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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.

ABSTRACT 1



To effectively conduct a multidisciplinary water-quality assessment of a large basin, available
information from Federal, State, and local sources must be identified. One of the first activities to be
performed as part of the South Platte NAWQA investigation was to assemble and organize available
water-related information. A computerized literature search was initiated to compile pertinent
information that would assist the South Platte study team with the water-quality assessment of the
basin. This report establishes a central source of available water-related information for the South

Platte River basin.

cluded. The collection of references includes

instances, abstracts of the subject references also are
theses and doctoral dissertations, conference

published reports and books, unpublished master’s
proceedings, and journal articles. Omitted are unpu
book reviews.

The South Platte River basin includes parts of three States--Colorado (79 percent), Nebraska
(15 percent), and Wyoming (6 percent) and has a drajnage area of about 24,300 square miles (fig. 1).
The primary river within the basin, the South Platte River, originates in the mountains of central
Colorado and flows about 450 miles northeast across the Great Plains to its confluence with the North
Platte River at North Platte, Nebraska. The boundarjes of the basin are the Colorado River
headwaters draining to the west, the upper Arkansas River drainage to the south, the North Platte
River drainage to the north, and the Republican River drainage to the east.

The three-State area is inhabited by about 2 million people; 96 percent of whom reside in
Colorado. About 68 percent of Colorado’s populatian lives in the South Platte River basin. The
majority of the basin population is concentrated along the Front Range urban corridor.

The study area is characterized by a diverse population density that ranges from sparsely
populated mountainous areas in the headwaters region and rural agricultural areas downstream
from Denver to the densely populated Denver metropolitan area in the south-central part of the basin.
The principal economy in the mountainous headwaters region is based on tourism and recreation.
The economy in the urbanized south-central region is mostly|related to manufacturing, service and
trade industries, and government services. The economy of the basin downstream from Denver is
based on grain and livestock production.

2 Bibliography of Water-Related Studies, South Platte Ri\{er Basin—*Colorado, Nebraska, and Wyoming
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Figure 1. Location of South Platte River basin study unit.
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Sources of Reloteg Information

Interested individuals may wish to consult other gbibliographies 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, 1972 (Chronic and Chronic, 1974). Another
published bibliography of interest is a comprehensive collection of references published between
1875 and January 1, 1975, that covers literature pertaining to the geology of Colorado (American
Geological Institute, 1976). Other compilations are available on hydrogeologic studies in Colorado
(Pearl, 1971) and on geological investigations in north-central 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, Colorad

- Colorado Water Resources Research Institute, Fort Collins, Colorado

- National Park Service, Technical Information Service, L ‘ kewood, Colorado

- U.S. Bureau of Reclamation, Great Plains Regio Librar* Billings, Montana

- U.S. Environmental Protection Agency, National Enforc%:ment 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 bffice, Lakewood, Colorado

- U.S. Geological Survey, Colorado Water Resouzces Library, Denver, Colorado

- U.S. Soil Conservation Service, Colorado State Office, Lakewood, Colorado

4 Bibliography of Water-Related Studies, South Platte Rif/er Basin~-Colorado, Nebraska, and Wyoming
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Table 1. List of data bases searched

Name of data base

Time coverage

Description

Aquatic Sciences and
Fisheries Abstracts

Biosis Previews

Conference Paper Index

Dissertation Abstracts
Online

Enviroline

Environmental Bibliog-
raphy

GEOREF

NTIS

Pollution Abstracts

Water Resources
Abstracts

Zoological Record
Online

1978 to 1991

1969 to 1991

1973 to 1991

1861 to 1991

1971 to 1991

1973 to 1991

1785 to 1991

1964 to 1991

1970 to 1991

1968 to 1991

1978 to 1991

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

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.

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

Indexing and abstracting data base

covering all aspects of the environ-
ment.

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

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

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

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

Online version of Water Resources
Abstracts.

Online version that provides world-
wide coverage of zoological literature.
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SELECTED KEYWORD

REGIONS COUNTIES

Central Colorado Adams J Elbert Logan
Albany El Paso Morgan

North-central Colorado Arapahae Gilpin Park
Boulder Jefferson Perkins

Northeastern Colorado Cheyenne Keith Sedgwick
Clear Crpek Kimball Teller

Southeastern Wyoming Denver ' Laramie Washington
Deuel ‘ Larimer Weld

Western Nebraska Dougla Lincoln

L

HYDROLOGI|C UNITS

Badger Creek Crow Creek Owl Creek

Bear Creek Dear Trai Pawnee Creek
Beaver Creek Denver Basin Platte River

Big Thompson River Highline Canal Sand Creek

Bijou Creek High Plains Aquife| Sidney Draw
Boulder Creek Kiowa Creek South Platte River
Cache la Poudre River Lodgepole Creek St. Vrain River
Cherry Creek Lone Tree Creek Two Mile Creek
Clear Creek Ogallala|Aquifer

SPECIFIC TERMS

|

Aquatic Biology Land U Water Chemistry
Climate Limnology Water Management
Fish Populations Riparian Habitats Water Pollution
Ground Water Stream Sediment Water Quality
Hydrology Urban Runoff Water Use

Figure 2. Keywords used in electronic retrieval of water-related studies from DIALOG data bases.

|

|
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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.

Acknowledgments

The authors wish to thank April Kobayashi, Colorado District Librarian, for her efforts in
conducting the DIALOG Information Services, Inc. retrieval of 11 data bases that were scanned and
downloaded to produce this bibliography. Additionally, we would like to recognize John W. Martin,
U.S. Fish and Wildlife Service (USFWS), Land Acquisition Planning Office, and Richard Sojda,
USFWS, Office of Information and Transfer, for their assistance in providing additional biology-
related references that were missed by our computerized search.
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Fundulus kansae (Garman) is a host for Lernaea cyprinacea Linnaeus, 1758, a copepod,
reported for the first time from the South Platte River at Ogallala, Nebraska, in the
summer of 1980. The parasitic copepod was not obtained from collections of F. kansae
taken during the 5 years prior to 1980, nor during the 2 summers thereafter (1981-
1982). The introduction of the copepod in 1980 followed flooding of the river and
surrounding areas. The parasite was eliminated from the study area by the following
summer and was probably affected by a low winter population and a spring flood of
lesser magnitude than that of 1980. The parasite population was clumped
(overdispersed) and both the negative binomial and log-series distributions provided
good fits to the observed data, with the log-series giving a closer fit for the entire
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-A-032-WYO(1), 105 p.

Snowfall, snowpack, and rainfall samples were collected in Laramie, Wyoming and in
the Snowy Range west of Laramie from March tg June 1981 to determine the
occurrence and sources of acid precipitation in sputheast Wyoming. Electrodes
measured different pH values in the samples; however, fast-response electrodes
yielded higher and apparently more accurate pH measurements. The pH values in the
Laramie precipitation and snowpack were typically greater than 5.0, but all the Snowy
Range snowpack pH values were less than 5.0. The lower pH values in the Snowy
Range snowpack were caused by higher concentrations 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.

Ahlbrandt, T.S., 1982, Chronology and sedimentology of some North American cold climate
dune fields, in ]. O. Nriagu and R. Troost, comps., Eleventh international congress on
sedimentology, Hamilton, Ontario, Canada, Aug. 22-27, 1982: v. 11, p. 67.
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Aiken, ].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 mostimportant
water policy contribution the federal government could make at this time.
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Depletion of ground water supplies dué to irrigation is one of the major water
policy questions facing the western States. Traditional responses have included
ignoring the problem, or utilizing a supplemental water supply. Regulating ground

water withdrawals has not been

implemented,

ecause it is perceived as too

politically controversial. The 1975 Nebraska Ground Water Management Act (Act) is

among the first administrative attempts ¢
withdrawals. The Act gives each local Na
of regulating ground water use through
areas. Ground water controls authorized
restrictions; (2) rotation of pumping res
establishing what quantities may be wit

o significantly reduce ground water

tural Resource District (NRD) the option
the establishment of ground water control
by the  Act include: (1) well spacing
trlctlon§
hdrawn; and (4) well drilling moratoria. In

(3) ground water allocation by

addition, an NRD may adopt other reasonable ground water controls. The Act also

requires NRD's to establish and enforce

regulations to control runoff from ground

water irrigation. The blend of local and State responsibilities implicit in the Act has

led to cooperation among State and loca

increased awareness of various aspects|

natural resource agencies and to an
of ground water management.
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- Alley, WM., Bauer, D.P., Veenhuis, ].E., and Brennan, R., 1979, Hydrologic effects of annually
diverting 131,000 acre-feet of water from Dillon Reservoir, central Colorado: U.S. Geological
urvey Water-Resources Investigations 79-2, 17 p.

‘Because of the increased demands for water in eastern Colorado, principally in
‘the urbanizing Denver metropolitan area, increased diversions of water from
‘Dillon 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
,years. Based on the analysis, the annual maximum end-of-month drawdown below
‘the elevation at full storage would have averaged 54 feet. The maximum end-of-
“month 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
water years, were computed assuming an annual diversion of 131,000 acre-feet of
.water from Dillon Reservoir. The average increases in the dissolved-solids

A+ concentrations with the 131,000-acre-foot diversion were 15 to 16 milligrams per liter
“at 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.

Concentrations 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
ere predominant in runoff from the rainfall and snowmelt, with concentrations
f 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, WM. 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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Alley, W.M,, and Veenhuis, ].E., 1983, Effective impervious area in urban runoff modeling:

2 (Feb.), p. 313-319.

Methods of estimating impervious areas are described and some effective impervious

area data is summarized. The ramificat

urban runoff modeling are analyzed. Results fro

sensitive to the value used for imperviou
obtained depending on whether total im
area (EIA) calculations are used. TIA m
not for deterministic ones. Potential prob

ions of effective impervious area concepts in
many urban runoff models are
s area. Large differences in results can be
\pervious area (TIA) or effective impervious
ay be appropriate for black-box models but
lems of using TIA in the more deterministic

models include: runoff volumes and peak flows may be largely overestimated for

ungaged watersheds; simulated changes
increasing intensity of land use may be s
overestimates of the infiltration rates are
and measured rainfall-runoff data. Impe
watersheds in the Denver metropolitan

in runoff, on a percentage basis, due to

maller if TIA is used rather than EIA; and

likely if the model is calibrated using TIA
rvious area data collected from 19 urban
area suggest a large potential exists for

developing relationships between EIA and TIA for an urban area, either through a

regression equation between the two vari
TIA as a function of land use.

ables or through estimates of the ratio EIA-

24.
Denver, Colo., U.S. Fish and Wildlife Service

25.

26. Anderson, R.L., 1983, Discussion 'Municipal

constraints,’ by W. B: Lord: Water Resources Bulletin,

In the original paper (Water Resources
idea was presented that limiting water s
Various studies were cited to show that
supplies are limited. The argumentiss
can be accommodated within existing m
be reduced. The discussant maintains tH
can survive on 70% of the water they are
watering or waste of water on lawn y
inaccurate and misleading, as residents iz
lawns only rarely at present anyway; an
to be a lawn tax, with far reaching effeq
rather than on new members of the com|
Denver Water Board pursue its historic
While this course has been criticized by ¢
effects of this course are no worse and
urban areas of adequate water.

27.  Anderson, R.D., 1978, Summary report on th

River, July 1, 1976-June 29, 1977: Denver, Colg

Control Division, 51 p.

Anderson, D., 1991, Overview of surface water qualitt
only), in Woodring, R.C., ed., South Platte resqurce management: finding a balance: Fort Collins,
Colo., Colorado Water Resources Research Institute,

Anderson, A., Miller, G.C., and Noonan, W., 1989, The‘Platte River system: a resource overview:

|

[
of the South Platte River Basin (abstract

. 23.

ater supply restrictions as urban growth
'v. 19, no. 1, p. 131-133.
!

in, Vol. 18, No. 2, p 271-277, 1982) the
es not inhibit urban growth.
occurs in areas where water
t industrial and commercial growth
supplies if residential demands can

1 Colorado's Front Range cities water their
d that raising prices for water could turn out
ts on the older, fixed-income area residents
munity, The discussant suggests that the
course/of expanding the water supply.
ertain environmental groups, the disrupting
perhaps less burdensome than depriving

e water quality investigation of the South Platte
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29.

30.

31.

32.

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.

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.

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 (Salmo gairdneri), 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.

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.

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.

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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ral steps to control industrial wastes

discharged to the terminal-area storm sewers. Imhally, 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.

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

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/miin
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.

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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Overbank flow velocities should be expectLd 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.

Army [U.S.] Engineer District, 1972, Flood plainjinformation: Lower St. Vrain Creek, VolumeII,
Boulder County, Colorado: Omaha, Nebr., Prepared for Urban Drainage and Flood Control
District, City of Longmont, Boulder County, Colorado, 26 p.

The study reach of St. Vrain Creek for this report extends 8.2 miles from a county
road bridge crossing 3.1 miles west of Longmont, Co., to a road bridge 1.7 miles east
of Longmont, at the Boulder County-Weld|County line. Left Hand Creek, a major
tributary, joins St. Vrain Creek from the south downstream from Longmont. St. Vrain
Creek has a slope of 22 ft/mi and drains an area of 373 sq mi in the study area. The
channel bed is from 200 to 320 feet wide and contains shifting sand bars. Above
Longmont, flood plain development is limjited to pasture and croplands. In and
around Longmont (1970 population 23,009), flood plain development includes
commercial, industrial, residential, and municipal sewage treatment uses.
Obstructions to flood flows include 9 bridges, 3 culverts, vegetation, raised road
surfaces and floatable materials from industrial development in the flood plain.
Floods occur from May to September. Serious floods are most often caused by
rainfall runoff augmented by snowmelt runoff. Peak flooding from a single rainfall
event will usually occur within a half day after the rain, with the duration of
flooding lasting from a few hours to a half day, The intermediate regional flood
and the standard project flood will have ppak discharges below Left Hand Creek of
13,200 and 39,000 cubic feet per second, respectiyely. Upstream from Longmont an
area of rural land would be inundated 2,000 ft wide by an IRF; the SPF would average
4,300 ft. wide. ‘

Army [U.S.] Engineer District, 1973, Flood plain information: North Platte, Nebraska; North
Platte River and South Platte River: Omaha, Nebr., Prepared for City of North Platte and
Nebraska Natural Resources Commission, 23

Land in the floodplains of this study area include residential and commercial
developments, but is primarily agricultural at present. There is pressure to continue
developing in flood prone areas and large|floods jare possible. At the confluence of
the North and South Platte Rivers, about 4 mi southeast of North Platte, NB, the
combined drainage areas of the rivers is 59,200 sq mi. Most of the city lies between
the rivers and almost all of it is subject to flooding which can last for several days.
The floodplains of the rivers vary from 5,500 to 13,100 ft in width. There is higher
ground suitable for development; the city priginated on the floodplain and has
continued to grow there. It is expected that floodplains will continue to be
encroached upon unless control measures| are imposed. Heavy rains combined with
snowmelt, or snowmelt alone, can cause flooding. Peak flows generally occur in March
through October. No record of floods exist for North Platte, but gaging records
indicate that the estimated 7,000 cubic ft/sec capacity of the channel of the North
Platte River has been exceeded numerous times. The 20,000 to 30,000 cfs capacity of
the South Platte River has been exceeded only once. In an Intermediate Regional
Flood, peak discharges of 13,500 and 60,000 cfs are predicted on the North Platte and
South Platte Rivers, respectively. In a Standard Project Flood, peak discharges of
I
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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.

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.

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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ood hazard information report: South Platte River,

Volume IIl, Logan-Sedgwick County, Colorado: Omaha, Nebr., 19 p.
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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.

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

Aull, G.H. Jr, and Zuelsdorf, R.]., 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.

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

BIBLIOGRAPHY 19



59.

60.

61.

62.

63.

64.

65.

66.

Analysis. Thus, operation time, discharge rate, and irrigated acreage were measured
at approximately 450 randomly selected irrigation wells within 10 areas of the High
Plains during the 1980 irrigation seasgn. The data were used to estimate the seasonal
mean application of water to crops|and to project total pumpage by irrigation
wells in 1980 throughout the High Plains area. As part of the sampling effort, 50
irrigation wells were randomly chosen from the area of eastern Laramie County,
ska. Required information was collected on
only 40 of the wells. For these wells, the seasonal mean application of water on the
irrigated land was 15.2 inches. For the major crop types, the seasonal mean
application, in inches, were as follows: alfalfa, 19.8; corn, 15.4; potatoes, 13.8; beans,

Wyoming, and Kimball County, Nebr

12.8; and small grains 10.2.

Avery, C,, and PettiJohn, R.A., 1984, Generalized potentiometric- surface map of the High Plains
Aquifer in Wyoming, 1981: U.S. Geological Survey Water-Resources Investigations Report 84-

4033, 1 sheet.
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nary alluvium near Golden, Colorado: Mt.

Ball, H.J., 1983, Aldrin and dieldrin residues in Nebraska soils as related to decreasing LD
sub(50) values for the adult western corn rpotworm - 1962-1981: J. Environ. Sci. Health, Part B,

v. B18, no. 6.

Aldrin was recommended and used to

control

the western corn rootworm (Diabrotica

virgifera (LeConte)) (WCR) in Nebraska from 1952 to 1961. During that period, LD

sub(50) values for adult WCR tested against a

drin were determined for 19 collection

sites in Nebraska. Mean 24 h LD sub(50) values for these sites decreased from 1,539

mu g/g in 1962 to 355 mu g/g for 198]. A cor

aldrin used for soil treatments and the
LD sub(50) values for the WCR over th

aldrin

relation existed between the amount of
and dieldrin residues, with decreasing

e observation period.

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




67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Balog, ].D., 1978, Flooding in Big Thompson River, Colorado, tributaries: Controls on channel
erosion and estimates of recurrence interval: Geology, v. 6, no. 4, p. 200-204.

Channel erosion in tributaries of Colorado's Big Thompson River was studied
following the 1976 flash flood. In two catchments, no measurable erosion
occurred. Erosion in other catchments was intense (maximum observed sediment
yield = 308 cu m/ha). Relationships between 'total' storm precipitation (P) and
sediment yield give values for the maximum potential sediment yield at a given
storm magnitude. Sediment mobilization begins when P = 140 to 150 mm, or when
short-term rainfall intensity = 140 to 170 mm/h. Qualitative and quantitative
evidence suggests that a large, rare event is needed to modify the Big Thompson
tributaries geomorphically. Catchment denudation values were used to estimate the
recurrence interval of the 1976 event; the results suggested the possibility that
previously estimated recurrence intervals may be too long by factors of 1.6 to 8.

Banks, H.O., 1980, Six-state High Plains-Ogallala Aquifer area regional study, in Proceedings of
the western water resources symposium; coming problems and the policy alternatives:
Boulder, Colo., Westview Press, p. 49-66.

Banks, H.O., 1982, Six-state High Plains-Ogallala Aquifer regional resources study; an
overview, i1 Proceedings of the 27th annual New Mexico water conference; Hope for the High
Plains: v. 145, p. 8-25.

Barela, G.J., and Young, T.R,, 1975, Sediment testing of ice proves of value in Denver: Journal
of Environmental Health, v. 38, no. 2 (September-October).

Barnes, P., 1974, If it’s progress, we don’t want it: A New Republic, v. 170, no. 18, p. 10.

Baron, J., 1992, Biogeochemistry of a subalpine ecosystem: Loch Vale Watershed; Ecological
Series # 90: New York, Springer-Verlag.

Baron, J., 1983, Comparative water chemistry of four lakes in Rocky Mountain National Park:
Wat. Res. Bull,, v. 19, p. 897- 902.

Baron, J., 1991, Surface water dynamics and biogeographical fluxes of Loch Vale Watershed,
Colorado: Fort Collins, Colo., Colorado State University, 122 p.

Baron, J. and Beeson, D.R., 1984, Long-term research into the effects of atmospheric deposition
in Rocky Mountain National Park, in A. L. Galbraith and Stuart S. I, eds., Air quality and acid
precipitation potential in the Bridger and Fitzpatrick Wildernesses; Workshop Proreedings:
Jackson, Wyoming, p. 237- 267.

Baron, ., Beeson, D.R,, Zary, S.A., Walthall, P.M,, Lindsay, W.L., and Swift, D.M., 1986, Long-
term research into the effects of atmospheric deposition in Rocky Mountain National Park;
summary report 1980-1984: Colo., National Park Service, Technical Report 84-ROMO-2, 43 p.
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Mountain National Park, in Averett, R.C., and McKnight, D., eds., Chemical quality of water
and the hydrologic cycle: Ann Arbor, Mich., Lewis Publishers, p. 141-156.
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This report presents results of a Hydr‘ geochemical and Stream Sediment
Reconnaissance of the Denver 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 portion of the program in
particular, are available from DOE's Technical Library at its Grand Junction Area
Office. Presented in this data release gre 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 through E 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.
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The likely consequences of detonating a nuclear weapon in Boulder County, Co,
are predicted. Local and global fallout and radiation exposures are calculated
following the hypothetical detonation of a nuclear bomb equivalent to 5,742
megatons of TNT. Under assumed wind conditions, agricultural crops would be
contaminated with radionuclides for prolonged periods. Loss of animal life,
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Distribution of the northern redbelly dace, Phoxinus eos, in the South Platte River Basin,
Colorado, was historically restricted to a narrow band of stream habitat in the
transition zone along the Front Range of the Rocky Mountains. Phoxinus eos has been
taken only in the West Plum Creek drainage since 1951, where it mainly occupies off-
channel lentic habitats that are cool, clear, vegetated, and without large predaceous
fishes. Age and growth, reproduction, and diet characteristics are similar to those
known for population of P. eos in the center of the species’ range. The naturally limited
range and habitat of P.eos in Colorado has been much reduced by stream
channelization, reductions in discharge, and changes in water quality. Continued
urban development threatens remaining populations.
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Boberg, W.W., and Runnells, D.D., 1971, Reconnaissance study of uranium in the South Platte
River, Colorado: Econ. Geol., v. 66, no. 3, p. 435-450.

Anomalously high uranium content, possible ore-body in the drainage basin

Bogardi, 1., Kelly, W.E. and Fried, ].J., 1986, Risk versus cost in ground water nitrate pollution,
in B. J. Graves, K. Butcher and M. E. Renz, chairpersons, Agricultural impacts on ground water;
a conference: Dublin, Ohio, Natl. Water Well Assoc., p. 482-507.

Bohomont, B.L., 1991, Colorado pesticide use survey; estimated use - 1989: Fort Collins, Colo.,
Colorado State University, 43 p.

Bolivar, S.L., Broxton, D.E., and Olsen, C.E., 1978, Uranium hydrogeochemical and stream
sediment reconnaissance of the Denver and Greeley NTMS Quadrangles, Colorado: N. Mex.,
Los Alamos Scientific Lab., Department of Energy, Internal Report LA-7177-MS, GJBX-60-78,
138 p.

Although this report covers two National Topographic Map Series 2 exp 0
quadrangles, the data for each quadrangle are presented separately. Evaluation of the
data by quadrangle resulted in the delineation of areas in which water and/or
sediment uranium concentrations are notably higher than surrounding background
concentrations. The major clusters of anomalous water samples were found in areas of
the Denver Basin underlain by the Pierre, Laramie, Fox Hills, Denver, and Arapahoe
Formations. Most of the anomalous sediment samples were collected in areas of the
Front Range underlain by Precambrian crystalline rocks, particularly granites of the
Silver Plume-Sherman group. Many of the anomalous sediment samples are from sites
located near fault zones. The data in this report are also presented by geologic/
physiographic.province because background uranium concentrations in Front Range
samples differ significantly from those in the Denver Basin. Denver Basin waters have
higher mean uranium concentrations (mean 14.4 ppB) than Front Range waters (mean
3.3 ppB). Conversely, Front Range sediments are more uraniferous (mean 14.7 ppM)
than those in the Denver Basin (mean 6.1 ppM). These differences in background
uranium concentrations between Front Range and Denver Basin samples can be
attributed to differences in regional geology, physiography, and (in the case of water)
the ratio of surface water to ground water sites sampled. There is a significant
northward increase in uranium concentrations in water samples from the Denver
Basin. The higher uranium concentrations in water samples from the northern part of
the basin are probably due to leaching of uraniferous strata in the Pierre and Laramie
Formations which crop out in that area.

Booker, J., Young, R A., Zhang, C.M. and Morel-Seytoux, H.J., 1990, HELM: An integrated
model applied to the South Platte Stream Aquifer System, in Groundwater Engineering and
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unsaturated zone, soil clogging under the unlined runoff-retention ponds, and
denitrification in the unsaturated zone.

137. Borman, R.G., and Gaggiani, N.G., 1983, Generalized altitude and configuration of water table in
parts of Larimer, Logan, Sedgwick, and Weld Counties, Colorado: U.S. Geological Survey
Water-Resources Investigations Report 82-4055, 1 sheet, scale 1:250,000.
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139. Botorff, R.L., Hurley, N., Trainor, J., and Kingery, H., 1973, Floodplain cottonwood forest: Amer.
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142. Boulder Area Growth Study Commission, 1973, Exploring options for the future: A study of
growth in Boulder County. Volume X. Summary Final report: Colo., CPA-CO-08-00-0111-10,

90 p.

The volume contains a compilation of summaries authored by the Commission’s
supporting consultants. Each summary appears in the related volume. The intent of
this volume is to provide the reader with a convenient method of reviewing
recommendations made to the Commission by its consultants. The format of the
summaries is not consistent; in most cases, the summary does contain findings and
recommendations. Summaries from the following reports are included in this volume:
Final commission report; Economic-demographic projections; Environmental
constraints and opportunities; Land use aspects; Public finance and optimum size;
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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growth in Boulder County. Volume VI. Legal-political aspects and economic incentives and
disincentives. Final report: Colo., CPA-CO-08-00-0111-6, 191 p.
i

The Legal-Political Aspects Report ii 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 extraﬁerritorial 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.

Boulder Area Growth Study Commission, 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
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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).

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

Boyles, ].M., Cain, D., Alley, W.M. and Klusman, R W., [n.d.], 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.

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.

Bredehoeft, ].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.

Bredehoeft, ].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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Nuclear Engineering International, v. 27, no. 323 (February).
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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.

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

Britton, L.]., 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.

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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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).

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.

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.

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.

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

Burns, AW, 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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west edge of Badger Creek valley. If the total water available were diverted, the
aquifer system could not transmit the water fast enough to the irrigation areas to avoid
considerable waterlogging in the recharge areas. The impact of the proposed project
on the South Platte River basin would be minimal once the ground-water system
attained steady-state conditions, but that may take decades with a uniform
diversion of the 43,000 acre-feet annually.

\
181. Burns, A.W., 1983, Hydrologic data from the Tamarack Wildlife area and vicinity, Logan

County, Colorado: U.S. Geological Survey Open-File Report 83-139, 123 p.

182. Burns, A.W.,, 1985, Hydrologic description|of the Tamarack Wildlife area and vicinity, Logan
County, Colorado, and simulated effects of possible water-management activities: U.S.
Geological Survey Water-Resources Investigations Report 85-4014, 42 p.

The stream-aquifer system of the Tamarack Wildlife Area and vicinity in Logan
County, Colorado, is described using analyses of water level, water temperature,
and specific conductance data. Correlation analysis indicated that water levels in the
flood plain relate better to those in the river than those in the upgradient valley
meadow. Water table surfaces showed that water moves parallel to the river with a
small gradient toward the river. Water temperature data for the river had a large
annual fluctuation. The temperature/of well water from 0 feet below land surface
had no fluctuation. The temperature of sloughs and shallow groundwater had
intermediate fluctuations. Specific conductance data ranged from 264 microsiemens/
cm at 25 degrees C in sandhill wells tg 1,540 microsiemens in the river. A
groundwater flow model and simplified slough-temperature model showed that
additional groundwater pumpage or lpwer river stage caused by upstream
diversions would decrease groundwater inflow to the slough, with a
corresponding water temperature decrease. A simulated artificial recharge project
would increase groundwater inflow |to the slough and increase water temperature
in the slough. The simulation of a plan o pump groundwater to create wildlife-habitat
ponds indicated that this would cause stream depletions each month, except during
the nonpumping period, June through August.

183. Burns, A.W., 1981, Simulated hydrologic effects of possible ground-water and surface-water
management alternatives in and near the Platte River, south-central Nebraska: U.S. Geological
Survey Open-File Report 81-1116, 41 p.

184. Burns, A.W., 1981, Simulated interactions between the proposed Narrows Reservoir and the
water-table aquifer along the South Platte River, Morgan County, Colorado: U. S. Geological
Survey Water-Resources Investigations 801119, 67

A computer model, including a ground-water-flow component and a mass balance
reservoir-operations component, was developed to simulate the proposed Narrows
Reservoir and the adjacent alluvial aquifer of the South Platte River, Morgan
County, Colo. This model, using a weekly time step, simulated the transient
interactions of these two systems for an initial-fill condition and general-
operational condition. A sensitivity arjalysis was made to test the effects of possible
errors in the description of aquifer characteristics on the model results. The initial-
fill simulation indicated that to fill |the reservoir when hydraulic connection
between the surface-water system and| the aquifer is simulated would take 2
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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.

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.
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