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INTRODUCTION

During the spring of 1973, the National Marine I'isheries Service
(IMFS) under contract of the U.S. Army Corps of Engineers continued,
for a third year, an evaluation of fish protective facilities for juvenile
salmonids at Little Goése Dam on the Snake River. As in 1972, emphasis
was placed on diverting, collecting, marking and transporting young salmonids
for release below Bonneville Dam with appropriate control releases for
evaluation of operations. In addition, recovery efforts continued on adult
salmonids returning upriver after marking and transport during juvenile
nigrations in 1971 and 72. More than 1000 marked adult steelhead trout
and nearly 200 spring and summer chinook salmon were recovered at Little
Goose Dam with the tag detector and fish trap operated in the ladder at
Little Goose Dam. Additional recoveries wére also made in the fisheries and
on the spawning grounds. Preliminary.analysis of data from these returns are
summarized, and effects of transport on survival and homing are indicated.
Further experimentation was made on rates, timing and survival of young
nmigrants and on levels of dissolved gases in the Columbia and Snake Rivers
in relation to river discharge and operational procedures. This report

Ssummarizes progress on these actions in 1973.



TRAVLLING SCREEN AND ORITFICE BYPASS
STUDIES

+ Nince traveling cercens were operative during the 1973 vingerling

salmon and stecelhead migration. Vertical barrier screens in the gatewells
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eet of each screen was covered with solid baffles. Fingerling
zassage from the gatewells was monltored with electronic counters. An
air bubble device designed to divert fingerlings from a turbine intake was

also tested.

Traveling Screens

Intake traveling screen installations commenced March 30. All nine
screens were installed and overating by April 21. Mechanical aspects of
the traveling screens were satisfactory. ©No major operational problems
were encountered with the three original prototypes developed by NMES. A
gear box seal problem developed in some of the new models recently installed
by Corps contractors, but this problem is being corrected.

By the Tirst week of May, more fish were being collected than were
r;quircd for the transportation experiment. This, along with the rising

irncidence of descaling, prompted the decision to take six or the traveling

screens out of service on May 11, Three of the traveling scrcens were lerfd
\

in operation and used for experiments attempting to pin down the causes of

descaling. On occasion when greater nwmbers of Tish were necded for the
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transportation cxperiments, zdditional “raveling screens were vus into opera-

Lion., Tae numoer of traveling screeas in operation and the daily counts o
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fingerlings entering the fingerling collection facility are shown in

Figure 1. Samples of fish taken from the gatewells and collection facility
indicated descaling at times approached unacceptable levels. Subsequently,
detailed descaling examinations were conducted.

Results of these examinations indicated that the percentage of descaled
chinook fingerlings from the gatewells associated with traveling screens
ranged from a low of 1.3% to a high of 52.8% and averaged 13.9%. Descaling
checks made on fish from gatewells without traveling screens ranged from
0 to 9.2% and averaged 4.1%. Sample size usually ranged from about 300-LCO
fish. A total of 48,730 chinook fingerlings was examined during these
detailed observations.

Initially, the cause of descaling was assumed to be related to the
vertical barrier screen dividing the gatewell. The basis for this hypothesis
was derived from last year's data which indicated a direct relationship
between length of time fingerlings remained in the gatewells and degree of
descaling. Prior to the 1973 field season, vertical barrier screen mod-
ifications were made to reduce the turbulent condition on the surface of
the gatewells where descaling appeared to occur. Various arrangements of
screens and panels on the vertical barrier screen were tested, including
the covering of the rough galvanized hardware cloth portion of the screen
"with a smooth covering of perforated aluminum plate.

In the event that descaling was being caused by fish impingement on
the traveling screen, mesh size on one of the traveling screens was reduced
(less open area, hence reduced approgch velocity) and tested. Attraction
of fingerlings from lower regions of the gatewells to the bypass ports by

use of submerged lights was alsdo taated.
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Eftfects of most of the foregoing modifications on incidence of
descaling proved difficult to isolate and, as a result, little conclusive
evidence of a consistent reduction in descaling was found. We did find,
however, a relationship between turbine load and incidence of descalinz.
Wﬁen turbine operation was maintained at a low level (less than 120 MGW),
descaling was appreéiably reduced. Results from use of the fine-mesh
traveling screen also appeared to reduce descaling. A comparison of
percentage descaling in theée tests is shown in Table 1.

To thoroughly examine the descaling problem, a much more sophisticated
test program will be required--one that will enable inspections of the
condition of natural migrants at various locations before and after they
enter the turbine intake as well as after they are in the gatewell. Plans
are underway to conduct such a program in the spring of 1974. Tests using
marked hatchery fish will be conducted this fall in an attempt to isolate
some of the areas of descaling so corrective actions can be taken prior

to the migration next spring.

Fish Passage FProm Catewell Orifices

Lighted orifice inserts siﬁilar to those used last year were employed.
In add;tion seven of nine orifices were equipped with electronic fish
counting devices.

Prior to the field season all of the orifices were back-flushed when
the gatewells were unwatered for vertical barrier screen modifications. To
determine the amount 6f descaling occurring in the fingerling bypass, test
fish were released directly into the orifices and recovered as they catered

tho racowayd of tho fingorling celleoction aystom. dix porvont of thoao
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acts of turbine load and screcn mesh size on incidence of
icsealed juvenile chinook, Little Gocse Dam, 1973.
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Proportion of descaled fish and number of replicates ( )

by screen condition

: Screen mesh-- Screen mesh--

i ~ Course Fine o

; (36 meshes (48 meshes Screen

; par oot ) per foot)

? Percent ' Percent Percent
i 18.4 (21) 11.1 (2k4) 3.8 (18)
i

} 11.4 (15) 2.7 (2) 5.3 (L)




fish were descaled. The severity of descaling in these tests was
nminor--slightly over 10% of the body area.

Overall, movement of juveniles through the gatewell orifices appeared
to be much improved over that of the previous year based on visualvobserva-
tions of fish concentrations (much reduced in 1973) in surface areas of the
gatewells, Scuba observations at depth in the gatewells, however, indicated
that many fish were concentrated below solid panels on the vertical barrier
screens (36 feet+). Additional tests are planned, therefore, to devise mean;

of rapidly attracting the fish upward toward the orifices.

Bubble Screen Evaluation

Tests to determine whether an alr bubble screen would prevent
fingerling salmon and steelhead from entering a turbine.intake were
conducted during two periods of the fish migration. These tests were
undertaken to determine whether such a screen might be useful in diverting
downstream migrants away from slotted gates that have been constructed for
use in skeleton bays at dams in 'the lower Snake River. Although the sloﬁted
gates have been effective in alleviating the problem of supersaturation of
nitrogen, mechanical injuries to fish passing through the gates have been
excessive.

A "V" shaped bubble screen was placed about 50 feet deep and
"immediately in front of turbine intake slots 2A, B, and C with the tip of
the "V" extending approximately 150 feet upstream. Automatic fish counters
were installed in the orifices of these three intakes as well as in adjoining
orifices of units 1C and 3A. Theoretically, an effective screen would then
logically divert fish from 2A, B, and € into 1€ and 3A. Counts threush the

orifices of fish leavinz the gatewells would be expected to reflect this trend
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Table 2 shows the results of a test conducted during = od when
large numbers of fish were available. A total of 205,768 fish were
counted through the tive gatewell orifice counters during the T-day test
ared
seriod (about 30,000 fish per day).
2rva- :
Table 3 shows the results of a later test conducted by dipnetting
£ the
all of the fish from the gatewells so that a species identification,
icated
as well as a total count could be made. In both tests the zatewells were
rrier
. dipped clean prior to the testing.
2 means
From the results of these tests, it would appear that the existing
air bubble screen was an ineffective device for diverting fingerling salmon
and steelhead from turbine intakes. Had there been a diverting elfect,
one would have expected a marked increase in the proportion of fish entering
(and leaving) units 3A and 1C during the first test. Actually a reduced
proportion of fish passed from these gatewells during this test period.
ting Likewise, during the second test, gatewell dipping should have indicated
for more fish in 1A and 1B, Instead, numbers of chinook and steelhead entering
lotted these areas were counsiderably less than those entering the section dovmstream
n of from the tubble screen., Normally gatewells 1A and 1B nave the highest
aen concentrations of fish during the juvenile migration period. Ideally, the
second test would have again utilized gatewells 1C and ZA for the comparison
! . N . ca = B . ‘
(a5 in first test), but these areas were inaccessible at the time of the
of Test.
1ters In retrospeet, results of the tests with +tae aulr bubble screen were
joining ' not too surprising in viecw of previous findings. Bates and Vanderwalker (1964)
tren Sound that the efficiency of an air bubble screen is o Tunction of the Iisn's
1 tha
s trend.
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Table 2,--Effects of the air bubble screen on fingerling guidance.
Bubble screen installed upstream from unit 2 (A, B & C).

Average percent of total daily count by

gatbwell
Gatewell
: C1C 2A 2B 2C 3A
| Yy
Bubble Screen off 20.3 26.2 23.0 1,7 30.5
' 2/
Bubble Screen on 19.4 27.9 22.4 23.6 9.7

1/ The "off" period covers 2 days before the 2 days after the "on" period.
1/ D y y D

2/ The "on" period is for three consecutive days.

Table 3.--Effects of'the bubble screen on guidance of chinook and steelhead
fingerlings. Figures represent a physical count by species for a

L8-hour period.

Total numbers captured per gatewell

Species
No Bubble Screen Bubble Screen
1A 1B oA 2B
Chinook 608 919 1448 1628
Steelhead 212 53 571 101
TOTAL 820 972 2019 1927
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ability to see ity i.c., gulding cefficlency at night was markedly lower
than in the day. An increase in approach velocity also tended to reduce
guiding efficiency. Thus, in the recent Snake River application, limited
visibility and increasing approach velocities in the area of the turbine
intake may well have negated potential fish guilding capabilities that

might have prevailed under more favorable conditions.
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TRANSPORTATION AND HOMING )

Progress in the transportation studies at Little Goose Dam during
1973 is summarized in this section of the report.

Objectives of the transportation research were: (1) continue
evaluafion of the transportation system by marking and releasing 50,000
Juvenile chinook as controls at Little Goose Dam and 50,000 as test
(transported) fish below Bonneville Dam, (2) mark and release 50,000
steelhead at Little Goose (contfols) and 50,000 for release below Bonneville
(test) to evaluate the effect of transporting juvenile steelhead, (3)
continue to test and evaluate fish facilities used at Little Goose Dam
for diverting, collecting, marking, and transferring fish to transport
trucks, (4) continue étudies to determine levels of stress in fish at
various stages of handling and transporting, and (5) begin preliminary
evaluation of the study by examination of marks on returning adult chinoock

and steelhead.

/

General experimental design

Juvenile steelhead and chinook used for the'transportation experiment

in 1973, were divided into five groups--three control ﬁnd two test or

transported gfoupé. One control group was marked and released about 21 km

upstream from Little Goose Dam at Central Ferry on the south shore of the
river; a second control was marked and released on the north shore, and
a third control group was marked and released directly into the taillrace

about 1 km downstream from the power house.
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The test groups were hauled in tank trucks to two release sites

downstream from Bonneville Dam; one was at Dalton Pt., 17 km from

Benneville on the Oregon shore and the other was at the Washington State

boat launching site about 2 km downstream from the spillway at Bonneville
ville am on tvhe Washington shore. As in 1972, 1-3 ppm quinaldine was used in the
trancport truck to partially ancsthetize fish destined for relecase at
Dalton Pt.; fish released on the Washington shore were not ancsthetized. The
two conditions provided a basis for comparing mortalities occurring during
and after transport. Separate magnetic tag codes and brands were designated
for each experimental group. Codes on the tags were changed twice during

<+

ook the marking periods; the brands were changed weekly.

Zvaluation of the survival and homing ability of these groups will
be based on adult returns to the commercial (intluding Indian fishery) and
sport fishery, Little Goose Dam, and the sgawning grounds. A magnétic éag

zent detcctor and fish separator, similar to that used at Ice Harbor Dam, was
installed at Little Goose Dam for evaluation of adults returning to the dam.

Blood glucose and urea levels were again analyzed from several groups

‘he Of‘juvenile chinook salmon during the migration period. TFish were obtained
from the following locations: (l) gatewell with traveling screen, (2) gate-

well without traveling screen, (3) counter tunnels (after passage through the

bypass pipe and sorter), (4) noldinz box in marking facility after passage
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through pump, (5) exit of marking building (before entering transport
truck), and (6) release site. We sampled at these locations again this
year because we wished to compare stress levels measured last year when
only three traveling screens operated with stresses prevailing in the
current year when up to 9 screens were operating. In addition, we took
samples after each stage of marking (fin-clipping, branding, and wire-
tagging) to determine whether any particular marking operation produced
excessive stress. Delayed mortality was also compared among fish taken
at locations 3 and k.

Mortality during transport and delayed.mortality measurements were
compared among all groups transported downstream. These comparisons
included high vs low density loads, anesthetized vs loads not anesthetized,
and marked vs ummarked. In these comparisons, a high density load was
1.0 pound or more fish/gallon‘of water; low density was usually l/2-pound

fish or less/gallon of water.

Collection, marking, and transport procedures

Juvenile salmon entering the gatewells were all collected at the
end of the orifice bypass system; fish dipped from the gatewells were not
used this year as experimental fish for the transportation studies. Fish
obtained with the gatewell net were used only in determining stress levels
at that point in the system.. Fish en?ering the orifices from gatewells
continued on through the bypass pipe (Figure 2) to the holding area downstrean
from the tailrace deck. Before entering the holding area, the fish passed

through a grader and were sorted by size. We adjusted the grades so that




e e

13

zed,

ot
sh

els

nstream
sed

at

1L

T e e i+, L . i

Ut i -
Rt R IR

o

: i
ti i

S : o _ NN
UL B ' ::‘ . e - ) .~.__._.___.,___._,_.§

e s e e e

Figure 2,--Fingerling bypass transport pipe (arrow)
and raceways for holding juvenile salmon and
steelhead at Little Goose Dam,
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o3t of the juvenile chinook would be separated from the steelhead before
entering the holding ponds.

Fingerling chinook salmon and steelhead trout were pumped with a
5-inch Paco model fish pump into a tank in the marking building. Here
they were dipped from the tank, anesthetized and sorted. Previously
marked or injured and descaled fish were returned to the river in the
tailrace of the turbine discharge. ZEach of the remaining fish was cold-
branded with liquid nitrogen (Mighell, 1969), the adipose fin was excised,
and a magnetic wire tag (Jefferts, et al., 1963) waé inserted in the snout.
Before discharge into the transporf truck, the fish passed through a magnetic
field and detection coil. Improperly tagged fish were automatically rejected
and returned to the marker for retagging. When steelhead and chinook were
hauled simultaneously, they were kept in separate compartments in the tank
truck whenever possible. Load densities were governed by the size of the
deily. catch and ranged as high as 1.5 pounds of fish per gallon. All fish
were transported in a 5,000-gal capacity truck with aeration, refrigeration,
and filtration. .

Water chemistry measurements were made at the time of release for each
load of fish transported. Concentrations of ammonia, nitrogen, dissolved
oxygen, carbon dioxide, pH, and total alkalinity were gecorded. Most releases

~were made at dusk, Recordé of mortality of transported groups were also
determinéd by holding samples of fish from each load in cages for 48 or more

hours at the Bonneville hatchery.

Blood samples were obtained from fish taken in gatewells (with and without

Ltraveling sereens) and in the holding arca below the dam; blood glucose and
urca values were determined by Scientia Labs using a technnicon SMA 1260

AtthuusAnd it

preey
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re Percentage descaling among groups of fish obtained in the gatewells and
the holding area was determined during the marking procgss. Any fish with
over 10% visible descaling was recordedbéé.évdescaled fish: o further
reTinement of descaling categories was,K made.
Narking'and transport
A total of 253,411 chinook (110,8&9 controls, 142,562 test) and
- 120,762 steelhead (57,310 controls, 63,452 test) were marked as experimental
ed, groups for the transportation studies (Table 4). Approximately 106,000
ouv. chinook and 113,000 steelhead were transported ummarked (Table 5). The
gnetic zrand total of fish enumerated at Little Goose in 1973 was over 1,750,000;
jected about 500,000 fish were examined for previous marks or injuries. Of the
ere total number enumerated, about 1,000,000 fish were returned to the river in
ank the tailrace area without examination or handling.
he " More chinook salmon (about 100,000) were marked than originally
ish planned due to the long, drawn out migratory period brought about by extreme
:tion, low river flows. The number of steelhead marked barely exceeded the research
objective. Relatively small numbers of ummarked fish were hauled when avail-
T each able to determine if there was a differential delayed mortality between
ed marked and unmarked groups., Many more unmarked fish were returned to the
eleases river at Little Goose Dam during the past spring than in the previous 2 years
° because of the high collection efficiencies-due to increased screening, and
$ more the discharge of virtually all river flows through the turbines. Also,
because of the absence of a gés supersaturation problem iﬁ 1973, the urgency
twithout to transport large number of migrants enmasse (to avoid losses from gas
and

bubble disease) did not develop as in 1971 and 2.




Cinle ho--Summary of marked juvenilz chinook and steelhzad by release
seoup, Little Goose Dam~-Suriag 1975.

Merking Relesse poiizzgnl/
veriod site and cyrbol Chinook Steelhend
April 2-19 Central Ferry North LA-XK 10,261 1,478
April 23-May k4 " wooooo LA-= 14,579 7,187
May 8-17 " " " LA- I 10,695 - 6,350
May 23-31 " ! " LA- 5,6L2 6,782
Subtotal 41,177 21,797
Lpril 13-21 Central Ferry South LA-F 11,373 1,431
toril 25-May 3 " " " LA- 8,034 5,852
May T-18 " ‘" " LA- I 9,196 8,577
May 24-30 " " " LA- I 6,80k 4,504

June 1L4-26 " " " LA-N (//—ﬁig iﬂﬁ)ﬂiom-P

; Subtotal L7, 740 20,5064
§ aoril b Tailrace-Little Goose LA-W 31 265
f April 18-21 o " " LA- = 4,063 333
| April 25-26 " " " LA- M 2,993 1,L46
May 2-5 " " " LA- = 6,86k L, L39

Moy 9 " " " LA-S 2,405 1,545

May 16 " " " LA- w 3,302 k,299

May 25 ! " " LA-Z 2,27k 2,022

Subtotal 21,932 1k,349

1

;j IA and RA indlcave brand positions, i.c., lelt anterlor and rlinu

antzrior.




Table 4.--Continued.

kY

w \J1 -

On

NG

Brand
Marking Release position}./
period site and symbol .Chinook Steelhead
fpril 11 ;_Daltor;_'éﬁ:j RA-J 923 5Tk
April 18 " " RA- < 5,389 169
Apxlil 23-26 " " RA-L 7,688A 2,591
April 30-May k4 " " RA- "~  1L4,964 5,549
May T-11 " " RA-P 9,710 7,029
May 15-17 " " RA-+wy 10,543 4,031
May 21-25 " " RA-d 9,030 6,707
Subtotal. 58,247 26,650
Aoril 9 Bonneville Boat Launch RA-H 345 837
April 16-19 " " " RA- 10,059 968
April 2L-27 " " " RA-T 8,364 3,449
May 1-5 " " " RA-H 16,506 6,130
May 8-10 " mooow RA- I 7,192 L, 597
May 14-18 " " " RA- ¢, 13,482 7,091
May 22-2k4 " " " RA-L 2,629 5,137
May 29-June 1 " " " RA-t 9,410 ~ 8,593
June 13-25 " " " RA-T 13,.052 , --
July 13 " oo RA- 3 3,276 --
Subtotal 84,315 36,802
Grand total 253,411 120,762
l/- LA and RA indiceate brand positions, i.e., left anterior and right
anterior.



Table 5.--Numbers of unmarked juvenile chinook and s#eelhead collected
at Little Goose Dam and transported to release locations downstream

from Bonneville Dam--Spring 1973.

Release
Date site Chinook Steelhead
Aoril 27-May 5 Bonneville boat launch 18,400 ol 887
May 8 " " " 13,570 1480
May 14-18 " " " 11,380 8,620
May 22-24 " " " 11,660 '15,8L0
May 29-30 " " " 2,500 15,500
Subtotal 57,510 65,327
April 30-May k4 Dalton Pt. 6,000 10,000
May T-11 "o 28,067 11,176
May‘lS-l7 " " 12,130 15,870
May 23-25 " " 2,960 11,040
Subtotal 49,157 48,086
Grand total 106,667 113,413

s ook, s WA e s

et e o
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Transport and delaved mortality

A successful transport operation requires a collection system that
delivers fingerlings in good condition. Oéce collected in good condition,
{inzerlings can be hauled long distances with rcoasonable asgurance that
survival will be high and transport benefits will be realized. At Little
Goose in 1973, descaling and subsequent stresses placed upon juveniles in
the collection system continued to be a problem. We assessed the problem
in terms of delayed mortality at Little Goose and at Bonmeville Dam after
transport.

Mortality observed at the time of release of the transported groups
(transport mortality) indicated an overall average of 0.70% for chinook

ad 0.51% for steelhead. This is slightly higher than the 0.57% and 0.47%
mortality observed last year for chinook and steelhead respectively.
Samples of fish from each load were held for 48 hours at Bonneville Dam
to determine delayed mortality. A comparison of delayed mortality of
fish treated differently in the system included (1) marked and unmarked
chinook, (2) marked and unmarked steelhead, and (3) partially anesthetized
Vs non-anesthetized chinook and steelhead.

Delayed mortality of marked chinook ranged from 2.9 to 43.0% with an

overall weighted average of 17.2%; delayed losses in marked steelhead .

ranged from O to 16.6% with an overall average of L4.5%. Average delayed

mortality of ummarked chinook was 15.3% while losses of unmarked steelhead

were 4,L%. Among both species, unmarked losses were slightly less than
marked losses. These small differences are probably significant since

ummarked fish were pumped from raceways without inspection and probably
included substantinl numbors of descalod rish whereas the marked groups

“ere inspected individually and descaled fish were removed.



21

Averapge weighted delayed mortality of 12 loads of marked chinook
not anesthetized was 22.4%; mortality in 12 loads of partially anesthetized
Tish was 11.9%. Delayed losses among marked steelhead were 5.8% for those
not anesthetized vs 2.9% in anesthetized loads. These data confirm our

findings in 1972 and definitely indicate partial anesthesia is beneficial.

Delayed mortality tests at Iittle Goose

Samples of chinook were held in live cars in the raceways at Little
Goose Dam to establish a relationship between known descaling (with associated
stresses) and the true mortality that may eventually be experienced. Three
groups of chinook were‘held in live cars 72 hours (Table 6). Mortality was
observed among (1) fish that were descaled but not marked, (2) fish that
appeared to be healthy but were marked as if to be transported, and (3) fish
that were not handled in any way. The first two groups were subjected to
the pumping operation, theg third was not. Delayed mortality in the first
two groups was 17.6 and 21.8% whiéh is similar to losses noted in the Bonneville
post-transport tests (17.2%). Somewhat surprisingly the mortality of the
non-handled groups was less than 1% even though about go% of these fish had
some measure of descaling. Thejlatter resﬁlts would appear to indicate that
substantial losses may be avoided if fingerlings were gravity-fed into the

transport tank rather than pumped as we are now doing.

Blood “hemistry Heasurements of stress

Urea and glucose concentrations in the blood of juvenile chinook were
again measured to compare stress levels this year with those recorded last
year. In addition, stress levels at the various stages of marking also were

measured.,
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Table 6.--Ifolding tests to determine delayed mortality among different
ots of fingerling chinook obtained from the fingerling collector at

]
Ao
Little Goose Dam--1973.

Number Nunmber Delayed mortality--
Test in .of Percent at 72 hours
test replicates Range Average
411 fish 10% or more
Gascaled, pumped but 50-100 11 6-30 17.6
1107 marked '
411 Tish apparently
h2zlthy, pumped and 50 10 2-58 21.8
rarked
Won-handled fish
(i%o marking or pumping 50-212 17 0.5 {1

tut including descaled
fish)
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The general pattern of glucose and urea concentrations measured
sequentially at four locations (Fig. 3) in the diversion, bypass and
marking operation was similar to that noted last year, i.e., concentrations
incrcased as fish proceeded through the system, However, the condition of
fish taken on entry to the system--as evidenced by the concentratioﬁs of
glucose in the blood of fish taken from a gatewell without a traveling
screen--was not as good as last year. Higher levels of glucose indicate
that juvenile fish arriving at Little Goose Dam were in a more stressed
condition than last year.

Glucose levels measured at va¥ious stages of marking (Fig. U4)
indicated that the stress was cumulative; fish receiving three marks
(fin clip, cold brand and wire tag) were in.a more stressed condition than
those receiving oniy one mark. ﬁlood glucose measurements taken from each
marking operation, when only one of the operations was done, indicated that
cold branding is less streésful to juvenile chinook salmon than fin-clipping
or wire-tagging (Fig. 5). The one-mark glucose measurements should be
repeated next season as the differences observed in the recent tests could
also be attributed to individual marking technique.or variability within a

single raceway of fish.

Preliminary returns to Little Goose Dam of adult spring and summer chinook

salmon

Table 7 lists the number of adult (2-ocean) salmon successfully detect
separated and indentified at the automatic separatorvin the ladder at Little
Goose Dam. It should be stressed that the current observed return represent

only part of the expected total return to Little Goose Dam of fish marked is

1971, The obaerved tally ia low Tor the followlng reasons: (1) approximaJ
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control ratio. In this instance, however, for the Dalton Point releases,
tie return benefit for transported fish was slightly greater than that for
the Bonneville releases which is the reverse of that shown for recoveries
at Little Goose Dam.
Although the differences between returns from releases at Dalton

Point and Bonneville are slight and not significant statistically, some
consideration should be given to the differences in treatment of the tﬁo

tza3t groups and the possible effects of that treatment on eventual returns.
Pos3ibly some loss of homing occurs when chinook are released at Dalton Point
which results in milling and hence longer availability for capture in tke
nets. Timing of return of the two groups could also be involved. If the
rish released near Bonneville Dam tend to return earlier in the season than
those released at Dalton Point, possibly more of the Bonneville returas would
vass through the lower river before the start of commercial fishery. Further
examination of returns by time will determine whether this, in’ fact, does
occur, Another factor that may have possible bearing on returns from the

WO release sites is the effect of using anesthetic during transport of the
Juveniles. It may be recalled that only those groups transported to Dalton
Point were treated with a mild solution of quinaldine, those transported to
the Bonneville release site were not treated. TFurther tests should, therefore,
o¢ made to determine whether use of anesthetic may in any way affect homing
ability.,

Overall, recoveries of marked fish in the commercial fishery were

limited and should be augmented by additional recoveries in 1974 before any

Ilnal conclusions can be made concerning returns from the 1971 experinment.



Prelininary returns of adult steelhead frout to Little Goose Dam

The first steelhead adults returning from control and transport
releases in 1971 appeared at Little Goose Dam in the summer and fall of
1972 after 1 year at sea. Additional l-ocean fish from the 1971 out-
migration also continued to pass the dam in the following spring (1973),
apparehtly having spent the winter below the dam. Beginning in the
summer of 1973, 2-ocean adults from 1971 releases and l-ocean adults from
1972 releases began appearing at Little Goose. To date, (October 24, 1973)
973 adult steelhead have been identified from releases in 1971l. Benefits
derived from transported steelhead (Table 10) were 43% from the Bonnevilie
release, 4L4% for the Dalton Point release.

Preliminary returns of 409 l-ocean adults from the 1972 release
indicate a much greatér benefit than those from the 1971 releases; 206% for
the Bonneville release, 252% for the Dalton Point release. The ratio of

transport to control on these fish therefore ranges between 3 to 3.5:1.

General comments on adult returns

In generél, the current transport to control ratios bf adult steelhead
and chinook are encouraging. In addition, the estimated return (Table 10) of
only the l-ocean steelhead transported to Bonneville ?nd Dalton Point
already exceeds the average estimated pergent return of steelhead to Dworshak
Hatchery from all ocean age grbups of a brood year. The observed percentage
return (about 0.2) of 2-ocean chinook from the transported releases does not
yet exceed the percentage return of Rapid River Hatchery, but'when the
v3-occan chinook returns are added next year, the average percentage return
(0.35%) achieved at Rapid River in 1973 should be cxcceded., If the problem

of* excess stress incurred during diversion, collection and marking of chinook
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Toble 10.--Returns to Little Goose Dam of 1- and 2-ocean age adult steelhead
from control and transport releases of smolts in 1971. Recoveries made
rom July 20, 1972 to October 24, 1973.

Relcase : Adult return
site and Number of Number of adults in percent Transpor§
cxperimental juveniles recaptured of juveniles benefi
aroups (in releasedl/ 1-ocean 2-ocean Total released --percent
nnren. ) age age (1+2's) Observed Estlmatedg/
Little Goose Dam 55,293 111 203 . 314 0.567 0.945 --
{ control) &
Ponnaville Dam 44,939 1667 199 365 0.812 1.353 47.0
(transport) :
Dalton Point 35,967 12k 170 29k  0.817  1.361 62.0
(transport)
Total 136,199 hor 572 973 - --  Ave. b4

1/ Adjusted for initial tag loss.

g/ Based on comparison of the known recovery of fish with magnetized wire tags
8t Little Coose Dam and the subsequent recovery of these and other marked fish at
Dworshak Nationsl Hatchery upstream from Little Goose. Returning fish identified at
the dam were marked with dart and jaw tags and relessed to continue their migration
upstream. Numbers of externally-tasgged fish arriving at Dworshak Hatchery were
compared with the recovery of other wire-tagged fish not previously detected and
identified at Iittle Goose Dam.

3/ Based on observed return.



can be eliminated, the percentage return shown now for both transported
and control lots of chinook could.double. We will therefore concentrate
most of our effort next year on this problem.

Data from recovery of tagged chinook and steelhead on the spawniﬁg

grounds is incomplete at this time and will be reported on later.
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DISSOLVED NITRCGEN IN TIE COLUMBIA AND SNAKE RIVERS

WITI OBSERVATIONS OF LFFECT ON STEELHEAD AND CHINOOK

Dissolved gas levels in the Columbia and Snake Rivers were again
aonltored in 1973 to (l) determine the effect of an expected low flow yea:
on nitrogen levels (2) test effects on gas saturation levels of protot&pe
spillway deflectors (with and without dentates), (3) assess effect of flow
i load control on nitrogen levelé below Bonneville Dam, and (4) compare
survival of juvenile and adqlt steelhead and chinook migrants under
prevailing saturation levels.

Methods

Yiethods used for collection and analysis of nitrogen samples in 1973
were nearly ldentical to those reported by NMFS in 1972 except that tallrace
stations were discontinued at all dams except McNary and Bonneville.
Additional stations in the Columbia River at Washougal and Vancouver were
taken along with a station in the mouth of the Willamette River at Portland.
The dissolved gas data are listed in Appendix Table 1. Dissolved gas
neasurements to determine the effect of the prototype spillway deflector
without dentates were made at Lower Monumental Dam. These measurements

were madé below both the deflector with dentates and the deflector without
dentates under identicalconditions to.ensure direct comparison between the
o) deflectors and with other data previously obtained.

Effects of nitrogen saturation levels on fish were based on techniques
similar to those used in 1972. One fish holding test was conducted even
though- gas levels were low, to establish mortality rates under a control
Situation with normal gas levels. Examination of the condition of juvenile
Steelhcad and chinook arriving at Ice llarbor Dam was occasionally made again

YW ocntablinh n condltion factor under a "control" situwtion whora low as
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sabturations prevail. Survival estimates bacsed on recapture of marked
juveniles from upstream locations were continued. These are discussed in
another section of this report.

Informapion'on condition of mature adults was based on data from
Rapid River hatchery and spawning ground surveys made by NMFS and Idaho

Fish and Ganme.
Results

Nitrogen concentrations and effect of flow control

Concentrations of dissolved gases (Appendix Table 1) were the lowest
recorded for any spring season that dissolved gases (primarily nitrogen)

have been monitored. Concentration rarely exceeded 110% saturation except

in the tailrace 6f the spillways at Bonneville and McNary Dams when occasionaf
spillling did occur. The mixed value downstream, however, remained below 110%?
saturation. Low Tlow in the Columbia and Snake Rivers was,. of course, the mé
factor in returningthe gas levels to normal. Peak flows were less than
300,600 c¢fs in the Columbia at Bonneville and remained below 100,000 cfs in ¥
Snake at Ice Harbor Dam.

The low flow of the Columbia enabled the Corps of Engineers to reduce
spilling at Bonneville Dam from mid-April until about mid-May, which resulted
in tailrace concentrations below 118% downstream from the spillway. The mixej
value at Washougal thus remained below 105% saturation. The low concentratic
of dissolved gases should have benefited downstream migrants as well as adult
migrating upstream. Counts of adult spring and summer chinook over John Day
Dam suggest  that survival of upstrecam migrants was improved. More fish
nussed over John Day this year than last year (72) in spite of the fact that

lecs fizh were available as cvidenced by lower counts over Bonneville Dam.
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d Effect .of orototype flow derflectors, with and withoui dean=--. -
ed in concentrations
On March 29 nitrogen concentrations produced by spillway .-
(0)41) o L . .. .
with and without dentates were compared with a control spillway ~-
aho . L.6 L —_ ; .
volumes--U4,600, 9,700, and 14,900 cfs (Fig. 6). The most rarzed
of gas saturation levels occurred at 4,500 cfs. In 1972, when only
deflector with dentates was tested, maximum control of gas levels ~l.-
occurred at 4,600 ¢fs. The spillway deflector without dentates apr::-
produce slightly less gas entrainment than the deflector with denta.oa
lovwest — . - i . .
2ll three discharges. Based on these observations (and fish surviw-:
)gen) £ P5a 3 + 1 s £3 3 s 1 . e e
of Tish passing through the modified spillways) i1t would appear that i
except 4o s o o s ps o
ceflector without dentates would be the preferred mcdification.
occasional

L

Zifect of nitrocen supersaturation on fisn
elow llO%

o. the mai Because supersaturation of nitrogen rarely occurred in 1973, evid.n.:
,g,’

than of gas bubble disease in juveniles and adults was nil, Condition of juwin._<l
>-;fs in th arriving at Ice Harbor was generally better than that noted in other jezro.
Condition of adults arriving at Little Goose Dam, Rapid River Hauinory,

reduce and on the spawning grounds was generally excellent. A higher than normal
resulted ‘incidence of kidney disease was noted, however, at Rapid River Hatcrery.

The mixed - Record numbers of adult chinook arrived at Rapid River Hatchery this year, tus
~entratiol percentage return--based on number released--was about 0.3%%, less than in

as adults 1971 and T2.

fohn Day A live cage study was begun at Ice Harbor Dam on May 29 and terminated
*ish on June 5. This study was done to compare mortalities that occur during

et that periods of normal saturation with past mortality data obtained during years of

Dam. high supersaturation. Three cages were used: one held at the surface, a

A




y
Qe

-

”'i‘la
red
cntct

21
i

1
H
’
i

™

-

o
!
-

- A
cniales

tactor

c

t
i

]

u

Ha)
-

c
with ¢
Spill deflactor

witho
H
without

"
,4

- Control—sni

"S

PR DA R e N TR T

o
tos,

4

1973,

1t

v . - e - vy ey .-
LOWST cwnananzia
ne
- 1]

-

"
Maceh

7

1

~
.

o

-~

9.7
= (:(ul

DISCHARG:

——

SPILLWAY

asurcd &

M oconconivation e

r
»

¢ niiro;

(24
v

re G=-Avera

wiich aud wiznous dento

Casm
A

(SN

b
1.
A

[T

"r

“.,‘1,)

511l

rebay, below o
and control spillwiy bay at thite: Jlows;

in Lo

0—
5
120 —

|
0 e

—

HOTLYNLY S 2200 LIN LNEOME

e
CLSu

P




volitional cage allowing the fish to sound to 15 feet of depth, oni

9 eea %3

control cage held at 20 feet. Twenty-three to 25 naturally migrazin

gracting chincok

—_—aar Ml

obtained from the gatewells at Ice Harbor Dam were placed in each cage.

Tnirteen percent mortality occurred in the surface cage afier 7 dazys nollin..

Similar mortalities occurred in the other cages including the control {dszo)

salva

cage. Examination of these fish indicated that mortalities were caused by
previous injury which resulted in later infection by fungus and other

disease organiéms. No mortality occurred as a result of gas bubble disease.
o futher tests were conducted because we felt increasing water temperaw

would accelerate the disease problems already noted in fish confized to tne

cage.
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TIMING, TRAVEL TIME, AND SURVIVAL OF JUVENILE CHINOOK
SALMON AND STEELHEAD TROUT MIGRATING IN THE SNAKE AND
COLUMBIA RIVERS

i Method

N\

“~__~1In past years our measurements of timing and survival of juvenile
chinook salmon have been based on recoveries at Ice Harbor Dam of fish
collected, marked and released at Riggins on the Salmon River. In 1973
we were able to assess oﬁly timing as sampling problems were encountered
in the process of estimating survivél and relative abundance. The latter
estimates depend in vart on recoveries of releases made in the forebay of
Ice Harpor Dam. Returns from these releases were considerable below the
expected rate based on sampling efficiencies obtained in previous years
during comparable water flows. We suspect that fish were stressed unduly
at the time of handling, primarily due to overcrowding in the collector
trap. In addition, the chinook assessment problem was compounded by the
necessity of sorting out some 33,000 marked coho recovered from releases
made upstream at Lower Monumental Dam to evaluate bulkhead and flow deflector
structures. To summarize, handling facilities at Ice Harbor Dam in 1973 simpi
would not permit rapid processing of juvenile chinook needed for the sampling
efficiency tests. As similar problems are expected in conjunction with
additional proposed.tests at Lower Monumental Dam in l97h, we plan to overcont
the fish handling aspect by closing off the orifices at Ice Harbor and
dipnetting the fish directly from the gatewells rather than concentrate
all the fish in the collector trap.

During the past season, we did, however, sample the juvenile outmigratif
at Trne Dalles Dam as a part of the pealking effects study program sponsored bf
Corps of EIngineers. No spilling occurred at The Dalles in 1973. Consequentﬁ‘

I3
M
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the sampling efficiency remained between 3-5% as predicted--a recovery
adaquate to obtain measures of timing and survival to that dam. Thereiore,
in 1973 we shifted our assessment of survival to encompass the reach from
the Salmon River to The Dalles bam rather than.only to Ice Harbor Dam, -
Using this approach, we were able to obtain a measure of survival in 1973
relative to pre-dam survival (before John Day, Lower Monumental and Little
Goose Dams) and to compare this with survival during years of comparable
river flows in 1966 and 1967. We also were able to compare the above
results with data from 1968, the year in which John Day Dam was compleied
(no turbines operating). Additional data were available from releases of
marked fish at hatcheries and in the forebay and tailrace of Little Goose

Daxm. Numbers of fish marked at individual locations and subsequently

v recovered at Little Goose, Ice Harbor, McNary and The Dalles Dam are
given in Table 1l.
3 Assessment of steelhead migrations from the Salmon River have never
;‘ been possible due to the low captqre efficiency of this species at Riggins.
eetor Other detail on timing of steelhead at various dams and on population
} simply . ‘
estimates at Little Goose Dam was obtained from sampling and marking
pLine programs at these sites. As with chinook, no population estimates could
‘ be made at Ice Harbor Dam.
‘ercome.
Timing and travel time--chinook
The 1973 outmigration of chinook from the Snake River was the latest
since sampling started at Ice Harbor Dam in 1964. Very few chinook migrants
gration were collected at Ice Harbor Dam until early May; the peak of migration
ed by aoccurrad on May QL. By contrast, during comparable low river rlows in 1956-08
iently
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Table 11--Nuwmber of fish msrked and subsequently recovered at Little Goose,
Ice Horbor, McNary, and The Dalles Dams.
Nurmber recovered
Release area Species No. Little Lfce MeNary  The
and st0ck£/ marked Goose Harbor Dzlles
Rizgins (wild) Ch 79,000 7,534 322 16k 1h7
Rapid River (hatch) Ch 200,000 1L4,401 129 438 525
Whitebird (wild and Ch 45,000 5,576 20k 197 105
hatch.)
Kooski (hatch.) Ch 100,000 4,505 T2 39 6
Dworshak (hatch.) (stnd) 158,000 17,565 1,293 * 592
Little Goose (forebay) Ch 64,000 8,862 601 689 316
" " " (Sthd) 31,000 8,425 1,226 * 115
" " (tailrace) Ch 22,000 - 395 LLo 129
" " " (stnd) 15,000 -- 616 * Ly
Ice Harbor (forebay) Ch - 12,000 -- 1,102 115 32
oo " (sthd) 12,000 -- 84 * 28
"o (tailrace) Ch 10,000 -- -- 165 Lo
it " " (Stld) . . % 30
McNary (ﬁailrace) Ch 31,000 -— -- -- 269
" " (sthd) 12,000 -- -- * 109
The. Dalles (forebay) Ch 17,000 -- -- - 517
"o 1" ll} ( Sthd ) ' 8’ OOO - - ¥ 392

1/ All fish marked at locations from Little Goose Dam and downstream
are presumed to be a mix of hatchery and wild stocks from upriver sources.

¥ Steelhead marks not recorded at McNary Dam.
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chinook migrations pcaked in late April (Tablel2). Travel time from the

Salmon River to Ice Harbor in 1973 averaged 23 days, comparable to that in

1970 but much slower than the 14 days measured in 1966 and 15 days in
1967 and 1968,

Timing and travel time were also compared as far downstream as The

Dalles Dam in the 1966-73 period (Table 13). Migrations in 1666-67 tharough
three dams and reservoirs (Ice Harbor, McNary and The Dalles) were compared
with passage through four projects in 1968 (John Day Dam added) and six
projects in 1973 (Lower Monumental and Little Goose Dams added). River
flows during the period when migration rates were measured in each of the

L years (1966, 67, 68, and 73) were generally comparable (Tablell). During
1966-67, fish took 2L days to travel from the Salmon River to The Dalles
compared to 32 days (8 additional days) in 1968 when John Day was added and
41 qays (17 additional days)‘in 1973 when two additional dams were operating.
The data substantially agree with those previously documented by Raymond
(1968 and 69); i.e.,chinook move only sbout one-third as fast through the

reservoirs as through free-flowing stretches of river. As would be expected,

arrival time in 1973 was correspondingly later than in the earlier years.

(June 5 vs early and mid—May). The slower migration may have contributed

to the apparent loss or holdover of fish from the Salmon River to The

Dalles Dam in 1973, which is discussed next.

Survival--chinook

6\
Relative ‘survival to The Dalles Dam (Table lS)of chinook released at

Whitebird on the Salmon River in 1973 was approximately 1/12th that measured

during comparable flows and sampling effort in 1966 and 67 (5% vs 60%). Only
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Table 12--Average travel time to Ice Harbor Dam and dates of peak
migration of juvenile chinook salmon from the Salmon River, 1966-73.

’

Travel %ime DPook of Water flowg%(cfs)
Year (days) migration at peak of migration
1966 1L L/27 43,000
1967 17 5/3 42,000
1968 16 L/26 A 37,000
19691:/ - L/25 129,000
1970 25 5/13 88,000
1971 . 17 5/l 188,000
1972 16 5/12 125,000
1973 23 | 5/21 87,000

5\
1/ Trap on Salmon River not operated in 1569.

2/ Snake River discharge at Ice Harbor Dem.




Talle 13--Timing and travel time of yearling chinook from the Salmon River (Whitebird) to Ice Harbor and The
balles Dams for comparable water years of 1966-68 and 1973.

1560 1967 1968 1973
Stresch of river Timing  Travel time Tiwmine  Travel tima Timinz — Trevel tiwe Timings  Teaval i
Salron River to 4/5 14 davs 4/15 16 davys 4/15 : 15 davys 4725 23 daos
Ice Harbor Dam 4/19 7 5/1 e 5/1 ’ 5/13 /
Ic2 Harbor to 4/19 10 davys 5/1 9 davs 5/1 17 davs 5/18 18 davs
The Dalles Dam 4729 e 5/11 ’ 5/17 ’ 6/5 g
Totel (4/29) 24 days (5/11) 25 days (5/17) 32 days (6/5) 41 duys
(Yo The Dalles) :
1906-67 Ice Harbor and McNary Daans only.
1958 John Day Dam addzad.

After 1969 Lowver Monumantal and Little Goosc Dams added.
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Table l4--River flows (thousands of c¢is) of the Snake zna Columbia Riveor:
in 1960--03 cnd 1973 during periocds of dovmstveam migraticu assessnands
of juvenile spring chinook salmon,

l' t
. - . . - \
Year Rivar Lilow (thousands of c¢fs)

1967

1963

D
O
1
[
[
o

1973

[
-
(W)
!
H
(o)}
(ae]
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Table 15--Relative survival of yearling chinook salmon from the
(Whitebird) to The Dalles Dam--1966-68, and 1973.

Salmon River

Recoveries from releases Recoveries from releases | Estimated
in Salmon River in The Dalles forebay survival
Year
N Percent ) Percent Percent
1966 186 1.8 142 2.9 62
1967 194 2.4 177 4.0 60
1968 303 2.3 996 4.5 51
1973 105 0.2 320 3.8 05
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a slight decline in survival could be attributed to the addition of Jchn

Day Dam in 1968 (61-51%) when no turbines were opercting at that project.
Sampling efficiency in the four years at The Dalles was comparable (2.9-4.5%).
Recoveries at The Dalles (1.8 to 2.4%) from Whitebird releases were also
comparable during the 1966-68 period, but dropped one order of magnitudé to
0.2% in 1973.

What accounted for the apparent low survival of fingerlings in 1973°
Some possible hypotheses are listed below: ‘
(1) Low river flows prevailed throughout most of the chiﬁook outmigration.
Only minimal spilling occurred at Snake River dams and none at Columbia River
dems. As a consequence most of the migration was confined to passage tThrough
the powerhouses and was subjected to turbine-related losses which, at times
can be significant. For example, the differential in recovery rate at Ice
Harbor, McNary and The Dalles Dams of forebay and tailrace releases of
chinook at Little Goose Dam indicated that migrants passing ﬁhis dam sﬁffared
a 50% loss. Long (1968) showed a 30% turbine related loss at Ice Harbor Dam
in 1969. If similar losses prevailed at Lower Monumental, McNary, and John
Day Dams and the estimated loss of 20-30% in the area from the Salmon River
to Little Goose Dam i1s added to the total, we Would arrive at a net survival
of 12% to The Dalles which is within limits of our measure@ survival (5%).
(2) The apparent low survival may not all be related to mortality. Increased
noldover (residualism) may have occurred in reservoirs due to the delaying
action of low river flows and reduced velocities in the impoundments. As
indicated previously, travel time nearly doubled over that in the 1966-38

period.
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(3) Cwing to low runoff, water clarity was much higher in 1973 than in
a normal flow year. Conceivably, then, the migrants were afforded less
protection from predator fish and birds than would have occurred in years
of turbid flow. DPurse seining in the Snake River during the recent summer
and fall has revealed a large population of squawfish 1s present in this
area.

Thus, a combination of the above mentioned factors might well
account for the marked reduction in the measured survival of juvenile
spring chinook in 1973. Future studies currently being developed in
relation to effects of power peaking in the Snake and Columbia Rivers
shbuld result in additional data that will cnable a more precise deterhina-
ticn of losses associated with the aforementioned factors. Such information
could then be used in subsequent decision-making processes concerning uses
and applications of turbine intake screens and fingerling bypass and

transportation systems.

Steelhead trout

The outmigration of steelhead trout passing Ice Harbor Dam peaked on
May 24, 3 days later than the peak of the chinook outmigration. In past

years steelhead have peaked about 10 days later than chinook. Recently,

H ~
s

however, large early releases from Dworshak Hatchery wewe moved the peak
ahead. Timing and migration rate from Ice Harbor Dam to The Dalles Dam
approximated that of chinook. As with chinook, no pop&iation estimate could

be made at Ice Harbor Dam.
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SUMMARY AND CONCLUSIONS

Mechanical operation of 9 traveling screens installed at Little Goose
Dam was satisfactory, but during certain periods, excessive descaling

of collected fish was noted.

A thorough examination of the descaling problem was not possible, but

a definite relationship between turbine load and descaling was noted.

At turbine loads less than 120 mgw, descaling was ﬁppreciably reduced.
Use qf the fine mesh traveling screen also appeared to reduce descaling.
Mcdification to the verticai barr;er screens (placement of solid panels
in the upper 36 feet) and installation of permanent-type lighted orifice
inserts greatly improved passage of juveniles through the orifices.
Tests to determine whether an air bubble screen would divert fingerling
salmon and steelhead from a turbine intake indicated that the device,

as installed at Little Goose Dam, was ineffective. Fish readily passed
through the bubble screen and entered the turbine intakes.

About 1,750,600 Juvenile chinook and steelhead were enumerated at Litfle
Goose Dam during the past spring migration in conjunction witn the
evaluation studies. Overall, 425,000 (250,000 chinook and 175,000
steelhead) were transported downstream and released below Bonneville
Dam. About 253,000 chinook (lll,OOO controls, 142,000 transport) and
121,000 steelhead (57,000 controls, 64,000 transport) were marked for
evaluatioh of the bypass and transportation system.

Mortaiity during transport was again low--less than 1 percent Jor chinook
about .5 percent for steelhead. Delayed mortality (dctcrmin@d by holding

after transport) was higher than last year (17.2% for chinook azd 4.5%

o

or steelhead). Delayed mortality of anesthetized loads of steclhead

and chinook was sipnificantly lowar than loads not ancthotized. Doescaling
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from passage through the bypass system (from turdine i-

deas wialdtlos

nolding area) arnd siress incurred during the pumping ani .o

: ppeared to be the primary cause of the high post-release rcr-

i v A -

: chinook,

(« Deiayed mortality tests conducted ot Little Goose Dam witn =i .-

juvenile chinook indicated that mortality of non-handled grourns

e

) that had not been pumped or marked) was less than 1 percent cven

i. though 20 percent of these fisn had some measure of descalinzg. T..l.
inzg. indicates that substantial losses may be avoided if fingerlingc wir:
els not marked and gravity-fed into the transport truck rather than oumn::
fice and marked as we are now doing. Blood glucose measurements (indicntors

of stress) from fish sampled at various poinis in the bypass system wnd

ng during various stages of handling and marking also seem to verify inis
S conclusion.
sed - 8. Returns of adult (1- and 2-ocean) steelhead from those released as

controls and transports in 1971 and 72 are excellent. The ratio of

,tﬁle transport to controls varied from about 1.7:1 from those released in
1971 to 3:1 for those released in 1972. Return ratios of adult (2-ocean)
chinook are also encouraging. The average ratio of transport ©o control.
was 1.6:1. A total of 1382 adult steelhead and 198 chinook have been

i recovered at Little Goose Dam to date (November 22, 1973).

T 9. Concentrations of dissolved gases were the lowest recorded in any spring
season since dissolved gases have been monitored. Thus, adverse effects

inook of supersaturation on fish were nil.

>1ding 10. Evaluation of the spillway deflectors, with and without dentates, indicated
5% that the spillway deflector without dentates was superior to that with

1 dentates. Survival of fish passing throupgh the medified spillway without
saling dentates was higher than the survival recorded from fish passing through




13.

14 .

the spillway with dentates and gas entraimment appeared to be lower

below the spillway deflector without dentates.

The peak of outmigration of chinook from the Snake River occurred on May
21, the latest timing of downstream movement since sampling started.in
1964. Travel time from the Salmon River to Ice Harbor Dam in 1973
averaged 23 days compared to 1h days in 1966 and 16 days in 1965. During
the 1966-67 period chinook from the Salmon River took 24 days to travel
to The Dalles Dam arriving in early May; in 1973, they took 41 days,
arriving in early June.

Relative survival to The Dalles Dam of chinook from the Salmon River in
1973 was 1/12th that measured during comparable river flows in 1956-68.
Possible causes inciude turbine losses, residualism, and predation.

The outmigration of steelhead trout passing Ice Harbor Dam peaked on

May 24, 3 days later than the chinook.

Based on data obtained in 1973, it would appear that there is more %o
protecting downstream migrants than simple‘N2 abatement alone. If these
data prove out, it may be more imperative to transport fingerlings during

low flow (no spill) years than during high flow (high spill and Né) years.,
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Columbia River and tributaries;, April - July 1973.
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T T el FANIGE FISKFERIES SERVICE T CCASTAL ZUNE ALD ESTUARILD »TULDIES
Cotlaudfe KEIvin All: TRIEUTARILS GAS SATURATION DATA=-=CUNPLASATLE §FUR TEFFERATURE ALD ALTITULE .
SUKVEY LATL=-=-=fbill 311973 ‘
o o TATNFOSFHLKIC  =TGIAL GAS- NGC. HGURLY FLCw SASPLE  MiAh CAILY
e e _UEPY YEMP_ == -OXYGEN==-- _ =-RITKOULEMN~-=- _ PKESSUKL _ GATE ==~-KCF§--=-=- ELEV __ FLOA--HCFS

LCLJIILA.- 11¥E  FT C MG/L SAT ML/L SAY M4 HG SAT  GFEN SPILL TOTAL FEET SPILL TCTAL

LIITLL s«.ust. }'Lt\Er’t\Y
17 1 b CERTLR 935 0 9.3 11.14__ 99.4% 15,27 103.3 Tol.l 102.4 _ O 0.0 28,0 632 0  _29

LITTLE LZust FOCREHAY

A4 pdote LpTRR 935 83 9.2 10.66_ 9%.9 15.14 _102.1 747.5 100.6 0 0.0 28.0__ 638 0 2%

LR SCRLYLILT FOREBAY

_L3/4 NI sk CELTER 10603 0 9.2 _11,50_102,0 15,40 103.5__709.5 103,2 0 _ 0,0 64,06 __ 5S40 ___ . _ 0 -32
Lawit MURL2e T FCHEBAY

o dzu mlogr Cikler 1003 33 B,.8 11,26 96,9 15,40 102.7 _799.4__101.4 ___C 0,0 _e%.CG __ 540 ___ __ 0. 32

; ICt rnv-xu TFUNELAY ]

g 174 #1 tr CENLTLR 1025 0 9.2 11,74 __103.8 15.74% 105.% 765,8 _105.0 0 __ 0,0 _45.0 __ 440__ . 0 _ 33 _

IOl ThAkEE FOReShY

COLU¥bIs RIVEK

AOvE FIUTH ShRKE 1040 0 6.3 13,15 107.8 17.43 10&8.9 B815.4 1068, 0  0.,C 0.0 3%1 0 @

3
FORLRY LR TFCRLLAY .
1/4 i1 SklLL sl 1({56 0 &.2 )f;d.&g____]_._lo.?: 16,67 1Cb.8 818.5 10%.0 0 0.0 214.0 5"0 . G 1e6
THCWARY URR T UKEBAY oo T T T i - B
1/4 M1 L“ Speltt sl 106S€e 33 77._'1“_ 12 70 10(.3_.;_ _\;6‘.6? 106.1 -79?"6,_ 108,06 .9 0.0 _21“.0 380 0 ice

VL .Ile LL "‘u'\t uhY

1o b3 LP CeRTLR 1025 33 8.5 11,3¢ 96,9 15.5% 102.5 761.1 101.7 0 0.0 _45.0 440 0 33 .

174 1 LF FGuER S] 1165 0 7.6 12,70 107.6 16,67 107.% @&vS.8 167.3 0 0.0 21%.0 3% 0 1&e

PL!AR1 Lat FCHRELAY

/76 »1 L2 Plwik S 1105 33 7,0 12,34 103.0 16.47 104, 6 TB2e7 10%.2 0 0.0 214,0 3w 0 lee

#Ci A.(y INILKACE
/e MI CihorEILL Sl 1115. 0 7.2 12,70 1063 16.00 105.7 796._0”__;0157.'7__'__,Q___ B »O.__O____?lq'.q___ 270" 6 1ee

MCLARY TALLRACL
X744 M1 U PLapk ST 11z0 (1 7.2 12,46 104.3 16,47 104,08 767.8 104,86 0 0.0 214,0 270 0 1eé
J(’ [, r‘ﬁ, 'Lf E(‘ﬂfx SRS S ee————— S S A TS MS AR A SmAS = ¢ S S SS Sl s S RS Se A S Shes = e e e ———— —— e v ——— .. e rmean s v e e e — = am aiaeaee - R .. . R
A/74 #1 LF CLIR 1322 G- 8,5 12.,4€ 107.6 16,14 105.8 798.8 106,0 0 0.0 272,0 265 0 195
JCFA LAT FURLOAY e L L L T L L e TR e
/4 MI LY CLIR . 132z 33 7.5 12.34 104,0 16,37 104.9 7&7.9 104,6 0 0.0 272,0 268 3 156
]' L LAL;LJ ‘ l,l't L,\Y . m——— At o - m—————— - ame s ade s B et R e .. . —. e a e e - ‘- —meimate e cmimee —— = a e R .
1/4 MI'LP CELTLR 1349 0 7.5 12,10 101,6 16,00 102,2 771,0 102,0 0 0.0 260, 3160 0 286

TTIhk CALLES HCKLLAY T

BOREVILLL FUREGAY
172 F1 LP SelLL SJ 1417 0 7.8 12,10 102,1 15,67 161.7 771.3 101,7 9 94.0 240,0 T4 65 213

TROLLEVILLL Fent bAY
1/7¢ M1 Ui* SplLL SI 1417 33 7,8 12.42 10447 15.94 102.,1 778.0 102.6 9  S4.0 240.0 74 85 21U

CULLEVTILLEL TALLKACE

174 M1 L6 SPILL ST 1425 0 7.9 14,56 126.3 19.33 124,0 942.5 124.1 9 94,0 240,0 29 €5 . 210
COburt s miven e T e s e e Dt ST S e L T e e e 2__leted 7 el enl.!

wWALECL vl CI IR 4wl 0 E.1 0 12,b2 Q08,8 16,67 107.% 81647 107.9 0 0.00.0 26 0 ©

TUUTUCLLuL e Rlvew T T
ovianCLlibn=1g 15¢C 0 03512.‘46_ 1087 16.14 _J'.Q‘_l.'_) 796.8 109.2 06 0.0 0.0 eé 0 C
CLLud iy nlvere

174 R1 Lk Culatit 1245 33 7.5 12,34 103.6 16.1% 103.0 779.2 103.1 0 0.0 260.0 160 0 206 __

FRESCUTT LLLTOh 1521 0 6.9 12,10 104,6 15.7% 103.2 705.8 103, 0 0.0 _0.C 14 0 G
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SUKRVEY CATL AFRIL 17

Y1/ MLouk CERIER
LITILE GULSE FUREBAY
7% Pk LR

TINME

TRETIORAL MARILE FIShERIES SEhvice

1973

FT

33 _10.6

LaR MOLULeENT FURtUAr
o X/% IO CRRTRER
LWwR

MCNLMEMT FUKEBAY

174 Pl OLE CENLTER.

0 0,

ICL
17

HARBLE § URLBAY
“1 _UF_CLIILER

0

ICE MARLUKE FURLBAY
_1/8 ML LE CERTER

33 10,4

COLLMZIA RIVER
. AECVL MOLTH SKAKE

VONARY CaAF FCRLEAY

_._1/74 MI_LF SPILL SIGE_WN, 1113

MOLWARY
B YA RS
FCLARY
174 =l
FCNARY

144 w1

MOMARY
NS YA RS
VONBET
SR R A N ¢

CCASTAL 20RL ARD ESTUARIGE STULIFS T T
LOeLbtlA RIVER ARC TKIBULIARIES GAS SATURATION DATA-~--CGMPENSATLD FUR TCUFERATURE ALD ALTITLLE
——-:zz:—:=:::=:::==:=::::::=::::==:::==::==;:::==::==5;;;;§z§;::;;z:::f;ZT;E==zZ;i::zf::;;;;i;:::58::=;;:5EE=::252;:E2;E:::
__DEPY _TEMP_ _ -=-OXYGEN-==_ ~-N1IRCGEN== _ PRESSURE _ GATE <==-KCF§=---=  ELEv _ ¥LGa--rCFs
c MG/L  SAT ML/L  SAT MM HG  SAT  OFEN SPILL TOTAL Fefy sPILL TCTAL
S8 _10.e 10.84  99.8 14.45 100.5 745.6 100.3 O 6.0 42,0 _ 638 0 49
10,75 96,9 14,41 100,2 742.5 99.9 0 0.0 42,0 €38 G 43
ém;lgiﬁi__mEBgl_nli;hé~w19?¢?““15éilﬂ_l9¥xi__*9«__,Q99 M2,0 0S40 0 M1
33 10.3 JU.p2 96,7 14.45_ 99.5 737.6 98,9 0 0.0 42,6 540 _ O 41 _.
10,4 210,50 95.5_ _14.45 _ 99.4% 797.6 _ 9v.5 O _C.0__4N4.0 880 __ 0. _ 41 -
10,35 94,5 14.52 99.9 7%9.1  9¢.7_ 0 0.0 44,0 _&44¢ 0 41
8.7 12,54 109.1 _1_6'1900_“},06-1._ 8Ul.1_1bt.6 0 0.0 0.0 _ _3%r 0 _ ___ 0 __
9.3 12,20 107.7 15,69 105.0 792.0 145.4% 0 0.0 211.0 3% _ 6 __ 1358
9.1 __11.63 102.2 15,15 1060.9 _7%9.5 1C1.1 0 0.0 _211-_0.”_ S8y 0 158
9.1 12,08 106,2 15,77 105,0 790.0 10%,2 o0 0.0 211,0 _ 3% _ 0 _ 33¢_
9.2 12,08 10644 15.69 104.7 7b8.7 T105.0 0 0.0 211.0 349 ] 158
9.5 12,13 107.3 15.46 103.6 7b65.% 10%.3 0 0.0 211,0 _ 27¢ 9__ 3%
9.2 12,24 107.5 15.78 '1U§!} 794.1 105,44 ©0 0.0 211.,0 270 0 158 -

Che FUREDAY
Cne FOREDAY

Crne FORLBAY
LP_PUsER_SIDE

TABLKACE

Civ SPILL_SICE |

ThILKACE

Civ PUWEK SIUE

wOMN CAY FUREUAY
/4 F1_UF CLOR

1508 _

JLb SPILL SIGE wh, 1113 33

Uk FCAEK SICE GR. 2123 0

OR.

ville

1123

0

o __

33

1120

0

CR. 1140

0

_106.9_ 15,53

103,2  762.4

0

_7‘0.0

178.0

THE CALLLS § CREBAY
L.o1/% BI UF CELTER
EOLLEVILLE FUREEAY

~.1/72 1 ULk _SFILL SICE_

BONLEVILLE F(REBAY
/e MI_ Lk SEILL SICE

9.3

9.1 11.86 103.5 15.46 102.3 774.7

eOLNLEVILLE TAILRACE
TTCCLULMRIA KIVER

. WASHGLGAL LLIR
COLLMEIA KLIVER

_VALCGUVER-1%_

_1/4 m»1 Ch SHILL SIDE _

0

COLLNMUIA BIVER

. PRESCCTY CELYER __

WILLAYETIE K
— —PORTILANL.

o

9

0

10.0

12,0

0 9.3 11,75 _102,6 15,30 101.2 770.6

11,41 101.2 15.22

10,05 93.5 _if.el

12,42 108.7 15.6% 105.0_

.801.2

Adoz2es

_ 9.4 _11.52 101,0 15.22 101.1 7661 101.0 G

105,6

0

0

"

0.0 165.0

9.6
9

.0

9.5 13.24 116.1 17.06 118,7 895.5

1('?02

102,86 7

117.9

0

101.4

9.6__11,75_103,3 15,22 101.4 _772.6 _101.7

0.0

N\

0.0

.00

Jde

153.0__

433 178
T4 33 176

+0183.0 23 23

26

26

S 5. S

0 O
0
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’ ¥ : . 0.0 26 .0 0 ..
— _.”;ézkt‘(til.li_mh_- - S13 ..0_,1.2:.9_,,_1_!):,9.:5_*9.;?'._5__._ 1.'1:‘?‘!_}_.,.3_-_5_ 7*’"'6 109'6 -———9 -<—--~0 0 .9 - - . .
N oo S i - ,
o LA TICLAL MARTE FISFLRTES SCFYICE ™ 77 TCCASTAL 2zuhe AWL ESTUARIKNE STu0IFs 7 7 77 7rmmmemrmme s mm e e s mm e
~ ool nde Bavte ARL TRIPLYARIES GAS SATUEATION DATA==-CLRPLESATEN FOUR TERPERATURE ALD ALTITULE
SULWVEY CATL PAY 1y 1973 : )
ATINUSPHRERIC “JGVAL CAS=- NG. hOURLY FLOWw SAMPLE EAL DAILY
UEPY TENMP_ ~==CXYGEN=== ==hITRCOEN=-~  FRESSURE __ GATE =-==KCFS=-=«~ ELEV  FLOa--KC(FS_
LCCATiLR Tivk FY c HG/L SAT rL/L SAT KM hG SAT  CPEN SPILL "TOTAL FLbk1 — sPILL TCTAL
TULITILE GuCSt FURECAY ’ oo -
o l3/a sl oLe eI 1€22 G 14.9  14.0€ _142.5 14.3i0 1G7.80 653.2 114.8 0 0.0  65.0 €3¢ 0 41
LITILE GuCSt FOREBAY ‘
174 =3 Uk _CELYEER 1623 23 12,2 1.72 102.4% 14,28 102.7 7Toz.6 102,60 0.0 65.0 63e . S
Lade SChLIFERT FURKLDAY :
o Y/4 FI AP CELYER 1667 6 13,7 11.30 111.2 14,39 106.4% &ULU.2 107.3 _ 1 3.0  54.0 84 1 &2
Lak FCLUYERT FCPLBAY
174 MioAk CeRTER 1667 __33 11.5 16,867 99.9_ 14,60  103,2 7e%.1 _1u2.4 1 3.0 s4,0 s40 1 42
ICE hiie Ul FURESAY '
e X748 w1 Lk CRITER, 1544 0_13.9 19,17 100.2 1%.32 165.9 763.3 104.6___ 6 _ 0.0 45,0 440 G _____42
1CL makEli FO tLLI\Y )
A4 WGk CERTER_ 1544 33 11,6 9,92 92,7 J4.23  100.4 739,2 S8,7_ 0 0,0 45,0 440 O 42
CULLAEIA H1VER ‘
e AHCVE FOUTH ShARL 1520 0 11.0 12,44 114,3 15,17 105.3 _804.1 107.0__ 0 0.0 0,0 3%1_ o6 ___ O _
FCiAny DA FURPELAY . :
/M I LR SPILL SICE whe 1511 0 11.vy 12,30 115.% 14,74 10%.3 €v0.1 106,5 0 0.0 155.0 340 o 137
MCILAKY Cat FURLDAY ) - o o T TTerrTTmrmm T o
o _1/% #1 Uk SEILL STUE whe 1511 33 1143 12,18 112,7 14%.t8 104%.0 794.0 105.7 0 0.0 155.0 340 0 137
FCLARY LAY FUKEDAY ' i ) '
174 @ Lk PLebe SIQE GR, 1504 0 11,8 11,00 110,5 14.61 104.6 794%.1 105.7 0 0.0 155,0 340 o 137
MCLAKY DAY FURLUAY . T T C ‘ - .
1/ 2D Lr Plwtr STCE CR, 1564 33 11,0 11,42 105.0 14,68 103,3 776.2 1063.6 0 0.0 155:0 340 v 137
.J(.‘ ﬁ“r T,‘.'L'(“éc - - - v — =t - — . ———— v e o 4 e = ——a— vusn bein— ta iw T omm———— s e mm - ————a—— e - P - — Bt e AR ———— - —— W —— Y ¢ P
_____ 174 1 G SPItl SIGE wWN. 1423 0 0 1243 12,953 11t.6 _14.88  105.9 ¢#€l6.5 108.4 0 0.0 155.0 270 G 137
FOLARY TALLRACL ' !
/% w3 G PLybi SICE CR._ . 14300 11.4 11,80 109.2 15.03 104.9 796.1 165.7 O 0.6 155.0 270 0 137
wOhil, CAY FCHLUAY
_A/% BI_UE ChIR 1341 0 13,7 10,80 105.2 14.03 102,3 777.4_ 103.2 O 0.0 16%.0 65 0 125
JUNL LAY FORLEZAY . T Tt Tmonmr T e e e o
_____ 174 BT UP ELYR 1241 33 11.3 11,25 103.8. 14.68 103.6 760.2 103.6 0 0.0 16%.0 265 0 129
ThEt UALLLS FGitBAY ' T T
_1/4 @1 L CLRTLK 1315 0 11,4 11,05 101.,8 14,53 101.1 746449  101,2 0 0.0 119.0 160 0 130
TAME LALLLS FCREBAYS ! ' B ’ N R ' ’ S o
R A TR UYL S N R N 1315 33 11.5  11.17 163.2 14.67_ 162.3 774.2 102.4 0 0.0 119,0 160 0 130
EChMEVILLE FLesaY i T )
___1/¢ w1 UP SPILL SICE_ 1128 0 11.0 11,42 104.0 14.60 100.4% 765.7 10l.1 2 2.0 143,0 T4 2 141
POLLCVILLE FUNEEAY TUTTT o rTmommomeTmT e s ' ' T T
_1/# ¥1 ur SilLL SIGE 1128 33 11.0 11,42 104.0 14.53  99.9 763.8 106.7 2 2.0 143,0 74 2 141
PULLLVILLE TAILRACE T T oo -
A/ mI Lo SEILL SICE 1163 U 11.6  11.60 108.8 15.38_ 167.0 814.0 107.2 2 2,0 143,0 23 2 141
R it ¢ SRS e A s L Sh i — £l _ 43 - i
CwhAZECLGIL CLTH 1645 0 11.0 11,55 105.0 14.u8 102.2 780.0 102.7 0 0.0 0.0 26 I
Ll I Ly e L S R SRS SRR SRR SRR IR LA T T Yoo el
_UVANCLLVER=1S 10630 0 11.3_11.42 104.6 14.46  99.9 705.8 106.3 0 0.0 6.0 2 . 0_ 0
aILUAMETIE R T T mTmommmmmmm T T o v o ’
FCRILALL 1023 0 13,4 9,92 . 95,2 14.32 103,3 771.% 101.6 0 0.0 0,0 25 v ]
__CGLLuala RIVER e e e e
PHESCUIT CEIIER 1009 U 11.5 11.30 103.8 14.74 162.3 779.0 102.5 0 0.0 0.0 14 0 o
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LATICLAL MARINE FISHERIES SERVICE

' COASTAL ZOKE ALD ESTUARINE STUDIES

CCLLheIA RIVER AND TRIEUTARILS GAS SATURATION DATA~=--CCMPERNSATED FOR TEMPLRATURE ALD ALTITUC

SURVEY GATE MAY 14, 1973
ATMOSPHERIC  -TOTAL GAS- NG. HOURLY FLOW SAYPLE DAILY
R s e e e e DEPY. TEMP _ e~ =0XYGEN-==__ _=-NITROGEN==____._PKESSURE __GATE_==~-KCFS=-=-~ _ _ELEV. . .__ FLOw--KCFS ______.
LCCATICHN - TINE FTY ¢ MG/L SAT _ BLsL SAT MM HG  SAT OPEN SPILL TOTAL  FLET  SPILL TOTAL
LITTLE GGCSE FGREDAY o )
174 1 UP CENTER - . 942 . 0._16.5..12.38 .129.8 _. 0 0.0 ._66.0 . 638 58

LITTLE GCCSE FCREBAY

174 M1 ULP TENTER - o — 942 33__ 13,6 10,72 105.6__1%,66_.108,5 08012 _107.8_.__0 . _0.0_.__66,0____630_____0___ 58 __. . ___
LWR MCLUMERT FOREBAY . : .
174 M1 UCP CENTER .. 1004 __.0._..15,7_.11,14 _114,5 _14,28..109.9...825,5_.110.7._._0____0.,0.__ &5.0__._ .S40 ... __.2.. _..58._.. . __
LWwR MCHNUMENT FOREBAY . )
1/4 M1 U CENTER . ... ...1004. _ 33 _.13,6._..9,78...96,0._.14,14%_ 104,4__765.1...102.,6_._0___. 0,0 __65,0. _. 540 _ .. .1 _ .58 .
ICE HMRBULR FOREBAY . .
1/4 M1 LP CENTER .- 1025___  0...15.,5_.10,61__108.2__14.,18._108.,3__809,4__108.1___0___ _. 0,0 ___ 44,0 490__.__ 13 .. .58 __..___
1CE HARBUR FOUREBAY . :
1/4 M1 UF CENTER e .-, 1025 33 _14,0_. . 9.,78 ... 9645 14,14 104,9_ 771.5_.103,1.__0 .. 0.0 _ 44,0 . 440 . S3 .
COLL¥LIA RIVER e e
AHCVE MCULTI SKNAKE e 221027 0.0 1347..13,22_.128.1 . 0 040__ . 0,0 __ . 341 __ 0. __
NCIARY CAY FOREBAY ‘ '
1/4 K1 UP SPILL SIDE WNe___1053___0__ 14.8__12.,39__124%.0_ 14.63_109,8__845,5 __112,5__ 0 ___ 0.0 _159,0 _ _ 340__ __ O ___15% ___ ___
MOCNAKRY CAM FUREBAY . o
1/4 21 UP SPILL SIDE WNe.__ 10S3 .33 14,2 . 11,60 _114,5. .14,70. 109,0__826.3...110,0__0__ 0,0 _159,0 . _.340 .__. .0 . 154 . _.
VCNARY CAM FGREDGAY : ’
1/4 M1 UP FECwWER SICE OR....1100. .0 15,5 12,28 .124,8 .14,70. .111,9._.858,8...114,3 .. 0.__.0,0_ 159,0 . _ 340 . . 154 __ -
VChARY DAP FOREBAY :

- 174 M1 UP PGWER SIDE.OR. 1100_.33__13.2__11,14___107.6__14,77._107.3 _805,7__107.,2__ 0__ _0,0_.159.,0___ 340 ____ . _ 0 ___ 154 ______.
FCLARY TAILRACE
1/4% NI Ch SPILL SIDE WNe._..1110__ 0. _14%,1..11,76...115,7_.14,77__.109.0__830.,1_.110,2 __ 0 ___0,0..159,0 _ . 270 .._ . .. .154
FCKARY TAILKACE v
1/4 M1 Civ PORER SICE OR,.__1115 _.0 ..13.8_.11,45_.111,8_ _14%,63__107.% __814.4 _.108,1 __ Q___ . 0.0_.1259,0____.270_____ _0 ... 1S54 _  __
JOHN CAY FCREBAY
174 1 UP CNTR . . .. 1317 0__15.1__11.24%_ 112.9._.14%.,14__106,5 _811.3 _107.7.._Q _ 0.0__18%5,0_____265 ___ _ _O0__ 129 _____
JOKN CAY FOKEBAY .

.1/4% MI UP CNIR 131733 14,2 11,31 __111,.4% -.14,28__105,7__803.8__106,7___0_-__ 0,0 _185,0_ 265 __. . S.x29 . . L.
THE CALLES FCREBAY : - ‘ ,
174 M1 UP CENTER .. 1328___0..14.5_.10.82_ 106.9._14.,35_-106,%__804.4 _106.4___0 . __0.,0_182,0 _ _160__ _ O _ 138 . ___.
THE DALLES FCREBAY : i

. 1/% MI LP CELTER .. .__..1328 . 33_.15.4 ..10,72_.108,0__14,21__107.3__811.,1 _107.,3._._0___ 0,0 _182,0 ____160_____ O____138_ _ . __
BCNLEVILLE FGREBAY ) :
172 M1 UP SPILL SIDE. ... _1410. . 0_ 14,9..310,82 _107.6__14.,21..105,9 _. 8047 _10641__.2_.__2,0__14%41.,0 _ . 74 o142 .
BCLNEVILLE FOREBAY
1/2 MI UP SPILL SIDE.._ _. 1410. .33__14%.,4_.10,61 . 1043 _.14,07. ..103,8_ 76744_.103.8.__2___ _2.,0_..14%1,0 __.__ 74 . 142 _ . R
BCHLLEVILLE TAILRACE . - - .
174 »1 ©iv SFILL SIDE _..__._ . 1418_. 0. 14,7 11,10_ 109.6 _. e 2.....0,0___.0.0___...29 ____.. . 0. .
ccLLrBla RIVER ‘
WASEOUGAL CNTR . _ .. 1424 0 14,7 .10,95._108.1_ 14e37__1066,4__810.0__106.6___0 __ 0.0 _ _06,0__ _ 26 _ IR * B
CCLULMIIA RIVER
VALCGUVER-IS 2015190, 14%,9..211.35_.112,5_ 14,.56.._108.3 _.82840...109,0__.0___ . 0,0 _ . _0,0 _._ _ 26 .. .0
cCoLLMBI1A MIVER
PRESCOTT CENYER 1543 ___ 0 15.3__11.14  311.4 14,63 ___109.7 _ 834.4_.3109.8.__.0 0,0 0,0 1y _ R | SO

s SMILLAVETITIE RO i s re e e e e et e e

wOaRtL at. a— —— g - ABaAW_ - O AT o P27 R Z o e —— - R . [+] 0.0 0.0 26

TURATIORAL EARIGE FISHENIES SERVICE ™

"CCASTAL 20NE AND ESTUARINE STUDIES

COLLFULA RIVER ANG THIBUTARIES GAS SATURATION OATA--=~CCMPINSATED FOR TEMPERATURE

ALD ALTITLDE
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S -- SRV VIR S I I B O X~ 1 B B T 35 ) endhttenti. AU ew. . UQUaW___ AV MV Vo VOV VY e T W esen er e T e mmmm T T .
MB1A HIVER
. 22225211 CENTER 1543 Q_*LSLS__ll.15_,111;9__13463.*ln9-1_~83QL&_—199-ﬁ——~°~—~~nlQ——"—°‘°~-~~lq'-“'"'“0”*““”*0"‘“1”’
”“ﬁkﬁhﬁﬁﬁi?t'“i T < — . 1i%aa - 0 17.1 9.X7 Q7.4 . . 0 0.0 0.0 26 0 0 ) L
TTTTTT T TR AT LORAL TEARINE FISHERICS SERVICE T T CCASTAL 20NE AND ESTUARINE STUDIES : T e T
CCLLFULA RIVER ARG ThILLTARIES GAS SATURATION DATA«=~CCMPENSATED FOR TEMPERATURE AND ALTITUCE
SUKVEY LATE MAY 294 1973 ’ o ’ :
' T ST T T m T T T T AIVOSPHERIC T T =TOTAL GAS- NG, hOURLY  FLGw  SANPLE MLAN GAILY
| e _ _DEPT TEMP ~=~=CXYGEN=-== ==NITRCGEN-=- PRESSURE  GATE ==-=--KCFS---=  ELEV FLOw~=KCFS
LCCATION TINE FTT CT TMEZL TTSATTTTTMU/L TTUSAT TTTRNM HGTT SAT T OPEN SPILL T TOTALI T FEET TUSPILL TCYALTTTTTTT
%~——=:E:-':»:-:--=:-—-=:::-:z.::-:-z;EE:_E.:_:-_:-E:E:'?:=:.:.==EEE.=,EEE=:_—=.=:_=:_==:-'_::_======:=_=_========::====::=::=::====:::::==:::=:=========E?:::_:_:=:=:=:‘ ~
LITTLE GLCSE FUREBAY
| 174 #I_ LR CRRTER 1542 0 14,1 9.76  97.2 13.7C 102.5 753.4 101.4 O 0.0 61.0 638 ] X3
LITTILE GLCSE FUKEBAY B R R . . e OB
L_ijlﬁ_H1»UP_L;hT£H.V_r_w_~__”;§ygu“§§__}§3$__ 9,65 9648 13,77 101,7° 748.4 100.7 0 0.0 61.C 638 -9 66
LWR MONLFELT FUREDBAY U T I s e ma T T T e s e nmm s e e
.. 1/% NI LP CLELTER 1518 0 14,0 10,01 $9.1 14,05 104.5 770.9 103.3 0 0.0 64,0 540 0 64
LR MONULMENT FOREBAY _ ot T o T T TTTTeTTrT s T
... 1749 MI LF CELTER 1518 33 _ 14,0 10,13 100.4% 14.19 105.6 778.9 104.4 0 0.0 64,0 540 0 €4 !
1CE HAREUBR FURLDAY _ ' Tt o " T T T T s
la . 3/4%_ MI LP CERTLR 1450 0 15.4 10,51 106.9 14.82 113.0 834.8 111.,5 6 17.0 62,0 440 17 61
ICE HARECK ¢ CRLEAY ]
. 3/4 MI LP CENTER 1450 33 13,6 10,50 102,7 14,75 108,5 8U2.1 107.1 6 17.0 62.0 449 17 61
COLLIGTr RICER , 06 10.50 102.7  14.75 ) 8le.l ol 6. . R
_.__hBOVE POULTH SNAKE 1445 0 16.6 10426 106.7 13.84 107.6 B805.9 107.3 0 0.0 0.0 341 0 )
MCHNARY CAX FOREU"Y - T moTTT T T T o e rmem o e T oo h T T TotmeTr o7
174 MI_UP SFILL SIDE WN. 1415 0 17.0 12.38 12%.9 13,91 109.0 849.7 113.1 0O 0.0 173.0 340 0 124
FCRARY CAY FCREBAY e - o TTUTTITTTT TN TSI s e e e e
_1/4% M@ UP SFILL SICE WM, 1415 33 15,0 11.38 11l4.4 14,43 108.7 824.3 1069.7 O 0.0 173.0 340 0 124 <
POaRT L FORERmy o e o293 10.0 11,38 1 b2 > LB K L . S e o
1/4 #I UP PGwER SIDE CRe 1415 0 17.8 12,25 130,7 13,91 110.7 B860.6 114,6 0 0.0 173,0 340 0 124
VCNARY CA¥ FCRLBAY Ty T oo S C ' ‘ - ' T
1/4 il UP PUWER SICE OR. 1415 33 14,0 10,13 99,7 14,19 104,8 776.9 103.7 0 0.0 173.0 340 (o 124

T PCHRARY TYATENACE
1/4 M1 Ch SPILL SICE WN. 1415 0 15,1 11,38 114.4% 14,19 106.9 .815.6 108,3 0 0.0 173,0 270 0 124

T UMCNARY TAILHACE -
1/4 MI Civ FOWER SIDE OR. 1415 0 14,7 10.63  105.9 13,91 104.,0 765.3 104.3 0 0.0 173.,0 270 0 2%

JOHN CAY FUKEUQAY -

__1/4% I UP LT 1300 0 17.4 11,01 116,1 13,56 106.8 817.6 108.5 0 0.0 186.0 265 0 155
SONR CRY FURLDAY ~ == === e e e R e BT e T
A/ ML LF LLTK ) 1300 33 15,7 10.63 108.2. 13.56 103.3 7653 104.3 0 0.0 186.0 265 0 155
THE UALLLS FCREBAY ~~ 77 7 R oo mren e ) T o T T T
174 M1 LP CELTER B 1140 0 15.7 10,38 105.3 13.70 104.0 767.6 104.2 0 0.0 176.0 160 (4] 153
THE DALLES FOKEbAY 777777 o Tt T o TTe R T o T ‘ T T ocTTm s TTe
174 M@ ulf CEMTEK 1140 33 15,7 10,51  106.5 13,63 103.5 766.5 104.0 0 0.0 176.0 160 0 153
BOKMEVILLE FOREERY ~— N AU 99 A2.0  lUeod 1UB.o . LY A R R QR & R P SR, &N PR S
_..1/2 mI LP SPILL SICE 1050 0 15.2 1U.38 103,8 13.49 101,1 770.6 101.6 6 21.0 163.0 74 10 151
BONREVILLE FOREDAY . . AR NP6 AT . A L SN
1/2 M1 LE SFILL SIGE 1050 33 15.2 10.38 103.8 13.49 101.1 770.6 101.,6 6 21.0 163.0 74 10 151
BOLLEVILLE VAILRACE i ’ o T - ’ T ' ’ ) ’ o T o Tmem o mm T
_.1/4 M@ Ch SPILL_SICE ___ 1080 0 15,3 12,18 121,68 16,10 120.7 S15.5 120.5 6 21.0 163.0 29 10 151
COLLMEIN KIVER . SN L L S _2elel _ AbedU FeUel e B e AR L A .
wWASEOUGAL CLLTH | 1028 0 15,3 10.38 103.9 13.63 102.2 778.3 102.5 0 0.0 0.0 26 4] o]
T COLUIII A kLyLie o = e e A e L AT T e e T T T
__ VARCOUVEK-15 958 . 0 15.5 10,63 106.8 13.77 103.7 7917 104.,2 0 0.0 0.0 26 6 - 0
COLUMEIA RIVER —= === Tt i L o 2 e R o i 2R L 2Pl AT ey ey
... PRESCOYT CERYER 900 0 15,6 10,13 102.,0 13.56 102,2 775.9 102.1 ] 0.0 0.0 14 0 o
o WILLANETTE Rk e e g
_PORTLAKNL o 1008 0 17,278 hT T 91, d 130 W9 TIGEL, 9 d74.9 102,07 07 0.0 0.0 20 Y
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ATICHAL MARINE FISHERIES SERVICE ™77 "COASTAL ZONE ARG ESTUARIWE STUDIES o T e
e CCLUMDIA RIVER AKG TRIBUTARIES GAS SATURATION DATA-=--CCMPEKRSATED FOR TEWPERATURE ALC ALTITULCE
SURVEY LATE JULL 12, 1973 ) B ’ )
" , ATVUSFHERIC ~TOTAL GAS= KOs HOUPLY FLOW SAEPLE FEAN LAILY
S oo DEPY_TEMP _ ===OXYGEN=== ==NITHOGEfi~= _PRESSURE __ GATE_ ===-KCFS=-=- ELEV FLGR=~KCFS
LOCATION TINE FTY c MG/sL SAT ML/L T SATTT MM RGT T SAY OPEN SPILL CTOTAL T CFRET T SKPILL TCIAL T
LITILE GLCSE FUKEBAY TTTTTotTTTTT T e R - - = z ~IIEERRERT -
174 MI_LE CERTER 1015 0 17.6 9.75 104.6 13.24 106.,1 785.3 3105.6 0 0.0 53.0 €38 9 w7
LITTLE GULCSE FCREBAY - T T T T B
___.1/4 NI UF CERIER 1615 33 16.6 9.24 97.1 13.45 105.7 771.6 103.8 0 0.0 53,0 63a 0 67
LWR MCLUFENT FCREBAY "' T T T T S S ST T NS e e T ToTTTT s e
. M/% I UP CERTER 1055 0 16,9 10.36 109.2 13.64 107.4 802.9 107.6 ] 0.0 51.0 546 0 44
LWwR MORUXENY FOREBAY T e T T e
1/4 M1 UP CERTER 1055 33  15.4 9,38 - 95.8 13,71 104.9 767.9 102.9 ] 0.0 S1,0 540 0 42
_ ICE HARBGR FURLDBAY B - -
o 1/4 MIOLP CENTER 1121 0 17.3  9.75 103.3 13,56 1G7.2 795.4 106.3 ] 0.0 44,0 440 2 CT)
JCE MARRGR FORLBAY T ST T R m st s e ms s T T s -
_ 174 n1 LP CELTER 1121 33 15.8 9.38 96,2 13.56 104.2 766.9 102.4 0 040 44,0 440 2 45
COLUMRIA HIVER ’ T TTITTT o TmT T e e e T T e T o Coot
_AHOVE MCUTH SHNAKE 1142 0 16.3 11,31 116.,9 13.71 106.0 812.3 108.1 ] 0.0 0.0 341 0 )
NCNARY CAF FORLBAY ) T - - T ’ -
__1/4 M1 P SPILL SIDE WN. 1205 0 17.2 11.47 120.8 13,60 108.5 832.9 110.9 0 0.0 204.0 340 0 143
BONARY DAY FCaEBAr et et RS ARe L 2ERaR  ATARD 208 AT e . AU >
__._1/4 MI uP SPILL SICE wN. 1205 33 16,0 10.61 109.0 13,87 106.7 803.8 107.0 ] 0.0 204.0 340 0 143
PCIARY CHhY FCOREBAY - — ~--<-.-’.._._._., e e o Y A SIS oot o ois e Y . . e e YT . L. e e e . -
1/4 t1 LP PC+ER SICE OR. 1205 0 17.1 10.98 11S5.4 13,71 107.7 819.6 109.1 0 0.0 204,0 340 ] 1us
NMCHhARY CAN FOREBAY - - T T T T T T T ""_'"“"""'—"""""" ToTTT T T TS e e s o e e - -
174 MI LP Pukbit SIDE CR, 1205 33 15.4 8.64 87,6 13.87 105.4% 763.4 101.6 (] 0.0 204,0 340 0 148
PCRARY TAILKACE SR  2efR 99 IReR D3 _8le6 19.87 4 e _Alles O 0 . o ¢ L9 L Ahs
__1/4 11 Ck SPILL SIDE WNe 1205 0 16,0 10,48 107.4 13,87 106.4 801.8 106.5 0 0.0 204.0 270 0 148
CNARY TATLRACE - e e e A L A 2o S e S o efs b Ans
174 M1 Ol PuwER SIDE OR. 1205 0 15,8 10,24 104.5 13.87 106.,0 794.7 105.5 0 0.6 204,0 270 0 146
JOHN CAY FOREBAY . - ’ e T TmtmTT T
M4 MI W CKTR 0 0 0,0 0.00 0.0 0.00 0,06 0.0 0.0 0 0.0 203,0 265 0 147
SORG OAY FOREHAT . 9_..90.00 06,0 .00 _ G.,0 V.0 8.0 L UeD & A SO S
1/4 MI LP CNTR 0 33 0.0 0,00 0.0 0.00 0.0 0.0 0.0 0 0.0 203.0 265 Q 147
THE DALLLS FOREHAY SO L L SR L L . A1 S 4L S SRR L AU A MUV SR o P s e S
174 MI UP CENTER 1430 0 16.8 9,99 103,7 13.48 104,5 7E8.2 104,33 0 0.0 1$8.,0 160 0 150
THE 'DALLES FOREBAY - T - T T T T T T e e e o
1/4 M1 LP CENTER 1430 33 16.8 9,99 103.7 13.56 105.2 7918 104.7 0 0.0 198.0 160 ¥ 150
TTTROGKEVILLE FOREGAY T T T T T UTTOTT T m e e e e TTTTTmTmamo o mmmmmmm mmmmmm T e
___1/2 KT _uP SPILL SIOE 1507 0 16.5 10,12 104.0 13.40 103,0 7&2.1 103.1 8 22.0 149.,0 74 15 149
BCNNEVILEE FOREBAY ™ Tt TTTTTUTT TTTTOTTIITTTIT T mm T I s h e m s e
1/2 M1 UP SPILL SIDE 1507 33 16,5 10,12 104,0 13.40 103.0 7&2.1 103.1 8 22.0 149.0 74 16 149
o EONNEVILLE TAILRACE . e . o e ) e
1/4 M@ Uiv SPILL SIDE 1507 0 16.5 11,74 120.5 16.48 126.5 947.3 124.7 8 22.0 '149,0 25 16 149
e COLUROIA RINVER e . S .
WASHCUGLL CRTR 1540 0 16,5 10,24 105.1 13.48 103,5 767.7 103.7 8 0.0 0.0 26 0 0
_..coLurala RINVER . _ S A .. I - . . - -
VANCOUVER=TIS 1540 0 16,8 10.36 107.1 13.71 105.9 80U5.0 106.0 0 0.0 0.0 26 g "
—_coLyrylr _RIVER — e e e e e = e B e et s et < e m A e e o e 22 e et o iz,
PRESCOTY CELTER 1625 0 17.0 9,75 101.1 13.16 16G1.9 772.9 101.7 0 0.0 0.9 14 7 G
MILLANMEYXTE K . - e ————— e e e e m s eemmn 1 e e e wi e n - e S o etmmgn e e e it o aem =
LATTOLAL MARINE FICHINIES S VICE 7 TR A CTAl T 2O T T ARV ME CP YR G T e e e —— . et e = - B
c(.Ll"'d‘A fIVER I\.‘\(l\-'l’f(,lI{&?AXEE:(:IIC.EQ r‘TEE::IQh 59‘:’:‘-?’:2:-&&3?5‘}15‘5 ls';r\gozsﬁlt s temm -

I
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WASHULUAL G IN 4oy e . Cae T T
. e e e e e e ———_ e e oo e e A e e o ST T T . . 6
_,,Sgtté.oaigkﬂgt“ - TTTTTieye 0 16,6 10,36 107,10 13,71 105.9 805.0 106.0 0 0.0 ° _ow_-_ .
i 5SS Te T el e T 0V 0 T 0.0 14 2 '
— L L R Tezs 0 17.0 9.8 101.1 18,6 101.9 772,59 30k 0 0.0 %R 7T %
\.n\\n-r\'tt Rr - - - e oee— e 2 - e R ~a o~ .
TLATTOLAL MARINE FICHERIES SLKVICE  "CCASTAL ZOKE AND ESTUARIME STUDIES 77 77— - mmmmms e e o
COLUNMAIA RIVER ARL TRIBUTARILS GAS SATURATINON DATA=--=CCMPLNSATED FOR TFMPERATURE ALD ALTITUCE .
SURVEY UATEL JURE 274 1973 .
ATMULSHHERIC ~1CTAL GAS~ RGe HOUKLY FLCW SArPLE #EAL DAILY
e . CEPY_TEMP _ ==<OXYGEN=== <=N]TRCGEK=-=  PRESSURE _ GATE ==---%CFS-=-- FLLY___ FLGa--KCFS___
LCCATICH - TIFE FT [ MG/L  SAT LU SAT MM NG SAT OPFEN sPILL "TC6TAC T FeET  €PILL TCTAL
LITTILC CGL0SE FCREBAY o - e B -
C1/4 PI LK CELTER . Sum__ 0 18,4 9,72 _106.1 12,92 105.,1  761.8 _105.2 0 0.0 45,0  63¢& ) 51
LITTLE GLOSE FUREBAY T ) B
Y78 MT UP CTLYER Suy 33 17.8 8,72 94,0 13,10 105,3 7T84.,7 10G2.9 0 0.0 _ 45,0 £38 (o _S1
LWt MONL#EMT FUKEBAY
. 1/4 Ml UF CFHIER 1006 0 17.4 9,84 104,9 13,27 105.6 _ 7b5.6 _165,3 0 _ 0.0 48,0 544 650
Lwk MOGLEENT FCKEBAY o
.. 174 M1 LP CEMIER _ _ . 1006_ 33 16.4% _ 9.22__ 96.2 13,36 _10C4,3 _764.7 102,5 00,0 48,0 548 0 50
1CE HalEwR FOREBRAY . - )
_m. Y4 NI e CERTLEK 1623 0 18.5_ 9.60 104.2 13,10 106,0 7196 105.5 0 0.0 45.0 449 0 4y
I1CE HAPRLR FCHEDBAY '
. 1/4 BT u# CFNTCR__ _ . _ 1033 33 17,0 8,85 93,1 13,10 103,0 755,4 100,9 0  C.C _ 45.0 446G 0 &4
CoLLERIA RTVER
.. ABOLVE FCUTH SLAKC 1049 0 16.9 10,74 112.4% 13,63 _106.6 BUB.8 107.7 6 0.0 0.0 3491 0 0
) PCI:ARY Dax FORERAY :
174 Bl ¥ SPILL _SICE_ 4M. 1108 0 20.5 10,47 117.9 13.061 108.8 829.7 110.4 ] 0.0 173.0 34g 0140
PCLARY DAY FOREBAY -
_.. /% ul u¥ SPILL SICE wN. 1106 33 17,8 9,60 102,3 13,10 104,2 779.2 103.7 6 6,0 173,0 34§ 0 140
FCLARY L&l FURCDAY T T T T e e e T N
174 #1 LF Poach SICE OR. 1108 0 21,0 10,47 119.1 13,26 112,0 A50.2 113.2 0 0.0 173.0 34g e 140
MCHAKY Cad FUKEDAY ’ oTTTTTm T e e e T - Tt
. 1/4 #1 P powel SIDE_CR, 1108 33 17,0 10,09 _105,9 13,18 103,3 779.7 103.8 0 0.0 173.0 340 0 143
PCMAKY TEILRACE R T
oo 174 KI CE SPILL SIDE WM, 1123 0 _17.7 _9.47 __100.6 13,18 104.5 779.8 103.5 0 _ 0.0 173.0 =270 .0 140
FCRARY TAILEACE _
— .. 1/4 ML (% FTORErx SIDE CR, _ 1123 0 17.7 9,47 100.6 _i2.92 102.3 767.5 101.9 0 _. 0.0 173.,0 270 0 __1%0 _ __
<Ookr, CALY FOPERAY
e /4 KT UF CEIR 13276 _19,0 9,84 187.3 13,01 105 796.,9 105,48 c 0.C 187, 2E5 0 145
JCHE LAY FORERAY _ o ’
v my R onye o 1323 33 17,8 - 9.35  99.4 13,18 104.6 775.2 103.4 0 0.0 187.0 265 0 _ 146 _
THE OALLES FORLEAY A
.. 1/4 &1 UP CENTER 1346 _ 0 17.7__9.47 _100.,2 13,18 1l04,1 779.8 103.1 0 0.0 218.,0 166 O 142
THE LALLES FCREDAY : o« T ’
e W78 KL WP CRITERR 134e_ 33 __17.8 _ _9.22 97.7 13,0} 102,8_ 768,9 101,7 0 0,0 218.0 168 o oas2
BOLLEVILLE FOKLLAY ~ - Trrrrmmmerm T mmn :
_ . _1/2 MY LP SPILL STDE _ 1426 0 17,7 9,47 99.9 13,16 103,7 779.8 102.% 0 2.0 142.0 74 3 142
ECNREVILLE FURCBAY Tt o
R 172 vl WP SP1LL SICE . 1420 33 _17.9__9.35_ 99,0 13,1e 104,1 780.7__102.3 0 2.0 _142.,0 74 3 142
ecr-.:.cvuu TAILRACE '
- . 174 %I Ta seILL SIGE _ _ 1420 _ 0 18,2 10,20 108.5 i4.35 113,8 £53.3 112,3 0 2.0 142,06 _ 25 3 _ 142
COLUREIE RIVER T
_ WAShOLGEL CHTe 1448 0 17.9 _9.47 100.1 13,10 103.3 778.6 102.5 i} 0.0 0.0 2e [
COLUMTIIA RIVER T - T T T
. VMCOUVEK=-IS 1500 0 18,2 9,47 100.7 13.18 104,5 767.2_ _103.6 0 0.0 0,0 2¢ __ 0O 0 __
COGLLERIA RIVER T
PRESCOTT CELTER . 1533 0 18.1 9,10 96.5 13.18 104.3 779.5 102.6 0 ...0.0 0.0 _.__.1¢4 0 ]
__WILLAYVETTIE R . _ -
“PORTLANT 1513 0 16.9 8.74 94,4 13,16 105.9 705.1 J103.4 0 0.0 6.0 2€ ) 0
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T LATIONAL MARINE FISHERIES SERVICE
. CCLUMBIA RIVER AKD TRIBUTARIES GAS. SATURATION. DATA---COMPCNSATED FOR TEMPERATURE

“COASTAL ZONE AKD ESTUARINE STUDIES

ALD ALTITUCE

SURVEY CATE JULY 10+ 1972
. . ATMOUSFHERIC -TOTAL GAS~- NO. HOURLY FLOw SAVPLE MEZAN DATILY
e et s e e . DEPT_TEMP. _ ===OXYGEN-=~=__ =~NITRCGEN=-=- _ PRESSURE  GATE ---~=KCFS~=--  ELEV  FLOw--KCFS _
LCCATION ' TINE FT c MG/L  SAT ML/L  SAT MM HG  SAT OPEN SPILL TOTAL FEET SPILL TOTAL
LITTLE GCOSE FOREBAY
. ——1/4 FI UP CENTER . ____ _____.S20___0__22,3___9,08__107,1_.12,02 _104.9 782.4 _105,3 _ 0 __ 0,0 _ 19,0 633 -0 30
LITTLE GOOUSE FCREBAY '
174 M1 UP CENTER _ _ ________930_33_20,0___8,.57 _ 96,6 12,31 __103,1 _755,9 _101,7 _ 0 __ 0,0 19,0 __ 638 _____O0___ 30 _
LwR MOMNUNMENT FGREBAY '
— 1/4% MI UP CEMYER ... __._.___.987__.0_ 20,0 __9.40 _105.6 12,17 .101.6 763.7_102.,4__-0 __ 0.0 _S54.0 _ _S&%0 _ ___ 0 ___ 32
LWR MOMUMEKT FOREBAY : .
—.)/Y% MI CP CENTER . __.______ 957_3%_20,0__9,08__102,0 _12.,24_ 102,2_ 761,9 _102,1 __0 _ 0,0 _ S4,0 sS40 _ _©0_ _ 32
ICE HARBCR FOREBAY :
S 174 MI UP CENTER. __ 10220 20,4 9.50__107,2 12,32 __103.2 778.1_.103.9_ _O0___ 0.0 _ 43.0 _ 440 ___ O 38 _
I1CE HARBOR FOKERAY
—--.1/4 ¥1 UP CENTER 102233 19.6__ 9.26 _102.8_ 12,54 103.6 773.4 _103.3_ 0 __ 0.0 _ 43,0 _4%0____ 0O 38 _
COLLMAIA RIVER
____ ASGVE POUTH SHAKE _ 1037 0 _ 18.2__10,24 110,31 __13.41 107.5 810.1 107.8_ _ 0 0.0 _ 0.0 _ 331 . 0 L0
MCNARY CA% FOREBAY .
wm—-1/4 MI UP SPILL SIDE WN. 1056 0O 21,2 10,03 114,5 12.62__106.8 813.1 108.2 0 _ 0,0 216.0 340 0 155 __
VCNARY CAM FOREBAY i
_ .. 1/% KI UP SPILL SIDE ®WN. _ 1056 33 19.3____9.92_ 109.1_ 12,99 106.3 801.6 _106.7__0 _ 0.0 216,0 __3%0 0 _ -153
MCNAKRY DAM FOREBAY
_ 174 M1 UP POWNER SIDE OR,__ 1165 _ 0 22,1 _9.19 106.8 _12.99. 111.8 829.5 110.4 _ 0 0.0 216.0 250 0 155
NCNARY CAM FOREBAY »
- 3/% MI_LP POWER SIDE OR., 1105 _33 18,2 9,08 _ 97,7 13,28 _106,5 785.3 _104.5___0 _ 0.0 __ 0.0 3490 0 155
VCNARY TAILRACE :
... 1/4% MI CN SPILL SIDE WN,_ 1116 _ 0 19.5_ _ 9.61 _105.8 12.76 104.6_ 788.7_ _104.,7_ O __ 0.0 _ 0.0 270, 0 _ 155
MCNARY TAILRACE )
.. _.1/4% MI CN POYER SIDE OR._ _ 1120 _ 0 19,5 __ 9.61_.105.,8 _12,.,91_ 105,8 795.7 105.7 0 0.0 0.0 270 O __ 155
JOHN CAY FGREBAY
—)/% Ml UP _CNTR __ 1340___ 0 20,0 _ 9,19 _102.2 12,69 _104.9 785.,1 _104,2 0 __ 0.0 199.0_ _ 265 0 162
JOHN CAY FOREBAY _
/4% _MI UP ECNTR 1340 33 19,8 _ 9.08 100.6 12,43 _102.3 767.7 _101,9 _ O 0,0 199.,0 _ 265 0 162
THE DALLES FOUREBAY : @ .
—_1/4 MI UP CENMTER ____ 0 _ 0 0,0__0,00_ 0,0 0,00 _ 0.0 _0s0_ 0.0 O 0.0 184.,0 _ 160 0 __ 159 _
THE DALLES FQREBAY

/% MI UP CEMTER _ 0 _33__ 0.0 0,00 0,0 0,00 ____ 0,0 0.0 __ 0.0 .0 _ _ 0.0 184.0 160 0 159
BOLNEVILLE FOREBAY

____1/2 M1 UP SPILL SIDE ___ 1437 0 19,3 _ 9.08 ___99.0 _12.69 102.9 773.3 _102.0 5  39.0 182.,0 T4 21 162
BCLLEVILLE FOREBAY

.. 172 MI UP SPILL SIDE . _ 1437 33 19.2__ 9.19_ _99.9 12.84 103.9 780.6_102.9 _ 5 - 39.0 182.0 74 = 21 162
EONNEVILLE TAILRACE _

e Y74 M1 phi SPILL _SIVE. . 1450 0 19,1 11,81 _128,0_ 16,70 _134,6 1006.1_ 132,55 _ 39,0 _182,0_ _ 29 21 162
cCLLk2IA RIVER

_____ WASFOLGAL CHTR 1510 __ 0 19,1 9,22 _ 99.8 13,21 _106.5_ 797.2__105,0 0 0,0 0,0. 25 0 0
COLL“EIA RIVER :

— __VANCOUVER-IS __ _ _ . ._____1540 0 _19,5_ 9,08 __99.2 _12.99 105.5 790.3 104,00 0.0 0.0 28 _ 0 . _ .0 _
coLL“31A RIVER

____PRESCOTT CEWTER_____ 1615 0 19,5 _ 8,87__ 96,.,9__12.,85 104.,3 780,0 102,6 O 0.0 0.0 15 0 0

WILLARETTE R
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coLL~ela RIVER

_ __VANCOUVER-IS . _ . ...___ _._.1540 __0 _19.,5__9.08___99.2 12,99 105.5 790.,3__104,0 O 0,0 0.0 25 _ © O _
COLLMBIA RIVER
___PRESCOTT CEMTER____ 1615 . 0 19,5 _ 8,87___ 96,9 _12.85 104.,3 780,0 102,6 =0 0.0 0.0 15 ] 0
WILLARETIE R - — - e s . —— o - — Fouaind
ATFOSPHEKIC -T0TAL GAS- NG. hOURLY FLOW S&rPLE MERNL DRILY
-— ce e i o DEPT _TEPP. =~=0XYGLN==-_ --N1TROGLN-=~__ _ PKESSUKRL . GATE ~-=--KCFS--=-=  ELEV__ FLOa==-KCFS _
LELATION TI¥e FY c MG/L  SAT ML/L  SAT M& MG SAT CFEN SPILL TCTAL  FEET SPILL TLTAL
GHALD CCLLEE FUKLBAY :
e POWER SELE . e ..90U0__U__18.,5_ _B.56___.92.6__.11e80__ _95,1. T11.8___ 9%.7_ 11 _ 14,0 101.0 1220 __ 16 _._.102 _
GRAKD COULEE FURLBAY : .
—— POWER_SEOE . . o 900__.33__17.2 __ 8,68 __91.4% _12,40___ 97,5 _723.8__ 96,3 _11__ 14,0 __101,0__ 1220 ___ 16 103 _
_ GRAKD CCULLE TAILRACE
- SPILL SILE . . 915 0_..13.6.___9.53__.92.8._ 14,2 _ 103.4 7605 . 101.2 _11 __ 14,0  101.0___(320__ __ 16, ___ 103 __
CHIEF JCStPM FORLBAY
e . PUWER SILL e . 940 _ 33 _15,7_...9.65___96,3_.14,20__106,5 _766,9_ . 104,3 _ 0 _ _0,0 114,0  S43 " 0 _ 113
WELLS FCHEBAY
— 172 MIAP_CENYER. 9S8 33 __1%.1_._Y.92__ 99,5 _14%20__1207,0_ 7774 __105.3__ 0 ___ _0.0_ 135.0____6%0_ 0 ____116__
ROCKY REACH FOHEBAY
e X/2 WI UP CENTER o ___ __._.1040___ _ O __1445_._ 9465 __97¢5._.13.83 _104,8 763.4 _.103,2 0 0.0 173.0 __ 775 __ _O_ _ 117 __
ROCKY BEACH FURLUAY
S...3/72 ML ULP CENTER e .. 3040 33 _ 1%.5__ 9¢77_._.9646._14.05_ 206,5 775.0_.104.,8_ 0 0.0 173.0 __ %75 ____ _0_ _ 117
ROCK IsLANU FOHEBAY
—_— 172 ML UP_CENTER. . 1088 _33 _14,4 _ 9,71 __ 96,1._._14.,05__105,9__773.4__104,2 _6___78.0 _157,0 &80 _____ 44 S121
WARAPLY FUOHLEBAY
e 172 ML UP CENTER o . _ 1125 33 _ 14,5 ___9.89 _ 99.5__13.63._104.,3 _ 7671__103.,2__ 0 __ 0.0 175.,0 _ 650 ___0_ _139
PHRIEST RAPLUS FOREBAY . '
oo d/% MI UM CENTER o 1135 33 __14,6___9,77__ 98,1 13,60_102,5 756,9__101,5 _ 0 _ 0,0 1Se6,0 580 _ _ O 145
SLAKE BIVER=MGUTH
—POUIM 1300 0 19,4 7,49 B2,5_ 12,03 ____ 98,6 __716,1___ 95,3 _ 0 __ 0,0 _ 0.0 3L 0 0
CULULMCIA RILIVER
— .- AECVL POUTH SNAKE . e-. 1288 .0 _15,7.__ 9,77 99,7..13.23 .101,1 _756.,9 _100,8 _0___ 0,0 0,0 3%1 0 o
FUNAKY CAY FOKEEAY
e 1/% MY LP SPILL SIGE WNe..._1320__ 0 _18.% _ 9,65 _104,2__12.63__101.6_ _767.0__102,1 __ _ 0 0,0 211.0 _ 3%6___ _ 0___ 158
PCLARY TAY FOKEBAY
e 178 BT UP SPILL _SIDE WNe.__ 3320 _33__ 16,8 ___Y.17___95¢7__12.93__100,9__ 7498 __99.8 __ 0 __ 0.0 211.0 _ 340 __ 0 158 __
MCHAKY CAM FORLBAY .
_..1/4 %1 UP PUSEM SICE URe___1330_ 0 _18.7____9.41__102,2_ _12,48__101,0_ 7602 _101.2 _ 0__ 0,0 231.0 389 0 158
MONARY CAK FORLUBAY
. 1/% %1 LP PUOWER SIDE UR, 1330 _33_.16.5 __ 8,68 90,1 12,78 99.2 _731.1_ _97.3 0 __ 0,0 211,0 349 0 158
MCRARY TAILRACE
—.374 K1 Civ SPILL SIDE_WNe__ 3345 _ 0 _17.,0__ 9,04 __ 94.6:.12,65__100,5 _747.5 99.3 __0___0.,0 211,0_ 279 __ 0  158__
FCNARY TAILRACL )
C2_1/4 M1 CN PUMER SIDE. ORs . _.1350 __ 0 _ 16,8 __ 8,92 _ 93,0 _ 12,78 __99.5 _739.2 _ 98,1 _ 0 0.0 211.0 270 0 158
JURK CXY FUREAAY ; ’ X
e 178 M1 UP CHIR e 1450 33 18,1.__ 8,19 _ B87.6._.12.29_ 98,1 Te2+.6 _ 95.9 0 0.0 170.0 265 .0 126
THE DUALLES FORLBAY
——1/74% F1 UP CENTER . 1510_.33 __17.9___ 8,32 _ 88.3 _12,33 __ 97.7 _ 724.0 _95.8 0 0,0 178.0 160 0 135
BUOLLEVILLE FORLBAY .
.. .1/2 Ml UP SPILL SICE . __ .. . 1544% 0 _17.5 8,68 91.2 12,25 96,0 721.1 95,1 2 2,0 143,0 T4 2 134
BOLLEVILLL FOKEBAY :
.. 1/2 BT UP SPILL SICE . __154% _ 33 17,6, ___8,92__ 93.9. 12.48__ 98,0 _736.8___ 97.1 _ 2 2,0 143.0 v 2 13y
BULKEVILLL TAILKACE
e 1/% NI CNOSPILL SIUE . 1559 _ .. 0. _376_ _9¢77..102,8__13,90__109,2 816+.3__107,6__2____2.0__143,0___ 74 2 134
e COL UM A RAVE R o o e e e e e e et e e — - -
WASHILSAL CHTR 1613 0 17.7 9,03 95,0 12.48 98,0 739.8 97.4 O 0.0 0.0 25' 0 0
——.COLUNEIA RAVER . . T Pttt S
VANCULVEKR=15 .. 1628 0 17.7 8,92 93,9 12.48 98,0 738.1 97.2. O 0.0 0.0 26 ]
o COLUMELA RIVER .. _._ —n T e S e Pt S
PHESCCTT CLNTEK 1700 U 17.7 B.44% B8B.8 12,53 98,3 732.4 96.4 O 0.0 0.0 4
R ILLAMETIE R - o e T T T TS TN R T T T T e el T T 26 o 0
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