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Water Resources Data for Colorado, 1967

Part 2: Water Quality Records

INTRODUCTION

Water-resources investigations of the U.S. Geological Survey in-
clude the collection of water quality data on the chemical and physical
characteristics of surface- and ground-water supplies of the ITation.
These water quality data for surface waters in Colorado for the 1967
water year are presented in this report. Data for a few water quality
stations in bordering States and selected data on the chemical quality
of ground water in Colorado are also included. The data were collected
by the Water Resources Division of the U.S. Geological Survey under the
direction of E. A, Moulder, district chief, Water Resources Division.

Water quality information is presented for chemical quality, flu-
vial sediment, and water temperatures. The chemical quality includes
concentrations of individual dissolved constituents and certain prop-
erties or characteristics such as hardness, sodium-adsorption-ratio,
specific conductance, and pH. Fluvial sediment information is given
for suspended-sediment discharges and concentrations and for particle
size distribution of suspended sediment and bed material. Water tem-
perature data represent once-daily observations except for stations
where a continuous temperature recorder furnishes information from
which daily minimums and maximums are obtained.

The Geological Survey has published an annual series of water-
supply papers, "Quality of Surface Waters of the United States," from
1941 through 1963 which contain the chemical quality, temperature, and
fluvial sediment data of the water. Each volume covered an area whose
boundaries coincided with those of certain natural drainage areas.

The records for Colorado are contained in Parts 5-6, 7-8, and 9-14 of
the water-supply paper series. (See table, p. 15.) These publications
are available in most public libraries. Beginning with the 1964 water
year, water quality records for surface and ground water obtained by
the Geological Survey were published in a new series of annual releases
on a state boundary basis. This report is primarily for local and im-
mediate use, and its distribution is limited. The records pertaining
to surface waters will be published in the Geological Survey water-
supply papers at 5-year intervals.



WATER QUALITY RECORDS IN COLORADO, 1967

COOPERATION

Most data in this report were obtained as part of the Federal Pro-
gram of the U.S. Geological Survey or in cooperation with the Bureau of
Reclamation, U. S. Department of the Interior. Investigations of som=
ground water and surface water were made under cooperative agreement
between the U.S. Geological Survey and the Colorado Water Conservation
Board, F. L. Sparks, director.

Five of the records published in this report were furnished by
the following U.S. Geological Survey districts: Utah district, two
stations; New Mexico district, one station; Nebraska district, one sta-
tion; and Wyoming district, one station.

DEFINITION OF TERMS AND ABBREVIATIONS

The terms and abbreviations of water-quality and hydrologic data
as used in the text and tabular data of this report, are as follows:

Acre-foot (ac-ft) is a quantity of water required to cover 1l acre
to a depth of 1 foot and is equal to 43,560 cubic feet or 325,851 gallons.

Cfs-days is the volume of water represented by a flow of 1 cubic
foot per second for 24 hours. It equals 86,400 cubic feet, 1.983471 acre-
feet, or 646,317 gallons.

Cubic feet per second (cfs) is a unit expressing rates of discharge.
One cubic foot per second is equal to the discharge of a stream whose
channel is 1 square foot in cross-sectional area and whose average ve-
locity is 1 foot per second.

Discharge, in its simplest concept, means outflow; therefore, the
use of this term is not restricted as to course or location. In this
report it represents the total fluids measured in the stream.

Daily mean discharge is the mean discharge for one day.

Mean daily discharge is the arithmetic mean discharge for tle
same day during a specific period of years.

Mean discharge is the arithmetic mean of individual daily mean
discharges during a specific period.

Instantaneous discharge (at time of sampling). If the disclarge
at the time of sampling is reported instead of the daily mean, tle
heading of the discharge column is "Discharge (cfs)."




DEFINITION OF TERMS AND ABBREVIATIONS

Drainage area is that area, in a specified location, measured in a
horizontal plane, which is enclosed by a drainage divide.

Drainage basin is a part of the surface of the earth that is occu-
pied by a drainage system, which consists of a surface stream or body of
impounded surface water together with all tributary surface streams and
bodies of impounded surface water.

Equivalents per million (epm) is a unit for expressing the concen-
tration of chemical constituents in solution in terms of the interracting
values of the electrically charged particles, or ions. One equivalent
per million of a positively charged ion will react with one equivalent
per million of a negatively charged ion. Parts per million is converted
to equivalents per million by multiplying by the reciprocal of the com-
bining weight of the ion. (See table below.)

Conversion factors: Parts per million
to equivalents per million

Ion Multiply Ton Multiply
by by
Aluminum (AL ¥3)....... 0.11119 Hydroxide (OH ~1)...... 0.05880

Arsenic (As T3)........ .04004
Barium (Ba +2)4é...,... .01456
Beryllium (Be ¥%)...... .22192
Bicarbonate (HCO3™l)...  .01639
Bromide (Br “1)........ .01251
Cadmium (Cd *2)........ .01779
Calcium (Ca *2),....... .04990
Carbonate (C03°2)...... .03333
Chloride (Cl ~1y....... .02821
Chromium (Cr ™) ....... .11539
Cobalt (Co ™2),........ .03394
Copper (Cu +2{.......°. .03148
Fluoride (F " eececens .05264
Hydrogen (H T1)........ .99209

Todide (I "D .ouua..... .00788
Iron (Fe ¥3)........... .05372
Lead (Pb +2)'i°""°"' .00965
Lithium (Li 1y, ...... 14411
Magnesium (Mg 12)...... .08226
Manganese (Mn +2)...... .03640
Nickel (Ni +2{......... .03406
Nitrate (NO3™ ") seeccass .01613
Phosphate (P04 3)......  .03159
Potassium (K +l)-..-o- .02557
Sodium (Na T1),........ .04350
Strontium (ST T2)..eu.. .02282
Sulfate (S04 ...eee..  .02082
Zine (Zn T2).iiiiiinnnn .03060

Gage height is the water-surface elevation referred to some arbitrary
gage datum. Gage height is often used interchangeably with the more gen-
eral term "stage," although gage height is more appropriate wher used with
a reading on a gage.

Gaging station is a particular site on a stream, canal, lale, or
reservoir where systematic observations of gage height or discharge are
obtained. When used in connection with a discharge record, the term is
applied only to those gaging stations where a continuous record of dis-
charge is obtained.




WATER QUALITY RECORDS IN COLORADO, 1967

Hardness of water is the property of water attributable to the pr=s-
ence of alkaline earths and is expressed as equivalent calcium carbonate
(CaC0O3) . Hardness is a physical-chemical characteristic, not a substance.

Hydrologic bench-mark station is one that provides hydrologic data
for a basin in which the hydrologic regimes will likely be governed solely
by natural conditions. 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 physiography, climate, and
geology are similar to those in the undeveloped bench-mark station.

Particle size is the diameter, in millimeters (mm) of suspended
sediment or bed material determined by sieve and sedimentation methods.

Particle size classification agrees closely with recommendations
made by the American Geophysical Union Subcommittee on sediment terminolo-
gy (Lane and others, 1947, p. 937). The classification is as follows:

Clay: Smaller than 0.004 mm.
Silt: Between 0.004 and 0.062 mm.
Sand: Between 0,062 and 2.0 mm.
Gravel: Between 2.0 and 64.0 mm.

The particle size distributions given in this report are not necessarily
representative of the particle sizes of sediment in transport in the nat-
ural stream. Most of the organic matter is removed and the sample is sub-
jected to mechanical and chemical dispersion before analysis of the silt
and clay.

Parts per million (ppm) is a unit for expressing the concentration of
chemical constituents by weight, usually as grams of constituents per mil-
lion grams of solution. In the laboratory the results are expressed in
weights of solutes in a given volume of water. To express the results in
parts per million, the data must be converted. For most waters, this con-
version is made by assuming that a liter of water weighs 1 kilogram; thus
milligrams per liter is equivalent to parts per million. Parts per mil-
lion, for suspended sediment, is computed as 1 million times the ratio of
the weight of sediment to the weight of the mixture of water and sediment.

Sediment is solid material that originates mostly from disintegrated
rocks and is transported by, suspended in, or deposited from water; it in-
cludes chemical and biochemical precipitates and decomposed organic material
such as humus. The quantity, characteristics, and cause of the occurrence
of sediment in streams are influenced by environmental factors. Some major
factors are degree of slope, length of slope, soil characteristics, land
usage, and quantity and intensity of precipitation.



DEFINITION OF TERMS AND ABBREVIATIONS

Sediment discharge is the rate at which dry weight of sediment
passes a section of a stream or is the quantity of sediment, as mreasured
by dry weight, or by volume, that is discharged in a given time.

Solute is any substance derived from the atmosphere, vegetation,
soil, or rocks and is dissolved in water.

Specific conductance is a measure of the ability of a water to con-
duct an electrical current and is expressed in micromhos per centimeter
at 25°C. Because the specific conductance is related to the numker and
specific chemical types of ions in solution, it can be used for spprox-
imating the dissolved-solids content in the water. The following general
relations are applicable:

Specific conductance x (0.65+0.05) = ppm dissolved solids;

Specific conductance - total epm
100 2

Sodium adsorption ratio (SAR) is the expression of relative activity
of sodium ions in exchange reaction with soil and is an index of sodium
or alkali hazard to the soil. This ratio should be known especially for
water used for irrigating farmland.

Streamflow is the discharge that occurs in a natural channel. Al-
though the term ''discharge'" can be applied to the flow of a canal, the
word "streamflow'" uniquely describes the discharge in a surface rtream
course. The term "streamflow" is more general than "runoff.'" Stream-
flow may be applied to discharge whether or not it is affected by diversion
or regulation,

Suspended sediment is the sediment that at any given time ir main-~
tained in suspension by the upward components of turbulent currents or
that exists in suspension as a colloid.

Thermograph is a thermometer that continuously and automatically
records, on a chart, the water temperature of a stream. ''Temperature
recorder'" is the term used to indicate the location of the thermograph.

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 days. A time-weighted average represents the corposition
of water that would be contained in a vessel or reservoir that had re-
ceived equal quantities of water from the stream each day for the water
year.
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Tons per acre-foot indicates the dry weight of dissolved solids in
1 acre-foot of water. It is computed by multiplying the concentration in
parts per million by 0.00136.

Tons per day is the quantity of a substance in solution or suspension
that passes a stream section during a 24-hour period.

Water year in Geological Survey reports dealing with surface water
supply is the 12-month period, October 1 through September 30. The water
year is designated by the calendar year in which it ends and which in-
cludes 9 of the 12 months. Thus, the year ending September 30, 1967, is
called the ''1967 water year."

Weighted average is used in this report to indicate discharge-
weighted average. It is computed by multiplying the discharge for a sam-
pling period by the concentrations of individual constituents for the cor-
responding period and dividing the sum of the products by the sum of the
discharges. 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
reservoir.

STATION NUMBERS AND WELL NUMBERS

A station number has been assigned as an added means of identifica-
tion for each stream location where regular measurements of streamflow
and determinations of water quality have been made. The numbers have
been assigned in the same downstream order used in the annual series of
water-supply papers. In assigning station numbers, no distinction is
made between surface water gaging stations and water quality record
stations. Gaps are left in the numbers to allow for new stations that
may be established; hence the numbers are not consecutive.

The complete 8-digit number for each station, such as 06-7540,00,
includes the part number "6" plus a six-digit station number. In this
report, the nonessential zeros are not shown. For example, the complete
number 06-7540.00 appears as 6-7540, just to the left of the station
name. In this report, the records are listed in downstream order by
parts. All records for a drainage basin encompassing more than one State
could be arranged in downstream order by assembling pages from the various
State reports by station number to include all records in the basin.

The well numbers used in this report indicate their location. The
numbering system, which is illustrated on page 8, is based on the U. S.
Bureau of Land Management's system of land subdivision. The number shows



STATION NUMBERS AND WELL NUMBERS

the location of the well or test hole by quadrant, township, range,
section, and position within the section. The capital letter at the
beginning of the location number indicates the quadrant in which the
well is located. Four quadrants are formed by the intersection of the
base line and the principal meridian--A indicates the northeast quad-
rant, B the northwest, C the southwest, and D the southeast. The first
numeral indicates the township, the second the range, and the third the
section in which the well is located. Lowercase letters following the
section number locate the well within the section. The first letter
denotes the quarter section, the second the quarter-quarter section,

the third the quarter-quarter-quarter section, and the fourth the quarter-
quarter-quarter-quarter section. The letters are assigned within the
section in a counterclockwise direction beginning with (a) in the north-
east quarter of the section. Letters are assigned within each quarter
section, quarter-quarter section, and quarter~-quarter-quarter se~tion in
the same manner. Where two or more locations are within the smallest
subdivision, consecutive numbers beginning with 2 are added to the
letters in the order in which the wells or test holes were inventoried.
For example, C4-68~15daaa2 indicates a well in the northeast quarter of
the northeast quarter of the northeast quarter of the southeast quarter
of sec.15, T.4 S., R.68 W., and shows that this is the second well in-
ventoried in the quarter-quarter-quarter~-quarter section. The capital
letter C indicates the township is south of the base line and that the
range is west of the principal meridian.



Well C4-68-15daaa?2

Figure l.--System of numbering wells in Colorado.



COLLECTION AND EXAMINATION OF SAMPLES

Samples of surface water ordinarily were obtained at or near gaging
stations because water-discharge data are essential for computation and
interpretation of water-quality records. Samples taken daily were taken
by local observers trained and supervised by personnel of the Geological
Survey. Samples taken less frequently than daily generally were taken
by Geological Survey personnel or by personnel of cooperating agencies.
The map on page 10 shows the locations of the surface-water stations
sampled in 1967.

Samples of ground water were taken at or near the points of well
discharge. Data on the quality of ground water were collected at least
once during the year. The areas in which these wells are located are
shown on the map on page 1ll.

Solutes

The methods of collecting water samples and of compositing daily
samples prior to laboratory analysis are described in a manual bty Rain-
water and Thatcher (1960). No single method of compositing of cdaily
samples is applicable for all water-quality stations; the methoc used
depends on the type of water problem being studied at the staticn. Gen-
erally, only samples having similar dissolved-solids content, irdicated
by measurements of conductivity, are included in any given compcsite.

At sites where water-quality data were collected less frequently than
daily, the data may represent conditions only at the time of samrpling.
For such sites, however, observations obtained over a period of years
show relations that are useful in predicting the long-term water-quality
characteristics.

Temperature

Water temperatures were measured at most of the water-quality sta-
tions. For daily stations, the water temperatures were taken at about
the same time each day in order that the data would be relatively unaf-
fected by diurnal variations in water temperature, Most large swiftly
flowing streams probably have a small diurnal variation in water tem-
perature, whereas sluggish or shallow streams may have a daily range of
several degrees and may follow closely the changes in air temperature.
The thermometers used for determining the water temperature were accurate
to plus or minus 0.5°F,

At stations where thermographs are located, the records corsist of
maximum and minimum temperatures for each day and the monthly averages
of maximum daily and minimum daily temperatures.



5 v o

|
|

<

Jusuipes pue A}1|enb |edluay)y !

*'$911s 9s3y] JO awos }e K|/ep paule}qo 9.oM Blep aunjesadwal-sajem Jeak uajem ayy Bujanp

Paule}qo 949M 423}eM 39BJUNS 4O A}i|enb UO BIEp 9J9YM S3}IS JO SUOIJRD0| BuimMOys opes0|0) jo dey—-Z a4nbiy
S 665 o5t 051 Iy ;

o

v
1] (113

®
£}1|enb |eoluwdy)
©
jusulpag
© \
NO1LVNVIdX3

psiemt-

1
|
i
|
\.. vI1ILS0D
!
|
)

osSvd T3
sBunidg ope.olo) @

< ;oaimow
X 1enG3p
\‘\ L Nido |/

0 e

0

1304008 \>

10



[BJ1WAYD BY} UO pauie}qO D49M BIEp d49YyM seade Buimoys opeuo|o) jo dey—'g aunbiy

0 02

*1a3em punoab jo £3ienb
SO 002 091 0zl

8¢

t431sno )
| ©

AempiQ
A3TMOYD

| JaAly SDSUDNAY dY3 Jo . A
ﬂ.uo..u Kipynquay wagygao 000 [ o

- — - - — oI

' Z\O\N\!\b o)
e 7
_(\ca.mf_:_b - - ,

-

4
7 Soam suordub)

Y

e

X3390 HvID™,
< \so.wﬁow
X 1#AG3D
PRI

A\ - | \
fonry ayfeld /e.wﬂ.oc‘_a_ (8 W18 v
yItog sy} 4 SL& “eyphog el | TS T eR
& 4 L ! . ! Ny
Asdang1id u sy aydey 8
N N N ™~
. | ~, : —— L
0T 501 oot o

11



WATER QUALITY RECORDS IN COLORADO, 1967
Sediment

Suspended-sediment samples generally were collected periodically
with depth-integrating cable-suspended or hand samplers at many verti-
cals in the stream cross section. Although data collected periodically
may represent conditions only at the time of observations, such data
are useful in establishing seasonal relations between quality and stream-
flow and in predicting long-term sediment-discharge characteristics of
the stream.

In addition to the records of the quantities of suspended sedimert,
records of periodic measurements of the particle-size distribution of
the suspended sediment and the bed material are included.

IRRIGATION NETWORK STATIONS

Irrigation network stations are water-quality stations located at
or near certain streamflow gaging stations west of the main stem of thle
Mississippi River. The chemical-quality data collected at these stations
are used to evaluate the chemical quality of surface waters used for Irri-
gation and the changes resulting from the drainage of irrigated lands.

Irrigation network stations published in this report are identified
under the station name by "Irrigation network station" set in parentheses.

Over 100 Irrigation network stations were selected in 1952 by the
Subcommittee on Hydrology, Interagency Committee on Water Resources (now
Committee on Hydrology, Water Resources Council). (Of these, approximately
77 currently are in operation.) Prior to water year 1966, chemical-quality
data for irrigation was published in the annual water-supply paper series,
"Quality of Surface Waters for Irrigation, Western States.'" Beginning with
the 1966 water year, the Irrigation network data will be published at 5-
year intervals in the water-supply paper series entitled, "Quality of
Surface Waters of the United States."

SELECTED REFERENCES
The following publications are available for background information
on the methods for collecting, analyzing and evaluating the chemical and

physical properties of surface waters:

Clarke, F. W., 1924, The composition of the river and lake waters of the
United States: U.S. Geol. Survey Prof. Paper 135, 199 p.

Colby, B. R., 1963, Fluvial sediments=--a summary of source, transporta-

tion, deposition, and measurements of sediment discharge: U.S.
Geol. Survey Bull. 1181-A, 47 p.

12



Colby, B. R., and Hubbell, D, W., 1961, Simplified methods for computing
total sediment discharge with the modified Einstein procedure: U.,S.
Geol, Survey Water=-Supply Paper 1593, 17 p.

Collins, W. D., and Howard, C. S., 1928, Quality of water of Colorado
River in 1925-26: U.S. Geol. Survey Water-Supply Paper 596-B,
P. 33'4‘3.

Gregg, D. 0., and others, 1961, Public Water Supplies of Colorado (1959-60) :
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U. S. Inter-Agency Committee on Water Resources, A study of methods
used in measurement and analysis of sediment loads in streams:

Report 11, 1957, The development and calibration of visual accumu-
lation tube: St. Anthony Falls Hydraulic Lab., Minneapolis,
Minn., 109 p., 43 figs.

Report 12, 1957, Some fundamentals of particle-size analysis:
Washington, U. S. Govt. Printing Office, 55 p., 9 figs.

Report AA, 1959, Federal Inter-agency sedimentation instruments
and reports: St. Anthony Falls Hydraulic Lab., Minneapolis,
Minn., 41 p., 27 figs.

Report 13, 1961, The single-stage sampler for suspended sediment:
Washington, U. S. Govt. Printing Office, 105 p., 51 figs.

Report 14, 1963, Determinations of fluvial sediment discharge:
Washington, U. S. Govt. Printing Office, 151 p., 70 figs.
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WATER-SUPPLY PAPERS

The table below shows the annual series of Water-Supply Papers
that give information on quality of surface waters in Colorado. Data
for the Missouri River basin are given in parts 5-6; for the Arkansas
River and Rio Grande basins, in parts 7-8; and for the Colorado River

basin, in parts 9-14.

Water-supply paper numbers and parts, water years 1941-65

Report Parts 1-14 Parts Parts Parts
year (1941-47) 5-6 7-8 9-14
1941 942 - -~ --
1942 950 -- -~ -~
1943 970 -- -- --
1944 1022 - - -
1945 1030 -- - -
1946 1050 -- -- --
1947 1102 -- -- --
1948 -- b1132 cl133 --
1949 -- b1l162 cl163 --
1950 -- 1187 1188 1189
1951 - 1198 1199 1200
1952 -- 1251 1252 1253
1953 - 1291 1292 1293
1954 -- 1351 1352 1353
1955 -- 1401 1402 1403
1956 -- 1451 1452 1453
1957 - 1521 1522 1523
1958 -- 1572 1573 1574
1959 -- 1643 1644 1645
1960 -- 1743 d1744 1745
1961 -- 1883 1884 1885
1962 -- 1943 1944 1945
1963 -- 1949 1950 1951
1964 - d1956 d1957 del958
1965 - d1963 d1964  del965

Irrigation

(1951-63)a

1264
1362
1380
1430
1465
1485
1524
1575
1699
d1746
d1886
1946
1952
d1960
d1967

a Annual series, '"Quality of Surface Waters for Irrigation, Western

States."
b Includes parts 1-6.
¢ Includes parts 7-14.
d In preparation.
e Parts 9-11 only.
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