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RECONNAISSANCE OF THE CHEMICAL

QUALITY OF SURFACE WATERS OF

THE RIO GRANDE BASIN, TEXAS

By H. B. Mendieta
ABSTRACT

The kinds and quantities of minerals dissolved in
surface waters of the Rio Grande basin are related
principally to the geology of the area and return flow
from irrigation.

Rocks exposed in the Texas part of the basin range
in age from Paleozoic to Quaternary. The upper reaches
of the Rio Grande and Pecos River in Texas traverse
deposits principally of Quaternary age. During periods
when the flow consists principally of seepage from the
Quaternary deposits and return flow from irrigation,
water in the upper reach of the Rio Grande usually is
slightly saline and very hard. Water in the upper reach of
the Pecos River and most of its tributaries that traverse
the Quaternary deposits is slightly to very saline and
very hard.

Deposits of Tertiary age crop out in the upper,
middle, and lower reaches of the Mexican side of the Rio
Grande basin and in the lower reach of the Texas side of
the basin. Water in the Rio Conchos, the principal
tributary that traverses the Tertiary deposits in the
Mexican side of the basin, is fresh and very hard.

Much of the middle reach of the Rio Grande basin
is underlain by rocks of Cretaceous age. Water in streams
that traverse these deposits usually is fresh and hard.

Inflow from the Rio Conchos and other tributaries
and from springs more than compensates for the saline
inflow from the Pecos River, and results in a decrease in

dissolved constituents in the middle reach of the Rio
Grande. Water in the middle reach of the river usually is
fresh and very hard.

Water from International Falcon Reservoir on the
lower Rio Grande is used for municipal supply, industry,
and irrigation. Return flow from irrigation causes
an increase in dissolved constituents downstream from
the reservoir.

The concentrations of dissolved solids and sulfate
in the Rio Grande upstream from the Rio Conchos
usually exceed the limits recommended by the U.S.
Public Health Service for drinking water. Water in the
Pecos River and some of its tributaries is undesirable for
domestic or industrial use because the water usually
contains excessive concentrations of dissolved solids,
sulfate, and chloride. Water in most of the other streams
usually is suitable for domestic supply and many
industrial uses. However, the water usually is hard or
very hard and may require softening for some uses.

The principal use of surface water in the Rio
Grande basin is irrigation. The sodium hazard of water in
the Rio Grande usually ranges from low to medium; that
of the Pecos River usually is very high. The salinity
hazard of water in the Rio Grande and Pecos River
usually is high or very high. Thus, the long-term use of
these waters for irrigation will require special soil
management, good drainage, high leaching, and selection
of salt-tolerant crops.
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RECONNAISSANCE OF THE CHEMICAL

QUALITY OF SURFACE WATERS OF
THE RIO GRANDE BASIN, TEXAS

INTRODUCTION

This investigation of the chemical quality of
surface waters in the Rio Grande basin is part of a
statewide reconnaissance by the U.S. Geological Survey
in cooperation with the Texas Water Development
Board. This report is the last in a series that summarizes
the results of the study of each river basin and
intervening coastal areas in Texas. (See list of
references.) Figure 1 shows the area of the State covered
by this report.

Selected water-quality data for the Rio Grande
basin in Mexico and New Mexico are also included
because the chemical characteristics of water available
for use in Texas are influenced by inflow from these
areas.

The purpose of this report is to present, integrate,
and summarize selected chemical-quality data that will
aid in the proper development, management, and use of
the water resources of the basin.

Most of the water-quality data for the Rio Grande
and adjoining irrigation drains have been collected by
the International Boundary and Water Commission,
United States and Mexico. However, the U.S. Bureau of
Reclamation and the U.S. Geological Survey have
maintained sampling points on the main stem for short
periods. Most of the data for the Pecos River basin in
Texas have been collected by the U.S. Geological Survey
in cooperation with the Texas Water Development Board
and its predecessors. During the extensive interagency
Pecos River Joint Investigation in 1938-40 (National
Resources Planning Board, 1942), the U.S. Geological
Survey made the chemical-quality studies.

To supplement data available from these and other -

chemical-quality programs, the Geological Survey
periodically collected and analyzed water from selected
sites within the Texas part of the basin. Whenever
possible during this reconnaissance, water-quality data
were collected over a range of flows. The dissolved-solids
concentrations are likely to be highest during low-flow
periods and contributions by ground-water inflows,
irrigation returns, and municipal and industrial
discharges usually can then be more easily identified.

The lower concentrations in the medium and flood flows
are more representative of the water that would be
stored in reservoirs. Wherever possible, the sampling sites
selected were at stream-gaging stations so that the
discharge-weighted averages and loads of dissolved
constituents could be computed and the water quality
could be related to flow conditions.

LOCATION AND EXTENT OF
RIO GRANDE BASIN

The Rio Grande rises in the San Juan Mountains in
southwestern Colorado and flows southward across New
Mexico to the edge of Texas near El Paso. Thereafter,
the river flows south and east for 1,250 miles, forming
the boundary between the United States and Mexico,
and enters the Gulf of Mexico south of Brownsville,
Texas.

The Rio Grande basin encompasses an area of
about 335,000 square miles, 135,900 square miles of
which are in the United States. Included within this
area—in Colorado, New Mexico, Texas, and Mexico—are
large closed basins with internal drainage, and only
about 89,000 square miles in the United States and
93,000 square miles in Mexico contribute runoff to the
Rio Grande. The Texas part of the Rio Grande basin, the
largest basin in the State, includes an area of about
48,300 square miles (Figure 1), of which about 9,500
square miles is noncontributing.

The principal tributaries that join the Rio Grande
downstream from El Paso are the Pecos and Devils
Rivers on the Texas side and the Rio Conchos, Rio
Salado, Rio Alamo, and Rio San Juan on the Mexican
side.

PHYSIOGRAPHY

The Rio Grande basin in Texas is in parts of three
provinces in three major physiographic divisions—the
Basin and Range province of the Intermontane Plateaus,
the Great Plains province of the Interior Plains, and the
Coastal Plain province of the Atlantic Plain. (Fenneman,
1931).
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Figure 1.—River Basins and Coastal Areas of Texas

The area between the Rio Grande and the Pecos
River subbasin, commonly referred to as the
“Trans-Pecos region,” is part of the Mexican Highland
and Sacramento sections of the Basin and Range
province. The Trans-Pecos region is characterized by
block plateaus and mature block mountains of gently to
strongly tilted strata and undrained desert basins known
as "bolsons.”” A series of mountain ranges, mesas, and
peaks extends from the Big Bend of the Rio Grande
northwestward into New Mexico. Although these
mountains are old and have been eroded severely, the
altitude of their highest peaks generally is more than
7,000 feet and is about 8,750 feet at Guadalupe Peak.

The northern part of the Mexican Highland section
and the Sacramento section generally are divided into
three relatively mountainous areas separated by

elongated desert lowlands. The Mesilla Valley is on the
west. The Franklin Mountains, the Hueco bolson, the
Diablo Plateau including the Hueco and Finlay
Mountains, the Salt basin, and the
Guadalupe-Delaware-Apache Mountain chain complete
the eastward sequence. The general trend of these land
features is to the south or southeast.

The mountains and high plateaus in the southern
part of the Mexican Highland section are predominantly
igneous and volcanic rocks that have block faulted,
flexed, tilted, and strongly folded to create the irregular
topography of the Big Bend. The Davis Mountains is the
largest group of volcanic mountains. With peaks up to
7,835 feet, the Chisos Mountains in the Big Bend
National Park are highest of the volcanic groups. The
Sierra del Carmen, Santiago, and Del Norte Mountainson



the eastern part of the Big Bend are the southernmost
highlands in the Basin and Range province.

The Pecos River valley and the central part of the
Rio Grande basin as far south as Del Rio lie either in the
Pecos Valley, the Edwards Plateau, or the High Plains
sections of the Great Plains province. The Pecos Valley
section in Texas is an alluvium-filled valley that extends
from New Mexico to near Grandfalls where a thin wedge
of the High Plains section separates it from the Edwards
Plateau section to the south.

The part of the Edwards Plateau west of the Pecos
River is known as the Stockton Plateau. Both in the
main part of the Edwards Plateau east of the Pecos River
and in the Stockton Plateau to the west, the highland
plain is characterized by a cap of resistant limestone.
Draws that grade into deep gullies and V-shaped valleys
dissect the plain, exposing the less resistant limestone. In
areas of fissured limestone, recharge of the aquifers is
rapid. These aquifers discharge through springs near the
perimeter of the plateau.

At the edge of the Edwards Plateau, the Balcones
Escarpment defines the beginning of the West Gulf
Coastal Plain section of the Coastal Plain province. Here,
the Texas part of the Rio Grande basin is a narrow strip
of dissected coastal plain. The part of the plain farthest
from the Rio Grande is rolling. Nearer the Rio Grande,
the area is dissected by the valleys of the intermittent
tributaries and the surface is rougher. In the Lower Rio
Grande Valley, the basin is restricted to the relatively
narrow flood plain or narrow terraces, generally less than
4 miles wide.

CLIMATE

The climate of the Rio Grande basin ranges from
semiarid to arid (Thornthwaite, 1952). The mean annual
precipitation is about 26 inches in the eastern part of the
Lower Rio Grande Valley but progressively declines to
20 inches in the western part of the lower valley
(Figure 2). However, in some areas adjacent to the Rio
Grande in the middle part of the basin, the annual
rainfall averages 18 to 20 inches.

Through the Pecos River subbasin and westward to
the Big Bend, the mean annual rainfall diminishes
rapidly from 20 to 8 inches. In the Trans-Pecos part of
the basin, the rainfall generally increases with an increase
in altitude. Rainfall in some of the high areas averages as
much as 20 inches annually; but toward the internal
basin or bolson, 10 inches is normal. As little as 8 inches
is normal in the strip immediately adjacent to the Rio
Grande.

Most of the middle and upper parts of the Rio
Grande basin in Texas have a typical continental climate
with wide daily temperature fluctuations. In the lower
Rio Grande basin, the climate is tempered by the

maritime influence of the prevailing wind. Here, the
winters are mild and the summers hot. At higher
altitudes, the upper basin has an alpine climate with
warm days and cool nights in the summer; winters
usually are cool or cold.

CULTURAL FEATURES AND
ECONOMIC DEVELOPMENT

Although the Rio Grande basin contains more
than 19 percent of the area of Texas, the basin
contributes less than 2 percent of the total runoff from
the State and has only about 9 percent of the State's
total 1960 population (Figure 3). The percentages cited
include the adjacent coastal area, which is almost
entirely dependent on the irrigation water diverted from
the Rio Grande.

The bulk of the population in the basin is
concentrated in the metropolitan areas of El Paso
(population 317,462 in 1970), Laredo (population
65,491 in 1970), and the McAllen, Harlingen,
Brownsville area of the Lower Rio Grande Valley
(population approximately 325,000). Smaller
concentrations of population are centered in towns such
as Pecos, Fort Stockton, Del Rio, and Eagle Pass.

Ranching is the most widespread enterprise in the
Rio Grande basin. Except for small irrigated areas near
El Paso and in the Lower Rio Grande Valley, many acres
of arid or semiarid land are required to graze one head of
cattle. Thus, the ranches usually are large and the
number of cattle few. In the middle region of the basin
where the Edwards Plateau is rough and rocky, sheep
and goats are the principal livestock. Dryland farming
within the basin usually is restricted to forage crops for
use on the ranches. Hunting lease revenue is a significant
source of income for most basin ranchers.

Cotton is the principal crop grown on irrigated
areas within the basin. Long-staple cotton is grown in
the El Paso area and to a smaller extent in the Pecos
area; short-staple cotton is grown on irrigated areas along
the middle basin and in the Lower Rio Grande Valley.
Planting and harvesting of this crop is almost entirely
mechanized so that little physical labor is required.

Alfalfa is an important crop in the El Paso area
where it is the base for a diversified livestock industry
which includes feedlot operations, dairying, and swine
and poultry raising.

Vegetable crops are produced throughout the
irrigated areas in the basin. In the El Paso area, the crops
are diversified to serve the needs of an isolated trade
area. In the Pecos area, the small yet intensive
production of cantaloupes is a speciality. From Laredo
to the Lower Rio Grande Valley, the winter vegetables
and early spring crops are of national importance. In
recent years, grain sorghum has become a high-yielding,
profitable crop in all irrigated areas.
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Oil operations are the principal source of revenue
in much of the Pecos River subbasin. Most of the oil
production in Webb, Zapata, and Starr Counties is just
outside the Rio Grande basin, but the basin communities
receive the bulk of the business from these operations.

Tourism is another important industry. Increasing
numbers of people are visiting the Big Bend National
Park and retired or semi-retired persons find the lower
valley an annual winter retreat.

ALLOCATION OF RIO
GRANDE WATERS

Two treaties between the United States and
Mexico provide for the division of international waters
of the Rio Grande. The Rioc Grande Compact between
Colorado, New Mexico, and Texas and the Pecos River
Compact between New Mexico and Texas provide for
the division of interstate waters (Texas Water
Development Board, 1968).

The United States and Mexico signed a treaty in
1906 providing for the delivery of 60 thousand acre-feet
of Rio Grande water annually by the United States to
Mexico in the El Paso-Juarez valley above Fort Quitman.
Deliveries are in proportionate amounts when the Rio
Grande Compact has shortages. A treaty ratified by the
United States and Mexico in 1945 dealt with the division
of waters from the Rio Grande, the Colorado River, and
the Tijuana River. The section pertaining to the Rio
Grande allows for the allocation of waters from Fort

Quitman to the Gulf of Mexico. The treaty also calls for
as many as three major storage dams to provide for
water supply, flood control, and the generation of
hydroelectric power. The International Boundary and
Water Commission administers the responsibilities and
obligations set forth by the treaty.

The Rio Grande Compact, approved by the
legislatures of Colorado, New Mexico, and Texas in
1939, allocates the uncommitted waters of the Rio
Grande above Fort Quitman. Water-delivery schedules
are provided from Colorado to New Mexico, from New
Mexico to Texas, and to the various irrigation projects.

The waters from the drainage area of the Pecos
River were allocated by the Pecos River Compact
approved in 1949 by Texas and New Mexico. The
Compact also provides for cooperative programs for the
salvage of water used by phreatophytes and for
alleviation of the excessive salinity of the Pecos River,

DEVELOPMENT OF
SURFACE-WATER RESOURCES

Because rainfall, streamflow, and runoff within the
Rio Grande basin are unevenly distributed, storage
projects are required to provide dependable quantities of
surface water for municipal supply, irrigation, and
industrial use. The capacity, owner, location, and use of
the principal reservoirs in the basin are listed in Table 1
(Dowell and Breeding, 1967).
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Table 1.—Reservoirs With Capacities of 5,000 Acre-Feet or More in the Rio Grande Basin in Texas
(From Dowell and Breeding, 1967)

The purpose for which the impounded water is used is indicated by the following symbols:
M, municipal; I, industrial; Ir, irrigation; R, recreation; P, hydroelectric power; FC, flood control.

1, TOTAL STORAGE

YEAR OPERATION CAPACITY
NAME OF RESERVOIR BEGAN STREAM {ACRE-FEET) OWNER COUNTY USE
San Esteban Lake 1911 Alamito Creek 18,770 Mrs P. M. Robinson estate Presidio Ir
Red Bluff Reservoir 1937 Pecos River 310,000 Red Bluff Water Power Eddy (New Mexico), Ir
Control District Reeves, and Loving
Lake Balmorhea 1917 Sandia Creek 6,350 Reeves County Water Reeves Ir
Improvement District No.
Devils Lake 2/ 1928 Devils River 9,200 Central Power & Light Co. Val Verde P
Lake Walk 2/ 1929 Devils River 5,400 Central Power & Light Co. Val Verde P
International Amistad Reservoir 1968 Rio Grande 5,325,000 United States and Mexico Coahuila, Mexico and M, 1,
Val Verde, Texas FC, Ir:P; R
Casa Blanca Lake 1951 Chacon Creek 20,000 Webb County Webb R
International Falcon Reservoir 1953 Rio Grande 3,280,700 United States and Mexico Tamaulipas, Mexico, M, 1,
and Starr and Zapata, FC,Ir,P, R

Texas

1/ Total storage capacity is that capacity below the lowest uncontrolled outlet or spillway and is based on the most recent reservoir survey available.
2/ Inundated by International Amistad Reservoir.




Throughout history, irrigation has been the
dominant use of Rio Grande waters. The Indians
irrigated small plots along the upper valley of the Rio
Grande for centuries. Later, the Spanish colonists, who
considered river water for irrigation as a commodity
essential to the survival of the communities, established
riparian rights to the water.

Irrigation in the Rio Grande basin was expanded
greatly when the frontier forts were established by the
United States. In 1853, water from San Solomon Springs
and other springs in the vicinity of Balmorhea were used
for irrigation of corn, alfalfa, and other produce raised
for consumption in the Fort Davis community.
Springflows were utilized by direct diversion until 1917
when Lake Balmorhea was completed to impound the
flow diverted from Phantom Lake Springs, the Madera
Diversion Dam on Toyah Creek, and San Solomon
Springs.

The drainage area of Sandia Creek and the Madera
Canal collecting system, which contributes inflow to the
reservoir, is only 22 square miles; and the original
capacity of the reservoir was 6,500 acre-feet.
Nevertheless, an annual diversion of 18,000 acre-feet of
water from the reservoir was authorized for the
irrigation of 10,600 acres.

In the 1860°s, Comanche Springs was used as a
water supply for Fort Stockton. Miles of canals were
constructed to irrigate several thousand acres of arid
land, and shortly thereafter all the flow of the springs
was being fully utilized.

Irrigation from the Pecos River in the area from
Red Bluff, New Mexico to Girvin, Texas began in 1877.
An era of construction of canals and small off-channel
reservoirs began in 1888 and continued for more than 35
years. By 1915, 10 major irrigation projects had been
started within a 125-mile reach of the Pecos River.
Undependable water supply, soil and water salinity, and
the lack of technology plagued the projects; and several
reorganizations of projects and water districts took
place. In 1934, through the efforts of seven irrigation
projects, plans were made to finance and construct Red
Bluff Dam, which was completed in 1936. Releases from
Red Bluff Reservoir have been used to irrigate as much
as 28,000 acres, but the amount used varies with the
guantity and quality of the water in storage. Since 1940,
ground water of fair to marginal quality has been used in
Ward and Reeves Counties to supplement surface-water
supplies.

San Esteban Lake on Alamito Creek, the first
reservoir in the Rio Grande basin in Texas, was
completed in 1911 by the St. Stephens Land and
Irrigation Company. This project included the 18,770
acre-foot reservoir and 7 miles of canals. The permit
from the Texas Board of Water Engineers allowed for
the irrigation of 8,500 acres of land, but because of lack
of runoff, the lake has been dry most of the time.

Ownership has changed several times. In 1962, the Texas
Water Commission reduced the water rights to 400
acre-feet to irrigate 200 acres of land.

Devils Lake and Lake Walk on the Devils River,
completed in 1928 and 1929 respectively, were
constructed by Central Power and Light Company for
development of hydroelectric power. These two
reservoirs were inundated by International Amistad
Reservoir in 1968.

Casa Blanca Lake on Chacon Creek, 3 miles
northeast of Laredo, was completed in 1951 by Webb
County for recreation and irrigation of a golf course.

International  Falcon Reservoir, 80 miles
downstream from Laredo, and International Amistad
Reservoir, 12 miles northwest of Del Rio, are the largest
reservoirs in the Rio Grande basin. International Falcon
Reservoir, which has a capacity of 3,280,700 acre-feet at
the top of the spillway gates, was completed in 1953.
International Amistad Reservoir, which has a capacity of
5,325,000 acre-feet at the top of the flood-control
storage space, was completed in 1968. Both of these
multipurpose reservoirs were constructed under the
1944 ftreaty between the United States and Mexico,
which called for equitable distribution of the waters of
the Rio Grande.

STREAMFLOW RECORDS

Streamflow records for the Rio Grande date from
1889 when the gaging station, Rio Grande at El Paso,
was established by the U.S. Geological Survey (Table 6).
A number of stations on the main stem downstream
from El Paso were established in 1900 and were
operated until 1914. Operation of these stations was
suspended from 1914 to 1923, except for a few months
in 1919. From 1923 to 1931, gaging stations were
operated independently by the United States and
Mexico. In 1932, the International Boundary and Water
Commission took over the operation of most of the
streamflow and water-quality stations to determine an
equitable distribution of waters between the United
States and Mexico. Records of these stations have been
published jointly by the United States and Mexican
Sections of the Commission. Figure 10 shows the
location of the principal data-collection sites.

The collection of streamflow records for the Pecos
River was begun in 1898 when the U.S. Geological
Survey established the stream-gaging station Pecos River
near Comstock. Since 1900, the International Boundary
and Water Commission has maintained a gaging station
at or in the vicinity of this site. The high bridge that
supported the gage near Comstock was destroyed by a
flood in 1954, so the flow of the Pecos River was
measured upstream near Shumla until 1967 when the
gaging station Pecos River near Langtry was established.
The most intensive records of streamflow for the Pecos

S b [



subbasin were compiled as part of the Pecos River Joint
Investigation (National Resources Planning Board,
1942). In 1937, 31 recording stations were operated on
the main stem, tributary streams, canals, and drains.

Streamflow at many miscellaneous sites on the
Pecos River was measured during low-flow and
water-delivery studies in 1964, 1965, 1967, and 1968
(Grozier and others, 1966 and 1968; Spiers and Hejl,
1970). Records of diversion from scores of sites on the
Rio Grande and Pecos River have been maintained by
the International Boundary and Water Commission, the
U.S. Geological Survey, and the U.S. Bureau of
Reclamation.

Records of discharge and stage of streams and
contents and stages of lakes and reservoirs from 1897 to
1968 have been published in the annual series of U.S.
Geological Survey Water-Supply Papers and by the
International Boundary and Water Commission Water
Bulletins. Beginning with the 1961 water vyear,
streamflow records have been released by the Geological
Survey in annual reports. (See table in list of references.)
Summaries of discharge records giving monthly and
annual totals have been published by the Texas Board of
Water Engineers (1958) and the U.S. Geological Survey
(1960, 1964a).

CHEMiCAL-QUALITY RECORDS

Daily records of water quality for the Rio Grande
in Texas date from August 1, 1905, when the U.S.
Geological Survey began sampling at the station Rio
Grande at Laredo (Table 6). Sampling at this station was
discontinued after one year. The next regular sampling
record dates from 1924 when the U.S. Bureau of
Reclamation began collecting data on the concentrations
of sediment and dissolved solids at the station Rio
Grande at E! Paso.

Beginning in 1928 and 1929, samples were
collected at approximately weekly intervals for the
determination of specific conductance and major
chemical constituents on the Rio Grande at El Paso,
Fabens, and Fort Quitman. Monthly or less frequent
sampling and analysis were begun in the 1930°s at several
other stations in Texas by the U.S. Geological Survey,
the United States Section of the International Boundary
and Water Commission, and the U.S. Bureau of
Reclamation. The samples collected by the Commission
were analyzed by the U.S. Department of Agriculture at
Riverside, California.

Sampling intervals at regular stations have varied
widely. From one to 31 samples during a month have
been collected and analyzed. At times, estimated values
for constituents have been reported as representative of
a month’s flow. During the early years, each individual
water sample collected by the International Boundary
and Water Commission was analyzed. However, during
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the early 1930's, the system of discharge-weighted
composites was adopted.

A composite sample was made for each month at
each station by consolidating into a single sample an
amount of each individual sample proportional to the
river flow at the time the sample was taken. The results
of these analyses and corresponding streamflow records
were used to calculate annual discharge-weighted
averages of selected constituents for each station,
provided the records were considered sufficient. The
International Boundary and Water Commission
calculates weighted averages on a calendar-year basis. In
this report, the calendar year was retained as the
reporting period for stations operated by the Boundary
Commission. However, annual weighted averages for
stations operated on the Pecos River by the U.S.
Geological Survey were calculated on a water-year
(October 1-September 30) basis.

Chemical-quality records for the Rio Grande basin
are summarized in Tables 7-11. Complete records are
published in an annual series of the U.S. Geological
Survey Water-Supply Papers, in reports of the Texas
Water Development Board and its predecessor agencies,
and in the International Boundary and Water
Commission Water Bulletins. (See table in list of
references.)

FACTORS AFFECTING CHEMICAL
QUALITY OF WATER

Surface water normally contains significant
amounts of dissolved or suspended materials. These and
other constituents or properties such as color, taste,
natural and man-made organic substances, radioactive
metals, and microorganisms are factors that determine
water quality. In this report, only the major chemical
constituents are considered because these are the
principal factors that limit the use of the water in the
Rio Grande basin.

The major chemical constituents usually are
dissociated into charged particles or ions. Principal
cations (positively charged ions) in natural water are
calcium (Ca), magnesium (Mg), sodium (Na), potassium
(K}, and iron (Fe). Principal anions (negatively charged
ions) are carbonate (CO3), bicarbonate (HCO3), sulfate
(SO4), chloride (Cl), fluoride (F), and nitrate (NO3).
The source and significance of the constituents and
properties commonly determined by the U.S. Geological
Survey are given in Table 2.

Some of the environmental factors that affect the
chemical quality of surface waters are climate, geology,
patterns and characteristics of streamflow,
impoundments and diversions, disposition of municipal
and industrial wastes, and irrigation. In the Rio Grande
basin, the principal factors that affect the chemical
quality of the water are geology and return flow from
irrigation.



Table 2.—Source and Significance of Dissolved-Mineral Constituents and Properties of Water

CONSTITUENT
OR
PROPERTY

Silica (SiO3)

lron (Fe)

Calcium (Ca) and
magnesium (Mg)

Sodium (Na) and
potassium (K)

Bicarbonate (HCO3)
and carbonate (COg)

Sulfate (SO4)

Chloride (CI)

Fluoride (F)

Nitrate (NO3)

Dissolved solids

Hardness as CaCOg

Specific conductance
{micromhos at 25°C)

Hydrogen ion
concentration (pH)

SOURCE OR CAUSE

Dissolved from practically all
rocks and soils, commonly less
than 30 mg/l. High concentra-
tions, as much as 100 mg/l, gener-

ally occur In highly alkaline
waters,

Dissolved from practically all
rocks and solls, May also be

derived from iron pipes, pumps,
and other equipment. More than
1 or 2 mg/l of iron in surface
waters generally indicates acid
wastes from mine drainage or
other sources.

Dissolved from practically all soils
and rocks, but especially from
limestone, dolomite, and gypsum.
Calcium and magnesium are
found in large quantities in some
brines. Magnesium is present in
large quantities in sea water.

Dissolved from practically all
rocks and soils. Found also in
ancient brines, sea water, indus-
trial brines, and sewage.

Action of carbon dioxide in water
on carbonate rocks such as lime-
stone and dolomite.

Dissolved from rocks and soils
containing aypsum, iron sulfides,
and other sulfur compounds.
Commonly present in mine waters
and in some industrial wastes,

Dissolved from rocks and soils.
Present in sewage and found in
large amounts in ancient brines,
sea water, and industrial brines.

Dissolved in small to minute
quantities from most rocks and
soils. Added to many waters by
fluoridation of municipal sup-
plies.

Decaying organic matter, sewage,
fertilizers, and nitrates in soil.

Chiefly mineral consti :ents dis-
solved from rocks and soils.
Includes some water of crystalli-
zatijon.

In most waters nearly all the
hardness is due to calcium and
magnesium. All the metallic
cations other than the alkali
metals also cause hardness.

Mineral content of the water.

Acids, acid-generating salts, and
free carbon dioxide lower the pH,
Carbonates, bicarbonates, hydrox-
ides, and phosphates, silicates,
and borates raise the pH.
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SIGNIFICANCE

Forms hard scale in pipes and boilers, Carried over in steam of
high pressure boilers to form deposits on blades of turbines.
Inhibits deterioration of zeolite-type water softeners.

On exposure to air, iron in ground water oxidizes to reddish-
brown precipitate. More than about 0.3 mg/lstains laundry and
utensils reddish-brown, Objectionable for food processing, tex-
tile processing, beverages, ice manufacture, brewing, and other
processes, U.S. Public Health Service (1962) drinking-water
standards state that iron should not exceed 0.3 mg/I. Larger
quantities cause unpleasant taste and favor growth of iron
bacteria.

Cause most of the hardness and scale-forming properties of
water; soap consuming (see hardness), Waters low in calcium and
magnesium desired in electroplating, tanning, dyeing, and in
textile manufacturing.

Large amounts, in combination with chloride, give a salty taste.
Moderate quantities have |ittle effect on the usefulness of water
for most purposes. Sodium salts may cause foaming in steam
boilers and a high sodium content may limit the use of water for
irrigation.

Bicarbonate and carbonate produce alkalinity. Bicarbonates of
calcium and magnesium decompose in steam boilers and hot
water facilities to form scale and release corrosive carbon dioxide
gas. In combination with calcium and magnesium, cause carbon-
ate hardness.

Suifate in water containing calcium forms hard scale in steam
boilers. In large amounts, sulfate in combination with other ions
gives bitter taste to water. Some calcium sulfate is considered
beneficial in the brewing process. U.S. Public Health Service
(1962) drinking-water standards recommend that the sulfate
content should not exceed 250 mg/l.

In large amounts in combination with sodium, gives salty taste to
drinking water. In large quantities, increases the corrosiveness of
water. U.S. Public Health Service (1962) drinking-water stan-
dards recommend that the chioride content should not exceed
250 mg/l.

Fluoride in drinking water reduces the incidence of tooth decay
when the water is consumed during the period of enamel
calcification. However, it may cause mottling of the teeth,
depending on the concentration of fluoride, the age of the child,
amount of drinking water consumed, and susceptbility of the
individual, (Maier, 1850)

Concentration much greater than the local average may suggest
pollution. U.S. Public Health Service (1962} drinking-water
standards suggest a limit of 45 mg/l. Waters of high nitrate
content have been reported to be the cause of methemoglo-
binemia (an often fatal disease in infants) and therefore should
not be used in infant feeding. Nitrate has been shown to be
helpful in reducing inter-crystalline cracking of boiler steel. It
encourages growth of algae and other organisms which produce
undesirable tastes and odors.

U.S, Public Health Service (1962) drinking-water standards
recommend that waters containing more than 500 mg/I dissolved
solids not be used if other less mineralized supplies are available.
Waters containing more than 1000 mg/| dissolved solids are
unsuitable for many purposes.

Consumes soap before a lather will form. Deposits soap curd on
bathtubs, Hard water forms scale in boilers, water heaters, and
pipes. Hardness equivalent to the bicarbonate and carbonate is
called carbonate hardness. Any hardness in excess of this is
called non-carbonate hardness. Waters of hardness as much as 60
ppm are considered soft; 61 to 120 mg/l, moderately hard; 121
to 180 mg/l, hard; more than 180 mg/l, very hard.

Indicates degree of mineralization. Specific conductance is a
measure of the capacity of the water to conduct an electric
current. Varies with concentration and degree of ionization of
the constituents,

A pH of 7.0 indicates neutrality of a solution. Values higher than
7.0 denote increasing alkalinity; values lower than 7.0 indicate
increasing acidity. pH is a measure of the activity of the
hydrogen ions. Corrosiveness of water generally increases with
decreasing pH. However, excessively alkaline waters may also
attack metals.



Waters usually are classified in various ways to
demonstrate similarities and differences of composition.
In the following discussion, which relates chemical
quality of water to environmental factors, water is
classified on the basis of dissolved-solids content in mg/!
{milligrams per liter), principal chemical constituents,
and hardness. On the basis of dissolved-solids content,
waters are classified as follows:

DISSOLVED SOLIDS

CLASSIFICATION (MG/L)

Fresh Less than 1,000

Slightly saline 1,000 to 3,000

Moderately saline 3,000 to 10,000

Very saline 10,000 to 35,000

Brine More than 35,000

As to geochemical types, waters are classified on
the basis of the predominant cations and anions in me/|
{milliequivalents per liter). For example, water is
classified as a sodium chloride type if the sodium and
chloride ions constitute 50 percent or more of the
cations and anions respectively. Waters in which one
cation and one anion are not clearly predominant are
recognized as mixed types and are identified by the
names of all the important cations and anions.

On the basis of hardness, waters are classified as
soft, moderately hard, hard, or very hard (Table 2).

Geology

The amounts and kinds of minerals dissolved in
water that drains from areas where municipal and
industrial influences are small depend principally on the
chemical composition and physical structure of the
rocks and soils traversed by the water and on the length
of time the water is in contact with the rocks and soils.
The amount of minerals available for solution is
decreased by leaching; therefore, in areas of high rainfall,
the mantle rock and residual soil contain relatively small
amounts of readily soluble minerals. These rocks usually
yield water of low mineralization. However, in arid or
semiarid regions, most soils and rocks are incompletely
leached and still contain large amounts of readily soluble
material; water in contact with these rocks and soils may
become highly mineralized.

The rocks exposed in the Texas part of the basin
range in age from Paleozoic to Quaternary (Figure 4).
The structure of the rocks and sediments of the basin
varies from extremely complex arrangements of several
systems in the upper part of the basin to an orderly
layering of Tertiary and Quaternary sediments in the
lower basin (Davis and others, 1965). The geology in
Mexico is adapted from the “Carta Geologica de la
Hepdblica Mexicana” prepared in 1968 by the Comité
de la Carta Geolégica de Mexico.
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Chemical analyses of surface water at selected sites
in the Rio Grande basin are represented
diagrammatically (Stiff, 1951) in Figure 4 to relate
chemical composition to geology. The shape of each
diagram indicates roughly the degree of mineralization.

The upper reaches of both the Rio Grande and
Pecos River in Texas are underlain primarily by deposits
of Quaternary age. In the fall and winter, when no water
is being released from reservoirs in New Mexico, water in
the Rio Grande at El Paso is usually slightly saline and
very hard. The principal cation in the water is sodium;
the principal anion usually is sulfate, but in some of the
more highly mineralized water, the percentage of
chloride increases (Figure 4).

Farther downstream at Fort Quitman, the quality
of water in the Rio Grande is altered by irrigation return
flows. Water passing the Fort Quitman station usually is
slightly saline and very hard. Although the principal
chemical constituents vary, highiy mineralized flows
usually are of the sodium chloride type (Figure 4).

In the reach between the daily chemical-quality
stations Pecos River below Red Bluff Dam near Orla and
at Girvin, which is underlain principally by deposits of
Quaternary age, the water usually is moderately or very
saline, very hard, and of the sodium chloride type. Water
in most tributaries to the Pecos River that traverse rocks
of Quaternary age is slightly to very saline, very hard,
and of the sodium chloride or mixed sodium chloride
sulfate type. However, water in Coyanosa Draw is fresh,
ranges from moderately hard to hard, and is of the
calcium bicarbonate type (Figure 4}.

Extensive deposits of Tertiary age crop out in the
upper, middle, and lower reaches of the Mexican side of
the Rio Grande basin and in the lower reach of the
Texas side. The Rio Conchos is the principal tributary
that traverses rocks of Tertiary age on the Mexican side
of the basin. Water in the Rio Conchos near Ojinaga
usually is fresh, very hard, and of the sodium calcium
sulfate type. Water in the Rio Grande at Johnson Ranch
near Castolon, which is contributed principally by the
Rio Conchos, is usually fresh and very hard. Principal
chemical constituents usually are calcium, sodium, and
sulfate (Figure 4).

The middle reach of the Rio Grande basin is
underlain principally by rocks of Cretaceous age.
Streams that traverse the Cretaceous outcrops include
the Devils River and San Felipe Creek on the Texas side
and Rio San Diego and Rio San Rodrigo on the Mexican
side. Water in these streams usually is fresh, hard, and of
the calcium bicarbonate type (Figure 4).

Streamflow

The patterns and characteristics of unregulated
streamflow usually affect the chemical character of the



water in streams. Water discharge, and thus the chemical
quality, of any unregulated stream may vary from day to
day and even from hour to hour. The variation may be
large, such as for smaller streams that flow
intermittently in response to storms, or small, if the river
is large or if the flow is derived primarily from ground
water.

The concentration of dissolved minerals usually
varies inversely with the water discharge. The
concentrations usually are minimum during periods of
high flow because most of the water is surface runoff
that has been in contact with soluble minerals of the
exposed rocks and soils for a relatively short time. In
arid areas, intermittent streams may have high
concentrations of dissolved solids at times of high flow
when an isolated rainstorm causes only enough flow to
scour the streambed.

Between rainstorms, the flow of perennial streams
is sustained predominantly by ground water from springs
or seeps along the watercourse. This water has been in
contact with the rocks and soil for sufficient time to
leach appreciable quantities of soluble material and to
reach equilibrium. Thus, the concentration of dissolved
materials usually is maximum and is nearly constant
during low-flow periods.

Through most reaches of the Rio Grande and the
Pecos River, the flow is so regulated by upstream
reservoirs, diversions, and drainage returns that only at
medium or high flows do the normal
discharge-concentration relations apply.

Irrigation

Because most of the Rio Grande basin is either
arid or semiarid, and because most of the water is used
for irrigation, repetitive and consumptive usage of water
is greater here than in most of the major river basins of
North America. Before 1900, shortages of water for
irrigation began to occur. Since that time, the total
acreage of irrigated lands has been restricted and
irrigation rights have been reallocated to achieve the
maximum use of available water (Figure 5).

Irrigation returns from surface and ground waters
have a significant effect on the use and the quality of the
water available throughout the entire reach of the Rio
Grande and the Pecos River. The natural quality of
water in these streams, which is only marginal or fair, is
being seriously impaired by the return flow of water
used repetitively for irrigation. The higher salinity of the
irrigation return flow is caused by the salinity of the soil
through which the water has percolated and by the
concentration effect of high evaporation rates
throughout the basin.
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Qilfield Brines

Oil is produced in large areas of the Pecos River
subbasin, in the middle reaches of the Rio Grande basin,
and in the Lower Rio Grande Valley. The principal
oil-producing areas (Figure 6) extend eastward from the
middle Rio Grande basin and southward from the Lower
Rio Grande Valley. Thus, oilfield brines may be
transported into or out of the basin.

Improper disposal of brines from these areas has
permitted salt to reach the streams. When oil production
started more than fifty years ago, little effort was made
to protect either surface or ground waters in the area.
Unlined surface pits were usually employed to hold the
brine produced with the oil. Though some of the water
from the pits evaporated, the greater part probably
percolated downward and contributed to the salinity of
the streams. Brines from abandoned wells and
unplugged, or improperly plugged, test holes may also
contribute to the salinity of streams.

In recent years, the trend has been to inject the
brines back into the producing formation to maintain
the formation pressure. Brackish or salt water from
other sources may also be injected to repressure the
oil-producing formations. Though injection usually is the
preferred way of brine disposal, the increased pressure
may move the brine upward along fault zones or into
unplugged or improperly plugged wells and eventually
into surface streams.

The composition of oilfield brines varies: but the
principal chemical constituents in order of the
magnitude of their concentration (milligrams per liter)
are usually chloride, sodium, calcium, and sulfate.
Generally, an erratic variation in the ratio of the chloride
ion to other major constituents in streams that drain
oilfields indicates brine pollution.

Because much of the flow of the Pecos River is
naturally saline, detailed studies are necessary to identify
the source and quantities of brines contributed by
oilfield operations.

CHEMICAL QUALITY OF
SURFACE WATER

Upper Rio Grande Basin

The flow of the Rio Grande upstream from Texas
is regulated by Elephant Butte and Caballo Reservoirs in
New Mexico and is derived principally from snowmelt.
The quality of the water released from these reservoirs is
fairly constant. The discharge-weighted average of the
dissolved-solids concentrations at Caballo Dam for the
period of record from 1939 to 1948 was about 500
mg/l, and no monthly composite contained as much as



1,000 mg/l. Downstream at Leasburg Dam during the
same period, the dissolved solids were less than 5 percent
higher. However, the discharge-weighted average
concentration of dissolved solids for the same period at
the El Paso station was 34 percent greater than that at
Leasburg Dam. Most of this increase in concentration
resulted from irrigation return flows from the Mesilla
Valley irrigation project.

The discharge-weighted  average of  the
dissolved-solids concentrations at El Paso during the
1930-68 period of record was about 800 mg/l. The
dissolved-solids concentrations vary seasonally. During
the spring and summer when water is released from the
upstream reservoirs, the concentrations at El Paso are
usually about 600 or 700 mg/l, or only slightly higher
than that of water released at the upstream dam.

In the fall and winter when no water is released
from the reservoirs, the flow at the El Paso station is
from seepage and delayed return flows and usually
contains from 1,000 to 2,000 mg/l dissolved solids. At
times, the dissolved solids exceed 2,000 mg/l and has
been as high as 3,830 mg/l. The water is very hard
(greater than 180 mg/l). The principal cation in the
water is sodium; the principal anion usually is sulfate,
but in some of the more highly mineralized water, the
percentage of chloride increases. During the period
1930-68, the concentration of sulfate in samples from
the El Paso station ranged from less than 150 mg/| to
mare than 1,250 mg/l; the discharge-weighted average
was 263 mg/l. The chloride concentration ranged from
less than 50 mg/l to more than 1,060 mg/l; the
discharge-weighted average was 130 mg/I.

Most of the water passing the El Paso station is
diverted by the American Canal in Texas and the
Acequia-Madre in Mexico for irrigation and municipal
use. Evaporation and leaching of salts from the soils
increase the salinity of the water used for irrigation.
Return flows and drainage from the irrigated areas cause
the residual water in the river downstream from the
diversion sites to become more mineralized.

In an inventory of Texas irrigation, Gillett and
Janca (1965, p. 16) showed that not a single irrigated
acre in El Paso County in 1958 and 1965 depended on
surface water alone. Surface supplies were supplemented
by wells, most of which are shallow and derive their
water from the alluvium. The alluvium is supplied
mostly from the percolation of excess irrigation water.
Thus, the flow of the Rio Grande is recycled several
times, and minerals in the water become extremely
concentrated at the lower end of the El Paso Valley.

During extended periods from 1951 to 1959, no
flow was recorded at the station near Acala, Texas.
During these periods, any irrigation returns and seepage
to the river in the reach below the station was diverted
again and again until all was used before reaching the
station Rio Grande at Fort Quitman. During these
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periods, the discharge-weighted average concentrations
of dissolved solids for the Fort Quitman station reached
their lowest values (375 mg/l in 1956, 294 mg/l in 1957,
and 375 mg/l in 1965). These waters of low
mineralization were from local storm runoff contributed
by streams downstream from the irrigated valley of the
Rio Grande. When a substantial part of the annual flow
at Fort Quitman is from the flow passing the station
near Acala or from irrigation return flow, the annual
discharge-weighted average concentrations of dissolved
solids wusually range from 1,000 to 3,000 mag/l.
Concentrations in single samples and monthly
composites often greatly exceed the annual averages.
The highest dissolved-solids concentration in a monthly
composite was 10,700 mg/I in June 1953.

Water passing the Fort Quitman station usually is
very hard, but the principal chemical constituents vary.
Waters of low mineralization usually are of the calcium
bicarbonate type; highly mineralized waters usually are
of the sodium chloride type. The annual
discharge-weighted average concentration of chloride has
ranged from 21 mg/l in 1957 and 1965 to 1,640 mg/l in
1964. The discharge-weighted average concentration of
sulfate has ranged from 45 mg/l in 1965 to 995 mg/l in
1961.

Since 1950, the water that has passed the station
at Fort Quitman seldom has reached the upper Presidio
station. Diversions, seepage into the permeable terrane,
and evapotranspiration probably consume most of the
water. Since 1950, most of the water at upper Presidio
has been contributed by mountain creeks or arroyos that
join the Rio Grande in the stretch below Fort Quitman.

Until 1945, the discharge-weighted averages of
dissolved solids for the upper Presidio station were
approximately the same as those for the Fort Quitman
station. Since then, and especially since 1950, the flow
at Fort Quitman has been small; and the annual
discharge-weighted averages of dissolved solids usually
have been considerably greater than those for the upper
Presidio station (Figure 7).

During the period from 1950 to 1968, the annual
discharge-weighted averages of dissolved solids for the
Fort Quitman station ranged from 294 to 4,440 mg/I
and averaged 2,120 mg/l. During this same period, the
annual discharge-weighted averages of dissolved solids
for the upper Presidio station ranged from 279 to 1,700
mg/| and averaged 748 mg/l.

Middle Rio Grande Basin

Because three-fourths of the flow in the Rio
Grande below El Paso comes from the Mexican side, the
quality of the inflows from Mexico is of major
importance to the quality of water in the Rio Grande
and the main stem reservoirs.
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Figure 7.—Discharge-Weighted Average of Dissolved Solids for the Rio Grande and Principal Inflow Stations

Downstream from the upper Presidio station, over
one-half million acre-feet of water a year is added to the
flow of the Rio Grande by the Rio Conchos, the largest
of the Mexican tributaries, to the middle reach of the
Rio Grande. The chemical quality of water in the Rio
Conchos is shown in Figure 7. Since 1850, when
complete use of upper Rio Grande waters in the El Paso
Valley began, the yearly discharge-weighted averages of
dissolved solids of the water from the Rio Conchos near
Ojinaga, Mexico, very closely paralleled and at times
were almost identical to those of the Rio Grande at
Johnson Ranch near Castolon, a hundred miles
downstream. The discharge-weighted average
concentrations of dissolved solids for the period from
1950 to 1968 for the two stations were identical, 728
mg/l. Water at both stations was very hard and usually

was of the sodium sulfate or sodium calcium sulfate
type.

Chemical analyses of samples from the two
stations usually did not include the determination of
sulfate. However, the annual discharge-weighted averages
of the sulfate concentrations, as calculated from
available data for the period from 1950 to 1968, ranged
from 158 to 408 mg/l and averaged 291 mg/l for the
station Rio Conchos near Ojinaga. The
discharge-weighted averages of chloride for the station
ranged from 26 to 96 mg/l and averaged 61 mg/l. During
this same period, the discharge-weighted average
concentrations of sulfate for the station Rio Grande at
Johnson Ranch near Castolon ranged from 150 to 409
mg/l and averaged 290 mg/l, the discharge-weighted



averages of chloride concentrations ranged from 24 to
91 mg/l and averaged 62 mg/I.

Tributaries that drain from the Texas side of the
basin and join the Rio Grande between the Rio Conchos
and the station Rio Grande at Johnson Ranch near
Castolon include Alamito and Terlingua Creeks. The
dissolved-solids content of samples from Alamito Creek
near Presidio, which probably is fairly representative of
water contributed by other mountain streams in the
area, ranged from 263 +to 448 mg/l. The
discharge-weighted concentrations of dissolved-solids for
Alamito Creek near Presidio probably average about
250 mg/l. The water usually is moderately hard or hard.
Available data indicate that when the dissolved-solids
content exceeds about 300 mg/l, the water is of the
sodium bicarbonate type. However, water containing less
than 300 mag/| dissolved solids probably is of the calcium
bicarbonate type. The chloride content of samples from
Alamito Creek ranged from 4.7 to 27 mg/l; the sulfate
content ranged from 16 to 51 mg/l.

Water in Terlingua Creek is more mineralized than
that in Alamito Creek. The dissolved-solids content of
samples from Terlingua Creek near Terlingua ranged
from 400 to 1,140 mg/l. Most of the samples were
collected during low flow and contained more than
1,000 mg/| dissolved solids. However, the
discharge-weighted concentrations of dissolved solids
probably average about 500 mg/l. Water in Terlingua
Creek usually is very hard and of the sodium calcium
sulfate type. The chloride content of samples from
Terlingua Creek ranged from 6.4 to 9.5 mg/l; the sulfate
content ranged from 135 to 644 mg/l.

Although no major tributaries join the main
stream between the stations Rio Grande at Johnson
Ranch near Castolon and Rio Grande at Foster Ranch
near Langtry, the annual inflow from small tributaries
and springs in this reach averages more than 300,000
acre-feet. This inflow usually reduces the concentrations
of dissolved solids and variations of chemical quality of
water in the Rio Grande. At no time during the period
of record has the dissolved solids in composite samples
from the Rio Grande at Foster Ranch near Langtry
exceeded 1,000 mg/l. During the period from 1944 to
1968, the range of annual discharge-weighted average
concentrations were as follows: dissolved solids, 449-699
mg/l; chloride, 29-91 mg/l; and sulfate 161-269 mg/l.
The water was very hard and usually of the sodium
calcium sulfate type.

The next major contribution to the middle reach
of the Rio Grande is the saline flow from the Pecos
River. The dissolved-solids discharge-weighted average
for the Pecos River near Langtry, just before it joins the
Rio Grande, was 1,460 mg/l during the period 1955-68.
During this same period, the discharge-weighted average
concentration of dissolved solids upstream at the Rio
Grande at Foster Ranch near Langiry was 581 mg/l. The
variations in salinity of the Pecos River inflow is shown
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in Figure 7. The quality of the Pecos River water is
considered in another section of this report.

The Devils River joins International Amistad
Reservoir on the Rio Grande downstream from the
Pecos River. Water from Devils River near Juno and at
Pafford Crossing near Comstock, Lake Walk, and Cantu
and San Felipe Springs contained less than 250 mg/
dissolved solids and were of the calcium bicarbonate
type, typical of the Edwards Plateau.

The only water of poor quality collected from the
Del Rio area during the reconnaissance was from Eight
Mile Creek near Del Rio where concentrations of
dissolved solids ranged from 820 to 2,060 mg/l. The
source of the flow is a small spring and possibly a
flowing well in the area that may be connected to the
creek through fractured limestone. The principal
constituents of this saline flow are calcium and sulfate.

Single samples from Chacon Creek near Laredo,
Los Olmos Creek near Rio Grande City, and La Joya
Creek near Samfordyce, which are Texas tributaries to
the Rio Grande, were all saline. The concentrations of
dissolved solids were 4,420, 11,500, and 5,740 mg/l,
respectively. Sodium and chloride were the predominant
constituents.

Tributaries that drain from the Mexican side of the
basin and join the Rio Grande between International
Amistad Reservoir and the station Rio Grande at Laredo
include Rio San Diego and Rio San Rodrigo. Water from
these streams usually contains less than 400 mag/l
dissolved solids, 30 mg/l chloride, and 75 mg/l sulfate.
The water is hard or very hard and of the calcium
bicarbonate type.

The excellent quality of water from the Devils
River and from small spring-fed streams on both sides of
the Rio Grande more than compensate for the increased
salinity caused by inflow from the Pecos River. The
discharge-weighted average concentrations of dissolved
solids, chloride, and sulfate for the Rio Grande at
Laredo, Texas, during the 1956-68 period were 485
ma/l, 81 mg/l, and 148 mg/|, respectively.

The general improvement in the quality of water
in this reach of the Rio Grande occurs in spite of
diversions of water by Maverick Canal for powerplant
cooling and for irrigation and in spite of the subsequent
return of the water to the river. The amount of flow that
returns to the river from the powerplant is essentially
undiminished; thus, the concentration of salts by
evaporation is small. Water from the Maverick Canal is
used to irrigate about 35,000 acres above and below
Eagle Pass. The amount of water returning to the river is
large and the concentration of salts by leaching and
evaporation is small. Although considerable quantities of
water are diverted, the gain in flow of the Rio Grande
between International Amistad Dam and Laredo
averages more than 350,000 acre-feet per year.



Lower Rio Grande Basin

Flow of the Rio Grande in the lower basin is
impounded in International Falcon Reservoir. The Rio
Salado, in Mexico, also contributes water to
International Falcon Reservoir. Although the Rio Salado
at Las Tortillas has contained as much as 5,000 mg/|
dissolved solids, the discharge-weighted average for the
station during the period from 1955 to 1968 was 522
mg/l. During the period from 1956 to 1968, the
discharge-weighted average concentrations of dissolved
solids, chloride, and sulfate for the Rio Grande below
International Falcon Dam were 493 mag/l, 84 mg/l, and
150 mg/l, respectively. The water is very hard and
usually is of the mixed type in which no cation or anion
predominates.

Releases from International Falcon Reservoir
provide most of the water used for municipal supply,
irrigation, and industrial use in the Lower Rio Grande
Valley. However, since 1943, Marte R. Gomez Reservoir
on the Rio San Juan in Mexico has provided
considerable quantities of water for irrigation in the
reach from Ciudad Miguel Aleman, Mexico (near Roma,
Texas) to Rio Bravo, Mexico (near Mercedes, Texas).
Some of the water used for irrigation drains back into
the Rio San Juan before it joins the Rio Grande; but
most of the return flows enter the Rio Grande through
five drains—the Rancherias and Los Fresnos drains
upstream from Fort Ringgold, Texas, and the Los
Puerteoitos, Huizache, and Morillo drains downstream
from Fort Ringgold. Water contributed to the Rio
Grande by the Rio San Juan and these five drains is
saline most of the time. The concentration of dissolved
solids in Morillo drain averages about 10,000 mg/l, which
is several times greater than the average concentration in
the other drains.

Inflow of saline water from these sources has
caused an increase in the dissolved-solids content of the
Rio Grande. During the 1959-68 period, the
discharge-weighted average concentration of dissolved
solids for the staticn Rio Grande at Anzalduas Dam was
684 mg/l. Although this concentration would not be
excessive in water used for irrigation in other areas, it
may adversely affect crop production in the Lower Rio
Grande Valley where the mineral content of the soil is
high and where leaching of the minerals is restricted
because of the high water table, tight structure of the
soil, and flat topography.

As a measure to improve the quality of the water
in the Lower Rio Grande Valley, the saline water from
the Morillo drain has recently been diverted through a
75-mile long channel to the Gulf of Mexico. Preliminary
results indicate that diversion of the saline water has
caused a significant improvement of the quality of the
water in the Rio Grande.
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Pecos River Subbasin

Water in the Pecos River usually is very saline as it
enters Texas. In a short reach of about 3 miles in the
Malaga Bend of the river in southern Eddy County in
New Mexico, about 420 tons of dissolved minerals,
mostly sodium chloride, is added daily to the mineral
load of the river. The source of the salt is a concentrated
brine that percolates upward from an aquifer that
underlies the area. An experimental salinity-alleviation
project has been in operation at Malaga Bend since
August 1963. Brine is being pumped from a well into an
evaporation basin to lower the water level in the brine
aquifer and thus prevent its seepage into the river. The
results of the project are still being evaluated.

The Pecos River receives water of better quality
from the Delaware River but the amount is too small to
reduce the salinity significantly. When sampled in
August 1966, the Delaware River near Red Bluff, New
Mexico, contained 1,980 mg/! dissolved solids, 8.8 mag/l
chloride, and 1,300 mg/l sulfate. The water was very
hard and was of the calcium sulfate type.

Since 1937, the flow of the Pecos River has been
impounded in Red Bluff Reservoir. The chemical quality
of the outflow from the reservoir has been monitored at
the daily sampling station Pecos River below Red Bluff
Dam near Orla or 15 miles downstream at the gaging
station, Pecos River near Orla. During some periods, the
quality of the water at the station near Orla is impaired
by saline inflow from Salt (Screwbean) Draw. Therefore,
records for the station Pecos River below Red Bluff Dam
near Orla are more representative of the chemical quality
of outflow from the reservoir.

To supplement chemical-quality records for
outflow from Red Bluff Reservoir and to determine the
areal variations of the quality of water in the reservoir,
the Geological Survey in cooperation with the Red Bluff
Water Power Control District conducted a series of
water-quality surveys during the period from 1965 to
1968 (Kunze and Rawson, 1970). During each of the
surveys, water throughout the reservoir was saline.
However, during some periods, water at the surface was
much less saline than that at the bottom. For example,
on October 12, 1965, the concentration of dissolved
solids at a deep site near Red Bluff Dam ranged from
4,260 mg/l at the surface to 10,200 mg/| at a depth of
38 feet. Thus, selected withdrawal of the more saline
water from the reservoir during non-irrigating periods
would improve the quality of the water available for
irrigation.

Evaporation, irrigation returns, and the inflow of
highly mineralized ground water or brines from oil fields
usually cause a progressive increase of dissolved solids
and chloride in the Pecos River between the
chemical-quality stations below Red Bluff Dam near



Orla and at Girvin (Figure 8). Inflow of ground water
downstream from this reach wusually results in a
reduction in the concentration of dissolved solids.
During the period from 1961 to 1968, the
discharge-weighted average concentrations of dissolved
solids for the stations Pecos River below Red Bluff Dam,
at Girvin, and at Shumla (now near Langtry) were 7,770
mg/l, 14,200 mg/l, and 1,600 mg/l, respectively. The
discharge-weighted average concentrations of chloride
were 3,080 mg/l, 5,820 mg/l, and 572 mag/l, and those of
sulfate were 1,880 mag/l, 3,370 mg/l, and 324 mg/l.
Water at each of the sites was very hard and of the
sodium chloride type. Water-delivery and low-flow
studies (Grozier and others, 1966 and 1968; Spiers and
Hejl, 1970) generally have documented the increase of
dissolved solids in the Pecos River between Red Bluff
Dam and Girvin and the reduction thereafter.
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Figure 8.— Discharge-Weighted Average of Chloride
and Dissolved Solids for the Pecos River Below
Red Bluff Dam Near Orla, Below
Grand Falls, and at Girvin

Three miles below Red Bluff Reservoir, low flows
from Salt (Screwbean) Draw entering the Pecos River are
very saline. When sampled in 1947 and 1948, the stream
usually contained more than 15,000 mg/l dissolved
solids, 7,000 mg/l chloride, and 3,000 mg/l sulfate. The
water was very hard and of the sodium chloride type.
Infrequent flood inflows probably are of better quality
than that of the river. The usual flow of Salt
(Screwbean) Draw is less than one cfs (cubic foot per
second) and the stream is dry for long periods. Thus, the
salt contributions to the Pecos River by Salt
(Screwbean) Draw are not a major problem.
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The concentration of dissolved solids in irrigation
returns to the Pecos River through the Barstow drain
range from about 7,000 to 9,000 mg/l. These irrigation
returns are largely responsible for the progressive
increase of the concentration of dissolved solids in the
Pecos River between Orla and Girvin.

Water samples collected from Phantom Lake
Springs and San Solomon Springs near Toyahvale and
from Lake Balmorhea at Balmorhea generally contained
more than 2,000 mg/l dissolved solids, 600 mg/l
chloride, and 600 mg/I sulfate.

Analyses of samples from Toyah Creek near Pecos
and Salt Draw near Pecos show both of these inflows to
Toyah Lake to be saline, ranging from about 5,000 to
14,000 mg/l dissolved solids. However, the water of
Limpia Creek above and below Fort Davis, is of
excellent guality (less than 250 mg/l dissolved solids, 10
mg/I chloride, and 30 mg/l sulfate). The water at the site
above Fort Davis is soft to moderately hard; below Fort
Davis the water is moderately hard to hard. Water at
both sites is of the calcium bicarbonate type.

Toyah Lake overflows infrequently into the Pecos
River through lower Toyah Creek. These overflows are
usually very saline because of the concentration of the
saline inflows by evaporation.

Water from Coyanosa Draw near Fort Stockton,
when sampled in 1965 and 1967, contained less than
250 mg/l dissolved solids, 5 mg/l chloride, and 30 mg/!
sulfate and was moderately hard or hard. Some of the
water from Coyanosa Draw is diverted for irrigation, but
most of it goes to ground-water recharge. Therefore,
only at times of extreme floods does flow from the draw
reach the Pecos River.

Inflow to the middle Pecos River from Live Qak
Creek near Old Fort Lancaster was moderately saline
(4,610 mag/l dissolved solids) at the time of sampling.

RELATION OF CHEMICAL
QUALITY TO USE

The early studies of the water resources of the
western United States dealt heavily on the quantity and
not the quality of water. Early irrigation developments
on the Pecos River were to a large extent failures
because the chemical quality of the water was not
considered in the application of irrigation waters.
However, during the last few decades, water-quality
criteria for specific uses have been established, and water
treatment for specific uses has become a science.



Domestic Purposes

Because of differences in individuals, the varying
amounts of water they use, and other factors, definition
of the safe limits of the mineral constituents in water is
difficult. The criteria usually accepted in the United
States are those established by the United States Public
Health Service. Since 1914, these standards have been
used to control the quality of the water used by
interstate carriers for drinking and culinary purposes.
The widespread use of the standards and technological
advances since 1914 have led to a series of revisions, the
latest of which was in 1962 (U.S. Public Health Service,
1962). The standards have been accepted by the
American Waterworks Association and by most state
departments of public health as minimum standards for
all public water supplies.

The limits specified by these standards for various
constituents are included in the statements under
“Significance” in Table 2. Although the recommended
limits for dissolved solids, chloride, and sulfate are 500
mg/l, 250 mg/l, and 250 mg/l, respectively, a
considerable number of water supplies exceeding these
recommended limits have been used for domestic
purposes without noticeable adverse effects.

Concentrations of fluoride within a desirable
concentration range is beneficial to sound teeth.
However, excessive concentrations may cause mottling
of teeth enamel. According to the U.S. Public Health
Service Drinking Water Standards, the concentration of
fluoride should not average more than the appropriate
upper limit in the following table:

U.S. PUBLIC HEALTH SERVICE

ANNUAL AVERAGE RECOMMENDED CONTROL

OF MAXIMUM LIMITS (FLUORIDE
DAILY AIR___ CONCENTRATIONS IN MG/L)
TEMPERATURES ( F)I/  LOWER OPTIMUM UPPER
50.0-53.7 09 1.2 1.7
53.8-58.3 .8 1A 1.5
58.4-63.8 8 1.0 1.3
63.9-70.6 7 9 1.2
70.7-79.2 7 .8 1.0
79.390.5 .6 7 8

i/Based on temperature data obtained for a minimum of &
years.

On the basis of temperature data for El Paso, Del
Rio, and Brownsville, the maximum daily air
temperatures average about 77°F (25°C) in the upper
Rio Grande basin and about 83°F (28°C) in the middle
and lower basin. Thus, the fluoride content of drinking
water should not exceed 1.0 mg/l in the upper basin and
0.8 mg/l in the middle and lower basin. The fluoride
content of water in the Rio Grande and most of the
principal tributaries usually is less than 0.8 mag/l.

However, water from several streams or springs including
Alamito, Terlingua, and Limpia Creeks, and Phantom
Lake and San Solomon Springs often contain more than
1.0 mg/! fluoride.

Most surface waters in the Rio Grande basin are
hard or very hard and should be softened if used for
domestic purposes.

The concentrations of dissolved solids and sulfate
in the Rio Grande upstream from the Rio Conchos
usually exceed the limits recommended by the U.S.
Public Health Service; the chloride concentration often
exceeds the recommended limit. However, the inflow of
less mineralized water from the Rio Conchos and other
tributaries and springs in the middle reach of the basin
reduces the concentrations of dissolved constituents in
the main stem. Thus, the concentrations of dissolved
solids, chloride, and sulfate in the lower reach of the Rio
Grande usually are within the recommended limits.

Water in the Rio Conchos, though of better
quality than that in the upstream reach of the Rio
Grande, usually contains more than the recommended
limits of dissolved solids and sulfate.

Water in the Pecos River and some of its
tributaries is more saline than that in the Rio Grande
and usually is undesirable for domestic use because of
excessive concentrations of dissolved solids, chloride, or
sulfate.

The quality of the water in other tributaries to the
middle and lower reaches of the Rio Grande generally is
superior to that of the Pecos River. The concenirations
of dissolved solids, chloride, and sulfate in most of these
streams usually are not excessive. However, low flows in
Eight Mile, Chacon, Los Olmos, and La Joya Creeks
contain more than the recommended limits of dissolved
solids, chloride, and sulfate.

Nitrate concentrations in surface waters in the Rio
Grande basin usually are considerably less than the 45
mg/l limit recommended by the U.S. Public Health
Service. Surface water throughout the basin seldom
contains more than 5 mg/l nitrate and often contains less
than 1 mg/l.

Although iron determinations usually have not
been included in chemical analyses of surface water from
the Rio Grande basin, analyses of ground water in the
basin (Davis and others, 1965) and analyses of surface
waters at selected sites on the Rio Grande and Pecos
River indicate that the concentration of iron in surface
waters of the basin usually is less than the 0.3 mg/! limit
recommended by the U.S. Public Health Service.

Industrial Use

The quality requirements for industrial water vary
widely (See Table 3). For some purposes such as cooling,
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water of almost any quality can be used; for other
purposes, such as use in high-pressure boilers, the water
must exceed the quality of commercial distilled water.

Excessive hardness of water for industrial supplies
is usually objectionable because it causes the formation
of scale in boilers, pipes, water heaters, and cooling
jackets. When excessive scale forms, heat transfer
capacity is lost, flow is restricted, and eventually
equipment failure occurs. However, some hardness
usually is desirable because it forms a protective coating
in pipes and equipment and reduces corrosion.

High dissolved-solids concentrations increase the
corrosive properties of water, particularly if chloride is
the predominant ion. When both magnesium and
chloride concentrations are high, the corrosiveness is
increased.

Most surface waters in the Rio Grande basin are
hard or very hard and will require softening for some
industrial applications.

During some periods, water in the Rio Grande
upstream from Fort Quitman is slightly saline. Water in
the Pecos River and some of its tributaries are slightly to
very saline. Thus, water in these streams is of poor
quality for some industrial uses. Water in most of the
other streams is suitable for many industrial uses or can
be made suitable with a minimum of treatment.

Irrigation

The suitability of water for irrigation depends
primarily on its chemical composition. However, the
extent to which chemical quality limits the suitability of
a water for irrigation depends on many factors, such as:
the nature, composition, and drainage of the soil and
subsoil; the amount of water used and the method of
application; the control of evaporation; the kind of
crops grown; and the climate of the region, including the
amounts and distribution of rainfall. Because these
factors are highly variable, every method of classifying
waters for irrigation is somewhat arbitrary.

According to the U.S. Salinity Laboratory Staff
(1954, p. 69), the most important characteristics in
determining the quality of irrigation water are: (1) total
concentration of soluble salts, (2) relative proportions of
sodium to other cations, (3) concentration of boron or
other elements that may be toxic, and (4) excess of
milliequivalents of bicarbonate over milliequivalents of
calcium plus magnesium.

High concentrations of dissolved salts in irrigation
water may cause a buildup of salts in the soil solution
and may make the soil saline. The increased soil salinity
may reduce crop yields drastically by decreasing the
ability of the plants to take up water and essential plant
nutrients from the soil solution.This:tendency of irrigation
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water to cause a concentration of salts in the soil is
called the salinity hazard of the water. The specific
conductance of the water is used as an index of the
salinity hazard.

High concentrations of sodium relative to the
concentrations of calcium and magnesium in irrigation
water can adversely affect soil structure. Cations in the
soil solution become fixed on the surface of the soil
particles; calcium and magnesium tend to flocculate the
particles, whereas sodium tends to deflocculate them.
This adverse effect on soil structure caused by high
sodium concentrations in an irrigation water is called the
sodium hazard of the water. An index used for
predicting the sodium hazard is the sodium-adsorption
ratio (SAR), which is defined by the equation:

Nat
SAR=—————,

Catt + lVIg"’
J 2

where the concentration of the ions are expressed in
milliequivalents per liter.

The U.S. Salinity Laboratory Staff (1954)
prepared a classification for irrigation waters in terms of
salinity and sodium hazards. Empirical equations were
used in developing a diagram, reproduced in modified
form as Figure 9, which uses SAR and specific
conductance in classifying irrigation waters. This
classification, although embodying both research and
field observations, should be used only for general
guidance because many additional factors (such as
availability of water for leaching, ratio of applied water
to precipitation, and crops grown) affect the suitability
of water for irrigation. With respect to salinity and
sodium hazards, waters are divided into four
classes—low, medium, high, and wvery high. The
classification range encompasses those waters that can be
used for irrigation of most crops on most soils as well as
those waters that are usually unsuitable for irrigation.
Selection of class demarcation is discussed in detail in
the publication by the U.S. Salinity Laboratory Staff.
Interpretation of the diagram is as follows:

“Low-Salinity Water (C1) can be used for
irrigation with most crops on most soils with little
likelihood that soil salinity will develop. Some leaching
is required, but this occurs under normal irrigation
practices except in soils of extremely low permeability.”

“"Medium-Salinity Water (C2) can be used if a
moderate amount of leaching occurs. Plants with
moderate salt tolerance can be grown in most cases
without special practices for salinity control.”

"“High-Salinity Water (C3) cannot be used on soils
with restricted drainage. Even with adequate drainage,
special management for salinity control may be required
and plants with good salt tolerance should be selected.”
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Figure 9.—Classification of Irrigation Waters

“Very High Salinity Water (C4) is not suitable for
irrigation under ordinary conditions, but may be used
occasionally under very special circumstances. The soils
must be permeable, drainage must be adequate,
irrigation water must be applied in excess to provide
considerable leaching, and very salt-tolerant crops should
be selected.”’

"] ow-Sodium Water (S1) can be used for
irrigation on almost all soils with little danger of the
development of harmful levels of exchangeable sodium.
However, sodium-sensitive crops such as stone-fruit trees
may accumulate injurious concentrations of sodium.”

“Medium-Sodium Water (S2) will present an
appreciable sodium hazard in fine-textured soils having
high cation-exchange capacity, especially under
low-leaching conditions, unless gypsum is present in the
soil. This water may be used on coarse-textured or
organic soils with good permeability.”

“High-Sodium Waters (S3) may produce harmful
levels of exchangeable sodium in most soils and will
require special soil management—good drainage, high
leaching, and organic-matter additions. Gypsiferous soils
may not develop harmful levels of exchangeable sodium
from such waters. Chemical amendments may be
required for replacement of exchangeable sodium,
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except that amendments may not be feasible with waters
of very high salinity.”

“Very High Sodium Water (S4) is generally
unsatisfactory for irrigation purposes except at low and
perhaps medium salinity, where the solution of calcium
from the soil or use of gypsum or other amendments
may make the use of these waters feasible.”

To relate the quality of basin waters to the U.S.
Salinity Laboratory Staff's classification for irrigation
waters, the sodium and salinity hazards were calculated
for key stations with concurrent records from 1960 to
1968.

Data in Table 4 show that the salinity hazard of
water throughout the Rio Grande usually is high;
whereas the salinity hazard of the Pecos River below
Red Bluff Dam near Orla is very high.

The sodium hazard usually ranges from low to
medium at the Rio Grande stations but is very high at
the Pecos River below Red Bluff Dam near Orla. Thus,
the long term use of water from the Rio Grande and
Pecos River for irrigation will require special soil
management, good drainage, high leaching, and selection
of salt-tolerant crops.

Irrigation water from the Devils River near Del Rio
and Alamito Creek near Presidio would be classified as
having a medium salinity hazard and a low sodium
hazard. Water from Phantom Lake Springs near
Toyahvale would be classified as having a very high
salinity hazard and a medium sodium hazard (Figure 9).

The boron concentrations in samples from the Rio
Grande are less than 1 mg/l and usually are less then
0.67 mg/l (Table 5). Thus, the use of the water from the
Rio Grande for irrigation presents little likelihood of
boron damage. Less tolerant crops might suffer some
damage from boron in the El Paso area, but the
likelihood of damage in the middle and lower valley is
remote because of dilution from rainfall. All samples
from the Pecos River at Shumla contained less than 0.33
mg/l boron. Thus, this water can be used on most crops
with little likelihood of boron damage.

SUMMARY

Surface water in the Rio Grande basin ranges from
fresh to very saline. Principal factors that determine the
chemical quality include geology and irrigation return
flows.

The upper reaches of both the Rio Grande and the
Pecos River in Texas traverse deposits of Quaternary age.
During fall and winter when the flow consists principally
of seepage from the Quaternary deposits and delayed
return flow from irrigation, water in the Rio Grande at
El Paso usually contains from 1,000 to 2,000 mg/l



Table 4.—Sodium and Salinity Hazards of Monthly Samples at Selected Sites in the Rio Grande Basin, 1960-68

PERCENTAGE OF SAMPLES

SODIUM HAZARD

SALINITY HAZARD

STATION LOw MEDIUM
Rio Grande at El Paso, Texas 54 35
Pecos River below Red Bluff Dam
near Orla, Texas 0 0
Rio Grande at Laredo, Texas 100 0
Rio Grande at Anzalduas Dam, Texas 85 15

VERY VERY

HIGH HIGH Low MEDIUM HIGH HIGH
5 6 o] 2 62 36
4 96 0 o] 0 100
0 o] 0 16 84 0
0 0 0 4 96 ]

Table 5.—Boron Concentrations in Monthly Samples
at Selected Stations in the Rio Grande Basin, 1960-68

PERCENTAGE OF SAMPLES

CONCENTRATION OF RIO GRANDE
BORON IN MG/L AT EL PASO
More than 0.33 68
More than 0.33; less than 0.67 26
More than 0.67; less than 1.00 6

dissolved solids. During the spring and summer when
water is released from reservoirs in New Mexico, the
dissolved-solids concentrations usually range from 600
to 700 mg/l. The water is very hard. The principal cation
in the water is sodium; the principal anion usually is
sulfate, but in some of the more highly mineralized
water, the percentage of chloride increases. The
discharge-weighted average concentrations of dissolved
solids, chloride, and sulfate in the Rio Grande at El Paso
during the 1930-68 period of record were about 800
mg/l, 130 mg/l, and 263 ma/l, respectively.

Most of the water that passes the El Paso station is
diverted for irrigation and municipal use. Return flows
from irrigation cause an increase in the salinity
downstream from the diversion sites. When a substantial
part of the annual flow of the Rio Grande at Fort
Quitman is irrigation return flow, the annual
discharge-weighted average concentrations of dissolved
solids usually range from 1,000 to 3,000 mg/l. During
1956, 1957, and 1965 when most of the water consisted
of local runoff downstream from the irrigated areas, the
discharge-weighted average concentrations of dissolved
solids for the Rio Grande at Fort Quitman were 375
mg/l, 294 mg/l, and 375 mg/l, respectively. Water
passing the Fort Quitman station usually is very hard,
but the principal chemical constituents vary. Waters of
low mineralization wusually are of the calcium
bicarbonate type; highly mineralized waters usually are
of the sodium chloride type.

Water in the upper reach of the Pecos River in
Texas, which traverses deposits of Quaternary age,

RIO GRANDE AT PECOS RIVER
ANZALDUAS DAM AT SHUMLA
43 99
53 1
4 0

usually is moderately or very saline, very hard, and of
the sodium chloride type. During the period from 1961
to 1968, the discharge-weighted average concentrations
of dissolved solids, chloride, and sulfate for the Pecos
River below Red Bluff Dam near Orla were 7,770 mg/I,
3,080 mg/!, and 1,880 mg/l, respectively. Evaporation,
irrigation returns, and the inflow of highly mineralized
ground water cause an increase in the concentrations
of dissolved solids in the reach of the Pecos
River between the stations near Orla and at Girvin.
However, inflow downstream from this reach usually
results in a reduction of dissolved solids and chloride.
During the 1961-68 period, the discharge-weighted
average concentrations of dissolved solids, chloride, and
sulfate for the Pecos River at Shumla were 1,500 ma/l,
572 mag/l, and 324 ma/l, respectively.

Extensive deposits of Tertiary age crop out in the
upper, middle, and lower reaches of the Mexican side of
the Rio Grande basin and in the lower reach of the
Texas side. Water in the Rio Conchos, the principal
tributary that traverses rocks of Tertiary age on the
Mexican side of the basin, usually is fresh, very hard, and
of the sodium calcium sulfate type. The
discharge-weighted average concentrations of dissolved
solids, chloride, and sulfate for the Rio Conchos near
Ojinaga during the period from 1950 to 1968 were 728
mg/l, 61 mg/l, and 291 mg/l. The Rio Conchos
contributes more than one-half million acre-feet of water
a year to the Rio Grande. Thus, the quality of water in
the Rio Grande downstream from the Rio Conchos is
very similar to that of the Rio Conchos. During the
period from 1950 to 1968, the discharge-weighted

-31-



average concentrations for the Rio Grande at Johnson
Ranch near Castolon, 100 miles downstream from the
Rio Conchos, were: dissolved solids, 728 ma/l; chloride,
62 mg/l; and sulfate, 290 mg/I.

Much of the middle reach of the Rio Grande basin
is underlain by rocks of Cretaceous age. Streams that
traverse these outcrops include Devils River, San Felipe
Creek, Rio San Diego, and Rio San Rodrigo. Water in
the streams usually is fresh, hard, and of the calcium
bicarbonate type.

Water from these streams and inflow from springs
reduce the concentrations of dissolved solids and
variations of chemical quality of water in the middle
reach of the Rio Grande. During the 1956-68 period, the
discharge-weighted concentrations of dissolved solids,
chloride, and sulfate for the Rio Grande at Laredo were
485 mg/l, 81 mg/l, and 148 mg/|, respectively.

Flow of the lower Rio Grande is impounded in
International  Falcon  Reservoir. Releases from
International Falcon Reservoir provide most of the
water for irrigation and municipal and industrial supplies
in the Lower Rio Grande Valley. During the period from
1956 to 1968, the discharge-weighted average
concentrations of dissolved solids, chloride, and sulfate
for the Rio Grande below Falcon Dam were 493 ma/l,
84 mag/l, and 150 mg/l, respectively. Return flows from
irrigation and other saline inflows have increased the
concentrations of dissolved constituents in the lower Rio
Grande, and during the 1959-68 period, the
discharge-weighted average concentration of dissolved
solids at Anzalduas Dam was 684 mg/l.

The concentrations of dissolved solids and sulfate
in the Rio Grande upstream from the Rio Conchos
usually exceed the U.S. Public Health Service
recommended limits for drinking water. However, the
inflow of less mineralized water from the Rio Conchos
and other tributaries and springs in the middle reach of
the basin reduces the concentrations of dissolved
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constituents. Thus, the concentrations of dissolved
solids, chloride, and sulfate are within the recommended
limits from the confluence with the Rio Conchos to the
vicinity of Rio Grande City, where saline drains reach
the Rio Grande.

Water in the Pecos River and some of its
tributaries usually is undesirable for domestic use
because of excessive concentrations of dissolved solids,
chloride, and sulfate. The quality of the water in other
tributaries to the middle and lower reaches of the Rio
Grande generally is superior to that of the Pecos River.
The concentrations of dissolved solids, chloride, and
sulfate in these tributaries usually are not excessive for
domestic use.

Nitrate concentrations in surface waters in the Rio
Grande basin usually are considerably less than the 45
mg/l limit recommended by the U.S. Public Health
Service. The fluoride content of the Rio Grande and
most of the principal tributaries usually is less than 0.8
mg/l.

Most surface waters in the basin are hard or very
hard and will require softening for some industrial
applications. During some periods, water in the Rio
Grande upstream from Fort Quitman is slightly saline.
Water in the Pecos River and some of its tributaries are
slightly to very saline. Thus, water in these streams is of
poor quality for some industrial uses. Water in most of
the other streams is suitable for many industrial uses.

The principal use of surface water in the Rio
Grande basin is irrigation. The salinity hazard of water
throughout the Rio Grande usually is high; that of the
Pecos River below Red Bluff Dam is very high. The
sodium hazard of water in the Rio Grande usually ranges
from low to medium; that of the Pecos River usually is
very high. Thus, the long-term use of water from the Rio
Grande and Pecos River for irrigation will require special
soil management, good drainage, high leaching, and
selection of salt-tolerant crops.
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Quality-of-Water Records for the Rio Grande Basin Are Published in the Following Texas Water
Development Board Reports (Including Reports Formerly Published by the Texas Water
Commission and Texas Board of Water Engineers) and U.S. Geological

Survey Water-Supply Papers:

US.GS. US.G.S.
WATER-SUPPLY WATER-SUPPLY
WATER YEAR PAPER NO. T.W.D.B. REPORT NO. WATER YEAR PAPER NO. T.W.D.B. REPORT NO.
1942 950 *1938-45 ! 1953 1292 *1953
1943 970 *1938-45 1954 1352 *1954
1944 1022 *1938-45 1955 1402 *1955
1945 1030 *1938-45 1956 1452 Bull. 5905
1946 1050 *1946 1957 1522 Bull. 5915
1947 1102 *1947 1958 1573 Bull. 6104
1948 1133 +1948 1959 1644 Bull. 6205
1949 1163 ©1949 1960 1744 Bull. 6215
1950 1188 *1950 1961 1884 Bull. 6304
1951 1199 *1951 1962 1944 Bull. 6501
1952 1252 *1952 1963 1950 Report 7

‘““Chemical Composition of Texas Surface Waters'' was designated only by water year from 1938 through 1955.
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Table 7. --Summary of chemical analyses of Texas streams in the Rio Grande basiua

(Results in milligrams per liter except as indicated)

Dissolved solids Hardness Specifid
as CaCO,
Date M Cal- | Mog Po- | BF |car et
ean - - " | car- o Fluo-| Ni- - -
e Bine Iron | v | ne- | Sodium | tas- | P | bon- | Sulfate | Chloride [0 M- 1 BO- yy0g Cal- duct
ge (Fe) |oH0m | i (Na) |stum e | e (50,) (1) ride |trate | ron wrams | Ton8 Tons ctum | Non- ance
collection (cts) (Ca) (Mg) ® ate (Coy t (F) |(NOy)| (B) per per per Ma K_’ car- (mlcro-
(HCO,) acre- d bon- imhos at
Hitex | oot Ry e | ate 25°C)
(mg/1) sium
8-3640. RTD GRANDE AT EL PASO, TEX.
Moter Year 1924
Maximum, Jun. 30, 1924, - -- -- -- - - - - -- -- - 1300 1,77 - - - --
Minimum, Feb, 16...... - -- - -- - e = = 52 a an 300 .4l - - -- -
Mater Year 1925
Maxlmum, Jun. 20, 1925... -- -- -- - - - e - - - - -- 1400 1,90 - - --
Minimum, Apr. 15......... -- -- - - - LT - b o - - 500 .68 - -- --
Water Year 1926
Muximum, Jan, 13, 1926.. -- - -- - - a- me ] #55 -- - -- 1400 1,90 .- -- -- --
Minimum, Aug. 25........ .- .- -- - . sms =] e -- - - 00 .95 -- - - -
Water Year 1927
Haximum, Sopc. 27, -- - - - - - - == g% -- - e 2300 1,13 - -- - -
Minimum, Feb. 24 - -- -- -- - A R a5 - - e 600 ,82 - -- .- -
Water Year 1928
Huximum, Fob, 1, -- .- -- - -- - -- <= E -- 1200 1.63 . - -- --
Minimum, Hay 2. - - - = = ey n = . -- = 600 B2 = e - 23
Sept. 18 - - -- - - EERE T = - .- - - 400 .82 - - .- --
Water Year 1929
Maximum, Jan. 16, 1929.. - = - - = = == - == - - - 1700 2,31 - - s ==
Minimum, Aug. 11........ - “= -- i e L = s - - - 400 L5h - - - --
Water Year 1930
Maximum, Feb. - 136 45 57 -- EET ] 412 4006 - -- - 1610 2,19 - 500 224 2310
Minimum, Aug. - 90 40 103 - 2160 230 140 - - - 704 L.01 - 390 212 1060
Sept. & - 90 15 160 == 264 0 213 1460 - - e a4 1.0 - 286 10 1210
Water Year 1931
Haximum, Nov. -- 212 58 559 - a0 449 895 -- - .- 2600 1.26 - 768 513 3700
Minimum, Aug. 4210 81 15 111 - 192 0 202 98 = as ES 576 78 550 264 106 920
Water Year 1932
Maximum, Jan. 2 114 130 29 379 == 3660 394 397 - - - 1600 2.18 492 445 145 2630
Minimum, Aug. 1410 63 16 188 - 220 0 241 142 — - - 716 1.00 2800 222 42 1120
Water Year 1833
Haximum, Jan. 192 127 27 316 -- 278 0 409 328 -- -- -- 1410 1.92 731 429 202 2140
Mindmum, Aug........ 1560 82 15 127 - 200 D 219 105 - - -- 687 .91 2890 264 100 1030
Water Year 1934
MaxLmum, Jan. . 183 129 31 300 - 3290 398 102 - - 021 1440 1.96 712 452 182 2060
Minimum, Aug 1300 93 20 149 - 200 0 290 125 - 0.6 .23 842 1.14 2960 313 166 1260
Water Year 1935
MaxLmum, Jan, 138 131 15 17 - 294 0 434 328 e 6 .30 1480 2.01 551 472 231 2240
Minimum, Aug 1560 a0 17 10 - s o 232 90 - .5 -- 661 .90 2790 268 122 994



e
@~

oot [ ET1 [Ld {4 106 699 {208 == et ol £ee 0 €61 (A% HL o8 o a6o1 sreressemessesseestody funWputy

0E6T [0 w1 qu (359 LI 0821 [ - o ake ooy o €0t TiE 97 11 “- 091 o SettInAY Cunf twnwgxig
£961 AWDL IVITM
0601 2t s 94% ow6l 6" €1 s - e (13 £ze [ (%4 LA i 3] -= [71) S fretrestrady twoupupy
016l 0'9 a1 gLe 959 H9'1 (1A Lo 9" L (%74 20% 0 192 B9T Ltz 901 = 961 EE TrUtgYRT CuRL mnupxey
S5ETTEET TSI
0907 AR B6 T orel 1n' &1 .= el 6h (44 Q S12 121 fat 4] e L6t T sresssesssssiagy funwpuly
[\FAiTS 2'9 0Ll By 658 [FEIA L s aw £9% a1% 0 L0 age 8t zen - CRT o TUUTUGHGT UL fWaTXeR
CRhET IEAR A3TEM
vt TR a1 had n8ee 6" a.9 91 o - 113 0 07 611 fas o8 Lad 0521 b seereisady ‘mnuiuty
oLet 56 /LT Ly 469 aLtl 0521 e o s (144 0 6T 657 'k [148 L w61 SreghaT Curr ‘wnwxy
W61 AEAL I91FM
oot 6'¢ L6 65T QLT (1N w9 ST’ 6T e th uoe 0 861 BO1 91 8 an 02T Presetss e et gdy fune Uy
oLLl ¢ oLl GBt W8L 0a't [SERN 62" L - a1 SLE i} wye St 9z Fant - 9%e rrererrsecseesgpaT tuRL ‘uMmTXER
L6 dea} 193epM
L SHL £z af G617 [SAR ¥ [T (487 [ [A8 | - 14 LT 4] SLl 6L £1 99 - 011s A2 sreccccaunp ‘wmwiagy
1 0141 s 261 6t 1t &Lt ouél ar’ 9 o 167 BOY 4] 62 292 Lz 711 el e TUIweT Cuep ‘ummpxel N
FATISELEFSEER LI
8L ov1l 9°¢€ a11 ata [N 054 Bl 21 £11 qE7 0 76T LE1 L1 8 b oozt RS ETeT iy dag
8¢ avu 9'f [44 L7i4 0147 ({7 [ [ e m :3rd o 6HL SET 81 o8 - ohel T reeseccc8ny tunnpute
18 0uLTE 69 BHT el £EG 0ey (1% 9 . one €Y 0 987 #OE 6 faAl S HEL ] *rINET TURL CWRWTXER
LT
[ ] neet LE 6E1 67 (A0 U4l [ 9. Ll 271 (%14 0 [4:11 "ml 61 98 e as1t sresttaung lmnupugi
] 090 a'q vz 9% 81 OLEl LT 49 = 992 en [} 708 9le it £ b GLl rereee TTTOM6T 'uUEC WNWTXER
O%61 Auly dodng
Fas 0stl 9'¢ Wl 98T [ird 0t [274 61" il A ?11 152 0 a61 i BT a8 - 0811 e seeresEny woupuyy
£e nzte 19 ore 194 <£9 16°1 oovl H1° 9* »e S62 Lisd 0 a08 0ot 1t el - 791 B THERT TURL mmupRTy
SRR
0ol L g1l [T 6" 169 61" 2T el ROT 627 0 81 a9zt (43 19 L] 0LeL il srecckrnp ‘wmwgury
onte n'e vz HEW £6°1 0z%1 e 9" o 11€ o1y 0 LT w6l 1 €ET == Li rerrrrnerrrrrrReaT pr fumwyRmy
GEGT A¥3L IRIFM
Lot o1t ali ovee e 164 Ul 2 a1t Hid 0 HE1 621 fal 08 - 05Tt setetadeg Cumwpury
a1 (] ooe e Wy 6T ERT i FAN o 91¢ 8w 0 i8a oL 8t LTl - (18] B CLEGT Tuer fwnnyxeg
T AT
0art [ 1 Let ont 0iee uty 81’ £y “h AN nee il 66T TET 6T 6y me nogT bl N frHny lunwpuiy
ovle [ Lov eyl His (IR0 LI e LOE qiv il 10t £oe 1€ 1) a0 6ET e cunp fwnwrxey
GEGT ABAL JAJIBM
panupiuod-- ‘Xul ‘osvd T IV IONVED DIV COv9L-d
wnys Fi
(.92 afjes fe |mh Aep 100§ .M..w.h.:_._
W o | M9 Lguy | oaed || e (o) (O] (3 ()
“oamiN-dsonl R0 lwngo | guoy, | e | swsan | D |CON) WD | o) | cog) e | o lunsl ) | umis | (O] ea) |Cois) g (5F) TERAAIN
i |- -Ted L v | oo [T oy | 2Premo | evwpms |-uoq | TUR | -emy | wingpog | -ou | T woap waimig i o i
oy | P -xmp| 7 -od -gupy | "TED wBIN ayu(L
birondg| ~O8 | ‘00D s 1
i sRaupIEY 8P1[08 pas[ossT

(ppawoypuy sV Enirt aa3 1y aad suwalf I up s nEay)

WFIUDD - -UEEG ApURLY O1Y A7 U] SWEOAlH SPROL JO aywana o Asru

§--te A1quL

-42-



-gb_

Table 7.--Summary of chemical analyses of Texas streams in the Rio Grande basin--Cont lnued

(Results in milligrams per 1iter oxcept as indicated)

Dissolved sollds H
ardness Specifl
. Bl | as CaCo, dSo- Cone
Date Mean | Cal- | Mag- 0= [ par. |Car- | Ni- | Bo- ium )
A Sitica| Tron ne- | Sodium | tas- bon- | Sultate | Chioride |Fio N | Bo~ fyeyyy Cal- ade | duct
o Diacharge clum bon- ride |trate | ron Tons Non- ance | pH
collection (cts) (S10,)| (Fe) (Ca) |Sium | (Na) |slum| " | ate | (50,) ©n g Noy| (B) | FEEms Tons cium, lsorp-
( ¢ )| (B) per Mag.| Car- (micro-
(Mg) K) (HCO,) (Coy) per per 28| oo | ton [
3 Titer |®CFe- da ne- | 2on= wbas ab
foot 3 ate |"ato| g50¢)
(mg/1) sium
B-9640, RID GRANDE AT EL PASO, TEX.--Continued
Marer Year 1448
Max Lwum, Jan, 126 -- 118 27 276 - 300 0 419 246 = L9 0,25 1320 1,80 449 408 1% 5.9 1980 .-
Minimum, July.....eoe. 1220 - 55 18 133 -~ 10 250 107 w25 .21 691 44 2280 202 109 4,0 1050 7.7
Hater Year 1949
Maximum, Feb, 1949 Lab = 84 27 275 - a0 417 245 - == 30 1220 1,66 481 SLB 176 6,7 1860 8.1
Mintmum, APTiveeererasnsoas 96l Ll 58 17 125 > 148 ] 216 106 - 1.2 A7 654 89 1700 215 94 3.7 1010 1.9
Water Year 1950
Meximum, Jun. 160 e 70 26 278 u 168 0 412 25 - Ly 1190 1,62 514 296 160 7,0 1840 7.8
Minimum, e 781 - 8 16 111 e 210 4 200 88 - .6 12 669 91 1410 258 86 3.0 994 1.8
Apr . 969 - 1 17 124 - 184 0 215 103 - 1.2 17 669 91 1750 244 94 1.4 1040 8,0
Mater Year 1951
Maximum, Feb, 1951, 118 = a1 28 305 (e 220 0 435 269 - .0 35 1320 1.80 421 42 162 1.2 2010 8.1
Mintmum, July, . 740 -- 69 22 144 - 10 252 124 -~ L9 .17 e 1,08 1510 2 LB 3.9 1160 7.7
Water Year 1952
Maximim, Feb. 55 - 113 30 343 -- 305 0 471 108 -- 6l 1530 2,08 227 404 1S4 1.4 2280 8,1
Mindmum, Aug..... * e 943 - bl 16 HO 187 [ 146 76 el 1.9 W11 529 e i | 1350 225 72 2.3 816 1.8
Water Year 1953
Maximum, Feh, 1953, 52 -- 109 31 354 - 302 0 476 12 -- 6 42 1540 2,09 216 400 153 Y.7 2310 8.0
Minlmum, Mar... 568 -- 7 15 98 - 1810 171 89 .- 2.5 .08 618 84 948 240 90 2.8 905 7.8
Water Year 1954
Maximum, Dec. 1953, 60 -- 12 27 354 S0 0 434 130 - R 1530 2,08 248 192 147 7.8 2290 B.0
dan, 1954, ... 3 53 -- 12 27 354 .- 230 0 455 337 -- 6 L4 1530 2,08 219 192 156 1.8 23100 7.7
MEndoumn, Aug. ... 190 - 72 14 133 - 1830 214 124 -~ .- 684 .93 351 239 H9OA0 1090 8,3
MWater Year 1955
Maximum, Tab, 9.0 - 120 3l 666 i a0 0 794 569 - - .63 2410 3.28 2.5 428 a6 14 3610 8.3
Minimum, July 243 = o0 20 146 -- 1890 290 124 - - 08 8Ol 1.0 526 06 152 3.6 1200 7.8
Weter Year 1956
Maximum, Teb, i = 166 41 81 - 323 4] 1070 BOY - 6 a7l 3180 4,32 318 (K08 2 15 4700 B2
Minimum, July 161 -- 92 23 168 - 187 0 139 137 -~ 6 .2l 927 L.26 403 3260 172 4.0 1350 8,1
Rater Year 1957
Marimum, Feb, 2.4 - 191 6 994 -- 253 0 1260 814 -~ a 102 W50 469 22,4 625 418 16 4870 8.0
Mindmum, Aug 2 - b4 10 60 - 175 4] 128 Al - d ~12 428 .58 892 202 58 1.8 661 8.2
Water Yoar 1958
HMaximum, Nov, L957, 9.3 - Lyo 53 1080 == 354 1] 1150 1090 -- 6 90 3830 5.21 96,2 642 451 19 5690 8,1
Mintoum, Aug. L958.. 1070 - BY 16 102 “e 186 0 237 76 - a1 857 JHY 1900 24 121 2,7 979 8.0
Hater Yeur 1959
Mawdmum, Jan. 1959, 65 22 142 32 we 14 95 0 594 356 1.0 a .32 150 2,38 307 481 246 7.8 2600 7.9
Minimum, Mar...,.., 825 -- 8 15 95 -- 183 0 192 8 - 6,15 612 .83 1360 257 9% 2.6 926 7.9
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Table 7.--Summary of chemical analyses of Texas stresame in the Rio Grande basin--Continued

Results dn milligrams per liter except as indicated) - }
Dissgolved solids Hardness Specitic
Bi- 5 as CaCO, | So- con-
Date Mean Cal- | Mag- Po- car- | AT Fluo - | Bo- dium -
i Discharge Sical Iron | 18 | ne- | Sodtum | tas-| £2~ |bon-| Sulate | Chioride [0 M= | Bo= 5y, cal- adu; | 25K
ge (510,)| (Fe) | Sio 1§ n= |k ride |trate | ron me | Tons Ton § Non- ance | pH
collection (cfs) 2 e) | (ca) | %lum (Na) |stum| .. | ate | (S0,) (cn ) | p) | Frams ong clum, sorp-
ate (F, 0y ( per M car- (micro-
(Mg) ®) |(1eo,)| (€O per | oo per 28| pon. | ton
1 - e- da n- imhas at
liter foot ¥ ne- T ratio 25°C)
(ng/1) slum | ™
H-3705, RIO CRANDE AT FORT QULTMAN, TEX,--Continuad
Water 1940
Maximum, Apr. 1940, .. 54 a 258 16 763 - 228 0 694 1210 - 0B 0,27 1280 446 478 956 o1 5160 8.3
Minimom, Jur 228 - 148 36 362 -- 207 0 432 500 EEE L B 1710 2,33 1050 515 349 7.0 2660 R,3
Water Year 1941
Maximum, Feb, 115 -- 224 55 505 - 273 0 617 900 == 1.9 43 2680 .65 832 JBB 564 9.4 4030 8.2
Minimum, Sept, 1190 -- 105 22 242 -- Lo 0 287 300 - 43 22 1130 1,56 1630 153 206 5.6 Lo 7.9
Hacer Year 1942
Maximum, Nov, 1941... 411 a 191 47 511 == 256 o 554 714 -- 1.9 36 2320 3,15 2570 672 462 B.6 3520 1.9
Minimum, May 1942, 5030 - 68 17 128 - s 0 221 L4 - 1,2 ,13 691 .94 980 21 122 3.6 070 8,1
4030 -- h 17 124 - 169 0 216 124 == 1.9 .20 G691 .94 7520 260 122 3,3 1090 7.8
1943
Aug. 1943, 93 - 116 65 657 - 200 0 6l6 1020 - - 42 2910 3.96 731 H06 64210 4410 7.9
Minimum, Oct, 1942, 1080 -- 103 25 236 - 8y 0 314 289 -- L9 .21 1150 1,56 3350 358 206 5.4 1780 7.8
Water Year 1944
Maximum, Apr. 231 - 170 41 an -- 211 0 491 651 - +33 2090 2,84 1300 617 444 B3 3230 8,0
Minfmum, Sept 690 -- 127 1 301 - 270 161 391 s w= .30 1400 1,91 2610 444 266 6.2 2160  B.3
Moter Yen
Max Louw, 71 - 22 1 710 - 206 0 659 1100 - 0 42 N0 4,23 5906 854 686 11 4730 8.2
Minimum, 321 -- 162 40 398 00 441 557 -- .6 26 18200 2,48 1580 5700 366 7.2 2840 8.1
Mater Year |
Max v hug. 1946, 4l - 1o 104 1050 225 0 929 1650 - PR T Y 4370 5,94 484 1200 1020 13 6600 7.8
Minimum, Ocr, 1945, .. 951 -- 154 37 382 -- 251 0 426 515 s & 2 1760 2.39 4520 539 4 1L 210 1.9
Hater Year 1947
aximum, July 1947 43 -- 1 117 1150 229 0 1020 1840 - 6 bk 4820 6.55 a2y 1330 1140 14 1360 7.9
Mininuw, Oct. 1946, . 487 -- 145 35 149 -- 235 0 410 467 - 2,5 -- 1620 2,20 2130 506 314 6.7 2510 7.9
Warer Year 1948
Maximum, 61 -- 123 119 1230 133 0 1070 1970 -~ 25,69 5190 7,06 B33 1290 1180 15 7660 1.7
Hinioum, 127 - 168 a7 534 -- 194 0 510 791 == 1.2 -- 2210 301 758 614 455 9,1 1520 -
Water Yeur
i L, a1 -- 315 25 1000 -- 273 0 905 1570 -- 6 .58 4260 5,76 1040 1180 954 13 6460 H,0
Mindmuo, 501 -- Lb4 6 175 -- 198 0 420 516 == 205 32 ATV ¥ 2310 506 344 7.2 2660 Bl
Hater Year 1950
Maxioum, Apr. 1950 73 -- 312 99 L030 -- 25 0 940 1610 - L9 .59 4450 5,91 857 1190 947 13 6250 7.8
Minimum, July....... 534 - 141 W 356 e 202 0 401 495 -- 3,1 .23 1650 2,24 2380 494 8 7.0 2550 7.9
Water Year 1951
Haxdmum, Apr, 1951 i 8.0 g a6 125 1220 e 1 0 1230 2000 - .6 3 5150 7.01 111 IR0 1230 14 7650 7.8
Mindmum, Aug, .o . 128 2 66 12 77 Ll 129 0 93 126 E 2.5 .12 s07 69 175 214 o8 2.3 a0z 7.9
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Table 7.--Summary of chemical analyses of Texas streams Ln the Rio Grande basin--Continued

Results in millipgrams per liter except as Lndicated
Dissolved solids Hardness Speeifid
as CaCO, | So-
Dat. Mag po- | B lcar dium| $°%°
ate Mean Cal- 2 ~ | car-~ = - Ni- - =3
f Silica| Iron ne- | Sodium | tag- bon- | Sullate | Chlortde |0 M= [ BO fyqyqy Cal- ain | duct
of Discharge S10,) clum bon- ride |trate | ron o | Tona Tons of Non- ance | pH
collection (efs) (810,)| (Fe) (Cay | sium (Na) |sium te | ate | (504) (c1) ) |Noo| (B Erams ‘0 um, - HOrP=l(iero-
al (F) |(NOy)| (B) per M car micro
(Mg) (®) |(hco,)| (€0 per per ag- tion
4 . | acre= d bon- imhos at
Titer foot ny ne= ate ratio 25°C)
(mg/ 1) slum
8-3705. RIO GRANDE AT FORT QUITMAN, TEX,--Continued
Water Year 1932
Maximum, Mar, 1952..0000inanins 5.4 508 188 1550 - 257 0 1290 2690 - 0.0 0,17 6850 9.32 499 1960 1750 15 H840 7.8
Minimum, Aug 3.0 - 140 EH 270 -- 202 0 295 434 - N—) 1320 1,80 10,7 483 18 5.3 2080 1.8
Mater Year 19353
Maximum, o 1.6 - 872 293 2440 -- 135 0 1710 4820 -- .6 10700 14.6 46.2 3380 3270 18 15200 8.0
Hinimum, 240 .- 105 24 230 .- 1% 0 240 347 .- 5.8 o0 1.50 713 359 2312 5.1 1790 7.8
Water Year 1934
Maximum, Oct. 1953.. .8 * 794 254 1900 o 159 o 14z0 3950 e - 68 9120 12.4 19.7 W20 2900 15 12800 1.8
Mintmum, Aug. 1954, .. 139 -- 50 14 125 - a0 137 144 = 2,5 2 603 .82 226 207 47 3.8 w10 8.1
Water Year
.le 831 281 1970 - 131 4] 1630 4190 = 6 .12 9150 12.4 3,95 3230 3120 15 13300 1.8
R 831 281 1970 -- 111 0 1430 4190 - -- 9150 12.4 4 3230 3120 1S 15300 --
Minimuw, July.. 24 ~w 59 B.5 37 zm n 70 20 il 1.2 <13 338 .46 - 182 18 1.2 505 8,0
Maximum, Nov, 1955, 39 - 715 256 1930 - w0 1490 1880 - o .55 9340 12.7 9.84 2980 2780 15 12800 7.8
Minimm, Aug, 91 == 58 9.5 13 S X R Al 11 =t N 204 240 72.2 184 011 412 A1
Maximum, Sept, 1958,.. 124 == 78 ) 58 G 131 0 195 35 & 3.1 .06 491 67 410 234 126 1.6 720 7.8
Minimum, Oct, 1957., 19 == 12 4.0 59 % 161 0 i 20 S T U] 256 35 13.1 96 0 2.6 42% B0
Water Year 1859
Maximum, Feb, 1959., traraeann W21 el 694 1HE 1490 i 256 1 1220 3030 i L 54 7550 10.3 .28 2510 2300 13 10600 79
Minimum, July, . 20 12 165 B.G b/ h.6 140 0 0 4.6 0.8 i .03 657 L8y 15.5 A48 333 1 8B40 7.8
Water Year 1960
Maximum, Mar, 1960.. . 1.1 .- (A%} 224 2130 - 250 a 1750 1780 s L2 Lo 9640 13.1 28.6 2700 2500 18 13300 7.9
Mintmum, Oct. 1959, . i 17 - 121 76 292 -- w80 409 330 - 12 40 1350 1.69 6l.8 410 248 6.3 2080 7.8
MWater Year 1901
MaxLmum, July 1961.. . 1.6 30 s4l 191 2020 12 241 0 1750 3220 1:00 1oz 1.4 B310 11.3 5.9 260 1940 19 12000 7.8
Mintmun, Aug.. . 21 .- 71 9.2 5 - wr oo 93 87 - . 499 0B S 720 75 1.9 %1 7.8
Warter Year 1962
Maximum, Mar. 196 6.5 - 626 213 2140 - 247 0 1810 1590 - 61D 8910 12.1 157 2440 2240 19 12500 1.9
Minimum, Sept. 484 -- 171 34 380 - 2030 469 497 -~ 19 29 1790 2.43 2340 568 W4 6.9 2680 7.9
Hater ¥oar 1363
Maximum, June 1963 . 7.7 - 624 24 2270 -- 247 [ 1890 1790 -e 6 1.1 9340 12,7 194 2550 2350 20 13000 7.9
Minlmum, Aug, . kL Sl 136 15 196 = 303 0 203 268 -r L2 L2 1050 L4 108 399 150 4.3 1650 7.9
Water Year 1964
Maximom, Apr. 1964, . i 2.1 - 482 292 2060 - 232 o 1810 3420 Sl % 1 B740 11,9 54.3 2600 2210 18 12400 7.8
Minimum, Sept.. . a.e -- i} 7.5 43 - 250 0 61 19 1.2 .06 357 .49 4,05 2 0 1.3 570 8.1
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Table 7.--Summary of chemical analyses of Texas streams In the Ria

(Results In mdlligrams per liter except ae indicated)

Grande

bagin--Continued

ed sollds
Dinsaky Hirdnese Specific|
Bi- ¢ as CaCo, d?o- Bl
Date Mean Cal- | Mag- Po-| oap. |Car- - Ni- - um y
5 Dincharge [Silical Iron ne- | Sodium | tas- bon- | Sulfate | Chioride "o M= | BO- 1ygy105 cal- ad- | dust
o ascharge (510,)| (Fe) clum . (Na) |si bon- i S0 it ride |trate | ron £ians Tons Tons i, Non- ance | pH
collection (cts) i) (Fe) | (gq) | Sium ) |slum| ;0 | ate | (SO4) €0 ') oyl (8) | *T | per | car- f3'P~((micro-
(Mg) (®) |(aco.| (CO9 per per Mag- tion
( ) acre- bon- mhas at
Liter foot day ne- at ratio 26°C)
(mg/1) Blum
B-3705, RIO GRANDE AT FORT QUITMAN, TEX.--Continued
Water Yoar 1965
Mz imum, L.l - B3 13 a8 == 129 0 62 12 s 0.6 D07 417 0.57 L.24 260 01,0 638 1.9
Hininum, 7.1 -- 60 5.4 29 - 232 0 30 11 e L2 14 310 R 1.76 172 010 45% 7.7
Water Year L9686
Maximim, Sepr, 176 -- 136 29 298 - 260 361 499 EE LR 1420 1.93 674 458 272 6.1 2220 B.0
Hinimum, July 11,9 11 66 4.4 57 4.7 1770 106 15 0.9 6.2 .04 403 JE5 1541 183 8 1.8 611 7.8
Water Year 1967
Maximum, May 1967...... - -- 660 235 2390 -- 217 0 2020 3950 -- 1,2 1.8 9940 13.5 -= 2620 2640 20 L3800 7.8
Minimum, June.......... - - 91 12 53 -- 207 0 148 51 - 7.4 .21 521 W71 = 216 106 1.4 770 7.8
Water Yoar 1968
Mix Lmun, - - 477 209 2220 o 174 0 1920 3560 - 6 .02 8360 120 = 2300 2160 20 12800 7.6
Mintmum, .- i 123 21 191 9.0 284 0 292 197 B L L2 1000 1,36 2 393 160 4.2 1550 8.3
8-9710. RI0 GRANDE AT LA NUTRLA, TEX.
Perlod, Jan. - Aug. 1936
Muximom, Apr. 29, 1936, 20 268 (3] 697 161 0 702 1020 1.9 0.42 090 4,20 167 280 T48 10 weoo 7,
Miodmum, Aug. 31, EEREE 276 66 8.8 15 166 (1] 102 a1 4.3 14 465 .61 347 201 65 2.3 677 7.4
Water Yoar 1937
Maximm, Apr. 90, 1837 B3 285 8l 833 1760 778 1350 5 .54 3750 4,10 B40 040 900 11 5510 7.4
Hinimum, Sept 504 193 27 281 200 0 346 378 1.9 - 1370 1.87 2200 aht 280 5.8 2120 8.2
Water Yoor 1938
Haxinum, Oct., Nov., Dec. 1937.. 413 187 49 484 215 0 526 687 N 2180 2.96 2430 670 493 8.1 1390 8.1
Minimum, Sept. [938............. 1210 a7 22 206 169 0 264 246 2.5 .19 963 1,31 3150 310 192 4.9 1560 7.9
Wator Your 1939
ek Lom, Apr . 77 228 [ 647 182 0 671 975 642 2860 1.89 595 833 684 9.) 4330 H.2
MLnimum, July,oovuuvinnniniinn, 117 1462 29 343 1wy 0 77 509 -- - 1570 2.13 496 413 352 6.9 2520 8.2
Water Year 1940
Haxlnum, Apr. ; 25 248 5 638 w0 711 989 N 54 2690 3.93 195 888 A9 4480 B3
Mintmum, Aug..... : 454 68 12 154 Wi o0 197 157 6.8 - T2l .98 884 218 100 4.5 1150 B.3
Water Year 1941
Maximum, Hov. 1940.,. 174 194 Y] 574 188 0 600 822 -- -- 2490 1.3y Lo 694 545 8.4 3770 7.9
Minimum, Sept, 1941, 1780 8 15 169 141 ] 200 198 8.1 .16 EOY 1.10 1090 256 40 4.0 1290 7.8
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Tabl

(Results fn milligrame per Liter oxcept as indica

e ¥ o==Bummary of chemical analyses of Texas streams Lo che Rio Grande b

1-=Cont inusd

D d solid.
issolved solids Hardness Specifid
» po. | Bl -~ as CaCo, | So- |7
Date Mean Cal- | Mag- “ | car- - Fluo- Ni- | Bo- dium
of Diacharge [Slical Tron | G | ne- | Sodium | tas-| {2 | bon- | Sulfate | Chioride MALL4- cal- ado | Huot-
Be (510,)] (Fe) = i ride |trate | ron - Tons Non- ance | pH
collection (cfs) N e} | (ca) alum (Na) |sium o ate (50,) (cn P ETAmS Tons cium,| lsorp-
a (F) |(NOY| (B) per car- (micro-
(Mg) ®) |Heo,)| (€0 per per Mag- tion
A 5 acre- bon-~ imhas at
liter foot day ne- te ratio 25°C)
(g /1) sium | *
B-3715, RTO GRANDE AT UPPER PRESTDTO, TEX,
Period, Feb. 28 - Sept. 27, 1935
Maximum, Mar, 28, 1.3 409 6 721 132 o 945 1360 0.0 0.63 4030 5.48 16.3 1420 1310 8.3 5750 1.2
Minimm, June 29, 7 43 8.4 56 17t 0 6l 51 6 .22 3 .47 68,7 Laz 2 2.0 525 7.3
Mater Year 1936
Maximum, Apr. 18, 2.4 150 78 595 212 0 755 1080 1.9 .37 3190 434 20,7 1190 1020 7.5 4840 7.8
Minimm, July 28, .. 123 ) 14 142 e 0 159 189 1.2 .15 695 .95 231 262 120 4.0 1140 7.5
Mater Year 1937
Maxlmum, May 1937 2.2 B A ] 00 179 0 739 1090 BT .06 3240 A.al 19.2 1160 1020 7.7 4660 1.7
Mindmun, Aug. ... 159 59 13 72 2060 0 113 48 3.1 -- 426 .58 183 201 32 2.2 6ub 8.3
Water Year 1938
Maximum, Hay 1938.. 73 209 52 503 171 0 567 774 1.2 .24 2390 3.25 510 735 594 8. 1600 8.2
Minimum, Sept.... 995 a9 18 168 156 0 227 206 2.8 lk 31 1.13 2230 295 109 4,3 1%0 7.8
Water Year 1939
Maxloum, Apr. 1939, c0iiviiaiens 25 351 75 i 232 0 805 1140 .6 47 3620 4.65 231 1180 994 8.4 5020 8.3
MAnAmUm, AU e 451 98 17 205 s 0 268 2679 - - 993 1.35 1210 316 197 5.0 1600 8.1
Water Year 1940
Maximom, Apr. 1940 11 315 72 614 W20 753 1060 .6 - 110 4.23 92.4 1080 934 8.2 4710 8.3
Minimum, June.... 155 109 13 138 s 0 265 174 1.9 .- B3l 1: 08 348 128 231 34, 1280 8.1
Water Year 1041
Maximam, Mar. 1941.,.,.. " ali 293 70 662 2260 774 1080 .6 - 3220 4.38 591 1020 834 9.0 46l0 B.2
Minimom, July. ... 694 8z 14 181 138 0 234 218 2.5 .16 453 1.16 1600 260 147 4.9 150 7.8
Water Year 1942
Maximum, Nov. 1941... 5 5S40 719 54 552 211 ] alh B16 62 2520 3.43 3950 768 578 8.7 3850 7.9
Minimum, Sept. 1942...... 7 2510 an 19 158 195 0 240 175 L sl 868 1,18 4930 302 12 4.0 130 8,0
Water Year 1943
Max Lo, Aug . " 45,1 780 65 5H0 2370 708 928 ] 2960 4,03 360 978 784 8.1 4290 8.3
Minimum, Oct. B LT 113 2 235 98 0 320 287 .6 28 11h0 1,58 4040 81 219 5.7 1800 7.8
MaxLmum, May 1944.. o 127 205 55 565 8 0 634 825 - b2 2510 3.42 861 716 586 9.0 3880 8.3
Minimum, July.... y 159 122 25 287 169 0 6 385 6 L2 1430 1.81 1290 408 270 6.2 204D B,0
Water Year 1945
Maximum, Aug. e 1 I [ 646 230 0 an3 1030 L0 .49 3230 4.39 157 1060 867 8.7 4660 7.9
Minimum, July, ... 521 7 13 102 s 0 214 152 Ly .14 743 1.01 1050 45 126 1.9 120 --
Mater Year 1046
Maximum, Apr. 1946, . .uuuiiiiiins 15 398 92 764 200 0 1000 1310 - .57 3920 5.33 159 1370 1200 8.9 5700 .9
Minimum, Sept, . iiiirreianiaann 350 61 12 137 91 0 178 173 11,20 647 .88 a1 702 127 4.2 oL 8
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Table 7.--Summary of chemical analyses of Texus sireams in the Rio Grande basin--Continued

Results in milligrams por liter except as indlcated

Dissolved solids Hardness Specif!
Bi- as CaCO, | So- |7, -
Date Mean Cal- | Mag- Po-| gp. |Car- - Ni- | Bo- dium .
o Discharge (Silieal Iron | 1o | ne- | Sodtum | tas- | po” | bon-| Sultate | Chloride [Foier| Ny ML | o Cale |y |ad | 3058
510;)| (Fe) sl (Na) |l te | (50.) cl1 ¢S PO | Cerams | TOR | mong | oqum,| NOm- el L
collection (cts) (S0 (Ca) | 8lum M. Em| o [ ate ‘ (cn F) |(N ' ggorp-
ate (F) |(NOy| (B) per car- (micro-
(Mg) (®) |(eo,)|(€0d per per Mag- tion
) acre- bon- {mhos at
liter foot day ne- ate ratio 25°C)
(mg/1) sium
8-3715. HI0 GRANDE AT UPPER PRESIDIO, TEX.--Continued
Water Year 1947
Maximum, July 1947....0...0 0.21 6148 98 926 51 0 1570 1360 12 - 5230 7.11 2,97 1950 1480 9.1 8100 7,9
Minlmum, Sept 125 7 18 190 93 0 254 203 1.9 0.28 887 1,20 293 6 190 5.1 1330 7.9
Water Year 1948
Maximum, May 1948, 0000iiias .06 586 144 1100 e 0 1510 1970 1.z .75 5820  1.92 S84 2060 1960 11 8040 7.9
Minlmun, Aug 41,4 30 4,9 67 %0 17 73 Ly - 309 42 3.5 95 13 3.0 505 8.0
Water Year 1949
Mazimim, Apr. L949.... 0.0 5.2 407 92 760 160 0 1030 1330 6 .56 4010 5.45 56,3 1400 E260 A8 5720 7.6
Mindmom, July 44 L1 8.3 107 8 0 164 137 Ly - 566 .17 67.2 L4l 3.3 B8Y 7.7
Water Year 1950
Maxioum, Apr, 19 1,2 364 96 880 182 0 1060 1410 B - 4210 5,73 17,6 1300 1150 11 6160 -
Mindmom, Aug 197 80 16 210 195 0 210 242 (A 963 131 512 267 108 5.6 1480 8.0
Water Year 1951
Mamimom, Mar. 1951, ,.....0 1.5 490 116 955 215 0 1230 1680 R 4890 6.65 19, 1720 150 10 6960 7.7
Mintmum, Aug...... 28 44 6.2 56 1570 103 17 2,5 10 353 48 26.7 138 9 2,1 507 7.8
Hater Year 1952
Maximom, Apr. 4.9 as 14 106 16 0 260 115 2.5 .10 728 99 8.45 296 200 2.7 1070 7.8
Mindmom, July 162 48 8.0 63 153 0 104 43 6,2 .08 382 .52 167 152 2 2.2 560 7.1
Water Year 1953
Haxdmom, June 1953, 5.8 - -- 93 s 0 -- 43 S 721 .98 1.3 298 162 2.0 989 -
Minimim, Aug.. : 52 - - 5 165 0 .- 7L - .- 485 66 a8, 202 67 2.3 79 8.0
Water Year 1054
Maxdmom, Sept, 14954 67 -- 216 207 0 -- 393 - 1330 1,81 241 %2 472 44 2100 -
Minimum, Apr. 4.8 5 4.1 53 68 0 80 35 4,3 .03 153 .48 4.58 155 18 1.8 550 8.0
Water Year 1955
Maximom, Nov., .01 -~ 589 165 0 -- 962 - - 2850 3,88 08 03S 840 B2 4290 -
Mindmm, Aug. 1955, 000eiiiiiiis 66 - - 53 6 o - 39 e an 346 47 61,7 149 9 1.9 531 -
KHater Year 1956
Maximum, Nov, 1956...... .08 -- - B0 %8 0 . 1420 - 4550 6.19 98 1650 1510 8.6 6220  --
Mindmum, Aug. 1956, .. 000iii.... 38 - -- 8 “woe o -- 20 - - 209 .38 28,6 "o - - 455 --
Mater Year 1957
Maximum, June 1957 27 - - 46 UL 0 - 21 - - Shis 4 19,7 288 172 1.2 751 -
Minimum, May. ... 18 -- - 25 168 0 - 14 . s 250 i 12.2 136 i 9 7 -
Water Year 1958
Maximm, May 1958 .06 -- - -- -~ 0 - -- - - 817 1.1 A3 446 381 .8 1010 -
Mintmum, Oce. 1957 40 -- - - —- 0 -- - ey 296 40 32.0 156 55 1.3 4 -
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Table 7.--Summary of chemlcal analyses of Texas streams In the Rlo Grande basin--Cont Inued

(Resulte Lo milligrams per liter except as indfeated)

Digsolved solids Hardness Speeltid]
Bi- & as CaCO, dih- e
Date Mean Cal- | Mag- Po- | cqp. |Car- Fluod Ni- | Bo. U guct
Silica| Iron ne- u = 1 3 - Cal- - | 2o
of Discharge s100| (o) | Clum le Sodium | tas-| po,_ | bon- | Sulfate | Chlorlde | \yg0irate | ron |M4111- | pong T ;u Non- | 3~ | ance | pH
collection (cis) )| (Fe) (Ca) | Slum (Na) |sium L ate | (50,) ) F grams ‘ons cium, lorp-
ate (F) |(NOy| (B) per car- (micro-
(Mg) (K) (Coy per per Mag- tion
(HCO,) ] acre- bon- imhas at
Lliter foot day ne- ate ratio 25°C)
G/ 1) slum
8=3715, RLO GRANDE AT UPPER PRESLDLO, TEX.<-Continued
Mater Year 1959
Maximum, Dec. 1958 0,59 == == 1150 232 0 e 2110 L == 6490 B.83 10,3 2320 2130 10 8680 --
Minimum, June 1959, . 20 -- - 59 171 0 - 23 - - 386 53 20.8 174 %19 595 -
Water Year 1960
Maximum, Aug. 1960 148 .- - 192 169 0 =4 239 # - 1010 1,47 404 50 212 4.8 1570 --
Mintwum, Oct. 1959, . 12 -- .- 46 sy 0 -~ i - e 343 Y 1.1 172 49 L5 9h2 -
Warer Year 1961
Maximum, Feb. 1961.. 2l - == 808 212 ~= 1130 o e 3510 A2 199 460 18711 52100 --
Mindmm, 47,7 -- -- [ 1300 - 41 o omT 467 .63 59,5 216 108 1.8 i --
Mater Yoar 1962
Maximum, Sept. 1962, . 199 -- - 206 236 0 == 294 = = 1030 1.60 453 RI%] 150 4.8 0 -
Minimum, Oct, 1961, . 12 -- -- 40 Wws 0 - 27 a == 479 65 15.5 242 126 1,1 645 -
Water Yoar 1963
Maximm, Feb. 1.9 - - 858 273 == 1210 = = 3680 5.00 18.9 1050 824 12 SABO --
Minimum, 3 5.2 - - of e 0 - 52 ' -- 490 .67 6.88 229 92 1.9 151 -
Water Yoar 1964
Maximum, Dec. 1963.. ] - - 711 262 0 = 901 S (I EYUR 50.0 azd 613 11 a6z -
Minimum, June 1964, . 1.2 - - 40 w0 <= 19 - e 107 42 09 127 016 435 -
Mater Year 1965
Maxlmun, Sept. 1965 KR -- - 5h 570 = 21 mm mm ain .65 4.9 220 108 1.6 BHO -
MEDLMUm, AUE. .t hareianniaiis .6 .- -- 51 [EF A - 19 obs == 463 .63 5,75 214 10z 1.5 645 ==
Mater Yedr 1966
Mo v Bepe, 1906, . 415 -- == 104 166 0 ] 115 - 622 N:E 694 2506 Lo 2.8 986 -
Minimim, AUg.sveauiiies . oL i ¥= 49 162 ] i 28 b - 412 a6 Lol 204 72 1.5 634 =
Waler Year 1967
Muximum, Jan, 1967 1 - B EEE] 167 1370 21 134 a 2070 2320 0.9 0.6 0.75 7150 9.72 “ 2500 2390 12 G460 7.7
Minimum, Aug,.oovian, . ne - o 62 140 a S 28 = - 438 .60 =n 208 93 1.9 702 LT
Warer Year 1968
Maximm, Feb, 1968 . - - = 251 156 0 “u 214 - - 1280 L. 74 - A4 286 5.4 1870 -
Minimum, SOPt..,erssreres p - - -- 66 194 0 - 28 - -- 486 b6 -- 226 66 1.9 75 -
8-3740. ALAMITO CREFK NEAR PRESIDIO, TEX,
2.0 45 6.7 07 1290 a4 22 3.1 0.26 084 0,66 2.61 108 0 4.5 6z 7.6
594 23 6.6 23 141 [} L4 6.4 00 1L 155 21 264 4 0 1.1 259 7.5
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Table

(Results in milligrams per Liter except as indicated

he=Summary of chomical analyses of Texas streams in the Rio Grande bagin--Continuced

=d solids
Dissolved Hardnezs specific
Bi- e as CaCo, d‘?o— flso
Date ean Cal- | Mag- Po- | ogp. |Car- Fluo-| Ni- | Bo- m
of Discharge [Silical Tron | jon | ne- | Sodlum | tas-| o | bon- | Sullate | Chloride |'viqo |trate | ron [M2211 | Tons Cal- | o | ad- tccte PH
collection (cfg)  [S100] (Fe) |\(oqy | stum | (Na) |slum| | ate | (500 | (€| gy (Noy| (B) | KT | pep | TS| ehuml o e0rpyen,
(Mg) ®) |(qeoy| (€0 per per Mag- tion
(HCO,) acre- bon- mhos at
liter foot day ne- te ratio 25°C)
g/ 1) sium | *
A-1750, RIO GRANDE AT JOHNSON RANCH, TEX.
Water Year 1948
Maximum, Jan. 677 - 100 20 160 - 2060 0 119 139 -« 0.6 0,22 904 1,23 1650 397 164 3.8 1360 -
Minimim, July 700 -- 49 8.5 96 L 211 50 R It ) st 79 1100 208 78 7.9 #49  7.8
Water Year 1949
b, Apr. 1949, 40 = 148 16 194 - 1% 0 617 % - 18 .0 1220 1.66 1320 432 302 4.l leA0 7.7
Mindmum, Aug. ... 2930 .- 18 7.7 57 - w30 182 28 - 3710 500 L6 3960 225 108 1.7 694 1.9
Water Year 13950
Max T, Jan. 1950, 1030 - 5 19 160 -~ 153 0 284 155 .25 .19 851 116 2270 91 166 4.1 1300 8.0
Minimum, Aug 1880 - 9.0 77 R L 174 51 -- o ns Ll 522 i 2650 217 82 2.3 765 7.8
Water Year 1951
Maasc L, 1950, 172 - 100 2 L&8 - 130 327 196 -- L a7 010 1,37 2110 w0 202 4.3 1530 8.0
Minimom, June 1951, 703 -- 0 8.9 85 - 168 0 181 41 EE N IS T 515 .70 978 212 1.5 ue 7.9
Water Year |
Moot L, 165 -- -- - 16y - 18 0 -- 105 e 993 1.35 442 M2 191 A0 130 -
Minimum, July 4880 -- 76 7.8 49 T 181 21 SE PR 471 B4 &210 223 108 1.4 657 7.8
Water Year 1953
Miximum, Apr, 1957.... ; 77 .- -- -- 186 P T -- 133 R 1090 1.48 22.1 384 254 4,1 1580 ==
Mindmum, Aug L lao . - - 87 - 15 0 -- 48 - e . 554 .89 351 288 173 2.2 931 7.8
Water Year 1954
Mais fmm 3 155 & Wy - 180 e 189 0 131 b L ot 1100 1.49 400 88 233 4.0 1440 -
Mar, 195, 7 -- -- 193 1600 -- 31 -- - 1100 1,49 214 388 256 4.3 1570 --
Minimum, June, . 718 -- - -- 61 -- 195 0 -- a1 - - - 537 73 1040 204 84 L7 751 e
Mater Year 1954
Maximum, Jun., 1955, 244 - 122 22 193 e 160 0 480 138 - 6 .36 e 1.5 151 397 266 4.2 1580 H.2
Mindinm, AUL L 110 - -- - 49 . -- 43 B 419 .57 3180 200 89 L5 626 -
ater Year 1956
Maxtmum, May 195 125 s - - a0 B ] - 144 - - - 180 1,60 48 428 289 4,3 1660 --
Mintmum, Oct, 1955, 24,70 -- -- -- 58 -~ 163 0 -- 34 - - - 456 .62 3040 204 10 8 665 ==
Water Year 1957
Maximum, Dee, 1956, b3 -- -- - B T I -- 101 - e 1060 144 970 387 224 3.9 1470 -
Mintmum, July 1957, 229 17 o 9.8 7 5.5 211 0 277 23 0.8 1.2 .17 626 .85 86 330 158 L7 908 8.0
Water Yuar 1958
Maximum, Apr. 1958., 28 -- . - m -~ 10 -- 168 - - - 1360 1,84 104 458 331 4.7 1880 --
Minioum, May. ..o 63 - -- -- 60 -~ 178 0 - 12 - e = 474 .51 63,6 147 7 2.2 539 -
Water Year 1959
Maximum, Mar. 1930, 345 ko = == 229 == 150 p ol 172 - == a0 .88 1200 4BB 362 4.5 1890 --
Minimum, Sept, oo 2360 = -- -a (] - 183 0 4 - = w= ahd M 3470 239 H9 2.1 799 -=
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Table 7

Summary of chemical anglyses of Texas slreams Lo the Rio Grande b

(Rosults in milligrams per Liter except as fodlcated)

in==Continued

Digsolved sollds Hardness
B as Caco,
L Po- Car- ——
Date Mean Cal- | Mag Po-| car. Fluo- Ni- | Bo-
£ Discharge [Silica| Iron | o ne- | Sodium | tas- bon- | Sulfate | Chloride Milli- Cal-
o scharge cium bon- ride |trate | ron | Tons T Non-
ollecti N (810,)| (Fe) | atum | (Na) |slum ate | (SO,) (cn Erams ong clum,
collection (cfs) (Ca) ate (F) |(NOy| (B) per car-
(Mg) (®) (HCO,) (coy Per | acre- per Mag=| pone
¥ liter foot day ne- te
Cingg /1) o) slum | &
843775, RLO GRANDE AT LANCTRY, TEX.
Perind, Apr. | = Sepr, 30, 1944
Maximum, July 194t 1090 & a5 15 144 -~ 20 0 256 131 - L9 - Lo L1l 2400 ano 136
Minloum, Sept 030 - 49 7.1 57 - 13 0 104 41 - L9 - ] .h0 09490 151 4l
er Year 1943
Maxiowm, Dec, 1964, 1170 - 103 25 176 - 199 0 105 187 DU 971 1.32 07 399 196
Minimum, July L945. 4120 -- [ 7.8 55 = s 0 152 n - 7.5 0,08 449 .6l 420 197 "
Water Yeur 1940
Haximum, Jan. 1290 - 8 25 196 = 16y 0 Ly 201 L9 .26 985 1.36 3430 3z 186
Minkmum, Sept AG20 - 57 8.0 56 - 146 ] 137 b -- 8.1 19 404 ] S040 14 94
Water Year 1947
Maximum, Jan, 1410 s BS 22 157 e 1By 0 269 148 s ol 838 1.14 3190 302 152
Mindwum, Sept 4480 - I 2 6 wr 0 128 27 s Ok 17 168 50 4450 LED 60
Waror Year 1948
Haxd o, R 1 ¥ ] -- i 21 116 - 2m 0 2 97 T R 21 .98 L1490 294 129
Mlodmom, 623 - 54 16 1] 180 o 135 50 - 4,3 a3 L78 (k3 His nz2 b
Witor Year 1949
Mardmom, . 885 - a1 23 139 ] 0 268 132 == 2.5 .20 801 L.od 110 301 158
Mindmom, L0230 -- 51 Lo 47 = 143 1] 100 furd oo 1.7 .09 168 50 1020 170 52
Water Year 1950
Maximom, Doc, 1949,... L1260 - 75 21 115 -~ 480 250 133 - 5.6 .14 17 L.08 26450 274 156
Minlmum, Sepr. 1930, aln -— 58 6.3 A4l - 132 0 119 21 - 5.6 09 a5l AN auai 170 61
Mater Year 1951
Muximum, Nov. 1950.. 1150 .- 82 20 138 - 1810 255 135 = 1.9 .20 179 1.0 2420 286 158
Miaimum, May 1951, L1360 - 57 1 59 == 1510 133 39 - W7 08 434 .59 1590 187 02
Mater Year 1952
Muximm, Aug. 1952..... S, . G -- 91 21 92 s JET | 270 76 - 3.1 .4 13 Y 1290 312 185
Mindmun, JULY.usuviiasisisiarens 5280 - 87 7.9 49 SRR U5 N | 194 71 1,7 .1 478 .05 6810 238 120
Warer 1953
Muximm, Oct, 1952, iy 443 -- a1 20 18 - 138 0 278 73 1.1 .07 891 44 404 a4 200
Mar, 1953 PPN . 475 L an 23 102 - 178 o 252 7 14 W71 691 94 LLES 296 150
Minimum, May.....ooeceivisa e 263 - 56 22 59 - 165 0 146 51 -- 3.1 8 A4 60 317 232 96
Water Year 1954
Mascimmn, Feb, 1954, ., 0000eiee,., 450 -- 77 23 104 - 1770 255 71 -- Ly L3 6706 .92 821 286 14l
Fm i, APr, e 1880 - 40 Tye] 47 -- #5 0 10% i -- - = ilb A4 1600 130 Al
Water Year 1955
Maximum, Feb, 1955, ,..c00oion.. 517 ~ [ 2 15 1770 2490 19 % BT 721 .98 1010 04 158
Minimum, Juneiswivieesesrai i 1260 -- 67 9.4 27 -- 187 0 Bh 1K -- 2.5 ML LR JAah 1150 206 a2
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Table L=«Summary of chemical analyses of Texas streams Lo the Rlo Grande basin--Continpned

(Results in milligrams per liter except as indicated)

Dissolved sollds Hardness Specifie]
5 - Bi- diis as CaCQO, aslo- AP
Date Mean Cal- ag- = | ecar- ‘ Fluo-| Ni- - um .
o Discharge [S3e8] Tron | 60 | ne- | Sodium | tas- | por~ | bon- | Sulfate | Chloride [yr] M | PO~ fugaaa | Cale | o Vag- | duct -
collection (cts) (510,)| (Fe) (Ca) sium (Na) |slum ate | Ate | (804) (c1) (F) |(NOy)| (B) prams pas Tons clum,| car- FOTP-Lmicra.
(Mg) (k) (coy) per per Mag- ton
(HCO,) . | acre- bon- mhos at
Liter (% 0 day ne- te |Fatlof ago
(mgg/1) il slum | * C)
8-4101. PECOS RIVER BELOW RED BLUFF DAM NEAR ORLA, TEX.--Continued
Mater Year 1963
Maximum, Oct. 1-31, 1962 101 12 690 2635 2680 i 119 o 2560 4200 - L0500 2860 2810 2710 22 14000 7.2
Nov, 1-30 212 12 on 276 2670 == 134 o 2540 4200 el 10500 6010 2880 2770 22 4300 7.0
Minimum, July 1-31, ' 71 8,1 655 211 1940 57 95 0 227 3120 - B310 1590 2500 2420 17 11400 6.5
Weightod average...i..iiuea. 54 9.8 617 258 280 -- 17 o 2040 3910 - 9850 as 0 27500 2650 21 13400 6.8
Water Year 196&
Maximum, Sept, 20-30, 1964, ., 4,7 17 640 283 3820 -- 124 0 2410 (000 - 13200  18.0 168 2760 2660 17 18600 6.8
Minimum, Dec, 1=31, 1963... e 12 11 550 206 1830 - 108 0 1940 2900 - 7490 10,2 241 2220 2130 17 10800 7.5
Welghted average......oovvvnvans = 11 Gh 244 2270 - L6 0 2330 3570 - 9130 12,4 784 2610 2510 19 12600 6.8
Mater Year 1965
MaxLlwum, May 1-31, 1.2 3.1 770 328 4040 - 108 0 2850 6450 - 14400 19.8 47,1 3280 3160 31 21800 6.8
Minkmum, Ocr. 1-31, 2.7 14 600 221 2250 67 89 0 2100 3720 - 9020 12,2 65,4 2600 2330 20 12900 6,4
Weighted average....... - H.8 oin 276 3370 “ 145 0 2020 5440 -- 12200 16,5 298 2850 2330 27 L300 6.8
Water Year 1966
MaxLlmum, Wov. 12-30, 1965.,,, 4.7 10 520 218 3790 -- 124 1] 2010 5900 - 12500 17.0 159 2280 2180 34 19000 6.8
Minimem, Sept, =30, 1966, 50 8.2 410 b 1200 bh 109 0 1260 1900 2R 4980 6. 17 754 14300 1340 14 7560 7.0
Wedghted average...oioiie..ny =% 6.8 a6l 120 1660 éy 112 0 1440 2650 -- 0440 .77 5073 1640 1550 18 9900 6.8
Warer Year 1967
Maximum, July 3-10, 1967..... 197 8.1 380 106 1480 54 137 o 1170 2600 - 5670 p il 3020 1380 1270 17 ass0 7.0
Minimum, Apr. 1-30,.... aaz 5.7 260 53 540 21 127 0 7 70 1.2 2530 344 3360 B6HG 762 8.0 3980 1.6
Wedghted average. .. .. -- 7.1 294 i 788 28 132 0 864 1260 1.6 3 §180 0,59 1930 1010 906 11 5270 7.5
Water Yedar 1968
Maximum, July 8=14, 1968 -- 8.2 452 150 2300 - 116 0 1580 3550 -- H100 - - 1740 1650 - 12200 i
Minimum, Nov. l=6, L967.... 2 = 8.8 i B4 980 - 124 0 1030 1500 fi.1 4020 .- 1210 1i1o - 6010 6.9
Welghted dverage. . ooieieioii 7.8 402 115 1360 125  -- 1300 2120 - 5380 -- __l4Bn 1370 - 8250 7.6
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Lable 7.--3ummary of chemical analyses of Texas streams fn the Rio Grande basin--Continued

(Results in willigrams per Iiter excepl as Indleated

Dissolved solids Hardness Specific
Bi- & as CaCo, | So- |7
Date Mean Cal- | Mag- Po-| ap. |Car- Fluo{ Ni- | Bo- dium L
of Discharge Stifcal tron [ Gt | ne- | Sodium | tas-| par_ | bon- | Sulfate | Chloride |yl M- TREVI Cal- ad- | -duet
510,)| (Fe) % (Na) | sl to (50,) (€1 ride trate | ron | 70 ong Tons ¢lum,| Non- ance | pH
collection (cfa) |50 (Ca) | Sium um | g | @ . ) , jsorp-
ate (F) |(NOy| (B) per M car- (mlcro-
(Mg) (K} |1ca,| (€O per per ag- tion
o Lia. | Acre- bon~ imhas at
Titer foot day ne- te ratio 25°0
(mg/ 1) aium | * 5°C)
84415, i RIVER DELOW GRANDFALLS, TEX.--Continued
Water Year 1953
Maximum, Feb.

18-20, 1953 19 14 894 522 7890 -- 190 0 3340 12700 -- - 25500 4.1 1310 4380 4230 51 B100 7.8
Minimum, Oct. 14 23 782 391 2430 - 135 0 3090 1920 -- - 10700 14.4 404 1560 3450 18 15100 7.4
Welghted average....... 13 17 805 419 3110 -- 150 0 3230 5000 -- -- 12700 17.1 A4 3730 36lo 22 17600 -

Water Year 1954
Maximum, May 1-31, 1954...,.. 9.1 7.9 - -- 2930 - 128 0 370 4800 - - - . - 3520 34z0 21 17100 8,0
Minimum, June 14,0000 360 - - - - -- 130 0 -- 129 - -- - - - 246 139 - 904 B.1
Weighced average 15 - - - 2120 - 148 L] 2380 1290 - x: =23 L5 2570 2650 18 12100 -
Water Year 16955
WaxLmum, Jan, 1-31, 1955 18 - - -- 3170 -- 187 0 3040 5180 -- -- -- - - 1620 3460 23 L7600 7.6
Minimum, Oct. 7, 1956 58 15 - -- 703 85 0 677 L1180 4.0 3150 - 491 a0 770 11 4760 7.9
Weighted average,.... 18 -- -- - 2380 -- 140 0 2500 1860 - - - -- -- 2930 2820 19 13800 -
Water Year 1956
Maximum, July 1-31, 19%6... 8.0 -- -- - 3250 -- 93 0 3310 5280 - - - - - 1810 3730 23 17700 7.5
Minimum, Oct, 6-13, 1955 71 = e - 928 = 111 0 1780 1520 e = s o == 2000 1910 9.0 jorn i
Weighted average, ., 20 .- - - 2580 - wa 0 2750 4160 - - - - - 4200 3080 20 14800 -
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Table 7.-=Summary of chemlcal analyses of Texas atveams in the Rlo Grande basin--Continued

(Results in milligrams per liter except as indleated)

Dissolved solids Hardness Speeifid
M po- | B o ssCaco, |8 | Voo
Date Mean Cal- ag- 0= | car A= Fluo-| Ni- | B Hum
i -| Ni- | Bo- s
of Digs Siltcal Iron |qo | ne- | Sodium | tas-| oo | bon- | Sullate | Chloride Hi114- Cal- ag. | duet
harge (54 clum - : ride |trate | ron o | Tonga T s Non- ance | pH
collection (cta) 0a)| (Fe) | (gqy | 8tum | (Na) |stum| 0. | ate | (S0, (c1y P frams ong clum, lsorp-
ate % (F) |(NOy)| (B) per M car- (micro-
(Mg) () | mco.)| (COs per per ag- tion
( ) ;| acre- bon- mhas at
liter foot day ne- ate ratio 25°C)
(mg/1) sium
84474, PECOS RIVER NEAR SHUMLA, TEX,
1955
MAT, 1955, e eeernnnns 187 178 05 497 159 0 544 845 1.0 0.26 2290 3,12 1160 796 666 7.7 3700 7.9
MANEmIm, JULY ereaerereeraeennns 485 50 22 122 “wo oo 130 200 il w1 106 6 925 288 174 3.1 140 7.9
Water Year 1056
Maximum, Mar, 19560 ,..000000aens 164 186 a9 531 156 0 560 901 1.2 k6 2690 1,49 1100 828 J01 B0 1800 8.1
Mintmum, Oct. 1955, 00 00eiei, 299 L6 49 253 17 0 282 429 5.6 .20 1280 L.74 L1030 489 we 5.0 2100 8.0
Water Year 1957
Maxcmun, MAT, 1957, .0 000eeinens 164 215 107 706 ha 0 717 1180 T T ] 1210 4.3 1620 975  B52 9.8 490 7.9
Minlnum, May.. B U] 84 20 122 Lo 0 160 199 6 OB 733 100 5560 292 176, 3.1 1160 0
Water Year 1958
MaxTimum, Mar, 195B..0.0vieseren. 211 182 88 558 181 0 548 948 AT | 2600 1,53 1480 B8 670 8.h 4030 B2
Minlmum, Sept......... viswe 1330 58 0 49 e 0 59 82 5 0 166 ,50 1310 188 B0 1.5 616 7.8
Water Your 1959
Maxioum, Mar. 1959 RN 07 175 82 517 10 496 878 2,5 .27 2480 3,97 1250 172 629 8.1 oo 7.9
Minloum, Sept..... B 82 76 149 oo 144 248 2.5 10 803 1.00 939 w8 177 3,7 1310 8,0
Wutor Yoar 1960
Maximom, Apr. L960... 195 105 8 499 165 0 473 851 2.5 24 2320 316 1240 732 596 H.0 040 7.7
Minlmum, Oct. 1959.. oo 1640 ik 28 Lk 190 112 252 F.2 1l 842 K 1730 330 200 7 1380 7,7
Water Year LYl
MaxLmum, Apr. 1961.ciessanes L&o 21l 122 78l 136 0 740 1320 W A3 V4 50 4,09 1490 e 916 11 5320 7.9
Minfmm, June...... R s 750 106 44 275 e 0 268 446 KRR 1300 1,77 2630 4hy 31 5.7 21400 7.9
Water Year 1962
MaxLmum, Mar. 148 169 87 yi8 156 0 570 984 1.9 .26 20660 i 1060 830 702 8.7 4150 7.9
Mialoum, Sept 236 100 k1l 228 a0 206 169 T L 1080 1.4 088 378 b 5.1 1750 8.0
Water Year 1963
Maxclmum, Dec, 1962 184 258 102 501 16 0 168 1330 T4 .20 1570 4,86 1610 1060 920 11 5370 7.7
Minimun, Oct...... 490 97 25 174 1790 150 295 5.6 L1 950 1,29 1270 6 196 4,2 1450 7.7
Wator fear 1964
Maximum, Mar. 1064 121 181 an 00 1o 0 574 1060 L.z .24 2730 3,71 892 830 710 9.5 4380 7.5
Minimum, Sepr..... 2990 B3 13 a1 186 0 92 152 LR ] bWl .78 4620 261 110 2.4 945 8.2
Water Year 1965
Max Lmu, 186 158 74 459 05 0 453 851 La .31 2290 3.11 1150 698 562 8,2 1570 7.8
Minimum, 481 93 0 200 159 0 184 339 1.1 .12 1040 1.4l 1070 956 226 4.7 1650 8.0
Water Yooy
Maximum, 125 144 71 467 1510 421 784 Lak 18 20650 279 92 652 527 7.9 3350 8.0
Minimum, 62 78 14 123 1446 0 (RS 2006 7 -- 659 o0 822 270 50 Lo 8.0
Vear 1967
Tmum, Muar. 1967 - 14l 68 439 177 0 411 720 0 .z 1970 2.068 -- 631 486 7.6 3200 B0
Minimum, July,. -- 12 89 a5 221 s 0 200 156 08 2.5 .12 [T I -- 367 232 5.0 1760 7.7
er Year 1968
MaxLmum, Apr. 1968, - 161 % 538 133 0 494 890 R | 2360 1,71 - 726 601 8.7 3760 8.1
Minimum, Aug e 71 23 138 153 0 128 225 w107 719 98 -- 272 l4b 46 1190 8.1
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Table Z=-8ummary of chemical analyses of Texns screams in the Rlo Grande--Contloued

Results Lo wllligrams per liter except as indlcated)

Dissolved sollds Hardness Specitic]
Bi- o as CaC0O, | So- con-
Date Mean Cal. | Mag- Po-| qp. |Car- Fluo-| Ni- 3 dium i
; Disetange (Siteal Iron | M= | 6% | Sodtum | tas- bon- | Sulfate | Chioride | [ | B~ fya11q. cal- ad- | Mt
0 charge (510.)| (Fe) clum fum {Na) |stum bon- b (50,) cl) ride |trate | ron Erams Tons Tons AT Non- ance
collection (efs) g (ca) ate |t | (S04 ( (P) |(NoY| (B) | " per '| car- [P~micro-
(Mg) ®) |(neo,)| (€O per per Mag- tion
{ 3 acre- bon- imhas at
liter day ne- ratio a
(mg/1) | foot slum | &t 25°C)
B-G47Yh. PECOS RIVER NEAR COMSTOCK, TEX,--Continued
1947
. Mar. 1947 235 212 122 74 wr o a7 1230 3,1 0.31 a0 40 2200 1030 947 10 5270 7.7
Minimum, Oct, 1946, 1470 70 24 139 nr oo 164 214 8.7 - 715 1.00 2010 274 (P 1210 7.8
1948
7 1948 215 219 113 698 171 0 402 1120 2,5 .26 1230 4,39 1880 1010 869 9.6 4880
Minimum, July, .00 LR ab 17 DE] (Y 0 L 145 1 - a7 3 993 208 Lo 2.8 L1
220 204 110 686 135 0 169 1o O A 3200 4,35 1500 an? 852 9.6 4800
848 93 K} 186 U] 213 290 4,3 - 985 1.34 2260 02 228 4.3 1540
1950
aximum, Apr, 1950 203 14 100 63 1290 677 1020 3.7 .27 2850  3.87 1560 869 164 10 4410 7.8
Minbmm, July 574 73 22 126 135 0 162 195 6.8 .08 6494 K 1080 274 163 3.3 1140 7.8
Katper Yenr 1951
Maximum, Feb, 258 228 119 755 154 ] 828 1230 32 3400 463 2370 Loa0 vi6 L0 5190 7,8
Minduum, May 126 97 41 257 125 0 280 417 Rt 1230 167 1080 41z 09 5.5 2000 7.7
Mater Year 1952
Max Luum, Apr . 155 205 107 684 1510 737 1100 2.5 .23 3120 4.2% 1310 953 #2E 9.6 4720 7.8
Mindoum, July 141 17 60 30 LT 174 451 3.1 .26 1580 7,15 Ho? 537 417 0uh4 2590 7.7
Mater Year 1953
Maximum, Mar, . 10l 208 114 694 157 0 735 1140 JEIL . o 3110 4,21 1350 990 861 9.6 4BBO 7.8
Minimum, Aug . 210 76 24 121 1l ] 151 195 11 R 676 .92 493 288 173 3.1 1140 7,8

Water Year 1954
Maximm, Mar, 1956, 000000ii0an 142 157 a3 478 128 0 521 808 AT 1 2280 510 B74 734 630 7.6 14540
Mindmum, June. ..., . vasvees 29500 [ 6.7 28 156 a 53 50 3.7 L1 324 Sah 25800 192 6% 9 518
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Table 7.--Summary of chemical analyses of Texas screams in che Rlo Grande bawin--Contioued

(Results Lo milligrams per llLer except as indicatod)

Dissolved solids
Hardness Speclfid
u po. | B | as Caco, | So- [*P°5"
Date Mean Cal- ag- 2= | car AT Fl diy
5 o uo-{ Ni- | Bo- -
of Discharge [Bleal Iron | 00| ne- | Sodium | tas-| pit7 | bon- | Suliate | Chloride | o o Milli- |, Ccal- ad- | duct
(S10,)} (Fe) slum | (Na) |si % ate | (s0 C Flde|saze Lxan e Ton| 1 Non- ance | pH
callection (cfs) o (Ca) BIUM | gy | & (s04) € m) (nog| @ | | per ond UM sap. FOrPl(micro-
(Mg) (K) (Coy per per Mag- tion
(HCO,) acre- bon- mhos at
Liter | %o b day ne- ratio o
(mg/1) | 190 atum | Bte 25°C)
8-4580, K10 GRANDE AT EAGLE PASS, TEX,
Period, Jar 1938
Maximum, May 1938..... 1660 117 40 212 162 0 17 126 10y 1180 1,60 5290 4% 323 4,3 1790
Minlwum, July 20400 53 9,2 43 132 1] B2 40 4,3 .08 331 N 14200 171 hi 1.4 510
Wetor Year 19739
Maxdmum, Jan. .20 13 3 190 ETR 278 253 2:5 418 1060 Lal 7100 420 272 4.0 1610 8.2
Minimum, Aug..ivoisiviaas via 6190 A7 14 a0 145 0 135 b2 b A 485 .6h 110 200 g1 2.5 T4 B3
Water Y 1940
MaxLluum, Feb, 1940.... 2120 104 34 194 1890 275 259 Ly a7 1040 1,42 5950 W98 243 4.2 1630 8.0
3100 65 16 7 1wl o0 126 100 1,7 - 485 66 4060 20 1L 2.2 aon 8,
Warer Year 1941
M Lmun, June B0A0 213 38 212 Wi 0 597 297 2.5 22 1560 2.1% 25400 688 570 3.5 2190 8.1
Minioun, 6230 1 15 #6 149 0 168 8 3k 2 632 .86 10600 2% 13 .3 898 7.7
Water Year 1942
MuxLmum, Jan 3670 194, 6 367 160 0 629 555 3.1 2020 2,75 20000 758 621 5.8 2090 7.6
Minimum, Sept 25900 Ju 15 a4 140 (1} 199 106 2.5 - 640 B 44800 261 L4t 2.5 954 7.9
Water Year 1943
Maximum, Jan. 3200 126 43 233 112 0 eh0 321 3.1 25 13z0 1.80 11400 492 400 4.6 1990 8.0
Minimm, July 5300 i 15 17 143 0 187 136 1LY lh 662 90 9470 242 125 3.3 1030 0
Wacer Year 1944
Maax Tmum, Ma 2050 40 1 224 13 o 308 404 Ly .25 e L1 6140 392 263 5.0 1750 H.D
Mininum, Sept 8940 67 1 72 151 0 130 77 LT 06 49 .67 11900 212 B8 2.2 151 B0
Water Year 1945
MaxTmum, Dec, 2150 a1 L 206 ST 291 276 Lo .12 1030 L.a0 5980 60 2 41 1630 1.9
Minimum, July 6630 73 14 98 1330 182 1 1.7 .M b8 B4 11100 200 192 0.8 930 Bl
Water Year 1046
Maximum, Mar, 1946, ., 1780 g0 Ho 251 101 0 451 ELYS - 29 Lz L.64 4820 JEH 105 5.9 1920 7.8
Mininum, 5200 44 10 L8 w0 72 57 4% .08 346 &7 4BE0 164 500 1.6 557 7.8
Water Year 1947
Max Lmu 2650 K3 7 157 161 o 2k 196 20 #5%9 1.16 B060 120 188 3.8 1340 H.0
Hindmm, 5970 ) 11 57 156 0 129 48 16 441 60 7110 205 w17 650 7.9
Water Year 1948
Maximum, Jan, 1360 #e 28 150 174 ] 244 190 .y oAb K38 L, 4 1540 124 182 3. 1330 K.0
Mintmum, June 15400 32 5,3 23 80 40 26 OF BN P 184 25 7650 107 12 L W01 -
Wator Year 1949
Maximum, Jan. o 1850 73 27 119 137 n 217 11 5.0 .18 779 1,06 IR0 2927 180 33 1230 7.9
Minlmum, Aug 8440 6 8.6 45 1410 116 43 8.1 .11 412 .56 9390 200 81 1.4 607 8.0
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Table 7,--Summary of chemical analyses of Texan streams in the Rio Grande basin--Continued

(Results Lo wllligrame per Liter except as Lndicared)

Dissclved solids Hardness Speeific]
Bi- as CaCO, | So-
Date Mean Cal- | Mag- Po- | oqp |Car- Fluo- Ni- | Bo- dium :‘?:{_-
{ Silical Iron ne- | Sodlum | tas- bon- | Sulfate | Chloride ) Milli- Cal- ad-
of Discharge (510,)| (Fe) clum sh (Na) |stum bon- ate (50.) ©n ride |trate | ron e Tonsa Tons clum Non- ance
collection (cfs) el (Ca) b ate 3 L] (F) |(NOy| (B) i per " ear- OTP*|(micro-
(Mg) (K) (HCO,) (coy per per Mag-| one [Hon e at
3 1itep | BCTE" day né n- | atio|hOS &
foot ate |FAH0| 2500)
(mg/1) Bium
8=4580, RTIO GRANDE AT BAGLE PASS, TEX.--Continued
Water Year 1950
Maximom, Jan, 1850.., 2730 71 23 122 e o 195 151 5.6 0.18 699 0.95 5150 272 152 3.2 1110
Minlmm, Occ. 1949, .. 5060 b4 13 69 151 0 122 ¥ 5.6 .15 463 .63 6330 212 89 2.1 2
Water Year 1951
Haxlmum, Feb. 1951, 1610 B3 28 157 159 ] 250 192 4.1 .17 B4 L.15 3680 325 195 3.7 1340
Mindmum, June...... 2630 75 12 60 175 0 115 67 1,9 .10 449 .61 3190 234 91 1.7 12
Water Year 1952
Maxilmum, Feb. 1952... 357 -- -- 141 R -- 190 -- - a7 119 2020 353 203 3.3 1340
Minlmum, May 2200 - - 51 159 0 - 69 -- -- 412 .56 2450 206 oL 652
Water Year 1953
MaxLlmum, Feh. 1953,... v H00 -- -- 140 69 0 -~ 188 - - 838 Lo14 1360 326 187 4.4 1300
Minlmum, Aug 1200 - - 37 165 0 -- 43 - - 160 49 1460 204 [ 566
Water Year 1954
Maxlmum, Mar. 1954.... 419 - . 124 169 - 156 - - 128 .99 86% 298 160 4.1 1150
Minimum, June 41000 = -- - - e - - - - 272 37 14500 -- -- - 422
Peyiod, Oct. 1954 - June 1955
Maximum, Feb. 1955, ... 1070 - - 135 1510 -- 181 - - B4 (¥ 2380 343 218 3.2 1270
Minimumn, June..,..o.0.. Liao -- - ] 171 a - 110 - - 522 . 2450 251 1o 2.0 827
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Table 7.--Summary of

chemical analyses of Texas streams in the Rio Grande basin--Continued

a

Less than 0.4 milligrams per liter.

(Results i milligrams per liter except as indicated)
llds
Dissolved 8o Hardness Specitic]
i as CaCO; | So-
Dat: M Cal- | Mag- po- | B lcar- dium| $O%"
&l ean - car- - Ni- - -
g tncharge [Silica Tron no- | Sodium | tas-| ror” | bon-| Suliate | Chioride |Too| N | Bo-\yyqyy. cal- ag. | Guet
Discharge clum bon- ride |trate | ron Tons Non- ance | pH
ollecty (S10,)| (Fe) sium | (Na) |sium ate | (S0,) (cy Eramns Tons cium, lsorp-
collection {cis) (Ca) ate (F) |(NOy)| (B) per car- (micro-
(Mg) (®) |nco,)| (€0 per per Mag- ton
[ M acre- bon- Imhaos at
liter (% day ne- | 4e |ratio 25°C)
(mg/1) sium
8-4613, RTO GRANDE BELOW FALCON DAM, TEX.
Water Year 1956
Maximum, Aug. 1956... 421 - 84 24 128 -- w0 228 160 -- a 0,26 735 1.00 835 308 188 3.2 1170 8.0
Minimum, Oct, 1955. LB50 -- &6 14 61 s 137 0 132 72 -- 1.9 .10 417 .60 2060 710 w2 1.4 703 B0
Water Year 1957
Max fmum, Apr. 1957, 328 .. a5 25 138 o 159 ] 246 163 - a ) 186 1.0/ 696 316 186 3.4 1220 --
Minimum, June..,.. 2770 - 5l 9.4 19 - 122 0 69 53 -- L2 .05 31 42 2330 165 65 1.9 506 7.9
Warer Year 1958
Haximum, Hay 1958, . 4230 -- 63 13 68 - 143 0 123 85 - n +E5 473 L4 5400 213 96 2.0 mo o 1.9
Minimum, Oct, 1957, 3220 == 35 10 52 - 140 0 a7 4 - a .13 370 .50 1220 179 a4 1.7 607 B.0
Water Year 1959
Maximum, Aug, 1959... 1950 -- 66 16 72 - 125 0 171 82 -- 2 15 510 .69 2690 231 128 2.1 784 1.9
Minimum, Nov, 1958,., 19000 - &0 8.9 40 o 137 0 98 39 -- 2.5 .10 307 47 17800 186 7313 551 8.0
Water Year 1960
Maximum, July 1960.. . 4120 12 67 21 92 b7 1320 193 103 05 a Kl 596 .81 5020 253 L4 2.5 918 1.8
Minimum, Oct. 1959, 1580 -- 63 17 4 - 126 0 168 a2 = L2 .16 503 .68 2150 232 128 2.1 796 7.7
MWater Year 1961
Maximum, Nov. 1960... 1ol - 67 16 87 -- 1310 188 90 - 6,22 575 .78 1090 234 126 2.5 810 8.0
Minimum, Sept. 1961 3310 = 60 15 B0 128 0 149 89 -- 6.2l 509 .69 4550 212 107 2.4 A15 7.8
Water Year 1962
Max lwom, Sept. 6Lz .- 65 17 103 = 132 0 195 108 - KN | 595 .81 983 230 122 2.9 912 7.7
Minimum, Jan..... L. 4570 13 66 16 a0 5.1 135 0 173 82 1.0 R () 511 70 6730 230 120 2.3 831 7.9
Water Year 1963
Hax L, 951 . 26 18 123 -z 145 0 224 146 -- 6,2 .25 706 .96 1810 286 167 3.2 1110 7.9
Minimum, 819 - 69 17 97 s 134 0 198 103 - .19 578 .79 1310 240 130 2.7 925 7.8
Water Year 1964
Maximum, Occ, 1963,.,. 1000 - a9 17 105 e 28 0 208 107 6L 849 .88 1750 241 136 2.9 953 7.8
Mintmum, Feb. 1964.... 739 E= 72 15 99 - 140 0 206 107 - b 14 579 .79 1160 247 128 2.8 933 7.9
Water Year 1965
Maximum, July 3740 v a0 12 &9 4.1 1370 130 76 : NS 455 .62 4590 200 87 2.1 725 7.8
F T AR, 1360 == 56 13 70 - 1370 125 78 - - L1 455 67 1670 193 B0 2.2 720 7.8
Minimum, Nov. 1720 - 52 9.7 51 128 0 101 53 - 25 .15 164 .50 1690 170 65 1.7 579 7.8
Water Yoar 1966
Maxdmum, Apr. 1600 -- b 16 84 -- e 0 158 92 - L2 LB 519 7L 2240 230 Lo 2.4 829 7.8
Minioum, Hov, 851 - a0 15 76 o 137 0 141 85 -- R 472 64 1080 210 98 2.3 67 1.8
Water Yoar 1967
Maximum, July 2280 19 65 16 96 5.5 131 0 191 a7 001 582 .79 3580 228 121 2.8 897 oy
Minimum, Oct. 1270 = 59 12 76 - 128 0 146 B0 - 00,18 470 bl 1610 195 90 2.4 %9 1.7
Waler Year 1968
Maxinum, Aug. 1968, . 00iiuniiis =+ bi 16 87 - 131 0 176 B9 -- 17 550 .75 224 116 2.5 a1 8.0
Minimum, Dec. L967.............. 1000 - 63 12 70 134 0 149 66 -- 1.9 .13 456 62 1230 206 96 2.1 735 1.7
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Table 7.--Summary ol chemleal analyses of Texas streams in the Rio Grando

busin-=Continued

(Results in milligrams per litor excopt_ns indicated)
Dissolved solids Hardness Specific]
Di- n as CaCO, | So- oo
Date Mean Cal- | Mag- Po- | .op. |Car- i wie | Bo- N dlum ;
Sillea| Iron 2 = - oot Pkl W = - _ | dust-
of Discharge (510, P clum | 7¢ Sodlum | tas- | o, | bon Su,.uatc Chloride | 14 |irate | ron m,lAu . | Tons Bx bt Non- | 2d ance | pH
collection (cfs) 5)| (Fe) (Cay | 9lum (Na) |slum| “p 0 | ate | (50,) (c () |(vog| 8 | S| her ons clum, | jsorp- oo
(Mg) (B) |(mco,) (€0 per per Mag- tion
3 5 acre- bon- lmhaos at
liter foot day ne- ratio iy
(mg/1) 00 stum ate 25°C)
8-4655, RIO GRANDE AT RTO GRANDE CITY, TEX,
Mo imum, al20 99 a7 197 189 0 292 263 6,8 == 040 1. 17200 4l 06 4,3 1580 -
Minimum, ., 20500 73 19 37 186 0 105 49 g - 420 23200 239 106 1.0 620 --
Water Year
Mascimm, - 4640 139 59 200 168 0 172 495 & 0,27 1400 1.90 L7500 574 1.8 2180 -
Minimum, . 47800 54 8,0 29 1710 15 30 31 -- 396 56 46800 167 1.0 430 ==
- 19135
Matximum, Mar. 2160 98 49 171 1s? 0 I 219 2.5 2% 1030 L.40 5080 406 278 3.7 1550 8.1
Minimum, Sept 29600 h 15 40 e 0 104 50 3.0 .09 182 52 30500 Wi 102 L. 631 1.6
WaLer Year 1936
Maximom, Teb. 1090 100 4 13v 193 0 267 182 8.7 .17 882 1.20 7360 388 230 3.1 1340 8.0
Minimum, Sept. 20400 39 2 a7 INRY 0 13 a4 1.9 -la 338 A6 18600 147 53 1.3 A06 8.4
£ Year 1937
wimom, Apr. 1937..... . 1990 a5 18 190 w2 0 409 254 1.9 .- 1030 140 4530 We 216 b2 1630 7.8
Minimum, Oct. 1936,.... 10800 58 19 86 w0 168 99 - - 44l &0 12900 292 138 2.3 w8
Water Year 1938
Mas imum, Mar, 3 . 2940 (18] £y 200 134 o 334 271 () 20 Lioo .44 8730 402 292 4.4 Lioo 779
Minimum, SOPE, v veeeenesos . 25600 57 10 03 151 0 84 6 .8 13 346 47 23900 185 2 1.4 538 7.8
Maver Year 1939
Hex Lmum, . 1230 [ 10 158 ey 0 246 206 1.2 .18 897 .22 7820 366 229 3.0 1380 8.2
Minimum, Sept 4770 (1 13 74 138 0 L34 80 2.5 .14 41l L6l 6010 220 L6 2.2 W80
Water Year 1940
MaxLmum, Jan. 1940, 2440 96 34 180 175 0 268 232 2.5 - 963 1.31 6340 380 237 4.0 1510 8,0
Minimum, June........ . L1000 ol 6.9 G Lig o g8 43 2.5 13 324 Sk Q620 154 58 L.o 52% B3
¥ 1941
Mo P oy I e D050 137 7 157 w0 357 214 8,7 .15 1060 26500 452 B0 3,2 1570 7.8
Minlowm, Oct, s 1670 ah 9.6 61 132 o 109 57 1.9 .15 38z 7910 176 68 2.0 619 1.8
Water Year 1942
Maximom, Dec. 6190 179 63 156 0 580 514 3l 5 1900 ), 59 11800 705 579 5.6 2820 7,8
Minloug, Sepl. 30600 6l 9.5 149 o 110 60 a1 11 a1y 57 34600 192 i 1.8 646 1.8
Water Yoar 1943
Waximom, Feb, 1943.,,.. 31380 121 42 230 131 0 413 113 4l 2B 1270 i 1100 47h 8 46 1940 7,9
binlwow, Oct, 1942, . 15600 T Lo 78 158 0 158 20 el .13 551 15 23200 267 118 2.2 850 7.8
r Yeur 1944
Tmum, Apr. 1944,.,,..., s LGAD L] T 227 1240 13 114 -- 22 1120 1,51 4960 ire 24 5.1 1790 8,2
B P 1114 A9 7.9 7 118 0 9 45 L. 3438 .46 18RO 156 60 1.6 527 1.8
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Table 7.--Summary of chemical analyses of Texag streams in the Rie Grande basin--Continued

(Resules {u m

Lligrams per liter oxcopt as indicated)

Dissolved sollds Hardness Speelfic
Bi- as CaCO, | So- oo
Date Mean Cal. | Mag- Po-1 ,qp. |Car- - Ni- - dium s
" Stlica| Iron ne- | Sodum | tas- bon- | Sulfate | Chiortde [T 07| M= | BO™ 14y 40 Cal- pre R
of Discharge 810, clum bon- ride |trate | ron Tons T Non- ance | pH
collection (cts) (S10,)| (Fe) (Ca) sium (Na) |stum| ", | ate | (S04) (cy (F) |(NO| (B) rrams i 'ong elum,| " laory lmlcza-
(Mg) (R) (HCO,) (coy) oy per Mag- Hon
1 i acre- d bon- mhos at
Liter | o ay ne- | ote (ratio 25°C)
(mg/1) pium |
HLO GRANDE AT MISSION PUMPING PLANT, NEAR MISSTON, TEX.
Mater Yeay 1947
Maxinum, May 9-11, -- 167 62 225 1o 0 669 265 1.8 1440 .- 672 582 3.8 2170 -
Minimum, June 21-30 -- 54 10 35 s 0 74 0 4.0 333 -- 16 % 1.1 422 --
Witer Year 1948
Maximom, Har. k| an ¥ 161 165 0 306 224 956 .30 380 246 4.0 1550 -
Minimum, June 28-30 20 13 1.1 15 10 79 19 209 28 9y 0 L6 419 --
Mater Year 1949
Maxlmom, Feb, 20-25, 1049 ... ... 21 98 32 205 e 0 295 258 4.8 1000 1.36 176 230 4.6 640 ==
Mindmom, Mar 1=5, ., 00rernreaness 11 46 VB G 12 0 73 3 4.7 0008 315 43 150 58 1.6 501 8.0
Macer Year 1950
Maximum, May L-13, 1950.. + 22 il 17 249 W3 0 290 05 2.8 oo Lo 166 250 5.7 1870 7.8
Minimum, May 28-31,,..... 13 52 13 an 124 0 114 71 4.h 396 .54 183 B2 2,1 678 7.9
#-4720, RT0 GRANDE AT BUENOS ATRES, TAMAULTPAS
Purlod, May - Sept. 1943
Maxinnm, May 1943 . 2890 #2 28 161 s 0 254 224 5 .20 475 1,19 6810 321 26 3.9 1390 7.9
Minimum, June 5100 65 15 a1 124 0 153 L4 5 12 551 15 7590 224 122 2.6 879 8.1
Period, Oei. 1943 - dug. 1940
Maxiuum, Apr. 1944, .... il 9t 35 218 131 0 3149 296 -- .2 1100 149 168 260 A0 1740 8,0
Mindmum, AUg....u.. 12200 54 9.7 A1 137 0 Lon 49 Ly ,09 315 5L L2400 176 a4 1.7 580 7.9
B=4770, RIO GRANDE AT LAS PALMAS, TAMAULTPAS
Period, Nov, 1945 - Sept, 1446
Mo imum, Mar. L0G6. . 1030 100 8 229 1700 102 109 a4 1200 1.63 1340 426 2HA 4.8 1900 7.9
Minimum, June . Teho 52 7.8 52 131 0 8 57 4.3 410 360 49 7040 160 s 1,8 a4 1.9
Water Year 1947
Muximum, Apr, 947, 970 74 27 170 1y 0 251 224 3.7 .26 482 1.20 2310 296 20% 4% 1390 7.8
MAGLION, AU 1590 50 9.1 51 s 0 102 51 A Vx| 460 .40 1380 162 6 1,7 568 7.8
Water Year 1048
Maximum, Feb, 1948., L1740 83 28 160 154 0 255 203 2.5 .20 875 1.9 4110 323 196 3.9 1380 8.1
Minimun, Sepl....... . 13100 44 .6 46 122 0 88 o B 19 (b2 L4 11500 157 sr L 537 8.0
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Tuble Ho--Sumnary of chemical

analyses at selected sites on the Rio Grande in New Mexico--Continued

(Results in milligrams per Liter except as indicared) 2
dg
Dissolved soll Hardness Specitl
Bi- & ag CaCO,; | So- Son
Date Mean Cal- | Mag- Po- | oqp. Car- Fluo-{ Ni- | Bo- i .
of Dischargs [StHcal Iron | ne- | Sodium | tas-| {°0" | bon- | Sulfate | Chloride Mil11- Cal- ank| 4Gk
88 \510,)| (Fe) | S | sy (Na) |stum N Y (804) (o} ride trate | ron (.o, | Tons Tons ctum | Non- ance | pH
collection (cts) s (Ca) | Swm um| ate |2t . ( (F) |(NOy| (B) per | car- [*¥*P|(micro-
(Mg) ®) |(5co,) (€09 per per Mag- ton
B | acre- d bon- mhos at
liter foirit ay ne- te ratio 25°C
(mez/1) o ium | ¥ )
8-3635. RTO GRANDE AT LEASBURG DAM, NEW MEXLCO
Perivd, Jan, - Se 1939
Maximum, Jan. 1939......c..e00es 5E] 22 140 208 0 294 126 0.6 0,18 868 1.18 Wwh o 215 3.1 1300 8.2
M, JelFesay s ees K] 15 83 64 0 18 51 - .12 522 7 216 82 2.5 q01 8.1
Hiter Yeur 1840
Maxdmum, Jan, 1940, ...oiiiii... 108 19 286 278 0 266 60 628 1260 1.71 6 118 6.7 2080 8.0
ML o 75 17 98 s 0 219 1] .- .15 618 .84 257 115 2.7 932 8.0
Junc 75 17 100 1770 222 o7 N 618 B4 258 13 2.7 941 8.3
Water Year 1941
Maxlmum, Dec, 1940, .uiiiviiires 17 24 155 228 0 329 133 6 .19 949 1.29 88 #0234 1380 7.9
Minimom, Sepb. 1940, ..coenonn. [ 13 77 155 0 168 55 1.9 .l 507 .69 219 86 2.3 FITO
MWater Year 942
Maximum, dan. 1942 96 18 129 20 0 241 1 b - 772 1.05 314 134 3.2 1160 7.8
Minimum, July. 59 11 58 150 0 144 ) 607 419 .57 191 68 1.B o4y 1.8
Aug. i 58 11 b 157 0 138 1 6 .0b 419 .57 190 6l 1. bi6 7.9
Sept ; 59 1 59 6o 0 137 18 610 419 57 193 62 1.8 bat 8.0
Mater Year 1943
MaxLmum, Jan. 1943., vy 19 ] 28 0 248 89 61 %3 1,01 126 138 2.7 oo 7.8
MinLmum, July . 62 1 64 67 0 139 48 Lo .09 (23 60 200 64 2,0 696 8.0
Water Year 1944
MaxLmum, Jan, 1964, 102 19 131 229 0 206 118 617 816 1.1 113 16 3.1 1220 7.9
Minimum, Mar oh 11 7 s 0 158 51 -- 14 485 .66 221 6 2.1 748 1.8
Apr 67 13 b 178 0 L6l 50 - .13 485 .66 221 76 2.2 758 7.8
Water Year 1945
Maxlmuu, Jan. 1945 100 21 134 iy 0 297 110 620 811 113 338 160 3.2 1230 7.8
Minimm, Mar 67 13 71 1790 159 50 -- .08 485 .66 220 75 “2uk 752 7.8
Water Year 1346
MoxInum, Jan, 1966, .. ..ccueeunns 108 21 130 w0 258 106 16 818 L4 357 158 3.0 1240 7.8
Minimum, Mar 65 13 74 176 N 159 52 -- ,18 485 .66 212 woon.2 755 8.2
[T -, 63 13 5 172 0 162 52 - 12 485 6 214 700 2.7 768 7.9
Hater Yaay 194)
Mecimum, Jan, 1947 109 23 138 245 0 303 111 6 U8 875 1.19 166 164 1290 7.8
Minimum, Apr...... 67 15 1] 18l 0 185 62 - 04 559 .70 228 a0 BI7 7.9
Poekdlsne N 65 16 Hy 10 193 ol T 550 .70 228 au 861 7.9
Lscimum, Feb, 1948, . 107 24 147 223 0 310 129 1.2 .16 919 1,25 LTS TR O 1350 7.9
Minloum, Sept 66 14 i 180 0 159 63 Ly .11 507 .64 124 % 2.1 152 1.9
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Table

9 -=Summary of chemlcal analyses ar selecred sites on Mexican stveams in the Rio Grande basin,

(Results bo mblllgrams per llcer except as Indledted)

Dissolved solids Hardness Speclifid
Bi- as CaCO, So- i
Date Mean Cal- | Mag- Po- | car. |Car- Fluo| Ni- | B dium| et
Sillca| Iron ne- “ " W il [l - 4 | duet-
of Discharge (510} (Fe) cium Sodium | tas bon- bon- | Sulfate | Chloride ride |trate | ron Mi;!l:li | Tons T C:u Non- ad ance | pH
collection (cfg) N €) | (Cca) |Slum | (Na) |sium| "= | ate | (SO,) (cn grams ong clum, gorp=
( ate (F) |(NOy| (B) per M car- (micro-
Mg) ) |co,) (€0 per per ag- tion
4) acre- bon- imhas at
Liter | oot tay ne- | ate |Fatlo| z50c)
i (ng/1) sium
B=3775. RIO CONCHOS AT CUCHILLO PARADO, CHIHUAHUA
Jertod, . Sepu. 1946
Maximom, Aug. 98 12 90 200 06 50 Ly 0.5 691 0.9 B8 190 2.3 953 7.7
Mintoum, Sept. 52 6.2 39 w0 101 12 2,5 .10 331 A4 154 9 1.4 481 7.8
Mater Year 1947
Mix bwum, July 1 16 121 1440 379 5 g .21 60 1,17 w224 2.8 1200 7.8
Minimum, Sopt.. 56 T 40 w60 1o i 2,5 - a2 \52 168 48 13 502 1.9
9 14 127 162 0 204 B2 Le o .10 735 100 257 126 4.4 1080 8.0
Minimim, 19 13 a0 80 204 30 1.9 .17 5644 L 249 95 1.4 184 1.8
Mar. 1948, ... Cen 7% 4 i 8o 0 194 5 1,9 L4 54 4 285 138 1.9 75 1.9
1949
May 1949 101 12 100 13 0 149 54 1.9, a3 LS W 302 2100 2.5 1040 7.8
m 15 122 15 0 37 [ 1.9 .28 1,01 258 108 3,3 1060 7.8
[ 9.6 57 164 0 148 27 1.9 A6 Hhh .61 191 56 1.8 640 7.9
. 54 9.5 62 e 0 1435 44 2.5 .10 4o 61 172 52 2.1 640 8.3
Mater Year 1050
Maximim, Aug, 1950 124 10 (i 129 0 145 30 4.3 .10 706 an 352 266 1.5 946 7.9
Mindmm, July 7 7.9 46 1we 0 149 21 5.1 .08 4l .60 210 [ 602 8.1
Water Year 1951
Maximum, Apr, 1951.... " 15 116 147 0 270 ol AR, 676 42 2400120 4.3 98L 7.9
Mintmum, June. ..o, 60 1 83 s 0 185 38 1.2 .22 522 7 1496 2.6 76 8,0
Water Year 1952
Moz Lo, Apr . -- - 173 2 0 2 131 - - 985 1.34 314 182 4.2 1620 ==
Minimm, July 88 1 t 10 214 25 3.7 .10 537 .73 6 14k 1,2 2 1.8
ator Your 1953
Maximum, Apr. 1953, -- -2 162 0 - 294 - - 1270 1,73 It AL G4 1980 -
MEndmum, SEPt oo - -- 6 168 0 =8 il an en 618 L W4 146 2.0 871 .-
utar Yoar 1954
Maxdmum, Apr, 1954, -- - 165 0 - 225 .. 1260 1.71 428 93 4.9 1860 -
Mindmum, Aug i -- - 4l e 0 = 21 e 515 .70 288 158 1.0 20 -
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Table 9, --Summary of cliemical analyses at selected sltes on Mexlcan streams In the Rio Grande bagin--Continued

(Results In milligrams per liter excopt as indicatod)

Dissolved solids Hardness Specifid]
Bi- & as CaCO, | 8o~ | -
Date Mean Cal- | Mag- Po- | cqr. |Car- Fluo-| Ni- | Bo- dlim -
; Dieean |stitcal iron ne- | Sodium | tas- bon- | Sulfate | Chioride Mill1- Cal- ag- | duct
& clATEe (Si0y)| (Fe) Sum gium | (Na) |sium ban= ate | (SO,) (cn ride trate | ron | 700 | Tons Tons ctum | Non- ance
collection (cts) = (Ca) ate ¢ (F) |(NOy)| (B) : er | car- B9"P~(micro-
c P M
(Mg) () (HCO,) (COy) per acre- per 8= bon- tion mhos at!
3 liter day ne- ratio o
(/1) | foot slum | ate 25°C)
B-13730, RIO CONCHOS NEAR OJINAGA, CHIHUAHUA
Period, Feb. - Sept. 1033
Maximum, May 1935 & HE 15 159 156 o 310 142 - 0.m Bh6 1.8 294 166 4.0 1270 7.6
Minimum, Sept..... 18 3.9 21 115 4 50 6.7 4.3 W03 232 R Lo 16 29 kTN 7.7
Wiater Year 1936
Mexlmom, May Lo, 1996... Li2 19 119 a1 ] 435 41 - . ann 1.7 356 2 2.7 1210 7.8
Minimum, Oct, 31, 1935, n mn 43 166 o 154 17 - 4 409 a6 216 a0 1.3 596 1.8
Water Year 1937
Maximum, Aug, 15, 1937.,.. . 104 18 143 197 o 259 110 .6 20 904 1.23 334 172 3.4 1230
Minimum, June 12, ¥ 48 B.8 49 131 0 96 40 N AL 453 L8 157 500 1.7 b4
Wateyr Year 1938
Maximum, May 1938, arrvaarenan B3 17 130 178 0 286 92 6.8 .18 765 L1.06 290 L45 3.3 1130 8.1
Minimum, Sept.. A4 6.9 k1Y 129 [t} 6l 27 1.9 .05 279 i1 140 4 1.1 424 748
Water Year 1939
Maximum, June 1939 96 16 105 157 0 294 60 b Jle 757 1.03 06 177 2.6 1030 4.3
Minimum, Aug,.. 70 9.4 54 154 4] 146 5 - ns A2 hH 213 86 1.6 B15 a1
Mater Yeay 1940
Maximum, Apr. L940... Bl 17 124 176 0 272 80 B 26 713 97 a7 129 3.3 L0600 8.3
Minimum, Aug, .. 55 B.5 40 14h il 111 21 1.9 13 360 9 172 52 Loh 535 8.3
Watey Year 194l
Maxtmum, Apr, aod May 1941...... 11 1 71 140 a a7 36 1.2 .17 172 1.05 400 286 1.5 1020 1.8
Hinimum, Sepl . 51 6l a0 127 n a9 14 28 - 294 A0 154 4y 1.1 430 7.8
Water Year 1942
Maximum, May 1942,... 100 17 124 175 n 17 B7 i == 787 1.07 318 Lih 3.0 1160
Minimum, Sept,, 41 8.5 21 137 0 45 7.1 L.y Pl 234 « 32 126 1& 8 315
Mater Year 1943
Maximam, May 1943, ., a5 14 an 167 o 241 65 6 .20 669 2L 20 13z 2.6 959
Minimum, Oct, 1942.., 59 7.4 ki) 164 0 99 L6 .08 ind R 17 4z 1.2 514
Water Year 1944
Maximun, Jan. 1944, i 16 127 708 n 238 95 19 721 98 286 116 3.2 1080
Minimum, Sept.. Gl 6.9 45 127 0 117 30 1.9 09 yih Bl 167 63 1.5 542
Mater Year 1945
MaxLmum, May 1945.... 102 17 134 180 0 119 104 - .19 838 1.14 326 g 32 1220
Minimum, July. . 65 8.1 ai 1449 [ 137 24 1.9 L05 412 . 56 196 74 1.5 589

Water Year 1946
Maximum, Dec. 1945, 0rvaaraennss 95 15 13 218 0 265 71 1.9 .13 743 1.0l anl 122 2.8 Loyo
Mindmum, DEt.vsvuirssrsvirninrans 5t 7.1 Ll 148 (1] 108 I8 6 07 h A7 164 s 1.5 hl4
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Table 9.--Summary of chemical unalynes at selected sites on Mexican streams in the Rio Grande basine-Concinued

(Rosults in milligrama per liter except as indicated)
Digsolved solids Hardness Specific]
Bi- as CaCO, | So- gy
Date Mean Cal- | Mag- Po-| gy |Car- Fluo- Ni- | Bo- dium | o
Silie: = - i . - = ™
af Discharge (Bl:)? :;f:)‘ cum slzfun Bmilu)m s‘f::n bon- ';‘:: S(\:;lgsge Ch{ccn:}';de ride |trate | ron "ﬂi‘:ﬁ Tona Hia ﬁ;ﬂm Non- | = | ance | pH
collection (cfs) g {Ca) ate el (F) |(NOg| (B) | © per ! car- [*°TP*(micro-
(Mg) (K) | (o, (€O per per Mag- fon
(HCO,) acre- bon- mhos at
liter foot day ne- te ratio 25°C)
(mg/1) ajum | ¥
8-3730, RID CONCHOS NEAR OJINAGA, CHINUAHUA--Continued
Water Year 1959
Maximum, 209 204 o 138 1300 .77 475 308 4.2 Lo
Mindmun, 16 144 [ 16 360 49 194 HooLL 544
Water Yoar 1960
Maximum, Oct. L959.. 197 171 a 119 1110 1.51 380 240 4.4 1560
Mindmum, Aug. 1960, , . 58 w0 k1 485 [ 227 B 1.7 486
Hater Year 1961
Maximum, Apr. L961.. 5 L84 1810 119 1040 1,41 353 203 4,3 1450
Mindmm, July,...... _ a3 11 104 159 0 204 55 1.9 0,13 618 .84 252 122 2.8 946 7.9
Water Year 1962
Maximuim, 219 680 140 1100 1,49 336 198 8.2 1620
Mindmm, an 134 0 48 654 .89 277 167 2.3 914
Wuter Year 1963
Haximum, Mar. L963........0.00000 . 186 168 a Lo 1030 1.40 134 196 4t 1470
Minimom, Sept.......0.. 97 98 0 48 599 KE 291 129 2.5 957
Water Year 1964
Maxloum, Apr. LG4, . 203 01 0 118 1080  1.47 58 193 4,7 1540
Mintmum, Sept,...o... . 118 86 0 59 711 .97 274 122 3.1 1020
Mator Year 1965
Maxloum, Muy L965... 223 180 0 124 1120 1.52 332 184 5.3 1580
Minimum, Sept...oo... ¢ 113 98 0 53 699 .95 258 96 3.1 1000
Water Year L966
Maximum, Apr. 1966, 213 204 0 130 1150 1.57 384 206 4.7 1630
Minfmum, Sept,..... . an 162 1] 21 (13 +52 194 B2 12 567




e L6t A 01 £69 3 601 L0 [ z't 0N B4 I8 ot 0612 Trrererereseesee ] fpyg tuniuTy
§'L tSw 9t 102 £5°9 ay* s 0t wo 61 i1 0 lf2 61 i 89 80 srerecciecgggy gl cady twnpesy
GU61 WOC - GEGT dod Tpoting
VITAHYOD “TVHON T4 SVIN 09THGOW HVS 018 '0454-4
£ sy (2SN 1) o7 0z 10 nez B I 6¢ T ] 9 vin e trteegr 180 MONTUTH
B 99 11 w0t fRe Qo iy (2] 'z ok a1t [TTS €1 6 of B 1 1) O 4 T O k1
GERT UEL = TEGT CAWH Tpatasg
80 Lt &9 791 1 £ LI g ot 66 1’9 I vea s e GIap ST
=018 S v 0ie id: - F44 o nal “ - -- Ceesessieciiiigegy Yy lmugxen
FEE] Tvan TATH
- %g £ Zr1 £z 691 ao e 6% 0 an #y -- protteseesseeog] fady unuTUTH
- 105 5 231 b 311 - - 11 [ " T S B VI S
TR SEEELT]
- AT il e e 6l o 26l AR eeeaag
EE T ¢ 6t - - A1 - 0o el -- r Y300 WNWTUEH
EEE T 1o . < 7 s O 44 g & i 134y lumsycen
9061 IOk d9aTh
FE L LR 4 w* 9l - i -- oL 1 -- -- AR 10 SR E IR I T
0 506 [ ay° 86T or” 0€ 0 0 i6l §1 1 (7] seessesscsiicgg Anp tuniyey
GURT AFak 19Ieh
“e 087 ks 761 = e 3l -- [T 66 - -- s Ay 1TH
- wty n' s 1ee e s a1 i [T i1l s \ ] v tang
L w o 156 e =e 1 06 41 - -- C “AON ‘uningxen
UL SR T
[T vy il L 2T - e M| = 0 £ - = e TUUUERET Ny twnmuTg
- s Lo I i6* GLE - - v .- 0 602 ar - -- b
-- o8k 9 u 96t 16" SLE - - CH -- 0 00f it -- e A I I S
EGGT Awa) dadsy
0§ %Iy q 0 aw THY 0 s 12 ay 0 591 51 EN 95 seasesesilensd Lidbdsensiagn
18 say a6y 961 60 ' 0€ % 0 8ol a7 4 55 SUUU1gET a0 fwnepugy
== 908 9t 95 244 - = i -- oo it -- - TUttEegl C4ad tweumeg
T561 A9k 990N
'8 8Er 9 vy /L1 33 9¢ q STl a1 01 6f . o *rtBny tunapuiy
0'e BLY g'e 9y 1 9% Y o et sz 01 66 g TUUYEET Cady Cwnupxey
TGGT 09§ - owp pajiag
VITORY0D ‘ZANAWTE 1V 09410 KYS OTH
wnyg i A
ofhofones 0 [ | g |10 S ;
~oaojw) il .;u.ms_ aad 1ad Jad @ |Con)| (@) (foD) ( WWWE (31) (An) (o) (859) e
it o ~d.108] oy | W BUOL, guor, | %% | Lox | oyem|epre (10) (rog) | me | wngs| (eN) | amys (04) |(*or8) " ¥ LEC i
—yanp | P “TED STITTH JIN Longg| 2PHOMO | aermg | -uoq ,amm -awy | wmpog | ~ou | MM | gt leornel PBEROETT 10
205 wnyp -1e) -od -dew -Ten uBs W o
- 5, -1d
brypoadg | ~98 | OJ®O BE
it BEAUPIRY Sp}[08 PAATOESIT

panuEIueg -1

HRq apuRIy

ary ay3 up HsuRNIg

(poavatpuy

upaITXaK UL w0y pu pRipapas

LR

Jdaaxa 1] tod SumiBp|[jW U} 63 (0804)

shirur [Rajwoys jo Alwwlnge-'g olqul,

-88 -



.68.

Table 9.--Summary of chemical analyses at selected sites on Mexican streams in the Rio Grande basin--Continued

(Results in milligrams per liter except as indicaved)

Dissolved solids Hardness Specifle
Bi- ¢ ag CaCo, | So- SR
Date Mean Cal- | Mag- Po- | .ap. |Car- A i o dium N
; Sillea| Iron ne- | Sodtum | tas-| £ | bon- | Sulfate | Chloride [Faoo] NI | BO 0y Cal- adw | uct
o Discharge (510, (F clum bon- o rlde |trate | ron vams | Tons T | Non- ance | pH
collection (cf8) W[ (Fe) (Ca) | 8lum (Na) |sium| "o | ate | (S0,) (c1y (F) |(Nog| (B) pram er ‘ons ctum,| C laorp- (miczo-
(Mg) () |(uco,)| (€O per per Mag- tion
2 acre- bon- fmhos at
liter foot day ne- ts ratio 25°C
(mg/1) sfum | ™ )
B-4570. RIO SAN RODRIGO NEAR EL MORAL, COAHUILA--Continued
Period, Jan, - Sept, 1950
Maximum, Apr, 1950, v,0erosrs 59 16 21 195 0 49 24 4.7 0,10 391 0.4% 2z 52 0.6 481 8.0
Sapt,esssianaiainiainiainne 67 9.8 20 193 0 62 24 3.7 05 331 45 208 49 B hot 8.0
Minkmum, June.......coovevennann 45 6.2 1 145 0 2 12 1.9 .03 199 27 138 19 W 112 7.8
Water Year 1951
MaxLlmum, Dec. 1950......4. [N 11 23 178 0 bl 27 5.6 4 331 A5 207 67 il 404 749
Minlmum, Feb. 1951, 54 7:8 9.9 179 0 24 8.5 1.9 .05 228 L3l 165 18 i3 351 7.8
54 9.5 9.0 172 0 23 12 .9 .08 228 +3L 174 32 3 37 8.0
Water ¥ear 1052
Maximum, Mar., 1952..,.. - - 18 203 0 - 21 == =E 331 45 226 59 5 497 ==
Minimom, May -- -- 6.7 159 0 -- 8.9 - - 199 27 152 22 .2 305 ==
Water Year 1953
Maximum, Jan, 1953.., 1 Pl 10 174 0 68 11 3.7 .03 0l Al 206 63 i3 442 K.
Hindnom, -- - 10 Lo 0 - 1 - - 235 32 163 48 ] 357 -
Mater Your 1934
Max L, s . 32 101 o - 473 == == 33l 45 L9 ) 1.0 505 ==
Min{mum, . -- -- 5.1 113 0 - 5.3 - - 154 .21 1o 12 2 228 -
WaLer Yeur 1955
Maximum, Jan, 7l 8.4 20 180 4] Al 28 6,2 .09 338 ) 212 o .6 508
Fabiviaociviones - e 23 1Tl a - 32 - - REL] b 212 72 ) 515
Minimum, Ocr, - - At L15 ] == b i - o 147 .20 104 9.5 £l 223 e
Mitor Year 1956
Maximum, Feh, 1956, -- -- 18 235 0 -- 27 - - 331 A5 236 a1 .5 525 -
Mindmum, APTr....... - - 1.8 15 ] - 8.9 - . 199 .27 155 10 i3 323 -
Mater Year 1957
Maximum, Mar. 1957.........0..00 = == 10 17 o -- 12 - - 235 32 181 16 w3 385 --
Hinloum, Apr. - - 3.9 134 0 - 5.3 - - 169 23 126 16 .2 260 as
Water Year 1958
Maximum, Oct, 1957, .. == == z1 192 0 - 25 - .- 331 45 215 58 .6 500 .-
Minimum, June 1958, - -- 5.7 153 0 -- 11 - == 199 .27 146 21 i2 ETE T
- - 8.1 143 0 - 11 = - 199 V27 135 18 & 3oy -
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Tuble g =-Summary of chemical analyses at selected nites on Mexican streams in the Rio Grande ba Continued
(Results in mi)digrams per liter sxcept as indicaced)
Dissolved solids
Hardness Specific
Bi- & as CaCO, | So- oA
Date Mean Cal- | Mag- Po- | oy |Car- Fluo-| Ni- | Bo- Slaw
of Discharge Sllica) Iron | oy, | ne- | Sodium | tas- bon- | bon-| Sulfate | Chloride rl!r.lae tfate ron MM g gals Non- | 3d~ ?!‘;‘::L H
collection (cts) (810,)| (Fe) (Ca) | 8lum (Na) |slum ate | Ate | (804) cn (®) |(Nog| (my | EToms Tons cium, ~ lsorp-| L
M) per car (micro-
(Mg) B | (1co,) (€00 per ver Mag- tion
(HCO,) | acre- bon- imhos at
liter foot day ne- ratio a.
(mg/1) | 100 slum | € 25°C)
B-4600. RI0 SALADO AT CIUDAD GUERRERO, TAMAULIPAS
od, Mar. - Sept. 1935
ximum, Mar, 7, 1935, 287 93 403 132 Q L1200 430 13 1.2 2720 3. 10 1100 89 ER) 3460 7.3
Minimum, July 24...... 4% 4.5 4l 106 a 92 39 2,5 11 313 SA 131 4l 1.6 461 7.5
Hotey Year 1936
Maximum, Aug 290 108 451 12 0 1400 429 1.2 1.35 3000 4.08 1170 1080 5.7 3600 7.7
Minimum, July 2 4 13 63 L1z o 181 72 W6 21 513 L0 239 148 1.8 755 7
At Year 1937
Maximum, Apr, 456 125 504 134 0 1570 524 27 1.59 3400 4.63 1400 1290 5.8 4210 Bl
Minbmum, Aug. 4h 6.6 32 92 a 90 i1 6 .10 279 L 38 141 i1 1.2 At B4
Hater Year 1998
Maximum, Feb, 165 5] 561 131 0 1650 585 k] 1.73 3650 4,97 1430 1340 6.4 4510 7.8
Minimum, Sept....... 63 10 i 1y o 109 AL L W19 153 Sl 1949 106 1.1 562 Fo7
r 1930
Maximum, M 314 110 439 117 0 1300 534 2.5 .86 2850 1,87 1230 1140 5,4 3810 8.2
Minimum, Sept 56 bty 29 120 [ 73 33 [ 1% 2HE L) 171 71 1.0 458 7.0
Water Year 1940
Waximum, May 1940 b 15 0 170 161 80 0 S+ 500 .68 226 130 2.0 8.0
Hinimna, Nov. 1939. 38 7.t 5 26 0 40 22 it R o 206 8 124 20 1.0 351 7.9
Water Year 1941
. Har, 238 a9 408 wo o 1040 498 6 1.26 25200 3,43 962  BBO 5.7 1290 7.7
Minimum, June St 7.1 th 132 o i 15 2.5 13 109 A2 172 b L.l 4831 8.0
r_Year 1942
Maximum, Apr 225 81 a1s 104 [¢] 964 445 L2 110 2300 .13 B4 804 S04 §140 7.8
Minkimum, June 48 1.8 36 109 o -1 37 Ly A7 301 WAl 151 62 -3 476 7.b
er_Year 1943
Maximum, Apr. 1943, 433 33 119 100 ] 2150 1 - 2,09 4650 6.33 1830 1750 7.3 5550 7.8
Minimum, Juno. .ooeooos 6 12 63 118 o 158 50 37 W25 463 61 212 115 1.9 7l 8.3
r Year 1944
MaxLlmum, Apr, 1944, 75 7 599 106 0 1870 A1l == 1,70 3930 5.35 1540 1450 6.6 4790 8.0
MLnfmam, AUR. . vvereeess 4b 6,1 22 127 o 57 19 2.5 11 243 Rk 141 37 B BI 1.7
Water e 1945
Maximum, Aug. 1945 248 97 400 9% 0 1230 390 61,35 2590 3,42 1020 942 5.4 3310 7.7
Minimum, Oct, 1944, 51 17 67 163 0 154 84 9.3 .18 529 77 172 138 1.8 835 7.9
Maximum, Apr, 298 126 501 113 0 La70 516 1.9 1.36 3130 4,39 1260 1170 6.1 4020 7.8
Minimum, Sept 55 9.1 40 114 0 116 i6 2.5 L 20 153 N 175 a2 1.3 540 77
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Table 9.-=Summary of chemlcal analyses at selected sites on Mexlcan streams fn the Rio Grande basin--Continued

(Results in millipgrams per liter except as Indicated)
Diasol solids
Llagolved 8o Hardness Specifle]
M P Bi- c as CaCO, d&c- Conie
Date Mean Cal- | Mag- 0= | cap- [LAF- - Ni- - lum .
o Discharge [S8ic8| Tron | S8F | ne- | Sodtum | tas- | por” | bon-| Sullate | chloride [Fheel e | PO fwaaaan | Cal | wor | aa- | Rt -
collection (cis) (510,)| (Fe) (Ca) | 8lum (Na) |slum| ", | ate | (504) (cn (® |vog| (B) | ™ | per Tons clum,| o lsorp- (ralcro-
(Mg) (®) |(nco| (€O per per Mag- ton
(HCO,) acre- d bon- mhos at
Liter | “p ot Ry ne- te |ratio -
(ng/1) | foo sjum | ¥ ")
B-4600. RTO SATADO AT CTUDAD GUERRERO, TAMAULLPAS==Continued
Mater Year 194)
Maximum, Apr. 1947.... 386 162 613 123 0 1950 602 1.9 1.58 41100 h.59 1630 1530 6.6 4960 7.7
Mindmum, June, ..., 53 7. 33 125 0 89 10 5.0 14 24 Al 163 60 1.1 487 1.8
Water Year 1948
Maximum, Tub. 1948, 302 128 458 142 0 1490 451 3.1 1.3 60 4.30 1280 1160 5.6 3950 7.8
Mindmum, 49 1.1 28 w7 o0 87 28 3.7 .15 765 .36 154 6! 1.0 455 7.8
Water Year 1949
Maximum, Mar. 325 140 509 %9 0 1590 528 9.9 1,5 0 464 1390 1260 6.0 4300 7.6
Mindmum, APr.oveiieen. 53 1 48 s 0 141 47 .77 B2 .52 177 o7 L. 592 7.6
Water Year 1950
Maximum, Mar. 375 164 572 193 0 1860 562 1.0 1.5 3810 5,18 1610 1500 6.2 4670 7.7
Minimam, n 13 57 124 1] 173 53 6.8 .19 485 ALl 232 130 1.6 727 7.8
Water Year 1951
Mextimum, Mar, 195L...c.ccvnennss 156 162 560 w7u 1780 564 4.1 148 190 5.16 1560 1440 6.2 4620 7.8
Mindmum, SOPt..vonenn. . " 50 7 20 16 0 11 25 2,5 == 101 L4l 158 62 .9 434 B.O
water Year 1952
Muximum, Feb. 1952...........000 - -~ 198 132 0 -- 234 - - W0 200 626 517 3.4 2020 -
Minimom, Oct, 1951..000viinveiss ah 6.8 23 9 0 47 25 6.8 .10 221 i Ly EET ] wh 7.9
Water Year 1953
Maxlmum, Apr. - -- 70 mi o -- az -- -- 537 Wk 253 160 1.9 818 -«
Mintoum, Aug. - “ 14 153 0 - 14 -- -- 228 S Lo [ 5 i34 8.0
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Table 10--Summary of chemical analyses at wiscellaneous sites on streams in the Rio Grande basin

(Results fu milligrams per liter except as indicated)
Dissolved solids Hardness Specifid
Bl- | 83 CaCO, ;o' con-
Date Mean Cal- | Mag- Po-| oy |Car- Fluo- Ni- | Bo~ e -
, Discharge Silleal Tron | 52 | 'ne” | sodum | tas- bon- | Sulfate | Chloride Mil14- Cal- ad- | duct
o Re (510,)| (Fe) clum e (Na) st bon- at 50 ol ride |trate | ron grams Tong Tons ctum,| Non= ance | pH
collection (cts) w (Ca) um | oy, | ate | (804) €y | (NOy)| (B) per ' car- POP-{(micro-
(Mg) () |uco,) (€Od) per | - per Mag-| o [ ton |t
a liter - da ne- | on- Eihigh
@ foot 24 ratio [ pee
(mg/1) | 00 sjum | 2 50
H8-363Y, RIO GRANDE NEAR CANUTTLLO, TEX,
Ok 24, L96T i e v anne 26 136 28 278 15 1060 468 245 0.7 2.0 1350 A5G 204 .0 2040 7.8
§-3708, WILDHORSE CREEK NEAR VAN HORN, TEX.
AL 25, 1866. e, 200 T 49 4.6 8.6 8.5 184 0 9.4 2 04 08 192 0.26 104 141 0 0.3 37 9.5
CAPOTE CREEK NEAR CANDELARIA, TEX.
Mapi 305 [B6Licosmimmamasasm: a7 29 13 0.6 183 50 0 117 27 0.0 549 0,75 50 0 11 867 7.9
§-3740. ALAMITO CREEK NEAR PRERTDIO, TEX.
1.8 62 24 2.2 100 L0 262 D 43 1 L5 1.8 es 0,52 1.85 69 0 b2 553 7.7
-~ 61 42 2.7 104 2.8 M0 47 23 15 1.5 438 .60 - 16 [ 631 8,0
6 63 35 2,6 113 3.3 307 0 51 27 Le .2 448 .61 11 98 0 5,0 650 7.8
] 06 2.8 £ 4.2 224 0 16 4.7 W 253 ) -- 126 41 L& WO 7.2
- 27 48 .8 40 1.9 22 0 18 5.4 M 2.5 255 .35 -1 0 L.e 85 7.3
-- 6k 36 2% 100 L0 s0h 0 19 16 a0 a1z -- = 100 0 ha 580 7.6
.l =2 -- - -- -- 296D -- 14 - - - - 97 0 - 571 7.6
Sir oz E= o -- iz o - 14 - e -- -- - 02 0 .- 590 7.7
H-3745 . TERLINGUA CREEK NEAR TERLINGUA, TEK,
2 142 17 172 5.6 218 o Sl H.4 e 3.8 1070 Lo4h h2h 246 1.6 1430 1.8
25 144 18 176 5.8 0 600 9.5 1.3 2.8 1090 L.48 4% 258 3,7 1600 7.6
26 143 19 183 3.8 4] s 8.6 L6 3.5 114t 1.55 450 281 3.8 1520 7.6
21 56 1.7 74 1.2 0 135 1.2 Ll .8 400 .54 154 0 2.6 606 7.9
550 17 142 8.3 138 5.8 o 468 b4 L9 .2 906 1,23 1350 388 190 3,0 1210 7.4
a0 129 18 1 5.6 0 alh 8.0 1.4 2.8 1070 - 96 266 0.9 1430 7.3
2 = s e .- 0 et 7.6 - e -- -- 402 219 - 1430 7.2
-- = - - 0 - 6.8 FIE -- -- 35 202 == 1250 7.3
#-3750. R10 GRANDE AT JOINSON RANCH NTAR CASTOLON, TEX,
Apr. 30, 1962, i 20 000 Loz 2L 240 139 ] 540 128 2.1 0.0 1120 .52 341 221 5.6 1630 7.2

u Field Entimate



_gﬁ.

Table 10,--Summary of chemlcal analyses at miseellancous sites on streams {n the Rio Grande hasin--Continued

(Results in milligrams per liter except as Indicated)

Dissolved solids

Hardness

- po. | B |o as CaCO, | So- s”s::‘_‘“
Date Mean Cal- | Mag- 0= - |Car= - Ni- W dium
o Discharge [S0i€a] Tron | 467 | no- | Sodium | tas-| por~ | bon-| Sultate | Chloride [Tyin] e | B~ lusans- | cal- a. | Sets
(510,)| (Fe) sium | (Na) |sium ate | (50,) cl) | Tt ke | EOR | Terans | TONS | pong | cjum,| NOR- ance: | pH
callection (cfs) 1 (Ca) ate e i ( () |(voy)| (B) per um, | e BOTP=lntero-
(Mg) (K) (HCO (Coy) per per Mag- tion [IMicre
) liter af“:' day ne- | bon- ratio mho,,s at
(nie/1) o0l slum | Ate 25°C)
B-3775, RTO GRANDE AT TANCTRY, TEX.
Jute 17, 10520 s iivyaiiiviniinin ST 0.0l 168 24 Wwe 2.4 e 0 517 19 0.7 2.5 0.25 010 1.37 S8 64 2.1 1280 7.3
#-4085, DELAWARE RIVER NEAR RED BLUFF, NEW MEX1CO
Oc, 15, 1947, o693 86 131 77 0 1960 145 0.8 1010 2020 L3 340
Aug. 74, 1966 1 570 7.8 7.7 409 136 0 1300 5.8 0.2 .0 1980 W0 1360 1 2160 6,9
B-4115, SALT (SCREWBEAN) DRAW NEAR ORLA, TEX.
Mar. 10, 15, 20, 25, 1947, 080 615 6120 1070 370 10300 21900 5240 37 30000
R TR e . 1140 598 5940 150 3800 10000 21600 5290 36 29500
Apr. 4, 9, 14, 18, 24, 29... . 1080 575 5690 131 0 3650 9600 20700 5080 15 28600
May 4, 9, 14, 4, 29, 1070 570 5800 1% 0 3680 9690 20800 5020 6 28600
June 4, 9, 14. . 1070 559 5600 1200 3720 9350 20400 4980 35 28300
July 3, 8, 13, 18, 23, 28, - -- -- - e -- 2410 - -- -- 29600
Aug. 3, B, 13, 18, 23, 28, . - - IR -- - =4 - 26600
Sept. 3, 8, 13, 1&, 23, 2 = = 4 - -- - -- - 27800
oet. - - = - == -- o - . -~ 27200
oee., - - .- EE. -- . . - 26900
ot - = > s - - o= - —= 26900
Oce. = Es =t wu s i A i = - 26100
oer. 5w 2= TR % = - - . 26100
Oce. 2 e - s sa - 3= - E —- 25500
Nov. = . I - - . s - 25500
Nov. T - os  an - H000 s e -~ 25300
Nov. - - = = av - i - = = 12100
Nov, - - - - - - - - . 11800
Hov., Si .= = - - 3100 = - - 11800
Dec, 2 L2 au i 2 = 7400 £ - - 24100
Dec, = & - = 7800 aa s — 24700
i i 3 o BT - 2650 = e - 11000
Jau. s e - - ua = 7400 e - - 23500
Jan. = = = — - 2600 -- - 10700
Jan. S -- - - - 7600 - o - 21500
Jan, - e - - e -- 7500 - -- . 23900
Jan, 2 = = = - - 7400 - - 23700
Jun, = 2 22 . - 7400 .- .- - 23200
Feb, S — - - . - 7600 A= B - 23400
Feb. &+ =4 - LI == 400 -- == a= 23400
Feb, = = - W == 7500 - 5a oo 23500
Feh, o - - e - 7400 =5 a= - 23500
Feb. I - I - 2150 5 - - 9840
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Table 0. --Summary of chemlcal analyses at miscellaneous sites on steeams in Che Rio Grande basin--Continued

(Resulls in wmilligrams per liter except as indicobed)

Dissolved solids Hardness Speci:
Bi- as CaCO, | So- eons
Date Mean Cal- | Mog- Po- | ooy |Car- - Ni- s divm =
of Discharge [Sical Tron | 20 | ne. | Sodium | tas- bon- | Sullate | Chloride || M [ BO= fyyqq Cal- aq- | duct
ge (510,)! (Fe) i Na) i = | at SO ol ride |trate | ron crams | TODB Ton I Non- ance | pH
collection (cfs) v (Ca) [8lum | (Na) |sium| 0, | ate | (S04 €D | (p) |moy| @ | ¥ per ons | lum,y e BOFP-mtera-
(Mg) (B) |(ueo,)| (€09 per per Mag- tion
3 acre- bon- mhoy at
titer | 9PM8 day ne- | 8 |ratio|Tygec)
(mg/1) slum
8-4494, DEVILS RIVER AT PAFFORD CROSSTNG NEAR COMSTDCK, TEX,
Jan, 12 37 13 6,8 1.2 219 0 8.0 1 0.2 10 226 0.41 196 L6 0.2 194 7.6
Mar 12 48 13 6.8 1.1 194 0 8.2 1 176 203 28 171 W2 0z 7.9
May 2.. 1z At 13 Fis ] 1.2 LE6 0 8.0 11 4 5.8 Lo 1] 16 11 - 342 1t
July 18.. . 16 40 14 i.h 154} L7 0 .0 1L 3 4.8 a0 20 157 12 ) 24 l.b
Sept. Breiviiis 14 52 12 6.7 1.5 205 0 7.6 Lo 4 6,2 211 29 IV Ll -2 463 1.4
Hov, 9.8 50 13 F.l - 199 0 8.2 11 6.9 204 178 15 2 62 7.6
Jan. 9.9 54 14 1 o-- 21y 8.8 11 .0 220 . 102 14 2 204 7.4
Mur, -- -- - -= e= 183 0 -- 1 - - -- 166 & - 343 7.5
84494 .8, LAKE WALK NEAR DEL RIO, TEX.
June 17, 1952, 13 0,00 4b 10 6.0 0.4 180 0 0.0 9.5 0.3 5.0 0,36 200 0,28 156 602 1O 7.6
Oct. 20, 1958.. %3 L03 54 8.2 7.2 194 0 6.6 1.8 2 B.7 2006 “- 0.28 168 9 2 333 7.8
Feb. 19, 1962.. 12 01 58 12 5.5 08 0 6.8 9.4 B0 b 232 32 187 .2 IR
Jan. 17, 1963, 12 02 87 12 9.8 280 7.6 14 JE O 15 241 3 192 1V aBR 7.4
B-4495, DEVILS RIVER NEAR DEL RIO, TEX,
Mar, 19, 1930 e - 14 12 o 192 o 10 14 = b 233 0.32 200 43 bd 320 o=
Apr. 22.... . e 45 9.0 27 192 o Lo 28 i 00 L4l 150 1] 1.0 Ly
May b . 57 19 -- 168 0 16 14 - e 200 27 220 83 .- 360 -
June « o] 4hé 12 it 193 a ve 14 e - 156 a5 170 17 % ¢ 390 --
July 1. 3 3 7.1 10 18 0 10 14 E— 185 25 126 0o (PT—
Sept, -- 51 6.0 164 0 - . -- 180 152 3 - 370
({3 42 4,0 42 216 0 15 L4 ity L3 214 122 n b P 4 aro -
Nov. 28, 2 . 81 5.0 ‘e 240 0 16 -- S 270 37 223 2/ -- 490 -
Fab. 16, cee 598 52 4.0 4l 204 0 e 14 ne 274 .38 146 0 1.5 410 -
June 18, viiervinnses 588 57 6.0 26 40 0 8.2 14 = 192 26 L67 [ 370
254 53 13 11 W40 6.7 14 B.7 0,05 225 31 184 I I 468 7.3
158 42 9.7 12 171 0 1.2 14 1.7 R 266 i Lad 4 o 150 1.6
4720 31 4.6 6.7 o 1.4 2 BB 03 1h2 97 6.3 182 7.6
[SET) 35 1.0 4.6 w0 -- 4.6 18 .05 142 19 100 PR 195 7.4
July 24, 47l 50 9.8 12 09 0 7. 17 0.3 .09 256 135 166 [ —" a5 1.7
Aug, 26... 46 13 13 196 0 9.6 1 1 .03 219 Rt 166 4 4 W7 8.
Sept. 9. 19 2.7 5.1 121 o 3.8 5.0 8.7 .03 148 20 108 8 .2 203 +4
Oet. 2 51 10 Toh 196 (4] 5.4 10 6.8 .05 223 ) 168 7 it 347 1.4
Dec, 3.... 56 11 10 223 0 4.9 12 11 08 2345 a2 192 9 15 390 7.8
Dec, 2, 1936, 479 58 10 13 222 1] 5. 13 13 06 263 .36 186 4 o 389 B.1
Mar, 1946....000. i 310 38 14 1% 70 12 19 s es 213 .29 155 1.5 56 ==
210 E10) 13 13 160 0 17 14 1.9 06 L9 27 145 14 -5 329 8.3
My, .. 315 24 10 10 126 0 9.1 1 - 154 21 113 1 256 -
June, ... a2 35 L2 11 157 a L1 15 - = 191 S0 L8 9 A alo .-
July. .. . 233 i 12 1 15 0 1 15 Lo L0 184 28 136 B4 4 190
266 13 12 1 YR 10 1 - 176 .24 129 8 292w
1050 a8 - PR 6.9 123 o 7.7 7:l L 167 +22 115 14 ] 246
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Table 10.-=Summary of chemical analyses at miscellancous sites on streams in the Rio Grande basln--Contlnued

Results in milligrams per Liter except as indicated

Dissolved sollds Hardness Specit

B- |, as CaCO, | So- o0

Date Mean Cal- Mag- Po- car- |Car- | Ni- | Po- dium -
ot Dincharge [Sttical ron | S8 | “ne” | Sodium | tas- | for~ | bon- | Sulfate | Chloride [Tl are | oy |NLLLL | Cal- | o ey | Bt

(810,)| (Fe) It (Na) |slum ate | (50,) (cn 2 ron | grans Lig Tons ctum,| MO~ Nl

ollection (cfg) & (Ca) | 8ium t ‘ P | B ) ” lsorp -

cl (M) () ate (COy (F) |(NOy)| (B) . per per Mag-| 527 [ton (mlero

(HCO,) y acre- bon- mhos at

Uter | T b day ne- | te |ratlo 25°C)

(mg/1) sium
8-4511.3. EIGHT MILE CREEK NEAR DEL RIO, TEX,
Jan, 20, 19670000 en N 1.3 475 39 12 A6 102 0 L2 17 0.4 0.2 1810 2040 L350 1260 0.l 2020 7.4
Har. . . 5.7 532 41 1 )1 B0 1410 19 2.0 2060 .80 1500 1430 L1 2220 .0
a.,8 222 15 i | 4.1 122 o 4718 12 -3 13 820 1,12 bBlb sle o 050 1.3
5.4 3 25 11 - 9% 0 812 14 & 1. 1240 922 B43 .2 1500 7.5
; - -~ - - 70 - 10 S - ar 880 8l - woo 7.1
B-4513, CANTI SPRINGS ON CINEGAS CREEN NEAR DEL RL0, TEX.
13 a7 7.6 8.8 1,1 21 0 16 14 0.1 7.4 288 0,39 2% 0.2 498 7.4
12 Bi 7.1 9.8 1.2 213 0 16 16 512 290 .39 2 3 493 7.6
13 6 7.3 8.7 1.2 213 0 13 14 3 s 284 .38 1 L2 491 7.3
13 a7 7.2 9.1 L2 273 0 14 15 3 67 288 .39 246 23 4 a8y 1.7
12 98 8.1 14 Ly 2% 0 3 28 ] 137 4h 278 S 4 64 1.7
i.b 490 1.8 10 - 283 0 16 i ) o | 6.0 294 - 256 24 W3 514 7.5
B-4528.7, SAN FELTPE CREEK AT MOORE PARK, DEL RIO, TEX,

Jan. 10, 1967. 12 78 6.9 4.9 1.1 253 0 T 8,7 w7 9.0 752 0,34 221 0.1 439 7.5
Mar, 7. y 12 78 6.9 5.4 .7 e 0 8.2 9.8 0 9.4 251 L3 223 i 2 437 1.3
May 2., : 12 71 7.0 4.8 L1 243 0 8. 9.6 I 248 .33 221 7 .l [ST R I
July 5... 12 " 6.7 6.3 ' 243 0 9.4 10 2 B.0 250 L34 220 20 5 423 1o

b Residue on evaporacion ac 180°C
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Table 10.--Summary of chemdeal analyses at miscellancous sites on streams in the Rio Grande basin--Contlnued

(Results in milHgrams per liter exeopt as indicated)

Digsolved sollds
gsolv Hardneas Speelfie]
Bi- & as CaCO, | So- con-
Date Mean Cal- | Mag- Po- | oqp. |Car- Fluo-| Ni- | Bo- dium -
£ Discharge [ieal Iron | 28| nel | Sodium | tas- bon- | Sullate | Chloride MillL- cal- ade | Hust
of seharge (810,)| (Fe) clum sl (Na) |shum bon- b (50.) () rlde |trate | ron KramE Tons Tons dlum Non- ance | pH
collection (cts) u (Ca) ate g + (F) |(NOg)| (B) per ' ecar~ FOTP~(micro-
(Mg) (K) (co per per Mag- tion
(HCO,) S| acre- bon- mhas at
liter foot day ne- ratio o
{ngs1y | 109 alum | &t 25°C)
8-4530. SAN FELLPE CREEK NEAR DEL R1O, TEX,
13 At il 19 1.1 250 o 14 12 0.1 13 72 0.3y 26 0.2 471 7.1
12 il 8,2 9,0 1,31 251 0 15 14 g1 274 .38 0.3 473 7.3
13 an 7.6 9.0 12 24 0 17 1 R 2 37 31 .3 uht o G
1 an 8.2 10 14 250 0 20 14 0.8 280 .38 8 .3 S0 1
L1 86 B.% 14 1.6 262 o 22 16 o 1.9 292 Al 35 3 491 7.2
11 82 8.0 9.0 255 0 20 15 I 280 -- 240 3.3 a8y 0,2
1 80 8, 9.2 == 250 0 20 14 T 218 -- 236 TR 469 8.0
- - - - - 244 0 - [} -— - - - 228 28 - A6l T 5
B-4550, PINTO CREEK NEAR DEL WLO, TEX.
1.9 162 9.2 3 2,1 Lad U 114 262 0.1 12 114 0,97 hhh 26 .5 1270 7.0
6.0 155 471 6 1.8 128 Lt} 122 255 W1 9.5 h9y 95 4P 119 1.6 1240 Toh
18 152 1 82 29 140 12 280 L 114 a7 420 326 1.7 1280 7.0
10 190 14 108 3,5 86 0 144 190 - 924 1,26 532 461 2.0 1600 /.2
13 106 b.4 51 i.8 Y3 o 67 L&b 2 .8 .hi 293 217 1.3 817 7.0
6.4 120 6.8 47 - 1510 10 165 1.3 4l -- 328 24 Ll BI0 7.4
o - - - B T . 250 - -- -- 412 a1 - 180 69
- - - - 120 - 201 - - - LR 11— 1nsn- 7.0
- -- -- -- -~ 1m0 -- 271 - e -- -- 452 37 == 1260 -
B-4580, K10 GRANDE A
Mar. 5, s 14 000 78 23 s a0 182 136 [ b 679 0,92 289 138 2.9 1070 7.1
Feb. 19, 1963, .00, I R TEE 23 136 a0 210 160 Lo 3.0 130 R O e R T R
CHACON CREFK NEAR LAREDOG, TEX.
Muy 27, 1949, 0 00eeerse e Fae 7.2 b1 147 1090 327 0 1630 1140 0.0 4420 f.01 1210 939 14 6410 7.7
84650, LOS OLMOS CREEK NEAR RLO GRANDE CLTY, TEX.
May 27, 19850 s 10 23 o84 89 1560 we 0 1070 4100 11500 15,6 2080 1990 34 L8700 7.5
ERVOTR STTE NEAR SAMFORDYCH, TEX.
May 27, 1949 .aviivisvminninvainns 58 124 78 1870 222 0 1150 2350 G740 7.81 630 448 32 9340 7.8

h Residue an evaporation at 15070
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Table 11.-=Discharge-weighted average of chemieal constitnents at selected sltes in the Ria Grande hasin

Resules Lo milligrams per liter exceopt as indicated)

D
ssolved solids Hardness Specific]
Bi- as CaCo, | So- |7,
Mean Cal- | Mag- Po- | cqr. |Car- Fluo{ Ni- | Bo- dium df:t-
CALENDAR Discharge Silical Iron | g | ne- | Sodium | tas- bon- | bon-| Sulfate | Chloride | yqo {4 Milli- Cal- ad-
har| - e |trate | ron ez} Tons T Non- ance | pH
YEAR £ (810,)| (Fe) | o sium | (Na) |slum ate | (S0,) (cn Erams ‘ons cium, lsorp-|
(efa) (Ca) ate (F) |(NOy| (B) per car- (micro-
(Mg) ®) |(xco,) (€0 per per Mag- tion
( )| 1iter |acTe- day i bon- fakln imhas at
> 5
(mg/1) | foot sium | &te 25°C)
#-3640, RIO0 GRANDE AT EL PASD, TEX,
L7 " 841 - - - - == “- - 846 1,15 1920 - - - -
1934, ... 702 -- - - - - -- - - az6 1.2 1760 - -- -
635 - .- -- - - -- -- - - 912 1.2 1560 - - - - -
657 99 21 160 ny 0 292 141 R 868 1,18 1530 332 155 3.8 1300 7.8
741 91 21 154 200 0 268 139 1.2 - 83 113 16060 311 14 L8 1260 B2
766 89 19 149 w0h 0 256 132 1.2 0.17 a0l Loy 1660 00 13 7 1230 B0
01 93 20 156 215 0 276 118 1.2 .20 86 1,15 1610 a6 140 LB 1290 B.1
625 96 22 172 220 0 302 152 6 - 919 1,25 1540 432158 4.1 1390 8.2
706 92 21 164 7120 295 143 1.2 2 890 1,21 1700 34 Lo 4 1340 7.9
2150 n L4 93 82 0 189 69 613 a8l .79 3180 234 86 2.6 816 --
871 86 18 133 28 0 233 116 N 7500 102 [¥30) 289 110 4.4 1150 8,0
841 86 18 145 80 252 123 -- 17 787 107 1790 289 110 4.7 1190 B,1
186 89 19 146 232 0 254 122 6 .18 BoL L.ud 1700 00 1100 4.7 1210 8.0
664 a7 19 152 228 0 258 126 & s Bl6 111 1520 M4 106 1.9 1250 7,9
634 87 20 155 223 0 269 130 620 820 1,12 1610 J00 118 3.9 260 8.0
1948, 0aas 595 75 20 160 180 0 13% 2.5 - Big L.14 1350 272 124 4,2 1250 -
1969, ..., 640 49 18 147 1 0 125 6 .20 750 1.02 1300 46 104 4.0 160 7.9
1950, 653 L] 18 144 2o 123 b .18 e L0s 1360 268 102 4.8 170 7.8
1951, 448 80 22 182 195 0 161 L2 22 904 1,23 849 90 130 4.6 1380 7.9
391 19 19 134 2060 175 L2 . 715 1,00 176 213 104 3.5 1130 7.8
365 82 18 135 240 223 19 [T 748 1,01 732 78102 3.5 U0 7.9
129 87 20 197 198 0 308 184 - .22 956 1,10 301 4.9 1470 8.0
a3 1o 2 192 84 0 192 169 Lz .19 1010 1,94 s d 6.3 15200 7.9
79 111 25 194 w80 404 160 6,23 1050 1.43 0 218 4.3 1540 8.0
193 72 14 105 180 192 B9 - 16 596 81 239 ar a0 127 8.0
5043 a8 17 16 186 0 260 86 - 17 21 (98 1060 288 135 3.0 1070 7.9
533 93 19 149 70 269 130 - 16 83l 1,13 1200 G0 192 47 1260 8.0
521 96 21 154 222 0 299 127 6 .18 B0 1,17 1210 25 143 3.0 13000 B.0
415 ul 21 166 1210 299 133 - .2 B6H 1,18 9714 IT1300 4.l 13200 B,
520 87 18 151 0 0 212 124 61 HO 1 109 1120 290 118 3.9 12300 7.9
e 93 18 164 226 0 280 141 623 875 119 1690 08 L2z 4.0 1320 8.0
59 96 22 224 29 0 340 199 a2 1060 1,44 255 3900 142 5.4 L6200 7.9
280 [ 13 a7 179 0 L4 8 L2 .l 56k 37 428 218 Low 866 7.9
427 85 15 19 M7 0 224 93 b 14 691 Lk 197 2 96 3.1 1050 7.9
321 a9 18 151 226 0 271 120 L2 . BI6 1.1 - 296 111 3.8 1260 8,0
- a7 19 168 225 0 310 132 6,18 B0 1,71 322 138 4.0 1360 7.9
B-3670. RIO GRANDE AT TORNILLO BRIDGE NEAR FABENS, TEX.
1933, 280 1310 1,78 950
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Tabla 11 .==Discharge-weighted average of chemical constituents at selected sites ln the Rio Grande basin--Continued

(Resulis in milligrams per liter excopt ag indicated)

Dissolved solids Hardness
eifie]
B | a8 CaCO, | So- |5POC
Mean Cal- | Mag- Po- | gp. |Car- - Ni- - dium s
CALENDAR Digcharge [Stieal Tron | 007 | ne- | Sodium | tas- | por” | bon-| Sulfate | Chloride e |ere | D07 [ M4114- |, Cal- ad. | duct
YEAR S10,)| (F 1 (Na) 1 te S0 e [trate [ ron S ‘ons T 1 Non- ance | pH
(cf8) (S10, ) | (ca) |Sum a) |sium al (80,) (cny E ‘ons clum, lsorp-
() &) ate (F) |(NOy)| (B) per car- (micro-
(Mg) (B) |(nco,)| (€09 per per Mag- tion
3 Jooo | acre- bon- mhos at
Liter foot day ne- | e |ratio 25°C)
(ng/1) slum
8-4474, PECOS RIVER NEAR SHUMLA, TEX.
1955, . 266 125 53 292 10 320 502 3.7 0,19 1440 1,96 110 508 400 5,5 2330 8,0
1956, 158 138 63 361 148 0 388 613 19 .17 1740 2,37 %2 602 481 6.6 2770 7,9
1957, 540 105 37 225 150 0 255 371 L2 14 1160 1,58 1690 4l6 292 4,8 1850 8,0
1958, 372 111 44 251 161 0 269 424 T 1290 1,15 1100 457 325 5.1 2030 --
1959, ., 405 114 46 283 162 0 284 470 317 .16 1380 1.87 1510 4M 3L 87 22200 7.9
1960, .. 204 144 66 414 157 0 398 704 3,1 .23 1950 1070 628 500 7,2 3100 7.9
1961, 236 131 6 399 148 0 8k 669 2.5 21 L840 1170 589 468 7.1 2060 1.9
1962, 186 159 65 457 164 0 437 767 3.2l 2120 1060 664 530 7,7 3280 7.8
1963, 148 151 65 446 165 0 420 749 LY .22 2050 819 644 508 7.6 1230 1.8
1964, .. 439 109 5 230 182 0 221 386 3l .16 1150 1360 415 266 4.9 1860 8.0
1965, . 213 116 48 318 170 0 288 530 24 1490 2.03 937 486 346 6.3 2400 7.9
1966, 264 104 19 258 171 0 240 426 2.5 .13 1230 1,67 a3 421 281 5.5 2010 8.0
af 1967, ... -- 12 51 318 1710 298 521 L9 16 1470 2.00 -- 488 348 6,3 2620 7.9
a/1968..... o R -- 114 50 14 o0 101 532 Lz .7 1490 2.03 -- 492 452 6.4 2430 7.9
B-4590, RIO GRANDE AT LAREDO, TEX,
LoBo 41 156 0 115 588 0.80 1710 264 L3624 928
4450 54 147 0 65 404 .55 450 200 an 1.7 637
6310 50 156 0 51 419 57 7140 214 a6 1.5 647
3490 6 162 0 85 529 g2 4980 248 1ls 2.1 825
3250 75 1610 80 529 N 4640 244 o 2.0 B25
3290 70 1520 17 4B .66 4310 276 101 2.0 770
1950 99 153 0 17 603 .82 3170 250 125 2.7 945
Lo U8 156 0 102 625 .85 3020 256 128 2.7 952
4310 49 135 0 51 360 49 4190 182 w16 580
2440 84 15 0 93 551 15 3630 m2 106 2.4 848
3640 71 155 0 65 493 67 4850 220 96 201 T4
2460 82 6l 0 18 544 T4 - 234 102 2.3 829
-- 81 64 0 79 551 15 - 236 102 2.3 834
84613, RIO GRANDE BELOW FALCON DAM, TEX,
2610 13 L7 82 154 [t} 169 25 1.2 0.14 544 0.74 3830 254 127 2.2 Bsh 8.0
2060 58 12 56 410 99 64 - 1L 397 54 2210 193 % 1.8 619 -
6930 59 10 52 138 0 107 57 1.9 .14 390 .53 7300 191 % 1.6 620 7.9
3530 69 13 57 150 0 138 &2 Ty T 456 62 4350 228105 1.6 09 7.9
2660 ot 18 83 1370 181 92 417 551 15 4250 23 13 2.3 &0 7.9
1060 67 17 86 1370 180 91 NS ¥] 544 L 4490 239 136 2.4 875 7.9
2930 67 16 89 138 0 183 94 -1 559 6 4420 233 120 2.5 a1 7.9
2210 7 16 109 L0 210 17 6 .18 647 .88 1860 258 143 3.0 lolo 7.7
2000 67 16 94 137 0 184 N - 17 559 .76 3020 232 120 2.7 a8s 7.9
3200 60 12 62 e 0 119 69 12 .18 434 .59 3750 198 78 1.9 GBS 7.8
2460 : 60 14 80 13 0 150 86 .16 485 .66 3220 208 98 2.4 783 1.8
2850 a3 L4 84 1550 173 84 - 522 o .- 206 106 2.5 825 .-
.y a6 14 80 139 0 166 80 w37 515 .70 -- 223 109 2.3 8l2 1.9

g/ Samples collected near Langtry, 3.5 wiles downstream after July 1, 1967,
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Pable 11 --Discharge-weighted average of chemical constltuente at selectod wites in the Rio Grande basin--Conrinued

(Regults in milligrams per llter except as indicaled)

Dissolved solids Hardness

elfl

BI as CaCO, | So- |0}

Mean Cal- | Mag- Po- | cqp. |Car- Fluo-| Ni- | Bo- dlum| gyt
CALENDAR Discharge Siitea| Iron | 30 | ne- | Sodium | tas-| oo |bon-| Sullate | Chloride | yqoliase | pon | MALLA- 0 Cal- Non- | #= | ance oH

EAR (ofg) 10| (Fe) |‘ggy | sium | (Na) |slum ate | (800 | (€ grams Tona | clum, 207 isorp-
8 (Ca) ( X ate co. (F) |(NOg| (B) per M car- (micro-
Mg) &) |(aco,)| (€O per per ag- tion
1 . | acre- da bon- mhos at
Lter foot ¥y ne- ate ratio 25°C)
(mg/1) sium
#4625, RIO GRANDE AT ROMA, TEX,

3700 - - - B ua -- S B53 1.8 8610 - - v o
5140 o 17 101 180 16 125 1.9 0.1% 596 L8] B270 287 124 2.8 937 B
120 75 21 125 135 0 204 157 1.9 .15 699 BT 1830 271 180 w3 110 7.9
4500 63 15 94 129 0 157 111 5.6 .4 559 R 6790 20 114 2.9 880 7.8
3550 62 16 90 s 0 158 103 5.3 .- S4d T4 5110 222 112 1.6 Bu8 1.9
4570 55 13 62 TET 115 i 5.0 - 426 58 5260 190 B 2.0 557 --
5960 oL 13 70 130 132 2 8,5 a- 471 B4 7580 204 98 2.1 w2 7.9
3080 ih 17 95 ws o 183 110 4.3 .15 601 .82 5010 258 136 2.6 949 7.8
2550 66 15 80 148 0 147 91 3.1 .13 529 72 1640 227 106 2.3 Bl4 7.7

1410 i 18 85 156 0 190 96 . b0 82 2300 Wy 1 22 922
1610 57 11 48 196 0 92 56 6B 12 375 51 1630 185 1.5 576 7.9
2930 b1 % 52 151 0 98 63 2.5 14 397 .50 3140 19/ 7L 631 8,0

8-4647. R10 GRANDE AT FORT RINGGOLD, RIO GRANDE CTTY, TEX,
3720 7 14 4 156 0 143 7l 3.7 0,12 478 0,65 4500 236 108 1.8 752 7.9
3040 0 18 a7 wo 0 181 a1 R 559 .76 4590 248 130 2.4 BG 7.9
3250 67 18 90 1390 182 97 6 .19 559 16 4910 w0 126 2.5 892 7.9
4080 69 15 92 w0 183 99 - .20 574 78 4190 216 120 0.6 g4 7.9
2420 76 16 109 w1 o 101 118 6 .l 640 87 4180 258 137 3,0 1000 /.8
2260 69 15 93 13 0 179 97 6,18 559 16 3410 232 18 2.7 886 0
1280 61 12 67 14 0 122 73 Ly L1 449 L61 1980 201 B0 2.1 711 7.8
2890 63 13 B4 U 146 89 [T 500 68 3900 211 95 1.5 199 1.8
B240 62 9.6 5H o 0 119 63 T 412 5k & 194 0 1.8 657 7.9
- 7% 17 99 w0 189 13 [t 618 4 i 250 138 1.7 963 7.8
§-4655, W10 GRANDE AT RIO GRANDE CITY, TEX,

4160 = #a - - = P — 761 1,04 8610 - - - -
9120 .- av o o - -- - - alh L0 13000 - S <5 =
7030 58 20 83 170 160 102 Ly - 559 .76 10600 A 131 2. 816 B3
4650 9% 25 129 1560 246 160 2.5 == 816 1,11 8040 V2 208 3.0 1260 7.9
Aanl 0 15 18 148 4] 1473 90 4,3 Rk S51% 70 L1800 236 114 2.2 BO? 7.9
4400 i 18 499 3 0 173 120 . 596 .81 7080 260 142 2.7 947 B0
5520 [ 14 80 1350 135 96 e 500 L 7450 206 106 2.4 791 B.0
L0600 11 23 131 19 0 288 172 17 875 .19 25000 370 258 2.8 1300 7.8
9600 as 23 133 135 0 235 170 16 1 Lk 20200 305 194 3.3 1200 7.8
IBHO a6 25 152 130 750 196 19 Bah 115 B8O 318 208 3.7 130 7.9
7660 65 15 84 180 145 100 [T 522 ! 10800 223 110 2.4 B26 7.9
4410 74 19 114 137 0 195 140 5 1B 662 .90 7880 260 150 3.1 1040 7.9
4H10 o4 16 100 1m0 163 118 5:0 .14 581 .79 1550 226 116 2.9 91z 1.9




Table 11.--Discharge-weighted average of chemical const t5 alb selected sites tn the Rio Grande basin--Continued

{Results in milligrams per liter except as indicated)

Diasolved sollds Hardness Spectfid
Bi- as CaCO; | So- e
Mean Cal- | Mag- Po- | cap. |Car- Fluo- Ni- | Bo- dium| gep
CALENDAR Discharge [Silica Iran ne- | Sodium | tas- bon- | Sulfate | Chloride Mi114- Cal- ad-
, scharge clum bon- ride |trate [ ron Tons Non- ance
YEAR " (810,)| (Fe) sium | (Na) |sium ate | (50,) (cn) grams Tons | clum, lsorp-
(cts) (Ca) ate (F) [(NOy| (B) per car- (micro-
(Mg) (K) (HCO. (coy) per per Mag- tion
) acre- bon- mhos at
liter foot day ne~- ratio e
(ng/1) | fo0 otum | 8te 25°C)
8-4692. KIO CRANDE BELOW ANZALDUAS DAM, TEX.
1500 8 17 107 15 0 178 132 L 647 0,88 2620 264 137 2.9 1020 -
1390 a3 23 150 149 0 226 196 L6 0.33 BOL  L.09 3010 302 180 4.8 1290 7.9
1690 7 23 153 w20 227 194 - 35 787 1.07 3590 289 172 3.9 1280 8.0
1460 a1 22 160 1430 236 202 - .35 831 1,13 3280 291 14 40l 1320 7.8
1120 82 20 144 16 0 230 174 629 772 1.08 2330 286 166 3.7 1230 7.9
1090 73 19 143 138 0 214 173 b 30 735 1,00 2160 260 147 3,8 1180 7.9
1460 68 16 112 %8 0 160 139 6 .28 625 .85 2460 23 112 3,2 988 7.8
1990 72 18 135 145 0 189 169 629 699 .95 1760 252 136 3.7 10 7.9
6000 i 1z 49 e 0 140 110 31 .25 529 .72 .- 222 100 2.6 B8 7.9
.- 90 23 169 s 0 249 223 2.5 .38 890 1.71 -- 321 202 4.1 o 7.9
8-4730. RIO GRANDE AT LAS PALMAS, TEX,
1946, ., 1570 63 14 a1 133 0 151 105 3.7 0,13 shh 014 5240 206 106 2.7 861
1947, 2730 63 15 a7 13 0 154 100 4.3 537 73 1960 220 Ul 2.5 842
1968, . 1660 59 13 69 138 0 123 81 0.3 463 63 4580 204 50 2.1 730
844750, R10 GRANDE AT BROWNSVILLE, TEX.
1934, 3390 oy e 0 == = == i 757 1.03 6930 -- -= - -
1935, . . 6740 == -- - L -- - -- 507 .69 9230 - - .
1936, .. 5510 5 16 a7 s 0 L 100 3.1 581 .19 8640 228 123 2,5 924
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