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BIBLIOGRAPHY OF WATER-RELATED STUDIES, SOUTH 
PLATTE RIVER BASIN-COLORADO, NEBRASKA, AND

WYOMING

BY 

KEVIN F. DENNEHY AND JORGE R. ORTIZ-ZAYAS

ABSTRACT

This collection of more than 1,270 bibliographic references focuses on the numerous 
environmental factors that affect water quality in the South Platte River basin. This publication is the 
first product of the U.S. Geological Survey's National Water-Quality Assessment program in the 
South Platte River basin. To aid in conducting a water-quality assessment for the basin, sources of 
water-related studies were compiled from computerized literature searches of biologic, chemical, 
geologic, and hydrologic data bases. Categories of information include: aquatic biology, atmospheric 
deposition, climate, geology, land use, runoff, sedimentation, surface- and ground-water hydrology, 
urban runoff, water chemistry water quality, and water use and management. References date from 
1845 through October 1991. The bibliography includes, in some instances, abstracts of the subject 
reference. Coauthor and subject indices also are included.

INTRODUCTION

In 1991, the U.S. Geological Survey (USGS) began to implement a full-scale National Water- 
Quality Assessment (NAWQA) program. The long-term goals of the NAWQA program are to 
describe the status and trends in the quality of a large, representative part of the Nation's surface- and 
ground-water resources and to provide a sound, scientific understanding of the primary natural and 
human factors affecting the quality of these resources. In meeting these goals, the program will 
produce a wealth of water-quality information that will be useful to policy makers and managers at 
the Federal, State, and local levels.

A major design feature of the NAWQA program is the integration of water-quality information at 
different areal scales. The principal building blocks of the program are the study-unit investigations 
on which the national-level assessments are based. The 60 study-unit investigations that compose the 
program are hydrologic systems that include parts of the Nation's major river basins and aquifer 
systems. These study units include areas ranging from about 600 (Oahu) to about 67,000 (Central 
High Plains) square miles and include about 60 to 70 percent of the Nation's water use and the 
population served by public water supply. In 1991, the South Platte River basin was among the first 
20 NAWQA study units selected for study under the full-scale implementation plan.
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To effectively conduct a multidisciplinary water- 
information from Federal, State, and local sources m 
performed as part of the South Platte NAWQA inves 
water-related information. A computerized literatu 
information that would assist the South Platte study 
basin. This report establishes a central source of ava 
Platte River basin.

Purpose an

[uality a$sessment of a large basin, available 
st be identified. One of the first activities to be 
igation was to assemble and organize available 
t search was initiated to compile pertinent 
team with the water-quality assessment of the 
able waiter-related information for the South

Scope

This bibliography, including coauthor and subjec 
available literature on water-related studies conduct 
in the water-quality assessment of the basin by the So nth 
than 1,270 references on water-related investigations 
instances, abstracts of the subject references also are 
published reports and books, unpublished master's 
proceedings, and journal articles. Omitted are unpu 
book reviews.

Description of

The South Platte River basin includes parts of th 
(15 percent), and Wyoming (6 percent) and has a dra 
The primary river within the basin, the South Platte 
Colorado and flows about 450 miles northeast across 
Platte River at North Platte, Nebraska. The boundar 
headwaters draining to the west, the upper Arkansa 
River drainage to the north, and the Republican Rive

The three-State area is inhabited by about 2 milli 
Colorado. About 68 percent of Colorado's populatio 
majority of the basin population is concentrated alor

The study area is characterized by a diverse popi 
populated mountainous areas in the headwaters regi 
from Denver to the densely populated Denver metrof 
The principal economy in the mountainous headwaters 
The economy in the urbanized south-central region i 
trade industries, and government services. The ecor 
based on grain and livestock production.

indices, provides a comprehensive collection of 
d in the !>outh Platte River basin, which will aid 

Platts study unit. This report contains more 
rom 1845 through October 1991. In some 

ncluded. The collection of references includes 
leses and doctoral dissertations, conference 
lished manuscripts, publications in press, and

tudv Area
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ee State 
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liver, or 
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es of th 
River

3~Colorado (79 percent), Nebraska
of about 24,300 square miles (fig. 1). 
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i lives 
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e; 96 percent of whom reside in 
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of t le basin downstream from Denver is
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Figure 1. Location of South Platte River basin study unit.
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Sources of Relate^ Information

Interested individuals may wish to consult other pibliographies to supplement the references 
listed in this report. There have been a number of investigations conducted on the geologic and 
hydrologic aspects of the South Platte River basin by Federal, State, and private organizations. Most 
of the published information has been compiled into bibliographies and indices that are readily 
accessible to the public. A bibliography of geologic and hydrologic studies of the Front Range urban 
corridor lists references published prior to July 1,19/12 (Chronic and Chronic, 1974). Another
published bibliography of interest is a comprehensive collect 
1875 and January 1,1975, that covers literature pertaining to 
Geological Institute, 1976). Other compilations are available 
(Pearl, 1971) and on geological investigations in nort vcentra

Approach

on of references published between 
he geology of Colorado (American 
)n hydrogeologic studies in Colorado 
Colorado (Johnson, 1927).

A computerized bibliographic search was conducted on selected data bases using DIALOG 
Information Retrieval Service. The data bases searched and pertinent descriptive information are 
listed in table 1. The online search was performed using a combination of broad and specific phrases 
and keywords (fig. 2).

In addition to the computerized search, the following agencies were contacted for information 
concerning water-related publications that might not have been listed in the 11 data bases searched:

- Colorado Division of Wildlife, Denver, Coloradl

- Colorado Water Resources Research Institute, Fprt Collins, Colorado

- National Park Service, Technical Information Service, Lc kewood, Colorado

- U.S. Bureau of Reclamation, Great Plains Region Library, Billings, Montana

- U.S. Environmental Protection Agency, National Enforcement Information Center Library, 

Denver, Colorado

- U.S. Fish and Wildlife Service, Land Acquisition Planning Office, Lakewood, Colorado

- U.S. Fish and Wildlife Service, Office of Information and Transfer, Fort Collins, Colorado

- U.S. Forest Service, Rocky Mountain Regional Office, Lakewood, Colorado

- U.S. Geological Survey, Colorado Water Resources Libr

- U.S. Soil Conservation Service, Colorado State

ry, Denver, Colorado

Dffice, Lakewood, Colorado
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Table 1. List of data bases searched

Name of data base lime coverage Description

Aquatic Sciences and 
Fisheries Abstracts

Biosis Previews

Conference Paper Index 1973 to 1991

Dissertation Abstracts 
Online

Enviroline

Environmental Bibliog­ 
raphy

GEOREF

NTIS

Pollution Abstracts

Water Resources 
Abstracts

Zoological Record 
Online

1978 to 1991 Comprehensive data base on the sci­ 
ence, technology, and management of 
marine and freshwater environments.

1969 to 1991 Comprehensive worldwide coverage 
of research in the biological and bio- 
medical sciences.

Centralized source of information on 
reports of research and development 
from papers presented at conferences 
and meetings.

1861 to 1991 Indexing data base of all American 
dissertations accepted at accredited 
institutions.

1971 to 1991 Indexing and abstracting data base 
covering all aspects of the environ­ 
ment.

1973 to 1991 Bibliographic data base of periodicals 
covering the fields of ecology, atmo­ 
spheric studies, energy, land 
resources, water resources, nutrition, 
and health.

1785 to 1991 Earth-science data base produced by 
American Geological Institute, Alex­ 
andria, Va.

1964 to 1991 National Technical Information Ser­ 
vice data base of government-spon­ 
sored research reports.

1970 to 1991 Indexing source of environmental- 
related literature on pollution, its 
sources, and its control.

1968 to 1991 Online version of Water Resources 
Abstracts.

1978 to 1991 Online version that provides world­ 
wide coverage of zoological literature.
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SELECTED KEYWORD

REGIONS

Central Colorado 

North-central Colorado 

Northeastern Colorado 

Southeastern Wyoming 

Western Nebraska

COUNTIES
                  

Adams
Albany
Arapahqe
Boulder
Cheyenne
Clear Crkek
Denver
Deuel
Douglas

Elbert
El Paso
Gilpin
Jefferson
Keith
Kimball
Laramie
Larimer
Lincoln

Logan
Morgan
Park
Perkins
Sedgwick
Teller
Washington
Weld

HYDROLOG C UNITS

Badger Creek
Bear Creek
Beaver Creek
Big Thompson River
Bijou Creek
Boulder Creek
Cache la Poudre River
Cherry Creek
Clear Creek

Crow Creek
Dear Trail
Denver Basin
Highline Canal
High Plains Aquife
Kiowa Creek
Lodgepole Creek
Lone Tree Creek
Ogallala Aquifer

. . , ,.. ..,., ,. .1., .....

Owl Creek
Pawnee Creek
Platte River
Sand Creek
Sidney Draw
South Platte River
St. Vrain River
Two Mile Creek

SPECIFIC TERMS

Aquatic Biology 
Climate 
Fish Populations 
Ground Water 
Hydrology

Land UsL 
Limnology 
Riparian Habitats 
Stream Sediment 
Urban Runoff

Water Chemistry 
Water Management 
Water Pollution 
Water Quality 
Water Use

Figure 2. Keywords used in electronic retrieval
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Arrangement of References

References are arranged alphabetically by principal author (individual or corporate) and 
numbered consecutively Some reference numbers intentionally have been skipped as a result of 
editing, and a few references that were incorrectly listed have since been corrected and appended at 
the end of the alphabetical listing. The bibliography presented here is the product of a computer 
search of reference data bases that were subsequently downloaded and compiled into the subject 
report. In some instances, abstracts were also downloaded when available and included in the 
bibliography. Terminology and use of abbreviations are inconsistent in the abstracts. No attempt was 
made to edit these abstracts or define abbreviations. Extensive efforts have been made to ensure that 
the majority of the citations in the bibliography are correct. However, because of the manner in which 
they were compiled, some citations may contain errors or may be incomplete. Coauthor and subject 
indices located at the back of the report refer to reference numbers previously mentioned.

Terms used in the subject index were selected from the "Water Resources Thesaurus" (U.S. Office 
of Water Research and Technology, 1980). Some additional terms selected were chosen by the authors 
to try to make it easier to find a given reference.
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reported for the first time from the South 
summer of 1980. The parasitic copepod w
taken during the 5 years prior to 1980, nor during the 2 summers thereafter (1981-

) (Pisces: Cyprinodontidae) by the 
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America, rare earth X-ray fluorescence 
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were co
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occurrence and sources of acid precipitation in 
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[y greater than 5.0, but all the Snowy 
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tions of the acid-forming nitrate and
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lower concentrations of the neutralizing calcium. Two organic species, formate and 
acetate, were detected in the Laramie samples, but had no significant influence on the 
acidity of the samples.

8. Ahlbrandt, T.S., 1982, Chronology and sedimentology of some North American cold climate 
dune fields, in J. O. Nriagu and R. Troost, comps., Eleventh international congress on 
sedimentology, Hamilton, Ontario, Canada, Aug. 22-27,1982: v. 11, p. 67.

9. Ahlbrandt, T.S., and Harris, R.E., 1975, Clastic dikes in the Fountain and Casper formations 
(Permo-Pennsylvanian), southeastern Wyoming: Contributions to Geology, v. 14, no. 1, p. SI- 
54.
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Project, Colorado: U.S. Bur. Reclamation.
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Project Completion Report Grant No. 14-34-0001-8412, 88 p.

12. Aiken, J.D., 1980, The National Water Policy Review and Western Water Rights Law Reform: 
An Overview: Nebraska Law Review, v. 59, no. 2, p. 327-344.

Although economic development has traditionally been accepted as a primary 
objective in the formulation of State and federal water policies, the achievement 
of most economic development objectives has resulted in increased public concern 
regarding the protection and preservation of natural resources. Inconsistent federal 
water policies have resulted from the enactment of federal environmental legislation 
which conflicts with existing reclamation, flood control, and hydroelectric power 
production programs. Water development programs are also being subjected to closer 
budgetary examinations than in the past. The proposed major objectives of a review 
and development of a national water resources management policy initiated by 
President Carter in 1977 included modification of State water laws to meet the 
environmental protection and water use efficiency objectives. Strong protests by the 
western States resulted in the elimination of this reform in State water rights laws 
as an explicit objective. However, several existing innovative water policies adopted 
by some western States may serve as models for State and federal officials searching 
for water policy alternatives. These include farm-level irrigation water use efficiency 
programs in Nebraska; groundwater mining regulations in Nebraska; minimum 
streamflow legislation in several western States; procedures for resolving conflicts 
between surface and groundwater users in Colorado; and policies for conjunctive 
management of groundwater and surface water in Washington and California. 
These water law developments are described, and their relevance to other western 
States is evaluated. Social, economic, and political objections to reform objectives 
constitute the major obstacle to water law reforms. Alternatives which 
accommodate development as well as reform objectives are both necessary and 
possible. Better integration of federal water programs is perhaps the most important 
water policy contribution the federal government could make at this time.
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Al-Shagra, P., Al-Azzawi, S. and Turner, A.K 
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Engineering Geologists, p. 41-42.
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PUley, W.M., Bauer, D.P., Veenhuis, J.E., and Brennan, R., 1979, Hydrologic effects of annually 
^diverting 131,000 acre-feet of water from Dillon Reservoir, central Colorado: U.S. Geological 

ISurvey Water-Resources Investigations 79-2,17 p.

iBecause of the increased demands for water in eastern Colorado, principally in 
the urbanizing Denver metropolitan area, increased diversions of water from 

rDillon Reservoir are planned. Estimates of end-of-month storage in Dillon Reservoir, 
"assuming the reservoir was in place and 131,000 acre-feet of water were diverted from
-the reservoir each year, were reconstructed by mass balance for the 1931-77 water 
hrears. Based on the analysis, the annual maximum end-of-month drawdown below 
Ithe elevation at full storage would have averaged 54 feet. The maximum end-of- 
rmonth drawdown below the elevation at full storage would have been 171 feet. The 
'mean-annual discharge-weighted dissolved-solids concentrations in the Colorado
 River near Glenwood Springs and Cameo, Colo., and Cisco, Utah, for the 1942-77 

fiwater years, were computed assuming an annual diversion of 131,000 acre-feet of 
pfwater from Dillon Reservoir. The average increases in the dissolved-solids 
^concentrations with the 131,000-acre-foot diversion were 15 to 16 milligrams per liter 

the three sites.

Alley, W.M. and Ellis, S.R., 1978, Trace elements in runoff from rainfall and snowmelt at several 
^localities in the Denver, Colorado, Metropolitan area, in Proceedings of the International 
'Symposium on Urban Storm Water Management, July 24-27,1978: Lexington, Ky., University
of Kentucky, p. 193-198.

TConcentrations of antimony, cadmium, chromium, lithium, manganese, mercury, 
nickel, and selenium have been determined in selected samples of rainfall runoff 
from several urban localities in the Denver metropolitan area. Multiple samples

^collected during periods of runoff from both rainfall and snowmelt were analyzed 
for arsenic, copper, iron, lead, and zinc. Of these trace elements, iron, lead, and zinc 
were predominant in runoff from the rainfall and snowmelt, with concentrations 

iron at times exceeding 10,000 micrograms per liter and with concentrations of 
lead and zinc at times exceeding 1,000 micrograms per liter. The concentrations of 
trace elements were highest during the initial parts of the periods of rainfall runoff

"and then decreased with time. Trace-element concentrations in snowmelt runoff 
generally peaked during the middle of the day, corresponding with periods of 
maximum melting, and runoff. Instantaneous loads of trace elements were largely a 
function of discharge for runoff from both rainfall and snowmelt. The trace 
elements were predominantly in the particulate phase, with the ratio of particulate 
to dissolved concentrations averaging 20. Between April 1 and October 31, 1976, 
estimated total loads of trace elements for a 606-acre residential site were: Arsenic, 
0.8 pound; copper, 4.4 pounds; lead, 44 pounds; and zinc, 23 pounds.

Alley, W.M. and Veenhuis, J.E., 1979, Determination of basin characteristics for an urban 
distributed routing rainfall-runoff model, in Storm water management model users group 
meeting: Montreal, Canada, U.S. Environmental Protection Agency.
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only), in Woodring, R.C., ed., South Platte res 
Colo., Colorado Water Resources Research I

26. Anderson, R.L., 1983, Discussion 'Municipal 
constraints,' by W. B. Lord: Water Resources

In the original paper (Water Resourceb 
idea was presented that limiting water s 
Various studies were cited to show that 
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28. Anderson, R.L., 1967, Windfall gains from transfer of water allotments within the Colorado Big- 
Thompson project: Land Economics, v. XLIII, no. 3 (August), p. 265-273.

29. Anderson, R.M. and Nehring, R.B., 1982, The catch-and-release experience on the Fryingpan 
and South Platte Rivers, in Proc. Annu. Meet. Colo-Wyo. Chap. Am. Fish. Soc.: v. 17, p. 16-32.

30. Anderson, R.M., and Nehring, R.B., 1984, Effects of a catch-and- release regulation on a wild 
trout population in Colorado, USA and its acceptance by anglers: North American Journal of 
Fish Management, v. 4, no. 3, p. 257-265.

From 1979-1982, the trout population of the catch-and-release area on the South Platte 
River was dominated by rainbow trout (Salmogairdneri), had a biomass as high as 667 
kg/ha, and 50% of the trout were > 30 cm long. The trout population of an area with 
standard regulations (8 trout/day) was dominated by brown trout (S. trutta), had a 
maximum biomass of 219 kg/ha, and only 17% of the population were longer than 30 
cm. The difference in trout population characteristics was attributed to the harvest 
rates of the respective areas. Rainbow trout were more vulnerable to angling than 
brown trout; age 3+ and older trout were more exploited than young/smaller fish. 
Catch rates averaged 48% greater in the catch-and-release area than in the standard- 
regulation section that had the benefit of catchable-trout stocking. The catch rate of 
trophy-sized trout (longer than 38 cm) was 38 times greater in the catch-and-release 
area than in the harvest area.

31. Anderson, R.M. and Nehring, R.B., 1985, Impacts of stream discharge on trout rearing habitat 
and trout recruitment in the South Platte River, Colorado, in F. W. Olson, R. G. White and R. H. 
Hamre, eds., Proceedings of Symposium on Small Hydropower and Fisheries: p. 59-64.

32. Anderson, R.L., Wengert, N.I., Heil, R.D., Williams, D., and Palmer, C, 1976, Physical and
economic effects on the local agricultural economy of water transfer from irrigation companies 
to cities in the northern Denver Metropolitan area: Fort Collins, Colo., Environmental Resource 
Center and Economic Research Service, Completion Report 75, 53 p.

Rapid suburban growth north of Denver, Colorado, has caused developing 
communities to expand their municipal water systems. In order to obtain additional 
water supplies, the cities of Thornton and Westminster have initiated condemnation 
suits against three irrigation companies to obtain their water rights. The three 
irrigation companies have a service area of about 40,000 acres 30,000 are currently 
irrigated. Of this land, 80 percent is class II and III, the highest classes found in 
Colorado. Approximately 400 farms and small tracts receive water from these 
companies 200 are commercial farms. Total agricultural production from the 
irrigated lands is about $8 million per year. Economic input-output analysis shows 
that irrigated agriculture contributes 561 jobs to the economy and over $4 million in 
net income. The cities and irrigation companies should work together to develop joint 
use of water rather than drying up irrigated lands for municipal water supply.

33. Andersson, K. A., 1978, Early lithification of limestones in the Redwater Shale Member of the 
Sundance Formation (Jurassic) of southeastern Wyoming: Laramie, Wyoming, Univ. of 
Wyoming.
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35.

36.

37.

38.

42.

Andersson, K.A., 1979, Early lithification of limestones in the Redwater Shale Member of the 
Sundance Formation (Jurassic) of southeastern Wyoming: Contributions to Geology, v. 18, p. 1- 
17.

Andreu, ]., Labadie, J.W. and Burns, A.W., 1982, Optimal
in F. Kilpatrick and D. Matchett, eds., Proceedings of Conference
Technical and Policy Issues: New York, N.Y., Am. Soc

Andrews, K. W., 1970, The distribution and lire histor 
promelas Rafinesque) in Colorado: Fort Collins, Colov 
dissertation, 131 p.
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. Civ. Eng., 578-586 p.

y of the fathead minnow (Pimephales 
Colorado State University, Ph.D.

Since 1970, Stapleton International Airport (SIA) 
downtown Denver, Colo., has taken several step 
discharged to the terminal-area storm sew 
system was constructed to collect dry-weather 
the Metropolitan Denver Sewage Dispose 
of industrial waste sources and character 
of the direct industrial waste connection;

Angevine, C.L., and Flanagan, K.M., 1987, Bot yant subf-surface loading of the lithosphere in the 
Great Plains foreland basin: Nature (London), v. 327, i>. 137-139.

Water Environ. Technol., 1989, Control of sto 
Water Environ. Technol., v. 1, no. 1. (Anonymous

mwater runoff containing aircraft deicing fluids: 
autor).

39. Water and Sewage Works, 1974, Highlights from the Denver WPCF meeting: Water and 
Sewage Works, v. 121, no. 12 (December)(Anonymous author).

40. Army [U.S.] Engineer District, 1983, Construction foundation report, South Platte River basin, 
Bear Creek Lake, Colorado. Volume 2. Drawings, final report: Omaha, Nebr., 266 p.

41. Army [U.S.] Engineer District, 1983, Construe tion foundation report, South Platte River basin, 
Bear Creek Lake, Colorado. Volume 1. Text and photos. Final report: Omaha, Nebr., 115 p.

cavation Procedures; Character of

which is located 6 miles northeast of 
3 to control industrial wastes 

ers. 'Initially, an industrial waste interceptor 
industrial waste flows for treatment at 

1 District No. 1 Central Plant. Later, a study 
sties was completed; it led to the separation 
from the storm sewers.

Contents: Foundation Explorations; Geology; Ex 
Foundation; Foundation Treatments; Recommendations.

Army [U.S.] Engineer District, 1977, Flood hazard information report: South Platte River, 
Volume II, Morgan County and Washington County, 
Morgan County-Washington County and Co

Colorado: Omaha, Nebr., Prepared for
orado Water Conservation Board, 19 p.

The study area involves the portions of Morgan and Washington Counties, Colorado, 
that are subject to flooding from the South Platte River. The flood plain consists 
primarily of agricultural land uses, with some residential and commercial 
development. Flood data were obtained from topographic maps, field studies, historic 
sources, and U.S. Geological Survey stream gage records from Morgan County. The 
main flood season occurs from May through Sep tember. Flooding results from heavy 
general rains, intense local thunderstorms, or snowmelt. The worst flood recorded 
at the gage at the Morgan-Washington County line occurred on June 18, 1965,
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discharging 123,000 cubic feet per second (cfs). At the same location, the 100-year 
flood would discharge 94,000 cfs and would crest at 4,104 feet mean sea level (msl), 
while the 500-year flood would discharge 240,000 cfs and would crest at 4,108 feet 
msl. Historic flood data and future flood projections are presented for the entire 
study area. This study is intended for use in making land use planning and 
management decisions concerning flood plain utilization.

43. Army [U.S.] Engineer District, 1970, Flood plain information: Crow Creek, Cheyenne, 
Wyoming: Omaha, Nebr., Prepared for City of Cheyenne, 24 p.

The drainage area of Crow Creek, a tributary of the South Platte River, is 253 sq mi 
including the southern portion of Cheyenne. The creek provides the city with its 
water supply and sewage disposal. Study area extends from Interstate Highway 25 
downstream 6.3 miles to sewage disposal plant. Most of the channel has been 
straightened and confined by roads, levees, and fills and drops about 18 ft/mi in 
slope. Industrial, commercial and residential development in the flood plain is 
gradual but steady with pressures for development likely to continue. Eleven 
bridges cross the creek, possible obstructions to major flood flows. Elevated 
roadways and inadequate culverts also create problems. Intense thunderstorm 
rainfall during spring and summer months possibly preceded by heavy snowmelt 
causes most floods. Although it has been almost 40 years since the last major flood, 
June 1929, future floods of the same size are still possible. Intermediate regional 
flood with a peak discharge of 5,500 cfs would overtop all bridges except on 
Highway 25 and the railroad bridges, covering an area about 600 ft wide upstream of 
Morrie Avenue. A standard project flood with an estimated peak discharge of 
17,000 cfs would inundate about 1,000 ft in the same reach. The depth of flood water, 
together with the rapidly rising waters, and high velocities can cause substantial 
damage to industrial, commercial, and residential areas. Recommendations for flood 
protection are not included.

44. Army [U.S.] Engineer District, 1972, Flood plain information: Upper St. Vrain Creek, Volume IV, 
Boulder County, Colorado: Omaha, Nebr., Prepared for City of Longmont and Boulder County, 
24 p.

The study reach extends upstream from the confluence of two streams at Lyons 
(drainage area at Lyons 219 sq. mi.), 3.7 miles along the north St. Vrain Creek, and 
1.5 miles along the south St. Vrain Creek, and downstream from the confluence point 
along St. Vrain Creek for 5.2 miles. St. Vrain Creek slopes between 42-48 ft/mi. The 
channel bed has cobbles and small boulders. Development in the flood plain 
includes residential and commercial uses. Pressure for more flood plain 
development is expected as Lyons (population 958) continues to grow due to the lack 
of suitably sloped land in the area plus the attraction of living near the stream. 
Eleven bridges, raised road surfaces and residential development can obstruct flood 
flows. Flooding (9 floods in the last 108 years) has occurred from May through 
September as the result of snowmelt runoff combined with rainfall. Peak flood is 
usually reached within several hours of the rainfall event. Flood duration is normally 
short but can be prolonged by continued rapid snowmelt. The intermediate regional 
flood and the standard project flood will have peak discharges of 10,700 and 
28,300 cubic feet per second, respectively. In addition to scattered residences along 
the flood plains, the IRF can be expected to flood large portions of the town of Lyons.
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45.

46.

Overbank flow velocities should be expected to be hazardous in Lyons and upstream. 
Downstream from Lyons, special care must be taken in road and building 
construction since modifications of the flood plain can alter flood patterns and 
inundate lands not now affected by flooding.
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35,400 and 98,000 cfs are anticipated for the 2 rivers. Four bridges in the area will 
obstruct flood flows. Reservoirs on both rivers reduce flood waters, and levees in 
the area provide some protection.

47. Army [U.S.] Engineer District, 1978, Flood plain information: Big Thompson River, Weld
County, Colorado: Omaha, Nebr., Prepared for Weld County Larimer-Weld Regional Council 
of Governments and Colorado Water Conservation Board, 33 p.

The study area is the Big Thompson River basin in Weld County, Colorado. This 
basin drains an area of about 830 square miles in north central Colorado. The most 
common form of development in the flood plain within the study area is agriculture, 
but overall development is relatively sparse. Flood data were gathered from 2 U.S. 
Geological Survey gaging stations, Corps of Engineer's flood records, topographic 
maps, and local newspaper. Intense rainfall of cloudburst magnitude occurs in the 
area. Floods generally occur from May through July, but peak discharges have been 
recorded from March through September. No effective flood control structures have 
been constructed. Olympus Dam, located in the upper part of the river basin, has 
negligible effect in reducing flood damages. The worst recorded flood near the Drake 
gaging station occurred in July 1976, discharging 31,200 cubic feet per second (CFS). 
The Intermediate Regional Flood at the Larimer-Weld County line would discharge 
10,000 CFS, while Standard Project Flood (SPF) at the same location would discharge 
18,500 CFS. Downstream from Little Thompson River, the SPF would discharge 
20,000 CFS. This report was prepared as an aid to local officials in planning the 
use and regulation of the flood plain.

48. Army [U.S.] Engineer District, 1971, Special flood hazard report: to revise flood plain
information, Metropolitan Region, Denver, Colorado; Volume II: Sand, Toll Gate and Lower 
Cherry Creeks, South Platte River Basin: Omaha, Nebr., 21 p.

Cherry Creek channel is alluvial, flat-bottomed, and follows a meandering course, 
sloping downstream from Cherry Creek dam at 25 ft/mi, with some channel 
improvements between the dam and Havana Street. Sand Creek has been improved 
by channel realignment while portions of Toll Gate Creek improved during 
interstate highway construction. Cherry Creek study reach is highly urbanized 
and is crossed by 38 bridges which can obstruct flood flow. Sand Creek and Toll 
Gate Creek are less urbanized, crossed by 17 and 5 bridges respectively. A zone of 
frequent cloudbursts over highlands at 6,000 to 7,000 feet covers major portions of 
these basins. Cloudburst storms cause floods from March through August. The 
Cherry Creek reservoir impounded a flood which had a peak inflow of 58,000 cfs in 
June, 1965, the greatest known are flood, saving an estimated $130 million in flood 
damages downstream. At Toll Gate Creek, flow was estimated to be 17,000 cfs, and at 
Sand Creek it was 18,900 cfs. Their flooding caused extensive damages, destroying 
nearly every bridge crossing. At the mouths of Cherry, Sand, and Toll Gate 
Creeks, discharges of an intermediate regional flood would be 10,900 cfs, 49,500 cfs, 
and 21,900 cfs, respectively, and of a standard project flood, 21, 200 cfs, 91,200 cfs, 
and 31,700 cfs.
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50.

51.

52.

Army [U.S.] Engineer District, 1977, Special flood hazard information report: South Platte River, 
Volume III, Logan-Sedgwick County, Colorado: Omaha, Nebr., 19 p.

The study area includes the South Platlte River and its floodplain in Logan and
Sedgwick Counties, Colorado. Land us 
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55. Atomic Energy Commission, 1971, Public Service Company of Colorado's Application for an 
Operating License for the Fort St. Vrain Nuclear Generating Station Draft; Environmental 
Impact Statement: Washington, D.C., Submitted to Council on Environmental Quality, 
Washington, D.C., 163 p.

The report concerns a license for an AEC Power Reactor Demonstration Program Plant 
located in the South Platte River Valley in the southwest corner of Weld County, 
Colorado. The reactor is of the high-temperature gas-cooled (HTGR) type, with helium 
coolant and graphite moderator. The fission energy will be generated at a rated 
capacity of 842 megawatts thermal (MWt). The Station will use a closed-cycle, 
induced-draft, evaporative cooling tower. The environmental impact will include: No 
significant adverse effect on land or water use; There is reasonable assurance that 
State water quality standards will be met; The radiation dose to people is expected to 
be about 0.13 mrem/year at the closest boundary; Small quantities of radioactive 
materials will be discharged within AEC requirements to keep releases as low as 
practicable. There will be no detectable impact due to these releases. There will also 
be a small amount of water evaporated, a slight increase in the temperature of the 
water, conversion of a small amount of land from agricultural to industrial use, and a 
small amount of chemical waste will be released.

56. Aukerman, R., and Springer, W.T., 1976, Effects of recreation on water quality in wildlands: 
Eisenhower Consortium Bull., v. 2, p. 1-25.

57. Aull, G.H. Jr, and Zuelsdorf, R.J., 1973, Financial institutional arrangements for wastewater 
management - Denver, Colorado: Denver, Colo., Environmental Protection Agency, Region 
VIII, EPA contract 68-01-0734, 147 p.

Field studies and research were conducted to determine the existing institutional 
arrangements and financial practices of sixteen wastewater management agencies 
within the Denver standard metropolitan statistical area (SMSA). Data for each of the 
agencies portrayed types and amounts of current revenues and expenditures, 
projected revenues and expenditures, and how various classes of expenditures are 
financed. A wide range of institutional and financial arrangements are available to 
areas and units of government in the provision and operation of wastewater 
facilities. No optimum form of institutional or financial arrangements was sought, 
but various criteria are suggested by which the selection might be made. Ample legal 
authority appears to exist for meeting wastewater management needs within the 
Denver SMSA provided that the selection of appropriate arrangements can be made 
by the electorate. Policy and administrative considerations in selecting financial 
arrangements are more critical to satisfactory solution of needs than are statutory 
considerations. The scale and scope of the selected jurisdiction was more critical 
than the precise form of institutional arrangement. Strengthened roles for State, 
county and municipal governments are foreseen, as well as a continuance of the 
important function performed by the Denver Regional Council of Governments.

58. Avery, C, 1983, Pumpage data from irrigation wells in eastern Laramie County, Wyoming, and 
Kimball County, Nebraska: U.S. Geological Survey Open-File Report 83-29, 23 p.

Quantitative information concerning pumpage by irrigation wells is an integral 
component of the U.S. Geological Survey High Plains Regional Aquifer System
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62. Bain, H.F., 1901, Milling practice at Idaho
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67. Balog, J.D., 1978, Flooding in Big Thompson River, Colorado, tributaries: Controls on channel 
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Legal-political aspects; Solid waste, and Judgments about growth. Summaries were 
not prepared for Business Conditions, Economic Incentives and Disincentives, and 
Social Aspects.

143. Boulder Area Growth Study Commission, 1973, Exploring options for the future: A study of 
growth in Boulder County. Volume VII. Solid Waste Final rept: Colo., CPA-CO-08-00-0111-7,
87 p.

The report analyzes and forecasts solid waste generation and disposal for the four 
model futures selected by the Commission for research purposes. The report identifies 
suitable land fill sites remaining in Boulder County with recognition to appropriate 
land use and environmental suitability. The report forecasts county landfill 
requirements and recommends disposal techniques to reduce future site 
requirements.
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144. Boulder Area Growth Study Commission 
growth in Boulder County. Volume VI. 
disincentives. Final report: Colo., CPA-

147.

L, 1973, Exploring options for the future: A study of 
Legal-political aspects and economic incentives and 

1-08-00-0111-6,191 p.CO

The Legal-Political Aspects Report is concerned with legal issues relating to growth 
control. The report contains six papers; five of the papers address specific legal issues 
and the sixth evaluates the legal constraints and opportunities of policies developed 
for the four model futures selected by the Commission for research purposes. Issues 
addressed in the papers are legal restraint on land use zoning, transferable 
development rights credits, municipal extra-territorial powers, utility timing, and 
greenbelt as a growth control device Business Incentives-Disincentives Report is 
concerned with two tax devices to control growth in the City of Boulder: employment 
opportunity tax and land appreciation tax.

145. Boulder Area Growth Study Commissioh, 1973, Exploring options for the future: A study of 
growth in Boulder County. Volume IV. Land use aspects. Final report: Colo., CPA-CO-08-00- 
0111-4, 229 p.

The report analyzes patterns of urbanization and population allocation in Boulder
County as well as land use, density, open space characteristics, transportation, and
housing aspects. It provides a regional overview of land use in the Front Range 
corridor of the State and the Denver metropolitan area. Based on population 
projections provided by the Economic-Demographic Consultants and consultation 
with municipal planning agencies in the coUnty, the report allocates population to 
geographic areas and illustrates the resulting land use patterns. Land use is analyzed 
for each of the four model futures selected by the Commission for research purposes.

146. Boulder Area Growth Study Commission 
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148. Boulding, K.E., 1976, Technology/Society: How nature herself frustrates our efforts to know her 
and to articulate her order: Technology Review, v. 79, no. 1 (October-November).

149. Boyd, D., 1897, Irrigation near Greeley, Colorado: U.S. Geological Survey Water-Supply Paper 
9, 90 p.

150. Boyles, J.M., Cain, D., Alley, W.M. and Klusman, R.W., [n.d.j, Impact of Argo Tunnel acid mine 
drainage, Clear Creek County, Colorado, in Water resources problems related to mining; 
proceedings: Golden, Colo., Colorado School of Mines, p. 41- 53.

The Argo Tunnel acid mine drainage, Idaho Springs, Colorado, was investigated 
concerning its impact on the water quality of Clear Creek and possibilities for 
minimizing this impact. Laboratory studies indicated the following order of 
precipitation of Argo's heavy metals with rising pH: Fe, Cu, Zn, Cd, Mn. This order 
of precipitation was substantiated by data from extensive water sampling in the Argo 
area. On the basis of the USPHS drinking water standards, Fe and Mn were the most 
serious contaminants introduced into Clear Creek. However, the data indicates that 
Cu, Zn, and Fe from the Argo drainage will be detrimental to fish and other 
aquatic life downstream. Metal concentrations in Clear Creek downstream from the 
Argo drainage will generally be the greatest during the winter months when the flow 
of Clear Creek is low. The heavy metal content of limonite coatings on rocks 
downstream from the Argo drainage reflects the order of precipitation of heavy 
metals in the creek water. Fly ash, lime, limestone, and soda ash were used to 
neutralize Argo water, with lime giving the best results. Calculations indicated that 
neutralization of Argo water may be economically feasible if Cu, Zn, and possibly Mn, 
are recovered.

151. Braidich, T., 1973, Sediment oxygen demand study, South Platte River, Boulder Creek, and St. 
Vrain Creek, Colorado: Denver, Colo., U.S. Environmental Protection Agency, Region VIII, 4 p.

152. Bredehoeft, J.D. and Young, R.A., 1983, Conjunctive use of ground water and surface water for 
irrigated agriculture; risk aversion, in American Geophysical Union, Fall meeting. Eos, 
Transactions, Dec. 5-9, 1983: v. 64, San Francisco, Calif., American Geophysical Union, 708 p.

153. Bredehoeft, J.D., and Young, R.A., 1983, Conjunctive use of ground-water and surface water for 
irrigated agriculture: risk aversion: Water Resources Research Journal, v. 19, no. 5 (October), 
p. 1111-1121.

In the South Platte system in Colorado where surface water and groundwater are 
used conjunctively for irrigation, the actual installed well capacity is approximately 
sufficient to irrigate the entire area. This would appear to be an overinvestment in 
well capacity. The extent to which groundwater is being developed as insurance 
against periods of low streamflow is examined, using a simulation model which 
couples the hydrology of a conjunctive stream aquifer system to a behavioral- 
economic model which incorporates farmer behavior in such a system. The area 
modeled is patterned after a reach of the South Platte Valley in Colorado. Under 
current economic conditions the most reasonable groundwater pumping capacity is 
a total capacity capable of irrigating the available acreage with groundwater. 
Installing sufficient well capacity to irrigate all available acreage has two benefits: 
this capacity maximizes the expected net benefits and this capacity also minimizes
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156.

the variation in annual income (it reduces the variance to essentially zero). The 
present Colorado plan of 5% flow augmentation may be small in really dry years. An 
augmentation capacity approaching 10% may be necessary in dry years such as 
occurred from 1953 to 1956. As pumping capacity is installed in a conjunctive use 
system, the value of flow forecasts is diminished. Poor forecasts are compensated for
by pumping groundwater. It is ques
a large installed well capacity for most of the area that one should spend much
effort on improving flow forcasts for water

154. Bredehoeft, J.D., and Young, R.A., 1988, 
irrigation: the conjunctive use of surfac 
International, p. 155-167.

conjunctively for irrigation. Yet actual well
irrigate the entire area. In order

model that captured many of the essential 
and the economics of allocating irrigation 
hypothetical reach of stream anc

tionable in systems such as the South Platte with

supply purposes.

Risk aversion in conjunctive water use, in Efficiency in 
and groundwater resources: Arlington, Va., Winrock

The South Platte River system of Colorado uses surface and groundwater
capacity is approximately sufficient to

to examine the objectives of the individual
farmers, a hydrologic model was coupled vf ith an economic model. A simulation

elements of both the hydrologic system 
water was used to investigate a

interconnected aquifer which supported an 
agricultural economy. The evaluation attempted to determine the role of the 
vx8ah%=9 in water supplies in motivating farmers' investments in groundwater 
capacity. It was determined that ijising the groundwater aquifer as a reservoir in 
a conjunctive water system such as that typified by the South Platte in Colorado 
greatly increases the economic benefits to be derived from the system. The results 
suggest that under the current economic conditions existing in the area, the most

is a to:al capacity capable of irrigating all thereasonable groundwater capacity 
available acreage with groundwater
of pumping groundwater are not significant. Installing sufficient pumping capacity
to irrigate all available acreage ha 
benefit, and it reduces the variance

> two benefits: it maximizes the expected net

Colorado plan of 5% flow augmentation
expected that augmentation capacity approaching 10% may be necessary in such dry
years as occurred from 1953 to 1956.
use system, the value of flow forecasts diminishes since poor forecasts are
compensated for by pumping from

155. Brewster, R. H., 1986, The distribution 
pegmatite district, Colorado, and their 
Orleans, 139 p.

1986Brewster, R.H., and Simmons, W.B., 
samarskite in the South Platte pegmatite 
papers, and field guides from the 
Fitzpatrick, }., Foord, E.E., and Kohnen, 
Colo., Friends Mineral., Colo. Chapter,

It is further suggested that the additional costs

in expe

As pumping capacity is installed in a conjunctive

the wel

and chemistry of rare- earth minerals in the South Platte 
enetic implications: New Orleans, La., Univ. of New

eelsT.M., 
. 27-29.

157. Brey, H.L., 1991, Fort St. Vrain operations and future: Energy, v. 16, no. 1-2 (January-February).
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158. Brey, H.L., Kantor, M.E., and Warembourg, D.W., 1982, Fort St. Vrain reaches full power: 
Nuclear Engineering International, v. 27, no. 323 (February).

159. Breyer, J., 1975, The classification of Ogallala sediments in western Nebraska studies on
Cenozoic paleontology and stratigraphy in honour of Claude W. Hibbard, in Smith, G.R., and 
Friedland, N.E., eds., Papers on Paleontology: p. 1-8.

160. Bringley, F.J., 1950, Plankton populations of certain streams in the Rocky Mountain National 
Park: Ohio Journal of Science, v. 50, p. 243-250.

161. Britton, L.J., and Gaggiani, N.G., 1986, Water-quality assessment of Arvada Reservoir, Denver 
Metropolitan Area, Colorado: U.S. Geological Survey Open-File Report 86-489, 200 p.

Physical, chemical, and biological water-quality data were collected and compiled 
for five sites in Arvada Reservoir, one site in Ralston Creek, and two sites in Croke 
Canal, in the Denver metropolitan area, Colorado. The purpose of the data collection 
was to determine the water quality of Arvada Reservoir, evaluate the effect of source 
waters on the reservoir, and determine the trophic state of the reservoir. Data 
collected include reservoir profile measurements with depth and inflow 
measurements of water temperature, specific conductance, dissolved oxygen, and 
pH. Secchi disk depth measurements also are reported. In addition, water samples 
were analyzed periodically for concentrations of major chemical constituents, 
nutrients, trace elements, and selected radiochemicals; for densities and relative 
abundance of phytoplankton and zooplankton; and for concentrations of chlorophyll 
alpha. Results of algal growth potential determinations are included. This report 
describes sampling site locations and methods of data collection and analyses and 
presents qualitative and quantitative results of water-quality data collected during 
the study. Sampling began during June 1983 and continued through September 1985.

162. Britton, L.J., and Gaggiani, N.G., 1988, Water-quality assessment of Arvada Reservoir, Denver 
Metropolitan Area, Colorado: U.S. Geological Survey Water-Resources Investigations Report
87-4107, 200 p.

Water quality data were collected from Arvada Reservoir, Colorado, which completed 
filling in May 1984, and from its major inflows, Ralston Creek and Croke Canal, to 
assess the physical, chemical, and biological quality of the reservoir; to evaluate the 
effect of water from various sources on the reservoir; and to estimate the trophic 
state of the reservoir. Data were collected at five sites in Arvada Reservoir, one site 
in Ralston Creek, and two sites in Croke Canal. The study began in June 1983 and 
continued through September 1985. The reservoir was thermally stratified on most 
sampling dates, generally from April through September during the study period. 
Dissolved-oxygen concentrations ranged from 0 to 12.0 mg/L, and the reservoir 
was anaerobic below the 10 m depth during most of the summer. Secchi-disk- 
depth measurements ranged from 0.9 to 5.5 m and generally increased during the 
study period, possibly because of decreases in nonalgal turbidity after the reservoir 
was filled. The results of chemical analyses indicate that water from the reservoir 
generally is of suitable quality for a raw-water- supply source and for maintenance 
of aquatic life. Total-nitrogen and total-phosphorus concentrations were small, and 
both were growth-limiting factors in the reservoir. The phytoplankton community 
was diverse, and the most dominant taxa were diatoms. Phytoplankton densities
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ranged from 1,400 to 29,000 cells/milliliter, and chlorophyll a concentrations 
ranged from 0.0 to 20.4 micrograms/L.

163. Broadhurst, W.L., and Glover, R.E., 1972, Deep percolation in a sand hill area. Discussion and 
reply for original article by Glover, Robert E. see Water Resour. Bull., 8(2), p. 399-400,1972 (Pap.
No. TN72038): Water Resources Bulle 

164. Brubacher, J.I., and Moore, T.R., [n.d.],
Colo., U.S. Dept. of Agriculture, Soil Conservation Service. 

167. Bryant, B., and Hedge, C.E., 1978, Granite of Rosalie Peak, a phase of the 1700-million-year-old
Mount Evans Pluton, Front Range, Co 

168. Bryant, B., McCrew, L.W., and Wobus,
quadrangle: U.S. Geological Survey V iscellaneous Investigations Series Map 1-1163, scale 
1:250,000.

169. Bryant, B., McCrew, L.W., and Wobus,
2 degrees quadrangle, north-central Colorado: 
397.

170. Buchholz, R.J., and Knotczynski, M., 19 38, Sedirhent flushing experiences at Cherry Creek Dam, 
in Abt, S.R., and Gessler, }., 1988 National Confe 
N.Y., Am. Soc. Civ. Eng., p. 1062-1067.

171. Bucknam, R. C, 1969, Structure and peti 
County, Colorado: University of Colo

172. Buckwalter, T. V., 1950, Geology of the 
University of Colorado, Ph.D. disserta

173. Bunnell, D.B., and Peters, E.J., 1987, Habitat use 
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no. 9.
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the local level often is not adequate and will become more of a problem as more 
development occurs. As a result of funding problems, many areas now owned by the 
various parks departments are not open to the public. Several funding assistance 
alternatives are presented, including various federal grant programs and federal tax 
incentives (numerous diagrams, maps, photos, references, tables).

176. Bureau of Outdoor Recreation, 1972, Proposed 1976 Denver Winter Olympic Games draft 
environmental impact statement: Washington, D.C., ELR-4676; DES-72-65, 95 p.

The attached environmental statement is general in nature, meant to cover the overall 
and cumulative impact of holding the 1976 Games in Colorado. The statement 
discusses the environmental impact at the five general site vicinities and the total 
Olympic effort. While the Olympics is intended to be neither an environmental 
improving nor environmental degrading project, it may have far-ranging 
environmental significance. Discussed are the environmental impacts which are 
thought to fall into six broad categories: Site alterations; Economic growth and 
development; General environmental and land use relationships; Related public 
works expenditures and facilities; Legislative and administrative action; and 
International.

177. Burke, J.C., Klusek, C.S., Volchok, H.L., and Heit, M.» 1980, Time history of trace elements in 
sediments from Standley Lake, Colorado: Environment International, v. 4, no. 3.

178. Burkham, D.E., Dawdy, D.R., and Barnes, H.H., Jr., 1980, Flow resistance in cobble and boulder 
river beds. Discussion for original article by Simons, D. B.; Al-Shaikh-Ali, K.; and Ruh- Ming Li, 
see Vol. 105, No. HY5,1979: Journal of the Hydraulics Division, v. 106, no. HY6, p. 1132-1138.

179. Burkhard, W.T., 1978, Vertebrate associations in lowland versus high elevation river and stream 
habitat in Colorado, in Graul, W.D., and Bissell, S.J., eds., Lowland river and stream habitat in 
Colorado: a symposium: Greeley, Colo., Colorado Chapter of Wildl. Soc. and Colorado 
Audubon Council.

180. Burns, A.W., 1980, Hydrologic analysis of the proposed Badger-Beaver Creeks Artificial 
Recharge Project, Morgan County, Colorado: U.S. Geological Survey Water-Resources 
Investigations 80-46, 90 p.

A hydrologic analysis of the proposed Badger-Beaver Creeks artificial-recharge 
project in Morgan County, Colo., was made with the aid of three digital computer 
models: a canal- distribution model, a ground-water flow model, and a stream- 
aquifer model. Statistical summaries of probable diversions from the South Platte 
River based on a 27-year period of historical flows indicate that an average-annual 
diversion of 96,000 acre-feet and a median-annual diversion of 43,000 acre-feet 
would be available. Diversions would sustain water in ponds for waterfowl habitat 
for an average of about 5 months per year, with a miximum pond surface area of 
about 300 acres with the median diversions and a maximum pond surface area of 
about 1,250 acres at least one-half of the years with the historic diversions. If the 
annual diversion were 43,000 acre-feet, recharge to the two alluvial aquifers would 
raise water levels sufficiently to create flowing streams in the channels of Beaver and 
Badger Creeks while allowing an increase in current ground-water pumping. The only 
area of significant waterlogging would be along the proposed delivery canal on the
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additional years than if no connection was assumed. Simulated ground-water return 
flow to the river downstream of the proposed dam was about 85 percent of the 
estimated maximum values, computed under steady-state conditions in an earlier 
study. The general operation simulation indicated that during the period of lowest 
reservoir contents the aquifer provided about 80,000 acre-feet of recoverable 
storage to the reservoir's capacity. Average return flow was only about 70 percent 
of the estimated maximum values computed in the earlier, steady-state analysis. 
Monthly ground-water outflow from the reservoir to the aquifer ranged from 55,200 
to -10, 400 acre-feet. Parameters tested for sensitivity, in order of decreasing 
sensitivity, were: hydraulic conductivity, specific yield, hydraulic connection 
between reservoir and aquifer, local recharge, boundary conditions, and dam 
permeability. The probable error in the parameters tested would not seem to warrant 
significant new data collection.

185. Burns, A.W., 1984, Simulated effects of an artificial-recharge experiment near Proctor, Logan 
County, Colorado: U.S. Geological Survey Water-Resources Investigations 84-4010,17 p.

187. Burns, A. W., and Weeks, J.B., 1976, Simulated effects of the proposed Narrows Reservoir on the 
water-table aquifer along the South Platte River, Morgan County, Colorado: U.S. Geological 
Survey Open-File Report 76-379,15 p.

A computer model was used to estimate the effects of the proposed Narrows 
Reservoir on the alluvial aquifer adjacent to the South Platte River near Fort Morgan, 
Colo. Changes in ground-water discharge to the river caused by the proposed 
reservoir were estimated assuming steady-state conditions. The proposed reservoir 
was simulated for two different reservoir pool altitudes. For the conditions 
simulated, the principal effects of the proposed reservoir on the ground-water system 
would be an increase in water-table altitude in the aquifer and a redistribution of 
ground-water discharge to the South Platte River. The change in water level at Fort 
Morgan was less than 1 foot for the two reservoir conditions simulated. No 
significant change in the ground-water system would occur downstream from 
Fort Morgan. Ground-water discharge would decrease by 24 cubic feet per second 
(cfs) above the proposed dam and increase by 24 cfs below the proposed dam for 
steady-state conditions with the reservoir pool at 4,404 feet. Ground-water . 
discharge would decrease by 11 cfs above the proposed dam and increase by 15 cfs 
below the proposed dam for steady-state conditions with the reservoir pool at 4,383 
feet.

188. Burritt, E. C, 1962, A ground water study of part of the southern Laramie Basin, Albany County, 
Wyoming: Laramie, Wyo., Univ. of Wyoming.

189. Butler, R., 1977, Hydrogeology of the Upper Drainage, Middle Fork, South Platte River, Park 
County, Colorado: Golden, Colo., Colorado School of Mines.

190. Cadle, S.H., Countess, R.J., and Wolff, G.T., 1980, The Denver winter aerosol: a comprehensive 
chemical characterization: Journal of the Air Pollution Control Association, v. 30, no. 11 
(November).

BIBLIOGRAPHY 37



191. Cady, R.E., and Peckenpaugh, J.M., 1985, Documentation of a regional aquifer simulation
model, RAQSIM, and a description of support programs applied in the Platte and Republican 
areas, Nebraska: U.S. Geological Survey Water-Resources Investigation 85-4168, 239 p.

192. Cain, D., Helsel, D.R., and Ragone, S.E., 198 
quality in relation to land use: Ground Wa

193. Cain, D., Helsel, D.R. and Ragone, S.E., 198 
effects on regional ground-water quality, / 
Geological Survey program on toxic waste- 
23-27, 1987: U.S. Geological Survey Open-F

194. Callam, M.A., and others, 1990,1990 Nebrc 
Quality Division, Department of Environm

195. Camargo, J.A., Ward, J.V., and Martin, K.L 
hydropsychid species to fluoride toxicity in 
Contam. Toxicol., v. 22.

196. Canton, S.P., Cline, L.D., Short, R.A., and W 
Colorado stream during a period of fluctu 
311-316.

197. Carnahan, C.T., 1949, Project effect on Sout 
of Reclamation, Technical Editorial Office,

198. Carpenter, L.G., 1916, Seepage and return v 
Agricultural Experimental Station Bulletin

, Preliminary evaluations of regional ground-water 
er, v. 27,| no. 2, p. 230-244.

>, Reconnaissance appraisals of anthropogenic 
BJ. Frar.ks, ed., Third technical meeting on U.S. 
round water contamination, Pensacola, Fla., March 
le Report 87-109, p. 25-31.

>ka water quality report: Lincoln, Nebr., Water 
mtal Control, State of Nebraska, 309 p.

1992, The relative sensitivity of competing
he Cache La Poudre River (Colorado): Arch. Envir.

rd, J.V., 1984, The macroinvertebrates and fish of a 
ing discharge: Freshwater Biology, v. 14, no. 3, p.

Platte River Pollution: Denver, Colo., U.S. Bureau 
ngineering Monographs 4, 20 p.

ater: Fort Collins, Colo., Colorado State University 
80; part 1.

199. Carten, R.B., Geraghty, E.P., Walker, B.M., 
igneous features and their relationship to !' 
Henderson porphyry molybdenum deposi 
the Society of Economic Geologists, v. 83, r

200. Cech, T.V., 1984, Conjunctive use of grounc 
Basin:a case study of the Central Colorado 
NWWA Western Regional Conference on C 
October 23-26,1983: Worthington, Ohio, N

The Doctrine of Prior Appropriation 
Colorado, allocating surface water to i 
appropriation. This law created poor m 
1957 Act instituted a permitting process 
groundwater in the State. The Ground 
non-tributary groundwater and forme 
the designated basins. The Water Right 
placed irrigation wells under the prior 
tributary irrigation wells to shut down 
maintain surface-water flow. Since the 
on the 10,000 tributary irrigation wells

38 Bibliography of Water-Related Studies, South Plat

nd Shannon, J.R., 1988, Cyclic development of 
gh-temperature hydrothermal features in the
Colorado: Economic Geology and the Bulletin of
. 2, p. 266-296.

water 
Vater 
round 
tional

and surface water in the South Platte River 
Conservancy District, in Proceedings of 
Water Management, San Diego, Calif., 
Water Well Association, p. 16-21.

was adopted in the late 19th century in 
rigatoris based on the date of their 
inagement of scarce water resources. The 
and laid the framework for administration of 
Water Management Act of 1965 regulated 
I districts to manage groundwater within 
etermination and Administration Act of 1969 
y system. In effect, the law requires all 

during periods when water is needed to 
conomy of eastern Colorado relies heavily 
of the pouth Platte River, these wells are

River Basin-Colorado, Nebraska, and Wyoming



allowed to pump only if they replace 5% of pumped water back into the river for 
surface irrigators. The Central Colorado Water Conservancy District formed a 
Ground Water Management Subdistrict in 1973 to provide a mechanism for 
administrating the allocation and replacement of this augmentation water so that 
irrigation wells could continue to pump. Six thousand acre-feet of water are acquired 
each year for augmentation. The district owns and leases ditch company stock, has 
a battery of wells that pump directly into the South Platte River, and is developing a 
series of small reservoirs to capture spring runoff for augmentation during low flow 
months.

201. Cech, T. V., 1987, Conjunctive use of surface and ground water in the South Platte River basin: a 
case study of the Central Colorado Water Conservancy District, in Fairchild, D.M., ed., Ground 
water quality and agricultural practices: Chelsea, Mich., Lewis Publishers, p. 47-56.

The mainstream South Platte River and its tributaries exhibit wide variation in 
water-quality characteristics. Most streams in the upstream part of the basin have 
small dissolved-solids concentrations, providing excellent stream quality for most 
water uses. Water quality declines in the South Platte as it flows through the 
metropolitan Denver area, probably due to municipal and industrial wastewater 
discharges and nonpoint source contributions such as lawn irrigation and urban 
runoff. Agricultural return flows and runoff from feed lots have affected water 
quality downstream of Denver. Large concentrations of nitrogen and phosphorous 
have been measured in the area in the South Platte River and in the adjacent aquifer. 
The existence of large amounts of dissolved-solids and sulfates have created some 
problems for downstream municipal and domestic water supplies. Degradation of 
ground water has been noted in several areas of the basin. Dissolved-solids 
concentrations in alluvial ground water are consistently greater than average 
concentrations in the adjacent South Platte River. Ground water administration in 
Colorado has developed into a complex network of permits, hearings, and legal 
doctrine. With the continued competition for water along the Front Range of the State, 
entities with large water demands and sizable revenues cities, will be best able to 
continue to develop and acquire valuable water rights. The implications for the 
ground water irrigators are great. Not only will they continue to be required to pay 
for augmentation water to offset the depletion of the river caused by out-of-priority 
pumping, but they will also be charged higher and higher fees to acquire such water 
for augmentation. The physical allocation and administrative tools of ground water 
in Colorado are in place, but the economic effects of the existing system may be 
devastating to the ground water irrigator of the future.

202. Cech, T. V., 1990, Ground water management in the South Platte basin of Colorado: Water Well 
Journal, v. 44, no. 6 (June), p. 52-54.

The Water Rights Determination Act of 1969 has resulted in improved management 
of scarce water resources in the South Platte River Basin. This law brought irrigators 
who were pumping from the alluvial aquifer of a stream within the priority system 
of surface users. To meet the requirements of this law, which was amended in 1975 
to apply to only underground water, junior diverters using tributary wells are 
required to replace the resulting depletions to the river so that no injury occurs to 
senior water rights. This is generally achieved by purchasing replacement water to 
be used by senior diverters, or through groundwater recharge. Of these two
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I
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includes existing basin conditions, a id future basin conditions with or without
the proposed New Denver Airport. Wi

207. Chatfield Basin Water-Quality Association,
Chatfield Basin, 1986-1989 (annual data summary): 
Governments, Denver, Colo.

390. Soil types include A, B, and C groups

ear need to be modeled by using CUHP which

h the u&e of CUHPCAD, the hydrology
portion of this project was completed within the allowable schedule and budget. After 
the manual preparation of the basin map, soil map, and the land use map, the input of 
all maps to the computer was completed.
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208. Cheadle, L.J., and C.R. Thorne, 1988, Flow hydraulics and sediment transport of the Roaring 
River, Rocky Mountain National Park, Colorado: London, Queen Mary College and Colorado 
State University, M.S. thesis.

209. Cherry Creek Water Quality Authority, 1989, Annual water quality monitoring reports, 1988- 
1989 - Reports presented to the Water Quality Control Commission: [Denver, Colo.], Data on 
file at Denver Regional Council of Governments.

210. Choules, G.L., Russell, W.C., and Gauthier, D. A., 1978, Duck mortality from detergent polluted 
water: Journal Wildl. Mgmt., v. 42, no. 2, p. 410-414.

211. Christy, S., 1972, Plant communities of the South Platte River floodplain in Colorado: J. Colo- 
Wyo. Acad. Sci., v. 7, p. 31.

212. Christy, S., 1972, Woody vegetation along the South Platte River in northeastern Colorado: J. 
Colo.-Wyo. Acad. Sci., v. 7, p. 106.

213. Chronic, Felicie, and Chronic, John, 1974, Bibliography and index of geology and hydrology, 
Front Urban Corridor, Colorado: U.S. Geological Survey Bulletin 1306,102 p.

214. City of Northglenn, 1977, Northglenn agricultural reuse service area facilities plan: Summary 
Report, 13 p.

215. Clarkin, K.L., Harvey, M.D., Elkin, A. and Mclntyre, S.C., 1986, Sediment storage and delivery, 
eastern Colorado, in Proceedings of the Fourth Federal Interagency Sedimentation Conference, 
Volume 1, Las Vegas, Nev., March 24-27,1986: p. 3.54-3.62.

Differences in sediment delivery ratio at four small reservoirs in the Kiowa Creek 
watershed, Colorado, are related to basin storage capacity, measured as percent of 
total basin area in depositional sites. Storage capacity depends both on topography 
and the degree of integration of the incised channel network. In semi-arid areas, 
drainage network continuity, and therefore area available to store sediment, may 
changeover time as a basin undergoes a cycle of high sediment production, storage 
and flushing.. The results of this study illustrate the fact that delivery ratios 
estimated from empirical relationships with drainage area or channel or watershed 
slope can result in gross over- or underdesign of reservoir sediment pools. Watershed 
sediment budgets in conjunction with results from Cs-137 profiles in stored 
sediments suggest that long-term average delivery ratios have increased in the K41 
basin, where drainage network degradation and concurrent loss of storage capacity 
have occurred since 1955. In the B9 subbasins, where loss of basin storage capacity 
has been negligible, delivery ratios appear to have remained approximately constant.

216. Clayton, J.L., and King, J.D., 1984, Organic geochemistry of Pennsylvanian-Permian oils and 
black shales, northern Denver Basin, in AAPG annual convention with divisions; SEPM/EMD/ 
DPA. AAPG Bulletin, May 20-23,1984: v. 68(4), San Antonio, Tex., AAPG, p. 463.

217. Clayton, J.L., and Michael, G.E., 1990, Controls on porphyrin concentrations of Pennsylvanian 
organic-rich shales, western U.S.A, in Freeman, D.H., ed., American Chemical Society, 19th 
national meeting , Symposium on Porphyrin geochemistry; the quest for analytical reliability. 
Energy & Fuels: [Colo.?], ACS.
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the South Platte River in Colorado: Fort Collins, Colo., Colo. State Univ. Agr. Exp. Sta. 
Miscellaneous Journal Series 500.

225. Cohen, D.B., 1974, Metro Denver's experience with large scale aerobic digestion of waste
activated sludge, in Proceedings of the National Conference on Municipal Sludge Management, 
Pittsburgh, Pa., June 11-13, 1974: p. 37-53.

In 1970, the Metropolitan Denver Sewage District no. 1 (Metro) converted excess 
secondary aerators to aerobic digestors in two steps. The first part involved plant 
scale aerobic digestion of dilute W.A.S. in four converted secondary aeration basins. 
The second part involved extensive research and development to compare pilot open 
tank oxygen systems using both slot and rotating diffusers with this plant scale 
system. V.S.S. reductions ranged between 11.2% and 47.2% for the air system. A 
correlation between V.S.S. reduction and S.R.T. X temperature was shown to be 
significant. When invertebrates (especially rotifers) comprised a significant fraction of 
the biomass, digestion was maximum. No correlation between dissolved oxygen 
concentration and V.S.S. digestion rates was observed. At loadings greater than 0.14 
pounds V.S.S./cu.ft/day, oxygen performance is superior. Aerobic digestion reduced 
sludge disposal costs. The Denver Sewage Disposal District (Metro) is now planning 
to convert a one million gallon tank to an oxygen aerobic digester with rotary 
diffusers.
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Water pollution elimination regulations challenged

Petitioners sought review of respondent 
water pollution elimination regulations.

Environmental Protection Agency, [1977?], 
5^9 F. 2d 1179-1182 (10th Or., 1977).

Environmental Protection Agency's (EPA) 
Petitioners argued that the regulations

were promulgated unlawfully and sought a final injunction directing respondent to 
withdraw and rescind the regulations from the Code of Federal Regulations and 
issue new regulations. The new regulations desired were to be in compliance with 
the requirements of the Federal Water Pollution Control Act Amendments of 1972. 
In addition, petitioners sought an injunction prohibiting respondent from extending 
the National Pollutant Discharge Elimination System permit program to certain 
agricultural sour.ces of pollutants. Respondent filed a motion to dismiss on 
jurisdictional grounds. The court found the record insufficient to rule on the 
jurisdictional issue. Accordingly, the motipn to dismiss was denied without prejudice 
to respondent's right to renew the motion on review. The court found the briefs and 
oral arguments to be incomplete as wellj Opposing counsel were directed to assess 
the impact of E.I. duPontde Nemours and Co. v. Train, 430 U.S. 112 (1977), on 
their dispute and also to brief the merits of the review fully.
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1986, Fiscal Year 1985 Program Report: Fort

ute is the designated management
researc i program. The Institute's Federal

:ts focused on the following
Colorado problems: (1) Potential Groundwater Contamination from Chemigation; (2) 
Geochemistry of Aquifer Recharge in the Denver Basin; (3) Incentives for Improving 
Irrigation Efficiency in the South Platte Basin (Phase I); (4) Compensation for Basin- 
of-Origin for Water Exports; (5) Evabotranspiration of Phreatophytes in the
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Closed Basin, San Luis Valley (Phase II); and (6) The Impact of Water Conservation 
on Quality of Residential Lawns. In addition, the Institute received a State 
appropriation of $67,000. This appropriation provided supplemental funding for 
the project on Evapotranspiration of Phreatophytes in the Closed Basin, San Luis 
Valley and for the completion and calibration of the South Platte Basin Simulation 
Model (SAMSON). The appropriation also helped provide an effective Institute 
technology transfer program, fully integrated with its water research and 
development program. This includes: newsletters; three publications series; a 
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growth and mortality data for 14 counties in west-central Colorado. Information and 
statistical tables are based on Forest Survey data collected from 1982 and 1983 and 
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Nine watersheds with steep bedrock channels were selected. In each basin, three axes 
of the five largest boulders were measured, along with at least two profiles of the 
valley cross section. A simple arithmetic average was used to estimate average flood 
velocity using boulder size and shape. The computed paleohydraulic discharges 
generally underestimate conventional slope-area discharge estimates on small streams 
by as much as 75%. The Big Thompson River flood of 1976 was overestimated by 76%. 
Possible reasons for discrepancy are given.--Modified journal abstract.

265. Costa, J.E., and Bilodeau, S.W., 1982, Geology of Denver, Colorado, United States of America: 
Bulletin of the Association of Engineering Geologists, v. 19, p. 261-314.

Denver, known as the Mile High City, is the capital of the State of Colorado. The 
Denver area was originally occupied by American Indians at least 10,000 to 12,000 
years ago. Precambrian granites, metamorphosed igneous and sedimentary and 
volcanic rock form the mountains of the Front Range west of Denver. In some parts of 
the Denver area, bedrock appears at the surface and is covered by thin colluvium and 
residuum formed by insitu weathering. However, most of the bedrock is covered by 
alluvial and eolian deposits to depths as great as 100 ft (30 m); collapse-prone soils; 
lateral spreading, compressible soils; mass movements; foundation types; sand and 
coarse aggregate; clay; building stone; limestone, silica sand, gypsum, zeolites, 
organic soils; coal, uranium, oil, and gas; subsidence; landfills and methane gas; clay 
and coal mine subsidence; rising water tables; flooding; seismicity; water supply; 
wastewater disposal; solid waste disposal; hazardous waste; radioactive spoils; use of 
underground space; engineering geologic practice in Denver.--Modified journal 
abstract.

266. Countess, R.J., Wolff, G.T., and Cadle, S.H., 1980, The Denver winter aerosol: A comprehensive 
chemical characterization: Air Pollution Control Association Journal, v. 30, no. 11 (Nov).

The sampling and chemical analysis of the ambient aerosol collected in Denver, 
Colorado, for a 40-d period during Nov. and Dec. 1978 are described. Parameters 
included 12-hrTSP measurements, 24-hr respirable and inhalablemass measurements, 
and 4-hr measurements of mass and chemical species (NO3-, SO4-2, NH4+, organic
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and elemental carbon, Al, Si, S, K, Ca, Ti , V, Mn, Fe, Zn, Br, Ba, and Pb) in 2 size

the basis of the chemical analyses, it was 
in both size fractions. In the fine fraction

fractions-<2.5 mm diameter (fine fraction) and >2.5 mm diameter (coarse fraction). On
possible to account for all particulate mass 
the major constituents were organic carbon

(21.6%), NH4NO3 (20.0%), elemental carbon (15
remainder consisted primarily of soil-like material, Pb salts, and adsorbed water.
Three quarters of the coarse fraction consisted
remainder composed of the same species

267. Crist, M.A., 1980, Effect of pumpage on grouindwater 
Wyoming: U.S. Geological Survey Open-File Report

269.

270.

of soil-like material, with the

3%), and (NH4)2SO4 (13.6%); the

that dominated the fine fraction.

levels as modeled in Laramie County, 
30-1104 (WRI), 26 p.

Groundwater is being extensively developed for domestic, agricultural, and 
industrial use in a 2,320-square mile area in Laramie County, WY., bounded 
approximately by Horse Creek on the north, Nebraska on the east, Colorado on the 
south, and pre-Tertiary outcrops on the west. Currently (1977) about 47,300 acres of 
land are irrigated with groundwater. Groundwater levels are declining in some areas 
as much as 4 feet per year. The investigation was made to provide State water 
administrators with data on water-level changes resulting from present (1977) 
groundwater withdrawals and to provide a means of predicting the future effect of 
groundwater development. A digital mopel was developed of the hydrologic system 
in the post-Cretaceous rocks. The ability of the model to simulate the hydrologic 
system was determined by comparing the water-level changes measured at 37 
observation wells located in areas of irrigation pumping with the water-level 
changes calculated by the model for H'71-77. Comparison of the measured and 
calculated changes showed agreement with a root-mean-square deviation of + or - 
3.6 feet with 8 feet as the maximum deviation. It is concluded that the model 
adequately simulates present hydrologic conditions in the post-Cretaceous rocks 
and may be used to predict the effect of applied stress to the system.

268. Crist, M.A., 1981, Digital model of effects of 
U.S. Geological Survey Professional Paper 1

ground 
75,141

Crist, M.A., 1983, Computer program and delta listin
model for Laramie County, Wyoming: U.S. Geological Survey
83-4137,137 p.

This is a supplement to the report, 'Effect of pumpage 
modeled in Laramie County, Wyoming', published 
Water-Resources Investigations Open-Pile Report 
and data used to model ground-water conditi 
Laramie County are listed.
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Formation, of late Miocene age, generally are less than 20 ft below land surface in 
this area where there are many private residences on small-acreage lots. Landowners 
rely on their own wells for water supply and have installed their own septic systems.

271. Crist, M.A., and Borchert, W.B., 1972, The ground-water system in southeastern Laramie 
County, Wyoming: U.S. Geological Survey Open-File Report 72-0080, 49 p.

272. Cronoble, J. M., 1978, Stratigraphy and petroleum potential of Dakota Group, North Park, 
Laramie, and northwest Denver basins, Wyoming and Colorado: Golden, Colo., Colorado 
School of Mines, 503 p.

273. Crook, W.W., 111, 1978, Texasite from Colorado: Mineral. Rec., v. 9, no. 4, p. 251-252.

274. Crosby, E.J., 1976, Map showing nonmetallic mineral resources (except fuels) in bedrock, Front 
Range Urban Corridor, Colorado: U.S. Geological Survey Miscellaneous Investigations Series 
Map MF-1042, 2 sheets, scale 1:100,000.

275. Crosby, E.J., 1978, Landslides in the Front Range Urban Corridor, Colorado: U.S. Geological 
Survey Miscellaneous Field Studies Map MF-1042, 2 sheets, scale 1:100,000.

276. Crouch, G. L., 1961, Wildlife populations and habitat conditions on grazed and ungrazed 
bottomlands in Logan County, Colorado: Fort Collins, Colo., Colorado State University, MS
thesis.

277. Crouch, G.L., 1979, Changes in the vegetation complex of a cottonwood ecosystem on the South 
Platte River: Great Plains Agric. Council Publ. No 91, 19-22 p.

278. Crouch, G.L., 1979, Long-term changes in cottonwoods on a grazed and ungrazed plains
bottomland in northeastern Colorado: Fort Collins, Co., U.S. Forest Service, Rocky Mountain 
Forest and Range Experimental Station, Research Note RM-370.

279. Crouch, G.L., 1982, Wildlife on ungrazed and grazed bottomlands on the South Platte River, 
northeastern Colorado, //; J.M. Peek and P.D. Dalke, eds., Symposium Wildlife-Livestock 
Relationships: p. 186-197.

280. Crouch, G.L., 1984, Wildlife habitat on the lower South Platte River in Colorado: Great Plains 
Agric. Council Publ. No 111, 1- 4 p.

281. Crowley, K.D., 1982, High-flow geometry and internal stratification of large-scale bedforms in 
a fluvial environment, in J.O. Nriagu and R. Troost, comps., Eleventh international congress on 
sedimentology, Hamilton, ON, Canada, Aug. 22-27, 1982: v. 11, 71 p.

282. Crowley, K.D., 1982, Origin, structure, and internal stratification of three hierarchical classes of 
bedforms in unidirectional flows; examples from laboratory rivers and the channels of the Platte 
River basin in Colorado and Nebraska: Princeton, N. J., Princeton University, 248 p.
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283. Crowley, K.D., 1983, Large-scale bed configura ions (macroforms), Platte River basin, Colorado
and Nebraska; primary structures and formative processes: Geological Society of America 
Bulletin, v. 94, p. 117-133.
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289. Danielson, T.W., 1975, Map showing lakes in the Greater Denver area Front Range Urban 
Corridor, Colorado: U.S. Geological Survey Miscellaneous Investigations Series Map I-856-B, 
scale 1:100,000.

This map report of the greater Denver, Colo., area includes data for 49 lakes that have 
surface areas greater than 10 hectares (about 25 acres). These lakes have a total 
combined area of 3,686 hectares and a total shoreline of 185 kilometers (115 miles). 
The largest are Barr lake, 708 hectares; Standley lake, 492 hectares; and Chatfield 
lake, 465 hectares. Barr lake also has the longest shoreline, 15.6 kilometers, and 
Gross reservoir has the next longest, 14.9 kilometers. In addition, 113 lakes range in 
size from 2 to 10 hectares. These have a total area of 526 hectares and a total shoreline 
of 110 kilometers. Most of the lakes contain water of good quality. Most of the lakes 
contained water that was alkaline. Slightly acidic water occurred only in Marshall 
lake (pH =5.5). The highest pH (10.3) was measured in water from reservoir E on the 
Rocky Mountain Arsenal grounds; Kendrick reservoir was nearly as high with a pH 
of 10.0. Values of pH of 8.5 or less occurred in 29 of the 49 lakes measured. 
Transparency, as measured by a Secchi disk, was less than 1.2 meters in 17 of the 
51 lakes in which it was measured. It ranged from 1.2 to 5.5 meters in the other 34 
lakes. Transparency was 5.0 meters in Gross reservoir, 5.5 meters in McClellan 
reservoir, and 0.5 meter or less in 8 of the lakes measured.

290. Darton, H., 1899, Part 4-Hydrography; Preliminary report on the geology and water resources 
of Nebraska west of the one hundred and third meridian: U.S. Geological Survey 19th Annual 
Report 1897-98, 719-785 p.

291. Darton, H., Blackwelder, E., and Siebenthal, C.E., 1910, Description of the Laramie and Sherman 
quadrangles, Wyoming: U.S. Geological Survey Geologic Folio 173,17 p.

292. Darton, H., and Darton, N.H., 1903, Preliminary report on the geology and water resources of 
Nebraska west of the one hundred and third meridian: U.S. Geological Survey Professional 
Paper 17, 69 p."

293. Darton, N.H., 1905, Preliminary report on the geology and underground water resources of the 
Central Great Plains: U.S. Geological Survey Professional Paper 32, 433 p.

294. Daubert, J., 1978, Conjunctive ground and surface water allocations: the economics of a quasi- 
market solution: Fort Collins, Colo., Dept. of Economics, Colorado State Univ. MS thesis, 182 p.

This thesis compares the net farm benefits and corresponding ground and surface 
water allocation under an augmentation plan; an unrestricted pumping policy; a 
system which prevents pumping; and pumping quotas. Any change from the 
historical open access policy generates a gain to surface water right owners, a loss 
to those who must curtail their pumping,, and an administrative cost. The goal is to 
determine the water resource policy that maximizes the net social benefits. A 
computer simulation model incorporating the legal, hydrologic and economic 
characteristics of the lower South Platte River Basin in Colorado evaluates the 
policies.In the legal submodel, surface water allocations must comply with the 
prior appropriation doctrine. The hydrologic submodel represents the physical 
interrelationships between a stream and aquifer. The economic submodels represent 
the intermediate and short-run farm decision making process. An intermediate model
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298.

uses an expected income-variance model to determine the planted acreage of each 
crop. The short-run model allocates available surface and groundwater between 
crops according to a profit maximizing motive. The simulation combines all 
submodels to predict the net income for each alternative conjunctive water use 
policy. Comparing the simulation results of a policy which prohibits pumping and 
an open access policy indicates that groiindwater withdrawals are responsible for 
much of the area net income. Unrestricted groundwater use increases the predicted 
net benefits from $11.3 to 33.1 million. However, during a year where river flows 
are below average pumping causes a significant depletable externality. Pumping, by 
reducing surface flows, reduces the income of farmers that use senior surface water 
rights by 39 percent. The most efficient simulated conjunctive use water policy is
augmentation plans which generate the
eliminate any loss to senior surface users.

295. DaubertJ.T., and others, 1979, Economics benefits frojn 
stream: Fort Collins, Colo., Colorado Water 
no. 91.

largest area net benefits, $36.4 million, and

instream flow on a Colorado mountain 
Resourced Research Institute, Completion Report

296. Daubert, J.T., and Young, R.A., 1982, Ground^water development in western river basins; large 
economic gains with unseen costs: Symposiuifn on ground-water management. Ground Water, 
v. 20, no. 1, p. 80-85.

297. Daubert, J.T., Young, R.A., and Morel-Seytoux, H.J., 1980, Measuring external diseconomies 
from ground water use in conjunctive groun4 and surface water systems, in Yaron, D., and 
Tapiero, C.S., eds., Operations research in agriculture and water resources; proceedings of the 
ORAGWA international conference: Amsterdam, Netherlands, North-Holland Publ., p. 525- 
536.

Davis, A., Olsen, R.L, and Walker, D.R., 1991 
entrained sediment in streams impacted by a 
Applied Geochemistry, v. 6, no. 3, p. 333-348.
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299. Davis, J.R., 1967, Stratigraphy and depositional history of upper Mesaverde Formation
(Cretaceous) of southeastern Wyoming, volume 1-text, vol. 2-measured stratigraphic sections: 
University of Wyoming.

300. DeBrey, L.D., and Lockwood, J.A., 1990, Effects of sediment and flow regime on the aquatic 
insects of a high mountain stream: Regul. Rivers Res. Manage., v. 5, no. 3, p. 241-250.

In 1984, a broad size range of sediment (boulder to sand) was introduced into a high elevation 
Rocky Mountain stream in southeastern Wyoming, U.S.A. In the spring of 1986, this stream 
was exposed to a high discharge of 7 X 5 cubic meter/second (?). From 1985 to 1987 a study 
was conducted to assess the impact of sediment deposition and flow regime on the aquatic 
insect community in context of the substrate occurrences of the insect fauna. Using a modified 
Surber sampler, samples were collected from June through September each year at nine stations 
which were rated as unimpacted, slightly-impacted, and impacted. The addition of the 
sediment had minimal effect on the abundance and diversity of aquatic insects. However, high 
water discharge severely reduced the abundance of aquatic insects and diversity was also 
negatively impacted. Recovery from these impacts was very rapid. The greatest insect 
abundance was found in samples taken in gravel and most taxa occurred predominantly on 
gravel or rubble substrates.

301. DeChadenedes, J.F., 1986, Shallow oil fields of the Denver Basin, Colorado and Nebraska, U.S.A, 
in Meyer, R.F., ed., United Nations Institute for Training and Research First International 
Conference on Shallow Oil and Gas Resources: Houston, Tex., Gulf Publ. Co., Book Div., p. 181- 
193.

302. DelManzo, D.D., jr., 1968, The effect of seepage losses on stream regimen, in Myers, L.E., 
chairperson, Proceedings of the Second Seepage Symposium: Fort Collins, Colo., Colo. State 
University and U.S. Water Conserv. Lab., p. 30-34.

303. Dennehy, K.F., 1991, National water-quality assessment program: South Platte River basin: U.S. 
Geological Survey Open-File Report 91-155, 2 p.

304. Dennehy, K.F., 1991, The U.S. Geological Survey water-quality assessment program and the 
South Platte River basin, in South Platte River basin; Uses, values, research, and management - 
 current and future, Fort Collins, Colo., November 19-20,1991.

305. Dennehy, K.F., 1992, Water-quality assessment of the South Platte River basin, Colorado, 
Nebraska, and Wyoming. Project description, in Proceedings of the Colorado Water 
Engineering and Management Conference, Aurora, Colo., March 2-3,1992: p. 216.

306. Denning, A.S., Baron, J., and Mast, M.A., 1988, Effect of soil-water interactions on stream
chemistry during snowmelt in an alpine-sub alpine watershed in Colorado: EOS, v. 69, p. 1,202.

307. Denning, A.S., Baron, J., Mast, M.A., and Arthur, M.A., 1991, Hydrologic pathways and
chemical composition of runoff during snowmelt in Loch Vale Watershed, Rocky Mountain 
National Park, Colorado, USA: Water, Air, Soil Pollut, v. 59, p. 197-223.

308. Denson, N.M., 1969, Distribution of nonopaque heavy minerals in Miocene and Pliocene rocks 
of central Wyoming and parts of adjacent states: U.S. Geological Survey Professional Paper 650- 
C, p. C25-C32.
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309. Denver Regional Council of Governments, 1977, Clean Water Plan: Denver, Colo.

310. Denver Regional Council of Governments, 199 
1,43 p.

This document provides the policy direction f 
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water-quality control. The appendices contain

311. Denver Regional Council of Governments, 19 
management plans: Denver, Colo., vol. 11,151
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and service areas, and regional water-quality

312. Denver Regional Council of Governments, 197 
the Denver Metropolitan area: Denver, Colo.,
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315. Denver Regional Council of Governments, 1973, Storm drainage and flood control for 
Metropolitan Denver: Denver, Colo., Project reuse summary report, 18 p.

The proposed 20-year storm drainage and flood control program under Project 
REUSE (Renewing the Environment through Urban Systems Engineering) 
encompasses three types of major drainage activities: (1) preventive master 
planning, for areas where flood plain regulation, land use controls, and other 
preventive action can be utilized; (2) design master planning, for areas where 
problems already exist and facility construction is known to be required; and, (3) 
construction, for developed areas where preventive measures are not feasible and 
where channels, culverts, sewers, and other structures are needed to provide 
protection. The system will provide for: delineation of flood plains on major drainage 
channels; regulation of all unoccupied 100-year flood plains; 100-year protection on 
occupied flood plains; national flood insurance program coverage on occupied flood 
plains where protection is not cost effective; the provision, by ordinance, for 
limitation of runoff from new real estate development; flood storage capacity and 
spillway protection on dams in the region; integration of major drainage measures 
with the regional water resource management system; and, a nearly flood warning 
system. Cost estimates and an implementation schedule by basin are included.

316. Denver Regional Council of Governments, Colo. and Environmental Protection Agency, 1983, 
Urban runoff quality in the Denver Region Final rept. Jul 79-Sep 83: Denver, Colo., Office of 
Water Program Operations, 162 p.

This report presents the findings of the three-year Denver Regional Urban Runoff 
Program. This program studied the nature of urban runoff, its influence on receiving 
waters, and possibilities for control in the Denver region. Urban runoff characteristics 
in relation to land use are discussed. The effects of urban runoff on receiving waters 
are evaluated and compared to municipal discharges over the same time period. The 
results were developed into predictive, planning tools which can be used to estimate 
urban runoff quality, quantity and receiving water effects. Best Management Practices 
(BMPs) for runoff control are also discussed along with strategies for assurance of the 
most effective regional solution.

317. Denver Regional Council of Governments and Urban Drainage and Flood Control District,
1972, Urban storm drainage and flood control in the Denver Region: Damage prevention, major 
drainage ways, master planning, regional management, situation, alternatives, program, 
strategy. Final report: Denver, Colo., DRCOG-72-008, 229 p.

The report includes a proposed twenty-year (1971-1990) regional program for major 
drainage in the Denver region, implementation strategy and recommendations for 
carrying out the program. The report also includes a regional perspective, urban 
system concept, description of the existing major drainage system, management 
responsibilities, criteria, alternative concepts for consideration, and an evaluation of 
those concepts. The program includes proposed short-range activities for 1971-1975, 
including the REUSE Project, and a long-range program to achieve 100-year frequency 
storm protection throughout the region by 1990, including preventive measures, 
facility construction, and flood insurance. The report is one of a series, related to 
urban drainage and flood control, resulting from Project REUSE (Renewing the 
Environment through Urban Systems Engineering). (Author Modified Abstract)
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328. Directorate of Licensing (AEC), 1972, Operation of the Fort St. Vrain Nuclear Generating Station 
of Public Service Company of Colorado, Docket No. 50-267. Final environmental impact 
statement: Washington, D.C., ELR-5041, 275 p.

The report describes the proposed issuance of an operating license to the Public 
Service Company of Colorado for the start-up and continuing operation of the Fort St. 
Vrain Nuclear Generating Station (Docket No. 50-267) located in the State of Colorado, 
County of Weld, near the city of Greeley. The Station will employ a high-temperature 
gas-cooled reactor to produce 842 megawatts thermal (MWt). A steam turbine- 
generator will use this heat to provide 330 megawatts electrical (MWe) net of electrical 
power capacity. The exhaust steam from the turbine will be cooled by water circulated 
from a mechanical-draft cooling tower. Makeup water for the cooling tower will be 
taken from St. Vrain Creek and the South Platte River. The report includes the adverse 
and beneficial environmental effects.

329. Dobbs, T.L., and Wedemeyer, W.G., 1972, An economic analysis of center-pivot sprinkler
irrigation systems in southeastern Wyoming, with emphasis on financing alternatives: Laramie, 
Wyo., Dept. of Agricultural Economics, Wyoming University, Completion Report, 42 p.

Wyoming has experienced a rapid expansion in acreage irrigated by center-pivot 
sprinkler systems as a result of State-supported low-interest loans. This study 
determines alternative sources of financing and assesses the economic feasibility 
of center-pivot sprinkler systems. Cost and return flows were estimated, and financial 
and economic data were analyzed. More than one-half of the center-pivots in use by 
1971 were financed by a low-interest State loan plan. Investments in sprinkler 
systems for production of cash crops (potatoes, sugar beets) can be highly profitable, 
and do not depend on low-interest financing for economic viability. Only under 
conditions of low-interest financing and relatively low-value alternative uses for 
land do investments in sprinklers strictly for alfalfa production become 
economically attractive. Profitability of sprinkler investments in corn-alfalfa 
rotations is influenced considerably by corn silage values and by financing 
utilized. Investments in sprinklers for production of forage crops are economically 
feasible only under particular sets of assumptions. Uncertainty issues of sampling 
size bias are noted.

330. Dodson, S.I., 1982, Chemical and biological limnology of six west-central Colorado mountain 
ponds and their susceptibility to acid rain: American Midi. Nat., v. 107, no. 1, p. 173-179.

331. Drever, J.J., and Blum, A.E., 1984, Processes controlling the composition of infiltrating water in 
forested mountain watersheds: Laramie, Wyo., University of Wyoming, G-879-04, 50 p.

332. Driver, N.E., Mustard, M.H., Rhinesmith, R.B., and Middelburg, R.F., 1985, U.S. Geological 
Survey urban-storrmvater data base for 22 metropolitan areas throughout the United States: 
U.S. Geological Survey Open-File Report 85-337, 219 p.

The U.S. Geological Survey has been collecting urban rainfall, runoff, and water- 
quality data nationally for several decades. These data have been stored in many data 
bases and locations. A collective urban-stormwater data base has now been 
assembled on magnetic tape and contains data from the U.S. Geological Survey's 
urban-stormwater program, that includes data from the Nationwide Urban Runoff
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335.

336.

337.

338.

Program. Stations having simultaneous rainfall, runoff, and water-quality data were 
selected for the data base. Rigorous quality-assurance procedures were followed to 
ensure that the data were of good quality. The resultant data base contains 
information for 723 storms from 99 stations in 22 metropolitan areas throughout
the United States. Data for five or mo 
of the stations. This data base is avai! 
magnetic tape. This publication expl,

re storms are available for about two-thirds 
able to the public in standardized format on 
ins the Content and format of the tape.

333. Ducret, G.L., Jr., and Hansen, W.R., 1973, Storm of May 
frequency and effect: Denver, Colo., Urban 
Geological Survey 40 p.

5-6,1973, in the Denver Metro area: 
Drainage; and Flood Control District and U.S.
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2.06 to 4.38 inches at U.S. Geological Survey 
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major tributaries within the storm area 
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from Littleton to Henderson experienced 
that of a 50-year flood to 1.4 times

Dufford, R.G., Zimmermann, H.J., Cline, L.C 
to regulation of Rocky Mountain streams, ir 
streams: Advances in Ecology: Plenum Pub

Dugan, J.T., 1986, Hydrologic characteristics 
Missouri, Nebraska, New Mexico, Oklahom 
Hydrologic Investigations Atlas 678, scale 1

Dugan, J.T., and Peckenpaugh, J.M., 1985, E 
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system, Mid-continent United States: U.S. G 
Report 85-4236, 78 p.

Dugan, J.T., Schild, D.E., and Kastner, W.M., 1990, 
Aquifer underlying parts of South Dakota, Wyomin 
Mexico, Oklahoma, and Texas; predevelopment through 
Geological Survey Water-Resources Investigations R

Duke, H.R., and Longenbaugh, R.A., 1966, Evaluation 
Creek basins, Colorado.: Fort Collins, Colo., Civil Eng 
CER-66HD-RAL19, 87 p.

339. Dzubay, T.G., and Hasan, H., 1983, Apporti< 
species in atmospheric aerosol: Atmospheric
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340. Ebens, R, 1966, Stratigraphy and petrography of Miocene volcanic sedimentary rocks in 
southeastern Wyoming and north-central Colorado: University of Wyoming.

341. Eder, S., and Carlson, C.A., 1977, Food habits of carp and white suckers in the South Platte and 
Sf. Vrain Rivers and Goosequill Pond, Weld County, Colorado, USA: Trans. Am. Fish. Soc, v. 
106, no. 4, p. 339-346.

Gut contents of carp (Cyprinus carpio L.) and white suckers (Catostomus commersonia 
[Lacepede]} collected by electrofishing from the South Platte and St. Vrain rivers, and 
Goosequill Pond near the Fort St. Vrain Nuclear Generating Station, Colorado, [USA], 
were analyzed by standard means to determine food habits. Chironomid larvae and 
pupae were the principle foods of both fish species in the streams. Carp and white 
suckers competed for this primary food source; both fish species fed primarily on 
chironomids and did not feed effectively on tubificid worms. White suckers 
supplemented their diets with species of Simulium, Hydropsyche, Hyalella and terrestrial 
invertebrates. Carp were more opportunistic and consumed more of the less-abundant 
food organisms than suckers did. Both streams supported limited numbers of benthic 
invertebrates. Consequently, large quantities of algae, sand, detritus and terrestrial 
invertebrates were found in the gut contents of both fish species. Carp in Goosequill 
Pond fed primarily on chironomids but also consumed many entomostracans and 
crayfish.

342. Edgerton, G.K., 1974, Ground-water quality and alluvial aquifer thickness in the Eaton area, 
north of Greeley, Colorado: University of Colorado.

343. Edmonds, J.S., and Ward, J.V., 1979, Profundal benthos of a multibasin foothills reservoir in 
Colorado, U.S.A: Hydrobiologia, v. 63, no. 3, p. 199-208.

The composition, temporal and spatial distribution, and productivity of profundal 
benthos were investigated in Horsetooth Reservoir, which covers 10.6 km x 1.0 km, 
and consists of three basins with depths greater than 50 m connected by two 
equalizing channels ca. 30 m deep. Water-quality parameters did not vary 
significantly between sites, but temperature, pH, and dissolved oxygen varied 
seasonally. The composition and organic content of sediment exhibited a gradient 
from inlet to outlet which significantly influenced faunal density and distribution 
patterns. Although 28 genera of macroinvertebrates were collected, the oligochaetes 
Tubifex tubifex and Limnodrilus hoffmeisteri comprised 97.6% of the total organisms. 
Chironomids comprised 2.2%. The relative contribution of chironomids to total 
biomass decreased with increasing depth the reverse was true for oligochaetes. Mean 
annual density ranged from 3,827 to 5-1,901 total organisms/sq. meter for six sampling 
sites. Mean annual biomass varied from 0.16 to 2.3 g ash-free dry wt/sq. meter. 
Annual turnover ratios ranged from 3.6 to 4.5. Annual production estimates varied 
from 7.2 to 82.8 kg/ha ash-free dry weight, averaging 39.3 kg/ha or 26.9 kcal/sq. 
meter.
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344. Edmunds, G.F., Jr., and McCafferty, W.P., 1' 
burrowing mayfly (Ephemeroptera: Epheme

348.

349.

?84, Ephemera compar an obscure Colorado, USA 
: Entomol. News, v. 95, no. 5, p. 186-188.ridae]

E. compar (Hagen) is known only from trie adult type specimen. The occurrence of this 
unique specimen and species in Colorado is discussed. Burrowing mayflies in the 
South Platte drainage area require investigation, and new collections are needed.

345. Effinger, W.L., 1934, The geology of Rocky Mountain National Park: Berkeley, Calif., U.S. 
National Park Service, 28 p.

346. Ehrman, R.L., 1987, Origin of "dissipation" structures, Nebraska Sand Hills: Lincoln, Nebr., 
Univ. of Nebraska, 88 p.

347. Ellinghouse, C, and McCoy G., 1982, The effects of water conservation on new water supply for 
urban Colorado utilities: Fort Collins, Colo.j Colorado Water Resources Research Institute
Completion Report no. 120.

Elliott, J.G., 1989, Regionalization of mean annual suspended- sediment loads in streams, 
central, northwestern, and southwestern Colorado: U.S. Geological Survey Water-Resources 
Investigations Report 87-4193, 24 p.

Regression analysis was used to develop models for estimating mean annual 
suspended-sediment loads for streams in Colorado. Mean annual suspended- 
sediment loads at 81 selected streamflow-gaging stations in the central, 
northwestern, and southwestern regions of Colorado were expressed as functions of 
geomorphic and hydrologic variables. A multiple-regression model that included 
mean basin elevation, mean annual streamflow, and drainage-basin area explained 
78% of the variance in mean annual suspended-sediment load when all sites were 
analyzed together. The State was divided into four regions to decrease variance from 
spatial differences in geography and climate, and multiple-regression models were 
recomputed for each region. The best njultiple-regression models for the central, 
northwestern, and southwestern regidns of (tolorado included mean annual 
streamflow and mean basin elevation. A multiple-regression model was not 
developed for eastern Colorado because few I sites in this region had adequate 
sediment-load records. Regionalization of mean annual suspended-sediment loads 
resulted in improved multiple-regression models for the central, northwestern,
and southwestern regions of Colorado 
can be used to estimate mean annual
in these regions when mean annual streamflow and mean basin elevation are known.
Regional regression models based.only
they can be used to estimate mean annual suspended-sediment load when annual 
streamflow is unknown.

Elliott, J.G., and DeFeyter, K.L., 1986, Sediment-dat 
sediment loads of rivers and streams in Colorado: L 
Investigation Report 86-4344,148 p.
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350. Elliott, J.G., Jarrett, R.D., and Ebling, J.L., 1982, Annual snowmelt and rainfall peak-flow data on 
selected foothills region streams, South Platte River, Arkansas River, and Colorado River basins, 
Colorado: U.S. Geological Survey Open-File Report 82-426, 86 p.

Peak flows in the foothills region of Colorado are attributable to two meteorological 
sources--snowmelt and rainfall. As part of a study of the hydrology of foothills 
streams in Colorado, charts from streamflow gages on unregulated streams were 
examined to determine the source of peak-flow events. Snowmelt-runoff peaks were 
distinguished from rainfall-runoff peaks on the basis of daily and seasonal 
occurrence, hydrograph shape, and local weather conditions. Peak-flow data for 
snowmelt runoff and rainfall runoff are presented for 69 streamflow-gaging stations 
in the South Platte River, the Arkansas River, and the Colorado River basins.

351. Ellis, M.M., 1914, Fishes of Colorado: University of Colorado Studies, v. 11, p. 1-136.

352. Ellis, S.R., 1978, Hydrologic data for urban storm runoff from three localities in the Denver 
Metropolitan Area, Colorado: U.S. Geological Survey Open-File Report 78-410,135 p.

Urban storm-runoff data, collected from 1975 to 1977, on three catchment areas in 
the Denver, Colo., metropolitan area are presented. The catchments are 
predominantly a single-family residential catchment area in Littleton, a multifamily 
residential and commercial catchment area in Lakewood, and a high-density 
residential and commercial catchment area in Denver. Precipitation, rainfall-runoff, 
snowmelt- runoff, water-quality (common constituents, nutrients, biochemical oxygen 
demand, coliform bacteria, and solids, trace elements, and pesticides), and 
catchment-area data are necessary to use the U.S. Environmental Protection Agency's 
Storm Water Management Model II.The urban storm-runoff data maybe used by 
planning, water-management, and environmental-protection agencies to assess the 
impact of urban storm runoff on the hydrologic system.

353. Ellis, S.R., and Alley, W.M., 1979, Quantity and quality of urban runoff from three localities in 
the Denver Metropolitan area: U.S. Geological Survey Water-Resources Investigations 79- 64, 
60 p.

Considerable variation in constituent concentrations was shown in urban runoff data 
for 1975-77 from three metropolitan Denver drainage basins. Constituent 
concentrations, greatest during initial rainfall runoff, generally peaked midday of 
snowmelt runoff, corresponding with maximum melting and runoff. Instantaneous 
loads of constituents were largely a function of discharge. Days since last street 
sweeping or antecedent precipitation had no apparent effect; snowmelt-runoff loads 
apparently increased with number of days snow had been on the ground. Urban storm 
runoff may significantly contribute total ammonia nitrogen, total nonfiltrable 
residue, total copper, total iron, total lead, and total zinc; and snowmelt runoff may 
significantly contribute sodium and chloride, to local receiving waters. Data from two 
basins were used for calibration and verification of U.S. Environmental Protection 
Agency's Storm Water Management Model II for rainfall-runoff modeling of flow 
and total nitrogen. The model assumption that land-surface loads of total nitrogen 
are directly proportional to number of days prior to storm during which 
accumulated rainfall was less than 1.0 inch was not substantiated.
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354.

355.

356.

358.

Ellis, S.R., Doerfer, J.T., Mustard, M.H., Blake 
runoff data and effects on the South Platte River 
Geological Survey Water-Resources Investig

y, S.R., and Gibbs, J.W., 1984, Analysis of urban
', Denver Metropolitan area, Colorado: U.S. 

ations 84-4159, 66 p.

Denver was selected for inclusion in 
sponsored by the U.S. Environmental Prc 
Survey. This report, prepared in coopera

he Nationwide Urban Runoff Program, 
tection Agency and the U.S. Geological 
ion with the Denver Regional Council of

Governments, contains a synopsis of previous urban runoff studies in the Denver 
metropolitan area. The report includes a description of the monitored basins, a 
summary of storm runoff-to-rainfall ratios and estimates of impervious retention, 
and constituent loads and concentrations from seven small basins. The data from six 
small and five tributary basins to the Soui:h Platte: River are analyzed using regression 
analysis, resulting in two sets of regression equations to predict storm-runoff 
volume and selected constituent loads. The regression equations may be used to 
estimate storm-runoff volume and constituent loads from unmonitored basins from 
15 to 16,000 acres with effective impervious areas of 15 to 90 percent. The effects of 
urban runoff on the South Platte River in the Denver area are described in three 
ways. The three methods indicated that storm runoff was a significant contributor of 
total suspended solids, total organic carbon, totcil lead, and total zinc to the South 
Platte River.

1933Ellis, S.R., Linder, J.B. and Patterson, D.A., 
runoff from a small urban basin in Metropoli 
International Symposium on Urban Hydrology, Hydraulics 
Ky., University of Kentucky, p. 79-86.

Ellis, S.R., and Mustard, M.H., 1985, Summary of urban 
Metropolitan area, Colorado: U.S. Geological Survey 
31 P .
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'er, Colorado, in Proceedings of the 10th 

and Sediment Control: Lexington,

The Denver metropolitan area has been the subject of urban-runoff studies for
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-runoff studies in the Denver 
Water-Resources Investigations 84-4072,

1968, usually were concerned only
included both 
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rban Runoff Program. The Denver study was
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Governments and the U.S. Geological

:onclus

Regional Urban Runoff Program. The report summarizes and references urban-
runoff studies in the Denver metropolitan area a 
and other persons interested in urban runoff.

357. Ellsworth, P.M., 1983, Ecological seasonal cycles in a 
Freshwat. Ecol., v. 2, no. 3, p. 225-237.

andEmerick, J.C., and Kolm, K.E., 1988, Hydrogeology 
and foothills near Denver, Colorado, in Holden, G.S., 
trip guidebook, 1988; Centennial meeting. Profession; 
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359. Engel, A.E.J., 1947, Geology of the central Owl Creek Mountains, Wyoming (abs.): Geol. Soc. 
Am. Bull, v. 58, no. 12, p. 1177-1178.

360. Engineering Consultants, Inc., Toups Corporation, 1974, Comprehensive water-quality
management plan South Platte River Basin, Colorado: Denver, Colo., Report to the Colorado 
Water Quality Control Division, Colorado Department of Public Health.

361. Engineering Consultants, Inc., Toups Corporation, 1975, Executive summary of comprehensive 
water-quality management plan: South Platte River Basin, Colorado: Denver, Colo., Report 
prepared for the Colorado Water-Quality Control Division, Colorado Department of Health.

362. Engineering-Science, Inc., 1978, Wastewater facilities and the Clean Water Program. Volume 2. 
Analysis, comments and responses Denver regional environmental impact statement (Final): 
Berkeley, Calif., Environmental Protection Agency, Denver, Colo. Region VIII, EPA/905/5-77/ 
001B, 469 p.

This is the final environmental impact statement (EIS) prepared by EPA for the Denver 
Region concerning actions to be taken on 10 wastewater facility plans and the Denver 
Clean Water Plan (208 Plan). This EIS addresses the regional effects of these projects 
and the 208 Plan considering both direct and secondary impacts. Emphasis is given to 
the regional and cumulative impacts of population growth and development through 
the year 2000 which these projects and plans anticipate. The regional impacts on air 
quality, water quality, recreation, sensitive lands, agriculture, economy, and energy 
are examined. Volume 2 contains the detailed analysis of impacts, comments received 
on the draft EIS and EPA's responses to comments.

363. Ensor, D.S., Jackson, B.S., Calvert, S., Lake, C, and Wallon, D.V., 1975, Evaluation of a
participate scrubber on a coal-fired utility boiler Final rept. Jun 74-Jun 75: Altadena, Calif., 
Meteorology Research, Inc. and Industrial Environmental Research Lab., MRI75-FR-1352; EPA/ 
600/2-75-074, 213 p.

The report gives results of a performance test and engineering analysis of a mobile- 
bed scrubber on a full-scale coal-fired utility boiler. The scrubber nominally operated 
at the design participate removal efficiency of 95%, but the concentration of submicron 
particles was greatly influenced by mist entrainment. The entrainment resulted in a 
difference of aerosol penetration through the scrubber as a function of elemental 
composition and outlet submicron particle concentration independent of pressure 
drop through the scrubber. The variable concentration of submicron entrained 
particles made the application of the penetration data as a function of particle size to 
development of performance models unfeasible. The engineering analysis showed 
that the 1972-installed cost was $29/kw and the annual operating cost is 0.5 mills/kwh 
(75% availability). An initial decline in scrubber availability after start-up resulted 
from now-corrected minor design problems. Steadily improving reliability is 
attributed to the utility's providing maintenance and solving operating problems.
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364. Environmental Health Center, 1949, South 
Cincinnati, Ohio, Interim Report, 156 p.

365.

366.

367.

atte River basin water pollution investigation:

The investigation was undertaken to review that portion of the Blue-South Platte River 
Project Report dealing with the effects cjf pollution on the usage of waters from the 
South Platte River Basin.

Environmental Health Center, 1951, Recent and current water pollution control activities: 
Cincinnati, Ohio.

An updating of the continuing water control activities of the Envir. Health Center is
presented. Chemical and physical analy
a study of the pollution and self-purifica

sis of polluted waters are also presented and
tion of Lytle Creek, Wilmington, Delaware is

discussed. Biological effects of wastes en fish in the areas are presented. Biological 
indicators for the Lytle Creek area are evaluated. Other geographical areas of study 
include the South Platte River Basin, Mississippi|River, Etowah River, Mahoning River 
and the Roanoke River. Industrial wast 
presented for a variety of this wastes.

es are discussed and status reports are

Environmental Impact Center, Inc., Environmental 
Development, Department of Housing and 
Research., Council on Environmental Quality 
investments in the Denver Region. Final r 
Agency, EQC-317den3, 102 p.

report

Protection Agency, Office of Research and 
Urban Development, and Policy Development and 

, 1974, Secondary impacts of infrastructure 
Newton, Mass., Environmental Protection

Statistical correlations between the 
location of new highways and wastewa 
metropolitan areas individually and in 
supplemented with results from a dy 
metropolitan Washington. The broader 
Investments in Highways and Sewers) e 
generalize results across different 
econometric analyses derived for the 
illustrate the historical influence of 
land use patterns in the Denver area and 
impacts of future investments.

amount and form of land use changes and the 
er facilities were established for four major 
:ombination. The statistical findings were 
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>tudy (Secondary Effects of Public 
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metropolitan,areas. This report presents
Denver region. These statistical analyses 
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Environmental Monitoring and Support Lab 
National Guard, Denver., Corvallis Environmental 
County, Colorado Final report: Las Vegas,
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368. Environmental Monitoring and Support Lab., Las Vegas, Nev., Colorado Dept. of Health, 
Colorado National Guard, Corvallis Environmental Research Lab., 1977, National 
Eutrophication Survey. Cherry Creek Lake, Arapahoe County, Colorado. Final report: 
Corvallis, Oreg., Working Paper- 768, 40 p.

Annual total phosphorus and total nitrogen loadings to the lake were estimated and 
subdivided according to either point or non-point source origin. An assessment of the 
lake's trophic condition and limiting nutrient is also provided. All data collected by 
the U.S.E.P.A. National Eutrophication Survey during the one year study of the lake 
and its tributaries are included.

369. Environmental Monitoring and Support Lab., Las Vegas, Nev., Colorado Dept. of Health, 
Colorado National Guard, and Corvallis Environmental Research Lab., 1977, National 
Eutrophication Survey, Milton Reservoir, Weld County, Colorado Final report: Corvallis, Oreg., 
Working Paper 774, 31 p.

Annual total phosphorus and total nitrogen loadings to the lake were estimated and 
subdivided according to either point or non-point source origin. An assessment of the 
lake's trophic condition and limiting nutrient is also provided. All data collected by 
the U.S.E.P.A. National Eutrophication Survey during the one year study of the lake 
and its tributaries are included.

370. Epis, R.C., and Chapin, C.E., 1974, Stratigraphic nomenclature of the Thirtynine Mile volcanic 
field, central Colorado: Contributions to Stratigraphy Bulletin, p. 23.

371. Epis, R.C., and Chapin, C.E., 1975, Geomorphic and tectonic implications of the Post-Laramide, 
Late Eocene erosion surface in the Southern Rocky Mountains, in Bruce, C., ed., Cenozoic 
history of the Southern Rocky Mountains: Geological Society of America Memoir 144, p. 45-74.
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While characterizations of 30-minute generalized synthetic unit hydrographs have 
been available for some time, the 10-minute duration relations presented extend the 
usefulness of this basic tool for analysis of the smaller urban catchments. The 
synthesized equations and associated nomographs are derived from data for 41 urban 
watersheds in the U.S., of which 18 are in Texas. Reliability can be enhanced by 
validation with local field data. A validation example is included for Denver, 
Colorado. Being Addendum 3 of the report 'Urban Runoff Control Planning,' June,
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Statutory provisions of Arizona, California, Colorado, Idaho, Montana, Nebraska, 
Oklahoma, Oregon, Texas, Utah, Washington, and Wyoming were compared with 
regard to local control exercised over underground water. Six of the twelve States had 
provisions for local groundwater control, and only three (California, Nebraska and 
Texas) gave much power to local agencies. Three States (Colorado, Utah and 
Wyoming) give only advisory and administrative powers to local agencies. Texas 
gives the strongest provisions for local groundwater control. Statutes are cited. Waste 
regulations are reviewed.
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Well water samples were collected and wells were inspected in 164 sites within a 300- 
square-mile area in a mountainous portion of Jefferson County, Colorado, an area 
which has experienced rapid population growth. Analysis for coliform bacteria and 
nitrate nitrogen revealed that coliform contamination was not related to lot size or 
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397. Gaggiani, N.G., Britton, L.J., and Minges, D.RV 1987, Hydrology of Area 59, northern Great 
Plains and Rocky Mountain Coal Provinces, Colorado and Wyoming: U.S. Geological Survey 
Water-Resources Investigations Report 85-153,124 p.

A nationwide need for hydrologic information in coal-mined areas and potential coal 
development areas was identified with the enactment of the Surface Mining Control 
and Reclamation Act of 1977 (Public Law 95-87). This report, one in a series of 
nationwide coal province reports, presents information thematically by describing 
single hydrologic topics through the use of brief texts and accompanying maps, 
graphs, or other illustrations. The report broadly characterizes the hydrology of 
Area 59 in north-central Colorado, and southeastern Wyoming. The report area, 
located within the South Platte River basin, covers a 16,000-square-mile area of 
diverse geology, topography and climate. This results in contrasting hydrologic 
characteristics.
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Interceptor Project: Denver, Colo., Dames and Moore, Golden, Colo.; Environmental Protection 
Agency, Denver, Colo., Region VIII., EPA-*908/5-81-002.

The report evaluates the segment of Clear Creek from Golden, Co. to its confluence 
with the South Platte River. It was determined that additional study was necessary to 
define the waterflow changes, water quality, aquatic life and water rights changes that 
would occur with the implementation of the Metro District's Clear Creek Interceptor. 
The study also considered the added effect of the newly proposed Golden/Coors 
Wastewater Treatment Plant. The study effort developed a flow balance on Clear 
Creek, taking into account all diversions, return flows, etc. This balance was then used 
to predict effects on water quality and aquatic habitat.
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514, 22 p.

403. GCA Corp., Technology Div.A 1973, Environmental impact statement for Denver Transportation 
Control Plan. First Draft: N.C., Environmental Protection Agency, Research Triangle Park, 
165 p.

Transportation control measure 1 has been defined by the Environmental Protection 
Agency (EPA), to mean any measure such as reducing vehicle use, changing traffic 
flow patterns, decreasing emissions from individual vehicles, or altering existing 
modal split patterns, that is directed toward reducing emissions of air pollutants from
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transportation sources. Transportation control measures are required for any air 
quality control region where controls on stationary sources, combined with the 
Federal Motor Vehicle Control Program (FMVCP) placing emission standards on new 
cars, are inadequate to insure attainment and/or maintenance of the ambient 
standards.
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field data were returned to the geoMetrics, Sunnyvale, California computer facilities 
for processing, statistical analysis, and interpretation. Data presented in this report 
are: corrected profiles of all radiometric variables, magnetic data, radar and 
barometric altimeter data, air temperatures, and airborne bismuth contributions. 
Radiometric data presented are corrected for Compton Scatter, altitude dependence, 
and atmospheric bismuth. These data are also presented on microfiche and digital 
magnetic tapes. This report contains anorhaly maps and interpretation maps relating 
mapped geology to the corrected radiometric and magnetic data. Radiometric count 
rates in the basins were generally lower than ove|r the Precambrian crystalline rocks. 
Notable exceptions are the Red Desert any Poisoh Basins and Miller Hill area within 
the Rawlins quadrangle. Interpretation of the statistical results succeeded in 
delineating several anomalous uranium tijends in: (1) known uranium districts such as 
Miller Hill and extensions thereof and (2) new areas near Chalk Bluff in the Cheyenne 
and Greeley quadrangles. Magnetic pseu<|io-contpur maps clearly outline the major 
structural features as well as provide more information about magnetic basement
features that could generate new insight into the 
Principal component analysis for each formation
Results were mixed. Several overall patterns were discernible, but individual 
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geologic structure of the area, 
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409. Gibbs, J.W., 1981, Hydrologic data for urban storm runoff from nine sites in the Denver 
Metropolitan area, Colorado: U.S. Geological Survey Open-File Report 81-682,142 p.

Urban storm-runoff data were collected April through September 1980, from nine 
urban runoff sites in the Denver metropolitan area, and are presented in this report. 
The sites consist of two single-family residential areas, two multi-family residential 
areas, one commercial area (shopping center), one mixed commercial and multi- 
family residential area, one native area (open space), and two detention ponds. 
Precipitation, rainfall-runoff, water-quality (common constituents, nutrients, coliform 
bacteria, solids, and trace elements) and basin-area data are necessary to use the U.S. 
Geological Survey's Distributed Routing Rainfall-Runoff Model, Version II. The 
urban storm-runoff data may be used to characterize runoff pollution loading for 
various land-use types in Denver and other semi-arid regions.

410. Gibbs, J.W., Arnold, L.M., and Reed, R.L., 1983, Hydrologic data for the drainage basins of
Chatfield and Cherry Creek lakes, Denver metropolitan area, Colorado: U.S. Geological Survey 
Open-File Report 83-857, 244 p.

411. Gibbs, J.W., and Doerfer, J.T., 1982, Hydrologic data for urban storm runoff in the Denver 
Metropolitan area, Colorado: U.S. Geological Survey Open-File Report 82-872, 553 p.

Urban storm-runoff data collected from April through September 1981 from nine 
Denver Nationwide Urban Runoff Program sites, urban storm-runoff data collected 
from April 1980 through September 1981 from ten South Platte River Study sites, and 
rninfall-runoff simulation data from two sites for June 1980 and May 1981 are 
presented in this report. The Denver Nationwide Urban Runoff Program sites were 
two single-family residential areas, two multifamily residential areas, one 
commercial area (shopping center), one mixed commercial and multifamily 
residential area, one natural area (open space), and two detention ponds. The South 
Platte River Study sites were six tributaries of the South Platte River and four 
instream sites "on the South Platte River. The tributary sites were Bear Creek at 
mouth, at Sheridan; Harvard Gulch at Harvard Park, at Denver; Sanderson Gulch at 
mouth, at Denver; Weir Gulch at mouth, at Denver; Lakewood Gulch at mouth, at 
Denver; and Cherry Creek at Denver. The instream sites were South Platte River at 
Littleton; South Platte River at Florida Avenue, at Denver; South Platte River at 
Denver; and South Platte River at 50th Avenue, at Denver. The rainfall-runoff 
simulation sites were North Avenue at Denver Federal Center, at Lakewood and 
Rooney Gulch at Rooney Ranch, near Morrison. Precipitation, rainfall-runoff, water- 
quality data, and basin characteristics were collected at the urban storm-runoff sites. 
The urban storm-runoff data may be used to characterize runoff loading for various 
land-use types in Denver and other semiarid regions.
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Colorado State University, MS thesis, 61 p.

413. Gibson, J.C., 1973, Ecology of a high mountain copepod (Diaptomus shoshoni) in aestival ponds 
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University, Ph.D. dissertation.
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single water supply, because no acceptable river flow correlations can be obtained 
while return flows of groundwater to the river are excluded.

420. Goddard, K.E., 1978, Availability and quality of ground water in the Lake George area,
southeastern Park County, Colorado: U.S. Geological Survey Water-Resources Investigations 
Report 78-50, 28 p.

Water for domestic use in the Lake George area, Colo., is produced from four aquifers. 
Two of the aquifers, fractured- cyrstalline and volcanic rocks, have a water table 
ranging from 10 to 100 feet below land surface and well yields range from 0.08 to 6 
gallons per minute. The consolidated sedimentary-rock and unconsolidated-alluvial 
aquifers have a water table ranging from near land surface to 60 feet below land 
surface and well yields range from 2 to 50 gallons per minute. The aquifers generally 
contain calciumbicarbonate water with concentrations of dissolved solids ranging 
from 101 to 636 milligrams per liter. In some areas, concentrations of iron as much 
as 18,000 micrograms per liter and concentrations of fluoride as much as 5.6 
milligrams per liter affect suitability for domestic use. Chemical degradation of 
ground water has occurred in 18 of the 35 wells and in the 1 spring that were 
sampled. Bacterial contamination was found in water from six wells.

421. Goettl, J.P., 1980, Evaluation of sport fisheries potential in fluctuating plains streams: Fort 
Collins, Colo., Colorado Division of Wildlife, Job Progress Report F-77-R-1, 35 p.

422. Goettl, J.P., 1981, Evaluation of sport fisheries potential in fluctuating plains streams: Fort 
Collins, Colo., Colorado Division of Wildlife, Job Progress Report F-77-R-2, 36 p.

423. Goettl, J.P., 1982, Evaluation of sport fisheries potential in fluctuating plains streams: Fort 
Collins, Colo., Colorado Division of Wildlife, F-33-R-13.

424. Gomez-Ferrer, R.V., and Hendricks, D.W., 1983, Dissolved solids hazards in the South Platte 
Basin, Vol. I-salt transport in the river: Fort Collins, Colo., Colorado Water Resources Research 
Institute, Completion Report No. 128,186 p.

This work demonstrates how river salinity may be characterized, in terms of both 
time and space variations. Fifteen years of daily and monthly salinity and flow data 
have been reduced to monthly, seasonal, and annual statistical characterizations for 
five river stations and three tributary stations for the lower South Platte River. From 
these characterizations, distance profiles were plotted for flow, TDS, and salt mass 
flows. The distance profiles and measurements of diversion flows, tributary flows, 
and point source discharges were the basis for a reach-by-reach materials-balance 
analysis for four reaches of the South Platte River between Henderson and 
Julesburg. Return flows and return salt mass flows were computed as residuals. The 
analysis showed that there is not a salt balance in the lower South Platter River. A 
net salt loss to the land of 380 tons per day occurs by irrigation. The analysis provided 
can be the basis for a more comprehensive materials balance model. But the results 
can be used to estimate the impact of new water resources developments upon the 
salinity regime of the lower South Platte River.
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425. Gomez-Ferrer, R.V., and Hendricks, D.W., 1981 Salt transport in the lower South Platte River: 
Fort Collins, Colo., Dept. of Civil Engineering, Colorado State Univ., Technical Report 82- 3141- 
01,167 p.
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426. Gomez-Ferrer, R., Hendricks, D.W., and Turner;, C.D., 1983, Salt transport by the South Platte 
River in northeast Colorado: Water Resources Bulletin, v. 19, no. 2 (April), p. 183-190.

The salinity of the lower South Platte River in Colorado is characterized by 
plotting the average annual flow, total djssolved solids, and salt mass flow against 
distance along the stream. The plots show that salts are being leached from the 
irrigated lands above Greeley and are being deposited on the irrigated lands below 
Greeley. The salt deposition on the lower l|ands will result in their salinization. The 
plots show also that fall and winter stream| flows carry most of the salt loads. These 
fall and winter flows are stored in off stream reservoirs for use during the irrigation 
season. Therefore these salts are transferred to the lower irrigated lands where they 
accumulate. The salt balance for these lane s can be improved by permitting the fall 
and winter flows to leave the basin, or by providing adequate land drainage coupled 
with supplemental irrigation water.

427. Gonzales, D.D., and Ducret, G.L. Jr., 1971, Rain
Metropolitan area, Colorado: U.S. Geological Survey

fall-rune ff investigations in the Denver 
Open-File Report 71-0123, 39 p.

Definition of the magnitude and frequency of floods on small urbanized watersheds 
in the Denver metropolitan area requires the collection and analysis of rainfall-runoff 
data needed to synthesize long-term runoff recorc s from precipitation records. 
Hydrologic models and synthetic unit hydrograpis are the primary analytical 
methods used in the study. Analytical applications of the rational method are also 
investigated. Dual-digital recorders provide the detailed records of rainfall and 
runoff required in a form convenient f(f>r computer translation and tabulation.

rand, Jackson and Larimer Counties, 
: Wyoming Geology Assoc.,

Gorton, K.A., 1953, Geology of the Cameron Pa 
Colorado, in Wyo. University Guidebook, 8th 
p. 87- 98.

ass area, 
rtield
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429. Graff, P., 1986, Nuclear fuel and precious-metal occurrences in Precambrian rocks of southeast 
Wyoming, in American Association of Petroleum Geologists, Rocky Mountain Section meeting. 
AAPG Bulletin, Casper, Wyo., Sept. 7-10,1986: v. 70, p. 1041.

430. Graff, P.J., Sears, J.W., and Holden, G.S., 1981, Investigation of uranium potential of
Precambrian metasedimentary rocks, central Laramie Range, Wyoming; final report National 
Uranium Resource Evaluation Program: Grand Junction, Colo., U.S. Dep. Energy, Grand 
Junction Off., GJBX-22-81, 99 p.

431. Grant, J.A. and Olsen, S.N., 1987, Isocon analysis of migmatites, Front Range, Colorado , 1987 
annual meeting and exposition, in W.R. Dickinson, chairperson, Geological Society of America, 
Abstracts with Programs, Phoenix, Ariz., Oct. 26-29,1987: v. 19, Geological Society of America, 
p. 681.

432. Grant, M.C., and Lewis, W.M., Jr., 1981, Effect of the May-June Mount St. Helens eruptions on 
precipitation chemistry in central Colorado: Atmospheric Environment, v. 15, no. 9.

433. Gray, L.G., and Ward, J.V., 1982, Effects of releases of sediment from reservoirs on stream biota: 
Fort Collins, Colo., Colorado Water Resources Research Institute, Completion Report 116,82 p.

434. Greer, P.L., 1985, Cyclic sedimentation in the Permo-Triassic Goose Egg Formation,
southeastern Wyoming, in Rocky Mountain Section, 38th annual meeting. Abstracts with 
Programs, Boise, Idaho, Apr. 22-24,1985: v. 17, Geological Society of America, p. 221.

435. Greer, P.L., 1985, Genesis and paleogeographic significance of evaporites and associated facies 
of the Goose Egg Formation (Permo-Triassic), southeastern Wyoming: Laramie, Wyo., Univ. of 
Wyoming, 67 p.

436. Grey, L., 1974, Economic and land use evaluation of piedmont alluvial deposits, Windsor area, 
Colorado: University of Colorado.

437. Griffin, J.R., and Warner, A. }., Jr., 1982, National Uranium resource evaluation, Cheyenne 
Quadrangle, Wyoming, Colorado, and Nebraska: Grand Junction, Colo., Bendix Field 
Engineering Corp. and the Department of Energy, Washington, D.C., PGJ/F-115(82), 186 p.

The Cheyenne Quadrangle, Wyoming, Colorado, and Nebraska, was evaluated for 
uranium favorability using National Uranium Resource Evaluation criteria. 
Examinations of surface exposures of known uranium occurrences, reconnaissance 
geochemical sampling, water sampling, and ground radiometric surveys were 
conducted. Anomalous areas recognized from airborne radiometric surveys were 
ground checked. Electric and gamma logs were used to determine subsurface 
structure, stratigraphy, lithology, and areas of anomalous radioactivity. Five areas 
were found favorable for uranium deposits in sandstone. The Lance Formation and 
Fox Hills Sandstone are favorable in the Goshen Hole, Pine Bluffs, and western Denver 
Basin. The Cloverly Formation is favorable in the southern Laramie Basin, and the 
Cloverly, Sundance, and Jelm are favorable in the northwest corner of the quadrangle. 
Precambrian granitic and metamorphic rocks of the Laramie and eastern Medicine 
Bow Ranges are unfavorable, as are Paleozoic formations, most Mesozoic units, and 
Tertiary post-Lance formations of the Denver and Laramie Basins. An area in the 
northern part of the Laramie Range was not evaluated.
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438. Grigg, N.S., 1988, Fiscal year 1987 program 
Institute. Annual rept. 24: Fort Collins, Colo., < 
U.S. Geological Survey, Reston, Va., Water ~

441.

report: Colorado Water Resources Research
olorado Water Resources Research Inst. and the 

Resources Div., USGS/ G-1411-01, 38 p.

439.

440.

i

The 24th annual report describes the Wat^r Resources Research Institute's progress in 
research and technology development on priority problems which confront 
Colorado's water managers. The FY1987 jprograrA included the following research 
projects: Water-rights implications of water-qualjity regulation in Colorado; The 
economic role of water in Colorado; Incentives f0r improving irrigation efficiency in 
the South Platte Basin; Injection recharge in the Denver groundwater basin: 
operational alternatives. The report also <jjescrib0s the Institute's technology transfer 
program and other research funded by it£ State appropriation.

Grose, T.L.T., 1988, Overview of the geology (|>f the eas;t flank of the Front Range, in Holden, 
G.S., ed., Professional Contributions of the Colorado School of Mines. Field trip guidebook, 
1988; Centennial meeting, Denver, Colorado: Geological Society of America, p. 79-81.

Grozier, R.U., McCain, J.F., Lang, L.F., and Merriman, D.C., 1976, The Big Thompson River flood 
of July 31-August 1,1976, Larimer County, Colorado: penver, Colo., Colorado Water 
Conservation Board, Department of Natural Resource^, Flood Information Report, 78 p.

As much as 12 inches (305 millimeters) of rain fell on the Big Thompson River basin, 
a favorite summer-home and vacation area in Colorado, during the evening of July 
31, 1976, causing a devastating flood on tie Big Thompson River and its tributaries 
between Estes Park and Loveland, Colo. At the latest count (October 1976), Larimer 
County officials reported 139 persons lost their lives, with 5 still reported missing, 
and property damage of $16.5 million. Descriptions of the storm and flood, peak 
discharges, flood elevations, photographs of flooded areas, and aerial photographs 
of the Big Thompson and the North Fork Big Thompson Rivers, outlining inundated 
areas, are included in this report to assist public officials and private citizens in 
planning for reconstruction of the road;>, homes, and vacation areas in the Big 
Thompson River basin. (Woodard-USGS)

Grozier, R.U., McCain, J.F., and Ducret, G.L. jj"., 1975, Potential flood hazard; North Avenue 
area, Denver Federal Center, Lakewood, Colorado: U.S. Geological Survey Open- File Report 
75-45,12 p.

A potential flood hazard has been created on the Denver Federal Center by 
development of property adjacent to th[e northwest corner of the center. Prior to 
development of the property, the 100-ye(ar 1-hojjr rainfall of 2.10 inches produced a 
peak discharge of 140 cubic feet per second at the west side of Union Street. This 
discharge entered Welch ditch and the combined discharge of 205 cfs flowed south 
into Mclntyre Gulch without overflowing the east bank of the ditch. Under developed
basin conditions, the same rainfall would produ 
total storm runoff would enter the center throu 
recently constructed under Union Street and We
discharge for developed basin conditions 
and 48.

ce a peak discharge of 212 cfs. The 
;h a 54-inch corrugated metal pipe 
ch Ditch. The 100-year flood

would cause damages to buildings 67, 56,
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442. Grue, C.E., Tome, M.W., Swanson, G.A., Borthwick, S.M., and Deweese, L.R., [1988?],
Agricultural chemicals and the quality of prairie-pothole wetlands for adult and juvenile 
waterfowl: what are the concerns?, in P. ]. Stuber, ed., Proceedings of the National Symposium 
on Protection of Wetlands for Agricultural Impacts: v. Biological Report 88(16), U.S Fish and 
Wildlife Service, p. 55-64.

443. Gruntfest, E.G., 1982, Changes in flood plain land use and flood hazard adjustment in Denver 
and Boulder, Colorado 1958-1979: Diss. Abst. Int. Pt. A and Hum. & Soc. Sci., v. 43, no. 4,.

Floods in the United States cause more damage than any other natural hazard. Despite 
enormous federal expenditures for flood control, flood losses continue to rise. In 
particular, urban flood damages are rising rapidly and the trend is expected to 
continue. In 1958, a Chicago research team published an assessment of changes in 
urban flood plain land use in 17 American cities. Their 22-year study period began in 
1936, the year of the first national flood control legislation. Their findings showed 
growth in the number of flood plain structures and a heavy reliance on structural 
flood control measures. The current study examines the impact of flood plain 
management policies from 1958 to 1979 in two of the American cities which were 
studied earlier: Denver and Boulder, Colorado. The assessment in the two cities is 
composed of a summary of local flood events and legislative policy, a look at the 
change in the number and types of flood plain structures, and an examination of the 
choice and cost of structural and nonstructural flood hazard adjustments.

444. Guilbeault, B.D., 1980,1979 State-by-State assessment of low-level radioactive wastes shipped 
to commercial burial grounds: San Francisco, Calif., NUS Corp. for the Department of Energy, 
Washington, DC., NUS-3440-REV.1,109 p.

This report provides, on a State-by-State basis, estimates of the quantities and 
characteristics of low-level radioactive wastes (LLW) generated in 1979 in the 
following sectors: commercial nuclear power plants, medical and educational 
institutions, industry (other than commercial nuclear power plants), and government 
and military. An estimated 79,914 cubic cm of radioactive waste, containing 477,437 Ci 
of radioactivity were buried in the three US commercial burial grounds in 1979. By the 
best approximation available at the time of this report, the volume that could be 
attributed to the industrial category is 17,881 cubic cm and the volume that could be 
attributed to the institutional category is 14,954 cubic cm. No curie breakdown is 
possible from available sources of information.

445. Gunow, A.J., Ludington, S., and Munoz, J.L., 1980, Fluorine in micas from the Henderson 
molybdenite deposit, Colorado: Econ. Geol, v. 75, no. 8.

447. Gutentag, E.D., Heimes, F.J., Krothe, N.C., Luckey, R.R., and Weeks, J.B., 1984, Geohydrology 
of the High Plains Aquifer in parts of Colorado, Kansas, Nebraska, New Mexico, Oklahoma, 
South Dakota, Texas, and Wyoming. Regional Aquifer-System Analysis: U.S. Geological 
Survey Professional Paper 1400-B, 63 p.

448. Gutentag, E.D., and Weeks, J.B., 1980, Water table in the High Plains Aquifer in 1978 in parts of 
Colorado, Kansas, Nebraska, New Mexico, Oklahoma, South Dakota, Texas, and Wyoming: 
U.S. Geological Survey Hydrologic Investigations Atlas HA-642, scale 1: 2,500,000,1 sheet.
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449. Haagenson, P.L., 1979, Meteorological and 
Atmospheric Environment/An International

olimatol0gical factors affecting Denver air quality: 
Journal, v. 13, no. 1.

450. Hadeed, S.J., 1977, Potable water from wastcwater-Denver's program: Water Pollution Control 
Federation Journal, v. 49, no. 8 (August).

The Denver water department will soon embark on an experimental program designed
to determine whether potable water quality can be achieved by reclaiming 
wastewater. Plans call for the design ofl a 1-mgd potable quality demonstration plant 
this year, with construction commencing in 1978, and operation scheduled to begin in 
1980. Extensive water-quality monitoring and health and toxicological studies will be 
performed over a period of 5-15 yr. If th^ program is successful, the full-scale 100-mgd 
plant will be scheduled for operation b^ the early 1990s.

451. Hadley, R.F., Emmett, W.W., and Glysson, (£.D., 198^, Effects of dam construction on channel 
geometry and bed material in Bear Creek, Cjenver, Colorado, in Proceedings of the Advanced 
Seminar on Sedimentation. Circular, Denvej-, Colo., Aug. 15-19,1983: p. 35.

452. Hadley, R.F., Karlinger, M.R., Burns, A.W., imd Escrmer, T.R., 1987, Water development and 
associated hydrologic changes in the Platte j^iver, Nebraska, USA: Regul. Rivers Res. Manage., 
v. 1, no. 4, p. 331-341.

453. Haeffner, A.D., 1971, Daily temperatures anp precipitation for subalpine forest, central 
Colorado: Fort Collins, Colo., USDA Forest (3erv., Res. Pap. Rm-80, 48 p.

Daily maximum and minimum temperalures and precipitation are presented for two 
subalpine forest stations near Fraser, Colorado. Records were collected over a 33-year 
period at 9,070 feet. Mean annual temperature was 33 deg F., with the extremes 
ranging from -40 deg to 91 deg F. Annual precipitation ranged from 17 to 28 inches, 
with an average of 23 inches. Five years of record at 10,620 feet indicate lower 
maximum temperatures as well as higher minimums.

454. Haff, J.C., 1946, Features of geologic structure 
Diversion line (U.S.) (abs.): Geol. Soc. Am. Bull

on the Blue River-South Platte Transmountain 
, v. 57, no. 12 (Dec), p. 1199.

455. Hager, D.B., and Loven, C.G., 1983, How the Rocky Mountain Arsenal is handling groundwater 
contamination: Water/Engineering and Management, v. 130, no. 3(March), p. 18-19.

Groundwater contaminated with inorganic 
operations at the Rocky Mountain 
wall and hydraulic barriers and by 
granular activated carbon adsorption 
wells were installed as part of the 
isomethylphosphonate was found in 
micrograms per liter. Other chemicals 
dibromodichloropropane, and pesticides 
during 1982 indicated that levels of these 
detection limits.

hig;h

and organic chemical wastes from the 
Arsenal, Colorado, has been contained by slurry 

treatment of water with a counter-current
Several dewatering and reinjection 

activated carbon system. Di­ 
ce ncentrations, maximum 1,130 

of particular concern were dicyclopentadiene,
Monitoring of treated water-quality 

chemicals in treated effluents were below
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456. Hall, D.C., Boyd, E.L., and Cain, D., 1979, Hydrologic data for wells, springs, and streams in 
Boulder County, Colorado: U.S. Geological Survey Open-File Report 79-979,106 p.

Hydrologic data collected in 1975-77 as part of a comprehensive water-resources 
investigation of Boulder County, Colo., by the U.S. Geological Survey in 
cooperation with the Boulder County Health Department and the Colorado 
Geological Survey are presented in this report. The data, in tabular and graphic form, 
consist of water-quality analyses of selected constituents and geohydrologic-site, 
water-treatment, and sewage-treatment data for 609 wells and 48 springs; water- 
quality analyses for 102 of the wells and 9 of the springs; water-quality analyses 
of streamflow from 34 sites; and specific conductance and water-temperature 
measurements of streamflow from 3 sites. State and local officials in Boulder County 
may find these data useful in planning for residential, commercial, and industrial 
development.

457. Hall, D.C., and Duncan, A.C., 1982, Characterization of urban runoff from Grange Hall Creek at 
Northglenn, Adams County: U.S. Geological Survey Water-Resources Investigations 81-28, 
59 p.

Quality and quantity of urban runoff in upper Grange Hall Creek basin was studied 
during 1978-79. For selected storms, a median of 54.5 percent of rainfall resulted in 
runoff in the urbanized upper subbasin and 24 percent in the entire basin; runoff 
volumes increased almost linearly with rainfall. Peak flows from thunderstorms also 
increased with rainfall but responses were two-phase linear. No simple relationships 
were observed between rainfall and runoff. In dry-weather flow, specific-conductance 
values in the creek ranged from 500 to 3,930 micromhos per centimeter and in the 
unnamed southern tributary ranged from 430 to 2,500. Specific conductances tended 
to be greater in winter and less in summer. Storm runoff decreased specific 
conductance, except during snowmelt runoff when streets were sanded with up to 7- 
percent salt. Lead, manganese, cadmium, chromium, and copper concentrations 
exceeded Colorado water-quality standards. During storm runoff, major ion 
concentrations usually decreased with increased flow.

458. Hall, D.C., and Duncan, A.C., 1980, Hydrologic data from Upper Grange Hall Creek Basin,
Northglenn, Adams County, Colorado: U.S. Geological Survey Open-File Report 80-578,132 p.

Hydrologic data collected during 1977-79 as part of a water-resources investigation 
of storm runoff in Upper Grange Hall Creek basin, Adams County, Colo., are 
presented in this report. Data presented in tabular form consist of: (1) Estimated daily 
precipitation at one site (April through October, 1978 and 1979); (2) mean daily 
streamflow at two sites (December 1977 through September 1979); (3) instantaneous 
streamflow at two sites along Grange Hall Creek and corresponding cumulative 
rainfall at one to three sites for 17 storms (April 1, 1978, to August 26, 1979); (4) 
concentrations of selected major ions, fecal-coliform bacteria, suspended sediment, 
nutrients, and trace elements at five sites during dry-weather flow, at three sites 
during rainfall runoff, and at five sites during snowmelt runoff; and (5) 
concentrations of pesticides and polychlorinated biphenyls at two sites during dry- 
weather flow and rainfall runoff.

BIBLIOGRAPHY 79



459. Hall, D.C, Hillier, D.E., Nickum, E., and Dorrance 
wastewater-treatment systems on ground-water 
Colorado: U.S. Geological Survey Open-File

461.

, W.G., 1981, Effects of residential 
quality in west-central Jefferson County, 

Report 81-73 (WRI), 65 p.

The use of re'sidential wastewater-treatment 
Marshdale, and Herzman Mesa, Colo., h 
extent in each community. Age of community 
composition, permeability, and thickness 
orientation of fractures; maintenance of 
of animals are factors possibly contributing 
quality. When compared with effluent 
septic-treatment tanks is characterized 
greater concentrations of detergents. Wh 
treatment tanks, effluent from aeration- 
concentrations of dissolved oxygen, nitrite

systems in Evergreen Meadows, 
degraded ground-water quality to some

average lot size; slope of land surface; 
of sur ficial material; density, size, and 

vvastewater-treatment systems; and presence
to the degradation of ground-water 

from aeration-treatment tanks, effluent from 
greater biochemical oxygen demand and 

en compared with effluent from septic- 
Ireatme^t tanks is characterized by greater 

nitrate, sulfate, and dissolved solids.

460. Hall, D.C., Hillier, D.E., Cain, D., and Boyd, q.L., 1980, Water resources of Boulder County, 
Colorado: Denver, Colo., Colorado Department of Natural Resources and U.S. Geological 
Survey Bulletin 42, 97 p.

Surface water is abundant in Boulder County, Colo., because large amounts of 
precipitation fall in the higher mountains and this precipitation feeds the streams 
directly or indirectly throughout the year. Ground water is an important source of 
water, mostly for domestic, stock, or limited-acreage irrigation needs. The most 
frequently used aquifers are flood plain, terrace, Laramie-Fox Hills, Pierre-Niobrara- 
Benton, and crystalline rock. Median well yields of 15 or more gallons per minute 
occur for the flood plain, terrace, and Lajramie-Fox Hills aquifers. The chemical and 
bacterial quality of the surface water is best at higher altitudes and decreases as the 
streams flow easterly to the plains and leave the county. The changes in water quality 
are influenced by the hydrogeology anq the activities of man such as mining, 
farming, and sewage disposal. Many sources of water examined failed to meet 
Colorado Department of Health water-quality standards for raw drinking-water use, 
for agricultural use, and for aquatic life.i Chemical quality of the ground water, 
particularly dissolved solids, is better |n water from the unconsolidated- and 
crystalline-rock aquifers in the mountains and decreases in the aquifers on the 
plains. Factors involved in <A decrease of quality are the geohydrology and the 
quality of associated surface water. Local contamination of ground water by 
subsurface wastewater disposal is a frequent problem.

Hall, D.C., and Johnson, C.J., 1979, Drinking
fractured crystalline-rock aquifer, west-central Jefferson County
Survey Water-Resources Investigations 79-94

water quality and variations in water levels in the 
, Colorado: U.S. Geological

,52 p.

In parts of Jefferson County, CO, wat 
crystalline-rock aquifer contained exces 
bacteria, trace elements, or radiochemicai 
water from 21 of the wells contained exc 
constituents. Drinking water standards 
wells, nitrate plus nitrite in 2 wells, dissolved 
manganese in 8 wells, zinc in 2 wells, coliform

zr for domestic use from the fractured 
ive concentrations of major ions, coliform 
s. Based on results of analyses from 26 wells, 
sssive concentrations of one or more 
were exceeded for fluoride in water from 2 

solids in 1 well, iron in 6 wells,
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radiation in 11 wells and possibly 4 more, and gross beta radiation possibly in 1 well. 
Local variations in concentrations of 15 chemical constituents, specific conductance, 
and water temperature were statistically significant. Specific conductance increased 
significantly during 1973-75 only in the vicinity of Indian Hills. Annual range in 
depths to water in 11 observation wells varied from 1 to 15 feet. The shallowest water 
levels were recorded in late winter, usually in February. The deepest water levels 
occurred during summer or fall, depending on the well and the year. Three-year 
trends in water-level changes in 6 of the 11 wells indicated decreasing water storage 
in the aquifer.

462. Hampton, E.R., 1975 , Map showing availability of hydrologic data published by the U.S. 
Environmental Data Service, and by the U.S. Geological Survey and cooperating agencies, 
Greater Denver area, Front Range Urban Corridor, Colorado: U.S. Geological Survey 
Miscellaneous Investigations Series Map I-856C.

This map shows types and locations of the hydrologic data published as of January 
1974 for the Greater Denver area by the U.S. Environmental Data Service and by the 
U.S. Geological Survey and cooperating agencies. The sources of the data are given 
in both the discussion and the reference. Climatological data include records of 
precipitation, temperature, and evaporation. Surface-water data include continuous 
record of stage and discharge of streams; crest-stage and low-flow discharge of 
streams; chemical quality of streams, lakes, and reservoirs; sediment load of 
streams; and stage of reservoirs. Locations of 46 surface-water data sites are 
shown on the map. Ground-water data sites plotted on the map represent 218 wells 
where water levels have been measured periodically for 4 or more years or monthly 
for at least 1 year, and 366 wells from which water samples have been analyzed for 
dissolved-chemical constituents.

463. Hansen, W.R., 1973, Effects of the May 5-6,1973, storm in the Greater Denver area, Colorado: 
U.S. Geological Survey Circular 689, 20 p.

The Greater Denver area, Colorado, has had a long history of intensive rainstorms and 
infrequent but destructive floods. Rain began falling on the Greater Denver area the 
evening of Saturday, May 5, 1973, and continued through most of Sunday, May 6. 
Below about 7,000 feet altitude, the precipitation was mostly rain; above that 
altitude, it was mostly snow. Although the rate of fall was moderate, at least 4 inches 
of rain or as much as 4 feet of snow accumulated in some places. Sustained 
precipitation falling at a moderate rate thoroughly saturated the ground and by 
midday Sunday sent most of the smaller streams into flood stage. The South Platte 
River and its major tributaries began to flood by late Sunday evening and early 
Monday morning. Damage was generally most intense in areas where man had 
modified the landscape by channel constrictions, paving, stripping of vegetation 
and topsoil, and oversteepening of hillslopes. Roads, bridges, culverts, dams, 
canals, and the like were damaged or destroyed by erosion and sedimentation. 
Streambanks and structures along them were scoured. Thousands of acres of 
croplands, pasture, and developed urban lands were coated with mud and sand. 
Flooding was intensified by inadequate storm sewers, blocked drains, and 
obstructed drainage courses. Saturation of hillslopes along the Front Range caused 
rockfalls, landslides, and mudflows as far west as Berthoud Pass.
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464. Hansen, W.RV 1977, Geologic aspects of solid w^ste disposal in the urban environment: U.S. 
Geological Survey Special Publication 8, 43-51 pi

465. Hansen, W.R., 1976, Geomorphic constraints on

469.
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land development in the Front Range Urban
Corridor, in Coates, D.R., ed., Urban geomorphology: Geological Society of America Special 
Paper 174, p. 85-109.

466. Hansen, W.R., Chronic, J., and Matelock, J., 1978, Climatpgraphy of the Front Range Urban 
Corridor and vicinity, Colorado: U.S. Geological Survey [Professional Paper 1019,59 p.

467. Hansen, W.R., and Crosby, E.J., 1982, Environmental geollogy of the Front Range Urban 
Corridor and vicinity, Colorado, with a section on Physical properties and performance 
characteristics of surficial deposits and rock units, by R.R. Shroba: U.S. Geological Survey 
Professional Paper 1230, 93 p.

468. Hansink, J.D., 1976, Equilibrium analysis of a sandstone roll-front uranium deposit, in
Exploration for Uranium Ore Deposits: Denver, Colo., I.A.E.A. and Rocky Mt. Energy Co., 
p. 683-693.

Hardaway, J.E., and Fox, R.L., 1974, Summary report 
South Platte River Basin 1966-1972: Denver, Colo 
VIII, Report EPA-908/2-74-002,117 p.

on the long-term water-quality of the 
., Environmental Protection Agency, Region

Analysis of water-quality data collected 
South Platte River Basin (Colorado) shows 
deteriorates as it passes through the Dem r er met
coliforms and BOD5 levels have increased in recent years, and dissolved oxygen has
sometimes dropped below the acceptable 
proposed to improve data reliability and

1968-72 at 21 sampling stations in the 
hat surface water quality significantly

ropolitan area. At Denver,

concentrations were usually at the Franklin Street station, averaging 550,000/100 ml
for total coliforms, and 3000/100 ml for feca

imit of 5 mg/1. A monitoring system is
comprehensiveness. Highest coliform

coliforms. Levels have occasionally risen
to 100 times the mean values. DO content pecreased from a median upstream of 
about 8 mg/1 to a median of 6 mg/1 at Denver, with lows of 2 mg/1. BODS increased 
to a median of about 15 mg/1 in the metropolitan area, with highs over 25 mg/1. 
Nitrate, phosphate, and ammonia all showed high levels from Denver as far as 
100 km downstream to Kersey. Phosphate and ammonia were particularly high at 7 
and 6 mg/1. Overall deterioration of water-quality in the main stem occurred 
throughout the metropolitan area, not just downstream from the major treatment 
plants. Over the study period, there was a general decrease in coliform bacteria, but
an increase in recent years in the Denver area, 
unpredictable fashion. BODS have been relatively 
which doubled in the first quarter of 1973.

DO has varied in a cyclical but 
consistent, except at Henderson

Harms, J.C., 1981, Lateral seals of small stratigraphic traps in Cretaceous rocks, western 
Nebraska, in 1981 AAPG annual convention with divisions; SEPM/EMD/DPA. AAPG Bulletin, 
San Francisco, Calif., May 31-June 3,1981: v. 65, Am. Association Petroleum Geologists, p. 935.
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century of water research; 25th annual New Mexico water conference. Proceedings of the 
Annual New Mexico Water Conference, WRRI Report No. 124: [New Mexico?], High Plains 
Assoc., p. 123-133.
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Colorado State Univ., 283 p.
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streams of eastern Colorado and sedimentological effects of Lawn Lake Dam failure, Rocky 
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ancient fluvial systems in the United States. Third Int. Fluvial Sed. Conf.: Fort Collins, Colo., p.
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Large, concentrically zoned, rare-earth-bearing pegmatite bodies occur within granite 
of the Pikes Peak batholith and are associated with aplite dikes, quartz veins, deuteric 
wallrock alteration, and fluorite veins. Pegmatite emplacement took place by liquid 
segregation in a giant miarole, or autointrusion, or a combination thereof in the early 
stages of batholith crystallization.
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490. Hendricks, D. W., and Bluestein, M.H., 1976, Response of South Platte River to effluent quality 
limitations.: Journal of the Environmental Engineering Division (ASCE), v. 102, no. 4, p. 745.

A computer simulation model is used to project the water quality improvements 
resulting from implementation of 1977, 1983, and 1985 federal effluent quality 
limitation requirements for all water discharges in the South Platte River basin, 
Colo. Sufficient improvements of water quality in the plains zone will be achieved 
by 1983 to permit fish propagation and recreation. However, improvement in water 
quality alone is precluded by the modifications caused by intense human uses of the 
stream and associated lands and by the limiting characteristics of the plains system.

491. Hendricks, D.W., and Dehaan, R.W., 1975, Input-output modeling in water resources system 
planning: Fort Collins, Colo., Colorado State Univ., Environ. Engineering TR-3,106 p.

Principles of input-output modeling of economic systems are adapted to the 
description of a water resources system. The major sectors of supply and demand are 
identified, such as 'native surface water flows,' 'imported water, 1 'agriculture, 
'municipal.' These sectors were disaggregated further into specific water transferring 
entities, such as particular streams, geographical regions of the agricultural sector, 
specific cities, etc. This resulted in an 81 x 80 matrix, displayed on a magnetic board. 
From this, the distribution of available supplies is seen on the rows from each supply 
source. How each demand entity satisfies its needs is seen as the sum of the entries for 
the respective column. From this, an entire water resources system is displayed at 
once. This was done for the year 1970 for the South Platte basin.

492. Hendricks, D.W., and Dehaan, R.W., 1981, The input-output water transactions model of supply 
and demand: Water Supply and Management, v. 5, no. 4/5, p. 317-330.

This paper focuses on the basic guidelines for input-output water planning and 
the general application of the model in basin-wide planning. The major purposes 
are to demonstrate how a simple tabular display, the input-output water transactions 
table, can be constructed to represent a complex water system, and to indicate the 
utility of the table in water planning. The 1970 input-output table of the South 
Platte Basin depicts the system structure for innumerable transfers of water. These 
transfers give the 'fits' between the sources of supply and the demand sectors shown. 
The structure, implicit in the matrix, is formed by the water rights priorities and the 
commensurate physical facilities for water storage, conveyance, and distribution. 
The input-output table ties together all of the diverse components of a water 
resource system such that the relationships between the parts and the whole can be 
discerned. Such a display provides a framework for making judgments about 
alternative water supply alternatives in the context of political, environmental, and 
legal questions, as well as physical ones. It is, at the same time, a planning 
methodology and a core of information.

493. Hendricks, D. W., Janonis, B. A., Gerlek, S., Goldbach, J.C., and Patterson, J.L., 1982, Modeling of 
water supply-demand in the South Platte River basin, 1970-2020: Water Resources Bulletin, v.
18, no. 2 (April), p. 279-287.

A water balance model was applied to the South Platte River basin, Colorado, to 
determine solutions to the supply/demand problem for both average and stress
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982, Sequential water reuse effect on stream 
>. 317-324.

A salinity model based on the water balance principle was developed to estimate the 
effects of sequential reuse of stream water on residual streamflow and salinity. The 
salinity increases and streamflow decreases caused by sequential water reuse in arid 
and semiarid western U.S. areas were shown in an application of the model to the 
South Platte River Basin, Colorado. The upper limit of total diversions based on 
minimum streamflow alone was 6,846,903 acre-feet per year, which corresponded
with an intolerable 5,000 to 10,000 mg per
tolerable salinity of 2,600 mg per liter, the upper
5,430,300 acre-feet per year. If it was possible to capture an additional 300,00 acre-
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503. Hershey, L.A., and Schneider, P.A., Jr., 1964, Ground water investigations in the Lower Cache 
La Poudre River Basin, Colorado: U.S. Geological Survey Water-Supply Paper 1669-X, 22 p.

Ground water is a major natural resource in the lower Cache la Poudre River basin of 
Colorado. Alluvial deposits overlying rocks of Late Cretaceous age constitute the 
principal aquifers and yield from a few gallons to 2,000 gpm. About 86,000 acre-feet 
of water was pumped for irrigation in 1959 from 1,300 irrigation wells. Included are 
maps showing location and distribution of irrigation wells, relative availability of 
ground water by areas, approximate boundaries of alluvial aquifers, and an analysis 
of representative water samples.

504. Herzog, D. }., 1982, Geologic influence on sensitivity of watersheds in Rocky Mountain National 
Park to acidification: Fort Collins, Colo., Colorado State University, MS thesis, 176 p.
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507. Higley, D.K., and Gautier, D.L., 1987, Median-porosity contour maps of the J Sandstone, Dakota 
Group, in the Denver Basin, Colorado, Nebraska, and Wyoming: U.S. Geological Survey 
Miscellaneous Field Studies Map MF-1982, scale 1:500,000,1 sheet..
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of 100 tons U sub 3 O sub 8 at grades of 0.01% or better. Six of these areas are in 
metamorphic and igneous rocks of the Front Range, one is in sedimentary rocks of 
South Park, and two are in sedimentary rocks of the Great Plains. Favorable areas and 
the classes of deposits for which they are thought to be favorable are: Area A, The 
Foothills Favorable Environment (700 sq km to a depth of 1500 m); Areas B-D, The 
Silver Plume Granite Favorable Environment; Area E, Southern Elkhorn Upthrust 
Favorable Environment; Area F, South Park Favorable Environments (27 sq km in 
units of variable thickness); Area G, Dawson Arkose Favorable Environment (3600 sq 
km with an estimated thickness of 50 m); and Area H, Fox Hills Formation Favorable 
Environment (700 sq km with an estimated thickness of 38 m). Other areas and 
environments in the Denver Quadrangle have uranium occurrences and some have 
yielded small amounts of uranium ore in the past (for example the Central City 
district). These areas are ranked as unfavorable because, in our judgment, the 
evidence does not suggest favorability for deposits of the minimum size. However, 
neither empirical data nor genetic models for uranium deposits are adequate presently 
to make determinations of favorability with confidence, and changes of rank are to be 
expected in the future.

515. Hofstra, W.E., and Hall, D.C., 1975, Hydrogeologic and water- quality data in western Jefferson 
County, Colorado: U.S. Geological Survey and Colorado Department of Natural Resources, 
Water Resources Basic-Data Release 36, 51 p.

Information is presented on the availability of water for domestic supply in the 
mountainous area in Jefferson County, Colo. The area covered by the study is 
roughly 300 square miles of mountainous Jefferson County extending from Clear 
Creek on the north to the Pike National Forest boundary on the south and from the 
east edge of the Front Range mountains to the western boundary of the county. 
The population of the mountainous part of the county was roughly 20,000 in 1974. 
Hydrologic data were collected at 34streamflow sites. Bacteriological and chemical 
analyses of surface waters are given for 32 sites. During the study, 31 springs and 
727 wells were sampled. Comprehensive bacteriological and chemical analyses of 
samples collected from 38 wells and 1 spring are given. Eleven test wells were drilled 
by air-percussion. Geologic logs and hydrologic test data for these wells are given.

516. Hofstra, W.E., Major, T.J., and Luckey, R.R., 1972, Hydrogeologic data for the northern High 
Plains of Colorado: U.S. Geological Survey , Colorado Water Conservation Board, Colorado 
Division of Water Resources, Office of the State Engineer, and the High Plains Management 
Districts, Basic-Data Release No. 23, 143 p.
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Geoarchaeology, Vol. 2, No. 4, 317-329,1987: Denver, Colo., Geol. Soc. Am.

518. Hooper, R.M., 1968, Wetlands in Colorado: Denver, Colo., Department of Game, Fish and Parks, 
State of Colorado, Colorado Division of Wildlife Tech. Publ. 22, 89 p.

519. Hopton, N.R., and Mazhar, P.M., 1985, Geotechnical aspects of Strontia Springs, in Zagars, A., 
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523. Huebert, B.J., Norton, R.B., Bollinger, M.J., Parrish, D.D., and Hahn, C v 1983, Gas phase and 
precipitation acidities in the Colorado mountains, in Acid rain: A water resources issue for the 
80's: Bethesda, Md., American Water Resources Association, p. 17-23.

For the past few years, both the gas phase concentrations of nitric acid, its 
precursors, and nitrate aerosols and the precipitation concentrations of nitrate 
were measured at Niwot Ridge, a remote area field site located at 3-km elevation in 
the Colorado mountains west of the Denver metropolitan area. The measurements 
were made using a variety of techniques: filter collection, ion chromatographic 
analysis, direct pH and conductivity determinations, and chemiluminescence 
detection. An extensive wind speed/wind direction network, coupled with trajectory 
analyses, provided meteorological support. The prevailing winds at the site are from 
the west, although occasionally, the wind is from the east, across the metropolitan 
area in that direction. Correlations between the wind direction and the acidity 
levels, show that, despite the fact that east winds are atypical, the acidic 
components accompanying these winds are the likely major source of the relatively 
high acid deposition that occurs at the site. The observed nitric acid/precursor 
correlations are consistent with the current picture of the transformation chemistry. 
During the winter of 1980/81, it was shown that snow scavenges nitric acid and 
nitrate very efficiently.

524. Humble, D.E., 1991, Recovery of stressed aquatic communities - an incremental assessment 
approach to evaluation of water-quality and non-water-quality related factors (abstract only), w 
Woodring, R.C., ed., South Platte resource management: Finding a balance: Fort Collins, Colo., 
Colorado Water Resources Research Center, p. 24.

525. Huntoon, P.W., and Lundy, D.A., 1979, Evolution of ground-water management policy for 
Lnramie, Wyoming, 1869-1979: Ground Water, v. 17, no. 5, p. 470-475.

526. Huntoon, P.W., and Lundy, D.A., 1979, Fracture-controlled ground-water circulation and well 
siting in the vicinity of Laramie, Wyoming: Ground Water, v. 17, no. 5, p. 463-469.

527. Hurr, R.T., 1973, The effect of transmountain diversions on the flow of the South Platte River 
between Henderson and Kersey, Colorado (abstract only), in Rocky Mountain Section, 26th 
Annual Meeting of the Geol. Soc. Am., Abstracts: v. 5(6), Geological Society of America, p. 485- 
486.

528. Hurr, R.T., 1976, Effects of water-management practices on the flow of the South Platte River, 
Colorado, in International Symposium on the Hydrological Characteristics of River Basins and 
the Effects on these Characteristics of Better Water Management, Tokyo, Japan, December 1975: 
v. 117, International Association of Hydrological Sciences, p. 611-618.

Water-management practices have affected the various components which make up 
the flow of the South Platte River in Colorado. Installation of wells and ground-water 
withdrawals that for many years were individual and unregulated farm-management 
practices, have reduced the return flow to the river. However, an increase in 
transmountain diversions that resulted in an increased return flow of irrigation 
water to streams tributary to the South Platte River, occurred simultaneously with 
a decrease in direct diversions from the river. The effect was little net change in 
annual streamflow of the South Platte River at the Colorado-Nebraska State line.
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533. Hurr, R.T., and Schneider, P.A., Jr., 1977, Ground-water resources of the alluvial aquifers in 
northeastern Larimer County, Colorado: U.S. Geological Survey Water-Resources 
Investigations 77-7, 31 p.

Ground water is a source of municipal, domestic, stock, and irrigation supply for 
most of northeastern Larimer County, Colo. A study of the alluvial aquifers in the 
northeastern part of the county was conducted to determine volume of water in 
storage, rate and location of ground-water withdrawals, and chemical quality of 
the water with particular attention to dissolved solids, hardness, sulfate, and 
selenium. There are 251 large-capacity wells in the study area. Well yields range 
from about 80 gpm (gallons per minute) to a little over 1,800 gpm. Total volume of 
water in storage is about 133,000 acre-feet 32,000 acre-feet in the alluvium of 
Buckeye terrace and 101,000 acre-feet in the valley-fill aquifer associated with 
Boxelder Creek. Ground-water withdrawals for irrigation are about 25,000 acre- 
feet annually. The municipal wells pumped 210 acre-feet in 1974. The factors 
affecting ground-water quality are the quality of applied irrigation water, the amount 
of water lost to evapotranspiration during irrigation, and, to a lesser degree, solution 
of soluble material in the alluvium and in the bedrock at the base of the alluvium. 
Ground water at the north end of the Buckeye terrace contains only about 300 mg/ 
liter dissolved solids. Recharge is from surface water containing less than 90 mg/ 
liter dissolved solids. Concentrations of all constituents increase downgradient to 
the south due to solution and evaporative concentration.

534. Hurr, R.T., and Schneider, P. A., Jr., 1972, Hydrogeologic characteristics of the valley-fill aquifer 
in the Brighton Reach of the South Platte River valley, Colorado: U.S. Geological Survey Open- 
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Maps showing location, wells, bedrock, water-table, saturated thickness, and
transmissivity.
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Valley, northeastern Colorado: Denver, Colo., Colorado Water Conservation Board, Water 
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543. Illangasekare, T.H., and Morel-Seytoux, H.J., 1986, Algorithm for surface and ground-water 
allocation under appropriation doctrine: Ground Water, v. 24, no. 2, p. 199-206.

544. Illangasekare, T.H., and Morel-Seytoux, H.J., 1986, A discrete kernel simulation model for 
conjunctive management of a stream-aquifer system: Journal of Hydrology, v. 85, no. 3-4, 
p. 319-338.

A stream-aquifer simulation model was developed to conduct a conjunctive use 
management study in the South Platte River in Colorado. This model simulates both 
the physical and operational behavior of the system. The physical system modeled is 
comprised of the river and the saturated and unsaturated zones of the aquifer. A 
technique referred to as the "discrete kernel approach" was used to model the 
saturated zone of the aquifer. This technique is based on the classical Green's function 
method of solution of partial differential equations. The physical simulator was 
coupled to an allocation model which simulates the operational behavior of the 
system. The management model was applied to conduct a conjunctive use study 
involving the evaluation of a stream flow augmentation scheme. A summary of the 
results of this case study is presented.

545. Ingham, E.R., Trofymow, J.A., Ames, R.N., Hunt, H.W., Morley, C.R., Moore, J.C., and Coleman, 
D.C., 1986, Trophic interactions and nitrogen cycling in a semi-arid grassland soil. System 
responses to removal of different groups of soil microbes or fauna: Journal Appl. Ecol., v. 23, 
no. 2, p ; 615-630.

546. International Engineering Company, Inc., Dames & Moore Consulting Engineers, and Taliesin 
Associated Architects, 1973, Appendix to Environmental Study; Upper South Platte Unit, 
Colorado: [Denver, Colo?], U.S. Bureau of Reclamation, variously paginated.

547. Ives, R.L., 1940, Rock glaciers in the Colorado Front Range: Geol. Soc. Amer. Bull., v. 51, p. 1271- 
1294.

548. Jack, J.G., 1900, Pikes Peak, Plum Creek, and South Platte reserves: Twentieth Annual Report, 
1898-99; Part 5, 39-115 p.

549. Jackson, J.R., 1972, Vegetation of the floodplain of the South Platte River in the proposed
Narrows Reservoir site: Greeley, Colo., MA. Thesis, University of Northern Colorado, 83 p.

A vegetational analysis of the proposed site of the Narrows Reservoir and 
surrounding prairie was initiated in 1971. Composition and distribution of flood plain 
communities were determined. Five distinct community types were present: the pure 
Snlix spp. community occupying the most moist habitat and least important on the 
basis of area; the mixed Salix spp. and Populus sargentii (Doda.) community occupying 
the 2nd most moist habitat and 2nd most important on the basis of area; the open and 
closed P. sargentii communities occupying the 3rd most moist habitat and ranked 1st 
and 3rd on the basis of size; and the open park community occupying the driest habitat 
and the 4th most important on the basis of size. The importance of most species was 
dependent on the community type in which they occurred. Relationships between soil 
texture, relative wetness of sites and community type were also determined. No rare 
or endangered species were encountered.
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556. Janovy, }., Jr., Ruhnke, T.R., and Wheeler, T.A., 1989, Salsuginus thalkeni n. sp. (Monogenea:
Ancyrocephalidae) from Fundulus zebrinus in the South Platte River of Nebraska: J. Parasitol., v.
75, no. 3, p. 344-347.

Salsuginus thalkeni n. sp. (Monogenea: Ancyrocephalidae) is described from the gills of the 
plains killifish, Fundulus zebrinus, in the South Platte River of Nebraska. Salsuginus 
thalkeni is distinguished from previously described species by measurements of 
sclerotized parts and by proportions (measurement ratios), differences between dorsal 
and ventral hamuli, and angles between deep and superficial hamulus roots.

557. Jansekok, M.P., and Urbonas, B.R., 1989, Hyetograph compositeing effects on urban runoff 
modelling, in Proceedings of Stormwater and Water Quality Model Users Group Meeting, 
Denver, Colo., October 3-4,1988: v. EPA Report No. EPA/600/9-89/001, p. 183-195.

Rainfall and runoff data from a 3.08-sq.-mi. urban watershed in Denver, Colorado was 
used to investigate the effects of compositing several recorded rainstorm hyetographs 
on urban stormwater runoff modelling results. The watershed in this semi-arid region 
had data at five rain gages and two flow gages, which provided the basis for 
calibrating an Urban Drainage and Flood Control District version of the Storm Water 
Management Model (SWMM). The calibrated model was then used to examine the 
effects of runoff calculations using a single composite hyetograph for each storm. 
Compositing of hyetographs was performed using two types of area weighted 
techniques. The five hyetographs were then composited directly using the recorded 
rainfall depth at each clock time interval. In addition, the hyetographs were 
composited using a technique that first shifted the five gage records so the peak 
rainfall time increments of each hyetograph were aligned. In this study, very little 
difference was found in peak flow and runoff volume simulations between the two 
types of hyetographs compositing techniques, namely compositing straight across or 
compositing using peak preservation. However, the authors believe that it is 
premature to accept this finding as a general finding applicable under all conditions. 
Both methods tended to underestimate peak flows and volumes when compared 
against the calibrated multi-rain gage hyetograph runs using a calibrated SWMM 
model.

558. Jarrett, R.D., and Boyle, J.M., 1986, Pilot study for collection of bridge-scour data: U.S. 
Geological Survey Water-Resources Investigations Report 86-4030, 46 p.

559. Jnrrett, R.D., and Costa, J.E., 1986, Hydrology, geomorphology, and dam-break modeling of the 
July 15,1982, Lawn Lake Dam and Cascade Lake Dam failures, Larimer County, Colorado: U.S. 
Geological Survey Professional Paper 1369, 78 p.

At approximately 0503 Mountain Daylight Time on the morning of July 15,1982, Lawn 
Lake dam, a 26-ft-high earthen dam located in Rocky Mountain National Park, 
Colorado, failed. The dam released 674 acre-feet of water and an estimated peak 
discharge of 18,000 cubic feet per second down the Roaring River valley. Three people 
were killed and damages totaled $31 million. Floodwaters from Lawn Lake dam 
overtopped a second dam, Cascade Lake dam, located 6.7 miles downstream, which 
also failed. Cascade Lake dam, a 17-ft-high concrete, 12.1 acre-foot capacity dam, 
failed by toppling with 4.2 feet of water flowing over its crest. The flood continued 
down the Fall River into the town of Estes Park, which received extensive damage
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573. Jones, C.V., and Morris, J.R., 1984, Instrumental price estimates and residential water demand: 
Water Resources Research, v. 20, no. 2 (Feb), p. 197-202.

When a commodity is sold at a schedule of rates depending on the quantity consumed, 
econometric analysis must consider questions not encountered for goods offered at 
uniform prices. Instrumental estimates of two price specifications, one motivated by 
the consumer decision problem given full information about rates and charges and the 
other an average price formulation, are developed to correct for measurement error 
when residential water sales are made at a schedule of rates, rather than at uniform 
prices. Annual water purchases of single-family residences are regressed on these 
instrumental price estimates, family income, and household size by ordinary least 
squares, based on a sample of 326 observations from metropolitan Denver, Colorado, 
for 1976. The resulting demand estimates are robust to the price concept specified, 
given proportional variation in all rates and charges, and are consistent with 
findings in the literature. The overall price elasticity estimates range between -0.14 in 
a linear model to -0.44 in a log-log model, while the estimated income elasticity varies 
between 0.40 and 0.55.
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NPDES program. Also, wet weather quality criteria that are in developmental stages 
may greatly impact State water-quality standards and practice. This study is a step in 
determining the answers to these and other possible questions.
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The philosophy of the Reclamation Act of 1902 was that all reclamation project costs 
should be repaid in full except interest on construction costs. However, early 
reclamation cost-sharing policy was not successful in that repayments to the 
government fell short of planned levels. This led to a series of changes culminating 
with the Reclamation Act of 1939. It revised reclamation policy from total repayment 
of cost to repayment on an 'ability to pay' basis determined by USER. Since that time, 
charges for USBR-supplied irrigation water have not been required to reflect the cost 
of water supply. Consequently, there has been a growing concern with the degree to 
which reclamation irrigation projects are subsidized. Critics believe that it is unlikely 
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full cost.
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cubic meters per second. The probability of the effective discharge being equaled or 
exceeded ranged from 1 to 30 percent for the four sites.
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602. Klooz, D., and Hendricks, D.W., 1980, Planning water reuse: development of reuse theory and 
the input-output model, Vol II. Application: Fort Collins, Colo., Colorado Water Resources 
Research Institute, Completion Report 115,154 p.

In order to facilitate the exploration of municipal water reuse alternatives, a water 
reuse methodology and an input-output water balance model have been developed in 
the research. Case study demonstrations in the South Platte River Basin of Colorado 
are used to document the application of the methodology and the input-output water 
balance model. Volume I of the research develops the reuse planning methodology 
and applies the methodology in two case studies. The water reuse planning 
methodology is based on: (1) a synthesis of reuse definitions from the literature; (2) an 
analysis of proposed and existing water reuse projects to discover new directions in 
reuse development; (3) identification of financial and regulatory incentives contained 
in the water-quality laws; and (4) the identification of mechanisms in appropriative 
water laws that influence water reuse. Volume II adapts basic input-output principles 
to the context of reuse in a water resources system. The depiction of water reuse by 
this methodology is based on two reuse schemes. One scheme focuses on the various
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Nebraska, demonstrated year-long distributions and intensities similar to those 
reported for the summer months of 1975 and 1976 (Knight et al., 1977). Downstream 
from the diversion dam, the prevalence of M.funduli in F. kansaewas considerably lower 
than that observed upstream. The demographic characteristics of the infected fish 
subpopulation were identical to those of the whole fish population upstream from the 
diversion; those infected fish downstream from the diversion were too few to establish 
conclusive demographic results.
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Energy minimization efforts undertaken by the Metro Denver Sewage District are 
described. One of the major accomplishments lies in the secondary treatment process,
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Rivers, concentrations average 500 to 850 mg/L. Because of the semiarid climate of the 
basins, soils are not adequately leached. Consequently, flow in ephemeral streams 
usually has a larger concentration of dissolved solids than that in perennial streams, 
averaging 1,000 to 1,600 mg/L. Aquifers containing usable water are consolidated and 
unconsolidated Quaternary and upper Tertiary deposits; Mesozoic and Paleozoic 
sedimentary rocks; and lower Tertiary and Upper Cretaceous sedimentary rocks 
containing coal. These aquifers are used for municipal, domestic, irrigation, and stock 
supplies. Well yields range from about 5 to 1,000 gal/min and depend on type of 
aquifer, saturated thickness, and degree of fracturing. The best quality groundwater 
generally comes from aquifers that do not contain coal. Hydrologic problems related 
to surface mining are erosion and sedimentation, decline in water levels, disruption of 
aquifers, and degradation of water-quality. General lack of runoff from semiarid mine 
areas combined with buffer and dilution capacities of major streams minimizes effects 
on surface water. However, effects on groundwater systems may be much more severe 
and longlasting.
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Fort Collins, Colo., Colorado State Univ., Water Resources Research Inst., Information Series 41, 
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A computer simulation model was developed to test various alternative strategies of 
water management along the Colorado Front Range, where increasing population has 
resulted in ever-increasing demands for water by municipalities, industry and 
agriculture. This water management area uses a complex of high-mountain and plains 
reservoirs to store water, fulfill water-rights commitments, and provide water 
recreation opportunities. Two water management alternatives were tested using the 
computer simulation model. The first involved enhancement recreational facilities 
through a water-exchange plant to keep filled some high-mountain reservoirs (where 
recreation demand is greater), while drawing more heavily on plains reservoirs and 
the remaining high-mountain reservoirs. In the simulated program, three high- 
mountain reservoirs were kept full while meeting all water- rights commitments. In 
the second simulation treated sewage effluent was diverted from the city of Fort 
Collins to fill the 13,000-acre-foot cooling pond for the Rawhide Power Plant, 
scheduled for startup in 1985. If weather patterns of the past 25 years remain relatively 
stable, the model shows that the pond can be filled by 1985 and losses replenished 
without injury to other water-right owners.
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Plutonium concentrations in the bed sediment of reservoirs (Great Western Reservoir, 
Standley Lake, Cherry Creek Reservoir, Marston Lake, and Ralston Reservoir) in the 
environs of the Atomic Energy Commission Rocky Flats Plant were determined by 
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recarbonation, filtration, ultraviolet irradiation, activated carbon adsorption, reverse 
osmosis, air stripping, ozonation and chloramination. An additional sample is 
obtained from the identical treatment process substituting ultrafiltration for reverse 
osmosis. The toxicology tests to evaluate the possible long-term health effects are 
chronic toxicity and oncogenicity studies in Fischer 344 rats and B6C3F1 mice and 
reproductive/teratology in Sprague-Dawley rats. The results of these evaluations will 
be correlated with microbiological, chemical, and physical test results to establish the 
relative quality of reclaimed water compared to all established health standards as 
well as Denver's pristine drinking water.
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The feasibility of directly treating processed wastewater plant effluent to potable 
quality is being tested in Denver, CO, with a full-scale, 1-mgd (3.8-ML/d) 
demonstration plant. The complexity of putting the system into operation and the 
results to date are described, along with an outline of the plans for health effects 
research, economic studies, and programs to gain public acceptance of direct reuse. 
This project is expected to provide the information necessary to evaluate the 
feasibility of direct reuse, especially for cities located in water-scarce areas where 
development of more conventional water resources is becoming increasingly costly, 
both in terms of the environment and in capital investments.

637. Lauer, W.C., Rogers, S.E., LaChance, A.M., and Nealey, M.K., 1991, Process selection for potable 
reuse health effects studies: Am. Water Works Assoc. J., v. 83, no. 11, p. 52-63.

638. Laura, D., 1976, Interdisciplinary water resources decision evaluation model, in American 
Geophysical Union; 1976 spring annual meeting. Eos (Am. Geophys. Union, Trans.), 
Washington, D.C., April 12-15,1976: v. 57, 249 p.

639. Lawrence, E., Wanty, R., and Poeter, E., 1991, Geohydrologic, geochemical, and geologic
controls on the occurrence of radon in ground water near Conifer, Colorado, USA: Journal of 
Hydrology, v. 127, p. 367-386.

640. Lazaro, R.C., 1981, Adaptive real-time streamflow forecasting model for hydrosystem 
operational planning: Fort Collins, Colo., Colorado State University, 230 p.

641. Lazaro, R.C., Labadie, J.W., and Salas, J.D., 1982, State-space streamflow forecasting model for 
optimal river basin management-- Decision making for hydrosystems; forecasting and 
operation, in Unny, T.E., and McBean, E.A., ed., International symposium on real-time 
operation of hydrosystems: Littleton, Colo., Water Resour. Publ., p. 325-348.

642. Leaf, C.F., 1971, Areal snow cover and disposition of snowmelt runoff in central Colorado: Fort 
Collins, Colo., Rocky Mountain Forest and Range Experiment Station, Forest Service Research 
Paper RM-66, 25 p.

Areal snow-cover depletion and resultant snowmelt and water yield were studied on 
three small watersheds in the Fraser Experimental Forest. High water yield 
efficiencies were observed on two watersheds which had (1) almost complete snow 
cover when seasonal snowmelt rates on all major aspects were maximum; (2) a delayed
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Land-use types in the basins were light commercial, multifamily housing, single- 
family housing, and a shopping center. The overall accuracy of model predictions of 
peak flows and runoff volumes was about 15 percent for storms with rainfall 
intensities of less than 1 inch per hour and runoff volume of greater than 0.01 inch. 
Predictions generally were unsatisfactory for storm having a rainfall intensity of more 
than 1 inch per hour, or runoff of 0.01 inch or less. The Distributed Routing Rainfall- 
Runoff Model-Quality, a multievent runoff-quality model developed by the U.S. 
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to be most useful in the prediction of seasonal loads of constituents in the runoff 
resulting from rainfall. The model was not very accurate in the prediction of runoff 
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Precipitation-frequency curves are developed on the basis of data collected before 
1985 a second set of curves are developed on the basis of data collected through 1986. 
The data are plotted and analyzed three times, assuming: (1) The data are described 
by a Gumbel distribution (2) the logarithms of the data are described by a Gumbel 
distribution and (3) the logarithms of the data are described by a Pearson Type III 
distribution. The inclusion of data for the large storm of August 1, 1985, had the most 
noticeable effect on the prediction of the magnitude of storms of long average 
recurrence intervals for the 1-, 2-, and 24-hour durations. Seven intensity-duration 
curves were calculated for the August 1, 1985, storm. For durations greater than 30 
minutes, the observed curve indicates greater intensity than do five of the seven 
calculated curves. Dimensionless hyetographs were developed for 10 flood-producing 
storms that have occurred in the Cheyenne area since 1903. The pattern index (integral 
of the dimensionless hyetograph curve) for the storm of August 1, 1985, is 3 standard 
deviations lower than the mean of the pattern indices for the remaining 9 storms, 
indicating that the distribution of precipitation with time for the August 1,1985, storm 
was outside the normal range for Cheyenne.
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A digital computer model was developed and used to simulate an unconfined 
sandstone aquifer (Arikaree aquifer) in about 340 square miles in southeastern 
Wyoming. The model was calibrated by comparing observed and calculated changes
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water can be developed from them. The total amount of groundwater pumped from 
wells in Laramie County during 1964 is estimated to be 28,000 acre-ft, of which 6,000 
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Bluffs-Carpenter area, and about 5,000 for other purposes. Large quantities of water 
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use near Cheyenne and Federal, and for irrigation use in the Pine Bluffs lowland. The 
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The Endangered Species Act (ESA) of 1973 prohibits any federal action that might 
adversely affect endangered animal and plant species. The purpose of the Act is to 
provide a means whereby the ecosystems upon which threatened and endangered 
species depend may be conserved and to provide a program for the conservation of 
protected species. Current attention in Colorado is focused on two endangered 
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Geophysical Union, 1979 Spring Annual Meeting: Eos, v. 60, no. 18, p. 251.

776.

771. Morel-Seytoux, H.J., lllangasekare, T., and Daly, 
reach of the South Platte stream-aquifer system
Cagliary, Italy, September 10-15,1979: v. 2, p. 179-186.

772. Morgan, A.M., 1947, Geology and ground water i 
U.S. Geological Survey, 35 p.

773. Morin, R.H., Barrash, W., Graves, B.J., Lehr, J.H. 
1986, Defining patterns of ground water and hee 
Nebraska, using borehole geophysical methods, 
and ground water instrumentation; Conference a 
Assoc., p. 545-569.

n the Laitamie area, Albany County, Wyoming:

774. Morris, S.E., and Moses, T.A., 1987, Forest fire and the natural soil erosion regime in the
Colorado Front Range: Annals of the Association of American Geographers, v. 77, no. 2, p. 245- 
254.

775. Morrison, S.M., 1978, Surveillance data. Plains se^ment o 
1970-1977: Fort Collins, Colo., Colorado Water Resources
25.

Mountain Plains Federal Regional Council, Federation 
Environmental Protection Agency, Denver, Colo. Region 
Administration, 1971, First annual state-federal conferen 
Wyo., Summary report, 104 p.

C.J., 1979, Water allocation management of a 
n Colorado., in XVIIIth IAHR Congress,

t flow ir
Butcher, K., Owen, T.E., and Mathews, M.,

fractured Brule Formation, western
in Surface and borehole geophysical methods 
nd exposition: Dublin, Ohio., Natl. Water Well

the Cache La Poudre River, Colorado 
Research Institute Information Series

of Rocky Mountain States, Inc., 
VIII., Law Enforcement Assistance 
:e on May 12-14,1971: Cheyenne,

The Conference was a direct outgrowth of a 
meeting between representatives of Regiona 
Federation of Rocky Mountain States had 
Federal Regional Council to investigate common 
regional organizations could cooperate. Participant

been

1970 Snowmass seminar and a later 
1 Councils and legislative leadership. The 

meeting with the Mountain Plains 
problem areas on which the two 

s included officials on the local,

126 Bibliography of Water-Related Studies, South Platte River Basin-Colorado, Nebraska, and Wyoming



State and federal levels as well as representatives from the business sector and other 
civic organizations from the States of Wyoming, Colorado, Utah, Montana, Idaho, 
New Mexico, South Dakota, North Dakota and Nebraska.

777. Mueller, D.K., 1990, Analysis of water-quality data and sampling programs at selected sites in 
north-central Colorado: U.S. Geological Survey Water-Resources Investigations Report 90-4005,
87 p.

The report provides an analysis of the water-quality data at selected sites and provides 
an evaluation of the suitability of the current (1987) sampling programs at each site 
for meeting future needs of defining water quality within the area affected by CBT 
Project operations. Specific objectives of the report are to: provide summary statistics 
of water-quality data at each site for the period of record; identify significant trends 
for water-quality constituents or properties at each site; determine whether certain 
stations could be discontinued without substantial loss of information; determine 
whether the frequency of sampling for any individual constituent or groups of 
constituents at any of the sites could be decreased without substantial loss of 
information; and evaluate which water-quality constituents and properties need to be 
measured in order to meet the water-quality-data needs at each site. Fourteen 
streamflow and reservoir stations were selected for the analysis. These sites represent 
a network of water-quality sampling stations that can be used to evaluate the effects 
of CBT Project water transfers on both sides of the Continental Divide.

778. Muhs, D.R., 1985, Age and paleoclimatic significance of Holocene sand dunes in northeastern 
Colorado: Annals of the Association of American Geographers, v. 75, no. 4, p. 566-582.

779. Mundorff, J.C., 1964, Fluvial sediment in Kiowa Creek basin, Colorado; sedimentation in small 
drainage basins: U.S. Geological Survey Water-Supply Paper 1798-A, 70 p.

780. Mundorff, J.C., 1968, Fluvial sediment in the drainage area of k- 79 reservoir, Kiowa Creek basin, 
Colorado; sedimentation in small drainage basins: U.S. Geological Survey Water-Supply Paper 
1798-D, 26 p.

Fluvial sediment in the drainage area of k-79 reservoir was studied as part of a 
national investigation of trap efficiency of detention reservoirs. During the study 
period, precipitation was significantly above normal during 4 yr, below normal 4 yr, 
and near normal 2 yr. From Aug. 1956 to July 1965, 7.5 acre-ft of sediment was trapped 
in the reservoir and 2.5 acre-ft was discharged. The efficiency was 75% based on 
volume, and 83% based on the weight of the sediment. About 80% of the sediment was 
discharged during 2 periods 3 days in 1957 and 2 days in 1965. Much of the sediment 
produced in a large part of the basin was trapped in upstream structures and never 
reached k-79 reservoir. Flocculation was not a significant cause of sediment deposition 
because the low mineralization of the water and the short detention time in the 
reservoir are not conducive to flocculation. A 1:1,200 scale map shows areas of 
deposition and erosion in the reservoir and a small map shows vegetation in the basin. 
Tables give monthly and annual summaries of water and suspended sediment 
discharge at the reservoir and the particle size of suspended sediment in inflow and 
outflow from the reservoir.
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781. Mustard, M.H., Ellis, S.R., and Gibbs, J. W., 1987, 
rainfall-simulation experiments on a street 
Metropolitan area, Colorado: U.S.

Runoff characteristics and washoff loads from 
surface and a native pasture in the Denver 

Geological Survey Professional Paper 1441,30 p.

Rainfall simulation studies were conducted in conjunction with the Denver Regional 
Urban Runoff Program to: (1) Compare runoff quantity and quality from two different 
intensities of rainfall on impervious plots having identical antecedent conditions, (2) 
document a first flush of constituent loads in runoff from 1,000-square-foot street- 
surface plots, (3) compare runoff characteristics from a street surface subjected to 
simulated rainfall with those from a 69-acre urban basin of mixed land use subjected 
to natural rainfall, (4) perform statistical ar alysis of constituent loads in the runoff 
with several independent variables, and (5) compare the quantity and quality of runoff 
from 400-square-foot plots of native grasses used for pasture and subjected to 
simulated rainfall with that from a 405-acre basin covered with native grasses used for 
pasture and subjected to natural rainfall. A first flush of constituent loads occurred for 
most constituents in the runoff from most rainfall Simulations on the street surface; 
however, a first flush did not occur in the rpnoff from simulated rainfall on the 
pasture. Intensity of rainfall and total rainfall are important variables determining 
constituent loads. The design of the experiment was such that intensity of rainfall and 
total rainfall were highly correlated, this precluding the development of useful 
regression equations to predict washoff loads. The quality of runoff from the 
simulated rainfall on the pasture was influenced by the disturbed perimeters of the
plots; however, the runoff-to-rainfall ratios
range of ratios measured for natural storms over the adjacent 405-acre basin. (Author's 
abstract)

782. Nadler, C. T., Jr., 1978, River metamorphosis of the South platte and Arkansas Rivers, Colorado: 
Fort Collins, Colo., Colorado State University.

783. Nadler, C.T., and Schumm, S.A., 1981,
eastern Colorado: Physical Geography, v. 2, no.

784. National Aeronautics and Space Administration 
Symposium. Volume 1-a; Vol. 1-B N76-; Vol. 1-C 
Environment First Comprehensive Symposium 
Survey Data, Houston, Tex., 9-12 Jun. 1975: Lynd

A number of papers dealing with the practi 
remote sensors on LANDSAT satellites, the 
package, and aircraft to problems in agricul
Some of the more important topics that were covered included: range management 
and resources, environmental monitoring and management, crop growth and
inventory, land management, multispectral

of the simulated storms fell within the

Metamorphosis of South Platte and Arkansas Rivers, 
, p. 95-115.

, 1975,1S(ASA Earth Resources Survey 
N76-; Vol. 1-D N76-; Vol. 3 N76-. Agriculture, 

the Practical Application of Earth Resources 
on B. Johnson Space Center, 600 p.

on

cal application of imagery obtained from
Skylab Earth resources experiment
ure anc the environment were presented.

band scanners, forest management,
mapping, marshlands, strip mining, water quality and pollution, and ecology.
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785. National Eutrophication Survey, Environmental Monitoring and Support Lab., Las Vegas, Nev., 
Colorado Dept. of Health, Denver., Colorado National Guard, Denver., Corvallis 
Environmental Research Lab., Oreg., 1977, Barker Reservoir, Boulder County, Colorado, Final 
rept: Corvallis, Oreg., Working Paper 765,37 p.

Annual total phosphorus and total nitrogen loadings to the lake were estimated and 
subdivided according to either point or non-point source origin. An assessment of the 
lake's trophic condition and limiting nutrient is also provided. All data collected by 
the U.S.E.P.A. National Eutrophication Survey during the one year study of the lake 
and its tributaries are included.

786. National Field Investigations Center, 1972, Effects of waste discharges on water quality on the 
Cache La Poudre and South Platte Rivers, Greeley Area: Denver, Colo., Environmental 
Protection Agency.

The Great Western Sugar Company operates a sugar-beet processing mill at Greeley, 
Co., on the Cache La Poudre River just upstream of its confluence with the South Platte 
River. Inadequately treated industrial wastes from this mill are discharged to the 
Cache La Poudre River. In addition to these discharges, a large volume of 
inadequately treated municipal wastes is discharged immediately upstream of the 
Great Western Mill. Stream surveys were conducted by the National Field 
Investigation Center during the months of Sept. to Dec. 1971, to define conditions in 
the receiving waters prior to the sugar-beet processing season. The report summarizes 
the results of the investigations.

787. National Field Investigations Center, 1972, Effects of waste discharges on water quality of the 
South Platte River, Denver Metropolitan Area: Denver, Colo., Environmental Protection 
Agency, 118 p.

A study of the South Platte River Basin was conducted to determine whether 
established State and federal water-quality standards were being met. Fifteen 
treatment plants were studied to determine whether treatment meeting established 
requirements had been effected, to determine the extent of water-quality 
improvement, and to determine any recommendations which might be made. Influent 
samples were collected and analyzed for BOD, total and suspended solids, volatile 
suspended solids, settleable solids, total organic carbon, chemical oxygen demand, 
nitrogen series, total phosphorus, and selected heavy metals. Final effluent samples 
from the Denver Metro facility were analyzed for total and fecal coliforms. Field 
measurements and residual chlorine were measured at the time of collection.

788. National Field Investigations Center, 1972, Investigation of the effects of the waste discharges 
from the Great Western Sugar Mill at Ovid, Colorado, in Water quality conditions in the South 
Platte River: Denver, Colo., Environmental Protection Agency, GRAI7602, 36 p.

Investigations of the water-quality in the reach of the South Platte River affected by 
the sugar mill waste discharges were conducted in order to define conditions prior to 
and during the sugar-beet processing season. Waste sources were also evaluated. 
Observed water-quality conditions are compared to applicable water-quality 
regulations. Violations of water quality standards are defined. Remedial measures to
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790.

791.

abate existing interstate pollution that is in violation of water-quality standards are 
recommended.

789. National Field Investigations Center, 1972, Technical appendix on industrial waste-source 
evaluations; water-quality investigations in the South Plaltte River Basin, Colorado, 1971- 72: 
Denver, Colo., Environmental Protection Agencjf, 133 p.

Forty-four industrial plants were visited in 
practices. Twenty-three of the plants were 
both the waste load discharged and the 
practices. Each report includes an introduction 
of plant evaluation and findings, summary

order td ascertain water pollution control 
selected fbr in-plant sampling to determine 

uacy of present water pollution control 
waler treatment facilities, discussion 

and conclusion and recommendations.

adeq

National Field Investigations Center, 1972, 
evaluations; water-quality investigations in the 
Denver, Colo., Environmental Protection Agency

Technical appendix on municipal waste-source 
South Pla tte River Basin, Colorado; 1971-72: 

Region VIII, EPA/330/2- 72-007,156 p.

Twenty-three municipal plants were investigated in order to determine both the 
adequacy of present treatment practices ancjl the waste loads being discharged. A 
report is included on each municipal WWTr evaluated, with the exception of the 
Metro Denver Sewage Disposal District #1 and the Greeley WWTP.

National Field Investigations Center, 1972, Water 
River Basin, Colorado, 1971- 72: Denver, Colo., 
266 p.

-quality investigations in the South Platte 
Environmental Protection Agency, EPA report,

A comprehensive water-quality investigation 
conducted by the National Field 
studies were to define water-quality 
water pollution abatement practices, to 
1966 Conference in the Matter of Pollution 
determine whether Colorado water-quality 
determine the need for abatement proceedings

in thej South Platte River Basin was 
Investigations Cenlter-Denver. The objectives of the 

conditions in the South Platte River, to evaluate 
evaluate progress toward compliance with the

the South Platte River Basin, to 
standards have been violated, and to

792. National Oceanic and Atmospheric Administration 
July 30-August 1,1976. A Report to the 
Survey Report 76-1, 48 p.

The Big Thompson flash flood struck on the evening of July 31,1976. A few short hours 
separated the onset of heavy rain from the flood crest passing the canyon mouth to 
quickly subside on the plains below. The heroic efforts of law enforcement officers and
rescue workers kept the loss of lives from b

, 1976, Big Thompson Canyon flash flood of 
Administrator: Rockville, Mdv NOAA Natural Disaster

eing higher but at least 135 persons were
killed and the search for the missing continues. The Big Thompson River is a tributary 
of the South Platte River. Its source is in Rocky Mountain National Park in north- 
central Colorado. On the evening of July 31| 1976, a very heavy rain fell over a 70- 
square mile area in the central portion of the watershed. The most intense rainfall, 
more than 12 inches, occurred over the slopes of the western third of the Big 
Thompson Canyon. More than four inches o rain fell over the entire canyon area. The 
resulting runoff exceeded the highest previously recorded by almost an order of
magnitude, reaching an estimated 31,200 cubic feet per second at the mouth of the
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canyon. Information is given on methods of data acquisition, the meteorological 
conditions and forecasts as the river began to rise. Finally, the methods of 
dissemination of warnings and the public response are detailed.

793. Nebraska Department of Environmental Control, 1991, Nebraska nonpoint source management 
program: Lincoln, Nebr., Water Quality Division, Annual NFS Report, 84 p.

794. Neff, D.J., 1957, Ecological effects of beaver habitat abandonment in the Colorado Rockies: J. 
Wildlife Manage., v. 21, p. 80-84.

795. Nehring, R.B., 1987, Stream fisheries investigations; Federal Aid Project F-51-R: Fort Collins, 
Colo., Colorado Division of Wildlife, Job No. 3 Special Regulations Evaluations.

796. Nelson, S.M., 1979, Archaeological investigations in the Chatfield Reservoir, Colorado Final 
rept. Nov. 75-Jan. 76: Denver, Colo., Denver Univ., Dept. of Anthropology. Heritage, 
Conservation and Recreation Service, Interagency Archeological Services., 72 p.

The Chatfield Reservoir Project was a mitigation project to excavate and test known 
archaeological sites that might be impacted in the Chatfield Reservoir Recreation 
Area. The results are reported here, along with a brief overview of prehistoric and 
protohistoric sites in the general region, and a summary of late Pleistocene and 
Holocene terraces as they may pertain to the archaeological finds. Intermittent 
occupation of the Chatfield Reservoir Area from about 5000 BC to perhaps AD 1000 is 
inferred from projectile point and mano types found in the area.

797. Nelson, W.C., 1972, Comparative limnology of Colorado Big Thompson Project reservoirs and 
lakes: Colo. Div. Game Fish Parks Fish Res. Rev., v. 7, p. 1-2.

798. Netoff, D. I., 1977, Soil clay mineralogy of Quaternary deposits in two Front Range-Piedmont 
transects, Colorado: Boulder, Colo., Univ. of Colorado, 178 p.

799. Nichols, S.R., [n.d.], Water pollution: South Platte River: Fort Collins, Colo., Dept. of 
Agricultural Engineering, Colorado State Univ.

This investigation examines the interrelation of federal- state-local political 
mechanisms, the related laws generated by these institutions, the means by which 
pollution is measured and water quality managed, and speculates on this system's 
shortcomings and needs. The South Platte River basin in Colorado is the target of this 
investigation because it contains most of the people in Colorado, has a history of 
serious water-quality problems, and faces increasing future water demands, which 
will require a greater recognizance of water-quantity and -quality management. 
Groundwater pollution problems seem less acute than surface water. Surface water 
resources have been fully appropriated for irrigation use. In summer, very low flows 
occur at many points along basin streams, where agriculture diversions may use all, 
or nearly all, of the available streamflow. These low flows exacerbate the pollution 
concentration by the absence of dilution water.

BIBLIOGRAPHY 131



800. Nichols, S.R., Skogerboe, G.V., and Ward, R.C., 1972, Water quality management decisions in 
Colorado: Fort Collins, Colo., Environmental Resources Center, Colorado State University, 
Completion Report Series 38,103 p.

An evaluation of Colorado's present water quality monitoring system was made, as 
well as the capability of present institutional programs to anticipate potential 
pollution problems, and recommendations have been made for alternative pollution 
enforcement methods. Both Federal and State legislative history pertinent to Colorado

801.

803.

804.

805.

water pollution problems were delineated.
South Platte River Basin, because it represents the most severe combination of 
municipal, industrial, and agricultural pollution problems in Colorado.

Nimmo, D.W., and Sutton, R., 1984, Toxicity studies on a 
Loveland municipal wastewater and the Big Thompson

802. Norris, J.M., Robson, S.G., and Parker, R.S., 1985

Timary emphasis has been given to the

quatic life; copper and silver in the 
iQver.

Summary of hydrologic information for the
Denver coal region, Colorado: U.S. Geological Survey Water-Resources Investigations Report
84-4337, 68 p.

A literature review of available hydrologic information for the Denver coal region is 
presented. Where little information is available, data from the U.S. Geological 
Survey's WATSTORE data base are summarized. The information is divided into three
categories: surface water, surface water qua 
lacking on surface water and surface water

ity, and groundwater. Data generally are 
quality. The effects of man's activities on

streamflow quantity and quality are not known. Considerable literature is available
on the major aquifers in the area, but less is 
system.

Northern Colorado Water Conservancy District <ind Municipal Subdistrict, 1991, Draft report - 
Regional water supply study: Loveland, Colo.

Norton, S.A., Hess, C.T., Blake, G.M., Morrison, 
210Pb in lake sediment from Rocky Mountain la 
Sci., v. 42, p. 1249-1254.

known about the shallow groundwater

.L., and Baron J., 1985, Excess unsupported 
es: a groundwater effect: Can. J. Fish. Aquat.

Nunes, H.P., 1978, NURE hydrogeochemical and stream sediment data release for pilot study 
samples from portions of the Sterling and Greeley NTMS Quadrangles, Colorado: N. Mex., Los 
Alamos Scientific Lab., U.S. Department of Energy, GJBX-140(78), LA- 7145-MS Informal 
Report, 124 p.

During four distinct time periods between December 1976 and August 1977, students
collected samples from the two areas. One purpose
seasonal variations upon the elemental concentratidns, particularly uranium.

806. Nunes, H.P., 1978, Uranium hydrogeochemical and 
for the Sterling NTMS Quadrangles, Colorado: 
Department of Energy, GJBX-90-78, SLA-7305-MS

stream sediment reconnaissance data release 
. Mex., Los Alamos Scientific Lab., U.S. 
Informal Report, 57 p.
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807. NUS Corp., 1980, Preliminary State-by-State assessment of low-level radioactive wastes
shipped to commercial burial grounds: Rockville, Md., Department of Energy, NUS-3440, 115 p.

This report provides, on a State-by-State basis, estimates of the quantities and 
characteristics of low-level radioactive wastes (LLW) generated in the following 
sectors: commercial nuclear power plants, medical and educational institutions, 
industry (other than commercial nuclear power plants), and government and military. 
An estimated 83,800 cm exp 3 of radioactive waste, containing 886,000 Ci of 
radioactivity were buried in the four US commercial burial grounds in 1978. Data have 
been reported on wastes generated from reactor, institutional, and government/ 
military sectors but not from industrial users of radioactive materials. The non- 
industrial sources account for about 76% of all wastes by volume, and 54% of the 
recorded activity of the wastes buried. There is no survey information available on the 
producers of radioactive wastes from non-nuclear fuel-cycle industrial sources. In 
1978, this segment may have produced an estimated 24% of the volume and as much 
as 46% of the activity shipped to commercial burial grounds. A significant portion of 
the estimates of the quantity and distribution of LLW contained in this report have 
been obtained by extrapolation or estimation from secondary sources of information. 
Therefore, the data are preliminary and subject to change or confirmation based on the 
findings of the extensive survey now underway.

808. Nyberg, R.C., and Fahey, T.J., 1988, Soil hydrology in Lodgepole Pine ecosystems in 
southeastern Wyoming: Soil Science Society of America Journal, v. 52, no. 3(May/June), 
p. 844-849.

The rates and pathways of water movement through the soil were examined in several 
Lodgepole pine (Finns contorta ssp. latifolia) forests in southeastern Wyoming to improve 
our understanding of the dynamics of solute flux in forest ecosystems. We employed 
internal drainage and tracerpulse methods to determine hydraulic conductivity, and 
we examined snowmelt infiltration and drainage water chemistry on contrasting soils 
supporting lodgepole pine forests. Saturated hydraulic conductivity (K sub 0) values 
were lognormally distributed for 27 plots at each of two sites examined. The median 
value was significantly higher at a site on a gravel, loamy-sand (median K sub 0 = 1.20 
cm/h) than on a bouldery, sandy-loam (K sub 0 = 0.49). At these sites, the high range 
in both K sub 0 values and in the transit time for a Cl- pulse were suggestive of highly 
variable water flow pathways through the soil. Early in the spring snowmelt period, 
much of the infiltrating water circumvented the soil matrix, probably flowing around 
entrapped air pockets and through macropores. Although large systematic differences 
in chemistry were not observed between soil solutions collected with tension and 
tensionless lysimeters, saturated flow (collected as drips from the ceiling of soil 
tunnels) contained about three times lower cation concentrations than the lysimeter 
solutions. To obtain more accurate estimates of nutrient leaching from the tree rooting 
zone, better quantification of the chemistry of percolating soil water is needed.

809. Oak Ridge Gaseous Diffusion Plant, 1981, Hydrogeochemical and stream sediment
reconnaissance basic data for Cheyenne Quadrangle, Wyoming: Oak Ridge, Tenn., Department 
of Energy, GJBX-324-81; K/UR-365,169 p.

Field and laboratory data are presented for 884 water samples and 598 sediment 
samples from the Cheyenne Quadrangle, Wyoming. Uranium values have been
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811.

812.

reported by Los Alamos National Laboratory in Report GJBX-106(78). The samples 
were collected by Los Alamos National Laboratory; laboratory analysis and data 
reporting were performed by the Uranium Resource Evaluation Project at Oak Ridge, 
Tennessee.

810. Office of the Chief of Engineers (Army), 1971, Project Eagl 
agent mustard at Rocky Mountain Arsenal, Dem 
statement: Washington, D.C., Submitted to Council on 
D.C, 264 p.

The statement concerns the disposal of 3071
at Rocky Mountain Arsenal, Denver, Colorado. The
incineration under such controls as necessary to assure that any emissions will be 
below the permissible levels. A minimal impact on Ihe local environment in the form 
of temporary air pollution will result from tie demilitarization process. Two types of 
mustard are to be disposed of, Levinstein Mustard (containing 30% impurities, mostly 
sulfur) and Distilled Mustard (purified by vacuum distillation). Sulfur dioxide and
hydrogen chloride will be generated and pa

e. Phase I. The disposal of chemical 
Colorado. Final environmental impact 

Environmental Quality, Washington,

tons of excess chemical agent (mustard) 
mustard will be destroyed by

ised through a scrubber system where
sodium sulfate, sodium sulfite and sodium (jrhloride will be formed. Approximately 
7,900 tons of salts will be generated. Curren^ plans are to offer the salts for sale 
through the Defense Disposal Agency.

Olsen, S.N., 1984, Mass-balance and mass-transfer in migmatites 
Range: Contributions to Mineralogy and Petrology, v. 85,

Osterkamp, W.R., and Hedman, E.R., 1982, Perermial-streamflow 
channel geometry and sediment in Missouri River basin 
Paper 82-52506, 37 p.

An analysis of data from the Missouri River 
channel width to water discharge based on d; 
and gradient. The equations provide estimat

from the Colorado Front 
no. 1, p. 30-44.

characteristics related to 
U.S. Geological Survey Professional

basin provides equations that relate 
fferent Conditions of sediment properties 
:s of discharge characteristics at ungaged

sites and suggest relationships of channel shape ancj relative stability. from New 
Publications of the Geological Survey, May 1982.

813. Outtalk, S.I., 1965, The regimen of the Andrews (placier in Rocky Mountain National Park, 
Colorado: Water Resources Research, v. 1-2, p. 25^7-282.

814. Outcalt, S. I., 1959, The ural-type glaciers in Rock^ Mountain National Park: Boulder, Colo., 
University of Colorado, MS thesis, 81 p.

815. Outcalt, S.I., and Benedict, J.B., 1965, Photo-interpretation
Colorado Front Range: Journal of Glaciol., v. 5, no. 42, p. 849-856.

of two types of rock glaciers in the

816. Outcalt, S.I., and MacPhail, D.D., 1965, A survey 
Colorado. Series on Earth Sciences no. 4: Boulder

of neoglaciation in the Front Range of 
, Colo., Univ. of Colorado Press.

817. Parshall, R.L., 1922, Return of seepage water to the 
Collins, Colo., Colorado Agricultural Experimental

lower South Platte River in Colorado: Fort 
Station, Bulletin 279, 72 p.
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818. Paschal J.E., Jr., and Mueller, D.K., 1991, Simulation of water quality and the effects of 
wastewater effluent on the South Platte River from Chatfield Reservoir through Denver, 
Colorado: U.S. Geological Survey Water-Resources Investigations Report 91-4016,98 p.

819. Patton, P. C, 1973, Gully erosion in the semiarid west: Fort Collins, Colo., Colorado State Univ.

820. Paulson, C.L., and Sanders, T.G., 1987, Evaluation of design flow criteria for effluent discharge 
permits in Colorado: Denver, Colo., Denver Regional Council of Government, Final Report,
139 p.

821. Pearce, R., 1888, Supposed mixture of bornite and stromeyerite, Idaho Springs, Colorado: 
Proceedings of the Colorado Sci. Soc., v. 2, p. 188.

822. Pearl, R.H., 1971, Bibliography of hydrogeologic reports in Colorado: Colo. Geol. Survey Bull. 
33, 39 p.

823. Pearl, R.H., 1974, Geology of ground water resources in Colorado; an introduction: U.S. 
Geological Survey Special Publication 4,47 p.

824. Pennak, R.W., and Ward, J.V., 1985, Bathynellacea (Crustacea: Syncarida) in the United States, and 
a new species from the phreatic zone of a Colorado mountain stream: Transactions Am. 
Microsc. Soc., v. 104, no. 3, p. 209-215.

825. Pennak, R.W., and Ward, J.V., 1986, Interstitial faunal communities of the hyporheic and 
adjacent groundwater biotopes of a Colorado mountain stream: Arch. Hydrobiol. 
Monographische Beitrage, v. 74, no. 3, p. 356-396.

826. Pennak, R.W., and Ward, J.V., 1985, New cyclopid copepods from interstitial habitats of a 
Colorado mountain stream: Trans. Am. Microsc. Soc., v. 104, no. 3, p. 216-222.

Acnnthocyclops plnttensis n.sp. and Microcyclops pumilis n.sp. are described from hyporheic 
and phreatic waters along the South Platte River, Colorado. Both species are small but 
otherwise not especially adapted to subsurface aquatic habitats. The former is 
especially distinguished from its close relatives by the details of the caudal rami, the 
fifth legs, and the small accessory spines on the basal segments of the fourth legs. The 
latter is especially distinguished by the details of the caudal rami, the terminal 
endoped segment of the fourth leg, and the very small size range within the species.

827. Petsch, H.E., Jr., Rennick, K.B., and Nordin, C.F., Jr., 1980, Statistical summaries of selected 
stream flow data on the South Platte River in Colorado and Nebraska; North Platte and Platte 
Rivers in Nebraska: U.S. Geological Survey Open-File Report 80- 679, 278 p.

This report is a compilation of statistical summaries of streamflow data for 22 gaging 
stations on the South Platte River in Colorado and Nebraska, and the North Platte and 
Platte Rivers in Nebraska.

828. Petti, J.R. A., and Chen, H.H., 1984, Hydrologic characteristics and ground-water availability in 
the High Plains aquifer system in Nebraska, in Whetstone, G. A., ed., Proceedings of the Ogallala 
Aquifer Symposium II: Lubbock, Tex., Texas Tech. University, p. 238-264.
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831. Phillip E. Flores Associates, Inc., 1974, Environmental inventory and summary, Narrows Dam 
site-Phase 1: Denver, Colo., U.S. Bureau of Reclamation.
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838. Pitts, W.T., 1974, Comprehensive water quality management plan for South Platte River basin, 
in 47th Annual Conference of Water Pollution Control Federation - Abstracts booklet: v. 3, 
WPCF.

839. Platania, S. P., 1990, Ichthyofauna of four irrigations canals in the Fort Collins Region of the 
Cache La Poudre River valley: Fort Collins, Colo., Colorado State University, MS thesis, 231 p.

840. Platania, S.P., Cummings, T.R., and Kehmeier, K.J., 1986, First verified record of the stonecat, 
Noturus flavus (Ictaluridae), in the South Platte River system, Colorado, with notes on an 
albinistic specimen: Southwestern Nat., v. 31, no. 4, p. 553- 555.

841. Pollastro, R.M., and Scholle, P. A., 1986, Exploration and development of hydrocarbons from 
low-permeability chalks; an example from the Upper Cretaceous Niobrara Formation, Rocky 
Mountain region, in Spencer, C.W., and Mast, R.F., eds., Geology of tight gas reservoirs. AAPG 
studies in geology: American Association Petroleum Geologists, p. 129-141.

842. Pollastro, R.M., and Scholle, P.A., 1984, Hydrocarbons exploration, development from low- 
permeability chalks; Upper Cretaceous Niobrara Formation, Rocky Mountains region: Oil and 
Gas Journal, v. 82, no. 17, p. 140-145.

843. Polumbus (E.A.) Jr. and Associates Inc., 1961, Drilling of pressure injection disposal well, Rocky 
Mountain Arsenal Denver, Colorado. Sample description, pipe measurement record, electric 
logs, Baroid mud LOG, and Baroid core analysis: Denver, Colo., Volume III. Final report, 185 p.

Final report on drilling of pressure injection disposal well Rocky Mountain Arsenal 
Denver, Colorado, contains a sample description, pipe measurement record, electric 
logs, baroid mud log, baroid core analysis.

844. Polumbus (E.A.) Jr. and Associates Inc., 1961, Drilling of pressure injection disposal well, Rocky 
Mountain Arsenal, Denver, Colorado. Chronological LOG daily engineering report: Denver, 
Colo., Volume II. Chronological LOG Daily Engineering Report. Final report, 221 p.

The study contains a daily chronological log of drilling of pressure injection disposal 
well, Rocky Mountain Arsenal, Denver, Colorado. Also included is a daily engineering 
report.

845. Polumbus (E.A.) Jr. and Associates Inc., 1961, Drilling of pressure injection disposal well, Rocky 
Mountain Arsenal, Denver, Colorado: Denver, Colo., Volume I. Final report, 217 rj>.

The Rocky Mountain Arsenal Pressure Injection Disposal Well was drilled for the 
United States Army Chemical Corps by the United States Army Corps of Engineers, 
Omaha District. The well was drilled to provide access to underground strata which 
could be used as waste disposal reservoirs. Drilling operations on the well, which is 
located on the Rocky Mountain Arsenal grounds, commenced on March 10, 1961. 
Loffland Brothers Company was contracted to drill the well. The well was drilled to a 
total depth of 12,045 feet terminating in crystalline rocks of pre-Cambrian Age. The 
drilling rig was released on September 28, 1961, and the construction phase of the 
drilling well operation was considered completed on November 30, 1961, when the 
well head equipment was installed and the well turned over to the Chemical Corps. 
This report covers the operation to this stage. In the design and drilling of the well and
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in the identification, evaluation, protection, and testing of potential injection 
reservoirs, broad adaptations of tools, techniques and practices developed in the oil 
industry were required.

846. Porter, K.R., and Hakanson, D.E., 1976, Toxicity
boreal toads (Bufoneidae) Bufo boreas: Copeia, v. 1976

mine drainage to embryonic and larval 
,no. 2, p. 327-331.

Chemical analyses and bioassays of mine drainage Were made to determine if it could 
be a factor accounting for the absence of amphibians from Clear Creek County, 
Colorado [USA]. The concentrations of H+, Fe, Cu and Zn in the drainage were all 
individually much greater than the tolerance levels of premetamorphic toads. The 
lethality of the drainage was of such a magnitude that it required diluting 
approximately 1000 times before larvae could survive in it. Boreal toad (B. boreas) 
larvae are more resistant to acidity than most fish but are very similar to other anuran 
larvae and salmonids in their sensitivity to Cu and Zn.

847. Porter, L.K., Viets, F.G., Jr., McCalla, T.M., Elliott, L.F., and Norstadt, F.A., 1975, Pollution 
abatement from cattle feedlots in northeastern Colorado and Nebraska: Fort Collins, Colo., 
Environmental Protection Agency and Agricultural Research Service, EPA/660/2-75-015, 
135 p.

Climatic factors, feedlot runoff, and organic material in the runoff were evaluated in 
experimental and commercial feedlots. The effects oiF slope, stocking rates, terraces, 
basins, and holding ponds were evaluated to obtain the best controls for containing 
runoff. In eastern Nebraska, 70 cm annual precipitation produces 23 cm of runoff; 
whereas, in northeastern Colorado, 37 cm annual precipitation gives only 5.5 cm of 
runoff. Large applications of runoff liquid, u ) to 91 cm on grass-Ladino and 76 cm on 
corn, in Nebraska did not decrease yields; however, in northeastern Colorado, the 
concentrated high-salt runoff required dilution before direct application to crops. The 
organic manure-soil interface severely restricts the movement of water, nitrates, 
organic substances, and air into the soil beneath feedlots. The amounts of NO3-N in 
soil cores taken from Nebraska feedlots and croplands ranked as follows: Abandoned 
feedlots > feedlot cropland > upland feedlots > river valley feedlots > manure mounds 
> alfalfa > grassland. Feedlots contribute Nr- 3, amines, carbonyl sulfide, H2S, and 
other unidentified substances to the atmosphere. Ammonia and amine can be 
scavenged from the air by green plants and v^ater bodies. Anaerobic conditions in 
feedlots are conducive to the production of carbonyl sulfide, H2S, and amines. 
Management practices, such as good drainage, that enhance aeration will decrease the 
evolution of these compounds.

848. Priestaf, I., 1984, Outlook for artificial recharge: Gi

Warmwater fishes of the Platte liver Basin849. Propst, D. L., 1982,
and community dynamics: Fort Collins, Colo., Co 
301 p.

850. Propst, D.L., and Carlson, C.A., 1986, The distribu 
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sin, Colorado; Distribution, ecology, 
orado State University, Ph.D. dissertation,

ound Water Age, v. 19, no. 2, p. 21-33.
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2, p. 149-167.
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851. Propst, D.L., and Carlson, C A., 1989, Life history notes and distribution of the Johnny darter 
Etheostowa nigrum (Percidae) in Colorado, USA: Southwest Nat., v. 34, no. 2, p. 250-259.

The johnny darter, Etheostoma nigrum (Rafinesque), reaches the western limits of its 
native range in the Platte River drainage of northeastern Colorado. In the South Platte 
River basin, it historically occurred throughout foothill stream reaches, but 
anthropogenic modifications have reduced its range in many streams and eliminated 
it from some. The Johnny darter remains common in the North Platte River basin. The 
species was most frequently found in shallow, slow-velocity water over a cobble-sand 
substrate. Chironomidae larvae were its most important food item throughout the 
year. Spawning peaked in July to early August. Development was rapid in the first 
year of life, and most growth was attained by the end of the second summer. In 
Colorado, few Johnny darters survived past age III. Greatest adult mortality appeared 
to be among age-II fish after spawning. Most life history traits we studied are similar 
to those reported for the Johnny darter in the central portion of its range. The 
difference in time of spawning among studies was probably due to the slower spring- 
warming of water in Colorado.

852. Propst, N.B., 1989, The South Platte trail: the story of Colorado's forgotten people: Boulder, Co., 
Pruett.

853. Psaris, P.J., and Hendricks, D.W., 1982, Fecal coliform densities in a western watershed: Water, 
Air, and Soil Pollution, v. 17, no. 3, p. 253-262.

This paper describes the areal distribution of fecal coliform densities within the 
stream system of the South Platte River basin in Colorado. Low densities, e.g., 0 to 99 
fecal coliforms per 100 ml, were found in mountain streams, while higher densities, 
e.g., 10,000 to 100,000 and above were found in plains streams. About 49% of the plains 
stations and 3% of the mountain stations were not in compliance with the Colorado 
secondary contact recreation standard of 2000 fecal coliforms per 100 ml. The higher 
fecal coliform densities were associated with discharges from wastewater treatment 
plants. This is significant from a public health standpoint since the tainted waters are 
spread throughout the South Platte basin to irrigated lands via streams, canals, and 
reservoirs. Because of current federal and State policy encouraging land treatment and 
reuse, such practice should be reviewed with respect to compliance with proposed 
fecal coliform standards, and whether such standards should be adopted.

854. Public Health Service [Colo.?], 1965, Ground-water pollution in the South Platte Valley between 
Denver and Brighton, Colo.: Denver, Colo., Div. of Water Supply and Pollution Control, PR-4,
53 p.

855. Public Health Service [Colo.?], 1965, Municipal waste report Metropolitan Denver area South 
Platte River Basin. Appendix B: Denver, Colo., South Platte River Basin Project, PR-3,122 p.

The appendix contains individual reports for all municipal sewage treatment plants 
investigated in conjunction with the Municipal Waste Study in the Denver 
Metropolitan area of the South Platte River Basin in 1964. Each plant report consists 
of a discussion, evaluation and flow diagram of treatment facilities. A record of 
sampling data and a bar graph of plant performance is included for those plants at 
which project sampling studies were conducted.
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856. Public Health Service [U.S.?], 1963, Proceedings
the South Platte River basin, Denver, Colo., October 29,1963: v. PHS-PUB-235;PHS-WPS-39, 
Washington, D.C., 81 p.

of the conference in the matter of pollution of

The report is a compilation of statements p 
relative to water pollution sources in the Qr

esented by attendees of a conference 
South Plajtte River Basin in Colorado.

857. Public Health Service [Colo.?], 1965, Program review 
(Enforcement): Denver, Colo., Div. of Water Supply

The study represents a reply to a request fo 
annual program review of the South Platte 
contains information relative to budget, pe 
operational procedures encountered or likely

858. Public Health Service [Colo.?], Region VIII, [n.d. 
River Basin. Volume I: Denver, Colo., 180 p.

Squth Platte River Basin Project 
and Pollution Control, 127 p.

certain information to be presented at an 
River Basin project on April 6, 1965. It 
sonnel, and administrative and

to be encountered during project life.

, A regional reconnaissance of the South Platte

The South Platte River Basin was selected as a region for a case study in application 
of the regional reconnaissance method since it illustrates many of the questions facing 
the practitioner in understanding such a study. This report first outlines population
trends, then describes the environment in v\
an inventory of resources available for use ~>y the inhabitants of the area and the 
circumstances that condition their use. An economic activities inventory follows, 
which is an analysis of employment and production trends. In the final section on
income, a measurement is ventured of how 
relative to people in other regions.

859. Public Health Service [Colo.?], Region VIII, [n.d. 
River Basin. Volume II: Denver, Colo.

hich thpse people live. This is essentially

the people of this region have prospered

], Regional reconnaissance of the South Platte

This report outlines population trends and describes the environment in which people 
live. This is essentially an inventory of resources available for use by the inhabitants 
of the area and the circumstances that cond tion th^ir use. An economic activities 
inventory follows, which is an analysis of employrdent and production trends. In the 
final section on income, a measurement is ventured of how the people of this region 
have prospered relative to people in other regions. The volume II provides statistics 
and tabular data on production trends by industry, including agriculture, mining, 
manufacturing, trade, and services.

860. Public Health Service [U.S.?], 1953, A report of water 
A cooperative State-federal report on water pollution 
Basin Office in cooperation with Colorado Dept. 
Health and the Wyoming Dept. of Public Health

This report is produced under the cosponso 
Public Health, the Nebraska Department of 
Public Health, and the U. S. Public Health S 
reported in the South Platte River Basin 
and subsequent information. The report alsc

pol ution in the South Platte River basin.
: Kansas City, Mo., Missouri Drainage 

of Public Health, Nebraska Dept. of Public 
PHS-PUB-235; PHS-WPS-39, 60 p.

ship of the Colorado Department of 
Health, and the Wyoming Department of 
rvice. It is based on data gathered and 

Waier Pollution Investigation Report of 1950 
presents information concerning use of
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water resources, pollution entering water resources and resulting damages, benefits 
which may result from pollution prevention and abatement, pollution prevention 
measures in effect and those needed. Data and knowledge now available are sufficient 
to permit the immediate solution of most of the pollution problems within the South 
Platte River Basin without awaiting the results of additional surveys and studies. A 
sincere effort has been made to present a fair picture of the water pollution problems 
in the South Platte River Basin and to present reasonable conclusions and 
recommendations.

861. Public Health Service [Colo.?], Region VIII, 1965, Significant vector problems in the South Platte 
River Basin: Denver, Colo., PR-2, 36 p.

Significant vector populations of mosquitoes, rats, and flies exist in the basin and 
constitute a serious public health hazard. These vectors, especially mosquitoes and 
rats, are directly associated with the organic pollution present in the waters of the 
Basin. This pollution is instrumental in creating and supporting the present high 
population levels of disease- carrying vectors, particularly in the Denver Metropolitan 
area. Future vector population levels will remain high as long as significant quantities 
of organic pollutants are discharged to the waters of the basin. Reduction or 
elimination of present vector populations will best be accomplished through the 
abatement or elimination of the gross organic pollution now being discharged to 
receiving waters throughout the basin.

862. Public Health Service [U.S.?] and Missouri Drainage Basin Office, Kansas City, Mo., 1950, South 
Platte River basin water pollution investigation. Exhibits and appendices. Water pollution 
series: Cincinnati, Ohio, 193 p.

These exhibits and appendices to the main report include: stream designations; stream 
pollution survey of the portions of the South Platte River and Cherry Creek which lie 
within the City and County of Denver; sample reports on typical wastes 
investigations; State water pollution control legislation; beet sugar wastes 
investigations; bacteriological study of irrigated fruits and vegetables; project effects 
on low-flow conditions in the South Platte River Basin.

863. Public Health Service [U.S.?], [n.d.], Summary report on quality of interstate waters, South 
Platte River (Colorado - Nebraska): Washington, D.C., 18 p.

Water-quality data are reported for the stream stretch of the South Platte River from 
Sterling, Colorado, to North Platte, Nebraska. Tabular data are provided on: sources 
of pollution, stream flow, interference with water uses, adequacy of treatment 
measures, action of official agencies, Public Health Service grants for abating 
pollution, and waste treatment facilities, nature of delays in abating pollution, and 
time schedule for proposed remedial action. A brief bibliography is included, and 
water quality objectives and statutory powers are appended.

BIBLIOGRAPHY 141



864. Public Health Service [U.S.?], 1963, Water pollution surveillance system. Volume 7. Missouri 
River Basin Annual compilation of data 1 Oct 62i-30 Sep 63: Washington, D.C., Div. of Water 
Supply and Pollution Control, PHS-PUB-663-ED-1963-VOL-7,166 p.

The report presents water quality data for major river basins in the Missouri River
Basin. The data was compiled from October 1, 1962 through September 30, 1963, and
covers radioactivity, plankton, organic chemicals, ammonia, chlorine demand, color, 
oxygen demand, temperature, minerals, turbidity, trace elements, coliform bacteria, 
and stream flow.

865. Public Health Service [Colo.?], Region VIII, [n.d.], Water-c uality control study and public health 
aspects of the Cache La Poudre Project, Colorado: Denver, Colo.

866. Pye, V.I., and Kelley, J., 1984, The extent of groundwater contamination in the United States, in 
Bredehoeft, J.D., chairman, Groundwater contamination studies in geophysics: Washington, 
D.C, Natl. Acad. Press, p. 23-33.

867. Quam, L. O., 1938, The morphology of landscape of the Estes Park area, Colorado: Worcester, 
Mass., Clark University, Ph.D. dissertation, 165 p.

868. Racier, R.B., and Ward, J.V., 1987, Mayfly production in a Colorado mountain stream: an
assessment of methods for synchronous and norj-synchronous species: Hydrobiologia, v. 148, 
p. 145-150.

869. Rader, R.B., and Ward, J.V., 1987, Resource utilization, overlap and temporal dynamics in guild 
of mountain stream insects: Freshwater Biol., v. '.[&, no. 3, p. 521-528.

870. Ragsdale, J.O., 1982, Ground-water levels in Wyoming, 1971 through part of 1980: U.S. 
Geological Survey Open-File Report 82-859, 200 p.

Ground-water levels are measured periodically in a network of about 280 observation 
wells in Wyoming, mostly in areas where ground water is used in large quantities for 
irrigation or municipal purposes. The program is conducted by the U.S. Geological 
Survey in cooperation with the Wyoming State Engineer and the city of Cheyenne. 
This report contains maps showing the locations of selected wells, tables listing well 
histories and highest and lowest water levels for the period of record, and 
hydrographs for most of the wells.

871. Rainey, E.M., 1987, Sedimentary record of Pinedale ice recession in Horseshoe Park, Rocky
Mountain National Park, Colo.: Greeley, Colo., Uhiversity

872. Ramirez-Rojas, A.J., 1976, Geochemistry of mine
Colorado: Golden, Colo., Colorado School of Mines.

873. Rapp, J.R., Warner, D.A., and Morgan, A.M., 1953, Geology and ground water resources of the 
Egbert-Pine Bluffs-Carpenter area, Laramie County, Wyoming: U.S. Geological Survey Water- 
Supply Paper 1140, 67 p.

874. Rauzi, F., 1978, High rates of nitrogen change composition of shortgrass rangeland in
southeastern Wyoming: Journal of Range Management, v

of Northern Colorado, MA thesis.

effluents in the Front Range mineral belt of

. 31, no. 5 (September).
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875. Rauzi, F., 1975, Seasonal yield and chemical composition of crested wheatgrass in southeastern 
Wyoming: Journal of Range Management, v. 28, no. 3 (May).

876. Reagents of the University of Colorado, 1992, Effects of climate change in the Colorado Alpine. 
Ecosystem response to altered snowpack and rainfall regimes A proposal to the National 
Science Foundation: Boulder, Colo., University of Colorado, 94 p.

877. Reddy, M.M., Liebermann, T.D., Jelinski, J.C., and Caine, N., 1985, Variation in pH during 
summer storms near the Continental Divide in central Colorado, U.S.A: Arctic and Alpine 
Research, v. 17, no. 1, p. 79-88.

Precipitation acidity was monitored continuously from July to September 1983 at a 
well-instrumented research site located near the Continental Divide in central 
Colorado. Rainfall amount, temperature, pH, and specific conductance were 
determined using a prototype device consisting of a modified wet-only precipitation 
collector with appropriate sensors. Data were recorded automatically with 
microprocessor control by preset time intervals. Weekly wet-only composite 
precipitation samples were also collected. Precipitation totaled 190 mm during the 
period, all as rain. Sixty-five percent of the continuous pH measurements were 
between 3.40 and 4.10, with an average of pH 3.80. Values of pH greater than 5.00 were 
rare. Composite samples were significantly less acidic, and averaged pH 4.36. 
Precipitation pH typically decreased rapidly as a storm began, was lowest near or 
slightly after the time of maximum rainfall intensity, then increased slightly. 
Paradoxical low pH and low specific conductance were recorded, and it is possible 
that some initial continuous pH measurements were too low. Acid loading varied 
widely among storms, and may have resulted largely from short bursts of high- 
intensity, low-pH rainfall.

879. Reed, P.B., 1988, Wetlands plants in Colorado: U.S. Fish and Wildlife Service.

880. Reid, W.H., 1978, A vegetative gradient along South Platte River, in Southwestern and Rocky 
Mountain Division of the American Association for the Advancement of Science 54th Annual/ 
Spring Meeting of the New Mexico Academy of Science, Albuquerque, N. Mex., April 26-29, 
1978: Univ. of Texas, El Paso, American Association for the Advancement of Science.

881. Reid, W.H., and Bock, J.H., 1978, A vegetative gradient along the South Platte River, USA: N. 
Mex. Acad. Sci. Bull., v. 18, no. 1.

882. Reitano, B., and Hendricks, D.W., 1978, Input-output modelling of the Cache La Poudre system: 
Fort Collins, Colo., Environmental Engineering Program, Dept. of Civil Engineering, Colorado 
State University, Technical Report 78-168301.

883. Rettke, R.C., 1976, Clay mineralogy and clay mineral distribution patterns in Dakota Group 
sediments, northern Denver Basin, eastern Colorado and western Nebraska: Cleveland, Ohio, 
Case Western Reserve Univ., 147 p.

884. Rice, J.A., and MacCarthy, P., 1991, Composition of humin in stream sediment and peat, in 
Baker, R.A., ed., Organic substances and sediments in water; Volume 1, Humics and soils. 
American Chemical Society meeting: Chelsea, Mich., Lewis Publ., p. 35-46.
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891.

885. Richards, D.L., and Michalski, T.C, 1987, Catalog; of thin sections available at the USGS Core 
Research Center, Denver, Colorado: U.S. Geological Survey Open-File Report 87-659,220 p.

886. Richmond, G., 1960, Glaciation of the east slope of Rocky Mountain National Park, Colo.: Geol. 
Soc. Amer. Bull., v. 71, p. 1.

887. Richmond, G.M., 1972, Glaciation of the Rocky 
Quaternary of U.S.: Princeton University Press, p

Mountains/ in Wright and others, The 
.217-230.

888. Richmond, G.M., 1974, Raising the roof of the Rockies: Rocky Mountain Nature Association, 81 
P-

889. Richter, J.L., 1991, Incremental assessment of the 
impacted by sewage effluent in Segment 15 of th 
Woodring, R.C., ed., South Platte resource manag 
Colorado Water Resources Research Center, p.

:>enthic rnacroinvertebrate community as it is 
South Platte River (abstract only), in 

ement: Finding a balance: Fort Collins, Colo.,

890. Riedel, J.T., Schwarz, F.K., and Weaver, R.L., 1969i Probable maximum precipitation over South 
Platte River, Colorado, and Minnesota River, Minnesota: U.S. Weather Bureau, 
Hydrometeorological Report 44,114 p.

The great rain and snowmelt floods on the Upper Mississippi and its tributaries in 
April were among the most disastrous ever experienced in these areas. For example, 
at Carver on the Minnesota River, the previous high stage of 1952 was exceeded by 6 
feet. Another flood resulted in great damage along trie South Platte River in and near 
Denver from extremely heavy thunderstorm-type ra|infall of about 6 hours duration 
centered on upstream tributaries to the south of Denver. Both floods were occasioned 
by intense examples of common meteorolog ical processes in the respective regions 
and seasons snowmelt over a broad area in spring over the upper Mississippi and 
intense short-duration storms to the immediate east of the Rockies during the May- 
June maximum storm period of that area. The hydrometeorological branch of the 
Weather Bureau prepared probable maximum precipitation estimates for these basins 
above prospective dam sites in order to revise and u ?date spillway design floods. The 
basic method for estimating pmp is the transposition and moisture maximization of 
storms. The two reports to the Corps of Engineers have been incorporated into one 
volume in order to illustrate a variety of methods of estimating probable maximum 
precipitation.

fiCRiedel, J.T., Wang, B.H. and Diebel, J.L., 1983, Site specifi 
estimates, Upper South Platte River basin, Colorado, in 
Hydrometeorology, Denver, Colo., June 13-17,1982: American
517-522.

probable maximum precipitation 
International Symposium on

Water Resources Association, p.

Probable maximum floods (PMF) at Antero, Eleven-mile and Cheesman Dams on the 
headwaters of the South Platte River in Col0rado were estimated through a site 
specific hydrometeorological and hydrologic study. This study included estimation of 
probable maximum precipitation (PMP) by s1;orm transposition and maximization and 
a determination of the rainfall-runoff relationship by the dimensionless graph-lag 
curve method. Drainage sites of interest are between approximately 200 and 2000 mi. 
Major rainfalls in the South Platte River basin and vicinity show patterns that are
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closely associated with the terrain features. The storm rainfall history in the region is 
one of modest rainfall in the mountainous areas and very severe rainfalls in the areas 
where the plains meet the foothills. Due to the great difference in climate within a 
short distance, major efforts were needed to determine which storms should be 
transposed and how these storms should be adjusted in estimating PMP. The 
procedure and results of PMP analysis are presented.

892. Riley, G.T., Landin, M.G., and Bosart, L.F., 1987, Diurnal variability of precipitation across the 
central Rockies and adjacent Great Plains: Monthly Weather Review, v. 115, no. 6, p. 1161-1172.

The diurnal variation of precipitation across Wyoming, Colorado, South Dakota, 
Nebraska, and Kansas were studied using of a harmonic analysis of 35 yr of hourly 
precipitation data for 334 stations, and a regional probability of precipitation analysis 
for grouped stations. New findings include: (1) a pervasive 0300 LST maximum for the 
precipitation category > 0.25 mm that is most prominent during the cooler half of the 
year and partially masked in summer, (2) the transition from winter to spring is 
accompanied by an increase in measurable precipitation frequency but a decrease in 
precipitation frequency for rainfall amounts > 2.5 mm, and (3) the summer rainfall 
regime is made up of distinct local and mountain-generated signals. The summer 
heavier precipitation events tend to occur 1-4 hours earlier than all measurable rainfall 
events, particularly on the plains east of 101 degrees W. The implication of these 
results is that: (1) the winter regime is affected by large-scale circulation features as 
the 0300 LST maximum is found elsewhere, e.g., the northeastern U.S., (2) dynamically 
significant precipitation systems, although infrequent, do affect the five-state region 
in winter, and (3) heavy summer nocturnal precipitation systems over the eastern 
plains cannot be explained solely by the eastward propagation of mountain-generated 
systems from the previous afternoon.

893. Ringelmann, J.K., and Szymczak, M.R., 1991, Winter habitat use by mallards in the South Platte 
River Basin, in Woodring, R.C., ed., South Platte resource management-Finding a balance: Fort 
Collins, Colo., Colorado Water Resources Research Center.

894. Ringen, B.H., 1973, Summary of water-level and pumpage data in the Cheyenne and Federal 
Municipal well fields, April 1,1972 to April 2,1973, Cheyenne, Wyoming: U.S. Geological 
Survey, Basic-Data Report, 27 p.

Water-level data were collected April 1, 1972 to April 2, 1973, for the Cheyenne and 
Federal municipal well fields by the U.S. Geological Survey, in cooperation with the 
City of Cheyenne. Pumpage data for these well fields, April 1,1972, through March 31, 
1973, were provided by the City of Cheyenne. Water levels were measured monthly in 
selected wells in the Cheyenne and federal municipal well fields. In addition, graphic 
water-stage recorders were operated on three observation wells in the Cheyenne 
municipal well field.

895. Rink, L.P., Windell, J.T., and Rudkin, C, 1991, The Boulder Creek watershed non-point source 
pollution control and water-quality monitoring programs (abstract only), in Woodring, R.C., 
ed., South Platte resource management: Finding a balance: Fort Collins, Colo., Colorado Water 
Resources Research Center, p. 28.
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Riter, J.R., 1959, Necessary elements in developing a water plan for the South Platte River Basin., 
in Western Resources Conference, University of Colorado at Boulder, 1959.

Robert A. Taft Sanitary Engineering Center, 1959, Public health aspects of the contamination of 
ground water in South Platte River basin in vicinity of Henderson, Colorado, August 1959: 
Cincinnati, Ohio, Engineering Section, 30 p.

The health hazard resulting from present or future 
for drinking and culinary purposes is examined in 
survey of private domestic wells in the area and 
of wells supplying the city of Brighton. It isi concluded 
ground water aquifer in the area between Derby ami 
that wastes discharged from the Rocky Mountain 
principal source of such contamination. Sludge 
contamination.

use of contaminated ground water 
this study. It includes a limited 

considers the possible contamination
that a portion of the shallow 

Henderson is contaminated, and 
Arsenal from 1943-1955 are the 

may also be a source of continuing

Robinson, C.S., Gallant, W.A., and Cochran, D.M., 1976, Land use and engineering geology of 
the Front Range, Colorado. Studies in Colorado field geology, in Epis, R.C., and Weimer, R.J., 
eds., Geological Society of America and associated societies, annual meeting. Colo. Sch. Mines, 
Prof. Contrib: p. 486-504.

899. Robinson, J. R., 1956, The ground water resources of the ^aramie area, Albany County, 
Wyoming: Laramie, Wyo., Univ. of Wyoming.

900. Robson, S.G., 1989, Alluvial and bedrock aquife 
ground-water resource: U.S. Geological Survey ^

is of the Denver basin: eastern Colorado's dual 
/Vater Supply Paper 2302,40 p.

Federal government report in the semiarid Denver basin of eastern Colorado, large 
volumes of groundwater are found in alluvial and bedrock aquifers. The alluvial 
aquifer is recharged easily from flash flood:? and snowmelt runoff and readily stores 
and transmits the water because it consists of relatively thin deposits of gravel, sand, 
and clay located in the valleys of principal jitreams. The bedrock aquifer is recharged 
less easily because of its greater thickness and prevalent layers of shale which retard 
the downward movement of water. Although the bedrock system contains more than 
50 times as much water in storage as the alluvial aquifer, it does not store and transmit 
water as readily as the latter. Because of thege and other factors, the alluvial aquifer is 
used primarily as a source of irrigation supply, which is the largest water use in the 
area.

901. Robson, S.G., 1987, Bedrock aquifers in the Denver basin 
resources appraisal: U.S. Geological Survey Professional

902. Robson, S.G., 1981, Computer simulation of movement 
near the Rocky Mountain Arsenal, Colorado, in 
on permeability and groundwater contaminant t ransport 
Philadelphia, Pa., American Society for Testing

Colorado~a quantitative water- 
Paper 1257, 73 p.

of DIMP- contaminated groundwater 
Zimmie, T.F., and Riggs, C.O., eds., Symposium 

. ASTM Special Technical Publication: 
zind Materials, p. 209-220.
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903. Robson, S.G., 1977, Ground-water quality near a sewage-sludge recycling site and a landfill near 
Denver, Colorado. Final report: U.S. Geological Survey Water-Resources Investigations 76-132, 
152p.

The Metropolitan Denver Sewage Disposal District and the City and County of Denver 
operate a sewage-sludge recycling site and a landfill in an area about 15 miles (24 
kilometers) east of Denver. The assessment of the effects of these facilities on the 
ground-water system indicated that five wells perforated in alluvium were found to 
have markedly degraded water quality. One well was located in the landfill and water 
that was analyzed was obtained from near the base of the buried refuse, two others 
were located downgradient and near sewage-sludge burial areas, and the remaining 
two are located near stagnant surface ponds. Concentrations of nitrate in wells 
downgradient from fields where sludge is plowed into the soil were higher than 
background concentrations due to the effects of the sludge disposal. No evidence of 
water-quality degradation was detected in deeper wells perforated in the bedrock 
formations.

904. Robson, S.G., 1983, Hydraulic characteristics of the principal bedrock aquifers in the Denver 
basin, Colorado: U.S. Geological Survey Hydrologic Investigation Atlas HA-659,3 sheets, scale 
1:500,000.

905. Robson, S.G., Wacinski, A., Zawistowski, S., and Romero, J.C., 1981, Geologic structure,
hydrology, and water quality of the Laramie-Fox Hills aquifer in the Denver basin, Colorado: 
U.S. Geological Survey, Hydrologic Investigations Atlas HA-650, 3 sheets, scale 1:500, 000.

The Laramie-Fox Hills aquifer underlies an area of about 6,700 square miles in east- 
central Colorado and is an important water supply for many residents in the area. 
Population increases have produced increasing demands for ground water and have 
led to significant water-level declines in parts of the aquifer. Results of this study, 
which was undertaken to better define the water-supply potential of the aquifer, 
indicate that the aquifer consists of interbedded sandstone, siltstone and shale at 
depths of as much as 3,200 feet. The water-yielding sandstone and siltstone beds have 
a total thickness of more than 200 feet in some areas. The 1978 potentiometric-surface 
map indicates that ground water moves from the south-central part of the aquifer 
toward the margins of the aquifer where most of the water discharges to streams and 
alluvial aquifers. Some groundwater recharge occurs as downward movement of 
water from the overlying Arapahoe aquifer. Water-level declines between 1958 and 
1978 exceeded 200 feet in an 80-square-mile area near Brighton, while in other parts of 
the aquifer only moderate changes have occurred. Water in the aquifer is generally of 
a sodium bicarbonate type with dissolved-solids concentrations commonly ranging 
from 400 to 1,200 milligrams per liter.

906. Rochette, E.A., Drever, J.I., and Sanders, F.S., 1988, Chemical weathering in the West Glacier 
Lake drainage basin, Snowy Range, Wyoming; implications for future acid deposition: 
Contributions to Geology, v. 26, no. 1, p. 29-44.
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Rocky Mountain Forest and Range Experiment Station, 1981, Final environmental impact 
statement: Cheyenne stage II water diversion, Medicine Bow National Forest: Laramie, Wyo., 
Forest Range and Watershed Lab., 396 p.

Because of expanding energy development in Wyoming, the capital city of Cheyenne 
has foreseen a considerable increase in population, which would put demands on the 
municipal water system in excess of presenl supply. The Cheyenne Board of Public 
Utilities proposes to expand the water collection area in the Sierra Madre Mountains; 
increase the capacity of Hog Park and Rob Roy Reservoirs; collect water out of 
Douglas Creek and Lake Creek drainages; and install pipe for collection and 
transmission of water. Alternatives evaluated include: Alternative A (no action), 
Alternative B (Cheyenne Board of Public Utility proposed facilities with 
modification), Alternative C which is the preferred alternative (modify Stage I 
collection system to increase capacity), Alternative p (construct a lower reservoir in 
the North Fork of the Little Snake River and pump vyater into the existing system) and 
Alternative E (combine water conservation, [agriculture water-right purchase and 
groundwater development.) The following public isbues were identified: alternative 
water sources; stream flows; reservoir fluctuations; Colorado River salinity; new 
access into unroaded areas; fish habitat; downstream water users; threatened or 
endangered species; terrestrial wildlife impacts; water supplies to other communities; 
reservoir safety; allocated water; and water conservation.

Rogers, J.P., and Longman, M.W., 1988, Pennsyl 
Bird and Amazon fields, Cheyenne County, Neb 
eds., Occurrence and petrophysical properties 
region: Denver, Colo., Rocky Mt. Assoc. Geol., p.

vanian carbonate facies and porosity types in 
raska, in Goolsby, S.M., and Longman, M.W., 

of carbona te reservoirs in the Rocky Mountain 
47-62.

Romero, J. C., 1965, Geologic control of ground water in the Kiowa-Wolf-Comanche Creek area 
in central Adams County, Colorado: Fort Collins^ Colo., Colorado State University.

Romero, J.C., 1976, Ground water resources of th 
Colorado: Denver, Colo., Colorado Dept. of Natural 
Planning and Investigations, 109 p.

e bedrocjc aquifers of the Denver basin 
Resources, Div. of Water Resources,

The bedrock aquifers of the Denver Basin 
suitable, in most localities, for all beneficial 
confront both administrators and users of 
with declining water levels and deterioratior 
water-level declines are rapid enough to 
corridor, the Strasburg-Byers-Deer Trail area 
Water-quality problems of the Denver Basin 
predominantly to the Laramie Formation 
these units is locally known to contain 
methane, iron, fluoride and sodium. Many 
eliminated by avoiding multi-aquifer com 
Laramie-Fox Hill aquifer water with Dawson 
the Denver Basin bedrock aquifers will requ 
additional data. The importance of addition; 
aquifer test data cannot be over-emphasized 
quality testing, an observation well network
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contain vast quantities of groundwater
purposes. The major problems which will 

this groundwater include those associated 
of water quality. Areas in which current 

cause concern are the South Platte River 
, and parts of metropolitan Denver. 
s bedrock aquifers are confined 

and Lararr ie-Fox Hill aquifer. Water from 
troublesome amounts of hydrogen sulfide,

of these problems can probably be 
pletions, particularly in the case of mixing 

Group water. Successful management of 
re the collection and utilization of 
1 electric logs, geologic sample logs and 

. Also of major importance are water- 
and accurate measurements of water



withdrawn from the aquifer. If managed with caution, the basin can supply the water 
needs of several generations. (Heiss-NWWA)

911. Romero, J.C., and Bainbridge, H.C, 1988, Water levels in the bedrock aquifers of the Denver 
basin, Colorado, 1988: Denver, Colo., Office of the State Engineer, Division of Water Resources, 
24 p.

912. Romero, J.C., and Hampton, E.R., 1972, Maps showing the approximate configuration and 
depth to the top of the Laramie- Fox Hills aquifer, Denver basin, Colorado: U.S. Geological 
Survey Miscellaneous Investigations Series Map 1-791, scale 1: 500,000.

913. Rosenlund, B.D., and Stevens, D.R., 1988, Fisheries and aquatic management, Rocky Mountain 
National Park, 1987: Golden, Colo., U.S. Fish and Wildlife Service and National Park Service, 
NPS Annual Report, 121 p.

914. Rosenlund, B.D., and Stevens, D.R., 1990, Fisheries and aquatic management, Rocky Mountain 
National Park, 1989-1990: Golden, Colo., U.S. Fish and Wildlife Service and National Park 
Service, NPS Annual Report, 188 p.

915. Roumph, B., 1982, Proposed Missouri River diversion to the High Plains-Ogallala Aquifer from 
Fort Randall Dam, in Current water issues in Nebraska; 1982 Water Resources Seminar: Lincoln, 
Nebr., Nebr. Water Resources Center, p. 83-94.

916. Rovey, E.W., and Woolhiser, D.A., 1977, Urban storm runoff model: Proc. Am. Soc. Civ. Eng. J. 
Hydraul. Div, v. 103, no. HY11, p. 1339-1351.

A surface-flow routing model based upon a kinematic cascade of planes and channels 
is combined with a parametric infiltration model to constitute a watershed model. The 
kinematic approximation is used to route flows through storm drains of trapezoidal 
or circular cross section. Model parameters are estimated from the hydraulic 
characteristics of the surface and soils. A Chezy friction relationship is used to model 
surface-flow resistance. The predictive ability of the watershed model is tested by 
simulating runoff hydrographs from a 67-ha urban watershed near Denver, Colorado.

917. Rubey, W.W., 1967, Introduction chemical composition of sedimentary rocks in Colorado, 
Kansas, Montana, Nebraska, North Dakota, South Dakota, and Wyoming: U.S. Geological 
Survey Professional Paper 561,1-7 p.

918. Ruby, N.K., Sagmeister, R.J., Green, S.L., and Walgren, J.D., 1991, Index of surface-water 
discharge, water-quality, sediment, and biological records through September 30,1990, for 
Wyoming: U.S. Geological Survey Open-File Report 91-497, 46 p.

919. Ruddy, B.C., 1986, Estimating sediment discharge in canals in Colorado, in Proceedings of the 
Fourth Federal Interagency Sedimentation Conference, Las Vegas, Nev., March 24-27,1986: v. 
Volume II, p. 6.19-6.24.

Suspended-sediment concentrations were measured at the South Platte River and at 
four sites on each of three nearby irrigation canals of the South Platte River in 
northeastern Colorado during 1982-83. Suspended-sediment discharge was calculated 
and log linear-regression equations were developed at each site to estimate

BIBLIOGRAPHY 149
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suspended-sediment discharge when only water discharge is available. Analysis 
showed that the best estimate of suspendedj-sediment discharge in the canals was 
made using the water discharge at each canal site and the water discharge in the South 
Platte River. Measured suspended-sediment concentrations of the South Platte River 
were compared to measured suspended sediment concentrations at the upstream 
measurement site of each canal. The correlaiion coefficients indicated that suspended-
sediment concentrations in the South Platte River are highly related to the suspended-
sediment concentrations in the three canals and affect the suspended-sediment inflow 
to the canals.

920. Ruddy, B.C., 1984, Streamflow gain-and-loss and 
South Platte River and three irrigation canals near 
Survey Water-Resources Investigations Report

suspended- sediment characteristics of the 
Fort Morgan, Colorado: U.S. Geological 

84-4220, 82 p.

A 2-year study during 1982-83 was made to document the Streamflow gain-and-loss 
and suspended-sediment characteristics of the South Platte River, Fort Morgan Canal, 
Upper Platte and Beaver Canal, and the Lower Platte and Beaver Canal near Fort 
Morgan, Colorado, prior to possible construction of the proposed Narrows Reservoir. 
Six Streamflow gain-and-loss investigations, conducted in 1982 along a 25.8-mi. reach 
of the South Platte River, indicate an average downstream gain in discharge of 150 cu 
ft/sec during the irrigation season. The Fort Morgan Canal and the Lower Platte and
Beaver Canal had decreasing discharges in 
Platte and Beaver Canal had a slight increas 
site and decreases in the third and fourth m

:he downstream direction. The Upper 
e in discharge at the second measurement 
easurenjient sites. Irrigation practices and

some loss to the groundwater system account for trie general decrease in discharge.
Suspended-sediment data were collected at 
South Platte River near Weldona and on the

the strelamflow-gaging station 06758500 
three irrigation canals: Fort Morgan

Canal, Upper Platte and Beaver Canal, and Lower Platte and Beaver Canal. The data 
indicate that relations exist between the susjpendedhsediment concentrations at the 
South Platte River station and the suspended-sediment concentrations at the most

5 between suspended-sediment 
1 canal measurement sites. For all

upstream measurement site on each canal. Relation 
discharge and water discharge were developed at a
the canals, suspended-sediment discharge (decreased in a downstream direction. 
Slight increases in suspended-sediment occurred at 
the Upper Platte and Beaver Canal and at the third measurement site on the Lower 
Platte and Beaver Canal. Laboratory analyses indicate that 75% of the suspended- 
sediment is silt and clay size (particles finer than 0.062 mm).

Runas, C.E., Martin, M., McDonough, D., and Parrish, L., 
Platte River along the Front Range, August and October, 
Protection Agency, EPA/908/2-84/001, 70 p.

To implement a Consent Decree between the 
Council requiring that EPA identify waters 
a two-phase study was designed to determine 
reaches of the South Platte River and selectc 
along the Front Range. Phase I was designed 
and Phase II would focus on those areas 
would include additional sampling locations. Samp] 
invertebrates were obtained for chemical and biolo
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922. Runnells, D.D., Brown, D. and Lindberg, R., 1974, Investigation of enrichment of molybdenum 
in the environment through comparative study of stream drainages, central Colorado, in 
Proceedings of the Irst annual NSF trace contaminants conference, August 8-10,1973: Oak 
Ridge, Tenn., U.S. Atomic Energy Commission, Office of Information Services, Technical 
Information Center, p. 599-614.

To define the natural background levels of molybdenum, Colorado areas which are 
geographically and environmentally similar to those which are experiencing man's 
influence, but which themselves have not been greatly disturbed, were chosen for 
investigation. Stream sediments and soils in the vicinity of streams were sampled in 
four sites: (1) the stream draining the area of the world's largest molybdenum mine, 
(2) a nearby river draining a non-mineralized and undisturbed area, (3) the river 
below the juncture of these two streams and (4) streams draining a highly 
mineralized but undisturbed area. Sediments of the non-mineralized stream ranged 
from 2 to 6 ppm while those of the mineralized, undisturbed area ranged from 8 to 30 
ppm. Soils from a mineralized undisturbed area can be an order of magnitude greater 
than those of a non-mineralized area. Glaciation may tend to blur these distinctions. 
The mixing of the highly mineralized, disturbed materials with the stream from the 
non-mineralized area gave intermediate values. Plant materials offer less well defined 
differences in the content of molybdenum from area to area. Conifer do not seem to 
reflect all the abundance of molybdenum in alpine environments. Stream sediments 
are the best indicator of molybdenum mineralization.

923. Runnells, D.D., Lindberg, R., Lueck, S.L., and Markos, G., 1980, Applications of computer
modeling to the genesis, exploration, and in-situ mining of uranium and vanadium deposits, in 
Rautman, C.A., comp., Geology and mineral technology of the Grants uranium region 1979. 
Memoir: N. Mex., Bureau of Mines and Mineral Resources, p. 355-367.

924. Ryding, J., 1985, Characterization of a static trapping technique for the analysis of soil and 
groundwater contamination: Golden, Colo., Colorado School of Mines, 84 p.

925. Saint-Fort, R., Schepers, J.S., and Spalding, R.F., 1991, Potentially mineralizable nitrogen and 
nitrate leaching under different land-use conditions in western Nebraska: Journal of 
Environmental Science and Health (Part A), v. A26, no. 3.

926. Sale, T., Stieb, D., Piontec, K., and Kuhn, B., 1988, Recovery of wood-treating oil from an alluvial 
aquifer using dual drainlines, in Proceedings on the Conference on Petroleum hydrocarbons 
and organic chemicals in ground water; prevention, detection and restoration: Dublin, Ohio, 
Natl. Water Well Assoc, p. 419-442.

927. Samuel, M.J., and Hart, R.H., 1985, Precipitation, soils and herbage production on southeast 
Wyoming range sites: Journal of Range Management, v. 38, no. 6(November).

928. Sayre, W.W., and Kennedy, J.F., 1978, Degradation and aggradation of the Missouri River. 
Workshop held in Omaha, Nebr., Jan. 23- 25,1978: IIHR Report 215, 67 p.

929. Schmidt, P.W., and Pierce, K.L., 1976, Mapping of mountain soils west of Denver, Colorado for 
landuse planning, in Coates, D.R., ed., Geomorphology and engineering: Stroudsburg, Pa., 
Dowden, Hutchinson & Ross, Inc., p. 43-54.
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Investigations Report 83-4058.
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Shallow ground water may limit the location 
in parts of the Front Range Urban Corridor, 
feet below the land surface principally in 
rivers in the Boulder-Fort Collins-Greeley 
approximately 400 square miles and is maintained 
South Platte River basin and by the infiltration 
the basin from streams and reservoirs in th 
Return flow from irrigation, which is mostly 
the South Platte River and its tributaries. Th 
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feet per mile in Lone Tree-Spring Creek vail 
River valley. The shallow ground-water underflow 
basin is about 29, 000 acre-feet per year, and 
near Kersey is about 12,000 acre-feet per year

of construction and excavation projects 
A shallow water table occurs from 0 to 50 

alluvial deposits along the streams and 
This shallow water table underlies 

natural recharge within the 
of irrigation water that is diverted into 

Colorado and the Laramie River basins, 
ground water, helps maintain the flow of 

? report includes a map from which depth 
water movement can be determined. The 

the areil extent of the saturated materials
-water surface. The water-table 

approximately 400 wells. Monitoring of 
shows cjepths to water have changed only 

seasonal and drought-related 
-water measurements, range from 27.7

some

ey to 10

935. Schneider, P.A., Jr., and Hershey, L.A., 1961, Records anc 
and chemical analyses of ground water in the lo 
Colorado Water Conservation Board, Ground-Water

936. Schrader, L.H., 1989, Use of index of biotic integi 
Great Plains streams: Fort Collins, Colo., Colora

152 Bibliography of Water-Related Studies, South Platte Ri

from the major tributaries in the 
underflow calculated at a cross section

3 feet per mile in the South Platte

logs of selected wells and test holes,
ver Cache la Poudre River basin, Colorado: 

Ser. Basic Data Rept. 8.

ity to evaluate fish communities in western 
State University, MS thesis, 120 p.do

er Basin Colorado, Nebraska, and Wyoming



937. Schroder, L.J., and Hedley, A.G., 1986, Variation in precipitation quality during a 40-hour 
snowstorm in an urban environment in Denver, Colorado: International Journal of 
Environmental Studies, v. 28, no. 2/3, p. 131-138.

Seventeen precipitation samples were collected during a 40-hour snowstorm in the 
northwestern part of the Denver, Colorado metropolitan area. Maximum 
concentrations of barium, calcium, cadmium, chloride, iron, potassium, magnesium, 
sodium, nitrate, phosphate, and sulfate occurred during the initial three hours of the 
storm. Maximum copper concentrations occurred nearly 6 hours after the storm began, 
maximum strontium concentration occurred 25 hours after the storm began, and 
maximum zinc concentration occurred 12 hours after the storm began. Concentrations 
of beryllium, cobalt, lithium, and vanadium were less than the analytical detection 
limits during the entire storm. The lowest pH value was determined in samples 
collected during or immediately after normal peak automobile traffic, occurring 
nearly 14 hours after the storm began.

938. Schroder, L.J., Willoughby, T.C., See, R.B. and Malo, B.A., 1989, Chemical composition of 
precipitation, dew and frost, and fog in Denver, Colorado, in Atmospheric Deposition-­ 
proceedings of a symposium held during the 3rd Scientific Assembly of the International 
Association of Hydrological Sciences, Baltimore, Md., May 1989.: IAHS Publication No. 179, 
p. 83-90.

Samples of precipitation, dew and frost, and fog were collected at a site in the 
northwestern part of the Denver, Colo., metropolitan area. Cluster analysis of the 
chemical composition of urban precipitation indicates that there is a relation among 
calcium, magnesium, sodium, chloride, and fluoride. The relation probably is related 
to the scavenging of soil-derived particulate matter by precipitation. Dew and frost 
samples indicate that the chemical composition is affected substantially by the 
dissolution of participates on the collection surface. The pH of dew and frost had a 
median value of 6.4, which was greater than the median values of either precipitation 
or fog. The zinc concentration in dew and frost samples indicates that anthropogenic 
participates are being dissolved by the dew and melting frost. The maximum pH was 
4.4 in three fog samples collected, which indicates that urban fog samples are more 
acidic than either precipitation or dew and frost. Lead concentrations in the fog 
samples indicate that fog is scavenging aerosols produced by the combustion of 
leaded gasoline.

939. Schrupp, D.L., 1978, The wildlife values of lowland river and stream habitat as related to other 
habitats in Colorado, in Graul, W.D., and Bissell, S.J., eds., Lowland river and stream habitat in 
Colorado: a symposium: Greeley, Colo., Chapter Wildlife Soc. and Colorado Audubon Council.

940. Schumm, S. A., 1961, Effect of sediment characteristics on erosion and deposition in ephemeral- 
stream channels: U.S. Geological Survey Professional Paper 352-C, p. 31-70.

941. Schwartz, E.B., 1985, Water as an article of commerce: State embargoes spring a leak under 
Sporhase v. Nebraska,: Boston College Env. Affairs Law Review, v. 12, no. 1, p. 103.

In July 1982, the U.S. Supreme Court struck down a Nebraska statute which greatly 
limited the right of its citizens to export groundwater to another State. In Sporhase v. 
Nebraska, the court found that the Nebraska statute violated the commerce clause of
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the constitution. The development and natujre of State water embargo statutes is 
examined, and the court's past decisions whe^n faced with a commerce clause challenge 
to a State water embargo statute are recounted. Although the court was correct in 
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networks are those derived from a Horton analysis. Although these parameters give 
useful information about individual networks, they are ineffective in distinguishing 
differences in network structure due to lithologic controls and degree of maturity. 
Parameters derived from considerations of statistical geometric similarity, on the
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985.

demonstrated by current research in Nebraska. The problem of declining water levels
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The test-hole information is also useful in an evaluation of soils, construction 
materials, oil and gas potential, and other geologic resources and their uses. This 
report includes logs of all the test holes drilled. Interpretation of information derived 
from the test drilling is presented on three maps and two geologic sections. The 
Ogallala Formation occurs throughout the county. The average thickness of the 
Ogallala Formation in the 52 test holes was 265 feet. Less than half the total volume of 
the Ogallala sediments contains water available to wells, and in some places the entire 
thickness of the formation is dry. Generally, the brule is more deeply eroded in the 
northern part of the county, and it is here that the Ogallala and the Arikaree sediments 
tend to be the thickest. Large-yield wells can be developed from water contained in 
the sand, gravel, and sandstone that fill the 'sags' and valleys eroded into the 
underlying Brule Formation or older rocks.
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and tributaries, Colorado, Wyoming, and Nebraska: U.S. Cong., 90th, 2d sess., Senate Doc. 87.

The proposed Mt. Carbon Dam site is on Bear Creek about 7 miles above its junction 
with South Platte River. The stratigraphic section includes Permian-Paleocene rocks, 
and the Golden thrust fault crosses the project area just west of the sediment pool. The 
dam and sediment pool would cover less than 1 percent of the sand and gravel 
reserves in the Denver area. Both abutments of the dam would be over abandoned coal 
mines, and the extent and condition of the workings should be investigated. Two 
active and two inactive sand and gravel pits, five other abandoned coal mines, and one 
abandoned clay pit would be inundated; some pits can be mined during low water. 
Flooding of this site would not interfere with oil or gas development in the one-well 
Soda Lakes field.

991. Smith, N.D., 1970, The braided stream depositional environment: comparison of the Platte River 
with some Silurian clastic rocks, north-central Appalachians: Geological Society of America 
Bulletin, v. 81, no. lO(October), p. 2993-3013.

Studies of the South Platte and Platte Rivers in Colorado and Nebraska show that 
braided patterns in streams are created mainly by accretion of longitudinal bars and 
dissection of transverse bars. Coarse, poorly sorted sediment favors formation of 
longitudinal bars, and finer grained, better sorted materials form transverse bars. The 
relative proportion of transverse to longitudinal bars increases downstream with the 
load increase of sediment of finer sizes downstream. This is accompanied by an 
increase in the ratio of planar cross-stratification to horizontal stratification and 
a decrease in cross-channel topographic relief expressed as a bed-relief index.
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description of the water environment in
the State and the presentation of a map showing the major groundwater regions in the 
State, the chapters provide a summary of groundwater use and consumption by type 
of consumption, an examination of groundwater problems in the State, and a summary 
of groundwater law, administration, and regulations. The chapters conclude with a 
section summarizing groundwater politics (where appropriate) and an evaluation of 
future potential groundwater management problems. A glossary and an extensive 
bibliography follow the concluding chapterl
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997. Soice, V.P., 1975, Application of a water-quality model to the Denver metropolitan area, in 
Symposium on modeling techniques, Volume II~2nd Annual Symposium of the Waterways, 
Harbors and Coastal Engineering, San Francisco, Calif., September 3-5,1975: New York, 
American Society of Civil Engineers, p. 1165-1182.

The utilization of sophisticated digital computer models for analyzing alternative 
wastewater treatment systems is a relatively recent innovation in water resources 
engineering. Because of the complexity of the stream system and water use patterns in 
the Denver Metropolitan area, full dynamic simulation of water quantity and quality 
was utilized in a study of regional water-quality management. Complicating water 
quality and quantity factors and a desire to effect a regional approach to management 
of the region's quality resulted in selection of the hydrologic and water-quality 
programming packages offered by Hydrocomp International, Palo Alto, California. 
The model as adapted to the Denver area is known as the hydro-quality model and is 
characterized as a nonuniform, unsteady-state model that provides continuous 
dynamic simulation of water-quality and quantity constituents. The mode was 
calibrated utilizing an extensive meteorological data base, adjusting basin parameters 
to produce simulated stream flow and water quality and comparing this result with 
historically recorded values. A satisfactory calibration achieved, the model was 
utilized as an analytical tool to determine, through simulation, the resultant water- 
quality in the stream network under various alternative wastewater management 
systems. Model results for the various alternatives were compared against one another 
and against predetermined water-quality goals. This paper discussed the procedures 
utilized in applying this particular model and evaluated its effectiveness as a tool to 
manage regional water quality.

998. Soister, P.E., 1974, A preliminary report on a zone containing thick lignite beds, Denver basin, 
Colorado: U.S. Geological Survey Open-File Report 74-27,46 p.

999. Sonnenberg, S.A., 1981, Tectonics, sedimentation, and petroleum potential, northern Denver 
Basin, Colorado, Wyoming, and Nebraska: Golden, Colo., Colorado School of Mines, 215 p.

1000. Soule, J.M., Rogers, W.P., and Shelton, D.C., 1976, Geologic hazards, geomorphic features, and 
land-use implications in the area of the 1976 Big Thompson flood, Larimer County, Colorado: 
U.S. Geological Survey Special Publication (Colorado Geological Survey) 10,10 p.

1001. South Platte Research Team, 1987, Voluntary basinwide water management South Platte River 
Basin, Colorado: Fort Collins, Colo., Colorado Water Resources Research Institute Completion 
Report 133,160 p.

Demands for water in the South Platte River Basin area the most intense in Colorado 
and the result is increasing conflict over water use. The resulting litigation places 
financial burdens on water-right owners, increasingly impacts the judicial system and 
stresses the capacity of the State administrative agencies to make their decisions. A 
voluntary association of water-right owners is proposed as a mechanism to increase 
the options of water users and reduce conflict over water use. The initiative for 
organizing the association would be by the water-right owners themselves. The South 
Platte Research Team believes that such an association could help achieve voluntary 
integrated basinwide water management. An association of water-right owners 
would need information on management and exchange possibilities and the resulting
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impacts on both surface and ground waters. Compulter-based models can provide the
information. The hydrologic and decision models which are available at Colorado 
State University for this purpose are described. Other hydrologic models and 
economic models can also be utilized by the association. Finally, the report sets forth 
a plan of implementation. Through workshops, water-right owners or representatives 
of their associations can become familiar with the potentialities of computer-based 
models for testing the feasibility of possible water exchanges and transfers. They can 
also consider the feasibility of a South Platte Federation in facilitating such actions 
with the help of technically available knowledge. If they deem these potentialities 
practicable and they accept them, further steps in implementation are proposed.

1002. Spahr, N.E., 1981, Variations in climatic characteristics as related to evapotranspiration in South 
Park, central Park County, Colorado: U.S. Geological Survey Water-Resources Investigations 
80-86,154 p. T

Data collected from May through September in 1977, 1978, and 1979 at three stations 
were analyzed using an analysis of variance technique to determine variations in 
climatic characteristics in South Park, Colo. Knowledge of these climatic 
characteristics will aid in determining the amount of water that may be transferred 
from agricultural use in South Park to municipal use in the Denver metropolitan area. 
Daily minimum air temperature, daily averzige air temperature, cumulative wind, 
daily relative humidity, and daily solar radiation were statistically different between 
the three stations at the 1-percent level of significar ce. Daily maximum air 
temperature and daily pan evaporation were not significantly different between some 
stations. Daily precipitation was not significantly different between the three stations. 
Estimates of potential evapotranspiration made using the Penman equation were not 
significantly different between the three stations. The lack of spatial variations in the 
estimated potential evapotranspiration shows that no one climatic characteristic can 
be used as an indicator of spatial variation of potential evapotranspiration. 
Large variations in solar radiation between the three stations indicate that solar 
radiation needs to be measured at sites where evapotranspiration is being determined.

1004. Spahr, N.E., and Blakely, S.R., 1985, Effects of wastewater 
from Littleton to Denver: U.S. Geological Survey Water-R<;

effluent on the South Platte River 
Resources Investigations 85- 4124,97 p.

The U.S. Geological Survey's one-dimensional steac y-state water-quality model was 
used to investigate the effects of the effluent from tie Bi-City WWTP (Wastewater 
Treatment Plant) on the South Platte River. The Bi-(pty WWTP is operated by the 
Cities of Littleton and Englewood. The modM was calibrated from a 14.5-mile reach 
for 5-day carbonaceous biochemical oxygen demand, organic, ammonia, nitrite and 
nitrate using data collected during September 1983. Model verification was completed 
using data collected during October 1982 and January 1984 for all constituents except 
nitrite nitrogen. Nitrite nitrogen could not be verified for the cold temperature 
conditions of January of 1984. Measured benthic sediment oxygen demand used in 
model ranged from 1.01 to 2.77 grams per square meter per day. Model simulations 
were made for an estimated 7-day, 10-year discharge of 18 cubic feet per second, 
upstream from the outfall of the WWTP. Two groups of simulations were made for 
both warm and cold temperature conditions. In the first group of simulations, 
variations were made in effluent 5-day carbonaceous biochemical oxygen demand 
concentrations and flow rates. The second g:roup of simulations varied the amount of
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nitrogen discharged as ammonia and nitrate. The extent of the mixing zone 
downstream of the WWTP outfall was determined by injecting Rhodamine WT dye 
into the effluent. The mixing zone was found to extend 0.8 mile during low-flow 
conditions.

1005. Spahr, N.E., Blakely, S.R., and Hammond, S.E., 1985, Selected hydrologic data for the South 
Platte River through Denver, Colorado: U.S. Geological Survey Open-File Report 84-703,225 p.

The U.S. Geological Survey, in cooperation with the cities of Littleton and Englewood, 
Colorado, studied the effects of the discharge of treated effluent from the Bi-City 
Waste Water Treatment Plant on low-flow conditions of the South Platte River. An 18- 
mile reach of the South Platte River, beginning below Chatfield Reservoir, through the 
Denver metropolitan area was studied. Chatfield Reservoir was used to regulate the 
flow of the South Platte River on four occasions between October 1982 and January 
1984. Each flow-regulation period was used to achieve a stable, low-flow condition. 
Data collection during low flow allowed for the study of waste assimilation during 
both warm- and cold-water conditions. Water-quality, streamflow, channel-geometry, 
traveltime, mixing-zone, reaeration, and benthic-oxygen demand data were collected 
at selected instream, tributary, and effluent sites. This report presents data collected 
during four periods of low flow along the South Platte River.

1006. Spaulding, S.A., 1991, Phytoplankton community dynamics under ice-cover in The Loch, a lake 
in Rocky Mountain National Park: Fort Collins, Colo., Colorado State University, MS thesis.

1007. Spears, C.F., Amen, A.E., Fletcher, L.A., and Healey, L.R., 1968, Soil survey of Morgan County, 
Colorado: Washington, D.C., U.S. Dept. of Agriculture, Soil Conservation Service.

1008. Stednick, J.D., 1988, Comparative hydrochemistry of alpine and alpine-subalpine surface waters 
of Hourglass Creek, Colorado Rocky Mountains, in American Geophysical Union, 1988 fall 
meeting. Eos, Transactions, San Francisco, Calif., Dec. 6-11,1988: v. 69(44), American 
Geophysical Union, p. 1203.

1009. Steele, E.K., 1986, Estimate of livestock water use in Nebraska during 1980: U.S. Geological 
Survey Water-Resources Investigations 86-4031, 38 p.

The estimated volume of 148,120 acre-ft of water used by livestock in Nebraska during 
1980 is the second largest (after Texas) volume used for livestock production in the 
fifty States. Although water used by livestock is a small percentage of the total water 
used in Nebraska, this use has a major impact on the farm economy of the State, as 
livestock sales accounted for 59% of the total farm market cash receipts in 1980. About 
16%, or 23,590 acre-ft, of this use is estimated to be from surface water sources, with 
the remaining 124,530 acre-ft pumped from the State's groundwater supply. The 
estimated livestock water use in Nebraska's 93 counties during 1980 ranged from 340 
acre-ft in Hooker County to 6,770 acre-ft in Cherry County. Livestock water use by 
Hydrologic Units ranged from 20 acre-ft in the Hat Creek basin (10120106) to 10,370 
acre-ft in the Elkhorn River basin, and the Natural Resources Districts' use ranged 
from 1, 880 acre-ft in the South Platte NRD to 17,830 acre-ft in the Lower Elkhorn NRD.
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Studies are being conducted to evaluate, from a regional perspective, water 
availability and consumption in the South Platte River basin of Colorado. Under a 
compact agreement, the State is entitled to use more surface water from the basin than 
is currently being utilized. Public and private entities have been interested in 
development additional surface waters for beneficial use. Four major studies 
performed are profiled: basin streamflow characterization, selection of criteria to 
measure development impacts, preliminary analysis of development alternatives, 
and preliminary impact evaluation and option comparison.
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will probably never reach the water table. Water samples beneath several corrals 
contained large amounts of organic carbon and ammonia and possessed offensive 
odor. Bacterial counts under corrals were considerably higher than under other areas, 
especially at lower depths. These findings indicate some pollution of groundwater by 
deep percolation is occurring from corrals, but more studies are required before 
significance and magnitude of this pollution can be assessed.

1016. Stewart, B.A., Viets, F.G., Jr., and Hutchinson, G.L., 1968, Agriculture's effect on nitrate 
pollution of groundwater: Jour. Soil and Water Conser., v. 23, no. 1, p. 13-15.

Among agricultural sources of ground-water pollution, nitrogen has received 
particular attention because of increased use of fertilizers and the health hazard to 
livestock and humans, especially infants. Victims of nitrate poisoning show symptoms 
of oxygen deficiency. Natural sources cannot be neglected in appraising the nitrate 
problem created in a watershed or basin by adding large amounts in foods, feeds, 
fertilizers and legumes. Little is known about the relative contributions of domestic 
sewage effluents, fertilizers, and wastes from corrals to pollution of ground waters. 
Comparison of chemical data for water samples beneath feedlots and irrigated fields 
in Colorado suggests that leaching losses have been greatly underestimated. Profile 
differences are discussed and illustrated graphically; need for management is 
emphasized.
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BIBLIOGRAPHY 165



1025. Sweet, A.T., Brown, L. A., and Haines, W.E., 1929, Soil survey of the Greeley area, Colorado: Fort 
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Groundwater has characteristics that make State intervention in its use necessary. 
These are: (1) relative scarcity, (2) absolute scarcity, and (3) contamination. This paper 
focuses on the first two characteristics. Relative scarcity occurs when pumpers in a 
basin cannot obtain required amounts at pre-|existin£; pumping levels. Unlike surface

in any given year. Rather, any 
water but to an amount of water

streams, groundwater basins may not be sucked dry 
shortage that occurs is not to an absolute amount of
at a given static pressure level. Economists advise that in order to promote the 
efficient allocation of resources, property rights muslt be well defined, enforced, and 
transferable. Well-defined rights are basically rights that make clear, exclusive 
assignments to one entity. The other two attributes, enforceability and transferability, 
follow from an exclusive assignment. Once a|n individual sphere of control is 
delineated, it is possible to determine what ij> an interference and to protect the right 
holder against it. Clear and enforceable righls are obviously saleable items, if the 
resource has value, and thus the right is transferable. With respect to groundwater, the 
sticky point is the first characteristic of property right. It is difficult to assign exclusive 
rights to a resource when, for physical reasons, one claimant's consumption inevitably 
interferes with another claimant's legitimate consumption. A survey of groundwater 
law and administration in California, Colorado, New Mexico, and Nebraska shows 
that no State has developed a perfect solution. However, each of these States has 
developed a solution to the twin problems of pressure declines and mining. 
Groundwater control is rooted in the needs o|f each State, and as a result, one State's 
institutions are not readily transferable to another State; but, taken together, the 
experience of the States surveyed here illustrate some realistic approaches to 
groundwater conservation.
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Supreme Court's use of the negative commerce clause to provide the flexibility of the 
western States to allocate their water resources. A description is given of the origins 
of western claims on resource sovereignty and limitations on exclusive State control 
over water. The impact of a coal slurry pipeline on water rights is also evaluated.
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Univ., Environmental Engineering Technical Report. 2 (Final); NCWQ-75/78,453 p.

A comprehensive water-quality analysis and environmental impact assessment at the 
South Platte River was undertaken as part of a national assessment of anticipated 
environmental impacts of theoretically achieving or not achieving the requirements of 
the Federal Water Pollution Control Act Amendments of 1972 (P.L. 92- 500). Authors
(1) characterized historical and existing water quality and environmental conditions;
(2) projected resultant water quality, assuming specific levels of wastewater treatment 
to point source effluents entering the study site; and (3) anticipated biological, 
ecological and environmental effects, and impacts and benefits to result from 
projected changes in water quality. The site assessment is one of 41 similar studies 
conducted for the Environmental Sciences sector of the Commission.
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For 40 years, mustard gas, napalm, and pesticides were manufactured just 10 mi from 
downtown Denver at the Rocky Mountain Arsenal. Much of the chemical wastewaters
flowed to the same destination, creating a p

1988: v. 31, Association of Engineering

otent and unusual mixture of water,
organics and dissolved solids. Now, after rrtore than a decade of studies and pilot 
programs, a downfired liquid incinerator h&s been tapped to destroy the resilient 
waste.
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Space Administration, NASA-TM-79710; G-7816, 215 p.

Flight

land-use inventory, modeling, and 
e xisting maps, air photos, and

Center, National Aeronautics and

A landscape model was constructed with 34 land-use, physiographic, socioeconomic, 
and transportation maps. A simple Markov land-use trend model was constructed 
from observed rates of change and nonchange from photointerpreted 1963 and 1970 
airphotos. Seven multivariate land-use projection models predicting 1970 spatial land- 
use changes achieved accuracies from 42 to 57 percent. A final modeling strategy was 
designed, which combines both Markov trend and multivariate spatial projection 
processes. Landsat-1 image preprocessing included geometric rectification/ 
resampling, spectral-band, and band/insolcition ratioing operations. A new, 
systematic grid-sampled point training-set eipproac i proved to be useful when tested 
on the four original MSS bands, ten image bands and ratios, and all 48 image and map 
variables (less land use). Ten variable accuracy was raised over 15 percentage points 
from 38.4 to 53.9 percent, with the use of the 31 ancillary variables. A land-use 
classification map was produced with an optimal ten-channel subset of four image 
bands and six ancillary map variables. Point-by-point verification of 331,776 points
against a 1972/1973 U.S. Geological Survey
airphotos and the same classification scheme showed average first-, second-, and 
third-order accuracies of 76.3, 58.4, and 33.C 1 percent, respectively.

1044. Trexler, P.K., 1978, Uranium hydrogeochemical 
Cheyenne NTMS Quadrangle, Wyoming: N. 
Energy, GJBX-106-78, LA-7237-MS Informal

Mex
Report

and stream sediment reconnaissance of the 
., Los Alamos Scientific Lab., Department of 

,69 p.

Between June 1976 and October 1977, 1138 
systematically collected from 1498 locations 
southeast Wyoming. The samples were
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Scientific Laboratory. The uranium concentration in waters ranged from 0.01 to 296.30 
parts per billion (ppB), with a median of 3.19 ppB and a mean of 8.34 ppB. The uranium 
in sediments ranged from 0.8 to 83,0 parts per million (ppM) with a median of 3.4 ppM 
and a mean of 4.5 ppM. Arbitrary anomaly thresholds were selected to isolate those 
water and sediment samples containing uranium concentrations above those of 98% of 
the population sampled. Using this procedure, 23 water samples above 54.50 ppB and 
12 sediment samples above 14.0 ppM were considered anomalous. Several areas 
appear favorable for further investigation for possible uranium mineralization. High 
uranium concentrations were detected in waters from the northeast corner of the 
Cheyenne quadrangle. High uranium concentrations were detected in sediments from 
locations in the southern and central Laramie Mountains and along the southeast and 
east-central edges of the study area.

1045. Trimble, D.E., and Fitch, H.R., 1974, Map showing potential sources of gravel and crushed-rock 
aggregate in the Greater Denver area, Front Range Urban Corridor, Colorado: U.S. Geological 
Survey Miscellaneous Investigations Series Map I- 856-A, scale 1:100,000.

High-quality gravel in the Front Range Urban Corridor, Colo., is restricted largely to 
areas beneath flood plains of major streams and to low terraces along these streams. 
Rock suitable for processing into crushed-rock aggregate is plentiful in the older rocks 
of the mountains and in certain volcanic rocks of the foothills and plains. Potential 
sources of gravel or of aggregate have been grouped into seven map units three of 
gravel and four of crushed-rock aggregate. A potential source of gravel, as here 
defined and mapped, contains 20 percent of more of granule- and pebble-size stones 
(smaller than 2.5 in. or 6.4 cm, but retained on a no. 10 U.S. Standard Sieve). The 
minimum gravel content was placed arbitrarily at 20 percent of the deposit because 
this is the most likely economic limit under the most adverse foreseeable conditions. 
The map units are based on differences in physical characteristics, which, in turn, 
determine relative quality for different uses.

1046. Trimble, D.E., and Machette, M.N., 1976, Geology of the Greater Denver area, Front Range
Urban Corridor, Colorado: U.S. Geological Survey, Miscellaneous Investigations Series Map I- 
856-H, scale 1:100,000.

1047. Tucker, R.C., and Lemont, S., 1985, RMA Southern Tier contamination survey, in Groundwater 
contamination and reclamation, Proceedings of a Symposium, Tucson, Ariz., August 14-15, 
1985: Bethesda, Md., American Water Resources Association, p. 27-36.

The City and County of Denver have advised the Federal Aviation Administration 
(FAA) that they would like to develop a new east-west runway for Stapleton 
International Airport to be located on the 'Southern Tier' of the Rocky Mountain 
Arsenal. The FAA is preparing an Environmental Impact Statement (EIS) for this 
proposed expansion. Though generally undeveloped and undisturbed, a number of 
areas were identified in the Southern Tier as known or potentially contaminated areas. 
There are three sites known to contain pesticide and mercury contamination. These are 
buried sludges dredged from nearby lakes and a pond where sediments were carried 
during a large storm. On other sites were located storage sheds for incendiary 
munitions. An environmental survey of the area was conducted to provide a concise 
explanation of the contamination condition present in these areas, for inclusion in the 
FAA's EIS. The survey involved aerial photo interpretation, soil brings and sampling,
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well installation, surface and groundwater sampling, sediment sampling, and 
laboratory analysis. Data analysis and contamination assessment focused on
identification and quantification of volume and extent of known or suspected sources
of contamination. The following conclusion!? were drawn with respect to conditions in 
the RMA Southern Tier: (1) no drinking wafer standards or guidelines were exceeded 
in any water samples collected, except for iron and manganese, which in almost all 
areas occur in naturally high concentrations; (2) ot \er than in soil and sediment 
samples taken at three sites, no significant contamination was found in samples of
groundwater, surface water, sediment, and 
for offsite migration of contamination from
the 'worst case' scenario analysis, contamination requiring remedial action was 
detected at the same three sites. Remedial actions were identified where appropriate.

1048. Tudor Engineering Co., and Water and Power 
inventory of low-head hydroelectric sites. 
Final rept. on Phase 2, Dec. 79-Oct. 80: San

soils collected; (3) there is little potential 
the RMA Southern Tier; and (4) based on

Resource^ Service, 1980, Western States 
Volume 2. Appendix D. Environmental Screening, 
Francisco, Calif., 342 p.

The report presents a listing of 2628 potential low-head hydroelectric sites in the 17 
Western States. It includes a preliminary evaluation of environmental considerations 
that could impact development of the sites.

1049. Tudor Engineering Co., and Water and Power Resources 
inventory of low-head hydroelectric sites: Denver, Colo., 
Volume 1. Final report and Appendix A (Site Data Listing) 
Appendix C (Computer Screening) Final rept. on Phase 
PB81-134959., 352 p.

Service, 1980, Western States 
Engineering and Research Center,

, Appendix B (New Site Selection), 
, Dec. 79-Oct. 80. See also Volume 2,

The report presents a listing of 2628 potential low-1 
Western States. It includes a preliminary economic 
[Army] Corps of Engineers National HydroJ>ower !

\ead hydroelectric sites in the 17 
sizing and analysis using the U.S. 
tudy Form 1 procedures.

1050. Tudor Engineering Company, 1987, Clear Creek
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paginated.

Project, phase 1 feasibility report: Denver, 
, Final report, variously

1051. Turner, C.D., and Hendricks, D.W., 1983, Dissolved solids hazards in the South Platte Basin. 
Volume 2. Salt balance analysis: Fort Collins, Colo., Colorado Water Resources Research Inst. 
Completion Report 129,140 p.

The first year of this project assessed the salt flows at five stations of the South Platte 
River between Henderson and Julesburg, and of the three main tributary streams, the 
St. Vrain, the Big Thompson, and the Cache la Poudre. The analysis of 15 years of data 
from 1965-1979 showed that salt is lost from the river between Kersey and Julesburg.
The objective of the second year of the proje :t was to explain the negative salt balance
in the Kersey-Balzac reach and to understand better the mass flows of salt within the 
system. Another objective was to develop basic data in preparation for development
of a salt balance model involving the major
system, the long-range objective. Study of tie canal diversions in the Kersey-Balzac 
reach indicated that the reason for the salt imbalance is due to two major canal 
diversions.
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1052. Turner, CD., and Hendricks, D.W., 1980, Planning water reuse- Development of reuse theory 
and the input-output model, Vol. I-Fundamentals: Fort Collins, Colo., Colorado State 
University, Colorado Water Resources Research Institute Completion Report 114,316 p.

Municipalities in the West are searching for new sources of water at a time when very 
little undeveloped water remains. An increasing number of communities are planning 
to meet growing water needs through water reuse. In Denver, for example, a potable 
water reuse facility of 100 mgd is being planned for construction during the 1990's. An 
alternative to potable water reuse is the exchange of treated municipal wastewater for 
unused high-quality agricultural water. This type of water reuse promises to be less 
expensive than potable reuse, and it can be implemented today. In order to facilitate 
the exploration of municipal water reuse alternatives, a water reuse methodology is 
developed in the research. Two case-study demonstrations are used to document the 
application of the methodology. The water reuse planning methodology is developed 
using: (1) a synthesis of reuse definitions from the literature; (2) an analysis of 
proposed and existing water reuse projects to discover new directions in reuse 
development; (3) identification of financial and regulatory incentives contained in the 
water-quality laws; and (4) the identification of mechanisms in appropriative water 
laws that influence water reuse. The resulting methodology is designed to aid in the 
formulation of water reuse alternatives. An economic methodology is also developed 
for the evaluation and comparison of dual purpose water reuse alternatives with other 
water supply and wastewater treatment alternatives. The South Platte River Basin and 
the cities of Fort Collins and Greeley are used to demonstrate the alternative 
development methodology. The demonstration shows that water reuse exchange 
with agriculture has the potential to meet all but the very highest municipal water 
projections for the next 40 years in the basin.

1053. Turner, CD., Hendricks, D.W., and Klooz, D., 1982, Water reuse models for the South Platte 
River Basin: Fort Collins, Colo., Center for Water Resources Research.
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1076. U.S. [Army] Corps of Engineers, 1968, Bear Creek basin, South Platte River and tributaries, 
Colorado, Wyoming, and Nebraska: Washington, D.C., Department of the Army, U.S. 90th 
Congress, 2d Sess., Senate Doc. 87,175 p.

To control flooding of Bear Creek, a left-bank tributary of the South Platte River in 
metropolitan Denver, Colorado, a multiple-purpose flood control and recreational 
reservoir is proposed. The recreational pool would have an area of 130 acres. The 
estimated cost is $20,851,000. Estimated annual flood damage potential is $1,103,000. 
Estimated annual flood protection benefit is $930,000.

1077. U.S. [Army] Corps of Engineers, 1969, Flood plain information, Dry Creek, Cheyenne, 
Wyoming - volume 1: Omaha, Nebr., Department of the Army, Flood Plain Report, 23 p.

Flooding of Dry Creek, Cheyenne, Wyoming is described in a report of flood plain 
problems based on records of rainfall, runoff, and historical and present flood heights. 
Maps, photographs, profiles, and cross sections indicate the extent of flooding that has 
occurred and which may be expected to occur in the future. The information is for use 
in study and planning ways to minimize vulnerability to flood damages by control of 
flood plain use by zoning and subdivision regulations, the construction of flood 
protection works, or by combinations of these approaches.

1078. U.S. [Army] Corps of Engineers, 1973, Flood plain information: Cache La Poudre River,
Colorado, Volume I, Fort Collins, Larimer County: Omaha, Nebr., Department of the Army, 
Prepared for Larimer-Weld Regional Planning Commission, 25 p.

This study reach of Cache La Poudre River in Larimer County extends 15.4 miles from 
a point near the river gage upstream of Laporte to the Spring Creek confluence at Fort 
Collins. The river in this reach drains an area of 1,055 sq mi and has a slope of 16 ft/ 
mi. The flood plain is not extensively developed; much of the included area could be 
used safely. Fort collins has acquired some flood prone lands for use as open space 
areas. Continued growth of Fort Collins (population 51,125) is expected to bring 
development pressure to the flood plains. Presently, thirteen bridges, roadway 
embankments, residential and commercial structures can obstruct flood flows. 
Flooding can occur from May through September as the result of intense rainfall. 
Flooding is most likely to occur in June when rainfall and snowmelt runoff combine 
to produce flood flows. The river through Fort Collins begins to exceed channel 
capacity at a peak discharge of about 5,000 cubic feet per second (cfs). The 
intermediate regional flood and the standard project flood would have peak 
discharges of 19,700 and 60,000 cfs, respectively, at the downstream limit of study 
reach and would subject residential, commercial, utility and public property to 
flooding. At Fort Collins, peaking will normally occur due to heavy rainfall in about 
6 hours with 30-hour duration. Below Watson Lake where the flood plain is relatively 
narrow and velocities are high, overbank flows will be dangerous. A major flood last 
occurred in 1904.
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1079. U.S. [Army] Corps of Engineers, 1974, Flood plein information: Cache La Poudre River,
Colorado, Volume II, Greeley, Weld County: Orrtaha, Nebr., Department of the Army, Prepared 
for Larimer-Weld Planning Commission, 30 p.

This 14.8-mile study reach of the Cache La Poudre River, a tributary of South Platte 
River, extends from the mouth near Greeley to about a mile above Sheep Draw and 
drains an area of 1,890 square miles. The river has a slope of 6.6 ft/mile in this reach, 
with flood plain widths ranging from 3,500 to 4,000 ft largely without urban 
development, although a large number of b uildings are located in the flood plain on 
the northeast side of Greeley. In Greeley, the flood plain is moderately developed. 
Fourteen bridges, roadways and vegetation can obstruct flood flows. Continued 
growth in Greeley (1970 population 38,902, projected 1990 population 75,000) is 
expected to exert further development pressure on|the flood plain. Greeley presently 
has zoning ordinances which restrict development ivithin an area less than 200 ft from 
the centerline of the river. Flooding can occur from May to September as the result of 
intense rainfall. Snowmelt can augment floodflows in May, June and July. Typically, 
floods will peak within 4 days of an intense rainfall and will last several days. 
Flooding in June 1965 with a peak discharge of 3,480 cubic feet per second did $700,000 
damage to rural areas in the Poudre basin and $85,000 damage in the vicinity of 
Greeley. Standard project flood and the intermediate regional flood will have peak 
discharge of 29,000 and 9,000 cfs respectively at the 25th Ave. bridge.

1080. U.S. [Army] Corps of Engineers, 1978, Flood pla 
Creek, Sterling, Colorado: Omaha, Nebr., Depar 
and the Colo. Water Conservation Board, 40 p.

1081. U.S. [Army] Corps of Engineers, [1973?], Metro 
tributaries-Colorado, Wyoming, and Nebraska 
Department of the Army, 980 p.
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Vol 1. S|ummary Report: Omaha, Nebr.,

1082. U.S. [Army] Corps of Engineers, 1973, Metropolitan Denver and South Platte River and
tributaries-Colorado, Wyoming, and Nebraska; Preliminary draft plan of study: Omaha, Nebr., 
Department of the Army, 66 p.

1083. U.S. [Army] Corps of Engineers, 1975, Needs identification and supplement to the plan of study: 
Metropolitan Denver and South Platte River and tributaries - Colorado, Wyoming, and 
Nebraska; Water and related land resources management study: Omaha, Nebr., Department of 
the Army, 106 p.

1084. U.S. [Army] Corps of Engineers, 1972, Review report 
Colorado, Wyoming, and Nebraska: Omaha, Nebr. 
report on Bijou Creek, Colorado.

1085. U.S. [Army] Corps of Engineers, 1950, South PI 
Colorado; Reservoir regulation manual: Omaha 
paginated.

tte River basin, Cherry Creek Reservoir, 
., Nebr., Department of the Army, variously

1086. U.S. [Army] Corps of Engineers, 1973, An urban regional study 
resources; Metropolitan Denver, South Platte River and 
Nebraska. Plan of study: Omaha, Nebr., Department of
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1087. U.S. [Army] Corps of Engineers, 1975, Water and related land resource management study- 
Metropolitan Denver and South Platte River and tributaries-Colorado, Wyoming, and 
Nebraska: Omaha, Nebr., Department of the Army.

1088. U.S. [Army] Corps of Engineers, 1977, Water and related land resource management study, 
Metropolitan Denver and South Platte River and tributaries-Colorado, Wyoming, and 
Nebraska: Omaha, Nebr., Department of the Army, Vol. II, Background information; Vol. V, 
Supporting technical reports appendices; App. D, Characteristics and problems of the water 
supply system-Main report and appendix; App. E, Mountain and eastern plains water-quality 
study; App. F, USGS mine drainage study; App. H, Hydrology; App. J, Water supply 
management analysis and alternative development; Vol. 1, Main report - Water supply - 
Demand analysis; Vol. 2, Technical app., Water supply analysis, variously paginated.

1089. U.S. Department of Agriculture, and Colorado State University Experiment Station, 1980, 
Important farmlands of Colorado. State summary and map: U.S. Soil Conservation Service 
Special Series 17, variously paginated.

1090. U.S. Department of Energy, 1986, Environmental Assessment: Warren Air Force Base 115-KV 
Transmission Line, Cheyenne, Wyoming: Washington, D. C., Western Area Power 
Administration, DOE/EA-0291, 47p.

The Western Area Power Administration (Western), is proposing to construct a new 
electrical transmission line and substation in southeastern Wyoming. This proposed 
line, called the Warren Air Force Base Transmission Line, will supply power for 
Western's system to Francis E. Warren Air Force Base (F.E. Warren AFB) near 
Cheyenne. It would allow for increased transmission capacity to the air base. F.E. 
Warren AFB currently is served electrically by Western via a 13.8-kV line. It is a wood- 
pole, double-circuit line without an overhead ground wire, which extends from 
Western's Cheyenne Substation, through an urban area, and onto the air base. The 
Cheyenne Substation is located on the south side of the city of Cheyenne. The electrical 
load on the base is increasing from 4 megawatts (MW) to 11 or 12 MW, an approximate 
threefold increase. Voltage problems occasionally occur at the base due to the present 
electrical loads and to the age and inadequacy of the 13.8-kV line, which was placed 
in service in 1941. The existing line has served beyond its designed service life and 
requires replacement. Replacement would be necessary even without an increasing 
load. F.E. Warren AFB has several new and expanding programs, including additional 
housing, shopping centers, and the Peacekeeper Missile Program. Part of this 
expansion already has occurred; the remainder is expected by early 1988. This 
expansion has created the need for additional electrical service. The present 13.8-kV 
line is not capable of supporting the additional load. 28 refs., 4 figs., 2 tabL..

1091. U.S. Department of Health, Education, and Welfare, 1963, Conference on the matter of pollution 
of the South Platte River basin, October 29,1963: Denver, Colo., U. S. Public Health Service.

1092. U.S. Department of Health, Education, and Welfare, 1965, Ground- water pollution in the South 
Platte River valley between Denver and Brighton, Colorado: U. S. Public Health Service

1093. U.S. Department of the Interior, 1966, Appendix D - Meat industry water study (supplement to: 
A Study of Industrial Water Pollution in the South Platte River Basin): Denver, Colo.
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1094. U.S. Department of the Interior, 1966, Appendix
(supplement to: A Study of Industrial Water Pollution in the South Platte River Basin): Denver, 
Colo.

B - Industrial plants visited and not sampled

1095. U.S. Department of the Interior, 1966, Appendix C
(supplement to: A Study of Industrial Water Pollution 
Colo.

1096. U.S. Department of the Interior, 1966, Appendix 
(supplement to: 
Colo.

A - Industrial plants visited and not sampled 
A Study of Industrial Water Pollution in ithe South Platte River Basin): Denver,

1097. U.S. Environmental Protection Agency, 1972,
Platte River basin. May 1972, July 1972, September 
Branch, Report S and A-TSB-6,46 p.

- Outfall study; location and sampling results 
in the South Platte River Basin): Denver,

Bacteriological investigations of the upper South 
1972: Denver, Colo., Technical Support

Bacteriological surveys were carried out in :mid-1972 to determine weather present 
fecal and total coliform levels in the South Platte River above Denver, Colorado, 
comply with standards required for a proposed B3 reclassification to permit body 
contact water recreation (swimming and inrter-tube floating). Fecal coliforms 
exceeded the Class B3 standards at one of four stations in May, four of 19 stations in 
July, and one of seven in September. Total coliforms were exceeded at no stations in 
May, one of 19 in July, and one of seven in September. Violations, attributed to storm 
runoff, can be eliminated, except during major runoff periods, by: (1) controlling the 
periodic discharge from the Centennial Racetrack horse barns by diversion into a 
leaching pond; and (2) construction of a settling pond for removal of suspended solids 
from wastewater from the Kassler Water Treatment Plant filter sand-washing 
operation. The proposed reclassification area extends from Union Avenue in Littleton, 
Colorado, to Waterton, Colorado. Class B3 standards require total coliform density not 
to exceed 1000/100 ml average per month, nbr to exceed this figure in 20% of samples; 
the single sample maximum is 2400/100 ml. Fecal coliforms shall not exceed 100/100 
ml, and fecal streptococcus shall not exceed 20/100 ml; both are monthly sample 
averages. Bear Creek, which joins the South jPlatte downstream of the study area, was 
also sampled.

1098. U.S. Environmental Protection Agency, 1972, Evaluation
the Littleton Wastewater Treatment Plant Littleton, Colorado 
Technical Support Branch, SA/TSB-3,35 p.

of the effectiveness of chlorination at 
, May 15-23,1972: Denver, Colo.,

The purpose of this study is to evaluate the effectiveness of chlorination at the 
Littleton plant in providing satisfactory disinfection before discharge to the South 
Platte River. An evaluation was also made of chloride residuals downstream from the 
Littleton outfall.
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1099. U.S. Environmental Protection Agency, Region VIII, 1977, Final environmental impact
statement: Water-quality management plan for El Paso and Teller Counties, Colorado: Denver, 
Colo., Report EPA-908/5-77-004, 35 p.

This EIS uses a modification of the standard EIS format because the water-quality 
management plan developed by the Pikes Peak Area Council of Governments 
(PPACG) includes the requirements of NEPA as an integral part of the plan. NEPA 
requirements were integrated into the planning process, with EPA personnel 
participating in the plan's development. This EIS consists of the following documents: 
a summary of the significant environmental issues and EPA's recommended course of 
action; a summary of the PPACG water-quality management plans; a study of land use 
alternatives considered in the plan; and a summary report of an environmental 
resource study prepared by PPACG. EPA's certification of the State's official water- 
quality resource management plan for El Paso and Teller Counties was conditioned on 
the resolution of the following issues: stream classification, sludge handling facilities, 
effluent monitoring, stream monitoring, re-evaluation of stream classification and 
water-quality criteria exceptions, State action on stream classification and water- 
quality criteria, priorities for construction grants, population projections, the 
management agency for the Upper Fountain Subbasin, and local ratification of the 208 
plan. The report presents in detail a statement of each issue relating to the water- 
quality management plan for the two counties, and EPA's recommended action and 
rationale. Finally, comments on the draft EIS and EPA responses are included.

1100. U.S. Environmental Protection Agency, 1972, Longmont Wastewater Treatment Facility, 
Longmont, Colorado. Technical assistance project, Mar.-May 72: Denver, Colo., Technical 
Support Branch, SA/TSB-2, 30 p.

The purpose of the report is to summarize the results and findings of the technical 
assistance project that was conducted at the Longmont, Colorado, waste water 
treatment facility. The initial objective to improve the plant's operations and the 
effluent quality was successful to a degree and is documented in this report.

1101. U.S. Environmental Protection Agency, 1990, Recommended determination to prohibit
Construction of Two Fork Dam and Reservoir Pursuant to Section 404(c) of the Clean Water Act: 
Denver, Colo.

1102. U.S. Environmental Protection Agency, 1972, Summary of plant evaluation city, and County of 
Denver's Northside Wastewater Treatment Facility, August-September 1972: Denver, Colo., 
Technical Support Branch, SA/TSB-7,18 p.

The purpose of the evaluation was to determine through discussions with the 
personnel involved with the Denver Northside Wastewater Treatment Plant, whether 
or not the facility was being operated and maintained satisfactorily to achieve the best 
protection for the waters of the South Platte River. The evaluation of the Northside 
plant led into areas including: industrial wastes, plant operations, administrative 
controls, sewer ordinances, etc.
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1103. U.S. Environmental Protection Agency, 1974, Summary report on the long-term water quality 
of the South Platte River Basin 1966-1972: Denver, Colo., Technical Investigations Branch, EPA- 
908/2-74-002; SA/TIB-19,141p.

An analysis of water quality data from 21water-quajity surveillance stations located 
in the South Platte River Basin of Colorado was conducted. The data collected from 
1968 through 1972 indicate significant deterioration of surface water quality in the 
Denver Metropolitan Area. Total and fecal coliform concentrations have increased by 
two to three orders of magnitude in recent years along with increased BODS 
concentrations, and dissolved-oxygen concentrations have sometimes dropped below 
acceptable limits (less than 5 mg/1). The analysis indicates a need to improve water- 
quality with respect to these parameters in <brder toi achieve proposed water-quality 
objectives. A monitoring system is proposed to improve data reliability and provide 
information on previously undefined variables.

1104. U.S. Environmental Protection Agency, 1986, Superfund record of decision (EPA Region 8): 
Marshall Landfill Site, Boulder County, Colorad^, September 1986. Final report: Washington, 
D.C., EPA/ ROD/R08-86/008, 57p.

The Marshall Landfill accepted unstabilized sewage sludge and many unidentified 
and potentially hazardous wastes. Septic wzistes and liquid industrial wastes were 
also disposed offsite in two, now closed, septic ponds. The primary contaminants of 
concern include: VOCs including TCE, PCE, DCE, and benzene, and heavy metals 
including cadmium and lead. The selected remedial action includes: installation of a 
subsurface collection system using natural ground water gradients to collect all 
contaminated ground water leaving the Marshall Leindfill site; treatment of 
contaminated ground water by sedimentation, air stripping, and off-gas carbon 
adsorption; landfill improvements, including regradling, revegetation, perimeter 
ditches, and fences, to minimize future environmental and public health impacts from 
the site, and ground and surface water monitoring.

1105. U.S. Environmental Protection Agency, 1987, Superfund 
Creek, Colo.: Washington, D.C., Office of Emerg 
ROD/R08-87/018,159 p.

record of decision: Central City/Clear 
;<jncy ancj Remedial Response, Report EPA/

i

The Clear Creek/Central City site encompasses portions of Clear Creek County and 
Gilpin County in the Colorado mineral belts, Colo. More specifically, the focus is on 
five abandoned mines/tunnels proximal to l:he cities of Idaho Springs, Black Hawk 
and Central City and the influence of acid mine drainage from those tunnels on 
adjacent stream courses. Surface water contaminatiob results from acid mine drainage 
emanating from the five tunnels and from seepage 0f groundwater through tailings 
piles both proximal to these tunnels and along stream courses. Approximately 1,200 
Ibs/day of dissolved and suspended metals are discharged to the Clear Creek 
drainage from the five mine tunnels. These Dissolved and suspended metal loadings 
have resulted in a significant depletion of aquatic life and have potential impact to
sediments and downstream users of surface
contaminants of concern including aluminum, arsenic, cadmium, chromium, copper,
fluoride, lead, manganese, nickel, silver and zinc. The selected interim remedy for this
site includes: construction of passive treatme nt systems to treat mine tunnel discharge 
prior to discharge to surface water. This is the preferred alternative and is contingent
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upon results of ongoing pilot plant studies. If water-quality concentrations cannot be 
achieved by passive treatment, either a combination system of passive and active 
treatment systems will be constructed or two active treatment systems (chemical 
precipitation or electrochemical precipitation) will be constructed to treat mine tunnel 
discharge. The estimated capital cost for passive treatment only is $1,663,000 with 
annual operation and maintenance costs of $115,000.

1106. U.S. Environmental Protection Agency, 1990, Superfund record of decision (EPA Region 8): 
Rocky Mountain Arsenal (Operable Unit 23), Adams County, Colorado (Seventh Remedial 
Action), Final Draft: Washington, DC., Office of Emergency and Remedial Response, EPA/ 
ROD/R08-90/042,76p.

The 17,000-acre Rocky Mountain Arsenal (RMA) (Operable Unit 23) site is a former 
U.S. Army chemical warfare and incendiary munitions manufacturing and assembly 
plant in Adams County, Colorado. Operable Unit 23 (OU23), the Shell Section 36 
Trenches, is one of several areas being addressed as part of the Other Contaminated 
Sources Interim Remedial Action. Approximately 31 trenches occupy an 8-acre area of 
Section 36 in the central portion of the RMA. From 1952 to 1965, liquid and solid waste 
including bulk or drummed process intermediates, off-specification product, 
laboratory sample filters, and other debris from the manufacture of pesticides was 
disposed of and buried in the trenches. Investigations by the Army from 1987 through 
1989 have identified ground water contamination in a surficial unconsolidated sand 
aquifer underlying the site. A plume of dense non-aqueous phase liquids (DNAPLs) 
was also detected and is believed to have originated from the Shell Section 36 trenches. 
The primary contaminants of concern affecting the soil and ground water are VOCs 
and other organics including pesticides.

1107. U.S. Environmental Protection Agency, Region VIII, 1972, Accomplishment Plan - Water 
Quality. South Platte River Basin: Denver, Colo., 122 p.

The South Platte River Basin has been selected as one of Region VIII's highest priority 
areas for an abatement and control program. The basin encompasses the largest 
metropolitan area in the region (Denver) as well as major portions of the urbanizing 
Front Range in Colorado. A program is defined to achieve by 1976 existing dissolved 
oxygen and bacteria standards and to upgrade the quality of specific reaches of the 
basin.

1108. U.S. Environmental Protection Agency, Region VIII, 1972, Accomplishment Plan, South Platte 
River Basin - Denver Area: Denver, Colo., 56 p.

A strategy to obtain recreation use classification upstream from Denver and a public water 
supply classification for the entire main stem is discussed.

1109. U.S. Environmental Protection Agency, Region VIII, 1973, Metropolitan Denver Sewage 
Disposal District No. 1. Commerce City, Colorado. Project No. C80317, and C080327 Draft 
environmental impact statement: Denver, Colo., ELR-73-1700, 209 p.

The wastewater treatment plant of the Metropolitan Denver Sewage Disposal District 
No. 1 (Metro) is located adjacent to the South Platte River in Commerce City, CO. 
Metro is responsible for providing sewage treatment service to a major portion of the
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Denver metropolitan area. The present Metro treatment plant has a total capacity of 
98 million gallons of sewage per day (mgd) to meet 1978 effluent standards. The 
proposed project at the present plant site would increase the treatment plant's 
capacity by 70 mgd, to provide a total treatment capacity of 168 mgd. New systems to 
be added include: modification of existing secondary scum clarifiers, four 150-foot- 
diameter primary clarifiers, ten 140-foot-d:iameter secondary clarifiers, a pure oxygen 
aeration system and facilities for mechanical screening, grit removal, sludge pumping 
and treatment, and chlorination. These additions Would be located south of the 
existing plant facilities in the area presently occupied by the ash lagoons. The effluent 
from the proposed plant expansion would discharge into the South Platte River at the 
present plant outfall site. Environmental impacts include water quality; an 
improvement in the aquatic environment of the river and consequent enhancement of 
recreational and aesthetic values; and some odor and noise problems.

1110. U.S. Environmental Protection Agency, Region 
Accomplishment Plan: Denver, Colo., 174 p.

VIII, 1972, South Platte River Basin

This Accomplishment Plan applies to the headwaters of the South Platte River Basin 
near the Colorado/Nebraska border, covering 350 main stem stream miles plus 469 
tributary stream miles. The basin encompasses Denver and surrounding counties, 
containing the largest metropolitan area iri Region VIII. Municipal discharges and 
wastes from sugar-beet processing plants and other industrial operations are the 
major waste sources. Present Colorado wastewater treatment plant standards are not 
adequate to meet ambient stream standards in most areas. The report discusses 
pollutant loadings, water-quality standards, and tactical solutions to pollution 
problems so that water quality in the basin would meet proposed standards by July 1, 
1976. Tables of basin load summaries are presented listing 5 day BOD and coliform 
levels, proposed decreases of these levels over FY'is 73- 76, water-quality objectives, 
and the year in which the minimum acceptable water-quality levels are to be achieved. 
A chronological ordering of planned accomplishments is shown outlining specific 
actions EPA officials should take to insure adequate water quality in the region. 
Principal point source loads and locations are listed along with the type and amount 
of pollutant each source discharges. Tactical solutions are offered based on particular 
situations and problems with a timetable ajnd manpower schedule for instituting the 
proposed solutions. The report ends by lisiing eac^i discharger and the schedule for 
pollution reduction levels required by each to mee|t ambient water-quality standards 
by July FY'76.

1111. U.S. Environmental Protection Agency, Region
waste-source evaluations Water-quality investigat 
Colorado 1971-1972: Office of Enforcements.

1112. U.S. Environmental Protection Agency, Region 
Water Program. Appendices Denver regional 
141 p.

VIII, 1977, Wastewater facilities and the Clean 
environmental impact statement: Denver, Colo.,

Contents: Supplemental information on existing 
impacts on the region's environmentally sensitive 
report summary draft clean water program
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1113. U.S. Environmental Protection Agency, Region VIII, 1977, Wastewater facilities and the Clean 
Water Plan Denver regional environmental impact statement, draft: Denver, Colo., 303 p.

Contents: Introduction (Background, actions under consideration in this EIS, the 
need for this EIS, the options available in this EIS, the objectives of this EIS, and report 
organization); The existing environment (Situation and description of the Denver 
region, environmental sensitivities, and socio-economic environment); The proposed 
projects and alternatives (Proposed projects, background, EIS alternatives - point 
sources, alternatives to stream discharge, and clean water plan management 
alternatives); Probable environmental impacts (Socio-economic impacts, cost 
considerations, land use change to the year 2000, conversion of agricultural lands, air 
quality impacts, water quality, growth-induced impacts on the region's 
environmentally direct environmental impacts); Mitigation measures (Mitigation 
measures for socio-economic impacts, mitigation measures for air quality, mitigation 
of water-quality impacts, mitigation of agricultural impacts, mitigation of energy 
impacts, mitigation measures for adverse growth-induced impacts, and mitigation 
measures for direct impacts); Unavoidable adverse impacts (Regional unavoidable 
adverse impacts, and unavoidable adverse impacts of wastewater facility construction 
and operation); Local short-term uses versus maintenance and enhancement of the 
long-term productivity of the environment; Irreversible and irretrievable commitment 
of resources; Coordination and public involvement; Significant issues to be resolved.

1114. U.S. Environmental Protection Agency, Region VIII, 1977, Wastewater facilities and the Clean 
Water Program Denver regional environmental impact statement, Draft Summary: Denver, 
Colo., 42 p.

Topics discussed in this report include the following: The need for this EIS, Actions 
under consideration in this EIS, Environmental impacts, Mitigation of impacts, Major 
unavoidable adverse impacts, and, Significant issues to be resolved.

1115. U.S. Environmental Protection Agency, Region VIII., 1978, Wastewater facilities and the Clean 
Water Program. Volume 1. Issues and actions Denver regional environmental impact statement 
(Final): Denver, Colo., EPA/908/5-77/001A, 108 p.

This is the final environmental impact statement (EIS) prepared by EPA for the Denver 
Region concerning actions to be taken on 10 wastewater facility plans and the Denver 
Clean Water Plan (208 Plan). This EIS addresses the regional effects of these projects 
and the 208 Plan considering both direct and secondary impacts. Emphasis is given to 
the regional and cumulative impacts of population growth and development through 
the year 2000 which these projects and plans anticipate. The regional impacts on air 
quality, water quality, recreation, sensitive lands, agriculture, economy, and energy 
are examined. Volume 1 addresses the most important issues and EPA proposed 
actions.
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1117. U.S. Federal Highway Administration, 1971, Project I-80-l(8A), Kimball Southeast-Dix. Kimball 
County, Nebraska. Project 1-80-1(9), Dix-Potter, Kimball and Cheyenne Counties, Nebraska, 
and Project S-590-B, Dix Spur, Kimball County^ Nebraska. Final environmental impact 
statement: Lincoln, Nebr., ELR-1541,38 p.

Projects 1-80-1(8) and 1-80-1(9) represent 
Kimball and Cheyenne Counties, Nebraska 
will be required for the construction. Rejo 
but they are expected to minimal and many 
during construction is unavoidable. Grading 
be some increase in noise level. Acquisition 
processing plant and water well at one site 
granary, and two storage buildings at another 
substation located in proximity of the Dix

.5 miles of construction of Interstate 80 in 
. Acqui sition of 400 acres of right of way 

cation impacts on wildlife are unavoidable 
of them temporary. Water pollution 
will expose large areas of soil. There will 
will be required of an abandoned beef 

and the removal of a barn, machine shed- 
. Relocation is necessary of an electrical 

interchange.

1118. U.S. Federal Highway Administration, 1971, Project 1-80-1(10), Potter-Brownson, Cheyenne 
County, Nebraska, and Project S-921(3), Potter South to 1-80, Cheyenne County, Nebraska. Final 
environmental impact statement: Lincoln, Nebf., ELR-1388,31 p.

The project represents 8.5 miles of constru 
Nebraska. Acquisition of right of way will 
the Interstate and the spur road is on new 
are unavoidable in construction on new al 
minimal and many of them temporary. We 
unavoidable. Grading will expose large ar 
incorporated. An existing retention dam

ction of Interstate 80 in Cheyenne County, 
be required since the construction of both 
alignment. Relocation impacts on wildlife 
gnment. These impacts are expected to be 
ter pollution during construction is 
?as of soil. Severe roadway cuts will be 

will requiire relocation.

1119. U.S. Federal Highway Administration, 1971, 
County, Nebraska. Project 1-80-1(9), Dix-Potter 
and Project S- 590-B, Dix Spur, Kimball Count} 
statement: Lincoln, Nebr., 34 p.

Project 1-80-1(8), Kimball Southeast-Dix. Kimball 
Kimball and Cheyenne [Counties?], Nebraska, 

, Nebraska. Draft environmental impact

are
Two projects represent 14.5 miles of construction 
Nebraska. Relocation impacts on wildlife 
alignment. Water pollution during 
large areas of soil. Acquisition of an 
well, and removal of a barn and vacant ba:

1120. U.S. Federal Highway Administration, 1971, 
Nebraska. Draft environmental impact

Project S-37(ll) represents 1.0 mile of 
horizontal alignment of the spur road 
The project will essentially consist of: 
spanning the South Platte River, grading, 
disruption of the local ecology is inevitabl 
way will take lands from the game habitat 
increased noise levels may reduce the effe< 
taking. As traffic increases, the noise level 
inasmuch as the proposed improvement lies along
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o|f Interstate 80 in Cheyenne County, 
unavoidable in construction on new 

construction is unavoidable. Grading will expose 
abandoned beef processing plant and a water 

ement dwelling, will be required.

Project S37(ll), Paxton South to 1-80, Keith County, 
statement: Lincoln, Nebr., 16 p.

proposed construction along the existing 
connecting Interstate 80 and U.S. Highway 30. 
construction of a new 40-foot roadway bridge 

drainage structures and surfacing. Some 
j, since the construction and new right of 
>. To soine extent, vehicular traffic and 
:tive area of the habitats in the area of the 
will understandably increase. However,

the existing location, the



improvement proper will not materially shift or affect the noise level. School bus 
routes, farm-to-market facilities, fire routes will not be affected by the improvement. 
Wildlife in the area will not be adversely affected by the improvement. There will be 
no adverse effect on the water table and the improvement will not present the 
possibility of contamination of the public water supply treatment facility of 
distribution system. In general, there will be no disruption of the ecological balance of 
land or water area. There are no probable adverse environmental effects which cannot 
be avoided if this project is implemented.

1121. U.S. Federal Highway Administration, 1972, Project F-287-3(3), Central Fort Collins
Expressway. Draft environmental impact statement: Denver, Colo., Colorado Div. Prepared in 
cooperation with Colorado Division of Highways, ELR-5210, 75 p.

Construction of an 8-9 mile section of highway near Fort Collins, Colorado, is 
proposed to relieve congestion on U.S. 287. The environmental impact is complex. It 
would include, among others, an impact on wildlife, land use and community values, 
noise, air pollution, and the displacement of families.

1122. U.S. Federal Highway Administration, 1972, Project S-406(6), Brule Connecting Link Road 
Improvement of Nebraska L-51A, Between Interstate 80 and U.S. Highway 30, Keith County, 
Nebraska. Draft environmental impact statement: Lincoln, Nebr., ELR-5089,19 p.

The proposed improvement represents about 0.76 miles of highway construction 
beginning at the Brule Interchange on Interstate 80 and proceeding north to U.S. 
Highway No. 30 at the village of Brule, Nebraska. The project consists of (1) the 
improvement of a segment of highway, designated Nebraska Highway No. L-51 A, and 
(2) the lengthening and widening of the existing bridge spanning the South Platte 
River. A summary of environmental impact and adverse environmental effects is 
given.

1123. U.S. Federal Highway Administration, 1972, Project S-568(5), Hershey Connecting Link Road 
Improvement of Nebraska L-56C, Between Interstate 80 and U.S. Highway 30, Lincoln County, 
Nebraska, Final environmental impact statement: Lincoln, Nebr., ELR-5082,44 p.

The proposed highway improvement involves the reconstruction of a highway 
segment, designated Nebraska Highway No. L-56C, between U.S. Highway No. 30 on 
the north edge of Hershey and Interstate Highway 80 south of Hershey, and 
construction of a new bridge over the South Platte River. Adverse and beneficial 
environmental effects are briefly described.

1124. U.S. Federal Highway Administration, 1972, Project 1-80-1(11), Brownson, West Sidney,
Brownson Interchange; Project 1-80-1(12), West Sidney Interchange; Project S-259(4), Brownson 
Connecting Link Road; Project S-620-A, West Sidney Connecting Link Road, Cheyenne County, 
Nebraska. Final environmental impact statement: Lincoln, Nebr., ELR-4879, 33 p.

The report describes the proposal for the Projects 1-80-1(11) and 1-80-1(12) which 
represents 10.70 miles of construction of Interstate 80 from Brownson to Sidney in 
Cheyenne County, Nebraska. Construction begins at the north-south section line 
common to Sections 9 and 10 of Township 14 North, Range 51 West of the 6th. P.M. 
and terminates at north-south section line common to Section 12 of Township 13
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North, Range 50 West of the 6th. P.M. and Section 7 of Township 13 North, Range 49 
West of the 6th. P.M. Project 5-259(4) represents 1.69 miles of construction of a 
connecting road from the Interstate 80 interchange southwest of Brownson northeast 
to the intersection of U.S. 30 and the Ordville Spur Road. Project S-620-A represents 
1.85 miles of construction of a connecting rciad from the Interstate 80 interchange 
approximately 2 miles southwest of Sidney north to its intersection with U.S. 30. A 
summary of environmental impacts and adverse effects is given.

1125. U.S. Federal Highway Administration, 1972, Project 1-80-2(41) 
Interchange, Cheyenne County, Nebraska, and Ffroject F- 
County, Nebraska Final environmental impact statement:

The interchange project represents a 3-mile 
County, Nebraska. Acquisition of right of way 
wildlife are unavoidable but are expected tc 
construction is unavoidable. An existing bu 
utilities will require adjustments or revisior

be
segment

will 
be 

uiness W

, Sidney Airport-East Sidney 
130(15), Sidney South, Cheyenne 
: Lincoln, Nebr., ELR-4132,357 p.

of Interstate 80 in Cheyenne 
required. Relocation impacts on 

minimal. Water pollution during 
ill be displaced, and a number of

s.

Syd
1126. U.S. Federal Highway Administration, 1972, Pro 

Brownson Interchange, Project 1-80-1(12), West 
Brownson Connecting Link Road, Project S-620- 
Cheyenne County, Nebraska. Draft environmental 
28 p.

Two projects represent 11 miles of construction
Nebraska. Relocation impacts on wildlife arc
and many temporary. Water pollution durir g construction
will expose large areas of soil. There will be
exhaust emissions.

1127. U.S. Federal Highway Administration, 1972, Pro 
County, extending westerly on Highways 230 ami 
the vicinity of General Brees Municipal Airport. 
Cheyenne, Wyo., ELR-5011, 42 p.

ects in the Vicinity of Laramie in Albany
130, from Clark Street Viaduct in Laramie to 

I Draft environmental impact statement:

The report describes the statement, prepared 
Laramie-Centennial Road; S-0100(8), Larami 
Streets; all in Albany County. Three projects 
are inter-related, forming the principal wes 
Laramie from the west end of Clark Street v 
West Laramie to General Brees Municipal Airport 
Projects SU-0100(9) and 5-0103(9) are on new 
undeveloped or uninhabited areas; while project 
roadway (requiring no additional right of 
development. A brief summary of adverse 
included.
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1128. U.S. Federal Highway Administration, 1973, Project 5-30-2(102)151 (Formerly 5-406(6)), Brule 
Connecting Link Road Improvement of Nebraska L-51A Between Interstate 80, and U.S. 
Highway 30, Keith County, Nebraska Final environmental impact statement: Lincoln, Nebr., 
FHWA-NEB-EIS-72-13-F; ELR-0528, 49 p.

The proposed improvement represents about 0.76 miles of highway construction 
beginning at the Brule Interchange on Interstate 80 and proceeding to U.S. Highway 
30 at the village of Brule, Nebraska. The project consists of (1) the improvement of a 
segment of Nebraska Highway L-51A, and the lengthening and widening of the 
existing bridge spanning the South Platte River. Acquisition of additional right of way 
will be necessary to accommodate design and safety features that will be incorporated 
into the proposed improvements. The proposed improvement will not require 
relocation of residences or places of business. Relocation impacts on wildlife are 
unavoidable, but most of the effects will be minimal and temporary.

1129. U.S. Federal Highway Administration, 1973, Projects in the vicinity of Laramie in Albany
County, extending westerly on Highways 230 and 130 from Clark Street Viaduct in Laramie to 
the vicinity of General Brees Municipal Airport, Wyoming. Final environmental impact 
statement: Cheyenne, Wyo., FHWA-WYO-EIS-72- 04-F; ELR-0900. Supersedes report dated Jul 
72, EIS-WY-72-5011-D. Prepared in cooperation with Wyoming State Dept. of Highways, 57 p.

Three projects are combined in this statement as they are all related to the westerly 
transportation artery of the city of Laramie for a distance of approximately 7 miles. 
Two are on new alignment, passing through undeveloped or uninhabited areas; the 
third follows an existing roadway through a quasi-commercial development. 
Environmental impacts, all of minor importance, are centered mainly around the new 
location of the roadway.1116.U.S. Federal Water Pollution Control Administration, [n.d.], 
Beet-sugar industry-the water pollution problem and status of waste abatement and treatment: 
Denver, Colo., South Platte River Basin Project, PR-8.

1130. U.S. Federal Highway Administration and Colorado State Div. of Highways, 1973, South
Kipling Street from S.H. 26 (West Alameda Avenue), to S.H. 285 (West Hampden Avenue), City 
of Lakewood, Jefferson County, Colorado. Draft environmental impact statement: Denver, 
Colo., FHWA-CO-EIS-73-02-D; ELR-0401,141 p.

The project proposes design and construction of a 4.3-mile segment of South Kipling 
Street to connect the U.S. 6-Kipling Interchange. The construction of this segment of 
South Kipling Street will affect the residential and small commercial development 
now existing, the economic activity in the area, land use, environment, ecology, and 
esthetics of the immediate area along the route, more as a part of long range planning 
than as an undesirable encroachment. There are four alternatives considered.

1131. U.S. Federal Water Pollution Control Administration, 1966, Conference in the matter of
pollution of the South Platte River basin in the State of Colorado. 2d Session, Denver, Colorado. 
Reconvened on November, 10,1966. Proceedings: Denver, Colo., South Platte River Basin 
Project, 180 p.
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The session of the conference in the matter of pollution of the navigable waters of the South 
Platte River Basin within the State of Colorado ik being held under the provisions of Section 10 
of the Federal Water Pollution Control Act, as amended. Governor Love requested a conference 
on July 18,1963, and conference sessions have been held on October 29,1963, and April 27-28, 
1966.

1132. U.S. Federal Water Pollution Control
pollution of the South Platte River basin in 
April 27 and 28,1966. Proceedings. Volume I: 
282 p.

Administration, 1966, Conference in the matter of
the Slate of Colorado. 2d Session, Denver, Colorado, 

Denver, Colo., South Platte River Basin Project,

The purpose of the conference is to bring together 
Control Agency, representatives of the U.S. 
other interested parties to review the existing si 
lay a basis for future action by all parties 
industries an opportunity to take any indicated

representatives of the State Water Pollution 
Department of Health, Education, and Welfare, and 

uation, the progress which has been made, to 
concerned, and to give the State, localities and

remedial action under State and local laws.

1133. U.S. Federal Water Pollution Control Administijation, 1966, Conference in the matter of
pollution of the South Platte River basin in the State of Colorado. 2d Session, Denver, Colorado, 
April 27 and 28,1966. Proceedings. Volume II: Oenver, Colo., South Platte River Basin Project,
331 p.

The report continues the proceedings of a conference on the South Platte's water 
quality in Colorado.

1134. U.S. Federal Water Pollution Control
pollution of the South Platte River basin in the S 
April 27 and 28,1966. Proceedings. Volume III: 
335 p.

Administration, 1966, Conference in the matter of
ate of Colorado. 2d Session, Denver, Colorado, 

Denver, Colo., South Platte River Basin Project,

adverse
The report presents results on the following 
locate the sources of pollution having an 
investigations determine the physical, chemical, and 
to pollution and evaluate the previously lo 
the conditions in the river; and Compute the 
desired water quality and recommend wate 
the desired waste load reductions.

1135. U.S. Federal Water Pollution Control Administration, 1967 
life resources of the South Platte River Basin Rept. from 
Platte River Basin Project, PR-11,170 p.

The report contains the results of biologica 
River Basin during the period of July 1963

a ted
waste
-qualit

Determine the legitimate water uses and 
effect on those uses; Through field 

biological responses of the river 
sources of pollution with respect to 

load reductions necessary to obtain 
control measures needed to effect

, Effects of pollution on the aquatic 
uly 63-Jan. 67: Denver, Colo., South

studies undertaken in the South Platte 
hrough January 1967.
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1136. U.S. Federal Water Pollution Control Administration, 1967, Effects of pollution on aquatic life 
resources of the South Platte River Basin in Colorado. Volume II. Technical Appendix Kept, for 
July 63-Jan. 67: Denver, Colo., South Platte River Basin Project, PR-11 A, 93 p.

The report contains the various biological samples taken for the biological studies in 
the South Platte River Basin during the period from July 1963 through January 1967.

1137. U.S. Federal Water Pollution Control Administration, 1965, Ground water pollution in the
South Platte River Valley between Denver and Brighton, Colorado: Denver, Colo., South Platte 
River Basin Project, PR-4, 71 p.

The investigation of ground-water conditions in the South Platte River Valley between 
Denver and Brighton in southwest Adams County was undertaken as a part of the 
water pollution study of the Denver metropolitan area currently being conducted by 
the South Platte River Basin Project. Ground water is used extensively in the area for 
public, domestic, industrial and irrigation supplies. The principal source of large 
ground-water supplies is the shallow valley-fill deposits which are very susceptible to 
contamination. The rapidly expanding urban and industrial growth of the area has 
resulted in continued development of water supplies from ground-water sources. The 
purpose of the ground-water study was to determine sources and extent of pollution 
in the water-bearing formations in the area. In assessing these conditions, the geology 
and water-bearing characteristics of the aquifers were considered.

1138. U.S. Federal Water Pollution Control Administration, 1967, Ground-water pollution in the
middle and lower South Platte River basin of Colorado: Denver, Colo., South Platte River Basin 
Project, PR-9,126 p.

On July 18, 1963, the Governor of Colorado requested the Secretary of Health, 
Education, and Welfare to assist the State in determining sources of pollution and 
quality of waters of the South Platte River Basin within the State of Colorado. Findings 
and recommendations from this study were to lead to a program of pollution 
abatement to be developed jointly by the South Platte River Basin Project and the 
Colorado State Department of Public Health. Specific water-quality objectives were 
recommended for the South Platte River and its major tributaries.

1139. U.S. Federal Water Pollution Control Administration, [n.d.], Ground-water pollution in the 
South Platte River Valley between Denver and Brighton, Colorado: Denver, Colo., South Platte 
River Basin Project, PR-4.

1140. U.S. Federal Water Pollution Control Administration, 1967, Immediate water pollution control 
needs, South Platte River basin: Denver, Colo., South Platte River Basin Project, 41 p.

Immediate pollution control needs covering the interstate as well as the major 
intrastate streams in the South Platte River Basin in Colorado are described. The prime 
purpose of this report is to focus attention on known sources of pollution which affect 
legitimate and beneficial water uses, including the aesthetic environment of the 
streams. The findings, conclusions, and recommendations are based on detailed 
engineering studies. The immediate needs identified have to do with municipal waste 
sources, industrial waste sources, outfalls as sources of pollution, and cattle feedlots.
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Institutional practices are discussed, along with the cost of immediate pollution 
control and abatement, and recent progres$. A bibliography is included.

1141. U.S. Federal Water Pollution Control Administration, 1968, Mining waste evaluation study
South Platte River Basin, Colorado: Denver, Co

 king
cf

The report represents one in a series of wo 
Platte River Basin Project for the purpose 
previously published by the project. This 
and findings and conclusions developed from 
1966-1967.

particular 
the

1142. U.S. Federal Water Pollution Control Administration, 1565 
Metropolitan Denver area, South Platte River basin: Denver 
Project, PR-3, 56 p.

The long-range goals and objectives of the 
uses and locate the sources of pollution 
Through field investigations determine the 
responses of the river to pollution and eva 
pollution with respect to the conditions in 
reductions necessary to obtain desired wat 
control measures needed to effect the desired

1143. U.S. Federal Water Pollution Control Administration, 1968 
River Basin, Colorado: Denver, Colo., South Platte River

project are: Determine the legitimate water 
having an adverse effect on those uses; 

physical, chemical, and biological 
uate the previously located sources of 
the river; Compute the waste load

uality and recommend water-quality 
waste load reductions.

land
The current and future picture of outdoor recreation 
it may relate to, or be dependent on, water and 
prevention policies pursued over the region is eva 
general prerequisites and the outdoor recreation 
information and statistics on the current status of the 
discusses future recreation, emphasizing problems 
years.

1144. U.S. Federal Water Pollution Control Administlation, 1966 
Basin in the State of Colorado: Denver, Colo., US

1145. U.S. Federal Water Pollution Control
Conference in the Matter of Pollution of the Sout i 
River Basin Project.

geogra]Pollution problems and solutions in two 
Area and the middle and lower basin of the 
from Brighton to the Colorado-Nebraska 
information is presented in the sources of 
loads on the area's streams, and recommendations 
The 2d session discusses Barr lake pollution 
within the basin, and waste discharges 
deal with these problems are presented.
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1146. U.S. Federal Water Pollution Control Administration, 1968, Sand and gravel waste evaluation 
study, South Platte River basin, Colorado: Denver, Colo., South Platte River Basin Project, 30 p.

A limited study of sand and gravel companies located in the South Platte River Basin 
was undertaken at various times throughout 1965 and 1966. The broad objectives were 
to determine the location and type of gravel operations; industrial procedures 
employed; degree of treatment and means of disposing of liquid wastes from these 
establishments; and to assess the general pollution problems and remedial measures 
indicated as necessary for the industry.

1147. U.S. Federal Water Pollution Control Administration, [n.d.], South Platte River Basin river 
mileage index: Denver, Colo., South Platte River Basin Project, PR-1.

1148. U.S. Federal Water Pollution Control Administration, 1967, South Platte River basin irrigation 
of vegetables with sewage-polluted water: Denver, Colo., South Platte River Basin Project, PR- 
12, 76 p.

The possible health hazard resulting from irrigation with sewage-polluted water of 
vegetables normally consumed raw has long concerned public health officials. 
Conflicting opinions have evolved on the degree of danger caused by this practice. 
Commonly accepted objectives for sewage irrigation practices have not been 
developed, nor have there been established generally approved standards for the 
quality of irrigation water. In the South Platte River Basin downstream from and north 
of Denver to Brighton, Colorado, the largest use of water is for agriculture. In the area 
immediately north of Denver, many varieties of 'salad vegetables' were raised. At the 
time of this study, these vegetables were irrigated with polluted water diverted via 
four main supply ditches from the South Platte River just below entry of the Denver 
Northside sewage treatment plant effluent. Other inadequately treated municipal and 
industrial effluents contributed to the overall pollution in this vicinity. During 1963- 
64, a field sampling and laboratory analysis program was conducted on vegetables, 
the soils in which they were grown, and the waters with which they were irrigated. 
Samples of vegetables, soils, and waters were analyzed for three bacterial indices of 
pollution.

1149. U.S. Federal Water Pollution Control Administration, 1967, Status of municipal waste treatment 
of the South Platte River Basin, Colorado, 1964-1967: Denver, Colo., South Platte River Basin 
Project, 142 p.

The status of municipal waste treatment in the metropolitan Denver area and in the 
remainder of the South Platte River Basin, Colorado, is reported. A survey was made 
of municipal waste treatment facilities, including, in part, treatment systems operated 
by private organizations receiving domestic wastes from trailer courts, recreational 
facilities, food service establishments, etc., in order to determine sources of municipal 
waste discharges, quality of effluent, and general status of the communities relative to 
needs.

1150. U.S. Federal Water Pollution Control Administration, 1966, Study of industrial waste pollution 
in the South Platte River Basin. Appendix B. Industrial plants visited and not sampled: Denver, 
Colo., South Platte River Basin Project, PR-6B.
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1151. U.S. Federal Water Pollution Control Administration, 1966, Study of industrial waste pollution 
in the South Platte River Basin. Appendix D. Meat industry and waste study. Supplement to 
basin report.: Denver, Colo., South Platte River Basin Project, PR-6D.

1152. U.S. Federal Water Pollution Control
in the South Platte River Basin. Appendix C. 
Denver, Colo., South Platte River Basin Project,

Administration, 1966, Study of industrial waste pollution 
Outfall stucfy, location and sampling results:

1153. U.S. Federal Water Pollution Control Administration 
in the South Platte River Basin. Appendix A. Ind ustrial p 
Colo., South Platte River Basin Project, PR-6A.

1154. U.S. Federal Water Pollution Control
pollution contributed to reservoirs and lakes of 
Platte River District: Kansas City, Mo., Bureau

1966, Study of industrial waste pollution 
ants visited and not sampled: Denver,

Administration, 19 50, Survey of sanitary facilities and
the Colorado-Big Thompson Project South 

of Reclamation, Missouri Basin Region, 35 p.

Results are presented of a survey made in August 1950 of sanitary facilities of Bureau 
of Reclamation installations and pollution contributed to reservoirs and lakes 
involved in the development of the Colorado-Big Thompson Project in order to 
observe sanitary defects and to make recommendations for their correction. Three
general areas are considered: Lake Estes-Ma 
Reservoir, and Green Mountain Lake.

1155. U.S. Federal Water Pollution Control Administration, 1957 
tributary streams, South Platte River Basin, summer 196!> 
Basin Project, PR-7, 69 p.

The primary objectives of the study were to: 
in the Cache la Poudre River, Big Thompson 
during the summer months; Evaluate water 
water uses; Determine water-quality control 
water quality during a time when beet sugar 
effects of beet sugar wastes could be elimine

Fish and wildlife coordination1156. U.S. Fish and Wildlife Service, 1983,
South Platte Division: Salt Lake City, Utah, Department

1157. U.S. Fish and Wildlife Service, 1981, The Platte River eco
Jamestown, N. Dak., U.S. Dept. of Interior Northern Prairie Wildlife

1158. U.S. Fish and Wildlife Service, 1992, A proposal for Cent 
the South Platte River located in Morgan and W 
Department of the Interior, 21 p.

1159. U.S. Geological Survey, 1971, Chemical quality of water in southeastern Wyoming: Water 
Resources Division, Basic data report, 67 p.

As a guide for water users, the U.S. Geolog 
Wyoming Natural Resource Board (now 
Development), compiled in this report
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surface and groundwaters for southeastern Wyoming. The area consists of 
approximately 24,000 square miles and includes the drainage basins of the North 
Platte, South Platte, and Niobrara Rivers in Wyoming. Most of the area is in the North 
Platte River basin. The source of each analysis is shown in the tables of analyses. The 
substances determined by analytical methods and expressed as ions are the cations 
calcium, magnesium, sodium, and potassium, and the anions are sulfate, chloride, 
fluoride, nitrate, and those contributing to alkalinity, which are usually expressed in 
terms of an equivalent amount of carbonate and bicarbonate. Other substances 
determined, but not as routinely, are boron, chromium iron, manganese, phosphate, 
silica, and selenium. Other properties given in the analyses in this report are color, 
concentration of hydrogen ions, dissolved solids, hardness expressed in terms of 
equivalent quantities of calcium-bicarbonate, percent sodium, sodium-adsorption 
ratio, and specific conductance.
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model was calibrated using flow and water-quality data collected on the river in late 
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development of a long range program of sewage facilities construction and water 
quality management. The geographical scope of the report includes the Denver SMSA 
portion of the South Platte River Basin. Information from the major water-quality 
management agencies, both regulatory and operational, is presented in the study. 
Waste discharge information is shown for municipal, industrial, agricultural and
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storm water effluent. Sampling stations anc Colorado water-quality standards are 
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Macroinvertebrate communities of four dammed Colorado streams were compared to 
identify taxa useful as indicators of effects of stream regulation. Unregulated portions 
of the streams served as experiment controls. Stream sites included: (1) Joe Wright 
Creek below an irrigation reservoir, exhibiting great discharge fluctuations; (2) a 
spring brook site north of Horsetooth Reservoir, which lacks an upstream source of 
limnetic seston but has constant conditions similar to some sites below dams; (3) Trout 
Creek below a surface-release reservoir; and (4) the South Platte River below a deep- 
release reservoir (Cheesman Lake), which moderates major flow fluctuations. No sites 
were disturbed except by dams; fauna consist primarily of insects (except in the spring 
brook), especially Ephemeroptera, Plecoptera, Diptera, and Tricoptera. Most of the fauna can 
be classified in four groups; (1) euryokous, or tolerant, organisms found in virtually 
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organisms present in unregulated streams but reduced or absent in regulated streams, 
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Environmental policies embodied in the Wilderness Act, Wild and Scenic Rivers Act, 
and Endangered Species Act impose certain restrictions on the development of 
Colorado's water resources. Planning costs are unavoidably increased because time 
and personnel must be invested in complying with procedural requirements of the 
laws. Capital or operating costs may be increased because of construction delays, 
required engineering design changes, or spatial relocation of project facilities. In some 
cases, development opportunities will be completely foregone. The most pervasive 
conflicts identified in this study involve the endangered whooping crane and 
Colorado River fishes. New streamflow depletions in the Platte River system will 
adversely affect the whooping crane habitat in central Nebraska if such depletions 
occur between February 1-May 10 or September 16-November 15. Accordingly, new 
development will be given nonjeopardy biological opinions only if they can meet the 
required flow regime, either by providing storage releases or replacement waters, or 
if they can offset the effects of small depletions by funding habitat improvement 
programs. Approval of projects affecting the Colorado River fishes have already been 
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Economics and financing of center-pivot sprinkler irrigation systems were studied. 
Financing arrangements available and being utilized in Wyoming are described, and 
a feasibility analysis is carried out assuming various financing arrangements and crop 
plans. The concept of discounting is used in the analysis. Results show that the State 
is the major source of center-pivot sprinkler financing at the present time, its loans 
providing the most desirable financing alternatives available with the highest 
discounted present values. FHA loans are nearly comparable, but are available on to 
individuals unable to obtain adequate financing elsewhere. Results also indicate that 
an investment in a center-pivot sprinkler system is most profitable when a cash crop, 
such as potatoes or sugar beets is included in the rotation irrigated by the system. Low 
present values were generated when only forage crops were included in the rotation. 
The analysis of economic feasibility for all the cropping plans in this study was based 
on the assumption that the land use displaced by the center-pivot system was dryland 
wheat production. The investment would possibly appear more profitable if the 
displaced use were assumed to be native pasture.
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of only 15 inches. Approximately 70% of Colorado's surface water flows away from 
Denver down the sparsely populated Western Slofte of the Continental Divide. The 
South Platte River, which flows past Denveir, collects only 10% of the State's water. At 
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lasting until 40 d posthatch. The alevin stage was the most sensitive: at pH 5.0 with no 
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50 micrograms Al/L might be detrimental to greenback cutthroat trout populations.

1267. Wright, J.L., 1984, Methods for identifying pedogenic horizons in the Ogallala of western 
Nebraska, in Proceedings of the Nebraska Academy of Sciences and Affiliated Societies 94th 
annual meeting, Lincoln, Nebr., April 13-14,1984: v. 94, Nebraska Academy of Sciences, p. 51.

1268. Wright Water Engineers, 1985, Major drainageway planning; South Platte River, Chatfield Dam 
to Baseline Road: Denver, Colo.

1269. Wright Water Engineers, 1967, Preliminary report: Study of integrated water use South Platte 
River Basin: Denver, Colo., Coordinator of Natural Resources, State of Colorado.

1270. Wu, Shi-Kuei, 1989, Colorado freshwater mollusks: Boulder, Colo., University of Colorado 
Museum, Natural History Inventory of Colorado 11,117 p.

1271. Yavitt, J.B., and Fahey, T.J., 1982, Loss of mass and nutrient changes of decaying woody roots in 
lodgepole pine forests, southeastern Wyoming: Canadian Journal of Forest Research, v. 12, 
no. 4(December).

1272. Young, R. A., Booker, J.F., Zhang, C.M., and Morel-Seytoux, H J., 1990, Assessing hydrologic and 
economic impacts of rural to urban water transfers: An interdisciplinary analysis of the South 
Platte Stream-Aquifer System, in 26th Annual AWRA Conference, Denver, Colo., 4-8 Nov 1990: 
American Water Resources Association.

1273. Young, R.A., Daubert, J.T., and Morel-Seytoux, H.J., 1986, Evaluating institutional alternatives 
for managing an interrelated stream-aquifer system: American Journal of Agricultural 
Economics, v. 68, no. 4, p. 787-797.

1274. Yuhas, R.H., Forman, S.L., and Goetz, A.F.H., 1990, Using remote sensing of northeastern 
Colorado, USA, to understand landscape response to global change, in Geological Society of 
America, 1990 annual meeting. Abstracts with Programs, Dallas, Tex., Oct. 29-Nov. 1,1990: v. 
22, Geological Society of America, 23 p.
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The Stratigraphic study of the muddiest interval of the South Platte Formation (Lower 
Cretaceous Dakota Group), named Skull Creek interval, was conducted to ascertain 
the origin of thickness variations within its strata. This investigation was established 
from six measured sections along the Colorado Front Range, Golden-Morrison area, 
Colorado. The sections, from north to south, are Lena Gulch, Interstate Highway 70 - 
north and south side, Alameda, Morrison and Turkey Creek. Each represents a
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sequence consisting of the genetically relatdd underlying Plainview Sandstone 
Member and the Skull Creek. Analyses of depositioital environments and correlations 
in those sections have yielded two significant results as follows: (1) the Plainview and 
Skull Creek form a depositional sequence within a paleovalley of low relief cut in flat, 
slightly uplifted coastal plain. This sequence exhibits transgressive and regressive 
cycles in the study area; (2) the thicknesses and sedimentation of strata within the 
valley were controlled by relative sea-level changes, and recurrent movement of a 
local basement-uplift in the southern study sirea (Turkey Creek). The erosional base of 
the valley was gently inclined upward at the south, where the basement uplift was 
located. It was caused by greater erosion to the nor h that occurred during a drop in 
sea level prior to the Plainview sedimentation. Consequently, the thickness of each 
unit within the Plainview-Skull Creek sequcince, which filled the valley during the 
following rise in sea level, apparently decreases to he south. The Plainview 
Sandstone, composed of 11-58 ft of sandstone and mudstone, represents a coastal 
lagoon that developed behind a barrier during transgression. Laterally, it changes 
from thick, sand-dominated facies (subtidal I o lower^ intertidal zone) at the north, into 
thinner, muddier facies (mid- to upper-intertidal zone) to the south. This suggests 
proximity to the sea margin in the north direction. The contact with the overlying 
Skull Creek is a surface of erosion that signifies the continuation of the transgressive 
event of the Plainview, and the change in environment from coastal lagoon 
(Plainview) into marine bay or estuary (Skull Creek)[ The Skull Creek interval consists 
of 51-92 ft of gray shale, mudstone, and muddy sandstone, which are mostly....

1276. Zaslowsky, D., 1982, Urban run-off~Pollution storms into Denver rivers: High Country News, 
v. 14, no. 23.

1277. Zhang, CM, and Morel-Seytoux, H.J., 1990, A model for Studies of management alternatives in 
a stream-aquifer system, in Morel-Seytoux, H.J., ed., Proceedings of Tenth annual American 
Geophysical Union hydrology days. Annual Rocky Mountains Groundwater Conference: Fort 
Collins, Colo., Colorado State University.

1278. Zimmerman, D., 1977, Water research: Solving Colorado's 
Colorado Water Resources Research Institute, PEi-279 172,

:> water problems: Fort Collins, Colo., 
36 p.

Several projects conducted by the Colorado Water Resources Research Institute are 
outlined. The report includes descriptive photographs and simplified procedural 
explanations designed for use by the general public. Sections of the report include: (1) 
High country irrigation reservoirs - Colorado's untapped recreation resource, (2) 
Colorado's economy - the role of water, (3) Answering the flood control benefit 
question, (4) Solving high country water and sewer problems - a planner's handbook, 
(5) Improving irrigation, (6) Heavy metals in groundwater - a mineral belt problem, 
(7) Urban runoff -a water pollution problem, (8) From cells to plants - a breakthrough 
in salt-tolerant varieties, (9) Stabilizing river channels, (10) Water conservation - a 
handbook for utility managers, (11) Water reuse - potential in the South Platte River 
Basin, and (12) Trapping the sun - to solve mountain sewage problems.

1279. Zimmermann, H.J., and Ward, J.V., 1984, A survey of regulated streams in the Rocky Mountains
of Colorado, in Lillehammer, A., and Salveit, S.J., 
University of Oslo Press, p. 251-262.

eds., Regulated Rivers: Oslo, Norway,
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1280. Zinkl, R.J., Shettel, D.L., Langfeldt, S.L., Hardy, L.C., and D'Andrea, R.F., 1981, Uranium
Hydrogeochemical and Stream Sediment Reconnaissance of the Sterling NTMS Quadrangle, 
Colorado. National Uranium Resource Evaluation: Grand Junction, Colo., Bendix Field 
Engineering Corp, GJBX-380(81), 111 p. v

This report presents results of a Hydrogeochemical and Stream Sediment 
Reconnaissance (HSSR) of the Sterling NTMS quadrangle, Colorado. In addition to 
this abbreviated data release, more complete data are available to the public in 
machine-readable form. These machine-readable data, as well as quarterly or 
semiannual program progress reports containing further information on the HSSR 
program in general, or on the Los Alamos National Laboratory (LANL) portion of the 
program in particular, are available from DOE's Technical Library at its Grand 
Junction Area Office. Presented in this data release are location data, field analyses, 
and laboratory analyses of several different sample media. For the sake of brevity, 
many field site observations have not been included in this volume; these data are, 
however, available on the magnetic tape, appendices A and B describe the sample 
media and summarize the analytical results for each medium. The data have been 
subdivided by one of the Los Alamos National Laboratory sorting programs of Zinkl 
and others (1981a) into groups of stream-sediment, lake-sediment, stream-water, lake- 
water, and ground-water samples. For each group which contains a sufficient number 
of observations, statistical tables, tables of raw data, and 1;1,000,000 scale maps of 
pertinent elements have been included in this report. Also included are maps showing 
results of multivariate statistical analyses. Information on the field and analytical 
procedures used by the Los Alamos National Laboratory during sample collection and 
analysis may be found in any HSSR data release prepared by the laboratory and will 
not be included in this report.

1281. Water and Sewage Works, 1974, Highlights from the Denver WPCF meeting: Water and 
Sewage Works, v. 121, no. 12 (December)

1282. Water Environ. Technol., 1989, Control of stormwater runoff containing aircraft deicing fluids: 
Water Environ. Technol., v. 1, no. 1.

Since 1970, Stapleton International Airport (SIA), which is located 6 miles northeast of 
downtown Denver, Colo., has taken several steps to control industrial wastes 
discharged to the terminal-area storm sewers. Initially, an industrial waste interceptor 
system was constructed to collect dry-weather industrial waste flows for treatment at 
the Metropolitan Denver Sewage Disposal District No. 1 Central Plant. Later, a study 
of industrial waste sources and characteristics was completed; it led to the separation 
of the direct industrial waste connections from the storm sewers.
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SUBJECT INDEX

Acetate, precipitation 7
Acid mine drainage 298, 872,1105,1140,1240,1241 

Central City Mining District 1249 
Denver metropolitan area 1088 
Henderson Mine 392
Toxicity, embryonic and larval boreal toads 84 

Acid precipitation 7, 75, 76, 330, 414, 423, 734, 877, 906, 937, 938 
Rocky Mountain National Park 75, 76,1195 
Sensitivity, greenback cutthroat trout 1266 
Snowpack, Laramie, Wyoming 7 

Adams County
Barr Lake 367 
Geology 265 
Grange Hall Creek 457, 458 
Groundwater 297, 992,1137,1139 
Hydrogeology 909 
Mineralogy 707 
Urban runoff, analysis 119 
Waste disposal (See Rocky Mountain Arsenal) 
Well logs and records 933 

Agriculture 33, 58, 66,1072,1089 
Cattle grazing 500, 847 
Chemicals, effects on wetlands 442 
Colorado Big Thompson Project 1061 
Economy 33,247 
Groundwater, impacts 128, 616 
Insecticides 66 
Irrigation 112,152,153,154, 214, 223, 247, 256,

Cheyenne County 986
Greeley, Colorado 149
High Plains 482, 483, 585,1033,1034
Laramie County 571
Lodgepole Valley 747
Nebraska 947
Sewage-polluted water use 1148 

Land planning 784 
Morgan County 327 
Nitrates 1015,1016 
Northglenn, Colorado 214 
Selenium 582 
Soil nitrates 684 
Water demands 555 
Water seepage 198

Air quality 7, 75, 76,109,190, 266, 330, 339, 363, 449, 486, 48: 
Albany County 16

Casper Formation 102 
Forestry hydrology 331 
Geology 16, 61,102

88, 337, 373, 417, 555, 632, 766,1172,1229

,810,981,1112,1113,1114,1115
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Groundwater 59, 61,188, 899
Mineralogy 16,391
Petrology 272
Road construction, EIS 1127,1128
Sedimentology 102 

Albin, Wyoming, groundwater 133 
Aldrin, Nebraska soils 66 
Algae 218, 219, 334,1031 
Allanite 6,156 
Alluvial terraces 393 
Alluvial thickness

Cache La Poudre River Valley 950 
Alpine environments

Soil erodability 1020,1021,1022
Streams, hydrochemistry 1008
Subalpine wetlands 1243 

Aluminum
Acid mine drainage 298,1105
Standley Lake, sediment 488
Toxicity, greenback cutthroat trout 1266 

Amphipoda 1208,1215 
Andrews Glacier 813 
Antero Reservoir 546

Probable maximum flood 891 
Antimony, urban runoff 21 
Aquatic biota 123, 300, 398, 424

Water pollution effects 524,1135,1136 
Aquifers 35, 68, 69, 79, 80,192, 770, 771,1137,1138,1139 (See also groundwater)

Adams County 297, 992
Albany County 772
Albin, Wyoming 133
Alluvial 342,416
Arikaree aquifer 252, 668
Basic data collections 695
Brule Formation 384
Cheyenne County 79, 80, 773, 986
Colorado 471, 475, 476, 482
Denver Basin 99, 470, 507, 508, 696, 729, 741, 900, 901, 904, 910, 911, 912
Fractured crystalline rock 461
Front Range Urban Corridor 510, 511, 512, 513,541
High Plains Aquifer 250, 337,447, 448,475, 482,516, 683,1230 

Flow modeling 681 
Pumpage effects 682,1232 
Water quality 621 
Water supplies 828 
Weld County 992

Kansas 471, 475, 476, 482
Keith County 1187,1242
Laramie County 267, 271, 525, 526, 680
Larimer County 533
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Montana 475,476
Nebraska 326, 471,475, 476, 482
New Mexico 471, 475, 476, 482
Nitrate pollution 128,1015,1016
North Dakota 475, 476
Ogallala aquifer 68, 69, 252, 270, 417, 447, 618, 619, 620,
Oklahoma 471, 475, 476, 482
Pollutant recovery 926
Prospect Valley area 979
Recharge 418, 647, 648, 984,1171,1222,1246,1247
Regional Aquifer Simulation Model (RAQSIM), Nebraska
Rocky Mountain Arsenal 614, 615
South Dakota 476,482
South Platte Valley 980
Texas 471, 475, 476, 482
Weld County 61, 396, 951, 992,1256
Wyoming 475, 476, 482, 870 

Arapahoe County
Cherry Creek Lake 368, 410
Foothills Project, EIS 174
Geology 265
Groundwater 297,410
Mineralogy 707
NPDES, rationale 235, 238
Urban runoff, analysis 119 

Area 54, hydrology 622 
Area 59, hydrology 397 
Argo Tunnel, acid mine drainage 150,1241 
Arikaree Aquifer 252

Pumping effects model 668 
Arikaree Group

Cross stratification analysis 83, 86
Groundwater 382
Megaclasts 324,325
Paleovalleys 944
Porewater 382
Standley Lake, sediments
Urban runoff 21 

Arsenic 382,1105
In fish 192 

Artificial-aquifer recharge

733,1024

191

488

185, 202,418, 647, 648, 6
Arvada Reservoir, water quality 161,162
Atmospheric deposition 7, 75, 76,109, 414,432, 487, 

Denver winter aerosol 190, 266, 330, 339 
Rocky Mountain National Park 75, 76, 739,119,5

Atrazine, Weld County 1256
Avifauna 606,609
Bacteriology 576, 387, 853, 862,1097,1110
Badger-Beaver Creeks Artificial Recharge Project 180
Badger Creek

1, 672, 374, 848, 984,1222,1246,1247

523, 600, 734, 877, 937, 938, 981,1266
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Riparian zone, restoration 551
Uranium 949 

Banner County
Groundwater 326
Megaclasts 324,325 

Barium, precipitation 937 
Barker Reservoir, trophic state^assessment 785 
Barr Lake

Limnology 289
Trophic level 367 

Basin assessment 234 
Bathynellcicea (Crustcicea-.Syncaridci) 824 
Bear Creek 468

Bacteriological analysis 1097
Dam construction effects 451
Flood studies 1076
Glacial geology 656
Lake construction foundation report 40, 41
Mount Carbon Reservoir 990
Recreation 1076
Urban runoff data 411 

Bear Creek Uranium Co. 628 
Beaver Canal, sediment transport 920 
Beaver Creek 110

Hydrogeology 204
Macroinvertebrates 957,958
Mineralogy 666 

Beaver habitats 794,1258 
Bedforms 282 (See also macroforms) 
Bedload composition 320 
Beet sugar (See sugar beet) 
Benthos population 343 
Bentonite 291 
Benzene 1104 
Berthoud Plutonic Suite 394 
Beryllium

Precipitation 937
Standley Lake 488 

Bibliographies
Biological investigations 711
Colorado geology 404, 569
Colorado maps 568
Denver Coal Region 802
Geology and hydrology, Front Urban Corridor 213
Hydrogeology 822
Water quality 863

Bi-City Wastewater Treatment Plant 1004,1005 
Big Meadows, RMNP, hydrology 967 
Big Thompson Canyon

Flood study 966
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364, 580,105* 
454

1070

Petrology, geochemistry 710
Big Thompson Project 479, 480 (See also Colorado Big Thompson River Project) 
Big Thompson River 10, 27, 47, 63,148, 397, 480,1057

Alva B. Adams Tunnel 479
Biological monitoring 554
Channel erosion 67
Envinia carotovora (Monera) 576
Flood studies 47, 67,440, 724, 837,1000
Geomorphology 63
Hydrogeology 10
Hydrologic data 118
Paleohydraulics 264
Sediment transport 67,178
Toxicity studies 801
Water quality 703,1155 

Big Thompson River Valley, geology 132 
Bijou Creek basin 338, 397,1084

Flood deposits 735
Biochemical oxygen demand 1004,1005,1110,1103 
Biomarkers 748 
Biota, aquatic 123

Effects, sediments and flow regime 300,433 
Biotic Integrity Index 390, 936 
Blue River-South Platte River Project

Transmountain Diversion Line 
Borehole geophysical methods 773 
Boulder Brook 554 
Boulder County 142,147

Acid mine drainage 872
Barker Reservoir, trophic state assessment 785
Coal mining 245
Economic, legal, political aspects, future growth 144
Fish populations 498, 578, 579
Geology 243, 244, 394, 690, 691, 700 

Glacial 692,699
Hydrogeology 563
Hydrologic data 456, 460
Land use 145
Marshall Landfill site 1104
Mineralogy 985
Mining, gravel, rock aggregates 244
Nuclear disaster, effects in the environment 10
Pedology 692
Petrology 1186
Regional planning 146
Solid wastes 143,1104
Stratigraphy 667,694 

Boulder Creek
Macroinvertebrates, distribution 612
Sediment oxygen demand study 151
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Water quality management program 895 
Boulder-Fort Collins-Greeley, groundwater 510, 511, 934 
Box Elder Creek

Geology 725
Hydrologic data automation 206
Petrology 725 

Braided streams 473, 991 
Bridge-scour data, collection 558 
Brighton Reach, hydrogeology 534, 932 
Brook trout (Salvelinus fontinalis) 758,1258 
Brown trout (Salmo truta) 758 
Brule Formation 79, 80, 81, 82

Hydrogeology 384, 773, 986
Hydrostratigraphy 79, 80, 81
Leakage modeling 82
Paleovalleys 944 

Brush Reach, hydrogeology 539 
Bufo boreas larvae, toxicity, acids mine drainage 846 
Cache La Poudre River 376, 397, 474, 775

Alluvium thickness 950
Bedload composition 320
Fish populations 839
Flood studies 724, 966,1078,1079
Geology 502,1023
Groundwater 503

Chemical anaylsis 935
History 377,1252
Holocene deposits 1023
Hydrogeology 503,1198,1199,1264,1265
Hydrologic data 118
Hydrologic model 494,496, 882
Hydropsychid species, sensitivity, fluoride 195
Land use 436, 689
Pleistocene deposits 1023
Roughness coefficient estimation 978
Streamflow forecasting model 640, 641
Trout populations 708
Water allocation model 566
Water management 1252
Water quality 703, 865,1155,1198,1199
Water reuse model 603
Well logs and records 935 

Cadmium
Acid mine drainage 298,1105,1249
In fish 1192
Standley Lake, sediments 488
Urban runoff 21 

Calcium, precipitation 937 
Cameron Pass, geology 428 
Carbon 486
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Carbon dioxide 417
Carbon monoxide 486
Carp (Cyprinus carpio L.), food habits 341
Cascade Lake Dam failure 559
Casper Formation 102, 526

Hydrogeology 772 
Catfish stocking 499
Cntostomus commersonia [Lacepede], food habits 341 
Cattle feedlot 500

Groundwater, effects 135,136
Pollution abatement 847
Runoffwaste treatment 411

Cavernocypris (Hartmann), systematics, ecology, biogeography 704 
Centennial 749
Centennial National Wildlife Refuge 1158 
Centennial Racetrack horse barns, bacterial pollution 1097 
Central City Mining District 1249 
Cesium radioisotopes, Kiowa Creek 215 
Chatfield Reservoir 796,1268

Hydrologic data 410
Water quality 207

Cheesman Reservoir, probable maximum flood 89 L 
Chemical weathering 714 
Cherry Creek

Flood study 48
Geology 265
Hydrologic data 410
Trophic level 368
Urban runoff data 411
Water quality 209
Wetlands, ecology, functions 257 

Cherry Creek Reservoir
Plutonium 627
Reservoir regulation manual 1085
Sediment flushing 170 

Cheyenne County
Brule Formation 384, 773

Hydrostratigraphy 79
Carbonates geology 908
Groundwater 326,894
Road construction, EIS 1118,1119,1124,1125,1126
Uranium 437 

Cheyenne, Wyoming
Flood studies 665, 679
Land classification map 89
Land use map 1166
Urban runoff 665
Warren Air Force Base 1090
Water management 907
Water use 894, 907
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Chironomids 341,343 
Chloramination 321 
Chloride

Groundwater 396
Precipitation 937
Snowmelt runoff 353 

Chlorination efficiency 1098 
Chromium

Acid mine drainage 1105
Standley Lake, sediment 488
Urban runoff 21

Clastic dikes, Casper and Fountain formations 9 
Clastic rocks 470 
Clay mineralogy 798, 883 
Clean Water Act 229,1112,1113,1114,1115

Two Forks Dam 1101
Clean Water Plan 1112,1113,1114,1115 (See also Denver Clean Water Plan) 
Clear Creek 62, 64, 65,481,1050

Acid mine drainage 298, 655
Lagrangian 1-dimensional steady-flow trace metal surface water transport model 505
Migmatite 811
Molybdenum 583,654
Polyethylene glycol residues 653
Sediment transport 588, 589
Spectrochemical analysis 697 

Clear Creek Canyon, geology 439 
Clear Creek County 60, 87, 88,167

Acid mine drainage 872
Argo Tunnel 150,1241 
Bufo boreas, toxicity 846

Clear Creek/Central City Superfund site 1105
Geology 394, 481, 691, 948, 953
Henderson Mine 392
Land use 898
Mineralogy 199, 372,445, 707, 953
Mining 62
Sediment geochemistry 884
Soil stratigraphy 694
Streamflow gaging 60
Water pollution, arsenic 382 

Clear Creek Interceptor Project 399 
Climate 336, 417,1274 
Climatology 7, 449, 466, 560,1112,1113,1114,1115,1274

Rocky Mountain National Park 75, 76
South Park 1002
Sub-alpine forest 453, 876 

Cloudiness, anthropogenic effects 560 
Coal 363

Hydrology, Interior Province, western region 106 
Cobalt
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Precipitation 937
Standley Lake 488 

Coliform bacteria (See fecal coliforms) 
Colorado Big Thompson Project 10, 28,148, 777,10$9,1060,1064,1065,1067,1154

Cost-benefit analysis 520
Granby Pump Canal 10
Groundwater 10
Reservoirs, limnology 797
Water management 520
Windfall gains 28

Colorado Mineral Belts, Co. Superfund site 1105 
Colorado Plateau, hydrogeology 611 
Colorado, streamflow, water quality data 1169 
Colorado Water Resources Research Institute 241, 2:40, 438 
Comanche Creek, hydrogeology 909 
Conifer, Colorado, Radon occurrence 639 
Coniferous forest, hydrogeochemistry 378, 379 
Conjunctive water use 233, 294, 297 
Conservation 1170 (See also water conservation)

Energy 417
Consumptive water use 336 
Copepoda

Acnnthocyclops plattensis n.sp. 826
Dinptomus shoshoni, ecology 413
Microci/clops pumilis n.sp. 826 

Copper
Acid mine drainage 298,1105,1249
Precipitation 937
Standley Lake, sediments 488
Urban runoff 21, 353, 457 

Cottonwood habitats 138,139,140, 277, 278, 930, 939, 996
Demography, regeneration, projections 945
Riverbotton community 97,107,108 

Cramby Reservoir 1154 
Crayfishes 522 
Croke Canal, water quality 161 
Cross-stratification 83, 86, 470 
Crow Creek 43, 93, 397

Flood study 43
Stream classification study 93
Water resources 598

CUHPCAD, hydrologic data automation program 206 
Culex pipiens 757 
Currant Creek, uranium 949 
Cijprinidne, Plum Creek, distribution 105 
Cyprinus cnrpio L. 341 
Dakota Group 272, 301,1183 
Dams 473

Break-modeling 559
Two Forks 546,1101

162
(See also Arikaree Group)
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Deltaic sedimentation, South Platte Formation 687 
Demography, cottonwood community 945 (See also population) 
Denver Basin 99, 470, 508, 741, 696, 729, 741, 900, 901,904, 908

Economic geology 670
Hydrodynamics, subnormal fluid pressures 99
Hydrogeology 99, 696, 729, 741, 910, 911, 912, 998
Geochemistry 748,1028

Pennsylvanian-Permian oils, black shales 216
Geology 260,969
Groundwater resources 910,911,912
Laramie-Fox Hills aquifer 905
Median-porosity contour map 507
Mineralogy 883
Petrology 272, 301, 969, 999,1237
Scotts Bluff Trend 969
Sea-level changes 1235
Sedimentation 999
Stratigraphy 1236
Tectonics 999,1235,1236 

Denver Clean Water Plan 362 
Denver Coal Region, hydrologic data 802 
Denver County 170, 469, 908 (See also Metropolitan Denver)

Bear Creek Reservoir 40, 41, 450
Bottom sediment chemistry 1010
Climatology 449, 486, 560, 937
Environmentally significant areas 509
Geology 265
Land management 1086,1087,1088
Land use map 1163
Urban runoff 352, 353, 354, 409, 411, 581, 664, 781, 916, 994,1276
Water management 1081,1086,1087,1088
Water quality model 1004,1005 

Denver Federal Center
Flood studies 441
Rainfall-runoff data evaluation 561 

Denver Potable Water Reuse Project 634, 635, 636, 637 
Denver Regional Urban Runoff Program 356, 409, 411 
Denver Water Board 709 
Denver winter haze study (1978) 486 
Depletion 13,288 
Diaptomus shoshoni 413 
Dieldrin, Nebraska soils 66
Diethylnitrosamine from rhodamine WT dye tracer 1013 
Dillon Reservoir 1070

EIS 546
Storage capacity 20

Diptera 219, 757 (See also macroinvertebrates) 
Discharge (See also streamflow) 
Diseconomies 297 
Dissolved oxygen 1110,1103
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Dissolved solids 424,1051
High Plains Aquifer 621 

Doctrine of Prior Appropriation 200, 288, 686 
Douglas County

Foothills Project, EIS 174
Geology 265,691
Groundwater 297, 410, 541
Hydrologic data 410
NPDES, rationale 239
Pegmatites 484
Soil stratigraphy 694
Urban runoff, analysis 119 

DRCOG, Clean Water Plan 309, 310, 311 
Drinking water 450

Disinfection 321
Nebraska 194
Quality 227, 461, 634, 635, 636, 637 

Droughts 233, 288, 380, 457
Management strategies 770 

Dry Creek, Wyoming, flood study 1077 
Ducks mortality 210 
Eaton area, groundwater quality 342 
Ecological studies 607,1075,1157 
Econometric analyses 366, 573 
Economic geology 18, 62, 68,106,120,126,155,199, 203, 216, 272, 291, 296, 297, 301, 318, 322, 375,

391, 429, 430, 436, 445, 468, 478, 484, 506, 508, 649, ^66, 670, 681, 841, 822, 923, 970, 971, 972,973,
974, 975, 976 

Economic growth 71 
Economic of quasi-market 294 
Economy, irrigation 
Ecosystems ecology

Beaver habitats 
Effective impervious area 
Effluent discharge permits 
Effluent limitations, effects 
E! Paso County 548

Hydrogeologic data
Water quality management plan 1099 

Elevenmile Canyon, EIS 546
Elevenmile Reservoir, probable maximum flood 891 
Elm Creek, geomorphology 63 
Endangered Species Act 141, 685,1226

247, 587,1229
706
794

23
820
121

541

40, 41, 451, 479, 481, 558, 727,Engineering geology
Strontia Springs 519

Englewood, Colorado
NPDES, rationale 238
Water quality model 1004,1005
WWTP mixing zone evaluation 730

Entomostracans 341
Environmental assessments 122

898 (See also geology)

238 Bibliography of Water-Related Studies, South Platte River Basin-Colorado, Nebraska, and Wyoming



Environmental contaminant survey 319
Environmental geology 15,17,18,128,192, 381, 401, 548,560, 689, 898
Environmental health 68
Environmental impact statement (EIS) 55,196, 328, 755,1112,1113, 1114,1115

Antero Reservoir 546
Cache La Poudre River Wild and Scenic 376
Clear Creek Interceptor Project 399
Colorado Big Thompson Project 1059,1060,1061 

Windy Gap Project 1065,1067
Denver Transportation Control Plan 403
Denver Winter Olympic Games 176
El Paso County, water quality management plan 1099
Foothills Project 174
Green Mountain Reservoir 1067
Metropolitan Denver Sewage Disposal District No. 1 1099
Narrows Reservoir 1063,1064,1066,1069
Pick-Sloan Missouri Basin Program 1066,1068,1069
Project Eagle 810
Road constructions 1117,1118,1119,1120,1121,1122,1123,1124,1125,1126,1127,1142,1128, 
1130
Stapleton Airport expansion 1047
Teller County, water quality management plan 1099
Two Forks 546
Warren Air Force Base, transmission lines 1090
Wastewater facilities 362
Water quality 1032

Eocene erosion surface, geomorphic and tectonics 371 
Eolian systems 8,163, 346, 570, 693, 778,1274 
EPA Storm Water Management Model II 352, 353 
Ephemera conipar 344
Ephemeroptera 219, 344, 868,1212 (See also macroinvertebrates) 
Ephilithic algae 334,1213

Highway construction, effects 218
Reservoir construction, effects 219 

Erosion (See also soil erosion) 
Erwinin cnrotovorn 576 
Estes Park, geomorphology 867 
Eutrophication

Barr Lake 367
Cherry Creek Lake 368
Milton Reservoir 369
Narrows Reservoir 287 

Evaporites 435 
Evapotranspiration 302

South Park 1002 
Exhaust emissions 486 
Exploration 389, 575, 841, 842 
Fall River

Bend flow hydraulics 1036,1037
Biological monitoring 554

SUBJECT INDEX 239



Hydraulic geometry 834
Rating curves 968
Sediment transport 834, 835
Sedimentation problems 1038 

Farm wastes 847
Groundwater, effects 135,136
Runoffwaste treatment 415 

Fathead minnow (Pimephales promelas) 36 
Fauna, Colorado 1227 
Fecal coliforms 853, 864,1097,1103 (See also bacteriology)

235,1032,113:1,1132,1133,1134 
776

Federal Water Pollution Control Act
Federation of Rocky Mountain States
Fence diagram 252
Fires, soil development 740, 774
Fish distribution 36, 94,105, 222, 351, 575,1260

Brown trout 1179
Johnny Darter 851
Lueciscus spp. 579
Phoxinus eos (Cyprinidae) 105
Warmwater fishes 850 

Fisheries 421,422,423, 707, 795, 913, 914 
Fish habitats 31, 36, 94, 97,107,108,124,194, 222, ^59, 660,1017,1019,1260

Brook trout 1258
Channel catfish (Ictalaurus punctatus) 173
Flathead catfish (Pylodictis olivaris) 173
Habitat Suitability Index, brown trout 1245
Impact of stream discharge 31
Rainbow trout 1259
Trout cover 1244 

Fish hatcheries 30, 246, 499 
Fish health 1188

Bioconcentration 677, 931,1192
Disease transmission 758
Infestation 2, 3,4, 284, 556, 604, 605,1182
Olfactory receptors, trout 759
Organochloride 931
Toxicology 677, 931,1192,1266
Waste effects 365 

Fish management 29, 30, 246, 913, 914,1019
Greenback cutthroat trout restoration 1014 

Fish populations 196, 222, 246,351, 659, 660, 936,1260
Between Deckers and South Platte, Colorado
Boulder County 498,578,579
Brown trout 1179
Cache La Poudre River 839
Irrigation canals 839
North Fork 125
Segment 15 390
Stonecat, Noturusflavus (Ictaluridae) 840
Warmwater fishes 849, 850
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Wild trout 30, 31
Cache La Poudre River 708 

Flood deposits, Bijou Creek 735 
Flood-plain vegetation 285 
Flood studies 42, 43, 44, 45, 46, 47, 48,48, 49, 50, 67,119, 472, 716, 719, 723, 890, 891,1071,1278

Bear Creek 1076
Big Thompson River Valley 440, 724, 792, 966,1000
Boulder, Colorado 443
Boulder-Fort Collins-Greeley area 720
Cache La Poudre River 724, 966,1078,1079
Cheyenne, Wyoming 665, 679
Colorado Springs-Castle Rock area 721
Denver Federal Center 441
Dry Creek, Wyoming 1077
Flow hydraulics 837
Geologic, geomorphic effects 966
Metropolitan Denver 315, 317, 333, 374, 443, 463, 722
Mountain River flood response 836
Pawnee Creek 1080
Sediment transport 837 

Flow correlations 419 
Flow regimes 610

Aquatic biota, effects 31, 300, 334
Boulder-bed streams 1039
South Platte Valley 980
Water management practices, effects 528
Water transfers, effects 527 

Fluocerite-(Ce) 552,553 
Fluoride

Acid mine drainage 1105
Hydropsychid species, sensitivity 195 

Fluorine, micas 445 
Fluvial environment 281 
Forest biogeochemistry 1271 
Forest fires 740 
Forest hydrology 331, 646 
Forest, statistics 248 
Formate, precipitation 7 
Fort Collins, Colorado

Fish populations 839 
Geology 243,472 
Mining, gravel, rock aggregate 244 
Soil survey 1027

Fort Morgan Canal, sediment transport 920 
Fort Morgan, Colorado, sediment hydrogeochemistry 717 
Fort St. Vrain Nuclear Generating Station 55,157, 159, 328, 341, 629, 750

Aquatic invertebrates, pheriphyton 398 
Fountain formation 9 

Geology 439 
Mineralogy 9,322
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,1146

2, 3, 4, 284, 604, 60£ 
556

Petrology 9
Sedimentology 9 

Fourmile Creek, uranium 949 
Fraser Experimental Forest

Sediment transport 643,644,645 
Snowmelt runoff 642 

Front Range Urban Corridor 213,460,465,467
Acid mine drainage 872
Climatology 466
Geology 465,467, 676,698,1046
Glacial geology 691,816
Groundwater 510,511,512,513
Lakes, map 289,462
Landslides 275
Mineralogy 274
Mining, gravel, rock aggregate 244, 942,104 

Fryingpan River 29 
Fundulus kansae (Pisces:Cyprinodontidae) 
Fundulus zebrinus (Pisces:Cyprinodontidae) 
Genesis, Goose Egg Formation 435 
Genesis Lithology Qualifier (GLQ), Mapping technique, Cherjy Creek Basin 
Geoarchaeology 517 
Geochemistry 203, 224, 402,405,430, 748

Acid mine drainage 298, 872,1249
Beaver Creek Wilderness Study Area
Big Thompson Canyon 710
Chemical weathering 714
Clear Creek 697
Grassland soils 545
Henderson Mine 392
Henderson porphyry molybdenum deposit
Kimberlites 985
Loch Vale watershed 714, 715
Modeling 298
Pennsylvanian-Permian oils, black shales
Radon, groundwater 639
Sedimentary rocks 917
South Park 514,949
South Platte Granite-Pegmatite District
Stream sediments 87, 88 

Geology 1,5, 9,15,17,18,33,34,37,62,64, 79

318

21

155,'

80
, 381, 393, 394, 402,405, 430,434,435, 
L113,1114,1115,1189,1223,1224,1275

167,168, 203, 217, 272, 274, 281, 283,308,322,324, 371,375
439,454,468,477,517,657,811,886,887,888,1055,1112,
Acidification, Rocky Mountain National Park 504
Albany County 16,61,102,391,772
Basic data collection 885
Beaver Creek Wilderness Study Area 318
Bibliography 213,404,569
Big Thompson River 132,479,480, 710
Blue-South Platte River Project 580
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85,649,970,971,972,973,974,975, 976

81, 82, 83, 84, 85,113,114,115,120,155,158,



Box-Elder Creek 725
Cache La Poudre River 503,1023
Central Great Plains 293
Clear Creek County 394, 481, 691, 948
Denver Basin 507,508, 670, 729, 905, 908,1028,1235,1237
Denver, Colorado 265, 464
Flood effects 966
Fracture permeability, Rocky Mountains 250
Front Range Urban Corridor 465, 467, 676, 698,1046

Bibliography, index 213 
Golden, Colorado 633 
Groundwater, Colorado 823 
Henderson porphyry molybdenum deposit 199 
High Plains Aquifer 230 
Jefferson County 515 
Keith County 1187 
Kiowa-Wolf-Comanche Creeks Area 909 
Laramie County 873 
Laramie-Fox Hills aquifer 905 
Laramie-Sherman Quadrangles 291 
Miocene 340
Mt. Richtophen-Iron Mountain Area 262, 261, 263 
Narrows Reservoir 401 
Nebraska, west 290, 292, 470 
Never Summer Mountains 172 
North-central Colorado 169, 340 
Ogallala Formation 323 
Owl Creek Mountains 359 
Paleovalley map 944 
Pawnee Creek 675 
Pikes Peak batholith 478 
Precambrian, Larimer County 171
Rocky Mountain National Park 226, 345, 650, 651, 871,1233,1234 
Saint Vrain Creek 690, 692, 699, 700 
Sand Creek 725 
Sandstone formation 249,1180 
Santa Fe Mountain 953 
Scotts Bluff Trend 969 
Southeastern Wyoming 340 
South Platte Formation 667, 687, 688
South Platte Pegmatite District 155,156, 484, 970, 971, 972, 973, 974, 975, 976 
Sterling 1x2 degrees Quadrangle 943
Structural deformation, Laramie Range, Denver-Julesburg basin 260 
Thin sections catalog 885 
Thirtynine Mile volcanic field 370

Geomorphology 8, 63, 358, 373, 465, 472, 517, 594, 819, 940,1075,1162,1189 
Arkansas River 782, 783 
Boulder-bed streams, flow resistance 1039 
Braided streams 473, 991,1040 
Clear Creek County 481
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Estes Park 867
Fall River 834
Flood effects 966
Fluvial environment 281, 473
Kiowa Creek 215
Macroforms 281, 283, 282
Missouri River 812
Nebraska 982
Paleovalleys 944
River accretions, predicting techniques 673
Roaring River alluvial fan 117
Sand Creek 1040
Sandstone formations 249
St. Vrain River basin 692
Wyoming 727 

Geophysics 37,416
Denver Basin, geophysical logs 696, 741
Fracture permeability, Rocky Mountains 250
Structural deformation, Laramie Range, Denver 

CEOTHERM 120 
Gilpin County

Acid mine drainage 872,1241
Clear Creek/Central City Superfund site 1105
Mineralogy 707 

Glacial geology 8,547, 574, 701
Bear Creek 656
Front Range 691, 694, 698, 816,1035,1248
North St. Vrain River basin 692, 699
Rocky Mountains 813, 814, 815, 886, 887, 888,1018 

Glenndale, Colorado, NPDES, rationale 237 
Global climate change 1274 
Golden, Colorado, geology 633,1275 
Golden/Coors Wastewater Treatment Plant EIS 399 
Goose Egg Formation 434, 435 
Goosequill Pond 341 
Grange Hall Creek 457, 458 
Granite

Berthoud Plutonic Suite 394
Jefferson County 649
Rosalie Peak 167
South Platte granite-pegmatite district 970, 9 

Gravel and crushed-rock aggregates 244, 942,1045 
Gravel ponds, shoreline habitats 1017 
Grazing riparian zone, impact aquatic values 96 
Greeley, Colorado 136

Cattle feedlots 136
Flood study 1078,1079
Geology 243,244
Groundwater 136, 342, 396
Irrigation 149,396

Julesburg basin 260

1, 972, 473, 974, 975, 976
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Land use map 1164
Mining, gravel, rock aggregate 244
Soil survey 1025 

Greeley Reach, hydrogeology 538 
Greenback cutthroat trout (Oncorhynchus clarki Stomias)

Aluminum sensitivity 1266
Restoration 1014 

Green Mountain Reservoir 1067 
Groundwater 296, 297,358, 416,476, 686, 823,1261,1262,1263 (See also hydrogeology)

Adams County 297, 992,1137,1139
Agriculture 128, 616,1015,1016
Albany County 772, 899
Albin, Wyoming 133
Alluvial aquifer, Eaton area 342
Anthropogenic effects 193
Aquifer management 35, 111, 202, 770, 771,
Arikaree aquifer 252, 668
Arkansas-White-Red Region 95
Arsenic 382
Artificial aquifer-recharge project 185, 202, 418, 647, 648, 671, 672, 674, 848,984,1246,1247
Basic data collection 695, 728, 870, 894
Beaver Creek basin 204
Between Denver and Brighton 1092,1137,1138
Biotopes 825
Boulder County 456, 460

Radiometric analysis 563
Boulder-Fort Collins-Greeley area 510, 511, 512, 934
Brighton Reach 534,1092
Brule Formation 384, 773
Brush Reach 539
Cache La Poudre River basin 503
Cattle feedlots, effects 135 

Greeley, Colorado 136
Central Great Plains 293
Cheyenne County 79, 80, 773, 986
Chloride 396
Coliform bacteria 387
Colorado Plateau 611
Conifer, Colorado 639
Crow Creek basin 598
Denver Basin 99,470, 507, 508, 696, 729, 741, 900, 901,904, 910, 911, 912
Depletion 13, 288, 618, 620
Faunal communities 824, 825, 826,1221
Front Range Urban Corridor 462, 510, 511, 512,513, 541
Granby Pump Canal 10
Grange Hall Creek 457
Greater Denver area 462
Great Plains 482, 483
Greeley Reach 538
Groundwater Management Act (1965) 200
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Heavy metals 1278
HELM model 131
Henderson Mine 392
High Plains Aquifer 68, 69, 95, 250,337,447,448,482,483, 516, 585, 618, 619, 620, 621, 681,
682, 683, 828,1230,1231,1232
Hydrologic models 418,544, 562, 630, 681, 68^, 902
Interior Province, coal hydrology 106
Irrigation 152,153, 223, 337, 482, 483, 766

Cheyenne County 986
Lodgepole Creek Valley 747 

Jefferson County 459,461,515 
Julesburg Reach 537 
Keith County 1187,1242 
Kiowa-Wolf-Comanche Creek Area 909 
Lake George area, availability 420 
Laramie Basin, southern 188 
Laramie County 270,269, 268, 267, 271,525, 526 
Laramie-Fox Hills aquifer 905, 912 
Larimer County 533, 873 
Leakage modeling, Brule Formation 82 
Levels data 531, 532 
Lodgepole Creek basin 113,114 
Logan County 544
Lower South Platte River Valley between Hardin, Colo. and Paxton, Nebraska 115 

Management 385,387,419,619,647,648,760,761,762,763,764,766,767,768,769,770,771,1222 
Manganese 396 
Mesaverde Formation 298 
Middle Fork 189 
Mineralization 224 
Mining policy 12,13 
Missouri River Basin 11 
Morgan County 544 
Narrows Reservoir, interactions 184,187 
Nebraska 290, 292,1030 
Nitrates 128,1015,1016 
Nitrogen 396
Ogallala aquifer 68, 69, 252, 270, 417, 447, 471, 618, 6l9, 620, 828, 951, 952,1024,1267 
Platte River, Nebraska 183, 630 
Pollutant recovery 926 
Pollution 866, 924,1137,1138,1139

Marshall Landfill 1104
Public health aspects 897,1196,1197
Rocky Mountain Arsenal 1106
Weld County, atrazine 1256 

Prospect Valley area 979 
Pumpage 668, 682, 894 
Radon occurrence 639 
RAQSIM model 191
Recharge 418, 336, 533,586, 647, 648, 671, 672, 681, 682, 731, 984,1171,1222,1246,1247 
Rocky Mountain Arsenal 455, 614, 615

246 Bibliography of Water-Related Studies, South Platte River Basin-Colorado, Nebraska, and Wyoming



Salinity 616,621
Sand Hills, Nebraska 163,570, 586, 731
Sedgwick County 544
Seepage water 198,302
Sludge disposal, effects 395
Soil, hydrologic characteristics 335
South Platte Valley, flow 980
Sterling Reach 536
Sulfate 396
Tertiary Formation, Wyoming and Colorado 252
Thermal springs, wells, basic data 120
Water quality, regional 192,193, 621 

Eaton area 342
Water transfers 954
Welby, Colorado 53
Weld County 61, 396, 951, 992 

Atrazine 1256
Weldona Reach 535
West USA 993
Wyoming 870
3-dimensional flow and contaminant transport model 14 

Gypsum 291
Habitat management 286, 939,988, 996,1017,1019 
Habitat suitability index, brown trout 1245 
Harvard Gulch, urban runoff data 411 
Haze 486 
Heavy metals 457

Acid mine drainage 298,1249
Park County 718
Standley Lake, sediments 488 

HELM, groundwater model 131 
Henderson Mine 1012

Isotopic water analysis 392
Mafic-felsic magmatism 948 

Henderson molybdenite deposit 445 
Herbicides

Atrazine, Weld County 1256
Nebraska 726

High-flow geometry, fluvial environment 281 
High Plains Aquifer 68,69,95,250,337,447,448,475,572,618,619,620,681,682,683,1230,1231,

1232
High Plains Regional Aquifer-System Analysis 1231 
Historic geology 291, 292,293,359,391, 454 (See also geology)

Rocky Mountain National Park 650 
Historical explorations 389, 575,578, 579 
Historic hydrologic studies

Missouri River basin 626
South Platte Valley 980 

History 746, 749, 852,1252,1253,1254,1255
Irrigation, Nebraska 947
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Horsetooth Reservoir 118
Profundal benthos 343,1219
Thermal stratification model 590 

Horton analysis 982 
Hourglass Creek, hydrochemistry 1008 
Hyalella spp. 341 
Hydraulic flow during floods 837 
Hydraulic geometry, Fall River 834 
Hydrocarbons 486, 841, 842,1028
Hydrochemistry, alpine and subalpine stream waters 1008 
Hydrodynamics 283 
Hydroelectric sites, inventory 1048,1049 
Hydrogeochemistry 318, 331,884 (See also sediment, hydrogeochemistry)

Acidification, Rocky Mountain National Park 504
Acid mine drainage 872,1141,1249
Cheyenne Quadrangle 809,1044,1173
Denver Quadrangle 100
Fort Morgan 717
Greeley Quadrangle 805
High Plains Aquifer 621
Limon Quadrangle 1174
Plutonium 627
Radon in groundwater, Conifer, Colorado 63
Rawlings Quadrangle 1175
Scottsbluff Quadrangle 1176
Snow water, coniferous forest 378
Sterling Quadrangle 717, 805, 806,1280
Uranium, stream sediments 130, 809, 923 

South Park 949
Vanadium 923
West Glacier Lake 906 

Hydrogeology 10, 35,53, 59, 61, 79, 80, 81,119,
754, 765, 823 (See also groundwater)
Adams County 909
Albany County 772, 899
Albin, Wyoming 133
Alluvial aquifer, Eaton area 342
Area 54 622
Area 59 397
Basic data collection 695, 728, 729
Beaver Creek basin 204
Bibliography 822
Boulder County 563
Boulder-Fort Collins-Greeley area 510,511, ^>12, 934
Brighton Reach 534, 932
Brule Formation 384
Brush Reach 539
Cache La Poudre River basin 503,1198,1199,1264,1265
Central Great Plains 293, 337, 476
Cheyenne County 79, 80, 81, 82

2, 223, 2^7,331, 335,336,358,416, 473, 616, 742,
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Colorado Big Thompson Project 10
Colorado Plateau 611
Denver Basin 99, 696, 729, 741, 910, 911, 912, 998
Egbert-Pine Bluffs-Carpenter Area 873
Fluvial environment 281
Fracture permeability, Rocky Mountains 250
Front Range Urban Corridor 510, 511, 512, 513, 541
Great Plains 482, 483
Greeley Reach 538
Heat flow 7737
Henderson Mine 392
High Plains Aquifer 68,69,95,250,337,447,448,475,482,483,516,585, 618,619,620,681,682, 
683, 828,1230,1231,1232
Julesburg Reach 537
Kimball County 987
Laramie Basin, southern 188
Laramie County 59, 61, 270, 269, 268, 267, 271, 525, 526, 680
Laramie-Fox Hills aquifer 905, 912
La rimer County 873
Leakage modeling, Brule Formation 82
Lodgepole Creek basin 113,114
Logan County 544
Lower South Platte River Valley between Hardin, Colorado and Paxton, Nebraska 115
Middle Fork 189
Morgan County 544
Nebraska, west 290, 292, 326
Ogallala aquifer 68, 69, 252, 270, 417, 447, 471, 951, 952
Rocky Mountain Arsenal 455, 614, 615
Salt balance model 1051
Sand Hills, Nebraska 163, 570, 586, 731
Sedgwick County 544
Seepage water 198, 302
Sterling Reach 536
Tertiary Formation, Wyoming and Colorado 252
Thermal springs, wells, basic data 120
Welby, Colorado 53
Weldona Reach 535 

Hydrologic data 695, 754
Boulder County 456
Denver Basin 911
Denver Coal Region 802
Front Range Urban Corridor 462, 513, 541
Grange Hall Creek Basin 458
Greater Denver area 462
High Plains 516
Nebraska Sand Hills 570
Statistical summary 827 

Hydrologic models 14, 82,131,180,181, 182,183,184,187,191, 269, 268, 267, 286, 294, 296, 298,
302,314,409,419
Atrazine transport model 1256
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Chloride movement model, Rocky Mountain Artsenal
Contaminant transport model 14, 902,1256
Dam-break modeling 559
Effluent discharges 490
Groundwater flow, High Plains Aquifer 681
Groundwater recharge 418, 647, 648,984
Hydro-Quality Model 997
HYDROWAR 767,769
Input-output models 491, 492, 496, 566, 602

615

988

505

Instream flow habitat criteria and modeling
Kernel simulation model 544
Lagrangian 1-dimensional steady-flow trace metal surface

Water transport model, Clear Creek 
Multi-parameter river basin model 567 
Non-point source pollution 833 
Phosphorus budgets 625 
PIONEER-1 1184 
Pumping effects 668, 682,1232
Rainfall-quality model 
Rainfall-runoff model 
Remote sensing inputs 
Salinity, water balance 
Sediment discharge 
Solute-transport model

664
640,641,664,781
751
497

919

603, 882
"\OO

616
Stream-aquifer management model 544, 56
Streamflow forecasting 19, 640, 641
Suspended sediments loads 348
Thermal stratification 590
Urban runoff 352, 353, 354, 581, 664, 781, 9
Wastewater effluent effects 818
Water allocation 543
Water management 491, 494, 624, 638, 647, 648, 764,
Water quality 818, 997,1184,1190,1191

One-dimensional steady-state 100
Water resources decision evaluation model 638
Water reuse 494, 602, 603
Water supply-demand 492, 493, 494, 555, 624, 630 

Hydrology 1112,1113, 1114, 1115,1162
Bend flow hydraulics, Fall River 1036,1037
Bibliography, index 213
Big Meadows, RMNP 967
Denver Metropolitan area 1088
Historical streamflows 623
Manning's "n" value 978
Missouri River 812
South Platte River valley 540
Streamflow data program evaluation 669
Urbanization effects on 745 . 

HyiiroiJsydiL' spp. 195, 341, 501, 743 
Hydrostratigraphy, Brule Formation, Nebraska 79, 80, 81

630, 7^4, 767, 768, 767, 829,1273,1277

829,1190,1190,1191
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Hydrothermal alteration 199, 203 
HYDROWAR 767,768 
Hyporheic zone, fauna 825, 826 
Ice proves, sediment testing 70 
Ichthyofauna (See fish) 
Ictalnurus punctatus 173 
Idaho Springs, mining 62

Argo Tunnel, acid mine drainage 150
Mineralogy 821 

Industrial pollution 38,312,363,365, 486, 752,1094,1096,1110,1135,1136,1140,1150,1151,1152,
1153 (See also water pollution) 

Infiltration capacity 23 
Insect fauna 92,103, 422,423, 612, 864, 865 (See also macroinvertebrates)

Sediment and flow regime effects 300 
Insecticides, Nebraska soils 66 
Instream flows, economics benefits 295 
Interbasin transfer 20, 28, 954 (See also water transfers) 
Invertebrates, aquatic 92,103,422, 423, 612, 704, 704, 743, 864, 865 (See also macroinvertebrates)

Hyporheic zone 825, 826
Phreatic zone 824, 826 

Iron 203
Acid mine drainage 298,1249
Precipitation 937
Urban runoff 21, 353 

Irrigation 12,13, 58,112,152,153,154,192, 202, 214, 223, 288, 337, 373,1172,1278
Albin, Wyoming 133
Cheyenne County 986
Doctrine of Prior Appropriation 200, 288
Economy 247,587
Greeley, Colorado 149
High Plains 482, 483, 585,1033,1034
History, Nebraska 947
Impact, water availability 112, 618, 766
Laramie County 571
Lodgepole Creek valley 747
Morgan County 328
Nebraska 984
Nitrates 128,1015, 1016
Removal effects on wetlands 256
Return water 817
Salinity problems 497,621
Selenium 582
Sewage-polluted water irrigation 1148
Sprinkler 288,329,1229
Water demands 555
Water quality impacts 632
Wetlands 256 

Irrigation canals (See also irrigation)
Ichthyofauna 839
Sediment transport 920
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Isotopic water analysis, Henderson Mine drainage 
Jefferson County 5

Acid mine drainage 872
Denver Winter Olympic Games, EIS 176
Foothills Project, EIS 174
Geology 5, 6, 265, 394, 649, 687, 688
Groundwater quality 387, 459, 461, 515
Land use 898
Mineralogy 5, 6,155, 203, 394, 552, 553, 649,
Molybdenum 583
Niobium 203 

f Pedology 65
Remote sensing 983
Road construction, EIS 1130
Stratigraphy 667
Texatite 273
Titanium 203
Urban runoff, analysis 119
Water pollution, arsenic 382 

Joe Wright Creek
Hydrologic data 118
Macroinvertebrates 1219 

Johnny Darter, distribution 851 
Julesburg, Colorado

Geology 260
Seepage model 302 

Julesburg Reach, hydrogeology 537 
Kaolinite, Lower Almond Formation 54 
Kassler Water Treatment Plant 1097 
Keith County, Nebraska

Geology 1187
Groundwater 1187,1242
Road construction, EIS 1120,1122,1142 

Kendrick Lake 289 
Kersey, Colorado, seepage model 302 
Kimball County, Nebraska

Groundwater 58,987
Irrigation 58
Megaclasts 324,325
Ogallala sediments 159
Road construction, EIS 1117,1119
Test logs 987

Kimberlites, petrochemistry 985 
Kiowa Creek 338, 397

Hydrogeology 909
Sediment delivery 215, 779, 780 

Korty Canal, sedimentation control 977 
Lake George area 420, 484 
Lakes (See also limnology)

Map 288

392

07, 971, 972, 973, 974, 975, 976, 990,1223,1224
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Sediment studies 412
Lakewood Gulch, urban runoff data 411, 561 
Land classification map, Cheyenne, Wyoming 89 
Landform evolution 63 
Landslides, Front Range Urban Corridor 275 
Land use 15,18,32, 71,192,193,297, 316,400,481,560, 858, 859, 898,925,1057,1112,1113,1114,

1115,1143,1163,1164,1165,1166
Agriculture 1072,1089
Avifauna composition 606
Denver County 1086,1087,1088
Flood plain, Boulder-Denver 443
Forest, statistics 248
GLQ mapping technique 15
High Plains 572

Irrigated land 1033,1034
Jefferson County 983
Planning 15, 71, 407, 652, 745, 784, 929 

Cherry Creek Basin 15 
Denver area 509

Poudre triangle 689
Remote sensing 751, 784, 983,1033,1034,1043,1274
Simulation model 366
Windsor area 436 

Laramie Basin 9
Groundwater 188,526, 772
Structural deformation 260 

Laramie County 16, 58
Flood study 679
Geology 16, 86, 251, 680
Groundwater 58, 59, 61, 270, 271, 526, 680 

Management 525 
Two-dimensional model 269, 268, 267

Hydrogeology 873, 951, 952
Irrigation 571
Mineralogy 16
Petrology, stratigraphy 272 

Laramie-Fox Hills aquifer 905, 912 
Laramie Mountains, Casper Formation 102 
Large-scale bedforms (See macroforms) 
Larimer County 10,16

Acid mine drainage 872
Erosion 472
Flood study 724,1078,1079
Geology 16,171,428, 725 

Glacial 692
Groundwater 10,137, 533
Hydrogeology 10,137 

Beaver Creek 204
Hydrologic data 118,137
Kimberlites 985
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Pedology 692,694
Petrology 171, 725, 985,1186
Sediment data 591
Soil stratigraphy 694
Water quality management 631, 632
Water resources 10

Larimer-Weld Regional Water-Monitoring Program 
Lawn Lake Dam failure 473,559,1038 
Lead

Acid mine drainage 1105,1249
Clear Creek 697
In fish 1192
Rocky Mountains lake sediments 804
Urban runoff 21, 353,354 

Lernaea cyprinacea (Linnaeus) 2 
Levinstein Mustard agent 810 
Limestones 908

Redwater Shale member of Sundance Formatior 
Limnodrilus hoffmeisteri 343 
Limnology 72, 78,161,162, 330, 357,413, 804

Barr Lake 367
Cherry Creek Lake 368
Colorado Big Thompson Project 797
Map, lakes 289
Milton Reservoir 369
Regulated streams 1204
Rocky Mountain lakes 487
Standley Lake 488
The Loch Lake 1006

Lincoln County, Nebraska, road construction, EIS 
Literature review 141 
Lithium

Precipitation 937
Urban runoff 21 

Lithology 15, 33, 34, 82, 272, 694 
Little Patsy Quarry, mineralogy 552, 553 
Little South Fork, bedload composition 320 
Littleton, Colorado

NPDES, rationale 238
Urban rainfall-runoff 352
Water quality model 1004,1005
WWTP mixing zone evaluation 730 

Littleton Wastewater Treatment Plant, chlorination 
Livestock (See also cattle)

Water use, Nebraska 1009 
Loch Vale watershed 306

Acidic deposition, soils 1195
Biogeochemistry, subalpine ecosystem 72,
Biogeographical fluxes, surface water dynamics
Chemical weathering 714

118

33, 34

1123

1098

74
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Hydrologic, chemical flux 77
Limnology, subalpine ecosystem 73
Phytoplankton populations 736, 737, 738
Snowmelt runoff chemistry 307
Solutes, sources 715
The Loch Lake, phytoplankton dynamics 1006
Vegetation, effects, biogeochemistry 51 

Lodgepole Creek
Hydrogeology 113,114
Irrigation 747
Stream classification study 93 

Lodgepole Pine ecosystems
Biogeochemistry 1271
Soil hydrology 808 

Logan County 17,49
Artificial aquifer-recharge project 185, 1247
Flood study 49
Geology 17
Groundwater 137, 297, 829
Hydrogeology 137
Mineralogy 17
Sediment data 591
Tamarack Wildlife area, hydrologic data 181,182
Water allocation model 543
Wildlife 276,279 

Lone Tree Creek
Alluvial aquifer 342
Stream classification 93 

Longmont, Colorado, soil survey 1026 
Longmont Wastewater Treatment Facility 1100 
Longs Peak-St. Vrain Batholith, geology 226 
Loveland Municipal Wastewater, toxicity study 801 
Lowland river habitats 939, 988, 995, 996 
Liteciscits spp. 579 
Lyons, Colorado, geology 633 
Macroforms 281, 283, 282 
Macroinvertebrates, aquatic 343,344,422,868,869,957,959, 961,1031,1202,1203,1204,1207,1209,

1210,1213,1216,1218,1219,1220,1221
Amphipoda 1208,1215
Beaver Creek 957, 958
Boulder Creek 612
Diptera 219,757
Ephemeroptera 219, 344, 868,1212
Fluctuating discharge 196
Fluoride, Hydropsychid species, toxicity 195
Highway construction, effects 218
Mollusks 1270
Plecoptera 92, 219, 960, 962,1201,1205
Reservoir construction effects 219
Rotifera 1054
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948
937

298,1105,1249

Sediment and flow regime effects 300
St. Vrain River 397
Trichoptera 501, 743,1200,1211
Wastewater effluent, effects 889 

Magaclasts 324, 325 
Magmatism, Red Mountain 
Magnesium, precipitation 
Magnetites 431,811 
Mallards, habitats 893 
Manganese 506

Acid mine drainage
Urban runoff 21 

Manning's "n" value 978 
Maps 289

Geology 568, 943, 944,1055
Land use 1163,1164,1164,1165, 1166
Soils 929 

Marshall Lake 289 
Marshall Landfill 1104 
Marys Lake 1154 
Mathematical models (See also hydrologic models)

Horton parameters 982 
Mayflies, (see Ephemeroptera) 
Meat industry 1093,1151 
Medicine Bow National Forest 
Meiofauna 1220 
Mercury

In fish 1192
Rocky Mountain Arsenal
Standley Lake, sediment
Urban runoff 21

Mesaverde Formation, stratigraphy 298, 375 
Metamorphosis (See river metamorphosis) 
Metasedimentary rocks 430 
Metasomatism 199 
Metropolitan Denver

Metropolitan Denver Sewage Disposal District No. 1
02

907

1047
488

390, 617, 685, 889,1099,1238
Northside Wastewater Treatment Facility
Water quality management 1190,1191 

Micas, fluorine content 445 
Mileage index, South Platte River 1147 
Milton Reservoir, trophic level 369 
Mineralogy 5, 6, 9,16,17,18, 89,134,167, 217, 273, 274, 291, 308, 322, 405, 429, 430, 431, 477, 478,

485,811,923,965 (See also geology)
Albany County 16, 391, 430
Beaver Creek Wilderness Study Area 318, 666
Boulder County 394
Cheyenne Quadrangle 437
Clay 798,883
Clear Creek 87, 88, 372, 394, 821
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Denver Quadrangle 514
Front Range 244, 676, 707,795*__.____
Henderson porphyry molybdenum deposit 199,445,1012
Idaho Springs 821
Jefferson County 203, 394,5^^ 1223,1224
Kimball County 16
Lake George 484 -
Laramie County 16,430
Logan County 16, 18 ,

Morgan County 18
Mount Carbon Reservoir 990
Narrows Reservoir site 1056 -
Pennsylvanian-Permian oils, black shales 216
Santa Fe Mountain 953
Sedwick County 18
South Platte Pegmatite District 155,156,484, 970, 971, 972, 973, 974, 975, 976
Teller County 394,666
Two Forks 989
Washington County 18
Weld County 16,18 

Mining 62,106, 274,298,382,392,397,628,872,950,1045,1141,1249 (See also acid mine drainage)
Effects, water quality, aquatic ecosystems - 655,1240,1241
Sand and gravel waste evaluation study 1146 

Miocene
Minerals 308
Stratigraphy, petrography 340 

Missouri River Basin
Aggradation 928
Degradation 928
Geomorphology 812
Hydrogeology 11
Hydrology 812
Sediment 812
Water diversion 915
Water management-use 11
Water quality 11,864
Water supplies 626, 744 

Missouri River Basin Commission 755, 756 
Models, hydrologic (See hydrologic models) 
Mollusks 1270 
Molybdenum 199, 589, 654, 922

Clear Creek 697,1012
Solubility in soils 1181 

Morgan County 401
Artificial recharge project 180,1247
Flood study 42
Groundwater 297
Irrigation 327
Narrows Reservoir 1069
Sediment data 591
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284, 604, 605
832,1062,1063,1064,1066,1069,1156

Soil survey 1007
Water-table, Narrows Reservoir interaction model 187 
Wildlife refuge 1158 

Morphologic changes, Platte River 373 
Morrison Formation 322, 439 
Mountain Plains Federal Regional Council 776 
Mountain Richtophen-Iron Mountain Area, geology 26, 261, 263 
Mount Carbon Reservoir, mineralogy 990 
Mount Evans pluton 167 
Mustard agent 810 
Myxosoma funduli (Kudo) (Myxosporida) 
Narrows Reservoir 678, 754, 830, 831

Engineering geology 401, 753
Eutrophication 287
Floodplain vegetation 549, 550
Hydrologic effects 753
Mineral resources 1056
Water-table interactions model 184,187 

National Eutrophication Survey, Barker Reservoir 785
vJ.National Pollutant Discharge Elimination System (NPiDES), rationale 

National Uranium Resource Evaluation Program 405, 437,514 
National Water Quality Assessment Program (NAWQA) 303, 304, 305 
Nationwide Urban Runoff Program 354,356 j 
Nebraska i

Streamflow data 1167
Water quality assessment index
Water quality data 1167

Nebraska Non-point Source Management Program 
Nebraska Sand Hills 8

Geomorphology 8
Hydrologic data 570
Sedimentology 8,693 

Nickel
Acid mine drainage 1105
Standley Lake 488
Urban runoff 21 

Niobara Formation 301, 841 
Niobium 203 
Nitrates (See also water quality and pollution)

Agriculture 128,1015,1016
Leaching 925
Precipitation 937
Toxicity 1016
Wastewater effluent 1004 

Nitrogen budgets, Barker Reservoir 785 
Nitrogen oxides 486 
Niwot Ridge, acid precipitation 423

237, 238, 239

565

Non-point sources, water pollution 
Barr Lake 367 
Boulder Creek 895

236,581,631,833,1112

793

1113,1114,1115
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Cherry Creek Lal 
Milton Reservoir 
Nebraska, manaj

Northern Colorado
North Fork River

---i'-jJtr1

Alluvial terrace! 
Fish population: 

Northglenn, agricultu 
North Platte Irrigatiol, 
Noturus flavus (Ictalw 
Nuclear energy 
Nuclear Magnetic 
Nutrients 469,1C 
Ogallala aquifer 

Carbon dioxide 
Hydrogeology 
Problems, policy all 
Water diversion^

  '"' gFffflB

Water-management 
Water resources-sui: 

Ogallala Formation
Ground water --35 
History 323 
Megaclasts 324> 
Pa leo valleys 9f 
Pedogenic horizons 
Sediments 159^ 

Oil fields, Denver Basing 
Oligocene

Paleovalley map 
Uranium deposits^ 

Oligochaetes 343 '" 
Organochlorine chemical 
Ostracodn:Cypridopsinae'?s 
Owl Creek

Alluvial aquifer 
Hydrogeology 74 

Owl Creek Mountains, 
Ozone 486 
Paleoclimatology 8.^ 
Paleohydraulics, Big Th^ 
Paleohydrology 64 
Paleosols 65,955 
Paleovalley map 944j 
Parasites 2,3,4,284,^ 

Lcrnnen cyprinacea (Lin 
Myxosoma fimduli (Ki| 
Snlsuginus thalkeni ^ 

Park County 167 
Acid mine drainage

rkt 803

653 
?and pollution)

59,620,1024

'fography 704,705

:604,605
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Evapotranspiration 1002
Glacial geology 691, 694
Heavy metals 718
Hydrogeology 297

Lake George area 420 
Middle Fork 189

Mineralogy 707
Peat mining, effects, wetlands 255
Pegmatite 484
Soil stratigraphy 694
Water resources 601 

Pawnee Creek
Flood study 1080
Geology 675 

Pedogenesis 331 
Pedology 65, 223, 335, 358, 517, 545, 694, 798, 964,

Fort Collins, Colorado 1027
Greeley, Colorado 1025
Lodgepole pine ecosystems 808
Longmont, Colorado 1026
Morgan County 1007
North St. Vrain River basin 692
Rocky Mountain National Park 740
Sedwick County 164
Soil nitrates 684 

Pegmatite 155,156,478
Douglas County 484
Jefferson County 649
Lake George 484
McGuire Pegmatite 203
Park County 484
South Platte River 484, 485
Teller County 484
White Cloud Formation 5, 6 

Peneplains, Front Range 651 
Pesticides

Rocky Mountain Arsenal 455,1047,1106
Use inventory 129 

Petrochemistry of kimberlites 985 
Petrology 340, 346, 394, 429, 431, 710, 999,1239

Box-Elder Creek 725
Denver Basin 272, 301, 969, 999,1237
Iron Dike, Boulder-Larimer Counties 1186
Megaclasts 325
Sand Creek 725
Sandstone formations 249, 301
Scotts Bluff Trend 969
South Platte granite-pegmatite district 970
Sterling 1x2 degrees Quadrangle 942 

pH (See also water quality)

1112,1113,1114,1115,1267 (See also soils)
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1Fish sensitivity 
Pheriphyton 398 
Phosphate, precipitation 
Phosphorus 625

Barker Reservoir 7\ 
Phreatic zone, fauna 8: 
Phytogeomorphology 
Phytoplankton, Rocky Mo 
Phytosociology, Platte Riv 
Pierre Shale 301 
Pikes Peak Batholith 
Pimephales promelas 
Pirnts cortota 379 
Plankton populations

Arvada Reservoir
Rocky Mountain National 

Plant communities 211;
Floodplain vegetation
Woody vegetation 21 

Plasmodium wall 284 
Platte River 24, 452

Streamflow changes 596'

,,737,738,1006

^413
§<Bgetation communities)

Surface-water hydrology-^?§59j3
Water developments 

Plccoptcra 92, 219, 961, 962:
Rocky Mountains 

Pliocene, minerals 
Plum Creek 548

Redbelly dace distribution -ll( 
Point flow study 1073 
Point source pollution
Pond, ecological community struchir^v357 
Populations 26, 32, 71, 362, 858^858r 
Pore water 382 ? 5E6Z 
Potassium, precipitation 937" ^rr:" : 
Potentiometric level 252,270 ~'~~7~~ 
Precipitation 927 "~

Frequency 890, 891, 892 7 *: 
Precipitation chemistry 7,379,432; 600, 877

Denver, Colorado 937
Dew, frost, and fog 938
Rocky Mountain National Park 739 

Pressure injection disposal well 843,844, 845 
Primula egaliksensis 564 
Profundal benthos 343 
Project Eagle 810 
Prospect Valley 979 
Public health

Cache La Poudre River Project 865
Groundwater pollution 897

croinverteb rates)
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Irrigation, sewage-polluted water 1148
Nebraska 194
Potable water reuse 635
Vector problems 861 

Pumpage effects, Laramie County 267 
Pi/lodictis olivaris 173 
Quasi-market economics 294 
Quaternary alluvion, Golden, Colorado 64, 65 
Quaternary stratigraphy 955 
Radioactive pollution 55,101,328, 444, 461, 542, 629, 750, $07, 864 (See also Boulder County) 
Radiometric survey 405,437 
Radon in groundwater near Conifer, Colorado 639 
Rainbow trout (Salmo gairdueri) 758,1259 
Rainfall, peak-flow data 350

19, 640, 641
21, 409, 664

161,162, 627

191

, 354,355,356, 409,411,427,457, 458,463,557,Rainfall-runoff studies 19, 21, 23, 220, 221, 352, 353
781, 916,1276 (See also hydrologic models)
Denver Federal Center 561
Denver Metropolitan Area 664
Effective and total impervious area 23
Flow, total nitrogen 19
Streamflow forecasting
Urban distributed routing 

Ralston Creek, water quality 
Rangeland

Biochemistry 874,875
Management 927 

RAQSIM groundwater model 
Rare earths 484, 485
Real-time Streamflow forecasting model 640 
Recharge, aquifers (See groundwater recharge) 
Reclamation Act of 1902 and of 1939 587 
Recreation 1112,1113,1114,1115,1143,1170,1278

Boulder, Colorado 175
Classification, accomplishment plan 1108 

Fecal coliforms 1097
Denver, Colorado 175, 577
Effects, water quality 56
Segment 15 1109
Sport fisheries 421, 422, 423
Water quality 1193,1194 

Red Mountain, magmatism 948 
Regulated streams survey 1279 
Remote sensing 751, 784, 983,1043
Reservoir releases, impacts aquatic biota 31,1206,1210,1217 
Resistivity 416 
Return water 198, 424, 528, 817 
Riparian habitats 96, 97,138,139,140, 211, 880, 881, 893, 939,1253,1254,1255

Gravel ponds 1017
Management 608, 608, 930, 988, 995,1019
Restoration, Badger Creek 551
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Trout cover 1244
Vegetation 257,996
Vertebrates 383
Wetlands 253, 256,255,254 254, 257, 259, 518, 608,1243 

River accretions, predicting techniques 673 
River metamorphosis 782, 783 
River Mileage Index, South Platte River 1147 
Roaring River

Flow hydraulics 208
Sediment supply, transport 90,91, 208
Vertical stratification, geomorphology 117 

Rocky Flats Plutonium Plant 627 
Rocky Mountain Arsenal 289,1042

Artificial aquifer recharge 848
Chloride movement model, alluvial aquifer 615
Contaminant transport model 902
Duck mortality 210
Groundwater pollution management 455
Hydrogeological maps 614
Mustard agent disposal 810
Pressure injection disposal well 843, 844, 845
Southern Tier 1047
Superfund record of decision 1106
Water pollution 210, 752 

Rocky Mountain Coal Provinces 397, 622 
Rocky Mountain foreland 37 
Rocky Mountain National Park 1, 51, 52, 72, 73, 75, 76, 77, 78, 306

Andrews Glacier 813
Atmospheric deposition 75, 76, 78, 487,1195
Big Meadows 967
Biogeochemistry, subalpine ecosystem 72, 77
Biogeographical fluxes and surface water dynamics 74
Biological monitoring 554
Chemical weathering 714
Dam-break modeling 559
East Inlet Area 1
Ecology, Diaptomus shoshoni 413
Estes Park, geomorphology 867
Fall River 834, 835, 968 1036,1037
Fisheries management 913, 914
Flood studies 836
Geology 226, 345, 428, 871,1233,1234

Glacial landforms 574, 813, 814, 815, 886, 887 
Story 650

Greenback cutthroat trout restoration 1014
Horseshoe Park, sedimentology 871
Hydrologic, chemical flux 77, 307
Hydrothermal deposits, Speciman Mountain 1185
Lake sediment, 210Pb 804
Limnology 73, 78,1006
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Pedology 740
Peneplains 651
Phytoplankton populations 736, 737, 738,1006
Plankton populations 160, 413
Recreation, water quality 1193
Roaring River, sediment supply, transport 90, 91, 208 

Flow hydraulics 208 
Vertical stratification, geomorphology 1J17

Sediment diatom, metal stratigraphy 78
Sediment studies 834, 835 

Braided streams 473 
Lake 412

Snowmelt runoff chemistry 307
Soil erosion 1020
Solutes, sources 715
Vegetation, effects, biogeochemistry 51, 52 

Rooney Gulch, urban runoff data 411 
Rotifern 1054
Roughness coefficient (n) estimation 978 
Runoff 386

Feedlots 415,847
Snowmelt 642
Urban 19, 316, 332, 352, 353, 354, 355, 356, 400, 411, 4^7, 457, 557, 664, 665, 781, 916, 994,1276 

Saint Vrain Creek 242
Altitudinal zonation 1202
Carp and white suckers food habits 341
Flood study 44, 45
Geology 690,700

Glacial 692,699
Sediment oxygen demand study 151
Uranium 965
Water quality 1155 

Salinity 424, 425, 426, 457, 497
Groundwater 616,621 

Snlsuginus thalkeni 556 
Salt transport 424, 425, 426,1051 
Samarskite 156 
Sand Creek

Flood study 48
Geology 725
Geomorphology 1040
Petrology 725 

Sanderson Gulch, urban runoff data 411
Sandhill crane model
Sand Hills, Nebraska

Geology 346
Hydrogeology
Hydrologic data

286
8, 693, 778

163, 731
570

Santa Fe Mountain, mineralogy, geology 
Scotts Bluff Trend, petroleum geology

953
969

264 Bibliography of Water-Related Studies, South Platte River Basin-Colorado, Nebraska, and Wyoming



Sediment 949
Bottom sediment chemistry, Denver 1010 
Data 591, 918, 919

Greeley and Sterling NTMS Quadrangle 805, 806, 812 
Grain-size distribution curves, Platte River 1178 
Hydrogeochemistry 87,100, 298, 382, 627, 949

Beaver Creek Wilderness Study Area 318 
Cheyenne Quadrangle 809, 1044,1173 
Denver, Colorado 1010 
Fort Morgan 717 
Limon Quadrangle 1174 
Organic matter 884 
Rawlings Quadrangle H75 
Scottsbluff Quadrangle 1 
Standley Lake 488 
Sterling 717,1280 
210Pb, Rocky Mountain lakes 804 

Macroinvertebrates 1203 
Storage, delivery 215 
Suspended 348, 349, 593
Transport 64, 67,119, 348, 349, 458, 505, 591, 592, 593, 836, 919, 920 

Alpine system 1020,1021,1022 
Bear Creek dam 451 
Big Thompson River 178 
Clear Creek 588, 589 

Effects, stream biota 300, 433 
Fall River 834, 835 
Flood events 837
Fraser Experimental Forest 643, 644, 645 
Greater Denver area 462, 463 
Kiowa Creek 215, 779, 780 
Miocene 84,85 
Roaring River 90, 91, 208

Sedimentary petrology 33, 34, 63, 64, 83, 84, 85, 86, 346, 439, 477,1267 
Sedimentary rocks 468, 470

Fracture permeability, Rocky Mountains 250 
Sedimentation

Cherry Creek Lake 170 
Denver Basin 999 
Korty Canal 977

Sedimentology 8, 9, 64, 83, 84, 85, 86, 90,101, 375, 477 
Bijou Creek 735 
Casper formation limestones 101 
Colorado Plateau 611 
Geochemistry 917 
Goose Egg Formation 434 
Missouri River 477 
Platte River 477 
Roaring River 117 

Sedwick County
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Artificial aquifer recharge project 1247
Flood study 49
Groundwater 137, 297, 829
Pedology 164
Sediment data 591 

Seepage water 198, 358, 817
Losses effects, water regime 302
Nebraska Sand Hills 570, 731 

Segment 6 and 14, wasteload allocation 314 
Segment 15

Fish community 390
Macroinvertebrates 889
Physical, chemical, biological characteristics 658 

Selenium
Groundwater, Larimer County 533
In fish 1192
Urban runoff 21
Vegetation 582 

Sewage water (See also wastewater) 
Shadow Mountain Lake 1154 
Shale oil 71, 400, 402 
Shanton iron-ore deposit 391 
Sheep Creek, trout habitat 1019 
Silver, acid mine drainage 1106 
Silver Plume Granite 394 
Simulation analysis (See also hydrologic models) 
Simulium spp. 341 
Sisyrinchium pallidum 564 
Skwalla parallela (Plecoptera) 962 
Sludge disposal, effects water quality 395 
Snowmelt 306,307

Runoff 350, 352, 457, 458, 642 
Sodium

High Plains Aquifer 621
Precipitation 937
Snowmelt runoff 353 

Soils (See also pedology)
Denver, Colorado 929
Development 964
Erosion 463, 472, 558, 740, 774, 819, 940,1020,1021,1022
Fort Collins, Colorado 1027
Greeley, Colorado 1025
Hydrologic characteristics 335, 336
Lodgepole pine ecosystems 808
Longmont, Colorado 1026
Molybdenum, solubility 1181
Morgan County 1007
Pollution 924
Sedwick County 164
Sludge disposal effects 395
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Soil-water interactions 306
Wyoming 927 

South Park 564
Climatology 1002
Evapotranspiration 1002
Uranium 514,949
Wetlands 256 

South Platte Formation
Deltaic sedimentation 687
Stratigraphy 667,688 

South Platte granite-pegmatite system 155,156, 484, 969, 971, 972, 973, 974, 975, 976,
Geochemistry 649,970 

Sporogenesis 284 
Sport fishing 30 
Spring Creek, alluvial aquifer 342 
Sprinkler irrigation 288 (See also irrigation)

Economic feasibility 329 
Squawfish 685 
Standley Lake 289

Trace elements, sediments 177, 488
Plutonium 627 

Stapleton International Airport 1047
Storm runoff 38

State-space streamflow forecasting model 641 
Static trapping technique, description 924 
Sterling, Colorado

Flood study 1080
Hydrogeochemistry 717,1280
Hydrogeology 536
Land use map 1164 

Stonecat, Notunisflnvus (Ictnluridne) 840 
Stoneflies 92, 960, 962 (See also Plecoptera) 
Storm runoff 21,119, 315, 352, 353, 354, 355, 356,427,458,557,916, 994,1276,1278 (See also urban

runoff)
Treatment 312

Storm trajectory effects, precipitation chemistry 739 
Storm Water Management Model (SWMM) 557 
Stratification

Fluvial environment 281, 282 
Stratigraphy 272,340

Colorado Plateau 611
Dakota group 1183,1275
Denver Basin 1236
Front Range 694
Mesaverde Formation 298
Scull Creek 1275
South Platte Formation 667, 688, 955
Tertiary formations 252
Thirtynine Mile volcanic field 370
Two Forks area 955
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Stream-aquifer model 562
Badger-Beaver Creeks Artificial Recharge Project 180
Narrows Reservoir 184,187
Platte River, Nebraska 183
Tamarack Wildlife area 181,182 

Streambed sediment, sludge disposal effects 395 
Stream biota, general 123,179

Detergent pollution, effects 210
Sediment releases, effects 433 

Stream classification 230 
Streamflow

Data index 918 
Depletion 288 
Fall River 968

Gaging 60, 458, 462
Historical 623

Nebraska 947
Platte River 596
Rating curves 968
Statistical summary 827
USGS data program evaluation 669

Stream habitat 939, 988, 995, 996,1019 (See also riparian habitats) 
Stream order 320 
Strontia Springs 519 
Structural geology 260

Rocky Mountains 250 
St. Louis Peak Roadless Area 87, 88

Mineralogy 372 
Sub-alpine environment

Biogeochemistry 72
Climatology 453,876
Hydrochemistry 1008
Limnology 73 

Sugar beets 329, 684,1110,1116
Waste discharges effects 788, 862 

Cache La Poudre River 786 
Sulfate, precipitation 937 
Sulfur-carbon ratios 402 
Sulfur dioxide 486 
Sulfur isotope composition, shales 402 
Sundace Formation, southeastern Wyoming 33, 34 
Superfund sites

Clear Creek/Central City site (Colorado Mineral Belt, Colorado)
Marshall Landfill 1104

Rocky Mountain Arsenal 210,289,455,614,615,
Surface-groundwater relationships 35,133, 288, 294, 419, 543 
Surface runoff 19, 21, 457, 458, 460,1276

Trace elements 21 
Surface water

Basic data collections 1160
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Changes in hydrology, Platte River 594
Mineralization 224
Water development, effects, Platte River 595 

Tamarack Wildlife area, hydrologic data 181, 182 
Tarryall Creek, uranium 949 
Teller County

Geology 394,691
Pegmatite 484
Soil stratigraphy 694
Water quality management plan 1099
Water resources 601

Tenmile Creek, molybedenum removal 654 
Tetrachloroethylene 1104 
Texatite 273 
Thalenite 5,6
The Loch Lake, phytoplankton dynamics 1006 
Thermal pollution 55, 328 
Thermal springs, wells, basic data 120 
Thermal stratification model 590 
Thirtynine Mile volcanic field 370 
Thorium 134, 322, 405, 437
Till sequences, North St. Vrain basin 692 (See also glacial geology) 
Titanium 203 
Toll Gate flood study 48 
Total dissolved oxygen 1110 
Total impervious area 23 
Toxicology, fish 677, 931,1192,1266 
Toxic pollution 921,1192

Acid mine drainage, Bufo boreas 846
Cooper and silver, Big Thompson River 801
Fluoride, hydropsychid species 195
Nitrates 1016 

Trace elements 461
Sediments, Standley Lake 177
Urban runoff 21, 1276, 1278 

Trail Ridge, soil erosion 1020
Transparency, lakes, Front Range Urban Corridor 289 
Transportation 403 
Trichoptera 501,1200,1211 (See also macroinvertebrates)

Feeding habits 743 
Trophic ecology, stoneflies 962 
Trophic state assessment

Barker Reservoir 785
Barr Lake 367
Cherry Creek Lake 368
Milton Reservoir 369 
Narrows Reservoir 287 

Trout
Brook trout 758,1258
Brown trout 758,1179,1259
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Parasites 1182
Cache La Poudre River 708
Disease transmission 758
Fenced-unfenced habitat 1019
Greenback cutthroat trout 1014,1266
Lake trout 1188
Olfactory receptors 759
Rainbow trout 758,1259
Riparian vegetation 1244 

Tubifex tubifex 344 
Tubificid worms 341 
Two Forks 546

Construction prohibition 1101
Mineralogy 989

Universal Belford precipitation gage 109 
Uranium 100,127, 322, 430, 437, 468, 514, 628, 805, 80

Precambriam pebble conglomerates, Wyoming 134
South Park 519, 949
Stream sediment 130, 809
Transportation, precipitation 126 

Urbanization effects, hydrology 745 
Urban planning 366, 464, 745 
Urban precipitation 937, 938
Urban runoff 19,21,22,37,119,206, 220, 221,317,352,3

119August 14, 1980 rainstorm
Cheyenne, Wyoming 665
May 5-6, 1973 rainstorm 333, 463
Modeling, hyetograph compositing effects
Stapleton International Airport 38

557

Trace elements 21 
Water quality 

Vanadium 923
Precipitation 937 
Standley Lake 488

316, 332, 353, 354, 664, 781,1276

87,88

3, 880, 831, 996,1170,1228,1253,1254,1255

Vnsquez Peak Wilderness Area
Mineralogy 372 

Vector problems 861 
Vegetation communities 211, 278, 276, 279, 358,646, 71

Floodplain 285,663
Hydrologic effects 336
Narrows Reservoir site 549, 550
Riparian 257, 277, 383, 1243
Selenium 582
South Platte vs. Arkansas River 661, 662
Woody vegetation 212

Vertebrates habitat 31, 36, 94, 97, 107,108, 383, 939 
Volatile organic carbons (VOC) 1104,1106 
Volcanism, precipitation chemistry effects 432 
Warren Air Force Base, Cheyenne, Wyo. 1090 
Washington County
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Artificial aquifer recharge project 1247
Flood study 42
Sediment data 591 

Waste, chemical 455 
Waste disposal 55, 227, 395, 752,1042,1106 (See also Rocky Mountain Arsenal)

Commercial feedlots 415, 847
Groundwater quality effects 903
Industrial 1150,1151,1152,1153
Marshall Landfill 1104
Mining 1146
Mustard agent 810
Pressure injection disposal well 843, 844, 845
Radioactive 444,807
Solid 464

Wasteload allocation 314 
Waste sludge 225, 903 
Wastewater effluent 319, 225, 362, 450, 787, 788, 789, 790, 855,1110,1111,1112,1113,1114,1115

Boulder County 456
Cache La Poudre River, effects 786
Colorado Big Thompson Project 1154
Effluent disposal 39,121, 399
Fecal coliforms 853,1097
Fish community, effects, Segment 15 390, 658 

Standards 228
Groundwater, effects 459
Irrigation 1148
Macroinvertebrates, Segment 15 889
Management 57, 225, 310, 312, 314, 366, 617, 997
Mixing zone evaluation 730
Rocky Mountain Arsenal 455
Treatment 617, 634, 635, 636, 637, 997,1149

Englewood and Littleton, Colorado 730,1003,1004,1005 
Littleton Wastewater Treatment Plant 1098 
Longmont Wastewater Treatment Facility 1100
Metropolitan Denver Sewage Disposal District No. 1 390, 617, 658, 889,1109,1238 
Northside Wastewater Treatment Facility 1102 
Water quality modeling 818 

Water allotments 28 
Water budget, South Platte 104 
Water conservation 12, 26, 313, 347,1029,1250,1278 
Water costs 26, 573 
Water demands 20, 26, 205, 313, 406, 491,492, 493, 494, 674,1001,1050,1071,1083,1088,1250

Agriculture 555
Residential 573 

Water diversion 20, 454, 907, 915,1050
Hydrologic effects 20, 527
Legal aspects 1225
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Water management 12,13,26, 28,33,35,98,104, 111, 112,2-
491,492, 493, 494, 495, 555, 562, 616, 618, 624, 640,
896,1001,1011,1029,1052,1053,1058,1068,1070,

4,295,347,380,388,400,407,418,419,
641, 70S', 732, 760, 761, 762, 763, 764, 766, 767, 
1071,1075,1074,1081,1082,1083,1108,1250,

1261,1262,1263,1269,1272,1278 
Accomplishment plans 1107,1108,1110 
Boulder Creek 895
Cache La Poudre River basin 474, 494, 566, 603,1252 
Chatfield Reservoir 1268 
Cheyenne, Wyoming 907
Colorado Big Thompson Project 521,1059,1060,1061,1065,1067 
Conjunctive use 233, 294, 544, 702 
Denver Basin 910 
Denver County 1086,1087,1088 
Energy development 584 
Evaluation model 638
Groundwater 35, 68, 111, 152,153, 202,205, 22£, 296,385,418,647, 648, 674, 686, 669, 770, 771, 
954, 993,1222

Denver Basin 741
La ramie, Wyoming 525
Ogallala aquifer 68, 69, 618, 619, 620,1024 

Hydrologic effects 528
Irrigation efficiency 112,152,153,154, 766,1^72 
Irrigation requirements 483 
Missouri River Basin 11, 755 
Narrows Reservoir Project 1062,1069 
Nebraska 1030 
Non-consumptive 599 
Platte River, Nebraska 13,183 
Power production 946 
Prospect Valley area 979 
Simulation model 624
Stream-aquifer system 764, 767, 768, 769, 770, 771, 824,1272,1273,1277
Tamarack Wildlife area 182
Two Forks Dam, construction prohibition 1101
Water quality 231, 360, 361, 631, 632, 703, 799[ 800, 838, 856, 857, 858, 859, 860, 895,110

Denver Metropolitan Area 1190,1192
Effluent disposal 820
El Paso and Teller Counties 1099

Water policy 11,12,13, 32, 68, 228, 229, 235, 294,
1099,1110,1262,1263
Clean Water Act 229,1101,1112,1113,1114,1115
Drinking water 227
Effluent disposal 228, 820
Federal Water Pollution Control Act 235
Groundwater 385, 941, 993,1030

Laramie, Wyoming 525
Transfers 954 

Missouri River Basin 11 
National Pollutant Discharge Elimination System 235 
Nebraska 13,1030
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Two Forks Dam, construction prohibition 1101 
Water diversion 1225
Wilderness legislation, water development effects 1226

Water pollution 14, 37,1282,1281,192,197, 316, 319, 365, 364,457,469, 857, 860, 863, 864,1095, 
1091,1107,1111,1131,1132,1133,1134,1140,1142,1144,1145,1261,1262,1263 
Acid mine drainage 298, 382, 655, 846,1105,1141,1240,1241,1249 
Agriculture, nitrates 128,1015,1016 
Aquatic biota, effects 524,1135,1136 
Arsenic 382
Atmospheric deposition 487 
Atrazine, groundwater 1256 
Bacteria 576, 387, 853, 862,1097 
Barr Lake 367 
Big Thompson River 801 
Cache La Poudre River 786 
Cattle feedlots 135,136, 847 
Chatfield Reservoir basin 410 
Cherry Creek 368, 410, 862 
Clear Creek, acid mine drainage 150 
Cooper, silver toxicity 801
Diethylnitrosamine from rhodamine WT dye tracer 1013 
Ducks mortality 210 
Effluent limitations 121, 490 
Elimination regulations 235 
Eutrophication, Narrows Reservoir 287 
Fecal coliform 853,1097 
Fish, effects 105, 677 
Greeley, Colorado 396, 786 
Groundwater 387, 396, 459, 854, 866, 903, 924,1104,1138

Between Denver and Brighton 1092,1137, 1139
Derby, Colorado 1197
Flow and contaminant transport model 14, 902
Henderson, Colorado 1196
Rocky Mountain Arsenal 1106 

Herbicides 726,1256
Industrial 37,1094,1096,1150,1151,1152,1153 
Irrigation, sewage-polluted water 1148 
Jefferson County 459 
Low-flow conditions 862 
Macroinvertebrates, effects 889
Management 703, 799, 856, 857, 858, 859, 860, 862, 863, 895 
Marshall Landfill 1104 
Meat industry 1093 
Milton Reservoir 369 
Mining 1146
Nitrates 128, 925, 937,1003,1015,1016 
Non-point sources 236, 581, 833 
Public health aspects 897,1196,1197
Road constructions 1117,1118,1119,1120,1121,1122,1123,1124,1125,1126,1127,1142,1128, 
1130
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210, 289, 455, 752, 810, 843, 844, 845, 902,1042Rocky Mountain Arsenal
Salinity 1051
Segment 15 390, 889
Sludge disposal, effects 395, 903
Standley Lake 488
Sugar beet industry 329, 684, 786, 788, 862,1110,1116
Toxic pollution 801,921,931
Urban runoff 994,1276,1278
Vector problems 861
Wastewater effluent 786, 787, 788, 789, 790, 855,1003

Waterpower land classification map 16,17,18
Water quality 11,19, 21, 25, 27,1282,1281, 55, 73,

397,458, 469, 490, 754, 791, 858, 859, 860, 864,102

1004,1005

121,122,123,135,136,192,193, 201, 232, 230,
1,1032,1091,1107,1111,1112,1113,1114,1115,

1131,1132,1133,1134,1140,1142,1144,1145,1184,1261, }262,1263
Accomplishment plans 1107,1108,1110
Acid mine drainage 298, 382, 872,1105,1141,1240, li41,1249
Aquatic biota 524,1135,1136
Arsenic 382
Arvada Reservoir 161,162
Atrazine 726,1256
Barker Reservoir 785
Barr Lake 367
Basic data collections 777, 918, 963
Bibliography 863
Big Thompson River 118,1057,1155
Boulder County 456, 460
Boulder Creek 895
Cache La Poudre River 118, 786, 865, 935,1155,1198> 1199
Chatfield basin 207
Cherry Creek 209, 368
Clear Creek, acid mine drainage 150, 655, 697
Colorado Big Thompson Project 777
Data index 963
Denver, Colorado 997,1088

Bottom sediment chemistry 1010
Diethylnitrosamine from rhodamine WT dye tracer 1013 
Drinking water 227, 321, 634, 635, 636, 637 
Effects, soil-water interactions 306 
Effluent discharge permits 820 
Englewood, Colorado 1004,1005 
Fecal coliforms 853,1097 
Fort Morgan, Colorado 717 
Greeley, Colorado 396

Cattle feedlots, effects 136
Waste discharges, effects 786 

Groundwater 854,1137,1138,1139,1221
Boulder-Fort Collins-Greeley area 511
Cache La Poudre River 935
Denver Basin 696
Eaton area 342
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High Plains Aquifer 621
Lake George area 420
Larimer County 533 

Horsetooth Reservoir 118 
Interstate waters 863 
Jefferson County 459,461, 515 
Laramie-Fox Hills aquifer 905 
Larimer County 631 
Littleton, Colorado 1004,1005 
Loch Vale watershed 714, 715 
Long-term water quality 1103 
Management 309, 310, 311, 312, 360, 361, 631, 632, 703, 799, 800, 838, 895

Denver Metropolitan Area 1190,1191
El Paso and Teller Counties 1099 

Milton Reservoir 369 
Missouri River Basin 11
National Water Quality Assessment Program (NAWQA) 303, 304,305 
Nebraska 194,565

Sand Hills 570
Nitrates 128, 925, 937,1003,1015,1016 
Park County 718 
Phosphorus budgets 625
Precipitation chemistry 7, 379, 432, 600, 739, 877, 937, 938 
Public health aspects 897 
Recreation 56,1193,1194 
Reservoir construction, effects 219 
Rocky Mountain Arsenal, groundwater 455 
Rocky Mountain lakes 487 
Runoff 386

Urban 19, 316, 332, 353,354, 409, 411, 581, 664, 665, 994,1276 
Saint Vrain River 1155 
Salinity 424, 425, 426, 497, 616,1051 
Segment 15 390, 617, 658, 889,1109 
Sludge disposal, effects 395, 903 
Standards 227, 227, 228, 229, 457, 460, 461, 490 
Standley Lake 177 
Sterling 717
Toxicity, aquatic life 801, 846
Wastewater effluent effects 786, 787, 788, 789, 818,1003,1004,1005,1102 
Weld County 631 
Wyoming, southeastern 1159

Water resources 106, 111, 234, 296,297,381,418,489,491,540,546,548,1011,1261,1262,1263 (See 
also water supplies) 
Bijou Creek basin 338 
Boulder County 460 
Cache La Poudre 474 
Crow Creek 598 
Denver Basin 910, 911, 912 
Development effects, endangered species 685 
Evaluation model 638
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High Plains Aquifer 447
Interior Province, Western Region, groundwater '.06
Kiowa Creek basin 338
Lake George area 420
Lodgepole Creek basin, groundwater 113,114
Lower South Platte River Valley between Hardin, Colo. and Paxton, Nebraska, groundwater
115
Missouri River basin 626, 744
Nebraska 194, 290, 292
Park County 601
Teller County 601

Water reuse 493, 494, 602, 603, 1052,1053,1177,1250, ]
Effect on stream salinity 497 
Potable water 634, 635, 636, 637 

Water rights 12,13, 20, 32, 288, 294, 749,1001, 1261,12(32,1263 
Nebraska 13,947
Water Rights Determination and Administration Act

278,1279

(1969) 200,202
Watershed management 646
Water supplies 26, 32, 68, 69, 202, 205, 234, 313, 400, 406, 407, 408, 420, 492, 493, 494, 495, 540, 732,

1011,1029,1071,1083 (See also water resources)
Cheyenne County 986
Coal-fired power plant 946
Denver Basin 910,911
Denver Metropolitan area 1088
High Plains Aquifer 337, 483
Jefferson County 515
Kimball County 987
Larimer County 533
Missouri River basin 626, 744
Narrows Reservoir 678,1069
Nebraska 194,326
Northern Colorado Water Conservancy District 803
Ogallala Aquifer 68, 69, 618, 1024
Thorton, Colorado 32
Water conservation, effects 347
Westminster, Colorado 32 

Water transfers 20, 28, 32, 454, 491, 492, 521, 580, 907, S'15, 1050[ 1058,1070, 1071,1250,1272
Groundwater 954
Hydrologic effects 527
Legal aspects 1225 

Water use 11, 12, 13, 20, 26, 28, 32, 58, 69, 98, 200, 201, 202, 205] 223, 234, 267, 347, 380, 400, 618,
619, 620, 674, 686, 732, 766, 993, 1001,1011,1029,1057
1263,1269
Arkansas-White-Red Region 95
Cheyenne, Wyoming 894, 907
Coal-fired power plant 946
Conjunctive 233, 297, 544, 702, 760, 762
Consumptive 336
High Plains 1161
Irrigation 12, 13, 32, 58, 152,153,154, 555, 947, 986
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Livestock in Nebraska 1009
Missouri River Basin 11
Narrows Reservoir 678
Non-consumptive 599
Recreational 175, 421, 422, 423, 577,1108,1097,1112,1113,1114,1115,1143
Residential 573
Simulation model 624 

Watson Lake, flood study 1078 
Weathering, chemical 714 
Weir Gulch, urban runoff data 411 
Welby, Colorado 53

Hydrogeochemistry 53 
Weld County 16, 47, 50, 55, 830, 831, 832

Atrazine 1256
Coal mining 245
Economy 436
Flood study 47,50, 724,1078,1079
Geology 16,675
Goosequill Pond 341
Groundwater 61, 396, 951,992
Hydrologic data 118
Land use 436
Milton Reservoir 369
Narrows Reservoir 1069,1156
Radioactive, thermal pollution 55
Sediment data 591
Water quality management 631, 632
Water use-management 702
Well logs and records 933
Wildlife refuge 1158 

Weldona Reach, hydrogeology 435 
West Glacier Lake, chemical weathering 906 
Wetlands 518, 879, 939,1243 (See also riparian habitats)

Agricultural chemicals, effects 442
Boulder, Colorado, identification 253
Cherry Creek basin, ecology, functions 257
Demography, regeneration, projections 945
Ecological characterization 1257
Irrigation suspension, effects 256
Management 608
Peat mining, effects 255
Rocky Mountains, structure, classification 254, 259
South Park, Colorado 256 

White Cloud Formation 1223,1224
Pegmatite 5,6

White sucker (Catostomus commersonia [Lacepede]), food habits 341 
Wild and Scenic Rivers Act 1226 
Wilderness Act 1226 
Wildlife 276, 279, 280, 712, 734,939, 945, 956,1017, ir/Q

Habitats inventory 995
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Williams Fork Roadless Area 87, 88
Mineralogy 372 

Windsor area
Hydrogeology 1264,1265
Land use, economy 436 

Wolf Creek, hydrogeology 909 
Wyoming, streamflow, water quality data 1168 
Yttrofluorite 6 
Zinc

Acid mine drainage 298, 1105,1249
Clear Creek 697
Precipitation 937
Stand ley Lake 488
Urban runoff 21, 353, 354
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