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QUALITY OF WATER OF CONCHAS RESERVOIR, N. MEX,,
1939-49

By Joa~x D. Hem

ABSTRACT

Conchas Reservoir is formed by Conchas Dam which is located on the Canadian
River in San Miguel County in northeastern New Mexico. Storage in the
reservoir began in December 1938. At the level of the spillway in the main dam
(pool elevation, 4,201 feset), the reservoir has a capacity of 370,000 acre-feet.
Water from the reservoir is used on the Tucumecari Project of the Bureau of Rec-
lamation. Construction of canals and laterals on the project, which contains
about 45,000 acres, was completed in 1949.

Samples for chemical analysis were collected from Canadian and Conchas
Rivers for a time in 1936 during construction of the dam. After storage began,
samples of inflow and stored water were collected for chemical analysis from April
1939 to July 1949. During the period of record, the water of Canadian River
ranged in dissolved solids concentration from 133 parts per million September
22, 28-29, 1941, to 2,320 parts per million July 10-11, 1943. Water stored in the
reservoir ranged in dissolved solids from about 320 to about 800 parts per million
after a volume of stored water ¢f 25,000 acre-feet was first attained. In general
the predominant anion in the inflow and stored water is sulfate, but of the cations
calcium, magnesium, and sodium all are present in significant amounts. At low
concentrations the water in Canadian River is of the calcium bicarbonate type.
Except during and for some time after periods of excessive inflow, the water in
' the reservoir is generally well mixed. ’

The water from Conchas Reservoir is classified as good to permissible in quality
for irrigation, based on standards of the United States Department of Agriculture.
The water is very hard and rather high in sulfate, but is otherwise satisfactory
for domestic use. It is anticipated that with the Tucumcari Project in full
operation, greater amounts of water will be used for irrigation in the years follow-
ing 1949, and a wider range of fluctuation of the quality of stored water than that
occurring in the last 6 years of the 1939-49 period, may be experienced.

INTRODUCTION
HISTORY, SCOPE, AND PURPOSE OF THE INVESTIGATION

The studies upon which this report is based were begun in January
1936 near the reservoir site early in the construction period. At that
time samples were obtained from Canadian River at several points
below its confluence with Conchas River during the first 3 months of
the year and also in June and July. No further sampling was done
until after storage began in the reservoir at the end of 1938.

Conchas Dam was built as a multiple-purpose project under the
control of the Corps of Engineers. The quality-of-water studies were
made to determine the suitability of the stored water for irrigation and

municipal uses.
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Beginning in April 1939, water samples were collected systematically
at various locations within the reservoir, and near the end of that
year collection of daily samples of inflow from Canadian and Conchas
Rivers was begun. Investigations also were begun late in 1939 to
determine variations of chemical quality with depth below the water
surface within the reservoir. By the middle of 1940, samples were
being collected daily from Canadian River at or near the gaging station
near Sanchez, and during periods of flow from Conchas River near the
gaging station at Variadero. Surface samples were being collected
weekly at three points in the reservoir near the dam, and sets of
samples were being collected at 2- to 4-month intervals at different
depths at these three points and after October 1941 at two other points
in the reservoir farther upstream. This program of sampling was
continued until the end of the investigation on June 30, 1949.

The quality-of-water studies at Conchas Reservoir provide informa-
tion on the chemical characteristics of water available from the
reservoir and assist in determining the effect of inflowing water at
various reservoir stages. This report includes a summary of all
previously published analyses and contains all the significant analyses
made during the investigation which have not previously been
published.
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DESCRIPTION OF CANADIAN RIVER BASIN

Canadian River rises in northern Colfax County, N. Mex., west of
Raton, flows generally south-southeastward to Conchas Dam in south~
eastern San Miguel County; thence it flows eastward across Quay
County into Texas. The river and its tributaries drain an area of
7,327 square miles above Conchas Dam. Except for a few square
miles in Colorado near Raton, all the drainage area above the dam is
in New Mexico. The entire basin of Canadian River above the New
Mexico-Texas line is shown on the base map, figure 11.

The principal tributaries of the river above Conchas Dam rise in the
Sangre de Cristo Mountains and in smaller ranges along the western
edge of the basin. Among the more important tributaries from the
west are Vermejo, Cimarron, and Mora Rivers, and Ocate Creek, all
of which are perennial streams. Conchas River enters the reservoir
from the west but rises in an area of comparatively low elevation and
is intermittent. All tributaries of Canadian River from the east
above the reservoir are small ephemeral or intermittent streams.

The maximum altitudes reached in the Sangre de Cristo range are
more than 13,000 feet, but only a few peaks within the basin rise
above 12,000 feet. Most of the area of the basin above Conchas Dam
comprises plains and remnants of plains at various levels. The alti-
tude of most of this part of the basin is from 4,200 to 7,000 feet. The
altitude of the river bed at'the dam is 4,050 feet.

The climate of the basin is characterized by abundant sunshine, low
humidity, and considetable wind movement. Climatic conditions
within the basin are influenced considerably by differences in altitude,
with short cool summers and long periods of winter cold at the highest
elevations, and long warm summers with only short periods of cold
weather in winter in the lower plains area. In much of the mountain
area annual precipitation averages more than 20 inches, a large part
of which is received in the form of snow. The major tributaries of
Canadian River receive much of their runoff from the slopes of the
high mountains. Most of the precipitation on the plains area is
received in the form of local summer thundershowers, some of which
are violent and cause flash floods in normally dry stream channels.
The mean annual precipitation at Tucumcari is 16.42 inches, which
probably represents about the normal amount for the plains area of
the basin. Evaporation from a Weather Bureau type of land pan at
Conchas Dam averaged 98.29 inches annually for a 12-year period
endmg in 1949,
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FIGURE 11.—Map of Canadian River basin.

The principal cities of the Canadian River basin in New Mexico are
Raton, (pop. 7,927), Tucumcari, (pop. 8,369), and Clayton, (pop.
3,268). Of these cities only Raton is in that part of the basin above
Conchas Dam, but Tucumecari is in the center of a large area irrigated
with water from Conchas Reservoir.

The basin of Canadian River in New Mexico is crossed by several
rail lines. Two lines of the Chicago, Rock Island, & Pacific R. R.
join at Tucumcari and extend to the west as a part of the Southern
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Pacific system. A branch of the Southern Pacific R. R. extends
northeast from Tucumcari to Dawson. The Colorado and Southern
Ry. crosses the northeastern corner of the basin at Clayton. The
Santa Fe Ry. main line crosses the western part of the area between
Las Vegas, just outside the basin, and Raton and extends north into
Colorado.

Several paved highway routes which are heavily traveled cross the
edges of the basin. U. S. Highways 66 and 54 cross the southern
edge of the basin through Tucumecari, and U. S. Highways 64 and 87
cross the northern edge through Raton. U. S. Highway 85 parallels
the Santa Fe Railroad between Las Vegas and Raton. Several State
highways cross the interior of the basin. Parts of these routes are
surfaced. The unimproved roads in the basin are very difficult to
traverse in wet weather.

DESCRIPTION OF CONCHAS DAM

Conchas Dam is on Canadian River about one-eighth mile below its
confluence with Conchas River, and about 35 miles northwest of
Tucumcari, N. Mex. The construction project was approved by
President Franklin D. Roosevelt as a part of the Works Relief Pro-
gram, July 29, 1935, and was assigned to the Corps of Engineers,
Department of the Army. Storage began December 29, 1938,
although construction was not completed until September 15, 1939.
The reservoir is intended to provide flood control, irrigation, and
recreational benefits.

The main dam is a concrete gravity structure in the canyon of
Canadian River (pl. 6), with a maximum height of 235 feet from the
top of the roadway to the foundation and a crest length of 1,250 feet.
The structure, which contains 755,000 yards of concrete, has outlets
near its base to maintain low water flow and to drain the reservoir
should it become necessary. There is a 340-foot ungated spillway
section at the middle of the dam for passage of ordinary high-water
flow. Wing dams extend north about 1,000 feet and south about
4,000 feet from the main dam. These are of earth and rock-fill
construction. A concrete emergency spillway with a crest length of
3,000 feet is north of the dam; it is flanked by two earth and rock-
fill dikes with an aggregate length of about 2,550 feet. An additional
dike across low ground is about a mile south of the main dam. This
dike has a length of about 6,400 feet ard is constructed of earth and
rock-fill. A small saddle dam about 3 miles south of the main dam is
designed to serve as a ‘“fuse plug” in event of extreme flood. The
reservoir map (fig. 12) shows the locations of these structures.

Irrigation water is diverted from the reservoir through a tunnel
under the south dike at an elevation of 4,155 feet. The crest of the

spillway in the main dam is at an elevatlon of 4,201 feet. The crest
975952—52——2
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of the emergency spillway is at an elevation of 4,218 feet. When the
water is at the 4,155-foot level, the reservoir contains 90,800 acre-feet,
of water. When filled to the 4,201-foot level, the reservoir containg
370,000 acre-feet of water. The lake has a surface area of 9,707 acres.
at this elevation and extends 14 miles up the Canadian River valley
and 11 miles up the Conchas River valley. The map of the reservoir
area (fig. 12) shows the extent of the reservoir with the water at the
4,201-foot level. At the elevation of the emergency spillway, 4,218
feet, there is a storage capacity of 566,000 acre-feet. The reservoir
storage figures are taken from the area-capacity table based on the
1949 resurvey of the reservoir.

The level of 4,155 feet is the lowest point to which it is anticipated
the reservoir will be drawn down, and the permanent pool below this
elevation is used primarily for sediment storage and for recreational
purposes. The capacity between elevations 4,155 and 4,201 feet
covstitutes irrigation storage and amounts to 279,200 acre-feet. The
portion of the reservoir between elevations 4,201 and 4,218 feet is to
be used for detention storage for flood control. A 150-kw. hydro-
electric generator has been installed in the main dam, and the dam was
so constructed that larger generating units could be installed if use of
the water for this purpose is ever required. An area near the dam has
been set aside and partly developed as Conchas State Park, to enhance
the recreational use of the reservoir.

TUCUMCARI IRRIGATION PROJECT

The Tucumecari Irrigation Project was authorized by Congress in
1938. Water for the project is stored in Conchas Reservoir. The
Arch Hurley Conservancy District, organized under the laws of New
Mexico, comprises the lands in the vicinity of Tucumecari irrigated with
this water. Construction of the irrigation system was begun in 1940
but was suspended in December 1942 because of the war emergency.
In 1944 the project was reauthorized as an emergency food project,
and late in 1945 water was made available to 7,000 acres of project
land. The construction of canals and laterals was completed in 1949.
The distribution system includes about 116 miles of main canal and
about 200 miles of laterals and serves about 45,000 acres of irrigable
lands. The main canals have 35 siphons, with an aggregate total
length of more than 28,000 feet, and 5 tunnels, with an aggregate total
length of more than 30,000 feet. These structures were necessitated
by the rough terrain through which the canals pass between Conchas
Dam and the areas to be irrigated.

Crops grown successfully under irrigation at Tucumecari include
alfalfa, cotton, small grains, corn and various forage crops, and vege-
tables. Farmers in the project area are experimenting with various
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crops. Because of the newness of irrigation in the area, it is not
now known which crops will eventually be most important.

PREVIOUS INVESTIGATIONS

Chemical analyses of water samples collected from the Conchas
Reservoir and Canadian and Conchas Rivers after September 30,
1950, have been published or are to be published in Water-Supply
Papers, by the Quality of Water Branch of the United States Geologi-
cal Survey, for the years 1941-49. Each of the annual reports from
1946 to 1949 will also contain analyses for the Canadian River and
its tributaries in the upper part of the basin in Colfax County.

Chemical analyses of samples collected near the mouth of Sapello
Creek—a tributary of Mora River—at Los Alamos Post Office for
the period March 1905 to April 1906 have been published. (Stabler,
1911, pp. 120-122.) It is not known to what extent conditions in
the basin may have changed since these samples were collected.
Therefore, the analyses may not be representative of present condi-
tions. A few other analyses for surface waters in the basin above
Conchas Dam have been published. (Griggs, 1948, pp. 172-174.)

Some data on quality of ground waters in Colfax County have been
published, and a similar publication is in preparation for San Miguel
County. (Griggs, 1948, pp. 159-171, 175-176.) Chemical analyses
for a number of wells, springs, and surface sources in the Tucumecari
Irrigation Project area are contained in an unpublished report. (Hem
and Hughes, 1948.) No data on quality of surface or ground waters
are available for most of the basin outside these two counties and the
Tucumecari Project area.

METHODS OF COLLECTION AND ANALYSIS OF
WATER SAMPLES

LOCATION OF SAMPLING STATIONS

The first samples collected from Canadian River in this area were
obtained in January 1936 near the site of Conchas Dam short dis-
tances above and below the mouth of Conchas River. Sampling was
discontinued later in that year. Beginning in November 1939, daily -
samples were obtained from Canadian River from flowing water
immediately above the reservoir, 8 to 10 miles downstream from the
gaging station. In February 1941 the sampling station was moved
upstream to the bridge on State Highway 65 (locally known as Garms
Bridge) which is the site of the gaging station. In February 1942
the sampling station was moved farther upstream to Sabinoso, 5
miles above the gaging station, where it remained until the end of the
study. Samples collected at these various points were believed to
be comparable and representative of water passing the gaging station
and entering the reservoir. Although several small tributaries enter
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the river between Sabinoso and the head of the reservoir, they are
all ephemeral.

In 1936, a few samples were collected from Conchas River at its
mouth, and beginning in November 1939 samples were obtained from
flows in Conchas River immediately above the reservoir, some 7 or
8 miles below the gaging station at Variadero. Samples were col-
lected at the gaging station from March 1941 to April 1942, and sub-
sequently at Quintana Ranch 4 miles upstream from the gaging
station. Quality of water records for Conchas River are fragmentary.

The locations of five regular sampling points within the reservoir
are shown on the reservoir area map, figure 12. Station 1 is described
as being in the former channel of the Conchas River, 3,500 feet above
Conchas Dam. Station 2 is below the confluence of Conchas and
Canadian Rivers, at the upstream face of Conchas Dam. Station 3
is in the former Canadian River channel, 1,300 feet above the dam.
These three stations are in the downstream end of the lake, and sam-
ples were first taken at these points in April 1939. Station 6 is in the
Conchas River arm of the reservoir, 5 miles above the dam, and
station 7 is in the Canadian River arm, 5 miles above the dam. Sam-
pling at stations 6 and 7 was begun in October 1941. Samples of
water were collected at the reservoir surface each week at stations
1, 2, and 3, and sets of samples at different depths from the surface to
the bottom of the reservoir were taken two to five times a year at
each of the five stations. A few samples were collected during the
study at other locations in the reservoir.

For the investigation the station on Canadian River above the
reservoir was called station 4 and the station on Conchas River above
the reservoir was called station 5. These stations have been de-
scribed previously. Their locations are shown on figure 11 and the
position of stations 4 and 5 with respect to the other reservoir sta-
tions is indicated on figure 12.

ANALYTICAL PROCEDURES
COLLECTION AND ANALYSIS OF SAMPLES

Specific conductance was determined for each sample collected.
Daily samples of inflow to the reservoir were combined into composite
samples for analysis. Generally the samples for a month from Cana-
dian River were combined into three composites, one for the period
from the first to the tenth of the month, the second for the eleventh
to the twentieth, and the third for the remaining days of the month.
When the daily conductance values showed excessive day-to-day
variation, the composites were made for shorter periods, so that only
daily samples of similar conductance were included in any composite
sample. Samples collected from Conchas River were sometimes
made into composite samples covering periods longer than 10 days.
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Samples collected weekly at the surface in the reservoir were com-
bined into composites each covering a month. Sets of samples col-
lected at varidus depths were not composited.

Analyses of the composite samples from Canadian River near
Sanchez generally included determinations of specific conductance,
pH, silica, iron, calcium, magnesium, bicarbonate, sulfate, chloride,
fluoride, nitrate, and boron. From these data sodium plus potassium,
total and noncarbonate hardness, and perceut sodium were calculated.
During the 1947 water year, however, only a few determinations were
made on composite samples from this station. Composite samples
from Conchas River were usually analyzed for only a few constituents.
Composites of reservoir water often were analyzed for only a few
_constituents because of the nearly constant composition of the reser-
voir water. Generally, for one or more of the samples in each set
taken from several depths, determinations were made of conductance,
calcium, magnesium, bicarbonate, sulfate, chloride, and nitrate.
For each of the remaining samples in the set only two or three con-
stituents were determined.

Analytical procedures were those commonly used by the Geological
Survey. (Collins, 1928, pp. 235:261; Amer. Pub. Health Assoc.
1946, pp. 1-112.)

SIGNIFICANCE OF SPECIFIC CONDUCTANCE

The specific conductance of a water is a measure of its ability to
conduct an electric current. Conductance, the reciprocal of resistance,
is expressed in reciprocal ohms, or mhos, but since the mho is an in-
conveniently large unit to use in studies of natural waters, millionths
of mhos or micromhos are commonly used in reporting the specific
conductance of natural waters. In the records of quality of waters
in the United States that were obtained by the Geological Survey prior
to October 1, 1947, conductance values are expressed as K x 10° at
25 C. These values may be converted to micromhos by multiplying
them by a factor of 10.

The conductance of a water in general varies with the concentration
of dissolved solids and is usually higher for more concentrated waters,
but there is no direct proportional relationship between conductance
and dissolved solids that applies to all natural waters. This is true
because dissolved minerals affect the conductance differently. For
waters such as those entering or stored in Conchas Reservoir, however,
a fairly consistent relationship exists between dissolved solids concen-
trations and conductance. For water in the Conchas Reservoir area

specific conductance in micromhos multiplied by 0.7 gives approxi-
" mate dissolved solids in parts per million.
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EXPRESSION OF RESULTS

Table 1 contains previously unpublished analyses of samples col-
lected between January 8 and July 19, 1936. Table 2 contains pre-
viously unpublished analyses of samples collected between November
11, 1939, and October 1,1940, and a summary of analyses for Canadian
River for water years 1941-49. For each of the 9 water years begin-
ning with 1941 the analyses of the composite samples having maximum
and minimum dissolved solids are given, and the annual weighted-.
average analysis is given for each year except 1942 and 1949. Table
3 contains data for Conchas River above the reservoir, but no weighted
averages are shown for this station as none could be computed on the
basis of available fragmentary records. Previously unpublished
analyses for the period from April 1939 to September 1940 and two or
three typical analyses of reservoir water for each water year from 1941
to 1949 are shown in tables 4, 5, and 6. Tables 4 to 8 contain typical
analyses showing variations in quality with depth at each sampling
point in the reservoir. One set of observations is given for each water .
year for which such data are available.

Fluctuations in concentration of dissolved solids in Canadian River
inflow and in stored water for one station during the period are shown
graphically in figure 13. Chemical character of inflow and stored
water are shown graphically in figures 14 and 15.

Weighted-average analyses were computed by multiplying the dis-
charge for the period of such composite sample by the quantities of
the individual contstituents for the corresponding period and dividing

" the sum of the products for each constituent by the sum of the dis-
charges. The weighted-average analysis represents approximately
the composition of the water that passed the sampling station during
the year had all the water been retained in a reservoir and thoroughly
mixed. -

ed CHEMICAL CHARACTER OF INFLOW
Records of stream flow show that the water stored in Conchas

Reservoir comes largely from the Canadian River. From the time
storage began in the reservoir until the end of the 1948 water year the
total annual discharge of Conchas River into the reservoir ranged
from 86,000 acre-feet during water year 1941 to 1,990 acre-feet during
water year 1945. During 6 years of the period 1939 to 1948 the Con-
chas River discharge was 5 percent, or less, of that of Canadian River
into the reservoir. During this same period, the annual discharge of
Conchas River never was more than about 14 percent of the diseharge
of Canadian River for the same year. Therefore, although few com-
plete analyses are available for Conchas River, the data which are
lacking are of little practical importance. Inflow from small streams
directly tributary to the reservoir probably is even less than inflow
from the Conchas River.
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CANADIAN RIVER

The water of Canadian River above the reservoir fluctuates widely
and rapidly in dissolved solids concentration. This fact is strikingly
illustrated in figure 13, where the specific conductances of composite
samples are plotted against time for the period of record. Had daily
- conductance values been used in this illustration, even greater fluctua-
tions would be shown. Rapid fluctuation in the concentration of
dissolved solids is characteristic of many streams in the southwestern
United States (Hem, 1948, pp. 80-83), and Canadian River above
Conchas Reservoir shows fluctuations similar in some respects to
those of Pecos River and the Rio Grande. The fluctuations are
related to such factors as the geology of the drainage basin, the nature
of rainfall and runoff in the basin, and the manner in which water is
diverted from or returned to the stream. Large areas of sedimentary
rock are exposed in the lower parts of the basin above Conchas Dam.
Some of these sedimentary rocks, and soils derived from them, contain
soluble salts which are carried into the river by surface runoff and
ground-water inflows. These rocks are the primary source of soluble
matter in Canadian River both at high and low stages.

Waters containing less than 200 parts per million of dissolved solids
occur in tributaries rising in the mountains at the west side of the
basin. However, these waters are extensively used for irrigation, and
the return flow from irrigated tracts carries increased concentrations
of dissolved solids. Low flow in Canadian River near Sanchez com-
monly contains more than 1,000 parts per million of dissolved solids,
and concentrations sometimes exceed 2,000 parts per million.

When rainstorms occur in those areas of the basin where soluble
salts are exposed at the surface, the resulting runoff may contain
considerable amounts of dissolved matter. Rises occurring after pro-
longed low-flow periods also have a flushing effect in the main river
channel, dissolving soluble salts left by evaporation and flushing pools
of stagnant highly mineralized water. As a result, the first water of
such a rise to reach the gaging station may be as high as or higher than
preceeding low flow in dissolved solids. The highest dissolved-solids
concentration for the period of record was 2,320 parts per million; it
occurred in water of a small rise on June 10 and 11, 1943, following
about a week of moderately low flow. A rise occurred in Canadian
River at Taylor Springs and near Roy, upstream from Sanchez, at
this time, but none was observed in any of the tributaries from the west
on which gaging stations were in operation.

The lowest concentrations of dissolved solids are observed during
major flood periods, generally some time after the beginning of high
flow. A series of high flows occurred in Canadian River basin late in
September 1941 as a result of widespread and heavy rainfall in the basin
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during the last 2 weeks of the month. The first important rise of the
period at Sanchez occurred on September 21, and the specific con-
ductance of the sample collected that day was 447. The peak flow
was reached the next day, September 22, and the sample collected that
afternoon had a conductance of 213. Conductance values increased
as the stage receded on subsequent days. A second large rise occurred
on September 28 whan a conductance of 294 was obtained, and on the
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FIGURE 13.—Specific conductance of composite water samples from Canadian River near Sanchez, N.
Mex., and the surface of Conchas Reservoir at station 2 (upstream face of dam), and monthly contents of
reservoir, 1939-49.

following day, during a higher stage, the conductance was 203. The
lowest. concentration of dissolved solids for a composite sample at this
station during the period of record was 133 parts per million (specific
conductance 241) for the 3 days September 22, 28, and 29. This
dissolved solids value, however, does not include silica, which was
not determined for the sample.

The chemical character of the water of Canadian River entering the
reservoir is shown in figure 14. The diagrams were prepared according

975952—52——3
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to the system developed by Collins (1923, p. 394). Maximum and
minimum annual weighted-average analyses for the period of record
are shown, as well as maximum and minimum analyses of composite
samples for the period of record.

Sulfate is normally the principal anion in the water of Canadian
River at the Sanchez station, and there is a lesser amount of bicar-
bonate and a relatively small amount of chloride. Calcium, mag-
nesium and sodium are present in important quantities, and usually
no single cation predominates. At low concentrations, however, the
water is of the calcium bicarbonate type.

The diagrams in figure 14 show that the maximum annual weighted-
average analysis has more than twice the concentration of dissolved
solids of the minimum weighted-average. During the same period,
the composite sample of maximum concentration is about 17 times as
high in concentration of dissolved solids as the composite sample of
minimum concentration. These relationships show the variations in
chemical quality typical of the stream, and also they show that im-
portant variations occur in the annual average concentration.

The minimum annual weighted-average concentration for Canadian
River water for the period was probably that reported for the 1941
water year. The runoff in the 1941 water year was 656,500 acre-feet
as compared with 949,500 acre-feet in the 1942 water year. Because
of lack of data for high flow in April 1942 and for several low-flow
periods in 1941 and 1942, it is not possible to compute an accurate
weighted-average analysis for the 1942 water year. The data available
indicate that the minimum annual weighted-average concentration
almost certainly could not have occurred in 1942, even though the
annual runoff at the sampling point that year was the highest in the
period of record. A tentative weighted average—not included in
table 2—computed for the period for which adequate samples were
available in the 1942 water year, and which represents about 67
percent of the total discharge for the year, shows an average con-
centration of 515 parts per million of dissolved solids. If all the un-
sampled water had a concentration of dissolved solids equal to the
minimum observed for the year at high flow in September, the weighted
average for the dissolved solids would have been about 440 parts per
million. This tentative value may be compared with the weighted
average of 368 parts per million for the dissolved solids that was
computed on the basis of practically complete data for the year ended
September 30, 1941 (see table 2). Actually, the concentration of
dissolved solids during the periods in 1942 when no samples were
taken probably would have averaged considerably above the recorded
minimum for the year because the river was at moderately low stages
for a considerable part of the time when no samples were taken.
Probably the weighted-average concentration of dissolved solids for
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FIGURE 14.—Minimum and maximum annual wéighted-average and individual analyses, Canadian
River near Sanchez, N. Mex., and analyses of low and high concentration, Conchas River at

Variadero, N, Mex., 1939-49.



98 CONTRIBUTIONS TO HYDROLOGY, 1948—51

the year ending September 30, 1942, would have been somewhere
between 515 and 440 parts per million had an adequate number of
samples been collected throughout the year.

The fact that the years of maximum total flow are not necessarily
the years of the minimum average concentration of dissolved solids
and vice versa has been observed in studies of other streams in New
Mexico. Rocks exposed in the drainage basin of streams of the
State may differ widely from place to place in their soluble mineral
content. Hence, certain streams may contain comparatively high
concentrations of soluble matter when carrying flood waters which
originate in those parts of the drainage basin where exposed rock
formations contain large amounts of soluble mineral matter. For
such streams the distribution of precipitation in the basin and the
spacing of flood flows with respect to time during the year are perhaps
more important in producing runoff with low concentrations of dis-
solved solids than is high total annual runoff.

The fact that the maximum annual weighted-average concentration
occurred in the 1943 water year is also of interest, because the flow in
that year was greater than that in the succeeding 4 years for which
records are available and was actually fourth highest for the period of
record. (See table 2.) It is possible that the high-average dissolved
solids (993 parts per million) for the 1943 water year was partly the
result of increased ground-water runoff, which would have maintained
" an unusually large base flow of rather highly mineralized water in the
river. This increase in ground-water runoff would be expected to
follow the two abnormally wet years of 1941 and 1942. Definite proof
of an increase in ground-water runoff is lacking, but discharge records
for the station indicate a probable high base flow in 1942 and 1943.
The high weighted-average concentration of dissolved solids in the
1943 water year may also have been the result of unusually low spring
runoff. Under these conditions a subnormal quantity of dilute water
would pass the station and would tend to increase the weighted-average
concentration for the year.

CONCHAS RIVER

Conchas River carries no flow at the sampling point near the
Variadero gaging station except during and shortly after storm
periods. A rather small number of analyses are available for this
stream, and most of these are not complete enough to show the
chemical character of the water. Two analyses are shown diagram-
matically in figure 14 to illustrate the chemical character of water of
different concentrations. Data available are not complete enough to
permit -diagramming of maximum and minimum concentrations for
the period of record on this stream.
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CHEMICAL CHARACTER OF STORED WATER

Figure 13 provides a comparison of the fluctuation of dissolved
solids of Canadian River with changes in concentration of the water
in storage as sampled at the surface of the reservoir at station 2 (see
fig. 12). Specific conductances of monthly composites of the surface
samples from the reservoir are plotted in figure 13. Had conductances
of individual weekly samples been used, however, only slightly greater
fluctuations would be shown. In general, the illustration shows that
the water at the surface of the reservoir at the dam maintains a
remarkably constant concentration, even though there are wide' and
rapid fluctuations in quality of inflow and although the inflow was not
completely mixed with stored water during high-flow periods. Even
the rather large year-to-year variation in weighted-average concen-
tration that characterizes the inflow from Canadian River does not
cause variations of equal magnitude in the reservoir water. Most of
the changes took place in the first 2 years of record, when the reservoir
was being filled for the first time.

Figure 13 also shows the quantity of water in storage in the reservoir
at the end of each month from 1939 to 1949. Storage began near the
end of December 1938, but the reservoir contents did not reach
100,000 acre-feet until late in the summer of 1940. During the
_ period of filling to this level, the small volume of water held in the
reservoir was considerably affected by quality of inflow. The first
samples were collected from the reservoir on April 8, 1939, when only
about 15,000 acre-feet of water was in storage. The concentration
of dissolved solids in the sample taken at station 3 (869 parts per
million) was the highest of record for stored water at the surface of
Conchas Reservoir, and it represented accumulated winter low flow.
As the spring and summer runoff was added to the stored water, its
concentration of dissolved solids decreased. However, from the
fall of 1939 until early in the spring of 1941, inflow to the reservoir
was small in volume. The runoff of Canadian River at Sanchez in
the 1940 water year (34,210 acre-feet), was the lowest total annual
runoff of any of the years covered in this report. From the fall of
1939 until the spring of 1941, the concentration of reservoir water
gradually increased. In March, April and May of 1941 inflow was
sufficient to fill the reservoir to the level of the spillway and water
was spilled in large quantities during 1941 and 1942.

The minimum conductance of stored water at the dam for the
period of record was observed in October of 1941 when several samples
collected from the surface at station 2 had conductances of 454 to 456
micromhos. Mixing of inflow with stored water, however, probably
was incomplete during this period. The concentration of the stored
water increased slowly from October 1941 through most of 1942. It
increased for the subsequent years to a conductance of 1,150 micro-
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mhos in mid-1946 which was the peakfor the period sincestorage volume
first exceeded 25,000 acre-feet in 1939. The concentration decreased
late in 1946, then fluctuated in a narrow range near conductivity 1,000
to the end of the period of record. Figure 15 shows diagrammatically
the analyses for reservoir water of near-maximum concentration in
1945 and near the minimum in 1941. Analyses of stored water are
included in tables 4 to 8.

Probably the principal reason for the effectiveness of Conchas
Reservoir in maintaining the water in storage at so nearly a constant
concentration during the period of record was the large volume of
water held in storage. At all times after initial filling, in 1941 the
amount of water in storage was large compared to the amount that
entered during a single flood. Any such flood, therefore, when mixed
with the water in storage could have only a minor effect on the con-
centration of dissolved solids of the water. '

It may be anticipated that water stored in Conchas Reservoir will
continue to have a comparatively minor fluctuation in concentration of
dissolved matter, although fluctuations greater than those that
occurred between 1944 and 1949 may be expected. The reservoir
will probably be operated so as to maintain a pool of 100,000 acre-feet
or more, primarily for recreational purposes. This water, held
back from year to year, will mix with the inflow and tend to minimize
changes in the quality of stored water, unless the inflow is very great
as it was in 1941. So long as a permanent pool of this size is main-
tained, however, it is unlikely that minimum concentrations of reser-
voir water will drop much below those observed in 1941. While the
permanent pool is maintained the reservoir can never be completely
filled with flood waters of minimum dissolved solids concentration.
The gradual filling of the permanent pool with sediment will eventually
decrease the size and the effectiveness of the pool in minimizing
fluctuations in dissolved solids concentration of stored water.

As previously noted, the facilities for delivery of irrigation water to
the entire Tucumecari Project area were not complete at the time this
investigation was closed. Consequently, during the period of record,
considerably less water for irrigation was withdrawn annually from
the reservoir than may be normally expected in the future. Larger
withdrawals for this purpose will tend to draw down the reservoir
more nearly to the level of the irrigation outlet at the top of the
permanent pool each summer and will probably result in a smaller
average quantity of water in storage than during the period of record
since 1941. Years of high discharge such as 1941 and 1942 also are
likely to occur infrequently. A smaller volume of water available in
the reservoir to mix with inflow will vesult in more fluctuation of the
dissolved solids concentration of stored water than occurred in most
of the period of record. A succession of dry years, resulting in the
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maintenance of little more than the permanent pool in storage might
raise the concentration of the dissolved solids in the stored water to a
maximum considerably above that observed during the period of
record. Evaporation from the lake has an important effect, and
losses from this source may at times exceed the inflow to the reservoir.
Evaporation tends to increase the concentration of dissolved matter
in the remaining water and would play an important part in increasing
the concentration of dissolved solids in the stored water during long
dry periods.

In order to regulate the releases from the reservoir so as to maintain
the stored water at the best possible quality, a continuing study of the
chemical quality of the stored water is desirable. This study is
especially needed if proposed municipal use of the stored water
materializes. , ‘

Figure 15 shows the approximate variation of chemical character of
stored water, based on analyses for the water of low concentration in
storage in September 1941 and the water of considerably higher con-
centration in storage in July 1945. These analyses represent water
at the surface at the upstream face of the dam (sampling station 2).
It is recognized that somewhat higher concentrations wece reached at
this point in 1946, but none of the samples collected that year were
analyzed completely enough to permit the preparation of a diagram.
It is also recognized that at times the water at the surface of the
reservoir at this sampling point might not have been representative
of all the water stored in the reservoir. The data in figures 14 and 15
show that water in storage is very similar in chemical character to the
weighted-average analyses for Canadian River water. During the
pexried of record the concentration of dissolved selids in stored water,
however, has never reached as high a level as the maximum annual
weighted average shown in figure 14.

CHANGES OCCURRING DURING STORAGE
PRECIPITATION OF CALCIUM CARBONATE

The analyses for samples collected from water in storage show that
water at the surface of the reservoir generally has a lower concentra-
tion of bicarbonate than that of the inflow from Canadian River which
contributed to the stored water. This apparent difference in bicar-
bonate concentration probably is the result of precipitation of calcium
carbonate from the water during storage. The effect has been
observed in other reservoirs (Howard, C. S., personal communication)
as well. The available analyses for reservoir water are very incom-
plete, and for a part of the period of record, at least, the water in
storage was poorly mixed. It is not possible, therefore, with the data
available to make any quantitive estimate of the effect of precipitation
of calcium carbonate in Conchas Reservoir.
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| Conchas Reservoir station 2, surface,

September 10, 1941

2 Conchas Reservoir station 2, surface, Na+K Ci+NO3

July 14,1945

3 Conchas Reservoir station 7, surface,
June 3,1943 Mg 504

4 Conchas Reservoir stgtion 7, depth
50 feet, June 3; 1943

5 Conchas Reservoir station 7, depth
109 feet, June 3, 1943

6 Conchos Reservoir station 7, depth
119 feet (bottom), June 3, 1943
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Fi1GuRE 15.—Typical analyses of low and high concentrations and analyses of samples from different depths,
Conchas Reservoir, N. Mex.
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EVAPORATION

The fact that evaporation measured in a land pan at Conchas Dam
averages more than 8 feet a year has already been cited. This high
evaporation rate indicates that there may be a considerable increase
in concentration of dissolved matter in stored water resulting from
loss of water to the atmosphere. Attempts to evaluate the effect
closely, however, have encountered difficulties. The records of water
released from the reservoir are incomplete and it is uncertain what the
quality of the spilled water was. Furthermore, available analyses
for stored water may not represent satisfactorily the average composi-
tion of all water in the reservoir. Tentative computations, which
are subject to these inaccuracies, show that at the end of the 1940
water year the water in storage was about 5 percent higher in dissolved
solids than it should have been as computed from data on quantity
and quality of inflow. This difference probably was the result of
evaporation.

MIXING OF STORED WATER

The analyses in tables 4, 5, 6, 7, and 8 give indications of the extent
to which the water entering the reservoir mixes with that already in
storage. In many reservoirs it has been found that mixing is far
from complete at times, and that flows of water may pass through a
reservoir and be discharged without appreciable changes in their
chemical composition even thought a large volume of water is in
storage. The irregular shape of Conchas Reservoir and the variable
quality of inflowing water might be expected to be factors contributing
to poor mixing and to lack of uniformity of the quality of stored water
in the two main arms of the lake.

Data collected during the study show no significant consistent
difference in water samples collected on the same day at the surface
of the reservoir at stations 1, 2, and 3. However, these sampling
points are near the dam and at a maximum distance from points of
inflow, so that the mixing effect should be most complete in that part
of the reservoir. Surface samples taken on the same day at stations
6 (Conchas arm) and 7 (Canadian arm) both of which are 5 miles
above the dam, sometimes differed appreciably during the years of
high flow in the first part of the study. From 1944 to the end of the
investigation, however, sets of samples taken on the same day at all
five points in the reservoir show practically uniform composition of
water at the surface.

The samples taken at various depths show a lack of complete
mixing at stations 1, 2, and 3 on several occasions, notably in February
1942 and December 1942. The analyses for these periods show water
of comparatively low concentration of dissolved solids overlying more
concentrated water. Probably during periods of high inflow to the

reservoir in 1941 and 1942, considerable amounts of water compara-
975952—52—4
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tively low in dissolved solids spread over more highly mineralized
water already in storage and passed down the reservoir to the dam
without gaining appreciably in concentration. The time of sampling
at stations 6 and 7 during 1941 and 1942 does not coincide exactly
with that at stations 1, 2, and 3, but the results show lack of mixing
at depth at least part of the time during those years. The available
data do not show definitely that individual flows of water pass through
the rerervoir at depth without mixing, however, it is possible that such
flows may occur at times.

Abnormally high concentrations of bicarbonate were noted in
several samples of water collected at the surface of the sediment
layer, or of water in the upper part of the sediment layer in the bottom
of the reservoir. These abnormally high bicarbonate concentrations
sometimes were associated with below-normal sulfate concentrations,
as shown 'in figure 15, where results of analyses of a set of depth
samples collected at station 7 are shown diagrammatically.

RELATION OF QUALITY OF WATER TO USE
IRRIGATION

The principal future use of water from Conchas Reservoir probably
will be for irrigation in the Tucumecari Project area. For satisfactory
results, water to be used for irrigation should be free from excessive
quantities of dissolved solids. However, the quality of water in the
root zone of the irrigated plants is the controlling factor, and this is
influenced by various conditions other than the quality of the irriga-
tion supply. Among these conditions are the nature of the soil,
effectiveness of drainage, amount of water applied, and amount of
rainfall. In addition, crop plants differ considerably in their tolerance
of salinity.

The water applied to a field in.the process of irrigation invariably
contains some dissolved mineral matter. The evaporation from the
land surface and the transpiration of the plants dispose of what essen-
tially may be considered distilled water. The dissolved matter
originally contained in this water is left behind. Some of this material
is utilized by the plants in their structure, but a large part is not usable
and is left behind either in residual water or in the soil. As a result
the water in the root zone commonly has a higher content of dissolved
solids than the original irrigation water. In order to keep the water
of the root zone within acceptable limits of salinity, it is necessary
occasionally to apply an excess of irrigation water. A part of this
excess passes downward through the root zone to the water. table,
carrying with it soluble matter which may have accumulated in the
soil and root zone. This leaching may be accomplished also by heavy
rainfall. However, leaching can be effective only if the drainage is
sufficiently complete to keep ground water levels from rising exces-
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sively. Where the water table is very near the surface the continuous
evaporation of water from the moist surface soil causes the visible
accumulation of soluble salts commonly called ‘“alkali.”

Another factor of considerable importance in the evaluation of
irrigation water is sodium percentage. The percent sodium of a water
is the proportion of sodium to the total cations—calcium, magnesium,
sodium, and potassium. Waters with excessively high sodium per-
centages may enter into a base-exchange reaction with the soils which
they irrigate. As a result of this reaction, the soil is deflocculated
and hardened and becomes progressively less permeable to water.
This reaction is not stopped by adding excess water but may often be
controlled by adding substances like gypsum to the soil.

The diagram in figure 16 has been adapted from that of Wilcox
(1948, p. 26) and can be used as an aid in the evaluation of an irriga-
tion water by plotting conductance against sodium percentage and
noting the area on the diagram in which the resulting point falls.

The presence of boron in irrigation water in concentrations toxic to
certain boron-sensitive plants constitutes a further problem in some
areas. No boron concentrations sufficient to cause damage, however,
were found in analyzing any surface water from this area.

On the whole the water stored in Conchas Reservoir was ‘“‘good to
permissible’” for irrigation most of the time from 1939 to 1949. For
a time in 1941 and 1942 it was “excellent to good.” Little difficulty
should be experienced in using this water on well-drained land. The
sodium percentage of the stored water appears to be less than 40 at
all times. )

By way of contrast, the inflow to the reservoir from Canadian
River, during the investigation, ranged from ‘““excellent to good” to
“unsuitable.”

DOMESTIC USE

Standards for drinking water supplied in common carriers have
been published by the U. S. Public Health Service (1946, pp. 371-384).
According to these standards a satisfactory drinking water should
contain no more than 1.5 parts per million of fluoride and preferably
no more than 250 parts per miillion of chloride or sulfate, 125 parts
per million of magnesium, or 500 parts per million of dissolved solids.
However, concentrations of dissolved solids as much as 1,000 parts
per million may be permitted if better water is not available. These
standards are commonly used for evaluation of drinking water, but
it is recognized that waters of higher concentration are used continu-
ously by many people without apparent ill effects. During the period
of record, the water of Conchas Reservoir always contained less than
1,000 parts per million of dissolved solids, but for a considerable
part of the time the sulfate concentration was more than 250 parts per
million. Fluoride concentrations in the stored water appear to be low.
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FI0URE 16.—Diagram for use in interpreting the analysis of irrigation water.
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Hardness in water is caused principally by dissolved calcium and
magnesium. Excessive hardness in a domestic water supply is
objectionable principally because of the excessive amounts of soap
consumed in washing and the scale deposits left in water heating
equipment. The water of Conchas Reservoir is very hard. Ifit were
necessary, the water from Conchas Reservoir could be used satis-
factorily as a municipal supply. Treatment to assure sanitary
purity would be required, and treatment to reduce the hardness
would be desirable.
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ANALYSES

The following tables summarize the data obtained during the
period 1939-49 on the quality of inflowing water at Conchas Reser-
voir and on the quality of water in storage. All analyses in these
tables for samples collected prior to October 1, 1940, and the weighted-
average analyses for the Canadian River for water years prior to
1944 have not previously been published.



CONTRIBUTIONS TO HYDROLOGY, 1948-51

108

18 813 607 09 T0T|qpL |7~7°°°° LG 7T T (444 991 a8 L8 €01
1443 clg | 0SF 06 PIT | 288 |TTTTT7C (U2 LT 18% 691 66 4 911
gg 028 1414 9LT II°T (918 [°7°°°° ¥y |77 o1 S6% S11 101 18 S01
8¢ g8¢ | 96% P | 08T [ 493 |T°77°7° ¢ |77 81 189 981 9Tt 44 821
9% L8% | LIL 0% mv.ﬁ €9°T [ 108°T |77 (12 1% 089 182 o1 9 281
iz P61 6128 (12 96" 11200 0¢ (77777 11 028 €01 n 19 81 89
18 44 869 226 | Op°T | 680°T |"-"T7" i R 09 S91 811 (44 881
0¢ €% | €99 801 €P°T | 890°T | T> 0% g e 619 L1 0°9 i418 144 (1141
6% 90% | L899 z8 88T | 9T0‘T | T > 88" g 28 99¢ 8L 29 | 201 19 681
14 144 688 299 18" | 269 1> 1 12 e1 4t 681 8% | P9 6% 88
8T 99z | 288 GlZ | €6° 289 1> 0% | ¢ 61 8L8 (449 16 69 143 18
JA3 9.8 [ ¥08 |77 612 |609°T| T > 09" € a81 SLL (724 L4 12 | 92 L61
43 29v [ 899 [4°1 LT[ 06T | T°> 9T° 1° 801 299 a4 19 o1 £9 91
(45 80% | 88¢ ST ST | 980T | 1> ¥G " [ 79 849 44 19 221 89 (148
62 G9¢ | 889 8% 18°1T | 196 1> 01” e’ 68 i45 118 9% | ¥0T 54 14
62 8¢ | 949 g9 8T | 80T | I°> 88" g o 669 288 9% | 201 54 vl
0g 288 | 969 €9 1€°1 | €96 > 8L° g Ly 06¥% ¥e I 4 601 (44 831
8T 99¢ | ¥99 g8 281 | ¥46 > 18° [ (14 g1¢9 623 b 4 20T | ¥9 €81
6¢ 03¢ | L% 98 PI°T | 198 10> |65°0 {20 | %8 54 161 8¢ 6 i 4 (448
J9ATY SEYIUC) Y3IM SIUINPUOD DAOYE 193] (0 I9AIY UeIpRUB])
oye fup | 300 | uom (0 oST
-uoq | 1B1 od .Ewa .:MH @ ( ) Jesoyum| (309
TP | ong | 0L | suox, | gt | sa GoN)| (@ | 10) coom| G | N | G (vg) S8 e B
a%wo -uoN suo, | spBd nmmmovm 9761) | opiI | opi cm.%%vm oy8u0q | wings | wmp| 00 | wop m_oo,mw m%wwmuw Hd | 50 m%mw wmwﬂww > | womosmion jo erea
Yoq AN |-onz oo g | sw | o5 | o | 190 Tiag| Sonp | e
eYeLe) oo | wd)
s8 ssoupivyy| SPHOS PRA[OSSIA byadg n

g1 Amyp voniw Jod syred .1 wnwiuiw {4z-1g I8N voriw Jod sured FOg WNWIXBIA :SSOUPIBY 8107,
z1 & worqru 1od syred ggg wnwiulw §2z—1g 16N wol[fw Jod s118d 6Q9‘T WNWIXBIA :SPIOS PIA[OSSI(I— 986T ‘STWEHLXF
‘961 Anp 03 L1Bnuep—"ATAVIIVAV SAL00TEY
- “WB( SBYOUOY) JO 9318 J8ou sjulod SNOLIB A — NOILVDOT]

9861 ‘9718 WD(] SVYOUOY) LDIU L241Y UDIPDUDY WoLf Jo10m fo uorpu 42d spod u ‘$98fIDUD VWY —T TLV ],



109

QUALITY OF WATER, CONCHAS RESERVOIR, N. MEX.

1 ABN-13 “I8JA UwOlB)S 3UL383 8 MO[ ON ¢

*02-%1 ‘I8 uop)s}s Suidesd 18 Mop ON 1

................................. N N R T I 73 4 ARSI R I e Tt I O L S ¢
99¢ |89 | $€°T | 986 10> 280 €0 |6¢ 009 122 8¢ | Il |eg ¥81 | 1070 8T |TTTTTTITTTTTYITTT e 77T o"0g6T “18-60
1% ‘9% 95-%g "uBf
9)18 wre(] SBYIUOD MO[a( SI[IUI F J9ALY UBIPBUE)
0g WO (098 |"77°°~ 287 | 91%  |TTTTTTT 0g: 7T 92 991 8.1 14 61 [+ B A Rt At e S S ¥1 A[p
0% 9% 12 SN gyT | gee  |TTTTTTT [ S 44 901 181 8g [48 [ O I I U S N..— Anp
0g 98 | 8¥S [T 281 | 26 10> | 09" ¥0 | %9 887 $82 8% | 11T |29 ¥81 [90°0)98 |7TTTTT|ITTTTTT - ~TT9g61 ‘8 "usf
JIALY SEYIUOD YA Puod mojoq JNIs We( SeYIuc)) )8 JIAIY uUvjpeus)



CONTRIBUTIONS TO HYDROLOGY, 1948-51

110

0g | ISF (€89 €S | 9FT |00 | 05" [T |68 |089 |gOT | %L |SIL | €9 |OST |80 | gL |TTTTITTT 08D | 98T [TIITIIIIIIOR-TIemng
EB(E I BIEE RS R (R e
6 1% oo || e RS ARE- AR (LS L - LS i . £ 35 |-3  w— 5 (L
R R — . d Tor . e e L L e =y
60 |@89 | | 0z |08 ¥y | o |1 W |¥8 | @ |gu |81 |8 |osr 800 |96 |TT|TIloew |er | ITTI0eedy
¢ |i6v |9 | @y (0971 e |Tos |00 e [oe9  [eor [gu |wi oz |9er |0z 0w [T RS S — 0g-111dy
% |15 (% | |l A R - R DI R - PO M e 00T | €05 |TTTTTTTTC 16-12 T8
6 |9 |8 | eer|epT|0e0' [T g |z |6z (g9 |1 |0§ | I |¢9 |1 (800 | @gr |-Tr|etoot|ogEr | 60SE |TTTITTTTI0G-T e
% [Tor |9 | Yer|set|oerq |- 0 |8 [o6 |t |@r |ou |em B |1 (0 [0 [l R I — Ot aod
LY oLy R - |E X .0, ¢ 7
S o o | ser\sen e n> (06 € )0\ NN |0 \ir O |w e | O |TIITTIN G| T ) TTToe el
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll @ bl Sl Anlabablieid At Sidid —— -—— -
6C 0gg 904 29 PLT| BT 1> or” 9 28 092 061 ¥9 ger LL 991 (4 (4 S e 069 ‘1 F'91 |708-L1 ‘T-T1 "98(T
62 08g 989 89 69°T | 63T | 10> | 01" g 9¢ 8¢2 061 89 621 $L es1 [0 g8 |77 i 208|777 77016 ‘O-T 09
8 fogs |69 | B {021 |cegr (o or: g |26 |z |t |z |ser |er |esr |e1c | o1 |oor|torloseer | ocgr |toiTiTroe-TzrAoN
8% 189 69 1¢ ¥o1 | 660°T |70 01’0 (g0 |o0¢€ €19 961 28 901 29 ger S10 |94 - 0zp ‘1 2701 6861 ‘02-11 "AON
0761 10quIaydag 03 6E6T 10q03d0 181X INBM
918 1001 | woy (‘0 092
moa | g | Sal | e | Gn G Ccaol o | Puo
WOIp| 18 | O | guoy | Hod | o con| @ | ao | | CoOm) N | S | (=) a2l :
0§ | -UON SUOL | SHed | (8) | 'oyery | opir | spt | {O8) |syeioq | W | wnyp| T | wrp | (D) | FO1S) | g | 3 | TA) | 998) | yom55000 J0 0g8CE
Yoq uowog | %" |-onta |-orp | IS | Zvorg oq | o8 | Bgy | te0 | "L | TS g | o |
t0080 SPII0S POA[OSS] -uoo | UeR
se ssoupaepy| SPHOS PIAIOSSIQ agmwadg

"I$6T ‘62-82 ‘2¢ "1deg uworru tod spred $07 ‘wnwiutw (gHET ‘1101 dunp ‘uoriir 10d sjred 09z‘T ‘WNWIKE]Y :SSOUPIBY [830],
‘1761 ‘6282
‘gz ‘1deg worprur Jod sjred ge1 ‘wnwtulwr (gFET ‘T1-0T dunp woriw 1od sjred (ZEZ ‘WINWIXBIN SPIOS POA[OSSII— 0F—6861 ‘SEWTALXY
*61-11 "8ny uoriw 1od sqred gze ‘wnwiruiw {0Z-91 ‘11 L8N uolw Jod spred ¢H(‘T ‘WNWIXB] :SSOUPIBY 807,
‘18-9¢
‘eg—1g 'Sny uvoru Jod sjied 1g¢ ‘wnwrurw ‘0z-—91 ‘11 Lepy uworru iod sired ZHe‘T ‘WNWIXBIA :SPIOS PIA[OSSI~—'0F—6€6T ‘SETNTULXF
*6F61 OUNf 07 §EET JOqUOAON— TTIVIIVAY SAUODTY
‘goqIux 2denbs Gz c— VEYY @D VNIVI(]
“IOATY BIOTN WIOIJ WIBAIJSUMOP SOTIW ()] PUB ‘Y9a1)) B[1}183eT wolj weoijsdn oftwr T ‘Zoyousy jJo
1S8B9YJI0U SI[IW € ‘G ABMYSIH 99818 U0 93pLIq 98 ST YoIym uorje)s Surded woly weor)sdn SO[IWI G 07 WBIIISUMOP SO[IW § S9JIS Jy— NOLLVIOT]

!

67686 ‘41004282 $DYIUO)) 240D 4202 UDIPDUD)) wosf Lappa fo ‘uorru 4ad spund ur $a8AiUD [VIVUIYH—'F TTAV],



111

JUALITY OF WATER, CONCHAS RESERVOIR, N. MEX.

‘31qB} JO PUD }B §910U300] 99§

62 F0p | 9 | €6% ge'1 | 866 10> 82 | 0.8 P81 901 19 | 22T | €170 E1 S A i i < 2 S B 1 £ 98BIIAB PIJYBOM

e FET | 98 | 0BTp [ 6S° |98% [T P | 822 g2l ¥ 81 I3 T e e At 689, ogL'e | 3761 ‘8T “390
e 0TI ‘I{ 992 ‘1{ 096 91°¢ | ¥38C |7 69 | 909 ‘T | 8LT il €91 | 168 [Tt 088z |esr | €561 ‘11-01 ouns

£57:18 h&&E&eﬁww 0} F473 1 19490320 Fi:=YY Idyem ‘9friaAe .@OHGM_OB pus wnwn .EﬂEmNaz
0% 08 961 | 00 ‘15{ 68" [ ¥8C [T 072 | %11 b4 44 4 6 |ttt e i 000°8% | o9 ‘1 ydeg
62 ey | P09 |20 |[9pT[€20T| TO gg | L19 013 02 _ €T |89 |oer |10 | gr [TvvvftUUC 00F ‘1 | 901 “ZP6Y ‘0% ‘8T-11 T8I
dag 0} IP61 39q0)d Ivaf J9jeM ‘WINUNUIW PUB WINUIIXEN

<4 %01 | 88 | 106 0g" | 898 1> gL | est 6g1 L€ _8 8T | &9 80" LI i 299 208 |23vm4%8 P2IUSOM

g1 0% 0T | 050°€ | 81" [€61 |77t 2T | ¥8 €01 g8 AT I U i e i W I 009 ‘8"~ 62-82 ‘2z “1dog
0g 8.5 | ObL | 69 38T [ 9T | 10> ge | 018 861 gy _ 0¥1 88T |gr0|%9 | oLt |oer | 56T PT-T1 "J8IN

1961 1dog 03 OF6I 19q030() Jua4k J9jem ‘9frioAw PIIYSIoM PUB WNWIUIW ‘WRWIXEBIA '

0g 0zg | 99% 90T | PT°T [988 |7 12 86F 641 16 9% T | 60° 61 || 091 ‘1 1°Lp | g088I9A8 PAYSOM

0g 861 | 85¢ 691 | 98" | 229 1> 8 ¥ ! 608 281 19 0g |06 80" [« S i 68 001 {~7""7""""0g-13 "3dog
2 868 | ¥09 €bT | 08T | 996 1> |88 g* <4 125 202 601 9% |931 | S0 18 |7t 0081 2 I N L G
0g . €5C | 96€ ¢ | 66" | 83l > | 1L g 8T |28 281 6L 18 | 86 $0° |t e D 0201 L1 | 01-1 3dog
1z 907 | €% 0% | 08" | 169 > e 'S 21 663 191 18 1z €6 o1’ [T i I b8 162 |7~ 18-63 ‘€5-1¢ "3ny
6 $05 | 86¢ 0%g | 18" | 669 > er | ¢ e1 80 151 €9 L2 18 80" [ S TTTttiseg | 98T | 61-11 "Sny
62 $81 | 9%8 0827 ¥8° | 919 1> v | S ¥1 162 861 99 e |98 20" 14 T woe, ©T701-9 “3ny
g8 829 | ¢g2 61 | SU'T|208'T| 1" 0g" g 0g 086 g1 061 8 | ¥91 | 80" F S TTjose'r I LA 4
e S (098 {88 (06 |889'T (1> (08" (& (& [6¥0°T |81 <08 ¥ | 061 [F0° |4 S B B " S 16-18 Amp
e 99 | 89L 601 | 103 | 08T | 1°> | 09" i 0F | 226 6% A 08 | 9L1 | 8T LT T 016 FuZ T “0g-¥1 A
[ 20 | 898 €8 | 86" |61 > 8T | ¢ 44 898 161 26 g |06 30" [ I B 6 IR 1 2 LT
0g 158 | 2L I | 811|298 |0 0T [1° 92 68% 091 gL |96 8 | OIT | 80" [ S R N 0281 6 TTTTTTTOI-R ‘g1 A
62 gle | 109 prisgrline [0 g1 |2 9z |2z €1 §'L 188 44 gIr | 9r° 2 S Rl R V7 A0 § 8°99 {~"""TTTU0g-1g eungp




CONTRIBUTIONS TO HYDROLOGY, 1948-51

112

L1 [-o8eroa® poIYSIO M
9¢g |TTTTTTT T8 LBy
€08 |*"77upeT ‘0g-18 1dv
1961 1dog 0} 9F6T 190310 JBaL JojuM ‘OFrioAr POYSIOM puR WNUITUTUX
92 SLT | 908 625 | 69° | ¥09 1> ¥ 11} S92 (418 2z 8L 89T | 93uvioAg @Sﬁm_o\s
62 oL 061 gy | &p° | 918 [TTUTUTTL LG 7T 01 | 631 44 ¥ 34 06y [T 06 °L1 Amp
18 018 | %6 | ¥°¢ 8Z (08T { %0 ¥0 99 | 08T‘T | 003 SIT | 103 1 Ty P61 ‘1818 A8
9¥61 dog 0} P61 19032 8L J9)BA ‘OfeloAr polySioM puT WNUWITUTW “WIRMIXBA]
14 €8¢ | 6Lp | 682 SI'T | €18 > I 2% | 1§ 8.1 18 801 (1) S el it (] ~08813A8 PSP
12 PIT | 6% | L¥T 16" 1 el 10> g0 8 | 91 091 [44 %9 LS S e b4 IR o Ao
0g 0T0°1| OLT‘T| 396 |88 |01 ["""=""°| g0 |~ 9¢ | 092‘T | P61 24 SR IS Rl i) Il I 89T | SP6T ‘81-L1 AL
SP61 Joquisydag 03 PG 19G03dQ IBak 19)BA ‘03RI0AR POJYSIOM pUR WINIIUTW ‘WNNIIXBIA
82 ¥ | ¥0F | 128 26 | eIl > e 8T | ¥8¢ 121 42 26 eT [~ 29T | 98uioae vou.wm_o A
¥2 (2 OLT | 898 48" j e’ T>1 ¢1 |”°7" 8’9 | &I 743 €1 (i1 200 I R I8 |777°°° {0, I 11
Amr ‘0g-63 sungt
144 969 | 088 | 02T YIC (08T | 10> ¥0 Ly | 286 $91 96 91 ot PV €8 |77 €361 '8-1 300
. P61 1dog 03 £H6] 19030 Iva4 Jojem ‘0frIoAs PoYSIoM pUEC WNWIMINU “‘WINWIXe]
it j00j | uorf
| 08| 1% | 308 | s | - s B
) - Suo,L, t00H W | (e Ao -
o soo | i | (@) 1SV | o | 5 | cos) (GRRa |l )| GO | g | 05| ) | ) | wopoone jo o
-19d -ongg |-0[yo -8 “depw 180 - -ma, -s1p
*00t0 | spitos paagossiq BN

St SSQUPIBH




3

‘
A

11

QUALITY OF WATER, CONCHAS RESERVOIR, N. MEX.

‘poraed jo 11ed B SurLmp 0383 18 M0 ON 3
‘1894 I398M 9Y) 107 9318UOSIP (8303 JO Judndad 88 durjussaudos sesA[BUB UO paseq ¢

1834 1998M 9} J0] 03I8YOSIP [B107 JO Jueolad 16 Suljussordar SeSATeUB UO PIse
*02-L1 ‘G1-T1 "09(J 10] pojiodal 2818YaSIp UI PAPMOUI 331 93 9818Yos( 1

g |81 |1ee |oegr |0z |e1g o1t | 8T |¥ 11 | 6vg, | 491 3] g |18 |g | |18 |- ase, 188 | 05-L1 Ael
0¢ |28 |66 | 19T [ SPG | 00B'T 800 | 9°0 B0 [ 8 [OPIT 6L g61 8TT [861 {T100{ T (08 |"°"°[0%€T [T'e |~ 6961 ‘01-1 1dV
6¥6I dunf 03 {FEI 1990320 .—u@u.—g J0J wInuIjuiW pue WNWIXBIA
oz |seee |se |Le |98 |oso || 1% | | sr|se  |eu 69 2 e Jyor [ p1 frooc|oo 906 161 |-e3e19at pajyBo M
0z |19 |[esr {e6oc |[ee: |ssg, | T>| ¥ (21 |09 |38 &Ll 2z er 199 [ [ o0z (&8 [0 oer, 868 |T°T"B¥6I L-¢ 0V
02 %89 | &8 |TIL |60 |0ST| ¥O | ¥0 |80 | l¥|OW6 | €61 891 g |v8L |20°0[9'8 |8 [TTT-086T | 496 | TLPEI ‘08-12.'4ON

8761 JoquIdNdog 03 LFG] 39030() JBAA JojEM ‘a3vIdAT PAjYSloM pur WINWIIUIUX ‘UINUIFXEN



CONTRIBUTIONS TO HYDROLOGY, 1948-51

114

................... e e St A et st ) O A N 1 ¢ [ I et it S e It < (4 I e o i 1T ¢
1} 2 g1 | 808 ¥ | 880 | €19 |7 RE T 8¢ | 92 0¥e 96 ae |72 IRt R At 2396 PFT |77 UTE6I ‘€3~T1 "AON
26T 10quidldog 03 1361 1040100 IvaL J9)BM ‘WNUIIUTMI PUR WIMWIIXEAL
.................... it i et it il et I 3 S Rl I 71 AR U S A A i il It - 4 162 ("""~~~ -0g-6¢ "1dog
€2 € 2 12 | ¥8° | 093 1> |3¢ i g8 | 8¢ 191 9C | €8 1 8¢ 90 |81 | 0% L S A 1€-9¢ "TeN
9% 0 703 98 | 2970 | L9¥ 10 S 0 S0 61 | 0¥ (44 ye (18 13 Ly LASCUR 1 SO e e 212 0¢y |- 63-65 18N
......................................................... [ S 4 Tttt T T TP 288 e N 2 § 7 B 8 (4372
761 Y29 dog 01 0¥6T 39q03d() Jva4 Ja)BM JoJ sasA[eun [eordiy,

............ T G 69 TTTTTTTTgR-1g SNy
(1 S £1-21 ‘3ny
68 Tttt 8~9 "3ny
.................. 01 TTmeoessssssszounf
.................. 0°7¢ N S
................................. LA dy
.................. 81 TTTTLE 06 ‘e G e
54 62 €0 7T OF6I ‘L1-91 'qo 4
................. il et (1T §
.................................................. 628 TTTTTTTTRTTT T 6861 ‘9 09
0F61 I9quud)dog 0} 6T 39q03d( IBaL Jojem ‘uol([fu 1od syred uy ‘sosf[euy
)8 , j00] | wopy .
woq | % ww% - | s vawwc%mu (700]
oe | one | O | suod | g i CoN | (@ | (10) coom| 0| e | G| w0y Gao)|-oon | B
-08 | -TON suog, | sped | () | GO ¢0s) |SOOM) mins | BN) | "mm | (B0) 1 oy | (z01g) aany | O | 555)
9e1] | Op1 | 9pII ajeuoq wnp| oo | wmnp ad 00UB TWOIP0R[[0D JO oFe(L
Jueo uorog | 7 B » aeyng | -s8) | 1S9 | uoa] | ®oIIs “etod | agdreyo :
-13d - IN | -On[q|-0[4D JBORd [ g Jd 08 gepy | T8O “way, umw% SIp
e %%@mmm SPI[0S PAA[OSSI ogpadg | TN

‘6761 AINL 03 6EET IOQqUIPAON ‘SosATeu® [EOIWSY() :O[(B[IBAR SPIOOIY
‘wB( SBYIUOY) JO 1SOM SO[IW G
PUE ‘OIBPBLIBA JO }SBOUIIOU SI[IW Q' SI YOIYM uoysls Furded woiy weorjsdn sOW § 0} WBSIJSUMOD SO[IWE § WOIJ S9918 Y —"NOILVDOr]

EY—656T 4201y SVYOIUOD WLOLL 1100.4082Y SDYIUOY 0] MOl uL fo fipyun)—'g TIAV],



115

QUALITY OF WATER, CONE€HAS RESERVOIR, N. MEX.

“110410801 Jo Ay 4% popdureg

‘uo1ye)s 3u13esd 18 MO ON] ¢
“uorje)s 3urdes 18 Moy ON 1

.................................................... 6 | L FL1 et et el et IS el I ] o
‘e-1 Ang ‘og sunp
.......................................................... 0Z | 911 061 T T T T ese STTTTemTTTTUEEBL ‘gg-1g dung
6761 AL 01 8V6T 19q030Q PoMad ‘WINWIFUTW pue WnUIXBIAL
.......................................................... ¥1 | 28 961 R I Iy e A I A e B 4 TTTeTTemitTTToUeg-gg ‘61 dung
,,,,,,,,,,,,,,,,,,,,,,,,,,,, e Sl it Al SN 2 I -4 892 i et el il Al Il S I+ 7 ST TTUORRET ‘96 ‘e T
sunf{ ‘18-62 LB
8P6T Joquiaidag 03 Lpgl 194032 Ivak I9jBM ‘UNWIUIW Pue WNWIXEW
...................................... R A e A $62 I St I e At A A A KL L gh  |TTTTTTTTLEBT '8 ABIY
................................................................ 8¥ 0F1T ittt ettt e ettt It i Al S 1 21 961 |"7"7TTU9F6I '6-F 1100
LV6T 10q dog 0} 9p61 494012 J8a4 JIIBAM ‘WINUNUNY PuUR WNUIIXE A
.......................................................... g'8 |62 ger I e S O ) A e I X 74 09 |77 6-8 g 1doy
..................................................... €9 | 708 052 el A il It it Ittt Il e A1 B G i B 4 6T ‘ST ‘016 L[Mr
9761 1oquiaydag 0) Spe] 19q01a0) Juvad J9IBM ‘WINWIUIW PUR WNWIXE AL
........................................................ €8 1) S et A RS R e | g8 | TTTTTTTUUII0IENY
................................. [t il i It ) I 4 74 802 Bttt e eteiuied I ittt Il I WP ] 8 |TTTTTTUUgE61 ‘8 Suy
SP6T 19quIndag 0} F16T 1940120 Jea£ J91BM ‘WINUIIUIW pue WNUIIXBIA
................................. I I s e e 1 S [4:] G e I S A S St I M N 9°0T | 9I-v1 ‘6 ‘0¥ Amg
.......................................................... 91 | 002 LT i ettt i ettt Il It A I 2°7) z'0 “TTRR6 ‘0e-8g 1dog
VP61 19quIaydag 03 gp61 19q012(0 J8aL J018M ‘WINUITUIW pue WnUIXeN
¢ ez | 89T |16 (28" | W& (TTTUUletT |ttt er | 22 A e [ S S i Ittt il 897 [k S gg-¥¢ Smr
2 $EC | 8% 2 L1gT|sorr Tt 8¢ 7T 26 | 239 1#2 £1z | (- T e e i 0T |06 |TTTTTC €61 ‘01-8 oung

€61 JoquIandag 0} Zpgl J2q0)d() JEaL JIIJEM ‘WINWIIIW pue UINUIIXe N



116

CONTRIBUTIONS TO HYDROLOGY, 1948-51

TaBLE 4.—Chemical analyses, in parts per million, of water from Conchas Reservoir
at station 1, Conchas River arm of reservoir about 3,500 feet above dam, water
years 1939 to 1949

&8 _ & 2 a
~~ -

£3 2189 |5 2|3

= ge IC] < + | =25 | = = 2| ge
. 2 g8~ © s | oS | & 9 & | S0

Date of collection & S0 ¥ S 82 | =0 | & P 3 | 8%
S|l B D lgr|E|s |8 E |8
= D g + g2 et = % p<]
19 5 ] ko — = ]
a |& S |32 |3°|a E 5| A |&

SURFACE SAMPLES

Water year October 1938 to Sep ber 1939

Apr.8,1939 . ___________

Apr. 29, 30
May 1-10.

Aug.2,9,16,23,30. ...

Oct. 4,11,18,28,1939._____ 748 63 27 | 64
Nov.8,15,22,29__________ 755 74 27 | 52
Deec. 6,13,20,27 _______.__ (77 P R ORI,
Jan. 10, 17, 25, 31, 1940 (5 U DRSNS IS IS
Feb.7,15,21,28 _________ 45120 PR PRSP E
Mar. 6, 13,20, 27 ... 804 |icce i ]omcomanfemaaean
Apr.3,10,17,24___________ 838 | femima e
May 1, 9, 16, 22, 29 841 | faaaoC
June 5,12,19,26...____.____ 848 | feaem oo
July 12,18, 31__ 866 |-eoome|oceaooo e o
Aug. 8,14,22___ 884 | |eccmmeifemamaan
Sept. 3, 11, 18, 25 888 | |emmeiio el
Maximum and minimum, water year October 1940 to September 1941
Mar. 5, 9, 12, 1941 982 160 22
Sept. 4,18, 23_. 542 127 10 |-

Maximum, minimum, and intermediate analyses, water year October 1941 to September 1942
Aug.6,13,20,25,1942_____|______._.. (1. 0 (USRS PRUPRRNY FVIRPRIION FORUUIIPIY SRR NoRy ORI PR
Oct.1,8,15,22,31,1941 . .| . _.__. 464 | |ecmeoifemeoes 115 |areon 9.0 |ocoooofmaaaae
May 7,8,15,28,1942_______|.______... 622 60 23| 40 141 189 | 13 394 244

Maximum, minimum, and intermediate analyses, water year October 1942 to September 1943
Sept. 2, 10, 16, 23,30, 1943__| ... 2325 T SRR FUSRNY P, 156 |- e eie el
Oct. 7,1942 ____________.__ 612 | e oeaaaeas 138 186 14 | |eeeao
Feb. 3, 12, 18, 26, 1943 782 69 29 | 59 148 205 15 511 291

Maxi and minimum, water year October 1943 to September 1944
June 15,22, 1944 . ___|._._._____ 11,020 oo o 165 237 S ORI ISR R
Oct.7,14,21,28,1943_.____} ________. LI C: 5 SRR SRR R 160 [emmmcmcfoemmcafecmmcmn e aa
Mazimum and minimum, water year October 1944 to September 1945
June 8, 14, 23,30, 1945 ___ |- ... 31,070 focoe | |aaeaeae 165 L3 I ORI VPR S
Oct.6,12,1044 ... 31,000 || feee e 74 2 VSR PR

See footnotes at end of table.
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TABLE 4.—Chemical analyses, in parts per million, of water from Conchas Reservoir
at statton 1, Conchas River arm of reservoir about 3,600 feet above dam, water
years 1939 to 1949—Continued

=8 —~ 2] e ]
g"é‘ CHN I (vl I 3 2
— g s E Sop =Py ~ = = .
g |8&5| € s (28|38 |5 |88
.Date of collection & 50 g 5z | =0 | & p o | EQ
~ oSo g 2 - =] - 3 2 S8
2 |gg8| 2 | € | Bg| = 2| €| 2 |=°
& |82g| & 182 |0 s | 2 2 | B
@ 2ES| '3 3 BE | = 3 = A ]
=} @ o} = 551 m 7 O A 13
Maximum and minimum, water year October 1945 to September 1946
Junel,8,15,21,28,1946__ | _..___... ) 900 11U S P A 450 ||
Oct. 5, 12,18, 25,1945 .. __|--o_oC 1,070 |- oo 156 405 §o oo |eemeo s
Maximum and minimum, water year October 1946 to September 1947 .
Deec.3,11,18, 27,1046 .. {___.._..__ 1:3 1 PO FR I 150 | 867 |omomoo|oooefomae
1,040 85 40 | 82 159 378 22 686 376

June 5, 10, 17, 26, 1947_ .. __

Maximum and minimum, water year October 1947 to September 1948

May 5,11, 28, 1948.__.___.
Sept. 6, 14, 20, 27, 1948...__.

........ 47,010

1,070

410 24
387

Maximum and minimum, for period October 1948 to July 1949

June 8,13, 26,1949 __._.___
Oct. 4, 22,26, 1948_ ...

1,070
1,010

420
405

SAMPLES FROM DIFFERENT DEPTHS

Nov. 7, 1939« cccmaaeea

Sept. 10, 1941 .o

Feb, 13, 1042. . ... cceao.oo

Dec. 17,1942 ... _ocoe...

Apr.3, 1044 ...

See footnotes at end of table.
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TaBLE 4.—Chemical analyses, in parts per million, of water from Conchas Reservoir
at station 1, Conchas River arm of reservoir about 3,500 feet above dam, water years
1939 to 1949—Continued
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SAMPLES FROM DIFFERENT DEPTHS-—continued

Jan, 12,1045 . ... _

Apr. 29,1946 ________:_ ___

July 16, 1947 ________...__.

Apr. 27,1948 _____________

Oct. 19,1948 ____ ..

120

1 Also reported for period May 4, 11, 20, 28, June 9, and July 14, 18.

2 Also reported for period July 4, 19, 27, and Aug. 4, 11,19, 23,29. -
3 Also reported for period Dee. 7, 16, 21, 30.

4 Also reported for period Aug. 3, 9, 16, 24, 30.
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TARLE 5.—Chemical analyses, in parts per million, of water from Conchas Res-
ervoir at station 2, at upstream face of main section of Conchas Dam, water years
1939 to 1949

[See fig. 12]
L@ y P
5 — 2 @ &
_ﬁ O e Rl 12}

S8 | 5 | 2 | &% L 2| B |8
— 25 2 + =2 = 8 2 =5
- 3 |88 2| 8|88 ¢S £
Date of collection k4 gu| > 5 57 | 2O @ - 2 20
~ oo g @ Ev = © =1 > .QS

g o988 2 & g | =% 3 2 = -

=} S 5 & k=1 © 3 =] s

= D 2 L ,5_5 < -~ Z S

3 2,8 S [ S 7] - =3 = - o

a) 9 <] = | & M @ B a | &

SURFACE SAMPLES
Water year October 1938 to September 1939

146
149
155

Oct. 4, 11,18, 28, 1939 ____|...._____.
Nov. 8,15 22,20 ____ ___|.__1T7C
Dec. 6,13, 20,27 .|l

Jan. 10, 17, 25, 31, 1940.___ - Ab54
Feb. 7,15,21,28____ 154
Mar. 6, 13, 20, 157
Apr. 3,10, 17, 24__ 157
May 1, 9, 16, 22, 29_. 156
June 5, 12, 19, 26 157
July 12, 18,31 . . 150
Aug.8,14,22 . ___|.o__.__.. 146
Sept. 3,11,18, 25 . ________| ... .. 148

Maximum and minimum, water year October 1940 to September 1941

Mar. 5,12,19,1941.________1.________. 985 | e 158 ... 20 e
Sept. 4,18, 23 .. e 543 | . pemeee| 128l 9.0 |- foeiaaaa

Maximum, minimum, and intermediate analyses, water year October 1941 to September 1942

Aug. 6,13, 20, 25, 1942 ____|._________ 638 |- ool e
Oct. 1,9, 15, 22, 1941 _ B "3 S A na |l 7.0 ||
May 7, 8, 15, 28, 1942_____ 1 622 60 23 40| 138 192 12| 305 244

Maximum, minimum, and intermediate analyses, water year October 1941 to September 1942

Sept. 2, 10, 16, 23, 30, 1943 _|___.__.__. 896 |...__..
Oct. 1, 1942

Maximum and minimum, water year October 1943 to September 1944

June 15,22, 1944, . _______|..._.__._. 14,020 |ooooooo| e 166 | 385 | | ofoe.o
Oct. 7, 14, 21, 28,1943 ___ 7| 200D P 0 O N S 161 |

Maximum and minimum, water year October 1944 to September 1945

159

July 4, 19, 27, 1945
379

Nov. 16, 23, 30, 1944___

21,070 |-
37,010 |-

See footnotes at end of table.
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TABLE 5.—Chemical analyses, in parts per million, of water from Conchas Res-
ervoir at station 2, at upstream face of main section of Conchas Dam, water years
1939 to 1949—Continued

=8 ~ 1 4 2 a
f: 289 ¢ =
—~ 8] o) < Sy S > = 3 "
. 3 |88z| © e led| g1 2|52 |83
Date of collection ] g0 | Y § | 82 | =5 2 P 3 g9
= oo g z ~ 5 =] et =] 4 a 8
g 15| 2| £ |52 525 |3
> eS| 3 & @ | = = . s
A |& S 18 |87 |~ & | 0| R |&
‘Maxmum and minimum, water year October 1945 to September 1946
July 5,20, 25,1946 ____.|._._..._ S ST:() TN R Y IO A VL 8 D I I,
Oct. 5,12, 18, 25, 1045 __|-_________ 1,060 |- oo -|oso il 158 | 415 |- |- _sloo|o -
Maximum and minimum, water year October 1946 to Sep ber 1947
June 5, 10, 17, 26, 1947_____|_____.__.__. 41,030 84 41 81 159 381 19 685 378
Nov.13,23,27, 1946 ... _|-coo.____ R {0 VRN ORI PRSI (R F 15 I PO AV AR,
Maximum and minimum, water year October 1946 to September 1947
May 5, 11, 21, 28, 1947 _____ . 181,080 |ooemoo]icae 165 | 412 DY 38 TR I
Sept. 6, 14, 20, 27._._.... PO I, 61,010 |-cvuencfaccomenfommmeac]cnnnena 383 - -
Maxi and i period. October 1948 to July 1949
June 3, 8,26, 1949_ .. ____(.o__o._._. 1,070 [cccamce]ecmmmrafmmcocen|acmenan 416 |ecaeecfocmmace]aacnns -
Oct. 4,22, 26,1948_______ |- 117070 2010 |-o-1C - L7710 IO M N

Nov. 7,1039. cccamcecaanae-

Apr. 23, 1940

Sept. 10, 1941

Feb. 13,942

Dec. 17, 1942

See footnote at end of table,
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TaBLE 5.—Chemical analyses, in parts per million, of water from Conchas Res-
ervoir ot station 2, at upstream face of main section of Conchas Dam, water years
1939 to 1949—Continued

£8 = 9 @ S
o -~
= - ) 8 3 @
— 'gg § g 8& :,;\ < = "3 & o
B 3_6".\ 5 'gﬁ =Y o 9 2 .80
Date of collection & S0 g g 8§z | =0 | & @ 3 E%
~ olo K = <
g g = @ b=t i 6]
g |88 3 | L |Es|B| g )23 |
2 = 3 o 1 2 <
g |288| O 95 | = 5 |2 | £ |8
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\ .
SAMPLES FROM DIFFERENT DEPTHs—continued

Apr.3,1044 oo . Surface | 1,000
25 992

Jan, 12,1945 o coecmeemen o Surface | 1,020
50 | 1,020

SEESEES
COCOOoOoOO

Apr.29,1946. . ..... Surface

sEgEEas

BEE

8

et
w

July 16, 1947 ... Surface
2

R

8
1 et etk 1 1 bt et ek

Apr. 27,1948 . _______... Surface | 1,060

Oct. 19,1948 ... Surface | 1,010

1 Also reported for period May 4, 11, 20, 28, June 9, July 14, 18,

2 Also reported for period June 8, 14, 23, 30 and Aug. 4, 11, 19, 23, 29,
3 Also reported for period Oct. 6, 12 and Dec. 7, 16, 21, 30.

+ Also reported for period July 2, 10, 16, 23, 31.

8 Also reported for period April 1, 7,12, 20.

¢ Also reported for period Aug. 3, 9, 16, 24, 30.
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TaBLE 6.—Chemical analyses, in parts per million, of water from Conchas Res-
ervoir at Station 8, Canadian River arm of reservoir about 1,300 feet above dam,
water years 1939 to 1949

[See fig. 12]
D3 ] [+ w
8o o~ § - <
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e |age| @ g | 8% | o 3 | = 4135
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SURFACE SAMPLES
* Water year October 1938 to September 1939

192

. 6, A
Jan. 10,17, 25, 31, 1940..._.
Feb.7,15,21,28 __
Mar. 6, 13, 20, 27.
Apr. 3,10,17, 24.
May 1,9, 16, 22, 29 -
June 5,12,19,26.._._____.

Sept. 3,11,18,25_.._______

Maximum and minimum, tember 1941
Mar. 5,12,19,26,1941_.___[ _________ 086 | oo |ea 160 [-.oo._- | R (R,
Junel1l,18,25 .. __|o..._._.__ 1544 || .. 116 .. .- 9.0 oo feeee e
Maximum, minimum, and intermediate analyses, water year October 1941 to September 1942
Aug. 6,20,25, 1942 _______ 652
Oct. 1, 9,15,22,1941___ 462

May 7, 8,15, 28, 1942 __

618

Maximum, minimum, and intermediate analyses, wa

Sept. 2, 10, 16, 23, 30, 1943 __
Oct. 7,1942__
Feb. 3, 7,12,

Maximum and minimum, water year October 1943 to September 1944
June15,22, 1944 . ________| _________ 1,030 oo |oeoo et 165 879 ||l
Oct. 7,14,21,28,1943____ .| ________. [0 I N A, BY 20 IR S IR .
Ma;imum and minimum, water year October 1944 to September 1945
July 4,19,27,1945_ ________| ________ 21,070 | 161 413 |||t
Oct. 6,12, 1944 __________|__________ 31,010 |- |o k¢ 1 (AU PRSI

See footnotes at end of table.
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TaBLE 6.—Chemical anayses, in parts per million, _of water from Conchas Res-
ervoir at Station 3, Canadian River arm of reservoir about 1 300 feet above dam,
water years 1939 to 1949—Continued

=8 ~ r e 3
e+ g fa) £ |y
g = 2, = = = ]
—~ g = ~ - S 3 = S S
. s g8~ © g gs | oS ) C @ 59
Date of collection 2 SO < s 82 | <O 2 o 3 59
~ 0lo g @ ~ =~ © =] > = 8
= |=EgRk| = £ | Eg| <2 2 8 | =
2 |8gsl| 3 8 | 22| ° 4 = z2 | 8
A 1&8°° 8| 2 |&" | m & | 6 | A&
Maximum and mi um, water year October 1945 to September 1946
Junel, 8,15,21, 28,1946 _|.___._.___ 40,140 || 468 | |eemeo|emeaaan
Oct. 5,12,18,25,1945______|....___... 1,060 |ocoeo oo aeee 153 414 | fee |
Maximum, minimum, and intermediate analyses, water year October 1946 to Sep ber 1947
July 2, 10, 16, 23, 31, 1947 _ 1,030 |- e 160 389
Nov.13,23,27,1946_.__... - 978 | e eee 372
June 5, 10,17, 26,1947 ____|-._.___..._ 1,030 84 40 85 159 383
Maximum and minimum, water year October 1947 to September 1948
May 5,11, 21, 28, 1948 ____|-__.___.__ 1,070 |- oo |oaaooo 163 409 b5 20 IR I,
Sept.6,14,20,27_ .| _..___._ 988 ||| ¥4t I PR IR (R,
Maximum and minimum, for period October 1948 to July 1949
June 8,26,1949______.__.__|._______.__ 1,070 |ooco oo oot 417 || o
Oct. 4,22,26,1948 ________|.._..._.... 1,000 | oo oo |||t 892 |

N A T I B R I T T

Sept. 10,1941 ______.________

214
200
. 295
Feb.13,1942_ . _______._._| Surface | 587 |-oooo oo
234
Dec. 31,1942 ____.___

See footnotes at end of table,
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TABLE 6.—Chemical analyses, in parts per million, of water from Conchas Res-
ervir at Station 8, Canadian River arm of reservoir about 1,300 feet above dam,
water years 1939 to 1949—Continued

&8 ~ 2y e 3
e ERR R 2|z
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, 2 88731 2 g 2 Q < 4 ot e}
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2 8gg| = 22 1.2 = 2 2 2
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SAMPLES FROM DIFFERENT DEPTHS—continued
Apr.3,1944 . oo
Jan. 12, 1945
Apr.29,1946 . c o ccaeoooae.
July 16, 147.cee oo
ADr. 27,1948 . . oooo_
]
Oct. 19,1948 oo

1 Also reported for period Sept. 4, 18, 23.

2 Also reported for period June 8, 14, 23, 30 and Aug. 4, 11, 19, 23, 29.

3 Also reported for period Nov. 2, 9.

¢ Also reported for period May 4, 12, 18, 24, July 5, 20, 25, and Aug. 3, 13, 21, 31.
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TaBLE 7.—Chemical analyses, in parts per million, of water samples from different
depths, Conchas Reservoir ot Station 6, Conchas River arm of reservoir 5 miles
above dam, water years 1941 to 1949

[See fig. 12]
1 . wv
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Date of collection & =i g 2 Z|20 | & 2 s | &=
I R R R E R
B |2Hg| 3 58 | .2 S = 2 |3
D =4 = S @ o~ =l = <}
g |a 315 |8°|a & | o | A |8
Oct. 15, 1941 e et Surface -1\ 1 PN R ORI 9.0
25 448 8.0
50 L7, 2 U RPN . 9.0
58 443 7.0
63 442 9.0
68 436 8.0
73 435 o feco e m 7.0
75 443 8.0
78 496 8.0
Jan, 17,1042 o oooaeeeo..] Surface | 555 |<cooo oo ceaco e e e oo
25
Dec. 17,1942, e
TApr. 3,194, . oooeoo...
Jan. 12, 1945 ...
5 | 1,020
50 | 1,020
70 | 1,020
75 | 1,020
80 | 1,030
85 | 1,020
1,110
Apr. 29,1946 oo . Surface | 1,130
1,130
50 | 1,120
70 | 1,120
75 | 1,120
80 | 1,130
85 | 1,120
90 | 1,130
July 16, 1947 ... ———— Surface | 1,040
25 | 1,030
50 | 1,030
70 | 1,020
75 1 1,020
80 | 1,020
85 | 1,030
90 | 1,020
95 | 1,030
Apr. 27,1948 oo Surface | 1,070
25 | 1,070
50 | 1,060
70 | 1,070
75 | 1,060
80 | 1,070
85 | 1,070
90 | 1,080
Jan, 26, 1949__....._. wewee-| Surface | 1,040
25 | 1,040
50 | 1,040
65 | 1,040
70 | 1,040
75 | 1,040
80 | 1,040
85 { 1,050
90 ! 1,080




126 CONTRIBUTIONS TO HYDROLOGY, 1948—51

TaBLE 8.—Chemical analyses, in parts per million, of water samples from different
depths, Conchas Reservoir at Station 7, Canadian River arm of reservoir 5 miles
above dam, water years 1941 to 1949

[See figure 12]

Date of collection

Depth (feet)

ance (Micromhos

Specific conduct-
at 25° C.)

Calcium (Ca)

Magnesium (Mg)

Sodium and potas-
sium (Na+K)

Bicarbonate

(HCOs)

Sulfate (SOy)

Chloride (CI)

Dissolved solids

Total hardness as
CaC 03

Oct. 15,1948 ... _________

Jan, 17,1942 .. __...._

Dec. 31,1942 ____.__ L,

Apr. 3, 1944

Jan. 12,1945 _________..__

Apr.29,1946_____________.

July 16,1947 . _______._..

S35
88338

P e e
Ll v e
288

PO NN
cooco
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TaBLE 8.—Chemical analyses, in parts per million, of water samples from different
depths, Conchas Reservorr at Station 7, Canadian River arm of reservoir & miles
above dam, water years 1941 to 1949—Continued

£3 ~la |= 3
sa (N o) - 2}
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~ |g8 7 | 2 S‘i il =lg | 8|4,
2 g8~ © ga | oS | © ° 3 [ 859
Date of collection ) 20 = 8 §2 | o0 | B Y B 59
= Sek| 8 g g I 2 £ | A0
£ 585|888 || 25|35 |2
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a |& S| 2 |8 |- 2|18 1|a8 &
Apr.27,1948_ . . ___.__ Surface | 1,070
25 | 1,070
50 | 1,070
80 | 1,090
85 | 1,090
90 | 1,090
95 | 1,100
100 | 1,230
Jan. 26, 1949 ___.__________ Surface | 1,020
25 | 1,030
50 | 1,030
75 | 1,030
80 | 1,030
85 1 1,030
92 [ 1,030
95 | 1,030
100 | 1,030
105 | 1,130 {ceom oo oo o mmmee PRI PRSI SR S,













