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ABSTRACT

Backwat ers and protected sites |ocated al ong the Col unbia River
bet ween John Day and Priest Rapids dans, and the |ower reaches of the
Unatilla, Yakinma, and Snake rivers were surveyed to determne their
suitability for experinmental rearing of age-0 fall (upriver bright) chinook
salnmon. Al but eight potential study sites observed were judged as
unusabl e based on criteria which included depth, area, accessibility,
potential water level and tenperature fluctuations, entrance-access to the
river, public use, and obvious water quality problems. These eight sites
were then thoroughly evaluated to determine suitability for rearing studies,
using water quality and biological data to supplenent physical observations.
The criteria used in the final selection of rearing sites included an
assessnent of water source, depth, tenperature, and quality, proximty to
natural spawning sites, ease of adult capture, and benthos and zoopl ankton
abundance.

Two sites were selected as satisfying the nost criteria for
experinmental rearing studies: Rock Creek (river km 337) and Soci al
Security Pond (river km 468). Al other sites surveyed were ranked as

either less desirable, or unusable for these studies.



| NTRCDUCT! ON

H storical anadronous fish popul ati ons have been severely inpacted by
the construction and operation of hydroel ectric dans on the Col unbia River.
Previously used spawning and nursery habitat has either been elim nated,

i nundat ed, or rendered usel ess by main stemdans and reservoirs. These

| osses have been partly conpensated for by increased hatchery production,
especially in the Columbia River stretch below The Dalles Dam  For
exanpl e, conpensation for |ost spawning habitat of fall chinook sal mon
caused by the John Day Project has been the release of fish reared at
Bonnevil |l e Hatchery (Oregon Department of Fish and Wldlife) and at Spring
Creek National Fish Hatchery (U S. Fish and Wldlife Service). The adults,
however, return to the hatcheries from where they are released and do not
enter the fishery above the respective points of origin. Therefore, it has
becone necessary to devel op a nethodol ogy for moving the production of the
anadromous fishery back into the upper reaches of the Colunbia River Basin.

The goal of the present project is to determne the feasibility of
rearing and acclinmating age-0 fall (upriver bright) chinook salmon in
"off-station" facilities (an acclimtion pond and a backwater) | ocated
above John Day Dam  Should the nethodol ogy prove feasible in returning
adults into the John Day reach, it could be applied throughout the Col unbia
River Basin. Returning adults will be available for harvest by the Zone VI
Indian fishery, for brood stock in subsequent off-station rearing projects

and for outplanting in nearby rivers and streans.



The primary task in 1983 was to select a suitable backwater and a pond
bet ween John Day and Priest Rapids dams where fall chinook sal mon coul d be
reared, released, and subsequently recaptured. Future tasks will
concentrate on devel opi ng net hodol gy to pen-rear and acclimte juvenile
fall chinook sal non, on conparing off-station rearing with hatchery

production, and on capturing and evaluating the returning adults

Study Location, Criteria, and Methods

Accessi bl e backwat ers and ponds from John Day Dam (river km 348) to
Priest Rapids Dam (river km 639) and the |ower reaches of the Umatilla
Yaki ma, and Snake rivers were surveyed for possible use as rearing areas
for age-0 fall chinook salmon (Figure 1). Aerial photographs, U S.
geo ogical Survey topography maps, a river cruising/navigation atlas,
various road maps, and personal comunication with other fishery workers
in the area were used to identify potential sites and access routes.
Locations considered accessible and potentially usable were then visited
during a "wi ndshield" survey in June and July. Specific sanpling dates,
observations, and sanpling detail varied anmong |ocations as sites were
elimnated from further consideration because they did not neet established
criteria

Initial criteria used in evaluating sites were depth, area
accessibility, potential for water tenperature or level fluctuations
excessive current or wave action, entrance-access to the river, public use

and obvious potential water quality problens.



Priest Rapids Dam
e |

lLocation Name:

1. Priest Rapids
2. Unnared Area
3. Vernita Bridre
4. Unnared Area
5. Coyotee Rapids
6. Unnamed Area
7. White Bluffs Ferry (above)
8. Write Bluffs Ferry (east)
2. wWhite Bluffs Slouch

10. F 100 Slough

11. Banford Slough

12. Jap Slough

13. Rincold Hatchery

14. Lower Yakima River

15. Bateman Island

16. NMFS-Pasco

17. Lower Snake River

18. Standard 0il Pond

19. villard Pond

20. Unnared Area

21. Casey Slough

22. Hover Pond

23. wWallula State Park

24. Hat Rock Area

25. Social Security Pond

26. Lower Umatilla River

27. Paterson Slough

23. McCormick Slough

29. thitcome Island

30. $ix Mile Canyon

31. Alder Creek

32. Willow Creek

33. Jones Canyon

34. Rock Creek

John Day Dam
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McNary Dam
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Figure 1. Columbia River basin from John Day Dam to Priest Rapids
Dam indicating areas considered for pen rearing studies.



The purpose for choosing these initial criteria were

Depth - Mnimumrequired depth for maintaining pens was established at
6.1 mto insure proper bottomclearance and effective water novenent around
and through enclosures. Therefore, all sites not at least 6.1 m deep at
mnimum water |evel were considered unacceptable.

Area - Sites observed were limted to those regarded to be of
sufficient size to construct a series of net-pen enclosures which wll
cover about .03 ha.

Access - Once fish are placed into the enclosures, it will be
necessary to closely nonitor and provide care for them until release
Suitable access for construction and installation of rearing enclosures is
al so essential.

VWater tenperature and level fluctuations - Excessive tenperature

fluctuations are unacceptabl e because of the inability of fishin
enclosures to escape undesirable tenmperatures. Vater level fluctuations
woul d hanper placenent and mai ntenance of encl osures.

Public use - Vandalismand curious observers coul d disrupt experinents,
thus heavily used sites were of low priority.

Water quality problems - Water quality concerns primarily included

potential |ow dissolved oxygen concentrations and watershed drainage into
backwaters.  Confining fish in enclosures for the intended studies will
prohibit them from avoiding unacceptable water quality conditions by
emgrating into a nore desirable zone

Sites judged to meet the mininum qualifications were evaluated in

nore detail. Final criteria for site selection were uniqueness of water



source, feasibility of adult capture, proximty to natural spawning areas,
water quality, benthic and zoopl ankton estimtes and nore detailed physica
profiles. Biological data and water chenmistry characteristics were not
enphasi zed because sanpling occurred in July-Septenber, rather than during
the proposed spring rearing period. Reasons for establishing these final
criteria were:

Water source - As juveniles the fish adapt to distinct ambient odors

in their surroundings. Wen they return as adults they seek out the odors
to which they were exposed during their stay in respective natal streanms or
other points of origin.

Study results will be partially evaluated on the basis of returning
adults; hence, inprinting fish to unique water odors and luring them back
to the sites fromwhere they are released was a primry concern addressed
in choosing final study sites. Finding a water source wth unique
characteristics was preferable over the introduction of artificial odors
because of uncertainties in the success and i mpl ementatin of using an
artificial inmprinting medi umsuch as norphol i ne.

Adult capture - In order to fully evaluate the success of the study it

will be necessary to capture returning adults. Feasibility and construction
of efficient capture facilities was evaluated at each of the study sites.

Proximty to natural spawning areas - Returning adults not captured

could spawn in natural areas within relatively close proximty to study

sites if suitable habitats were available.



VWater quality - A thorough water quality profile of each study site

was obtained in order that those areas with obscure water quality problens
coul d be elimnated.

Bent hi ¢ and zoopl ankt on estimates - The conposition of the natural

food supply and relative densities were determned in order that the
nunbers of available prey could be conpared among sites.

Physical profiles - Depth and contour maps were prepared from detail ed

depth and measurenent observations at each sanple site. Bottom contour and
water volume will be inportant in final placenment of study enclosures.
Water quality paraneters, including dissolved oxygen, pH conductivity,
and tenperature were recorded (at two-week intervals where possible) using
a multi-parameter water analyzer; during part of the study an oxygen-
tenperature meter, a conductivity neter, and a pH neter were used.
A thorough water quality analysis obtained once included: alkalinity,
hardness, nitrate and nitrite, anmonia, orthophosphate, sulfate, cadm um
chloride, calcium cobalt, |ead, magnesium nolybdenum sodium sulfide,
and total and dissolved copper, iron, manganese, and zinc. Sanples were
col lected, preserved, and shipped to a commercial testing |aboratory for
analysis. sechi disk transparencies were recorded on each sanple date.
Two replicate zooplankton tows were taken twice during the study at
those sites satisfying final criteria (except Rock Creek, which was
sanpled only once). Tows were made usiyg a netered high speed MIler
sanpler with a 153 um mesh net. The sanpler was towed from near bottom to
surface in an oblique fashion. Three replicate benthos sanples were taken

once at each site using a mni-Ponar dredge (sanple area 0.023 m*) and
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were sieved through a 600 um mesh screen. Sanples were preserved in 10%
formalin and returned to the | aboratory where benthic organi sns were

identified and enumerated to the | owest practicable taxon.

Resul ts

Thirty-four sites along the Colunbia River fromPriest Rapids Damto
John Day Dam including the lower Umatilla, Yakima, and Snake rivers, were
considered as possible sites for pen rearing (Table 1 and Appendix Tables
A B, and C). Maximumdepths at these sites ranged from0.9 mto over 12.0
m and surface areas from0.1 to about 260 ha. Depths of less than 6.1 m
at low water were found in the majority of the backwaters. A though
surface area was not a critical element in the selection process, areas
extrenely small or large were considered |less desirable than others.
Access to all sites surveyed was variable but generally adequate for the
study. Potential tenperature and water |evel fluctuations in the reach
fromPriest Rapids to the headwaters of MNary reservoir (about river km
522) made sites located along this stretch less desirable than other
areas based on backwater exposure, |ocation and susceptiblility to
discharge variations. No suitable sites off the main channel, and
protected fromthe main current, were found in the |ower reaches of the
Umatilla and Yakima rivers. Lower reaches of both rivers were
characterized by shallow depths, unstable bottoms and potential

unacceptabl e water 1 evel and tenperature fluctuations.



Table 1.  Nane, location, and summary of intial selection criteria for all
areas consi dered duri ng reconnaissance survey. (River nile in
par ent heses)

Nane Location  Max. Depth™ Surface Area Access  Stability
(river km (m (ha) (temp &
water level

Rock Creek 367 (228) 12.8 22.7 Excellent Good

Jones Canyon 386 (240) 4.9 2.0 Good Good

WiTlow Creek 397 (252) 9.4 78.1 Good Excellent

Alder Creek 416 (258) 2.4 14,7 Good Good

Six Mile Canyon 418 (260) - 1.2 Good Good

Whitcomb Island 430 (267) 4.6 55.1 Good Good

McCormick Slough 441 (274) 3.6 261.3 Good Good

Paterson Slough 447 (287) 2.7 7.8 Good Good

Lower Umatilla River

(lower 48 km) 462 (289) (backwaters shatlow and unstable)
Social Security Pond 468 (291) 6.7 7.0 Good Excellent
McNary Ponds 468 (291) <6.1 5.0 Good Excellent
Hat Rock area 479 (298) 0.9 10.2 Excellent Good
Wallula State Park 505 (314) 0.9 45.5 Good Good
Hover Pond 510 (317) 3.3 8.8 Good Fair
Casey Slough 512 (318) 4.6 156.5 Good Good
Unnamed area 515 (320) <6.1 71.4 Poor Fair
Villard Pond 520 (323) 5.5% 11.0 Good Good
Standard 0i1 Pond 520 (323) - Excellent Good
Lower Snake River

(Ice Harbor to

mouth) 522 (324) (backwaters all extremely shallow - no ponds)
NMFS - Pasco 524 (326) (raceways)
Bateman Island 538 (335) - 5.8 Excellent Fair
Lower Yakima River

(Benton City to

mouth) 539 (335) (backwaters all small and unstable - no ponds)
Ringold Hatchery 571 (355) (hatchery ponds and raceways)
Jap Slough 573 (356) 9.1 4, Fair Fair
Hanford Slough 584 (363) 7.0 17.7 Good Fair
F100 Stough 590 (367) 3.0 1.6-18.2 Poor Poor
White Bluffs Slough 595 (370) 3.7 4.9 Excellent Poor
White Bluffs Ferry

(east) 595 (370) 3.0 1.5 Good Poor
White Bluffs ferry

(above) 596 (370) 4.0 1.9 Good Poor
Unnamed area 603 (375) <6.1 19.6 Good Poor
Coyote Rapids 616 (383) 2.3 0.2 Good Poor
Vernita Bridge 626 (389) <6.1 N.1 Good Poor
Unnamed area 636 (396) 2.4 5.3 Good Poor
Priest Rapids 639 (397) 2.1 38,2 Good Good

! Depths at time of samp11ng unless otherwise noted

2 Maximum depth at minimum pool
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Twenty-six of the original sites surveyed were elimnated after
conparison with the intial criteria of depth, surface area, access, public
use, and stability. Sites were elinnated primarily because of inadequate
depth or potentially high instability. The remaining eight sites selected
for additional evaluation included: Rock Creek (river km367), Jones
Canyon (river km386), WIlow Creek (river km397), Paterson Slough (river
km447), Social Security Pond (river km468), Villard Pond (river km520),
Jap Slough (river km573), and Hanford Slough (river km584). These sites
conformed most closely to the final criteria established for pen-rearing
studies. Depths ranged from6.1 to 12.8 mand surface areas from2.0 to
78.1 ha; access was adequate for all, while potential stability ranged from
fair at Hanford and Jap sloughs to good or excellent in other areas.

One of the primary concerns in selecting final study sites was the
presence of a unique water source to facilitate inprinting fish for their
subsequent return as adults. Rock Creek, WIlow Creek, Social Security
Pond, and Jap Slough were the only sites receiving flow from "unique"
sources-- Rock and WIlow creeks from respective drainage creeks, Socia
Security Pond from effluent water flowng out of a series of upstream
ponds, and Jap Sl ough from suspected subterranean irrigation return flows.
Wter source for Jones Canyon, Paterson Slough, Villard Pond, and Hanford
Slough was the Colunbia River.

Water quality paraneters were generallly within normal levels in the
eight sites (Table 2). Rock Creek, Jones Canyon, WIIlow Creek, Socia
Security Pond, and Hanford Slough had no unusually high or low |evels of

any of the 23 paraneters tested, and no concentrations were above those
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Table 2. Water quality information obtained at primary study sites, 1983. (Al units in my/l;
sanpl e dates in parentheses)

Rock Jones Willow Paterson Social Villard Jap Hanford
Creek Canyon Creek Slough  Security Pond Pond Slough Slough
PARAMETER (10-17) (8-5) (8-5) (9-6) (8-4) (9-7) (8-4) (8-3)
Alkalinity 73 58 58 70 52 67 130 58
(as CaC0,)
Hardness 74 68 72 82 60 72 180 64
(as CaC03)
Nitrate & Nitrite .08 11 .07 1.50 .24 .38 .92 .05
(as N)
Ammonia (total) .06 .21 .06 37% .08 .23% 1.10* .08
Ortho Phosphate .052 .043 016 .025 <.005 .020 <.005 <.005
(as P)
Sulfate (as S0,) 12 3 3 13 8 15 75 2
Cadmium <.002 <.002 <.002 <,002 <.002 <.002 <.002 <.002
Chloride 3 4 2 2 2 2 11 <1.0
Calcium 19 16 16 20 14 18 40 15
Cobalt <.01 <.05 <.05 <.02 <.05 <.02 <.05 <.05
Copper (total) .013 .01 .009 .005 <.005 <.005 <.005 <.005
Copper <,005 <.005 <.005 .005 <.005 <.005 <.005 <,005
(dissolved)
Iron (total .48 .38 .40 .35 .20 .30 .15 .25
Iron (dissolved) .31 .05 .12 <.05 <.05 <.05 <.05 <.05
Lead <.01 <.005 <.005 <.005 <.005 <.005 <.005 <.005
Magnesium 6.0 4.2 4.2 5.1 4.0 5.1 13 3.8
Manganese (total) .06 .06 .03 .12 .04 .03 1.10 .02
Manganese <.01 <.01 .01 .02 <.01 .01 <01 <.01
(dissolved)
Molybdenum <.10 <.10 <.10 <.10 <. 10 <.10 <.10 <.10
Sodium 7.0 4.3 4.1 5.0 4,8 6.0 23 2.1
Zinc (total) .01 .26 .03 .09 .05 .08 .02 .18
Zinc (dissolved) <.01 .04 .03 <.01 .05 .01 .02 .18
Sulfide <.02 <.10 <10 <.02 <.10 <.02 .30 <.10

* Concentrations of un-ionized amonia were above 0.02 ng/l which is the lowest acceptable |evel
for freshwater aquatic life. These concentrations are variable and are affected by pH and
water tenperature (U S. Environmental Protection Agency 1976).



known to be toxic to freshwater organisms (U S Environmental Protection
Agency 1976). However, in Villard Pond and Paterson and Jap sl oughs,
relatively high concentrations of un-ionized amonia were detected. In
addition, at Jap Slough alkalinity, hardness, nitrate-nitrite, sulfate,

cal cium magnesium nanganese, sodium and sul fide concentrations were high
in conparison to other sites; nitrate-nitrite levels were highest in
Paterson Sl ough.

Near surface concentrations of dissolved oxygen ranged from8.4 to
12.0 my/l in the eight study sites (Table 3 and Appendi x Table B). Bottom
concentrations at several of the sites, however, fell undesirably |ow
(below 5.0 ng/l), and occasionally, in late sumer were below 1.0 my/l -

- - lethal to fish during prolonged exposure (Boyd 1979). Those areas
wher e di ssol ved oxygen concentrations near bottom reached either
undesirable or lethal levels (to fish) included Rock Creek, Social Security
Pond, and Jap Slough. Tenperatures varied seasonally, wth higher readings
near surface (Table 3 and Appendix Table B). Tenperatures rarely exceeded
20°C, except for readings taken in late July and August.

The pH level s ranged from7.3 to 9.0, within the nost desirable range
(6.5- 9.0) for fish (Boyd 1981) (Table 3 and Appendix Table B).
Conductivity ranged from 124 to 192 unhos/cmat all sites except Jap Sl ough
where levels were higher, ranging from220 to 695 unhos/cm Secchi di sk
readings were between 66 and 185 cm at sanple sites from Villard Pond
downst ream

The potential natural fish food supply, which will act as a supplenent

to comercial food in subsequent rearing studies wll include zooplankton,

12
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Table 3. Ranges of paraneter values taken at primary study sites.

Rock Jones W1l ow Pat er son Soci al Villard Jap Hanf or d
PARAMETER Creek Canyon Creek Slough  Security Pond  Pond Sl ough Sl ough

Di ssol ved
oxy?en-
surface

(ny 1) 9.5-11.6 9.0-11.9 8.4-10.2 9.2-11.6 8.5-11.8 11.2-12.0 9.0-10.6 10.0-11.7

Di ssol ved
oxygen-
bot t om

(ny 1) 0.5-11.2 3.8-11.0 7.5-10.0 5.6-11.2 3.1-11.1 9.9-10.3 02-6.8 10.0-12.4

Tenper at ur e-
surface
(°c) 8.7-23.5 13-21-7 13.2-21.1 15-19.7  10.8-25.0  10.8-19.5 14.8-24.3 14.0-21.0

Tenper at ur e-
bott om

(°c) 4-16  13-0-20.3 13-20.3  13-18 10.8-19,2  10.8-16.8 13-16.6 14.0-19.1
PH 8. 0* 7.9-8.7 7.4-8.5 8.4-8.6 7.9-8.4 8.6-9.0 7.8-8.5 7.3-8.6

Conductivity
(prhos/ cny 185" 151- 184 151-194  168-182 176- 200 175-275  220-695 124- 141

Secchi di sk
(cn) 66-185 155-163  81-137 89- 96 107- 140 89-137 165-234 196-318

* No other data available



benthos, and terrestrial insects as drift. Zoopl ankton densities are
usual Iy quite variable, depending on fish predation and a host of
environnmental factors, including nutrients, water quality, and water
tenperature (Hutchinson 1967).

M crocrustacean zoopl ankton densities were highest in Paterson and
Jap sloughs, Jones Canyon, and Social Security Pond, internediate at Rock
and WIlow creeks, and [owest at Villard Pond and Hanford Sl ough (Table 4).
Taxonomi ¢ conposition and distribution of the zooplankton varied anong

sanple sites, but Rosmina, Daphnia, Cyclopoida, and Calanoida were commonly

nost abundant wi t h Chydorus, D aphanosonms, Leptodora, Ceriodaphnia, and

Alona, rarely collected.

Bent hos popul ations were nostly conposed of snaller bodied organi sns.
Popul ations were much higher in Villard Pond than at any of the other
sites; relatively high densities were also taken in Hanford Slough, Rock
Creek, Jones Canyon, Social Security Pond, and WIllow Creek (Table 5).
Low densities were encountered at Paterson and Jap sloughs. Oigochaeta
was the nost abundant taxon col | ected fromall sites; Chironom dae was
the only other taxon conmonly col | ected. Nenmatoda and Anphi poda were
found in relatively high numbers in some areas. Qther taxa collected
i ncl uded Chaoborus (Social Security Pond), Hexagenia (Villard Pond),
Pol ychaeta (Jones Canyon), and Muscul i um(Jap Sl ough).

14
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Table 4. Nunmber per liter of mcrocrustacean zooplankton collected at primary study sites, 1983. (Sanple
dates in parentheses)

Rock Jones Willow Paterson Social Villard Jap Hanford

Creek Canyon Creek Slough Security Pond Pond Stough Stough
TAXON  (10-17) (8-5) (9-22) (8-5) (9-22) (9-6) (9-21) (8-4) (9-22) (9-7) (9-20) (8-3) (9-19) (8-3) (9-19)
Cycl opoi da 4.5 252 24.1 1.9 13.5 1221 37.8 26.8 10.0 33 1.9 584 334 13 0.2
Cal anoi da 0.2 0.1 1.0 0.4 0.4 266 0.2 12.7 43.5 1.4 1.0 2.2 40.4 0.2 T
Daphni a 4.8 80.3 49.0 56.3 9.2 0.0 13.6 131.4 9.5 12.4 6.6 28.2 41.2 T T
Bosm na 61.9 4.8 25.1 T 1.9 13.4 339.4 0.0 0.2 0.1 15 2.5 3.8 30 3.0
Chydor us 0.0 0.0 0.4 0.0 0.0 3.6 11.0 0.0 0.0 0.0 0.1 0.4 0.0 T 0.0

Di aphanosona. 0.0 0.0 0.3 0.2 0.0 0.0 0.0 0.7 8.2 0.0 01 21.0 5.8 T 01

Lept odor a 0.0 0.7 0.0 0.2 T 0.2 0.2 0.0 0.4 T T 0.1 01 0.0 T
Ceriodaphnia 0.0 0.0 0.6 0.0 0.0 0.4 0.8 0.0 0.0 0.2 0.0 0.9 09 01 0.1

Al ona 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 T 0.1 0.0 0.0 T 0.0

Total No. 71.7 111.1 100.5 59.0 25.0 166.3 403.0 171.6 71.8 17.4 11.3 113.7 125.6 4.6 3.4
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Table 5. Nunber per square neter of benthic organisns collected fromprimary sanpling sites,
1983. (Sanple dates in parentheses)

Rock Jones Willow Paterson Social Vitlard Jap Hanford

Creek Canyon  Creek ~Slough  Security Pond Pond STough STough
TAXON (10-17) (8-5) (8-5) (9-6) (8-4) (9-7) (8-3) (8-3)
Qi gochaet a 4,045 3,879 2,672 132 2, 888 12,012 1,724 6, 983
Chi rononi dae 861 345 345 258 215 1,679 56 129
Nenat oda 0 56 43 0 216 0 0 0
Chaobor us 0 0 0 0 13 0 0 0
Hexageni a 0 0 0 0 0 43 0 0
Anphi poda 0 0 0 0 0 1,765 0 0
Pol ychaet a 0 43 0 0 0 0 0 0
Muscul i um 0 0 0 0 0 0 13 0

Tot al No./m? 4,906 4,323 3,060 990 3,332 15, 499 1,793 7,112




DI SCUSSI ON

The nunber of sites found suitable for experinental rearing of age-0
fall chinook salnmon was small conpared to the total nunber surveyed. The
eight primary study sites, selected from 34 original sites, were ranked in
order of how closely they net the final criteria considered essential for
successful backwater and pond rearing studies. Positive and negative
aspects of each site were considered based on their suitability as study
sites and not strictly on their potential as management production areas.
Physical features were enphasized and were the domnant criteria in fina
ranking of study sites since biological and chem cal paraneters were not

determned during the season of the year when rearing will occur.

1. Rock Creek

Positive Aspects - Rock Creek has adequate depth and surface area for

construction of pen and blockseine enclosures. Tenperature fluctuations
woul d probably not be extrene, especially during April and My, because the
siteis relatively protected and flow surges fromthe Colunbia River are
mniml. Water level fluctuations would be primarily associated wth
operations of John Day Dam fluctuations of 0.3 - 1 mare common, but since
the site is quite deep the enclosures should not be affected if properly
| ocat ed.

Wter quality, and benthos and zoopl ankton densities at this site were
acceptable with one exception--|ow dissolved oxygen concentrations were

recorded near bottomin July 1979 (U S. Fish & Wldlife 1980). Brief
17



periods of |ow oxygen |evels can be expected near bottomin nost backwaters
during warm months. However, the present study proposes to release fish
prior to the summer period when oxygen conditions may become |imting.
In addition, extension of pens to within only 3 mof the bottom shoul d
mnimze any effects of |ow dissol ved oxygen concentrations near bottom
Rock Creek proper provides a unique water source for inprinting and
there is evidence that fall chinook adults have returned to use the stream
as a natural spawning area (Personal observation, fall 1983). Traps could
be easily installed near the water source for adult capture.

Negative Aspects - The primary disadvantage for using this site may

be the potential for vandalism COher fishery workers have indicated that
vandal s have been a major problemin Rock Creek, and because of the

i solated location, few patrols are made through the area by local |aw
enforcenent officials.

Qther natural spawning areas are not apparent within several mles of
Rock Creek. In dry years natural low flows from Rock Creek may limt its
use for natural spawning.

Sunmary - Rock Creek backwater has a unique water source, satisfies
desired depth requirements, and is relatively protected, facilitating
construction of blockseine and adult capture facilities. The water source,
Rock Creek, could act as a natural spawning area for adult returns.
Vandal s can be discouraged by requesting routine patrols, proper placenment

of enclosures, and signs explaining the project.

18



2. Social Security Pond

Positive Aspects - Social Security Pond is the last in a series of

smal | recreation ponds |ocated bel ow MNary Dam The water source is from
the ponds above, making it unique for inprinting. Flow through the pond is
relatively constant and water levels do not fluctuate. Depth, surface area
water quality, and biological sanples were all adequate for rearing studies.
Vandal i sm shoul d be mninmal because the area is routinely patrolled. Snolt
release and adult trapping should be relatively easy and this |ocation was
the only site surveyed which resenbled a usable acclimtion pond

Negative Aspects - Flow through the pond may not be adequate to

exchange water in and near the pens. The conbination of | owwater exchange
and build-up of excess food and waste may resuft in |ower dissolved oxygen
concentrations than desired.

-Summary Social Security Pond is an appropriate site for rearing
studi es because of its |ocation adjacent to the river, stability, size, and

uni que source of water

3. Wllow Creek

Positive Aspects - Wllow Creek is a large, open backwater area

providing a number of locations for pen and bl ocksei ne encl osures. \ater
quality and biol ogical data were acceptable, and no risk to pen rearing
studies was evident. Vandalism may be reduced in this area because the

study | ocation could be placed where it would be highly visible from
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Interstate 84. WIIlow Creek, flowing into the upstreamend of the
backwat er, woul d provide a unique water source for inprinting.

Negative Aspects - Seasonally low flows fromWIlow Creek in Septenber

and Cctober may not be adequate for inprinting or for attracting returning
adults. Adult capture would be difficult because of the large size of the
backwater. The area may be unprotected from winds because of the size and
configuration of the embaynent.

Summary - WIllow Creek has acceptable physical features and there
were no indications of inadequacies in water quality or biological sanples.
This area could be used if one of the other sites were found unusabl e due

tounforsee probl ens.

4. Hanford Slough

Positive Aspects - Physical features, water quality, and |ocation of

the Hanford Slough were ideal; additionally, this location is in the
vicinity of natural spawning sites in the Colunbia River. Construction
and placenent of adult traps and a bl ockseine enclosure woul d be relatively

sinple
Negative Aspects - The area is subject to severe water |evel and

tenperature fluctuations because of its proximty to the main flow of the
river. Daily water level elevation changes of 2 m and tenperature
fluctuations of 9°C have been observed (personal communication, Duane
Neitzel, Battelle Northwest Laboratories). During high water elevations,

flows from the upstream end result in extreme velocities which could
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disrupt rearing enclosures. The water source is not unique since it is an
extension of the Colunbia Rver. Zooplankton densities were the |owest
observed at any primary site, probably a reflection of densities in the
river proper

Summary  Hanford Slough is a desirable |ocation because of its
physical features, restricted public access, and proximty to natura
spawni ng areas. However, water level fluctuations and flow through the
backwat er coul d make feasibility of holding enclosures in this backwater
inpossible and may alter water tenperatures unacceptably. The water source

is not unique, thus an organic chemcal for inprinting would be required

5. Villard Pond

Positive Aspects - Portions of this backwater have suitable depth and

surface area; water quality and biological sanples were also acceptable;

benthos densities were highest in this area.

Negative Aspects - Access may be limted during certain periods.
There was no apparent source of unique water; water exchange was dependent
on back flow fromthe Columbia Rver. Gavel and nud flats less than 0.4 m
deep extend from the nouth to 300-400 minto the river making it difficult
for adults to return. Un-ionized ammonia concentrations were relatively
hi gh.

Sumary  Certain areas in this backwater may be usable for these
studi es, however, the lack of a unique water source, existance of an

extensive nud flat into the river fromthe nouth of the backwater, and
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presence of somewhat questionable water quality standards in August

precluded the use of this area for rearing studies.

6. Paterson Sl ough

Positive Aspects - This area was |arge, access good, nost water quality

parameters acceptabl e, and biol ogical densities adequate.

Negative Aspects - Mst of this backwater was too shallow, the areas

where depths were adequate (over 6.1 m) were isolated. This would force
returning adults to negotiate very shallow conditions, nmaking their return
difficult. There was no apparent source of unique water for inprinting
Rel atively high un-ionzed ammonia concentrations were regarded as subl et hal
however, normal growth and devel opnent coul d be affected (Boyd 1979).
Sunmary - Depth of this backwater was too shallow and variable for

these studies; no unique water source was found

7. Jones Canyon

Positive Aspects - Jones Canyon is a relatively small backwater with

adequate depth and acceptabl e water quality and hiol ogical profiles. The
area is subject to reservoir fluctuations, but with proper placenent
encl osures should not be affected. Access to the reservoir from the
backwater is through a short railroad bridge which would facilitate

construction of adult capture nets
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Negative Aspects - There was not a unique water source flow ng into

Jones Canyon. Inflows come from intermttent precipitation runoff during
heavy rains. This area receives heavy public use and vandalism may be high.

Summary - Jones Canyon does not appear to have adequate water exchange

nor does it have a source of unique water.

8. Jap Slough

Positive Aspects - This location was relatively isolated and of proper

depth and surface area. There appeared to be good potential for natura
spawning along this stretch of the Colunbia River

Negative Aspects - Water quality in Jap Slough appeared to be adversely

influenced by subterranean irrigation return flows fromthe east bank of
the river. In addition, consistently |ow dissolved oxygen concentrations
indicated that the area would probably not support rearing pens stocked
with fish.

Flow fromthe Columbia River would enter the backwater from upstream
at high discharge but isolation fromthe river would result during |ow
discharges. \Water tenperatures may also be influenced by sudden inflows
into the backwater which could influence anbient tenperatures considerably.
The use of Jap Slough for this study was of concern to the Washington
Departnent of Fisheries because of its close proximty to Ringold Springs
Hat chery.

Summary - Jap Slough was considered | east acceptable of a 11 primary

sites primrily because of poor water quality and water level instability.
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CONCLUSI ON

The study will be conducted in Rock Creek and Social Security Pond,
the two |ocations ranked highest based on selected criteria. These sites
were considered the best available for adequately harboring net-pen and/ or
bl ocksei ne enclosures, wthout costly nodification. The areas are
accessible for routine care and nonitoring of the fish, both have acceptable
water quality and natural food supplement and uni que water sources, and,
both are in the vicinity of natural spawning areas. WIllow Creek and
Hanford Sl ough were al so considered usable, but are |ess desirable for the

intended studies because of certain physical limtations.
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Appendi x A, for VLK
regarded as unacceptable based on initial survey criteria.

Backwat ers considered for rearing age-0 fall chinook, but

1.

Locati on:

Dept h:

Conment s

Locati on:
Dept h:

Conment s:

Locati on:

Coment s:

Nane:
Locati on:

Dept h:

Conment s:

Priest Rapids Dam east bank, upper pond and |ower
pond, river km 639

Max. 2.1 m average 1.5 m

Ponds are fairly stable but too shal low.  Access,
good; water source, spring.

River km 636, west bank
Max. 2.4 m
This backwater was too shallow for our purposes.

Subject to water level and tenperature fluctuations.
Access, good.

One mle above Vernita Bridge, river km 626,
west bank

This pond may be exposed to currents at high water;

may be suitable as a tenporary acclimtion pond.
Too shallow. Access, good; water source, backwater.

Coyote Rapids

River km 616, west bank

Max. 2.3 m average 1.8 m

Dinensions 30.5 mx 61.0 m too shallow for our
purposes. At high flows water may flow through

this backwater at high velocities - unstable.
Access, good; water source, backwater.
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5. Location:

Coment s:

6. Location:

Dept h:

Coment s:

7.  Nane:

Locati on:

Dept h:

Coment s:

River km 603

Too shallow, access, good; water source, backwater.

Above Wite Bluffs Ferry, river km 596, east bank
Max. 4.0 m average 1.8 m

Wi le this backwater may be |arge enough there was
an irrigation return which may cause probl ens.
Conductivity exceeded 650 m cronhos/cm Hi gh fl ows
may al so connect this backwater to the backwater
below to forma slough. Access, good; water source,
backwat er .

Wite Bluffs Ferry

River km 595, east bank

Max. 3.3 mat nouth

This backwater was too Shallow and conductivity

was too high, (an irrigation canal drains into this
area). Access, good.



Appendi x A (Conti nued)

8.  Nane: Wite Bluffs Slough
Locat i on: River km 595, west bank
Dept h: Mx. 3.7 m

Vter Quality: DO Surface (mg/l) - 12.6
’ D. O Bottom(mg/rlr% - 14.6
PH - 8.18

Cond. (m cromhos/cm - 122

Tenperature surface - 17.0
Tenperature bottom - 15.0

Comment s: Thi s backwater was too shallow. Additional water
qual ity obtained fromBattelle Northwest, Richland:
M ninum water tenperature, 9°C 85-30-79 ; maxi num
water tenperature, 30°C (6-27-79); 7°Cfluctuation
in water tenperature in one day, 2mfluctuation in
water level 1n one day. Access, excellent; water
source, backwater.

9. Location: FI 0O Sl ough, river km590 (west bank)
Dept h: Mix. 3.0 m average 2.75 m
Comment s: This slough has potentially high "flow through" at

high river flows. Deeper parts of the slough becone
isolated (no connection to the river) during |ow
flows. \Water was high when soundings were taken -
too shallow  Access, poor.
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(Conti nued)

10.

11.

12.

13.

Locati on:

Conment s:

Locati on:

Conment s:

Locati on:

Conment s:

Locati on:

Coment s

Ringold Springs Hatchery, river km571

The Washington Departments of Fish and Gane have
rearing facilities here. TheK woul d be utilizing
their ponds for rearing steelhead during the tines
that we woul d need space. Their SEring chi nook
pond was normally dry April through June to kill
snails which are eye fluke hosts.

Lower Yakinma River, Benton City to the nmouth
(including nouth area), river km 539.

Ve found no suitable sites in this area

Backwaters were either too small or too shallow and
unstable; water tenperature and level fluctuations
could be excessive.

Upriver and downriver sides of Bateman |sland,
river km 538, west bank

Wile this area has adequate depth, public use was
very high and potential vandalism elimnated this
as a study site.

National Marine Fisheries Service, Pasco
(raceways), river km 524

Too controlled; too simlar to hatchery conditions
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(Conti nued)

14.

15.

16.

17.

Locati on:

Coment s:

Nane:
Locat i on;

Coment s:

Locati on:
Dept h:

Coment s:

Nane:
Locati on:
Dept h:

Coment s:

Ice Harbor Dam (Snake River) down to the railroad
br|d%g (below the mouth of the Snake River) in
the Colunbia River, river km 522.

Al backwater locations in this area were too
shal | ow.

Standard Q| Backwater
River km 520, west bank

Very high public use. Potential vandalism was the
maj or concern which elimnated This backwafer.

Backwater at river km 515 (west bank)
Mix. <6.1 m

This backwater was connected to the river by only
a subsurface cul vert.

Casey Slough
River km 512, east bank
Max. 5.5 m

Wile this backwater was big enough, depth would be
margi nal at mninumpool and areas with adequate
depth may be subject to high winds (ie., fetch was
8+ km coming from south. Depths from the boat

ranp to deeper areas are not adequate for nornal

out board operation, public access areas are "ok".
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18.  Nane: Hover Pond
Locat i on: River km 510 (west bank)
Dept h: Max. 3.4 m
Conment s: Too shal | ow
19.  Location: Mut h of Walla Walla River (large backwater above
hi ghway bridge), river km 505.
Dept h: Max. 0.9 m
Comment s: Too shal | ow
20.  Location: Hat Rock area, river km 479
Dept h: >6.1 m
Comment s: Backwaters in this area were too shallow and have
heavy public use.
21.  Location: McNar Ponds, recreation area and rearing ponds,
river km 468.
Comment s: Only one pond above the one we have been sanpling

regul arly has suitable depths. None of the ponds
(other than the one described separately) has direct
outflow to the Colunbia River. Access, good.
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22.  Location: Lower Umatilla River, river km 462.

Conment s: e |ooked at the |ower river below Stanfield and
found nothing suitable. Topographic naps also
reveal ed nothing suitable in the [ower 30 mles.
Jim Phelps, the Oregon Dept. of Fish and Wldlife
district fisheries biologist, knew of no suitable
locations in this area.

23, Nare: M Corm ck Slough

Locat ion: River km 441, \ashington side

Depth: Max. 4.6 m

Comment s: Too shal | ow

24, Nanme: Wi tconb | sl and

Locat i on: River km 430

Dept h: Max. 3.3 m

Comment s: Too shal | ow

25.  Nane: Six Mle Canyon

Locat i on: River km 418

Dept h: <6.1 m

Comment s: Cul vert opening not adequate
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26.  Nane: Al der Creek
Locati on: River km 416, \ashington side
Dept h: <6.1 m
Comrent s: Too shal | ow



Appendix B.  Profiles of primary study sites.

1. Nane:
Locati on:
Dept h:
Access:
Wat er Sour ce:

Surface Area:

Rock Creek

River km 367, Washington side

Max. 12.8 m

Excel l ent (boat dock)

Rock Creek - estimated flows of 0.57 m?/s present in
Cctober; higher flows would be expected during nost
other periods of the year. (Underground flow
suspected when creek has no visible flow)

22.7 ha

Comment s: Rock Creek appears to provide areliable year-round

uni que water source and adult capture should be

relatively easy. This area may be best suited for a

bl ockseine. There could be vandalism problens here.

Adul't fall chinook were observed in the creek proper

during Septenmber 1983.

SAVPLE DATE
3-7-179 5-1-79 7-18-79 10-17-83

D.O. Surface (ng/l) 11.6 11.2 9.5 10.8
D. O Bottom(ng/l) 11.2 10. 4 0.5 10.0
Tenp. Surface (°C) 8.7 13.0 23.5 11.5
Tenp. Bottom(°C) 4.0 9.5 16.0 11.0
PH . . 8.0
Cond. (mcronhos/cm -—— _— - 185
Secchi Disk (cm 66 96 112 185
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2.

Nare: Jones Canyon
Locati on:

Dept h: Mix. 7.3 m
Access: Good

Wt er Sour ce:
Surface Area: 2.0 ha

Coment s:

Intermttent

runof f

River km 386, Oregon side

D.O was relatively low at the bottom on August 5.

Hstorical water quality data indicate no problens.
This area gets some public use and may be subject to

vandal i sm

D. O Surface (my/l)
D. O Bottom(ng/l)
Tenp. Surface (°C)
Tenp. Bottom(°C)
PH

Cond. (mcronmhos/cm

Secchi Disk (cm

SAVPLE DATE
8-5 8-25 9-6 9-22 10-6
10.9 9.0 9.2 10.4 11.9
3.8 7.6 8.2 10.5 11.0
21.7 18.6 18.0 15.0 13.0
20.3 17.6 17.2 14.0 13.0
7.9 8.3 8.4 8.4 8.7
151 153 158 175 184
—— 157 157 155 163
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3. Nane:
Locati on:
Dept h:
Access:

Wt er Source:

Surface Area:

Coment s:

Wl low Creek

River km 397, Oegon side

119 mmx., 7.6 min good pen area

Good (boat ranp)

WIllow Creek (lowflows of <0.06 m%s in Septenber
and Cctober may not be hi gh enough to accoodate

adult recapture)

78.1 ha

Addi tonal data taken in past years was consistant

with our survey and indicates no water quality or

physical problens. Appears well suited for our
needs.

SAVPLE DATE

8-5 8- 25 9-6 9-22 10- 6
D.O Surface (my/l) 9.4 8.8 8.4 10.2 9.5
D.O. Bottom(nyl/l) 7.5 8.1 8.3 10.0 8.6
Tenmp. Surface (°C) 21.1 19.0 17.7 14.8 13.2
Tenp. Bottom(°C) 20.3 18.0 17.3 13.8 13.0
PH 7.4 8.0 7.7 8.3 8.5
Cond. (mcronhos/cm 151 153 158 175 194
Secchi Disk (cm 137 89 86 107 81
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4. Nane: Paterson Sl ough
Locati on: River km 447, \Mshington side
Dept h: Mx, 7.9 m
Access: Good road access.

VWater Source: None
Surface Area: 7.9 ha in pen-rearing area

Comment s: This backwater is large and has adequate depth in
some areas. The primary problem with this |ocation
is that the nmost suitable rearing zone is a long
di stance fromthe nouth, across deep and shal | ow
areas. Adults may have difficulty returning to the
area.

SAWVPLE DATE

825 96 9-21
D.O Surface (mg/l) 9.2 10. 8 11.6
D. O Bottom(ng/l) 5.6 58 11.2
Tenmp. Surface (°C) 19.7 19.3 15.0
Tenmp. Bottom(°C) 18.0 17.0 13.0
PH 8.4 8.6 8.6
Cond. (nmicronhos/cm 168 171 182
Secchi Disk (cm 96 ——— 89
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5  Nane: Social Security Pond (MNary Pond)
Locat i on: River km 468, inmediately below MNary Dam Oegon side
Dept h: Max. 6.1 m area average approximately 5.1 m
Access: Good

Vater Source: Constant flow through this pond is fed from pipe
flow nP from series of ponds above and throug?h a
colntro led outlet. Quttlow through two overilow
cul verts.

Surface Area: 7.0 ha

Comment s: Boats are allowed on the pond without notors, but usage
is mniml. The pond is stocked with catchable trout
t hroughout the Sﬁring and sunmmer and supports a noderate
trout and panfish fishery. There may be a potential |ow
D.O problem Vandalism should not be a problem It does
not appear that construction of a second powerhouse will
intertrere with our studies.

SAVPLE DATE

8-5 8-25 9-6 9-22 10-19
D.O Surface (my/l) 9.7 8.5 9.0 10.3 11.8
D.O. Bottom(my/l) 3.1 7.6 8.9 10.5 11.1
Tenp. Surface (°C) 25.0 21.8 18.0 14.0 10.8
Tenp. Bottom(°C) 17.0 19.2 18.0 14.0 10. 8
PH _— 7.9 8.2 8.4 8.4
Cond. (mcronhos/cm 180 176 192 200
Secchi Disk (cm _— 140 107 132 127
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6. Nane: Villard Pond
Locat i on: River km 520, backwater on Colunbia River (just below
Snake River nouth) below railroad bridge on east side
of the Colunbia R ver
Dept h: Max. 7.9 m

Access: Good railroad road, Road access may be controlled
and unavail abl e.

Water Source: Backwater
Surface Area: 11.0 ha
Comment s: There are gravel and nud flats less than 0.4 m deep

extending fromthe mouth three to four hundred meters;
this my be too shallow for returning adults.

SAVPLE BATE

9-7 9-20 10-19
0.0. Surface (ng/l) 11.7 12.0 11.2
D.O Bottom(my/l) 9.9 10.3 10.0
Tenmp. Surface (°C) 19.5 14.2 10. 8
Tenmp. Bottom(°C) 16.8 12.5 10.8
PH 9.0 8.7 8.6
Cond. (m cromhos/ cnj 175 188 275
Secchi Disk (cm 112 a9 137
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7. Nane: Jap Sl ough
Locati on: River km 573, east bank
Dept h: Max. 10.1 km average 5.5 m
Access: Good

Wt er Source:

There is potential for high flowthrough or conplete
isolation. Possibly spring fed (no visible inflow
from the upper slough area but outflow noted on

Sept ember 7, 1983).

Surface Area: 4.5 ha

Coment s:

July 21 - Oxycline between 3.7 mand 5.5 m
*August 4 - Conductivity ranged from 274 (surface)

to 695 (bottom, oxycline at 4.3 neters
August 23 - xycline between 3.0 mand 4.9 m
Septenber 7 - Oxycline at 4 to 6 neters depth
Conductivity was simlar to that in the river on
Jul'y 21 but was nuch higher than the river on
successive dates. \e suspect some kind of irrigation
return or underground seepage. There was constant
visible flow out of the backwater with visible inflow
only during river flows in excess of 4,248 m®/s. The
proximty to the WOF and WG Ringol d Spring rearing
facilities may also pose problens.

SAVPLE DATE

7-21 8-4 8-23 9-7 9-19
0.0. Surface (my/l) 9.0 9.29 9.9 9.25 10.6
D.O Bottom(nmy/l) 0.5 0.46 0.2 0.4 6.8
Tenp. Surface (°C) 21.2 24.3 19.3 18.0 14.8
Tenp. Bottom(°C) 13.0 16. 6 14.0 13.5 13.5
PH 8.5 8.25 8.4 7.8 8.25
Cond. (m cronmhos/cm 220 --- 500 530 580
Secchi Disk (cm 178 234 165 178 180
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Name: Hanford Sl ough

Locati on: River km 584, west bank

Dept h: Max. exceeds 6.1 m

Access: Good (4x4 woul d be necessary to sanple this backwater

year - round)

Vater Source: \Mter currents through this backwater may be excessive
during river flows above 7,080 m®/s

Surface Area: 17.7 ha

Comment s: Duane Neitzel of Battelle Northwest indicated that at
high flows water WBK flowin at hiPh vel ocities from
upstream Extreme high water level and tenperature
fluctuations my be expected (2 m depth changes and
daily water tenperature changes of up to 9°).

SAVPLE DATE

7-19 8-3 8- 23 9-7 9-19
D.O Surface (nmy/l) 11.7 11.0 10.0 11.5 11.9
D.Q Bottom(my/l) 12.4 10.0 10.7 10.9 11.4
Tenmp. Surface (°C) 15.5 21.0 17.0 15.9 14.0
Tenp. Bottom(°C) 14.8 19.1 17.0 15.3 14.0
PH 8.2 7.3 8.4 8.5 8.6
Cond. (m cromhos/ cn 124 133 137 141 137
Secchi Di sk (cm 244 259 196 221 318

B3



Appendi x C.

Depth and contour maps for primary study sites evaluated during 1983.
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JONES CANYON

Map developed from U.S. Army Corps of
Engineers aerial photograph {August 10,
1978) at reservoir elevation 265.1

feet above mean sea level {msl).
Soundings were taken in 1979 and
corrected to 265.1 msl. Contours

are in feet.

LOCATION: John Day Reservoir
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Physical characteristics at U.S. Army
Corps of Engineers normal minimum
operating elevation.
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WiLLOW CREEK

Map developed from U.S. Aramy Corps of
Engineers aertal photograph (March 14,
1978} at reservoir elevation 264.6
feet above mean sea level (msi},
Soundings were taken in 1973 and
corrected to 264.6 msi. Contours

are in feet.
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PATERSON SLOUGH

Map cevelopes from G. S. Ammy Corps of
Engineers photograph {Septemer 19, 137B) at
resermoir elevation 267.1 feet above mean sea
Tevel (ms1} Soomdings were taxen on Septemver
21, 1983 and corrected to 257.1 md. Contours
are in feet.
LOCATION: John Day Reservolr Benton County,
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SOCIAL SECURITY LAKE

Map developed fros U.S. Ammy Corps of

gineers photagraph {Scptewber 15, 1978).
Mater level Is constant year-round. Contours
are tn feet.

LOCATION: Umatilla County, Oregon T, S, R.
28 €., Section 9, River Wile 290.7.

Physical characteristics at the time of
mipping, August 24, 1983.

Surface ‘Are; 12.4 acres
Maxfrum ep 22 fect
Volume : 19 acre-fest
LEGEND
PT-Plankton Tow - Road
B7-Bottom Sarple = lof low
0T -Oxygen-Teeperature o Outflow
BCALE —FT.
L) 0] £ =
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VILLARD POND

Map developed from U.S. Army Lorps  of
Engincers photograph {Avgust 28, 1981) at
reservoir elevation 338.5 feet above mean ses
level (msl).  Soundings were taken on
September 20, 1983 and corvected to 338.5
asl, Contours are in feet.
LOCATION: McNary Reservolr Walla Walla County,
washington 7. BM., R. 30 E., Sections 12
ang 13, River Mile 323.

Phystcal characteristics at U.S. Army Lorps of
Engineers normal minimum operating elevation,

Reservoir Elevation: 334.5 ms)

Surface Arez s 27.3 acres
Maximom Depth : 18 feet
Yolume : 103 acre-feet
LESEND
PY-Plankton Tow ——Road
8T-Botton Sample +—+Railroad
Ul-Oxygen-Temperature --mnbard Flat
SCALE—FT.
O IIaiId - 3
=0 ° = 500

COLUMBIA RIVER
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JAP SLOUGH

Pap ceveloped frox serial photos provided by

Battelle Morthwest and the 0.5. Ammy Corps of

Engineers. D troe Priest Repids Dam

4t the tioe of Mapping was 1S9 Kcfs. Contours

are in feet.

LOCATION: Cohmota River, Franclin County,
ashinton T. 12 K., R, 28 €., Section 10,
River Kile 356.5.

Pnysical  chracteristics at  the time of
sapping, fogust &, 158

Pricst Raptas Discherge: 159 Kefs
rface Area 1.1 acres

St

Maximm Depth 30 feet

Yolume t 116 acre-feet
LEGED

Jankton To Yo
§1-Bottom Smple ~—Rosd
SCALE-FT.

[SRENERRNEN] ]
0 . 20
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HANFORD SLOUGH

Mip developes from acrial photos provided by
Batteile Nottmest and the U.S. Amey Corps of
Egineers. Discharge fros Priest Ramtids am
at the tiee of mappimg was W8 Kefs.
Countours are in feet.

LOCATION: Columbia  River, Bemton Couaty,
washtaton 7. M., R. 27 £.. Sections 23,
24, ana 25, River Mile 362.2.

Physical Coaracteristics at  the time of
sapping, Avgust 3, 1

Priest RapiGs Discnarge: WB Xefs
S H

race : 437 acres
Hazimsm Depth 1 21 feet
Yolvme 3 480 acre-feet
LEEEND
PI-Plankron Tow w3 Boat Remp
87-Battom Sarple Roa
OF -Daygen-Texperature - Bower Lives
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