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WATER TABLE
FLUCTUATIONS

in Eastern Colorado

W. E

In 1929 a program was initi-
ated by the Colorado Agricul-
tural Experiment Station to de-
termine changes in the water
table in certain areas in Colorado
where pumping for irrigation
was important. Representative
wells were chosen in these areas
where it was possible to measure

. Copr!

to the water surface with a steel
tape. Other wells were added to
the network as pumping ex-
panded into new areas. In ad-
dition to the steel tape measure-
ments, continuous records are
being obtained by means of re-
cording instruments on four
wells in the South Platte basin.

Experiment Station Ground Water Investigations

A ground-water use survey was
made by the Experiment Station
in the South Platte Valley in
1940 and 1941. In this report?
water - table fluctuations were
shown for a large number of
observation wells previous  to

1942. Also shown are growth
charts and tables on power de-
mand translated into acre feet.
In 1942 and 1943 a detailed
study was made of the ground-
water supply of Prospect Valley®.
This report contains hydro-
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3 Code, W. E. Ground Water Supply of Prospect Valley, Colorado.

State University, 1945.
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graphs of water table conditions
for that area through 1944. A
reconnaissance type ground-

water survey was made in 1945
in Big Sandy Valley'.

Investigations by the U. S. Geological Survey

A cooperative agreement be-
tween the Ground Water Branch
of the U. S. Geological Survey
and the state of Colorado was
entered into in 1945. Reports
on Big Sandy Valley in Elbert
and El Paso counties® and on
Baca County® have been pub-
lished. Reports on Huerfano,
Kit Carson counties and the
Grand Junction artesian area
have been completed but not
published. Several other small
area studies have been made.

In cooperation with the state
and the U. S. Bureau of Recla-
mation, the Geological Survey
has conducted investigations at
various times in the San Luis

Valley. As part of the Missouri
Basin program, surveys have
been made in the High Plains
area drained by the Republican
River and Frenchman Creek.
This program also included a
study of the South Platte Valley
below Hardin in 1949. A print-
ed report on this area is ex-
pected in 1958.

As a result of the work being
done by the Survey, certain parts
of the information here present-
ed have been furnished by that
agency. This is particularly true
of measurements made in the
South Platte Valley below Har-
din since 1947.

Ground-Water Hydrology

Hydrologists  divide ground
water recoverable by means of
wells into two types according
to occurrence—confined and un-
confined. Often these terms are
referred to as artesian and water-
table conditions. Confined water,
as the term signifies, is water
under pressure moving through
an aquifer, often sandstone
which is bounded both above
and below by dense rocks such

as shale, lava or clay. The source
of supply at the outcrop may be
many miles from the point of
use. Unconfined water is char-
acterized by a water table which
is the level at which water stands
in a well drilled into the forma-
tion. The source of such water
may be very close at hand. The
data and discussion in this bulle-
tin deal only with unconfined
water.

+ Code, W. E. Report on Ground Water for Irrigation in Big Sandy Valley, Colorado. Mis-
cellaneous Series Paper 282, Colorado State University, 1945 (mimeograph).
5 McLaughlin, T. G. Geology and Ground-Water Resources of Parts of Lincoln, Elbert and

El Paso Counties With Special References to Big Sandy Valley. Bul. 1,

Conservation Board.
¢ McLaughlin, T. G.
Colorado Water Conservation Board.

Geology and Ground-Water Resources of Baca County.

1946, Colorado Water

Bul. 2, 1954,



There are two definite char-
acters of unconfined ground
water depending on the position
of the water table with respect
to a stream bed. When the water
table is below the stream bed—
the common arid climate condi-
tion—it is known as influent and
when above the stream bed the
ground water is referred to as
effluent. The effluent type is
characteristic of a humid climate
and of an irrigated area where
lost irrigation water appears as
stream flow.

Conditions in an Arid Climate

The position of the water
table in a desert or low rainfall
region when not disturbed by
man is the result of thousands of
years of weather conditions. Tt is
in essential equilibrium varying
only seasonally or cyclically with
minor ple(lpxmtmn changes.

When water is \\'1(11(11:1\\11 for
industrial, municipal or agricul-
tural uses, the natural equilib-
brium is upset and the most fre-
quent result is a lowering of the
water table. Under some condi-
tions a new equilibrium at a
lower elevation may become es-
tablished. This may come about
by the salvaging of ground water
through the water table drop-

ping below the root zone of
vegetation and elimination of
evaporation from swamps and

ponds. Or, the lowering of the
water table may create a greater
reservoir capacity for the absorp-
tion of losses from stream flow.

Except in rare instances of a
closed basin, ground water is in

motion horizontally. To be flow-
ing, the water table must have
a slope. The direction of the
slope is generally with the sur-
face of the land. Locally, how-
ever, it may deviate from this
pattern because of a change in
geology or a change in the char-
acter of the aquifer.

Direction of flow is discovered
by means of field surveys. The
clevation of the water table is
determined at numerous places
in wells and a map constructed
on which water-table contours
are plotted. The direction of
flow is down the steepest slope
at any point or at right angles
to the contours. It may be found
that the contours are much closer
together in some places than in
others. This may be due to a
reduction in area of the aquifer
or lower permeability.

Permeability is a term used
in ground water hydrology that
pertains to the ability of the ma-
terials to convey water. Clays
have a very low value of perme-
ability, fine sands a greater value,
while fairly uniform gravel has
a very high value of pelme"ibll
ity.

The replenishment of ground
water in a pumped area is com-
posed of water moving in from
adjacent areas, losses from stream
flow, downward movement of
moisture lost in irrigation, and
precipitation on the area.

It is not unusual for those not
acquainted with ground water
hydraulics to consider that where
ground water is flowing in a
well defined valley, the prin-
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cipal supply to a pumped area
is coming to it from upstream.
This is only partially true. Be-
cause water moves very slowly
under ground’, it reacts to
pumping very much as a surface
reservoir—not as a stream.
Water is being drawn from stor-
age and the water table lowers.
If a new plane of equilibrium is
reached through the salvage of
ground water, further lowering
will cease. If this is not the case,
then water will continue to be
drawn from storage and the
water table will continue to
drop. Water coming in from up-
stream, ordinarily much less in
quantity than usually conceived®,
will be offset by an equal amount
escaping down stream. A source
of replenishment close at hand
must then be looked for.
Ground - water replenishment
occurs in several ways. The most
important source of new water
to an area occurs within its bord-
ers from stream flow seepage
losses. Initially a considerable
amount of ground water will
come in from adjacent areas but
this will gradually diminish in
volume with time. Well water
lost from irrigation to the water
table can be considered only as
circulated water. Direct contri-
butions from precipitation usu-
ally are very small. They are al-
most non-existent in an arid cli-

mate except in very sandy soils.
Rains seldom wet the soil down
more than five feet and this mois-
ture can easily be used up by
the vegetative cover. In the High
Plains area, recharge from pre-
cipitation has been estimated at
less than one-half inch annually
and in the sand hills at about 1
inch. Since equilibrium is de-
pendent on these conditions any
ground water removed by wells
is usually being taken from stor-
age. A lowering of the water
table will then occur as has been
demonstrated many times in the
arid west. The rate of lowering
will be dependent upon the con-
centration of wells. In some
places where wells are far apart,
the effect will be so small as not
to have an important effect.

A source of replenishment, so
far not mentioned, is that of
water spreading or sinking water
artificially. A considerable suc-
cess has been attained in south-
ern California for many years in
sinking flood waters in the coarse
gravels at the mouths of canons.
In the High Plains in Texas an
effort is being made to sink water
in wells drilled for that purpose
in land-locked depressions.

In Colorado the only place
where surplus water is being de-
liberately sunk is in Prospect
Valley east of Hudson. Here,
water is run into a very leaky,

7 These velocities have been measured by C. S. Slichter and others and have been found to

be usually less than V2 mile per year.

S For instance, calculations based on a commonly found permeability factor of 1,000 gallons
per day per square foot, a vallev aquifer 2 miles wide and having a saturated thickness of 50
feet and a water table slope of 20 feet to the mile, would convey a flow of about 1,400 gallons
per minute. This could be diverted easily by just 2 irrigation wells.
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abandoned reservoir with excel-
lent results. Excessive storm
waters are about the only waters
not already appropriated that
could be used in Colorado for
this purpose. A serious difficulty
that exists on most of our streams
1s that such water contains much
mud in suspension and, in con-
sequence, receiving areas would
soon become sealed. Further, in
the cases involving large streams,
diversion costs ordinarily would
be very high. The detention of
storm waters in small tributary
channels may have possibilities
in sinking water locally and pro-
longing stream flow.

Conditions in a Humid Climate

In a humid climate, streams
are perennial in nature. To be
so, the low or base flow is fur-
nished by ground water feeding
into the stream. These are gain-
ing streams in contrast to those
in an arid climate that lose in
volume. The water table must
therefore be higher than the
stream  bed to provide escape
conditions. Since generally in
such a climate, the ground water
is replenished by water moving
downward through the soil from
precipitation, the water table
fluctuates seasonally with pre-
cipitation.

It is well known that the water
table rises whenever irrigation
from streams is a new factor in
an area. T'he losses from canals,
reservoirs and in the irrigation

of crops bring about an imbal-
ance from natural conditions.
These then are replenishment
factors. Frequently, as in the
case in Colorado, the water table
builds up higher than the stream
beds and a condition arises close-
ly resembling that of a humid
climate. The term return flow
is the one commonly used in
connection with the escape of
these excess waters back to a
stream. In contrast with humid
climate conditions, the water
table fluctuates with the irriga-
tion season, being highest at the
end of the season.

When ground water is drawn
upon as a supplemental supply
in an already irrigated commun-
ity, several things may happen.
When the draft is moderate, the
usual highs to which the water
table might rise during the irri-
gation season are reduced. If the
incoming surface supply is de-
cidedly short, the rise may not
occur at all and a lower than
usual water table will occur the
following spring. Should there
be a succession of years of short
water supply, there may be a
definite declining tendency dur-
ing such a period.

In general in Colorado, down-
ward trends of the water table
in pumping areas receiving sur-
face supplies have been of a
temporary nature. However,
there are several small areas
which have suffered a consider-
able lowering over 6- and 8-year
periods.



Ground-Water Hydraulics

Because we are dealing with a
commodity that we cannot see
in action and many influencing
factors of a variable nature are
hidden from view, evaluation of
quantities must be considered as
reasonable approximation only
in connection with ground-water

surveys. Geologists, engineers
and mathematicians have de-

veloped the science of ground-
water hydraulics greatly in the
last 40 years. Many tools have
been provided that have reduced
much of the guesswork of the
19th century.

Work in laboratories and in
the field have helped immeasur-
ably to understand how ground
water reacts to certain natural
or artificial influences. Without
going into details, some idea will
be given the reader of a few
methods used by ground water
men in solving pmb]ems It
should be mentioned, of course,
that the accuracy in evaluating
factors is quite dependent on the
thoroughness of investigations.
Thus, in many instances, the
availability of funds for the work
could very well influence the
results.

The factor of permeability has
been mentioned previously.
More specifically, as used by the
U. S. Geological Survey, it has
been given the numerical value
of the number of gallons per day
passing through a square foot of
formation under a 100 percent
gradient. For field use, its equiv-
alent value, the number of gal-

lons per day passing at right
angles through a section of for-
mation one mile long and one
foot wide under a gradient of
one foot per mile, is used. The
temperature in either expression
is to be adjusted to 60° Fahren-
heit.

Permeability may be found in
the laboratory by passing water
through a sample of the forma-
tion. Thls method is subject to
considerable error in that the
sample as taken from a well is a
mixture of material and when
put into a cylinder for testing
the particle arrangement is noth-
ing like that in nature. Further,
the sample is but a minute part
of a very large volume on which
information is wanted.

A much better evaluation can
be made in the field by a well
test. A well test provides a per-
meability evaluation over a con-
siderable volume of materials.
It also tests the formation in a
horizontal direction, which is the
natural condition of flow. In
this, a well is pumped continu-
ously at constant discharge for
from 3 to perhaps 7 days. During
the test, the drawdown within
the cone of influence (see Figure
1) is measured in 2 or more ob-
servation wells. By a somewhat
involved but mathematically cor-
rect procedure, a value of per-
meability is obtained from the
data.

If a well test is continued long
enough, another factor—storage
coefficient — can be obtained.
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The storage coefficient is the
ratio of the amount of water that
will drain out of a sample of
formation by gravity to the vol-
ume of the sample. Its value
seldom exceeds 0.3 (30 percent) .

Fortified with a knowledge of
these factors and knowing the
geologic character of the forma-
tions through logs ol existing
wells or from exploration holes,
other items can be evaluated.
One important item is that of
the total amount of water mov-
ing underground down a valley

past any cross-section. The
only additional information
needed in this is the slope of
the water table. Another item—
one determined from the storage
coeflicient—is the total amount

pumped
well
("} 7

ground surface -

Figure 1.

Idealized position of the water

of water in storage under a given
surface area. \’ow with the help
of these pieces of information,
even though subject to error,
and a IC(()ld of water table fluc-
tuations, the hydrologist has a
[air picture of the underground
conditions and some idea ol what
the future might hold.

There are still some unknowns
that may or may not be antici-
pated in the evaluation of a
ground water supply for devel-
opment. We do not know, for
instance, just how a ground
water basin will react to pump-
ing, especially by water coming
in from the boundaries when
the water table i1s lowered. An-
other unknown 1s the amount of
water that is lost in ditches and

observation wells

of

table surrounding a well being
pumped. The shape is determined from measurements in the observation wells.
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that escaping beyond the plant
roots in irrigating. Predictions,
therefore, cannot be made with
high accuracy. It is unfortunate
that at present proof must come
about by observing the effects
of pumping on the water table.
Observation wells with long rec-
ords are necessary to establish

Water Table

The patterns of movements in
the water table have great sig-
nificance to ground-water hydrol-
ogists. 'They reflect the many
external influences that may be
present. To one familiar with
the subject, these patterns have
definite meanings. One would
expect, for instance, that the
water table near a stream would
fluctuate very little because of
the stabilizing effect of the
stream. At greater distances and
where surface water is being ap-
plied, the annual fluctuations
could be expected to be greater.

The normal pattern of water
table fluctuation in an area
served by canals is that of a low
point occurring before irrigation
starts. This is caused by a grad-
ual draining out of ground water
to the river. Very quickly after
water comes into the canals, the
water table starts to rise and
reaches its maximum at about
the end of the irrigating season.
The extent of rise will depend
on the extent of the surface
water supply and the amount of
pumping. The volume of pump-
ed water may be so great in a
season of short water supply that

the facts. It may take a number
of years before an idea can be
formed as to the adequacy of a
supply. It is, therefore, very de-
sirable that a basin be developed
slowly so that there will be time
to obtain measurements of the
effects of current withdrawals.

Fluctuations

there would be no seasonal rise.
A succession of years of sub-
normal precipitation would re-
sult in a downward trend in the
water table. Conversely, above
normal water tables can occur.
That these changes can take
place in a short space of time
can be observed in a study of
the graphs for such areas. On
Plate 3 is shown the water sup-
ply from the Cache la Poudre
River. The rapid change in
water table elevation in response
to water supply is obvious. The
annual pumping draft has a fair
relationship to the amount of
electric power used. The rela-
tionship from year to year can-
not be considered accurate be-
cause of the steady conversion
from engines to electric power
in the earlier years.

The amount of power used in
the South Platte Valley and for
the state is shown in Figure 2
and Table 1. One should ex-
amine both the character of the
surface water supply and the ex-
tent of pumping in order to ac-
count for the water table changes
that occur.

In areas where ground water

_ 8 __
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Figure 2. This graph shows the amount of electricity used by irrigation wells
in the South Platte Valley and in Colorado as a whole.



Table 1. Use of Electric Power for Pumping Ground Water in Colorado.!

Year Kilowatt Hours
South Platte State®
1930 1,700,000 2,200,000

1931 2,100,000 2,730,000

1932 2,100,000 2,660,000
1933 1,730,000 2,350,000
1934 3.810.000 1,500,000
1935 3,560,000 4,280,000
1936 5.650.000 6.270,000
1937 7.820,000 8,970,000
1938 5,210,000 6,000,000
1939 11,600,000 13,200,000
1940 15,200,000 18,600,000
1941 10,500,000 11,000,000
1942 7.650.000 7.980.000
1943 12,400,000 14,200,000

Year Kilowatt Hours
South Platte State?

1944 16,300,000 16,900,000
1945 14,200,000 16,200,000
1946 25,100,000 32,100,000
1947 18,000,000 21,800,000
1948 28,500,000 31,000,000
1949 23,400,000 26,700,000
1950 39,700,000 53,400,000
1951 35,600,000 58,700,000
1952 50,900,000 61,100,000
1953 52,200,000 76,500,000
1954 85,400,000 130,000,000
1955 79,000,000 126,000,000
1956 96,900,000 159,000,000
1957 47,400,000 61,000,000

! From data supplied by utilities operating in the state which increased in number from 5 in

1930 to 15 in 1957.

Figures are rounded to indicate probable accuracy.

2 The total for the state is estimated in part through 1953.

is the sole source of supply a
different pattern of water table
fluctuation is to be found. Here
the high point will be in the
spring and lowest in the fall.
This spring elevation is usually
higher than that of the preced-
ing fall. The reason for this is
not entirely because a replenish-
ment has taken place, but rather
because of the readjustment that
occurs during the winter. During
the pumping season, a depres-

sion in the water table is created
around a well which requires
time to fill up and adjust itself
to surrounding conditions. In
an over - developed area, one
where water is continually being
removed from storage, each suc-
cessive spring elevation will be
lower than the preceding one.
In view of this, the spring meas-
urements ordinarily provide a
better guide to the real change
that has taken place.

The Water Table Fluctuations Program

On pages that follow are
shown in hydrograph form the
fluctuations of the water table
in some 255 wells. It will be
observed that there have been
included records of considerable
duration that are no longer cur-

rent. A number of current rec-
ords have not been included
because of the very short period
represented.

Ordinarily, measurements were
made in the spring and fall or
before and after the irrigation

— 10 —



season. In the graphs, these
points are connected with a solid
line. Dotted lines are used to
connect points not consecutive
in time in the regular program.
The measurements to the water
table as shown are from the

ground surface. Actually they
are made from a definite point
at the well opening which is
referenced to the ground surface.

The scale used i1s uniform
throughout — 5 feet between
lines.

Location of Observation Wells

A very large part of the ob-
servation wells are in the older
irrigated areas receiving surface
waters through canals. Ground
water in these areas is used to
supplement the basic supply.
Most of the tributary valleys are
underlain with sands and gravels
containing ground water in eco-
nomically recoverable quantities.
These valleys are narrow, con-
tain a normally dry stream bed
and for the most part do not
receive water from a canal sys-
tem. The irrigation wells and

therefore the observation wells
are confined to these valleys. For
the purpose of portraying natural
conditions, graphs of a few wells
outside the pumping and irri-
gated areas are shown.

In general the graphs are ar-
ranged in downstream order of
the main drainage. At proper
points, the groups along the trib-
utaries are inserted. Where wells
in the tributaries merge with
those along the main stem, an
arbitrary boundary is chosen.

Identification of Wells

The system of well identifica-
tion used by the Ground Water
Branch of the U. S. Geological
Survey consisting of a series of
letters and numbers has been
adopted in this bulletin. It may
appear complicated, but a little
study on the part of the reader
will make it possible to quickly
locate a well. One should, of
course, be conversant with land
location nomenclature.

Since the material in this bul-
letin covers the eastern part of
the state only, initial letter desig-
nations apply only to regions
north and south of the base line.

This line follows the 40th paral-
lel, which is about 12 miles north
of Denver. The area north of
the base line is designated by the
B symbol and that to the south
the C symbol. The first number
is the range north or south of
the base line, the second the
township west of the sixth prin-
cipal meridian. The third num-
ber is the section number and
the letters following designate
the quarter-quarter section in
the manner shown in Figure 3.
Thus, a well with the designa-
tion of B 7-65-12cd would be in
the southeast quarter of the

e T
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Figure 3. Method employed in describing the location of a well by means of
numbers and letters. The designation of the location shown is B 7-65-12cd.

south-west quarter (shown) of
section 12, T. 7 N., R. 65 W.
In some instances the 40-acre
tract is further broken down by

a third letter into a 10-acre tract
or, if there is more than one well
involved in the area, number 1,
2 or 3 may follow the letters.

Comments on Graphs of Records

The graphs shown on Plates
I to 17 are arranged in down-
stream order in most instances.
In the case of the South Platte,
the order is interrupted where
a tributary comes in to insert
the records of wells in that valley.

South Platte Valley Main Stem

All the observation wells in
the main valley are in areas
served by canals. The wells are,
therefore, used to supplement
surface supplies. Some of the
wells are close to the river while
others may be at a distance of
several miles. Those close to the
river will show a small annual
fluctuation and no persistent
trend. Wells B-4-66-17bcc and
B-4-60-9abl are typical for such

a location. The stabilizing effect
of the river is evident. Farther
back from the river, the seasonal
fluctuations are greater as indi-
cated by B-2-66-20bc. This well
shows that conditions have re-

mained in equilibrium for a
long time.
Farther downstream in the

Gilcrest area, there is a concen-
tration of pumping and large
losses from canals. The annual
fluctuation here is commonly 8
feet. Two periods of subnormal
stream flow, one in 1940 and the
other in 1954-56, were attended
by abnormal pumping drafts and
the effect is clearly indicated in
well B-4-66-14abl and others in
the vicinity.

The wells near Fort Morgan
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have been grouped in this cate-
gory although some are as much
as 8 miles south of the river and
above canals. Terrace sands and
gravels extend some distance
back in this vicinity. Most of
the records start at a low point
in about 1940. The water table
rose over a 2- or 3-year period,
remained somewhat constant
through 1952, then took a de-
cided dip during the following
4 years.

Previous to 1940 the water
table had been at a dangerously
high level in places south of
Fort Morgan and a few ponds
appeared. Pumping started here
in volume about 1936 and this
combined with less than normal
surface supplies caused some low-
ering during the latter part of
the 1930 decade.

Well B-3-57-6dcl is in the
basement of the city hall and is
equipped with an automatic re-
corder.

Cache la Poudre Valley—The
principal concentration of wells
is in the Box Elder Creek valley
north and east of Fort Collins.
The water table near Welling-
ton has been subject to fluctu-
ations of considerable magni-
tude. The lands in this area are
under a canal that has suffered
from short water supplies for
some time. In consequence, there
have been many wells drilled in
the past 20 years and the draft
has exceeded replenishment
much of the time. However,
during 1942 to 1944 and 1957
the water supply was good and
a sharp recovery took place. Well

B 9-68-33bdc is at the west edge
of Wellington.

Farther south where other
canals cross the valley, the varia-
tions in the water table become
less and less. As previously men-
tioned, the water table fluctua-
tions reflect the water supply
situation. Comparisons with the
hydrograph of stream flow at the
foot of Plate 3 show the relation-
ship quite markedly. From Fort
Collins east, the water table is
quite stable.

Lone Tree Valley—This val-
ley is irrigated from canals head-
ing in the Cache la Poudre.
Graphs of the fluctuations in the
water table are shown in Plates
4, 5, and 6. The wells for which
the first 5 graphs are shown are
above canals. Of these only well
B 8-65-8bbb is being used. The
considerable variation in B-8-66-
Ibab is thought to be caused by
flood flows in Lone Tree Creek.

In general the fluctuations can
be correlated with the magni-
tude of the surface water supply.
When that supply is low, then
there is a greater demand on
ground water. Changes in the
water table have been greatest
in the west side of the valley,
particularly in the Eaton - Lu-
cerne arca. They have been least
along the east side of the valley.

The graph of well B 7-65-18-
cdb needs some explanation.
This well was drilled, not for a
supplemental water supply at the
time, but to relieve a high water
table condition in the immedi-
ate vicinity. This objective was
accomplished quickly but the
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need of supplemental water led
to the drilling of two other wells
nearby. Their combined draft
lowered the water table consider-
ably as can be seen.

Crow Creek—Graphs of only
a small group of wells east of
Gill are available. The tail end
of only one canal reaches into
the valley. The water table has
been lowered significantly in a
part of this area.

Box Elder Valley—Graphs of
water table fluctuations in Box
Elder Valley together with a
very few of short duration in Bee
Be Draw are shown on Plates 7
and 8. All the wells in Box Elder
Valley in Adams County are
above canals, hence they produce
the entire irrigation water sup-
ply in that county.

Observation wells were estab-
lished in the Adams County
reach of the valley coincident
with the beginning of ground-
water development. It will be
seen that up to about 1948 there
were but minor fluctuations in
the water table. Replenishment
due to floods in Box Elder Creek
are evident. Electric power be-
came available in 1943 which
encouraged a greater use of the
wells. This fact and expansion
of the irrigated area caused a
greater draft on ground water,
resulting in a continued decline
since 1949, as shown by well
C 2-65-35dbb.

That part of the valley in
southern Weld County is sup-
plied with water from the Henry-
lyn Irrigation District. Pumping

began here in about 1924. A ris-
ing tendency is to be noted until
1949. A very serious decline de-
veloped after that as shown by
well B 1-65-24cdc, which was
partly recovered in 1957.

The few observation wells in
BeeBe Draw and the shortness of
the records do not permit much
comment. These do indicate a
substantial lowering of the water
table in places northwest of Hud-
son in the last several years.

Prospect Valley—Prospect Val-
ley has had an interesting his-
tory. This area is also served by
canals in the Henrylyn Irrigation
District. Because of a severe
water shortage, explorations
were begun in 1932 to locate a
ground-water supply. In this
there was considerable success
and by 1940 there were 67 pump-
ing plants in operation in a
rather small area. The water
table began to recede immedi-
ately, reaching a low point in
1941. In 1942 a reversal took
place and except for the year
1946 the rise was continuous
until 1950 when again a decline
set in, much more serious than
the initial one (see Plate 8).
Well B 1-63-28abb shows the
effect of losses from a reservoir
at the south end of the area.
Well B 2-63-32aa is below a res-
ervoir on the west edge of the
area farther north. It also shows
the effect of reservoir losses but
to a lesser degree. There being
no pumped wells nearby, the
graph is much smoother than the
others. A general recovery of 5
or more feet occurred in 1957

—14 —



when the surface supply was
very good. A more detailed study
of this valley is reported on in
1945°,

Kiowa Valley — Irrigation
wells are scattered tlnoughout
the length of this valley in
Adams and Weld counties. At
its lower end, however, in Mor-
gan County, they are quite con-
centrated. All water used in irri-
gation 1is derived from wells.
The few observation wells cover-
ing the area in Adams County
and southern Weld County show
a downward tendency as indica-
ted by well C 1-62-34cd. Any
replenishment of consequence to
ground water in this valley must

come from floods in Kiowa
Creek.
Records of longer duration

are available at the lower end
near Wiggins. Near Wiggins the
alluvial fans of Kiowa and Bijou
Creeks merge with no distin-
guishing topographic features to
permit separation. In this area
irrigation well development
started in 1934 and is nearly
fully developed now. The water
table here has receded about 1
or 114 feet annually without in-
terruption in the past 10 years or
so as shown by well B 3-60-22
CEG:

Bijou Valley—Bijou Valley is
the largest of the south tribu-
taries of the South Platte. The
creek is subject to tremendous
floods (100,000 cubic feet per
second) which are the principal

8 Code, W. E.
Colorado State University,

1945.

Ground Water Supply of Prospect Valley,

source of ground-water replen-
ishment. Ground-water develop-
ment began here in 1935 and
grew rapidly in the following 15
years when it about reached its
present stage in Morgan County.
l)e\el()pmcnt still continues in
Adams County. It does not ap-
pear that there will be new lands
brought under irrigation in Mor-
gan County and in the northern
part of Adams County because

of the receding water table in
these parts.
By 1948 it became obvious

that the rate of ground-water ex-
traction was in excess of replace-
ment. The rate of water table
lowering increased sharply after
that date as shown on Plate 10
and has shown no symptoms of
slackening. The total lowering
has been greater in the southern
part of Morgan County and
northern Adams County. The
rate near, and north of Wiggins,
although of significance, is less.

With the exception of the year
1957, sizable flood flows in the
Bijou have been fewer in num-
ber than usual since 1935. The
extent of losses through the area
from flood flows is unknown but
replenishment from that source
does exist. The well hydrographs
do not yield significant informa-
tion on this factor.

Beaver Valley — The highest
canal cuts into Beaver Valley
about 2 miles south of Brush.
Above this canal, irrigation is
by means of wells. Recharge is

Technical Bulletin 34,

Colorado.
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principally from losses from
flood flows in Beaver Creek.
Some of the irrigation wells were
drilled as early as 1910, but ac-
tive increase in the number did
not start until about 1936. As
late as 1946, the rate of ground-
water use did not appear to pro-
duce any significant trends in
the water table (see Plate 12).
Beginning then, a steady decline
has developed, becoming greatest
in the heavily pumped area in
the vicinity of Gary as shown by
well B 1-56-1dc.

Pawnee Valley — Pumping is
not very heavy in this small area
which is under canals. No trends
developed until the drought per-
iod of 1954-56 which caused a
dip of about 5 feet.

Arkansas Valley Drainage

There is very little ground-
water development for irrigation
west of the junction of Fountain
Creek with the Arkansas River
at Pueblo. Observation wells are
located only in Fountain Valley
near Fountain; in Big Sandy
Valley near Simla; and along the
main stem of the Arkansas. Hy-
drographs covering these areas
are on Plates 15, 16 and 17.

Fountain Valley—In Fountain
and Jimmy Camp valleys there
are at least 120 pumping plants.
Four observation wells only rep-
resent water-table conditions in
Fountain Valley and these are
in the vicinity of the town of
Fountain. The wide swing in
well  15-66-14abd  reflects the
pumping from nearby wells in-

stalled in 1954. Well C 16-65-
16bb definitely reflects surface
supply in Fountain Creek.

Arkansas Valley Main Stem—
Irrigation wells throughout the
valley supplement supplies from
river diversions. Much agricul-
tural land lies in the socalled first
bottoms which are but a few
f[eet above the river channel.
Sands and gravels occur under
terraces at higher elevations on
both sides of the river but these
terraces are discontinuous. The
top of the underlying shales is
often higher than the first bot-
toms, giving rise to a water table
with fluctuations of a different
character than those in the bot-
toms.

Without doubt, the river has
a stabilizing influence on the
water table under the bottom
lands. This is demonstrated in
the graphs of wells C 20-63-33aa,
C 21-61-23bbb, C 21-61-23db
and C 21-61-24d. There is rea-
son to suspect that the gradual
rise in the water table has been
due to a rise in the river bed
caused by silt deposits.

Water tables under the ter-
races reflect the combined effects
of supplies through the canals
and the extent of pumping. The
effect of the drought years of
1940-1941 and 1953-1956 are
marked. This is shown in the
graphs of such wells as C 21-63-
8 ca near Vineland, C 22-59-18
cce near Fowler, and C 22-58-21
bd near Manzanola. All wells
responded significantly to the ex-
cellent surface supplies in 1957.

A group of wells extending

— 16 —



from east of LaJunta to the state
line has been added recently but
the records are of too short dura-
tion to be included.

Big Sandy Valley — Measure-
ments on five observation wells
in El Paso and Elbert counties
are being made by the U. S.
Geological Survey. The graphs
reveal a slight downward tend-
ency which probably reflects
creek flow conditions. The sandy
character of the creek bed affords
excellent conditions for the ab-
sorption of flood flows. Storm
water flows in this reach of the
creek are numerous but have to

Other Water

The U. S. Geological Survey
has a network of observation
wells established in the High
Plains drainage in Phillips,
Washington, Yuma, Kit Carson
and Baca Counties. These are
short time records and are avail-
able at the Denver office. For the

be of considerable magnitude
(possibly 1,000 cfs at Simla) to
reach to the mouth near Lamar.
Because of the proximity of bed
rock or other conditions reduc-
ing the flow area in the sands,
water is forced to the surface to
produce a small permanent flow
in places. Between such places
there are potential storage reser-
voirs for the absorption of flows.
LLowering of the water table
temporarily along the creek by
pumping increases the capacity
ol these reservoirs. A water table
lowering here therefore need not
be looked upon with alarm.

Table Records

most part they show no signifi-
cant trends. However, near Cope
in Washington County, and in
places in Baca County, where
there is a concentration of irri-
gation wells, a decline in the
water table has been noted.
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