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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 carry on 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 Districts
in the planning of these power facilities
so far as they might affect the 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 (1).

Existing and proposed dams in the
vicinity of this study area are shown in
figure 2 (page 2). The Chelan P.U.D. pro-
posed (2) the construction of a power 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 cost for a single-purpose

project on this river.

The U. S. Corps of Engineers 308
Report of 1948 (3) 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-river dams to develop the power
potential, rather than a single high dam.
Cost comparisons and other factors led to
the selection of this 2-dam scheme. The
Priest Rapids Dam is now under constructioc:
and it is anticipated (4) that construction
on the Wanspum Dam will commerce during 10958,

Table 1 (page 3) gives pertinent data
on these dams and the other dams, existing
or 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 naviga-
tion locks (when built) and in their (very
small) flood control storage that can be
made available by drawndown of the reservoir
in advance of expected flood storage use.

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 controlf in the reser-
voirs of only 0.25 to 4 days 1/ with com-
pletion of the proposed dams on the Columbia
River, the river will be a series 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 Ice Harbor the
greatest, or 4 days.
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Table 1.--Dam and reservoir data, approximate values.

River miles Reservoir Water Average L4
to mouth surface area, Reservoir Average width Usable Dead depth at head on turbine

No. Dam name Columbia River Status average length reservoir storage storage dam intakes
Acres Miles Miles Acre-feet Acre-feet Feet Eeclt
1 McNary 292 Constructed 28,500 61 3 120) 173,000 707,000 90 55
2  Ice Harbor 334 Under Constr. 7,000 35 0.4 29,000 388,000 100 70
3 Ben Franklin 1/ 347 Proposed o 49 L =L = = o,
4 Priest Rapids 397 Under Constr. 8,500 18 0. 7S 70,000 200,000 88 80
5 Wanapum = 415%* Proposed 13,500 38 055 85,000 520,000 115 5
6 Rock Island 453 Constructed 3,400 20 Q.27 12,000 —— 67 52
7 Rocky Reach 474 Under Constr. 9,300 42 0235 47,000 ——— 110 97
8  Wells ¥/ 516 Proposed 6,800 29 0.36 i —— 79 e
9 Wenatchee 1/ 500 Proposed ——— 7 -—— -— -—- 140 r
10 Chiwawa 3/ 530 Proposed e s =2 120,000 o 179 o=

* Site is tentative.
1/ Federal Power Commission permit or license has been requested.
2/ Construction expected to start in 1958.
3/ Not economical for single-purpose power usage.

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



A discussion of existing and proposed
facilities at these dams for the 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 river sections
that will be affected by these future dams.
Biological data were gathered only in the
Wenatchee River Basin. This report on the
study is divided into two sections: a sec-
tion on water quality, and a section on the
biological studies 1/ in the Wenatchee River
Basin. Some of the data included herein
were obtained on a previous study (5) by the
University of Washington for the U. S. 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, 1956,
to September 15, 1957. Data collected by
the U. S. Fish and Wildlife Service in 1939
and 1940 are included where applicable (24).

1/ Biological section not included.

Data sampling stations were selected
to bracket the area; to lie near sites for
the proposed dams; to include a riffle area
if biological sampling was involved; to
include 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 table 2, carry a station number
assigned in the previous survey (5). Fig-
ures 3- 6 (pages 5-8) show the locations
of the University sampling stations and
those of the U. S. Fish and Wildlife Ser-
vice. Stations 16, 47, 23, and 42 were
selected to bracket the study area 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 the proposed dams. Sta-
tion 38 (see fig. 3) is located between the
Priest Rapids and Wanapum Dam sites. This
is a difficult section of the Columbia River
to sample because a bridge or boat was not
available and because the shoreline depth
and point of sampling will change with the
change in river flow depth. Station 40 is
located at the upstream end of the future
Wanapum reservoir; station 44 several miles
below the proposed Wenatchee reservoir;
station 46 just below the proposed Wenatchee
reservoir; and station 47 is located near

Table 2.--Location of sampling stations,.

Miles from

Station Columbia River Type of samples
No. Station mouth collected
13 Columbia River at McNary Dam 292 Water quality only
14 Snake River near mouth 326 I 3 =
16 Columbia River at Pasco 328 b 1 2
17 Yakima River near mouth 340 o | i
22 Yakima River near Thorp 493 g g 2
23 Wenatchee River near mouth 471 Water quality and biological
37 Crab Creek near mouth 411 Water quality only
38 Columbia River above Priest Rapids 409 = 3 ¥
40 Columbia River at Rock Island Dam 453 5 £ H
41 Lake Wenatchee 528 Biological only
42 Lake Wenatchee 526 Water quality and biological
43 Nason Creek near mouth 523 " s L .
44 Chiwawa River near mouth 524 a s " =
45 Wenatchee River below Plain 514 " § i T
46 Wenatchee River in Tumwater Canyon 503 > L & s
47 Columbia River at Beebe 504 Water quality only
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STA. 16 - COLUMBIA RIVER AT PASCO

B8 STA. 13 - COLUMBIA RIVER AT McNARY DAM
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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
regulated stream with a minimum of cost
and effort.

Plates I -V (pages 9- 13) show these
sampling stations and the initial construc-
tion work on the Rocky Reach and Priest
Rapids Dams.

RIVER BASIN CHARACTERISTICS

Characteristics of the principal
streams in the study area are given in
table 3. Nason Creek has not been gaged
sufficiently to permit an analysis of its
flow characteristics. All streams have a
very wide fluctuation in flow during a
normal water year. Table 4 (page 16) gives
the mean monthly discharge of the streams
in the vicinity of the sampling stations
during the period of the study. In a given
month, the average monthly flow from year
to year may vary by as much as 670 percent.
These monthly flow variations and the yearly
flow variations have a marked effect on the
water quality and on the biota.

The yearly average flows during the
study period were generally greater than
the average flows of records, as shown in
table 4. These higher flows may reduce the
biota of the stream through scour and
through a reduction in dissolved mineral
matter concentrations.

Stream flow in 1939 and 1940 was
considerably less than in 1954-57. The
greatest stream discharge during the study
period was in the 1956 calendar year.

Columbia River Basin

The principal river basin in the
Pacific Northwest is the Columbia River
Basin. This river system likewise has the
greatest multipurpose water uses existing
and proposed. It has supported very large
runs of anadromous fishes, for whose con-
tinuation huge sums of money have been
spent. This water quality study has con-
fined itself within a small portion of the
Columbia River Basin as shown in figure 1.
There is a total of some 259,000 square
miles 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
precipitation is fairly high. Mountain
snow packs produce ground storage plus
seasonal 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
necescary for diversified farming. About
4,650,000 acres are now (1957) under irri-
gation (6) (7), two-thirds of which are
in Southern Idaho. Ultimate development
calls for a total of about 7,500,000 acres
to be irrigated (8).

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 (38)
as of 1947. (This figure has now increased
to over 50 percent).

The U. S. Bureau of Reclamation in
its report to the 8ist 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, (3), shows an ultimate development of



ST

Table 3.--Stream characteristics.

Sampling
station

Sampling River
47 Columbia
40 Columbia
38 Columbia
16 Columbia
13 Columbia
43 Nason Creek
44 Chiwawa
45 Wenatchee
46 Wenatchee
2 Wenatchee
14 Snake
37 Crab Creek
22 Yakima
17 Yakima

Icicle Creek

Drainage River length
area above stations
Location square miles miles Minimum

at Beebe Bridge 89,700(2) 695 34,800(12)
at Rock Island 89,700(2) 746
below Vantage 89,700(2) 790
at Pasco 89,700(2) 869
at McNary Dam 217,000 907 31,000
near mouth —-— 19 -
near mouth 170(3) 30 56
below Plain 591 10 168
Tumwater Canyon 591(4) 23 168
Sleepy Hollow 1,000(5) 52 183
near mouth 103,200(6) 1,000 10, 600
above Beverly 4,500(7) 145(1) 0
near Thorp 1,590(8) 45 138
near Richland 5,600(9) 195 105
above Snow Creek 193 22 45

Flow to 1954, c.f.s.

Maximum Average
117,000 117,000
692,600 117,000
692,600 117,000
692,600 117,000

1,170,000 - 187,000(11)
5,880 443
22,700 2,179
22,700 2,179
32,300 2,900

369,000 51,100(10)
3,300 41
41,000 2,350

67,000 3,170(10)
11,600 589

Length indefinite

At Trinidad

1936-1949

At Plain

At Peshastin

Near Smyr

At Kiona

10 1038-1052
11

na

At Umtanum

Near Clarkston

Adjusted from Dalles values

-
12 Since Grand Coulee Dam Impoundment



195l
1955
19%
1957

f Recordl

195L
1955
19%
1957 1
~ 0f Receord

195L
1955
1956
1957

of Record1

JAN

61.6L
SR
67.0
72
L8.5

08.15
o853
7L.3
1)
sh.2

106.0
95.2
132.0
107.0
91.0

FEB

116.0
102.0
118.0
113.0

98,2

MAR

66.03
79.8
67.1
50.8
517

123
110.0
152.0
1310
113.6

Table L4 - Mean Monthly Discharge - C.F.S.

River Stations in Study Areax

APR

MAY

JUN

JUL

AUG SEP

Columbia River at Grand Coulee Dam, Wash, 1000 CFS

59:03
Tdab2
172+0

80.8

23L.8
75 32
280.0

210.3

358.1
290.7
L01.0

290.9

329.6
300.2
222.0

200,1

ol  107:3

13967 Th.5
1130 1287
109.2 09.6

Columbia River at Trinidad, Wash., 1000 CFS

06,76
80.22
18L.0

95.6

Columbia River at McNary Dam, Oregon

2L7.0
89.58
323.0

230.2

387.3
326.,0
L50.0

3.9

359.1
342.6
251.0

220.2

8.8 32103

149.3 82.6
120.0 80.2
117.6 75.4
1000 CFS

151.9
132.0
329.0

169.L

373.0
191.0
521.0

353.L

L87.0
LL3.0
627.0

L33.L

L13.0
392.0
298,0

272.L

210.0 149.0
211.1 108.0
153.0 110.0

15,5  101.0

T2 T
70.1
7223

P2l

105.6
97.5
103.0

0.4

NOV

7L.L
78.8
70.6

58.0

108.0
119.0
103.0

91.8

DEC

oh.k
63.0
sk.b

L9.8

97.3
137.0
100.0

4.8

YEARLY
WG,

13%.0
112.9

13%.3

100,3

1L8.1
126.9
153.1

116,2

203
178.1
229

173.0
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Table L - Cont'd

YEAR

1939
1940
195L
1955
195
1957

1239
15L0
195
1955
1956
1957

1939
19L0
1954
1955
1956
1957 1
Of Record

JAN

890
380
095
L25
L30
sLo

1,420
oLo
1,050
770
800
955

1,8l0

880
1,L90
1,021
1,330
1,260
1,210

FEB

370
120
505
L95
270
L35

0600
680

850
585
775

MAR

5L0
820
535
325
320
565

950
1,330
900
630
635
1,005

1,370
1,800
1,L10

860
1,000
1,410
1,L53

APR MAY JUN JUL AUG

Wenatchee River below Lake Wenatchee, C.F.S.

1,80 3,380 2,550  1;730 500
1,950 3,390 2,30 760 3L0
1,09¢ 3,830 L2220 U560 1,970

oLs 2,0L0 5,1L0 3,3L0 1,220
1,850 5,120 5,070 3,580 910

Wenatchee River at Plain, C.F.S.

3,000 5,030 L,130 2,070 830
3,326, 15,520 3,850 1,260 720
2,000 0,870 7,550 7,540 3,050
1,200 3,950 9,LL0 B30t - 1.570
3,650 9,770 9,200 6,090 1,620

Wenatchee River at Peshastin, C.F.S.

230 7,L50 5,520 3,L80 980
L, 00 7,770 5,210 1,590 660
2,8L0 9,50 10,200 10,500 L,090
1,706 §,305" 135320 Tl - 2,120
5,950 14,000 13,L00 8,030 2,120

3,910  8,l20 8,230 3,920 1,190

SEP

250
270
885
L70
L95

L20
Loo
1,380
720
825

500
540
1,790
950
1,090

730

OCT

3Lo
515
620
970
920

Lo 0
810
1,030
1,590
15100

610
1,045
1,300
1,820
1,920

1,210

NOV

710
Loo
1,Lo0
2,0L0
885

800
615
2,230
3,320
1,L50

T5a

780
2,8LL
3,920
1,9L0

1,530

DEC

970
530
780
745
1,745

1,L50

830
1,310
1,380
2,780

2,0L0
1,070
1,770
2,080
3,550

1,090

YEARLY
AVG.

1,170
1,010
1,760
1,490
1,800

1,880
1,060
2,970
2,630
3,2l0

2,500
2,230
l:,080
3,520
L,650

2,890
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Table L - Cont'd

YEAR

1939
19L0
1954
1955
1956
1957

1935
19L0
1954
1955
1956
1957

1954
1955
19%
1957

195k
1955
1956
1957

JAN

150
110
5
150
1,0

380
150
170
220
275

2L5
200
205
230

FEB

100
90

165
130

190
170
190
220
210

205
205
160
185

L1
38

6L

MAR

150
210

150
105
185

200

155
210

255

250
150
160
235

35
33
L7

APR MAY

JUN JUL

AUG

Chiwawa River near Plain, C.F.S.

600 1,270 970 620 210
710 1,L90 1,110 390 150
235 9LO 2,6L0 1,L60 180
75 2,680 2,L00 1,LL0 L20
Nason Greek a of Digchgrge,.CoF.S,~
650 980 010 320 120
600 6L0 380 110 230
320 970 1,000 930 270
1,035 1,970 1,730 1,070 290
Icicle Creek above Snow Creek, C.F.S.
L95 2,020 2,2L0 2,290 ®5
275 1,020 2,%0 1,570 LL5
1,015 2,800 2,655 1,010 385
Crab Creek near Smyrna, Wash,, C.F.S.
X% 33 30 27 2
35 32 21 2k 30
39 ¥ L1 39 33

2/

SEP

110
100
X0
200
220

o0

135
120
110

335
180
210

OCT

110
180
2L0
3L5
230

10
115
170
275
320

200
385
335

LS
51
53

NOV

130
125
L20
570
205

20
90
350
710
X0

515
920
330

L3
Lo
52

DEC

210
115
280
225
325

270
185
250
L10
710

325
755

37
50
Sl

YEARLY
AVG,

386
398

030
752

323
250
515
o8

828
721

'Kwe
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Table L - Cont'd

YEAR

195L
1955
19%
1957

195k
1955
19%
195

Of Record

1954
1955
1956
1957

0f Record

1

1

JAN FEB
2,000 1,L80
LS50 665
2,050 1,280
1,275 370
L,L70 5,020
2,190 2,L30
3,530 2,800
2,940 3,380
%I95 37.52
22.0 20.8
6.5 .7
23.L 35.8
29.95 ¥.3
1 1938-52

MAR

APR

Yakima River at Cle Elum, Wash,, C.F.S.

MAY

JUN

JUL

AUG

1,800
1,750
2,800

2,000
1,520
3,270

3,410
L, 580
L,820

3,730
3,140
2,660

2,910
3,000
2,890

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

L,872
2,000
13,L00

L,L50

Snake River near Clarkston, Wash,, 1000 CFS

6,89
3,219
13,200

5,530

6,80
8,720
12,900

3,530

5,20
3,620

2,010

2,266
1,809
2,0L0

1,610

7h.1
51.8
128.0

93,5

131.3
99.7L
189.0

129.L

103.5
128.6
151.0

107.1

52.2L
51452
L2.1

L1.o

2L.33
21.55
2L.6

20.6

SEP

2,500
2,050
2,280

1,750

22.L3
20.6
22.6

20.2

OoCT

1,330
895
870

3,180
2,900
2,910

2,260

NOV

L70
1,890
560

3,100
6,140
2,890

2,860

25.0
30.7
27.6

28.2

DEC

L95
3,000
2,L20

2,600
9,&0
6,070

3,710

22,1
532
30.3

3208

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

Chiwawa River flow.

# Flow in Columbia, Yakima and Snake Rivers subject to regulation.
by irrigation usage and by irrigation surplus discharge.
195L-57 data from U.S5.8.S. Provisional Records, subject to revision (9).

Crab Creek flow is affected

YEARLY
AVG,

1,950
2,000
2,320

L, 330
3,8L0
6,580

3,160

L8.6
L5.6
65.

51.1



the Columbia River Basin that will provide
a total of 125,000,000 acre-feet of stor-
age 1/ on the river and its tributaries.
This storage would make poscsible almost a
complete regulation 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 Columbia River Basin and the future
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 about 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
gquality.

Wenatchee River Basin

The Wenatchee River Basin is located
entirely within Chelan County in north-
central Washington, and it has an area of
approximately 1,310 square miles (11).
Originating in Lake Wenatchee, the Wenatchee
River flows southeastward for 55 miles (12)
to its confluence with the Columbia River
immediately above the City of Wenatchee.

It is an unregulated, rapid, 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 (see fig. 4, page 6).

Above Leavenworth, the river basin is moun-
tainous and heavily forested. Below Leaven-
worth, the river enters a broader valley
that is fully utilized for fruit growing
(apples, cherries, apricots) and related
enterprises, such as box factories, packing
houses and storage plants. 1In 1950 the
river basin above the City of Wenatchee had

1/ Storage 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-
menced 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 (7).
The estimated annual depletion in river
discharge 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

characteristics,
Area - square miles 4.4
Area - acres 2,820
Surface elevation - average 1,874
Maximum depth - feet 222
Average depth - feet 150
Volume - acre-feet 423,000
Shoreline length - miles 1)
Drainage area - square miles 276
Maximum lake discharge - C.E.S. 13,700
Minimum lake discharge - C.F.S. 96

SOURCE OF POLLUTION

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/ Sedimentation.



in conformance with requirements of the
Pollution Control Commission (14). Irri-
gation return flows are minor in the river
basin. Assuming a net consumptive use of
2.0 acre-feet per acre (7) and an annual
irrigation application of 4 acre-feet per
acre, the return 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 relation
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 Columbia 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 small.
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 acre-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 section, unaffected
by marfs 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 length 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 ground over which the river
flows. Tributary streams will of course
have an effect on the water quality in the
stream under consideration. Water quality

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. Increase in pH if the area 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
reduced, depending upon the water
velocity and the nature of the
surrounding soil.

7. Dissolved gases, such as carbon
dioxide, will decrease in a river
section 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 reaeration.

The natural water quality in a river
is subject to change from 4 man-made causes.

Theysare:

1. Impoundment of water in artifi-
cial reservoirs 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 depends 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 impoundment 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
temperatures, and the depth of water with-
drawal from behind the dam. References
(21-23) discuss the effects on water qual-
i?; 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
provided with drains or waste-ways which
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 applied water,
from 20 to 60 percent may find its way back
to the stream as return flow. i

These return flow waters are more
mineralized and have different physical

22

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 different ages have varying tolerances
to water constituents, The effect of a
particular constituent also frequently
depends upon the variation in concentration
of other constituents.

A concise statement on the nature of
the research and of the available data on
toxicity to fishes is given in the Califor-
nia "Water Quality Criteria" (17). It reads
as follows: '"Not only are the references
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 same pollutant may not
compare closely. This wide discrepance
arises from variations in the species 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 only
those constituents regarded as harmful to
fish life and to make other tests which
would be helpful in general water quality
evaluation. A study of this nature 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 AND ANALYTICAL
PROCEDURES

Sampling procedures were developed
to obtain as nearly a representative sample
as possible from the station to be sampled.
The procedure had to be within the limita-
tions of time, persomnnel, and equipment
available, There was good vertical mixing
at all of the stations as determined by
temperature and water quality checks at the
stations. In the smaller streams no signi-
ficant difference in water quality could be
found within the cross-section. In the
larger streams, there was occasionally a
slight change in water quality across the
cross-section because of insufficient

horizontal mixing below a tributary. Two
or three samples were collected at about
mid-depth acrosc the cross-section of the
stream on each visit, Three samples were
collected from the large streams and two
from the small streams. The water quality
values reported are an average of the con-
stituent values found on each visit .
Sampling stations were visited from 2 to 4
times during the summer months and less
frequently during the remainder of the yea .

The water sampler most frequently
used was a 1200 ml, improved-type Kemmerer
sampler. This sampler is lowered in open
position to the desired depth (in a lake
or where the stream flow is not rapid) and
then a messenger is sent down the attached
line, This messenger trips a set of hold-
ing forks and rubber stoppers move in to
seal the cylinder of water within the sam-
pler. Sample bottles are carefully filled
from the sampler by use of a rubber tube
at the sampler base. Sample bottles used
were the regular A.P.H.A, B,O.D. bottles,
having a ground glass tapered stopper and
holding about 300 ml. A weighted, dis-
placement type, sampler was used where the
current was swift or where the water was
shallow. This sampler holds three B.O.D.
bottles. During filling, to insure a re-
presentative sample, the contents of the
bottles are displaced 3 times into the
outer container, This type of sampler
begins to fill immediately on lowering and
is therefore not suited for deep reservoir
or lake samples.

Water quality determinations were
made: (a) in the field at, or shortly
after the time of sampling, for those
qualities whose value would change on
standing; (b) in the laboratory within a
day or two following sampling for those
determinations not greatly affected by
standing or where field testing would be
most difficult; and (c) by a private test-
ing laboratory for element analysis. All
analyses were in accordance with "Standard
Methods" (19) unless otherwise noted below.

Determinations made in the field and
the analytical procedure used were as
follows:

a. Temperature - a centigrade ther-
mometer, reading to 0.1 C., was
dipped in the water when possible,
If not, a portable resistance



thermometer was used, reading to
about 0.1° F., which could be

procedures used were as follows:

lowered to any desired depth for a. Color - "Aqua Tester" was used
a temperature reading. to measure color by comparison
with a glass disc calibrated
pH - these values were generally against platinum-cobalt standards.
measured electrometrically, using Excessive turbidity was removed
glass and saturated calomel elec- by centrifuging when necessary.
trodes standardized against a
buffer solution. Colorimetric pH b. Turbidity - A Hellige turbidime-
determinations were made, using a ter was used to measure low
glass disc color comparator when turbidities. If turbidity values
an electrometric unit was judged exceeded 30, the sample was
unreliable (following a trip over diluted with distilled water.
rough roads) and as a check on The turbidimeter was calibrated
the electrometric measurement. against a Jackson candle turbi-
dimeter.
Dissolved oxygen - samples were
dosed at the time of collection c. Conductivity - specific conduct-
with reagents for the sodium ance was measured using a Wheat-
azide (Alsterberg) modification stone bridge and a specific
of the Winkler method. The per- conductance cell, calibrated
centage of saturation was com- against a standard KCl solution.
puted using sea level saturation Values were recorded in micro-
values at the temperature of mhos/cm., corrected to 25° C.
sample collection. The percent-
age of saturation values were not d. Ammonia - determinations were
corrected for the altitude of made by direct nesslerization in
sample collection, i.e., baro- nessler tubes, and color readings
metric pressure. were made by comparison with
permanent standards, or from an
Carbon dioxide - total carbon electrophotometer calibrated
dioxide was approximated by against permanent standards. Pre-
adding 0.02 N NaOH to the phenol- cipitated interfering substances
phthalein endpoint in a carefully were removed by filtration or by
collected sample. centrifugation.
Ammonia - sample was preserved e. Sulfates - turbidimetric method
with 0.8 ml. of concentrated was used by precipitating the
H,SO, per liter of sample at time sulfate ion with the barium ion
of collection. in acid solution. Turbidity
values, converted to p.p.m. of
Alkalinity - total bicarbonate sulfate ion, were read from a
and carbonate (if present) alka- Hellige turbidimeter calibrated
linity were determined by titra- against standard sulfate solu-
tion with 0.02 N HySQ, against the tioms.
phenolphthalein and methyl orange
endpoints. f. Total solids - 100 ml. of sample

Hardness - total hardness was
measured by titration using the
Schwarzenbach method. Carbonate
and non-carbonate hardness were
calculated, using the total
hardness--total alkalinity rela-
tionship.

was evaporated to dryness over a
water bath, dried for at least
one hour at 103° C., and weighed.
Total solids and dissolved solids
will have about the same value
for nearly all stations where
turbidities were low.

Samples for element analysis were
periodically sent to a commercial labora-

Determinations made on samples brought
tory set up for this type of analytical

back to the laboratory and the analytical

24



work. The elements they tested for and the
methods used were as follows:

a. Iron - Thiocyanate method, refer-
encedM(19) 3 0thiHdition.

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

c. Zinc - "Colorimetric Determina -
tions of Traces of Metals" by
E. B. Sandell, ‘p. 458.

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

e. Calcium - flame photometer against
standards.

f. Magnesium - reference (19), titan
yellow.

g. Sodium - flame photometer.
h. Potassium - flame photometer.

i. Lead - Sandell dithizone method
(modified).

j. Manganese - reference (19),
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 temperature 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 collected.

In their 12 established sampling stations
in the Columbia River Basin, the U. S. Geo-
logical Survey normally collects a water
sample 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 sampling. Even with these
numerous Samples, there are abrupt changes
at some stations in the constituent values.
The most accurate procedure would be the

daily analysis of each sample. This becomes
a virtual impossibility when the number of
samples and constituents tested for are
large. Collection of daily samples by a
local resident of the area is a good and an
inexpensive way to get numerous samples.

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 samples at each
station. 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)

B
(]}

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 electrode method usually gave pH
values from 0-0.4 units higher than those
given by the colorimetric method. Colori-
metric values would differ 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 alteratimms by the indi-
cator in poorly buffered samples
of water (19).

\S]

. Electrometric methods are affected
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 temperatures 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.
Electrometric pH values should
be recorded with the sample tem-
perature at the time of pH mea-
surement.

Dissolved Oxygen

Recent laboratory studies in England
by Truesdale, et al. (18) have shown the
presently accepted (see reference 19) dis-
solved oxygen saturation values at sea

level to be in error by as much as 4 percent,

The present values are high according to
these researchers (see below).

Percent error in

Temperature present values (high)

0P 3.4

5 3D

10 35

15 4.0
20 3.8
25 33

30 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 saturation
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 corrected for eleva-
tion of the sampling station (barometric
pressure), the values would be increased
from about 4 percent for the Columbia River
at McNary Dam toabout 6 percent for Nason
Creek.

Station 38, Columbia River

Below Vantage

This sampling station 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 3-15 feet, depending
upon the river stage. Crab Creek discharges

to the Columbia River about 1 mile above
the sampling station. This distance may

be insufficient for mixing during low river
stages. These circumstances undoubtedly
gave some values that were too high for
temperature, alkalinity, hardness, sulfates,
sodium and conductivity.

Ammonia and Carbon Dioxide

Values for these constituents are
approximate only, as the test techniques
used were not precise and because it was
necessary to make the ammonia analysis 1
to 3 days after the samples were collected.
Ammonia samples were preserved with sul-
furic acid when collected and refrigerated
when placed in the laboratory.

PRESENTATION OF WATER QUALITY
DATA

An important portion of this study
is the documentation of water quality prior
to dam construction. Average-monthly con-
stituent values observed at the river sta-
tions during the period of June 1954 through
March 1957 are given in tables 6-20. Fig-
ures 7-34 are plots of these constituent
values. Table 16 (page 27) summarizes the
water quality data observed in Nason Creek
by the U. 5. Fish and Wildlife Service in
1940. Table 21 (page 70) presents water
ar2ii1ty data obtained with depth in Lake
Wenatchee from June 1955 to February 1957
while table 22 (page 76) presents similar
data collected by the U. S. Fish and Wild-
life Service in 1939. Since average con-
stituent values (as given in tables 6-20)
do not indicate the range in values actually
observed, these ranges are given in table
23 (page 78) from minimum to maximum ob-
served values. This table also gives the
weighted-average constituent values for the
entire period of observation. Weighted-
average values take into consideration the
diluting or concentrating effect produced
by differences in stream discharge and they
are obtained by multiplying each constituent
value by the flow at the time of sampling,
getting the summation of these products and
dividing by the total flow in the period
of summation.

Average-monthly water temperatures
from thermograph stations in the study area
are given in table 24 (page 86) together
with minimum and maximum values and diurnal
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Sta:

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

Columbia R. at McNary Dam

Summary Period: 1954 - 55 - 56 - 57

Month
Year

Samples
cFs 103
water °F
Adr °F 5
Dis. Oxy.
% Satur.
Car. Di.
pH
Ammonia
Total Alk
HCO3-
CO3-

Tot. Hard

Car Hard.
NG He

Sulfates
Color
Turbid.
Iron
Copper
Zinc
Lead
Aluminum
Calecium
Megnes .
Sodium
Potass.
Mangan.
Silver
Tot.Sol.
Conduct.

Sta. No.: 13 Designation: (C-292.0

Jan. | Feb. | Mer. | Apr. | May |June |July Aug. | Sept.| Oct. | Nov.| Dec.
[ & |8 13k |3 [23 |43 |L,23(L,23(L,23] 3 [1,3 |13
R e [ A er el 10 i 2 2 2
108 | 109 | 120 | 322 | 343 517 | 379 | 195 | 136 | 104 | 100 | 88
3.4 | 37 g M9 | b7 | 54.3 | 56.5 | 61 |62.24 | é4.1 | 61.1| 51.1| b2
1 18.8 | 36.2 _'*7-8__55'3ﬂ,,61_-°;4,_6,5-2ﬁl3-2__LIl,-,5,l£5-? 52.7 | 42.3|35.0
(13.2 | 13.5 | 12.15| 11.0 _170.5*5_*11.4575#_J'.;Lliii():?SL}hS 9.3 hwl0.2 | 12
9_71;7#10074 96 | 92 r976}.707#10.5 112 198.;)*‘9@'.!} 9k 9% | 95
882 | 1.8 1.5 | 1.3 (10 |06 | 0.1 797.1%___qﬁ_oi{1.2
77| 75 BT M8.0ﬂ»77.8_;}b:(.8377_57._077 8',,3,’11 8.};6 8__5_ T8 76
RIS . Q.02_~o.25__70.12__|*_j1j 019 | T | | T | T |0
BEEEr e sc] e | 9 | 59 | @ | w0 | 8] & | 75
w6 | ® % |0 5 [ | @6 5l el s
MEOEEE R iol] o | o [To [ & 5 [ ooil” o] o
S B e L T e | D
Ce el R T R R B | 75
' I )& 0 1 by 1380
23__V2§~ " 22 1§ 712"7' 1;‘ iz | 150 TZ‘M;'*}Z*;;/;
TR e A 22’”[’20 A He i e me il w1 |
LT e R T T N R T
0.01 | 0.06 | 0.15| -- 0-95,4 9-0,6,,__°~°2ﬂ9-,l9_,+‘ 1900 -OL R0 000 0-15
0.20 0.000 | 0.050 | -~ | 0.0000.000 0000 0.000| 0.000,0.000 | 0.000 Joo
- oo i 00 == .- ST e e
S T i e N R WSS P e o) FA
6.0 | 0.00 | 0.08 | - | 0.00]0.005| 0.01 | 0.002] 0.008] 0.025 0.03 0.05 |
13.0 245 [ 20 | - | 7 [120| 18 [ 21 | 30 |235[13.5]18 |
T-0 6.0 2T :-*_7*70_.1_1737._6_‘ 150 3.2 k.9 7.4 j_-_S,'_3,ﬁ_2‘_3i
11.5 | 11.0 EtS__‘,‘, 1’76.07 35 | 7.9 | 5.8 ST | 232 113.5 8.5
RO s o eo ks e 2l | 2B
[ == | - [o.oo| = [o.000| - | == | -- Jo.000] -- | -- | 0.0
L R N B I I B N N B
114 127 118 180 166 116 100 135 | 120 1500 T35 132
o1h | 23+ | 192 | 130 | 129 | 130 | 135 | 167 | 182 | 228 | 240 | 226
%—Bj—a:Aiétﬁ;i‘qgﬂgi_;;;gié§;i;7alkalinity andwgé;aness as equivalent CaCO3;
conductivity in micromhos per cm. at 25 °C.
1 - 1954 b - 1957
2 - 1955 5 - Avg. monthly at McNary Dam
3 - 1956
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Table 7.--Water quality summary - monthly average.
[Chemical characteristics in mg./liter where applicable]

ota:  gpake R. at Mouth

Sumeary teriod: 1954 - 55 - 56 - 5T

Month Feb. Mar. Apr.

Year Lh 4 : I ! 2,4 ' 3

Sauples 1, 11 2.1
|26 Lh 7

2
crs 103 |22

weter °F| 32.0 | 3.7 | k3.b 511

4

=L

i

-ta.

NG, 1 | veslgnation: _m.gﬁ,_a__

‘ May ' June ‘ July ’ Avg. Bept : Oct. Nov. 71_)ec'._‘__
83 23 1,2,3. VBRSNS » 15 SN Tt
2 2 9 10 8 2 2 2
155 105 | L9 o 22 % % %
55.0 60.6 68.4 70.6 66.8 60.8 b5  35.5
61.1 68.1 72.9 T1.8 63.2 51..9 k2.2 3.9
10.1 9.6 9.28 | 10.7 9.9 9.8 1.4 13.0
94.9 96 | 1l01.0 19 106 95 95 23 -
1.5.0.5 . 0.8 : © ; 10 T O RIhN N
7.51.79 . 8.2 : 8.8 /8.8 | 86,100 NaTa
0.09 0.55 0.25 T . 0.0 % T ¥
W 51 an 1k 128 13 ‘a9 AW
W 5 57 85 1046 117 15 130
O b 7 29 | 2k 14 12 By
k3 43 59 108 120 130 135 130
43 48 59 108 120 130 127 130
0 0 ) 0 0 0 8 i
1.5 9.4 24 3%y 28 1S -
28 20 16 18 19 B0 AR el S
43 28 20 18 25 28 15 -
0.25 0.13  -- 0.16 0.01 0.035 0.01 0.08
0.000 0.08 == 0.000 0.001 0.000 0.01 0.000
0.0 -- -- 0.0 0.0 -- 0.0 0.0
0.0 -- -- 0.0 0.0 .- 0.0 0.0
/0.00 0.02 --  0.11 0.03 0.01 0.00 0.06
17 133 -- 271 375 386 30 20
0.4 2.10 - ko 49 58 0.8 3.0
5.0 9.80 --  28.0 29.% 37.0 38 20
.0.8 1.k - . &18 3.0...3.7 $880  THT
1 0.000 - == 0.00 0.00 =-- 0.00 0.00
0.00  -- -- 0.00 0.00 =-- 0.00 0.00
@ am ug e w9 2
102 | 123 | 173 | 332 | 354 433 405 | Wk

Air °F5  20.3 37.3 k3.8  56.1
Die, Oxyq 15.0 |13.1 |12.1 |20.7 |
# Satur. 1103 | S1 98 | 95.5
Car, D4,  0-3 | 2.5 1.5 | 1.5 |
ph 18.x | 7.8 8.0 8.899 |
Ammonia T o 2 ' 0.05 | 0.24
Total Alg 139 116 95 L7
HCO9™ | 139 116 95 b7
cog= i LRI 0 0
Tot. hard 138 ‘115 93 ko
Car ssud; 133 115 93 ko
Mo Go Holf RS0 8 L0G 0
Sulfates | k3 34 28 12
Solor 18 50+ L5 38
Turbid. 9 Shk7x 1ok* 30
Iron 006 | :O.2h —
Copper |0.000 .- 1 0.100 --
iine | -- -- | 0.0 -
Lead I = [ | 0.0 -
Aluminum| ©:Ok ' == 10.03 ==
Calcium | 22.0, == [23.6 | -=
Magrss. {_8.70 s 2.5 .-
Sodium | 3.0! -- | 20 o
rFotass, ___lf'oq_ e | 3.0 ==
Mangan, & = == 00 ==l 0.000 --
Silver | == | == 10.00 | ==
Tot.Sol. 279 675 250 ' 2ko
Conduct. Ch}]?‘ 369 162 4 125

% U, U. satur. is at sea level; alkalinity and hardnaess as ejquivalent CeCOB;

conductivity iu micromhos par cm. at 25 °C

1 - 1954 b - 1957

2 - 1955 * - High 8ilt load

3 - 1956 5 - Avg. for month at Kennewick
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rable 8.--Water quality summary - monthly average.
[Chemical characteristics in mg./liter where applicable]

>ta:  Columbia R. - Pasco __ste. No,: 16 Designeticn: €-328.5
Sumuary reriod: _95___55_-__55_- ' CIT
Month (_Jani# & _Fe__b L lb.f_ _ Apr_:_r_lﬁhy June July T Aug Sept Oc}: hr{c_::v” Bgc_ el
Tais k___@ kieh'srie,a 123 123 STEENSY R
SRR e 01 2 3 8 10 8 2 2 2
crs 103 [ 870 Tk WS 197 k25 30 62 207 73 70 66
weter °F | 35.8 38.3 u1.3 k6.0 | 52.8 | 56.0 59 | 6k.2 63.0 62.8 52.6 43.5
Air °F5 {;g9:3 3f-3 43.6 [ 56.1  61.1  67.3 7T2.9 T1.8 ' 63.2 S51.9:42.2 36.9
Dis. °‘V¢P{3:5,,,}5ﬁ9 ,12.8 129 11.9 1.8 n.k 10.6 1.3 9.7 10.5 1.9
% catur. 99 | 105 99 | 108 104 112 112 @ 111 102 97 95 96
Cer, Li, 10 ,*_M§_§r,, 2 15 T 0.9 0.9 4~>o.}7’ 0.7 1-3091.0 =82
o WEERN 5 T 7y T3, 77! 79 62 B3 84 T8 1k
Ammonia L__ I @005 Da2 o T in T s R e : R T
Total nl%»h70 70 70 66 68 58 . 8 63 65 58 63 63
4C04= 70 70 70 66 68 58 58 62 . 65 58+ 863 63
Bt 1% 0 0 0 0 0 0 X, |oon 0 0 0
Tot. Hard T8 | 72 80 170 78 65 65 69 69 65 70 69
Car Hard, 70‘_1. 70 70 66 68 58 58 63 65 58 63 63
N.C.oH.| @ | 2 | 10 | b 10 T 7 6 n ( T 6
aulfatos' N TR R T U 8 R T R A
Color | 13 e o 1k 11 1n 6 5 1o v
e iy 19 . 7 8 L 06 1306 m
Iron | 0.00 0.4k  0.00 @ -- -- 0.2 0.3 0.04 0.60 0.02 0.05 0.01 _
sogper | 0.000 0.000 0.000 -- --  0.010 0.004 0.000 0.000 0.000 T  0.000
LA | == e -- -- -- -- 0.0 0.0 0.0 -- 0 --
Lend e - -- -- -- -- Q) | 0:0 0.0 == : 0 fe=
Aluminum! 0-02 0.02 0.03  -- -- 0.00 0.00 0.08 0.01 0.0 0.06 0.00
Cnlctun’ 2390 82,0  21.3 , == -- 13.0 19 188 2k 17.9 21 _ 12.0
Magnes. | 3.0 = 6.0 6.0 - -- L SRR M e L IR [ & 4.8 0.6 2.0
Sodfum |50 5.5 I3 i o o 2ip | diov 1y e - 3.5 0.0 1Moy
Potags, | 1.4 1.0 1.5 -- -- 08 1.0 1.651.2 07 1.3 | 1.k
Mengan, | == | == | == ' -- == -- 0.00 0.00 0.00 == 0 w5
S o e e e ™ e o ey 0o T0X00T 0,00, -~ P
Tot.50l.{ -- 88 | 10 160 12k 115 95 118 92 90 - s
Conduct.| 167 | 181 | 182 . 155 | 145 | 119 |128 [146  1lbo , b9 . 158 | 169
4 U, 0. sstur. is at sea level; alkslimity snd hardness 8 ejuivalent vavC ;
conductivity in microrhos par em. :t ZJ °C.

1 - 1954 b - 1957
2 - 1955 5 - Avg. monthly at Kemnewick
3 - 1956
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Table 9.--Water quality summary - monthly average.
[Chemical characteristics in mg./liter where applicable]

Sta: Yakima R.» eqg:gygi Sta, No,:

17 vesignution: ~ CY-340

Sumnary ieriod: 1954 = 55 -« 56 -

{:Jm.

=
|

: T-Bopt.'

Oct. Dec.

Month | Feb.  Mar. Nov.
st 5 W St i Ol o R gl B e D L
Your Lu ; e 3 .23 1,23 1,23 1,23 1,23 3 1,3 1,3
saples | 1 |1 2 | 1 @ {3 i L gl @R AR
cis 103 | 2.3] 2.2 | 2.7 113.h 0 3.3 0 8.7 | L7 21 2.2 2.9 2.9 5.2
water °F  32.0 39.0 | 4.k 53.7 58.5 63.1 69.1 T1.1 66.3 58.6 WI.5 36
Atr °F> 20.81 38.0 k.5 | 57.5 62.6 68.6 75.7 Th.2 66.8 54.3 kh.O 37.8
Dis. Oxy, 13.9 13.1 ' 12.0 10.3 10.0 ' 9.3 9.7 10.8 10.2 10.5 11.0 12.7
% Satar,, 95 100 98 101 © 98 95.5 107 121 106 108 93.5 93 _
Car. Di, 3:0: 4.0 . 2 ¢ 3.0 @8 gz a.5i: ool E GO
pli | 75 7.6: 7.9 &L TA 761 61, 8.50 " OalisbS T
ol T | 0.05 0.13 0.10 0.28 0.12 0.07 0.06 T T ;
Total ALJ 97 | 102 | 105 62 55 65 | 87 L1 14 131 112 90
4CU4" { 9t 208 | 105 62 55 65 8k 125 133 .. 17 12 90,
Cogm | - O S BESa Rt 0 0 0 3., 28 8 14 0 O
Tot. iard 87 95 100 53 L6 56 76 116 16 18 10k 75
Car nardy 87 | 95 100 53 L6 56 7611136 16 18 10k 75
Mo Gel H |4 40 o o 0 0 0 0 0 9 .. % M
suifates| 9 16 T 14 10 11 22 s i QR SR 7 L S SOV
Golor 10 5 18 ko 26 18 18 12 1018 . 48T 10
Turtid. | 18 .. e = 250 T gk elEaa aet el e 15 20 18 24
iron ~0.04 0.03 015 -- 0.00 0.13 -- 0.06 0.15 0.03 0.05 0.05
sopper 0.000 0.040 0.0 - 0.0 0.05 -- 0.0 0.20 0.0 0.012 0.000 _
Line -- T - - - -- 0.0 0.0 -- -- -
Fead - - - - | -- -- -- 0.0 0.0 -
Aluminum! ©-03 ~0.03 ' 0.05 -- 0.0 0.03 -- 0.21 0.03 0.02 0.01 0.025
salcium (11.0  27.0 = 12 -~ 130 135 ,6 -- . 28 33 .8 20 13
Magnes. | 4.4 5.5 L.5 m- 05 L 2ed e Beln Bod SBERLSSRERE T
Sodium 45 17.0 14 ' .. 3.0 155 -- 22.7 155 21 20 9
Potass, | 1:6 . 2.4 (2.5 - 2. L3180 o S0 3e a0 SR R
Margan, —_ S - = =% = b 70'07 0.0 ! :' - '_—’ j_.__oia__—__
S s S e R = == == 0.0 0.0 == == 0.0
Tot.Sol. 186 = 164 | 178 | 310 ' 226 190 182 208 228 228 194 19
Conduct. f?30 274 | 256 134 156 135 1 185 : 311 308 324 280 222
o u, 0, eatur. ie at ses level: =alk -.;;rxity and hardness as e ulvzlent "33303:
onductivity ir micromhos per cm. ut 25 °C.

1 - 1954
2 - 1955
3 - 1956

4 - 1957
5 - Avg. monthly at Richland
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Table 10.--Water quality summary - monthly average.
[Chemical characteristics in mg./liter where applicable]

5ta: Yakima River above Thorp ota. Nc.:._iuaazgn.ﬁmion:vm_g
Sumnary teariod. _1:9__5;!_:_52_f __56_1‘51___- £

Month Jen. Feb _! Mar. 5_69?-_; May = Jume July jAug. Sept Oct. Nov. Dee.
SRR ] ' o 12,3 1,23 1,2,3 1,23 3 1’;1 1,3
sanles | 1, 1 1. 1 2 o, 1 3»719 7 28 e 2
055 100 | &0 ' 0L ' 0.l 2400 3.1 3.20 0 209 TRl - a.00 10,7 | 2.2
sater °F 32  39.8 | 40.4  43.2 '5k.7 . 59.7 56.4 56.6 53.9 4.0 37.0
Ar °F5 [15.4 3.0 36.7 51.3 59.7 62.9 65.9 58.6 46.9 38.%  30.4
Dis. Oxyq13.9 ' 12.8 12.6 ‘1.6 '10.0 9.5 10.4 9.7 10.0 L.k 125
W osswur, 9599 98 93 9% gk 100 93 9% 90 92
Car, Li. 2.0 ; 5.0 2 1.5 11 @9 05 1.2 3.0 1.5 1.2
ph e TR T O T=3 08 We3pl 60 i o 6 RS e
Ammonia = T T 0.0 o.0b| 029! P ' 005 005 T T °®
Total AlK30 ‘41 U6 (& 30 26 et 26 N 39 @k ]
iClyT 30 LS S a0 L LRG I et 26 A - l3g | ke
s o4k e 0 P TER - MR O P S o o 0
Tot. ‘iard 29 bl k5 (2L 25, a8 L 1296 Lo 2 W 3%
Car Kard, 29 b1 ks 2 25 26 26 26 3N 39 3%
S5 S RloLdsdmion iboaibh ol I 1 s, | 10 1T
Sulfavee 3 .173 6 o S e S i 1 2 50 3 ¢
Color | 8 SO | o5 120 g2 4 By 8 IRl o B s & [
turbid, (12 43 43 5k 33 o st S A O T~ O
Iren ~0.01 0.02 0.25 0.20  0.15 | -- 0.12 0.10 0.0 0.03 0.03
lupper | 0.026 0.030 0.000 0.000 0.008 -- 0.000 0.00 oooloooo‘m)o.o;
cine | -- - | - -- -— == 0.00 0.00 == == --
Lead B - - | == - 0.000 0.00 == ==  aa
Aluminum' 0.0k 0.00 0.06 0,000 0.05 =-- . 0.33 0.02 0.02 0.000 0.80
Caleium | 2.0 12.0 | 8.7 9 13.0 -- 7.4 227 9.k 9.6 60
Magnes. | 3.0 2.2 1.6 0,100 0,30 dwudfe - 103 A Tk oo iiog GR0 ] L 30
Scdium | U.5 5.0 bo 3.0 2.0, & == _l.k2 0.7 \7.25 2.5 3.0
Jotees. 1.8 : 48 . 08 ,  oh ok .- | 225 0.8 1335 2.4 ;| 3.8
Mangar., tr,:'” = i - S2 Lil=Tgas L Lg00 0 0.00 Giee | L ieS | (ui=s
[ D W e s s e e i sms hne g enl000 L 0:00cctee D ob L e
L= G0N SO g8 T (T i€ gt b2 B 68 63 1 12
Conduct. 8L 207 205 | 8% 53 {53 5. .51 [ T7_ 90 |13k

4 U, C. satur. 1s at sea level; alkalinity and hardness es equivalent CabO3

sonductivity in micromhes per cm. at 25 °C.

1 - 1954 - 1957

2 - 1955 5 - Avg. monthly at Ellensburg

3 - 195
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L& Wenatchee River near Mouth ,__A-,_____"'t"' N'e 2 23 ﬂ‘ﬂ:si,;na.ti':n.
Summary reriod: 1954 = 55 - 56 - 57

Table 11.--Water quality summary - monthly average.
[Chemical characteristics in mg./liter where applicable]

onth ’TT&:—A f;eb. | Mar. [Apzl. i May
e S e o el e
- 13,4 13,4 T2,3b0 3 23
a.ples | 2 2 ) 1 o2
FS 103 | ,1"1, ; 1.0 ‘ 1.1 | h.bl 1.3
later “?‘F}Q.O .3h.5 ‘hl.9 46.2 ’h7,6
ir °F5 '22.6 25.0 38.9  54.2 59.1
is. Oxy{;ufh _;ﬁ.z 12.7 1.5, 11.8
Satur, |99 100 101 97T 1loe
ar, Di,| 2.5 ¢ %25 1.7 | 2.5 1.75
i | 7-20 | Tby b VTR Tl
.mmonia 0.14 0.08, 0.08 0.25 0.04
otaldlf33 135 (45 | w0 |h3
R E A
CUB' . 0 | 0 0 0
ot. Hard3% 37 W8 W 55
‘ar Hard 33 135 k5 Lo 43
o G s | 2 R RE S S
sulfates: 3:6 3.9 3.1 46 3.1
Jolor 10 | 20 48 17
Jarbdd. | 9 "L 5 ko 80 18
[ ron L 0.02 ' -- 0.01 [ - —
Sopper 0.000. -- , 0.000 -- ~
Linc | = ies i == toae
Lead b ==l == e -
nluminumL 0.02 = : 0.06 ; Ty g
salcium [ 2.2  --  10.9 o= _
4agnes. L_g:? e 3.6 -e .=
Sodum | 2.0 | == | 2.5 == | e-
Potass, »1_3 Mt T e
agan, | 2ok ok SR e
Silver L_‘f s | 7T By o
Tot.Sol. 38 T6 _T1_ 210 15
Conduct. (68 78 |94 94 54
P L. U

conductivity in micromhos per cm. st 25 °C.
b - 1957
5 = Avg. Monthly at Wenatchee

1 - 1954
2 - 1955

June July  Aug. Sept.
'1,2,3 1,23 L83 1,2,3
3 8 8 6
13.3 9.8 | 2.9 1.0

50.7 Sk.1  61.7 60.5
6h.7 T1L.4 T0.6 62.7
11.1 10.6 10.1 10.6

9 99 103 106

133 1.3 12 ok
T1 . 71 . Ti6 83
0.08' 0.17 0.08 0.07
25 14 20 29
25 W 19 26
0 0 Lideg
14 14 19 28
W W 19 28
0 0 0 0
1.0 LAk L7 24
8 9 6 5
1n SR - -\ (o
0.2 0.01 0.02 0.03
0.000 0.000 0.00 0.00
. >
S . I S
0.005 0.00 0.00 0.0l
5.0 , &5 {2 ;9.9 |
0.8 0.3 1.8 3.8
1.8 2.5 1.5 2.0
1.5 228 1 e
- 00 ==

g i WRURNT S0 T A
S3, w035 hlEY. M6
S 132 L"s fn _160

Oct. Nov. . Dec

_CW = 471

2,3 -H58 TR

satur. is at sea level; -lxalinity and hardness as eguivalent CaCOB;

3 - 1956
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N LI
1.5 (287 391
50.2 bL.7  35.2 _
49.3 36.9  29.4
11.1 12.7  13.b
98 100 97T
1.h a.b Y5
T8 U1 . >3
0.11 0.10 0.13
28 24 24
28 24 24
0 0 0
28 22 29
28 22 24
0 B i &5
3.6 1.2 2.9
7 SN <k
30 . B b AFES
0.03 0.00 0.00
0.00 0.000 0.010
0.03 0.09 0.03
10.4 0.57 2.0
L2 24 1.8
20 .0 b
ok 26 08
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Table 12.--Water quality summary - monthly average.
[Chemical characteristics in mg./liter where applicable]

sta:  Crab Creek at Beverly Shas NQ.:__}l__;esil_jru;tir;';: EEb_'-_h,,ll )

Sumcary reriud: _;25’{'_}5 = % = 57

=l . 3 S c 5 - -

¥onth ;ngn., | Feb, J Mar. Apr. May  June July Aug. Sept. Oct. Nov, Dec,

+

fear L ST e =] i R R L i e U e (R i o B o R 133 Wl;3

-

i TR O S RS S SRR S W S I S
crs 10° | 0,023 0.081! 0.0L5 0,050 0.032 0,028 0,029 0.031 0.0% 0.051 0.0L8 0.039

;f‘, BRECRN IR0 0 | 73,00 72,2 | BT 10 73.d. 13.9 67.7 '57.3 LLhe.od3.2
AR [0 33,00 L1353 o 5hJB 56,2 ¢ 65.9° Th.9 (73.0 6hdi 51.8 LO.7 0 33,3
F T 0212 | 10,1 7.8 0. 9.1, 89 8,9 9.4 11,1 11,8 2k.3

ca.fies | 3 1
| : :

Aatar

poatur. . 97 1000 98 i1k . 89 99 102 0L 102 107 oL 99
LRI 6.0 0.0 | 0,0 . . 0,0, 0.0 .0.0 0.0 0.0 0.0 0.0
pi RN Bl Bl . BB 8.2 1 B.6. 8.6 8.6 B6 8.8 ., 8.3 . 8.h
fmenda | P T | 0,02, 0.5, 0.3, 0,22 0,09 0,07 0,10 T T T

Total AR 381 Jol 330 . %0 327 3852 :297 306 300 294 337 3
dvig™ | 35 329 301 35 258 3w 263 211 2L 251 307 319
SO T %9 35 lgp - 38 . 3bh .35 lde..h3. 30 (22
Tet. tard 928 163 200 g9, 205 218 193 190 18, 189 205 216

“ar fardy 228 163 200 194 205 218 193 190 18, 189 205 216

Mo ppite | alb 00 i ol BEOLLG A 0 0 140 b i Ao
Sulfates! 17 77 85 1L el 381 14 126 100 172 187 125
Golor | 20 50 138 .3 29 3., I3 % ‘&b ke 130 2
Turtid. | 18 L3 i hgs. Q50 ;21 | 166 219 dhe 60 81 38
Iren | 0,05 0.02 0.25 -- 0.150 0.08 -- _ 0.% 0.13 0.0k 0.06 0,15
Zopper | 0,006 0,0LQ 0,000 -- 0.000 0,002 =-- 0,000 0,001 0,000 0.002 03000
e - -- | 0.000 -- 0.000 == == 0.000 0,000 =- 0,000 ==

= L 1 + .

Lead | -~ == | 0,000 -- 0,000 -— - 0,000 0,000 =-- _ 0,000 ==
Alusdoum| 0,06 0,01 0,100 -=- 0,010 0,025 -- _ 0,1L0 0,002 0,002 0.000 0,0L
Calcium | 27.0  33.0 | 62 == 437 L0 Dl == o0 2 - 63 19 I R
Magnes. | 9.0 20.0 6.8 . — a0 g2, = BB e R L 0B W
sedium 123 19,0 117 . -- 120 68,5 == 105 102 126 102 135
;’:tass. ’__;-3.9 L 25‘0 _13.1 - lb.b : 2?05 et 2506 13'0 6‘9 1300 _13 I
Margan, | o | -- 0,000 -- . 0.000 - == 0.000 0.00Q0 -- 0.000 ==
Stlver LGSl WOES N0, 000~ 0,000 =-- =-- 0,000 0.000 == 0,000 ==

Tot.ool. 705 691 650 90k L9 769 675 B3l 6L0 6% 631 618
conduct, 1065 1135 900 1180 853 93305 . 8as Bls 861 937 953 1000

. U, smtur, is ar sa: Level: =zi<aldnity sad hardness as eguivalent f'3333;
onduchivity P2 masrorzios pas T, At 23 %L
T =198k = = 1957
2 - 1955 S - Avg. Monthly at Smyrna

3 -19%
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Table 13.--Water quality summary - monthly average.
[Chemical characteristics in mg./liter where applicable]

Sta: Columbia River below Vantage ote. No,: 38 DUesignation: ¢ 409

Swmmnary xariod:i??“__" 59 = %6 - 51

Ft:_,., L= .*:‘ e = — S = q ) - = e e e e e s S Smmt
Month | Jan. Feb. | Nar.  Apr.  May June  July Aug. Sept. Ocs. Nov. Dec.

}—wr me—-—— =g e e S crsietete: B T T e S
Year L 4 l 4 L2, { 3 23 1,23 1,23 12,3 1,23 3 1,3 1,3 _
sauples | 1 | 1 | 2 LEEL e - L 7 8 2 2 2

| .

4 ke o i ; s : NI

CFS 10° |85 lca ‘71 w1 193 39L  37h 1163 99 7 6eh 61
water °F 36.8 ' 38.3 | 39.5 | 41.7 50.0 55.9 59.1 6k.2 65.6 60.7 52.2 43.5
Alr °F5 |17.0 33.0 4.3 !54.8 ' 56.2 659 79 73.0 6k.4 51.8 40.7 33.3
Dis, Oxy.13.0 14.2 |13.7 .1u.2 14.0 (13.0 12.2 11.1 10.9 9.8 10.5 12.3

% Satur. ' 96 MOT 206 - @le 123 @23 - A9 . AR SC AL 98 96 9

Car. D4, 2.0 + 40 ' 2.0 1.5 | 1.0 0.8 6 1.6 , 0.3 012 2.5 '1.75 1.2
pH . 76 ¢ 7.6 : 7.8 8.0 ! T.h T-L: 78 8.1 ¢ 8.k r1 8.4 § 7.8 TGN
Amwwonia | T | T | 0.20 0.09 0.09 ©0.22 0.08 012 010 T T T
Total AlK66 7L 68 68 65 61 58 60 62 56 61 63
HCOy= | 66 7L 68 68 | 65 61 58 59 59 56 61 &3
Co® i Bl ] 0 0 0 0 R 5" O 0 0
Tot. iardTO 76 79 75 75 60 6k 65 66 .62 70 T3

jar dard, 66 T 68 68 65 60 58 60 62 56 61 63

NG EoHe ol w5 11 14 10 0 6 5 N 6 9 10 ~
sulfates: 8 9 20 16 12 7 9 8 9 33 1Y 13 il
color e > : 8 15 12 1e 13 o 6 8 - Sl - |
Tarbld, | 39 8 16 9 22 16 7 8 5 10 18 &3 "0
Iroa 0.00 0.01 0.25! == 0.10 == 0.0+ 0.0 0.10 0.02 0.00 0.03
HIG 0.000 0.000 0.000 =-- ' 0.000 -- 0.003 0.005 0.030 0.000 0.002 0.000
Line e --  0.000 -- 0.000 -- 0.000 0.000 0.00Q0 == , 0.000 0.000
Lead -- -- | 0.000 -- 0.000 -- 0.000 0.000 0.000 =-- 0.000 0.000
Aluminum, 0<00% (0.01L " {G.18S S8 0.000 -- 0.010 0.010 0.010 0.000 0.000 0.05 _
zlcium 12.0 26.0  22.3 - 22 -- 17 21.3 - 21 23.5 H19 A% .
Magnes. | 5.0 . 4O @ 3.2 @ == 0.4  -- 6.0 2.15 0.50 2.65 0.60 1.1
Scdium , %5 6.0 M43 e hO - 1.0 375 2.0.43.8585.0 . -
rotass, 1.6 1.5 . 1.4 = | 14 = 10 1.7 - R2 RGeSy
Mangan, == ==  0.000 --  0.000 -- 0.000 0.000 0.000 =-- 0.000 0.000
silver == -~ 0.000 -- 0.000 --  0.000 0.000 0.000 =-- 0.000 0.000

Tot.3i. 93 95 A52  )6e L a3 .98, 495 w.lgh iE6 6% 53 Es

orduet. 157 196 181 190 16 123 3k 138 k3 k2 183 186
¥ v, U. satur. is at ses level; alnilinity aud hardrese as ejuivalent CaCOB;
sonductivity ia micramhos _er sm. at 25 *C.

1 - 1954 b - 1957
2 - 1955 5 - Avg. Monthly at Smyrna
3 - 1956
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Sta:  Columbia River at Rock Island  -ts.

Summary reriod: 195% = 55 - 56 - 57

Table 14.--Water quality summary - monthly average.

[Chemical characteristics in mg./liter where applicable]

do.:&g___besignaticn:.c = 23.&

Konth | Jen. | Feb. Mer. Apr. May Jue Juy M. | Sept. Oct. Nov. Dec.
Jear - Tk L l S S 2,3 1,2,3 1,2,3 1,2,3 1,8,3, 3 3 3
saiples | 1 ' i ' PRl (2 i3 8l L8 7 2 2 L
|
cFs 103 | 80 70 |73 1% 197 350 287 1% . 95 70 413 0 153
Water °F L40.5 = 36.9  36.9 43.7 48.5 5k.5  358.0 2.2 62.7 60.0 S5h.k k5.1
Air °F {_}8-5 o322 k.7 57.5 62.k 67.8 . 75.8 i 15-3  [66:7 - 53:-7" 37-9 . 33:4
Dis. Oxyy 12.8 13.3 | 1.1 143 13.3 [ 12.7 12.2  10.7 10.b 9.8 10.8 11.3
% Satur, 200 99 105 |19 10 116 9 109 106 98 100 9%
Car. Dis _ﬁasl ol ose s oo My vie 1 1.2 0.9 © B.OL2 | 2.0
phi MR Tl 76 7.5 7B 0 T.9 | 7.9, 8.0 8.1  T7.55 -
fmonis | T | T | 0.02 0.2k 0.0 0.05 0.0k 0.05 0.08 T S S
Boceinicol s, F 68 63, (B2 (55 188 - 59 59 55 58 5B
HC03= 160 65 68 63 62 55 .58 59 . 59 55 58 58
Co," Jo L4010 © o, o 0 Ot N0 L | VO o %o
Tot. Harr_’(l 6 T e e I - ™ 6 62 6 65 64 64 65
Car herd, 60 | 65 WeB 63 Ui 62 f i5s DR .59 59 55 5B o8
N.C.H 1L 8 10 CA A 6 0l 7
Sulfates 15 12 12 F6ENNI T B0k SRR S T.s  iB8.30 ) 8.28 100 15 1
Gollor SIS i 208 .18 0 B 10 6 L 10 5 10
Turbid, |13 | 2 ~i23 20 |15 |13 7 8 Blaiasie s
Imn L o it _--_ = -,-_ '-_ .,. i N i == ko o iy =
CO})‘)OI’ ot — i i " line L = (=% . W5 g = o= ala
Line SEMmEESC S s Ty e -~ == == == ~= == - -~
Lead s R R RS = == £E o= == = --
Bl ued ol = WRE At ] e | Gl me e o= == e = okl =
Calcium _”__:__i_ .- ;1 -- e | == -- -- -- -- -~ - sl
Magnes. __::_.4_,r-, == == == - = = == Sy i =e g
sevin =0T e ol et e O O O Ao i A i
Fotass, | == | == E=N E= o3 ke - st sl b == L
e e R N T I O T s O T S
Ton ey T R e S T L L B . S
Tot.Sol.[69 108 121 13 M4 (83 & 84 83 55 123 76
Conduct. 37 247 57 A5k 3ko 115 Q26 129 135 125 128 130

4 D, 0. stur. is at sea ievel; alkalinity and hardnese 2s ejulvalent Ce‘CQB;

conductivity in micromhos per cm. at 25 °C.

1 - 1954 T - Trace
2 - 1955 (4) 1957
3 - 1956 § - Avg. Monthly at Trinidad
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otas __Nasogmpr!gk_(NQQF ¥°!fh)_m iy

Table 15.--Water quality summary - monthly average.
[Chemical characteristics in mg./liter where applicable]

Sumnary reriod: _ June 1955 - March 1957

»nth T:Jln.‘ Feb.
P e g
var | 23 (L
2 Stream
anples Frozen

=

Fs 103 | 0.222 0.207 0.207 0.078 1.L70 1.690

ster °F 32.0 |
ir °F L 18.2

is. Oxyq 13-1
1 905 4

Br. Bl Eas A
N 6.9

—atur,

mmoni a |
otal AlK 15
HCCq™ i15
Co,* | O
‘ot. hard 17
ar Hardy 15
SER
>ulfates  10.9
1 10
9
. 0.05

0.005

olor
Turbid.
L ron
s0p8r
tinc

0.11

Lead

A lumi num |
Celcium _,5~5
2.1
_ 1.5

Magnes.
Sodium
rotass.,
Mangan,
Silver

Tot.S0l.
Conduct.

i Pl

' 48

152

ol

Mar. & Apr.  May  June  July
2,3 2 2 1,2 1.2
2 1 1 2 5
1.000 |
| 37.6 38.5 W k.9 | 53.2
| 36.2» k7.2 58.1 56.8  64.8
12.3 121 1.8 108 101
VR _L5e 92 90 .93
2 2.0 | 2.0 1.6 1.8
7.0 6.9 T 6.68 6.8k
0.1 0.23 0.18. 0.17  ©.)%
17 16 10 10 9
17 16 10 10 .
: 0 0 o 0 0
2 3 10 10 9
17 16 10 10 9
5 15 0 0
10 | -- 3.0 8. .23
8 100 20 . -8 5
N 0 1? 10 6
0.01(33)5-- -- 0.10 ==
0.00Q -- -- 0.000 --
0.05 -- - 0.01 . ==
L -- 1.5  --
1.4 -- -- 0.4 -
0.3 -- -- L A
1.5 el e e
Jhe jeg Tha WsB md
| 39 38 12

“Lla.

Na,:

43
g segt.
1,2 1,2
L4
0.280 0.110
' 59.k 55.6 °
6h.2  56.4
: 9.5 10.8
9k pe
2 1.2
1.3 L3
0.20 0.10
‘39
{15 U2y
LR
15 15
0 0
1.5 2.2
4 4
19 3
0.0k 0.12
0.000 0.000
0.0 0.00
3.6 « B8
1.2 1.0
2.0 2.0
2.0
130 30

3
218 . jP6 g3k’ (38 138 P9 e

Oct.
"

L

vesignution: CWNa 523

Nov. Dec.
L2 38
2 2

0.3w 00530 H 00560_
k3.2 37.0 35.0 _

16

bk.0 31.5 25.1
10.9 12.7 12.3
89 9 88
1.8 5 1.7 UlaR =
7.0 6.7 6.8
0.16 0.0 0.3
10 12
16 0 13
¢ .o o _
14 39 10
1h 49 10
L o .o .
2.6 2.9 5.5
8 9 1k .
 § 18 18
0.06 0.02 0.00 _
0.000 0.000 0.000
0.03 0.07 0.10
3333 [ 8.8
0.8 0.6 0.8

A,,éjw_.ﬂ,g;_____

Al

5 U, 0. sstur. is at ses level; alkalinity and hardnese as equivalent CaCOB;
conductivity in micromhos
* - At Leavenworth
2 - 1956;

4 - Avg. Monthly et Plain

1 - 1955,

pes cm, at 25 °C,

3 - 1957

A



Table 16.--Water quality summary - monthly average.

. [Chemical _characteristics in mg./liter where applicable]

otal Nason Creek e T stadNonE os Designaticn: o

Summary reriod: _.U'g,_'_ _E‘_W_S 19“’_0_?5“_‘_
Momtn | Jan. Feb. | Mar. | Apr. T onee Tangs | T AT O
ontn i Pr lhy . June July Aug. Sept. Oct. Nov. Dec.

,__m,,f-___z__:%,,,__, i et iy S Sl By il Wil LS

£ O L ~
Saiples ; | L 1 6 3 1 1 s 3.,
CRAGOOR| e o F | : . . | . e %
Natar “F | b ) | 150 k2.8 145.5 |61 e 385 |
AR S ___i_,,,‘,ﬁ B | . { 1 ) ey R
Pl IR R 0.0 1106110 | t10 - logmieiEs .
gl ) L 96 By 192 Noo: . - 93 92
apt iSRS 2k 18 e, 1LAB . . . 18w 2.0 B
ph SRR AR - | 6.9 1189 LF . Tt L 6.9 7.0 . .
Ammonia | | ‘ ' : b | ) I 5 5
Total af__ | | Psotzy il Fa3 T e TS
i B e (so(7) 113 22 16 1
co7 | o lie 0 0 0 0
Tot. Hard | = : \
Car Hardqlr l
Ns G2 n.} |
Sulfates;_'iw i A . ) i i M
Solor |
Turbid. | ;
lron | ‘
Sopper | i
iine L ;
Lead | |
Alumdnum |
Calcium | L el - ===
Magras, E_ ! 4 -
Sodium : R i L
Fovegs, (i~ L : L BN
o ureil SR I SR s
Silver | T Fiae r 5 e
Tot.Sol. ! 17 5 Y AN O 1 { i £ i L T L Sl e el Tl L
Conduct. L_, P S ey R I g L | 1 S I

# 0. G. sstur. is at sea level; =lk:iliaitr and hardness As ejulvalient vabig;
conductivity in micromhes per cm. =t 25 °T.

(1]
o
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Table 17.--Water quality summary - monthly average.
[Chemical characteristics in mg./liter where applicable ]

Sta:  Chiwawa River (Near Mouth) Sta. No.: Wy Uesignation: cwe - 524

Summary !eriod:

,__'_':ﬁy,:.-r,,v:,::]l, —— *T;,:, ——— *r =) Nhesa _';‘.f_‘. ...:T. e it} _—[; e = _____}
fanyn E&n.'i Feb. Mar. Apr. | May  June July Aug. Sept. Oct. Nov. Dec.
Year L_2,3 f 2,3 23 e 2 L2 7,2 11,2 ) 1,20 1,20 N aus e S e
Sauples | 2 [ 2 |2 11 1 2 5 L [ L 3 2

: | 0as| o1l 0.5 o9 3.51, 2.2 1,37 047 0.21 0.3 0.2 0.38
cFs 103 | 0.15] 0.1 ! . . . ) _ 0.2y "

Water

Car, Di.

ph

| e

L

|

°F 32.0 | 32.3 | 39.3 .0 4.0 [47.3 ' 50.9 ' 56.6 52.3 45.3  35.1 3.k
AMr °fb [ 18.2 | 24.6 | 36.2% 47.2 | 58.1  56.8 , 64.8 | 64.2  S56.4 Lk.0 31.5 251
Dis. Oxy{13.5 '13.4 12.3 1.8 12.0 10.8 10.5 ' 9.5 10.3 10.9 13.0 12.7
% Satur. i 93 .92 : 9k ' 91 93 193 9k 91 ; 9k 89

|
4

e |37l 2 rme ! 35 BT R b ajed ackl i e

.9 890

| 6.95) 7. . 71 7.2 ) 7.3 | 6.8 | 7a9| 7.3 720 1.5 L 7i5 U piea

Ammonia ‘Lfo.‘uj 0.10, 0.1  0.18 0.06 0.04' 0.08 0.15 0.15 0.13 0.09 0.09

Tetal Alk2h |25 ,25 ‘22 (15 i1k 12 iag Cor R soNiNNEc IS R
HOCy~ | ok “has - lay pee ias. TEhT IR s Ra7 e E
ST TS T O R R G 7 20 NEED ol .20 .

Tot., Hard 32 132" “t'30° | 31 | Tk agr - gy ARG R o T SR

Car Hardy@h |25 25 (w22 | okl fa3 11 7 S G

N. G B BT

Sulfates| |9:0 ' 3.7 | 2.70 2.3 24 1.0 2.0 1.5 8 o GH S0

Color | 8 | 8 110 12 20 1 R i e 6 10

Turbid, {9 | 3 | 6 AR - e 5 16 9 Le¥ gy o
Iron | 0.03 0.22 o001' -- --  0.00 0.01 o.oh: 0.01 -- o.oﬁtho.oi:
Jopper | 0.000 0.01§ 0.00Q -- -- 0.30 0.000 0.000 0.000 --  0.000 0.000
2R A (6 SR B I s == = = == == = =
Lead | == | == - | - -- -~ . == e -- - e
Alumdpum, 0.02  0.00 0.06 =--  =-- 0,02 0.02 0.01 0.00 -- 0.03 0.0 _
Calcium | 4.0 6.8 | 9.2  -- | -- 2.5 9.0 48 7.5 -- 50 50 _

—
f‘.{gnes, l-hl2 , 1.2 k== e : 0-9 0.1 k pL(5) 0.8 e

en kg 16 1 s

Sodfum | 1.7 1.0 0.8 | == - 1.0 30 1.5 2.0  - 05:10
Potaes. | 1.3 | 0,5 . 1.0 ; == == "' 0.8 2.0 N N == ' 2.0 0.4
Mangan. | = | ==_ o= A LIS T S LRSS =y — =TI = T
Dl ver: s == ES T o S e ",.',.,_‘ S eo e = ome e

Tot.Sol. 5T 10T 30 33 183 60 % 4 43 % 69 ;2
Conduct.!5¢ &7 iy jse. ligan Siagl il o 36 M4 . S1L_ 47 (48

& U, U, sstur. is at ses level; alkalinity and hardness as ejuivalent CaCOB;

sonductivity i: micromhoe per =2m. at 25 °C.
* At Leavenworth

1-1955, 2 - 1956 3 - 1957

4 - Avg. Monthly at Plein
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Table 18.--Water quality summary - monthly average.
[Chemical characteristics in mg./liter where applicable]

>ta: _ Wenatchee River (Below Plain)

Sumrary Period: Jume 1933 to Mareh 1957

Sta, No. LS Designazticn: oW . 51k

Sems T S S

. ! B ey s e ] AW L
Month | Jaa. | Feb. l i s il E_!j ‘“‘ﬁ_m’ Mg, Sept. cet. Nov. Dec.
Year | 3., 3 .23 | 2 |2 |12 FUBRNET iy RN
Saples | 1 J 1 | 2 e i 1 2 1' 5 boyob 3 2 s
c¥s 103 | 0. 954 0.60 o, 7'4 2,70 11.80 8,40, 5,70, 1.90. 0.82 1.40 1.40 k.90 -
Water °F&2 0 | I 38.6 k2.8 | 48.2 | 48.0 | 54.0 | 62.1  58.2 . 49.7 140.9 39.2 _
atr ot (12,9 | 28 0 36.2s M2 8.1 568 648 6h2 3%6.b MO, 35 251
Dis. Oxyd 13.7 @ 13.2 1 12.6 | 10.7 | 11.7 | 11.0 20.3 . 9.1 . 9.6 10.5 [ 12,2 12,3
% satur. |94 |92 95 |9h o1 9k 96 93 9k 93 -95 .9k
Car, i, 2.0 | 6.5 | 2 | 20 25 1.6 1.7 1.8 1.2 1.5 1.8 1.0
pH l'7.2 | 7.5 | 7.3 : 6.9 | 7.3 ; 6.86) T.1 . T.% 6 7.2 7M. _T.5. 7.2
fmwonia | T | T | 0.1 0.21 0.2 0.07 0.0 0.19 0.09 0.09 0.0l 0.01 _
Totsl A1K26 23 119 |15 [17 10 .m b 17 15 13 13
HCO3= |16 23 _71_19 15 17 (1 1 7 1S fe 23 o130
CO5" or_*o_!o e e O R S TS - S < T < (< [ o R
Tot. Hard 14 123 3% 2k 118 13 12 u 16 13 13 112
Cer nardq b !_23 e CRRT L (S T b 11 SF 6 i A i I
N.C.H.|0 L0 |15 VSRR IRy R D 0 0 PO e I
Sulfates| 5.0 ' 2.9 2.8 . 5.0 | 2:%  ).5% 1.8 : 1.5 . 1.6l 2.6 12,6/ '85.5
Color | 6 5 8 k5. ko S e e b - RS e -
Turbid, |18 5 L k26 13 b2 L A - N T
Iron | -- e | == - - - - - - .- -- -- B
L
Copper L i o A WO = ot o= == i Ly b ==
iine | -- == == ee e -- -- == -- - = | _==
Etonimumidseihifeel i s ) [ . o .= = - = me ==
Caleipmiils=} el | we | ) == | =e 2= gty M = o SHE- A
Magnes ‘;fi ek E 0 bl PP = =g e e L i e Sl == e
Sodium | == - | .- .- -- -- == = = == e e O
Potass. _r__';g il R R R i o NS e R i B o EM 1 | W Bl 1D
Mangan. },,"_-T 6% 4’ il 5 s W e e = g2 it LN ot 1
Sllver . | tmeei | s i e N Ll T = AN ',; (el
TousallZ9. 183 MLen.3r o @ hobe 39 1360 B A1 59
Conduct.[26  63.5 |43 |3 |29 25 2k |30 33 3 37,,, 26
4 D, 0. mmtur. is at ses level; alkalinity and hardness as eguivalent CeCO:;:
conductivity in micromhos jar cm. at 25 °C.
* At Leavenworth
1 - 1935 2 - 1956 3 - 1957

4 - Avg. Monthly at Plain
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Table 19.--Water quality summary - monthly average.
[Chemical characteristics in mg./liter where applicable]

ota: Wenatchee River (Tumwater Canyon) _ ©te. No.: 46 Jesicnatlion: oW 503
sumnay Feriod: _June 1955 to March 1957
o [ v [vex. e Ly e gy s [ ot mov. e
Teer L2’3 12,3 | 2,3 2 2 l12 1,2 12 1,2 ' 1,2 2 2
t 1 \ e - “+ - R e— Flie
oa ‘\Lea ! 2 ‘ 2 2 1 & 2 5 l‘ h 3 2 1
= \ ' = 4 1 { — 4 = i 4 . —=== - == - s - N—
cis 103 | 0.95 0,80 0,74 2,70 11.80 6,0 5.70 1,90 0.82 1.,L0 1.LO0 L.90
water °F| 32.0 | 33.1  39.6  42.8 ' 43.7 | 48.9 |54.6 621 58.8 U9.h L0.7'39.2
Air opl [ 18.6 2.k 362 47.8 59.7 61.7 6B.6 67.9 60.2 AT. L 33.6 28.7
Dis. Oxys 13 5 ) 135" | 2.6 1.8 |11.9 ;11.0 ; 10.2 9.0 9.6 10.6 12 8 12 u
boatur, (92 9% 97 .98 |97 96 96 _192 9 93, a0 . .
Car, Di, | 005 T L AFININ ST 20 | 1.8 2a | 1.6 1.1 1.5. 1.7 1.5
ol { '_{.17 T3 R L 10 | 6.9 b ‘7.3 . 71 . ThE Ogie @
kmuworia _o.15, 0.10, 0.1 0.25 T 0.05 0,12, 0.22 0.10 0.09 0.01 0.01
Tctal AlK19 | 2k : @ |2 13 ;i0 1M 35 18 15 ° e .
AC0y~ 1 19 2k 23 25 13 10 1 15 18 15 - 13
Co,” 0 ! - JERNR (N SRR T G 6. 4 0 -jiaving o 0 g s
Tot. Hard o5 |31 29 30113 123 {18 1% CHC3GCNSESEEE RIS R
Cor Hardq17 |24 23 25 |13 (20 11 14 16 13 w11
No GooHe Ji 8 00 F ol YRR 0 | 2 3 1o s e S
Sulfetes| 3.0 2.8 ' 3.0 3.0 ! 597 1.4 20 1.5 18 28 25 45
Color | 8 8 Hio 138 Ty g s e L 8 5 |
Turbdd. |10 o3 112 33 2 12 6 L - SN ot A LA
Iron | 0.05, -- S O e g AL e A | a =1 e - Sl
Copper | 0.000 =-= | == | -- " e £ - i » e ok - Ml
igne ) Lome R Ee=ti SR == = == o == - - B U S
Lead % B Wi = == = == o == == gl BN gy e
Alumimun; 024" | == o = =t . i i ¥ B . = e
Calcium | 1.0 &' -- = i oy = i ~ o o EER e i
Magnes. L_].-O [ =" E g 7 s e L A% e P h T S
Sodium I S A R I 0 O - iy % e i O ot T iy
Potass, | 12 | -- | ~-- e RIS NS SR s SN e s e oo il s L T
Mangan, | =~ == == | == - s == - -- - - -
[ R i = = = T v 1k A R . e
Silver Bl S Lot Bl = ey hay . Wl ol i O M e
Tot.Sol. | 4 76 142 |95 175(?) 1&9 ko— 35 v 29— 1-?"‘_71 L1
“0 . o | _ el 1 < _‘1“ g SRR o ST SRR N |
Conduct.[bo 58 |46 |5k L 350 bt 26 le9g (33 ,3 ., 3 e

F .

O, satur.

is at sea level; zlkalinity and hardness as equivalent CaCO3

conductivity in micromhos per cm.
2 - 1956
L - Avg. Monthly at Leavenworth

1 - 1955
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Table 20.--Water quality summary - monthly average.
[Chemical characteristics in mg./liter where applicable]

1 - 1956

2 - 1957

3 - Avg. Monthly at Lakeside

A7

Sta: _ Columbia R. at Beebe Orchard Bridge -t&. No.: 47° Designaticn: g gon
Summary Period: APril 1956 - January 1957
Month o o e ) R B _*_J‘_“_"? Iy e, | Bept, Och g Woy. Do
Year | 2 | 2 | 2 o Y AN i W | 1 1
b&.,}l“;lLlYl 11 1| 2 |3 2 2 2 i
e ‘8‘?‘-469 :56 !119 ’285 :387 ;1?8 ‘12(? r73 72 | 65 : %
water °F 40.5 36 5 137 b2 | 50.0 |53.9 |58.6 |63.4 64.1 60.0  53.0 45.0
Alr °F 2 L’m—ofm 2 | 39.3 le,-?_ |62.1 |62.6 |Th.1 |72.2 [ 63.2 . 50.6 35.5 3.
Dis. Oxyq12.9 |13.3 13.1 149 13.6 13.8 124 10.2 9.9 9.9  10.9 1l.h
% satar. 00|98 .97 18 120 128 121 105 1oh 98 .loL o
Car. Di, }_____*_§.5 .30, 20 20 20 22 20 20 20 1.7 1.5
= S50 B 0Ly 7.5, | 7.8 . 7.65 7,63 Aa-oe_,_z 6 _ 141,80 81 16
Ammonia | T | T | T  0.24 0.05, o.0L! 0.01 | 0.01 0.01 0.01 0.01 0.0l
Total AlK58 |6k TR MR R GRS R e
HCOy~ |58 |64 |72 65 56 (%6 |51 %8 3 5k 57 60
CO5" }o‘o 1o T T S %ol_grvo o 0
Tot. hard69 72 82 |76 | 5T ' 59 58 63 62 6L 6k 66
Sar Hard{s@, ; -Jﬁ,k 4}72 185 456 %6 57 %8 s s 51 6
N. C.ofe 11 R nan . . 1 I A 1 5 8 10 - R il
Sulfates|{11.5 '12 | 9 17 14 10 12 } 8 | 8 85 1042 15
Ealop & IS RS o« B AT 15 2 10 5. L2 L 9 k) 8
eI a0 | 6 20 (9 a5 L 900 SR 0L
Iron | 0.02 0.04' 0.00 -~ -- 002 -- | 0.02 0.02 0.03 0.00 0.01
Copper | 0.000 o.geq, 0.000 ~-- | -- | 0.036 -- ' 0.000 0.020 0.000 0.000 0.000.
4ine £ S | e = ‘ e =3 == = == == =5 =3 ==
Lead BN -— - -- -- -- - -- -— -
Almﬂ“_o._lraﬂ 0.04 | 006 -- == 0.03 -- 0.00  0.00 0.02 0.03 0.00
Calcium [11.0 | 22.0 lahh l -- -- 1350 = 190 22,k 22.9 12.0 12.0
Magnes, | 6.0 | k.0 | 5.6 | -- | -- 2 o O o L T T R R
Sodtua | 3.0 | 2.0 2.0 | ,:'_; e 20 4 Eem L 5L S D) 35 N AESE 2e5 |
Fotags, | 1.0 | 0.8 ;,,1-3-%. = | == 08 [-= .32 10 15 20,08,
| R L L R . i == = == == == 2 S
Dllyer | s | S ;_" T M T R T Uy T T e T
Tot.Sol.’ - *95* s __L95_; \ E35 309 69 80 68 5 119 . 87
Conduct.139 152 )52 57 213 111 31§26 327 121 137 13k
% D, 0. satur. is at sea level; alkalinity and handness = e uivilent Calliyg
conductivity in micromhos per cm. at 25 °C.
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Table 21.--Lake Wenatchee water quality summary,
[Chemical characteristics in mg./liter where applicable]

June 1955 to February 1957

Date 6/21/55 7/12/55 7/26/55 8/9/55
Sample Depth Ft. 10 135 10 80 10 50 150 0. 175 815
Water Temp. OF 45,8 | 43.9| 49.0| L6, 50.4 [ 50.1 | 47.4]55.4|50.5 |46.8
Air Temp. OF 1 57 69 57 64
Diss. Oxygen 11.0 | 11.0] 10.8} 10. 10.7 {10.5 | 10.8 | 10.0] 9.95/10.05
% D. 0. Satur. 92 90 b 90 35 93 92 95 |88 85
Carbon Dioxide 1.5 &) 1 2.0 1 1 1 1 1 1.5
pH 6.9 6.8] 6.9] 6.7 6.65 6.95] 6.70 7.3/ 7.2] 7.1
Totel Alk. CaCOs 12 10 9 9 9 10 10 10 11 11
HCOZ 12 10 9 9 9 10 10 10 11 11
co% 0 0 0 0 0 0 0 0 0 0
Total Hard CaCOs 10 12 21 26 12 15 12 19 |18 19
Carb Hard. CaCOy 10 10 9 9 9 10 10 10 J11 11
Non-Carb. Hard. 0 2 12 17 3 2 9 ¥
Sulfates BOJ T 'y 3 i 1.5 | 1.5 1 0.8 1.4 2.7
Color 10 10 5 5 7 6 6 5 6 6
Turbidity 2 2 L 5 4 4 8 2 4 3
Total Iron -- - -- - - -- -- 0.0} -~ -
Copper i o A 5 o o i 0.0 == -
Zinc - - - - .- - - - - -
Lead - - - -- - - - - -e -
Al uminum - - - “e - - - 0.0 == -
Calcium - -- -- .- - - .- e | o on
Magnesium -- - - -- -- -- -- 1.4 o= .-
Sodium - - - - - - - 1.0f == --
Potassium - - - - - - - 1.0 == -
Manganese .- - < - - - -- - | - .-
Silver -- - - - - - .- o — -
Total Bolids 17 41 -- - b3 1 51 10. ‘16 9
Cond. umhos 25° 22 21 2h 2k 2 {19 19 21 1 23

1l - Avg. for day at Plain
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Table 21 - cont'd.

Date 8/25/55 9/7/55 9/21/55 10/1/55
Bample Depth Pt.|15 |75 hbo 10 f5 fp75s |10 [60 Ji2o0 170 | 10t
Water Temp. °P. [55.9| == | -- [59.4]50.0| -- | 56.0 |55.5 | 48.4 47.0] 56.1
Air Temp. °F.° |57 67 U7 48
Diss. Oxygen 9.9/ 9.9 9.4} 9.799.85 10.0f 9.7 | 9.7 9.6 9.4p 9.65
% D.0. Satur. (93 | -~| -= [90 PB4 -- ] 92 |92 83 80 | 98
Carbon Dioxide | 1.5) 1.9 1.5/ 0.5}1.5| 2.5 1 1 2 3 e
pH 7.6 7.9 7.316.916.7] 6.6/ 7.35| 7.32| 6.95] 6.9 7.4
Tot. Alk. CaCOy j21 |20 |12 pP6 p2 15 {10 {10.5] 9.5 9.5| 11.5
HCOZ 21 -Ho-112 b6 pe {15 |10 J10.5 1 9.5 9.5| 11.5
co3 o 0o jo jo o 0 0 0 0 0 0
Tot. Hrd. CaCO; {16 {12 !16 |24 28 12 10551 10,5 10 3hik
Carb. Hrd. CaCOaf11 10 {12 f16 g2 {15 J10 [10.5} 9.5 9.5 11
Fon-Carb. Bard. | 5 |2 { 4 18 R4 |13 2 0 1 0.5 ©
Sulfates SO} 35k 1.9 2.501.5]2 A lo0 ) s 195, 1.7 2.2
Color 10 8 & 8 8 8 3 L 3 3 5
Turbidity L 6 6 7 9 T 2 2 2 2
Totel Iron - - -- - - - 0.05) == - .- e
Copper - - - - -e - 0. e - .- e
Zinec - .- .= - .= .= o w .o .= -e -
Lead - - - - - - o= ee .o .o o
Aluminum - - - - - - 0.02}] == P o= o=
Calciun - .- . - - - 12.0 - - - .o
Magnesium - .= - - - e 0.2 | == e .= -
Sodium - - - . oo - 3] g -e - -
Potassium .- - .- - - - 1.2 | == - - .=
Manganese - - - - - .- .- - -- - -
Silver - - - - - - - - - - -
Total Bolids 0 js2 {49 ph9 B8 [ jus fup SO L
Cond. umhos 25° {26 o o7 o 1o 1ozl iz |23 |23

% . pH Values doubtful
1l « Near outlet
2 - Avg. for day at Plain

7



ble 21 - cont'd.

ate 10/23/55 L/14 /56 5/19/56 6/20/56

amples |10 75 175 2 |10 | 75 175 10 5 125
ater °F |51.5 | 50.3 46.1 5.8 { 42.1] 40.8 ko.6 | 43.5 |L42.6 42.1
ir OF 2 [u

is. Oxy. | 9.5} 9.3 8. 10.65| 13.0f 13.0 | 14.0 }11.3 j11.3 | 11.4
) Batur. |86 82 73 77 {102 Jiol 108 92 91 90
e B oo | IS a0 1.0 2 2 2 1.5 | 2 2 2
H 7.1 §- 90 6.8 8] 6.3] 6.71 6.9 6.9 | 6.6 | 6.6 6.7
‘otal Alk.f1ll 10 10.5| ¢¥{10 13 14 14 10 10 10
HCO3 11 10 10.5 3 10 13 | 1k 14 10 10 10
co3 0 0 0 0 0 0 0 0 0 0
fot. Hard.|10 10 10 | wj21 13 1k 14 8 8 7
ar. Bard.|[10 10 10 | ¢{10 13 |14 14 8 8 1
fon-Car.H.| 0 0 o | aju 0 0 0 0
Julfates | 1.7 | 2.0 1.9 2 B.1%- 5.1 5.2 | 3.0 | 1.9 2.7
Color 5 5 10 |25 |20 |20 20 5 5 5
urbidity | 2 4 0 B g 10 9 11 10 10 5
lotal Iron| == - - iﬁ - -- - . 016 == s
Copper - -- .- -- - - - 0.0 -- -
Zinc SR W PR ¥ AMMGS A & W PR eIy s -
Lead s = Y & P W . - - “a .
gi;minum -- “= - | O} == ~= - - 0.15 ] -- -
Calciwm - .= -- 3 - == - — g == --
Magnesium | - .- - i - - .- .- 0.6 - -
Sodi um .- - - - = - - 1.0 - -
Potassium | -« -- - - - - - 0.8 - .-
Manganese | -- -- - - - -e -- o= -= -
Silver -e - -e - - - - - - e
Total Sol.f19 25 27 - | 79 |56 L6 59 58 L5
Conduct. f24.8 ] 27.6 | 22.9 4 30 |30 29 25 21 21

1 - Collected at outlet
2 - Avg. for day at Plain

72



Table 21 - cont'd.

Date 7/5/56 7/18/56 8/1/56 8/17/56
samples J20 75 J125 [10 75 175 f10 75 150 [ 10 |75 |75
Water OF(47.2 | 45.1 | 43.8 [s1.2! k6.2 | Lh.1] so.4 LB.8 47.d 58.k [52.3| 46.8
Dis.Oxy.|11.0 '11.0 | 11.1 |10.7 10.8 | 10.7| 10.2 10.% 10.5 9.7 | 9.8] 9.9
% Satur.[93 91 90 6 1951 ' 88 |91 90 '90 | 95 |89 8l
Car.Di. |2 | 2 P et a5 2520505 e 1.5 1ot 3.5
pH 6.6 6.6 6.71]6.5 6.71 6.7 6.4 6.6 6.6 7.2]7.0] 7.0
o e Tler 8 8 9 9 9|9 ho {0
HCO‘% 10 10 10 8 L 8 . 8 gn ity 9 9 10 10
co} 0 o "o DRI0 0 0 0 0 0 0 0
Tot.Bard| 9 g- 47 g i 8 | 8 8 7 8 10
Car.Hrd.[9 | 9 9 BT J’ﬁ6 gy 8 7 8 10
ReCoEB.1 0 L0 ) S LD 0 0 0 0 0 0
Sulfates| 1.5 1.2 1.8 1.hj 1.4 ﬁ 2.0] 2.5 2.1 2.1] 2 5 2
Color A SRR B I L 1 L 3 I B3 2 2 2
'hlrbid.itjr—s ;Ls Y 5 - BiTH] L jr 5 12 113 ;13 19 16 16
Tot.Iron| -- ' <= = == S il 0.01| -- -
Copper -- t-- i) - - | I - == == 0.00Q -- -
Zinc S o e = g ;-- | == - 1 --f - .- .- -
Lead o e e e e B R T e
Aluminum | -- = == -- - T—- -- ﬁ - T - 0.04)] -- -
Calcium | == ;| == j - -- r-- | - - l - | == EOE== oo
Magnes. | -- L-- E — N -- .- " .- == oG I=E s
S8odium .= i - | = .= e - t == == 1.5 | == =
Pot. = ;-- j e loe oo e fee e. .o 3of.. ] ..
Bilver |- | ae | ae | ae  am | am | em e ee ]| <= |- --
Tot.Sol.[b5 132 31 [0 92 80 |20 23 25 |3 ik | 10
Cond. o5 125 25 |20 20 (20 |19 119 19 |23.7 43] 2109
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ible 21 - cont'd.

ite 8/29/56 9/12/56 9/25/56 10/10/56 10/2k4/56
wmples |10 |75 10 75 175 10 |78 10 |75 [150 |10 {100
iter °F [55.5 |51.5 | 58.1 | 50.5f 43.0 | 56.7]51.1 | Sh.0|51.8] 45.1]|50.0| 46.0
ls.Oxy. 9.5 o.o| 9.3 9.3 9.4 | 99| 9.6] 9.9] 9.6] 9.4} 9.9 9.2
S8atur. |90 90 91 82 76 94 86 92 87 78 88 78
ar.Di. 2 2.5 ¥: 2 5 1.5 3.51 1 2 3 1 2
H 6.9 | 6.8 7.1] 6.8] 6.6 6.71 6.3 7.2] 7.0/ 6.8] 6.9 6.6
ot.Alk. 8 8 10 9 9 12 |12 J10 |10 | 10 12 9
HCO} 8 8 10 9 9 12 |12 110 -110+-}-30 420 9
cof§ 0 0 0 0 0 0 0 0 0 0 0 0
'ot ,Bard. | 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
. C. H. 0 0 0 0 0 0 0 0 0 0 0 0
ulfates 2.9 | 2.9 1.6 2.0 1.9 1.5¢ 1.5) 2.1 | 2.5 -1.0080 2.6
olor ) 0 2 2 2 3 3 7 7 7 8 9
urbidity | 4 3 5 6 6 3 20 21 19 5 5
Eot.Iron 0.00] == - - -- - - - -—- - - -
opper 0.000 -« - - -- - - - - - - -
Ei_nc - -- .= - - - - - - - - -
;eid - - - - - - - - - - - -
Euminum 0.00f == - - - - - - - - - -
‘alciun 0.8 | -- - - - S - - - e - -~
Pgnesium 0.2 - .- -- - - - - - - - -
3od i um 0:3 - - - - — — = — - — i
otassium { 2.0 - - - - - - - - - - -
gnganese - - - - - - - - - - .- -
iilver -- .- - -- - -- - - - - - -
fot.Bol. |21 21 23 21 15 16 |12 17 23 19 12 10
onduct. | 21 19 21.6] 19.6f 19.6 | 23 21 23 23 21 21.51 20.5

T4



Table 21 - cont'd.

Date 11/7/56 11/21/56 12/19/56 2/12/57
Sample Depth Ft. 10 75 i 10 150 10 150 L
Water Temp. °F L7.0 L6 4 Ly .6 k3.9 41.8 40.4 $ 32.4
Diss. Oxygen 10.1 10.0 10.6 10.6 11.0 11.0 ;} 18,3
% D. 0. Satur. 87 78 87 86 87 85 85
Carbon Dioxide 1.5 2 1 1 1 1 9 | 6.5
pH 7.0 €.9 6.9 6.9 5.8 6.8 ? 7.0
Total Alk. CaCO; | 10 10 12 11 10 9 £_ 17

HCO3 10 10 12 11 10 9 +$ 17

co} 0 0 0 0 0 0 o 0
Total Hard CaCOq 9 8 7 7 6 8 ; 1k
Carb Hard. CaCOy 9 8 7 7 8 8 14
Norn<Carb. Hard. 0 0 0 0 0 0 0
Sulfates SO, 2.5 3 3 3 1.9 | 2.1 A;F 2.4
Color 5 5 10 10 /i T P 5
Turbtdity L L 5 i L L : 9
Total Iron e 3 = o g 0.03 | & | o0.00
Copper = S . 27 - 0.000{ 0.010
Zinc - - - - - - :.. -
Lead - - - - - - § -
Aluminum - - - - - 0.00 g 0.01
Calcium B LT e - i o 0.5 | 58] 3.8
Magnesium .- -- - -- -- 0.8 §g} 156
Sodivm 5 = s o= - 2.0 | 95| 1.0
Potassium - i - - -- 0.1 LE 120
Marganese -- - - - - -~ -
Silver - - - - - — s
Total Solids 87 90 a8 39 28 - L8
Cond. umhos 25° 22 22 22 22 22 22 Ls

1 - Collected near head of lake

(S]]



Table 22 - Lake Wenatchee Water Quality Data Collected by
U.S. F. & W.S5. in 1939

%
D.O.

Total
Alk.
mg/1

COp pH
D.O,
mg/l  Satur mg/1

Water
Temp.
°F

Avg.
Depth  Air,
Temp.
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No.

Date
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# Total depth at station

1 At Leavenworth
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Table 22 - cont'd.

Sta, Depth Avg., Water Be), s COy Total

Date No. Feet Air. Temp. mg/1  D.O. pH Alk.
Temp. °F Satur. mg/1 mg/1

50 L9.5 9.7 85 1.5 7.1 7.5

100 L8.9 Fed 83 2,0 ¢ 20 | e

126% L8.9 9.6 83 2.0 7.0 7.0

9-2L-39 6 i1 66 58.6 9.1 89 T53 7.2 8.5
11# 58.3 9.0 88 1.5 e 8.5

9-2L-39 i ot 66 58.6 e 90 T3 Tl -
50 57.2 8.9 86 1.5 el Ge5

60

10-12-39 8 l bh 5707 905 92 2.0 7-1 900
11-11-39 9 8 LO 50.0 9.8 87 1.5 7.0 8.0
50 L9.8 9.8 87 2.0 T 8.0

100 L9.3 9.8 86 2.0 7.0 =2

160* L6.0 7.6 6L 5.0 6.5 8.0

|
1



Table 23 - Minimum, Weighted Average and Maximum Observed

Constituent Values at Station Indicatedl, 195L-1957

Columbia River Snake River Columbia River Yakima River
McNary Dam Near Mouth at Pasco at Enterprise
Wt. Wt. Wt Wt.

Min, Avg. Max. Min. Avg., Max, Min. Avg. Max., Min, Avg., Max,
gFs 103 85 210 5% 19 56 199 60 151 Lhk7  1.50 ¢ L.8 N 3LL2
Water °F 32,k ' 50.8 69%kL 3250% 52,3%« 77,2 35.8 | SEIANGTS I 0
Dis. Oxy. 7.8 11,2 13,5 7.9 11.2¢ 715.0 © 943 11,9 Dl g ST SN
¢ Satur, 8L 99 126 91 99 12 88 103 132 VB3 1L9
Car Di, 0 - 2,7 O -- 2.0 0 -- 2:8 .0 -- L.2
pH 7.L 7.9 8.9 7.5 £8:0 9.1 6.7 718.9.8.,6 "+ 7.3 2.8 8.9
Total Alk 5L 66 89 Lo 72 161 52 62 7S 751 83 163
HCO,- Sk 65 85 Lo 68 57 52 62 75Aﬁ-51 81 158
CO_= 0 3, At 0 3 5hic - O 0O 1 0 2 30
Tot. Hard 5k 68 107 39 68 160 59 69 91 L6 72 134
Car. Hard 5L 66 85 39 68 160 52 62 75 L6 72 13L
N. C. H. 0 3 22 0 0 s IS o 6 22 0 0 9
Sulfates 8 15 26 6 25 137 L 1 23, B 12 28
Color 2 18 750 5 28 750, © p [ SR« TP 22 Lo
Turbid, 1 20 117 2 55 550 1 12 25 2 33 110
Iron 0.00 0,07 0.LS 0,00 0.18 0.h40 0.00. 0,15 .0.60 0.00 CI0T 0.30
Copper 0.000 0,01 0.20 0,000 0,028 0.20 0.000 0.004 0.010 000 0.025 0.100
Zinc 0,00 0,00 0,00 0.0 @00 0.0 0,0 0.08 Vo 0NOto NuGENG
Lead 0,0 0.0 0.0y0.0 0.0 0.0 0,0 0,00 10.070L9 == "glag
Alurddnum 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 15.3 yhb,.5, 9.5 | 208 sl 12 1} 2L hi2 15 51
Magnes. 0.1 3.2 B8.0 0.2 2.3 10,0 03 LN e Sota
Sodi um 2 7.1 . 15.0003.0 116 6830 0.5 2,05 5.5 §1s5 185 255
Potass, 1,0 1.9 bl 708 | ZA0 0. 1.1 #452.0 TEERENIDESEEND
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

78



Table

.

23 Cont'd

Columbia River

Snake River

Columbia River Yakima Hiver
McNary Dam Near Mouth at Pasco at Enterprise
Wi, Wt Wt .
Min, Avg., Max, Min, Avg, Max, Min, Avg, Max. Min. Avg. Ma:
Silver A <00 TER00T 000" " 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.
Tot Sol. 55 133 320 85 219 675 5O .. 130 270 133 - 221 3l
Conduct, 119 159 25 104 193 510 311L "C3h2 C192 135 19k - 3T

1 Values Welighted According to flow except for water temp, and dissolved
oxygen values which are avg., of monthly averages,

# Single observation



Table 23 - Minimum, Weighted Average and Maximum Observed

Constituent Values at Station Indicated ¥, 195L-1957

Yakima River Wenatchee River Crab Creek Columbia River
Above Thorp Near Mouth Near Beverly Below Vantage
W, We. "W, NUs

3 Min, Avg. Max. Min, Avg., Max, Min, Avg, Max, Min, Avg. Max,
CFS 10 0.37 _ 1.81 L.57 0.6 L.LT 19.9 0.021 0,0LY 0.081 SL 1L9 L19

Water °F 132.0 L2.8 66.7 32.0 6.3 67.3 32.0 6.3 8L.7 .8 50.6 08,7
Dis. Oxy. 9.1 10ukie - 23 P  Ful L0 14,6  7.,6..10.,9 1.5, 9.6 100k ¢ 15.8

% Satur, B8 95 115 91 ° 100 ¢ 115 85 100 117 92 109 1Lk
Car, BL.” 0.5 - L.O O - 2.5 O -- 0 o0 -- L.0
pH 7.0 Th Bl 6.9 T3 Bl B2 B35 TP 7.6 8.9
Total Alk.2l k=D I | 29 70 187 3L1 Lok 53 62 71
Hcol- 21 32 B 1 28 0 19 298 3% &3 62 3k
CO,= 0 0 0 0 0 8 6 L2 100 0 0.2 L
Tot. Hard 19 31 LY 7 29 70 110 194 2LO %6 68 9L
Car, Hard 19 30 L6 7 26 59 110 1%L 240 53 62 n
N. C; Ho " O 1 Pl & 0 I 15 0 0 0 0 S 23
Sulfates O 2 8 0 2e2 L5 33 kg Reh L 9 21
Color 0 10 3. 305 . 8 13 50 15 39 125 2 1 22
Turbid. 1 20, 78 2 16 80 18 100 L O n 30
Iron 0.00 0,11 0,50 0.00 0,02 0,20 0,00 0,12 0.80 0.00 0,08 0.50
Copper ¢.000 0,008 0,030 0.000 -- 0,010 0,000 0,008 0,040 0,000 0.00L 0.030
Zinc 0.0 - 0.05 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lead 0.0 0:0 - 8:0 0.0% 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 A ¢ 19 38 95 10,0 19 26.L

Magnes. 0.1 y - M I T 1.1  Lb 0.1 B3 26.6- 4050 NET o
Sodium 0.0 2,6 1 1145 ¢ 140 2.@  lye 1% oL 135 0.5 L.0 20
Potass. 0.2 1.6 7 0.9 1.6 3.0 3.9 16.9% 50 0.6  1F 26

Mangan, 0.00 0.00 0,00 0.0004 0,00 o,00 0,00 0,00 0,00 0.00
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Table 23 Cont'd

Yakima River Wenatchee River Crab Creek Columbia River
Above Thorp Near Mouth Near Beverly Below Vantage
Wt. Wt. Wt. wt.
Min, Avg. Max, Min., Avg. Max, Min, Avg. Max, Min, Avg. Max,
Silver 0,00 0.00 0,00 0.0004# 0,00 o,00 0,00 0,00 0,00 0,00
Tot, Sol. 17 58 SO 19- 81 270575 70k 1650 LO 107 220
Conduct., L3 71 167 29 L7 118  LLS 979 1160 120 147 219

1 Values Weighted According to flow except for water temp, and dissolved
oxygen values which are avg. of monthly averagesa.

# Single observation



Table 23 - Minimum, Weighted Average and Maximum 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
WU, WU o WU, Wl

Min Avg. Max, Min. Avg. Max, Min, Avg. Max, Min., Avg. Max,
cFs-103 T 59, — -13p. LS 0.09 0.79 3.51 0.58 3.b6 9.51
wWater °F ¥%.0 50.2 o6L.6 32,0 L3,2 62,6 32.0 L2.3 57.7 32.0 L5.6 62.6
Dis. Oxy. . 9.8 12,1 15,2 9.4 11,5 13.4 9.00 21,7 0030 tutics Rl
% Satur. 9L 106 123 87 93 " "3F3== 87 92 100 88 95 101
Car, Di, 0 -- 3.0 LD A= 3.0 0.5 == 3.0 1.0 =-- 3.0
pH s liall 8.3 66 70 Tt 62830728 U0 G5 Tha 1.7
Total Alk, 50 59 72 I 19 9 16 26 9 2l 23
HCO, 50 | 59 T 12 19 9 16 26 9 1L 23
co., 0 0 0 0 0 0 0 0 0 0
Tot, Hard 5l 66 92 7 15 33 8 1 Lo 8 15 2L
Car, Hard 50 59 T3 7 11 19 8 15 27 8 1L 23
N. C. H, 0 7 22 0 2 15 0 1 il 0 2 9
Sulfates I 1n 21 046+ .- 3,0.-20 069« 2y 840 1.0~ 255 55
Color 0 10 20 5 N - S (o« RN o U o S« ) R L5
Turbid, T 0 Lo 2 2L 150 2 15 Lo 2 e Ak Lo
Iron - 0.00 0.06 0.12 0,00 0.01 0,22 --
Copper -- 0.000 0,001 0,010 0.000 0,13 0,30 -
Zinec - - - -
Lead - - - —
Aluminum - 0.00 0,04 0,20 0,00 0,02 0.0 --
Calcium -- 153 28 0 o5y Sg2anioey --
Magnes, - 0.k 0.7 Q.6 0.1 ©.5° 4=8 -
Sodium - 0:3 15 @ 8.0 0.5 L6y 3@ --
Potass, - 0.3 + XeB 2y Ol 15230 2.8 -
Mangan, = == -
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Table 23 Cont'd

Columbia River Nason Cr-ek Chiwawa River Wenatchee River
at Rock Island Near Mouth Near Mouth Below Plain

Min, Avg. Max, Min. Avg, Max, Min, Avg. Max, Min. Avg. Max,

Silver - -

EoESSSoliRRhoN gLt 1> 17 72 130 .9 102 130 1k 70 130

Eonuuchm a3l A7l 17 27 67 29 35 . b0 Nipg 29 6L

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 23 - Minimum, Weighted Average and Maximum Observed

Constituent Values at Station Indicatedl, 195k, 1957

Wenatchee River Columbia River
Tumwater Canyon Beebe Orchard
Wt. Wt

Min, Avg. Max, Min. Avg. Max,

cFs 103  0.58 3.6 1L.5 50 130 387

Water °F 32.0 LS5.L 62.6 3¥%.5 50.2 6L.8

Dis, Oxy. 8.3 16 10 9.7 12,2 . 1h9

¢ Satur, B85 95 100 9L 107 128

Car, Di. 0.5 - 3.5 2,0 ~- 3.0

pH 6.5 7.1 1.9 1.3 1.7 8.3

-

Total Alk. 10 1L 27 Sk 58 72

HCO,, 10 1L 27 sk 58 T2

001, 0 0 0 0 0 0
Tot, Hard 8 15 37 55 .63 82
Car, Hard 8 13 28 5L 58 72
N. (Cis "H 0 1 16 0 L 81 |
Sulfates 0.7 3.4 5.9 6 11 17
Color oL 12 Lo 0 10 22
Turbid, 1 a3 2 2 16 S
Iron 0.05 0,00 0,02 0.0k
Copper 0.000% 0.000 0,009 0,020
Zinc -- -

Lead -- --
Aluminum 0.2l 0.00 0.03 0.12
Calcium 1L.0s 110 . 16 Call
Magnes., 1.0 1.8 5.7 8.0
Sodium 0.5% S e | 3.5
Potass. 1.2 0.8 130 2.0
Mangan, -- -
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Table 23 Cont'd

N

Wenatchee River Columbia River
Tumwater Canyon Beebe Orchard

Wt. Wt.

Min, Avg, Max, Min, Avg. Max,

Silver

Tots Sol.» -« 165 85 175 LO 100 150

Conduct, 3. 33 67 111 126 158

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

# Single observation
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98

Avg.

Min.
Max.
Max.
Min.

Avg.
n

Min.
Max.

Min.
Avg.
]

Min.

Max.
Min,

195L
1955
1956
1957
Recorded

Diurnal Var.
n L]

1954
1955
1956
1957
Recorded

Diurnal Var.

1954
1955
1956
1957
Recorded

Diurnal Var.

TABLE

Jan.

1A
% -

Feb.

39.9
38.9
33.6
35.1
32
L3

37.9
L1

38.L*

—

on G ER

Monthly Water Temperatures, °F, from Thermograph Records.

Recorded to nearest degree or half degree Fahrenheit.
Average of daily maximum and minimum temperatures.
Period of 195L-1957 or as indicated

Mar,

Columbia River at Umatilla (McNary Dam), Oregon

Apr.

May

June

July

Aug.

L2.9
39.2
L1.2
2.5
36
L6

2

0

52.3
51.7
52.2%

L6
55
;|
0

55.L
5.0

on BV

60.2
59.6

56
63
2
0

Columbia River at Pasco, Washington

L2.0
Lo
Ll

2

0

L3.9

L2
L7
2
0

50.3

u7
54
2
0

55k
Sh.l

52
58
6
0

58.0
58.5%
61.6

54
66
4
1

63.7
66,1

62
69
2
0

6h02
63.9
66.L

59
69
6
0

Columbia River at Rock Island, Washington

37.2
37.5
38.0
35
Lo

2

0

L2.7%
Ll1.3
L1.6

38
L7
2
0

L9.1
47.5
L9k

L
53
1
0

53.0
53.2
53.5%

L9
56
1
0

58.6¢
56.8
58.L

Sk
62
2
0

61.7
62.0
63.2

60
65
2
0

Sept.

o33 KL
on o

?V\ OO O
omn -~ A\ N

Oct.

55.5
57.8
58.7

52
65
2

v
O o
.

wm o

owZ¥E

55.1%
58.1
59.3

53

2
0

Nov.

50.6%*
50.9*
L8,

L2
5L

52.1

C)na§§£:

51.2
L9 .l
52.

L6

2
0

Dec.

L3.9%

L1.6

Lo
L7

L5.3

L3
L8

LS.1
L3.3*
LS5.2

Lo
L9
1
0
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Avg.
n

Min.
Max.
Max,
Min.

Avg.
B

Min,
Max,
Max.
Min,

Avg.
”

Avg.
Min,.
Max,
Max.
Min.

Table 24 Cont'd

Jan. Feb. Mar Apr. May

June

July

Columbia River Near Grand Coulee Dam

1954 L9.8 5h.6
1955 52.3* 55.2
1956 39.6% LB8.2 52.,6% 56,8
Recorded 36 LS L9 50
" L6 52 Sk 60
Diurnal Var. 2 1 2 2
n n 0 0 0 0
Snake River Near Mouth
1954
1955 57.1% 66,2
1956 L9.6* 52.5 59.5  T2.7
Recorded L7 50 Sk 56
a 50 56 66 79
Diurnal Var. 1 2 2 3
" " (o} 0 0 (0]
Yakima River Near Richland
1954 62.1 67.3
1955 65.1*% 70,5%
1956 6h.5* 73,1
Recorded 59 60
Recorded 71 81
Duirnal Var. S 8
L) L il i

U. S. Fish and Wildlife Service Thermograph Data

#* Partial Month

66.3
67.k
66.7
57
75

o

o

o m\?\ﬂj\?\gg\l
N Ig

Oct.

L]

onESIR

57.T*
58.7%
54
62

Nov.
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Table 24 Cont'd.
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

Wenatchee River at Lake Wenatchee Outlet

Avg. 1955 60.0 58.8 51.6 L2.6 38.0
Avg. 1956 Wb oD 3.5 38.1* Lh2.9 Lh.6 51,7  57.6 37.9%
n 1957 36.0 34.2 35.5
Min. Recorded 3)-100 33-5 311.0 35-0 37-5 3800 )4300 )-1605 Shoo h?.s hO-S 3505
Max. " 38.0 34.5 37.5 k1.5 L8.0 51.0 60.0 68.5 66.0 55.5 L9.0 Lo.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, " " 0 0 0 0 0 1.5 1.0 10 0.5 0 0 0
Nason Creek Near Mouth
Avg. 1955 572 535 L3.7 35,1 32.9
" 1956 33.5% 32.3* 35.8 39.6 Lh2.1 L) .0 52.8 59.3 SL.O0*  Lh.Ja*  37.0 35.2%
n 1957 2.4 32.2 36.7
Min. Recorded 32 0 32-0 32 .0 35 05 38.0 3905 h} .5 ha -5 U.x -5 3605 32 0 3200
HBX. " ”-5 3205 hhoo UJ.S h?oo 5105 6300 6800 &Jos 5200 hzoo 38.0
Max. Diurnal Var. 2.5 0.5 8.0 8.0 8.5 7.5 8.5 11.0 9.0 6.0 5.0 2.5
Min. " " 0 0 0 3.5 2.5 1.5 3.0 L.0 1.0 140 0 0
Chiwawa River, 3 Miles Above NMouth
Avg. 1955 52.6% 50.9% L1.0% 35,2
" 1956 32.8%# 35,5 39.5 Lo.L L3.6 L9.7 SL.7 50.5 L2.L 3.0 33.3
" 1957 32.1 32.2 35.7
Min. Recorded 32,0 32.0 32.0 3.5 36.0 39.0 L3.5 L7.0 Lh.5 35.0 32,0 32.0
Max. " 3.5 33.0 Lk .0 Lé.0 L6.0 L9.5 57.0 62.0 57.5 k9.0 L1.0 36.0
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 L.0 1.0 1.0 0 0

Chalan County P.U.D. Thermograph Data
* Partial Month
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Avg.

Min.
Max.
Max,
Min.

Avg,
n

Min.
Max.
Max.

Min

Avg.
L

Min.
Max,
Max.
Min.

Table 24

1951
1955
1956
1957
Recorded

Diurnal Var.
" L

1955

1956

1957
Recorded

Diurnal Var.
" L

1955

1956

1957
Recorded

Diurnal Var,
n L]

Cont lds

Jan

33.7

32.9

32.0

37.0
3.0
0

33.8
33.0
32.0
35.5

1.5

32.8*%
33.0
32.0
37.0

Aug

57.8
60 JL*
61.L

53.0

68.0

10.0
0

58.6
61.0

54.0
67.0
6.5
1.5

57.9
61.0%

52.5
68.5
8.0

Feb Mar Apr May June July
Wenatchee River, 2 Miles Below Dryden

L8.0% 51,3%
h8.21 53002

32.8 37.1 L2.0 h3.9 L6.7T 5L.9

32.7 39.1

32.0 32.0 36.5 k0.5 h2.5 L6.0

36.0 47.0 46.5 L8.0 53.0 62.0

2.5 6.5 8.0 5.0 55 5.5

0 0.5 1.0 1.0 1.0 1.0

Wenatchee River, 4 Miles above Leavenworth

32.7 35.9 L1.8%  Lh6% L899

3.2 37.0

32.0 32.0 39.0 k1.5 45.0

3.0 Lk .0 L5.5 L8.0 54.0

2.0 4.0 5.0 5.0 L.0

0 (0] 2.0 2.0 1.0

Wenatchee River, 2 Miles Below Plain

32.5% 35.4 39.2 Lh2.1 LS.3

32.8 37.3 1

32.0 32.0 32.0 39.0 L1.5

37.0 Lk .0 43.0 L7.5 51.5

L .0 6.5 11.5 5.0 L.S

0 1.0 3.0 1.5 0.5

Chelan County P.U.D. Thermograph Data

* Partial Month

3.5

Sept

56.7
57.0
60 .5%

48.0

Oct

Nov

37.k
39.0

32.0
5.0
L.0

L2.5*

32,0
46.0
2.5

36.1%
.7

32.5
46.0
L.0

1. U.S. Fish & Wildlife Service Thermograph Data at Monitor,

8 Miles below Dryden



Table 25 - Temperature in Lake Wenatchee at
Station h2, 'F
Water Depth in Feet
Date 0 10 25 50 75 (100 |125 |150 P75 (200 | 225
1955
July 12 | 48.0 | 46.5 [ 46.0 | W4,k | 43.9 | 43.0 | k2.7 | 42.4 | k2.0| k2. --
Aug. 9 55.4 | 55.4 | sh.0]| 51.8 ] 50.2 | 49.1 | k8.1 | 47.6 | 46.8| 46.3 L6.1
" 25| 53.8 |53.8 |53.6| 53.8] 50.2| 49.6 - - - S i
Bept. 7 | 59.4 | 59.4 | 58.0| 52.6 | k9.2 | 46.6 | k6.1 - - - --
" 21 | 56.1 |56.0 | 55.8| 55.4 | 55.2 | 51.2 | 4B.2 | 47.3 | 46.9| k6.4 -
Oct. 23 | 51.8 | 51,5 1 51.5) s51.0{ 50.2 | 50.0 | 48.b | 46,4 | 46.2]1 45.9 U4s5.4
1956
April Ice on lake until about April 20th.
May 19 43,0 |21 [WM1.8| 1.1 | 0.8 | 0.6 | k0.6 | 40.6 | 0.6 | k0.6 L40.6
June 20 | 43.5 | 43.5 [ 43.0| 42.6 | k2.6 | k2.1 | 42.1 | k2.3 - e vl
July 5 47.8 |L47.2 [ U46.0 | b5.4 | b5.1 | 4u.B | W44 | bh.1 | 43.8| 43.2 43.2
" 18 | 53.4 |51.2 | 4B.6| 468 | 46,2 | b6.0 | 45.0 | L4.B8 | k.1 | 4k.2| 44,2
Aug. 1 s0.4 | s0.4 | 50.0| 4.3 | 48.8 | 48.8 | 48.7 | 48.0 .o - -
" 17 | 59.8 | 58.4 | 57T.b| 56.1 | 52.3 | 49.6 | 48.0 | 47.7 | L6.8| k6.4 U6.6
" 29 | 57.0 | 56.5 | 55.5| S4.2 | 51.5 | 49.0 | 47.8 . - . e
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 | 5.6 | 45.5 | -- wo Y -
Oct. 10 | 54.8 |5b.6 | 5b.0] 52.5 ]| 50.8 | 49.1 | 45.6 | 45.1 |45.0| 4.9 «-
" 24 1500 |49.8 | 49.8] 49.1 | 48.4 | k7.0 | b5.5 | b5.1 | Lubk.8 ) Lu.4| Lk.0
Nov. 6 | b7.1 f47.1 [47.0] 47.0 ] 46.6 | 6.3 | k5.0 | 4.6 [LLL]ILL.O] -
" o2l | Lh.6 U6 | b5 | BLL ] Lub | uka | 43.8 | b3k |43.2| k2.8 .-
Dec. 18 | 4k1.8 | 41.8 | 41.7} 1.6 | 41.2 | 40.8 | 4o.k | bo.2 | 40.0| k0.0 40.0
1957
Jan. 16 Lake almost completely frozen over
Feb. 13 Lake completely frozen over.




variations. Average temperatures listed in
tables 6-20 are averages of water tempera-
tures taken at the time of sample collection.
Table 25 (page 90) lists the water tempera-
tures with depth observed in Lake Wenatchee
on the sampling dates shown in the table.
Ice and snow prevented lake sampling during
the winter months and high winds frequently
made lake sampling difficult or impractica-
ble. Table 28 (page 95) lists the thermo-
graph stations established in the Wenatchee
River Basin by the Chelan County P.U.D. and
by the U, §, Fish and Wildlife Service.

Air temperatures affect the water
quality and the amount of flow in these
snow-fed streams. Air temperatures from a
nearby U, S. Weather Bureau station (20)
are shown in tables 6-20 as mean-monthly
temperatures,

ANALYSIS OF DATA

General Discussion

The quality of water at all stations
sampled was satisfactory for aquatic life
(within limits of quality tests that were
made and of known fish tolerance to toxic-
ity) with the exception of summer water
temperatures that were above 65° F. in the
Snake River, lower Yakima River, Crab Creek
and the Columbia River from Pasco to below
McNary Dam. It has been demonstrated (25)
that the virulence of the indigenous myxo-
bacterium Chondrococcus columnaris greatly
increases when water temperatures exceed
65° F, These bacteria cause lesions in
fish and have resulted in the destruction
of large numbers of fish when water tempera-
tures were above 65° F. With the exception
of Crab Creek, the water quality at all
stations observed would be satisfactory for
public water supply if the supply system
incorporated facilities for removal of tur-
bidity, color and bacteria (31).

Dissolved oxygen values were high,
usually near or above saturation. All
Streams were alkaline with the exception
. of those in the Wenatchee River Basin above
Leavenworth where pH values below 7.0 were
observed for a portion of the year. Carbon
dioxide and ammonia values were low and
usually insignificant in magnitude. The
lower Yakima River, Snake River and Crab
Creek have relatively high constituent values
for alkalinity, hardness and sulfates,
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Analyses for zinc, lead, silver and
manganese were made only in the period of
June 1954 to May 1955. These elements were
not found in any of the samples tested.
Traces of copper and aluminus were found
at all sampling stations, Sodium values
were high in Crab Creek (up to 135 p.p.m.)
and relatively high in the Snake River (up
to 38 p.p.m.). A discussion of the signifi-
cant water quality characteristics of each
of the sampling stations follows.

Columbia River at MaNary Dam
Table 6, Figures 7 and &:

Water quality and flow at this sta-
tion are influenced by the Sanke and Yakima
Rivers tributary 32 and 43 miles upstream
respectively., The Snake is a large river
and in May, the month of its peak flow, the
discharge is greater than half that of the
Columbia at the point of confluence, In
May, the Yakima River discharge is but 2
percent of that in the Columbia, Peak flow
at McNary Dam occurs in June when dissolved
constituents, such as those producing hard-
ness and alkalinity, are at a minimum for
the year, Turbidity and color would nor-
mally be highest in June. However, they
were greatest in March during this sespling
period because of 1957 construction work
in the Snake River for the Ice Harbor Da=m,
Water temperatures rose from a low of 12°
F. in January and February to a high of
69® F., in August and September (see table
24, page 86), The river water was super-
saturated with disrfolved oxygen from May
through September. Carbonate alkalinity
was observed from August through October,

a period when irrigation return flows were
markedly influencing water quality in the
Snake and Yakima Rivers. Calcium, magnesium,
sulfates, sodium and potassium have their
greatest concentration during the period
of low-water flow from October to March,

Snake River at Mouth
Table 7, Figures 9 and 10:

Average-monthly water temperatures,
dissolved oxygen saturation and carbonate
alkalinity (with pH) were greatest during
the month of August. Water temperatures
of 79* F.(table 24) have been observed in
the Snake as daily maximums. The average-
monthly August water temperature in the
period of 1954-1956 wasr slightly over 72°
E. High dissolved oxygen saturation
values (average of 119 percent, saximun of



142 percent) are due to photosynthetic
activity of the plankton. Carbonate alka-
linity was observed from July through Decem-
ber with the maximum August value of 56

mg/1l as CaCO3 occurring during the period
of peak irrigation return flow. Soluble
mineral matter, as indicated by the conduc-
tivity, calcium and magnesium, etc., was
greatest in the autumn and winter when the
reservoirs were drawn down and when the
river flow consisted largely of ground water.
High total solids, color and turbidity
values in February and March are not normal
values for these months. They were caused
by work on the Ice Harbor Dam, 8 miles
upstream from the point of sampling.

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

In a warm summer, the average-monthly
water temperatures in August and September
exceed 65° F. Carbonate alkalinity was
observed only during the month of August, a
period when carbonate alkalinity (CO3=) was
maximum in the Yakima River which discharges
into the Columbia River 5 miles upstream
from Pasco. Dissolved oxygen saturation,
corrected for elevation and saturation table
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 observed 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 regulated
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 temperatures at Richland have exceeded
80° F. At Thorp, the Yakima River is a
typical cool, clean, slightly alkaline, low-
dissolved solids stream while at Enterprise,
153 river miles downstream, the river is
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warm, alkaline and relatively high in dis-
solved organic and inorganic solids. Table
26 is a comparison of average values for
typical constituents at Thorp and Enterprise
for the month of August (heavy irrigation
return flows). Dissolved oxygen concentra-
tions are high at Enterprise despite the
volume of organic wastes discharged into

the Yakima River from municipalities, indus-
try and from agriculture. Dissolved oxygen
values during the hours of darkness were

2-3 p.p.m. less than during daylight hours
but they did not drop below 6 p.p.m. at
Enterprise (26).

Table 26.--Comparison of Yakima River
water quality, average values for August

Near Enter- Percent
Constituent Thorp prise increase

Temperature 56.4 7i.1 26
pH - 8.5 -
Total alkalinity 27 141 420
Carb. alkalinity 0 16 -
Total hardness 26 116 350
Sulfates 1 22 2100
Color 8 12 50
Turbidity 7 16 130
Calcium 7.4 28 280
Magnesium 1.2 3.4 180
Sodium 1.4 22.7 1520
Potassium 2.2 v B ¢ 130
Total solids 42 208 390
Conductivity 51 311 510

Wenatchee River near Mouth
Table 11, Figures 17 and 18:

Water temperatures have risen above
65° F. for 5- or 6-day periods during August
and September. However, the night tempera-
tures have dropped well below 65° F. on
these occasions. This river, even at the
mouth, is of high quality. The water is
normally clear, slightly alkaline and satu-
rated with oxygen. Turbidity, total solids
and color are high only during the period
of spring runoff. 1In contrast with the
Yakima and Snake Rivers, the Wenatchee 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



mmc to fluctuation from irrigation
demitnds and from the discharge of surplus
irrigation water. Water temperatures up to
84,7° F. have been observed. Crab Creek
water is very alkaline, hard, highly turbid,
colored and it is extremely high in dis-
solved substances in comparison with other
Washington streams. Because of its small
flow, it has no appreciable effect on Colum-
bia River water quality other than along
the east bank below the point of confluence,
During daylight hours, the creek is usually
supersaturated with oxygen. No dissolved
oxygen determinations were made during the
early morning hours of darkness. Some high
water quality values observed were: pH,
8.9; total alkalinity, 404; carbonate alka-
linity, 100; total hardness, 240; sulfates,
220; color, 125; turbidity, 440; sodium,
135; potassium, 50; total solids, 1650; and
conductivity, 1180,

Columbia River below Vantage

Table 13, Fi‘urel 21 and

Columbia River at Rock Island Dam

Table 14, Figures 23 and 24:

Table 15 and 16,

Water quality in the Columbia River
at these two locations is substantially the
same. Values at the downstream location
(below Vantage) are slightly higher for
temperature and some dissolved minerals.
Low carbonate alkalinities, not observed at
Rock Island, were present below Vantage
only during the months of August and Septem-
ber. Water temperatures in the river (away
from the shore) never reached 65* F. The
water was saturated (corrected) with dis-
solved oxygen on nearly all observations,
usually being supersaturated.

Nason Creek near Mouth
Fi‘ures 25 and 26:

This is normally a cool, clear stream
of high quality except when riled by road
construction or by heavy rainfall or snow
melt, Water temperatures for the warmest
month (August) average under 60° F.  The
water is very soft, has a low alkalinity

“and little plant life as evidenced by oxy-

gen saturation on values that are seldom
above 100 percent saturation, Water quality
data collected by the U, S. Fish and Wild-
life Service in 1940 show no significant
change when compared with 1955-57 data.

Chiwawa River near Mouth

e 17, Figures 27 and 28:
Wenatchee River below Plain
able 18, Figures and g

Wenatchee River in Tumwater Canyon
Table 19, Figures 31 and 32:

Water quality at these three loca-
tions is substantially the same. The water
is normally cool, clear, low in dissolved
mineral matter and saturated with oxygen,
pH values do not exceed £.0; total alkalin-
ity and total hardness are less than 27 and
40 mg/1 as CaQ0, respectively; 75 percent
of the time, cofor and turbidity values are
less than maximum values prescribed for
drinking water of 20 and 10 respectively;
and total solids are usually less than 50,

(olumbxa River at Beebe Orchard Bridge
Table 20, Figures 33 and 34:

Water quality values obtained at this
station represent the quality of water
entering the study area. Flow characteris-
tics at Beebe are similar to those at Rock
Island, below Vantage and at Pasco. The
highest observed water temperature was
64.8° F, in September. The river was satu-
rated with oxygen (corrected values) and
in June, dissolved oxygen saturation ex-
ceeded 130 percent (corrected for altitude
and new solubility values)., pH was normally
under 8.0 and carbonate alkalinity was not
found on any of the 18 sampling periods.
Bicarbonate alkalinity averaged about 57
mg/1 at CaQ0, excepting during the period
of low flow fn March when it rose to a
maximum of 72. Total hardness averaged 60
mg/1 as CaQ0, except in March when it rose
to 82, Turbidity and color were signifi-
cant only during the period of high runoff
in May. The high turbidity value of 45 and
color of 17 observed in March 1957 were not
normal for this time of year, These high
values were apparently caused by unseason-

able rainfall in the area as March of 1957
was an exceptionally wet month (20). Total
solids averaged less than 1 ﬁ‘/l In

summary, the Columbia River, as it enters
the survey area, is a coel, moderately,
soft, low-alkalinity stream with no guality
characteristics making it unsuitable for
aguatic life,



Lake Wenatchee
Tables 21 and 22:

Table 21 (page 70) gives the water
quality constituents observed with depth by
the University of Washington from June 1955
through February 1957. Table 22 (page 76)
gives the constituent values observed with
depth by the U. S. Fish and Wildlife Ser-
vice in September, October and November of
1939. The U. S. Fish and Wildlife Service
and the University data compare very closely.
Dissolved oxygen saturation values have not
been corrected for altitude and the new
solubility values. Therefore, each satura-
tion value should be increased by about ©
percent, making most of the shallow samples
saturated with dissolved oxygen.

Strong winds blowing over the lake
tend to keep the water well-mixed with depth.
The only significant quality change with
depth is that of temperature. Stratifica-
tion, as determined by temperature measure-
ments, occurred only in the late summer and
autumn. (See section following on tempera-
ture observations.) Lake Wenatchee is a
typical oligothrophic lake that is low in
dissolved mineral matter, has a continuous
abundance of dissolved oxygen and has cold
water in its greater depths throughout the
year.

The hydrogen-ion concentration (pH)
is less than 7.0 (acidic) most of the year.
Alkalinity was all bicarbonate (HCO;-) and
never exceeded 16 mg/l as CaCO3, Both
carbonate and non-carbonate hardness were
observed with carbonate predominating. Total
hardness was usually less than 15 mg/l as
CaC0,. The water is clear, its color ex-
ceeding 10 only once and its turbidity was
usually less than 10, Total solids were
normally under 50 mg/l. Table 27 summarizes
tables 21 and 22 by listing the minimum,
average and maximum constituent values ob-
served at different depths throughout the
sampling period.

WATER TEMPERATURES

Tables 24 and 25 (pages 86 and 90)
present water temperature data in the sur-
vey area, Table 24 lists average-monthly
water temperatures computed from thermo -
graph records of the U, S. Fish and Wildlife
Service and of the Chelan County P.U.D. The
average temperature is taken as the average
of the daily maximum and minimum tempera-
tures. Thermographs at Pasco, below Grand
Coulee Dam, the mouth of the Snmake River
and the mouth of the Yakima River are oper-
ated for only a portion of each year.
Diurnal temperature variations (as shown

Table 27.--Lake Wenatchee, minimum, average and maximum constituent values

with depth in milligrams per liter.

June 1955 - February 1957,

Depth Less than 15 feet 15 - 75 feet 75 - 125 feet Over 125 feet
Samples 25 17 5 15

Min. Avg. Max . Min, Avg. Max . Min. Avg. Max. Min. Avg. Max.
Water °F. 32.4 48.5 59.4 40.8 48.9 55.5 42.1 45.3 48.4 40.4 44,7 47.4
Dissolved oxygen 9.3 10.4 13.0 9.3 10.3 13.0 9.2 10.4 11.4 8.7 10.3 14.0
Percent saturation 77 88 102 78 83 101 78 86 %0 73 86 108
Carbon dioxide 0.5 2.7 6.5 1 2.0 3.5 1.5 1.9 2.0 1 2.1 5
pH 8.3 6.9 7.6 6.3 6.9 7 6.6 6.7 6.95 6.6 6.8 T
Total alkalinity 8 11 17 8 10 14 9 9 10 8 10 15
Total hardness 6 12 24 7 11 26 6 12 26 6 12 28
Carbonate hardness 6 9 16 7 9 14 6 8 9.5 6 10 15
NG 1S 0 2 12 0 2 14 0 4 17 0 2 13
Sulfates 1.0 1.9 Jel 1.2 2.4 5 L 2.6 4 1.0 2.2 5.2
Color 0 6 20 0 5 20 3 5 9 2 /| 20
Turbidity 2 5 20 2 4 21 2 - 5 2 ¥ 19
Iron 0.00 0.04 0.16 - - - - - - - - 0.03
Copper 0.00 0.01 0.04 = - - = - = - - 0.00
Aluminum 0.00 0.03 0.15 = - = - - = - - 0.00*
Calcium 0.8 3.5 12 - - - - - - - - 0.05*
Magnesium 0.2 0.8 1.6 - - - - CIIN AR - - 0.08*
Sodium 0.3 b 15 - - - - - - - - 4.0 >
Potassium 0.1 1.0 2.0 - - - - - - - - 1.0 =
Solids 10 35 87 6 37 90 10 33 46 9 35 51
Conductivity 25° 19 27 45 19 26 27.6 20.5. 23 25 19 22 27

* Single observation - Ca and Mg values appear in error.
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Table 28 - Thermograph Stations in the Wenatchee River Basine

# 1 - 150' downstream from U.S5.G.S. gaging station at Lake Wenatchee outlet.
# 2 - Nason Creek - on bridge to Lake Wenatchee State Park.

# 3 - Chiwvawa River - 200' upstream from highway bridge.

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

# 5 - Wenatchee River - at highway bridge above Tumwater Canyon,
# 6 - Wenatchee River - at water intake to hatchery about 2 miles above Leavenworth,

# 7 - Icicle Creek - at County Highway bridge near hatchery about 1 mile above
mouth,

# 8 - Wenatchee River - at Peshastin Bridge.

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

#10 - Wenatchee River - spare instrument installed at Dryden Power Plant canal
intake,

#11 - Wenatchee River - at Stein's Hill, about 2 miles above Cashsmere.
#12 - Wenatchee River - at Monitor Bridge on Wenatchee River. (Summer operation
only)

»# Stations 1-11 established by Chelan County P.U.D. in August, 1955
Station 12 is 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: 3° F. in the Columbia
River at McNary Dam; 7° F. in the Columbia
River at Pasco; 2° F. in the Columbia River
at Rock Island; 3° F. in the Columbia River
below Grand Coulee Dam; 5° F. in the Snake
River; 9° F. in the Yakima River near
Richland; 15.5° F. in Lake Wenatchee outlet;

10° F. in the Wenatchee River at Monitor;
11° F. in Nason Creek; 10° F. in the Chiwawa
River; 10° F. in the Wenatchee River below
Dryden; 6.5° F. in the Wenatchee River above

Leavenworth; and 8° F. in the Wenatchee

River below Plain.

Figures 35 and 36 illustrate the wide
range between the minimum and maximum daily
temperatures observed in each month of the
year during the survey period. For example,
the minimum temperature of 36° F. shown on
figure 35 for the Chiwawa River during May
is the coldest temperature observed in the
Chiwawa River during May of 1956. Daily
water temperatures in excess of 65° F. were
observed at all stations with the exception
of the Columbia River below Grand Coulee
Dam, Icicle Creek 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 Columbia River
at McNary Dam and at Pasco. They approached
this value in the Wenatchee River during
August 1956.

Figure 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 Wenatchee on Wenatchee River water
temperatures. From September until March,
Lake Wenatchee discharges water warmer than
that found downstream while from March
through August, the lake discharges cooler
water than is found downstream. In August,
there is a marked temperature rise from the
lake outlet to Plain, 9 miles downstream,
followed by little temperature change through
Tumwater Canyon to below Dryden, a distance
of 31 miles. A marked temperm ture rise
again occurs 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 colder waters of Icicle Creek reduce
the river temperature below Leavenworth.

Table 25 (page 90) is a tabulation of
water temperatures with depth observed in
Lake Wenatchee from July 1955 to December
1956. Figure 38 is a plot of these tempera-
tures at selected depths during 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 32° F. and that the deeper
water is at the temperature of maximum den-
sity, 4° C. or 39.2° F. Thermoclines were

Table 29.--Average monthly water temperatures in the Wenatchee River at Monitor,

U. S. Fish and Wildlife Service thermograph station, 5 miles from river mouth.
April May  June July August September 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 6.5 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
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 temperature gradients observed in the
spring, summer and autumn. Vertical mixing
of the entire lake can be expected in the
overturn periods in the spring and autumn.

WATER QUALITY CHANGES FROM UPSTREAM
TO DOWNSTREAM LOCATIONS

Figures 40 and 41 depict the change
in water quality in the Columbia River
during the month of August 1956 as the
river flows from the upstream station at
Beebe Orchard Bridge to the downstream
station at McNary Dam, a river distance of
212 miles. In general, the Columbia River
water quality changes are small between
Beebe and Pasco. The increase in water
temperature is the only significant change.
Values shown below Vantage for temperature,
calcium, sodium and conductivity tend to
be high because of the sampling station
location. The decrease in alkalinity,
hardness and conductivity below Beebe is
due to the dilution afforded by the higher-
quality water in the Chelan, Entiat and
Wenatchee Rivers. An abrupt increase in
constituent values occurs between Pasco and
McNary Dam, caused by the warm, mineralized
Snake River which is tributary to the
Columbia River below Pasco. For the period
depicted on figures 40 and 41, the water
temperature increases from 66.4 to 67.5° F.
between Pasco and McNary Dam; total alka-
linity from 60.5 to 79 mg/l; total hardness
from 66.5 to 75 mg/l; sulfates from 11 to
19 mg/1; calcium from 19.4 to 21.4 mg/1;
sodium from 2 to 5 mg/l; total solids from
100 to 140 mg/1; and conductivity from 145
to 176 micromhos per cm.

Figures 42 and 43 (pages 105 and 106)
show the change in water quality for the
“.natchee River in August 1956, as it flows

Lake Wenatchee to its confluence with
the Columbia River, a distance of 55 river
miles, Nearly all quality values show a
gradual increase from Lake Wenatchee to the
river mouth, Water temperature increases
from 57.5 to 64.9° F.; total alkalinity
from 9 to 18 mg/l; total hardness from 8 to
16,5 mg/1; calcium from 1.5 to 5.3 mg/l;
magnesium from 0,4 to 2 mg/l; sodium from
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0.9 to 2 mg/1l; total solids from 21 to 58
mg/l; and conductivity from 20 to 49 micro-
mhos per cm. The decrease in sulfates
below Lake Wenatchee was caused by dilution
of Lake Wenatchee water with lower-sulfate-
bearing water in the Chiwawa River and
Nason Creek. A reduction in conductivity
is shown between the station below Plain
and Tumwater Canyon. This reduction is not
correct as all other data show a slight
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, Wenatchee 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 Cashmere was 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 and 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 acres. 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 changes
during this 45-year period have been in
roadbuilding, agriculture and in logging
where many coniferous trees have been
replaced with deciduous trees. It is then
to be anticipated that the water chemistry
in 1954-57 would show some increase in
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Times led
Flow x 10
Total Alk.
Sulfate

Color
Turbidity

Ca + Mg

Na + K

Total Solids
Iron

Total Hardness

Times S led
Flow x 10
Total Alk,
Sulfate

Color
Turbidity
Ca + Mg
Na + K
Total Solids
Iron

Total Hardness

Table 30 - Water Quality Comparisons, Wenatchee River, 1910-11
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dissolved substances, turbidity, and color, Table 31 gives the weighted-average

over that observed in 1910-11 because of (weighted "according to flow) constituent
soil tilling, removal of natural vegetative values for these two comparison periods.
covering and because of the addition of Values were weighted only for those months
deciduous tree leaves that impart color to where data were available during both
water. periods. Percentage increases were: total

ralkalinity 43; total hardness
26; total solids 62; calcium
plus magnesium 19; sodium plus

Table 31.--Weighted-average constituent values potassium 0.0; color 125; tur-
in the Wenatchee River, 1910 and 1954-57%. bidity 14; and iron 0.0 percent.
Sulfate decreased by 71 percent.
At Cashmere Near mouth The reduction in sulfate may
1910-11 1954-57 be due to a difference in test
T T technique or it may be due to
Flow x 1000 C.F.S. 4.2 4.47 high sulfate values in 1910-11

when rapid leeching was taking

Total alkalinity 21 mg/l &2 mg/1 place in newly irrigated lands.
Total hardness 23 mg/1 29 mg/1
Weighted-average constit-
Total solids 50 mg/1 81 mg/1 uent values are obtained by
Sulfate 7.7 mg/1 2.2 mg/l myltiplying the avefage—monthly
3 1/ discharge for the times of
Ca + Mg = 7.0 mg/1 8.3 mg/1 sampling by the average values
Na + K X/ 3.6 mg/l 3.6 mg/l of the individual constituents
2 for the month and dividing the
Color = 8 units 18 units year's sum of these products
Turbidity 14 units 16 units by the total discharge for the
1/ year. These weighted-average
ixon = 0.02 mg/1 0.02 mg/1 values are affected by high-
flow periods as dissolved con-
* Weighted according to flow for average-monthly stituents are usually low
values shown in table 30. during period of high discharge.
Thus, weighted-average constit-
1/ Less months of February, April and May. uent values will show lower

concentrations than those values

2/ For March, April, May and June only.
v obtained by averaging the

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

At Cashmere Near mouth

1910-11 1954-57
Total alkalinity 84.78 124,11
Sulfate 3121 9. 57
ca + Mg X/ 16.16 24.85
Na + K 1/ 8.43 10.902
Total solids 237.9 352.1
Iron . § 0.044 0.043
Total hardness 91.94 127.4

1/ Less months of February, April and May.
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individual analyses over a period of a year. basis, of about 40 percent and the color
The concentration of a dissolved constituent and turbidity have perhaps doubled.

is not inversely proportional to flow on a

direct basis. During high-flow periods, the

concentration of a constituent per unit CHANGE IN DISSOLVED CONSTITUENTS
volume of flow is less than during low-flow BETWEEN RIVER STATIONS
periods.

The specific conductance of a natural
Perhaps a better method of constituent water indicates the total concentration of

comparison between time periods could be the ionized constituents and it usually
made on the basis of annual pounds dis- correlates closely with the dissolved solids
charged, providing there was not a great or residue in the water. Determinations
difference in the yearly discharge between for specific conductance are rapid, precise
the time periods. Since the mean annual and the sample is not consumed or altered.
flows in these two periods under comparison Table 33 gives the average ratio (of a
are close, table 32 has been prepared to large number of individual determinations)
show the constituents discharged during between dissolved solids and specific con-
these two periods in 103 tons per year. On ductance for stream stations in the survey
this basis, the percent increase in constit- area. Values shown for the Wenatchee River
uents between 1910-11 and 1954-57 was: are subject to error (solids values too
Total alkalinity 46; calcium plus magnesium high) since they were computed on the basis
54; sodium plus potassium 29; total solids of total and not dissolved solids. (Uni-
48; and total hardness 39 percent. Iron versity of Washington quality tests were
values were substantially the same while made for total solids and not for dissolved
sulfate decreased 70 percent. This compari- and suspended solids.)
son method gives higher-percentage increases
for most of the constituents. Since individual specific conductance
values are subject to less error than are
In summary, the activities of man in individual solids determination, the ratios
the Wenatchee River Basin between 1910-11 of dissolved solids to specific conductance
and 1954-57 has increased the dissolved from table 33 were used with specific con-
constituents in the river, on an overall ductance values from tables 6 to 21 to get
1/

Table 33.--Ratio of dissolved solids to specific conductance =

Average Average
dissolved specific
No. colids conductance
Stream year P.P.M. 25 R Ratio
Columbia River at Grand Coulee 3 89.7 148.3 0.60
Columbia River at Maryhill Ferry 3 1107 176.3 0.63
Yakima River at Cle Elum 1 39 53.4 0.73
Yakima River at Kiona 3 140 212.7 0.66
Snake River at Central Ferry 2 177 274 0.65
Snake River at Kings Hill 2 312 492 0.64
. 2
Wenatchee River at Lake Wenatchee 2F 38 23 1.65
2

Wenatchee River near Wenatchee &/ 2 52 56 0.93

1/ Using U.S.G.S. data for yearly-weighted-average values.

2/ Using University of Washington data with total solids
where turbidity was less than 10.
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GIT

Columbia R, at
Beebe

Columbia R. at
McNary Dam

Difference

Snake R, at
Mouth 1

Yakima R. at
Thorp

Yakima R. at
Enterprise

Difference

Wenatchee R. at
Lake Wen, 2

Wenatchee R. at
Sleepy Hollow

Difference

Table 34~ Change in Dissolved Constituents Between River Stations,
Using Specific Conductamce as Measure of Dissolved Solids.

JAN

17,900
39,200
21,300

16,000

0.16
0.9L

0.78

0.186

FEB

16,800

43,300

26,500

16,800

0.08L

1.07
0.986
0.090
0.195

0.105

13,700

39,000

25,300

12,500

0.082
1ol

1.1L8

See Tableg 6 - 21 and 33

Tons -per-Day
APR MAY JUNE
30,000 52,000 69,000
71,000 75,000% 11L,000
1,000 23,000 L5,000
32,200 27,700 22,600
-- 0.33 0.38
- 2.28 2.08
- 1.95 1.70
0.151 1.02 0.51
1.08 1.53 1.23
0.929 0.51 0.72

JULY

37,600

86,500

18,5900

14,900

0.33
1.54
1.21
0.359
0.785

0.426

AUG

25,500

55,000

29,500

13,900

0.29
1,22
0.93
0.102
0.335

0.233

SEPT

14,900

Li2,000

27,100

13,600

0.2L
1.20
0.9
0.050
0.150

0.100

1L,000

L0,200

26,200

19,700

0.15

1.5
0.003
0.2%

00173

NOV

1L, L00

40,600

26,200

18,500

1.38
0.086
0.350

0.26L

DEC

12,100

33,600

21,500

18,800

0.58
2,05
1.L7
0.312
0.L80

0.168

1 Snake R. contributes 63 per cent of yearly solids increase in Columbia R. between Beebe and McNary Dam,
2 Using Lake Wenatchee Water Quality
# Value appears low



an approximate measure of total dissolved
solids. Using the flow data in the tables,
these approximate dissolved solids values
were 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. These
values are shown in table 34 which indicates
that 63 percent of the yearly solids in-
crease in the Columbia River between Beebe
and McNary 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 remaining 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 anomaly is that
most of the Wenatchee watershed contributes
flow to the river whereas much of the Yakima
watershed contributes very little flow. In
the Wenatchee River watershed the annual
runoff is 2.9 c.f.s. per square mile while
in the Yakima River watershed it is only
Q.57 c,f.S. per|square mile,

EFFECT OF PROPOSED IMPOUNDMENTS
ON FUTURE WATER QUALITY

The reservoirs 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 type
where the retention period for river water
in each reservoir will be from less than one
day during flood stage to perhaps a maximum
of 6 to 10 days during periods of low stream
flow. Average reservoir water depths will
be under 50 feet. During periods of low
stream flow (August to April) the entire
river discharge will pass through the tur-
bines whose intakes are located near the
‘reservoir bottom. Because of the shallow-
ness and large length-to-width ratio in
these impoundments, there should be good
vertical and horizontal mixing with little
Stratification. Surface water temperatures
near the dam, when all river discharge is
going through the turbines, may exceed aver-
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age reservoir temperatures by 1 to 3° F,

In McNary Reservoir, which is similar to

the proposed reservoirs, very little strati-
fication was observed (29). Since these
hydroelectric facilities will be used for
""peaking" l& large diurnal fluctuations in
downstream flow and fluctuations in reser-
voir elevation can be expected during the
period of low stream flow. The extent of
these "peaking' flow and reservoir fluctua-
tions will depend upon the operational
characteristics of each installation and
upon how much water is released to the in-
stallation from upstream impoundments. With
the ultimate development of this stretch in
the Columbia River (perhaps within the next
ten years) there will be a continuous up-
stream succession of impoundments and diur-
nal "peaking" effects will be apparent only
along the reservoir shorelines. The only
effect on water quality from these "peaking"
operations will be a tendency to increase
water temperatures slightly as water will

be impounded during periods of daylight and
released during hours of darkness or reduced
solar radiation. A considerable portion of
this diurnal impoundment increase will be

in the shallower reservoir areas,

Maximum reservoir drawdown in these
run-of-river power facilities will normally
be from 5 to 10 feet. Therefore, unusually
high September water temperatures downstream
from these dams will not be experienced as
they are when the deep Grand Coulee and
Merwin reservoirs (5) are drawn down in
September. This does not imply that high
water temperatures will not be experienced
in September at these reservoirs under dis-
cussion. The average August water tempera-
ture increase through four reservoirs in
the Columbia River Basin (5) was 0.9° F.
for each 10,000 acres of impoundment area.
If this same temperature increase is experi-
enced in the Columbia River after the Wells,
Rocky Reach, Wanapum, Priest Rapids, We-
natchee and Ben Franklin Dams are completed,
the August 1956 mean water temperatures
(highest for the study period) will be

1/ '"Peaking'" is the daily storage of water
in a reservoir during periods of lower
power demand (daylight and early morn-
ing hours) that is released through the
turbines during daily periods of higher
power demand (say from 5:00 to 11:00
P.M.)



increased in the future from 64.9 to 65.1°
F. at Monitor on the Wenatchee River; from
63.2 to 64.8% F. at Rock Island and from
66.4 to 71.4° F. at Pasco, both on the
Columbia River, Maximum water temperatures
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 proposed
dams (or a portion of them) were to be high
dams with large impoundments having a high
depth-to-area ratio, the downstream water
temperatures would probably be cooled rather
than warmed during the summer (as is the
case with Lake Roosevelt and Grand Coulee
Dam).

Columbia and Wenatchee river water
is low in dissolved and suspended organic
matter. The areas where water is to be
impounded are also low in organic matter
(providing the Wenatchee Reservoir site is
cleared of timber). Therefore it is ex-
pected that decomposition in the lower res-
ervoir levels will be minor and that there
will be no appreciable change in dissolved
oxygen due to bacterial decomposition of
organic matter. Other decomposition pro-
ducts, such as carbon dioxide, ammonia and
sulfides should also be insignificant in
the reservoirs and downstream water. One
to two p.p.m. less dissolved oxygen should
be experienced between the Wells Dam and
Pasco during the late summer after the dams
have been built because of an increase in
water temperature and because of reduced
aeration. This anticipated drop in dis-
solved oxygen may be more 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
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beneficial by augmenting the present food
supply. Water turbidity during the flood
season should be reduced by deposition in
the reservoirs. Water color may be reduced
through increased bleaching by the sun in
the new reservoirs.

SUMMARY

A water quality study has been made
in the Wenatchee River Basin and on the
Columbia River from Beebe (near Chelan) to
McNary Dam for the purpose of ascertaining
the effect proposed dam construction will
have on water quality and its relation to
aquatic life, Six dams are under construc-
tion or are proposed for construction in
this section of the Columbia River and its
tributaries. These will be low-head run-
of-river hydroelectric facilities. Fourteen
water sampling stations were established
in the study area. Water samples were
analyzed for the common constituents and
for other constituents which might affect
aquatic life.

Water guality data were summarized
and documented. These data will make it
possible to evaluate future water quality
data obtained after the dams have been
constructed. U. S. Fish and Wildlife Ser-
vice and Chelan County P.U.D. thermograph
records of water temperature have been
summarized and analyzed. U, S. Geological
Survey quality of water data have been
used when applicable. A comparison was
made of 1910-11 water quality in the We-
natchee River with that observed in the
1954-57 period.

The Wenatchee River and its tribu-
taries are cool, "clean" waters. They are
low in dissolved constituents and are low
in suspended matter except during periods
of high runoff. The Columbia River between
Beebe and Pasco usually has maximum tem-
peratures 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 McNary Dam shows a marked 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.
Water quality data obtained from all 1
stations throughout the year gave no data,

3



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 tempera-
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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