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INTRODUCTION

Researchkby the National Marine Fisheries Service since 1968
(Beiningen and Ebel, 1970; Ebel, 1971; and Raymond,‘l971) indicated that
substantial losses have occurred among both Jjuvenile and adult salmon as a
result of the construction of three new dams--John Day, Lower Monumental,
and Little Goose. The primary cause of the losses was identified as ‘
supersaturation of nitrogen gas. Large volumes of water discharged'throughb
the spillways entrain air and plunge it to depths of over 50 feet (15 m)
resulting in supersaturation of nitrogen gas (Ebel, 1969). The most recent
estimates (Raymond, 1971) of losses to juvenile populations of chinook and
steelhead migrating downstream in the Snake River indicated thét these
populations may soon be reduced to critically low levels uﬁless immediate
action is taken to eliminate these losses. The Army Corps of Engineers
initiated several actions in an attempt to reduce these losses. These
actions included: (1) the support of the National Marine Fisheries Service
research’i;bposal to develop énd test a collection and transportation system
which involves collecting and transpopting juvenile salmon and steelhead from
Little Goose Dam to locations downstream from Bonneville Dam;-(z) the
installation and testing of prototype slotted bulkhead gateé for passage of
water through skeleton bays without supersaturating with N,; (3) establishment
of a task force for directing load and flow control on the Columbia and Snake

Rivers; and (4) continue development of a mathematical model for prediction’

and possible control of nitrogen gas supersaturation.



" This report summarizes progress by the National Marine Fisheries ,'
: .
Service relative to the foregoing actions. Specific areas of research
covered are: the traveling screen and orifice bypass tests, transportation

studies, surveys of dissolved nitrogen concentrations, and related fish

survival studies.

\



TRAVELING SCREEN AND ORIFICE BYPASS STUDIES

Three traveiing screens were constructed and tested during the spring
outmigration of juvenile salmon and steelhead. In addition, tests vere made
to determine factors responsible for retarded passage 6f fish from gatewells
into submerged ports. Some descaling of fish was noted, and several tests

~ were made to determine the source of descaling.
Traveling Screen Tests

Evaluation of the traveling screens considered mechanical operation

and fish guiding efficiency.

Mechanical operation.--The drive syétems of the travgling écreens were
found to be underdesigned. As a)consequence, we experienced considerable
lost time while the screens were out of sérvice for repairs. Breakdowns
were serviced by replacement of the broken part because extensive redesign
to upgrade design strength would have required too much time. Extensive
redesign, modification, and testing of the screens were begun immediately
after tegg;nation of the fish run. These tests,ialthough incomplete at
the tiﬁé, indicate that the drive system problems are solved.

Fish puiding efficiency.--Tests were made to measure fish guiding

efficiency of the traveling screens. In these tests, screens were installed
in intskes 2-A, 2-B, and 2-C. Twelve fyke nets strained all of the flow
passing under the traveling screen in intake 2-B, and a special closure
net prevented unguided fish from passing above the fyke nets (Figure 1).
Fish guided into the gatewell were prevented from escaping back into
the intake by a vertical barrier screen (Figure %). Periodic failure of
automatic counters in'the gatewell orifice necessitated closﬁre of the
orificeé so that all fish diverted into the respective gatewells could be

accounted for.
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Guided fish vere removed from the gatewell with a dip net, and

unguided fish taken'by the fyke nets beneath the traveling screen were

.

[ 2

recovered after the screen and support structure weré removed from the

intake, ) . “‘
, |

To begin a test, all traveling screens were lowered into fishing
position in the intakes immediately aftér turbine number 2 was»shut dovm,
A1l fish in the three gatewells were then removed by dipnetting and the
turbine was turned on and brought to maximum power output (115% overload).

To terminate a test, the turbine was shut down and fish in the
gatewells were removed by dipnetting before the traveling screen was raised.

On April 22, two tests were conducted. Test number one began at 0130
ahd terminated at 0530, and test number twovbegan at 0900 and terminated
at 1830. Guiding efficiencies for chinook and steelhead appear in Table 1;

a range of 81 to 97% was indicated.
Orifice Fish Passage Tests

Evaluation of fish passage efficiency was largely based on gross
estimateé;gf fisﬁ retention in the gatewells. Only near the termination of
the fish run was it possible to make éctﬁal counts of fish that had passed
through gatewell orifices for comparison with the number of fish failing to
do so, i.e., those fish remaining in the gatewell,

Four of the nine gatewells involved were equipped wifh ve;tical
barrier screens (Figure 1), These were 1-B, 2-A, 2-B, and 2-C. Most of

the tests were conducted in these gatewells because dipnetting of standard

gatewells (without vertical barfier Screens) was too inefficient..



; Test No. 1

0130 = 0530

Test Noe 2
0900 =~ 1830

Table l,-~Fish guiding\efficiencies of traveling screen for two

conducted April 22, 1971, in turbine intake 2-B.

tests

Steelhead

Chinook
Guided Unguided Percent Guided Unguided Percent
guided gulded
number number . percent number number percent
378 28 93% 290 68 - 81%
1297 134 91% 1563 56 97%




T
.At the outset, it was obvious that fish were accumulating in both
the standard gatewells and gatewells equipped with vertical barrier sc;eens.
Even-special’crowders (Figure 2) were employed to achieve faster rate of
passage from gatewells through the bell-mouthed submerged ports. The crowders
improvea rate of passage, but retention was still at an unacceptably high
level, During these preliminary tests, the gatewells remained uncovered
and the orifices were not lighted. |
On May 19 we installed in gatewells 1-B, 2-A, and 2-B clear plastic
inserts that converted the bell-mouthed orifices to the non-tapered type
used at McNary Dam, Each insert was equipped with a mercury vapor lamp
such -that the illumination, when the lamps were on, exited from the
entrance of the orifice. This simulates the condition that worked so .
successfully at McNary Dam in 1969.11 Vhen the initial teét on the effect
of orifice lighting was made the control gatewell (no orifice lighting)
contained nearly 2,200 fish whereas the test gatewell (75-watt mercury

vapor lamp in conjunction with non-tapered orifice) held only 500 fish.

Following the initial exploratory trial we attempted to assess fish

passage éfficiency through orifices by more precise means., Automatic fish
counters inserted in several orifices failed to provide relisble data.

As an alternative, we operated each gatewell under a test condition for
24 hours followed by a control condition; i.e., the orifice was screened
to retain all fish that entered the gatewéll. At the end of a l2-day
period, the variability of thé data was too great fof reliable estimates

of orifice passage efficiency.

1/ Final Report to.Corps of Fngineers "Research on Gatewell-Sluice
Method of Bypassing NDownstream Migrant Fish Around Low-Head Dams,"

May 8, 1970.
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Figure 2.--Cross section of gatewell showing two types of screens used
to crowd fish into near vicinity of orifice to enhance fish passage.
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Beginning June 8, abeyance of other researcﬁ sctivities provided “
sn opportunity to obtain reliable dat# on orifice passage efficiency.
Gatewells 1-B, 2-A, and 2-B were used for the tests., All other orifices
in gatewells associated with Operatiﬁg iurbines wéfe closed so that only
fish from test gatewells would enter the bypass conduit for transport to
the collector, thus providing a precise count of fish passing through
orifices during a test., Fish remaining in the gatewells were removed by
dipnetting. To produce standard hydraulic conditions at the orifices,
five orifices in skeleton units were opened; we presumed no fish would
use these orifices,

‘Two conditions were tested;'a lighted gatewell in combination wit?

a lighted orifice (LL) and a darkened gatewell in combination with a
lighted orifice (pL). A1 thfee gatevells had the same combination of
light conditions during a test, and each condition was tested for 24 hours,
- alternately, from June 8 to 15.

'Aﬂscreen wvas placed over each orifice to terminate a test. While the

screens ﬁere in'place, all fish were femoved from the fish collection systen
and from the gatewells and tallied sgparately. Fish from the three gatewells
were combined and represented the residualism. The screens were removed
to begin the next test iﬁmediately after the new lighting conditions
were established.

Table 2 lists each test result and the average residualism, Cdﬁditiqné
tested in this experiment were the tﬁo best conditionsrfor fish passage

found at McNary in 1969. At Little Goose Dam, however, these conditions

resulted in considerably less satisfactory fish passage by comparison.



Table 2.--Fish passage efficiencies for two combinations of light conditions;
and lighted orifice and DL means darkened gatewell and lighted orifice.
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Therefore, additional tests under varying conditions and with larger

samples of fish are proposéd for study next year. ‘
Factors Associated with Descaling

From time to time some fish werédfsund to be descaled end efforts
were made to discover the cause. Although other workers on the project
reported descaling, only one man (Mr. Willmen Marquette) was used to
evaluate percentage descaling.

Groups of 50 or more fish were selected in relation to types of
exposure to various possible causes of the descaling and were given to
Mr. Marquette for inspection and classification.,.

We considered the following factors as potential causes of descaling,

1. Gatewell dipnet

2. Standard gatewvell

3. Gatewells with vertical barrier screens
‘4, Traveling screens.

5.7ia;tewell orifices and bypass conduit

6. Duration of time spent in gatewells

Although the analysis is incomplete at this time, we have yet to find a
-correlation between degree of descaling and any of the six factors examined,

There is some indication that the fish may have been descaled before
entering the gatewells, One possible cause might be accumulated debris on :
the trash racks across the entrance to the intakes, There is also the
possibility that descaling occurred at some point further upstream before

arrival of the fish at the project.
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TRANSPORTATION AND HOMING :

Progres§ of tﬁévfransportation studies during the past year (1971)
at Little Goose Dam are summarized in this,section of the report.

ObJectiveé of the transportation research by the National Marine
Fisheries Service research'were: (1) transport all juvenile chinook collected
at Little Goose Daﬁ to locations below Bonneville Dam; (2) continue evaluation
of the transport by marking 50,000 chinoock for release as controls and 50,000
for release as test or transported fish; (3) mark and release 50,000 steelhead
as controls and 50,000 for transport beldw Bonneville to evaluate the effect
of transporting steelhead; (4) test and evaluate the holding and handling
facility at Little Goose for collecting, handling, and efficiently traﬁsférring
fish to transport trucks; and (5) determine whether large numbers of
naturally migrating wild and hatchery stocks of Juvenile salmon and steelhead

can be transported without excessive mortality.

—
p

- T

;éeneral Experimental Design 'V':T>f“A ;'“,. B

Juvenile steelhead and chinook used for the transportation experiment
were divided into U4 groups--2 control and 2 test or transported groups. One
control group was marked and released about 10 km upstream from Little Goose
Dam at Central Ferry; the other control group was marked and released
dirgctly into the tailrace about 150 meters downstream from the powerhouse. The
transported or test groups were hauled in tank trucks to two locations downsfream
from Bonnéville Dam. One release site was at Dalton Pt. 1T km from Bonneville on
the Oregon sidej the other release site was at the Washington State boat

launching site about 2 km downstream from Bonneville Dam on the Washington side.
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Separate tag codes'andkbrands were designated for each experimental groué;
the codes were changed three times during the marking periods; the brands
were changed weekly.

Evaluation of the survival and homing ability of these groups will be
based oﬁ adult returns to the commercial and sport fishery, Little Goose Dam,
and the spa%ning gromnds. An adult tag detection and fish separator similar
to that installed at Ice Harbor Dam will be used for evaluation of adults

- returning to Little Goose Dam.
Evaluation of downstream survival of juveniles is dependent on the

recovery of sufficient numbers of test and control fish in the estuary.

;;_._“.M.m<“4.", Collection, Mafkinévaﬁ&‘Trénépért'Procedurps T

Juvenile salmon were collected from the gatewells by use of the orifice
bypass system and by use of a specially designed gatewell dip net. Fish

entering the gatewell orifices passed by way of a collection pipe (Figure 3 )

P

té the hoiﬁing area downstream from the failrace deck., Fish dipped with the

- gatewell net were transferred to the holding area by tank truck. It was
necessary on several occasions to dip the fish because of poor passage
through the orifices. Fish passing from the gatewells by way of the collector
pipe passed through a Morton grader for sorting by size. We adjusted the grades
SO that most of the juvenile chinook would be separated from the steelhead
before entering the holding ponds. Fish dipped from the gatewells were not |
sorted before release in the ponds. Whenever possible, fish dipped from the
gatewells were kept separate and were not marked as experimental fish.,

These fish were usually transported unnmarked.



1k

g 3
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Figure 7 .--Orifice bypass transport pipe (arrow) and raceways for

holding juvenile salmon and steelhead at Little Goose Dam.
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Fingerling chinook and steelhead were pumped info the marking building
with a 5-inch Paco model fish pump where they were %nesthetized and sorted.
Previously marked fish were returned to the river i& the tailrace of the
turbine discharge. Each of the remaining fish was éoldébranded with liquid

nitrogen (Mighell, 1969), the adipose fin was excised, and a magnetic wire

tag (Jefferts et al., 1963) was inserted in the snout. Béfore passing into

the transport truck, the fish went through a magnetic field and detection

coil; an improperly tagged fish was automatically,rejectéd and returned to the
marker for retagging. Steelhead and chinook were kept in separate

compartments in the tank truck whenever both species were hauled simultaneously.
Ioad densities were governed by the size of the daily catch which did not exceed
16,000 fish. All fish were transported in a 5,000-gal capacity truck with
aeriation, refrigeration, and filtration.‘ Load densities were always

less than 1 pound per gal. , .

Wa@er chemistry measurements were taken at thg time of release for every
load ﬁransported. Concentrations of ammonia, nitrogen, dissolved oxygen,
carbsn dioxide, ph and total alkalinity were recorded. All releases Were

made at dusk. Records of mortality were kept during marking and at time of

release,
Results

Results of the'tr&nsportation experiment at Little Goose Dam are limited
to enumeration of the marked experimental groups (Table é) and the unmarked
groups (Table 4) that were successfully released at the control and test release
sites, Evaiuation of thé results of these releases will be made upon return of

the adults in 1973. Evaluation of downstream survival to the estuary yielded

insufficient results due to limited recovery of the various groups.



TABLE 3.--Numbers of juvenile chinook and steeclhead marked and released by group from Little Goose
Dam; snrlrg 1971

¥Z§§igg Release site Brandl/ Chinook | Steelhead|Release site Brandl/ Chinook | Steelhead

April 6-17 Central Ferry ID-IK 2,845 3,133 Bonneville RD-1H 2,033 1,615
' boat launch
. ‘ area

" 19-2k " LA-K 5,286 4,686 " RA-T 8,993 4,159

" 26-May 1 " CLA-R L,679 6,793 " RA--] 7,662  12,h1h .
" 3-8 May " LA-A 2,583 9,031 " RA-L, 7,754 12,778
" 10-15 " . " LA-M 3,133 3,653 - RA-F- 3,300 6,690
"ooiT-e2 " " LA-F 922 4,291 " - RA-H 5,202 5,877

" oh-June b " LA 1,975 5,459 " RASTD 1,687 4,377 -
o Sub-total 21,423 37,046 ° Sub-total 36,631 47,910
April 6-17 Little Goose ILD-1F 1,265 801 Dalton Pt. RD-1Y 1,390 619

' Tailrace ,
"o19-2k " LA-W . 1,553 1,389 " RA-J h,The . 2,418
" 26-May 1 " LA-Z - 3,186 7,208 " RAC{ - 12,h1) 4,836
May 3-8 " LA-M 3,993 6,716 " RA- L 6,092 9,008
" 710-15 " LA-Z 2,910 4,692 "y RA-Y 8,613 8,226
"oo1T7-22 " LA-S 1,278 1,788 o RA-P 3,246 3,42k
June 24-June 4 " LA-(A 36h 913 " RA-D 2,829 6,465
‘Sub-total 1k,554 23,507 Sub-total 39,326 34,996

Grand total 35,977 60,553 Grend total 75,957 82,906

l/ ID, LA, RD and RA indicate brand positions; i. e. left dorsal, left anterior, right dorsal, right

anterior.

9T



TABLE ‘4.--Numbers of ummarked juvenile

17 -

chinook and steelhead collected

at Little Goose and Ice Harbor Dams and transported to release
locations downstreams from Bonneville Dam, spring 19T1.

Collected at Little Goose Dam

Steelhead

Date Release Chinook
site
April 19-2k4 Bonneville boat 428 819.
launch area v :
M 26-May 1 "o : 1,356 2,488
May 10-15 " . L4,100 7,770
) . 17_22 ‘n ! - l,llo
April 26-May 1 Dalton Pt. 3,221 9,500
May 3-8 R - k,000 16,000
" 10-15 " ' 1,500 3,000
" 17-22 " : 2,500 9,580
Sub-total 17,105 50,267
Collected at Ice Harbor Dam
April 19-24 Bonneville boat . 4,976 -
_ ) . launch area ‘

" 26—Méy“l " Dalton Pt. 3,308 -
May 3-8 ' Bonneville boat 10,679 3,900
launch area ' '
" 10-15 Dalton Pt. 5,621 110,671
" 1722 Bonneville boab 300 3,687

. launch area '

May 2L4-June L4 Dalton Pt. 899 2,518
Sub-total 25,783 20,776
Grand total 2,888 71,043
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As indicated in the tables, approximately 112,000 chinook and 143,600

steelhead were marked for the Little Goose experimental groups. Approximately

43,000 chinook and 71,000 steelhead were transported unmarked. This includes
20,776 steelhead and 25,783 chinook collected and transported from

Jce Harbor Dam. The grand total of fish handled at Little Goose and

Ice Harbor Dam was about 383,000; approximately 285,000 of these were
transported and released downstream from Bommeville Dam. Our goal of 50,000
marked fish per experimental group was exceeded in all cases except in

the chinook control groups which totaled about 36,000 fish.

"Records of mortality recorded at the time of release of the transported
groups indicated an overall average of 0.87 percent mortélity for chinook.a.nd
0.16 percent ﬁortality for steelhead. This low mortality fate indicates that
‘the cooling and aeration systéms.used in the transport tanks are about as
efficient as any in use at this time, Samples of fish were held from
each load for 48-72 hours at the Bonneville hatchery in an attempt to determine
delayed ﬁé;tality. Delayed mortality of steelhead ranged from 0-3.3 percent
with an overall average of 0.97 percent. Chinook ranged from 3.4-51.2 percent
with an overall average of 22.8 percent. We question whether this apparent
high delgyed loss of chinook accurately reflects the post-rglease mortality.
Stress from holding a smolting stock of chinook may have been the dominant
‘faqtor rather thaﬁ stress from marking and transporting. The best and most
valid informetion pertaining to downstream survival of the transported groups

will come from the returning adults in 1973.

[
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The holding and handling facility at Little Goo%e Dam operated with
notable precision. Fish handled were in generally e;cellent condition,
One improvement will be made before the next season.g The fish grader will A
be modified so that it will be self-cleaning, and the electronic counters
enumerating fish entering the ponds will be modified to provide a more
'accurate'count.

DISSOLVED NITROGEN IN THE
COLUMBIA AND SHAKE RIVERS WITH OBSERVATIONS
OF EFFECTS ON STEELHEAD AND CHINOOK

Monitoring of the dissolved nitrogen levels in the Columbia and
Snake Rivers was continued in 1971 to determine (1) effects on nitrogen
levels of changes in flow distribution that would result from additional
turbines at Little Goose and John Day Damsj (2) relation of flow and load
control to nitrogen levels; (3) effect of the prototype slotted gates; ‘

and (L4) effect of prevailing saturation levels on survival of juvenile

T

and adﬁlt steelhead and chinook migrants. The following report summarizes

data collected and analyzed to date,
Methods

The methods used for collection and analysis of the nitrogen samples in
1971 were identical to those reported by Ebel in 1970 except that stations
et Portland and Washougal were not sampled, and the tailrace station at

John Day Dam was moved from the south to the north side of the river,

-
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The effect of the nitrogen saturaﬁion on fisg was based on techniqﬁes
similar to those used in 1970. ¥Fish holding testsconducted in previous.
years with salmon in the forebzsy of Ice Harbor Dam.were repeated with steelhead
in 1971. Daily observations of gas bubble disease symptoms in juvenile
steeihead and chinook arriving at Ice Harbor Dam were recorded and population
estimates ‘based on recaptui‘e of marked grbups from upstream locations were
continued,

Information on ﬁhe condition of mature adults will be based on data from
Rapid River hatchery and spawning ground(surveys made by Idaho Fish and Game
and the Hational Marine Fisheries Service. These data are incomplete at
this tiﬁe,'but preliminary observations indicate significant prespawning

mortalities have occurred.

Nitrogen Concentrations

'Fbréﬁéy (10 m depth) snd tailrace (surface) concentrations of dissolved
nitrogen ;5r 1970 and 1971 on the Columbia and Snake Rivers are compared in
Figure 4 . Appendix Table 1 gives the oxygen and nitrogen concentration,
location, temperature, depth and flow at the time the individual samples
were taken in 1971.

Nitrogen conce'ntra.tions in both the Snake and Columbia Rivers were
considerably higher in April énd early May of 1971 than in 1970 even though
two additional turbines were in operation at Little Goose Dam in 19T71. The
higher levels in 1971 were due to abrormally high flows in the Snake River

for this time of the year. For e‘xample, flows at Little Goose Dam during the

April 6 to May U surveys in 1971 ranged from 99,700 to 199,000 cfs; in 1970

during the same period, the flows ranged from 41,300 to 66,500 cfs.
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However, from mid-May to August 10, the concentrations of nitrogen'gas
in the Snake River were slightly lower than concentrations recorded in 1970
.in spite of the higher flows, reflecting the benefit achieved from the
additional turbines and the load control meaéures instituted at that time.
The flow and load control measures did not reduce the nitrogén concentrations
in the Snake during early April because of the decision of the task force
committee to continue spilling at Brownlee Dam and hold this reservoir
down for flow control at a later date when the peak jJuvenile migrations in
the Snake coincided with planned early réleases of hatchery fish in the
lower river. Storage at BrOWnlée began on April 26 and lasted about 3 days.
Reduction in flow in the Snake and the Columbis 3ivers during late Aprgl
measurably reduced the concentrations of nitrogen in the lower Columbia
(Prescott) as indicated in Tsble 5. Before flow control, average

concentration was 112 percent saturation; after flow control, 108 percent.

Although we were unable to sample the Snake River at that time, daily

-

records/of‘the percentage of Juvenile chinook with gas bubble disease

at Ice Harbor Dam indicate a dramatic effect. For example, the average
percentage of chinook with symptoms of gas bubble disease 7 days prior to
flow control was 17.5 as compared to 7.2 during the flow control period,

a reduction of 59 percent.

_Effect of Slotted Gates

On May 10, 11, and 13 ve sampled -upstream and downstream from the slotted
gates installed in unit 6 at Little Goose Dam. The results of these analyses
(Table 6) indicate that the slotted gates successfully passed appreciable flows

through the skeleton bays without supersaturating the water with nitrogen gas.
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TABLE 5;—-Average concentration of dissolved nitrogen before and during
flow control in the Columbia River at Prescott, Oregon.

Date ' Nitrogen ‘ Mean daily flow at Bonneville

Percent Saturation (KCFS)

Before Flow Control

April 21 11k 286.6
April 22 110 296.6
April 23 - 276.6
April 25 113 ; 273.k4
April 26 112 | 225,3

April 27 ' 113 , 181.0
) Average 112 " :

During Flow Control

April 28 110 186.3
April 29 107 196.3
Aspril 30 , 107 203.9
May 1 108 273.3
May 2 108 317.k4

Average 108
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TABLE 6,—-Percent saturation of dissolved nitrogen in sémples taken upstrean
and downstream from the slotted gates at Little Goose Dam, May 10-13, 1971l.
Tailrace concentration below turbines and spillway shown for comparison.

Date Sample location Depth Temperature River flow Nitrogen
M. C. KCFS Percent saturation
May 10 Forebay 15.0 11.7 21k, 7 109.5
Tallrace
Turbine No, 1 005 11.9 21".7 10509
May 11  Forebay 15.0 11.7 21k, 7 106.9
Forebay 0.5 11.7 21k, 7 106.2
Tailrace :
below slotted
gate 0.5 11.7 21k, 7 106.2
Tailrace
below slotted
gate in
backroll 0.5 11.9 21h,7 104,.2
May 13 Forebay 15,0 11.9 224,8 105.6 ,
Forebay 0.5 11.9 224.8 105.1
Tailrace
below slotted
gate in
backroll - 0.5 11.9 224,8° 106,3
Tailrace
spillwvay side
500 m ;
downstrean 0.5 11.9 22k, 8 138.7
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Estimation values (106.2-106.3) measured in the tailrace downstream from
the slotted gates were not significantly different from those (105.6-109.5)

reasured in the forebay above,

Effect of Nitrogen Supersaturation on Fisﬂ“

Nitrogen saturation levels in the téilrace of Lower Monumental Dam are
plotted (Figure 5 ) in relation to percentage symptoms of gas bubble disease
in chinook and steelhead samples collected at Ice Harbor Dam. Temperature
of the forebay of Ice Harbor Dam and sample size, which reflects -total
population passing Ice Harbor Daﬁ, are also plotted. Tailrace concentrations
at Lower Monumental Dam remained high (above 125% saturation) from April 8
to July 1, the last data shown. Percentage symptoms of gas bubble disease
in chinook and steelhead fluctuated, but a regression line drawn through
the points shows a general‘increase in percentage symptoms from April 8 on.
The inc;ggse in ges bubble symptoms appears to be correlated with increases

in temperature and nitrogen levels, indicating the synergistic effect of
[ ]

were evidenced in previous laboratory studies by the National Marine Fisheries
service (Ebel eﬁ al., 1971).

The grouped sarple size data indicates that the majority of both
populatibns (chinook and steelhead) passed Ice Harbor Dam before the index
of gas bubble symptoms exceeded 25 percent which helps verify data shown
later which indicates sgrvival of the populations of juvenile chinook

migrating in the Sneke River was about 20 percent better than last year.
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Live-cage tesfs at Ice Harbor with steelhead smélts (Tablel?)
indicated that mortality in the deep cage--which a.llé)ws the fish to seek |
depths to 4.5 m-~ranged between 36 and 73 percent fr§m May 4 to June 9. Th;s is
nearly identical té the results recorded last year w%en various stocks of
chinook were tested. Mortality of chinook in the same cage under similar
lévels of nitrogen and temperature was U45-68 percent. It is interesting
to note that survival of the individuals in the last test (No. 3) was best
even though nitrogen levels were slightly higher than the first 2 tests.
One explanation might be that the individuals used in the last test were
more resistant to nitrogen. Migrants used in the last test were almost
entirely from wild stocks, vhereas those in the earlier tests were
primarily fish originating from the Dworshak hgtchery.

These tests, of course, indicate that substantial losses must have

occurred smong the steelhead populations migrating in the Snake River.

Estimates in the following section verify this.
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TABLE T,--Mortality of naturally migrating juvenile steelhead collected

at lce Harbor and held in cages at various depths in the forebay of the
Ice Harbor Dam, 4 May = 9 June, 1971.

|

Cage depth (m) and mortelity (%)
‘Holding time Surface 15 =1.0m 3,0 = 4,0 m 0~L4,5m

Test No., 1Y/, May 4 - May 11, 1971

2k hrs 100 7 - -
48 hrs - 100 - -
T days - - 22 68

Test No. 22/, May 19 - May 25, 1971

2L hrs 100 9k - -
48 hrs - 100 - -
T days - - 0 T3

Test No, 32/, June 2 - June 9, 1971

24 hrs : 95 89 - -
48 hrs 100 100 - -
T days - - 13 36 ‘

;j 'Wgter temperature and nitrogen concentration at start: 12.1° C
and 127 percent of saturation; at end, 11.5° C and 123 percent of saturation.

g/ Water temperature and nitrogen éoncentration at start: 10,0° C
and 123 percent of saturation; at end 10.0° C and 127 percent of saturation,

3/ Water temperature and nitrogen concentration at start: 11.6° C
and 131 percent of saturation; at end 11.6° C and 125 percent of saturation.



SURVIVAL AND TIMING OF JUVENILE CHINOOK AND STEELHEAD

POPULATIONS MIGRATING IN THE SNAKE RIVER

Timing and survival measurements, as in 197Q,wére based primarily on
recoveries at Ice Harbor Dam of fish collected, marked, and released at
Riggins on the Salmon River. Marks were changed every 3 days to obtain
a measure of timing and differenées in survival throughout the outmigration.

v Additional data was available from releases of mérked fish from hatcheries
and control releéses of marked fish at Central Ferry from fish collectéd
at Little Goose Dam.

Estimates of survival of migrants are based on a comparison of the
observed recovefy percentage of a marked fish release group with the expected

recovery percentage based on independent experiments at Ice Harbor Dam.

—

Numbers'aﬁ fish marked and subsequently recovered st Little Goose and

Ice Harbor Dams are given in Table 8.°¢
Survival Estimates of Chinook Salmon

Chinook from the Salmon River migrated faster and survival was slightly
better to Ice Harbor Dam in 1971 than in 1970. Travel time averaged
17 deys and the peak of migration at Ice Harbor occurred on May 4 compared

to 25 days and May 13 in 1970 (Table 9).
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TABLE 8.--Number of fish marked and subsequently recbvered at Little Goose

and Ice Harbor Dams.

No. ] No. recovered
" Release area Species narked Little Goose Ice Harbor
Riggins (wild) Chinook 53,000 1,93k 503
Rapid River (Hatchery) Chinook 250,000 - 5,480 gk
Pahsimeroi River Steelhead 100,000 173 28
(Niagara Hatchery) ‘
Clearvater River Steelhead 54k,000 13,629 6,158
(Dworshak Hatchery)
Hayden Creek Steelhead 25,000 28 “0
Central Ferry Chinook 21,400 Tuk 95

(Little Goose
control) Steelhead 37,000 2,597 729
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TABLE 9.—-Average travel time and migration pesk for Juvenile chinook salmon
from the Salmon River to Ice Harbor Dam (1966-1971)

Travel time Ice Harbor Dam

Year (days) Peak of migration Water flow
1966 1k L/27 18,000
1967 17 ‘ 5/3 k2,000
1968 16 4/26 37,000
1969 A

1970 25 .v 5/13 88,000
1971 17 5/4 188,000 *

Trap on Salmon River not operated in 1969.
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Average waﬁer flows in i971 were much higher than in any of the
previous years of this study. Research by Raymond (i968) has shown a
relation between river discharge and rate of migratién (i.e., the
greater the volume of discharge the faster fhe migéation rate of the fish).
Therefore, we assume that the faster'average travel time recorded in 1971
was attributable to the higher flow.

Survival of chinook from the Salmon River to Ice Harbor Dam was 48%
in 1971 compared to 30% in 1970. The lower mortality indicated in 1971 was
probably a result of the chinoock traveling faster, thus being exposed for
less time to high Np levels. Holding experiments by Ebel (1971) have
indicated increases of mortalities by Npo with increased exposure time.

As shown in Table 10, survival of the early release groups with an average
travel time of 26‘days was 33-40%, comparable to the travel time and
survival in 1970: survival increased to 52% for these fish only requiring

13 days to travel to Ice Harbor Dam. Since most of the fish were in the

latter gfoup, overall survival averaged L48%. Based on those data, and the
high incidence of gas bubble symptcms on the fish, additional exposure to
high nitrogen in the Columbia River may result in a total mortality to the

estvary as high as the loss indicated in 1970.
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TABLE 10.--Survival, timing, and travel time of Juvehile chinook

from the Salmon River for varying water flows (1971).

Water flow Survival Travel time Timing

(1,000 of cfs) (%) (Median fish)
117 33 | 23 /21
100 Lo 26 » L/27
117 37 26 /30
117 37 20 5/1
211 52 : 15 5/5
211 52 13 - 5/6
220 | 57 13 5/11
220 By ' 10 5/11

Average 183 ' 48 17 5/5

\

\
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Survival Estimates of Steelhead Trout

Insufficient native steelhead were collected and marked in the Salﬁcn
River to obtain an estimate of their survival. Large releases of steelhead
from the Dworshak and Niagara hatcheries did, howvever, provide‘a basis for
survival estimates of this species,

Survival in 1971.from both hatcheries declined significantly over 1970
(Teble 11). The decrease in survival was not entireiy caused by high N2
in the river but probably reflected condition and movement of the fish at
the time of release. In 1970 both groups (Dworshak and Niagara) moved out
and left their respective streams (Clearwater and Pahsimeroi Rivers) in
good numbers. In 1971 information from Idaho Fish and Game indicated that
nost of the release in the Clearwgter River left but only 50% of the release
left the Pahsimeroi River., Also, in 1971, 457 of the steelhead from Dworshak
were released on March 15 and 55% on April 19, yet both groups arrived at
Ice Harbor Dam at about the same time,

Measured survival to Little Goose Dam (upstream from the high concentrations
of dissolved nityogen) was L40% for steelhead from the Dworshak Hatchery and
67%l/ for fish from Hiagara Hatchery.g Indicated losses between Little Goose
and Ice Harbor Dam, where the Ho was highest, were 25% for Dworshak steelheéd
(about the same as 1970) and 85% for steelhead from Niagara Hatchery, Timing
of the downstream migration of the two groups may explain their differences
in survival. Pesk migration at Iée Harbor of the steelhead from Dworshak was
May T compared to June 7 for steelhead from the Niagara Hatchery. Symptons
of éas bubble disease in steelhead migrants at Ice llarbor were far more
prevalent in early June than in early May. Thus it would appear that the
stfesSes on fish migrating in early June were greater than those in the previous

month and, as & result, survival declined markedly.

1/ Assuming 50% of the liagara stock remained upstream.
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TABLE 1l.-Survival of steelhead from Dworshak and
Niagarae hatcheries to Ice Harbor Dam 1970 and 1971.

1970 1971

Dworshak 15 .30
Niagara 50 5
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SUMMARY AND CONCLUSIONS

The results of the National Marine Fiéhef& Service's research
conducted in conjunction with the Corps of Ehgineers effort to reduce losses

of migrating salmon and steelhead are summarized as follows:

1. Tests on the diversion of migraﬁts from the turbine intakes wifh
the traveling screens indicated that from 81 to 97 percent of the chinook
‘and steelhead entering the intake were diverted into the gatewells for
bypass. Difficulties with the traveling screens were the direct result
of vérious breakdowns of the drive system of the screens. Extensive
redesign and modification was completed after termination of the fish run.
These changes are presently bging tested;>the results to date indicate
that the driﬁe sysfem problems are solbed.

v

Tests of lighted orifice inserts indicated that passage was improved

when the bell-mouth orifice was restricted and lighted, but further testing

e

duringypéék time’ of migration is needed to fully evaluate the orifice insert,
% 2. The collection, holding, han%ling and transporting systems at

Little Goose Dam operated with notable precision. Approximately 255,000
chinook and steelhead were marked for experimental releases. A grand total
of 383,000 chinook and steelhead were handled at Little Goose and Ice Harbor
Damsj of these, about 285,000 were transported downstream. Moftality during
transport of the various groups was insignificant, bﬁt some delayed mortality
of chinook was indicated by post release holding tests. Overall downstream
survival of the various»groups vas not determined becausebof insufficient
data from purse seine catches in the estuary. Evaluation of the experimental

releases will be based on.returning adults in 1972 and 1973.



3. Nitrogen concentrations in the Snake and Columbia Rivers were
higher in. April and early May in 1971 than in 1970 ;n spite of the measures
taken by the Corps of Engineers to reduce the levels of nitrogen supersaturatién.
Concentrations in the Snake after mid-May were about the same or slightly
lower than those of 1970. Flow control measures begun on April 26 were
successful_in reducing the concentrations’ of dissolved nitrogen for about
1 week., The prototype slotted gate tested at Little Goose wa; 100 percent
successful in passing water through the skeleton bays without increasing
the ﬁitrogen content., KObservations of the effect of supersaturation on fish
indicated that significant losses to juvenile poﬁulations of steelhead and
chinook must have occurred.

4, Survival estimates of juvenile chinook migrating in the Snake River
indicated an increase in survival of 20 percent over last yéar with an overall
survival estimate of 18 percent. A precise estimate of juvenile steelhead

populations was difficult to make because of the apparent difference in

T

behavior among the various stocks. Survival estimates of two hatchery stocks
of steelhead, although not precise, d?d indicate that substantial losses
occurred, The increase in survival of the chinocok migrants was most likely
due to the faster travel time resulting in a much shorter exposure to the
high concentrations oflnitrogen.

Although the fotal collection of fish fell beiow our expectations
because of extremely high flows and mechanical bregkdowns of the traveling \
screens, we consider the results of the past séason more than moderately

successful.
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Appendix Table l.--Concentrations of dissolved nitrogen and oxygen gas and related water temperatures )
and stream flows in the Columbie and Snske Rivers, 4 April to 10 August 1971. '
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ppendix Table l.--Continued. -
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o o = mn . m e o o = e T Be mm o e ST Mn M e S mm ww e e em mn me e I e e S A TR b i ot om e e e S m v ey e e e v bl O e e e e e e e @e e A o ok e o -
R I i A - s R A P S A R S A R A A R R T T F 2 PR R R R E R R E R R F R R R R N TR

ITTLE GOOSE FORERAY
ITTLE GNCSE FNREBAY
ITTLE GODNSE TAILRACE
YWER MONUMENT FOREBAY
NWER MOMNUMENT FORESAY
WER VONUMENT

1/2 M1 DOWN FR TAILRACE
CF HARBZTR FOREBAY
SOILL SIPE

CE “ARAQR FOREQAY
SPILL SIDE

CE HARECR TATLRACE
1/6 A1 DAWNSTREAM
VLUMRTA -
AUOVE SNAKE MOUTH
CNARY FCRERAY
SOILL SIDE

CNARY FORERAY
$oI1LL SIDE

CNARY TAILRACE
SPILL SIRE

CNARY FORERAY ,
DOWERHOUSE SIDEX DS
CMARY FQREBAY
POWERHOUSE SIDE

0

V1WA U WO

13
18
18
18
18
18
18
18
18
18
18
18
18
18

18

71
71
71
71

71 .

71

71

71
71
71
71
71
71
71
71

925
925
945
955
$55

1008

1028

1028

1041

1057

1220
1220
1243
1231
1231

0
33
0
0

33,

0
0

33

33

965
945
94t
10,1
Se8

9e¢9

1040

10.0
1062
10«6
11.8
10.8
111
1246

10.8

934
9344
93.4
110.7

11047

11047

13640

13640
13640

0.0

308.8

30848
30848
30848

30848

7

.
7
8
8

8
10
10
10

0

22

22
22
22

22

18440
18440
18440
17963
17943

17903

18344 .

183.4

18344

0.0
46749

467e9

4679

46749

..46709

-

PPM  SAT
11.0 96,8
1143 9943
1462 12449
1347 12243
1443 12642

1448 131.6

1345 12042
13,5 116.8
13,8 12340
12¢7 1148
126 11741
1247 11543
14¢3 13047
1246 118.8

13.1

11844

1847
20,1
2449

2342 .

2346

2541

229

2248
2343
21.1
2047
20.9
2546
20.8

2149

99,42
10844
132.4
12445
125.9
13445
123.,0
122.5
12542
114.7‘
114.9
113.8
14043
117.1

118.8

Sq
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:============:====================::'-=====\\‘==========;;-.===::=========.~:=======n===a=.s=:nll---:asaauagsuagu
===HOURLY FLOW==== |
» : DATE DEPTH TEMP SPILL GATE TOTAL ====OXYGEN==== ==NITROGEN=~
-------- LOCATION====m==== MO DY YR TIME FEET ~DFG C KCFS OPEN  KCFS PPM SAT PPM SAT
:==:==::===:.::::::::=================::.:=========::::::::===z======================::::::ﬂﬂ::::::::===
'CNARY TATLRACE N | ,
POWERMNAUSE SIDE > Wi .5 18 71 1249 0 10.8 30848 22 46749 131 11849 2344 12745
JNHN DAY FOREBAY ,
CENTER ) 5 18 71 1332 0 1le6 22840 20 47842 1147 10748 200 110.6
JOUN DAY FOREZAY ' '
CENTER 5 18 71 1332 33 1146 22840 20 . 47842 12,0 11046 210 116.2
IHN DAY TAILRACE . :
SeILL SIDE ' 5 18 71 1350 0 1lls4 . 228.0 20 47842 123 113.0 214l 11643
YALLES FORERAY 5 18 71 1405 0 11«5 27940 .23 47604 1346 12541 2345 12948
YALLES FOREBAY 5 18 71 1405 33 1ll.6 279.0 23 476604 1343 12245 23.0 127.1
PALLES TAILRACE ' ) . : R
SOILL SINE 5 18 71 1415 0 1ls6 27940 23 47664 - 1345 12444 227 12546
OMNEVILLE RESFRVOIR 5 18 71 1448 0 1149 35043 14 49545 0 12.9 12042 2169 121.9
JONNEVILLE RESERVOIR 5 18 71 1l448 33- 1le9 35043 14 49545 13,1 12146 229 12744
IMNEVILLE ' '
DOWMSTREAM 5 18 71 1455 0 1240 35043 14 49545 13.8 129.2 23¢7 132.2
TOLUYBIA ‘ .
ORESCOTT 518 71 1647 0 1244 0.0 O 0e0 1242 11448 "21¢5 12046
OLUMBTA ' ' '
HARRINGTON PT =ESTUARY 5 18 71 1616 0

1208 040 0 0,0 1241 115.3  21.3 12046

o
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P SO P s T

R T NN T N T N T T N O N T T S T N RN T T S RS T S S S T N R N ST N T T S T T T S NS N S S S S SN X OANORAE RN IR SRS RO R AR ERE S

e ~LOCATIONmm=m=m -——

_ITTLE GOOSE FOREBAY

_ITTLE GOOSE FOREBAY

.ITTLE GOOSE TAILRACE

LOWER MONUMENT FOREBAY

| OWER MONUMENT FOREBAY
_LOWER MONUMENT

1/2 MI DOWN FR TAILRACE
ICF HARBOR FOREBAY

SPILL SIDE

ICE HARRBOR FORERAY

SPILL SIDE

ICE HARBOR TAILRACE

174 M1 DOWNSTREAM
COLUMBIA

AROVE
VCNARY
SPILL
UCHARY
sPILL
MCNARY

SNAKE MOUTH
FORERAY
SIDE
FORERAY
SIDE
TAILRACE
SOILL SIDE y
MCNARY FOREBAY e

\; ~==HOURLY FLOW==== :
DEPTH TEMP SPILL GATE TOTAL ====OXYGEN==== ==NITROGEN=-

TIME FEET DEG C KCFS OPEN KCFS  PPM  SAT PPM  SAT

S mssissszassoSEosSSSEESSESSSSESSSSSSSUSIESSSSSSSSSSSIASIoSSSSSssESSSIsENEcesaSSESAEsisSessssssssssas
1443 0. 948 11847 8 19640 11450 101e5 19400 1014¢

1443 33 946 11847 8 19640  1la44 10045 19410  101s!

1455 0 948 11847 8 19640 14494 13149 26016 13942

1513 0 10s8 143¢5 8 19345 14400 12646 24440 1324

1513 33 1047 1435 8 19345 14400 12644 24450 1334

1522 = 0 1048 143}5 8 19345 14420 12844 24062 1344

1542 0 1146 15743 10 1912 13,90 128.1 23,70 131,

1542 33 1146 157e3° 10  191e2 13490 12841 23470 131a!

1550 0 1le7 15743 10 19142 13454 12541 22480 1264

1601 0 1la6 040 O 0e0 12485 11844 21406 116!

1349 0 12,8 274e5 17 47941 12400 113.7 20410 1134

1349 33 1240 274s5 17 47961 _ 11490 110s7 20440 1134

1255 0 1242 2745 17 4791 . 13483 129.3 123430 1304

1356 0 1340 27645 17 .479.1 12,80 121.9 21.60 1224

POWERHOUSE SIDE, O -

DATE
MO DY YR
6 1 71
6 1 71
6 1 71
6 1 71
6 171
6 1 71
6 1 71
6 171
6 1 71
6 171
6 171
6 1 71
6 1 71
6 171

. meden o -

=
~
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-— — — . -
223 I i i i1 i1 it it 2t i a1 i i A F F E R AR R R 2R K25

-------- LOCAT IONm=mmmmm e

MCNARY FORERAY
POWERHCUSE SIDE
MCNARY TAILRACEN .\
POWERHOUSE SIDE> "
JOHN DAY FOREBAY
CENTER

JCHN DAY FOREBAY
CENTER

JCHN DAY TAILRACE
SPILL SIDE

DALLES FORESBAY

DALLES
DALLES
SPILL

FOREBAY
TAILRACE
SIDE

3ONNFVILLE RESERVOIR

IONNEVILLE RESERVOIR
3JONNEVILLE

DCWNSTREAM

SOLUMBTA

ORESCOTT

SOLUMBIA

HARRINGTON PT «£STUARY

DATE

MO DY YR

e o mr me me Am m mm s me o s S s e g D o SR e e Sm e e A S e e N e o D B SN e Sr S Em A% ms NT A e mrome - - - - -
S S St N St it i i ittt i it i i it A At A A R R A F S A F St A E R R AR R E R R A R T IR R EE R RS RN

o o

1
1

71

"\
AN

\
b

TIME

DEPTH
FEET
33
0
0

33

===HOURLY FLOW====

[

EHERNARSEC AN ANIBININEREIREERR:

TEMP SPILL GATE TOTAL ====OXYGEN==== ==NITROGEN=
DEG C KCFS OPEN KCFS  PPM  SAT PPM  SAT
11e9 27445 17  479¢1 12485 11849 21460 120!
1260 274¢5 17  479¢1 12683 119e3 21480 1214
1344 25040 20 _ 50040 12420 117¢3 21410 1204
13¢1 25040 .20 50040 12030 11744 21420 1201
1342 25040 20 50040 14406 134#5 23480 135"
1341 320e4 23 5055 13420 12640 22490 1304
13s1 320¢4 23  505e¢5 12470 12142 22480 1294°
13,1 32044 23 50545 13412 12542 22450 1284
1341 37843 18 51243 12470 121s2 21400 119,
131 37843 18 51243 12440 11843  20.90 118
13,2 378+3 18 51243 13435 127.8 23,03 131,
1341 040 O ___ 040 11475 11241 20490 118
12,7 040 \9 040 1138 10747 20475 117

8%
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s c-==z=TZZSSSSZE=SSSSSSSSSSSSSSSEISSESESSSCCSSSrSNSSSSSSSSSSSCSSSrSCSSSESSSSETCCSTSREACNTSCSSIOCERSIXRIBDESESS

DATE

-------- LOCATION =====e=== VM) DY
JITTLE GNOST FOREBAY

1/4 %1 U9 CEMTAR 6 15
ITTLE ~NNST FAREBAY

1/74 VI UD CENTER 6 15
ITTLE OONSC TAILRACE

176 %1 oM SPILL SINDE 6 15
TOMCNUNENT  FORERAY

1/46 MY LD CENTRER 6 15
WEONONI R TMT EATRAY

1/4 VT OUD CENTFER 6 15
NN ENT O TATLRACE

1/2 w1 oo S521LL SINE 615
[ C5 HATRD? FORERAY

176 T U2 CENTFR 6 15
T CF LAPRAR TORTAAY

/6 VT B CENTER 5 15
tCe wARRND TALL2ACE

172 1 NN SPILL SIDE 6 15
TOLUVMRIA RIVER

ABNYE MAUYTH SMNAKE 6 15
CMARY NAM FNREAAY

1/6 Y1 U0 SBILL SIDE 6 15
SCMNATY O DAM FORTRAY

1/4 “1 UP SPILL SIDE 6 15
ACMvNARY TAILRACE

1/6 7 NaSDILL SINE 6 15
SCHADY T DAV FARESRAY '

1/ WIOoUP 9ER SIDE 6 15
PCMARY DAV FOTERLAY

174 ¥1 U2 POWFR SIDE 6 15
FCNARY TAILRACE :

174 M1 DN POWER SIDE 6 15
JN=EN DAY FQREARAY

1L T U CNTR 6 15

YR

71

71

71
71

71

STl

71

71
71
71

71

—==HOURLY FLOW===-

DEPTH TEMD  SPILL GATE TOTAL

[IME FEET DEG C_KCPS OPEN _ KCFS.
920 0 13,0 119.9 8  187.1
520 33 12.9 119.9 8  187.1
0936 0 13.0 119.9 8 1871
957 0 1340 142.9 8  190.2
957 33 1249 14249 - 8 19042
1005 0 13.0 14249 8 19042
1027 0 1249 14246 10 18949
1027 33 1248 16246 10 18940
1037 0 12.8 142.6 10 . 189,40
1047 0 13.0 040 0 040
1154 0 1444 27445 15 46741
1154 33 1344 27445 .15 _ 46741
1215 0 1346 276.5 15 46741
1205 0 15,0 27445 15 46741
1205, 33 1344 27445 15 .. 46741
1221 0 1345 274¢5 15 4671
1345 0 l6e6 27944 20 497e1

—===OXYGEN==== ==NITROGEN==
PPN - SAT PPN SAT
10442 9940 17,80 101.1
11029 107+3 18436 1Q4.1
13463 13043 23,79 135.2
13.20  125.7 23.00 130.ﬂ
13440 127464 23,40 132.7
13043 12749 24416 137.3
13410 12445 22460 12341
13420 12541 .22.90 129.1
213437 .12667 22430 125.%
12056' 11946 20452 11646
11,80 11640 19.10 11l.4
11490 11444 19450 11145
13,69 13241 22,50 129.;
12,00 11946 - 20.20 115.1
1240 118.9 21.00 120.1
12032 11837 20490 115.3
11,89 11646 19,90 11345

&
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:====:=====::==:====::=::::::::::::;:é:;f::::::é::::::é:::==:é:é:::::::===é=====:$hi==ﬁ============aﬂ
, A == HOURLY FLOWm=mw= ; |
o DATE : DEPTH TFEVP  SPILL GATE TOTAL e===QOXYGEN==== weN]TROGEN~=
________ LACAT I NN c e m———e M0 DY YR TIW‘ FEFT DFG C KCFS OPEN KCFS PPM SAT PPV SAT
‘==:=::::::1:::::::::::::::::=='-::::::F".::::::::::::::::::x:::::::::::::::::::::::::::============:::=
7N DAY FCRETAY .
"/1 MTOUR CMTR \ 6 15 71 1245 33 1441 27%9.4 20 49741 11,90 116,2 20440 118,3
THN DAY FREREmy e |
b \,'i’-‘ Q” m%/3,/&$,JQ 615 71 1402 0 14.0 27944 20  497.1 12495 12642 23,00 133.1
/6 w1 UB . CENTER .6 15 T1 1420 0 1440 29843 23 49145 13,10 12747 22450 13043
= QALLSS FORFAAY , '
174 %1 UR CENTER 6 15 71 1420 33 14.0 298.3 23 49145 13430 12946 22490 132.5
HEONALLTES TATLRACE ' ’
172 @1 DN osapLL SIRE - 6 15 71 1432 0 1441 2983 23 49145 ° 12476 124, 21640 124,11
ANEEYTLLE FORTAAY ) L '
1/72 M1 UupP s=PILL SIDE 6 15 71 1520 0 14,2 3572 18 50645 12,10 118.4 20440 118,
ANNEYILLE FORENAY : ' ‘ '
1/2 1 ub soI SIDE 6 .15 71 1520 33 1442 35742 18 50545 12,30 120.4 20480 12C.9
tIvMEY LR TAILPACE : '
176 1 D SPILL SIDE 6 15 71 1230 0 14e¢2 257.2 18 50645 13,26 12948 22468 131.8
-r)g__u“n;.x ‘
P SCCTT 6 15 71 1715 0 14,2 000‘: 0. .. QD40 . 12402 117.6 20450 119,12
AL U ’Il‘ : . ' : o
HARRINGTAN OT -¢STUA°Y 6 15 71 1650 0D 1346 0.0 0 00 . '12036 11943 20490 120,12

0s
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==========:=====:==========;====é============::é::ﬁ:::::::S::é::::é:::===é===£i=====aé:s:a::a:::gzzg
‘ emmHOURLY FLOW=mw=e— b
. . DATE ' ., DEPTH TEMP SPILL GATE TOTAL =w==OXYGEN==== «=NITROGEN==-

-------- LOCATINON========= MO DY YR TIME FEET DEG C KCFS OPEN KCFS  PPM  SAT PPM SAT
R I A A s R R L s L - TR I P R R I N T T
ITTLE GCNSE FNORERAY

174 1 US CENTER 6 29 71 935 0 1347 7145 8 15845 10,50 10147 1770 10148
ITTLE GOOSE FNRERAY . .

176 M1 UP CENTER 6 29 71 935 33 1347 . 7145 8 15845 10,50 101.7 1768 1017

TTTLE GOOSH TAILRACE - . . . e ‘ - :
174 1 DM SPILL SIDE 6 29 71 945 0 13.7 7145 8 15845 12640 12040  21465% 12547
YROMONUMENT FORERBAY ' : )

1/4 1 UP CENTER ‘ 6 29 71 1011 O 1444 8648 8 15543 12450 12249 21470 12645
WR OMONUMENT FAREBAY - , ' ) , ’
1/4 M1 UP CENTER 6 29 71 1011 33 1443 8648 8 15543 12440 12147 21,40 124,5

B MONMUMENT TAILRACE
1/2 %1 DN SPILL SIDE
CF HARROR FNRENDAY
174 V1 UP CENTER
CF HARDROR FNREAAY
1/4 M1 UP CENTER
CF HaRROPR TAILRPALE e . - o
172 %! DN SPILL SIDE "7 6 29 71771048 707 15.2 1068 10
NLUYRTIA RIVER ¥
ARAVE MOUTH SNAKE
'CNARY DA™ FORERAY . L o
1/4 M1 UP SPILL SIDE 77 "6 29 71 1112 = 0 15,0 24567 22 446,0 12,00 119.6 19640 114,4
‘CNARY DAM FCRERAY :

176 M1 UP SPILL SIDE ™" "6 29 717711127733 " 1444 ~ 245.7 \gz’”Aaas.o'”“iz.lo' 11940 19450 113,7

29 717101877 0 1443 T 8648 B 15543 13458 133.3  23.08 136.3

71 1038 0 15¢3 10648 10. 154el - 12:40 124e4 20490 12146

o o o
N
el

20 71 1038 33 1540 10648 10 15441 12430 122e6 2050 12342

154661 7712490 12901 21440 1266

[ ]
n
0

71 1055 0 1348 040 O 040 . 12430 11943  19.80 1142

'CMARY TATLRACE | o ‘ o o ‘
1/6 M1 DN SPILL SIDE 6 29 71 1125 0 14e6 '245.7 22 44640 13453 133.7 22.80 133.4
'CNARY DAM FNREAAY | | | |
1/4 MI UP PCWER SIDE 6 29 71 1116 = 0 1446 245.7 22 44640 12,20 12046 19,40 113,5
6

1764 M1 UP POWER SIDE ™ 776 29 71 11167 "33 1642 724547 22 744640 7 1200 11744 19480 11541

'CMARY TAILPACE

174 MT DN POWER SIDE 6 29 71 1128 ~ 0 14e3 2457 22 646640 11494 11742 19480 11542
JAHN DAY FORERAY . R . ' .
1/4 M1 UP CNTR " 6. 29 71 1328 0 1549 24444 20 43544 11460 11749 19,40 11642
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»:::::::::—.::======:;::====:—.=============:§=====================================-=aa=n=:=azuu:aazaaggz:
. | . m==HOURLY FLOW==== o
DATE \ DEPTH TEMP SPILL GATE TOTAL =~==<0OXYGEN==== «=N]TROGEN==~
———————— LOCATION========= MO DY YR TIME FEFT DEG C KCFS OPEN  KCFS_ ~ PPM SAT PPM SAT
i:::‘:::::::::=::::::::::::::::=====================::======:"—":::=======:===================B====::======:
ITHN DAY FOREBAY ‘
1/4 ¥1 UP CNTR 6 29 71 1328 33 1544 24444 20 43544 11470 117.8 19.70 11649
IOHN DAY TAILRACE i ‘
172 M1 DN SPILL SIDE 6 29 71 1340 0 15¢3 244e¢4 20 43544 13,50 1354 22.80 135,41
HE DALLES FORFAAY ' ’ : . - , o
174 M1 UP CENTER T 6 29771 771350 7 0 1541 24240 23 41342 12480 12749 21490 12943
HE DALLES FORFARAY . - ;
1/64 M1 UP CENTER © 6 29 71 1350 33 1447 24240 23 41342 13.00 12847 22430 13Ce7
HE NALLES TALLRACE . E ‘ . . ,
1/2.%1 DM SPILL SIDE 6 29 71 1400 0 1544 24240 23 . 41342 12480 12846 21400 12446
ONMMEVILLE FORERAY - _ } N o o .
1/2 1 UP SPILL SIDE 6 29771 "1445 77 0 15,0 29546 18 44643 11490 11846 ~ 19.80 11648
ONNEVILLE FORFRAY o : '
172 M1 UP SPILL SIDE 6 29 Tl 1445 33 1549 29546 18 44663 12,00 1220 20400 11948
\IINMEVILLE TAILRACE . _ }
1/4 M1 DN SOILL SIDE 6 29 71 1450 0 155 29546 18 44643 12485 129¢5 22422 13242
NLUVATA RIVER \ e — et e, i —"— I o
PRESCOTT CENTER S TTTe 29771 7 1630 0 15.8 0.0 O 0e0 11442 115.8 1980 118¢4
OLUVETA - L : . i
HAPRINGTON PT =ESTUARY 629 71 1606 0 1544 0e0. O 060 11478 118e4 20419 119.8
P i |
| .s . ) « \r\,; ) !
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;.-:::::::::::::-_—:=:::.—.=:::=:-.:=====:=====:=‘=;=====:===:=====2i::::ﬁ::::::é:é:::i::::::a::é::::z:;:a'éég:::é
. ~==HOURLY FLOW==== :

; DATE DEPTH TEMP  SPILL GATE TOTAL ==~=0OXYGEN==== «=N]TROGEN=~

———————— LOCATION===mm=mam—x MO DY YR TIME\ FEET DEG C KCFS CPEN KCFS bPM SAT PPM SAT

T e e e e A e e R A A L R R L P

JITTLS Go9SE FARCBAY.

1/4 M1 UP CENTER © 7 13 71 0939 0 18¢6 0.0 o) 7243 1020 1098 16640 10248
JITTLE G2NSE FNAREBAY Ve ,

1/4 M1 UP CENMTER 7413 71 0939 33 1742 0.0 O 72¢3. 9490 10346 16084 103,]
JITTLE GONS5F TAILRACE - T

1/6 M1 DNSEILL SIDE  7°13 .71 0950 .. 0. 17e4__. 060 . . O . 723 ... 997 ..104e7 . 16480 103.2
2 VMONUVENT -FORERAY : : _ —
C1/4 M1 Ue CENTER - 713 71 1007 .. 0 1842 Be7 . 3 7247 . 10470 11443 16480 10445
WROVONIIVENT FORFBAY - S

174 MI Uo CENTER . 7 13 71 1007 33 17.2 8e7 3 7247 . 10410 10547 17410 10647
e owaNUYENT TAILRACE . — o : —

172 21 DN SPILL SIDE 7. 13_71 _.1018__._ 0. 173 ... 8e¢T. . .3 . ..72e7.....11410 .. 11644 18430 11243
CF HARYOR FORERAY Co o : -

1/4 M1 UP CENTER .. 713 71 1035 0 176 . 2846 10 _T244 10680 1139 = 17420 10640
[CF HARROR FORERAY ' : ' . ' |

1/6 %1 UP CENTER' T 13 71 1035 . 33 1763 . 2846 . 10 . 7244 10460 111,1 17430 10441
CF HARBC0R TAILRACE ' , ) T

1/2 %1 ON SCILL SIDE 7 13_71_.1022. ... 0. 17e3._..28e6._.10 _ T2¢4.....10e14 .. 11648 1820 1il.7
TALUMBTIA RIVER : , I —

ASOVE MOUTH SNAKE 7 13 71 1050 0 1544 , 12413 12149 19470 11549
'CNARY DAM TCREAAY . - ~ o

176 M1 UP so1LL SIDE 7 13 71 1106 0 1668 9664 [5 25249 12460 13046 - 18480 11444
FCNARY DAM FOREAAY “

1/4 %1 UP SPILL SIDE . 7.13.71_ 1106 __33 ..1643.._..96e4... 15 _.26249...12420.. 12541. 18450 111,5
ACNARY TAILRACE - . \ : , -

1/6 M1 DN SPILL SIDE 7 13 71 1122 . 0 16e5 ..96e4 1 & 26249 1336 13746 21480 131.6
ICNARY NAM FORFEARAY , , '

1/4 M1 UP POWFR SIDE 7 13 71 1112 0 1669 _ 9644 )5 26249 . 12430 12747 18480 114,.¢

FCNARY DAM FOREIBAY

176 M1 UP POWER SIDE_ __ 7.13 71_:1112_ _ 33 _ 1640 96e4 15 _26249...12400..12242 18460 111,¢
ACNARY TAILRACE ' ) , . ‘ —
176 M1 DN POWER SIDE 713 71 1127  0- 164l 9666 |5 26249 11494 122.0 18.80 113.¢

JNHMN DAY FOREBAY

vl oUR ONTR 7 13 71 1307 0 18s7 5845 RO 285:1 11490 12844  1847C 117.¢


http:71._~.11

pendix Table 1.--Continued

— —— - v ane — e o . e S mv M s e SR Sh M ee S M S G B SN M ME G ST S M me S S LS s T SN R e e W B WA MR AR e M e B N me S e e B - o
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-==HOURLY FLO

Wmm—m

I EETEERT TET T TS F I T F P rrarpnpyspngrs

DATE o, DEPTH TEMP SPILL GATE TOTAL ====CXYGEN==== ==N]TROGEN==

-------- LOCATION==mmmmm== MO DY YR. TIME FEET DEG C KCFS OPEN  KCFS PPM SAT PPM SAT
’::::::::::‘:'-;==::::.‘:::2:=====================-‘:=====-’-:::::::::::::::::::‘.:======================="==;==:
THN DAY FOREBAY : '

1/4 M1 UP CNTR 713771 1307 33 1644 5845 A0 285:1 12410 124e4 19460 11844
IoHN TAY TAILRACE o . . :

1/2 1 DN SPILL SIDE 713 71 1315 . 0 1644 5845 RO 28548 - 11494 122¢7 20400 12048
HE DALLES FORFRAY : o ' ,

1/6 M1 US CENTER o 713 71 _1330___ 0 1644 10345 __R3 274e1__.11470..12042 . 19420 11640
HF DALLES FORERAY ) ' : ‘

174 ¥1 UP CENTER 2713 71 (133033 1647 10345 K3 274el 11470 12140 19420 116.5
HE DALLES TAILRACE : - ' : ' :

1/2 1 ON SPILL SIDE 7 13 71 1335 0 1647 103.5  RA3 274el 12400 12441 19440 117.7
ONNEVILLE FORFAAY . . '

1/2 M1 UP SOILL SIDE ___ -7 13 71__1420____0..1643._15140._.] 8 _27446_._..12400. 123¢l 18490 11349
ONNEVILLE FORERAY ' , |

1/2 M1 UP SOILL SIDE 7 13 71 1420 - 33 1664 15140 /8 27446 - 12400 12446 19400 115.8
OMNEVILLE TAILRACE - ' -

1/6 ¥1 DN SPILL SIBE 7 13 71 1425 0 167 15140 )} 8 274¢6 12495 13349 21424 12849
OLUY3IA RIVER . _

PRESCOTT CENTER e 113 711546 0 1761 e 11085 11945 19430 11840
OLUMBTA - | : ' o '

7 13 71 1521 0 17.3 11440 11945 19420 11745

HARRINGTON PT =~ESTUARY




Appendix Table l.--Continued

e e e Mo E e e B Sw o T e mr e e v Mee M S m e em SR 3 M e e SN ww e Sy e M2 em A T Sm S e mn A TW M am e e A s e e Me s wm % e m 4m el S e e v e M S me e e S o s B e me B2 By e G R e e s s - - ae e -
S ¥ S 23S 33 T S S F Rt T Rt T - R A AR R A N RSN A ANt X2 RN NSRS F N K F N

ITTLE GOCSE FORFRAY
174 M1 UP CENTER
ITTLE GOOSE FOREBAY
1/6 M1 UP CENTER
ITTLE GOOST TAILRACE
174 %1 DN SPILL SIDE
W3 OMONUMENT FORTRAY
174 MI UP CENTER
WR MOMUVENT FOREBAY
1/6 M1 UP CENTER
SONUMENT TATLRACE
1/2 M1 DX SPILL SIDE
CF HARACR FORERAY
1/4 M1 UP CENTER
CF HARROR FOREAAY
1/6 M1 UP CENTER
CF HAR30R TAILRACE
1/2 ™1 On SPILL SIDE
OLUYBIA RIVER
ARQVE MOUTH SNAKE
'CNARY DAV FQRERAY
174 MI UP SPILL SIDE
'CNARY DAY FOREBAY

L2
N

1/4 M1 UP SPILL SIDE

'CNARY TAILRACE

1/4 M1 DN SPILL SIDE
‘CNARY NAM FQORFARAY

1/4 M1 UP POWER SIDE
'CNARY DAM FORESAY

1/6 M1
'CNARY TAILRACE

1/4 M{ DN POWER SIDE
JOHN. DAY FOREBAY

176 Y1 UP CNTR

UP POWER SIDE

" MO

=

7

~3

~ NN ~3

DATE
DY
27

27

27
27
21
27
27
217
27
27
27
27
27
27
27
27

. 27~

YR

71
71

71

71

71

71

71

71

S T

71
71

.7 1... P
71

71

71

DEPTH

TIME FEET

e e e e e % o e am me m e N e s e W m e e s b we MB W aw o me W S ey o e v W et Wm A, e owe BT s W ov e e v Y0 v e 9w T bt rmt M cee T e e Tw M e S e wm P mm mm e S g wm B8 S it S u® e m St en o G S s e - WD o o - .
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0

33

~~=HOURLY FLOW===m

TEMP SPILL GATE TOTAL
DEG C KCFS OPEN  KCFS
2545 0.0 0 3943
2246 0.0 © 393
2241 0.0 .0 .. 393 _
2442 .0 © 3947
21.5 o,c). 0 :39.7
2146 0.0 O ... 3947
2249 0.0 ¢ 431
215 . 0,0 0 4341
2le4 Q.0 \o,; 4301
1748
2005 2843 6 26144
19¢4 2843 .6 . 26leb4
19.6 2843 \\6 26144
20e6 2843 6 25lat
1941  28e3_ 6 26le4 _
19¢2 2843 6 26le4
2265 2742 17 25248

~===OXYGEN==== ==NITROGEN==
PPM  SAT PEM  SAT
8410 10046 14430 5947
7090 9243 14492 5945
7e43 8549 15430 10143
8470 10448 15410 10340
8430  95.6 15428 1005
7488 9042  15.23 10040
o ;
9430 10942 15462 104.4
8450 S7.1 16410 10545
8460 9841 16420 108:9
11434 119.1 18545 114.2
11450 128.8 18,20 11745
10490 11644 18430 1642
11,90 13048 19465 12542
11,20 125.7 18400 11544
10450 11443 18420 115.0
10,84 118:2 17,90 113.3
10030 12549 17455 1173
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' ~==HOURLY FLOW===m
DATE NERPTH TEMP  SPILL GATE TOTAL ====0XYGEN==== “NITROGEN”“
~~~~~~~~ LCTATION==m==mm=== MO DY YR .TIME FEFT DFG C KCFS CPEN KCFS PPM SAT PPV SAT
:::::-:::::::::::::::::::::::::::::::::::::.‘:::::::::::‘:::::::::::::::::::::::::n:::::::::::::::::===:====
)OS DAY FOREBAY : .
174 M1 UP CNTR : 7 27 71 1400 33 2042 272 17 25248 1030 114,7 17.90 115.1
IT=N DAY TAILRACE o . : I
172 M1 ON SPILL SIDE 7 27 71 1408 0 20e& 27.2 17 25248 10428 11449 1769 11l4.l
ME ODALLFES FOREZAY . : : - - '
S 1746 T WP CENTER T 27 71 1427 0 0 20e3 | 4345 23 | 241le4 10430 11448 1740  112.0
HE RALLES FOREAAY | -
1/6 VT oUP CENTER .7 27 71 1427 33 2044 4345 23 241e4 9490 11046 17430 1145
=T DALLES TAILRACE ' : ‘ . “
1/2 71 ON SPILL SIDE - 7 27 71 1440 0 2044 43.5 23 24la4 10416 11345 17,70 114,
ONNEVILLE FORESA - ‘ v ; ' -
1/7 MT1OUPR SEILL SIDE . 7 27 71 1507 .0 2045 . 8965 13 . 238+5 . 10620 " 114.2 17640 11243
WONMEVILLE FORERAY ' . : :
172 w1 UP S21LL SIDE 7 27 71 1507 33 2066 895 13 23845 10615 11445 1710 110.6
IDNNEVILLE TAILRACE ’ . )
174 M1 DN S2ILL SIDE 7 27 71 1517 0O 2046 8945 13 23845 11e42 12842 20,00 12944
SLUMATA FIVER .
EREICnTT CENTER T 27T 71 1621 .0  21.0 e -.10.00 1131 1730 11246
',’ BT A A ‘. . , )
ARRINGTCN PT -~ESTUARY 7 27 71 1615 0 202 9¢76 10847 17630 111.3
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Appendix Table 1l.--Continued.
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' ~==HOURLY FLOW==m= -
DATFE NEPTH TFMP  SPILL GATE TOTAL ====QXYGEN==== ==N]ITROGEN=~"
------- LOCATINN========= MO DY YR TIME FEET DFG C KCFS OPEN  KCFS PPM SAT PRM SAT
STDzomEZs === ==========================F=="‘=A,====.=========:============:====;================a=====a====
ITTLE GONSE FARERAY . :
1/4 M1 UP CENTFR 8 10 71 1015 0 2449 0.0 0 32.3 7¢40 9044 la,7C 101.2
ITTLE GNNSF ENRERAY . ' o
174 Y1 U9 CENTER 8 10 71 1015 33 23.8 0.0 0 3243 669 799 14439 9746
ITTLE GOAOST FOREBAY , i o
1/6 M1 UP CENTER 810 71 1015 100 2344 0.0 0 3243 5450 6542
I7TTLE GOOSE TAILRACE ' o : v
174 1 DN SPILL SIDE 8 10 71 1035 -0 2345 0.0 o 32.3 6646 767 14,50 8749
LTOMONUNENT FOTERAY o : . .
174 V1T UD CENTER 8 10 71 1117 0 2445 0e0 -0 3043 7480 9445 14,20 972
w3 MONUVENT FORERAY - | S
174 M1 (2 CENMTER 8 10 71 1117 33 23.7 0.0 O 3043 6470  B0s0 14420 96,1
WRONMONUYENT FARERAY ) - »
Y4 AT UD CEMNTER 8 10 71 1117 100 23.4 0.0 0 3043 he60 8l.6 1519 122.3
e MQNUVENT TATLRACE : '
1/2 M1 ON SPILL SIDE 8 10 71 1130 0 23«7 . 040 0 303 6eb2 79.0 1450 9L.8
C= =ARANDR FORERAY ‘ ‘ ' .
i/ M1 UD CEMTER '8 10 71 1200 0 2647 0.0 0 3445 8650 1073 14420 10C.1}
CF WARROR FOREJAY '
176 MT URP CENTER 8 10 71 1200 33 23,9 Ces0 0 34,5 7.10 8540 lae56 101.6
CF HARPDD ORERAY ) .
174 41 yP CENTER 8 10 71 1200 100 23.3 0.0 O 3445 610 722
CS 4ARROD TAILRACE
172 %1 DN SOILL SIDE 8 10 71 1212 0 23.9 0.0 0 3445 7430 87¢4 14480 1CQ245
GLUMARTA RTVER , , | .
ACOVE MOUTH SNAKE g8 10 71 1220 0 19.8 0.0 5 1060 11740 18432 11541
CNAY DAM ICRERAY
174 %1 UP SPILL SIDE .8 10 71 1236 0 2340 0«0 1 20942 1210 142.3 17400 1l440
CMARY DAV FORFRAY : . ' A
i/4 M1 UR SPILL SIDE 8 10 71 123% 33 215 0+0 1 20942 11610 12648 7.20 11245
CuenyY TAIL?2ACE C '
Lsa M1 DN EPILL SIDE 8 10 71 1251 0 21.C 0.0 1 20942 11,20 12647 1720 112.5
CNARY DAM FORFOAY : . : -
172 %1 P POWFR SIDE g8 10 71 1242 0 040 1 209.2 1.50 17.,2C
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' A\ | ===HOURLY FLOW=~=~ ’

DATE Y DEPTH TEME  SOILL GATE TOTAL ====0XYGEN==== w=N]TROSEN=-
~~~~~~~~ LACATINN ==mm e MO DY YR TIME FEET DFG € KCFS OPEN KCFS PPM SAT PPM SAT
R N N R R R e N R R L T e R E R P R P E R E R R N T N
'CHARY DAM TORERAY o - . ‘

1/4 M1 UP POWFR SIDE 8 10 71 1242 33 2046 040 1 2059,2 10,50 117.8 186420 116.4
'CNARY TAILTACE _

i/4 M1 ON POWER SIDE 810 71 1255 0 2045 0.0 1 20942 1080 12049 17460 11346
INMN DAY FORERAY : ‘ \

1/4 1 UG CNTR 8 10 71 1440 0 2445 040 0 16847 9,20 111l.8 1560 106.8
17N DRY FOREDAY _ )

1/4 M1 UP CNTR g 10 71 1440 33 21.7 040 0 19847 86480 10049 16400 105.3
IN=% DAY TAILRACE : e

1/2 v1 DN SPILL SIDE 8 10 71 1lasg 0 2147 0s0 0 19847 9,08 10441 16430 107.2
HE DALLES FORIRAY : _

1/4 M1 U9 CENTER 8 10 71 1502 0 216 040 0 20145 8,90 101.8 16400 105.1
=E NALLES FORIRAY '

1/4 M1 UPRP CFMTER 8 10 71 1502 33 21.9 0.0 0 20145 8480 10le4 16620 1C6.9
‘T NDALLES TAILRACE ’ :

1/2 M1 DN SPILL SIDE 8 10 71 1510 0 217 0«0 0 20145 8490 10241 16400  105.3
O TVILLFE TORERAY ' ’ : !

1/72 47 UP 321LL SIDE 8 10 71 1538 0 218 77.6 11 2068 9420 105.8 15450 1C2.7
IOVNEVILLE FORTIRAY , 4

1/7 M1 UP S9ILL SIDE - 8 10 71 1538 33 2146 77.6 11 205648 950 108.7 16440 10746
INNNTVILLE TAILRACE o

174 w1 2N SPILL SIDE 8 10 71 1546, 0 21,7 776 11 20648 10482 12441 18496 124,17
TOLUVYETA RIVER '

DRFESCOTT CEINTER '8 1C 71 1710 0 2247 . 920 10746 16610 10744
.O'__L,""-"_))I A : |

HARPINGTOM PT =-ESTUARY 8 10 71 1642 0 23.3 \ 900 10545 16420 1051

8s




