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QUALITY OF SURFACE AND GROUND WATERS, 

YAKIMA INDIAN RESERVATION, WASHINGTO 1773-7 4// 

By M. O. Fretwell 

ABSTRACT 

This report describes the quality of the surface and ground 

waters of the Yakima Indian Reservation in south-central Washington, 

during the period November 1973-October 1974. 

The average dissolved-solids concentrations ranged from 48 to 

116 mg/L(millicrams per liter) in the mountain streams, and from 

88 to 372 mg/Lin the lowland streams, drains, and canal. All 
(classifier,. as 0-60 mg/L hardness as CaCO3) 

the mountain streams contain soft wate4 and the lowland streams, 
(more than 180 mg/L hardness as CaCO3). 

drains, and canal contain soft to very hard water] The water is
if 

generally of suitable quality for irrigation, and neither salinity 

nor sodium hazards are a problem in waters from any of the streams 

studied. 

Most of the surface waters maintain adequate concentrations 

)f dissolved oxygen for healthy fish life, but Wanity Slough, 

41d Lake Drain, and Outlet Creek exhibit a potential for inade-



quate dissolved-oxygen concentrations during the warm summer 

months. 

At 13 of the 18 mountain stream sites and at all 11 of the 

lowland surface-water sites the total phosphorus concentrations 

were 0.0S mg/L or greater, indicating that phosphorus is not a 

limiting nutrient but is available in sufficient quantity to 

support abundant growth of aquatic vegetation, provided other 

nutrients and other physical factors are favorable. Water from 

all the mountain streams had average concentrations of less 

than the 0.3 mg/L nitrate (as N) generally considered necessary 

foT•excessive growth of aquatic vegetation. Eight of the lowland 
-- 7 

streams and drains had concentrations averaging more than 0.3 mg/L; 

irrigation return-flow waters are a significant portion of all 

these waters. 

All the mountain streams studied, except Logy Creek and 

South Fork Simcoe Creek, were bacteriologically suitable for 

irrigation, recreational use and for raw source water for 

treated drinking-water supplies. Analyses of/ lowland streams, 

drains, and canal a T indicated their potential for exceeding , 

the.criteria,for either primary or secondary recreation use, and 

i)/(9ce..5 
in some n.snccs even for irrigation use.i 

The specific conductance of water from the major aquifers 

ranged from 20 to nearly 1,500 micronhos. Ground water was most 



dilute in mineral content in the Klickitat River basin and most 

concentrated in part of the Satus Creek basin. The ground water 

in the Satus Creek basin with the most concentrated mineral content 

also contained the highest percentage composition of sulfate, 

chloride, and nitrate. For drinking water, the nitrate-nitrogen concentrations 

exceeded the U.S. Public Health Service's recommended limit 

of 10 mg/Lover an area of several square miles, 

with a maximum observed concentration of 170 mg/1_, 

Hardness concentrations of the ground waters from the major 

aquifers ranged from 8 to 480 mg/I_J(as CaCO3). The ground water in the 

Klickitat River basin 1,as nostlY soft, and in the other three 

basins it ranged from soft to very hard. ,lost of the ground 

water is suitable for irrigation; it is low in sodium hazard and 

low to medium in salinity hazard. 

All the major aquifers yield water whose average iron 

concentration is less than the recommended limit for drinking 

water, but at some locations the concentrations equal or exceed 

recommended limits. Average manganese concentrations are less 

than recommended limits for drinking water in all the major 

aquifers in the Klickitat River basin, but they exceed 

recormended limits in all the major aquifers in the Toppenish 

Creek basin and in the waters of one or more major aquifer in 

each of the other basins. 



Most wells and"springs were free from bacterial contamination, 

but eight springs and three wells had one or more fecal-coliform 

colonies per 100 milliliters of water. The presence of bacteria 

is considered to be highly localized. 



INTRODUCTION 

Purjose and Scope of the Study 

This report describes the results of a study of the quality 

of surface and ground waters of the Yakima Indian Reservation. 

The study was made in cooperation with the Yakima Tribal Council to provide 

general water-quality information and to aid the council in 

water-resources management. The specific objectives of the study are 

to (1) evaluate the surface- and ground-water quality throughout the 

reservation, (2) determine the nature of existing or potential 

water-quality problems, and (3) define the water quality in terms 

of suitability for various uses. To the extent possible the data collected on 

surface-water quality for, other objectives divElf, related to the suitability of the 

water for fish habitat. 



Sequence of Discussion 

To facilitate the Yakima Tribe's use of this report in future planning 

and management, it is divided into three parts. Part I summari:es the quality 

of surface and ground waters reservationwide. Parts II and III, by design, 

repeat much of the information in Part I, hut on a basin-by-basin basis for 

more specific discussion of each basin; this allows greater usefulness of the 

report for future planning and management. Part II discusses surface-

water quality by individual streams, including one canal and four drains, 

and Part III discusses ground-water quality for each water-yielding unit. 

The report contain a.,numb.er—of tabulations of data collected during 

the study, along with au' dpOe -4=a that discusses the general significance 

of various water-q=i-ity para' et.ers=and criteria. 



Data Collection 

Surface-Water Sampling 

This study was of 1-year duration during the period November 

1973-October 1974. Of the 29 sampling sites in the surface-water 

quality network (pl. 1, in pocl:et), 18 were on mountain streams 

(3 intermittent), 6 were on lowland streams, 4 on drains, and 

1 on a canal. The sites were selected as representative of anticipated 

water-quality extremes, summations of subbasins, and major 

points of use. The mountain streams are in forest 

or rangeland where the influence of man's activities is low, 

and restricted mostly to cattle grazing, logging and a few 

dwellings or small farms. The lowland streams, drains, and one 

canal (hereafter all referred to as lowland streams) are located 

in farmland and all receive part of their flow from irriga-

tion return waters. 

Table 1 lists the sampling frequencies and the physical, 

Chemical, and biological parameters analyzed for each surface-

water sampling site. 



Ground-1\ater Sampling 

Cround-water quality was analyzed relative to the water's 

occurrence areallv--within the four major drainage basins--and 

its occurrence within the principal aquifers. Samples were 

collected from about 480 wells and sprinc,s throughout the reserva-

tion. Each sample was analv:ed for specific conductance, 

nitrite-plus-nitrate concentrations, and fecal-colifoim bacteria. 

On the basis of these preliminary analyses, about one-sixth of 

the samples received a more complete additional analysis for the 

following constituents and characteristics: 

Calcium Chloride 

Magnesium Fluoride 

Sodium Iron 

Potassium Manganese 

Bicarbonate-plus-carbonate Color 

Sulfate 

Plate 1 shows the locations of about 100 wells for which the 

more complete analyses are available, and indicates the aquifers 

tapped by the wells. 



Previous Investications 

Other investigators have studied the geology and water 

resources of the reservation, but little emphasis has been placed 

on the study of water quality. Early investigations of the 

geologic features include a reconnaissance of central Washington 

by Russell (1893, 1897) and more detailed studies of a part of 

Yakima County (Smith, 1901), the Ellensburg quadrangle (Smith, 

1903), most of the Columbia River Basalt Group (Newcomb, 1970), and 

the Simcoe Mountain area (Sheppard, 1960). A geologic and 

water-resources reconnaissance by Waring (1913) included much of 

the Ahtanum, Toppenish, and Satus Creek basins, and Foxworthy 

(1962) described the c',eology and ground-water resources of the 

Ahtanum Valley and included information on the ground-water 

quality. More recent studies of the geology and water resources 

of parts of the reservation include those of the Toppenish Creek 

basin by the U.S. Geological Survey (1975) and Gregg and Laird 

(1975), the upper Klickitat River basin by Cline (1976), and the 

Satus Creek basin by Mundorff, Mac Nish, and Cline (1977) and 

Molenaar (1977). 

Several water-quality studies have been made in the Yakima 

River basin. Sylvester and others (1951) studied water pollution 

in the basin, Sylvester and Seabloom (1967) studied water-quality 

cbanges attributable to irrigation return flows. Boucher (1975) 

studied sediment yields in the reservation. Nelson and Weaver 



(1971) reported on the salt balance within the Wapato Irrigation 

District in the reservation during 1970-71, and compared it with 

the salt balance during 1941-42, which was reported by Scofield 

L1.11, 1942). 

The U.S. Bureau of Reclamation has water-quality records 

on file in Boise, Idaho, For the Yakima River and for several of 

the canals and drains in the bapato Irrigation District. The 

U.S. Geological Survey has water-quality records on file in 

Tacoma, Wash., for miscellaneous surface-water-quality sampling 

sites in the reservation, and also has published data (U.S. Geolog-

ical Survey, 1965-75) from a few sites on the Yakima River. 
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Well-Numbering Svstem 

Wells discussed in this report have been assigned numbers 

identifying them by location, within a section, township, and 

range. 

For example, in the symbol 9/13-2C1, the part preceding the 

hyphen indicates successively the township and range (T. P N., 

R. 13 E.) north and east of the Willamette base line and meridian. 

Because the study area lies entirely north and east of the base 

line and meridian, the letters indicating the directions north 

and east are omitted. The first number following the hyphen 

indicates the section (sec. 2), and the letter "C" gives the 

40-acre subdivision of the section, as sho►,-n in the figure below. 

The numeral "1" indicates that this well is the first one 

inventoried within the subdivision. 



For brevity on the maps, only the latter part, 2C1, is used 

to identify the well, the township and range being obvious from 

the location on the map. The computer-qenerated tabular data 

for this well is listed as 09/13-02C01. 



 

Description of the Area 

Location and Extent 

The Yakima Indian Reservation covers about 2,100 mil 

in south-central Washington (p1. 1). The reservation is hounded 

on the west by the crest of the Cascade Range, on the east by the Yakima 

River, on the south by the crest of Simcoe Nountains and Horse 

Heaven Hills, and on the north by Klickton Divide, Darling 

7\buritain, and the South Fork and main stem of Ahtanum Creek. 



Principal Drainage Basins 

The reservation is drained by four major streams. The 

eastern two-thirds of the reservation is drained to the Yakima 

River by the generally east-flowing Ahtanum, Toppenish, and Satus 

Creeks. The western one-third of the reservation is drained to the 

Columbia River by the south-flowing upper Klickitat River. 

Ahtanum Creek basin.--About 45 mil of the Ahtanum Creek basin 

lies within the reservation, and all this area is on the south 

sides of the main stem and South Fork of Ahtanum Creek (p1. 1). 

The South Fork lies in a steep-walled canyon between Sedge Ridge on the 

north and Ahtanum Ridge on the south. The creek descends from 

an altitude of nearly 6,000 feet to about 2,100 feet in the 

13 miles of its length. The South Fork basin is predominantly 

forest land in the upper 11 miles and rangeland below. The North 

Fork (outside the reservation) merges with the South Fork near 

the town of Tampico, to form Ahtanum Creek. Ahtanum Creek then 

flows along the northern base of Ahtanum Ridge throughout most 

of its 24 miles, descending another 1,150 feet to its mouth at 

the Yakima River, near the town of Union Cap. The main stem of 

Ahtanum Creek lies predominantly in fandand, with rangeland in the 

higher elevations. However, only about 12 mil of the farmland lies 

within the reservation. 

Toppenish Creek basin.--The Toppenish Creek basin;z-----at 



an altitude of about 5,000 feet in the high western plateaus, 

which also form the eastern divide of the Klickitat River basin. 

Toppenish Ridge forms the southern divide and Ahtanum Ridge forms 

the northern divide. From the high plateaus, the basin descends 

eastward. The upper slopes are predominantly forested with 

conifers with semiarid rangeland immediately below. Below an 

altitude of about 1,000 feet, the irrigated farmland begins, 

sloping gently eastward to the Yakima River. 

The Toppenish Creek basin is by far the most populated, 

industrially developed, and agriculturally productive basin 

in the reservation. The basin covers about 627 mi2 (401,000 acres) 

of which irrigated agricultural lands comprise about 130,000 acres, 

and forest land another 101,000 acres. Most of the remainder is 

rangeland. 

Six towns located within the basin include Toppenish 

(pop. 5,850), Wapato (pop. 3,015), Harrah (pop. 336), White Swan 

(pap. 397), Parker (pop. 150), and Brownstown (pap. 112). The 

population figures are based on 1974 U.S. Post Office estimates. 

Satus Creek basin.--The 618 mi2 Satus Creek basin is bounded on 

the west by the upper Klickitat River basin, on the north by Toppenish 

Ridge, on the south by the Simcoe Mountains and Horse Heaven Hills, 

and on the east by the Yakima River, to which it drains. Included in the 

study of the Satus Creek basin is an area of 92 mi2 to the east, which 



 

is drained to the Yakima River lowland by several unnamed intelmittent 

streams. 

Forest land in the Satus Creek basin extends down to an 

altitude of 2,500-3,000 feet, below which is semiarid rangeland. 

Faimland begins at an altitude of about 900 feet and continues 

eastward to the Yakima River. Satus is the only town in the 

basin, with a population of about 50 in 1974. Other habitation 

is sparse. 

Upper Klickitat River basin.--The upper, northern part of the 

Klickitat River basin is in the reservation and covers 749 mi2. 

For this report, any reference to the basin implies only that 

part within the reservation. The Klickitat River rises on the 

southwestern flank of Gilbert Peak in the Goat Rocks and flows 

generally southward on the eastern flank of the Cascade Range. 

The river drops about 3,500 feet in about 55 miles within the 

reservation. The basin is predominantly forest land characterized 

by plateaus and steep to precipitous canyons. Although 

12,276-foot Mount Adams, a glacier-mantled volcano, visually 

dominates the landscape, about 85 percent of the basin lies 

below the 5,000-foot altitude. Virtually all the farmland in the 

upper Klickitat River basin (about 5,600 irrigated acres) is 

in the Camas Prairie-Glenwood area in the southwestern part of 

the basin. This relatively flat land between 2,000 and 1,800 feet 

altitude covers about 50 mi2. The population of Glenwood and the 



immediate area was approximately 550 in Habitation 

elsewhere is sparse. 



Geology of the Reservation 

Structure and rock types 

All drainage basins in the Yakima Indian Reservation are underlain 

by bedrock composed of the Yakima Basalt of the Columbia River Basalt 

Group of Miocene age; the Yakima Basalt is herein referred to as the old 

basalt (relative to ('.uaternary age andesite and basaltic lavas in some 

of the higher western parts of the reservation). The Yakima Basalt layers 

have been folded to fonu the anticlinal ridges--Ahtanum and Toppenish Ridges 
1 ,3$1NS 

and Horse Heaven Hills--and the intervening synclinal of Ahtanum, 

Toppenish, and Satus Creeks and the upper Klickitat River that delineate the 

three major areas studied. Successively overlying the basalt in the lowlands 

of the Toppenish and Satus Creek basins, and in places interbedded with the 

upper basalt flows, are the consolidated deposits of the Ellensburg Formation 

and unconsolidated deposits of gravel, sand, silt, and clay. The lake-deposited 

silt and clay were named the Touchet Beds by Flint (1938). Overlying the basalt 

in the Klickitat River basin and western upland of the Satus Creek basin are 

the younger andesitic and basaltic lavas of Quaternary age referred to herein 

as the young basalt; these are related in age to the volcanic extrusions 

iountAI)Pim-s, a glacier-mantled strato-volcano risingthat formed 12,276-foot , 

along the Cascade Range crest on the western margin of the reservation. 

The oldest rocks in the reservation are andesitic lavas of Eocene-Oligocene 

age found only in the headwater parts of the Klickitat River basin. 

Ahtanum Creek basin.--The old basalt underlying the main-stem 



part of the Ahtarnm Creek basin is overlain successively by 

the Ellensburg Formation, cemented gravel and unconsolidated 

alluvium of gravel, sand, and clay. Near the mouth of the basin 

the Ellensburg Formation is more than 1,000 feet thick and is 

overlain by cemented gravel between 300 and 400 feet thick which 

is mantled by as much as 30 feet of alluvium. 

Toppenish Creek basin.--High plateaus of the young basalt, overlying the 

old basalt (Yakima Basalt) form the western upland of the Toppenish Creek 

basin. Alluvial sand and gravel with interbeds of lake-deposited silt and clay 

fill the flat-lying lowland o-r the oval-shaped basin to depths of 

more than 1,000 feet. These unconsolidated valley-fill 

materials consist of gravels derived from the old and young 

basal is and the Ellensburg Formation, and of younger materials 

deposited by the glacial melt waters of the ancestral Yakima 

River during a time of alpine glaciation in the Cascade Range. 

Satus Creek basin.--The young basalt occurs extensively 

in the western, higher parts of the Satus Creek basin. The 

lower slopes are formed of the old basalt which in the lowland 

is overlain by old alluvium consisting of local basaltic 

materials and Ellensburg Formation. Along the southeastern edge 

of the valley flat, and abutting the base of the mountains, 

lake deposits of silt and clay, the Touchet Beds, overlie this 



alluvium to depths of more than 70 feet. Young alluvium 

deposited by the glacial melt waters of the Yakima River are 

prevalent nearer the Yakima River. 

Upper Klickitat River basin.--The old basalt underlying the 

Klickitat River basin is overlain mostly by the young basalt 

extruded from the Simcoe Mountains, King Mountain, and Yount 

Adams. Some areas of old basalt are still exposed, particularly 

near Camas Prairie and from the headwaters of Diamond Fork Creek 

down the east side of the Klickitat River to a few miles below 

the mouth of Big Muddy Creek. The young basalt includes 

predominantly basalt, andesite and pumice. In the headwaters 

of the basin lava flows (mostly andesitic) even older than the 

old basalt extend down almost to the junction of the Klickitat 

River and Diamond Fork Creek. 

In the Camas Prairie area of the basin alluvium and 

lake-deposited sand and silt overlie the young basalt. 



Major water-yielding materials 

The divides of the major stream basins are also the 

ground-water divides. Within the basins ground water occurs 

in significant quantities in three major geologic units--the 

basalt (including both the old and young basalt), the old valley fill, and 

therung valley fill. The basalt is capable of yielding large quantities of 

water in many areas. In the lowlands of theAhtanum, Toppenish, and Satus 

jePcs fr 
Creek basins unconsolidated valley fill overlying the basalt include what 

are referred to in this report as the old valley fill and the young valley 

fill; both yield water to wells. The young valley fill was deposited 

primarily by melt-water streams from alpine glaciers of Quaternary age, but 

locally includes some interbedded lake deposits. Although the basalt contains 

the only significant aquifers in the Klickitat River basin, some water is 

obtained from alluvium underlying the Camas Prairic-Clenwood area, the only 

populated and agriculturally developed area in the basin. 



Climate 

The Yakima Indian Reservation has a continental climate, 

ranging from subhumid in the forested uplands to arid in the 

lowlands of the Toppenish and Satus Creek basins. Climate 

progressively becomes cooler and wetter with increasing altitude. 

The upper slopes and summit of Mount Adams are covered by 

Precipitation exceeds 100 inches annually along much of the 

summit of the Cascade Range and rapidly decreases eastward 

with the decreasing altitude and increasing distance from the 

range crest (U.S. Weather Bureau, 1965). At the Klickitat 

River-Toppenish Creek divide, precipitation is about 35 to 

50 inches annually, and at the Klickitat River-Satus Creek 

divide, it is about 25 to 35 inches annually. Precipitation 

continues to decrease easterly across the reservation tc about 

7 to 8 inches annually near the Yakima River. 

Mean annual precipitation (U.S. Weather Bureau, 1950-72) 

at various localities on or near the reservation is approximately as follows: 



Mean annual 
Location precipitation 

-(inches) 

47 
(at Trout Lake) 

Glenwood 34 
Signal Peak 32 
Bickleton 14 
White Swan 8 
Wapato 7 
Yakima 8 
Prosser 8 

Mount Adams Ranger Station---



FART I. SUMMARY OF WATER QIIALYIY 

Surface-Water Quality 

Percentage of Ion Composition 

In streams of such extreme differences--from mountain 

streams to lowland drains--there is a remarkable similarity 

in the percentage composition of common ions. Figure 1 

e,f illustrates that most of the waters studied differ from the
j 

overall average by less than 10-percent milliequivalence. 

The two exceptions are Big Muddy Creek and South Drain, which 

have sulfate percentages three to five times the average. The 

lowland streams generally have lower percentageBof bicarbonate 

and higher percentages of sodium and sulfate than do the 

mountain streams. 



Dissolved Solids 

Although the percentage composition of constituents in the 

on the reservation 
water is similar, there is a large difference in dissolved-solids 

concentrations, as shown in plate 2 (in pocket). The average 

dissolved-solids concentrations ranged from 48 to 116 mg/L 

(milligrams per liter) in the mountain streams and from 88 to 

372 mg/Lin lowland streams, erains, and canal. Incoming 

irrigation waters in the Ahtanum, Toppenish, and Satus Creek 

basins averaged between 76 and 112 mg/L in dissolved solids, 

hut irrigation return flows averaged between 136 and 372 mg/14. 

The dissolved-solids concentrations in the Yakima River 

increased from an average of about 100 mg/Lat Parker to 

about 160 mg/Lat ahton. A large Dart of this increase is 

attributable to inflow from the reservation, hut the Sulphur 

Creek Wasteway on the east side of the river is also a 

large contributor. 

Figure 2 illustrates that for 23 sites there is a relatively 

constant relationship between specific conductance and dissolved 

solids. Therefore, from a specific-conductance measurement at 

any of these sites, a fairly accurate estimate of dissolved 

solids can be made. For example, Ahtanum Creek (site 3) had a 
. - -

specific conductance of 218 micromhos/on February 4, 1974. 

The estimated dissolved-solids concentration from the graph 

(fig.2) is about 150 mg/1.4). which compares favorably with the actual 



measured value of 140 mg/L, On August 6, 1974, the specific 

conductance was 388 micromhos, and the estimated and measured 

values for dissolved solids were both 255 mg/L, 



Silica 

In the mountain streams, silica averaged 42 percent of the 

dissolved solids, but in the lowland streams silica averaged 

only lS percent of the dissolved solids. The 

mountain streams are in intimate contact with the decomposed 

surface of the basalt rock; these surficial materials may 

contain significant amounts of volcanic ash, which is 

capable of producing high silica concentrations in 

water. As the water is diverted and used to irrigate fields it 

comes into contact with soils having more soluble calcium, 

magnesium, and sodium than silica. The net effect is a 

reduction in the percentage of silica in the water. Figure 3
7----__ 

shows the relationship between specific conductance and silica 

at the 23 sites studied. The Cashed line indicates streams 

that are predominantly in mountainous areas underlain by basalt, 

and the remaining points indicate lowland streams in areas 

underlain predominantly by alluvial deposits and soils. 



Common Ions 

The specific conductance may be used for a good estimate 

— of common-ion concentrations. Figures 4 through 9 illustrate 

the relationships between specific conductance and various 

comon ions. 

The relationships of the common ions to specific conductance 

were sufficiently good to develop a general equation which 

expresses the concentration of any of the coLdnon ions, except 

nitrate, as a function of specific conductance. The equation 

is 

mg/L of an ion = specific conductance x equivalent 

weight of the ion x average ion 

percentage for the particular 

-4 
stream type x 10 . 

The equivalent weights necessary for the calculations are 

as follows: 

Calcium (Ca)--- 20 Bicarbonate (HCO
3
)--- 61 

Magnesium (Mg)- 12 Sulfate (SO4) 48 

Sodium (Na)---- 23 Chloride (C1) 35.5 

Potassium (K)-- 39 



 

 

 

 

 

 

 

The average common-ion percentage for the streams studied 

are listed below: 
, 

a 
16 mountain 11 lowland 

1Hi-1-1-iieutvutntre streams streams 

- 7 • . 

Calcium (Ca) 42 41 

Magnesium (Mg) 34 30 

Sodium (Na) 20 26 

Potassium (K) 4 3 

Bicarbonate (HCO3)-- b93 83 

c
Sulfate (SO4) 4 8 

Chloride (C1) 3 6 

samples from 
aCommon- ion analyses were not/pexiorme(sites 5 and 6. 

bAverage for 14 streams--site 22 and 23 not included. 

cAverage for 9 streams--sites 13 and 20 not included. 



 

 

 

 

 

 

 

To calculate the calcium concentration in water of a 

lowland stream having a specific conductance of 200 micromhos, 

the equation becomes: 

-4
200x201:41x10 = 16 mg/L calcium. 

Following is a list of calculated and measured values for a 

sample collected from Marion Drain on March 6, 1974. The 

specific conductance was 390 micromhos per centimeter at 25'C. 

Ion concentration, in 
milligrams per liter 

Calculated Measured 

Calcium (Ca) 32 35 

Magnesium (Mg) 14 14 

Sodium (Na) 23 22 

Potassium (K) 4.6 4.0 

Bicarbonate (HCO3) 197 187 

15 17Sulfate (SO4) 

8.2 7.4Chloride (Cl) 



A few individual constituents are erratic in certain 

streams, such as sulfate in the upper Klickitat River and in 

Big Muddy Creek, and potassium in Ahtanum Creek. In addition, 

several calculations are unreliable for Mud Lake Drain, which 

has erratic concentrations of sodium, potassium, and sulfate, 

and for South Drain which has erratic concentrations of sodium, 

sulfate, and chloride. Nitrate concentrations show little 

relationship to specific conductance. 

The table below summarizes the ranges of average common-ion 

concentrations for two groups of streams. As can be seen, the 

maximum comon-ion concentrations for lowland streams are from 

two to more than eight times as much as those for mountain 

streams. 



 

 

 

 

 

 

 

Lowland 
Constituent Mountain stream:. 

stream 

Range in concentration
(mq/L) 

Calcium (Ca) 4.1-12 11-44 

Magnesium ('gig) 1.8-6.4 4.5-19 

Sodium (Na) 2.6-6.4 5.9-52 

Potassium (K) 0.7-3.1 1.5-6.2 

Bicarbonate 22-79 72-275 

Sulfate (SO4) 1.0-7.2 4.7-58 

Chloride (C1) 0.6-2.0 2.9-17 



 

Hardness e---11;51.t- -

All the mountain streams had soft water, and the lowland . 

streams, drains, and canal had water that ranged from soft to 
(For hardness classification see p. 202.) 

very hard., Average hardness concentrations ranged from 18 to 

56 mg/L (as CaCO3) in the mountain streams and between 47 and 190 mg/1 

the lowland streams, drains, and canal. 

A close relationship exists between specific conductance and 

hardness, as illustrated in figure 10. 



Suitability of Water for Irrigation 

Ji-tr2Pendiac=1-(diagram, 

The mountain streams all had Cl-S1 water,(, and the SAR 

(sodium adsorption ratio) did not exceed 0.6 for any sample, 

indicating negligible sodium hazard. The lowland streams had 

Cl-S1 to C2-S1 waters, and the SAR did not exceed 2.3, indicating 

that sodium hazard is nct a problem in waters of any of the 

streams studied on the reservation. 



 ,

Terriperature 

Because of the many factors influencing temperature, more 

data are necessary than allowed by the scope and duration of this 

study to iiet,-tec delineate stream-temperature characteristics/ f-u.f-o4)--, 

However, it is possible to make some generalization from the data 

available. Observed minimum and maximum stream temperatures 

ranged from 0° tc 25.9°C in the lowland streams, drains, and canal, 

and from 0.3° to 20.8°C in the mountain streams. Average annual 

temperatures also are lower in the mountain streams than in the 

lowland streams, but the seasonal amplitude of variation is 

greater in lowland streams. Observed summertime diel temperature 

variations (temperature variations within 24-hr period)ranged from a minimum 

of 1.0°C to a maximum of 8.9°C. Diel temperature variations averaged about 

the same for mountain and lowland streams in June, and slightly higher for 

the mountain streams in August. The greater diel variations in temperatures 

of mountain streams is probably due to the wider range of diel air 

temperatures in the mountains then in the lowlands. 

A few of the streams in the reservation have received a more thorough 

temperature analysis by Collings and Higgins (1973). 



Turbidity-

Average turbidities ranged from 2 to 38 JIU (Jackson Turbidity 

Units), with a mean of 6 JTU for the mountain streams and 15 JTU 

for the lowland streams, drains, and canal. The maximum observed 

turbidity was 100 JTU in Mud Lake Drain on June 12, 1974. 

T6a6se is well below a harmful level for fish life, but in the higher 

range may decrease biological productivity by reducing the light necessary 

for photosynthesis. 



Color 

Average color values ranged from 4 to 43 units. Mountain 

streams averaged 14 units and lowland streams, drains, and canal 

averaged 23 units. The maximum color value observed was 130 units 

in Toppenish Creel:, on November 11, 1973. Color in the higher range 

may decrease biological productivity by reducing the light necessary for 

photosynthesis. 



Dissolved Oxygen 

During the June diel (24-hour) study, minimum DO (dissolved oxygen) 

concentrations in eight mountain streams (excluding Outlet Creek) 

ranged from 9.2 to 10.6 mg/14 During the August diel study at 

the same sites minimum concentrations ranged from 6.8 to 10.0 mg/L. 

Percentage DO saturation averaged between 95 and 100 percent for 

both studies. In general, these data indicate that mountain 

streams (excluding Outlet Creek) are of excellent quality with 

respect to the DO necessary for the support of aquatic life. 

During the June diel study, the lowland streams, drains, and 

canal had minimum DO concentrations ranging from 5.9 to 10.4 mg/1, 

During the August diel study of the same waters, minimum DO con-

centrations ranged from 5.6 to 8.2 mg/L. The range in average DO 

saturation was from about 73 percent to 95 percent. 

All the streams averaged more than 85-percent DO saturation, 

except at the sites on vanity Slough, Mud Lake Drain, and Outlet 

Creek, which had the lowest minimum DO concentrations--5.6, 6.0, 

and 5.9 mg/L, respectively. At these three sites a distinct 

potential exists for DO concentration decreasing to 5 mg/L or less, 

the recommendd:mrimumlefor a well-rounded warm-water fish 

population)(Aquatic Life Advisory Conunittee of 
• 

;Ohio River Valley Sanitation Commission, 1955) such as is found in many 

of the lowland streams. This could occur in various ways, 



such as additional decaying organic matter, 

which would reduce the average percentage DO saturation, or else 

increased nutrient concentations could stimulate biologic 

productivity and increase the amplitude of the diel variation, 

causing nighttime concentrations to decrease to less than 5 mg/L4 

Other factors, such as extended periods of high temperatures, or 

lower flows, also could produce DO minimums less than 5 mg/ L, under 

the same chemical-quality conditions as present during the August study. 

As shown by the June diel curves for Wanity Slough, Mud Lake 

Drain, and Outlet Creeks (figs. 16,17,20) percentage DO saturation 

began to rise before sunrise. This rise cannot be due to 

photosynthetic activity. This same peculiarity has been observed 

before by others in different studies. Gunnerson (1964) discusseA 

it in some detail, and conclud4 that the most probable explanation 

is that the water temperature drops to some critical level where 

respiration slows down very markedly and the gradual rise in 

percentage DO saturation thereafter is due to natural stream 

reaeration. 



Chlorophyll a 

Chlorophyll a concentrations in the suspended material in 

the stream were determined at the same frequency as the other 

constituents. However, from the data collected it is evident 

that this approach is not entirely suitable for streams. In 

lakes, chlorophyll a concentrations in the suspended material 

has historically proven to be a usable index of lake produc-

tivity. However, streams are subject to scouring which results 

in increased chlorophyll a in suspension, both from non-aquatic 

plants and from dislodged aquatic plants. The increase in 

chlorophyll a concentrations from these sources makes inter-

pretation of the data extremely difficult. Fortunately, the 

most important part of the data is salvagable. Low flows 

generally occur in late summer and correspond with maximum water 

temperatures and maximum sunlight which produce maximum 

photosynthesis. During low-flow periods, scouring is at a 

minimum, and chlorophyll a concentrations should be a valid 

index of productivity. Single samples collected at each 

site in late August or early September are the basis of the 

following discussion. 

Chlorophyll a concentrations, and by implication, stream 

biologic productivities, are related to nitrate concentrations. 

The mountain streams had nitrate (as N) concentrations ranging 

from 0.01 to 0.04 mgaat the time of late-summer chlorophyll a 



sampling. Only two of these streams (upper Satus Creek and Outlet 

Creek) contained chlorophyll a concentrations greater than 1.0 mg/L. 

These two exceptions are probably caused by higher effective 

nitrate concentrations than measured at the time of the chlorophyll a 

sampling. The concentration of nitrate (as N) in upper Satus Creek 

was 0.01 mg/L when the chlorophyll a sample was taken, but the mean for 

the year was 0.25 mg/1,, and the maximum observed value was 0.93 mg/L. 

These are the highest mean and maximum values observed for any of 

the mountain streams, and probably reflect a higher effective nitrate 

concentration than indicated by the 0.01 mg/Lof nitrate at the time 

of the chlorophyll a sampling. Outlet Creek had a low late-summer 

nitrate (as N) concentration of 0.04 mg/h, which probably is the 

result of nitrate depletion caused by the production of algae 

and other submerged plantlife in Conboy Lake and the millpond. 

Enough free-floating algae,is. carried out of the lake and millpond
/, 

to cause the stream to exhibit a higher chlorophyll a concentration 

than the nitrate concentration in the stream would seem to warrant, 

when compared with other similar streams in the reservation. 

Chlorophyll a concentrations in the lowland streams and, 

canal were 1.8 mg/lior greater; this corresponds with 

higher nitrate concentrations in the lowland waters than in the 

mountain streams. 



Total Phosphorus 

The mean total-phosphorus (as P) concentration cf the 

mountain streams was 0.06 mg/L; the individual stream 

averages ranged from 0.02 to 0.09 mg/L. For the lowland 

streams, drains, and canal, the mean was 0.16 mg/L and the 

individual stream averages ranged from 0.09 to 0.30 mg/1G 

A total-phosphorus concentration of 0.0S mg/L is generally 

considered to be sufficient to support abundant growth of algae and other 

aquatic vegetation, provided other nutrients and other physical 

factors are favorable. 



Nitrogen 

Of all the chemical constituents, nitrate exhibited the largest difference 

between mountain streams and lowland streams. Mean nitrate (as N) concentra-

tions in mountain streams ranged from 0.01 to 0.25 mg/Land 

averaged 0.06 mg/L, and in lowland streams ranged from 

0.20 to 1.8 mg/L and averaged 0.77 mg/L. 

Only one mountain-stream sample exceeded the 0.3 mg/I:nitrate (as N) 

concentration generally considered necessary for excessive algal growth. 

This sample from site 16 on upper Satus Creek, had a concentration of 

0.93 mg/lion February 5, 1974. The source of the excess nitrate 

is not known. 

Most total-nitrogen (as N) concentrations in the mountain 

streams were less than 0.6 mg/L, the concentration at which 

excessive algal growth may occur, even if nitrate concentrations 

are less than 0.3 mg/14 The exceptions were South Fork Simcoe 

Creek, 0.68 mg/Lon May 8, 1974; upper Klickitat River, 2.0 mg/L 

on May 7, 1974; and lower Klickitat River, 1.0 mg/Lon May 8, 1974. 

May is a month of higher streamflow due to spring snowmelt, 

generally resulting in the highest suspended-sediment concentra-

tions. Undoubtedly, the high total-nitrogen concentrations in 

May were due mostly to the nitrogen-containing organic particles in 

suspension. Sediment samples from selected streams on the reservation 

collected by Boucher (1975) indicated that concentrations were higher at this 



time. On May 8, 1974, suspended-sediment concentrations in the South Fork 

Simcoe Creek were nearly three times that in the North Fork, and on May 7 

the upper Klickitat River had the highest suspended-sediment concentration of 

any of the streams sampled in the Klickitat Fiver basin. 

Even with low nitrate (less than 0.3 mg/L) and low 

total-nitrogen (less than 0.6 mg/L) concentrations, excessive 

algal growth could still occur in many of the mountain and 

lowland streams which have total-phosphorus concentrations greater 

than 0.05 mg/L. However, chlorophyll a data indicate that 

excessive algal growth was not occurring at the time of 

sampling in August and September. 



Organic Carbon 

Organic-carbon concentrations in the mountain streams 

ranged from 1.0 to 12 mg/L, and averaged 5.1 mg/L. Nelson and 

Lysuj (1968) examined streams in uninhabited forested watersheds 

of California and Oregon, and found similar values, which 

ranged from 3.7 to 7.7 mg/L. Ott, Barker, and Growtiz (1973) 

examined streams in the sparsely populated Conewago Lake drainage 

basin in Pennsylvania and found organic-carbon concentrations 

ranging from 4 to 12 mg/L. 

Organic-carbon concentrations in lowland streams ranged from 

2.9 to 17 mg/ 1, and averaged 7.2 mg/ L, a slightly higher average than in the 

mountain streams, probably due to agricultural influences. 



Pesticides 

Whole water samples--a mixture of water and suspended 

sediment- -were collected monthly during May through September 

at site 4 on the Main Canal to 

determine the presence of 14 varieties of pesticides (table 1). 

The only one noted was the herbicide 2,4-D found in a concentra-

tion of 0.07 ug/L (micrograms per liter) in the sample of 

May 9, 1974. In Washington this herbicide is used most heavily 

during the months of March and April, with most application 

being for grain crops. 



Trace Metals 

Because of the toxicity of the trace metals, a minimal 

assessment was considered advisable to determine their presence 

in the surface waters of the reservation. A single sampling 

at 21 surface-water sites was accomplished during a period of 

low streamflow when trace-metals concentrations from natural 

sources are generally highest. Table 2 lists the concentrations 
-

ofof copper, lead, mercury, and zinc found in the sample from 

each site. All but one of the concentrations found are quite 

normal for central Washington, according to sampling of other 

streams in central Washington by the U.S. Geological Survey 

(1965-75). The total mercury concentration found at site 4 on 

the Main Canal was 3.3,ug/1., considerably above normal concen-. 

trations for central Washington streams. The cause of the 

high concentration is not known, but trace-metals data collected 

from the Yakima River at Parker (site 5) during the 1973 water 

year (U.S. Geological Survey, 1974) indicate that the high 

concentration in the Main Canal is an anomaly and not representative 

of normal mercury concentrations in the canal. None of the 

waters sampled exceeded the approximate threshold concentrations 

for maintenance of healthy aquatic life or for irrigation 

/ 3
suitability. (SeedtplpimIchb p. .) 



Coliform Bacteria 

On the basis of the samples collected, all mountain 

streams studied except Logy Creek and South Fork Simcoe Creek 

were bacteriologically suitable for irrigation and recreational 

use and for raw-source water for treated drinking-water supplies. 

The lowland streams, drains, and canal all indicated the potential 

for exceeding the criteria for either primary or secondary 

recreation use, and in some instances even for irrigation. 

Table 3 lists the number of times a stream exceeded, or 

potentially could exceed, the various criteria. 



 

Temporal Variation in Surface-Water Quality 

In basins such as those in the Yakima Indian Reservation, 

where both ground and surface waters pass through the same 

soil and rock materials, the ground water will generally have 

a higher dissolved-solids concentration. This is in part because 

the ground water has been inLintimate contact with the rocks 

and soils, affording more opportunity for dissolution 

of the minerals. 

For natural streams whose flow is not controlled by man, 

there is generally a relationship between streamflow and 

variations in precipitation. Streamflow varies from 

predominantly overland runoff during periods of intense rainfall 

or snownelt to almost 100 percent ground water during extended 

periods of little or no precipitation. During periods of very 

high streamflow, a stream is rather uniformly dilute in 

chemical constituents throughout its length, whereas during 

extended periods of no precipitation or snowmelt, a stream 

reaches a low or base flow composed virtually of only 

ground-water contribution. This ground-water base flow 

increases the stream's dissolved-solids concentrations. 

For streams influenced by man, the high and low flows 

may no longer be controlled by precipitation or snowrnelt, but 

may be controlled according to water use. The dissolved-solids 



concentrations may be expected to vary according to the, combined 

influences of water use and precipitation. 

The general relationship of higher dissolved-solids concen-

trations during low flows and lower dissolved-solids concentrations 

at high flows is most apparent as a seasonal fluctuation. Attempts 

to refine the relationship to a relation of the dissolved-solids 

concentrations to daily or instantaneous streamflow values generally 

work with widely varying degrees of success, but in any case, such 

an attempt is beyond the scope of this study. A11 but six of the 

streams had the highest observed dissolved-solids concentrations 

during late summer and fall, which coincides with seasonal low 

streamflows. The same streams had the lowest observed disso/lved-

-
solids concentrations in the late spring or early summer,.due,to 

the rapid snowmelt at the higher elevations producing seasonal 

high flows. 

Although no samples were collected during the major floods 

of January 1974, the mountain streams probably were very 

dilute at that time, possibly more so than in the spring. 

The six streams whose variations in dissolved-solids 

concentrations are apparently not due to differences in seasonal 

precipitation are Wanity Slough, Marion Drain, Mud Lake Drain, 

lower Satus Creek, South Drain, and Outlet Creek. The varia-
L ( ,

, 1.ALW 
tians iwere=due- mainly-,-t-.e water-use patterns, except for Outlet 



Creek, which probably is more affected by Conboy Lake through 

which it flows. 



Ground-Water Quality 

Dissolved Solids 

As can be seen from the specific-conductance values, which 

in general are measures of dissolved-solids concentrations, 

the two major aquifers underlying the Klickitat River basin 

contain the most dilute ground water in the reservation. The 

basalt underlying the Ahtanum Creek basin contains the second 

most dilute ground water in the reservation. The greatest 

concentrations of dissolved solids are found in the water in 

the old valley fill in the Satus Creek basin. The specific 

conductance of waters from the major aquifers ranged from 20 to 
per centimeter at 25°C. 

nearly 1,500 microhmos/ However, water from three springs in 

:110 Klickitat River basin, and believed to originate in the 

deeper lava flows,/iia4ie-specific conductances of 

at least 1,500 m4croholes,„ with a maximum of 1,800 microhmos per
,) 

centimeter at 25°C. 



Silica 

The silica concentrations in 13 ground-water samples 

ranged from 32 to 68 mg/Land averaged 49 mg/ b. 

However, insufficient data are available to differentiate 

silica concentrations in ground water in the different basins, 

and the silica concentrations showed little correlation ter;.— 

specific-conductance values. 



 

 

 

 

Common ions 

Variability in percentage composition of 

most of the ground waters indicated there was poor relationship 

between specific conductance and the common-ion concentrations 

except in water from the old valley fill in the Ahtanum and Satus 

Creek basins. In these materials the waters were sufficiently 

similar in cation composition to establish a fair relationship 

between specific conductance and the cations. This relationship 

is expressed by the equation, 

mg/Lof a cation = specific conductance x equivalent 

weight of the cation x average 

-4cation percentage x 10 . 

Average cation percentages are as follows: 

Cpnstituent Ahtanum Creek Satus Creek 
Average cation percentage 

Calcium (Ca) 47 54 

Magnesium (Mg) 38 32 

Sodium (Na) 12.5 12.5 

Potassium (K) 2.5 1.5 



Of all the basins studied, ground water in the Klickitat 

River basin contained the lowest average concentrations of 

each of the common ions, whereas water from the old valley fill in 

the Satus Creek basin had the highest average concentrations of 

each of the connon ions, with the exception of bicarbonate and 

fluoride. Average bicarbonate concentrations are the highest 

in water from the young valley fill in the Toppenish Creek and 

Satus Creek basins. Average fluoride concentrations are 

highest in water from the basalt and old valley fill of these 

latter two basins. 

Sulfate, chloride and nitrate concentrations are considerably 

higher in the water from the old valley fill in the Satus Creek 
than in water found in the other basins. 

hasin/The basalt and young valley fill in the basin also show 
for the same ions. 

a localized increase above nomalA These local high concentra-

tions are all near an area underlain by the silt and clay of 

the Touchet Beds. These fine-grained deposits may have 

delayed irrigation-water seepage in this area, and flushing 

of the much older and more chemically concentrated ground water 

from the old valley fill may not have been as rapid as in areas of 

higher permeabilitci— 

In water from the old valley fill in the Satus Creek basin, 

concentrations of nitrate (as N) exceeded the maximum recommended 

limit of 10 mg,/1. for drinking water, as established by the 

USPUS (U.S. Public Health Service; 1962). (Hereinafter through-



out the report, any reference to drinking-water standards 

refers to the USPHS classification.) Figure 11 'Shows generally 

!The part of the Satus Creek basin where nitrate (as N) 

concentrations exceed 10 mg/L. 

Concentrations of nitrate also exceeded the maximum recommended 

limit for drinking water in a few other areas. Well 12/18-8K1, 

tapping the old valley fill in the Ahtannn Creek basin, had a 

concentration of 11 mg/1, Wells 11/16-22G1 and 

11/18-17D1, in the old valley fill in the Toppenish Creek basin, 

had water with concentrations of 20 and 15 mg/L, respectively. 

Basalt in the Satus Creek basin yielded water (well 8/22-3K1) 

containing 11 mg/L nitrate (as N); this is unusual for the basalt, 

and probably/ls.dwes localized entry of water from the old 

valley fill. 



 

Hardness c42.11nImI 

Hardness concentrations ranged from 8 to 480 mg/1.1(as CaCO3) in 

water from the major aquifers. The maximum concentration% 

observed was 670 mg/Lin water from a spring in the Klickitat 
• t 

River basin thought to originate in the deeper lava flows • C' 

However, most ground water in the Klickitat River basin 

is soft. The basalt in the other three basins, the old 

valley fill in the Toppenish Creek basin, and the young valley fill 

in the Ahtanum Creek basin yield water that is mostly moderately 

hard. The old valley fill in the Ahtanum Creek basin and the 

young valley fill in the Toppenish Creek basin both yield water that is 

mostly hard, and both the young and old valley fill in the Satus 

Creek basin yield water that is mostly very hard. 



Suitability for Irrigation 

Of the 104 samples with sufficient data to allow computation of the SAR, 

all but one contained waters of low sodium hazard and are classified as S1 

waters (see 7.411717,-.1, p. ), the one exception was water from a spring 

(11/13-4K1s) which contained 53 water (high sodium hazard). This spring 

is thought to originate in the deeper lava flows in the Klickitat River 

basin. 

The major aquifers in the Klickitat River basin yield water of Cl-S1 

classification. However, three springs (6/13-4H1s, 9/13-18P1s, and 11/12-24L1s) 

thought to originate in deeper lava flows have C3-S1 waters. 

Samples from 

/ahe remaining major aquifers sampled throughout the reservation yield 

Cl-S1 or C2-S1 waters, except for two wells in the Toppenish Creek basin 

and four in the Satus Creek basin that yield C3-S1 waters. 

From the foregoing, it can be stated that for irrigation 

the ground water in the reservation is of low sodium hazard 

and of low to medium salinity hazard. 



Iron and Manganese 

The average iron concentration in water from the major 

aquifers throughout the reservation does not exceed the. 

recommended limit for drinking water. However, two very high 

iron concentrations were observed in water from two springs 

believed to orginate in deeper lava flows in the Klickitat 

River basin--9/13-18Pls and 11/12-24Lls contained 19,000 and 

23,000 ug/14 respectively. All aquifers yield water locally 

that has iron or manganese concentrations that equal or exceed 

the recommended limits. Average manganese concentrations in 

water exceed' the recommended limit for drinking water in the 

(1) valley fill in all the basins, (2) young valley fill in the 

Toppenish Creek and Ahtanum Creek basins, and (3) basalt in 

the Toppenish Creek basin. 



Temperature 

Ground-water temperatpre generally tends to increase with 

increasing well depth to the temperature gradient within 

the earth. Average air temperatures affect ground-water 

temperature, particularly at shallower depths. At higher 

altitudes, where the average air temperature is lower, water 

from springs tends to be colder than at lower altitudes, other 

variables being the same. The lowest temperature observed 

(2.4°C) was at spring 12/13-27F1s, high on Darland Mbuntain. 

The highest water temperature observed (29.6°C) was at well 

12/18-27H1, whose bottom (in the old basalt) is at an altitude 

of 100 feet, 1,020 feet below land surface. 



Fecal-Coliform Bacteria 

Most of the well, and springtisampled for chemical quality 

also were analyzed for fecal-coliform bacteria. Water from only 

eight springs and three wells had one or more fecal colonies 

per 100 millilit*; and samples from adjacent wells did not 

indicate widespread contamination. The most likely source of 

bacteria in the wells is direct local contamination from 

coliform-bearing surface water running down along the inside 

or outside of the well casing. The areas near the springs with 

fecal-coliform bacteria are all frequented by cattle, which 

often walk directly through the spring water and are probably the 

direct source of contamination. 

Data Summary 

A summary of the ground-water quality data collected from 

the major aquifers and over the entire reservation is presented 

below: 
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PART II. SURFACE-WAlER QUALITY, BY BASIN 

Ahtanum Creek Basin 

Stream System 

The principal streams in the Ahtanum Creek basin include 

the two mountain streams, the North and South Forks Ahtanum 

Creek and the main stem Ahtanum Creek. The North and South 

Forks join near the town of Tampico and become Ahtanum Creek, 

which flows to the Yakima River. Ahtanum Creek water is used 

and reused for irrigation, and irrigation ditches interlace 

the valley. Much of the drainage water is returned to Ahtanum 

Creek. 



North and. South Forks Ahtanum Creek 

The North and South Forks Ahtanum Creek contain very 

similar waters. The dissolved-solids concentrations are low, 

averaging 76 and 82 mg/ L, respectively. These low concentra-

tions are due largely to the low solubility of the basalt 

across which they flow, and the slow weathering processes in 

the forest lands. 

Not only are the dissolved-solids concentrations very 

similar, but their percentage compositions, in terms of the 

common constituents, also are very similar, as illustrated in 

plate 2. The three predominant constituents in decreasing 

order of percentage composition are bicarbonate, silica, and 

calcium. These constituents are characteristic of all the 

mountain streams on the reservation and reflect the similarity 

of the basalt across which they flow. 

The two major concerns related to the common constituents 

are the hardness of water and the suitability of its use for 

irrigation. The water from both mountain streams is soft, and 

is of the Cl-S1 irrigation-water classification, indicating it 

is excellent for irrigation. 

Concentrations of fecal-coliform bacteria were quite 

different in the two mountain streams. The North Fork Ahtanum 



 

Creek averaged 18 col/100 ml, (colonies per 100 milliliters), 

which is slightly high for a mountain stream, but still 

indicates only slight contamination. The South Fork Ahtanum 

Creek, however, averaged 120 col/100 mli, which is abnormally 

high for a mountain stream. The higher concentrations are 

probably due to a greater number of range cattle, and to 

the few small farms along the South Fork Ahtanum Creek. The 

water from both streams, on the basis of the samples collected, 

appears to be bacteriologically suitable for primary recreation 

PaA-r-- 171use. (See Appeftd4.1./-4.) 

DO concentrations and stream temperatures were monitored for 

diel variations in early June and again in late August. The 

results are listed below: 
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The diel profiles, in percentage saturation, are illustrated 

in figure 12. Both in early June and in late August photo-

L/=,/ synthetic activity was minimal, and saturation remained near 

95 percent. The DO concentrations appear to remain adequate 

for healthy fish populations. 

Nitrate (as N) concentrations were low in the mountain 

streams averaging only 0.04 and 0.06 mg/1,, respectively, in 

the North and South Forks Ahtanum Creek. Such low concentra-

tions imply that the streams may not be very productive 

of aquatic vegetation or fish life--that is, growth rates are slow. The 
fishery 
fisisimg is predominantly for hatchery-reared fish. 

The following table summarizes the data collected at the 

North and South Forks Ahtanum Creek: 
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Ahtanum Creek 

Ahtanum Creek near its mouth had an average dissolved-solids 

concentration of 194 mg/L, nearly 21/2 times the averages of the 

North and South Forks Ahtanum Creek. This results from the 

water of Ahtanum Creek being used and reused for irrigation a 

number of times as it moves down the valley. In addition to 

irrigation return waters, ground water also enters the stream. 

The difference between the amount of natural increase in 

dissolved solids and that from irrigation has not been 

determined. 

The predominant constituents remain the same in Ahtanum 

Creek (p1. 2) as in the two mountain streams, but there 

is a marked increase in the percentages of sodium and sulfate. 

This increase is probably mostly because of irrigation use, although 

ground water entering the stream also may contribute to the increase. Silica 

also represents a smaller fraction of the predominant constituents 
on page .21. 

in Ahtanum Creek than in the two mountain streams for the reasons explainedA 

Ahtanum Creek waters average moderately hard. The irrigation 

classification averages C2-S1, still a good-quality irrigation 

water. 

Concentrations of fecal-coliform bacteria in Ahtanum Creek 

averaged 450 col/100 mL► This increase is predominantly 

—.704 



due to agricultural use, the feces of cattle, horses, and 

other farm animals being the probable major source. On 

the basis of available data, it appears that Ahtanum Creek may be 

bacteriologically unsuitable for primary recreation a large 

part of the time, and for secondary recreation and irrigation 

some of the time. (See table 2
A ) 

DO concentrations were monitored for diel variations in 

early June and in late August. The variations in DO concentra-

tions and stream temperatures are listed below: 
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In early June photosynthesis and respiration activity was 

minimal, and saturation remained near 90 percent. In late 

August the water fluctuated widely in percentage DO saturation, 

indicating pronounced photosynthesis and respiration activity, 

probably due to an increase in the quantity of attached algae 

and submerged aquatic plants during the summer months. The 

diel variations are illustrated in figure 13. Ahtanum Creek 

` also appears to maintain adequate DO for healthy fish popula-

tions. 

The nitrate (as N) concentrations in Ahtanum Creek averaged 

0.60 mg/ L, about a 10- to 15-fold increase over the average 

concentrations in the two mountain streams. Agricultural 

fertilizers and animal wastes are probably the major cause of 

the increase. Nitrate concentrations are more than sufficient 

for large growths of aquatic plants and algae. 

•The following table summarizes the data collected at Ahtanum 

Creek: 
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Toppenish Creek Basin _ 

Stream System 

The stream system within the Toppenish Creek basin is 

rather comnlex. In addition to the several natural streams, 

an extensive system of irrigation canals and drainage ditches 

interlaces the valley, and utilizes predominantly imported 

water from the Yakima River. The irrigation water enters the 

Toppenish Creek basin through the Main Canal, which diverts 

water from the Yakima River just south of the town of Union Gap. 

The water is distributed by arterial canals throughout much 

of the valley. In addition, waters from all of the perennial 

streams, North and South Forks Simcoe Creek, and upper 

Toppenish Creek, are used to irrigate upper valley lands and to 

supplement flow in the main arterial canals. 

WanitY Slough and Marion Drain receive ground water and 

irrigation return flows from farmland underlain predominantly 

the young valley fill. WanitY Slough flows into Marion Drain, 

which returns to the Yakima River, except for a part of the 

water which is diverted into the Satus Creek basin for irrigation. 

Mud Lake Drain and lower Toppenish Creek receive ground 

water and irrigation return flow from farmland underlain 

predominantly by the old valley fill. Mud Lake Drain flows into 

Toppenish Creek, which flows to the Yakima River. 



Mountain Streams and Main Canal 

The mountain streams and the Main Canal are discussed 

together because of their similarities in concentrations of 

dissolved solids and other constituents and their classification 

for irrigation water. Upper Toppenish Creek and the North 

and South Forks Simcoe Creek are the only perennial mountain 

streams in the Toppenish Creek basin. Dissolved-solids 

concentrations averaged 88, 112, and 102 mg/14 respectively. 

Single samples from Agency and Mill Creeks, two intermittent 

mountain streams, had dissolved-solids concentrations of 90 and 

116 mg/L, respectively. Dissolved-solids concentrations 

averaged 88 mg/L in the waters entering Toppenish Creek basin 

through the Main Canal, which is similar to the concentrations 

in the mountain streams. 

As with the mountain streams of the Ahtanum Creek basin, 

the mountain streams and the Main Canal in the Toppenish Creek 

basin are very similar in percentage compositions (pl. 2). 

The three predominant constituents in decreasing order are 

bicarbonate, silica, and calcium; this is characteristic of all 

the mountain streams in the reservation. 

The mountain streams and the Main Canal contain soft waters 

on the average, and the waters are of the Cl-S1 irrigation 

classification, indicating excellent quality for the purpose. 



 

Concentrations of fecal-coliform bacteria were lowest in the 

intermittent mountain streams. Single samples from Agency 

and Mill Creeks contained 3 and 4 col/100 ml, respectively. 

upper Toppenish Creek and North Fork Simcoe Creek also were 

quite low in fecal coliform, averaging 20 and 11 col/100 m16 

respectively. South Fork Simcoe Creek contained considerably 

more fecal coliforms, averaging 94 col/100 m16 This higher 

concentration probably is due to range cattle, observed in the 

vicinity of the sampling site. The Main Canal contained higher 

fecal-coliform concentrations, averaging 230 col/100 

There are several contributors to these higher concentrations. 

These include the numerous municipal, agricultural, and 

industrial sources of bacteria in the vicinity of Yakima, such 

as sewage treatment plants, slaughter houses, meat-packing 

plants, and feedlots. Many of these wastes find their way to 

the Yakima River, and thence to the Main Canal. 

The water from the mountain streams appears to be 

bacteriologically suitable as primary recreation water, on the 

basis of the samples collected. South Fork Simcoe Creek, 

however, did exhibit the potential of exceeding primary 

recreation criteria, as indicated by one sample containing 

340 col/100 ml. Water in the Main Canal had the potential 

of exceeding primary and secondary recreation, and even irriga-

tion criteria a small part of the time. 



DO concentrations appear to remain adequate for healthy 

fish life in the mountain streams and Main Canal. The diel 

variations in DO concentrations and stream temperatures in 

June and August are listed below: 
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In early June photosynthetic activity was minimal, and DO 

saturation remained near 95 Percent. In late August all the 

streams in this group except South Pork Simcoe Creek had 

noticeable, although not pronounced, photosynthetic and 

respiration activity, with the Main Canal exhibiting the 

most variation. Average saturation remained near 95 percent. 

The variations are illustrated in figures 14 and 15. 

Nitrate (as N) concentrations in both the perennial and 

intermittent mountain streams were low, averaging 0.06 mg/l/or 

less. Such low concentrations indicate that the streams 

probably are not very productive of aquatic veeetation or fish 

life. The Main Canal had average nitrate (as N) concentrations 

somewhat higher, averaging 0.20 mg/L. Productivity would be expected 

to he somewhat higher, other factors being equal. The slightly 

more pronounced diel variation in percentage DO saturation 

indicated that the Main Canal was, in fact, slightly more 

productive. 

The following table summarizes the data collected at 

sites on each of the mountain streams and on the Main Canal: 



 

 

   

 

 

 

 

 
 

 

 

  

 
 

 

 

 

  

  

  

 

 

    

/),5_1-,1:5,c,.,1.,.si4pi,,/,j),51,4j)64,4-eti A-ss-4-cci Diss .1,4i`tf :5_, d , , ,,,,, p -7 ,..1 (H cc>.;*) S' '] 
- ,./.A-..-. sii,c_t_ c.bic,"4 ittelik<3.4 . 

j'j
IA h4 (s;.0)) cc)) 001 (hY2) ir . (I4stilt t,...-1 /V. N-y,e__ .1_ h.A,),,,,,,, ,___ _<-1/-t) .lblit) -I ( ) (h-tt )____L/ 

1.....ii k i 
-V,4-32,rad V) 0 //g , -' I 5035 ° C) I Y l(a. "1)__2( "" *1 5 3 l3 _.J. 5 _7. 

6i.,,i ,fr,e..),- Ppykev- rri? / 1/ 4.,c 579. i .7- i"-7 
. . 4),,j.,,,.. 6..., / it- , 0 2,7 6.7 , AD • 4 c,? ,9 

1,1 3 I• q 9 3 ____1_,..5 3 

, 
k rgt.1 /4,..8,,,,Asi7- ,...), ,i., 

a,Irtc. e., ,-,f-..;
it‘.t 

ft-)c .s.lds (G,a 1) (3...,9„4:2," '''''''r"c.,--Ai,ct-f trill --- (j-ru) vll -.', r frc..
p,sst.43 7",; l - - 1),,,s01.-4 b-ry - -.. - sritdic (- II-14-LT 7 z-Li....f.- Ica 

_(1.--)(0) A-#.;? 
-12- ) iir) I-1!?) fr-, )t) (^%/ie) r,f )40) ' f,h1 - re41-0 rcftt 

-1-ig) .r 
, 4o , 15 /4-o .g..it el,L , ;to 20 30 G ,6, j_2(zP!,(_N.4 • 5,Z _,2, _ , 

,,,a". zq,„„.. .4g , 20 .Oq .F.F 4-7 6,o ,¢ la G q q - 2,q. - ?3 

..." 1,7 .1/ ,(7-q .05 62_ gl- 3,7 ,7 74F a ( f, ii. . _ 
:A 3 , q 4) . e7 3 q 3 , q - ‘7 • , -.9 

. .. 

Si`& .
,„ Lev ,5),..,4,,,7 660,ed ...ts-d-cci Diss a,d2),-s_1-g-4„,c.7c,..sit.ni. 

Cal 
p..--t2 ss) „ ,..1 CSC 03) S tut f 

174 , it) v v.,., Ipe v' S fit v^, / \-7 f_._ ‘°.{) . ‘► -Cha) cs 1 (Mil t)(.1" V) i ),( 1) (n%-If4.9) 4,,,i ) (ft) r,.. f 
, 

cP600c, 7;007 yrs 6-41f ( ...,771, ,..w., 3q /a C., I ,3 74 9‘, ,___7,,iv 
Fty-t- 5-0-,Ico. tri?), 31 5,z- 4.1 4,6 - ll•g - L4 7; 

A.).,,,..i...., 7 -5,1" 7, 4 3, 0 1' 3. . 3F 1 / 44 

1),s s 4-rz ritai 7-;b1 ---.=-1 bc.,01.,4 14?..d.c_is, 76.T>1 ,—J-e-4 (.4,..- re4- s„..._ sicd.c 71-r-1,1. c-1,1)...„-f bon lic,," - • 64 ... a < fcrk .4,..,, 1,-1,0,. 'L-,,pc".4 s.las 1 L. , • M 
e ,.. cci,rx,p ec.-7f/26P v. r Ga.-46 ,.. or (fIsr,.1., ijni) vy/I 4

CO) 'TO " C),1 ';`-' •(I' ''") . . co Rao ►„,,,,4„,1...' c.i,rt-
--1-'11) r 'if° 1. ..7fr) (--11?) (Y.I.S) ("%ifJ ry f W) ' c,h‘tc\ • i.V_C) c'-/•/ 

40 , v¢ . / 7 /0/ 55 9,3 , f /3 5 _ 30 Sc? 2_. 2 -3,, 
_il ,c, 03 ,og 4 1 Siz_ ..5 /11 - / s" 4 

q- /(2- - 2' , 
.--___,L_____L //- /0/ 01 60 •- 3 . 2,o , 3----,, ‘'It /0 - / .7.. 

-_______ 1- - 4 .4- - 4- - ± I- . 4- 4 .1 - .1 
, -

https://a,d2),-s_1-g-4�,c.7c,..sit.ni
https://p,sst.43


  

 
 

 

  

    

 
 
 

 

 
 

 

 

 
 

  

 

 

 

   

   

 
 

 
 

 

 

  

  

 

 

,.-,-4-,-d ,P6(4-vti s-d-cd Diss 4,4 xi,s.-1--Ac..r1,..sf ni , 
5,`tr' ra.-/ 2 (-,W 1.'1 0i C01) S ?:C:c0..ltv Sr i,cAt. C40.0.4 4 ,4-4-.- .5,11t,,, 

. 

0).C1 . . ( 5.) , 1,1 (r
It/V H.' P-e ,# Stilt C. 'et A)a"r f.... f tr) 'hit( ) ti fyi 6,..1?) 3frii (.11„) _ ri.st

(r.„ 

lo /as063o0 .41,7415„1, Sirtcof > ,-,. 'cg • 13 617_ S, 6 3,5 q7 _5L 

„(r.,,ek ‘,.-ePNP 0,4 ,p-tp, 4174 1/ 53 C,4- 3,1 5 • 

S, ,.., 64 c ) g 3,1 7.4 ._, 4g „7,_1.1_,,-• 7,3 3.7 

, . kl IL ____4- 4 { 1- 4 . .4 —I 

Ti(.> ,,t...1 :),,,c, ,...4 . Srcdic -- L1,1,..y--, 1 ; /4?..,ts.Thi>1 Sc>cbv ,-" r..v., 01-tw. - rez 
ry- „1:;:1>L 5 . 7.4; 4%1 fr,:r•r1-4- . f'L-,c_fLA6 s.h.ds (c3 j c-f - ,r-i— frit" c...._.A,Act.. (p1.4,:„...‘ (fru) „,ii ;,f ,_,,,c1,1,a c. /1" C"13im• (V) (aki•^? , RcZo ,,, t,,,e,..,1-ii C.1,2 tt , .ccj, , 1 (0 , t,"q1_0 r-C-Il

2-) ( ..eie.) (--Itt) (,1_1e) ( tr'11) fr,if i-P) 4,h1T-c ) _,I- - it) r..4I 
0 3.2.it ,,.1 /.3 .3/ ,oc '05 / ei. 4.0 /0 t6 /5O 10 2a 

g •23 ic-it . oiia +1 23 -4- / 2 7 . / 4 A 0 -

-.,..
,,,,„,",, f ¢ _/, ,0/ -07 V 7- 31 4,7 '3 .54 7 

4...f. 
11 1 4 4 4 

-
Site • 

T Sc-wl...DTSo%.,,Ltv T . .77/sakft'41 Ass-s- -A Dtss ,4 Dgss.-4,3 
S ,_... 4 .1. J)I55-4s'd 

p1,ssj., ..,4 a coDIA 0.44 W-A-k•VA S til Lk CAPCI it Iral AAJ 4! p../.3.4 ... stp,.. €. 

rr, it,h,,,,, p.e.e. Stilt; I,.-1 IVa..e__. C., ;° ,(z i') (Pc41 IC I) ( (0. 1 (' 

_il______r_2:5 c,3-c) S0104, Fovi: 5y, co-{ ...i)x,....1 47 14 6,3 5,3 3' 7J ) q(7 
. C)-e-. hePv r-1.-

Sicp-e,_ . ?).1.,„6.4 3 0 C. l c7, -- .Vg- /,i r • -I/ . 2 

- h "1- 14- 4" ' lt- i •4 -

,s%.),14-ri)tti T;b1 'rgt--1 1,,,ol...4 /4,,Li.c..is, Thmf - ,''' eh "..A Sri C if IC (.41.•( 71.'4111 ,Ctti) 04V- i----; 
--' Ctrier•biC fC. l' t i PT:rrc fCrc ''ild$ - " piab ift." A vicLg(fill:"" VI 4. ( 3.1....) (CaJACIP 2..SL:4: l : U"- cairn- ternA) 44.1'CO) ,,,,, („,,,,,,,,, r1Teb‘ C)1111.1'' - 1 (CI .
--..191-c , r-.4 rz) /(,:-.?,e) (-itt) (r11)6 rrmai.ej rre i.0) 4 4--,Itc NT /i- iki r9 r-4 

,57 ,l/ , /4 /2.2- /1 -3 /1-/ -3e 30 . .,3 I 3 

_Jd ,2'g .ot . ,D6' /&L 4 ‘,3 ..3 j 20 22_ jr) ' 1.'1 -

dit- L21 ,i(Th'-7 47 . V-' 3L4 7o 2_o .4-• 

— f - 4 4-- 1- 4- . 41- af -
.. -

https://xi,s.-1--Ac..r1


 
 

 

  
  

 

 
   

 

 
 

 
 

 

   

1

.1) i 5,5-41-'d eT)/(41 .As Lc 1 -'cri .Disc 4,4 1),.-1-4.4 bc_iirl— ;11 n ,4,1 -.,W t'f 
5 , , 1 k .s ihf,_ C.,4,., 1.14 M)X,,,,Z..4 .1.45v.. p.12 t.avb.. (N col) s ?..1r..! 

) 5'f't '''' 1 1.0 _ S tut1 .--, /V- w,e--- ( ,, 4
5.,,,,,k:fil) 4 1) ( tjn1/4:1 (q)/11)..( ) x../1./)/ kiT yhf.e.f. 

6 00 4 /97eei 6-ye:44. • 

ihur v-71 Si >,-7 toC 1/1/# 17- 1,0 4-1Z- ♦ F,1• / 6i A1 

7ovi 1 •• • 

fo..?‘i frie.3,C01,1 Sp k7Pii 47/thi . 4 7 17_ Z , 4 Si, _ 1. 4 _ '7 9 , z. 

. -1-gt" 1>y)01-41 f4 pi 4. cis, MI> 1 " s. d , .,..., stmc d ,c (,,t ,„ D. rkdsli cid.,,,,,,_p,51.-4-crj;t?! , , rt'w feess.I a s (c, I-h.') 0-121"L Thcl'-''ff .* c...-1 cm.-ac P c ji d 'k' l iv if: r r C J -r c,„.ii., idiac..4,( f ist"... isru) v11 a-1„. e...1,-,..cs....-
2 CI '"1 J.- i .t rno ( i 1p) kali. ' C•ta,T cef .. i4 h 1 S. 1_, Z-4i A J -0 rc—VI

V . 
I 

I 13 ., 7 .02, , do 4 go lo -1-, ,., /,' 3 •.c • i 0 -, 3 

1 2_,0 ,-(i, ,o) - 43 /1 -1,/1, .s" lie.. 4-3 /4o - 7 3 
i. -

• 



Wanity Slough and Marion Drain 

Ground or surface waters finding their way into Marion Drain 

are predominantly Main Canal water modified by use for 

irritation . Wanity Slough water also represents irrigation return flows, 

but it is further modified by industrial and municipal wastes, the 

degree of which was not determined in this study. 

Dissolved-solids concentrations in Wanitv Slough averaged 

136 mg/14 Not all of the common constituents were analyzed 

for Marion Drain; however, an estimated average of about 200 mg/L 

dissolved solids may be assumed from specific conductance. 

This concentration is representative of the water returning to 

the Yakima River or being diverted into the Satus Creek basin; 

however, it is not representative of much of the water in 

larion Drain, as the drain was sampled at site 8 below the 

confluence of Wanity Slough. The samples therefore represent 

the combined waters, and are considerably more dilute than much 

of the water in Marion Drain above Wanity Slough. The amount 

of the difference was not determined. 

The difference in dissolved-solids concentrations between 

Wanity Slough and Marion Drain is in nart attributable to the 

amount and type of water use, but of more importance is the 

soil type from which Wanity Slough and Marion Drain recover 

water. Wanity Slough drains an area of non-saline, 



medium- to moderately coarse-textured alluvial soils underlain by very gravelly 

material in the upper part of its course and an area of medium— to moderately 

fine-textured, saline, and in places alkaline, alluvial soils 

in its lower part. Almost the entire length of Marion Drain 

is in the same saline and alkaline soil as the lower part of the 

area drained by Wanity Slough. The finer texture and 

the saline characteristics tend to cause an increase in dissolved 

solids, which is more strongly reflected in Marion Drain, 

as more of its water comes from this type of soil. 

The predominant constituents remained the same in Wanity 

Slough and in Marion Drain as in the Main Canal (pl. 2) but 

there is a slight increase in percentage of nitrate with a 

corresponding decrease in percentage of bicarbonate. Silica also 

represents a smaller fraction of the dissolved solids in 

Wanity Slough than in the Main Canal, for the same reason as 

given for Ahtanum Creek. 

Wanity Slough and Marion Drain waters average moderately hard. 

The average irrigation classification of Wanity Slough is 

Cl-S1; of Marion Drain below Wanity Slough it is C2-S1. 

Both remain good-quality water for further irrigation use. 

Concentrations of fecal-coliform bacteria in Wanity 

Slough averaged 1,100 col/100 m1 The presence of fecal 

coliforms was not determined for Marion Drain, but total coliforms 



were 7,200 col/100 m1,on the average. The feces of cattle, horses, and 

other farm animals are the most probable source of the fecal 

coliform, although the upper reaches of Wanity Slough may 

receive considerable coliform from municipal and industrial 

sources. On the basis of available data, it appears that Wanity 

Slough and Marion Drain may be bacteriologically unsuitable 

for primary recreation most of the time, and for secondary 

recreation and even irrigation some of the time. (See 

4p4;4414K--i-rt 

Diel variations in DO concentrations and stream temperatures 

in the two drains were studied in early June and in late 

August. The variations are listed below: 
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Wanity Slough exhibited the most pronounced photosynthetic 

and respiration activity of all the streams studied, both in 

early June and late August. Marion Drain also exhibited 

pronounced variation both times, but not as great as that of 

Wanity Slough. The differences in DO variation between the 

two drains are Probably attributable primarily to physical 

factors such as water clarity, bottom material, and ratio of 

surface area to volume. Wanity Slough waters are more favorable 

for biological activity in all three factors; the water5are 

clearer, the bottom material is primarily cobbles rather 

than mud, and the stream depth is much less, which results in a 

more favorable ratio of surface area to volume. 



Comparing 'Marion Drain and Wanity Slough to the Main Canal, 

the differences, in diel variations in DO concentrations 

probably tend to be more dependent upon differences in nutrient 

concentrations and stream temperatures. Both are higher in the 

drains, and are more favorable to biological activity. The 

diel variations in percentage saturation, are illustrated in 

figure 16. 

Marion Drain probably maintains adequate DO for healthy 

fish populations, hut Wanity Slough had a minimum observed 

concentration of 5.6 mg, /L, only 0.6 mg/L above 

the 5.0 mcgliconsidered to be a safe lower limit for maintaining 

a healthy warm-water fish Population. DO concentration 

probably drops below 5 mg/L occasionally during the warm summer 

months. A combination of a very hot, dry summer may cause 

considerably lower DO concentrations. 

The nitrate (as N) concentrations in Wanity Slough and 

Marion Drain averaged 1.4 and 1.7 mg/L, respectively--about 

a seven- or eight-fold increase over that in the Main Canal. 

kgricultural fertilizers and animal wastes are probably the 

major cause of the increase. Nitrate concentrations are more 

than sufficient for large growths of aquatic plants and algae. 

The following table summarizes the data collected at 

sites on Wanity Slough and Marion Drain: 
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Mud Lake Drain and Lower Toppenish Creek 

The waters of Mud Lake Drain are a composite of Ground water 

and irrigation return-flow water originally from arterials of 

the Main Canal. A small amount of water comes from the natural 

runoff of intermittent streams on the south slope of Ahtanum 

Ridge. Lower Toppenish Creek waters are a composite of water from 

intermittent and perennial mountain streams, irrigation return 

flow from the same and from arterials of the Main Canal, 

Mud Lake Drain water, and ground water. The overall changes 

in water quality were studied, but differentiation of the 

changes due to each type of inflow was not determined. 

Dissolved-solids concentrations averaged 249 mg/L in 

Mud Lake Drain, and an estimated average for lower Toppenish 

Creek, based on specific conductance, was about 220 mg/L. 

The difference Probably is due to the dilution by spring 

runoff from the mountain streams, which slightly lowers the 

Toppenish Creek average. Both streams have very similar 

dissolved-solids concentrations during low streamflows. 

Mud Lake Drain and Toppenish Creek, as previously mentioned, 

drain an area underlain by the old valley fill. Ground water from 

the old valley fill below the Main Canal arterials has the 

highest average dissolved-solids concentrations in the basin. 

This ground water enters lower Toppenish Creek and Mud 

96; 



Lake drain and is in part responsible for these streams having 

the highest dissolved-solids concentrations of the streams in 

the basin. The amount of increased dissolved-solids concentrations 

attributable to surficial irrigation return flows is not known, although 

it is probably more for lower Toppenish Creek and Mud Lake 

Drain than for Marion Drain or Wanity Slough. The soil 

associated with lower Toppenish Creek and Mud Lake Drain is 

largely silt which tends to yield drainage water/ containing 

greater dissolved-solids concentrations than do coarser 

alluvial materials. 

The predominant constituents in Mud Lake Drain and lower 

Toppenish Creek are, in decreasing order, bicarbonate, calcium, 

and sodium. Bicarbonate percentages are slightly less and 

sulfate percentages are slightly more than in the drains in 

areas underlain by the young alluvium. 

On the average, water in lower Toppenish Creek is moderately hard, and 

that in Mud Lake Drain is hard. The average irrigation classification 

is C2-S1, indicating good-quality water for the purpose. 

Concentrations of fecal-coliform bacteria in Mud Lake Drain 

averaged 78n col/inn mL. The presence of fecal conform was 

not determined in lower Toppenish Creek waters, but total 

coliform averaged 11,800 col/100 ml,. These are high concen-

trations, compared to those in the mountain streams and the 



Canal. The feces of cattle, horses, and other farr. 

animals are the most Probable source of the fecal colifolin. 

On the basis of available data, it appears that Mud Lake 

Drain and lower Toppenish Creek are bacterioloicallY unsuitable 

for primary recreation most of the time, and for secondary 

enc.; ,)
;,ffrecreation and even irrigation some of the time. (See ?,. ?"9-

Diel variations in DO concentrations and stream temperatures 

in the drain and stream were determined in early June and late 

August. The variations are listed below: 
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Although Mud Lake Drain has warm temperatures and sufficient 

nutrients, the photosynthesis and respiration are only slight. 

This probably is because of the restricted light penetration--as 

indicated by the high average turbidity value of 38 JTU, which 

is twofold higher than that of any other surface waters studied. 

Tn addition, the mud bottom affords little opportunity for 

the attachment of algae or the rooting of aquatic plants, which 

are both so important in oxygen production. Lower Toppenish 

Creek had only a slight diel variation in DO in June, but 

quite a pronounced variation in August. The reasons are probably 

the same as for Ahtanum Creek--the growth of additional 

attached algae and submerged aquatic plants during the warm 

summer months. The diel variations in percentage DO saturation 

are illustrated in figure 17. 

T 

Lower Toppenish Creek probably maintains adequate DO for 

healthy fish populations, hut Mud Lake Drain appears to have 

the potential for dropping below the 5.0 mg/L recommended 

lower limit for healthy warm-water fish populations. 

The nitrate (as N) concentrations in water in lower Toppenish 

Creek and Mud Lake Drain averaged 0.88 mg/L and 1.5 mg/L, 

resnectively--about a four- to seven-fold increase over that in 

the Main Canal, and much more over that in the mountain streams. 

Agricultural fertilizers and animal wastes are probably the 

major cause of the increase. Nitrate concentrations are more 



than sufficient for large growths of aquatic plants and algae. 

The following table summarizes the data collected at sites 

on lower Topnenish Creel: and Nud Lake Drain: 
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Satus Creek Basin 

Stream System 

The Satus Creek basin has only two perennial streams--Satus 

Creek and Logy Creek--and two intermittent streams of 

importance- Dry Creek and Mille Dry Creek. Satus Creek is the 

main stream, and all others flow into it in the order listed 

above. In the eastern lowland of the basin, water from 

Satus Creek and Marion Drain in the To7Tenish Creek basin is 

diverted to the lowland farms for irrigation. Downstream, lower 

Satus Creek and South Drain receive much of the irrigation 

return flow and return it to the Yakima River. Mille Dry Creek, 

and two smaller drains to the Yakima River were not studied. 



Upper Satus, Logy, and Dry Creeks 

The three mountain streams studied all contain similar 

waters. The dissolved-solids concentrations are ===r similar to 

those in the mountain streams of the Ahtanum and Toppenish 

Creek basins, with upper Satus, Logy, and Dry Creeks averaging 

90, 76, and 104 mg/1, respectively. 

Not only are the dissolved-solids concentrations very 

similar but their percentage compositions, in terms of the 

common constituents, also are very similar, as illustrated in 

plate 2. The three predominant constituents in decreasing 

order are bicarbonate, silica, and calcium. These constituents 

are characteristic of all the mountain streams on the reser-

vation, reflecting the similarity of the chemical character of 

the basalt across which they flow. 

The two major concerns related to the common constituents 

are the hardness of water and the suitability of its use 

for irrigation. The water from the three mountain streams 

studied is soft, and is of the Cl-S1 irrigation-water 

classification, indicating excellent quality for the purpose. 

Concentrations of fecal-coliform bacteria in upper Satus, 

Logy, and Dry Creeks averaged 14, 200, and 38 col/100 7a, 

respectively. Satus Creek water is quite low in fecal-coliform 



concentrations, being within the expected range for mountain 

ctreams. Both Dry and Logy Creeks, however, contain 

higher-than-normal concentrations, which probably are due to 

range cattle or sheep, although a marshy area on Logy Creek 

may receive additional fecal coliforms from wild 

ducks, known to be a significant source of these bacteria. 

The waters of upper Satus and Dry Creeks appear to be 

bacteriologically suitable for primary recreation use on the 

basis of the samples collected. (See AppeR4tgictit p. W.) 

Logy Creek, however, exhibits the potential of exceeding 

primary recreation criteria, as indicated by one sample 

containing 720 col/100 mL. 

DO concentrations in Logy and upper Satus Creeks appear to 

remain adequate for healthy fish life. The diel variations 

in DO concentrations and stream temperatures in June and August 

are listed below: 
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In early June photosynthetic activity was minimal, and 

DO saturation remained near 95 percent. In late August 

Logy Creek had noticeable, although not pronounced, photo-

synthetic and respiration activity, and upper Satus Creek had 

pronounced activity. Average DO saturation remained near 

95 nercent. The cause of the large variation in DO saturation 

in upper Satus Creek probably is related to the 

higher-than-average nitrate concentrations and stream tempera-

tures which may tend to increase biological productivity. The 

diel variations are illustrated in figure 18. 

Nitrate (as N) concentrations were low in Logy Creek and 

Dry Creek, with averages of 0.07 and 0.08 mg/L, respectively. 

Such low concentrations suggest that the streams probably 

are not very productive of aquatic vegetation. Upper Satus 

Creek, however, had somewhat higher nitrate concentrations, 

with an average of 0.25 mg/14 Productivity was somewhat higher, 

as indicated by the pronounced diel variation in percentage DO 

saturation. 

The following table summarizes the data collected at 

sites on each of the mountain streams: 
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Lower Satus Creek and South Drain 

The waters of lower Satus Creek and South Drain are a 

composite of the natural water of Satus Creek, irrigation 

return-flow water diverted from Marion Drain in Toppenish Creek 

basin, and ground water. Overall changes in water quality 

were studied, but the differentiation of the changes due to each 

type of inflow was not determined. 

On the basis of specific conductance, the estimated average 

dissolved-solids concentration in lower Satus Creek is about 

160 mg/2#. The average of observed dissolved-solids concentrations in South 

DTain was 372 mg/L. For comparison, the average dissolved-scids 

concentrations in waters of Logy, Dry, 

and 117-)er Satus Creeks -probably was about 85.-2S mg/L 

and that in 'Marion Drain was about 200 mg/L. The greater increase in dissolved 

solids in South Drain probabl•y is mostly attributable to the• 

soil, which is largely silt. This soil tends to yield waters 

containing greater dissolved-solids concentrations than do 

coarser alluvial soils. 

The predominant constituents in South Drain, in decreasing 

order of percentage composition, are bicarbonate, sodium, 

calcium, and magnesium. Silica content was not determined 

for lower Satus Creek and, therefore, the exact order of the 

predominant constituents could not be determined. The 

percentage of sulfate is significantly higher in South Drain 



water (pl. 2) than in the other streams studied in this basin. 

The high percent sulfate is probably related to the soil type, 

as indicated by the similar high percentage of sulfate in Mud Lake 

Drain water, which crosses the same soil type. 

Lower Satus Creek water averaged moderately hard, and 

South Drain water averaged very hard. The average irrigation 

classification of these streams is C2-S1, indicating good quality 

for this use. 

The average of observed concentrations of fecal-coliform bacteria in South 

Drain was 800 col/100 Fecal-coliform concentrations were not 

analy:ed in lower Satus Creek, but the average of observed total coliform was 

3,400 col/100 r11... These are high concer,:rations comrared 

with those in the mountain streams. The feces of cattle, horses, 

and other farm animals are the most probable sources of fecal 

coliform. On the basis of available data, it appears that 

lower Satus Creek and South Drain are bacteriologically 

unsuitable for primary recreation use most of the time, and for 

secondary recreation and even irrigation use some of the time. 

(See Apryclidix fp% ; /9 9-

Diel variations in DO and stream temperatures for the 

stream and drain were determined in early June and in late 

August. The variations are listed below: 
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South Drain apparently has warm temperaturec and sufficient 

nutrients, but photoSynthesis and respiration are only slight. 

The cause for this is probably at least twofold. First, a lack 

of water clarity, as indicated by the June and August turbidity 

values of 30 JTU each, reduces the available light to aquatic 

plants, and photosynthesis is reduced. Second, the mud bottom 

affords little opportunity for the attachment of algae or the 

rooting of aquatic plants, which are both so in nortant in 

oxygen production. Lower Satus Creek had only a slight DO 

variation in June, hut quite a pronounced variation in August. 

The reasons are probably the same as for Ahtanum Creek and lower 

Toppenish Creek--the growth of additional attached algae 

and submerged aquatic plants during the warm summer months. 

The diel variations in nercentage DO saturation are illustrated 

in figure 19. Lower Satus Creek and South Drain probably 

maintain adequate DO for healthy fish populations. 

The averages of observed nitrate (as N) concentrations in lower Satus Creek 

and South Drain were 0.58 and 1.8 mg/14 respectively. This 

is about a fivefold increase in the Satus Creek waters probably 

mostly attributable to agricultural fertilizers and animal 

wastes. South Drain's average concentration is higher than 

that of either of its surface-water sources (Satus Creek and 

Marion Drain), hut the increase over that in Marion Drain is 

slight. Nitrate concentrations are more than sufficient 

for large growths of aquatic plants and algae. 



•The following table summarizes the data collected at 

sites on lower Satus Creek and South Drain: 
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Klickitat River Basin 

Stream System 

The streams in the Klickitat River basin include the 

Klickitat River and many mountain streams which enter it at 

various points, plus a small irrigation network. Hellroaring 

Ditch, the main source of water for the small irrigation 

network, begins at Big Muddy Creek in T. 8 N., R. 12 E., and 

intercepts some streamflow from Hellroaring, Couger, Dairy, 

Bacon, Bird, Frazier, and Holmes Creebs before delivering 

the water for irrigation on Camas Prairie. Irrigation return 

water flows through Conboy Lake and a millpond before flowing 

through Outlet Creek to the Klickitat River. 

Big Muddy Creek 

Big Muddy Creek is a glacier-fed stream rising on the east 

slope of Mount Adams. The average of observed dissolved-solids 

concentrations was 56 mg/14 only slightly less than the 

60-mg/L average for the eight streams studied in the 

Klickitat River basin. The dissolved-solids concentrations are 

low because of high precipitation in the Klickitat River basin, 

and because of the low solubility of the predominantly 

basaltic and andesitic rock from which the streams drain. 



Water composition in Big Muddy Creek is different from 

that in all other streams studied in the basin (pl. 2). 

It contains nearly seven times the sulfate percentage 

(28 percent) of the average of the other streams, and about twice 

the average potassium percentage (7 percent) of the other streams. 

The additional sulfate may come from sulfur deposits on !ount Adams. Sulfur 

deposits are known to exist on the west side of the volcano and probably 

are also present to a lesser extent on the east side. The predominant 

consitutents in decreasing order of percentage composition are silica, 

bicarbonate, and calcium. 

Big Muddy Creek waters are soft. The irrigation classi-

fication is Cl-S1, indicating excellent water for that use. 

No fecal-coliform bacteria were found in any samples from 

Big Muddy Creek. 

DO concentrations were not determined for Big Muddy Creek. 

The stream flows through a totally uninhabited area, and logging 

is about the only man-induced influence on the basin. The 

stream tumbles down a steep, boulder-bottomed channel; 

aeration is so complete that presumably the water has 100 percent 

DD. saturation at all times. 

Nitrate (as N) concentrations were consistently low, with an 

average of 0.04 mg/14 Such low concentrations indicate that 



the stream is not very productive of aquatic vegetation or 

fish life. 

The following table summarizes the data collected at 

Big Muddy Creek: 
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Outlet Creek 

Outlet Creek drains the southwestern part of the reserva-

tion and flows northeasterly across Camas Prairie to the 

Klickitat River; it receives all the irrigation return 

flow from Camas Prairie. Natural flow into Conbov Lake and 

Outlet Creek is sufficiently larFe to dilute the 

irrigation effects, and the water in Outlet Creek 

is similar to that of other mountain streams in the basin. 

It has an average dissolved-solids concentration of only 48 mg/14 

the lowest of all the streams studied. However, probably most 

of the streams that contribute water to Hellroaring Ditch--besides 

Big Muddy Creek--are even more dilute. 

The percentage composition isKiaRt.ilvii7 the same as 

that in all the other streams, excluding Big Muddy Creek (pl. 2). 

The predominant constituents in descending order of percentage 

composition are bicarbonate, silica, and calcium. 

The water is soft, and is of the Cl-S1 irrigation classifi-

cation, indicating excellent quality for that purpose. 

Concentrations of fecal-coliform bacteria averaged 

34 col/100 mi6 which, although not high, was the highest observed 

in the Klickitat River basin. Because the other effects of 

irrigation are so masked, it is doubtful that all the 



coliforrs are attributable to irritation. Conboy Lake includes 

a wildlife refuge, and many ducks reside there. Ducks are 

notable producers of fecal-coliform bacteria and may have a 

considerable influence on the bacterial concentrations. The 

water is suitable for primary recreational use, on the basis of the 

f9rsamples collected. (See 

DO concentrations and stream tethperatures were monitored for 

diel variations in early June and early September. The 

variations are listed below: 
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In early June and again in early September photosynthetic and 

respiration activity was pronounced. The diel variations in 

percentage DO saturation are illustrated in figure 20. 

.'";/ Average DO saturation was near 80 percent, indicating oxygen 

consumption by decaying organic matter. The DO depletion 

probably occurs mainly in Conboy Lake. The DO concentrations in 

Outlet Creek may not remain adequate for the maintenance of 

healthy fish populations. The lowest observed concentration 

was 5.9 mg/14 only slightly more than the S mg/brecomidencied 

lower limit. 

The average of observed nitrate (as N) concentrations in Outlet Creek was 

only 0.02 mg/1,, far less than that necessary to produce the 

abundant growth of aquatic algae and vegetation necessary tc 

cause the pronounced diel variation in DO observed in Outlet 

Creek. Probably larger concentrations of nitrate occur in the 

inflow waters to Conboy Lake, but the nitrate is utilized and 

bound up in organic material in the lake. Floating algae from 

the lake could still produce pronounced diel variations in 

DO concentrations. 

The following table summarizes the data collected at 

Outlet Creek: 
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Sinilar Streams 

The remaining streams studied and their average 

dissolved-solids concentrations are as follows, in downstream 

order: 

Klickitat River (site 22) 56 mg/1— 

Trout Creek 57 mg/L 

Elk Creek 65 mg/1_ 

White Creek 74 mg/t-

Sumit Creek 59 mg/L 

Klickitat River (site 29 62 mg/i.. 

bust below reservation 

The foregoing dissolved-solids concentrations are low, and there 

is little variation between st:-eams. The variation may result 

mostly from the differences in amount of precipitation in the 

stream basin, the streams farthest east receiving less 

precipitation and having higher dissolved-solids concentrations. 

The percentage compositions of the stream waters 

are closely similar. As with all the 

mountain streams in the reservation except Big Muddy Creek, the 

predominant constituents in decreasing order are bicarbonate, 

silica, and calcium. 



-The waters are all soft, and are of the Cl-S1 irrigation 

classification, indicating excellent quality for the purpoSe. 

Concentrations of fecal-coliform bacteria were all quite 

low, with the highest observed concentrations being 15 col/100 mJ 

and 25 col/100 mL in upper and lower Klickitat River, 

respectively. The waters all appear to be bacteriologically 

suitable for primary recreational use, on the basis of 
/9/ 

the samples collected. (Seer t-4-.) 

For this group diet variations in D concentrations and 

stream temperatures were deteimined in early June and early 

September only on the upper Klickitat River (site 22). The 

variations are listed below: 
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The diel variations in percentage DO saturation are 

illustrated in figure 21. In both early June and early 

1%September photosynthetic activity was minimal and DO 

saturation remained near 98 percent. The DO concentrations 

remain adequate for healthy fish populations. 

Nitrate (as N) concentrations v.ere low in all the streams of 

this group, with 0.12 mg/Lbeing the highest average concen-

tration. Such low concentrations indicate that the streams are 

probably not very productive of aquatic vegetation or fish 

life. 

The following table summarizes the data collected at sites 

on each of the streams: 
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Yakima River 

Outflows and Inflows 

The Yakima River adjacent to the reservation is the only 

reach of the river of interest to this study. AJitamr Creek 

flows into the Yakima River where the river becomes a border to 

the reservation. Less than a mile downstream a major part of 

the riverflow is diverted into the !%lain Canal for irrigation in 

the Toppenish and Satus Creek basins. Downstream from the 

Main Canal diversion point, the river itself receives municipal, 

industrial, and agricultural wastes. Tajor inflows from the 

reservation include the sewage effluent from the city of 

Toppenish and water from TorTenish and Satus Creeks and from 

arion and South Drains. Inflow from the land on the east side 

of the river (outside the reservation) is mainly from Sulfur 

Creek Was teway (which is a major drain) and from a few small 

drains. 



Yakima River at Parker 

Waters in the Main Canal (site 4) and the Yakima River 

at Parker (site 5) are chemically nearly the same. 

'-however, the Main Canal is dry in the winter and, consequently, 

averages will not he the same. The Main Canal water was 

previously discussed (p.7('-31). A few characteristics of 

water in the Yakima River at Parker are discussed here. 

An average dissolved-solids concentration of about 100 mg/L 

was estimated from specific conductance of the Yakima River 

at Parker. 

The average of observed total coliform bacteria was lz.,400 col/100 making 

the water unsuitable much of the time for primary recreation, 

and some of the time for secondary recreation and irrigation. 

(See App'am44.1:—+:)
k.,' 

The average of observed nitrate (as N) concentrations was 0.25 mg/la, somewhat 

higher than those in most of the mountain streams on the 

reservation, but probably still insufficient for the waters 

to be very productive of aquatic life. 



Yakima River near Toppenish 

An average dissolved-solids concentration of about 

110 mg/1,1%as estimated from the specific-conductance values 

for the Yakima River near Toppenish (site 6). This is 

about a 10-percent increase in dissolved solids in the reach 

between Parker and Toppenish. 

The average of observed total coliform bacteria was 2,500 col/100 

having decreased by about 30 percent 

between Parker and Toppenish. The data indicate that the 

water near Toppenish may be unsuitable most of the time for 

primary recreation and some of the time for secondary 

recreation and irrigation. 

DO concentrations appear to remain adequate for healthy 

fish life. Diel variations in DO concentrations and stream 

temperatures were determined in early June and late August. 

The variations are listed below: 
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Avcrae DO aturatjon nc;ar 95 p( rccnt in both June 

and August. The diel variations in percentage DO saturation 

arc illustrated in figure 22. The diel variations in June 

vere sHall, but in August they were moderately pronounced, 

due to photosynthetic and respiration activity. The 

variation in August was somewhat greater than for the "ain 

Canal. This probably is due in part to the slightly warmer 

temperatures and slightly higher nitrate concentrations, 

but it is due mostly to the stream channel shape, which 

provides more favorable conditions for biological activity. 

The average of observed nitrate (as N) concentrations was 0.28 mg/1,, indicating 

only moderate increase from the upstream station (site 5). 



Yakima River at .rahton 

An average dissolved solids concentration of about 160 mg/1L 

was estimated from the specific-conductance values of the 

Yakima River at 1, abton (site 21). This is about a 45-percent 

increase in dissolved solids in the reach Letween Toppenish 

and Mabton. A large part of this increase is attributable to 

inflow from the reservation, but the Sulfur Creek Wasteway on the 

east side of the river is also a large contributor. 

The percentage composition of constituents in the water of 

Yakima River at Mabton is similar to that in the Main Canal. 

Sodium and sulfate are increased slightly, as is illustrated in 

plate 2. 

On the average, the water is moderately hard and the irriga-

tion classification is Cl-S1, indicating excellent quality For 

the purpose. 

Concentrations of total coliform bacteria was about 

8,200 col/100 Trion the average, but were as high as 41,000 col/100 m1 The 

average is about 330 percent higher than in the Yakima River 

near Toppenish, indicating a very significant change in this 

reach of river. The data indicate that the waters may be 

unsuitable for primary and secondary recreation, and for 

irrigation a large part of the time. 



DO concentrations appear to remain adequate for healthy 

fish life. Diel variations in DO concentrations and stream 

tuliperatures in early June and late August are listed Le ow: 
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Average DO saturation rcained near 90 percent in Loth 

June and August. The diet variations in percentage DO saturation 

are illustrated in figure 23. Both the .line and August diel 

variations indicated little change due to photosynthetic and 

respiration activity. The lesser variation when compared to 

the variations for the two upstream sites is unusual, as 

temperatures are comparable and the nutrient concentrations are 

higher. Color and turbidity appear to be the main cause of the 

decreased variations, as they decrease photosynthesis 

by reducing available light. 

The average of observed nitrate (as N) concentrations was 0.71 mg/1/, r:ore than 

twice that at Toppenish (site 6). This concentration is sufficient 

For large growths of aquatic vegetation and algae. However, the nitrate 

concentration apparently is not the main controlling factor, as 

the diel variations in DO indicated little photosynthetic or 

respiration activity, as 1\ould he expected with large amounts of 

aquatic growth. 

The following table summarizes the data collected at each 

site on the Yakima River, and may be used to observed the 

downstream changes in each constituent. 
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PART III. GR)IiND-WA- R QUALITY, BY FAS1N 

Ahtanum Creek Basin 

Young Valley Fill 

Specific conductance values ranged from 98 to 610, and 
per centimeter at 25°C 

averaged 310 micronthosit_for water from six wells tapping the 

young valley fill. 

As illustrated by the diagram in figure 24, the three wells 
e!. 

tapping the young valley fill, for which complete common-ion 

analyses were made, contain similar water. The percentage 

composition tends to be somewhat different than for water from 

either the old valley fill or basalt in this basin. 

The hardness classification of water in the young valley fill 

ranged from soft to moderately hard, with concentrations 

ranging from 49 to 120 mg/L (as CaCO3) in three samples. The irrigation 

classification of water is C2-S1. 

Iron concentrations ranged from 20 to 110 ug/lw (micrograms. 

per liter) in three samples. The highest value observed is 

considerably below the 300 ug/L recommended upper limit for 

drinking water. 



rrsanese concentrations ranged from less than S to 280 ug/D. 

Although the highest value indicates that the waters exceeded the 

rece-nended limit for drinking vater in places, the other 

saEplcs indicate that it is not a uniformly distributed problem. 

No fecal-coliform bacteria were found in any of the waters 

from the young valley fill. 

Concentrations of nitrate (as N) ranged from 0.01 to 

1.8 mg/] in six samples. These values are well below the 

recommended limit of 10 mg /1,for drinking water. 

The water-quality data collected for the young valley fill 

are sunnari zed below : 
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Old Valley Fill 

Specific-conductance values ranged from 98 to 775, and 

averaged 456 micromlios for water from 11 wells tapping the 

old valley fill 

As illustrated by figure 24, the five wells tapping the 

old valley fill for which complete common-ion analyses were made 

contain waters of higher percentage calcium than does the 

young valley fill or basalt. Two wells (12/18-8B1 and 12/18-11E1) 

contain higher percentages of sulfate and chloride than the 

other ground waters; the causes of these high percentages are not 

Imown. Due to the scantiness of the data available, the 

difference could not be linked to any variations in the water 

yielding materials or other overlying materials. 

Water in the old valley fill ranged from soft to very hard--41 

to 240 mg/L hardness (as CaCO3) for five samples. The irrigation classifica-

tion was Cl-S1 for all but one well, ]2/18-8G1, which contains 

C2-S1 waters. In general, the waters are excellent to good 

for irrigation. 

Iron concentrations ranged from SO to 4,200 ug/L in five 
;11 1-› X-4f 

samples, with two being above t116 300 ug/lsrecommended for 
/L 

drinking water. The high values indicate local iron problems, 
r„ 

but the three wells with lower concentrations show the problem
A, 



does not occur everp,here. 

Manganese concentrations ranged from 0 to 190 ug/L in 

waters from five wells tapping the old valley fill. Tm) of 

the five exceeded the recommended limit of 50 ug/1, for drinking 

water. The valley fill in places yields water 

containing excessive manganese. 

No fecal-coliform lacteria were found in any of the water 

from the old valley fill. 

Concentrations of nitrate (as N) ranged from 0.02 to 11 mg/L 

in the 11 samples . Except for the 11 mg/L in a sample from well 

12/18-8K1, the concentrations are all well below the 10 ing/L 

recommended limit for drinking water. However, water from another 

well, 12/18-8G1, had a concentration of nitrate (as N) of 5.8 mg/1, 

concentration of nitrate as N of 5.8 mg/1,, about six times 

the average of the remaining wells sampled. 

The water-quality data collected from the old valley fill 

are summarized below: 
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Basalt 

Specific conductance ranged from 102 to 194 micromhos in 

water from three wells tapping the basalt, indicating 

dissolved-solids concentrations similar to the minimums found 

in water from the old and young valley fill in this basin. 

Figure 24 shows that the three wells tapping the basalt 

contain waters similar in percentage chemical composition 

to the water in the young valley fill in this basin. However, 

12/17-16D3 contains a higher percentage of sodium than the 

others. 

Water in the basalt ranged from soft to moderately hard, 

with hardness concentrations ranging from 54 to 80 mg/L (as CaCO3) in 

three samples. The irrigation classification was Cl-S1 for 

all the wells sampled, indicating excellent quality for the 

purpose. 

Iron concentrations ranged from 50 to 270 ug/L in three 

samples; all were below the 300 ugarecommended limit for 

drinking water. 

Manganese concentrations were determined to be less than 

5 ug/I., in two samples, indicating concentrations well below 

the SO ug/i, recommended limit for drinking water. 

/1-7/117.) 



No fecal-coliform bacteria were found in any of the 

waters from the basalt. 

Concentrations of nitrate (as N) ranged from 0.01 to 

0.36 ing/1, in four samples, indicating lower average concentra-

tions than those found in the old and young valley fill in this basin. 

The water-quality data collected from the basalt are 

summarized below: 
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Toppcnish Creek Basin 

Young Valley Fill 

Specific conductance of water from 172 wells tapping the 

young valley fill ranged from 140 to 1,250 iilifiotenrims and averaged
per centimeter at 25°C. 

304 micromhosA The/specifi,c cpnductallpe (q1,250 micromhos per centimeter at
.nIgnest ouserveu 

uf-TatCr from well 10/20-33L1 indicates an anomolous 

situation, as the water is much more mineralized than is 

normal for water in the young valley fill. The cause of the 

anomaly is not known. Only 6 of the 172 wells contained waters 

with specific conductance greater than 500 micromhos per centimeter at 25°C. 

Figure 25 shows the relationship between the geology of the 

basin and specific conductance of ground water in the various 

aquifers. As shown in the figure specific conductance does 

not increase uniformly from west to east--the general direction 

of ground-water movement in the basin. 

The variations in specific conductance are probably due to the following 

factors: 

(1) The influence of agricultural practices may be different in 

different locations. The young valley fill contains water with 
per centimeter at 25°C 

specific conductance predominantly less than SOO micromhos as 

indicated by the 500-micromho contour line near the Main Canal and the 

dividing line between young and old valley fill. 

/ 



 

(2) Variations may occur in the amount of water entering the aquifer 

from the surface, or from another aquifer. 

(3) Differences may exist in the particle size of the water-yielding 

material, which affects both the rate at which water may move and the 

surface area of the particles in contact with a given volume of water. 

Generally, the finer the material th slower the water movement and the 

s e l 
more water,ptact area, which end to increase the dissolved-solids 

and specific-conductance values for a given aquifer. 

(4) The soil or rock type through which the water passes may be 

somewhat different. 

The diagram of figure 26 illustrates the percentage composi-

tion of water from wells tapping the three major aquifers 

in the Toppenish Creek basin. As can be seen, water in the 

young valley fill averages slightly higher in percentage of calcium 

than does water in the basalt or old valley fill. Cation percent-

ages are fairly consistant, hut anion percentages tend to be 

slightly scattered. 

The water in the young valley fill ranged from moderately hard 

to very hard, with hardness concentrations ranging from 

78 to 230 mg/L,(as CaCO3) in 18 samples. The irrigation classification is 

Cl-S1 for about 30 percent of the wells sampled, and C2-S1 for 

the remaining 70 percent. The single exception, well 10/20-33L1, 



contains water in the C3-S1 classification. Tn general, the 

water is excellent to good for irrigation. 

Iron concentrations in 18 samples ranged from 20 to 

1,900 ug/L and averaged 280 ug/16 Five of these samples con-

tained iron concentrations above the 500 ug/L recommended 

limit for drinking water. The high values appear not to be 

associated with any particular location, well depth, or elevation. 

Manganese concentrations in 16 samples ranged from 0 to 

1,500_11g/1/and averaged 130 ,ug/14 Four of these samples 

contained manganese concentrations above the SO_ug/L, recommended 

limit for drinking water. Two samples were associated with 

excessive iron and two were not. The high manganese concentra-

tions, like the high iron concentrations, did not appear to he 

associated with any particular location, well depth, or elevation. 

No fecal-coliform bacteria were found in any of the waters 

from the young valley fill. 

Concentrations of nitrate (as N) in 172 samples ranged 

from 0.00 to 7.6 mg/L and averaged 2.1 mg/I4 All samples 

were below the 10 mg/I./recommended limit for drinking water. 

The water in the young valley fill contained the highest average 

nitrate concentration in the basin; this is predominantly 

attributable to agricultural practices. 



In an arca 2 to 3 miles south of Harrah several wells 

in the young valley fill reflected concentrations of nitrate much 

higher than average. 

The water-quality data from the young valley fill are 

sumarized below: 
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Old Vall(:y Fill 

Water deep in the old valley fill has a distinctly lower 

dissolved-solids concentration than the shallower water in this 

aquifer. The hydraulics of the aquifer, described in a report 

on the water resources of the Toppenish Creek basin 

(U.S. Geological Survey, 1975), probably explain the reason for 

the difference. Prior to extensive irrigation development 

in the western part of the lowland area, the old valley fill 

received water from infiltrating precipitation and from the 

underlying basalt. Precipitation infiltrating through the 

surface soils tended to leach minerals, and resulted in more 

mineralized water entering the shallower parts of the old 

valley fill. However, the artesian pressure in the underlying 

basalt caused less mineralized water to move from the basalt 

into the lower parts of the old valley fill. 

The hydraulic situation has changed, however, due to 

irrigation development. 'l\%o factors which contributed to 

changing the hydraulic situation may result in the more 

mineralized water moving farther downward in the aquifer. 

First, the additional application of water on the surface 

causes larger volumes of relatively more mineralized water to 

enter the aquifer, and second, wells pumping from the basalt 

have lowered the artesian pressure and caused a reversal of 

flow direction, and the water deep in the old valley fill now 



enters the basalt. gov(_(mt of the more mineralized v.ater 

downward in the aquifer probably will be gradual, taking several 

tens of years to significantly change the dissolved-solids 

content of the deeper water. 

Shallow water.--Specific conductance of water from 88 wells 

and springs in the upper part of the valley fill ranged from 104 to 
cCe s- • , 

1,540 m4€44oNhos and averaged 409 micromhost4 This water is, 

on the average, the most mineralized ground water in the basin. 

This is probably because water percolating downward through the 

fine-grained silt and clay that overlies much of the old valley fill 

tends to leach more minerals than does water percolating through 

the coarser alluvial soils overlying the young valley fill. 

The young valley fill being coarser, permits larger volumes of 

water to move through per unit of time, resulting in a 

diluting effect. Figure 25 may be used to compare the variations 

in specific conductance in waters in the young valley fill, and in the upper 

parts of the old valley fill. 

Figure 26 shows the differences in percentage composition 

of the waters in the three major aquifers. Although they have 

different dissolved-solids concentrations the shallow and 

deep waters in the old valley fill were found to have no 

significant differences in percentage compositions. 



Well 10/18-21D1 (fig. 26) contains water of unusual 

composition, with almost 72 percent sodium, much more than 

any other ground water observed in the basin. The cause for 

this difference is unknown; the nitrate and chloride concen-

trations were not unusual, as would be expected if local 

septic- tank contamination were the source of the higher percent 

sodium. 

The hardness of water in nine samples from the shallow 

parts of the old valley fill ranged from 68 to 420 mg/l (as CaCO3), moderately 

Lard to very hard. The irrigation classification was Cl-S1 for 

about 40 percent of the wells sampled, C2-S1 for about 50 percent 

of the wells, and C3-S1 for about 10 percent of the wells. 

About 90 percent of the water is excellent to good for irriga-

tion; the other 10 percent is acceptable for crops that are 

not salt sensitive. 

Iron concentrations in nine samples ranged from 20 to 

1,500ug/16 but only two were greater than 100yg/10. The 

recommended limit for drinking water is 300iug/1e. The high 

iron concentrations are randomly distributed, and are not 

associated with any particular well depth, or elevation. 

Manganese concentrations ranged from 0 to 360ug/L, but 

only one exceeded the recommended limit of 50,110, for 

drinking water. 



Of more than 80 wells sLfli.pled, only one well (10/17-18111) 

contained fecal-coliform bacteria, in a concentration of 

1 col/100 m1. This bacterial occurrance is considered to be 

localized, and probably related to seepage into the well along 

the well casing. 

Concentrations of nitrate (as N) in 88 samples ranged From 

0.01 to 20 mg/L and averaged 1.4 mg/L. There is a significant area 3 to 4 miles 

northwest of Harrah with considerably higher-than-average concentrations 

in the shallow water of the old valley fill. 

The water-quality data from the shallow water in the old 

valley fill are summarized below: 



 

 

 

 

 
 

 

 

re') i!AQI,ed 15sciA 0.5 old D, 
-L(.0 r(vcius,_di c a. 

0,4)ii o re ) 
It ) _v63/6 (viii) 6'2/1:41 fr,go 

10i,f):C LS. („0 g s 
6o 32 11_ 

0 0 
C, 1 

I • • k7i3 i01 sschki Dr1S Vivre,pizot Ili ii., r 4 KINS 5 Pen Orton goduo.“ Sit 
5i,/ f-,, cAlo y 1 dc ft ,,,,,,,k, 111:- . (c,,,,,1) ,t-c w- A js lt;,, 4, AL-1,e -*"Yr4 eke53 Oe 

C504) cc!) ( F) , imi,,k6J -
(":4 /P ) e Al ie.) ehl/Z) i,ite) (ii ,71-49 e2/1° 6.4,,,,-,t, . 
/90 67 Ai- 2 0 Izo c 3: s /5-to 2 0,-,c 

__q /6 17 /.1 /go / /,6 diol /3.7 . . 
____,2,5- _A a . / , D 1 68" 0 3*_/0/Q8'-



 

; ) • 

Decpcewater.--Specific-conductnce values in nine samplesA 
f '...--i 

tf . • ' ; , 

ranged from 233 to 280 m-i,twrAltus, and averaged 251 micromhos 
/*; 

0. - ..;..5',(.1-,,A 

The narrow range indicates a very uniform mineralization of the 

waters; the slight differences are randomly distributed. 

The percentage chemical composition of the water, as 

discussed earlier, is virtually the same as that in the shallow 

waters of the old valley fill. Figure 26 shows the difference in 

the percentage composition of the waters in the three water-yielding 

materials. 

The five water samples from deep in the old valley fill 

are moderately hard, ranging from 78 to 95 mg/11(as CaCO3). The irriga-

tion classification is Cl-S1 for one-third of the wells, and 

C2-S1 for two-thirds of the wells sampled. In general, the waters 

are excellent to good for irrigation. 

Iron concentrations in the five samples ranged from 20 to 

450 ug/1,, with only one greater than the 300yg/L rcconncnded 

limit for drinking water. 

Manganese concentrations ranged from 0 to 680,,ug/14 with 

three of the five samples equaling or exceeding the SO ug/L 

recomr,,nded limit for drinking water. The other two samples 

had 0 ug/1, manganese concentrations. 



No fecal-coliform bacteria \ ,:cre found in ariy of the ;:arlples 

collected from deep i.n the old valley fill. 

Nitrate (as N) concentrations in nine samples ranged from 

0.01 to 1.1 mg/L and averaged 0.26 mg/1_,, 

from 

The water-quality data collected/deep in the old va].lcy fill 
are summarized below: 
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Basalt 

Specific conductance of water in 35 samples collected from 

the basalt ranged fronji52 to 530 rlityrilas and averaged 290 

micromhok The variations in concentrations were not 

associated with well depth or the elevation of the well bot;om, 
ey 

as c. occur5oa&ewhere in basaltA 14-th-its-commorriy- diriiidt-"arPol , 

sq4ar-at-e-krater-ri-clding-zeTtes.. The water in the basalt in 

the Toppenish Creek basin contains more dissolved solids, 

on the average, than does water in the basalt in Ahtanum Creek or 

Klickitat River basins, but it has about the same as that in the 

basalt in Satus Creek basin. Less precipitation over the 

Toppenish and Satus Creek basins probably accounts in part 

for the higher concentrations. 

Figure 26 shows that the basalt contains water having less 

percentage calcium and more percentage bicarbonate, on the average, 

than do the young or old valley fill in the basin. 

The water in 14 samples from the basalt is moderately hard, 

with hardness ranging from 62 to 120 mg/1.(as CaCO3). The irrigation 

classification was Cl-S1 for about 45 percent and C2-S1 for 

about 55 percent of the samples, indicating excellent to good 

quality for irrigation. 

Iron concentrations in 13 samples ranged from 20 to 200 ug/li, 

/:: 7 



all below reconnended drinking-water limits. A sample not 

included in this range (well 11/16-34K2) contained 2,200 ug/1fof, 

iron; the reason for this high concentration was not determined. 

Manganese concentrations in 14 samples ranged from 0 to 

360;ug/L; the mater in 6 samples equaled or exceeded the 

50 ug/L recommended limit for drinking water. 

Two wells tapping the basalt contained fecal-coliform 

bacteria. Water from well 10/16-15N1 contained an estimated 

concentration of more than 500 col/100 m14 and water from well 

10/18-31N1 contained 6 col/100 mid. Both wells probably are 

contaminated locally, by seepage along the well casing. 

Concentrations of nitrate (as N) in 35 samples ranged from 

0.00 to 1.5 mg/L and averaged 0.20 mg/L, very similar to that 

found in the deeper water in the old valley fill. 

The water-quality data collected from the basalt are 

summarized below: 
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Satus Creek Basin 

Young Valley Fill 

Specific conductance of water from 30 wells tapping the 

young valley fill in the Satus Creek basin ranged from 100 to 

930 mdea:ehes and averaged 468 microhos4 

Figure 27 illustrates the variation in percentage chemical 

I 'composition of the waters from the three major aquifers in the 

basin. The single complete sample from the young valley, fill 

has a composition intermediate between those of the waters of 

the old valley fill and the basalt. 

The water of the single sample was very hard, with a 

hardness concentration of 200 mg/L (as CaCO3). The irrigation classifica-

tion is Cl-S1 for about 10 percent of 28 samples, C2-S1 for 

about 75 percent, and C3-S1 for about 15 percent. The water 

is mostly excellent to good, except for that in the C3-S1 

classification which is acceptable only for salt-tolerant 

crops. 

Iron concentration in the single sample was 40).2g/1,;ind 

manganese concentration was 0 ug/14 both of these values are 

well below recommended drinking-water limits. 

//-



No fecal-coliform bacteria were found in water from any 

of 21 wells sampled. 

Nitrate (as N) concentrations in 28 samples ranged from 

0.00 to 4.8 mg/I./ and averaged 0.92 mg/L, all well below 

recwmended limits. 

The water-quality data collected from the young valley fill 

are summarized below: 
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Old Valley Fill 

Specific conductance of water from 38 wells and springs 

in the old valley fill of Satus Creek basin ranged from 310 to , 
eci .2 C-"/ 

1,250 f,geyoallos, and averaged more than 790 micromhos,_ The 

average concentration of dissolved solids was higher in 

water from old valley fill in the Satus Creek basin than in any 

of the other major aquifers in the resenration. The high 

concentrations probably are due to the deposits of silt and 

clay which overlie most of the old valley fill in the Satus 

Creek bas in -'491./fl.L.t-

Figure 27 illustrates the strong similarity in percentage 

composition of cations end the contrasting variability in 

percentage composition of anions in the waters of the old 

valley fill; this may indicate that an ion-exchange process is 

affecting the percentage composition of cations. 

The water in six samples ranged from hard to very hard, 

with hardnesses ranging from 130 to 480 mg/L (as CaCO3) and averaging 

360 mg/14 more than three times the average for all the 

reservation's ground waters. The irrigation classification 

of water is C2-S1 for 50 percent of 38 samples, and 

C3-S1 for the other 50 percent. This indicates that one-half 

of the water sampled was good for irrigation, and one-half was 

acceptable for salt-tolerant crops. 



Iron concentrations in water of six samples ranged from 

20 to 260 ug/1,, with none exceeding recommended drinking-water 

standards. However, manganese in the water ranged from 0 to 

650 ug/1), and exceeded the iron concentration in one sample, 

the only one in which manganese exceeded the recommended 

drinking-water standard of 50,ug/lh. 

No fecal-coliform bacteria were found in any of the waters 

from the old valley fill. 

Concentrations of nitrate (as N) ranged from 0.11 to 

170 mg/L, and averaged 23 mg/L, in water from 38 samples. The 

recommended limit for drinking water (10 mg/L,) was exceeded 

in many of the samples. The problem is widespread, covering 

several square miles. Figure 11 delineates the area having 

water exceeding the recommended limits. The cause of the 

high nitrate concentrations is not certain, but natural buildup of nitrate 

is not uncommon in the soils,,qf arid areas such as this, and may be the 
, (47/j

o_i_JL„. -1-J-ka. ex, ) 

cause here. In both the Toppenish Creek and Satus Creek basins known 

high nitrate concentrations occur predominantly where the soils or 

aquifers are composed of lake-laid silt and clay; in this part of the 
-LN 

Satus Creek basin, the silt and clay beds are several tens of feet thick. 

After irrigation began the nitrates which had previously built up in the soils 

would begin to percolate downward. However, the silt and clay may have 

delayed percolation of the nitrates in this area to the extent that the 

0 



 

nitrates arc still observable at the present time. This iinplies that 

nitrate buildup may have occurred over a more widespread area, and that 

rapid percolation and dilution has removed most evidence of this except 

in the areas underlain by the less perleable silts and clays. There are 

three reasons for suspecting a natural surficial source for nitrate increase. 

First, there is no identifiable man-induced source for such widespread 

high-level nitrate contamination; second, there is no known source of high 

nitrate concentration within the silt and clay beds in this basin or 

in the other basins in the State containing these beds; and, third, the 

vertical permeability and head gradient are compatible with a near-surface 

IP- • 
source, in this high-nitrate area 

/ 1 . 

The water-quality data collected from water in the old valley fill 

are summarized below: 
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Basalt 

Specific conductance of water in the basalt ranged from 

115 to 420 miG4-c4ilhos and averaged 267 micremhox excluding 

that of water from well 8/ 2 2-3K1. This well water, with a 
p.- t't 1 6.st:t 

specific conductance of 655 micromhos and a nitrate (as N)ti 
concentration of 11 mg/16 was excluded from the averaging as 

it was considered to be a localized contamination, probably 

by leakage around the well casing resulting in water from 

the old valley fill entering the basalt. 

Figure 28 shows that in the Satus Creek basin the water 

in the basalt contains a higher percentage of sodium and 

bicarbonate than does the water in the young or old valley fill. 

The water in five samples from the basalt had hardness 

ranging from 43 to 180 mg/1., (as CaCO3), from soft to hard. The irrigation 

classification of 20 samples was Cl-S1 for about 35 percent of 

the samples and C2-Sl for the remaining 65 percent. The waters 

generally are excellent to good for irrigation. 

Iron concentrations in water from four samples ranged from 

20 to 230 u.g/L, all less than the 300ug/ldrecommended limit 

for drinking water. 



Manganese concentrations in the four samples ranged from 

0 to 50yg/14 the high value equaling the recommended limit 

in drinking water. 

The number of fecal-coliform bacteria found in six springs 

flowing from the basalt are listed below: 

Spring 

6/13-9131s----

7/18-8K1s----

7/19-2SN1s---

7/19-29A1s---

7/20-21J1s---

7/21-9Q1s----

Colonies per 
100 milliliters 

',">500 estimated 

21 

199 

i''S00 estimated 

23 

9 



The fecal-coliform contamination undoubtedly originates 

from range cattle that often walk directly through the 

water. 

Nitrate (as N) concentrations ranged from 0.00 to 3.0 mg/1,, 

excluding the previously mentioned sample from well 8/22-31(1,, 

which contained 11 mg/L. The average of 20 samples was 

0.79 mg/L. 

The water-quality data collected from the basalt are 

summarized below: 
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Klickitat River Basin 

Valley Fill 

Specific conductance of water in four samples ranpd from 
.16 

tv 4, ; a:::11aS 

62 to 82 rii€11.os and averaged 72 micromhost These values 

indicate that the valley fill in the Klickitat River basin 

contains the most dilute ground water in the reservation. 

ligure 28 shows that in the Klickitat River basin the water 

'-"from the valley fill is similar in percentage composition to 

water from the basalt. 

The water is classified as soft, with hardness of water 

from three samples ranging from 19 to 30 mg/1/(as CaCO3). The irrigation 

classification is Cl-S1, indicating excellent quality water for 

the purpose. 

Iron concentrations in three samples ranged from 70 to 

330_ug/14 only the highest exceeding the recommended 

drinking-water limit of 300_ug/14 Manganese concentrations 

for these three samples were all 0.0A/14, 

No fecal-coliform bacteria were found in any of the waters from the 

valley fill. 

Nitrate (as N) concentrations in four samples ranged from 

/7 
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0.04 to 1.3 mg/l: These low concentrations indicate minimal 

iivact from the very localized agricultural development in the 

basin. 

The water-quality data collected from water in the valley fill 

are summarized below: 
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Basalt 

Specific conductance of water in 53 samples ranged from 
/;:. t 2: 

20 to 19S-micromhos and averaged 79 microrahosi. The basalt in the
i• 

Klickitat River basin contains water that has only slightly 

more dissolved solids than does water in the valley fill in that 

basin. Four springs flowing from the basalt were not included 

in the above range or average because they are believed to originate in 

a much deeper basalt. These springs are discussed in detail 

later. Figure 28 shows that, except for these springs, the 

percentage compositions of the waters in the basalt and the 

valley fill are very similar. 

The water in 23 samples from the basalt ranged from soft 

to moderately hard, with hardness concentrations ranging from 

8 to 120 mg/L (as CaCO3); only two samples had water exceeding the soft 

classification. 

Iron concentrations ranged from 10 to 2,100;pg/liand averaged 

210.ug/14 Two springs and two wells exceeded the recommended 

limit of 300_ug/1r for drinking water. 

Manganese concentrations in 23 samples ranged from 0 to 

170 ug/L and averaged 1011g/1). The high value was the only 

one exceeding the SO ug/L recommended limit for drinking 

water. 



Fecal-coliform bacteria were present in water from two 

srpings flowing from the basalt. These springs 

(11/13-3E1s and 11/13-4K2s) both contained 3 col/100 miA 

Range cattle arc the most probable source of the contamination. 

Nitrate (as N) concentrations in 42 samples ranged from 

0.00 to 2.0 mg/1., and averaged 0.16 mg/1,, the lowest average 

concentration in ground waters in the reservation. 

The water-quality data collected from water in the basalt 

are summarized below: 
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Decp-Fasalt Springs 

Four springs--6/13-4111s, 9/13-18P1s, 11/12-241,1s (Soda Springs) 
•y 

and 11/13-4K1s—arebeldeved-to issue water thatioripinate/ 

deep in the basalt beneath the Klickitat River basin. This is 

suggested by the following observations. 

1. The water is ofOigher temperature, indicating
i 

greater depth due to the temperature gradient in the 

earth--the springs ranged from 4° to 15°C Lamer 

than other nearby springs. lsol -ipon-concentrations 

were_ high to extremely high in water from three of-

the springs. High concentrations-of-iron,- and-elevated 

temperatures are characteristic of- thermal springs in 

volcanic- zones:l The wanner temperatures may also suggest 

fault zones, but such a determination is beyond the 

scope of this present study. 

2. The presence of carbon dioxide gas (CO2) bubbling 

from the springs iqotdicates a release of pressure -thy 

resultp rom a rise of the water from great depth.
t 

Soda Springs (11/12-24L1s) has long been known to 

release large quantities of carbon dioxide. Gas 

bubbles, assumed to be carbon dioxide, were observed in 

springs 6/13-4Hls and 11/13-4K1s. Only a few gas 

bubbles were observed at spring 9/13-18P1s, but a large 

amount of gas could have been released in the loose 

sands and gravels which surround the spring. 



3. alother-observation - although not -directly- an-indication 

of-depth-T-is-supportiv The four springs all yield 

water containing much higher dissolved-solids concen-

trations than the usual springs in the basin. Also, 

the waters are slightly different in percentage composi-
ve ry 

tion, with spring 11/13-4K1s containing water4materially 

different in percentage composition from any other 

ground water sampled in the reservation. Although the 

higher dissolved-solids contents and the differences 

in percentage composition (fig. 28) suggest a 

different source but not necessarily a different depth, 

it is reasonable to assume, in conjunction with the 

other observations, that the water is coming from 

considerable depth in the basalt. 

The four deep-basalt springs had both the highest and the 

lowest observed concentrations of several of the common ions. 

Spring 11/12-24Lls had the highest calcium concentration, 

120 mg/l. Spring 6/13-4111s had the highest magnesium, sodium, 

potassium, and bicarbonate concentrations--95, 160, 16, and 

1,130 mg/1, respectively. Spring 9/13-18Pls also had a 

potassium concentration of 16 mg/l. Spring 11/13-4K1s had the 



lowest magnesium concentration, 0.4 mg/14 

The chemical and physical characteristics of water from the 

four springs arc summarized below: 
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As can be seen from the specific conductance of water 

in the first three springs listed, the springs contain the 

most mineralized ground water found on the reservation. Water 

from the fourth spring is only about one-third as mineralized, 

but still far more mineralized than the waters found in the 

major aquifers. 

The percentage composition of the waters from the first 

three springs is slightly different from that of nearby springs, 

in that they contain water of higher percentage magnesium and lower 

percentage calcium. Springs 9/13-18Pls and 11/12-24Lls also 

contain a higher percentage chloride. The fourth spring (11/13-4K1s) 

is very unusual, as it contains v.ater whose chemical composition 

is 93 percent sodium and 99 percent bicarbonate. The cause 

of this difference is not known. 

The water of the first three springs listed is classified as 

very hard, and that of the fourth spring is soft. The first 

three had the hardest waters observed, and the fourth had among 

the softest. Water from the first three springs was classified 

as C3-Sl for irrigation and that from the fourth spring was 

C2-S3. For irrigation, the first three springs indicate a 

salinity hazard, and the fourth spring a sodium hazard. 

/1-114 
Iron concentrations were,high in springs 9/13-18Pls

1 

and 11/12-24L1s, being 23,000,ug/1, and 19,000 Lig/14 respectively. 



Manganese concentrtiens were also high in these two springs, 

being 760 ug/L, and 370 ughb, respectively. 

No fecal-coliform bacteria were found in any of the four 

springs. 
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Significance of Water Constituents and Characteristics 
and Water-Quality Criteria 

/7 rl - -

Theparameters selected for observation in this study are 

arranged alphabetically, and a discussion of their significance 

and of the various criteria is included for each, parameter. 

Chlorophyll.--Chlorophyll is the green-colored matter in 

plants that is partly responsible for photosynthesis. A 

measurement of chlorophyll concentration in water provides an 

estimation of the amount of free-floating algae in the water. 

Chlorophyll a and chlorophyll b are the most common types, 

and only determination of chlorophyll a was considered necessary 

for this reconnaissance study. 

Color.--Color is obtained from dissolved and colloidal 

substances in the water. The color of natural stream waters 

comiaonly results from leaching of organic debris, although 

it may be due to metallic substances such as iron and manganese. 

Color is measured on a platinum-cobalt scale and is expressed 

as color "units." 

U.S. Public Health Service (1962) reconucnds an upper 

limit of 15 color units for drinking water. Color is undesirable 

for esthetic reasons and also because it may cause staining 

of clothes or fixtures. Color does not seem to be hazardous 
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to aquatic life, except indirectly by reducing light penetration 

which decreases biological productivity. 

Common ions.--The ions generally of most abundance in 

water include four positively charged ions--calcium, magnesium, 

sodium, and potassium--and six negatively charged ions--bicar-

bonate, carbonate, sulfate, chloride, nitrate, and fluoride. 

The ions are significant in'several ways. Calcium and 

magnesium are the principal causes of hardness of water, 

sodium affects the suitability of its use for irrigation, 

nitrate is a plant nutrient and at high concentration may be 

poisonous to animals, and fluoride is beneficial in prevention 

of tooth decay, but detrimental at too high a concentration. 

Combined, the common ions contribute most of the dissolved-solids 

concentration of the water, which affects suitability for uses 

such as for drinking and irrigation. 

Dissolved oxygen.--The DO (dissolved-oxygen) concentration 

is potentially a major concern for some streams in the reservation, 

and is one indication of the suitability of the 

stream for the support of fish and other aquatic life. Fish 

and other desirable aquatic life must have water with a 

relatively high DO concentration at all times. A fish's 

respiration rate increases with increased water temperature, 

and its oxygen requirements may double or triple for a 10°C rise 
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in water temperature. Also, the higher the water temperature, 

the lower the solubility of oxygen. The Aquatic Life Advisory 

Committee of Ohio River Valley Water Sanitation Commission 

(1955) has recommended that the minimum permissible DO concen-

tration for a well-rounded warm-water fish population (such as that 

found in many of the lowland streaus and drains of the 

reservation), be as follows: 

"The dissolved-oxygen content of warm water 

fish habitats shall be not less than 5 mg/1 

during at least 16 hours of any 24-hour period. 

It may be less than S mg/1 for a period not 

to exceed 8 hours within the 24-hour period, 

but at no time shall the oxygen content be 

less than 3 mg/l. To sustain a coarse fish 

population, the dissolved-oxygen concentra-

tion may be less than 5 mg/1 for a period of 

not more than 8 hours out of any 24-hour 

period, but at no time shall the concentra-

tion be lower than 2 mg/l." 



The Washington State Department of Ecology (1973) lists the 

criteria1 for DO concentrations in lakes and streams as 

follows: 

Stream class 

AA A B C 
(extra- (excellent) (good) (fair) Lake class 
ordinary) 

IX) 
(mg/1) ;--9.5 >6.5 > 5.0 No measurable 

decrease from 
natural con-
ditions 

'Observed measunts do not determine a stream's class, 
but rather determine whether a stream of a given class is in 
compliance or violation of State criteria. For example, the 
reach of the Yakima River from about 2 miles below the town of Parker 
the mouth Of the river is designated as a class B reach. No matter 
how high the DO concentration becomes, the stream class does not 
change for that time period. But, if DO concentration becomes less 
than 6.5 mg/14 a violation of the class B criterion occurs. 



fhe solubility of oxygen is mainly a function of temperature 

and of atmospheric pressure. As water temperatures vary 

throughout a 24-hour period, the DO concentration in the water 

will also vary in the direction of maintaining an equilibrium con-

dition of saturation. In addition to the effects of temperature, 

diel variations (variations within a 24-hour period) may be 

caused by the photosynthetic action of algae and submersed 

aquatic plants giving off oxygen during daylight hours and using 

oxygen during respiration at night. The magnitude of the diel 

variations caused by this biological activity is a gross 

indicator of a stream's productivity. 

Because it is at warmer water temperatures that oxygen 

levels become critical, summertime is when an assessment of 

DO concentration and percentage saturation is most important. 

Dissolved solids.--Dissolved-solids concentration is a measure 

of the amount of dissolved material in the water. The sum of 

the major dissolved constituents in 1\ater, in milligrams per 

liter, approximates the weight of mineral residue in 1 liter of 

water evaporated to dryness. However, a correction factor 

(mg/i,bicarbonate x 0.4917 = mg/L carbonate) must be applied 

to the bicarbonate, as it becomes carbonate in the residue. 

The factor assumes that one-half of the bicarbonate is volatilized 

as carbon dioxide and the remainder is converted to carbonate. 

Drinking water for interstate carriers should contain no more than 



500 mg/1, of dissolved solids unless a more suitable supply 

cannot be found (U.S. Public Health Service, 1962). The same limit 

is commonly suggested for all domestic-water supplies. For use 

for irrigation, water may have a considerably higher dissolved-solids 

concentration if proper leaching practices are used. 

Fecal-coliform bacteria.--Fecal colifolms are a very 

significant ploblem in some of the streams of the reservation. 

Fecal coliforms are nonpathogenic (not disease-producing) bacteria 

which normally inhabit the gut and feces of warmblooded animals. 

Normal human feces will produce, on the average, about two billion 

fecal-coliform bacteria per day. 

The presence of fecal-coliform bacteria is not significantly 

a good or bad characteristic of water but it is an indicator. 

A danger associated with drinking water is contamination by 

sewage or by human or animal excrement. Sewage and feces are 

known carriers of disease-producing bacteria, and serious 

disease may result from contact or ingestion of polluted 

waters. Fecal-coliform bacteria greatly outnumber 

disease-producing bacteria in the feces of warmblooded animals, 

and if fecal-coliform bacteria cannot be found in the water, it 

can, in general, be inferred that disease-producing bacteria also 

are absent. Bacteriological identification of the fecal coliforms 

is considerably easier and less time-consuming than individually 

testing for each possible disease-producing bacteria. 



For many years water-quality standards were based on 

the test for total coliform bacteria, which included 

fecal-coliform bacteria and also more common bacteria generally 

of nonfecal origin, and associated with soils and vegetables. 

Because the test for total coliform bacteria is not necessarily 

evidence of fecal pollution, it is gradually being replaced by 

the test for fecal-coliforms as the recommended procedure for 

determining the bacteriological quality of the water. 

Total-coliform analysis may be used as an alternative to 

fecal-coliform analysis w►ith the realization that such data 

are subject to a wide range of concentration fluctuations 

of doubtful sanitary significance. The total-colirolm analysis 

is still widely used in evaluating finished drinking water because 

it provides a more stringent index. 

In general, unpolluted stream water has a low concentration 

of coliform bacteria, normally fewer than 100 total-coliform or 

20 fecal-coliform colonies per 100 milliliters. 

The following are the criteria of the U.S. Federal Water 

Pollution Control Administration (1968; now the Environmental 

Protection Agency) for colifolm-bacteria content for various uses. 



 

 

1. Drinking-water supplies 

The presence of any coliform organism in a water 

supply suggests fecal contamination. 

Raw water: Desirable - less than 100 total 

coliforms/100 mL 

less than 20 fecal/ 

coliforms/100 m14 

Permissible - 10,000 total coliforms/100 mL 

2,000 fecal coliforms/100 mL 

2. Primary recreation water (contact sports: swimming, 

water skiing, etc. 

Only fecal-coliform data should be used. At least 

five samples should be taken during a 30-day period. Mean 

of five samples should be fewer than 200 colonies/100 ml, and 

no more than 10 percent of samples should exceed 400 

colonies/100 mL. 

3. Secondary recreation water (non-contact sports: boating, 

fishing, etc.) 

Only fecal-coliform data should be used. At least 

five samples should be taken during a 30-day period. Mean 

of five samples should be fewer than 1,000 colonies/100 m14 
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and no more than 10 percent of samples should exceed 

2,000 colonies/100 m i. 

4. Irrigation water 

Average of at least two consecutive samples examined per month 

shall not exceed 5,000 total coliforms/100 mL and 1,000 fecal 

coliforms/100 mL. 

For a single sample, concentration shall not exceed 

20,000 total coliforms/100 mL and 4,000 fecal coliforms/100 m.1). 



The State of Washington water-quality criteria (Washington State 
Department of Ecology, 1973) are as follows: 

AA A B C Lake 
(extra- (excellent) (good) (fair) class 
ordinary) 

Total coliform 
organisms 
(col/100 m1 
median values < SO 240 ----1,000 <=240 

Fluoride.--Fluoride is one of the common ions, and is 

dissolved in small quantities from many rocks and soils. 

Fluoride in drinking water reduces the incidence of tooth decay 
in children. However, in excessive concentrations it may cause 

mottling of the teeth. According to the U.S. Public 

Health Service (1962), the recommended acceptable and rejection 

limits are dependent on the annual average of maximum daily 

air temperatures, as follows: 

Average fluoride 
concentration 

Annual average Recommended Rejection 
maximum daily upper limit limit 
air temperature (mg/ L) ( mg/ L) 

(°F) 

50.0-53.7 1.7 2.4 
53;8-58.3 1.5 2.2 
58.4-63.8 1.3 2.0 
63.9-70.6 1.2 1.8 
70.7-79.2 1.0 1.6 
79.3-90.5 .8 1.4 

The expected intake of water is higher in warmer climate; 

therefore a lower concentration gives the same daily fluoride 

intake. 



Hardness.--The hardness of water is an important considera-

tion for domestic, municipal, and industrial uses. It is 

related almost entirely to the presence of calcium and magnesium 

ions. Other constituents such as iron, manganese, and strontium 

also cause hardness Lit they are not usually present in quantities 

large enough to have any appreciable effect. Hardness commonly 

is recognized by the increased quantity of soap required to 

produce lather. Many industrial uses require soft water. 

A commonly accepted classification for hardness of water is as 

follows: 

Hardness range Description 
(mg/l/of CaCO ) 

0-60 Soft 

61-120 Nbderately hard 

121-180 Hard 

more than 180 Very hard 

Iron.--For drinking water, iron in excess of 300ug/1, 

(4ag-1111..s.4xn-tex9,generally has unpleasant taste; it also 

is considered undesirable because of staining and formation of 

deposits and favors growth of iron bacteria. Considerably higher 

concentrations are not harmful to humans. 
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Manganese.--For drinkirp 1.;)ter , manganese in excess of-„ -

50 ug/L is generally considered undesirable l'ucause of impairment 

of the taste of beverages such as coffee and tea; staining 

also occurs. McKee and Wolf (1963) stated that concentrations not 

exceeding those below do not appear to be deleterious to the 

stated uses: 

Domestic water supply 50 ug/lw 

Industrial water supply 50 ug/t 

Irrigation 500 ug/1, 

Stock watering 10,000 ug/L 

Fish and aquatic life 1,000 ug/L 

Nitrogen.--Nitrates are added to soil and water by microbial fixation 

of atmospheric nitrogen. Some nitrogen is added to the soil 

in rainwater. Fertilizers in recent years have become a signifi-

cant source of additional nitrogen compounds in farm soils. 

Nitrogen, like phosphorus, is an essential nutrient, 

critical to the growth of aquatic and terrestrial vegetation. 

Insufficient nitrogen may limit the growth of aquatic vegetation. 

Nitrogen compounds in irrigation water are generally 

considered beneficial. In waters used for recreation they may 

or may not be beneficial depending upon desired uses. Increased 

nitrogen compounds and other nutrients increase the aquatic 
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vegetation, ,11(1 ;ncre:tse the sultbility of the vatcrs for fish 

life. However, increased nitrogen in the water is considered 

detrimental if aquatic plants become too dense and (or) interfere 

with the beneficial uses of water. 

According to Sawyer (1947), algae growths are not trouble-

some when concentrations of nitrate (as N) are less than 0.30 mg/1, 

if phosphorus (as P) is kept less than 0.015 mg/1‘ Others 

(Imhoff, 1955; \''doller, 1953) also indicate that, in addition to 

the nitrate and phosphorus limits, total nitrogen (as N) must be 

kept less than 0.6 mg/1) to prevent troublesome algal growths. 

A high concentration of nitrate in drinking hater may be 

dangerous to humans, especially to infants. For this reason, 

nitrate is a considerable problem in some areas of the 

reservation where ground water has high nitrate 

concentrations. The U.S. Public Health Service (1962) 

reconanends that water with concentrations of nitrate (as N) greater 

than 10 mg/id should not be used for drinking water. 

Nitrogen occurs in water mainly as nitrate, nitrite, and 

ammonium ions, or it is bound in proteins and other organic 

compounds. For this study, the analytical methods give concen-

trations in pairs, as nitrite-plus-nitrate concentrations, or as 

ammonia-plus-organic concentrations. The ammonia-plus-organic 

nitrogen is referred to as Kjeldahl-nitrogen, after the inventor 
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of the 2.-lytical method. The nitrite-plus-nitrate concentration 

in addition to the Kjoldahl-nitrogen concentration constitute 

the total-nitrogen concentration. 



Organic carbon.--Organic carbon may be present in waters 

either as part of dissolved organic compounds, or as suspended 

particulate matter, generally organic detritus. Organic carbon 

is distinguished from inorganic carbon in that inorganic carbon 

exists as carbon dioxide, or as bicarbonate or carbonate--the 

fully oxidized compounds of carbon--whereas all other forms of 

carbon that may be oxidized are organic. Organic-carbon 

concentrations in water indicate the organic content of the 

water. Generally, unpolluted natural waters contain low concentrations 

of organic carbon. High concentrations may be indicative of 

artificial sources and the potential 

for hazardous organic substances in the water. 

Pesticides.--A pesticide may be defined as any substance 

used to kill pest organisms, and includes insecticides, herbicides, 

algicides, fungicides, and bacteriacides. Determination of 

pesticides in water is important because of their potential 

toxicity; however, this study indicated little problem for the 

one site studied. Widespread application to land, forest, and 

water can produce undesirable side effects such as unwanted deaths 

of aquatic animals or damage to plants. Contamination of surface 

water by pesticides can be caused by (1) direct application 

for the control of aquatic weeds or insects, (2) percolation 

or leaching by rainwater or irrigation water from treated 

agricultural land, or (3) drift of aerosol sprays during 

application. 



Many pesticides are persistent in that they do not 

readily decompose. The most widely used persistent pesticides 

are the chlorinated hydrocarbons, of which the familiar DDT, 

Chlordane, and Dieldrin are examples. If ingested, chlorinated 

hydrocarbons are concentrated in fatty parts of organisms' 

bodies, and can accumulate to many times the concentration 

at which they were ingested. Because the chlorinated hydrocarbon 

pesticides are persistent, they'can be 

passed from one organism to another, greatly increasing in 

concentration in the process. 

Phosphorus.--Phosphorus in surface water occurs naturally in 

small amounts as inorganic phosphates as the result of weathering. 

Other sources are sewage, animal wastes, and fertilizers. 

Because phosphorus is essential to metabolism, it is always 

present as a component of domestic sewage and of animal wastes. 

Phosphate fertilizers commonly are applied in areas where 

irrigation is practiced and therefore are a source of phosphate 

in drainage water. 

Phosphorus is critical to the growth of organisms in 

the aquatic environment. It is frequently a limiting Factor 

in the growth of aquatic plants and algae. Concentrations 

less than 0.01 mg/Lorthophosphorus (as P), or 0.05 mg/11 

total phosphorus (as P) are generally considered limiting, and 



     

     

      

those greater nay surort .1)or,dant growths. Resphiite is not 

harmful to fish life and is generally considered beneficial 

in irrigation waters. It is harmful mainly in creating nuisance growths 

of algae and other aquatic vegetation which may be unsightly and 

which can even deplete the DO supply sufficiently to kill fish. 

Silica.--Silica is dissolved in small amounts from nearly 

all rocks and soils. In concentrations found in natural waters, 

silica appears to have no adverse physiological affects. 

However, it is undesirable in boiler feedwaters, as it forms 

hard scale. 

Sodium-adsorption ratio.--The suitability of water for 

irrigation is in part determined by the degree of mineraliza-

tion and the character of the minerals dissolved. Most commonly, 

these important characteristics are classified according to 

suitability by means of specific conductance, and by means of the 

sodium-adsorption ratio (SAR). The SAR is a way of expressing 

numerically the likelihood of sodium entering into ion-exchange 

reactions with calcium or magnesium in the soil. This exchange 

process is undesirable because a buildup of sodium in the 

soil makes it difficult to cultivate and water does not 

penetrate it well. The SAR is defined as 

(Na+) 
SAR = , where 

(Ca + (Mg+2) 

2 

ion concentrations are expressed in milliequivalents per liter. 
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The U.S. Department of Agriculture (1954) has developed the 

diagram shown below, using specir;c conductance and SAR to 

dOtermine the suitability of water for irrigation. As can be 

seen, it classifies water according to sodium hazard and 

salinity hazard, with Cl-S1 water being low in both specific 

conductance and in SAR, and the best classification. The higher 

the numbers, the poorer the water for irrigation, C4-S4 being the 

poorest classification. Waters that are both above and below 

these classifications assume the descriptive classification 

nearest them. 

Specific conductance.--Specific conductance is a measure 

of the capacity of water to conduct an electrical current. 

It is commonly used as a measure of the mineral content of the 

water because it is the dissolved minerals (as ions) which 

increase the water's current carrying capacity. Water of high 

specific conductance may be unsuitable for use as irrigation 

water, as can be seen from the diouram 

Temperature.--Temperature is one of the more important 

water-quality/'par meters. Chemical solubilities and reaction 

rates are a function of temperature, as are many physical 

properties such as dissolved-gas concentrations at saturation. 

Biological properties of water also are a function of temperature. 

Fish and other coldblooded aquatic animals exist at or near 

the temperature of the water, and some are able to survive and 
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reproduce over only narrow temperature ranges. The following 

table (from McKee and Wolf, 1963) indicates optimum and lethal 

water temperatures for various fish species. As shown in the 

table, bass and carp are considerably more tolerant of high 

temperatures than are trout and salmon. 

Optimum Lethfl tempera-
Common name preferred ture , in °C 
of fish temperature (median toler-

(°C) ance limits) 

Common brook trout -- 25 
Rainbow trout 13 --
Sockeye salmon 15 25 
Coho salmon 20 25 
Largemouth bass 22-25 36 
Carp 32 36 

'Temperatures apply to adult fish; younger fish 
generally are less tolerant. 



Drinking water with a temperature of 10°C or less is usually 

satisfactory. Water with temperatures of 15°C or higher is 

usually objectionable. 

Trace metals.--Heavy metals such as copper, lead, mercury 

and zinc are not major constituents in most natural waters. 

They are generally present in minute amounts, and through 

common usage are referred to as "trace metals." Through 

various natural and man-induced processes, the trace metals 

sometimes exceed the concentrations considered to be 

safe for human consumption or for support of healthy fish life. 

The U.S. Public Health Service (1962) makes no recommendations 

regarding mercury concentrations in drinking water, but 

recommends that the concentration of copper should not exceed 1,000ug/1 

and that of zinc should not exceed 5,000 ug/li For lead, manditory 

grounds for rejection as drinking water were set at 50_ug/16 

The Washington State Department of Social and Health Services (1971) 

has made the above limits mandatory for public water supplies. 

In addition, mercury must not exceed Syg/14 

Copper and zinc are considerably more toxic to aquatic life 

and to some terrestrial plants than to man and other higher 

animals. The following tabulation (from McKee and Wolf, 1963) 

lists approximate threshold concentrations of trace metals in 

water used by aquatic flora and fauna and for irrigation supplies: 



  

     

     

Metal 

Copper (Cu) 
Lead (Pb) 
Zinc (Zn) 
Mercury (Hg) 

Threshold 
concentration 
for aquatic 

flora and fauna 
(pg/1/) 

0 
100 
100 

4 

Threshold 
concentration 
for irriga-
tion water 
(ug/1) 

100 

The threshold concentration is reached when a constituent 

is just strong enough to produce a response. For example, concentrations 

of copper less than 20 JWL normally would not be expected to 

cause any measurable harm to the aquatic flora and fauna. 

Concentrations of trace metals deleterious to aquatic 

life, or which will be deleterious when applied in irrigation 

waters, are not easy to define. The harmful concentration of 

a metal is not a fixed quantity, but (7cpends on such things as 

the species of plant or animal and its size, age, state of 

health, and degree of acclimation. Also, toxicity depends on 

the physical and chemical characteristics of the water, 

such as pH, DO, hardness, dissolved solids, and temperature. 

Some metals also are synergistic; that is, their toxicity is 

enhanced by the presence of another metal or other substance. The preceding 

table should be considered only as approximate in view of the 

above considerations. 



Turbidity.--Turbidity is the term used to describe the 

decrease in light penetration attributable to suspended-partic-

ulate matter. The particulate matter may include organic 

detritus, . mineral substances, or microorganisms. Turbidity is 

measured in Jackson Turbidity Units (JTU). 

The U.S. Public Health Service (1962) recommends that 

drinking water not exceed 5 JTU. The Washington State Department of 

Social and Health Services (1971) limits unfiltered water to 

S JTU if it is to be used in a public water supply. 



The Washington State Departnent of Ecology (1973) establihed 

the following requirements lestricting man- induced increases 

in turbidity for various stream and Jake classes: 

Stream class 

AA and A B and C 
(extraordinary (good and 
or excellent) fair) Lake class 

Turbidity increase 5 or less 10 or less No measurable 
(JTU) increase allowed 

Turbidity determination is important because the quantity 

of incident light and the depth to which light penetrates in 

stream water are significant factors in determining the 

stream's biological productivity. however, the direct 

lethal effects of turbidity on fish life is quite low; fish life 

probably will not he directly harmed until turbidity is well 

above any turbidity levels found in streams on the reservation. 

According to data by McKee and Wolf (1963) rainbow trout eggs 

are destroyed at turbidities between 1,000-2,500 JTU. 

Turbidities of 3,000 JTU are considered dangerous to fish, and 

lurbidities less than 200 JTU are considered harmless. 
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