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GROUND-WATER RESOURCES
OF THE SAN LUIS VALLEY, COLORADO

By WILLIAM J. POWELL

ABSTRACT

Anvarea of 1,500 square miles in the San Luis Valley, Colo., comprising
parts of Saguache, Rio Grande, Alamosa, and Conejos Counties, is underlain
by a thick sequence of Tertiary and Quaternary water-bearing sedimentary
rocks that have long been used as a source of supply of ground water for
domestie, stock, irrigation, and other uses. The investigation upon which
this report is based was concerned primarily with the determination of the
probable quantity and quality of ground water that would be intercepted
by the proposed closed basin drain and the determination of ground-water
conditions in the area irrigated by diversions from the Rio Grande, where
large quantities of ground water are being withdrawn for irrigation.

The area, characterized by low topographic relief, includes large areas of
relatively flat land. The southern part is drained by the Rio Grande, and
the northern part, in a so-called closed basin, has no drainage outlet.
Because of the high mountain ranges that border the valley, the area has
an arid climate.

Data in the report indicate that the shallow ground water that would
be intercepted by the proposed closed basin drain would be adequate in
quantity but not of a quality that would meet requirements unless it could
be diluted with a much larger amount of water of better quality.

The storage of ground water in the shallow aquifer in the area of inflow-
outflow study probably can be correlated with the operation of the proposed
Wagon Wheel Gap Reservoir, provided a network of selected observation
wells is maintained in the area and the position of the ground water divide
is carefully recorded. The amount of ground water leaving the area by
way of the artesian aquifers probably cannot be determined but can be
assumed to remain relatively constant. The data presented should enable
the determination of whether the system of subirrigation should be re-
stricted to certain areas and whether certain areas can be irrigated best
by subirrigation or by pumping ground water.

The pumping of shallow ground water during years of very low runoff
may lower the water table to the extent that subirrigation may be difficult
or impossible in certain areas. On the other hand, the pumping of ground
water is the only means of salvaging crops during those years.

The shallow aquifer in the area of inflow-outflow study is recharged
almost entirely by the application of surface water for irrigation. It is
capable of supplying all the water needed for irrigation in the area for a
period of only a few years if no surface water is available for recharge.
Although the shallow unconfined aquifer is overdeveloped locally, there are

1



2 GROUND-WATER RESOURCES, SAN LUIS VALLEY, COLO. -

large areas in which additional supplies can be made available with the
result that the present loss of water by evapotranspiration in the sump
area of the closed basin will be reduced.

The use of deep artesian wells appears to have relatively little effect
upon the supply of water in the shallow confined and unconfined aquifers,
for the confining layers of clay seem to be thicker and more extensive with
depth. The recharge to the deeper aquifers probably is restricted largely
to areas beyond the present limits of development of shallow ground water
for irrigation. )

Water in the shallow artesian aquifers moves from the sides of the
closed basin toward the sump area, where much of it moves upward through
leaky and lenticular confining layers into the unconfined aquifer and is
eventually lost by evapotranspiration; the remainder moves southward and
discharges into the Rio Grande.

Water in the artesian aquifers is not fully developed, and refatively
large additional supplies of water can be withdrawn. Owing to the danger
of mutual interference of wells, however, adequate regard should be given
to their proper spacing. The artesian water generally is of satisfactory
quality for irrigation although locally it may be unsuitable.

The shallow unconfined water generally is of suitable quality for irriga-
tion except in the sump area of the closed basin, where the percent sodium
generally is too great. The belief that the shallow ground water is con-
taminated by the upward movement of artesian water into the shallow
aquifer is false in that the artesian water is of better quality than the
unconfined water. The shallow ground water appears to obtain most of
its mineral constituents by solution during its lateral movement from the
sides of the valley toward the sump area of the closed basin and by evapo-
transpiration. ,

INTRODUCTION
LOCATION AND EXTENT OF THE AREA

The part of the San Luis Valley, Colo., that is considered in
this report includes about 1214 townships in Saguache County,
91% townships in Rio Grande County, 1734, townships in Alamosa
County, and 214 townships in Conejos County—a total of ap-
proximately 42 townships, or about 1,500 square miles., Most of
the area is in a so-called closed basin, in the northern part of the
San Luis Valley; but a small part is in the valley of the Rio
Grande. Its location is shown in figure 1.

PURPOSE OF THE INVESTIGATION
The results of two separate but closely related investigations
of adjoining parts of the area are combined in this report. As
these investigations were undertaken for different purposes, they
will be considered separately.
The first investigation, begun in 1946, was concerned only with
the sump area of the closed basin—the area east of State High-
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This report Reports published Reports in preparation

FiGURE 1.—Index map of Colorado, showing area described in this report and areas on which
ground-water reports are published or are in preparation.

way 17 and north of U. S. Highway 160. (See pl. 1.) Its pur-
pose was to determine the quantity and quality of ground water
that would be intercepted by the proposed closed basin drain,
which had been under consideration for some time by the State
of Colorado and United States Bureau of Reclamation. The feasi-
bility of the proposed drain depended upon the possibility of
intercepting sufficient ground and surface water of a quality that
would meet the requirements of the Rio Grande compact. The
plan involved conduction of the water thus drained, if satisfac-
tory as to quantity and quality, to the Rio Grande at a point
below Alamosa and the diversion of a like quantity of water
from the Rio Grande near Del Norte to augment the supply of
irrigation water in the western part of the closed basin. The
recoverable ground water was found to be adequate in quantity
but unsatisfactory in quality, unless it could be diluted with a
much larger amount of surface water. Studies of the surface-
water supply available to the drain were made during the period
of investigation (1946-52) by the Bureau of Reclamation. The
weather was so dry during this period, however, that the needed
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quantity of surface runoff was not available. The ground-water
studies, however, disclosed the availability of ground water of
better quality in areas both east and west from the proposed
drain site.

After the completion of the major field work in the sump area
in 1947, the investigation was extended to include a detailed
study of the ground-water conditions in the area irrigated by
diversions from the Rio Grande where, since the beginning of
the drought of the thirties, heavy withdrawals for irrigation were
being made also by pumping from shallow wells and from a few
deep artesian wells.

In addition to the completion of the study of the feasibility of
the proposed closed basin drain, the major purpose of the en-
larged investigation was to provide sufficient basic geologic and
hydrologic data to assist the Colorado Water Conservation Board
and the Bureau of Reclamation in determining (1) whether the
use of underground storage could be correlated with the opera-
tion of the proposed Wagon Wheel Gapr Reservoir in such a way
as to insure the most efficient use of water and to minimize irri-
gation shortages (that is, whether the established subirrigation
system should be restricted to certain indicated parts of the area,
whether other parts could be irrigated best by surface flooding
with water from the Rio Grande, and whether other parts could
be irrigated best by pumping from shallow or deep wells, with
substantial reliance placed upon the use of ground-water storage
during periods when the proposed Wagon Wheel Gap Reservoir
would not supply the full requirements) ; (2) the effect of pump-
ing shallow ground water from the same ground-water reservoir
that has been maintained for subirrigation; (3) the effect of the
use of deep artesian water wells on the supply of shallow con-
fined and unconfined ground water; and (4) the suitability of deep
artesian water for irrigation.

THE CLOSED BASIN COMMITTEE, AND DIRECTION
OF THE INVESTIGATION

Soon after the creation of the Colorado Water Conservation
Board in 1937, the late Clifford H. Stone, first director of the
board, appointed a Closed Basin Committee to direct and guide
hydrologic studies in the closed basin of the San Luis Valley.
The first members of this committee were E. B. Debler, repre-
senting the U. S. Bureau of Reclamation; C. V. Theis, represent-
ing the U. S. Geological Survey; and R. J. Tipton, representing
the Colorado Water Conservation Board. At meetings on Sep-
tember 7, 1940, and June 24, 1941, the committee planned investi-
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gations of several alternative lines for the proposed closed basin
drain. The investigations were carried on subsequently by the
Bureau of Reclamation.

After the beginning of the Colorado cooperative ground-water
program by the Colorado Water Conservation Board and the
Geological Survey in July 1945, Judge Stone reactivated the
Closed Basin Committee, with membership as follows: D. M.
Forester, project engineer, San Luis Valley project, representing
the Bureau of Reclamation; S. W. Lohman, district geologist,
representing the Geological Survey; and R. J. Tipton, chairman,
representing the Colorado Water Conservation Board. The first
meeting of the new committee, held at Monte Vista, October 3-10,
1945, was attended also by C. V. Theis, the former Geological
Survey member, and other personnel of the Geological Survey,
Bureau of Reclamation, and Rio Grande Compact Commission.
At this and later meetings, the committee formulated the plans
for the ensuing cooperative ground-water investigations in the
San Luis Valley, gave general direction to the program, and
periodically advised the three cooperating agencies of the prog-
ress of the work.

After his transfer to another State in 1947, Mr. Forester was
replaced on the committee by W. H. Sweet, as project engineer
of the San Luis Valley project, to represent the Bureau of Rec-
lamation. In 1952, Mr. Lohman was replaced on the committee
by T. G. McLaughlin, district geologist, to represent the Geologi-
cal Survey. Mr. Lohman, however, continued to serve in an ad-
visory capacity.

The ground-water phase of the investigation was financed in
part by the Colorado Water Conservation Board and the Geologi-
cal Survey but in large part by the Bureau of Reclamation. In
addition to supplying both funds and personnel for the ground-
water studies, the Bureau of Reclamation carried out other related
investigational work in the area, including land-use studies, meas-
urement of flows in all irrigation canals and drainage ditches,
and measurement of precipitation at selected points.

The investigation was under the general supervision of the
Closed Basin Committee. The ground-water phase, with which
this report is concerned, was under the immediate supervision of
S. W. Lohman until 1952, and thereafter it was under the imme-
diate supervision of T. G. McLaughlin. The Geological Survey’s
participation was carried on under the general administration of
the late O. E. Meinzer through 1946 and, thereafter, of A. N.
Sayre, successive chiefs of the Ground Water Branch, U. S.
Geological Survey.
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PREVIOUS INVESTIGATIONS

According to an old report (Carpenter, 1891), artesian water
was discovered accidentally in the San Luis Valley in the fall of
1887, while an ordinary sand point was being driven. This dis-
covery brought about such prompt and widespread development
that by 1891 there were an estimated 2,000 flowing wells in the
valley. The accelerated use of artesian water led to the classic
study of the geology and artesian water supply by Siebenthal
(1910). At the time his field work was completed in 1904, there

were 3,234 flowing wells in the valley.

" During the 25-year period following Siebenthal’s detailed re-
port, no extensive investigations were made; however a few brief
studies during this period touched on the artesian water and
related problems. In 1916 W. N. White (1916) of the Geological
Survey estimated that there were 5,000 artesian wells in the
valley. During the period 1927-30, Tipton and Hart (1931)
conducted consumptive-use studies, by means of evaporation
tanks, and made drainage studies.

Studies in the San Luis Valley were made in connection with
the work of the Rio Grande Joint Investigation of the National
Resources Committee. They resulted in a report by Bryan
(1938) on the geology and general ground-water conditions in the
valley of the Rio Grande, including the San Luis Valley, and a
report on ground water in the San Luis Valley by Robinson and
Waite (1938), in which the auathors estimated that more than
6,000 flowing wells had been drilled in the valley by the end of 1936.

In a special report on the San Luis Valley project, Tipton
(1939) gave preliminary estimates on the construction, cost,
vield, operation, and benefits of an earlier proposed closed basin
drain. A U. S. Department of Agriculture report (Bayard and
Ahrens, 1943) recommended financing, under the Water Facili-
ties Act, the construction of shallow irrigation wells along the
west side of the San Luis Valley as a means of relieving the
water shortage.

HISTORY AND METHODS OF INVESTIGATION

FIELD WORK

1946 —Thirty-three test wells and 6 observation wells were
drilled along the line of the proposed closed basin drain. For
observing water levels during pumping tests, 167 jetted and
bored observation wells and 156 temporary jetted wells were
constructed (pl. 2). Twenty-seven of the 33 test wells, each
related to 6 observation wells, were test-pumped. Gaging sta-
tions were established on creeks and drains tributary to the
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sump area, and level lines were run to the observation wells.
Water levels were measured in the observation wells. Samples
of water were collected from lakes, streams, shallow wells, and
deep artesian wells. Cross sections, based on logs of the test
wells, were prepared.

1947 —Forty-seven jetted or bored observation wells were
constructed. Water levels in observation wells were measured,
gaging stations were maintained, and additional samples of wa-
ter were collected in the sump area. Water-table contour maps
for the sump area were prepared, and the results of the pump-
ing tests were computed. The yield of the proposed drain was
estimated. Based on the analyses of many samples of water, the
average quality of ground water that may be intercepted by the
proposed drain was estimated.

Except for continued observation of water levels and stream-
flow, the studies of the proposed closed basin drain were practi-
cally completed by the end of the 1947 season.

An inventory of nonirrigation wells north of Monte Vista was
begun as the first part of the expanded investigation of the irri-
gated area of the valley.

1948 —Additional water samples were collected, artesian wells
in the northern part of the area were inventoried, and an inven-
tory of irrigation wells was begun. The discharge rates of nearly
all flowing artesian wells that were visited were measured or
estimated. Pumping tests of 6 irrigation wells were conducted,
using 6 temporary jetted observation wells for each test; 189
other observation wells were sunk. Automatic recorders were
installed on 6 unused irrigation wells, and lines of levels were
run to wells in which water levels had been measured. The fol-
lowing instruments were installed and maintained: 10 nonrecord-
ing rain gages, 21 gaging stations on canals entering the irrigated
area, and 43 gaging stations on ditches draining the area.

19.9.—Eight temporary test wells and 11 test holes, aggregat-
ing 1,228 feet, were drilled; pumping tests were conducted on
the 8 test wells, using 6 jetted observation wells for each test.
Fifty-one other jetted observation wells were put down. The
collection of water samples continued. More wells were inven-
toried, additional observation wells were established, and addi-
tional lines of levels were run to wells and test holes. Observa-
tion wells that were equipped with recorders were serviced, and
other observation wells were maintained. Maintenance of gag-
ing stations and rain gages continued. Aerial photographs of the
sump area were made periodically as a means of estimating the
extent of sheetflooding by streams.
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1950.—The inventory of wells in the area south of the Rio
Grande was completed. Flow and head tests were made on 8
flowing wells, and head tests were made on 4 other flowing wells.
Additional water samples were collected and additional levels
were run. The observation wells and the rain and stream gages
were maintained.

The major part of the field work was completed by the end of
the season in 1950, except for 2 years of additional records.

1951-53.—The field work was completed, including measure-
ment of the discharge of wells, determination of the cost of pump-
ing and the efficiency of wells, continued measurement of water
levels in the observation wells, continued maintenance of the gag-
ing stations and rain gages, and the running of levels to the
remaining wells.

PREPARATION OF REPORT

The base maps for plates 1, 8, 9, and 10 were prepared by the
Bureau of Reclamation. The “Introduction” and the section on the
quantity and quality of ground water available to the proposed
closed basin drain were prepared by S. W. Lohman; the re-
mainder of the text was prepared by the author, with a great
amount of assistance by T. G. McLaughlin. The section on the
inflow-outflow study, prepared by Philip B. Mutz of the Bureau
of Reclamation, is a supplement to this report.

The report contains analyses of 1,079 samples of water made
in laboratories of the Geological Survey in Albuquerque and
Salt Lake City, mainly by V. E. Arnold, W. M. Webster, E. L.
Singleton, and E. F. Williams, but in part by H. R. Simms, C. S.
Howard, J. B. Kindler, W. M. Noble, R. T. Kiser, and E. V.
Jaramillo. Analyses of 48 samples of water collected prior to
this investigation were made by the Bureau of Reclamation.

Included also are tabulated records of 2,162 wells, sample logs
of 250 test holes, and drillers’ logs of 41 wells and oil-test holes.
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Basin Committee, made available his unpublished report concern-
ing the method used in this investigation for determining the
quantity of ground water that may be intercepted by the pro-
posed closed basin drain, and he gave helpful advice during the
October 1945 meeting of the committee. R. J. Tipton of the
Colorado Water Conservation Board, as chairman of the Closed
Basin Committee and as an engineer with long experience with
water problems in the San Luis Valley, offered valuable advice
on many phases of the investigation.

The following drillers supplied logs of wells: Harold P. Doty,
B. Smith, Howard and Ora Platz, R. Biggs, J. Sanford, H. A.
Dewey, V. Wheeler, and Edward Warner.

The following ranch owners consented to the use of their wells
and premises for the pumping or flow tests: John Gariatakis,
R. F. McNitt, Roy Lofton, the late Jim Fogal, Grant E. Oxley,
Jim Crow, Limon and Howard Linger, Mrs. A. Murray, J. Ross,
John Berry, Van I. Warden, Gervet Gesink, William J. and Leslie
P. Getz, and Frank Sheldon. Stanley and John Stribling, Victor
Crow, and William Hagan assisted materially in locating many
wells on their large tracts of land.

Ray W. Villyard and Web Allison of the Rural Electrification
Administration and the Public Service Co. of Colorado provided
data on power consumption by well-pumping plants. K. Mont-
gomery and Ronald Iske of Monte Vista and P. H. Henry and
C. R. Bollier of Alamosa, city officials, supplied records of public
water supplies. Joseph R. Clair, Denver Sample Log Co., fur-
nished the log and samples of drill cuttings from an oil test near
Center. K. Bryning, engineer for the Rio Grande Canal, assisted
in locating wells.

Ivan C. Crawford, director, and R. J. Tipton, engineer, Colo-
rado Water Conservation Board, read the manuscript of this
report.

WELL-NUMBERING SYSTEM

Well numbers appearing in this report are based on the U. S.
Bureau of Land Management system of land subdivision. The
number shows the location of the well by township, range, sec-
tion, and position within the section. A graphical illustration
of this method of well numbering is shown in figure 2. The first
numeral indicates the township, the second indicates the range,
and the third indicates the section in which the well is situated.
The lowercase letters following the section number locate the well
within the section. The first letter denotes the quarter section,
. and the second letter denotes the quarter-quarter section. The
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Well number 40-7-25cc

R.7E. Sec. 25
N 1
! I
6 5 4 3 2
b ! o b I o
| |
7 8 9 0 1 L p— ==+ ———0 — — -
. | '
c 1 d c ! d
18 7 | 16 15 14 X X
. }
v T
19 20 | 21 22 | 23 ! I
b | a b i o
| |
30 | 29 | 28 | 27 | 26 - —-¢ - —-4+ — = —=d - ——+
! ]
c | d c 1 d
31 32 33 34 | 35 | 1
i 1

FIGURE 2.—Well-numbering system.

letters are assigned in a counterclockwise direction, beginning
with (a) in the northeast quarter of the section or of the quarter-
quarter section. If more than one well is in a quarter-quarter
section, consecutive numbers beginning with 1 are added to the
well numbers. For example, the well number 36-8-1aa2 indi-
cates a location in the northeast quarter of the northeast quarter
of sec. 1, T. 36 N., R. 8 E., and shows that this is the second well
inventoried in the quarter-quarter section.

The locations of test holes and test wells are shown on plate
16. Numbers assigned to test holes and test wells are consecu-
tive and are in order by townships from south to north and by
ranges from west to east. Within a township, the wells are num-
bered in the order of the sections.

GEOGRAFPHY
TOPOGRAPHY AND DRAINAGE

The San Luis Valley lies in a broad structural depression be-
tween high mountain ranges that converge to the north. The val-
ley, about 115 miles long, extends from Poncha Pass at the north to
a point about 15 miles south of the New Mexico State line. Its
maximum width is about 50 miles, at the latitude of Del Norte.
The San Luis Hills, a series of low basalt-capped hills and mesas
that rise 500 to 1,000 feet above the valley floor, lie in the south-
ern part of the valley in the vicinity of San Luis and adjacent to
the Rio Grande.

This report is concerned primarily with the part of the valley
that lies north of the San Luis Hills, which generally is regarded
as the San Luis Valley proper. It is about 85 miles long and
includes the widest portion of the valley. The va_.lley' has not
been mapped by modern methods, but the reconnaissance map -
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prepared by Siebenthal (1910, pl. 1) gives a clear picture of its
topography.

The majestic Sangre de Cristo Mountains, the eastern boundary
of the valley, contain several peaks that have altitudes of more
than 14,000 feet. Sierra Blanca, the highest peak in the range,
has an altitude of 14,363 feet. The western boundary of the val-
ley is formed by the San Juan Mountains, which attain altitudes
of about 9,600 to more than 14,000 feet. The floor of the valley,
relatively flat, ranges in altitude from about 7,500 feet in the
sump area of the closed basin to more than 8,000 feet on the
alluvial fans. The relief from the peaks to the valley floor is
about 6,800 feet; the relief of the valley floor proper is about 500
feet.

The San Luis Valley is an asymmetric basin with a topographic
depression along its eastern side. West of the depression the
valley floor slopes eastward at the rate of about 6 feet per mile,
except on the alluvial fans where the slope is as much as 50 feet
per mile (fig. 3). East of the depression the valley floor rises
steeply to the base of the Sangre de Cristo Mountains, the slope
being as much as 150 feet per mile in places. The Rio Grande
alluvial fan is the most extensive fan in the area, spreading out
over the valley for a radius of nearly 20 miles from Del Norte,
the point at which the Rio Grande enters the valley from the
mountains to the west. The gradient of the alluvial fan is so
slight that a topographic map is required to observe its extent.
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FiGURE 3.—Profile of San Luis Valley from a point 0.2 mile east of Del Norte to a point 10 miles
east of San Luis Lake, :
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Small, subdued sand dunes afford local relief of 10 to 20 feet
throughout a large area on the eastern side of the valley, and
they are covered by vegetation in most places. Active sand dunes
having a relief of about 800 feet are concentrated in an area at
the base of the Sangre de Cristo Mountains near Mosca and
Medano Passes. About 86,000 acres of this area was designated
the Great Sand Dunes National Monument by an act of Congress
in 1932,

Most of the area described in this report lies within the closed
basin, which has no drainage outlet, but the remainder of the
area is drained by the Rio Grande. The closed basin is separated
from the basin of the Rio Grande by a ground-water and topo- :
graphic divide that occupies a position roughly parallel to, and ‘
generally about 1 to 3 miles north of, the Rio Grande. From a
point about 8 miles east of Alamosa, the divide curves and trends’
northeastward toward the Sangre de Cristo Mountains. (See
pl. 9 and Robinson and Waite, 1938, pl. 11.) The topographic
divide is barely perceptible at some places, but elsewhere it
stands as much as 20 feet above the adjacent valley floor.

The Rio Grande enters the San Luis Valley from the west at
Del Norte and follows a southeasterly course to Alamosa, whence
it flows southward through a narrow cut in the San Luis Hills
at Los Sauces. (See fig. 6.) All the larger tributaries of the
Rio Grande, including the Conejos, La Jara, and Alamosa Rivers,
originate in the Conejos Mountains (part of the San Juan Moun-
taing), from which they flow generally eastward to the Rio
Grande.

La Garita, Carnero, San Luis, and Saguache Creeks, which
originate in the La Garita and Saguache Mountains (parts of
the San Juan Mountains), are the principal streams entering the
closed basin from the west; and Big Spring, Crestone, Zapato,
and Sand Creeks, which head in the Sangre de Cristo Mountains,
are the principal streams entering from the east.

The principal lakes in the area are Russell Lakes, which are
north of Monte Vista, and Soda, Head, and San Luis Lakes, which
are in the depression (sump area) of the closed basin (pl. 1).
During periods of high water, Head Lake overflows southward
into San Luis Lake, which is the largest of the three lakes in the
sump area. Several playas contain water only during extremely
wet periods; normally they are encrusted with salts.

The highly developed western part of the closed basin is sup-
plied with irrigation water mainly from the Rio Grande through
the Rio Grande canal, Farmers’ Union canal, San Luis Valley
canal, and Prairie ditch. Some of the lateral canals or ditches
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and several drainage ditches extend eastward to, or near, the
axis of the closed basin, and thus they contribute water to the
lakes.

: CLIMATE

The climate of the San Luis Valley is arid. It is characterized
by slight precipitation and rapid evaporation in the lower parts
of the valley and moderate rainfall in the surrounding moun-
tains. During July, August, and September, local light rain-
storms, accompanied by moderate winds, are common through-
out most of the valley. The summer days and nights generally
are cool, owing to the high altitude. The winters are cold but
generally are free from excessive snowfalls and cloudy days.

The mean annual temperature at Monte Vista is 41.8°F. The
mean monthly temperatures and normal monthly precipitation
at Monte Vista are shown in figure 4. Normal annual precipita-
tion is 8.38 inches at Del Norte, 7.10 inches at Monte Vista, and
8.45 inches at Saguache (fig. 5).- The average growing season
for the three stations ranges from 94 to 140 days.

AGRICULTURE
Agriculture, the principal industry in the San Luis Valley, is
dependent largely on irrigation with both surface water and
ground water. Owing to the arid climate and relatively high
altitude of the valley, the crops are restricted mainly to small
grains, potatoes, hay, some vegetables, and native grasses. The
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FiGURE 4.—Normal monthly precipitation and mean monthly temperatures at Monte Vista.
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three principal types of farm enterprises in the valley are the
potato farms and vegetable farms, the diversified farms, and the-
general livestock farms.

The potato farms and vegetable farms also generally produce
some hay, grain, and livestock—primarily for soil conservation
and crop rotation. Most of these farms are in areas having the
best soils. They have the best sustained production, and they
have fewer problems of alkalinity, salinity, and drainage.

Diversified farms, whose main crops are small grains, also
produce potatoes, hay, and livestock. Diversification is necessary
in order to make better use of the soils, which in part may be
good but in part may be only fair or poor. Some of these farms
have problems of alkalinity, salinity, and drainage.

General livestock farms coordinate the growth of crops with the
major livestock program. Many of these farms are in areas in
which the predominant pasturage is native meadow hay that is
maintained by a shallow water table. Other parts consist of
rangeland or wasteland, where the soil is alkaline or saline; parts
are too high for meadowland, and other parts are of too poor
quality to warrant development and reclamation for crops.

Most of the farms are “family-size”; that is, nearly 90 percent
of them contain 160 acres or less, and most of these farms are
under irrigation. Of the few very large farms in the valley,
most consist chiefly of marginal land.

The steady development of communities in this agricultural
area indicates the success of the farming. Development and
improvement have been limited, however, by water supply and
lack of research information. The best opportunities for im-
provement probably lie in the following directions: (1) stabiliza-
tion of the water supply so that the oversupply of early spring
water can be used to extend the short summer and fall supply;
(2) minor changes in irrigation practices; (3) more research
information concerning this particular area.

POPULATION

Because the area described in this report comprises parts of
four counties, its exact population is not known. Much of the
area consists of grazing and farm land, and so it is not heavily
populated; many of the smaller towns and communities have a
population of less than 100. The largest town in the area is
Alamosa, which had a population of 5,354 in 1950, according to
the United States Census Bureau. Other towns include Monte
Vista (population 3,272), Del Norte (2,048), and Center (2,024).



16 GROUND-WATER RESOURCES, SAN LUIS VALLEY, COLO.

TRANSPORTATION

The principal highways in the valley are U. S. Highways 285
and 160 and State Highways 15, 17, and 159. Highway 285 is
the main north-south route in the western part of the area, serv-
ing the towns of Saguache, Monte Vista, Alamosa, Antonito, and
the areas of concentrated farming north of Monte Vista and
south of Alamosa. Route 160 is the main east-west highway
through the area, connecting the towns of Fort Garland, Blanca,
Alamosa, Monte Vista, and Del Norte. State Highway 15 is an
oiled and graveled road extending southward from Monte Vista;
and State Highway 17 is an oiled road that extends northward
from Alamosa and joins Route 285 north of Saguache. State
Highway 159, in the southeastern part of the valley, extends
from Fort Garland southward to San Luis and into New Mexico.
Most of the other State highways in the valley are graveled. In
addition to the State and Federal highways, excellent county
roads, most of which are surfaced with sand and gravel, traverse
the area. Lines of the Denver and Rio Grande Western Railroad
cross the valley in north-south and east-west directions, serving
the towns of Alamosa, Monte Vista, Del Norte, La Jara, Antonito,
Blanca, Fort Garland, Center, Mosca, Hooper, and Moffat. The
Southern San Luis Valley Railroad extends southward from
Blanca into New Mexico, and the San Luis Central railroad ex-
tends from Monte Vista to Center.

GEOLOGY
GENERAL FEATURES

The San Luis Valley is a structural basin bordered by faults
on the east and perhaps also on the west. Structural relations
on the west side of the valley are largely obscured by Tertiary
volecanic rocks. The approximate location of the faults on the
east side of the valley has been shown by Upson (1939). In con-
trast with some other structural basins, the area now occupied
by the San Luis Valley probably was a highland during much of
geologic time and, according to Siebenthal (1910, p. 29), did not
receive sediments until Miocene time, when the deposition of the
Santa Fe formation began. For the purpose of geologic descrip-
tion, the San Luis Valley area may be divided into four parts—
the east range (Sangre de Cristo Mountains), the west ranges
(San Juan Mountains), the San Luis Hills, and the valley proper
(fig. 6).

The Sangre de Cristo Mountains (east range) consist of a
northern part, which extends about 70 miles south-southeastward
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from a point near Poncha Pass to Sierra Blanca, and a southern
part, locally called the Culebra Range, which is offset eastward
from the northern part and extends southward into New Mexico.
The Sangre de Cristo Mountains consist mainly of Paleozoic
conglomerate, sandstone, shale, and limestone, and Precambrian
granite, gneiss, and schist (Johnson, 1929). The range was sub-
jected to at least two stages of Pleistocene glaciation (Sieben-
thal, 1910), which sculptured the present sharp peaks and pro-
duced moraines that extend to the heads of the large alluvial
fans at altitudes of 9,000 to 9,500 feet.
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The mountains on the west side of the valley are part of the
San Juan Mountains and are composed principally of Tertiary
voleanic rocks. Small areas northeast of Saguache, however, are
underlain by Precambrian granite, schist, and gneiss, and by
Paleozoic limestone, sandstone, and shale. The Tertiary volcanic
rocks, which are of Miocene and Pliocene age, include rhyolite,
latite, basalt, tuff, breccia, pumice, and andesitic flows. The vol-
canic rocks border the valley proper and slope toward the valley
at 6° to 15°; they have been encountered in drill holes beneath
the Pleistocene and Recent valley fill south of Monte Vista and
beneath older sediments northeast of Center. The San Juan
region was affected by three stages of glaciation in the Pleisto-
cene epoch. A more complete discussion of the geology of the
San Juan Mountains is given in the report by Cross and Larsen
(1935).

The San Luis Hills consist of rhyolite, latite, and andesite,
capped by younger basalt flows, which have been correlated with
the Tertiary volandjc rocks of the San Juan Mountains.

The structural basin of the valley proper is filled with Ter-
tiary and Quaternary deposits comprising the Santa Fe and
Alamosa formations, which are described below.

TERTIARY DEPOSITS

SANTA FE FORMATION
CHARACTER

The type locality of the Santa Fe formation is in the region
north of Santa Fe, N. Mex., between the Sangre de Cristo and
Jemez Mountains, where the formation consists of gravel, sand,
silt, voleanic ash, and a little clay. Most of those materials were
laid down as coalescing alluvial fans in a basin which, at its
maximum size, extended to the east, and probably far to the west,
of its present limits (Denny, 1938). The most nearly complete
exposures of the Santa Fe formation are north of Santa Fe, in
gullies cut by tributaries of the Rio Grande. There, the forma-
tion consists of stream-laid gravel interbedded with andesite-
basalt flows, voleanic tuff, silt, and clay. The most northerly
outcrops of the gravel in the Santa Fe formation are at the north
end of White Rock Canyon in northern New Mexico. Similar
gravel occurs 20 miles south, at the south end of White Rock
Canyon, where it is interbedded with andesite-basalt flows and
with volcanic tuff (Bryan, 1938). Several outcrops of the Santa
.Fe formation occur in the San Luis Valley, but they are small
and thus do not reveal fully the character of the formation. The
most reliable data on the character of the formation in the San
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Luis Valley are the logs of artesian wells and of deep oil tests.
They reveal that the formation consists of conglomerate, sand,
gravel, clay, lava, and voleanic debris.

Beds of lava-have commonly been found in deep wells and oil
tests in the valley, and in the area south of the Rio Grande the
first lava flow encountered generally is considered to be the top
of the Santa Fe formation. An analysis of available well logs,
however, indicates that the flows are numerous and-discontinu-
ous_and hence do not constitute a reliable stratigraphic marker,
except locally. Many lava flows and great thicknesses of volcanic
materials were found in a deep oil test north of the Rio Grande
near Center (log 290), whereas only two flows have been found
in the shallower wells south of the Rio Grande.

In the area south of the Rio Grande and west of Alamosa, the
shallowest lava flow is generally found relatively near the sur-
face—at a depth of 35 feet at Antonito (Siebenthal, 1910, p. 92),
235 feet at a point 17 miles north of Antonito (log 253), 390 feet
at a point 20 miles north of Antonito (well 36-9-18bc), 435 feet
in the Carmel district (well 37-9-32ac1), 420 feet at Monte Vista
(well 39-8-31ca, log 265), and 900 feet at a point about 7 miles
west-southwest of Alamosa (well 37-9-15dc). The town well at
Alamosa, which was drilled to a depth of 1,802 feet, encountered
no lava (log 261). It appears, therefore, that the first lava flow
penetrated by wells south of the Rio Grande may be a single
flow dipping steeply northeastward and terminating southwest of
Alamosa and probably also southwest of well 37-9-15dc.

In the area north of the Rio Grande, several oil tests have
revealed beds of lava, but the shallowest beds lie at such great
depths (1,950 {0 3,645 feet) they probably are not related to the
relatively shallow lava south of the Rio Grande. It is likely,
therefore, that none of the shallowest lavas north of the river
are at the top of the Santa Fe formation, except perhaps locally.

The %%gonmined in the upper part of the Santa
Fe is well rounded; ifidicating stream deposition. In places it is
cemented with a calcareous material or clay. Hardpan and hard
sand, which are mentioned in the drillers’ logs and were reported
to be beds of cemented sand, may range in thickness from about
4 feet (log 288) to about 50 feet (log 254) and are in places
interbedded with loose sand and gravel, as indicated in log 251.
The maximum size of the fragments found in the Santa Fe for-
mation is about 12 inches in diameter. The layers of sand and
gravel range in thickness from about 5 feet (log 257) to about
270 feet (log 254) and generally are interbedded with layers of
clay or cemented sand.
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The clay in the Santa Fe formation is firm, hard, and blocky,
and it is pink, red, brown, and blue. Some clay layers are rela-
tively thick, and others are thin and interfingered with sand and
gravel. The logs indicate that the beds of clay are lenticular and
may thin or pinch out within short distances. Well 36-9-18dc
(log 258) penetrated 75 feet of clay below the first lava flow,
whereas well 36-9-19dc (log 260), which is only 1 mile away,
penetrated only 11 feet of clay mixed with sand and gravel below
the first flow.

DISTRIBUTION AND THICKNESS

The Santa Fe formation underlies almost all the San Luis
Valley. Many wells in the area south of the Rio Grande pene-
trate the formation; however, only three wells are believed to
penetrate it in the area north of the Rio Grande, owing to the
greater thickness of the overlying Alamosa formation in that
area. The thickness of the formation in the San Luis Valley is
not known, but it is reported to exceed 5,000 feet in northern
New Mexico and there are indications that it may be greater in
the San Luis Valley.

AGE AND CORRELATION

Vertebrate fossils taken from the Santa Fe formation were
first considered by Cope (1874) to be of Miocene age, but more
recent work by Frick (1933) has shown that the fauna originally
described by Cope is early Pliocene. It has not been determined
whether these fossils were taken from the upper or the lower
part of the formation; in this report the formation is considered
to be largely of Pliocene age but in part of Miocene age.

QUATERNARY DEPOSITS

ALAMOSA FORMATION
CHARACTER

The Alamosa formation, which was named after the town of
Alamosa near the center of the valley, consists of beds of un-
consolidated gravel, sand, silt, and clay. It underlies a large
part of the valley but is well exposed only in the southern part,
where the Rio Grande and its tributaries have cut into the upper
part of the formation. As the formation is not well exposed,
the most reliable data on its character are the logs of test holes,
irrigation and artesian wells, and the few oil tests that have been
drilled in the valley. The character of the upper part of the
formation is best revealed by the logs of 52 test holes and test
wells put down during the investigation at the points shown on
plate 16. These logs are given in the Records section of this



GEOLOGY 21

report and are shown graphically in plate 11. The most exten-
sive exposure of the Alamosa formation in the valley is at Han-
sen Bluff, on the east bank of the Rio Grande southeast of Ala-
mosa, where only 41.5 feet of sand, gravel, and clay crops out.
The following is a description of a measured section in this area:

Measured section of the Alamosa formation along the east bank of the
Rio Grande in NW% sec. 11, T. 86 N., R. 11 E., Alamosa County (meas-
ured by C. E. Siebenthal, 1910)

Thickness

Description (feet)
Recent deposits:
Gravelly slope 4
Conglomerate, indurated sandy clay matrix_________ 4
Alamosa formation:
Fine gravel and sand, loose 3.5
Fine-grained, reddish sand _ 2.5
Black and red sand e 5
Drab joint clay, with a great many white indurated
nodules 1.5
Coarse indurated sand and small quartz pebbles____ 4
Buff to light-drab sandy clay. 10.5
Fine and coarse sand in laminae 5.5
Olive-green sandy joint clay, with shells 2.5
Banded, drab sand, with clay pockets_.____.________ 1
Fine and coarse pebbly sand in indurated laminae___ 4.5
Loose, black sand 1.5
Fine banded clayey sand 1.5
Coarse sand and clay, with quartz pebbles___._______ 2.5
Debris slope to river . 12
Total thickness 61.5

The materials composing the Alamosa formation probably
were laid down in a subsiding basin by streams that headed ln
the adjacent mountainous areas. Much of
was depesited near the heads of the steep alluvial fans that border
thm ‘material was deposﬂ:ed near the sump
area of the valley. Recent deposits overlie the Alamosa forma-
tion, but the similarity of the materials makes it difficult to deter-
mine the contact between the two. In this report, therefore, the
Recent deposits have been included with the Alamosa formation,
except in some well logs. Siebenthal considered all the material
above the first persistent layer of very fine sand or clay to be
Recent deposits and the material below to be the Alamosa forma-
tion, but this investigation has shown that in the sump area of
the clcsed basin the material generally is fine grained from the
surface downward, and there are numerous lenses of clay that
may easily be mistaken for the more persistent layers.



22 GROUND-WATER RESOURCES, SAN LUIS VALLEY, COLO.

The material in the Alamosa formation becomes finer grained
toward the low part of the valley, as indicated by the cross sec-
tion along line K-K' (pl. 11), which was drilled as a part of this
investigation. The westernmost test hole (22 in line K-K'),
drilled on the alluvial fan near Del Norte, revealed fragments as
large as 10 inches in diameter. The easternmost test hole (45),
drilled in the sump area, disclosed fragments no larger than 2.5
inches in diameter. The log of a well (37-10-5db) at Alamosa,
near the center of the valley, is the most complete sampled sec-
tion of the Alamosa formation available and shows that none of
the material obtained from the well exceeded 0.8 inch in diameter.

The clay in the Alamosa formation may be brown, green, or
bluish-gray. The brown clay, generally soft and slightly sandy,
is in the upper part of the formation. The bluish-gray and green
clay generally is firm and blocky and contains lenses of fine sand.
Test drilling has shown that most of the layers of clay are not
continuous but are lenticular and interfingered with sand and
gravel in a manner similar to that shown in the cross sections
(pL. 11). Test hole 28, for example, was drilled through 2 thin\
layers of clay that did not continue to test holes 29 or 30, a’
distance of 2.2 and 2.8 miles respectively; and test hole 35 in
line C-C’ was drilled through 32 feet of silty to sandy clay that
did not extend eastward to test hole 40, a distance of 2 miles.

The character of materials in the Alamosa formation also
changes within relatively short vertical distances, as shown
graphically in plate 3, which is the log of a well drilled into the
Alamosa formation on the Baca Grant (southeast corner of North
Sheds meadow, which does not show on map), at a point about
10 miles west of the Sangre de Cristo Mountains. The log shows}.
that there are 164 changes in material in 1,000 feet and that |
below 378 feet there are 50 layers of blue clay alternating with
layers of fine sand. The deepest bed of gravel was found at
72 feet; only the finer sediments were found below that depth. |

DISTRIBUTION AND THICKNESS :

The Alamosa formation (including Recent deposits) underlies
most of the San Luis Valley in Colorado, from the alluvial fans
on the east and west and from near Poncha Pass on the north to
the Colorado-New Mexico State line on the south, the continuity
being broken only by the San Luis Hills in the southern part of
the valley. Many of the beds of sand and gravel in the forma-
tion extend from the heads of the alluvial fans to the floor of
the valley and are interbedded with layers of silt and clay. The
coarsest materials in the formation, hence those most productive



GEQLOGY

23

of water, lie above the first confining layer of clay and generally

are considered to be of Recent age.

The thickness of materials

above the first persistent layer of clay ranges from about 1 foot

in the SW1,NW1/ sec. 4, T. 385 N.,

R. 9 E. (log 251) to about

110 feet in the NW14NE1 sec. 4, T. 41 N, R. 7 E. (log 275).
The average thickness, as shown by the east-west cross section
(pl. 11, line K-K'), is about 61 feet. Records of wells and test
holes in the closed basin indicate that the thickness of materials

above the first layer of clay increases toward the west and that

the thickness of the clay may range from a featheredge to as

much as 268 feet. The thicknesses

of materials above the first

layer of clay at various points in the valley are as follows:

Thickness of Alamosa formation above the first layer of clay

Approximate location Thickness Log reference
(feet)

Alamosa 29 261
Baca Grant 1 251
Center 67 287
Hooper 52 35
Monte Vista 45 265
Mosca 44 11
Rio Grande alluvial fan:

Sec. 4, T.41 N, R.TE ____ . ____ 110 275

Sec. 24, T. 41N, R.TE e __ 82 276
Sargents 79 28
San Luis Lake 48 47

The total thickness of the Alamosa formation appears to range ,\(\”‘
from a featheredge in the vicinity of Antonito to more than 2,000 /
feet in the vicinity of Hooper, although the determination of the
top and base of the formation is subject to considerable error.
.The principal sources of data on the thickness are the logs of

deep artesian wells and oil tests.

Twelve or more wells in the
San Luis Valley are at least 1,000 feet deep and penetrate all or'

much of the formation. Data on these wells indicate that the

Alamosa is thickest in Rs. 10 and
center of the valley (sump area).

bottomed in the Alamosa formation at a depth of 1,802 feet, and’

11 E., near the depositional
Well 37-10-11cc at Alamosa

a well on the Baca Grant (pl. 3) bottomed in Alamosa-type beds
at a depth of 1,000 feet. An oil test in T. 41 N,, R. 10 E. (log

289) encountered a hard sandy bed a
appears to be the top of the Santa
oil test in T. 39 N,, R. 11 E. (log

t a depth of 2,139 feet, which
Fe formation; and another
288) appears to have found

the Santa Fe at a depth of 1,950 feet. The Alamosa formation
seems to thin rapidly toward the west, as indicated by a thickness

€
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of 885 feet near Center (log 290), 382 feet at Monte Vista (log
265), and 400 feet in the Carmel district (wells 36-9—6cc and
36-9-Tcc).

AGE AND CORRELATION

Shells found in the layers of clay in Hansen Bluff and frag-
ments of shells found in well cuttings represent four species of
animals that are attributed to fresh-water life in the late Pliocene
- or early Pleistocene epochs. Fragments of vertebrate fossils
collected from well cuttings during this investigation were classi-
fied by C. W. Hibbard as being parts of an astragalus (ankle-
bone) of an animal attributed to the early Pleistocene.

GROUND WATER

The following discussion of the occurrence of ground water
has been adapted in part from Meinzer (1923a, pp. 2-102), whose
report includes a more detailed discussion of the subject.

The rocks that form the outer crust of the earth generally
contain numerous open spaces called voids or interstices. These
open spaces are the receptacles which hold the water that is
found below the surface of the land and is recovered in part
through wells and springs. The amount of water that can be
stored in any rock depends upon the volume of the rock that is
occupied by open spaces, that is, the porosity of the rock. The
capacity of a rock to hold water is determined by its porosity,
but its capacity to yield water is determined by its permeability.
The permeability of a rock may be defined as its capacity for
transmitting water under hydraulic head, and it is measured by
the rate at which the rock will transmit water through a given
cross section under a given difference of head per unit of dis-
tance. Rocks that will not transmit water are said to be imper-
meable. Some deposits, such as well-sorted silt or clay, may have
a high porosity but, because of the minute pores, transmit water
very slowly. Other deposits, such as well-sorted gravel contain-
ing large openings that are freely interconnected, transmit water
readily. Part of the water in any deposit is not available to wells
because it is held against the force of gravity by molecular attrac-
tion—that is, by the cohesion of the molecules of the water itself
and by their adhesion to the walls of the pores. The ratio of the
volume of water that a rock will yield by gravity, after being
saturated, to its own volume is known as the specific yield of the
rock.

‘Below a certain level, which in the San Luis Valley is near the
Jand surface, the permeable rocks are saturated with water.
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These saturated rocks are said to be in the zone of saturation,
and the upper surface of this zone is called the water table.
Wells dug or drilled into the zone of saturation will become filled
with ground water to the level of the water table.

The permeable rocks that lie above the zone of saturation are
said to be in the zone of aeration. As water from the surface
percolates slowly downward to the zone of saturation, part of it
is held in the Zone of aeration by the molecular attraction of the
walls of the open spaces through which it passes. In fine-grained
material there is invariably a moist belt in the zone of aeration
Jjust above the water table, and it is known as the capillary fringe.
Although water in the zone of aeration is not available to wells,
much of it may be withdrawn by the transpiration of plants and
by evaporation from the soil.

ARTESIAN WATER

Ground water that rises in wells above the point at which it is
first encountered is said to be artesian or piestic water (Meinzer
and Wenzel, 1942, p. 451). If the hydrostatic pressure is suffi-
cient to cause the water to flow at the ground surface, the well is
termed a flowing artesian well. The height to which this pres-
sure raises the water above the land surface is called the pressure
head, or simply the head. If the hydrostatic pressure is not suffi-
cient to cause the water to flow at the surface, the well is termed
a nonflowing artesian well.

The logs of test holes and wells in the San Luis Valley reveal
that despite the heterogeneity common to alluvial deposits many
of the beds of sand and gravel extend from the heads of the allu-
vial fans at the foot of the mountains to, or nearly to, the sump
area at the eastern side of the valley and that they are inter-
bedded with finer grained materials such as silt or clay. The
beds dip gently basinward from the higher elevations along the
periphery of the valley, and water entering the permeable beds
at their areas of outcrop moves down dip between the confining
layers of less permeable material. The structure and character
of the beds are such that throughout a large part of the valley
the water below the first extensive layer of silt or clay is under
artesian pressure and rises to the surface at the lower elevations
when the aquifer is penetrated by wells.

Water in both the Santa Fe and the Alamosa formations is
under artesian pressure. The principal artesian aquifers in the
Santa Fe are coarse materials interbedded with clay or lava, and
the principal artesian aquifers in the Alamosa are beds of fine
to coarse sand interbedded with clay.
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HISTORY OF DEVELOPMENT ¢
Before the discovery of artesian water in the San Luis Valley,
shallow dug or driven wells supplied all the water for domestic
and stock needs. According to Carpenter (1891, p. 17), artesian
water was discovered by accident by S. P. Hoine in 1887 while
he was driving a sand point. In about 4 years there were an

estimated 2,000 flowing wells in the valley. The quality of the.

artesian water and the ease with which an artesian well could
be drilled were the principal reasons for the early rapid well
development. Carpenter reports that an artesian well could be
sunk in less than a day at a cost as low as $25. Artesian wells
were first concentrated in the towns of Alamosa, La Jara, and
Monte Vista, and later in the rural areas. By 1890 almost every
occupied quarter section within the limits of artesian flow had
one or more wells, most of which were used for domestic purposes.

Most of the early artesian wells drilled in the valley tapped the
shallow aquifers, generally at depths less than 200 feet. The
deepest wells in the valley in 1890 were the town well and the
Conrad Bucher well—both at Alamosa. The town well discharged
400 gpm from a depth of 865 feet, and the Bucher well, which
was an abandoned oil test, discharged about 600 gpm from a
depth of about 1,000 feet.

The number of wells in the San Luis Valley had increased to
3,234 by 1904 (Siebenthal, 1910, p. 56), and the demand for
irrigation water had resulted in the drilling of artesian wells for
irrigation. Siebenthal reports that artesian water was used ex-
clusively for irrigation in the district between Henry Station
and Bowen School (Tps. 86 and 37 N., Rs. 9 and 10 E.), along
Rock Creek (T. 38 N., Rs. 7 and 8 E.), and in the vicinity of
Warner School (Tps. 48 and 44 N, R. 8 E.). By 1916 there were
an estimated 5,000 flowing wells in the valley (White, 1916, p. 12,
13). The continued use for irrigation of high sodium bicarbon-
ate water from flowing wells had developed areas of alkali which
caused low crop yields and, in some places, crop failures. Condi-
tions observed by White in 1916 caused him to consider artesian
wells of little importance to irrigation in the valley, because most
of the artesian water used for irrigation was diluted with river
water. White called attention to an area between Swede Corners,
sec. 6, T. 43 N,, R. 8 K., and the south line of T. 43 N., R. 8 E,,
where crops irrigated with artesian water had largely failed.
Siebenthal mentioned that this was one of several areas in which
irrigation with water from artesian wells was of considerable
economic importance in 1904.

The number of flowing wells in the valley has continued to

=,
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increase steadily. Robinson and Waite (1938, p. 266) estimated
that there were 6,074 flowing wells in 1936, on the basis of an
inventory of all the flowing wells in the odd-numbered sections.
At the time of this investigation, it was estimated that the num-
ber had increased to about 7,500 (fig. 7).

AREAS OF FLOW
The area in the San Luis Valley in which flowing wells could
be drilled was outlined by Carpenter in 1890 (1891, map facing
p. 17) and comprised about 1,400 square miles. The limit of flow
outlined by Siebenthal in 1906 (1910, pl. 1) included practically
the same area, except for a southward extension of about a mile
in the vicinity of Manassa and a southward reduction in the
vicinity of Saguache. The limits of flow in 1936, as determined
by Robinson and Waite (1938, pl. 5), comprised an area of 1,430
square miles. The mostToticeable change in the limits in the
30-year period 1906-36 was an increase of about 1 mile westward
on the Rio Grande alluvial fan and an increase of about 2 miles.
southward in the vicinity of Manassa. There was seemingly an
increase of several miles eastward in the vicinity of Blanca, but
this probably was caused by inadequacy of data in 1906. The
size of the area of flow at the present time is about the same
in 1936. Contrary to the usual history of artesian basins, there
apparently has been no major change in the area of flow in the
San Luis Valley since the beginning of development. At least
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part of the small changes indicated by published maps were no
doubt errors in map compilation due to inadequate data.

PRESSURE HEAD
The pressure head of water at a given point in an aquifer is
its hydrostatic pressure expressed as the height of a column of
water that can be supported by the pressure. It is the height
that a column of water rises in a tightly cased well that has no
discharge (Meinzer, 1923b, p. 37).

GENERAL FEATURES

The heads of 13 flowing wells were measured during this in-
vestigation by means of an ink-well mercury gage (pl. 4), which
was designed and built by S. W. Lohman; the results are given
in table 10. The heads of more wells were not measured because
that phase of the hydrology of the valley was not a primary ob-
jective of the investigation. In addition, most of the wells are
not equipped with valves with which the discharge can be stopped,
and a large proportion of them are poorly cased in unconsolidated
materials and may collapse if shut in.

Heads of 20 flowing wells were measured during the 1936.
investigation, but it was not possible to make such measurements
on the same wells during this investigation. The measured heads
ranged from 0.36 foot to 54 feet in 1936 and from 4.27 to 64.50
feet in 1949-51. The lowest head measured during this investi-
gation was of a well only 106 feet deep, and the highest was of
a well reported to be 1,400 feet deep. In general, the head ap-
pears to increase with the depth of the aquifer, as indicated by
the measurements listed in the following table:

Range of head of flowing wells as related to depth of aquifer

Specific
Depth to Pre“ﬁ;g head capacity
‘Well aquifer 1 ns ref ace Discharge Drawdown (gpm per
(feet) a (f:ut)‘ (gpm) (feet) foot of
e drawdown)
38-8-29dd2- -] 106 4.27 20 3.37 65
F Y2y ] 7 S— 150 6.44 12 4.26 2.8
48-8-81bel . 185 45.60 7 J—
37-8-6deHmusm e e 200 20.39 65 16.79 3.9
37-8-8bCeccc e — 342 31.93 122 28.76 5.2
37—8-1CC e ] 480 236.71 8 —
37-8-13de2 e | 500 33.03 184 20.74 8.9
87-8-18ab . 520 38.18 145 27.74 5.2
87-9-15dCe e e e | 1,400 64.50 372 64.50 5.8

1 Wells generally shut in for about 24 hours before measurement.
2 Well shut in for about 30 days before measurement.

The pressure head of wells in an aquifer of a particular depth
differs from one part of the valley to another, primarily because
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of differences in topographic position and hydraulic gradient.
Wells in the vicinity of Russell Lakes, for example, have a head
of about 50 feet at a depth of about 200 feet; in the area south
of the Rio Grande, only those wells tapping aquifers at depths of
500 feet or greater have comparable heads.

FLUCTUATIONS IN PRESSURE HEAD

Pressure heads of eight wells were measured periodically dur-
ing this investigation in order to determine the nature and ex-
tent of the fluctuations. The fluctuations ranged from 0.41 foot
in a well 185 feet deep to 15.41 feet in a well 500 feet deep.
Normally it would be expected that the head of the shallower
well would fluctuate more than the head of the deeper well .
because the shallower aquifer is more readily accessible to re-
charge from the application of surface water for irrigation. It
is believed that the large fluctuations in the deep well were caused |
by the heavy pumping of other wells tapping the same aquifer.
The measured fluctuations are shown in the following table:

Fluctuations of head of flowing wells

Depth of Date of Head
Well (;2:1,:) measz:xre;)nent 18(53?&‘32:5

37-8-3be 343 - Aug. 15,1949 31.41
Aug. 15, 1950 28.93

Sept. 20, 1950 27.81

Nov. 2, 1950 33.08

Jan. 15, 1951 34.21

Apr. 27, 1951 30.48

37-8-13ab 520 Aug. 16, 1949 38.23
Aug. 16, 1950 31.04

Nov. 2, 1950 38.01

37-8-13dc2 500 Aug. 11, 1949 33.03
Sept. 20, 1950 27.23

Nov. 2, 1950 31.94

Jan. 16, 1951 35.15

87-9-15de 1,400 Avug. 22, 1949 63.87
Aug. -9, 1950 - 58.32

Nov. 23, 1950 61.37

Jan. 17, 1951 64.50

37-9-20cel ____ 500 Aug. 24, 1949 25.13
Oct. 3, 1950 25.74

Nov. %, 1350 21.57

. 16, 1951

Jan. 16, 34.95

37-9-32ae2_ . _____________| 500 Aug. 9, 1950 20.34
Nov. 2, 1950 27.49

Jan. 16, 1951 85.75

38-8-29dd2 106 May 11, 1949 14.48
Avug. 15, 1949 4.27

Sept. 20, 1950 15.48

43-8-31becl - 185 Sept. 3, 1950 45.60
Jan. 15, 1951 46.01
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The local declines in pressure head in several parts of the valley
have been due to close spacing and resultant. mutual interference
between wells. In the town of Center, for example, flows of
water were obtained at depths of 155 and 168 feet in 1904
(Siebenthal, 1910). By the time of this investigation, however,
wells drilled to those depths in Center did not flow and were
equipped with pumps. Well 41-8-83cc encountered the first flow
of water at a depth of 196 feet, the level at which the fourth flow
was encountered as reported by Siebenthal. The decline in head
at Center is of local extent—well 41-8-27dcl, only half a mile
from the town, flows 158 gpm from a depth of only 102 feet.

PIEZOMETRIC SURFACE

The piezometric surface is the imaginary surface to which
water in a confined aquifer will rise. It is not a plane surface
but, like the water table, has irregularities and variations in
slope. It does not remain stationary but fluctuates up and down.

The shape and slope of the piezometric surfaces in the San
Luis Valley have not been determined accurately and probably
never can be determined accurately because of the multiplicity
of aquifers and the difficulty of correlating them over wide areas.
Although the preparation of a map of the piezometric surface of
any of the artesian aquifers was not an objective of this investi-
gation, the data obtained in this and previous investigations were
adequate for the preparation of a reconnaissanee piezometric map
of the valley (pl. 5). The data used consisted of the altitudes of
measured and reported heads of both flowing and nonflowing
artesian wells and the altitudes of various points along the limits
of artesian flow as determined from maps compiled by Siebenthal
(1910) and Robinson and Waite (1938). Only the heads of those
wells tapping the shallower aquifers were used. Although the
map is not accurate in detail, it does show the general shape and
slope of the piezometric surfaces that may be expected in the
shallower aquifers. And the map reveals, for the first time, that}
not only is some of the artesian water lost by upward leakage
through the confining layers (where it is dissipated by evapo-
transpiration in the sump area of the closed basin) but also that
the remainder appears to move southward beneath the shallow
ground-water divide and discharge into the Rio Grande. -

The map shows that the piezometric surface is roughly paral-
le the ground surface: the contours are widely spaced in the
area of the valley floor, closely spaced in the areas of the Rio
Grande alluvial fan east of Del Norte and the much steeper allu-
vial fan at the base of the Sangre de Cristo Mountains on the
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east side of the valley. The 7,650-foot contour marks the ap-
proximate base of the fans on both sides of the valley. The east-
ward bulge of the 7,600-foot contour in the vicinity of Hooper
probably is the result of recharge by the application of surface
water for irrigation in the area west of Hooper.

The gradient of the piezometric surface is about 50 feet per
mile on the eastern alluvial fans, about 25 feet per mile on the
Rio Grande fan, between 5 and 10 feet per mile on much of the
valley floor, and a minimum of less than 2 feet per mile along
the trough of the valley. Gradients probably differ in different
aquifers, but data are not available for such a determination. In
addition, the gradient in any one aquifer may change seasonally
as a result of pumping or recharge during the irrigation season.
Changes of gradient between 2 wells tapping a 500-foot aquifer
are illustrated in figure 8.
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FIGURE 8.—Gradient of piezometric surface between wells 37-8-13de2 (at point 0) and
87-9-20ccl. A, In January before irrigation began; B, in August during irrigation;
C, in November after irrigation ceased.
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RECHARGE

The artesian aquifers in the San Luis Valley are recharged by
infiltration of precipitation, water from stream channels, and water
applied for irrigation. As the average precipitation on the valley
floor is only about 8 inches annually, it is likely that only a small
amount percolates downward and reaches the shallow ground-
water reservoir as recharge; and it is probable that only-a-very
small percentage of the recharge to the shallow ground-water
reservoir eventually reaches the artesian aquifers. Most of the
recharge to the artesian aquifers is derived from the loss of flow
from the major streams along their courses across the alluvial
fans and from the application of surface water for irrigation in
areas where the piezometric surface is directly below the land

~surface— " T

Infiltration from streamflow probably is greatest along the
upper part of the alluvial fans, where the materials are coarse
and are conducive to a high rate of infiltration. The- B;io*(’}i‘ande,\
%ﬁﬂn in the valley, probably is the principal con- "
tribufor of Water to the artesian aquifers. Records of the “Bureau

—of Reclamation indicate that during the 4-year period 1949-52

\ the monthly loss of water in the 12-mile section between Del

\\Norte and Monte Vista ranged from 200 acre-feet in March 1949
{to 7,400 acre-feet in June 1949. Siebenthal (1910, p. 16) re-
ptTrted losses in the 57-mile segment between Del Norte and State
Bridge (not on map) ranging from 142,272 acre-feet in 1902 to
278,713 acre-feet in 1900. He reports, however, that the dis-
charge of artesian springs in Embudo Canyon (not on map)
causes a gain in the flow of the Rio Grande below State Bridge.
Records are not available to determine the losses of flow of other
streams in the area of study.

A large amount of water is added to the artesian aquifers by
the application of surface water for the irrigation of lands on
the lower slopes of the Rio Grande alluvial fan. Irrigation wa-
ter percolates downward and enters the artesian aquifers beyond
the western limits of many of the layers of clay that separate
the aquifers in the central part of the valley. The amount of
this recharge is not known and cannot be determined readily.
The eastward flexure of the 7,600-foot contour on the piezometric
map (pl. 5) in the vicinity of Hooper indicates a distinct increase
in pressure head in that area, which probably is caused by re-
charge from the application of surface water for irrigation in
the area immediately to the west.
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DISCHARGE

The discharge of water from artesian aquifers in the area of
study is prinecipally through wells. Large quantities of water
from artesian aquifers are used for irrigation, particularly south
of the Rio Grande in the Bowen and Carmel districts, and for
domestic, stock, and public supplies. This water is discharged
from flowing wells, pumped from flowing wells, pumped from
nonflowing wells, and discharged by artesian springs.

DISCHARGE FROM WELLS
FLOWING WELLS

The principal discharge of water from artesian aquifers is\
from nonpumped, flowing wells. Development of flowing wells
has increased rapidly since its beginning in 1887, as indicated
in figure 7. The average discharge per well, of 2,000 flowing
wells in 1890, was reported to be about 25 gpm (Carpenter,
1891), or a total of about 80,000 acre-feet a year. By 1916 the
average discharge of 5,000 flowing wells was estimated by W. N.
White (1916), to be on the order of 30 gpm, or a total of about
240,000 acre-feet a year. In more detailed study in 1936 (Robin-
son and Waite, 1938), more than half of the 6,074 flowing wells
were visited and the discharge measured or estimated. The aver-
age flow at that time was reported to be 12 gpm, or about 117,500
acre-feet a year from all the wells. The sharp decrease in aver-
age observed flow between 1916 and 1936 may have been due
largely to errors in estimating discharge, but it was probably
due in part to the extreme drought at the time of, and prior to,
the 1936 investigation and to the deterioration of well casings.

The discharges of 842 flowing wells were measured or esti-
mated during the course of this investigation (not counting 8
large-diameter flowing wells equipped with large pumps). Dis-
charge was measured by the jet method (pl. 4), with a Parshall
flume (pl. 64), or by means of a container and a stopwatch.
The yields ranged from less than 1 to 2,260 gpm and averaged
about 47 gpm. Assuming that the wells are representative, the
total potential discharge of the estimated 7,500 wells in the
valley, therefore, is on the order of 570,000 acre-feet a year.
The increase in average yield of wells between 1936 and the time
of this investigation probably is due in part fo increased precipi-
tation but largely to the fact that many of the newer wells pene-
trate deeper, more permeable aquifers and have relatively large
discharges.

During this investigation, 95 of the flowing wells measured in
1936 were measured again in order to determine more accurately
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whether discharges of flowing wells increased or decreased during
that period. Of the 95 discharges measured, 28 had increased by
amounts ranging from 1 to 37 gpm, 55 had decreased by amounts
ranging from 1 to 107 gpm, and 12 had remained about the same.
The discharges had decreased an average of about 5 gpm by

1947, about 7 gpm by 1948, and about 8 gpm by 1949.

It ap-

pears that the average discharge of these wells has been declin-
ing steadily since 1936, but it must be recognized that the decline
may have been caused in large part by the deterioration of well
casings and the resultant leakage of water into other aquifers
Since the completion of the field work for this report, ver
large flows have been obtained from deep wells in the San Luis
Valley. A well drilled in sec. 18, T. 42 N., R..8-E,, to a depth of
638 feet, has a reported flow of 4,400 .gpm, which is larger than
Another well
drilled in sec. 7 of the same township is reported to have obtained
a flow of about 2,000 gpm at a similar depth. Neither of these
figures was used in determining the average discharge of flowing

the flow of any other artesian well in the State.

wells in the valley.

@Data obtained during this investigation indicate that the shal-
low aquifers are most productive in the vicinity of Russell Lakes,
where there are about 150 flowing wells. The discharges in that

.area range from 1 to about 700 gpm and average about 62 gpm.
The principal aquifers tapped lie at depths ranging from about
1 120 feet to about 250 feet, and the yields of wells appear to
" increase with the depth of the aquifer. Depths and discharges
of tightly cased wells that obtain water from several aquifers in

that area are listed in the following table:

Discharges of flowing wells in the vicinity of Russell Lakes

1| i
o b | ey
43-8-19bb2 123.5 44
43-8-19bb1 152.4 100
43-8-31bc3 180 120
43-8-19bb3 214.2 136
43-8-31bb 250 250

The flow of wells obtaining water from the same artesian
aquifer in the vicinity of Russell Lakes may vary considerably
from place to place because of differences in well construction.
Part of the water from an aquifer that is being tapped by an
improperly cased well may leak upward into overlying aquifers
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FIGURE 9.—Map of part of Spring Creek artesian area, showing location of wells.

by way of the well so that the discharge of the well at the surface
is reduced appreciably.

Records of flowing wells in the Spring Creek area south of
Monte Vista (pl. 1 and fig. 9) indicate a much smaller average
discharge and a less consistent increase of discharge with depth
than was observed in the vicinity of Russell Lakes. Near Spring
Creek there are about 200 flowing wells in an area of about 9
square miles. The discharges range from about 1 gpm from a
few shallow wells to nearly 600 gpm from the deeper wells, the
average being about 34 gpm. The lesser average discharge in
the Spring Creek area probably is the result of the unusually
heavy concentration of flowing wells and a consequent reduction
in pressure head. Most of the flowing wells in this area obtain
water at depths ranging from 90 to about 350 feet. Although
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discharge does not increase consistently with depth of aquifer,
the deeper wells in general yield more water than the shallower
wells, as indicated in the following table:

Discharges of flowing wells in the Spring Creek artesian area

Depth of aquifer Range in discharge Average discharge
(feet) (gpm) (gpm)

90 1- 89 18.8
110 1- 50 15.3
130. 2—- 57 15.5
150 2- 17 10.3
190 20-140 60
220 11- 15 13.6
240 11~ 75 37
270 11-120 384
300 10-300 170
320 150-350 238
340. 250-300 275

PUMPED WELLS

Another means of discharge of ground water from arte-
sian aquifers is through flowing and nonflowing artesian wells
equipped with large pumps. Such wells may be either in or
outside the areas of artesian flow and are used exclusively for
irrigation. They generally are drilled in areas where the sup-
ply of surface water is inadequate for irrigation and where the
shallow unconfined water is in materials that have a low perme-
ability and are not capable of yielding large supplies of water
to wells. Most of these are deep, large-diameter wells having
large yields. Of the 61 wells of this type that were inventoried é/
during this investigation, 85 had measured discharges averaging
1,400 gpm each. If this is assumed to be the average dischargej
of all 61 wells, they would be capable of discharging a total of
about 138,000 acre-feet of water a year. The wells have a natu-
ral flow of about 1,000 acre-feet a year and are pumped for a
period of about 2 months each year; the total annual discharge,
therefore, is on the order of 24,000 acre-feet.

DISCHARGE FROM SPRINGS

The four large springs in the San Luis Valley are believed to
be artesian. Russell Springs and Spring Creek are within the
area of study. MclIntire and Diamond Springs, beyond the limits
of the area of study, were included in this investigation because
of their hydrologic importance. The locations of Russell Springs
and Spring Creek are shown on plate 1 of this report, and the
locations of MclIntire and Diamond Springs are shown on plate 11
of the report on the Rio Grande Joint Investigation (Robinson
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and Waite, 1938). The four springs were measured periodically
during the period of this investigation in order to determine the
fluctuations in discharge, which are tabulated below. The aver-
age total discharge of the springs was 52 cfs, or about 38,000
acre-feet annually.

Discharges of artesian springs

Date of Discharge Date of Discharge Date of Discharge
measurement (efs) measurement (efs) measurement (cfs)
MeclIntire Springs
(NWi4 sec. 18, T, 35 N., R. 11 E.)

T~ 849 . .. 21.29 7-20-50_ ... 19.25 18.71
9-20-49_________ 16.19 8-16-50_______ 20.31 18.86
2-28-50.________ 13.22 9-18-50_______ 18.48 20.08
4- T-60___ .. _._ 20.12 10-10-50_______ 16.32 18.78
B~ 9-BO_________ 19.04 11-16-50_._____ 19.48 17.44
6-16-50._. ______ 21.15 12-15-50_______ 19.64 18.39

18.7

Diamond Springs
(N4 sec. 81, T.35 N., R. 9 E.)

2-10-49_______ .. 19.05 6-16-50_______ 28.07 1-18-61_______ 23.24
T-11-49_________ 37.90 T-20-50.._____ 33.37 2-19-51_______ 21.52
9-19-49_________ 25.53 8-17-60___.___ 23.68 3-22-61..___._ 20.35
4- 6-50__ .. _..__ 19.95 11-23-50___.___ 22.60 5-23-61.____._ 22.56

65— 9-50_________ 16.29 12-15-50_____ .. 21.80 Average_ ... 24.0

Russell Springs
(NE}{ sec. 23, T.43 N., R. 7 E.)

3.08 5- 2-50____.._ 3.47 11-17-50__ .. __ 3.70
2.85 6-14-50_______ 3.46 1-22-51. 3.17
3.34 7-19-50___.__. 3.11 2-19~51 3.39
2.54 8-18-50__ 3.31 3-22-51. 3.04
4.18 9-14-50_______ 2.75 7-26-51_ - 2.54

3.37 10-10-50__ ... _ 3.64 Average..__ 3.2

Spring Creek Springs
(See. 12, T.37TN,, R. TE))
9-16-47_________ 6.93 5-10-50_______ .79 2-19-51__._.__ 5.67
9-16-49_________ 7.64 6-15-50_______ 9.16 3-22-61. ______ 3.04
1-18-50. ________ 6.72 T-19-50__ .. __ 5.99 T-26-61__._.__
4~ 5-50..______. 8.78 8-17-50__..___ 6.13 9- 1-51_______ Trickle
12-21-60_____._ 5.91 Average____
Total Of AVerages . e e e 52

MC INTIRE SPRINGS

MeclIntire Springs, formerly known as Los Ojos, are on the south
side of the Conejos River in the NW14 sec. 18, T. 85 N., R. 11 E.
(pl. 6B). The springs, which discharge at the base of the San
Luis Hills near the contact of Alamosa formation and the vol-
canic rocks of the San Luis Hills, are believed to be sustained by
artesian water rising to the surface along a fault plane. The
water discharges into a marshy area that is about 450 feet in
diameter. People in the town of Los Sauces have used the springs
for nearly 100 years.
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The temperature of the water in McIntire Springs appears to
be increasing; however, no systematic measurements have been
made. The temperature was 60°F in 1904, 65°F in 1936, and
68°F in 1950. Discharge of the springs appears to remain
relatively constant; it was 21 cfs during 1 measurement in 1904,
averaged 18.9 cfs in 4 measurements in 1936, and averaged 18.7
cfs in 18 measurements during this investigation.

DIAMOND SPRINGS

Diamond Springs, the largest in the valley, are in the N1 sec.
31, T. 35 N, R. 9 E. They emerge in an area of about 160 acres,
an area of thick growths of tules and open pools of water. Resi-
dents report that before 1916 Diamond Springs was a seep con-
fined to a2 small marshy area, but that since 1916 the flow has
increased steadily. The springs probably are of artesian origin,
and the increase in discharge probably is due to the recharge of
artesian aquifers by the application of surface water for irriga-
tion. They were outside the area of artesian flow as determined
by Siebenthal (1910) in 1904, but they were inside the area of
flow in 1936 (Robinson and Waite, 1938, pl. 5) and at the time of
this investigation.

The discharge of Diamond Springs, measured three times in
1936, ranged from 19.29 to 26.52 cfs and averaged 24.5 cfs. It
was measured 14 times during the present investigation, when it
ranged from 16.29 to 37.90 cfs and averaged 24.0 cfs. There
appears to have been little change in average discharge of Dia-
mond Springs since 1936. The discharge fluctuates seasonally,
however, and is greatest during the summer when surface water
is being applied for irrigation.

RUSSELL SPRINGS

Russell Springs discharge near the western limit of artesian
flow in the NE14 sec. 23, T. 43 N., R. 7 E. The springs were
active before the development of irrigation in this area, and
they are situated beyond the limits of present irrigation devel-
opment. Their supply of water is dependent upon the infiltration
of precipitation and streamflow. The springs rise from vents in
the grassy turf at a temperature of about 60°F, which is nearly
20°F warmer than the unconfined water in that area. They are
the source of water for Russell Lakes (pl. 1), a series of inter-
connecting lakes about 2 miles away. The discharge was 3.60 cfs
on November 23, 1936. In 17 measurements made during this
investigation, the discharge ranged from 2.54 to 4.18 cfs and
averaged 3.2 cfs.
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SPRING CREEK

Spring Creek is a small perennial stream fed by a group of
springs in the SW1/, and N4 sec. 12, T. 837 N., R. 7 E. The
source of the water is in part the unconfined aquifer and in part
a shallow artesian aquifer. It is believed that the springs orig-
inally represented discharge from the unconfined aquifer, but
some of them were later developed by means of trenching through
a layer of clay into the underlying artesian aquifer. The upper-
most artesian aquifer is at unusually shallow depths in that
vicinity and yields water to the shallowest flowing well in the
valley (17 feet deep).

The discharge of Spring Creek was 9.74 ¢fs on November 27,
1936. As measured 11 times at Gunbarrel road during this inves-
tigation, the discharge ranged from a trickle to 9.16 cfs and
averaged 6.3 cfs. During recent periods of low flow, the dis-
charge generally has been increased materially by additional
trenching into the artesian aquifer; however, after the period of
abnormally low runoff in 1951 the flow almost ceased (5-8 gpm),
for the first time in nearly 50 years. It is reported that by
August 1952 the discharge had increased to about half its average
rate as determined by this investigation.

HYDROLOGIC PROPERTIES OF ARTESIAN AQUIFERS

The rate of movement of ground water is determined by the
size, shape, number, and degree of interconnection of the inter-
stices; the density and viscosity of the water; and the hydraulic
gradient. The capacity of a water-bearing material for trans-
mitting water under a hydraulic gradient is known as its perme
ability.

Meinzer's coefficient of permeability is the rate of flow, in gpd,
through a cross section 1 foot square, under a hydraulic gradient
of 100 percent, at a temperature of 60°F, that is conducted lat-
erally through each mile of the water-bearing bed under investi-
gation (measured at right angles to the direction of flow) for
each foot of thickness of the bed and for each foot per mile of
hydraulic gradient (Stearns, 1927, p. 148). The field coefficient
of permeability is the same unit except that it is measured at
the prevailing temperature of the ground water rather than at
60°F.

The coefficient of transmissibility, a similar measure for the
entire thickness of the water-bearing formation, may be defined
as the number of gallons of water a day transmitted through
each 1-foot. strip extending the height of the aquifer, at the
existing temperature, and under a hydraulic gradient of 100
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percent (Theis, 1935, p. 520). This is Meinzer’s coefficient of
permeability adjusted for temperature and multiplied by the
thickness of the aquifer, in feet.

Specific yield is the quantity of water that saturated water-
" bearing material will yield by gravity. Specific yield may be
expressed as a percentage or as a decimal fraction of the ratio
of the volume of this water to the total volume of the material
that is drained.

Under field conditions, the amount of water yielded from
storage is expressed by the coefficient of storage. Under artesian
conditions, in which aquifers generally are not dewatered by the
withdrawal of water through wells, the coefficient of storage
represents the water released from storage by the compression
of the aquifer and the expansion of the water, and it is propor-
tional to the thickness of the aquifer. It is defined (Theis, 1935)
as the amount of water, expressed as a decimal fraction of a
cubic foot, that is discharged from each vertical column of the
aquifer—a column with a base 1 foot square—as the water level
or head declines 1 foot. Under water-table conditions the coeffi-
cient of storage is equivalent to the specific yield of the top foot
of material, unwatered by a 1-foot lowering in head, plus an
“artesian coefficient” for the rest of the aquifer below. The
specific yield generally is between 1 or 2 percent and 20 or 30
percent, whereas the coefficient of storage is generally between
0.001 and 0.00001. Therefore, no significant error is introduced
by assuming that under water-table conditions the specific yield
and the coefficient of storage are the same.

During this investigation, flow tests were run on 8 wells in
order to determine the coefficient of transmissibility of the arte-
sian aquifers in the Alamosa and Santa Fe formations. The flow
tests were made in 1949, using an ink-well mercury gage (pl. 4B)
that was designed and constructed by S. W. Lohman. Each well
was shut off for a period sufficiently long to permit the head to
return to approximately its normal position, generally 8 hours or
longer, and the static head was determined by means of the mer-
cury gage. The well was then allowed to flow freely for a period
of several hours until the discharge had ceased to decline appre-
ciably. During this time the discharge was measured periodi-
cally in order to determine its rate of decline. The well was
again shut off and the head allowed to return nearly to its orig-
inal position. During this interval, the rate of recovery of the
head was determined by periodic measurements by means of the
mercury gage.

A method developed by Jacob and Lohman (1952), based on
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the natural rate of decline of the discharge of a flowing artesian
well under conditions of constant drawdown, permits the deter-
mination of the coefficients of transmissibility and storage from
tests of a single flowing well, provided that the effective well
radius (r,) is known. The flowing wells available for testing in
the San Luis Valley generally were not cased or screened through
the unconsgolidated aquifers; therefore, because of actual or sus-
pected caving, it was not possible to determine the effective well
radius. '

An alternative method of Jacob and Lohman (1952, p. 566)
permits the determination of the coefficient of transmissibility
(T) only, even though the effective radius is not known, and this
method was used in determining T for 8 flow tests by the follow-
ing equation:

. 264

T 5,[8(1/Q) /8 (logt) ]

in which T is in gpd per foot; s, is the constant drawdown, in
feet; Q is the discharge, in gpm; and ¢ is the time since discharge
began, in minutes.

On semilog paper, values of (1/Q) are plotted on the linear
scale against corresponding values of ¢ on the logarithmic scale.
The slope of the straight line drawn through the plotted points
may be determined simply by taking the change in (1/Q) over 1
log cycle of ¢ (for which the value of logyot is unity), whence the
solution is simplified to:

T

264
swA (1/Q)

As a means of checking the values of T determined by the
above method, the head measurements taken during the recovery
period also were used to determine T by the recovery method of
Theis (1935). From his equation expressing the relation between
the drawdown and the rate and duration of discharge of a well,
Theis developed the following recovery formula:

T—

7200, ¢
in which T is in gpd per foot; @ is the discharge rate, in gpm; ¢
is the time since pumping began, in minutes; ¢ is the time since
pumping stopped, in minutes; and s is the residual drawdown,
in feet.

On semilog paper, values of s are plotted on the linear scale
against corresponding values of £/# on the logarithmic scale. By
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a procedure similar to that just described for the Jacob-Lohman
method, the solution of the Theis recovery formula is simplified
to:
264
T=725
The coefficients of transmissibility were determined by the
2 methods from the 8 tests. Average values for the Santa Fe
formation ranged from 14,800 to 61,700 gpd per foot; those for
the Alamosa formation ranged from 6,800 to 14,400 gpd per foot.
Such a wide range is to be expected, because the artesian aquifers
in both formations range widely in thickness and texture. The
coefficients of transmissibility are given in the following table:

Determinations of coefficient of transmissibility of artesian aquifers by flow
and recovery tests

Coefficient of transmissibility
(gpd per foot)

Well
Jacob-Lohman | Theis recovery Average
method method value

Santa Fe formation: .

37-8-13dcl 30,800 28,600

37-8-13dc2 - 60,300 63,100

87-9-20ccl 12,800 16,700

37-9-34ce 30,200 30,800
Alamosa formation:

37-8-3be 1 *) 7,000

37-8-6dc5 14,500 14,300

37-8-Theb 13,000 11,400

38-8--29dd2 6,600 6,900 ‘6,800

1 Not determined.

UTILIZABION OF ARTESIAN WATER

Data on 870 flowing andl 61 nonflowing artesian wells equipped
with large pumps were obtained during this investigation and
are listed in table 10. Almost all the wells are used for domestic,
stock, and irrigation supﬂlies, but a few are used for public sup-

lies, fish hatcheries, and a swimming pool. The water from
more than half of the wells is used for more than one purpose,
such as irrigation and stock supply or domestic and stock sup-
ply. Of the 931 artesian:wells, 647 were used wholly or in part
for irrigation, and 260 were used primarily for domestic and
stock supplies. Ten wells were used to supply water to fish
hatcheries, 1 was used to supply water for a swimming pool, and
6 were used to supply water for municipalities. In addition to
the flowing wells listed in table 10, an estimated 375 flowing wells
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were used for domestic purposes in Center, 850 in Monte Vista,
and 350 in Alamosa.

DOMESTIC AND STOCK SUPPLIES

Domestic wells supply water for homes and schools that are
not served by municipal wells. Stock wells supply water for
livestock—oprincipally cattle, sheep, and poultry. Most of the
artesian wells that are used for domestic and stock purposes are
small-diameter (2- to 4-inch), drilled wells. Artesian wells that
have low pressure heads, or do not flow, are equipped with small
electrically operated jet pumps. Water from artesian wells gen-
erally is satisfactory for most domestic and stock uses; however,
some of the water contains large amounts of fluoride. (See
“Quality of water” section.)

PUBLIC SUPPLIES
Alamosa and Monte Vista are the only cities in the San Luis
Valley having municipal water systems that are dependent upon
artesian wells for their supplies.

ALAMOSA

The City of Alamosa is supplied by 4 artesian wells (37-10-
10bb, 37-10-10bd1, 37-10-10bd2, and 37-10-11cc), which were
drilled into sand and gravel in the Alamosa formation.

Well 37-10-10bb, 6 inches in diameter, was drilled in 1937 to
a depth of 760 feet. It is reported to flow 40 gpm through a
6-inch main into a reservoir that has a capacity of 200,000
gallons. .

Well 37-10-10bd1 was drilled in 1939 to a depth of 1,500 feet.
It is 12 inches in diameter and is cased with blank casing from
the ground surface to 900 feet and with slot-perforated casing
from 900 to 1,500 feet. The well is reported to discharge 400
gpm by natural flow, but when it is pumped with a 6-inch tur-
bine pump having the bowls set at 28 feet it is reported to dis-
charge 900 gpm. Water from the well can be pumped directly
into the mains or into an elevated reservoir that has a capacity
of 150,000 gallons.

Well 37-10-10bd2, 12 inches in diameter, was drilled in 1936
to a depth of 1,001 feet. Equipped with a 6-inch turbine pump
having bowls set at 40 feet, it is reported to discharge 600 gpm
directly into the mains.

Well 37-10-11cc, the newest well in the Alamosa water sys-
tem, was drilled in 1950 to a depth of 1,802 feet (log 261). The
well is gravel packed and cased from the surface to 650 feet with
24-inch iron casing, cemented in place, and from 650 to 1,802 feet
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with 24-inch torch-perforated casing. - It has a measured natural
flow of 2,260 gpm and is equipped with a 12-inch- turbine pump
powered by a 150-horsepower electric motor. The pumped dis-
charge of the well is not known. The well is connected to.the
city water system through a 12-inch main, but at the time of
this report the water was not being used in the city system be-
cause its temperature of 96°F is too high for general use. The
bottom-hole temperature of the water is reported to be 100°F,
but the water is cooled to 96°F as it rises to the surface and is
mixed with water from shallower aquifers.

The Alamosa water system had 1,112 outlets in 1950 and at
that time was prepared to operate with a total of 1,240 outlets.
The quantity of water pumped by the city has increased four-
fold since 1936; the pumpage was 110,224,400 gallons in 1936,
467,985,000 gallons in 1950, and estimated to be 491,400,000 gal-
lons in 1951. Pumping, heaviest during the summer, reaches a
peak in June. The quantity of water pumped monthly by the
city in 1950 is listed in the following table:

Quantity of artesian water pumped monthly by the city of Alamosa in 1950

Quantity of Quantity of
Month water pumped Month water pumped
(gallons) (gallons)

January__________ 24,010,000 || July_ . .____ 56,428,000
February________. 26,648,000 || August_________. 51,810,000
March___________. 25,451,000 || September______. 43,090,000
April___________ 35,202,000 || October_________ 31,069,000
May . __ 54,384,000 || November_._—.___ 22,041,000
June 73,202,000 || December_______. 24,560,000

Total__._ 467,985,000

MONTE VISTA

The municipal water supply at Monte Vista is obtained from
wells 39-7-86db and 89-8-3lcd, which tap the Alamosa and
Santa Fe formations, respectively. :

Well 39-7-86db, 365 feet deep and 14 inches in diameter, is
cased with slotted iron pipe. The well has a natural flow and is
reported to have a pressure head of about 5 feet above the ground
surface. Equipped with an 8-inch turbine pump powered by a
20-horsepower electric motor, it yields 853 gpm with a draw-
down of 3.5 feet below ground surface. The total drawdown,
therefore, is 8.5 feet below static head. Temperature of the
water is 50°F.

Well 39-8-31cd, 475 feet deep, has the following casmg rec-
ord: 46 feet of 20-inch casmg, 99 feet of 18-inch casing, 97 feet
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of 16-inch casing, 120 feet of 12-inch casing, and 113 feet of
open hole at the bottom. The well has a natural flow and is
reported to have a pressure head of 6 feet above ground surface.
Equipped with an 8-inch turbine pump powered by a 75-horse-
power electric motor, it has a measured yield of 520 gpm with a
reported drawdown of 11 feet below ground surface. The total
drawdown, therefore, is about 17 feet. The temperature of the
water is 52°F.

Water from both wells is pumped directly into the city mains,
which range in diameter from 4 to 12 inches, and it is distributed
through about 700 outlets. As the Monte Vista water system
was new at the time of this investigation, accurate data on con-
sumption are not yet available. The city manager, Mr. Ronald
Iske, estimates that the daily consumption in 1952 ranged from
250,000 to 1,500,000 gallons. The total annual consumption prob-
ably is on the order of 250,000,000 gallons.

IRRIGATION SUPPLIES

The principal method of irrigation in the San Luis Valley is\
known as “subbing,” wherein surface water is carried to the
farm areas by means of canals and is allowed to percolate’
through ditches spaced about 6 rods apart until the water table
is raised to or near the root zone. The water table is then regu-
lated by means of a series of check drains that hold it in the
proper position for subirrigation. During periods of low runoff,
when the quantity of surface water available is not adequate to
maintain the subbing system, large-capacity wells are used to
supply supplementary water.

Large-capacity artesian wells that are equipped with pumps
and that are used for irrigation have been drilled primarily in
areas where the shallow nonartesian aquifer is fine grained and
will not yield large quantities of water and in areas where the
interference between large-capacity wells tapping the shallow
aquifer has increased pumping lifts materially. Artesian wells
of this type have been drilled in other areas in order to tap the
coarser materials of the Santa Fe formation, which yield large
quantities of water under sufficient pressure head to reduce pump-
ing lifts appreciably. Only 2 large-capacity, pumped artesian
wells were used for irrigation in 1936, whereas records of 61 were
obtained during this investigation. i

In addition to the records of the 61 artesian wells equipped
with large pumps, records of 586 flowing wells, which were with-
out pumps and were used wholly or in part for irrigation, were
obtained during this investigation. These wells generally have
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relatively small discharges and are used primarily for irrigating
hay. Of the 586 flowing wells, 184 were used exclusively for
irrigation, 379 were used for both irrigation and stock purposes,
and 23 were used for both irrigation and domestic supplies. As
the requirements for domestic and stock uses are very small in
comparison with the average discharge (39 gpm), most of the
water is used for irrigation.

YIELDS OF WELLS

Records of the yields of most of the artesian wells used for
irrigation in the area of study were obtained during this investi-
gation. Yields of the large-diameter, pumped artesian wells were
determined by means of current meters, and yields of the small-
diameter artesian wells were determined by the method described
on page 33. The drawdowns of some of the small, flowing
wells not equipped with pumps were determined by measuring
the pressure head in feet above ground surface and subtracting
the height of the point of discharge above ground surface. The
drawdowns of large, pumped, nonflowing artesian wells were
determined by means of an electrical-contact device or a steel
tape. The drawdowns of large, pumped, flowing wells (8 of the
61, and 2 of the 20 shown in table 1) could not be determined

TABLE 1.—Yield, drawdown, and specific capacity of 20 pumped artesian wells

Well Discharge Drawdown Specific

(pl. 1, table 10) (gpm)? (feet) (ggamp;ertyfoot

of drawdown)
36-9-17bc’ £1,410 *354 <40
36-9-19ac’ 2,230 364 <62
36-9-19dc_ 2,600 ©34 74
38—9—311){))__ 700 36 19
39-9-27bb_ 600 164 4
39-12-24ccl - 2,230 43 52
40-7-6de 1,470 126 11
40-7-11be . 1,020 23 44
40-7-26db_ 1,020 22 46
40-9-5ac 1,200 37 32
40-9-9cc 2,120 38 56
40-10-5bc 1,290 30 43
40-10-30dc },géo ?8 lg

41-7-8dc ,000 7 8
41-7-24ac. 1,750 19 92
41-8-19bel__ 1,260 18 70
41-8-20bc 2,490 20 125
41-8-32be 1,960 22 89
41-8-36¢cc_ 2,110 34 62
41-9-30ac _— © 1,560 20 78

1 Figures rounded. :

3 Flowing well. Head not known, hence the drawdown listed is the drawdown below ground
surface and the specific eapacity listed is a maximum.

3 Well flows 408 gpm when not being pumped.

4 Drawdown below ground surface was reported.

& Drawdown below static level was reported.
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accurately because, although the drawdown below ground surface
was measured, the pressure head above ground surface could not
be measured.

The yields of the 61 large, pumped artesian wells that are used
for irrigation in the area of study ranged from about 600 to
about 2,500 gpm and averaged 1,400 gpm. The measured draw-
downs ranged from 17 to 164 feet. The specific capacity (gallons
a2 minute per foot of drawdown) of the wells tested ranged from
4 to 125 and averaged 55. Data on the 20 wells for which rates
of both discharge and drawdown were available are given in
table 1. The yields of flowing artesian wells that were not
equipped with large pumps and that were used for irrigation
ranged from about 1 to 1,000 gpm and averaged 56 gpm. The
drawdowns of only a few of these wells were determined; hence,
no conclusions concerning the minimum, maximum, and average
drawdowns and specific capacities can be made.

CONSTRUCTION OF SMALL-DIAMETER WELLS

Small-diameter wells, as considered in this report, are wells
having a casing less than 8 inches in diameter at the top.

During the early stages of development of artesian wells in
the San Luis Valley, the methods and materials used in construc-
tion were very inferior to present standards. It was the general
practice at that time to insert only enough casing in the well to
prevent the caving of loose materials in the upper part of the
shallow aquifer. Some of the earlier wells were cased with only
20 to 30 feet of stovepipe or wooden casing ; the remainder of the
wells were left open. Most of the wells were not equipped with
valves or other means of regulating the flow because there was
great danger that the well would collapse if the discharge were
stopped. The flow of some wells was reduced by means of a
wooden plug driven into the open end of the casing in a manner
that allowed sufficient leakage to prevent freezing in winter.
Some of the wooden casings were in use in the Waverly and
Carmel districts south of the Rio Grande until about 1940. It
has been reported that an attempt was made to recase one of the
older wells in the NW14SW14 sec. 20, T. 37 N., R. 9 E. When
the casing, consisting of wood and stovepipe, was pulled the well
collapsed, but water continued to come to the surface; attempts
to plug the well failed. An area of about 80 acres surrounding
the original well site is now waterlogged.

Ingtallation of artesian wells during the early stages of devel-
opment was, according to Carpenter (1891, p. 17), a rather sim-
ple job. He states;
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They [artesian wells] are so numerous that the residents give no more
than a passing glance to one, and, as they are frequently sunk in less than
half a day with the simplest of outfits, it is not remarkable that it is impos-
sible to secure any kind of complete list even for a limited locality. Wells
are often sunk for $25, and they range from this price upward according
to circumstances. In consequence, it is cheaper to bore artesian wells than
it is to attempt to dig wells of the ordinary kind, without the added in-
ducement of the purer water.

Most of the artesian wells drilled during this period had a
diameter of only 2 or 3 inches.’

Most of the small-diameter artesian wells of recent years were
drilled by means of cable-tool drilling rigs, although some were
put down by means of jetting or rotary drilling rigs. The shal-
lower water-table aquifer generally is cased off by blank casing,
seated in the first substantial layer of clay; the remainder of the
hole usually is left open. Although this method prevents or re-
duces the mixture of artesian water with the shallow unconfined
water, it allows the free mixture of water from all the artesian
aquifers tapped by the well. The wells usually are cased with
iron pipe, 2 to 4 inches in diameter; however, some of the newer
and deeper artesian wells have casings of larger diameter. Some
wells are equipped with valves for regulating the flow and some
are controlled by means of wooden plugs, but most of them are
allowed to flow unrestricted.

CONSTRUCTION OF LARGE-DIAMETER WELLS

The large-diameter wells are, for the purpose of this report,
those wells having a casing 8 or more inches in diameter at the
top. They have been drilled almost exclusively by cable-tool drill-
ing rigs, although a few have been put down by rotary rigs.
Large-diameter artesian wells in the area south of the Rio
Grande generally are drilled through the first lava flow (locally
called cap rock) and into the sand and gravel of the underlying
Santa Fe formation. They usually are equipped with 14- to
16-inch blank casing from the ground surface through the lava
flow and with 10- to 12-inch perforated casing from the lava
flow to the bottom of the hole. A few of the wells, however,
have perforated casing opposite the shallow artesian aquifers
lying above the lava flow, with the result that the pumping of
these large-diameter wells is reported to reduce or stop the flow
of nearby small-diameter flowing wells that tap the shallower
aquifers. Some of these wells have been recased with blank
casing above the lava flow in order to prevent further inter-
ference.

Most of the large-diameter artesian wells used for irrigation
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in the area north of the Rio Grande obtain water from artesian
aquifers lying above the first lava flow. They generally are
equipped with blank casing from the ground surface to the first
substantial layer of clay and with perforated casing below. The
bottoms of the perforated casing generally are seated in clay to
prevent the casing from slipping and to prevent the entry of sand
through the bottoms of the wells. The bottoms of wells that are
not seated in clay usually are filled with 2 or 8 feet of rocks or
gravel to prevent the entry of sand through the bottom. Perfora-
tions, most of which are cut with a torch, are commonly not of
the proper size to prevent entry of sand into the well; as a result,
some wells may require frequent cleaning. Many wells are re-
ported to have filled with 50 to 100 feet of sand. Difficulties of
this type can be prevented or reduced by means of gravel packs
or well screens, but the added expense of such construction may
not be justified, in many wells, by the benefits gained.

Some of the water-bearing materials penetrated by large, deep
artesian wells in the area of study are sufficiently coarse and
well sorted to make gravel-packing unnecessary in order to ob-
tain large yields or to prevent entry of sand into the wells. Wells
in materials of this type can be finished less expensively by means
of slotted casings, without the use of screens or gravel packs.
Many of the deep wells in this area, however, encounter artesian
aquifers consisting of a mixture of sand and gravel, and they may
be gravel-packed. The several advantages of gravel-packing
these wells may offset the greater initial cost. The envelope of
gravel that is placed around the slotted casing greatly increases
the effective diameter of the well and decreases the velocity of
the water entering the well, thus preventing or retarding the
entry of fine sand and increasing the production of sand-free
water. The drawdown generally is reduced appreciably because
the less of head by friction as the water enters the well is reduced.

In gravel-packing the importance of using gravel of the proper
size, roundness, and uniformity has not been appreciated ade-
quately in most areas in the San Luis Valley where ground water
is used for irrigation. It is a popular misconception that the
permeability of a water-bearing material is dependent entirely
upon the size of the grains, whereas it generally is dependent
upon three properties: (1) roundness of grains, (2) uniformity
of grain size, and (8) grain size. Clay, which is composed of
uniform-sized but angular grains, has a high porosity but a low
permeability because its pore spaces are so small that capillary
attraction retards or prevents the movement of water. A uni-
form-sized sand or gravel generally has both high porosity and
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FIGURE 10.—Relation of uniformity of grain size to porosity and permeability. A, Well-sorted
rounded sand or gravel having high porosity and permeability; B, poorly sorted angular sand
and gravel having relatively low porosity and permeability.

high permeability. This type of deposit, which is illustrated in
figure 104, contains grains that are well rounded and large pore
spaces that are not filled with finer materials. Artesian aquifers
in many parts of the San Luis Valley may consist of pebbles
mixed with fine gravel and sand. This type of deposit, which is
illustrated in figure 10B, contains large spaces between the peb-
bles, but these are filled with smaller fragments and the spaces
between the small framents are filled with sand; therefore, the
porosity and permeability of this material are not as great as
those of a uniform-grained fine gravel or coarse sand.

METHODS OF LIFT

At the time of this investigation, 61 of the large-diameter arte-
sian wells were equipped with deep-well turbine pumps, and one
(well 41-8-19bcl) was equipped with a centrifugal pump. The
size of the turbine pumps ranged from 6 to 12 inches but gener-
ally was either 8 or 10 inches. The centrifugal pump had an
8-inch discharge. Of the 61 wells, 31 were powered with elec-
tric motors, 15 with gasoline engines, 8 with butane or propane
engines, and 7 with tractors.

QUANTITY OF WATER DISCHARGED
The determination of the total quantity of artesian water dis-
charged for irrigation in the area of study was not an objective
of this investigation, but an effort was made to inventory all
artesian wells used for irrigation in the area of inflow-outflow
study (pl. 15) and in the area of study lying south of the Rio
Grande and west of the east line of R. 9 E. The discharges of
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35 of the 61 large pumped wells were measured, and the dis-
charges of 571 of the 586 other artesian wells used for irrigation
were either measured or estimated. If it is assumed that the
large pumped wells are in use for 2 months each year, their total
annual discharge (including the natural discharge, about 1,000
gpm, of the 8 wells that flow when not being pumped) amounts
to about 24,000 acre-feet. The amount of water discharged by
other artesian wells used for irrigation in those areas is difficult
to determine because more than two-thirds of them are used also
for domestic or stock purposes. As domestic and stock require-
ments are very small in comparison with the average quantity
of water discharged, it is assumed that practically all the water
discharged by irrigation-domestic and irrigation-stock wells is
used for irrigaton. The annual discharge of all artesian wells
used for irrigation in the two areas is on the order of 75,000
acre-feet. The rates and amounts of water discharged by arte-
sian wells used wholly or in part for irrigation (excluding the
61 large pumped wells) are given in the following table:

Discharges of flowing wells used for irrigation®

Total Average Total annual
Use Number disch discharge discharge of
of wells 1(sc ar)ge per well all wells
gpm (gpm) (acre-feet)

Irrigation 184 16,800 91 27,100
Irrigation and stocka oo 379 15,300 40 24,700
Irrigation and domestic—me—oee_- — 23 500 22 800
Total 586 82,600 56 52,600

1 Exclusive of 8 flowing wells equipped with large pumps.

POSSIBILITIES OF ADDITIONAL DEVELOPMENT

The feasibility of making available additional supplies of arte-
sian water from wells for irrigation, public supply, or other uses
is dependent upon the safe yield of the ground-water rescrvoir
(broadly defined as the amount of water that can be practicably
withdrawn annually over a long period of years without deple-
tion), the cost of drilling and pumping, the types of soil, the
quality of water, the crops raised, the market conditions, and
perhaps other factors. The capacity of the ground-water reser-
voir to yield water over a long period of years is limited, as is
that of a surface reservoir. If water is withdrawn by pumping
and by other means (natural flow, seeps, springs, evaporation,
and transpiration) faster than it enters, the water levels or pres-
sure heads of wells decline and the supply ultimately may be
depleted. The amount of water that can be withdrawn annually
over a long period of years without depleting the ground-water
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reservoir is dependent upon the capacity of the underground
regervoir to yield water to wells and upon the amount of water
that is added annually to the reservoir by recharge. The cost of
obtaining and pumping water is determined in part by the depth
to the aquifer and in part by the depth to water level. In areas
where the water table or piezometric surface is relatively deep,
the wells must be deep and the pumping lift may be great. The
cost of the well is determined in part also by the permeability and
thickness of the water-bearing materials. Wells may be sunk
in relatively fine-grained materials and their yield may therefore
be relatively small. Gravel packing may increase the yield of
some of these wells, but it also adds to the cost. The character
of the soil and the contour of the land surface also are important
factors. The soil may be very sandy or porous, causing excessive
loss of water in ditches or requiring the use of sprinkler systems.
The land may be poorly drained or it may not have the proper
. (slope, and thus may require large expenditures for leveling.
At There are two possibilities for drilling large-capacity wells in
rtesian aquifers in the area of study; namely, the sinking of
wells outside the areas of present development, and the sinking
of wells within areas of present development but in aquifers
heretofore not extensively tapped. It appears that there may be
large areas outside the limits of present development in which
additional supplies of water can be obtained, although not all
may be suitable for large-scale operations. Wells drilled recently
southwest of Blanca, outside the limits of this investigation, give
some indication of the ground-water potential in similar localities
within the area of study. One of the most productive wells in
Colorado was drilled southwest of Blanca in the SE14SE14 sec.
33, T. 31 S., R. 74 W., in an area where the land had previously
been used primarily for grazing. The well was drilled to a depth
of 450 feet and encountered artesian water, which rose to within
60 feet of the land surface. Equipped with a 14-inch turbine
[ﬁlmp powered with a 260-horsepower twin-diesel engine, the well
discharged 8,500 gpm with a drawdown of 60 feet (pl. 7). The
water, used to irrigate about 700 acres of barley, was pumped
from ditches into a sprinkler system by means of two 6-inch
centrifugal pumps powered by diesel engines. The well, pumping
equipment, and sprinkler system were reported to have cost
-$130,000, and the operating costs were reported to be $60 a day.
Other large-capacity wells are now operating in the area, and
it is reported that the piezometric surface has declined about 12
feet in 2 years. It appears, therefore, that although an appre-
ciable amount of new land can be brought under irrigation with
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water from wells in this particular area, the permeability of the
aquifer and the recharge facilities may not be adequate for
large-scale development.

Similar conditions may exist in the vicinity of Hansen Bluff
(Siebenthal, 1910, pl. 1) near the Rio Grande, along the alluvial
slopes on the east side of the sump area of the valley, and along

" alluvial fans on the west side of the valley.

Within the area of present development of ground water from

artesian aquifers, the earlier wells tapped shallow aquifers at

" depths ranging from 100 to 200 feet. As the wells became more
numerous and more closely spaced, there was mutual interference
between them and a gradual decline in head and discharge. Wells
drilled during the past 20 years have generally tapped deeper
aquifers from which larger flows under higher pressure head
have been obtained. Wells drilled in the vicinity of Russell Lakes 2(
since the time of this investigation have obtained flows rangmg;
from 2,000 to more than 4,000 gallons a minute. Those tapping:
shallower artesian aquifers in the same vicinity flow less than
1,000 gallons a minute. Additional artesian water was being
made available in the vicinity of Moffat (S14 T. 45 N., Rs. 9 and
10 E.) at the time of this investigation. New wells in this area
tap artesian aquifers at depths ranging from 95 to 236 feet.
Although these aquifers have long been the source of water for
many small artesian wells, they have not previously been tapped
by large-diameter wells. The new wells do not have large natu-
ral flows, as in the vicinity of Russell Lakes, but their discharges
are increased by means of large pumps. The wells range in di-
ameter from 16 to 18 inches and discharge from 600 to more
than 2,000 gallons a minute with drawdowns ranging from about
20 to 120 feet. The largest well in the area (45-9-36aa), 236"\
feet deep, yielded 2,340 gallons a minute with a drawdown of -
21 feet. Although the well flowed when drilled in 1948, the
water level was about 3 feet below the ground surface in June
1950, indicating a slight decline in pressure head in that area.
The principal water-bearing material in that area is medium to |

/ coarse gravel interbedded with clay, the thickness ranging from )
4 to 100 feet. -

It appears that there are many areas within*the limits of pres-
ent development of ground water from artesian aquifers in which
additional supplies can be obtained. The piezometric map (pl. 5)
indicates that a relatively large amount of water moves through
the artesian aquifers toward the sump area of the closed basin
and that part of this water moves upward through the less per-
meable confining layers and is lost by evapotranspiration. Prop-
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erly distributed wells to tap new supplies of water from artesian
aquifers would salvage much ground water heretofore lost by
evapotranspiration and would make it available for irrigation or
other uses. In some places, however, problems of chemical qual-
ity will prevent development for such uses. Details of these
problems are given in the “Quality of water” section of this report. /
Two fundamental factors affect’the procurement of additional
large supplies of ground water from artesian aquifers either
inside or outside the present limits of development; namely, the
productivity of the aquifers and the amount of recharge. When
water is pumped from a shallow unconfined aquifer (nonarte-
sian), the area around the well is unwatered, and a large part of
the water pumped is derived by gravity drainage of the un-
watered section of the aquifer. When water is pumped from anw
artesian aquifer, the pressure head is lowered in an area around |
the well, but the aquifer generally is not unwatered—the water
is derived largely by the compression of the aquifer and by the
expansion of water upon the release of pressure. The amount
of water so released from storage is much smaller than the
amount released by gravity drainage of an unconfined aquifer.
It is obvious, therefore, that much larger quantities of water—
can be pumped from nonartesian aquifers than from artesian
aquifers with the same loweringof head. In addition, the re-
charge to the shallow nonartesian aquifers is much greater than
the recharge to the deeper artesian aquifers. The artesian
aquifers are overlain by confining layers of less permeable mate-
rials, such as clay or silt, which produce the artesian pressures
but which also retard the downward percolation of water and,
hence, reduce the recharge. The shallower artesian aquifers (
probably crop out along the sides of the valley and probably]
receive considerable recharge from the surface water that is
used for irrigation, particularly on the Rio Grande alluvial fanl
Also, in areas where their piezometric surface is lower than the
water table in the shallow unconfined aquifer, t %y no doubt
receive considerable recharge by the movement of water from
the shallow aquifer through the underlying leaky confining layers.
Some of the deeper artesian aquifers are believed to crop out on
the higher slopes of the valley beyond the limits of application of
surface water for irrigation, where their recharge is limited pri-
marily to the infiltration of precipitation and of water through
stream channels, although they are no doubt reeharged to a
small extent by the slow downward movement of water through
@leaky confining layers. Many of the deeper artesian aquifers,
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however, probably do not crop out and therefore must depend‘?%

upon downward percolation as the only source of recharge.

In view of the small storage coefficient of the artesian aquifers
as compared with the relatively large coefficient of the nonarte-
‘sian aquifer and of the limited sources of recharge to the
deeper artesian aquifers, considerable caution must be exercised
in the development of large supplies of artesian water from wells
in the San Luis Valley in order to prevent excessive declines of
pressure head. Data obtained during this investigation indicate

¥

that the deeper artesian aquifers are more permeable and will

yield larger quantities of water to wells but that the recharge to
these deeper aquifers is much less than the recharge to the shal-

lower aquifers; therefore, large-scale withdrawals by wells may !

cause large declines in pressure head. It appears, however, that |

to date none of the artesian aquifers have been developed fully
except locally, where hundreds of closely spaced small-diameter
flowing wells tapping shallow artesian aquifers have been con-
centrated in relatively small areas and where large-diameter wells
tapping deeper aquifers have been spaced too closely. This is
indicated by the fact that pressure heads have declined seriously
in only a few places and large quantities of water are still being
discharged from the artesian aquifers into the sump area of the
closed basin, where it is lost by evapotranspiration.

Large-capacity wells in the artesian aquifers should be devel-
oped slowly and cautiously, with due consideration to proper well
spacing. Records of water levels should be maintained in order
to foresee and prevent serious overdevelopment. In areas where
the shallower artesian aquifers have not yet been tapped by large-
capacity wells and where the thickness of water-bearing gravel is
known to range widely, proper test drilling should precede devel-
opment in order to avoid well failures.

UNCONFINED WATER

Ground water that does not rise in wells above the level at
which it is encountered in the aquifer is said to be nonartesian,
or unconfined. Unconfined ground water underlies the entire
area of study in the San Luis Valley, generally at depths of less
than 20 feet. Most of the water is in Recent deposits, here con-

sidered to be the upper part of the Alamosa formation, and lie
above the first confining layer of clay, which generally is 25 taﬁ\éj

125 feet below ground surface and averages about 60.
Unconfined ground water is contained in several types of ma-
terials but principally in sand and gravel. The deposits that con-

3

\

£¢
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tain unconfined ground water were laid down primarily by
streams carrying sediments into the valley from the adjacent
mountains, and so they are heterogeneous and -discontinuous.
Test holes drilled as a part of this investigation (pl. 16) reveal
that the materials are not of uniform texture and that the sort- .
ing action of streams resulted in the deposition of many distinct
beds of sand, gravel, mixtures of sand and gravel, and lenticular
beds of clay. Where the sand is fine grained and poorly sorted,
it generally yields only small quantities of water to wells; but
where it is coarse and well sorted, it may yield moderate quanti-
ties to properly constructed wells. Coarse, well-sorted gravel
has a relatively high permeability and specific yield and lel give
up large quantities of water.

HISTORY OF DEVELOPMENT

Ground water from the shallow unconfined aquifer was not
used extensively in the San Luis Valley until the relatively recent
irrigation activities. Irrigation was first practiced in the valley
by early Spanish-American settlers, who diverted water from
tributaries of the Rio Grande.

Large-scale diversions of water began in the period 1880 to
1890, when an extensive network of canals was built. Water,
first applied to lands about 8 miles northeast of Monte Vista,
was later carried northward and eastward until, within a rela-
tively short time, the whole central portion of the valley as far

‘ north as Hooper was under irrigation. The method of subirriga-
tion, or “subbing,” which was practiced, was accompanied by a
rise in ground-water level and the seeping (waterlogging) of
lands in the lower areas along the eastern side of the closed
basin. As these lower areas became waterlogged and damaged
by alkali, new lands at higher elevations to the west were placed
under irrigation. As a result, there was a migration of farming {
from east to west, so that by 1910 or 1915 the agricultural area Y
around Mosca and Hooper were largely abandoned and the irri
gation was centered at the west side of the valley. Part of the
abandoned land has been reclaimed by drainage.

Before the lands on the west side of the valley were placed
under irrigation, the water table was reported to have been 50
to 100 feet below ground surface, which is near the level of th
first substantial layer of clay at or near the base of the shallow
aquifer that now supplies thousands of acre-feet of unconfine
ground water annually for irrigation. The present productlv?
Q‘?hallow ground-water aquifer, therefore, is essentiglly an arti /
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ficial aquifer developed over a period of years by the infiltration [
of surface water applied for irrigation. "

Drilling of wells in the shallow aquifer for irrigation probably
began in a period of low runoff, when supplies of surface water
were inadequate. The first irrigation well tapping the shallow
aquifer in the valley was reported to have been constructed in
1903. Apparently there was little or no development of irriga-
tion from wells tapping the shallow aquifer for the next 25 years,
for Code (1952, p. 51) states that there was but one shallow;
irrigation well in the valley in 1928. But the severe drought o
the 1930’s and the corresponding deficiency of streamflow brought
a rapid development of shallow pumped wells—176 by 1936. Of
the %)O wells in 1952, 675 were in the area covered by this
investigation and are listed in table 10. Irrigation with water
pumped from the shallow aquifer is now an important factor in
the economy of the valley, but the two methods of irrigation
(subbing and pumping) are at cross purposes, because one
method depends upon holding the water table near the ground
surface and the other tends to lower the water table.

WATER TABLE

The upper surface of the zone of saturation in ordinary per-
meable soil or rock has been defined as the ground-water table,
or simply the water table. Where the upper surface is in imper-
meable material, as it may be in parts of the San Luis Valley,
the water table is absent. The water table is not a plane surface
in all parts of the valley but has irregularities comparable with
and related to those of the land surface, although generally it is
less rugged. It does not remain stationary but fluctuates up and
down in a manner similar to that of the water Ievel in a surface
reservoir. The irregularities of the water table are due chiefly
to local differences in gain or loss of water, and the fluctuations
are due to variations from time to time in gain or loss.

During the course of this investigation, the water levels and
altitudes of hundreds of wells tapping the shallow aquifer were
determined in order to facilitate the preparation of a water-table
contour map showing the shape and slope of the water table and
the direction of movement of the shallow underground water
(pl. 8). More detailed maps of the sump area were prepared in
order to show the shape and slope of the water table near the
line of the proposed sump drain during periods of high and low
water level (pls. 9 and 10).

———
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SHAPE AND SLOPE

The shape and slope of the water table in the area of study
are shown on the maps (pls. 8, 9, and 10) by contours connecting
points on the water table that have the same altitude. The water-
table contours show the configuration of the water surface just
as topographic contours show the shape of the land surface. The
direction of movement of the ground water is at right angles to
the contours in the direction of the downward slope.

The maps show that the general movement of shallow uncon-

—fined ground water in the San Luis Valley is toward the sump

area of the closed basin but that the slope and the direction of
s.movement vary appreciably from one part of the area to another.

Maximum slope of the water table is along the periphery of the

valley beneath the alluvial fans, where the slope of the ground

surface is greatest; the minimum slope is in the sump area. The
\ slope of the water table beneath the Rio Grande alluvial fary}

averages about 10 feet per mile in the vicinity of Del Norte
Beneath the alluyial fans on the east side of the valley, the slope”
was mapped in only a small area near San Luis Lake, where it
attains a maximum of 37 feet per mile. On the floor of the valley
between the Rio Grande alluvial fan and the sump area, the slope
ranges from about 2 to 10 feet per mile and averages about 5 feet
per mile. The water table in the sump area of the closed basin
is so nearly flat that maps having contour intervals of 1 foot were
required to/show its configuration (pls. 9 and 10). The shallow
ground water moves from all directions toward the sump an@

discharges into marshy areas and lakes. In some parts of theg
rsump, the slope of the water table is less than 1 foot per mil
he lowest point on the water table centers around a small lak
\ n a section corner common to secs. 1, 6, 7, and 12, T. 38 N,,
s. 11 and 12 E. South of* the ground-water divide, the shallow
ground water moves toward and discharges into the Rio Grande.
The shape and slope of the water table, which determine the
rate and direction of movement of ground water, are controlled
by several factors. In the area of study, they appear to be
affected primarily by (1) the topography, (2) the discharge of
water by evapotranspiration in the sump area, and (3) the dis-
charge of water into the Rio Grande. The shape and slope of
the water table resemble the topography so closely that there is a
strlkmg resemblance between the water-table contour map (pl. 8)
iand the topographic map (Siebenthal, 1910, pl. 1). From the
'water-table contour map, the position of the sump area and the
distribution of the alluvial fans can be determined readily. The
shape of the water table must conform closely to the shape of
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the ground surface because the water table is held near the
ground surface by subirrigation, a method by which the water
table is raised by the infiltration of surface water from closely
spaced ditches and is then controlled by a series of drains.

The most prominent feature of the water table is the large
depression lying beneath the sump area. This depression, which
resembles the cone of depression around a large well field, is
maintained by the discharge of large volumes of water by evapo-
transpiration. The lowest point on the water table is about 6
feet below the crest of the ground-water divide, where it borders
the sump area on the south.

Irregularities in the shape of the water table that are caused
by the discharge of water into the Rio Grande are much less
pronounced than the irregularities caused by the discharge
through evapotranspiration in the sump area. The discharge
into the Rio Grande has created a depression, or trough, in the
water table along the course of the river and is reflected in the
upstream flexure of the contours as they cross the river. The
contours are displaced upstream in the amount of about one-half\
to one contour interval, indicating that the trough in the water
table is on the order of 5 to 10 feet deep.

Other factors, no doubt, affect the shape and slope of the
water table in the area of study, but they are of minor impor-
tance and their effects are not of sufficient magnitude to be
determined easily by means of the water-table contour map.
These factors may include the recharge of the ground-water
reservoir hy ephemeral streams, local differences in the perme-
ability and thflclﬁn\/essof the aquifer, and the pumping of water
from wells. Water percolating downward through the channels
of influent (losing) streams recharges the ground-water reservoir
and tends to develop a linear mound on the water table beneath
the course of the channel. Although there is little doubt that
recharge of this type occurs in the area of study, the water-table
contour map is not of sufficient detail to show the effects of such
recharge. There are indications that during periods of very low
runoff and of very heavy pumping of ground water for irrigation
the Rio Grande becomes, in part, a losing stream. The watfir
table in the area of heavy pumping north of Monte Vista {e-
clined by as much as 12 feet as a result of the low runoff and
relatively small diversions in 1951. A decline of this magnitude
is sufficient to shift the ground-water divide by a conSLderable
distance. o d

The relative flatness of the water table in the sump area
probably is the result of the relatively low rate of evaporation

p —
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from the permanent lakes in that area (2,000 acre-feet a year,
according to U. S. Bureau of Reclamation). Although the total
amount of water entering and leaving the shallow aquifer is
great, the discharge is largely near the point of recharge and
the net movement to the sump is relatively small.

Local differences in permeability and thickness of the aquifer
may cause local differences in the shape and slope of the water
table. A decrease in permeability and thickness generally causes
a steepening of the water table and results in the closer spacing
of the water-table contours; conversely, an increase in permeabil-
ity tends to cause a flattening of the ground-water gradient.
Although these factors no doubt influence the shape and slope
of the water table in the area of study, data are not adequate
to determine the extent of the influence.

Pumping of water from wells may have a pronounced influence
on the shape and slope of the water table as cones of depression
form around wells during periods of pumping. Data for the
water-table contour map (pl. 8), however, were obtained during
a period of high runoff and low pumping.” The map, therefore,
does not show pronounced irregularities due to pumping. If data
could have been obtained during the period of heavy pumping
in 1951, a contour map compiled from them would no doubt
idisplay a large depression in the water table in the area north
"of Monte Vista, where about 280,000 acre-feet of ground water
iwas pumped from shallow aquifers during the irrigation season.

8OUND-WATER DIVIDE

The closed basin is separated from the Rio Grande basin by a
low topographic divide, which in some places is barely discernible
and in other places can be traced only by careful mapping. And
ground water in the closed basin is separated from that in the
Rio Grande basin by a ground-water divide of low relief that
roughly parallels the topographic divide. Tf reports are true
that the water table was once 50 to 100 feet below ground sur-
face in“the area north of Monte Vista, then the ground-water
divide must at one time have been very pronounced and must
have followed the course of the Rio Grande very closely as far
downstream as the bend of the river in T. 37 N,, R. 11 E. As
the shallow, porous materials in the area north of Monte Vista
became filled with water through recharge from irrigation, the
ground-water divide became less and less pronounced until it is
now barely discernible, except in the area northeast and east of
Alamosa near the large water-table depression beneath the sump
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area. At the same time, it is likely that the ground-water divide
moved northward away from the Rio Grande.

At the present time, the divide has such low relief and is so
difficult to determine from the water-table contour map that it is
doubtful if it now forms an effective barrier to the movement of
ground water between the two basins. In recent years, building !
up the water table by subirrigation and lowering the water table
during periods of low runoff by pumping have been great enough
to cause considerable lateral displacement of the ground-water
divide. At the time of this investigation, the ground-water di-
vide in the vicinity of Del Norte was less than a mile north of
the river, whereas in 1936 it crossed the north line of T. 40 N.,
R. 6 E. at a point nearly 4 miles north of the river. Similarly,
during the drought of 1951 the decline of water level in some of
the most heavily pumped areas north of Monte Vista exceeded
10 feet, which is sufficient to depress the water table below the
level of the Rio Grande in some places and to cause the Rio
Grande to become a losing stream locally and to contribute water
to the ground-water reseryoir. At such times the ground-water
divide locally may be dirre%tly beneath the stream, although the
recharge of the ground-water reservoir by infiltration through
ditches and canals north of the river probably prevents the
southward movement of the divide in most parts of the valley.
It is believed that the position of the ground-water divide in the
area south and southeast of the sump has remained about the
same.

FLUCTUATIONS OF WATER LEVEL

The water table does not remain stationary but fluctuates much
like the water surface of any surface reservoir. Whether the
water table rises or declines depends upon the amount of recharge
into the ground-water reservoir and the amount of discharge.
If the inflow exceeds the draft, the water table will rise; if the
draft exceeds the inflow, the water table will decline. The water
table fluctuates more by the addition or depletion of a certain
quantity of water than the level of a surface reservoir, because
ground water occupies only part of the volume of a ground-water
reservoir. If the sand and gravel of a water-bearing formation
has an average specific yield of 25 percent, the addition of 1 foot
of water to the sand and gravel will raise the water table in thad
material about 4 feet. Changes of water levels in wells record
the fluctuations of the water table and, hence, the recharge and
discharge of the ground-water reservoir.

The principal factors that control the rise of the water table
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. in the San Luis Valley are (1) recharge from irrigation, (2) /
| recharge from precipitation, (3) recharge from artesian aquifers
Lthrough leakage or surface discharge, and (4) recharge from

influent (losing) streams. The principal factors that control
the decline of the water table in this area are (1) discharge by
evapotranspiration, (2) discharge into streams and drains, and
| (3) discharge from wells.

If the quantity of ground water discharged from a ground-
water reservoir during a year is greater than the recharge dur-
ing that year, the water table will decline. During a period of
dry years the water table may decline even if there is little or
no pumping from wells, but in a subsequent period of wet years
the water table may rise. The decline of the water table during
a dry year, therefore, does not necessarily mean that there has
been an excessive withdrawal of water from the ground-water
reservoir; but it does indicate less recharge of the ground-water
reservoir because of decreased precipitation and surface-water
diversions and, at the same time, greater discharge by evapo-
transpiration and by increased pumping from wells. Conversely,
a rise of the water table during wet years indicates that recharge
from precipitation and surface-water diversions is increased and
the loss of water by evapotranspiration and pumping is reduced.

Fluctuations of the water table in the San Luis Valley were
determined by measuring the water levels in wells periodically.
Beginning in 1946, water levels were measured twice monthly in
211 wells, most of which were small-diameter wells constructed
as a part of this investigation (pl. 2). In 1948 the investigation
was expanded to include the heavily irrigated area of the closed
basin lying north of Monte Vista, and the number of observation
wells being measured periodically was increased to 505._ In 1949,
52 observation wells were added in the area south of Monte Vista
and measurements of selected wells in the closed basin were
discontinued, leaving a total of 284 observation wells in the area
of study. When field work for this report was completed, the
observation-well program was reduced to a network of about 60
carefully selected representative wells.

”

RECHARGE

'/ Recharge, the addition of water to the underground reservoir,
| may be accomplished in several ways. The shallow, unconfined
{ | ground-water reservoir in the area of study is recharged primar-
7 \ily by the infiltration of water used for irrigation. Other sources
\for the recharge are precipitation, contributions by artesian
Quifers, and infiltration from streams and canals.

~ o :
' - 1}
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FIGURE 11.—Subbing method of irrigation. A, Local rise in water table in area where the sub-
bing method of irrigation is practiced; B, interference between the pumping and the subbing
methods of irrigation.

" RECHARGE FROM IRRIGATION

Large quantities of water are diverted annually from the Rio
Grande for irrigation in the San Luis Valley, principally on the
Rio Grande alluvial fan. Two methods of irrigation are prac-
ticed: the subirrigation method, by which the water table is held
near the ground surface; and the pumping method, which tends
to lower the water table. The methods are described in more
detail on page 45 and are illustrated in figure 11. Although
the two methods work at cross purposes in that one tends to
hold the water table near the ground surface and the other tends
to lower the water table, they create almost ideal conditions for
recharge. Pumping of wells lowers the water table and makes
room in the aquifer for a great deal of recharge that otherwise
would be rejected. The porous soils readily absorb the large
quantities of sufface water diverted from the Rio Grande.

The effects of recharge from irrigation upon water levels in
wells are illustrated clearly in figures 12, 13, and 14. In the
heavily irrigated areas north and south of Monte Vista, the
water levels rise abruptly in the spring, when surface water is
diverted for irrigation, and decline abruptly in the fall after irri-
gation ceases. Minor modifications of this general trend are
caused mainly by rises due to precipitation and declines due to
pumping. The effect of the unusually small diversions of sur-
face water for irrigation in 1951 are reflected in the water levels
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in most of the wells in those areas; in most places the water
levels rose only slightly during the irrigation season and then
declined to record lows during the succeeding fall and winter.
In the sump area of the closed basin the water levels in wells
display a similar annual rise and fall. Here, however, the water
levels generally begin to rise in late summer or early fall and
decline in the spring or summer. This probably is a delayed
effect of the recharge from irrigation in the western part of the
basin and the large discharge by evapotranspiration during the
growing season. Recharge from irrigation in the western part
of the closed basin raises the water table and increases its gradi-



65

UNCONFINED WATER

SIRONI NI
, ‘NOHVIIJIOIYD ATHINOW

°OEI-OInlY

PDSE-11-OY

‘Y] SV UBE JO S0A S[IIX § 0N}
-1diosad Aqjuow Supmoys sydelS puw UsBQ DPISO[d Y} Jo ¥ale dwmns oy} Uf B[]9A § Ul S[PAS] JojeA jo suopjenjoni—gl BTANOLL

o

~

-

CH T

>
7
/"

N

AN

RN

NS4l

=

V
VAN

so..__.oQC/\

©

-

3

~

66!

Lyel

3v 6l

1661

>
(e} JYNULVHIWIL

PPOC-Ol-I

1334 Ni'LNIOJ ONIYNSYIW MOTI8 T13A37 Y31VM OL HIJ3D

0001-11-0%



66 GROUND-WATER RESOURCES, SAN LUIS VALLEY, COLO.

1950 _ 1951 1952

FIGURE 14.—Fluctuations of water levels in 5 wells south of the Rio Grande and graphs
showing monthly precipitation at Alamosa. .
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ent toward the sump, which probably accounts for the delayed
rise in water levels in wells near the sump.

No attempt was made during this investigation to determine
the amount of recharge from irrigation, but it is believed to be
large. This is indicated by the considerable rise in water levels
in wells north of Monte Vista after the small diversions and
heavy pumping during the 1951 irrigation season. Records ob-
tained as a part of the study of the inflow-outflow area (p. 118)
indicate that recharge from the application of surface water for
irrigation in 1952 amounted to at least 135,000 acre-feet in an
area of 291 square miles. This figure, based on the change in
ground-water storage, does not take into account the water added
to the ground-water reservoir as recharge and then discharged
by evapotranspiration or other means.

RECHARGE FROM PRECIPITATION

Recharge from precipitation in the San Luis Valley probably
is small in relation to the recharge from irrigation, because the
total annual precipitation on the valley floor is only about 7 or
8 inches. The amount of water that reaches the water table and
becomes recharge to the ground-water reservoir is determined by
the intensity and duration of the precipitation; the slope of the
land surface; the porosity and permeability of the soil and sub-
soil; and the vegetative cover.

Most of the precipitation falls during the summer, when thun-
derstorms are common; slow, steady rains are relatively infre-
quent. Much of the rainfall that accompanies the sudden, brief
thunderstorms is lost by runoff and evaporation.

The slope of the land surface is an important factor in the
determination of the amount of precipitation that will escape by
runoff and the amount that will penetrate the soil and reach the
ground-water reservoir as recharge. Steeper slopes, of course,
are conducive to greater runoff. The surface slopes of the allu-
vial fans on the periphery of the valley are relatively steep, but
the slopes in the large area composing the floor of the valley are
gentle, allowing the water a longer period of access to the soil
before running off. In the Rio Grande basin the runoff eventu-
ally reaches the Rio Grande. In the closed basin the runoff
reaches the series of lakes in the sump area, where it is dissi-
pated largely by evaporation.

The porosity of the soil is another important factor in the
infiltration of precipitation. Soils on the Rio Grande and other
alluvial fans generally are gravelly and sufficiently porous to
admit water readily, as indicated by the rapid infiltration through



68 GROUND-WATER RESOURCES, SAN LUIS VALLEY, COLO.

ditches in areas where subirrigation is practiced. Soils on the
valley floor are sandy locally, particularly on the east side of the
valley, and absorb water readily.

In view of the gentle slopes and porous soils that occur in a
large part of the valley, it appears that the portion of the precipi-
tation that reaches the water table may be moderate to relatively
large, perhaps as much as 20 percent; nevertheless, the amount
of recharge from precipitation is relatively small in comparison
with the recharge from irrigation because of the low annual rate
of precipitation. The fluctuations of water levels in wells, as
shown in figures 12, 13, and 14, do not give a clear picture of
the effect of precipitation upon recharge, because fluctuations
caused by precipitation are largely obscured by greater fluctua-
tions caused by other factors. Recharge from irrigation is the
dominant factor controlling the fluctuations of water level in the
area north of Monte Vista (fig. 12), and minor fluctuations
caused by precipitation are difficult to discern. The effects of
some storms, however, are shown clearly by the hydrographs of
water-level fluctuations. The heavy rainfall in July 1949, for
example, was accompanied or followed by rises of water levels in
wells 41-8-35cc2 and 40-7-29db and was followed by a retarda-
tion of the rate of decline of water levels in wells 40-7-15aa and
39-9-1aa. Rainfall of comparable magnitude in August 1951
appears to have affected the water level in only one well
(40-7-15aa), for the water levels at that time were declining
rapidly because of the deficiency of surface water available for
irrigation and because of heavy pumping. The effects of precipi-
tation upon recharge are equally difficult to discern by means of
the hydrographs of wells in the sump area of the closed basin
(fig. 13), because of the much greater fluctuations caused by the
delayed effects of recharge on the west side of the basin and
because of the large amount of water lost by evapotranspiration.
The hydrographs indicate that there have been a few slight rises
of water levels and a few slight retardations of decline associated
with some of the larger storms.

RECHARGE FROM ARTESIAN AQUIFERS

LEAKAGE FROM ARTESIAN AQUIFERS
There probably is considerable recharge of the shallow ground-
water reservoir -by the upward movement of water from the
underlying artesian aquifers. This is indicated by the large
depression in the piezometric surface in the sump area of the
valley (pl. 5). Most, if not all, of the artesian aquifers tapped
by wells in the San Luis Valley are leaky. They are not the type
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of artesian aquifers commonly observed elsewhere, aquifers that
are overlain and underlain by thick sequences of clay or shale
of very low permeability. In the San Luis Valley, artesian
aquifers are created in part by differences in permeability of the
water-bearing materials themselves, but they are formed largely
by layers of clay that generally are relatively thin and do not
extend over wide areas (pl. 11). And in the lower part of the
valley, the head of water in the artesian aquifers is as much as
60 feet greater than the head of water in the shallow aquifer.
Thus, much artesian water moves slowly upward and recharges
the shallow ground-water aquifer.

CONTRIBUTIONS FROM FLOWING WELLS

The shallow ground-water aquifer receives water from the
artesian aquifers also by means of flowing wells—either by leak-
age out of the wells through faulty or inadequate casing or by
discharge at the ground surface and later downward percolation.
Many flowing wells in the valley are equipped with only a few
feet of surface casing, and artesian water moves freely from the
well into the shallow aquifer. Others were properly cased but
the casings have deteriorated and now permit the passage of
artesian water into the adjacent shallow aquifer. It is not pos-
sible to estimate accurately the amount of recharge to the shal-
low ground-water aquifer as the result of leakage from flowing
wells, but there is no doubt that it is a large amount. And in
addition to the leakage from artesian wells, part of the water
that is discharged from the approximately 7,500 flowing wells in
the valley eventually reaches the shallow ground-water reservoir
by percolation. Owing to the low surface gradients and the
porous soils in the valley, only a relatively small percentage of
the water escapes as runoff, the remainder reaching the water
table or being discharged by evapotranspiration. The potential
yield of all the flowing wells in the valley is on the order of
480,000 acre-feet a year. Some of the wells, however, are shut
in during a part of the year, and so the total actual yield is not
known—perhaps 300,000 to 400,000 acre-feet a year. It is ob-
vious, therefore, that large quantities of water discharged from
artesian wells are added to the shallow ground-water reservoir
as recharge. ’

RECHARGE FROM STREAMS AND CANALS
Recharge to the shallow ground-water reservoir of water from
streams and canals probably is small in comparison with the re-
charge from irrigation, but it may be relatively large in certain
places and at certain times. The Rio Grande, for example, gen-
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Figure 15.—Fluctuation of water level in well 40-6-16¢cc caused by water in nearby Rio Grande
canal during periods of irrigation.

erally is a gaining stream, but after periods of low runoff and
heavy pumping, as occurred in 1951, the water table may be
lowered below the level of the channel and large quantities of
water may move from the stream into the shallow ground-water
reservoir. The reservoir doubtlessly receives some recharge from
a few of the small ephemeral streams in the valley.

Records indicate that there is recharge to the ground-water
reservoir by infiltration of water through canals, particularly
" in areas immediately adjacent to the canals. The water
level in well 40-6—16cc, for example, fluctuates widely with the
distribution of water through the nearby Rio Grande canal, as
iltustrated in figure 15. The water level in the well rises abruptly
in the spring when water is turned into the canal and declines
abruptly when water in the canal is shut off. The relatively
small quantity of water distributed through the canal in 1951 is
reflected in a relatively low peak in the water level in the well
that year. Records of the effect of infiltration of water through
canals upon water levels in other areas are not available, but
probably there is considerable recharge to the ground-water reser-
voir adjacent to canals.

DISCHARGE
Ground water may be discharged from the zone of saturation
or from the capillary fringe (a belt that overlies the zone of
saturation and contains capillary interstices—some or all of
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which are filled with water) through evapotranspiration and
from the zone of saturation as hydraulic discharge through seeps,
springs, infiltration galleries, and wells and ditches or other man-
made structures. The principal types of ground-water discharge
in the San Luis Valley are discussed below.

DISCHARGE BY EVAPOTRANSPIRATION

Ground water, taken into the roots of plants directly from the
zone of saturation or from the capillary fringe, is discharged
from the plants by transpiration. The depth from which plants
will lift ground water varies with species of plant and type of
soil and ranges from only a few feet for ordinary grasses and
field crops to 50 feet or more for alfalfa and certain types of
desert plants. Evapotranspiration is one of the principal meth-
ods of discharge of water from the shallow aquifer in the San
Luis Valley. Inasmuch as the water table is held at or near the
root zone of most plants—either naturally or artifically—during
most of the growing season, large volumes of shallow ground
water are discharged into the atmosphere by this process. The
average depth to the water table in much of the area of study is
less than 10 feet and may be as little as 2 feet in the subirrigated
areas during the growing season. The water table, or capillary
fringe, is easily reached by the roots of both the cultivated crops
and the native vegetation. Vegetation in the uncultivated areas
congists mostly of greasewood, rabbitbrush, and saltgrass, all of
which use large amounts of ground water.

Where the water table is near the land surface, ground water
moves upward through the small pore spaces in the soil and is
discharged at the surface by evaporation. The rate of discharge
varies with the depth to the water table, the porosity of the soil,
the climate, the season, and perhaps other factors. Discharge is
greatest in areas where the soil is fine textured, as indicated by
the large areas of alkaline soils and alkali flats in the eastern
part of the closed basin where the soil is fine grained.

Determining the discharge of ground water from the shallow
aquifer by evapotranspiration was not an objective of this in-
vestigation, and so studies were not made to determine its rate.
Studies made in other areas having a vegetative and climatic
setting comparable with that of the San Luis Valley, however, give
some indication of the rate of evapotranspiration that may be
expected in the San Luis Valley. White (1932), in a study of
Escalante Valley, Utah, determined that in the lowlands of that
valley the rate of evapotranspiration was approximately 1 acre-
foot per acre annually where the vegetative cover consisted pre-



72 GROUND-WATER RESOURCES, SAN LUIS VALLEY, COLO.

dominantly of saltgrass, associated with greasewood, rabbitbrush,
and pickleweed, and where the depth to water ranged from the
ground surface to 3 feet in the spring and from 3 to 5 feet in the
fall. The rate of evapotranspiration was approximately 5 acre-
inches per acre annually in areas where the native vegetative
cover was largely greasewood, rabbitbrush, shadscale, and a light
growth of saltgrass, and where the depth to water ranged from
ground surface to 5 feet in the spring and from 3 to 8 feet in the
fall. The rate of evapotranspiration was approximately 2 acre-
inches per acre annually in the uncultivated areas at higher ele-
vations where the native vegetation included greasewood, rabbit-
brush, and shadscale, and where the depth to water ranged from
8 to 30 feet. Escalante Valley is at a lower altitude and has a
slightly greater annual precipitation than the San Luis Valley
but is otherwise comparable with the San Luis Valley in climate,
topographic situation, and vegetative cover. It is probable, there-
fore, that the rates of evapotranspiration in the San Luis Valley
are comparable with those in the Escalante Valley.
Fluctuations of water level in well 39-9-2bb, in the eastern
part of the closed basin, give some indication of the order of
magnitude of evapotranspiration in the San Luis Valley. The
well is surrounded by native vegetation consisting of rabbitbrush
and greasewood, and there is a heavy growth of cottonwood trees
about 1,000 feet from the well. The water level in the well,
which averages about 8 feet below ground surface, declines dur-
ing the growing season and rises during the fall and winter. The
rate of decline during the growing season is essentially a measure
of the rate of evapotranspiration in the vicinity of the well,
because the decline is largely the result of discharge of ground
water by evapotranspiration. During the growing season of
1948 (June 23 to September 22), for example, the water level in
the well declined 1.62 feet, or 19.44 inches. As the specific yield
of the aquifer in the vicinity of the well is on the order of 30
percent, the rate of evapotranspiration in the vicinity of the well
appears to be on the order of 6 acre-inches per acre annually.
Discharge of ground water by evapotranspiration is illus-
trated further by the diurnal fluctuations of water level in well
89-9-2bb, which was equipped with an automatic water-stage
recorder. As shown in figure 16, the water level in the well
exhibited a marked daily fluctuation in early July, 4, during the
height of the growing season; the water level declined during
the day and rose during the night but had a net decline, owing
to the depletion of the ground-water reservoir by evapotranspira-
tion. At least part of the vegetation had matured by early Sep-
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tember, B, and the days had become cooler, with the result that the
daily fluctuations of water level were of lower magnitude and
the net daily decline in water level had become much less. The
daily fluctuations had practically ceased after the first killing
frost, and by early October, C, there was a daily net rise of water
level in the well.

DISCHARGE FROM WELLS

Discharge of water from wells has become one of the principal
means of discharge from the shallow ground-water reservoir.
The use of shallow unconfined water for irrigation was of little
significance before 1930 but has since increased rapidly. By
1936, the 176 large-capacity wells that tapped the shallow aquifer
discharged about 850 gallons a minute each; the combined dis-
charge, if the wells were pumped continuously and simultane-
ously, was about 660 acre-feet daily (Robinson and Waite, 1938,
p. 248). By the time of this investigation, 675 large-capacity
wells tapped the shallow aquifer. On the basis of the measure-
ments of 251 discharges, the average discharge of these wells

was found to be on the order of 1,000 ; the total diss——

charge, if the wells were pumped continuously and simultane-
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ously, would be about 8,000 acre-feet daily. The total annual
discharge of all the large-capacity wells tapping the shallow
aquifer in the San Luis Valley is estimated to be on the order of
500,000 acre-feet during periods of very low runoff, such as the
period in 1951. Details of the discharge of ground water in the
area of inflow-outflow study are given on page 125.

DISCHARGE BY DRAINS AND CANALS

Drains have been used in the agricultural areas of the San
Luis Valley since about 1910, particularly in areas where sub-
irrigation is practiced and in areas where the soil has become
waterlogged. The drains in the subirrigated areas form an in-
tegral part of the irrigation system in that check gates are used
to control the position of the water table, whereas the drains in
the waterlogged areas are used primarily to lower the water
table. Some of the canals also function as drains in parts of the
valley when they are not carrying diverted surface water and
when the water table adjacent to the canals is higher than the
bottoms of the canals. No estimate has been made of the quan-
tity of ground water discharged from the shallow ground-water
reservoir in the San Luis Valley as a whole, but the Bureau of
Reclamation has made periodic measurements of the amount of
water carried out of the area of inflow-outflow study by means
of canals and drains (p. 125). Part of the data compiled by tha:}
agency are tabulated below, and they show that relatively larg
quantities of water are discharged from the shallow aquifer in
this manner.

Discharge of ground water by drains and canals in the inflow-outflow area,

in acre-feet
. sach
Year Py Pyt g discharge
1949 42,600 5,400 48,000
1950 21,100 4,200 25,300
1951 8,400 1,600 10,000
1952 21,500 4,200 25,700

HYDROLOGIC PROPERTIES OF THE UNCONFINED AQUIFER
Definitions of hydrologic properties, discussed below, are in-

cluded in the section on “Hydrologic properties of artesian
aquifers.” '

PERMEABILITY AND TRANSMISSIBILITY
As the permeability of the shallow unconfined aquifer is de-
pendent upon the number, size, and degree of interconnection of
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the pore spaces in the aquifer, it is obvious that it ranges widely
within the San Luis Valley; it is relatively high in the coarse
materials that make up the alluvial fans on the sides of the valley,
and it is progressively lower toward the sump area of the closed
basin, where the materials are fine grained. Two methods have
been used to determine the coefficients of permeability and trans-
missibility of the shallow aquifer in the San Luis Valley; they
are discussed below.

LABORATORY DETERMINATIONS

The coefficients of permeability of 22 samples of the shallow
unconfined aquifer were determined in the laboratory of the U. S.
Geological Survey as a part of the Rio Grande Joint Investigation
(Robinson and Waite, 1938, p. 233). They ranged from less
than 1 gpd per square foot for a sample taken from a layer of
clay to 1,500 gpd per square foot for samples of sand and gravel.
Inasmuch as the average saturated thickness of the shallow
aquifer is about 50 feet, the maximum coefficient of transmissi-
bility, according to the laboratory determinations, would be about
75,000 gpd per foot. These coefficients of permeability and trans-
missibility, however, are probably too low to be representative,
because the samples were collected from the upper part of the
aquifer where the materials are known to be finer grained than
at greater depths. The coefficients that were determined by
means of pumping tests during this investigation are probably
more reliable.

PUMPING-TEST DETERMINATIONS

Thiem method.—The Thiem method (Wenzel, 1942, pp. 77-81)
of determining the permeability of a water-bearing material con-
sists of analysis of the decline in water level during the pumping
period in several observation wells near the pumped well. The
method is based on the consideration that after approximate
equilibrium is established around a pumped well, approximately
equal quantities of water move toward the well in a given unit
of time through a successive series of concentric cylindrical sec-
tions around the well. Because the areas of the larger cylinders
through which the water percolates are greater than the areas of
the smaller cylinders, the velocity of the ground water passing
through the larger cylinders is proportionately less and the hy-
draulic gradient is proportionately smaller. The Thiem formula
may be written:

528Q logio %ﬁ

T =
81— 82
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.in which T is the coefficient of transmissibility in gpd per foot;
Q is the discharge of the pumped well, in gpm; r is the distance
of the observation wells from the pumped well, in feet; s, and s,
are the drawdowns, in feet, of the water levels in observation
wells at distances r; and r;, respectively.

Observed drawdowns (s; and s;) can be used in the above
equation for confined aquifers or for thick unconfined aquifers.
If an unconfined aquifer is thin, however, so that there is an
appreciable diminution of depth of flow near the pumped. well,
the drawdowns should be corrected in the following manner,
according to Jacob (1944) :

’ 82
§=8—5
in which s’ is the corrected drawdown, in feet; s is the observed
drawdown, in feet; and m is the thickness of the saturated part
of the aquifer before pumping begins, in feet. As the thickness
of saturated materials tested by the Thiem method ranged from
18 to 78 feet and averaged only 43 feet, the drawdown correc-
tions were applied in each pumping test, and the corrected draw-
downs (8’ —&';) were used in the denominator of the Thiem
equation.

Solution of the Thiem equation is simplified by plotting the
data on semilogarithmic paper. Values of &' in 2 or more ob-
servation wells, which were pumped sufficiently long to estab-
lish approximate equilibrium, are plotted on the linear scale, and
corresponding values of r are plotted on the logarithmic scale.
The slope of the straight line connecting the plotted points is
determined by taking the change in &' over one log cycle of r
(for which the value of log r,/r; is unity), so that the solution
is simply:
528Q
AS'

Jacob (1944, equation 11) has shown that, after T has been
determined in this manner, the specific yield (S) may be deter-
mined from the intercept r. on the axis of r (or, logi7), at which
point ¢’ =20, by the following equation:

0.3Tt
72

T =

S=

in which T and 7, are in units previously defined, and ¢ is the
duration of pumping, in days.
The coefficient of transmissibility of the shallow unconfined
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aquifer in the vicinity of 89 wells was determined by means of
pumping tests as a part of this investigation (table 6). All but
one of these determinations were made by the Thiem method;
one was made by the recovery method. Most of the tests were
in the sump area of the closed basin, where data on the coeffi-
cients of transmissibility of the aquifer were needed to deter-
mine the probable yield of the proposed closed basin drain
(p. 102); the remainder were in or near the east line of the
area of inflow-outflow study, where data were needed to deter-
mine the ground-water outflow. As there were no wells suitable
for test pumping in the sump area at the time of this investiga-
tion, it was necessary to construct temporary wells for the tests.
Inasmuch as the Thiem method was considered to be the most
reliable method of determining the coefficient of transmissibility
of unconfined aquifers under the conditions prevailing, and as
that method requires the use of observation wells, it was neces-
sary to construct observation wells in the vicinity of all wells
tested.

Three pairs of wells were jetted at each test site, the pairs
being spaced at distances of 1m, 2m, and 4m from the pumped
well (m is the initial saturated thickness of the aquifer being
tested). One observation well of each pair penetrated the entire
thickness of the aquifer, whereas the other penetrated only the
upper part of the aquifer.  Use of 3 pairs of observation wells
in this manner, all in a straight line on one side of the pumped
well, was suggested by Jacob (written communication, January
28, 1946) as an effective means of correcting for partial penetra-
tion of the aquifer by the pumped well and for local inhomo-
geneities of the aquifer. The water levels in the pumped wells
during both pumping and recovery periods and in the observa-
tion wells during the pumping period were measured with a steel
tape or an electrical-contact device. The discharges of the
pumped wells were measured with a current meter, Parshall
flume, orifice, or a barrel and stopwatch. A typical pumping test
is described below and is illustrated in figures 17 and 18.

Test well 50, 6 inches in diameter and 50 feet deep, was
equipped with a 4-inch turbine pump powered by a gasoline
engine. The average thickness of saturated materials in the
vicinity of the test well and of the observation wells was about
49 feet. The locations of the pumped well (PW) and observa-
tion wells are shown in figure 17. Observation wells labeled S
penetrated the entire thickness of the aquifer, whereas those
labeled N penetrated only the upper part of the aquifer. The
well was pumped at the rate of 94 gallons a minute for 70 hours
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F1cuRrE 17.—Location of test well 50 (PW) and observation wells (SE}4SEY4, sec. 7, T. 41 N.,
R. 10 E.). Observation wells labeled S penetrated entire thickness of aquifer; observation wells
labeled N penetrated only upper part of aquifer.

during the period October 4-6, 1949, during which time the
water levels in the pumped well and observation wells were
measured. The pump was then shut off, and the recovery of
the water level in the pumped well was measured periodically for
several hours. The corrected drawdowns (s’) at a given time in
each of the 6 observation wells were plotted on a semilogarithmic
graph against the distance of the observation well from the
pumped well, in feet (). The corrected drawdowns of each pair
of partly and fully penetrating observation wells were averaged
graphically (points x in fig. 18), and a straight line was drawn
through those points. From this curve, it was determined that
the coefficient of transmissibility of the aquifer in the vicinity
of test well 50 was about 60,000 gpd per foot and, hence, that
the coefficient of permeability (60,000 divided by 49) was about
1,200 gallons a day per square foot. Test well 50 was not pumped
long enough to permit the determination of the coefficient of
. storage.

Theis recovery method.—The Theis recovery method, described
on page 41, is adaptable to the determination of the coefficients
of transmissibility and permeability of artesian aquifers, but it
may give erroneous results if applied to unconfined aquifers such
as the shallow aquifer in the San Luis Valley, particularly if the
water-bearing materials are fine grained and if the tests are of
short duration. The materials tested during this investigation
are largely fine grained and poorly sorted, and the duration of
the tests was generally not sufficiently long to permit adequate
drainage of the unwatered part of the aquifer in the cone of
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depression; hence, the results obtained by the Theis recovery
method are probably too great. Some of the coefficients of trans-
missibility, as determined by the Theis recovery method, were of
the same order of magnitude as those determined by the Thiem
method, but most were larger—some were as much as 6 times as
large.

Summary of determinations.—Owing to the greater adaptabil-
ity of the Thiem method for determining the coefficient of trans-
missibility of slow-draining, unconfined aquifers, such as those
in the sump area of the San Luis Valley, only the coeflicients
determined by that method have been used in this report. They
are itemized in table 6. The coefficients of transmissibility ranged
from 1,000 to 819,000 gallons a day per foot and averaged 45,200
gallons a day per foot. As the average thickness of saturated
materials in the area of the tests is about 45 feet, the average
coefficient of permeability of the shallow aquifer in that area is
about 1,000 gallons a day per square foot. These tests were made
in specific localities to answer specific problems, and so the co-
efficients obtained are not necessarily representative of the shal-
low aquifer in the entire valley. Most of the tests were in the
sump area of the closed basin, where the water-bearing materials
are finest grained; and the remainder of the tests were along the
eastern edge of the area of inflow-outflow study, where the
water-bearing materials, although somewhat coarser, are con-
siderably finer than those along the periphery of the valley.
The character of material penetrated by the test wells and test
holes is shown in plate 11. The shallow aquifer no doubt has a
congsiderably larger coefficient of permeability on the Rio Grande
alluvial fan, where the water-bearing materials are much coarser.

SPECIFIC YIELD

Only a few of the pumping tests were of wells in materials
sufficiently coarse or were of sufficient duration to enable the
determination of the ultimate specific yield of the shallow aquifer.
(See p. 40.) The specific yield, determined at various times
during each test, is plotted against the time since pumping
started. A curve is then drawn through the plotted points. The
computed value for specific yield increases with time during the
early stages of a pumping test of a well in materials of the type
present in the area of study, because the adhesion of water to
the particles of fine sand prevents rapid drainage within the
cone of depression. If the test is of sufficient duration, however,
the portion of the aquifer above the lowered water table will
become practically drained, and the curve showing the relation
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of specific yield to time will flatten and will approach asympto-
tically a line that essentially designates the ultimate specific yield
of the aquifer. Only a few of the tests in the San Luis Valley
were continued long enough for the line to flatten and to indicate
the true specific yield of the aquifer.

From 9 of the 39 pumping tests that were run for 24 to 48
hours, values of specific yield ranging from 5 to 24 percent were
obtained, but at the end of each of these tests the specific yield
was still increasing, thus indicating that the material was still
draining. The specific yield of 19 samples of water-bearing ma-
terial tested in the hydrologic laboratory of the Geological Sur-
vey (Robinson and Waite, 1938, p. 237) ranged from 7.8 to 36.7
percent and averaged 29 percent. As the water-bearing mate-
rials are known to become progressively coarser and more per-
meable toward the west and are very coarse in the alluvial fans
bordering the west side of the valley, a specific yield of 30 per-
cent probably is a conservative estimate for the irrigated area
congidered in the inflow-outflow study.

Records of wells that were test-pumped are given in table 6,
page 130.

UTILIZATION OF UNCONFINED WATER

Information on 699 wells tapping the shallow aquifer, ob-
tained during the course of this investigation, is itemized in
table 10. Records were obtained of all irrigation and public-
supply wells drawing from the shallow aquifer in the area of
study, but no attempt was made to obtain data on all the do-
mestic and stock wells. Most of the wells supply water for
irrigation and stock use; domestic supplies are obtained largely
from wells tapping the deeper artesian aquifers.

DOMESTIC AND STOCK SUPPLIES

Domestic wells supply water for drinking, cooking, and wash-
ing, and for those schools not supplied by municipal wells. Stock
wells supply water for livestock, principally cattle, sheep, and
poultry. Most domestic and stock supplies of ground water are
obtained from artesian wells because the water generally is of
better quality and most of the wells do not require pumps. Shal-
low wells, however, are used in a few of the rural areas and
smaller communities. The wells, which are between 10 and 40
feet deep and 114, to 6 inches in diameter, are finished with slot-
ted casings or sand points. Most are equipped with centrifugal,
reciprocating, or jet pumps operated by electric motors or gaso-
line engines, or with hand-operated pitcher pumps. The wells
generally discharge only small quantities of water, which com-
monly is distributed by means of a pressure system.
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FIGure 19.—Graph of irrigation-well development in the inflow-outflow area.

IRRIGATION SUPPLIES
Data on the development of irrigation with water from shallow
wells throughout the valley are not available, but it is believed
that the rate of growth in the area of inflow-outflow study,
where records are more complete, is indicative of the rate of
growth in the entire valley (fig. 19).

YIELDS AND DRAWDOWNS OF WELLS

Yields of irrigation wells tapping the shallow aquifer in the
valley range between wide limits. Small-diameter wells used to
irrigate lawns and small garden plots generally yield less than
100 gallons a minute, whereas wells of larger diameter may yield
more than 2,000 gallons a minute. Of the yields listed in the
table of well records (table 10), some were reported by drillers
or owners and a few were estimated; however, most of the yields
were measured by means of a Hoff current meter or Parshall
flume. Drawdowns were determined with a steel tape or an
electrical contact device. The yields appear to have increased
considerably since 1936, owing perhaps to the improvement in
well construction and pumping equipment. The average of 99
measured yields in 1936 was 850 gallons a minute, whereas the
average of 251 measured yields in 1951 was about 1,000 gallons
a minute.

- Irrigation plants that draw water from the shallow aquifer
are of two types—those consisting of a single well and those
consisting of -a battery of wells. A battery of wells generally is
used to increase yields and reduce drawdowns in areas where
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the permeability of the shallow aquifer is relatively low and
where single wells have relatively small yields or excessive draw-
downs. The wells in a battery system are connected either to a
single horizontal centrifugal pump or, by a siphon, to the main
well, which is equipped with a turbine pump. The use of a bat-
tery of wells increases the yield, but not to the extent that several
widely spaced wells equipped with separate pumps would increase
it. This type of plant, however, is particularly adaptable to
areas, such as the San Luis Valley, where the water table is
shallow. The measured yields of battery-well plants in the area
of study ranged from 487 to 3,030 gallons a minute and averaged
1,100. The measured yields of single-well plants ranged from 300
to 2,505 gallons a minute and averaged about 1,000.

Drawdowns in about 30 single-well and battery-well plants
tapping the shallow aquifer were measured. In the battery-well
plants they ranged from 6 feet, in a plant discharging 890 gallons
a minute, to 38 feet in a plant discharging 1,769 gallons a minute.
In the single-well plants they ranged from 5 feet, in a well dis-
charging 623 gallons a minute, to 45 feet in a well discharging
750 gallons a minute.

The specific capacity (gpm per foot of drawdown) of battery-
well plants ranged from 33.5 to 224 and averaged about 90,
whereas the specific capacity of single-well plants ranged from
16 to 155 and averaged 59. The wide range in specific capacity
indicates a wider range in the permeability of the aquifer, which
accounts in part for the very wide range in yields. The range
in yields, however, probably is partly due to well construction
and to the age and condition of the plants. The discharge, draw-
down, and specific capacity of 30 wells which tap the unconfined
aquifer are listed in the 2 following tables:

Yield, drawdown, and specific capacity of single-well irrigation plants
[Type of pump: C, centrifugal; T, turbine. Type of power: E, electricity; G, gasoline; T, tractor]

Well T T AT
'ype 'ype capacity
(pl. 1, of of Di(schar)ze Dr(afv;g&wn (gpm per
table 10) pump power gpm foot of
drawdown)
R E- . 1177 ——— T E 618 17 36
39~7-12ba T E 944 31 30.5
89-7-18dbe e . T E 1,491 21 71
39-8-18abl.c e T E 1,474 17 86.5
39-9-18CCe e e C E 1,030 1
LU B U7 —— T G 1,287 0 32
40-7-20dbe e -, T E 1,157 8 30.5
40-8-14db e | C E 1,114 9 124
40-8-27dblc e T E 1,440 1 181
EEG~15bC2 e T G 1,556 156
41-8-22bC2 . C G 940 12 8.5
b e — e C T 1500 ig 56
41-0-19ce2 e T E 825 15 55
41-9-8bClan e e T G 1,500 31 48.5
41-10-29cc2 . ___.| T G 0 39.5 28

1 Reported.
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Yield, drawdown, and specific capacity of battery-well irrigation plants
[Type of pump: C, centrifugal; T, turbine. Type of power: E, electricity; G, gasoline]

Specific
Well Number Type Type Discharge Draw- capacity
(pl. 1, of wells of of (gpm) down (gpm per
table 10) in battery | pump power &p (feet) foot of
drawdown)
88-8-1 1ad-_---_-._--..., 2 T E 920 120 46
2 C E 2,240 10 224
2 C E ,221 11 111
2 C E 890 6 148.5
8 T E 1,168 21 55.5
2 C E 791 13 61
2 C E 1,260 16 84
3 C E 1,742 11.5 151.5
2 C G 1,105 13.6 2
2 C E 1,194 19 63
2 C E 1,645 14 117.5
2 (o] E 1,026 30 84
2 C G 1,250 7 178.5
§ 3 T E 3,080 19 159.5
41-8-298¢ e 2 C G 1,151 9 128
1 Reported.

CONSTRUCTION OF WELLS

Most of the irrigation wells that draw water from the shallow
aquifer in the San Luis Valley have been put down by local well
drillers using cable-tool or rotary drilling machines. Wells have
been drilled by means of cable-tool machines in many areas in
the valley. They are constructed by sinking a casing as the well
is being drilled; the casing is forced down by means of a weight
or a pryboard as the material is removed from the hole. Well
drilled by means of rotary drilling machines are more comm
in areas where the water-bearing materials are fine, such as in
the sump area of the closed basin. The casing is inserted after
the hole has been completed. The wells generally are equipped
with commercial, ggmiizgqg_iﬂulggted casings, but some are
equipped with torch-perforated oil-well casings, and a few are
cased with oil barrels, wooden cribs, or boiler steel. Although a
few of the wells that are used to irrigate small plots have diame-
ters less than 8 inches, most of the irrigation wells have diameters
between 10 and 32 inches, the most common sizes being from 14
to 18 inches.

It has been common practice in recent years to gravel-pack the
irrigation wells that tap the shallow aquifer, particularly in areas
where the water-bearing materials are fine grained. Gravel-
packing increases the cost of the well but it also increases the
yield, reduces the drawdown, and retards or prevents the move-
ment of fine sand through the perforated casing into the well
A large-diameter hole generally is drilled and, if necessary, cased
with blank casing, and a smaller diameter perforated casing is
inserted in the well. The annular space around the inner per-
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forated casing is filled with gravel. As gravel-packing adds to
the cost of construction, it is economical mainly where water in
satisfactory quantities cannot be obtained by the usual methods
of construction, and then only after a careful study of the water-
bearing material to determine the proper size of gravel to be
used and, therefore, the proper slot size of screen or perforation
of casing. Some wells in the valley have been packed with gravel
so coarse as to be of little benefit, or with poorly sorted gravel
having a permeability less than that of the water-bearing mate-
rials it replaced.

Most of the wells tapping the shallow aquifer in the valley are
single wells that penetrate the entire thickness of the aquifer
and end in the first substantial layer of clay. The uppermost
10 to 20 feet of the wells generally are cased with blank casing,
and the remainder of the wells are cased with perforated casing
that is seated in the underlying clay. Some of the irrigation
plants consist of a battery of two or more wells connected to a
single pump. The wells in a battery system generally are be-
tween 10 and 40 feet apart and may penetrate as little as one-
fourth to as much as two-thirds of the saturated thickness of the
aquifer. They commonly are connected by a suction pipe to a
centrifugal pump set in a pit just above the water table, al-
though in some plants the water is siphoned into a well equipped
with a turbine pump. Battery-well systems are more adaptable
to areas that have a shallow water table and that are underlain
by water-bearing materials of low permeability. If the wells of
a battery system are properly spaced, the yield should be larger
and the drawdown smaller than from a single-well system. The
yield from all the wells pumping simultaneously, however, is
considerably less than the total yield of the wells when pumped
separately. '

Detailed discussions of the methods of well construction are
given in Davison (1939), Rohwer (1940), and Bennison (1947).

METHODS OF LIFT

The irrigation wells tapping the shallow aquifer generally are
equipped with deep-well turbine pumps, but some are equipped
with horizontal centrifugal pumps. Most of the pumps are pow-
ered by electric motors, and the remainder are powered by sta-
tionary engines or by tractors. The pumps are connected to
the source of power by means of single- or multiple-belt drives
or by shafts. They discharge through pipes ranging in diameter
from 4 to 12 inches, the most common size being 8 inches.
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QUANTITY OF WATER DISCHARGED

Large quantities of water are pumped annually from the shal-
low ground-water aquifer for irrigation in the San Luis Valley.
The determination of the total quantity of water pumped from
the shallow aquifer was not an objective of this investigation,
but records obtained in the area of inflow-outflow study are ade-
quate for an estimation of the order of magnitude of that pump-
age. The quantity of water pumped annually and used for irri-
gation during the period 1949-52 is itemized in table 2. The
quantity pumped in the entire valley no doubt varies widely from
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FiGURE 20.—Surface-water inflow and ground-water pumpage in the inflow-outflow area.
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year to year and probably is governed largely by the amount of
surface water available for irrigation. The quantity pumped in
the area of inflow-outflow study ranged from about 7,000 acre-
feet in 1949 to about 280,000 acre-feet in 1951, and the averag
quantity pumped by each well ranged from 33 acre-feet in 19
to 327 acre-feet in 1951. The very close relation of the quantity
of water pumped in the inflow-outflow area to the quantity of
surface water diverted to that area is illustrated graphically in
figure 20.

If it is assumed that the quantity of water pumped from the
shallow aquifer by each well in the entire valley is the same as
the average quantity pumped by each well in the area of inflow-
outflow study, the total quantity pumped from the shallow aquifer
can be estimated. If each well pumped 83 acre-feet annually, as
in 1949, the estimated 1,300 shallow irrigation wells in the valley
would pump a total of about 43,000 acre-feet. If each well
pumped 327 acre-feet annually, as in 1951, the total quantity
pumped would amount to about 425,000 acre-feet.

The amounts of water pumped annually from the shallow
aquifer in the area of inflow-outflow study for the period 1949-52
were estimated on the basis of the inventory of irrigation wells
in 1949, the measurement of discharges during this investigation,
the records of electric-power consumption supplied by the Rural
Electrification Administration and the Public Service Company
of Colorado, and field checks of the electric-power consumption
of 76 selected wells within the area. The number of wells pow-
ered by electric motors was determined from records of the REA
and of the Public Service Company of Colorado for each year
of the study. The number of wells that were operated by other
types of power was determined by the inventory of 1949 and
was assumed to remain constant for the remainder of the pe-
riod. This assumption probably is reasonably correct because
many of the new wells were being equipped with engine-operated
pumps, and electric motors were replacing engines as sources of
power for many of the older plants. On the basis of the data
collected, it was determined that about 71 kilowatt-hours of elec-
tricity was needed to pump 1 acre-foot of water from shallow
wells in the area; thus, the total electric power consumption is a
measure of the total amount of water pumped by the wells
equipped with electric motors. As all pumps, regardless of the
type of power, no doubt discharged about the same average quan-
tity of water during any one year, it was possible to estimate the
total quantity of water pumped from all irrigation wells tapping
the shallow aquifer in the inflow-outflow area. Inasmuch as the



88

GROUND-WATER RESOURCES, SAN LUIS VALLEY, COLO.

pumpage varies widely with the availability of surface water for
irrigation, not all the pumps are operated most years, and it was
assumed that the percentage of engine-powered pumps in opera-
tin during any season was the same as the percentage of motor-
powered pumps—a figure available from the records of the power
companies. Listed in table 2 are the quantities of water pumped
annually and the cost of fuel or electrical energy used during
the period 1949-52.

TABLE 2.—Estimated quantity and cost of water pumped from shallow trriga-
tion wells in the inflow-outflow area*

Average Total .

Number of quantity quantity Estimated Appr(t);xzmate

Year wells pumped pumped °°5;u‘;§;’ater :::e-g:gt

pumped | perwell | (@erefet) | (Goltars) (dollars)
p: 7L I — 203 33 6,700 23,000 3.40
1950 561 278 156,000 228,000 1.45
1951 674 327 281,400 352,000 1.25
p: 13 525 57 87,600 86,000 2.30

1 Cost refers only to fuel or electrical energy consumed.

POSSIBILITIES OF ADDITIONAL DEVELOPMENT
~1 Irrigation wells of moderate to large capacity (500 to 2,000
m) can be developed in the shallow nonartesian aquifer in
. most parts of the area of study. But large supplies of water
il may be difficult to obtain locally, where the water-bearing mate-
{ rials are fine grained; therefore, the construction of irrigation
wells should be preceded by test drilling to determine the char-
acter and thickness of the water-bearing materials to be tapped.
Large-capacity wells are closely spaced in some parts of the area,
with the result that there is mutual interference between wells
and an increase in lift and in pumping cost; drilling still more
wells in those places obviously would aggravate this situation.
As it is possible to develop large-capacity wells in the shallow
aquifer in much of the valley, the problem arises as to the “safe
, yield” of the aquifer—the extent to which it can be developed
ﬁwithout exhausting the supply of water. The aquifer is unique
\in that, in part, it was artificially created and is artificially main-
tained by the practice of subirrigation. Most of the water is
derived from surface sources: diversions from streams, perco-
lation from canals and ditches, and to a lesser degree from leak-
age and discharge from artesian aquifers, which in turn are
recharged in large part from streams. The amount of water
that can be developed from wells, therefore, is governed largely
by the availability of surface water.
Qle aquifer is, in a sense, overdeveloped in the heavily pumped

i,
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area on the west side of the valley, as is indicated by an analysis
of surface-water diversions, pumpage, and water-level fluctua-
tions in the area of inflow-outflow study. In this area the aquifer
serves as a storage reservoir that can be called upon for large
supplies of supplementary ground water during periods of low
runoff. ’

In the 291-square-mile area of inflow-outflow study, the aquifer);
has an average saturated thickness of about 60 feet and a specific
yield of about 30 percent. The quantity of ground water in
storage in this area, therefore, is roughly 3 million acre-feet.
During the period of low diversions in 1951, more than 280,000
acre-feet of ground water was pumped from the aquifer; thi S,
it is obvious that if no surface water were available to the arga
and if it were physically possible for wells to unwater the aquii?ij
the supply would last only about 10 years at that annual rate of
withdrawal. If it is assumed that only two-thirds to three-
fourths of the aquifer in the inflow-outflow area can be unwa-
tered by wells economically, then the supply would last only 6
or 8 years. When ground water was withdrawn from the aquifer
in such large quantities in 1951, the water table declined as much
as 12 feet in parts of the area, but with the application of large
supplies of water for irrigation the following year the water
table returned to, or nearly to, its normal position. The rise in
water table in 1952 represented a gain in ground-water storage
in the area of about 135,000 acre-feet.

Beyond the limits of the areas of intensive irrigation from
wells, as in the sump area of the closed basin, the shallow ground-
water aquifer is underdeveloped. The process of evapotrans-
piration is now consuming great quantities of water, a large part
of which,. except for local problems of quality, could be salvaged ~
economically by means of large-capacity irrigation wells.

A policy of optimum development of the shallow ground-water
reservoir in the San Luis Valley should be established at the
earliest practicable time. The irrigation practices of subbing
and pumping appear to be incompatible, for they tend to pull the
water table in opposite directions. Many situations have been
observed wherein one farm was irrigated by the subbing method
and the neighboring farm at the same time was irrigated with
water from a well near the boundary between the two farms.
The area of influence of the pumped well was shown clearly by
a circular pattern of withered crops on the subirrigated farm.
During the season of below-normal runoff in 1951 the water table
declined seriously, but the following season was, fortunately, one
of above-normal runoff and the water table returned to its nor-
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mal position in most places. In a few places, however, the water
table did not rise sufficiently to permit subirrigation the follow-
ing season. It appears entirely feasible that, with the present
large-scale development of irrigation wells in the inflow-outflow
area, a sequence of years of below-normal runoff and diversions
may result in such heavy withdrawals of water from wells that
the water table could not be raised sufficiently high during a
subsequent irrigation season to permit subirrigation. It would
be necessary then to irrigate entirely with wells, even though a
normal supply of surface water may be available that year. In
a few places, however, it is likely that subirrigating could be
continued even under the most adverse conditions.

K
v

QUALITY OF WATER

The chemical character of the ground water in San Luis Valley
is indicated by the analyses in tables 7, 8, and 9. Most of the
analyses were made in laboratories of the Geological Survey,
but some were made in laboratories of the Bureau of Reclama-
tion. Analyses of 1,079 samples of water were made as a part
of this investigation; 72 were complete analyses; 971 were par-
tial analyses; and 36 were determinations of specific conductance
only. In addition, the tables include the analyses of 48 samples
collected by the Geological Survey and the Bureau of Reclamation
during the period 1936-41. During the present investigation,
160 samples of water were collected from drains, canals, laterals,
lakes, springs, and streams; 153 samples were collected from test
holes as a part of the test-drilling program; 41 were collected
from artesian wells tapping the deeper artesian aquifers; and
271 were collected from wells in the shallow unconfined aquifer.
In order to determine the nature and extent of changes in chem-
ical quality of the water, samples were collected 2 or more times
from 23 surface sources or springs, 11 artesian wells, and 143
shallow wells.

CHEMICAL CONSTITUENTS IN RELATION TO USE

The following discussion of the chemical constituents of ground
water has been adapted in part from publications of the Geologi-
cal Survey.

Analyses of water from typical wells are given in table 7, page
134 ; analyses of surface water, table 8, page 156; and analyses
of water from wells that were test-pumped, table 9, page 162.

DISSOLVED SOLIDS
The residue after a natural water has evaporated consists of
rock materials with which may be included some organic mate-
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rial and some water of crystallization. Water containing less
than 500 ppm of dissolved solids generally is satisfactory for
domestic use, except for the difficulties resulting from hardness
and, ImSOMe areas, excessive corrosiveness and content of iron.
Water having more than 1,000 ppm generally is not satisfactory,
for it is likely to contain enough of certain constituents to pro-
duce a noticeable taste or to make the water unsuitable in some
other respects.

Concentration of dissolved solids is expressed in many of the
analyses in the chemical tables as the “sum”—the sum of the
determined constituents. The sum includes the carbonate equiva-
lent of the bicarbonate (bicarbonate - 2.08), because the bicar-
bonafe is decomposed upon heating. In those analyses for which
the dissolved solids is the residue on evaporation, there is close
agreement betweeén the determined value and the computed sum.

The dissolved solids ranged from 52 to 13,800 ppm in samples
of water collected from the shallow unconfined aquifer, from 70
to 437 ppm in samples from the artesian aquifers, and from 32
to 17,100 ppm in samples from surface sources. Water fronj)
wells tapping the unconfined aquifer generally had a higher con
centration of di lids than water obtained h, =
sian aquifers or from surface sources. Only 1 sample of surface
Watﬁmﬁﬁsmm greater than 5,000 ppm,
whereas 7 samples from the unconfined aquifer had such a con-
tent. No sample from-the-artesian aquifer contained more than
500 _ppm. The amounts of dissolved solids found in water sam-
ples are shown in the following table:

Dissolved solids in samples of water

Number of samples
Dissolved solids
(ppm) Unconfined Artesian Surface
aquifer aquifers water Total

<850 95 29 56 180
350- 500 39 2 3 44
501-1,000. 57 0 6 63
1,001-5,000 21 0 0 21
5,000 7 0 1 8
Total 219 81 66 816

‘ HARDNESS

Hardness of water, which is the property that generally re-
ceives the most attention, is most commonly recognized by its
effects when soap is used with the water in washing. Calcium and
magnesium cause virtually all the hardness of natural waters.

it vy
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These constituents, together with silica in some places, are also
the active agents in the formation of the greater part of the scale
formed in steam boilers and in other vessels in which water is
heated or evaporated. .

In addition to the total hardness, the tables of analyses show
the noncarbonate hardness of some samples. Carbonate hardness
is that caused by caleium and magnesium bicarbonate, and it is
almost completely removed by boiling. This type of hardness is
sometimes called temporary hardness. Noncarbonate hardness
usually is caused by sulfate or chloride of calcium and magnesium;
it cannot be removed by boiling and has been called permanent
hardness. With reference to use with soap, there is no difference
between the carbonate and the noncarbonate hardness. In gen-
eral, the noncarbonate hardness forms a harder scale in steam
boilers.

As calcium and magnesium are the principal constituents that
cause hardness, the degree of hardness in the water is not neces-
sarily governed by the concentration of dissolved mineral matter.
Water having a very low concentration of dissolved solids gener-
ally is soft, but water having a very high concentration may also
be soft if the principal cation is sodium rather than calcium or
magnesium. Many of the samples of water taken from wells in
the sump area of the closed basin have very high concentrations
of dissolved solids but are also soft, for the dissolved solids con-
sist almost entirely of sodium salts. '

Water having a hardness of less than 50 ppm generally is rated
as soft, and its treatment for the removal of hardness is seldom
necessary. Hardness between 50 and 150 ppm does not seriously
interfere with the use of water for most purposes, but it does
increase the consumption of soap, and its removal by a softening
process is profitable for laundries and some other industries.
Hardness of more than 150 ppm can be noticed by anyone, and
if the hardness is 200 or 300 ppm it is common practice in some
areas to soften the water for household use or to install cisterns
to collect soft rainwater. Where municipal water supplies are
softened, an attempt generally is made to reduce the hardness to
less than 100 ppm, depending on the hardness of the raw water.
The additional improvement from further softening of the whole
public supply is not deemed to be worth the increase in cost. |

The hardness of water collected in the area of study ranged
from 8 to 5,060 ppm for water from the unconfined aquifer, from
8 to 224 ppm for water from artesian aquifers;and from 26 to
578 pprrfor water from surface sources. The degrees of hard-
ness are shown in the following table:
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Hardness of samples of water

Number of samples
Hardnesst
(ppm) Unconfined Artesian Surface I
aquifer aquifer water otal

<50 71 16 23 110
50-100 146 26 18 190
101-200 180 6 48 234
201-300. 44 1 3 48
301-400 18 0 1 19
401-500. 1 0 0 7
501-600 3 0 1 4
601-700. 1 0 0 1
701-800, 3 0 0 3
>800. 8 0 0 8
Total 481 49 94 624
1 Hardness calculated from calcium and magnesium when these constituents are reported, other-

wise determined by soap method. ep 48N

CHLORIDE o5 &)

Chloride is dissolved in small quantities from rock materials,
but locally it may be derived from sewage or from other sources.
The presence of large quantities of chloride may indicate that
the water supply is contaminated but, as the sources of chloride
are many, its presence is not necessarily proof of pollution.
Chloride has little effect on the suitability of water for ordinary
uses unless there is enough to give the taste of salt. Water high
in chloride may be corrosive to some metals when used in steam
boilers or as a coolant.

The concentrations of chloride in 764 samples of water col-
lected in the San Luis Valley are listed in the tables of chemical
analyses. They ranged from 0 to 48 ppm in 110 samples of sur-
face water, 0.5 to 24 ppm in 58 samples of artesian water, and
0 to 4,510 ppm in 601 samples of unconfined water.

FLUORIDE f) Vt Jl’*

Fluoride, in more than minute quantities, is not as common as
other principal constituents of natural waters; however, it is
desirable to know the amount of fluoride present in water that
is likely to be used by children. Fluoride in water in above-
normal concentrations has been shown to be associated with the
dental defect known as mottled enamel, which may appear on the
teeth of children who drink water containing fluoride during the
period of formation of the permanent teeth (Dean, 1936). This
condition becomes more noticeable as the quantity of fluoride in
water increases above 1.5 ppm. Recent reports indicate that the
incidence of tooth decay is decreased by quantities of fluoride that
are not sufficient to cause permanent disfigurement from mottled
enamel.
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The fluoride content of 256 samples of water from the area of
study has been determined. The concentrations were highest in
water from the unconfined aquifer, and 88 of the 222 samples
contained more than 1.5 ppm, the highest being 29 ppm. Six of
the 16 samples of artesian water contained more than 1.5 ppm,
but the maximum concentration was 9.5 ppm. Only 2 of the 18
samples of surface water contained more than 1.5 ppm, the high-
est concentration being 3.2 ppm.

BORON / ‘

The content of boron in water is of particular significance to
the growth of many plants if the water is used for irrigation.
Some crops, such as beans, may be very sensitive to the presence
of boron, whereas others, such as sugar beets, may tolerate rela-
tively large quantities. Concentrations of boron in excess of
2 ppm generally retard the growth of many crops. The concen-
trations of boron in 167 samples of ground water collected in the
area of study have been determined. None of the 8 samples col-
lected from wells tapping artesian aquifers contained more than
1 ppm of boron, but 24 of the 159 samples collected from the
shallow unconfined aquifer contained more tha.n 2 ppm, and 1
contained 13.8 ppm.

SODIUM

The following discussion of sodium, particularly in relation to
the suitability of water for irrigation, has been taken largely from
Richards (1954). Concentration of sodium in water may have
an important bearing on the use of the water for irrigation, and
it is of special significance to this investigation because of the
standards of chemical quality outlined in the Rio Grande compact.
The compact states that Colorado will not be credited for waters
diverted from the closed basin to the Rio Grande for use by down-
stream States if the water contains more than 45 percent sodium
when the concentration of dissolved solids exceeds 350 ppm.
Water having a high percent sodium tends to reduce the perme-
ability of the soil and impair its productivity. The percent
sodium is determined by dividing the equivalents per million of
sodium by the equivalents per million of the total cations (usually
calcium, magnesium, sodium, and potassium) and multiplying
by 100.

Concentration of dissolved constituents may be expressed in
equivalents per million of anions or cations, in parts per million
of dissolved solids, or in terms of electrical conductivity (gener-
ally as micromhos). Electrical conductivity is a measure of' the
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from wells test-pumped in that area, 25 were of low sodium hazard
and only 4 were of very high sodium hazard; similarly, only 3
were of very high salinity hazard.

The percent sodium in the samples of water collected in the
area of study ranged from 0 to 100; the range was 1 to 100 in
unconfined ground waters, 8 to 98 in artesian waters, and 0 to 97
in surface waters. (See table 3.)

TABLE 3.—Percent sodium in samples of water

Number of samples
Percent

sodium Unconfined Artesian Surface Total

aquifer aquifer water a/
<45 190 35 72 297
45— 59. 82 2 4 88
60— 75, 66 4 6 76
76-100 159 10 2 171
Total 497 51 84 632

SURFACE WATER
The quality of the surface water in the San Luis Valley is indi-
cated by the analyses listed in table 8 and shown graphically in
figure 21. '

LAKES

Samples of water were collected for chemical analysis from
Head, San Luis, and Soda Lakes during the course of this investi-
gation. The lakes are in the sump area of the closed basin, and
the quality of the water varies appreciably from season to season.
The concentration of dissolved solids ranged from 223 to 17,100
ppm, but the total hardness was more uniform in that it ranged
only from 126 to 578 ppm. Percent sodium in the water ranged
from 30 to 97. The analyses indicate a relatively high concentra-
tion of bicarbonate in Soda Lake (as much as 630 ppm) and a
relatively high fluoride content in San Luis Lake (as much as
3.2 ppm).

CANALS AND LATERALS

The Rio Grande canal, which is the largest in the area of study,
was sampled 10 times in a 2-year period at a point in the NE1j
NE1 sec. 2, T. 40 N., R. 6 E. Water in the canal is diverted from
the Rio Grande at Del Norte and generally is of excellent quality.
Concentration of dissolved solids ranged from 32 to 58 ppm, and
the concentration of bicarbonate ranged from 85 to 66 ppm. The
nercent sodium did not exceed 36 in any of the samples analyzed.
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me 21 —Analyses of surface water. 1, Rio Grande canal in NE%N ., sec. 2, T. 40 N.,
.; 2, Farmers' Unlun eanal in SE%4NEY, sec. 28, T. 40 N,, 8, open drain in
sms s%[mz.Tas .4boxdmnmsm4 ums.-rasn' R. 8 E.; 5, west
bank of Head Lake in svi'usw sec. 14, T. 40 N., R. 11 E.

DRAINS

Analyses of 119 samples of water collected from drains in the
area of study are listed in table 8 and 1 is shown graphically in
figure 21. Concentration of dissolved solids ranged from 47 ppm
at a station 3.5 miles east of the Rio Grande canal to 358 ppm at
a station 19.5 miles from the Rio Grande canal. The concentra-
tion of bicarbonate ranged from 48 to 206 ppm, and the percent
sodium ranged from 2 to 53.
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The drains were sampled periodically at 17 stations during the
course of this investigation, and the analyses indicate that, in
general, there were no large fluctuations in mineral content. The
quality of the waters collected from a station in the NEI4NE1}
sec. 28, T. 40 N., R. 10 E., fluctuated more widely, however, in
that the concentration of dissolved solids ranged from 97 to 358
ppm, the concentration of bicarbonate ranged from 101 to 206
ppm, and the percent sodium ranged from 13 to 53.

Surface water collected from drains and from other sources in
the area of study generally is entirely acceptable for irrigation
because it generally is of low sodium hazard and low to medium
salinity hazard (pl. 12).

GROUND WATER
The quality of ground water in the area of study was deter-
mined by the analysis of 919 samples of water from 312 repre-
sentative wells. All the analyses are listed in tables 7 and 9 and
part of them are illustrated graphically in m

CONFINED WATER

Of the 919 samples of ground water collected for analysis, 64
were samples of confined, or artesian, water faken from 41 arte-
sian wells. It was not feasible to determine the quality of water
in any particular artesian aquifer because the aquifers are dis-
continuous and leaky and because many of the wells obtain water
from more than one aquifer. The samples collected as a part of
this investigation, for example, were taken from wells ranging
in depth from 60 to 4,200 feet. Most of the deeper wells obtain
water from many artesian aquifers.

Water from artesian aquifers generally is of better quality than
water from the shallow aquifer, although it may contain higher
concentrations of silica. The concentration of dissolved solids in
samples of confined water ranged from 70 to 437 ppm, and the
total hardness ranged from /& to 224 ppm. The range in percent
sodium was from 2 to 35. “(See table 3.) The concentration of
fluoride is discussed on page 93. The percentage of sodium
appears to increase toward the east and reach a maximum in the
sump area of the Closed Basin, indicating that the water dissolves
sodium salts in its movement through the aquifers.

UNCONFINED WATER
The quality of ground water from the shallow unconfined
aquifer ranges between wide limits, as indicated by the analyses
of 855 samples of water listed in tables 7 and 9. The range is
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emphasized further by the data in plate 13, the discussion on
pages 90 to 97, and the data in the fo%ovnng table.

Maximum and minimum concentrations of mineral constituents in unconfined
ground water, in parts per million

Mineral constituent Maximum Minimum

Silica 66 2.5
Calcium 936 1.0
Magnesium 562 24
Sodium* and potassium 3,100 5
Bicarbonate 7,310 9.9
Sulfate 4,510 1
Chloride 4,510 b
Fluoride 24 0
Nitrate (as NO3) 120 0
Dissolved solids 13,800 52
Total hardness 5,060 10

1 Percent sodium: maximum, 106; minimum, 1.

The unconfined water is of best quality on the western side of
the valley, where the aquifer is recharged readily by the applica-
tion of surface water of good quality for irrigation. The quan-
tity of dissolved solids increases from the sides of the closed
basin to the sump area, as indicated in plate 14. The analyses]
shown in plate 14 were chosen because the concentration of dis-
solved solids was approximately the same as the average for all
the analyses in a particular range. It should be emphasized
that the analyses are not representative of the average concen-
tration of individual constituents, such as sodium, calcium, or
sulfate. The illustration shows that the concentration of dis-
solved solids increases nominally from R. 6 E. to R. 8 E., and
that it increases greatly from R. 8 to the sump area in R. 11 E.
The effect of the westward movement of ground water of good
quality from the alluvial fans on the east side of the valley is
indicated by the abrupt improvement in the quality of water
between R. 11 E. and R. 12 E.

It is common knowledge that the shallow ground water is of
poorest quality in the sump area of the closed basin, but there
has been some speculation as to the cause. It has been suggested
that the shallow ground water dissolves almost all the mineral
matter it contains during its movement toward the sump, but it
has also been suggested that the poor quality of water in the
sump area may be the result of leakage and discharge of artesian
water into the shallow aquifer. The analyses show that water
from the shallow aquifer is of much poorer quality than water
from the artesian aquifers and, hence, could not have been con-
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taminated by the leakage or discharge of artesian water into the
shallow aquifer. The increase in mineral concentration toward
the sump area of the closed basin appears to be largely a factor
of solution in transit and concentration by evapotranspiration.
As the shallow ground water moves eastward toward the sump
its content of dissolved solids increases appreciably but its hard-
ness shows an overall decrease, presumably as a result of base
exchange. The shallow ground water on the west side of the
valley is largely calcium and magnesium bicarbonate water, b
as the water moves eastward the calcium and magnesium ap-
parently are replaced by sodium. The percent sodium in th
water in R. 11 E,, in the vicinity of the sump, is locally as much
as 100 and averages about 70. The rate of increase in percentl
sodium, specific conductance, and concentration of dissolved sol-
ids is indicated by the data in the following table.

Average percent sodium and conductivity of unconfined ground water in the
closed basin, by land-survey ranges

Percent sodium Conductivity Average
Range cmfuzeintrftégn

of dissolv

Number of Averag® | Number of Average zolids
samples sodium samples conductance | (estimated)?
[ 3 O TS — ] 17 10 192 134
f e I 1 N 1
33 A 131 56 212 799 285

10 B 94 61 159 923 646
1 B 108 70 246 8,867 2,707
12 B 33 60 66 1,417 992

1 Determined by multiplying the specific conductance by 0.7.

On the west side of the closed basin, unconfined ground water-
is entirely satisfactory for irrigation, whereas in the sump area
of the closed basin it is of such poor quality that it will not"
meet the requirements of the Rio Grande compact. As the Rio
Grande compact requires that the percent sodium should not
exceed 45 in w ing a concentration of dissolved solids in
excess‘of 350 ppm, it appears that most of the unconfined ground
water in Rs. 6, 7, and 8 E. is of sufficiently good quality to meet
compact requirements and that the water in Rs. 10, 11, and 12 E.
will not meet compact requirements. The water in R. 9 E. had.
an average percent sodium of 56 and an average concentration
of dissolved solids of more than 500 ppm. It appears, therefore,
that the eastern limit of shallow ground water of a quality suit-
able to meet compact requirements lies in R. 9 E.

The quality of unconfined ground water, either within or out-
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side the closed basin, ranges widely but generally is satisfactory
for irrigation. - Of the 267 samples of unconfined ground water
for which determinations of both sodium-adsorption ratio and
conductivity are available, 202 have low to medium sodium haz-
ard and 137 have low to medium salinity hazard. Only 45 had
a very high sodium hazard and only 29 had a very high salinity
hazard.

QUANTITY AND QUALITY OF GROUND WATER
AVAILABLE TO PROPOSED CLOSED BASIN DRAIN

A large part of the San Luis Valley lies in the closed basin,
which is separated from the valley of the Rio Grande by a low
divide. Most of the diversions from the Rio Grande are used for
irrigation in the closed basin, and the excess water is collected
by drains. A nominal amount of the water thus picked up by
drains is reused for irrigation farther east, but most of the
water not used by crops and other vegetation eventually drains
to the sump area, where it is dissipated by evaporation and trans-
piration by native vegetation. A part of the water reaches the
sump area by movement through the shallow ground-water reser-
voir and, in the western part of the irrigated area, a part prob-
ably percolates farther downward to recharge some of the un-
derlying artesian aquifers. Of the water thus recharging the
artesian aquifers, a part again reaches the surface through arte-
sian wells, but a part percolates upward into the sump area and
is discharged by evapotranspiration, and another part leaves the
closed basin to emerge farther south in the valley of the Rio
Grande (pl. 5). Similarly, much of the ground and surface water
from the Sangre de Cristo Mountains, which border the closed
basin on the east, reaches the eastern part of the sump area,
where it is dissipated in a like manner.

The sump area, which comprises about 250 square miles and
is about 35 miles long, north and south, and about 8 miles wide,
is covered mainly by saltgrass, greasewood, and rabbitbrush, but
it includes also several permanent lakes and many playas. Some
of the larger lakes, such as Head and San Luis, contain fresh
water, but the water in others is highly mineralized. The water
table is within 5 feet of the surface in an area of about 120
square miles within the sump area.

Robinson and Waite (1938, p. 249) estimated that the annual
amount of transpiration and evaporation from that part of the
sump area within the 7,540-foot land-surface contour (250 square
miles) was about 100,000 acre-feet of water and was about com-
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parable with the amount of precipitation on the same area. On
the basis of rather scanty data they estimated that the subsurface
flow of unconfined ground water into this area (perimeter, 75
miles) amounted to only about 8,000 acre-feet a year. From this
they concluded that the amount of unconfined ground water en-
tering the sump area plus the discharge of flowing artesian wells
in the sump area is only a small part of the ground water dis-
charged there by transpiration and evaporation. Thus it ap-
pears that most of the recharge to the body of unconfined ground
water in the sump area comes from precipitation and, during
favorable years, from inflow of surface water. From computa-
tions based on data given in table 6 and plates 9 and 10, it ap-
pears that the subsurface movement of unconfined ground water
into an even smaller part of the sump area (perimeter, 67 miles)
amounts to about 9,100 acre-feet a year; however, this slight
refinement in no way changes the validity of the conclusions of
Robinson and Waite. Studies by the Bureau of Reclamation
(W. H. Sweet, written communication, Dec. 10, 1953) indicate
that direct evaporation from the permanent lakes in the sump
area amounts to only about 2,000 acre-feet a year—a negligible
amount compared with the transpiration from native vegetation
and evaporation from soil. Thus it seems that most of the total
water supply entering the sump area is stored temporarily in
the shallow ground-water reservoir pending discharge by trans-
piration and evaporation.

It has long been proposed to construct a drain to intercept
what ground and surface water can be salvaged in the sump
area and to conduct the water through the low divide to the
Rio Grande. Several proposed sites have been under considera-
tion by the Bureau of Reclamation. The latest site to be con-
sidered, which is discussed in this report, is shown on plate 16.
The proposed system comprises a main drain (L-L’) about 35
miles long, some 31 miles of which would be within the closed
basin, and 8 lateral drains aggregating about 57 miles long.

QUANTITY OF GROUND WATER
METHOD OF INVESTIGATION

The method of investigation used to determine the quantity of
ground water that the proposed closed basin drain may inter-
cept was developed by C. V. Theis in 1940, while he was the
Geological Survey member of the original Closed Basin Commit- |
tee. He kindly made the method available for the present study \
in a letter of October 15, 1945. As this method has not been
published, it will be desirable to quote extensively from the letter.
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The invisible accretion to the drain must be salvaged from the native
vegetation inasmuch as all the ground water is transpired at present. How
much reduction in transpiration ean be accomplished by lowering the water
table depends on the types of vegetation, which in the sump area consists
of greasewood, rabbitbrush, and saltgrass, and the amount of lowering.
The lowering will be a maximum at the drain and decrease to zero at some
distance back. It seems evident that the invisible accretion to the drain
will increase with the unit amount salvaged from transpiration by a unit
lowering of the water table, within limits; with the amount of lowering at
the drain; and with the transmissibility of the aquifer, as the greater the
transmissibility the flatter and more extensive will be the depression of the
water table produced by the drain. The following discussion is offered as
a preliminary attempt at rationalizing the problem and indicating a pos-
sible approach to it.

A 0 _B
T
-y
b
G

FIGURE 22.—Schematic cross section of water table normal to axis of drain, illustrating
method of determining quantity of water that may be intercepted by proposed closed
basin drain as suggested by C. V. Theis. Explanation is given in text.

The system at the drain can be simplified as follows: In figure [22] AOB
is the original position of the water table and ACB is the position after the
drain is operating. The lowering of the water table at the drain, OC, is
equal to b. The drawdown, -y, at any point, z, must be such that the gradi-
ent is sufficient to move the water salvaged to the left of it. If there were
no additions of water, the gradient would be a straight line, except possibly
in the immediate vicinity of the drain. However, there are such additions
of salvaged water and, hence, the line is curved. The curvature, which is
the second derivation of the line AC, is sufficient to move the new accretions

of salvaged water. Hence T%%—, where T is the coefficient of transmissi-

bility, equals the accretion of water at the point x. [The factors are ex-
plained below and, in greater detail, in the following section, “Evaluation of
factors.”]

The amount of the unit accretion from salvage cannot be determined
prior to an investigation and even the nature of a function that would
express it is in doubt. There is some evidence that the use of water by
native vegetation varies linearly with the depth to the water table and in
this preliminary analysis such a variation may be assumed. If the salvage
with the maximum drawdown, b, is assumed to be @, and the salvage varies

@
linearly with the drawdown, the accretion at any point will be——l-,y‘. Hence,
equating the two expressions for the accretion:

Y= 1)

The minus sign is necessary as the curvature is negative.
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This second-order differential equation leads to the following results:

- e
=V @)
Y= be\/——_T‘fa o (3)

Inasmuch as the drawdown, b, is negative, the quantity under the radical
is always positive. As x has been taken to the left of the origin, the index
of e is negative.

The flow into the drain from one side is T—gix/—and from both sides un-

: d;
der the assumptions is ZT%. At the drain y =& and, hence, if%—?— is
the rate at which water flows into the drain per unit length,

Q_ W _ \/:—_&, ‘
at = 2T g, =2\ 75Ty )
=2v/—aTb
If distances from the drain and drawdowns are always considered posi-

tive, some possible confusion in the above expression may be eliminated by
writing them thus:

Y =be —y/a/Tbx 5)

d . ——
_El% =2y/aTb (6)
The general equation (6) leads to the following specific equation for
units of measurement commonly used by the Geological Survey:

aQ — 7aTh
7t 1.694v/aTb 1))

d .
in which 'd—‘g— is the pickup of the drain, in acre-feet per mile per year;
a is the salvage from transpiration at full drawdown, b, in feet of water a

year; T is the coefficient of transmissibility, in gpd/ft; and b is the draw-
down at the drain, in feet.

EVALUATION OF FACTORS
SALVAGE FROM TRANSPIRATION AND EVAPORATION

The factor @ in equation (7), above, is perhaps the most diffi-
cult to evaluate accurately. In 1930 Tipton and Hart (1931)
conducted investigations in the sump area of the amounts of
water evaporated and transpired from soil tanks planted to salt-
grass. The results from 3 such tanks in which measurements
were made during the period from May through October were
as follows: water table 4 inches below surface, 2.26 feet; water
table 954 inches below surface, 1.75 feet; water table 2314 inches
below surface, 1.57 feet.

During the period 1925-27 White (1932, p. 86) determined
the discharge by plants and evaporation from soil on the basis
of detailed studies of water-level fluctuations in wells in the
Escalante Valley, Utah—a desert valley having only slightly
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lower altitude than the San Luis Valley and a very similar cli-
mate. From these studies, he estimated that about 1 foot of
water per year is discharged by transpiration and evaporation
from lands covered by saltgrass and beneath which the water
table ranges from the surface to 8 feet in the spring and from
3 to 5 feet in the fall.

The value obtained by White compares favorably with the
results obtained by Tipton and Hart when it is considered that
the lower figure of White represents average natural conditions
over a large area (2,600 acres) having a range in depth to
water level as great as 5 feet, whereas the higher figures obtained
by Tipton and Hart were from artificially controlled small tanks
having a much shallower water table.

Inspection of column 7 in tables 4 and 5 reveals that most of
the proposed main drain and its laterals would be in areas in
which the water table lies between the surface and a depth of
5 feet, but small parts of the main drain and its laterals would
extend info areas in which the water table lies 5 to 7 feet deep,
and still smaller parts would extend into areas in which the
water table lies somewhat deeper than 7 feet.

Practically all the area that would be affected by the proposed
closed basin drain is covered to some extent by saltgrass. About
one-fourth of the area is covered only by saltgrass, and about
three-fourths of the area is covered by a varying mixture of
saltgrass, greasewood, and rabbitbrush. Smaller parts of the
area have bare soil or are occupied by perennial or playa lakes.

In order to determine the salvage factor a for each segment
of the proposed drain, the three values obtained by Tipton and
Hart were plotted against the depth to water level, and a straight
line was drawn between the lone value at a depth of 2314 inches
and the graphical average of the other two values, on the assump-
tion that the rate of salvage varies linearly with depth (at least
within the assumed limits). On this assumption, the rate of
salvage was found to be 0.32 foot per foot per year and no
salvage was indicated below a depth of 7 feet.

The final salvage factor (col. 8, tables 4 and 5) was obtained
by multiplying 0.32 foot per foot per year by either of the fol-
lowing: by 7 minus the depth to water level if the depth was
less than 7 feet; or by b (col. 9) if b was smaller than 7 minus
the depth to water. The resulting dimensions of @ are thus in
feet per year. This procedure assumes no salvage of water if
the initial depth to water level is 7 feet or more, and it assumes a
maximum salvage of 2.2 feet per year at the surface. There
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may be a slight salvage even below 7 feet, but data for such
depths were not available.

COEFFICIENT OF TRANSMISSIBILITY

The coefficient of transmissibility, T, of the shallow unconfined
aquifer in the sump area was determined by pumping tests of
temporary test wells located at convenient intervals along thelf
line of the proposed main drain and lateral drains at the points
shown on plate 16. (See pp. 75-80.) The results of these and
other determinations are given in the last column of table 6. As
originally planned, the main line of the proposed drain would
end at point A’ (test well 51), but after all the pumping tests
had been completed the Bureau of Reclamation altered the site
to extend from the vicinity of test well 41 to point L’ (pl. 16).

For the extensions of the proposed main drain and lateral
drain B-B’, values of the coefficient of transmissibility were ex-
trapolated from the nearest points where determinations had
been made. Except for these extrapolated values, the segments

" of the proposed drains for which computations of yield were
made (tables 4 and 5) were taken between points where pumping
tests had been made, and average values of the coefficient of
transmissibility were used.

The character of material penetrated by the test holes along
*the site of the drain is shown on plate 11, which includes cross
sections for only the original sites. After each test hole was
drilled and logged it was partly filled with drilling mud so that
the well screen could be installed above the shallowest reasonably
persistent clay layer, in order that only the shallow unconfined
aquifer could be tested. This aim probably was not accomplished
for each test well, however, because of the general lack of homo-
geneity of the material and because it was not practicable to
complete all test drilling and prepare the cross sections in ad-
vance of installing the screens and casing. However, use of
paired shallow and deep observation wells at three distances on
one side of the pumped well should have compensated in a large
part for the lack of homogeneity of material and incomplete
penetration by some of the test wells. The depths at which test
wells were plugged and above which screens were set are given
in table 6.

The cross sections (pl. 11) show that the underlying clay bed
is not continuous, and that there probably would be some con-
tribution of water from underlying artesian aquifers; indeed,
there would be a slight leakage even if the clay beds were con-
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tinuous. In analyzing this problem, C. E. Jacob (written com-
munication, Nov. 10, 1945) found that if the clay layer is dis-
continuous it would seem desirable to make some allowance for
the resulting convergence of the flow approaching the drain later-
ally and from below, and that the added drawdown due to this
convergence would be given approximately by

AS= ;%(—log. —ﬂ% (8)
where As is the added drawdown; ¢ is the pickup of water per
unit length of drain; K is the transmission constant, or “per-
meability”; m is the thickness of the saturated bed; and =r, is
approximately the wetted perimeter of the drain. In units con-
venient to the problem, equation (8) may be written

A8 = 0'12,4(1 logio -;':_n-o- 9)
where As, m, and =7, are in feet; q is in acre-feet per mile; and
T is in gallons a day per foot.

Equation (9) was applied to selected segments of the drain,
but it was found that the added drawdown (As) resulting from
the leakage of water from underlying artesian aquifers is very

small and, hence, may be disregarded.

DRAWDOWN AT THE DRAIN

The drawdown at the drain, b, in the above equation is the.
difference between the water level at any point in the proposed
drain and the undisturbed position of the water table at the
same point. The positions of the water table considered in com-
puting the probable yield of the drain are those that prevailed
during a low stage of the water table in the fall of 1946 (pl. 9)
and a high stage of the water table in the spring of 1947 (pl. 10).
The altitudes of the bottom of the proposed drain at all points
were taken from detailed profiles of the proposed drain prepared
by the Bureau of Reclamation. These profiles were drawn to a
horizontal scale of 500 feet to the inch and a vertical scale of
5 feet to the inch. The positions of the water table at each
observation well along the sites of the proposed drain were plot-
ted on these profiles for the two periods selected, and the water
table was assumed to have a uniform gradient between known
points. The average drawdown, b, for each segment (tables 4
and 5, cols. 2 and 10) was determined as the average difference
between the altitude of the bottom of the proposed drain and the
altitude of the water table. '

As the depth of water in the proposed drain could not be
predicted accurately, 8 separate computations were made for
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each segment for each period considered, assuming depths of
water of 2, 2.5, and 3 feet in deriving b’ from b (tables 4 and 5,
cols. 11, 12, and 13).

In the derivation of equation (7) Theis assumed “that the
aquifer is sufficiently thick so that the reduction in transmissibil-
ity by lowering the water table can be neglected.” In the present
problem the aquifer was not considered sufficiently thick to war-
rant this assumption, and therefore, in accordance with a sugges-
tion by C. E. Jacob (written communication, Nov. 10, 1945), all
drawdowns were corrected as follows (Jacob, 1944) :

b=0>b-— oo (10)
where b’ is the corrected drawdown, in feet; b is the computed
drawdown, in feet; and m (tables 4 and 5, col. 9) is the original
saturated thickness, in feet. .

The corrected drawdowns (b’) finally used in equation (7)
were obtained as follows:

(b—d)*

b= (b—d) — o

(11)
where b’, b, and m are in the units given for equation (10), and
(d) is the assumed depth of water (2, 2.5, or 8 ft) in the pro-
posed drain.

RESULTS OF INVESTIGATION

The estimated yields of ground water of the proposed closed
basin drain under conditions that prevailed during the fall of
1946 and the spring of 1947 are given in tables 4 and 5, respec-
tively. Each table contains the results of separate computations
(cols. 11, 12, and 13) for each segment (col. 2), for each of which
the estimated yield per mile per year was multiplied by the
length of the segment in miles (col. 5) to obtain the estimated
yield per year.

An attempt has been made in the foregoing pages to evaluate
the probable accuracy of the factors and assumptions involved in
equation (7), each of which has an important bearing on the
estimated yield of the drain under the conditions indicated. Be-
cause of several of the assumptions involved, the results given
in tables 4 and 5 should be considered as approximate and as the
probable maximum yields of ground water that could be ex-
pected from the proposed closed basin drain under the conditions
indicated,
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QUALITY OF GROUND WATER
The Rio Grande compact states:

In event any works are constructed after 1987 for the purpose of deliv-
ering water into the Rio Grande from the Closed Basin, Colorado shall
not be credited with the amount of such water delivered, unless the pro-
portion of sodium ions shall be less than forty-five per cent of the total
positive ions in that water when the total dissolved solids in such water
exceeds three hundred fifty parts per million.

The wells and test wells in the sump area of the closed basin
from which samples of ground water were obtained for analysis
are shown on plates 1 and 16 and in figure 9, and the analyses
are given in tables 7 and 9.

After careful consideration of the analyses of ground water
from the sump area and the estimated yields of ground water
given in tables 4 and 5, C. S. Howard, staff chemist, Geological
Survey, submitted the following statement (written communi-
cation, Apr. 15, 1948) :

The records indicate that there are large quantities of soluble solids in
the ground water and presumably in the materials of the aquifers, so that
it is to be expected that drainage water from the sump area will be mod-
erately high in concentration for a long period of time.

The available analytical data are not sufficient to compute accurately
the quality of the water that will be found in each segment of the drain
and laterals, but an approximate estimate has been made for the main
drain and for each of the proposed laterals. It is likely that there may be
small seasonal changes in the quality of the shallow ground water and,
therefore, in the water of the drain, but the data are not sufficient to show
the extent of those changes. It is likewise impossible to compute the changes
in quality for the different estimated depths of water in the drain. Compu-
tations have been made on the basis of the estimated concentrations of dis-
solved solids in water from the various segments of the main drain and
the laterals. It appears that the water in the drain during the period of
greatest yield (high water levels and minimum depth in drain) and during
the period of lowest yield (low water levels and maximum depth in drain)
will have an average concentration of 1.6 tons per acre-foot.

As a concentration of 1.6 tons of dissolved solids per acre-foot
is equivalent to about 1,175 ppm and as the percent sodium
in the shallow water in the vicinity of the proposed drain and
laterals is about 75, the water does not fall within the limits
acceptable for credit under the terms of the Rio Grande compact.

It has been suggested that the quality of the water discharged
into the proposed drain may improve noticeably after the drain
is in operation and may eventually be sufficiently good to meet
the compact requirements with a minimum of dilution with sur-
face water. It has been shown in the section on “Quality of water”
that most of the dissolved mineral constituents in the shallow
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ground water probably are taken into solution as the water moves
toward the sump area, where the mineral content is further
increased by concentration. The proposed drain would tend to
reduce the concentration by (1) conducting mineralized water
out of the basin and (2) allowing water moving into the basin
to be carried away with less concentration by evaporation and
transpiration. The possible degree of improvement in quality
and the length of time required for substantial “sweetening” of
the water are not known.

Consideration was given to the fact that the water may be
made acceptable by diluting it with a sufficient quantity of sur-
face water that has a low concentration of dissolved minerals.
But studies by the Bureau of Reclamation during the period of
investigation indicated that sufficient surface water for this pur-
pose was not available (W. H. Sweet, oral communication).

Consideration has been given also to the possibility of con-
structing drains or lines of drainage wells to the west of the
sump area, where the water is of a quality that would be accept-
able under the terms of the Rio Grande compact.
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INFLOW AND OUTFLOW OF WATER IN
SELECTED IRRIGATED AREA

The heavily irrigated area north of Monte Vista was chosen
for special study during this investigation in order to determine
the inflow and outflow of water and the amount of water used.
The study was made principally by the Bureau of Reclamation,
but data on ground water were obtained by the Geological Sur-
vey as a part of this investigation. The report on the study was
prepared by personnel of the Bureau of Reclamation and consti-
tutes a supplement to this report.

Ground-water data include the discharge of water from arte-
sian wells, the ground-water outflow, and the change in ground-
water storage.

The discharge of artesian wells in the so-called inflow-outflow
area is estimated (on the basis of measurements from 311 wells)
to have been 12,000 acre-feet in 1949. Between 1949 and 1952
the annual discharge is estimated to have increased to 15,000
acre-feet, and it is assumed that the rate of increase was uniform
—that is, 1,000 acre-feet each year.

The changes in ground-water storage, based on records of
approximately 100 observation wells within the area of study,
were computed by means of the Thiessen mean method (Thiessen,
1911), whereby a polygon was constructed around each observa-
tion well and the assumption was made that the change in water
level throughout the area of the polygon was the same as the
change in the well within the polygon. Data for the 4 years of
study are illustrated in plate 15. Change in water level for any
one year, as shown in plate 15, represents the change between
January of that year and January of the following year. Change
in storage is computed by multiplying the change in water level
in each well by the specific yield of the aquifer and by the area
of each polygon as determined by use of the planimeter. The
changes in storage in the area shown in plate 15 are tabulated
below.

Change in ground-water storage in the inflow-outflow area*

Number of Average net rise Net gain ( +) or
Year observation wells (+g or decline (—) loss (—-
used in the n water level
determinations (feet) (acre-feet)

1949 108 +0.18 410,330
1950. 102 -~.99 -55,180
1951 105 —1.65 -92,120
1952 101 +2.41 -+134,920

1 Area used in determinations: 291.02 square milex. (See pl. 15.)
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The area of inflow-outflow study in the report of the Bureau
of Reclamation, page 120, differs slightly from the area shown
in plate 15 of this report, because it was necessary for the Bureau
of Reclamation to make some adjustment of the south boundary
on the basis of the position of gaging stations. The changes in
storage shown in the above table concern an area of 291.02 square
miles, whereas the changes tabulated in the appendix refer to an
area of 281.6 square miles.

The area chosen for the inflow-outflow study was one having
boundaries that were believed to be reasonably well suited for
the determination of the total inflow and outflow of water and
the changes in ground-water storage. Investigation revealed,
however, that not all the boundaries are firm, that the ground-
water hydrology is complicated, and that the existing develop-
ments of ground water have a complex pattern in that many
irrigation wells tap both the shallow unconfined aquifer and the
deeper artesian aquifers.

The ground-water divide between the closed basin and the
Rio Grande is not a fixed divide but probably moves a consider-
able distance with the large changes in ground-water storage.
During the period of low water levels in 1951, the water table
was below the level of the Rio Grande at many places in the
closed basin north of Monte Vista, and it is likely that, at least
locally, the divide may have been temporarily shifted southward
toward the Rio Grande.

Investigation revealed also that the estimates of inflow and
outflow of ground water may be in error. As the layers of clay
that separate the artesian and nonartesian aquifers are lenticu-
lar and perhaps also leaky, ground water in large but unmeas-
urable amounts must have escaped from the area by way of the
artesian aquifers.

The method of development of the shallow unconfined ground
water may also affect the computations. It was assumed that
the pumping of shallow ground water did not affect the total
inflow or outflow; however, as many of the wells penetrate one
or more layers of clay, it is believed that a large amount of arte-
sian water was brought into the area by means of the so-called
shallow irrigation wells.
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INFLOW-OUTFLOW STUDY
By Philip B. Mutz

U. 8. Bureau of Reclamation

INTRODUCTION TO INFLOW-OUTFLOW STUDY

At the request of the Colorado Water Conservation Board,
members of the Closed Basin Committee met on August 12, 1947,
and discussed the need for an investigation of ground-water con-
ditions in the area irrigated by waters of the Rio Grande where
large quantities of shallow ground water were being withdrawn
by pumping. The members of the committee concluded that a
detailed investigation should be made. The major purpose of the
investigation was to determine the following points: (1) whether
the use of ground-water storage can be correlated with the opera-
tion of the proposed Wagon Wheel Gap Reservoir in such a way
as to make the most effective use of water and minimize irriga-
tion shortages; (2) the effect of pumping water from the ground-
water reservoir on the present practice of subirrigation of crops
by maintaining the water table at a proper depth to supply the
root zone; (3) the effect of the use of deep artesian wells on the
availability of shallow unconfined ground water and shallow arte-
sian water, and the suitability of deep artesian water for irriga-
tion; and (4) the amount of water that may be developed by
necessary drains and that can be brought to the Rio Grande by
way of the proposed closed basin drain.

In order to obtain answers to the above and other related
problems, the committee recommended 14 itemized procedures.
This report deals mainly with procedure 9, which states: “During
the two irrigation seasons, measure the quantity of water enter-
ing the area in irrigation ditches and the quantity leaving the
area in irrigation and drainage ditches.”

LOCATION

The area of study, the intensively cultivated land north of
Monte Vista, is irrigated with water diverted from the Rio
Grande. It lies within the closed basin of the San Luis Valley
in the south-central part of Colorado. Center is the only town
within the area.

Situated on an alluvial fan which has an average altitude of
about 7,700 feet above sea level, the area is bounded on the south
by the closed basin ground-water divide, on the east by the range
line common to Rs. 9 and 10 E. (New Mexico principal meridian),
on the north by the township line common to Tps. 41 and 42 N.,
and on the west by the Rio Grande canal. An additional small
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area along La Garita Creek, west of the Rio Grande canal, was
included to facilitate measurement of inflow. The total area of
the study comprises 281.6 square miles, or 180,250 acres, of
which about 115,000 acres is cultivated. The remainder con-
sists of pasture land, brush land, abandoned tracts, roads, farm-
steads, and the one town. Boundaries of the area of study as
used in this report are shown in figure 23.

PERIOD OF STUDY

The inflow-outflow study was begun in March 1948. During
that year, only basic information was obtained in order to estab-
lish rating curves for the gages and check on the adequacy of the
installations. The study was to have covered the calendar years
1949 and 1950, but owing to unusual climatic conditions the study
was continued through 1952. This report, therefore, covers the
period from January 1, 1949, to December 31, 1952, and includes
two wet and two dry years.

Data were collected by personnel of the San Luis Valley project
office of the Bureau of Reclamation in cooperation with techni-
cians of the local canal companies, the U. S. Geological Survey,
and the Colorado Water Conservation Board.

CLIMATE

The climate of the area is typical of an arid region of high
altitude. Precipitation is light, averaging about 7 inches per
year, and most of it occurs as thunderstorms during the grow-
ing season. Humidity generally is low and evaporation aver-
ages about 57 inches per year. Temperatures range from a
minimum of 40°F below zero to a maximum of 90°F; the mean
temperature is approximately 42°F. The length of the growing
season ranges from as little as 94 days to as much as 140 days.
Owing to the deficiency of rainfall, irrigation with water from
the Rio Grande is necessary to supply an adequate amount of
water for Crops.

SOILS

Soils of the irrigated lands generally are rather coarse in tex-
ture and contain varying amounts of gravel. The permeability
in most places is very high. Near the west side of the area the
soils are coarse and contain gravel in such large amounts that
some of the land is not irrigated because of low productive capac-
ity. The amount of gravel decreases eastward and the soil tex-
ture becomes finer, but the texture is in no place finer than that
of a sandy loam. Productivity of the soil also increases east-
ward. The soil, which ranges in thickness from 6 to 24 inches,
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overlies a layer of gravel or cobbles. The shallow depth of soil
and the coarseness of the underlying materials have a pronounced
effect on irrigation practices.

The soils contain varying amounts of soluble salts and alkali
which increase in concentration toward the east. Many places
have concentrations sufficient to reduce crop production mate-
rially. Soils in the nonirrigated areas in the eastern part con-
tain very little gravel and are relatively fine textured. They
contain sufficient soluble saits and alkali to make them nonpro-
ductive under normal irrigation practices.

GENERAL CROPPING PRACTICES

The area includes much of the potato-producing land of the
San Luis Valley and the farming practices are built around this
crop. Although there are exceptions, the practices are about the
same throughout the area. Of two basic farm patterns, one is
based on sweet clover and the other on alfalfa.

In the sweet-clover pattern, one or two crops of potatoes are
raised. This is followed by a nurse crop of small grain planted
with sweet clover. The sweet clover, being a biennial, is left for
the following year, when it is used as pasture for livestock and
later is plowed under. Sufficient livestock is raised to use the
pasture furnished by the clover. A part of most farms is in
sweet clover every year.

In the alfalfa pattern, potatoes usually are grown for 2 years
in succession, after which a nurse crop of small grain is planted
with alfalfa. The alfalfa is raised from 4 to 6 consecutive years
and the land is then replanted with potatoes. With this system,
the land is planted to potatoes only about a fourth to a third of
the time as compared with nearly half the time under the sweet-
clover system. The alfalfa system permits the handling of a
larger number of livestock and makes it easier to maintain pro-
duectivity without the use of large quantities of commercial fer-
tilizer. There are advantages in both systems, and livestock is
an important factor in each.

Land holdings in the area range from large to small, but the
average farm is between 160 and 200 acres. Smaller acreages
have a higher overhead per acre and a greater fixed cost, whereas
the larger acreages have almost reached the point of maximum
efficiency.

Irrigation water generally is supplied from April through
September, the amount depending on the flow of the Rio Grande
and on the amount of upstream storage, which is usually small.
During periods of low flow, the supply is augmented by water
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from approximately 650 large pumped wells and from flowing
artesian wells.

METHODS OF IRRIGATION

Subirrigation, which is practiced in the western part of the
area, is used because the soil is highly permeable and ordinary
methods of surface spreading tend to remove the minerals from
the soil. Both subirrigation and surface irrigation are practiced
in the eastern part of the area where the soil is more dense and
where subirrigation tends to increase the amount of alkali in
the soil.

DRAINAGE

In the western part of the area, the ground slope is sufficient
to permit draining excess water eastward into the sump area of
the closed basin. The present drainage systems empty into both
the Rio Grande and the sump area. The systems draining east-
ward into the sump tend to raise the ground-water level in that
area because there is no surface outlet. The water draining into
the sump is not reused but is dissipated by evapotranspiration.

METHOD OF STUDY

The method employed in this study consisted of an analysis of
the inflow minus the outflow, corrected for changes in storage
of shallow ground water. The inflow of shallow ground water
was not considered because it is believed to be negligible. The
outflow of artesian water could not be determined. It is included
in the figures for “water used” (p. 128), but it is assumed to be
negligible.

INFLOW
SURFACE-WATER INFLOW

The inflow of surface water to the area was determined by
means of 11 automatic water-stage recorders installed on major
canals, an automatic water-stage recorder on a natural stream,
and 10 staff gages on small distribution ditches. All streamflow
records were obtained and computed by accepted practices, and
their accuracy is considered adequate for the type of drains and
canals measured.

PRECIPITATION
Precipitation was measured by means of 10 standard 5-inch
precipitation gages. Records were obtained after every observed
storm, and the gages were also checked at periodic intervals.
The precipitation records obtained were distributed over the area
by the Thiessen mean method (Thiessen, 1911). The inflow by
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precipitation, computed on a monthly basis, was considered to be
100 percent effective. As most of the precipitation falls during
the growing season, little error is introduced by using the total
observed precipitation because it contributes to the ground-water
storage and reduces the consumptive use of water by plants.

DISCHARGE OF ARTESIAN WELLS
The discharge of artesian water into the area of inflow-outflow
study was determined by the Geological Survey. Discharges of
more than 300 flowing wells were measured and the average dis-
charge per well, as determined by the measurements, was as-
sumed to be the average discharge of all flowing wells in the area.

OUTFLOW
SURFACE-WATER OUTFLOW

The outflow of surface water from the area was measured by
means of 23 automatic water-stage recorders on major canals
and drains and 20 staff gages on small distribution ditches.
Records of the outflow gages are comparable in accuracy with
the records of the inflow gages. All staff gages were read on
5 consecutive days each week, and linear variations of the gage
heights were assumed for the days when the gages were not read.
As some small ditches were abandoned and new ones were con-
structed during the period of study, the number of staff gages
varied somewhat from year to year.

The approximate locations of all inflow, outflow, and precipi-
tation stations are shown in figure 23, and the monthly rates are
tabulated on page 126.

SHALLOW GROUND-WATER OUTFLOW

At the beginning of the period of study a network of 304
observation wells was established. Some wells were abandoned
as the study progressed because they could not be measured or
because they did not add materially to the study. As a result,
_ the program was reduced to approximately 100 wells which were
measured periodically throughout the period of study. The wells
were measured monthly during the winter and semimonthly dur-
ing the remainder of the year. Six of the wells were equipped
with automatic water-stage recorders in order to obtain continu-
ous records of water-level fluctuations.

Altitudes of the measuring points of all observation wells were
determined and a water-table contour map was prepared by the
Geological Survey in order to determine the position of the
ground-water divide and the direction and rate of ground-water
flow. A series of pumping tests of wells tapping the shallow
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ground-water aquifer were made in 1948 and 1950 in order to
determine the coefficients of permeability and transmissibility of
the aquifer. Several test holes also were drilled to obtain data
on the thickness and character of the aquifer. Results of the
pumping tests and logs of the test holes may be found in another
part of this report. The water-table contour map (pl. 8) shows
that the shallow ground water moves eastward and northward
out of the area of inflow-outflow study. With the use of data
obtained from the water-table contour map and from test-drilling
and pumping tests, the ground-water outflow was determined by
application of the equation for Darcy’s law.

EVAPORATION
There are no large bodies of free water in the area. Canals,
drains, and old gravel pits compose the area of free water sur-
face that would be subject to evaporation, but the losses from
these sources were not computed. It is realized that some evap-
oration does occur, but the amount is not considered to be suffi-
cient to introduce a large error in the computations.

CHANGE IN GROUND-WATER STORAGE

Personnel of the Ground Water Branch of the Geological Sur-
vey computfed the annual change in ground-water storage on the
basis of records of water-level fluctuations in the observation
wells and specific yield of the aquifer as determined by pumping
tests and laboratory tests. The effective area of each well was
determined by the Thiessen mean method (Thiessen, 1911), and
the change in ground-water storage was then computed. (See
p. 118.) .

LAND USE

The total area of the inflow-outflow study as used in this re-
port is about 180,250 acres, of which approximately 4,940 acres
is in the La Garita Creek section west of the Rio Grande canal.
An area of about 2,830 acres in the La Garita Creek section is
under irrigation.

In 1949 a crop census of the area of study was taken and the
irrigated acreage was obtained. In 1950 the amount of land
irrigated was not determined in the field because it was a year
of low surface-water supply—a reduction of 5 percent of the
1949 acreage of irrigated land was considered to be reasonable.
In 1951, a year of abnormally small surface-water supplies, the
idle land was measured in order to determine the irrigated
acreage. Personnel of the Bureau of Reclamation completed a
detailed land-classification study of the area in 1951, and the
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irrigated acreage determined by this study was used as the irri-
gated acreage for the year 1952. Irrigated acreages are shown
in the following table:

Acreage of irrigated and nonirrigated land (total: 180,250)

Year Irrigated land Nonirrigated land
1949, 114,162 66,088
1950, 108,454 71,796
1951 93,653 86,597
1952 115,850 64,400

RESULTS OF STUDY
The annual amounts of the various types of inflow and outflow
and the changes in ground-water storage are 11sted in the fol-
lowing table:

Annual inflow, outflow, and change in ground-water storage, in acre-feet

Inflow Outflow
Diseh Changed in
scharge ground-
Year - from water
Surface Precipi- flowing Surface Ground storage
water tation artesian water water
wells
866,400 122,800 12,000 160,600 20,800 +12,500
197,300 66,800 13,000 78,700 20.500 ~51,700
105,600 49,100 14,000 84,700 19,800 —86,000
429,400 109,700 15,000 147,800 19,800 + 126,400

The amount of water that was used or lost in the area of study
was determined by adding the surface-water inflow, the discharge
of artesian wells, and the precipitation; then subtracting the sur-
face-water outflow and the ground-water outflow; and then ap-
plying algebraically the change in ground-water storage. The
results are shown in the following table:

Inflow, outflow, change in ground-water storage, and water used, in acre-feet

. Change in
Year Inflow Outflow ground-water ‘Water used!
storage
1949 501,200 181,400 +12,500 307,300
1950 277,100 94,200 —51,700 234,600
1951 168,700 54,500 —86,000 200,200
1952 554,100 167,600 +126,400 260,100

1Includes water used by transpiration and evaporation and ground-water outflow through
underlying artesian aquifers (the last considered to be negligible).

The amounts of water used per acre of land in the area of study
are listed in the following table:

Use of water in inflow-outflow area, in acre-feet

Amount used Amount used
Year per acre per acre ‘Water used
(all 1and) (irrigated land)
h R 7L S —— 1.70 2.6 307,300
1950 1.30 216 234,600
1951 1.11 2.14 200,200
1982 e 1.44 2.2 260,100
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Of the 4 years of study, 1950 and 1952 are assumed to have
been years in which there was sufficient water supply, and it is
assumed that the average consumptive use during those years
approximates the average for all years. The consumptive use
in 1951 was very low because of an abnormally low water supply.
There was an oversupply of water in 1949, and seemingly it was
not used as efficiently as in 1951. The less efficient use of water
and the greater precipitation in 1949 resulted in greater losses
by evapotranspiration and a larger consumptive use. In order
to make a comparison, the consumptive use of water for agricul-
ture in the area was computed by the Lowry-Johnson effective
heat method (Lowry and Johnson, 1942), using records of the
weather station at Monte Vista. The results are summarized in
the following table:

Consumptive use as determined by the Lowry-Johnson method

. Consumptive
¥ Beginning of End of Effective use
ear growing season | growing season eat (acre-feet
(°F) per acre)
1949 May 22 Oct. 7 6,178 1.
1950. May 27 Sept. 12 4,980 1.62
1951 June 12 Sept. 10 4,362 1.53
1952 May 13 Sept. 13 5,401 1.69
RECORDS

SUMMARY OF METHOD OF PRESENTATION OF DATA

Records of the 39 wells that were test-pumped to determine
the hydrologic properties of the shallow aquifer are listed in
table 6, page 130.

Analyses of water from wells that were numbered under the
Bureau of Land Management system of land subdivision are
given in table 7, page 134.

Analyses of surface water are given in table 8, page 156.

Analyses of water from test wells 1 through 52 are given in
table 9, page 162.

Records of selected wells are given in table 10, page 168. The
locations of the 2,162 wells that were examined during this in-
vestigation are shown on plates 1 and 16 (in pocket) and in
figure 9.

Logs of 290 wells and test holes, including 52 test holes and
test wells that were drilled for the Geological Survey as a part of
the investigation, are given on pages 238 through 280.
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In addition to the large number of samples of ground water
collécted for analysis during this investigation, about 160 samples
of surface water were collected during the study for use in deter-
mining the quality of the surface water that may be available for
mixing with the ground water that would be salvaged by the pro-
posed closed basin drain. These data will be useful in estimating
the ultimate quality of the mixed ground and surface waters that
would be discharged into the Rio Grande by the proposed drain.
The samples were collected primarily from canals, ditches, laterals,
and drains, but some were collected from lakes, such as San Luis,
Head, and Soda Lakes, and from streams, such as Sand Creek and
- the Rio Grande.

The results of these analyses are given in the following table
(table 8).
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LOGS OF WELLS AND TEST HOLES

Listed in the following pages are the logs of 290 wells and test
holes, including 52 test holes and test wells drilled for the Geo-
logical Survey as a part of this investigation. The locations of
the test holes and test wells used in constructing cross sections
(pl. 11) are shown on plate 16. Logs entitled “sample logs” are
those for which the well cuttings were' collected and studied by
the writer. The “drillers’ logs” are written logs obtained from
well drillers, and “reported logs” are logs obtained orally from
drillers and well owners.

Sample logs of test wells and test holes in undifferentiated

Recent deposits and the Alamosa formation
[Numbers correspond to well numbers on plate 16]

1. Test well . NWI,4NWI4 sec. 6, T. 38 N., R. 10 E. Alamosa County.
Surface altitude, 7,567.9 feet.
Thickness Depth
(feet) (feet)

Sand, fine, to fine gravel 8 8
Sand, medium, to coarse gravel < 18 26
Sand, fine, to medium gravel 9 35
Sand, medium, to coarse gravel 8 43
Clay, soft to hard, brown to greenish-blue; contains streaks of sand.ee—- 10 53

2. Test hole 2. SW1,SW14 sec. 8, T. 38 N., R. 11 E. Alamosa County.
Surface altitude, 7,533.7 feet.

Sand, medium to coarse, and medium to coarse brown gravel; contains

stringers of brown clay 5.0 5.0
Clay, compact, brown 1.5 6.5
Gravel, fine to coarse, brown; contains stringers of brown clay oo 4.5 11.0
Gravel, fine to very coarse, brown; contains very fine to coarse black sand—-. 16.0 27.0
Clay, e t, gray 6.0 33.0
Sand, fine to coarse, black; contains medium to coarse black gravel—___._ 2.0 35.0
Clay, « ct, gray 8.0 38.0
Sand, medium to coarse, black; contains medium to coarse black gravel..._... 8.9 41.9
Clay, compact, green 12.6 54.5

3. Test well 3. NEYNE sec. 14, T. 38 N., R. 11 E. Alamosa County.
Surface altitude, 7,520.9 feet.

Clay, compact, tan; contains lenses of fine brown sand 7.2 7.2
Sand, fine to very coarse, brown; contains very fine to medium brown gravel-. 25.0 32.2
Clay, soft to hard, brown 4.8 37.0
Sand, medium to very coarse, brown and black; contains very fine to coarse

brown and black gravel 10.3 41.3
Clay, hard, tan to brown 23.4 70.7
Sand, very fine to medium, brown and black 6.0 76.7
Clay, compact, greenish-gray 18.1 94.8

4. Test well 4. NWILNW1 sec. 15, T. 38 N, R. 11 E. Alamosa County. .
Surface altitude, 7,526.42 feet,

Sang, fine to very coarse, brown; containg very fine to medium brown gravel.. 10.0 10.0
Clay, compact, brown 5 10.5
Sand, fine to very coarse, brown; contains very fine to coarse brown gravel-.. 8.1 18.6
Clay, compact, brown 5 19.1
Sand, medium to coarse, brown; contains medium to coarse brown gravel ... 1.0 20.1
Clay, compact, brown 4.1 24.2

Sand, very fine to very coarse, brown; contains very fine to medium brown
gravel 9.2 33.4




RECORDS
Thickness
(feet)
Clay, compact, bluish-gray to greenish-gray 5.0
Sand, very fine to medium, black. 7.2
Clay, compact, green 3.0
Sand, very fine to medium, black and greenish-black. 4.0
Clay, compact, green 11.4
Sand, very fine, greenish-gray to black Lo

5. Test well 5. NWILNWI4 sec. 25, T. 38 N, R. 11 E. Alamosa County.
Surface altitude, 7,5614.7 feet.

Clay, soft, brown; contains lenses of very fine brown sand 3.0
Sand, very fine to medium, brown 2.0
Sand, very fine to very coarse, and very fine to coarse gravel, black; contains
stringers of brown clay. 20.3
Clay, compact, brown to dark-gray. 1.7
Sand, very fine to fine, brown 1.0
Clay, soft to compact, light-tan to white 7.0
Sand, fine, black 1.0
Clay, compact, green 9.0
Sand, fine, black; contains white snail shells. 1.0
Clay, compact, brown 16.4
Sand, very fine to fine, brown 1.0

6. Test hole 6. SW1,SW1, sec. 34, T. 38 N., R. 11 E. Alamosa County.

Surface altitude, 7,632.5 feet.

Clay, compact, sandy, brown 8.7
Gravel, coarse, black and brown; contains medium to coarse black and brown

sand 1.0
Clay, ct, brown 5.0
Sand, medium to very coarse, brown; contains very fine to coarse brown gravel

and stringers of brown clay. 8.3
Gravel, fine to coarse; contains coarse brown sand and brown elay.— _______ 17.5
Clay, compact, brown 1.0
Gravel, medium to coarse, brown; contains stringers of brown elay_——— . 4.7
Clay, pact, brown 1.0
Gravel, coarse, brown 2.0
Clay, compact, green 10.5
Clay, cc ct, gray 4.7
Clay, compact, green; contains lenses of very fine black sande oo 11.1

7. Test well 7. SE1SEY sec. 35, T. 38 N., R. 11 E. Alamosa County.
Surface altitude, 7,528.7 feet.

Sand, very fine to coarse, brown 3.0
Clay, soft, light-red 1.0
Sand, fine to very coarse, brown; contains very fine to coarse brown gravel.. 16.0
Clay, compact, red 1.5
Sand, very fine to very coarse, light-brown; contains very fine to coarse light-
brown gravel 13.5
Clay, brittle, white 4.0
Sand, very fine to very coarse, brown; contains very fine to medium brown
gravel 3.9
Sand, very fine to fine, black 129
Clay, soft, sandy, brownish-gray 13.2
Clay, compact, light-brown 3.0
Sand, very fine, brown 2.0
Clay, compact, green 8.5

8. Test hole 8. SEYNE14 sec. 18, T. 38 N,, R. 12 E. Alamosa County.
Surface altitude, 7,615.4 feet.
Sand, fine to very coarse, brown, and very fine to medium brown gravel;
contains stringers of brown clay. 4.0
Sand, fine to very coarse, brown, and very fine to coarse brown gravel; contains
stringers of brown clay. 7.8

239

Depth
(feet)

38.4
45.6
48.6
52.6
64.0
66.0

3.0
5.0

26.3
27.0
28.0
85.0
86.0
45.0
46.0
62.4
68.4

9.7
14.7

23.0
40.5
41.5
46.2
47.2
49.2
59.7
64.4
75.5

3.0

20.0
21.5

36.0
89.0

42.9
55.8
69.0
72.0
74.0
82.5

118
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Thickness
(feet)
Sand, fine to very coarse, black; contains very fine to coarse brown gravel.... 53
Clay, compact, gray 5

Sand, fine to very coarse, black; contains very fine to coarse brown gravel.__. 9.7

Clay, compact, light-green 19.5
Sand, very fine, black 2.8
Clay, compact, green; contains lenses of very fine black sand—— e ceeeeeecc. 5.0

9. Test well 9. NE1,NE4 sec. 24, T. 39 N., R. 9 E. Alamosa County.
Surface altitude, 7,564.2 feet.

Sand, very fine, to gravel, coarse 10 -
Sand, very fine, interbedded with stringers of brown sandy clay; contains
some coarse gravel
Sand, medium, brown, to coarse brown gravel
Clay, soft, sandy, brown
Clay, hard, tan

-
LU )

10. Test hole 10. SENE] sec. 25, T. 839 N., R. 9 E. Alamosa County.
Surface altitude, 7,000.0 feet.

Sand, fine to coarse
Clay, compact, blue
Gravel, medium to coarse; contains fine to coarse sand
Sand, fine to medium
Clay, soft, brown
Gravel, fine to medium; contains fine to medium sand
Clay, sandy, vellow.
Clay, compact, yellow.

! [
LR X

11. Test well 11. NWI{NW1I4 sec. 7, T. 89 N., R. 10 E. Alamosa County.
Surface altitude, 7,672.5 feet.

Sand, fine to coarse, brown 5
Gravel, medium, brown, to medium brown sand 10
Sand, very fine to medium, brown; contains a little fine brown gravel.________ 10
Sand, fine, brown, to coarse brown gravel 15
Sand, fine to coarse, brown; containg a little medium to coarse brown gravel . 4
Clay, compact, hard, brown 1.5
Sand, fine, brown, to coarse brown gravel 2.5
Clay, compact, hard, brown 1
Sand, fine, brown, to coarse brown gravel 3

12. Test well 12. NWI4{NW14 sec. 8, T. 39 N, R. 11 E. Alamosa County.
Surface altitude, 7,628.6 feet.

Sand, very fine to medium, brown; contains stringers of brown elay——_.____ 4.0

Sand, very fine to medium, black 110
Sand, very fine to very coarse black; contains very fine to coarse black and
green gravel 39.8
Clay, compact, gray 2.1
Sand, very fine to very coarse, black; contains very fine to medium black gravel 11.9
Clay, compact, dark-gray 2.8
Sand, very fine to medium, black; contains very fine to medium black gravel_ 11.1
Clay, compact, dark-gray 1.0

Sand, very fine to very coarse, black; contains very fine to coarse black gravel 122
Sand, very fine to very coarse, black; contains very fine to coarse black gravel 9.6

Clay, soft, gray 8.0
Clay, compact, greenish-gray 9.7
Sand, very fine, black 2.0
Sand, very fine to coarse, black; contains coarse black gravelo e ceceeo 22.6

18. Test well 13. NWI,SWI4 sec. 13, T. 33 N., R. 11 E. Alamosa County.
. Surface altitude, 7,519.8 feet.
Sand, very fine to medium, brown and black; contains stringers of brown clay 5.0
Clay, gray; contains brown ted sand grains 1.5
Sand, fine to very coarse, brown; contains very fine to coarse brown gravel_. 22.5

Depth
(feet)
17.1
17.6
27.3
46.8
49.6
54.6

4.0
15.0

54.8
56.9
68.8
1.4

83.5

96.7
105.8
113.3
123.0
125.0
147.6

5.0

29.0
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Thickness

(feet)
Clay, compact, gray . 5
Sand, fine to coarse, black; contains medium to coarse black gravel ... 15.6
Clay, compact, greenish-gray 2.0
Sand, fine to coarse, black 2.0
Clay, compact, gray 5
Sand, fine to medium, black. 111
Clay, compact, greenish-gray 25
Sand, fine to medium, black 13.6
Clay, compact, greenish-gray 6.0
Sand, very fine to medium, black 4.9
Clay, eompact, greenish-gray 6.0
Sand, very fine to fine, black 5.0
Clay, compact, greenish-gray to gray 14.3
Sand, very fine, black 2.8

14. Test well 14. SENEY sec. 16, T. 89 N., R. 11 E. Alamosa County.
Surface altitude, 7,523.1 feet.

Sand, fine to very coarse, brown; contains very fine brown gravel. - _ 4.8
Clay, compact, brown .5
Sand, very fine to very coarse, brown : 8
Clay, cc t, brown b
Sand, fine to very coarse, brown; contains very fine to coarse brown gravel___ 8.1
Clay, cc ct, brown P 1.0
Sand, fine to very coarse, brown and black; contains very fine to coarse brown

and black gravel 6.3

Sand, very fine to very coarse, black; contains very fine to coarse brown gravel 10.9
Sand, very fine to medium, black; contains fine to coarse brown gravel and
stringers of gray clay. 13.1
Clay, compact, green 8.0
Sand, very fine to medium, black; contains medium black and brown gravel.. 19.5

Clay, compact, green .5
Sand, very fine, black . 8.0
Clay, ct, green : A
Sand, very fine, black 5.8
Clay, compact, greenish-gray. 4.0
Sand, very fine to dium, black. 2.2
Clay, compact, green 9

16. Test well 15. SEYSE1} sec. 28, T. 39 N., R. 11 E. Alamosa County.
Surface altitude, 7,517.9 feet.

Sand, fine to coarse, brown 6.0
Clay, compact, brown 2.0
Sand, fine to very coarse, brown; contains very fine to medium brown gravel__ 3.0
Gravel, very fine to coarse, black; contains very coarse black sandeee e 18.0
Sand, fine to very coarse, black, and very fine to coarse black gravel; contains

thin stringers of dark-gray clay. 23.1
Clay, compact, medium-gray. 2.0
Sand, fine to very coarse, black; contains very fine to medium black gravel... 3.3
Clay, soft, gray. 1.0
Sand, very fine to medium, black. 21.5
Clay, compact, greenish-gray. B 6.4
Sand, very fine, black 3.5
Clay, compact, greenish-gray. ' 9.1

16. Test well 16. NW4NWY sec. 29, T. 39 N., R. 11 E. Alamosa County.

Surface altitude, 7,530.8 feet.

Gravel, coarse, brown; contains interbedded brown sandy clay.. oo 10.0
Sand, medium to coarse, brown; contains medium to coarse brown gravel.__.. 12.0
Clay, soft, brown "B
Sand, medium to coarse, brown; contains medium to coarse brown gravel ... 6.5
Gravel, medium to coarse, black; contains medium brown sand______________ 6.0

Clay, pact, green Ja
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Depth
(feet)
29.5
45.1
a1
49.1
49.6
60.7
63.2
76.8
82.8
819
93.7
98.7
113.0
116.8

6.0

11.0
24.0

47.1
49.1
52.4
58.4
749
818
848
95.9

16:0
22:0
22.5

35.0
85.7



242 GROUND-WATER RESOURCES, SAN LUIS VALLEY, COLO.

Thickness
(feet)
Sand, fine to very coarse, black and green; contains very fine to coarse black
and green gravel 13.3
Clay, compact, green 8.0
Sand, medium to coarse, black and green; contains medium to coarse black
and green gravel 3.0
Clay, compact, green 3.4

17. Test hole 17. SE1,SE14 sec. 33, T. 39 N, R. 11 E. Alamosa County.

Surface altitude, 7,523.8 feet.

Clay, compact, brown; contains lenses of coarse brown sand

Gravel, fine to coarse, brown; contains medium to coarse brown sand_________

Clay, compact, brown to greenish-gray.

Sand, very fine to medium, black

Clay, compact, bluish-gray

Sand, very fine, black and greenish-black

Clay, compact, gray.

Sand, very fine to very coarse, black, and very fine to coarse black gravel;
contains stringers of green clay.

Clay, t, green

Sand, fine to medium, black

Clay, compact, green; contains lenses of fine black sand

Sand, very fine, black

18. Test well 18, SEYSE14 sec. 35, T. 39 N., R. 11 E. Alamosa County.

Surface altitude, 7,520.9 feet.
Sand, very fine to very coarse, brown; contains very fine to medium brown
gravel
Clay, soft, brown
Sand and gravel, fine to coarse, brown; contains ted zones.
Sand, very fine to very coarse, brown and black; contains very fine to coarse
brown and black gravel
Clay, compact, gray.
Sand and gravel, fine to coarse, black and brown
Clay, compact, gray.
Clay, compact, greenish-gray.
Sand, very fine to medium, brown and black; contains very fine brown and
black gravel
Clay, compact, greenish-gray.
Sand and gravel, fine to coarse, brown and black
Clay, compact, greenish-gray; contains lenses of fine black sand. . ___

19. Test well 19. NWI,NW14 sec. 3, T. 39 N, R. 12 E. Alamosa County.

Surface altitude, 7,685.9 feet.

Sand, very fine to medium, brown
Sand, very fine to medium, black

Sand, very fine to very coarse, brown; contains very fine to coarse brown gravel
Clay, soft, pink to brown
Sand, very fine to very coarse, brown; contains very fine to coarse brown gravel
Clay, soft, light-brown
Sand, very fine to very coarse, brown; contains very fine to coarse brown gravel
Clay, soft, brown
Sand, medium to very coarse, brown; contains very fine to coarse brown gravel
Clay, soft, brown
Sand, fine to very coarse, brown; contains very fine to coarse brown gravel___
Clay, soft, brown
Sand, fine to very coarse, brown; contains very fine to coarse brown gravel__.
Clay, compact, brown -

Sand, fine to very coarse, brown; contains very fine to coarse brown gravel.__

20, Test well 20, SE4SW1I4 sec. 7, T. 39 N, R. 12 E. Alamosa County.

Surface altitude, 7,520.8 feet.
Clay, compact, brown; contains lenses of fine brown sand_——________________
Sand, fine to very coarse, black; contains very fine to coarse hlack gravel.__

6.0
5.8
9.3
4.0
4.9
1.0
2.3

16.0
A
4.1
8.9
1.7

5.4
3.0
2.3
4.0
8.8

9.5
4.0
6.5
22.2

5.0

6.0
19.0

Depth
(feet)

49.0
57.0

60.0
63.4

6.0
11.8
21.1
25.1
30.0
31.0
33.3

49.3
50.0
54.1
63.0
64.7

9.0
9.5
19.2

24.6
27.6
29.9
38.9
42.7

52.2
56.2
62.7
84.9

5.0
22.8
71.0
73.0
84.0
84.5
94.0
95.0

111.5
112.5
123.5
124.0
127.9
132.0
132.8

6.0
25.0



RECORDS
Thickness

(Feet)
Sand, very fine to coarse, black; contains medium to coarse black gravel.._... 13,0
Clay, soft, dark-gray. 3
Sand, very fine to very coarse, black; contains very fine to coarse black gravel 5.5
Clay, compact, gray. .6
Sand, fine to very coarse, black; contains very fine to coarse black gravel__... 2.4
Clay, t, greenish-gray. 5
Sand, fine to very coarse, black; contains very fine to coarse black gravel ... 2.5
Clay, compact, greenish-gray; contains lenses of fine black sanda oo~ 8.6
Sand, fine to very coarse, black; contains very fine to medium black gravel_—.. 4.0
Clay, compact, greenish-gray. 1.0

21. Test well 21. SE%SE’4 sec. 20, T. 89 N., R. 12 E. Alamosa County.

Surface altitude, 7,531.9 feet.

Sand, very fine to medium, brown; contains stringers of brown clay..__ ..
Sand, very fine to very coarse, black; contains green, black, and white very
fine to coarse gravel
Gravel, fine to coarse, black, white, and green; contains fine black sand-—_....
Sand, fine to very coarse, brown; contains very fine to coarse brown gravel-.-.-
Clay, co ct, brown
Sand, fine to very coarse, brown; contains very fine to coarse brown gravel...
Clay, cc ct, brown
Sand, fine to very coarse, black; contains very fine to coarse brown and black
gravel
Clay, compact, gray.
Sand, fine to medium, black

Clay, t, green
Sand, very fine to medium, black .
Clay, t, green

Sand, very fine to fine, black

Clay, compact, green

Sand, very fine to fine, black

Clay, compact, green

Sand, very fine to fine, black

Clay, compact; contains lenses of very fine black sand

22. Test hole 22, SE14SE sec. 20, T. 40 N., R. 6 E. Rio Grande County.

Surface altitude, 7,869.9 feet.

Gravel, very fine to large cobbles; contains fine to very coarse sand—ooo—___
Sand, fine to very coarse; contains fine to very coarse gravel and a few large

13,1

Gravel, very fine to large cobbles; contains very fine to very coarse sand—._-
Clay, sandy, brown
Gravel, fine to small cobbles; contains medium to coarse sand._——...__. ————
Sand, fine to very coarse; contains fine to very coarse gravel and some small

721

Clay, sandy, brown
Gravel, medium to large cobbles; contains medium to very coarse sand, and

a little brown clay.
Gravel, medium to small cobbles; contains medium to very coarse sand____._.
Clay, sandy, yellow.

23. Test hole 23. NE1,NE sec. 25, T. 40 N., R. 6 E. Rio Grande County.

Surface altitude, 7,784.4 feet.

Gravel, very fine to small cobbles; contains fine sand
Gravel, very coarse, to medium sand; contains small cobbles and some large

Wi

Gravel, medium to large cobbles; contains very fine to coarse sand.._——...__ —
Gravel, medium to large cobbles; contains medium to coarse sand...— .-
Gravel, medium to large cobbles; contains medium to coarse sand and a

little brown clay.
Clay, firm, hard, brown

4.0
4.8
2.2
2.0
6.3

10
11

7.5

10

<

14

14
7
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Depth
(feet)
38.0
88.5
44.0
44.6
47.0
115
50.0
58.6
62.6
63.6

10.0
20.0
30.0
30.5
39.0
40.0

49.3
52.6
53.6
55.0
63.0
64.3
66.0

70.0
74.8
77.0
79.0
85.3

17
28
28.6
36

46
47

58

64
69

14
28
42

49



244 GROUND-WATER RESOURCES, SAN LUIS VALLEY, COLO.

Thickness

(feet)

24. Test hole 24. NWHNWI sec. 26, T. 40 N,, R. 6 E. Rio Grande County.

Surface altitude, 7,824.7 feet.

Gravel, very fine to large cobbles; contains fine to very coarse sand..-.o... 15
Sand, fine, to very coarse gravel; contains small cobbl 20
Sand, very fine, to very coarse gravel; contains small cobbles and a little
brown clay 6
Clay, soft, brown 1

25. Test hole 25. NE4NE1} sec. 27, T. 40 N., R. 7 E. Rio Grande County.

Surface altitude, 7,707.0 feet.

Gravel, very coarse, to fine sand 14
Gravel, very coarse, to fine sand; contains small eobbl 4
Sand, fine, to very coarse gravelaoo oo oo o e 5
Gravel, very coarse, to very fine sand; contains small cobbles . 40
Gravel, very coarse, to very fine sand 8 10
Gravel, very coarse, to very fine sand; contains a little elay.— oo 10
Gravel, very coarse, to very fine sand 10
Gravel, coarse, to medium sand 2
Gravel, medium, to very fine sand 8
Sand, very fine to coarse 2
Clay, sandy, brown 1

26. Test hole 26. NE!4NE sec. 28, T. 40 N., R. 7 E. Rio Grande County.

Surface altitude, 7,726.7 feet.

Gravel, medium to very coarse; eontains fine to medium sand.. . _____ 5
Gravel, coarse to small cobbles; contains medium to coarse sand.....———————_ 10
Gravel, coarse to small cobbles; contains medium to coarse sand and a little

" eclay 10
Gravel, fine to very coarse; contains fine to coarse sand and a little elay-———_~ 20
Gravel, medium to very coarse; contains medium to very coarse sand—_———u_... 8.5
Clay, sandy, vellow .5
Gravel, medium to very coarse; contains fine to very coarse sand-_—————.__ - 11
Gravel, medium to coarse; contains fine to coarse sand 8
Clay, sandy, yellow. .5
Gravel, medium to coarse; contains medium to coarse sand 10
Gravel, medium to coarse, interbedded with gray sandy clay. - cceeeeo 1
Gravel, medium to very coarse; contains coarse sand 2.5
Sand, fine to very coarse 8
Clay, firm, brown 1

27. Test hole 27. NE4NEY sec. 29, T. 40 N., R. 7 E. Rio Grande County.

Surface altitude, 7,704.9 feet.

Gravel, very coarse, to medium sand; tains small cobbl 20
Gravel, very fine to small cobbles; contains very fine sand 11
Gravel, very fine to small cobbles; contains very fine to coarse sand—cee—eee.— 20
Clay, firm, grayish-brown 1

28. Test hole 28, SE4SE1 sec. 21, T. 40 N., R. 8 E. Rio Grande County.

Surface altitude, 7,638.6 feet.

Gravel, very coarse, to medium sand . 23.6
Clay, fine sandy, brown 6
Gravel, very coarse, to fine sand 10.0
Gravel, very coarse, to medium sand 7.0
Clay, fine sandy, brown to gray .5
Gravel, very coarse, to fine sand 9.6
Gravel, very coarse, to medium sand; contains a little brown clayeeccconcav 2.0
Gravel, very coarse, to medium sand 18.0
QGravel, medium, to medium sand 8.0

Clay, mky, brown 1.0

Depth
(feet)

15

41
42

25
45
58.5

" 66

3

- 78.6

83.5
845
87
95

20
3
61
62

23.5
24.0
84.0
41.0
415
61.0
63.0
71.0
79.0
80.0



RECORDS

Thickness

(feet)

29. Test hole 29.. SW1,SWI{ sec. 24, T. 40 N., R. 8 E. Rio Grande County.

Surface altitude, 7,619.8 feet.

Gravel, coarse; contains fine to medium sand 1
Gravel, very fine to fine; contains medium sand 9
' Gravel, medium to small cobbles; contains medium sand 6
Gravel, coarse to small cobbles; contains medium to very coarse sandee——._ 8
Gravel, medium to coarse; contains medium sand 8
Sand, fine to medium; contains a little medium to very coarse gravel oo .- s
Gravel, fine to medium; contains fine to coarse sand 21
Gravel, medium to coarse; contains medium to coarse sand 12
Clay, compact, brown 2
Sand, fine to very -coarse; contains a little medium gravel. 2

80. Test hole 30. NWI,NW1, gec. 30, T. 40 N.. R. 8 E. Rio Grande County.

Surface altitude, 7,678.1 feet.

Gravel, very coarse, to medium sand 5
Gravel, very coarse, to medium sand; contains some small cobbles . _ — 35
Sand, medium, to very coarse gravel; contains small cobbl 10
Gravel, very fine to medium; contains some fine to very coarse sand.oaae... 15
Sand, fine to very coarse; contains some very fine to medium gravel__ 6
Sand, very fine to fine 13
Clay, sandy, mi , brown 1

81. Test hole 81. SWI{SWI sec. 20, T. 40 N., R. 9 E. Alamosa County.

Surface altitude, 7,604.2 feet.

Gravel, coarse, to medium sand 5
Gravel, coarse, to coarse sand 20
Gravel, coarse, to medium sand 3
Gravel, coarse 15
Sand, fine, to fine gravel 12
Clay, hard, brittle, brow 3
Sand, fine to medium 1

32. Test hole 32. SE4SEY sec. 21, T. 40 N., R. 9 E. Alamosa County.

Surface altitude, 7,589.7 feet.

Gravel, coarse, brown, to medium hrown sand 15
Gravel, coarse, brown, to very fine brown sand 11
Sand, fine, brown, to ecoarse brown gravel 4
Gravel, coarse, brown, to medium brown sand 1
Sand, very fine, brown, to coarse brown gravel 10
Gravel, coarse, brown, to very fine brown sand 4
Gravel, coarse, brown, to fine brown sand 1
Clay, soft, sandy, brown 3
Gravel, fine to coarse, brown; contains a little fine to medium brown sand..... 6

83. Test hole 83. SWSWI4 sec. 24, T. 40 N, R. 9 E. Alamosa County.

Surface altitude, 7,575.2 feet.

Sand, fine to medium, brown 5
Gravel, coarge, brown, to fine brown sand 11
Gravel, coarse, brown; contains medium brown sand 87
Clay, hard, brown 3

Gravel, coarse, brown; contains medium to coarse brown sand- ——cvcceee. 6

84. Test well 34, SEI{SE{ sec. 25, T. 40 N., R. 9 E. Alamosa County.

Surface altitude, 7,571.6 feet.

Sand, very fine to medium, brown; contains fine brown gravel e 7.5
Gravel, coarse, brown, to fine brown sand 10
Gravel, coarse, brown, to very fine brown sand 10
Sand, very fine to brown 17.5
Gravel, medium to coarse, brown; contains coarse brown sand-eceecvemac_- 10
Clay, brown 2
Sand, fine, brown, to coarse brown gravel 2

Clay, blocky, hard, blue. 1
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Depth
(feet)

40
50

11

85
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Thickness
(feet)
35. Test well 35. SW14SW14 gec. 2, T. 40 N., R. 10 E. Alamosa County.
Surface altitude, 7,545.0 feet.
Sand, fine to very coarse, brown 8
Sand, fine to very. coarse, tan to brown; contains very fine to coarse tan to
brown gravel 24
Sand, medium to very coarse, brown; contains very fine to coarse brown gravel 20
Clay, sandy, blue-gray. 3
Sand, very fine to very coarse, dark-blue; contains very fine to medium brown
gravel 6
Sand, very fine to very coarse, brown; contains very fine to fine brown gravel 6
Clay, soft, sandy, gray to greenish-gray. 1
Sand, very fine to coarse, brown, and brown silt; contains stringers of gray-
brown clay 3
Gravel, very fine to coarse, brown 8
Sand, fine to very coarse, greenish-blue; contains very fine greenish-blue gravel 4
Gravel, fine to coarse, greenish-blue, and fine greenish-blue sand; contains
stringers of clay. 8
Sand, very fine to medium, greenish-blue. 14
Gravel, very fine to coarse, dark-greenish-blue to black; contains fine to medium
dark-greenish-blue to black sand 16
Clay, silty, gray and bluish-gray; contains lenses of fine black sand_— . _._.__ 8
Clay, sandy, light-gray. 4
Clay, silty, greenish-gray to bluish-gray 5
Clay, sandy, green 4
Clay, bluish-gray 11
Sand, fine, brown; contains stringers of green sandy clay and snail shells____. 5
Clay, greenish-blu 6
Clay, dark-gray; contains lenses of green sandy clay. 12
Sand, fine, brown and black; contains stringers of gray and green clay__..._ 9
Clay, gray; contains thin lenses of fine black sand 9
Sand, fine, black; contains stringers of blue and greenish-blue clay.—________ 17

36. Test well 36. SWI4SW14 sec. 5, T. 40 N., R. 10 E. Alamosa County.

Surface altitude, 7,566.1 feet.

Sand, fine to coarse, brown; contains stringers of brown elay_ e ____
Sand, fine to very coarse, brown; contains very fine to coarse brown gravel___
Clay, compact, brown
Sand, very fine to very coarse, brown; contains very fine to coarse brown gravel
Gravel, fine to very coarse, brown; contains very fine to coarse brown sand..
Clay, soft, brown
Sand, very fine to very coarse, brown; contains very fine to coarse brown gravel
Clay, compact, yellowish-brown
Sand, very fine to coarse, brown; contains stringers of yellow elay v
Sand, very fine to coarse, black.

Clay, compact, gray.
Sand, very fine, black

Clay, compact, dark-gray; contains lenses of fine black sand o __
Sand, very fine to medium, black

Clay, compact, green

37. Test well 37. SWI14LNWI4 sec. 20, T. 40 N,, R. 10 E. Alamosa County.

Surface altitude, 7,562.7 feet.

Sand, fine to very coarse, brown
Clay, compact, brown
Sand, fine to very coarse, brown; contains very fine to coarse brown gravel._
Sand, fine to very coarse, brown and black; contains very fine to coarse brown

and black gravel
Clay, soft, brown
Sand, fine to very coarse, brown; contains very fine to coarse brown gravel__.
Clay, compact, brown
Sand, fine to very coarse, brown; contains very fine to coarse brown gravel__..
Clay, compact, brown

18.3
18.5
5
23.5
10
7.5
8.5
L0
3.1
8.0
9.0
6.4

9.8
2
7.0

27.0
.8
4.2
1.5
4.3

4

Depth
(feet)

32
55
61
68
71
83

91
105

121
129
133
138
142
153
158
164
176
185
194
211

5.0
10.7
11.7
30.0
48.5
49.0
72.5
78.5
81.0
84.5
85.5
88.6
96.6

105.6
112.0

9.8
10.0
17.0

44.0
44.8
49.0
50.5
54.8
55.2



RECORDS .
Thickness
(feet)
Sand, fine to coarse, brown 5.1
Clay, compact, brown A
Sand, fine to coarse, brown i 4.3
Clay, compact, green 5.5

88. Test well 38. SE1NEY sec. 21, T. 40 N, R. 10 E. Alamosa County.
Surface altitude, 7,552.1 feet.
Sand, fine to very coarse, brown; contains very fine to coarse brown gravel_. 5.0
Gravel, very fine to coarse, brown; contains fine to very coarse brown sand... 382.2

Clay, soft, brown 4
Sand, fine to very coarse, brown; contains very fine to coarse brown gravel

and stringers of brown clay. 16.8
Clay, compact, brown to yellowish-brown 4.1
Sand, fine to very coarse, brown; contains very fine to coarse brown gravel... 8.4
Clay, compact, brown B
Sand, very fine to medium, black; contains stringers of dark-gray clay—..__ 7.8
Clay, compact, green 5.8
Sand, very fine to medium, black 2.0
Clay, compact, green 1.1

89. Test well 39. NE%SEZ sec. 1, T. 40 N, R. 11 E. Alamosa County.
Surface altitude, 7,658.1 feet.

Sand, medium to very coarse, brown 10.0
Sand, fine to coarse, brown 10.0
Sand, very fine to coarse, brown; contains medium to coarse brown gravel._.. 32.0
Clay, soft, sandy, brown 2.5
Sand, very fine to coarse, brown; contains medium to coarse brown gravel ... 9.4
Sand, very fine to fine, brown 14.8
Clay, compact, brown 2.0
Sand, fine to very coarse, brown 19.3
Clay, compact, grayish-brown 2.0

Sand, fine to very coarse, brown; contains very fine to coarse brown gravel.. 1.4

40. Test well 40. SW1SW1, sec. 6, T. 40 N., R. 11 E. Alamosa County.
Surface altitude, 7,5635.2 feet.

Sand, very fine to coarse, brown 8
Sand, fine to very coarse, brown; contains stringers of brown clay_—-..- ——— 8.7
Sand, fine to very coarse, brown; contains very fine to medium brown gravel... 15.5
Sand, medium to very coarse, brown and black; contains very fine to medium

brown and black gravel 7.0
Sand, very coarse, black and brown; contains very fine to medium black and
brown gravel 17.6
Sand, very coarse, brown; contains very fine to very coarse brown gravel ___ 12.3
Clay, soft, greenish-gray. 6
Sand, medium to very coarse, brown and bluish-black; contains very fine to
medium brown and bluish-black gravel .9
Clay, ecompact, greenish-gray. 1.0
Sand, medium to coarse, black; contains medium to coarse brown gravel.._... 3.6
Clay, compact, greenish-gray. 1.0
Sand, medium to coarse, black; contains medium to coarse brown gravel _._. 4.0
Clay, compact, bluish-gray. 5.0
Gravel, medium to coarse, brown; contains fine black sand 4.0
Sand, fine to coarse, black; contains medium to coarse brown gravel ___..___ 19.0
Clay, soft, green to greenish-gray 2.0
Sand, coarse, brown and black; contains medium to coarse brown and black
gravel 2.0
Clay, soft, green 1.0
Gravel, medium to coarse, brown and black. 2.0
Sand, fine to coarse, black and bluish-black 48.0
Clay, soft to compact, gray 7.0
Sand, very fine to coarse, black. 8.0
Clay, ct, gray. 12.0

Sand, fine to coarse, brown and black. 1.5
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Depth
(feet)

60.3
60.7
65.0
70.5

5.0
87.2
37.6

54.4
58.5
66.9
67.4
5.2
81.0
83.0
84.1

10.0
20.0
52.0
64.5
63.9
78.4
80.7
100.0
102.0
103.4

9.5
25.0

32.0

49.6
61.9
62.5

63.4
64.4
68.0
69.0
73.0
78.0
82.0
101.0
103.0

105.0
106.0
108.0
156.0
163.0
166.0
178.0
179.5



248 GROUND-WATER RESOURCES, SAN LUIS VALLEY, COLO.

Thickness Depth
(feet) (feet)
41. Test well 41. NWYNWI sec. 9, T. 40 N., R. 11 E. Alamosa County.
Surface altitude, 7,588.7 feet.

Sand, very fine to medium, brown; contains stringers of brown clay ... 5.0 5.0
Sand, fine to very coarse, bluish-black; contains very fine bluish-black gravel_. 5.0 10.0
Sand, fine to very coarse, bluish-black; contains very fine to coarse bluish-

black gravel 22.0 32.0
Sand, medium to very coarse, bluish-black; contains very fine to coarse bluish-

black gravel 11.0 43.0
Sand, medium to very coarse, bluish-black; contains very fine to coarse bluish-

black gravel 8.0 46.0
Sand, fine to very coarse, black; contains very fine black gravel..._.____. 7.0 58.0
Sand, fine to very coarse, black; contains very fine to coarse black gravel.... 16.0 69.0
Clay, ct, gray. 1.5 70.6
Sand, medium to coarse, black. 5.5 76.0
Clay, ct, gray. 3.0 79.0
Sand, medium to very coarse, black; contains very fine to coarse black gravel_. 2.0 81.0
Clay, compact, greenish-gray. 8.0 87.0
Sand, fine to very coarse, brown and black; contains very fine to coarse brown

and black gravel 29.0 116.0
Sand, very fine to coarse, brown and black. 12.1 128.1
Clay, compact, greenish-gray. . 7.9 136.0
Sand, very fine to medium, brown and black 11.0 147.0
Clay, compact, greenish-gray. 3.0 150.0
Sand, very fine, black 18.0 168.0
Clay, compact, greenish-gray. ‘12,0 175.0
Sand, very fine to medium, black. 3.0 178.0
Clay, compact, greenish-gray. 15.6 198.6
Sand, very fine to medium, black. 6 194.2

42. Test well 42. NE4NE1; sec. 10, T. 40 N., R. 11 E. Alamosa County.
Surface altitude, 7,5638.3 feet.

Sand, very fine to medium, brown 20 20

Sand, very fine to medium, brown and black 18.0 83.0
Sand, fine to coarse, black 14.0 52.0
Sand, medium to very coarse, black 7.0 59.0
Sand, fine to medium, black 2.0 61.0
Sand, coarse to very coarse, black 9.0 70.0
Clay, soft, brown Lo 71.0
Sand, fine to coarse, black; contains medium black gravel e e eeee.. 1.0 72.0
Clay, compact, greenish-gray. 8.1 75.1
Sand, fine to very coarse, black 14.9 90.0
Clay, compact, greenish-gray. 1.8 91.8
Sand, very fine to coarse, black 824 124.2
Clay, soft, olive-green to greenish-gray. 4.3 128.5
Sand, very fine to medium, black. 16.5 145.0
Sand, medium to very coarse, black. . 28.7 178.7
Clay, ct, gray. 2.0 175.7
Sand, fine to coarse, black 1.8 177.0
Clay, cc t, green 8.1 180.1
Sand, fine to coarse, black 103 190.4
Clay, soft, green 9 181.3
Sand, very fine to medium, black; contains fine black gravel . ______________ 5.1 196.4
Clay, compact, gray. 4.0 200.4
Sand, fine to medium, black 1.3 201.7

48, Test well 48. SWISE1] sec. 15, T. 40 N., R. 11 E. Alamosa County.
Surface altitude, 7,528.7 feet.

Sand, fine to coarse, brown 5.0 5.0
Sand, very fine to medium, black. 21.0 26.0
Sand, fine to very coarse, black 17.0 43.0
Sand, fine to very coarse, black; contains very fine to medium black gravel__. 14.0 57.0

Clay, compact, gray. .5 57.8
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Thickness Depth

(feet) (feet)
Sand, fine to very coarse, black; contains very fine to coarse black gravel.__.. - T4 64.9
Clay, compact, gray. 2.0 66.9
Sand, coarse, black; contains eoarse black gravel 14.6 81.56
Clay, compact, dark-gray. 3.0 84.6
Sand, fine to coarse, black; contains coarse black gravel 21.1 105.6
Clay, compact, green to greenish-gray. 7.0 112.6
Sand, medium to coarse, black 1.4 114.0
Clay, compact, light-gray to greenish-gray. 9.0 123.0
Sand, fine to medium, black; contains coarse black gravele e b 123.6

44. Test well 44, SWIHNWI sec. 19, T. 40 N., R. 11 E. Alamosa County.
. Surface altitude, 7,637.8 feet.

Sand, very fine to very coarse, and very fine to coarse brown gravel; contains

stringers of brown clay. 33.2 83.2
Sand, fine to very coarse, brown; contains very fine to coarse brown gravel... 12.9 46.1
Clay, compact, dark-gray. 8.1 49.2
Gravel, fine to coarse, brown 2.0 612
Clay, compact, greenish-gray. 3.2 54,4
Gravel, coarse, brown; contains fine brown sand 2.2 56.6
Clay, compact, gray. 2.0 58.6
Gravel, fine to coarse, brown 3.9 62.6
Clay, compact, greenish-gray. 6.2 67.7
Sand, fine to very coarse, black; contains very fine to coarse black gravel.._... 8.0 5.9
Clay, compact, bright-green 5.0 80.7
Sand, very fine to medium, greenish-black to black 5.2 86.9

45. Test well 46. SE14SE14 sec. 22, T, 40 N., R. 11 E, Alamosa County.
Surface altitude, 7,526.9 feet.

Sand, fine, brown; contains stringers of brown clay. 3.5 3.5
Sand, cemented hard, ferruginous, reddish-brown 8.6 7.0
Sand, very fine to very coarse, black; contains very fine to medium black :

gravel 16.0 28.0
Gravel, fine to very coarse, black; contains very fine to coarse black sand--—.. 27.6 50.6
Clay, soft to ct, dark-gray. 3.2 53.8
Sand, very fine to very coarse, black; contains very fine to coarse black gravel 4.6 58.4
Clay, compact, green 2.0 60.4
Sand, very fine to coarse, black; contains coarse black gravelceeeeemene o 81.8 917
Clay, compact, green 1.0 92.7
Sand, very fine to very coarse, black; contains very fine to coarse black gravel 3.5 96.2
Clay, compact, greenish-gray. 4.1 100.8

46. Test well 46. SW14SW14 sec. 32, T. 40 N, R. 11 E. Alamosa County.
Surface altitude, 7,632.63 feet.

Sand, fine to very coarse, brown; contains very fine to coarse brown gravel... 7.0 7.0
Sand, very fine to very coarse, brown; contains very fine to coarse brown gravel 10.0 17.0
Clay, soft, brown; contains stringers of medium brown sand. o __ — 1.0 18.0
Sand, very fine to very coarse, brown; contains very fine to coarse brown

gravel 21.0 39.0
Clay, compact, bluish-gray K] 39.6
Sand, coarse, to very coarse, brown; contains very fine to coarse brown gravel 3.3 42.8
Sand, very fine to coarse, black; contains coarse black gravel e ceccmceaee 8.2 51.0
Clay, compaect, bluish-gray. 2.3 53.3
Sand, very fine to very coarse, black; contains very fine to coarse black gravel 4.7 58.0
Clay, compact, greenish-gray. 3.0 61.0
Sand, very fine to medium, black 4.0 65.0
Clay, compact, greenish-gray. 2.0 67.0
Sand, fine to medium, black 3.0 70.0
Clay, compact, greenish-gray 2.0 72.0
Sand, very fine, black 11.0 83.0
Clay, compact, greenish-gray. 3.9 86.9
Sand, very fine to medium, black 5.4 92.3

Clay, soft to compact, gray to greenish-gray; contains lenses of very fine black
sand 7 100.0
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Thickness

(feet)
47. Test well 47. SE14SE3Y sec. 85, T. 40 N, R. 11 E. Alamosa County.
Surface altitude, 7,528.3 feet.

Sand, fine to very coarse, brown 6.0
Sand, very fine to fine, black 4.0
Sand, fine to very coarse, black 16.0
Sand, fine to very coarse, black; contains very fine to coarse black gravel__.__ 22.2
Clay, soft, gray. .5
Sand, fine to very coarse, black; contains very fine to coarse black gravel...__ 9
Clay, pact, greenish-gray. 13
Sand, fine to very coarse, black; contains very fine to coarse black gravel._.__ 13.1
Clay, compact, bluish-gray. 3.0
Sand, medium to coarse, black; contains coarse black gravel . __.____ 9.0
Clay, compact, brownish-gray 5
Sand, medium to coarse, black; contains coarse black gravela— - __ 2.5
Clay, compact, greenish-gray. 7.4

Sand, very fine to very coarse, black; contains very fine to coarse black gravel 9.1

48. Test well 48, SW3I,SW14 sec. 32, T. 40 N., R, 12 E. Alamosa County.
Surface altitude, 7,582.9 feet.

Sand, very fine to medium, brown 5.0
Sand, fine to coarse, black. 5.0
Sand, fine to coarse, brown and black 11.6
Sand, fine to coarse, brown; contains lenses of fine black sand— . __ 24.9
Clay, compact, gray. 2.0
Sand, very fine to medium, black. 5.5
Clay, compact, green to gr ish-gray. 7.0
Sand, very fine to medium, black. 2.3

49. Test well 49, NE4NE14 sec. 1, T. 41 N,, R. 9 E, Saguache County.
Surface altitude, 7,548.7 feet.

Sand, very fine, brown, to medium brown gravel interbedded with thin layers

of brown sandy clay 18
Sand, very fine to coarse, brown 9
Sand, very fine, to coarse brown gravel 10
Sand, very fine to medium, brown; contains a little fine brown gravel _______ 8
Sand, fine, to medium brown gravel
Gravel, coarse, to fine brown sand 11
Clay, compact, brown
Gravel, coarse, to fine brown sand 3

50. Test well 50. SW1SW14 sec. 7, T. 41 N,, R. 10 E. Saguache County.
Surface altitude, 7,553.6 feet.

Sand, fine to coarse; contains a little coarse gravel 3
Sand, very fine, to coarse brown gravel 14
Sand, very fine to medium, brown 10
Sand, very fine, to medium brown gravel 5
Gravel, very fine to coarse; contains some fine to medium sand_____._______ 10
Sand, fine to coarse, brown; contains a little fine to medium brown gravel____. 5
Sand, very fine, to very fine brown gravel 7
Clay, sandy, soft, brown. 2
Gravel, coarse, to very fine sand 6

51. Test well 51. SW1,NW1I sec. 26, T. 41 N, R. 10 E, Saguache County.
Surface altitude, 7,5640.2 feet.

Sand, very fine to very coarse, brown; contains very fine to coarse brown gravel 10.0
Sand, very fine to very coarse, brown; contains very fine to coarse brown gravel 29.7
Sand, fine to very coarse, brown and black; contains very fine to coarse brown

and black gravel 8.0
Clay, soft, dark-green .6
Sand, fine to very coarse, black; contains very fine to coarse black gravel_____ 12.5
Clay, soft, dark-gray. 1

Sand, very fine to coarse, black; contains coarse brown gravel ______________ 2.1

Depth
(feet)

6.0
10.0
26.0
48.2
48.7
49.6
50.9
64.0
67.0
76.0
76.5
79.0
86.4
95.5

5.0
10.0
21.6
46.5
48.5
54.0
61.0
63.3

17
27
32

47
54
56
62

10.0
39.7

47.7
48.3
60.8
60.9
63.0



RECORDS
Thickness
(feet)
Clay, compact, dark-gray. 4.8
Sand, very fine, black 4.0
Clay, compact, dark-gray; contains lenses of fine black sand 3.1
Sand, very fine to very coarse, black; contains very fine to coarse black gravel 20.2
Clay, compact, green N

52. Test well 52. NW1,NWI, sec. 29, T. 41 N., R. 10 E. Saguache County.
Surface altitude, 7,5560.4 feet.

Sand, very fine to very coarse, brown 5.0
Sand, very fine to coarse, brown; contains fine to coarse brown gravel.o——._- 22.0
Clay, compact, brown .3
Gravel, very fine to coarse, brown; contains fine to very coarse brown sand-... 23.3
Clay, soft, brownish-gray 3
Gravel, very fine to coarse, brown; contains fine to very coarse brown sand.. 15.4
Clay, compact, brown 3.0
Sand, very fine to very coarse, brown; contains very fine to coarse brown
gravel 19.7
Clay, compact, brown; contains stringers of fine to coarse brown sand————__ 7.8

Sample logs of wells that were sunk by the U. S. Bureau
of Reclamation in Recent deposits

53. Well 37-9-17aa. Alamosa County. Jetted. Surface altitude, 7,572.6 feet.

Sand and gravel, fine 8
Clay, hard, brown .2

54. Well 37-9-22dd. Alamosa County. Jetted. Surface altitude, 7,560.7 feet.
Sand, fine 3.8
Clay, sandy, yellow 5.3

55. Well 37-9-32dd. Alamosa County. Jetted. Surface altitude, 7,586.2 feet.
Sand, fine 1
Gravel, coarse; contains fine sand ___ 7.5
Clay . 8

56. Well 37-10-5db. Alamosa County. Jetted. Surface altitude, 7,548.8 feet.
Sand, fine, clayey 8.3

57. Well 37-10-8dd. Alamosa County. Jetted. Surface altitude, 7,540.8 feet.

Sand, fine, clayey 10.2

58. Well 37-10-14ca. Alamosa County. Jetted. Surface altitude, 7,532.7 feet.
Sand, fine 9.5

59. Well 37~10-19cc. Alamosa County. Jetted. Surface altitude, 7,649.5 feet.
Clay, firm, brown 4
Sand, fine 4.7

60. Well 37-11-3dd. Alamosa County. Jetted. Surface altitude, 7,522.0 feet.
Clay, firm, hard, brown 4.5
Sand, fine, brown 4.9

61. Well 37~12-6bb. Alamosa County. Jetted. Surface altitude, 7,542.8 feet.
Sand, fine to very coarse, red 6.3

62. Well 38-8-5da. Rio Grande County. Jetted. Surface altitude, 7,639.4 feet.
Sand, fine 4
Gravel, coarse 4.1

63. Well 38-8-17dd. Rio Grande County. Jetted. Surface altitude, 7,627.4 feet.
Clay, hard, brown 6
Sand, fine, clayey 4.3

64. Well 38-8-25dd. Rio Grande County. Jetted. Surface altitude, 7,591.8 feet.
Clay 3
Sand and gravel, coarse 6.7
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Depth
(feet)
67.8
71.8
74.9
95.1
95.8

5.0
27.0
27.3
50.6
50.9
66.3
69.8

89.0
96.8

3.8
9.1

8.5
9.3

8.3

10.2

9.5

4.5
9.2

6.3
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Thickness
(feet)
65. Well 38-9-28aa. Alamosa County. Jetted. Surface altitude, 7,578.6 feet.
Clay, hard, brown 2.5
Sand, fine, gray 4.7
66. Welk 38-10-9cc. Alamosa County. Jetted.
Clay, firm, brown 4
Sand and gravel, fine to dium, brown 4.2
67. Well 38-10-35cc. Alamosa County. Jetted. Surface altitude, 7,540.0 feet.
Clay, loam, black 5
Sand, fine, gray 4.2
68. Well 38-11~lcc. Alamosa County. Bored. Surface altitude, 7,618.1 feet.
Clay, sandy 8.5
Sand, fine to coarse 2
69. Well 38-11-1dd. Alamosa County. Surface altitude, 7,615.4 feet.
Clay, sandy 8
Sand, coarse 2

70. Well 38-11~2cc. Alamosa County. Bored. Surface altitude, 7,622.1 feet.
Clay, sandy 10.5
Sand, coarse 2

71. Well 38-11-4aa. Alamosa County. Bored. Surface altitude, 7,524.5 feet.

Sand, fine to medium 2
Sand, fine, clayey -.. [
Sand, fine to coarse 4.8

72. Well 38-11-10dd. Alamosa County. Bored. Suriace altitude, 7,5623.6 feet.

Clay, sandy 9
Sand, coarse 1.3

78. Well 38-11-12dd. Alamosa County. Bored. Surface altitude, 7,528.8 feet.
Clay, sandy 12
Sand, coarse 4.2

74. Well 38-11~14cc. Alamosa County. Bored. Surface altitude, 7,624.7 feet.

Clay, sandy 8
Sand, coarse 3.8

756. Well 38-11-26bb. Alamosa County. Bored. Surface altitude, 7,5621.8 feet.
Clay, gray 5.6
Sand, coarse 3.1

76. Well 38-11-31ce. Alamosa County. Jetted. Surface altitude, 7,533.0 feet.

Sand, fine, brown 10
77. Well 38-11-33cc. Alamosa County. Jetted. Surface altitude, 7,625.0 feet.
Sand, fine 7.3
78. Well 38-11-36bb. Alamosa County. Bored. Surface altitude, 7,5621.4 feet.
© Clay, sandy . 8
Sand, coarse, red 3
79. Well 39-7-25da. Rio Grande County. Jetted.
Clay 3
Gravel, coarse; contains fine black sand 4.2

80. Well 39-9-1dd. Alamosa County. Jetted. Surface altitude, 7,672.9 feet.
Sand, fine 2.1
Sand and gravel, coarse 7.3

81. Well 39-9-2aa. Alamosa County. Jetted. Surface altitude, 7,5678.7 feet.
Soil, sandy 1.3
Sand and gravel, coarse 8

Depth
(feet)

2.5
7.2

12
16.2

11.8

5.6
8.6

10

7.3

2.1
94

13
9.3



RECORDS
Thickness
(feet)

82. Well 39-9-3bb. Alamosa County. Jetted. Surface altitude, 7,689.5 feet.
Clay, sandy 1.7,
Sand and gravel 7.9

83. Well 39-9-3dd. Alamosa County. Jetted. Surface altitude, 7,683.4 feet.
Soil, sandy 2.8
Sand and gravel, coarse 7.1

84, Well 39-9-4dd. Alamosa County. Jetted. Surface altitude, 7,590.2 feet.
Seil, sandy 2.8
Sand and gravel, coarse 6.9

85. Well 39-9-10cc. Alamosa County. Jetted. Surface altitude, 7,588.4 feet.
Clay, hard, brown — 1.9
Sand and gravel, fine : 7.9

86. Well 39-9-10dd. Alamosa County. Jetted. Surface altitude, 7,580.9 feet.
Clay, hard, brown 8
Sand and gravel, fine 6.9

87. Well 39-9-11dd. Alamosa County. Jetted. Surface altitude, 7,574.7 feet.
Clay, sandy 3
Sand and gravel, fine €

88. Well 39-9-12dd. Alamosa County. Jetted. Surface altitude, 7,568.6 feet.
Clay, hard, brown 2.5
Sand and gravel, fine 7.4

89. Well 39-9-20aa. Alamosa County. Jetted. Surface altitude, 7,593.4 feet.
Clay, hard, brown 1.9
Sand and gravel, fine 8

90. Well 39-9-20bb. Alamosa County. Jetted. Surface altitude, 7,600.1 feet.
Clay, sandy 1.9
Sand and gravel, fine 7.7

91. Well 39-9-21cc. Alamosa County. Jetted. Surface altitude, 7,594.4 feet.
Clay, sandy 8
Sand and gravel, coarse 1.9

92. Well 30-9-22ce. Alamosa County. Jetted. Surface altitude, 7,587.5 feet.
Clay, sandy 2.5
Sand, fine — 2
Clay 5
Sand and gravel, coarse 4.9

93. Well 39-9-23cc. Alamosa County. Jetted. Surface altitude, 7,580.0 feet.
Clay, sandy 4.5
Sand and gravel, fine 5.4

94, Well 39-9-24cc. Alamosa County. Jetted. Surface altitude, 7,571.7 feet.
Clay, sandy 3.5
Sand and gravel, coarse 2 6.4

95. Well 39-9-24dd. Alamosa County. Jetted. Surface altitude, 7,567.1 feet.
Clay, sandy 4.8
Sand and gravel, coarse 4.2

96. Well 39-10~32dd. Alamosa County. Jetted. Surface altitude, 7,551.1 feet.
Clay, brown 2
Sand, fine to coarse, brown; contains fine to coarse brown gravel —ee e . 6.7

97. Well 39-10-36aa. Alamosa County. Jetted. Surface altitude, 7,536.8 feet.
Sand, fine to medium 1
Clay, brown 5
Sand, fine to coarse; contains fine to very coarse gravel 8.5
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Depth
(feet)

1.7
9.6

2.8
9.9

2.8
97

2.5
9.9

1.9
9.9

19
9.6

2.5
4.5

9.9

4.5
9.9
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Thickness
(feet)
98, Well 39-11-1dd. Alamoea County. Jetted. Surface altitude, 7,622.6 feet.
Clay, sandy, brown 4
Clay, gray 2
Sand, coarse, gray and black; containg medium gray and black gravelo...-.. 3.8

99. Well 39-11-4cc. Alamosa County. Jetted. Surface altitude, 7,526.3 feet.
Sand, medium; contains fine to coarse gravel 10

100. Well 39-11-9aa. Alamosa County. Jetted. Surface altitude, 7,521.9 feet.
Sand, medium, to coarse gravel; contains some clay. 9.6

101. Well 39-11-9dd. Alamosa County. Jetted. Surface altitude, 7,5621.9 feet.
Sand, medium, to medium gravel 94

102. Well 39-11-10aa. Alamosa County. Jetted. Surface altitude, 7,522.6 feet.

Clay, sandy 8
Clay, gray 2
Sand, coarse, gray and black, to medium gray and black gravelo— ... — 1.6

103. Well 39~11~11bd. Alamosa County. Jetted. Surface altitude, 7,621.7 feet.
Clay, soft; contains lenses of medium sand 10.4

104. Well 89-11-12¢cc. Alamosa County. Jetted. Surface altitude, 7,622.2 feet.

Sand, very fine 2
Sand, fine 5.8

105. Well 39-11-13cc. Alamosa County. Bored. Surface altitude, 7,519.5 feet.
Clay, sandy 3
Sand, fine 7

106, Well 39-11-14ce. Alamosa County. Bored. Surface altitude, 7,519.8 feet.
Clay, sandy 1
Sand, fine, clayey 7

107. Well 39-11-15aa. Alamosa County. Jetted. Surface altitude, 7,521.7 feet.
Clay, brown 6
Sand, fine to coarse 8.9

108. Well 39-11-15ce. Alamosa County. Jetted. Surface altitude, 7,621.9 feet.
Sand, fine to medium, brown to black. 10

109. Well 39-11-21cc. Alamosa County. Jetted. Surface altitude, 7,5627.2 feet.
Sand, fine to coarse; contains fine to very coarse gravel 10

110. Well 89-11-25ce. Alamosa County. Bored. Surface altitude, 7,515.9 feet.
Silt to sand, very fine. 5
Sand, fine 44

111. Well 39-11-32ba. Alamosa County. Jetted. Surface altitude, 7,529.7 feet.
Clay, firm, brown 5.6
Sand, fine to medium, brown 4.4
Clay, firm, brown 2

112. Well 89-11-32bb. Alamosa County. Jetted. Surface altitude, 7,531.5 feet.
Clay, firm; contains layers of fine to medium sand 13
Sand, fine to medium, brown 4

113. Well 39-12-2bb. Alamosa County. Bored. Surface altitude, 7,608.1 feet.
Sand, black and brown 3.2
Sand, medium, black 1

114. Well 39-12-6dd. Alamosa County. Jetted. Surface altitude, 7,526.7 feet.
Sand and clay. 1.5
Sand, coarse, gray and black 8

Depth
(feet)

4
6
9.8

10

9.5

9.4

10
116

10

10

5.6

10.2

13
17

3.2
4.2

1.5
9.5



RECORDS
Thickness
(feet)

115. Well 39-12-18bb. Alamosa County. Jetted. Surface altitude, 7,523.0 feet.
Sand and clay 2.6
Sand, coarse, brown to black; contains fine brown to black gravelo— o ceeeun 7

116. Well 39-12-19ad. Alamosa County. Jetted. Surface altitude, 7,623.2 feet.
Sand and clay, gray. 3
Sand, fine to medium 6.5

117. Well 89~12-19bb. Alamosa County. Jetted. Surface altitude, 7,518.1 feet.
Sand, medium to coarse, brown and black 8.7

118. Well 39-12-29bd. Alamosa County. Bored. Surface altitude, 7,524.2 feet.
Sand, coarse, clayey. 8.8

119. Well 39-12-31cc. Alamosa County. Bored. Surface altitude, 7,516.9 feet.
Clay, sandy 4
Sand, coarse 9.3

120. Well 39-12-32ca. Alamosa County. Bored. Surface altitude, 7,520.6 feet.
Sand, fine 9.3

121. Well 40-8-1dd. Rio Grande County. Jetted. Surface altitude, 7,606.5 feet.
Soil 2.5
Sand and gravel, coarse. 6.9

122. Well 40-9-1aa. Alamosa County. Jetted. Surface altitude, 7,571.4 feet.

16.6

Sand and gravel, coarse

128. Well 40-9-6dd. Alamosa County.
Soil, sandy

Jetted.

Surface altitude, 7,598.9 feet.
2.8

7.1

Sand and gravel, coarse

124. Well 40-9-10aa. Alamosa County. Jetted. Surface altitude, 7,582.3 feet.
Clay, sandy 7.5
Sand and gravel, coarse 2.4

125. Well 40-9-10cc.
Soil, sandy, fine

Alamosa County.

Jetted.

Surface altitude, 7,591.6 feet.
8

1.6

Sand and gravel, coarse

126, Well 40-9-1l1cc.
Soil, sandy

Alamosa County.

Jetted.

Surface altitude, 7,584.8 feet.
4

Clay, sandy, brown

4.9

127.
Soil, sandy

Well 40-9-11dd. Alamosa County.

Jetted.

Surface altitude, 7,577.9 feet.
7

Clay

5

Sand and gravel

128. Well 40-9-12dd. Alamosa County.
Sand, very fine to medium, brown

Jetted.

Surface altitude, 7,567.9 feet.
5

5

Clay, firm, brow
Sand, fine to coarse, brown

4.5

129. Well 40-9-14dd. Alamosa County.
Clay, hard, brown

Jetted.

Surface altitude, 7,573.9 feet.
3

6.8

Sand and gravel, coarse

130. Well 40-6-16dd.
Clay, hard, brown

Alamosa County.

Jetted.

Surface altitude, 7,587.7 feet.
4.8

4.3

Sand and gravel, coarse

131. Well 40-9~17dd. Alamosa County. Jetted. Surface altitude, 7,595.4 feet.
Soil, sandy 2.8
Sand and gravel, coarse 6.5
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Depth
(feet)

2.6
9.5

9.5
8.7

183
9.3

2.5
9.4

16.6

2.8
9.9

7.5
9.9

9.6

9.8

4.8
9.1

2.8
9.3
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Thickness
(feet)
132. Well 40-9-19cc. Alamosa County. Jetted. Surface altitude, 7,612.4 feet.
Sand and gravel, fine 9.6
133. Well 40-9-19dd. Alamosa County. Jetted. Surface altitude, 7,604.4 feet.
Soil, sandy 2.5
Sand and gravel, coarse 7.4
134, Well 40-9-20dd. Alamosa County. Jetted. Surface altitude, 7,597.2 feet.
Soil, sandy 4.5
Sand and gravel, coarse. 5.1
135, Well 40-9-21dd. Alamosa County. Jetted. Surface altitude, 7,589.6 feet.
Clay, firm, brown 2.6
Sand and gravel, coarse. 7.4
136. Well 40-9-25bb. Alamosa County. Jetted. Surface altitude, 7,674.9 feet.
Clay, hard, brown 2.3
Sand and gravel, coarse 7
187. Well 40-9-25dd. Alamosa County. Jetted. Surface altitude, 7,578.2 feet.
Sand, fine 9
Sand and gravel, coarse 9
138. Well 40-9-26bb. Alamosa County. Jetted. Surface altitude, 7,581.8 feet.
Clay, hard, brown. 2.4
Sand and gravel, coarse 6.8
189, Well 40-9-26dd. Alamosa County. Jetted. Surface altitude, 7,576.9 feet.
Sand, fine 4.5
Sand and gravel, coarse. 5.1
140. Well 40-9-27cc. Alamosa County. Jetted. Surface altitude, 7,589.3 feet.
Clay, sandy, brown T
Sand and gravel, coarse 2.8
141. Well 40-9-27dd. Alamosa County. Jetted. Surface altitude, 7,582.8 feet.
Sand, fine 7.5
Sand and gravel, coarse 2
142. Well 40-9-32bb. Alamosa County. Jetted. Surface altitude, 7,604.3 feet.
Clay, sandy 3.2
Sand and gravel, coarse 6.7
143. Well 40-9-32cc. Alamosa County. Jetted. Surface altitude, 7,604.1 feet.
Sand, fine 2.2
Sand and gravel, coarse 6.7
144. Well 40-9-32dd. Alamosa County. Jetted. Surface altitude, 7,696.7 feet.
Clay, sandy 2.8
Sand and gravel, coarse. 7.1
145. Well 40-9-35cc. Alamosa County. Jetted. Surface altitude, 7,583.8 feet.
Soil, sandy 1.7
Sand and gravel, coarse 7.6
146. Well 40-10-1cd. Alamosa County. Bored. Surface altitude, 7,536.4 feet.
Soil, sandy .5
Clay 5
Sand, fine 5.6
147. Well 40-10-1dc. Alamosa County. Bored. Surface altitude, 7,5685.2 feet.
Sand, fine, clayey. N
Sand, medium; contains fine gravel 5.8
148. Well 40-10-1dd. Alamosa County. Bored. Surface altitude, 7,684.6 feet.

1

Soil, sandy

Depth
(feet)

9.6
2.5
9.9
4.5
9.6
2.5
9.9

23
9.3

2.4
9.2

4.6
9.6

7.6
9.5

3.2

2.2
8.9

2.8
9.9

1.7
9.3



RECORDS
Thickness

(feet)
Clay _- q
Sand, fine 5.3

149. Well 40~10~3cc. Alamosa County. Bored. Surface altitude, 7,554.8 feet,

Sand, very fine to fine, brown; contains some fine brown gravel._.__________ 5
Sand, fine to medium; contains fine gravel 2.3
Sand, medium to coarse; contains fine gravel 1

160. Well 40-10-6aa. Alamosa County. Bored. Surface altitude, 7,562.9 feet.
Sand, very fine to medium, brown; contains some coarse brown gravel._______ 2
Sand, fine to coarse; contains fine to very coarse gravel 9.6

151. Well 40-10-9cc. Alamosa County. Jetted. Surface altitude, 7,560.1 feet.

Sand, fine, brown; contains fine brown gravel.__ 5
Sand, very fine, brown; contains some fine to medium brown gravel__________ 2.5
Sand, fine to coarse, brown; contains fine to very coarse brown gravel _..____. 5

Clay, firm, brown 5
Sand, fine to eoarse, brown; contains fine to very coarse brown gravel________ 1.3

152. Well 40~10-11aa. Alamosa County. Bored. Surface altitude, 7,640.8 feet.

Soil, sandy, coarse 3
Sand, coarse; contains fine gravel 1
Gravel, fine to medium 1.5
Sand, coarse; contains fine gravel 2.2

153. Well 40-10-13dd. Alamosa County. Bored. Surface altitude, 7,539.1 feet.

Seil, sandy -~ e e e .5
Sand, coarse, to fine gravel 6.5
Gravel, fine to coarse 1

154. Well 40-10-14dd. Alamosa County. Bored. Surface altitude, 7,542.9 feet.

Soil, sandy, brown 0.5
Sand, fine to coarse, brown; contains medium to ccarse brown gravel_____.._ 3.8
Sand, very fine to coarse, brown; contains medium to coarse brown gravel____ T
Sand, coarse, to coarse gravel 5

156. Well 40-10-16cc. Alamosa County. Jetted. Surface altitude, 7,656.7 feet.

Sand, very fine to medium, brown; contains coarse brown gravel _____.______ 2
Clay, firm, brown 5
Sand, fine to eoarse, brown; contains coarse brown gravel _________________ 7.6

156. Well 40-10-19aa. Alamosa County. Jetted. Surface altitude, 7,563.9 feet.
Sand, fine to coarse, brown; contains fine to coarse brown gravel. . ________ 10

167. Well 40-10-23dd. Alamosa County. Bored. Surface altitude, 7,542.9 feet.

Sand, fine to medium 3.5
Sand, coarse; contains medium gravel. - .5
Sand, coarse; contains very coarse gravel 1.1

158. Well 40-10-26dd. Alamosa County. Jetted. Surface altitude, 7,543.0 feet.
Sand, very fine to medium, brown 1
Sand, fine to coarse, brown; contains fine to very coarse brown gravel_______ 8.9

159. Well 40-10-30bb. Alamosa County. Jetted.

Sand, very fine to medium, brown 2
Sand, fine to coarse, brown 4
Sand, fine to coarse; contains fine to very coarse gravel 1.8

160. Well 40-10-36aa. Alamosa County. Jetted. Surface altitude, 7,5638.1 feet.

Loam, sandy 0.5
Sand, fine to medium; contains fine to coarse gravel 5.5
Sand and gravel, coarse; contains some clay. 3.9

161. Well 40-11-2cc. Alamosa County. Bored. Surface altitude, 7,534.6 feet.
Sand, very fine; contains some fine gravel 6.4
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Thickness
. (feet)
162. Well 40-11-2de. Alamosa County. Bored. Surface altitude, 7,637.8 feet.
Sail, sandy 0.8
Sand, coarse; contains fine to medium gravel 1.2
Sand, coarse; contains fine gravel 4.7
168. Well 40-11-3ad. .Alamosa County. Bored. Surface altitude, 7,543.8 feet.
Sand, medium, brown 3
Sand, medium to coarse, dark-brown 1
Sand, fine to medium, black 3
164. Well 40-11-52a. Alamosa County. Bored. Surface altitude, 7,585.2 feet.
Soil, sandy 0.2
Sand, very fine to fine, clayey. 44
Sand, fine to coarse, dark-brown 8
166. Well 40-11-6bd. Alamosa County. Jetted. Surface altitude, 7,629.2 feet.
Soil 2
Gravel, medium to coarse; contains very fine to fine sand 6.1
166. Well 40-11-7aa. Alamosa County. Bored. Surface altitude, 7,583.7 feet.
Sand, fine to medium, gray. 0.2
Sand, very fine to fine; contains some fine gravel 1.8
Sand, fine to coarse; contains fine to coarse gravel 1.5
Gravel, fine to coarse; contains fine to coarse sand 5.9

167. Well 40-11-7ce. Alamosa County. Bored.

Surface altitude, 7,538.3 feet.

Sand, fine 1.3
Sand, coarse; contains fine gravel 8.7
168. Well 40-11-8de. Alamosa County. Bored. Surface altitude, 7,528.7 feet.
Sand, di clayey. 1.6
Clay, brown 1.5
Sand, medium, clayey. .5
Sand, medium to coarse, gray. 1
Sand, fine to medium, gray; contains some blue clay. 5
Sand, medium to coarse, gray. 2
Sand, coarse, black; contains some clay. 18
169, Well 40-11-14aa. Alamosa County. Bored. Surface altitude, 7,530.7 feet.
Soil, sandy 1
Gravel, fine to medium, slightly clayey. .5
Gravel, medium, gray 1.5
Gravel, fine to medium; contains coarse black sand 1
Sand, medium, gray. B
Sand, coarse; contains fine gravel 1.2
170. Well 40-11-14cc. Alamosa County. Bored. Surface altitude, 7,524.9 feet.
Sand, coarse, gray. 2.6
171. Well 40-11-14de. Alamosa County. Bored. Surface altitude, 7,526.0 feet.
Sand, medium, clayey 0.6
Sand, fine to medium, clayey. 2
Sand, medium, clayey 5
Sand, medium, brown; contains some clay 1.5
Sand, medium to coarse, gray. 2.6
172. Well 40~11-15bb. Alamosa County. Jetted. Surface altitude, 7,526.5 feet.
Soil 1
Sand, coarse, gray. 1
Clay, gray 1
Sand, coarse, brown and black 1
Sand, coarse, clayey, gray. 8.6
178. Well 40-11-15dd. Alamosa County. Bored. Surface altitude, 7,529.4 feet.
Sand, fine, clayey. 1.5
Sand, fine; contains some clay. 1.5
Sand, medium; contains some coarse gravel 1

Depth
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RECORDS

Sand, medium, elayey

Thickness
(feet)
2

Sand, coarse, gray.

1.8

174. Well‘40-11-17bb. Alamosa County. Bored. Surface altitude, 7,636.4 feet.
Soil, sandy 1
Sand, medium; contains fine gravel 5
Sand, medium to coarse, gray. 5
Sand, coarse 2

175. Well 40-11-18bd. Alamosa County. Bored.

Surface altitude, 7,536.5 feet.
9.5

Sand, fine; contains some clay.

176. Well 40-11-20dd. Alamosa County. Bored.
Soil, sandy

Surface altitude, 7,527.4 feet.

0.5
Sand, very fine to medium; contains fine to coarse gravel 5
Sand and gravel, fine to coarse 1

8.4

Sand, coarse; contains coarse gravel

177. Well 40-11-25ba. Alamosa County. Bored. Surface altitude, 7,529.1 feet.
Soil, sandy, gray. 1
Clay, sandy, gray. 6.5
Sand, medium, gray. 33

178. Well 40-11-26db. Alamosa County. Jetted. Surface altitude, 7,628.6 feet.
Sand, fine to coarse, brown 7

179. Well 40-11-27aa. Alamosa County. Bored. Surface altitude, 7,526.9 feet.
Sand, fine, clayey, gray. 1
Sand, medium, black; contains some clay. 4
Sand, medium to coarse; contains some clay. 1.7

180. Well 40-11-27¢b. Alamosa County. Bored. Surface altitude, 7,526.9 feet.
Clay, gray 3
Sand, coarse, gray; contains some gray clay. 1
Clay, gray 1
Sand, coarse, to fine gravel .6

181. Well 40-11~29dd. Alamosa County. Bored. Surface altitude, 7,527.9 feet.
Clay, brown 1
Clay, sandy, gray 1
Sand, coarse, gray and black, to coarse gray and black gravelo e vcaceaa - 1
Sand, medium to coarse 5
Sand and gravel, coarse. 1

182. Well 40-11-30bb. Alamosa County. Bored. Surface altitude, 7,537.9 feet.
Soil, sandy 1
Sand, fine to coarse 3
Sand, medium to coarse. 6

183. Well 40-11-30dd. Alamosa County. Bored. Surface altitude, 7,531.9 feet.

Sand, very fine to medium; contains some coarse gravel

4

Clay, sandy, light-gray.

b

Sand, cearse; contains coarse gravel

1.7

184. Well 40-12-7dd. Alamosa County.
Soil

Bored. Surface altitude, 7,544.3 feet.

2
Sand, medium, black; contains some clay. 438
185. Well 40-12-18bb. Alamosa County. Bored. Surface altitude, 7,584.5 feet.
Sand, fine to medium, black; contains some clay. 5
1.9

Clay, blue

186. . Well 40-12-20ba. Alamosa County. Bored.
Sand, medium, brown; contains some clay.

Surface altitude, 7,545.5 feet.
1

3

Sand, medium to coarse, gray.
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Thickness
(feet)
187. Well 40-12-29de. Alamosa County. Bored. Surface altitude, 7,587.8 feet.
Clay, sandy, gray. 1.5
Sand, coarse, black and gray. 4.3
183. Well 40-12-30aa. Alamosa County. Bored. Surface altitude, 7,532.9 feet.
Soil, sandy, clayey. ' 1
Sand, fine, brown and gray, to coarse brown and gray gravel_________________ 5.4

189. Well 40-12-31ab. Alamosa County. Bored. Surface altitude, 7,528.5 feet.
Clay, sandy, gray.
Clay, sandy, brown 1.5
Sand, coarse, black; contains some clay 4

190, Well 40-12-33cc. Alamosa County. Bored. Surface altitude, 7,550.0 feet.
Sand, medium to coarse, gray 7

191. Well 41~-8-3aa. Saguache County. Jetted. Surface altitude, 7,593.5 feet.
Clay, sandy 1
Sand and gravel, coarse 8.9

192. Well 41-8-6cc. Saguache County. Jetted. Surface altitude, 7,632.83 feet.
Sand, fine [
Gravel, coarse; contains some fine sand 2

198. Well 41-8-7dd. Saguache County. Jetted. Surface altitude, 7,630.9 feet.
Soil, sandy 1.9
Sand and gravel, coarse. 8.1

194. Well 41-8-13aa. Saguache County. Jetted. Surface altitude, 7,586.8 feet.
Clay, sandy 2
Sand and gravel, coarse 7.7

195. Well 41-8-15aa. Saguache County. Jetted. Surface altitude, 7,603.9 feet.
Clay, sandy 17
Sand and gravel, coarse 8.2

196. Well 41-8-16bb. Saguache County. Jetted. Surface altitude, 7,621.9 feet.
Soil, sandy 1.5
Sand and gravel, coarse 6

197. Well 41-8-20aa. Saguache County. Jetted. Surface altitude, 7,576.3 feet.
Clay,” hard, brown 2
Sand and gravel, coarse 8

198. Well 41-8-21dd. Saguache County. Jetted. Surface altitude, 7,622.8 feet.
Soil, sandy 17
Sand and gravel, coarse 8.2

199. Well 41-8-22aa. Saguache County. Jetted. Surface altitude, 7,608.9 feet.
Seil, sandy 1.3
Sand and gravel, coarse 8.6

200. Well 41-8-24aa. Saguache County. Jetted. Surface altitude, 7,5688.9 feet.

Sand and gravel, fine 9.9
201. Well 41-8-26ce. Saguache County. Jetted. Surface altitude, 7,630.4 feet.

Seil, sandy 2.5

Sand and gravel, coarse. 7.4

202, Well 41-8-26dd. Saguache County. Jetted. Surface altitude, 7,609.3 feet.
Soil, sandy 2.1
Sand and gravel, coarse._. 7.8

203. Well 41-9~1aa. Saguache Couniy. Jetted. Surface altitude, 7,549.4 feet.
Clay 1
Sand and gravel, coarse 3

Depth
(feet)

1.5
5.8

7
9.9

1.5
7.5

1.7
9.9

1.3
9.9

9.9

2.5
9.9

2.1
9.9



Clay

RECORDS

Thickness
(feet)
5

Sand and gravel, coarse

5.4

204. Well 41-9-2bb.
Clay, hard, brown

Saguache County.

Jetted.

Surface altitude, 7,666.8 feet.
0.6

Sand and gravel

9.2

Surface altitude, 7,670.8 feet.

) 205. Well 41-9-6aa. Saguache County. Jetted.
Clay, sandy 7.6
Sand and gravel, fine 2.6

206,
Clay, sandy

Well 41-9-6dd.

Saguache County.

Jetted.

Surface altitude, 7,574.9 feet.
1.7

Sand and gravel, coarse

6.3

207. Well 41-9-11bb.
Soil, sandy, fine

Saguache County.

Jetted.

Surface altitude, 7,660.3 feet.
1.5

Sand and gravel, coarse

7

208. Well 41-9-12aa.
Clay, sandy, hard

Saguache County.

Jetted,

Surface altitude, 7,550.5 feet.
4.6

Sand and gravel, coarse

5.4

209, Well 41-9-13¢c.
Soil, sandy

Saguache County.

Jetted.

Surface altitude, 7,560.6 feet.
1.9

Sand and gravel, coarse

210. Well 41-9-14bb.
Sand, fine

Saguache County.

Jetted.

8

Surface altitude, 7,562.3 feet.
1.8

Sand and gravel, coarse.

8.1

211. Well 41-9-16aa.
Clay, hard, brown

Saguache County.

Jetted.

Surface altitude, 7,665.0 feet.
1.5

Sand and gravel, coarse

212. Well 41-9-16bb.
Clay, hard, brown

Saguache County.

Jetted,

8.4

Surface altitude, 7,570.6 feet.
1.9

Sand and gravel, coarse.

7.1

213, Well 41-9-18aa.
Clay, hard, brown

Saguache County.

Jetted.

Surface altitude, 7,677.7 feet.
2.3

Sand and gravel, coarse.

5.6

214. Well 41-9-19%an.
Clay, firm, brown

Saguache County.

Jetted.

Surface altitude, 7,682.5 feet.
1.8

Sand and gravel, coarse.

215. Well 41-9-19cc.
Sand and gravel, fine.

Saguache County.

Jetted.

8.2

Surface sltitude, 7,695.7 feet.
9.9

216. Well 41-9-20cc.
Clay, firm, brown

Saguache County.

Jetted.

Surface altitude, 7,688.8 feet.
2

Sand and gravel, coarse

7.9

217. Well 41-9-20dd.
Clay, firm, brown

Saguache County.

Jetted.

Surface altitude, 7,681.0 feet.
1.5

Sand and gravel, coarse

8.4

218. Well 41-9-22dd. Saguache County. Jetted. Surface altitude, 7,568.8 feet.
Soil, sandy 2
Sand and gravel 7.9

219. Well 41-9-28bb.
Sand and gravel, fine

Saguache County.

Jetted.

Surface altitude, 7,666.8 feet.
1.9

Sand and gravel, coarse.

8
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220. Well 41-9~29¢cc.

Soil, sandy

Saguache County. Jetted.

GROUND-WATER RESOURCES, SAN LUIS VALLEY, COLO.

Thickness
(feet)

Surface altitude, 7,591.6 feet.
4.8

Clay, soft, brown

5

Sand and gravel

4.6

221. Well 41-9-30ce. Saguache County. Jetted. Surface altitude, 7,699.8 feet.
Clay, sandy 6.5
Sand and gravel, coarse. 3.3

222. Well 41~9-3lec. Saguache County. Jetted. Surface altitude, 7,602.9 feet.
Soil, sandy 4.9
Sand and gravel, coarse. 5

223. Well 41-9-32ce.
Soil, sandy

Saguache County. Jetted.

Surface altitude, 7,695.0 feet.
2.8

Soil and gravel, coarse.

7.1

224. Well 41-9-35dd. Saguache County. Jetted.
Sand and gravel, fine. .

Surface altitude, 7,670.8 feet.
9.8

225. Well 41-10-11 ce.

Saguache County. Bored.

Surface altitude, 7,533.3 feet.
2.5

Clay, firm, brown
Clay, sandy

15

Sand, fine to coarse.

226. Well 41-10-13aa. Saguache County. Bored.

Clay

Surface altitude, 7,629.9 feet.
4

Sand, fine to medium, black

2.9

227. Well 41~10-13¢b. Saguache County. Jetted.

Surface altitude, 7,531.3 feet.

Clay, firm, brown 7
Sand, fine to coarse, black; contains fine to medium black gravel . 17

228, Well 41-10-13dd. Saguache County. Bored. Surface sltitude, 7,580.5 feet.
Clay, sandy 4.6
Sand, fine, green 2.7

229. Well 41-10-25aa. Saguache County. Bored. Surface altitude, 7,529.8 feet.
Clay, firm 5.6
Clay, sandy L5
Sand 2.5

230. Well 41-10-27dd. Saguache County. Bored. Surface altitude, 7,540.3 feet.

Sand, fine to coarse, brown

8.6

Sand, fine to coarse; contains fine to coarse gravel

7.9

231.
Sand, very fine to coarse, brown

Well 41-10-33dd. Saguache County. Jetted.

Surface altitude, 7,548.0 feet.
8

Clay, firm, brown

1

Sand, fine to coarse; contains fine to medium gravel

232. Well 41-11-18dd. Saguache County. Bored.

9
Surface altitude, 7,532.7 feet.

Soil 2
Clay, sandy 4
Sand, fine to coarse. 8.9

238. Well 41-11-29bb. Saguache County. Bored.

Surface altitude, 7,537.3 feet.
6.5

Sand, fine, brown
Sand, fine to coarse, black.

3.4

234. Well 41-11-31ed. Saguache County. Bored.

Surface altitude, 7,528.1 feet.
15

Clay, firm, brown
Clay, sandy

.5

Clay, dark-brown; contains lenses of fine to medium dark-brown sand— ...

8.5

Depth
(feet)

4.8
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2.8
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9.8
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RECORDS
Thickness
(feet)
235. Well 41-11-32ba. Saguache County. Bored. Surface altitude, 7,634.7 feet.
Soil, sandy 4
Sand, fine, black 5.7
236. Well 42-7-36dd. Saguache County. Jetted. Surface altitude, 7,627.7 feet.
Clay, firm, brown 4
Sand and gravel, fine to very coarse. 8.9
237. Well 42-8-32cc. Saguache County. Jetted. Surface altitude, 7,619.8 feet.
Clay, firm, brow 2
Sand and gravel, fine. 7.8
288. Well 42-9-32dd. Saguache County. Jetted. Surface altitude, 7,564.5 feet.
Clay, sandy 14
Sand and gravel, fine. 8.6
239, Well 42-10-8dd. Saguache County. Bored. Surface altitude, 7,639.7 feet.
Clay, sandy 8.5
Sand, coarse 6.2
240. Well 42-10-16aa. Saguache County. Bored. Surface altitude, 7,636.8 feet.
Soil 2.5
Sand, fine, brown 2
Sand, fine, black. 2.1
241. Well 42-10-17da. Saguache County. Bored. Surface altitude, 7,537.5 feet.
Clay, black 3
Sand, coarse, black 6
242. Well 42-10-20aa. Saguache County. Bored. Surface altitude, 7,539.3 feet.
Clay 2.5
Sand, coarse 7.4
243, Well 42-10-22bb. Saguache County. Bored. Surface altitude, 7,536.3 feet.
Clay, sandy 2.5
Sand and gravel, coarse 7.4
244. Well 42-10-25ca. Saguache County. Bored. Surface altitude, 7,532.9 feet.
Clay, sandy 5.5
Sand, black 4.3
245. Well 42-10-27aa. Saguache County. Bored. Surface altitude, 7,532.8 feet.
Sand, fine 3
Clay 1
Sand, coarse 5.8
246. Well 42-10-27bc. Saguache County. Bored. Surface altitude, 7,5633.4 feet.
Clay, sandy 2
Sand, fine to coarse. 4.1
247. Well 42-10-34da. Saguache County. Bored. Surface altitude, 7,535.3 feet.
Clay 2.5
Gravel, fine; contains fine to coarse sand 3.4
248. Well 42-10-35ab. Saguache County. Bored. Surface altitude, 7,633.3 feet.
Clay 7
Sand, fine to coarse. 2.7
249. Well 42-10-36bd. Saguache County. Bored. Surface altitude, 7,5632.6 feet.
Clay 7.3
Sand 2.5
250. Well 42-10-36cc. Saguache County. Bored. Surface altitude, 7,531.5 feet.
Clay, sandy 4.5
Sand and gravel, coarse 2.9
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Logs of wells and test holes drilled into indicated rock units
251, Well 35-9-4bc. Conejos County. Drilled by Howard Platz. Driller’s log.

Thickness Depth Thickness Depth
(feet) (feet) (feet) (feet)
Unadifferentiated Recent deposits Santa Fe formation:
and Alamosa formation: Lava rock; contains
Clay, brown -.. — 24 24 layers of sand.-— - b4 332
Clay, blue —o_____ 16 40 Ash . _________ 11 343
Clay, blue, interbedded Lava rock; contains
with layers of sand- 101 141 layers of sand— .. 49 392
Clay, brown, inter- Gravel, cemented; con-
bedded with layers of tains layers of loose
sand 268 sand and gravel._... 178 565
Gravel, loose —_——__ — 278

2562. Well 36-8-26¢chb. Conejos County. Drilled by H. A. Dewey. Driller’s log.

Undifferentiated Recent deposits Santa Fe formation:
and Alamosa formation: Lava roek o —___. 338 318
Top soil and gravel____ §5 1 ClaY e oo 3 321
Gravel and clay (con- Gravel and stringers of
tains some water at elaY e 19 340
56 feet) oo 30 85 (0] F:X. 12 352
ClaY e 41 126 Gravel and boulders___ 19 871
Clay and gravel, ce- Cl8Y e e 37 408
mented e 4 130 Boulders (contains
Clay ceemoeeeee .. 18 148 some water) ——._._. 3 411
Clay and gravel, ce- Boulders and gravel
mented oo _ 23 171 (contains some
Clay oo 1 172 water) --ee—eee—eee 8 419
Clay and gravel_______ 39 211 Clay, sandy (contains
Gravel (contains some water) .- 40 459
water) oo 3 214 Boulders - e 6 465
Clay and gravel..___.. 32 246 Clay, sandy eemee—eeen 3 468
Gravel (contains Boulders, large 4 472
Water) m—ceeemeemee 4 250 \ Sand (contains water) 23 495
Clay and boulders...._. 20 270
Clay, sandy . ____ 15 285

253. Well 36~8-36ac. Conejos County. Drilled by Jack Sanford. Driller’s log.

Undifferentiated Recent deposits Undifferentiated Recent deposits
and Alamosa formation: and Alamosa formation—Con.:
Silt and fine sand____.. 12 12 Gravel, coarse, to large
Gravel, coarse; con- boulders . —____ 4 231
tains some boulders. 24 36 Clay, red memeee . — 4 235
Sand, coarse, black._.. 14 50 Santa Fe formation:
Clay, hard, blocky, blue 58 108 Rock, hard, black,
Boulders, interbedded basalt oo 46 281
with layers of clay... 70 178 Clay, red a o 6 287
Gravel and coarse sand 8 186 Rock, hard, porous, red 23 310
Clay, red e 8 194 Tale, pink (?) e 2 312
Sand, fine, black_ 4 198 Gravel, small; contains
Clay, red meeme e 29 2217 fine black sand ... 16 328
Clay, red .- _— 4 832

Gravel, coarse; con-
tains coarse sand_.._ 58 390
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254, Well 36~9~1bc. Alamosa County. Drilled by Mahres Well Service. Driller’s log.

Thickness Depth Thickness Depth
(feet) (feet) (feet) (feet)
Undifferentiated Recent deposits Santa Fe formation—Con.:
and Alamosa formation: Sand, gravel, and
Sand oo 21 boulders ———————caee 115 1,058
Sand and clay 59 Rock, hard ———._——.. 138 1,191
Clay e 150 Rock and sand _ 1,826
Sand and clay 800 Rock and sand «oe-..- 1,415
Sand o 350 Sand oo 40 1,456
Sand and clay —__ 489 Sand and clay ——cen-.. 35 1,490
Boulders . __________ 8 495 Clay e 10 1,500
Sand and clay —a_ .- 17 512 Clay and sand ——eu--- 20 1,520
Clay e 23 535 Hard sand and clay._ 50 1,670
Santa Fe formation: Sand and rock ——m--—o 85 1,605
Rock, hard oo 92 627 . Sand and clay .. 90 1,695
Clay and gravel __ 85 712 Hard sand —ceeeeomm 25 1,720
Rock, hard e 46 758 Sand, clay, and
Clay, gravel, and boulders ————e-eeee 140 1,860
boulders .o eec- 46 804 ROCK oo 20 ~ 1,880
Boulders and gravel_.. 134 938 Sand and boulders ... 95 1,975
255. Well 36-9-3be. Alamosa County. Drilled by Mr. Robinson. Reported log.
Undifferentiated Recent deposits and Alamosa formation:
Top 80il wooee 2 2 Clay, blue « oo 64 110
Gravel 2 4 Clay, interbedded with
Clay, yellow _________ 43 47 layers of sand —wwa- 847 457
256. Well 36-9-6bc. Alamosa County. Drilled by Ora Platz. Driller’s log.
Undifferentiated Recent deposits and Alamosa formation:
Gravel, tight ________.. 85 85 Soapstone ———eceeeen- 9 117
Rock, tight, interbedded Clay o 13 130
with layers of clay_- 14 49 Sand, brown 8 138
Rock, interbedded with Gravel, interbedded
layers of clay - 7 56 with layers of clay.. 7 140
Clay, hard, brown ... 384 90 Gravel, loose - 20 160
Clay, hard, blue —————— 18 108
257. Well 36-9—-6cc. Alamosa County. Drilled by H. A. Dewey. Driller’s log.
Undifferentiated Recent deposits Santa Fe formation:
and Alamosa formation: Rock, brown 57 458
Gravel . _____ 40 40 Rock, red ———-_ 21 479
Shale, green - 20 60 Shale, red ——-——e——_- 21 500
Shale, sandy, pink ___ 65 125 Shale, yellow —————ov 12 512
Sand (contains water) 5 130 Lava rock, hard 5 517
Shale, sandy .- 110 240 Shale oo 8 525
Sand, coarse ... 10 250 Shale and gravel (con-
Sand and shale ._____.. 60 310 tains vGater) _______ 32 557
Gravel, cemented ._.._. 8 318 Shale o 8 565
Sand (contains water) 4 822 Shale and gravel —_._. 20 B85
Gravel, cemented —___. 8 830 Sand and gravel (con-
Shale and gravel ... 30 360 tains water) ——ee——- 5 590
Gravel, cemented _._- 25 385 Shale and gravel - 88 628
Sand (contains water) & 890 Lava rock, hard _____ 8 631
Gravel, cemented __.. 9 899 Shale, sandy (caving) 14 645
Shale oo 2 401 Gravel (contains
water) o 5 650
Shale and gravel o....- 32 682
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258. Well 36-9-18de.

Thickness

(feet)
Undifferentiated Recent deposits
and Alamosa formation:

Top 800l weemem e 16
Clay comemcemm e 2
Sand and gravel ... 22

Sand, interbedded with
layers of clay <a-..- 350

Depth
(feet)

16
18
40

390

259. Well 36-9-19ac. Alamosa County.

Undifferentiated Recent deposits
and Alamosa formation:
NO 108 cacmcccmemanca 226

L6173 14
Clay and sand eewewe~ 18
Clay and rock ... . 17
[]F:3 25
Clay and gravel ... 30
Clay c e 15

Clay and gravel ....- 12
Clay eeemecccmeeeeee 8
Santa Fe formation:
) 7.1 S — - 86
[0:7:3" J I |1
Gravel (contains
L2775 ) R —— 3
Lava (contains water) 28

400
412

415
4438

260. Well 36-9-19de. Alamosa County.

Undifferentiated Recent deposits
and Alamosa formation:
No log ceememmceeeeee 28
(0373 — 92
Clay and gravel ... 11
Clay cowcmcomcccanwneae 9
Clay and gravel cccc. 9
Clay cevmmcvmcccmcane 28

Clay and gravel ...... 11
Clay e cmm 34
Clay and gravel ... 7
[ 61 F:3 S —— 11

Clay and boulders .... 10
[0} F: 2RI - 1
Clay and gravel <..... 16
(o1 15 20— -— 15
Clay and boulders ... 18

Clay —cvcecmecmcacnes 8

Alamosa County. Reported log.

Thickness
(feet)
Santa Fe formation:

Rock, solid, black ... 70
Clay, blue meacemmman- 15
Sand, gray -eeewacee- 45
Sand, coarse; contains

large boulders —a.... 22

Drilled by H. A. Dewey. Driller’s log.

Santa Fe formation—Con.:
Clay and sand —eee—. 12

Clay waeamam- 5
Clay, sandy .. 80
Hardpan ... 8
Clay, sandy - 9
Hardpan ... 9

[o]F:3" 2 {
Boulders and clay «..- 4
Clay cvmcac e - 11
Clay and gravel eeeec. 5
[6)7: . |
Gravel and boulders
{contains water) .. 9
Sand and clay eemeee- 18
Sand (contains water) 28

Drilled by H. A. Dewey. Driller’s log.

Undifferentiated Recent deposits
and Alamosa formation—Con.:
Clay and gravel —..._. 82
Santa Fe formation:
1707 — — 838
Sand, clay, and gravel
(contains water) .. 11
RocK wemmcomaacce. 86
Clay and boulders ... 24
Sand and clay (con-
tains water) cecee. 6
Clay and boulders (con-

tains water) ceeeee- 6
Sand and gravel cae... 16
[ o171 R —" ———— 12

Clay and boulders ... 18

Clay cooemmemevacaceee 2

Sand and gravel (con-
tains water) —eeea.- 32

Depth

(feet)
460
536
580

602

456
460

496
505
514
534
546
550
553
562

332
370
381
416
440
446
452
468

480
493

527
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261. Well 37-10-11ce. Alamoss County. Drilled by Harold P. Doty. Sample log.*
Thickness Depth

(feet) (feet)
Undifferentiated Recent deposits and Alamosa formation:

Soil 4 4
Sand 25 29
Clay, blue 43 12
Sand and clay : 93 165
Clay 92 257
Clay, sand, and shale. 31 288
Sand, medium, tan, to fine tan gravel 32 820
Sand, medium, to fine gravel; contains some clay. 10 830
Sand, very fine to very coarse; contains some very fine gravel and a little

clay 10 340
Clay, firm, blocky, bluish-gray; contains layers of fine to coarse bluish- :

gray sand ; 30 370
Clay, hard, blocky, bluish-gray; contains layers of very fine to coarse bluish-

gray sand 10 380
Clay, hard, bluish-gray; contains a little very fine to fine bluish-gray sand 20 400
Clay, sandy, bluish-gray 70 470
Clay, hard, blocky, blue 68 538
Clay, hard, blocky, interbedded with thin layers of very fine sanda v ceeeee 32 570
Clay, hard, blocky, blue to greenish-blue. 106 675
Clay, blocky, blue, interbedded with thin layers of very fine to fine sand.. 5 680
Clay, soft, slightly sandy, interbedded with very fine to medium sand.... 60 740
Sand, coarse, to fine gravel; contains some blue clay. 20 760
Clay, hard, slightly sandy, greenish-gray to brown 10 7m0
Sand, coarse to very coarse, brown to black 10 180
Sand, coarse to very coarse, brown to black; contains some clay.—ceeeeoo. 45 825
Sand, medium to coarse, brown to black; contains very fine brown to black

gravel 15 840
Sand, very coarse; contains fine gravel 10 850
Gravel, very fine to fine; contains very coarse sand 5 855
Gravel, very fine to fine; contains coarse to very coarse sandeeeeeae——... 40 895
Gravel, very fine to fine; contains a little brown clay . e aecaccmeecaa- — 15 910
Gravel, very fine to fine; contains medium to very coarse sand and some

clay 10 920
Sand, coarse to very coarse; contains very fine to fine gravel and some

brown clay 50 970
Sand, medium to very coarse; contains very fine gravel and some clay.... 45 1,015
Sand, medium to very coarse; contains brown clay. 25 1,040
Sand, medium to very coarse; contains some fine gravel and brown clay.. 60 1,100

Sand, medium to very coarse, interbedded with layers of brown clay. 1,175
Clay, hard, brown, interbedded with medium to coarse sandu e o 1,660
Sand, very fine to medium, interbedded with layers of brown and blue clay 40 1,700
Sand, very fine to coarse, interbedded with layers of hard clay.-eeeeeeeee 65 1,765
Sand, very fine to medium, black and brown, interbedded with layers of

hard clay 37 1,802
262. Well 38-11-34dc. Alamosa County. Surface altitude, 7,526.6 feet. Reported log.

Recent deposits: -

Clay, firm; contains lenses of fine to medium sand 13 13
Sand, fine to coarse; contains fine to coarse gravel 5 18
Sand, fine to medium, brown; eontains some clay. 17 35

263. Well 39-7-10de. Rio Grande County. Drilled by Floyd Oliver. Driller’s log.
Ungdifferentiated Recent deposits and Alamosa formation:
Sand, fine to very coarse; contains medium to very coarse gravel and some
small cobbl 28 28
Gravel, very coarse, to fine sand; contains some small cobbles.oo oo .. 10 38

1 Cuttings were collected by the driller at intervals of 5 feet; hence, the depths shown for
changes in material may be in error by as much as 5 feet. The well cuttings above 288 feet were
examined and described by the driller.
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Thickness Depth

(feet) (feet)
Sand, fine to very coarse, tan 8 44
Gravel, very coarse, brown, to fine brown sand 9 58
Sand, medium to very coarse, brown 22 %5
Clay, soft, brown 22 97
Gravel, medium to very coarse; contains medium to very coarse sand..... 13 110

264. Well 39-7~11bb. Rio Grande County. Drilled by Ora Platz. Driller’s log.
Undifferentiated R t deposits and Al formation:

Gravel 36 36
Gravel, fine; contains sand 18 49
Sand, tight 14 63
Boulders, large 6 69
Sand; contains interbedded clay layers. 84 108

265. Well 39-8-31ca. Rio Grande County. Drilled by V. Wheeler. Driller’s log.
Undifferentiated Recent deposits and Alamosa formation:

Sand and gravel 45 45
Clay, blue 65 110
Clay and boulders 120 230
Clay, brown, and boulders 90 820
Sand and boulders 81 854
Rock 10 864
Sand and gravel 18 882
Santa Fe formation:
Lava rock 88 420
Sand and boulders 40 460
Sand 15 475

266. Well 40-6-14cc. Rioc Grande County. Drilled by Ora Platz. Driller’s log.
Undifferentiated Recent deposits and Alamosa formation:

Gravel, coarse 48 43
Rock, interbedded with thin layers of clay (?) 52 95
Clay 4 99
Rock, tight {?) 5 104

267. Well 40-6-22dc. Rio Grande County. Drilled by Ora Platz. Driller’s log.
Undifferentiated Recent deposits and Alamosa formation:

Sand, coarse; contains large boulders. 46 46
Sand, well graded 1 47
Clay; containg gravel 33 80
Sand, fine, black 10 90
Sand, interbedded with layers of soft clay. 15 105
Sand, well graded; contains small cobbles 20 125

268. Well 40-6-23cc. Rio Grande County. Drilled by Ora Platz. Driller’s log.
Undifferentiated Recent deposits and Alamosa formation:

Sand, fine; contains small gravel 30 30
Clay 1 31
Sand, coarse; contains cobbles. 8 89
Gravel, interbedded with layers of clay 24 68
Gravel and sand, interbedded with layers of clay. 7 70
Sand, fine [ 76
Sand, fine; contains gravel 41 117
Sand, coarse; contains large cobbl [ 128

269. Well 40-7-28ac. Rio Grande County. Drilled by Ora Platz. Driller’s log.
Undifferentiated Recent deposits and Alamosa formation:

Gravel, coarse, and large rock 82 82
Clay 2 34
Rock, large, interbedded with layers of clay. 81 65
Clay 1 66
Rock, interbedded with layers of €lay. oo oo 4 70
Sand, tight 15 85

Gravel, loose 5 90
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Thickness Depth
(feet) (feet)
Gravel, good 21 111
Sand, fine 4 116
Rock, coarse 17 132
270. Well 40-7-36ac. Rio Grande County. Drilled by Ora Platz. Driller’s log.
Undifferentiated Recent deposits and Alamosa formation:
Gravel, tight 62 52
Clay 3 66
Gravel, small 10 65
Gravel, small; contains fine sand 9 74
Sand, fine 6 80
Clay b 80.5
271. Well 40-8-26¢cb. Rio Grande County. Drilled by Elmer Crown. Driller’s log.
Undifferentiated Recent deposits and Alamosa formation:
Sand, fine; contains some fine gravel 70 70
Clay, hard, blue 8 73
272. Well 40-10-4db. Alamosa County. Drilled by Ora Platz. Driller’s log.
Undifferentiated Recent deposits and Alamosa formation:
Sand, medium to coarse, black o — 8 124
Lray e 18 18 Clay, blue cccmeaaeees 3 129
Clay, brown .- 8 21 Sand, fine to medium,
Sand, medium to coarse, black e 6 136
Brown e e 24 46 Clay, blue e B 140
Clay, blue - __ 5 50 Sand, fine to medium, X
Sand, medium to coarse, black o« [ 146
brown oee— e 20 70 Clay, blue e 5 151
Clay, blue —ceeee 5 76 Sand, fine to medium,
Sand, medium to coarse, black o 5 156
brown o ceeeme- 4 79 Clay, blue oo 6 162
Clay, blue ... 7 86 Sand, fine to medium,
Sand, fine, black 11 97 black . —______ 8 165
Clay, blue e 10 107 Clay, blue —ceeeo 1 166
Sand, fine to medium, Sand, fine to medium,
black e 5 112 black oo 4 170
Clay, blue [ 118 Clay, hard, blocky, blue 1 171
Sand, fine to medium,

278. Well 40-10~5bc. Alamosa County. Drilled by Howard Platz. Driller’s log.
Undifferentiated Recent deposits and Alamosa formation:

No information 117 117
Clay, blue 20 187
Sand, fine to medium, blue 1 138
Clay, blue 12 150
Sand, fine to medium, black 23 173
Clay, blue 100 278
Sand, fine to medium 4 277
Clay, blue 15 292
Sand, fine to medium, black. b 297
Sand, interbedded with thin layers of clay 18 310
Sand, fine to medium, black. 6 316
Clay, soft to hard, blue 19 335

274. Well 40-10-30dc. Alamosa County. Drilled by Howard Platz. Driller’s log.
Undifferentiated Recent deposits gnd Alamosa formation:

Sand, coarse; contains gravel 30 30
Sand, fine to medium ' 5 35
Clay, brown, interbedded with thin layers of medium to coarse gravel.... 28 63
Clay, blue 91 154
Sand, fine to medium, blue 1 156
Clay, blue . 2 157

Sand, fine to medium, blue 3 160
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Thickness Depth

(feet) (feet)
Sand, fine to medium, blue, interbedded with thin layers of blue clay..... 28 188
Clay, hard, blue 22 210
Sand, fine to medium, blue, interbedded with thin layers of blue clay..... 80 240
Sand, fine to medium, blue. 1 241
Clay, hard, blue 69 810
Sand, fine to medium, blue, interbedded with thin layers of blue clay—.... 87 897

275. Well 41-7-4ab. Saguache County. Drilled by Ora Platz. Driller’s log.
Undifferentiated Recent deposits and Alamosa formation:

Gravel and sand, loose. 22 2
Gravel 63 85
Sand 25 110
Clay 2 ° 112
276. Well 41-7-24ac. Saguache County. Drilled by Ora Platz. Driller’s log.
Undifferentiated R t deposits and Al formation:
Gravel 45 45
Clay E 45.5
Sand and gravel, small 15.5 61
Sandstone (?) 14 k(]
Sand, black 6.6 81.6
Clay, black 104 92
Sand, black 4 96
Clay, black 1 97
Sand, black 8 105
Clay, black 8 108
Sand, interbedded with thin layers of clay [ 114
277. Well 41-7-25ee. Saguache County. Drilled by Ora Platz. Driller’s log.
Recent deposits:
Gravel 60 60
Sand, fine 27 87
278. Well 41-7-25de. Saguache County. Drilled by Ora Platz. Driller’s log.
Recent deposits:
Gravel 85 85
Sand, fine 12 47
Gravel 4 51
279. Well 41-7-28ce. Saguache County. Drilled by Ora Platz. Driller’s log.
Undifferentiated Recent deposits and Alamosa formation:
Gravel and small cobbl 33 33
Gravel, interbedded with layers of clay. 52 85
Clay 6 91
Gravel, small; contains sand interbedded with layers of clay—cco e 19 110
Clay 4 114
Sand, interbedded with layers of clay. 14 128
Gravel, small, interbedded with layers of clay. 15 143
Sand 2 145
Rock (?) 14 169
280. Well 41-7-34ac. Saguache County. Drilled by Ora Platz. Driller’s log.
Undifferentiated Recent deposits and Alamosa formation:
Gravel, coarse 25 25
Gravel, small, tight 30 55
Sand and gravel, loose. 8 63
Clay; contains interbedded layers of gravel 12 5
Clay 1 76
Sand, tight [ 82
Sand, black; contains interbedded layers of clay. 6 88

281. Well 41~7-84be. Saguache County. Drilled by Ora Platz. Driller’s log.
Undifferentiated Recent deposits and Alamosa formation:
Gravel, tight 18 18
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Thickness Depth

(feet) (Feet)
Clay 2 20
Gravel, tight 40 60
Gravel, loose 10 70
Sand, fine, interbedded with layers of clay. 23 93
Rock (7) 2 95
Clay, brown 7 102

282. Test hole 41-8-10be. Saguache County. Drilled by M. F. Smith. Driiler’s log.
Undifferentiated Recent deposits and Alamosa formation:

Gravel, medium to coarse; contains fine to medium sand 40 40
Sand, fine to medium, brown 4 44
Clay, brown; contains | of fine sand 31 %
Sand, very fine, brown 7 82
Clay, blue 12 94
Clay, white 6 100
Clay, hard, blue 87 187
Sand, fine, interbedded with thin layers of clay. 18 206

283. Well 41-8-10ca. Saguache County. Drilled by D. W. Spencer. Sample log.?
Undifferentiated Recent deposits and Alamosa formation:
Gravel, medium to coarse; contains medium to coarse gand and a little
sandy clay 33 33

Gravel, fine to coarse; contains fine to coarse sand 9 42
Gravel, medium to coarse; contains fine to coarse sand. 5 47
Clay, sandy, brown s 50
284. Test hole 41-8-10ca. Saguache County. Drilled by D. W. Spencer. Sample log.*
Undifferentiated Recent deposits and Alamosa formation:
Silt to very fine to coarse sand 15 15
Sand, fine to coarse; contains very fine to coarse gravel o oo . 15 30
Gravel, fine to coarse; contains fine to coarse sand 15 45
Silt, brown, to medium brown sand 3 48
Sand, fine to medium, brown 10 58
Sand, very fine to coarse, brown; contains a little fine brown graveloao._. 11 69
Gravel, fine to coarse, brown; contains very fine to coarse brown gravel_.. 14 83
Clay, hard, greenish-blue. 20 108
285. Well 41-8-10cc. Saguache County. Drilled by Ora Platz. Driller’s log.
Recent deposits:
Sand and gravel, loose 43 43
Clay 1 44
Sand, interbedded with layers of clay 21 65
Gravel, small 65 85
286. Well 41-8-33bc. Saguache County. Drilled by Ora Platz. Driller’s log.
Recent deposits:
Gravel 36 36
Gravel, interbedded with layers of clay. 31 67
287. Well 41-8-36ac. Saguache County. Drilled by Ora Platz. Driller’s log.
Recent deposits:
Gravel 64 64
Clay b5 64.5
Gravel, interbedded with layers of clay 10.5 75

3 Cuttings were collected by the driller at intervals of § feet:; hence, the depths ghown for
changes in material may be in error by as much as § feet.
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288. Oil test hole 39~11-11bb.
Thickness Depth
(feet) (feet)
Undifferentiated Recent deposits and
Alamosa formation:

Sand, gray 60
Sand, black 120
Sand and clay - 275
Sand oo 332
Sand, coarse (show of

£88) e 850
Gumbo ___ 500
Shale, blue 550
Gumbo . ____ - 221 71
Sand, fine, black 780
Shale, blue —eeee .. 884
Gumb 1,136
Shale, blue ~ccoeeoo.. 82 1,168
GUMbO e 25 1,193
Shale, hard aeeeeee_. 21 1,214
Sand —____. - 21 1,235
Shale w62 1,297
Gumbo e 12 1,309
Sand, very hard —__... 4 1,313
Sand, coarse, hard __- 14 1,327
Gumbo 36 1,363
Sand, coarse ———_____ 20 1,383
Shale e e 14 1,397
Sand 20 1,417
Gumbo —.__ 4 1,421
Sand 19 1,440
Sand, coarse —o—.o__.— 16 1,456
Shale, sandy -. 45 1,501
Gumbo . _____ 22 1,528
Gumbo and shale ... 277 1,800
Gumbo, hard, and shale 42 1,842
Sand and gravel _.__. & 1,847
Shale ceuam e 11 1,858
Sand and gravel .___. 22 1,880

289. Oil test hole 41-10-27aa.

Saguache County.

Thickness

GROUND-WATER RESOURCES, SAN LUIS VALLEY, COLO.

(feet)

Undifferentiated Recent deposits
and Alamosa formation—Con.:

Shale e —
Sand and gravel ——..-
Santa Fe formation:
Sand and black rock.-
Gravel and shale; con-
tains boulders ——__..
GuUMbO o
Shale and boulders -
Sand, boulders, and
green shale ...
Shale, boulders, and
gumbo
Boulders and gumbo .
Sand, shale, and
boulderst
Shale and gumbo sand
(probably blue sand)
Sand, brown, with
streaks of shale —_..
Sand, boulders, and
shale
Clay, yellow -
Sand, brown —————_.-
Clay, red
Sand, blue .

[ 7% —
Clay, red ccmmmmceemm

64

10

33

43

37

66

33

34

and J. V. Calvert. Driller’s log.

Undifferentiated Tertiary and Quaternary deposits:

Sand and clay

Sand and shale
Gravel e e
Sand and shale _____.
Sand, coarse -—ceme—eem
Shale, green ...
Shale, sticky
Shale and gumbo .
Gumbo
Gumbo, sticky ...
Shale, sticky
Shale, hard cccaceea—n
Shale, sticky ———coeoea
Shale, hard, blue ..__~
Shale e

40

60

62
110
160
180
230
280
298
317
326
335
350
859
368

Shale, sticky, blue .-
Shale, hard, blue ...
Gumbo, hard ..
Gumbo, blue
Shale, sandy, brown __
Gumbo, blue, contain-

ing gypsum
Gumbo
Shale
Shale, sandy —eveeeeew
Gumbo, hard — -
Shale, sticky, blue and

white —ecme e
Shale, sandy, brown ..
Gumbo, hard . __

Drilled by J. H. Rush

32
20

Alamosa County. Drilled by Mr. Layne. Driller’s log.

Depth
(feet)

1,934
1,950

1,960

1,998
2,083
2,078

2,113

2,122
2,187

2,220
2,264
2,276

2,331
2,341
2,352
2,372
2,384
2,395

2,491
2,600
2,600
2,604
2,617
2,624
2,645
2,655

392
402
440
445
462

477
484
512
565
578

602
635
656

4 Strong artesian flow of about 850 barrels an hour that persisted to 2,665 feet. Temperature
of the water was reported to be about 140° F.



Thickness
(feet)
Gumbo and shale ——..__ 25
Shale, sandy ... ____ 55
Shale, blue . ____. 23
Limestone, hard (?)_. 2
Shale, loose e 20
Sand, gray —.__ - 25
Gumbeo, sticky -- 56.5
Sand, packed - 8.5
Shale, sandy -.-.. - 35
Gumbo, hard, blue. 9
Shale . ._.__ - 84
Sand, packed - - 15
Gumbo, hard .. . 17
Shale, sticky ... 28
Sand, hard ... - 18
Sand, loose —.___ 12
Gumbo, hard ______ 10
Shale, sticky, inter-
bedded with layers of
21
30
50
Gumbo, sticky —_.___. 12
Shale, interbedded with
layers of sand 31
Gumbo, hard ___ 40
Gravel . ______ 15
Gypsum e 15
Shale, sandy, hard .. 33
Gumbo, hard 10
20
10
15
20
22
Gravel, interbedded
with layers of hard
sand e 7
Shale, blue, and gumbo 46
Gumbo, hard 7
Sand, hard . __- 15
Shale, hard, blue .- 15
Gumbo, hard, inter-
bedded with layers of
sand oo 20
Gumbo, sandy ..__-_. 20
Shale, sandy —-—-———— 20
Sand, gray oce——eeeee 11
Shale, sandy ————————_ 16
Gravel o o 43
Sand and gravel .. 46
Shale, loose ocreeue 40
Sand, packed —--eoo-- 40
Gravel o 62
Sand, hard .. 1
Sand, packed ——eoe--- 18
Shale, sandy —-cceeae- 12
Sand, hard —cccee— 19
Shale, sandy —-cee—eee 9
Sand and gravel ... 19
Shale, interbedded with
layers of blue sand... 86

1,738

RECORDS

1,008
1,026
1,038
1,048

1,069
1,099
1,149
1,161

1,192
1,282
1,247
1,262
1,295
1,305
1,825
1,335

1,350
1,870
1,392

1,399
1,445
1,452
1,467
1,482

1,502
1,522
1,642
1,558
1,669
1,612
1,658
1,698

1,800
1,801
1,819
1,831
1,850
1,959
1,978

2,014

Thickness
feet)

Shale, sandy —ceeeeee- 17
Shale o ___ 13
Shale, interbedded with

layers of blue sand... 13
Shale, interbedded with

layers of packed sand 19
Shale, brown —.______ 12
Shale, soft, pink 25
Shale, sandy, pink .. 18
Clay, yellow oo 8
Rock, hard, sandy (2?) 7
Sand, hard «ccvemmm- 1
Limestone (?) ——eeee 11
Sand and lime (1) .-~ 4
Sand, hard «ccmeeeeo 8
Shale, containing coal

[ SR
Shale, brown —ceeean 6
Gravel, containing

black sand ceom- 19
Sand, gray, and shale. 13
Sand, gray —eee——e——- 11
Shale, soft, brown ... 13
Gumbo, hard, blue .o 9
Shale, blue —cee e 12
Sand, black —____ 27
Shale, black —__- 16
Shale, yellow 9
Sand, loose, containing

gravel e 9
Sand and shale -_. - 15
Shale, yellow oo 18
Shale ______.__ - 85
Sand, hard ... - 6
Sand and shale -~ 22.5
Sand lime rock (1?)..- 2.5
Sandy lime weeeemeeo 1.5
Shale, hard, brown .. 10.5
Shale, brown 9
Sand, hard, gray -- 6
Shale, soft e 30
Shale, blue —cevan 7
Sand rock —eeoeem []
Sandstone, gray (1)-- 4
Shale, blue and gray-- 21
Gumbo e 7
Shale, yellow —_____ 27
Gumbo e 2
Shale, soft, black ... 10
Shale, 8ray —eee——me—m 35.5
Sandstone, greenish-

gray ——eeeeemceme—— 6.5
Sandstone, gray - 2
Shale wcm e 3
Quartzite sandstone .. 8
Shale, reddish-brown . 20
Shale, red —cccewaee 11
Sand rock, red .- 7
Shale, sandy, red ——-.- 15
Shale, brown and

yellow e 14
Shale, brown - 18
Shale, brown and black 18

278

Depth
(feet)
2,081

2,044
2,057

2,076
2,088
2.113
2,181
2,139
2,146
2,147
2,158
2,162
2,170

2,177
2,188

2,202
2,215
2,226
2,239
2,248
2,260
2,287
2,308
2,312

2,321
2,336
2,349
2,384
2,390
2,412.5
2,415
2,416.5
2,427
2,436
2,442
2,472
2,479
2,485
2,489
2,510
2,617
2,644
2,646
2,656
2,591.5

2,598
2,600
2,603
2,611
2,631

' 2,642

2,649
2,664

2,678
2,696
2,709



Sand rock, coarse —....-
Shale, sandy —————___
Sandstone, gray (17).-
Shale, red —meo—_.
Sand rock, gray ...--
Shale, black . ___-
GUMBO e
Sand, grayish-brown,

containing boulders.-
Shale, blue —eoom-
Gumbo .___.__. -
Gumbo, sandy —- —

Sand, black .- —
Gumbo, red - —

Shale, sandy —
Shale, red acemeee -
Gravel, coarse, black.—
Shale, blue, and hard

brown sand ———____
Sand, hard, brown _...
Gumbo, sandy, red .-

Gumbo e _—
Shale - oo -

Shale, gray

Shale, sandy, gray —-.-
Shale, blue —ao—_____

Gravel, coarse, black.--
Shale, sticky, red ...
Shale, red —mccemeeae
Shale, grayish-brown_.
Sand, brown _.___.__
Shale, sandy, brown..
Sand, brown and gray
Sand, gray, containing

shale . _____
Sand, gray
Shale, red
Sandstone, gray (?).-.
Shale, sandy, gray -.-
Sand, hard, gray and

brown oo
Shale, sandy, soft —..-
Shale, blue «—ee—evn
Lime, bluish-gray (?7)
Shale e
Shale, blue —cueereen-
Sand, hard, brown __.
Sandroek (?) cceeo-
Shale, sandy, red
Shale, red e~
Sand, gray - —
Shale, blue - —_—
Shale, red ..-.- ——
Shale, sandy, red -.
Shale, gray ——ceeaeaee
Sand, hard --
Gumbo e
Shale, sandy «eceeo—
Cumhb

Thickness
(feet)
Shale, gray —ceaoeaeee 8
Gumbo e 17
Shale, red —eeecuranan 19
Sand, blue and gray._. 83
Shale, blue and gray-.- 6
GUMDO e 10
Gumbo and blue shale 9
Shale, sandy —-eemeeue 5
Gumbo and gray shale 15
(€374 17— 2
Shale, gray —ce—meeemae 19
Shale c oo 28
Shale, gray ——eee—mee 20
Shale, blue and gray-. 138
Shale, sandy —eeeee-- 3
Shale, red ——eeaeeeeee 26
Shale, sandy, .red ... 11
Shale ccammoceeee 6
Sand, packed —ceveee 9
Shale, sandy —ceeeeee- 7
Sand and shale —o_._ 29
Sand, packed 13
Shale, sandy 13
13
30
Sand e - 4
Sand and shale .ee... 12
Lime, sandy (7?)
(showing of gas)_-- 4
Sand 7
Sand and shale .. 21
Shale —ceeemeeeeeeee T
Sand and shale __._._ 16
Sand, hard, and shale 6
Shale and gumbo ... 19
Shale, sticky —eceemme- 21
Sand and shale ... 20
Shale, sticky ——-—- — B
Shale and sand ... 12
Sand cc e 6
16
21
8
3
7
3
Lime and shale (?).. 3
Sand and shale (show-
ing of 2aS) cemmemnn 9
Shale, sandy —cceee- 5
Shale, sticky, blue -——-~ &
Sand and shale ——... 23
Shale, sticky, blue 10
(3] (F:1 U Y —— 10
Shell and lime (?) __- 2
Sand oo 4
Sand and shale —_._._ 10
Shale, blue and gray.. 6
Sand and shale ... 12
Shale - 2
Shale, blue and gray_. 15
Shale, blue oo 32
G T 12

GROUND-WATER RESOURCES, SAN LUIS VALLEY, COLO.



RECORDS 215

Thickness Depth Thickness Depth
(feet) (feet) (feet) (feet)
Chalky lime (?) --a-a 6 4,169 Sand, hard e 12 4,235
Lime, black (?) wu--- 9.5 4,178.5 Shale wcrmmae- 9 4,244
Shale, sandy ooo———_- 12.5 4,191 Shale, sticky «-ceeeeee 29 4,273
Gumb 8 4,199 Sand, hard ceeceeeea. 12 4,285
Shale and gumbo ... 138 4,212 Shale, sticky . 11 4,296
Sand, hard —cee—o-. 4 4,216 Slate (?) comcemaa—ae 12 4,308
Sand <o 7 4,228
290. Orrin Tucker and others—~Thomas well 1, 41-8-13aa. Saguache County.
Sampled by the Denver Sample Log Co.
Santa Fe formation:
Top (based on electric log) at depth of 885 ft.
‘No samples 1,480 1,480
Debris, arkosie and igneous, containing angular qUArtZ.—eeceeceoncccnae 20 1,600
No samples 125 1,625

Conglomerate, arkosic, containing lava and basic igneous debris with

subangular to subrounded pebbles. Considerable eclay and a trace of

black shale below 1,650. 60 1,685
Conglomerate, containing quartz, feldspar, mica, and some basic debris;

weathered, subangular to subrounded and fine-grained. Predominantly

arkosic conglomerate consisting of fine-textured granite below 1,720,

Unit contains subangular to subrounded grains below 1,790 e oo 145 1,830
Conglomerate, arkosic, fine to very coarse, angular to subrounded, con-

taining a trace of basic debris and some olivine 70 1,900
No samples 105 2,005

Conglomerate, arkosic, fine- to medium-grained, with some very coarse

angular to subangular grains and containing abundant quartz. Unit

contains basic debris below 2,060. Unit is fine- to coarse-grained and

eontains about 50 percent angular to subangular grains of quartz below

2,120. Material is fine- to very coarse-grained containing large granite

pebbles with a little elay below 2,150. A trace of basic debris and some

olivine crystals below 2,180. Unit contains grains of basic material with

a trace of olivine below 2,220, 225 2,230
Conglomerate, arkosie, coarse-grained, containing basic debris and a trace

of vesicular lava. Unit contains fine- to coarse-grained material with

considerable angular quartz below 2,242, and basic debris with grains

showing a considerable amount of weathering below 2,300 and feldspar

that has weathered to clay below 2,320. Contains abundant grains of

olivine and quartz below 2,350 170 2,400
Conglomerate, arkosic, fine to coarse, angular to subangular, containing

basic debris and abundant quartz. Unit is weathered to fine fragments

of feldspar and granite below 2,420. Pebbles and grains appear to be

unconsolidated but probably had clay matrix which disappeared in mud.

Unit contains very coarse subrounded to subangular pebbles of weathered

granite below 2,620 and very coarse slightly weathered pebbles of granite,

feldspar, quartz, augite and olivine below 2,530. 140 2,540
Conglomerate, arkosie, fine to coarse, angular to subangular, containing

60 percent quartz. Unit is weathered and contains some clay below

2,570 and very coarse pebbles below 2,580 60 2,600
Conglomerate, arkosie, fine to very coarse, deeply weathered, containing

clay and basic debris. Material is slightly weathered below 2,620 and

contains very coarse subrounded pebbles between 2,630 and 2,640 (appear

to be water worn). Considerable pink to buff sandy and silty clay with

very fine to coarse grains of quartz interbedded below 2,660. Material

is gray and tan clay below 2,720 and medium- to very coarse-grained

with some pebbles of angular to subangular quartz below 2,780. Most

of feldspar is weathered below 2,740. Trace of black shale below 2,760.

Material is fine- to coarse-grained containing about 50 percent angular

quartz with some clay below 2,790 210 2,810
Conglomerate, arkosie, fine- to very coarse-grained, angular to subangular;

containing quartz, pink feldspar, mica, and pink to buff clay. Sixty

percent of grains below 2,830 feet are quartz. Unit contains a trace

of basic debris below 2,850 50 2,860
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Thickness Depth
(feet) (fest)

Conglomerate, consisting of very coarse pebbles of granitic and basic rock,

weathered, subangular to subrounded and containing a trace of clay

below 2,880 80 2,940
Conglomerate, consisting of fine-textured granitic and basic rocks; in part

porphyritic; contains some clay. Trace of basic rocks below 2,990.

Unit contains abundant pink to buff clay interbedded with grains of

quartz and flakes of mica below 2,990 60 3,000
Conglomerate, deeply weathered, varicolored, containing very coarse pebbles

and abundant clay. Contains less clay below 8,010 and abundant clay

below 3,030 60 3,060
Clay, orange-buff, containing fine to coarse angular to subrounded grains
. of quartz 10 3,070

Conglomerate, deeply weathered, subangular to subrounded, containing

very coarse pebbles, and a trace of vesicular lava. Slightly to deeply

weathered subangular to subrounded pebbles below 3,120. Trace of clay

and pebbles of deeply weathered granite below 8,180 - 70 3,140
Conglomerate, derived from fine to coarse textured acidic rocks. Material

deeply weathered with a trace of vesicular lava below 3,160, Consider-

able clay below 3,170. Considerable fine to coarse subangular to sub-

rounded grains of olivine below 8,180. Fresh-water ostracod at about

8,190 60 8,200
Conglomerate, fine to very coarse, slightly to deeply weathered, with angu- :

lar to subrounded fragments of basic rocks. Considerable clay and

deeply weathered water-worn pebbles below 3,220. Considerable granitic

material and a trace of vesicular basaltic lava below 3,250, Abundant

clay derived from decomposed feldspar below 8,260. Weathered basic

material and olivine -below 3,270. Abundant clay and a trace of lava

below 3,280 90 3,290
Clay, light-orange to buff, containing abundant quartz and mica with some

pebbles. Considerable véry coarse subangular to subrounded pebbles

below 8,310. Unit contains a trace of gray shale and abundant coarse

pebbles below 8,320 and medium to coarse angular to subangular grains

of quartz below 8,380. A few very silicious clay pebbles below 3,340,

Trace of weathéred red vesicular lava below 8,350 70 8,360
Conglomerate, containing very coarse grains of weathered granitic and

basic material. Unit contains clay below 8,380. Material is deeply

weathered below 3,390, Unit contains abundant clay below 3,400 and

some basic debris below 8,450 and a trace of lava below 8,460 - 110 3,470
Clay, very silty, buff, containing grains of coarse conglomerate. Unit
contains deeply weathered pebbles below 3,490 30 3,500

Conglomerate, very coarse, containing abundant clay and subangular to
subrounded pebbles. Unit contains very coarse deeply weathered pebbhles

below 8,530 and a trace of clay helow 3,540 50 3,550
Conglomerate, deeply weathered, containing clay. Unit contains a trace
of basic debris below 3,670 and deeply weathered pebbles below 3,690.___ 50 3,600

Conglomerate, medium to very coarse, containing clay and grains of basic

material. Unit contains pebbles composed of loosely consolidated very

fine to medium angular grains of quartz. First lava flow at 3,645. Lava

is deeply weathered and vesicular. Unit contains pinkish-buff, silicious

clay and flakes of mica and quartz pebbles below 8,670 ____________ 100 3,700
Clay, very silicious, buff, containing coarse grains of quartz and flakes of

mica. Unit contains trace of pyrite and cemented conglomerate below

8,710 and very coarse secondary calcareous crystalline limestone below

3,720 and slightly weathered grains of feldspar porphyry below 3,760.. 60 3,760
Conglomerate, subangular, containing granite debris 10 3,770
Granite and basic debris; pinkish-red (boulder) 10 3,780
Conglomerate, granular, pinkish-red, containing arkosic debris; slightly

weathered 10 3,790
Granite, fine- to medium-textured, slightly weathered, red, containing some

basic debris 10 8,800

Granite wash and basic debris. Partly weathered below 38,820. Silicious
clay containing conglomerate and subrounded pebbles helow 8,830 40 3,840
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Thickness

Conglomerate, deeply weathered, fine- to very coarse-grained, containing
clay. Partly weathered very coarse fragments of feldspar below 8,850.
Very coarse (as much as 18 mm in diameter) angular to subangular
pebbles below 3,860. Material is deeply weathered below 3,870. Abun-
dant angular to subrounded basic debris below 8,890 oo~

Conglomerate, deeply weathered, very coarse-grained; contains some basic
material. Unit appears to be derived from coarse-textured light-colored
igneous rocks below 8,910, Weathered granite wash below 3,930. Basic
debris below 3,950

Conglomerate, fine- to very coarse-grained, angular to subangular, eontain-
ing basic debris. Unit contains deeply weathered granite wash below
3,970

Granite wash, deeply weathered, pinkish-buff, contains a trace of basic
debris below 3,990, and elay below 4,000 and subangular to subrounded
basic pebbles betow 4,040

Granite wash and conglomerate; contains basic debris. Basic debris prin-
cipally olivine below 4,080

Granite wash and conglomerate; deeply weathered; containing basic
debris. Abundant coarse subangular basic pebbles below 4,120, Con-
glomerate is medium to very coarse grained below 4,140 oo

Conglomerate, very coarse-grained, containing granite wash and basic
debris. Abundant basic debris below 4,210. Unit contains buff clay
below 4,220

Granité wash, deeply weathered, containing coarse subangular to sub-
rounded pebbles. Unit contains basic material below 4,240 and sandy
conglomerate with clay below 4,250

Granite wash, deeply weathered, containing basic pebbl

Clay, siliceous, pink to buff and tan, containing coarse pebbles_.________

Clay, buff and tan, containing coarse pebbles, basic material and a little
granite wash

Conglomerate, deeply weathered, containing clay, coarse pebbles of granite,
lava, and granite wash., Material is fine to coarse grained below 4,330.
Unit contains basic debris below 4,340

Clay, siliceous, pink to pale-green and buff, containing pebbles and a trace
of weathered granite wash. Unit contains abundant pebbles below 4,370
and weathered basic debris below 4,380

Clay, sandy, pale-green, with interbedded grains of basic material. Unit
contains siliceous pebbles below 4,420

Conglomerate, coarse-textured, eontaining granite wash and basic debris.
Lava is deeply weathered below, 4,440. Material is derived from basic
rocks below 4,450. Unit contains buff, tan, and pale-green siliceous
clay below 4,470 and contains coarse pebbles derived from basic rocks
below 4,480, Pebbles are derived from basic and acidic igneous rocks
below 4,500

Clay, siliceous, pale-green and buff, containing angular to subangular grains
of quartz. Material consists of basic rock below 4,680. Weathered
granite wash below 4,540

Conglomerate, fine- to coarse-grained, varicolored, containing basic and
acidic debris. Unit contains weathered lava below 4,560, Material is
deeply weathered and contains granite wash below 4,580. Sampled sec-
tion from 4,522 to 4,605 may be deeply weathered lava flow or material
derived from lava :

Clay, pale-green, buff, tan, in part siliceous, containing fine to coarse
pebbles and a little elay. Clay is sandy below 4,650 and siliceous below
4,660. Material is deeply weathered below 4,690,

Congomerate, varicolored, eontaining medium to very coarse basic pebbles
and a few grains of quartz. Unit contains abundant grains of nephe-
lite(?) below 4,710, Unit is primarily a basic breccia below 4,720.
Material is weathered below 4,730. Unit contains a trace of buff to
pale-green clay below 4,740, econsiderable clay below 4,760, and a trace
of siliceous clay below 4,770

Conglomerate and breceia; basic. Unit is weathered and contains siliceous

(feet)

60

60

20

70

50

50

80

30
10
20
30

40

40

30

80

40

80

70

90

277

Depth
(feet)

3,900

38,960
3,980

4,050

4,100
4,150
4,230

4,260
4,270
4,290
4,320

4,360

4,400

4,430

4,610

4,650

4,630

4,700

4,790
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Thickness Depth
(feet) (fest)
clay below 4,800. Unit contains buff siliceous clay and pink granite

wash below 4,810, siliceous and sandy clay with fragments of conglomer-

ate and breccia below 4,820, and abundant pink, buff, tan, and pale-

green siliceous clay with some pebbles below 4,840 80 4,870
Conglomerate, containing very coarse pebb! 10 4,880
Breccia, basic, containing pebbles. Material is weathered below 4,890.... 20 4,900
Conglomerate and breccia; basic; deeply weathered 10 4,910
Clay and andesitic breccia; contains clay and pebbles below 4,920 and is

in part weathered to siliceous clay below 4,940 40 4,950
Clay, siliceous, buff, pink, and tan, containing a trace of conglomerate and

breccia. Unit contains mica and very fine to fine angular to subangular

grains of quartz below 4,960. Material is decomposed below 4,970, Unit

contains coarse-textured basic brececia and conglomerate below 5,010 and

deeply weathered pebbles in clay matrix below 5,020ceveeecaceeecenae 140 5,090
Clay, siliceous, drab-gray, containing conglomerate with coarse pebbles... 10 6,100
Clay, micaceous, siliceous, varicolored, containing some basic pebbles. Unit

contains basic breccia below 5,140, weathered basic debris below 5,160,

very coarse subrounded pebbles below 5,190, and water-worn pebbles

below 5,200 110 5,210

Undifferentiated Miocene( ?) rocks:
Breecia, basic, containing clay 20 5,230
Conglomerate and brececia; very coarse; varicolored; containing eclay.

Material is deeply weathered and contains considerable silicecus clay

below 5,280 and a small amount of clay below 5,290 oo 70 5,300
Breccia, basic, weathered, containing clay. Unit contains coarse pebbles

below 5,310, very coarse breccia below 5,320 60 5,860
Lava, felsitic, containing a trace of hornblende and mica phenocrysts.... 20 5,380
Clay, siliceous, pink to yellow and yellowish-buff, containing some con-

glomerate 10 5,390
Conglomerate, coarse, varicolored, containing some lava and siliceous clay.

Unit contains felsitic lava below 5,400, 20 5.410
Conglomerate and breccia; basic; deeply weathered; containing clay.... 10 5,420
Clay, siliceous, pink to yellow and yellowish-buff, containing conglomerate.

Unit contains very coarse basic breccia below 5,480 e mcmmocecaen 20 5,440
Lava, felsitic, slightly weathered, red. Unit contains very coarse pebbles

below 5,450 and andesitic breccia below 5,460 30 5,470
Breccia, basic, containing diorite and andesite. Unit contains clay and a

few pebbles below 5,600, siliceous clay and green, red, and brown con-

glomerate below 5,520. Slightly weathered basic breccia below §,530... 170 5,540
Lava (?), basic, felsitic (7) 10 5,550
Conglomerate and breccia; basic 20 5,570
Lava, slightly weathered, andesitic, greenish-black, Contains slightly

weathered and slightly conglomeratic basic breccia below 5,580 ceccuan 30 5,600
Breccia, basic, slightly conglomeratic, varicolored. Unit contains con-

glomerate with green, tan, and buff siliceous clay below 5,610 - 20 5,620
Lava, slightly weathered, eontaining brecei 30 5,650
No samples 10 5,660
Conglomerate, varicolored, containing coarse pebbles and some clay.

Material is coarse to very coarse grained and contains basic debris

below 5,670 20 5,680
Clay, siliceous and sandy, varicolored, containing some deeply weathered

conglomerate 10 5,690
Congl ate and breccia; mostly basic; weathered 20 5,710
Lava, basic, weathered, brecciated, red, green and brown, containing coarse

pebbles below 5,720 and very coarse basic conglomerate below 5,730.... 80 5,740

Conglomerate and breccia; consisting mainly of basic rocks. Contains

lava breccia below 5,750 and some weathered conglomerate below 5,770,

Unit is deeply weathered and contains some clay below 5,800 and basic

breccia below 5,810 90 5,880
Lava, basaltic, slightly porphyritic, weathered. Unit contains andesite

below 5,850 30 5,860
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Thickness Depth
(feet) (feet)
Conglomerate and breccia; weathered; containing basic rocks. Unit con-

tains considerable andesite below 5,970 140 6,000
Conglomerate and breccia; basic; deeply weathered 10 6,010
Clay 10 6,020
Breccia, desitic and basaltic. to 6,030
Conglomerate, consisting of very coarse pebbles of basic and acidic rocks.

Material is slightly weathered below 6,060 40 6,070
Conglomerate and breccia; mostly basic; deeply weathered. Material is

slightly weathered below 6,080 30 6,100

Conglomerate and breceia; mostly basic; slightly weathered. Unit con-

tains considerable lava below 6,110, contains very glassy material below

6,150, is mostly breccia below 6,160 and contains considerable lava-

derived material below 6,180 100 6,200
Breccia, basic, red to light-gray, containing feldspar. Unit contains con-

glomerate below 6,210. Second lava flow encountered at 6,218. Con-

siderable glassy-textured material and a little clay below 6,220. Material

is light colored, red, and gray and is in part weathered below 6,230.._. 40 6,240
Breccia, varicolored, containing porphyritic rock with flaky groundmass.

Unit contains siliceous clay with dark basic material and conglomerate

below 6,260. Unit contains a little siliceous clay below 6,270. Entire

rock is similar to felsite porphyry but may be too glassy. Section from

6,218 to 6,340 may be slightly weathered lava flow. 100 6,340
Conglomerate and breccia; deeply weathered; containing pebbles that are

very coarse and mostly basic. Unit contains green and grayish-green

clay below 6,370, green basic rocks below 6,380, and a little clay below

6,420 90 6,430
Breccia or slightly weathered felsitic flow. 10 6,440
Conglomerate and breccia; slightly weathered. Unit contains very coarse

to coarse pebbles below 6,450. Most of the breccia consista of basic

rocks, with considerable weathering below 6,470. Unit contains a trace

of red vesicular lava below 6,490 60 8,500
Conglomerate and breccia; basic: slightly weathered; containing clay.

Material is deeply weathered below 6,510, contains clay and dark breccia

below 6,560, contains fragments of vesicular lava below 6,570, containg

dark basic breccia below 6,600, and is slightly weathered below 6,610.

Unit contains light-colored, felsitic, slightly weathered, brecciated, por-

phyritic lava flow (third flow) at 6,630. Phenocrysts in lava flow are

mica and hornblende. Unit contains pebbles below 6,710 covummeean. 840 6,840
Conglomerate and breccia; deeply weathered; containing clay. Unit con-
tains light-colored felsitic lava below 6,850 40 6,880

Conglomerate and breccia; deeply weathered; containing abundant clay.

Unit contains mostly basic rocks below 6,920, is glassy and light-colored

and has a trace of granular quartzitic rock below 6,940, is deeply

weathered and contains conglomerate below 6,950, and contains basic

breccia below 6,970 120 7,000
Breccia, basic; containing fragments of lava. Unit is deeply weathered

and contains some Debbles below 7,010, contains very coarse pebbles

between 7,030 and 7,040, and contains only a trace of pebbles below 7,040 100 7,100
Breccia, basic, containing fragments of lava and a few pebbles.—eaee..—— 20 7,120
Lava, basic, slightly weathered, brecciated, green and red, Material is

deeply weathered below 7,130 20 7,140
Conglomerate and breccia; basic; green and grayish-green. Material is

slightly weathered below 7,180 and deeply weathered below 7,190____.. 60 7,200
Conglomerate and breccia; very deeply weathered; containing some clay.. 20 7,220

Breccia, basic, weathered; containing fragments of lava. Unit is slightly

weathered and contains considerable andesitic debris below 7,230, con-

tains pebbles below 7,240, contains clay, conglomerate, and breceia below

7,250, contains considerable clay below 7,270, contains abundant coarse

pebbles below 7,280, and contains conglomerate and clay below 7,290_... 80 7,300
Conglomerate, containing very coarse pebbles and clay. e oo ccccnmmnn. — 10 7,310
Conglomerate and breccia; mostly basic: containing some clay. Unit con-

tains fragments of lava below 7,320, Material is deeply weathered below

7,330 80 7,340




280 GROUND-WATER RESOURCES, SAN LUIS VALLEY, COLO.

Thickness Depth

(feet) (feet)
Breccia, basic, slightly weathered, containing fragments of lava. Unit
contains a few pebbles below 7,370 and a little clay below 7,380 ———____ 50 7,390
Breccia, slightly weathered, eontaining a little clay. 10 7,400
Conglomerate and breccia; partly weathered: containing fragments of
grenitic rocks 20 7,420

Breccia, arkosic, deeply weathered, containing fragments of porphyritic
granite. Unit eontains a trace of basic debris below 7,440 and basic

lava below 7,450 40 7,460
Breceia, basic, containing fragments of lava. Material is considerably

weathered and contains a few coarse pebbles below 7,480 ____ 30 7,490
Conglomerate, very coarse, containing some basic breceia.._.____.___ 10 7,500
Conglomerate and breceia; very coarse; containing fragments of lava.

Unit contains considerable breccia below 7,510 30 7,630
Breceia, very dark-colored, containing fragments of lava.—— . _ 10 7,640
Conglomerate and breceia; dark-colored. Material is weathered below

7,550 20 7,660

Conglomerate and breccia; containing fragments of fine- to coarse-
textured acid and basic rocks. Material is very deeply weathered

below 7,690 50 7,610
Conglomerate and breccia; containing fragments of acid and basic debris 20 7,630
Breceia, pink to white, containing weathered felsitic lava. Unit contains

considerable conglomerate below 7,640 20 7,650
Conglomerate and brecei: 80 7,680
Conglomerate, varicolored, containing very coarse pebbles. Material is

deeply weathered and eontains clay below 7,720 60 7,740
Breceia, deeply weathered, light-colored, contains fragments of basic rocks 10 7,750
Breccia, deeply weathered, light-colored, containing fragments of lava.___ 20 7,770
Lava, pale-purple to red, in part weathered (felsitic low?). Unit eontains

fragments of lava below 7,790 30 7,800
Breccia, containing some andesitic or basaltic material. Unit contains

conglomerate below 7,810 20 7,820
Conglomerate and breecia; basic; orange-buff to green. Unit contains

fragments of lava below 7,830 30 7,850

Conglomerate, light-colored; containing considerable leached and weath-

ered rocks. Unit contains considerable clay below 7,910, is deeply

weathered below 7,930, and is pale-purple to red and green and contains

considerable clay below 7,960 i 150 8,000
Conglomerate, pale-purple, red and green, containing fragments of granite,

mica, and weathered igneous rocks. Unit eontains considerable clay

below 8,010 28 8,023

NoTe.—There probably are many thin lava flows in addition to the three that are mdicated
in the log.
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