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WATER QUALITY STUDY OF WENATCHEE AND MIDDLE COLUMBIA RIVERS 
BEFORE DAM CONSTRUCTION 

ABSTRACT 

A water quality study was made in the Wenatchee River Basin and on the Columbia River 
from Beebe (near Chelan, Washington) to McNary Dam for the purpose of ascertaining the effect 
proposed dam construction will have on water quality and its relation to aquatic life. Water sam
ples were collected during the period from June 1954 to April 1957. They were analyzed for the 
common constituents and for other constituents that might affect aquatic life. These data are 
summarized and discussed. They are compared with similar data collected in 1910-11. 

INTRODUCTION 

Public Utility District No.1, of 
Chelan County, Washington, and Public 
Utility District No.2, of Grant County, 
Washington, are developing hydroelectric 
facilities on the Columbia River. Federal 
Power Commission licenses for these facil
ities direct the sponsors to carryon pro
ject planning in cooperation with Federal 
and State agencies concerned with the fish
ery resource. The United States Fish and 
Wildlife Service, as a Federal agency, has 
worked with the Public Utility Distric ts 
in the planning of these power facilities 
so far as they might affect tIle fishery. 
This study has been supported by these 
Public Utility Districts through the U. S. 
Fish and Wildlife Service, which in turn 
contracted for the study through the Uni
versity of Washington and its Department 
of Civil Engineering (2,). 

Existing and proposed dams in the 
vicinity of this study area are shown in 
figure 2 (page 2). The Chelan P.ll.D. pro
posed (2) the construction of a powe r dam 
at Rocky Reach (now under construction) 
on the Columbia River 9 miles north of the 
City of Wenatchee. This P.U.D. operates 
the Rock Island Dam power development on 
the Columbia River 12 miles below Wenatchee. 
The Chelan P.U.D. has applied for a license 
from the Federal Power Commission to con
struct a dam on the Wenatchee River in the 
Tumwater Canyon area 35 river miles west of 
Wenatchee. This dam would divert water 
into a tunnel leading to a downstream 
powerhouse to be located near the City of 
Leavenworth. Studies for a power dam on 
the Chiwawa River have been deferred be
cause of the high co st for a single-purpose 

~ 

project on this river. 

The U. S . Corps of Engineers 308 
Report of 1948 (1) proposed a single high 
dam at Priest Rapids on the Columbia River 
68 miles downstream from Wenatchee. After 
this power site was acquired by the Grant 
County P.U.D. by action of Congress and 
by license from the Federal Power Commis
sion, the P.U.D. decided (4) to erect two 
run-of-r iver dams to develop the powe r 
pot ential, rather than a single high dam. 
Cos t comparisons and other factors led to 
the selection of this 2-dam scheme. The 
Priest Rapids Dam is now under constructio=_ 
and it is anticipated (4) that con~t ruction 
on the Wanspum Dam will~ommerce during 1958. 

Table 1 (page 3) gives pe rtinent data 
on these dams and the other dams, existing 
o r proposed, in the area included in this 
study (see fig. 2 for location). These 
dams are primarily for the production of 
hydroelectric power. They will have some 
multipurpose use however, in their navig a
tion lo cks (when built) and in their (very 
sm all ) flood control stor age that can be 
made available by drawndown of the r e s ervoir 
in advance of expected flood storage us e . 
As shown in table 1, these are low head, 
run-of-river dams. They provide, at mean 
river flow, a theoretical water rentention 
period (not for flood controli in the reser
voirs of only 0.25 to 4 days _ ( With com
pletion of the proposed dams on the Columbia 
River, the river will be a s e ries of lakes 
from Bonneville well into Canada, a distance 
of some 620 river miles. 

1/ Rock Island has the lowest detention 
period of 0 . 25 days and I ce Harbor the 
greatest, or 4 days. 
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No. Dam name 

River mi l es 
to mouth 

Col umbi a River 

Table 1.--Dam and reservoir data, approximate values. 

St atus 

Rese rvoir 
surface area, 

average 
Res ervoir Average width 

l ength reservoir 
Usable 
storage 

Dead 
storage 

Ac r es Mile s Miles Acre-feet Ac re-fee t 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

McNar y 

I ce Harbor 

Ben Franklin 1/ 

Pr iest Rapids 

Wanapum ~/ 

Rock Island 

Rocky Reach 

Wells .!.I 

Wenatchee ~/ 

Chiwawa .Y 

* Site is tentative . 

292 Construc ted 28,500 

334 Under Constr. 7,000 

347 Propos ed 

397 Unde r Constr . 8,500 

415* Proposed 13 ,500 

453 Constructed 3 ,400 

474 Under Constr. 9,300 

516 Proposed 6,800 

500 Proposed 

530 Proposed 

~/ Federal Power Commission permit o r licens e has been r equested. 

~/ Construction expected to start in 1 958. 

1/ Not economical for single-purpose power usage. 

61 1. 0 173,000 

35 0 .4 29 ,000 

49 

18 0 . 75 70,000 

38 0 . 55 85,000 

20 0 . 27 12,000 

42 0.35 47,000 

29 0.36 

7 

120,000 

~/ Vertical distance from average water surface to mid-depth of opening in dam face leading t o turbine. 

707,000 

388,000 

200,000 

520,000 

Water 
depth at 

dam 

Feet 

90 

100 

88 

11 5 

67 

11 0 

79 

1 40 

17 9 

Average ~/ 
head on turbine 

intakes 

Feet 

55 

70 

80 

75 

52 

97 



A discussion of existing and proposed 
facilities at these dams for th passage of 
migratory fish is beyond the scope of this 
study. 

SCOPE OF THE STUDY 

This study is specifically related to 
hydroelectric projects that have been pro
posed by the Chelan and Grant County Public 
Utility Districts on the Wenatchee and 
middle Columbia Rivers. Water quality and 
biological data have been collected, docu
mented, and analyzed in the riv r sections 
that will be affected by these future dams. 
Biological data were gathered only l.n the 
~enatchee River Basin. This report on the 
study is divided into two sections: a sec
tion on wat e r quality', and a section on the 
biological studies II in the Wenat chee River 
Basin . Some of the data included herein 
were obtained on a previous study (5) by the 
University of Washington for the U.-·. Fish 
and Wildlife Service. This previous con
tract extended from June 1954 to December 
1956 whereas the contract for the study 
reported herein extended from June 27, 1 956, 
to September 15, 1957. Data co llec ted by 
the U. S. Fish and Wildlife Service in 1939 
and 1940 are included where applicable (24). 

II Biological section no+ included. 

Data sampling stations wer s 1 cted 
to bracket th area; to Ii n ar sites for 
the proposed dams; to include a riffl ar a 
if blological sampling was involved; to 
includ a bridge, if possible, for ease and 
reliability of sampling; and to include 
tributary streams where water quality data 
would help explain quality changes in the 
main stream. The sampling stations, as 
listed in tabl 2, carry a tation number 
assign d in the previous urv'y (5). Fig
ur es 3 - b (pag s 5 - 8) show the l;cations 
of the University sampling tations and 
thos of the U. S. Fish and ildlife Ser
vice. Stations 16, 47, 23, and 42 wer e 
selected to brack: t the tudy iirea on the 
Columbia and Wenatchee Rivers. Stations 
13, 14, 17, 37, and 43 were selected as 
they would give water quality data relating 
to the primary stations that were located 
in the vicinity of th propos. d d~s. 5ta
tion 38 (see fig. 3) is located between the 
Priest Rapids and 'anapum Dam sites. This 
is a difficult section of the Columbia River 
to sample because a bridge or boat was n t 
available and because the shoreline depth 
and point of sampling will change with the 
change in riv r flow depth . Station 40 is 
located at the upstream end of the future 
~anapum reservoir; station 44 several miles 
below the proposed .venatchee reservoir; 
station 40 just below the proposed ~enatchee 
reservoir; and station 47 is located near 

Table 2.--Location of sampling stations. 

Station 
No. Station 

13 Columbia River at Mc ary Dam 
14 Snake River near mouth 
16 Columbia River at Pasco 
17 Yakima River near mouth 
22 Yakima River near Thorp 
23 Wenatchee River near mouth 
37 Crab Creek near mouth 
38 Columbia River above Priest Rapids 
40 Columbia River at Rock Island Dam 
41 Lake Wenatchee 
42 Lake Wenatchee 
43 Nason Creek near mouth 
44 
45 
46 
47 

Chiwawa River near mouth 
Wenatchee River below Plain 
Wenatchee River in Tumwater Canyon 
Columbia River at Beebe 

4 

Miles from 
Columbia River 

mouth 

292 
326 
328 
340 
493 
471 
411 
409 
453 
528 
526 
523 
524 
514 
503 
504 

Type of samples 
collec ted 

ate r quality on ly 

Water qual i ty and biological 
Water quality only 

n tt 

Biological only 
Water quality and biological 

" 

Water quality only 
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the upstream end of the future Rocky Reach 
reservoir. Station 22 on the upper Yakima 
River was sampled, since it was on the 
travel route of the sampling party and 
would thus give valuable information on a 
re8ul at ed stream with a minimum of cost 
and effort. 

Plat es I - V (pages 9 - 13 ) show these 
sampling st ations and the initial construc
tion work on the Rocky Re ach and Priest 
Rap i ds Dams. 

RIVER BASIN CHARACTERISTI CS 

Ch ar ac t eristics of the princ ipal 
s t r eams in t he study area are given in 
table 3 . Nason Cr e ek has not been gaged 
suffic i ent ly to pe rmit an analysis of its 
flow char ac t eristics. All streams have a 
very wide fluctuation in flow during a 
normal water year. Table 4 (page 1 6) gives 
the mean monthly dis charge of the stre ams 
in the vicinity o f the sampling st ations 
during the period of the study. In a given 
month, the aver age monthly flow from year 
to year may v ary by as much as 670 percent. 
These monthly f l ow variations and the yearly 
flow variations have a marked effec t on the 
water qual i ty and on the biota. 

The ye arly aver age flows during the 
study per i od we r e generally gre ater than 
the ave r age fl ows of r ecords, as shown in 
tabl e 4 . Thes e higher flows may reduce the 
biota of the stream through scour and 
t hro ugh a r e duc tion in dissolved mineral 
matter concentrations. 

Stre am fl ow in 1939 and 1940 was 
consider ably less than in 1954-57. The 
greates t stream discharge during the study 
period was in the 1956 calendar year. 

Co l umbia River Basin 

The principal river basin in the 
Pacific Northwest is the Columbia River 
Basin. This river system likewise has the 
gr eatest multipurpose water uses existing 
and proposed. It has supported very large 
r uns of anadromous fishes, for whose con
tinu ation huge sums of money have been 
spent. This water quality study has con
f ine d itse lf within a small portion of the 
Columbi a River Basin as shown in figure 1. 
The re is a total of some 259,000 square 
mil e s in the drainage basin, of which 

14 

39,700 are in Canada. It includes most of 
the States of Washington, Idaho, and Ore
gon, the western part of Montana, and 
smaller areas in Nevada, Wyoming, and Utah, 
comprising about 7 percent of the nation's 
area. 

The Columbia River has its headwaters 
in Columbia Lake, British Columbia, about 
70 miles north of the international border 
at an elevation of 2,650 feet. After flow
ing 465 miles through Canada in a circui
tous manner, the river enters the United 
States near the northeast corner of Wash
ington. It flows through Washington in 
a series of big bends and becomes the border 
between Washington and Oregon as it flows 
westward to the Pacific Ocean. Between 
headwaters and the ocean, the river is some 
1,200 miles long. Its annual average flow 
is around 160,000,000 acre-feet of water 
(or 220,000 cubic feet per second) that is 
discharged into the Pacific Ocean. The 
headwaters of the Columbia and its princi
pal tributaries are in the mountains where 
pre c ipitation is fairly high. Mountain 
snow packs produce ground storage plus 
se as onal peak flows in late spring. 

The central portion of the Columbia, 
like its principal tributary, the Snake, 
lies in an arid region where irrigation is 
neces f ary for diversified farming. About 
4,650,000 acres are now (1957) under irri
gation (~) (7), two-thirds of which are 
in Southern Idaho. Ultimate development 
calls for a total of about 7,500,000 acres 
to be irrigated (§). 

Because of its rapid fall from head
waters to the ocean, the Columbia and its 
tributaries offer many sites for hydro
electric power development. Despite the 
fact that there are now nearly 200 hydro
electric power developments in the Basin, 
only about 40 percent of the potential of 
over 10,000,000 kw. had been developed (8) 
as of 1947. (This figure has now increased 
to over 50 percent). 

The U. S. Bureau of Reclamation in 
its report to the 81st Congress, "The 
Columbia River," 1947 (8), proposed con
struction of 238 projects, large and small, 
for irrigation, power, and flood control. 
The U. S. Corps of Engineers, North Pacific 
Division, in its "Review Report on Columbia 
River and Tributaries" ("308 Report"), 
1948, (2), shows an ultimate development of 



Table 3 .--S tre am c h a r ac teristics . 

Sampling Dr a in age River length Flow to 195 4, c .f.s. 
station a re a above stat ions 

Sam~ River Locat ion sguare mil es miles Minimum Maximum Avera!:!e 

47 Co lumb ia at Beebe Bridge 89,700(2 ) 695 34,800(12 ) 117, 000 117, 000 

40 Co lumbia at Ro c k I sl and 89 ,700(2) 746 692,600 117,000 

38 Co lumbia below Vantage 89 ,700(2) 790 692,600 117,000 

16 Co lumbi a at Pasco 89,700(2) 869 692,600 117,000 

13 Columbia a t McNary Dam 2 17,000 907 31, 000 1,170,000 187,000 (11) 

43 Nason Creek near mouth 19 

44 Chiwawa near mouth 17.0(3 ) 30 56 5,880 443 

45 Wenatchee below Plain 591 10 168 22,700 2,170 
...... 

46 Wenatchee Tumwate r Canyon 59 1 (4) 23 168 22,700 2, 170 '~l 

23 Wenatchee Sleepy Hollow 1,000(5) 52 183 32,300 2,900 

14 Snake near mouth 103,200(6) 1,000 10,600 369,000 51 ,100(0) 

n Crab Creek above Beverly 4,500(7) 145(1) 0 3,300 41 

22 Yakima near Thorp 1,500(8) 45 138 41, 000 2,350 

17 YakIma near Richland 5,600(9) 195 105 67,000 3,170(10) 

Ic icle Creek above Snow Creek 193 22 45 11,600 580 

I.l~ngth indefini te 7 Near Smyrna 

,\t Trinidad 8 At Umtanum 

J lQJ6-1Q.19 9 At Kiona 

At Plall! 10 lQ38-l052 

';At Peshastill 11 Adjusted from Dalles values 

o Near ClarkstOll 12 ~. (' C 1 . Ince ,rand ou ee Dam Impoundment 



Tahle 4 - Mean MpnthlY Dischar2. - C.F.S. 

RivE...§tations in Stu9 Ar!!* 

YEARLY 
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC WG. 

Columbia River at Grand Coulee Dam. Wash. 1000 CFS 

1954 61.6L Sb.Ol 66.03 59.03 234.8 358.1 329.6 IbL.7 107.3 65.L 65.2 6L.L IJb .0 
1955 :) J.l 72.2 7? .8 71.52 75.32 290.7 300.2 133.7 74.5 62.4 05.8 63.0 112.9 
1956 67.0 65.6 67.1 172.0 280.0 LOl.O 222.0 113.0 72.7 63.5 60.3 54.4 136.3 
1957 71.4 64.3 50.8 

)f Record1 48.5 47.1 5l.7 8D .8 210.3 290.9 2Cb .1 109.2 b9.6 56 .2 51.3 49.8 lCo.3 

Columbia River at Trinidad. Wash. 1000 CFS 

1954 08 .15 62.8 72 .51 06.76 247.0 387.3 359.1 178.9 117.3 72.7 74.4 7l. 7 148.1 
1955 08 0 3 77.4 [!i) • 7 80 .22 89.58 326.0 342. 0 149.3 82.6 70.1 78.8 70.0 126.9 
1956 74.3 73.2 74.5 184.0 323.0 450.0 251.0 120.0 80.2 72.3 70 .6 66.4 153.1 
1957 79.3 72 .3 56.3 ,.... Of Record1 54.2 52.2 56 .8 95.6 230.2 3lP .9 220.2 117.6 75.4 62.1 58.0 55.9 116.2 

O'l 

Columbia River at McNary Dam. Oregon 1000 CFS 

1954 1<:6.0 116.0 123.7 151. 9 373.0 487.0 413.0 210.0 149.0 105.b 108 .0 'J7 • 3 203 
1955 95.2 102.0 110.0 132.0 191.0 4L3.0 392.0 211.1 108.0 97.5 119 .0 137.0 178.1 
1956 132.0 118.0 152.0 329. 0 521.0 627.0 298.0 153.0 no.o 103.0 103.0 lCX> .0 229 
1957 107.0 113.0 131.0 

Of Recordl 91.0 98.2 113.b 159.4 353.4 43304 272.L 146.5 10l.0 ~0 .4 91.8 ; 4.8 173.0 



Table 4 - Cont'd 
, 

YEARLY 
YEAR JAN FEB MAR APR MAY JUN JUL AUO SEP OCT NOV DEC AVO. 

Wenatchee River below Lake Wenatchee. CoF .S. 

1939 890 370 540 1,810 3,380 2,550 1;730 500 250 340 710 970 1,1 10 
1940 380 420 820 1,950 3,390 2,)::>0 760 340 270 515 400 530 1,010 
1954 b95 505 535 1,110 3,830 4,220 4,560 1,970 885 b20 1,40 0 780 1,7b O 
1955 425 495 325 645 2,040 5,140 3,340 1,220 470 970 2,040 745 1,490 
19;0 4]0 270 320 1,850 5,120 5,070 3,580 910 495 920 885 1,745 1,800 
1957 540 435 565 

wenatchee River at Plain. C.F.S. 

1939 1,420 600 950 3,0:>0 5,b30 4,130 2,070 830 420 460 860 1,L50 1, 880 
1940 u40 680 1,330 3,326 5,520 3,850 1,260 720 400 810 615 830 1,060 
1954 1,050 815 900 2,000 b ,870 7,550 7,540 3,05J 1,380 1,0~ 2,230 1,310 2,910 
1955 770 850 630 1,200 3,950 9,410 5,730 1,970 790 1,590 3,320 1,380 2,b30 

~ 1956 800 585 635 3,650 9,770 9,200 6 ,090 1,620 825 1,470 1,450 2, 780 3,2ho 
-.;:J 

1957 955 775 1,005 

Wenatchee River at Peshastin. C.F.S 0 

1939 1,8M 900 1,370 4,230 7,450 5,520 3,480 980 500 610 1,150 2,040 2,500 
1940 880 920 1,860 4,400 7,770 5,210 1,590 660 540 1,045 780 1,070 2,230 
1954 1,490 1,210 1,410 2,840 9,560 10, 200 10,500 4,090 1,790 1,300 2,844 1,770 h,080 
1955 1,021 1,100 880 1,7r.:f;J 5,305 13,320 7,717 2,420 950 1,820 3,920 2,080 3,520 
195b 1,330 8tiJ 1,000 5, 950 14,000 13,400 8,030 2,120 1,090 1,920 1,940 3,550 4,650 
1957 1,2bO 9b O 1,410 

Of Recordl 1,210 1,190 1, 453 3,910 8,420 8,230 3,920 1,190 730 1,210 1,530 1,090 2, 890 



Table 4 - Cont'd 

TI.ARLY 
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV tI D1C AVO . 

Chiwawa Hi ver near Plain , C.F .S . 

1939 150 100 1.50 600 1, 270 970 620 210 11 110 130 210 386 
1940 110 90 210 no 1, u90 1,110 390 150 100 180 125 115 398 
1954 ~o 240 420 280 
1955 175 165 150 235 9uO 2, buO 1, uD O 480 200 345 570 225 030 
1956 150 95 105 765 2,680 2, uOO 1, 440 420 220 230 205 325 752 
1957 1.l.~0 130 185 

2 
~op Creek at P9iDt of Oi~chirK.,·CqF oS .-

1939 380 190 2bO 650 980 lil0 320 120 00 10 20 270 323 
1940 150 170 300 bOO buO 380 110 230 30 115 90 185 250 

f-I. 1954 135 170 350 250 
<Xl 

1955 170 190 155 320 970 1,UbO 930 270 120 n5 710 1.10 515 
1956 220 220 210 1,035 1, 970 1, 730 1, 07 0 290 110 320 :pO 710 o&:> 
1957 275 210 255 

I cicle Cree k above Snow Creek. C. F.S . 

1954 245 205 250 u95 2, 020 2, 240 2, 2-;>0 ~S 335 200 51.5 325 828 
1955 200 205 150 ?75 1,020 2,900 1,570 IlL5 180 385 no 345 721 
19~ 205 1bO 160 1,015 2,800 2,6 55 1,ul0 385 210 335 330 755 8&> 
1957 230 185 235 

Crab Creek near Smyrna l Wash' l C.P.S . 

1954 26 41 35 ~ 33 30 27 ::& .3L 45 L3 37 .3L 
1955 39 38 33 35 32 21 24 JO ~ 51 40 :>0 ~ 
1956 5L 49 47 39 1J h.l 39 33 42 53 52 51 45 
1957 37 64 56 



f-I. 
<:0 

Table 4 - Cont' d 

YEAR 

1954 
1955 
19~ 
1957 

1954 
1955 
1956 
1957 

Of Recordl 

1954 
1955 
1956 
1957 1 

Of Record 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Yakima River at C1e Elum. Waah., C.F.S. 

2,CbO 1,480 1,270 1,&>0 2,(X)0 3,410 3,730 2, )/10 2,330 1,330 470 495 
450 665 595 1,750 1,520 4,580 3,140 3,CX>0 2,430 895 1,890 3,CbO 

2,050 1,280 2,300 2,800 3,270 4,820 2,660 2,890 1,900 870 560 2,420 
1,275 370 460 

Yakima River at Kiona, Wash., C.F .S. 

4,470 5,020 4,819 4,872 6,896 6,&:>0 5,420 2,266 2,500 3,180 3,100 2,600 
2,190 2,430 1,850 2,000 3,249 8,720 3,525 1,809 2,050 2,900 6,140 9,)S0 
7,040 4,230 8,450 13,400 13,200 12,900 3,620 2,040 2,280 2,910 2,890 6,070 
3,530 2,800 4,000 
2,940 3,380 4,000 4,450 5,530 3,530 2,010 1,610 1,750 2,260 2,&:>0 3,710 

Snake River near Clarkston, Wash., 1000 CFS 

26.95 37.52 39.69 74.1 13103 103.5 52.24 24.33 22.43 24.8 25.0 22.1 
22.0 20.B 23.2 51.8 99.74 128.6 51.52 21.55 20.6 24 04 30.7 53.2 
!P.5 )S.7 64.3 12B.0 189.0 151.0 42.1 24.6 22 06 26.7 27.6 30.3 
23.4 35.B 66 0 B 

29.95 )S .3 49.7 93.5 129.4 107.1 41.0 20.6 20.2 24.4 28.2 32.3 

1 1938-52 

2 Flow approximated by difference between Wenatchee River flows at Lake Wenatchee and Plain less 
Chiwava River nowo 

* Flow in Columbia, Yakima and Snake Rivers subject to regulation. Crab Creek flow is affected 
by irrigation usage and by irrigation surplus dischargeo . 
1954~57 data from U.S.O.S. Provisi onal Records, subject to revision (9)0 

YEARLY 
AVG. 

1,950 
2,000 
2,320 

4,330 
3,840 
6,580 

3,160 

48 06 
45.6 
65.8 

51.1 



the Columb ia River Basin that will provide 
a total of 125,000,000 acre-feet of stor
age ~/ on the river and its tributaries. 
This storage would make posEible almost a 
complete r egulation of the river system. 
To accomplish this, the Corps proposes the 
construction of 27 dams with an additional 
131 dams, large and small, in the ultimate 
development. 

Approximately 600 ,000 acres of land 
are now irrigated above Priest Rapids (5) 
in the Columb i a River Basin and the fut~re 
irrigated area may exceed 2,000,000 acres. 
Irrigation return flows from the Columbia 
Basin Projects' future annual diversion of 
3,920,000 acre -feet ( 3) are estimated to 
be 233,000 acre-feet between Rock Island 
and Priest Rapids and 1,174,000 acre-feet 
in the vicinity of Pasco . The 1950 popula
tion in the Columbia River Basin above 
Priest Rapids was approximately 700,000 
persons (5) (10) and the estimated future 
population is-;bout 1,100,000 persons by 
the year 2000. This anticipated increase 
in irrigation and population with its con
comitant increase in industry will produce 
future changes in Columbia River water 
quality. 

Wenatchee River Basin 

The Wenatchee River Basin is loc ated 
entirely within Chelan County in north
central Washington, and it has an area of 
approximately 1,310 square miles (11). 
Originating in Lake Wenat che e, the-Wenatchee 
River flows southeastward for 55 miles (12) 
to its confluence with the Columbia Rive~ 
immediately above the City of Wenatchee. 
It is an unregulated, r apid, snow-fed stream 
having a mean annual flow of 2900 c.f.s. 
and a fall of 1,230 feet from Lake Wenatchee 
to its confluence with the Columbia River 
(11). Principal tributaries below Lake 
Wenatchee are Nason Creek, the Chiwawa River 
and Icicle Creek ( s ee fig. 4, page 6). 
Above Leavenworth, the rive r basin is moun
tainous and heavily forested. Below Leaven
worth, the river ent ers a broader va lley 
that is fully utilized for fruit growing 
(apples, cherries , apricots) and related 
enterprises, such as box factorie s, packing 
houses and storage plants. In 1950 the 
river basin above the City of Wenatchee had 

1/ ' torage for power, irrigation and flood 
control. 
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a population of some 12,000 persons, 3,270 
of whom were in the Cities of Leavenworth 
and Cashmere (10). 

Water diversion for irrigation com
~enced on a small scale about 1870 and 
continued until 1923, the last year of any 
significant irrigation development. There 
now exists 3,240 acres of irrigated land 
along the Wenatchee River above Peshastin 
and 25,470 acres above the river mouth (2). 
The estimated annual depletion in river 
discha~ge from irrigation usage is 50,940 
acre-feet, which would correspond to a 
reduction in stream flow of 170 c.f.s. for 
an irrigation season of five months. 

Lake Wenatchee, at the head of the 
Wenatchee River, is fed primarily by the 
Little Wenatchee and the White Rivers. 
Table 5 lists significant characteristics 
of the lake. The lake is very frequently 
subjected to the stirring action of strong 
winds blowing down from the adjacent moun
tain passes. It is normally frozen over 
during the winter months. 

Table 5.--Lake Wenatchee 
characterist ics , 

Area - square miles 
Area - acres 
Surface elevation - average 
Maximum depth - feet 
~verage depth - feet 
Volume - acre-feet 
Shoreline length - miles 
Drainage area - square miles 
Maximum lake discharge - C.F.S. 
Minimum lake discharge - C.F.S. 

SOURCE OF POLLUTION 

4.4 
2,820 
1,874 

222 
150 

423,000 
13 

276 
13,700 

96 

The Wenatchee River is relatively 
free of pollution. Significant sewage 
dicharges are treated prior to disposal 
in the river. Leavenworth has a modern 
sewage treatment plant providing secondary 
treatment to its waste waters and Cashmere 
has an outmoded sewage treatment plant 
providing primary treatment ~/ only . The 
minor industrial waste discharges to the 
river from the fruit industry plants are 

2/ Sed imentation. 



in conformance with requir ements of the 
PollHtion Control Commission (14). Irri
gation return flows are minor in the river 
basin. Assuming a net consumptive us e of 
2.0 acre-feet per acre (7) and an annual 
irrig ation application of 4 acre-feet per 
acre, the r eturn flow prorated over 12 
months would be about 71 c.f.s. This 
amounts to 2.5 percent of the mean annual 
flow. 

"The Columbia River between Beebe 
Orchard Bridge and Priest Rapids receives 
very little polluting material in reI at ion 
to the river volume. The City of Chelan 
discharges sewage to the Chelan River 
through a primary treament plant serving 
a population of 2,300 persons. Wenatchee 
and East Wenatchee discharge untreated 
sewage to the Co lumbi a River from a con
nected population of about 14,000 persons 
(13). Sewage treatment is being planned 
for these cities. Other cities in the 
area do not discharge sewage to the river. 
All industrial waste discharges in the 
river section, including the aluminum and 
electro-metals plants at Malaga and Rock 
Island, meet the requirements of the Pol
lution Control Commission with the excep
tion of a few food processing plants in 
Wenatchee. Irrigation return flows in this 
section of the Columbia River are smal l. 
Anticipated return flows of 233,000 acre
feet from the Columbia Basin Project will 
not be realized until the area is all under 
irrigation and not until the ground water 
table has been raised sufficiently to per
mit this return flow. A return flow of 
233,000 ac r e-feet, prorated over 12 months, 
would be equivalent to a flow of 325 c.f .s. 
or 0.3 percent of the mean annual flow of 
the Columbia River at Trinidad. 

WATER QUALITY CHANGES IN A RIVER 

In a given river s ec tion, unaffected 
by mads activity, the quality of the river 
water is subject to change by natural 
causes as it flows through this section. 
The magnitude of the change will vary with 
the l ength of the section, depth of flow, 
shading afforded, elevation of the ground 
water table, turbulence and, it will vary 
with the physical and chemical character
istics of the grQund over which the river 
flows. Tributary streams will of cours e 
have an effect on the wat er quality in the 
stream under consideration. Water quality 
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changes that usually take place in a river 
section are as follows: 

1. Increase in dissolved mineral 
matter and conductance. 

2. Increase in water temperature 
during the summer months. 

3 . Decrease in water temperature 
during the winter if a large 
impoundment exists above the 
stream section. 

4. Incre ase in pH if the are a con
tains alkaline soil. 

5. Color may be increased or re
duced, depending upon the solar 
radiation received and on the 
nature of the surrounding soil. 

6. Turbidity may be increased or 
r educed, depending upon the water 
velocity and the nature of the 
surrounding soil. 

7. Dissolved gases, such as carbon 
dioxide, will decrease in a river 
s ection unless entrained organic 
matter is undergoing rapid decom
position. Dissolved oxygen will 
increase towards saturation or 
remain in a saturated state un
less rapid decomposition removes 
oxygen faster than it is replen
ished by re aerat ion. 

The natural wat er quality in a river 
is subject to change from 4 man-made causes. 
They are: 

1. Impoundment of water in artifi
cial r eservoirs behind dams. 

2. Return flows from irrigation. 

3 . Introduction of domestic sewage 
and industrial wastes. 

4. Soil erosion or vegetative cover 
changes from farming, logging, or 
construction activities. 

Impoundment of Water 

The effect of water impoundment on 
water quality aepends upon the time of 
impoundment, water depth, air temperatures, 



character or reservoir bottom, whether 
highly organic or inorganic, on the physi
cal and chemical quality of water entering 
the reservoir, wind action to provide 
circulatory currents, and on the point and 
depth of water withdrawal from the reser
voir. Adverse water quality factors in 
regard to fish life that may arise from 
water impoundlnent are: High water tempera
ture; low dissolved oxygen; high or low 
hydrogen ion (pH) concentration; excessive 
carbon dioxide, ammonia and hydrogen sul
fide from organic decomposition, siltra
tion, and, accumulation of trace elements 
that may be toxic to fish or their food 
supply, such as copper, lead, selenium, 
and zinc. Favorable water quality effects 
that may arise from impoundment are: a 
decrease in the downstream water tempera
ture in the warm season and an increase in 
the winter; increase in downstream flow, 
during the normal low period, that will 
more effectively dilute pollutants, and a 
reduction in stream turbidity. Release of 
impounded water will affect the stream 
quality for some distance below the dam, 
depending upon the water turbulence, air 
tempe ratures, and the depth of water with
drawal from behind the dam. References 
(21-2 3 ) discuss the effects on water qual
ity of impoundments in the Tennessee Valley 
Authority reservoirs and in the Catawba 
River, South Carolina. 

Return Flows from Irrigation 

In the irrigation of land, it is 
necessary that the soil be well-drained so 
that the plant roots do not become water 
sick and so that salts do not accumulate 
at the soil surface. A favorable salt 
balance is attained when the drainage water 
has a higher salt content than the input 
water (15). Most irrigation projects are 
provide~with drains or waste-ways whi ch 
control the direction of ground water move
ment in the root zone by returning excess 
ground and irrigation waters to a receiving 
stream. 

The amount of water required for 
irrigation varies from less than two to 
more than 10 acre-feet of water applied per 
acre per year (16). Of this app lied water, 
from 20 to 60 percent may find its way back 
to the stream as return flow. 

These return flow waters are more 
mineralized and have different physical 
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properties from the input waters. Their 
return to a stream will produce marked 
water quality changes if the quantity of 
return flow in relation to stream flow 
is significant. Some return flow can be 
expected throughout the year with the 
majority occurring at the height of the 
irrigation season. 

Domestic Sewage and Industrial Wastes 

The quantity of wastes discharged to 
to inland waters is continually increasing. 
Their content of polluting material is 
under surveillance by, and is in the pro
cess of being controlled by, water pollu
tion control agencies. Uncontrolled 
discharge of these waste waters has, in 
many instances, caused serious impairment 
in water quality to the extent that fish 
life could not exist. It is to be expected 
that these waste waters will have an in
creased reduction in their deliterious 
effect on the receiving streams as waste 
treatment and other control processes 
become more common. 

Soil Erosion 

Poor land management practices, in 
the form of overgrazing or improper culti
vation, together with logging, mining or 
construction activities that do not control 
soil erosion, frequently impart so much 
silt to a stream that all other forms of 
water quality impairment become minor in 
comparison. A change in vegetation, such 
as from coniferous to deciduous trees, will 
frequently result in an increase in the 
water color. 

WATER QUALITY EFFECTS ON FISH LIFE 

Water quality affects anadromous 
fishes in different ways. It may, if 
adverse, discourage the adults in their 
upstream migration; kill them by toxicity 
or disease before they reach the spawning 
grounds; cause them to not spawn when at 
the spawning beds; destroy their eggs by 
providing an environment unfavorable 'for 
hatching; or it may cause the newly hatched 
fish to die through destruction of the 
young fish itself or its food supply. A 
search of the literature for specific water 
quality constituents and their effect on 
anadromous fishes is not very enlightening. 
Different species of fish and the same fish 



at differ nt ages have varying tolerances 
to wat'r constituents. The effect of a 
par'ticular constituent also frequ ntly 
depends upon th~ variation in conc ntration 
of other constituents. 

A concise statement on the nature of 
th research and of the available data on 
toxicity to fishes is given in the Califor
nia "Water Quality Criteria" (17). I treads 
as follows: "Not only are th ~eferences 
dealing with fish innumerable; they are also 
individualistic in their approaches to the 
problem. The conditions under which the nu
merous investigators conducted their experi
ment varied widely and were seldom stand
ardized. Hence, the results of several 
investigators of the sam pollutant may not 
compare closely. This wide discrepance 
arises from variations in the spe cies of 
fish or other organism used, its prior han
dling, the temperature, the dissolved oxygen 
content, synergistic and antogonistic sub
stances, the hardness and other mineral 
content of the water, and the time of expo
sure." 

There is a dearth of specific infor
mation on water quality and fish life, and 
a need for more study on this subject. It 
was decided to make water tests for on ly 
those constituents regarded as har~ul to 
fish life and to make other tests which 
would be helpful in general water quality 
evaluation. A study of this natur e can 
concern itself only with those substances 
which are likely to be present. The reader 
is referred to reference (5) for a more 
complete discussion of toxicity of the var
ious elements and compounds. 

FIELD SAMPLING At-O ANALYI'ICAL 
PROCl::DURES 

Sampling procedures were developed 
to obtain as nearly a representativL s~lple 

as possible from the station to be sampled. 
The procedure had to be within the limita
tions of time, pLrsonnel, and equipment 
available . There was good vert ical mixing 
at all of the stations as determined by 
temperature and \,·ater quality checks at the 
stations. In the smaller stre ms 110 signi
flcant diff renee in \\.lter quality could be 
found within the rLss-se tioll. In the 
larger strearts, thlre "as o(c,si nally d 

slight change in \,',1ter qu,llit ... .:r0S5 the 
cross-se tion because of insufficient 

he r I zont al m1Xl n 
o r thre Sa pI 
mid-d pth ae ro < th 
strean on each 
co llecte1 from 
from the small str ams. 
values repo rted are an ever 
stituent valu s found on aeh V1S1t • 
Sampling station were visit d fr l 
tiro s during the summer m nths und 1 
frequently JlIong th' rtm inJ r r:f th 

r 

The watEr samphr me t frt qu ntl 
used was a 1200 mI. improv J-typ Kc 
samplE r. [his sar!lpler is 10 r d 1n p n 
position to the desirl'd depth (in il 1 
or where the strean flow is not rapid) an 
then a messenger is S{,llt d wn th J.tt h J 
lim: . This messenger tops d. S t f II 
ing forks and rubber topp rs v 
seal the cylinder of wat r within 
pIer. ampl~ bottles ar r fully 
frOM the sanpler by us of ,\ rubb r tub 
at the sd"lpler baSI? amp 1 b )ttl u 
wer the r~gular A.P.H.A. B.O.D. bott! 
having a gr lind glass tap r d stopp r 
ho lding dbout 300 'Ill. A \\ igllt 1, diS 
placement type, sampler was us d wh r tl 
current was swift or where th W\t 

shallow. This s..unpltr holJs thr 
bottles. !)urlllg fillIng, to 1n ur 
present t iv sam I • til cont nts 
bottlcs are displ,ced J ti~es into til 
uter container. This typ f sd~pl r 

begins to [ill imm liat ly n low on 
is therefore not suit d for 
or lake samples. 

Water qual i ty det rminat i 
made: (a)inthetildat, r 
after the tim, of sampling, f r 
qualities \,hOSL valu \\ould han 
standing; (b) in th 
day or tw follOWing sJ.n:pllng f 
determinations not greatly 
standing or ,h r fi Id t{' 
mo~t difficult; and (~) by 
ing laboratory for le~ 

anal yses ,,'ere in cc 
Methods" (10) unless 

D t rminat ion 
the an yt1 al pro 
fo 110\ .. s: 

ns w r 
hort1 ' 
th s 



thermometer was us ed , r ead ing t o 
about 0.10 F., which could be 
lowered to any desired depth for 
a temperature reading. 

b. pH - these values were gene r al ly 
measured electrometrically, using 
glass and saturated cal omel elec
trod s standardized against a 
buffer solution. Colorimetric pH 
determinations were made, using a 
glass disc color compar ato r when 
an electrometric unit was judged 
unreliable (following a trip over 
rough roads) and as a check on 
the electromet ric measur ement. 

c. Dissolved oxygen - samples were 
dosed at the time of collection 
with reagent s for the sodium 
azide (Alsterberg) modification 
of the Winkler method. The per
centage of saturation was com 
puted using s ea level saturation 
values at the temperature of 
sample collection. The per cent
age of saturation values were not 
corrected for the altitude of 
sample collection, i. e., baro
metric pressure . 

d. Carbon dioxide - total carbon 
dioxide was approximated by 
adding 0.02 N NaOH to the phenol
phthalein endpoint in a carefully 
collected sample. 

e. Ammonia - sample was preserved 
with 0.8 mI. of concentrated 
H2S04 per liter of sample at time 
of collection. 

f. Alkalinity - total bicarbonate 
and carbonate (if present) alka
linity were determined by titra
t ion with 0.02 N H2S~ agains t the 
phenolphthalein and methyl orange 
endpoint s. 

g. Hardness - total hardness was 
measured by titration using the 
Schwarzenbach method. Carbonate 
and non-carbonate hardness were 
calculated, using the total 
hardness--tot al alkalinity reI a
tionship. 

Determinations made on samples broug~ 
back to the laboratory and the analytical 
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procedures used were as follows: 

a. Co lor - "Aqua Tester" was used 
to measure co lor by comparison 
with a glass disc calibrated 
against platinum- cobalt standards. 
Excessive turbidity was removed 
by centrifuging when ne cessary. 

b. Turbidity - A Hellige turbidime
t er was used to measure low 
turbidities. If turbidity values 
exceeded 30, the s ample was 
diluted with distilled water. 
The turbidimeter was calibrated 
against a Jackson candle turbi
dime t er. 

c . Conductivity - spe c ific co nduct
ance was measured using a Wheat
stone bridge and a spe cific 
conductance ce ll , calibrat ed 
against a stand ard KCl solution. 
Values were re co rded in micro
mhos/cm., corrected to 250 C. 

d. Ammonia - determinations were 
made by direct nessl erization in 
nessler tubes, and co l o r readings 
were made by comp arison with 
permanent standards, or from an 
el ect r ophotomet e r calibrated 
against permanent standards. P r e
cip it ated interfering substances 
were removed by filtration or by 
centrifugat ion. 

e. Sulf ates - turbidimetric method 
was used by precipitating the 
sulfat e ion with the barium ion 
in acid solution. Turbidity 
values, convert ed t o p.p.m. of 
sulfat e ion, were read from a 
Hellige turbidime t e r calibra ted 
aga inst standard sulfat e solu
tions. 

f. Total solids - 100 mI. of sample 
was ev aporat ed t o dryness over a 
wat e r bath, dried for at least 
one hour at 1030 C., and weighed. 
Total solids and dissolved solids 
will h ave ab0ut the s ame vaiue 
for nearly all stations where 
turbidities were low. 

Samples for e lement analysis wer e 
periodically sent to a comme rcial l abora
t ory s et up for this type of analytical 



work. The elements they t es t ed for and the 
methods used were as follows: . " 

a. Iron - Thiocyanate method, r efer
ence (12), 9th Edition. 

b. Copper - Carbonate procedure, 
reference (19). 

c. Zinc - "Color imetr ic Determina
tions of Traces of Metals" by 
E. B. Sandell, p. 458. 

d. Aluminum - reference (19), 9th 
Edition, p. 50. 

e. Calcium - fl ame photometer against 
standards. 

f. Magnesium - r eference (12), titan 
yellow. 

g. Sodium - flame photometer. 

h. Potassium - flame photometer. 

i. Lead - Sandell dithizone method 
(modified) . 

j. Manganese - reference (1 9), 
periodate method. 

k. Silver - Sandell, dithizonate 
method, p. 400. 

RELIABILITY OF WATER QUALITY DATA 

The water quality of a stream is con
tinuously changing. In a given stream, the 
value of the constituent tested for will 
vary with the rate of stream flow, with the 
water use and with the air tempe rature or 
season of the year. To obtain a reliable 
documentation of the water quality, one has 
the problem of determining how many and how 
frequently water samples should be co llected. 
In their 12 established sampling stations 
in the Columbia River Basin, the U. S. Geo
logical Survey normally collects a water 
sampl e each day. These samples for three 
10-day periods are composited in ratio with 
each sample's conductivity. Thus, three 
constituent values are determined during 
each month of s amp ling. Even with these 
numer"ous samples' , there are abrupt changes 
at s ome stations in the constituent values. 
The most accurate procedure would be the 

25 

daily analysis of each s ample. This becomes 
a virtual impossibility when the number of 
samples and constituents tested for are 
1 arge. Collection of daily samples by a 
local resident of the area is a good and an 
inexpensive way to get numerous sample s. 
It has the disadvantage of not permitting 
a test for dissolved gases, ammonia, phos
phates, etc. and the samples have been 
stored for a considerable period prior to 
analysis which will affect pH, alkalinity, 
turbidity, nitrate and solids values. 

On this contract, because of the large 
number of sampling stations involved, be
cause of the necessity of measuring dis
solved oxygen et cetera at each station, 
and because of-a limited budget, it was not 
possible to get frequent sampl es at each 
st ation. Stations were sampled (composites 
at each station of two or more individual 
samples) with a frequency of at least once 
a month in the winter and up to 10 times in 
the summer months. 

Hydrogen Ion Concentration (pH) 

These values were measured in the 
field at the time of sampling with colori
metric indicators and also with a portable, 
battery operated, glass electrode pH meter. 
The glass electro de method usually gave pH 
values from 0-0.4 units higher than those 
g1ven by the colorimetric method. Colori
metric values would diffe r by 0-0.2 units, 
depending upon the indicator used. 

All of these pH values are at best, 
approximations, for the following reasons: 

1. Colorimetric methods are subject 
to error from color perception of 
the observer, deterioration of 
the standards or the indicator and 
from pH alteratims by the indi
cator in poorly buffered samples 
of water (19). 

2. Electrometric methods are affec~d 
by temperature of the sample. As 
the sample warms, the pH will rise 
because of an increase in ioniza
tion in the sample and because of 
the nature of the electrodes them
selves. This change in tempera
ture was compensated for with the 
meters used when the water tem
perature was well above 10° C. 
When the water temp eratures were 



around 10° C. or lower the pH 
readings would be low. Thus, if 
a sample warmed from 10° C. to 
20° C. from the time of sampling 
to the time of pH measurement, 
the pH read would be above that 
actually existing in the river. 
E1ectrometric pH values should 
be recorded with the sample tem
peratur e at the time of pH mea
surement. 

Dissolved Oxygen 

Recent laboratory studies in England 
by Truesdale, et a1. (18) have shown the 
presently accepte~(see reference 19) dis
solved oxygen saturation values a t s ea 
level to be in error by as much as 4 percent. 
The present values are high according to 
these researchers (see below). 

Temperature 

0° C 
5 

10 
15 
20 
25 
30 

Percent erro r in 
present values (high) 

3.4 
3.5 
3.5 
4.0 
3.8 
3 . 3 
1.3 

This report on the error in oxygen solu
bility confirms field data where, in many 
instances, a clean, turbulent river would 
have an oxygen saturation of 96-97 percent 
according to the old oxygen s a turation 
values. A stream of this type should be 
essentially 100 percent saturated with oxy
gen. Therefore, all dissolved oxygen 
saturation values shown in this report 
should be about 3.5 percent higher . If the 
saturation values were correc ted for e l eva
tion of the sampling st ation (barometric 
pressure), the values would be inc reas ed 
from about 4 percent for the Columbia River 
at McNary Dam to about 6 percent for Nason 
Creek. 

Station 38, Columbia River 
Below Vantage 

This s ampling st ation was along the 
river bank at a location where the depth 
sampler could be immersed in several feet 
of water. Depth of sampler immersion along 
the bank varied from 3-1 5 feet, depending 
upon the river stage . Crab Creek dis c harges 
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to the Columbia River about 1 mile above 
the s ampling station. This distance may 
be insuffic i ent for mixing during low river 
stages. These c ir cumstance s undoubtedly 
gave some values th at were too high for 
temp erature, alkalinity, hardness, sulfates, 
sodium and conductivity. 

Ammonia and Carbon Dioxide 

Values for these constituents are 
approximate only, as the test t echn iques 
used were not precise and because it was 
necessary to make the ammoni a analysis 1 
to 3 days after the samples were co llected. 
Ammonia sampl es were pre s erved with sul
furic ac id when collected and refrigerated 
when placed in the laboratory. 

PRESENTATI ON OF WATER QUALITY 
DATA 

An import ant port ion 0 f this study 
is the documentation of water qu ality prior 
to dam construction. Averag~ -month1y con
stituent values observed at the river st a
tions during the period of June 1954 through 
March 1957 are g iven in tables 6-20. Fig
ures 7-34 are plots of these constituent 
values. Table 16 (page 27) summari ze s the 
water quality data obse rved in Nason Creek 
by the U. S . Fish and Wildlife Servic e in 
1940. ~ab 1e 21 (page 70) presents water 
~'~lity data obtained with depth in Lake 
Wenatchee from June 1955 to February 1957 
while table 22 (page 76) presents similar 
data co ll ected by the U. S. Fish and Wild
l ife Se rvic e in 1939. Since average con
stituent values (as given in tables 6-20) 
do not indicate the range in values actually 
obse rved, these range s are given in table 
23 (page 78) from minimum to maximum ob
served values. This table also give s the 
weighted-average constituent values f o r the 
entire period of observation. Weighted
ave rage values take into consideration the 
diluting or concentrating effect produced 
by differences in stream discharge and they 
ar e obtained by multiplying each constituent 
value by the flow at the time of sampling, 
ge tting the summation of these produc ts and 
dividing by the total flow in the period 
of summation. 

Average-monthly wat e r temp eratures 
from thermograph st ations in the study area 
a re given in t abl e 24 (page 86) together 
with minimum and maximum values and diurnal 



Table 6.--Water quality summary - monthly average. 
[Chemical characteristics in mg./liter where applicable] 

Sta: _~_l~bi~~t lok~"::.-____ Sta.. No. ~ DeSignation: C-292.0 

SuJmDa.ry Period: ~.2~ i~ __ =_ ,5_6_ - ----=:5---'-1 __ _ 

}It)nth 

Year 

Samples 

CFS 103 

\oAiter OF 

Air C? 5 

1,3 

Jan. Feb. Mu'. Apr. ley J~ Jul,y I=-~ Sent. Oct. Nov. - --- - - ~-=- ---'--~ 

4 4 2,4 3 2,3 1,3 1,2,3 1,2,3 1,2,3 3 1,3 
--- I-- ----- -- -- -- -- - - -- --f--------f-- '---

Dec. 

1 1 2 1 2 2 8 10 7 2 2 
~--- f-- - 1---- -- -- - -- - - i--- -

2 

108 109 120 322 343 511 379 195 136 104 100 88 
--

l3?'!±-f- 37 __ '_ 41. 9 __ ~1 __ ~4. 3 __ }6. ~I-- 61 _ 62.2~~64---._-1-+--6-1-.1---+------.:5:..-1-. -1 -l--42-_1 
18.8 36.2 47.8 55.3 61. 0 65. 2 73.2 71· 5 65·2 52·7 42·3 35.0 f-- -f- -- --- ---I--'- - -~---I---- - f-= -- - -=--~--~---~-----'~~--I 

Dis. 0Xy. ~.~~3.2.. f-12~f--ll·2......~<?·22--+11.55 1!-~21--_ 10..:.?5 9·45 9·3 10.1 l2 

'/, Satur. 91 100 __ 3 6 _ J 2 _ 9!J:-"f 102.J 12 108.2r·4 94 90 95 
Car. Di. r---~~8 ____ 2.0_1___ ~.8 ___ 1.5_f- 1.3 -----I- l._o _f-~.!! _1--~ __ 1 o~~ 0 0.5 1.2 

pH 7·7 7. =t7.7 8.0 7.8 I 7.83 8.0 8·34 8.46 8.5 7·9 7.6 
AmIoonia T -; o. ~- 1----;. 25-1----~ .l21. ----1---0. ~9 T T T TO. 01 

1------ - - - --I--- ---'---1---- --"'- ---1--------+---=-----1---=------1-------------1 
Total Alk 79 85 78 56 6O ! 59 59 72 70 82 85 I 79 

HC03- f---1? __ -___ 8~ __ + 18 -=:-1-- 16 __ ~60-__ + 59 _I--- ~~ __ ~ __ ~_+-1} 85 79 

C03- 0 0 0 0 0 I 0 0 4~~i 9 0 0 
Tot. Hard 81 _ 87 -f- 8Q __ --.5.§. __ )2J-~ __ 65 --~ 77 86 98 7') 

Car Hard. 79 85 78 56 59 59 59 72 70 82 85 15 

N. C. H. 2 2 2 2 0 1 6 0 7 4 13 0 
1----+- ---- - ---------- -- --1---

Sul:fates 

Color 

Turbid. 

Iron 

Copper 

Zinc 

Lead 

Aluminum 

Calcium 

Magnes. 

Sodium 

Potass. 

Mangan. 

Silver 

TOt.Sol. 

Conduct. 

27 23 20 13 12 13 12 15 16 23 20 16 
10- -15 ---3?~!)~- -22--~_ 11 10 10 _____ 12 4 16 

13 32 65 I 25 17 20 l2 11 9 20 8 19 

o.O~IO-.06 0.15 ~~--O~~ ~~06 o.~-O.19 0.19 o.mt-o-:-oo~~ 
1------f-----+---~c-I___------ - -- -- -- -- "'----- - ==---+-=--
~~ 0--=~_.!l: 0.!~ 1----~~ ___ 1___9·~- 0.000 _~._~_ ~_~__t_0-.:.~-:~.~~OOO I~~~ 

__ __ 0.0' -- 00 -- -- -- 0.0 -- I -- 0.0 
- - f-----f------ - ----- --'---- -+--~ 

-- 0.0 -- 0.0 -- -- -- 0.0 -- -- 0.0 f-----+--- -- - --- -----1------------- -----I----------I-----l---

0.08 0.00 0.08 -- 0.00 0~005 0.01 0.002 0.008 0.025 0.03 0.05 
f------t-- -- I- --- -- --- -----f-- --- 1------- ------1-------1---- -
13.0 24.5 20 -- 7 l2.0 18 21 30 23·5 13.5 18 

r----" -- - -- -t------

7.0 6.0 2.7 -- ~1 3. 6 1.0 3·2 4.9 7·4 5·3 2·3 

11. 5 1l.O- f--S.5 f--=-=-- I 6.0-1---3 . 5 7.0 5 -:8 7.7 13.2 13.5 8.5 
f------------l---- --+----+-- ___ L-- - --- - --I---- - -I-- -- - --I---- - -I-- - --+----=------1 

1.4 1.7 1.8 -- 0.8 1.2 2.0 4.3 1.7 2.1 4·7 
- --- - - -- -- - --1----- - -1----- --I-----~---+---------1 

2.8 

-- -- 0.000 -- 0.000 -- -- -- 0.000 -- -- 0.0 
----f-------~ -- --- --- ---- --- ---f--- ---1----- -- ~- - --f-- - -----+-- -+-----1 

-- -- 0.00 -- 0.00 -- -- -- it0.oo 0.0 
ru4--t---1Zi-t----;:ls-- -i80 - -166 -l--- il6t- -100 _ 1~ ~ 120 1.50l---l~5 132 

_______ - f-----t--- - - - - f--- - I--- --I--- ----+--~ 

214 234 192 130 129 130 135 167 182 228 240 226 ~ ______________________ '---- _____________ '------__ ~___=_____'__="____.J 

% D. O. satur. is at sea level; alkalinity and hardness as equivalent CaC03; 
conductivity in micromho8 per em. at 25 °C. 

1 - 1954 4 - 1957 
2 - 1955 5 - ATg. monthly at lokNary Dam 
'3 - 1956 
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Table 7.--Water quality summary - monthly average. 
[Chemical characteristics in mg./liter where applicable] 

Sl...lI(Cary l 'eriud: _....1-2.24 - 55 - 56 - ~1 

Month 

Year 

r=~-
Jan. Feb. 

r-~ ~--r 

L 4 I 4 
1 1 

I 26 

T -t 
Mar. Apr. 
- - I-

2,4 3 

2 1 

44 
t CI<S 103 ~21 

water or ~}2.0 
Air oF5 20·3 

32.7 I 43.4 

1L7 

51.1 

56.1 
, 

f--- --
. .37.3 43·8 

Die. Oxy,_15.0 13.1 

% Satur. ~ !01-4- 91 
Car. D1. ~~_~_ 2·5 

ph 8.1 1.8 
AlIllOO ni a IT - T 

Total A~ _~39 i-li6 

dCC)- r 139 li6 

CO • 0 0 Tot: hard 138 li5 
C ar narQ.~ 138 ~ li5 

N. C. H. o 0 
I 

Sulfates I- 43 t 34 

Color 18 

9 ~ -

12.1 10.7 

98 95·5 

1.5 + L5 ~ 

8.0 

o.~ 

95 

95 
o 
93 
93 
o 
28 

45 

. 8.25 
0.24 

47 

47 

o 
40 

40 

o 
12 

38 

30 

May June 

2,3 2,3 

2 2 

155 105 

55.0 60.6 

61.1 68.1 

10.1 9.6 

94.9 96 
1. 5 0·5 

7·5 . 7·9 
0·09 0·55 

44 51 

44 51 

o 0 

43 48 

43 48 

o 0 

li·5 9.4 

28 
43 

20 

28 Turbid. 

Iron 

COyper 

Line 

0.06 

' 0.000 
r 

104* 
0.24 

i 0.100 
I 0.0 

0.25 0.13 

I 0.000 0.08 
I 

~ -- I 

I 0.0 Le&d f --
Aluminum I 0.04 r 
Calcium ~2~'0 __ ~-_ j 23·6 
Magr.'3s. 8 . .E -,-__ .:--__ 2.5 

Sodiu.m 34.0 -- 20 
l-otll.88. ~~o-~ __ 

0.03 

.l_ J.O 
Mangan. 0.000 

r- - - "-- ---4 --

0.0 

0.0 

0.00 

17 

0.4 

5·0 

0.8 
0.000 

0.02 

13·3 
2.10 

9.80 
1.40 

1,2,3 

9 

49 
68.4 

72·9 
9.28 

101.0 
0.8 

8.2 
0.25 

64 

57 

7 
59 

59 
o 

24 

16 
20 

Silver : -- -- I 0.00 I 0.00 
i--- ---~ I , 1,.- -"T- --

Tot. Sol. f- 2J? . 675* _, 250* _. 240 1- 162 133 149 
CO'1duct. L~~~_ ?~9 _, 162 _ ~ 125_ ~_ ~CQ !. 12~_~ 17J. 

A\l8. Sept. 

1,2,3 1~2,3 

10 8 

24 22 

70.6 66.8 

71.8 63.2 

10·7 9.9 
119 106 

o 0 

8.8 8.8 
T 0.10 

li4 128 

85 104 

29 24 
108 120 

108 120 

o 0 

33 43 

Oot. 

3 
2 

26 

60.8 

51·9 

9.8 

95 
o 

8.6 
T 

131 

117 

14 
130 
130 

o 
121 

18 19 20 

18 25 28 

0.16 0.01 0.035 

Nov. 

1,3 

2 

26 

45 
42.2 

11.4 

95 
o 

8.2 
T 

127 

liS 
12 

135 

127 

8 

53 

Dec. 

1,3 

2 

26 

35·5 

36.9 
13._0 -

93 
0·5 

8,l 
T 

132 
130 

2 
130 

130 

o 
59 

10 2l 
15 25 

0.01 0.08 

0.000 0.001 0.000 0.01 0.000 

0.0 0.0 
0.0 0.0 

0.11 0.03 

27·1 37.5 
4.0 4.9 

28.0 29.4 

4.18 3.() 
0.00 0.00 

0.00 0.00 
-- - .-- +-- -

0.0 0.0 
0.0 0.0 

0.01 0.00 0.06 

38.6 30 20 
--- - ---

,.8 0.8 3.0 

37.0 3~ __ 20 ____ 

j·L_ 3~ _ 3·7 
0.00 0.00 

0.00 0.00 
-- - ---

221 273 289 201 259 -- _._-- -
l 332 L ~54 _, 433 _, ~2 _~ __ 41_~ __ 

:b ;". u. 9ltur. is at sea level; a.lkillnity and hlU'(\nas5 a s equiv,uent CcC03 i 
,~onduct1vity i'. micrornhot! . ~". C:1. . at 25 °e. 
1 - 1954 4 - 1957 
2 - 1955 * - High Silt load 
3 - 1956 5 - Av,. for month at Kennewick 
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l'able 8.--Water quality summary - monthly average. 
[Chemical characteristics in mg./liter where applicable] 

),10 nth r;:;. -1 ~e~c.~:- =~"CrA;;:=r*y --J~~--' JulY: 1 A~.- : - ~~~. Oct. - ;~~-.~ =~~~.= 
~~~~:-...:_-:. !-- ::::-:-<::_""7" •• ,,-b-;:-::=--_-=--::%---:--- -:t t- - -:- 1~' .--=- ...... ~-----:--:--.- r- --:-.,..,-';!;::::-:.::::-::--.--=--d--. .,... ~ 

:::101 r ~ 1 : : 2~4 -l : ~ 2~3 1,:,3
1,:,] 1,~~3 1,:,3 ! 1~31~3 _ 

CiS 103 ~_ 8? __ . _ 70 74 -! 145 197 425 -t 340- _~ 162 107 7~ ~-!O ___ 6~ __ _ 

Wder OF ~~._8_ [_ 38.3 41·3 46.0 52·8 I 56·0 59 \ 64.2 63.0 62.8 _ 52 .6 . r-~~'~ ---
Air oF5 L~:~ __ :_37.3 43.8 56.1 61.1 67.3 12.9_ I 7~._~ 63.2 51.9 42.2 ___ 36_._9_ 

Dis. <hQr 1-_~3_~5 ___ ;_~~.:_~ j _12:8 _1. 12.9 11.9 11.8 11.4 , 10.6 11.3 _~.1_ ~~.? ____ 11_.~_ 
% ~atur. ~ ~ _..: :105 . 99 _ I _ 108 104 112 -< 112 : 111 102 91 95 96 
- ex lJi ' 1.0 I 2·3 ! 2 . 1.5 T _ 0·9 0·9 ' 0.4 0·7 ,. • • t----------+----- -~ ---- ----t - - -.. - -- +- -- ---~ -- . -. -- -

1.3 

8.4 p:-: ~:?~ _1 . ~ 1·1 7·9 7·3 7·1 I 1· 9 8.2 8.3 
hlllmonia ~_ '£ __ ~ _ '! 0.05 0.12 T r- -; -- ~'-~1- r T 

'f0t.al r.lif-- _}~_ ._ 70 70 66 68 63 65 58 
T T 

- 1 

58 58 
HCO) - ~ _10. _." __ 10 70 66 68 62 , 65 58 

CO)- L- ? _f 0 0 0 0 1 .i. T 0 

T -ot. lio.rcl 12 : 72 80 10 78 65 69 69 65 

58 : 58 -

0 0 

65 
., " . i 10 r --70- 70 66 68 58 63 65 58 
val' i .arQ , __ ---: 

~ ., ": 2 : 2 10 - i 4 10 7 6 4 1 d. v. :1. i I 
58 
1 

1.0 

7.8 

T 

63 

63 
o 

10 

63 
7 

1.2 
- --.--

7·4 

,:,ulfatae ; 9 14 16 16 15 8 
1- ---. -

8 -, 10 

6 
16 .. ~_, 8 .. __ 1f:.. _ 

f-.. - ~:_.: 5 9 _ l 20 14 11 
Turbid. r- _ 5 11 19 '19 7 __ . _~ _ t 6 

11 
14 

Color 5. 1_0 _. ___ ~ __ . _ ~ __ 

_ 1~ __ ~ __ ~ ___ 11 __ _ 

Iron ~ o~_oo 0.44 0.00 I 0.3.0 : 0.04 . 0.60 0.02 0.02 . 0.05 0.01 

;o,)per l 9. 000 . 0.000 ; 0.000 

. i l -- -- I L. nc 
- - -. I 

Lead I -- -- I --

A lu.m1num 1- O. 02 . 0.02 . 0.03 -
1- . , , 

Gal' ium t-1} :O ~_ 22.0 , 21.3 . ~ -- ~ 
~a.gnes. 3~ : _6.0. -+ __ 6,_0 + -_-
~odlum ' 5·0 5·5 ' 3·0 --f------.- l-- - - - +. 

I' otau. t 1.4 , 1.0 1. 5 1-.--___ ---.1 ____ • -+ ______ ~-_ - - ..... ---

Mangan. ~::_ .. _-: __ 1_. -:-: __ . --.. . 
3il ver --____ --_.; --c. J _ -- _. _ --_ 

Tot.Sol. -- 88 I 110 160 124 

C6~duct. , 16I--r ~~~~_L i8~ -~' i5~ ~~ 1~ 

0.010 0.004 , 0 . 000 : 0.000 0.000. T Q.900_._ 

0.0 0.0 0.0 o 
0.0 , 0.0 0.0 o 

0.00 0.00 0.08 0.01 I 0.04 0.06 0.00 

11~ ~ ___ 2~ ___ ~~ 1) ~.o 19 18.8 24 
"T' .---- --

4.8 0.6 2.0 4.4 6 
I 

3·0 0.1 - -- -- .- .. - ----
2:0 __ ~:o 1.5 1.0 3.? , _ ~.o 0·5 
0.8 1.0 1.65 1 .2 0.7 1·3 I 1.4 

--.----- --+--- ------ . - j. - -- - - -- -_. -- -

0.00 0.00 0.00 0 
---- --- - .-. - -- - ----

' 0.00 0.00 0.00 0 

_ 2?_ , ~o_ ._7L __ ~ 
140 _, ~~9n~_ ~5~ r 169 

;; :;. 0. 36tur. is at sea level; llr-oli:lity s nd lv,!'d !1es t'J P_ B e 'fJ.iy"lent CaC01 ; 
,:oooucti vi ty -:' n microirllo3 }:'~r em. , t 2 ;' ~ C . ~ 
1 - 1954 4 - 1957 
2 - 1955 5 - Avg. monthly at Kennewick 
3 - 1956 
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Table 9. --Water quality summary - monthly aver age. 
[Chemical characteristics in mg./liter where applicable) 

b t a; Yakima R. Enterprhe b t.l!.. No.: 17 

r===-=~=~-==-°l -=='-=-F-- -C"=:'=--=~ -r ·----T-~~=-l--~: ". 0 

I Jan. ! lebo Mar. i Apr. , May June , July Aug . . Sept. Oct. Rov. Dec. 
r-=i.""~=-=ot~-;~= .. ·d-, "~~~:'1'===-=~='=~- .-="'~-'=-~--"'*==' ,- ,~ -'.-' +.~.-, -, -- - -.=-F--- ~----""'! -.- '-= 

Year ~_~ ___ ~.4 .: 2,4 _ 3. ~ 2,3 : 1,2,} _ 1,2,-~_. __ 1,2,3 .1,2,3 , _ 3 1,3 ' 1,3 

Month 

::'a.;!,plea I I ! 1 _. L 2 _+. 1 2 3 7 I 11 9 2 2 2 
, I I 

CFS 103 ~_2~~ 1. .. ?~2 __ ~ 207 ! 13.4 303 ' 807 4.7 2.1 2.2 2.9 2.9 5.2 

Water OF I- 32·0 39·0 I 44.4 ' 53.7 58.5 j. 63·1 69.1 71.1 66.3 58.~ _ 4~.5 .]6 ___ _ 
Air of' I '20 .8:- 38.0 : 44.5 : 57·5 62.6 68.6 75·7 74.2 66.8 54.3 44.0 37.8 

Dis. ~ri~.~-~~l}_·i-_:_~.o -:-10.3 ._ 10.0 9.3 9.7 10.8 10.2 10.5 :_1~.~- __ ~-,7_-_ 
% Satur. : 95 ' 100 98 , 101 98 95· 5 107 121 106 loa 93· 5 93 

f- . -.-.. - , . , - 1 

Car. [Ji, :~_~.? ~_ ~._o -" 2 L }.O .l _~'.~ . ~_ .. 1..3 0·5 
8.1 pli ~ __ I.:. 5. : _ 7.6 7·9 8.1 7.4 t. 7·6 

Ammonia ' T T 0.05 0.13 0.10 0.28 0.12 

Total AlIt--~-fr : __ 102 , 105 62 55 65 - 1 87 

rlCO)- -r 97 102 105 62 55 65 84 
I - - 1 

CO • 1 0 i 0 o 3 r - -I 

Tot. hard 87 ' 95 100 

:; Ill' r.ar4 {__ 87 95 100 
, , H I 0 : 
!v.~ •• j_ _.+ 
.;):..ufatel!l: 9 ,-

o 
14 

Color 

'furt,id. 

10 5 
, 

i 18 27 

o 
16 

18 

25 
:iron 

1- - . -, 
0.04 0.03 0.15 

0.000 0.040 ' 0.0 . , 

"inc 

Lead t ' 
Aluminum' 0.03 0.03 r 
~alcium 11.0 ' 27.0 L ____ . _< __ 

."'-agnes. I 4.4 5.5 I.':' - -
4·5 17.0 50d1wn 

Fotasa. 1.6 2.4 

r--- --- ~ 

&ilver 

, 

- , 

, 

0.05 

12 
- i . -

4·5 
14 

2·5 

- . - _. 

o 
53 

53 

0 
7 

40 
-

34 

-. -

o 
46 

46 

0 
14 

26 

66 
0.01 

0.0 

0.0 

1.0 

0.,5 
3·0 

1 0~2 __ 

I 

0 
10 

18 

32 
0.13 

0 .05 

0.03 

13·5 
2 .1 

15·5 
1.8 

_.1 

3 
76 

76 

0 
11 

18 

28 

o 0.1 0 0.62 1.75 
,.. --~- ... - - -- - - -- -- - - - -----

8·5 8.4 8.5 7·1 __ . l:L _ 
0.07 

141 

125 

16 

116 

116 

0 
22 

12 

16 
0.06 

0.0 

0.0 

0.0 

0.21 

28 
r- -----

3.4 
22·7 

5.1 

0.0 

0.0 

0.06 T T T 

141 131 112 90 

133 117 112 90 

8 14 0 0 
- -- - - - -

116 118 104 75 

116 U8 104 75 

o 
17 

10 

r-
o 0 _---!_O 

21 14 11 

18 7. 10 

20 18 24 - - ---"_.-

0.15 0.03 0.05 0.05 

0.20 0.0 0.012 0.000 

0.0 

0.0 0.2 

0.03 0.02 0.01 0.025 

._ J~ _. 38 ___ g~ ____ .! _3_ 
4.J _, _8.2 2._? ___ 1-.:1: _ _ 
15.5 21 20 9 

3·0 3.3 3.0 2·9 .l._ _ _ ______ • _____ _ 

0.0 

0.0 

Tot.Sol. r l86 - '164 
: onduct. [~30 -t- '274 

178 310 226 i ___ -I ---,- ,_ 190 --1. ~_82 208 
13.5_1 ~85_ -L ju . 

0.0 

0.0 

228 

308 
. ~8 _____ 1~~ _~ }-49 _ 

L 25?_ l 134 l 156 _ 324 280 222 
_ _ _ ·0· __ --..L ____ _ 

,J., ~. O. !Y::.tUI' . is at lIe l; lev€;: : "Lk ',iinity a:1d hardness 89 e,;'. .. i.v-c,~6nt. Ca~0~; 
'onductivity ir microuJ-\o9 pe :- :!:'. ,.t 2) ·C. 
1 - 1954 4 - 1957 
2 - 1955 5 - Avg. monthly at Richland 
3 - 1956 
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Table lO.--Water quality summary - monthly average. 
[Chemical characteristics in mg./liter where applicable] 

;;'WII:l'>.r:,' r e~ ~,)O, 1954 - 55 - 56 - 1(7 ., - -- --------. --~-----

i ' ___ ~o ~ -- =C~ r -~~-- ~-'-T - - -"'1 0= ,- i:-=O -- . - "=T'-- -- , - ~ ~ ,-- ~= .~ =='~~-=;=~ == 

Jan. Feb. Mar. I Apr. May June July Aug. Sept. Oct. Nov. DeCl. Mont.h 

Year 
~~": - "'''''=''''f--=-- ~--:'.,,= =-1 -- -~......,....- 1- : -...,.;....- -_-t-.-:-- - =-- t --::-:--: - - - "" ~ --- .... . -:~~,.:-.. -:-_~-:--~-=--~--:t"~ ;:.--=.-: 

I 4 ' 4 2,4 ? _ . 1,2,3 , 1,2~ _3 . 1,~,3 . 1,2,3 ,_ ~ __ It.3_ ._ 1,3 

::tl. ; Iss 11 , 2 0 1 3 7 9 7 22 2 

~~~ 103 ~ 0 0 o.~ 0.4 

"ater OF I' ~_ _ 39.8 ~ 40.4 
Air Of 5 L 1_5. 4 , 31:._0_ . 36.7 

Die. Ox..\T .13·9 12.8 12.6 
- -

% .:ia.tur • . 95 I 99 

2.0 3.1 

43·2 54.7 
51.3 59·7 
11.6 10.0 

93 94 

3 02 209 

59.1 56·4 
62·9 65.9 

9.5 10.4 
------. 

94 100 

2.4 

56·6 
58.6 

9·7 

1.0 0.1 2.2 

5J·9 41. Q .~ ..37.·9_ 
46·9 38·4 30.4 . r --
10.0 11.4 12.5 

- ---+- - --....... ----

93 94 90 _ _ _ ~2 

1.2 ._ ~.o ___ ~ .. L ~ __ 1~.! O.~ 0.9 ,---
.,ar.;"i. 2.0 5.0 ~ ~·5 _ r ~.~ __ 2 

- I 

p l-. 7.1 7·1 
r -- - . 7·7 

A III.mO ni a T 

10td ;"11( 30 

:lCl'3 - 30 

c'~J· a 
Tot . . .ard 29 

c ~ l-.arJ. 29 

;, . C. 1. 0 

.::u.lf!>'L8! , 3 

Color 8 

'j \U"bid. 12 

T 0.04 

41 46 

41 46 
, 0 a 

41 45 
141 ' 45 

o 

I 3 
20 

43 

t 

I a 
6 

. 25 
43 

Iron 0.01 0.02 0.25 

O.ooq 
l. :nc 

I 

0.026, 0.03q 
I 
I 

0.00 I , 0.06 .... lUlllinum i 0.04 

t"; alcium ~?~ 

M»gnes. U~o 
Scdium , ~.5 

12.0 I 8.7 
,~ 

2.2 

5·0 
4.8 

1.6 ' 
4.0 

0.8 

7·3 7·3 7.6 
. 0.04 1 0.19 i T 

I 
44 30 26 

44 30 26 
I 0 0 0 

42 25 28 

42 25 26 
0 0 2 

6 1 1 

20 12 8 

54 33 4 
0.20 0.15 . --

0.000 0.008 --

0,.000 0.05 

_ - f 9 
0.10 0.10 . --

3.0 2.0 

I ;)\..1;.S5. 1.8 
-4----- t-

0.4 ~ C!.4 

7·5 7·7 ~_ 7,.6 .l. 3~i~ _ ~.2_ 

0.05 

27 

27 
o 

26 

26 
o 
1 

8 

7 

0.05 

26 
, 26 

a , .-

27 

26 

1 

2 

, 7 
6 

0.12 0.10 

O.ooq 0.00 

0.00 0.00 

0.000 0.00 

T T T 

31 39 42 
--

31 39_ 42 
0 a a 

32 41 36 

31 39 36 
1 2 0 

- ~ :3 -- 3 ____ 
11 12 6 .---
22 ' 40 . _19 . _ 

0.04 0.03 0.03 
0.001. -o-.~ 0)0.03-

0.33 0.02 0.02 0.000 0.80 
r_7 ~4 . 22.7 __ .. _ ~.4 __ ~~_-,- _~_ 

~ .1.15 1.4 1·1 _ hO 3.0 
1.42 0.1 7·2~ 2·5 3.0 

. r ._- -- '" --~-----

~_ ~.'.25 ~ q.8 __ 2·~. ~~_~ 3·8 

Mar.ga.::. r - --~- - J_ . - f - - !-
_ --: .. _ ._1-_ 0.00 _ ~.~ " _ -:~~_--

0.00 ~il ver ~:----+ -- r --- +--- --t- ~-- - --- --... - ---
0.00 

42 
----- -' -----

Tot.~l. ' 60 68 198 I 174 65 57 
Conduc t.. ~_~_ :"07 _ ~05 -_- -.t=-I~ =-~ ~ 5~_~_- ~- ?~ 

31 68 63 

;t ~. C. 1IB1. llr. ie at eflCi level; rll r< alifiity and hardne6B as equivaJ.ent GaGO); 
_onducti vity in rrj :~ro::-.hc8 ;: ~l ' C~. at 25 QC. 
1 - 1954 4 - 1957 
2 - 1955 5 - Avg. monthly at Elleuburg 
3 - 1956 
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Table ll.--Wat er quality s ummary - monthly ave r age. 
[Chemical char ac t eristics in mg./liter wh ere applicable] 

Sta : . .w~lU.."£Jll'....Jle.ar Mouth _____ .J t ... . ;'Iv.:.23- l,., sj ,~ n c. ti ,:r, . _ CW ~.-41l..-

SWlIllary t'arbd : _!-9~ _~.-'-.l. - . .26_ - 21 
f='··~···· ~ . - . = -~ T 

~~~ j~:: +~~)A:. ~_ ~ onth 

ear ~~' - I t ~ 
,a."ples I 2 ; 2 I 3 1 2 

I 

:FS 10.3 ~ .. 1 ~_~ 1.0 1 01 

rater Of ~.?O 34.5 , 41.9 
ir OF 5 ~~ . .§ 35.0 :}S.9 
is. Oxy1_1.40 14.2 ~ 12.7 

, ::) Iltur. ~_. :1.00 ~01 

4.6 11.3 

46.2 47.6 

54·2 59·1 , I 

,ar . Di . 2.: 5 4.25 1.7 

l}i f--l~~_-. 7.47 7.4 
dwnoma 0.14 0.08 0.08 

\-- -

:otal Ali< 33 35 45 
>- - 1 

HC03- 33 35 
~. 

C03• , 0 
• • " d' 34 .0 ". nar 

; ar }iar~ ~ 33 

'l . C. H· l l 

)ulfatea 3·6 
\ . 

10 

t • 

135 

2 

3·9 

:olor 
..- - - -..I. 

8 

5 Turbid. ~.9_. 
11'0:1 I 0.02 

0.000 

L. inc 

I 

o 
48 

I 3 
3·1 

20 

40 
0.01 

0.000 
'-

11.5 11.8 . 
97 l~ 

2·5 1.75 

7.4 7·4 
0 .25' 0.04 

40 143 
40 43 

o 
48 

40 

8 
4.6 

48 

80 

I 0 

55 

43 

12 

3·1 

17 
18 

June July 

1,2,3 1,2,3 

Aug. Sept. Oct. 

1,2,3 1,2,3 2,3 

Nov. 

1,2,3 

Dec. 

1,2,3 

3 8 8 

13.3 

50·7 
64.7 

9.8 2.9 

54.1 61. 7 , 
71.4 . 70.6 

11.1 10.6 10.1 

99 99 103 

1·33 1.3 

7·1 7·1 
0·08 I 0.17 

25 14 

25 14 

o 
14 

14 

o 
14 

14 

1.2 

7.6 

0·08 
20 

19 

1 

19 

19 

6 

1.0 

60.5 

62·7 
10.6 

106 
0.4 

8.1 

0.0] 

29 

26 

J 
28 

28 

4 4 

1.5 2.8 

50.2 41. 7 

49·3 36·9 
11.1 12.7 

98 100 
1.4 1.4 

7·8 7.7 
0.11 0.10 

23 24 

28 24 

o 
28 

28 

o 
22 

22 

3 

303 

35·2 _ 

29.4 
13.4 

97 

1..5 _ 
7·3 _ 
0.13 

24 

24 

o 
29 
24 

o 0 o 0 005 
1.0 1.4 1.7 2.1 3.6 1.2 2.5 

8 9 6 5 7 7. 7 

11 5 8 13 10 4 11 
0.02 0.01 0.02 0.03 0.03 0.00 0.00 

0.000 0.000 0.00 0.00 0.00 0.000 0.010 

0.00 

0.00 
0.005 0.00 0.00 0.01 0.03 0.09 0.b3 

'5.0 8·5 _ ~ .. 2_ . .9·2 .. .l.0.4 0.,27 _. ~ .. Q_ 
0.8 0.3 1.8 3.8 1.2 2.4 1.0 

-.-- ---
1.8 2.5 1.5 2.0 2.0 1.0 3.0 

-----"-
1.2 2.5 1.4 1.6 0.4 2.6 0.8 

0.0 

0.0 

53 39 49 46 .4. _ _ _____ _ _ ......-- 45 41 
-- ----- -

. 50 . ____ .28 __ 
I d ~ . 1 l · ... - (\') ?> L. O. sat'll'. is at eea level; d rk li:tit;: !J.:ld lJ ~.r ne se as equJ. V ew.6r. ,.d"'- 3; 

conductivity i ', rnicromhol3 re~' C::l, ct.2;; o ~ . 

1 - 1954 4 - 1957 
2 - 1955 5 - Avg. Monthly at Wenatchee 
3 - 1956 
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Table l2.--Water quality summary - monthly average. 
[Chemical characteristics in mg . /liter where applicable] 

1954 - 55 - 56 - 57 

F "'~- , 
Konth ~,!llo ~ F~b. l Ma~. Apr. 

3 

Mar 
2,3 

June July Au~. , Sept o , Oct '? , l{~v. 

L- _4 4 2,4 . 1,2,3 1,2,3 . 1,2,3 .1,2,3 3 1,3 

va. .} l ea i 1 . ~ . 1 2 1 2 3 I 7 7 8 2 2 

c!<.:: EJ ~. 9.021, 0.081 , 0.045 0 0 050 0.032 .0.028 . 0.029 0.031 o.o~ 0.051 0.048 

,., a t.ar Of t 32.0 . )S03 . 49.0 73 00 . 72.2 67.7 : 73.1 73.9 67.7 57.3 . 42.0 

Air c;;5 ~ __ 17.9 "33.0 . 41.3 . 54.8 . 5602 65.9 74.9 , 73 0 0 64.4 .51.8 40.7 

Lle. CJx,y~ ~02 . 13.7 : 11.2 . 10.l. ~. 1.8 901 . 8.9 809 . 904 li.l li.8 
;0 Jatur. ~_ 91._ ,100 98 '114 I 89 99 102 104 102 107 94 

;~ <U'. L1, I 0 0 0.0 0 00 0.0 0.0 000 0.0 0.0 0.0 0 .0 !---._--- -

P'l ~._ 8 .. JJ . 8.4 , 804 8.8 8.2 806 . 806 8.6 806 8.8 

';IWJOnia ~. 1 T I 0.02 . 0.15 I 0.13 : 0,22 0.09 0.07 0,10 T 

"fetal AUt 38l .hDJJ ·330 )So ·327 ; 3S2 297 . 306 300 294 
.lv0J - L 355 329 301 325 .258 . 314 . 263 271 26JJ 251 

CV3- 26 i 75 , 29 35 ' 69 38 34 35 . Jb 43 

Tvt. i .ar4 _ 228 1163 i200 194 205 . 218 193 190184189 

::; a..r ; iar~ 1 228 163 t200 194205 . 218 193 190 184 189 
~ . ...,. ;-{ . D i D I 
::uifstee ' 174 77 

t-

:':olor ..- 2Q . 50 
I 

T urt, ld. 18 43 r 0.05 
~. 

Iron 

i 0 
85 

! 38 
41 

o 
144 

. 35 
175 

a 
91 

. 29 

I 0 
, 148 

93 
150 2li 

o 
114 

I 43 
166 

0.150 0.08 

o 
126 

~ 

o 
100 

34 

o 
172 

40 
219 146 60 

D.)? 0.13 0.04 

T 

337 
)07 

30 

205 

205 

o 
87 

30 
51 

0.06 

Dec o 

. 1,3 

2 

0.039 

33.2 _ 

33.3 

11.03 
99 
0.0 

8.4 

T 

J4l 
319 

22 

216 

216 

- 0 
125 

21 

38 

0.15 

l _ 0.006 

0.02 0.25 --

0.04q 0.000-
-- , 0.000--

0.000. 
0.000 

0.002 0.000 0.001 0.000 0.002 O~OOO 

L.inc 

,- ead I I 0.000--

hlwninUIn : 0.00 0.01 0.10q-

'': a.lcium ~n.o . 33.0 1 62 

~' :"J;Tl "S. ~O . 20.0 6.8 
I 

~oci'l!l1 0-123 19.0 117 
i- otas ~. ~!) • .9 25.0 13.1 

~- -- - - 0.000 --
0.000 --

;-

0.000 

0.010 

31 

O.lO 

.120 
16.6 

0.000 
0.000 

0.025 --
24 

7.2 

68.5 
27.5 

0.000 0.000 0.000 

O.OOQ 0.000 0 .000 

0.140 0.002 0.002 0.000 0~04 

._40_ 42 _ 63 19 23 

5.8 _ 4.9 1000 _ Q.8 _ !u7 __ 

l05 
25.6 

102 
13.0 

1.26 
6.9 

0.000 0.000 --
0 0 000 0.000 --

:),02 l..li 
13.0 

0.0.0.0 
0.000 

13 

TOt . 0cl. :.1Q5 991 650 
~ C,!.rJt.-:: t. . 1.(x?2 .. 1135 900 

,904 :749 
),1,80 853 

]69 _____ 675 831 6"jJ 9J1, 618 

931. .J 815 /345 937 . ~5~ __ ~OOO 

.;, ~" d . f:t\~ .'lr. :.~ il' !'~ <"" ::'e ','el: ~_.,., . .l.1 n.i t: ' .ld '1:,rd l td5B :, 5 e ~\Li y;,le r.t ~a x:3 ; 
: o :~d';.c~, :'...vity .... , -' 6- -: r O:'Jk',;~ ~~ --: . ··. t 2~ ., 

1 - 1954 
2 - 1955 
3 - 1956 

4 - 1957 
5 - Avg . Month~ at Smyrna 
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Table l3.--Water quality summary - monthly average. 
[Chemical characteristics in mg./liter where applicable] 

~ta: Columbia River below Vantage 
-- ---- ----.-- - - -- - . 

bta. No.: ~ De signation: C 409 

, 1954 - 55 - 56 - 51 8UJ111l/lJ7 t El riod: ___________________ _ _ 

Month [!.8.ll~1 ;e~.'=I-~. l~p;= t MIl;- June July Aug. ;- a.;t.-~. Nov. Dec. 
~_ -~l~4~ f 2,4=~r 3 =.~ -2:3+ 1,-2!3 1,2,3 : 1,;,3 ~ ~J-;,3~ 3 ~~~ 1;3 --:'~1,3 _ Year 

~a:t.ples I 1 I 1 I 2 I 1 i 2 3 8 7 8 2 2 2 
I ! I + 1 

CFS ~ ~ _1 98 _ ~ 71 141 I 19) 394 I 374 163 99 71 64 67 

Water OF ~16.8 .~ 38·3 I 39·5 ~ 41.7 50.0 55·9 59·1 64. 2 65.6 60.1 52.2 43·5 
Air of' ~L~ .. :33·0 41.3 _! 54.8 : 56.2 65·9 14·9 13.0 64.4 51.8 40.1 )~·3_ 

12·3 - -
Die. Qx-y~_13 ,-0 _ 14.2 j 13· 7 14.2 ! 14.0 13·0 12.2 11.1 10·9 9.8 10.5 

% Satur. ~ ___ ;L07 106 P.2 123 ;123 )..21 .115 ).16 98 96 99 
" aI' . lJi. ~2~_ 4.0 2.0 1.5 1.0 0.8 1.6 0·3 

8.1 

0.12 2·5 1·75 _ 1.2 _ 
8.4 7.8 _ L6 __ pH 1.6 1.6 7.8 8.0 1.4 

1--'-
AlW1lO nia ~ T " T 

To t 81 Al~ 66 71 
r" ---

HCO - 66 '3 ~-
C03- L 0 

Tot . ; ard 70 , 
Car •• arQ. ~ 66 

"l . C.:1 . 4 
~ulfatu 8 

:olor ' 5 

Turbi d . 3 

71 

1 0 
I 

76 

11 
5 
9 

5 
9 

0.20 
68 

68 

o 
79 
68 

11 

20 
8 

16 

0·09 
68 
68 

o 
15 
68 

7 
16 

15 
9 

I ['o~ 0.00 0.01 0.25 

:';o~; e;c 0 . 000 0 . 000, 0 .. 000 

L. i ne ..' -- 0.000, 

Lead 
I 

i\ lund mun, 0.01 
C dc-ium 12.0 
;~~..g·I ~ S . ~9 
::icdb.m ~_4~5 
.ota.ss. 1.6 
M!>.'1gan. >-

0il ver 

'1'0 !'. 301. J.3 __ 
:r,f·d1J c t , i57 

0.01 
26.0 
4.0 
6.0 

1.5 

95 
1.9~ . 

0.000 

0.12 

. 22·3 
3.2 
4.3 
1.4 
0.000 

0.000 
1- -

l.52 ).82 
- - - . 

~81 _ j..90 

0·09 

65 
65 
o 

15 
65 

10 
12 
12 
22 

0.10 

I 0.000 

0.000 
0.000 
0.000 

22 
0.4 
4.0 
1.4 
0.000 

0.000 

7·7 

0.22 
61 
61 
o 

60 
60 

o 
1 

12 
16 

7·9 
0.08 

58 

58 
o 

64 

58 
6 

9 
13 

1 

0.12 
60 

59 
1 

60 

5 
8 

1 
8 

8.4 
0.10 

6~ 

59 
3 

66 
62 

4 

9 
6 

5 

T T 

61 
61 

o 0 

62 70 

6 9 
!.i. __ 11 

8 5 
10 8 

o 
73 

63 
__ J..O 

13 
37 
13 

0.04 0.04 0.10 0.02 0.00 0.03 

0.003 0.005 0.030 0.00¢ 0.002 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 

0.000 0.000 
0.000 0.000 

0.010 0.010 0.010 0.000 0.000 0.05 _ 

17 21.3 21 23·1 .. 1-.9 __ ...l5 __ 
6.0 2.15 0·50.. 2~~5 _ 0-,90 _ .1.]. __ _ 

1.0 3.75 2.0 3.2512.0_~ __ 
1.0 1. 7 1.2 _ !.§.. ___ 1_.,2 _._J._l_ 
0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 

95 
~34 

_.- .,. ----
94 86 84 93 83 --- -- ... _------- ---------

l-38 ~4) ;L42 __ !8J ___ !~ __ _ 
,t ~, u . :J'ltur. is at 5" ·' le I/all ~~ " i. U rli ·,:y h~ld h!-U'j· ,esf' as e ,uivalent ::eC03, 
.:onducti vi ty i ~1 mi;:,o:rlto.) 0:- , !' :- .: :r , c, t 2.) • C • 
1 - 1954 4 - 1951 
2 - 1955 5 - Avg, Monthly at Smyrna 
3 - 1956 
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Table l4.--Water quality summary - monthly average. 
[Chemical characteristics in mg./liter where applic able ] 

Sta: Columbia River at Rock Island ut. a . rio.: 40 -- - .. ----- _.- _._-----. -"--_.---- .,-- Des is:v.tion: C - 453.4 

SUJIIJ'l"'-V t'eriod; 1954 - 55 - 56 - 57 -. ----- - --.'_.------._---_. ----

Month 

r~'~==~· -'-J . ~~ ~'=T'-' ~·=-·f~ _ .. ' , f -. -"1 .:.-. ··f --'='='f= -~'-=o.: ~~, '-" ~~,-~.='= 

~~:~F!~: .,~~-~-r~= 1. ~~~.,-d=~y~~~~~-= J~ _, ~~:. + ,~pt..: ~ .. ?~~~.~~_ ..... __ ~:: __ :::1 .. !- ~ i ~ 1 2~4 ~ 2~31,:,31,:,3 l':'Ll'~'L!! . ~ 
i t j. - --

efS 103 f _~O _ 79 1 J3 126 197 390 287 126 95 74 , 11 _ ~ 53 
Water of : 40.5 36.9 ; 36·9 ' 43.7 48.5 54.5 58·0 62.2 62.7 60.0 54.4 45.1 

Air °F
5 

G..8.? . _32.2 I 41.7 57.5 62.4 67.8 75.8 75.3 66.7 53.7 . 3I'~ '_~ ~J.~i.= 
I , 

Die. CiJq'l?:2..:..8 ,~._13_:} _i 14.1 ! 14·3 13.~ .J 12.7 12.2 I 10.! _ 1~._4 ._ ~.~,_ ].O._~, __ ~_=L 
% ::iatur. ~~~,_ '-1: ~ , __ :105 -- ,i1l9 i110 [116 :119 109 106 98 101 .... 9~ 
:"': ar. [,i, ~: ~·2 .... .7 .. Q. J._ ~.'.9._ ~ _ 2',0 L _l~ . -+ --L?-'J _ ~.4 _._J _.2 ... _ .O.~ ___ ..?.<L.._. !~ ~ . _ 2.<2. _ 
ph ~~l2..: __ ,8_.0l : 7.7. _7.7 .. ~ 7 .. ~ ~_ 7.? _ . 7·8. :, 7.9 -+ 7 ~9 __ 8._0 _ ,8.~ _~ 7~5_ 
AlWllOnia I_:r_._. ~. T _I 0.02 , 0:..24 ; 0.04 ! 0.05 0.04 j 0.05 0.08 T T T 

Total ~.?<> _ ~ .65 I 68 I 63 .~ 62_ : 55 58 59 59 55 ' 58 5.8 
HCO) - L §9 _ 65 68 63 ' 62 _ 55 58 ~9 59 55 ~ _ 58 
co • l O t 0 I, 0 0 0 : 0 r-' 0 TO/ aar{11 I 73 78 ,- 72 74 : 61 t---65 -

r' ,.. ~ 65· I' I ' 

0 0 

62 64 
0 0 0 

64 64 65 

Car Har~i-~ _ 1 t ~ . 1 63 62 55 
N. C.H. f-Ll: --i- 8 .1 10 .! 9 12 I 6 
Sulfat" l ..!~ ___ I }.2 t 12 ,; 16 17 i 8.0 

Color [._2_ .... ; _5 : ~ ___ -' 2.0 _\ 18 ' 8 

Turbid. ~ 1~ , : 2 ; 2~_, -4- 20 , 15 jl~ 

58 59 
1 

i 
4 5 
1·8 7.5 

10 6 

7 8 
I ron I -- I -- I 1 --

'- - ._.-+ -- - 1,-·---·_-.- ,. .. - --- I. 

~~~:er ll ~:~ -1 :: 1 . ~ . 
L ead -- -- I 

- . . I I 
1 

~~:::r-:: i. -~,- -l ----.~ __ !"~ _ . ..l_ - .. ' ~- -'I 
Magnea. -- -t-.~,~.- I 

;;)od1um .- -- ! --

fotes!. I .. J==~~-,--r=~.;-.~ ~ _--~ ~~.-- -;."~, - ~,_-.-._.~ ~ .. _~~ 

l' 

59 
6 

8.3 
4 

6 

55 58 58 
9_ 

" 

6 1 
.-.~-

8.2 10 _,' 15 - --_._--

10 .. ,?--- .. ~~-- --
12 2. __ 13 __ _ 

-~ - -. ~-- .~-==-

,- -<- --,----_._--

- - - - - - --- ---
Silver __ ' __ I _- . -- --
Mangan. ~' -- l :':'_ i- -~. ~:' . 

~:~~~: ~_ ~rk: t~ ~:~n~~ =~~ . ~:nu~~; . ,~! _-;~ ._~~~= 
J, D. O. eatUI'. if) at Bea l e v61; al~a.Li !lity and hbl'dne5F. ~. S e 1u.ivalent CaCO) I 
,~onductivity in micromho5 f·er ern. E.t 25 cC. 

1 - 1954 T - Trace 
2 - 1955 (4) 1957 
3 - 1956 5 - A VB· Monthly at Trini dad 
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Table l5.--Water quality summary - monthly average. 
[Chemical characteristics in mg./liter where applicabl 

:'t.c. • • 10.: ~_ vee:£!I,.t i on: ~a 22L_ 

~UJIlDary i eriod: ~~ !.925 - ~cQ. 1.251 __ 

10th 

aar 

~atur • .-90_ _ J 

ar. Di. ._~.2 -+-

ri 6·9 
1---- _. 

mmonia ~ 0.13 

'ota... Aut-15 

fIC03- 1- 15 

CO;/ 0 
~ot. har417 

; ar narQ t 15 

t'I . c. I. 2 

Sulfates f_10.9 

Color "10 , 
Turbid. ._ 9 
lron 0~05 

; 0 1~'''JT 0 . OQ5. 
iinc 

Lead 

AluminUll1 ' 0.11 

Cf.lcium ~ 2:.~ 
Magnee. 

dodium 

i'otass. 

Mangan. 

I 
~1 
I 2.1 

1·5 

,--- --. 
Silver ~ __ . L 

Tot.Sol. 148 r-------
C anduct.. l22 __ ._~ 

I 

~ 
Apr. May 

2 2 

1 1 

0.207 

37·6 

36·2* 

0.078 1.470 

38.5 41 

47 ·2 58·1 
12.1 ll.8 

92 92 
2.0 2.0 

6.9 7·7 

0.1 0.23 

17 16 

17 16 

o 0 

22 31 

17 16 

5 15 

10 

8 J.OO 

4 )JO 

0.ot 3J --

0.000 

0.05 

4.1 

1.4 

0·3 1., 

0.18 

10 

10 

o 
10 

10 

o 
3·0 

20 

V 

I ' - -, 
1_ 42 __ j 89_ :130 

_ __ J .39 ' 38 _ l 2? _ 

July Aug. Sept. Oct. Kov. Dec. 

1,2 1,2 1,2 1,2 2 1,2 

5 4 4 4 2 2 

1.690 

44·9 

56·8 
10.8 

1.000 0.280 0.110 0.300 0.530 0.560 

53·2 59.4 55.6 43.2 37 ·0 35. 0 _ 

64.8 64.2 56.4 44.0 31.5 25.1 _ 

10.1 9,5 10.8 10·9 12·7 12·3 

90 93 . 94 102 89 94 88 

1-6 
6.68 

1.8 2 
6.84 7.3 

1.2 

7·3 

)..8 l.7 
7·0 6,7 

1.2 _ 
6.8 

0.11 0.14 

10 9 

10 9 

o 0 

10 9 

10 9 

o 0 

1.2 1.9 

8 5 
10 6 

0.10 

0.000 

0.01 

1·5 

0.4 

1.5 

1.2 

0.20 0.10 0.16 0.0 0.3 

15 17 16 10 12 

15 11 16 10 12 

o 0 o 0 0 

15 15 14 9 10 

15 15 14 9 10 

o 0 o 0 0 

1. 5 2.2 Ja,6 2·9 5.5 
4 4 8 9 14 

19 3 7 II 18 

0.04 0.12 0.05 0,02 0,00 

0.000 0.000 0.000 0.000 0.000 

0.04 0.00 

. .J~~ 4.8 

1.2 1.0 

2.0 2.0 

2.0 2.0 

0.03 0·07 

3~ _ !.~ 

0.8 

1.5 

0.10 

2.0 .---
0.8 

2.0 

, 58 39 30 30 32 83 ')I 
,- ------4--. -+-- - .- -. - ,-- .----.----, 
•. 1ti _ -.l?6 _ L 34 _ .L3§ __ .L.3& __ ._~~_-

;, .). 0. iJ'ltur. 13 at 3e& level; <Lli< ,iinity and hardneSfi 89 equiValent CaC0.3i 
,~onduct1vity in micro:"hos re~' em. At 25°C. 
* - At Leavenworth 
1 - 1955, 2 - 1956, 3 - 1957 
4 - Avg. Monthly at Plain 



Table l6.--Water quality summary - monthly average. 
[Chemical characteristics in mg./liter where applic able] 

;'t.:;. : Nason ,Creek _______________ ::.'ta. No .: __ c-, <9 6ii;;na til.n: _--==-__ 

SummA~ rerlod: U.S.,. & W.S. 1940 Data 
-J ---------- - -- --- --,---

Month r~~:T;~;:=l;;.-- r~~;~ --T ~ =T ;~~ ~ July r-Aug • 

r--=-=r-~~t-=~~~'=+-~ '-=- -, ~ - -, - -' . , 

~--,+- - --- -~ '-- --, -,--, , 
;'a:r.rlee I 1 6 

Year 

i -~ - ,-- i - f ,--

Cf5 103 ~ ___ ~ __ --1 
~ater OF ' I i r- ,- -j-- I 

Air of L ___ + ___ , __ ~ 
Die. Clxy~_ ,_, ____ ~_---L- _ _ 10.8 ~ 10.8 : 1l.Q 

% 0atur. ~ ____ ' . _____ ~ __ . _ : ~ . ,87 : 92 , 

3 

50 

, 
'-- t 

i 61 
j -

1 

t -- -
. 1.0 _ 

).00 

Sept. 

c s.r. Vi. ~ _ _ __ ~,_-+ _____ ~ __ ? ._4 _ L _ l· 8 ," __ 2.1_ .. _ : L8 t· - - ,~---""-- ,-
ph ~,--I- --- 1 -, - -- I --- -, ~.~ i- .Q·9 - ,--
AlZIlllOni 8. I ! . I I ! ! 

Total :ut-=-t--'~-~ L' .~ 50(1) : II J 13 - '; 

dCO)- f-- L ____ , ~" _ ,PO(?) II 113 

co • I ' 0 ° 0 
Tot: HarJ" ' -,- I 

1-'- - -, j 
C s.r Har~ ' I 

N.C. h.1 . 
- I' 

1- --

Sulfatn : 
1---

. 
-i-

! t------- --

, 
Color 

, 
Turbid. l __ _ 

1 ron I 
I" -

.~.,) r'tJar ~ --- _ 

Line L 
Lead I 
;'.luminurn ~, 

I , 
Calcium ~--- - ~ -""--,- L 

r--- '- - ,- _ .-, r-
I , 

:::io<ii·J.m c- - --,' -:-- - - ' T -I 

rotase. '---- ..,.- ------ -- -- - . -- - t- ' 

Mangl1Il. r-----;--' ' --- L - ---~ - ,- , J 

Silver l ____ - t- --- 1_ - I 

T ' I I, 
ot.~l. r-----L-- , __ ~ _______ +_ - -' ~ -

Conduct. L ____ __ .J ___ J, _ _ '-- ,_L __ 

_ 1 ,,-1. 

, 
- , 

- -I 

22 

22 

o 

__ 1 _, 1 

T 

Oct. Nov. Dec. 

1 1 

41 38·5 
1" --

10.9, , 12 .. 2. __ 

93 92 
1..,8 2....Q _ 

_6.9 _ 7LO 

16 II 

16 U _ 

Q 0 

~, 

;t C, G. ~tur. i~ at sea level; "~r:;, :..i :-..i t ~' ?nd !~&:-dn0 515 ;;s e pi'i:...leni- ':"".':'3; 
\:onduct1 vity in micromhv6 ~~ r C!::: . ';: t 25 0(: .. 
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Table l7.--Water quality summary - monthly average. 
[Chemical characteristics in mg./liter where applicable] 

~tal Chi~va ~ve~JNear Mo':.1th--<-) ____ ~ta. No.: ~ Designationl ewe -=-~ 

SUJIIIlar'/ I eriod: June 1955 - ~~ 19-'--51-=---__ 

r=====--~~=--=,~ --= -- ~r-==-~~o ='1-- -,- -'l-"'~-- =-=r -' ~=-~ T - ~~- r -=~--4 = -==-=,--~~~ =--'- ~=~ 

I .• TAn _ I I I I I 

\(onth ~&J?--'~l!~; _;o~o~· --1 ~~;".J=-~L--~.~ <=-'!W-l-- r_ A~·_~_~-·.,."o ~~ ~ J'?v. + _ ~c_. __ 

::1 •• ~2~J t 2~3 ; 2~3 +;_ . ~ . ". 1~2 . 1;2 . 1~2 _1~2 . " _1~2 _ ~'2 _ _ 1~2 __ 

CFS loJ k ~·15 L.o~Iil -"·i5 t- ·0. 1./ 3.51" 2.26" 1;3< ~.4~: 0.21 ~.1L ~.2iO.;6 
wate: OF ~!-0--1 32.3 _! 39.3 :. 41.0 : 41 ~0 1 47 .. 3 ; ~0.9 : 56.6 52.3 _ 42·3_ ~ _3~~1_ :- ~~~4_ 
Air F4 r1. ~~E_+ .?4.6 _ ... 3~·2* . _47. 2 l 5?·l , 26 . . 8 : 64.8 j 64~~ _~ 56.4 _ 44.Q_. ~~.5T2.5._1_ 
D1s. ~1-.~~'~ : 13.4 _. 12·3 Tl?-·8 _1-12 .0 ~ !.o.8 10·5 _: 9'2 1~.? ___ 1~ .. ~ ~_ 1}~12.7 __ 
% ::i atu.l". 1 93 I 92 94 91 93 93 94 91 94 89 94 90 - - - - ,- - r - . I L - + - - ~ ~ - -- r-

Car . Di, I 1.2 ! 3.7 I 2 2.0 1. 5 1. 7 1.1 I 1. 6 1. 4- 1. 6 1. 2 1. 2 - -------- -.+ - - --+---- ___ .J.. __ ---,---- .4- - 1----- -------.- - -. --.--- ....... -----

p h · ~-~1.t I·~ -; 1·1 . }.2 , _ 7. _~ -+-_ 6_~ _8 ;_ 1.·_~2.J _1~4 . 7.: 2 __ 7.. 6 _ _ 7.·5 ___ 1~22_ 
Am;nonia~--o.~-j ~.10~ _ 0.1 , 0.1~ 1 0.06 , 0.04_~ 0.08 j 0.15 . 0.15 _ ~.1.~_ 9._02, 0·09 
Total A 24 ! 25 : 25 ' 22 1 15 ' 14 I 12 1'1 21 22 22 21 

.. - -- - - ,- - . -+ - I- ' .., .-

riCC3- ~_2~ __ , 2.5 : 25 22 .: ~5 ~ 14 12 11 21 22 22 21 

CO)- l-Q I 0 I 0 : 0 0 t 0 I 0 0 ~_ Q _ _Q o . 0 
Tot. har4, 32 I 32 . ~ 30 . 31 1 14 13 11 18 17 22 21 20 

C ar H&r4 t_2~ r-2-5 _: 25 I 22 : 14 13 II 17 17 22 21,20 

tJ. C. ;1. I 8 I 1 .1 5 9 0 0 0 1 0 0 0 0 

Sulfatea ~' . 5 ~ 0 :. 3·7 l 2·7 ~ 2 · 3 2.4 LO 2.0 1.5 2.6 _ ~~ . _ ~1_~ ~~! _ 
Color 8 ! 8 ~ 10 12 20 11 5 5 4 8 6 10 

- _.--+ I . - --f- .. -- --. - - - . 

Turbid. L_. 9_ , 3 i 6 ~ 25 14 5 16 9 -~-- "T 1 . ___ 1_. _ _ 
Iron I 0.03 0.22 I 0.01 ' -- 0.00 0.01 0.04 0.01 0.00 0.01 

Copper [~-.~ Q.~{ o.~~ -~ -.. 0 . 30 0.000 0.000 O.()()() 0.000 0.000 

l- -- I _ -. l -- 1 --Line 

Lead 
, I 
! I r - r 

Aluminwn : .0.02 .. 0.00 i 0.06 1 

Calciu.m ~.9 _+_ §~_8 . I _.9~2_ :. 
!-A.a.gnes. 1.4 , 1.2 1.2 

- -- 1 .... 

Sodhm , 1·7 1.0 0.8 , 
~---- ----. +-

? ota81! . 

M a. '1.g 'll'.. 1 
I 

Silver : 

I --
- -'-

0.02 0.02 0.01 

. .-~·5. -L 2·Q _~_ ~~]._ .. 
0.9 0.1 1.0 

1.0 3.0 1.5 

0.00 0.03 0.01 ' 

7·2.._ .. _-':' ._ . __ .2!Q-J~ 

0.8 1.4 1.6 

2.0 0.5 1.0 
. - ..... - - - ...... - .. - -- -- -. _ - -

2_._() ___ 1~~ _L._1~6. ____ .~:- ._. __ _ E~ O ___ ..Q:~_ 

1,- -- - - --
Tot. Sol. ~J __ ~~ 

I -t --- - -- 1 ---'---r-- - --- - - - -- _ ----0.. _ - ---- -r- -----
30 1 13 1188 60 50 45 , 43 36 69 52 

Conduc t. ~ ___ ._51-
1 .---.- -- -1- -- - t-- - - .. , - - -+- - - -T-- -- -- . - -- - - .. -- _ . -- - - -- -. -._ -

_, '1 __ 1 55 _ I ]g _ •. 26.... ___ L31. L 36... ___ L.~ .L.51 __ ~_4L~ _ 
;b u . U. 36t 'H' • .i5 at ~e a level) alkillnity and hardne66 as Equivalent CaGO); 
.~onductivity 1:': micro:nhoe J.,e.r c:n . .:-.t 25 ·C. 
* At Leavenworth 
1 - 1955, 2 - 1956 3 - 1957 
4 - Avg. Monthly at Plain 
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Month 

Year 

Table l8.--Water qu ality summary - monthly ave rage. 
[Chemica~ characteristic s in mg. / l i ter wh e re applicable ] 

Sta. No. : ~ l.) eeignaticn: cw. ~14 

I •• 

.. ___ . __ L 
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Table 19.--Water quality summary - monthly average. 
[Chemi cal characteristi cs in mg./liter where applicable] 

':> WllC J .. r y j' e riod : June 1927 to March ~L-

~j --w::-~ -~~. ~ A{_~ ~ r-::: ' ~~y T :~:. 
;) jt •. ple s I 2 I 2 I 2 1 1 2 5 4 

I --t - < I ' I 

GiS 1,) 0.95 0080 0074 2.70 11.80 8.uO 
~-- i 

Viater OF ~~2.:..0 : 33.1 , 39. 6 42. 8 I 43· 7 48·9 
Ai r ' F4 18.6 24.4 36 ·2 47 ·8 59 ·7 61·7 L_ _ 

5.70 

54 .6 
68 .6 

I 
1.90 

62 1 

61·9 

Cie. Oxy1-13.5 13·5 I ~.6 11. 8 11 .. 9 11.0 10 . 2 

,l) ...l!l.tur • . 92 . 94 I 91 ~ 98 97 96 .. 96 92 

9 ·0 

-= ar. vi. ~·2 ~ _ ~~ .+ -.? _ 2 .0 2 .0 1 .8 2.1 1.6 

r: t r- .1._11
1 

. 1."J.. ~ 7·2 7 ·0 

AlIIIlJOnia ' 0.1...5 . O.lO t 0 . 1 0 . 25 T 

1ctal ~19 ~_ ~_24 .. 23 25 13 
rlCO)- . 19 . 24 . 23 25 13 

co • t" ~ -- i 0 r 0 

Tot: Har1~25 ~ 31 ~ 2,,9 

Car oiar4 {).7 _ 1 24 , 23 

N. C. H. r,8 1 7 j 6 
;:'ulfat.. J.Q. 1 2.8 3·0 

Color ~ __ 4 8 I 10 

T, urbid . 1.9. (2) 3 12 
Iron I 0.05 L_ __ _ ~ 

CC"Der . 0.000 
r . f ." -1 

~ -_. - ; ilnc 

L ead 

Aluminum . 0.24 : 

o 

30 

25 

5 

3·0 
38 

I 33 

o 

13 
I 13 _ 

o 
5·97 

17 

22 

-':e.lcium t -~~·O -, -:.":.... _J 
Magnea. 1~ -+".-: _~_. _.,. . 

10 

10 

o 
12 

10 

2 

1.4 
B 

12 

0.12 

11 

11 

o 
12 

11 

1 

2 . 0 

5 

6 

7·3 

0 .21 

15 
15 

o 
14 

14 
o 
1.5 
6 

II 

"-t "" 

Sept. Oct. Rov . Dec. 

1,2 

4 

0.82 

58·8 
60.2 

9.6 

1,2 

3 

1.uO 

49. 4 
47·4 
10.6 

2 

2 

2 

1 

10uO 4090 
40 7 39·2 
33.6 28·7 

12. 8 12.4 

. 95 93 99 92 
1 .1 1.5 1·7 1·5 

7·1 7·4 7·4 7·2 

0.10 0.09 

18 15 
18 1~ 

o 
16 

16 

o 

13 
13 

0.01 O.()l 

14 13 
14 13 

o 
12 

12 

o 
12 

12 

o 0 0 0 

1.8 .. ~ _.¥ . .?_" 4.5 
4 8 5 12 

5 7 _~ _ 15 

-- I .- i 

Sodbm ~ ~.~" .. '''' --. ; :-=--. ~ -- .. 
Potale. i 1.2 i -- I -- I • --:----t- ---- ... --. -~ 1------ .. ~ -- - - - ---------- ---. - ._-J ______ _ 

:::- R ::--~ :>: ~: ; :~ · -~~ ---- -~ ~- T-_-=- i - ~~- - --~- -- --

~::~~~: ~ -~-~-;:~ -~ :~- [{!-~- ~' ~;(? i t ~~ -J :" ~~l :~; li_ ~¥_~, -f i :~ 
~; u. O. sa+"ur. ie at sea level: <:l~ a.linity a.'1d hw-dnese ae equiv&lent CaCO) , 
00nductivity i n mieromhos ~· ~r em . at :25 · C. 
1 - 1955 2 - 1956 3 - 1957 
4 - Avg. Monthly at Leavenworth 
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Table 20.--Water quality summary - monthly average. 
[Chemical characteristics in mg . /liter where applic able] 
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Table 2l.--Lake Wenatchee water quality summary. 
[Chemical characteristics in mg./liter where applicable] 

June 1955 to February 195, 

Date 6/27/55 7/12/55 7/26/55 8/9/55 

Sample Depth l"t. 10 135 10 80 10 50 150 10 75 

Water Temp. of 45.8 43·9 49·0 46.0 50.4 50.1 47.4 55.4 50.5 

Ai r Temp. OJP 1 57 69 57 64 

I>i S B. Oxygen 11.0 11.0 10.8 10.8 10.7 10.5 10.8 10.0 9 ·91) 
~ D. O. Satur. 92 90 94 90 95 93 92 95 88 

Carbon Di ox.! de 1.5 2.0 1.5 2.0 1 1 1 1 1 

pH 6.9 6.8 6.9 6·7 6.65 6·95 6·7C 7·3 7.2 

Total Alk. Caco~ 12 10 9 9 9 10 10 10 II 

Reo; 12 10 9 9 9 10 10 10 11 

CO~ 0 0 0 0 0 0 0 a a 
Total Hard Ca.C~ 10 12 21 26 12 15 12 19 18 

Carb HArd. Ca.C01 10 10 9 9 9 10 10 10 II 

Non-Carb. Hard. 0 2 12 17 3 5 2 9 7 

Sulfates 60t T T 3 4 1.5 1.5 1 0.8 1.4 

Color 10 10 5 5 7 6 6 5 6 

Turbi.dity 2 2 4 5 4 4 8 2 4 

Total Iron -- -- -- -- -- -- -- 0.0..1 --
Copper -- -- -- -- -- -- -- O.<X --
Zinc -- -- -- -- -- -- -- -- --
Lea.d -- -- -- -- -- -- -- -- --
Aluminum -- -- -- -- -- ... - -- 0.01 --
Calcium -- ... - -- -- -- -- -- -- --
Magnesium -- -- -- -- -- -- -- 1.4 --
Sodium -- _ ... -- -- -- -- -- La --
Pbtassium -- _ .. -- -- -- -- ..- 1.0 --
Mlinganese -- .. - -- -- -- -- -- -- --
Silver -- -.. .. - -- .. - -- -- -- ...... 
Tota.l. Soli de 17 41 -- -- 43 41 51 10 6 

Condo umh08 250 22 21 24 24 22 19 19 21 121 

1 - Avg. for day a.t Plain 

70 

75 
46.8 

10.0 5 
85 

1.5 

7.1 

11 

11 

0 

19 

11 

8 

2.7 

6 

3 
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--
--
--
--
9 
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Table 21 - cont'd. 

Date 8/25/55 9/7/55 9/21/5; 0/1/55 

Sample Depth Ft. 15 75 140 10 ~5 175 10 60 120 170 101-
Water Temp. or. 55.9 -- _. 59.4 50.0 -- 56.0 55.5 48.4 47.0 ~6.1 
Air Temp. or. 2 57 67 47 48 

Di 98. Oxygen 9.9 9.51 9.4 9·7' 9.8e 10.0 9·7 ?7 9.6 9.4 . 9.65 
;, D.O. Satur. 93 _. -- 90 ~ .. 92 92 83 80 98 
Carbon Dioxide 1.5 1.1: 1.5 0.5 1.5 2.5 1 1 2 3 --
l'H 7.6 7.'1 7.3· 6·9 6.7 6.6 7·35 7·32 6.95 6.91 7.4 
Tot. Alk. Caco~ II 10 12 p.6 ~2 15 10 10.5 9.5 9·5 11.5 

}f~~ 11 10 12 16 ~2 15 10 10.5 9.5 9.5 11.5 

C01 0 0 0 0 0 a a a 0 a 0 

Tot. Hrd. CaCOo:!. 16 12 16 124 ~ 28 12 10·5 10.5 10 11 
Carb. Hrd. CaCO~ 11 10 12 16 tJ.2 15 10 10.5 9.5 9.5 11 

Ion-Carb. Bard. 5 2 4 8 ~4 13 2 0 1 0·5 0 
Sulfa tee at( 1.5 1.5 1.5 1.5 2 1.5 1 1.5 1.7 1.7 2.2 

Color 10 8 [, 8 8 8 3 4 3 3 5 
Turbidity 4 6 6 7 9 7 2 2 2 2 :3 
Total Iron -- -- -- -- -- -- 0.05 -- -- -- --
Copper -- -- -- -- -- -- o. ()()( -. -- -- --
Zinc . - -- _ . -- -- .- -- -- -- -- --
Lead -- -- -- .. - -- -- -- -- -- -- .-
Aluminum -- -- -- -- -- -- 0.02 -- -- -- --
Calcium -- -- -- -- -- -- 12.0 -- -- -- --
Magnesium -- -- -- -- -- -- 0.2 -- .- -- --
Sodium -- -- -- -- -- -- 1.0 -- -- -- --
Potassium -- -- -- -- -- -- 1.2 ... - -. .... --
Manganese -- -- -- -. -- -- -- -- -- -- --
Silver -- -- -- -- -- -- -- -- .- -- --
'rota.! Soli ds [50 42 49 L9 ~ ,31 45 42 46 42 29 

Condo umh06 250 26 i24 27 e2 ~ 22 ~. 22 22 23 23 

* ... pH Values doubtful 
1 ... Near outlet 
2 - Avg. for day at Plain 
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ble 21 - cont'd. 

a.te 10/23/55 ~/14/5p 5/19/56 6/20/56 

amples 10 75 175 ~ 10 75 175 10 75 125 

ater or 51.5 50.J 46.1 35.8 42.1 40.8 40.6 43.5 42.6 42.1 
i r Op- 2 44 

lis. Oxy. 9·5 9·3 8.7 10.65 13.0 13·0 14.0 U·3 11.3 11.4 

, Satur. 86 I 82 73 77 102 101 108 92 91 90 
:ar. Di. 1.5 1.0 1.0 2 2 2 1.5 2 2 2 

,H }.1 7·1 6.8 ~ 6.1 6·7 6·9 6·9_ 6.6 6.6 6.7 
~ot&l Alk. 11 10 10.~ 'd 10 13 14 14 10 10 10 
HCO~ 11 10 10·5 «J 10 13 14 14 10 10 10 

q~ 0 0 0 ! 0 0 0 0 0 0 0 

t'ot. Hard. 10 10 10 ~ 21 1--1 14 14 8 8 7 -
~r. Bard. 10 10 10 tI 10 13 14 14 8 8 7 
/{on-Car. H. 0 0 0 ~ 11 0 0 0 0 0 0 
Bulfa.tes 1.7 2.0 1.9 $ 2 3·1 5.1 5.2 3.0 1.9 2.7 

Color 5 5 10 2 5 20 20 20 5 5 5 
Turb1d.i ty 2 4 2 2 10 9 11 10 10 5 
Total Iron 'I"i 0.16 -- .... -- +l .. - -- -- -- -- --
Copper -- -- -- :3 -- -- -- -- o.04c _ .. --
Zinc -- -- -- ~ -- -- -- -- .. - -- --
Lead II -- -- -- It -- -- -- -- -.. -- --
Alumi num -- -- _ .. 3 -- -- -- -- 0.15 -- --
Calcium -- -- -- ~ -- -- -- -- 1.5 -- --
Magne.ium -- -- -- ~ -- -- -- -- 0.6 -- --
Sodium .J 1.0 .- -- -- -- ... -- -- -- --
Potassium -. -- -- -- -- -- -- 0.8 -- --
Manganese .. -- -- -- -- .- -- -- -- --
Silver -- -- -- .. - -- -- -- .. - _ .. --
Total. Sol. 19 25 27 -- 79 56 46 59 58 45 
Conduct. 24.8 27·6 22·9 ~.4 30 30 29 25 21 21 

1 .. Collected at outlet 
2 - Avg. tor day at Plain 
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Table 21 - cont'd. 

Date 7/5/56 7/18/56 8/1/56 8/17/56 
Samples 10 ! 75 125 10 I 75 !175 10 115 '150 10 75 175 
Water °F 47.2 ! 45.1 43.8 51.2 I 46.2 44.1 50.4 48.8 ' 41.0 58.4 52·3 46.8 

Die .Oxy .. 11.0 1 11.0 ill.l 10.7 ! 10.8 
I 

I 10.7 10.2 10.4 ; 10.5 9.7 9.8 9·9 
~ 8&tur. 21 190 36 191 

, 
88 91 90 1 90 95 89 84 93 I 

I 

Car.Di • 2 2 i 1.5 2 I 2.5 ! 2.5 2·5 , 3 2 1.5 2.5 3·5 
pH 6.6 I 6.6 6.7 6.5 : 6.7 1 6.7 6.4 6.6 ' 6.6 7.2 7.0 7.0 
Tot.Alk. 10 10 1 10 8 J 8 8 9 , 9 9 9 10 10 

HCO~ 10 10 10 8 I 8 8 9 I 9 9 9 10 10 , 
I 

C~ 0 0 
, 

0 0 ! 0 0 0 , 0 0 0 0 0 
Tot.Hard 9 9 9 6 7 i 6 8 ! 8 8 7 8 10 

9 
I 

9 9 6 
I 

6 8 8 8 8 Car.Hrd. 7 i 7 10 
N. C. H. 0 I 0 0 0 I 0 I 0 0 0 0 0 0 0 

i 
1.8 1.4 : 1.4 2·5 Sulfates 1.5 ! 1.2 2.0 2.1 · 2.1 2 5 2 

Color 4 , 4 4 4 \ 4 4 3 l 3 3 2 2 2 

Turbidit 5 ~ 5 I 5 5 I 4 1 5 12 113 13 19 16 16 
Tot.Iron : : , i 0.01 -- -- ; -- -- I -- I -- -- -- -- -- --
Copper -- 1 -- ~ -- -- -- i -- -- -- -- 0.00< -- --I 

I \ 

l : Zinc -- -- I -- -- -- -- -- -- I -- -- -- --
I 

I : \ 

Lead -- -- -- -- -- i -- -- -- -- -- -- --
Aluminum ! i I 0.04 -- -- I -- -- -- , -- -- -.. , -- -- --

{ i I I ; 

2.6 Calcium -- I -- I -- -- , -- -- -- -- -- -- --
1 

I \ I 1 0.6 Magnel!l. -- -- I -- -- -- -- -- , .. - -- -- --
Sodium 

; ! 1.5 -- -- I .. - -- -- -- .... , -- -- -- .. -
I \ I 

Pot. -- , -- i -- -- -- I 
_ .. -- .. - -- ~.2 -- --

! 
~"mul. -- , _ .. 

I .. - -- -- -- -- I -- -- _ .. _ .. --, , , 
Silver -- i -- i -- -- -- -- _ .. .. - ..- .... -- _ .. 
Tot .Sol. 45 32 : 31- 40 92 j 80 20 : 23 25 31- 14 10 

25 i 25 
I 

120 19 119 19 23·7 24.3 21.9 Condo 25 20 20 
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ble 21 - cont'd. 

lte 8/~/56 9/12/56 9/25/56 10/10/56 10124)_56 

L1I1Ples 10 75 10 75 175 10 75 10 15 150 10 100 
~ter oy 55.5 51.5 58.1 50.5 43.0 56.1 51.1 54.0 51.8 45.1 50.0 46.0 

ls.Oxy. 9.5 10.0 9·3 9·3 2. 4 9_-9_ ~.6 3_·<) 3.6 3_. 4 9·9 ~.2 

Batur. 90 90 91 82 76 94 86 32 8]_ 78 88 _18 
lr.D1. 2 2·5 1.5 2 5 1.5 3·5 1 2 3 1 2 
H 6.9 6.8 7.1 6.8 6.6 6.1 6.3 7·2 7·0 6.8 6.9 6.6 
ot.Alk. 8 8 10 9 9 12 12 10 10 10 12 9 
Eo:{ 8 8 10 9 9 12 12 10 10 10 12 9 

~ 0 0 0 0 0 0 0 0 0 0 0 0 

'ot .Hard. 7 8 8 7 7 10 11 8 8 8 8 6 
:ar.Hard. 7 8 8 7 7 10 11 8 8 8 8 6 
r. C. H. 0 0 0 0 0 0 0 0 0 0 0 0 
Julfatea 2·9 2·9 1.6 2.0 1.9 1.5 1.5 2.1 2.5 1.9 1.9 2.6 

:olor 0 0 2 2 2 3 3 7 7 7 8 9 
l'urb i di ty 4 3 5 6 6 4 3 20 21 19 5 5 
rot .Iron 0.00 -- -- -- -- -- -- -- -- -- -- --
~opper 0.00 D -- -- -- -- -- -- -- -- -- -- --
Zinc -- -- -- -- -- -- -- -- -- -- -- --
Lead -- -- -- -- -- -- -- -- -- -- -- --
Aluminum 0.00 -- -- -- -- -- -- -- -- -- -- --
Calcium 0.8 -- -- -- -- -- -- -- -- -- -- --
loi!.gnesium 0.2 -- -- -- -- -- -- -- -- -- -- --
Sodium 0·3 -- -- -- -- -- -- -- -- -- -- --
Potassium 2.0 -- -- -- -- -- -- -- -- -- -- --
Mangane.e -- -- -- -- -- -- -- -- -- -- -- --
Silver -- -- -- -- -- -- -- -- -- -- -- --
Tot .Sol. 21 21 23 21 15 16 12 17 23 19 12 10 
Conduct. 21 19 21.6 19.6 19.6 23 21 23 23 21 21.5 20.5 
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Table 21 - cont'd. 

Date 11/7/561 j 1l/2J./56 12/19/56 2/12/57 

Sample Depth Ft. 10 75 ! 10 150 10 150 4 

Water Temp. Dr' 47.0 46.4 44.6 43.9 41.8 40.4 ] 32.4 
'rl 

Di S6. Oxygen 10.1 10.0 10.6 10.6 11.0 11.0 ~. 12·~1 ! 

10 D. O. Satur. 87 78 87 
'rl 

86 87 85 cv 85 

Carbon Dioxide 1.5 2 1 1 1 1 ~ 6.5 

pH 7.0 6·9 6·9 6·9 6.8 6.8 ~~ 7.0 I 
Totn.l Alk. Caco~ 10 10 12 11 10 9 :> 17 

HC03 10 10 12 11 10 9 ~ 17 

CO~ 0 0 0 0 0 0 a; 
~ 0 

Total Hard Cac03 9 8 7 7 8 8 ~ 14 

Carb Hard. CaC01 9 8 7 7 8 8 ; 
:~ 14 

Non-Carb. Hard. 0 0 0 0 0 0 0 

Sulfates 604 2.5 3 3 3 1.9 2.1 .0 2.4 

Color 5 5 10 10 7 7 ~ 5 
Turb{ di ty 4 4 5 7 4 4 

ri 9 

Totr..l Iron -- -- -- -- -- 0.03 a 0.00 ... 
Copper -- -- -- -- -- 0.000 Q 0.010 

Zinc -- -- -- -- -- -- i» --
Lead_ -- -- -- -- -- -- ~ --
Alumi. num -- -- -- -- -- 0.00 ~ 0.01 

-
Calc1 um -- -- -- -- -- 0.5 it 3.8 

Magnesium -- -- -- -- -- 0.8 2~ : loG 
\J 

Sodi.l1IlJ -- -- -- -- -- 2.0 III ;.., 1.0 

Potassium -- -- -- -- -- 0.1 3~ 1.0 

Marusanese -- -- -- -- -- -- --
Silver -- -- -- -- -- -- I --
Tota.l Solids 87 90 38 39 211 -- 48 

Condo umhos 250 22 22 I 22 22 22 22 45 

1 - Collected near hea.d of lake 
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Table 22 - Lake Wenatchee Water Quality Data Collected by 
U.S. F. & W.S. in 1939 

Avg. Water • CO2 pH Total 
Sta. Depth Air' l 

Temp. D.O. D.O. Alk. 
Date No. Feet Temp. of myl Satur mg/l mg/l 

9-19-39 1 1 63 60.4 8.9 89 0.8 7.2 8.5 
2 60 0 3 8.8 89 1.0 7.2 8.5 

100 50.4 8.8 78 3.0 6.7 8.5 
14~ 46.4 8.3 70 4.2 6.6 9.0 

9-19-39 2 1 6.3 59.2 8.9 88 1.1 7.3 9.5 
50 57.u 9.0 87 1.7 7.1 9.0 

100 49.8 8.9 79 30 0 6.7 9.0 
150 45.9 8.8 74 3.8 6.7 9.5 
200 45.0 8.5 70 4.0 6 0 6 9.0 
222* 

10-12-.39 2 1 64 57.7 9.5 92 2.0 7.1 9.0 
50 54.7 9.5 89 2.0 7.1 9.0 

100 52.2 9.0 8'- 3.0 6.9 9.0 
150 46 .0 9.1 77 4.0 6.6 8.5 
200 45.0 8.7 72 4.5 6.b 8.5 
220 45.0 8.5 70 5.0 6.6 9.0 

10-29-39 2 1 54 52.7 906 88 2.0 7.1 8.5 
50 52.0 9.5 86 2.0 700 8.5 

100 51.4 9.5 85 2.0 700 8.5 
150 U6.7 8.5 72 4.5 6.6 8.0 
200 45.3 8.5 71 4.5 6.6 805 
220 45.0 7.8 64 5.5 6.6 8.5 

9-20-39 3 1 67 60.3 8.9 89 1.3 7.3 9.5 
12* S9.7 1.5 7.2 900 

9-20-39 4 205* 67 45.0 9.0 75 1.0 7.3 9.5 

9-22-39 4 1 70 60.4 901 91 1.2 7.2 9.0 
50 57.4 809 86 1.5 7.1 9.0 

100 52.2 8.6 78 2.7 6.9 9.5 
150 46 00 900 76 3.2 6.7 900 
200 45.0 8.8 73 4.0 6 06 8.5 

10-27-39 4 1 39 52.3 906 87 1.5 7.1 9.0 
50 52.3 905 86 2.0 701 8.S 

100 51.6 9.7 88 2.0 7.0 8.5 
150 46.2 8.9 75 4.0 6 0 7 8.0 
205* 45.0 8.0 66 5.0 6 06 8.0 

9-24-39 5 1 66 58.3 9.0 88 105 7.2 9.0 
50 57.0 8.9 86 200 7.1 9.0 

100 54.0 8.7 81 2.5 6 0 9 8.0 
138* 48.2 8.2 71 4.0 6.6 7.5 

* Total depth at station 
1 At Leavenworth 
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Table 22 - cont'd. 

Sta. Depth Avg. Water D.O. % CO2 Total 
Date No. Feet Air. Temp. mrJl D.O. pH Alk. 

Temp. of Satur. mg/l mg/l 

11-lJ:-39 5 1 40 49.6 9.8 86 1.3 7.1 7.5 
50 49.5 9.7 85 1.5 7.1 7.5 

100 48.9 9.5 83 2.0 7.1 7.5 
126* 48.9 9.6 83 2.0 7.0 7.0 

9-24-39 6 1 66 58.6 9.1 89 103 7.2 8.5 
11* 58.3 9.0 88 1.5 702 8.5 

9-24-39 7 1 66 58.6 9.2 90 1.3 7.2 9.5 
50 57.2 8.9 86 1.5 7.1 9.5 
6~ 

10-12-39 8 1 64 57.7 905 92 2.0 7.1 9.0 

11-11-39 9 1 40 50.0 9.8 87 1.5 700 800 
So 49.8 9.8 87 2.0 7.1 8.0 

100 49.3 9.8 86 2.0 7.0 705 
160* 46.0 7.6 64 5.0 6.5 8.0 
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Table 23 - Minimum, Weighted Average and Maximum Observed 

Constituent Values at Station Indicated1 , 19.54-19.57 

Columbia River Snake River 
McNary Dam Near Mouth 

Columbia River 
at Pasco 

Yakima River 
at Enterprise 

Wt. wt. 
Min. Avg. Max. Min. Avg. Max 0 Min. 

85 210 556 19 56 199 00 

Water OF 32.4 50.8 69.4 32.0 .52.3 77.2 3.5.8 

Dis. Oxy. 7.8 11.2 13.5 7.9 11.2 15.0 9.3 

% Satur. 84 99 126 91 99 142 88 

Car Dlo o 2.7 0 2.0 0 

pH 7.4 7.9 8.9 7.5 8.0 9.1 6.7 

Total A1k .54 66 89 40 72 161 .52 

65 85 40 68 157 52 

CO 2: 0 1 17 0 
J 

3 56 0 

Tot. Hard 54 68 107 39 68 160 59 

Car. Hard 54 66 85 39 68 160 52 

N. C. H. 0 3 22 0 o 11 0 

Sulfates 8 1.5 26 6 25 137 4 
Color 2 18 750 5 28 750 0 

Turbid. 1 20 117 2 55 550 1 

Wt. 
Avg. Max. Min. 

51.3 67.3 32.0 

11. 9 14 • 0 7 • 9 

103 132 83 

2.8 0 

wt. 
Avg. _ 

4.8 

53.3 

11.1 

101 

718 8.6 7.3 7.8 

62 75 .51 83 .. 
62 75 51 81 

o 1b 0 2 

69 72 

62 75 46 72 

6 22 0 o 

11 23 b 12 

10 20 4 22 

12 2.5 2 33 

Max. 

14.2 

77 .2 

13.9 

149 

4.2 

8.9 

163 

158 

30 

134 

134 

9 

28 

40 

110 

Iron 0.00 0.07 0.45 0.00 0.18 0.40 0.00 0.15 0.00 0.00 (; .07 0.30 

Copper 0.000 0.01 0.20 0.000 0.028 0.20 0.000 0.004 0.010 O!OQ 0 .025 0.100 

0.00 0.00 0.00 0.0 0.0 Zinc 0.0 0,0 0.0 0.0 0.0 O~ O 0.0 

Lead 0.0 0.0 0.0 yO.O 0.0 0.0 0.0 0.0 0.0 0.0 0.20 

A1u~num 0.00 0.07 1.0 0.00 0.02 0.30 0.00 0.02 1.5 0.00 0 .03 1.0 

Calcium 7 1.5.1 46.5 9.5 20.7 50 12 17 24 4.2 15 51 

Magnes. 0.1 3.2 8.0 0.2 2.3 10.0 0.1 4.1 6.0 0.2 2.8 9.0 ---------------------------------------------- --------------------Sodium 2.5 7.1 15.0 3.0 16.0 38 0.5 2.0 5.5 1.5 12 • .5 25.5 

Potass. 1.0 109 4.7 0.8 2.1 10 0.4 1.1 2.0 0.2 2.5 12 

Mangan. 0.000 0.000 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 23 Cont'd 

Columbia River Snake River Colum~ia River Yakima River 
McNary Dam Near Mouth at P'ieco at Enterpri!le 

wt, Wt, Wt. m, 
Max. Min. Av • Mu. Min. Av , Max. Min. Av • 

Silver 0.00 0.00 0.00 0,00 0,00 0.00 0 . 00 0 , 00 0 0 00 O. 

Tot Sol. 55 133 320 8S 219 b75 bO 110 270 133 221 31 

Conduct. 119 159 256 104 1~3 510 lll. 1h2 192 115 1 tl 37 

1 Values Weighted According to flow except for water temp. and dieso1ved 
oxygen values which are avg. of monthly averages. 

* Single observation 



Table 23 - Minimum, Weighted Average and Maximum Observed 

Constituent Values at Station Indicated 1, 1951..-1957 

Yakima River Wenatchee River Crab Creek Columbia River 
Above Thorp Near Mouth Near Beverly Below Vantage 

CFS 103 
Min. 
0.37 

Water OF 32.0 66.7 32.01..6.3 67.3 32.0 56 .3 81...7 )S.8 50 .6 08 .7 

Dis. Oxy. 9.1 10.1.. 13.9 9.2 12.0 11.6 7.6 10.9 14.5 9.6 12.1.. 15.8 

% Satur. 88 95 115 91 100 115 85 100 117 92 109 1LL 
Car. D!. 0.5 1...0 0 2.$ 0 0 0 1...0 

pH 7.0 7.1.. 8.1.. 6.9 7.3 13 .6 8.2 8.$ 8.9 6.3 7.6 8.9 

Total Alk.21 32 1..6 11 29 70 187 31..1 1..01.. 53 62 71 

HCO -
3 

21 32 1..6 11 28 70 169 298 373 $3 62 71 

C0,3= 0 0 0 0 0 8 6 1..2 100 0 0.2 I.. 

Tot. Hard 19 31 1..9 7 29 70 110 191.. 21..0 56 68 9L 

Car. Hard 19 )0 L6 7 26 59 110 19L 2Lo $) 62 71 

N. C. H. 0 1 11 0 L 1$ 0 0 0 0 $ 2) 

Sulfates 0 2 8 0 2.2 L.$ 33 11$ 220 I.. 9 21 

Color 0 10 30 0 13 50 1$ 39 125 2 11 22 

Turbid. 1 20 78 1 16 80 18 100 410 0 11 30 

Iron 0.00 0.11 0.$0 0.00 0.02 0.20 0 0 00 0.12 0.80 0. 00 0.08 0.$0 

Copper 0.000 0.008 0.0)0 0.(0) 0.010 0.000 0.008 o.oLo 0. 000 0. 001.. O .~ 

Zinc 0.0 0.05 0.0* 0. 0 0.0 0.0 0.0 0.0 0.0 

Lead 0.0 0.0 0.0 O.~ 0.0 0.0 0.0 0.0 0.0 0.0 

Aluminum 0.00 0.18 1.3 0.00 0.02 0.09 0.00 0.03 0.5 0.00 0.02 0.20 

Calcium 0.5 18.0 60 0.5 7.2 U 19 38 95 10.0 19 26 .L 

Magnes. 0.1 1.2 3.2 0.1 1.1 4.6 0.1 8.3 20.0 0.3 3.0 6.0 

Sodium 0.0 2.6 11.5 1.0 2.0 4.0 19 91.. 13$ 0.5 L.o 20 

Potass. 0.2 1.6 7 0.9 1.6 3.0 3.9 16.9 $0 0.6 1.3 ' 2.6 

Mangan. 0.00 0.00 0. 00 0.000* 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 23 Cont'd 

Yakima Rive r Wenatchee River Crab Creek Columbia R1 ver 
Above Tho~ Near Mouth Near Beverly BeloW' Vantage 

wt. Wt. wt. Wt. 
Min. Avr, . Max. Min. Av«. Max. Mino Avg. Max. ~·1in • Avg. Max. 

Silver 0 . 00 0.00 0.00 0,000* 0.00 0.00 0.00 0.00 O.JO 0.00 

Tot. Sol. 17 58 170 19 81 270 575 704 lb50 40 107 220 

Conduct. 43 71 lb7 29 47 ll8 445 979 1100 120 117 219 

1 Valups Wei~hted According to fLOW except for water temp. and dissolved 
oxygen values which are avg. of monthly averages. 

* Single observation 
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CFS 103 

Water OF 

Dis. Oxy. 

% Sat ur. 

Car. Di. 

pH 

Total A1k. 

HCOJ 
CO

J 
Tot. Hard 

Car. Hard 

N. c. H. 

Sulfatell 

Color 

Turbid. 

Iron 

Copper 

Zinc 

Lead 

Aluminum 

Calcium 

Magnae . 

$oditun 

Potaes. 

Mangan. 

Table 23 - Minimum, Weighted Average and Maximtun Observed 

Constituent Values at station Indicated 1, 1954-1957 

Columbia River Nason Creek Chiwawa River Wenatchee River 
at Rock Island NeAr Mouth Near Mouth Below Plain 

m. l'Jt • wt. fit" 
Min Avg. Maxs Mi n. Avas· Max. Min. AV6' Max. Min. Av€;. Max. . 
~ 9 137 44> 0.09 0. 79 3.51 0.58 3.46 9.51 

)S . 0 SO.2 6h .6 32.0 43.2 62 .6 32. 0 h2.3 57.7 32.0 4S.6 62.6 

9.8 12.1 lS.2 9.4 li.S 13.4 9.0 li.7 13.7 8.5 li.5 13.1 

94 l<i> 123 87 93 123 87 92 100 88 95 101 

0 3.0 1.0 3.0 0.5 3.0 1.0 3.0 

7.2 707 8.3 6.6 7.0 1.7 6.8 7.2 8. 0 6.5 7.2 7.7 

50 59 71 8 12 19 9 16 26 9 14 23 

50 59 71 8 12 19 9 16 26 9 14 23 

0 0 0 0 0 0 0 0 0 ° 
54 66 92 7 13 33 8 lP 40 8 IS 24 

50 59 71 7 11 19 8 15 27 8 14 23 

0 7 22 0 2 15 0 1 14 0 2 9 

4 li 21 0.6 3.0 10 0.9 2.2 8.0 1.0 205 5.5 

0 10 20 0 19 100 0 13 20 1 19 45 

1 12 40 2 24 150 2 15 40 2 14 40 

0.00 O.Ob 0.12 0.00 0.01 0.22 

0.000 0.001 0.010 0.000 0.13 0.30 

0.00 0.04 0.20 0.00 0.02 O.<X:> 

1.3 2.3 10 1.5 5.2 9.2 

o.h 0.7 1.6 0.1 0.8 1.8 

0.3 1.5 3.0 0.5 1.6 3.0 

0.3 103 2.4 0.4 1.2 2.0 
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Table 23 Cont'd 

Columbia River Nason CrcJek Chiwawa River Wenatchee River 
at Rock Island Near Mouth Near Mouth Below Plain 

wt. wt o wt. W't. 
Min. Avg o Max 0 Min. Avg. Max. Min. Avg. Max 0 Min. Avg. Max 0 

Silver 

Tot. Sol. 49 94 175 17 72 130 9 102 130 14 70 130 

Conduct. 110 131 171 17 27 67 29 35 60 22 29 64 

1 Values Weighted According to flow except for 'hTBoter temp. and dissolved 
oxygen values which are avg. of monthly averages. 

* Single observation 
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CFS 103 

Water -F 

Die. Oxyo 

% Satur. 

Car. Di. 

pH 

Total Alk. 

HCO) 
C03 
Tot. Hard 

Car. Hard 

N. C. H. 

Sulfates 

Color 

Turbid. 

Iron 

Copper 

Zinc 

Lead 

Aluminum 

Calcium 

Magnes. 

Sodium 

Potaas. 

Mangan. 

Table 2~ - Minimum, Weighted Average and Ma.x1mum Observed 

1 Constituent Values at Station Indicated , 1954, 1951 

Wenatchee River Columbia River 
Tumwater Canyon Beebe Orchard 

wt. wto 
Min. Avg. Max 0 Min. Avg. M.ax. 

0.58 3.46 1405 50 130 387 

32.0 45.4 62.6 )6 .5 50.2 64.8 

8.3 11.6 11.0 9.7 12.2 11.9 

85 95 100 94 107 128 

0.5 305 2.0 3.0 

6.5 7.1 1·9 7.3 1.7 8.3 

10 11 27 54 58 12 

10 14 21 54 58 12 

0 0 0 0 0 0 

8 15 37 55 63 82 

8 13 28 54 58 12 

0 1 1b 0 4 II 

0.7 3.4 5.9 6 11 11 

1 12 40 0 10 22 

1 15 33 2 16 45 

O.os.. 0000 0.02 0.04 

O.CXX)* 0.000 0.009 0.020 

0.24* 0.00 0.03 0.12 

14.0* 11.0 1.6 24.4 

1.~ 1.8 5.1 B.o 

0.5* 1.5 2.1 3.5 

1.2* 0.8 1.0 2.0 
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Table 23 Cont 'd 

Wenatchee River Columbia River 
Tumwater Canyon Beebe Orchard 

wto Wt. 
Min. Avg. Max. Min. Avg. Max. 

Silver 

Tot. Sol. 15 85 175 ho 100 150 

Conduct. 23 33 67 111 126 158 

1 Values Weighted According to flow except for water temp. and dissolved 
oxygen values which are avg. of monthlY averages. 

* Single observation 
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TABLE 24 - Monthly water Temperatures, of, from Thermograph Records. 
Recorded to nearest degree or half degree Fahrenheit. 
Average of daily maximum and minimum temperatures. 
Period of 1954-1957 or as indicated 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

Columbia River at Umatilla (McNary Dam). Oregon 

Avg. 1954 39.1 39.9 42.9 47.9 52.3 55.4 60.2 63.7 b3 02 55.5 50.6* 43.9* 
II 1955 39.2* 38.9 39.2 45.1 51.7 56 0 0 59.6 66.1 b4.7 57 08 50.9* 
II 1956 37.8* 33.6 41.2 46.7 52.2* 65.0* 58.7 48.3 41.6 

1957 36.3 35.1 42.5 
Kin . Recorded J2 32 )6 41 46 52 56 62 59 52 42 40 
Max. " 42 43 46 52 55 58 63 69 69 65 54 47 
Max. Diurnal Var. 2 2 2 2 3 2 2 2 2 2 2 2 
Min. " " 0 0 0 0 0 0 0 0 0 0 0 0 

00 Cohunbia River at Pasco, Washington 
0") 

Avg. 1954 55.4 58 00 64.2 64 0 8* 

" 1955 58.5* 63.9 62.1 58.0 
" 1956 43.9 50.3 54.4 61.6 66.4 65.4 59.5 52.1 45.3 
" 1957 39.0 37.9 42.0 

Min. Recorded 34 35 40 42 47 52 54 59 57 54 47 43 
Max . " 44 41 44 47 54 58 66 69 68 64 56 48 
Max . Diurnal Var. 2 3 2 2 2 6 7 6 4 3 2 3 
Min. " " 0 0 0 0 0 0 1 0 0 0 0 0 

Columbia River at Rock Island l Washington 

Avg. 1954 42. 7* 49.1 53.0 58.6P: 61.7 61.0 55.1* 51.2 45 .1 
II 1955 41.0* 38 0 4* 37.2 41. 3 47.5 53.2 56.8 62.0 61.2 58.1 49.4* 43.)* 
It 1956 38 08 35.0 37.5 41.6 4904 53.5* 58.4 63.2 63.0 59.3 52.5 45.2 
• 1957 39.8 36.1 38.0 

Min. Recorded J4 J4 35 38 44 49 54 60 57 53 46 40 
Max. " 43 40 40 47 53 56 62 65 64 62 56 49 
Max. Diurnal Var. 2 2 2 2 1 1 2 2 2 2 2 1 
Min. " " 0 0 0 0 0 0 0 0 0 0 0 0 



Table 24 Cont'd 

Jan. Feb. Mar Apr. May June July Aug. Sept. Oct. Mov. Dec. 

Co lumbla R1 var Near Grand Coulee DaD 

!vg. 1954 49.8 54.6 58.0* 
" 1955 52.)* 55.2 60.8 61.3 62.2* 
• 1956 39.6* hB.2 5206* 56.8 61.8 63.0 6).)11-

Min. Recorded J6 45 49 SO 57 60 61 
Max. " 46 52 54 60 64 64 64 
Kax o Diurnal Var. 2 1 2 2 3 2 2 
Min. " " 0 0 0 0 0 0 0 

Snake River Near Mouth 

Avg. 1954 11.1 66.3 
• 1955 57.1* 66.2 72.4 67.4 5707* 
• 1956 49.6* 52.5 59.5 72.7 7302 66.1 58.1* 

Min. Recorded 47 SO 54 56 66 51 54 
Max. " 50 56 66 19 n 75 62 

00 Max. Diurnal Var. 1 2 2 5 4 3 5 
-::J Min. • " 0 0 0 0 1 0 0 

Yakima River Near Richland 

Avg. 1954 62.1 67.3 69.1 6502* 
It 1955 65.1* 7005* 70 0 3 6402 

Avg. 1956 64.5* 7301 72.5 65.1 53.7 
Min. Recorded 59 60 62 57 45 
Max. Recorded 11 81 80 75 60 
Max. Duirnal Var. 5 8 9 8 4 
Min. .. n 1 1 2 1 1 

u. S. Fish and Wildlife Service Tbemograph Data 

* Partial Month 



Table 24 Cont' d. 

Jan Feb Mar Apr Hay June July AUg Sept Oct Nov Dec 

Wenatchee River at Lake Wenatchee Outlet 
Avg. 1955 60.0 58.8 51.6 42 0 6 38.0 
A'vg. 1956 34.6 34.0 34.5 38.1* 42.9 44.6 51.7 57.6 3709* 
" 1957 36.0 34.2 35.5 

Min. Recorded 34.0 33.5 34.0 35.0 37.5 )8.0 43.0 46.5 54.0 47.5 40.5 35.5 
Max. " 38.0 34.5 37.5 41.5 48.0 5l.0 60.0 68.5 66.0 55.5 49.0 40.5 
Max. Diurnal Var. 0.5 1.0 1.0 1.5 8.0 8.5 9.0 15.5 5.0 5.5 2.0 1.0 
Min. " It 0 0 0 0 0 1.5 1.0 1.0 0.5 0 0 0 

Nason Creek Near Mouth 

Avg. 1955 57 .2 53.5 4307 3501 3209 
It 1956 33.5* 32.)* 35.8 39.6 42.1 44.0 52.8 59.3 54.0* 44.1* 37.0 35.2* 
" 1957 32.4 32.2 )6.7 

Min. Recorded 32.0 32.0 32.0 35.5 J8.0 39.5 43.5 48.5 44.5 )6.5 32.0 32.0 
Max. " )6.5 32.5 !ili.o 44.5 47.0 51.5 63.0 68.0 6405 52.0 42.0 )8.0 
Max. Diurnal Vu. 2.5 0.5 8.0 80 0 8.5 7.5 8.5 11.0 9.0 6.0 5.0 2.5 

00 Min. It It 0 0 0 3.5 2.5 1.5 3.0 4.0 1.0 1.0 0 0 
00 

Chillawa River, 3 Miles Above "outh 

Avgo 19S5 52.6* 50.9* 41.0* 35.2 
" 1956 32.8* 3S.5 39.5 40.4 43.6 49.7 54.7 SO.5 42.4 )6.0 33.3 
" 1957 32.1 32.2 35.7 

Min. Recorded 32.0 32.0 32.0 34.5 )6.0 39.0 43.5 47.0 44.5 35.0 32.0 32.0 
Max. It 34.5 33.0 !ili.0 46.0 46.0 49.5 57 0 0 62.0 57.5 49.0 41.0 )6.0 
Max. Diurnal Var. 2.0 0 7.5 9.0 6.5 5.5 8.0 10.0 9.5 6.5 5.0 2.5 
Min. " " 0 0 0 3.0 2.0 1.5 2.0 4.0 1.0 1.0 0 0 

Cbela.n County P.U .D. Thermograph Data 

* Partial Month 



Table 24 

Avg. 19541 
II 1955 
" 1956 
" 1957 

Min. Recorded 
Max. " 
Max. Di urnal Var. 
Min. • " 

Avg. 19S5 
" 1956 
" 1957 

Min. Recorded 
Max. n 

00 Max. Diurnal Var. <:.0 
Min " " 

Avg. 1955 
" 1956 
" 1951 

Min. Recorded 
Max. " 
Max. Diurnal Var. 
Min. " " 

Cont'd. 

Jan Feb Mar Apr May June July Aug Sept Oct Nov 

Wenatchee Riverz 2 Miles Below Dryden 

48 00* 51.)! 57.8 56.7 
48.21 53.02 &J.4* 57.0 47.7 37.4 

33.7 32.8 37.1 42.0 43.9 46.7 54.9 61.4 60.5* 4708 39.0 
32.9 32.7 39.1 
32.0 32.0 32.0 )6.5 40.5 42.5 46.0 53.0 48.0 41.0 )200 
:37.0 36.0 47.0 46.5 48.0 53.0 62.0 68.0 68.0 55.0 45.0 
3.0 2.5 6.5 8.0 5.0 5.5 5.5 10.0 8.5 6.0 4.0 
0 0 0.5 1.0 1.0 1.0 1.0 0 1.5 0 0 

Wenatchee River. 4 Miles aboYe Leavenworth 

58.6 56.5 
33.8 32.7 35.9 41.8* 44.611- 4809*" 61.0 57.3 4906 42.5* 
33.0 3202 37.0 
32.0 32.0 )2.0 39.0 4105 4500 54.0 SO.o 43.0 3200 
35.5 3400 44.0 45.5 48.0 .54.0 67.0 63.5 54.0 46.0 
1.5 2.0 4.0 5.0 5.0 4.0 6.5 4.0 3.5 2.5 
0 0 0 2.0 2.0 1.0 1.5 0 0.5 0 

Wenatchee River , 2 Miles Below Plain 

57.9 55.)*" 47.5* 36.1* 
32.8* 32.5* 35.4 39.2 42.1 45.) 61.0* 56.3 49.3 41.1 
)3.0 32.8 )7.) i 

32.0 )2.0 32.0 32.0 )9.0 41.5 52.5 48.0 43.5 32.5 
37.0 37.0 44.0 43.0 47 .5 51.5 68.5 6400 55.5 46.0 
J.5 4.0 6.5 u.5 5.0 4.5 8.0 8.0 6.5 4.0 
0 0 100 3.0 1.5 0.5 J.5 1.0 10 0 0 

Chelan County P. U • D. Thennograph Data 

* Partial Month loU .S. Fish & Wildlife Service Thermograph Data at MoDi tor, 
8 Miles below Dryden 

Del! 

33.1 
36.4 

32 00 
39.$ 
3.0 
0 

.3409 
36.) 

32.0 
39.0 
2.5 
0 

33.1 
3702* 

32.0 
3905 
3.0 
0 



Table 25 - Temperature 1 n Lake Wenatchee at 

Station 42, of 

Water Depth in Feet 

Date 0 10 25 50 75 100 125 150 175 200 225 

1955 
July 12 48.0 46·5 46.0 44.4 43.9 43.0 42.7 42.4 42.0 42.C --
A~. 9 55.4 55.4 54.0 51.8 50.2 49.1 48.1 47.6 46.8 46.~ 46.1 
" 25 53·8 53·8 53.6 53.8 50·2 49.6 -- -- -- -- --

Sept. 7 59.4 59.4 58.0 52.6 49.2 46.6 46.1 -- -- -- --
" 21 56.1 56·0 55.8 55.4 55·2 51.2 48.2 47·3 46.9 46.4 --

Oct. 23 51.8 51.5 51.~ 51.0 50.2 50.1 48.4 46.4 49·2 45.9 45.4 

1956 
April Ice on lake until about April 20th. 

May 19 43.0 42.1 41.8 41.1 40.8 40.6 40.6 40.6 40.6 40.6 40.6 
June 20 43.5 43.5 43.0 42.6 42.6 42.1 42.1 42.3 -- -- --
July 5 47.8 47.2 46.0 45.4 45.1 44.8 44.4 44.1 43.8 43.2 43.2 

" 18 53.4 51.2 48.6 46.8 46.2 46.0 45.0 44.8 44.1 44.1 44.1 
Aug. 1 50.4 50.4 50.0 49.3 48.8 48.8 48.7 48.0 -- -- --

ft 17 59.8 58.4 57.4 56.1 52·3 49.6 48.0 47.7 46.8 46.4 46.6 

" 29 57.0 56.5 55·5 54.2 51.5 49.0 47.8 -- -- -- --
Sept. 12 58.1 58.1 55.4 53.2 50.5 44.0 43.9 43.2 43.0 43.0 43.1 

" 25 56.7 56.7 56.5 54.8 51.1 47.6 45.6 45.5 -- -- --
Oct. 10 54.8 54.6 54.0 52.5 51.8 49.1 45.6 45.1 45.0 44.9 --
" 24 2Q.O _~.8 49_.8 ~.1 48.4 41.0 45.5 45.1 44.8 44.4 44.0 

Nov. 6 47.1 47.1 47.0 47.0 46.6 46.3 45.0 44.6 44.4 44.0 --
" 21 44.6 44.6 44.5 44.4 44.4 44.1 43.8 43.4 43.2 42.8 --

Dec. 18 41.8 41.8 41.7 41.6 41.2 40.8 40.4 40.2 40.0 40.0 40.0 

1957 
Jan. 16 Lake almost completely tro~en ov.r 

Feb. 13 Lake completely frozen over. 
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142 percent) are due to photosynthetic 
activity of th plankton. Carbonate alka
linity was observed from July through j) c('m
ber with the maximum August value of 50 
mg/l as CaC03 occurring during thl per iod 
of peak irrigation return flow. Soluble 
mineral matter, as indicated by the onduc
tivity, calcium and magnesium, etc., WdS 

greatest in the autumn and winter when th> 
reservoirs were drawn down and wh II til 
river flow consisted lJ.rgely of ground w.t r. 
High total solids, color a.nd turbidity 
values in February and March .Ire not norm, 1 
values for these roonths. They w re C,lUS d 
by work on the Ice Harbor Dam, mi les 
upstream from the point of sampling. 

Columbia River at Pasco 
Table 8, Figures 11 and 12: 

In a warm summer, the averag'-monthly 
water temperatures in August and ept'mb r 
exceed 65° F. Carbonate alkalinity Nas 
observed only during the month of August, a 
period when carbonate alkalinity (CO j =) vas 
maximum in the Yak1ma River which is charges 
into the Columbia River 5 miles upstream 
from Pasco. Dissolved oxygen satur tion, 
corrected for elevation and saturation tabl 
deficiencies (see discussion on reliability 
of water quality data), is equal to or 
greater than 100 percent saturation through
out most of the year. Maximum color, tur
bidity and total solids were observ~d in the 
spring when the snow-melt at lower elevation 
tions was proceeding most rapidly. Ionized 
dissolved substances, as measured by conduc
tivity, are least during June, the period 
of maximum runoff. 

Yakima River at Enterprise 
Table 9, Figures 13 and 14: 

Yakima River above Thorp 
Table 10, Figures 15 and 16: 

The Yakima River flow is regulat ed 
for irrigation excepting during the spring 
runoff. Marked changes in water quality 
occur as the river passes through the irri
gated areas and receives large quantities 
of return flow. During the summer, the 
majority of water in the lower river is com
posed of return flows. In July and August, 
water tempe ratures at Ri chland have exceeded 
80° F. At Thorp, the Yakima River is a 
typical cool, clean, slightly alkaline, low
dissolved solids stream while at Enterprise, 
15 3 river miles downstream, the river is 
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warm, alkol inp and rclativ ly high In di -
solved o rgani c and inorganic oli '(abl,. 
26 is a comparison of v. rag for 
typic,l con ti tu nt at Thorp an ot rpris 
for the m nth of Au'u t (11 avy irrigation 
return [low~). Ilis ... olv cI oxyg n cone ntra
t iOIl ar hi gh at Ellt rpri e de pi t the 
volume of organic W.l tp i ch arge into 
the Yaklma RIver from municipalilie I lndus
lry an,! from a ric.ultur. Dlssolv' oxyg n 
v ,11 u s ur ing th(' hour of a rkn 5S w r 
2-3 p.p.m. les than uring daylight hour 
but they di I not drop below p.p . m. at 
cot rprise (20). 

T ble 2 .--Comparison of Y klrna Ri r 
wat r quality, av rag valu for August 

ar Lntt r- P rc nt 
onslltuent ~ Eri 

[cmpc r a ture 5 7l.l 26 
plJ 7.5 .5 
Total lkal inl ty 27 141 420 

arb. alkalInIty 0 1 

Total har o"ss 2 116 350 
ulfat s 1 2.2. 2100 

Color 8 12 5 
[urbidity 7 16 130 
Calciu':l 7.4 2 2 0 
Magne ium 1.2 j. 1 

Sodium 1.4 22.7 1520 
POLssium 2.2 5 .1 130 
Total solids 42 20 390 
Conductivity 51 311 510 

"enatchee River ne louth 
Table 11, Figures 17 and 18: 

\ater temperatures have risen above 
65° F. for 5- or -day periods during August 
and September . However, the night tempera
tur es have dropped well below 65° F. on 
these occasions. This river, even at th~ 

mouth, is of high quality. The \\'ater is 
normally clear, slightly alkaline and satu
rated with oxygen. Turbidity, total solids 
and color are high only during the period 
of spring runoff. In contrast with the 
Yakima and Snake Rivers, the henatchee River 
has but 0.36 of the dissolved material that 
is in the Columbia River at their point of 
confluence (using average yearly constituent 
values). 

Crab Creek near Mouth 
Table 12, Figures 19 and 20: 

The flow in Crab Creek is low and 
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Lake Wenatchee 
Tables 21 and 22: 

Table 21 (page 70) gives th wa t 'r 
quality constituents observ d with d pth by 
the University of Washington [rom Jun~ lQ5~ 

through February 1957. Tabl 22 (pag~ 7b) 
gives the constituent valu s observed with 
depth by the U. S. Fish and Wildlife r
vice in September, October and November of 
19 39 . The U. S . Fish and Wild11fe Servic 
and the University data compare very elos ly. 
Dissolved oxygen saturation values hav not 
been Clrrected for altitude and tiP n'w 
solubility values. Therefore, l'aeh s,ltura
tion value should be increased by <i.bout q 
percent, making most of the shallow sarop! s 
saturated with dissolved oxygen. 

Strong winds blowing ov r the l akl 
tend to keep the water wel l -mixed w1th depth. 
The only significant qual1 ty changl with 
depth is that of t mperature. tratific-
tion, as determined by t empe ratur e mnasurc
ments occurred only in th 1at summer dnd 
autumn. (See section following on t mpera
ture observations .) Lake Wenat chee is a 
typical oligothrophic lake that is low in 
dissolved mineral matter, has a eont inuous 
abundance of dissolved oxygen and has co ld 
water in its greater depths throughout the 
year. 

'Ih hyJrogc'n-ion con ntration (pll) 
is I e th, 7.0 (ilcid i d mo t of th e y 'H . 
Aik ul ini ty Wil a ll bicarbona t (IIGOr ) and 
n vc r extreurd I mg/l a Cae 3 . Hoth 

< rbon,lte anJ lion-ca r bon t h, rdn(' w r 
obSl' rv with carbfn,t pr!' omina ting . Total 
har-dnl' W,l u u , lly s than 15 mg/l as 
CaC03 . I'll wat r i x-
cpc ing lO only onc ity w s 
usually J 5S th, 10. Total w r 
no r ma l 1 y und r 50 mg/l. T b I um:nar i zc 
t,bll' 21 nl 22 by Ii ing til minimum. 
<1\ r<lgL iln maximu con titucnt valu ob
s rv J ,t diff r rat d pth througho t th 
sampling p riod. 

HATl:R r ~U'ERAT R 

lab! s 24 and 90) 
pr in the ur-
v y a r a. average-monthly 

ate r to.:l'lP ratures c m ut from th rlllO
graph rtcords of the U. S . Fish and i1dlife 
Scrvi c an of the Ole1an Coun ty P .U. D. Th 
average t r tur is tak n as th average 
of the claily m i um an lnlmu tellipera
tur s. Th rmographs t Pasco, b"lo'" Grand 
Coulee D.un, the maut 1 of the nak River 
and the mouth of tho.: Ya lma River are oper
a te for onl a portion of each y ar . 
Diurnal t mp rature variations (as sho n 

Table 27.--Lakc Wenatcte • mlnlMU. vera~e d 
with Jerth ln mlll1gr p r Ilt r. 

DeEth Less than 15 feet 15 - 7< fe t (eet 
Samples 2~ 17 

Min. Av~. Max. Mln. Av~. Max. "hr. A, Max 

Water OF. 32.4 48.5 59.4 4 4 .9 55.' .p .1 4~. ! 4 .4 
Dissolved oxygen 'l . 3 h'.4 13.0 9.1 10 .! 13.0 10.4 11 4 
Percent satur at ion 77 88 102 78 83 101 90 71 
Carbon dioxide 0.5 1.7 0.5 2 (' !.~ 1 .• I.() 2. I 2.1 
pH 6.3 o.'l 7.~ 0.3 t>.9 7 . ~ 0.0 c.7 O . • 6.6 6. 7. 1 
Total alkalinity 8 11 17 8 10 14 \) 9 10 8 10 15 
Total hardness 6 12 24 7 11 2t- 0 12 20 t- 12 2 
Carbonate hardness 6 9 10 7 9 14 0 8 . ) 6 10 1 ~ 
N. C. H. 0 2 12 0 2 14 0 4 17 Z 13 
Sulfates 1.0 1.9 3.1 1.2 2.4 5 1.7 .!.t' 4 1.0 2.2 'L~ 

Color 0 6 20 0 5 20 J 9 2 7 l 
Turbidity 2 5 20 2 7 21 2 4 5 .' 7 19 
Iron 0.00 0.04 O.lb J.03 
Copper 0.00 0.01 0.04 0.00 
Aluminum 0.00 0.03 0.15 0.00* 
Calcium 0.8 3.5 12 J.05~ 

Magnesium 0 .2 0.8 1.6 0.08* 
Sodium 0 .3 1.1 1.5 2.0 .. 
Potassium 0 .1 1. 0 2.0 1.0 * 
Solids 10 35 87 6 37 00 10 33 4b 9 35 51 
Conductivity 25· 19 27 45 19 20 27.6 20.5 23 25 19 22 27 

* Single observation - Ca and Mg values appear in e rro r . 
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Table 28 - Thermograph Stations in the Wenatchee River Baeln. 

* 1 - 150' do~tream from U.S.Q.S. gaging station at Lake Wenatchee outlet. 

(I 2 - Nason Creek - on bridge to Lake Wenatchee State Park. 

fI .3 - Chiwawa River - 200' upetream from highway bridge o 

# 4 - Wenatchee River - 2 1/4 miles below Plain bridge. 

;I 5 - Wenatohee River - at highway bridge above Tumwater Canyon o 

fI 6 - Wl!natchee River - at water intake to hatchery about 2 milee above Leavenworth o 

* 1 - Icicle Creek - at County Highway bridge near hatchery about 1 mile above 
mouth. 

# 8 - Wenatohee River - at Peshastin Bridge. 

# 9 - Wenatohee River - at Dryden Bridge. (Middle pier) (Above Dryden dry stretch, 
where most of water now diverted for power) 

fllO - Wenatohee River - spare instrument installed at Dryden Power Plant canal 
intake. 

#11 - Wenatchee River - at Stein's Hill, about 2 miles above CashAere. 

#12 - wenatchee River - at Monitor Bridge on Wenatchee River. (S umme r operat ion 
only) 

* Stations 1-11 established by Chelan County P.U.D. in Au~t, 1955 
Station l2 1s maintained by the U. S. Fish and Wildlife Service. 
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in table 24) are large at some of the 
thermograph stations during the periods of 
warm,sunny weather and cool evenings from 
May through September. Maximum observed 
diurnal temperature variations during the 
survey period were: 30 F. in the Columbia 
River at McNary Dam; 7° F. in the Columbia 
River at Pasco; 20 F. in the Columbia River 
at Rock Island; 30 F. in the Columbia River 
below Grand Coulee Dam; 5° F. in the Snake 
River; 9° F. in the Yakima River near 
Ri chland; 15.50 F. in Lake Wenatchee outlet; 
100 F. in the Wenatchee River at Monitor; 
110 F. in Nason Creek; 100 F. in the Chiwawa 
River; 100 F. in the Wenatchee River below 
Dryden; 6.5° F. in the Wenatchee River above 
Leavenworth; and 80 F. in the Wenatchee 
River below Plain. 

Figures 35 and 36 illustrate the wide 
range between the minimum and maximum daily 
temperatures obs erved in each month of the 
year during the survey period. For example, 
the minimum temperature of 360 F. shown on 
figure 35 for the Chiwawa River during May 
is the coldest temperature obse rved in the 
Chiwawa River during May of 1956. Daily 
water temperatures in exces s of 650 F. were 
observed at all stations with the exception 
of the Columbia River below Grand Coule e 
Darn, Icicle Cr eek and the Chiwawa River. 
Average-daily water temperatures in excess 
of 65° F. persisted for a month or more in 
the Yakima River near Richland, in the mouth 
of the Snake River and in the Co lumbia River 
at McNary Dam and at Pasco. They approached 
this value in the Wenatchee River during 
August 1956. 

Pigure 37 is a plot of 1956 water 
temperatures in the Wenatchee River from 
Lake Wenatchee to Monitor, 5 miles from the 
river mouth. It shows the moderating effect 
of Lake wenatch e on Wenatchee River water 
temperatures. Prom September until March, 
Lake Wenatchee discharges water warmer than 
that found downstream while from March 
through Au~ust, the lake discharges cooler 
water than is found downstream. In August, 
ther e is a marked temperature rise from the 
lake outlet to Plain, 9 miles downstream, 
followed by little temperature change through 
Tumwater Canyon t o below Dryden, a distance 
of 31 miles. A marked tempera ture rise 
again occ urs between Dryden and Monitor (a 
distance of 10 miles) as the river meanders 
through a flood-plain offering little shad
ing from solar radiation. In May and June, 
the colde r waters of I cicle Creek reduce 
the river temperature below Leaven rth. 

Table 25 (page 90) is a tabulation of 
water temperatures with depth observed in 
Lake \enatchee from July 1955 to December 
1956. Figure 38 is a plot of these tempera
tures at selected depths dur1ng 1956. Maxi
mum temperatures occur in August or Septem
ber. Vertical currents, set in motion by 
wind action, warm the entire lake during the 
spring and summer. Temperature measurements 
were not made in the winter when the lake 
was frozen because of the difficulty and 
danger in getting over the snow-covered ice. 
In the winter, it is likely that the upper 
10-25 feet are at 320 F. and that the deeper 
water is at the temperature of maximum den
sity, 4° C. or 39.20 F. Thermoclines were 

Table 29.- -Average monthly water temperatures in the venatchee River at Monitor, 
U. S. Fish and wildlife Se rvice thermograph stat ion, 5 miles from river mouth. 

April May June ~ Au~ust SeEtember October 

Average 1954 48.0* 51.3* 57.8 56.7 

Average 1955 48.2* 53.0 61. 0 59.0 

Average 1956 44.2 46.2 49.0 56.9 64.9 61. 5 51. 4* 
Minimum recorded 40 44 44 46 53 49 46 
Maximum recorded 47 49 52 64 70 69 56 
Maximum diurnal variation 6 3 4 5 10 9 4 
Minimum diurnal variation 1 0 0 1 1 2 0 

* Partial month 
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observed in August and September. The 
depth of the thermocline would vary from 10 
to 125 feet, depending upon wind velocities 
and duration. Below 100 feet in depth, the 
lake temperature will usually be under 50° 
F. Figure 39 (page 101) is a plot of typi
cal t empe rature gradients observed in the 
spring, summer and autumn . Vertical mixing 
of the entire lake can be expec ted in the 
overturn periods in the spring and autumn. 

~ATER QUALITY CHANGES FROM UPSTREAM 
TO DO~~STREAM LOCATIONS 

Figures 40 and 41 depict the change 
in water quality in the Co lumbia River 
during the month of August 1056 as t~e 
rlV r flows from the upstream st ation at 
Beebe Or ch ard Bridge to the downstream 
station at McNary Dam, a river distance of 
212 miles . In general, the Co lumbi a River 

ater quality changes are small between 
Beebe and Pasco. The increase in water 
temperature is the only significant change. 
Valu s shown below Vantage for temperature, 
calcium, sodium and co nductivity tend to 
be high because of the s ampling station 
location. The decreas e in alkalinity, 
hardness and conduc tivity below Beebe is 
due to the dilution afforded by the higher
quality water in the Chelan, Entiat and 

enatchee Rivers. An abr upt increase in 
constituent values occurs between Pasco and 
McNary Dam, caus ed by the warm, mineralized 

nake River which is tributary to the 
Columbia River below Pasco. For the period 

epicted on figures 40 and 41, the water 
temperature increases from 66.4 to 67.5 0 F. 
b tween Pasco and Mc ary Dam; total alka
linity from 60.5 to 70 mg/l; total hardness 
from 00 . 5 to 75 mg/1; sulfates from 11 t o 
10 mg/l; cal ci um from 19.4 to 21.4 mg/l; 
sodiUm from 2 to 5 mg/l; total solids from 
10 to 140 mg/l; and conductivity from 145 
to 176 micromho s per cm . 

Figures 42 and 43 (pages 105 and 106) 
change in water quality for the 

Rlver in August 1956, as it flows 
" natchee to its confluence with 

lumbla Rlver, a distance of 55 river 
S rly all quality valu~ s show a 

u 1 incr se from Lake \enatchee to the 
r m uth. ,'it r temp e rature inc reases 
57.5 t 6 0 P.; total alkalini ty 

total hardnes~ from 8 to 
fr m 1.5 to 5.3 mg/I; 
to 2 mg/l ; s0dium from 

0 . 9 to 2 mg/l; total solids from 21 to 58 
mg/l ; and conduct ivity from 20 to 40 micro
mho s per cm. The decrease in sulfates 
below Lake Wenatchee was caused by dilution 
of Lake ~enatchee water with lower-sulfate
bearing water in the Chiwawa River and 

ason Creek. A reduction in conductivity 
is shown between the station below Plain 
and Tumwater Canyon . This reduc tion is not 
correct as all other data show a sl ight 
increase in conductance between these sta
tions. The apparent reduction was caused 
by one sample at Plain having an excessive 
conductance reading which might have been 
deleted for this monthly summary. 

WATER QUALITY CHANGE 
1910-11 to 1954-57, Wenat chee River 

In 1910 and 1911 Walter Van Winkle 
made a comprehensive study of the chemical 
quality of Pacific Northwest streams for 
the U. S. Geological Survey (27). The 
Wenatchee River at Cashme r e w~ included 
in this study. Between 1911 and 1954 
(beginning of the University of Washington 
study) very little water quality data were 
obtained on the Wenatchee River (28). 
Table 30 (page 107) and figure 44~d 45 
(pages 108 and 109) show the constituent 
values in the Wenatchee River at Cashmere 
for 1910-11 and at Sleepy Hollow (near the 
river mouth) for 1954-57. Sleepy Hollow 
data are comparable with Cashmere data as 
there are no intervening tributaries and 
the stations are only 5 miles apart. The 
data presented can be compared only in a 
general way since the flow was different 
for each month and since the sampling fre
quency was not uniform for both periods. 

Between 1910 and 1950 the population 
in the Wenatchee River watershed increased 
from 6,200 to 12,000 persons while the ir
rigated acreage increased from 19,000 to 
26,000 ac r es. Irrigation works were in 
their maximum period of development around 
1910 (7). Impoundments for power and irri
gation-diversion are minor. Domestic and 
industrial waste discharge to the river 
has had no significant effect on the water 
chemistry . Principal watershed change s 
during this 45-year p riod have been in 
roadbuilding, agricultur e and in logging 
where many conifero us trees have been 
replaced with deciduous trees. It is then 
to be anticipated that the water chemist ry 
in 1054-57 would show some increase in 
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Table JO - Water Quality COlllparisons, Wenatchee River, 1910-11 
with 1954-57. Average~nthly values, mg/l. 

Wenatchee R. at Cashmere -1910-11 (U.S.G.S.) 

Jan Feb Mar Apr Kq Jun Jul Aug Sep Oct lioY Dec 

TiMs ~led 4 3 2 3 J 3 3 3 3 3 3 3 
Flov x 10 1.22 1.43 4.6 7.4 13.0 7.3 4.6 1.7 0.9 2.8 4.0 1.5 
Total Alk. 24 42 21 35 16 13 16 21 26 18 15 21 
Sultat. 5.4 9.8 502 9.0 8.1 7.3 8.6 6.2 5.8 6.9 7.5 8.1 
Color 8 9 1 7 
Turbidity 1 2 22 23 18 11 10 9 4 5 4 3 
Ca .. Kg 7.5 12 .8 11.1 1006 5.9 6.0 503 6.6 808 6.5 5.8 7.2 
Ba + K 3.6 7.7 4.8 6.6 4.2 3.1 401 3.3 4.3 3.4 3.1 3.2 
Total Solids 45 77 93 81 60 It> J6 43 46 ~ 38 41 
Iron 0.01 0.17 0.04 0.07 0.01 1 0.02 0.01 0.01 0.03 0.01 T 
Total Hardness 22 40 J4 32 18 18 1.6 23 26 19 18 22 

..... 
0' 
,....1 

Wenatchee River Bear Mouth (Univ. of Wash.) 
1954-55-56-57 

Tilles S~led 2 2 3 1 2 3 8 8 6 4 4 3 
Flow x 10 1.1 1.0 1.1 4.6 U.3 13.3 9.8 2.9 1.0 1.5 2.8 3.3 
Total Alk. 33 35 45 40 43 25 14 20 29 28 24 24 
Sulfate 3.6 3.9 3.1 4.6 301 1.0 104 1.7 2.1 3.6 102 205 
Color 10 8 20 48 17 8 9 6 5 7 7 7 
Turbidity 9 5 40 80 18 11 5 8 13 10 4 11 
Ca .. Kg 5.4 14 05 5.8 8.8 25.0 13.7 11.6 2.9 300 
Na .. ( 3.3 4.1 3.0 5.0 209 306 2.4 J.b J.8 
Total Solids 58 76 71 270 115 53 39 49 4b 45 45 41 
Iron 0002 0.01 0.02 0.01 0.,.02 0003 0.03 0.00 00 00 
Total Hardne5s 34 37 48 48 55 14 14 19 28 28 22 29 
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dissolved substances, turbidity, and color, 
over that observed in 1910-11 because of 
soil tilling, removal of natural vegetative 
covering and because of the addition of 
deciduous tree leaves that impart colo r to 
water. 

Table 31 gives the weighted-average 
(weighted'according to flow) constituent 
values for these two comparison periods. 
Values were weighted only for those months 
where data were available during both 
periods. Percentage increases were: total 

Table 31. -- veighted-average constituent values 
in the Wenatchee River, 1910 and 1954-57~. 

Flow x 1000 C.F.S. 

Total alkalinity 

Total hardness 

Tot al solids 

Sulfate 

Ca + Mg 1/ 

Na + K .Y 
Color ~/ 

Turbidity 

Iron .Y 

At Cashme re 
1910-11 

4.2 

21 mg/l 

23 

50 

mg/l 

mg/l 

7.7 mg/l 

7.0 mg/l 

3.6 mg/l 

8 units 

14 units 

0.02 mg/l 

Near mouth 
1954-57 

4.47 

29 mg/l 

29 mg/l 

81 mg/l 

2.2 mg/l 

8.3 mg/l 

3.6 mg/l 

18 units 

16 units 

0.02 mg/1 

* Weighted according to flow for average-monthly 
values shown in table 30. 

1/ Less months of February, April and May. 

2/ For March, April, May and June only. 

I alkalinity 43; total hardness 
26; total solids 62; calcium 
plus magnesium 19; s odium plus 
potassium 0.0; colo r 125; tur
bidity 14; and iron 0.0 percent. 
Sulfate decreased by 71 percent. 
The reduction in sulfate may 
be due to a difference in test 
technique or it may be due to 
high sulfate values in 1910-11 
when rapid leeching was taking 
place in newly irrigated lands. 

Weighted-average constit
uent values are obtained by 
multiplying the average-monthly 
discharge for the times of 
sampling by the average values 
of the individual constituents 
for the month and dividing the 
year's sum of these products 
by the total discharge for the 
year. These weighted-average 
values are affected by high
flow periods as dissolved con
stituents are usually low 
during period of high discharge. 
Thus, weighted-average constit
uent values will show lower 
concentrations than those values 
obtained by averaging the 

Table 32 .--Comparison of constituents discharged by Wenatchee 
River in 1910-11 and 1954-57, 103 tons/year. 

Total alkalinity 

Sulfate 

Ca + Mg .Y 
Na + K .Y 
Tot al solids 

I ron .Y 
Total hardness 

At Cashmere 
1910-11 

84.78 

31.21 

16.16 

8.43 

237.9 

0.044 

91. 94 

1/ Less months of February, April and May. 
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Near mouth 
1954-57 

124.11 

9.57 

24.85 

10.92 

352.1 

0.043 

127.4 



individual analys es over a p~ riod of a year . 
The cp ncentration of a dissolved constituent 
is not inversely proportional to flow on a 
dire c t basis. During hi gh-fl ow periods, th e 
concentration of a constituent pe r unit 
volume of flow is less than during l ow-flow 
p riods. 

Perhaps a bette r method of constitu nt 
co mparison between time periods cou l d be 
made on the basis of annual pounds dis
charged, providing the r e was not a great 
difference in the yearly discharge between 
the tim periods. S ince the mean annual 
flows in these two periods unde r comparison 
are c lose, tabl e 32 has been prepared t o 
show the co nstituents discharged during 
these two periods in 103 tons per year. On 
this basis, the percent inc r ease in constit 
uents be tween 1910-11 and 1954-57 was: 
Total alkalinity 46 ; cal c ium plus magnesium 
54; sodium plus potasfium 29; total solids 
48; and total hardness 39 percent. Iron 
values wer e substantia lly the same while 
sulfat e decreased 70 percent. This compari
son method gives higher-pe r centage increases 
for most of the constituents. 

In summary, the activities of man in 
the Wenat chee River Basin between 1910-11 
and 1954-57 has inc r eased the dis s olved 
constituents in the rive r , on an overall 

basI, of about p 
an1 tur Idity hav p 

CHAI'liE 1 
BE.n EI:.I RIVER 

The sp clfic conductanc 
water indi cates th tot 1 c 
the ionized constltu nts 1 

co rrelates close ly with the 

lor 

natural 
of 

or residue in the ~at r. n~tlrminatlon 

for specific conduc tcU1C' ar r picl, I r c i 
and the sar.ple is n t consum d or al t r I. 
Table 33 gives the average r atio (of 
l arge numb r of individu.!l determln, 1 n_) 
between dis80lved solids anj <:p cific c n
ductance for stream stations In the sur .. y 
area. Values shown for thl enatcth l Riv r 
are subject to error (solids value t 0 

high) since they were computed on thl h is 
of tot al and not dissolvl d so I ilL. (UnI
versity of Washington quality test wer 
made for total solids and not for lli solvt 
and suspLnded solids.) 

Since individual specific conductancl 
values are subject to less error th,n art 
individual solids determination, th ratlo 
of dissolved solids to sp cifle con uct.nc 
from table 33 were use with <:1E'Clflc con
ductance values fro m tablls 6 to 21 to g t 

Table 33 .--Ratio of Gissolved solids to specific conductance 1/ 

Average 
dissolved 

No. solids 
Stre am year P.P.M. 

Co lumbia River at Grand Coulee 3 89.7 

Co lumbia River at Maryhill Ferry 3 110.7 

Yakima River at Cle Elum 1 30 

Yakima River at Kiona 3 140 

Snake River a t Central Ferry 2- 177 

Snake River at Kings Hill 2 312 

Wenatchee River at Lake l'ienatchee 
2/ 

~ 3 .. 
\venat chee River near Wenatchee !:./ ~ 52 "-

~/ Using U . ~ .G .. data for yearly-weighte -avera e lue 

2/ Using UniversIty of ~ashington data with tot 1 ~Ol1ds 
where turbidity was less than 10. 

111 

Ave rage 
spl'cifiC. 

conduct nee 
25° C. R tlO 

148.3 O. 0 

l7a.3 O. 

53.4 0.7 

212.7 O. 

274 5 

402 O. 4 

~3 l. ') 

5 .93 



Table 34- Change in Dissolved Constituents Between River stations, 
Using Specific Conduct.xe as Measure of Dissolved Solids. 

See Tablee 6 - 21 and 33 
Tons -per-Day 

JAN FEB MAR APR MAl JUNE JULY AUG SEPT OCT NOV DEC 

Columbia R. at 17,900 16,800 13,700 30,000 52,000 69,000 37,600 25,500 14,900 14,000 11,400 12,100 
Beebe 

Columbia R. at 39,200 43,300 39,000 71,000 75,000. 111,000 8b ,500 55,000 42,0':)() 40,200 40,600 33,600 
McNary Dam 

Difference 21,300 26,500 25,300 41,000 23,000 45,000 48,900 29,500 27,100 26,200 26,200 21,500 

Snake R. at 16,000 16,800 12,500 32,200 27,700 22,600 14,900 13,900 13,000 19,700 18,500 18,800 
Mouth 1 

f-' Yakima R. at 0.1.6 0.084 0.082 0.33 0 .38 0.33 0.29 0.24 0.15 0 .12 0.58 f-' 
l'-:l Thorp 

Yald.ma R. at 0.94 l.07 1.23 2.28 2.08 1.54 1.22 1.20 1.b6 1.44 2005 
Enterprise 

Difference 0.78 0.986 1.148 1.95 l. 70 1.21 0.93 0.96 1.51 1.32 1.47 

Wenatche e R. at 0.090 0.151 1.02 0.51 0 .359 0.102 0.050 0.Cb3 o .O&:> 0.312 
Lake Wen. 2 

Wenatchee R. &t 0.186 0.195 0.259 l.08 1.53 1.23 0.785 0.335 0.150 0 . 2)5 0 .350 0 .480 
Sleepy Hollow 

Difference 0.105 0 .929 0.51 0 .72 0.42b 0 .2 33 0 .100 0 .173 0 .204 0.108 

1 Snake R. contributes 63 per cent of yearly solids increase in Columbia R. bet\leen Beebe and McNary D.m. 
2 Using Lake Wenatchee Water Quality 

'* Value &ppe&rs low 



an approximate measure of total dissolvl'd 
solids. Using th flow data in the tables, 
thes~ approximate dissolved solids values 
wer converted into tons-per-day of dis
solved solids for the river station to give 
a comparative measure of the dissolved con
stituent increase between stations. Thes 
values are shown in table 34 which indicates 
that 63 percent of the yearly solids in
crease in the Columbia River between Beebe 
and Mc ary Dam is contributed by the Snake 
River and that less than 1 percent is con
tributed by the Wenatchee and Yakima Rivers. 
A small portion of the remaining 36 percent 
is contributed from the Entiat, Chelan, and 
Walla Walla Rivers and Crab Creek, leaving 
the major portion of this r emaining 36 per
cent solids increase to come from the solu
tion of mineral matter in the stream bed, 
from surface runoff and from ground water 
inflow to the stream bed. On the basis of 
solids discharged to watershed area, the 
Wenatchee River discharges about twice the 
tonnage of dissolved solids per unit of 
watershed area than does the Yakima River. 
The reason for this apparent anomal y is that 
most of the Wenatchee watershed contributes 
flow to the river wher as much of the Yakima 
watershed contributes very little flow. In 
the Wenatchee River watershed the annual 
runoff is 2.Q c.f.s. per square mile while 
in the Yakima River watershed it is only 
0.57 c.f.s. per square mile. 

EFFECT OF PROPOSED IMPOUNDME 'TS 
ON FUTURE WATER QUALITY 

The reservoi rs proposed for this study 
area on the Columbia and Wenatchee Rivers 
(see table 1, page 3) are not large in pro
portion to river flow. Power installations 
will be of the so-called run-of-river tYPL 
where the r etention period for river water 
in ach reservoir will be from less than one 
day during flood stage to perhaps a maximum 
of b t o 10 days during periods of low stream 
flow. Average res e rvoir water depths will 
b und r 50 feet. During periods of low 
str am flow (August to April) the entire 
riv r discharge will pass through the tur-
bines whose intakes are located near the 

voir lcvation can b 
period of 101\' stre~ 

these "peak lng" £10\\' anJ re 
tions will depend lip n tit 
characteristics of 
upon how much water lS r 
stallation frOM upstreaM i~~ undn nt . 
the ultimate developrn'nt of thl tr t 
the Columbia River (perhaps wltlun th~ II 

ten years) thcre will be ontinu u up-
strea.! success i{ln of irr,pounJ lit an 
nal "peaking" [f cts will b apr r nt n1 
along the reserVOlr shorelln s. fit nly 
effect on water quality from tlt~ 

operations will b a tcndln y to 
water temperatures slightly as \>0 t r \>0111 

1-

b impounded durinc periods of d\yllght illld 

released during hours of darkn !';s or rt Ju 
solar radiation, A (onslderJ.bl, portl n f 
this diurnal impounl nt in rea l wlll be 
in the shallower r~servoir ar a . 

1y 

reservoir bottom. Because of the shallow- 1/ 
n0SS and l a rg e l ength-to-width ratio In 
these impoundments, there should be gool 
vertical and horizontal mixing I\'ith little 
stratification, ~urface water temperatures 
ncar the dam, when all rlver discharge is 
g ing through the turblnes. nay e cecd .l\er-

lU 

p ... er 
P. " 



increased in the future from 04.9 to 05.1° 
F. at Monitor on the \~natchee River; from 
63.2 to 04.3° F. at Rock Island and from 
00.4 to 71.4° F. at PdSCO, both on the 
Columbia River. Maximum water temperaturl:s 
may be somewhat less than indicated since 
the rate of temperature increase will di
minish as water temperatures approach the 
mean air temperature. If these propos d 
dams (or a portion of them) ~ere to be high 
dams \\'ith large impoundments h, ving a high 
depth-to-area ratio, the d wnstream w ter 
temperatures \.,.ould probably be cooled rather 
than warmed during the surmner (as is the 
case with Lake Roosevelt and Grand Coulee 
Dam) . 

Columbia and \enatchee river water 
is 10\\" in diss"lved and suspended org,Ulic. 
matter. The areas where 'a tl: r is to be 
impounded are also low in org l11ic matter 
(providing the ~enatchee Reservoir site is 
cleared of timber. Ther~fore it is ex
pected that decomposition in the lower res
ervoir levels \'iill be llinor and that ther 
will be no appr'ciab1e change in dissolved 
oX , gen due to bacterial decomposition of 
orgarl1C :natter. Other decomposition pro
ducts, such as carbon dioxide, ammonia nd 
sulfides should also be insignificant in 
the reservoirs and downstream water. One 
to two p.p.~. less dissolved o'ygen should 
be experienced between the \ells Dam and 
Pasco during the late s~~er after the dams 
have been buil t because of an increase in 
water temperature and because of reduced 
aeration. This anticipated drop in dis
solved oxygen may be rore than compensated 
for by photosynthetic activity in the new 
reservoirs. An oxygen reduction of 2 p.p.m. 
would still leave ample oxygen for aquatic 
life. These predictions are made with the 
assumption that future industrial and munic
ipal waste discharges to the river will 
have low oxygen demands. 

A slight increase in the yearly 
weighted-average dissolved constituent 
values should be experienced in the Colum
bia River after the dams are built because 
of the longer contact time afforded between 
the water and the mineral matter in the 
river bed. This increase may be quite ap
preciable soon after the water is impounded 
because of its contact with soil that has 
previously received a minimum of leeching 
action from rainfall. This increase in 
dissolved mineral matter should have no 
harmful effect on aquatic life; it may be 

IH 

beneficial by augmenting the pr.sent foo 
supply. at r turbi lity urlng the £100 
season should b re uced by deposi t ion in 
the reservoirs. '-'at r color m y be re uce 
through increased b1eachin by the sun in 
the n~w r serVOlrs. 

_ UW-IARY 

A ater quality study has been made 
in the \enatch e River Basin and on the 
Columbia River from Beebe (near Chelan) to 
Ie. ary Dam for the purpose of ascertaining 
the effect proposed dam construction 'ill 
have n water quality an its relation to 
aquatic life. ix.:u!:s dre under construc-
tion or are proposed for construction in 
this section of the Colu~bia River and its 
tributaries. These will be 10 '-head run
of-river hy roelectric facilities. urteen 
w ter sampling stations were established 
in the study area. ~ater s mp1es were 
analyzed for the common constituents and 
for oth r constituents hi~h c1ght affect 
aquat 1C llfe. 

\ ter qualit, data ere sumnarized 
and doc.u ented. These delta w1ll alee 1t 
p sSlble to evaluate future 'ater quality 
data obtained after the dams have been 
constructed. l!. S. Fish and "i1dlile '::er
vice and Chelan County P.l'.D. thermograph 
records of water temperature have been 
summarized and analyzed. L. _. Geological 
urvey quality of water dat h"vl been 

used when applicable. A compurison was 
~ade of lql -11 water quality 1n the ~e
natchee River ith that observed in the 
1954-57 period. 

The ,\enatchee River and its tribu
taries are cool, "clean" waters. They are 
low in d1ssolved constituents and are low 
in suspended matter except during periods 
of high runoff. The Colu:'lbia River beh,een 
Beebe and Pasco usually has m~~imum tem
per atures under 65 ° F. It is saturated 
with dissolved oxygen and contains only a 
moderate amount of dissolved and suspended 
constituents. Below the Snake River con
fluence, the Columbia River water quality 
at Mc arY Dam shows a r;.arked change from 
that observed at Pasco. During the summer, 
the Snake River may raise the Columbia 
River temperature by 2.5° F . and increase 
its dissolved constituents by 20+ percent. 
\\'ater quality data obtained froc all 
st ations throughout the year gave no data, 



with the exception of temperature, that 
would indicate the water to be questionable 
for aquatic life. Average water tempera
tures in excess of 65° F. may persist for 
a month or more at McNary Dam, at Pasco and 
in the lower reaches of the Snake and 
Yakima Rivers. 

The proposed impoundments in this 
section of the Columbia River Basin should 
not alter the chemical or physical quality 
of the . water sufficiently to have any harm
ful effect on aquatic life. Temperature 
increases during the summer months will be 
the principal effect these impoundments may 
have on water quality. Water temperatures 
in excess of 70~ F. should be experienced 
at McNary Dam for a period of a month or 
more after the proposed reservoirs are 
filled. The months of high water t empera
ture will be August and September. 

Additional study is needed on the 
effect that reservoirs have on downstream 
water temperatures. Existing data relating 
water quality to aquatic life is voluminous 
but difficult to apply as the variables in 
most bio-assays have been limited. These 
variables are the test animal, water tem
perature, time and the relative concen
tration of dissolved mineral matter and 
dissolved gases. More study is needed on 
the relationship of these variables with 
the migration and spawning of anadromous 
fishes in the Columbia River system. 
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