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INTRODUCTION L/

Although the su» jeet of this lecture is supposed to be concerned primarily
with the hydraulics of wells, Professor Weers has asked that I also discuss the
effects that geological formations have on the guantity and quality of water
available to wells. I will discuss first the geology of Colorade in relation
to the avallability and quality of water with particular reference to the most
productive aguifers or water-bearing formations in the State., I will then
discuss the hydraulics of wells with the aim of emphasizing the differences
between wvater-table ard artesian conditiomns.

GEOLOGIC CONTROL OF GROUND WATER

Ground water occurs in the pores or open spaces (interstices) in the rocks
beneath the ground suwrface} hence, the movement, availability, and guality of
ground water is governed by the character and distribution of the rock formationsee
that is, by the geology. A highly permeable forwation such as gravel or cavernous
limestone will transmit water readily and may yield large guantities of water
to wlls; a formation of low permeability suschk as shale may contain large
guantities of water in storage, but because the pare spaces are extremely small
it transmits wvater very slowly and may yleld little or no water to wells.

The occurrense of water is also governed by the attitude or dip of the
rocks. A knowledge of the character and structure of the rock formations
enables & trained gsologist to prediet approximate depths to potential aguifers
or vater-bearing formations.

On the following peges are described the availability and quality of ground
vater in the principal aquifers in Colorade.

1/ Tic writer has dvewn freely from the mawy publications concerning the
.“bm, mm]’ from ml' L. Ko, m‘ and mm. E. '0' 19'(.
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Availadility

San Luis Valley.-~ihe San Luls Velley is an intermountain besin that is
underlain by stream-laid deposits such as sand, gravel, silt, and clay to depths
of several tacusand feet. The debris was carried into the walley by streauws
that heed in the adjacent mountaing--hence, all the beds of clay and of sand
and gravel slope toward the low part of the basin which is on the eastern side
of the valley. The deposits have been saturated with water to a point at or
near ground surface with the result that ground water is available at shallow
depths throughout almost the emtire floor of the valley.

The layers of elay that are interbedded with the sand and g.avel prevent
the upwvard movement of water with the result that below a depth of about 100
feet the wvater is under sufficient artesian pressure to cause the wells to
flow. There are aow about 7,000 smallediameter lowing wells in the valley.
In recent years, larger-diameter wells have been drilled to greater depths
(mwe.owfeet)amm”\hsdmmnmofmwtom
thousand gallons  mimute, Lerge-diamstes wells have also been drilled to
shallover depths in the area north of Monte Vista. These wells do not have
artesian flow but they are egquipped with large-capacity pumps and yield large
guantities of water for irrigation. It is estimated that in dry years nearly
500,000 acre-feet of ground water is discharged from wells in the San Luis Valley
for irrigation.

South Platte Valley.~~The South Platte Valley and its major tributaries
sre underlain by dsposits of sand, gravel, and other stream-laid dsposits.
The stream-leid materials (called alluvium) underlie the flood plains and the
lower terraces adjacent to the flood plains. The deposits range in thickness
from & featheredge to nearly 200 feet and are saturated with water to a level
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about egual or slightly higher than the level of the water in the stresms. In
the flood plaing, therefore, the water generally is only & few feet beneath the
land surface whereas on the terraces it may be 25 to 50 or wore feet beneath the
land surface, depending upon the elevation of the terrace above the stream.

The alluvius in these valleys represent streemelaid sediments depcsited
in an old valley cut deeply into bedrock. During the period when the glaciers
ummmmmm,mmmunmmw'mmm
Plains area to the east. These tremendous streams cut deep vallays into the
bedrock which consisted primarily of shale. The South Platte Vd.'hy. for example,
was out to a depth of mearly 600 feet. As the slope or gradients of the streams
decreased, the streams could no longer carry their load of debris and they began
f1lling the valley with sand and gravel. The South Platte Valley was filled to
ﬂmmmed”wnthtmu.wmlMthoMMﬂl
then at that high level. m;dhntoftm'mmmthenmdbymm
in the mountains or perhaps simply by climatic changes with the result that the
stream again began to cut or erode. The stream removed much but not all of the
upper part of the alluvium it had deposited previcusly. The remaining part now
is the highest terrace in the valley. The stream developed new flood plains
between periods of cutting until it has reached its present level. BEach of the
old flood plains is now marked by a terrace. Although a great deal of alluvium
vas removed by the stream, at least 200 feet of alluviwm still remains in some
places.

The thickness of the alluvium in the South Platte and tributary valleys
ranges between wide limits. A well at one point may encounter the deepest part
of the old buried chamnel and penetrate the waxisum thickness of water-besaring
materials; it may encounter a shallow part of the old valley and penetrate only
a few feet of watercbearing materials. It is necessary, therefore, to undertake
adeguate preliminary test drilling before comstructing a more costly large-diameter
well.
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iarge-capacity wells for use in irrigation, by mumicipalities, and by
industries have been developed in the South Platte Valley snd its tributariese-
largely since 1930. It is estimated that there way nowv be as many as 5,000
layge~capacity wells in the basin in Colorado, and it is further estimated that
they way yield as much as 800,000 acre-feet of grownd water annually.

Arkansas Valley.--The Arkansas Valley and its tributaries have a geologic
history similar to that of the South Platte in that deep valleys were cut into
the bedrock by streams, were largely filled with alluvium deposited by those
streams, and vere later eroded so that part of that alluvium was removed. The
degree of later erosion was greater in the Arkansas Valley than it was in the
South Platte Valley with the result that the maximum thickness of alluvium is
rbout 125 feet in the Arkansas Valley compared to 200 feet in the South Platte.

mummuvamqmmhmmuumm
vith water to a level about egual to that of the water in the stream channels
with the result that large supplies of water are available to properly located
and properly comstructed wells. Owing to the differenmces in character and
thickness of the water<bearing materials, adegquate test drilling is essentisl
te the proper location of the more expensive large-capacity wells.

large-capacity wells bhave been drilled in many parts of the valley between
Canon City and the State line. It is estimated that there are more than 1,000
large-capacity wells in the valley that discharge about 125,000 acre-feet of
ground water a year. The water is used primarily for irrigation.

High Plains.--~The High Plains in eastern Colorado is underlain by ome of
the most preductive aguifers in the country. The High Plains extend from the
Black Hills of South Dakota to the southern part of the Texas panhandle and
ingludes parts of South Dakota, Wyoming, Hebraska, Colorado, Kanses, Oklahoma,
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Nev Mexico, and Texas. The area is underlain primarily by the Ogallala formation
vhich consists largely of streamelaid deposits such as sand, gravel, silt, and
elay. The formation comtains thick sections of saturated materials that yield
large quantities of water to wells. In the Texss panhandle, for example, the
aguifer is tapped by 25,000 large-capacity wells that discharge nearly 5,000,000
acre-feet of ground water ammmally for irrigation.

Although large guantities of ground water are availabls frca wells in the
Ogallala fermatio. in the High Plains of eastera Caloredo, the aguifer is
esseatially undeveloped. Supplies adeguate for domestic and stock use are
available at almost euny place that is underlain by the Ogallala formtion and
large guantities are available %0 large~capacity wells in many areas where there
are thick sections of water-bearing materials.

The formatiom ranges in thickness from a featheredge to about 500 feet
in 2astern Colorado and the depth to water is less than 50 feet bemeath the land
surface in a few places but commonly is 50 to 150 feet. In a few areas the depth
to vater exceeds 250 feet. ‘ ‘ )

Nans Subs done 0010 4

It is estimated that thereare only about 200 large-capacity wells in the
MPM“WMMMWMMMM
10,000 asre-feet.

Other Areas

The principal aguifers deseribed above underlie only a comparatively swall
percent of the area of the State, but they yield more than 90 percent of all
the gromd water discharged by wells in Colaredo. Throughout the remainder of
Celorade the ocowrrences of ground water are as diverse as the geology. In the
plains east of the mounmtains there are large areas underlain primarily by shale
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and supplies of water are difficult to cbtain. In some of these areas, suyplies
can de odtained from deep-lying aguifers such as the Dakota sandstcne. Where
the aguifers lie at such great depth that it is not econcmically feasible to
arill into them or L4 the weter in them is highly mineralised, it may be
necessary to prospect for ground vater in thin deposits of alluvium along small
streems or arroyes. In prospecting for water along small streams, test holes
should be drilled in a line across the valley (not up and down the valley) in
order %o locate the buried chamnel which commomly comtains the thickest and most
permeable water-boering msterials.

In the mountainous arezs of Colorado, large supplies of ground water are
difficult to cbtain. Much of the area is underiain by dense hard rocks that
vield little or no water to wells. Here again, prospecting should be concentrated
slang streams and drews in & sttempt to looate water-bearing grevel or deposits
of weathered bedrock.

Ground vater in large quantities is also difficult to cbtain on the western
slope of Colorado. The desp canyons of southwestern Colorado have eut through
the principal permesble formations with the result that wost of the aguifers
have been drained. Northwestern Colorado is largely underlain by thick seguences
of shale and other rocks of low permeability, and supplies large emough for
domestic and stock use are commomly difficult to obtain. Throughout much of
the western slope the “est areas to prospect for ground wvater are along streams
vhere there may be thin deposits of alluvium that are wvater bearing.

Quality

San Iais Veolley.e~lhe quality of ground water in the San Luis Valley ranges
SNORIIr > ST
bcmurwlu;um,.umpuermwmuw. The ground
water in the Closed Bavin north of the river moves toward the sump of the Closed
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Basin which is marked by & series of lakes, one of which is San Luis Lake., The
ground water along the edges of the Clowed Basin is of excellent quality, but
mpnwmmummmmmm. The deterioration
probably is caused largely by a concentration of salts through the processes of
mmummtmm‘mmwmmtumuu
irrigation wvater. In the sump area the waters are so highly mineraliged that
they have very Mmited use.

South Platte Valley.--Ground water in the alluvium in the South Platte Valley
generally is axd but is suitable for wost uses. The principal constituents
generally are caleium, magnesium, carbonate, and sulfate. Waters of this type
and concentration generelly need to be-saftened before being used for wmicipal
supplies but many commmities in the valley use the wvater without treatmente-
except for chlorinatiom. o o

s mumu@'\@mmm the sand and grevel in
oy
o

3 the alluvium but appear %0 come in part from minerals in the underlying bedrock.
" In the South Platte Vallay, for example, the alluvium overlies the Pierre shale
in much of eastern Colorado and, as the Pierre shale comtains gypsum (ealeium

sulfate), the hardness way develop from the solution of gypsum in the wnderlying

shale. In addition, ground water in alluvium gemerally lies at shallow depth

with the result that the high concentration of mineral matter in the water way

be in part the result of concemtretion by evaporation, transpiration, and

lsaching. '

Askanses Velley.-~Ground vater in the alluvium of the Arksnsas Valley is

;\'mmjnmmuw»od?mvwwm. The water

uwmmumcw’)mmmwmwwm

east as the weter woves through the alluvium over the shale bedroeck whiech is in
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places highly gypsifercus. In western XKanste the underlying bedrock is the

Ogallala formation which contains couparatively little soluble wmineral matter
with the result that the guality of the water in the alluvium improves in that
reach of the valley.

Water in the alluvium of the Arkansas Valley in Colorado generally reguires
treatment to be satisfactory for domestic use, although it is used by some
coammnities without treatment.

Eigh Plains.~-Ground water in the Ogallala formation in eastern Colorado is
only modarately bard and is suitable for wmost uses. The depth to water is
sufficient to prevent most concentration of minersl matter by evaporation or
transpiration. The miveral matter consists primarily of calcium, magnesium,
and carbomote. The water also generally contains munw’*&ob’wﬂ%bl
mxmummm-woamw(mmll.smﬂmumc{)
0 cause wottling of the enamel of some children's teetn during the period of the
formation of their permanent tseth.

Home of the communities in the High Plains attempt to soften their water
for domestic use although many homes are eguipped with privately cwned or reanted
water softeners. The average herdness of the ground water in the Cgallala

Dung-sand areas.--Special mantion should be made of several geologic
conditions that materially influsnce the quality of ground water. The most
important of these is the effect of dune-sand areas on the gquality of ground water.
In those areas whers dune sand overlies an aguifer sich as alluvium or the Ogallals
formation, the ground water in the underlying aguifer gemerally is relatively soft.
The dune-sand areas generally have no outwerd swrface drainage so that the runoff
acoumntlates in depressions between dunes. Because of the aigh permeability of

THAD 0, A C a0 C o Y : ¥ 04\1-—6 =3
i .ECQM, L \\.,\ YOS MM\&_M [- Coviand WW)

Wb 0.3

o



.

“rw“

9=

.7

\owiw
Ba s o

the seudy soil the water moves downward repidly to recharge the aquifer. Because
5 of thig wapid rate of recharge the water under the dune-sand area has not had a
}mm«mumwm»m;mmmm

An illustration of the effect of the dune-sand cover on the guality of
water is the water-supply system at Brush, Coloredo. The old supply obtained
water from the alluvium in the eity and had & hardness of 690 ppm (80.5 grains).
At the suggestion of the U. 5. Geological Survey, the city testedrilled an area
in the sand hills south of the eity and cbtained a supply * € soft water. Although
the new wells tap the same aquifer only a few miles away, the water from the new
wslls has & hardness of only 70 ppu (& grains.)

Bage exchangs in bedroek formations.--Many of tbe bedrock formations, such
as certain sendstomes, contain zipmerals that have & property that enables them

i

4
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t0 soften water--that is, they exchange sodium ioms for calcium and magnesiwm

ions so that although the comcentration of mineral comstituwents is not decreased,

thenmum The minerals are similar to those used in household water

, o WW

p ¥ seftenere. ter im the Dakota sandstone gemerally is moderately hard in the
areas of recharge but it commonly becomes progressively softer with depth even
though the eomncentration of dissolved solids increases. HEventually, however, the
vater becomes 80 highly mineralised that it is umsuitable for most uses even

| ‘though 1t is soft.
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HYDRAULICS OF WELLS
Well-Versus Aquifer Performmnce

There is considereble confusion about the difference between well performance
and aguifer performance. Mmmsmm,um
- and buillt in accordangse with the theoretical comsiderations governing their
parformance, should ylield the waximus amount of water with the least drawdown.
Aguifers are rock formations that store and transmit water; the guantity of water
stered and the rate the water is transmitted are hydraulic properties of the
aguifer.

Although both wells and aguifers have separsate charecteristiecs, they must
be ccusidered together in the proper development of ground-vater supplies. The
hydraulic characteristies of the aguifer determine tue type and spacing of wells
reguived for the most efficient withdrawal of water.

Water-Table Wells

The term "water-iable wells" refers to those wells that obtain water from
aguifers in which the vater is not under artesian pressuwre. This includes most
of the large-capacity wells in the State such as the shallow wells in the San Luis
Valley, end the deeper wells in the High Plains. When water is encountered in
the drilling of these wells it does not rise apprecisbly sbove the level at
whieh it is eacountered. Tie perfecrmance of a water-table well is comsiderably
different then the performeuce of au artesian welle-hence, the two types are
discussed separately.

Braxdowno«~It is coamon to hear the statemert that a certain well has a
large dischayge hut no drewdown. /Drewdown is the vertical distence between the
statie (pro<uping) water level and the pumping water level,/ Such a statemont
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is false because vater cannot be taken from a well without ¢ drawlown. Hhen
vater is withdrawn from & well the water level declines in the well. This creates
a hydraulic gradient or slope in the water table toward the well from all
directions and water moves toward the well. The water cannot move into the well
unless there is a gradient toward the well and there can be no gradient until
there is a drawdown.

Cone of depression.--As soon as o pump begins discharging water from a
weterstable well, the vater level is lowered around the well., The water table
assumes & form comparable to an inverted come, although it is not & true ccne.
Where the water-bearing @aterial is homogemeous (uniform in grading or sise) the
cone of depression will be circular if the initial or static wvater table is
horizontal but somewhat elliptical 1f the initial water table has a slope. GSome
vater-bearing meterial will be ummtered by the decline of the water table, and
the vater drained from this material will percolate to the pumped well. Thus,
for a short time after pumping begins, most of the water that is pumped from a
well comes from the unwatered sediments comperatively close to the pumped well,
and tegporarily very little water may be drawn to the well from greater distances.
However, as pusping sontinues, a hydraulic gredient that ic essentially an
eguilibrium or stable gradient will be establisbed close to the pumped well, and
vater will be transmitted to the well through the wvater<bearing material in
approximately the amount that is being pumped.

The decline of the waver table and the resaltant unwatering of material in
this area will then be much slower. This necessitates the percolation of more
wvater from greater distances and the conme of depression will expand, gradually
draining wmaterial at greater distances. Thus, as the puping of the well contimues,
more of the formation will gradually be unwatared and an appreciable drawdown
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will be noted farther from the well., Inaswuch as an equilibrium gradient can
be established at increasing distances from the pumped well only by an increase
nm;mnwwuwmmm,umumuuu
approximate equilibrius, will continue o lower indefinitely, but at a decrsasing
rate. If no vater is added to the formationm the water table will continue to
decline, so long as the well is pumped, and the cone of depression will eventually
axtend o the limits of the formation. Recharge to the formation may, however,
balt the development of the come of depression by furnighing additional water,
MMMsthmm@.

After the discharge of a well is stopped, water continues to percolate toward
the well under the hydreulic gradieat set up during the period that the well was
discharging, but instead of being dischargad by the well it refills the well and
the interstices or the open spaces in the material that were wwatered. As the
formation near the well is greduwally refilled, the hydraulic gradient toward the
well is decreased and the recovery becomes progressively slower. At distances
comparatively far from the well the water lovel may contimue to lower for a
considerable time after the discharge ceases because at those distances water still
is taken from the interstices of the material to supply the water that refills
the sediments eround- the well. In time there is & genersl egualisation of water
levels over the entire region, and the water table will assume a form similar to
that which 1t had under the initial conditiomns, although it mway remain temporarily
or permanently somewhat lower than bhefore pumping began.

The normal development of the cone of depression in water-tadble wells may
be altered by seversl factors such as the presence of a nearby stream, fault, or
shale barrier. 7The come of depression will extend outward from the well at ever ,
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inereasing distances. If it reaches & stream it will become stabilised in that
direction and water will move from the stream to the well. If the come of
depression reaches & fault or shale barrier, it can extend no farther and the
drawdown in the well will inerease.

It is common practice to test large-capacity wells for periods renging from
a few hours to about a day. Where the aguifer is extensive this may be long
enough but vhere there are relatively impermeable materials nearby a l-day test
may not be long enocugh to reveal the effect of such materials and failure to
recognige this may cause serious consequences. A well drilled recently in a
small valley in Colorado vas pumped for 2 howrs at the rate of 720 gpm with a
drewdown of 12 feet. Mmmm“lwmmﬂymwm
tested in a similar manner. On the basis of these short tests, the pumps, a
booster station, and & lung pipeline were designed and purchased and the wells
were put into operation. The well field is in 2 narrow valley and the shale
wall of the buried channel rises above the water table within a few hundred feet
of the vells. After 26 days of pumping the one well was discharging only 600 gpm
with a drawdown of about 20 feet. The specific capacity of the well (discharge
per foot of drawdown) had deelined from 60 to 30. The specific capacity o' the
other wells declined a similar amount. By meglecting to test the wells for &
longer period the plant wvas overdesigned at & cost of many thousand dollars.

Specific capacity.--The specific capacity of a well may be defined as its
rate of discharge in gallons & mimute per foot of drawdowne-that is, if a well
diseharges 1,000 gim with a drawdown of 10 feet it has a specific capacity of
1,000/10=200. Specific cepacity is @& useful unit for comparing the capabilities
of wells and the productivity of the aguiferz. In Ruerfano County, for example,
there are two large-capacity wells, one dischargee 1,800 gpm and the other 400 gpm.
It would appear that the larger well is in the most wroductive aguifer, but it
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has a drawdown of about 40O feet and has a specific cepacity of enly 3 gpm per
foot of drawdown. The smaller well has a drawdown of omly £0 feet and its
specific eapacity is 20. Specific capacity is also useful in determining the
eondition of a well. If the specific cpacity of a well declings over a yeriod
of yeurs even though the water table Las mot Ceclined, them we know that for
‘MMthnmummmnnuMuMm. This way
be caused by enerustration of the well screen, by sanding, or by other factors.
If the specific capacity inereages even though the water teble has not risen,
then we know that water is entering the well more freely. This commonly happens
during the development of a well when the fines particles are drawn into the well
and pumped out leaving a natural gravel pack around the well.

of a wall increases in direct proportion t0 the inerease in drawdowneethet is, it
18 Believed that if & water-teble well ylelds 100 gpm with & lOefoot drawdown
himyuugoomutnumm. Ascording to Bemnisom (1947, p. 209)
the discharge of & well does not have & straighteline relation to the drawdown.
In a table prepared by Bemnison (shown below) are shown the percentages of the
total potential diseharges that theeretically are obtained for various percentages
of drawiown. The table shows, for example, that with 50 percent of the total
m;mwmﬁmﬂoﬁn‘mmﬁ..mmmﬁ
ucmmmmmormor-mmmmi;Wmnm
100 foet of drewiown is 1,000 gpm, the well will yield 760 gpm when the drawdown
18 50 feet instead of 100 feet. Similarly, the table shows that if the well is
pumped with @ dravdown eof TO feet (70 percent of toial) it will yield 92 perceat
of its total cepacity or 920 ggm. Obvicusly the data in the table ars not
veliabls in the upper range of drawdowns, for in order to obtain 100 percent of
the yield the table shows that the drewdown must be 100 percent. If the drawdown
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is 100 percent the water level will be at the bottom of the aguifer, no water E%
could got into the well, snd the discharge would be gero. Except for the 734

The table illustrates graphicslly the insdvisability of lowering the water
level of a well to the bottom of the hole unless it is necessary to obtain & |
required amount of water. If & manicipal well, form.mtnmmtmd2
of water-bearing gravel, has & static water level 10 feet below ground surface, ?33?
and disebarges 1,000 gym vith a drewdown of 100 feet, the total Lift wili be
110 feet. Muthmcotwmm,thunuwumhlmm'z 3
they need and, if so, it would be a sizeable saving in power if the well were 3?3
pumped at a rate of about 750 ggme. The drawdown would be nearly 50 feet and
the total 1ift would be about half as great as it is when pumped at Lhe rate of

1,000 gpm. In other words, it will save monsy to pump the well at & slower rate
for a longer period of time.

18 60
; :
& %
- 18 e 120
Belstion o: diameter to discharge.--The disolarge of & vell imcresses when

the diameter of the well is increased but not, as commonly believed, in direct
proportion to the increase in dismeter. A well should be large enough to

accommodate the pumping equipment wiih ease but the days of the large 20~ and
kOwfoot diameter wells are gone--except perhaps in speciamlized cases. As showm

s &-NUQN %’QS “Y"“Q/)

in the list below (reproduced from Bemnison, 1947, P. aoa),qmuc the
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diameter of a well fyors 2 inches to b inches will inerease the yield by emly
10 peresnt and inmevessing it to 48 inches will increase the yield omly 55 percent.

s
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Well specing &4 interference.--Well spacing is & probles commonly encountered
in the development of ground-water supplies. Wells should gemerally be speced
far enough spart that serious mutual interferences and the resultant increases
in drawdovns and decreases in yields are ueld at a minimm. Proper spacing of
vells will permit the development of the most water with the least lift.

The proper spacing of wells is governed largely by the lydrologic charecteristies
amm—m’mmwumm-mwumm.
In & highly permeable grevel the spacing way need to be only a few mmdred feet,
whereas in materials of low permesability the spacing may need t0 be several
thousand feet. In ome well installation, eight wells were drilled in a linz with
a spacing of 250 feet between wells with the result that there was serious
interference between wells. The eight wells had a combined discharge of 3,500 gpm.
By sbandoning every other well and resetting the pumps the imterference was
minimised and the discharge was increased to 4,500 gpm with the same 1ift.

A similer experiment wes msde with & battery of four wells in the Arkansas
Valley in vestern Kansas. The wells were 56, 92, and 73 feet spart. When pumped
separately they discharged a total of 3,035 ggm but when pumped together they
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discharged only 2,325 gpm. There was no interference between the outer wells
which were 221 feel apart, but the interference Letween the two closest wells
(56 fest apart) was sufficient to reduce their diseharge from 1,%9% to 1,261 gm
ar about 14 percewt (MeCall and Devisem, 1939, table k).

As the extemt of the come of depression is dependent wpen the permeability
of the agaifer (other things being egual), a knowledge of the lydrologic properties
of the aquifer ere essential to proper well spacing. Under ordinary comditioms,
competent well drillers have learned from experience about what spacing is reguired
for a particular aguifer. In unknown territory it may be necessary to run pumping
tests and make engineering calculations to predict the extent of the come of
depression after a given period of pumping.

Penctretion of aguifer.~-There is an old saying that "the desper the well,
the better.” This statement is gemerslly true im that so long as sdditicnal
water-bearing materials are encountered, the deeper the well is drilled into
these materials the more water the well will pwoduce with a given drawdowa. Ia
& uniform gravel, for example, & well that penstrates 100 feet below the water
table will produce almost twice as wmuch vater as one that penetrates only 50 feet
below the water table.

This importent principle is commonly overlooked or is avoided for economye~
and false economy at that! The cuner of a large-capacity well may save several
hapdred dallars by not drilling the last 50 or 100 feet to the bottom of the
aquifer, but he may pay that "several hundred dollars” many times in additional
pover costs during the life of the well. In the High Plains of western Kansas,
for exsmpls, the deep irrigation wells commonly penetrate only about 150 to 200
feet of the water-bearing materials in the Ogallala formation. The casings
generally are seated in a layer of clay and the welils generally discharge about
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1,000 gpm with an average drawdown of sbout 75 feet. A well coaapleted recemtly
in that ares was drilled to the bottom of the formation and penstrated about
40O feet of water-bearing materials. The well has & discharge of 3,400 gpm with
& drawdown of 1k feet. The well will discharge 1,000 gpm, like the other wells,
with a d&rawdown of less than 5 feet. The other wells, through their life, will
1if% all the wabter T0 feet farther than the new well. Inasmuch as the avorage
well in that area pumps several hundred acre-feet of water e year, the new well
will save more than $500 ammually in cost of puping.

Artesian Wells

Arteslian wells are those in which the water rises in the well above the
level at which the water is encountered--that is, the water is uader pressure
or head. If the water rises above the level of the ground surface and flows, it
is ealled o flowing well. The "head” of a well has been defined as the level
to which water vill rise in a tightly cased well that hes no discharge. In
other words, if an artesian well has a head of 50 feet sbove ground surface and
the easing is extendsd 50 feet above the ground, the water will rise to the top
of the extended casing but will net flow over the top.

Artesian wells are similar to water-table wells in some respects, but in
others they are very diffewsut. Although artesian wells have beem drilled in
wany parts of Colorade, more than 90 percest of the flowing wells in the State
are in the San Iuis Valley. The gsalogy of the valley is ideal for the development
of artesian wells. The altermating layews of cla; and of sand and grevel that
wderlic the valley were deposited by siresms carrying debris from the mountains
along the sides of ihe valley. As the gradient or slope of the streams was toward
the low point of the basin, tle layers of cloy and of sand and § el also slope
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from the sides towerd the low part of the basin. Water that enters the layers

of sand and grevel along the sides of the valley moves toward the center of the
valley between the layers of clay. As the layers of clay are relatively impermeable
and will permit little wward or downward movement of the water, the water is
under artesian pressure. When a well is drilled through the capping layer of clay,
ths pressure is released and water rises in the well.

There are a great msny artesian aguifers in the San Luis Valley, but it is
dikely thet many of them are intercemnected. The alternating ) gers of clay and
&“mmwvhm“”tullﬂn. An oil) test drilled to
& depth of 6,084 feet encountered hundreds of artesian strata in the first
55000 feet. A well drilled to a depth of 1,000 feet om the Baca Grant penetrated
more than 70 artesian sands; in 55 of these sands the water wvus under sufficient
head to flow at the ground surface.

Draydown.~~An artesian well acts much like & water-table well when water
is discharged, although thers is some difference. An artesisn aguifer does not
have & water table, as sush. The aguifer is completely filled with water under
pressure. When & well penstrates the aquifes the water rises in the well to &
point above the top of the aguifer. The height that the vater rises in a tightly
eased well that hes no discharge is commonly referred to as the pressure head.

In areas of artesian flow it generelly is exgressed in terms of feet above land
surface or above some fixed point such as the tap of the casing. The piesometric
surface of any artesian aguifer is an imaginary surface that everywhere coincides
with the head of the water in the aguifer. The piescmetric surface is comparable
to the water table in that it is not a level surfece but slopes in the direction
of movement of the water. When a well is pumped, a drewdown and cone of depression
result. Although this come is imeginary in that is is merely & lowering of
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pressure or head rether than & lowering of the water level, it is Just as real
88 it & vater~table well in its inflnence on the hydraulics of wells. Whea an
srtesian well flows o is pumped, the resulting drewdows is indicsted by &
Jovering of the head above ground surface if the well flows or & lowering of the
water level in the well 1f it is pumped.
Coue of depression.--As soom as artesisn wells begin discharging, & come
of depression is developed in the plesemetric surfece even though the entire
“ cone way be sbove the grousi and wster movvs tovard the well frow all divestiens.
The eone of depression develdpe in o mamner very similar to that of a come
dsveloped under vaterstable omditions. Hovever, weter is 2ot removel frem
mwug&mucﬁwmmmwwwu
the aquifer and expansion of the water wpon the relesse of pressure when the
hesd 1o vedmoed. Whether the eompaction of the aguifer and associsted beds is
strictly proportional to the decline in Jpressure is not knows, but probably the
compection ineveases with the declime in yresswre, and thus the compaction is
greatest neer the discharging well. MNemee, the guantity of water squoesed out
of the formation is greatest mear the well. The squeesing out of water from
the formetion by compaction delays the development of the come of degression in
mach the same way thet the development of the cons of depression for water-table
conditions is delayed by the wnwatering of part of the formstion: Nowever, the
;-mwnmmm-umwuwmum
~4agtenses much less than the guantity of water rewoved by the wmwatering of a
part of & faormation, and the drawdown of the plescmetric sarfece and development
of the ctte of depression under srtesian conditions wsusily is more repid than
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There is a distinet differemce between the removal of water from-storage
from artesian aguifers by compaction and the removal of water from a water-table
mwt,mwhxwkdw-m
m)y_ﬂ'\l!‘wmofmwmtw
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| discharging from an artesian aquifer will release more vater to the well if the
Speeific capasity.--The specific capacity of & woll has been defined in
the section on "Water-Teble Wells.® The specific capacity of an artesian well
geverally is less than that of & vater-table well. Inasmuch as water is discharged -
from an artesian well by compaction of the aquifer rather thanm by unwatering the
aguifer, drawdowns in artesian wells gemerally are greater and specific capacities,
therefore, are less. Water-table wells in alluvium in Colorado commenly have
specific capacities of 50 to 200 gym per foot of drewdown whereas many artesian
wvells such as those in Denver and in the Arkansas Valley commonly have specific
cspacities of less than 1 to seldom more than 10 gpm per foot of drawdown.
Relation of drawdown %0 discharge.e-is pointed out above, & water-table
well will discharge 76 percent of its total capeeity at only 5C percent of its
total possible drewdown and in that instance the common belief that discharge
is directly proporticmal to drewdown is false. In artesian wells, however, the
discharge is nearly proportiomsl to the drawdown. A drawdown of 50 percent,
for example, will produce 55 percemt of the total capacity. Listed celow are
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the relations between drawdown and discharge in an artesian well (Bemmison, 1987,
Pe 209). These data also byeak dowm in the wpper renges for the reesons given
up.lh.

discussed extensively in the section ok water-table wells it should be purticularly

emphasised for artesian wells. hm#mvﬂl:n#thhbhwt&mﬂd
Wmummammmu&tqu.am YT
wmmmm-mmummuy) ,ﬁmmw;
aguifer the come of depression expands reapidly. uugmwm

a release of pressure at one point may be noted at great distances in a very

short time. In the South Platte Valley, for sxample, it generally requires days

or weeks of puping for the coms of depression around an irrigation well to extend
several hundred to several thousand feet from the well. In ome locality in the
Seuth Platte Valley, howvever, the water is under artesian pressure because of an
extengive layer of clay,in the alluvium. When one well in that area is pwmped,

the vater level in ancther well 1 mile sway will decline more than 2 feet in less
than 2 mimutes. In the artesian areas of the Atlantic Coastal plain, the cone

of depression around a discharging artesian well bas been found to extend wore

than 20 miles from the well and undcubtedly extends farther. these conditions,
edeyuaty well spacing way become impracticable snd weils mep—hawa—4e De spaced

in such & meaner not %0 avelid imterferemece but interference at & minimm,.

W
™~ are feced vith jus* this problem in the Denver area at the present time. The
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water level in an artesian well in southwest Denver has declimed 52 feet sinee
A48, Im all that time, however, the well has discharged no water and the nearest
well tapping the same aguifer is more than & mile away. The water level is being
iovered by other wells wore than & mile away. It is likely that a few widely
spased wells in this aguifer in the Denver wetropolitan area would lower the
water lavel throughout the area,

SURERIT

3s The avallability and guality of ground water is controlled by gealogy,
atd = knowledge of the gealogy of an area ailds materially in the proper development
of groundevater supplies.

2+ Agquifers are either wvater table or artesian and wells tapping the two
types of aguifers have different hydrologic charmcteristics.

3. WVater-table wells differ fyom artesian wells ‘n that their discharge
does not bave as elose & relation to the drawdown; and they gemerally have
lesser drewdowvns, smmller cones of depression, and smaller specific capacities.

h. ALl wells should be properly spaced in order to keep imterference between
wvells at a minimm.

5. The dlseharge of & well is inereaged very little by inereasing the
disweter, but it is increased apprecisdbly by increasing the depth through
vater<bgaring materials.
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