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Infra. tructure, such as road , 
buildings, airports, and dam , is built 
and maintained by use of large quanti ­
tie of natural re ource uch as 
aggregate ( and and gravel), energy, 
and water. A s urban ar a expand, 
local sources o f the e resource are 
becoming inacces. ible (gravel cannot 
b mined from under a subdivi ion, 
for example) . or the cost of r covery 
of the re ource becomes prohibitive 
(oil and ga drilling in urban area 
i costl y), or the resource. may 
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become unfit fo r some use (pollution 
of ground water may preclude it 
u e as a water upply) . Governmental 
land-u e decision and environmental 
mandate. can further preclude devel­
opment of natural re ources. I f in fra­
structure r ource are to remain 
conomica ll y avai lable, current 

re ource information must be ava il­
able for u e in well -reasoned deci­
sion about future land u e. Ground 
water is an infrastructure resource 
that i present in shallow aquifers 

and deeper bedrock aquifers that 
underli e much of the 2,450- quare­
mile demon tration area of the 
Colorado Front Range Infra tructure 
Re ources Project. In 1996, mapping 
of the area' ground-water resource 
was undertaken as a U .S. Geological 
Survey proj ect in cooperation 
w ith the Colorado D epartment of 

atural Resources, Divi sion of 
Water Re ources, and the Colorado 
Water Conservation Board. 
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Figure 1. The broad outcrop of the Laramie-Fox Hills 
aquifer extends northwest and southwest of Greeley. 
The bedrock aquifer subcrops under the shallow aqui fer 
along the Cache La Poudre River Valley (Robson, 
Van Slyke, and Graham, 1998, HA- 742) . 

Ground water in the demonstrati on 
area i pre ent in shallow aqui fer. 
primaril y located along larger stream 
va lleys and in deeper bedrock aqui fer 

that xtend ea tward fr m the Front 
Range through thou. and, of square 
miles. Water in the shallow aqui fers 
commonly is pumped f r irrigation 

U.S. Department of the Interior 
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of crops because of low pumping 
cost , large well y ields, and water 
quality that i well uited for irriga­
ti on. Water in the bedrock aquifer 
commonly i pumped for domestic, 
municipal, and commercial u es 
becau e higher pumping costs and 
lower well y ields can be tolerated, and 
water quality is well suited for drinking. 
Thus, land-u e deci ion that can affect 
a ces. to the aqui fers or recharge to the 
aqui fers can affect irrigati on upplie 
and/or human water uppl ies. 

Mapping of the outcrop and 
ubcrop of the bedrock aqui fer along 

the we. tern margin of the Denver 
Basin wa undertaken to better define 
the we. tern ex t nt of the bed rock aqui ­
fers. their utcrop recharge area . and 
potential area. of ub rop water fl ow 
b tween . hallow and bedro k aqui fer 
(Robs n, VanSlyke. and Graham. 
1998). 

The bedrock aquifer are com­
posed of beds of permeable and tone 
that dip eastward into th sub. urface. 
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Tn the area north of Boulder, the dip 
is gradual and the aquifer rLe to the 
urface in a 2- to 7-mile-wide band of 

outcrop that extend to the northwe t 
and . outhwe t of Greeley (fig. I ). Thi 
large outcrop band i. an important 
recharge area for the bedrock aquifer ·, 
for here rain and nowmelt can perco­
late to the aquifer o era large area and 
recharge the ground-water upply. 
In th area . outh of Boulder, the bed­
rock aquifers have been more se erel y 
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Comprehen ive mapping of 

the th ickness, ex tent. paleotopography, 

water- tab le altitude, saturated thick­

ness, and depth to water in the hallow 

aqu ifers in the 680-square-mile Denver 

metropolitan area ha been completed 

(Rob on, 1996). Thi s work indicated 

that the al luvial ediment of the 

principal aquifers generally become 

thinner and coarser grained cl er 

to the front range of the Rocky 

Mountain . Sediment thi kne .. range 

from le · than 20 feet near the moun­

tains to 40 to 60 feet in the downsu·eam 

reaches of the oulh Platte River near 

Brighton. 

deformed by movement on mountain­

front fau lt. , and the expo ed b d 

of permeable andstone dip almost 

vertica lly into the ub urface. In thi 

area, the outcrop band i narrow, rang­

ing from a few hundred to a few thou-

and Fe t in width. Thi outcrop is 

a minor recharge area becau e of its 

mall extent. 

Where u·eam val ley cro the 

outcrop band of the bedrock aqui fer , 

Figure 2. The present valley of the 
South Platte River is near Brighton. 
An ancient paleovalley formed by the 
ancestral South Platte River extends 
northeastward under Barr Lake 
(Robson , 1996, HA-736). 

A map of the paleotopography in 

Robson ( 1996) (fig. 2 is a part of th i 

map) shows the alti tude and configura­

tion of the buried bedrock surface. The 

metropolitan area map show the loca­

tion of the cu rrent tream va lleys, which 

are cut into the bedrock urface, and the 

location of evera l paleovalleys that 

were cut into the bedrock urface by 

ancient streams which no longer flow 

through the areas of the paleovalleys. 

The largest of the e paleovalley. is I 

to 2 mile wide and ex tends northeast­

ward under Barr Lake. This paleovalley 

likely was formed by the ancest ral 

South Pl atte Ri ver before it changed 

permeable and and gravel of the shal­
low aquiB r in the stream va lley may 
be in direct conta t w ith permeable 
sand tone of the bedrock aquifer . 
fn these area , ca lled ubcrop areas, 
ground water generally flow from 
the b drock aqu i ~ r to the shallow 
aqui fer. However, pumping may 
reduce the water level in the bedrock 
enough to cau e water to flow from 
the shallow aquifer to the bed rock in 
ome area .. 

course and cut its present deeper va lley 

near Brighton. Alluvium in the pale­

ovalley is as much as 60 to 90 feet 

thick. Ground water still flows down 

the trend of the paleovalley, although 

there i no natural stream in the 

present va lley. 

Saturated thickne s of the hallow 

aquifers i the distance from the water 

table to the ba ·e of the aqui fer. In mo t 

of the upland area. between stream 

va lley , aturated thickness is le s 

than 20 feet. However, the areas of 

greate t saturated thickness (60 to 

80 feet) are in the berry Creek Valley, 

in the South Platte River paleova lley, 

and in everal other smaller paleova l­

leys in the metropoli tan ar a (Robson, 

1996). 

Depth to the water table gener­

all y i less than 40 feet in mo t of 

the metropolitan area and is less than 

I 0 feet in the central part of the larger 

. tream va lleys. The general hallow 

depth to water and permeable soi I. 

enable ground-water recharge to 

occur over a broad area. Ground 

water now. from the upland area 

toward the nearby stream va lley. 

where the water now: down the va lley 

and toward the stream. Ground water 

di charge from the aquifer by flowing 

into streams, by withdrawal from wel ls. 

or by evaporat ion and tran piration 

from vegetation . 
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Figure 4. The water table between 
Fort Lupton and Platteville slopes 
down the valley and toward the 
South Platte River (Hurr, Schneider, 
and others , 1972). 

Work i in progress to expand the 
comprehensive mapping or the shallow 
aquifer. into the area north of the 
Denver metropolitan area. Pl anned 
products include I :50,000-. cale map 
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Figure 3. Thick unconsolidated 
sediments extend along a paleovalley 
cut in the bedrock surface (Stollar, 1969). 

of ( I ) the thickness of the uncon ali­
dated sediments, (2) the paleotopogra­
phy of the buried bedrock Ulface, 
(3) the altitude of the water table and 
direction of ground-water movement, 
( 4) the saturated thi ckne s of the 
hallow aquifers and (5) the depth 

to ground water. 

As of July 1998, data for about 
I I ,000 wells and te t hole were com­
piled , checked, and interpreted to pro­
duce a data base defining the thickne 
of the uncon olidated ed iment and 
the altitude of the water table in the 
1.780- quare-mile area. Data have been 
plotted and contoured at I :24,000 cale 
to produce prel iminary maps howing 
thickness of uncon. olidated sediment 
and altitude of the water table. The 
map have been scanned to produce 
Arcl FO coverages that are being 
checked and attributed prior to use 
in preparation of the paleotopography, 
, aturated thickne. , and d pth-to-water 
maps. 

Result. of mapping the thickne s 
or th unconsolidated ediment indi­
cate that the allu ium in the principal 
tream va lleys con tinue to thicken 

in the down. tream direction between 
Bri ghton and Greeley. Thi ck edim nt 
al o are present along paleovalleys in 

variou, part of th ar a of ongoing 

mapping. For example, in the area 

nottheast of Fort oil in . thick sedi­

ment define a pal o aile fir. t mapped 

by Stollar ( 1969) in an area of roll ing 

topography ha ing no natural u·eam 

channel (fig. ). Un on olidated. di ­

m nt are 0 to 40 f et thick b y nd th 

northward-trendin 0 pa l o alley; di ­

ment are a much a 80 to I 00 feet 

thick within the paleo al l y. 

Preliminary r ult of mapping the 

altitude of the water table are in general 

agreement with previou mapping a ai l­

able for parr of th area. For example, 

in the South Platt - Ri v r Valley n ar 

Platte ille (fig. 4), HutT, chneider, and 

others ( 1972) indicated that th altitude 

of the wat r tab le was higher near the 

margin of the alley and lower near the 

South Platte Ri ver. Hurr and oth rs 

( 1975) indi cated that gr und-water 

flow i . trongly affected by ground­

water recharg , which o cur ver the 

area of the aquifer from infiltration of 

irrigation water, rain , and snowm lt. 

Ground water flow from hea ily irri ­

gated area. near the margins of the va l­

ley toward the South Platte River, wh ich 

s rves a a drain that conu·ols the alti ­

tude of the wat r tab le near the river. 

The direction of ground-water move­

ment i thu down the va lley and toward 

the river, a indicated by the arrow · in 

figure 4. 
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Re urce. Project wi II cons i t of 
pub! ished reports. geospatia l data 

avai lable through the U.S. Geologica l 
Survey web . ite , and data layers for 
use in a project decision-support ystem. 
Two reports are in print (Robson, 1996; 
Robson and other. , 1998), and oth._er: are 
pl anned. Geo patia l data from the two 

publ i hed reports are avai labl through 

the U.S. Geological Survey project web 
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Figure 5. Nitrate concentrations in the 
shallow aquifer vary from site to site 
because the aquifer is easily recharged 
and some land use produces high nitrate 
recharge (Shelton and Rogers, 1987). 

i teat ht tp://web erver.cr. u g .gov/frirp/. 
Additiona l geospatial data will be 

re leased as report and meta data 
are comp leted. Data layers for the 
decision-support system will be similar 
to those on the web ire. The decision­
support system w i II enable users to 

acce s project result for all or part of 
the demonstration area, to combine or 

manipu late variou layers of informa­
tion , and to display the results in a form 

they fi nd u ·eful. 

.--------Decision-Support Sy~s~t;e~m~~illiiliiiiiilil 

;~::; "'"'"'' I W'"' II Eoocgy I Dicta Data 
Layers + + + = 

User-designed maps 
showing infrastructure 
resources information . 

.IDformation on tedmical reports and hydrologic data 
may be obtained from: 

U.S. Geological Survey 
Water Resources Division 
Box 25046, Mail Stop 415 

Denver, CO 80125 
email: wfhorak@usgs.gov 

A compreh n ive re iew of ex i r­
ing water-quality analy e i being con­
ducted to define the chemical quality of 
the shallow ground water in the area of 
ongoing mapping. The work expand. 
on that of pre iou tudies (Dennehy 
and others. 1995: Shelton and Roger , 
1987). which have indicated that land 
u e, depth to water table, and rate and 
direction of ground-water movement all 
can affect sha llow ground-water qual ity. 
Potential constituents and ources of 
con tamination to the hallow aquifer 
include heavy metal. from urban and 
industria l area , and nitrates (fig. 5), 
ammonia, phosphorus, mangane. e, and 
pe ti ides from urban and agri cultural 
ources . A water-qua l ity data ba e i 

planned. 
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