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QUALITY OF SURFACE WATERS
FOR IRRIGATION, 

WESTERN UNITED STATES, 1951

INTRODUCTION

The records of chemical analyses, other physical measure­ 
ments, and discharge given in this report comprise the first an­ 
nual compilation of data for 78 irrigation network stations in op­ 
eration west of the Mississippi River.

Increased development of irrigation agriculture in the West­ 
ern States during the past decade has brought sharply into focus 
the need for comprehensive continuing information about the chem­ 
ical quality of surface waters used for irrigation and the changes 
resulting from the drainage of irrigated lands. The U. S. Census of 
Agriculture for 1945 reports that approximately 20. 5 million acres 
of land were irrigated in 1944; of this acreage nearly 95 per­ 
cent was in the 17 Western States. Straus (1952) estimates that 
the acreage of irrigated land in the Western States had increased 
to 21. 5 million acres in 1948. In 1934, an estimate by the Na­ 
tional Resources Board placed the ultimate acreage that could be 
irrigated in the Western States at 51. 5 million acres.

The 17 Western States contain approximately 22 percent of the 
nation's population and 60 percent of the land area, of which about 
1 acre in 10 of the arable lands in these States is irrigated.

All natural waters contain mineral salts in solution. Ordinary 
irrigation practice concentrates much of the salt burden of the in­ 
put water in the ground and drainage waters owing to evaporation 
and transpiration. Where drainage is not adequate, this results 
in excessive concentrations of soluble salts in the soil solution. 
Since crops cannot tolerate excessively concentrated soil solu­ 
tions, it is necessary to provide drainage so that the excess of 
salts can be leached out of the soil. The removal of mineral salts 
through proper drainage facilities is essential to the maintenance 
of a favorable salt balance in the soil.

The water in many of the surface streams of the West has 
been, or soon will be, completely allocated for specific pur poses, 
often primarily for irrigation. Some of these allocations have 
been made without consideration of their effect on the quality of 
the downstream water or without adequate allowance for drainage 
purposes so that a proper salt balance can be maintained. As a 
result the productivity of many thousands of acres of agricultural 
land has been impaired due to the accumulation of excessive a- 
mounts of mineral salts. It is becoming increasingly apparent

1



2 QUALITY FOR IRRIGATION, 1951

that more judicious use must be made of available water for main­ 
taining suitable quality and removing accumulations of salt. In 
order to provide for maximum beneficial water use it is essential 
to have available continuous records of the chemical quality of 
surface waters at key stations on the main streams that are used 
for irrigation. These continuous long-term records will assist 
in the determination of quality of water prior to irrigation devel­ 
opment, the extent of impairment of water quality due to drainage 
return, requirements for maintaining proper salt balance, and 
the equitable division of water betweenprojects, States, and ad­ 
joining nations.

In recognition of the problem the Subcommittee on Hydrology, 
Federal Inter agency River Basin Committee on February 6, 1950, 
approved a list of 106 network stations on streams in We stern 
United States at which water samples were to be collected and an­ 
alyzed with particular reference to the use of these stream waters 
for irrigation. These stations, with pertinent information about 
periods of operation, are shown in the following table. Of the 106 
stations selected, 39 were already being operated by the Geolog­ 
ical Survey and 7 by the International Boundary and Water Com­ 
mission. From the remaining stations on the list, 30 were se­ 
lected for activation by the U. S. Geological Survey during the 
fiscal year 1951. In addition, 3 stations previously operated in 
connection with other programs and scheduled to be discontinued 
were to be included in the list to be operated by the Geological 
Survey (the.Subcommittee amended the list on October 2, 1952, 
to include the three additional stations, bringing the recommended 
number of irrigation network stations to a total of 109).

It was contemplated that the network stations would be located 
at stream-flow gaging stations and that the program of collecting 
and analyzing the samples and reporting the findings would be the 
responsibility of the Geological Survey. The scope of the chem­ 
ical analyses would provide for the calculation of the salt burden 
of streams and in general would conform with the current Geo­ 
logical Survey standards for the comprehensive investigation of 
the chemical quality of surface waters.

The following criteria were recommended in the selection of 
of the key network stations:

1. All recommended stations should be located on streams 
west of the main stem of the Mississippi River.

2. All proposed stations should relate primarily to irrigation 
although multiple-pur pose needs which include irrigation may be 
considered.

3. All stations should be located at or near stream-flow gag­ 
ing stations. The most nearly up-to-date list of gaging stations 
currently operated by the U. S. Geological Survey (which com-



RECOMMENDED IRRIGATION NETWORK STATIONS

Irrigation-Quality Network Stations in Western United States 
/Selected by Subcommittee on Hydrology, Federal Interagency River Basin Committee, 195P7

  

No.

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
18 a.

19.
20.
21.
22.
23.

24.
25.
26.
27.
28.

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.

Geological 
Survey 

Part 
no.

5
6

7

8

9

Stream

Sour is River
Missouri River
Missonri River
Missouri River
Yellowstone River
Yellowstone River
Bighorn River
Bighorn River
Tongue River
Powder River
Grand River
Moreau River
Cheyenne River
White River
James River
N. Platte River
N. Platte River
Platte River
Supply Canal (Tri-County

Diversion)
South Platte River
Republican River
Republican River
Smoky Hill River

a Saline River

Arkansas River
Arkansas River
Arkansas River
Arkansas River
Cimarron River

Canadian River
Canadian River
Red River

bWashita River
Sabine River
Neches River
Trinity River
San Jacinto River
Brazos River
Colorado River
Colorado River
Colorado River
Guadalupe River
Nueces River
Rio Grande
Rio Grande

Rio Grande
Rio Grande

c Rio Grande
c Rio Grande
c Rio Grande
c Rio Grande
c Rio Grande
c Rio Grande

Pecos River
Pecos River
Pecos River

c Pecos River
Colorado River
Colorado River
Colorado River
Colorado River

Location

nr. Westhope, N. Dak.
nr. Williston, N. Dak.
at Pierre, S. Dak,
at Nebraska City, Nebr.
at Billings, Mont.
nr. Sidney, Mont.
at Thermopoiis, Wyo.
at Bighorn, Mont.
at Miles City, Mont.

, nr. Locate, Mont.
nr. Wakpala, S. Dak.
at Promise, S, Dak.
nr. Eagle Butte, S. Dak.
nr. Oacoma, S. Dak.
nr. Huron, S. Dak.
below Alcova Dam, Wyo.
below Guernsey Reservoir, Wyo.
at Brady, Nebr.

nr. Maxwell, Nebr,
at Julesburg, Colo,
at Cambridge, Nebr.
nr. Hardy, Nebr.
nr. Langley, Kans.
nr. Wilson (or Russell), Kans.
at Tescott, Kans.
below John Mar tin Reservoir, Colo.
at Arkansas City, Kans,
at Ralston, Okla.
at Van Buren, Ark.
at Mannlord, Okla.
at Perkins, Okla,
nr. Tascosa, Tex.
nr. Whitefield, Okla.
at Denison Dam, nr. Denison, Tex.
nr. Tabler, Okia.
nr. Ruliff, Tex.
at Evadale, Tex.
at Romayor, Tex.
nr. Huffman, Tex.
at Richmond, Tex.
at Robert Lee, Tex.
at Austin, Tex.
at Wharton, Tex.
at Victoria, Tex.
nr. Mathis, Tex.
above Culebra Cr. nr. Lobatos, Colo
at Otowi Bridge nr. San

Ildefonso, N. Mex.
at San Marcial, N. Mex.
be low Elephant Butte Outlet, N. Mex.
nr. El Paso, Tex.
below Old Fort Quitman, Tex.
at Upper Presidio, Tex.
at Langtry, Tex.
at Eagle Pass, Tex.
at Roma, Tex.
below Alamorgordo Dam, N. Mex.
nr. Artesia, N. Mex.
nr. Orla, Tex.
nr. Comstock, Tex.
nr. Glenwood Springs, Colo.
nr. Cisco, Utah
at Lees Ferry, Ariz.
nr. Grand Canyon, Ariz.

Date 
established

_
12/5/50

 
1/4/51

12/15/50
1/3/51
1/1/51

--
1/4/51
1/4/51

1/17/51
--

1/17/51
 
 
 

12/7/51
2/26/51

3/1/51
10/1/45

12/22/50
--
--

4/3/50
1/10/51
10/8/51
1/1/50

10/1/45
10/1/49
10/1/52
6/2/48
9/1/46
5/1/44

9/10/46
10/1/47
10/1/47
9/1/45
9/1/45
9/1/45

10/1/47
4/11/44
9/1/45

10/1/47
10/11/46

10/23/47
7/1/48

..
--/--/30
~/~/30
--/--/35
~/--/45
--/--/38
~/~/44
6/26/37
7/1/37
7/1/37

-/-/35
10/--/41
10/--/28
10/1/47

10/-/39
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Irrigation-Quality Network Stations in Western United States Continued 
/Selected by Subcommittee on Hydrology, Federal Interagency River Basin Committee, 19507

No.

61.
62.
63.

64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.

75.
76.
77.
78.
79.
80.
81.
82.
83.
84.

64 a.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.

107.
106.
109.

Geological 
Survey 
Part 
no.
9

10

il

12

13

14

5

6

9

Stream

Colorado River
Colorado River
Colorado River

(Yuma Main Canal)
Gunnison River
Green River
Green River
San Juan River
San Juan River
Little Colorado River
Gila River
Gila River
Salt River
Verde River
Agua Fria River

Bear River
Sevier River
Sevier River
Humboldt River
Humboldt River
San Joaquin River
San Joaquin River
San Joaquin River
San Joaquin River

dCalaveras River (Stockton
Diverting Canal)

San Joaquin River
Kokelumne River
Sacramento River
Sacramento River
Feather River
American River
Columbia River

-Columbia River
Kootenai River
Pend Oreille River
Yakima River
Snake River
Snake River
Snake River
Snake River
Snake River
Boise River
Boise River
Columbia River
Deschutes River
Willamette River
Rogue River
Sheyenne River

Location

below Hoover Dam, Ariz. -Nev.
below Parker Dam, Calif.
below Colorado River Siphon

at Yuma, Ariz.
nr. Grand Junction, Colo.
nr. Linwood, Utah
at Green River, Utah
nr. Blanco, N. Mex.
nr. Bluff, Utah
at Cameron, Ariz.
at Kelvin, Ariz.
below Gillespie Dam, Ariz.
at Ste wart Mountain Dam, Ariz.
below Bartlett Dam, Ariz.
outflow from lake Pleasant Dam,

Ariz.
nr. Collinston, Utah
nr. Marys ville, Utah
nr. Lynndyl, Utah
at Palisade, Nev.
nr. Rye Patch, Nev.
below Friant Dam, Calif.
nr. Mendota, Calif.
nr. Vernalis, Calif.
at Antioch, Calif.

at Stockton, Calif.
nr. Mendota, Calif.
at Woodbridge, Calif.
nr. Red Bluff, Calif.
at Knights Landing, Calif.
at Nicolaus, C?lif.
at Fair Caks, Calif.
at International Boundary
at Grand- Coulee Dam, Wash.
at Porthill, Idaho
nr. Metaline Falls, Wash.
atKiona, Wash.
nr. Heise, Idaho
nr. Minidoka, Idaho
at King Hill, Idaho
at Weiser, Idaho
nr. Clarkston, Wash.
nr. Arrowrock, Idaho
at Notus, Idaho
at Maryhill, Ferry nr. Rufus, Oreg.
at Moody nr. Biggs, Oreg,
at Salem, Oreg.
at Grants Pass, Oreg.
nr. Warwick, N. Dak.

Stations added by Subcommittee, October 2, 1952

North Platte River
Platte River
Virgin River

at Lewellen, Nebr.
nr. Ashland, Nebr.
at Littlefield, Ariz.

Date 
established

10/  /39
 

10/  /42
10/--/31

__
10/  /28
10/1/45

10/--/29
1/17/51
12/1/50
12/1/50
12/9/50
12/9/50

12/1/50
..
--

3/22/51
_

12/10/51
--
 

3/1/51
--

3/1/51
10/« /52

3/1/51
 

2/26/51
2/26/51
5/1/51

11/15/51
11/25/50

_.
 
 
_-
__

3/27/51
__

11/14/51
 

11/21/50
12/1/50

 
2/1/51

 
1/8/51

_
__

7/«/49

a Dropped from list 10/3/52. Replaced by Station at Tescott.
b Dropped from list 10/3/52. Replaced by Station at Pauls Valley.
c Operated by International Boundary and Water Commission.
d Dropped from list 10/3/52. Replaced by Station on San Joaquin River near Mendota.



ACKNOWLEDGMENTS 5

prises all but a small percentage of all gaging stations) will be 
found in the most recently published Geological Survey water- 
supply papers for the areas involved.

4. Consideration should be given to the location of irrigation 
development areas which are now affecting or are likely to affect 
the chemical quality of the river water.

5. Only those stations should be proposed that are likely to 
reflect important changes in chemical quality over a period of 
years. Stations operated for relatively short periods (5 years or 
less), as would be required for intensive studies of specific proj­ 
ects, should not in general be included.'

Plate 1 is a plot of the recommended list of 106 network sta­ 
tions on streams in Western United States. The 78 stations in op­ 
eration in 1951 are identified by a solid circle. The period of re­ 
cord, in years, is also shown at each of these stations. In a few 
instances the period of record differs from that obtained from the 
date established by the Subcommittee, as earlier records were 
included also. Proposed stations are identified by an open circle.
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Boundary and Water Commission operated the stream gaging sta­ 
tions for the following Rio Grande stations included in this report: 
El Paso, Fort Quitman, Upper Presidio, and Langtry; it operated 
the station Pecos River near Comstock, also. The Mexican Sec­ 
tion operated the stream gaging stations on the main stem at Eagle 
Pass and Roma. Each section operated the gaging stations on 
tributary streams, floodways, and diversions within its own coun­ 
try.

Descriptive headings and discharge dataforthe seven stations 
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were obtained from Water Bulletins 20 and 21 prepared jointly by 
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COLLECTION OF SAMPLES

In accordance with the recommendation of the Subcommittee, 
where practicable, one sample was collected each day through­ 
out the water year. In general, each sample was taken in an 
8- or 12-ounce glass bottle provided with a pressure-type or pos­ 
itive-seal closure to prevent escape of dissolved gases. Each 
sample was integrated in the vertical section of a stream usually 
at about midpoint of flow by lower ing the open sample bottle to the 
bottom and returning it to the surface during the filling process.

At most stations the samples were collected by local residents 
hired for the purpose. The local sample collector recorded on 
each bottle the name of the stream, location, gage height (if prac­ 
ticable), water temperature, time of day, date, and collector's 
name or initials. Samples were shipped to the laboratory or 
picked up by technical personnel on a predetermined schedule. 
Visits were made periodically by technical personnel to check on 
sampling procedures.

EXAMINATION OF SAMPLES

Upon receipt of samples in the laboratory, they were record­ 
ed and stored away from direct sunlight until opened for analysis. 
Specific conductance was determined with a conductance bridge 
on each sample as soon as opened. These data provided a basis 
for compositing a series of daily samples, for complete analysis. 
In general, a minimum of three composites a month consisting 
of equal volumes of approximately 10 daily samples, were pre­ 
pared for chemical analysis. Individual samples that show dif­ 
ferences in conductance of more than 30 percent of the mean for 
the period were not included in the composite, but were grouped 
separately for additional composite samples or analysis ol the 
individual sample was made. For those stations where accept­ 
able discharge values were reported with the samples, or could 
be obtained promptly from rating tables, samples were prepared 
by mixing values of individual samples in proportion to water dis­ 
charge.

The following series of 15 determinations (schedule 1) were 
made on all composite samples for all new network stations dur­ 
ing the first year of operation: Silica, iron, calcium, magnesium, 
sodium, potassium, bicarbonate, carbonate, sulfate, chloride, 
fluoride, nitrate, boron, dissolved solids, and specific conduct­ 
ance. The following values were calculated from the analytical 
data: Dissolved solids in tons per acre-foot, dissolved solids in
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EXPLANATION

£ 46 
1

Quality-of-woter station in operation, 1951. 
Upper number refers to station index. 
Lower number refers to years of avail­ 
able chemical-quality records

196

Proposed quality-af-water station
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REPORTING OF DATA 7

total tons, total hardness, noncarbonate hardness, and percent 
sodium.

It was further recommended by the Subcommittee that during 
the second and third years the following series of 11 determina­ 
tions (schedule 2) would be made on all composite samples: Cal­ 
cium, magnesium, sodium, bicarbonate, carbonate, sulfate, chlo­ 
ride, nitrate, boron, dissolved solids, and specific conductance. 
Hardness, noncarbonate hardness, percent sodium, total tons 
and tons per acre-foot would be calculated as in schedule 1.

For the 1951 data there were notable exceptions to the rec­ 
ommended schedules as outlined above. At some stations, where 
more complete data were needed for other uses, the number of 
constituents determined was increased. Conversely, some sta­ 
tions that had been in operation for several years prior to this 
project, during which time at least the minimum determinations 
in schedule 1 were completed, were immediately placed on a re­ 
duced analytical schedule.

In the fourth and succeeding years (unless significant changes 
become apparent) it was recommended that the following deter­ 
minations (schedule 3) would be made on all composite samples as 
long as the program is in effect: Calcium and magnesium (either 
separately, or together by the recently developed ethylenediamine 
tetraacetic acid titration test for hardness), sodium, dissolved 
solids, and specific conductance. In addition, four complete anal­ 
yses (schedule 1) would be made each year, one analysis to be 
made on a composite sample during each quarter. Certain addi­ 
tional determinations above these minimum requirements were 
to be made if deemed necessary to define widely varying char­ 
acteristics of the stream water.

All laboratory determinations were to be made in accordance 
with standard procedures used by the Geological Survey. These 
procedures are based on methods found in authoritative publica­ 
tions on water analysis.

REPORTING OF DATA

In order to release the data in the form most widely used in 
the evaluation of irrigation waters, the results of analyses in this 
compilation are given in equivalents per million, rather than the 
conventional unit part per million. Some agencies that actively 
participate in irrigation water-quality investigations prefer to ex­ 
press results in milligrams per liter (mg/1) and milliequivalents 
per liter (me/I). However, for all practical purposes where con­ 
centrations of dissolved solids are less than about 7,000 parts 
per million, no correction for density of the water is necessary 
and the units reported in each method are considered to be syn­ 
onymous.
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If results are desired in parts per million they can be calculated 
by multiplying the reported values in equivalents per million by 
the chemical combining weights of the individual constituents. 
Pertinent physical data and water discharge are also included in 
the tables.

EXPLANATION OF TABLES

The tables of analyses beginning on page 15 include a brief 
descriptive heading summarizing the more pertinent features at 
each station as follows:

Location of station is given generally as the distance in land 
or river miles from a. town or other political or geographic fea­ 
ture. In Survey practice the term "at" generally implies that the 
station is within a mile radius of the named town whereas "near" 
implies that it is beyond a mile radius.

Drainage area above the gaging station was obtained from the 
most recent published records of the annual reports of the Geo­ 
logical Survey on Surface Water of the United States, and from 
the International Boundary and Water Commission Water Bulle­ 
tins 20 and 21.

Records available are givenfor all periods during which sam­ 
ples, other than infrequent, were collected for chemical analyses. 
It does not include the periods for which discharge records are 
available.

Extremes for the current year's record are reported for spe­ 
cific conductance and percent sodium because of their widespread 
application in the evaluation of water analysis for irrigation. The 
results for specific conductance are based on the measurement 
made at the laboratory upon receipt of the sample from the field. 
Data for percent sodium were obtained from the composite-sam­ 
ple analyses.

Remarks include sources of data, additional explanation con­ 
cerning the records, and offices where the records of chemical 
quality may be obtained.

Discharge records were obtained from the responsible Geo­ 
logical Survey Surface Water Branch offices except for the seven 
stations operated by the International Boundary and Water Com­ 
mission. Discharge data are shown in acre-feet, calculated from 
the mean daily discharge in cubic feet per second by multiplying 
by the factor 1.983.

Analytical values are reported in equivalents per million for 
cations and anions. The equivalent is the weight with reference
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to some standard (such as the combining weight either of oxy­ 
gen, 8, or of hydrogen, 1.008) of that quantity of an element, rad­ 
ical, or compound, that will react with another element, radical, 
or compound to complete a definite chemical reaction. An equiv­ 
alent of an element or ion is exactly equal in combining power to 
one equivalent of another element or ion. As previously dis­ 
cussed, for concentrations of dissolved solids that are normally 
encountered in water for irrigation, an equivalent per million is 
equal to a milliequivalent per liter. Silica, which is considered 
to be present in the colloidal state, and boron, are reported in 
parts per million. Percent sodium is calculated as follows:
.- ^ ~ r=  where all constituents are reported in equiv- Na + K + Ca + Mg, F H
alents per million.

DISCUSSION OF RESULTS

Discharge data and dissolved-solids loads for stations oper­ 
ated in 1951 are summarized in the following table. During the 
year the highest weighted average annual concentration observed 
was for the Pecos River near Or la, Tex. (6.23 tons per acre- 
foot) and the lowest was for the Columbia River at Grand Coulee 
Dam, Wash. (0.12 ton per acre-foot). However, part-year re­ 
cords at other stations indicate that the lower value may not have 
been the minimum had the observations been made for the entire 
year at all stations.

The median value for 57 weighted-average annual observed 
concentrations of dissolved solids was 0. 67 ton per acre-foot or 
about 492 ppm; the middle 50 percent of concentrations ranged 
between 0.4 and 1.25 tons per acre-foot.

Diagrams showing dissolved-solids concentrations in equiv­ 
alents per million and percentages of sodium in water at typical 
network stations are given in plate 2.

CRITERIA OF WATER QUALITY

Many different classifications of water for irrigation appear 
in the literature; however, most of the development in this field 
has been made in the last 30 years. Scofield and Headley (1921) 
were among the first important contributors to water-quality cri­ 
teria; they pointed out the hazards from the use of high-sodium 
water. In 1933, Scofield established limits for water for irriga­ 
tion with reference to salinity, boron, chloride, and sulfate.

Eaton (1935) proposed five classes of water based on electri­ 
cal conductivity, percent sodium, and boron. Scofield (1936) pro­ 
posed a similar grouping for specific conductance, and percent 
sodium, but a further grouping of boron into 15 classes, involving
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Summary of water discharge, and tonnages of dissolved solids

Station
Runoff 

(acre-fe«»t)
Dissolved solids 

(tons per 
acre-foot)

Red River of the North basin 
Sheyenne River nr. Warwick, N. Dak. .............. a/40,140

Missouri River main stem
Missouri River nr. Williston, N. Dak. .............. a/15,760,000
Missouri River at Pierre, S. Dak. ................. a/14,230,000
Missouri River at Nebraska City, Nebr. ............ a/32,340,000

Yellowstone River basin
Yellowstone River at Billings, Mont. ............... a/5,201,000
Yellowstone River nr. Sidney, Mont. ............... a/8,245,000
Bighorn River at Thermopolis, Wyo. ...:........... a/1,370,000
Bighorn River at Bighorn, Mont. ................... a/2,721,000
Tongue River at Miles City, Mont. ................. a/190, 500
Powder River near Locate, Mont. .................. a/177,400

Grand River basin 
Grand River nr. Wakpala, S. Dak. ................. a/114,300

Cheyenne River basin
Cheyenne River nr. Eagle Butte, S. Dak. ........... a/173,100

Platte River basin
North Platte River below Guernsey Reservoir, Wyo. . 
Platte River at Brady, Nebr. ..................... a/203,100
Supply Canal (Tri-County Diversion) nr. Maxwell, Nebr. a/791 , 200 
South Platte River at Julesburg, Colo. ............. a/146,000

Kansas River basin
Republican River at Cambridge, Nebr. ............. a/365,300
Saline River at Tescott, Kans. .................... a/872,300

Arkansas River basin
Arkansas River below John Martin Reservoir, Colo. ... a/160,900
Arkansas River at Ralston, Okla. .................. 9,246,648
Arkansas River at Van Buren, Ark. ................ 33,274,920
Cimarron River at Mannford, Okla. ................
Canadian River nr. Tascosa, Tex. ................. 141,800
Canadian River nr. Whitefield, Okla. ............... 3,326,623

Red River basin
Red River atDenisonDamnr. Denison, Tex. ......... 5,062,000
Washita River nr. Tabler, Okla. ................... 585,688

Sabine River basin
Sabine River nr. Ruliff, Tex. .................... 3,167,000

Neches River basin 
Neches River at Evadale, Tex. .................... 1,478,000

San Jacinto River basin
San Jacinto River nr. Huffman, Tex................. 171,200

Brazos River basin 
Brazos River at Richmond, Tex. ................... 1,027,000

Colorado River basin 
Colorado River at Robert Lee, Tex. ................ 54,840
Colorado River at Austin, Tex. .................... *M,Mn
Colorado River at wnarton, Tex. ................. 646,000

Guadalupe River basin
Guadalupe River at Victoria, Tex. ................ 392,200

Nueces River basin
Nueces River nr. Mathis, Tex. ................... 422,200

Rio Grande basin
Rio Grande above Culebra Creek nr. Lobatos, Colo. 79,980 
Rio Grande at Otowi Bridge nr. Sanlldefonso, N. Mex. 395,400 
Rio Grande (Tiff any Channel) at Tiff any, N. Mex. ..... 14,930
Rio Grande at San Marcial, N. Mex................. 118,100
Rio Grande below Elephant Butte Outlet, N. Mex. .... 451,100
Rio Grande nr. El Pasp, Tex. ..................... 273,030
Rio Grande below Old Fort Quitman, Tex. .......... 50,079.8
Rio Grande at Upper Presidio, Tex. ................ 48.829.2
Rio Grande at Langtry, Tex. ...................... 864,600
Rio Grande at Eagle Pass, Tex. ................... 1,310,870
Rio Grande at Roma, Tex. ........................ 1,990,100

0.55

.51 

.53 

.52

.23 

.48 

.47 

.67 

.59 
1.51

.59 

1.80

.57

.72
1.80

.40 

.67

2.38 
.81 
.64

.85 
1.59

1.24 
.90

.18 

.19 

.36 

.95

1.21 
.38 
.40

.50 

.31

.34

.33
1.37
.77
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Summary of water discharge, and tonnages of dissolved solids--Continued

Station
Runoff 

(acre-feet)

Dissolved solids 
(tons per 
acre -foot)

Rio Grande basin Continued
Pecos River below AlamogordoDam, N. Mex. ....... 149,400
Pecos River nr. Artesia, N. Mex. ................. 139,200
Pecos River nr. Orla, Tex. ......'.......;........ 110,300
Pecos River nr. Comstock, Tex. .................. 147,480

Colorado River main stem 
ColoradoRiver nr. GlenwoodSprings, Colo. ......... a/1,836,000
Colorado River nr. Cisco, Utah .................... a/2,892,000
Colorado River at Lees Ferry, Ariz. ............... 9,817,000
Colorado River nr. Grand Canyon, Ariz. ........... a/9,110,000
Colorado River below Hoover Dam, Ariz. -Nev. ...... a/7,657,000

Diversions and Return Flows at and below Imperial Dam 
Yuma Main Canal below Colorado River Siphon at 

Yuma, Ariz. ................................... a/281,300
Gunnison River basin 

Gunnison River nr. Grand Junction, Colo. .......... a/929,100
Green River basin 

Green Rive.r at Green River, Utah .................. a/3,799,000
San Juan River basin 

San Juan River nr. Blanco, N. Mex. ............... 331,400
Mttle Colorado River basin 

Little Colorado River at Cameron, Ariz. ...........
Virgin River basin 

Virgin River at Littlefield, Ariz. .................. 99,930
GUa River basin 

Gila River at Kelvin, Ariz. ........................ a/64,820
Gila River below Gillespie Dam, Ariz. ............. a/139,600
Salt River at Stewart Mountain Dam, Ariz. .......... a/345', 800
Verde Rivor bolow Bartlett Dam, Ariz. ............. a/ 162,700
Outflow from Lake Pleasant, Ariz. ................. 453

Sevier Lake basin
Sevier River nr. Lynndyl, Utah .................... a/98,110

San Joaquin River basin
San Joaquin River mam stem 

San Joaquin River nr. Vernalis, Calif. ............. a/1,418,000
Calaveras River basin 

Stockton Diverting Canal at Stockton, Calif. .........
Mokelumne River basin

Mokelumne River at Woodbridge, Calif. ............ a/268,600
Sacramento River main stem 

Sacramento River at Knights Landing, Calif. ......... a/3,500,000
Feather River basin 

Feather River at Nicolaus, Calif. .................. a/2,535,000
American River basin 

American River at Fair Oaks, Calif. ............... a/1,445,000
Columbia River main stem 

Columbia River at Grand Coulee Dam, Wash. ....... a/79,440,000
Snake River main stem 

Snake River at King Hill, Idaho .................... a/4,446,000
Boise River basin 

Boise River at Notus, Idaho ....................... a/1,198,000
Columbia River main stem 

Columbia River at Maryhill Ferry nr. Rufus, Oreg. a/137,700 000
Willamette River basin

Willamette River at Salem, Oreg. .................. a/9,719,000

2.28
4.45
6.23

.33 

.99 

.79 

.92 

.90

.96

1.13

.61

.26

1.22
2.31
1.43
.43

2.38

.12

.21 

.14

a/For period of sampling only. See individual station records and footnotes for additional 
description of discharge data used in computations of weighted averages.
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3 ranges for each of 5 classes. In addition he retained limits 
for chloride and sulfate.

Eaton (1942) suggested a classification consisting of three 
classes of sodium percentage, chloride, and sulfate. Plants were 
classified as sensitive or tolerant to boron. Total concentration 
was not included. Magistad and Chr 1stiansen( 1944) followed the 
pattern established earlier by Scofield, reducing the number of 
groupings for specific conductance, percent-sodium values, and 
boron to three classes each. Limits for chloride and sulfate were 
excluded.

Four years later, Wilcox (1948) established criteria follow­ 
ing the early Scofield criteria of five classes based on specific 
conductance, percent-sodium values, and 15 classes for boron. 
Like Magistad and Christiansen, however, he deleted chloride 
and sulfate. Wilcox concurrently prepared an empirical diagram 
for plotting and evaluating individual water analyses and this tech­ 
nique has had wide application for appraising water quality under 
average conditions.

Although the above classifications have relied principally on 
specific conductance as the criterion for total salt concentra­ 
tions, investigators generally place emphasis on the composition 
of the water, as indicated by the analysis of dissolved constit­ 
uents in equivalents per million. For example, Eaton (1950) 
discusses precipitation of calcium and magnesium carbonate and 
its effects on the sodium percentage in the soil solution. Eaton's 
suggestion of''residual sodium carbonate" in irrigation waters 
as related to the base exchange of the soil has assumed added 
importance in soil permeability studies.

Thorne and Thorne (1951) in developing a system for clas­ 
sifying Utah waters designated categories by a series of two num­ 
bers: 1A, IB, 1C, IE, to increasing concentrations of dissolved 
solids and the letters to increasing proportions of sodium in the 
water or to different sodium percentages. In the number clas­ 
sification, Class 1 water in which specific conductance ranges 
fromO to 750micromhos, can be used safely on all soils. Class 
5 waters, those having specific conductance greater than 5,000 
micromhos, are generally unsuitable and should be used for ir­ 
rigation only under special situations.

The United States Salinity Laboratory Staff (1954) recently 
released a classification that incorporates many of the desira­ 
ble features of the early classifications together with more re­ 
cent developments. Empirical equations are used in developing 
a diagram for the classification of irrigation waters. Although 
the classification embodies both research and fie Id observations, 
it is tentative and should be used for general guidance only.
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A. Salinity hazard.

Waters are divided into four classes: low salinity, me­ 
dium salinity, high salinity, and very high salinity, the dividing 
points between classes being 250, 750, and2,250 micromhos per 
centimeter. They range from water that can be used'for irriga­ 
tion of most crops on most soils to that which is not suitable for 
irrigation under ordinary conditions.

B. Sodium hazard.

The Salinity Laboratory introduces the term sodium-ad­ 
sorption ratio (SAR), which is the relative proportion of sodium 
to other cations in an irrigation water and is defined by the equa­ 
tion:

SAR= Na+
fCa++ + Mg++ 

2

where the concentration of the constituents is expressed in mil- 
liequivalents per liter (or equivalents per million for most irri­ 
gation waters). It is reported that the sodium-adsorption ratio 
is more significant for interpreting water quality than percent 
sodium because it relates more directly to the adsorption of so­ 
dium by the soil.

Waters are divided into four classes with respect to sodium 
hazard, the dividing points being at SAR values of 10, 18, and 26. 
They range from low-sodium water that can be used for irrigation 
on almost all soils to very high sodium water which is generally 
unsatisfactory for irrigation.

C. Boron hazard.

In assessing water quality on the basis of boron only, 
the classification uses the limits proposed by Scofield (1936). 
This grouping involves the ranges for sensitive, semitolerant, 
and tolerant crops, with respect to boron, for each of five classes.

D. Bicarbonate ion hazard.

The effect of bicarbonate ion concentration on water qual­ 
ity is expressed in terms of "residual sodium carbonate" (RSC) 
which is defined by the equation:

RSC= (HC03- + C03 =) - (Ca++ + Mg++)

In appraising quality of irrigation water with the above clas­ 
sification, the Salinity Laboratory Staff recommends that first
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consideration be given to salinity and alkali hazards, then to in­ 
dependent characteristics, boron or toxic elements, any one of 
which may change the quality rating. Other factors such as drain­ 
age and management practices likewise must be considered in the 
use of water having a given rating.
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