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WATER TABLE 
FLUCTUATIONS 

m East:ern Colorado 

W. E. ConE ' 

In 1929 a program was initi-
a ted by th e Colorado gricul -
tural Experiment Station to de-
termi ne cha nge in th e wa ter 
table in certa in areas in Colorado 
where pumping for irri ga tion 
was important. R epresenta tive 
well s were chosen in th ese areas 
where it was possibl e to measure 

to the water surface with a steel 
tape. O t her we ll s were aclcl ecl to 
th e network as pumping ex-
paneled in to new a reas. In ad-
cl ition to th e stee l tape measure-
men ts, con t inuous records are 
be ing obtai ned by mea ns of re-
cording instrum ents on four 
well s in the South P latte basin. 

Experiment Station Ground Water Investigations 

A ground-wa ter use survey was 
made by the Experiment Station 
in the South Platte Va ll ey in 
1940 and 194 1. In thi re por~ 
water - tabl e Auctu ations were 
shown for a large nu mber of 
observa tion well s prev ious to 

1942. A lso shown are grow th 
charts and tab les on power de-
mand tran sla ted into acre feet. 
In 1942 and 194:1 a detai led 
stud y was made of the gro un d-
water supp ly of Prospect Va ll ey". 
Thi s report conta ins hydro-

1 Irriga ti on Eng ineer. Experiment Station , Colorado Sta te Universit y. 
' Code. 'N. E. Use of Grou11d ll'ater for f r,-jgation in th e South Platte I' aile)• of Colorado. 

Bul. 483 , Colorado State University, 1943. 
8 Code, IV. E. Gro und ll'ater Suf>Piy of Prospect Valley, Colorado. T ech . Bul. 34 . Colorado 

State Un iversit y, 1945. 

- I - I ~Ill ~/IIIII~ ~lllllllllllllllllllllll !J1/IIIIIWII !J1/IIIIII ill/Ill 
U18401 0591401 



graph s of water tabl e conditions 
for th at area throug h 1944. A 
r eco nn a issa n ce type ground-

water survey was mad e m 1945 
in Big Sandy Valley'. 

Investigations by the U. S. Geological Survey 
A cooperati ve agreement be-

tween th e Ground Water Branch 
of th e U. S. Geo logica l Survey 
and th e state of Colorado was 
entered in to in 1945. R eports 
on Big Sandy Vall ey in E lbert 
and E l Paso co unties" and on 
Baca Countyn have been pub-
1 ished. R eports on H uerfa no, 
Kit Carson counties and th e 
Grand Juncti on artes ian area 
have been completed but not 
publish ed. Several oth er small 
a rea stud ies have been mad e. 

In coopera ti on with th e state 
and th e U . S. Bureau o f Recla-
mati on , th e Geological Survey 
has cond ucted in Vf stigat ions a t 
various t im es in th e San Luis 

Vall ey. As part o f th e Missouri 
Bas in program, surveys have 
been made in th e High Plains 
area dra ined by th e R epublica n 
River and Frenchm an Creek. 
This program a lso included a 
study of th e South Pl a tte Vall ey 
below H ardin in 1949. A print-
ed report on this area is ex-
pected in 1958. 

As a result of th e work being 
done by the Survey, certa in parts 
of th e inform ation here present-
ed have been furnished by that 
agency. This is particul arl y tru e 
of measurements mad e in th e 
South Platte Vall ey below Har-
din since 1947. 

Ground-Water Hydrology 
H ydro logists divide gTound 

water recoverab le by means o f 
well s in to two types according 
to occurrence- confined and un -
confined. Often th ese terms are 
referred to as artesian and water-
tabl e condi t ions. Confin ed water , 
as the term signifies, is water 
und er pressure mov ing through 
an aquifer, o ft e n sa nd s t o n e 
which is bound ed both above 
and below by den se rocks such 

as shale, lava or clay. The source 
of suppl y at the outcrop may be 
many miles from the poin t o ( 
use. U nconfin ed water is char-
acterized by a water tabl e which 
is the level a t which water stands 
in a well drill ed into th e forma-
tion . Th e source of such water 
may be very cl ose a t hand. The 
da ta a nd discussion in this bulle-
tin dea l only with unconfined 
water. 

·• Code, W . E. Heporl on Gro uud lllater fo•· Jn igation in Big Sandy Vall ey, Colora do. Mis· 
cell aneous Seri es Pa per 282. Colorado Sta te Uni\'ersity, 1945 ( m imeograph ). 

5 ~ l c La ugh l i n , T. G. Geology and Grou nd· Tl'ater Hesources of Pa.·ts of Lincoln, El be•·t and 
El Paso Co unties lVith Special Heferences to B ig San dy Valle,•. Bul. I , 1946, Colorado Wa ter 
Conserva ti on Board . 

6 McLaugh lin , T . G . Geology an d Grotmd- ll'al er R esou rces of Baca County. Bul. 2. 1954 . 
Colorado \Va te r Conserva t ion Board. 
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There are two definite char-
ac ters of un co nfin ed g-round 
water depending on the posit ion 
of the water table with respect 
to a stream bed . Wh en th e water 
table is below th e stream bed-
the comm on arid climate condi-
tion-it is known as inAu ent and 
when above the strea m bed the 
ground water is referred to as 
effi uen t. The effi u ent type is 
characterist ic of a humid climate 
and of an irrigated area where 
lo t irriQ,"ation wa ter appea rs as 
strea m Aow. 

Conditions in an Arid Climate 
The positi on of th e water 

ta ble in a desert or low ra infall 
region when not disturbed by 
man is th e resul t of th ousa nds of 
years of wea th er condi ti ons. Tt is 
in esse n tial equilibrium vary ing 
onl y seasonal ly or cyclicall y with 
minor prec ipitati on changes. 

When water is withdraw n for 
ind ustri a l, municipal or alVicul -
tu ral u ses. the natural equilib-
britun is upset and th e most fre -
quent result is a lowering of th e 
water table. U nder 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 tabl e drop-
ping below the root zone of 
vegeta tion and eliminat ion of 
eva poration from swamp and 
ponds. O r , the lowering of the 
water table may crea te a g-rea ter 
reservoir ca pacity for the absorp-
tion of losses from tream Aow. 

Except in rare in stance of a 
closed basin , ground water is m 

motion horizonta ll y. To be Aow-
ing, the water tab le mu t have 
a slope. The d irect ion of the 
lope is g-e nerall y with the sur-

face o f th e land . Locall y, how-
ever, it may deviate from this 
patte rn beca use of a change in 
geology or a change in the char-
acter o f th e aqui fer. 

Direction of A ow is discovered 
by mea ns of field surveys. The 
e leva tion of th e water table is 
determin ed a t num ero us places 
in well s and a map constru cted 
on wh ich water-ta bl e contours 
a re plotted. Th e direction of 
Aow is clown th e steepest slope 
at any point or at right ang les 
to the contours. I t may be found 
that the con tour are much closer 
lOQ,"ether in some places tha n in 
others. This may be due to a 
red uct ion in area of th e aquifer 
or lower perm ea bility. 

Perm eability i a term used 
in groun d water hydrology that 
pertains to the abi lity of the ma-
terials to con vey wa ter. Clays 
have a very low va lue of perm e-
ability, fin e sands a greater value, 
while fairl y uniform gravel bas 
a Yery hi gh value of permeabil -
ity. 

The replenishm ent of ground 
water in a pumped area is com-
posed of water mov ing in from 
adjacen t areas, lo ses from strea m 
Aow, downward movement of 
mo isture lost in irrigation , and 
prec ipitation on the area. 

It is not unusu al for those n ot 
acq ua inted with ground water 
hydra ulics to consider th at where 
ground water is Aowing in a 
well defined va ll ey , the prin-

-3-



cipal supply to a pumped area 
is coming to it from upstrea m. 
This is on ly partially true. Be-
ca use water moves very slovvly 
under gro und ', it reacts t o 
pumping very much as a surface 
t:eservoir - not as a stream . 
\!Vater is being drawn from stor-
age and the wa ter table lower . 
If a new p lane of equilibri um is 
reached through the salvage of 
ground water, further lowering 
will cease. If this is not the case, 
th en water will continue to be 
drawn from storage and th e 
water table wi ll continue to 
drop. vVater coming in from up-
strea m, ordinaril y much less in 
quantity than usuall y conceived8 , 

will be offse t by an eq ual amount 
esca ping down stream. A source 
of replenishment close at hand 
must th en be looked for. 

Ground -water replenishment 
occurs in severa l ways. The most 
important source of new water 
to an area occurs within its hord -
ers from stream Aow seepage 
losses. Initiall y a considerabl e 
amount of ground water will 
come in from ad jacent areas but 
this wi ll g-rad uall y diminish in 
volume with time. We ll water 
lost from irriga tion to the water 
table can be considered only as 
circulated water. Direc t contri-
butions from precipitation usu-
a ll y are very small. They are a l-
most non-existent in an arid cl i-

mate except in very sa ndy soils. 
Rains seldom wet the so il down 
more th an five feet and this mois-
ture ca n eas il y be used up by 
th e vegetat ive cover. In the High 
Pl a in s area, recharge from pre-
cipitation has been estimated at 
less than one-baH inch an nua ll y 
and in the sand hill s at about I 
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 
pl aces where wells are far apart, 
th e effect wi II be so sma ll as not 
to have an important effect. 

A so urce of replenishment, so 
far not m entioned , is that of 
water spreading or sinking water 
art ificially. A considerable suc-
cess has been attained in south -
ern California for many years in 
sinking Aood waters in the coarse 
gravels at the mouth s of canons. 
In tbe Hig;h Pl ains in Texas an 
effort is being made to sink water 
in well s drill ed for that purpose 
in land-locked depression s. 

In Colorado th e only pl ace 
where surplus water is being de-
liberately sunk is in Prospect 
Valley east of Hudson . H ere, 
water is run into a very leaky, 

7 These veloci ti es have been measured by C. S. SliciH er and oth ers and have been fo und to 
be usually less th an 'h mile per year. 

A For instance. ca lcu lalions based o n a com monl y found permeability factor of 1.000 gallons 
per day per square foo t . a va ll ey aquifer 2 mil es wide and h aving a saturated thi ck ness of 50 
teet and a water table slope of 20 feet to the mile , wou ld convey a flow of about 1.400 gall ons 
per minute. This could be diverted easily by just 2 irrigation well s. 
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abandoned reservou with excel-
lent r es ult s. Excessive storm 
waters are about th e on ly waters 
not already appropriated that 
could be used in Colorado for 
this purpose. A serious difficulty 
that exists on most of our strea ms 
is that such water contains much 
mud in suspension and , in con-
seq uence, rece iving areas wou ld 
soon become sealed. Further , in 
the cases involving large strea ms, 
eli version costs ordinariI y would 
be very high. The dete ntion of 
storm waters in small tr ibutary 
cha nnels may have possibilities 
in sinking water loca ll y and pro-
longing strea m fl ow. 

Conditions in a Humid Climate 
In a humid climate, streams 

are perenni a l in nature. To be 
so, th e low or base fl ow is fur-
nished by ground water feeding 
into the strea m . T hese are ga in-
ing streams in contrast to th ose 
in an ar id cli mate that lose in 
volume. T he water tab le must 
therefore be higher than th e 
stream bed to prov ide esca pe 
conditions. Since genera lly in 
such a clima te, the ground water 
is replenished by water moving 
dow nward through the so il from 
precipi tation , the water tab le 
flu ctua tes seasonall y with pre-
cipitation . 

lt is well known th at the water 
table rises whenever irr iga tion 
from streams is a new factor in 
an area. T he losses from ca nals, 
reservo irs and in th e irrigat ion 

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

W hen ground water is drawn 
upon as a suppl emental suppl y 
in an already irriga ted commun-
ity , several things may happen. 
When the draft is modera te, the 
usua l highs to which th e water 
table migh t r ise d uring the irri -
gation season are reduced. IE the 
incoming surface suppl y is de-
cided ly short, the rise may not 
occur at a ll and a lower th an 
usua l water table will occur th e 
following spring. Should th ere 
be a succession of years of short 
water supply, there may be a 
definite decl ining tendency dur-
ing such a period. 

In general in Colorado, down-
ward trends of the water tab le 
. . 
111 pumptng areas rece1vm g sur-
lace supplies have been of a 
temporary nature. H owever, 
there are severa l small areas 
which have suffered a consider-
able lowering over fi - and 8-year 
periods. 
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Ground-Water Hydraulics 

Beca u e we are dea ling with a 
commodity that we ca nnot see 
in action and many influencing 
fac tors o f a varia ble na ture are 
hidden from view, evaluation of 
quantities must be considered as 
reasonabl e approximation onl y 
in conn ection with ground-water 
surveys. Geologists, e n g in eers 
and mathematicians have de-
veloped the science o[ ground-
water hydraulics grea tl y in th e 
last 40 years. Many too ls have 
been provided tha t have reduced 
much o[ the guesswork of th e 
19th century. 

W ork in laboratories and in 
the fid el have helped im measur-
a bly to understand how ground 
water reacts to certa in natura l 
or artifi cia l influences. W ith ou t 
going into detail s, some idea will 
be given the reader of a few 
meth ods used by ground water 
men in solving problems. It 
should be mentioned , of co urse, 
th at th e accuracy in eva luating 
factors is q uite dependent on the 
th oroughn ess of investiga tions. 
Thus, in many insta nces, th e 
availa bili ty of funds fo r th e work 
c.ould very we ll in fl uence th e 
resul ts. 

The factor of permea bil ity has 
bee n m e nti o n e d previo usly. 
More specifi cally, as used by the 
U . S. Geological Su rvey, it has 
been g ive n th e numerica l va lue 
of th e number of gall ons per day 
passing th rough a square foo t of 
formation under a 100 perce n t 
gradient. For fid el use, its equiv-
a len t va lue, th e num ber of ga l-

Ions per day passing at right 
angles th rough a section of for-
mation one mile long and on e 
(oot wide under a gTad ient o f 
one foot per mile, is used . The 
temperature in either expression 
is to be adjusted to 60° Fahren-
heit. 

Permea bili ty may be fo und in 
the laboratory by passing water 
th rough a sa mple of th e forma-
tion . This method is su bject to 
considera ble error in that the 
sample as taken from a we ll is a 
mixture of material and when 
pu t in to a cylinder for tes ting 
th e particle arrangement is noth-
ing like th at in nature. F urther, 
the sample is but a minute part 
of a very la rge volume on which 
in formation is wanted . 

A much better evalua tion can 
be made in the fi eld by a well 
test. A we II test p rovides a per-
meability evalua tion over a con-
sidera ble volume of ma terials. 
It also tests the formation in a 
horizontal direc tion, which is the 
natura l condition of fl ow. In 
this, a we ll is pumped continu-
ously a t constant discharge for 
from 3 to perhaps 7 days. During 
the test, th e drawdown within 
th e cone o f influence (see Figure 
I) is measured in 2 or more ob-
servation well s. By a somewhat 
involved bu t math ematicall y cor-
rect procedu re, a value of per-
meabili ty is obtained fro m th e 
da ta. 

If a well test is continued long 
enoug h, anoth er factor- storage 
coefficient - can be obta ined. 

- 6 -



The storage coeffi cient is th e 
ratio of the amount of water that 
wi ll drain out of a sample of 
forma tion by gravity to the vol-
ume of the sample. Its va lue 
seldom exceeds 0.3 (30 percent) . 

Fortified with a kn owledge o r 
th ese factors and know ing the 
geologic character of th e form a-
tions thro ugh logs o[ ex isting 
well s or from explorat ion holes, 
other items ca n be eva luated . 
One important item is that or 
the total amount o f water mov-
ing und erground down a va lley 
or past any cross-sect ion . The 
on ly add itiona l informa t io n 
needed in this is the slope of 
th e water table. A nother item-
one determined from the storage 
coefficient- is the tota l amount 

pumped 
wel l 

o[ water in storage under a g iven 
surface area. Now with the help 
of these pieces o[ information , 
even though subject to error, 
and a record of water table flu c-
tuat ions, the hydrologist has a 
[air picture of the underground 
conditions and some idea of what 
the fut u re might hold . 

There are still some unkn owns 
that may or may not be antici-
pated in the eva luation of a 
grou nd water supply for devel -
opment. \Ve do not know, for 
instance, just how a ground 
water basin will reac t to pump-
ing, especia lly by water coming 
in from the boundaries when 
the water table is lowered. An-
other unknown is the amount of 
water that is lost in ditches and 

observation we II s r--- ..-' 

Figure 1. Idealized position of th e water table surrounding a well being 
pumped. The shape is datermined f rom 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. I t is unfortunate 
that at present proof must come 
about by observing the effects 
of pumping on the water table. 
Observation well s with long rec-
ords are necessary to establish 

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-
sirab le that a basin be developed 
slowly so that there will be time 
to obtain measurements of the 
effects of current withdrawals. 

Water Table Fluctuations 
The patterns of movements in 

the water table have great sig-
nificance to ground-water hydrol-
ogists. They reflect the man y 
externa l influences that may be 
present. To one fami liar with 
the subj ect, these patterns have 
definite meanings. One woul d 
expect, for instance, that th e 
water table near a stream wou ld 
fluctuate very little because of 
the stabi li zing effect of the 
stream. At greater distances and 
where surface water is being ap-
plied, the ann ual fluctuations 
could be expected to be greater. 

The normal pattern of water 
table Auctuation in an area 
served by ca nals is that of a low 
point occurring before irrigation 
starts. This is ca used by a grad-
ual draining out of ground water 
to the river. Very qu ickly after 
water comes into the cana ls, the 
water table starts to rise and 
reaches its maximum at about 
the end of the irrigating season. 
The extent of rise wi ll depend 
on the extent of the surface 
water supply and the amou nt of 
pumping. The volu me of pump-
eel water may be so great in a 
season of short water supply that 

there would be no seasonal nse . 
A succession of years of sub-
normal precipitation would re-
sult in a downward trend in the 
water tab le. Conversely, above 
norma l 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 tab le elevation in response 
to water supply is obvious. The 
annua l pumping draft has a fair 
relationship to the amount of 
electric power used. The rela-
tionship from year to year can-
not be considered accu ra te be-
cause of the steady conversion 
From engi nes to electric power 
in the earlier years. 

T he amount of power used in 
th e South Platte Val ley and for 
the state is shown in Figure 2 
and Table l . 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 gro und water 
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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 . 
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Table 1. Use of Electric Power for Pumping Ground Water in Colorado .t 

Year Kilowatt H ours Year Kilowatt Hours 

South Platte State" South Platte State" 

1930 1.700.000 2.200 .000 1944 16.300 ,000 16.900 ,000 
193 1 2. 100.000 2.no.ooo 1945 14,200.000 16.200,000 
1932 2. 100,000 2.660,000 1946 25. 100,000 32, 100.000 
19:13 1.730.000 2.~50.000 1947 18.000.000 2 1,800 ,000 
1934 :1.8 10.000 4.500.000 1948 28.500.000 3 1,000,000 
1935 3.560.000 4.280,000 1949 23.400 ,000 26,700,000 
1936 5.650,000 6 ,270,000 1950 ~1 9 . 700.000 53,400 ,000 
1937 7.820.000 8.970.000 195 1 35,600.000 58,700 ,000 
1938 5.2 10.000 6.000,000 1952 50.900 ,000 6 1,100,000 
1939 11 .600,000 13.200.000 1953 52.200.000 76 ,500 .000 
1940 15.200,000 18.600.000 1954 85,400,000 130,000,000 
1941 10.500,000 11 .000,000 1955 79 ,000,000 126,000 ,000 
1942 7.650.000 7,980.000 1956 96.900,000 159,000,000 
1943 12.400 ,000 14,200 ,000 1957 47,400,000 6 1,000,000 

t From data suppli ed by utiliti es operatin g in th e stat e whi ch increased in number from 5 in 
1930 to 15 in 1957. Fi gures arc rounded to indicate probable accuracy. 

:.! The toLa l for the state i ~ es tim ated in part through 1953. 

is the ole source of supply a 
different pattern of wflter tabl e 
Au ctuati on is to be fo und. Here 
the high point will be in th e 
spring and lowest in the fall. 
This spring elevation is usuall y 
higher th an that of the preced-
ing fa ll. The reason for this is 
not enti re ly beca use a replenish-
ment has taken place, but rather 
beca use o f the readjustment th at 
occurs during the winter. During 
th e pumping season , a depres-

sion in the water table is created 
around a wel l which requires 
time to fill up and adjust itself 
to surrounding conditions. In 
an over- developed area , one 
where water is continuall y being 
removed from storage, each suc-
ce sive spring elevation will be 
lower than the preceding one. 
T n view of this, th e pring meas-
urements ord inarily provide a 
better guid e to th e real change 
that has taken pl ace. 

The Wate r Ta ble Fl uctuation s Prog ram 
On pages that fo ll ow ar e 

show n in hydrograph form th e 
Auctuat ions o( th e water table 
111 some 255 wells. I t will be 
observed that there have been 
inc! uded records of con iderabl e 
d uration that are no longer cur-

rent. A number of current rec-
ords have not bee n inc! uded 
beca use of th e very short period 
represented. 

Ordinari ly, measurements were 
made in the pring and fa ll or 
before and after the irriga ti on 
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season. In th e grap h , th ese 
points are conn ected with a so lid 
line. Dotted lines are used to 
conn ect po ints not consecutive 
in tim e in th e regul ar program. 
The measurements to th e water 
tab le as shown are from the 

ground surface. Actua ll y th ey 
a rc mad e from a definite po in t 
at the we ll opening wh ich is 
referenced to th e gToun d urface. 
T he sca le u se d i s uniform 
th roughout - 5 fee t b e tw ee n 
lines. 

Location of Observation Wells 
A very large part of th e ob-

servati on well s are in the o lder 
irriga ted a reas rece iving surface 
wa ters through canals. Ground 
water in these areas i used to 
suppl ement th e bas ic suppl y. 

fast of th e tributary va ll eys are 
under la in with sa nds and grave ls 
containing ground water in eco-
nomicall y recoverable quantities. 
These va ll eys are narrow, con-
tain a normally dry stream bed 
a nd for the most part do not 
receive water from a ca nal sys-
tem . The irriga tion we ll s and 

th erefore th e o bservati on well s 
are confin ed to th ese va ll eys. For 
th e purpose of portrayin g; natural 
condition s, gra phs of a few well s 
ou tside the pumping and irri -
gated areas a re show n. 

In general th e graph s are ar-
ranged in dow nstream ord er of 
th e main dra inage. At proper 
points, th e groups a long· the trib-
utar ies are in serted. Wh ere well s 
in the tr ibutaries merge w ith 
th ose a long th e ma in stem , an 
arbitrary boundary is chosen. 

Identification of Wells 
The system oE well identifica-

tion used by the Ground \Vater 
Branch of th e U . S. Geologica l 
Survey consist ing of a series of 
letters and numbers has been 
adopted in this bull etin. I t may 
appear complicated, but a littl e 
study on the part of th e reader 
will make it possib le to quick ly 
locate a we ll. One should , of 
course , be conversant with land 
location nomenclature. 

Since the materia l in this bul -
letin covers th e eastern part of 
the sta te on ly, initia l le tter desig-
nations apply only to regions 
north and outh of th e base line. 

This line fo ll ows th e 40th paral -
le l, which is about 12 mil es north 
of Denver. The area north of 
th e base I ine is des igna ted by th e 
13 symbol and that to th e south 
the C symbol. Th e first number 
is the range north or south o[ 
the base line, the second th e 
townshi p west of: the sixth prin -
cipa l meridian. The thi rd num-
ber is th e section num ber and 
th e letters fo ll owing designate 
th e quarter-quarter section in 
th e mann er shown in Figure 3. 
Thus, a well with the designa-
t ion o f B 7 -65- l 2cd would be in 
the sou theast quarter of th e 
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Figure 3 . Method employed in describing the location of a well by means of 
numbers and letters. The designation o·f the location shown is B 7-65-12cd . 

south-west quarter (shown) of 
sect ion 12, T. 7 N. , R . 65 W . 
In some instances th e 40-acre 
tract is furth er broken down by 

a third letter in to a 10-acre tract 
or, if there is more than one we ll 
involved in the area , number 1, 
2 or 3 may foll ow the letters. 

Comments on Graphs of Records 
T he gra phs show n on P lates 
to 17 are ana nged in down-

stream order in most insta nces. 
In the case of th e South Pl atte, 
th e order is interrupted where 
a trib u tary comes in to insert 
the records of well s in that vall ey. 

South Platte Valley Main Stem 
All th e observation well s in 

the main vall ey are in areas 
served by ca na ls. The wel ls are, 
therefore, used to suppl ement 
surface su pplies. Some of the 
wells are close to the r iver wh il e 
others may be at a distance of 
several mi les. T hose close to th e 
river ;vi ii show a small annua l 
flu ctuation and no pers ist ent 
trend. Wells B-4-66- l 7bcc and 
B-4-60-9abl are typical for such 

a location. The stabilizing effect 
of the river is ev ident. Farther 
back from the river, th e seasona l 
flu ctua tions are greater as indi-
cated by B-2-66-20bc. This we ll 
shows that conditions have re-
mained in eq ui librium for a 
long tim e. 

Farther downstream in the 
Gilcrest area , there is a concen-
tration of pumping and large 
losses from ca nals. The annual 
fluctuation here is comm only 8 
feet. Two periods of su bnorma I 
stream flow, one in 1940 and the 
other in 1954-56, were attended 
by abn ormal pumping drafts and 
the effect is clearly indi cated in 
well B-4-66- 14ab 1 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 cana ls. 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, 
remai n ed somew h at constant 
through 1952, then took a de-
cided dip during the fo ll ow ing 
4 years. 

Previous to 1940 the water 
tab le had been at a dangerous ly 
high level in p laces 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 ca used some low-
ering during the latter part of 
the 1930 decade. 

We ll B-3-57-6dcl is in the 
basement of the city ha ll and is 
equipped with an a utomatic re-
corder. 

Cache la Poudre Valley- The 
principal concentration of wells 
is in the Box E lder Creek valley 
north and east of Fort Collins. 
The water table n ear Well ing-
ton has been subject to fluctu-
at ions of considerable magni -
tude. The lands in this area are 
under a canal that has suffered 
from short water supplies for 
some time. In conseq uence, 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 suppl y was good and 
a sharp recovery took place. Wel l 

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

Farther so uth where other 
canals cross the vall ey, the var ia-
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 th e 
foot of Plate 3 show the relation-
ship quite marked ly. From Fort 
Coll ins east, the water table is 
quite stable. 

Lone Tree Valley- This va l-
ley is irrigated from canals head-
ing in the Cache la Poudre. 
Graphs of the fluctuations in the 
water table are shown in Pl ates 
4, 5, and 6. The wells for which 
the first 5 graphs are shown are 
above canals. Of these onl y well 
B 8-65-8bbb is being used. The 
considerable varia tion in B-8-66-
1 bab is thought to be caused by 
Aood flows in Lone Tree Creek. 

In genera l the fluctuat ions can 
be correlated with the magni-
tude of the surface water suppl y. 
vVhen that suppl y is low, then 
there is a grea ter demand on 
ground water. Changes in the 
water table have been greatest 
in the west side of the vall ey, 
particu larly in the Eaton - Lu-
cerne area. They have been least 
a long the east side of the va lley. 

The graph of we II B 7-65-18-
cdb ne e ds some explanation. 
This we ll was dri ll ed, not for a 
supplementa l water suppl y at the 
time, but to relieve a high water 
tab le condition in the immedi-
ate vicinity. This objective was 
accomplished quick ly but the 
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need of suppl ement<~ l water led 
to the drilling of two other wells 
nearby. Their combined draft 
lowered the water tabl e cons ider-
ably as can be see n. 

Crow Creek- Graphs of only 
a sma ll group of we ll s east of 
Gi ll are available. The tail end 
of only one canal reaches into 
the valley. The water table has 
been lowered significantl y in a 
part of this area . 

Box Elder Valley- Graphs of 
water table fluctuations in Box 
Elder Val ley together with a 
very few of short d urat ion in Bee 
Be Draw are show n on Plates 7 
and 8. A ll the well s in Box E lder 
Va ll ey in Adams County are 
above ca na ls, hence they prod uce 
the entire irrigation water sup-
pi y in that county. 

Observation wells were estab-
1 ished in the Adams County 
reach of the va ll ey coincident 
with the beginn ing of ground-
water development. It wi ll be 
seen that up to abo ut 1948 there 
were but m inor fluctuations in 
the water table. R eplenish ment 
due to Hoods in Box Elder Creek 
are evident. Electric power be-
came avai lable in 1943 which 
encouraged a greater use of th e 
wells. This fact and expansion 
of the irrigated area ca used a 
greater draft on ground water, 
resu lti ng in a continued decline 
since 1949, as shown by well 
c 2-65-35dbb. 

That part of the va lley in 
south ern 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-
ve loped after that as shown by 
well B l -65-24cdc, which was 
part ly recovered in 1957. 

The few observation wells in 
BeeBe Draw and th e shortness of 
the records do not permit much 
comment. These do indica te a 
substa ntia l lowering of the water 
table in places northwest of Hud-
son in the last severa l years. 

Prospect Valley- Prospect Val-
ley bas had an interesting his-
tory. This area is a lso served by 
canals in the Henrylyn Irrigation 
District. Beca use o f a severe 
water shortage, exp lorat ions 
were begun in 1932 to locate a 
gro und-water suppl y. In this 
there was considera bl e success 
and by 1940 there were 67 pump-
ing plants in operat ion in a 
rather small area. The water 
table bega n to recede immedi-
ately, reach ing a low point in 
194 1. In 194 ~ a reversa I took 
place and except for the year 
1946 the rise was continuous 
un til 1950 when agai n a decline 
set in , much more serious than 
the initial one (see Plate 8) . 
Well B l -63-28a bb shows the 
effect of losses from a reservoir 
at the south end of the area. 
Well B 2-63-32aa is be low a res-
ervoir on th e west edge of the 
area farther north . It a lso shows 
the effect of reservoir losses but 
to a Jesser degree. T here being 
no pumped well s nearby, the 
graph is much smooth er than th e 
others. A general recovery of 5 
or more feet occurred in 1957 
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when the surface suppl y was 
very good. A more detai led stu~y 
of this va lley is reported on in 

19459 • 

Kiowa Valley - I rr iga tion 
wells are scattered throughout 
the length of this va lley in 
Adams and vVeld counties. At 
its lower end, h owever, in Mor-
o·an County, th ey are quite con-
~entra ted . A ll water used in irr i-
gation is derive? from wells. 
The few observa twn we ll s cover-
ina· th e area in Adams County 0 
and southern Weld County show 
a downward tendency as indica-
ted by well C l-62-34cd. A ny 
repl enishm ent of conseq uence to 
oTound water in this va ll ey must 
~ome from fl oods 1 n Ki owa 
Creek. 

R ecords of longer duration 
are available at th e lower end 
near vVio·o·ins. 1 ear vViggins the 

00 .. 
a lluvia l fans of Kiowa and BtJ OU 
Creeks merge with no distin-
o·uishing topoo-ra phic Features to 
0 0 . 
permit separat ion . In thts area 
irrio·ati on we ll d eve lop m e nt 
star~ed in 1934 and is nearly 
fu lly deve loped now. The water 
table here has receded abo ut 1 
or 1 Y2 feet annuall y witho ut in -
terruption in th e pas t 10 years or 
so as shown by well B 3-60-22 
CCC. 

Bijou Valley- Bij ou Va ll ey is 
the largest of the so uth tnbu-
taries of th e South Pl a tte. Th e 
creek is subj ect to tremendo us 
Roods (100,000 cubic fe~t _per 
second) which a re th e pnnopa l 

source of ground-water replen-
ishment. Gro und-water deve lop-
ment began here in 1935 and 
grew rap id! y in the foll owing ! 5 
years when it about reached tts 
present stage in }'VIorga n . County. 
Develo pment stt ll contmues 111 

Ada ms County . It does not ap-
pear that there .wi ~l b~ ne~v lands 
brought under trnga tton 111 Mor-
_gan County and in th e northern 
part o l Adams County because 
ol the receding water table in 

th ese parts. . 
By 1948 it beca me obvwus 

that the rate of ground-water ex-
traction was in excess of replace-
ment. The rate of water table 
lowerin g increased sharply a fter 
that date as show n on Plate 10 
and has show n no symptoms ol 
slacke ning. The tota l lowering 
has been greater in th e south ern 
part ol 1\'Iorgan County and 
northern Ada ms County. The 
rate near, and north of Wiggins, 
a lthmwh of sign ifica nce, is less. 

With the exception of the year 
19S7, sizab le Rood Rows in the 
Bijou have been fe wer in num-
ber than usual since 1935. The 
extent of losses through the area 
lrom Rood Rows is unkn ow n but 
rep lenishment fro m that source 
does ex ist. The we ll hydrographs 
do not yield significa n t informa-
tion on this factor. 

Beaver Valley - The highest 
ca nal cuts into Beaver Valley 
about 2 mi les south of Brush. 
Above this canal, irrigat ion is 
by mea ns of wells. R echarge is 

" Code, W . E. Gro wl( fl ier I II ' .s·11 pp.'y of Prosj>ec / Valley , Colo rado. T echni ca l Bu lle tin 34. 
Colorado State niversit)', 194 5. 
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principall y from I osses from 
flood flows in Beaver Creek. 
Some of the irrigation wells were 
drilled as early as 19 10, 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 grea test 
in the heavily pumped area in 
the vicinity of Gary as shown by 
well B l-56-ldc. 

Pawnee Valley - Pumping is 
not very heavy in this small area 
which is under cana ls. 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 Va lley 
near Fountain; in Big Sandy 
Valley near Simla; and a long 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 on ly rep-
resent water-table cond itions in 
Fountain Valley and these are 
in the vicinity of the town of 
Fountain. The wide swing in 
well l5-66-l4abd reflects the 
pumping from nearby wells tn-

stalled in 1954. Well C l6-65-
16bb definitely reflects surface 
supply in Fountain Creek. 

Arkansas Valley Main Stem-
Irrigation wells throughout the 
valley supplement su pplies from 
river diversions. Much agricul-
tural land lies in the socalled first 
bottoms which are but a few 
[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 sha les is 
often higher than the first bot-
toms, givi ng 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 gTaphs of wells C 20-63-33aa, 
c 2 l -6l-23bbb, c 2 l -6l-23db 
and C 21-61-24d. There is rea-
son to suspect that the gradual 
r ise in the water table has been 
due to a rise in the river bed 
caused by silt deposits. 

\!Vater 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 
ccc near Fo..,,der, and C 22-58-21 
bd near Manzanola. All wells 
responded significantly to the ex-
ce ll ent surface supplies in 1957. 

A group of wells extending 
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from east of LaJ unta to th e sta te 
line has been added recent ly but 
th e records are of too short dura-
tion to be included . 

Big Sandy Valley - Measure-
ments on fi.ve obser va tion we lls 
in El Paso and E lbert co unties 
are being made by th e U. S. 
Geological Survey. The graphs 
reveal a slight downward tend-
ency which prob a bl y reflec ts 
creek flow conditions. The sandy 
character of the creek bed a ffords 
excellent conditions for the a b-
sorption of flood flows. Storm 
water flows in this reach o f th e 
creek are numerous but have to 

be of considerab le magnitude 
(possibl y 1,000 cfs at Simla) to 

reach to the mouth near Lamar. 
Beca use of th e proximity of bed 
roc k. or other conditions reduc-
ing th e fl ow area in th e sands, 
wa ter is forced to the surface to 
produce a small permanent flow 
in p laces. Between such places 
th ere are potentia l storage reser -
voirs for th e absorption of fl ows. 
Lowering of the water table 
temporarily a long the creek by 
pumping increases th e ca pacity 
of th ese rese rvoirs. A wa ter tabl e 
lowering here therefore need not 
be looked upon with a larm . 

Other Water Table Records 
Th e U. S. Geo logical Survey 

has a n etwork of observation 
wells established in th e Hig h 
Pl a in s dr a in age in Phi ll ips, 
' t\Tashington, Yuma, Kit Carson 
and Baca Counties. Th ese are 
short time r ecords and are avail-
able a t the Den ver office. For th e 

most part th ey show no signifi -
ca nt trends. H owever, near Cope 
in vVashingt on County, and in 
pl aces in Baca County, wh ere 
th ere is a concentra tion of irri -
gat ion we ll s, a decline in th e 
water tabl e has been noted . 
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