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ghout 23 feat per mile south of Hudson, but it decrenses to -about-18
feat per mile and is nearly uniform northward from Hudson. In the
vicinity of sec. 11, 'T. 4 N, R. 64 'W., however, thers is o flattening of
the slope, probably duae to sn increase in the permesbility of the
sedimentary rock. Depths to water and the shape of the woter table
show that Bex Elder Creek was: not gaining water from the ground-
 water reservoir in November 1957, The ereck is dry Auring much of
the yeer but is a souree of recharge to the ground-water reseryoir when
it flows and especially so when it is at flood stage. Other sonrces of
recharge ave surface water that iz spread for irrigation and precipita-
tion that falls within the basin. Immediately after n flood, when
- water from Box Blder Creak ia recharging the ground-water reservoir,
2 ridga probably is formed on the water table benenth the bed of the
creek. The contours around Horse Creek, however, indicate that the
eresk 48 gajning ground water, probably by seepage from Horse Greek
Reservair. Recharge from the Treland Reservoir No. & apparently is
cansing the mound in the water table downstrenm from the reservoir.
"Ttha contours in the area where the vallays of the Beeba Drow and Box
“Flder Creek valley merge show that some of the ground water in Box
Elder Creek volley is moving into the valley-fill deposits in Beebe
. .Draw. - The slight inward movement of ground water nlong the
- édges of the valley probably is caused by the slope of the bedrock

- surince.
- ‘Depths to water in the vallay renge from less than § feet to shout
. 40 foet and avernge 22 fest. Hydrographs of the U.S. Geological
-Survey’s ohservation wella (figs. 11, 19, and 13) show that the maxi-
-mum snnual fuvetuation in wall Bi-85-12ced2 was about 18. feat, part
of which was due to the pumping of a nearby irrigation well. The
vecords of the long-term observation wells, except well B2-84-30cbe,
- show a pronounced downward trend in the- water levels.since 1950
(fig, 10). Tn the vicinity of this well, ground-water underflow from

- Treland Reservoir No. 5 probably rechargesthe pround-water reservoir,

Althongh the water levels had risen by the spring of 1958, they still
ware far below the average of record:-in- most of the wells, The enly
surface water availeble for irrigation in the district is that diverted
from the few reservoivs und from Box Elder Creck when it is ab food
stage, Therefore, irrigation. is. lorgely dependent on water pumped
. from wells. All the large withdrawals of ground water from the
- valley-f11 deposits, except from the Hudson municipal wells, are used
for irrigation. Code's- well-loeation map (1943) shows only 70 irri-
. gation wells in 1940; by the end of 1957 there were 210. . The number
. of wella per section ranges from 0 in several to 12 in secs, 12 and 18,
© T.1N.,R. 66 W., and the nverage is three. Loeally, however, the ir-
rigation welizaretoo clossly spaced, and as a result mutnal interference
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decrenses -yields and incresses drawdowns. Most of the wells are
drilled-to bedrock, are lined with metal casing, and are equipped with
eloctrically driven turbine pumps. A few of the wells'aze dug and
lined with concrete cesing. Only two wells are aquipped with centrif-

ugal pumps snd only one pump is driven by an infernal-combustion

engine,

-Fixidson. (population '430) issupplied with water from two drillsd

metal-cased wells that obtein water from the valley-fill deposits. ' The

- wells; which are cuteide the city limits, axe equipped with electrically
. driven purbiine pumps that force water inte a 44,000-galon alevated
. gtesl-tank. An avernge operating pressura of shout 85 psl is main-

tained in the city distribution system. Ahout 136,000 gpd, or about

:140 aore-ft per yenr, is pumped from the wells for municipal vse.

Pumping from the irrigation wells in this distriet has-been very
henvy during recent years. Yields fromtha wells that wers messored
by the T.8, Geologiesl. Survey ranged from 85 to 1,000 gpm and
averngad 550 gpm. Drewdowns ranged from 7 to 32 feet and speeific
copacities ranged from & to 185, Ths coefficients of permenbility and
transmissibility are relatively low (Lable 5).comparad to those in the

-ragt of the reportarer. The water levals in'many of the wells south

of Hudson deckned to the pump intakes during the 1957 pumping ses-

-son, and some wells were not. used. The largest -;yialhs generally are

obinined From wells near. the nxinl part.of the valley; the slope-wash

-deposits along the-edges of the valley fill are poor producers. The
.comparatively small sverage yields of wells in the district probably
.ore due to the declining water table and io the lower permeability
.of the valley-fill deposits, which coniain s large percentege of clay

and lt. Heovy pumping eventually could lowsr the regionsl water
tahle below the intakes of some pumps.
Tt is -estimated that sbout 20,000 scre-feet of ground water is

. pumped from the velley-fili deposits during s' normal yesr. Tha
- . estimated quantity of recoverable ground water in storage in'Novem-
<. "ber 1957 wos shout 320,000 nere-ft. Declining water levels- indicate

that gromnd water is being taken from storage; that is; rechargs ia not

' bulsncing dischorge. The decline of tha water table in this district

is the most marked in the report aren. _

In the southern part of this district, the waier generally hes a spe-
cific canductance of less than 1,400 micvomhos per om and is of the
caloiun biearbonate type. ‘In the northern part, the water generally
has o specific conductance of mora then 1,800 micromhos per om and
is of the calcium sulfate type.

CONCLUBIONS

Unconsolidated valley-fill deposits of sand, gravel,-cobbles, and
boulders of Quaternary age are the important water-bearing forma-
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tions in the report aren. These deposits are the prineipal source of
ground water in the streasn valleys and, locally, they yield as much as
2,000 gpm to wells, nlthough the avernge yield is about 700 gpm. The
low to moderate yield of some wells probably is due to peor construc-
tion of the wells, and that of others to low transmissibility of the agni-
for. The ground water in the valley-fill deposits is nnconfined, except
locelly, and the depth to water ranges from 0 to about 80 feet,
Ground water enters the ares by underflow. The grovnd-water reser-
voir in the arss is recharged elso by precipitation and by seepage from
irrigated trects, reservoirs, eanals, and streams. Ground water is
discharged within the aresn by evapoiranspirvation, sespage into
streams, springs and seeps, and pumping from wells. The remainder
of the ground water leaves the aren by underflow through the vallay-
fill deposits. .

The South Platte River gains water from the ground-waler reser-
voir throughout its course in the ares. Beebe Seep at some times and
ploces is a gaining strenm and at others = losing stream.  Waler from
Box Elder Creck infiltrgtes into the underlying unconsolidated de-
posits, especially during flood stage.

Development of ground-water supplies from the valley-fill depoesits
has been rapid since 1940; the number of large-capacity wells increased
from sbout 700 in 1940 to about 1,700 at the end of 1967. Ground
water is used principslly for irrigation, but large amounis are nsed
also for municipal snd industrinl supplies, and mosk of the water for
demestic and stock use is obtained from wells. It is estimated that
about 250,000 acre-ft of water in 1956 and sbout 100,000 nere-£t in 1957
was pumped from the lnrge-enpacity wells, and that sbout 500 acre-ft
is pumped from domestic and stock wells annually., It is estimated
that about 2 million pere-ft of recovernble ground water is stored in
the valley-fill deposits in the report area.

Further ground-water developmeni may be fensikla in some parés
of the area but not in others. The insignificant naet change in ground-
water levels between 1029 and 1858 in the South Platte River valley
between Denver and the northern bonndary of T. 3 N. indicates that
gronnd-water withdrawals during that period did not deplete the
supply in storage. Even during the period 1954-57, when precipita-
tion was subnormal snd pumpage was eorrespondingly greater, the
net change in water levels was very slight. Appavently, ground-waier
withdrawals through 1957 in this part of the area have resulted in the
snlvage of water that otherwise would heve been discharged by natural
processes. In places where the water table is shallow, water now losh
through evapotranspiration could be salvaged throngh an increase
in pumping. Heavy pumping near the river, however, might indoce
rechargs from the river and compete with surfocs-water use. In prrts
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- of the district betwween Denver and the base line, wells are so clossly
~spaced that.when. pumped for long periods.the wnier level declines

to the pump- intake; additional large-capacity wells in other parts of
the district should ba spaced farther-apark so as to aveid mutual inter-
ference and.n subsegnent losnl Iowering of the water table.

There appears to bs a danger of overdevelopment of the grommd-

-water supply in the South Platte River valley in T. 4 N., R. 66 W.

Althongh the net change in water levels during the pariod 1920--50 was
relatively small, a proncunced steady decline, due pattly to incrensed

_pumping and pertly to subnormel precipitation; has ocourred since
1850, Whater levels in the area immediately north of Towsr Latham
-Reservoir do not show o marked long-term decline, probably becanse

sespage from the reservoir is recharging the ground-water reservoir.
Littla is known nbout the naf change in water lavels in the rest'of the

- distriet hetween the northern boundery of T. 8 N. and Kuner because
- long-term: records of water-level fluctnations are noi available.

Altheugh long-term- records of water-level fluctuations in Beebe
Draw are incomplete, they:indicate o nat decline of ground-water

. levels, ot least locally. High coefficients of permeability snd. trans-

missibility of the vallay-B11 deposits, howaver, indicate that the disbrict

. may be able to support additional well-planned prommd-water devel-
- .opment. -An estimated 20,000 scre-ft of -gruu:uﬁ.w&l:er was pamped
. +in 1956, apparently -without materinl interfevence. among wells or
. noticeabls depletion of ground water in storage. .J£ propexly spaoed,

-additional wells of large capacity should not seriously deplete-the

ground-water reservoir.
The. maximum development of ground water probably has been

- reached or exceeded in the:Bos Elder. Creck valley, especially in the

stretch between Hudson and. the southern-boundaxry .of the report
ares whers water in the irvigation wells commonly .decline to the
pump intake when the wells-ars pumped during-extended droughis,

" and where.the coefficients of permenbility and transmissibility of the
vallay-fill deposits generally are comparatively low. Severnl instances

have been reported of interference among wells, Long-term records

-show that ground-water levels. throughout the valley have declined

sharply sines 1850, indicating- rather rapid depletion of the ground
water-in storage.

.~ The extent to which .development of ground water in the distriots
- can be sadely incressed and sustained depends on (1) the amount of
. ground water available, (2) the rate nt which it 35 withdrawn, and
*(8) the.rate at which it is raplenished. - An indication of the smount
- of ground water nvailable is the nverage annual amount of natnral
-digcharge from. & district ; the amount availeble determines the upper

limit for development, In‘ praectice, however, feasible development
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ansk b less then ground-water dischargs because not all the natural
discharga can ba intercepted, and because of limiting hydrologie and
lagnl foctors.

The average smount of water then con be pumped from the valley-
fill deposits over a long period, without exceading the rate of recharge
and permanently depleting the supply in storage and thus progres-
sively lowering the water table should be determined separately for
each distriet. This amount is the safa perenninl yield, Its def;erminn.-
tion requires records for several yesrs of pumpage, water-level
chonges, precipitation, runoff, and an anclytical appraisal of these
data. The hydrologic features of the report area are complex, tm.d
the eafe yield can be determined only by further study snd systematic
observations while additional development proeesds. _

As now wells are brought into production, water levels wiil decline,
but sach & decline alone is not necessarily proof of overdevelopment.
Some water-lavel decline is-.inevitabls if a large amount of water.
is taken from the ground-water reservoir. The critical point, how-
ever, is whether or not the water levels recover aiter the pumping
season, or after several pumping seasons during n series of dry years.
In o nateral gronnd-water regimen, discharge is mainly equal to re-
charge; that is, the system is in dynamie equilibrium. In an arti-
ficially nltersd regimen, such ss the report arves, discharge will con-
tinune to equal recharge only so long as the safe perennial yield is
nofexceeded.

Much of the ground water discharged from wells in areas whera
the water table is at or near the land surface is salvaged water, be-
canse lowering the water table reduces natural discharge by evape-
{ranspiration, Also, artificial lowering of the water table creates
space for storage of additional recharge. The sefe perenninl yield

18 not beinp exceeded in such aress. In other avens, however, lnrge-
seale pumping may deplete ground water in storage and reduce the
natural dischavge into streams to snch en extent that surince-water
rights are infringed upon and water levels in wells drop below the
intoke of pumps. Most of the large-capacity wells in the project
nren reach, or nearly reach bedrock; therefors, the total depth of the
well is the maximum depth to which the water tehle and the intaks
pipe cen be lowered .

T'wo important factors sre involved in the concept of safe perennial
yield, one being the hydrologle factors just disrussed and the other
being the legal fastor, Although, strictly speaking, the meximum
possible withdrawal of ground water from n. district is limited by hy-
drolegic fustors nlone, the maximum nctual withdenwal may be limited
by legal factors. It may be decided by competent legal nuthority to
restriet pround-water development io o yearly withdrawal rate that
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- will-provide the.greitest long-term- benefits for el water users and
: -prevant future controversies. -‘Therefors, it should not b infarred from
-this report thut the report: area can: safely, economically, nnd legally
=support a lerge additional number of large-capacity wells,
- Continued collection and study of data is needed to determine the
. snfs perennial yield of the .aquifers.in the report arven, and to assist
- orderly and efficient: developmant. of the ground water of the valley-
- fil} deposits. Such an-investigation should include (1). msintenance
‘of: complete and noourate records on -sdditional large-capacity wells
‘that are installed in the arven; (2) continued messurement of water
:levels in's network of-observation wells; (8) systemutic collection of
-discharga. and power-consumption records for large-capacity wells
:-and-from.those records,. computation of the tofal yearly volume of
- withdrawais; (4) .evaluation of .all sources of recharge to snd.dis-
: charge from the ground-water. regervoir;. (§) quantitative studies of
- the relation of strenmflow. to gronnd water; (6} collection and evelu-
ation of ndditional datn on the ehamieal quality of the water.
- The collected-dntn shotild be evaluated periodically in order to detect
ewrrent or impending overdevelopmant of the ground-water resources.
Such data; and periodic review will make water problems easier to solve,
-~ nnd: they may.indeed: provide the-basis. for development of nn.inte-
. grated surface- and: gromd-water-irrigation systeln. involving the
wkilization of artificial recharge nnd discharge as o mesxis of balancing
theeffacts of wet and dry years.
- Water feom. the. valley-fill. deposits in most. of the report.ares has

- - o gpacific conduetance of 1,00041,800 micromhos per cm and is of sither

the. caleium bicarbonate or the-caleium. suifaie typs.. The waier is
... snitable:for irrigntion in most places but-has a. high or very high salin-
. ity hazard and in soms places has:a high lenching requivement. Tt is
of:poor.quality for publie:supply:and domestic uge beenuse it is very
. hard: Tn afew-gections in. T. 2 8., R..67.W., near. Derby, the. waier
-.. *hes o specific conductance of more then 4,000 micromhes per cm .und
" -+is of the caleinm.chloride type, a.type found.nowhers else in the
report aren. The-high: specific conductance and tha water typs in-
- » dictate contamination of the.groumd water by waste from the arsenal.
. In the downvalley.parts of the South Plutte River vallay:znd of most
- of the tributary. valeys, the water hes a.specific.conductance of about
.~ 2,950 micromhosper em and is of the ealeium snlfate or sodium sulfste
- ‘type. Near Denver ground water in the Sand Creck and. South Platte
' River valleys is-contaminated by petrolesm. wastes, but the severity

. ond-nrenl-extent of the contamination were not.determined.
" The-quality of the water-in the valley-fill deposits in the report-area
is similar. to the quality of the water in the surface streams and is af-
.facted by irrigation practices. . Use of the water. for ivrigation tends
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to increase the mineralization and to change the type of the water
from caleium enrbonate to calehum sulfate or sodium sulfate.

Watsr from the bedroelk differs widely in mineralization from one
stratigraphic unit to nnother, as well ns within units; the specific
conductance of ground water that was sampled ranged from 336 to
5,040 micromnhos per em. In most of the units the water is of the
sodiom bicarbonate type, is soft, and hos o relativelyhigh eoncen-
tration of fluoride. Water from the Dawson arkose was the least
mineralized of the water sampled, and water from some strata in
the Laramie formation was the most mineralized. Water from the
bedrock probebly is poor for irrigation and ranges from poor to
good for public supply and domestic use.

It would be advisable to study long-term chsnges in quality of

water from key wells, to determine the source and extent of the con-
taminntion by petroleum waste in the valleys of Sand Creel: and the
South- Platte River and to determine the extent of and potentinl
for development of the aquifer that produces relatively soft water in
the vicinity of Gresley.
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