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PREFACE

This report was prepared by the Ue«Se Geological Survey in
cooperation with the State of Colorado and other agencies by
personnel of the Colorado District of the Water Resources Di-
vision under the supervision of Je. Fe Blakeys District Chiefy
and Alfred Clebschs Jres Regional Hydrologists Central Regione

This report is one of a3 series issued 5tate by State under
the direction of Je Se Cragwally Jrees Chief Hydrologists and
the Assistant Chief Hydrologist for Scientific Publications and
Data Managemente

Data for Colorado are in three volumes as follows:

Volume le Missouri Rivere Arkansas Rivers and
Rio Grande Basins in Colorados
Volume 2. Colorado River Basin in Colorados
above the Dolores Rivere and
Volume 3. Dolores Rivers Green Rivery and San
Juan River Basins in Coloradoes
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WATER RESOURCES DATA FOR COLORADOs 1977

VOLUME 1: MISSOURI RIVERs ARKANSAS RIVERe AND RIO GRANDE BASINS
VOLUME 2: COLORADO RIVER BASIN ABOVE DOLGORES RIVER
VOLUME 3: DOLORESe GREENs AND SAN JUAN BASINS

INTRODUCTION

Water resources data for Colorado for the 1977 water year consists
of records of stagee discharges and water quality of streams; stage,
contentss and water quality of lakes and reservoirs; and water levels
and water quality of wells and springse This report (Volumes les 2+ and
3) contains discharge records for 424 gaging stationss stace and
contents of 25 lakes and reservoirses 5 partial-record flow stationsy
79 crest—-stage partial-record stationssy and 193 miscellaneous sites;
water quality for 134 gaging stations and 60 miscellaneous sites; and
water levels for 55 observation wellse. Locations of lake- and ctream-
gaging stations and water-quality stations are shown in fiaure l»
locations of crest-stage partial-record stations are shown in fiqure 2,
and locations of observation wells are shown in figure 3. A few
pertinent stations in bordering States are also included in this reporte
The records were collected and computed by the Water Resources Division
of the U.Ss Geological Survey under the direction of Je Fe Flakeys
district chiefe These data represent that portion of the National Water
Data System collected by the UesSe Geological Survey and cooperating
State and Federal agencies in Colorado.

Records of discharge and stage of streamss and contents and stage
of lakes and reservoirs are published in a series of UeSe Geological
Survey Water-Supply Papers entitleds "Surface-water Supply of the United
Stateses"” Through September 30y 1960+ these HKater—-Supply Papers were
published in an annual seriesy and then in a S5-year series for ]1961-65
and 1966-70e. Records of chemical qualitys water temperaturess and
suspended sediment were published from 1941 to 1970 in an annual Water-
Supply Paper series entitledy “Quality of Surface Waters of the United
States." Records of ground-water levels were publishea from 1935 to
1955 in an annual Water—-Supply Paper series entitleds "Water Levels and
Artesian Pressures in Wells in the United Statese® and from 1955 to the
present times in a S-year Water-Supply Paper series entitleds “Ground-
Water Levels in the United States."

Beginning with the 1961 water years streamflow records and related
data have been released by the Geological Survey in annual reports on a
State-boundary basise Beginning with the 1964 water years water—cuality
records for surface and ground water have obeen similarly released in
separate annual reportse These reports provided for rapid release of
preliminary data shortly after the end of the water yeare The final
data were: then released in the Water-Supply Paper series mertioned
abovee. Beginning with the 1975 water years water data will be released
on a State-boundary basis in final form and will not be republished in
the Water—-Supply Paper seriese The 1975 and subsequent water year
reports will be in a series which will carry an identification number
consisting of the two-letter State abbreviations the last two digits of
the water years and the volume numbere For examples this regart is
identified as "U«Se Geological Survey Water-Data Report CO-77-1." These
reports are for sale to the public for a nominal fee from the Nztional
Technical Information Services UeSe Department of Commerces Sprincfieldy
Virginia 2215l For more information on available publicationss see the
section entitleds “PUBLICATIONS" on subsequent pagese 1
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COOPERATION

The Ue.Se« Geological Survey and organizations of the State of Colo-
rado have had cooperative agreements for the systematic colle~tion of
sur face-water records since 18954 and for water—quality records since
1941. Organizations that assisted in collecting data for this report
through cooperative agreement with the Survey are:

Colorado Division of Water Resourcess Ce Jo Kuipers State Engineere.

Colorado Water Conservation Boards Fe Le Sparkse Directora

Colorado Department of Highwayss Jack Kinstlingers Executive
Directore

Arkansas River Compact Administrations Frank Gs Cooleys Chairman
and Federal Representativees

Colorado River Water Conservation Districts Roland Ce Fischery
Secretary—-Engineers

Southwestern wWater Conservation Districts Robert He Tyners Managere.

Southeastern Colorado Water Conservancy Districts Ce Le Thowsony
General Managere.

City and County of Denvers Board of Water Commissionerss Charles Fe
Brannans Presidentes

Eagle County Commissionerss Dale Fe. Grants Chairmans

Pitkin County Board of County Commissionerss George Ochsye
County Manager

City of Aspens Phillip Mahoneys City Managere.

City of Auroras Ce Ae Wemlingers Director of Utilitiese.

Colorado City Water and Sanitation Districte O Ee Cadys: District
Administratore

City of Colorado Springss Department of Public Utilities, James D.
Phillipss Directore.

City of Fort Collinse Roger E. Krempely Director of Utilitiess

Financial assistance was also provided by the Ue.S. Armyes Corps of
Engineersy U«Se Armyes Bureau of Land Managements Bureau of Reclamation
and the National Park Services UsS. Department of the Interior.
Organizations that suppl ied data are acknowledged in station
descriptionse

HYOROLOGIC CONDITIONS
Mountain snowfall was less than 50 percent of normals resulting in
@ shortage in the supply of irrigation water for the growing seasony and
a reservoir storage carryover of less than 70 percent of normale.
Rainfall on the eastern plains was near normal but spottye
Ground-water levels continued to decline in .the northern High
Plains but remained constant in the alluvial river-channel aquiferse.
DEFINITION OF TERMS
Terms related to streamflowsy water qualitys and other hydrologic
data as used in this report are defined belowes See also the table for

converting English units to metric units (International Systems Sl
units) on the inside of the back coveres
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Acre—foot (AC-FTs acre-ft) is the quantity of water required to
cover 1 acre to a depth of 1 foot and is equivalent to 439560 cubic feet
or about 3269000 gallons or 19233 cubic meterses

Algae are mostly aquatic single-celleds colonialy or multi-celled
plantses containing chlorophyll and lacking rootss stemse and le:vese

Agquifer is a geologic formations group of formationss or part of a
formation that contains sufficient saturated permeable material to yield
significant quantities of water to wells and springse

Bacteria are microscopic unicellular organismsy typically
sphericals rod-likes or spiral and threadlike in shapes often clumped
into coloniese. Some bacteria cause diseases others perform an essential
role in nature in the recycling of materialse for exampley by
decomposing organic matter into a form available for reuse by plantse

Total coliform bacteria are a particular group of bacteria
that are used as indicators of possible sewage pollutione They are
characterized as aerobic or facultative anaerobics gram—regativey
nonspore—formings rod-shaped bacteria which ferment 1lactcse with
gas formation within 48 hours at 359Ce. In the laboratory these
bacteria are defined as all the organisms which produce colonies
with a golden-green metallic sheen within 24 hours when incubated
at 359C + 1.09C on M-Endo medium (nutrient medium for tAacterial
growth)e Their concentrations are expressed as number of colonies
per 100 mL of samplee

Fecal _coliform_bacteria are bacteria that are present in the
intestine or feces of warmblooded animalse. They are often used as
indicators of the sanitary quality of the water. 1In the laboratory
they are defined as all organisms which produce blue colonies
within 24 hours when incubated at 4%4e5%C * 0.2°C on M-FC medium
{nutrient medium for bacterial growth)e. Their concentrations are
expressed as number of colonies per 100 mL of samplee

Fecal _streptococcal bacteria are bacteria found also in the
intestine of warmblooded animals; their presence in water is
considered to verify fecal pollutione They are characterized as
gram-positives cocci bacteria which are capable of growth in brain-
heart infusion brothe In the laboratory they are defined as all
the organisms which produce red or pink colonies within 48 hoursy
at 359C + 1.0°C on M-enterrococcus medium (nutrient wmedium for
bacterial growth)e Their concentrations are expressed as number of
colonies per 100 mL of sample.

Bed_material is the unconsolidated material of which a streambed,
lakee ponds reservoire or estuary bottom is composede

Biochemical oxygen _demand (BOD) is the amount of oxygen required by
bacteria while stabilizing decomposable organic matter under aerobic
conditionse

Biomass is the amount of living matter present at any given time,
expressed as the weight per unit area of volume of habitate.

Ash weight is the weight of amount of residue present after
i the residue from the dry weight determination has been ashed in a
y 4 muffle furnace at a temperature of 500°9C for 1 houre The ash
¥ weight values of zooplankton and phytoplankton are expressed in
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g/m3 (grams per cubic meter)s and periphyton and benthic organisms
in g/m? (grams per square meter)e.

Dry weight refers to the weight of residue present after
drying in an oven at 60°9C for zooplankton and 1059C for periphytons
until the weight remains unchangede This weight represents the
total organic matters ash and sedimentsy in the samplees Ury weight
values are expressed in the same units as ash weighte

Qrganic weight or volatile weight of the living substarce is
the difference between the dry weight and the ash weighty and
represents the actual weight of the living matters The organic
weight is expressed in the same units as for ash and dry weightse

Wet _weight is the weight of living matter plus contained
watere

Cells/volume refers to the number of cells of any organism which is
counted by using a microscope and dgrid or counting cell. Many
planktonic organisms are multicelled and are counted according tc the
number of contained cells per sampley wusually milliliters (x') or
liters(L)e

Cfs-day is the volume of water represented by a flow of 1 cubic
foot per second for 24 hourse It is equivalent to 86+400 cubic feet,
approximately 129835 acre-feety about 646+000 gallonss or 29445 cubic
meterse It represents a runoff of approximately 00372 inct from
1 square miles or 003468 millimeter from 1 square Kilometer.

Chemical oxygen _demand (COD) is a measure of the chemically
oxidizable material in the waters and furnishes an approximation cf the
amount of organic and reducing material presente The determined value
may correlate with natural water color or with carbonaceous organic
pollution from sewage or industrial wastese

Chlorophyll refers to the green pigments of plantse. Chlorophyll ga
and b are the two most common green pigments in plantse

Contents is the volume of water in a reservoir or lakes Unless
otherwise indicateds volume is computed on the basis of a level pocl and
does not include bank storages

control designates a feature downstream from the gage that
determines the stage-discharge relation at the gages This feature may
be a natural constriction of the channely an artificial structures or a
uniform cross section over a long reach of the channels

Cubic_foot per second (cfss ft3/s) is the rate of discharge rep-
resenting a volume of 1 cubic- foot passing a given point during
1 seconds and is equivalent to approximately 7.48 gallons per seconde
448.8 gallons per minutes or 0.02832 cubic meters per seconde
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Discharge is the volume of water (or more broadlys volume of fluid
plus suspended sediment)s that passes a given point within a given
period of time. ’

Mean_discharge (MEAN) is the arithmetic mean of individual
daily mean discharges during a specific periode

Instantaneous_discharge is tne discharge at a particular
instant of time.

Dissolved refers to the amount of a substance present in true
chemical solutione In practices howevery the term includes all forms of
the substance that will pass through a 0.45-micrometer membrane filtery
and thus may include some very small (colloidgal) suspended particlese

Analyses are performed on filtered samples.

Dissolved oxygen (DO)e.--The dissolved-oxygen content of water in
equilibrium with air is a function of atmospheric pressures and temner-
ature and dissolved-solids content of the watere. The ability of water
to retain oxygen decreases with increasing temperature or dissclved
solidss with small temperature changes having the more significant
effecte Photosynthesis and respiration may cause diurnal variations in
dissolved-oxygen content in water from some streamse.

Drainage area of a stream at a specified location is that areas
measured in a horizontal planes enclosed by a topographic divide from
which direct surface runoff from precipitation normally drains by
gravity into the stream above the specified pointe Figures of drainage
area given herein include all closed basinss or noncontributing areasy
within the area unless otherwise notede.

Gage_height (GeHe) is the water-surface elevation referred to some
arbitrary gage datume Gage height is often used interchangeably with
the more general term “stages"™ although gage height is more appropriate
when used with a reading on a gagee.

Gaging station is a particular site on a streams canaly lakes or
reservoir where systematic observations of gage height or discharge are
obtained. When used in connection with a discharge records the term is
applied only to those gaging stations where a continuous vrecorc¢ of
discharge is computede

Hardness of water is the physical-chemical characteristic thet is
commonly recognized by the increased quantity of soap requirec¢ to
produce lathere It is attributable to the presence of alkaline ecrths
(principally calcium and magnesium) and is expressed as equivelient
calcium carbonate (CaCly)e.

Micrograms_per liter {UG/Ly ugsL) is a wunit expressing the
concentration of chemical constituents in solution as mass (micrograms)
of solute per unit volume (liter) of water. One thousand micrograms per
liter is equivalent to one milligram per litere

Milligrams per liter (MG/Ls mg/L) is a wunit for expressing the
concentration of chemical constituents in solution. Milligrams per
liter represent the mass of solute per unit volume (liter) of wcter.
Concentration of suspended sediment also is expressed in mg/Ls ard is
based on the mass of sediment per liter of water-sediment mixturne
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Table le.——-Factors for_conversion_of chemical _constituents in milligrams
or_micrograms_per liter to milliequivalents per liter

S

Multi- Multi-

Ion ply by Ion ply by

Aluminum (A1%3)%eeeeee 0411119 Iodide (I Y)eeecnceces  0.00788
AMMONia aS Neeseoesese «07143 Iron (Fe 2 )%ueeneacnse «05372
Barium (Ba'%)eeececcea «01456 Lead (Pb % )%eecacccnce «00965
Bicarbonate (HCO; 1)a. «01639 Lithium (Li* ) %eeeecea el44ll
Bromide (Br !)eeecesaes «01251 Magnesium (Mg %)eceecas .08226
Calcium (€3 %) eenncnae «04990 Manganese (Mn'%)%eeceee «03640
Carbonate (CO; %)eease .03333 Nickel (Ni*%)%eeaaoans .03406
Chloride (C1 Y)eeecoes 02821 Nitrate as Neeecssecose 207143
Chromium (Cr'®)%eeea.. «11539 Nitrite as Neeeeeoeses «07143
Cobalt (CO’Z)*..-..... «03394 Phosphatesortho as Pae «09686
Copper (Cu‘z)*........ «03148 Potassium (K‘l)....... « 02557
Cyanide (CN-1)eeeceans «03844 Sodium (Na'l)eeeeencee «04350
Fluoride (F ')ececocas «05264 strontium (S5 %)%eeeas 02283
Hydrogen (H'!)eeeeeaae «99209 sulfate (S0, %)essecss «02082
Hydroxide (OH-')ececes .05880 Zinc (IN'%)%eccccccane <03060

*Constituents reported in micrograms per liter; multiply ty factor
and divide results by 15000

Partial-record station is a particular site where limited stream-
flow data are collected systematically over a period of years for use in
hydrologic analysese

Particle size is the diametery in millimeters (mm)s of suspended
sediment or bed material determined either by sieve or sedimentation
methodse Sedimentation methods (pipets bottom—withdrawal tubes visual-
accumulation tube) determine fall diameter of particles in either
distilled water (chemically dispersed) or in native water (the river

water at the time and point of samplingje
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Table 2.--Factors_for_conversion_of_ sediment concentration

——— e ot el v

(A1l values calculated to three significant figures)

Range of Range of Range of Range of

concen- concen- concen- concen—

tration Di- tration Di—- tration Di- tration Di-

in 1000 vide in 1000 vide in 1000 vide in 1009 vide

mg/L by mg/L by mg/L by mg/L by

0 - 8 100 201-217 113 411-424 126 619-634 le39

8«.05- 24 101 218-232 lel4 427-440 1.27 636-650Q 140
2462 - 40 le02 234—-248 le15 443-4517 le28 652-6646 le4l
40e5 - 56 1.03 250-264 le16 460-473 le29 668-682 le42
5645 - 12 1.04 266-280 lel? 4756-489 130 684-698 l.43
725 - 88 1.05 282-2917 1«18 492-506 le31 700-715 le44
88.5 -104 106 299-313 l1.19 508-522 1.32 7171-73Q 1le45
105 -120 107 315-329 120 524-538 l«33 7132-7417 le46
121 -136 1.08 331-345 121 540-554 le34 T49-762 le4a?
137 -152 109 347-361 le22 556-570 135 765-780 le48
153 -169 1«10 363-378 1.23 572-585 le36 782-796 le49
170 -185 lell 380-393 le24 587-602 137 798-810 150
186 =200 le12 395-409 1.25 604-617 1.38

*Based on water density of 1000 g/mL and a specific gravity of
sediment of 2.65.

Particle-size classifications as wused in this reporty agrees with
recommendations made by the American Geophysical Union Subcommittee on
Sediment Terminologye The classification is as follows:

Classification Size (mm) Method of analysis
Clay.........-.. 000024 - 0.004 Sedimentation
Siltecsosssccnscee «004 - «062 Sedimentation
Sandecssccocncns «062 - 20 Sedimentation or sieve
Gravelesssesncese 200 - 6440 Sieve

The particle-size distributions given in this report are not necessarily
representative of all particles in transport in the streames Most of the
organic material is removed and the sample is subjected to me<hanical
and chemical dispersion before analysis in distilled wateres Chemical
dispersion is not used for native—water analysise

Periphyton is the assemblage of microorganisms attached to ana
growing upon solid surfacess. MWhile primarily consisting of algaes they
also include bacterias fungis protozoas rotiferss and other small
organismse Periphyton is a useful indicator of water qualitye

Pesticide network is a3 network of reqularly sampled water-quality
stations where samples are collected to determine the concentration and
distribution of pesticides in streams whose waters are used for
irrigation or in streams in areas where potential contamination could
result from the application of the commonly used insecticides and
herbicidese

Pesticides are chemical compounds used to control undesirable
plants and animalss. Ma jor categories of pesticides include
insecticidesy miticidesy fungicidess Hherbicidesy and rodenticidess



WATER RESOURCES DATA FOR COLORADO 1

Insecticides and herbicidesy which control insects and plants
respectivelys are the two categories reportede

Pnytoplankton is the plant part of the planktone They are usually
microscopic and their movement is subject to the water currentse Phy-
toplankton growth is dependent upon solar radiation and nutrient
substancese Because they are able to incorporate as well as release
materials to the surrounding waters the phytoplankton have a profound
effect upon the quality of the watere They are the primary food
producers in the aquatic environmenty and are commonly known as algaee

Blue-green_algae are a group of phytoplankton organisms having

a blue pigmenty in addition to the green pigment called
chlorophylle Blue-green algae often cause nuisance conditions in
watere

siliceous shelle Their concentrations are expressed as number of
cells per mL of sample.

Diatoms are the unicellular or colonial algae having a

Green_algae have chlorophyll pigments similar in color to
those of higher green plantse Some forms produce algal mats or
floating "moss"™ in lakese Their concentrations are expressed as
number of cells per mL of sample.

Picocurie (PCs pCi) is one trillionth (1 x 10 1%) of the amourt of
radioactivity represented by a fﬂ’ie {Ci)e A curie is the amount of
radioactivity that yields 37 X 10 radioactive disintegrations per

seconde A picocurie yields 2.22 dpm (disintegrations per minute)s

Polychlorinated biphenyls (PCBs) are industrial chemicals thét are
mixtures of chlorinated biphenyl compounds having various percentaces of
chlorine. These compounds are similar in structure to organochlorine
insecticides.

Radiochemical _n=twork is @3 network of regularly sampled water-
quality stations where samples are collected monthly or twice a yecr (at
high and low flow) to be analyzed for radioisotopese The streams that

are sampled represent major drainage basins in the conterminous United
Statese

Radioisotopes are isotopic forms of an element that exhibit radio~
activitye Isotopes are varieties of a chemical element that differ in
atomic weights but are very nearly alike in chemical propertiese The
difference arises because the atoms of the isotopic forms of an element
differ in the number of neutrons in the nucleuse. For example: Ordinary
chlorine is a mixture of isotopes having atomic weights 35 and 37y with
the natural mixture having atomic weight about 35.453. Many of the
elements similarly exist as mixtures of isotopess and a great many new
isotopes have been produced in the operation of nuclear devices such as
the cyclotron (Rose and Roses 1966)e There are 275 isotopes of the 81
stable elements in addition to over 800 radioactive isotopese

Radioisotopes that are determined in this program are natural
uranium in ug/L (micrograms per liter)s radium as radium-226 in PC/L
{pCi/Ly picocuries per liter)s gross bpeta radiation as equivalent
strontium/yttrium-90 or cesium-137 in PC/Lsy and gross alpha radiation as
micrograms of uranium equivalent per liter (ug/L)e Gross alpha and beta
radioactivity associated with the fine-grained (silt and clay-sized)
sediments in the samples are also determinede
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Sediment is solid material that or iginates mostly from
disintegrated rocks and is transported bys Suspended ine or deposited
from water; it includes chemical and biochemical precipitates and
decomposed organic materialy such as humus e« The quantitys
characteristicsy and cause of the occurrence of sediment in streams are
influenced by environmental factorse Some major factors are degree of
slopes length of slopes soil characteristicsey land usages and quantity

and intensity of precipitatione

Suspended_sediment is the sediment that at any given time is
maintained in suspension by the upward components of turbulent
currents or that exists in suspension as a colloide

Suspended-sediment_discharge is the rate at which dry weight
of sediment passes a section of a stream or is the quantity of
sediments as measured by dry weights or by volumes that is
discharged in a given timee Suspended-sediment discharge in tons
per day is computed by multiplying discharge times mg/L times
0.0027.

Total_sediment_discharge or total sediment load is the sum of
the suspended-sediment aischarge and the bedload dischargee It is
the total quantity of sedimenty as measured by dry weight or

volumes that is discharged during a given timee.

Suspended-sediment_concentration is the velocity-weighted
concentration of suspended sediment in the sampled zone (from the
water surface to a point approximately 0«3 ft or 0.09 m above the
bed) expressed as milligrams of dry sediments per liter of water-
sediment mixture (mg/L)e

Mean _concentration is the time-weighted concentration of
suspended sediment passing a stream section during a 24-hour daye

Sodium_adsorption _ratio (SAR) is the expression of relative
activity of sodium ions in exchange reactions with soil and is an index
of sodium or alkali hazard to the soile This ratio should be known
expecially for water used for irrigating farmlande

Solute is any substance derived from the atmospheresy vegetationy
soily Or rocks and is dissolved in watere

Specific conductance is a measure of the ability of a water to
conduct an electrical current and is expressed in micromhos per
centimeter at 25°Ce. Because the specific conductance is related to the
number and specific chemical types of ions in solutions it can be used
for approximating the dissolved-solids content in the wateres Commanly,
the amount of dissolved solids (in milligrams per liter) is about
65 percent of the specific conductance (in micromhos per centimeter at
259C)e This relation is not constant from stream to stream or from well
to welly and it may even vary in the same source with changes in the
composition of the waters

Stage-discharge_relation is the relation between gage height and
the volume of water per unit of timey flowing in a channel.

Streamflow is the discharge that occurs in a natural channel.
Although the term “discharge®™ can be applied to the flow of a canals the
word "streamflow®” uniquely describes the discharge in a .surface streams

COuUrsees The term "streamflow®” is more general than "runoff.”
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Streamflow may be applied to discharge whether or not it is affected by
diversion or regulatione

Thermograph is a thermometer that continuously and autamatically
recordss on a chartey the water temperature of a streame "Temperature
recorder" is the term used to indicate the location of the thermographe

Time-weighted average is computed by multiplying the number of days
in the sampling period by the concentrations of individual constituents
for the corresponding period and dividing the sum of the products by the
total number of dayse A time-weighted average represents the
composition of water that would be contained in a vessel or reservoir
that had received equal quantities of water from the stream each day for
the water yeare

Tons per acre-foot indicates the dry weight of dissolved solids in
tons (0.9072 tonnes) in 1 acre-foot (l¢233 m3) of watere It is computed
by multiplying the concentration in milligrams per liter by 0.07136.

Tons_per day is the quantity of a substance in solution or
suspension in tons (0.9072 tonnes) that passes a stream section during a
24-hour period.

Yotal (as used in tables of chemical analyses) refers to the amount
of a substance that is present both in solution and in suspensione.
Analyses are performed on representative samples of water-suspended
sediment mixturese

Water_year in Geological Survey is the 12-month periode October 1
through September 30 The water year is designated by the calendar year
in which it ends and which includes 9 of the 12 monthse Thuss the year
ending September 30s 1977¢ is called the 1977 water yeare"

Weighted average is used in this report to indicate the cischarge-
weighted averagee It is computed by multiplying the discharge for a
sampling period by the concentrations ‘of individual constituents for the
corresponding period and dividing the sum of the products by the sum of
the dischargeses A discharge—weighted average approximates the
composition of water that would be found in a reservoir containing all
the water passing a given location during the water year after thorough
mixing in the reservoire

WDR is an abbreviation for "“wWater-Data Report" in the summary
REVISIONS paragraph to refer to State annual basic-data reports
published after 1974e.

KRD is wused as an abbreviation for "Water—Kesources Data” in the
summary REVISIONS paragraph to refer to State annual basic-data reports
published prior to 1975.

WSP is wused as an abbreviation for “Water—Supply Paper"™ in
reference to published reportse

Zooplankton is the animal part of the planktone Zooplankton are
capable of extensive movements within the water columnes and are often
large enough to be seen with the unaided eye. Zooplankton are secondary
consumers feeding upon bacterias phytoplanktons and detrituse Because
they are the grazers in the aquatic environmente the zooplanktcn are a
vital part of the aquatic food webe The zooplankton cormunity is
dominated by small crustaceans and rotiferse
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SPECIAL NETWORKS AND PROGRAMS

Some of the stations for which data are published in this report
are included in special networks and programse - These stations are
identified by their titles set in parenthesess under the station namee

Hydrologqic_bench-mark station is one that provides hydroloaic data
for a basin in which the hydrologic regimen will 1likely be qoverned
solely by natural conditionse Data collected at a bench-mark station
may be used to separate effects of natural from manmade changes in other
basins which have been developed and in which the physiographys climate,
and geology are similar to those in the undeveloped bench-mark basine

Irrigation-network stations are water-quality stations located at
or near certain streamflow gaging stations west of the main ster of the
Mississippi Rivere Data collected at these stations are wused to
evaluate the chemical quality of surface waters used for irrigation and
the changes resulting from the drainage of irrigated 1lands. Prior to
water year 1966y the data for these stations were published in the
annual dWater—-Supply Paper seriess "Quality of Surface #Water for
Irrigations Western States."

National stream-quality accounting network is an accounting network
designed by the U.S5. Geological Survey to meet many of the information
demands of agencies or groups involved in national or regional water-
quality planning and managemente. Both accounting and broad-scale
monitoring objectives have obeen incorporated in the network designes
Areal configuration of the network is based on river-basin accounting
units designated by the Office of water Data Coordination in
consultation with the Water Resources Councile Primary objectives of
the network are: (1) To depict areal variability of water—quality
conditions nationwide on a year—-by-year basiss and (2) to detect and
assess long-term changes in stream quality.

DOWNSTREAM ORDER AND STATION NUMBER

Stations are listed in a downstream direction along the main
streams and stations on tributaries are listed between stations on the
main stream in the order in which those tributaries enter the main
streams Stations on tributaries entering above all mainstream stations
are listed before the first mainstream station. Stations on tributaries
to tributaries are listed in a similar manner. In the list of gaging
stations in the front of this report the rank of tributaries is
indicated by indentions each indention representing one ranke

As an added means of identifications each gaging station and each
partial-record station has been assigned a station number. These are in
the same downstream order used in ‘this reporte In assigning station
numberses no distinction is made between partial—-record stations and
continuous—-record gaging stations; therefores the station number for a
partial-record station indicates downstream order position in a list
made up of both types of stationse Water—quality stations located at or
near gaging stations or partial-record stations have the same number as
the gaging or partial-record station.

Gaps are left in the numbers to allow for new stations that may be
established; hence the numbers are not consecutives The complete 8-
digit number for each stations such as 07083000y which appears just to
the left of the station namey includes the 2-digit part number *07% plus
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the 6-digit downstream order number “083000.% In this report the
records are listed in downstream order by partse The part number refers
to an area whose boundaries coincide with certain natural drainage
linese Records in this report are for Part 6 (Missouri River basin)y
Part 7 (Lower Mississippi River basin)sy and Part 8 (Western Gulf of
Mexico basins)e Records for Part 9 (Colorado River Basin) are in
Volumes 2 and 3« All records for a drainage basin encompassing more
than one State can be arranged in downstream order by assembling pages

from the various State reports by station number to include all records
in the basine

EXPLANATION OF SURFACE-WATER RECORDS
Collection and Computation of Data

The base data collected at gaging stations consist of records of
stage and measurements of discharge of streams or canalss and <stagey
surface areay and contents of lakes or reservoirse In additione
observations of factors affecting the stage-discharge relation or the
stage-capacity relations weather recordss and other information are used
to supplement base data in determining the daily flow or volume of water
in storagee. Records of stage are obtained from direct readings on a
nonrecording gage or from a water-stage recorder that gives either a
continuous graph of the fluctuations or a tape punched at 5-¢ 15-¢ 30-
or 60-minute intervalss Measurements of discharge are made with a
current wmeters using the general methods adopted by the Geolcaical
Survey on the basis of experience in stream gaging since 1888, These
methods are described in standard textbookss in Water-Supply Paper 888,
and in UeSe. Geological Survey Techniques of HWater Rescurces
Investigationss book 3¢+ chapter Aba Surface areas of lakes or
reservoirs are determined from instrument surveys using steadard
methodse The configuration of the reservoir bottom is determired by
sounding at many pointse

For stream—gaging stationss rating tables giving the discharge for
any stage are prepared from stage-discharge relation curvess If
extensions to the rating curves are necessary to express discharge
greater than measureds they are made on the basis of incirect
measurements of peak discharge (such as slope-area or contracted-opening
measurementss computation of flow over dams or weirs)s velocity-area
studiess and logarithmic plottinge The daily mean discharge is cowmouted
from gage heights and rating tabless then the monthly and yearly mean
discharge are computed from the daily figureses If the stage-discharge
relation is subject to change because of frequent or continual change in
the physical features that form the controly the daily mean discharge is
computed by the shifting-control methods in which correction factors
based on individual discharge measurements and notes by engineers and
observers are wused in applying the gage heights to the rating tahlese.
If the stage-discharge relation for a station is temporarily changed by
the presence of aquatic growth or debris on the controls the daily mean
discharge is computed by what is basically the shifting-control method.

At some stream—gaging stations the stage-discharge relation is
af fected by ica2 in the wintery and it becomes impossible to compute the
discharge in the usual mannere Discharge for periods of ice effert is
computed on the basis of the gage—height record and winter discharyge
measurementses consideration being given to the available information on
temperature and precipitations notes by gage observers and hydrologistse
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and comparable records of discharge for other stations in the same or
nearby basinse

For a lake or reservoir stations capacity tables giving the
contents for any stage are prepared from stage—area relation curves
defined by surveys. The application of the stage to the capacity table
gives the contentsy from which the dailys monthlys or yearly change in
contents is computed.

If the stage-capacity curve is subject to changes because of
deposition of sediment in the reservoirs periodic resurveys of the
reservoir are necessary to define new stage-capacity curvese. During the
period between reservoir surveys the computed contents may De
increasingly in error due to the gradual accumulation of sedimente

For some gaging stations there are periods when no gage—height
record is obtained or the recorded gage height is so faulty thet it
cannot be used to compute daily discharge or contentse. This hagppens
when the recorder stops or otherwise fails to operate properlys intakes
are pluggeds the float is frozen in the wells or for various cther
reasonse. For such periods the dailty discharges are estimated or the
basis of recorded range in stages adjoining ygood records discharge
measurementss weather recordss and comparison with other station records
from the same or nearby basinse Likewise daily contents may be
estimated on the basis of operator's logs adjoining good recordy inflow-
outflow studiess and other informations

The data in this report generally comprise a description of the
station and tabulations of daily and monthly figurese For gaging
stations on streams or canals a table showing the daily discharge and
monthly and yearly discharge is givene For gaging stations on lakes and
reservoirs a monthly summary table of stage and contents or a table
showing the daily contents is givene Records are published for the
water years which begins on October 1 and ends on September 30« A
calendar for the current water year is shown on the inside of the front
cover to facilitate finding the day of the week for any date.

The description of the gaging stations gives the locations drainage
areas period of records type and history of gagess average discharges
extremes of discharge or contentss general remarkss and notations of
revisions or previously published recordse The location of the gaging
station and the drainage area are obtained from the most accurate maps
availablee

River mileagey given under "LOCATION" for some stationss is that
determined and used by the Corps of Engineers or other agenciese.

Periods for which there are published records for the present
station or for stations generally equivalent to the present one are
given under “PERIOD OF RECORD."

Previously published records of some stations have been found to be
in error on the basis of data or information later obtainede. Revicions
of such records are usually published along with the current records in
one of the annual or compilation reportse In order to make it easier to
find such revised recordsy a paragraph headed "REVISED RECORDS®" has been
added to the description of all stations for which revised records have
been publishede Listed therein are all the reports in which revisions
have been publisheds each followed by the water years for which fiqures
are revised in that reporte. In listing the water years only one number
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is given; for instancesy 1933 stands for the water year 0October ls 1932,
to September 30y 1933. If no dailyy monthlys or annual figures of
discharge were reviseds that fact is brought out by notations after the
year dates as follows: "(M)" means that only the instantaneous maximum
discharge was revised; "{m)os" that only the instantaneous minimum was
revised; and "(P)s" that only peak discharges were revisedes If the
drainage area has been revisede the report in which the revised figure
was first published is givenas

The type of gage currently in usey the datum of the present gage
apove mean sea levelsy and a condensed history of the typess locationss
and datums of previous gages used during the period of record are given
under "“GAGE." In references to datum of gages the phrase "mean sea
level" denotes "Sea Level Datum of 1929" as wused by the Topographic
Division of the Geological Surveys unless otherwise qualifiede

Information pertaining to the accuracy of the discharge recordsy to
conditions that affect the natural flow at the gaging stationy
availability ot water—-quality recordsy and reservoir stations
information on the dam forming the reservoirs the capacitys outlet works
and spillways and purpose and use of the reservoiry is given under
WREMARKS "™

The average discharge for the number of years indicated s given
under "AVERAGE DISCHARGE;" it is not given for stations having fewer
than 5 complete years of record or for stations where changes in water
development during the period of record cause the figure to have little
significance.

The maximum discharge (or contents) and the maximum gage heighty
the wminimum discharge if there is little or no regulation (or minimum
contents)es and the minimum gage heights if it is significanty are given
under "EXTREMES." The minimum daily discharge is given if there is
extensive regulation {(also the minimum discharge and gage height if they
are abnormally 1low)e The first paragraph dre extremes for period of
records seconds information available outside the period of records and
lasty those for the current yeare. Unless otherwise qualifieds the
maximum discharge (or contents) is the instantaneous max imum
corresponding to the crest stage obtained by wuse of a water-stage
recorder (graphic or digital)s a crest-stage gages or a nonrecording
gage read at the time of the creste If the maximum gage height did not
occur on the same day as the maximum discharge (or contents)s it s
given separately. Similarlys the minimum is the instantaneous minimum
unless otherwise qualifiede. For some stations peak discharges are
listed with ®“EXTREMES FOR THE CURRENT VYEAR;" if they ares all
independent peaksy including the maximum for the years above the
selected base with the time of occurrence and corresponding gage heights
are published in tabular formate The base dischargesy which is given in
the table headings is selected so that an average of about three peaks a
year will be presentede Peak discharges are not published for any
canalsy ditchesy drainsy or for any stream for which the peaks are
sub ject to substantial control by mane Time of day is expressed in 24-
hour 1local standard time; for examples 12:30 deme is 0030y 1230 peme is
1330 The minimums for these stations are published in a separate
paragraph following the table of peakse

Footnotes to the table of daily discharges are introduced by the
word "NOTE." Footnotes are used to indicate periods for which the
discharge is computed or estimated by special methods because of no
gage-height records backwater from various sourcesy or other unusual
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conditionse Periods of no gage-height record are indicated if the
period is continuous for a month or more or includes the maximum
gischarge for the yeare. Periods of backwater from an unusual sources of
indefinite stage-discharge relations or of any other wunusual condition
at the gage site are ‘indicated only if they are a month or more in
length and the accuracy of the records is affectede Days on which the
stage-~discharge relation is affected by ice are not indicatede The
methods used in computing discharge for various unusual conditions have
been explained in preceding paragraphse.

The daily table for stream—-gaging stations gives the mean discharge
for each day and is followed by monthly and yearly summariese In the
monthnly summary below the daily tabley the line headed "TOTAL" gives the
sum of the daily figurese The line headed “MEAN" gives the average flow
in cubic feet per second (ft3/s) during the monthe The lines headed
"MAX® and "MIN® give the maximum and minimum daily dischargesy
respectivelyy for the monthe Discharge for the month is also expressed
in acre—feet ()line headea "AC-FT"). 1In the yearly summary below the
monthly summarys the figures following ®“MAX"™ are the maximum daily
discharges for the calendar and water years; likewises those following
"MIN® are the minimum daily dischargese

For most gaging stations on lakes and reservoirs the data presented
comprise a description of the station and a monthly summary table of
stage and contentse For some reservoirs a table showing daily contents
or stage is givenes A skeleton table of capacity at given stages is
published for all reservoirs for which records are published or a daily
basisy but is not published for reservoirs for which only wmonthly data
are givene

Data collected at partial-record stations and at miscellaneous
sites are given in tables at the end of the gaging-station records in
this reporte The first is a table of discharge measurements at low-flow
partial-record stationsy the second is a table of annual maximum stage
and discharge at crest-stage stationses the third is a table of storm
precipitation and related runoff at storm-runoff partiel-record
stationssy and the fourth is a table of discharge measurements at
miscellaneous sitese

ACCURACY OF DATA

The accuracy of streamflow data depends primarily on: () The
stability of the stage-discharge relation orey if the control s
unstables the frequency of discharge measurementss and (2) the accuracy
of observations of stages measurements of discharges and interpretation
of recordse

The station description under "REMARKS" states the degree of
accuracy of the recordse. "Excellent” means that about 95 percent of the
daily discharges is within 5 percent; "“good* means within 10 percent;
and “fair" within 15 percent. "Poor"™ means that daily discharges have
less than “fair" accuracye

Figures of daily mean discharge in this report are shown to the
nearest hundredth of a cubic foot per second (ft3/s) for discharges of
less than 1 ft3/s; to tentns between 1.0 and 10 ft3/s; to whole numbers
between 10 and 14000 ft3/s; and to 3 significant figures above
19000 ft3/s. The number of siygnificant figures used is based solely on
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the magnitude of the figuree The same rounding rules apply to discharge
figures listed for partial-record stations and miscellaneous sitese

Discharge at many stationsy as indicated by the monthly means may
not reflect natural runoff due to the effects of diversions consumptions
regulation by storages evaporations or other factorse Howevers because
all the effects cannot bDe measured or evaluatedy satisfactory
ad justments generally cannot be made. For some stationssy available
figures of diversions or change in contents of reservoirs are included
as supplemental datae. Even at those stations where adjustments can be
mades large errors in computed runoff may occur if adjustments or losses
are large in comparison with the observed dischargees

PUBLICATIONS

In each Water-Supply Paper entitleds "Surface Water Supply of the
Unitead States® there is a 1list of numbers of preceding Water-Supply
Papers containing streamflow information for the area covered by that
reporte In additions there is a list of numbers of Water—-Supply Papers
containing detailed information on major floods in the areae. Records
for stations in Colorado for the period October 1960 to September 1965
are in Water—Supply Papers 1918y 1919y 19219 19239 19249 and 1925; and
for the period Uctober 1965 to September 1970 are in Water-Supply Papers
2118¢ 2119+ 2121y 2123+ 2124y and 2Z125.

Two series of summary reports entitleds "Compilation of Records of
Surface waters of the United States"™ have been published; the first
series covers the entire period of record through September 1950 ard the
second Series covers the period October 1950 to September 1960 These
reports contain summaries of monthly and annual discharge and monthend
storage for all previously published recordsy as well as some records
not contained in the annual series of water—-supply paperse All records
were reexamined and revised where warrantede Estimates of discharge
were made to fill short gaps where practicale The yearly summary table
for each gaging station lists the numbers of the water—-supply papers in
which daily records were published for that station. Records for
stations in Colorado are compiled in Water-Supply Papers 1310 1311y
1312y and 1313 through September 1950; and in Water—Supply Papers 1730«
1731y 17324y and 1733 for October 1950 to September 1960.

Special reports on major floods or droughts or of other hydrclogic
studies for the area have been issued in publications other than water-
supply paperse Information relative to these reports may be obtained
from the district officee

OTHER DATA AVAILABLE

Information of a more detailed nature than that published for most
of the gaging stationse such as discharge measurementss gage-reight
recordss and rating tablesy is on file in the district offices Also
most gaging-station records are available in computer-usable form and
many statistical andlyses have been madee
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RECORDS OF DISCHARGE COLLECTED BY AGENCIES
OTHER THAN THE GEOLOGICAL SURVEY

Records of discharge not published by the Geological Survey were
collected at many sites in Colorado during the water year Dy the
following agencies: City of Colorado Springs; Colorado Division of
Water Resources; Forest Services UeSe Department of Agriculture; City
and County of Denvers Board of #Water Commissioners; National HWeather
Servicey Uepartment of Commerce; and Bureau of Reclamations UeSe
Department of the Interiore

EXPLANATION OF WATER-QUALITY RECURDS
COLLECTION AND EXAMINATION OF DATA

Water samples for analyses usually are collected at or near gaging
stationse. The discharge records at these stations are wused in
conjunction with the computations of the chemical constituents and
sediment loadse.

Descriptive statements are given for water-quality stations located
at or near streamflow stationse. Information given includes the
locatione drainage areay periods of record for the various water—quality
datas extremes of the pertinent datas and general remarks in 2 format
similar to that used for streamflow gaging stations.

Water—-quality information is presented for chemicals biologicals
and microbiological qualitys water temperatures and fluvial sedimente
Chemical quality includes conceatrations of individual dissalved
constituents and certain properties or characteristics such as hardness,
sodium—absorption-ratios specific conductancey and pHe

The biological information includes qualitative and quantitative
analyses of planktons bottom organismsy and particulate inorganic and
amor phous matter presents Microbiological information includes
quantitative identification of certain bacteriological indicator
organismse

Prior to the 1968 water yearsy data for chemical constituents and
concentrations of suspended sediment were reported in parts per million
{ppm) and water temperatures were reported in degrees Fahrenheit (°F)e.
In October 1967+ the Geological Survey began reporting data for cherical
constituents and concentrations of suspended sediment in milligrams per
liter (my/L) and water temperatures in degrees Celsius (°C)e In weters
with a density of 1.000 g/mL (grams per milliliter)s parts per million
and milligrams per liter can be considered equale In waters with a
density greater than 1.000 g/mLs values in parts per million should be
multiplied by the density to convert to wmilligrams per liter.
Temperature reported in degrees Celsius may be converted to degrees
Fahrenheit by using table 3.

TEMPERATURE

Water temperatures were measured at most of the water-quality
stationse. In additions water temperatures are taken at the tiwe of
discharge measurements for surface-water stationse For daily stationsy
the water temperatures are taken at about the same time each day when
the sample is collected. At stations where continuously recording
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thermographs are presents the records consist of maximum and minimum
temperatures for each day; stations equipped with aoncontinuous digital
monitors provide temperature records based on hourly punchese

Large streams have a small diurnal temperature change; shallow
streams may have a daily range of several degrees and may follow closely
the changes in air temperature. Some streams may be affected by waste-
heat dischargesa

Table 3.--Degrees _Celsius_{(°C) to _degrees Fahrenheit (OF)%
{Temperature reported to nearest 0.59()

e
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