 
Over a hundred species of birds, including both resident and migrant popu­
lations, have been identified in the area. 

The peregrine falcon is the only threatened or endangered species 
known· to inhabit the unit area, A mating couple nested and produced one 
offspring during the spring of 1977. 

Climate 

The climate in the project area is characteristic of the semiarid 
southwestern United States, with low precipit-ation and humidity, abundant 
sunshine, high evaporation rates, and wide ranges between daily high and 
low temperatures. The prevailing winds are from the southwest and are 
fairly strong in the spring with some winds year round. 

The Bureau of Reclamation has maintained weather stations at Bedrock 
in Paradox Valley and in Dry Creek Basin since February 1975. During that 
time, the average annual precipitation has averaged about 8 inches at both 
stations. June is usually the driest month of the year, and July through 
October are the wettest, primarily because of afternoon showers which oc­
casionally reach thunderstorm intensity. A small to moderate amount of 
snow falls during the winter. Maximum and minimum temperatures for the 
years 1975 and 1976 have been 103° F and -22° F for the Bedrock station 
and 92° F and -26° F for the Dry Creek Basin station. 

Topography and geology 

The unit area is located in a region topographically characterized 
by narrow mesas, broad plateaus, long narrow valleys bordered by steep 
cliffs, and deeply entrenched canyons and gorges. The most prominent 
geologic features in the vicinity of the unit are the La Sal Mountains, 
rising to elevations of over 12,000 feet to the northwest, and the Uncom­
pahgre Plateau, a broad uplift of between 8,500 and 10,000 feet in eleva­
tion to the northeast. As the Dolores River enters Paradox Valley, it 
emerges from a 50-mile stretch of narrow and deep canyons which twist 
through high mesas. 

Paradox Valley is one of five major collapsed salt anticlines in 
southwestern Colorado and southeastern Utah as shown on Figure 2 on the 
following page. A northwest-southeast trending, elongated valley about 
24 miles long and from 3 to 5 miles wide has been formed by the erosion 
of faulted and uplifted sandstone and shale formations. This process 
has exposed a residual gypsum cap which covers up to 14,000 feet of rela­
tively pure salt and salt-rich shale. The process is illustrated in Fig­
ures 3 and 4 on pages 6 and 7. The emergence of mountainous uplifts on 

4 



• 

• 

• 

.----, 
: :_··r··-----·l 
I I I 

! UTAH~COLORADO L 
l _______ j _______ .. J 

INDEX MAP 

EXPLANATION 

~ 
Stll t core of 0111ticline 

Figure 2 
SALT AN111CLINE REGION 

Colorado River Basin Salinity Control Project 
Paradox Valley Unit, Colorado 

5 



• 

• 

• 

FIGURE 3 

R4RADOX ANTICLINE 
.EARLY STAGE OF DEVELOPMENT 
Colorado River Basin Salinity Control Project 

Paradox Volley Unit, Colorado 
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FIGURE 4 

PARADOX ANTICLINE 
PRESENT STAGE OF DEVELOPMENT 

Colorado River Basin Salinity Control Project 
Paradox Valley Unit, Colorado 
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CHAPTER I INTRODUCTlON 

each side of the area has placed intense lateral pressures on the inter­
vening sedimentary formations, resulting in faulting and fracturing along 
weak axial zones. With the relaxing of the lateral stresses combined 
with the weight of the overlying strata, a deeply buried layer of salt­
rich material has flowed upward into the faulted area to create an anti­
cline. The Dolores River has remained in its original streambed during 
this time and, in combination with other erosional forces, has removed 
the collapsing upper materials to form the valley. Contributing to the 
collapse have been the constant dissolution and removal of the underlying 
salt bed by ground water. These processes, which began 200 million years 
ago, are still active. 

The floor of the valley is relatively flat and smooth, sloping grad­
ually from both ends toward the Dolores River. In the southeastern half, 
the surface is broken by low outcrops of gypsum. The surrounding walls 
are nearly vertical and in some places rise nearly 1,500 feet above the 
floor, exposing brilliantly colored strata of sandstone and shale. Land­
slide materials and talus slopes are common along the bases of slopes. 
The Dolores River enters Paradox Valley at about the valley midpoint and 
crosses perpendicular to the valley's axis. Because of the very low 
slope in the riverbed, velocities of the river through the valley are 
very slow and extensive flood plains have been created on both sides of 
the river. Two areas of brine inflow have been identified in the river 
channel and are shown on the first photograph on the following page. 

Dry Creek Basin, southeast of Paradox Valley, is separated from the 
valley by high mesas which have developed from the uplifted sedimentary 
flanks of the salt anticline. The West Fork of Dry Creek lies in a shal­
low structural syncline, or natural basin, with gently rising slopes. 
An artist's concept of Radium Dqm and Evaporation Pond in Dry Creek Basin 
is shown in the second photogra~h on the following page. Mancos Shale, a 
brackish and impervious marine f-ormation, underlies most of the basin and 
is frequently found in remnant form on the surface. The bedrock forma­
tion, consisting of Dakota Sandstone, is exposed along the north edge of 
the basin and dips sharply toward the center, disappearing under the Man­
cos Shale. The area is topographically breached on the north side, where 
the West Fork flows through to join Dry Creek. 

Water resources 

The major streams in the project area are the Dolores River and its 
largest tributary, the San Miguel River. Smaller tributaries of the Do­
lores include La Sal Creek, which enters from the northwest about 5 miles 
upstream from Paradox Valley, and West Paradox Creek, which enters from 
the northwest within the valley, East Paradox Creek enters the river 
from the eastern part of the valley and is intermittent, having essen­
tially no effect on riverflow. Dry Creek, which drains all of Radium 
Evaporation Pond site, is a tributary of the San Miguel River, The Do­
lores and San Miguel Rivers exhibit the large fluctuations characteristic 
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CHAPTER I INTRODUCTION 

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. High flows occur in the summer and fall from afternoon thun­
derstorms but are of very short duration. 

The Dolores River is relatively fresh as it enters the valley and 
saline as it leaves, especially during low flows. The flow-weighted av­
erage salinity nearly triples as the river crosses the valley because of 
emerging brine in the river bottom~ This is the major water quality prob­
lem in the project area. The brine inflow areas along the river are shown 
in the first photograph on the preceding page. 

Both sides of the Dolores River are underlain by nearly saturated 
brine with a total dissolved solids concentration of about 260,000 milli­
grams per liter (mg/1), containing approximately 87,400 mg/1 sodium and 
143,400 mg/1 chloride. This brine ground water comes from the underlying 
formation of salt and salt-rich shale and discharges through seeps and 
springs at several points in the two brine inflow areas. Brine inflow 
rates are estimated to range from 0.2 to 2.1 cubic feet per second (cfs). 
The west portion of the valley has a relatively fresh ground water zone 
(1,500 mg/1) on top of the brine, whereas little fresh ground water is 
found in the east portion • 

Unit Description 

Plan of development 

The annual inflow of salt into the Dolores River would be reduced by 
about 180,000 tons, or about 90 percent, by drilling 18 wells into the 
brine aquifer on both sides of the river and pumping brine from the wells 
at a rate sufficient to control the natural discharge into the river. 
This would lower the potentiometric head and the freshwater-brine inter­
face, which would proportionately reduce the brine inflow. As part of a 
design data collection program, these wells are presently being drilled 
and tested. 

The brine would be pumped from the wells and discharged into a pipe 
manifold system to a Hydrogen Sulfide Stripping Plant .. which would re­
move the hydrogen sulfide gas that is present in the brine. This gas 
would have to be separated from the brine because of its toxicity, corro­
siveness, and obnoxious odor. In the stripping plant the hydrogen sulfide 
gas would be converted to elemental sulfur and water through an air oxida­
tion process. 

A buried pipeline would convey the brine and elemental sulfur from 
the Hydrogen Sulfide Stripping Plant to the Radium Evaporation Pond. The 
pipeline would be 20.5 miles long, extending to the southeast along State 
Hi.ghway 90, then crossing the divide between Paradox Valley and Dry Creek 
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Basin, and terminating at Radium Evaporation Pond. Eight relift pumping 
plants would be required to achieve the total lift of about 2,040 feet 
between the well field and the top of the divide, with the first pumping 
plant located adjacent to the Hydrogen Sulfide Stripping Plant. 

Radium Evaporation Pond would be formed by the construction of a dam 
on an intermittent tributary of the West Fork of Dry Creek and a dike on 
an intermittent tributary of the East Fork~ All brine and natural inflow 
would be stored and evaporated at this facility. 

For the Definite Plan Report and the Environmental Impact Statement 
all facilities are designed on the extreme condition that 5 cfs of brine 
with a salinity of 260,000 mg/1 must be pumped constantly during the 100-
year life of the unit to control the salt pickup by the Dolores River. 
The design data collection program, which is presently being carried out 
and is scheduled for completion by the end of fiscal year 1979, will be 
used to test and make modifications to the well field and to determine a 
final design capacity for the Hydrogen Sulfide Stripping ~lant, the brine 
pipeline and pumping plants, and the evaporation pond. 

Unit effects 

Under the extreme condition that 5 cfs would have to be pumped con­
stantly from the well field, ·the unit would cause a depletion of about 
3,600 acre-feet annually from the Dolores River or a little more than 1 
percent of the average annual flow. It is more likely, however, that a 
lesser pumping rate will be sufficient and the unit depletion should be 
considerably less. The average annual runoff in the two intermittent 
tributaries to Dry Creek of about 350 acre-feet would be stored and evap­
orated in Radium Evaporation Pond. The maximum average annual depletion 
from the Colorado River attributable to the Paradox Valley Unit would be 
about 3,950 acre-feet, 

The Bureau of Reclamation estimates that the brine well field would 
effectively remove up to 180,000 tons of salt annually, or about 90 per­
cent of the salt now entering the river. The overall effect of the unit 
would be to decrease the salinity of the Colorado River at Imperial Dam 
by 18.2 mg/1, or about 1.6 percent of the salinity level under 1976 modi­
fied conditions.l/ The reduction attributable to salt removal would ac­
tually be 18.6 mg/1 but would be slightly offset by an increase of 0.4 
mg/1 caused by an average annual stream depletion of about 3,950 acre­
feet. The unit effects on salinity are developed in more detail at the 
end of Chapter III. 

ll Conditions assuming all projects under construction in 1976 or 
nearing construction (final EIS filed) as being completed. 
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CHAPTER I INTRODUCTION 

Unit Investigations 

Much of the geologic and ground water in£o~mation p~ey~ously dis­
cussed was obtained through a ser~es of drilling programs and pump tests. 
Feasibility investigations were initiated in 1971 to study control methods 
to prevent the salt from entering the Dolores River. After gathering 
available information from literature, maps, and drill logs, a program of 
exploratory drilling was initiated in the summer of 1972. At that time 
five 3-inch-diameter core holes were drilled on the east side of the river. 
A more comprehensive drilling program was initiated in late 1972 in which 
a total of 12 holes was drilled on both sides of the river. 

In 1973 a test well and three monitoring wells were drilled to test 
the aquifers. Two 48-hour pump tests were conducted in October and Decem­
ber 1973, one in the alluvium and one in the residual gypsum cap. 

In the summer and fall of 1975 a ground water observation well net­
work was installed, including piezometers of varying depths at 29 sites. 
At this time two additional test wells were drilled to pump from the gyp­
sum cap. 

A 30-day aquifer test was conducted in January 1976 utilizing two of 
the three test wells (one test well did not produce sufficient brine to 
pump). 

In the summer of 1977, 18 test wells were installed in the alluvium 
as part of the design data collection program. Starting about September 
1978 and continuing for about 1 to 1~ years, the 18 wells in various com­
binations will be pumped, The pumping rates of each well will be adjusted 
in order to determine the most efficient pumping rate and pattern. 

General Investigations Map 1294-400-21, showing well location and 
the brine inflow areas, is included on the following page • 
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CHAPTER II 

WATER RESOURCES 

Surface Water 

Surface water measurements were initiated in 1971 when three stream 
gaging and water quality sampling stations were established. The first 
station was located where the Dolores River enters the valley, about 1.5 
miles upstream from the brine seep area (Dolores River at Bedrock, Colo.); 
the second where the river leaves the valley, about 1.5 miles downstream 
from the brine seep area (Dolores River near Bedrock, Colo.); and the 
third on West Paradox Creek, 2.6 miles upstream from its mouth (West 
Paradox Creek above Bedrock, Colo.). These stations are being maintained 
by the Geological Survey. Except for West Paradox Creek, continuous flow 
measurements and weekly water quality samplings have been taken since 
1971 and are continuing at present. Problems with bank caving and main­
taining a workable cross section were encountered with the gage on West 
Paradox Creek, and it was discontinued September 1973; however, the sam­
pling station has been maintained. A sampling station was also estab­
lished on the Dolores River approximately 5 miles below the confluence 
of the San Miguel River. · 

The Geological Survey maintains both stream gaging and water sampling 
stations on both the San Miguel River at Uravan and Dry Creek near Natu­
rita. The location of the station on Dry Creek is on the main fork and 
is above the Radium Evaporation Pond site. 

Although no long-term streamflow records exist, partial records taken 
by the Geological Survey for the Dolores River at Bedrock are available 
for 1918 and 1922. Tabulations of the available streamflows for all per­
tinent gaging stations are shown in Tables 1 through 5. 

Dolores River 

The headwaters of the Dolores River are located on the south slopes 
of the San Juan Mountains and the west slopes of the La Plata Mountains. 
From its headwaters to the southeast of the unit area, the river flows 
in a southwesterly direction for about 50 miles, then makes an abrupt 
turn to flow in a northwesterly direction for about 115 miles to Paradox 
Valley and another 70 miles to its confluence with the Colorado River 
near Cisco, Utah. Under normal conditions the flows in the Dolores River 
are relatively low from July through March and high from April through 
June. 

For the Dolores River at Bedrock the average annual flow was 299,400 
acre-feet for 1972 through 1976, the years with continuous record. The 

14 



• Table 1 
Flow of Dolores River at Bedrock, Colo. 

~Unit--1 1 000 acre-feet2 
Water 

xear October Nove111ber Dece!Dber Januar:l! Februan: March AJ2ril MaJ! June Julx Aus:;ust SeJ2telllber Total 
1918 56.9 50.9 11.8 2.1 2.5 
1922 6.82 5.15 4.98 256.7 109.5 6.39 1.44 . 26 
1971 8.69 . 98 
1972 5.31 1.32 6.07 4. 22 5. 29 18.69 13.96 18.39 14.41 .16 .17 . 87 89.1 
1973 20.54 11.05 6.42 7.19 8.50 19.85 139.3 300.3 170.6 29.25 1. 79 715.8 
1974 .66 .81 2. 63 2.93 2. 52 6. 71 16.02 49.35 4. 77 2.36 . 28 .16 89.2 
1975 .46 1.11 1.80 2.50 2.52 4.64 73.24 163.4 133.7 45.37 1.33 1.49 431.6 
1976 .41 .47 1. 83 2.59 3. 76 4. 78 50.69 71.55 30.07 1.25 1.58 2.08 171.1 
Average 5. 7 J, 3 4.0 3. 9 4. 5 11.0 58.6 130.9 73.4 13.8 2. 2 1.2 
1972-76 

average 5.5 3.0 3.8 3.9 4. 5 11.0 58.6 120.6 70.7 15.7 1.0 1.1 299.4 

· Table 
Flow of Dolores River near Bedrock, Colo. 

~Unit--1 1 000 acre-feetl 
Water 
:~:ear October Nov!!J!!!.er December Janua!I Februar:~: March AJ2ril Ma::i June Jul:~: August Se12te!Dber Total 

1971 7.96 1.23 
1972 5.12 1.97 6. 27 4. 56 5. 69 19.03 14.61 18.70 15.05 0.20 .13 . 77 92.1 
1973 24.74 11.28 6. 65 7.31 8. 62 22.18 150.3 310.1 173.1 31.02 1.91 1.21 748.4 
1974 1.08 1.11 2. 74 3.02 2.66 9.12 16.86 49.95 5.27 3.02 . 35 .22 95.4 
1975 . 56 1.24 1.93 2. 61 3.05 5.30 76.53 171.1 135.3 47.35 1.81 1.97 448.8 
1976 • 78 1.00 2. 25 2.89 4.63 5.42 55.04 73.23 31.60 1. 28 1.80 2.83 182.7 
Average 6.5 3.3 4.0 4.1 4.9 12.2 62.7 124.6 72.1 16.6 2. 3 1.4 
1972-76 

average 6. 5 3.3 4.0 4.1 4.9 12.2 62.7 124.6 72.1 16.6 1.2 1.2 313.5 

Table 3 
Flow of San Miguel River at Uravan, Colo. 

(Unit--1 1000 acre-feeq 
Water 
:~:ear October November December January Februarr March AJ2ril Max June Julx August Se12tember Total 

1974 7.46 6.01 7.02 s. 37 4. 63 16.02 45.68 55.83 28.63 11.84 3.60 1.44 193.5 
1975 4. 80 4. 69 3. 97 4.05 4.49 6. 56 24.93 87.20 74.38 60.92 14.69 6.19 298.5 • 1976 6.42 5.01 4.57 4.57 s. 61 6.07 18.10 37.95 35.59 14.44 s. 23 6.30 149.6 
1974-76 

average 6.2 5. 2 s. 2 4. 7 4. 9 9. 6 29.6 60.3 46.2 29.1 7.8 4. 6 213.9 

Table 
Flow of West Paradox Creek above Bedrock, Colo. 

(Unit--1 1 000 acre-feet~ 
Water 

xear October November December JanuaE,X Februarx March AJ:!ril Mar June Julr August Se:etember Total 
1971 0.44 0.26 
1972 0.46 o. 44 o. 51 o. 42 0.32 0.33 0.21 0.25 o. 21 0.20 .18 .19 3. 7 
1973 • 59 .41 .23 .37 .37 .49 2.06 2.34 1. 61 . 38 .30 .26 9.4 
Average . 5 .4 .4 . 4 .35 .4 1.1 1.3 .9 .3 . 3 . 2 
1972-73 

average .5 .4 .4 .4 . 35 ,4 1.1 1.3 . 9 . 3 .2 .2 6. 6 

Table 
Flow of Dry Creek at Naturita, Colo, 

(Unit--1 000 acre-feet) 
Water 

xear October November December Januarr Februarx March AJ2ril MaJ! June Julx August SeJ2tember Total 
1966 0.03 0.15 0.12 
1967 0.08 0.09 o. 07 0.02 0.04 0.02 0.10 0.06 .55 .40 .10 1.53 
1968 .03 .05 0.08 .27 .11 .19 • 73 
1969 .03 .01 • 29 .31 .42 .19 .14 . 24 1.63 
1970 .10 .01 .03 .OS . 24 .71 .07 .22 .16 3. 28 4.87 
1971 .01 .01 .04 • 03 .08 . 28 . 25 . 02 .45 1.17 
1972 .33 .06 .01 .03 .04 .02 .06 .02 .05 . 25 .87 
1973 .81 .06 .09 .28 .41 1.57 .46 .11 .04 3.83 
1974 .01 .06 .35 .15 .16 .14 .01 .02 .90 
1975 .01 .02 .19 .16 .42 .12 .01 .34 1. 27 
Average .15 .02 .01 .01 .03 .15 .19 .44 .09 .15 .16 .47 1. 87 

• 
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CHAPTER II WATER RESOURCES 

maximum discharge at this station was 9,280 cfs on April 30, 1973, and 
the minimum was 0 cfs on September 30, 1974. 

For the Dolores River near Bedrock for the same period, the average 
annual flow was 313,500 acre-feet. The increase in the flow of the river 
across the valley is due to the tributary inflow from West and East Para­
dox Creeks and relatively fresh and saline ground water inflow from 
springs and seeps. The maximum discharge recorded at this station was 
9,500 cfs on April 30, 1973; the minimum was 0.44 cfs on August 1, 1972. 

Dolores River flow patterns in Paradox Valley would be modified with 
the construction and completion of McPhee Dam, the main storage facility 
of the proposed Dolores Project located about 115 miles upstream from 
Paradox Valley. The construction of McPhee Dam should result in increased 
flows from August through November in wet and average years. In dry years 
the minimum releases would be such that they probably would not reach Para­
dox Valley, and streamflows would approximate historical flows. About 
1 year out of 4 would fall in this category. McPhee Dam would cause de­
creased or unchanged flows from December through July, and therefore, 
Dolores River flows through Paradox Valley should be more uniform than 
historically. The increased summer and fall flows would be produced by 
reservoir releases for downstream water rights and for improved fish habi­
tat. Decreases in monthly flows would primarily occur while accumulating 
storage in McPhee Reservoir during the high spring runoff. The histori­
cal and modified flows immediately downstream from McPhee Dam site are 
shown in Table 6. 

Table 6 
Dolores River--downstream at McPhee Dam site 

(Unit--1,000 acre-feet) 
Historical Modified 
average average 

monthly flows monthly 
Month {1923-73} flows 

January 3.2 3.3 
February 3.1 2.9 
March 10.3 4.0 
April 61.9 15.0 
May 87.8 40.0 
June 55.0 19.1 
July 6.5 3.6 
August 3.2 3.2 
September 2.5 3.1 
October 4.5 4.1 
November 3.2 3.6 
December 3.4 3.4 

Total 244.6 105.3 
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CHAPTER II WATER RESOURCES 

West Paradox Creek 

West Paradox Creek, formed on the eastern side of the La Sal Moun­
tains in Utah by the confluence of Mellenthin and Buckeye Creeks, flows 
down to and through the western part of Paradox Valley and empties into 
the Dolores River in the middle of the well field area~ Water from Buck­
eye Creek is stored in Buckeye Reservoir (capacity 1~600 acre-feet) and 
is used along with natural flows in West Paradox Creek for irrigation in 
the upper portions of the valley. During the irrigation season, exclud­
ing the high spring runoff period and thunderstorms, the only flows in 
the creek reaching the Dolores River are small amounts of irrigation re­
turn flow. 

Dry Creek 

The headwaters of Dry Creek are about 20 miles south of Naturita, 
Colo, It flows in a northwesterly direction draining all of Dry Creek 
Basin and then flows north emptying into the San Miguel River 3 miles 
east of Naturita. The proposed Radium Dam and Dike are on small inter­
mittent tributaries that drain into Dry Creek • 

Ground Water 

Paradox Valley 

Ground water level measurements in Paradox Valley were started in 
1971 on private wells and were expanded to include the Bureau-constructed 
wells as they were completed~ The Bureau of Reclamation's observation 
well network consists of ground water table observation wells and piezom­
eters that measure the piezometric head at different points in the brine 
aquifer. A series of piezometers were placed just above the gypsum bed­
rock in the alluvial overburden 56 to 80 feet deep (piezometer No. 2), 
and another group was placed in the gypsum itself 225 feet deep (piezom­
eter No, 1). For a detailed explanation of the observation well network, 
see Chapter IV. The measurements included water level readings of both 
ground water table and deep artesian aquifers. The measurements were us­
ually taken on a monthly basis; however, when personnel were working in 
the area or when aquifer tests were being conducted, measurements were 
taken at more frequent intervals. On one well a continuous recorder was 
installed to monitor the water level fluctuations. 

Hydrographs showing water table levels and piezometric head eleva­
tions for selected wells throughout the well field area are shown in Fig­
ures 5 through 15. Measurements were started in mid-1972 for wells 2PX 
and 10CX, in mid-1973 for 6PX and 7PX, in early 1974 for 8PX, and in late 
1975 for lWl, 2W2, 4Wl, 2Cl, 2El, and 3El. Location of these wells is 
shown on the General Investigations Map on page 13. 
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In March 1977, the brine in all the piezometers that were constructed 
during 1975 was replaced with brine having a density of 1.165. This was 
done to eliminate discrepancies caused by density differences. When the 
piezometers were constructed, they were cleaned out and filled with the 
formation brine. Testing of the formation brine has since shown density 
differences. As can be seen on the hydrographs for piezometer No. 1 in 
2W2, 4Wl, 2Cl, and 2El and piezometers 1 and 2 in 3El, replacing the for­
mation brine with a brine having a density of 1.165 caused a jump in water 
levels. This indicates that the formation brine had a higher density and 
thus higher salt content than the replacement brine. 

The greatest effect on the ground water system has been caused by 
high spring floodflows in the Dolores River and flooding on West Paradox 
Creek. This effect is shown on all the hydrographs during the period of 
April through June-of each year. Little effect is shown at 2PX because 
of the distance away from the river. The effects of the pump tests con­
ducted in October and December 1973 on the water levels can be seen on 
the hydrographs for 6PX, 7PX, and SPX. The effect of the pump test con­
ducted in January and February 1976 on the water levels can be seen in 
all the hydrographs except 2PX, lOCX, 4Wl, and 2Cl. Ice buildup on the 
flood plain and in West Paradox Creek and the ponding effect behind the 
ice on the west bank also affect water levels on the west bank and can 
be seen on the hydrographs usually during December, January, and Febru­
ary. During the pump test in January and February 1976, a large ice 
buildup occurred and then melted. The effect of this event can be seen 
on the hydrographs of 4Wl, 2Cl, and lOCX. 

Brine Aquifer 

Since 1972 the Bureau of Reclamation has accomplished considerable 
drilling on both sides of the Dolores River to determine the subsurface 
geology and ground water conditions in the brine discharge area. In ad­
dition, logs of private wells and exploratory drilling operations have 
been used to obtain information. Selected logs are shown in the Attach­
ment Section pages 103 to 159, and all remaining logs are available in 
the Bureau's office in Durango, Colo. Well locations are shown on the 
General Investigations Map on page 13. 

The logs indicate that the Dolores River has deposited considerable 
amounts of alluvium over the underlying Paradox Member of the Hermosa For­
mation. These deposits were encountered at depths to 129 feet. The allu­
vial deposits are stratified varying from fine, poorly graded sand to 
clay-filled gravels just above the residual gypsum cap. Discontinuous 
clay lenses occur at irregular intervals throughout the deposits. 

The Paradox Member of the Hermosa Formation underlies the entire val­
ley and is exposed in the eastern part as gypsum hills extending along 
the axis of the anticline. Along the river this member lies below the al­
luvial deposits. Drill hole information indicates that there is a general 
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rise, or subsurface ridge, of the member extending along the middle of 
the valley in the well field area. The red contours of the map on the 
following page show elevations and locations of this ridge. The Paradox 
Member is predominantly salt, with arkose, carbonaceous shale, limestone, 
gypsum, anhydrite, and interbedded sandstone. The upper 650 to 1,000 
feet have been leached to form the residual cap of predominantly gypsum 
with large amounts of crumbly, gypsiferous, and carbonaceous shale that 
is extensively brecciated and mixed with other clastics. Underlying the 
residual cap, the halite (sodium chloride) rich core was determined to 
extend to a depth of 14,000 feet in a wildcat hole about 1 mile west of 
the brine inflow area. 

The most permeable brine aquifers are in the alluvial deposits and 
generally occur at about midway between the ground surface and the resid­
ual gypsum cap. The aquifers usually consist of fine, poorly graded sand 
but are sometimes sandy gravel. The discontinuous and erratic clay 
lenses form impermeable barriers which direct the flow of water through 
certain areas and create artesian conditions in places, but there is no 
extensive confining of the aquifers. The brine entering the river is de­
rived from ground water circulating through fractured zones in the greatly 
faulted, folded, and brecciated residual gypsum cap until it comes in con­
tact with the underlying salt core and thereby becomes brine. The extreme 
predominance of sodium chloride in the brine indicates that the source of 
salt is in the halite-rich salt core rather than in the leached residual 
cap. 

Brine appears to underlie the entire length of the Paradox Valley at 
varying depths. Along the Dolores River flood plain from about the mid­
dle of the valley to the exit from the valley, brine surfaces in the river 
channel in two general areas as shown in Figure 16 on page 32 and also on 
the first photograph on page 9. The drill log of a well operated by the 
Jensen and Jensen Brine Company about a mile west of the river shows the 
top of the brine zone between depths of 102 and 109 feet. The exact loca­
tion of the top of the brine aquifer west of the Jensen brine wells is not 
known. Although two irrigation wells in the northwest end of the valley 
penetrated the Paradox Member for several feet, there is no report of 
brine being encountered. To the east of the river on the valley floor 
the brine varies from 10 to 50 feet beneath the surface. The investiga­
tions indicate that brine ground water converges toward the river from 
both the east and west portions of the valley. 

From water level and electrical conductivity measurements in the 
shallow water table observation wells, it can be seen that the freshwater­
brine interface slopes downward away from the river (see Figure 17 on 
page 33). The interface gradient is steeper toward the river on the west 
side than on the east side. 

Piezometric head measurements in two zones, one zone within the gyp­
sum cap and one just above the gypsum cap, indicate that the brine 
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pressures are above the normal water surface of the river. See the green 
and blue contours of the map on the following page for the piezometric 
heads as measured in the gypsum cap and in the alluvium~ 

Freshwater Aquifer 

A significant layer of relatively freshwater overlies the brine in 
western Paradox Valley with a hydraulic gradient toward the river. The 
top of this water lies from 6 to 40 feet below the ground surface, depend­
ing upon the location. See the red cdntours of the map on the following 
page for the ground water table elevations. In the flood plain, the wa­
ter table depth is generally from 4 to 10 feet below the ground surface. 
Estimated to be at least 100 feet thick about a mile west of the river, 
the thickness of the layer gradually decreases toward the river and pinches 
out in the area of.the surfacing brine. There are several irrigation 
wells in West Paradox Valley that pump from this freshwater source. 

On the east side of the river little, if any, freshwater overlies 
the brine. Approximately 3 to 3.5 miles southeast of the river in East 
Paradox Valley, however, there are two wells from which water is pumped 
for livestock watering • 

Freshwater springs near Bedrock on the west side of the river main­
tain a marshy area and feed some small impoundments (old river channel 
depressions). There are also two flowing springs just east of the river 
on the south side slope of the valley. Water from the spring nearest 
the river is piped to the Bedrock town site. 

Recharge Sources 

The brine and freshwater aquifers have a variety of potential re­
charge sources, including runoff from the La Sal Mountains, irrigation 
return flows from western Paradox Valley, seepage from West Paradox 
Creek, precipitation, and surface and subsurface runoff from the valley 
walls, Because brine evidently circulates through the salt core at 
depths of 650 feet or more before surfacing, it probably originates from 
the more distant recharge sources, while the freshwater originates from 
the nearer sources. 

It is possible that some of the brine that discharges in Paradox 
Valley may be derived from deep sources below the Paradox Member, but 
this contribution is believed to be negligible. An unpublished report by 
the Geological Surveyl/ gave the following reasons: (1} the salt beds 
probably have a very low hydraulic conductivity and thus could not trans­
mit ground water at a significant rate; (2) the only significant aquifer 

ll Konikow, L.R., and Bedlinger, M.S., 1975, Evaluation of Hydro­
geologic Aspects of Proposed Salinity Program in Paradox Valley, Colo­
rado, U.S. Geological Survey, Lakewood, Colo. 
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of all the pre-Paradox rocks is the Leadville Formation of Mississippian 
Age; however, a potentiometric map of this aquifer does not indicate that 
it discharges water in Paradox Valley; and (3) the Leadville Formation is 
overlain by the Molas Formation of early Pennsylvania Age, which in turn 
is overlain by the Pinkerton Trail (lower member of the Hermosa Formation), 
and these units form an effective seal between the Paradox Member and the 
Leadville Formation. 

Ground Water Discharge 

The total discharge from the springs and seeps along the banks and 
in the bed of the Dolores River in Paradox Valley appears to range from 
1.5 to 4 cfs. Directly measuring the discharge of the brine is impra~ti­
cal because of the large number of both fresh and brine springs and seeps, 
the diffuse natur~ of some of them, and the location of some in the river­
bed. Consequently, the brine discharge has been calculated on the basis 
of total ground water inflow and total salt contribution, as follows. Sam­
ples of the seeps and springs have shown that they have either a low 
(1,500 mg/1} or high (250,000 mg/1 with a density of 1.16) salt content 
depending upon sampling location. There seems to be little inflow with 
a salt content in the middle range. Using monthly averages of salt pickup 
by the river calculated from data for the period August 1971 to September 
1976, the average daily salt pickup has ranged from a low of 115 tons per 
day to a high of 1,430 tons per day, as shown in Figure 18. In order to 
calculate the quantity of brine flowing into the river, it was assumed 
that the total salt picku~/ was from the brine springs and seeps, since 
only 16 tons per day would be added to the river if all the ground water 
were flowing into the river at 1,500 mg/1. At a concentration of 250,000 
mg/1, it would require a brine inflow in the range of 0.2 to 2.1 ~fs to 
contribute the 115 to 1,430 tons per day. 

The brine ground water inflows to the river exhibit a degree of sea­
sonal fluctuation, generally being at its lowest during the spring or sum­
mer and at its highest during the fall and winter. 

Dry Creek Basin 

Mancos Shale underlies most of the area of the proposed Radium Evap­
oration Pond extending from the base of the northeast ridge of Dry Creek 
Basin to the southwestern extremities of the pond site. Dakota Sandstone 
is exposed at intervals along the northeast slope of Dry Creek Basin be­
tween the proposed sites for Radium Dam and Dike. Stream deposits, re­
sidual soil, and a small amount of eolian soil comprise the overburden of 
the pond site. The stream deposits consist mostly of sand and silt with 
occasional gravel- to boulder-sized detritus from local sedimentary for­
mations. Beyond the streambeds~ the site is overlain by a relatively thin 

11 The pickup is from ground water inflow to the river and does not 
include any salts in the flows from West Paradox Creek. 
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CHAPTER II WATER RESOURCES 

covering of silt~ lean clay, and fat clay derived from Mancos Shale. for 
the most part; it contains, however, weathered sandstone and sand layers 
from Dakota Sandstone along the northern fringe of the pond site. The 
residual soil derived from Mancos Shale sometimes has zones of soluble 
carbonate and/or sulfate mineral concentrations which are also typical 
of the parent material. Eolian soil of reddish-brown silt and lean clay 
often forms the upper 1 to 3 feet of overburden. No faulting or folding 
other than the major structure of Dry Creek syncline was observed at the 
site. 

Water seeps in the West Fork and East Fork of Dry Creek indicate the 
water table to be at or near the elevation of the streambed. Drill hole 
4RA in the West Fork of Dry Creek co~tacted the water table at a depth of 
11.8 feet, and drill hole 7RA in the East Fork of Dry Creek had a slight 
artesian flow at 1~2 feet above ground level (see Map 1294-400-25 on the 
following page). The U-shaped warping of formations in the Dry Creek Ba­
sin syncline has created the artesian effect. The Dakota Sandstone serves 
as an aquifer overlain by impermeable Mancos Shale and underlain by imper­
meable Burro Canyon shale and mudstone. The Dakota aquifer is charged 
with water on the upturned flanks of the syncline. The power auger holes 
drilled in the pond basin were. dry except for some water seepage at 14 
feet in AP-8RA and at 9.9 feet in AP-17RA. Water level in core holes 
drilled in the pond basin ranged from about 4.5 to 24 feet (see logs in 
the Attachment Section on pages 160 through 168). A 607-foot-deep water 
well, drilled by the Bureau of Land Management at elevation 6,353 feet, 
located water in shale from the 65- to 100-foot depth and in sandstone 
at depth intervals of 450 to 460 feet, 490 to 500 feet, and 529 to 530 
feet. This well and an oil-gas well which were converted to stock water­
ing are shown on the following page . 
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CHAPTER III 

WATER QUALITY 

Surface Water 

The salinity of the streams in the project area varies considerably 
because of the large fluctuations in flows and in the volume of saline 
ground water entering some of the streams~ Salt concentrations are gen­
erally low during high runoff but increase progressively as the flows de­
crease. Water quality sampling stations are maintained on all the streams 
in the project area. Results of this sampling and other quality investi­
gations are presented in this chapter. 

Dolores River 

Several times a year the electrical conductivity of the water in the 
valley was measured at intervals along the full length of the Dolores 
River on the same day. Also, measurements of seeps and springs were taken 
along the river banks. The measurements were obtained by using a portable 
conductivity meter and walking down the river. The investigations indi­
cated where saline waters (possible irrigation return flows) and brine 
springs were entering the river. Two areas of concentrated brine inflow 
have been identified--one area in the river at about the valley midpoint 
approximately 2,600 feet long referred to as the upper area and the sec­
ond area at the lower end of the valley approximately 1,200 feet long re­
ferred to as the lower area. These areas are identified in Figure 16 on 
page 32. The salinity measurements have indicated that approximately 75 
percent of the salt pickup is entering the river in the upper area and 
25 percent in the lower area. Figure 19 shows the percent increase in 
salt loading as the river crosses the valley and is plotted in terms of 
percent change of total salt loading. At the Bedrock Bridge where the 
river enters the valley, the percent change would be equal to zero, and 
where the river leaves the valley the percent change would be equal to 
100 percent. In general, the salinity measurements were made during pe­
riods of low river flows. 

In the fall of 1975, four continuous recording electrical conductiv­
ity meters were set up along the Dolores River in Paradox Valley located 
as follows: one just above the upper brine s.eepage area (EC Recorder No. 
1), one between the upper and lower brine seepage area (EC Recorder No. 2), 
one just below the lower brine seepage area (EC Recorder No. 3), and one 
at the Dolores River near Bedrock stream gaging station (EC Recorder No. 
4). Locations of these recorders are shown on Figure 19. In the summer 
of 1976, a fifth EC Recorder was set up at a location just above the Do­
lores River at Bedrock stream gaging station (EC Recorder No. 5). The 
electrical conductivity ranges of the recorders are shown in the tabula­
tion on page 42. 
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CHAPTER III WATER QUALITY 

EC Recorder No. 5 0- 3,000 micromohes/cm 
EC Recorder No. 1 0- 10,000 micromohes/cm 
EC Recorder No. 2 0- 50,000 micromohes/cm 
EC Recorder No. 3 0- so,ooo micromohes/cm 
EC Recorder No. 4 0-100,000 micromohes/cm 

Reasonably good results have been obtained from the recorders. There 
have been some problems with trash collecting on the probes or with sand 
shifting in the bottom of the river, causing the flow in the channel to 
change locations. During periods of high spring runoff, the recorders 
have been taken out of operation in order to prevent damage to the probes. 
Each time the recorders are serviced a water sample has been taken near 
each site and sent to the regional laboratory in Salt Lake City for anal­
ysis. Results of the chemical analysis of the water samples are used to 
interpret the recording charts_ to check if the meter is operating cor­
rectly, and to determine the constituents of the dissolved solids in the 
water, 

The recorders have been used to determine changes in the river salin­
ity during periods of pumping, and in conjunction with the gaging and wa­
ter sampling program, to better estimate the amount of salt being picked 
up in the valley. The data have shown that the electrical conductivity 
can change greatly during a 24-hour period. This is especially true dur­
ing the winter months when freezing and thawing of the river is occurring 
above and through the valley and when the flow in the river is increasing 
or decreasing. 

As stated in Chapter II, water sampling stations have been estab­
lished at three locations on the Dolores River. In addition, various 
other State and Federal agencies have taken samples at various locations 
on the river within the project area. 

Water samples collected on the Dolores River at Bedrock show dis­
solved oXygen and pH concentrations are compatible with biological produc­
tivity. Occasional high temperatures, high turbidity, and low flows, which 
occur most of the year, inhibit Lhe productivity and diversity of the 
stream. The turbidity in the river, contributed largely by tributaries, 
is caused by natural erosion and man-caused soil disturbances. Nutrient 
levels are moderate. Occasional high levels of phosphorus and fecal coli­
form indicate the presence of upstream sewage discharges but do not cause 
problems of eutrophication. On occasion, small amounts of heavy metals 
and toxic substances are present in varying concentrations, primarily be­
cause of erosion, They would not prohibit the use of the water for live­
stock, although extensive treatment would be required for human consump­
tion. Because of the temperature and chemical factors and their interac­
tion, it is probable that heavy metals and toxic substances would remain 
in chemical forms unavailable for biological uptake. Data showing the 
amounts of the parameters stated above are shown in Table 7~ 
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Constituents 

Flow 
Temperature 
Conductivity (25o C) 
pH 
TDS 
Calcium (total) 
Magnesium (total) 
Sodium (total) 
Potassium (total) 
Chloride (total) 
Sulfate (total) 
Carbonate (total) 
Bicarbonate (total) 

Flow 
Conductivity (25° C) 
pH 
Total hardness 
Calcium (d iss. ) 
Magnesium (diss.) 
Sodium (diss.) 
Potassium (diss.) 
Chloride 
Sulfste (total) 
Bicarbonate 
Silica (diss.) 
Boron (diss.) 
Rad ioac t i vi ty 

Alpha (diss.) 
Alpha (susp.) 
Alpha (total) 
Beta (diss.) 
Beta (susp.) 
Beta (total) 
Radium-226 (diss.) 
Radium-226 (susp.) 
Radium-226 (sed.) 
Strontium-90 (total) 
Strontium-89 (total) 
Uranium (diss.) 

Flow 
Temperature 
Conductivity (25'J C) 
pH 
TDS 
Calcium (t:otal) 
Magnesium (total) 
Sodium (total) 
Potassium (total} 
Chloride (total) 
Sulfate (total) 
Carbonate (total) 
Bicarbonate (total} 

Flow 
Temperature 
Turbidity 
Conductivity (25° C) 
pH 
TDS 
Anunonia (total) 
Calcium (total) 
Magnesium (total) 
Sodium (total) 
Chloride (total) 
Sulfate (total) 
Carbonate (total) 
Bicarbonate (total} 
Potassium (total) 

Units 

cfs 
OF 
micromho 
su 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 

cfs 
micromho 
su 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
... g/1 

pc/1 
pc/1 
pc/1 
pc/1 
pc/1 
pc/1 
pc/1 
pc/1 
pc/J 
pc/1 
pc/1 
... g/1 

cfs 

micromho 
su 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 

cfs 
Op 

NTU 
micromho 
su 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 

Number 
of 

samples 

256 
256 
256 
256 
256 
256 
256 
256 
256 
256 
256 
256 

50 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 

1 

14 
14 
14 
14 
14 
14 

156 
1 
1 
1 
1 

143 

255 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 

276 
284 

21 
284 
278 
280 

22 
276 
276 
280 
284 
277 
257 
257 
257 

Table 7 
Chemical analysis of water samplesl/ 

Sampling 
period 

Concentration 
Minimum 

Dolores River at Bedroc!d/ 
8-71 to 10-76 0 
8-71 to 10-76 32.0 
8-71 to 10-76 201.0 
8-71 to 10-76 7.2 
8-71 to 10-76 120.0 
8-71 to 10-76 6. 4 
8-71 to 10-76 l. 5 
8-71 to 10-76 S.O 
8-71 to 10-76 .8 
8-71 to 10-76 3.9 
8-71 to 10-76 2. 7 
8-71 to 10-76 0 
8-71 to 10-76 81.0 

Dolores River at Bedrock~/ 
10-64 to 6-66 18. o 

9-64 to 6-66 215.0 
9-64 to 6-66 7. 0 
9-64 to 6-66 95.0 
9-64 to 6-66 30. 0 
9-64 to 6-66 4.9 
9-64 to 6-66 6.9 
9-64 to 6-66 1. 0 
9-64 to 6-66 4. 9 
9-64 to 6-66 26.0 
9-64 to 6-66 87.0 
9-64 9. 0 
9-64 200.0 

12-69 to 
12-69 to 
12-69 to 
12-69 to 
12-69 to 
12-69 to 
10-61 to 
6-69 
1-69 

10-69 
10-69 
10-62 to 

1-71 
1-71 
1-ll 
1-71 
1-71 
1-71 
6-72 

6-72 

Ll 
• 2 

2. 7 
4.8 

.9 
8. 3 

,03 
. 8 

2. 3 
2. 2 
0 

.1 

West Paradox Creekl/ 
8-71 to 9-76 . 3 
8-71 to 9-76 32.0 
8-71 to 9-76 395.0 
8-71 to 9-76 7.5 
8-71 to 9-76 262.0 
8-71 to 9-76 46.0 
8-71 to 9-76 15.0 
8-71 to 9-76 8.0 
8-71 to 9-76 1.2 
8-71 to 9-76 6.4 
8-71 to 9-76 90.0 
8-71 to 9-76 0 
8-71 to 9-76 96.0 

Average 

448.5 
52.0 

1,094.0 
8.0 

697.0 
80.1 
24.6 

117 .o 
6.0 

148.2 
204.4 

.9 
176.4 

544.6 
835.1 

7. 9 
259.8 
72.1 
19.4 
73.0 
3.8 

90.2 
157.8 
164.8 

9.0 
200.0 

5.8 
1.9 
7. 7 

10.6 
5. 0 

15.6 
• 5 
. 8 

2.3 
2.2 
0 
s. 5 

6.6 
49.0 

1,303.0 
8.0 

::.,005.0 
137.3 
so. 8 
44.0 
4.6 

45.1 
476.3 

1.1 
260.1 

Dolores River at exit from Paradox Valley2/ 
8-76 to 10-76 
6-70 to 10-76 
6-70 to 11-74 
6-70 to 10-76 
6-70 to 10-76 
6-70 to 10-76 
6-70 to 11-74 
6-70 to 10-76 
6-70 to 10-76 
6-70 to 10-76 
6-70 to 10-76 
6-70 to 10-76 
8-71 to 10-76 
8-71 to 10-76 
8-71 to 10-76 

.6 460.6 
30.0 
2. 0 

218.0 
7 .o 

150.0 
0 

27.0 
4. 5 
7. 0 
5.0 

27.0 
0 

69.0 
1.6 

394.1 
17,231.0 

7.9 
12,282.0 

. 5 
165.5 
108.7 

4, 309.0 
6,911.1 

618.5 
.6 

189.3 
225.1 

Maximum 

6,240.0 
89.0 

4,470.0 
8, 5 

3,670.0 
460.0 
132.0 
759.0 
28.2 

1,169. 0 
2,170.0 

20.0 
332.0 

4,370.0 
1,780.0 

8.6 
1,040.0 

356.0 
39.0 

188.0 
8. 7 

288.0 
916.0 
245.0 

9.0 
200.0 

11.0 
4. 7 

14:0 
20.0 
14.0 
25.0 
13.8 

.8 
2.3 
2.2 
0 

n.o 

96.0 
82.0 

2, 540.0 
8. 7 

1,970.0 
245.0 
188.0 
200.0 
63.0 

294.0 
936.0 

34.0 
379.0 

6,270.0 

5 ,ooo. 0 
164,000.0 

8. 8 
166,000.0 

4.5 
985.0 

1,152.0 
57,960,0 
92,638.0 

5,856.0 
17 .o 

317.8 
2,893.0 

Dolores River, l,; mile above confluence with San Miguel River3/ 
Temperature Of 47 6-70 to 7-76 32.0 52.8 85.0 
Turbidity NTU 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 
B.O.D. (5-day) 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 
Ammonia (total) mg/1 42 6-70 to 7-76 0 .4 4.5 
Nitrite (total) mg/1 41 6-70 to 7-76 0 . 02 . 3 
Nitrate (total) mg/1 39 6-70 to 7-76 0 .4 3.2 
Nitrogen (total KJEL) mg/1 2 4-76 to 6-76 3.4 4.0 4.6 
Phosphorus (total) mg/1 24 3-74 to 7-76 0 .1 1.1 

Sheet 1 of 4 
Drinking water standards 

Public Number 
Health 

Service 

500 

125 

250 
250 

125 

250 
250 

.. Yl,OOO 
3 

10 

500 

125 

250 
250 

500 

125 

250 
250 

Colorado 

500 

125 

250 
250 

125 

250 
250 

500 

125 

250 
250 

500 

125 

250 
250 

of times 
exceeded 

149 

47 
54 

237 

2 
237 

231 

70 

226 
183 

Phosphates (total) mg/ 1 16 6-70 to 9-7 3 0 .1 . 4 
Cyanide (total) 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 
Calcium mg/1 28 6-70 to 6-76 78.0 442.5 2,840.0 
Magnesium (total) mg/1 28 6-70 to 6-76 7. 0 n. 8 334.0 125 125 
Sodium (total) ms/1 42 6-70 to 7-76 11.0 3.105.3 4,800.0 

1/ All data, with the exception of Bureau of Reclamation information, are STORET data from the Air and Water Surveillance and Analysis Division, 
Environmental Protection Agency, Denver, Colo. 

2/ Samples collected by Bureau of Reclamation. 
J/ Samples collected by Colorado State Department of Health. 
4/ If radium-226 and strontium-90 are within their 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, the radioactivity of the water supply should be investigated even if the gross beta concentration 
is less than 1,000 pc/1. 
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Conatituanta 

lotli,. IWiaorption ntio 
Clllorlda 
Sulfate (total) 
!'luorUa (total) 
Araenic (total) 
loron (total) 
CIMlaiua (total) 
Cbr-iua (bauvalant) 
Copper (total) 
Iron (total) 
Lud (total) 
Mllnaaneaa 
ltolybdan- (total) 
Silver (total) 
Zinc (total) 
Selenium (total) 
Mercury (total) 
Radioactivity 

Alpha (di ... ) 
Beta (di ... ) 
lladiu-226 (di ... ) 

Total coliform (MPN CONF) 
Fecal colifona (MPNECMEO) 
MBAS 

Flov 
Conductivity (250 C) 
pll 
TDS 
Calcium 
Maan .. iua 
Sodium 
Potassiull 
Chloride 
Sulfate 
Carbonate 
Bicarbonate 

Temperature 
Turbidity 
Conductivity (25° C) 
Dissolved oxygen 
B.O. D. (5-day) 
C.O.D. 
pH 
Ammonia (total) 
Nitrite (total) 
Nitrate (total) 
Nitrogen (total KJEL) 
Phosphate (total) 
Phosphorus (total) 
Cyanide (total) 
Total hardness 
Calcium 
Magnesium (total) 
Sodium (total) 
Sodium adsorption ratio 
Chloride 
Sulfate (total) 

. Fluoride (total) 
Arsenic (total) 
Boron (total) 
Cadmium (total) 
Chromium (hexavalent) 
Copper (total) 
Iron (total) 
Lead (total) 
Manganese 
Molybdenum (total) 
Silver (total) 
Zinc (total) 
Selenium (total) 
Mercury 
Radioactivity 

Alpha (diss.) 
Beta (diss.) 
Radium-226 (diss.) 

Total coliform (MPN CONF) 
fpcal coliform (MPNECMEO) 
MBAS 
Fecal streptococcus (MF 

M-ENT) 

Units 

.. ,1 
•a/1 .. ,1 
,aa/1 
,aa/1 
p&/1 
fll/1 
fll/1 
p&/1 
fl&/1 
fl&/1 
pall 
pg/1 
fl&/1 
lll/1 
pg/1 

pc/1 
pc/1 
pc/1 
/100 m1 
/100 ml 
11@;/l 

ch 
lli.crolllho 
eu .. ,1 
118/1 
118/1 .. ,1 .. ,1 .. ,1 
11@;/l .. ,1 
111/1 

oF 
llach NTU 
•icromho 
118/1 
•a/1 
111/1 
au 
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 
ps/1 
pg/1 
pg/1 
pg/1 
pg/1 
ps/1 
J>S/1 
pg/1 
pg/1 
pg/1 
... g/1 
pg/1 
pg/1 

pc/1 
pc/1 
pc/1 
/100 ml 
/100 ml 
mg/1 

/100 ml 

Table 7 
C~cal analyab of water 88111Pleal/ (continued) 

la.plina 
period !Uni~ll 

Concentration 
Average 

Dolor .. livtr. J !!Ue altove coaflueftce •ith San Miauel liver 2/ 
40 6-70 to 7-76 0.4 33.5 
4_6 6-70 to 7•76 9.0 4,495.1 
29 6-70 to 6-76 46.0 527.5 
26 6·70 to 6-76 .1 .2 
24 6-70 to 6-76 0 0 
26 6-70 to 6-76 297.3 
:.1:4 6-70 to 6-76 ].1 
24 6-70 to 6-76 6. 7 
24 6-70 to ... 76 4. 0 
26 6-70 to 6-76 702.7 
24 6-70 to 6-76 1.8 
24 6-70 to 6-76 80.0 
18 2-71 to 6-76 7.8 

9 11-70 to 6-76 6. 7 
25 6-70 to 6-76 80.0 
24 6-70 to 6-76 .8 

4 11-70 to 1-72 0 .3 

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 
10 
10 
47 
48 
39 

7-70 to 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 

D-ry Creek at eonflloence with San Mtauel l1 .. r.1/ 
3-73 to 3-77 0 26.1 
9-60 to 3•77 610.0 3,554.0 
9-60 to J-77 7.1 7.8 
9-60 t~ ;J-77 414.0 3,469.0 
9-60 to l• 77 59. 0 29!i. 4 
9-60 to l-77 14.0 194.2 
9-60 to 3-77 48.0 387.0 
9-60 to 3-77 4.3 10.0 
9-60 to 3-77 9.9 85.3 
9-60 to 3-17 161.0 2,007. 7 
9-60 to 3-77 0 1. 4 
9-60 to 3-77 87.0 242.8 

San Miauel liver at 
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 tO 7-76 
6-70 to 7-76 
6-70 to 7-76 
6-70 to 7-76 
6-76 
6-70 to 9-73 
3-74 to 7-76 
6-70 to 6-76 
6-70 to 7-76 
6-70 to 6-76 
6-70 to 6-76 
6-70 to 7-76 
6-70 to 7-76 
6-70 to 7-76 
6-70 to 6-76 
6-70 to 6-76 
6-70 to 6-76 
6-70 to 6-76 
6-70 to 6-76 
6-70 to 6-76 
6-70 to 6-76 
6-70 to 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 

confluence with Do1oree River.if 
32.0 51.1 
3.7 88.1 

310.0 1,039.9 
7.0 10.1 

.9 14.2 
30.0 1,209. 5 
7.4 8.1 
0 9.8 
0 . 3 

• 2 2.0 
5. 2 5. 2 
0 .1 
0 .1 
0 0 

122.0 412.8 
114.0 277.8 

7. 0 39.6 
14.0 55.6 

.4 1.1 
7 0 48.7 

96.0 393. 7 
.1 . 4 

0 0 
64. b 

.5 
0 

30.5 
306.2 

4. 5 
115,2 

1.6 
0 

32.3 
1.1 
0 

7.0 24.5 
11.9 19.4 

.2 .6 
4.0 3,045.1 
2.2 200.6 
0 0 

.1 .1 

Dolores River below mouth of San Miguel River3/ 

Maxi¥ 

(e-tinuH) 
220.0 

76,000.0 
3, 3)0.0 .. 

0 
2,600.0 

72.0 
160.0 
50.0 

6,000.0 
29.0 

500.0 
100.0 

60.0 
790.0 

s.o 

·' 
231.0 
446.7 

1.2 
3,000.0 
3,000.0 

.4 

411.0 
1,160.0 

8.2 
t,aeo.o 

470.0 
7)2.0 

1,162.0 
23.0 

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 

u.o 
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 
74.0 

600.0 
10.0 

0 
270.0 
10.0 

0 

135.0 
36.0 
2.8 

30,000.0 
2,200.0 

0 

.1 

Flow cfs 63 9-74 to 5-76 38.0 674.0 4,820.0 
Temperature °F 63 9-74 to 5-76 32.0 49.0 71.0 
Conductivity (25° C) micromho 63 9-74 to 5-76 268.0 3,750.0 12,600.0 
pH su 63 9-74 to 5-76 5.6 7.7 8.6 
TDS 11g/l 63 9-74 to 5-76 171.0 2,227.0 7,920.0 
Calcium mg/1 63 9-74 to 5-76 36.0 106.0 260.0 

Sheet 2 of 4 
Drinltina water standards 

Public Number 
llaalth of times 

Service Colorado exceeded 

250 
250 

50 

250 
250 

2.4 
10 

10 10 
50 50 

1,000 1,000 
300 300 
so 50 
50 so 

50 
5,000 

10 

1,000 
3 

500 

125 

250 
250 

45 

125 

250 
250 

50 

10 
so 

1,000 
300 

50 
50 

50 
5,000 

10 

Jll,ooo 
3 

• 2 

5,000 
10 

500 

125 

250 
250 

45 

.01 

125 

250 
250 

2.4 
10 

10 
so 

1,000 
300 

50 
so 

5,000 
10 

33 
21 

0 
0 

l 
0 
0 

0 
0 

29 

17 

1 
28 

0 

0 
19 

0 
0 

0 
0 
0 
4 
1 

12 

0 
0 
0 

0 
0 

Magnesium mg/1 63 9-74 to 5-76 6.0 51.0 207.0 125 125 
Sodium mg/1 63 9-74 to 5--76 9.0 612.0 2,208.0 
Chloride q/1 63 9-74 to 5-76 6.0 955.0 3,515.0 250 2.50 46 
Sulfate -all 63 9-74 to 5-76 )6. 0 379.0 1,513.0 250 250 43 
Carbonate ag/1 63 9-74 to 5-76 0 .5 17.0 
Bicarbonate mg/1 63 9-74 to 5--76 10.0 147.0 373.0 
Potaasiua 111t/1 63 9-74 to 5-76 2.0 32.0 113.0 

!/ All data, vith the exception of Bureau of lt.ecl ... tion tnfor.ation, are STORET data fr.,. the Air and Vater Surveillaace and Aaalyeia Division, 
Environaental Protection Aa-acy, Denver, Colo. 

2/ Saaplea collected by Colorado State Department of Rea1th. 
J/ SU!plea collected by the Bureau of Reclamation. 
!I Collected by Colorado State Department of Health. 
~./ If radiua-226 and atrontiue-90 are within their respective lilliu, water having a gross beta concentration of up to 1,000 pc/1 ia usually accept­

able. When radium-226 and etrontiua-90 exe-.4 the limits, the ra4ioactiv1ty of the vate.,: aupp1y should be imreetigated even if the gross beta concentration 
ia leas than 1,000 pc/1. · 
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Constituents 

Flow 
Temperature 
Conductivity (25° C) 
Dissolved oxygen 
Carbon dioxide 
pH 
TDS 
Nitrate (diss.) 
Nitrite and nitrate (diss.) 
Phosphate 
Phosphorus 
Total hardness 
Calcium (diss.) 
Magnesium (diss.) 
Sodium {diss.) 
Sodium adsorption ratio 
Chloride 
Sulfate (total) 
Carbonate 
Bicarbonate 
Potassium (diss.) 
Fluoride (diss.) 
Silica (diss.) 
Boron (diss.) 
Iron (diss.) 
Manganese (diss.) 

Flow 
Temperature 
Dissolved oxygen 
pH 
Ammonia (total) 
Nitrite (total) 
Nitrate (total) 
Phosphorus (total) 
Phosphorus (diss.) 
Cadmium (diss.) 
Chromium (diss.) 
Copper (diss.) 
Iron (diss.) 
Lead (diss.) 
Manganese (diss.) 
Zinc (diss.) 
Radioactivity 

Radium-226 (diss.) 
Radium-226 (susp.) 
Uranium (diss.) 
Uranium (susp.) 

Temperature 
Turbidity 
Conductivity (25° C) 
Dissolved oxygen 
B.O.D. (5-day) 
C.O.D. 
pH 
Ammonia (total) 
Nitrite (total) 
'Nitrate (total) 
Nitrogen (total KJEL) 
Phosphate (total) 
Phosphorus (total) 
Cyanide (total) 
Total o1ardness 
Calcium 
Magnesium (total) 
Sodium (total) 
Sodium adsorption ratio 
Chloride 
Sulfate (total) 
Fluoride (total) 
Arsenic (total) 
Boron (total) 
Cadmium (total) 
Chromi urn (hexavalent) 
Copper (total) 
Iron (total) 
Lead (total) 
Manganese 
Molybdenum (total) 
Silver (total) 
Zinc (total) 
Selenium (total) 
Mercury 
Radioactivity 

Alpha (diss.) 
Beta (diss.) 
Radium-226 (diss.) 

Total coliform (MPNCONF) 
Fecal coliform (MPNECMED) 
MBAS 

Table 7 
Chemical analysis of water samplesl/ (continued) 

Number 
of 

samples 
Sampling 
period 

Concentration 
Units 

cfs 
OF 
micromho 
mg/1 
mg/1 
su 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
m.g/1 
mg/1 
mg/l 

mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
pg/1 
pg/1 
pg/1 

cfs 
OF 

mg/1 
su 
mg/1 
mg/1 
mg/1 
mg/l 
mg/1 
pg/1 
pg/1 
J.lg/1 
J.lg/1 
J.lg/1 
J.lg/1 
pg/1 

pc/1 
pc/1 
pg/1 
pg/1 

OF 

Hach NTU 
micromho 
mg/1 
mg/1 
mg/1 
su 
mg/1 
mg/1 
mg/1 
mg/1 
mg/l 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 

mg/1 
mg/1 
mg/1 
pg/1 
pg/1 
pg/1 
pg/1 
pg/1 
pg/1 
pg/1 
pg/1 
!lg/1 
!lg/1 
J.l&/1 
pg/1 
pg/1 

186 
191 
190 

81 
12 

125 
44 

1 
36 
37 
36 
44 
44 
44 
44 
44 
44 
44 
1,4 
44 
44 

4 
38 

4 
1 

22 
22 

6 
6 
1 
3 
8 
8 
8 
7 
8 
8 

93 
76 
94 
15 

54 
47 
55 
14 
37 

1 
4 7 
45 
43 
43 

1 
31 
11 
28 
44 
43 
43 
44 
44 
47 
39 
31 
29 
41 
29 
28 
28 
42 
28 
39 
13 
15 
39 
43 

5 

Minimum 

Dolores River 
1-70 to 9-73 
l-70 to 9-73 
1-70 to 9-73 
4-70 to 8-73 

12-71 to 9-7 3 
1-70 to 9-73 
1-70 to 9-73 

10-70 
10-70 to 9-73 

2-70 to 9-73 
10-70 to 9-73 

1-70 to 9-7 3 
l-70 to 9-73 
1-70 to 9-73 
1-70 to 9-73 
l-70 to 9-73 
1-70 to 9-73 
1-70 to 9-73 
1-70 to 9-73 
1-70 to 9-73 
1-70 to 9-73 
2-70 to 12-72 
2-'10 to 9-73 
2-70 to 11-72 

12-72 
12-72 

Dolores River 
9-71 to 2-72 
9-71 to 2-72 
9-71 to 2-72 
9-71 to 2-72 

12-71 
12-71 to 5-72 
12-71 tO 8-73 
12-71 to 8-73 
12-71 to 8-73 
12-71 to 8-73 
12-71 to 8-73 
12-71 to 8-73 
12-71 to 8-73 
12-71 to 8-73 
12-71 to 8-73 
12-71 to 8-73 

7-71 to 7-73 
8-71 to 7-73 
7-71 to 9-73 

10-72 tO 7-73 

at Gatewa.y21 
10.0 
32.0 

300.0 
s. 4 
2. 8 
6. 5 

212.0 
4. 7 

• 2 
0 
0 

130.0 
37.0 
9.4 

19.0 
• 7 

18.0 
7.2 
0 

108.0 
2.1 

. 3 
3. 7 

.1 
40.0 

100.0 

at Gateway 31 
84,0 
32.0 
8.4 
7.1 

. 6 
0 

• 2 
0 
0 
5.0 
5.0 
s.o 

15.0 
5.0 

10.0 
5.0 

.1 
0 

• 5 
1.0 

Dolores River at Gateway!!! 
1-68 to 4-76 32.0 
2-68 tO 4-76 3. 4 
1-68 to 4-76 315.0 
3-7 3 to 4-7 6 7. 2 
2-68 to 4-76 l. 0 

10-72 45.0 
1-68 to 4-76 7. 2 

10-68 to 4-76 0 
11-68 to 4-76 0 
10-68 to 4-76 . 2 
4-76 3.4 

10-68 to 9-73 0 
4-74 to 4-76 
2-68 to 4-76 
2-68 to 4-76 
2-68 to 4-76 
2-68 to 4-76 
2-68 to 4-76 
2-68 to 4-76 
2-68 to 4-76 

10-68 to 4-76 
1-68 to 4-76 
2-68 to 4-76 
1-68 to 4-76 
1-68 to 2-76 
2-68 to 4-76 
2-68 to 4-76 
2-68 to 4-76 
2-68 to 4-76 
2-68 to 4-76 
1-72 to 4-76 

11-68 to 4-76 
2-68 to 4-76 
1-68 to 4-76 

10-70 to 1-72 

0 
0 

129.0 
98.0 

5.0 
12.0 

• 4 
16.0 
56.0 

.1 
0 

pc/1 41 1-68 to 4-76 0 
pc/1 26 10-68 to 11-7 5 
pc/1 20 10-68 to 4-7 6 
I 100 ml 56 1-68 to 4-7 6 
/100 ml 56 1-68 to 4-7 6 
m /1 29 5-69 to 4-76 

• 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 

.1 
0 

421.7 
101.4 
41.1 

333.4 
6. 5 

512.4 
319.9 

0 
162.0 
17.6 

.4 
7. 4 

72.5 
40.0 

100.0 

250.3 
40.3 
10.6 

7. 3 
• 6 

0 
1.1 

. 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 

4~.0 

8.1 
5.1. 

. 3 
1.9 
3. 4 

.1 
• 2 

0 
474.1 
298.3 
44.7 

448.2 
7. 7 

691.1 
354.5 

.4 
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 

2,549.6 
318.0 

0 

Maximum 

1,250.0 
79.7 

8,000.0 
14.0 
u.o 
8. 5 

4' 680.0 
4. 7 
3. 5 

.6 
• 2 

1,100.0 
220.0 
130.0 

l, 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 
67.1 
ll.8 
7. 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 
.1 

0 
20.0 

7,800.0 
20.0 

300.0 
50.0 
0 

300.0 
7 .o 
1.1 

271.0 
79.8 

2. 6 
34' 800.0 
3, 300.0 

0 

Sheel: 3 of 4 
Drinking water standards -

Public Number 
Health 

Service 

500 

125 

250 
250 

300 
so 

45 

10 
50 

1,000 
300 

50 
50 

5,000 

45 

125 

250 
250 

so 

10 
so 

1,000 
300 

50 
50 

so 
5,000 

10 

.~h.ooo 
3 

• 2 

Colorado 

500 

125 

250 
250 

2.4 

300 
50 

45 

10 
50 

1,000 
300 

50 
50 

5,000 

125 

.01 

250 
250 

2.4 
10 

10 
50 

1,000 
300 
50 
50 

5,000 
10 

of times 
exceeded 

30 

29 
21o 

0 

18 
18 

0 

35 
32 

0 
0 

16 
0 

13 

D 
0 

1/ All data, with the exception of Bureau of Reclamation information, are STORET data from the Air and Water Surveillance and Analyais Division, 
Environmental Protection Agency, Denver, Colo. 

2/ Samples collected by U.S. Geological Survey. 
J/ Samples collected by U.S. Geological Survey, analyzed by EPA. 
4/ Samples collected by Colorado State Department of Health. 
S/ If radium-226 and strontium-90 are within their 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, the radioactivity of the water supply should be investigated even if the -gross beta concentration 
is less than l, 000 pc/1. 
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Constituents 

Conductivity 
pH 
TDS 
Calcium (total) 
Magnesium (total) 
Sodium (to tal) 
Chloride 
Sulfate (total) 
Sulfide (total) 
Carbonate (total) 
Bicarbonate (total) 
Potassium (total) 
Cadmium (total) 
Chromium (total) 
Copper (total) 
Iron (total) 
Lead (total) 
l-langanese (total) 
Nick~l (total) 
Lithium (total) 
Zinc (total) 
Oil (total) 
Rad ioac.t ivitv 

Units 

micromho 
su 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
pg/1 
pg/1 
pg/1 
1-1&1 1 
,_.g/1 
flg/1 
pg/1 
pg/1 
1-'&/l 
pg/1 

Number 
of 

samples 

Table 7 
Chemir.al analysis of water sample11l/ (contin1.1ed) 

Sampling 
period Minimum 

Concentration 
Average Maximum 

Brine pumped from well near Dolores River 1 
Paradox Valle;t21 

1 3-75 221,000.0 221,000.0 221,000.0 

l 3-75 7. 9 7.9 7.9 

1 3-75 258,000.0 258,000.0 258,000.0 

3-75 1,340.0 1,340.0 1, 340.0 

3-75 1,720.0 l, 720.0 1,720.0 

3-75 100,000.0 100,000.0 100,000.0 

3-75 165,000.0 165,000.0 165,000.0 

3-75 5,590.0 5. 590.0 5,590.0 

3-75 74.4 74.4 74.4 

3-75 0 0 0 

3-75 118.0 118.0 118.0 

3-75 5,150.0 S,lSO.O 5,150.0 

3-75 470.0 470.0 470.0 

3-75 260.0 260.0 260.0 

3-75 220.0 220.0 220.0 

3-75 2,400.0 2. 400.0 2,400.0 

3-75 2. 900.0 2,900.0 2,900.0 

3-75 370.0 370.0 370.0 

3-75 230.0 230.0 230.0 

3-75 130.0 130.0 130.0 

3-75 620.0 620.0 620.0 

3-75 100.0 lQO.O 100.0 

Sheet 4 of 4 
Drinking water standards 

Public Number 
Health of times 

Service Colorado exceeded 

125 125 

250 250 
250 250 

10 10 
so 50 

1,000 1,000 
300 300 

50 so 
50 50 

5,000 5,000 o· 

Strontium (total) 1-1g/l 3-75 2,300.0 2,300.0 2 300.0 
ll All data, with the exception of Bureau of Reclamation information, are STORET data from the Air and Water Surveillance and Analysis Division, 

Env i ronrnental Protection Agency, Denver, Colo. 
2/ Bureau of Reclamation . 
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CHAPTER III WATER QUALITY 

Salt pickup by the Dolores River is the major water quality problem 
in the project area. According to samples collected by the Bureau during 
a 5-year period, the salt concentration of the river at the entrance to 
the valley has ranged from 140 mg/1 to 3,700 mg/1 with a flow-weighted 
average of 264 mg/1. The predominant constituents have been sulfate, bi­
carbonate, chloride, sodium, and calcium. At the exit of the valley, 
the salt concentration has ranged from 150 to 166,000 mg/1 with a flow­
weighted average of 729 mg/1. The high concentration of salt in the 
river at the exit of the valley occurs when there is no flow entering the 
valley, and the water in the channel leaving the valley is composed en­
tirely of surfacing ground water and irrigation return flow. The predom­
inant constituents at the exit have been sodium and chloride. Table 7 
on pages 43 through 46 shows the laboratory analysis of the samples col­
lected on the iiver in Paradox Valley. 

Using both quality and quantity data, it was calculated that the to­
tal salt load at the exit of the valley has averaged about 312,000 tons 
annually. This is approximately 205,000 tons larger than the average load 
at the entrance to the valley. The daily salt pickup varied from 115 to 
1,430 tons per day and has averaged about 560 tons per day. The rate of 
salt pickup in Paradox Valley is shown on Figure 20. As stated above, 
the concentrations of sodium and chloride increase considerably as the 
river crosses the valley, with averages of 195 tons and 315 tons, respec­
tively. Figure 21 on page 49 shows the rate and amounts of sodium and 
chloride that are picked up in the valley. 

Salt pickup between the two sampling stations in the valley exhibits 
a degree of seasonal fluctuation, generally being at its lowest during 
the spring and summer and at its highest during the fall and winter. (See 
Figure 18, page 37.) It also appears that the amount of water in the 
river affects salt pickup. Salt pickup was at a minimum for the year dur­
ing the spring of 1973, when flows in the river were unusually high. There 
is indication that initial high flows occurring in the fall flush salt out 
of the river channel that has accumulated during the drier summer months. 

In addition to the sodium and chloride concentrations, other water 
chemistry parameters show large increases as the Dolores River flows 
through Paradox Valley. These parameters include electrical conductivity, 
total dissolved solids, and sodium adsorption ratio as well as calcium, 
sulfate, potassium, and magnesium. 

The quality of the Dolores improves considerably because of the in­
flow of relatively freshwater below the confluence with the San Miguel 
River. Samples collected (Table 7 on pages 43 through 46) from September 
1974 through May 1976 about 5 miles below the confluence had a flow­
weighted average salinity of about 659 mg/1, with extremes of 171 and 
7,920 mg/1 • 
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CHAPTER III WATER QUALITY 

West Paradox Creek 

West Paradox Creek has been sampled since 1971 on a weekly to bi­
weekly basis, During the sampling period~ the salinity has a flow~weighted 
average of about 800 mg/1 and has varied from 262 to 1,970 mg/1. The wa­
ter contains predominantly sulfate, bicarbonate, calcium, and magnesium 
which is characteristic of waters containing irrigation return flows. Re­
sults of the sampling on West Paradox Creek are presented in Table 7 on 
pages 43 through 46. It is estimated that the creek contributes an aver­
age of about 14 tons of salt per day and 7,000 tons per year to the Do­
lores River. 

Dry Creek 

Samples have been taken from Dry Creek at its confluence with the 
San Miguel River near Naturita, Colo., since 1960. The flow-weighted av­
erage salinity for this period has been 1,460 mg/1 and has varied from 
414 to 9,800 mg/1. Table 7 on pages 43 through 46 presents results of 
the quality analysis. Sampling will continue at this station below the 
proposed Radium Evaporation Pond after the project is constructed to sub­
stantiate that no leakage is occurring from the pond . 

Ground Water 

Paradox Valley 

The quality of the ground water in Paradox Valley ranges from a 
brine, having a density of lal64, a salt content of 23 percent or greater 
of which 93 percent is sodium chloride, to moderately saline water in the 
shallow aquifers on the east and west sides of the river, to freshwater 
along the edges of East and West Paradox Valleys. Analyses of samples 
collected from the wells, seeps, and springs are given in Table 8. 

Only a very small percentage of the ground water in the valley can 
be classified as fresh. Springs along the valley walls and Windmill Well 
No. 2 in East Paradox Valley contain approximately 300 to 500 mg/1 total 
dissolved solids with a large percentage of bicarbonate salts. 

All of the irrigation wells in Paradox Valley that were sampled can 
be classified as slightly to moderatly saline. Depending upon the time 
of year that they were sampled, TDS values ranged from 1,400 to as high 
as 3,500 mg/1. Windmill Well No. 1 in East Paradox ranged from 4,500 to 
5,400 mg/1. Seeps from the west bank of the Dolores River above the salt 
submergence area have ranged from 1,500 to 4,000 mg/1. A large percent­
age of the salts in the samples is calcium, magnesium, and sulfate. Sam­
ples from the seeps in the Dolores River and the samples from the Redd 
Irrigation Well No. 2 toward the end of the irrigation season after the 
well has been pumped heavily for some time show larger percentages of so­
dium and chloride, indicating some mixing with the underlying brine. 
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PARADOX VALLEY UNIT 

I Dia- Sodlun Tern-

Aelct Sampling I Flow ECx1o• solved Boron Adsorp Sot- pera Milligrams per liter 

No. Dote gal/ (a2!5"C pHa Solids p.p.m. tion pHc: uratlor ture 
ca+• Mg++ No+ K• co,: Hco,-min. mg/1 Ratio lnd•• oF 

--- ·~~-· ~ 

Spring in East Paradox Valley 
NW~SW~NW~ sec. 27, T. 47 N., R. 18 W. 

12-2-74 0.5 772 8.3 449 0.9 48 32 57.6 37.7 13. 16.2 279 
East Paradox Valley, Wind Mill Well #2 
NE~~E~~ sec. 1, T. 46 N., R. 18 W. 

1577 7-25-73 556 8.2 324 .7 7.3 0.9 33.6 36.1 25.8 5.5 None 246 
West Paradox, Flowing Well, J.B. Riddle Ranch 

NE~SE~ sec. 35, T. 48 N., R. 19 W. 
P-74 
-10 6-12-74 .08 2 790 7.9 2.710 . 7 6.7 1.2 380 190 64.4 9.1~ None 196 

West Paradox Valley, Ray Lathan Well 
NE!illW'!zNH~ sec. 17. T. 47 N. R. 18 \.J, 

P-75 
-4 6-27-75 2 2'i0 7 R 1 7h0 1 R '14 186 11G 1 ;r. 15. None 267 

West Paradox Valley, Redd Well #1~/ 
sw~~E~ sec. 18, T. 47 N,, R. 18 w. 

11-9-73 1 790 8.0 1 440 1.2 7.2 .8 192 86 n RO 'l 'i Non<' 110 
West Paradox Valley, Redd Irrigation Well #2~/ 

SW~SE~SE~ sec. 8, T. 47 N., R. 18 W. 

6-27-73 2,900 7.6 2,250 3.0 6.6 1.0 56 198 151 239 14.1 None 364 

9-25-73 3 460 7.8 2 490 4.7 6.6 1 2 54 204 156 363 20." NonP 373 

7-16-74 4 880 8.2 3.220 8.8 60 192 159 681 36.8 None 307 
P-74 
-18 9-5-74 5,360 7. 7 3.510 10.0 61 175 162 782 44.2 None 253 

P-75 
-7 5-16-75 2,680 7.9 2.020 3.2 56 154 153 232 14.1 None 187 

P-75 
-321 4-7-76 2 290 8.1 1 820 2.1 56 182 145 156 9.8 None 337 
D-76 
-322 6-1-76 3 860 7.8 2. 710 6.0 60 196 152 460 25.8 None 1'16 

East Paradox Valley, Windmill Well #1 
sw~~ sec. 26, T. 47 N., R. 18 w. 

1391 4-17 73 1 4,560 7.3 5,290 .3 6.2 1.1 540 532 35.9 21.1 None 337 

10-29 73 4,600 7.8 5 360 .2 6.2 1.6 520 543 33.1 21.9 None 362 
Dolores River Mid-Paradox Valley, above salt submergence area, seepage from west bank 

NE~SW~SW~ sec. 16, T. 47 N., R. 18 W. 
P-74 

Fl4 72 0 11 'i 21. lllnn<> 326 ·-22 11') 24 74 2,530 8.0 LSilQ 5.~ 

Tern-

s ' 

Dia- Sodiun Sot- Milli2rams uer liter 
Field ompllng 

1 

Flow EC•IO• solved Den- Adsorp per a 

No. 

Field 
No. 

pHo pHc: urotlon 
Dote c: . .f.s. (t\ 2!5"C Solids sity tion 

In de• 
ture Co+• Mg++ Not K+ 

m£11 gJcc Ratio OF 
Brine seeps in Dolores River 

NW~\SE~ sec. 16, T. 47 N., R. 18 W. 

7-16-74 .OS lMOO 7.2 51Il0~1 .1'iql187 70 1,350 1,525 88 800 4 770 

12-19-73 

2-28-74 

10-5-73 

Sampling 
Dote 

~2opoo 6.9 

~ 18,400 6.7 

25.000 7. 3 

Flow \ECliO•I pHa 
c. f .I. (a 2 !5"t 

U.S.B.R. Pump Test Well #1 23 CX 
NE~NE~Sl.J~ sec. 16, T. 47 N., R. 18 W. 

b67,10C 1.164 418 58 1 400 1 708 98.440 5 161 

~6qoon 1.164 417 6.4 . 3 58 1 440 1 610 95 700 5 161 
West Paradox Valley, Jensen Brine Well #2 

SW\NE~NE~ sec. 17, T. 47 N., R. 18 W. 

96D;1~180 439 6.8 . 5 1 100 1 830 _02000 5 940 

co 3 : HC03 -

0 274 

None 274 

None 287 

None 225 

Cl· so4 = 

30.9 119 

29 614 

73.8 1 585 

192 852 

113 758 

111'. 8QJ 

517 883 

1,030 965 

1,192 1.001 

317 893 

174 858 

666 .&61 

38.7 3,235 

36.6 13 164 

460 351 

Cl- so,.= 

143 400 8 880 

164 000 5 880 

155 000 16 910 

_70 Rnnl f. . 'lRn 

so .. = 

Dia- D Sodiun !em· M. 11 . 1' 
Lob Well Sampling Flow EC•IO• solved en- Adsorp peral--- 'l 1grams per 1ter 

o.. pHo S . sity . pHc ture ~ 
No. No. Dote (t\25... o/llds I tiOn 0 co++ MgH No+ K + co : HCO - Cl- so : 

gpm Il!g 1 g cc Ratio F a 3 4 

USBR Test Well 
(See Map 1294-400-21 page 13 for location) 

21805 lE 6-14-77 19UJOC 6.5 267.60( 1.16L 404 57 1,440 1,610 93,840 4,850 0 160 150.,500 9,690 

21807 2E 6-16-77 197,00( 7.1260,50(1.16 397 61 1,500 1,562 92,000 4,540 0 102 149,100 8,990 

23525 3E 9-14-77 75 2161lQ£ 256..60(1.161422 57 1 420 1,600 97,500 4 850 0 142 153,300 6,580 

23526 4E 9-21-77 102 220.00( 256.60(1.16~379 59 13602ll0957004,850 0 113153,3007,100 

23817 5E 9-28-77 90 2ND0( 7 5 26 l..P9( 1.16E 403 1 360 1 710 94 800 5 000 0 184 150 ,500 7, 200 

23818 7E 10-ll-77 32 22:31)0( 7.5278,90Cl.17E 417 57 1,2401,960101,200 5,790 0 182 160,500 7,150 

23819 BE 10-13-77 82 1232,000 7.5i282,DOO!l.164 409 61 1,400 1,620 94,800 5,000 0 156 ll53,400 6,910 

22874 3W 7-15-77 90 ~11))00 i2s6,10CU.l64410 54 1 380 1,670 95,700 5 000 0 63 1153,400 6,380 

23527 4W 9-2-77 51 bt9.000 b56.J)OCU.162 387 55 ~00 1,920 94,800 5,000 o 199 153,300 6,770 

22876 7W 8-24-77 10 tno,ooo b57.iJOCl.l64 397 1.100 1,950 94,800 5 320 o 87 15o.soo 6,190 

22870 2ClA s-26-77 380 tzoo,ooo 2Ss,oocl.l83422 1200 z.17ollos8oo s 940 o 137 176,ooo 7,490 

22872 23A 8-3-77 240 t209DOO 255.00(1.163 407 1 420 1.630 94 800 4 850 0 158 147 700 6 910 

Equivalent Weights 20.0 12.2 23.0 39.1 30.0 61.0 3!5.5 48.0 

!/ Samples taken from sprinkler head. 
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A sample taken from an open pit approximately 0.5 mile east of the 
river contained 117.500 mg/1 TDS with a large percentage of the TDS be­
ing sodium chloride, indicating that brine remains near the surface in 
East Paradox Valley. Seepage flow into the Dolores River in the submer­
gence area contains brine in the range of 250,000 mg/1. The brine in 
wells near the Dolores River that taps the brine aquifer has a salt con­
tent in the range of 252,000 to 296,000 mg/1 TDS. 

On a field trip to Paradox Valley, personnel from the Geological Sur­
vey collected a brine sample from a seep adjacent to the Dolores River in 
the lower portion (center of sec. 9, T, 47 N., R, 18 W,) of the brine 
seepage area for chemical analysis at the Geological Survey laboratory in 
Reston, Va. Results of the analysis are given in Table 9. It reported 
no other trace metals other than those reported could be detected using 
the atomic adsorption method and selenium could not be detected using the 
colorimetric metbod, An analysis of a hydrochloric acid extract of the 
sediment that had collected on the river bottom in the brine seepage area 
indicated the presence of iron, copper, a trace of zinc, but no cadmium, 
nickel, or cobalt. The sediment was mainly medium- to fine-grained quartz, 
with coatings of iron sulfide. 

Table 9 
Chemical analysis of brine seep 

in Paradox Valleyl/ 

Constituent 
Sodium 
Chloride 
Potassium 
Calcium 
Magnesium 
Bicarbonate 
Sulfate 
Sulfide 
Iron (total) 
Fluoride 
Boron 
Phosphate 
Silica 
Manganese 
Total dissolved solids 
pH 
Density 

Total 
(mg/1) 

80,600 
125,500 

4,060 
1,260 
1,360 

224 
4,980 

1.5 
.1 

5.3 
7.4 

.1 
123 

2.2 
220,200 

7.2 
1.141 

!/ Collected and analyzed by Geological 
Survey. 

A sample of the brine was also taken from Test Well No. 1 (23CX) and 
sent to the chemistry laboratory at the Engineering and Research Center 
for heavy metal analysis, Results of the analysis are presented in Table 
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WATER QUALITY 

10. A theoretical composition·of the brine is given in the photograph 

below. 

Table 10 
Chemical analysis of Paradox Valley Well No. 1 

(D.H. 23CX) •. Collected March 19, 1975, Chemistry 
Laboratory No~ D4367 

Lead (mg/1) 
Iron 
Strontium 
Zinc 
Cadmium 
Manganese 
Chromium 
Nickel 
Copper 
Lithium 
Sulfide (S=) 
Oil in water 

Total 
(mg/1). 

2.90 
2.40 
2.30 

.62 

.47 

.37 

.26 

.23 

.22 

.13 
74.4 

1 

PARADOX· VALLEY UNIT 
-· -=-~~ ... ~. ~--.-· --. :-· ~-· -·-> 

SALT Vt.£tD .• 

1 GALLON $AU WATER 
' f 22t00o , .... , ' 

ANAlYStS 
.9GALL0f'('WAU1R 
2, 22 POUN,OS SAtf 

CHEMICAL. CONTENT 

t~t?a. s.tt 
hrUU.er . 
firltf>t'#<lfi"'9 Au-• 
Grpu1m. 
Etuom. $,oHJ< 

Li-

~!-~~':!!_ 
92.<1 

2.8 
1.8 
fA 
1.l 

.1 

•• 

Theoretical composition of brine. 
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The brines from both 7PX and Test Well No, 1 have been analyzed for 
oil content. A sample from 7PX was collected and sent to the Engineering 
and Research Center for analysis during 1974. Brine from Test Well No. 1 
was analyzed for oil content in 1976. No trace of oil above a detection 
limit of 1 mg/1 was found in either sample. 

The brine from Test Well No. 1 was also analyzed for the presence of 
radioactivity. A gamma radiation measurement with detection sensitivity 
of 0.47 x lo-12ci/ml found no indication of the presence of gamma emit­
ting radioisotopes~ A measurement for total alpha and beta radiation of 
a dried sample gave a similar indication. Present data indicate that 
there is not enough radioactivity present in the brine to constitute any 
hazard, even through concentration by evaporation. 

Hydrogen sulfide gas is also associated with the brine, Bubbles of 
hydrogen sulfide gas can be seen surfacing anywhere in the river where 
brine seeps and springs exist. Anaylsis of brine samples that have been 
kept under pressure and not exposed to .the atmosphere has shown the brine 
to contain approximately 100 mg/1 of dissolved hydrogen sulfide gas. When 
the brine is pumped and discharged to the atmosphere some of the gas is 
released • 

Dry Creek Basin 

Sampling of the ground water in Dry Creek Basin (Table 11) has indi­
cated that the proposed Radium Evaporation Pond is underlain by fresh to 
slightly saline water. The major salts encountered in this ground water 
are sodium, sulfate, and bicarbonate. As described in the Radium Evapora­
tion Pond Section of Chapter IV, a quality monitoring system of eight 
wells would be installed before the construction of the proposed evapora­
tion pond. Monitoring would continue after its construction to substan­
tiate that no salt leakages occur. 

Unit Effects 

By preventing the annual inflow of 180,000 tons of salt, the unit 
would effectively remove about 90 percent of the salt now entering the 
Dolores River in Paradox Valley. This salt removal would be reflected 
downstream in the Dolores River and in the Colorado River below their 
confluence. The overall effect would be to decrease the salinity of 
the Colorado River at Imperial Dam. As Table 12 on page 56 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 variations 
would also be buffered downstream, since regulatory reservoirs on the 
Colorado River have reduced the seasonal fluctuations in flow • 
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CHEMICAL ANALYSIS OF GROUND WATER 

PARADOX VALLEY UNIT· 
DRY CREEK BASIN 
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EC x!O I P Ha solved ! Boron ;l•dsorpj Sa~- I Milligrams per liter 

((' 250C Solids[ p.p.m.' tion I pHc uratl01 
p.p.m_._.L_ - __ i..Ralio 1 jlndax l co++ 1 Mg .. ~~~-. J K• T~_o3; )'~c~3-f c1-

Ed Netherton Well in Dry Creek Basin 

Artesian well within the proposed Radium Evaporation Pond area 

74318.41 46?1_ 

sec. 8 2 T. 47 N. z R. 16 W. 

I_ 
I I l 26J 31 I_ §.11 I I I 117 17 5 149 8 

I 

Flowing well, Dry Creek Basin, southwest side of proposed Radium Evaporation Pond 
sec. 12, T. 44 N.~ R. 17 W. 
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Table 12 
Average annual unit effects on water quality 

(flow-weighted mg/1) 
Present With 

Location level unit 
Dolores River 

Above Paradox Valley 
Below Paradox Valley 
Below confluence with San 

Miguel River 
Colorado River 

Below confluence with 

264 
l/729 

l:./659 

Dolores River 11695 
At Imperial Dam 3/1,102 

No change 
255 

355 

665 
1,084 

WATER QUALITY 

Reduction 

No change 
474 

304 

30 
18.2 

1/ 1971-76 historical average. 
Z/ 1974-76 historical average. 
}/ 1976 modified base condition--this assumes that all projects 

presently being constructed or near construction (final EIS filed) are 
a part of preproject conditions. 

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. 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). 

The reduction in the concentration 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 be­
cause of the dilution effect of high snowmelt runoff, the unit would im­
prove the quality of the river leaving the valley by 30 mg/1. During 
normal to low flows, however, this improvement could range from 5,000 to 
160,000 mg/1. Overall, the water quality of the river would be about the 
same just below the valley as it is just above. West Paradox Creek and 
irrigation return flows would still contribute small amounts of salt. 

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 
River . 
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UNIT PLAN AND DESIGN 

Brine Well Field 

Pump testing 

In 1973 Test Well No. 1 (DH-23CX on General Investigations Map on 
page 13) was drilled to a total depth of 300 feet, penetrating through 
100 feet of lenticular river deposits and 200 feet of the brecciated gyp­
sum cap of the salt dome. Pump tests were conducted in October and De­
cember 1973 in two.brine producing aquifers consisting of the alluvial 
zone of sand, silt, and gravel deposits and the underlying zone of frac­
tured gypsum breccia. Data from these tests gave hydraulic aquifer char­
acteristics as sununarized in Table 13. Because of the short test dura­
tion (48 hours) and the small area monitored during the tests, the data 
were insufficient to design a full-scale well field. Later pump tests 
have shown that the permeabilities in the deep, coarse gravel deposits 
just overlying the gypsum cap are low and that the permeabilities in the 
gypsum breccia are very low. Possible leakage around the casing from the 
sand and gravel zone to the deep zone could have influenced the pump test 
involving the deep zone and given incorrect results. 

In 1975 NX core holes were drilled to locate sites for test wells 
which could be used to investigate the possibility of pumping brine from 
the residual gypsum breccia cap of the s·al t dome. Two of the sites were 
selected for proposed test well locations (Test Wells 2 and 3). Drilling 
the test wells was accomplished by drilling and advancing a 20-inch­
diameter steel casing through the alluvium and drilling open hole in the 
gypsum breccia zone. Pump chamber casing and 200 feet of fiberglass rein­
forced plastic screen were placed in each well. Upon developing each 
well, it was found that Test Well No. 3 would produce less than 10 gal­
lons per minute and Test Well No. 2 would produce approximately 30 gal­
lons per minute. In addition to drilling the new wells, Test Well No. 1 
was modified so only the deep aquifer could be pumped. 

A 34-day aquifer test was conducted, utilizing Test Wells 1 and 2, 
and the results of the test from selected observations wells are listed 
in Table 13. In addition to observing the ground water system, the elec­
trical conductivity at several locations on the river was also monitored 
for change in river salinity. Brine from the wells pumped during the test 
was piped to a temporary storage pond located at the lower end of the 
valley. Results from the test indicated that permeabiJities in the gyp­
sum breccia were very low, the amount of brine required to affect the 
brine aquifer could not be obtained from pumping from the gypsum breccia 
zone, and that pumping from the alluvium aquifer is the best alternative. 
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Table 13 
Hydrau1ic aquifer sb•racteristics 

Test Well No. 1 
Alluvial aguifer 

Date 
• 12-17-73 to 12-19-73 
• 63 feet to 98 feet 

Perforated zone 
Pumping rate 
Length of test 
Maximum drawdown 

• 600 gallons per minute 
• 48 hours 

in test well • 26.39 feet 

Maximum drawdown in DR 6PX 
DR 7PX 
DR 8PX 

• 7.87 feet 
• 10.24 feet 
,. 4.54 feet 

Well and 
piezom­
eter 

DR 6PX 
DR 7PX 
DR 8PX 
DR 19BCX 
DR 6PX 
DR 7PX 
DR 8PX 
DR 19BCX 

Well and 
piezom­
eter 

DH 6PX 
DR 7PX 
DR 8PX 
DH 19BCX 
DR 6PX 
DR 7PX 
DH 8PX 
DH 19BCX 

Well and 
piezom­
eter 

DR 2Wl-l 
DR 2Wl-2 
DR 2W2-2 
DR 2El-l 
DR 2E2-2 
DR 1C4-2 

Tranmis­
si!ity 

(ft /min) 
3.35 
2.94 
4.20 

10.32 
2.82 
3.23 
3.07 
6.94 

Stora­
tivity 

3.89xlo-3 
3.04xlo-4 
3.64xlo-3 

l.03xl0-3 
5.37xlo-3 
3.07xlo-~ 
5.45xl0-
1.46xl0-3 

Method of solution 
Jacob's approximation 

Distance drawdown 

Test Well No. 1 
Gypsum cap aquifer 

12-4-73 to 12-6-73 
Date 
Perforated zone 
Pumping rate 
Length of test 
Maximum drawdown 

= 229 feet to 280 feet 
300 gallons per minute 
48 hours 

in test well= 63.70 feet 

Maximum drawdown in DR 6PX 
DR 7PX 
DR 8PX 
DH 19BCX 

6.45 feet 
4.42 feet 
2.50 feet 
1.21 feet 

Tranmis­
sivity 

(ft2 /min) 
2.17 
3.19 
4.30 
9.65 
1.83 
2.58 
3.12 
5.13 

Stora­
tivity 

2.2lxlo-3 
6.9lxlo-4 
5.86xlo-3 
9.43xlo-4 
2.8lxlo-3 
5.17xlo-4 

8.30xlo:~ 
1. 35xl0 

Test Well No. 1 

Method of solution 
Jacob's approximation 

Distance drawdown 

Gypsum cap aquifer 
1-15-76 to 2-18-76 Date 

Perforated zone 
Pumping rate 
Length of test 
Maximum drawdown 

Maximum drawdown 

Transmis­
sivity 

(ft2/min) 
2.311 
4.345 
3.323 
1.579 
4.383 
1.103 

229 feet to 280 feet 
190 gallons per minute 
34 days 

to test well = 69.58 feet 

in DR 2Wl-l 5.78 
DR 2Wl-2 5.94 
DH 2W2-2 = 2.37 
DR 2El-l 3.54 
DR 2El-2 1.23 
DR 2E2-2 .25 
DR 1C4-2 4.83 
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Stora­
tivity 

6.852xlo-3 

s.B89xlo-4 
9.584xlo-4 
4.579xlo-4 
4.757xlo-4 

feet 
feet 
feet 
feet 
feet 
feet 
feet 

Method of solution 
Jacob's approximation 
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The hydrographs presented in Chapter II for Observation Wells 6PX, 7PX, 
and 8PX show that by pumping from the brine aquifer the potentiometric 
head of the brine can be lowered in relation to the overlying freshwater 
zone, and therefore the freshwater-brine interface can be lowered. 

Brine production wells 

The Paradox Valley Unit would be designed to control salinity by 
pumping brine from a well field located on both sides of the Dolores 
River. Initially the well field would consist of 18 production wells 
with 10 wells on the west bank and 8 on the east bank. The wells sur­
round two brine producing areas--one in the center of section 16 (upper 
area) and one in the center of section 9 (lower area)--where investiga­
tions indicate the major portion of brine is entering the river. (See 
Figure 16 on page 32.) There would be 13 wells surrounding the upper 
area and 5 surrounding the lower area. Additional wells would be con­
structed if it is determined after the field has been put into production 
that they would improve the efficiency and economics of well field opera­
tion, 

All the wells except one would be designed to pump from an alluvi.al 
aquifer consisting of fine sand and gravel. Depth of wells in the allu­
vium would vary from 48 to 77 feet. One well would be drilled into the 
residual gypsum cap to a depth of 155 feet in order to pump from a cavity 
at 133 to 140 feet and intermittent small cavities from 140 to 150 feet. 

The wells would have a total diameter of 20 inches with pump chamber 
casings having a diameter of 12 inches, the lower 15 to 40 feet of which 
would consist of commercial screens made from one of three materials-­
Type II polyvinyl chloride, epoxy filament wound fiberglass, or stainless 
steel~ Gravel pack would be placed around the casing for its entire 
depth, both for stabilization and for excluding fine sand from the well. 
Table 14 gives the details of the wells that were installed as a part of 
the design data collection program. (See Figure 22 for typical test well 
installation.) 

The well casing, which would extend 4 feet above the ground, would 
have a concrete pad around it at the ground surface and would be housed 
in a protective structure to prevent damage from floods and vandalism. · 
The structure would have a removable roof in order to pull the pumps for 
repairs. Each pump would have an electrical control panel and would have 
observation pipes where the water levels, both inside and outside the 
well casing, could be measured. Each well would also have a pressure con­
trol valve, a manually operated control valve, a check valve, a flow­
meter connection, and sampling taps to sample the quality of brine being 
pumped. The operator would be able to control the pumping rate and each 
well would have a demand meter to record power consumption. Power con­
sumption records would be used to determine when the pumps need servicing 
or replacing. Design of the pumps will be determined during the design 
data collection program. 
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Table 14 
Test well design specifications 

PumQ chamber casing Well screen 
Well Length Diameter Length Diameter Type of 

No. (feet) (inches) (feet) (inches) materiall/ 
lE 45 12 30 12 PVC 
lW 45 12 30 12 PVC 
23(A) 45 12 30 12 PVC 
2E 40 12 40 8.39 FRP 
zw 43 12 30 12 PVC 
3E 43 12 25 8 Wire wound • 3W 35 12 30 12 PVC 
4E 36 12 20 8.39 FRP 
4W 41 12 15 8 Wire wound 
5E 41 12 35 12 PVC 
sw 45 12 30 12 PVC 
6E 59 12 20 8 Wire wound 
6W 40 12 35 12 PVC 
7E 40 12 40 8.39 FRP 
7W 42 12 20 8 Wire wound 
8E 36 12 15 8 Wire wound 
lOW 43 12 30 12 PVC 
2Cl(A) 20 No screen 

l./ PVS--Type II polyvinyl chloride. 
FRP--epoxy filament-wound fiberglass. 
Wire wound--wire-wound stainless steel . 
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Collection system 

Buried pipelines on each side of the river would collect the brine 
from each well and convey it to the Hydrogen Sulfide Stripping Plant. The 
line on the west would cross the river near Well No, lE and connect with 
the line on the east side. The connection at each well site would be 
equipped with a pressure regulating valve so if any one well were to shut 
down, it would not affect the total system. 

The collected brine would then be conveyed to the stripping plant 
in a buried pipeline. The diameters of the pipelines will vary, depend­
ing on their location in the collection system. The pipeline running 
from the well field to the stripping plant will be approximately the same 
size as the pipeli.ne running to the evaporation pond (i.e., 15 inches in 
diameter). Exact sizing of the pipeline will be de~ermined after the de­
sign data collection program is completed. 

Ground water monitoring wells 

A network of ground water monitoring wells has been installed dur­
ing a series of drilling programs (see Chapter V). These observation 
wells are located near the brine production wells on both sides of the 
river and would be used to determine the effects of the pumping on the 
water table, the freshwater-brine interface, and the brine movement in 
the aquifer. The information obtained from the observation wells would 
be used to establish effective pumping rates and patterns for the produc­
tion wells. 

The monitoring system contains two types of wells. The first con­
sists of shallow wells, generally about 20 to 25 feet deep and 1.5 inches 
in diameter, with PVC casing well screens placed between depths of 10 and 
25 feet to allow ground water to enter the casing. Electrical conductiv­
ity meters could be lowered into the wells, and the conductivity measured 
periodically to determine the approximate depth of the fres~water-brine 
interface. A total of 39 of these wells of this type has already been 
drilled, and an undetermined number would be added as needed during the 
data collection program. 

The second type of wells consists of 26 wells drilled to an average 
depth of about 225 feet and 3 drilled to about 300 feet. Each well con­
tains two or three pipes of different lengths, with each pipe perforated 
in a different zone to allow ground water to enter from that point in the 
aquifer. The area between the perforated portions is permanently grouted 
to prevent any mixing of water from the various zones. Figure 23 on the 
following page shows a typical monitoring well installation. 

Each of the 26 wells drilled to 225 feet contains 3 pipes. One pipe 
has an average depth of 25 feet and is perforated from 5 to 25 feet deep 
for use in observing the water table and, with electrical conductivity 
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Ground Surface 

104M--- Observation Pipe no. 3 

Alluvial Material 

Permanent Grout 

TYPICAL MONITORING WELL INSTALLATION 
FIGURE 23 

63 



• 

• 

• 

CHAPTER IV UNIT P~ AND DESIGN 

meters, in locating the freshwater-brine interface. The second pipe is 
a piezometer extending to a depth of between 56 and 120 feet to the base 
of the alluvial aquifer, with the lower 5 feet perforated, By measuring 
how high the water entering the pipe is forced above the perforated sec­
tion, the ground water pressure head in this patt of the aquifer can be 
determined. The third pipe, extending into the gypsum bedrock that forms 
the residual cap of the salt dome, has a depth of from 215 to 225 feet 
and is perforated for the lower 5 feet. This pipe is also a piezometer, 
with measurements of the water elevation indicating the ground water 
piezometric head. 

The remaining three wells, drilled to a depth of 300 feet, all con­
tain a water table observation pipe about 25 feet deep and two have a 
piezometer pipe between 285 and 300 feet deep. The other well contains 
a piezometer pipe about 60 feet deep. Seventeen other wells in the val­
ley that were drilled during earlier exploratory investigations are also 
being monitored. 

During both the pumping tests and long-term operations, these wells 
would indicate changes in the ground water system near the river. The 
shallow wells and pipes would be used to meas~re the lowering of the wa­
ter table and the freshwater-brine interface, while the piezometer pipes 
would be used to evaluate pressure changes at deeper zones in the aquifer 
which would indicate changes in ground water movement. 

The well casings extend about 3 feet above the ground surface and 
were constructed with steel caps to prevent debris from entering and to 
discourage vandalism. All of the water table wells and piezometer pipes 
are read periodically to monitor water level changes. Some of the wells 
would have continuous recorders installed to monitor and record changes 
in the ground water system. Using the data from the observation wells, 
the well field operator would be able to adjust the pumping rate at any 
site and thereby operate the well field in an effective manner, minimiz­
ing pumping freshwater from the wells. 

River monitoring system 

To determine the overall effectiveness of the brine removal, the 
river would be monitored on a continuous basis at several locations. The 
five electrical conductivity meters described in Chapter III would be 
used during the design data collection program and during unit operation 
to monitor the electrical conductivity of the water in the river where 
it enters the valley, both upstream and downstream from the brine emerg­
ing areas and where the river leaves the valley. During servicing of the 
salinity meters, water samples would be taken and analyzed in the labora­
tory to determine the types and amounts of salt that are in the river wa­
ter. The results of the samples would also be used to keep the meters 
calibrated. Streamflow gaging stations, both above and below the valley, 
will be maintained to keep a record of the flow entering and leaving the 
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valley. Water samples taken each week at the two gaging stations would 
be used to substantiate the accuracy of the meters and to measure the 
change in the chemical makeup of the water in the river, 

Flooding in well field 

The well field would be susceptible to flooding during high runoff 
years; water depths and velocities in places other than the river, how­
ever, will be low~ Flood studies done in the valley indicate that the 
maximum water level in the well field area during the 100-year flood 
would be less than 4 feet. Facilities in the well field would be pro­
tected against flooding. The frequency flood peaks are shown in the fol­
lowing tabulation. 

Frequency 
(years) 

5 
10 
25 
50 

100 

Peak 
(cfs) 
6,700 
8,800 

11,600 
13,900 
16,400 

Design Data Collection Program 

The feasibility estimates used in the Definite Pl&n Report and the 
Environmental Impact Statement are based upon the extreme condition that 
5 cfs of brine with a salinity of 260,000 mg/1 would be pumped constantly 
during the 100-year life of the unit to control the brine inflow to the 
Dolores River, Such an operation is unlikely, however, since only about 
0,9 cfs at that concentration is enough to produce essentially all the 
198,000 tons of salt that is now entering the river each year from ground 
water, 

If it were ultimately necessary to pump at this rate and concentra­
tion, six times more salt would be pumped than the amount entering the 
river. Although it is unlikely that this would be necessary, insuffi­
cient data exist to select a design rate. Contributing to the uncertainty 
is the lack of a complete understanding of the aquifer and recharge 
source; the need to remove a large reservoir of brine around and beneath 
the river to lower the freshwater-brine interface; and the possibility 
of pumping inefficiencies and, therefore, the need to mine some salt to 
achieve the desired results. For these reasons, it was decided to use 
the extreme condition for the designs and estimates in the Definite Plan 
Report and the Environmental Impact Statement. 

The Bureau of Reclamation is now conducting a design data collection 
program which is scheduled for completion in 1979. The purposes of the 
program are to test a well field that would effectively lower the 
freshwater-brine interface and reduce the brine inflow to the river; to 
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determine a design pumping rate for each well and for the entire well 
field; and to determine the final design capacities of the Hydrogen Sul­
fide Stripping Plant, brine pipeline~ pumping plants, and evaporation 
pond, 

As part of this program 18 brine production wells were drilled, and 
short, 8-hour pump tests were conducted during the summer of 1977. Start­
ing in 1978 and continuing for approximately 1 to 1~ years, all 18 wells 
and combinations of them will be pumped. The brine will be conveyed 
through a temporary pipeline to a temporary storage pond on the north 
side of the valley, west of the river. During the pump test, the ground 
water monitoring wells will be used to evaluate changes in the ground wa­
ter system. Using the data obtained from the observation wells, the pump­
ing rates of the wells will be adjusted as necessary to determine the most 
efficient pumping rate and pattern. Measurements in the monitoring wells 
will include water level readings to measure pressure variations and con­
ductivity readings to measure the location of the freshwater-brine inter­
face. Upon completion of the design data collection program, it is con­
templated that the 18 existing production wells and the temporary pipe­
line would, with slight modifications, be converted to permanent operation. 

The river monitoring system with recording electrical conductivity 
meters, gaging, and sampling stations would help to assess the changes in 
streamflow and water quality that will occur as a result of pumping the 
brine. 

Environmental assessments and negative determinations have been pre­
pared for the various stages of this work in compliance with the National 
Environmental Policy Act of 1969. The Environmental Protection Agency 
has given its approval to proceed with the testing program. 

Radium Evaporation Pond 

Radium Evaporation Pond would be formed by a dam across a tributary 
of the West Fork of Dry Creek and a dike across a tributary of the East 
Fork of Dry Creek. These tributaries are normally dry except for short 
periods of spring runoff and during thunderstorms. The pond would have 
a total capacity of 93,340 acre-feet, with an inactive storage capacity 
of 62,060 acre-feet, a dead storage capacity of 6,040 acre-feet, a flood 
control capacity of 18,700 acre-feet, and a surcharge capacity of 6,540 
acre-feet. The pond storage allocations are sunnnarized in Table 15. The 
top of the inactive pool would be at an elevation of 6,333 feet and would 
have a surface area of 3,295 acres. The dam would have an outlet works 
at elevation 6,274 feet. The outlet works would be used primarily for 
safety and draining during construction and would be covered by precipi­
tated salt after a few years of operation. The basin is divided by a sad­
dle into two ponded areas, with the west basin having a capacity of 16,690 
acre-feet and a surface area of 1,200 acres and the east basin having a 
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Table 15 
7-1688 (2-72) 
Bure&u of Recl&m&tion RESERVOIR CAPACITY ALLOCATIONS • TYPE OF DAM Earthfill I REGION uc I STATE Colorado 

OPERATED BY Bureau of Reclamation Radium Evaporation Pond RESERVOIR 
CREST LENGTH 1_/ FT; CREST WIDTH 30 FT Radium DAM 
VOLUME OF DAM & Dike 2,500,000 CU YO Colorado River Basin Salinity PROJEr.T 

CONSTRUCTION PERIOD 6 years Control Point Surface DIVISION 

STREAMrrrihutarv to West Fork Drv Creek Paradox Valley UNIT 
RES AREA 3,754 ACRES AT EL 6,340. PlanninlZ STATUS OF DAM 
ORIGINATED BY: APPROVED BY: 

(Initials) (Code) (Date) (Initials) (Code) (Date) 

CREST OF DAM (without camber) EL 6.3~5 

t te, FREEBOARD 

• 

I I ....: ....: - 5 EI 
¢! - . cO nl 

6..34_Q_-- nl MAXIMUM WATER SURFACE EL +1, +1 I I I 

I I I I 

-~ 
SURCHARGE 

I ..-..1 0 1 o' a' 6,540 I A. F. 00101. \.01 ol 
I ,ex;_, r:l ..-...., TOP OF EXCLUSIVE FLOOD CONTROL EL 6..2.JJ_8 / 

EXCLUSIVE I 1'-'>1,.01 ~~I T 

_> 
FLOOD CONTROL 

I ,oo I 1001 lr-lt I 
I I I I I I I 18-700 A.F. 

I 
I I I I I I I I TOP OF JOINT USE EL -

z-' I 
,_,. 

I "'T l "1 

1 JOINT USE 
.c "r:::: l I I l]:;o l 
co ~ ~ I~ 1·o 1 USES: F .C. ____________________ A. F. 'iii nl .c ~ ~ I~ I g I TOP OF ACTIVE CONSERVATION EL J 
~ ~ n~ -rg- ,-u I 

} 
ACTIVE 

.a 11'1 u u Q) CONSERVATION 
G> - l 1 > I u > !9 ~ :;:; USES: A.F. E ~ ~ ~· :5~ Vt. TOP OFlN-ACT~V~ (2)- - - - - - - - - - -- ·- .. - . 

11'1 
EL 6,333 - fij, I I 

} 
.c INACTIVE -~ "iii I I 62,060~ Q) :1:: I A. F. .c I 
E I I • TOP OF DEAD EL 6_, 27 4 :s 
E I I 
")( 

I I DEAD 
nl 

:::!: I I 6~040 A. F. 
I ; ' I 

STREAMBED AT DAM AXIS EL 6..25.8... 
I 
I 

i LOWEST POINT OF FOUNDATION EXCAVATION EL _6_, 2,.1_3 __ 

CD Includes __ 2.,.4QO ______ a.f. allowance for_ JJ)Q. _year sediment deposition between 
streambed and EL _______ ,of which ________ a.f. is above El ______ -· 

® Established by _______________________________ 

REFERENCES AND COMMENTS: 

1-..1 Crest length of dam? 8 1 300 feet, 
Crest length of dike, 7,500 feet, 
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capacity of 5,920 acre-feet and a surface area of 592 acres. At an eleva­
tion of 6,316 feet, the two ponds would merge into one large pond. Be­
cause there would be no outlet works at the dike, the east basin is con­
sidered to be all dead storage (5,920 acre-feet). The west basin would 
have a dead storage of 120 acre-feet. 

Blanketing 

The major portion (83 percent) of the evaporation pond area is under­
lain by impervious Mancos Shale, which in some places exceeds 200 feet in 
depth. No blanketing or treatment would be needed in this area for a wa­
tertight pond. The other 17 percent of the pond area is underlain by Da­
kota Sandstone with a clay layer of varying thickness on top of the sand­
stone. In places,. the sandstone is exposed. It has been determined that 
about 640 acres will require a 5-foot, compacted earth blanket to elimi­
nate seepage. Figure 24 indicates the area to be blanketed. 

Sufficient ground water monitoring wells would be drilled adjacent 
to the pond to measure the water table, hydraulic pressure, and water 
quality, substantiating that brine was not seeping into the local ground 
water system. Tentative location of these wells is shown on l',igure 24. 
Two wells would be located immediately downstream from the dam on either 
side of the tributary to the West Fork of Dry Creek, and two would be lo­
cated just downstream from the dike on either side of the tributary to 
the East Fork. 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 contain one pipe 25 feet deep and another 
about 60 feet deep. The shallow pipe would have a screen from 5 feet to 
25 feet to permit observation of the water table, and the deep pipe would 
have a 5-foot screen on the bottom to measure the pressure head in the 
aquifer, Readings and sampling would be conducted monthly. 

Sedimentation 

The total sediment inflow to Radium Evaporation Pond would be 2,400 
acre-feet for the 100-year operational life of the project. The volume 
that this sediment would occupy is considered in the operation study as 
reservoir volume not available for precipitated salt. 

Inflow design flood 

The design annual inflow to Radium Reservoir is presented in Figure 
25 on page 70 and would have a total annual volume of 22,200 acre-feet. 
The inflow design flood consists of three events, the hydrographs for 
which are presented in Figure 26 on page 71. The first event is a 100-
year thunderstorm with a peak of 10,600 cfs and a volume of 890 acre-feet. 
This event is followed 24 hours later by the design thunderstorm event, 
which has a peak of 39,300 cfs and a volume of 5~020 acre-feet. A third 
flood event, representing the 50-year thunderstorm, follows the maximum 
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~ Blanketing area 

(!) Proposed ground water observation wells 

COLORADO RIVER BASIN SALINITY CONTROL PROJECT 
PARADOX VALLEY UNIT 

RADIUM EVAPORATION POND 8 BLANKETING AREA 

FIGURE 24 
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probable event by 24 hours. This event has a peak of 9,400 cfs and a vol­
ume of 750 acre-feet, The total 60-hour volume for inflow design flood 
is 6t660 acre-feet. 

Precipitation 

Two years of precipitation data ate available for Dry Creek Basin, 
with an average annual rate of 8.5 inches (see-Weather Station Summary 
Data in the Attachment Section on pages 169 to 173). The average annual 
precipitation for the same 2 years at Norwood, Colo., which is the clos­
est station with a longer period of record, is 12.1 inches. Natural vege­
tation near the two stations indicates that the rainfall at Dry Creek 
Basin is significantly less than at Norwood. For the operation study 
the ratio for the 2 years of record of 0.7 for the two stations was as­
sumed to be correct. The average annual long-term precipitation rate 
for Norwood is 14.9, giving a synthetic long-term rate of 10.4 for Dry 
Creek Basin. Table 16 shows the synthetically generated precipitation 
for Dry Creek Basin. 

Evaporation rate 

Two years of freshwater-pan evaporation data were available for Dry 
Creek Basin (1975 and 1976). For these 2 years, the average pan evapora­
tion was 55.2 inches compared to 42.1 inches at Montrose station where a 
long period of record is available (see Table 17 on page 74 ). The Radium 
Evaporation Pond site, located in Dry Creek Basin, is about 500 feet 
higher in elevation than Montrose, but there is considerably more wind 
in Dry Creek Basin that is normally from the southwest and very dry. 
These winds would maintain a low vapor pressure over the pond area much 
of the time. Because brine does not freeze, except at extremely low tem­
peratures, evaporation would go on throughout the winter months. For the 
Montrose station, the winter evaporation rates were filled in by use of 
a correlation with temperature. The synthetically derived average annual 
pan evaporation rate for Montrose, assuming no winter freezing, is 58.3 
inches for the 36-year data collection period. Because of the lack of 
sufficient data at Dry Creek Basin, it was decided to use this Montrose 
average in the operation study. This is a conservative estimate because 
if the proportion for the 2 years of concurrent data holds, the annual 
evaporation rate at Dry Creek Basin would be 76.0 inches. The evapora­
tion rate is not critical because even at the Montrose rate sufficient 
surface area is available during the later years of operation to evapo­
rate all accumulated brine and inflow. The critical factor for sizing 
the reservoir is the volume occupied by precipitated salts. 

To convert the freshwater evaporation rate to a brine evaporation 
rate, a reduction factor is used which varies from 1 to 0.71, depending 
on the percent of salt in solution. A revtew of available literature sup­
ported the use of 0.71 at saturation. The saturation concentration used 
was 29.2 percent salt, equal to that of Great Salt Lake brine at 
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• Table 17 
Pan evaEoration data 

Freshwater evaporation Brine evaporation 
(inches) (inches) 

Month 1975 1976 Average 1975 1976 Average 

Dry Creek Basin 
January 0.66 0.66 

February 1.35 1.26 1. 31 

March 3.19 2.81 3.00 

April 5.94 5.17 5.56 5.11 4.59 4.85 

May 7.55 7.69 7.62 5.55 4.83 5.19 

June 11.23 1/11.23 11.23 9.69 .!/9. 69 9.69 

July 10.44 l/10.44 10.44 7.22 !/7.22 7.22 

August 10.60 9.35 9.98 8.51 6.71 7.61 

September 6.49 6.02 6.26 5.40 5.41 5.41 

October 5.41 2.88 4.15 4.36 3.61 3.99 

November 2.40 3.10 2.75 

December .55 1.30 .93 

Total 57.66 52.78 55.24 53.33 51.19 52.61 
• 

Bedrock 
January 
February 
March 1.11 4.35 2.73 
April 6.11 7.26 6.69 
May 8.73 9.08 8.91 
June 11.01 12.87 11.94 
July 10.61 12.38 11.50 

• August 10.29 9.55 9.92 
Septembet 7.45 6.36 6.91 
October 5.54 4.57 5.06 
November 2.58 1.83 2.21 
December 

Totc:.1 63.43 68.25 65.87 

Montrose 
37-year 
average 
1940-76 

January 1. 32 
February 1.48 

March 3.59 
April 5.35 4.88 5.12 5.63 
May 5.98 6.08 6.03 7.71 

June 7.74 8.51 8.13 9.36 
July 7.62 !/7 0 62 7.62 9.29 
August 6.99 6.53 6.76 7.59 
Septembe1~ 4.87 4.02 4.45 5.73 
October 3.66 2.75 3.21 3.56 
November 1.56 1. 76 .78 1.67 
December 1.32 

Total 43.77 42.15 42.10 58.25 

1/ Data used from previous year . 

• 
74 



• 

• 

• 

CHAPTER IV UNIT PLAN AND DESIGN 

saturatton • ..!/ After a few years of operation, the constituents of salt 
in Radium should be in similar proportions to those found in the Great 
Salt Lake. !:../ 

Operation study 

A eomputer model was used to simulate the operation of the evapora­
tion po~:td over its 100-year life. A computer printout with accompanying 
column descriptions is included in the Attachment Section on pages 82 
through 102. For the purpose of the operation study, 5 cfs of brine at 
260,000 mg/1 were assumed to be pumped constantly for the entire 100 
years. The use of this assumption for the sizing of project facilities 
is based on the extreme condition. Upon completion of the design data 
collection program in 1979, the operation study will be redone with a 
more accurate flow rate and salinity concentration. Sizing estimates 
will tl:.en be revised, and Radium Evaporation Pond will, undoubtedly, be 
reduceC. in size. 

In the operation study, Pond 1 is the west basin, which was de­
scribed earlier. It would fill and spill over into Pond 2 (east basin) 
after about 6 years of project operation. Pond 2 would need an additionql 
3 years to fill, at which time, the two ponds would merge into Pond 3.11 
After <:.bout 30 years of project operation, the pond would have sufficient 
surfaCE! area so that the average annual evaporation would exceed the av­
erage annual inflow. From about the 75th year to the lOOth year, the 
pond would consist of only precipitated salt during some months of each 
year. Based on a constant 5 cfs inflow, the pond would have its entire 
inact~re storage capacity (68,100 acre-feet) fill~d with precipitated 
salt a::ter 100 years. 

After 100 years of operation, the brine inflow would be discontinued. 
Because the total capacity of the reservoir would be 86,800 acre-feet, 
18,760 acre-feet of capacity would be available fQr annual natural in­
flows. The design annual natural inflow of 22,200 acre-feet ~auld be 
stored with a total evapora~ion duririg thai year of 3,500 ~cie-feet~ The 
average annual natural inflow would increase throughout the life of the 
unit as the surface area and, hence, the rain on the pond surface in­
creased (100 percent of the rain on the pond surface is considered as 
naturc::.l runoff, whereas only about 10 percent of the rain on the surround­
ing bc.sin would make it to the pond because of evapotranspiration). After 

~~I Saturated Vapor Pressures Over Great Salt Lake Brine, Don R. 
Dickson, John H. Jepsen, and J. Vern Hales, Journal of Geophysical Re­
search, Vol. 70, No. 2, January 13, 1965. 

-~/ A Thermody~amic Model of the Paradox Valley Unit Brine, Depart­
ment of Soil Science and Biometeorology, Utah State University, February 
1977 . 

.~/ Pond 3 includes Ponds 1 and 2. 
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100 years, the average annual inflow would be approximately 3,600 acre­
feet, compared to an average evaporation potential of about 8,000 acre-

feet. 

For safety purposes, a 50-cfs spillway would be provided at the top 
of the flood control pool, which, along with a 1.8-foot surcharge with a 
capacity of 6,540 acre-feet, would be sufficient to pass the inflow de­
sign flood. It is not anticipated that this spillway would ever have to 
be used because of the flood storage capacity that would be available af-
ter the 100-year life • 
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INVESTIGATIONS 

Feasibility investigations were initiated in 1971 to study control 
methods of preventing salt from entering the Dolores River. After gath­
ering available information from literature, maps, and drill logs, a re­
sistivity survey was conducted along the river in April 1972 to locate 
subsurface anomalies for guidance in planning initial exploratory drill­
ing. Unfortunately, the area surveyed contained a brine layer of very 
low resistance at a depth of about 10 feet which prevented penetration 
of the electric current. There were also lateral changes in resistivity, 
which produced irregular curves, making interpretation difficult. Infor­
mation deduced from the soundings, however, was used to confine the ex­
ploratory drilling to the expected problem area. A copy of the resistiv­
ity survey is on file in the Durango Office. 

Surface Water 

As described in Chapter II, stream gaging and water quality sampling 
stations were established in 1971 at three locations--the Dolores River 
at Bedrock,Colo,; the Dolores River near Bedrock, Colo.; and West Paradox 
Creek above Bedrock, Colo. In addition, as discussed in Chapter III, 
five electrical conductivity meters were placed above, in, and below the 

.area of emerging brine to continuously record changes in salinity. 

Exploratory Drilling 

Based on information obtained from field surveys, the resistivity 
survey, and a study of existing well logs, a drilling program was initi­
ated. The locations of the wells discussed in the following section can 
be seen on the location map in Chapter I. During the summer of 1972, 
five core holes (DH lPX-DH 5PX) located along the eastern limit of the 
river meander course were drilled using NX-sized (3-inch) core drilling 
equipment. Depths ranged from 74 feet to 200 feet and extended into con­
solidated portions of the valley fill. The core holes yielded informa­
tion confirming shallow overburden, a shallow saline water table, and a 
brecciated gypsiferous formation below the overburden (see logs in the 
Attachment Section). 

A more comprehensive exploratory drilling program was accomplished 
in late 1972 and included holes on both sides of the river. Twelve holes 
(numbered DH-CX) were drilled usi.ng a 6-inch rotary drill ranging in depth 
from 69 feet to 240 feet. Data obtained from this drilling .included 
drillers' logs, material samples, drill fluid samples, and readings of 
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natural salinity and hydrogen sulfide gas, Perforated casings were in­
stalled in all drill holes for future water level readings and chemical 
sampling. 

Information obtained from this drilling indicated a freshwater zone 
near the river from 1 to 20 feet below the ground surface extending to a 
maximum depth of about 100 feet to the west of the river. The major fresh­
water zone overlies brine in the valley fill along the west side of the 
river and is wedge shaped with the maximum thickness upriver and to the 
west along West Paradox Creek and tapering toward the river, The river 
deposits on the east side of the river are variable, but generally shal­
low, and contain only small amounts of freshwater overlying brine, In 
the river channel, the brine interface surfaces sharply about midvalley. 

In January 19j3, three core holes were drilled into brine producing 
aquifers (DH 6PX, DH 7PX, and DH BPX) and a test well (DH 23CX-Test W~ll 
No. 1) to test the aquifers. The core holes were drilled with NX core 
drilling equipment. DH 7PX was drilled to a depth of 470 feet, DH 6PX to 
a depth of 192 feet, and DH BPX to only 85 feet. Two piezometers and a 
water table observation pipe were installed in DH 6PX and DH 7PX with the 
piezometers measuring piezometric head at different levels. Because of 
flooding during the drilling operation, work on DH BPX was stopped prema­
turely. The NX drill casing was left in DH 8PX and only the piezometric 
head of the zone at 84 to 85 feet can be measured. A water level recorder 
was placed over the pipe at DH 8PX to record water level changes, and a 
water table observation well was placed near DH 8PX. 

Test Wells 

As discussed in Chapter IV, in 1973 Test Well No. 1 was drilled to 
a total depth of 300 feet, Test Wells 2 and 3 were drilled in 1975 into 
the residual gypsum cap, and 18 test wells were drilled in the summer of 
1977. 

Observation Wells 

Based upon data obtained from the initial drilling and the geologi­
cal investigation, a ground water observation network described in Chap­
ter IV was designed with lines of piezometers parallel and perpendicular 
to the river. The ground water observation network was installed during 
the summer and fall of 1975 and included piezometers at 27 sites. The 
sites were numbered 1Wl-2C4 on the west side and from 2El through lOEl on 
the east side. A 6-inch hole was first drilled to the top of the gypsum 
and then a 4~-inch hole was continued to a maximum depth of 225 feet. 
Problems prevented drilling to the desired depth in two holes. Piezome­
ters were installed in each hole with one tip placed at the bottom of the 
hole and a second tip placed just above the gypsum cap in the course 
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gravel zone, A water table observation pipe to a depth of 25 feet was 
also placed at each site. 

Pilot Holes 

In October 1976, 18 pilot holes were drilled using a hammer drill at 
proposed test well sites, Locations can be seen on the Investigations 
Map on page 13. Data obtained from this drilling include the following. 

1. Depth to water 
2. Approximate depth to the freshwater-brine interface 
3. Samples of aquifer material for mechanical analysis 
4. Approximate locations of permeable brine producing aquifers 
5. Depth to top of salt cap (gypsum breccia) 
6. Samples of the brine encountered 

These pilot holes were used in the design of the 18 production wells. 
Only 16 of the sites, however, were later used for production well sites. 
Test wells 23A and 2ClA are the two additional wells. The locations are 
shown on the General Investigations Map on page 13 . 

Evaporation Study and Weather Stations 

To evaluate evaporation and other climatological parameters in the 
project area, two weather stations were established, one near Bedrock, 
Colo., and one in Dry Creek Basin. The stations were put into operation 
in January 1975 and are still functioning. The following tabulation 
lists the equipment in operation at each station. 

Weather stations equipment 
Minimum-maximum thermomterl/ 
Sling psychrometer!/ -
Standard-size Class A evaporation pan 
Anemometer 
Universal recording rain gage 
8-inch nonrecording rain gage 
Hygrothermographl/1/ 
Standard Class A evaporation pans 

filled with brine2/1/ 
ll Equipment is installed and 

maintained in a standard Weather Bu­
reau instrument shelter house. 

2/ Equipment is installed only 
at DtY Creek Basin station. 

3/ One evaporation pan filled 
with brine containing 260,000 mg/1 to­
tal dissolved solids is maintained at 
Dry Creek Basin station. 
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At both stations daily minimum and maximum temperatures are read 
from a minimum-maximum thermometer. At the Dry Creek Basin station, the 
temperatures are checked with readings obtained from a hygrothermograph 
chart which is changed weekly. 

Relative humidity is measured daily at each station by using a sling 
Psychrometer. At the Dry Creek Basin station, these readings are com­
pared and correlated with the reading obtained from the hygrothermograph. 

A weighting-type recording rain gage is set up at both weather sta­
tions. Charts on these gages are changed weekly. A wedge-type nonre­
cording rain gage is also set up at each station. These gages are read 
daily and are used to check the accuracy of the recording gages. 

Anemometers are mounted on the northwest corner of the evaporation 
pan platforms so that the vanes are 0.25 foot above the evaporation pans. 
Daily readings of elapsed cumulative nautical miles are recorded daily. 

The evaporation pans at the weather stations are the standard size 
Class "A" land pans set on platforms to allow free air circulation under 
them. Minimum and maximum temperatures of the water in the evaporation 
pans are obtained daily by using minimum-maximum mercury thermometers in 
the pans. The water level in the pans is read daily using a stilling 
well, which remains in the pan, and a hook gage. \-lith accurate observa­
tion the water level can be read to the nearest hundredth of an inch. 

In order to measure brine evaporation rates, one pan in Dry Creek 
Basin was initially filled with brine pumped from Test Well No. 1 in Para­
dox Valley. After the initial filling, freshwater was added when needed 
in an attempt to keep the brine pan filled and at nearly the same concen­
tration. During the high evaporation months, there was some precipitation 
of salt in the brine pan; however, this salt went back into solution when 
freshwater was added and the contents of the pan were mixed. Summaries 
of the weather station data are included in the attachments. 

Results from an evaporation study at the two weather stations for the 
2 years have shown an average freshwater pan evaporation rate of 65 inches 
at the Bedrock station and 55 inches for the Dry Creek Basin station. The 
average evaporation rate for a pan located at the Dry Creek Basin station 
containing brine (23 percent salt) was 53 inches. There are significant 
seasonal variations, with about 48 percent of the evaporation occurring 
during June through August and 85 percent occurring during April through 
October. 

As more data become available, the weather station information will 
provide an increasingly accurate estimate of evaporation and other clima­
tological parameters. This information will be very useful during t:1e 
design data collection program to help in the final sizing of unit facili­
ties and during unit operation to closely monitor evaporation at Radium 
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Pond. Besides being useful for unit operation, accurate weather data 
will provide assistance in the planning and design of similar projects • 
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RADIUM EVAPORATION POND 

Column Description for the Radium 
Evaporation Pond Operation Study 

The pumped brine inflow is considered to be constant at 5 cfs. The 
following properties of salt brine are assumed constant throughout the 
100-year operation study. 

Percent salt in the pumped brine 
Specific gravity of the pumped brine 
Percent salt in saturated brine 
Specific gravity of saturated brine 
Specifi~ gravity of precipitated salt 
Bulking factor 

22.3 
1.16 

29.2 
1.18 
1.436 
1.0 

A bulking factor is used to take into account increased volume when 
the precipitated salt is in hydrated form. For Paradox Valley brine, 
less than 5 percent of the salts fits into this category and, for this 
reason, a bulking factor of 1 was selected • 

Brine inflow (acre-feet).--The input for pumped brine is in cfs. 
The brine inflow to Pond 2 is that amount which overflows Pond 1. The 
salt content of the brine inflow to Pond 2 is the same as the salt con­
tent of Pond 1 during that month. 

Natural runoff (acre-feet).--Natural runoff is the volume of rain 
that falls directly on the reservoir surface plus the volume of runoff 
from the rain on the drainage area. The runoff is calculated from a cor­
relation between monthly rainfall records at Norwood, Colo., versus the 
monthly flow volumes at Dry Creek.l/ This correlation can be expressed 
by these empirical equations: 

where log 10 (runoff) 
rainfall = 

1.001+0.531 (rainfall) 
4,97 inches 

and runoff 
rainfall 

53.3 (rainfall) -221.3 
= 4~97 inches 

Thirty-two years of precipitation records at Norwood, Colo., and 2 
years of records at Dry Creek Basin were available. For these 2 years 
(1975 and 1976) the precipitation in Dry Creek Basin was 70, percent of 
that at Norwood. This proportion was used to generate 32 years of record 
for Dry Creek Basin and then used in a cyclic manner to generate 100 
years of precipitation data for the operation study. 

!/ Inflow Design Flood Study; Radium Damsite, Durango Colo~, Water 
Resources Branch, June 1974 • 
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Total inflow (acre-feet),--The total inflow is the sum of the brine 
inflow and the natural runoff for each month~ 

Evaporation (acre-feet),--The evaporation for any month is the prod­
uct ,Jf the monthly evaporation from a freshwater reservoir, Adam•s evapo­
rati~Jn coefficient,]) and the average reservoir surface area for that 
month. The monthly evaporation from a freshwater reservoir is calculated 
from data provided by the weather station at Montrose. The freshwater pan 
to freshwater reservoir evaporation ratio of 0.70 was used to arrive at 
the 40.8 inches of evaporation from a freshwater reservoir. Adam's evapo­
ration coefficient, 100.29 - [1~005 x (percent salt - 100)] ranging between 
1 and 0.71, adjusts the evaporation rate for varying salt concentrations 
in the brine. The evaporation column includes all volumes that leave so­
lution, which is ~he volume of water that evaporates plus the volume the 
precipitated salt occupied while in solution. 

End-of-month content (acre-feet).--The end-of-month (eom) content 
equa.ls the previous month's eom content, plus the total inflow, minus the 
evaforation, plus the month's salt precipitate. The annual sediment depo­
sition of 24 acre-feet a year is added to the eom content each December. 
Wher. both Pond 1 and Pond 2 are receiving inflow, the sediment is equally 
div:i.ded between them. In the case where Pond 1 is overflowing to Pond 2, 
the overflow is subtracted from the end-of-month content of Pond 1. 

End-of-month surface area (acres).--The end-of-month surface area is 
comfuted from the end-of-month content by interpolating between area­
capc.city data pairs that are input to the program. 

Content as a percent of capacity (percent).--The end-of-month content 
is d.ivided by the capacity of the pond under consideration to find the per­
cent of contents in the pond. 

Concentration of salt in solution (ppm).--The ppm is calculated for~ 
thre:e separate cases. , The f1-rst case is the most connnon. Whenever there 
is a. brine so~ution, the ppm/ is the weight of ~otal dissolved salts.._.di..,~ · . 
vide:d by the \veight of· solution... Case 2 occurs when the weight of s'olu~ 
tior. is zero, that is, when the solution has evaporated and only precipi­
tate:d salt remains in the reservoir. For this case, the ppm is set at 
the saturation level to eliminate any discontinuity. The final case oc­
curs when Pond 2 has no solution from the month before and only natural 
runc,ff for the present month's inflow. The ppm is set at 1,000,. Salt· 
will. precipitate out of solution at 292,000 ppm so the salt concentration 
will never exceed 29.2 percent. 

Month's salt precipitate (acre-feet).--The amount of salt that set­
tleE out each month is the total precipitated salt in the reservoir minus 

!/ Evaporation from Great Salt Lake, T.C. Adams, Bulletin American 
Meteorological Society, Vol. 15, No. 2, pp. 35-39, 1934. 
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the total precipitated salt in the reservoir from the month before. Wind­
blown or runoff sediment is never included in this calculation. 

Total salt precipitate (acre-feet).--The total weight of salt precipi­
tate in the reservoir is found by subtracting the total weight of salt that 
can remain in solution at saturation for that month from the total weight 
of salt in the reservoir. The volume of the precipitated salt is found by 
dividing its weight by 1.436 (the specific gravity of precipitated salt) 
and by 1,359 (the tons per acre-foot conversion factor) then multiplying 
by 1 (the bulking factor). Sediment is added to the total salt precipitate 
each December. If two ponds are in operation, the sediment is divided 
equally between them. Once the salt precipitates, it is assumed_ it will 
not return to solution. Therefore, the total salt precipitate will never 
be less than the month before. 

Salt precipitate as a percentage of reservoir capacity.--The percent­
age of salt precipitate in the reservoir is calculated by dividing the 
volume of the precipitated salt ~by the maximum capacity of the pond being 
considered . 
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......................... 
RRINE INFLOW C /oF): 
EVAPORAT10NCAFI: 

3618.98 
6190.37 

RADIUM EVAPORATION POND, 5 CFS 
EVAPORATION OPERATION STUDY 

100 YFAII ANNUAL AVEPAr.ES 

NHURt.L RUNOFF(Afl: 2"7!\,0P. 
SloL T PPFriPITATE C t.FI: t.50,43 

6197.06 

THE EVAPORATION PONO OPERATION STUOY WAS CARIITF.O OUT FOR 100 YEAPS, TliE FOLLOWING TNPIJT WloS AC:.SUMEO TO BE CONSHNT 
TliROUGMOlJT THE PUMPING PEP t 00: 

1 ·, PEPCFNT SALT CONTENT OF RR I NE Rf'l Nt; PUMPEC'l = 22,:! 
2, SPfCTFJC GRAVITY OF BRINE Bf!NG PUMPED " 1.16 
J, PERCENT SALT CONTENT OF SATURATFO RRINE = ?9,2 
4, SPECti'JC GRAVITY OF SATURATFO RRINF = 1,20 
S, SPFCTFIC GRAVITY OF PRECIPITATED RRTNF SALT = lo44 
6, T,C, AOMAS BRINE-FRESH WATEP f.VAPOPATTON COEFFICJE"NT AT SATURATION = ,Tl 

THE AVERAGE Jo40NTHLY EVAPORATION FROM A FRESH WATER RE"SFRVOJ'l IN FEET, 

MONTH JAN FER MAR APR MAY JlJN Jill SFP OCT NOV orr. 

,077 ,086 ,209 ,328 ,450 ,546 ,542 ,443 ,334 ,208 ,0'17 ,OTT 

THE MONTLY EVAPORATION FROM A FRFSii WATEI! RESERVOIR JS MULTlPLHll RY A FACTOR IUNGtNr. RfTWEEN loO ANO 0,70944 OF'PENOINC. 
UPON THE SALT CONTENT OF TliE RESF.I!VOJI!, THIS ADJUSTED VALUE FOR EVAPORATTO"' IS THEN MUL TtPLIEO RY THE .6VERAGE t.REA OF TliC:: 
RESERVOIR FOR THAT MONTH TO GIVE A MONTHLY f'VAPOPATION VOLUMF, 

THE FOLLOWING SHOWS THf' OISPOSITTON OF THE RFSERVOlR AT THE ENO fiF I 00 YFARS: 
CONTENT· AS SALT 

MU, MAXIMUM PERCENT OF I>PFCTPTTATF 
AREA CAPACITy CONTENT CAPACITY CONTF"'T 

3630. 86803, 68111. 78,'5 f,7442,5 

SALT PRECTPJTATF 
AS A PERI':F.NT OF 

RFSF.RVOIR CAPACITY 

77.7 

••••••• •••••** * o o oo ** •o••*•*q.*•••o o•ooo ••• o oo o-o o * • otto .. o ***••it:••••••••o•••••o • • * o • • tt fl• •••• *•.•••••••••••••••••••••••v,.o•••••••••••••• * 
* FNO 0.- f'NO OF CONTfNT • CfiNC!'NTPATION MfiNTii"S TOTAL SALT Pll!'rTP, 
* I!PJNF NIITUIIAL TOT ~L MONTH MONTii A«; " OF 5ALT IN SALT SALT AS A Pf:RrFIIIT 
" INFLOW R\JNOFF TNFlflW EVAP, CCINTF.NT SURFI>C:F. PfiiC:NT OF * «;l'ltliTION PIIFrtPtlHE PPECJP, l'lF IIF<;FIIV(llP 

YR. MO, " !AFI tAF) CAF! !1\F) (AF) ARFA I"AI>ACITY * !PPM) UFI CAFI I':AP~CTT't' 

******** oe-oa-****•*** a-a- o .a-o o • *it* o * ~oo * -o .a-o-a-6oo cto•o-•o•o** o-o •* • Otto .a-• * o ** -ct •.§o **-o-o--tt •~•••• •• ,.._. o ** ** • • • o • ••• * * ****11'******•••••• ••••••••• oo•• 
000-11-0 0 ****•*o*o-ooooO•-*tJoO ... ttOttOO<it-ltOOtt 0 tt ................................. .. PUMPED INFLOW TO POND I . IIIATllRAL IIUN(IFF TO I>ONO 1 . ;> .. 
-~tt 0 0 ............................. **** ......................................... 

ot:t•o*****"* .. I>ONO I .. ............ 
JAN JOT .4 14,8 322, ;> l, 7 320,5 53,(, 1.9 2l4926,f> o.n 0,1) ~.o 

FER ?77.6 1!,8 2111'1,4 5,1 Ml,ll 95,;> 3.6 217506,6 o,n n.n n, 0 
MAR 307.4 13,? 320,6 1!1 ,P. 903,6 110,6 5,4 2?0S65,t. o.n n.o n.o 
APR 297,5 16,9 314,1 3T ,5 11110,4 !59, 7 7 ,l 2?4554,1 0,!1 o.o 0,1) 
MAY 307 •• 2I,4 n11,1 61,0 144!1,1 IM,R 1>,1 ;>?<>61!.1 o.n o,o n,o 
JUN 2<17 .5 1,4 2<1A,Q A..J.P 1663,2 ?.OA,I 10,0 ?311350,6 o.o 0,0 o.o 
Jlll 307.4 4P.,I 355,5 91,1\ 1<1?7,1 233.P. 11.<; ~40612.5 o,o o.o ~.n 
AI)(; 307,4 12,4 31<1.1' 1'1?,5 2164,4 256,4 11,0 244'1?0 ,<; o,o o.o n,o 
SfP 297.5 5S,7 353.? 68.0 244'1,5 2P.3,n 14,7 2433S6, 0 o.o 0,0 

"· 0 or.r 307,4 41,11 34<1,1 46,5 275?.? ](lf>,Q 16,5 241471,1 o.o 0,0 n,o 
NOV ?<17,5 37 ,o 3~4,5 23,4 31)63,? 330,11 111.4 ?39758,5 o,o o,n n,tl 
DEC 307,4 30,8 331!,;> 20,2 3393,? 357.2 20,3 23M79, 7 0,0 12,0 ·' 

----------------------------------------------------------------------------------------------------------------------------------~-
TOTAL 3619,() 30?,3 3921,3 540,1 0.(1 

••o••••••• . I>ONO ? .. ............. 
JAN 0, 0 15,9 15,<1 ·" 1'5,<; 12.1 ,3 1000,0 o.o 0,0 0 .o 
HP. 0 .o '5,6 5.6 1.2 1Q,Q !5,5 .3 1000,0 o.o 0,0 n,o 
"'All n.o 6,6 1\,6 3. 7 22,11 17.A ,4 l ooo.o o.n 0,0 ~.o 

APR n.o 7,0 1 .o 6,3 21,5 I 1',4 .4 1000,0 o,o o,n n, r\ 
,..,.y o.o 8,0 A,O 11.6 ??,9. !7,Q ,4 1000,0 o.o o.o n,o 
JUN o.o ,2 .2 A,O l'i,l lloll ,3 1ooo.o o.o o.o n,n 
JUt o.o 1A,6 18.6 A,t. ?'i,O l9,f, ,4 1000.0 o.o 0,0 n,n 
,.\)(; o.o ,9 ·'~ 7,3 \P.,.., l4,c; ,3 tono.o o.o 0,0 0,0 
SF. I> n.o 19,5 19.5 6,5 31 .1'1 ?4. 7 ,5 1000,0 o.n 0, 0 n,o 
OCT n.o ll,4 11 ,4 5,6 37 ·" ?9,3 ·" 1000,1) o.n n,o n,n 
NOV 0 .o <1,? <1.? 3,n 43,7 14,? 0 7 I OOO,Il o.n 0,0 "·" DEC n.o 6,<1 6,<1 2,P. 5<1.<1 44,1 !.0 1 ono, n o.o 1?,0 ,? 

-----------------------------------------------------------------------------------------------------------------------------------
TOTAL o.o I O'l,A 1 OQ,A 61,9 o, o 

................. .. P(IN['I I .. .,...,. ........ 
JAI<l 307.4 A,? 315,6 21,A 3M7,0 '!At,<; 2?.1 23 ... 305,<; o.o 1?.0 ,I 
F"FA ?77,6 6<1.3 346,<1 2"'·" 4007.9 40A,II ?.4,0 ;>1]}4"i.t. o.o 12.0 ·' MAll 307.4 0,0 307 ·" 67,6 4?4 7. 7 4?9,1> ;:>5,<; 23">66 .. ,6 o.o 1?,0 ,1 
APII 297 ,r:; 53.9 351,3 111.1 44A7 ,<I 450.A 21\,9 ;>:1745<1,2 o.n 12,0 .l 
"'AY 107.4 ?I, 7 n9,n )511,3 46511, ... 46'i,Q 27 ,Q 24259].7 o.o 12,0 ,I 
JIIN ;><17,5 9,'1 307,4 195,11 4770,1 475.~ ?11,6 ;>4Qb!O,! o.n 12,0 .1 
Jill 107.4 41.5 34A,A jQI>,A 49??,;> 4AQ, ... ?.<1.5 254POA, l O,ll 1?.0 ,I 
AUf'; 3ry7 .4 34.6 34?. 0 JM,? 51 oo.o 505,!1 30,6 ;>,_P.53J,!l o.o 12.0 ,1 
SFP ?<17,5 41'.,<' 34f..,O 1?7 ,6 531~.4 5;:>5,7 31,<1 259<103 0 A o.n 12.0 .I 
OCT :'107 ,4 15.6 323,0 112,5 <;<;5!1,9 '547 ,<I 3'1. ~ 2(.0b0f>,9 o,n 12,0 ,l 
NOV ?<17 ·" 6!l.A 3""'·" 4~. 3 5P.A4.A 57!1,1 3<;.J l"'i7643.1 o.n 12.0 .1 
OFC 107.4 611,6 376,0 34 ,n 6211',1' 611.3 3T,4 2"4716,4 o,o 24,0 ,I ---·-----------------------------------------~-------------------------------------------------------------------------------------

TOTAl J"-1 '1.0 440., 40"'~·" 1 ,., • 0 o,o 
ott-tt-•oo...,•oo .. PONr> ;> 0 .................. 

JAN n, o ,Q ,Q 3.4 57.~ 4),5 \,0 1 ono,o o,o 12,0 ,;> 

Ff"A 0 .o 21,4 ?1,4 3,<1 74.11 47,6 1 ,3 tooo.o o.n t?.o .? 
1'1\P 0,0 n,o 0,0 <>,Q 1'14,Q 45,1 1.1 tonn,o o.n 12,0 .? 
APR o.o 12,7 1?, 7 15,0 1\?, 7 44.A 1,1 1000,0 0,11 1?,0 ,;> 
MAY 0. 0 2.? ?. ,? JQ,<; 41:;,4 <'i,'i ·" I 000,0 o.o 1?,0 ,;> 
Jl)~) n.o .9 ,9 15.4 1(),<1 24,1 .5 1000,0 o.n I?,o ,? 
Jill o,o 1'1,4 6,4 11.? ?;<..! ?0,4 ,4 tono, o o.n 12,0 ,2 
AIIG o.n 4,5 "·" 7 ,<1 ??,1 17.7 ,4 1000,0 o.n 1?,0 ,?. 
Sf. I> o.o 6.6 f>,6 "·" ?3,5 111,4 ,4 1ono,n o.n 1?,0 .;> 
orr o.o .5 ,'i 3,4 ?O,;<. If>, I ,3 1000,0 o,n 1?,0 .2 
NflV o.o \0,? tn.? 1,8 ?'l.n ??, 7 ,<; !OM,O o,n 12,0 .2 
DFC 0 .o <1, 7 'l, 7 2.0 4A,A 11>,1 ,8 to no. o o.o ?4,0 .4 --- .. ---------------------------------------- ... --------------------------------------------------------------------------------------

TOTAL n,n 76,1 76,1 Q9,? o,o 
Sheet 1 of 18 

85 



• 

• 

• 

PII<>AOOX VAllFY UNIT - <; Ar.F TWO - l'lo\OTU!' EVAP, DONO 
PAflT\1"1 FVIIP. PE I'"PVOT'l OPEI!ATTON STUOY 

••••••••••••••ooo.ooo•••.cto•o-ooo.oo.o•o_..o~-oooooa-•tt..,.*"'"O*O~o-oa.o-•.Qo 4-lf.*it..,.***«~o&.oo.ooo-oG-oo.~ttoooo(lo•••***************•••••••••••••••••••••••it**•••.co 
PIO 01'" NO OF CMIH"NT • CONf':F:NTRaTJON MllNT'i 11 S TOUt SALT PC>F:rJP, 

" ~RINE NATURAL TOhl_ lo10NT!-1 .t.S " 01'" SALT TN C:ALT <;ALT AS ~< <>F"Pr'I'"NT 
* INFLOW PUIIIOI'"I'" JNHOW FVAP. CONTENT 5 PF.PCNT 01'" * <;OI IJTION PPI'"CJPJTATE PRFCIP, OF PF<;FPvrHP 

YR. MOo " !AI'") (AFJ !AFJ (AF) IAFI rAPACITY !PP"J lo\FI IAFI CAPACTTY 
*****_..oo••o•••tHtOct*•*.:t******o*.ct~•o•o-•o-oootHtoo.a.a-*oa-.a.o•~o-i:~o.c:lo~ ****'**a•o-.ooo.oo4!-ooo••ooa-•tt*.ct*********4*****•••••********•***0'************• 

POMn 1 .. 
JAN 307.4 5<1,0 366,4 36.1 6569.1 642.4 39,4 ;>S.:>475,4 o.n 24,0 ·' FF.A .:>77.6 13.2 ;:><IO,FI 42 • .:> 6A 17.7 fof..f,,O "" ·"' <'522?4 .? o.o ?4,0 .1 
MAR ::107.4 44,2 351.6 106,6 706?. 7 6FI<I,;> ,.?,3 ?5?905,5 o.n 24,0 .I 
APR ?<17,5 1?,9 370.3 172,0 7?61,0 70f.,J 41,5 25469A,C! o.o 24,0 .I 
MAY 307.4 149,2 456,6 ?41,5 H76.~ 7?4,A 4-4,8 ;:><;1'>144,6 o,o 24,0 .1 
JUN ;><H,5 0 .o 297.5 ;:><16. 0 7471,<; 7?4,<1 44,A 2f.36?0,<; o.o 24,0 .1 

JUL 307,4 8<1,!1 3<17 .? 291,7 7<;A::I,O 7'14,0 4Cii.4 2680.,7,4 o.o ;:>4,0 .1 

AUG 107.4 274.1 SA1,4 ?42." 79?1,'1 761.7 47 .s 26<;4?'1,'1 o.o ?4,1) .t 
SEP ?97 .s '16,9 3'14,4 1AA,7 A\27 ,<; 777.1 4'1, 7 ?664<17,1'1 o.o ?4.0 .I 
OCT 107.4 50,3 3S7 ,6 11'1,A 831<5,3 7'15,4 50,\ 2f>"-846,1< o.o ?.4,0 ,1 

NOV ?97 .s "~. 7 306,1 57,2 Af>14,1 Al1,A 'i1,6 2666f,O,CI o.o 24,0 .1 
DEC 307,4 81',,2 391,5 41'>. 7 11973,1 AJA ,0 'i1,A ?64175,7 o.o 36,0 ,2 

---------------------------------------------------------- ------------------------------------------------------------------------
TOTAL 944,4 4563.4 18"1.1 o.n 

Pl'l~IO 2 " 

JAN n.o 1,1 1.1 1.1 c;1,1 4\,1 ,9 tooo.o o.fl 24.o ,4 
FER 0,0 ,A ,A ::1,<; <;0.6 1<1,6 ,9 10110,0 0,0 24,0 ,4 
MAP 0,0 <;,6 <;,6 A,<; 47,8 17.1 ,A 1000,0 0,1'1 24,0 ,6. 

APQ 0,0 10,? 10,2 12,<; 45,4 1S,'i .A 1000,0 0,0 24,0 ,4 
MAY 0,0 34,6 14,6 1<1,<; 60,5 44,3 !,0 1000,0 0,0 .:>4,0 ,4 
JUN n.o o.o o.o 21.1 JA,F> JO,'l .1 IOIJo.o o.n 24.o .• 
JUL 0 0 1?.R 12,A 14,,; 37 0 ?8 'I ,6 lOilO,O 0,1'1 ;:>4,0 ,4 
AUG o:o 104,3 104,3 ?1,<~ 11<~:!'> I c;FI;o ?.o 1non.o o.n ;>4,o .4 
SEP o.o 15.1 15.1 !<1,1 115,4 I s1.o 2.o tooo,o o.n <'4,0 ,4 
ocT o.o 6,5 6." 11.6 un.J ""•A 1,<1 1ooo.o o,n 24,o ,4 
NOV 0,0 ,6 ,6 5,1 10<;,f> 

1 
<;4,7 l,A 1000,0 0,0 ?4,0 ,4 

------~:=-------~:~-----~~:~-----~~:: _____ ~:~----~:~:~---- _:~:~ ________ ::~-----------~~~~:~---------~:: ______ :~:: _____________ :~--
TOTAL o.o 20'1,<1 2n9,<1 14<;,<; n.n 

PONfl I .. 
JAN 307,4 \6,8 324.2 4A,l 'l?lo<l,? 85f.,6 c;<;,4 263604,<; o.o 16,(1 ,? 
FER ?77,6 204,6 4A2.2 SS,1 <1676.1 883,5 5A,O 2'iR9;>6,4 o.o 16.0 .? 
MAP 307,4 76,6 3A1,<1 138.7 9921.4 A<IA, J SQ,4 2'5<1236,7 o.o 36,0 ,? 

APR 297 ·"' 47,4 344,<1 2?0 .1 J 0046,0 <10<;,9 1\0 .? 26?.045,4 o.o 36,0 ,;> 
MAY 307 ·" 79.3 386,7 103.1 ) 0}2o,c:; 9\0,9 60,7 265889,'1 o.o 36,0 ,? 
JUN 2<17 .s 72,A 370,2 3f>6, 7 I 0!33,1! 911.1 1'>0, 7 211310,6 o.o 36,0 ,2 

JUL 107,4 151.0 458,/o 161.7 1 1122'1. 1 917,0 61.3 274707,1 o.o 36.0 ,;> 

AUG 307.4 348.0 65<;,4 297,9 I 05A7 .I 911),1! 61,4 272117,9 o.n 36.n ,? 

SFP ?.97 .5 3'1,4 31/),Q ??A,S 1069<;,<; Q4?.,6 fo4,1 27492n,A 0,11 Jf.,n ,? 

OCT 307.4 5?.5 3<;<1,9 \43.0 J 1)91?,4 Q<;4,4 6<;,4 ;>7<;4ot,2,1 o.o 36.0 .? 
NOV ?97.5 7<1,0 376,<; 67.7 112?1 .? 971,1 67.2 273862.7 o .n 3f'>,O ,;> 

DfC 307.4 13A.2 44<;,6 54,<1 116?3,'1 <1<11,4 1<<1,6 noso::;n,4 o.n 4A.O ,'I 

TOTAL o .n 

P()"'f) ;> <> 

JA" o.o 1.1 1.1 4,5 1?1,7 "~·" 2.1 1ooo,o o.o 36,o ·" 
•r~ o.o 5::1,0 53.o 5,'> 16<~,3 .,Q,o::; ?,9 1ono.n o.o 36.0 ·" 
MAR o.o 9,9 <~.<~ !4.f> 11'.4,5 ""'·4 .:>,A 1ooo,o o.n 3t'>,O ·"' 
APR o.o "· 1 1.1 ?2,1 141;,1 ,.,4,;> :>,5 1ooo.o o.n 16,0 ,6 
~AY 1),0 !0,1 10.1 ?A.~ 1?7.9 <;Q,9 ?,2 101)0,0 0.0 36,0 ,n 
JUN 0,0 A, 7 8, 7 31,<; 105,1 54,6 l,A 1000,11 0,0 36,0 ,6 
JUL 1),0 25,6 25,6 2'1,3 101,4 <;::I,A 1,7 101)0,0 0,0 36,0 ,n 
AUG o.o 134,6 134," 2<~.~ 20.,,7 77,4 3.5 tono,n o.o 16,o ·"' 
SEP o,o "·"' 2,A 25.n 1A4,5 7?.,7 1.1 1ono.o o,o 31'1,0 ·"' 
OCT 0,0 4,2 4,2 14,7 174,0 j 70,<; ?,<1 1001),0 0,0 3ot,,O ,6 
NOV o.o <!,A <I,A 6,A l77,o 11.1 'l.o 1ono,o o,o 36,0 ·" 

----~~~;~-------~~~----;;~~~----;~;~~---;~~~;----=~::~---- _:::~ ________ ::: ___________ ~~~~:~---------~~~---~-~~:~-------------:~--

l::z:::::: 
~~= ~~;:: 1H:~ H~:~ ~~~:! lH~~:i ~~~~:~ ;t! H~i~~:; ~:~ :~:~ :~ 
API> 297,5 57,f. 355,0 249,1 12<;6R,3 0'17,0 7c;,3 2709111,7 0,0 4A,O ,1 
!'AY 107,4 1<1,4 326,7 141,5 12<;51,5 01f>,3 7.:;,2 27'>8?:>,<; 0.0 48,0 ,3 
JUN 297,5 75,1 372,6 410,<1 12<;1<;,2 l014,1< 7c;,o 2AO<I58,3 0,0 4.'1,0 ,3 
JUL 307,4 214,0 5?1,4 405,0 12611,5 l01<1,A 75,7 2A:'.234,1 0,0 4A,O ,1 
AUG '107,4 2Q9,6 607,0 332,1 12<10fo,? ~OS?,? 77,::1 ?.A24<;3,A 0,0 48,0 ,1 
SFP ?97 ,5 9R,A 3'16,2 251,0 1304<1,4 lO'iA,!'> 7A,? 21'4001,A 0,0 4A,O ,3 
OCT 307,4 I07,A 41<;,;> ISA,'i 1330..,,1 ~070,1 7<1,7 ?A3560,? 0,0 4A,O ,3 
NOV ;>97,5 311,4 :n5,Q 74,R )3<;67,;> ~0~1.1 A1,3 21'1?9:>1,1 0,0 4!',0 ,3 

----~~~~~----;~~~~~---,;~~~;---;~~~~~--;~~~~~--:~:~~:~----[:::~::::: ___ :::~---------~::~:~:: _________ ;~~------~~:~-------------:~--

<; ~ .. ~~~~ .. ~ .. : 
JAN 0,0 2,3 2,1 <;,<! 201,4 76,? 
FEA 0,0 <1,5 <1,5 6,6 ?04,4 76,'1 
MAP 0,0 1<;,4 1<;,4 11<, 3 ?01,5 7n, 7 
APR 0,0 4,4 4,4 ?4,A pq,1 72,4 
MAY n.o 1.4 1,4 31,5 1<;?,9 ""· 7 
JUN 0,0 11,3 A,3 34,<; 1?1\,7 <;Cj,7 
JUL 0,0 4?,7 42,7 32,9 131'>,<; f,1,CO 
AUG 0,0 86,7 1!6,7 10,1 192,<1 74,.:; 
SEP 0,0 11,4 11,4 24,? 180,0 71,7 
OCT 0,0 13,1 13,1 14,7 )7A,4 7),4 
NOV 0,0 2,,; ?,6 6,A )74 0 ? 70,<; 
DfC 0,0 7,2 7,;> 5,4 1A7,<1 73,4 

1,4 
1.5 
1,4 
1,1 
?,6 
?.1 
:>.3 
1,3 
1,0 

1 ooo.o 
1000 .o 
lOll I\ ,0 
1 ono .o 
1000,0 
1 OOil ,0 
1oon,o 
1ono,n 
1 0~0 ,0 
1 onn .n 
1 ooo.o 
1 ooo .n 

o.n 
o.n 
o.n 
o.o 
0,1' 
o,n 
o.n 
o,n 
o,n 
o.o 
o.o 
o.o 

48,0 
4A,O 
48.0 
4!',0 
4!',0 
4A,O 
411,0 
41!,0 
4A,O 
41!,0 
4A,O 
60 .o 

,A 
,A 
,A 
,A 
,A 
,A 
,A 
,A 

·"' ,A ... 
1 .n ·--------------------------------------------------------- _______________________________________________________ ... ____ ... __________ _ 

TOTAL n,n """·'~ :>34 .o o,n 
Sheet 2 of 18 
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PAPAOO~ VAL\ FY UNIT - r,F Twn - QAOTIJiol FVAP. ~>nND r; CFS 
PAOT\11.4 fVAP. I!F TR OPFPATTON· STUI"Y 

tt******ittHHtoooo•oito6+o-a-oo.o••oo.ooot~-o-a-o-o.o+•4t:Ht .. o .. ~itt~-~oa-o.a-•.oo <I$CS.ittt..,.otHttt-.a-.oo'*oo-a.*.s;.-o••oo•oooooett••••o--ooo•••••••.,••••••••••••••••••••o-a-oo•• 
* F"'f) OF CO"'TF"'T .. CONCf'""'TPAT TO~I lolnNTI-l"S TOTAL t;ALT DRrrrP. 

* FIPINF: NATURAL TOHL MONTH A<; .. f'\F t;61 T TN <;&L T SALT AS A PFPCFNT • INFLOW RUNOFF INFLOW FVAP. P[RCNT OF . <;Ot.UTTON PRI'CT~"ITATF. PRFC!Po nF Pf:<;I'RVOTR 
YR. MO. .. (AFI IAFI lA F) IAFI ( AF I r &PAC I TY !PPM) Ufl (,IF) CIJ.PAI':TTY 

**** ••o ••••••o ooo oooo-oott-o •a. o-a.o oooo.ot~>o+a-oct.ct-ct O-lf-it .rtifo oo-o o-o0 oo•tHto-o•.a-~oo..c~-tto-ooo""•,.,•o•oo••••••••••••••••••••••••••••••••••••••••••••••o 

6 
JAN 307.4 71.7 379.0 61.1 14212.5 R<i.?. 2!1007". 3 o.o 611.0 .4 
fER ?77 .6 81.5 3.:;9.1 69.1 \4c;0?,5 Af>.9 ?7R804, 7 o.o 60.0 ,4 
MAR 307,4 89,4 396.7 110.1 14729,0 IIR,3 27!'9114, 7 o .n 60.0 ,4 
APR 297.5 l 00,2 397.7 ?6A."i 14851'1.? A"'.O ?!10610,1'1 o.o 60.11 ,4 
MAY 307.4 70,4 377,7 361'1.<; 14'167 ,4 11<1.1 2A42f11 ,? o.n l'tO,O .4 
JUN ?97 .5 55.7 353,1 444,0 .]4171',,5 RA,5 ?1194Ai? .3 o.o M.O ,4 
JI.IL 107.4 111.0 41!!,4 436,1 l47B?.o RR,6 ?<119'16.9 ?3,2 A3 0 2 ·"' AIJG 307,4 IS1,8 4"i9.? 155,<; 14915.5 ,<19.4 29!9<1<1.<1 ?9,9 113.0 • 7 
Sf:P ?97 ,5 !OJ.<; 40I .o 269.4 I "i061l, :'! <111.3 ?9?.ooo,n 2],;:> 134.3 ,A 
OCT 3!)7 .4 11?,11 4?0.? lMI.9 I 5~]9,<; <11,.<1 ?91572,2 0,0 I34.3 ,A 
Nf)V 297,5 46,1 345.<; 79,<; !5<;1"<;,<; <11.4 ?90803,6 o.o 134.3 ,A 
OF.C 307,4 f:o?.ll 36<1,4 63 ,A I 'i903 ,O 95.::1 2A9S'i4 ,A o.n )46.3 ,9 ---------------------------------------------------------- -----------------------------------------------------------·-----------

TOTAL 3619,0 tnss.n 4676,9 ?754. 7 74,1 

6 
,JAN 0,0 7,5 7.5 <;,1 !R9, 7 73.R J,2 Iono.o o.n 60.0 1.n 
FER o.o 8,6 11.8 6,4 19?,1 74.3 1.2 1 ono.o o.n 60.0 1 .o 
MAR n.o 9, 7 9. 7 )<;.II )AI\,? 71,0 J.I tnoo.o o.o 60,0 1.0 
APR n.o ll .I 11,1 23,11 173,5 7() ,4 :>.<1 1 onn.o o.o 60,0 1.0 
MAY n.o 7 .~ 7,? 30,9 14'1, 7 1>5,11 ?.5 10110.0 o.o 60.0 1 .o 
JUN n ,o 3.4 3,4 33,R 11<1 ,3 <;7,'l ?,0 1ooo.n o.n 1',0,0 J,o 
JUL 1'1,0 11.4 11,4 30.0 1110,7 "3.6 1,7 1 ono.n o.n 60,0 1.n 
AI.!!; o.o IA.O IR.O 23.? <15,'> <;?.4 I.6 10(10,0 o,n 60,0 1 .n 
5EP 0,0 'l.6 9.f> !1,0 R.<l.l o:;o, 1 ],<; looo.o 0,0 60.0 t.n 
OCT n.o I o.f> }O,f, I 0,4 Rfl,3 50,7 J ,5 Io~n.o o.o 60.0 1,0 
NOV o.o 2,1 2,) 4,A B<;,f> c;o.t 1,4 1ooo.o 0,0 60.0 1,0 
DEC n.o 2,1 2. 7 3,11 91>,4 <;2,6 ),6 1000.0 o.n 72,0 1.2 ---------------------------------------------------------

__________________________________ ..,. ___________ ,. ____ .., ____________ 
TOTAL o.o IO?.I 102.1 2o<;.~> o,o 

e-•-tte--eO***-Qo~Oitil-tt .q. **.q. ftoil 0 ""'* G-olfo.OOOO*** ............ ** .. PO "'n 1 IS FU 
*t1-*****•••oooo-.o* Oi:tit""4**~*0t1000-o*.040a- • ..,. • ..,. ....... 

JAN 307.4 126,? 433,6 64,6 }6272.0 'l7,5 2873113,4 o.n 146.3 ,9 
FEB 277,6 78.1 355,'1 73.1 !f:o5"i4,6 <19.<' ?llf>2<;3,9 o.n 146.3 .<I 
MAR 107,4 120.1 4?7,4 17'l,4 IM90,0 100.0 ?1159<1".0 o.n 146,3 .<~ 
APP 297,5 o.o ?97 .c; 2BI.f, 16690.0 \1'10,0 ?1"9050.11 o.n 146.3 .9 
MAY 307,4 20.3 327.7 1A4. 7 166.:;4,2 Q9,A 2<119A4 0 7 21.3 167,5 1.0 
JUN 297,5 o.c 2'l7 .c; 463,11 16511?,4 9<1,4 ?9199<1.<1 <14.5 262.0 1.1'1 
Jl!L 307,4 ?9,.1 331'1. 7 459. J. 16545,4 <l'l,l i?'l?OOO,O R5,5 347,5 ?.1 
AU!; 307,4 .?00,1 507.5 375 0 '1 1f,f>90,0 100,0 29?000.0 23,0 370.5 ?,;> 
SEP ?97 ,5 161.3 4711,7 ?84,1 I6690 .o 100,0 29?ooo.o 5.11 376.? ?,3 
OCT 307.4 9<;,I 40?.4 177.1 161>90,0 100,0 .?9199"'.5 o.n 37 .... 2 ?,1 • NOV ?97 .'3 0 .o 297."i 82,6 ~66<10.0 11'10 .o 2<1.?000 .o • 7 376.9 ?,3 
nrc 307.4 39.? 346,1> 65,1; lM90,0 1oo.o ?9\}6].<; o,n 386.9 :>. 3 -------------------------------------------------- ----------------------------------------------------,..---------------

TOTAL 1619,0 889,7 4'>0A. 7 ?A91. 7 ?30, 7 

? " 
JAN o.o 1?.1 12,1 4.I l 04,3 <;4,<; l.fl 1000,0 o,n 72.0 1.2 
FFR 0,0 6,5 6.5 4, 7 106,1 <;4.9 J.P. Iooo.o o.n 1?.0 1,? 
MAR 1 !?. 7 11,3 124.0 l 0.9 ?19.2 1'10, 0 3, 7 2?f>911o? o.o 72.0 1,? 
APR J<;.R 0,0 15,6 2n.c; 2I4,f, 7'l.n 3,6 ?6194<1.4 o.n 72,0 l.? 
MAY n.o I,4 I,4 25,6 192.1 74,1 1.2 291843,A loll 7'3,11 1,2 
JUN 0 .o o.o n, o 27.7 I7J .2 f>9,9 2.9 291999.2 6.11 R0,6 1.4 
JUL n.o l.ll l.A ;><;, 7 1"3. J 1;'3,11 ?.6 2'l20no.n 5.<1 R6.5 1,<; 
AU(, 1 n.1 29.'5 3<1.6 ?I.? 171 ,c; 70.0 2',9 26726R,4 o.n 116.'5 ),<; 
SFP 200.2 24,4 .??4.'i <'2. 2 373.9 1)11,7 6,3 ;:>11283S.? o.o R6 0 <; '·"' OCT ??"i,4 10,1" 216,? ]9,1 59I,O 4'\,0 10.0 ?90111>7,1 o.n '16,5 I.e; 
NOV ?)5,6 0,0 ?15 ... 11.1 797 ·"' 77 ,c; I~.<; ?'ll9'l4,1 2,? 811.7 1."i 
DFC ?91.0 <;,? 29R.3 I 0,9 \09~.? ;>],4 IA,f, 29201'10,0 1.1 101,8 '. 7 ------ --------------------------------------------------- ______________________________________________________________ .... ________ 

TOTAL 107?. 7 I 03.0 117"i, 7 ?01. 7 17,fl 

I " 
JAN 307.4 174.0 4A1,] 65,6 Jf>f>90.~ 1 on.o 28!13311 0 11 o.n 3.<18.9 ?.3 
FER 277.6 143,9 4?1.5 73,1; I6f,9o;o 1on.o ?A6243,A o.o 388,9 ?,3 
MAR 307,4 lB.? 325,6 179,4 1 M\Qo,n 1011,0 2874<15. 7 o.o 3811.<1 "·;:w; 
APR ?<17,5 711,0 37<;,4 i?RI,O 161><10,0 ton.o ?A940? ,c; o.n 38A,9 ?.3 
I"AY 307,4 56,0 3(,3.4 184.<; '"'6R7,6 too.o 291<1116.'> 18.!1 407.7 ?.4 
JU"' ?97 .5 27.3 324,!! 464,4 166)<;.9 <19, 7 2<1JQ'l9.<1 !17.<1 495.6 1,0 
JliL 107,4 A9.0 396,4 4!'.0,? Jf,64'3.I 99,7 ?<1?000 .o 7!.1 56 .... 7 1,4 
AUG 307,4 82,<1 .190. '3 17h,? }f,f,90 ,0 !no .o ?9?000,0 51.<1 618.6 1. 7 
SFP ?<17 ,5 4!17 .6 785.0 284.3 }6690,1'1 I on .o 2'17743 ,6 o.o 618,6 "·7 
OCT 307,4 120,2 4?7 ·"' 178,1 166<10.0 ton.o 2A74'36 0 5 o.n 611'.6 '1,7 
NOV 297.'5 47.6 145,1 8'3,1 166'lO,fl 11'11'1,0 ?M83"i,IJ o.o 6111.6 

"· 7 DI':C 307,4 104,1 411.5 66,0 1 t'>fl90 .o 1on,o ?A5l01" 0 R o.o 630.6 1,1'1 ------------------------------------------------------- ----------------------------------------------------------------·--
TOTAL 1f>1'l,O 142B,R "i047. 7 ?A96.11 2?9. 7 

;> .. 
JAN 41'>. 7 39,7 455,4 13.1l l"i3<1,R ;>11,0 2R6440, 3 o.o 101.11 I. 7 
FER 147,9 36.11 31\4.7 l1,'l l<10fl 0 f> 3;>,2 21''~841.0 o,n 101.8 1. 7 
p.!AP )46,?. 4.4 150 .... 46,R ?01 0.3 34 .o 2A94"19,1 o.o I nl.8 1.7 
API'! 94.4 ?2,4 I!6,A· 74 .o ?.060,9 34,R ?'li9A7 ,0 7. 7 109,6 1,9 
MAY o.o 14.~ 14,11 ]00 ·" I<191\,0 31.7 2QI9'l'l.<l ?.1.? 130,7 ?,? 
JUN o.o 7.2 7,2 1<'0 .1 !<H0,7 3?.3 ?9?000. 0 :>7,11 158.5 ?, 7 
Jill 0,0 2'>.6 "'"·"' 116.'> JR4?.1 31,1 2'l201'10. 0 ?2.4 180,9 ~.1 

AUG J<l,l 21.3 42,4 93,(, IRO.<I,? 30,6 29:>ono.o 17 ·" 
)<18,2 '1,4 

<;fP 500.7 246. I 746,A 76,<; 247A.5 41,9 27?3"iA, A o.o I9fl,2 '1,4 
OCT ?4<1,4 36.4 2115,6 '51.9 2710,4 4<;.11 27<;4<14,1 o.n 1<1!1.? '1,4 
NOV 261,<1 14,1 276.0 ?6,? 2<11>0.? 'in .o 277614.~ o.o }<111,2 1,4 • orr 157,4 35,? 392,7 ??,1 '334?,R <;o<,,<; ;:>7747I,9 0,0 ?10.2 "·"' ----------------------------------------------------------- --------------------------------------------------------------------

TOTAL 23'l;>.a <;oS.9 ?.<l9A, 7 1f>?.S <16,4 
Sheet 3 of 18 
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PADAf'OX VALLF'I' UNIT - <;TA F TWO - ll'A(lTIJM FVA"• PONr'l <; CF<; 
PAIHI'" FVAP, PF<;F VOTP OPFPATTO~' <;TUI')Y 

00.0 OO.-o-o~t-o-DtHt~•*.ct-itOitO.P.--e--tt~ Oit G-Oii-***o!i Oil- oli-O O-tt* a. .a. a. *-elo~04000o!i011- 0 0 0 O.Q-9 ftO ~·Ott tt ott• . ..,. .. t:lotlo *•••otto••·············································· 
Hl!l r'IF OF CONTP.JT • ("ON("I'I\ITPATTON MONT~"<: TOTAL o;u T PPF("TP. 

<> I!PT"F l\laTIIPAI TOTAL MONTH MO Tf' A<; * /'01' SAlT JN <;AL T SALT AS A PF;Pr:F"'T 
o JMF"I OW RUNOFF" INFLOW FV~P. CONTFNT SIJR ACF" PF;Rf':NT OF * <;OtiiTION PI'!I'ClPITUE PREClPo Of RI'<;FRVOTI'! 

YR, MO. * !Afl !AFl IAF"l (Arl (AFI All A rAPACJTY * !PPM) !AFI UF) CAPACITY 
<Go •,q.0*4-0'* ctOOJtit<!tit<lt~<it OO~* O~O*ii-.004tit-G-0~0 ft. o!t -11-0 ~it 0 O*-G-44 00 0 0 0 oct 0<1- 004t0 OOOOofto 0 0 .f~O.tt 0000 0 000 •••••••••••••• ···~································o• 

••-.oo-o-o•o•••ooo.,.*••••••••..,..,. ooo ... ••••••••••o••••••••••••••••••••••• 
o Po••oc; 1 A••ro ? ADf Fl't.l AN All l•'FLOW IS T(l A C:li\IGLF ll'F'i!"RV(IJil' ". 
oooooo.ctooo•o•••a-••••••••••• •••••••••••••••••••••••••o•••••••••••• ........... 

: .. ~~~~.!.: 
JAN -.07.4 111'.,3 4?3,7 6f>o2 161'.'10,0 I? 0,0 100,0 i'A32lfo,6 0,0 630,6 1,11 
f"FR ?77,6 1n?,fo 3110,:> 74,1 1fot.<IO,O 12 0,0 100,0 2818::>3,5 0.0 630,6 1,11 

=~~ ;g;:~ ~:~:; ,~:~:~ ~~~:~ ~~~~~:~ g~~:~ ~~~:~ ~~~~~=:: ~:~ ~~~-:~ ~:: 
MAY 107,4 131,c; 440,9 191.~ 16!\<IO,o 12 n.o Jon.o 27"2?3.<1 o.o 630.6 1,8 
JUIII ;><17,5 163,7 4,1,1 <.7<;,9 16t.7<;,3 II <1,<; 9<1o9 ?711871." O,n 610,6 ~.II 
,JUL 107,4 11fl,6 4?1'.,0 469,'5 )t'>631,11 1\fiR,() 9<1,7 21130 ... 0,7 0.0 t'o10,~ ~.II 
MJr. "07.4 41\,t<. 7\R,<I 3B\,<I 1669o,n 12~o.o 1oo.o :>1115?4,1\ o.n 630.6 1,11 

~~~ ~~;:~ i~::: :~~:~ i~::~ ~~~~~:~ g~~:~ ~~~:~ ~=~!~~:~ ~:~ :;~:~ ~:~ 
NOV ?97,5 65,1 16?,.., 81,,; 1"'6<10,0 12n0,0 100,0 ?!121 ... 6.4 0.0 630,6 1,!1 

----,;;;z----;;;~:;---;;;~:;---,.,;:;--;;;;:~------~:~----J~:::::----~:~--------------~:~---------;:~-------~:~-----------~:~--
.. ~>n•m ? " 

q ""!········ ,JAN ~<;7,'5 4],A 39<1,1 ?3,7 :171A,4 4)7,7 6?.9 276830,8 0,~ 210,2 1.6 
FFFl 1!1l'>.l 311,<1 345,0 211,0 403<;,4 4<;!1,9 6A.2 ?765'54.3 o.n 210,2 1.6 
MAR "O<I.... 76,7 311f>,3 7\,3 4350,4 47<1,? 73,'\ 2765<;7,<1 0,0 210,2 1,6 
A"" 11\?,o 539,4 13'>1.4 P3,6 <;<;711,? s6t.<l <14,3 257353,2 o.n 210.2 1,6 
"AY 47,1 61.1 1011,4 1AII,n 'i4<1f',7 <;4,11 <13,0 26283o.1 o.o 210.2 1,6 
JIJN 0,0 8),6 81.6 2?1,<1 <;1<;ft,4 4?,1 90,6 ?6A<192,9 0,0 210,2 1,6 
,Jut n.o <;7,0 'i7,n 213.<' <;;>n;>,2 51;>,<; !17,9 2762111,7 o,n 210,2 ~.6 
AIJG ?7A,<I 240,3 519,? 174,? <;<;47,? 5<;'1,1 '13,8 273546,11 O,n 210,2 1,6 
<;FP 11A,3 51,7 ]711,0 \1<;,<1 <;<;AJ,3 <; .. 2,? 94,4 ?77435,<; 0,11 2l0o? ~.6 
OCT ?41'.,7 '\7,!1 304,<; !I<;,A <;AOO,O 5!1\,7 <IA,I 27!18711.5 0.11 210o2 1 0 6 

. -----~~: _____ ::::~-----:~:~ ____ ::~:: ____ :~:~ ___ ::~~:~-----:1:~:~------~:~:; _________ :::::~:~---------~:~-----:~~:~---------~--~:~--
TOTAL ;>7<;'i,l 1?77,4 401?,<; 1106,<1 0,11 

:·1:~:~·;·: 
q .... 1 ........... . 

JAN II. 0 0, 0 0 ,II 0, 0 1,11 II, 0 
Ff~'~ n.o o,o 11,0 o,n o.o n.n 

n,o 
0,0 
o.o 
n. o 
o.o .-.o 
11.0 
0,0 
n,o 
n.o 
n.o 

0,0 
o.o 
o.o 
o.o 
o.o 
o.o 
11,0 
o.o 
o.o 
o.o 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 
o.n 
o.n 
o.n 

o.o 
o.n 
o.o 
o.o 
n.o 
o.o 
o.o 
o,o 
o.o 
o.o 
n,o 

11,0 
n,o 
n,o 
o.n 
n,o 
o.n 
n.11 
n,n 
n.o 
n.n 
11.0 
1.n 

MAP n,o o,n o,o o.o o.o o.o 
APA n, o n. o o. o o. n 0, n o, n 
MAY 11,0 11,0 o.o o.o o.o n.o 
JIIN o. o o. o o. o o. n o, o o. o 
JUL 0 • 0 0 , 0 0 • 0 0 • o 0, 0 0 , 0 
Alii; n,o o.o o.n o,o o,o o.n 
<;FP n. o n ,II 11, o o. o o. o o. o 
OCT 0,0 0,0 0,0 0,0 0,0 0,0 
NOV n. o o. o o. n o. n 11, o 0, o 

2A020C:, 1 

o.o 
o.n 
n.o 
.o 864.8 

OFC 107,4 14?.<1 4'i0.2 100,<1 21131,8 11117,1 ------------------------------------------------------------------------------------------------------------------------... --------·-.n 
TOTAL 4511.:> 100,<1 

JAN 307,4 70,0 377,4 I 02,7 ?3401'>,'5 I "'0, 7 27.0 279795.!1 0.0 864.8 1,11 
FFR ?77,6 <;<;,O 332,f> I 16,1 21623,0 I 7'1,? ;>7,2 27<1766.5 0.0 !164.8 1,0 
MAR 307.4 115f>,1 1463,<; 2<12,2 ::04794,3 1 74,] 211,6 2703'59,11 0.0 1!64,8 1,0 
APR 297,<; 47.5 344,<1 471,A ?4f>6<;,4- I 6t<-,<; 211,4 27:"1942.0 0,0 !164.8 1.0 
tolAY 307,4 23,0 310,4 642,5 ?4353,3 I 41,11 ?11 0 1 27'14!12 0 1 0.11 864o8 1,0 
JIIN :><l1.5 (1,0 <'<17,5 759,7 ?111<11,1 1~0;;>,;> ;>7,5 21!66411,1 0 0 0 1164,8 1.0 
Jill :'107,4 o.o 307.4 72<1,<; ;>1'i0t.,7 11!1,<1,1 27.1 2<11972.2 37.7 902,<'o 1.0 
AUr; 107,4 A<;,7 1<11,0 51!2,9 ?J41A,9 IJ;6\,7 ;:>7,0 2919<19 0 9 102.1 1004,6 1,2 
<;FI> ?97,<; lf\0,1 457,f> 41<1,'1 ?.1411<;,!1 1 f>7,'i 27,1 2<1?000,0 49,2 1053,9 1,2 
OCT 107,4 QS,1 40::0,7 :>75,3 ?3617,? l A0,4 ;>7,2 ;><1?0110.0 ::>4,1 1077,9 1,? 
NOV ?<17,5 4\,4 :Llf',A 1?<1 .... ?'1114R,5 I <lfl,f> ;>7,5 292000,0 2,1 101!0,1 1,2 

-~~-;~~~~----;~i~~~---~~~~~~---~~~~:~--~~~~~;--~~~:~:: ____ :1~=:~-------~~:~---------=~~=~=:~-------;i~~;----::~~:: ____________ ::~--
,)AN '107,4 ;><;0,6 <;<;7,<1 !Of>,<l ?470A,) 1 t.<I,O 2Ao5 2A792ft,4 o.n 1104,1 1,3 
FFI! :>77.6 0,0 277,6 121,1 ?411f>4,6 1 711 1 ;>A,6 2AII447.<1 0.0 l104,1 1,3 
MAP "'107,4 !79,A 4117,? 2<16o4 ?.50<;'i.4 1f!1<1:6 ;>A,9 211A814,4 0.0 1104,1 1,1 
1\PR ;>97,5 51,1 348,<; 465,4 ?4<146,0 1~!'1,1 211,7 ?<11<1'13,'\ 7,<; llllo6 1,1 
lolH 307,4 224,3 531,6 f\33,7 ;>4<124,4 1 A1,A ;>R,7 ?919<19,<1 !10,<; !192.1 1,4 
JIJN ?<17,5 I<;J,R 44<1,1 76<;,6 ?<.73<1,5 11 ~~~.,<111 211,<; ;><12000,0 )l1,4 J323o4 1,5 
JIJL '107,4 1<16,f> 504,0 754,9 ?4f>OS,7 O-' ?11,3 292000.0 117.1 1440.5 1.7 
Allr. 1n7.4 1420,1 1727,4 f>?6,o :>'i707,t 2

1
211.1 2<1,6 ?1!2970,9 o.n 1440.5 1,1 

5EP ;><17,5 20.<1 3\1',4 4@4,<; ;><;<;4\,0 2r.1J\,1 ;><1,4 ?A6902,6 0,0 1440,5 1.7 
OCT 307.4 113.1 420,4 2<1<1.7 ?<;661,7 ?IO;>'i.4 2<1.6 28!1005,11 o.o 1440,5 1,7 

~~~ ~~;:~ ~~:j ~~t~ :~~:~ ~:~~~:~ ~~~~~:~ ~~:~ ~=~~~;:: ~:~ :::::~ ::; 
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--------------------------------------------------------------------------------~-------------------------------------------·------
HlTAl 11'.\<1,0 :>7'51.1 !'>37?," 4A06,<1 :n6 • .::; 

1?. 
J~N :107,4 !14. 7 3<12.1 l\3,'i ?6461,6 .30.5 2fi70s:>.o o.n 1464.5 I, 7 

FfF'I ?71 ,6 140,<1 4)'l,'i 1?7,'1 2675?.? 10,11 286245,6 o.o 1464.5 \, 7 

M.AR 1117 ·" 161,4 4f>II.R 1\3,7 ?6<107. 3 31.0 286969,4 o.o l4f>4.5 '· 7 
APR ;>Q7 .'; 1'i4. 7 65;>,:> 493.7 :>706'i.!l 31.2 2875!10 ,3 o.o 1464.5 I. 7 

"AY <07 .4 35.~ 343,0 f>75,? ?6759 ,I ]O,EI 291977,0 25,'\ 14<10,0 1. 7 

.JUN ?97 ,5 230.2 5?7. 7 IIOII,n ?6f>Ol ,3 30,6 2<11999 ,<I \?2.'i }612.5 \,9 

,Jill 307,4 61,3 370,6 7<1'i,? :>631t.,6 30.3 29?000,0 159." 1772.3 ~.o 

AlH; <n7,4 113,4 420 ,A 645.~ ?6???,4 3CI,2 2<12000,0 !10. 7 1883.0 :>,2 

SFP ?<17 ,5 14,4 3\] ,R 4A5,"i ?6\4S,O 30,1 29?000 .o 96.~ 1979,3 ;:>,3 

OCT <07 ,4 AA,4 39'\,A 10?. 7 ?6?70,6 3~.3 2<120110,0 32,'i 20ll,ll :>,3 

NOV 2<17 ,5 217 .o 514,4 14?,1 ?6"'42,7 30,7 ;><10440 .o o.n 2011 ,a :>,3 

OFf -:,~7 ,4 \61,7 46'l,O ]\4,<; ?7021,2 ~1.1 ;>AQ}70.6 o.o 2035,11 :>,3 

---------------------------------------------------------- ----------------------------------.. --------------------------·-·-----··-
TOTAl_ 1H'l.~ 166'1. 7 S?.!l4, 7 'i0l7. 7 '147.3 

n 
,JAN 107,4 54,0 36?,1 115.7 ?7?t.7,JI 31,4 211!1996,3 o.n 2035.11 ::>,3 

FEll ?77 ·" 67.7 345,3 130.1 ?741'13,1 31.7 2M1894,11 o.o 2035.A ?,3 

MA'l 107,4 71,1 3110,4 117.<1 ?754"i,6 31.7 ?<104<12,4 o.n 2035.8 :>.3 

APR ?<17 .s ?57 ,8 555,? 4<1A,4 ?7604. 0 31.8 ?.919<12.2 },6 2037,4 ?,1 

MAY 307,4 )A, 7 346,0 6~0.1 ?7407 ,5 31,6 ?<1?.000,0 137,<; 2174,9 ::-.5 

JLIN ;>Q7 .s <;7 ,:> 3<;4 .... 1119,4 ?711 0,!'> :n.2 2<12000,0 167.<1 2142.8 :>, 7 

,Jill '107 ,4 264,1 57!,10 AOI!,? ?691'17 ·" 31 .1 ?92000.0 113.5 2456,4 ;>,A 

.C. I H'~ :'107,4 5A7 .~ 8<11:;.1 6"'1 .1 ?7?21.'i 3\,4 2'H91<'.4 o.n ;>45f>,4 ?,II 

SFP ?97 .5 101 ,'l 3'1<1.3 4<1<1,4 ?71<17,5 :'11.3 2919<19,'5 76,0 2532.4 :>,<1 

OCT '1117 ,4 297.3 1'>04, 7 312,? ?74!19,<1 3\.7 2<113?11,2 o.o 2532.4 ?.9 

NOV ;>97 ,5 59.:? )<;6, 7 \46,7 ?7100,0 3\,9 291411.5 o.n 2532.4 :>.<1 

OFC '107 .4 151.7 45<1.~ I J 7,4 ?!106'\,6 1::0,3 2902!11,5 o.o 25'56.4 :>,<1 

---------------------------------------------------------- ---------------------------------------------------------------·--------
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" I'IONO 3 . 

14 
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JAN 307.4 65. t 372.'> 11Ao6 ?!131<1.5 2171.'1 3?.6 290019.6 o.o 2556.4 ::>.'1 
FFR ?17.6 45.5 323.1 113.2 28509.4 21'12.11 3?.8 2'10163.5 o.n 2556.4 ;>.9 
MAR ~07 .4 249.4 556.1! 32t..o 2A740.2 21'14.1 H.1 290125.'1 o.o 25S6.4, ::>.9 
APR ?<17 .s 340.2 637.7 513.!1 ?8M4.0 220!\.6 33.3 2'11025.? o.n 2556.4 ?.9 
MAY ~n1 .4 301.6 60'1.11 704.3 2AR2?.? 21'lA 0 4 33.2 291994.'1 <;3.'5 2609 0 9 J.n 
JIJIII ::>'17.5 7. 7 305.2 1'147 .5 28466.9 2179.7 3?.!1 29?oon.o 187.11 2796.8, 3.? 
JUL 107.4 1A2.'1 490.? 834.<; ?1'1?62.6 2lfl'I.O 1?.6 292000.0 140.0 2936.9 1.4 
AIIG 307.4 453.0 760.4 681.0 ?A377 .A 217'5.0 ~;>. 7 ?9?0!\0.(l 35.'1 2972.7 3.4 
SFP ?'17 .5 117.6 415;.0 513.7 ?1'1357 .n 2173.'1 3::>. 7 292000.0 77.'1 3050.6 "1.'5 
OCT 307.4 ?31.3 538.7 3?.0.9 ?11<;76.5 2185.5 ~::>.9 ?.92ooo.o loA 3052.4 'I.'> 
NOV ;>97.5 tAn.<; 477 .'~ I<;O. 7 ?8<103.1'1 2202.6 3~.3 ?90946.<; o.o 3052.4 '1.5 
OEC 107.4 35.1l 343.1 120.7 29t<;n.2 2214.1 33.6 2909A1. 7 o.o 3076.4 'I.e; 

TOTAL 

l"i 
JAN 307.4 37.3 344.7 121.4 2'1373.4 2224.'1 33.1! ?91007 0 9 0.0 3076.4 "1.5 
FFR ?77.6 90.6 36A.3 136o3 ?'11'>0'io4 2235.9 34.1 290147.7 o.n 3076.4 1o5 
MAR 1n7 .4 106.7 414.1 133.1 2961'19 0 0 22'19.9 34.2 291993.5 2 0 6 3079 0 1 1o"i 
APP ?97.5 112.'5 409.'1 5?h6 ?965A 0 4 2?18.4 34.? ?'1?0()0.0 A) 0 1 31611 .• 1 Jo6 
MAY 1117.4 112.5 41'1.R 711.A 294'1?.0 2230.5 34o0 292000.0 127.7 3287.8 ~.A 
JUN ?'17.<> 38o.3 677.s A63.7 ?940'i."i ???6.4 :n.'l 2'~2ooo.o '19.3 3387.1 1.<~ 
JIJL 307.4 391.8 699.? R54.1'> 2'1341.7 ??21.5 33.8 292ono.o '13."' J41l0.7 4.n 
AUt; Jn7.4 803.7 1111.0 700.7 ?97<;4.0 243 0 0 34.3 290244.1 0 0 0 3480 0 7 4.0 
<;F.P <'97.5 1'14.6 49?.0 531.6 ?9732 0 2 2?41.9 34.3 2919'10 0 '1 17.8 3498o4 4.0 
ncr 307.4 400.4 101.1 131.4 J010A.5 _?S'I.A 34.7 290585.1 o.n 3498.4 4.n 
NOV ?97.5 114.0 411.4 156.0 30364.0 ~?7?.0 35 0 0 290249 0 4 0 0 0 3498 0 4 4.0 

------~~=-----~~~:~----~~=:~ ____ ::~:: ___ :~~:~--~~~~=:~----~~~::~-------~::~---------~~~~~~:~---------~:~----=~~~:: _______ ., ____ ::: __ 
TOTAL 3619.0 ?'147.4 6566.4 538'1.? 422oll 

16 
JAN 307.4 107 0 7 415.1 126.1 1106?.4 2311'>.;:> 35 0 R 28A260.R 0 0 0 3522.4 4.1 
F"F'l ?77.6 377.? 654.9 142.1 31<>75.1 3?8.1 36.4 285570.2 o.n 3522.4 4.1 
MAP 307.4 2'51'>.7 564.1 ::14'1.7 3178'1.5 337 0 4 36 0 6 2AS7l4 0 4 0 0 0 3522 0 4 4o1 
AP~ ;><17.5 ?1'1.7 517.? <;49.6 11757.11 1[3~6.0 36.6 2A79?5o3 0.0 3522.4 !:} 
:~~ ;~;:~ 2~~:: ;:~:~ !:~:~ ;!~~!:~ ~~~i~:~ ;~:~ ~~~~~::: 1:~:: ~~:~:~ 4.3 

~~~ ~~;:: 2~~:~ ~~~:~ ~~~:~ ~~=~z:~ ~~~~~~:! j~:~ ~~~~~~:~ :~~:~ ~:;!:~ ::~ 
SF~'~ :>'17.5 212,5 5tl9.9 '>42.1 30!!31.9 !?2'14.3 3c;.5 ?9?0on.o '>1.5 40~5.5 4.6 
OCT 107.4 85 0 4 392.F! 338.1) 30'130.5 ??'IA.'I ~<;.6 29?.000.0 41.'1 4077.4 4.7 
NOV ;:>97.5 94,9 39?.3 1'51'1,3 1l164.<; !2310.0 3"i.9 2'118'51.4 0.0 4077.4 4.7 

------~:~-----:~~:~----:~~:~----~~~:: ___ :~~:~--=:==~:~----r=:~:: _______ :::=---------~~~=~~:: _________ ::~----~:~~:: ____________ ~:~--
TOTAL 36!9.0 2161.4 S7R2.4 S5R2o1 555.0 

I7 . 
JAIII 107,4 314.4 621.8 128.0 32046.3 34A.7 36.<1 2AA219.11 0 0 0 4101,4 4o7 
FFI'I ?77,6 96.8 374 0 4 144,4 3::>?76 0 3 1SA.7 37.2 281'1013 0 7 0.0 4101,4 4 0 7 
MAP 307.4 134.6 441.9 3S2.7 32165 0 6 362.1' :H.3 2A92?.6 0 8 0 0 1) 4101 0 4 4,7 
APR ;;>97.5 135.2 432.7 <;52.1 3??<;1.6 ~357.7 37.2 ?919115 0 6 5 0 7 41117.1 4.7 
MAY 307.4 196,F! 504.?. 752.1 32119.!' 3<;1.<1 :H.O 29199'1.'1 116.4 4223.5 4o9 
JUN ?97.5 445,9 743.4 <110.'1 3?047.o 34A.7 36.9 ?<~2ooo.n 94.F! 4318.3 c;.o 
JLJL ~o7.4 24o.c; 547.'1 900.1 31F!36.A :n9.<; 3t'l.7 ?'120oo.o l42.n 4460.3 o;.l 
AUG 307.4 11?.0 419.3 732.~ 31656.5- lJ1l.6 3t'J.5 29?.000.0 132.3 45'12.5 c;.3 
SFP ;:><17.5 43.5 340.'1 SSo.s 3155?..0 ll::>7.1 36.3 ?920'00o0 11l5.1 4697.6 5.4 
OCT 307.4 ?2A.8 536.? 343.3 11752.8 l335.R 36,6 292000 0 0 7 0 9 4705 0 6 5.4 
111ov ;:>97.5 47.5 345.o 160.7 3194<;.3 2344.3 36.8 2920no.o a.3 4713.8 o;.4 
DF.C 307,4 106.3 413.6 128.4 32?S4,fl oi>3S7.8 17.2 ?91455.7 0.0 4737.8 "i.5 ----------------------------------------------------------l------------------------------------------------------------------.;. ____ .. 

TOTAL 361 '1.0 2102.3 snt.J <;655.6 612.<; 

18 
JAN 307.4 198,6 506.0 12'1.3 321'31.? 374.3 :H .6 290109.5 o.o 4737.8 o;.s 
FFB ?77.6 213.3 4'10,9 145.7 32'176.4 31!9.4 3A.o ;:>8~879.3 o.o 4737 .a 5.5 
lo!AR 307.4 152.7 460,1 3S6.9 33079.6 393.'1 3A.1 21!9964.3 o.o 4737.8 ... 5 
APR ;>97 ,5 8;:>.<; 379.9 558.A 32941.1 3A7 .11 37.9 ?9191!9.4 40.6 4778.5 '5.5 
MAY 307,4 64.? 371.6 761.0 1;;>71)3.1 377.4 17.7 291999.9 151.1 4929.6 <;.7 
JUIII ?97.5 47.3 344.7 '117 .4 323?4 .'I 360.9 37.2 2920nn.o }94.4 5124.0 c;.q 
JUL 107.4 266.7 '514.1) "104.'1 12130.7 352.4 37 .n 292000.0 1::16.7 5260.8 1'>.1 
AUG 107 •• so.A 358.2 735.5 319111.5 34?.3 36.8 ?92000<0 }48.? 5409.0 6.2 
SFP ?97 .5 l7B.9 476.4 553.7 3!8'16.8 34?..1 31'>, 7 29?000 .o 12.6 5481.6 6.3 
OCT ~07 .4 15.0 322.4 344,9 3193<;.2 343 0 !1 36.8 292ooo.n 60.'1 5542.5 6.4 
NOV ?97 .5 32.7 310 .;:> 161.1 1?116.1 3C:J. 7 37 .o 2<~2000 .n 12.0 5554.5 6.4 
DF.:C 107.4 97.1 404.4 12A.8 12415.8 31\4.1! 37.3 291531,2 o.n 5578.5 6.4 ---------------------------------------------------------- --------------------- .... -------------------·-------------------------.--·--

TOTAL 31'>1'1.0 13'1'1. 7 SOIA. 7 "'698.1 Al6o7 
19 

JAN 107.4 12<;.1 43?.'5 l29.1'i ::12711'1.7 2 7Aol 37.7 290823.1 0,0 5578 0 5 l'i.4 
FFR ?77.6 77.5 355.1 145.(, 3292A.J 2 R7.3 37.9 290776 0 4 0.0 5578.5 6.4 
MAP 307.4 4.2 311.5 155.1 3?917.6 2~A6 0 R 37 0 9 2919'13,6 33 0 0 56!1 0 5 6.'5 
APR 297.'5 )87,0 41'!4.5 <;56.! 32917.2 2131l6.A 37.9 2'1?0nO.O 71.2 <;682.7 6."i 
MI\Y 307.4 117.1 4?4."i 761.1 1?711'1.8 2~7A 0 l 17.7 292000.0 118.? 5821).9 6.7 
JIJN ?97."i 34.R 332.2 9l7 0 "i 3;;>331.0 ? fll.l 37 0 2 2<12000 0 0 197.<; 6018 0 4 l'i 0 9 
JUL 307.4 82.'1 390.1 '103.'> 1199'1.4 2 46.6 36 0 9 2'12000 0 0 1A1.6 6200 0 0 7 0 1 
AIIG 307.4 358,5 66'>,9 735.9 32001.<> 2B46.7 31'>.'1 292000.0 72.6 6272.6 7.? 
SFP ?'17.5 42.3 3.19.A 5S4.n 31894.0 2hli42.1l 36.7 2<12000 0 0 106.3 6378.9 7.3 
OCT 307.4 151.4 45R.A 345.3 32034.9 ? 41!,;:> 36.9 29?0110.0 ;>7.5 6406.3 7.4 
NOV 297.5 18'1.1 486.<; 16l.A 3235'1.6 2 62.4 37.3 290974.A 0.0 6406.3 7.4 

-;:-;;::~----,:::::---;:::::---~:::::--~:::::--~~~~~~:----I:~-------~~~~---------~~~~~~:-------;;:::----~~~~~~------------~:~--
FfR 277.6 182.5 460.1 147.1'i 334B6.7 2tll.7 31'1 0 6 28686'1 0 '> 0 0 0 6430 0 3 7 0 4 
foiAR 307.4 219.7 527.0 361.4 3365?.1 ?'IR.7 3A.8 287447 0 2 OoO 6430 0 3 7.4 
APP 297.5 272.1 56'1.5 567.4 3'31'>54.4 2'1A.8 311 0 8 289427.0 0 0 0 6430,3 7.4 
MAY 307.4 162.6 46'1.9 774.4 33411.1 2'0Ao4 3Ao5 ;>'II9R6.6 61.1 6491.4 7.5 

~~~ ~~~:~ t!~:: !~~:~ ~~~:~ ~~~~~:~ ~~~~:j ~~:~ ~:1~~~:~ ~~::~ ~~:~:! ;:~ 
AUG 107,4 271,1 578.4 745.1 3?652.5 ?~7C:.? 37.6 ?'I?OOOoO '16.4 69<;6.8 R.O 
Sf'P 297.~ 26?.,3 5"i'l.7 561 0 1! 32704.5 2 77.5 37.7 2<12000 0 0 <;4.1 7010 0 '1 R.1 
OCT 307,4 o.o 307.4 350.0 1::>727.7 ? 71!.5 37.7 29?000.0 65.9 7076.7 II.? 
NOV ?97.5 171,'1 471.3 163.9 33035.? ?A<il1.9 ::!A.! 2'11140.3 o.o 7076.7 A.2 
OFC 307.4 101.4 408.A 131.1 13311\.<l 2 oc:;.t 3A.4 290650.7 0.0 7100.7 R.2 ----------------------------------------------------------- ---------. ----1..-------------------____________ .; _______________________ _ 

TOTAL 
Sheet 5 of 18 

89 



• 

• 

• 

P.ARAI'lOX VlLl.FY UNTT - <;TAt; TWO - P"OTlJM FVAP • POND "i CF'i 
FIAOil'~ EVAP, RO:SFFI OtR OPERATION STUDY 

o•oOOit•O***•*• .. ••o-0•6<D04HtOOOOO*OOO*OOOO*tt-*•tto<fto*O<D+**eo•••••*** 00§600000GO*O************•••··································••oo0004 
HID OF Cflt.JTFNT * ('f\NCF't.ITR~TION MONTI-4"5 TOTAL '>ALT Pt:IF:r.JP, 

" RPIIIIF NATURAL TOHL. MONTH MOt.! H ~S * OF <:AI T TN <;AL T SALT AS I P[PrFNT 
llllfi.OW RUNOFF JNFI.OW F'V~P. CONTFNT 'iiJRF CF P[RCNT OF • <;OLUTTON PRFCJPITIITF PRI'CJPo OF Rf<;F:Il'VOJ9 

YR, .. 0. " !AFI CAFI CAFI (Afl (Afl AFIFA rAPACITY CPP"'l IAFI CAFI CAPACITY 
oo-ooo••••o••••o*••oooo•o•••• •oo•o-oo•••••••••••••oooooooo••••f•-o••••••••o••••••••••o••••••••••••••.•••••••••••••••••••••••••••••••••• 

?1 

??. 

2'3 

2'4 

JAN 
FFR 
MAR' 
APFI 
~o\Y 

JUt.! 
JUL 
AUG 
SFP 
OCT 
NOV 
Of.C 

TOTAL 

JAN 
FFR 
MAR 
APR 
MAY 
JlJN 
JilL 
AUG 
SI'P 
OCT 
NOV 
DFC 

TOTAL 

JAN 
FER 
MAP 
APR 
MAY 
JUN 
JIJL 
AUr. 
SFP 
OCT 
t.JOV 
DEC 

TOTAL 

JAN 
FFII 
MAR 
APFI 
MAY 
JUN 
JUL 
AUG 
SFP 
OCT 
NOV 
DEC 

107.4 
?77.6 
307.4 
?97 .s 
107.4 
?<H,5 
307.4 
307.4 
2'97 .5 
307.4 
2'97.5 
307.4 

'107 .4 
277.6 
307.4 
?97 ,5 
307.4 
:>97,5 
307,4 
107.4 
?97 .<; 
307.4 
?97,<; 
307.4 

307,4 
:>77,6 
307.4 
297 ,<; 
307,4 
?97 .s 
307 ·" 
-:"07,4 
?<?7.5 
307.4 
?97.5 
307.4 

81.9 
115.3 
94.6 

212'. 7 
131!.9 
70.7 

32'7 .II 
361.7 

0,0 
402'.9 
2'63.1 
59,1 

39.6 
15,6 

160.9 
242.4 
151,1 
104.2 
32'7 .c; 
124,4 
851!.9 
210.6 
181.4 
S4.? 

86,1 
231.<; 

4.1.4 
173.2 
174.<; 

71'.2 
136,8 
152,5 
12,8 
1A,5 

136.2 
74,0 

391.3 
392',9 
40?.1) 
510,?. 
446.3 
3(,1',2 
63S.:> 
669,0 
2'97 ,<; 
710.3 
560.5 
366.4 

347 .o 
293.3 
4f>l!, 3 
S39.R 
4SR.4 
401.7 
634.1' 
431.8 

1156,4 
517.9 
471!,9 
361.6 

393,4 
<;09.1 
3SO.A 
470,6 
481,9 
37<;,6 
444,;> 
4S9,9 
310,3 
325,11 
433.7 
3Rl.4 

131.9 
!48.1 
361.5 
c;o;s.R 
774,3 
934,?. 
9;>2. 0 
751,7 
<;65.6 
3<;3,2 
166,2 
133,1 

133,7 
149.7 
364,8 
51l.'l 
781,5 
943,5 
'l31,8 
758.1 
574,2 
361.4 
169,(1 
115.1 

135,7 
152,:'1 
172.4 
SP.1,9 
792,4 
9'>l'>,4 
943.0 
7fo7 .1 
576,R 
159.0 
167.'l 
134.1 

33596.2 
33841,0 
331181.•.· 
33885.0 
33693,1 

. :l331'l.8 
3315A,'l 
3315?.0 
33003.3 
33360,4 
13754,7 
34012.1 

14?25,4 
343611,9 
34472.4 
34471.5 
342F\:l,2' 
13'l2P.,3 
33759,7 
3351'>8,9 
34151.1 
'14307 ·" 
34f>l1,5 
34A6P.,o 

35125,8 
3<;4A?, 7 
3<;461,1 
35349.9 
3"il71,\ 
:>.4786.8 
34466,0 
34?P.9, 7 
1414?,:>. 
34172,7 
3443R.4 
'14709,7 

3619.0 Dl1.R 4931'>,1! "i'l39.o 

307.4 
?77,6 
107.4 
;>Q7 .s 
307,4 
?97 .5 
307.4 
307.4 
?97.5 
307.4 
;>Q7 .s 
307,4 

194.7 
83,4 
76.6 

111!,9 
81,1 
44,8 

153,0 
203.2 

15,6 
100,6 
97.7 

122.? 

502'.1 
361.1 
31"4,11 
416.4 
31\P.,<; 
34?.?. 
4f>0,4 
51 o,., 
3D.l 
407,9 
3<l'5,? 
4?'l.fo 

134,9 351176,9 
}<;1.l'> 35?116,4 
36'1.7 35300,7 
<;77.<1 35?30,7 
7Cl0,4 149113.0 
953.4 3457<;,7 
940.0 34?l'>9,4 
765,0 :.'1413?.9 
575.4 339!1R • 1 
1511.3 34081.4 
167,6 34309,0 
133,<~ 146?B.e 

•••f•••••• 
0 PI"NI) 1 t> o••r······ 
241~,<; 

~:~~ =~ 
~:;~:~ 

24 0.7 
24 6.? 
24 o.? 
?.4- 0,2 
2'4 2,9 
24 9.3 
24 ?.R 
24 '5,3 
24 7 .'l 
24 3,9 
24 c..~ 

24 5.4 

290342,? 
2~9970 ,1 
2<11690.1! 
2<119911,4 
292ono,o 
?.92000.0 
?92000 .o 
2'l2000. n 
292"000,0 
?.<10713,8 
?B9016,A 
;:>1!~9A5,l 

2A<I1?.1.? 
289699,1 
?90846,4 
291994,0 
2920!10 .o 
292000,0 
2'~2000 ,n 
292000 .n 
298465,2 
28914A,A 
288304,l'> 
2MJn.1 

288052,4 
2866113,6 
288964,4 
2<1191!4,2 
291999.9 
292000.0 
29?000. 0 
292000.0 
?9?000,0 
29?000. 0 
291525,1! 
?.<11313,0 

2A'l94B,O 
?89905 ,II 
2919211.7 
291999,(, 
2Q2000 .o 
292000.0 
292000.0 
292000.0 
?.9?000,0 
290?000.0 
2<11899,R 
291179,l'> 

o.o 
o.o 
o.o 

<i9.1 
1'6,0 
1<12,R 
1<'5.<1 
75,7 

119,<; 
o.n 
o.o 
o.o 

709.1 

o.o 
0,0 
0,0 

31.1 
134,A 
1R6.1'1 
1?8,4 
135,7 

o.o 
o.n 
o,o 
o.n 

616,9 

o.o 
o.o 
o.o 
.t 

131.7 
196,4 
178.1' 
}30,9 
119.1 
63.5 

o.o 
o.o 

o,n 
o.o 
o.n 

91,5 
154.2 
203,<1 
173,3 
1 tll.n 
118.1 

43,2 
o.o 
o.o 

1100,7 
7100.7 
1100.7 
7159.8 
7295,8 
74RII.6 
7614.5 
7690,2 
7809,8 
7809.8 
7809.8 
7833.8 

7833.8 
7813.8 
7833.8 
7864.9 
7999.7 
8186,6 
8315.0 
8450.6 
8450.6 
9450,6 
8450.6 
A474efo 

8474,6 
8474,6 
8474,6 
8474,11 
8606,<; 
A802 .<I 
89Al,O 
9111.9 
9Z31.o 
9294,6 
9294,6 
9318,6 

9318,6 
9118,6 
9318.6 
9410.0 
9564,3 
976R.1 
9941,5 

10059,4 
10177 .s 
10220.7 
10220.7 
10?44, 7 -----------------------------------------------------------.J.------------------------------------------------... ----------------------

TOTdL 
?5 

JA.N 307.4 294,5 l'>01." 134.11 3SO'l5.1! 2 74,? 40,4 281!7l'>7.P. Q,n 10244.7 l\,8 
FFR ?77.6 A?.O 359,o<, 151.9 3<;303,4 ? 112,? 40,7 2'AA751,3 0,0 10244.7 ll,R 
"'AR 107.4 175,3 482"."' 170.7 35415.4 2 F16o'> 40,8 ?R98R7,9 0.0 10244,7 11,1! 
APR ?97,5 }9P..9 496.4 <;80.9 353<;?.11 ? 1!4.1 40.7 ?9191!9.0 ?1.9 10266,1'> 11,11 
MAY 307,4 630.1 937.'5 79<;.2 :>.5515,4 2 90.3 40,9 ?9!99'l,9 ?0,4 10287,0 11,9 
JUt.! 297.S 81.4 37R.R 9l'>1,<; 3"il?.<l,6 2 75.5 411,5 ?<1?000.0 196,'l l!J4R3,9 1?.1 
.)Ill 307.4 834.1 1141.4 95:?.2 3<;3?6,9 ? R3,1 40.7 29?000.0 9,1 10492o'l 1?.1 
AIJ(; 3117,4 636,7 944.1 7R0,3 .1550<;.f0 2fP.9,9 411,9 292000,0 15,1 10508,0 12,1 
SFP ?97.<; 0,0 297.'5 587.!1 35340,4 ?rR3,6 40,7 29?0011,0 1?5,11 10633,0 1?,2 

~~~ ~g; =~ 1;;~ :: 1:~~ =~ ~*;:: j~;;~ =~ ~~~~= ~ :; :! ~~~:~~:~ ~=~ ~g:~~=g g :~ 
------~~~-----=~~:~-----~~:~----=~~:~---~~=:~--~~~:~:~----=r~~=:~-------~~:=---------=~~~=~:~---------~:~---:~~~~:~-----------:~:=--

TOTAL 3619,0 4P.31.7 A450,7 1'>001'>,4 3!1P.,3 
?6 

JAIII 307,4 16'l.6 477.0 143.0 371!19,3 43,6 2775115,5 0,0 1065T,O 
FF:A ?77.6 170,4 4411.11 160.6 31!106,7 43,9 ;:>769l'>4,2 0,0 10657,0 
MAP 107.4 161,7 41'>'1.0 392,3 381!'!3,5 1>4.0 2783o<,7.6 OoO 106'57,0 
APP 297.5 83.1 3RO.f> 1'>13,7 37950,3 43.7 282"412,? 0,0 10657.0 
MAY 307.4 51.3 35A.7 833.1 17475.9 43,2 288776,11 0,0 10657,0 
Jll"' ?97.5 4A.1 345.<; 'l93.6 3695'\,5 4;?,1'> 29!9P.3.2 127 0 7 10784,7 
JUL 307,4 7fo.O 3R3,3 973,R :_:16<;65.6 4?,1 ?9199'1,'l 200,6 109AS.3 
AIJG 307,4 29?.? '5<l9,fo 7<12.9 36475.1 4?.0 29?000,0 102,9 11088.2 
SFP :>97.5 276.4 <;73.R 5<17.7 165111,7 4?,1 292000 0 0 59,4 11147,7 
ocr 107.4 1'l5,3 502.7 112.1 3f>f>64,1 4:>.? 29?oon.o ?3,4 11111.1 
Nov ?'l7,5 16o,o 4S7.4 174,4 36'147,1 4?,6 29!371,1 o.n 11111.1 
DFC 3117.4 59.1 3"'6,<; 139,;> 37l'IR,:." 42,9 291356,1 0.0 1119<;,1 

TOTAL ::1619.0 1743,1 5362,0 6187,2 514.1 
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?7 

?8 

29 

30 

31 

32 

JAN 
FER 
MAR 
API? 
MAY 
JIIN 
JUL 
Allr, 
SF.P 
OCT 
NOV 
OfC 

TOTAL 

JAN 
FER 
MAP 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

TOTAL 

JAN 
FER 
MAP 
APP 
MAY 
,JUN 
JUL 
AU!> 
Sf.P 
OCT 
NOV 
orr 

TOTAL 

JAN 
FFR 
MAll 
APR 
MAY 
JUN 
JUL 
AUC. 
SEP 
OCT 
NOV 
OFC 

TOTAL 

JAN 
FEB 
MAQ 
APR 
MAY 
JlJN 
JUt 
AUC. 
SFP 
OCT 
NOV 
DFC 

TOT4L 

JAN 
FFR 
MAP 
APR 
MAY 
JUN 
JIJL 
Aur, 
SFP 
OCT 
NOV 
OFC 

TOTAL 

307.4 
277 .f> 
307.4 
?97 .s 
307.4 
;>97.5 
107.4 
:>.07 .4 
?97 .5 
307.4 
?97 ."i 
307.4 

107.4 
277.6 
107.4 
?97.5 
307.4 
?97.5 
307.4 
307.4 
?97.5 
307.4 
?97.5 
307.4 

32.7 
182.1 
46.4 

156.6 
37.5 
4'l.4 

?2?.5 
336.? 
230.1 
395.4 

29.<; 
176.4 

84.9 
?10.R 
?26.5 
136.0 
83.1 

120.4 
134.7 
107.1 
229.<; 
256.4 
106.6 
164.3 

340.0 
4"i9. 7 
353.11 
454.1 
344.Q 
346.1l 
529.Q 
643.<; 
527.6 
702 .A 
327 .o 
48:'1. 7 

3'l2.? 
54A.s 
533.A 
413.4 
390.4 
417.R 
442.1 
4l4.S 
527 .o 
563.1! 
404 .I 
471.7 

139.7 
156.1i 
11!2.4 
598.4 
1!!8.s 
9R7.4 
974.3 
793.<;1 
<;911.1 
373.6 
175.1 
139.<; 

140.4 
157.6 
3116.0 
605.0 
823 • .:; 
QQ4.1 
980.6 
797.4 
6oo.o; 
174.6 
175.3 
139.9 

3619.0 1920.4 5539.3 6174.9 

307.4 
?71.6 
307.4 
?97.5 
107.4 
297.5 
307.4 
307.4 
;>97 .5 
307.4 
297.5 
307.4 

107.4 
?77.6 
307.4 
297 .s 
307.4 
?'H.S 
307.4 
107.4 
?97 .5 
107.4 
?Q7 .5 
307.4 

307 ·" 
?11 .6 
307.4 
;:><17.5 
307.4 
;><H.S 
1~7 .4 
107.4 
?97 .s 
307.4 
297.5 
107.4 

307.4 
217.6 
307.4 
297.5 
307.4 
297.5 
107.4 
107.4 
?Q1 .5 

107 ·" 
297.5 

307 ·" 

101.5 
144.0 
381.3 
12A. 7 
15'l.6 
61.9 

14?. 7 
390.9 
677.9 
265.3 
12A.A 
164.6 

80.1 
309.R 
79.3 
n.5 

111.4 
82.? 

124.2 
76.A 

329.7 
235.0 
!7A.2 
132.3 

14fl.2 
13?.2 
179.6 
41.3 
15.3 

102.!) 
699.5 
773.4 
379.1 
466.6 
138.4 
74.fl 

65.9 
75.4 

172.0 
196.7 
91.3 
74.1 

330.5 
346.6 
231.1 

o.o 
?H,.'l 
231.1 

4()A.9 
421.7 
68A.<'> 
426.? 
466.9 
359.4 
450.1 
698.3 
975.1 
57?.6 
426.3 
471.9 

3!17 .4 
587.4 
38fl.6 
370.9 
4~1\.8 

379.7 
431.6 
384.1 
6?7.? 
542.4 
475.7 
439.7 

455.5 
409.8 
4A7.o 
33P..A 
3??..6 
399.5 

!006.A 
101\1'1. 7 
676.6 
773.9 
435.11 
11'12.? 

373.1 
353.0 
479.1 
494.2 
3911.<'> 
371.S 
637.9 
6S4 .n 
52'!.5 
::107.4 
513.1 
540 .s 

140.1 
157.9 
386.1 
<'>07 .o 
8?6.5 
997.6 
983.A 
801.7 
606,2 
379,7 
177.6 
141.'1 

142.<'> 
160.0 
3<ll.6 
fill. 7 
'133.4 

l 006.0 
Q92.0 
AOii.S 
607.6 
179.1 
177.4 
14l.R 

142.6 
160,0 
390 .s 
611 .o 
833.::1 

1005.<; 
995,6 
fll4.9 
616.1 
384.7 
180.<'> 
144.0 

144,5 
161.A 
1'l4.4 

617 ·"' 
fl44.3 

I 019.3 
I 007.1 
R21.o 
6!8. 7 
'lAS.? 
!flO .1 
144.0 

3619.0 203::1.0 5651.9 6331'1.1 

373QA.6 
::17701.7 
37700.<; 
37645.3 
17143.<; 
:'1<'>914.1 
3<'><'>34.3 
16S76.3 
36576.5 
36905.7 
370"7 .6 
374?S.8 

37677,6 
380flll.<; 
38216.3 
38M>"'.? 
::17797.0 
~741 <'>.o 
37065.3 
~6A3! •9 
16'l3o. n 
17f\2A.1 
37256.9 
17612.7 

37880.9 
18144.7 
1A447.1 
3'1?.91 .n 
~I\07S.1 
37647.6 
37300. r; 
?.1277 .9 

37647.11 
37A39.9 
3R08A.6 
11l442.A 

3A6fl7.6 
39115.0 
'191 09.9 
38915.9 
3867'1. 7 
1!1?55.0 
371187 ·" 
376?4.7 
37(.93. 0 
17871 ,5 
38!69.11 
3R491. 7 

3Rfl04. 7 
390S4 .4 
39150.9 
3A9<'>0.l 
JR63o.5 
'lfl?i'7 .o 
:'lfl29fl.9 
3A556. 7 
3A64<;. 9 
39015.1 
39?90.3 
3955?.5 

'19781.1 
3997?.5 
400S7 ,4 
40001.7 
3Q7?1. 0 
39?116.1 
JQ063.1 
3R99?.<; 
3fl97A.l 
3FIQ74 .P 
39108.4 
3Q7i'8 .9 

* PO"l!'l 3 " 
••.a.••••••• 
?5S9.S 
?<;70.3 
2570.1 
?.5">fl.1 
25"i7 .c; 
;>S4i'.l 
2S1?.o 
2S29.9 
2510.0 
2541.1'1 
2547 .? 
251'>0.4 

?5f19.5 
?5A3.5 
?5AI'I.A 
25~3.5 
?571.A 
2560.1 
?547.<; 
?.5::1<1.1 
?53'<.1 
2"46.? 
?S'i4.4 

?567 ·' 

2576.A 
25Fl<'>.? 
?'i<l7.1 
2591.5 
2<;fl3. 7 
;>S68.4 
2'5'55.9 
;oso;s.1 
25M1.4 
2575.3 
25!14.2 
2"i96.9 

2605.7 
2619.7 
2619.5 
?61 1.3 
2605.? 
2590.? 
2577.0 
2567.<'> 
?570 .o 
?'57<'>.4 
2S1'17 .1 
25911.7 

2609.7 
2617.7 
26?0.A 
2"-14. 7 
2603.7 
2SA9.? 
2S<l1.5 
2601.0 
?604.2 
2617.1 
26?S.3 
?613.A 

2641.1 
2647.2 
26"0.0 
264A.? 
?619.? 
2<'>25.? 
?61R.o 
?615.A 
?615.::1 
?filS.? 
26?5.9 
26"9.4 

91 

44.7 
~s.o 
~5.1 
44.9 
44.S 
44.0 
44.1 
~4.4 

44.5 
45.o 
4'>.3 
4'i.6 

2915<16.9 
2'10664.? 
29199::1.1 
?9?000 .o 
2<~2ono.o 
29?0~0. 0 
;>920110 .o 
29?01'10. 0 
292000.0 
2909SA.fl 
?916?1.4 
?Q0457 ·"' 

?90213.1 
2AI'I441."~ 

2R919<1.4 
?91QA5.4 
29\9'1'1.9 
?9?000. 0 
292000.0 
?92000. 0 
29200(1.0 
29?ooo.n 
29111111'1.4 
290815.9 

?.903Q9.7 
?.!!98?0.? 
2!190<10.<; 
i'9191l4.9 
?919Q9.Q 
?9?0no.n 
2Q2oon.o 
?9?0oo. n 
290438.R 
29071'11., 
2904!!1.3 
289449.5 

2R9279. n 
2A71.15.A 
?A931l3.4 
2Q19A6.4 
?9\9Q9.9 
292000.0 
?9?0no.n 
2<12ono.o 
29?ono.o 
292000 .o 
2Ql1'>9.i' 
?904 1'>. 7 

2A9540 • 0 
?A909S.5 
?90402 .7 
2'9\991.7 
29?000.(1 
?9?000.0 
292ono.n 
291571.A 
?91997.A 
290304.(1 
;:>A99JQ.o 
?fi9A?6.c; 

2A9809.9 
?R9948. 0 
291347 .I 
2919Q6.fl 
?.9?0110.0 
?9?0110.0 
2<12000. 0 
;:>Q?Ooo.n 
?'l20nn.o 
;:>9?000. o 
29077J.Q 
?R9006.9 

o.n 
o.n 

27.4 
A9.1 

!71.9 
211.1 
1"4· 7 
92.4 
71.11 
o.n 
o.o 
o.o 

A?7•" 

o.o 
o.o 
o.n 

;>3.<; 
!61.9 
IQS.3 
t•n.A 
149.6 
71.7 

S.A 
o.n 
ll.n 

o.o 
o.n 
o.n 

?4.6 
143.A 
i?Jo.s 
IA6,6 

I!O.f> 
o.n 
o.o 
o.n 
0,0 

o.o 
o.o 
o.o 

4"·"' 
1<;2.4 
?07.6 
193.<> 
l'i9.i' 
48.!' 
15.? 
o.n 
o.o 

o.o 
o.o 
o.o 

1!1.5 
1A1.0 
202.6 
'i?.6 
o.n 

28.7 
o.n 
o.n 
o.o 

'i46.4 

o.o 
o.n 
o.~ 

67.7 
165.11 
?.12.9 
146.? 
96.4 
75.A 
74.o; 
o.o 
o.o 

AlB.<; 

11195.1 
111QS.I 
11222,5 
11111.6 
11483.5 
11694.6 
l1fl5Q.3 
11951.6 
1202?.6 
120?2.6 
12022.6 
1204f>.6 

12046.6 
12046.6 
12046,6 
12070.1 
12232.0 
12427.1 
12615,1 
12764,6 
12836,3 
12845.1 
12A45.1 
12869.1 

!2869.1 
1?869.1 
12869.1 
I?M3.R 
13037,6 
1324A.I 
13434.7 
13515.'5 
13'>15,5 
13515.5 
13515.5 
13539.5 

13539.5 
13S3Q.5 
13539.5 
13586.3 
1373A.8 
13946.4 
14!19.6 
14298.8 
14347.6 
14362.A 
14362.1'1 
14386.8 

14386.8 
!43A6.R 
14386.8 
14468,3 
14649,;:> 
14AS1.9 
14904.5 
14904.5 
14933.2 
14933.2 
14933.2 
14957.? 

14957.?. 
14<157.? 
14QS7 .2 
150?4.9 
15189.9 
}540?.8 
!5549,0 
15645.4 
1'57?1.2 
!S795.-I 
1S7<15. 7 
1SA19.7 
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PAI?ADOX VALLEY UNIT - ST TWO - RADIUM f:VAP, POND '; CFS 
RAOillM FVAP, RFS IR OPERATTON 'HUDY 

• ***********••••••••••••••*************•••~o••••••••••••••o• ............................................................................ . F:NO OF CONTFNT . Cl'l~ICF:NTRAT!ON M()NT"1 11 5 Tl'lTAL "ALT PRt::I"TP, . BRINE NATURAL TOTAL Ml'lNTH AS . OF sat T IN <;Al.T SALT AS A PF.RI"F'NT 
INFLOW RUNOFF INFLOW F.VAP, CONTENT PERCNT OF . <;OLUTTON PRF.CTI>JTATF PPECIP, OF I'IESFr:tVOIR 

YR, MO, . !AF") IAF! IAFl IAFI ! AFI CAPAC1TY (PPM) IAFl IAF"l CAPACITY 
***********•••oo-oooooo*************ooooooooo+•*********""•• ............................................................................ 

3 . 
33 

JAN 307,4 284,2 591,6 145,2 40175,3 46,3 286791,3 o.n 159}9. 7 }11,2 
FER 277,6 126,6 404,2 163,4 40416.1 46,6 2116460 ,A o.o 151119,7 )"1,2 
MAP 307,4 295,4 6n2,8 398,8 406"?0,2 46,8 2!16719.4 o.n 15819.7 18.2 
APR 297,5 255,8 553.3 626,1 40547 .;J 46,7 28q640 ,8 o.o 15819,7 )A,? 
MAY 307.4 20q,5 516,9 A53,3 4029' .5 46,4 ?.91987,7 110,'5 1590().2 111,3 
JUN 297,5 130,5 428,0 1026,7 39893,5 46·,o 291999,Cl 200.11 16101,1 111,<; 
JUL 307.4 446,3 753,7 1015,2 39751,7 45,8 ?9?000 .o 119,7 16220,8 11!, 7 
AUG 107,4 41Cl,4 726,7 1'128,3 39730,5 4S,8 292000.0 80,3 16301.1 111,8 
SEP ?97,5 554,2 851.6 62S,"i 39956,6 46,0 291913.3 0,0 16301.1 111,11 
OCT 307,4 221.9 529,3 390,4 40114,6 46.2 291999,<; 19,2 !6320,3 1!1.8 
NOV ?97,5 196,2 493,7 182,6 40425.7 46.6 ?Cll017,0 (),II 16320.3 U!,S 
DEC 307,4 28!1,1 595.5 146,0 41'l89q,3 47.1 28!3775 .2 o,o 16344,3 111,11 ------------------------·--------------------------------- ----------------------------------------------------------·-----------

TOTAL 36)9,0 34211.3 704 7. 2 6401,5 500,1\ 
34 

JAN 307,4 66,9 374,3 147,1 41126,5 47.4 2887!14 ,o o.o 16344,3 )11,8 
FFB 277.6 122.0 399,6 164,FI 41361.3 47.6 2884Cl9,9 o.o 16344.3 111.11 
MMI 307.4 12,5 319,9 401,5 4127Q, 7 47,6 291S"i5. 7 o.o 16344,3 1!1,8 
APR 297,5 no.o 407,5 626,2 4!157,4 47,4 ?.919Cl7.7 96,4 16440.11 111.9 
MAY 307,4 lOR,;:> 4)5,6 856.2 408110,6 47.1 292000,0 163.7 16604.5 19,1 
JUN 297,5 296,2 593,7 1035,1 40601.3 46.8 292000,0 162.1 16766,6 19,3 
JUL 307.4 295,2 602,6 1023,0 40339,6 46,5 29200(1,0 158,11 16925.4 19,5 
AUG 307.4 2sn.1 557,4 833,3 40187,0 46,3 292000.0 123,? 17048.6 19.6 
SEP ?97,5 180,5 477,9 627.6 40}27,7 46,2 ?92000 .o 90,4 17139.0 }9, 7 
OCT 307,4 134,4 441,!1 390,9 4022),4 46.3 292000 .o 42,9 17181.9 )9,8 
NOV 297.5 204.7 502,1 1!12.8 40540,7 46,7 290919.0 o.n 171!!1.9 19,8 
DEC 307.4 210.1 517,5 146,1 40936.1 47.2 ?.89399,) n.o 17205.9 19.8 ------------------------------------------------------------ ------------------------------------·-··-----... ---··'*---------------.. 

TOTAL 3619.0 )990.9 5609,9 6434.6 837,5 
35 

JAN 307,4 45,2 352,5 147 .o 41141,6 47,4 289625,7 o.o 17205.9 19,8 
FER 277,6 68.8 346,4 164,6 41323,5 47,6 289865.'5 o.o 17205.9 1<:1,A 
MAR 307,4 58,0 365,4 400,6 41301,5 47,6 ?91988,9 13,2 17219.1 1"1.8 
APR ?97.5 92,7 390 .• 2 625.9 41177,3 47.4 ?91999,9 111.6 17330.7 ?n.o 
MAY 307.4 379.1 686,4 857 ,FI 41103.4 47,4 292000 .o Cl7,5 17428.2 211,1 
JUN 297.'5 264,3 561.7 1037.7 40798,1 47 ·" 292000,0 170.6 17598.8 20,3 
JUl 307.4 676.1 983,5 1027,8 40820,1 47 .o 292000.0 66.3 17665,1 20,4 
AUG 307,4 217,9 525,3 838,0 40639,6 46,11 292000 .o 132.3 17797.4 211,'5 
5EP 297,5 166,9 464,3 630,9 40567,6 46,7 292000,0 94,6 17891.9 20,6 
OCT 307,4 40,4 347.7 392,!1 40589,0 46,8 292000.0 66.4 1795!1.4 ?0,7 
NOV ?97.5 57 ,c; 354,9 un.5 40771,8 47 .o 292000,0 11.4 17969.8 211.7 
DFC 307.4 209,2 516.6 146.3 41166.1 47,4 290439,8 o,o 17993.8 zo. 1 ---------------------------------------------------------- ---------··----------------... -----------------------·-~-------------

TOTAL 36}9,0 ?i?76,0 5895,0 6452.11 763.9 

• 36 
JAN 307.4 100 .o 407,4 147,3 41426,?. 47.7 290085,) o.o 17993.8 2tl. 7 
FFB ~77.6 152,2 429,1'1 165,1 41691,0 48,0 289460 .o o.o 17993,8 20,7 
MAI'I 307,4 31,5 331'1,8 402,4 41639,0 48,0 ~91986,8 1!.6 18005.4 20.7 
t.PR 297,5 319,5 617,0 62'9,0 4!61'1.5 48.0 29199"1,9 56.<; 18061.9 ~n.a 
loiAY 307.4 140,3 447.7 861.6 41426,8 47,7 292000.0 157,2 18219.1 ?t,o 
JUN 297,5 63,0 360,4 1040,4 40CJ67 ,6 47.2 292000.0 ?20.8 18439,9 21.2 
JUl 307.4 371.2 678 .• 6 1028 .• 0 407'59,5 47.n 292ooo. o 141.3 18581,2 21.4 
AUG 307,4 335,4 642,1! R38,0 401\67.7 46,9 292000.0 103,4 18684.6 ?.1.5 
SEP 297.5 20,2 317.7 630,6 404!15,3 46,6 2q2ooo .o 130,5 18815.1 ?.1,7 
OCT 307.4 77,6 385,0 392.5 40535.0 46,7 292000 .o 57,2 18872,3 21.7 
NOV 297,5 110.2 407,6 1!13,4 40759,2 47,0 291928,2 o.n 18872.3 21,7 
DEC 307.4 170,0 477.,4 146,1 41114,4 47,4 290740.8 0,11 18896.3 21,8 ------------------------------------------------------------- -----------------------·---------·- .... --.. -·-------- ... -· .. ·-----------.. -

TOTAL 361Clo0 1891.2 5510.2 6464,5 878.6 
37 

JAN 107,4 16?,6 470,0 147,2 41437,2 47.7 289677.9 o.o 18896.3 21.8 
FER 277.6 194,4 472,0 165,;:> 41744,0 411,} 288578,5 o.n 18896.3 21,1! 
MAR 307,4 99,2 406,6 403. "3 41747,3 4A,l 291000,5 o.n 1!1896.3 21.8 
APR ?Cl7,5 21'!,4 325,9 629.7 41549,3 47 ,Cj 291994,11 !OS, 7 19002.1 2l,Cl 
MAY 307.4 190,5 4!17 ,9 860,6 41323,6 47,6 ?92000,0 147,0 19149,1 ?1',\ 
JUN 297,5 229,7 5?7,2 I 040,2 40990,4 47.2 292000,0 }79,8 19328,9 2?'.3 
JUL 307.4 284,5 S91,9 1027.7 40717,1 46,9 292000.0 162,!'! 1949},4 2?',5 
AUG 307,4 420,2 727,5 838,0 40689,2 46,9 292000 .o 82,5 19574.0 22,5 
5EP ?97,5 327,6 625,0 63!,9 40737,6 4i',,9 29?000 .o 55.3 19629.2 2?,6 
OCT 307,4 402,1 709,5 394,4 41052.6 47,3 2909S4,6 o.o 19629.2 2?',6 
NOV 297.5 11?,3 409,7 IR4,9 41277.5 47,6 290884,9 o,n 19629,2 22,6 
DEC 307.4 164,6 47l,CJ 147,4 41626,0 41!.0 289773,4 o.o 196'53.2 2?,6 -------------------------------------------------------------

___________________ .., ____ .., _________________________________________ ...... 
TOTAL 36}9,0 21\06,1 1\225,1 1\470.3 73;:>,"1 

38 
JAN 307,4 92,7 400,1 148,1 41878,0 411.2 289497 .a o.o 19653.2 2?.1\ 
FEll ?77.6 36,3 313,9 165,9 42026,0 4R,4 290131,3 o.o 19653.2 2?',6 
MAR 307.4 451.1 758,5 404,3 4?380,1 48.8 288743.7 o,o 19653.2 2?,6 
APR ?.97 .5 203,2 500.7 636,5 42258,3 48.7 291983,) 14,0 19667.2 2?,7 
MAY :107.4 7,9 31'5,3 1'!66.2 4)898,2 48,3 2919QC),C) 190,Cl 191158.1 2?.9 
JUN ?97.5 224,4 521.9 1046,9 4155'>,9 47.9 292000,0 1A2, 7 20040,8 23.1 
JUL :107,4 165,1! 473,1 1033,9 41181!,4 47,5 292000 .o 193,3 20234.1 23,3 
AltG 307,4 380,8 688,? 842,'5 41127,4 47,4 2Cl2000 .o 93,3 20327.4 23,4 
SEP ?97 .5 1474,7 1772,2 639,'5 42?60.1 48,7 2111564,0 0,0 20327.4 21.4 
OCT 307.4 270.5 577,8 406,9 42431,1 4A,9 2!12261,0 o.fl 20327,4 23,4 
NOV 297,5 ;<,6,6 364,0 1119,9 4?605.2 49,) 282831,1 o.o 20327,4. 23,4 
DEC 307,4 158,8 466,2 IS!.? 42Q44,1 49,5 281959,9 0 .o 20351.4 21.4· 

----------------------------------------------------------- ------------------------------------.. -----------------------·-·------
TOTAL 3619.0 3532.8 7151.1! 6531,8 674.2 
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PAI>AOOX VALLF'Y UNIT - STA_l, m - ••OJUM mP • ...,.., 5 C_, 
RAOJIJM FVAPo RESFRVOlR OPf.RATTON <;TIJOY 

········~·············· ................................................... ~ ............................................................................................. ' 
• fiRl"'F NATURAL TOHL ~~~T~F ~~~T~F CO=~FNT : C~~C~~~~-~~ON M~~~~"S ~~~~L ::L: =~~~::T 
o INFLOW RUNOFF INFLOW f.VAP. CONTENT SURh,CF' PF.RCNT OF • t;Ot UTlON PRF.rtPJTATE PRFCIPo OF RF:SERVOJR 

YR. MO,• !AFI IAFI. IAFl IAFI IAFI ARfA CAI>ACTTY • !PPMI IAFI IAFI CAPACITY 

••••••••••••••••••o•••••••••••••••••••••••••••••••••••••••••~••••••o••••************•••••••••••••••••••••••••••••••••••••••••••••••• 

··~········ • PONO 3 • 

39 ··I········ JAN 307,4 57,4 364 0 7 151,8 43157,0 27~3,6 49,7 2821R!'Io9 
281223,9 
21139?5.0 
2883F12,4 
2919!11.2 
2919<;19,<1 
29?000 .n 
292000 .o 
292000 ,n 
2!19793,7 
21'11782,1 
283436,0 

o.n 
o.o 
0,0 
o.o 

203<;1.4 
20351.4 
20351.4 
20351.4 
20437.9 
20677 .o 
20897,1 
20956,6 
21077,8 
21077.8 
21077,8 
21101,11 

40 

~i: ;~~:: 1 ~~:! ~!~:~ !i~:~ :~:~!:~ ~~~<;~:~ ~~:! 
APR ?97.5 154,3 45l,Fl 647,7 43?40,9 2746.0 49,8 
MAY 307.4 114,0 421.4 I'IA0.1 42Af>R,7 ?735,4 
JUN ;>97.5 4,8 302.2 1056,3 4?353,b ;>120,6 
JUL 307,4 65,2 372,6 1042,4 41904.0 2 07,7 
AIIC:O 107,4 525.6 833,0 !150.1 41941!'!,5 2709,0 
SEP 297,5 67,8 365,3 640,3 4!19?.7 2704,6 
OCT 307,4 504.3 811.7 399.5 42?04,9 271f>.4 
NOV 297,5 285 0 0 582,4 187.7 42599,7 2 27 • 7 
OFC 307,4 462,7 770,1 150,4 43?43.4 2 46,1 

TOTAL 

86,<; 
239,0 
?20.1 

S9,f> 
121,2 

o.o 
o.o 
o.o 

JAN 307,4 49,5 356,!1 152,11 4344!1,3 21
1 

2,0 50.1 283742,5 o.o 211o1,8 24,3 

~~: ~~~ :~ :~ :~ ~~!: ~ !I~:2 :~~~~:~ ~~~6.2 ~~ :~ ~:~;g :~ g: ~ ~g~~ :: ~::~ 
APR 297,5 16,1 313,5 644,3 41229,4 27~~:~ 4t:J,8 291978,0 41..4 21143.2 24,4 

~~~ ~~;:~ 3~1:~ !~~:~ 1:~~:~ :~~!;:: ~;~~:~ :::1 ~=~~:::~ ~=~:~ ~:::~:~ ~::: 
JUL 307,4 261,6 569,0 11!46,1 4;>293,0 27~8,9 41'1.7 292000,0 172,7 21666,6 2'i,O 
AU6 307,4 71,4 378,11 851.5 41t:J91,9 27!0,1 4!1,4 2()201!0,0 171,6 21838,2 2'i.2 
SFP 297,5 307,8 605,;> 641,4 4201R,3 ?711,0 4!1,4 29?0011,1) 62 0 'i 21900 0 7 2'i,2 

NOV 297,5 231,7 529.2 190,<; 43245,4 27 6,2 49,8 28?813, 7 0,0 21900,7 l<;,2 
DEC 307,4 276,0 583,3 152,3 43700,5 27 9,2 50,3 280618,3 0.0 21924 0 7 25,3 

OCT 307,4 982,6 1290,0 401.4 42906,!1 27~6,<; 49,4 28410!!,4 0.0 21900,7 2'i,? 

-:~-;;;1~~----;;i;:~---;;ii:;---;;;~:;--;;;;:;--------------T--------------------------------------;;;:;-------·-------------------

JAN 307,4 104,3 411,7 153,4 43958,1! 2766,6 511.6 280372,9 OoO 21924,7 2'i,3 

42 

43 

44 

FFI'I 277,6 35,5 313.1 171.7 44100.2 27~0 ,6 Sn .a ?81151,0 O. 0 21924,7 25.3 
MAR 307,4 246,0 553,3 417,11 44235,6 27~4,<; 51,0 282228o6 0,0 21924,7 25,3 
APR 297,5 190 0 3 487,7 654,8 440611,5 27~9, 7 50,8 286514,3 Doll 21924,7 25,3 
MAY 307,4 338,3 645,6 891,1 438?3,1 27"'2,7 50,5 291815,5 0 0 0 21924,7 25,3 

3~~ ~~; :~ i~: :~ ~~~ :~ : ~~=:~ :~i~::: ~~r.; :: ~g:~ ~~~~:~:~ ::::; ~~~!~:: ~~:; 
AIJG 307 0 4 249,2 556,6 !160,4 430?4.7 27~9 8 49,6 292000,0 130o1 22397.7 25,8 
5EP 297,5 138,9 436,4 647,8 42911'1,9 2736:8 49,4 292000,0 105,6 22503,3 2<;,9 
OCT .307,4 113.2 420,6 403,4 42987,2 2738,8 49,5 292000,0 51,1 22554.4 26,0 

~~~ ~~;:~ ~~~:~ ::::~ ~~~:; :~~;~:: ~;~~~:~ ~::~ ~:~~;i:1 ~:~ ~~~~::: ~~:: 
TOTAL 

JAN 
FER 
MIIR 
APR 
MAY 
JUN 
JilL 
AUG 
SEP 
OCT 
NOV 
OFC 

TOTAL 

JAN 
FER 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
OFC 

TOTAL 

JAN 
FE8 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

TOTAL 

107,4 
271,6 
.'307 .4 
297,5 
307,4 
297,5 
307,4 
307,4 
297,5 
107,4 
297,5 
307.4 

584.2 
71,0 

152,4 
221.5 

o.o 
32.4 

311,4 
92.9 

13R,9 
303,1 
IJO.R 
147,1 

891.6 
348,6 
459,8 
519,0 
307,4 
329,!! 
618,8 
400.3 
436,3 
610,5 
428,2 
454~4 

151.4 
171.3 
417.0 
652,2 
886,9 

1069,1 
1056,3 
859,9 
647.2 
403,4 
188,6 
1511,3 

44319,1 
44496,4 
445311,1 
4440'5.9 
'>4004.6 
43500,7 
43226,2 
4?1135,0 
428?9,6 
43041,1 
43<'81!, 7 
43601! ,A 

3619,0 2185.7 <;804,7 6653,6 

307,4 
277.6 
307,4 
297,5 
307,4 
297,5 
307,4 
307,4 
297,5 
307,4 
297,5 
307.4 

307,4 
277.6 
3117,4 
;>97,5 
307,4 
;>97,5 
307.4 
307.4 
i>97,'i 
307,4 
297,5 
307,4 

220,6 
189.4 
440,3 
194,1 
182.4 
42,1 

240,5 
107,5 
219,8 
84,6 

153,2 
124,8 

330,3 
250.8 
257 ,o 
259,6 
277,1 
22.7 

424,1 
154,4 
427,0 
331,6 
284,3 
230,0 

528,0 
467.,0 
747,6 
491,6 
489,8 
339,6 
547,9 
414,9 
517.3 
392.0 
450_. 7 
432,1 

637,6 
528 .• 4 
564.4 
557,0 
584,4 
320,2 
731.4 
461,8 
724,5 
6311.9 
581.8 
537,4 

151.1 43985.7 
169.9 44282,8 
415,1 44615,4 
653,0 44454,0 
888,0 44190,8 

1071.2 43692,7 
1058,0 43363,4 

A6l,;> 43082,2 
648.4 43036,9 
403.!'1 43083.4 
188,7 43345,3 
1'50,'5 43651,0 

151,3 44137.3 
170,'5 44495,2 
416,8 4464?, 7 
653,4 44546,4 
889,9 44340,7 

1072,7 43826,8 
1060,5 43634,1 
863,9 433!16,3 
651.2 43495,2 
406,1 437i>7,A 
190,1 44119,5 
152. ;> 44528.1 

3619,0 3248,9 6867,8 6678,7 

? 76.7 
.. 81,1 
2 !12,2 
2 711.8 
2 67,9 
2 53.<; 
2 4S,6 
2 37,3 
2 34,2 
2 40,3 
2 47,2 
2 56.6 

2 67,3 
2 75,7 
2 A4.1 
2 8o.o 
2 73,2 
2 59,0 
2 49,5 
2 41,5 
2 40.2 
2 41.5 
2 49.0 
2 c;7 ,8 

2 71.7 
2 81.1 
2 84,A 
2 82,4 
2 77.2 
2 62,8 
2 57,3 
2 50,2 
2 '53,3 
2 60,0 
2 71.2 
2 81.9 

93 

51.1 
51,3 
51,3 
51.2 
sn. 1 
5n.l 
49.8 
49,5 
49,3 
49,6 
49,9 
50,2 

50,8 
51.3 
51.4 
51,3 
51.1 
50,5 
50,3 
so.o 
50,1 
50,4 
50.8 
51,3 

284649,2 
?85006,6 
287099,5 
2910114.7 
2919'15.2 
292000.0 
292000,0 
292000 .o 
292000 .o 
292000 .o 
291727,2 
290755,1 

288934,4 
287853.1 
286648,7 
2'Hll7,1 
2919<l5,4 
292000,0 
292000 .o 
292000,0 
292000,0 
292000,0 
291422.7 
290702,0 

287440.6 
285602,8 
286601'>.3 
290464.5 
291992,0 
292000,0 
292000 .o 
292000,0 
292000,0 
291899.6 
289636, n 
287632,2 

o.o 
o.n 
o.o 
o,o 

178,2 
215,4 
163.0 
168,4 
105,4 

4.4 
o.o 
o.n 

854.8 

o.o 
o.o 
o.n 
o.o 

135,0 
233,5 
180,8 
165,1 
es,8 
58.3 
o.o 
o.o 

o.o 
o.o 
o.o 
o. 0 

99,9 
238,7 
136,3 
154,"1 
35,6 
o.o 
o.n 
o.o 

664.6 

22578,4 
22578,4 
22578,4 
22578.4 
22756,6 
229t:J2.o 
23154,9 
23323,4 
23428.8 
23433.2 
23433.2 
23457.2 

23457.2 
23457,2 
23457.2 
23457.2 
23592.2 
23825,7 
24006.6 
24171.7 
24257,5 
24315,8 
24315,8 
24339.8 

24339.8 
24339.8 
24339,8 
24339.8 
24439,7 
24678,4 
24814.7 
24968.9 
25004.5 
25004.5 
25004.5 
25028,5 

Sheet 9 of 18 



• 

• 

• 

I 

"'"''"' "''" """ _I "'" ,.. - "'""" "'"· """" RAI'lTIJM FVAP, rF<;FRVOTR !lOFDATTO"J <;TIJ[lY 
<; CF<:; 

.Q- 0 i>-!) 0 ~ ~ -.1 0 -t1- 0-tl- ott* oC1- * ""0 ~ -1:1- -C1o {) oC!o *"".fl. it .r1- _.,.'* -1$ .0. o .U.~ o .a.* U 0 * .et..O. .tJ. -tJ. ~ (:1. ***ott 0 -11-* -tJ.-tl-!a. * * 0. <H> &. ott- O-tt-*~ 4 ~;t 00.-tt 0 00 ***..,.~*0 00***-D •• .tj. .. 4*ii-t1-0* ....... o•<tt ....... OoiloOCHt 0.0 .. .rt..o• **~ 0* 0 4t0.f-O o!) 

n•[l O> FWJ OF CI'JNTI'NT " CMh'TIHR~TTflN MntH4to<; TOTAL '>ALT Dlli'I"TD, 

<> Rl> 1 ~IF "-ill TURAI. TOT tl MONT'i M()tHH Jl<; • no:- <;AI T TN '>Al. T "AI. T A<; A PI'"I>I"PH 
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4c;, I 
4'i, I 
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YR. 

• RPII\IE 
INFLOW 

MO. * !AFJ 

"'ATUPAI. 
RUNOFF 

(A F) 

TOTAl_ 
INFLOW 

IAFl 
FVIIP. 
IAFl 

EI'Jn OF E"'O OF 
MONTH lollli\ITH 
CONTFNT '>UPF' ACF' 

UF'l ARF'A 

C('IMTF'NT " CMlCFNTRHTON 
AS • OF SAl T TN 

PEPCNT OF • snt UTTON 
f"APACTTY {PPM) 

MONTH"S TOTAL 
SALT SALT 

PP!=:CTPJT aTE PREC IP. 
IAFI IAFI 

SALT PPFrJP. 
AS 1J. PE'Rr.F"'T 
OF P£5FRV0111 

CAPAC tTY 
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63 

6-1-

67 

JAN 
FFR 
MAP 
APR 
MAY 
JUI\I 
JUL 
AUG 
SEP 
OCT 
NOV 
OFf 

TOTAl 

JAN 
FER 
loiAR 
APR 
MAY 
JUN 
JUL 
AUr. 
SFP 
OCT 
I\IOV 
DEC 

TOTAL 

JAN 
FEA 
lo!AJI 
APR 
loiAY 
JUI\I 
JUL 
A\J!'i 
SfP 
OCT 
NOV 
OI':C 

TOTAL 

JA"' 
FER 
loiAR 
IIPP 
MAY 
JUN 
.JUL 
AUG 
SfP 
OCT 
NOV 
OF:C 

TOTAL 

JAN 
FfA 
MAP 
APR 
loiAY 
JUN 
JUL 
AU(; 
SEP 
OCT 
NOV 
OEC 

TOTAL 

JAN 
FFR 
~AR 

APP 
MAY 
JU"l 
JUL 
AUG 
SFP 
OCT 
NOV 
DEC 

TOTAL 

307 .~ 
277.6 
307 .~ 
?Q1 .5 
307.4 
?97.5 
307.4 
3()7 .... 
297.5 
307,4 
?97.5 
307.4 

307.4 
?77 .6 
307.4 
?97.5 
307.4 
?Q7.5 
307.4 
307.4 
;>'l7.5 
307.4 
;:>97.5 
307.4 

3117,4 
?17 .f> 
307.4 
?97 ,5 
~07.4 
;:>97,5 
307,4 
307,4 
?97.5 
307,4 
?<11 .5 
307.4 

<'90.1 
22<'.? 
266.3 
328.1 
196.5 
?0.6 

200.7 
32A.6 
3111.5 

o.o 
211.6 
124.2 

102.3 
1411.? 
114.8 
255.? 
16!1.1 
8S.6 

3'l2.0 
43?,3 

o.o 
480.4 
31 .... !1 

71.'5 

47 .A 
\!1,1'1 

1«1.« 
287 ,Q 
179,7 
125,0 
3RR.I 
149.6 
967,3 
?50.9 
?1'>.7 

64.11 

597,5 
499,11 
51'3.6 
62<;.<; 
5()3,9 
3111.1 
50!1,1 
636.0 
615,Q 
307,4 
509,0 
43!.5 

409,7 

417 ·" 
42?.1 
">5?.7 
475,.:; 
383.1 
699.3 
739,f> 

2Q7 ·" 
71'.7. 1 
613,<; 
37A.A 

355.? 
29f>.4 
499,3 
5!1'>,4 
4R7 .I 
4??.4 
695.4 
457 ,o 

1?!'>4, 7 
55A.;:> 
513,1 
37?.? 

H'>l,7 51126.3 
182,? 5!443,Q 
445.1 'i)57?.3 
696,9 "1'i0lo0 
Q46.4 5l!69,4 

1\16.5 50605.1'. 
11?1.3 501Q7.3 
'l15.7 50041,A 
6QO.O 5003<1.5 
42Q~6 "0002,7 
?oo., Sn::ll\,1 
160.? 50601\.4 

!60 0 A 
1!10,1 
43!1 0 9 
684.? 
Q37 ,3 

1133,1 
1120,9 
914.4 
688.3 
4?Q.l 
20\,JI 
16!.1' 

16?. 0 
1!10,9 
43Q.I) 
,114,9 
Q37 .o 

1133. I 
I 1?0,9 
913.4 
689.9 
437 .I 
?03,:1 
16?.4 

50II<;S,3 
51091,0 
S10A7 .A 
5104?,1 
5074'<,3 
"0237. 3 
49<174,A 
4Qf1QR.3 
4Q657.? 
'i0015,9 
'>04?7 .6 
S066P..6 

SOII61, 7 

50977 ·" 
51037,5 
5!007 ,5 
50723.6 
50?41,3 
4<197s,e 
4<;161!7 .1 
S026?, 0 
503!13,0 
SOf>C:?.9 
c;oQ?6. 7 

361Q.O 2887.S 6506.'5 7064.0 

307,4 
?77.6 
107.4 
;:>97 .5 
307,4 
?<17 ,5 
:'107 .4 
"'107,4 
?97 ,5 
307,4 
?Q7.5 
307,4 

3()7 ,4 
?77,6 
307.4 
;>97.5 
107.4 
;:>97 ,5 
307.4 
307.4 
;:>Q7.S 
3()7.4 
?97.5 
307,4 

l O?.f> 
273.1 
5!.5 

203,7 
?05,? 
92.7 

162,5 
!80 .3 

15.3 
2?,0 

162.5 
IIA,l 

2?Q,'i 
911 0 A 
90.5 

140,1 
95,7 
52,9 

17<1.<1 
?3<1.1 

!8,5 
119.'5 
116.0 
144,<1 

410.0 
c;5o. 1 
35A.'> 
50! .I 
512.!'> 
390,1 
46Q,9 
4F!7 ,7 
31?·. 7 
329.4 
45Q,Q 
395.'i 

536.<1 
376,5 
397,9 
417.7 
403.1 
350,1 
487 ,;> 
546.5 
316.0 
4?6.1'1 
413.<; 
45?.? 

1f>2.t'> 
1 fl2.1 
44S,R 
6QI.2 
Q3Q, ~ 

!135.A 
1122.'> 
Q!4.4 
68A,O 
42!1.1 
1QQ.<I 
15'l.'i 

5ll74,1 
5154?. 7 
5!4SS.B 
5131'3,6 
S\04<1.? 
50'340,5 
50103,7 
4<11117 ,3 
49f>07 .9 
495RA,II 
49A4A.P. 
501 OR,!I 

160.0 <;Q4R5,7 
lfl0,1 SOM1,R 
438,7 50657 ,Q 
681.7 505?7,5 
913.1 "01fl1,0 

1128.0 491'>50 ,2 
1114,6 49232 .s 

<10!1.;:> 49015.11 
683.5 48791 .5 
4?5.5 411!147,9 
l<IA. 7 49063.'> 
!5'1,? 493!1],5 

361<1.0 15?5.6 5144."' 7010.7 

107,4 
?77.6 
307.4 
;:><17.5 
307,1t 
;:>Q7.5 
307.4 
::11)7 .4 
?97 .5 
107,4 
;:>Q7 .5 
307.4 

344,'i 
w .• 6 

204.7 
?31,!1 
71-1-.2 
95.4 

<127.4 
721 .I 

o.n 
1581!,1 
377.9 
87.6 

651.9 
374,:? 
512.1 
5<'9. "1 

1021.5 
392.'3 

1214.7 
1028.5 
297.5 

1895.5 
675 •• 
394.9 

159.<; 
1A1,4 
44!,2 
6A5.9 
Q31,9 

1127,9 
I 118.1 
914,? 
68A,6 
431.1 
216,? 
173,'3 

49R71.<1 
500f>6,8 
50]37.7 
5003],0 
c;ot s1,q 
49653,? 
4Q7Q6,6 
4<1<1311,1 
49696.8 
51161.2 
51620,4 
51R65.Q 

.............. 
• PO"'f\ 3 " 
o••••••••• 
2940,1 
?Q47 ,3 
?<ISO,?. 
2Q4P..6 
2Q4).1 
2Q?P.,3 
2919,\ 
<"H5.5 
2Q1'>.5 
2914.6 
29?1. 7 
29?1'.,3 

2934.0 
2939.3 
29'!9.?. 
?9311,;:> 
291!.6 
29;>0.0 
2914,0 
?912,? 
2906.5 
('9)4,9 
?9?4.1 
29?9, 7 

2Q'!4,1 
2936,7 
293A,1 
2'l17 ,4 
2<131 .o 
;:>9;>0,1 
2Q14.0 
?907,? 
;:>9?0.5 
29?3,1 
?910.3 
2935.6 

294!,2 
2949,5 
2947,1\ 
2Q44,4 
2918,4 
29?6,1'1 
2917.() 
29!0, 7 
?905.4 
2904.9 
2911,0 
2917.1 

2'l2'5,1\ 
;:>930.0 
29?9,S 
2Q26.f> 
2QI fi,R 
2906.4 
2896,5 
2119!,4 
28Af>,?. 
?RA7 .5 
289?,, 
2900.0 

2Q1l.f> 
?.'>16.1 
2Ql7. 7 
2Q15.1 
2918.1 
2906.4 
2QOQ,P. 
2911.1 
2Q07 .4 
2940,Q 
2951.3 
?95f>.fl 

97 

2A1815o'> 
27'l742 .8 
?111827 ,R 
;:>A7631. 7 
2<11977,3 
291999,9 
292000,0 
29201!0. 0 
29200(1,!1 
2920(10 ,o 
?!1'1815,3 
?.118784,2 

2811311,4 
2A76!5.7 
?91 977.2 
2919<19,9 
;:>9?001) .o 
?9?000 .o 
;>Q20or>.o 
2'l2ooo,o 
29?000,0 
2811331'. .2 
?113390,3 
21!3792,3 

2A47fl2.o 
287031\,P. 
291}41).9 
291995.6 
?Q2000,0 
292000,0 
?<I?Ooo.n 
292000,0 
?!!1520,5 
2A4690.? 
?'3231;1\,;:> 
283007. ~ 

21!2649,5 
27A750,2 
2!167111.<; 
2<11972,6 
?.91999. Q 
29?000 .o 
?.92ooo .n 
?.92000 .o 
29?000. 0 
?9?000 .o 
290509,4 
2<101A4.7 

2853!6.0 
2115713.9 
291967,3 
?91999,!! 
292000.0 
29?0(!0. 0 
;:>Q2000,0 
2'l?ono.n 
292000,0 
?92000 .o 
2Q2000 .o 
2888<'3.4 

277715.7 
;>78605.4 
2!!5051,0 
29191\3,9 
'i'9199Q,A 
292000,0 
29?000,0 
292000.0 
?92000,0 
244595.8 
;>311855 ,8 
2•0632 ,6 

o.o 
o.o 
o.o 
o.o 

Jl0,9 
254,9 
206,7 
124,2 

71.1! 
115.4 

o.o 
o.n 

o.n 
o.n 

ll.6 
115,9 

168,9 
?3!1,1 
159,0 
98,4 

149,7 
o.o 
o.o 
o.o 

91},7 

o.o 
o.o 
o,n 

69.6 
166.0 
2?.8,4 
160.0 
167,"' 

o,o 
o.o 
0 ,o 
o.o 

o. n 
o.n 
o.o 

49,9 
}1;0,.,. 
217,0 
?15,9 
160.3 
145,9 

79,(. 
o.n 
0,1) 

o.o 
o.o 

}6,11 
113 .... 
1A5.11 
244,11 
2119.7 
144,3 
144.0 
55,0 

,R 

o,o 

1114,1'. 

o.o 
o.o 
o.o 

49,9 
13,::-

2'14,4 
:>6, 7 
?7,?. 

14Q.P. 
o.o 
o.o 
o.n 

5?1. 'I 

39132 .. 7 
3'll32, 7 
39132.7 
39132,7 
39?43,6 
39498.5 
39705.2 
391129,3 
39901,1 
39986.6 
39986,6 
40010.6 

40010,6 
40010.6 
40()22.2 
40108,) 
40277.0 
40515.1 
40674,1 
40772,5 
40922.2 
40922.? 
40922.2 
40946.2 

40946,2 
40946,2 
40946.2 
41015,!1 
41181,8 
41410.2 
41570.2 
41737,8 
41737.8 
41737,8 
41737,8 
41761.8 

41761.11 
41761,!1 
4171)1,8 
411111.7 
41972,0 
42208.9 
42424,8 
425115,2 
42731.1 
42810.7 
42810.7 
42!134, 7 

42!134, 7 
421134,7 
42851,5 
42965.1 
43150,9 
43395,7 
43605,4 
43749,7 
431193,7 
4394!1, 7 
43949.5 
43973,5 

43<173,5 
43973.5 
'<3973,5 
44023.4 
44056.7 
44291,1 
44317,8 
44345,0 
44494,!1 

44494 ·"' 
44494,8 
445)11,8 

4 .... 1 
41;,1 
46.1 
4f!,2 
4f!,4 
41\.7 
41;.9 
47 .o 
47.1/ 
47,1 
47.1 
47.2 

49,3 
49.1 
49,4 
49,5 
49,7 
!'in.o 
5n,;:> 
5n.4 
5o., 
sn,6 
50.6 
5o, 1 

so. 1 
so. 7 
51'1, 7 
sn. 7 
50,1! 
'H ,o 
51.1 
51.1 
51,1 
51.3 
5!,3 
51,3" 
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69 

70 

7l 

72 

71 

74 

JAN 
FER 
MAR 
APR 
MAY 
JUN 
JUL 
AIJG 
SFP 
OCT 
NOV 
OEC 

JAI<I 
FEP 
IAAP 
APR 
MAY 
JUIII 
JLIL 
AUG 
5EP 
OCT 
NOV 
OEC 

TOTAL 

JAN 
FER 
MAR 
APR 
MAY 
JUN 
JIJL 
AUG 
Sf"P 
OCT 
NOV 
OEC 

TOTAL 

JAI<I 
FFR 
MAR 
APR 
MAY 
JUI\I 
JUL 
AUG 
Sf"P 
OCT 
I<IOV 
OEC 

TOTAL 

JAN 
FEA 
MAR 
APR 
MAY 
JUI\I 
JUL 
AUG 
SEI> 
OCT 
NOV 
DEC 

TOTAL 

JAN 
FEB 
MAP 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
OEC 

TOTAL 

~07 .4 
277.6 
307.4 
?97.5 
307.4 
297.5 
::107.4 
307.4 
;:>97.5 
307.4 
?97.5 
307.4 

307.4 
277.6 
'107.4 
2<17.5 
307.4 
297.5 
307,4 
~07 .4 
?<17.S 
::107.4 
?97 .5 
307.4 

307.4 
?.77 .6 
'!07 ,4 
;>97.5 
307.4 
297,5 
307.4 
107.4 
297.5 
307.4 
2<17.5 
307.4 

194.11 
195.3 
tao:;.o 
95.4 
58.9 
55.? 
87 .s 

335.0 
317.3 
224.6 
181.9 
68.3 

37.6 
20A,2 
53.2 

171!.6 
43.0 
56.6 

254.1 
383.2 
?63,4 
449,7 
34.0 

201.4 

97.3 
307.5 
256.9 
154.<1 
94.6 

131.? 
JS3.8 
122.5 
261.3 
2<11.8 
12?.0 
JB6.R 

502.2 
472.9 
492.3 
3<12.9 
166.1 
352.7 
3<14.<1 
1;42.3 
6\4.R 
5:n.'l 
481.3 
375.6 

345.0 
4A5,A 
3f,O .6 
47f>.n 
3S0.3 
354.1 
561.&; 
6<1().1'> 
560.1! 
757 .n 
331.4 
50R.B 

404.6 
5AS.2 
564.3 
4S?.3 
401.9 
434.7 
461.2 
429.<1 
sc;a.7 
59<1.1 
41<1,<; 
4<14.2 

173.5 
194.1'> 
474.2 
736.5 
984.0 

1142.1 
1126.0 
917.7 
691.6 
430.9 
201.1 
160.9 

52194.6 
52472.9 
5?491.1 
o:;2147.5 
515·?9.A 
50977.? 
o:;o4A1.3 
50329. n 
<;0324.6 
S045f,.2 
"0716.? 
"0<17<;.(1 

161.0 51158.9 
179,8 &;)41>4.9 
440.;> 5141?,4 
6BS.9 <;D?7.8 
938 .<l "'O<l39 .4 

1114.7 50404.3 
1121.7 50037.3 

<114.7 4QQ?3.6 
6B9.? 4<1880,4 
429.8 <;0207.6 
202.6 <;0336.4 
160.0 S0709.2 

162.0 'i0951.9 
181.<; 51355.5 
448.2 51471.7 
697,4 512An.o 
<138.7 50<130.7 

\134.<1 50451'>.? 
11?1,8 <;0013.5 

<113.<; 4<1704,;:> 
1\BA,O 4<11'.60.3 
42A.8 4<1A44.1 
200.3 "0063.~ 
15<~.<; c;o4n.o 

3619.0 2186.6 '>805.1> 7074.5 

307.4 
?17.6 
307 •• 
?97.5 
::107.4 
297,5 
307,4 
307.4 
?<17.5 
307.4 
?97 .5 
'!07 .4 

307.4 
?77.6 
307,4 
297.5 
107.4 
297.5 
307.4 
307.4 
297.5 
307.4 
?97 .5 
307.4 

115.8 
163.<1 
428.7 
145.9 
17</.Q 
70.? 

16?.1 
439.9 
748.9 
29<1.6 
146.3 
185.6 

90.5 
347.2 
89.3 
8?.6 

147 .e 
92,6 

140,1 
81'>. 7 

370.;> 
264,5 
200.6 
149,4 

423.? 
441.<; 
736.0 
443.'! 
487.1 
367.7 
46</,S 
747.3 

1046.4 
607 .o 
443,7 
493.0 

397.9 
624 0 A 
396.7 
3An.l 
455.2 
3<10,0 
447.<; 
394.1 
667.6 
571.9 
4<18.0 
451\.A 

161.9 'i1J6fl3.3 
181.7 'iO<l43.1 
444.8 51234,4 
701.1 51027.3 
937.1 'i0743,4 

1133 .o <;0219 ,9 
111<1.7 49784.9 

<113.0 4<1715,3 
689,4 'i007?,1 
440.5 50238.9 
203.5 S0479.0 
162.3 501133.7 

164.6 'i1067.0· 
184.2 51S07.6 
458.0 '>1446 .2 
697.5 51219.3 
938.4 <;0910.3 

1\34.f> S0402.4 
11?1.? 49</49.7 

<112.9 49613.9 
6!l7. 8 49652.3 
428.7 4<1815.6 
200.3 50113.3 
163.6 c;o43o.5 

361<1.0 2061.6 5680.5 70<11.9 

307.4 
277.6 
307.4 
?97.5 
307.4 
297.S 
307.4 
307.4 
297,5 
307.4 
?97.5 
::107,4 

166,9 
148.6 
200.7 
46.3 
17.1 

114.<; 
764,5 
841.3 
422.0 
5H>.7· 
l5S.1 
83.7 

474.3 
426,2 
508.1 
343 .• R 
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1--~--------1..-..1-,,..(-S~~ ,.+~.,~C::·~\+....,..-+-!G_ ... _._111

·_> -1-!_,._.s_ .• _.l...J-.(M_I_M._) .J4::,;9::.;3::.:9::.&.::4~..J0o.~.a.~ .. O.L...t...,....,..,.:l-t"',c-./----·---... __ -----.. -· .. - ·- · · -·- --- ..... 
All depths are takmi5.5 lLJ AS Not Rf~uired By Sp~cific~tion f·.:y..: NOTE: Percentages given in the follow-

j 
1 

I 

from ground surface BD ~~·: ing descriptions are visual estimates. 
some subsidence at ·.·· · 0.0'-12.0': SILTY SAND; 20% medium sand, I 
hole due to impact -v·.<.' .. 50~~ fine sand,JJ% non-plastic fines, sub-
of percussion drill angular,loose consist•ncy on p,round 
DRILL EQUIPMENT ,0 JO. • • surfaces, tan, strong reaction to HCl (SM 
Becker, Model No.l80 ~927.4j 1?.0'··.·.·· 12.0'-23.0': SAND; 15% gravel up to!.;!" 
truck-mounted, air- I _ .. '.

0
._: ~·.::.~.: size, 25% coa;se-sand, 30% medium sand, 

hammer drive,S~"O. 1 
30% fine sand, subangular to subrounded 

D. double wall cas- .·.::.•: tan, moderate reaction to HCl (SW). 
ing of 3~"I. D., with · ·.:- · 

20 .~· . .' .. :•.: 23.0'-35.0: SMIDY GRAVEL; 60% gravel up 
600 C.F.M. air com- 20 to 1" size, 15% coarse sand, 25% medium 
pressor and cyclone · '." ·; 

~916.41 .... 23."·~ to fine sand, subangular to subrounded, 1-3ssembly with sa!l1>le r- ·"-'~ 
tube. ~~::~~ strong reaction to HC1, (GW) 

ioRILLING MEDIUM 
~ir medium through­
put the hole. 

~ASING & BACKFILL 
IPlaced 5~"0.0. cas!~ 
~s hole was drilled. 
~asing was removed 
pn co~pletion of · 
~rilling and hole 
f;Nas backfilled with 
sand as casing was 
pulled. 

k;ROUNDWATER 
[nterval Condition 
P-9.o 
~.0-12.0 
12.0-25.0 

Dry 
Moist 

Wet 
~5.0-32.0 water Flo 
32.0-36.0 Wet 
36.0-47.5 water Flo 
47.5-48.0 Wet 
48.0-64.0 kater Flo 
64.0-68.0 
~8.0-72.0 
172.0-76.0 

6.0-90.0 
~0.0-94.0 
94.0-95.0 
95.0-102.0 Some 

Wet 
kBter Flo 
Moist 

Dry 
Witer Flo 

\vet 

Wlter Flo 
02.0-107.0 Dry 

NOTE: Lower dry 
~ones may have lost 
~oisture in blowing 
air medium. 

30 

60-

-

80 

90 

Ff.'AlVH! .. 
Brine Well Field 

I 

i 
: 

i 
l 
i 
I 

I 
I 
I 

I 
! ! : 
i 

! i 

I 

I 
I 
I 

.. p~(lJiCT .. ,t;:RBSCP 

· · · · 35.0 1-39.0': FAT CLAY; high plasticity 
·~~·.::~; brown, high dry strength and toughness, 

30- r:·:::·~: slight reaction to HC1 (CH). 

:.(! .. :':'. 39.0 1 -48.0' SILTY SAND;lO% gravel to 1" 
1904.4t 35.0 ·~·-~ 60% fine sand 30% non-plastic fines,sub 

~~'/ angular to subrounded, brown, occurred 
rJ/ ~ in slurry,strong reaction to HCl (Sri) 

900. 4( 39 • ..g ~ .. '_ .... ·. i ~·:~ 48.0'-50.0': LEAN CLAY; Medium to high ! 
plasticity, may grade to FAT CLAY, medium: 
to moderately high dry strength and 
toughness, brown,highly reactive to 

i 

HCl (CL). 

50.0'-56.0': GRAVELLY SAND; 25% gravel 
up to !.;!" size, 50% coarse sand, 25/; 
medium to fine sand, subrounded to 
occasionally subangular, strong reaction: 
to HCl (SW). 

56.0 1-72.0': GRAVEL; 20% coarse gravel 
to ·2" size, 70% fine to medium gravel, 
10% sand, subrounded to occasionally 
subangular, some white evaporite coating~ 
on dried samples, slight to strong 
reaction to HC1 (GW). 

i 
72.0 1 -90.0': GRAVEL; 30% coarse graveli 
up to 2" size with angular breaks indicaf 
ting possible cobbles, 40% medium to fin4 
gravel also with angular breaks, 30% 
sand, subangular to subrounded, some 
evaporite coating on dried sample, moder~ 
ate to strong reaction to HCl, (GW). 

90.0'-94.0': FAT CLAY; high plasticity 
gray, high dry strength and toughness, 
violently reactive to HCl (Cll). 

94,0'-95.0': SILTY SAND; 5"1 coarse sand 
to occ. fine gravel up to lz;" size, 65% 
fine sand, 30% non-plastic fines, sub­
rounded to subangular, occurred as slurr~ 
dark gray-brown, white evaporite coating· 
on dried sample, strong reaction to 
HCl (SH) • 

Sheet 1 of 66; 

STAT£ Colorado <Hf.f:'l. 1. or 2 .•. < "; ?H-lW 

103 



• 

• 

• 
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HW'••" of ll:ec l•m•Uoa GEOLOGIC LOG OF DRILL HOLE SHEET .• ,2 .... OF .... 2 .... 

fUTURE· •••• JJ1:iP~. }l~,l,l, fh~~9 .................. PROJECT ••• ffUQQ¥. Uo't, . C88SCT;'. . . . . . . . . . . . . . . STATE ..• Co.l.o.r.adP ......... . 
HOL P.H,-lW LOCATION •• \I!!P~.9f.J.l9l9t'n.\ttV,t..... J.o':lo 4~ oQo 

E NO. · · • • • • · COOIIDS N E . GROUND ILIV .• 7f_,H 'i • ••.••• DIP (ANGLE FROM HORIZ.) . • ~ ..••....•••.. 

BEGUN •• 1.0.-.1.1;-_7~ .. FINISH!~. ~9~H~?~::: ~~~~~ ~~ ~~~~~~~~~N J9?r9~ ....... ~~J~~ .. \Q~,Q~ .. lURING. •.•.•....•................ 

D~~~~LA:SD1kf;£'Ue%tJ::D .. S~e. Notee...... . . . . . . . . . LOGGED IY. \tr. ~ •. CfiJtcbUeld .... LOG REVIEWED IY. · · · · · · · · · · · · · · · · · · · · · · 

,.... 
• NOTES ON WATER Tl:: lltllt 

LOSSES AND LEVELS, •> 
88 CASING, CEMENTING, SIZE 

CAVING, AND OTH!R Mg~~ IU 
DRILLING CONl'ITIONS • 

(") 

).5" aq 
RD AS 

10 

-

20-

-

10-

80 

I CORE ~LOSS 
BD = Becker Drill 

I coR£ 
1
!HCOVEPY 

I 
L--

PERCOLATION TESTS .. 
DII'TM . 
(FE!Tl ~ 

LOSS = .. I'Rr.' . 
TO &. 

Z:l-...... 
0111 
zl-... .. ....o 

AI: 

~I:J 
... ! ........ _, ... ...... 
Sl-

Drilled by Becker Drills, Inc. 
CLASSifiCATION AND 
PHYSICAL CONDITION 

• Spec. No. 400C-610 
,R'\Q b.fJ 1Ml r :-:t"'1""fC''/----.. --·------·-------

. ,.~: 

(I", "j' .. c. (G .... M.) ( ... S.I.) (MIN.) 

1.834 9 104 ·~f 
~'t ,., n_,; :1!::·· 

ottom o: Ho 

~toppE~ dril~ r.ng t~causE no 
FurthEir infojrmatic~ needled. 
Orilli~g was nard ~nd t Jne 
onsuu~ng at this ~epth; Dril er 
hougt we 10~re it1 forllll3 ion 
nateri~l but no sa!nples ~ere 
ecove ed. 

-

20-

-

-

10 

80 

90 

1 

95.0'-104.5': :;ANDY GRAVEL;25% coarse 
gravel up to ~" size with angular breaks 
indicating possible cobbles, 20% medium 
gravel, 25% fine gravel, 30% sand, 
subangular to subrounded, trace of clay, 
some evaporite coating on dried sample, 
strong reaction to HCl (GW). J' 
104.5'-106.0 1

: SAND;5% fine gravel up to 
!t;" size, 20:'' coarse sand, 50% medium S"'.n 
25% fine sand, subangular to subrounded, 1 
gray, moderately strong reaction to I 

~~~-~~:~~7.0': SANDY GRAVEL; as 95.0'- I! 
104.5' above (GW). 

107.0': Hermosa Formation; according tol 
driller (no sample). 

I 
l 
' ~ 

-'~-···------·-···· ....... ·----· - .. --.... -J-----1 
I 
' 

I 
I 

-~--------- --·~·-·- --~~~~-~~!.-~J 
F''<OJEC:: T • • CR.BSCP STA ~e Col.orado ~HF..f:t 2. ·>r 2 •lllt•· :,, PH-lW 
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0~0 ....... 0, GEOLOGIC LOG OF DRILL HOLE SHEET ....... OF ..... - •. 

FUTURI!. Brine. Well.. Field .. , .................. PROJECT ••• flitQ4Q¥.1.1ll:th .GIPS&Gl! ................ STATE •. ,Cp,lp.r~!IP ......... . 

HOLE NO .. PJI:-:Z\-1.,, LOCATION •. Weiit .Qf ,J)Qlqt'eli .JJ.:l'!et''''' GROUND ELI!V .. 4838-&7. ....... DIP (ANGLE FROM HORIZ.) . . 9.0~ .. · · · · · · · · · 
COCHtDS. N ••••..••••••.•. I.. • • • • • • • • • I TOTAL I 

BEGUN lD-llr-76 ... FIHISHED.l0-:-12":"16 ••• DEPTH OP OVI!RIURDI!H •. 70.0 ....... DEPTH •. l.Z-0 .... IEAitiNG •..• · · · .. · · . · · · • · · - · • · ·-

Df=~~L~:alkH!'Ue!tJilo .. ~~~.~I?~~ I!'..... . . . . . . . . . . LOGGI!D IY. 8 •. L •. Crut~hff.eld .... LOC REVIF.WED 1\Y · · · -

NOTES ON WATER 
LOSSES AND LEVI!LS, 
CASING, CEMENTING, 
CAVING, AND OTHEII 

DRILLING CONttiTIONS 

T::J 
SIZE 
OF 

~OLE 

II: 

f.., 
... ! ...... ........ 
Lll.l a.-
"' 

Drilled by Becker Drills, Inc, 

C:LASSIF;t:A 110"'1 AND 
PHYSICAL CONPIT'i:JN 

Spec. No. 400C-610 
o.o ........... 

~A-l_l ___ d_e_p_t_h_s __ a_r_e----~~-.5~.~ • .,~~~--~--~-+~--=+--~~--~~~~~~~~~~.~.~-~-~~N~O~T~E~:~P~e-r-c.-e-n~t-a-ges-gfven-Jrn-the-foll.ow~ 

taken from ground BD :·:··:·_;,.: __ :. ing descriptions are visual estimates. 

surface;some sub- 5 •0 . -~:; 0.0'-5.0 1 : SILTY SAND;60% fine sand, 40 
sidence at hole due · -~ · non-plastic fines, subangular, tan to 
to impact of percu · • · 
ssion drill. 

10 
4828 .8 lO.JJ . , . brown, loose consistency on ground 

DRILL EQUIPMENT 
Becker, Model No J8 , 
truck-mounted, air 
hammer drive, 5~" 
O.D. double wall 
casing of 3!-t;" I.D. 
with 600 C.F.}!. aii 
compressor and 
cyclone assembly 
with sample tube, 

DRILLING MEDIUM 
Air medium through 
out hole. 

CASING & BACKFILL 
Placed S~"O.D. cas 
ing as hole was 

-

20 

drilled. Casing «»-
was removed on 
completion of dril 
ing and hole was 
backfilled with 
sand as casing 
was pulled. .SO 

GROUNDWATER 
Interval 
0.0-7.0 
7. 0-11.0 
13.0-22.0 
22.0-56.0 
56.0-65.0 
65.0-68.0 
68.0-70.0 
70.0-72.0 

Condition 
Dry 
Moist 
Wet 

Water Flo 
Wet 

W!.ter Flo 
Moist 
Dry 

60 

80 

AS 

I 

36.0' ,..45.o'l 
15.0 0 30. 

I 
l 
I 

SAND~ 
abov~ 

I 
I 
I 

as , 
(SW)i 

Stopp~d dri~ling ~hen 
encouptered! forma~ion. 

~ ~ 

~821.8 

/.'.'·.'· surface, strong reaction to HCl (S~t), 

·· · ;/ 5.0'-10.0 1
: SAND; 20% coarse sand, 50% 

l'i o· ·.:}:·. medium sand, 30% fine sand, subrounded 
o:: .' to subangular, tan, strong reaction to 
. ·. .... HCl (SW). 

I 
! 

20 ··:. 

;·:;, 
- ... 

··.:. 

10.0'-15.0': SILTY SAND; 70% fine sand,; 
30% non-plastic fines, subangular to I 
occasionally subrounded, brown, occurre4 
in slurry, strong HC1 reaction. (SM) I 

.: :: ·~ 
~.QflA 11 1fll8- .• 

15.0'-30.5': SAND; 10% fine gravel to ti 
size, 10% coarse sand, 20% medium sand,; 
40% fine sand, 20% non-plastic fines, j 
subangular to occasionally subrounded, I 4807.8, 31.0 ·.,: ·:. 

:. · .. 
~~81-l H~·.&-~ brown to dark gray, traces of clay, , 

strong HC1 reaction. (SW) j 
".'· .... 

«»- :· ... :~:· 
.o': ·. ·. 

I 

30.5'-31.0': FAT CLAY; high plasticity,! 
gray, high dry strength and toughness, 

1 
strong HC1 reaction. (CH) 1 

31.0'-35.0': SAND; as 15.0 1 to 30.5' j 
above. (SW) -- j 
35,0-36.0': FAT CLAY; 
above (Cil). 

as 30.5 to 31,0' 1 

I 
i 

.5.0'-46.0': GRAVEL; 80% coarse gravel 1 
about 1\:!" to 2" size in 20% sand as ! 

above, gravel is subrounded and hard, ! 
some evaporite coating or dried samples~ 
sltght to strong HCl reaction in sand. 1 
(GP) I 

46.0'-53.0': SAND;as from 15.0'-30.5' 
above. (SW) 

' 
53.0'-56.0': SANDY GRAVEL;30% coarse I 
gravel to 1\:!", 40% medium gravel, 30% . 
sand as above, gravel is subrounded andj 
hard, some evaporite coating, slight f 
HCl reaction. (GW) · 

! I· 1 t I I 56.0'-70.0': GRAVEL;25% coarse gravel t4 
I ~cJ .,, 2" size with angular breaks indicating • 

1 possible cobbles, 50% medium gravel, , 
l 1 ! 25% fine gravel with some sand slurry 
-; ! 1 from 65.0' to 68.0', subrounded with 

'1 I 1 frequent angular breaks, some evaporite: 
j I coating, hard grains, slight to strong • 

I HCl reaction, (GW) , 

'I 70.0'-72,0': GYPSIFEROUS BRECCIA; soft} 
j! gray-brown shale. (Hermosa Formation). 

'---~- JL---·-·--- --·----~ ..... ··-·--·-- I 

I 
CORE 
LOS5 

CORE REC'OVERY 

BD Becker Drill 

AS Air (blown) Sample 

~!r: :!a~:~· .. : :. : : :: : :: ~: ~~:k:~_dc~: ~~.~.:t~~~~~~~ec; ~; ~~~~:~; e~ ~~:!r,:··~ 
Appro•- ,.,. oi hole (X-oeties) .. E • l 102" A • " '-7 8 ·, e., " 2 ):e" "'' ~ ' 

~~~=~:. j:~" :,':::""~\t;~~~~.-.· ~[.~ -~-: f,_-_-~,s3_·" .. !F' A~:;_ ~_.U3::2: ;:, --~ tJV8t_ ~:-~ _t;·~:: 
l~oide ~~"-of «ning (X. 5 ••i•••· , , - ., ., . . ,., Sheet 3 of 66 < --·-------·----·---- --·-··---- -··----·-··---.. ·----·--------·---' 
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7·13ST (-t) •-••Df••e....,tl.., GEOLOGIC LOG OF DRILL HOLE SHEET •....•. Of •.•..... 

JIIATUI:I .•• t:ine. X...U. l'~ ......•...........•.. PRDJICT .•. J:'fl~fl~~1'. !J'!'~~~. ~~~~H ................ STATE ... ~'?~'!t;~~<! ......... . 
HOLl NO PQ-~'( LOCATION. )JIJ~.t. Pf.. pP~pf~~- ~~Y!!f'...... . 40~0 ~0 90o 

' " ' ' :' ' ' COCHIDI. N. , ••.•••••.••••. E ••••••• , • • • GROUND I LEV. • . i";i'"' i'l" • .••••• DIP (ANGLE FROM HORIZ.). • • . . . • • . . . . . ..• 

aiGUM .~Q-;U"":7.6 •. JIINISHID. )~)J.~lfl ... DEPTH 0' DVIRIURDI!M M.•P.' ........ o:1~~- ~7! 9~ .... BEARING •.....•.•...•..••.......... 

Df:~~LA~J!~fli:VE%tJIIa. J3u. N/:11-~IJ ••••..••••••••.. LOGGID av. Jt .• : J. ... j::J.'UJ:~ltn~~C>i .... LOG REVIEWED BY ............... . 

NOTIS ON WATER LOSSES AND LIVI!LS, 
CASING, CIMIMTIMG, 
CAVING, AND OTHER 

DRILLING CONDITIONS 

PI!RCOLATIOM TESTS 

ornM 
(I'UT) 

TO 
LOIS 

(G.P.III.) 

.. • :::t a • .. 
(P.S.I.) 

.... ..... ., .. .... 
~:; 

(MIM.) 

..(z~ z-

:;21:: tti u 
-'t-Il. !~ ~ IU - =_, 

C) 

,Q"\Q '"\~ 0.0 
~11 depths are taker. 5.5J AS 
~rom ground surface;aD 

tbt R quire By S ecifi atio s 

some subsidence at 
bole due to impact 
pf percussion drill. 

PRILL EQUIPMENT 10· 
~ecker, Model NoJBO 

ruck-mounted air-
l;lammer drive, SJ~" 0 -
p, double wall cas-
~ng of 3!ot;"I.D. ,with 
~00 C,F,M. air com- ~ 
pressor and cyclone 
assembly with sample 
ube. -

PRILLING MEDIUM 
~ir medium through- .._; 
but the hole. 

~ASING ~ BACKFILL 
Placed S~"O.D,casinl! : 
~s hole was drilled. 
~asing was removed 
bn completion of ~ 

,Q?Q "l' 1n .o 
: .. ~.~ ;: 

-r.~:: 
:-o::: 

919 3' 20 .o :o;·,.. 
:: ~ ,•: ..... 

~~H4. 3' 2'i. o· ;::;~ 
~':":·-: 
:.·/ 

li.qnq .1c 1o...L1 :/:.::: 
. .. · ,. 

-: .... : :: 

. ..: .·.::·:-: ... 
~rUling and hole 
~as backfilled with 14895 . 31 44 0 · ·. :.<: 
sand as casing was 3894-:8 n4. 9 ~ 
pulled. :: : ·.· 

r>ROUNDWATER .,: ~889, 3 c;.n -!I· :· ~ ·: .' 
nterval Condition 1887 l' '1?. o ".,'/ .. : 

p.o-7.0 Dry Q~~· 
.0-14.0 Moist • I o,•.: •. 
4.0-50.0 Water Flow 6u •• 

50.0-62.0 Dry •'•~ 
55" ~. 

~OTE: Lower dry zone '60 14878.3~ 61.;!q; 
nay have lost some ~BllRn~~A~<s~ __ _]B~ot!to~m~~o~f~H~o~l~e----~---Jtlt~~~2:~~B~§f 
noisture in blowing Stopped drilling when 

ir medium. ~ enTtero d fon~tinn. 
70-

i
CORE 
LOSS 

CORE 
RECOVERY 

10- I 

I 
I 

I 
I 

ao-

90 

EXPLANATION 

BD = Becker Drill 

Ty~§f 1:'..1~~;-. ~~~'?~l. ~~Ill~ Diamond, H • Hoyatellite, S • Shot, C "'Churn 
Hor. •-led .•............ P • Packer, Crn • c...,ented, Co • Bottom of cooing 
Approx. 1i1• of hola (X-aoriaa) .. Ex • 1-1/2", AK~ 1-7/8", Bx ~ 2·3/8", Nx • 3" 
Appro a. size of COle (X ... ri .. ) .. Ex .. 7/8". Ax .. 1-l/8", a. =- 1-5/8", Nx - 2· ]/8" 

~u:i~i=di~.0~t~:~:~J~.·:.~~i:t1 : ~=: J:J%J.~"· !: : ?:~,~~·l", ::: Uj:::: ==: t.! .2 
.. 

• 
f~ ..._ Drilled by Becker Drills, Inc. 

CLASSIFICATION AMO 
PHYSICAL CONDITION 

...... _, ... 
ILI.I,I 
lEI-

Spec. No. 400C-610 "' .......... 
NOTE: Percentages given in the following 
descriptions are visual estimates, 

0.0'-10,0': SILTY SAND;70% fine sand, 30 
non-plastic fines, subangular to occas­
ionally subrounded, tan to brown, loose 
consistancy on ground surface, strong 
reaction to HCl. (SM) 

10.0'-20.0': GRAVELLY SAND;20% fine gra­
vel to 1" size, 30% coarse sand, 30% 
medium sand, 20% fine sand, subangular 
to subrounded with coarse grains occa­
sionally angular, occurred in slurry 
beyond 14.0'; moderate HCl reaction to 
14.0' and strong HC1 reaction beyond 14. 
(SW). 

20.0'-25.0': SAND; 15% coarse sand, 50% 
medium sand, 25% fine sand, 10% non­
plastic fines, subrounded to occasional! 
subangular, gray, strong HC1 reaction. 
(SW) 

25.0'-30.0': CLAYEY SAND;60% fine sand, 
subrounded to occasionally subangular, 

30% plastic and non-plastic fines and 
about 10% gray, fat clay scams, gray, 
some evaporite coating on dried samples, 
strong reaction to HCl. 

30.0'-44.0': SAND; 10% fine gravel to 111 

size, 25% coarse sand, 45% medium sand, 
20% fine sand, subrounded to subangular, 
gray, evaporite coating on dried sample, 
strong reaction to HC1. (SW) 

44.0'-44.5': FAT CLAY;high plasticity, 
graj, high dry strength and toughness, 
strong HCl reaction.(CH) 

44.5'-50.0': SAND; as in 30.0 to 44.0 
above. 

50.0'-52.0': LEAN CLAY; medium plasticit 
grading to moderately high plasticity in 
places, contains about 20% fine sand and 
zones of fine sand concentration, gray t 
brown, contains some brown organic mat­
erial, medium to high dry strength, med­
ium toughness, strong reaction to HC1. 
(CL) 

52,0'-61.0': GRAVEL; 30% coarse gravel t( 
J" size with some angular breaks indica­
ting possible cobbles, 40% medium gravel 
30% fine gravel, subrounded to suba~gula 
with angulHr breaks, well graced, indiv­
idual grains are hard, dried samples are 
coated with evaporites, coating reaction 
strongly to HC1. (GW) 

61.0'-62.0': GYPSIFEROUS BRECCIA; shale, 
soft, gray brown.(Hermosa Formation) 

Sheet 4 of 66 
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7-UH (-9) 
....... at •• c .... u .... SHEET .. l .... 01" .• .1 .... GEOLOGIC LOG OF DRILL HOLE 

PIATUH. ,B,r.i.n.e. ~e.l,l, ,F,i~~~: •...•......• ,, •..•.. !tROJICT ... fllrJ\iPJC.. \1'1\H. •· 9~~q ............... STATE .. C:~~~t:B:~~ · · · ... ·. · · · 
P~-4w LOCAT~M •• ~e-~. Pi.PolPr.,.~~Y~T..... 4938 59 90 HOLE MO •••• •1 ••••• .........,DI .., GROUND IELEV .•••• : • •.•....•. DIP (ANGLE FROIII HORIZ.) . .•.•.•.••.. • ... · 

·. ,...,._ • "' · · • · • · · · ·· · • • • · I. • · • • • • • · · · TOTAL 
IIGUH .~Q-:U-:7.& •. PIMIIHID. ,l$);-,1,1:-.7~ ... D!'TH OP OYIRIURDIH ••• ~}:~: •.••• DlnH. ??!9: .... lURING.··············· • • · · · · • · · · 

o~~~~LArBD1kU£Vr:tJIIo .... 1>!!!!. NPF-I!Il.... . . . . . . . . . LOGGeD av. Jt .•. J.. ... !=rp~j:pf~~J-9 .... LoG REVIEWED ev ...................... . 
~ ,IRCOLA TIOM TISTI ~~;: 

z:-
NOTES ON WATIII Tl:J .... t:ti !::l 

LOSSES AND LIEYILS, . ,. DIPTH ; .... .. :: ~~ z:" (Pfi!Tl ..... ..J ..... 
CASING, CEMENTING, SIZI uS • •= Ill - a.o 
CA YIMG, AND OTHIER ..:~. 

.. LOSS • ~~ 
=_, 

DRILLING CONt\ITIQNS • ... ~ , ... t ... ) " (11) (P, '\ TO 
(O.P.M.I IMIU 938.59 .. c. o.o 

11 depths are taken 
.5' AS R>t l equirt .d By pecu catt• ns 

~~ rom ground surface; 10 
ome subsidence at ...... 
~ole due to impact /: f percussion drill. 

)RILL EQUIPMENT 10 • .... 
~ecker, Model No. 180 925.SQ 13 0 ·· .. "' ... 
ruck-mounted, air- 924.@l 14.5 ,.~~~ 

~ammer drive, 5~" o. -
~ p. double wall casing 920.59 18 .0 

f 3lt;I .D., with 600 .... • ,7// 
.F.M. air compress- /// 
r and cyclone ass- /// 

/// 
mbly with sample /// 
ube. /// 

/// 
>RILLING MEDIUU 910.SQ 28 0 /// 

ir medium through-
30- ,QOR. <;Q 1n...., ~ :{~: 

>ut the hole. 

!.I ASING & BACKFILL 904. SQ 34.0 
)laced 5!-:i"O.D.casing -
s hole was drilled. I ?.: : ::·.: 
asing was removed 

,RQR <;Q ;.n D. ~~: ::·:!·: 
n completion of ..,.: 
rilling and hole ~_:-~,! ... ,,. 
~as backfilled with ~::·: and as casing was ~~-;,!~ ulled. IRQO. <;Q t...P. n ......... 

GROUNDWATER ![hirl! 
nterval Condition 50 .. ~\~•i 
.0-13.0 Dry 

885 SQ 53.0 ~·.,r)i 
3.0-14.5 Moist r.oo:::: 

4.5-48.0 Wlter Flow .5"' 
:.r~ 

8.0-53.0 Wet ~~ 
3.0-59.0 Moist IBD AS Bbttom bf Bol 879.5Q 59.0 

lt~...t. ..... 
OTE: Trace of oil- 60- Stop ped dr llinp, becau~e 

60-

ike globules on in f prmati pn. 
ater at about 45.0' 

70- 70 

10 80 

I 

I 

I i 

I I 
EXI'LANAT•ON 

~CORE .LOSS 
R-EC~~~~y 

BD = Becker Drill 

AS = Air (blown) Sample 

~!r. :!.':".!.-:: :: : : : : ::: : : : ~: ~~~k.~clc=: ~:!:':.~:·e:! :~:~:~.:of~:.~·:, 
Approx. •i•• of hole (X·•••I••) .. E• = 1-1/2", A• • 1.7/8", ax • 2-3/8", Nx • 3'' 
Aw••· ai•• of core (X ... ,; .. ) .. Ex = 718", Ax = 1-1/1", ax • 1-5/8", Nx - 2-1 ·a" 
011taicle dia. ef ceoint (X-a.,iea). Ex = J.1Jl16", A,. "' 2-1/.t'', lx • 2·7/1", Hx '"' l-1/2" 
lnatlte ltia. of c••l"' (X·••Iea) .. Ex • 1·1/2", Ax • 1-29/32", ax • 2·lll", Nx- 3" 

Drilled by Becker Drills, Inc. 

CLASSIFICATION AND 
PHYSICAL CONDITION 

Spec. No. 400C-610 

NOTE: Percentages given in the follow­
ing descriptions are visual estimates. 

0.0'-13.0': SILTY SAND; 10% medium sand, 
50% fine sand, 40% non-plastic fines, 
subangular to subrounded, loose consis­
t•ncy on ground surface, tan to brown, 
strong reaction to HCl. (SU) 

13.0'-14.5': CLAYEY SAND: 10% coarse san , 
10% medium sand, 40% fine sand, 40% plas 
tic and non-plastic fines, subrounded to 
subangular, tan to brown, some evaporite 
coating on dried sample, strong reaction 
to HCI. (SC) 

14.5'-18.0': SILTY SAND: 10% coarse to 
medium sand, 60% fine sand, 30% non­
plastic fines, subangular to subrounded, 
tan to brown, occurred as slurry, strong 
reaction to HCl. (SM) 

18.0'-28.0': LEAN CLAY; medium to moder­
ately high plasticity and may grade to 
fat clay in places, contains about 20% 
fine sand and has zones of fine sand 
concentration, brown, contains some 
organic material,occurred with black H2S 
smelling water, strong reaction to HCl. 
(CL) 

28.0'-30.0 1 : GRAVELLY SAND;25% fine gra­
vel to ~" size, 35 % coarse sand, 20% 
~edium sand, 20% fine sand, subangular 
to subrounded, well sorted, gray, some 
evaporite coating on dried sample, stron1 
HCl reaction. (SW) 

30.0'-34.0': GRAVEL;5% coarse gravel to 
2", 50% mediumgravel, 35% fine gravel, 
10% sand, subrounded, dried samples coat 
ed with some evaporite, slight to moder­
ate HCl reaction. (GW) 

34.0'-40.0': SAND; 15% coarse sand with 
occasional fine gravel to It;" size, 70% 
medium sand, 15% fine sand, subangular 
to subrounded, contains thin (1" to 2") 
clay seams at about 38.0', gray, evapor­
ite coating on dried sample, strong 
reaction to HCl. (SW) 

40.0'-48.0': SANDY GRAVEL; 60% fine gra­
vel to 1" size, 40% coarse sand, 2" clay 
seam at about 48.0', subrounded to occa­
sional subangular sand, some evaporite j 
coating on dried sample, ~trong HCl 
reaction. {GP) 

48.0'-53.0': GRAVEL; 15% medium gravel t 
I" size, 70% fine gravel mostly about It;" 
size, 15% coarse sand, occasionally sub­
rounded but mo~tly subangular to angular, 
individual gra1ns are quite hard, some j 
evaporite coating, slight to moderate 
HCl reaction. (GP) 

53.0'-59.0': GYPSIFEROUS BRECCIA; Shale 
and sandstone, gray (Hermosa Formation) 
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7 IU7 (9-691 
a.., .... ot R•~a.•'""" GEOLOGIC LOG Of DRILL HOLE SHEET .. 1 .... OF .. .1 .... 

FEATURE .•• Brine. Well. 'Field ....•.....•••...•.. ltROJICT ..• Pando¥.11ott, .CIJ.SSI;J;' ......•........ STAT! ... C.o.l.o.r.a.do ........ . 

HOLE Mi.H.-.5JJ •• ,, •. LOCATION~. l!J''L l?f .J?Ql9r~· -~~Y~t; .. ' '' GIIOUM.D ILIV .. ~?~?d~ ....... DIP ("N!oLE FROM HORIZ.) .• 9.~
0 

.... -. · .. . 

COOI:DI. N. • • • · • • • · ··· · ·' · I.·'····'''· TOTAL 
BEGUN ,1,0.-.1.2~,7.6, .. PIMISHID •• ~97'~~:-!~ .. DlftTH OP OVIRIURDIN •• ?9:9~ ...... DEitTH •. ~9~9~ ... BURING •• - ............ -- · · · · · · · · 

Df~~:LA:B/klfi~l:tJllo .... ~~~. fi~~!!!l ............. LOGGID BY-~:. h. ~!':1Hi:lH~~4- ... LOG REVIEWED BY ... -················ .. -

NOT IS ON WA TIER 
LOSSIS AND LIVIU. 
CASING, CIMINTIMG, 
CAVING, AND OTHII 

DRILLING COM~ITIQNS 

T::: 
StU 
OP 

~OLI 

All depths are taketP•5' 
from ground surface BD 
some subsidence at 
hole due to impact 
pf percussion drill 

PRILL EQUIPMENT 10-
~ecker,Hbdel No.l80 
~ruck-mounted, air-
~ammer drive, Sl-t" o. • 
~- double wall cas-
ing of 3'-I;"I.D. ,with 
600 C.F.M. air com- ~ 
pressor and cyclone 
assembly with samplE 

ube. 

DRILLING MEDIUH 
Air medium through­
but the hole. 

QASING & BACKFILL 
Placed S~"O.D,casin~ 
~s hole was drilled. 
~asing was removed 
pn completion of 
~rilling and hole 
~as backfilled with 
~and as casing was 
pulled. 

GROUNDWATER 
nterval Condition 

0.0-14.0 Moist 
4.0-50.0 WBter Flow 

50.0-54,0 Wet 
p4.0-60.0 Moist 
~0.0-70.0 WBter Flow 
~0.0-79.0 Dry 

NOTE: Strong flow 
of white brine 
between 42.0' and 
r.6.0'. 

~.5'r 
Rn 
10 

,.. 
• .... •• 88 .. • 

01) 

AS 

AS 

~--.._._ .. _I_RC __ O~L_A_T_IO_N_T~I-S~T~I~--~ :~~ 
OIPTM ! :KI- .. 2: 
I'IIT) ~ i! ~t-!; 

PIOM LOIS Ml ~& 
c:: ~~ TO (G.P.M.) (Plt.l (MIM.) 4939 1 
Nx R~quire By S ecifi atio s 

J!., ittnm If Hnl 

Stopped dr lling !because 
in farmatic~ 

I 1 

I I 

it.Q2R 1 

I~Q?'i I 

[4924. r 

4894 1 

t.RRt. 1 

:4879 I 

4874 I 

486Q 1 

14860 1 

0 0 

v 
11~·.:··.: 

rP.;• .. 
lt. .n· :·9.:::1 

-o··.·.: 
:.~:_:0. 

20 ·.0..-:.:. 
.::-.~ 

- :o:-·.: 
·.·.:c; 

• :1-~~: 
-: .•. 
. o·.-:. 
·.·: :-'tJ-

.·o:.·._: 
. :·:_a: 

45 0' .'o': ·:: 

~:~:~ 
6'i 0. :~_:7 

ao-

90-

EXPLANATION 

BD = Becker Drill 
LOSS 

AS = Air (blown) Sample i
CORE 

CORE 
~:r: :!.~~· : : : : . : : ' : : : : : : ~ : ~~~t:~dc~ : ~:!.~':,'!:t'c! : i:~~; oi ~;.~r;g 
Appro•. size of hole (X·••ries) •. E• • 1-1/2", Ax= 1-7:8", B•., 2-3/8", Nw • 3" 
Appro,.. size of cora (X·•••i••l .. Ex= 718", A~= 1-118", Bx"' 1-5/1", N•- 2-1.•8"' 
Ouuid• dia. af casing (X·••ries). Ex c l-13/16", Ax= 2-1/4''. B• = 2-7•1" Nx "'3-1 2' 
lnaide dio. of cuing (X·•.,i•s) .. E,."' 1-112", A• & 1-29/32", Bx "'2-l!l", N• • 3" 

lfiECOVERY 

Drilled by Becker Drills, Inc. 
CLASSIFICATION AND 
PHYSICAL. CONDITION 

Spec. No. 400C-610 

NOTE: Percentages given in the follow­
ing descriptions are visual estimates. 

0,0'-11.0': SILTY SAND;65% fine sand, 
35% non-plastic fines, subangular, tan, 
strong reaction to HCl (SM). 

11.0'-14.0': SAND; 20% fine gravel to 1" 
size, 20% coarse sand, 30%medium sand, 
30% fine sand, subangular to subrounded, 
well graded, tan, strong reaction to 
HCl. (SW). 

14.0 1-15.0': SILTY SAND; 65% fine sand, 
35% non-plastic fines, tan, occurred as 
slurry, strong reaction to HCl (SM). 

15.0'-45.0': GRAVELLY SAND; 25% gravel 
up to 1" size, 15% coarse sand, 20% med­
ium sand, 40% fine sand, subangular to 
occasionally subrounde~, well graded, 
gray, trace of wood, some evaporite coat 
ing on dried sample, moderate to strong 
reaction to HCl. (SW) 

45.0'-SS.O': SANDY GRAVEL; 20% coarse 
gravel up to 2" size with angular breaks 
indicating possible cobbles, 30% medium 
gravel, 20% fine gravel, 30% fine to 
coarse sand occurring in slurry, sub­
angular to subrounded, well graded, gray 
evaporite coating on dried sample, sligh 
to strong reaction to HCl. (GW) 

55.0'~60.0': SANDY GRAVEL; IO% medium 
gravel, 50% fine gravel, 40% clayey sand 
subrounded to subangular, gray, some 
evaporite coatinp, on dried sample, stron 
rea~tion to HCl. (GW) 

60.0 1-65.0': SILTY SAND; 5% gravel to 1" 
size, 65% fine sand, 30% non-plastic 
fines, subangular, occurred as a black 
slurry, strong HCl reaction. (SM) 

65.0'-70.0': SILTY SAND; as 60.0' to 
65.0' above but contains about 15% gra­
vel to 1" size (some of gravel is sand­
stone and shale). 

70.0 1 -79.0': GYPSIFEROUS BRECCIA; shale, 
soft 1 gray. (Hermosa Formation) 
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7-1337 (-9) 
a ..... ., ollt•ca-tloo ftRftl IV!IC LOG OF D1UU. HOLE SHEET •.•. l .. Of .. .2. .... 

FIATUII .. l,r,iAe, )I~J.. n~tJ..cl .................... PIIO.IICT .. rPFM-9'!t. \1'1'~~'. ~~ ................. STATE .. -~~~~t:a_~~ · · · · · · · · · · 
HOLE NO .. -~~":6.~ .. LOCATION. !J!t,~. 91· p9f9J!'!I~I. ·~Y~f''' ''' -ILl¥. ~,f,J6 ........ DIP (ANGLE I'ROtlllnRr7..) .• • ~Q~ · · · · · · · · ·. · 

lG-11-76 . coens. ~~i\:.]6" ........... ~..... 0' TOTAL 129 5' 
lEGUM •.••.•.•••• PIMIIMID •••••.•••••. OIPTN OP OftiiUIDIM ••• J~''. . . . . . Dl""· ..... ~ . . . IIAIING ••. · .• · ... · . · · • · · · · · · · · • · · 

D~=~~LA&1kUi~%tJIID ....... ~!!!!. !f~~!l!l ..•....... LOGGD IY. !l:. h. ffi~f!tH~~c;l .... LOG RIYIEWED IV ...... ················· 

MOTES OM WATII 
LOSSES AND L!YILS, 
CASING, CIMINTING, 
CAVING, AND OTNIIt 

DIULLIMG CONDITIONS 

All depths are take 
from ground surface 
some subsidence at 
hole due to impact 
of percussion drill 

DRILL EQUIPMENT 
Becker,Mldel No. 180 
truck-mounted, air­
haDIIter drive, 5~" 0 
D. double wall cas­
ing of 3it;"I.D., wit 
600 C.F.M. air com­
pressor and cyclone 
assembly with sampl 
tube. 

DRILLING MEDIUM 
Air medium through­
out the hole •. 

CASING & BACKFILL 
Placed 5\i11o.D.casin 
as hole was drilled 
Casing was removed 
on completion of 
drilling and hole 
was backfilled with 
sand as casing was 
pulled. 

GROUNDWATER 
Interval Condition 
0.0-12.0 Dry-Mois 
12.0-46.5 Water Flo~ 
46.5-54.0 Wet 
54.0-74.0 Hoist 
74.0-88.0 Wet 
88.0-118.0 Moist 
118.0-122.0 Wet 
122.0-129.5 Moist 

5.5" 
BD 

. 

... 

-

60 

. 

10 

90 

5.5' 
BD 

i PIICOLATION TISTI .C t: 

=· "'™ l i!= s•= 8§ C"ITl II!! .. ~!:. 
• ~~·t. TO LOU f ~ 

ttl) ..: Ciol "·'·11-l ' ' •1-1 fMIM.J lr.o1A 11 n. n 
AS ~t Re uired By Sp cific tion 

AS 

i9]2 .6. 

v.:·. 
5 .. ~ ·.'·.;. 

!XftL.ANATIOH 

~CORE 
BD 2 Becker Drill 

AS • Air (blown) Sample 

~r: :!.'i:~· : : : : : : : : : : : : : : ~ : ~~~'::~.~c~ : ~:~::~:·e:! : ~~;;, ~!~r""g 
Appro•. oi~o of holo (X ... rtea) .. E• • 1-1/2", A• z 1-7/8", B• "2-3/1", N• • 3" 
Approx. oiu of coro (X-oorioo) .. E• • 7/8", A• a 1-111", Bx •1-S/1", N•- 2-111" 

IL0$5 
R!C~~;~y 

Outoiclo clio, of cooing (X-oorioo). Ex= 1-13/16", Ax • 2-1/<1", I• • 2-7/1". N• • 3-1/2" 
lnoi .. o "io. of cooil'lg (X-oorioo) .. E• • 1-1/2", A• • 1-29/32", I• • 2-l/1", Nx •l" 

Drilled by Becker Drills, Inc. 

CLASS1PICA lION AND 
PHYSICAL CONDITION 

Spec. No. 400C-610 

NOTE: Percentages given in the follow­
ing descriptions are visual estimates. 

0.0'-5.5': SILTY SAND; 70% sand, 30% 
non-plastic fines; subangular to sub­
rounded, tan, loose consistancy on grou­
nd surface, strong reaction to HCl. (SM) 

5.5'-6.0': FAT CLAY; high plasticity, 
brown, high dry strength and toughness, 
strong reaction to HCl. (CH) 

6.0'-12.0': SAND; 10% coarse, 60% medium 
30% fine san~ubrounded to occasional!~ 
subangular, tan, strong reaction to 
HCl. (SW) 

12.0 1 -28.0': GRAVELLY SAND; 30% fine 
gravel to 1" size, concentration of gra­
vel increases with depth. 20% coarse 
sand, 30% medium, 20% fine sand, sub­
rounded, gray, some evaporite coating on 
dried sample, strongly reactive to HCl. 
(SW) 

28.0 1-32.0': SAND; 10% coarse sand, 50% 
medium sand, 40% fine sand, subangular 
to subrounded, gray, some evaporite 
coating on dried sample, moderately 
strong reaction to HCl. (SW) 

32.0 1-32,5 1 : FAT CLAY; high strength, 
gray, high dry strength and toughness, 
moderately reactive to HCl. (CH) 

32.5'-34.0': GRAVELLY SAND; 20% fine 
gravel to I" size, 20% coarse sand, 30% 
medium sand, 30% fine sand, subangular 
to subrounded, some evaporite coating on 
dri~d sample, gray, strong reaction to 
HCl. (SW) 

34.0 1-38.5': SANDY GRAVEL; 60% gravel tc 
1" size, 15% coarse sand, 25% medium to 
fine sand, subangular to subrounded, 
gray, some evaporite coating on dried 
sample, strong reaction to HCl, (GW) 

38.5'-43.0 1
: GRAVELLEY SAND; as 32.5' tc 

34.0' above. (SW) 

43.0'-69.0': GRAVEL; 20% coarse gravel 
to 2~" size with angular breaks indica­
ting possible cobbles, 40% medium gra­
vel, 20% fine gravel, 20% sand, sub­
rounded to angular. Some evaporite 
coating on dried samples, slight to 
strong reaction to HCl. (GW) 

69.0'-72.0 1
: SANDY GRAVEL; 70% fine 

gravel up to ~" size, 30% sand, sub­
rounded to subangular, gray, some evap­
orite coating on dried sample, strongly 
reactive to HCl. (GP) 
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........ , • .c_l .. GEOLOGIC LOG OF DRILL HOLE SHEET ... Z . .. Of ... 2 .... 

PI!ATuttl .Br:ine .Well.FJ.eJA. .•..•.......•......•. 'IIDJICT .• f!l.r!I!1P'?'. Y!'~~~. !=~~~~r ................. STATE.-~~~'?~~~~ ........• 
PH-6W LOCATION •• W.e.a,t .. o.f. ,Dp,lp,r$!.8, P,.,iy~'f .. • . . . 4938 16 goo 

HOLE NO. · • · • • ••.. C......,DI N I GROUND ILIV. . .... •. . . . . . • . • . Dl, (ANGLE 1"ROII HORIZ.) ..•••..••.....• 
10..11-76 _.. . i~l't'-'i6'....... . . . . . . . . . . . 129.0' TOTAL 129.5 1 

IIGUN ••••••••••• "MISHID ..••.•••.•.. DI"H OP OVIRIUIDIH •........••.• DlnH .........• lURING •.•..............•......... 

Dfn~L"rBo1.UiCUr%tJIIo ........ s.e.e .. N..o.t!!.• .......... LOGGID IY. -~·. ,L •••. C.r'!J.t.cJ:t.f.i!!~~- ... LOG REVIEWED BY ....•........ ··.····.· 

~ 'IIICOLATION TilTS :If 
z-• tt:i NOT I!S OM WA Till r::: 111111 Ill !&:! 

LOSSES AND LIVILS. •> DIP'TN • 1! ... Ill Ill ~~ Zu 
CASING, CIMINTING, SIZI 88 CPIITI ~ 

·= 
~ .... 

Ill Ill - Lo 
CAVING, AND OTHIII J[. Ill LOSS Ill 

~ 
~~ 

DRILLING CONDITIONS • ,.~ ,,.,{,_, u ,,., , ... '\ TO (G.P'.M.) , .... , 
lOO.C .c. ft838.H 

~M .. I 10· lr.828.H llll-1 .~· 
~~~~ 
~ .. D ;\; 

it..R?n 1 11R 
~~;J 
... ~,4 

• • Ffil.~~ 
'!I 'b 
~ tit.t 
•• ,'.(J 

o~J:~ 
·,.,.~, 

5;,~'\ 
•· '4 

A5 J...ROQ 1 I?Q 'o.e:/t 

~ 
Bcttom a f Hole 

~808.61 129'1!" 
Sto~ ped d~ illing when 
encc untere ki forn at ion -

! 
I • ..: 

-'0 ~ 

10- eo-

I -
I I 90 I 90-

I I 

i I I I i I 

I I 
l 
I 

EXPLANATION 

~CORE .LOU 
.-.c~~~~Y 

BD = Becker Drill 

AS = Air (blown) Sample 

~!r. :!..';:~· : : : : : : : : : : : : : : ~ : ~~~~=~.ciC: : ~=:.~·.·c ~ : ~~';!~~ .i ~::;',:'g 
Appro•. aia• of hole (X-•••i .. ) .. E• "'1-1/2", A• • 1-7ll", B• • 2-3/1". Nx • 3" 
Appro-. aiu of cor• (X-•••i .. ) .. E• "' 718", A•,. 1-118", B• • 1-5/1", Nx - 2·1/8" 
O..uicle <lia. ol easing (X-aeriea). E• c J.Jl/16", Ax • 2-1/4", B• • 2-7/1", Hx •l-1/2" 
ln•lcl• clio. of casing (X·aeri••) .• Ex = 1-1/2", Ax • 1-29/32", lx • 2-3/8", Nx • 3" 

Drilled by Becker Drills, Inc. 
CLASSifiCATION AND 
PHYSICAL CONDITION 

Spec. No. 400C-610 

72.0'-74.0 1
: FAT CLAY; high plasticity 

gray, high dry strength and toughness, 
strong reaction to HCl. (CH) 

74.0 1 -88.0 1
: CLAYEY SAND; 70% fine sand 

30% plastic fines, occ. thin lenses of 
sandy clay, subangular, gray, some whit 
evaporite coating on dried sample, mod­
erate to strong reaction to HCl. (SC) 

88.0'-94.0 1
: SANDY GRAVEL; 30% coarse 

gravel to 1~" size with some angular 
breaks which indicate possible cobbles, 
20% medium gravel, 10% fine gravel,40% 
silty sand, subangular to subrounded, 
gray, some evaporite coating on dried 
sample, strong reaction to HCl. (GW) 

94.0'-100.0': CLAYEY SAND; 10% coarse 
sand with occ. fine gravel, 60% fine 
sand, 30% plastic fines, subangular, 
gray, some evaporite coating on dried 
sample, strong reaction to HCl. (SC) 

100.0'-110.0 1
: CLAYEY GRAVEL; 20% coars 

gravel to I" size, 20% medium gravel, 
30% fine gravel, 30% very clayey sand, 
subangular to subrounded, gray, some 
evaporite coating on dried sample,stron 
reaction to HCl (GC). 

110.0'-118.0': CLAYEY GRAVEL; occasion­
al coarse gravel to 2~" size with angu-
lar breaks indicating possible cobble, 
70% fine gravel to l" size, 30% sandy 
clay, subrounded, gray, some evaporite 
coating on dried sample, strong react­
ion to HCl. (GC) 

118.0'-129.0': CLAYEY GRAVEL; 30% med­
ium gravel, 40% fine gravel, 30% sandy 
clay, subangular, dark gray, some evap­
orite coating on dried sample, moderate 
reaction to UCl. (GC) 

129.0'-129.5': GYPSIFEROUS BRECCIA; 
shale, gray and some sandstone 
(Hermosa Formation) 
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GEOLOGIC LOG OF DRILL HOLE SHEET .. ! .... OF ... Z .... 

fUTURE . .1$t;~q~~; .lif~~l, .~t.e.l,d, ..........•......... ,ltDJICT ••• P.a.r.a,d.o~. PP.i.t .•. ~!l!!~~r ........ ......... STATE .•. <;:'?f'?f~~9 .....•.... 
PH-7W LOCATION •. )(e.s.t .. o.f .. D.o.l.o,r.e.s. !l.iY!!'F..... 4936 86 90o 

HOLE MO .• · • •••••• • GROUND ILIV .••••. • •.•••••... D., (ANGLE FROM HORJZ.) • . • . . . ..•.•..•. 
10-12-76 COCNIDI. 141'0..:ii-·7·6· .. , .... 5 ••••••••••• 94,0 1 TOTAL 94,0 1 

lEGUM • • . • . • • . • • • PIMISHID •••••.•••••. DI!,TH Of OVIItiURDI!N • • • • • • • • • . • . • DE,TH. • • . . • • • • • lURING ••••.. · .... · •. · · · · · · • · · · · · · 

Df=~~LA:~o1ki¥e~ItJllo ..... S.e.e .. ~o.t.e.s. . . . . . . . . . . . . LOGGID IY .ft: •.. 1.:• .. C.r.u.t,c,h,f,i~.l$1 ..... LOG REVIEWED BY ...................... . 

NOTI!S OM WA TU 
LOSSES AND LIVI!LS, 
CASING, CI!MI!NTIMG, 
CAVING, AND OTHER 

DRILLING CONDITIONS 

All depths are take 
from ground surface 
some subsidence at 
hole due to impact 
of percussion drill 

DRILL EgUIPMENT 
Becker,Mbdel No. 18C 
truck-mounted, air-
hanuner drive, 5~" 0 
D. double wall cas-
ing of 3~"I.D. ,with 
600 C.F.M. air com-
pressor and cyclone 
assembly with sampl 
tube. 

DRILLING MEDIUM 
Air medium through-
out the hole. 

CASING & BACKFILL 
Placed 5~"0.D.casinl 
~s hole was drilled 
Casing was removed 
on completion of 
~rilling and hole 
!was backfilled with 
sand as casing was 
pulled. 

GROUNDWATER 
Interval Condition 
0,0-10.0 Hoist 
10.0-30.0 Wet 
30.0-36.0 Hoist 
36.0-49,0 W!ter Flow 
49.0-75.0 Wet 
75.0-94.0 Hoist 

TI:: 
Sill. 

Jtll. 
5.5~ 

BD 

10-

-

20-

. 

30-

~ 

• . 
-

• 
-

60· 

70-

10 

,.,. 
5.5" 
lun 

,.. 
• ..... .,. 

88 
Ill • 

(15) 

AS 

,EICOLATION TESTS 

OII'TH 
(I' liT) i ~= 

ll ~= 

:~= 11151111 
.J ...... 

Ill -
PROM LOSS :: !fa 

c:; ~!\ TO (G.I'.Il.) (l'.t.t.) (MIN.) 4936,8 

Itt REquired By SJ:~cific!atior a 
I.Q'\1 Jt 

A<: Rntthm nf t1n1<> 

Stopp~d dri ling ~hen 
reach4 d form t ion. 

o.o 
v.·.:; 

'~ n • .:/,: 

- -- ·::<:~ ft_Lu_ .·y:.• 

EXPLANATION 

~CORE .LOSS 

~EC~~~~y 

BD c Becker Drill 

AS : Air (blown) Sample 

~!r. :!..~:~·: : : : : : : : : : : : : : ~ : ~~~i:::.dc~: ~=!~·:.~~:·e:! : ~~~~; ot ~.h~·;g 
4pproJ<, oi~<o of halo (X-.. rios) .. Ex • 1-1/2", 4.< = 1·1/8", B• = 2-3/8", lh • 3" 
App•••· oizo of cora (X·sorios) .• 1:• • 7/8", "' "' 1. L'8", B• =· 1-5/l", Nx - 2-1/8" 

• 
~" 
wt! .., ... 
.JOlt 
Llll 
:1"' 

Drilled by Becker Drills, 
CLASSifiCA liON AND 
PHYSICAL CONDITION 

Inc, 

• "'/ 
Spec. No. 400C-610 

NOTE: Percentages given in the fol1ow:­
ing descriptions are visual estimates, 

0.0 1-3.0 1
: SILTY SAND; 60% fine sand, 

40% non-plastic fines, subangular, tan 
to brown, loose consistency on ground 
surface, strong HCl reaction. (SM) 

3.0'-6.0 1
: CLAYEY SAND; 60% fine sand, 

40% plastic and non-plastic fines, sub­
angular sand, dark gray-brown, white 
evaporite coating on dried sample, 
strong HCl reaction. (SC) 

6.0'-10.0': SAND: 5% fine gravel to ~" 
size, 20% co~sand, 40% medium sand, 
35% fine sand, subrounded to occasional! 
subangular, tan to brown, occasional 
twigs, well sorted, strong HCl reaction. 
(SW) 

10.0'-25.0': CLAYEY SAND; 70% fine sand, 
30% mostly plastic fines, subangular 
sand, dark brown, occurred in slurry, 
strong HCl reaction. (SC) 

25.0 1-26-0': FAT CLAY; high plasticity, 
brown with black swirls, high dry stren­
gth and toughness, slight HCl reaction. 
(CH) 

26.0'-30.0': GRAVELLY SAND; 25% fine gra 
vel to 1" size, 15% coarse sand, 15% med 
ium sand, 25 % fine sand, 20% non-plasti 
fines, subangular to occasionally sub­
rounded, brown, well graded, strong HCl 
reaction, wood fragments. (SW) 

30.0'-36.0': SANDY CLAY; low to moder­
ately high plasticity, contains about 
20% fine sand and zones of fat clay from 
30.0' to 32.0' and contains about 40% 
fine sand from 32.0 1 to 36,0 1

, sand is 
subangular, red, medium dry strength and 
toughness, moderate HCl reaction. (CL) 

36.0'-42.0': SAND; 20~ coarse sand, 20% 
medium sand, 45% fine sand, 15% non­
plastic fines, subangular, tan, white 
evaporite on dried sample, strong HCl 
reaction. (SW) 

42.0 1 -46.0': SAND; 10% fine gravel to ~" 
size, 15% coar;;-sand, 30% medium sand, 
30% fine sand, 15% non-plastic fines, 
subangular to subrounded, tan, white 
evaporite coating on dried sample, mod­
erate HCl reaction, wood from probable 
log at 42.0 1

• (SW) 

46,0'-59.0': SAND¥ GRAVEL; 20% coarse 
gravel to 1~" size with angular breaks 
indicating possible cobbles, 30% medium 
gravel, 20% fine gravel, 30% sand as 

~=-~~ /,? n• .. ~ loh n• o .. J..~ .. ~ .1 ~-

Oullide dio. of cooing (X-.. rilll). Ex = 1.13 '16", Ax = 2-1 '•f', Bx "' 2-711", Mx '" 3-1· 2" 
L----..L..:.:In;.:•,::hl;.:•.,:d::,:l•:;.·..:•~f .:,c•:.;•:.:,ln:::lg!..(:.:;X:.;.-;;:••:;,•;:i•.:,•l:.;·..;·..:E;:•_•;..;.1-..;.1..;1 2:..'.:.' ·-..;.."..;"..;.,"_1..;;2.;.;9/...:3;.;;2_";..· ..;;B..;•_z_;;,2·..;;3_/8..;.,'..;'·-"-" _·_3_'_' -------------·-·---S_h_e_e_t_9_o_f_6_6~ 
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7-Ul? (-1) • ,...,.of Rec!MoeU"" GEOLOGIC LOG OF DRILL HOLE SHEET ...• 2 . . OF ... 2 .... 

I"IATUitf .. ~:r;tq~ Jit:J.J. .J:i.Etl.d. ....•......•••...... PltOJ!CT •. ,P,a.r.a~.ol'. JJ.n.i.t,,, ~~.S~? ..•.............. STATE .. ~9f9t~49 .......... . 
HOLI! NO PH-7\f LOCATION •.•• We.&t. .a! . .Do.l.Araa. .IU.N.er. • •. 4a.3' "' 90o · • · · ' ' · • • COOIIOI N . f GIIOUMD ILlY ...• .,7. J.l.•vP • ••••• DIP (ANGLE FROM HORIZ 1 . • ...•....•... 

IIGUN. ~~":'~~-=~~ .. "MIIHf~ •• 1:~~(2:-:7:6::: ~~~~~ ~~ ~~~~~~~~~M .. 9.4 .•. 0.' ....... ~~~*~· .. 9~ .. !J.' ... lURING..... . . . . . . . . . . . . . . . . . . .. . 

Df=~~L"rSo1~Ui! CU'r!tJIIo ..... &~~ .N:qt,e.s. . . . . . . . • . • . . LOGGID IY .. 1\• .. L .•.. C.r}J.t.c.h.f.i~)..p_ ... LOG RI!YIEWE"D BY ................ · .. · .. . 

NOTI!S ON WATII 
LOSSIS AND LI!YIU. 
CASING, CIMIMTING, 
CA YIMG, AND OTHIIt 

DRILLING COMPtTIOMI 

TYP_I 
AND 
1111 

"::. 

)0-

-

. 
-

60-

10 

90 

~ • 111111 .,. 
00 
uu 

Ill • ,., 

PIICOUTION TI!STS 

OII'TM 
I"IITI 

LOIS 
,.~ 

(P, •I TO IG.P.M.) .. c. 

I 

l 

I 

I 

Ill 

I 
= Ill • 

(P.t.t.) 

Zl-

IE 
!J~ 

IMIN.I 

.Czi= 
~52: ......... 
Ill-

i 

I 

x-.... 
alii ..,.., 
Q~ 

10-

-

-

-

-

70 

110 

EXPLANATION 

~CORE .LOSS 
~!r: :!.';:~· : : : : : : : : : : : : : : ~ : ~~:'k:;,dc~ : ~::.:'::~~·c~ : ~~~:~.; .. ! ;a".':';, 

u 
i.., 
a..o 
= ..... .., 

R-EC~~~iv Approx. aiu of hole (X-aoriu) .. Ex • 1-1/2", AJC"' 1-7/8", lh "'2·3:8 th • 3" 
Approx. ai:oe ol coro (X·••ries) .. Ex • 7/8", Ax"' J.l/8". lla •l-5/8", Nx- 2-1/8'' 
Out•ldo dio. of cosing (X-.. ri•a). Ex"' 1-13/16", Ax"' 2-1/-4", lh"' 2-7!1", Nx • l-112" 
ln•id• dio. of cuing (X·•Ot'·i••l·. Ex • 1-1/2", Ax"' l-29."32", Bx • 2-318", Nx'" 3" 

IIIC 
c.., 
!! 

Drilled by Becker Drills, lnc. 

1&11- CLASSIFICATION AND 
PHYSICAL CONDITION ........ 

(1,1&1 ..... 
Spec, No. 400C-610 ... 

"'/ 
to subrounded, white evaporite coating 
on dried sample, slight to moderate 
HCl reaction. (GW) 

59.0 1-62.0 1
: SANDY CLAY; low plasticity, 

contains about 40% fine, subangular sand 
gray, medium dry strength and toughness, 
slight to no HCl reaction, (CL) 

62,0 1 -63.0 1
: GRAVELLY SAND; 20% fine gra 

vel to ~" size, 70% coarse sand, 10% 
medium sand, subrounded to subangular 
to occasionally angular, poorly graded, 
gray, no HCl reaction. (SP) 

63.0 1-70.0 1
: FAT CLAY; high plasticity 

mostly, with silty zones which grade to 
medium plasticity lean clay, gray, high 
dry strength and toughness, no HCl 
reaction. (CH) 

70.0 1-94.0 1
: CLAYEY GRAVEL; 30% coarse 

gravel to 2!:;" size with angular breaks 
indicating possible cobbles, 20% medium 
gravel, 20% fine gravel, 30% clay which 
occurs as slurry to 75,0' after which it 
is a moist coating on gravel, coarse 
gravel decreases as fine gravel increase 
(some of which is sandstone & sandy 
shale fragments) with depth until fine 
gravel to !;;" size is about 75% of sample 
near bottom of hole, subangular with 
angular breaks and occasionally sub­
rounded, individual grains are hard,only 
occasional slight reaction to HCl. (GC) 

94.0 1 : GYPSIFEROUS BRECCIA; shale, soft 
gray. (Hermosa Formation) 

Sheet 10 of 
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7 lll7 (!1-6~) 
a ....... of llu-.uen GEOLOGIC LOG OF _D_RIU HOLE SHEET ..• ~ •.. OF .• ~ .... 

I'IATUU •• .B.rJ.na. W.ell. Field .................... rROJI!CT •••• hJ'lldO¥. UnH,. C~8SCP ............... STATE .• GQl,qr;t:H\Q ......•.... 

HOLE MO.-~~ •• , LOCATION •• F!"!lt-. !>f. P!>~!>F!l!l. ~~Y~L.'.' GROUND I!LI!V •• {.937, ~) ....... DIP (ANGLE FROM HORlZ.) . . ~0~ · · · · · · · · · · · · 
. COOIIDI. N ••••.••• ,·, •.••. 1!........... I TOTAL I 

IIGUN .lQ-:.U-.7,6, .• PIMISMID.l0:-l3:-7tl ... DIErTH OP OV!RIUitDIEM ,1)8,0 ........ OlrTH .. 70,0 .... lURING •. ··••···••·· · · · · · · · · · · · • 

Df~~;L·:=D!~~;ivl:tJilo .... ~. ~f!~. !l~~~~~.......... LOGGID IY. !t:. ~~. 9!"~~~ttf~~~~ .... LOG REVIEWED BY. · · · · · · · · · · · · · · · · · 

NOTES ON WATIR 
LOSSES AND LIVILS. 
CASING, CIMENTING, 
CAVING, AND OTHER 

DRILLING COMl'ITIONS 

[All depths are taker S5w AS 
from ground surface eo 
some subsidence at 
hole due to impact 
of percussion drill 

!DRILL EQUIPMENT 
Becker,Mbdel No. 180 
truck-mounted, air­
hammer drive, 5~" 0 
D. double wall cas­
ing of 3~"I.D., witt 
600 C.F.M. air com-
pressor and cyclone 
assembly with samplE 

ube. 

10-

. 

,lltCOLATION TISTS :~~ 

r .. •:.,., = l!t; ~ ... ~ 
LOSS ! !: w -

""!: f ...lo (:- C:i TO (G. P.M.) (P.J.I.J (MIN.) {&g]] . s: 

,Q2'J 'i 

,QJ/ "' 

0 .. 0 v:· 
e.< JO- .••• 

J~.n \i. 
~-··· 

: .,.:.;_: 
20- ·:~·.'::.~ :­

..... i . 
• • • < •• ~ 

7"> (l :~:·.-:~ 

"RILLING MEDIUM r,gll · 0: 25 5 !':- • .. 
"'' ~91o. s 21 .o 1~.~.!o'_;~.~.o 
~ir medium through- ~~~ 
put the hole. »- 30- ~:~:~; 
rAsiNG & BACKFILL P-~:?. 
Placed 51:i"O.D.casing ~"-i 
lis hole was drilled. :;;_rz 
~a sing was removed o·. ·. 1:'· 
pn completion of ..,.. • P'l/.: 
~ rilling and hole · ·.?.,t:~ 

~.,. .. :. 
f.'as backfilled with nnn s·~ 4r n .:.Q.:lr: 
~and as casing was ~~~L ·~ >J.u. ~ 

pu~;~~~DWATER -- ('y~·:r.~ .. ~~-·~: 
nterval Condition 50 .-- ~:1 

p,0-12.0 Moist ,R&S 'i 'i/.fl ,::::).,. 

2.0-27.0 Water Flow ~~~ ., ~Yc ~~ 
7.0-40,0 Moist q::~· 
0.0-53.0 Wet ·i,-~· 
3. 0-54.0 Wlter Flow ,&

17 
., 

1 
f.O ..11 6~~ 

4,0-62.0 Moist 60 
2. 0-68. 0 Wlter Flow .sn "> 'i1 f..? o ~·~~::~ •. 
8.0-70.0 Moist y: •·· 

PIEZOMETER - ~.::~ 
nstalled 5.0 1 slot-5.5' iRnQ.<; nR o :Z..=·~ 
ed Piezometer sc r- t'_a,_.w.~I-+,..Al......._,~t-~BIW.f-o·.~. t:.oWI.II.m_.o"fF-..~.~.~oo~ Holl:. ·lil-"'--~--fL1~6!11L.uil_.~ 'ii-.L.W.7fl.fl-'ll-+;c:::=:::::~~ -:";~;.."!1:114 
en and standpipe 
ith screen located 
rom 61.0' to 66.0'. 
hen backfilled as 
escribed above, 

i
CORE 
LOSS 

CORE 
"fECOVERY 

10 

90 

Stoppfd dri ling 
in fo matior. 

I 

I 

i 
BD s Becker Drill 

AS = Air (blown) Sample 

pecaus~ 

ao-

EXPLANATION 

~:r. :!..'i:~·: : : : : : : : : : : . : :~:~~'::~de~: ~::.:·.:~:·e:!: ~~c::~.: oi ~:t:Q 
Appro•. aize of hoi• (X ... riu) .. E•., 1-1/2", Ax,. 1-7/1", llx ""2-3/8", lob • 3" 
Appro•. size ol cor• (X ... ,; .. ) .. Ex "' 7/8", Ax ,. J.l/8", Bx • 1-5/8", Nx - 2-1 1 B" 
Outside dio. el casing (X-sari .. ). Ex c J.1J!l6", Ax • 2-l/4", I• = 2-7/1", Hx "'J.l/2" 
lnaida dlo. of casl"9 (X·••riea) .. Ex • 1-1/2", A.., • 1-29/32", Bx • 2-318", Nx • 3" 

Drilled by Becker D~ills, Inc. 

CLASS I FICAl ION AND 
PHYSICAL CONDITION 

Spec. No. 400C-610 

NOTE: Percentages given in the following 
descriptions arP visual estimates. 

0.0'-15.0': SILTY SAND; 70% fine sand, 
30% non-plastic fines from o.o• to 5.0', 
beyond 5.0' there is 20% coarse to med­
ium sand, 50% fine sand, 30% non-plastic 
fines, subangular to subrounded, tan to 
brown, loose consistency on ground sur­
face, strong HCl reaction. (SM) 

15.0 1-25.0': SAND; 10% fine gravel to 
1~" size, 15%--coarse sand, 55% medium 
sand, 20% fine sand, subrounded to 
subangular, gray, moderately strong 
HCl reaction. (SW) 

25,0'-25.5': FAT CLAY; high plasticity, 
gray, high dry strength and toughness, 
strong HCl reaction. (CH) 

25.5'-27.0': SAND; 10% fine gravel to 
!~" size, l0%~rse to medium sand, 80% 

fine sand, subangular, gray, evaporite 
coating on dried sample, poorly graded, 
strong HCl reaction. (SP). 

27.0'-45,0': CLAYEY GRAVEL; 30% coarse 
gravel to 2" size, 20% medium gravel,20% 
fine gravel and coarse sand, 30% plastic 
fines and thin clay seams, gravel and 
sand is subrounded to subangular andhard 
clay is gray and red to 30' depth, beyonc 
30' it is red, some white evaporite coat 
ing on dried sample, moderate reaction 
to HCl. (GC) 

45.0'-52.0': CLAYEY SAND; 15% coarse to 
medium sand, 45% fine sand, 40% plastic 
fines, subrounded to subangular, reddish 
brown, some white evaporite on dried 
sample, strong reaction to HCl. (SC) 

52.0'-53.0': FAT CLAY; high plasticity, 
gray, high dry-5trength and toughness, 
strong reaction to HCl. (CH) 

53.0 1 -54,0': SILTY SAND; 60% fine sand, 
40% non-plastic fines, subangular to 
subrounded, brown occurred in slurry, 
strong HCl reaction. (SM) 

54.0'-60.0': GRAVEL; 30% coarse gravel 
to l!:i" size with angular breaks indicat­
ing some possible cobbles, 50% medium 
gravel, 20% fine gravel to coarse sand, 
mostly subrounded with angular breaks, 
individual grains are very hard, some 
evaporite coating on dried sample, mod­
erate reaction to HCL (G\~) 

60.0'-62.0': SAND; 10% fine gravel to 1" 
size, 15% coarse-sand, 35% medium sand, 
40% fine sand, subangular to subrounded, 
p,ray, strong reaction to HCl. (SW) 

62.0'-68.0': SILTY SAND;S% fine gravel 
59 1" size, 10;~ coarse sand, 15% medium 
sand, 30% fine sand, 40% non-plastic 
fines, subangular to subrounded, gray, 
moderate to strong HCl reaction. (SM) 

68.0'-70.0': GYPSIFEROUS BRECCIA; shale, 
soft, gray. (Hermosa Format~ 

11 
_nf_· 

66 
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NOTES ON WATIR 
LOSSES AND LIVILS. 
CASING, CEMIHTING, 
CAVING, AND OTHIR 

DRILLING COHl'IITIOHS 

r::: ;! 
SIZIE u§ 
~g[. • 

All depths are take ~.5'~ 
from ground surface BD 
some subsidence at 
hole due to impact 

("I 

P!RCOLATION TISTS .. DIPTH • (Pill) ~ 
:t ... ~ LOSS .. 

(P.r ... } "· .\ TO (G. P.M.} .. c. 
!tbt Re uired By Sp cific 

..Czt:" ::c-

z~ ~g: tt; u .. .. io ~ ... ........ Q~ 
~= Iii .... Lo .. .. :~ 
-'o "' (MIN.) ~936 5( 0 0 

~tion v:.: 
:I 4>1 : ~ 

~929 5( 7 0 ·/ ... 
!of percussion drill ;. ·: ~ · 

DRILL EQUIPMENT lO- 10- ~;.\~.: 
Becker, Model No.180 •..• 
truck-mounted. air- _ 4921.5{ 15.0 : .':~.-
hammer drive, 5~" 0 14919 5{ 17 0 v._·:~· 
D. double wall cas- ~-~ 
ing of 3lt;"I.D. ,with ~.jl! 4916.5! 20 JJ' ~~ 
600 C.F.M. air com- BD AS Bcttom cf Hoh 14914 5! 22 .o· ~.;:_::.."l 
pressor and cyclone ~=-~~~~--~~~~~~~----~----~~~~~~~~~ 
assembly with sampl1 Sto~ped d illin~ beca1 se 
tube. in format ion, 

~RILLING MEDIUM 
~ir medium through- ~ 
out the hole. 

CASING & BACKFILL 
Placed S~"O.O,casin 
as hole was drilled 
Casing was removed ~ 
on completion of 
drilling and hole 
~as backfilled with 
sand as casing was 
pulled. 

GROUNDWATER ~ 
Interval 
0.0-7.0 
7.0-15.0 
15.0-17.0 
17.0-20.0 
20.0-22.0 

Condition 
Dry 
Moist 

loeter Flow 
Moist 
Dry 

70 

80 

90 

-

-

-

70 

ao-

90 

EXPLANATION 

Drilled by Becker Drill, Inc. 
CLASSI,.CATION AHD 
PHYSICAL CONDITION 

Spec. No. 400C-610 

NOTE: Percentages given in the following 
descriptions are visual estimates. 

0.0 1 -7,0 1
: SILTY SAND; 60% fine sand,40% 

non-plastic fines, subangular, tan to 
brown, loose consistency on ground sur­
face, strong reaction to HCl. (SM) 

7.0 1-15.0': SAND; 25% coarse sand with 
occasional fine gravel to ~" size, 50% 
medium sand, 25% fine sand, subrounded 
to subangular, tan, moderate reaction 
to HCl. (SW) 

15,0 1-17.0': SILTY SAND; 5% coarse sand, 
20% medium sand, 35% fine sand, 40% non­
plastic fines, subroundOO to subangular, 
gray-brown, occurred as slurry, evapo­
rite coating, strong reaction to HCl. (SM 

17.0'-20.0': GRAVEL; 30% coarse gravel t 
2" size with angular breaks indicating 
possible cobbles, 40% medium gravel,l5% 
fine gravel, 15% sand, subangular to 
subrounded, material of individual grain 
is quite hard, some evaporite coating on 
dried samples, reactive to HCl. (GW) 

20.0'-22.0': GYPSIFEROUS BRECCIA; soft, 
buff, fine grained sandstone and soft 
gray sandy shale, gypsiferous shale. 
(Hermosa Formation) 

i
CORE 
LOSS 

CORE 
RECOVERY 

BD z Becker Drill J 
AS ~ Air (blown) Sample 

~!r: :!a'i:~· : : : : : · : · . · : : : · ~ : ~~:k:~de:~ : ~:~:·::~·:e:! : ~~:~; .i ~::.·:9 · 
Approx. 1iae ol hole (X.uti .. ) . Ex = 1-1 /2", Ax = 1-1 8". Bx " 2-3 '8". ~'~• .. 3" 
Approx. oize of core (X.oerieo) .. Ex "' 7,'8", Ax ~ 1 l '8", 8x "" 1- 5:'8' ·. Nx - 2-1 :e" 
Outside dia. of casing (X-oe,;esl. Ex"' 1-13!16", Ax= 2-1 "4", 8x = 2-7 8'". Nw ~ 1·1 ·2" 
luido dio. of easing (X-seriul .. Ex"' 1·1/2", Ax= l-29/32'', 8x ~- 2 )·II" N~ • J" _________________________ s_h_e:!:._ 12 of 66 
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7·1337 (9-69) 
Bur••u of Rec~••Uoa GEOLOGIC LOG OF DRILL HOLE SHEET ... J ... OF. 

FEATURE ..... JJ;tqt;: .''1«=\~ .F:i.fl\l.d ...... ............. 'IDJICT .. P.a.r:a.d.o.~ .uAi.t., ... c.R.B.s~r ............ ...... sTATE . . ~~~?FC!l~'? .......... . 
HOLE Mo.J!I:f-:-!Q~ ... LOCATION ••• lrf~l\t .• ~f .. Qo,l,o,r,e.s. J\iy,e,r, .•.. GltOUMD ILIV .• 4.9.3,6 .• ,1.6 ........ D., (ANGU! FROM HORIZ.) . . ?9~ ... ....... . 

. COOIIDI. '\d-= '5 '16 ....... E •.•.•.•• , • • TOTAL 
BI!GUN. ~l_l:~~:?~ .. "MISHID •••.• 1 .. -. ..•. DEPTH Of' OVEIIaUIIDIN •.. .&L .. Q' ..... DEPTH .. B2 .• D.' . .. BEARING. . · . · · · · · · · · · · · · · · · · · · · 

~11 depths are taker ~.5" 
from ground surface BD 
some subsidence at 
~ole due to impact 
pf percussion drill 

PRILL E_QUIPMENT 
~ecker, Model No. 18 

ruck-mounted, air­
!hammer drive,5~" 0, 
~. double wall cas-

10 

ing of 3~"I.D,. witl _ 
600 C.F.M. air com- .r 

pressor and cyclone 
~ssembly with samplE 
tube. 

!DRILLING MEDIUM 
~ir medium through­
lout the hole. 

CASING & BACKFILL 
[Placed S~"O.D. cas in~ 
~s hole was drilled 
~asing was removed 
~n completion of 
~rilling and hole 
~as backfilled with 
sand as casing was 
pulled, 

GROUNDWATER 
Interval 
0-0 -14.0 
14,0-58.0 
58.0-81.0 
81.0-82.0 

Condition 
Moist 

Water Flow 
Moist 
Dry 

-

60 

-

70-

-

90-

PI OM 
(P, Ca., 
.. c.J 

PlltCOLA TIOM TI!STS 

TO 

:¥E -= ~l; ~~~ I II!! Ill _. 

LOIS 11 ~~ 

(G. P.M.) (,,,,I,) (MIM.) h.Q'H\ 1 ~ 
AS ~ Re uired By Sp cific tion 

l;y.·. v.. •. 

AS 
I I 

Bottom of Hole j 

Sto1ped dt illin~ beca.Jse 
n fonjation.. l 

: I 

~928.1 
-/r s.o ...... ~ 

...•. 

~908.1 20JI . · .... 
0 :Q: 

:.:~~.: 

:\:·~·: 
:~ · .. : .. •. 

4906.1 30-'1. ... :o. . ~ ~ :~ .·. .•. 

LOG REVIEWED BY ... · · · · · · · · · · · · 

Drilled by Becker Drills, Inc. 
CLASSifiCATION AND 
PHYSICAL CONDITION 

Spec. No. 400C-610 

NOTE: percentages given in the following 
descriptions are visual estimates. 

0,0'-8.0 1
: SILTY SAND;5% coarse sand,20% 

medium sand, 40% fine sand, 35% non­
plastic fines, subangular to subrounded, 
tan to brown, loose consistency on grou­
nd surface, strong reaction to HCl, (SM) 

8,0 1 -20.0': SAND; 5% fine gravel to~" 
size, 15% coarse sand, 30% medium sand, 
257. fine sand, 25% non-plastic fines, 
subangular to subrounded, well graded, 
tan to brown, occurred in slurry from 
14.0' to 20,0 1

, slight to moderate 
reaction to HCl. (SW) 

20.0 1 -30,0': r.RAVELLY SAND;25% fine gra­
vel to 1" size, 15% coarse sand, 20% 
medium sand, 20% fine sand, 20% non­
plastic fines, subangular to subrounded, 
well graded, gray, moderate to strong 
HCl reaction. (SW) 

30.0'-38.0': SAND;5% fine gravel to lr." 
size, 10% coarse-sand, 25% medium sand, 
35% fine sand, 257. non-plastic fines, 
subrounded to subangular, well graded, 
dark gray, strong reaction to HCl. (SW) 

38.0'-56.0': GRAVELLY SAND;35% fine gra­
vel to 1" size, 15% coarse sand, 15% 
medium sand, 20% fine sand, 157. non­
plastic fines, subrounded to subangular, 
well graded, gray, strong reaction to 
HCl, contains about a 2" gray, fat clay 
seam at about 46,0 1

, clay is also 
strong reactive to HCl, slight evaporite 
coating on dried samples. (SW) 

56.0'-58.0 1 : SILTY SAND; 60% fine sand, 
40% non-plastic fines, subangular, gray­
brown, dried sample is light gray with 
white evaporite coating and crust,strong 
reaction to HCl. (SM) 

58,0'-81,0': GRAVEL;207. coarse gravel to 
2~" with angular breaks indicating pos­
sible cobbles, 30% medium gravel, 30% 
fine gravel, 20% coarse sand, (from 64.0 
to 70.0 is mostly angular fragments 
from coarse sand to fine gravel size) 
subrounded to subangular with angular 
breaks and fragments, gray, evaporite 
coating on dried sample, individual 
grains of material is very hard, coating 
reacts strongly to HCl. (GW) 

81.0'-82.0': GYPSIFEROUS BRECCIA;silt­
stone and shale, (Hermosa Formation) 

! I 
'--_______ .._____._..__......_ __ .J.J _ __jt __ L.__..i..i --L------i--L-........1....1....------------------~' 

I 
I i

CORE 
LOSS 

CORE 
RECOVERY 

EXPLANATION 

BD c Becker Drill 

AS • Air (blown) Sample 
Tyr: of hole ....... , , .... , D • Dio..,ond, H • Hoystollito, 5 • Shot, C "'Chu.r~ 
Ho • soolod ...•.....••... p - Packer, c ... - c .... ontod, c •• Bo"o"' of' ~OIIn9 .. 

Appro•. si:u of hole (X·•••'••) .. Ex • 1-1/2", "" • 1-7/8", Bx • 2-3/8 • l'h • 3
2 

.
8

,. 
A.pprox siu of core (X-•oriol) .. Ex • 7/8", A.,. "' 1.118", Bx • 1-S/8", Nx - · 1 

2 
.. 

Ouuid; dia. of COline ex .•• ,; .. ). Ex .. 1-13/16", ... "2-1/4", Bx = 22-71}8::. ~·"' ~:! 
In aide dio. of coii"'J (X-oorlu) .. E• • 1·1 2", Ax • 1·29/32", B• "' , • • "" '" Sheet 13 of 

FEATURE,.~!~~~. ?'~n. ~~~~1 ................. PROJECT .. .C.R.~S.CP_ ...... STATE Colorado .. SHEET l .. OF. 1 .. HOLF. NO ~fj-lQ\o/ 
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7-1337 (9-69) 
a..,..u of ••eta••U•• GEOLOGIC LOG OF DRILL HOLE SHEET ••. J. _. Of .. ? .... 

I"!ATUtU! ••. :e{tlle ."l~J,:l .F:1.1\l.4 ................... PROJECT •• P.a.r.a.d,o,x, .U~.i.t,,, .CJt.B.S!=r ............... _ .. STATE ... Colon-do ........ . 
J;'H-U: LOCATION ••• ~~t. .o.f .. D.o,l,o,r,e.•. '?o-,iy_e;r,.... o . 

HOLE MO. · · • • • • COCMtDS GIOUMD !LEV •• 4.9,3.9,.,5,1 ........ DIP (ANGLE FROM HORlZ.) .•. ?9 . .... _ .... . 
10-15-76 . ,.Q..:is..:ib ....... I.''.' .. '... ' TOTAL , 

BEGUN··········· PINISHED •• • • • ••• •... DEPTH 01" OVIRIURDIN •• ,1,1,1, •. 5 ...... DEPTH ••• 1.12 .• 9 ... BURING. .....•.•...•.• _ ......... . 

Df=~~LA:~oE~Ui:VE:tJllo ••• !1~~ .l'~qt;~!\ •..........•.• LOGGID IY.l\•. -~· •• C.r,u.t,c,h.f.i.e.l.d, .... LDG REVIEWED BY ........•.... --_- .... . 

MOTES OM WATER 
LOSSES AND LEVELS. 
CASING, CEMEHTIHG, 
CAVIHG, AND OTHER 

DRILLIHG COMf'tl'tiOHS 

Tl&J 
SIZI 

~8[r. 

!All depths are taket5.5" 
from ground surface 10 
some subsidence at 
hole due to impact 
of percussion drill 

DRILL EQUIPMENT 
Becker, Model No,l80 
truck-mounted, air­
hammer drive, 5~" 0 
D. double wall cas-
ing of Jlz;"I.D. ,with 
600 C.F.M. air com­
pressor and cvclone 
assembly with sampl 
tube. 

DRILLING HEDIUM 
Air medium through­
out the hole, 

CASING & BACKFILL 
Placed 5~"0.D.casin 
as hole was drilled 
Casing was removed 
on completion of 
drilling and hole 
was backfilled with 
sand as casing was 
pulled. 

GROUNDWATER 
Interval Condition 
0.0-14.6 Dry-Mois 
14.0-15,0 Wtter Flo~o 

35.0-36,0 Wet 
36.0-38,0 Wlter Flo~<~ 

38.0-42,0 Wet 
42.0-64,0 Wlter Flo~o 

64.0-88,0 Wet 
88.0-106.0 Moist 
106.0-109.0 Wet 
109.0-112.0 Moist 

10 

-

-

60 

70-

-

80 

~- 5''" 
BD 

)o • ..... 
•> 00 uu 

Ill • 
1"1 

AS 

AS 

PERCOLATION TESTS .. 
DlfiTM • ~= ('liT) :I 

= II!! 
LOSS ...r.': .. ~I; • <'· 'I 

TO (fl.t ... , .. c. (G.fi.M.) IMIM.) 

~ Re uired By Sp cific tion 

=~= 
z-... ... 
..Ill u 

Ill Ill ...... i" -'t-IL a!:. 
Ill - &.o 

~-~ 

" 
lt..Q"'.Q.'i n.o 

v.::: 

-v 
4930 5 9 0 ., .. 

10-- .. 
4925. 5 14.0 : .· •' 

-~~-:. 
~:: ;• 
o···l 

14918 5 21~ -.::.()· 
22.0' 27.0' ~; 10% fine 4917.51-22.0:~ 
to me ium g avel 1" ma i- ::: o· 
mum) 0% COirse Slnd, 5% 14912 'i 27 CJ ~--:.-0• 
medim sand 30% ine s nd, '/ 7T 

suban ular o sub oundec , 14911, 5" 28 ~ ~ ·. · ·. 
tan, 'ryer \ ith h~rd, e ap- _.. . : o. 
lorite crust cemen~ation 0 , . 

stron~ HCl 1 eacti~n (SW lt.Gnt. " 1 ._ n· . ·. • o: 
~, 

lt.Gnl " 38 a· ~-:cr.:-• 
lt.RQQ " t.o~· i7j / 

lt.RRQ 'i 

14&85 'i 

~::: :· 
:-:.: .. ~: 

-· . . • ... 

v.·:.-. 
'it.n:::Z 

(·.~. 
4877 'i 62~ :~.:-~~-

EXPLANATION 

BD = Becker Drill 
LOSS i
CORE 

AS = Air (blown) Sample 

CORE 
RECOVERY 

~!r. :! .. ';:~•: : · : : : : : : : : : : : ~: ~~~h~clc: : ~=!~':,'~;tc~ : ~~~:~;: oi ~::t;g 
Approx. tiu of hole (X-series) .. Ex" 1-112", Ax • 1-711", Bx,. 2-3/8", Nx • 3" 
Approx. si:ta of core (X- series) .. Ex = 718", Ax = 1.1 ;&", 811 • l-S/8", l'b - 2-1/8" 
Oulside clio. ol casing (X-serin). Ex., 1-13/16", Ax =- 71 14", 8• = 2-7/l", lot.= 3-112" 
Inside dio. of c.,.int (X-• .. ies) •. Ex • 1-1/l", Ax & 1-29/32", 8x = 2-318", Hx "'3" 

Drilled by Becker Drills, Inc • 
CLASSIFICATION AND 
PHYSICAL CONDITION 

Spec. No. 400C-610 

NOTE: Percentages given in the following 
descriptions are visual estimates. 

0.0'-9.0': SILTY SAND;lO% medium sand, 
60% fine sand, 30% non-plastic fines, 
subrounded to occ. subangular, loose 
consistency on surface, brown, strong 
reaction to HCl, some salt from 6.0' to 
9.0'. (SM) 

9.0'-14.0': SAND;l5% coarse sand, 60% 
medium sand, 25% fine sand, subangular 
to subrounded, well ~raded, tan to brown 
moderate to slight HCl reaction, salt 
(cementing sand & white crust)becoming 
more prominent. (SW) 

14.0'-21.0': SANDY GRAVEL;30% medium gra 
vel, (1" maximum size), 30% fine gravel, 
40% sand, subangular to occ. subrounded, 
sand and gravel mixed with water to form 
slurry, dried sample became hard and 
cemented with clear to white evaporite 
minerals, moderate to slight reaction to 
HCl. (GW) 

21.0'-22.0': SANDY CLAY; low plasticity, 
contains about 35% fine sand, dark hrown 
to black, contains traces of organic 
material, medium dry strength and tough­
ness, strong to moderate HCl reaction. 
(CL) 

27.0'-28.0 1 : FAT CLAY;moderately high to 
high plasticity, brown, high dry stren­
gth and toughness, some white evaporite 
coating on dry sample, moderate reaction 
to HCl. {CH} 

28.0'-35.0': SAND; as 22.~27.0 above, 
well graded. 

15.0 1 -36.0': FAT CI~Y; as 27.0-28,0 
above, but traces of organic gray to 
black clay in brown clay. 

36.0 1 -38.0': GRAVELLY SAND; 30% fine to 
medium gravel to 1" size, 20% coarse 
sand, 35% medium sand, 15% fine sand, 
subrounded to subangular, coarse grains 
are very hard, some white evaporite 
coating on dry sample, strong reaction 
to !ICl. (SW) 

38.0'-40.0': FAT CLAY; as 27.0-28.0. 

40,0'-50.0': SAND; 10% fine gravel, 20% 
coarse sand, 50% medium sand, 20%· fine 
sand, tan, subrounded to subangular, 
dries with white evaporite crust, stron~ 
HCl reaction. (SW) 

50.0'-54.0': SILTY SAND;5% coarse sand, 
30% medium sand, 35% fine sand, 30% I 
ccc-plostjr ''••• mo•tly •uban~ 

Sheet 14 of 661 
FEATUkE. )~r.i.n.e. y/,ell .. Fl.e.l!f ... - .............. PROJECT. ~~l}~~p ....... STATE. ~o1oraqo. SHH1 .. 1. OF .. Z HOLE NO l'tl:-lE ... . 

116 



• 

• 

• 

7-tU7 (9-Ml 
Bure•u of R•c:::l8••tioa GEOLOGIC LOG OF DRILL HOLE SHEET ... ) . .. OF '/. 

fUTURE .• ~"f"f.t_l•. ~~H .fh\4 .................... I"ROJI!CT .. -~~r:~c.\C!~ .Qn.:f,t, •• ,q~~S.C.P.. . . . . . . . . . . . . . . STATE"- . ~?~Pr!ld? ......•... 

1 LOCATION. -~ll~ .C!( .QC!J.qr,~~ -~:i,v:e.r. · · · · · 4939 51 90° 
HOLI!: NO .• fti-:-f~ ..• c-- _ I GltOUMD ILI!V .••••. • •••......• DIP (ANGl.l" FROM HORIZ.).. • . • . . ... 

-DI. M. · · • • · • • · · '·' · · ' ' ·'' · ·. '. · TOTAL 
BEGUM. ~9:-J?-:-7{> .. P'IMIIHIDJQ-:-n-:~~ ... DEI"TH OP OVERBURDEN .H~ •. ~' ....... DEI"TH .. _1_1_2_._D.' .. BEARING ••......••••• --.-

0f:~~LA:SJ"U¥i!~E:tJIID •••••. !?~~ .fiq~~!i:! ..•.•.••... LOGGED BY.~o. -~· .• Gt:llt;.<:,q(:l.~l,d_ .... LOG RfVIEWED BY ...• · • · • • 

NOTES ON WATER 
LOSSES AND LEVELS. 
CASING, CEMENTING. 
CAVING, AND OTHIR 

DRILLING CON~ITIOMS 

Tl:J 
SIZE 

~8(. 

'·iO~ 
BD 

-

-

50-

. 

60 

80 

~ • 111111 
•> 
00 
uu 

Ill • 
(~) 

AS 

I'UCOLATION TI!STS .. 
z~ OI!'TH • (Ffi!T) ::t ~-

=a uw 
LOSS 

z~ .. !Ia fit~ • 
''· 'I 

TO 
(G. P.M.) , ... t .•. ) (MIN.) .. c. 

:Bottom pf Hole 

Stopped d illing beca~se 
n fonration. 

:;le 
1112111 
-~~ .... 
Ill -

~839. 5 100 ' ( 

20 

-

70-

80 

! -I 

! 
90-

i 

I 

I 
I 

i 

1¥ 

f~ Drilled by Becker Drills, Inc. 
::l~ CLASSIFICATION AND 
~= PHYSICAL CONDITION 

~~ Spec. No. 400C-610 · 
.......... 

with some stibrounded, occurred as sand­
water slurry, dries with white evaporite 
crust, strong HCl reaction, gray. (SM) 

54.0'-62.0': GRAVELLY SAND;25% to 35% 
gravel up to 1" size, 35% coarse sand, 
30% medium sand, 10% fine sand (gravel 
becomes more concentrated with depth), 
subrounded to subangular, white evaporit 
coatin' 1 strong reaction to HCl. (SW) 
(Heavy brine slurry from SO' to 64') 

62.0'-111.5': GRAVEL; 25% coarse gravel 
up to 11:;" size and with broken, angular 
fragments which indicate some cobbles, 
30% fine gravel, 30% medium gravel, 15% 
to 25% fine to coarse sand (percentage 
of sand in relation to gravel varies w/ 
depth), subrounded to subangular with 
some angular breaks from percussion dril 
white evaporite coatings throughout,coat 
ing reacts to HCl from slightly strong 
to strong! y. (GW) 

111.5'-112.0': GYPSIFEROUS BRECCIA; soft 
gray, shale. (Hermosa Formation) 

~----~--------~--~--~--~----~--~----~--~----~---L--~J---------·----·--·-----------------~ 
EXPLANATION ! 

; 

~~g:: J I ~~r: :!a~:~·- : : : · · : : : : : : : : ~ = ~~~k=~-dc:: ~=~:·:.·~~·.-(:; : ~~~:~: "' ;:.ur:g 
CORE Approx. oize of hoi" (X-.. ries) .. E• ~ l-1.-'2", Ax= 1-7. 8", Bw • 2-3/8". ~x • l" 

RECOVERY Appro•· aiH of core (X-.. ri .. ) .. Ex "'7-'8", Aw ~ 1- L'B". Bx ., 1-S/8", N• - 2- L'8" 
Outoid•dio.ofcosing(X-.. ri••).Excl-13.'16", Aw :2-1.-4", 8•c2-7ll". ~x•l-ll2" 

~...o---.L..;.;;'"~";;;id~•..;;d.;.;io;.;. . ..;;o.;..f ..;;.c:"-"-;"..:II:...:(:...:X;..·•~·-·i~•...:•l_·_· _E_•_•_J._J,_2_"_. __ A_,._"'_'·-29_-_·3_2_" ._a_._=.-2-_l._/a_·_·. _N_•_·_l_" ___________________ s_h_e_e_t __ l_5_o f 66 
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7 1337 (9-60) 

,..a .... _._ .. _o'-"•-e•-··-·~~------~~'"-0_ .. _•·_·"-' ---....:.~EOLOGIC LOG OF DRILL HOLE SHEET .. l .... OF .... 2. • •. 

FlU TURE •••. ,~~1].' .lf~H .n~~4 .................. PROJECT ••• ~1\X:I\c:tQ~ ,Qq:f.t.,. ,t:;R,B.S.C.P ................. STATE .. ~9~9Tfl99 ........ . 
PH-?10"' LOCATION •• E&IIt .a£ .Dalo"tea .Ri\te.r:...... 4939 50 90° 

HOLE MO .... "tt' .... c--os . E GROUND !LEV ....... • ......... 01,. (ANGLE FROIIHORI.:).... . . . .... .. 
...... ' H.''''''''.'.''. '''.' .. ' ''. TOTAL 

lEGUM. ~9-:-~~':"!~ .. fiiMISMED ••• ~Q-:~4-:7_~. DE,.TH Ofl OVUIURDEM •• ~QhQ' ...... DE,.TH • .l.Q6 .•. 0,', .. IEARIMG. ..•.•..... · · · • · • · . · · · 

0f=~~LAr=D1kf¥E~:tJ.flo ..... ~f!~ .t!~~~~ ...... · ...... LOGGED IY. -~~ •. ~· •. 9-:~~~~~~e.l.d .... LOG REVIEWED BY .. 

)- PIICOLATIOM TESTS :I~ MOTES OH WATER rl:3 • .. Ill .. 
LOSSES AND LEVELS, •> OI!I"TH • %1- .. .. 
CASING, CEMENTING, SIZI 00 (FliT) :I .. ... ...... IL 

uu = 1:! 1&1 .... 
CAVING, AND OTHER ~:l. Ill LOSS Ill ~~ DRILLING COMrtiT.IONS • 1'12:. (l".t .•. ) •'"· •I 

TO 
(S) .. c. co .... M.) (MIN.) 

14919 'il 0.0 

~11 depths are taker~.5'' 
from ground surfacei BD 
some subsidence at 

AS ~t Re~uired By Sp cific~tion~ 

hole due to impact 
of percussion drill 

OCJR ILL EQUIPMENT 
Beeker, M:>del No. 18{ 
truck-mounted, air­
hammer drive,5"'" 0. 
D. double wall cas-
ing of 3l,;"I.D •• witt 
600 C.F,M, air com­
pressor and cyclone 
assembly with samplE 
tube. 

DRILLING MEDIUM 
Air medium through­
out the hole. 

CASING & BACKFILL 
Placed 5/.:;"0.D.casin~ 
as hole was drilled 
Casing was removed 
on c-.ompletion of 
drilling and hole 
was backfilled with 
sand as casing was 
!Pulled. 

GROUNDWATER 
Interval Condition 
0,0-14.0 Moist 
14.0-25.0 Wet 
25.0-29.0 Moist 
29.0-44.0 Wet 
44.0-54,0 Water Flow 
54.0-70.0 Moist 
70.0-86.0 Dry 
86.0-91.0 Wet 
91.0-102,0 \oeter Flo 
102.0-103.0 Wet 
103.0-106.0 Moist 

NOTE: Dry zone may 
have lost some moi-
sture in blowing 
[air medium. 

10-

-

50 

60 

80 

90 

5.5 11 

RD AS 

BD = Becker Drill 

I 

i 
AS = Air (blown) Sample 

I 

; 

I i 
I 
I 

I 

I 
i 
I 

'•,:. I 

f.Q')Q ~~ ln II' '. ; •. ; ....... 
.·:·:· 

.t..a?<> "' 1 .t.. n· : ;'·. :·~: 

R7· 
/,ala~' ?~· .-:/ 

~// 
I'/"' 

.t..a1t.. .:;r ?<; n'l"/;" 

/' .... ). 
:;:.... .. : 

t.. ana ~~ 'ln.....£"1' ~- ·: /. .• : ·.' ... 

EXPLANATION 

Drilled by Becker Drills, Inc. 
CLASSII'ICAltOH ANO 
PHYSICAL CONDITION 

Spec. No. 400C-610 

NOTE: Percentages given in the following 
descriptions are visual estimates. 

0.0'-6.0': SILTY SAND; 70% fine sand,30% 
non-plastic fines, subangular to occ. 
subrounded, loose consistancy on ground 
surface, brown to tan, strong HCl 
reaction. (SM) 

6.0'-10.0 1
: SAND; 20% medium, 80% fine 

sand, subangular to subrounded, poorly 
graded, brown to tan, strong reaction 
to HCl. (SP) 

10.0 1-14.0 1
: SAND; 10% fine gravel, 30% 

coarse sand, 40% medium sand, 20% fine 
sand, subrounded to occasionally sub­
angular, well graded, traces of wood, 
tan, strong reaction to HCl. (SW) 

14.0'-20.0': SILTY SAND; 70% fine sand, 
30% non-plastic fines, subrounded to 
occ. subangular, tan, occurred as slurry 
strong HCl reaction.(SM) 

20.0'-25.0': FAT CLAY; hirh plasticity, 
brown, high dry strength and toughness, 
moderate HCl reaction. (CH). 

25.0'-10.0': CLAYEY SAND; 10% coarse 
sand, 30% medium sand, 30% fine sand, 
30% plastic fines, plastic fines are 
brown to red-brown, occurred as a slurry 
strong reaction to HCI. (SC) 

J0.0'-38.0': SAND; 10% fine gravel to~" 
size, 20% coarse-sand, 40% medium sand, 
30% fine sand, subrounded to subangular, 
some white evaporite crystallization on 
sample, tan, strong HCl reaction. (SW) 

38.0'-43.0': FAT CLAY; as 20.0 1 to 25.0 1 

above. (CH) 

43.0 1-45.0': SAND; 10% gravel to I" size 
20% coarse sand, 40% medium sand, 30% 
fine sand, subangular to subrounded, 
strong reaction to HCl, well graded. (SW 

45.0'-50.0': SAND; 10% fine gravel,25% 
coarse sand, 35% medium sand, 30% fine 
sand, subrounded to subangular, well 
graded, moderate reaction to HCl. (SW) 

50,0 1 -50.5': FAT CLAY; high plasticity, 
gray-brown, high dry strength and tough-

! 
ness, strong reaction to HCl. (CH) ! 
50.5 1-52.0': SAND; as 45.0' to 50~0' I 

I above. (SW) ~- I 
1

152.0'-52. 5': FAT CLAY; as 50.0' to 50.5' 
above. (CH) I 
52.5 1 -56.0': SAND; 10% gravel up to l" i 

J size, 25% coa~sand, 40% medium sand, I 

FEATURE .~t:~~E7 .~E711 _Fiel_d ...... . . PROJEC ':"" .. 9\~B?9P ~H. TE . Co~orado SHEFT .. l . 'JF 2 HOLF;: NO .. .P/:I.-2E 

118 



-unc-•l 
lhre•u of aec .... atiOft GEOLOGIC LOG OF DRILL HOLE SHEET ... 1. ..• 01' ... 2 .... 
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Df:~~t::o1kUiCU'I:fJIIo ..... !?~~ .l~C!t:~l! ............ LOGGID IY-~·. -~·- .<:;t;~t,c,h.f.i.~l.d.... LOG RrYI£WFD BY .... . 

)- I'IRCOLATIOM TESTS 

:~= 
s:--• t;:U NOTlS OM WA T!R T::: IIIII !AI Ill u 

LOUIS AND LIVILS. .,. OIPTH • Zt- IIIII Ill ~~ ic.:~ 00 cnn1 ::t ...... ~~--CASING, CIMIMTIHG. SIZE uu ~ 
gill IIIII ..,.. Lo 

CAVING, AND OTHER ~:~. 
zt- ~ .... Ill LOSS Ill ~, DRILLING CONDITIONS • Pll2: • " ''· ~ TO .. 

(") .. c. IG.Mt.) (P.S.I.} (MIN.) 
,A1.0 r:;( 1 nn 1 

<A1.i. r:;r 1n1. t 
re-4~;!' ,!A,f}i· 

~.su 
tnc. 1 ~ 11n A" IRnt-f-nw n~ U, fla ,A1.1. t:;f 

Sto pped d illin ~ beca use 
10 in forma ion. ao-: 

-

- -

-

• 
-

60 

70-

] 

I 
80~ 

~ 

80 

I 

! j 

I i l I 

I 
! 

I 
I ' 
i r I 

i _..i.J. ________________ ---

90 

BD = Becker Drill 

AS = Air (blown) Sample 

i 
i

CORE 
LOSS 

R-EC~~~~y • FUTURE ... B:r.in.e. ~!'!).). f;i~lli. . . . . ........... PROJECT. CRBSCP. .... . STATE .Colorado. ~HfET 2 ... OF .2. "'CLE ~0 PH-2E 
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7-1337 (9-69) 
a .... u of R•cl•••doa GEOLOGIC LOG OF DRILL HOLE SHE£T... . •. OF ..• 

I'UTURl' .••• , .BT:l.lle .. Well. .E:I.dtl ............... PROJECT •• ~ .. r:~4q~ .'Ql\i,t .•.• C.R,B,S,C,P, ................. STATE .• ~9~9T~99 ....... . 
u LOCATION .. Ei~l!~ -~~ .J~~~~t:~~ .1\i,~~r. · .. _-. 4938 5 900 

HOLE MO .• f\1~.,."'· .. COOIIDS N . l GROUMir ILI!V .••••.• • •. 8 ....... DIP (IINm.F 1-'ROMHORI?..) .•••••.•••.••.... 
. ' • ' ' •' '''.'.'' ..•• ' .• ''''.' TOTAL 

aEGUN. ~97V~-:-?~ .. PIMISHED. ~~~~"":~~ .•• DE,H 01' OVIERIURDIM •• ,,.,0~ ..... DIP'TH •. • 7:$, r>.~. lURING .••.........•.• · · .. · · • ·. 

Df~~~LA::DEknE~E:tJIID •.• -~~~ -~~~~!! .......•.•..• LOGGED IY.~·. -~· •• C:r.l.\t.c_l~f.i.e_l,d, .... LOG REVIEWED llY ..•... ·• · · · 

NOTES ON WA TEA 
LOSS!S AND LEVELS, 
CASING, CEMENTING, 
CAVING, AND OTHER 

DRILLING COMt'IITIOMS 

Tl:: 
SIU 

H8~1, 

>- I"IRCOUTIOM liSTS .i: - z ... r: • • >1:... 0" :!: OI'TM = ~= 1U5l::: :;:: !it ::;! 
88 lfi!ITl i II!! Mit-~ o!!:. fg ~t; 

Ill LOSS ., ., :.1 ._IU 

• ~~·~ TO t• _,a !It ~1-

Drilled by Becker Drills, Inc. 
CLASSIFICA T tON AND 
PHYSICAL CONDITION 

Spec. No. 400C-610 
(11) .; c~ (G.f'.M.I ff' •• 1.1 CMIN.) 1• o·u1. r:.J n n vt/ 

r------------;--~--~~+---+---+---+-~~~4-~~~~~-------------------------
All depths are taker 5. s•• AS tbt Re 1uired By Sp cific ation /' ·: NOTE: percentages given in the following 

descriptions are visual estimates. from ground surface BD ··: · · 
some subside.,ce at t..Q'l' '\. F. lT ·: ·.'/. 
hole due to ~mpact .·~····· 

of percussion drill .I.Q2Q. '\J Q .o· ·::·:_:_;:·. 

~RILL EQUIPMENT ~ 
Becker, Model No, 180 
truck-mounted, air­
hallDDer drive,~" o. 
D. double wall cas­
ing of 3~"I.D. 
~ith 600 c.F.M. air 
compressor and cy­
clone assembly with 
sample tube. 

DRILLING MEDIUM 
Air medium though­
out hole. 

CASING & BACKFILL 
Placed 5~"0, D.cas­
ing as hole was 
drilled. Casing 
was removed on 
completion of dril­
ling and hole was 
backfilled with 
sand as casing was 
pulled. 

GROUNDWATER 
Interval 
0.0-14.0 
14.0-20.0 
20.0-54.0 
54.0-75.0 

Condition 
Moist 
Wet 

Water Flow 
Moist 

-

-

60 

70-

II;; 5''­
"'~n 

110 

90 

lt lt-tnm If' Hnl 

Stopped drAlling because 
in format~on. I ! 

I : I ! 

I l I 
I l ! 

i i 

I 
I 

I 

i
CORt: 

HD = Becker Drill 

LOS> 

CORE 
REC.OVERY 

AS = Air (blown) Sample 

l ... QU '>J 

L..Ql.R '\1 

- ..... •· ... 
H n {\~ 

-v::·::: 
,n . ...o·:(y 

- ,. : ·.· 
::_·-.·~· 

ao-

90-

E XPl ANAl~ 

0.0'-6.0 1 : SILTY SAND;60% fine sand,40% 
non-plastic fines, subangular to sub­
rounded, tan to brown, loose consistency 
on ground surface, strong reaction to 
HCl, (SW) 

6.0'-9.0 1 : SAND;70% medium sand, 30% fin 
sand, subangular to subrounded, tan, 
strong reaction to HCl. (SP) 

9.0 1 -14.0': SAND; 20% coarse sand to~" 
gravel, 50% medium sand, 30% fine sand, 
subrounded to subangular, well graded, 
tan, strong reaction to HCl. (SW) I 
14.0 1-20.0': SILTY SAND;20% medium sand, 
50% fine sand, 30% non-plastic fines, 
subrounded to subangular occurred as 
slurry with about 2" clay layers at 15,0 
and 18.0', gray, strong reaction to 
HCl. (SM) 

20,0'-27.0': SAND; 15% fine gravel to I" 
size, 10% coarse-sand, 25% medium sand, 
50% fine sand, subrounded to subangular, 
well graded, gray, strong reaction to 
HCl. (Sl~) 

27.0 1 -27.5': FAT CLAY;high plasticity, 
gray-brown high dry strength and tough­
ness, moderately strong reaction to 
HCl. (CH) 

27.5'-44.0 1
: SAND;lO~~ ~'ine gravel to 1" 

size, 20% coarse-sand, 40% medium sand, 
30% fine sand, subangular to occasionallv 
subrounded, well graded, gray, some 

1 white evaporite coating on dried samples 
strong reaction to HCl. (SW) 

44.0'-45.0 1
: FAT CLAY; as 27.0-27.5' 

above. (Cll) 

45.0'-46.0': SAND; 5% fine gravel up to 
!.:!" size, 10% ~se sand, 40% medium 
sand, 45% fine sand, occ. trace of clay, 
subangular, well graded, dark gray, I 
strong reaction to HCl. (SW) 

1 

46.0'-54.0': GRAVELLY SAND; 20% gravel 1,· 

up to 2" size with angular breaks indi­
cating possible cobbles, 30% coarse 1 

sand, 30% medium sand, 20% fine sand, ! 
subangular to occasionally subrounded, 
well sorted, gray, strong reaction to ~ I HCl. (SW) 

I 54.0'-65,0': GRAVEL;40% coarse gravel u 
to 1!;;" size with angular breaks indicat 
ing possible cobble, 25% medium gravel, 
15~ fine gravel to coarse sand, sub- I 
rounded to subangular with angular 
breaks, grains are very hard, consider­
able evaporite coating and cementation 1 

on dried sample, moderate to strong , 
reaction to HCl. (GW) i 
65.0'-75.0': GYPSIFEROUS BRECCIA; soft, 
r,ray, shale (Hermosa Formation) 

Sheet 18 of 66 

FEATURE ... 8dnt:: \tlE:U Xi,e:l.d ...... . PROjECT •. CRBSCP. . . ... STATE Colorado . ~HEF 1 l C f' . l. ttOLt NO PH-J.E 
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GEOLOGIC LOG OF DRILL HOLE SHEET ..• l . . OF. . l . 

FUTURt ..... ~r~~~ -~~1;1, .~i,e.l,d., ............ , ... PROJECT ..•• P.a.rf1~~!'. ~~.t.t_,. _C~~~~~- ............... STATE .. ~?lor~~<? .......... l 
"OLE 

PH-4E LOCATION • .Eaat. Di. D.o.l.o.r.e.s. lU.v.e.r. . . . . . 4939 66 90o_. . I 
NO. • · · · · ·. · • • c,.....•DS H . IE GROUND !LEV .••••.. • ••.•••.•. DIP (ANGLE FROM !IOR17. 1 ..... 

10-14-i6 ....... . 10.:14._.76'....... . . . • . . . . . . . 53 O' TOTAL 56 O' I 
:;;t~:~~~~ ~;~;;;:~: : : ~~~~ :~t~:·or~.OO OVIOIU::~ ~~ :· ~.: :~.: .c~::::.~~: : L~ ::::~ ~~· . : ... : .. : .. : : ... ·l· . '! 

NOTES ON WATIR TYI'~I tutu t----P_I_R_c_O_,L,...A_T_I_O_N_,T,...E_S..,T,...s ___ -1 :~= ~= u 0~.~» Drilled by Becker Drill, Inc. 
LOSSES AND LEVELS. AND ~~ r,~T~ II :;t;; ~ .. ~ ~~~~ i" !! CLAUIFICATION AND 
CASING, CEMENTING, SIZE u~ T a o• w - 0 - O.o ~= PHYSICAL CONDITIO .. 
CAVING, AND OTHER 0, - ~---,,--~ LOSS "" 2 "" ~_. w ,... 

DRILLING CONl'ITIONS HOLE • noM II ~& " , .. 
(.) (P, Co\ TO t <C Spec. No. 400C-6l 0 

• c. (G.P.M.} (P .• 1.1 (MIM.) i.Q1.Q "
1 

t'l n "'/ ---
'bt Re uired By Sp• cific tion All depths are taket1 ). 5"l~ AS 

from ground surface· BD 
some subsidence at 
hole due to impact 

r_:::': NOTE: Percentages given in the following 
• • • descriptions are visual estimates. 

6 .o- ::·/; 0.0'-6.0 1 : SILTY SAND:60% fine sand, 40% 
non-plastic fines, subangular, tan, loos 
consistency on ground surface, strong 
reaction to HCl. (SM) 

~f percussion drill 

DRILL EQUIPMENT 
Becker, Model No,l80 

ruck-mounted air­
hanuner drive, 5~" 0 
D. double wall cas-

10-

ing of 3~"I.D. ,with • 
600 C.F.M. air com­
pressor and cyclone 
assembly with sample 
tube. 

DRILVNG MEDIUM 
Air medium through-
put the hole. 

~ASING & BACKFILL 
Placed S~"O.D,casin~ 
as hole was drilled 
Casing was removed 
on completion of 
drilling and hole 
was backfilled with 
sand as casing was 
pulled. 

GROUNDWATER 
Interval Condition 

Moitt 

o .. , 

30-

-. 
..o-1 

-
50-

60 

80 

Stopped dr~lling because 
in forma~ion. 

i 

I 

I 
I 

I 

! 
; 
I 

I 

I I 

i 
! 

I 
I I I 

BD = Becker Drill 

AS = Air (blown) Sample 

-,., ,., 

70-

80'"' 

-
; 

I 

90-
i 

! 
: 

i 
~~~iiON 

~!r: :!a~:~e .. · · · ~ : ~~~~::~d c~ : ~:!~':t1~d~•c! : ~~~:~;of ;!~~~r;q 
Approx. oiu olholeiX-Hn~OJ .. Ex" 1-1,2". ~." 1.7•8", Bx "2-3 8" ~. ~ 3" 

I 

.J 

6.0'-14.0 1 : SAND;lS% coarse sand with 
occ. gravel up to ~". 45% medium sand, 
40% fine sand, subrounded to subangular 
tan, strong reaction to HCl. (SW) 

14.0'-25.0': SAND; 10% fine gravel to~· 
size, 30% coarse sand, 30% medium sand, 
30% fine sand, subrounded to subangular 
occurred in slurry, gray, strong react­
ion to HCl. (SW) 

25.0'-26.0 1 : FAT CLAY; high plasticity, 
gray, high dry strength and toughness, 
strong reaction to HCl. 

26.0'-30.0': SAND; as 14.0 1 to 25.0' 
above. (SW) 

30.0'-40.0': GRAVELLY SAND; 30% gravel 
up to 1" size, 20% coarse sand, 30% med 
ium sand, 20% fine sand, subangular to 
subrounded, gray,some evaporite coating 
on dried sample, strong reaction to 
HCl. (SW) 

40.0'-53.0': SANDY GRAVEL; 20% coarse 
gravel to 2" size with angular breaks 
indicating possible cobbles, 20% medium 
gravel, 20% fine gravel, 40% fine to 
coarse sand, trace of red clay, sub­
rounded to subangular, gray, evaporite 
coating on dried sample, moderately to 
strong reaction to HCl. ~W) 

SJ.0'-56.0': GYPSJFEROUS BRECCIA; soft, 
gray shale (Hermosa Formation) 

-

~:~:~:~ d;~· :/ :::~"~x~;~~~::·:.·~. t ~; ~~·~16 ... ~: ~ ~:: ·F ::: tti-: ~:: ~-: r 
Inside d:a. ol cooo<">g (X·..,ro••l· E•" 1-i '2". .4.' ~ 1-29

1
32", 8a = 2·3/8", "'•_.~_1·_· -·------------·· .. ------·-

Ff'Al:JRE .. . . PRu JfC"I .• c.R,~S.C.P \~4TE. Golorado '1fET. 1.(' 1. "t<Jtfllr': PH-4E 
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PH-5E LOCATION • .I~Ut .Q{ .QqlQ:t:~._ .IU.~Ilr. . . . • . 4938 85 apo 

HOLE NO .••••••••• COOI:DS . I GltOUND ILIV ••••••. • .•....•.• DIP (ANGLF. F'ROII HORIZ.J • i7 •..••••.•.•.• 

· ' N. ' ' ' ' ' ' . ' ' ' ' ' ' ' ' ' ' ' ' ' ·' ' '· ' ' TOTAL 
IEGUH ~0-:-1{.-:-7(1, •• PIMISHID.~Q-:-H-:7.& ... DEPTH OP OVIRIUIDIN .. U,Q' ....... DIPTH .. .7.4 .•. Q' ... lURING.··.·············· · · · 

Df:~~~:~o1kfli!'UEftJIIo •••.• -~~~ .liqt;~~~ ........... LOGGI!D ay.Ji, .1., .GJ:Qt.~l\U~l.d. .... LOG REVIEWED IIY •........• · · · · 

NOTES ON WATI!It 
LOSSES AND LEVELS. 
CASING, CEMENTING, 
CAVING. AND OTHER 

DRILLING CONCIITIQNS 

~OTE: The lower dry 
~one may have lost 
~orne moisture in 
plowing air medium, 

-

60 

70-
.5" 
BD AS 

80 

90 

I 
I 

I 
I 
I 

I 
I 
I 

I 

I 
Bbttom bf Hole 

I 
Sto~ped d illin!; beca~se 

jn for!nation 

I 

i 

,Q?<;. "l< '"l <; ~:!·:-:-.'~ 
924.8 '14.0_ 77 

,Q?f\ A~ lll f\ "::,::.:.: 

~920.3 -~s~ 0: 

:- ...... 

~864.8 74.0~ 

80 

i 
EXPLANATION 

i
CORE 
LOSS 

CCPE 
RECOVERY 

BD = Becker Drill 

AS = Air (blown) Sample 

~!r; :!..';:~· : : : : : . : : : : : : : : ~ : ~~:;;:~de~ : ~:~~·:/~~·.ec ~ : i':.~!~,; oi ~~;;·;!I 
Approx. siuolhole (X·••"••) .. Ex •1-1/2", A~" 1-7'8", llx = 2-l/8". Hx • J"' 
Approx. oiu of eore (X ... tieo) .. Ex : 7/8", Ax "' 1-1 .'8", Bx ,. 1-5/8''. Nx - 2-1 '8" 
Outoidedio.ofcaoinii(X·••ri .. ).Ex=l-13_16", Ax•2-1/4", 8•,.2-7.1". H<•l-12" 
Inside dlo. of casing (X-ser;.s) .. Ex= 1-1 •2", A,. • 1-29'32" 11,. • :<-3/8", N• • l" 

Drilled by Becker Drills, Inc. 
CLASS I FICA liON AND 
PHYSICAL CONDITION 

0.0'-8.0': SILTY SAND; 70% fine sand,30% 
non-plastic fines, subrounded to sub­
angular, tan to brown, loose consist•ncy 
at ground surface, strong HCl reaction, 
(SM) 

8.0'-11.0': SAND; 5% coarse sand, 85% 
medium sand, 10% fine sand, subangular 
to occasionally subrounded, tan, poorly 
graded, strong reaction to HCl. (SP) 

11.0'-13.5': SAND; 10% fine gravel to ~" 
size, 30% coarse sand, 40% medium sand, 
20% fine sand, subrounded to subangular 
with occasional angular coarse grains, 
tan, well graded, occurred in slurry 
beyond 12.0', strong HCl reaction. (SW) 

13 .. 5 1 -14.0': LEAN CLAY; Medium plasticit , 
contains about 20% fine sand and non­
plastic fines, brown with traces of 
black organic material, medium to moder­
ately high dry strength, medium tough­
ness, strong HCl reaction, (CL) 

14.0 1-18.0': SAND; 5% coarse sand, 50% 
medium sand, 45% fine sand, subangular 
to subrounded, gray, occurred in slurry, 
moderately strong HCl reaction. (SW) I 
18,0 1-18.5': FAT CLAY; high plasticity, 
gray-brown, high dry strength and tough­
ness, strong reaction to HCl. (CH) 

18.5'-30.0': SAND; 5% gravel to 1", 15% 
coarse sand, 60% medium sand, 20% fine 
sand, subrounded to subangular, gray, 
occurred in slurry, moderate reaction to 
HCl. (SP) 

30.0'-46,0': GRAVELLY SAND;25% fine gra­
vel to 1" size, 20% coarse sand, 35% 
medium sand, 20% fine sand, subangular 
to subrounded, gray, some evaporite coat 
ing on driej u2mple, str0ng reactioL to 
HC1, encountered wood fragments at 46.0 1 I (probably a log). (SW) 

,46.0'-50,0': CLAYEY GRAVEL;70% fine gra-

1 

vel to ~" size, subrounded to subangular 
30% plastic fines and chunks of fat clay 

'

'gray, strong HCl reaction. (GC) I 
50,0'-54.0': FAT CLAY;high plasticity fo~ 

1 most part with some silty zones which ·. 
grade to lean clay, gray to gray-brown, j 
high dry strength, moderately high to 
high toughness, moderate reaction to 
HCl. (CH) 

54.0'-73.0': GRAV~; 20% coarse gravel t 
l~", 40% medium gravel, 30% fine gravel, 1 
10% coarse sand, sand becomes more. fine I 
beyond 68.0', subrounded to subangular, 
individual grains are quite hard, some 
evaporite coating on dried sample, i 
strong l!Cl reaction (GW) 1 

73.0'-74.0': GYPSIFEROUS BRECCIA; shale, 
soft, gray. (Hermosa Formation) 

Sheet 20 of 66 

FEATURE .. B.r.i.n.e. W_e)J. f;i!'!~P .............. , .. PPOJECT .• CRBSCE ... . STATF Colorado. SHEET l.. 01' .• 1 HOLE o.JO .. PH-liE-
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7-13!7 (9-69) 
Bwe•u ,, ReC' lara•U•n ... 0 ........ GEOLOGIC LOG OF DRILL HOLE SHUT ..• J. ... Of ... ? 

FUTUU, •. B.r,ip.,e_ Ji~,l._l. fJ:!!;L~ ......•............. poiiOJI!CT ... fil'f,_49~. \I'~~ h. C~tJ~Cf ................ STATE'- .GC!~C!t:~d.Q .......... i 
HOLE MO .• -~lf;-.6.~ .. ~=!~"~: ~~~~: :~: ~~~::~:: ~~~~:::::: GltOUND I!LEV .• ~?n ~n ....... DIP f'-NGLE FROM HOHIZ.) . . ~Q~ ......... . 

BEGUN .l.Q-.:J.J.-}.6 ... ,.NISHIO. ).P:-:1.3:-76 ... DEPTH OF OVIRIURDEN .. ]{.,0! ...... ::~~~- 7f}, 0 ~ .... lURING. . . . . . . . . . . . . . . . . . .... . 

0f~~~LArSo1~Hi!~.'atJIIo .. ~~~- ~?~~~-- ............. LOGGED IY. ~ ... !-.·. S:F~~~ttft~:j.cJ .. . LOG REVIEWED BV ....•. 

jilTaepths are taker ), :>. 
Wrom ground surface· BD 
~ome s~bsidence at 
hole due to impact 
of percussion drill. 

DRILL EQUIPMENT W 
Becker, Model No.l8C 
truck-mounted, air-
hammer drive, 5~"0. -
D. double wall cas-
ing of 3~"1.0. ,with 
600 C.F.M. air com- ~ 
~ressor and cyclone 
!assembly with sample 
t~Jbe. 

ioRILLING MEDIUM 
~ir medium through­
out the hole. 

CASING & BACKFILL 
:Placed 5!:i"O.n.casiq!; 
.as hole was drilled 
Casing was removed 
on completion of 
irilling and hole 
was backfilled with 
sand as casing was 
pulled. 

GROUNDWATER 
Interval 

D.0-10.0 
0.0-14.0 
4.0-16.0 
6.0-30.0 

30.0-51.0 
51.0-55.0 
55.0-66.0 
&6.0-74.0 
74.0-78.0 

Condition 

Dry-Moist 
Moist 

Wet 
Water Flow 

Wet 
Wet-Moist 

Dry 
Water Flow 

Moist 

~OTE: Lower dry 
~ones may have lost 
noisture in blowing 
air medium 

60 

-

80 

90-

AS 

PERCOLATION TESTS z-
Ot: .. TH 
(I'U:TI 

=~== .. Zl- lll5i!111 
~ :;: ~~-~ 

=:t !.! 
~~ z~ 

LOSS ::1 zl-
Lo :j 
" 0.0 

= !!~ 
(G.I'.M.) ( ... t.l.) (1111111.) f+937 ,!] TO 

JSY ;:,· ec~r~ at~o s y· 
-).(· .. : 

I 

I 
I 

I 
I 

I 
I I 
i 

Rnt-t-,..,_ nf 11 >1<>_ 

StopJ>!ed drtjlling becausle in 
formation. i 

I 
~ 

I 
I 

t t • ~ r . •' 
I.Q27 I 'Jfl a. :: -'L 

,Q')1. 1 ,,, 0 

- ~:.- .. 
; · .. : ·. 

.6.Q17 1 ')fl ll. :'(': v 

~ 
A8'l9. 11i7R n ~.:mf 

so-

oo 

1¥ 

~u 
... ! 
1111-j"' .._.., 
st-... 
.......... 

Drilled by ~ecker Drills, Inc. 

CLASSifiCATION AND 
PHYSICAL CONDITION 

Spec. No. 400C-610 

NOTE: Percentages given in the follow­
ing des~riptions are visual estimates. 
0.0'-10-0': SILTY SAND; 60% fine sand,40% 
non-plastic fines, subangular, tan to 
brown, loose consistency on ground sur­
face, strong reaction to HCl. (SM) 

10.0'-14.0': SAND; 10% coarse sand, 40% 
medium sand, 30% fine sand, 20% non­
plastic fines, subrounded to subangular, 
tan to brown, strong HC! reaction. (SW) 

14.0'-20.0': SAND; 10% fine gravel to 1" 
size, 20% coarse-sand, 40% medium sand, 
30% fine sand, subangular to subrounded, 
tan, occurred in slurry, moderate reac­
tion to HCl. (SW) 

20.0'-30.0': SILTY SAND; 5% fine gravel 
to 1" size, 5% coarse sand, 60% fine 
sand, JO% non-plastic fines, subrounded 
to subangular, gray, evaporite coating 
on dried sample, occurred as slurry, 
strong HCl reaction. (SM) 

30.0'-34.0': FAT CLAY; Moderately high 
to high plasticity, gray to brown to 
to black, contains some organic black 
material and may grade to OH in places, 
high dry strength, moderately high to 
high toughness, moderate HCl reaction. 
(CH) 

34.0'-38.0': SANDY CLAY; medium to moder 
ately high plasticity and may grade to 
fat clay in places, contains about 35% 
fine sand, red-brown, moderately high 
dry strength, medium toughness, strong 
reaction to HCl. (CL) 

38.0'-45.0': FAT CLAY; high plasticity, 
brown, high dry strength and toughness, 
moderately strong HCl reaction. (CH) 

45.0'-51.0 1
: SANDY CLAY; low to medium 

plasticity, contains about 40% fine sub­
rounded to subangular sand, red-brown, 
medium dry strength and toughness, strong 
HCl reaction. (CL) 

51.0'-56.0': CLAYEY GRAVEL; 60% gravel 
to 1", 40?. sandy clay as above, gravel 
is mostly subrounded, moderate to strong 
HCl reaction. (GC) 

56.0'-62.0': GRAVELLY SAND; 20% fine 
gravel to 1" size, 20% coarse sand, 20% 
medium sand and 40% fine sand to 60.0' 
depth,beyond 60.0' becomes 20% fine gra­
vel to ~· size, 60% coarse sand, 10% 
medium sand and 10% fine sand, subrounded 
to subangular, gray, strong HCl reactio~ 
(SW) I 

~----~------~--~--~--~------~----~~----~----L---LL-------------------------------

i
CORE 
LOSS 

CORE 
RECOVERY 

BD = Becker Drill 
AS = Air (blown) Sample 

~!r: :!o'l:~·: . : : : : .. : : : · : ~ : ~~:~:~de~ : ~:~~·:,'!:tc! : i:~:~; o~ ;;.u:~g 
Appro-. siu of hole (X-oeriu) .. Ex = 1-1 '2", -"• = 1-7/8", Bw "'2- 3 '8" 1-h " 1" 
Appro•. si•• of core (X-oerieo) .. Ex"' 7.'8", Ax= 1-1;8". Bx • l-S/8", Nw- ~-I -'II" 
OuiO•d• dio. of CCIIing ex .•••••• ,. Ex"' 1-13:16", •• '"'7-l.'.t". 8x ;; 2-7 8". N- = 1-1 2" 
lnoide dia. of cooing (X-o .. ies) ... Ex"' 1-1 1 2". A>= ;-29'32". B•" 2-3•8". Nx • 3" 

....... PROJECT C~SCP_ . :, r.t. TE C_olorado 
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7-1337 (t-69) 
Bunau. of R•c-l18111afl0ft GEOLOGIC LOG OF DRILL HOLE SHEET ... 2 

P"IATURI!. •. \\\'1.\l,. \i~.H .H~44 ................... I'ROJI!CT .• -~~t:~~~~ .l!~~~ •.. ~R;~S_C_P_.... . . . . . . ..... STATE .. ~?~0:r~~? .. 
H O PH-6E LOCATION •••• ~~li!~ .~~ P<!~l:!t:~~ ,R,:Jy:~r.... 4937 11 ooo 

OLE N · • • • • • • • • • COOIIDI N . I! GROUND I! LEV ..•... •. . . . . . . • . DIP fANGLE F'R<lM IIOR/7 J . 7 . . 

II!GUM ~9:-P:-?~ ... PINISHI!~ •• iQ~i~~~~:: ~~~~~ ~~ ~~~~~~~~~M J4 .. Q' ........ ~~~~~- .7.8 .•. Q' .... IURIMG...... . ... . 

D~=~~L·:~~kU!0le::tJ::o .. ~~~ .~~~~8 .•.•••.•••.•.• LOGGED IY .. ~· .. 1:· .. 9:~~c;q£::f,~ld .. lOG REVII!WIEO IY ......... . 

Drilled by Becker Drills. Inc. 

Cl.A$SIFtCA T ION Al40 
PHYSICAL CONDITION 

Gl: 
f,) 
.... ! 
IUI­
.J"' 
Q.ll.l 

t---------l--h:....:..+..::..;=+----1..:.....--+.:_.:..:.+---l!z;.!...:..:.~.J:!;~-I---I-,~~t-::._ ____ s_p_e~-~. No. ~0~=.~~ ____ . ..J 

I
I 

-

10-

-

20-

-. 

30-

-

...,... 

-

30 

60 

70 

80 

90 

HATURE . .f~r.:l,ne .We,ll .. F.i.el.d 

I 

I 

I 
I 
I 
I . 
I I 

I I 
: i 

1 I 
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-

-

I ~ 
1 

! 

Q()~ 

I 
I 
l 

I I 
l! 
'I i! 
I! 
j I 

II 
i l 
~ ' 

62.0'-66.0': FAT CLAY; High plasticity, 
gray, high dry strength and toughness, I 
moderate HCl reaction. (CH) 

1 

66.0'-68-0': GRAVELLY CLAY; low plasticity! 
clay with abo11t 30% fine sand and 10% I 
1" to 2" gravel, ~ray, medium dry 
strength and toup,hness, moderate HCl 
reaction, gravPl occurred in sandy clay 1 
slurry. lCL) . 1 

68.0'-74.0': GRAVEL; 30% coarse gravel tol' 
!!2" with angular breaks indicating pos­
sible cobbles 30% medium gravel, 20% fine 
gravel, 20% sand slurry, subrounded, 
hard grains. i 
74.0 '-78. O': GYPSIFEROUS BRECCIA; shale i 
and sandstone. (Hermosa Formation) I 

j 

I 

I 
! 
I 

\ I 
i 
I 
i 

i 
I 
j 

• i 
i 
I 
i 
i 

i 
: 
! 
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7 lSI? (I 74) 
Sure•~> of aeol .... aUOil GEOLOGIC LOG OF DRILL HOLE SHEET ••••••• OF •. -~ ••.. 

FEATUR'I ••• 1$'\:\IJI; .W~U. ,F,1,e.l.d. •............•.•.•. P'ltOJICT ••. l'ii:rJJf]p)(. JJp;i.t •. CRJISCP ................ STATE. , .CQlQr~dQ ......... . 

HOLE MO .• -~~":'~ft .. LOCATIOM:'' -~S.t. pj, J)p.}.p,reo~~.lliYer .. '' GltOUMD ELI!V .• ,~;3!)_.,-,;J,, ..... DIP (ANGLE FROM HORIZ J • • • ~Q~ · · · · · · · · · · · 
. COOitDS. M., ••..• , •• · ••• , . 1!.,,,, •, • •.. TOTAL 

lEGUM lQ-: ll-: 7.6 ... PIMISHI!D •• J.Q~l.l-.7.6. .. DIP'TH OF OVIItiURDI!M •... .7J •• Jl'. . . . DEPTH .. 80~ 0.1 • • • BUitiMG. • · · • • • · · · · • • • • · · · · · · • · • · • · 

D~:~~L·r~DE~He8J'eUJilD. -~~~ .~0.t.e_s_ ... , . . . . . . . . . . . LOGGED IY .• R .•. J...·. ~_r~~~~~~~!?~~- ... LOG REVIEWED BY.··········· · · · · · · · · · · · 
,. 

PERCOLATIOM TISTS .Cz~ :z:--

Tl:J 
• ...... u NOTES OM WATER 1111&1 Ill :iS! :I LIU 

LOSSES AND LIV!LS, •> DEPTH • Zt- lUlU io 00 (FEET) :I ...... .JI-lL o!!::. CASING, CEMEMTING. SIZE 0111 ... - Lo uu ::1 zl- iP CAVING, AND OTHER ftt8~r ... LOSS · Ill lilt&. 
DRILLING CONDITIONS • I' ROM • .Jo " '::€~\ TO L 

(") (G. P.M.) (P.U.) (MIH.) r.936.6 0.0 
All depths are take 5.5' AS Not REquired By Sp~c Hie jatior~ v·:-:·: 
from ground surface ao ~" ... 
some subsidence at V· hole due to impact 1.9.2.9.1> 7.0 
of percussion drill '~.· ·. . . 
DRILL EQUIPMENT 10- 10 .. ... .. 
Becker, t-bdel No.l8(] 
truck-mounted, air- lt..9.22 ..6 ,,, (\ .... 
hammer drive, 5~" 0 - V-'. D. double wall cas-

·.:·./.· ing of )!d.D., with 1916.6 ?0.~ 600 C.F.H. air com- 20 
o·. ·.·: 

pressor and cyclone .. ·. •: 
asRembly with S!l.Mpl ... 
tuhe. , 
~~':_!_!:JC MEDTUM .. : :: 
Air m<~dium through- 30- 30 ·0 
out thP hole. I 

.... 

CASING & BACKFILL ,qn? .6 '!l..fl :~-- :·-~-
Placed 5!2"0 .. D.casin """ 14'::1Ul.b D,U ,.-._·o: 
HS hole was drilled 

:/~---Casing was removed 14896..6 40.-lii 
on completion of 40- f.J. '"" drilling and hole 141.!'::1:>. b v:.·._: 
was backfilled with 
sand as casing was 14890.6 1.6 0 .: .. .). 

pullt>d. ~ l.ROUNDWATER so- so 
:?'::·~·-Int.erval Condition 

f--·-- lt.A81 6' '>1 0 ·-~·-~ 0.0-6.0 Dry-Mlis 
"/. 

6,0-10.0 Moist L'L1iC ~ 

10,0-14.0 Moist-l>!et ~~'D.·. 
14.0-50.0 W3.t e r Flow ~Po so. 0-77.0 \.JI.'t 60 I4R7h 6 flO ,JJ o:cr 
77.0-80.0 t-bist-Dry 14874 6' 6? .o-%~~ 

/~// 
lt.R7fl 6' f>h 1r //~~ 

o•o• 
I 

••o 
70 

·~o 
70 p • • 

oo.o. v•o .. 
14861.6 7'l .o· o"oa 
14859. 6 77 .o: ~69'. 

5.5" t)~ 
JITl.. AS R, It tom if Ho1 14856 6 80,1.)_' ~ 

I 
I -

I 

90 

I 

90 

I 

I 
EXPLANATION 

BD = Becker Drill 

AS = Air (blown) Sample 

~!r: :!..~:~· : : : : : : : : : : : : : : ~ : ~~~k=~di:~ : ~:~~1n°t1~~':c! : ~:~:~.: oi ;::r;g i
CORE 
LOSS 

CORE 
RECOVERY Approx. oi~e of hole (X-serieo) .. Ex= 1-1/2", Ax= 1-7/8", Bx = 2-3/8", Nx = 3" 

Approx. size of core (X-series) •• Ex,. 7/8", Ax= 1-1/8", Bx = 1-5/1", Nx- 2-1 '8" 
Outside dia. of cooing (X- series). Ex = 1-13/16", Ax = 2-1 14", Bx = 2-7 /I", Nx = 3-1/2'' 
lnoide dia. of cooing (X-serieo) .• Ex = 1-1/2", Ax = 1-29132", Bx = 2-3/8", Nx • 3" 

Drilled by Becker Drill, [nc. 
CLASSIFICATION AND 
PHYSICAL CONDITION 

Spec. No. 400C-610 

NOTE: Percentages given in the following 
descriptions are visual estimates. 

0.0'-7.0': SHTY SAND; 60% fine sand,40% 
non-plastic fines, subangular, tan to 
brown, loose consisttncy on ground sur­
face, strong l!Cl reaction. (SH) 

7.0'-14.0': SAND;5Z coarse sand, 30% 
medium sand,~% fine sand, 25% non­
plastic fines, subangular, tan to brown, 
strong rt'action to l!Cl. (s~n 

14.0'-20.0': SILTY SAND;5% coarse sand, 
20% medium sand, 35% fine sand, 40% 
non-plastic fines, subrnunded to sub­
<lngu]Hr, brown, oc,·urred ln slurry, 
moderate llC1 re<1ction. (SM) 

20.0'-34.0': :~~~ 10% fine gravel to 1" 
size, 15% coarse sand, f>O% medium sand, 
15% fine sand, subrounded to subangular, 
grav, occurred in slurry, stron!!; HCl 
reaction, (SW) 

34.0'-~5.0': FAT CLAY;high plasticity, 
gray tn brown, high dry strength and 
tougness, moderate to strong HCl 
rpaction. 

35.0'-40.0': ~A_ND; itS 20.0 to 34.0'above 

'•0.0'-41 .0': FAT Cl.AY;as '34.0 to 35.0 
ahove, 

41.0'-46.0': SILT!~ SAND; 65% fine sand, 
J5% non-plastic fines, subangular, gray, 
occurred as slurry, white evaporite 
coating on dried sarnple, strong 
react inn to HCl. (Stt) 

46.0'-5'3.0': GRAVELLY SAND;silty sand, 
as above with 2'l;' coarse sand to !" 
gravel. 

5'3.0'-54.0': FAT CLAY;high plasticity, 
gray-brown, high dry strength and tough­
ness, moderately strong HCl reaction(CH) 

54.0'-55.0': CLAYEY GRAVEL; 60% fine 
gravel to I" size with 40% fat, gray­
br•.>wn clay as ,1bove, moderate reaction 
to IICl, subrounded to subangular. (GC) 

55.0'-60.0': (;RAVEL; 30% coarse gravel 
to ::!" sizf', 40/' medium gravel, 30% fine 
Rravel to coarse sand, subrounded to 
Sl!bAn~.ular with angular breaks, hard 
individual grains, some evaporite coat­
ing. slight HCl rt'<lction. (G\.1) 

60,0'-h2.0': CLAYEY CRAVEL;as in 54.0' 
to 5'i.O' abov-e-.-------

Sheet 23 of 66 
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7 ·1~87 (8·74) 
Bureau ot Reclam&tlOn GEOLOGIC LOG OF DRILL HOLE SHEET •• f .... OF •.. 4 .... 

FUTURE ••. ~-r:~~': .to!~~~ ~~i.t:l.d_ ................... PROJECT. ,P,a.r.a.d_o~. ,Up.,i,t .•. ~~.B:;r;p,., •••.••.•.••.... STATE •• CQ~Qr~JcjQ ••.•.•..... 

HOLE NO. J?~-;- ?~ .... CLOOOCARDTSION ~F;aat. ,Q( .na.J..o.r.es. RiE .VIlE. ' • ' ' . . GROUND ELEV .• f+.9:Jfl .• fl;J ....... DIP (ANGLE FROM HORIZ.J . •• 9Q~ .......... . 
' "' ••• ''.' .. ' '.'' '' ••••• ''.' TOTAL 

BEGUN .10":"13-:7.6 .. FINISHio.1.Q~l.l"":.7.& ••• DEPTH OF OVERBURDEN. ,7,7 .•. 0.', ...... DEPTH. 8P~P.' .... BEARING •.•.••.•.....••••.....•••.. 

Df=~~LA:~DEhf¥!V.ItJIIo ••.••••• s.e.e. ,N_o_t,e.s ........ :. LOGGED IY •• R •••• L .•. ~.r.u!=~.h.f.i~~P .... LOG REVIEWED BY ..•••. ·.···.••········• 

,.. 
PERCOLATION TESTS .Czi= :r;-

NOTES ON WATI!R TI&l • ...... 
111111 1M ~5!1:: a, Ill u 

LOSSES AND LI!VI!LS, •> DEPTH • Z:l- 111111 Xu 00 I'EETl :I ...... ...~ ... ~~. Q!:, CASING, CEMENTING, SIZE uu ::1 110111 Ill - "'o 
CAVING, AND OTHER IH8~a Ill LOSS 

zl- ~..J Ill w., 
DRILLING CONDITIONS Ilk PROM • ...lo C) 

1:;~~~ TO L 
(") (G.P.M.) (P.S.I.) (MIM.) 

10- lo-

-

20-

- -

30- 30 

- -

40- 40 

. 
-

.50- .50 

60 60 

70 70 

80 80 

-

90 90-

EXPLANATION 

i
CORE 
LOSS 

~:r: :! .. ';:~· : : : : : : : : : : : : : : ~ : ~~::::.de~ : ~=~~·:.·~~~-(:~ : ~:~:~.:of ~..".ur:!l 
CORE 

RECOVERY Apprax. si:&e of hole (X-seriu) .. Ex= 1-1/2", Ax a< 1-7/8", 8x = 2-3/8", Nx • 3" 
Approx. si:&e of care (X-series) .. Ex = 718", Ax = 1-1/8", 8x = 1-S/8", Nx - 2- I /8" 
Outside dia. of casing (X-series). Ex= 1-13/16", Ax= 2-114", 8x = 2-7/l", Nx = 3-1/2" 
Inside dia. of casing (X-aerl .. ) •. Ex= 1-1/2", Ax= 1-29/32", 8x = 2-3/8", Nx • 3" 

Drilled by Becker Drills, Inc. 
CLASSIFICATION AND 
PHYSICAL CONDITION 

Spec. No. 400C-610 

62.0'-66.0 1
: FAT CLAY; high plasticity, 

gray, high dry strength and toughness, 
some evaporite coating on dried sample, 
moderate to strong HCl reaction. (CH) 

66.0'-75.0': GRAVEL; 30% coarse to ll.:i" 
size, 40% medium gravel, 30% fine gra­
vel, subrounded to subangular with 
angular breaks, some evaporite coating, 
slight to moderate HCl reaction. (GW) 

75.0'-77.0': CLAYEY GRAVEL; gravel as 
above with sticky, gray clay coating 
and occasional pieces of gypsiferous 
shale breccia. Transition zone into 
formation. 

77 .0'-80.0': <;YPSIFEROUS BRECCIA; shale, 
soft, gray, (Hermosa Formation). 

Sheet 24 of 66 
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7·1817 (8·74) 
Bun au ot Recl...,atlon GEOLOGIC LOG OF DRILL HOLE SHEET. . . . .. OF .... l ... 

FEATURE .. .J~~~q~ -~~H ,'~i,~l.d. .... ,, ............ , PROJECT ... P.a.r.a.d.o.x. J.l.n.i,t,.. f::~J3;;~f' ................. STATE .. lt9l9H49 .......... . 
PH-BE LOCATION.~~~t. ,q~ .~o.l,o,r.e.s .. R.iy,e'f....... 4935 46 goo 

HOLE MO ... • · • • .. • COORD$ N . I! GROUND ELEV ... , .. • .......... DIP (ANGLE FROM HORlZ.) •. •.•..••••••..•. 
. . ..... '........ . . . . . . ... . . . TOTAL 

BEGUN . !Q-:-!~-:?q .. FIHISHI!D.l.Q-:i}-:7.~ .. , DEPTH OF OVI!RaURDEN . .4,7 .• ,0,', ...... DEPTH. )~ .. P.' .... BEARING. · · · · · · · · · · · · · · · · · · · · · · · · · · 

D~:~~LAr~oE~f¥!CUI!ItJIID ... ~":': .~0.t.e.s............... LOGGED BY .R .••• L .•.. C.rJ.l~~Jl.f.i~.l!i ..... LOG ltEVIEWED BY.········ · · · · · · · · · · · · · · 

MOTES ON WA TI!R Tl:l LOSSES AND LEVELS, 
CASING, CEMENTING, SIZ! 
CAVING, AND OTHER 

DRILLING CONDITIONS ~g(. 

A.ll depths are taker s.s'ao 
from ground surface; e 0 
aome subsidence at 
hole due to impact 
pf percussion drill. 

PRILL EQUtPMENT 10 

Becker, M:ldel No.l80 
ruck-mounted, air-

pammer drive, 5~" o. -
p. double wall cas-
~ng of J!4"I.D., with 
~00 C.F.M. air com- 20 
pressor and cyclone 
~ssembly with sample 

ube. 

DRILLING HEDTUM 
~ir mediu~ through­
Jut the hole. 

ASING & HACKFILI. 

30-

'laced 5'>"0. D. casinp, -
iS hole was drilled 
asing was removed 

)n completion of 40-
rilling and hole 

vas backfilled with 
~and as casing ·was 
pulled. 

GROUNDWATER 
n t er:Ya1c;:mdi t ion 

p.0-14.0 Moist 
4.0-17.0 Wet 
7.0-39.0 water Flow 

~9.0-47.0 Wet 
~7.0-54.0 Mbist-Ury 

-

60 

70-

-

80 

90 

> 
lit 

1&11&1 
•> 00 uu 

Ill 
Ill: 

(~) 

PI!RCOLA TIOH TESTS 

"' DEf'TH • :Z:I-
(FEET) ::t ...... 

::1 ""' L.OSS 
zl-

"' "'"" P:R~ • -'0 

<"· "I TO .. 
or c., (G.f'.M.) (f'.S.I.) (MIN.) 

Sto~ped dt illin~ bPca\ se 
in forma ion. 

I 

~g·v; 1.1 n .o 

60 

70 

80-

90 

EXPLANATION 

i
CORE 
LOSS 

CORE 
RECOVERY 

BD = Becker Drill 

AS - Air (blown) Sample 

~:r: :!a'l:~· : : : : : : : : : : : : : : ~ : ~~:'k:~·\:~ : ~:~:~.~~:·c! : ~:~:~; .. i ~ah:t:9 
Approx. oizo of hole (X-sorieo) .. Ex= J.J/2", Ax= 1-7/8", Bx = 2-3/8", Hx • 3" 
Approx. oize of core (X-series) .. Ex= 7/8", Ax= 1-1/8", Bx = 1-5/8", Hx- 2-1/8" 
Outside dia. of cooing (X-aorios). Ex= 1-13/16", Ax= 2·114", Bx = 2-711", Hx = J..1/2" 
Inside dia. of casing (X·sotieo) .. Ex = 1-1/2", Ax "' 1-29/32", Bx = 2-J/8", Hx • J" 

Drilled by Becker Drills, Inc. 

CLASS!f:ICATION AND 
PHYSICAL CONDITION 

Spec. No. 400C-610 

NOTE: Percentages given in the following 
descriptions are visual estimates. 

0.0'-IO.O': SILTY SAND; 60% fine sand to 
75% fine sand beyond 6.0' depth, 40% to 
25% non-plastic fines, subangular, tan 
to brown to light reddish brown, loose 
consistancy on ground surface, strong 
reaction to HCl. (SM) 

10.0'-14.0': SAND; 15% coarse sand, 40% 
medium sand, 45% fine sand, subangular, 
tan, strong reaction to HCI. (SW) 

14.0'-26.0': SANDY SILT;40% fine sand, 
60% non-plastic fines, subangu1ar sand, 
dark gray brown, occurred as slurry, 
strong reaction to HCl. (ML) 

26.0'-30.0': GRAVELLY SAND;25% fine gra­
ve 1 to '1" size, I 5'7 coarse sand, 15~~ 

medium sand, 20% fine sand, 25% non­
plastic fines, subangular to subrounded, 
dark gray, some evaporite coating on 
dried sample, strong reaction to HCJ.(SW 

30.0'-43.0': CLAYEY SAND;lO% fine gravel 
to ~" size, 10% coarse sand, 15% medium 
sand, 25% fine sand, 40% mostly plastic 
fines, subangular to subrounded visible 
grains, dark gray to black, moderate 
n·action to l!Cl. (SC) 

40!.0'-43.5': SANDY CLAY;lmv plasticity, 
contains about 40% fine sand which is 
subangular, dark gray, medium dry stren­
gth and toughness, strong HCl reaction. 
(CL) 

43.5'-47,0': SAND;S% coarse sand, 25% 
medium sand, 50%-fine sand, 20% non­
plastic fines, subangular to occasional! 
subrounded, gr.1y to dark gray, some 
white evaporite coating on dried sample, 
strong reaction to HCl. (SW) 

47.0'-54,0': GYPSIPEROUS BRECCIA; shale, 
and sandy shale with some sandstone. 
(Hermosa Formation) 
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7-111117 (8·74) 
BIUti&U of R.al,....&UOI\ GEOLOGIC LOG OF DRILL HOLE SHEET. , ,1 •••• OF •.. 2 . ... 

FEATURE J?fl~llfiP~. lJpj.t., BrtPi!. "Wf!J.lfj_c.J.d .......... PROJECT •• CQ].Q{ado .IU.ve.t .1341iln .S&l.in:lt)t .Co.nt.r:o.l. STATE •• . CP.lP~ilsiP . .......•.. 

HOLE NO .• !)Ji;-,2~).., CLOOOCAitDTSION.''''.'''' ·.'''''.E.'.''''' ''' GROUND ELEV. , , •• , , • , •..•••• DIP (ANGLE FROM HORIZ.J ••• , •• - .. - .. .... . 
· • N. • • • • • • • • • • ·' • · • ·' ·'' ''' '' TOTAL 

lEGUM .9.-.2.9:-.7? .... FINISHED. ~77'fi77~ .... DEPTH OJI OVEitiUitDEN .• 1-ZO.O~ ..... DI!PTH •• ZZ5,Q' ... lURING.····.· •. ·•··••··•··•·····• 

DEPTH AND £LEV. Of WATER D; Burgoyne from 
LEVEL AND DATE MEASURED •••••••..• ,.. • • • • • • • • . . . . • LOGGED IY •.••• teports .......... LOG REVIEWED BY •. • · · • · • · · • · · · · · · · • • • · • 

NOTES ON WATER 
LOSSES AND LEVELS, 
CASING, CEMENTING, 
CAVING, AND OTHER 

DRILLING CONDITIQNS 

All depths are 
taken from ground 
surface. Hole 
approx. vertical 
though not surveyed 

DRILL EgUIPHENT 
28 t hole for piezo-
meter pipe #3 drill 
ed with Portadrill 
Hod 503, truck-
mounted, rotarv 
type on 9-29-75 
225' hole drilled 
0' -111 t with Becker 
patented, truck-
mounted, air-hammer 
drive, air drill 
medium d r i 11 on 
10-20-75. Depths 
111 '-225' drillffl 
with Portadrill 503 

CASI:IG RECORD 
10-2o-·1s: Backer 
Cs driven to 111 t. 
11-5-75: drove 5" 
Cs to 112.8 1

• 

12-9-75 Cs pulled t 
72 •. 
12-10-75 remaining 
Cs pulled. 

DRILLIHG MEDIUM 
28 1 hole: NaCl 
brine 225' hole 0'-
111 t: Air. 111 1

-

164 t: NaCl brine 
with 11 Zeogel'' & 
"Impermex". 
164'-225': NaCl 
brine. 

BD 

LOSS 

>- PERCOLATION TESTS • 
T::~ 111111 IU 

•> DEPTH • 
SIZE 00 (FEET I :I 

uu = Hg[~ Ill LOSS IU • FROM • 
<:;~!\ TO L 

(") (G. P.M.) (P.S.I.) 

Not equir d 
by s ecifi at ion· 

10-

-
BD AS 

20-

30-

-

40 

.50 

-

60 

70-

-

80 

90 

Becker drill q"od-6"id double 
walled Cs with crowd-out bit shoe 

AS = Air-blm.-n samples 

.Czj: 
let- ~S!I:f ..... ~ ... 1&. 
<:»IU Ill -zt-

~~ 
LUI .., ... 
Co~ 

w.._ 
..IQ 

(MIN.) 0;0 

EXPLANATION 

i
CORE 

~!r: :!a~:~· : : : : : : : : : : : : : : ~ : ~~~'k:~.dc~ : ~=~~':,'!:t:•c! : ~:~:~~ af ~:..:·:g 

u 
iu 
Lo 
:~ 
Ill 

CORE 
RECOVERY 

Appro><. size of hole (X-aeries) •• E>< = 1-1/2", Ax = 1-7/8", Bx = 2-3/8", Nx • 3" 
Approx. size of core (X-aeri .. ) .. Ex= 7/8", Ax= 1-1/8", Bx.., 1-S/8", Nx- 2-1/8" 
Outside dia. of casing (X-.. riu). E• = 1-13/16", Ax= 2-1/4", Bx "'2-7/1", Nx = 3-1/2" 
Inside dia. of cooing (X-aeriu) •. Ex • 1-1/2", Ax = 1-29/32", Bx "'2-3/8", Nx - 3" 

• 01:1 

~! CLASSIFICATION AND 1111-
PHYSICAL CONDITION ~ .... 

LW 
2 ... 
<( * as recorded on inspector's 
"'/ drill report. 

0.0'-26.0': SILTY SAND; *some clay 
lenses above 12.0'; low-medium plastic­
ity; (Srt) 

12.0'-26.0': some gravel 

26.0'-27 .0': CLAY; * !;ray; medium 
plasticity: (ci-cH) 

27.0'-42.0': SILTY SAHIJ & GRAVEL.;* (SM­
GM) 

42.0'-63.0': SILTY GRAVEL; *some cob­
bles 5"-8"; (GM) 

63.0'-92.0': SILTY SAND; * some clay; 
low plasticity; (SH) 

92.0'-llO.O': CRAVEL; * 3" 

Sheet 26 of 66 
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7·1117 (8•74) 
BUN au ol Rulamau.. GEOLOGIC LOG OF DRILL HOLE SH£ET .•• ~ ... OF .... 4 ... 

fEATURE .~~~~qq~ ~~~~ .~r)A~~~lt~ld ......... , PROJECT. Colorado. River. Basin.Salinity.Coatrol. STATE •.. Colo~ado ......... . 
HOLE MO .. QJi-;~Cjl,,, LOCATION.'''''''''''''.'''' ••• ''.'.' GROUND !LEV ..•............. DIP (ANGLE FROMHORIZ.) •.••••.•••.••..•• 

. COORDI. M. •.,,.,. • .••• •. I •..• • ••..• ~ TOTAL 
lEGUM •• ~-:~~-=~~,. fiMISHID. ,1.2.-.6.-.7? •... DEPTH Of OVERBURDEN ,1,29.·9.' ....... DEPTH .. f7~,9; .. BEARING •..•..•.......... ··· ...... · 

D. Burgoyne 
Df~~~LA:2DE~f¥!CU"r%tJilo .•• , ...................... LOGGED IY ... fTPtn. :A".Jl.~PPrt:!l ..... LOG REVIEWED BY.··················· • · · 

MOTES OM WATIR 
LOSSES AND LIVILS, 
CASING, CEMENTING, 
CAVING, AND OTHIR 

DRILLING CONDITIONS 

DRILL FLUID LOSSES 
100% fluid loss 
133'-225 1 on 11-5-
75 to 12-6-75. 

PIPE INSTALLATIONS 
On 9-29-75, 28 1 

hole filled with 
Filter sand & pie­
zometer tip 113 
centered at 25'. 
On 12-10-75 piezo­
meter pipes #1&2 
installed as 
follows: 
Uncleanable 225'-
150'. 
Grout 150'-143'. 
Void ltd'-120'. 
Piezometer tip #1 
centered at 140' 
Packer @120' 
Backfill sand 120 1

-

110'. 
l.rout 110'-88'. 
Backfill sand 88'-
66'. 
Filter sand 66'-53' 
Backfill sand 73'-
69 I, 
Grout 69'-0'. 

Tl:: 
SIZI 

Hg~l 

BD 

-

20 

30-

-

.50-

60 

70-

10 

90 

~ • 111111 
•> 00 
uu 

Ill • 
(S) 

AS 

ws 

PERCOLATION T!STS 

= DIPTM 
(fi!ITl ::t 

::1 
L.O$$ Ill 

I'll OM • <::l!\ . TO (l'.t .•. ) (G.I".M.) 

End c f gra hie lc g: 
no clange n metrod or 
l i rho .ln<>' 

BD = Becker drill 9"od-6"id 

LOSS 

double walled Cs with crowd-out 
bit shoe 

..Czi=' ~j:' 
:;2: ..... 

z .. will ..... ~ ...... o!!:. ...... Ill -z .. ..... 
....lo 

(MIN.) 

EXPLANATION 

i
CORE 

~!f: ;!.,'j:~•:: : :: : : :: : : :: : ~: ~~~=~dC~: ~::.:•,:~~~·c!: ~~~!~,!=of ~,:0;;•"~ 

u 
ic:t Lo 
~...I 

" 

• 
2~ ... _ 

CLASSIFICATION AND !AI .. _, ... PHYSICAL CONDITION 
Llll * = as recorded on inspector's :I .. 
c drill report. 
.......... 

110.0 1 -120.0 1
: GYPSUt1 BRECCIA; * 

120,0'-151.0': SHALE BRECCIA; * soft 

133.0'-151.0': some fractured sandstone 
large void 113.0'-140.0'. 

151.0'-166.0': SANDSTONE BRECCIA; * 

16n.0'-225.0': C.YPSU~I BR!:CCIA; * 
apparent: no cuttings returned. 

TC = Tri-cone hit 4~" dia. 
~JS = l.Jashed samples 
AS ~ Air-blown samples 

CORE 
RECOVERY Approx. sin of hole (X-sorios) .. Ex • 1-1/2", Ax =1-7/8", Bx = 2·3/8", Nx • 3" 

Approx. si:to of core (X-sorios) .. Ex • 7/8", Ax= 1·118", Bx "'1-S/8", Mx- 2-1/8" 
Ouuido dio. of coslng (X-sories). Ex • 1-13/16", Ax= 2-1/4", Bx = 2-711", Nx • 3-1/2" 
Inside dio. of cosing (X'·aorios) .. Ex"' 1-1/2", Ax • 1·29/32", Bx "'2-3/8", Nx- 3" Sheet 27 of 66 
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.. i:\lf'· ,..,.. lfAT£1 
LO:!oi:S Al'4~""• L !Wf.LS, 
l"-'~''<G. ~.hlttn •"'r.. 
(" AV•14G, A .. U 0Tt1l'1 

OIIL.LIMC <"ONt'>ITlOIIIS 

------·····--·- ___ .. __ , 

C:LAUII' ,(: ... 1 t•J•~ •I'll:'· 
f'HniCAI tr.·-I~T· •(..•; 

,. ___ ; 

.·a-13~-o;-;i"~n-wn·;--~~~-~~z~ ~ine ·1 
with non-pla.tie tinea; abundant 

ta~B&:J•i•lk roota to depth 6,0'. ao roots 
depth 6.0'1 brovn;slightly braek­

belov depth 6.0'; highly reactive to 
' (SM). 

13.0-17.0: SILTY SAND: fine sand vith 
non-plaatic fines and scattered coarse 
aand and very fine gravel and old vood 
t.ragmentat gray; brackiah; highly re­
active to HCl; (SM), 

1
17.0-18,0: ~; fine;subrounded; , 
isneous typea; dark gr~ atained; QaP). : 

-18,0-19.0: FAT CLAY; red and black Jloba' 
!'recovered on bit; high plaaticity;highly; 
react! ve to HCl ; ( CH). 

1
19.D-24,0:SILTY SAND; tine to medium san~ 
vith non-plastic fines and scattered 
coarse sand; highly reactive to HCL; 
gray; (SM). 
24,0-25.0: FAT CLAJ; high plasticity, 
highly reactl.'Ve"'tt HCl; black; ( CH) • 

1
25.0-27.0: SILTY SAND; fine t<b medium 

.sand vith non-plaatic tinea; gray; 
(faint H&S odor; aaline; highly reactive 
I to HCl ; ( SM) • . 

l--~- .l.~~~~.Ll~~~~~:....iil:mt;=:=~P-. , 21. o-3o. o: cLAY. SAND ARD GRAVEL; admix-~ 
ture of fat clay gobs, fine to coarse 
sand and subrounded, igneous gravel; ! 
maximum size~", gray, saline; reactive' 
to HCl. 

130.0-33.0: SILTY SAND; fine sand vith i 

!non-plastic fines; gray; saline; highly I 
reactive to HCl ; ( SM) ~ 

I •33.0-34.0: SILTY SAND; fine to medium \ 
5/75 1 sand vith non-plastic fines and scattere1 
4/75 70.0't fine gravel; gray; very salty, highly 1 

9-27 2/50 96.0' I reactive to HCl; (SM), 1 

End ot ahift on 9-2 1 34.0-35.0: SAND; medium; little to no ' 
at depth 101.0' • :r.ab !tines; gray;-;&'lty; (SP). i 
1 lb or Breaker-D I IJ5.0-45.0: SILTY BAND; maximum she.,....,., 
jenzyme stirred into /O j fine sand vith non-plaatic fines; gray; 1 
vell by •ursina act on I highly reactive to HCl ~ ( SM). , 
of bit to dell'ada 45.0-46.0: FAT CLAY; high plaaticity. . 
any residual Loloaa gray; highly reactive to HCl; (CH). ; 
mixture. From : j :Third pump !46,0-50.0: SILTY BAND; tine sand with 
10-13-73 at depth I 

64 
i 

66
1 :test lnon-plastic finea; gray; salty; highly 

99.0' til 11-15 at i ;;o 8. ~99. 112_17 samples: 'reactive to HCl; (SM). 
!depth 300.75' drill d (Top I(Baae! to :Lab 12679 50.0-53.0: ~;medium to·coarse with 
~uains formation of of :12_19 2680 ;very fine, subrounded gravel; strong 

lbrine vith heavy )pert•~ : lsever odor: salty; highly reactive to 
auapanded load of I IHCl; (SP). 

!
black, oily lilt. I53.0-54.0:GRAVEL; fine, aubrounded; 
~alinity aamplaa ! jigneous types; some old pine bark; (GP) 

1THted fluid ea118ht l6" '54.0-55 0: SAND; tine to coarse; gray; 
!with ll&terial au- Min !salty; highl""Y'"'reactive to HCl; (SP). 
jplea from bottom of • . 55.0-56,01JF}Lfl' WD; tine sand with 
,bailer, Teat• made ,non-plastic fines; gray; salty; highly 
!with hckaan Solu- j ; reactive to HCl; (SM) 
IBrH1• ?·· •8 apu ·' -·-----· ... 

li::~::~~;~~~:~~~";~;;~:-~~JE~~~~~~!bJ"~:~:~~::e:~:~ 
,.:~·1llRE. Para~ox Valley, Dolo~•• River . _ CRWQIP: . ; Colorad~. )Hi:~ 1 . ~ . 3 . I . ' .. ' " ; D~-23CX 
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ShfE L .. 2 ... ,.,. -3 GEOLOGIC LOG Of DRILL HOLE 
r~::~~-:~: f""'e.4o:z .V~lv~J)Qlo:r:e• lt~'"r. ........ PROJfcr.Color.dQ .ItJ.v-.r, .W•i<~r. Qu.al.i.ty _;.;~;ernfif.ft.r.fr. .. C:;:-;~~~--- .. --·-- .. 
I H:Jlf NO 0li":"~3C¥ .. LOOOC.lTIOtrt.•4Mr.6~;~8348~• .J.4QE

1 
.. l(l .o0.t3·5·r.~~6-•7.r .4~ND ELEV . .4237 •. &T .e._e notM'• ··· ,·,.;; • ''"''.t ,,,,,,.., 1 90° . l 

I 9-11 .. 7 C ROS. N ........ ::ru • . , . • - ,,y TOTAL 
f.F.L>IJ"' ..... 3_ .. FINtsHrol2.,.24-:73 ... oEPTtt oF ottuauttoEN .. 98.0 ...... DlPTH .. 300.7.5. 1!1:-\rn,.:,. -,.. ... _ I 

I ~~t'i'r:-' •Nr- EL.r:V DF WATER 81 IH notes 1. 

~
~~·.:~.:.:~:_oATEIIIEASUMED.We.ter te.ble s. t. .. ._oc;GruaY .. C •. Rord.k ..• v"' v·~·'"(:· .. ~:_ ____ ....... _.,_ .. __ _ 

TYPE -« ~ Z.j.: a: ..... ~----· ....... ~ .. ·- -- .. ·i 
r.O!'·'O:•WATER T't'P OF >ZIU t:w ~._,f 

OSH.S \rll l.lVELS, ... NO Mi r,t/rT". I nnd et ~eE ~~-~~ '(.j~ i 't ')SI,_., .... i ;.,'>/ .:.••:.; 

"-!·l~i, ·ro~fNTING. SIZE' ·• I Tt ~ ~--·l llo- a~ f :,·,,-~.•CA; ·c·t•r•:-·,.,. 
A v:~. · '· 'II'• <'. TH!It OF I' •'.f - ~- .._p e ;t~: 

RIL• ,,.,•, ~OI'iPI r,ION$ HOLE,,.._~ ~ TC De.te and -:;:,... ' 
1 

u .. -""w. tlutd -- " ' --; -i;.i~ t~ ~~:·£. f;~.0:.5i ;o; MiD MiD GRAVEL; ..e.u,.,; to - , 
n id, 1 1ona ll-f" il' 99.661 4nd 191.5 

1

. coarse sand and fine. subrounded gravel;! 
34.2 gal capacity in ll•' l 1 r gray; highly reactive to HCl; salty. ' 

iler was used tr0111 & ) 1 
1 57 . 0-59. 0: SILTY SAliD; fine to medium sand 

~
ptb o.0'-24.0' bu"ho" ( 1 • ,-with non-plastic tinea; strong sewer odor; 
a too heavy toj CT ~ !"~ dark grq' salt•; (SM). ! 

he rig. A 5" it. ' -t • ~/ • 1 j 59.0-60.5: SAND ADD GRAVEL; fine to i 
' long, 18 1&1 ~ "• !-.P'} f ! coarse sand and tine. subrounded gravel ;l 
iler waa uaed \ '&t! . ;\~I J grq; hig~y reactive ~o HCl; aa1ty. ; 
.0'-62.0' but vaal !" .!! ~ •.• 1 !60.5-62.25. SILTY SABD. fine to medium , 
o light to draw J . 'e r . · :d,._+:j _ sand with non-plastic fines and trace ot( 

~ut ting. The Bll" i~ 1 J!,. f\ \~I 120 +·a . 1 ' coarse sand; dark gray; highly reactive to 
{bailer was shortened "'\ :!~~ ::.: t"j· I HCl; salty; (SM). ; 
Ito 6'1", with capa- l ~t' 'p. .. l62.25-67 .0: SAND AND GRAVEL; fine to l 
lei ty of 24 gal and ~ .. ' 't / ~- j coarse sand and mostly tine. aubrounded l 
jwas aatiafactory to ~ 'l\i .,:q ~. l ig~eous type grave: Vi.th a fe~ scatteredi 
~ompletion otwell. ~~~ .. · ·t· 1\ maxiJnum gravel, da.rk gray. salty. 
\Approx 5,250 gal. o~ IJO -'~i llO. & f./: j67 .D-67 .5; SILT OR FINE SAND;not recovered; 
(brine and overburden oi ; ·, ~ t ·: t,' 1 loose; sott; bit dropped through easil;y .f 
~;uttinga vas baile1-· ·;.!' Eti . ~ ·. 11 i 67.5-72.0: SAND Aim GRAVEL; mostly fine I 
,from interval 0 • 0'- . ~; ], .' . · + . i sand vi th fine to coarae, subrounded, f 
~ 00. 5 1 ; and -.prox. "" ~ l .~.' M·1 jigneous type gravel; dark gray; salty. j 
1: this amount vaa , - -t ~ ·i ! 'f'll • .,,72. 0-85.0: SILTY GRAVEL; rounded to ~ 
jed trom the breceia lAC ., ., t.:' 1,0 _.i~~~:t· subrounded, igneous type gravel ~"-5" ,. 
lin interval 100.5- !::f l'i, "''(-· 1~ maximum shea, mostly less than 3/4" 
1~00.75. Volume of ~t~: .i,.yt". with nonooplastic fines; dark gray; saltyJ 

6" dia hole ~.. .._:,:- j'f7f2.9 ! l<ff : ~-~.· I' (GM). ! 
ween eM'-100.5 1 i ~l~~ I , :v.-->-: !85.0-98.0: SILTY SAND AND GRAVEL; fine \ 
pprox 1, 070 sal. ~ .:~" I l ·.f:·.;;~~ to coarse angul.ar sand vi th non-plastic ~ 
ot including caved /5l:. _ ~ • 1;c~-~·[·'-f ... : i' fines and subrounded isneous type gravel, 
eas. Volume Qf 12' · ::~ 

1
1 .:,- __ :_, .. , mostl;y fine gravel wi,th a few 1" maxi- 1 

ia hole in breccia ·- ~ l~--~~/fl , mum size; % of' gravel increased with · 
00.5-300.75 il ~~ I 1'{•>-j ;depth as follows: 5%, 85'-88'; 10%,88'- 1 

!appro X 1,175 callGn r~ f ~~-\ l90 1 i 20%,90 1 -91' i 30% t 91 1-92 1 i 40%; 92 1.:, 
:Bailed fluid ani! cu: - ~ i "'i' _i·:~·_':.~~:jj98'; dark gray; aUty a~d highly re- j 
:tinge were diverted f 160 -~ ~ ~~ 1, 1 ~,1 l't:~_lf! 1 active to HCl; saJ,.t;y. ; 
:to an open wash 30' _:.} ~ 1~-:-.-'~i 98.0-108.0: DECOMPOSED GYPSUM BRECCIA: : 
!W· of the well. :,.~.,, ,.·• ,o J' ft:?/1 ! soft; sticky, clay-like. dark gray. Qt•! 

ti ... ~~t-:·. ~; : siferous material; moderately reactive t1 twATEE LEVW DATA \i ~I I t;?· I I t HCl 1 J.l'~ ;"(a.cin of ahitt) t~ ~ 1 :~: ·:f t o ; sa ty; -r and eever otor notice-1 
' c: j :-~.-~:-:/ jable 98'-100', atrong 100'-108'; oily 1 
J)ate Hole Depth ~ · ~~ ;, 1 .. 0 .~ :~· .. · .. 1

1 
:film and residue threUihout; somewhat J lUf1 Depth te vat_10 i:\ ·!! 1 t <.t. ' 

!_9·1S 3o.o' ,,·'c, '·~· 1 ~ 01 ! . · •. ·.•:.: i sandy texture 98'-105' • and hard fine ~ 
,_,., 32.s' '.DJ ~~ -~ i .-:v.::_t_:l Jgrained chips intermixed 105'-lo8'; trace 

iS'-24 15.0' 'r+': . 1 ., ~-: .11 .. •. of salt crust on dried samples • f 
:9·2i toz.o' 6:it -~t ~ ~ qq! JloS.0-145.0: CLAY-SHAI.E GYPSUM BRECCIA: ; 
~0-1 '19.o' 5.~ ~" " l?~:{t_-1 : soft, sticky-cla;y-like, dark gray gyp- ' 
j (beFo,.e Pll'"psvr9insJ I9C _ ~ ~ :0 lt'J1:• . .-.-.4)I 1. siferous material and highly fragmented ,' 
i'0-9 97.o' S.BO l \t ~ 0 • 
· (befo,.e pv,.,p te..st) •

1 
lJ:. t::::l ·.t.·.··: 'shale particles recovered; -moderately : 

i .12"Cs,l''t's,j "it 'ri!:f..r ;reactive to HCl 108.0'-113.0'. little or: 
VO·IS IDII.O 7.5 5.9 .. ~ , r.•·'?c:1 :no reaction below depth 113.0'; slight 
';o-;t. !li.d' 115.0' s.a'! \H3 ! <:~~:~· JJ!p odor 108 1-130', no odor 130'-135', 
110·17 13,(/ 107.0' .s.e'l' -~' I U·.z:; slight¥ 135'-137', no odor 137'145'; 
~10-18 J.l/1.0 1'1.9' 5.8' /~) r~h ['~·•; !·.f:.). I oily f'ilm and residue throughout; he&IIJ' ! 
•;o-19 ;su/ 10.3' .!'f',,2lq I'' I · r··~·-t·.' ;white salt crust on samples when_ dry 108 1

-

llo·Z3 11.1.0' 1.t' S.91MinJ l Sample is~ 1!.:.".:)_1
1 :uS• trace of crust 118'-136', and dense; 

' , ' •· • · ;black marl. . !:i_:~>··, ~fine crystalline white salt growths : 
!fo-2.5" 11"-0 • f.S s.,,,. & JIDAIZ!l2" ·aalty,oily·. fAJ· 1136'-145'. 
!fP-U 19'·", 1~': S.l, lO" f it/- __ lcs !alight Hp : li'.:Q'·.'~i '145.0-210.0: SANDSTONE-GYPSUM BRECCIA: 
vo-zr! 203.9, 0.3, 5.8,~~-~ -~ .1~5 ~9~_0,_J..Q':".f. _ ._ __ ~- -V~~1.7.~.1~.L- zoo~.:..!...:.L·. ·irregular zones of s•ft, sticky, clay­
l/O·Jo zo.M ,,o s.a 
~lo·JI 2oJ.i J.'l' s.9 ' -~ .::.: ..!i.~ .. ! ... U:.!: like gypsiferous material and fairly 
;;;-z 203_,, s.z' .s:a' Min• Minimum diuaeter of hole. hard t'ine grained sandstone; recovered 
;11., 2 ar.o' r.o' s.l' CT-Cable tool, aiagl.e blade bit, 5'~" long, with 5" as a clay-like matrix with intermixed 
~ll-7 :z 1~.o' IS.!' 5.9

1 dia. stem, 22's' long. sandstone chips and one larger lump of hard 
,/J-8 23,.o· Hl.7' 5-'1' od• Outside diameter. very fine grained sandstone at depths - i 
;11-9 2SI.O 13.5

1 
S.9' iC• Inside diameter. 

'11~1.3 Z~o /1.5'' 5.8' 
fi-lS' 298.0 10.9' s.7' 

i_..... . --- ------------- ·--- --···--· ·-·--· ... 
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• 

• 
Min•Minimum diameter of hole. 
Nom•Nam!nal diameter of open hole. 

J.. : •. • ~ ·~ . ' ! I ! •. 
' .... : ~ II,~ r;.- ' ' I ; ... 

CT-Cable tool. single bit blade. 5 1 ~" long, with 5" dia. stem 22\ 1 long , 
od•outaide diameter • 

3 

gpD•g&llona per minute. Sheet 30 of 66 ""~ 
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7 Ul? (1•74) 
..... ,...,., ...... ,.u ... ft•ftl nt.tiC LOG OF DRILL HOLE SHEET ...••.. OF ....... . 

'I!ATUill.~~~~d;~~ .~~~t. :-._b.r.1!l.e. '!~~!. !.1~~~- •••••• PIOJICT •. ~?~?~~~?. !i~Y~~. ~~~~~- ~~H9fn'. ~C?~HC?~ STATE •• <:~~~t:~q~ .......... . 
DH-1 W 1 LOCATION .•.....•. , •.•••••••••••••••• 

HOLE MO .•. ,. ·•· ••• COOitOI M . I GROUND ELIV ...••...•.•..... D., (ANGLE FROII HORIZ.) •.... .........•.. 

lEGUM.~-:~~-:~~ .•. "MIIHI~ •• 1P~:2~~J;::: ~~~~~ ~ ~ii~~~~~M • ~;L~ •• ;J.' ...... n~~~JOO! ...... lURING •.•.•.•..•................. 

o~;~=LA:2D1~UE V.:tJIID •• ~~-t •. t~~~~- . • . • . • • • • • • • • • LOGGED IY. ~. ~~~~~r'!'~. ~~?~~!'~~?!t:&G REVIEWED BY. · . · · · · · · · · · · · · · · · · · · · · 

,_ 
lfi!RCOLATION TilTS :at= t:E NOTES ON WA Tilt T:.:: .. ~: u 

LOSSES AND LEVI!LS, •> DIPTM I :l:t- Ill :: ...... io 00 (I' UTI ..... -'jo.IL o!; CASING, CEMENTING, liZ I uu 
= ~= Ill - a.c 

CAVING, AND OTHI!It Hg~l Ill LOll = ~~ 
: .... 

DRILLING CONDITIONS • PII~M 0 

''· "I 
TO , ... t .•. ) <•I er c. (G .... M.) (MIN.) 

All depths are 
ST • 55 

Not requir ~d by pecif cati ns 0 taken from ground / surface. Hole not -
surveyed for devia- DB 0 0 tion from vertic1e. 

10 10- y 
DRILL EqUIPMENT 
Portadrill Mod. 503 ST I 65 0. truck-mounted, rot- -
ary type from depth DB 0 
0'-103' on 4-24-75. ST 1 90 lO.'::I' ··o·' 

• t> 

Because of flooding 
Dr-

20- ·o . 

the hole was moved 0 .. , 0 

50' to the north- ST 190 .. -
t> 

west 4-23-75 and DB 0 •, 0 I 

'0 
the first 71' was . ' 
redrilled with no ST 190 

•• 0 
29.0 • ..... I 

samples taken. 30 / Longyear 44 used to 
DB 0 complete well to 

~ 300'. ST I 95 

CASING RECORD DB 0 

Date Hole Depth S'aO- lBO 40 ~ 1975 Depth~ 43.0 
4-24 103' 0 DB 0 

4-25 103' 103' ST I so . : ~ . 
o .. 

7-14 115.5' 110' e• • II 

7-18 130.5 1 130.5' DB 0 ..... •.• ~."D 

7-23 175' 152' s-,o 1 7s 50 0 :.. ~ .. , .. 
7-28-75 pulled 4" , ·. (} 

Cs. DB 0 '~ .;": .,. .. 
B-25-75 Set 6" Cs to ST lBO 

, 0 ~ • 

64.5'. ·• ·:~~ 
8-26-7 5 Set Cs to DB 0 .... .. :. ~ 
71.3' ~~- lLs_ 60 • :,.. ":'o 

; . · .. 
8-28-75 Set Cs to ;~t, 76.5' DB 0 

9-2-75 Pulled 6" Cs 65.0 
7-7/8 ':.. . 

o.., 
DTILLING FLUID TC 0 I> .. 
10.0 lbs "Lo-Loss" 70 70 .. . 
per gallon natural <() 

.. (I 

brine to depth of Oo 
95'. Thereafter, 0 

only natural brine co 
• II 

80 80 o.; . II 

a 
lj~ 

.. 0 

'~'C 0 •oo 
90 

J • 
90 0",. ... 

II 0 
,•o • 

98.0 , o.L ... . "' 
DB = Rotary drag bit EXPLANATION 

~:r: :!.'i:~e : : : : : : : : : : : : : : ~ : ~~~'k:~:·e:~ : ~=~··!~~ec! : ~~~:;.; oi ;:.~·:g 
Approx. size of hole (X-serles) .. Ex = 1-1 /2", Ax • 1·7/8", Bx = 2-3/8", Nx • 3" 
Approx. size of core (X·serl .. ) •. Ex"' 7/8", Ax c 1-1/8", Bx.., 1-5/8", Nx- 2·118" 
Outside clia. of cosing (X.series). Ex= 1-13/16", Ax"' 2-1/<1", Bx = 2-711", Nx • 3-1/2" 
Inside dio. of casing (X-series) •• Ex • 1-1/2", Ax • 1-29/32", Bx '"2-3/8", Nx • 3" 

ST ~ Split tube drive sampler, NX 
TC = Tricone rock bits 412" and 7-7 /8" diameters i

CORE 
LOSS 

CORE 
RECOVERY 

CLASS! FICA liON AND 
PHYSic:;AL CONDITION 

* = as recorded on inspectors drill 
report. 

0.0'-16.9': SILTY SAND;*(SM). 

16.9'-29.0': SAND and GRAVEL;* gravel 
3/B"-1/2" size; (S&G) 

29.0'-43.0': SILTY SAND;* gravel scour 
from ahcwe; (SM) ____ _ 

~3.0'-44-0': COBBLE;* 

44.0'-49.0': SAND <tnd GRAVEL:* maximum 
gravel size 3/8"; (S&G) -

~9.0'-65.0': CLAYEY, SANDY GRAVEL;* 
2-1/2 maximum gravel size, some cobble 
~elow 59.5'; hluck w<tter returns below 
54'; (GC) 

~5.0'-98.0': GRAVEL;* 1-1/2" m<tximum 
~ize; some redCl<ty 70.0'-71..0'; some 
·obble 71.0 1 -98.0'; (GP) 

~8.0'-JO . .I.O': SAN~;* cle<tn well -
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1 1117 (I.,.) 
a .... r.llefaeol-• t.t•nt~IC LOG OF DRILL HOLE SHEI!T •• 2 .•... OF •.. .3 .... 

PIA Tutll . .PAr.ad.Alr.. liAiJ:; kine. Wellfidd ......•.. PIOJIC1COl.ondo. B.ivet". 50J.SlQ. SollUQt tY .CQQtt:ql, .. STATE •. C.o.l.o.r.a.d.o ........... . 
..... DU-1W1 L.OCATIOti............................ . . nvLI MO .•• <'\..-....... - I GROUND ILIV .••.•.•••••.•••• D" (ANGLE FROM HORIZ.) ••••. ••••••.•••.• 

. CDOII..-.. N ••. • • • 75' ..... • . • • • • • • ..... · ' TOTAL ' 
II GUN ••• 4.-.2.2.-_7,5, . PntiiMID •• ~~:-~~:-. ••• DIPTM 0P OVIRIUIDIN .• ~~?: ~. . . . . . DEPTit .. ~~~ ', ~ .. · I EARl MG. · · • · • · .... · • • · · · · · · · · · · · · · 

D. Burgoyne from 
0fniLA::o1kUrV1:tJIIo .......................... LOGGED IY •• ~. ~~P?~~ ............ LOG REVIEWED BY .... •···· ... ··········· 

,.. 
PIIICOLATIOM TilTS :.;; :a:- 1¥ 

• ...... f~ MOTIS OM WA TU T::: ..... 
I Zt- Ill : 

..... u 
LOSSES AND LIVILS. s,. DIP'TM ...... 

i\:1 ... ! CLASSIFICATION AND (I'IITI ..... ... ...... a!!:. 
CASING, CIMIMTING, Sill u8 lr! Ill - o.o 1111-

CAVING, AND OTHER ~~. Ill =-~ 
...... PHYSICAL CONDITION 

1.011 .. ~ti 
..... 

DRILLING CONDITI!)NS • I' ROM 

(P.i.l.} 
\:1 ;al- * .. as recorded on inspector's 

c:;~!l TO "' ("l (G .... M.} (MIN.} "'/ d.rill record. 

DRILL Ftttrn LOSSES TC 0 
.... 

103.0 ·. ~~· graded sand with some gravel; (SW) 

nate Depth CB 0 
1975 Drilled %Lou 

•.,. :• 103.0'-119.3': GRAVEL; * (GP) 

7-14 105.5'-
125' 100 

7-25 218'-228' 100 
228 1 -257' 80-

100 
257'-267' 80 

7-26 257'-300' 80-

CR 10 
10-

-· 

" . 'e. 

••• 
10 "e pD 

o •o 
0, 0 

a o 
- 0 0 o 

0 i) 0 

100 CB 0 0 0 
110 ~- o o 119.3'-157.0': SHALE BRECCIA & GRAVEL; 

~CORE .LOSS 
~fEc~~~1fn 

zu-
CR 18 

I 
TC () 

;r.l)- 0 

CB 74 

r.R 100 
..... 

r.B 94 

CB 100 

.50-

CB 64 

60 

CB 92 

CB 100 
70 

CB 96 

110 

CB 62 

90 

CB 83 

CB 100 

CB = Core harrel hit, Nx EXPLANATION 

TC = Tri-cone rock bit, 44." dia. 

~:r. :!.~e : : : : : : : : : : : : : : ~ : ~~~i::~.dl:~ : ~:!~':t~~~ei:! : ~:~:~~ .i ;;.-;~11 
Approx. •lao of hole (X-sori .. ) .. Ex • 1·1/2", Ax • 1-7/8", Bx = 2-3/8", Nx • 3" 
Approx. •In of coro (X ... ,; .. ) .. Ex •7/1", Ax & 1-1/8", Bx • 1-S/11", Nx- 2-1/8" 
Outside olio. of co•inll (X-sorlos). Ex •1-13/16", Ax= 2-1/4", Bx "2-7il", Nx • 3-1/2" 
Inside dio. of co•lnll (X-sorlo•)·. Ex •1-1/2", Ax,. 1-29/32", Bx "'2-3/8", Nx • 3" 

* maximum gravel size ll2". 

157.0'-175.0': GYPSUM BRECCIA;* gray to 
black water returns. 

17 5. 0' -208.0' : SHALE & GYPSUM BRECCIA; ~ 
soft shale, shale, & gypsum hreccia in 
layers; gray to black water returns. 
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• 

? l .. ? (I ?41) ._.. ............ fti:'N N.!IC LOG OF DRILL HOLE SHEET • .3 ..... Of •• .3 ..... 

PIATUitl. 1N/IAPA JJA.f..t; JJJ.rt~. Jl'lJ.Uttl~ ......... PIIOJicT .. CQlQJ'tdo.Uvet .&-ie:tQ .$4J.tn:tty .(~qqtt;ql, STATE •• C.o.J.o.r.a.d,o ........... . 

DH-lWl LOCATtON. • • • • • • • · • • • • • · • · · • • • • • · · • • · NOLl MO ....... " , • c-. N . I GROUND ILlY ............... , DIP' (ANGLB FROM IIORIZ.) .. ............. .. 
4-22-7~. lh~~~~~~· ....... ········ ••· 119.] 1 TOTAL 300.0 1 

II GUN • • . . . • • • • • • PltiiiMID ••••.••••••• DIPTH 0P OVIIIIUIIDIN • • . . • • • • • • • • • DEPTH. . . • • • • • • • II! AlliNG. • • • • • • ... · • ... · · · · · · · · · • • · 
~· Burgoyne from 

orr~:L4fto1kUi\'iifJIIo .. ~.t, ~~!t!t!i.. .. . .. .. .. . .. . LOGGID IY ..... :~~~:~ ........... LOG IIIVIIWED BY .............. · . · · .. · · · 

,. 
PIIICCK.ATION TISTS :lr: z-

.. I ...... 
NDTI!S ON WATIR 

~~ I 1M = .... !:l 
LOSSIS AND L.IVIU, •• OIPTH :II~ 

-~ (fliT) ~= .J ..... z.., 
CASING, CIMINTIMG, II I u§ IU - a.o 
CAVING, AND OTHIIt ~. ·~ =.J LOQ 

(P.f.l.) 
~, DRILLING COHDITIONI • ,:~r.; 

.., 
(.) 

TO (G.,.M.) IMIM.l .. c. 

-~~ CB 100 208.0' 

10~ 10-

~ - -

• 10-

CB 92 
~ 
~ 

• 30 ~ CB 91 

-1 

237.S: ~ 
«H 40 

f.~.;, 
, ' .. ' .......... 

CB 100 '• /: , , .. , 
:+~ + , , 

• ; :t,.,. 
50 :r .... ~ , , 

ao 

CB I" I 

:1'r 

r:B 70 

10 

CB 92 

90 

CB 98 

CB 100 

CB = Core harrel bit, Nx EXPLANATION 

i
CORE 
LOSS 

R-EC~~~~y 
~r: :!.'i:!.• : : : : : : : : : : : : : : ~ : ~~~~=~"c~ : ~=~~~~·e:! : ~=:;.;of ;:.~·:, 
A~,.x. alae of holo (X·aorloa) .. Ex • 1·1/2". Ax • 1·718", Bx • 2·3/8", Nx • 3" 
AIIIM'ox. a lao of cO<• (X-.. rl .. ) .. Ex • 7/1", Ax • 1-118", Bx • 1·S/I", Nx - 2·1/1" 
Outaitlo tlio. of cooint (X·aO<ioa). Ex • 1·13/16", Ax • 2-1/4", Bx • 2·711", Nx • 3-1/2" 
lnaltlo tlio. of caal"l (X.aorloa) .. Ex • 1-1/2'', Ax • 1·29/32", Bw • 2-3/8", Mt< • 3" 

• 
fl~ ..,_ 

CLASSifiCATION 4HD WI-
.J"' P'HYSICAI,. CONDITION 
a,W * "' as recorded on inspector's ~~-

drill report, .......... 

208.0'-237.5': SHALE BRECCIA;* gray & 
[black colored in layers; black water 
returns. 

237.5'~300.0': GYPSUM BRECCIA;* with 
small layers of pure gypsum; bldck water 
~eturns; 80-100% water loss 
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• 

7 Ull7 (I T4) 
...... ,.or ... a-a. I!KN fti!IC LOG OF DRILL HOLE SH!ET •.. .J ... OF .... J ... 

PIATUitl. ?~F~~~~- !1!'~~- Jar~!'!'. '!'!!HH~~~- ........ !'IO.IICT. v<?!<?r•4<? .~~"!~1',' .~~~~!! .~~~~"1~~Y. .G~~t.r,o,l .. STATi .. c.o,l!J.r!1!1? ........... . 

MOLl MO •• ~-::NJ. .. L.C~·'.''.'' '' ''''.' '
1
'.' •• ''' ••• GltOUMD ILlY ..•.......•.•••. DIP (ANGLB FRQMHORJZ,) ••.••••••.•• , •••• 

7-10-~5 ~~· M~:i~:~~······· .•• •• •••• •• • 81 0' TOTAL 225 0 1 
II GUM • • . • • • • • • • • PIMISMID ............. DIPTM OP OVIIIUIDIM •..• : . . . . • . • . DEI'TH •.... •. • . • . BEARING. •••••..•.•..........•..... 

DIPTM AND 1Lf . OP WATII D. Bu!goyne 
LIVIL AND D '· MIAIUIII. . . • • • • • • • . • . . • • • • • • • • • • . • LOGGID IY •• f\'Qitl ..• t;'~RQl;' t ....... LOG REVIEWED IY ••• • • • • • • • • · · · · • • • · · · • · 

II- PIICOLATION TIITI 

=~= Et MOTIS OM WATII '1:: .... 
I z .. u 

LOlliS AND LIVIU, s• OIPTM ... Ill ...... %o IPIITl ..... ~~~ Q~ CASING, CIMIMTIMG, liZ I uS II!! Ill -- o.o 
CA VIMG, AND OTMII ~. .. LOS I .. ~, 

~.J 
DRILLING COMDITlOMS • ... !:': ,,l •. ) " (.) (1', .\ TO (G.I'.M.l (MIN.) o.o .. c. 

All depths are 
':1 1!. No requ red ~ taken from ~round by speci icati 

~ 
surface. Hole TC ws ns -
approx. vertical, 
though not surveyed 

10 .. .ll.Jf ;;g 
DRILL EQUIPf-fENT 
Portadrill "lo(od 503 

~ truck-mounted, -
rotary type. · .. 
C:ASING ~ECORD 20 20 ~ nate Depth Depth 
1975 drilled of Cs 'Jl, () .. •'· 
7-10 7~ 39.3' . -: 
7-11 166' 76.7' : . ' 7-17 225' 104.0' 0 o. 

30-< 11.~ 0 ill. 

OR ILL! ~r, 'fET) IUM ~· 
NaC:l hrine & "Lo- 1!.. (l .. · .. _0 
Loss" Fluid was ;rl-r . ," 
lost at a rate of , , ~' 
15-20 gpm between , . ,' , 
depths 57'-75'. 40- 40 ,; ,' 

42.0 .. .,., ·' 
PIPE INSTALLATIONS 45.0 

~.:.~ 

On 7-21-75 to 
~.J•o \ 
• . 7-24-75 3 piezo- .. 

~eter pipPs were 
.... 

"!'.···-
placed as follows: 50- so ... : ; 
Cave in 225'-220'. . .. 

• I) • 

Backfill sand 220'- 54.0 ., • 0 

218'. ----- L~). F'Hter sand 218'- • -~l ... O 
196'. • 
Piezometer tip #1 60 60 . ~ • centered at 218'. • 0 

Crout 196'-86'. . " 
0 0 

Backfill sand 8fi'- 1110 

80'. •o ~ 
• 0 

Filter sand 80'-69' DD 

Piezometer tip #2 70- 70 
.. 0 .. . p 

centered at 77'. 
. . 

.. 0 

Backfill sand 69'- 0 0 
• 0 

64'. o" • 
f;rout 64'-14'. 57/f. 

0 D 
0 0 

Backfill sand 34'- rrciO ws ::tl 
28'. IR1 AO- o,. 
Filter sand 28'-0'. -S !Piezometer tip !13 
centered at 25', 

4'•" 

f-

~CORE .LOSS 
R-EC~~~~y 

TC ws 
90 90 

End c f gra~ hie leg: .... ~ 
no cr n mett~d 

//}"': 
ange or .. 

~ lithe logy 
225.0 

TC • Tri-cone bit 7 7/8", 5 7/8''. 4~1t EXPLANATION 

~r: :!o'i:~o : : : : : : : : : : : : : : ~ : ~~:i::~."c~ : ~::.~~.·~~°C~ : ~:~;of ;;.ui::-g 
Approx. siaa of holo (x ... ,;,.) •• Ex= 1-1/2", Ax • 1·7/8", Bx = 2-3/8", Hx • 3" 
Approx. sh:a of cera (X-sarl,.) .. Ex •7/1", Ax= 1-1/8", Bx • 1·5/8", Hx- 2-1/8" 
Ouhldo dio. of coeing (X-eorias). Ex= 1-13/16", Ax= 2-1/•", Bx = 2-7/1", Hx ""3-1/2" 
lnsldo dio. •' casing (X .... ;,.) .. Ex = 1-1 /2", Ax = 1-29/32", Bx • 2-3/8", Hx • 3" 

• fo ... ~ 
~~~~ 
.Jill 
t.W 
;a I­
.e 

CLASSII'ICATIOM AND 
PHVSIC::AL C::OMDITIOM 

* = as recorded on inspector's 
~~~~ drill reports • 

0.0.'-24.0': _siLTY SAND; * fine sand; 
(SM) 

11.0'-11.5': gravel seam; ~"-1~" 

24.0'-31.0': 9RAVEL; *clean; !""-1·,, 
(GP) 

31.0'-34.0': SILTY SAND; *fine sand; 
(SM) 

34.0'-42.0.': CLAY; * brown; (CL) 

42.0'-45.0': SAND AND GRAVEL.;* clean; 
1" maximum si;o;e; (GP-SP) 

45.0'-46.0'; ~; clean; ~"-1!4" (GP) 

46.0 1 -54.0': SAN!' & GRAVEL; gravel pea 
sized; (GP-SP) 

54.0'-81.0': ~; * 1~"-1\;;"; (GP) 

55.0'-57.0': gravel to 1"; some signs 
of breccia; water returns gray-black 

57 .0'-81.0': gravel to 1" maximum; 

81 .0'-225.0': SHALE BRECCIA; low to 
medium plasticity; conta~sparp frag­
ments of limestone; water returns 
colored gray-black; breccia gray-black 
in color. 
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7 U87 (II 74) 
Buna10 of Real..__ r.~na nr.tc LOG OF DRILL HOLE SHEET .. l, ... OF ... 3 .... 

P'IATUWI. ParadC'IX, Un1t. BriDe. Well field ......... PIOJICT.Colouclo .Ri'll~r .lhldn .Sal.f.n.i.t.Y. .C.o.n.t..r.9l .. STA.TE .. CPlPTiJs:iP ••.•....... 
Jlfl 'liU1 LOCATION •..... , ....••.•..•.. ;.· ..•.. 

HOLI MO. • • ':'r'r,.. . -• I GROUND t:LEV ..•..•........•. DIP (A.NGt..E FROM ffPRIZ.) ~ ••••.••••.•••••• 
· . C-..DI. N. · • · • ·'' •·• • ''' · '''''' '' ''' TOTAL 

81GUN. f+:-.25:-7~; .. PINIIHID •• ?7tk7~ ... DIPTH OP OVIIIaUIDI!M .. ~Q,Q~ ..•... DEPTH. )QQ •. Q
1 

••• BUttiNG ... ···· .. ····.·········.··· 

DI!PTH AND I!LIV. OP WATII ~· Burgoyne from 
LI!VI!L AND DATI MIASUiliD ••.............•.•.....•.• LOGGID BY •... J;"~RQt,'t;~ •.......... LOG REVI!WED BY.········· • · · · · · · · · · · · · 

PUCOU TIOM TI!STS 

DII"TM 
1nn1 

PROM 
LOSS 

~::~!i ' TO (G.I".M.) 

All depths are ~c I 7r;;. Not r quire 
taken from ~round 

0 
by sp cific tions 

surface. Hole .DB 
approx. vertical II'SJIIi:s_~~~.._7 .. '101.4 

thou~h not surveyed na n 

DRILL EQUIPMENT ss I 80 
Drilled to 91.5' 
with Port ad rill ~od .-D:.::B~I-+.......;io~ 
503, truck-mounted ss I 70 
rotary type on ~~~~~ 
4-25-75 to 8-7-75. l"n_.a......,.___.o!.f 
Drilled 91.5 1

- ~ I H 
231.8' with Mobile-,....~,.._ ...... .,. 
drill Bfil on 8-8-75..,D:.::B~I-+.......;i0~ 

to 9-2-75. Hole reltli·!::Liil:!!:::.........jllll'-',;"",'"~o~ 
drilled with 5 5/8" 
TC bit on 8-20-7 5 t"n"'la'+.f-.lonl.l 
with portadrill ss I ,;n 
503. Hole redrill-
ed 0'-62' wit~ TC 0 
7 718" TC, 62 1 -83' SS • 70 
with 5 1/8" TC, 83 1 

106' with 4~ TC on TC.... 0 
9-10-75 usin~ Porta·~ • R~ 
drill. 
Hole drilled 231.8 1 

'T'f' n 
300. 0' & enlarged SS I 80 
106 1 -300.0' with 
4lo-;" TC. 

CASING RECORn 
8-8-75 Placed 
to 83 1

• 

9-10-75 Pulled 
& placed 6" Cs 
62.3'. 
9-15-75 6" Cs 
ed from hole. 

4" Cs 

4"Cs 
to 

pull-

T~ ... 0 

~~~ II !..'\ 

TC 0 

Icc l'1nn 

TC 0 
c- • 

TC 0 

Icc .1nn 
4l:i 

tZO- cs 

-

10 

90 

r.B I" 
NX 

= 2 

= Ill 

f 
(1".$.1.) 

:~= a: ... Ill Ill ...... .J ...... ., ... "' -z ... ...... 
.Jo 

(MIN.) o.o 

17.0 ~ 

.2fi"Q,._ ~~:_:/ 

45.0 

:·:~:~-.:;:· 
·.·.' ... ..... •! 

EXPLANATION 

1111: 

~" ::J! CL45Slf'ICATION AND 
.J.., PHYSICAL CONDITION 
G,lll 

~... * = as recorded on inspector's · 
.......... rlrill. renort 

0.0-2.0 1
: CLAY; * (CL) 

2.0'-5.0'1
: SANDY CLAY; * (CL) 

5.0 1 -15.0': SAND; * (SP) 

15.0'-17.0 1
: SILTY SAND; *some clean 

sand; (SM) 

17.0 1 -20.0 1
: SAND & GRAVE~; *gravel 

sma 11; ( SP-GP) 

20.0 1 -22.0 1
: SAN~; * {SP) 

22.0'-40.0': SA~CRAVEL; *gray san~ 
(GW) 

22.0 1 -35.0 1
: well graded gravel to 

V:i". 

35.u'-40.0': gravel to 2" maximum size. 

40.0 1 -45.0': SAND; * fine gray sand; 
'"'P) 

45,0'-50.0 1
: SAND & GRAVEL; *gravel 

to 2" maximum; soft :>andston<: boulders 
46.5 1 -47.5'; (GP-SP) 

50,0 1 -102.0 1
: SHALE BRECCIA; *gray­

black; firm; si+ty; sandstone fragment 
at 52.5~ 

65.0'-65.8': som3 gravel 

66.8 1 -91. 5 1 
: some 1 imes tone fragments; 

water returns black 

91.5'-91.6 1
: some gravel to 3/4" 

~CORE .LOSS 
SS • Split spoon 

DB = nrag hit 
CS = Cutting samples (washed) 

CB = Core barrel bit NW 

R-EC~~~~y 

TC "' tri-cone bit 4'2" dia. 
~~r: :!o'i:~e : : : : : : : : : : : : : : ~ : ~~~'k:~.dc~ : ~::.~·:.1!~':c! : ~:~:~~of ~;:i~g 
Appro•. size of hole (X.seri .. ) .. E• • 1·1/2", Ax"' 1-718", a.= 2·3/8", N• • 3" 
Approx. si:r.e of core (X·se<ies) .. Ex • 7/8", A• = 1·118", ax = 1-5/8", lb - 2-1/8" 
Outside dia. of cooing (X-.. riu). Ex"' 1-13/16", A• "'2-1/4", a,.= 2-718", Nx,. 3-112" 
Inside dia. of cosing (X ... ries) .. E• = 1-1/2", A• • 1-29/32", a,.= 2-3/8", N• • 3" Shet:'t 35 of 66 
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7 ·1~37 II 74) 
a ....... ofReei-•U• t!~N nt!IC LOG OF DRILL HOLE SHEU. ,2, .•.• 01' ... 3 ..... 

,IATU ... Paradox. Unit. Jrio~. w~llUeld •..••..•• ftltOJICT.Coloudo .lliver .Basin .S"llini.t:;;: .CQnt.r:o.l. STATE •. .CP.l.O.rfl$1P .....•....• 
nu 'ltUl LOCATION .••..•.•...•..••••• ····.,.,. 

HOLI MO •• ' ,.:-,..,.,.., • COOitDI I GROUND ILIV ....•.•.•....... DIP (ANGLE FROM HQRIZ.J • •••••.•••.•••••• 
·. • M. • • · · • · ' • · ' ' · · ' ' ' ' ' ' ' ' ' . ' ' 50 0' TOTAL • 

II GUM • 14~25~] 5 ••• ,.NISHI D •• 9'l" 11-:-7 5 . .. DIPTH 0, OVI!IIIUIU)IN .... : •.•.•• , • DEPTH. ~qq ·. q . . . . lURING- ••• , •........... , ...... , .. 

Df:UL'l'Bo1~1Ji v.:tJII. ......... , . . . . . . . . . . . . . . . . LOGGED IV •• ~: . ~~~~~~~~ . ~~~~ .... L,.OG REVIEWED BY, , • , , ......... · ..... ·· .. 

NOTIS OM WATIIt 
LOSSIS AND LIVILS, 
CASING, CIMIHTIMG, 
CAVING, AMD OTHIIt 

DRILLING COMDITJOMS 

DRILLING MEDillM 
NaCJ hrine f1o,...., 101 
"Lo-Loss"/gal. 0'-

)oo • TV~ Will 
AND •> 

88 Sill 

~:l. Ill • 
(") 

65' NaCl & "Drispac!'CB 5 
65 '-91. 5' Nar.l brin 
91. 5'-231. 8'. "laCl 10 
& "Drispac" 231.8 1 -1--oflll---f 
300.0'. Also used 
when enlar~inR hole CB _

1 
26 

nR ILL '~"Llll!l LOSSES 

182 Date Depth r.Jto-

~ nrtlled %Loss 
S:..u 92 1 -102' 0-10 r:B 180 B-12 102'-112' 50-7( 

112 I -127 I 0-1( 
8-.l] 127 1 -112 I 50-6(1 

132'-137' 0-U: I;BJo- 84 
1'37'-147' 0-1~ 

B-14 147'-150'40-50 
r:B 94 150'-164'10-2(] .. 

B-15 164'-184 1 10-211 
B-16 184 1 -192 1 10-2(1 r.s.o-l B-18 l92'-200'20-2'i 78 

200 1 -202'10-1<:; 
B-19 202'-205 1 40-50 

I 3-26 205'-208' 0-lOr:B 70 
(lost 100% at 215') 

~-27 218'-222' 0-2( ~r .. 36 
(lost 100% at 220. 

cr~l For a few minutes) 74 
~-29 222'-227 1 0-2f 
~-30 227 1 -232' 0-2 

5" 
CR 64 

sAO 
CB 100 

r.B I 74 

C~u- 72 

CB 160 
80-

CB I 36 

CB 77 

f'Jto 30 
I 

CB 24 

I 

ftlltCOLATION TESTS .. 
DIP'TH • (fi!ET) :I 

:I 
LOSS Ill 

fill~ • 
(P', •; TO .. 
•• c .. (G.P'.M.) (P'.S.I.) 

CB = r.ore barrel bit NW 

LOSS 

:!= :1:1- Ill Ill 

'"'"' ..l~u. 
0111 Ill -:&I-..... 
.Jo 

(MilO 100.0 

EXPLANATION 

i
CORE 

CORE 
RECOVERY 

~!r: :!..~:~· : : : : : : : : : : : : : : ~ : ~~~i::~di::~ : ~=~:·:,'!~:·c! : ~~~;~;of ~:.ut:, 
Approx. sile of hole (X-seriu) .. Ex,. 1-1/2", Ax= 1-7/8", Bx = 2-3/8", Hx "'3" 
Appro><. size of care (X-series) .. Ex • 7/8", Ax = 1-1 18", Bx = 1-5/8", Nx - 2-1/8" 
Ouuide dio. of casing (X-seri .. ). Ex= 1-13/16", Ax= 2-114", Bx = 2-7/l", Hx = 3-l/2" 
Inside dlo. of casing (X ... rie•)· . Ex • 1-1/2", Ax= 1·29/32", 811 = 2-3/8", Hx- 3" 

• 
~" 
::1~ CLASSIFW:ATION AND 
~::1 PHYSICAL CONDITION 

~~ * = as recorded on inspector's 
"'./ drill report. 

102.0'-112.0': GRAVEL•* tp 1\'' max.; 
some clay breccia; wat~r returna black. 

112.0'-122.0': SlLA,LE BRECCIA; * some 
rock & gravel to 1" upper 5'. 

122.0 1 -127.0': ~ANDSTONE; * some shale 
breccia. 

127.0'-200 • .$': ~HALE BRECCIA;* wat~r 
returns black 

132.0'-154.5': some sandstone; last ·5' 
decomposed. 

154.5'-164.5': hard & soft shale 
breccia. 

164.5'-200.5': some sandstone. 

192.5'-193.0': some sand. 
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7 11117 (I 7t) .......... ,."·-·"- nena nftl~ LOG OF· DRILL HOLE SHEET •• .J. . . . OF ••.. 3 .... 

PIATUII .• 'fn~ JJJl.U.ISJ!':lN. tlt!llUd~ ........ PROJICT. Cc:tlorodo. Uver. 8as:ll;l. Sal:i.nity .Contt:ol. STATE •.. Cnlar.ad.n .. , ...... . 

HOLI MO. ,D.H,-.lWl, , , LOCATION' ' ' ' ' ' ' ' • ' ' ' ' ' ' ' ' .. ' ' ' ' ' ' ' ' . GROUND I LEV. . .••.. , . . . • • • . . DIP (ANGLE FRail HORTZ.). • • • • • • • ••.•.•••. 
. . CDOIDS. H. , •• , , • ••• , •••. I. • • • , •• • , • .• TOTAL 

IIGUH •• 4,-,2,5.-,7,5; .. PIMIIHID •. ~';" H '; n ... DII'TH OP OVIIIUIDIN .• ~{1 19 ~ . . . . . . DEPTH. ~QQ' Q ~ . . . lURING ..... • • •.••..•...•......... 
D. Burgoyne from 

Df:~=t:So1kniCUiftJllo.......................... LOGGED IY .. ~. f\~POft ... · ........ LOG REVIEWED IY ..... · · · · .... · · · .. · .. · · 
,... 

ll!RCOLATION TESTS • NOTIS ON WATIR 
LOSSES AND LIYILS, 
CASING, CIMIHTING, 
CAVING, AND OTHIII 

DRILLING COHDITI~HS 

PIPF. INSTALLATIONS 
On 9-12-75 to 
9-15-75 3 piezo­
meter pipes were 
installed as 
follows: Cave in 
294'-283'. 
Backfill sand 283 1

-

281'. 
Piezometer tip #1 
centered at 281 1

• 

Filter sand 281'-
2681. 
Backfill sand 268 1

-

2641. 
r.rout 264 1 -87 1 

•· 

Backfill sand 87'-
81'. 
Filter sand 81'~70' 
Piezometer tip #2 
centered at 80'. 
Backfill sand 70 1

-

671. 
Grout 67 1 -32 1

• 

Backfill sand 32 1
-

271. 
Filter sand 27 1 -0' • 
Piezometer tip #3 
c~ntered at 25 1

• 

TYI'J 
AND 
IIZI 

~:~. 

CB I 
CB II 

10-

CB 
-

20 
r.B 

'1\ 

r.a 

~ ... 
CB 
4~" 

TC 

<10-

50 

60 

70 

80 

90 

IUW 
•> DII"TH 
00 
uu 

('EIT) 

Ill • ,.2: cP. •I (") •• c., . 

40 

64 

27 

100 

lf'i 

80 

18 

0 

cs 

CB = Core Barrel bit NW 
TC = Tri-cone 4'-2'' dia. 

I 
LOSS Ill • TO 

(G.I".M.) (l".t.I.J 

LOSS r.s = Cuttin~ samples (tak~n every 5 1
). 

:~e * .. .., Ill ..... .Jt-IL 

•= w -
1111&, 
.Jo 

(MIN.) 

EXPLANATION 

i
CORE 

CORE 
RECOVERY 

~!r: :!..'i:~· : : : : : : : : : : : : : : ~ : ~~~'k:~dc~ : ~=!~~,~~:·e:! : ~~~:~;of ;o"."i~nll 
App•Dll· aiu of hole (X- series) .• Ex ., 1-1/2", Ax = 1.7/8", Bx '" 2·3/8", Nx • 3" 
Approx. aiae of core (X-aeriu) .. Ex= 7/8", Ax= 1.1/8", Bx = 1·5/1", Nx- 2-1/8" 
Outside clio. of cosing (X·oeriu). Ex= 1·13/16", Ax • 2.1/4", Bx s. 2·711", Nx • 3·112" 
Inside clio. of casing (X·•eriea) .. Ex= ).1/2", Ax= 1-29/32", Bx = 2·3/8", Nx • 3" 

CLASSIFICATION AND 
PHY$11;AL CONDITION 

*=as recorded on inspe:ctor 1 s 
drill report 

200.5 1 -223.1 1
: SANDSTONE; * some very 

fine sand top 0.2 1
; water returns black. 

201.5;-222.0 1
: some shale breccia 

207.5 1 -217.5 1
: sandstone decomposed. 

217.5 1 -222.2 1
: sandstone becoming more 

fragmented; angular fragments grading 
to subrounded fragments; 3" maximum 
size. 

223.1 1 -300.0 1
: SHALE BRECCIA;* some 

gypsum in shale; some sandstone frag:... 
ments to 1~;"; shale decoJllposed. 

235.0 1 -275.0 1
: some limestone fragments 

285.0'-300~0 1 : some limestone fragments 
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7 J$17 (8 74) 
... ,...,. or aut .. all .. r.~na nntc LOG OF DRILL HOLE SHEET .•• l , .. OF. ,l ..... 

FUTUitt: .• PAt:a.~ .Un:l.t . .b'iu. Jidlf!eld ......•.. P'ltOJICT .. Colorado. River. Basht. Salioity .Control STAT! •. Colot:ada .......... . 
HOL• 0 ·o~-4Wl LOCATION.,., ••.•...•••• ,,.,,.,,.,, .. 

& N · · · • · •. • · • coo••• N I GIIOUND !LEV .•..•..•..•....• DIP' (ANGLE FROM HORiZ.) . .•.••••. ; •.. , ..• 
. .._, ' ••• • .•••... '' .. '.' •·' •. ''' TOTAL 

IIGUN ..•• ~-:2,2.-,7,5, PIMISHID. ,8.-,7;-,JJJ, •••. DEP'TH OF OVIItiUitDEN .• ~;!) .• !).' ..... DEPTH; JOQ,Q~ ... BEARING,, •.•............. , ........ . 

DIP'TH AMD IL.fV. 0, WATIR ~· Burgoyne from 
LEVIL AND DATI MIASUIID...... . . . • . • . . • . . . • . • . . • . . LOGGED IY ..•. r~port: ............ LOG REVIEWED BY.,.· ................. ~ . 

)- P'lltCOLA TION TESTS • TYI'J!I NOTES ON WA Tilt Will 
LOSSES AND LIYILS, AND •> DII'TH 
CASING, CIMINTING, SIZI 00 (Ffi!T} uu 
CAVING, AND OTHIIt ..~~. 1&1 LOSS 

DRILLING CDNDtTIO.NS • Fit OM 

f") 1~;~!1' TO 
(G.I'.M.J 

All depths are TC 0 Not r equirt!d 
taken fr~ Rround ns 10 by sp ecific 
surface. Hole 
approx. vertical TC 0 
though not sur- D_S.._ 10. veved. 

TC 0 
DRILL F.gUTPMENT ns 10 Portadrill Mod 503, 
truck-mounted, TC 0 
rotary type from 

lD1i.... 10 depth 0' to 116'. 
Long vear 44 core TC 0 
drilling rir, from 

lns .1 0 Jln.o'-300.o'. 
TC 0 

CASING 'RECORD 
nate Hole Depth in~. 10 

1975 nepth of Cs TC 0 
7-26 106.0' Q2,(1' DS 10 

(6" Cs) 
7-28 116.0' 107.0' TC 0 

(4" Cs) ~ 10 
7-29 137. 7' 116.5' 
7-31 lfi5.8' 147.0' TC 0 
8-1 171.0' 166.8' ns 10 
8-4 225.4' 174.0' 
8-5 238.0' 179.0' TC 0 
8-8-75 pulled 4" Cs 

D~ • 75 out except for 70' 
which fell hack in TC 0 
& was covered with 
sloughed-off matl. 

ns .. 40 

8-16-75 drove 6" Cs TC 0 
to 113' in attempt 
to retrieve 4" Cs. 

ns 0 

8-21-75 drilled pas 44" 
bottom of 4" Cs TC • cs 
(205') to 100' ~lith 

ohiective of 
leaving it in the 
hole. 70 
8-28-75 while 
attempting to oull 
6" Cs out, 75' of -; 

it broke off in the 
hole (depth's 38' 
to 113'). It was 80 

left in. 

TC ,. Tri-cone hit, 4~" dia. 
DV = Drive sampler 

LOSS CS =- cutting sample (washed) 

at ions 

Ill • :» 
::1 
Ill • 

(I'll.) 

:zj:; 
z ... wst::l ...... .......... ..,., 

Ill -z ... 
lUI&, 
..IO 

(MIN.) 

z:-...... 
Llll ........ 
0~ 

0.0 

9.5 

u 
iu 
Lo 
:-~ 
() 

v 
0 
~ 

I 
., I 

I 

?] :1 .. :~:/: 
J.t:t. :t:·. 

30 '' , 

. . . . . . 
60 

... . . • 0 
0 . • • . 

I • 

' 0 

EXPLANATION 

i
CORE 

CORE 
RECOVERY 

~!r: :!..~:~e : : : : : : : : : : : : : : ~ : ~~~i::;,"e:~ : ~:~~:,'!;.'.•e:! : ~~~:~;of ;~:i·;, 
Approx. size of hole (X.series) .. Ex '"' 1-1/2", Ax = 1-7/8", Bx = 2-3/8", Nx • 3" 
Approx. size of core (X-series) .. Ex • 7/8", Ax= 1-1/8", Bx =< 1-5/8", Nx- 2-1/8" 
Outside dia. of casing (X-.. riu). Ex"' 1-13/16", Ax= 2-1/4", Bx = 2-711", Nx = 3-1/2" 
Inside dio. of casing (X-s.,ies) .. Ex., 1-1/2", Ax= 1-29/32", Bx = 2-3/8", Nx • 3" 

Ill: 
0(!1 

::;~ 
111 .., CLASSIFICATION .t.ND 
~l:J PHYSICAL CONDifiON 
2~ * = as recorded on inspector's 
~~ drill repore. 

0.0'-9.5': SANDY LOAM; * (SM) 

9.5'- : SAND; * (SP) 

9.1-23.0': clean fine sand 

14,2'-19.0'~ some pea gravel 

23.0'-28.0': clean fin~ to medium 
sand 

27.5'-29.0': with somc·gravel; 3/4" 
maximum size 

28.0'-53.5': clean medium sand 

38.0'-43.0': some gravel; 3/4" maximum 
size. 

45.0' -53.5' : some gravel; 3/4 '' max imurn 
size. 

53.5'-80.0': GRAV~; * 1'-2" maximum 
size; (GP) 

75.0'-80.0': a trace of.breccia 

80.0'-111.0;: SI!ALE BRECCIA; 

Sheet 38 of 66 

FEATURE ........ ~qne .We llfield .............. PROJECT. C'RBSC:P ........ STATE Col or .ado ... SHEET .. J .. OF.~ .. HOLE NO. j)Jl:--.4!-J) . •.•••.• 
*GPO 679--412 

140 



• 

• 

• 

__________________ .. __ __ 
7 U87 (I 74) 
Bunau orlteol-•ll• n~tu nt.!t~ LOG OF DRI1L HOLE SHEET •.. ~ , . • 01' •.• ~ •.•. 

n:ATURI .• ~~I,'~~'!~ .l!f!~t .. 8.r.i.n.e .. ~e.l.l.f.i.e.l~ ....•.••. !tiiiOJICT. ~?.l?!!l!i?. ~}.Y!!F. ~!i!!';i~. li~H!!HY. 99~H'9+. STAT! •.. ~q~q~~~q .. .. ~ ~ ..•. 
HOLE MO ... ~~-:~~~. LOCATION .••••.••.•..••.•• i' .......... GROUND ILlY .• : . •.•.....•..• Dllt (ANGLE FRON.HORIZ.} ••••• ; .••••••••••• 

7 22 75 COOIDS. M •. , ..•. , ..... , . •,. • •., • •,. TOTAL 
lEGUM •.• ~,.~~ ••. PIMISHID. ,8.-}.-,7.5, ... ; DlltTH OP' OVIIIIIUIIIDIN .. ~,1). .• !).' ..... DI!PTH.:J99:9.' ..• BlUING..·····.····,.·····.······· 

0. Burgoyne from 
Df=~~LA:BD1kf;i~r:tJIIo .......................... LOGGED IY. !'. T~PPJ'.t ............. LOG REYIEWIO BY ........... ····, .. · .. · • 

,.... 
!tEIIICOLATIOM TESTS • NOTES ON WA TIR '1&: ..... 

LOSSES AND LIVILS, s> 
CASING, CIMINTING, SIZE uS 
CAVING, AND OTH!III Hg~ .. Ill 

DRILLING CONDITIONS • 
(") 

DRILLING lfF:OIUM: 
Nar.l hrine with 44" 
"Driapac:''. O'- TC cs 
165.8' NaCl brine 
165.8'-300.0'. 

10 
DRILL F'Ltr!D LOSSES 
Date Depth 
1975 drilled %I.oss 
7-27 0'-116' 0 CB 29 7-29 116' -138' 10 
7-30 138'-142' 20- NJd_l 

30 
142'-161' 20 

7-H 161'-166' NR CB 17 8-1 166'-171' 1') 
NX) 8-2 171'-184' 0 

171'-210' 10 30-. 8-4 210' -214 '· 25 
214'-225' 10 CB 19 

8-5 225'-238' 5 NX)-
8-6 238'-270' 0-5 ·I 
8-7 270'-300' 0-

c~ 0 10 
no losses redrill- CB 55 
ing. 

CB • 100_ 

PIPE INSTALLATIONS 
C':B I 60 Piezometer pipe nz 

not installed due N~-
to broken 6" Cs. 
Piezometer pipes 
#1 & 3 installed on 
8-23-75 to 8-28-75 CB 22 

as follows: NX) 
Backfill sand 300'- 60-· 
292'. Cll 
Filter sand 292'- (NX II 

17 

280'. LCR 0 

Piezometer tip #2 CB 
centered at 289'. (NO) 
Backfill sand 280'- 70 I 
271'. CR 

31 

83 

_l 

Grout 271'-27'. lNn1 
Backfill sand 27 ' - ....,.~~. ... _R---1 
lS,. CB 98 
Filter sand 25'-0'. (NQj 
Piezometer tip 113 1-80~--94--t centered at 25'. CB .-" 

(NQ) 

CB 
(NQ~ 

90 

100 

r.B 
(NQ 

100 

DII"TH 
(fEET) 

I" ROM 
c:;~!l TO 

TC "' Tri-cone bit 4'2" dia. 
CB "' Core barrel hit NX, NQ 

LOSS 

Ill 

! 
LOSS = Ill • 

(C'O.I".M.J (l".t.f.) 

~~t * ... Ill Ill ...... ... ...... 
Ulll 

Ill -z ... 
IIIII. 
..IO 

(MIN.) 

EXPLANATION 

i
CORE 

CORE 
RECOVERY 

~!r: :!a~· : : : : : : : : : : : : : : ~ : ~~~i::~.dc~ : ~:.:·:.'!:.·.·e:! : ~~~:~; oi ~~:'9 
Approx. •i:ae of hole (X.seriu~ .. Ex"' J.J/2", Ax= 1·7/8", 8x = 2·3/8", Nx • 3" 
A11prox. •i:ae of core (X·•••i••l .. Ex • 7/8", Ax • 1·1/8", 8x., 1.5/8", Nx- 2.1/8:: 
Out•itle dio. of cosing (X ... ,; .. ). Ex .. 1-13/16", Ax"' 2.1/4", Bx: 2·711". Nx = 3-112 
ln•ide dia. of casing (X ... rie•)·. Ex • 1·1/2", Ax"' 1·29/32", 8x = 2-3/8", Nx • 3" 

CLASSifiiCA.TION AND 
PHY$1CAL CONDfTIQN 

* • as recorded on inspector's 
drill report 

111.0'-121.5': SHALE BRECCIA; *water 
returns colored black. 

121.5'-131.5': intermittent layers of 
sandstone hieccia 

131.5'-171.0': SANDSTONE BRECCIA 

171.0'-214.4': GYPSUM BRECCIA; *water 
returns black 

Sheet ~9 of 66 
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7 1317 (I 7t) 
Bureau ot &ul-aU• t.u:na ~IC LOG OF DRILL HOLE SHEET ..• l ... OF.) ... ,. 

'IEATUIII ••• ~~t:~'!~ .l!q~~ .~r,i.f\e, .~e.l,l,f.i,e,l.d ........ PROJICT. ,Cp,l,o~JIIlp, JUY~J'. ,8;tlliJl. Sal! pity. Control. STAT~ •• Colorado. , • ....... . 
DH~Wl LOCAT~., •.•• ,. •· •.••• , ..••.. , .. , .. NOLl NO. • • • • • • • • • I GROUND ILIV. . . • • . . • . . . . . . . • DIP (ANGLE FROM HORIZ.) • ••••••.••.•••••• 

COORDI. N ••.• • •. •, ..• ,,, • • .' • •,,,,., TOTAL 
II GUM • ? ";'~~ "';' ~ ~ . . . 'INIIHID. ,8,-,7,-,7,5, .•.. DIPTH 0, OVIaaUIIDIN ••• lll. . .O.'. . . . DEPTH. 300. 0.'. . . lUlliNG. • • · · · • · · · • · • · · • · · · · · · · · · · , 

DIPTH AND ILIV. 0, WATIIIl . ~' Burgoyne from 
LIVIL AND DATI MIASUIIliD ••• ,...................... LOGGID IY .... r.eport ............ LOG REVIEWED IY ... ·. · ·, · · · · · · · · · · ·, · ·, 

NOTI!S OM WATIII 
LOSSES AND LIYILS. 
CASING, C:IMI!NTING, 
CAVING, AND OTHIR 

DRILLING CONDITIONS 

LOSS 

Tl:l 
SIZI .. :r. 

CB. 

(NQ 

10-
CB 
NQ) 

CB 

~ 

.. I 
•> 00 uu 

Ill • 
(") 

100 

100 

~ 
56 

~I 
CB 
NQ) 

CB 
NQS_ 

CB 
NQ) 

• 
CB 
NQ) 

-
CB 
N~-

-
CB 
(NQl 

60 

-CB 
(NQ} 

10-

55 

94 

98 

86 

95 

97 

96 

~· I (~ 
56 

~B b4 
(NQ) 

90 

CB 47 
(NQ): 

g~)' lOG 

PIIICOLA TION TISTS 

= 
OlPTH 
(l'llT) :I 

= LOSS Ill ... 2 .. • 
'"· •I 

TO (l'.t.l.) •• c ... (G,I'.M,) 

I 

CB = Core barrel bit, Nq 

:z~ 
:r:-...... 

1112:: ILIII z: ... 111111 ...... ..I ... IL o!!:. Ill Ill Ill -z'"' ...... 
-'0 

(MIN.) 

EXPLANATION 

i
CORE 

~!r. :!a'i:~· : : : : : : : : : : : : : : ~ : ~~~'k:~.dc~ : ~:~!':,'l~:·e:! : ~~~:~; af ~::r,:"g 

u 
i:"' Lo 
~..I 

"' 

CORE 
RECOVERY 

Apprex. siz• of hale (X.aerln) .. Ex"" 1·1/2", Ax= 1·7/8", Bx • 2·3/8", Nx • 3" 
Apprax. sin of cor~ (X·n•i•~) .. Ex ., 7/8", .. Ax = 1.1/a;;. Bx = 1·5/a;;. Nx - 2-118:: 
Outaid• Ilia. of c:astng (X.nr~ea). Ex= 1·13/16 , Ax= 2-1/.t , Ba = 2-7/1 , Nx .. 3·112 
lnahle dia. af casing (X·••riu) .. Ex • 1·1/2", Ax= 1·29/32", Ba,. 2·3/8", Nx • 3" 

• 
f~ ..._ 

CLASSI,.CATION AND ...... ...... PHYSICAL CONDITION 
(LI&I w .. as recorded on tnspector's a'"' 
"' ""/l drill report. 

210.0'-214.4': some shale breccia 

214.4'-252.0': SHALE BRECCIA; *very 
fragmented; water returns black 

230.4'-233.4': layers of gypsum breccia 

246.0'-252.0': some gypsu~ breccia 

252.0'-280.0': GYPSUM BRECCIA; *with 
fracLures; water returns black-gray 

80'-290.0': some sandstone breccia 

Sheet 40 of 66 
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7-IU7 (-•~l 
._. o1 ••e•-•u- OLOGIC LOG OF DRI HOLE SHf E I 1 . 0<. 2 . 

l 
I"UCOLA TION TESTS .Cz;: z:-...... Q: 

00 lltOT!S OH WATER 
LOSS!!S ANO LIEVIELS. 
CASII~G. CEMIEHTtNG, 
CAVIMC. AND OTHIR 

ORILLINC CONOITI9M5 

~Depthe are correct• 
to ll"ftD4 le.,.l 
driller' 1 •uurlq 

l
point 0. 3' abow 
aro'Uild. Bole aot 

f•urvered tor deYia­
!tion, it aey, trc. 
!vertical. 

tlfPTM 
i~ffTI 

Paradox Vall~r-Dolore~ River 

LOSS 

(G.P.M) 

IN ~2tl LIU 
II: Zl- ~~ ...... -It- I&. ~ Gill 1&1 -= z ... 
Ill .... • .Jo , ... t_,, (Ill ... ) 0 

u 
ic 
Lo 

=.J 
lot 

!;; 
~~- A55ll"!o., l IUrl A folD IUt-

PttYSI<:" •t t.i;Wl;TIOt~ ~ .... 
LUI 
::fl-

~ 

o.o-3i.7-;·sitn-8UD.; .. ~-;-· ~~~~;d~ci ·P~. 
driller '• re;.n i recovered •• reddilh 
brown, tine srained aand vitb about 251 1 
non-plastic tine.•; eli&btly cruety with t 
aalt vhen dry and hishly reactive to HClt 

34.7-37.7: SAID AHD GBAYJL; •• recorded I 
on driller' • rejert ; recovered a1 coareel 
to tine craiaed sand sized particle•; 
aqular to sub-angular shaped; miud ! 
color and composition includins isneoaa i 
typea; hishly reactive to BCl. 

37.7-47.4: GRAVEL AliD COBBLES; as re­
corded on driller's repOrt; recovered 
in interval 37.7-41.7 ae bichly frag­
mented 0.2' maximum length core aegmente) 
bavins naturally rounded end•; treah to 1 

1---.,.......::-..;.,a..:.,..;:..:..:..ul!liShtly stained mixed compodtion por- l 

I __ ._ ____ L __ --·· 

143 

pbyritic types; and recovered in inter- i 
val 41.7-47.4 •• medium ~ained aand j 
with clay luaps and some chip• ot abale. • 
IP'&yiah, h .. vily e:ru•ted witt! •alt and I 
hiahly rea.etive to Jl::l. 

47. ~-49. 3: D~OMPOSED SHALE; aa recorded I 
:4·~: on driller's report; recovered mixed 1 

, ··"A with interval 41.7-47.4 above. 1 

6; I 

:~;& ~ 149. 3-131. 5: GYPSUM BRECCIA; entirely 
~" -~: randomly mixed structure ot lisht IJ'&y 1 

: ... i5.. irre~ar shaped inclusions ot shale. 
~:·. -~ sand-atone. limeetone and ppsa in dark 1 

·--~.. sray to blaek s&lty. ppliterou• lll&trix; 
: ·. ··.+ inclue:lons 1110derately to Yery hard and 

i4 t iJ j trom cGmp&ct to coarsely crumbly 0 core , 
70 '.;:.·: ~-- 1sepenta entirely roush aurtaeed and ·. 

,-1:·. deeply pitted; hilhlY tr.apep:secl; minute 1 
:·<J.t-1 1 black salt cryat&l• coiiDilOn and well . 
~~!q jdeveloped in matrix; white salt eoatins 

l:.,. -;.::uon core when dry' inelueiona seneral.l1' f 
. :- ~ · ~ react! ve to HCl, matrbt sl11htly tho\llh ' 

iltl- t--~~ variably reactive to HCl. 
~·- · .. t:-1 ! 
f'1:~i : 
-{.~ .\:,1 II 
.1;,.4::, 
•.-~·.q,' 

9()~.q~:rl 
1•.: t'! 
1;4::·!; 

"I :.::(i! ! 
J.t:!:+ -~ 

___ :t~t~.--

Colorado . :: 1 2 

j 
Sheet 41 of __ §6 _ _iaJ 
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, .. ,,~, .......... __ 
I!RN N!IC LOG OF DRIU HOLE SHfET .. .2 ... OF 2. .... 

NAftH ........... ,_,, .. -PitJ.,,, ~., .. 111 ....... NoactC~. ''"". "'"'. CilM.l~ t:r .tlt~~ts.u.n ..... C.o.J.o.r.~ ..... . 
._1 --~~,,. ~TIIitJ'-\11.•. ~-~~.J.fP.N1'·'·ff.rJ_,. •• .:.::t::. ~~-~~~ -~~: ... ,. DIP~-:FR•OJMHORIZ 1 ... 9.Q0 

....•. - .• ·• 
.. - M •••••••••.••••. ,,,,,,,,,,, TOTAL 

II.UM ••• 'f.~"":~ •. ,. ....... J:-J+:-~ . .. DIPTM W OYIIIUitDIM . ~1.·~~. . . . . . . DII'TH .l.3l,, 5 ~ .. IIAitiNG. . · · .-:-:- - - ... · · . · · · .. - - - -

D~nl .. "::o1kHi! ~:tJIIo .. ~- ~'· ~- . . . . . . . . LOGGID ayQ .. ,~f'f» .. J' . r.Ut:r. . . LOG ltfYIIWEO 8 Y. . • - • - . - . • . - • · - - . -

MOTU OM WATIR 
LOSSIS AND LIYILI, 
CASING, CIMINTtNG, 
CAVING, AM'D OTNIR 

O.ILL.IMG CONt'IT.IONS 

... • ... 
•> 00 uu .. • 
(11) 

01"™ 
I'IIT) 

,.~ 

I 
LOSS 

:t • • TO 
(1 .... 111.) ll't.l.) 

z ... ...... 
•= 

~~ .. .. .... 
o!:. 

~~ 
(IIIIIU 

!i! 
Zl.ll a.o =_, 
" 

• 
~" ...! 
1111-...... 
!~ 

C:t.ASSIFICA't!ON AND 
PHniCAL CONDITION 

"· "I .. c .. 

I 
100 ......... 

~~~i-~~~~~~~~1-lr-r-r-1-r-~r~n~~·~]~n~------~-----~----
lft' ~00 ~,;.:·:A· Ill 

iit!EDl. 
0..101.1 
101.1-131.5 

u.w. 
0 
100 

. =<>. 
~-!.'·;<i 
:·.~·~· 

110.: ~'q.~ 
:~:-~: 

-
WATift ImL IS 

{itiiD of 1ft) -- -~j Date Jlo.le l)epth te 

~~· '!!!ii 
7- 4 58.1' 14.7' 
7- 5 101.1' 14.2' 
7-11 131.5' 14.7' 

l.OO 
-
.!.!. 
88 

, _ _:- :...-.·:·<1: 
.-v- ::4·': 

+•···. 
··o·:·.-~ - · .... 

_..;.., ~ J ::~ 
CASID IITIRVAL I f-A·: ... 
Date Hole b 

1
.,: 100 1~ ·:.-:ki 

~ nrpt~ ~f Ca~1--~~~--~-----+----+--~~~~----+~·~-·~r~-.-~~ .. ~ 
7- 2 3 .7 "'T.7' -. 
7- 3 49.3' 49.3' 
No C• 49.3'-131.5 1 

C• r._ved upon 

-

eeap1etien et bele. ._: 

MATIR LftiL PIPI 
l32.2' ot 1•" "8'0 pa 
black plaatic pi)le 
With p1ua tep in.tal~­
~d fica 0.7' abo'N ."1ft 

lrctWld h dqtb 131 ~ r;­
~~ 1-9/32" a.ainal 
ID white ceupliQC .t 85.8'-86.2 1

• 

~wer 46.0' •eaiioa 
perforated each 2 1 .a 
~ith two \o"t belet. 

PHAMCTER OF DltiLL- · 

~pped vitb ao prol:~ 
~ ... to depth 35't. ~ 
:BJ.uted cobble• at 
37.7' and 45.7'. 
The 10' core barrel 
wa• blockiQC ott ao 

50-

-

10-

i 

put in 5' •plit tubt 
1 

.. apler at 12l.6 1
• 10 1 1 : I 

i 
bRILL SITE ~ I 
Level aand.y p-ound ! j 

1 

1 
.. , .. ·0~·· ~. ~ i : : ; I . ~] 

I 
! I 

80-

I li i I I : -~ 
~--...._,..----'--L.I--.JL--._i _--~... ______ .l __ i ____ • _ _L_ 
I ~_~~~!-.2.!..Cl!:! 

~~~gu 

I CORE 
RECOVERY 

Bf*5 1 Split tube e~>re barrel 

144 
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Rwt=•u -Jf tc"'-"l•••tloa G ... O .... •-40t GEOLOGIC LOG OF DRILL HOLE SHEET ..• l. . Or .1. 

fEATURE. ~~J.Y~1tY~~lO~t•.~t,.~ ......... ~ROJtCT.~q~·~.~~~~ .~~~ .~i~y .~~~P1TATE ... . C9~9T~ ....... . 
,.. PIH!PX LOCATION.\I'J.Q~l;',~q,J,.5,.~Q~lf.ct:( -~~ .lt•x4' el'1'b'be4 23' abatt. Progm 0 

HOLE o. . .•. cOOttos. "· ..••.......... r. . • . • • • • . • • GRoUND tuv. . .. ro. . . . . . . . . . Dt~ r aLE FROM HoRiz , .. po .......... . 
BEGUN .1~1~~12 ... PINISHID. 7~l5":"72. . . DEPTH OP OYIRIURDIN .• 50,5 ....... DE~*~· .7.4 .• l. .... BEARING ...... :-:-:!"'. . . • • . . . . . . .. . 

.. . ' 
NOTES ON WATER 

LOSSES AND LEVELS. 
CASING, CEMENTING, 
CAVIHG. AND OTNER 

DRILLING CONI.'ITIQNS 

T::J 
SIZE 

,.g{l 

,_ 
• 111111 

o:> 
00 uu 
'Ill • 

PERCOLATION TESTS 
Ill DII"TH ! CI'EIT) 
:t 

LOSS .. 
Fit OM • TO 

z~ 
~-- ... 

I:! .. .. 
~0 

:~= lll!iilw 
~ ..... 
Ill -

a: 

~li 
"'-III~ 
j"' 
a.W 
a~ 
c 

C:LASSIFICATIOH ANO 
PH"SI::AL CONDITION 

-----·-----t-:-~l-r-i-___;~--+---+--+--+---+-_.:::04~d ... "'/e:.._....,.. __ . ____ . _____________ _ f"l ~~~ ~;\ (G.I".M.) (l".t ••. ) (MIN.) 

Depthe are correctec W{(~~ 0.0-14.6: SILTY SAND; ae recorded on 

§:f.~ ,. -~ ~~.~.·1.!_1.:_ §Itr:;::::=-~:· 1 

vertical. 146 ~ 29.6-39.6: GiA'VELLY CLAY 

It" W8 
lo te tl 

WB 
... ~ ~ 

...1- . ::.::•:· 39.6-50.5: CLAY AliD GRAVEL 

DRILL EQUIPND'l' 
Sprague • Henwood 
BW-Hyd, No. 212, 
hydraulic teed 
rotary drill, •kid 
aounted. 

- ... :~/7 Intervale 14.7-50.6 as recorded on 
WS ~"'"' ~ driller' a report; recovered ae coaree to 

20 , ., mediua grained sand and varied non-

0 
~" /' plastic tinea and small sandstone rras­
//~' i ?h. f.. ~~~,., -t menta; angular to subangular; very naall 

DRILLING FWID 

411 
WB ws 

Dolores River water _.-.n-1-+--t 
Salinity increaeed 
&I river level droPJ•d,. 
color remained cle~ ws 

Baled. water suaW:•• 
(Begin or ehitt) _.M-'-~---

Date Depth Salini y 
1012 a::f2S0 

7-13 28 1 
.,1ll1.2Jil 1.J ws 

7-14 27 1 -50' 1~1.5~03 
7-15 26'-41' 180.2x:0~ 
7-15 41' !.1.6' 201.16X.:iflv""'"• ,_,llllool......_--f 

Bxni I 34 
DRILL FLUID LOSS!S t.lftXD~ .... --1 
Interval ~ BT- 15 
0-14.6 0 "".__ 

14.6-24.6 100 

29.6 

~2.1 

·:·:·.::>~·: 

)/.~:i~. 

~i-:. 
fr.: ·.;q: 

24.6-57.7 0 60 
57.7-65.6 100 

~~·! 
:~·~f 

29 ~ ... tf 
~19 . ~~ 65.6-69.6 0 

""1:.~~ =.) .. ~ ,:.. 10~ ~ .. ~i.;~.·.-~.·~ 
Date Hole Depth I 44 ~ 
~ Dept~ to watt r !74.1 ~f~a 
7-l3 39. 1 ~27~.~.6~.~~~--+-N-o-te-!I~C-on-t~n-ue_d_:4----+---+----~TI~~~~~ 
7~14 No drillinc 
7-15 65.6 1 26.1 1 to de~th 74 1. 01~ eection t pipe,only, 

~*r ~·;·~. IO- ;;;,;:l ~~ ~.~1 loo in& va~r :: 
7-12 39. 1--w.b'' bott~ ot C • Dr llinl tlui ~ rec red 
7-13 65 .f' 58.1 1 tor •-ort p4 riod 1ach t C vu iven 
7-15 74 .1 1 65.6' 90 to bo'lt0111 o hole Hol cav. d cont n..-:l ¥ 
Cs removed upon on la •. t dayi,(l5th vithjCs a depthl'65.6' 
completion or hole 

69.6-74.1 100 

to minute salt crystals throughout; all 
material• slightly salty; highly re­
active to HCl; variably colored, 

50.5-52.1: D:S:::CMPOSED SHALE; recorded 
•• drive sampled shale on driller's 
report; recovered mixed with interval 
above. 

52.1-74.1: GYPSUM BRECCIA.; entirely 
radomly mixed structure of light gray 
irregularly shaped inclusion• or ab&le, 
eudetone, lime atone and IYPI'ID in dark 
gray to black salty, SYPIU'eroue aatrix; 
inclusion• moderately to Tery hard and 
..... .-.nllJ' •ptter ~ epre varied 
trca compact to coarsely crumbly; core 
eep.ents entirely rough surfaced and 
~eply pitted; highly tras-ented; 
ainute black a~t crystal• very common 
u.4 veil developed in matrix; white 
ealt coating on eore when dry, inclueion• 
eoaevhat reactive to HCl, matrix slightlr 
though variably reactive to HCl. 

I 
j 

' I 
I 

- DRILL BG srtE I ! 1 1 

H~~4~~~~~·~~~r~~~·wP~~~~~~m•~i~-~~~~-~-!~-~-~-~~~~~-l_u~t~i-~-r~~-a-t~b-a_"_o~f--~-~il ________________ _ 
~- Jl' ·--.. ~--

i 
i 

·-~ 
vith plUj top inetal1ed De•Drive •ample 

[ 

0.4 above ground ST-5' Split tube core barrel 
g~[" WB-Waeh bored 

WB•Waeh 1aaple 

~~1':' :!,~:~· : · : : · · : . : : · : ~ : ~~:'k:~.dc~ : ~:~:·:,'!~'."t: : ~:~:~; ;; ~"h~;·.:·" 
ORf Appro~. oiu of""''' IX-oeriroJ .. E•"' l-1 2". -'• = 1-7'8". '-'• "'2.3..-8", N• · .:" 

RECOVfl('' Approx. oiu of <me (X·oero~•) .. E•"' 7.'8". A.'"' J.J.:II" lh" 1-5/8", H·• .. 2-1/8'' 
Outoide dto. of co•,i.<g iX·U"O'I,' E• = 1 J1 If,' A• "2·1 4". lh ~ 2-7'8", Nx ~"I 2" 
Inside dio. of c"~ing \X-oe•••sl. Ex-= 1.1 7" Ax=- 1-2~ .. l2". B• ~ 2-3·8". Hx- T' 

i 
I 
I 
j 
I 

--··--·---·· ____ ---·-~~~~do 
. PlOJECT .C: • .R •. W •. Q • .I • .P. •... ·'~~:I' .C:Qlo.re.do .. cHI.'ET 1. u" l. •1•1LF •'(• .. DB~2PX 
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' Ill? (9-60) 
Bure•"' of R•ri•••Uon GEOLOGIC _LOG OF DRILL HOLE ~HfET l ... OF •.• 2 .... 

FEATURE.~~~ .V.~.-r:"'~~!J~~!'. ~~~~ ..... _ .... P'RO~CT.P~r~.·J~f~¥f''"-~~t!l.~~C?~~*An ... Colo~ad~ ......... . 
HoLE MO.-~~~~ .. Locu•oM.IT. PPr.·. ~P. ~~- ~:.~~ •. ~6iao~ 1~1v ................ DIP T.::~Pf'JMII·•Ru,. 9.0° ........ . 

T lT 12· COOIIDI. ~"29'72" ....... I............ 't'l 8 1 TOTAL 200 6' -
8ECUN •. -:- .-: .•. ;. I'IMIINID ... - .. :" .....• DIP'TN 01' OVU!IUIIDIN .• 1'1'! •••••••• OIP'TN •.•. ~ ..... II!AitiMG. . ·. · · . · · · - - · 

0f=~;L•::o1kHi ~ftJIID .. ~.e. ~~~~- ~~. . . . . . . . . . LOGO!D IV. 9.·. f'9r!J ••. p,. n:J.lJPQ:r-.oG IIEVIEWF.D BY· · 
:~>- I'l'Y ID , .... z- • 

NOT!S ON WAT!It T::: ... : BALII OP DRILL 1W :~= tti u f~ 
~~~~=~.·~:M~~~'~:: SIZE 88 r,.fr1T, kind ot a~~ !~ ~g s= ~~::~~~Lc~~:ro~ft~~ 
CAVIMC. AND OTHER lu,OOLI'• 111 Saaple :..J Llll 

DRILLING CONt'ITIO~ I"' ·• a: rat TO and 0 ~~ 

I-------......J~-f-r("-J--+-ON-'-+---+-DA:-TI.-+:IC=~:.:....;J.2::.t5.'--'0.=.C......J--+-=O~,:::.O....._~....., ... ..,....~----~"'----- .. --- ·------ ___ ·- ¥- ·-- -----·-i 
Depthe are correcte -~" ·:~--.:·.·. 0.0-19.6: SAND ABD GRAVEL; as recorded 
to Bl'OUDd 1..,.1 fn • 0 :··.' ~ :.·.: on drillers report ; recovered as medium 
driller• uaeurina: - :.~.· ... .-._._: to tine grained. reddieh aand with about 
point 0.4' above WS ~0% non-plutic tinea and a tev ecattere~ 
sround. Hole n•t ·'> :-~-- red aandetone tine gravele. highly re-

:ra::d r!: v~:ct ;~ ~ •~ ::~_:;_.::_.:_~_-· active to HCl. 
.. .- 19.6-27 .6!_: GRA.V!L AHD COBBLES; ae re­

DRill& SliPMIIT 
Spracue • Benwoocl 
1IW H:yd • No • 21.2 1 

hJ'draulic teed rota 
drill, eltid mounted 

DRILLING [S!ID 
Hauled in taak ~ 
Dolorea River 1/~ • 
u/a of 'br14ce near 
Bedrock i elishtlT 
turbid. 

Salinitz §!Iilii 
Bottled by 4rillere 
at a1 te, taken rrc. 
baler at beciD ot 
abitt. Saaples not 
retained atter test 
ing. Other testa 
aa follova: 
Turbid Dr1111na tlu 
ia SWII'D before bail 
.!B&: 
T-25, TAM 33.Txltf 
7-26,TAM 12. 5aJ.o' 
Variation due t$ 
un•cheduled addi-
t1on1 or water trom 
tank. 
River water in tank 
Slightly turbid 
o. 7xl01 

DRILLING FLUID LOS­
SES 
W!£'!!1 
0-23.1 
23.1-27.9 
27.9-200.6 

! Lou 
0 
100 
0 

- ws 
1-Y 
NJt: 

-~ ST 

-• ~0 

•!.Wi W8 

If:xD 16 
8T f---

100 
1----

• 100 

1--

71 
d 

W>c; m.:: -
100 ,__.. 

- 98 
.........._ 

.a 48 

-
92 ....._ 

{Prclbe on 
vat1r eurtace) 

~t 34,j2 7-2f 14.6 X 1i:! 

I 

35 j ~5 
r 

4o I so 
40 ' 50 

45 55 

55 I 60 

I 
! 

I 
! 
I 

i J 
7-29 15.6xlO 

7-26 5D uo• 
7-27 4.0:IU.It 

7-30 19.2xlr! 

j 7-25 ll9.6xlrf 

I 

-~ ... -.-t·­
:~~·f. 
. •. ··i 
.. +·. 

50-:.~~ 
·.j. .: 

·.;.._ "+: 

~f~ 
I
I t:~ 

70 ·.·.'+~· 
~ +.:·+ ... 

-
• -3 L.....,!,6::.<,i5-4-ll·, _7.....,'5'--+~ T·-2""""-'6~5.._..,._6xlL.,.O'J--I I ·.~:~+ 
~ r- I t:t..+.-. 

... t~ , 1 - r~: 
-~ I ! :~~. 
~~ 80 I QO i 7-28 H.bl.ll' 

1 

..,_ :·...:; 
90 il ~Dil J-.><!L.-+-1! ~"--1-i ...:=;a""""-1...-..~-...'-----t I 4':- t: 
~~ I I ,. :.,_·_t?': 

85 I 95 7-27 ' 30.5xlcf I \-;:. 

corded on driller• report; recovered ae 
o.4• aax. Core aegmenta or tine- . 
grained. variably color banded red and I 
yellow aandatone graded to an eaeily 
crumbled conglomerate having yellowish 
tine aandatone ineluaiona in a very f 
poroua coarse reddiah sand matrix. poorl~ 
cemented with thick sott. red coating; 

1 

acattered small tree gypaum crystals 1 
throughout interval; core aegaenta high! 
fractured, mixed with aubanauJ.ar eand 
and gravel size particlea; highly re­
active to HCl. 

27.6+-27.9: SILT; 0.2' length core aeg­
ment -or gri t~butf tan. low plaatici ty I 
tinea; slow reaction to HCl. I 
27.9-30.1: SAND, GRAVEL AND CLAY; as I 

recorded on drillers report; recovered J
1
_ 

as coarse to tine. reddiah and gray 
sand, crusty when dry, trace or salty 

1 coating, highly reactive to HCl. 

30.1-30.4: SILTSTOK!; 0.3' length core li 
segment ; moderately bard; irregularly 
highly fractured with iron oxide stained 
aurraees; highly reactive to HCl. 

1

. 
30.4-33.6+: SILT; gritty; buff tan; com­
pact core-segments but eaaily crumbled; 
low plaaticity tinea; highly reactive to

1 HCl; lover contact highly fragmented I 
and gradational with interval below. , 

33.8+-41.6+: BRECCIA; entirely randomly I 
mixed atruetuH'Ot"'brovnbh to varied I 
gray, irregular incluaiona of aandatone, 
shale and gypsum in porous matrix; 
inclusions moderately hard and matrix 1 
ca.paet but crumbles easily and baa J 
many irregular ~ vugs and partially , 
interconnecting channela; highly !' 
fragmented; core aegments entirely rough 
aurfaced; highly reactive to HCl; 
alightly salty; both contacts are 
gradational with adlacent intervals. 

NxD 162 I I i +~--~~ 
BT I : I ~--+-.-

1----~----L!:!.~--..L.--.1....---L--...... ----E---Jll~i>-1---,-_,.-_A'--T-I_O_._N~.:..:.JI..A..-------·----·----------·-! 
WB • Wuh bored ,-

I
CORE W'S • Waeh Sample , 
LOSs ST • 5' aplit tube core barrel 1 

, ~!r. :! .. ';:~·: . . . . . : : ... : . ~: ~~~r:~ .. c~ : ~::.:~~.~~~~\.~ : ~~~:~; .. i ~;;·t~ ~~ 
REC~~~~'r I Approx. siu of hole (X·•••~••l .. E."' 1-1-;?", •~ = i·; .s:; lh -~~-~,a::, N:. • 3'; .. 

Apprcx.oizoofcore(X·••,••)--E•=7/8, .. AA=I- .. 8 . .' s,.., -} .. - N•-2- -,8 .. 
Outoldo dlo. of ~aslng (X-sori .. ). Ex - 1-13; !,6 ..... = ~-· ~ '.. ax "" 2-7. •.. '''- ,.3:! 2 I 
lnoido dla. of caoing (X-sor~os).- Ex ,.J.1

1
2 , Ax'-' 1-29-12 . ..;.., _B_•_·_2_·_ll_a_.:._."'-~-·-3---------·-------Sh_~_e_t_~~--?!_~_6 __ ,= 

STATE. Colorado SHEET l . OF--~. tlOLE NO DH-3PX 
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···l'l:l":'t"'·ft.olijo) 
fllw~•u · f R.,.., •--uo" 

NOTES llN WATER 
l.tlS'>ES AND l!VILS. 
f~A~ING. CEMINTIMG. 
c • 'liNG, AMI) OTHIR 

O•ILLING CONt'IITIOfCI 

ST • 5' aplit tube core barrel 
r...r;s' ' 

HOLE 

i
co;rr: : 

. . j ~, r,c ,f ~ 0 , 0 . . • .•.• D • Dl-"nd, H • Hayototllte, S • Sohat, C - C' c 

Ilia • ,..,lod . . .. P • P-lo•• (..., • C_ • .,, ... , c. • .. ,, • ..,of <o"~ 
Rl!:< ~~~~.,. AI>P'""· •· u ot hole !X·••"••l . f• • ! 1 .r , A a ~ 1 1:.•::. Ia • 2-J~a:;, 'h - : ~ 

SW.f'T 2 
.. ' ......-~ ..... ---, 

i 
'I 

I 

•"L • ':!•''· '- l·t;•· ."olO 
~ ;.., .. : ·~ l • J\ ';•t ; !;~,· 

.. -- ---- ----
-1.6+-200.6: GYPSUM BRECCIA; entirely 

d0ml7 lllixed strueture of dark gray to j 

! 

lack irregular shaped inclusions of share 
•aadatone, gypsum and limestone in a i 
lack salty and gypsiterous matrix; : 

inclusions moderately to very hard and 
trix generally softer; core varied 

traa ea.pact to coarsely crumbly to 
elaylike; core se~ents varied fTom 
•ntirely rough surfaced and pitted near ~ 
top ot interval to increasingly smooth 
and el&T like at bottom ot interval; 
highly fragmented; minute black salt 
cry•t&ls common and well developed in 
upper portion ~t interval, lower 
portion is as salty with few to no 
crystals developed; white salt coating 
on eore when dry; inclusions generally 
reactive to HCl, matrix slightly 
tho1J8h 'ftriable reactive to HCl • 

1 o:.",ot• d ... of"'""" )( ....... 1 e: •• , n '6" •· .. 2 1 ,... •• .. :r-7'1 • ,, ; ; · L A11, o•. ~••• of,.,. 11 ••""$~. E• : 7 I A. • 1 I II , Ia., 1·5 I . N• • 

--~.,. -f 0 t;.f f"t:IIJ,.l"'\C. J(~~ettet £ • .Z ~.! 2 , A..o .~I 29 '12''~ .... 2-1'8" ~ .... • -· ... "'-------...... _ ---·- ~ Sheet 45 of 66.J~ 

FE!>l.H!!.. ~aradox Val~•T-~loz:e~ River ''i<OJfCT. ~WCUP .. , .. ,ft- Colora~ '>hi'="! 2 ::;• 2 ··c; ' ., DH-3PX 
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• 

....... _ .. , ftaftl tv.u~ LOG OF DRILL HOLE $HEf f 1 ·.• 2 
_M _____ l 

' I 

f 
11> l--li.._IM,ii~L .. JW41kM·*•.J•llf'._M~JDrllllil.l~n.(.&IL'IIl~l~~._ ....... ~ ~ ~f u ~.~ ·1 

HOltS OM WATia T! .. PJI .. : -1• [- --
LOUES AND LIVILS .. •o• ···"" n .. of .. .. . -r_ i~ ":":· .... :..: I 
CASINO, CfMIHTIMG: Sill 8u IPIIfl lllllla} ~1-!!: D o.0 ~"' ;7~:~~~:~c:~,~;;;;: ::!· 
CAVINC, AND OTHIR J.P. .• ID4 ICI !-' ~:!;~ ,. 

DttiLLIHG COMPITIOIIS mK-11\ - ....... 

l-~--------------~--~~'~~~,...~~--'-o-+~Da~t·=-~2_5_._o_c ____ - ~-----+----~~-· ~ J 
Depth• ue trc. 111 
sround le'Yel, tu ~t•tl 
Muurins poiatll .. 
uaed by the driller 
Hole not •urYer•d 
for deviatioa.,it aa ,10-
'f'Milvw.-t...t. 
tltiLL I 
Bpracue • BenWDOd 
NW Hyd.No. 212, 

WB 

VB 

hydraulic fM4, rot~-
drill ,skid 110\Ulted. »-1-1---1 

DRILLIBG FLUID 
Hauled in tau troa 4 

Dolore• River ~ ai 
U/S of bri~ near 
bedrock;llisbtly­
~urbid. -
SALilfiTY ~ .., W8 
B&ied ... ~ttl cl 
b7 driller• at 'beci 
of shi f't • Drilliq 
fluid te•ted at col 
lar by C.Rorvik.SMII•l•• 
not retained attar 
te•tins. Other te1t 
al roll~: 

ws 

Di fterence noted in 50 ~ ~ 
condition of a •~ 
ple;f'luid 100'-105' 
vben clear 6 settle 
teated202 .1x1o' ud 
when atirred vaa 
IINl'ky,black ud 
f-•ted 232. ox1o• • 

8-l:River .. ter ia 
water truelt tllllt• 
o. 7xla' (aurty bron 

ws 

ws 

-

I 
! I i 
I 

I 

(/~ ~do~io~l·l~e~.~~;;~~ ~D; u recorded on 1 
v::.-_· 4 1"1 report;recovered as tine to ve~ 

tine grained • reddish a and with about lo %; 
: ·: •.: .:· non-plutic fine• ;llightly crusted lumps i 

tO- U:.< crumble euily;higbly reactive to HCl "'1· 

v 
1 K-
1 - -:. /.-

I­

I 
20,0-25.0!FAT CLAY;aa recorded on drille~ 
report;recovered as lump• of highly plas; 
tie clay with high toughness and dry 
l•trength; dried lUIIpl very difficult to • 
lcnable;hishly reactive to HCl; (CH). · 

(~be OD I ~ • 
) l -;.-(~ 25. 0-40. 0: CLAYEY SAND ;recorded on drillelf 

inl.ter eurf•t• i ;:::~~ 
8_2 rio.ex1o' 1 1-"'~/~ repcrt as •and; recovered as f'il'e grainet 

~...!2~~~~~~~~~---~>--------jrr--f,x~_~-77. -~:, reddish •and With moderate to low plasti 
! i (~_;;.1ity;dried lump• eCbl; fairly euy;high 
1 

1 
,. :'iSJ 17 reaetive to HCl; SC , ~ 

"t 25.~ 
I 

! 
i ' 

l i 
j 

I i 
I . 
I I 

~45 i ~I) 18-1 
I I 
: I 

I 
i 
I 
I 

I 
i 
I 

i j ·._;, 40.0-80.0:SABDY LEAN AND FAT CLAY;recor; 
: _<; ~ on drillers report as sandy clay; recove 

! ·-(_-) u lov plasticity clay with moderately 
! .a ··(.'-) hish plasticity clay zones at 40."'-43.0'• ; 

1-----+,-.....o-~--~;_;..;,:Tr.:i~~!..l. 50.ct.ss.o' and 70.0'-76.0' in which lumps · 

1.:~~~-:'·.~_.:.~_.:: h
1
ta:!n:dera.tely high toughness and dry 

~~ r £5 e~h;f'ine sand throughout entire 
<!!2·'? ~' linterval;highl.y reactive to HCl; (CL}. 

;;fo.i 
50· r.:--:7 :1 I 

;~~~! 
! .~~:~I L().. -"'''' 

li/,; 

I ~-'y/. ' 
;i/''QI . ~ [-;:_,. I ! "0 >f-'7 ;_.:1 

ao.Y-ws-+--'-'=----=.:::._.+-=-..:::...+-==-.:..::==--1---t-:
1

• -10 ~,'-·_:_-·_-_'_
7

-~-.-_·_,_._~_:; __ f_,'l ~!~~=;:: :·~~:~ o:,.:~!;::gul.,. 
T" to aubangular ,igneous and metBJIIorphic rodlt 

type,varigated color from white to black. 

I t ! 

l i 

! 
i ~Baled) 
i 8-2 jll,lzl.01 

! 
:!~r!!{ !'LUID~ts :f : .i'.:--J\. ~~~~~.~=i~e~~c;~~il·retained with 
0-70 0 - J · · aand inteMir above;dark black 0fairly high 

PQ-91 50 "} ' l 68,0 {::-.-::_.·.: dry strength and toughneas;difficult to 

! ! 

I 
(Baled) 

91-96 100 ijCs ~ tcrumble by hand;very lov to plasticity; 

96-118.5 50 ,:~ ; -• .• ~1~-~---.~_: __ ++_._·:~_:·t~_;_. ,~::~i~ ~~e~C~~en vet or dry; highly 

8-1 2.lxl01 

I ~~.r ,.90.0-94.7:GYPSUM BRECCIA 0ae recorded on ' 
;~L{~; driller• report;recoyered as rraamentso~~ 

I ·+·+·A· dark gray to black limestone n darker tu~d 

I 
1;1 ··+. 1softer matrix;highly reactive to HCl;.hai!l-

1-----.------'-----·-~ lqq_ -l:. +A.! 11 'pe nuh t.iJ.l&d. ltith . .Jorbit& a&l.t. .. c~s. ! L~~~_: ____ ;_,_"! 
-· 

t WB-Wub bored im: 
~-,c~~~~Y 

WB•Wa•h a .. ple 
ST-5'aplit tube core barrel 

TtPP of hoi~. . D -~ Oiomoncl, H • Hayot•tl'•- S ·'Shut, C.- Cl,.,,~ 
Hol• ••"led . . . P -.. Plllt-lir•r. c..,. • c...,,.n•t-d, c. 8' lettom ol r<at;:tnoj.l :::;::: :::: :: ~::: :~.:::::::- -~; ~ ~-~-r· ::: u ::::: ::: tt:.:. ~: ~ ,_ ~ ~~· 
o"''~ro•d• ~In -;a.f t:al:ena I ·: ••• r ... ~. E• ~-· 1-!J .. l6 ·. '•.;.: 2·l •. • ... .: 2 .. 7 ,. ~·-- 1

·• ·:f 
~----'-':..;.'::.:."':;J".·..,.::dt!:r >t .. •n•r-g ,. +••••j ~:..~!:....._·~--:.:_-~~~-~~-.. -:·---~ ---~---~ ... ~ 
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r"~w.~·~~~~~·~·r~~~-~~~---------·~·~o~e~M~-~··~·---------I~~~~~~~~~~ia!Q~J~~~£~----------------~s:H~E!f!T~. -~2~-~-~-~0=~~~2--, 
"ATUitl. l'W ..... Y.UG'-!'~ ,_,_..,.. ......... NOIICT. -~~ ..... ....-~ .• t.e.r. -~~~7. -~~·ur .. ~9~!)r$ ... _ . . . . I 

MOL! MO ..... ,.., .•• ~~~~~ :~~~·~ ~ ~ --.~ .. TOT~L.. . ... DIP (A/1~:=,_.., 'tORIZ) • ~~- . . . • . I 
IIC:.•!;• ./'1'~72 ... PIMISMID ••• 8-t2-t'f2 ... DIP'TH OP OYI.IU.DIM .tQ.,, ........ DIP'THJJ.8 .• .5.. IUIItiMG. ..... . 

D~,~~LA:Bcfkf¥iVr%tJIID. -~ -~~ .~.,......... LOGGeD IT,«:; •• ~ -- J: •. K;elle.r ... LOG RE\'IEWFD IY. p_.Jtpr,l'ilt .. 

NOTIS OM WATI• 
LOSSES AND LI!YILS, 
CASING, CIMINTIMG, 
CAVING, AND OTHI. 

DRILLING COMDIT~MI 

CASED ll'l'IRVAL 
te Role n.pth 

2 Deptb Cs 
30 30.0' 30.0 

7·31 8o.o• eo.o• 
8-1 118.5' go.o• 

2 111.5' 9Q.O' 
o Ca 90.~118.5' 

n SY.P•ua zone,core 
as very atielcy and 
elled(due to aet­

linc) into split 
ube core barrel Ul 

uldn't alide out. 
RILL SITE 
vel aandy sround 

n area cleared ot 

r.euevood bru.b in 
ut Paradox nood 
bannel. I 

fgCOLA.TION Tl8'l'8 ll 
liOiie aad• • 

I 
! I 

=·;; . = ... ~~~. 
Ill -

I 

I I 
1 ~ 
j I 
! . 
I I 10 

l 
I 
I 
j 
I 
l 
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:It" ~~ 
.. 'jj ~ ..,., 

:Eo 0~ Lo 

="" u 

Ill: 

2o 
..,,! 
WI-
..1"' .. ... 
;al-
~ 

4. 7 -u.S. 5: GYPSUM BRECCIA ARD MARL; "I 
anda.ly miae4 cl.v-like zone• and dark 

q to black 1neplarl;y shaped incl1r 
ions ot ahale • .,.ua and liaeatone in a ! 
lack 1alty .ad 11Piiterous matrix; in- f 
lueions moderately her• with matrix f 
ner&l.l;y softer; core varied trom com- I 
t to eoarael;y cruably with clay like 

ones in lover part ot interval; dried 
urtaee covered vi th vtli te salt ; min-ute I 
lack salt er;yst&la formed in upper part 
r ~.gener~y highly reactive to 
Cl with lesser reaction on areas or h_eat 
alt encrustationa;vaxed samples ot core 
ra. 103.2 to 112.0 yield very •trong ,. 
dor ot HaS gu;vued 1uples above and 
low tbia interval ;yield very little to 

o B2 5 odor. 1 

i 

·····-··--. ------·- - -~- --. ----~ 

,T ~ :• Colorado · .,f' ( r 2 :' • 2 -.."·., t ,,,. DH ... ~PX 
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7-1337 CWtl .............. _ .... HOLE SHUT .. ~ . Of" . 2 

NOTIS OM WATII 
LOSSU AND LIVILS, 
CASING. CIMINTIMG, 
CAVING, AND OTHII 

DIIILLING COMO.TIO~ 

Depths are correct 
to croWld le•al 
driller'• ..-.uri 
point 0.5' above 
ground. Hole not 
surveyed tor devia 
it aay 1 tl"om vertt 

DRILL EQTJIPMD'l' 
Failinc 1500, hy­
draulic teed rot 
drill, tructmo*at 

DRILWJG FLUID 
Hauled in tank tr 
Dolores River, 1/4 
u/ s of bride• nev­
Bedrocko alichtly 
turbid. 

SALIIITY SAIIPLIS 
Bottled b7 Drille 
at 1!11 te 1 t&ken 
baler at Delin ot 
shift. Suplaa 
not retained 
af'ter teat!.._. 
Other testa u 
lows: 
S-12: River water 
in water truck t 
o. 5xl01 

8-15: Baler saaple 
~5'-55' yellowish. 
65'-75' greenish. 
90'-100' black, 
trace HaS· 
125'-136' (first 
bale from bottOil) 
black, atron« 

rft<* TO 

:.~ za= tw u • I zt i\;0 ,~!!:. Lo 
~.J 

"' 

¥ 

.I 
j 

LOG R!VIE""EO IIY .. • C .• J'l. •. :Ror~ ___ :_ ___ J 

f.., 
.... ! 
..: ... 
..J"' 
lL'-' .... 
~ 

---· ---· --- --- . ------ - ' 
0.0-9.5: SAND AHD GRAVEL; aa recorded 
OD drillers report; recovered as medi UJil 

to tine grained sand~ mtilti-eolored 
reddi1h to light gr&7 color; 'lightly 
cruated lumps crumble easily by band> J 
moderately reactive to HCl; aurtaee j 
or cround at drillsite is medium to fine 1 
crained red silty sand with a rev scattered 
red l&ndstone gravel-sized fragments. I 

I 
9.5-19.5: SAND; as recorded on drillers ~ 
report; reeo;;red aa medium to fine ' 
grained sand; multi-colored reddish; I 
sli!htly crusted lumpa crumble easily by! 
hand; moderately high reaction to HCl.(sr) 

19.5-69.5: SANDY CLAY; as recorded on : 
drillers report; recovered as medium to j 
fine grained; low plasticity; vari ... ,fdt 
reddish color to gr~ish-white in lover i 
10' of interval; highly reactive to ! 
HCl; interval 39.5-~2.0' moderately bi&hl 
pla1ticity; dried lumps crumble vitb 
difficulty by hand; {SC) 

69.5-75.5: SAKD. GRAVEL AND COBBLES; 
recorded on drillers report as gravelly 
clay; recovered aa well rounded, rine 
gravel in interval 69.5'-71.5', composed 
or medium grained, multi-colored igneous 
types with no reaction to HCl; interval 
71.5'-75.5' is medium to tine grained 
sand; large amount of py!rf.te throughout • 
dark green to black color; non plastic; 
no r ... tton to HCl. 

75.5-90.3: SUDSTOBE; mediUID·grained; 
grayish-green color between 75,5'-8~.5' 
black between 84.5'-90.3'; .oderately 
bigh porosity, indistinct grain size 
planes at angle of 55° to core axis; 
no reaction to HCl; variably fractured 
and cr'UILbly tbrougho'l$ interval; core 

H&S odor. 
l25'-136'(Secoad 
bale from bottom) 
black, moderate 
HaS odor. 

I fragments lea a tban 0 .1' to · 1. 5 1· long, 
average about 0.3'; slightly salty to 

...... ~-··· I 
I 

I 

90. 3-96 • 0: )(!JDSTONE; dark gray to black; I 
cnably to compact , vi tb hard irregular 
trasments; no reaction to HC1; very strong 
salty ta1te. 

t----r ___ _... _ _..___,_,~:..._.-.:.::.:::~.o:::.~;...o..;~~:::.:::.-L----·..:1:..:.0~0---6;,;;;.;.;.:;~~-------·-- ---·-·--- .. 
VB- Wash Bored DS• Drive Saaple !...!..!...:. ~!!..u.J..CU' 

i 
-···--1 

I 
I
'I•COAL 

1
. WS• Wash Sulple RB- 3-~/4" Rock Bit 

LOSS ST• 5' Split tuba core barrel 

~ 
I ':"~ ... "' '-'• ' . ' ..... ' . " • Ooomoncl, H - Hoyste!lite, ~ ... Sh .... c .. c~. ..... 

CORE Hol•.•...,led . . . . . • . . . . . . F' • p,,~~••· Cm • c..,.e"t•d, Co • ll .. tte.n. o.f eaot't'J 

ECOVEPY :::~=:~ ::::::::: :::::;:::~:: t: ~:.~·~··. ::: U'.,:::: :: ;~ r:t:::: =;: ~·; '8" 
O~>to•d• d••· ef c•••nv (lC·••.,••l· E""' 1-ll'lit", A• ... 2; .... b• 2·7 I", ~1. J.f 2' 
'""de Jia. af ca••nv (x .... ; .. l · h "' 1-1 '2". -...!!...:...!.:"~.!:..~.:._~~---· ··-··. -----__ . -· ·- ·-. 

PRO J!'CT .c.RW.QIP <HF.£T . l. o~ 2. II' ... 
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7 I 'l ('l-69' 
ih,.,, •. , d .... ~Jo~~.,...u,..n 

~ ............................... ...._.._.._.._ ..... _._..l 
nATUJI .. P~~~~.'V~~"~l:~Jr .~-\~ ........ ,.OMCT.~~ .1\l.W, .~t . .-.. 'lu:&l.i:t)'.lJI.P.~va,p·hATf 9olorado 

HO DI-5PI LOCATION .••. -~~ .9., ,ltQq'····~( -~LI'I . .~ulq 9no_ LE NO ....... , . I . . . . • . • . • . . . . or .. (,.,..au;. f'ROM ,f,"'W7. 1 " 

COCMlDI. ~ · • • • • • • ' · • • • • · • • ' • • ' • ' • ' · TOTAL 
. i 

IICUN. ~10-T? ... PINISHID •.. ":'l~":'T~ ... DIPTH 01' O'IIIIUIDIN •• ~•.q ....... DEPTH •. 1.~6 •. 5. 
i 

.,.0_f_[_~_~_L,._:_~_o1_~_!_r_e_~_'e_%_tu.,.'l_l_o_ ..... _s_"_·_-.... ~--_11_••_._be_._~_._._._._._ .. _._._._L_oo_c_r_o_•v.,_ .. _J:_ •. ~_·.,...~ __ •r .... _·_·_·.,·--r-L-o:_~~~~:_r:~._:~~ ... ~~~:..v~.' .. _: ___ _j 
~ W.IIM_ (#__ DIIJ:LL .nmP >.C~~ z.: • f 

NOTI!S OH WA Till 
LOSSES 41<40 Lf¥1LS, 
CA~IMG Cf.~fNTIHG. 
C.t.'¥1NC. ANC DTNia 

DMILLIHG COHriiTIO~I 

TYP• Mllll II til !i ~u r ANO •
0
> Olf'TM !' {DD4 of Ill 111 111 111 :r. 

Sill 8u tfEETI I S..ple) Mit-!!: 0~ fg ~b .f:~:E~~:_cg;~;!;A~~: 
~~~ : --r-- IID4 ~-4 ~~ J. 

.. w.t'TD'"Lg ~A 
1, 1 nta. To ~-:Z~!_a_,_•c_+--__ ._1_o~ ..... ___ :l:...,... -------~- __ -------------· _.. • . 

~
l:di ~ 1 

:: :.:·:.-: 9Ei. 0-107,5: SA!IDSTONE; medi Ulll to fine I 
~ (Bal .. ) :·:.::.:·: grained; hard; black; intervel 100'+ -

93 108 6-14 180.0x1o' ....... · 104'+ indin!nct grain size planes ;:t 
(Besin ot Bhi ) 

DATE HOLE DJ:Pl'R 

~ 93 108 8-14 222.1.111o' 11n? .. 'i• ......... aag1; ot 55° to core axis; abundant I 
•t-..,_-!:!.._4-~::::.f~:!:+!!.::..::!~-1---f"'''"'-"'""tr=-::-::-:1_~ pyrite Cl'J'It!Us; variably floacture~ and 

10~ ~ I t---.-...,.1 .... •~f.;.;·:~_::....;::.-..,·. crumbly frapents less than 0.1' to l 

~ Depth Water 
-s:IT 19.5' Dry 
8-12 49.5' 28' 

79 I I ruo.5; _-_-_:_·~~--: 1.5' long. average about 0.3'. 1 
_ ~ _ : ::::·::::: 107. 5-llO. 5: MUDSTONE; dar II: gray to b1act;, 

10 I I :·::::.::.. non-plastic; so~y feeling when vet or 

8-13 75.5' ' 
8-1~ 107.8' 25' 
8-15 136.5' 25' 

~ ·:~.: :·: :.. dry; c11tficul t to cTUDlb1e by hand; no 
j 120 ::·::::·.. reaction to HCl; indistinct grain size i 

CAS!D Ilft'!RVAL 
Date Hole Depth' 
.!ill Dtpth ~ 
!=10 19.5' 20 1 

6-11 49.5' 40' 
8-12 75.5' 76' 
8-13 107.8' 80' 
6-14 136.5' . 80 1 

lOC · J.... ... .... I planes at angle of' 55° to core aail. 1 

~ I I I! :::.:.::::::_:~ i 110.5-13.1.9: SA.NDS'l'OQ; medium grained; l 
69 

: 1 I 1 :·:·::: .• :· 11104eratel.y bard; 1110derate to highly poroTs; 

I 
1 :·:::·.:.::. dark gray to b!ack color; no reaction to

1
· 

! 1 ·:::::.:::: HCl; 8 1"+ open fractures in ~.nterval f 
,__ , 1 1 :::.:::.:· 116 .9-131';"9• filled with large clear tab 

1 , (Baled) r--f--......,...=-.. -=· .. ::::"oi· ule.r gypsum crystals having many minute,. 
130 1136.5 8-15 i 182.8x1o' J131.9 ::- =. interconnecting worm-like water pauageal 

90 130 jl36.5 8-15j161.8x1cf h36.~-...:~ 'fracture fillings are inclined 25° from : 

~I~·Ifr'I-~JP 8C I ! : ! ~~~~~0~~~.;~ i~~:~=i~~:;: g~:~=i~~:i: I 

psi black pla1tic • 1 I ! 1 UD and 125.7-126.6; 1-1/2" traetur@ i'illinsl 
pipe Yith pl\11 top i I about parallel to core axis 131.7-131.9.! 
in•talled troa 0. 5 I I i I 
above sroUDd to I 1 I 131.9-136.5: SILTSTONE; dart. gray to 
depth 135.7'. 1 black; moderately hard; no reaction to 
Two 1-9/32" DOIIliDaJ r I '· I i HCl; chalky and very salty taste. 
ID vhi te couplings .50- 1 

1 
~1 

1 1 

at 96.4'-96.8t and j 1 j I' 

123 .1' -123. 5 I • 85. ~ '- l I I I I 
;~5J~hp::!ofi~~d+t ach l I l . II 
holel. - ! 1 ;_ i j I 
CHARACTD OF DBILLI G, ,. I I ! ~-. ,, i 
Overburden drilled i 1 I 
fairly ea1y. Dril ltd ! ! : .J :'.·1 
vi th 3-1/4" rock • 1 ! l 
bit. tor ea1e ot C1 ! i I 
drivinc. !an out 70-- ! I 10 !1 
ot 4" Cs and had I I J' ·,: 
to drive lxC• 70'- ! 

~=!~i/!i!piq lidj 101 : ! I I i 
hill near ba•e of i aoi !,- I 
low ridce. 20' 
North ot county 1 

;:gOLAtiOI TESTS ·j : 1 1 ~ ! 
I Jio packer te~ts ' 1 !' i ! j 
I made. Hole llllr.ing 110. 1 9<' ! 1 1 i 

water trom bottom J ! 
1
• t 

of Cl at depth l -1 1 1 
80.0 on 6-15 • , 1 -1 

~vh~i-1e~b•~i-l-ina~-~-~1~~~l~:~~~~'~~~~~--~~~~~~~~~lL __ ~--------------------------J 
I
! E X P • A N ~~':! 

: r!~?,f~ ;I 'I r .. r~ of ""'•. ' . • • . . D. Dlarnond. 1·1 • tt .. , ••• u .••. s • ~"·'· c - Ch~on 
"·)RF. H•.·'• ••olod . . _ . . . . . . P • P.,c•••. ( ,, • Cement-.!, C• " 8"'""" "' cas1 '1 

t;(.,<lVF~Y !~;:~:: ~::: :: ~:;: :~::::::::. ~=: ~-l_,;?"· !: ~ ;-r:::: ::: n:-::: ::: ~.; 8" 
'n d ·· I )I r; F. •n 16' -. .•• ,1 ,._ Bo•l-7:1". N••'l·' 2" 

----~ j i~~·.:·. ~.:'."~t~ c~r~~~ .. i~- ~;,~~:,)>.·. L. ~ , . ~ ·2··. " .. ; i ::~. J·~··. ~ ... 1-J a··. fohc .. :,· 

F "" r mn P.&J"IA.ox Vallay~Dolore•. River . . I>ROJECT .CRWQil! . . . . STATE Colol:'ado .. .-·: .. 2 ·' a Ho• ; :. DH-5PX 
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7·1U1 (9·Ul .Ce ..... 
•weau f';f l:ec.:l• .. u- SHEET. . . . C.F . 2. 

fiATUitl .. Puadoa .Yallq~vtt ~~V . 't .. 
1 

. PROJ.CT.~·-·~· .~.t.e,, ~~~7'. ~~!l~~. ~CWift ... 9C?~C?~a~o. . . ... 

DB Lft LOCA TtON. . ,-1; ' .~ ... ,q . '· "")JIM . IJM6 ., 90o 
HOLI NO. - · .... CO&MIDI. N .. 6aa.J,a8 ... S •. •. I. J.Jl!,S., .... ~ ILlY ..• .:I'::;~L .. , .... DIP rA,NGLE FHOM RORIZ l . . . . , ..... 

II!GUN .l":"?6":'73 ... PIIUIMID •• 2 .. 23 .. t3 ... DI .. TH OP OYIR8UROIN ..• 81...0 ...... DI,TH.l$2 .. 0 .... IUitiNG •. · 

DlltTH AND IUV. OP WATII 
LIVIL AND DATI MI.UUIID. An••tu ..... MMa lla1.- LOIHDOV •. .C .. ~ ..•..•...• LOG RI!:VII!WfDI'f ... ·. ·. · · · 

NOTIS ON WATIIt 
LOSSIS AND LIVILS. 
CASING, CIMINTING, 
CAVING, AND OTHIIt 

DIIILLING CONDITIONS 

Depth• are holt 
1roUDd lnel, the 
aeaauriaa point 
by the driller•. 
Hole not •urT-.red 
tor deviation, it 
any, trma vertical 
DRILL IQUIPMa'l' 
P'ailins 1500, byd· 
raulic feed retary 
drill, truok 
DRILLING FWID 
Pumped troa river 
SE of drill •1te, 
•lightly but vari­
ably turbid. Te•t 
tor •alinity with 
conductiTity ..ter 
1-31-73, 0.5zl01

, 

temp 76. '· 
S.low delltb 175 1 

u••d 
forwation •&l.t 
recirculated rr.. 
a pit to le• .. a 
ero•ion ot bole. 
Below depth 185' 
aixed var11t4, but 
thick a.ouat• et 
Lolou eo.,ound in 
the brine pit to 
l•••en collap•e in 
the drillhole. 

at site, takea at 
C• collar duriac 
drillins. aa..le• 
not retained atter 
te•ti~~g, 
DRILL FLUID L08US ~,......,._,~ 
Interval t:L!!! 

0-10.0 0 
10.0-20.0 50 
20.0-58.0 Arte•iao 
58.0-60.0 50 
60.D-l20t Art•·~ 
120-192 0 
Note: arte•ian 
effect inerea•ed 
with depth to a 
flow ot 1~ IPR at 
collar from depth 
104 1 t. Below 104't 
eff~t r..ained 
level with the 
Cs collar, 

RB-3'1;" Roek bit EX .. LANA TION 

gpa•gallon• per minute 

CLASS.,ICATION A,.O 
PHYSICAL CONDITION 

· 0.0-20.0' ~; aa reeorded on <lriii~;.;j 
report; recovered as fine to very fine I 
quartzo•e, light tan sand; (SP). 

20.0-58.0: SAND AND GRAVEL; as ~ecordedJ 
on driller• report; recovered as follow : 
20.0-25:!: as fine to very tine quartzose 
li1ht tan sand; 25t-30.0 as medium to I 
tine quartzose, gray sand; 30.0-40.0 as 
aedium to fine quartzose, ligbt gray te> I 
vh1thh .. nd with 3/4"· maxim\Uft size 
rounded gravel and frasmenta of wood 
root• near depth 40; 40,0-58.0 as fine, 
~&7 sand with brown clay lumps. All 
•aaple• moderately to hishly reactive 
to HCl. 

58.0-68.0: POORLY GRADED GHAVEL; record 
on driller• report a• hard packed 58.0 
to 60.0 and very bard packed 60.0 to 
&1.0; (GP); recovered as follows: 
;&.o-60.6: Coarse sand-sized, angular 
black and white roek chips. 60.6-63.0: 
aub ... rounded to sub..angul.ar fine to 
coarse •ized, max. size 0.2' core seg­
ment. entire1y hard, igneous rock type 
composition, gray to black stained. 
63.0-68.0: Mostly fine to =edium natur 
aand with a few gravel ... sized shaly rrac 
unts ; at a! ned gray. All gravel umple 
lev to moderately reactive to HCl. 

68.0-70.0: COBBLES; as recorded on the 
drillers re~ecovered a• 2 eore 
segments, a 0.3' length of bard sand­
stone and 0.15' of a hard igneous type 
with remainder ot recovery as freshly 
worn rounded. sravel-aized trapenta in 
interval 68.0-69.5; $Dd medium to tine, 
sray sand and angular rock tr~nts 
and thin chips 69.5-70.0; low to moder­
ately reactive to HCl. 

70.0-81.0: GRAVEL; as recorded on 
drillers reporr;-recovered aa medi~ 
to coarse aand-•i•e4. aQIUlar fragment• 
and thin chips of rock in-interval 70.0 
80.0; and fine gray sand with fine 
sravel 80.0-81.0; low to moderately 
reactive to HCl; (GP}. 

WB-Wa•h cored 
WB-Wa•h •aaple 
wt-Wire line aetbod 

EC•Electrocbeaical unit• eapressed in aieromhoa of specific conductance. 
·c-cent111'a4e 

~!r. ::...~· . : : : : : : : : : : : : : ~ : ~~=~de~ : ~::.:·:.'!:.:·e:! : ~~o::~: of ;:~·.·:.!! 
Approx. ai .. of h.la (X·aarial) .. E• "'1-L'2", Ax • 1-711", I• • .Z-3/8", fob • 3" 
App•••· •i•• of cora (X·•••i••) .. Ex • 7.'8", Ax • 1-111", lx • 1-5/1", Nx - 2·1'8" 
Ou+oid• dia. ol ccroin ·•••i••l· Ex = 1-13 16'', Ax • 2-1/4", I• " 2-JI';I", N• "' J.J 2" 
ln1ida .. Ex "' J,J '2", -'• • 1-29/32", I• • 2-l/8"', Nx • 3" Sheet 50 of 66 
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,;.!;:!~ ~~~·~~!.'t~~u,n &" 0 11• ·••• CI:'N IVliC LOG Of DRILL HOLE ~HEfT. · ·2 · · · '">r 2 ... 

I"EATUPE -~~.e4.o.-. :VN..l.er:--~J.PJ"Itii.~S.Yir ••••.••••• PROJi~~ ... ~~~~. ~~~~~- ~~~~- ~~~~~~: -~~grMTE ... Color.&do ..... 
DR-6PX LOCATION~ 9\.JS,.fi ... ~9.'11. 9f. fJYf:f'HM. ''~~'~l~~'~ T 90o 

. j 
HOLf NO. . • . . . . . . . ,..... 6~2 1-.il S E l 035 ~1. 3GitOUND ELEV ... 9~ ~· , •••••• DIP (ANGL!t FI«)M H(lRt7.) . . . 

6- . . C ...... DS. N. ,.. T '""'" . . . . . . o t7V"• TOTAL I BEGUtl .1."':~ . . 1.3 ... I"IMISHI!D. ~~?):-,) .... DEPTH 0, OVIRIURDIM .. ~). •• 9 ....... DE,TH ... l.9?r0 .. BEARING.··.--:-:·· 

t 
!I ~COAE , .·.oss 
R-EC~~~~y 

WB- Wash bored 
WSa Wash sample 

I 

Ca I 
175 j 185 

i 

i 
I 

185 192 
I 
I 

; 

I 

ST~ 5' Split tube core barrel 

-

i 
E)( PLAN ~-f_l.~ 

,.. Gallons per minute 
i4• inside diameter 
pai-pounda per square inch 

Tf""' .,f hole . . . . . . . . I) "'Ooamund, H ,. Ha~""ll't". ) c Shot. C = O•ur" 
Hole ··ealotd . . . . . . . . . . . p .. Poclcer, Cm • c"'""''''"d, c •• B<>tfom ol <Ostnq 
App1ox. she of hole (X·••••••) .. EM • 1·1· 2' ·. Ax :. J. 1 8". Bx "2-3/8", Nw • .;" 

I ···-·---·1 
CLASSIFICAHOH AN£1 
PNY$1CAI.. COHDIT!ON I 

Notes Continued: I 
an 0.5' pointed end; Pipe 12 ~rom 3.55' 
above ground to depth 145.0' with 3.0' I 
ot 1/16" alots from depth 141.5-144 •• 5 vi b 
an 0.5' pointed end~ and Pipe 13 t?o 
3.75' above ground to depth 74.0'. 
perftlrated each 2 1 d11tlitwo l/4"t helea . 

. CHARACTER OF DR IWIG II 
Chopped and rock bitted easily to 60 6' 
Blaated hard pack gravel at 6o.6• and ~· 
cobbles at 68•. Tight on 4"Cs at 10.0 
Caved at 93'±, l03't, 120'±, 126'±, • 
140' to 146', 147' to 153.7' then rep1ac d 
Ca, caved back up to 131.0'. String 
shot 131'-141'. Caved again 131' to 155 
Caved 155' to 192' each time drill atri 
was pulled out, stuck rods several 'ttmea 
String shot 168'-171' to open up for I 
Ca. I 
DRILL SITE 
Level sandy ground between old river 

jmeandera, covered with small t~iak 
.b.uaa •-' ae•• 1aa 

EC=Electrochemical units .. pressed in 
micromhos of specific conductance. 

I 

l 
I 

_ -·- -···------------S_h_ee_t_S_l_o_f_.~6- Jci 
S~A rr Colorado SHEET. 2 .. t;)F 2. HOLE NO. DH.-6PX 

ci~r=~d·~ d::~ :/ ::::~~x{·;~;~:~~.·) · ~: : r ~~~·:}6·.. :; : t ~ ·:::: :: : t ~~:::: ~= ~ ~~ ~ ·:~·t 
lnsid" ~.o. al casong (JC·••"••l .. Ex "'1·! 1" Ax= 1.79.'32", Bx ~ 2 3/A'' Nx • ~" 

'c= Centigrade 
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>· IJi" , .... ,.'),.(II( 
D1.mt-.u ut N:•cl• .. uon GEOLOGIC LOG OF DRILL HOLE ~HEfT ... ). OF 

;f:ATURE. -~~~ -~~q;~~e.r.•.• .. R.i:V.~ ....... ;. ~iiJflc!f.o. ~.1."'.~. _w_•~-·~- ~~~?'. ~m~~?~eme~~- ~?~r~"n . _qC?+C?rado .. 
LOCATIONJIMr. -'%.,.81.6.,.2.1.' X r4 rb•~ '· · • '· see note• 90o HOLE NO .• DB.,.'f .. PX. . ,c,.,.' ,., ' ' ....c. UND ILEV ... 9Jp •• ~. . . . . . ... OIP (ANGI.E rP:oH nnHI7: .l. . . · . • · . · 
COOIIDS. N.~,.7--~ • .22 · · · E.J...~,..,u:r.. TOTAL 

BEGUN .?":'~~":"'fit ... IIINISHID •• lt-:2~-:T.)f .... DIPTH OP OVI!ItiUitDIN .• ,l.0,7,.,l .... · DEPTfof. ~P9 .. 1. · · BURINC · · · ':"'-':"' · · • · · · · 

LC'& Rf\IIFWHI 8Y .•.... 

' 
·i 
I 

"f~~~LAr~oE~f¥E ~:'rftJI:O -~~~i,~-.···· .QO.t.e,8. P~. . LOGGED IY ••.. C .•• J'pJ"VJ.k · · 
~~:.:..::.::.:..;:.:~=:;.;.:.:~~.;...,~-------..;._-..,.----rl--r--,."':"~-r-·----------·-·-·· .. - .. 

.Cz;: ~;;:; ~.., 
:;9::: :;::: ~ ..;! 
u1 ... ~ I 0~ fg ~~ ,;~¢!:~:~~~~;~t:!:7.~ 

.. • • ...... - 0!1 DRILL FLUID _ __ 
Dl"PTH Kind Of 
ll't:fT) ' 

>-
r-IOT!'S ON WA TEll r::J • lUlU 

LO~'iES ANO LI!VELS. •> 
00 CA!>ING, CEMENTING, 

CAVING, AND OTHER 
OJitLLING CONE.'ITJONS 

• Depths are troa 
a. T' above around 
level when drilledi 
on ~-27-73 a flood 
added 1.0' ot aaa4 
and level vhen sur• 
veyed 10-26-73 va• 
4939.37. 
Hole not surveyed 
tor deviation. it 
any, from vertical. 

DRILL EQUIPMENT 
Failing 1500, hyd­
raulic teed rotary 
drill, truck .aunt~ 
ed. 

SIZE uu .,g[E Ill • 
(") 

4" 
WB 

. 
ws 

10 1----

- ws 

- ws 

DRILL P'LUID !--

Overburden d,rilled • 
vith a1iahtlr tur­
bid river vaterl. 
pumped rr0111 100' 
dovnatream, the au It :t! 

WB 

11 te as tor DB-6PX .-. t-1--
0n 3-8-73 beau 
drilling roct sec­
tion vith thick 
aaounta ot Loleu 
compound aixed. in 

ws 

eaturated tOI'Mtioll ~ f-­

1 =..J D.W ip••; .., ::1' ... 

aUI.ple 

Date and 
E@ 25•c 

4938 .l ·~-s ~ .. .i 
-+:&..J..::.-+-----.._~..:;_-m;m~~:.--.-..,... ............,,,..-o .. ·c,·-9 ~3;--·sm~ ~~--~;;;;d.~;i ~~-dz.iii~rs l 

· ; ,. .·. · :. . report; rec;oy;red •• tine quartzose, I 
~~ll :,; ~-~ )_; · · ·. i Hsht tan ailt;y sand; highly reactive 

1

. 
~t" 19T3 

N teat• 1D 01 ltrburden 

i I I I 

I l 
I 
I 
l 

! I I I I 

I ! I 
I 

! I 

I ! 
j 

i I 

>··.. to HC1; (SP). 

~929 ol ~; ~ ~: . . .. . 9. 3-19 o 3: SAND AliD GRAVEL; as recorded l, 
If" :~_:•\<? on drillers reJIC)rt; recovered aame as 

.C!;, ._.. interval above. 

:: -·,~-~~> I 
14919 .l ~1.3 ::··.-~·~· 19.3-24.3: SAND; as recorded on drilleraJ 
1----H..tlr-tliiin'C'":""-~ i report; reaovered same aa interval 0.0- j 

:.~- ... ·.·1 9.3. j 

~91-4 ol ;~ :: ~ ~ . ·· · 24 • 3-29. 3 : SAND AND GRAVEL; as recorded l 

~909.1 

~899.1 

·:: 1;10- ~:~·~. 

_,~~r~~ 
~89~ol 

'f~~.o:. 
: .· ... o 

•. -~ ... .. 
-~ '5o- :-:~>·· 

.. 

on drillers report ; recovered same as 1 

interval 0.0-9.3o 

29.3·39.3: POORLY GRADED GRAVEL; record-~ 
ed on drillers report as gravel and sand~ 
recovered aa coarse, sub-rounded to sub-• 
angular, broW!). red and white sand part-' 
iclea; highly reactive to HCl; (GP). I 
39.3-44.3: SAND; aa recorded on drillersi,, 
report; recovered aa tine, light tan 
sand; taP). 

eal.t brine. 
Salinity Baal•• 
Bottled b71i'lller1 ws . . ·.·.?~: 

i 

44.3-5,.3: SAND AND GRAVEL; as recorded j 
on drillers report; recovered as fine, · 
light tan sand in interval 44.3-49.3 andl 
as 70% tine sand and 30% medium, gr~y 
oand; highly reactive to HCl. I 

at site, take at ·' :- :: · o · . 
ca collar durina "'879.1 ·;; ia:i ~~::: 59.3-64.3: GRAVEL; rec~rded on drillers j 

report as rrver-grave1; recovered as 70%_ 
tine and 30% medium, gr.r sand; {GP). 1:!~!:1.-=-=~ 60 ~ I >:r~~ 

I testing. 4" 4874.1 >.:,HI~~ 64.3-82.3: GRAVEL ARD COBBLES; as re- , 
DRILL FLUID LOSSIS WB WS I :. ; ::. lo& corded on drillers report, alao describ-: 

ITI:Tn1teANDrvalGAilf~1Tui[aad \. _ . -~ :_::_: )_~ ;_::_ i~ ed as hard packed in interval 64.3-72.3;J 
~ IDtlnr cuu;~. ! ,_. recovered a a med.i um to coarse , •QgU.lar, 1 

o.o-24.3 -or- Jr I :.; -~-r-=-...· gray aand with &n 0.3 1 core ot generally! 
24.3-49.3 60J ; .: ~-' r.:.;~ treah granitic rock in interval 69o0- 1 
49.3-244.8 ••tee• WB ·. ~- ::. -s>c 69.3. 
eq\ c..l satnao ws I . • ·r- I 

1 244 o 8-247.3 Artesia~ I : ·· ~·~ j 

1247 3 278 8 w!.::e ao t-f-- 1 f :~o-~: I 
, eq~-gai~s. 11856.1 :~ la.i :<:::::? 82.3-09.3: SAID; •• t'e .. r&ed on drillersi 

l
; 278. 8-286.8 Artesia~ 1 ~ / ... .• •• • • . 1 report; recovered aa light sray to bu,ff; \ 

2 om WS · :: ·::. :_.". ·.: . .-... 1, tine sand; highly reactive to HCl; (SP}. j 
286.8-318.3 Waatac• ; · · · { 

I equal gains . f--+-- lufll.r. 0 . 1 :. : ·ftJ ·:· ·.: .- .·: I 89. 3-99. 3 : SAND AND GRAVEL; recorded on t 
3l8.3-328.o ArtedaP, ro I, Sand ::: 90 ·~ ... ~·":· l drillers report as sand; recovered as 

1 8Pl ---: .... : ·:.'. ·.o:<? sub-rounded to sub-&n«U.tar, ~~~ maxU!rum 1 
328.0-339.8 Artea1•11 WS ! . till :'. ·; ·:_... :~./~ size very fine gravel vith coarse and I 

1~ IJIIl ! j ::; :_:· .. ·.b,~j~medium sand mixed in; gray; highly re-
339.8-~69.7 Wutqe ' II ~. \i)~ _.: ~q:•l active to HCl. 

Lp~r:o~g~r~e:•:d~v:e~l~y~~~~~~tt-~~~~~~~'~~~~~~~~~~8~3~9=·=1~·~:~~!~~~~,-~;~il -~ _ .. -~-~~--------
! WB • Wash bored 

. . PROJtcr .. CRWQIP. 
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exceeded gains as the pull or 
each core became deeper, at 
bottom ot hole still O%, 

Sheet 52 of 66 :_ 
--·--------... . . ..,.~ _.4""' 
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• 

.,. .• l'P ·4.1.r-.•J.•Ifav. ,,.. . 5 
r-Hw_.,._,. ._. M_ .. _,.m_···-~·-----·P-O ._ .. _. 40

_' ___ G:.E:::.:OL==OG~IC~L::=:;OG%.,:0r:.:,f...:D~R:J:I=LL~H~O:::,LE~------ )HE[ r. 2 

FUTURE .P.-.r.t.c!,QX .V.e.l.lAIJ.-X.JM-... JU.Hr
6 
.. , .... ?~~-fi"'c'~~- ~~~~~. ~~~~y ~~:~~~~:~ :r~~r~. STATE C~l'?;g; __ do

0
·0-----.. -.-~i 

HOL£ NO DH-TPX LOCATIOMJI~~- 9\.~. ,,;!~.'Jf. Pf. rJY'r~ 4938.4 see Note , .... 
. . .. .. . .. . c--os ... 621 789.2., I , 031: ~7 .&ltOUMD I!LIY ..•............. DIP (,4/' u/.1-. 1-1-W .. fii)R/t I 

4 . 4 ...... . "''4' .• ·'· ~ .. fio.... • .,.~. " 11 7l' ,':I~ I 
B!GUN .• ~"':~ ,-,1,; .. FINISHED ••. • ·.~:-J ... OI! .. TH OP OVI!RIURDI!N .. ~.01.•3 ...... J~:~~- 469,1 _ !oi'.A~ING.. . . j 

NOTE~ OM WAT!R ..,: t--:BAL==:::I:::HITY=.:.....:O~F....::l?Jt=ILL._.,:.F~W=:;m!::..-.--1 :z~ ~~ 
L.,mes AlolD LEVELS. r1:~ ~~ toii£T11 l I K1Dd of ~E~_~~~ ~E_ ~0c: CASING, CEMENTIMG, SIZE uu 1---....----~~ ! suaple - -
C:AVII'oG. AI'ID OTHI!R 01" Ill F ~-~ 

ORILLINC coMt\ITIOMS ._.oLe • jt &Dd pea, C) 

-------m~~~r+·-rc-":-::l :-JI..u:s •-•·4--T-o-+.J.:~1~~7tue~4-EC_@:.......:2:_5_•c-+-=-~8:38. 4-' Sl§-:"' 

II< 

0'"' !! ... ,.. 
..J'"' 
IL,IOI 
'I'' 
-4: 

.. lOt;; IH• !t''"'F'O :;Y. 

·-tA~!'FiC,!, iW~' ~o.w·, 
'-tH'~ICAL I.:~~JI"IITIO~· 

"/ 
99~3-104. j;··-SAND ~--GRAV-EL .. AiDCOBBiiS; . 

I 

l=n ~h~~1 ... ~ :u~ .. ~;YII-~,...,.~ &F A~!:t!n o~rl!!~!!~ng 4834·. ~ ; U,i e;; 
Date Hole Depth WB Cs r~d-brotrn, oiry. 11ut1. , ::: :?.~;~:, 
1973 Depth to water 107.3 107.3: 3-8 1102x10 4831.1 :; l'i;,f. :~~- .~·-
2-25 24.3 +0.0 NxD I :·:··-~ 
2-26 49.3 +0.0 110- 82 I I : 'iao- 'J:~. 

~ JH ~] -: ! i l · • ···•·· t.~ 

recorded on drillers report as hard 
packed gravel with cobbles •t 99.3 and 
102.3; recovered same aa interval 89.3-
99.3 with an 0,1' and 0.3' core of fine-: 
grained igneeua type rock at interval 
102.3-102.6 and sub-rounded, hard, grani~ 
tic gravel in interval 102.6-104.3; all 
materials stained gray. 

3:-9 107.3 +0.0 1. 98 I : I ':·:~~ ~(\ 
3-10 121.8 +0.0 

1 
1 I Sand : ;;_·.·. 't• \). 

3-11 l4f),6 +0.0 NxD i I t t' fil'=--1 :_ ~-: _~:--_~-~--~:·+·--·. 
3-12 161.3 +0,0 8T 98 i i i I ·,_,.~ 
3-13 186.8 +0.0 r--· i I I t : J::-·.0: 

104.3-107.3: SAND, GRAVEL AND CLAY; 
recorded on drillers report as hard­
packed gravel; recovered as coarse to 
medium, dark gray sand, sub-rounded, 

l
ldark gray, fine gravel and sandy, black, 
fat clay; highly reactive to HCl, 

107.3-158.3: GYPSUM BRECCIA; about 90% 
bla~k. compact, elay~1ike material; I 3-14 207.7 +0.0 1 I /Gray,silty _ .:~~·/: 

3-21227.9 +0.0 130- 100 jdrilling I ·.-:1»:.\)-..c.'·: 
(+0.0 indicates an r-- 1 j returns j .- - .•:LJ· 
artea1., heM of 100 131.3[1JI,.3p-10 8~ :f.;;: 

~:~:g-~~~~. 1• ; : 1 

: I : , .. ~~) 
i 3-22 244.8 ~ gpD. J : ·:. -: ~.;:-:: 

3-23 259.7 +0.0 100 ! -+- ... 

~~ ~\! ~I 1~: ; . ; , ·r ~; 

sticky when wet, powdery vhen dry; with . 
10% generally soft, gray sandstone trag-i 
ment inclusions tbrougho·"t i 5.0' maximum i 
length core segments between mechanical i 
breaks; interval 112.3-158.3 hBs many 
punky zones &Dd abaly and sandstone 
angular rr..-ents O.l'-0.3' leac; en- ; 
tirely saturated with NaCl salt; heavi1yj 
encrusted with white salt when dry; 
strong reaction to HCl to depth 127.3, 
little to no reaction below. 

3-29 339,8 +0,0 100 I 1 ~ _:~-:t 
4-3 343.7 3,3 - j I 4780.1 1 a.J ·x .. -:: 155.3-166.3: SANDSTONE; fine-grained; 

;4-4 347.3 5.0 100 i ~ '::::::: massive; gray; e~nly partings are 
· 4-5 361.7 1.8 1 60 _ ! ~ ~ ·.:.: -::.::: I mechanical breaks; saturated with NaCl 

~~=~ HH U 89 • : ! 1
4
m 

1 ~~u b.-/;Z 1:~~~-~~:~~~ ::::T~:::~t~:~~~; 

1

4-9 401. 5 4, 0 ~ i ~2:f !irregular zones of soft and crumbly to 
4-10 420.7 4.6 1 !Gray,silty ~iii'' I ;moderately hard sandstone inclusions, 
4-I.l 435 .1 3.6 170- 1100 I i drilling 110 · iJ1/ tllahale _ and sandy shattered material; 
4-12 452.3 3.8 1--- . i jreturn ~ .~-::_ ,entirely air slaked and shrinkage 

I 
l71.6i174.3j3-12 98.5xlOJ )c :':>j :cracked when dry-; saturated with NaCl; 

~:~~ ~i!"V"tepth - 94 , ! 1 ~- ·"·-'!!!{; I thin white salt crust when dry; gray; 
mJ_ Defth o"Ca - I 1 )r ::::.-::_.; ,. little to no reaction to HCl. 

2='24 2 .3 2 ,J 1.10 ,00 l I ~ -~+"-~--, t 
2-25 4,.3 29.3 .... · ~r- -_ :· 

1 2-26 64 . 3 59. 3 I ~ ... 
2-27 72. 3 72.3 Grout ~~ .-'Ji ~ i 
2-28 89,3 69,31 ~)"' ' · · I 
(used all of 4" , j 1 - ~)l . t ·. , . 

I~~~'"'> 99.3 99.3 i 1"' p "" ~~ ~i 1
1 

. 3 6 103 3 103 3 b:~:l 

. 3:7 107:3 107:3 = ·:;::d! 
3-1:1 107. 3 Pulled -~ '.:..:.! i : 
NxCs out, inatalledJfxD jt)/ \ 
NxWL to 76.':\ then ST 4738.4 200 J.f-:·:U '·--·--*----------··---····--·---·· 

I I ) i' ) WB-Wa•h bored aa• gallons per minute 

I 
~gf5E 1 WS•Wash sample EC• Electrochell'lical unite expressed in microabos of specific conductan<ie. 

~ r.SF.~,5~-~~pl~t tu~e cor~ Db:-:~:~,nn, M • Hayso:~~~~7:i!:~~ ~trw· 
CCfitl · t-1,., eo seal•d . . . • P -= ~f"'r.l.:f!'r, ! "' ·2 c.,..,.c-"''lftod, C,; ~ Bnttotn of ,.a1it,9 

L
VfR~! 4ppro~. SOifO '>f ~ol• (_>. .... ,;.,) - r-__ ' ~ 1-1 'l', A.' 1 -7 s·_·. lh = :_ 3 8'' .... ~ •. 

~ .4pprc• s•t• uf core (X·~ .. rre5l .. Ell: :.. 7 8 .. , A'>l' = '-1 'B''. Bw x! 1.5/8~' NK -- :_-' W 
( Out .. ldttclio.ofco'!lng(>'"·:~~-et•f'!i-' E.-:..: Ill -16' Al.. .- ~~l .:· Bx '=' ;:.-:t B' N • .: 1 .("' 
, ,.,,;,j,. di<>. ol caso•og ,,.- .• ,,.~•\- £. -··· 1-1 2 .~:...22::....!:..:..: _ _:_~-~~-:_ __ ·------- .. - -------- -·-·· ---~-h~~: -~ .. ~..:..6~- _i~ 

FI:.ATunr: Paz:eA:ox _V&lley-?olorea River_. ~ROlF- CR1f:i~~ -,·;·-'~ Colo. ;.•nr 2 -,., 5. ~,, ... , ·< DH-7PX 
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__________________ .. ___ 
~;'u::.;

1

·!::!::.~:;;.~.:.~o:.:·,..::l::.:.:::;fl::n":_ ____ o:.:~...:o...:•.:;,;••:...:.:•0,;.' ----~G==.E~OL~OGC:~IC::L?:=OG~~O~f-:D~R::I~ll::;:-::-H:.:O::L:E:::=:::~;;::::::----s-H_EE_,_. _ 3 -·(·.: ___ ?,:~ .. 
FEATURE Par&dDz. Yal.lqP-Dolorea. Rh·er ........ ~~l\b~.f.'~~~. ~~~~. ~~ ~~. ~~~~~~t · PJ:~I~f.lll. STATE. · · · .Color.ada t' 
HOLE NO .DJ1....7P.l. LOC.ATION •• N'. CIJ;,Sl6,. 2l!W.ot.r1nrlJu4ltOUND IUV.iJ93S.!J. ~~ .~~~~~ DIP (.tN&IF- FHOM H(JiUZ.> .•. . 900 . 

' ._ •. COOitDS. N. 621,78SJ.22. · · l.l,OU,9()7.9f TOTAL . · 

BEGUN .. ~1.4 . . I'INISHID .. ~ .. 22 .. 1k ... DEPTH OF OVEitBUitDIN • • 107. J. · · · · · DEPTH· -469 • T · · 8£ARING. · · ....... · · · · ! 

I'EA~ A-If , T A. TE . Colo . 
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I 
··----.. - ··i 

Cl..SSIFICA I o~H A"'O 
PHYSICAL CONuiTHlN 

209.3-343.3: SAIDSTOBE BRECCIA; 
generally tine, s~dy textured material J 
compact to punlQr; 1(eak to S()ft with a i 
rev moderately bard zon_,s in upper por. ; 
tion of interval ; 111.0stl.y fragmented 
w1 th a few core sepenta to 1. 0' long : 
in interval 259.3-313.8£ fragments 
mostly broken at 30 and 60 to core 
axis in interval 209. 3-259. 3, many 
angular frapents at 30 and 60 vi th I 
many platy rr..-enta at 80 to core axi~ 
in interval 259.3-313.8; aild fever ' 
frapenta and more distiflot IJDI&ll core . 
ses-ents in interval 3l3.8-343.3; ; 
entirely saturated with IfaCl salt; many I 
dark colored salt crystals tormed in t 
the rock material in interval 313.8- ! 
343.3; trace or salt crust when dry in 
interval 209.3-259.3, spotty to even 

I white salt crust 259.3-313.8, and 
heavily cruste~ with salt crystals 
313.8-343.3; dark gray; little to no 
reaction to HCl . 

--.--------·-·- ·----· ... 

Sheet ~.o.~ .&?. ... .!~ 
'·>iffT 3 : f . 5. "'Olf. 

___ .. ________________ _ 



• 

• 

• 

il-t...-n .-trv. 
'1 •• r ... 11111 .~f k11,. lt~~~m•t Lon Gil'() ••• ~ •o I $HEET. _ .4, r,r 5 

FfATIJRf ------·-1 
BEARING •. ·.·.-:-:-: 

D~=~~lA~~.,El;HE~E:tJI#o. ~~,!1~~-:-!1"·"~"-"+~. lOGGED BY .... Cr.~nn ......... LOG Rf.VI£WED BY .•.... -

NOTES ON WA. TER 
LOSS£~ AND LEVELS, 
CASINt. CEMENTING. 
::h'II•4G. AND OTHER 

CRILl lNG CONfiiTIONS 

ciiARACTDoF 
DRILLilfG- Cont'd 

107.3-469.7 bole 
tended to collapae 
and equeeze in 
upper zone• but 
leeaened with depth 
Had a conatant pro­
blem with clay•T 
core compreaain« 
and oozing betv•en 
the split tube lin• 
and blocking again• 
the outer barrel, 
reaulting in many 
extra abort runa. 

DRILL SITE 
Fairley levei .a,. 
ot river bank d•n­
••ly covered vitb 
burned et&lka ancl 
green matur• t ... -
riek bruah. aaew 
covered at tt.e ot 
drilling. The 
river waa 6.0' be­
l~w top ot bank at 
begin ot drilliDC 
and roae to l~'-2' 
below the b&nk on 
4-18-73 then bald 
steady until after 
bole was completed. 
Drill lite waa a 
law island durins t 
latter part ot 
drilling. The 
approach throuah 
the swamp to the 
weat became too 
soft tor 4-vheel 
drive trucks and a 
anow cat was tried 
and then an A'N 
Coot waa used. 

100 

ST • 5' Split tube core barrel 

E X P L A N ~.!J~ 

i
CORE jj 
LOSS 

I Tyr: of I ole . . D " O•omond, H ~ Hoystetl;•~. S ~· .il,ot. C ..,- C:hu,n 
CORE Hoe seal.-d ... - . . . . p : 13-ock•r, Crn \'t. c~ment•d. c, = Bottom of Cfll'!l.i"'if 

RECOVERY Appro•- ~·.- nf 1\ol~ f)(.,.,,;,.~). E> '" J.J. 'J", 4x-= 1.7/8". lh = 7·3· 8", th ~ 3" 
Approx. "ze of <<>re :X- .. .,,.,) - . E• '" h8", Ju = i-1 '8'", 8, ~ 1-5/8"', Nx - 2-1 a·· 

CLASSif!IC.lliVI'I lllllt'l 
PHYSICAL CONOt:tON 

43.3-400.5: G~ BRECCIA AND SALT; 
ariogated zone• or -..rbled. banded and 

spotty textures ; mieaceeue throughout; 
derately hard to caapaet ; . mostlY in 

ecbanic&lly brcken core lengths, 
Ulum 2 . 5 ' long. vi th rev trepent 

zones; light to dark s~; entirely 
eaturated with NaCl a&lt; interval 
345.5-346.8 1• natural petroleum tmpre-

ated and b&a free NaCl salt and 
sum cryst~s; interval 371.4~372.9 

s a reddisb clayey stain and tree s.rt 
ryatala; the oil wae evident on the 
ore at the time ot drilling as only 2 

small dots but tithin a week bad oozed 
ut ot many small vus• and cracks and 
overed the entire eore segment .• 

Outsid" die. of co .. ng (X-se•;,.s). Ew = 1 D 16", A• -·;.I •A", B• ~ 2-1 8 ', N• =· J-1 ]'' 
Inside d•~. ,,f ~as•ng , X ,.,,;u) .. E. "' I .Ji2", A• "" ! 29 '32"- Bx ,. 2-3/8". ,.,. ~ 3-' Sheet. 55 of 66 

HA.TURf .. P~!X&4C?X Y&+~~Y."':'Dqlore~ ~j,~J.: .. _ .. PROJECT. ~WQIP_ -:~~~ Col;:--· .. -~~-:::;-5· -~.;~:~:·· ... DH:-rp~. 
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________________ ........ 
1 'U7 .Q •. 6g) R ...... 
fl•,t,..al,.l ,1f Recl•m•1ion GEOLOGIC LOG OF DRILL HOLE sHn , 5 . or 5 
r-----..;.._---------.:!~~~~~~~~~~:::_-~------,--.--~-

FEATURE .~.~o,lt .V.aJJ..q ... Jl9lP'I'~-. f(J"J' .. ..... ~~~~~~C~~~~~- ~~~~- ~~~:. ~~~~':'~~n~. ~r~~am. HA H .. Colot:adO 
""" .,.,... LOCATION. -..z.. ~Sl6 •. 2l.'W. Qf. r1nTbanll 1 • .,. 11 1. lee note* 0 

HOLE MO.AC"'~ r~A ••. COOaos. M. 621• 1139_, 22_. . E.l.0!5.9t)T .9fROUND ELIV . .,p"';'~~~L. . . . . DIP !ll."f!H.l.' l•l?t,~t .:· ,, .. ~· 1 .90. 
BEGUN ..• 2-:21l~T.ll. ... INISHED. H:-JIR.-1~. . . Dl!PTH 01' OVERIURDEN • l.f11,. 3. . . . . . . DEPTH •. ~69, 7. . . 8f AIUMC· ... --"':' 

MOTES ON WATER 
LOSSES AND LEVELS. 
CASING. CEMENTING, 
':';\VINCi, Jt.HO OTHER 

ORIU .. :HC CONNTIOHS 

LOG REV!EWF'D 8V .. 

C.LASSII'tC.A'fii)H AN[. 
I'HYSICAL CONOI: IOH 

' 
j 
i 
r 
I 
I 

-··--------t;;:;:lll"--r---r--i--t-=~:.....=...~~i:l:d::~~!b;;;:::;j;:f-1~~==~f~ 59~~9 ~~~~=~;~;::i~~:'- .... ·t 
i&lt in marbled vhite, gray and black i 
colored textUl"e& • very small fresh pyrit 
cry1tals &re c01111110n throughout ; core 
mostly broken mechanically, driller . 
commented that bott0111 20' of bole he.d no ; 
jointing, maximum core length in box 

158 

2.5' with 50J of interval above 449.7 
1111 than 0,5' core lengths •nd a rev 
scattered zone• of crumbly black decom­
poled gypsiteroua materials; at 412 .. 5-
412.1 is an 0.2' seam of clear cryltal­
line gyps~; at 466.3-469.7 .is a 1.4• . 
.one of soft, vhithh, compact material; f 
some white salt cru1t on core when dry; , 
moat of core stained with natural pet- ! 
roleum oil and more abundantly exhibited! 
the same oozing effect aa described abov~ 
for interval 345.5-346.8, and excluding ; 
the surface stains, the ~oat prominent ! 
intervals iapregnated vith oil are as , 
follovs: 401.6-402 .. 8, 412.7-413.6, 
419.4-420 .. 5. 421.3-421.9, 425.2-425.5; 
434.1-434.9, 442.8-4li3.3, 4411.7-445.5. 
451.3-451.9, 452.3-454.0, 459.4-460.8 
then evelly-•paced pattern of ~ller 
spots betveen 460.8 and 469.7. 

·-·---1 
I 
! 
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---------------------
? .. : .• l, Q.l,~l ··"· f·u•••t~ ,,, !tf.,.c-l•m•tla;n SHUT. l or:~ 

P.Joadoa VIJJ.eJ" '"' Dolorel lli ~ O or O er y pr•v-nt OIJ'UI . Qolor.do 
ff' TUIItl •.....••. , ••••••••••....•.••..••.••••• PROJICT. . . • • • . • • . . . . . . . . • . . . . . . . . . . . . . . . . . . . ST" -, £ 

HOt! lilt) PJI:-fJn.,. LOCATfoM ...... ,o, '~8•· 112 6• .tO!l.VQ.OJ
6
t ·~~TWa '· IROUMO ILlY .•. 149J9,S ....... DIP (ANOI.£ 1-lt'J" itrJP.l/. . . ·90° 

. . COOitDI. N. -·7V . . .... I. I ••• ... TOTAL 
ftl(>IJH .. ~:-~3:-13 .. ,.IMIIHID. ~~73~ .... Dfii'TH Of" OVIRIUROIN .UDJuawa ..... DePTH ... 85.0 .. II!ARIIolc, 

t:f.r~~~\_":eo'kl¥F~E:tJilo.N't•JtN.-:-tee.aot".-o.lov. LOGGfDIY •... C,.I...-Yik....... LOG REYtEW!;'O BY... · · · · i 
-·----........-...,.....--r--------.---,....-.-y---r._.,....--------·~~---·---- .. 1 

inity Seplea 
led by driller• 
ite, taken at 
ollar durinc 
ling, Suple• 
retained after 
ing. 

"'~ L FLUID LOSSIS 
~_,_AID GAINS ( G~) 
EO"-~ rv&l Flui; 

20.0 0 
-60.0 Waatace 

gaina. 
o.o 3/4 gp 
85. a Artelian 

et diminilhing. 

-· 

_._ 

50 

60 

ru.:;~ or DRI:L ua rwm S~E j 55 u !~ 
1, 111 l Kind or ...... IL 0 a. fg "-''-

~aple 101 -lf•C•- :..J ~: 
•:La~SIFICA llr,., 4r~tl 
Ptf'!'Sff'AL CONi' 17 '(IN 

TO Date &Dd Pt~ "' ~~ 
1973 EC I 25°C 4939.5 ""+1. 

. ::·· .. 
;. - :_ ... 

·1r:-o~io.o: SlNfi';l.&n~·z.ee-ord.ed.-on · ·· 
driller• report' .-mple lost in flood 
ot site on 4-27-73 

C1 !Sulple 

-t-+---it--"0'--t___.lLZ,Q"---tl= 4·-""'·2-....;-3j_...:;Lo=l"-'t---t~49.__:2..__9 • ......_.5 f--1().-1~· ·. 
0 

. . ·_-

! 
10.0-60.0: SAliD AliD GRAVEL; gray; a8 
recorded on driller• relJOrt ; ·sample 
lost 

~ 

~ 

~s 

ws 

10 

20 

30 

40 

50 

I 
I Cl 
1 30 

! 

' 
i Ca 

40 

Ca 
50 

1

1
Fine •andy 
drill re­
,turns 

4-23 l o.4xlo3 

I 

!Fine aandy 

k-24 

rrill r•-
turn• 

0.2x10J 

I Fine aand7 
drill re-

4-24 
turns _, 

0.2x10 

i 
!Fine •andy 
l4r111 re-
!turn• 1 

4-25 0.3xl0 

Fine sandy 

·:O."o. 

- '.'.o .. o 
·.a.:. 
~ :•_ .-. 

&· ~ 
···o· ·. 

10- : ... o 
~~· .. :· 
::.·.·~ 
:. ~ Ci 
.;, .· 
.·(,· ··· ... -~ 
·-o~· 

e.·" 

. ·_. 
• .. 0 

drill re- • ·• 
Cs turna 

1 
-·c · · 

60 4-25 O.lxlO 4879.5 "' :·.o .. :_b 
i C8 Rn 1 lty arteai n ;,;o- 60.0-75.0: SAND,81AVEL ANil COBBLES; 

60 i 63 4 -2 5 0 , 5_xJ.o• · Q .... · gray; aa record~ on driller 8 report ; 
- D.;.k brown ~ sample loat. 

. 63 l ~~ ~-25 ;~~~t ~f? 
~~--~~--~~~~~~~~~~~ ro ~ •. 

iiS ' Ca ~fi~ ;!:t~ ! ~-:¢ 
10 i 75 4-25 rt~fJho' ~64 ._s 1 u_ . .; a; 75.0-85.0: SANI AID GRAVEL; gray; a8 

1 
LIVEL DATA 1 ttn ~~!tl ! :'=>:_:~ recorded on driller• report; 88JQle lost~ 

in ~ie ahi~~, 10 1m 75 ; g~ 4-26 tlF.Bilo• I ao ~·~'f:>·. i 
Depth to vat ~ I Ca · · ·o· · ~· 

~~: g '1Y = 80 l 85 4-26 lfo teat ~854. 5 j 85 :_;_:~ ~ . 

75·
0 0

•
0 

lotea Continued-
1 I 

IJTDVAL lfx:Ca lett in place 68.4 1 below ground and 1. 6' stick up; to aerve a8 water level pipe. 

Hole Depth CHARACTER OF DRILLIIG - Cbepped eaay to depth 60.0. Used 2 sticks of dynamite at 63.0 to blast I 
Depth 2t...£!. cobble. No probl•• indicated below depth 63.0 
20.0 20.0 
40.0 ~0.0 DRILL SITE -Shallow, me&Dder scarred, fairly level. sandy surface thickly covered with burned 
75.0 75.1 st&lka and green taaariak brush. The ATV Coot vas u1ed with increasing difficulty to reach the 1 
85.0 85.0 On 4--27-73 the river rose to about llt' over ita bank and flooded the site; burying the i 

le.ft"-"'~r*--"Pft~--'W!II!n"lr-'l'"'l:''lri"ffr:-, ...,..,.,r-:,----nnll'l'!ll , saap1e Wtas, ace .. wm:et sur t mucky a 11 t . 'l'!le 11 te warw!ftm~ --.. -1 
until 8-22-73 when the rig was E )f,. L 4 N A 1 1 0 N removed with no further drilling. I 

LOSS 

I 
CORE 

I CORE 
!,•fLC'I~·RY 

j 

WB-Wub bored 
ws-waab •ample 

EC•Electrocbemic&l units expresaed in micromhoa of specific conductance, 
•c•Centigrade 

~~r: :!..r:~· : 
Appro•. •• ':"• of hoi II!" (~~~11n••" \ 
Appto)l. 1ifZ't" of core 'X-•~t!esl 
Cvtt'd*" dt,,. <Jf eos1no tX~:~.e'i"'"'l 
Jnside d;a. of cas•n~ .X •. s.,uto;; 

. 0 • O•<nnnnd, H • HaySiellire, S ., Shot, C = Chut~ 
P • Park•r, Cll't • Cer"'!~"tt~rd Cs z 8ottom o~ t05 1 ~'":i 

.e ... r 1 Z", .t.x=-1-7 8", 8x~2-318'. N•~3" 
t• ~o l 8", 4• "' f.l ·!l'·, B•: J.s,8", Nx- ~.]:a" 
r ... l.lJ 16". '-• = 11 ·4", a.~ 2-7.1''. ,.... "J.r 2" 

r_. _,_i_,_z·_·. __ ,_._ .. _J_-1_9_3_2_"_. _e_._,.,_,_._J._s_"_N_._ .. _J_"----------- _ ~-·- ---··-·---· ~~:2.?~ ~~-· ~6_j~ 
.. ~arado~ Y&l~·~~J:?o~ere8 River. . . !"RO.IECT .. CR~q_IP. . .... C_olo_rado SHt:t'l . l or l. >iOLf N:• I!lJ··:BPX 
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fi.ou·••·'' ·f h.,., hiiii'Y'IM' ;,)M SHffT OF 2 GEOLOGIC LOG OF DRILL HOLE 
FU TURf .. ~~!i~!l!TI. t:Y?~HH917- .J:'C?q4 ............. I'ROJICT •.. GC?~C?t:~<!C! .~:l,~~r: .~<!s.i.l1 .s.a).f.ni.ty, .c.o.n.t.ro.lST.\ TE. • . . ~.o,l.orfi!fo .... · .· :.--.... , .• _ 

LOCATION .. !fC?l,l~l}ll~E!~~t;'I). ,t;El~Elt;Vq:l,r:.... Project o 
HOLE NO. · Dfi:-13RA. COORDS N .. :J.2!J,.fJPP ...... f. J-.~9~. ]~(). GROUND UEV ... 6325±. . ..... OIP (ANGU F'lO!<f HOR!.' 1 .. 90 
BEGUN . 7:--~:-?? ... fiNISHED ... 1-:-F-:-?~ .. DIPTH OF OVERBURDEN •.• H·-~' ...... ~~~~~-~OQ • .Q' .... BURIN(,, ••.......... -:--

~0_f_r._~-~-~_:_e_o_e_~ ... _e_¥_e_t_~_:_t,J~i_f_o_.r·-·-$-~-~,--~-9-~-~-~---·-·-·-·-·-·-·-·-·-·-·-·-·--L~o~G~G~E~o-•~vr-._.R_ .• _4_,~·G_~_Q_t_G~h~f-i_~_l~q~· -·~-L~o~c--R_f_~_~~_w_f_o~a-~_._._. __ c. Rqr~~k 
rK l'l!ltCOLATION TESTS .(zj: ~j: Ill: Drilled by US~R crew-

NOTES ON WATER 
LOHE~ AND LEVELS, 
CA51N!J, CEMENTING, 
CAY!N~. AND OTHER 

ORILL.ING CONCIITIONS 

r:~: 
SIZE 

'fig[! 

~hs are from ~x 

1111&1 IU Zl- ~Ql:: o.MI U ~CI 
SS r,r~Err1 ~ 52 ~ ... ~ ~~ fg 3~ 

Ill LOU a ..,.._ :..J a,IU 
Ill: "'0111 : -'0 .., lE ... 

CLAS$1JICATrON ANO 
PHYSICAL CO:-IDITiON 

i'l ~::~!~ TO (G P.M.) (P.J.I.) (MIN.) lfiJ25±. O.O ~ ........ 
o.oop0.5Cs Nc Test 

6322
+ IY.'~~ o.o-2. 7:·--sA:NI>Y'CLA¥;~dTu'in·-p.1asiic.ity;t 

2. 7 I(.;L~ about 20% fine sand • medium dty strength! DS 
ground level. Hole Ins 
not surveyed for ~~~.0-1 _~._~ 
deviation, if any, ~x 77 

1=-.:: and toughness, red-brown t:o brown, mod- i 
erately reactive to HGl; (CL). 

from vertical. 1--

DRILL EQUIPMENT 
Sullivan 22 hy­
draulic feed rotary 
drill. 

DRTLLING FLUID 
Clear water. 

DRILL FLUID LOSSES 
No fluid loss 
throughout drilling 

~ER LEVEL DATA 
{Begin of Shift) 
Date Hole Depth to 
1975 Depth. Water 
7-9 45.0 17.0 
7-10 64.0 17.0 
7-11 83.0 17.0 
7-12 100.0 16.7 
7-13 116.8 16.0 
7-14 137.6 17.0 
7-15 159.6 19.0 
7-16 178.0 19.6 
7-17 191.9 20.6 

CASED INTERVAL 
0.0'-30.5' Cs 
removed upon com­
pletion of hole. 

BACKFILL OF HOLE 
Upon completion the 
hole was washedwith 
clear water and a 
cement mix was 
pumped into the hole 
before final fill of 
soil. 

bHARACTEROF DRILLING 
!Easy drilling 
!through entire hol~ 
no problems. 

DRILL SITE I 
On gently sloping, 
jsag~brush terrain. 

10-

lO-

60 

80 

90 
I--

86 

~ i 

!30. 5Csj 

62 i 

p.l.: 

100 

97 

100 

i 
! 

45.0P 

45.0 

s4.4Pi 64.0 89 
......._ ' 

100 

N• Test 

I 

0.00 65 

64.0P: 75.0j o.ooi 75 

95 !'. i 
~ I I 
~ ! 

I 

64 

75.0P: 86.o: o.oo· 85 
100 I ' 

~ j I 

87 
~ 

100 86.0P! 

~ 

91 

94.8 0.00; 95 

! 

! 
i 

5 

I 
i 

I 5 
i 

! 

5 

! 5 

I 

I'J4.1:SP il04./ 0.00,100i5 

6313+ 

~= t=--· 
11\..t--

12.0...--~--

- ----t=:::.: 
1---
1----20----
~---

1---

-~=-= 
~::::: 

30-'::'.:-.: 
1--
'::'..:::: 

-~-= 
1---

..o~---
1---

~-------=== 
~== .so----1---
t--
1---

~--r---
60- ;:.== 

'=== 1----
~:::: 
1---

~== 
10 ~--= 1---

1---

~I 
~:=::::: 

80--

t---
1---

---
~----
,::.."":: 

90 ---1--

---1--
' 

2. 7-12.0: WEATIIERED SHALE; thick 
bedded, moderately poor fissility, 
crumbly throughout, slight air slake, 
soft, brittle, medium compaction, 
gray-brown to gray, decomposed to 
nearly clay in placeli, no.reaction to 
HCl. 

12.0-200.0: SHALE; thick bedded with 
bedding plane~endicular to core 
axis, good to moderate fissility, 
strong air slaking from 43,9' to 44.2' 
and 60.7' to 62. 7', well comp~cted, 
moderately soft to hard, gray to black 
no reaction to HCl to 98.5' but moderate 
to strong reaction from 98.5! to 200', 
occasionally slightly sandy, 112.1' to 
112.5' is lip;ht gray mudi'Jtone layer 
which does not react to HCl. Chalky 
white zone occurs at 188,8' to 189.3'. 

12.0-75.0 is somewhat weathered and 
moderately soft in -zones, segments 
range from crumbled fragments to 0.9' 
and average about 0.1'. 

75.0-150.0 is segmented from0.3' to 
0.5' and averages about 0.4'. 

150.0 to 200.0 is segmented from 0.3' 
to 1.5' and averages about 0.5' • 

A fracture 45° to core axis occu~s from 
163.6' to 163.8'. 

Vertical fractures occur from 122.2' to 
123.0', from 125.2' to 125.9', from 
126.8' to 130.3', from 133.1' to 134.1' 

100 1 , i =:::: I 

r. 
____ .... l;_Nx_D..._I--=:~..--....__~~---Jl_----";1....1 -~6:u;t22"'-~5;?.,;·+-...i.~lllJ.W.a.OO . .IL.JoiO----·-=-.J.i__ .. _____ ,......_ __ _ 

-·--rDS Drive Sample ~.!!.~..I..l...2...t' 

1 ~.-.-~~~E. ~ 
'-

.-.·"I·· l =.Yr.~ ,"~n•1•oe'Je ·. C· -:- Viamo,,d, H • Hoystell it e. S c Shot. C = Chvtn 

..:.,..., '"' 'F ~ ,_, - f'oc:kttt, Cm -. Cemented. (..5 ;z; 6ott11m o+ or:o1ing 

[

.Rfl._f·.V-FRY """'"'· ••'< ol hoo~ fX.se.,,.s). !:'• J.) 1" A.,.. 1·7 '8", 8~ -~ 2-3/8", N• • J" 
Appra.~~t. Sl7t- ~f CCHt" (X~st:rl1!)5) e... 7 8''. A.A:; 1~1.'8''~ Bx Z' 1-5/8'', w.- 'J.l H. 
o\~t'Side diu of C:Q~P19 (X-senesJ Ej( l-JJ 16'' A)!.:.;;. 2-1 4''~ C.:ar.:; 2-7/8'', N'~t.;;; 3-l .t. 

,.,.,,,., diu_o:_:~ cuo•ng rx.......... e. I· I 1"" ... "'1-29 32" a. 2·3 8" "~•. 3" ·----·-·-·-----.. ---·--·------.. - .... 
Sheet 58 of 66 
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7- I.! l7 ;~-6~) GEOLOGIC LOG OF DRILL HOLE ~HEn 2 n;r 2. Hur~•t• .~-r Ref' l•m•' lon 
r--------------------==.::.:::r:.:::.:.:~=::.:::..::~-=;:.:.:::::::..;:..:.:~::..--------.;.....:.;;.::.;;..;,._.;.. __ .... ~.- '· 

FUTURE. Jt!l~f.llP. f:y~p9TIItt9r;t.J?9IJ4 .............. ,ROJI!CT.GQlC/~4QC! .l~:f.'I!E:t: .l~~s.f,q .S.a.l.i.l\i,ty, .Gon.t.r.o,l .. STATE .... ~o:!.prapp .. 

P ':IDA LOCATION. ,,Q\ltQI;iJ$1;~\"1) .J;'E:Iif;t;''!Qf.r;.... Pro-tect .900 
HOLE NO. . tf':";t,-t'{'. COOitDS. N. ,5;!f),~(}Q, . . . . . E •. ~,Q9e, 700 GltOIJkD I!LI!V .. Q~4~. ~. . . . . DIP (ANGLE FROM Jln,:rz 1 .. 

BEGUN .. ?:-~77?.,. FINISHED .. ?7P-:-?~ ... Dl!,TH OF OVERBURDEN •.•. H~Q~ .... ~EP~H •.. 2.QQ •. Q' .. BEARING •.•• 

.,.D_L_e:_~_~_L_A_~_~_l_~_~_¥_£_'l-_'e_!_t.,Jr-l_f_D_. r' _. _. _. _. sT. 4\!_ti!_.N_. Q,..t_~;_!'l_._._._._._._ • .;..·· _. _. _. _L_o_o_o_ro_B.,.v_. _. _. _,· _ .... · R,... ·-· 4_·,..· _. G.,J;r-4-~_c:_llT(_:f._~_l.ct,_L_o_G._..~t_r_v..,•E_w_E_D_B v ..... _._. __ c..;,. _R..;.o-· r __ v...,i~k----- .•. j 
ao: Drill:ed by USBR crew 

NOTtS ON WATER 
LOSSES AND LEVELS, 
CASING. CEMENTING, 
CAVING, AND OTHER 

DR•L.UNG COHt\ITIONS 

I 
I 
I 
I 

e~ 
;::~ CLASSIFICAl•'Js Aflll' 
~:Z P~IYSICAL CONl'lll(.l'-1 
l(Jo-

,_ 
PERCOLATION TESTS Ill: 

T1SJ "'"' .. 
Ill:> OfPTH lk :z: ... 

SIZE oo (Ft:ET' :I ...... 
uu = ., .. 

OF "' - LOSS ::r:'"' .. ..... 
HOL~ Ill: I" ROM • ""O 

<C 

---+-~l---+--f-l"'u•'7'""?'_,.'"-"+-+-~tu.~n~nn4--~"'Lc._ _____ -~---------- ~ ---· __ i 
(P, Co, TO .. 

{"') •• c.) (G.P.M.) (P'.S.t.) (MIN.) 

NxD ~ 
100 I 

104. 7P 116.8 I 0.00 115 5 

94 

I 
110 ~ i 

95 

I l 
120 

lll6.8P[l28.1! o.oo, 125 

I I I 

I I I 
! I ! 

! I ; 

5 

130- ; ". '"1117. 'I o. 00 

1
, " 

! I I 100 

140-
137.6?,145.6! 0.00,140 

1

. 5 

~ : i i 

uo 

l45,6P,l52.0i . I 
i i 

o.oor 150 r 5 

l I 
I I 

0.001150] 5 

! i 
9 3 

l52.0Pi 159.61 

i I ! 
,~,~.-~~~~---~*-~~...._~~--~ 

95 l59.6Pjl69.0i 0.00 160 5 

I 
I 
i 
I 

170 

180 

! ,.~ 

r---- I ' 

100 

169.0PI178.ol o.oo 170 ! 5 
98 : i ~ 

! i 
' : ! 

- I i 
93~--~----~---+----~--~ 

:--178.0P!1R8.4: 0.001180: 5 

I 

DO I 
: 
I 
I 
. 

i 

i 
: 
I 

' 

' I 

' I 
\ 

I 5 

,_ __ ,__ __ 
1"---

:::.:::: -----
··~= --
~=: 
1----
1----

~=-= 
120 ---

t==.: 
~== 
=== ,.... __ 
---

130- :.:-.:: 

=--=-= ----------------
140 =-.:.: 

1----

~:..-= --
=---------

Jso-!==: 
--

~-1 160 1--

~----
1----

==.=. 
/!0 ~.-­

;...-::: ._ __ 
-­..,_ __ 
~---

-'--1 
lilO t:_: -1, 
;.:~ 
f~l 
~=,-/90 1-------,_ __ I 

·1---

12.0-200.0: SHALE; thick bedded with j 
bedding plane --p;;j;endicular to core axis~ 
good to moderate fissility, strong air 
slaking from 43.9' to 44.2' and 60.7' t1

1 

62.7', well compacted, moderately soft 
to hard, gray to black, no reaction to 
HCl to 9a.S' but moderate to.strong t 
reaction from 98.5' to 200 1

, occasional! 
slightly sandy, 112.1 1 to 112.5' isligh 
gray mudstone layer which does not 
react to HCl. Chalky white zone occurs ! 
at 188.8' to 189.3'. 

12.0-75.0 is so~what weathered and 
moderately soft in zones, segments 
range from crumbled fragments to 0.9 
and average about 0.1'. 

75.0~150.0 is segmented from 0.3' to 
0. 5' and averages about 0. 4'. 

' 
150.0-200,0 is segmented frpm 0 •. 3' to ! 
l.5' and averages about 0.5'. 1 

j 
A fracture 45° to core aJI'is occurs from ' 
163.6' to 163.8'. I 
Vertical fractures occur from 122, 2' to : 
113.0', from 125.2 1 to 125.9', from ! 
126. 8' to 130. 3', from 133.1' to 134.1' ·i 

I 
I 
I 

t- I I 

I i'"" I .... 
CORE 

Rl't"OVERY 

~~F.~ :!o~:~· ~ ~ · · : : ~ . ~ : ~~:~::~d c ~ : ~:;:.~t"~·~;/,~c! :_ ~:~;o; of~~::·_',:~ 
"'pp•o• . .,ze of hole (X oeu••l. E• ~ 1-1 2", A.; 1·1 8 ·. a.% 2-3·8' N• ·, l" 
Appro-.. s•Leofcor• ~X~•~~ttiiP"S fx =-.:- 7 8'', A• ~ 1-1/8'', B~r :r l-5/8' N:~~ 2~1 8'" 
Ouuide dia. of casing (X-•e•·••i- E< ·-I l) 16'', A• "'2-1·4·', B• ~} 7•8'' N•.: J.J 2 
lno•de d.a. of caoinq (X-uri··~•· E·"' i-l 2··. "-• = 1 29--32'', a.: c-3'8", •h ~ 3" Sheet 59 of 66 

F~ATUR£ ~?~iu~.Evaporation.Poud PROJECT' .. CR.BSCP .. :, 1 .-reColorado .;;HfE:T :?: or 2. "~J.E•v Df!-l3RA 
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7 1 ·n {q-69) 
Jh.f.rltdltt of Ret-1ametton GPO II• • •at GEOLOGIC LOG Of DRILL HOLE SHUT:.~-· elF. ? · · 
,.....fE_A_T_U_R_E-.-.-~---4-f-\lm-. -. ~-V-.-~~-Q--~-4-t;-:i,Q-Il-.P-. Q-Il-4-.-.-. -. -. -. -• ..:. ·::;·:·:.:.:P::.It:O;.-:J~IC:.;:T;. . ...:<;:.q:~o;.;:,r::..a..;,d:;:;.o.:. .. -~~~e~.r,;.:,:;:;.B:;:;.ao...s:.;.i;.;:.n;.. ::.S.=a.;..l.i-p-,i-.t-y-. -~-.o-p .... t.I'_.O_,,l-.-.-S-T..,A .. T,..I.• . • -~-9,..~.,.9-T,;.~-~-9-. -. ~~-

HOLE NO ... 00-:-HU LOCATION .. ' ..5..3.2. .• JlQ;Dt;DQlo!EttU~Ett:tl ;-e~;:-v~p·~· pcf,.OG'Jif: !LfV .... 6.:UQ±: ....... DIP (ANOf.l> I''ROM HORIZ I ..... ~0° 
COCHtDS. H.. •"' ...•. E.,...,~. r•r Y. TOTAL 

BEGUN .. 7-:-30.:.75 .. fiNISHED •.. 8-:8-:7.5 ... DEPTH Of OVI!RIURD!M •.. 2.2' ....... DEPTH .... ID.6 .• 2'. lURING •.•••....... ' . '. . • I 
DEPTH AND EL.EV. Of WATER See Notes R L Crutchfield · c;: Rorv:t.k . 

LEVEL AI'IO DATE MUSUA ED. . . . . . . • • • . . . . . • . . . • . . . • LOGGED IY .... · · ". · ". · · · · · · · · · ~ · · · LOG REVIEWED BY. · · · ' · · · · · · ~ 

NOTES ON WATER :~:!; tE u ~~:~ Drilled by USBR crew l 
LOSSES AND LEVELS. .,51111 111 111 %._, .,.! · · 
CASING, CfM£NTING, _,._.... o!!:. a. ...... CLASSIFICAliP!'I AI'H:! ! 
CAVING AND OTHER ... .... !9 ~ .. ~~ PHYSICAL CONDI"lll'l~ . I 

DRILLING COMI:'lTIOMS - :.~ 

__ lt>11n+ no 'L. ----........ ... - ... : ..... ________ .. __ .. 

632s± 5.0 

Depths are from ~-,_Z, ---=- 0.0-LO: SANDY CLAY• loW plasticity 1 I 
ground level. Hole about 25% fine sand, medium dry strength 
not surveyed for and toughness, red-brown, slightly . · -----deviation, if any, 

1 
reactive to HCl (CL). 

from vertical. ! 
10- ~ 

DR ILL EQUIPMENT 9 • 8Cs 20. 5 N "! Test 
Sullivan 22 hydrau- lOO I 
lie feed rotary 

1 
drill. 

hr ! i DRILLING FLUID 
Clear water. 

~ FLUID LOSSES 
No fluid loss 
throughout drilling. 

WATER LEVEL DATA 
(Begin of Shift) 
Date Hole Depth td 
~~~ Water 
7-31 20.5 7.0 
8-6 41.5 22.0 
8-7 57.6 11.0 
8-8 86. 7 20.8 

30-

-

o.oo! 30 2o.5csT 31.8 

98 ! 
! 
I 

i 

95 ! 
31.8Csi 43.5 11,00,40 

I I 
i I 
I . i 
I ! 

I 
100 1 

43.5cs
1 

51.11 0.00! 50 

i I ; 

---IG- 1---
r------=--= 
~-----

20-
~:.....---------5 

l --------
I 

--
.... ---

! 
-------5 

I --
! ----
! 

--• --
---

I ----

I 

l 
i 5 

I --rASED INTERVAL 
0.0'-51.1' Cs re­
~oved upon comple­
tion of hole. 

1 50-== 
""'rs"""l ...... l..,..C:s4~"""". 5 ...... 2.--o~-~N-=+-=-re_s_t-1-~-.....( I ::..:: 
52 . OP 57 • 3 I 0. 50 60 5 ~:+- I <;' R ~--

~ACKFILL OF HOLE 
~pen completion, thE 
[hole was washed 
~ith clear water am 
cement mix pumped 
into the hole beforE 
final fi 11 of soi 1. 

~HARACTER OF DRILL IN( 

Broke core bit in 
~ole at 57.6'. 
btherwise, no 
problems. 

DRILL SITE 
On gently sloping 
sagebrush terrain. 

60 

70-

-

10 

97 

100 

~ 

95 

100 

-

~~ T ::::: 
-···· 

! ~--

1 

I 
I ~ 

I II 60-: :-.-; 

6 7. 3P ; 77,0 i 0, 60 ~70 : 5 i 
I ! 

70 ---

I 
I 
I 

77 .OP! 86.7 

I 
I 

! 

86.7P ;106.2 
I 

I 

I 
! 

I 
i 

i 
0.64! 

I 

! 
l 

NQ 
I 

i 
i 
I 
I 

i 

80 

Test 

I 

I 
! 5 

I 

~------~---------~~N~x~D~----~---------1 
RB = Rock Bit 

i 623o:!:. 

EX P LA N_ ... __ !...!_Q_~ 

i
CrJRE 
L.O~S 

Cl!~E 
AF.Cf)Vf'QY 

WS = Wash Sample 
G • Gravity 

1.0-2.2: WEATIIERED SHALE; entirely 
fragmented, poor fissi li ty, m6der at ely 
hard to soft, brittle. Slightly 
reactive to HCI. 

2.2-5.0: Rock Bit - No Sample. 

5.0-53,8: SHALE; thick bedded at 90° to
1 

axis, poor to fair fissility, slight air 
slake at 43.6' to 43.8', 48.2' to 48.3', 
and 48.9' So 49. 21 

, well compacted for 
the most part, moderately hard to hard, 
soft chalky-white zone 30.6 1-el.6', gray 
to dark gray, slightly to moderately 
reactive to HCl. Vertical fractures 
occur from 13.1' to 13.7~. Core varies 
from~" fragments to 0.9' segments and 
average 0.5'. 

53,8-103.7: SANDY SHALE; thick bedded 
at 90° to axis, poor fissility, no air 
slaking, hard, well compacteq and ce­
mented, soft chalky-white zone 90,6' to 
92.6', clark gray to mottled light gray 
due to sand, some zones have ·about 50% 
fine to medium grain sand, moderately 
reactive t;o HCl to 62' depth, but no.t 
reactive beyond. 

I 
103.7-106.2: SANDSTONE; fin~. to medium I 
grained, subiounded to subangular, s·ome­
what rouflh te;x:ture, mod~rately soft to j 
moderately hard, well cemented and comr ~ 
pacted, light gray with very minute gray! 
layers of shale, slightly reactive to I 
J!Cl. Segments range fromO.l'to0.6' and f 
average0.3', I 

PRO rEf• CRBSCP STioT!' .C.ol.orado !>HE::'T 1 OF 2 "!OU NO DH-14.RA . 

162 



• 

• 

• 

~----------------·---
"1·1JJ7 ('J-t'<Q) 

Aur,.ra~~ nf .N.,.c l•tt1•tlon G"O n• ·•01 $HE&"" .. 2 2 GEOLOGIC LOG OF DRILL HOLE 
FEA TURI! . ~~~~ 1:'l!l.lj:V.!fPC?~"'~:I.qq .l~qqq .............. PROJ!CT.<;ql,qr:~c:\q .l~i;~o~e.r: .B.a.s.i.n. .s.a.l.ip,i,ty. ~pp~rp}.. STA u: .. C¢19rtt99 ·1 

nH 14D.I. LOCATION.~qql;l\"l(t:~t.t:r:I\ .rEIS.EIT."I!Qit: ..... Proiect . 
HOLE NO .•. v. 7-t ·""'""'" c-- S ~).2 600 E l OS~ ,JOO GltOIJND !LEV ••.• 6.:U,ot, ....... 0" (A.f.IGI.E rRr.·>M II<Wii' •. . • • . . . . 

....... o . N. . ... . • . • . . . . •. ~. . ~ . . TOTAL. I 
BEGUN .. 7-:~Q-: ?~ .. f'INISHED., .~-:~-:~~ ... DEPTH Of' OVERBURDEN , ..• 4•.~ 1 

•.•.•• DEPTH .. .1.0.6 .•. 2.'. BEARING. . . . . . . . . . .. , • . · · j 
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PEitCOL.ATION TESTS .Czi= Zj::' • 

NOTES ON WAT!R Tl:~ 
• 111111 Ill 

LOSSES AND LI!VELS. •> OEftTtf II: 
00 (fffT) ::J CASING. CEMENTING, SIZE uu = CA VINC, AND OTHI!R ~g~ll! Ill LOSS Ill 

DQILLING CONDITIONS • fROM II: 

(") ~:.-~!\ TO 
(G.tt.M.) (P.t.l.l 

NxD 96 No Test 

Bott pm of nole 

10 

I 
I 

I 
i I I 

I 

I 

I I 

60 

-
I 

70 

80 I 
i 
i 

90-
l I 

I i 
I 

I i 
I 
! 

I 
: 

I i 
' I 

I 

:;sz::: Zt-...... ,., ...... 
~ ... Ill -zt-
...... 
...lo 

(MIN.l 

622~ 

1~??/.+ 

: 

I 

i 

I 
i 

I 

t:: u 
!:~ ic:~ 

Lo =_, 
" 
~---1-- •.• 

103.7 ---~- ..... ... ~ 

'11'\f. f ...... 

10-

20 

I 
30-

I 
f 

I ~ 

I 

I 
I 
i 
1 

I » 

60--

70 

80 

1 
~ 

0"' :::! 
1111-_,.,. 
,~ 

.......... 

I 
I 
I 
! 

' i 
! 

i 
I 
j 

i J 

I' 
! ~ 

· Cl,.AS~IFlCA.l!OH ANO 
PHYSICAL CONOiliO., 

I 
-' 

I I i I I 
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l·l"l)":' f1l.6q) 
8twf'au of Rll'd•m.•tJon .... 0 ..... 40, t.!IC'N ·~•" LOG OF DRILL HOLE SHE! l. . 1 

F!ATURE. Jt!l~;l!lJII. ~Y~P9T{lH9~.~c;n~4 .............. ltROJIC:T. ,c;c;»lc;t;-~41? -~~'!~~ .~~~~!'! .~a~~f!i.t.Y, -~~n.~r;ol STATF. .... ~.l.or.afl~ . 
HOLE NO DH-15RA LOCATION.' J;\C?n~~Q·Q~IH'Q' ;'f(!·~lt:'!'Oq81,t; ·4·0·0· G,:;,~a,..te~~IV 4287+ Dlf' (ANUl E l'!fflltl Hr;•I'<IZ.) .... 9.0~ .. 

. . . . • • . • . C:OOitDS. N •• . '{-f'fH ••••. I!, ••••• 4.... . ... TO~~· ..... . 
aEGUN . .7:-·.2!):-_7? ... I"INISHI!D .• !":'~~"':?? ... DEitTH 01' OVUIURDIN ••. lQ~~~ ..... DEP'TH )6 .. ~' .... BEARING.···.······ · · 

NOTES ON WATER 
LOSSES AND LEVELS, 
CASING, CEMENTING, 
CAVING, AND OTHER 

DRILLING CONl'IITIONS 

DRILL FLUID LOSSES 
No fluid loss 
throughout drilling 

WATER LEVEL DATA 
(B• gin of Shift) 
Dat< Hole Depth to 
~ Depth Water 
I- <.I 25.4 3.0 
7-28 48.8 2.6 
7-29 67.2 5.0 

CASED INTERVAL 
I0.0'-58.0' Cs re­
lmoved upon comple-
tion of hole. 

BACKFILL OF HOLE 
Upon completion, the 
hole was washed with 
clear water and 
cement mix pumped 
into the hole be­
fore final fill of 
soil. 

96 --- ~ 
15 

... ...,... 

1 100 
-
~ 

50..: 

86 

-

60-
94 

-

!IOO 

90-

i
COHt 

DS = Drive Sample 
G = Gravity 

LOS~ 

CCi~'E 
•RECO\ft R 'f 

130 .. 2Cs 39 8 0 00 

39.8Cs 48.8 0.00 

I 

!48.8Cs;57.5 0.20 

l 
[57 .SP 167.2 0.00 

40 5 

45 5 

50 5 

60 3 

.:....-:= ·-·= "7 .. ·­-· .•. 
:'" 
-·--..:.: 

•== ·-
~"---· 

I,;,?L..f\.+ IL.1 L. 1- ·-= 
» -~· .... 

..... 

\ 

-; 

. 
I 

i 90"" 

i 
I 

EXPLAHATJOH 

' 1.0-5.5: SANDY CLAY; sligilt to low ! 
plasticity, about 40% fine sand (grades t 
occasionally dayey sa~d), moderately 
high dry strength, co~tains traces 
of gypsum, moderately reactive to· HCI. I 
(C.L). j 

5. 5-10.5: SANDY CLAY; lt¥ plasticity, 
about 30% fine sand, moderately high 
dry strength, traces of gypsum, 
slightly reactive t:o HCI. (CL) • 

10.5-25.0: WF;ATHERED SANI)Y SHALE; 
moderately thick bedded at 90° to core 
axis, poor to fair fissility, no air 
slaking but crumbled and heavily frag­
mented along bedding plant!S, .well ce ... 
mented and compacted where less deter­
ioration from weathering has occurred, 
soft to moderately hard, tan to gray 
first 17.6' but then becomes mottled· 
gray, traces of gypsum, is oc~asionally 
very sandy to moderately sandy; only 
slightly reactive to HCl in places. 
Fragmented throughout, ~atrgest segments 
.5 1 , average ,1'. · 

25.0 .. 47.4; SANDY SHALE; thick bedded. 

I 
I 
f 
I 
l 

I 

I 
I 

at 90° to axis, poor to .fair fiss;Utt:y, l 
no air slake, weathered ·~one .of .de.;;, I 
composed light gray shale from 34.9 to 
35.6', well compacted anq ·cemented,' I 
moderately soft to hard, gray to dark 1 
gray and ~ometimes mottled, traces of 1 
gypsum, some trace of pyrite, slightly 1 
sandy to very sandy and may grade to 
shaley sandstone in places, oceasionallyj 
slightly reactive to HCl. Core seg- j 
menta range from .I' to 1. 6 1 , averaging I 

.5 1 , except in fragmented zone from 34.9~ 
to 35.6'. I 

I 
) 

47.4-55.8: SANDSTONE; fine to medium · 
grained, subangular to subround, even 1 
grain texture, moderately hard to hard, , 
tight, dense, well cemented, light gray,; 
slight reaction to HCI. Segment.s range i 
from 3.2' to .I', averaging 2.0'. l 
55.8-57.2: ~; Iov specific gravity, ! 
somewhat blocky, black, some trace of . 
shale and thin layers of light gray sand~ 
stone as above - bony, size range from : 
• 5' to !;.", { See sheet,.,;., for further ..... ~ 
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Bwll!'•u or il'er":iaiD•tion G~O ••• • _.01 GEOLOGIC LOG OF DRILL HOLE 

..... l 
SHIEl ... 2.. OF. .2 

FUTURE .~4:1,~11! .J:;~ap,o,r.a_t_i.OP. ?!>.~ .•............. "ROJI!CT~~~!>F!l!fP. j{~y~F. !i~~1-~. ~{lH~HY .1;:9t:JP:"9f .. STATf ... _qql,~t:i!~~ 
DH-15RA LOCUION. P.o.r.t~~~~~F!l. F~!I!!!'Y~:f.r ...•. Pro_ject 6287+ . 9. O.o 

HOLE NO ..•. • .••. • COOtlDS. N •• S,~& •• ~QQ ...•.. 1! •• 1,,,0,8.6,,.4!J!J. Glt0UMD ILI!V ..•• TO; L ....... DIP (ANGLE F'ROM HORI? ) 

IEGUN .. 7.-:2&-:7.5 .. ~IMISHI!O •. .7:-29:-.75 .. . DEPTH 0~ OVI!RIURDEN ... 19 .• ,.' ...... DEP~H, .. 7(1,9~ .. lURING ••••.•........... · 

>- PERCOLATION TESTS :~e 
:a:-• ...... 

NOTES ON W4TI!III Tl:l 111111 ... a, Ill u 
L05SE~ AND LEVELS. •> OI!,.TH ., Z>- Ill Ill 

"~ iu 00 !FEET) :J ...... ~ ...... 
CUING, CEMENTING, SIZE uu := o• Ill - Lo 
CAVING. AND OTHER ~g(. Ill LOSS 

zl- ~~ ... .. ... 
DRILLING CONI.'ITIONS • I" ROM ., --'o " c::~;s TO &. 

('!I\) (G .... .III.) (P'.S.I.l (MIN.) 

----·-· 

10 I 
I 

- I 
20-

: 

' l -

30- I 
l 

' i 
I ...; 

I 

I 
-

...,.. i 

I 
[ 

I 
-

' 
50- I 

! 

I 
I 

60· 

I 
I 
j j 

70- ! I 

I 
I 

10· 

I 

- i i 

I 
10 

I ~ 

J 

80-' 

J I 
: 

I 

' 90 ! I 

I : l ! 
90· 

: i I 
I 

I \ 

l I : I 
E X P l A N A T , o __ f! 

i
CORE 
LOSS 

~~r: :!a~~~ : . · · . . · · · : . ~ :~~:~:~.de: : ~=~~·~·,'!~:·c: : ~:~:~; o·; :;.u:n~ 
CORE 

RECOVERY 
App•o•. si1" of ~ole (X.se<in). E~,. J.J 'J", A• = 1-7 'II". B• = 2-3·'8". l'l• • 3" 
App•o•. aiu of~.,,., IX-oedes) . E._, 7 S", A• "'1-1 ·8". 8• ~· 1-5'8 ·. l'h- 2-li8' 
Outsode dia. of <••.,ng (X-aeti .. •). E• ~ 1-lJ 16", A.-. 2-1/~". 8• • 2-7'8 . "'• = 3-1·2" 

~" Prilled by USBR crew 
... ! 
11,1)­.., ... 
G. Ill ..... 
-c 

CLASSIFIC:AliON AND 
PHYSICAL CONDITION 

"'./ ···-· -··-· ·--
57.2-64.5: SILTSTONE; fine smooth 
texture, light gray; occasionally 
a haley to sandy, carbonaceous shale at 
60.2' to 61.0', grades into shale at 
62.8' - poor fissility, moderately soft 
to mo~erately hard, gr~y, well compactedj 
slightly reactive to HCl, segments It;" to 
.7', averaging ,2'. 

64.5-67.2: SANDSTONE; fine to medium 
grained, subangular to subround, even 
grain texture, moderately hard to pard, 
tight, dense, well cemented, light gray, 
slightly reactive to HCl. Segments from J 
.9' to . 5'. ; 

67.2-68.3: SHALE; poor fiss:f,lity, well f 
compacted, ~tely ~10ft to moderately: 
hard, slightly reactive to HCl, It;" to j 
.7' averaging .2'. i 

68.3-72.1: SANDSTONE; fine to .medium f 
grained, subangular to subr-01.md, even t 
grain texture, ·moderately h,ard to hard, 1 
tight, dense, well cemented, light gray, 
slightly reactive to HCl. Segments 
from .5 1 to 1.4'. 

72.1-75.0: CARBONACEOUS S~ALE AND COAL; 
law specific gravity, somewhat' blocky, 
black, some trace of shale and thin 
layers of light gray sandstone - bony, 
fragments to .3 1

• 

j 

I 
I 

SANDSTONE; fine to medium I 
grained, SIJbangular to sut:Jro\md;. even f

1 

75.0-76.9: 

grain texture, moderately h~rd ·to hari:l, 
tight, dense, well cemented, light gray, j 
with very numerous thin layers· of car- l 
bonaceous shale, slightly reactive to I 
HCL Average segments • 5'. 

I 
I ----- _____ , 
I 
I 

I 
I 
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FEATURE .llf.OhVl. tV4POt4UQQ .P,QQQ, •••••••••••••• I'IIOJICT.CQ1QJ:-4Q .lU.V.t\~ .JJ.as.i.n. .S.aJ.;f.p.i.ty, f;pJlttPl .. ST"lf. CPlPJ'.ildP ... ' .. 
nu U.D& LOCATION. ,c;'ctQ«;t:ctl.J:III\-~'I{Qf.J: •.•..••.. Pro1ect . 0:.':110t . . 9Qo 

HOLE NO . V\>':".,.Y~. COOilDS. .. •• 5Jl.500 ...... 1.1.093.100. GltCRJMD ILIV .• " .. ;OTAL ....... ,,.,. (.tNGt.B FHoiiHt:oRJ.' ' . . . . . . • .. 

IEGUN .. ~':'9-:-n.,. fiNISHED •• lt-:-J.4-:n ... DI!P'TH OP OVERtUIIDEN .• ~,fi' ........ DI!I'TH .. 1.1.4 .•. 6.' ... lURING ••• ' .•.. -- · • ·- · · - • ·- · .•. 

NOTES OW WATE• 
LOS~ES AND LEVELS, 
CASING. CEMENTIMG, 
CAVING. AND OTHER 

DRILLING CONt'ITIOMS 

T::: 
SIZE 

~:~I 

,... 
• 111111 

•> 00 uu 
Ill • 

PlltCOL.ATION TESTS 

DI!PTH 
.. • IFI!I'f) ~ 

~ 
I.OSS .. 

~~~r.-. • TO (f'.t.a.) (G.P.M.I 

f!;; 
ow .... . .. 
..IO 

(MIN.) 

~ Dril'led by USBR crew f¥ ... _ 
l&llo­
.JVI 
Q,.lll 
2 ... 

CL.ASSifiiC.110t4 AfiO 
PHYS1(4-L. r:ONDITIO~ 

63lo± o.o ~~ 
~D~e~p~t~h~s~ar;e:ff~r~o;m~--~~~~,---f(~~lln:oi-o~)f-c;-lrs--16ti309+~-~--~~~:lf..~~~~~O~.of.-~l~.~Ol::~-LLEEAAN~CLAY.;-;;dium plasti~fty;-· 
ground level. Hole DS ~~-~ about 15% fine san!l, ~dium dry strength 

<•} .. c.l 

NX o.o 10.0 0.50 G 5 

not surveyed for DS AJ2,4:!;. 5 6 ~~~ and toughness, reddish brown, highly 
deviation, if N xQ react! ve tp HCl; ( CL) • 

any, from vertical. 

DRILL EQUIPMENT 
Sullivan 22 hydra-u­
lic feed rotary 
drill. 

DRILLING FLUID 
Clear water 

34 

10--!-9-4+.o::-.o~c~s~2~o...,. 0~1"=""""!6. •• oo=-~---c-"--s~ 

~ 

100 

~~~F~~A-~~~~~~~~~-+~-i 
88 

flO.OP JO.l 11:).00 25 5 

--92 I 
DRILL FLUID LOSSES 
Cs Interval %Loss 
10.0~9.680 
10.0 19.6-20.0 60 
20.0 20.0-25~3 75 
20.0 25.3-30.1 75 
20.0 30.1-39.7 50 
20.0 39.7-49.3 so 
20.0 49.3-59.0 60 

.... 

HATER LEVEL DATA 
(Begin of Shift) 
Date Hole Depth to 
1975 Depth Water 
8-10 9.9 7.0 
8-11 30.1 24.6 
8-12 59.0 24.0 
8-13 78.4 25.5 
8-14 114.6 25.0 

CASED INTERVAL 
0.0'-59.0 Cs 
removed upon com­
pletion of hole. 

BACKFILL OF HOLE 
Upon completion, 
the hole was washed 
with clear water 
and a cement mix 
was pumped into the 
hole before final 
fill of soil. 

!cHARACTER OF DRILL IN< 
Easy drilling 
through entire hole -
no problems 

DRILL SITE 
On generally level, 
sagebrush terrain. 

98 

~ 

-
«3-

100 
-

• 
93 

60 

94 

10-

10 

100 

90 

30.1P 39.7 Q.fiO 40 

I 
5 

! 

39. 7P 49.3 o. 70 so 5 

149. 3P 59.0 0.60 55 5 

l 
S9.0P 68. 7! o.oo 60 5 

; 

I 

68. 7P I 78.4 o.oo 70 s 
I I 
I I 
I 

I 
I 

I I 
78.4Pj 88.1 0.00 : 80 l 

I 
5 

I 
j I 

! 

88.1P 97.7 0.00 90 I 

! 
5 

I 

I 
i 

I I 
I 

I i ; 
97. 7P :107.4 0.00 : 100 i 

. . PROJf 0 . G~BSG~ 
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1.0-5.6: LEAN CLAY; medium to high 
plasticity, 5-10% fine sand, lll3Y grade 
to CH in places, medium dry strength 
and toughness, tan· to gray, tra~es of 
gypsum, displays slight fissility in 
places, indicating decomposed· shale, I' 
reactive to !!Cl. (CL) 

0 
5.6-114.6:. ~; thick bedded at 90 f 
to ads, poor t;o good (generillly fair) 
fissility, no air slaking, medium soft 

1 

to hard, well compacted, gray to dark I 
gray to occasional black carbonaceol.IS ! . I 
layers, slight to moQerate reaction to j 
HCI, freq.uent fragmented weathered zone$. 
(0 20 I depth With tannish-grray COlOr 1 J 
46.8' to 48.2 1 and 103.4' to 107' are 
soft weathered zones of light gray to 
chalky white, smoa~h t~xture to 78.8' 
then becomes moderately rou-gh; s~mewhat 
mottled and sanq;·. Segment;s vary from 
fragments to 2. 2' and ave:rage about 1.0'. 

----~----·--i 
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• "". '' J'1'. .. .. . . "'' •.'" TOTAL 
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I 

• 
60 

70- 70 

80 110 

90 90-

i I 
i I I 

EXP~o.AN4TION 

,, 
l 

. ' I j iCORE l.OS~ 

t:'OR~ ~ 
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NOTES 01\1 WA TI!R 
i..OSSES 41\10 LI!YELS, 
CASING. CEMENTING, 
(.l VING. AND OTHER 

DRilliNG COH[IITIONS 

WATER LEVEL DATA 
(Begin of Shift) 
Date Hole Depth 
}.975 Depth ~ 
7.24 20.2 7.0 
7.25 47.2 11.0 

1 CASED INTERVAL 
I 0.0'-20.2' Cs 
· removed upon com­

pletion of hole 

G = 

4.51'1 G 

. i';:;P£ 
; Ul: .. 

: ·.on 
h.:tf•·:fll¥ 

~;{~rj: .·~-·f-~;~;~:t. ~ ~ ~~.l:!~·~~:.';\··~· :. ~~~-~~-'-~.~~~te;. ~ ~ ;")~;:,:: o7 ~-:~~~ · .. 
t:.,")tJo~"·~·· .,.,~_. r.i !1alt. tX "Jt:r .e-s• .. r .... -~ :.-4 )'. 1 7 8'' 'd). a :1-1·8", 
J-.p~ .... n~- •1.·• (If (.f".H-1! \X~ar•:e•;; t .. :.:, .J ~ · ~:.' :,011: ~ }.l:i '8", r-~,- . 

.·,_ ·- ._1~~; "1i~·~fo~~::~~~l~:.~~·~~J; .. ~ !.·' < . ·' ' ~~· .. _t • ~i.L 

I 
C.lAS!.'J'fC,I.Tol-l>NCl t 
PH i'Sir 4l- l..'1"ir,: i"'ON I 

j 
a~o::6·:a:-riAin::uY:·;· medi~~ .. pia~t~itr.-.--- 1 
about 20% fine sand, meditim to high 1 
dry strength and toughness, reddish ; 
brown, occasional trace of gypsum, 
highly reactive to HCl. (CL) 

6.0-13.0: LEAN CLAY; tnedium plasticity, 
about 10% fine sand, may grade to CR in 
phces, medium· to high dry s t rep.gth, 
medium toughness, tan to gray to gray-. 
brown, contains high amount of gypsum 
with some crystals 1/4", highly 
reactive to HCl. (CL) 

13 , 0-20. 6 : WEATHERED SANDY SHALE ; 
mostly thick bedded at 900 to axis, 
poor to fair fissility, n6 air slaking 1 

but crumbly and soft in zones, fair.ly 
well compacted and cemented where not 
deteriorated badly, moderately sandy 
to very sandy, soft t.o moderately soft, 
tan to becoming gray, occasional 
slight. reactively to HCl, only slightly 
sandy at 19.2', traces of fragmented 
gypsum throughout with. an average si;te 
of 0.2'. 

SANDSTONE; fine to medium 
grained, s ubangular to subr.ounded, 
even-grained texture, thin 'l/16" layers 
of gray shale arid frequent .interbelided 

1 shale layers of 0.1'. to 0.5' past 30' 
j . depth, moderately hard to hard, tight, 

dense, well cemented, light graY., II no to slight HCl reaction, .segments 
from 1 1 to 1. 6' averaging 0. 5' 

; l 
I! 

I . I 
I I 
l i 
I I 

I ~ 
,l 
:I 
! 

'' 'i 

40.9 -46.6: COAL; blocky, interbedded 
carbonaceous shale and light gray 
sandstone layers of 1/4" to 2", black, 
low specific gravity, fragments to 0.5' 
averaging 0. 2'. 

46.6 -47.2 : SANDSTONE; fine to medium 
grained, subangular to subrounded, i 
even grained texture, thin 1/16" layers i 
of gray shale, moderately hard to hard, 
tight, dense, well cemented, light gray~ 
no to s l:l,ght HCl reaction, segments ! 
from 0.1' to 1.6' averaging o.s•. 
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1975 summarv of evaooration and climatological observations 
uel Countv. Colorado Sheet 1 of 3 

Evaporation pan #f fresh -EVaporatio-npan--#2 brine Evaporation pan 13 brine 
Air temperature (OF) Total Water tempera- Total Water tempera- Total Water tempera- Total 

Average Average Average precipi- Total ture (°F) evapo- ture (OF) evapo- ture (OF) evapo-
Average Average dry wet dew tation wind Average Average Average ration Average Average ration Average Average ration 

Month maximum minimum bulb bulb point (inches) (N. miles) langleys maximum minimum (inches) maximum minimum (inches) maximum minimum (inches) 
January 41. 17. 37. 34. 27.3 0.08 0. 0. 0. 0. 0. 60. 25. 0.23 45. 24. 0.37 
February 40. 19. 32. 33. 28.6 .49 0. 0. 0. 0. 0. 10. -3. 1.15 9. -3. 1. 47 
March 47. 29. 46. 37. 25.0 2.61 1,321. 0. 47. 34. 1.31 14. 0. 2.35 14. o. 2.44 

18. o. 4.86 
23. 4. s. 61 

April 51. 29. 46. 39. 31.2 1.27 3,553. 0. 59. 36. 5.64 19. 1. 4.40 
May 6 4. 3 4. 56. 4 5. 3 4. 7 1. 2 3 2 , 9 ·1 2 • 0 • 68 • 3 8 • 6 • 8 0 2 5 • 4. 5 • 16 
June 76. 40. 69. 53. 41.0 .26 2,667. 0. 76. 43. 11.23 31. 8. 12.56 33. 8. 8.89 
July 84. 51. 76. 62. 54.3 .61 1,613. 0. 83. 52. 11.62 37. 13. 7.31 36. 13. 8.35 
August 83. 47. 80. 57. 39.0 .52 1,835. O. 81. 48. 10.60 34. 11. 8.51 33. 11. 8.65 
September 74. 37. 67. 49. 29.6 .75 1,188. 0. 73. 41. 6.81 30. 6. 5.54 29. 7. 6.14 
October 71. 32. 51. 36. 18.1 .20 2,211. 0. 67. 31. 5.61 23. 1. 4.28 24. 1. 4.83 
November 51. 24. 41. 36. 24.5 .38 2,197. 89.1 0. 0. 0. 14. 0. 2.77 13. 1. 3.36 
December 41. 7. 31. 29. 23.3 .61 1,310. 174.7 0. 0. 0. 7. -2. .41 7. -2. .81 
Yearly 60. 31. 53. 42. __ _____11..4 9._D_~-------~-20,806. 131.9 69. 40. 5_9_.62_~~--2~!_~_0_~- 5.41 54._6_7 __ 23.75 5.,46 55.78 

Note: Brine in Evaporation Pan #2 = 260,000 mg/1. 
Brine in Evaporation Pan #3 = 170,000 mg/1. 
No snow fall measurements taken at Dry Creek Basin Station. Solar meter installed November 1975. 
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1976 summary of evaporation and climatological observations 
Drv Creek Basin, San Miguel Countx, Colorado 

Sheet 2 of 3 

EvaEoration Ean #1 fresh Evaporation pan #2 brine Eva£oration Ean #3 brine 

Air temEerature (°F) Total Water tempera- Total Water tempera- Total Water tempera- Total 

ture (°F) ture (°F) 
0 

Average Average Average precipi- Total evapo- evapo- ture ( F) evapo-

Average Average dry wet dew tat ion wind Average Average Average ration Average Average ration Average Average ration 

Month maximum minimum bulb bulb point (inches) (miles) langleys maximum minimum (inches) maximum minimum (inches) maximum minimum (inches) 

January 36. -2. 24. 28. 25.8 0.51 819. 210.0 o. o. o. s. -7. o. 67 s. -6. 0.83 

February 46. 20. 39. 3 6. 30.2 .83 2,607. 198.4 o. o. o. 11. -2. 1. 53 12. -0. 1.64 

March 47. 15. 42. 36. 158.1 .16 2 ,868. 374.3 o. o. o. 12. -4. 3.16 12. -4. 11.48 

April 58. 28. 51. 46. 41.9 • 43 3 '164. 406.2 62. 35. 5.17 20. 1. 5.52 20. 1. 7.16 

May 72. 37. 64. 54. 44.9 • 36 1, 956 • 536.6 74. 41. 8.09 33. 8. 4.97 33. 8. 4.55 

June.!/ o. o. o. o. o. o. o. o. o. o. o. o. o. o. o. o. o. 

July}) o. o. o. o. o. o. o. o. o. o. o. o. o. o. o. o. o. 

August 82. 51. 75. 55. 38.8 1. 48 . ~/ 6,399. 436.6 79. 47 • 9.52 37. 12. 7.28 o. o. o. 

September 70. 42. 59. 51. 43.7 2.11 1,295. 363.3 78. 43. 7.88 38. 10. 6.47 o. o. o. 

October 63. 24. 38. 37. 35.3 • 14 1,250 • 333.7 63. 36. 4.27 20. 1. 6.82 o. o. o. 

November 54. 16. o. o. o. • 10 970. 251.4 o. o. o. 11. -4. 4.06 o. o. o. 

December 46. 10. o. o. o. o. 907. 34.1 o. o. o. 5. -10. 1.93 o. o. o • 

Yearly 57. 27. 49. 43. 52.3 6.12 22.234. 314.5 71. 40. 34.93 19.23 .41 42.41 16.65 -.11 25.66 

Note: Brine in Evaporation Pan #2 = 260,000 mg/1. 
Brine in Evaporation Pan #3 = 170,000 mg/1. 
Evaporation Pan #3 removed May 1976. 

1/ There are no data for June and July. 

3J Wind mileage (nautical miles) for August is actually the sum total for June, July, and August. 

... 
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1977 summary of evaporation and climatological observations 
Drv Creek Basin~ San Mi~ue1 Count~ 2 Colorado 

Sheet 3 of 3 

Evaporation pan #1 fresh Evaporation pan #2 brine Evaporation pan #3 brine 

Air temEerature (OF) Total Water tempera- Total Water tempera- Total Water tempera- Total 

Average Average Average precipi- Total ture (°F) evapo- ture (°F) evapo- ture (°F) evapo-

Average Average dry wet dew tat ion wind Average Average Average ration Average Average ration Average Average tation 

Month maximum minimum bulb bulb point (inches) (miles) langleys maximum minimum (inches) maximum minimum (inches) maximum minimum (inches) 

January 38. s. o. o. o. 0.73 741. o. o. o. o. 4. -9. 1.89 o. o. o. 

February 47. 13. o. o. o. .16 1,003. o. o. o. o. 11. -5. 1.70 o. o. o. 

March 48. 17. o. o. o. .20 2' 673. 387.7 o. o. o. 13. -4. 3.98 o. o. o. 

April 63. 29. o. o. o. • 20 1 '866. 481.8 71. 38. 2. 68 23. 3. 5.21 o. o. o. 

May 67. 37. 52. 41. 41.3 .70 3,332. 589.5 69. 39. 9.64 25. s. 7.93 o. o. o. 

June 88. 44. 77. so. 15.8 • 20 2,3 62. 705.6 86. 48. 6.91 39. 11. 5.77 o. o. o. 

July 79. 54. 69. 58. 55.4 o. 1,628. 536.8 88. 52. 9.70 o. o. o • o. o. o. 

August 7 s. 49. 70. 58. 61.2 3.71 1,587. 536.6 88. 49. 11.38 o. o. o. o. o. o. 

September 68. 41. 64. 49. 38.7 2.22 1' 7 43. 482.6 76. 47. 9.03 o. o. o. o. o. o. 

October 58. 27. 49. 42. 62.9 1.58 636. 350.3 65. 40. 6.01 o. o. o. o. o. o. 

November 43. 23. 49. 39. 66.7 .85 1/100. 227.4 62. 42. 1.14 o. o. o. o. o. o. 

Yearlz: 61. 31. 61. 48. 48.9 10.55 17.672. 477.6 75. 44. 56.49 19.43 • 61 26.48 0. o. o. 

Note: Brine in Evaporation Pan #2 = 260,000 mg/1. 
Brine in Evaporation Pan #3 = 170,000 mg/1. 

1./ Not complete month of wind data. 

, 
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• 
Summary of evaporation and climatological observations 

Bedrock 2 Montrose County 2 Colorado Sheet 1 of 2 
EvaEoration Ean #1 fresh 

Air temEerature (°F) Total Water tempera- Total 
Average Average Average precipi- Total ture (°F) evapo-

Average Average dry wet dew tation wind Total Average Average ration 
Month maximum minimum bulb bulb Eoint (inches) (miles) langleys maximum minimum (inches) 

1975 
January 47. 20. o. 0. 0. o. o. o. o. o. 0. 
February 47. 20. 0. o. o. o. 0. o. o. o. o. 
March 54. 25. 35. 35. 48.8 . 20 825. o. 55. 35. 1.11 
April 60. 29. 43. 37. 49.8 1. 24 2,058. o. 63. 38. 6.34 
May 72. 36. 54. 44. 43.9 .52 1,983. o. 72. 43. 8. 71 
June 83. 42. 62. 49. 38.4 .42 1,755. 0. 79. 48 . 11.01 
July 92. 55. 70. 59. 49.9 2.06 1,252. 0. 89. 58. 10.61 
August 89. 47. 65. 54. 46 .8 .84 1,097. o. 84 . 53. 10.29 
September 83. 42. 57. 48. 52.2 . 52 1,036. o. 78 . 48 . 7.45 

• October 72. 27. 43. 35. 47.1 .58 1,162. o . 65. 36. 5.55 
November 56. 16. 39. 33. 52.1 

~ sJ~ -
1,218. 0. 53. 33. 1.90 

December 45. 15. 0. 0. 0. 772. 0. o. o. o. 
Yearly 66. 31. 39. 33. 35.8 ~·.51 13,158. 0. 53. 33. 62.97 

p,,,;., 13- ''2. 
1976 

January 40. 2. o. 0. o. 5...9.3- .?3 526. o. o. o. 0. 
February 52. 23. o. 0. 0. .41 1, 281. 0. o. o. 0. 
March 56. 21. 41. 34. 50.0 ~. "b\ 1,971. o. 58. 34. 4.35 
April 67. 30. 51. 40. 38.2 .40 1,859. o. 66. 38. 7.26 
May 77. 40. 58. 48. 47 . 6 1.22 1,525. 0. 76. 46. 9.08 
June 87. 43. 65. so. 29.9 .38 1, 715. 0. 82. 48 . 12.85 
July 95. 54. 72. 59. 44.0 .81 1,197. o. 90. 57. 12.28 
August 88. 49. 67. 56. 52 .3 1.52 1,053. 0. 85. 54. 9.65 
September 81. 44. 57. 52. 71.3 1.57 762. 0. 78. 51. 6.36 
October 70. 26. 41. 36. 61.1 .14 853. o. 64. 37. 4 .57 
November 59. 16. 38. 34. 64.6 .23 702. 0. 56. 35. 1. 83 
December 48. 4. o. o. o. 0. 614. o. o. o. o. 
Yearly 68. 29. 41. 34. 38.2 ~ 

1-11 
14,058. 0. 55. 33. 68.23 

?~,. .. J"f ~ · b'"6 

• 
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1977 s ummar y of evaporation and climatological obser vations 
Bedrockz Mont r os e County 2 Co l orado Sheet 2 of 2 

Evaporati on pan 
11 3 brine 

Wa t er temper-
EvaEoration Ean Il l f resh EvaEor a t i on Ean 11 2 br ine ature (°F) 

Air temEer ature ( °F) Total Water t empera- Total Water tempera- To t al Aver - Aver - Total 
Average Average Average precipi- To t a l ture ( °F) evapo- ture (°F) evapo- age a ge evapo-

Average Aver age dry wet dew ta t i on wind Total Average Ave rage r ation Average Average r a t ion maxi- mi ni- r a tion 
Month maximum minimum bulb bulb Eoint ( i nches) (miles) langlevs maximum minimum ( inches ) maxi mum mi ni mum (inches) mum mum ( inches ) 

J anuar y 38. 3 . 0. 0 . o. , 460. o. 0. 0 . 0. 00 o. o. 0 . 00 0 . o. o. 
Febr uary 53. 17 . o. 0. o. 926. 0 . 0 . o. 0 . 00 53 . 25 . . 98 0 . o. o. 
March 54. 20 . 41. 34 . 51.0 . 43 1 , 948 . o. 56. 35 . 3. 96 61. 27. 3 . 44 0 . 0 . o. 
April 71. 31. 53 . 42. 43 . 4 .16 1 ,625. 0. 67 . 41. 7 .38 77 . 41. 5 . 59 o. 0 . o. • May 75 . 39 . 58. 46. 37.7 .57 2 ,397. o. 71. 44 . 10 . 82 83 . 46 . 7 . 49 o. 0 . o. 
June 91. 49. 70 . 53. 32 .9 .17 1, 462 . o. 84 . 53. 12 . 24 95. 53 . 8 . 73 o. 0 . o. 
July 90., 57. 70. 60. 57. 9 3.75 1 , 088. o. 87. 59. 10 . 48 100 . 62 . 7 . 56 0 . 0 . ·0 . 
August 90. 53. 68. 59. 58 . 6 1.38 860. 0 . 87, 59 . 8 . 35 97 . 60 . 6 .17 0 . o. o. 
September 84. 44 . 60. 50 . 53 . 5 . 85 1,101. o. 78 . 50. 7 . 54 86. 51. 5. 77 o. 0 . o. 
October 74. 29. 44 . 38. 60.6 . 35 924, o. 65 . 40. 4.87 71. 38 . 3 . 38 o . 0 . o. 
November 57. 23. 41. 37 . 67 . 9 1. 17 879. o. 51. 36. 1.06 51. 29. 1. 66 0 . 0 . o. 
Yearly 71. 33, 46 , 38. 42 .1 ~ 13 , 670 . o. 59. 38. 66 . 70 70 . 39 . so . 77 o. 0 . o. 

Note: Brine in evapor a tion pan #2 = 260,000 mg/1. 9 ·1~ 
No evaporation pan 113 at Bedrock Sta t i on , 

• 
1_7~ 
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