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Research started on fish protective facilities at Lower Granite Dam
(above) when the first turbine became operational in mid-April, 1975.
The fingerling collector system (below) where fish are screened from
the by-pass water mass, graded and marked for transportation studies is
a principal feature of the protective facilities.
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- INTRODUCTION

During 1975, the National Marine Fisheries Service (NMFS) under
contract to the U.S. Army Corps of Englneers continued, for a fifth
Yyear, an evaluation of fish protective facilities for juyenile salmonids
at Little Goose Dam. A similar evaluation was also started at Lower
Granité Dam. This year, emphasls was placed on observing the operational
features of facilities at Lower Granite Dam, including traveling screens
placed in the bulkhead and fish screen slots, orifice passage from
gatewells, the{fingerling separator at the terminal end of the by-pass
system, and the adult tag detector and trapping facility in the fishway.

At Little Goose Dam emphasis was placed on the emergency transpor-
tation of unmarked steelhead trout smolts to Bonneville Dam. In
addition, recovery efforts continued on adult salmonids returning
upriver from Jjuvenile migrations marked and transported in 1972 and
1973. Recoveries included over 500 marked adult steelhead trout and
nearly 300 spring and summer chinook salmon. Additional recoveries
were made in the Indian Fishery and at hatcheries upstream. These
preliminary data are sumarized and effects of transport on survival
and homing are indicated.

Further research was done on the use of salt (NaCl) for reducing
the effects of stress on chinook salmon in transport systems, timing
dnd survival of fingerlings, and on levels of dissolved gases in the
Columbia and Snake Rivers in relation to river discharge and operation
of spillway flow deflectors. This report summarizes progress on these

studies in 1975.



TRANSPORTATION AND HOMING - LOWER GRANITE DAM

Research began at Lower Granite Dam when the first turbine became
operational on April 18, 1975. Collection and subsequent marking of
fingerlings was limited throughout the migration because only one unit
had traveling screens placed in it for diverting fish into the by-pass
system and wnits 2 and 3 were not fuixy operational until the migration
had passed.

.A$ Lower Granite Dam once fingerlings are diverted from the turbine
intake into gatewells, they may enter the by-pass system by passing
throﬁgh one of two 8-inch orifices placed at either end of the standard
gatewell. After passing through the orifice, fingerlings are in a
flume-like channel (gallery) which traverses the length of the powerhouse.
Upon reaching the south end of the powerhouse fingerlings pass over a ~
stop-log weir, descend to the tailrace level (about 60 feet vertical)
and to the collection facility (a distance of 400 yerds) through a
42-inch pipe. Under operating conditions this year, the 42-inch pipe
carried about 250 cfs of water at a velocity of approximately 25 fps.

The collection facllity is the terminal end of the by-pass system
where fingerlings emerge from an upwell, pass over an inclined screen
that eliminates most of the water, then over a perforated plate
further reducing the amount of water, and onto grading bars before
entering four water-filled bins where they must pass through an
electronic fish counter before entering one of five raceways.

One phase of the research at Lower Granite Dam was centered on
monitoring closely the condition of fingerlings at various locations
in the by-pass collection and transport system. Stress areas in the
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system could thus be 1solated and corrections needed in méchanical or
operational systems could be identified. A final assessment of the
by-pass, collecticn Sm and trangpdrt concept will be made as data
on returning adults are apalyzed. The ultimate goal is to determine
whether ‘igrge numbers ,bf naturally migrating wild and hatchery reared
Btocks ‘of ;juvenile salmonids can be collected and transported to downstream
-locations without excessive mottality or 1088 of homing ability; thus
increasing survival and subsequent returns to parent streams._ It is
dgemed especially important to test the transport concept at Lower
Granite Dam because of its praximity to nea.i'by rearing areas. If smolts
wye collected and transported toa~ soon after they begin their seaward
migration, it is conceivable that homing could be destroyed or impaired,
resulting in ihcreased straying as adults.

EXPERIMENTAL DESIGN

To test the transport concept, juvenile chinook salmon and steelhead
trout were marked distinctively in three groups--one control and two
test or transport groups. The control group was released about 8 miles
below Clarkston, Washingtbn on the south shore of the Snake River. Both
| test groups were released from the Washington State boat launching site
about 1 mile downstream from the spillway at Bonneville Dem on the
Washington shore.

Evaluation of the ggn*vival and homing ability of each group will be
based on adult returns to the commercidl, Indian, and sports fisheries
and to the adult separator at Little Goose or Lower Granite Dams.
Additional returns are expected at hatcheries and native spawning grounds

upstreanm.



COLLECTION, MARKING AND TRANSPORTATION
PROCEDURES

Fish accumulated in the raceways were crowded to the lower end and
gravity fed into the holding tank inside the marking building. Fish were
hand dipped from the holding tank into sorting troughs containing a
temperature controlled solution of MS222. Previously marked fish such
as fin-clipped fingerlings from hatcheries were retﬁrned to the river.
Most fish were cold-branded with liquid nitrogen and a wire tag was
inserted into their snouts. After tagging, the fish passed through a
.detection coil that contained a magnefic field. Non-tagged fish were
automatically rejected and returned to the marker for retagging. Before M
the fish left the marking facility they were subjected to a disinfectant
bath of Malachite Green.

Separate wire tag codes were designated for each expérimental group.
One test group was wire-tagged only. The other test group was marked by
wire tag and by distinctive brand. The control group was also wire-
tagged and branded. On those groups brandéd, the brand or brand rotation
(orientation) was changed weekly.

Descaling was the criterion used to evaluate degree of injury of
smolts passing through the by-pass-collection system. Any fish with
over 10% visible descaling was recorded as a descaled fish. Descaling
was measured at the gatewell (before entry into the by-pass) and in the
marking building. Descaling rate in the marking building provided a
total injury factor, and an injury factor for the by-pass and collection
facility (established by subtracting the amount of descaling observed

at the gatewell from the total injury factor).

.....
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Steelhead trout and chinook salmon were hauled simultaneously but
in separate compartments in both the 3,500 and 5,000-gallon tankers.
Both trucks were equipped with refrigeration, aeration, and filtration
systems. Water temperature and chemical measurements for dissolved
oxygen, carbon dioxide, and PH were made from water samples taken from
the transportation truck‘prior to releasing salmonids in each load.
Hauling mortalities were recorded during release, and sample fish were

held 45 hours to determine delayed mortality.

TRANSPORTATION AND DELAYED MORTALITY

A total of 307,083 salmonids were counted at the fingerling facility
at Lower Granite Dam in 1975; 150,160 chinook salmon, 153,437 steelhead
trout, 2,333 coho salmon, and 1,153 sockeye salmon. Of these, 112,452
chinook salmon and 110,076 steelhead trout were marked for the
transportation experiment (Tables 1 and 2). See Appendix Tables 1 and
2 for more detail of marking by test group. No unmarked fingerlings
were hauled to Bonneville Dam in 1975.

Stresses (including minor descaling, collection, marking, and
transport) placed upon juvenile chinook salmon were assessed in terms
- of delayed mortality after transport to Bonneville Dam. Samples of fish
were taken from each load aﬁd held 45 hours for observation near
Bonneville Dam. Delayed mortality of chinook salmon ranged from 0.5
to 34.0%. The weighted average delayed mortality for chinook was 11.5%,
which is similar to the delayed mortality we reported for chinook
hauled during experiments at Little Goose Dﬁm. Delayed mortality of
transported steelhead ranged from O to 1.8% with a weighted average of

0.38%. (Delayed mortality of steelhead was also similar to that observed

in the Little Goose experiments.)



Table 1.--Marking sumary for juvenile chinook salmon and steelhead trout transported

to Bonneville Dam from Lower Granite Dam--1975.

Marking Positiony Wire tag Chinook Steelhead
period - and brand color salmon trout
4-23
to
5-6 RA-T W-Y-YOX-R 9915 8814
5-9
to
5-13 RA-T W-Y-YOX-G 11167 L765
5-17
to
6-2 RA-N W-0-ROX 90Ls5 10499
SUB-TOTAL 30127 24078
4-25
to
5-16 No Brand W-Y-YOX-LG 21417 16383
5-17
to
6-17 No Brand W-0-BR 17006 2001k
SUB-TOTAL 38423 36397
GRAND TOTAL 68550 60475

1/ RA indicates brand position - Right Anterior

o
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Table 2 .--Marking sunnna.mf for juvenile chinook salmon and steelhead trout released

a8 controls at Lower Granite Dem--1975.

Marking Position Y Wire tag Chinook Steelhead
period and brand color salmon _ trout
L-22
to . : »
5-15 LA-F W-Y-B-L 31940 27201
5-20
to
6-13 LA-K W-Y-YOX-P 11962 22400
GRAND TOTAL 43902 49601

1/ 1A indicates brand position--Left Anterior



Direct transport mortality, (mortality observed at time of release) o
was 1.4% for chinook salmon and 0.43% for steelhead trout.

We are concerned that delayed mortalities»related to transportation
remain relatively high among chinook salmon. We are investigating ways
to reduce this factor and a particularly encouraging means appears to be
hauling fingerlings in a moderately saline solution. This system will

be discussed in detail in a subsequent section. ™

DESCALING IN THE COLLECTION SYSTEM
Data obtained from earlier studies at Little Goose Dam indicated N
that descaling was the main injury factor causing excessive stress |
and delayed mortality of juvenile chinook. We therefore limited out
measurements of stress in the system to this parameter. Descaling,
injury and stress to steelhead has not been a problem.
Descaling rate weas measured throughout the season in two locations:
(1) in the gatewell after diversion from the intake by traveling screens
and (2) in the marking building after travel through the by-pass pipe,
fingerling sorter, and raceway system. The descaling rate in the
gatewell, which included naturally-caused descaling as well as that
which might have occurred because of contact with traveling screens, was
6.h%. The average descaling rate measured in the marking building was
13%. Thus an additional 6.6% descaling occurred as fish passed from
the gatewells to the marking building. We believe much of the latter
occurred before several mechanical failures in the system were eliminated.

Descaling rate will again be monitored in 1976 to isolate and correct

failures if they occur.



GENERAL COMMENTS ON COLLECTION
SYSTEM OPERATIONS

In 1975, smolt collection was underwsy simultaneously with completion
of the fingerling sorter assembly and marking facility. Therefore,
"debugging” of mechanical problems occurred concurrently with the
fingerling migrations. There were several problems that were never
resolved during the smolt migration:

(1) The volume of water emerging from the 42-inch pipe fluctuated

/ so much that manual control at the sorter was needed to

assure adequate water to carry fingerlings over the inclined
screen and perforated plate and onto the sorter area.

(2) Electro-mechanical failures were numerocus at the sorter which

precluded normal debris sweep operations.

(3) The sorter was inadequately designed; consequently, no useful

size grading was achieved.

We believe that all deficiencies noted above can be resolved

before the 1976 smolt outmigration.

TRANSPORTATION AND HOMING - LITTLE GOOSE DAM
Research at Little Goose Dam focused on operation of the adult tag
detector and fish separator in the fishway during spring, summer, and
fall salmon and steelhead runs. These data are summarized for operations

through November 10, 1975.



In addition, mass-transportation of unmarked steelhead smolts from
Little Goose Dam to a release site below Bonneville Dam was initiated.
Because of an all-time low adult steelhead run returning to the Snake
River in 1974, the fisheries agencies of the Pacific Northwest made a -
decision to mass-transport steelhead smolts as an emergency measure in
the spring of 1975. It was a cooperatiﬁe venture and personnel were
provided by NMFS, U.S. Fish and Wildlife Service, Idaho Department of Fish -
and Game, Oregon Department of Fish and Wildlife, and Washington

Department of Game.

PRELIMINARY RETURNS OF ADULT
CHINOOK SALMON TO
LITITLE GOOSE DAM
1972 Outmigration

The combined returns of 2 and 3-ocean spring and summer chinook
salmon to Little Goose Dam from juveniles marked in 1972 indicate that
survival from transported releases were greater than from control
releases. Returns from the Bonneville Dam release site indicated a
transport to control benefit of 14%; returns from the Dalton Point
release site indicated a 22% benefit (Table 3).

Returns of chinook to Little Goose Dam were also compared by spring
and summer races (Table 4). Returns from the Bonneville Dam release
were 12.5% less than returns from controls for spring chinook but showed
a transportation benefit of 167% for summer chinook. Returns from the

Dalton Point releases had a transportation benefit of 11% for spring

chinook and 67% for summer chinook.
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Table 3.--Adult recaptures of chinook salmon at Little Goose Dam from transport

(test) and control releases of juveniles in 1972. Recovery period - April 10,

1974 to August 14, 1975.

Release site and Number of Number Percentage return Transport
(in parenthesis) juvenilei recaptured as 2- and 3-ocean to control
experimental released—/ as adults adults . benefit (%)
group of fish Observed Estm.Z/
Little Goose Dam 32,836 21 0.064  0.078

(control)
Bonneville Dam 5k, 906 Lo 0.073 0.091 k.0
(transported)
Dalton Point 51,499 Lo 0.078  0.095 22.0
(transported) :
TOTAL RECOVERY 101 17.0

1/ Adjusted for initial tag loss.

g/ Based on a comparison of the known recovery of fish with magnetized wire tags

at Little Goose Dam and the subsequeht recovery of these and other marked

fish at a hatchery upstream.

Returning fish identified at the dam were

marked with dart and jaw tags and released to continue their migration

upstream. Numbers of dart and jaw-tagged fish arriving at Rapid River

Hatchery were compared with the recovery of other wire-tagged fish not

previously detected and identified at Little Goose Dam.

11



Table 4.--A comparison by seasonal race (spring and summer chinook) of transported

(test) and non-transported (control) groups of chinook salmon returning to Little

Goose Dam as adults in 1974-75 from releases of Juveniles at Bonneville Dam and

Dalton Point in 1972.

Number of salmon recaptured gs

Release site (of juveniles) adults at Little Goose Dam Transport
and seasongl race Transported | Non-transported to control
of salmonl (control) benefit (&)
Below Bonneville Dam
Spring Chinook Salmon 16 18 -12.5
Summer Chinook Salmon 8 3 167.0
Dalton Point
Spring Chinook Salmon 20 18 11.0
Surmer Chinook Salmon 5 3 67.0

;/ Seasonal races of chinook salmon in the Columbia system are classified as spring,

summer, or fall chinook depending on the time of year adults enter the river to

spawn.

g/ Numbers recaptured adjusted in relation to numbers released.

12
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1973 Outmigration

.Returns of 2-ocean spring and summer chinook salmon to Little Goose
Dam from juveniles marked and released in 1973 indicated a much higher
survivel from transported releases than from control releases. Returns
from the Bonneville release site indicated a transport to control benefit
of 1283% (ratio 13.83 to 1); returns from the Dalton Point release site
indicated a 1750% (ratio 18.5 to 1 benefit) (Table 5). When the returns
are separated by seasonal races, the transportation benefit from the
Bonneville releases were 1817% for spring chinook and 540% for summer
chinook. Similarly, returns from the Dalton Point releases had a
transportation benefit of 2317% for spring chinook and 980% for suﬁmer
chinook (Table 6).

To date, four adult fall chinook have returned to Little Goose Dam
from smolts released in 1973. (At time of outmigratién fall chinook
could not be separated from spring or summer chinook and so were reported
as spring chinook transported.) All four are from transport groups
indicating that transportation of this éndangered race may be instrumental
in its ultimate survival.

PRELIMINARY RETURNS OF ADULT STEELHEAD
TROUT TO LITTLE GOOSE DAM
1972 Outmigration

Returns to Little Goose Dam of 1-, 2-, and 3-ocean age adult
steelhead from control and transport releases of smolts in 1972 are
reported through November 10, 1975. To date, 79% have been identified.
Benefits derived from transporting young steelhead (Table 7) were 210%

from the Bonneville release and 243% from the Dalton Point release.

13



Table 5.--Adult recaptures of chinook salmon at Little Goose Dam from transport
(test) and non-transport (control) releases of juveniles in 1973. Recovery

period - April 20, 1975 to September 30, 1975.

s

Percentage return

Release site and as 2-ocean
(in parenthesis) - Number of " Number adults Transport
experimental juvenilei recaptured to control
group of fish releasedl/ as adults Observed Estimated benefit (%) ~
Little Goose Dam 88,170 11 0.012 0.0Lk4
(control)
Bonneville Dam 83,606 139 0.166 0.193 1283.0 -
(transported)
Dalton Point 57,758 128 0.222 0.258 1750.0
(transported)
i
TOTAL RECOVERY 278 1575.0

1/ Adjusted for initial tag loss.

g/ Based on a comparison of the known recovery of fish with magnetized wire tags

at Little Goose Dam and the subsequent recovery of these and other marked fish

at a hatchery upstream. Returning fish identified at the dam were marked with

dart and jaw tags and released to continue their migration upstream. Numbers
of dart and jaw-tagged fish arriving at Rapid River Hatchery were compared
with the recovery of other wire-tagged fish not previously detected and

identified at Little Goose Dam.



Table 6.--A comparison by seasonal race (spring and summer chinook) of
transported and non-transported (control) groups of chinook salmon returning
to Little Goose Dam as adults in 1975 from releases of juveniles at

Bonneville Dam and Dalton Point in 1973.

‘mumber of salmon recaptured as
adults at Little Goose Da

Release site (of juveniles) Transport
and seasonall ace of Transported Non-Transported to control
salmon (control) benefit (%)
Below Bonneville Dam
Spring chinook salmon 115 ‘ 6 ’ 1817.0
Summer chinook salmon 32 5 540.0

Dalton Point
Spring chinook salmon 1Ls5
Summer chinook salmon 5k

2317.0
980.0

AV, o)}

1/ sSeasonal races of chinook salmon in the Columbia system are classified as
spring, sumer, or fall chinook depending on the time of year adults enter
the river to spawn.

2/ Numbers recaptured adjusted in relation to numbers released.
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Table 7.--Returns to Little Goose . Dam of 1-, 2-, and 3-ocean age steelhead trout from control and transport

releases of smolts in 1972.

Recoveries were made from June 17, 1973 to November 10, 1975.

Release site and Number of Number of adults recaptured Adult return in

experimental juvenile_fj % of juveniles Transpory
groups released released ) benefits—/

(in parenthesis) l-ocean |2-ocean | 3-ocean | Total 2/ (%)

age age age (1+243's) | Observed |Estimated

Little Goose Dam 32,488 75 57 0 132 0.406 0.564
(control)

Bonneville Dam 27,326 202 139 3 3Lh 1.259 1.750 210.0
(transport) :

Dalton Point 22,831 187 130 1 318 1.393 1.936 243.0
(transport) :

TOTAL 82,645 TN 326 L 794

}_/ Adjusted for initial tag loss.

g/ Based on comparison of the known recovery of fish with magnetised wire tags at Little Goose Dam and the
subsequent recovery of these and other marked fish at Dworshak National Hatchery upstream from Little

Goose.

their migration upstream.

Returning fish identified at the dam were marked with dart and jaw tags and released to continue
Numbers of externally-tagged fish arriving at Dworshak Hatchery were compared

with the recovery of other wire-tagged fish not previously detected and identified at Little Goose Dam.

§/ Based on observed return.



1973 Outmigration

Returns (to Noveﬁber 10, 1975) of 1,195 1- and 2-ocean age steelhead
from the 1973 juvenile releases indicate much greater benefits than
accrued from the 1972 releases; returns from 1973 releases showed
transportation benefits of 1380%, or about 15.0 to 1 ratio, for the
Bonneville releases and 1388% or about 15.0 to 1 ratio for the Dalton
Point releases (Table 8).

Recent data on adult returns from steelhead smolts‘transported in
1973 clearly indicate the positive benefits of transporting smolts to |
enhance survival and thereby contribute significantly to the Snake
River steelhead run. About 3.5% (177,000) of the total steelhead smolt
outmigration was transported in 1973. There were approximately 11,000
adult steelhead returning in 1974-75 runs fram the total smolt out-
migration in 1973. The transport contribution for steelhead hauled
in 1973 was 4,375 or about 40% of the total returns. If no transpor-
tation had taken place, only 6,600 adults would have returned from that
outmigration. Unfortunately, there was no authorization to mass-transport
in 1973 and we returned 695,000 steelhead smolts to the river at Little
Goose Dam; our return date indicate that, had these smolts been
transported along with experimental fish, the total adult return fram

1973 would have been 29,000 rather than the actual 11,000.

GENERAL COMMENTS ON ADULT RETURNS
In general, the current transport to control ratios for adult
steelhead and chinook are very encouraging. The one exception is the

poor return of adult chinook released as smolts in 1972. A possible

17
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Table 8.--Returns to Little Goose Dam of 1- and 2-ocean age adult steelhead from control and trensport

releases of smolts in 1973. Recoveries were made from June 17, 1974 to November 10, 1975.

Release site and Number of Number of adults recaptured Adult return in
experimental Juvenile % of juveniles Transpor§
groups release , released ' benefit
(in parenthesis) l-ocean 2-ocean Total (%)
age age - Observed Estimatedg/
Little Goose Dam 42,461 20 31 59 0.139 0.167
(control) .
Bonneville Dam 36,802 352 211 654 1.78 2.5187 1380
(transport)
Dalton Point 26,650 276 133 482 1.809 2.559 1388
(transport)
TOTAL 105,913 648 375 1195

1/ Adjusted for initial tag loss.

g/ Based on comparison of the known recovery of fish with magnetized wire tags at Little Goose Dam and
the subsequent recovery of these and other marked fish at Dworshak National Hetchery upstream from

Little Goose.
to continue their migration upstream.

Returning fish identified at the dam were marked with dart and jaw tags and released
Numbers of externally-tagged fish arriving at Dworshak Hatchery

were compared with the recovery of other wire-tagged fish arriving at Dworshak Hatchery not previously

detected and identified at Little Goose Dan.

3/ Based on observed return.
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explanation for the poor returns is that there was a high incidence of
kidney disease in the hatchery chinook smolts that year. The stress of
collection and crowding of these infected fish in raceways and in transport
trucks may tend to nullify any benefit derived from transportation.

RECOVERY OF ADULT. STEREHEAD TROUT
I THE INBIAN FISHERY

Thirty-nine wire tagged adult steelhead (released as juveniles in
1973) were recovered in theAfall Indian gill-net fishery in the Lower
Columbia River. Although transport to control benefit ratios were
highly favorable, they differed considerably from the ratios observed
at Little Goose Dam. Benefit ratios observed at Little Goose Dam for
Bonneville and Dalton Point releases were nearly identical--about 15.0
to 1. Benefit ratios observed from the Indian Fishery recoveries were
2k.5 to 1 for the Bonneville release and 34.5 to 1 for the Dalton Point
release. However, the relativeiy small number of returns from the Indian
Fishery does not provide significant data to give actual transport-to-

_ Iy
contrdi ratios from either release site. A more intensive sampling

program in future years should clarify this discrepancy.

EMERGENCY MASS TRANSPORT OF
JUVENILE STEELHEAD

A total of h89,357 Juvenile steelhead and an incidental catch of
3hﬁ,825 juvenile chinook salmon were transported from Little Goose Dam
to below Bonneville Dam. Juveniles were diverted from the turbine intake
by 6 traveling screens operated and méintained by the Corps. Upon exiting
from the gatewells the juvenile trout and salmon were gathered in the
Juvenile collection facility. Fingerlings were transported using the
same procedures as described in previous reports. Pertinent data on

Jjuvenile mortalities and water quality were recorded for each transport load.

19



Transport and delayed mortality for steelhead trout was 1.1% and
0.6% respectively. For chinook salmon, mortalities were 4.7%--transport
and 1U4.4%--delayed. These mortality figures are essentially the same
as we reported for experiments conducted at Little Goose Dam in 1973.

Approximately 3,000 fish or 10% of the juvenile salmon and trout
collected at Little Goose Dam were sampled for marks, symptams of gas
bubble disease (GBD), descaling, and species.

A high incidence of GBD was present throughout the season among
juvenile chinook and to a lesser degree among juvenile steelhead (Table
9). The stress from gas bubble diseage no doubt contributed to the
delayed mortality figure (14.4%) measured for chinook mass transported.
Availability of additiqnal turbinelcapacity at Lower Granite Dam should
eliminate this problem in 1976.

USE OF SALT (NaCl) TO REDUCE MORTALITY OF CHINOOK
SALMON SMOLTS DUE TO HANDLING AND HAULING

Throughout our transportation studies, survival of transported
steelhead has been consistently higher than that of transported chinook.
One measursble difference in survival has been delayed mortality
following transportation of the smolts. For the past several years,
delayed mortality of steelhead has averaged less than 1 percent while
that of chinook has averaged 10-20 percent. Both disease and stress
are suspected of causing the delayed mortality of chinook smolts.

To minimize stress on the fish, NMFS researchers have streamlined
methods of handling the fish and have made several improvements in the
truck transport design. In spite of these improvements, excessive delayed
mortality of chinook continues to occur inlsome loads.
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Table 9.-- Percent of juvenile chinook salmon and steelhead trout sampled from

vaceways

at Little Goose Dam with visible N2 symptoms - April-June 1975

Month Chinock with N, symptoms Steelhead with No symptoms
April 62% 28%
May 21% 4,
June 32% 30%
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There is evidence from the literature that stress due to handling
and hauling can be alleviated by adding salt (NaCl) to the water
containing the fish. The Washington State Department of Fisheries has
been transporting chinook salmon smolts in salt water, but no data have
been generated to quantify benefits.l/

Besides alleviating the effects of stress, salt water has therapeutic
value and can aid in preventing disease transmission from one fish to

another. Salt water is fairly effective against disease organisms

such as protozoa and fungi. Chondrococcus columnaris, a highly transmis-

sable disease, is destroyed when suspended in water having a salinity
of 8.5 ppt.g/ It was clear from the literature that salt water could
provide dual benefits in our fish handling and hauling activities.

The exploratory research reported here indicates the use of salt
water will significantly increase survival of chinook salmon smolts over
that now being experienced in current transportation studies. If, in

practice, similar results are obtained, this technique will be the major

breakthrough we have been seeking.

EXPLORATORY STUDIES WITH SALT (NaCl)

Attempts to increase survival of chinook salmon smolts by adding
salt to the water were conducted at Bonneville Dam where delayed
mortality studies of transported fish were underway. TFor these studies,
we set up 20 test tanks; 16 with 60-gallon capacities and four with
150-gallon capacities. Test and control fish were obtained from the

transport trucks which arrived every other day.

}/ Personal communication. James Woods, Washington Dept. Fisheries

g/ Personal communication. Paul Fujihara, Battelle Northwest, Richland, WA
22
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Three experiments were conducted. In the first two experiments,
we compared survival in fresh water with survival in salinities 6f 1, 3,
5, 10, and 15-20 ppt. We also tested three different levels of stress
(Figure l); a4 10-count, a 15-count, and a 20-count stress. The stress
was applied every 2 hours for the first 8 hours of the 2L-hour test.

In the third experiment, we transported thfee different loads of
fish from Little Goose Dam in water having a salinity of 5 ppt. Samples
of these fish and fish obtained from transport trucks using fresh water
were placed in test tanks for periods of 72 to 114 hours. Half of the
test tanks were filled with fresh water and the other half with salt
water at a salinity of 5 ppt. We also imposed a controlled stress on

half of the groups of fish in both the fresh and salt water.

BENEFITS OF SALT (NaCl)

Figure 2 presents data comparing survival of chinook smolts in
fresh water and in salt water at salinities of 5, 10,vand 15-20 ppt
at three different levels of stress. Survival of fish in all salinities
tested and for all levels of stress was nearly 100 percent; only one
mortality occurred in 225 fish tested. On the other hand, mortality
of fish in fresh water was 20 percent for the 10-count stress and
increased to 84 percent for the 20-count stress.

Figure 3 presents data comparing survival of chinook smolts in
fresh water and in salt water at salinities of 1, 3, and 5 ppt. Again,
survival of fish in all salinities tested was significantly higher than
survival of fish in fresh water. The data imply, however, that survival
at 1 ppt salt was not as great as at 3 and 5 ppt. Additional tests must

be conducted to determine whether this difference is significant.
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STEP 1 - Webbing in raised
position; ready to start stress

D

STEP 2- Webbing and fish
raised above water ‘

Figure 1.--Procedure for imposing a controlled stress on fish in test tanks. Raising the webbing

and fish out of the water ten times (steps 1, 2, and 3 repeated ten times rapidly) is referred

to as & 10-count stress.

STEP 3 - Webbing returned
to starting position; ready
to repeat sequence
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Figure 2.--Results of a oh-hour test at three different stress levels showing enhanced survival of

chinook smolts held in salt water by comparison with smolts held in fresh water.
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3.--Results of 24-hour test comparing survival of chinook smolts held in fresh and salt water.

All groups were given a 10-count stress every two hours for the first 12 hours of the test.
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Figure 4 compares survival of chinook smolts in test tanks of fresh
water and salt water after having been transported either in fresh water
or salt water. Again, the benefits of salt are cbvious. Fish hauled and
held in salt water had a survival of 98.2 percent whether they receivéd
the controlled stress or not. Fish hauled in salt water and held in frgsh
water without stress had a survival of 97.3 percent--not significantly
different from those groups hauled in salt water and held in salt water.
Although the stressed group held in frésh water‘had g significantly
lower survival (93.3 percent) than the unstressed group (97.3 percent),
having been hauled in salt water obviously benefited the fish even after
they were placed in fresh water; their counterpart (stressed) group

hauled in fresh water had a survival of only 60.5 percent.

TMPLICATIONS
These exploratory studies show clearly that adding NaCl to water
dramatically increases the survival of l+age chinook salmon smolts
subjected to stressful conditions associated with handling and hauling.
We believe the benefits to be gained by using salt water during
future transportation studies will be even greater than is indicated by
these exploratory studies because the test fish we used were the survivors
of fish that had already undergone the stresses of the handling system
at Little Goose Dam or Lower Granite Dam prior to hauling. The addition
of salt to the water used to hold, anesthetize, and mark the fish prior

to hauling should yield greater benefits aver merely hauling the fish in

salt water.
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PFigure 4.--Survival of chinook salmon smolts hauled in 5 ppt salt water or fresh water when held and
stressed in salt water or fresh water. All stressed groups were given a 10-count stress every

two hours for the first 16 to 24 hours.



Additional studies will be necessary to determine the best concentra-
tion of salt for optimum benefits for both stress and disease problems.
Logically, a highér salinity level should yield more rapid and effective
benefits against diseases.

SURVIVAL OF JUVENILE CHINOOK SALMON AND ,
STEELHFAD TROUT MIGRATING IN THE SNAKE RIVER

METHOD

Survival measurements of juvenile chinook (as in previous years)
were based on fish that were collected, marked, and released at Riggins,
Idaho on the Salmon River and recovered at Lower Granite, Ice Harbor,
and The Dalles Dams. Additional data were available from releases of
marked fish at Rapid Rlver and Dworshek Hatcheries in Idaho and from
releaseé ih the forebay of Ice Harbor and Lower Granite Dams.

Estimates of survival were based on the comparative recovery of
up-river marks and Lower Granite and Ice Harbor forebay marks at

sampling points downstream (i.e., Ice Harbor and The Dalles Dams).

DOWNSTREAM SURVIVAL OF JUVENILES

Survival of juvenile chinook and steelhead to The Dalles Dam in
1975 was 25% and 42%, respectively. Steelhead survival was the highest
measured since 1969 (Figure 5). The low survival of chinook was at-
tributed to dominance (60%) of the 1975 outmigration by hatchery fish
(mostly Rapid River) which survived at a lower rate (17%) than native
stocks (38%). In previous years, less than 30% of the outmigration
was of hatchery origin and the impact on overall survival was not

significant. The 38% survival of native chinook was nearly as high as
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, tha£ measured for steelhead. Major factors resulting in higher survival
of steelhead and native chinook in 1975 included reduced N, supersaturation
from £1iplips in operation at Lower Granite and Lower Monumental Dams,
\fa.v'orable runoff conditions resulting in témely spill and lower turbine
mortalities, and higher quality steelhead smolts released from Dworshak
fhtchery than in 1974. However, in spite of the improvements in
environmental conditions, lack of n&tive chinook migrants and a smaller
release of steelhead from Dworshak Hatchery resulted in a lower than
average number of migrants arriving at The Dalles Dam (0.9 million
chinook and 1.1 million steelhead). Details with respect to numbers
and survival of wild and hatchery fish to each dam in 1975 are given
in Tables 10 and 11. | |
DISSOLVED GAS (NW,) STUDIES - 1975

MENTITORING OF NITROGEN .
SUPERSATURATION

This year, concentrations of dissolved atmospheric gas in the
Columbia and Snake Rivers were again measured every two weeks during
spring freshet conditions (April 8 - July 29). The same sampling sites
monitored in 1974 (forebays from Little Goose to Bomneville Dam, including
two sites in the lower river) were monitored with the addition of sites
at the forebay and tailrace of Lower Granite Dam and the deletion of
the site above the mouth of the Snake River on the Columbia River.
Samples from a cross section of the river (6 separate sa.mpling sites)
at the tailrace of the Bonneville spillway were 'also taken during

specific flow levels.
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Table 10.--Estimated number of Snake River chinook and steelhead smolts. passing
Lower Grapite, Ice Harbor, and The Dalles Dam, 1975.

Mili‘.lons of Fingerlings

Lower Trans- 1/
Granite rted Ice Harbor The Dalles
: (&) B) (A-B)
Chinook ?,/
Rapid River (3.70) 2.50 - .26 2.24 0.55 0.38
Native & other 1.50 Abh o 1.36 0.75 0.52
hatcheries
TOTAL 4,00 0.40 3.60 1.30 0.90
Steelhead
Dworshak (1.75) 1.30 0.21 1.09 0.70 0.45
Pahsimero® (1.50) 1.00 0.17 0.83 0.55 0.35
Native 0.90 0.17 0.73 0.46 0.30
TOTAL 3.20 0.55 2.65 1.71 1.10

y Numbers of fingerlings remaining to migrate downstream from Lower Granite and
Little Goose Dams after subtracting number transported from these dams.
2/ Numbers released from hatchery.

Table 11,--Survival (percentage) of populations of Snake River chinook and steelhead
smolts to The Dalles Dam, 1975.

CHINOOK STEELHEAD
Rapid Native _l/ 2/
Stretch of River River & other Overall Dworshak Overall:
Hatchery Hatchery Survival Hatchery Survival
From:
Salmon River and hatcheries A
to Lower Granite Dam 859 85% 70%
Lower Granite Dam to
Ice Harbor Dem 2k, 50% 36% 64, 649,
Ice Harbor Dam to The
Dalles Dam 6K 6% 69% 65% 65%
Lower Granite Dam to
The Dalles Dam 17% 384 25% kog, 429

y Overall survival based on recoveries from Rapid River, other hatcheries, and
native stocks marked in the Salmon River.

g/ Overall survival based on recoveries from Dworshak and Pahsimeroi Hatcheries
and native stocks marked in the Salmon River.
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Throughout the sampling period, spillway discharges were moderate
(maximum regulated flow about 185 and LO8 kefs for the Snake and Columbia
rivers, respectively); and with the exception of the Lower Monumental
forebey and the Bonneville tailrace, the dissolved gas levels were below
those of 1971, 1972, and 1974. Saturation values at all sampling sites
did not drop below the 110% level of total dissolved gas until July 29
(Appendix Table 3). During the period of major migration of juvenile
chinook and steelhead (April 15 - May 20), nitrogen values ranged'from'
115.8 to 137.7% of saturation in Lower Monumental forebay and from
120.2 to 135.9% in the spillway tailrace at Bonneville Dam.

SPILL DEFLECTQRS AND NITROGEN SUPERSATURATION
AT LOWER GRANITE & LOWER MONUMENTAL DAMS

In 1974, tests of multiple spill deflectors at Lower Monumental
Dam indicated less benefit (decrease in supersaturation) than antici-
pated by extrapolation from single bay deflector tests in 1972 and 73.
On the 25th and 27th of March of 1975, we collected water samples at
Lower Monumental Dem to measure gas content of water discharged over
multiple spill deflectors. Samples were taken during 5 separate tests;
with Bay 4 spilling at 15.0 kefs (Test 1) and with all six deflector
bays spilling at 4.6, 9.7, 14.9, and 20 kefs per bay (Tests 2-5).
During these tests the water temperature remained at 6.0°C and the
nitrogen saturation in the forebay averaged 108.7%. Dissolved gas
saturation in the tailrace during the multiple bay tests ranged from

112.3% to 123.7% No at the various flows (Appendix Table 4).
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The average saturation for the single bay test was 115.3% N,, while the
average saturation for the multiple bay test with comparative spill
discharges per bay (14.9 kcfs) was 121.44% N,. This difference, together
with differences observed in tests conducted during previous years,
confirm that saturation values resulting from single bay defleétor
discharges are indeed lower than values from multiple bay deflector
discharges at Lower Monumental Dam when spill volumes per bay are equal.

As in 1974, there was a decrease in saturation between the forebays
of Lower Monumental and Ice Harbor Dams. The data show that this
difference ranged from O to 20% Né, depending on the spill discharge
and the saturation level in the Lower Monumental forebay. Although a
slight decrease existed before the installation of deflectors, data
from 1974 to 1975 show that the deflectors are substantially degassing
supersaturated water as 1t passes through the spillway at Lower Monumental
Dam.

On April 17, water samples were taken below the 6 spill deflectors
at Lower Granite Dam to test their effectiveness . During the test,
forebay saturation levels averaged 102.7% N, and the water temperature
remained at 8.7°C. Water samples were collected at spillway flows of 5,
10, 15, and 20 kcfs per bay. At these flows, the saturation values
ranged from 112.2% to 123.4% N, (Appendix Table 5). These values compare
well with values obtained at Lower Monumental Dam after the spill
deflectors were installed in all six bays. Thus, without the spill
deflectors, saturation levels below Lower Granite spillway would have
been much greater (10 to 20%) and would have been comparable to levels

-n

observed below Lower Monumental in 1969 before the spill deflectors

were installed.
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TRAVELING SCREEN AND ORIFICE BY-PASS STUDIES
AT LOWER GRANITE DAM

Turbine intake traveling screens were tested in unit one at Lower
Granite Dem in 1975. Through most of the spring season, there was only
one unit in service and it generally was operated at maximum power output
of 155 mw. Research objectives were: (1) determine workability of
the traveling screens in the bulkhead slot (BHS) (traditional placement
of screen) and the newly designed fish screen slot (FSS) and (2) after
fingerlings were guided into the gatewells, determine how rapidly
fingerlings exited through the orifices. Preliminary tests in the spring
indicated further testing was required to quantify guidance and descaling
rates for specific screen mesh-perforated plate combinations. During
Octobervl975, a special test was designed to determine which combination(s)

might be best suited for use at Lower Granite Dam.

TRAVELING SCREEN TESTS - SPRING 1975

Tests conducted at Little Goose Dam in the fall of 1974 indicated
a 48% open area perforated plate placed between the conveyor belt screen
of either regular mesh (42 x 36 x 16 mesh per foot) or intermediate mesh
(72 x 36 x 16 mesh per foot) might be satisfactory for use at Lower
Granite Dam. Therefore, we used three screens all with 48% open area
plate, two of which were equipped with regular mesh and one with
intermediate mesh. Screens were tested in unit one where vertical
barrier screens had been installed. The upper 36 feet of the barrier

screens were covered with solid plate, similar to the conditions tested

at Little Goose Dam.
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Lower Granite Dam is the first dam where special accomodations have
been made for use of traveling screens. That is, special fish screen
slots (FSS) were constructed in the dam upstream of the bulkhead slot
(BHS) specifically for the placement of the traveling screens. (See
Figure 6.) A traveling screen could be operdted in either slot without

modification.
Some features, however, made the FSS different from the BHS:
1. The FSS is closer to the entrance of the intake where the cross

sectional area is larger and the approach velocity less.

2. The angle of flow approaching the Screen is more acute because
the intake ceiling is steeper at this point.

3. There is no vertical barrier screen, but the slot is much
narrower (from front to back); A screened openiﬁg (10' x 20'), generally
referred to as the Wagoner Horn, is located approximately 15 feet below
the water surface.

4. The ceiling of the intake on the upstream side of the FSS is
cut off horizontally allowing a larger opening into the FSS than in
the BHS when a traveling screen is installed.

Tests of the traveling screens were divided into four separate
time periods, each with different screen arrangements. Constant turbine
loading of 155 megawatts generally prevailed. The four test periods
are as follows:

1. Regular mesh in the BHS of 1A and 1B and intermediate mesh

in BHS of 1C (May 7-May 11). (The terms 1A, 1B, and 1C refer to gatewell

slots of unit one.)
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2. Regular mesh in the FSS of 1A and the BHS of 1B, and. inter-
mediate mesh in the BHS of 1C (May 11-13).

3. Intermediate mesh in the BHS of 1A, regular mesh in the BHS of
1B and 1C (May 1l4-June 4).

4. Same as number three except the 1B screen was removed (June k-

June 12).

Descaling Measurements

Descaling tests were conducted with both mesh sizes of screen in
the BHS. Tests in the FSS were done only with the regular mesh.
Descaling and injury were measured by examining a sample‘of the fingerlings
taken from the gatewells with a gatewell dipnet. Fish with more than
10% of the scales missing were classified as descaled.

The posltive benefit of perforated plate backing was confirmed
at Lower Granite Dam in 1975. Overall average percent descaling (APD)
for salmon in the BHS's was 6.4%, reduced from the 21% rate recorded
in previous years when there was no perforated plate backing behind the
screen. A comparison of the descaling rates between the two mesh sizes

(intermediate and regular) indicated that the intermediate mesh was best.

Descaling during the May 6-10 test was considerably less in 1C (intermediate

mesh) than in 1A (regular mesh); APD = 2.5 vs 10% respectively. When
the screens in 1A and 1C were exchanged, descaling in 1A (now intermediate
mesh) was reduced from 10% to 5%; descaling rate increased from 2.5%

to 5% in 1C with regular mesh (Figure 7).
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Figure 7.--The percent descaling of naturally migrating fingerling chinook

salmon taken from the intake slots at Lower Granite Dam during four

different time periods with different traveling screen arrangements.



With regular mesh in the FSS during the May 11-13 test, descaling

- of salmon was 20.4% (Figure 7). Because this period coincided with the
peak of the fingerling outmigration and the amount of descaling was
excessive, further testing of traveling screens in the FSS was postponed
until after the major outmigration of juveniles had passed.

Highest descéling rates occurred during May when hatchery chinook
dominated the catch. Lowest rates occurred in June when nearly all
fingerlihgs were of native origin. Thé low rate measured in June was
consistent between both screened and unscreened intake slots. In fact,
APD in 1B (unscreened) was slightly higher (8.0) than for either of
the screened intakes (4.6 for 1A and 4.9 for 1C).

The pattern of descaling in steelhead was similar to that of chinook

except APD was much lower.

Fish Guidance

Only one test to measure variation in fish guidance was possible
with natural migrants during the spring period. Most tests were
conducted in the fall with hatchery stocks wﬂich were released through
hoses (Figure 6) placed in turbine intakes. The test with natural
migrants was conducted during a 4-day period toward the end of the
outmigration to avoid handling excessive numbers of fish. Conditions
tested were: traveling screen with regular mesh in BHS of 1C;
traveling screen with intermediate mesh in BHS of 1A; and, no screen
in 1B. The number of fish dipnetted from the bulkhead and fish screen
slots with orifices closed formed the basis for determining differences
in fish guidance. Since testing was of an exploratory nature, results
should be considered preliminary at this time. Two obvious differences
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in guidance were apparent:

1. Less than 4% of the salmon and 15% of the steelhead collected
in both siots of 1A and 1B entered FSS slots when traveling screens
were operating in the BHS's. In the unscreened intake (1B) nearly 20%
of the salmon and 40% of the steelhead collected in 1B gatewells were
taken from the FSS. The overall total collected in 1B, however, was not
as great as that collected in 1A.

2. More steelhead than salmén entered the FSS's; the reverse was

true for the BHS's.

TRAVELING SCREEN TESTS - FALL 1975

Traveling screens were tested during October, 1975 at Lower Granite
Dam. Fall testing is desirable becausé flows through turbines can be
more closely controlled without interfering with power production and
water is generally clear enough to use underwater television to study
fingerling behavior at the traveling screen during operating conditions.
On the other hand, naturally-migrating fingerlings are not abundant and
hatchery-reared fish must be used as test animals.

Our test objectives were: (1) determine guiding efficiency and
descaling rate for fish at various mesh and perforated plate combinations,
(2) make video observations of fingerlings as they were actually being
guided by the screen and, (3) determine ability to attract fish into

bulkhead or fish screen slots by use of lights.
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Procedures

Test fish were primarily hatchery-reared pre-smolt coho salmon. Some

naturally-migrating chinook salmon were collected during test operationms.

These were accumulated and used for companion releases with coho salmon in

some tests. Test fish were tattooed in lots of 300. Each release was

made up of one lot; three replicates or lots made up a test group.

Fach replicate was introduced into the turbine intake through a

3-inch hose placed behind the trash rack and held in place (by cable)

about 20 feet upstream from the traveling screen and 4-6 feet from the

intake ceiling. (Figure 6) Video observations were made by placing

the camera and its light source near the center of the screen. Direct

observations were made on the intake deck via a monitor, and observations

were recorded on tape for later analysis.

Video observations were made

on only two of three replicates, so that the TV light source would not

influence fish behavior during the 3rd (dark) replicate.

Five combinations of mesh size, perforated plate, or solid plate

over screen were tested:

1. 42 x 36 x 16 mesh (regular) and 48% perforated plate.

2. 42 x 36 x 16 mesh and 33% perforated plate.

72 x 36 x 16 mesh (intermediate) and 48% perforated plate.

3
4. 72 x 36 x 16 mesh and 33% perforated plate.

5. Solid plate (plywood) over upper 3/5 of screen area.

All combinations were tested during turbine loads of 155 and 125 megawatts

with the traveling screen operating in the bulkhead slot. Only the

number 2 combination above was tested in the fish screen slot of 1A

for reasons described later.
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All tests were repeated with lights placed at.the entrance to the
fish screen slot. Illumination was provided by installing three 500

watt incandescent lamps on a frame lowered into the slot to the desired

depth.

Duringvtests, orifices of both slots were closed to prevent egress.
Tests were evaluated by dipnetting both slots (BHS and FSS) after each
replicate.b The number recovered compared to number released provided
the guiding efficiency. All fish recovered were examined for descaling.
A fish was considered to be descaled if 10% of its scales were missing.
The number descaled was compared to the number not descaled for the

descaling rate.

Results

Midway through the test program it became apparent that the coho
salmon being tested were not good test animals. Regardless of screen
combination or turbine bperating condition tested, recoveries were
lower and descaling rate higher than expected. Companion releases
of wild chinook salmon coupled with video observations on behavior of
both species confirmed our belief. For example, the recovery (guiding
effiéiency) of the relatively small number of chinook released was about
twice that of coho released. Further, it was apparent the coho were
poor swimmers as evidenced by the high degree of impingement we
observed by underwater television. We concluded, therefore, that actual
percentage guidance could not be obtained with this group of hatchery
fish. Sufficient data were obtained, however, on relative differences

in descaling and guidance between test situations. 1In general, the
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intermediate mesh over 48% open plate provided the lowest descaling, but
was only fair in terms of guidance. On the other hand, regular mesh
over either plate provided good guidance, but‘descaling was higher. It
would appear that for screen mesh and plate now on hand, regular mesh
should be used with 33% plate and intermediate mesh should be used with
48% plate.

Regardless of screen mesh-plate combinations tested, turbine load
reduction to 125 megawatts reduced descaling. Adding light in the fish

screen slot increased guiding efficiency at both 155 and 125 megawatt

loads.

When solid plate was tested on the upper 3/5 of the screen area,
recovery was nil (4 fish recovered from 12 replicates of 300 fish each)
and obviously descaling was not a factor to be considered. We are not
considering further tests with solid plate. |

Regular mesh with 33% plate was the only coﬁbination tested in the
fish screen slot. To get the best possible tesfs, only wild chinook

were used. Recovery was poor and descaling was high (similar to findings

in the single spring test). Fingerling behavior was monitored closely by

Corps of Engineers and NMFS personnel during releases. Approach velocity

to the screen was low to moderate when compared to approach velocities
measured in the BHS. We observed fish swimming from the screen (near
the entrance to the slot) toward the camera, indicating that the fish
can swim at random in the vicinity of the screen. This probably accounts

for the poor recovery since the fish were fully capable of avoiding the
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screen altogether by swimming back upstream and subsequently under
the screen. High descaling is probably caused by repeated contacts
with the screen since no positive directional guidance was provided.

We believe the high descaling and poor guidance shown by the FSS
test data were due to two main factors: approach velocity and angle
of screen in relation to water flow. The current screen is placed 45°
fram vertical which results in the screen being nearly perpendicular
to the flow of water entering the intake when the screen is placed in
the FSS. A change in the scréen angle from 45° td some greater angle
appears to be the most logical solution to the probltem at this time.

A new screen design is now being manufactured which should compensate
for hydraulic conditions that apparentiy are unique in the ares of the
Pish screen slot. Its salient feature is an adjustable screen angle
which can be tested at 45° (the traditional screen design angle), 55°,
or 65°. Tt is planned to test the new screen in the fish screen and
bulkhead slots at Lower Granite Dam in 1976.

‘ORIFICE PASSAGE AND DIURNAL
MOVEMENT OF FINGERLINGS

At Lower Granite Dam, the bulkhead and fish screen slots were both
equipped with a pair of submerged orifices for the passage of fingerlings
from the gatewells to an open by-pass channel within the powerhouse. The
submerged orifices were 8-inch diameter openings that could be easily
converted to 6-inch diameter openings by installing inserts from the

downstream side of the orifice (from the by-pass gallery).

k5



Preliminary date indicated that fingerling passage or exit from
gatewells was excellent when two 8-inch orifices were open. Passage
when two 6-inch orifices were open was still acceptable, but about

twice as many fingerlings stayed in the gatewell compared to residual

counts when two 8-inch orifices were open. Exploratory tests indicated

there was no preference for egress through the south vs. the north orifice.

Further testing is required to determine if a single 8-inch orifice
would be adequate for optimum passage--a condition that would save
considerable water when all 6 turbine units are operating.

During two 24-hour periods during the season, gatewells (bulkhead
slots) in unit one were dipnetted every two hours to establish a
diurnal pattern for entry of chinook and steelhead smolts in to the
gatewell when traveling screens were operating. The data, summarized
in Figare 8, indicated that steelhead entered mainly during day light

hours. Chinook, on the other hand, entered during dark hours with the

peak movement about 4:00 A.M. when 23% of the total entry was recorded.

-
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Figure 8.--Diurnal collection of chinook salmon and streelhead trout

smolts from gatewells with traveling screens operating.
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SUMMARY
O&ef 220,000 fingerling chinook salmon and steelhead trout were
marked at Lower Granite Dam for release near Clarkston, Washington
(controls) and Bonneville Dem (test) to test the transportation
concept.
Adult returns to Little Goose Dam for fingerlings transported in
1971-73 are essentially complete (except for 3-ocean chinook salmon
hauled in 1973). To date benefit ratios for chinook salmon are
1.6:1, 1.1:1, and 15.6:1 for 1971, 72 and 73 respectively. Benefit
ratios for steelhead trout are 1.7:1, 3.25:1, and 15.0:1 for 1971,
72 and T3 respectively. Transportation of juvenile salmonids |
continues to show a positive means of enhancing survival of Snake
River outmigrants.
Mass transportation of steelhead trout and chinook salmon was begun
at Little Goose Dam in 1975. About 500,000 steelhead and 350,000
chinook were hauled (unmarked) to Bonneville.
Fingerling chinook salmon hauled in salt (5 ppt) water showed a
delayed mortality of about 2 percent.i Chinook hauled in fresh water
showed a delayed mortality of about 12 percent, indicating a
significant benefit in.survival for hauling smolts in salt water.
Survival of juvenile chinook and steelhead emigrating from the Snake
River was 25% and 42% respectively to The Dalles Dam in 1975.
Steelhead survival was the highest measured since 1969. The chinook
outmigration was dominated by hatchery stocks (60%--primarily from

Rapid River) for the first time.

L8
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Mejor factors resulting in higher survival of steelhead and native

2
in operation at Lower Granite and Lower Monumental Dams, favorable

chinook in 1975 included reduced N, supersaturation from flip-lips

runoff conditions which allowed timely spill and lower turbine
mortalities, and higher quality steelhead smolts released from
Dworshak Hatchery than in 197h.

During’the period of major migration of juvenile chinook and
steelhead (April 15-May 20), nitrogen values ranged from 115.8

to 137.7% of saturation in Lower Monumental forebéy and from

120.2 to 135.9% in the'spillway tailrace at Bonneville Dam.

Spillway deflectors at Lower Monumental Dam were shown tc be
instrumental in degassing water.

In the spring of 1975, traveling screen tests at Lower Granite

Dam revealed that an excessively high descaling rate occurred

when a screen was operated in the newly designed fish screen

slot (about 20%). Screens operated in the traditional bulkhead
slots had an average descaling rate of 6.4%. |

Traveling screen tests in the fali of 1975 indicated that the present
screen design could not be made safe for fingerlings when the screen
was used in the fish screen slot. From underwatef TV observations
it was determined that a new design incorporating an adjustable
screen angle should be tested. Tests using a single screen of the

new design will be accomplished in the spring of 1976.
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11.

Conventional screens tested at Lower Granite in the fall of 1975
indicate that regular mesh with 33% perforéted plate and intermediate
mesh with 48% perforated plate shouid be used whenever possible to
meke the most efficient use of screens now on hand.

Fingerling passage from gatewells was excellent when two 8-inch
orifices were open. Eight inch orifices were nearly twice as

effective in reducing residualism in gatewells as 6-inch orifices.
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Appendix Table l.--Date, brand position, wire tag code, release location and number
of juvenile chinook salmon and steelhead tr\dut marked and transported (test groups) -

Lower Granite Dam 1975

D - - - D - AR e WP AR Gn G5 G e e S D P R S G S S D S G S D D D D G P A R M G R WD S D S P D M W TS e e

Brand Positioxry Wireg'/ Chinpok Steelhead
Date and symbol Tag color Release Site Salmon Trout
4-23 RA-T W-Y-YOX-R Bonneville boat 1103 640
4-25 None W-Y-YOX-LG baungh 4146 U5
L-28 | RA-H W-Y-YOX-R - " 3975 2635
h-29 None W-Y-YOX-LG " 2186 3923
5-1 RA-H W-Y-YOX-R n 1325 3148
5-5 None W-Y-YOX-LG " Lols 2957
5-6 RA-T W-Y-YOX-R " 3k7512 2391
5-7 None W-Y-YOX-LG " 2581 3055
5-9 FA-E+ W-Y-YOX-GR " 3787 2638
5-12 None W-Y-YOX-LG " 28é5 3398
5-13 RA-E+ - W-Y-YOX-GR " 7380 2127
5-16 None | W-Y-YOX-LG " LT3k 2105
5-17 | RA-N W-0-ROX " 3653 2164
5-19 ' None W-0-BR " L593 k100
5-20 RA-N W-0-ROX " 179 2308
5-21 None W-0-BR " 2389 Ly23
5-22 RA-N W-0-ROX " 239 - 2766
5-27 None W-O-BR " 3445 2988
6-2 RA-Z . W-0-ROX " 1200 3261

6-5 None W-0-BR " 1943 2218



Appendix Table 1 (Continued)

‘ 1
Brand Position‘/ Wireg/

: Chinook Steelhead
Date and symbol Tag Color Release Site Salmon Trout
6-9 None W-0-BR Bonneville Boat 1985 2275
c Launch
6-11 None W-0-ER " 1342 1928
6-17 None W-0-BR " 1309 2082

l/ LA-RA indicate brand position; i.e. left anterior, right anterior

g/ Colors on Tags W-White, Y-Yellow, R-Red, LG-Light Green, GR-Green,

O0X~Oxide

bk kL

ke Lk A s ik ket

0-Orange, BR-Brown,

-




Appendix Table 2.--Date, brand position, wire tag code, release location and number of

chinook and steelhead trout released as controls at Lower Granite Dam 1975.

- T " T D D P D P S U D W D s ED G S G S G A S Y S S GD R e e RO AR Ge G GG D W G D T S T D U G TP N R S MR D SR Y D S W W5 R BG S MR RGP PR R R P W DD W R S SR T RS

Date Brand Positionl/ Wireg/ Release Site Chinook Steelhead
and symbol Tag Color Salmon Trout
Y-22- LA-F W-Y-B-L Clarkston, WA 858 1165
4-24 LA-F W-Y-B-L " 1h43 663
-25 LA-F W-Y-B-1L, " 453 397
L4-28 LA-rg W;-Y-B—L " 751 1831
4-29 LA+ W-Y-B-L " 285 - 1543
k-30 LA-r ~ W-Y-B-L " 2588 2927
5-2 LA-+y | W-Y-B-L " 2865 2916
5-3 LA+ W-Y-B-L " 3017 2265
5-5  LA-Z . W-Y-B-L " 2661 423
5-6 LA- W-Y-B-L o 545 , 989
5-8 LA-d W-Y-B-L " 3223 2258
5-10 LA-d W-Y-B-L " 2262 2108
5-12 LA~ W-Y-B-L " 2287 1486
5-13 | LA=F W-Y-B-L " 1374 1092
5-1k LA~ W-Y-B-L " 3650 2656
5-15 LA-F W-Y-B-L, " 3678 2482
5-20 LA-K W-Y-YOX-P " 1647 2k27
5-21 LA-K W-Y-YOX-P " 691 2948
5-23 LA-K W-Y-YOX-P " 175k 2018
5-2k LA-K W-Y-YOX-P " 1729 2563

5-27 LA-K W-Y-YOX~P " 812 2949




Appendix Table 2 (Continued)

]

1 2
Date Brand Positioﬁ‘/ Wire‘/ Release Site Chinook Steelhead
and symbol Tag Color ’ Salmon Trout
5-28 LA-» W-Y-YOX-P Clarkston, WA 1433 1801
5-29 LA- W-Y-YOX-P " 180 2064
5-30 LA-i W-Y-YOX-P " 6% 1976
6-3 LA W-Y-YOX-P " 1016 72k
6-6 LA W-Y-YOX-P " 1226 1488
6-13 LA W-Y-YOX-P " 782 k2 -
TOTALS h3,902 49,601

_l_/ LA-RA indicate brand position; i.e. left anterior, right anterior

g/ Colors on Tags W-White, Y-Yellow, B-Blue, L-Lavender, P-Pink, OX-Oxide

-~
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Appendix Table 3.--Dissolved gas saturation data for Columbia and

Snake Rivers, April-July, 1975.
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NATTCLAL MARTLE FISHESIES SEWVICE — COASTAL ZONE AND E€STUARINE STUDIES ~
CoLuvzIn RIVER ANL TRTELTAKILS GAS SATURATION DATA=--=-CCMPEMSATED FOR TEMPERATURE AND ALTITUOE

SURVEY CATE APRTL 841975
______ ATMUSPHERIC  =TOTAL GAS- NO. HOURLY FLOW SAMPLE  MEAN DAILY T
ULPY_TEMP _ ==-QOXYGEN-=~ ==h]TRCGEN=- _  PRESSURE _ GATE =-==KCFS-=-= ELEV_ _ _FLOW==KCF§ ==

SAT TOPEN SPILL TOTAL  FEET sPILL TOTAL

TTTUWN GRANITE FCREBAY
1/2_#1 LP_41D _RESERVCIR 1000 33 7.2 12,32 104¢8  15.51  100.4
Lawk GRANLTE FCREEAY

172 ¥1 LP 210 RESERVOIR 1000 0 7.6 12,40 106.5 15.55 101.€_ 8
LwR GRASITE TAILRACE Kk .
_ _1/4 %1 Tho SPILL _SIGE 1005 0 7.6 13.68 117.1 16,45 117.%5 8
LITTLE GLCSE FuRERAY
o /s MI LUP CEDTER 1045 33 7.6 13,99 119.8 17.61 114.€ 858.2 115.5 8 0.0 0.0 638 0 0
LITTLE GuCSE FGREBAY ) T ’
J/4 ¥1 uF CELTER 1045 0 7.6 14,19 121,5 17.47 113,7 _855,8 115,1 _ 8 0,0 0,0 638 0 0
Lafi MONUMENT FORE3AY
__A/% I LP-CELTEW 1110 33 7.2 13.90 117.% 17.22 110.7 _834.7 111.9 O 0.0 0.0 540 0 0
LaR MOWURENT FLREBAY - T et .
/4 WMI LR CENTER_ 1110 0 7.6 14,32 122,2 17,05 11U, 841,7 112.8 O 9,0 0.0 S40 0 0
ICE HEREUR FL«£>AY
1/4 »1_ L CTITER 1130 33 7.6 13,93 118.5 16,55 107.C _817.6 109.2 10 0.0 0.0 440 0 0
ICE HAREGR FLRERAY
A4 NI UP CFILILN 1130 0 8.1 14.06 121.1 16.46 107.¢ 825.5 110.3 10 0.0 0.0 440 e [}
MCl.aRkY LAY FCOrbEay
__1/% ML_LP SPILL SICE ab. 1158 33 7.2 14,45 121.,2 17.89 114,Z 866.9 115.4 0 0.0 _ 0.0 340 0 0
MCIARY (AW FOxEFAY
_A/e ®I_UP_SPILL SIGE M. 1188 0 7.2 14,58 122.3 17.63 112.6 _85%.2 114.4 0 0.0 0.0 340 0 9
MO AT Tar FCRLoAay
_____ 1/4_ 1 Lie PoWCf_SICE CR.  3120C 33 7.2 14,19 119.1 16.97 106.% 825.1 110.4 0 0.0 0.0 340 0 o
¥CLAKY Uit FOCREEAY
__1/% NI LP PDabn SIDE CRe 3200 0 7,2 14.45 121,2 17.05 108.f 835.6 111,2 0 0.0 6.0 340 0 o
JObN CAY FSRLBAY
—_1/4 MI uP_CHIR 1339 33 7.2 13.55 113.4 16.72_ 106.% _81i1.4% 107.7 O 0.0 0.0 265 (1 0
JOrh CTAY FIREEBAY
_M/h ¥LLE TR 1339 0 7.2 13.55 113.4 i6.55 105.3 8GS.1 106.9 0 0.0 0.0 265 0 0
THZ UALLES FOREL ’ - i
/9 M1 P CELTER 140633 7,2 12,91 107,6 16,30 103.“ 787.3 104.1 0 0.0 0,0 160 0 9
THE GALLLS FCREBAY
174 ¥I_LE _CEOUTER 1400 0 7,2 13,04 108,7 16.30 102,t _789.0_  104,4 0 0,0 0.0 160 0 o
ECKRNEYILLE FCREBAY
__.1s2 mMI_UP SPILL SIDE 1445 33 7.2 13,16 109.4 16.53 104.% 799.2 105.4 10 0.0 0.0 74 0. 0
BORKREVILLE FCKEEAY
1/2 %1 LP_SPILL_SICE 1445 0 7.2 12,93 _107.4 16.13_ 102.0¢ 761.3 103.0 10 0.0 9.0 74 0 9
BOMMWEVILLE TAILRACE
174 1 [t SolLl SICE 1500 0 7.2 15,12 12%5.4 19,99 126.2 954.4 125.7 10 0.0 0.0 23 0 g
COLLVIIA RIVER
ORESCOTIT CEYTER 15485 0 7.6 12,9% _108.3 16430 102.8 _795.0 104.6 10 0.0 0.0 14 [} 0
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LATTICKAL MARIWE FISHEPIES SERVICE CCASTAL Z0Ke aNL ESTUAFPIF STuNLFS
_ _CCLUYELR RIVER ANL TPTELTARTES GAS SATURATION DATa===CCrPERSATLIY FCR TEMEErpTURE ALL ALTITULE

SURVEY L[\TL WhRILT 22719178

ATRGEPRLIIC =YCTAU GFS- NC. ROURLY FLO®R SAEPLE
: OLPY TEMP _ ===CXYGEN==+ ==ii]1T1HCGE k== F RESSURE. GATE ==-=K(FS§=--=-- FLEV FLGG==KCF S
LCCATICH TI*E F1 3 MG/L  SAT ML/ZU SET ¥k HG  SAT GPEN SPILL TOTAL FLET SIPILL TCTaL
LaR GFANITE FCREEAY - -
__1/2 ¥1 UF AI[ HRESERVCIR 1508 G_ 9.4 12,52 11z.% 15.77 107.3 _RL1.5 1fkec 6 0.0 0eC 740 N G
Lnk GRARITE FUREBAY
1/2 v1 LE 10 HESERVCIR 1512 33 8.7 _ 11,95 105.4 _15.88 iL6.2  7bYHe2 10t.L 6 UeU Yol 740 g 3
LaR GSALITE TAILKRACE v
1/% MI Ch_SPILL SILE 1530 0 847 13,49 118.6 lbe24 121.7 R97.5 128.8 6 0.0 0.C eu4c 4 I
LITTLE GUGSF FCFEEAY . T Tt
L 1/4_w1_uP CERIEE 1435 0 9.9 14418  126.4% 17.22 11E.0  £91.0 115.9 & 0.0 (4 63 y
LITTLE GLCSE FULRERAY - R
174 %I (P CFLIER 1454 33 8.9 13,08  115.6 _17.50 _117.3_ _867.2 116.7 & 0.0 Ul 63t 5 ¢
LwR BCNUMENT FGREBAY
1/4 M1 P CEITER 1415 0 9.6 13.41 120.1 16.58 1314.5 E60+.9 115.4 & Gel Ul 540 - .
LwRk NCWUMEHT FUREEAY - -0 “‘
1/% +I LP _CENTER 1420 33 9.2 13,19 117.0 17.22 115,F 863.8 115,86 8 0.0 U0 S4( 0 o
ICE RAREUR FCREEAY -
1/4 VI LP CELTEF 1385 0 9,5 13.65 123.3 16.61 11%.4 fHe2.4% 115.2 10 G.0  0O.C 44 {
ICE hAREULE FORLGAY -7
1/4% ~1 UF CELIEK 1400 33 9,4 13,41 119.1 17.01 114,% #62.5 115,z 10 0.0, 0.t G " o
MCinbR ! Chv FGKLBAY Tt Tt o o
1/G A7 UP SOILL STCE whe 1155 0 5.1 13,96 122.7 ib.81 112.0 896.3 114.C 0O 0.0 Uol 340 o 3
MCWARY Cwu~ FCKELEAY T ’
= 1/ V1 P SPTLL STLE ahe 1200 33 9,0 13,55 116.7 1b.tE  112.8 851.4 113.3 0 Col Ul 44 0 o
3 WCLARY L&~ FGRELEY
3 1/4 ¥I UP Poysin SIDE UR. 1205 0 9.4 13,74 121.6 .b.60 111.3 850.8 113.3 0 .0 ] In¢ o ¢
¢ MCLANT TAY FOREEAY 8 -7
w __1s4 +1 U PawEr SICE GR. 1210 33 9.0 13,34 116.9 16.67 11G.8 34L.5 171,90 0.0 0.6 A4C j G
! JOFIL, CAY FQPEEAY T
: no 1/4 ¥] LF CUIR 1120 G B.7  12.63 1097 iS.b4 164,23 79343 105.3 C 0.0 Col 265 , .
; JCni. JAY FO2LEAY
: 174 ¥1 LF CUTK 112 33 8.9 12.52 109.2 15.95 10%.5 7994 10é.1 O 0.0 Got bs a :
E THE LilLEs FCHLIAY - -
; _1/4 MI Le CELTE 1100 0 8,9 12,52 10848 15,91 1046  79t.0 10%.¢  © G.0 Lol 164 )
? THE LalltS FChitAY
: 1/4 k] LE CELTLF 1105 33 9.2 12,63 1106 15.98 1G€.L _ HUT7e6 1MEes 0 0.0 Gt 160
? BOLMEVILLE FOREEAY
r' 1/2 ~1 ¥ sPILL SILE 1014 0 8.7 12.74 109.9 15,98 106.' #L0.1 15,5 & C.0 Gal Ty ;
E eorLEvILLE FOUREEERY
E 1/¢ *1_LP SPILL SIDE 1025 33 8.7 12,82 110.,5 15,90 104.% EUl.1 1N5.& & c.0 oG Ty :
g ECLLEVILLE TAILRACE ;
: 1/% ~] Cih SPILL SILE 1020 U 9.0 13,74 119.1 1b.28 120.,1 9UE.6  119.6 8 (.0 U0 2y " o
COLLNVUIRE RIVER
PRESCCTT CE":TER 945 7 9.4 13,23 115.7 16,352 1CE.: 83249 10MY.6 0 6.0 Lol 14 U o
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WETICNAL MARTLE FISHERTES SFRVICE -
_LOLvrEla RIVER ARG TRTELTAKIES GAS SATURATION DATh-=-cCMPENSATED FOR TCMPEKATURE AND ALTITUDE
SUHVEY CATE ¥AY 6, 197%

_DEPY_TEMP

TIVE

LhR GRAIITE FUKEBAY

FY

o

MG/L

===CXYGENm==

SAT

==NITKOGEN=~ _

¥L/L

SAY

. HG

" CCASTAL ZONE AND ESTUARIWE STUDIES

_..PRESSURE

SAT

OPEN SPILL

OURLY 1
__GATE_==--KCFS=--=_ Ei

FEET

TOTAL

gPILL TOTAL

“MEAN DAILY

FLOW--KCFS

___ 142 PI Lr 9IC RESERVOIR: 1510 0 10,0 11,13 10143 14,98 103.3 7&81.3 102,8 7 520 69 90
LwR GRALITE FUHEEAY T B
1/2 »1 LP_410_ Rt SERVCIR 1515 33 10.0 11,17 1017 15.11 104.1 766.7 103.5 7 52.0 69 90
LwR GKAMITE TAILRACE N T

__1/4-MI Ch_SPILL SICE 1525 0 10,0 13,10 118.8_ 17.668 121.4 896.0 120.5 7 52.0 74.0 640 69 90
LITTLE GUCSE FGREBAY )
___1/4% w1 _LP CENTER 1435 6 10,9 12,10 112.2 15,91 111,.4 827.7 111.4 2 19.0 85,0 638 33 98
T LITTLE GUCSE FCKEBAY T/
174 MI_LF CENTER 1446 53 10.9 12,23 113¢3 16422 113.5 842.0 11343 2 19.0 _ 85.0 638 33 98
LaR NMCLUME'IT FCKEBAY
_1/% ML LP CELIEF 1499 0 10,5 13,57 124.2 18,07 125.0 928.3 124,5 8 42,0 85,0 540 57 94
T LaR MCLUREIT FURLBAY i T

_1/% M1 LP CELTER 1415 33 10.4 13,57 123.9 18.45 127.4 941.7 126.3 8 420 85.0 540 57 94
ICE MAPEUR FOHEEARY T e
__1/4 MI LP CRITEK 1345 0 10.7 13,21 120,9 17,07 118.1 8b6.5 118,4 9 39,0 84,0 440 49 94
1CE HAREUF FORCLAY T N - T T -

__1/4% ¥1 LP CELTLR. 1350 33 10.3 12.87 1167 17.14% 117.6 877.2 117.2 9 39.0 84,0 440 49 34
VCLARY CAY FUREBAY - ST T T T T T -
__1/4 MI LP SPILL_SICE wlNe 1140 0 10,3 13,57 122.7 16.1% 110.% 846.9 112.7 2 21.0 257.0 340 25 231 .
T MCLAKY TaV FERLGAY o TTTTTI T T T T
1/4 I LP SPILL SINDE whe 1145 33 9.8 12.91 11543 16.14 109.1 Hz8.3 110.3 2 21.0 257.0 340 25 231
MCLAKY Ch% FUREGAY -
. 1/4% M1 (P POwtR SICE GR, 1155 0 10,0 13,21 118.5 16,53 112,23 851.7 113.4 2 21.0 257.0 340 25 231
MCIARY CA™ FUREBAY - T ’

___1/4% M1 UP 0wtk SIOE GR. 1200 33 9.6 12,84 114.2 16,53 111,23 839,1 111,7 2 21.0 257.0 340 25 231
JOhh CAY FOUEUARY - Tt/ T - T T
1/% 1 LP_CHTR 1115 0 10.3 12,59 113.6_ 15.52 105,9 8G8.4 107,3 0 0.0 283.0 26% 8 248
JCHN DAY FIEuhY T -

__ 174 W1 LP CiTR_ 1120 33 10,3 12,35 111.3 15,52 105,9 805,0 106,9 O 0.0 283,0 265 8 248
THE DA LLL'* rCr(L[l‘Y T T T T T T T T T T T e e e
_1/% ¥1 ¥ CFITER 1058 0 10,2 12,10 108,5 15,29 103,7 790.6 104.,6 0O 0.0 255,0 160 0 __ 258
THE THLLLS FOREFAY T T T T T T )
1/4 w1 LF CEiTLEk. 116 33 10,3 12,10 108.,7 15.29 103,59 792.3 104,68 0 0.0 255.0 160 0 258
BOKLEVILLE FCrEERY
__1/2 #1 LF SPILL SIGE 1035 0 10,3 12,47 111,7 15,75 106,7 816.0 107,.6 18 139,0 270,0 74 137 267
T ECKLEVILLE FOREEAY ’ T e -

372 %% LP SPILL_SICE 1086 33 1C.3 12,44 111.4 15.63 107.2 B818.6 107,9 18 139.,0 270.0 T4 137 267
BCLVILL SFIL 1/4 9IWCS

 NeSILT aKYl-2+5-18 1005 _ 8 10,3 13.82 123.5_ 16.69 126,4% _9%2.4 125,4 18 139.,0 270,0 25 137 267
BCHLVILL SFIL 1/4 FI.ES )
N=MIL, BAYl-3eS5e1€ 10n¢ 0 10,3 14,06 125,7 18,99 128,5 9e66,2 127,518 139,0 270,0 25 137 267
ECLVILL SPIL 1/4 MILCS

— h=FIL, EAYl=5+5-18__ _1011 10 10,3 14,18 128.8 _19.23 130,C 979,2 128,9 18 139,0 270,0 25 137 267
BCRhVILL SPIL i/4% MILCS

o SeMil._BAY1=3+5-13 1014 G 10,3 13,94 124.6 18,76 126.9 957.2 126,0__18 _139.0 _270,0 .25 137 _ 2867 __ _

— BCLNMILL SEIL i/4 MILCS . e e = — - -
S-¥IU. BAY1=3+5~18 1017 10 10,3 14,43 129,0 19,38 131,1 9Su8.8 130,2 18 139.0 270.0 25 137 267

. BONVILL SPIL 1/4% MI.CS o g U
SeSILE BAY1=345-«18 1020 0 10,3 13,59 121.5 18.46 124,08 939,9 123.7 18 139.0 270.0 25 137 267

__COLUMETIA RIVER, - J— —— - g

PRESCCTT CENTER She 0 9.6 12,60 111.3 16.60 111.0 642.5 110.¢ 0 0.0 0.0 1y 0 o

>
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NhTICNﬁL MARIRNE FISFERIES SERVICE CCASTAL ZOKt ARD ESTUARIRE SYUDIES
COLUMEIA RIVER ANC THIbLTﬂRILb GAS SATURATION Uﬂ1A'--CCMPFN,ATLD FOR TE"PEHA1LRE AhO ALTIIUUE

SURVEY TATE FAY U+

1975

&Tno%FhCFTC"‘""1GTKE‘ TAS= "1Gs  FROURLY "FLOW  SAmMPLE — NEAN LAILY - =

c==0XYGEN+==~= ==N]TROGEN~= FRESSURE GATE ~==-KCFSm=== ELEV FLOW==KCFS |

FG/L SAT wL/L SAT Fh G SAT CrEN SFILL TCOTAL FEET SPILL TCTAL
LwR GunulTE‘F@PE AY
1/2 »1 LP MID RESERVCIR 1560 0 11.2 1U.85 101.6 14,92 1U5.3 774.6 104,.6 8 113.0 168.0 740 115 153
LWR GRANLITE FCREBAY
172 ¥1 LP VID RESERVGIR 1510 33 10.5 10,80 95.5 14.55 103.4% 759.4 102,5 & 113.0 166.0 740 11¢ 153
LwR GRAMITE TAILRACE N
1/4 MI Ch SPILL SIDE 1530 ¢ 10,7 13,02 120.,1 17,92 124,9 918.2 123,5 8 113,0 168,06 640 115 153
LITTLE GCCSE FUREBAY
1/4 MI UP CENTER 1430 0 13.4 12,72 124.7 17.09 1:6.1 931.9 125.4 8 136.0 181.0 638 104 167
LITTLE GGOSE FOREBAY -
174 M1 UP CENTER 1440 33 11,2 12,29 114,6 17,09 120.% 883,9 116,9 8 136.0 181,0 638 104 1e7
LaR MONUMENT FCREBAY
1/4 ¥T1 LP CENTER 1400 U 127 14416 136e2 19.26 139.5 10313 138.3 8 119.0 164.0 sS40 121 162
Lak FCLUFENT FGREBAY
1/4% M1 UP CFNTER 1405 33 11,4 1%,16 132.2 19.52 137.7 1014,4 136,0 8 119.0 164,0 sS40 121 162
ICE HAREGR FCRLBAY
1/4 MI UP CENTER 1325 0 12,1 12,686 121.7 17,35 123.,7 920.1 122.9 9 119.0 165,0 440 12g 166
ICE HAREGUR FOREGAY -
1/4 ¥] UP CENTLR 1330 33 11,9 12,72 119,7 17,35 123,2. 914.,2 122,1 9 119,0 165,0 449 125 1€6
VCRhAERY CAN FGREEBAY i
1/4 MI UP SPILL SICE wN. 1155 6 12,5 12,00 114.1 15,70 132,55 846.0 112,86 19 114,0 35&,0 340 i28 241
FCRhERY CANM FOREBAY -
1/4 MI LP SPILL SICE wNe 1200 33 11,7 11,57 106.0 15,35 1¢8,2 811,2 108,0 19 114.0 358.0 340 124 341
MCNARY DAV FOREBAY -
1/4 M1 UF PIWER SICE CR. 1145 0 12.5 12,57 119.6 16,31 116.8 880.0 117,13 19 114.,0 35%8,0 340 123 341
VCNARY CAv FCREBAY
1/4 M1 UP PowtR SICE OR, 1150 33 11,9 12,29 115.3 16,74 118,5 862.7 117.5 19 114.0 358,0 340 128 341
JOKN Cny FOREBAY
1/% %1 UP CMNTR 1050 0 12.5 11,57 109.7 15,70 112.2 839.6 111.5 2¢ 58.0 352.0 26% T4 354
JOhhL CAY FOREBAY
1/4% M1 LP_CHTK 1055 33 12,5 11.42 108.% 15,70 112,2 837,5 111.2 20 58,0 352,0 26s 7% ISy
THE CALLES FOREBAY
1/4 VI UP CENTEK 1u30 G 12,3 11,71 110.2 15.96 112.2 849.1 112,3 22 96,0 337,06 160 104 250
THE GALLES FOKEBAY -
1/4 »1 UP CENTER 1035 33 12,3 11,71 110.2 16,13 114,4% 856.3 113,3 22 96,0 337,0 160 104 5
BOMNEVILLE FOKLEAY
172 »I_LP SPILL SICE 1009 0 12.2 11.71 109.6 15,79 111,4% 46,0 110.8 18 219.0 349,0 74 216 43
BGILNEVILLE FOKLEAY - T 7
1/2 M1 UP SPILL SIODE 1610 33 12.2 11,71 109.6 15.56 112.6 B847.3 111.7 16 219.0 349.0 74 218 345
EONNEVILLE TAILRACE .
1/4 M1 CN SPILL SIGE 950 0. 12,2 13.62 129.1 19,30 135,9 1017.0 133.9 18 219.0 349,0 27 218 349
CoLLMBIA RIVER
PRESCOTY CENTER 859 0 12.8 11.82 111.8 46,57 11&.1 865.1 116.5 o 0.0 0,0 14 ] 0
} ) } } 3 2 s 3
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KNATIONAL MARINE FISHERIES SERVICE CCA"AL ZONe AND ESTUANTIRE : TUDIES
CCLyryln RIVER ANC TPTEUTARIES GAS SATURA: [ON DFTA-==CCMPEMSATED FGR TEMHERATURE Al:D ALTITUCF

SURVEY CATE JUME 2+ 1973

ATF(USPREFIC <TGI1AL  GAS= NCe HGURLY FLOW SAMPLE
DEFY TEMP e=-OXYGEN==~ ==pNITKOGE] == PRESSURE GATE =e==KCFSe==- ELFv

LCCATION TIME FTY [§ MG /L SAT ML/L SAT MM HG AT OFEN SPILL TuTAL FEECT cEILL YOT.L
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::‘-‘::::::::::::::::::::::==::====::=::==:=:=::=::::::::::::
LRKR GRANITE FGREEBAY )

1/2 ¥1 LP_vID RESERVOIR 150¢, 0 12,1 10,46 00,0 14,76 106,5 777.9 105,0 8 143,0 184,0 740 127 172
LwR GRANITE FOREBAY R
/2 ¥1 yk 410 RESERVCIR 1510 33 11,5 10,41 98,1 14,56 1u3,7 75 .2 1f2,5 3 143,0 184,0 780 127 i7
LaRt GUANLITE TAILKACE N .
1/4 ¥I ch SPILL SIGE 1518 0 11,8 13,09 123.8 16,22 130,0 95:.3 126,3 4 143.0 18B4,0 640 127 17
LITTILE GCGSE FOREBAY
174 M1 LP CENMTER 1442 0 13,2 11,57 112.9 1&.,13 118,5 B87C,0 117,0 8 119.0 186,0 634 1u5 i7-
LITTLE GUCSE FGREBAY )
174 RI UP_CELTER 1440 33 13,1 11,70 114.0 16.30 119.5 B77.5 118.1 & 119.0 186.0 638 109 17=
LwR PCONUMENT FOREBAY ‘
174 MI UP CTHTER 115 0 14,0 12,95 128.3 18,08 134,5 969.5 132.7 A 108.0 174.0 S4y 162 1-
LwR MOLUMENT FUREGAY . R
1/4 M P CRNTER 1420 33 13,6 13,09 128.,5 18,50 136,5 10U1.6 134,3 8 108,0 174,0 Shuc 102 1:>
ICE HAREUR FORLEAY ;
1/4 #1 LUP CENTER 1350 0 13,8 11,98 117.,7 16.6% 122.,9 9¢8,9 121,44 9 64,0 110,0 440 121 1c-
1CE HARCGR FOREBAY
1/4 MI UP CEHTER 1355 33 13,6 12.12 118.6 16.72 123.0 910.9 121.7 9 e4.C 110.0 44n 121 1e-
VCRLARY CAV FOREEBAY . .
174 ¥1 (P POAWER SIOE UR. 1208 0 14,3 11,98 118.6 16,47 122.% 910.7 121,2 22 134,00 373.0 380 ite 7.
WCILARY CAv FCHEEBAY ) )
1/4 Ml UP PewER SICE CR, 1210 33 14,0 11,98 117.8 16.64 122,9 912,6 121.,5 22 134,0 37,0 340 51n =27
VCNARY CA"™ FORECAY .
174 »I UP SPILL SIOL wN. 1212 0 14,7 12,12 121,0 15,62 117,1 B8b3.1 117,6 22 134,0 373.0 340 ibo A
MCRARY CAV FOREGAY
174 I UP SPILL SICE wN. 1214 33 14,1 12,00 118,2 15,71 11€,3 A74,3 116,% 22 134,0 373,0  34%¢_ 1é- 747
JOMK DAY FOAt Ay o - T .
1/% 41 LP _CUTIR 1130 0 15,0 31,70 117.3 15,71 11&.1 Bb5,8 117.0 20 B89.0 382.0 265 ict i
JOHN DAY FOREBAY .
174 #1 UP CHIR 1125 33 14,% 12,12 119.9 16,05 115.2 8Ye.3 119,0 20 89.0 3e2,G <6< 124 7.
THE DALLES FOREBAY N
1/4 MI UP CENTER 1100 0 14,2 12,54 123,0 417.15 126.% 9%e,7 1°5,2 22 47,0 3¢9,0 160 S R
THE CALLLS FOHEBAY
1/4 w1 LP CTLTER 1105 33 14,2 12,81 125.0 17.40 128,3 961.9 127,2 22 47.0 363,0 160 117 o=
BOLNEVILLE FOREBAY

172 w1 _UP SPILL_SIQE 1045 6 14,0 11,98 116.7 16,21 11&,7 894,4 117,9 18 229,0 359,0 74 eI i
SONMEVILLE FOHEEAY
1/2 M1 VP SPILL SIQE 1047 33 14,0 11,98 116.7 16.21 118,7  B94.4 117.9 18 229.0 359,0 Ty P -
BORVILL SPIL 1/4 MI.CS .
EAY 1-1P CTR EAY1S 1010 _ 0 14,0 12,95 1260 17,82 3130,2 978.5 128.8 18 229.0 359.0 27 E 1o-
BONVILL SPIL 1/4 MI.0S
BAY 1-1f CTR BAY1S 1013 10 14,06 13,37 13U.0 iH.42 134,6 1010.4 133,y 18 229.0 359.0 27 €33 ¥z
BONVILL SPIL 1/4 MILCS :
BAY_ 1-18_CTR _BAY!1 1016 0 14,0 33,23 128,7 48.¢S_123,3 1001,0 1%1.,s8 18 229.0 359,0 27 2% .-
BOAVILL SPIL 1/4 MIL.CS
BAY 1-18 CY° Enyll 1020 10 14,0 13,95 135.6 19.1¢ 14C,0 1051.1 1%&.4 18 229.0 359,0 27 e I
EOLVILL SPIL 1/4 MILES
BAY 1-18 CTR2 bhve 1028 ¢ 14,0 13.92 135.4 19,16 Iec.T 1051.7 138.5 16 .2¢9.0 355,C 27 PR s
EOLVILL SPIL 1/4 MILOS _
BAY 1-18 CTR BAYE 1027 10 18,0 13,73 133.5 19.Ci 1%¢.9 1G@41.¢ 1%7.1 16 229.0 353, ¢ 27 eI s
BOAVILL SPIL 1/4 M1.CS el -
eAY 1-18 CTR BAYY 1029 0 14.0 13,64 132.7 16,75 137,0 1029.2 1%5.5 18 229.0 359,0 27 23137 T ies
PONVILL SPIL 1/4 M1.CS
EAY 1-18 CTR BAYY 1032 10 14.0 13,64 132.7 16+6% 137.7 1032+9 12%6.0 18 229.0 359.0 27 PAH T
COLUMBIA RIVER
wASHOUGAL CNHTR 9u4 0 14.2 12.54 122.5 17.23 1z€.4 950.3 125.1 O 0.0 0.0 26 ¢ N

CoLUMBIA RIVER

PRESCOTT CENTER 513 9 18,7 12,20 i20.% ie.55 172.8 92f.0 12: .7 0 .0 0.0 14 :
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KATICNAL MARIKF FIGHERIES SERVICE COASTAL ZOME AND ESTUAFIRE STUNIES
CCLuvsIa RIVER AND TRIBUTARTES GAS SATURATION UPThA=-=<CC¥PEALETED FUR TE¥PEKATLRE AED ALTITULL

SURVEY CATE JUME 17+ 1975

ATMUSFREFIC =ToTAL  TAS- nge HOURLY FLCW SARPLE EAN DAILY
DEPY TEMP _ ==~CXYGEN=== ==fJTECGEN=- FRESSUPL GATE ====pCF§=--= FLEy FLOa=--rFS
LCCATICN TI% FT C mMG/L SAT ML/l SAY . HG SAT GPEN SPILL TCTAL FeET SPILL TCTAL
COLLM2IA RIVER
PRESCOTY CEMTER 900 0 15,5 11,06 111.1 15.52 116.§ 876.0 115,3 0 0.0 u,0 14 0 o
COLLMBIA RIVER
®ASHOUGAL CNTR 91& 0 14,5 11.56 113.6 15.94 117.6 Bby.8 116.5 " 0.0 0.0 26 [d 5
BOLVILL SPIL 1/4 MI.DS
BAY 1-18 CTR BAY17 1015 0 14,6 12,02 118.,% 17,25 127.& 952,5 125.4 18 165.6 301,0 24 156 3i1
EChVILL SPIL 1/4 MIWCS
EAY 1-18 CTS £AY17 1016 10 14,6 12,1% 11%.6 17,29 127.¢ 954,3 1°5,e¢ 16 165.0 301,0 2y 1553 23
BOMVILL SFIL 1/4 MI.CS
BAY 1-18 CTR BAY13 1021 0 14,6 12,49 123¢1 1i7.71 131.0 978+1 1”6.8 18 165.0 301.0C 2y 156 203
BONVILL SPIL 1/4 MI.CS
EAY 1-18 CTR @AY13 1024 10 14,6 12,60 1242 17.92 132.% 9bB.9 130.2 18 165.0 301.0 24 188 201
BONWVILL SFIL 1/4% MILCS
BAY 1-18 CTR BAYS 1027 0 14,6 12,72 125.4 18,05 133.°f 9Y6.,4 131,2 15 165,0 301,0 24 163 201
EONMVILL SPIL 1/4 MILCS
SAY 1-18 CTR BAYE 10%0 10 14,6 12,84 126,5 18,38 135.% 1013,0 133,4 18 165.,0 301,0 2y 159 201
EChvILL SPIL 1/4 MILCS
BAY 1~1% CT? BAY& 1033 0 14,6 12,37 121,9 17,71 131.0L 97e6.3 128,5 18 165.,6 301,C 24 153 23
BCRVILL SFIL 1/4 MI.CS
BAY 1-18 CTR BAY4 103 10 14,6 12,60 124.,2 17.71 131,.,C 979.9 129.,u 16 165,0 301,0 24 15« 201
EGWAEVILLE FOREBAY
1/2 I LP SPILL SICE 1045 0 14,7 10,96 108.2 i4.93 110.¢ £B34,9 109,9 18 165.,C 301,0 24 15 Ty
EONMEVILLE FOREBAY
1/2 81 LP SPILL SIDE 1050 33 14,6 10.96 108.0 i%.93 110.¢ 833.2 109.7 18 165.0 301.0 24 1572 10
THE GALLLS FOREEAY
1/4 ®1 UP CENTER 1115 0 15.0 10,96 109.5 14.93 1l11.¢ 839.5 111.1 2 3.0 292.0 160 94 el
YHE CALLES FCRLBAY
1/4 M] LP CELTIER 112¢ 33 14,9 10.8% 108.1 14,92 111.%! 835.8 110.5 2 3,0 292.0 160 95 21
JOHN CAY FOREBAY
174 MI UP CHTR 1145 0 15,3 11.08 111.6 1%5.01 113.% 850.4 112.9 0 0.0 302.C <65 51 ToL
JCri. LAY FOPEBAY
1/4 %1 GP CNHTRH 1150 33 15,0 10,96 109.9 15.10 113.% #47.4 112.5 0 Gel 30240 z6s £ ez
MCLERY ChAN FCREBAY
1/4 ¥1 UP_SPILL SICE wM. 1210 0 14,8 11,31 113.2 15.18 114.0  853.,1 113.6 15 151.0 36£.0 340 11°% 2.7
VCNARY ChY FORLBAY
__1/4% mI_UF SPILL SICE wNe 1215 33 14,3 11,26 111.4% 15,43 114, 354,7 113,88 15 151.,0 38&,0 340 11t 147
MCNARY CAY FOREBAY '
1/4 I LP pPR.tRK SICE CR, 1225 0 14,6 11,55 115,1 15.69 117,01+ 275.4 11,9 15 151,0 34, SHC 114 47
MCNAKY CA™ FCREDAY .
174 ~1 P POeER_SIDE OR, 1230 33 14,1 11,55 113.8 ib.l2 118.¢t HBble2 117.3 15 15i.0 386.C 340 115 1,7
ICE HAKEULR FCREBAY
174 ¥I LF CFLIER 1330 0 13,6 12,13 118,7 16,95 124, 90,9 123.0 9 51.C 97.u 440 102 1t
ICE MAREUF FORERAY
174 ¥ LF CELIER 1335 33 13,2 12,04 116,7 16,61 1el,: A97,2 119.9 9 91,0 97.0 44 162 1
LWR MCHUMENT FUREBAY
1/4 ¥l LP CFLIER 1350 0 13,9 13.19 130.4% 1b.97 140.9 10c%¢6 1%5.0 [ 63.0 13G.0 H4y 7y 1v=
LaR MCONU*TT FLPERAY
1/4 »1 P CELTEK 1355 33 13.5 13.24 129.7 19.31 14z,: 1036.5 139,¢ 8 63,0 13u.0 ELE) 7= Te-
LITILE GCCSF FLREBAY )
1/4 ~1 Lr CELTER 1455 6 12,6 11,78 11%.6 lé6.e1 1z1.17 foe.© 119,3 3 161,06 16€,0 e3% 51 P
LITTLE GCCSE FCKREBAY
1/4 M1 LP CENTER 1430 33 12.5 11.78 113.3 16.61 120.3 folel 11d.5 8 101.0 166.0 o3& 91 15
LWR GRANITE TAILRACE N
1/4 »I Ctv SPILL SIDE 1550 0 12.3 12.17 1l6.4 17.63 122.¢ 8L0.S5 171.2 & 10beG 155,0 elg 161 16 .-
LWR GRALITE FOREBAY ~ A
1/2 #! LP 410 RESERVCIR 1555 0 12.1 10.61 101.4% 14.76 106.t° 779.4 115.2 & 1CBe0 155.C 74¢C P YT5 D P
LwR GRANITE FOREBAY _
172 M1 UF vIC RESERVOIR 1610 35 12.1 1C.47 100«1 1&.75 106.:° T76«7 104.9 8 108.0 1I55.0 7%¢C NG ies
) } 3 } } 3 3 : }
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I.ATIChAL MARINE FISHERIES SERVICE COASTAL ZCNe ANC ESTUARIGE STUDIES
CeLyveIn RIVER ANC TRYZUTARTES GAS SATURATION DATA-~-CGMPERSAY.D FOR TEMPERATURE Anb ALTITUGE

SURVEY CATE JULY 1+ 19735

- ATRCSPRERICT ~=T(Tal ™ NOe  HOUKLY "FLOW  SAMPLEF M
DEPY TEMP ===0XYGEM=== <=NIThCGEN== FRESSUPE  GATE ====KCF§===< FLEy FLi,==®CFs
LCCATICN TIME FT c KG/L  SAT WL/l SAf WM G GAT GFEN SFILL TOTAL  FLET <P ILL T4l
coLuvB8Is PIVER
wASFZUGAL CNTR 1955 0 15.3 11.77 117.8 4i6.01 120.0 905.1 119.2 0 040 0.0 2¢ C "
BOLVILL SPIL 1/4 MILCS . )
BAY 1-18 CTR BAY1S 1900 0 15,1 11,42 113.,8 i5.76 117,7 8&5.5 11€,0 16 60.0G 225,C 20 99 (il
BChVILL SPIL 1/4 MIL.OGS i
BAY 1-18 CTR BAY1S 1905 10 15,1 .11,54% 114,9 15,69 117.2 884,2 116,4 16 80,0 225,C 2¢ 95 Fua
BONVILL SPIL 1/4% MILCS
BAY 1-18 CTR DAY11 1910 0 15,1 11,54 114.9 15.69 117.2 884,2 116,4 16 80,0 225,0 2¢ 9y cue
BONVILL SFIL 1/% ¥I.CS -
EAY 1-18 CTR BAY11 1915 10 15,1 11,54 114.,9 15,64 118.3 890.5 117.,2 16 80,0 225,0 20 99 ue
EOMVILL SPIL 1/& MILCS
BAY 1-18 CTR HAYE 1916 0 15,1 11,89 118.4% 16,65 119,9 905.5 115.2 16 6C,0 225,06 24 93 246
BOLVILL SPIL 1/4 MILCS ; )
BAY 1-18 CTR BLAYE 1920 10 15,1 11,37 113,2 1ie,27 121,5 907.0 119.4 16 €0,C 225,0 20 99 24k
BORVILL SFIL 1/4 MI.OS T
BAY 1-18 CTR BAY4 1923 0 15,1 11,85 116.4 16,05 119,9 965.5 115.,2 16 80,0 225,0 2¢ 59 Zb4e
ECKRVILL SPIL 1/4 MILCS - i
BAY 1-18 CTR BAYY 1925 10 15.1 11.65 116.1 16.0%5 119.9 9U1.9 1186.7 16 60.0 225.0 23 53 Feg
BCHL.NEVILLE FCREGAY N i
1/2 %1 LP SPILL SIDE 1820 0 15.1 11,31 112.6 45.55 116.3 874.2 115.3 16 80.0 -225.0 T4 99 L)
BONNEVILLE FOREEAY ) .
1/2 M1 LP SPILL SICE 1825 33 15.2 11.62 116.2 15.40 115.5 874.3 115.3 1 £0.0 225.0 74 93 Lug
THE CALLEE FCREEBAY _
1/4% I UP CENTEK 1716 0 15,1 11,07 110.8 4%,11 113.,4 £51,.4 112,e 0 0.0 258,C 160 v Zen
THE UALLES FOREEAY R o
1/% M] LP CELTER 1715 33 15,1 10,96 109,7 14,97 112.3 @e43.2 111,5 O 0.0 258,0 160 23 e
JOHP, CAY FCREGAY i - -
1/4 #1 Lk CHTR 1680 0 14.7 10,49 104.5 14.46 108.1 8067.3 107.2 0 0.0 225.U 26¢ a0 7
JORN CAY FOREEAY
1/4 ™I UP CHTR 1645 33 14,7 10.49 104.5 14.53 1C8.6 81C.4 107.6 O 0.0 225.C <65 30 2.7
T WCNARY Civ FCREBAY
1/4 MI LP POWER SICE OR, 1440 0 17.9 11,689 127.,0 15.0% 119,9 9u8.6 120.9 3 14.0 228,C aui 47 36
MCNARY CAM FCRELAY : .
1/% M! UP POwER SICE OR. 1445 33 15,0 11,42 114.8 15,51 119.9 E90.2 116.5 3  14.0 225.0 24¢ 47 Pl
MCNARY CA* FOREBAY i L
__31/4_PI LP SPILL SICE wMe 1420 0 17,2 11,65 122.8 14,97 117.8 869.6 1168.4 3 14.0 225.0 340 47 s
WCNEKY CaF FCHEEAY :
__1/4% #] LP SPILL _SIDE wN. 1423 33 15,1 11.49 1157 15.40 116.3 870.6 115.9 3 14.0 220.0 34u L7 <=
ICE HARPCR FORLEBAY R .
1/4 I UP CELIER 1220 0 13,6 12,00 117,% 16,70  122.,9 90Gt.3 121,3 10 69,0 113,0 440 €2 10
ICE HARBUF FCRERAY
1/4 MI_LUP CELIER 1277 33 13,6 12,19 119.,2 16.5€ 121,8 9Yus.9 126,9 10 69.0 113,0 44y e 1o
LaR MCNUMENT FUREBAY . .
1/4 M1 LP_CELIER 1147 6 14,1 13,86 137.6 15.e% 143,4% 1055.4 141,5 8  4e.0 112,0 SHG e 111
LwR MCLLMENT FUREBAY 3 .
174 I LP CELILR R 1150 32 12,6 14%,08 135,1 19,42 140,4% 1034.3 1%8,7 8 46,0 112,0 SHG has 111
LITILE GU SF FOFEHAY
1/4 ML LP CZENLTER 1120 U 13.5 11.69 11648 1he49 121.9 B895e¢5 12G+5 8 56+0 12140 e3¢t b= 1.7
LITTLE GuUCSF FCFREBAY : .
1/4% K1 UF CEGTER 1122 33 12,2 11,89 113.5 1ie.7F 120,77 &e3.8 116,93 8 56,0 121,C €3F R 137
LmR GRALITE TAILRACE N —
174 %I Ci SPILL SIDE 7045 0 12,6 11,89 1i%.5 16.49% 119.€ 879.1 118,3 7 50.0 115,0 L] 55 117
LwR GRANITE FQOREBAY
1/2 M1 uP 1D RESERVOIR 1070 0 12.% 10,03 96.5 14,39 104.9 7J€0.3 102.7 ¢ 50,0 118,0 LT R 117
LWR GRANLTE FCKEBAY :
1/2 »I UP MID RESERVCIR 1025 33 12.% 10,48 100.8 i%4.77 1G7.1 762.6 105,7 7 50,0 118,0 ATY 50 117
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1.ATICH:AL VARINE FISHEPIES SERVICE CCALTAL ZUME ANC ESTURRLLE (TUCIES
CCrurclh RIVEM ANL TRIFLTARILS GAS SATUKATION DATA~--COMPENSATED §0R TEMPERATURE £.0 ALTITLOE

SUKVEY CATE oULY 15, 1675

ATFOSPRERIC  =TGTAL GAS- KO, ROURLY FLOw  SAMPLE (X3

DEPY TEMP ==-0OXYGEN-== ==~N1TKGGEi-= PrF SSURE GATE «-=--k(CFS=-=-- ELEy FLO.N=-=KCFS
LCCATION TIVE F1 [ FG/L SAT FL/L  SAT ¥M HG SAT OPEN sSPILL TJGTAL FEETY <PILL TCTAL
93z G 18,8 9,57 103%,0 13,91 111.5 831.7 109.4 0 3.0 0.0 14 0 0
AASHCUGEL CHTK 10%0 0 17.6 10,02 105.3 14.60 116.0 661.6 113.4 0 0.0 Usb 26 0 1]
EChNWEVILLE FORELAY
1/2 »1 _UF_SPILL SIQDE 1045 0 18,6 9,52 102,3 13,91 111.3 627.86 109,2 18 85,0 230,0 T4 8s 231
BCHLLEVILLE FOREBAY - i
172 ¥1 L¥ SPILL SICE 1047 33 18.1 9.61 102.1 13.51 107.1 802.2 105.9 18 85,0 230.0 74 85 231
EohvILL SFIL 174 MILCS -
SAY _1-17 CTR £AY1S 1100 O 18,6 10,22 109.6 15.18 121.,2 £99.,2 118,4 18 85,0 230,0 20 &5 231
N SChvILL SFIL 174 “ILLCS
£AY 1-18 CTIR ©AY1S 1102 10 18.6 10.22 109.6 15.18 121.2 899.2 1316.4 18 £5.0 230.0 20 £S5 231
BEONVILL SFIL 1/4 MILOS j
PAY 1-1& CTR BAY11 1106 0 18,3 10,12 107.9 15.18 120.6 92,5 117.5 18 65,0 230,C 20 8s 231
ECLVILL SFIt 1/4 MILCS -
ELY 1-18 (TR EBAYLL 1111 10 18.1 10,22 106.5 15.3% 1z1.% £958.3 116.2 18 85.0 230.0. 20 55 231
BClL.vilLL SFIL 1/% MILOS E
E:Y 1-1¢ CTR BLYE 1115 0 18,3 10,32 110.0 1t.,1¢ 120.€ 895,55 117.9 18 85,0 230.C 20 65 231
C3VILL SFIL 374 VILCS
EAY 1-18 CTR EBAYE 1116 10 18,1 10,42 110.6 15.%59 123.3 913,1 1206.2 18 85,0 230,¢C 20 05 21
BChVILL SFIL 1/« MILCS
BAY 1-18 CTR BAY4 1126 0 18,3 10,22 108.9 15,18 120.6 &94,2 117,7 18 85,6 230,0 20 &5 FERY
BCLVILL SFIL 1/% MILCS
BAY 1-18 CTR BAYH 1122 10 18.1 10,22 108.5 15.10 1319.5 887.2 116.,8 18 85.0 230.C 20 3151 231
s THE CALLLS FOREEAY -
Eg 174 M1 LP CENMTER 1215 0 19.1  9.52 103.6 13.99 113.3 839.3 111.0 0 Gs0 255.0 160 c 204
. T THE LALLES FOHELAY .
w 1/4 VI LP CENTER 1218 33 19.1 9.52 103.6 13.99 113.3 639.3 111.0 0 0.0 255,C 16C [0 244
\ SCHN CAY FOQREUGAY ]
(e0] 1/4 ¥1 LP CMIR 1300 0 19,6 9,72 107.3 14,23 116.7 861.7 114.4 0 0,0 280,0 265 ¢ 28
| <Ohh CAY FORELAY
: 174 ¥1 LP CMTH 1303 33 19,1 9.72 106.1  i4.5% 116.3 86&.9 115.4 0 0.0 280.0 265 0 2.%
: MCNART CAY FOREEAY
; 1/% MI LP SPILL SICE wN. 1330 0 19,6 9.92 109.8 12,67 112.5 838.6 111.6 4 12,0 210.u 240 16 21
; VCLARY Chv FLHREEAY :
1/ M1 _LF_SPILL _SICE aN. 1333 33 19.6  9.82 108.7 2.63 113,8 844,5 112,4 4 12,0 210,0 34g lo 231 -
i MCHARY ChY FCHEEAY
E __ 1/4 v1_LF PIaER SIDE GOR, 1339 0 19.6 9,62 106.4 13,91 114,4% €44,9 112,5 4 12.0  210.0 340 1o 231
: MCHLARY Cu FCHEBAY
174 M1 LF PIafR SIDE CR, 1340 33 19,1 9.78 107.1 14.C07 114.7 _ B47.3 11Z.6 4 12.0  210.G 346 ie 221
1CE MARECR FCREEGAY
1/4 ¥1 LP CELIER 1500 0 16.6  9.72 105.8 .4.9% 121.1 879.6 117.% 0 12.0 57.L 440 6 70
ICE HARELR FOHEEBAY .
174 1 LP_Cintlik 1En3 33 18.3 9,82 3106.2 14%.76 119.2 809.0 11b.1 [} 12.0 57.0 wH O ze 73
LeR MILLMENT FGREBAY
1/4 ¥1 LF CFLIER 1530 0 19.1 9.52 105.0 14,30 118.1 Rft.0 115.0 6 7.0 71.0 S4C 5 71
{§ WML, ME! . — e - . [
4{;: V1 tr~c:u§2;£BAY 1532 33 19.0 9.92 109.2 14.86 121.9 #Bt:.5 11E.6 6 7.0 71.0 347y ) 14
———ﬁfﬁléﬁ"gﬁﬁigng%EEEAY i60C ©¢ 19.6 9,12 102.0 13.7% 114.3 Bet.7 111,5 & 7.3 72,0 o3& 13 iz
CREZA ——— - - b e
k%{lti‘%gczgﬁézita ! 0¥ 33 19.1 9.10 160.7 13.99 1i5.3 83z.1 11,9 4 7.C 72.0 o3¢ 17 T4
WR G2ALITE FCREEA . _
3 ;/2 :r ) EILbKES[:VOIR 1636 0 19.6 b.61 96,7 135.04 108.8 7te.1 106.1 0 0.0 65.0 760 ™ P
wR GRALIT REEAY R : —
'_'%Vg’gi—iF”iIEGR%schch 1632 33 19.1 8,72  96.8 13.4Rf 111.% 680i.4 106.2 © 0.0 65.0 Zuo s 77
uat 1 AILRACE N . I .
"‘”%52 %1’%K!§o;LiLszg£ YE85 0 19.1 B.51  94.3 15.19 10B.7 7b4.8 105.0 O €0 85.0  wobo ) 72
n £ 1 -
'%/ﬁ 3?‘Ei'gpICﬁL§§§§ * 16ue 33 18.6 B.p6  94.9 13,35 109.0 7e7.4 105,9 [} .G 0.0 YT T
) ) 3 } g 9] ) 3 ) -}
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ae TTOUAL “AKILE FISHEIALES SERVICE CCASTAL 2CNE ARND ESTUARIKE STUDIES
CouTeas Bl GLL TETELTAKTES GAS SKTURATIOW LfTa-==C0t i nSATED FOR (EYPERATURE AND ALTITUOE o
SNEY LeTE GULY 9. 197S .
ATMULSFRoKIC  =TOTAL  GAS- NG. HOURLY FLOW SAMPLE MEAN DAILY
DePT TEMP  ==-OXYGEM-e~ ~-N1TRC3EN=-= _ FRESSURE _ GATE =-=-=-KCFS---- ELEY  FLOW--KCFS
F1 c KG/L  SAT MLs/L  SAT KM HG  SAT OPEN SPILL TOTAL  FEET  §PILL TCTAL

PRESCLTT L5 Tin 94¢< L <20.6 9,00 100.4 42,30 101,9 771.2 101,5 0 0.0 ___b.0 14 0 0
COLL» I v ivtr

AASHCLGIL £ Tr . co. YRS 00 15,6 9,27 101.4 12,37 16G.6__765.1_100.7. 0 __ 0,0 _ 0,0 26 0 9
BLLVILL SFIL 1/% ME.CS

BAY 11k (72 ravis 11l 0 15.7 9,42 103.2 12.€ 104.7 792.1 104,2 0 16,0 153.0 14 10 134
EChvILL SvTL 1/t vIWCS

BAY 115 €79 ciY1S 13%4% 10 19.7 9.52 104.4 12,85 164.7 793.9 104,5 0 16,0 153,0 14 10 134
BORVILL =%l i/6 “YI.C$ . o B

_EAY 1-1% 0TS oyl Y1176 19.7  9.52  104.4 13.08 1066.6 805,31  105.9 _ 0__ 1640 153.0 14 10 134 _
BOLVILL SrIl 1/6 .08 :

ZAY 1-17 075 mivly T115 10 19.7  9.42 103.2 15.24 107,9_810.8 106.7 0 16.0 _153,0 14 10 134
EGLVILL SUIL /6 »14CS

BAY 1=-1% C7% nryt B 1123 U 19.7 9,52 104.4 13.24% 107,9 812.5 106.9 0 16,0 153,0 14 10 134
BOLViILL >¥IL a/- “I.LS ’ B T ’ T T

CEAY 1e3f LT bave 112816 15.7 9,62 105.5 13.55 110.4  629.,3 109.1 0  16.0 153,0 14 10 134
BOLVILL LRI 174 41.0S T T T T T e e e

EAY 1=1F (T3 chvd 1130 0 19¢7  Y.52 «104%.4% 413,39 109.2. 820.1 107.9 0 16.0 153.0 14 10 134 _
ECLhwiILL STL /6 KE.LS T ’ . Tt Tttt T T

EAY 1=1r LT5 civs CJTIRE 100 1507 9452 1044 13.24 167.9 812.6 106.9 0 16.0 153.0 14 10 134
SCMLELILLT Furiohy T T e e e o T ’ -

Ase M1 ie SPICL STCE 1185 0 19.7 8489 9745 11.63  96.4 7T34.5 96.6 0 1640 153.0 14 10 134
BLLLEGILLF Fukithy T T T T T T T T s e S s e e e e

1/2 *1 e <ol SIGE 1187 33 19.6  6.89  97.5 11.83 56,4 73341 96.7 0 16.0 153.0 T4 10 134
THE Cabtes FUxesAY Tt T N T o

U2 B 1210 0 19.9 8,69 _ 96.1 12.1%  $9.8  748.6  99.0 0 0.0 197.0 160 0 137
THE LALLES FOKCcAY T T T T T e e e s s s e

AT WY R e 121553 15,8 8,67 95.7  a2.1% _ 99.6 _746.9 98,8 0 0,0 197,0 160 0 137
GChi ey T

1/% °7 L 2 1235 U 20,3 4,58  9e,U_ 12,14 100,9 752,3 99,9 0 0,0 220,0 265 g 138
SORL DAY F )RR DAY T T T e e : -

TS S 123733 _20l3  b.69 __97.2 1i2.1% 100,9 754,1 100,10 0.0 220,0 265 0 138
VCLERT L T T em e e

174 =1 r . wlie 1300 0 21.0__ $.52 108.3 12.30 _103,.8 7t5.9 _1N4,.6 1 0.0__179,0 340 0 123,
MCLAKY (w0
1/ 21 i alle 1304 33 20,8  9.52 107.9 12,45 1C4.7 790.6 105.2 1 0.0 179.0 340 0 123
VCNERY T4 - T o

174 <1 or CPe. 131U 0 20.9 9,42 10649 12.3G 103.6_  7b2e6 _104.2 1 0.0 179.0 340 0 " 123
MOWARY it .

176 1 Lk O%iie STUE R, 131€ 83 19,9 8,73 97e1_ 12.77 1(5.6_ 779.4 103,7 1 .. 0.0 179,80 340 0 123
ICE %R v Flre: by -

1/% w1 v 070 Tik N 1898 0 21.4  8.37  96.4 i1.63 100,5  748.1  99.9 0 0.0 _ 44,0 440 _0 42
1CE ek "ud Fingt iy T ” T T T
174 v1 . CF Tew 1907 33 21,0 8,17  93.2 11,9¢ 102.5 747.0 _ 99.8 O 0,0 _ 44,0 _ 440 0 _42
Labk %70 807 fore=ay '
174 * 4 b TR Tew 1530 0 20.s6 U6  91.6 il.91 10C.S 735.9 _ 98.7 0 0.0 __65.0 540 0 43
Lax Y10 %% 7y v Bny

1/4 Y1 o S5 T 193 85 20.4 L.US et 11483 99 4  Te9.9 7.t Q 0.0 65.0 540 o 43
LITTLE Guf WY v Uibay e -
/4 21 Lk ZE0TE 1580 v 20.7 7.45 GUe9 122400 10148 7359.8 99,5 0 0.0 68.0 538 [ 42
LITTLE CLlos FLlbosay B o

1/4 «i “F ¢TI 7Ls 1983 33 2047  £.58  98.1 1lz.e2 103,7 7el.5 102.4 O 0,0 68,0 638 0 42
Lak Chpr T8 -

172 7: ur 1508 U 21.5% 4,65 103.7 ie.14% 04,9 T74%.1 104,5 @ 0.0 42,0 740 0 36
Lak Gt 172 . o

1/2 V1 ir 10 w8 SERVCiR 16€2¢ 95 Z21.4 oY 20140 1e.3C 10&.0 776.7 104,9 O 0.0 42,0 740 0 36
Lok L0 LT TOIURACE o i J

174 1 L. osolun STUE TETS ¢ #G.5 Gel€ 93.0 11.&E  1(U.1 73%.6 98,7 0 0.0 42,0 640 0 36
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Appendix Table L4.--Dissolved saturation data for Lower Monumental

Spillway deflector test March 25-March 27, 1975.
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COASTAL ZON: AND ESTUARINE STUDIES

T NATIONAL MARINE FISHERIES SERVICE

_ __CcLuMBIA RIVER AND TRIBUTARTIES 6AS SATURATION DATA--<COMPENSATED FOR TEMPERATURE AND ALTITUDE .
SUKVEY CATE VAKCH 25, 1975
— T2z3zI=Izs=s=sssss ::::::==’::========:==:======:========='========:::_::::=g;:=:=:===:=:v=_; -
ATKOSFHERIC  «TGTAL GAS- NG. HOURLY FLOW SARPLE  KEAN DAILY
R __OtPT_1ERP__===OXYGEN===_ ==NITROGEN==__ PRESSURE GATE ==-=KCFS=~== _ ELEV ___ FLOW==KCFS _____
TINE FI C MG/L  SAT wLsL  SAT MM HG SAT OPEN SPILL TOTAL FEET  SPILL TOTAL
Ee R R e e At P P R E e T S Attt ] P2 2 23 1
LWR MOMUMENT FOREBAY :
___ SPILL SICE . 940 S0 S5,8 12,80 104.4 17.4% 108,55 802.1 107.5 0 0.0 0.0 s39  _ 0 ___0__
LR MGNUMENT FOREBAY :
_ SPILL SILE ) 1307 S0 5,9 12.69 _103.7 17,53 _ 109.3 805.6__108.,0____0 _ 0,0_ 0,0 __ 537 .0 Q
LWR MCNUMENT FOREBAY
_ . POwER SILE ... 930 S0 _s,8 12,74 103,9 17.51 108,99 803.6 107,7 _ O _ 0.0 ___0,0 _S39 _ - ©0.____ O __ _
LwR MCNUMENT FOREBAY
POWER SIUE ____ 1320 S50 S,9 12.92 105.6 17.44 108,8 B05.6 .108.0 _ O 0.0 0.0 $37. 0. O __
LITTLE G6UCSE FOREBAY .
__. . POWERHOUSE SIUE 1540 50 _€.5_ 13.38 _111.5_17.9%_ _113.9 841.2 113.,2 O 0.0 0.0_____63a 0 0
LWR MONUMENT TAILRACE : )
DEFL 2-7 CTR bAY 6 1340 0 6.1 13,61 111,55 18,92 18,2 872.4_ 116,55 _6___89.0 155,0 442 0 o__
LWR MONUMENT TAILRACE
DEFL 2-7 CTR BAY 6 1330 0 6.1 13.72 112.9_ 1b.92 118.,2 873.8_116.7__ 6 ___89.0 155.0 4%2 __o0_ _ 0
LWR MONUMENT YAILRACE .
... DEFL 2-7 CTR BAY 6 1320 0 6.1 13.84 113.4 19,01 118.7_078.3 117.3 6 __89.,0_155.0 __ 442 @6 __ '@
LNR MONUMENT TAJLRACE .
. . DEFL 2-7 CTR BAY 2 _ 1335  0__ 6.1 14,30 _117.1  19%.56_ 122.3 _905.2 120.9 _ 6 _89.0 155.0 442 0 0
LWR MCNUMENT TAILRACE .
__ . DEFL 2-7 CTR BAY 2~ 1325 _ 0 6.2 1%,19 _116.5_ 19,67 123,1 9089 _121.4__ 6 _ 89.0 _155.,0 _ 4&2 0 ']
LWR MONUMENT TAILRACE .
__ DEFL_2-7 CTR BaYy 2 1318 0 6.2 14,26 117.1 16,91 118.3 8b1.9 117,8 6 89.0 155,0 442 0 (']
LWR MONUMENT TAILRACE i R
. DEFL 2-7 CTR BAY 6 _ 1330 _ 0 6.0 12,92 105.5 18,02 112.,3 828.5_ 110.7__6_ 56,0 123.0 _ 440 ___ 0 O
LWR MONUMENT TAILKACE
__ CEFL 2-7 CTR BAY & ___ 1120 0 6,0 13.03_106,% 16,02 112,3 830,0 110,96 __58.0 __123,0 440 o___ 0
LWR MONUMERNT TAILRACE
____CEFL 2-7 CTR BAY 6 __ 1110 0 6.0 _13.26_108.3_ 18.16_113.3 838.9_ 112.1 _ 6___58.0 _123,0 440 0 0
LWR MONUMENT TAILRACE .
. DEFL 2-7 CTR BAY 2 31235 0 6.0 14,19 115.9 19,34 120,53 892.7 119.3 6 58,0_123.0 449 0 0
LWR MCNUMENT TAILRACE
_ DEFL 2«7 CTR LAY 2 _  _ 1115 0 6.0 14,07 _114.,9 19,34 120.5 891.2 119.1 6 S8.,0 123,0 440 __ 0 ___ 0O ___ _
LWR MONUMENT TAILRACE
DEFL 2-7 CTR BAY 2 1105 0_ 6.0 13,30 108.6  19.21 119.,6 876.6 117.1 6 58,0 123,0 440 o ._._ .0
T LwR MONUMENT TAILRACE
_ DELFL 2-7 CTR BAY 6 1045 0 €.0 12,60 _ 104.6 1d.27 113.8 836.1_ 111.7__6__28.0 _ 92,0 440 0 0 -
LwR MONLMEWT TAILRACE )
_ CEFL 2-7 CTR BAY 6 1035 0 6.0 12,80 104.6 17,95 111.8 824.5 110.1 6 _26.0 _92.0 _ 4% ___ 0 _____0_ _
LWR MONUMINT TAILRACE . .
CEFL 2-7 CTR BAY 6 1025 0 6.0 13,09 106.9 A7.88 111.% 825.4 110.3_ 6 _ 28.0 92.0__ 440 ____ O 0 __ __
LK. MCHNUMENT TAILRACE — — CTommTTrm o o : _ :
DEFL 2-7 CTR bAY 2 1040 0 6,0 13.02_ 106.% _1u.u3_ 112.3 830.1 110,9 6 28,0 92.0 __ 440 0 o__
LWK HONUMENT TAILRACE
CEFL 2=7 CTR BAY 2 - 1030 0 6.0 13,02 106.% 18.03 112,3 830.1 110.9 6 28,0 92,0 440 ___ O O
T LWK MONUFENT TALILRACE 77 - ’
___ DEFL 2-7 CTR EAY 2 2020 0 6.0 13,13 107.2_ 16.27_ 113,68 840.2 112.2 _ 6 28,0 _ 92,0 _ 4HO _0 0
LWR MONUMENT TAILRACE
DEFL BAY 4 : SE0 0 6.0 13.38 109.3 .b.43 114.8 B49.4 113.5 1 15,0 T7.0 439 0 O
LWR MONUMENT TAILRACE ‘
_.. DEFL BAY & _ 945 0 6.0 13.38 109.3 16.51 115.3 852.% 113,91 1%.0 77.0  439_____ 0 - O
LWR MONUMENT TAILRACE
____DEFL BAY_& © . %L v 6.0 13.49 110.2 16,51 115.3 853.9 114.1 1 15.0 77.0 439 _. o 0
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- TTNATIONAL MARINE FISHERIES SERVICE™ ~ ~COASTAL ZOUNL AKND ESTUARIKE §TuDjES ——  ~~~~~—~ — =7~ ~-—-—
o ) CCLUMBIA RIVER ANL TRIBUTARIES GAS SATURATION DATA=--COYPENSATED FOR TEYPERATURE AND ALTITUDE

bURVEY CATE MARCH 27+ 19!5 NAAAAAA o T T T T

ATMUSPHERIC  ~TOTAL GAS- NO. HOURLY FLOW SAMPLE  MEAN DAILY
S DEPT 1EMP_ ===0OXYGEN===__~=N]ITRCGEW== __ PHESSURE _GATE ==-==KCFS-=--=__ ELEV___ FLOW=~KCFS
LOCATION TIVE  FY c MG/L  SAT ML/L  SAT MM HG  SAT OPEN SPILL TOTAL  FEET  SPILL YOTAL
. A::::::::::=========='========:===="="’-'- t s=SSzz=s=====c= -"’-"--"°"-====================-=======‘========= _______
LWK MCNUFENT FOREBAY
POWER SIUE 900 S0 6.0 13.90 113.9 17.2% 107.7 812.3 108,9 0 0.0 0.0 s3g. 0 0. . .. __
LWR MGNUMENT FOREBAY
SPILL SILE _ 920 S0 6.0 13,74 112.6_ 17,14 _107.,1 806.8 108,1 _ 0 0.0 _ 0,0___. 538 0 0
LWR MONUMENT TAILRACE
CEFL 2-7 CTR BAY 6 1000 0 6.0 1%,60 119.3 18.17 113,2 855,2 114,3 6 120.0 188,0 a4y 0 0
LWR MONUMENT TAJLRACE :
_ DEFL 2=7 CTR BAY 6 951 _ 0 _ 6,0 1%,48_ 118,3_ 17.83_111,1_ 841.,2 _112.,4_ _6_ 120,0_ _188,0 ___ 444 o 0
LWR MONUMENT TAILRACE
_ DEFL 2=7 CTRBAY 6 948 0 6.0 14,46 1318¢1 18,07 112.6 850.0 113.6 6 120.0 188.0 444 0o o _
LWR MONUKENT TAILRACE
C DEFL 2-7 CTR BAY 2 ____ -943 0 6.0 15,74 12b.6 _19.27 120.0 909.8 121.6__6 _120.0_ 188,0 444 0 @ o
"LWR MONUMENT TAILRACE '
 BEFL 2=7 CTR BAY 2 940 _ 8 - 6.0 _15.74 _ 128.6__19.29_120.2 _910.8__121.7___6_ 120.0__188,0 _ 444 0 0
LWR MONUMENT TAILRACE
DEFL 2-7 CTR BAY 2 ___ 935 0 6.0 15,72 128.4 19.85 123,7__930.9 _124.,4 __ 6 _120.0 188,0 _ uuy 0 o
) > } ) } ] $ 3 }

oy



Note:

1) Samples taken from the north side of the spillway discharge

(centerline bay 6) were lower in gas concentration (most cases)
than those taken from the south side (centerline bay 2). We

believe that this anomaly was a consequance of turbine water
discharge mixing with the water from the spillway, therefore,
we intend to use only the centerline bay 2 samples for analysis
of the spillway deflectors.

2) Oxygen concentrations measure March 27 appear‘much higher than
is normally éxpected for these conditions., We suspect that
there may be a systematic error in these data (an after-the-fact,

subjective analysis).

App. 4-3






Appendix Table 5.--Dissolved gas saturation data for Lower Granite

Spillway deflector test April 17, 1975.
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NATTORLAL MARIRE FISHERIES SERVICE CCASTAL 20Nt ART ESTUARILE STUDIES
Courvels RIVER ANG TRTBUTARIES GAS SATURATION UATA===COmpPtMSATED FOR TEYPERATURE AnD ALTITULE

SURVEY LATE APRIL 17, 1975

ATMGSFLERIC GTAL GAS=- WO, ROURLY FLQw SA#PLE mEAN DATLY
DEPY TEMP ==<0XYBEN=== ==RIYRQOGH[ =~ PRESSUPE GAJE ===-=-KCF§-==- ELEV FLUA=-rCFS

LCCATICN TIYE F7 C MG /L SAT MLsL SAT M HG SAT OFEN SFILL TOTAL FeET SHILL T2TsL

LwR GRANITE FUREBAY '
SPILL SILE 920 S0 8,2 11,64 101,5 45,%9 103,72 7e1.,2 102,88 6 " 0.0 0,0 740 G a
LWR GRANLITE FOREBAY
SPILL SICE 1545 S0 8.1 11.64 101.,2 1S5,44% 102,) 754,1 101,.& 6 0.U 6,0 740 4 L
LwWR GRANITE TAILKRACE S
BAYS 1-8 SPILL CEFLECTOR 1101 0 8,2 12,79 111.1 17,25 113,84 84C,2 113.u [ 35.0 57,0 634 " . ¢
LwR GHRANLITE TAILRACE N ]
BAYS 3-8 SPILL CEFLECTOR 1106 0 8,2 12,95 112.5 17.56 11e,” £55,1 115,¢ 6 35,0 C,0 o34 c
Lwk GRALITE TaILKRECE S
EAYS 1-8 SpIiL CEFLECTOR 1105 0 B.2 12,73 110.6 17.4%1 114,99 845,86 113.¢ 6  35.C 0.0 o34 L 0
Lak GRALITE TAILKACE i
EAYS 1-8 SPILL TEFLECTIOR 1112 0 8,2 12.61 109.6 17.00 112,22 826.6 111,5 6 35,0 u.C o34 e G
LwR GRAMNITE THILRACE S
BAYS 1-8 SPItL CEFLECTOR 1115 0 8,2 12,61 109.6 17.2% 113,88 B826.,0 11,7 6 35,0 c,C 634 G 0
LwR GRALITE TAILRACE W ]
BAYS 1-2 sPILL LEFLECTOR 1117 0 8,2 12,61 109.6 17.L0 112,2 826.6 111,5 6 35,0 0.C 634 G o
LaR GRALITE TAILRACE S ]
BAYS 1-8 SPILL LEFLECYOR 1241 0 8.2 13.06 113.5 i7.74% 117,1 §62.9 16,1 6 60.0 81,0 634 3 C
LwR GRALITE TAILRACE N ]
EAYS 1-8 SPILL PREFLECTOR 1244 0 8.2 13,00 112.9 17.71 116,85 8eG.6 115.8 6 6040 £1.0 o3y ¢ )
LWR GRANLITE TAILRACE §
BAYS 1-8 SPILL LEFLECTIOR 1246 0 8.2 12.84 111.6 17.49 115.% 8505 1144 6 60.0 81.0 634 u u
LsR GRARITE TVTAILRACE )
BAYS 1-8 SPILL CEFLECTOR 124¢ 0 &.2 13,06 113.5 17.6€ 11¢.,9% 859.8 115,7 6 60,0 81.u 634 2 <
LwR GRALITE TAILRACZ' S )
8AYS 1-8 SPILL CEFLECTOR 1251 0 8.2 13,06 113.,5 17.74 117.Xr @€62.9 11¢&,1 6 60,0 81,0 634 [d 5
T TLWR GRALITE TAILKACE W ]
BAYS 1-8 SortlL CEFLECTOR 1254 0 8,2 13,06 113.5 17.62 117.h 866.1 116.,5 6 6.0 81,0 o4 S 3
LiwR GRALITE VAILRACE S :
BAYS 1-8 SPILL DEFLECTOR 1404 G 8.2 13.29 115.5 18.31 120.8 8b67.9 119.4 6 90.0 112,0 635 2 U
Lnk GRAIITE TAILRACE N ]
BAYS 1-8 SPILL CEFLECTOR 1405 0 8.2 13.12 114.5 17,99 11£.7 873.8 117.6 6 90.0 112,0 u35 L G
LaR GRANITC TAILRACE S
BAYS 3-8 SPILL CDEFLECTOR 1407 0 8,2 13,51 117.3 15,15 119, 864,5 119,0 6 90.0 112,0 638 n J
LwR GRALITE TAILRACE &
____EAYS 1=% SPILL_DEFLECTOR 1410 g 82 13,40 116.4 16.15 119.4 Hb3.1 116.8 6 90.0 112.0 o3& U 3
" LwR GRALIYE TAILRACE S R . .
—_BAYS 1-% SPILL CEFLECTQR 1412 0 8.2 13,40 136.% 18.07 119,27 860.0 116.4 6 90.0 112,0 u38 S '
LwR GRALITE TAILRACE K . _ )
AAYS 1-8 SPIIL [EFiECIOR 1414 0 8.2 13,51 117.4% ib.31 120.)_ AY90.9 119.9 6  90.0 112.0 3% ¢ Y
LwR GRALITE TAILRACE S . )
_BAYS_ 1-98 SpILL [EFLECICR 1512 0 6.2 13.51 117.4 16,40 12i.% 89%%.1 120.3 6 120.0 141.0 o3¢ o U
LwR GRAMNITE TLILKACE K .
—__BAYs_ 1-8 SpILL CEFLECTCR 1514 G Be2 13,65 120e% 31B.6% 123, SUk.0 172.2 6 12040 141.0 o3¢ e s
LaR GHRALITE TiILKACE S .
BAYS 1-8 SOILL CEFLECTOR _ 151€ 0 8,2 13,80 116.5 18,48 123,77 895%.7 120.5 6 120.0 141,C o3¢ i -
LwR_GRALITE TALLPACE o _
BAYS 1-& SPILL DRFLECTOR 151¢ 0 8.2 135.61 120.0 18,70 125.4% 909.4 1722.3 & 120.G 141.0 63¢ M
LwR GRAKITE TAILRACE S
BAYS 1=-& SOTLL CEFLECTOK 1520 U 8.2 13.40 116.5 1m.c: 12uU.H Bb9%.4 119.7 & 120.0 141.0 o3¢ U 3
LwR GRARJITE TAILRACE W _ -
BAYS 31-2 SPILL DEFLECTOR 1522 0 B.2 13.83 120.% 1b.68 173.0 9S08.0 122.2 ® 120.0 141.0 o%5 ¢ ;i

LITTLE GCCSFE FCREBAY

POWERHMGUSE SICE 1810 50 8.3 13,18 114%4.3 16.92 111.9 834.9 112.} 6 C.0 0.0 (Y-E] 9 N
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