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PO i et

" INTRODUCTION

Duriﬁg the spring of 1972, the National Marine Fisheries Service
(NMFS) undexr contract of the U.S., Army Corps of Engineers continued,

.. for the second year, an evaluation of fish protective facilities for
juvenile salmonids at Little Goose Dam on the Snake River. As in 1971,
emphasis was placed on the diverting, collecting, marking and transporting
young salmomids for release be{ow Bonneville Dam with appropriate control
‘E§1éé$ésfdr'evaluatioﬁ of the operations. A magnétic tag detector with
fish diverter and‘traplwere installed in the fishway at Little Goose|to
obtain tgturning adult fish for data on effect of tramnsport on fish
survival amd ability to ﬁome. Further examination was made on rates,

~ timing and survival of young migrants and on levels of dissolved gases in
the Columbia aﬁd Snake Rivers. This report summarizes progress on these
actions in 1972.
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TRAVELING SCREEN AND ORIFICE BYPASS STUDIES

The three traveling screens operated during 1971 were modified
extensively and tested again in 1972 before and during the spring
outmigration of juvenile salmonids. Permanent inserts were installed
in gatewell orifice 0penings, and fish passage from the bypass system |
was monitored with electronic counters. Methods of improving passage
of fish through orifices were explored and studies continued on source

and extent of descaling of fish in the gatewells.

¥

Traveling screen

During the major period of downstream migration, the three tréveling
screens collectively were in operation 60 percent of the time; at least one
'screeﬁ was in operation throughout the season. This improvement over the
operation in 1971 was largely accomplished by changing the drive mechanism
from a single to a dual system. The best combination of components to date
couples Vickers hydraulic motors (Model 35 M) to Grizzley gear boxes
(Mbdelfégg) uvtilizing a double-strand_roller drive chain. Tests of four
different types of bearing material--Ryertex, MC90l Nylon, Roulon, and

Graphalloy——indicated that Graphalloy was the most durable and caused

less wear or scoring of the stainless steel shafts.

Fish passage through gatewell orifices

Permanent type inserts were developed and installed to replace cleag
plastic types used previously to comvert orifices from a bell-mouth to a
non-tapered design. These inserts were made of i-inch aluminum plate
with a 6-inch opening illuminated from the downstream side by a T5-watt

= \
mercury vapor lamp. A h-inch grating over the openlng prevented large



diaméter debris from entering the bypass pipe. Nevertheless, it was
necessary periodically to inspect the orifices and remove debris that was
preventing or obstructing fish passage.

Automatic fish counters were installed at the entrance to the
raceways of the'fish holding facility, and hourly counts wére obtained |
of fish entering the facility. Comparison of nuhbers of fish counted
indicated that the swtomatic counter ﬁas accurate within 5 percent of

manual counts. Under normal turbine operation, peak daily emigration

from the gatewells occurred between T and 12 p.m. Accumulations of fish

were again noted in the gatewells as in the previous year. These accumilation
presumably result from delays in fish passage through the submeréed ports

and are due, in part'at least, to excessive turbulence in the gatewells.

We noted that sudden increasés in the count of fish at the collection
facility were correlated with the shutdown of one or more turbines.
Shutting down a turbine, of course, results in complete cessation of
turbﬁlence in the gatewells of that unit.

We/%ﬂén designed and instituted a series of tests to reproduce this
.phenomena,. During a 2l-day period from April 14 through May.3, we were
able to record six 24k-hour periods when all three turbines were in
contimious operation. These constitute control days. Also interspersed
in this 21-day period, ﬁere 6 test days in which one of the three

turbines was deliberately shut down for a period of 2 to 3 hours between

12 noon to 3 p.m.



Figure 1 graphically portrays the averaged data for the control and

~ test days. Clearly apparent in the comparison is the marked increase

in the proportion of fish arriving at the colléction facility in conjunction
with thé shutdown of only one of three turbines. The pattern of fish
movement during the balance of thé 2h-hour period on test days

(when all turbines were again operating) conformed fairly well with that
on the control days. Declines in hourly movement on test days (primarily
in the hours immediately following the turbine shutdown period) can be
ascribed to a reduction in numbers of fish available for passage due to
the acceleragted movement of fish from the gatewells in the preceding
period of turbine shutdown. Overall, approximately 50,000 migrants passed
from the gatewells during the control days and 93,500 on the test days.

We then considered méthods f;r reducing gatewell turbulence without
shufting down the turbine. In two series of tests, we modified the
porosity of the vertical barrier screen in gatewell 1B to change the flow
pattern in the gatewell. 1In one set of tests, plywood sheets were
attachea/;; the upper 32 feet of screen and to the lower 16 feet of
screen, leaving about 36 feet of screen uncovered between the panels
(Figure 2). TFor a second set of tests, only the upper 32 feet of screen
was covered with plywood. - .

In the tests where both upper and lower portions of the screen were

covered, water entering the gatewell was reduced by about one-half.

Turbulence in the gatewells was reduced, but the reduction of water

inflow apparently resulted in an inferior fish entrance condition.
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Figure 1,-~Hourly distxibution of juvenile salmon entering
fish collection facility at Little Goose Dam in relation
to turbine operation; control perlod-—Aprll 14-30,
test period--April 24-May 3.
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Figure 2,--Turbine intake gatewell showing placement of
plywood sheets on barrier screen to reduce surface '

turbulence in gatewell,



In the tests where only the upper portion of screen was covered,

flow entgring the gatewell was not reduced significantly. Although
the tests were conducted rear the end of the juvenile migration when few
fish were available, encouraging results were obtained. Turbulence

at the surface of the gatewell was essentially eliminated. The fish
were well distributed and swimming with much less effort than in
adjacent, control gatewells. In addition, passage of fish through the
orifice was enhanced. In view of these results, we recommend that the

upper levels of all vertical barrier screens at Little Goose Dam be

equipped similarly with a suitable non-flow-through material.

Deécaling ’
. The degree of descaling appears to be related to length of time
fish spend in a gatewell. During periods when fish were dipnetted each
day from the wells, the mumber of descaled fish ranged from 2.4 to 8.0
percent of the total removed. When longer intervals of time existed between
'dipnetting/cperations, the percentage of descaled fish ranged from 4.2 to
13.7 percept. .
In the event that impingement on the traveling screen might also be
contribﬁtiﬁg to the descaling of fish, a smali mesh screen was tested
late in the season. There was no evidence that the smaller mesh had an
effect on the incidence of descaling buf the reduction in mesh size
resulted in the deflection of larger volumes of water into the gatewell, thus
increasing turbulence on the‘surface. This turbulence may have counteracted

any benefits derived from use of the smaller mesh by increasing the delay

of fish in the gatewell. TFurther discussion on descaling in other areas of

the bypass and collection system is given in a subsequent section of this

report.



TRANSPORTATION AND HOMING

Progress in the transportation studies at Little Goose Dam during
1972 are summarized in this section of the report.

ObjectivesAof the transportation research were: (1) continue
evaluation of the transportation system by marking and releasing 50,000
chinook as controls at Little Goose Dam and 50,000 as test (transported)
fish below Bomnneville Dam, (2) mark and release 50,000 steelhead at
Little Goose (controls) and 50,000 below Bonmeville (test) to evaluate
the effect of transporting steelhead, (3) on request of the Columbia
Basin Fishery Technical Committee (CBFIC) transport all juvenile
chinook salmon and steelhead trout collected at Iittle Goose Dém to
release locations below Bomeville Dam, (4) test and evaluate fish
facilities used at Little Goose Dam for diverting, collecting, marking,
and transferring fish to transport trucks, (5) determine if large
numbers of naturélly migratiﬁg wild and hatchery stocks of juvenlle salmon
- and steelhead can be transported without excessive mortality, and (6)

determine levels of stress at various stages of handling and transporting. -

General experimental design

Juvenile steelhead and chinook used for.the transPortation éxperiment
in 1972, were divided into 5 groups--3 control and 2 test or transported
groups. One control grboup was marked, transported one hour, and released
about 21 km upstream from Iittle Goose Dam at Central Ferry; a second v
control was marked and transported 6 hours and released at the same location;
and a third control group was marked and released directly into the

tailrace 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 fiom Bonneville Dam; one was at Dalton Pt., i7 km from Bomneville
on the Oregon shore and the other was at the Washington State boat launching
site about 2 km from Bonneville Dam on the Washington shore. In 1972, 1-3
ppm quinaldine was used in the transport truck to par‘tj_g,l]_y ahesthetize
fish destined for release at Dalton Pt.; fish released on the Washington
shore were not anesthetized. 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 the marking periods; the brands

were changed weekly. B -

Evaluation of the survival and homing ability of these groups will
ﬂe based on adult returns to the commercial and sport fishery, Little Goose
Dam, and the spawning grounds; A magnetic tag detector 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. Limited recovery

T

effortsrprecluded an evaluation on survival of juvenlles to the estuary

during the transport experiment. |
Evidence in 1971 suggested that cumulative stress may have occurred

in fish during passage +through the collection and bypass system and in

transportation. To provide some information on the degree of stress

occurring sequentially in the bypass and transportation process, three

" groups of juvenile chinook vere markéd and released subsequent to .

capture at the following points in the system: (1) from a gatewell



without a traveling screen, (2) from a gatewell with a traveling screen,
and (3) after passage through the bypass pipe, upwell, sorter, and
marking operation. These fish were then released upstream from Little Goose
Dam at éentral Ferry. The experiment was evaluated by comparing the number
of fish from the various groups recaptured at Little Goose and Ice Harbor
Dams.

In addition to evaluating stress by comparing recaptures of fish
in relation to their exposure in the system, blood glucose and urea levels
were analyzed from six groups of Jjuvenile chinook salmon twice during.
.the migration period. Fish were obtained from the following locations:
(1) gatewell with traveling screen, (2) gatewell without traveling ‘
screen, (3) counter tumnels (after passage through sorter), (4) holding
box after passage through pump, (5) exit of marking building (before
entering transport truck), anﬁ (6) release site. The percentage descaling

was also compared among groups 1, 2, and 3 as an additional stress

indicator.

A"fﬁrther experiment was also conducted t§ determine whether the
duration of time spent in the transport truck reduced sﬁrvival after
release. In this experiment comparisons of recoveries of marked fish
transported either 1 or 6 hours were agalin made from collections at

Little Goose and Ice Harbor Dams.
Mortality during transport and delayed mortality measurements were

compared among all groups transported downstream. These comparisons

included high vs low density loads, anesthetized

and marked vs unmarked, In these comparisons, a high density load was 1.0

pound or more fish/gallon of water; low density was usually %—pound fish or

less/gallon of water.
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Collection, marking, and transport procedures

Juvenile salmon entering the gatewells were collected either at
the end of the orifice bypass system or on occasion in the gatewells b& use
of a specially designed dip net. Fish obtained with the gatewell net were
used only in4the release and recapture experiment for determining stress
levels. Fish entering the orifices from gatewells continued on through
the bypass pipe (Figure 3) to the holding area downstream 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

Athét most of the Jjuvenile 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. Each.of the remaining fish was cold-branded with

‘liquid nitrogen (Mighell, 1969), the adipose fin was ex¢ised, and a

magnetic wire tag (Jefferts, et al., 1963) was inserted in the snout.

Before discharge into the transport 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.. Ioad densities were governed by the
sizé of the daily catch and.ranged as high as 1.5 pounds fish per

gallon. - All fish were transported in a 5,000-gal capacity truck with

‘aeration, refrigeration, and filtration.

™~
~ :
4 . . 7



Figure 3,--Fingerling bypass transport pipe (arrow)
and raceways for holding juvenile salmon and
steelhead at Little Goose Dam,



Water chemistry measurements were made at the time of release for
each 1oad‘of fish transported. Concentrations of ammonia, nitrogen,
Adissolved oxygen, carbon dioxlde, pH, and total alkalinity were recorded.
Most reieases were made at dusk. Records of mortality were kept during
marking and at time of release. Delayed mortality of transported groups
was also determined by holding samples of fish from each load in cages
for 48 or more hours at Bonneville hafchery in the Tanner Creek bypass.

Fish obtained with the gatewell net were marked in the same manner
as those marked for the transportation experiment--i.e., a wire tag, .
brand, and adipose clip were used. Blood samples were obtained from
fish taken in gatewells (with and without traveling screens) and in the
holding area; blood glucose and urea values were determined by Scientia
Tebs ﬁsing a technicon SMA 1260 AutoAnalyzer.

-Percentage descaling of fish obtained at the three locations was
determined during the marking process. Any fish with over 10% visible
descaling was recorded as a descaled fish. No further refinement of

o~
descaling categories was made.

Results

Marking and transport

Results of the transportatién experiment at Iittle Goose Dam in 1972

are limited primarily to emumeration of the marked experimental groups

TV—L(Table 1) and the unmarked groups (Téble 2) that were released at the °
control and test sites. Evaluation of the éffect of transportation on
survival and homing ability will be made upon return of the adults in

'1973 and 1974k. Results of experiments designed to determine levels of

stress at various stages of'handling and transport were based on data

/3
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Table 1 Summary of marked juvenile chinook and steelhead by '
_'release group, Little Goose Dam--Spring 1972,

Marking Release  Brand Positionl/
Period Site and Symbol Chinook ‘Steelhead
" March 4-April 6 Central Ferry2/ IA-1S 4401 333
April 10:14 " ‘ A 2162 936
April 11 o 1a_ X 17i8 669
April 17-23 oo IA-S ) | Lh65 533
April 24 B 1A- D . 2309 '; 3796
" April 27-May 7 "o -1 A 5397 2812
May 8-15 " ) IA-TS 4665 | 6955
May. 16-21 - " . LAY 5780 7332
May 28-30 omg " st20 gkso
Subtotal ~ 36,626 32,811
April 4-9 Central Ferryd IA- |C 3396 o
April 101k " - 5 | 5200 796
~ April 15-23 S R LA- O 4465 ' T4O
* April 2b e me U a3 3359
iApmil 28f§§& 5 oo LA- | LY 8703 2872
May 9-15 | " o La- S 3217 - 2636
May 17 " « O I 1252 3322

Subtotal 27,206 13,725

FE/LA, RA indicate, brand positions; i.e. left anterior, right anterior.

2/

ish transported 1 hour in tank truck before releasing.

é/Fish transported 6 hours in tank truck before releasing.

o

-
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Pable 1  continued.
Marking Release , Brand Positionl/

- Period Site and Symbol  Chinook Steelhead
| March 31-April 6 Tgilrace Little Goose LA=-J1 1665 128
April 10-23 o w M sor2 582
April 24-30 m " A=) 527 3008
May 1-7 e 14-9) 595k 4230
May 8-15 " " v LAl 2013 LT

" May 16-21 n L 7 W - I T3 £ - hoo1
. . Subtotals 16,842 19,886
March 30-April 6  Dalton Pt. RA- |5 5,137 | 16
aprizi0 v meg, 88 sE
April 17-23 .o . RA-F| 16,677 2,221
April 24-30 weooow ) RA-+> 9,93k 7,078
May 1-T | L RA- | N 6,1k 6,832
‘May 8-15 S RA- .‘Z’ 7,140 860
" May 16-21 L ra- N1 4,319 5,47k
’ o Subtotals 57,477 23,062
March 28-April 6 Bonneville ' RA- |V Lo8L k’ 235
April 10-14 n o RA-Z 9028 952
April 17-23 om ‘ Ra- Al 154589 1770
' April 24-30 " ~ . RA- Z 10,483 | 8,49
May 1-7 L RA-|T 2,892 5,17k
Kay 8-15 " - RA-Tj 11,179 2,129
May 16-21 o RA- .Ll- 1,126 2,488
May 22-30 o rA- = 5,998 6,405
s ., Subtotals 61,279 27,602
+#7 - Grand Total 199,430

117,086 -



A

Table _2  Numbers of unmarked Juvenile chinook and steelhead collected at
Iittle Goose Dam and transported to release location downstream from
Bonneville Dam--Spring 1972.

Release ‘
Date ] : Site - Chinook Steelhead
April 18 Bonneville Boat Launch . 2,000 -
April 2430 o " " 14,850 5,983
May 1-T - e 15,600 25,861
May 8-15 ‘ " wooom 107,411 86,700
May 16-21 , " " " | 7,000 8,560
May 22-31 "o " 5,278 4,693
June 1-8 : " " " 3,506 3,100
. Subtotal 185,645 134,837
April 19 Daltbn Point - 1,980 -
April 2L4-30 oo - 2,1;93
May 1-7 m_ o | 9,950 6,590
May 8-15 | oo 48,581 25,626
May 16-21 RS - e
May 2231 v B —
June 1-8 oo - 7,895 6,977
Subtotal 68,406 41,686
Grand Total 254,051 176,523
' .. .
- e
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obtained from Juveniles; these are discussed along with preliminary data
obtained from returns of Jack chinook and steelhead from the 1971
experiment.

A total of 199,430 chinook (80,6Tk controls, 118,756 test) and
117,086 steelhead (66,422 controls, 50,644 test) were marked for the

ILittle Goose experimental groups (Table 1). Approximately 254,000

‘chinook and 176,000 steelhead were transported ummarked (Table 2).

Additional transport of fish from Ice Harbor Dam was omitted this year
because of high delayed mortality experienced with fish taken from ﬁhat
site in 1971. The grand total of fish handled at Iittle Goose in 1972 was

about 900,000; gbout 150,000 of these involved fish that were returned

directly to the river at Little Goosé Danm and were not included in the
evaluation of the transport operation.

More unmarked fish Were.transported downstream than originally

-planned due to evidence that perforated bulkhead gates in the skeleton

bays were causing substantial mortalities of Juvenile migrants. On May 12,

after a meeting of the Columbia Basin Fishery Technical Committee, the Corps

-

of Engineers removed the bulkheads and NMFS was requested to transport all
steelhead and chinook that were available in the collection facility of
Little Goose Dam. Additional unmarked fish were also transported to
determine effects of load density on survival. As a result, approximately
600,000 marked and unmarked steelhead and chinook were transported and

released downstream from Bonneville Dem. The predetermined number of

fish marked per experimental group also was exceeded in all cases.

Return of jacks from the 1971 experiment

Although final evaluation of the effect of transporting juvenile chinook

and steelhead cannot be made until all adults have returned from the ocean
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following 1 to 3 years residence, returns of jack chinook and l-ocean
steelhead from the 1971 experiment provide an indication of the possible
success of that oﬁeration. To date (November 5, 1972),21 spring chinook
and 316’steelhead have returned‘to Little Goose Dam from those released

in 1971. A comparison of returns from test and control groups indicates
that survival of the transported groups was increased more than 50

percent. Tf these data follow the pattern indicated in earlier experiments
at Ice Harbor, final returns from the 1971 experiment at Little Goose

(to be based on returns of adults in 1972, 73 and T4) should result in

an overall improvement of 100 percent or more in the survival of transported
groups. This is predicated on evidence that tran5port/control ratios are
higher for 2- and 3-ocean fish than for Jacks. At any rate, the recent Jjack
returns indicate substantial numbers of adult éhinook and steelhead should

be returning in 1973 from the 1971 transportation experiment.

Transport and delayed mortality

Since a successful transPortation system would require handling and
transporting large numbers of steelhead and chinook without excessive
mortality, particﬁlar attention was centered on determining where injuries
énd stresses may occur in the handling and transporting system. We were
especially concerned with the delayed mortality that occurs after release
éf the fish since it probably reflécts the sum of all thé stresses

occurring in the system.
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Mortality observed at the time of release of the transported groups
indicated an overall average of 0.57% for chinook and 0.47% for steelhead.
This loss is lower than shown last year for chinook (0.87) but higher
than that shown for steelhead (0.16). Samples of fish from each load
were held for L48-T2 hours at the Bonneville hatchery to determine
delayed mortality. A comparison of delayed mortality of fish treated

differently in the system was possible this year and included (1) marked

‘and urmarked chinook, (2) marked and unmarked steelhead, (3) high
~density vs low density loads, and (4) partially anesthetized and

unanesthetized chinook.

Delayed mortality of marked _st{gg.fl._he_acﬂl“ranged from O to 4.0% with an

overall average of 1.4%; delayed losses in marked chinook ranged from O to

26.0% with an overall average of 10%. Average delayed mortality of

-unmarked steelhead was 0.85%, slightly lower than delayed mortality of

marked steelhead. Average delayed mortality of ummarked chinook was

12.2%, slightly higher than that of marked chinook. _The higher loss

among urimarked chinook may be explained by the fact that descaled or
injured fish were removed from the marked groups but not from the unmarked
ioads as these fish were pumped directly into the truck. Thus it appears
that the higher than expected delayed mortality of the ummarked chinook
resulted from injured or descaled fish that had not beeﬁ removed during the
loading process and subsequently died in the holding cages aft’er

transport. Steelhead, on the other hand, can apparently withstand injuries
and descaling far better thr;m chinook. This species was handled in the

same manner as chinook (i.e., no removal of injured and descaled fish in

the urmmarked loads), yet delayed losses from loads containing injured and

~



descaled fish (unmarked groups) were essentially compsrable to those

among groups lof marked steelhead from which injured fish had been
removed.

A ;omparison between high and low density 1oads‘of chinook indicated
that average delayed mortality in nine high-density loads was T7.4%, lowér
than that for low density loads of either marked or unmarked chinook.

Average transport mortality of these high density loads was 1.3%, slightly
higher than the overall average of the low density loads (0.57%). The
lower delayéd mortality among.the high density loads of chinook is unexplained

at this time. No significant difference was shown between delayed

mortality of high and low density loads of steelhead trout.

Average delayed mortality of 16 loads of marked chinook not
‘anesthetized was 13.7%; mortality in 13 loads of partially anesthetized
‘ fish.was T,O%, indicating a potential benefit from use of anesthetic.
Variability in the results was high, however, and further studies are

needed for verification. — L

e

Iﬁ/should be noted that delayed mortality among chinook was reduced
from an average of about 23% in 1971 to 10% in 1972. We feel that this
reduction was obtained by removing all injured and descaled fish from the
experimental groups before marking in 1972. Thus, iiuapﬁeéfsmtﬂaﬁ;if;h
injuries and other stresses to the fish can be eliminated in the collectibn
and transport system, the delayed mortality can no doubt be even further
reduced. This conclusion:-is substanﬁiated by subsequently described stress
experiments wherein rate of recapture and blood chemistry of the fish are

compared in relation to various stresses encountered in the systen.

.»-"
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Descaling and stress

Daily records of the percentage of descaling indicated that about 16%
of all chinook salmon entering the marking facllity at ILittle Goose Dam
bore some measure of descaling. Of this total, about 4% of the chinook

apparently were descaled before entering the turbine intakes, an additional

L4 was associated with the traveling screens or hydraulics in the

gatewells, and about 8.8% occurred as the fish passed from the gatewells
through the orifice, bypass pipe, collection area, and pump into the
marking building. .

Recovery of marked fish and blood chemistry are discussed below in

relation to the degree of stress encountered by fish in various areas of

the bypass, collection, and transportation system.

Recovery rates at Little Goose Dam of Jjuvenile chinoock salmon
released at Central Ferry following different exposures in the bypass
system are presented in Table 3. (Comparable recovery rates were also
observed at Ice Harbor’Dam)1‘mThesemrecoveriesmindicate no substantial
differeﬁégﬂin survival among the three groups.

Blood glucose and urea levels measured from the aforementioned fish
and additional groups in the handling sequence (Figure 4) indicate an
increase in stress after marking (Group 4), but no significant difference
in stress among groups taken from the gatewells (Groups i and 2) and after
passage through the bypass (Group 3). An additional increase in stress was
in fish foilowiﬁg transport (Group 5). N o .
A further experiment to determine whether the duration of transport

significantly affected:survival‘of fish after release again indicated that

the increased stress noted in blood chemistry was not

2./
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TABLE 3.~-Comparison of recoveries of three groups of Jjuvenile chinook

A

salmon released at Central Ferry and recaeptured at Little Goose Dam,

April-June 1972.

Group I was dipped from gatewell with traveling

screen; Group II, dipped from gatewell without a traveling screen;
Group IIT from facility after passing through collection system and
marking procedure.

Group 1
Date Number Numper Percentage Dates of
released released recaptured recaoture recaptures
3/30-k4/5 1,966 181 9.2 4/4-5/9
4/10-k4/14 1,834 139 Te5 L/12-6/1
. W/17-L/21 2,000 264 13.2 W/17-5/17
L/25-L4/28 1,583 3k1 21.5 L/27-5/30
5/3-5/5 1,000 36 3.6 5/8-6/6
5/8-5/12 2,257 51 2.2 5/12-6/8
5/16-5/19 ko8 * 13 3.1 5/18-6/8 -
Totals 11,048 1,025 - --
Cumilative e -
| BVEYBZE s e+ s e s o s e e o o s o o o e o 9.2
Group II
3/30-4/5 Th1 75 10.1 4/3-5/3
L/10-4/1k 1,705 202 11.8 b/17-5/12
L/17-h/21 3,000 355 11.8 4/17-5/25
. bf25-l/28 2,000 137 6.8 4/27-5/30
5/3-5/5 11,830 75 b6 1 5/8-6/6
- 5/8-5/12 - 2,000 50 2.5 5/11-6/6
5/16-5/19" 1,100 50 4.5 5/22-6/6
Totals 12,376 9kk —_— —
Cumulative K
BVETBEE « « o o o o o o o e e e e e e e 7.6
. Group III
3730-L/7 4,401 280 6.4 4/3-5/1
k/10-k/1k 2,369 238 16.3 4/26-5/16
4/17-k/21 ¥, 465 523 11.7 4/20-6/8
4/25-L4/29 . 2,162 27h 12,7 1/13-5/19
5/1-5/6 5,376 275 5.1 5/1-6/6 .
5/8-5/13 L, 465 . 216 4,6 5/10-6/8
- 5/15-5/20 4,786 31k 5.4 5/22-6/8
Totals - 29,024 2,120 - --
Cumulative S -
BVerage . -.-. s o e e e e T.3
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LOCATION OF FISH SAMPLES

Figure 4,--Urea and glucose concentrations in juvenile

chinocok taken sequentially at five locations in the
diversion,“bypass( and transportation operation of

Little Goose Dam, April, 1972, Location: (1) gatewell‘
with traveling screen, (2) gatewell without screen,

(3) separator counter tunnels (4) after exit from marking
building, (5) release site after transporting,
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reflected inm the recovery rate (survival). Comparisons of recovery
rate (Table L4) of juvenile chinook and steelhead trout marked at Tittle Goose
Dam and transported €ither 1 or 6 hours and released at Central Ferry,
inﬂicatéd a slight difference in recovery rate among collections at

Iittle Goose but no difference in recovery rate at Ice Harbor. Thus, we
feel that the stresses indicated by increases in blood glucose and urea
were not serious enough to cause changes in the rate of survival. The data,
however, seem to indicate that the factors such as injury and deséaling

are of primary importance and.if these are eliminated, the major cause of

mortality will be eliminated.

General observations of fish diversion and collection system

In general, the holding and handling facility at Little Goose Dam

functioned satisfactorily. The fish grader was modified this year to
eliminate a portion of the debris problem, but further modifications will
be needed. TIumprovements made in the electronic counting system increased
the accq;gcy'and no further modification of ﬁhis portion of the system is
contemplated. We anticipate that some changes will be made in the design
of the coilection and bypass system to alleviate descaling and injury to
fish. For example, we determined that debris does lodge at the Juncture of
the orifice pipe and the main conduit where a 90-degree turn exists. Iong
sticks apparently jam at these points and cause descaling and injury when
fish pass this area of the bypass. The debris must be removed before nex§
spring'and a method of preventing the longef debris from entering the

orifices must be devised. We also noted that the longer sticks tend



parison of recoveries of juvenile chinook salmon and steelhead trout marked at Little Goose Dam and transported either
6 hours and released.

RECOVERY LOCATION

ed: | Little Goose Ice Harbor
Chinook Steelhead : Chinook Steelhead
Numbers  Numbers Percentage Numbers  Numbers Percentage Numbers Percentage Numbers Percentage

Marked Recaptured Recaptured Marked Recaptured Recaptured Recaptured Recaptured Recaptured Recaptured

4,401 280 6.4 333 41 12.3 37 «8 8 2.4
2,162 274 12.7 936 237 25.3 70 3.2 52 5.5
4,465 523 11.7 533 144 27.0 151 3.3 31 5.8
2,309 238 16.3 3,796 759 20.0 45 1.9 71 1.8
1,748 273 15.6 664 190 28.6 50 2.8 43 6.4
5,376 275 5.1 2,812 301 10.7 59 1.0 37 1.3
4,665 216 4.6 6,955 462 6.6 22 4 104 1.4
5,780 314 5.4 7,332 450 6.1 43 .7 144 1.9
5,720 230 4.0 i 9,450 1,132 12,0 41 7 277 . 2.9
36,635 2,623 - 32,811 2,584 - 518 . - 767 . -
L o L ] L] L] L J - ® o - L ] * 7.1 L J - L] L J L] . L] - L - o * 7.9 L] L] L] - L] - 1.4 - - L] . - - 2'3
ed: |
3,396 433 12.8 0 0 0.0 62 1.8 0 0.0
5,200 718 13.8 796 244 28.0 187 3.5 39 4,8
4,465 625 14.0 740 153 20,7 119 2.6 37 5.0
913 120 13.0 3,359 533 15.9 12 1.3 58 1.7
8,703 - 397 4.6 2,872 418 14.6 - 118 1.3 44 1.5
3,277 ' 168 3.3 2,636 132 5.0 10 3 28 1.0
1,252 41 3.3 3,322 224 . 6.8 11 .8 75 2.2
27,206 2,502 == 13,725 1,704 - 519 - 281 -
e e o © © » o 0O o o;O‘jo 9.2 * © » o o o .‘ » @ o e o 12-4 e o e o o 109 ® © o © & ' @ 2-0
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to lodge in the intgke of the fish transfer pump. This problem has
been solved by installing a plexiglas section with a quick coupling in
the intake. Now any debris can be quickly detected and removed.

Altﬁﬁugh bypass systems incorporated in the recentlyfconétruétedv T
Iittle Goose, Lower Monumental, and John Day Dams utilized the moét
advanced knowledge available at the time of construction, it 1s apparent
from our observations at Little Goose bam that the enclosed conduit system
" can create several problems where fish and debris must travel through
relatively inaccessible orificesAand pipes. Removal of debris from
entrances to the orifices can be accomplished by hand, but once the
material passes into the closed system, blockages must be removed
by other means. In these instances, virtually the only access to the debris
is thréugh the 6-inch orifice where the blockages are nearly impossible to remove
without & major shutdown of either a turbine or v whols bypass system. Ve
believe the open system recommended for Lower Granite Dém will eliminate
the majority of debris probiems at that site,but solution of the descaling
and injuf&Tbroblems due to debris in the closed system at Little Goose
(and quite . possibly at Lower Monumental and John Day Dams) obviously must
be achieved by other means. Action should be taken before next spring's
migration to assure that existing debris is removed and that subsequent
periodic checks are made to maintain a debris-free system during the

downstream migration. Effort also should be expended on devising methods

of preventing debris from entering these systems.
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DISSOLVED NITROGEN IN THE COLUMBIA AND SNAKE RIVERS WITH
OBSERVATIONS OF EFFECTS ON STEELHEAD AND CHINOOK

Monitoring of the dissolved nitrogen levels in the Columbia and Snake
Rivers was continued in 1972 to determine (1) effects on nitrogen levels
of changes in flow distribution that would result from additional
perforated bulkhead gates at dams in the Snake River, (2) relation of
flow and load control to nitrogen levels, (3) effect of the prototype
spillway deflectors, and (4) effect of prevailing saturation levels on
survival of Jjuvenile and adult steelhead and chinook migrants. The

following summarizes data collected and analyzed to date.

Méthods

Methods used for collection and analysis of the nitrogen samples
in 1971 wefe similar to those reported by ﬂMFS in 1971 except that five
additional stations (Appendix Table 1) in the Snake River drainage were
sampled. Nitrogen data listed in the tables and figures contain the
argon ffégfion in air.

The saturometer developed by Welss was also tested. Data obtained
with this instrument were compared with values obtained by use of
sampling and analysis techniques déscriﬁed by NMFS in previous years.

Effects of nitrogen saturation levels on fish were based on
techniques similar to those used in 1971l. Fish holding tests conducted
in previous years were not repeated,'however, in 1972. Daily observations
of gas bubble disease symptoms in juvenile steelhead and chinook arriving

at Ice Harbor Dam were recorded from March 30-Msy 1, then periodically



) individtgl, samples were taken in 1972.

2%

thereafter. Pofulation estimates based on recapture of marked groups
from upstream locations were continued. These are given in another
section of this report.

Information on the condition of mature adults will be based on data
froﬁ.ﬁapid River hatchery and spawning ground surveys made by Idaho Fish
and Game and the National Marine Fisheries Service. These data are
incomplete at this time, but preliminéry observations indicate that

prespawning mortalities were much lower than last year.

Results

Nitrogen concentrations and effect of perforated bulkheads and flow

control

Forebay (10 m depth) and tailrace (surface) concentrations of
dissolved niﬁrogen for 1971 and 1972 on the Columbia and Snake Rivers
are compared in‘Figure 5. A@pendix Table 1 gives the oxygen and nitrogen

concentration, location, temperature, depth, and flow at the time the

Nitrogen concentrations in the Snake River were considerably lowér
in April énd eariy May of 1972 than in 1971 even though flows were nearly as
high as those measured in 1971. ILater in the season flows were higher
than in 1971. The lower dissolved gas levels in 1972 were due to the
operation of the perforated bulkheads. In 1971, flows at Little Goose
Dam during the April 6 to May b surveys ranged from 99,700’£6'1§9;6OQ:€EQ;
concentrations of nitrogen and argon exceeded 130 percent‘saturation.

Puring the same period in 1972, flows ranged from 78,000 to 133,000 cfs
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and nitrogen concéntrations remained below 110 percent saturation.

On about May9,1972, a substantial number of dead juvenile chinook
and steelhead were observed below Little Gooée‘Dam, and an emergency
meeting was held by personnel from fisheries agencies and the Corps of
Engineers to examine the available data. On the basis of information
available ét that time, a decision was made to close some of the gates
pending further study concerning the ﬁagnitude of these losses. By'
May 23, sufficient information was avallable to indicate that the
losses were caused by the per{orafed bulkheads, and that mortaiity
probably exceeded that which would occur from gas bubble disease. The
Corps was then requested to remove from operation all perforated
bulkheads. Nitrogen concentrations on the Snake River immediately
dincreased to a range of 125 to 132 percent because water that formerly
passed thrgugh the bulkheads was diverted to the spillways. Concentrations
returned to comparatively low levels after re-installation of the gates
in early June. ILevels between Little Goose and Ice Harbor Dams remained
below lEE/bercent even though mean daily flows in the Snake were near
150,000 cfs. By August 1, concentration in both the Columbia and Snake
Rivers were no higher than 114% saturation except in the Bomneville
tallrace which was 132 percent.

Concentraﬁions on the Columbia River were also comﬁaratively low
until the May 23 survey. By that time, flows on the Columbia had
increased to nearly 500,000 cfs which resulted spills of over 300,000 cfs.
Prolonged spilling continued throughout June and July, and nitrogen
concentrations from 125 té 135 percent were common in the Columbla until

Aﬁgust 1 even though the bulkheads were re-installed in Snake River Dams

~N

by June 10. T

%2



¥Flow and load control measures were undertaken by the Cérps of
Engineers again in 1972 to reduce dissolved gas conéentrations during
the time when majér releases of fish were planned from the lower Columbia
Ri#er h;tcheries. Flow control began on April 24 and comtinued through
April 28. Flow on April 24 was reduced at Bonneville from 268,100 to 1Tk,
900 efs. Average nitrogen concentration measured at Prescott, Oregon,
(Table 5) was reduced about 5.6 percent during the flow control period.
The most dramatic reduction in nitrogen concentration occurred below
McNary Dam; concentrations before flow control (Figure 5, see 4/11 and
4/25) exceeded 125 percent saturation, but during flow control levels

did not exceed 110 percent. In addition to reducing the overall nitrogen

level, a marked increase in adult passage at Bonneville Dam occurred

during the period of flow control. TFive days prior to flow control,

passage ranged between 5 and 9,000 chinook salmon a day. During flow
control, passage ranged from T to 19,000, more than a 100% increase over

the previous period. Whether this increase was the result of flow control

o

or mefély the natural peaking of the run (normally occurring in late

April) is unknown at this time.

Effect of prototype flow deflector on nitrogen concentrations

Several tests to determine the effect of prototype flow deflectors
at Tower Monumental and Bomneville Dams on nitrogen concentrations were
conducted this year. Analysis of the Bonneville data will be included

in a detailed report by Mr. Tervooren of the Portland district of Corps

of Engineers; our snalysis of the data obtained at Lower Monumental

. follows.
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TABLE _5 .--Average concentrations of dissolved nitrogen before, during

‘and after flow control in the Columbia River at Prescott, Oregon.

DATE NITROGEN Mean Dajly Flow at Bonneville
-~ Percent Saturation (KCFS)

BEFORE FLOW CONIROL

April 17 114.4 : | 312.3
" April 18 113.4 | 312.5
. April 19 116.0 : 290.8
April 20 115.7 : 263,2
April 21 111.8 | . 268.1

Average 114.2

| 1

DURING FLOW CONIROL

April 24 111.5 ‘ . 174.9

April 25 106.7 , 189.6

April 26 105.4 ' ' 196.8

April 27 108.3 ' 190.7

April 28 - 110.0 o : 193.8
Average 108.6

| - AFIER FLOW CONTROL
May 1  109.8 ' S 275.8

May 2 . 113.0 o 262.6
May 3 115.4 ' : 282.2
May & : 114.5 S 270.8

May 5 ' 117.3 R 260.2

- Average 114.0
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Data on concentration of dissolved gasseé were obtained on four
occasions at Lower Monumental Dam from April 3 to June 21 when tailwater
levels ranged from eievation L4h2.3 to 4ikh.5 and forebay gas concentrations
ranged from 103 to 112% saturation. Analyses were made of water samples
taken (Appendix Table 2) below spillway bay 2 (equipped with flow
deflector with dentates), and spillway bay 3 (without flow deflector).
Data obtained on May 10 were omitted”in the final analysis Because the
sampling procedure was altered and mixing occurred between the test
spill bay with deflector and the control spill bay without deflector.

Figure 6, constructed from data obtained on April 3, illustrates
the effectiveness of the spillway deflector at three flow volumes from

4,600 to 14,900 cfs. The most dramatic reduction occurred at the

‘4,600 cfs discharge. The highest concentration recorded in samples taken

below bay 2 with spillway deflector was 16.9 ml/i nitrogen (109.7%

saturation); in samples taken below bay 3, the control bay, concentrations

reached 20.3 nitrogen (131.8% saturation). Data collected on the other

‘dates sﬁaa’similar results, indicating the deflector will substantially

reduce nitrogen concentrations regardless of tailwater depth or nitrogen
concentration in the forebay.

A pictoral representation of the effect of the deflector on

"tailwater flow is shown in Figure 7. This photo was taken at Lower

Monumental during the time when the tests were conducted. The highly
aerated flow is obviously spread out over a wide area, thus reducing
the plunging to depths where high hydraulic pressures produce the high

nitrogen concentrations by forcing the entrained air into solution.
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Figure 7,--Spillway discharge at Lower Monumental Dam
showing surface spreading of water passing over the
spillway deflector,




Comparison of sgyturometer with gas chromatograph

On 7T separate occasion= from April 3 to July 18, 1972, the
saturometer value in percentage saturw*ion of total gas ﬁas compared with
the value obtained from the same location and at tuc came time by use
of the ;hromatograph as the analytical instrument.

The average overall difference’in percentage saturation total gas
of these 7T comparisons was -0.88%; i.e., on the average the saturometer
read 0.88% lower than the chromatograph. The maximum difference noted was
8.50 percent. The mean difference in total gas pressure in termé of mm

mercury was 9.20.

Effect of nitrogen supersaturation on fish

Percentage of fish with symptoms of gas bubble disease was recorded
from samples of steelhead trout and chinook salmon captured in gatewells
at Ice Harbor Dam. These observations are used as indicators of the
effeétvof nitrogen concentrétions on the fish populations migrating
downstream in the Snake River. Between March 30 and April L4, 10 to 15
percent of the chinoock and 10 to 40 percent of the steelhead examined had
obvious symptoms of gas bubble disease, but after that period when the
perforatéd bulkheads were installed no symptoms were observed. On about
May 30, after a portion of the bulkheads had been removed from operation,
symptoms began occurring and by May 26, virtually.loo vercent of the
fish examined had gas bubble disease.

It was interesting to note that observers at Ice Harbor Dam.indicatgﬂ
that the fish were in generally excellent condition during the time when

the bulkheads were in operation and that very few of the individual fish
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examined at Iée Harbor had injuries tnst might have been attributed to
~ damage from passage through ihe slotted gates. Thiz suggests that the
majority of the injured or weakened fish succumbed before reaching Ice
Harbor ﬁamJ

We expected that symptoms of gas bubble disease might also begin
appearing in adult stlmon arriving at Little Goose after May 23. Therefore,
all tag recoveries and other fish inadvertently captured in the adult trap
at Idttle Goose Dam were examined for symptoms. Only two salmon of
apgfoximately 100 examined, hgwever, had obvious symptoms of gas bubble
disease.

Reports from Idaho Fish and Game personnel regarding the numbers of
fish taken in the sport fishery and observed on the spawning grounds ranged
from below average to above average. Reports of condition of fish on
spawning ground and in Rapid River Hatcheryl/indicated that fish were in
better condition than noted for several years. Apparently, the lower gas
levels achieved withrthe»slotted gates, coupled with flow control measures,
enabled<éﬁé recent spring and summer runs to rqach the spawning grounds
in much better condition than those observed during the past several
years. Numbers of adults arriving at'Rapid River hatchery were above
normal but percentage return, based on number released, was 0.44%, or

about the same as last year.

1/ Verbal communication, Terry Holubetz and Evan Parish, TIdaho
Fish and Game.



No live cage tests were planned this year because 1t was expected
that concentrations of dissolved gases would remain low due to the
operation of the perforated bulkheads and that 1little mortality would be
expected from supersaturafion of atmospheric gases.

Although difficulties were encountered this year in attempting to
solve the problem of supersaturation of atmospheric gases, we feel
that considerable progress has been made through continuing cooperative

efforts between the Corps of Engineers and the fisheries agencies.
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TIMING, TRAVEL TIME, AND SURVIVAL OF JUVENILE CHINOOK
AND STEELHEAD POPULATIONS MIGRATING IN THE SNAKE RIVER

Method

Timing and survival measurements of juvenile chinook (as in 1970 and
1971) wére based on recoveries ét Ice Harbor Dam of fish collected, marked,
and released at Riggins, Idaho on the Salmon River. Marks were changed
every 3 days to obtain a measure of timing and differences in survival
throughout the outmigration. Additional data were available from releases
of marked fish at hatcheries and in the forebay and tailrace of Little
Goose Dam. Numbers of fish marked at individual locations and subsequently
recovered at Little Goose, Ice Harbor, McNary, and The Dalles Dams are
given in Table 6. e

Estimates of survival of chinook salmon migrants are based on a
éomparison of the observed recovery of the variéus groups of marked fish
released at Riggins with the expected recovery percentage based on
independent experiments involving release and recovery of marked fish at
Ice Harbor Dam. The resulting survival percentage was then compared to
pre-dam'(i§66-68) estimates tvobtain a relative measure of the difference
in survivel between pre- and post-dam periods. Use of the relative survival
index represents a departure from the method used in previous years when
absolute values of fish losses were estimated.

Assessments of steelhead nigrations from the Salmon Rivef were

impractical due to the low capture efficiency of this species at Riggins.

Other detail on timing of steelhead at Ice Harbor and on population estimates

at Little Goose and Icé Harbor Dams was obtained from sampling and marking

programs at these sites.

2/




Table 6, -~Number of fish marked and subsequently recovered
at Little Goose, Ice Harbor, McNary, and The Dalles Dams.
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No, recovered %/

Little Ice The

Release area Species  No. marked Goose Harbor McNary Dalles
Riggins (wildi Chinook 75,000 2,826 696 158 52
Rapid River (hatchery) Chinook 200,000 6,909 452 5 15
Kooskia (hatchery) Chinook 50,000 2,875 318 2 1
Hayden Creek (hatchery)gf Chinook - 50,000 21 26 0 0

Pahsimeroi (hatchery)2/ Chinook 50,000 | 3 16 0 o
Lochsa (hatchery) Chinook 100,000 //” 2,083 185 0 6
Hayden Creek (hatchery) Steelhead 50,00?// 54 10 0 0
Pahsimeroi (hatchery) Steelhead so,ood 168 42 0 0
Little Goose forebay Chinook 36,00@ 2,623 518 211 32
Little Goose forebay Steelhead 33,00& 2,584 T67 122 5
Little Goose tailrace Chinook 17,000\\ —_— 418 171 13
Little Goose-tailrace Steelhead 20,000 — Lol 130 8
Ice Harbor forebay Chinoak 31,000 — 1,047 327 63
Steelhead 11,000 -_— 260 8L 2

Ice Harbor forebay

l/ Collection facilities at Little Goose operated spring only, Ice Harbor operated

all year, and McNanyand The Dalles operated spring only.

2/ Fall releases, 1971.
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Chinook Salmon

Timing and Travel Time

The outmigration of chinook passing Ice Harbor Dam in 1972 started

on March 30 and was mostly completed by June 15, Two peaks occurred during
the outmigration, a lesser early peak between the 20th and 2Lth of April
and the main peak on May 12. Travel time from the Salmon River to Ice
Harbor Dam averaged 19 days (Table 7), ranging from 28 days for the

earlier migrants to 13 days for the later fish. The bimodel timing and
variation in travel time were related to river flow and temperatures

during the migration period. //
' /
Water flows during the outmigration. of chinook in 1972 were more

comparable with those in 1970 than in 1971. fWarm weather in mid-March
increased water temperature which triggered an early migration of fish

from the Salmon River. This was followed by{cooler weather and decreased
\

\
water temperature through most of April prior\to the major runoff in May.

\

Although the chinook outmigration from the Snake River started several

\
\

weeks earlier than in previous years, the centrél portion of the run held

AN
\

up for periods of several days to 2 weeks before resuming migration down-
stream. One major difference was noted between river conditions 1in 1972
and 1970. Concentrations of N, below Little Goose through May 12 ranged

between 96-110% as compared to 129-136% in 1970.

Relative Magnitude

Approximately 3,000,000 naturally-reared chinook were estimated to

have passed our sampling site at Riggins on the Salmon River, the highest



Table T.--Average travel time to Ice Harbor Dam and dates of peak

migration for juvenile chinook salmon from the Salmon River, 1966-72.

Travel time Water flow (cfs)

Year (days) Peak of migration at peak of migration
1966 : 1L | L/o7 48,000
1967 17 5/3 42,000
- 1968 16 4/26 37,000
1969l/ : - L/25 ' 129,000
1970 25 * 5/13 88,000
1971 17 5/k 188,000
| 1972 19 VA V-2 125,000 |

1/ Trap on Salmon River not operated in 1969.



number since sampling started in 1966. These plus the 2,500,000 released
at Rapid River Hatchery and recruitment from other tributaries of the
Snake River resulted in‘an estimated 5-6 million juveniles arriving at
Little Goose Dam. Population estimates at Ice Harbor Dam, however,
accounted for only 1.8 million, leaving approximately 3-3.5 million

fish unaccounted for between Little Goose and Ice Harbor after subtracting

the 375,000 chinook transported below Bonneville Dam from Little Goose.

Survival

The estimated survival of 1.8 million chinook Jjuveniles at Ice Harbor
Dam represents only 30-36% of the original population passing Little Goose
Dam. Survival estimated by comparing population estimates at Little Goose
and Ice Harbor closely agrees with the estimates based on marked fish
recoveries from the Salmon River. Relative survival of chinook from the
Salmon River to Ice Harbor Dam in 1972 ranged from 27-36%‘of.that in the
pre-dam (1966—68) period. This compares with a relative survival of 53-70%

in 1971 and 30—&0% in 1970. The differences between survival in the 1970-72

period are probably the result of varying environmental conditions encountered

by the juﬁeniles passing downstream in each year.

In 1970-71, exposure of juveniles to nitrogen concentrations of 130%
~ or more is believed to have accounted for most of the decline in survival
in the Snake River from that of the pre-dam rates (70-90%). As discussed
in the previous progress report, the apparent increase in survival in 1971 v
over that in 1970 may have been the result of a more rapid movement of fi;h
(6 days faster than in 1970) in the Snake River, which would have reduced
their exposure to high N,. We speculated, howeﬁer, that since Né levels in

the Columbia River were much higher in 1971 than in 1970, additional stresses
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downstream from Ice Harbor in 1971 may have resulted in a total surviy@;%;f
to the estuary that would have been as low or lower than that in 1970.

By contraét, a major portion of the mortality in the Snake River in
1972 ma& have been related to passage of migrants through the slotted
gates. Over 50% of the outmigration was present in the lower Snake River
when 38-51% of the river flow was passing through slotted gates (Table 8).
Evaluation of the effects of the gates at Lower Monumental Dam on fish by
Long, et al, in 1972 indicatéd that the minimum mortality rate was 50%.
Applying this rate to the proportion of the total outmigration passing
through gates at both Lower Monumental and Little Goose Dams, we can
estimate that approximateiy 50% or 1.5 to 1.7 million of the fish unaccounted
for between Little Goose and Ice Harbor DamsiééﬂiﬁAhé&éibééﬁ;iégﬁffrom;passage_
fhrbugﬁ §lotted éates;j

Similar approximations can be made for losses due to péssage through
turbines and effects of nitrogen supersaturation. These indicate that
roughly 750-850,000 fish were -lost in turbine~related»passgge (applying a |
20% turbihérloss) and approximately the same number due to Né effects
(applying .a 50% loss during periods of high Np).

Survivors migrating downstreams from Ice Harbor Dam to the estuary in
1972 were undoubtedly subjected to additional losses from passage through
slotted gates at Ice Harbor Dam, turbines in Columbia River dams, and
additional exposure to high Né in the Columbia River. Although we have no
precise measure of these losses there is some indication from lower river

sampling, that losses in the Columbia River in 1972 may have been substantial.
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Teble 8.--Timing of the chinook outmigration in the Lower Snake River in relation to

water quallty (N2 levels) and percent of river discharge through slotted
gates, turbines, and spill, 1972.

Percent of Percent of river dischargel/ through-- - N
Period total chinook saturation-%
outmigration Turbines Slotted gatesg/ Spill

3/30-4/13 9 , 49 51 0 , 104
L/1h-k/21 10 62 38 0 104
o bj2a-5/1 10 73 19 8 T
/ 5/2-5/6 13 58 41 1 ; 104
5/7-5/12 2k 50 Lg 2 104

5/13-5/15 9 L9 25 | 26 115-125%
5/16-5/23 13 | 38 : 16 ' S 132
5/ 2#-6/ 5 12 38 0 62 | 138

;/ Average of combined discharge at Little Goose and Lower Monumental Dams.

g/ Gates partially removed May 10; all removed by May 23.

§/ Né value estimated on basis of spill. No actual measurements taken during this period.
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Humbers of yeérling chinook collected at McNary and The Dalles Dams in
1072 declined significantly from collections made in 1967 when comparable
populations of outmigrants, water flows, and sampling effort were in
effect (Table 9). |

If the declines in numbers collected in 1972 (76% at McNary and 90%
at The Dalles from 1967) are at all indicative of the mortalities that may
have occurred, then total survival to the estuary in 1972 may have been

lower than in either 1970 or 1971.

&

Steelhead Trout

The outmigration of steelhead passing Ice ﬁarbor Dam started on
March 30, but no significant numbers were collected until May 3. The peak
of the migration occurred on May 21, 9 days later than the main peak of
the chinook outmigration. Insufficient numbers of steelhead were collected
and marked at Riggins or at hatcheries to obtain a measure of travel time
or surviygl to Ice Harbor Dam. Approximately 2.0 million steelhead were
eStimaﬁed passing Little Goose Dam and 1.5 million at Ice Harbor Dam for
an estimated survival of 71%. The apparent higher survival for steelhead
than for chinook is probably related to species and timing differences.
Data available are insufficient for estimates of steelhead losses by cause,
nor are there sufficient base data on which survival in 1972 can be related

to the pre-dam (1966-68) period.
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Table Q,--Numbers of yearling chinook ,coliected at McNary and The
Dalles Dams, 1967 and 1972y .

. Percent
Location 1967 1972 decline
McNary Dam ‘ 153,000 37,000 76%

The Dalles Dam 45,000 4,600 90% .

y Total outmigrants from upriver areas, water flows, and sampling effort
comparable in 1967 and 1972.



SUMMARY AND CONCLUSIONS

Results of recent studies at Little (nose Dam and related work
in other areas of the Snake and Columbia Rivers are listed below:

I. Operation of the traveling screens was markedly improved over
that in 1971. The three screens under test coilectivély ran 60% of
the time; at least one of the screens was in operation throughout the
spring migration period. Conversion from a single to dual drive system
was the major factor influencing improved operation of the screens.
Changes in bearing material §hoﬁld further enhance operation in the
vfuture. Tests on the effect of screen mesh size on descaling of fish
were inconclusive.

2. Turbulence in the gatewells adversely affected fish passage
throﬁgh the bypass orifices and appeared instrumental in the descaling
of fish. Plywood sheets attached to upper levels of the stationary
vertical screens reduced surface turbulence in the gatewells and

improved fish passage through the orifices. A dramatic improvement

in fish“ﬁassage from the gatewells was observed in conjunction with the

shutdown of a turbine which eliminated all turbulence in the wells.

3. Approximately 900,000 juvenile chinook salmon and steelhead
were handled gt Little Goose Dam during the 1972 downstream migration.
Overall, nearly 600,000 (375,000 chinook and 225,000 s{,eelhead) of
these were transported downstream for release below Bonneville Dam.
About 200,000 chinook (81,oob controls and 119,000 transport) and
117,000 steelhead (66,000 controls and 51,000 transport) were marked

for evaluation of the Dbypass and transportation system. An additional
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430,000 unmarked fish (254,000 chinook and 176,000 steelhead) were
transported and Ireleased below Bonneville Dam and nearly 150,000
{(marked and ummarked) fish were released in the vicinity of Little
Goose Dam.

4, Mortality of fish during transport was low--less than 1% for
both chinook and steelhead. Delayed mortaiity (as determined from
holding after transport) was high for chinook (averaging about 11%),
but remained low for steelhead (about 1%). Although some evidence of
cumulative stress was indicated from analysis of blood samples taken
from fish at progressive poihts in the bypass and transportation system,
no correlations were found between degree of stress and survival of
fish. Descaling and other injuries that occurred during transit
through the bypass and collection facilities appear to be the primary
causes of the high post releaseAmortaiity in chinook. Load density
{up to 1.5 1bs of fish/gal) and duration of transport had no
demonstrable effect on survival of fish.

5.//Approximétély 16%'5f“éii chiﬁogk‘éﬁ£é¥£ﬁémfhé markihg facility
were descaled. (Fish were recorded as descaled when over 10% descaling
was visible.) Four percent of the descaling apparently occurred before
the fish entered the turbine intakes, another 4% was assoclated with
the traveling screens or turbulence in the gatewells, and about 8.8%
was incurred during passage through the bypass and collection systems.
Debris lodged in inaccessible areas of the bypass is suspect in much

of this descaling and needs to be removed.
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6. Operation of the slotted bulkheads in the Snake River
in April and early May 1972 significantly lowered concentrations
of nigrogen and argon (below 110 percent) from those recorded in
1971, |
T. Concentrations of nitrogen and argon in the Columbia River
were alsé comparatively low until May 23 when the slotted bulkheads
were removed and river’flows began to rise.

8. TFlow control measures undertaken on April 24 through
April 28 reduced nitrogen concentrations about 5.6 percent at Prescott
and more than 15 percent beléw McNary Dam. A marked increase in
adult passage over Bonneville Dam was also noted during this period.

9. Tests of the prototype flow deflector (with dentates) at
- Lowser Monumental indicated that this type deflector will reduce
-dissolved gas concentrations substantially regardless of tailwater
depth.

10. Observations of symptoms of gas bubble disease on juveniles
ramgedfﬁ;om no symptoms during the time the bulkhead gates were
instailed to 100 percent after they removed. Benefits from control of
gas saiuiation levels were also observed among adult fish migrating
up the Snake River and tributaries. DPrespawning fish arriving at
Rapid River Hatchery were in excellent condition with no gas bubble

symptoms observed.
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11, The outmigration of juvenile chinook passing Ice Harbor Dam
in 1972 started on March 30, peaked on May 12 and was mostly completed
by June 15. Travel time from the Salmon River to Ice Harbor Dam
averaggd 19 days as compared to 17 days in 1971 and 25 days in 1970,

12. Approximately 3,000,000 juvenile chinook were estimated moving
down the Salmon River at Riggins, Idaho, the largest outmigration
since sampling began in 1966. An estimated 5-6 million juvenile
chinook arrived at ILittle Goose Dam from all upstream sources. Only
1.8 million were estimated at Ice Harbor Dam, leaving approximately
3-3.5 million fish unaccounted for between the two daﬁs.

13. Relative survival at chinook from the Salmon River to Ice
Harbor Dam ranged from 27-36% of the pre-dam (1966-68) period. This
compares with a relative survival of 53-70% in 1971 and 30-40% in
1970. Differences in survival can be related to varying envirommental
conditions encountered.

14, Approximately 50% of the Juvenile chinook unaccounted for in
the lower Snake River in 1972, or 1.5 to 1.7 million fish, could have
been lost from passage through slotted gates. By contrast, most of
the loss in 19T0-T1 was probably related to exposure of the juveniles
to nitrogen concentrations in excess of 130%.

15. There is some indication from sampling below Ice Harbor that
losses in the Columbia River in 1972 may have been substantial.
 Numbers of chinook collected at The Dalles in 1972 declined 90% from
numbers collected in 1967 for comparable effort, water flow, and

populations of outmigrants.
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16. 7Peak of the steelhead outmigration passing Ice Harbor Dam
occurred on May 21, 9 days later than the main pesk of the chinook
outmigration. Survival of steelhead was estimated at 71%. The
apparént higher survival for steelhead is probably related to species

and timing differences.

,,,,,
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Appendix Table 1.--Dissolved gas saturation data for
Columbia River and tributaries, March - August 1972.
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T CLEARWATER R

1/4 mI ARBOVE MTH 25704772 \ 000 6€.8 12.40 104.,4 17.00 109,0 ;
“SNAKE R, Sats : S e
ABGVE CLEARNATER 25704772 0750 000 10.3 10.80 99.0 14.60 101.2 f
“-GALMON Re ; LS TIIT Dl S _ e LITEET |
» 1/4 ¥1I ABOVE MTH 25/04/72 0840 000 9.2 11,00 95.0 15.00 102,3 : ’
““TUSNAKE Re eI LLneE R it S e |
. ABCVE SALMON R, 25/04/72 0840 000 10.2 11.10 102,3 15.20 106,0 :
“LWR GRANITE SITE SR P S , TR S i
PRIOR TO .OPERATION 25/04/72 1015 000 9.2 11.30 100.6 15.40 103.9 j

CULITTLE GOOSE EOREBAY™ ~ - - o e 20 PRETE TSR BT TS

174 MI UP CENTER . 25/04/72 1045 000 9,2 11.20 99,7 15.00 101.2 O 0.0 078.0 |
e T ILE  GOOSE FOREBAY—- e L SN DR LEeE 2t B
1/4 MI UP CENTER 25/04/72 1045 033 9,2 11,20 99,7 15,60 105.3 0 0.0 078.0 ] !
~ LITTLE GOOSE TAILRACE ~~ g SRS PD AE9eS SR R
g 1/4 MI DN SPILL SIDE 25/04/72 1100 000 9,2 11,20 99.4 15,60 104,9 © 0.0 078,01} |
| 1/4-MI UP CENTER 25/04/72 1120 000 9,6 11.30 101,2 15,40 104.,5 0O 6.0 078,0 |
-~ LWR MONUNENT FOREBAY = - e S R e A e TR T
| 1/4 MI UP CENTER 25/04/72 1120 033 9.4 11.30 100.7 15.80 106.7 0 0,0 078.0 | |
. 1/2 PI ON SPILL SIDE 25/04/72 1135 000 9.4 11,30 100.4 15.60 105.0 0 0.0 07840 |
: 1/4 MI UP CENTER 25/04/72 1155 000 9.4 11,30 100.4 16.00 107.7 0 0.0 07640 |
T CE “HARBOR FOREBAY - i o e IRt | . R A ARl
. 1/4 MI UP CENTER 25/04/72 1155 033 9,3 11.40 101,0 16.00 107.4 O 6e0 076.0 | |
1/2 M1 ON SPILL SIDE  25/04/72 1218 000 9.4 11.90 105.3 17.10 114.7 0 0.0 076.0
COLUMBIA RIVER: S e aERn L S pAU ALl P e TR
ABCVE MCUTH SNAKE 25/04/72 1235 000 8,4 13,00 112,3 16.80 110.2
~—MCNARY DAN FOREBAY = A nihg e B (DePE ARl .
| 1/4 MI UP POWER SICE OR. 25/04/72 1320 000 9.2 12,20 107.5 16.70 111,5 0 0.0 205.0
MCNARY DAM FOREBAY , e S LENN A teeel SR A S }
1/4 MI UP POWER SIDE OR. 25/04/72 1320 033 9.2 12,30 108,3 16,40 109,5 0 0.0 205.0
1/9 MI ON POWER SICE OR. 25/04/72 1328 000 9,2 12,30 108,1 16.40 109,2 O 0.0 205,0



ATMOSPHERIC NOu HOUDLY FLQA :

~=DATE -~ DEPY TEMP ===0XYGEN== ==NITROGEN= GATE -=«KCFg-===
P LCCATION CY O YR TIME FT €  MGs/L SAT  ML,/L SAT OPEN SPILL TOTAL
MCNARY TAILRACE
i/4 M1 DN SPILL SICE WN, 25/04/72 1330 000 9.2 12.50 109.8 16.60 110.6 0 0.0 205.0
MCNARY CAM FOREBAY ‘ ' :
174 MI UP SPILL SICE WN. 25/04/72 1405 000 940 12.20 106,9 16,10 107.0 ] 0.0 205.0
MCNARY DAM FOREBAY : o - -
i/4 MI UP SPILL SIDE WN, 25/04/72 1405 033 8.1 12,20 104.6 16.50 107.5 ] 0.0 205.0
JOHN DAY FGREBAY
1746 ¥I UP CNTR 25/04/72 1550 000 9.2 12,10 106.3 16,50 109,9 0 0.0 181,90
JOHN DAy FOREBAY ‘ ' ‘ '
1/4 mI UP CNTR 25/Q04%/72 1550 033 9.2 12.00 105.4 16.20 107,9 0 0.0 181,0
“JOHN DAY TAILRACE B o ' ‘ ‘ ‘ '
1/2 ¥I ON SPILL SIDE 25704772 1600 Q00 9.2 12.20 10648 16420 107,5 0.0 181.0
THE DALLES FOREBAY ' ' o o
1/4 NI UP CENTE 25/04/72 1620 000 9.1 12.30 107.4 16410 106.6 0,0 191.0
"THE DALLES FCREBAY o ' : ’ o ' o ‘ '
1/4 MI UP CENTER - 25/04/72 1620 033 9.2 12.40 108.5 16.20 107,5 0.0 191.0
THE DALLES TAILRACE esrrree SoovE e TEEeS S S A
172 MI CN SPILL SICE 25/04/72 1630 000 9.2 12.20 106,5.16.00 105.8 0,0 191.0
BONNEVILLE FOREBAY - ' ‘ '
1/2 MI UP SFILL SICE 25/04/72 1705 000 9.0 12.20 105,9 15.90 104.7 42,0 188.0
BONNEVILLE FOREBAY . ' ' ‘ e
1/2 MI UP SPILL SIDE 25/04/72 1705 033 9,0 12.50 108.6 16.40 108.0 42,0 188.0
BONNEVILLE TAILRACE ~— —— b e e ATt AT 2 F
1/4 MI DN SPILL SICE 25/04/72 1720 000 9.0 14.20 123,1 19.40 127.6 42.0 188.0
T COLUMBIA RIVER A ' : S e
PRESCOTYT CENTER 25/04/72 1755 000 9,6 11.80 103,7 16.00 106,.,5
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: ATMOSPHERIC NO. HOURLY FLOW [
. ~~DATE~= DEPT TEMP <-=0XYGEN~= =~=NITROGEN~- GATE =--~KCFS=-=-= ',
e LOCATION CY MO YR TIME FT €  MGsL  SAT  ML,sL  SAT OPEN SPILL TOTAL
LITTLE GOCSE FOREBAY \ * ’
1/4% #1 UP CENTER 09/05/72 0945 000 10,9 10.90 101,0 15,10 105.,7 0 00.0 130.8
TLITTLE GOCSE FOREBAY ' ‘ '
1/4 MI UP CENTER 09/05/72 0S45 033 11,0 10.80 100,3 15.20 106,7 -0 00,0 130.8
CLITTLE GOGCOSE TAILRACE B ‘ - ' ’
1/4 ¥I . ON SPILL SIDE 09/05/72 1000 000 11,1 10,90 101,1 15,40 107,9 O 00,0 130.8
" LwWR MONUMENY FOREBAY S - . - _ o '
1/4 MI UP CENTER 0S/05/72 1023 000 11,5 10.90 102.1 15.00 106.,0 0 00,0 132.7
LWR MONUMENT FCREBAY ‘ | - ' ' ‘ .
1/4 ¥1I UP CENTER 09/05/72 1023 033 11,5 10,90 102.1 15.10 106,7 0 00.0 132.7
LWR MONUMENT TAILRACE I D "
1/2 MI DN SPILL SIDE 09/05/72 1039 000 11,5 11,10 103.6 15.50 1092 0 Q0.0 132.7
ICE HARBOR FOREBAY | ' ' - '
174 MI UP CENTER 09/05/72 1058 000 11,6 11,70 109.4 15,70 110,8 8 30,5 1331
ICE HARBOR FOREBAY ‘ ' ‘
i/4% MI UP CENTER 09/05/72 1058 033 11,5 11,10 103,6 15,40 108,4 8 30,5 133.1
TICE HARBOR TAILRACE o R ‘ ’ o
1s/2 ¥I DN SPILL SIDE 09/05/72 1106 000 11.6 12,40 115,6 16,70 117,4 8 30,5 133,1
" COLUMBIA RIVER ' ‘ ‘ , '
ABOVE. MCGUTH SNAKE 09/05/72 1122 000 10,2 12,80 115,5 16,50 115,53
“ MCNARY DANM FOREBAY o ) T
1/4 MI UP SPILL SICE WN. 09705/72 1147 000 11,2 12.60 116.3 16.50 115.0 15 98,0 325.0
1/4 MI UP SPILL SICE WN, 09/05/72 1147 033 10,9 12.30 112.8 15.80 109.5 15 98.0 32S.0
T MCNARY CAM FOREBAY o | o e
1/4 MI UP POWER SICE OR. 09/05/72 1147 000 11.3 12,30 113.8 15,80 110.4 15 98,0 325.0
" MCNARY DAM FOREBAY o ‘ ' ‘ o ‘
1/4 M1 UP FOWER SICE OR. 09/05/72 1147 033 11,0 12,40 114,0 15,70 109.0 15 98.0 325.0
" MCNARY TAILRACE T o o o T ' ‘
1/4 M1 DN SPILL SICE WN, 09/05/72 1206 000 11.0 14.30 131.1 19.20 133.0 15 98.0 325.0
~MCNARY TAILRACE - hEaA A . Bt e ST R
1/4 MI DN POWER SICE OR, 09/05/72 1217 000 11.0 12.30 112.8 16.20 112.2 15 98.0 325.0
“ JOHN DAY FOREGAY s TN OO L UEE At , TR R
174 M1 UP CNTR 09/05/72 1414 000 12,2 11,90 112.1 15,40 109.4 20 32,0 356,0
o JOMN DAY FOREBAY e S T e A L SR TR
MI UP CNTR 09/05/72 1414 (¢33 12,1 12,30 1i5,6 15,70 111,3 20 32,0 356,0
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“COLUMBIA RIVER
. PRESCOTT 'CENTER

==DATE~~
g"“““‘LCCATION““”“"” “BY MO YR TIME
" 'JOHN DAY TAILRACE
1/2 M1 ON SPILL SICE 09/05/72 1425
T THE DALLES FOREBAY 7
1/4 MY UP CENTER 09/05/72 1442
" THE DALLES FOREBAY
1/4 MI UP CENTER 09/05/72 1442
CTHE DALLES TAILRACE 777 . B
1125 0gR 18R 50d S1p? ve/ve/8Y4 448°
T BONNEVILLE FOREBAY ~— 7
1/2 MI UP SPILL SICE 09/05/72 1528
TBONNEVILLE FOREBAY o o
172 MI UP SPILL SIDE . 09/05/72 1528
TBONNEVILLE TAILRACE ‘
i/4% NI DN SPILL SIDE 09/05/72 1540

09/05/72 1621

[P

_ "ATMOSPHERIC NOs HOURLY FLOW =
DEPT TENP ===OXYGEN== ==NITRCGEN= GATE ===KCFgm=-=
“FT . C 7 MG/L  SAT  ML/L  SAT OPEN SPILL TCTAL ™

000 12.0 11.80 110.3 15,70 110,6 20 32,0 356;9:
000 11.9 11,60 108.1 15,40 108.3 23 144,0 345.0
033 12.0 11,40 106,5 15,20 107,1 23 144,0 345.0‘
YUY H4LBY HHBLL 8.5 HUBLE K4 BHYL' 44ELT
000 11,7 12,40 114.7 16.20 ;;3,;Mv13k‘17a,o;31q.aw
033 11,9 11.90 110.6 15.70 110,1 13 178,0 314.0
000 11.8 14,00 129.6 19.40 135.5 13 178,0 314.0
(000 12,4 11,50 111.6 16,00 113,21 |

—FEERSS
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LITTLE

'”§?' ~ LOCATION
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- SNAKE Re

ABOVE CLEARWATER

CCLEARWATER

1/4 I ABOVE MTH

~ SNAKE R

Re

ABCVE SALMON R.

“SALMON Re

i/74% 1 AROVE MTH

LWR

PRICR TO OPERATION

174 ¥1 UP

i/4 M1 UF

- LITTLE GOCSE
SPILL SICE
 PALCUSE R. R

174 #1 DN

CENTER

GOCSE FOREBAY

CENTER
TAILRACE

1/2 #¥1 ABOVE MTH

/74 M1 UP

“1/4 M1 OUP

TLWR O MONUMENT

i72 ¥I ON

7 ICE HARBCR

174 NI UP
ICE HARBOR
174 ML UP
~ ICE HARBOR
172 #1 ON

TULWR OMONUMENT. FOREBAY

CENTER

TLWR OMONUMENT FOREBAY 70

CENTER

SPILL SICE
FOREBAY
CENTER

~-DATE-~-

. DY MO YR

23/05/72

23/05/172

- 23/05/72
 23/05/72

23705772
“LITTLE GOCsE FOREBAY .

23/05/72
23/05/72

23/05/772

237057172

23/05/72

23/05/72

TAILRACE ~

23705772

23/05/72

FOREBAY ~—

CENTER
TAILRACE

SPILL SIDE'

CbLLPQIA RIVER

CVvE MOUTH
"FCWA?Y CANM

MCNARY DAM

174 MI UP SPILL SICE WN.

SNAKE

FOREBAY
i/4 mI UP SPILL SICE WN.

FOREBAY

23/05/7e
23705772

23705772

23/05/72
23705772

0730
osaoa
0945
1005
1102
1127
1127
1130

1209

1230

1220

1243

000

0o

000

000

000

033

000
000
033

000

0090
033

QOO

oo

000

033

goo

0600

1240

7.6

15.2

9.7

10.7
10,7
10.8

10.8

14,0

11.1

11, 6

11.6

~==0XYGEN=~

MG/L

10,60

12,80

13.20

13.680
3 12,70
12,40
12.40

SAT

101.1

110.0

106.2

105.7

) 108.2
132.5’
102.6
126.4

105.0

124,3

123.7

127.9

118.9
122.6

127.4

117.5

115,5
115.5

19.20

18.80

19.20

ATH OSPHERIC
~=NITRQGEN™=
ML/sL  SAT
15.20 109,3
17.60
14.80
16,40
16.00
15§70
15.60_109.9
18,30

15,10 112.4

19,30
18.1¢
18.6Q”130f4
133.9
17.50
17.20

17,40 122,83

126.,9

120,9

109.5

131.6

134,5
132.0 -
135.1

10

114,.9 7

A

10

10

122,33

22

22

HOURLY FLOW @

-==KCFg=m==
TOTAL

SPILL

081.1
081017

081.1

072.8
072.8

072.8

131.2
131.2

131.2

267.4 489,2

267.4

113‘ 1, [ PEENS . . - P [ru——— .,'... U
1 1 1 M 6 . . ) - . e < mmm i an e ey < e
17€.5

17605
174.0

17440

174.0

180.6

180.6

180.6

489,2

17665
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~ MCNARY DAM
/4 MI UP

T MCNARY DANM
1/4% M1 ULP POWER SICE

FCREBAY
POWER SIDE
FOREBAY

TMCNARY TTAILRACE

1/4 M1 DN

174 MI DN

SPILL

“MCNARY TAILRACE
POWER SICE

SIDE.

DAY FOREBAY
MI UP CNTR
DAY FOREBAY
¥I UP CHNTR
T JOHN DAY TAILRACE

© O JOHN
1/4
T JOHN
174

1/2 ¥1 DN
THE DALLES
1/4 NI UP
" THE DALLES

1/4 @1 UP
THE DALLES

1/2 ¥I uN

T BONNEVILLE.

1/2 M1 UP
T BONNEVILLE
172 M1 UP
 BONNEVILLE
i’z74 ¥1I DN

SPILL SIDE

FOREBAY
CENTER

FOREBAY ~
23/05/72

CENTER

TAILRACE
SPILL SICE

FOREBAY

SPILL SICE =

FOREBAY

SPILL SIDE

TAILRACE

SPILL SICE

“ COLUMBIA RIVER

_ PRESCOTT CENTER .

23705772

- 23/05/72

~~DATE~~

" DY MO YR

23/05/72

23/05/72

23/05/72

23/05/72

23/05/72

23/05/72

23705772

23/05/72

23705772

23705772

23/05/72

000

000
A,OOOM
033
000

000

033

600

000

033

000

000

12§5v

12,4

12.6

ATMOSPHERIC

~~=0XYGEN== ==NITROGEN=~

MG L

SAT

17.50

ML/L  SAT

17.20

15.80

17.50

1€.80

16.80

124, 6

109,3

19.407137.37

18,00 1
17.70
18420 1z
17.20
17,00

19.00

17.20

22

22
20' - .

20

HOURLY FLCW

R """KCFS""" ]
SPILL TOTAL

e B - - W N e . S GAm W S S G A W e T A W Gk S S P e S s A e W A T e o U U L W e o SN G TR o W G . Vo WEn U gus e W A o T A D e S i e . VoA n W B SN o A WS W mw —C
. . o v P T .y - — 0 - - e e W CHS MM bee 6 WN NES S B A NS W W i W mn W Ae W o s A - Yo e mom e e e WD o G GBm M SPe v M e e Sue TEn e W M Sen e B WIE WA o e S P W W S NS n W W -

489.2

497.8

489,.,2

489,2 i

 497.8
WQ?ﬂfS,j
494.5
(HS94.5
485.9
485,95

485.9



. . NOe. ROURLY FLCW
: ~=DATE==~ DEPT TEMP ~==0XYGEN=<« ==NITROGEN~ GATE ===KCFg==== |
'”“:// LGCATION Y MO YR TIME FTY C MG/L  SAT ML/L SAT OPEN-SPILL TOTAL ¥
LITTLE GOOSE FOREBAY ‘ : .
i/4 MI UP CENTER 06/06/72 0930 000 11,7 11.20 105.,7 15.60 1i1,1 08 118,0 186,0
" LITTLE GOCSE FOREBAY R o .
1/4 MI UP CENTER 06/06/72 0930 033 11.7 11.10 104.,8 16.10 114,7 08 118,0 186.0 |
COLUMBIA - , e ofERATE yoa 4. Ledt O L8 LiTel NB 11TeW 1D0.V
LONGVIEW 06/06/72 0935 000 15.0 11.80 117.3 16,80 125.2
~LITTLE 600SE TAILRACE ™ "~ o o ¢ o -4 :

1/4 ¥I OGN SPILL SIDE 06/06/72 0952 000 11.9 14,10 133,2 20.00 142,5 08 118,0 186,0
LWR MONUMENT FOREBAY ‘ ‘ a ‘ o - - 1
i/% I UP CENTER 66/06/72 1016 000 12.3 13,10 124,9 19,60 140,9 08 107.3 178,3
~LWR MONUMENT FOREBAY =~ - AVED VUL lee0 1964 787 L7000 ATVed VR AV eD 11T8.° |
i/4 MI UP CENTER 06/06/72 1016 033 11,7 13.50 127,0 19.30 137,0 08 107.3 178.3

T LWR MONUMENY TAILRACE B DR o . ' ' ‘
1/2 #¥1 DN SPILL SICE 06/06/72 1031 000 11.8 13.90 130.6 19.60 138.,9 08 107,3 178.3
CE HARBOR FOREBAY . e o UEY At , 7o AV Tew A TBev 1
1/4 M1 UP CENTER 06/06/72 1057 000 13,1 13.30 128.7 18.70 136.,1 10 144,1 181.0
JCE HARBOR FOREBAY B e PR Aded dJed » ANl ot AV TR AUAeV
1/4 M3 UP CENTER 06/06/72 1057 033 12,3 13.50 128,3 19.40 138,9 10 1l44,1 181.0
TUUICE HARBOR TAILRACE 7 ‘ ‘ ‘ o N S
1/2 M1 DN SPILL SIDE 06/06/72 1112 000 12.4 13.20 125,3 18.60 133,0 10 144,1 181.0
COLUMBT A o e , se Yy R _ATeEE o TTTeR dEReY
ABOVE SNAKE 06/06/72 1129 000 12.8 12,40 118,7 17.40 125.5
MCNARY DAM FOREBAY g WP Y des i
1/4 MI UP SPILL SIDE WN. 06/06/72 1218 000 13.5 11.70 113.8 17.30 126.5 22 294.2 5304 |
TMCNARY DAM FOREBAY ‘ o ' _ ‘ D o N
174 MI UP SPILL SIDE WNe 06/0&/72 1218 033 1347 12.10 118.2 17,00 124,8 22 294,2 530.4
"MCNARY CAM FOREBAY ' T S ‘ - B o o
. 1/4 MI UP POWER SIDE OR. 06/CG6/72 1230 000 13,5 12.60 122.6 18,20 133,1 22 294,2 S530.4
- WENARY DAM FOREBAY . Rt , . o i ‘ L e =
1/4 M1 UP POWER SIDE OR. 06/06/72 1230 033 13,0 12,00 115,4 18,10 131,0 22 294,2 530,4
" MCNARY TAILRACE ‘ ) - : : o o
1/4% MI CN SPILL SICE WN. 06/706/72 1240 Q00 13.4 13.40 129.7 19.20 139,8 22 284,2 530.4 .
MCNARY TAILRACE - PRe rre e’ ST Te AT LomTesl mIe et LT - e T
i/4 MI CN POWER SIDE QOR. 06/06/72 1253 000 13,2 12.30 118,5 17.80 129.1 22 294,2 530.4
TJOHN DAY FOREBAY ' o ) o B
1/4 I UF CNTR 06/06/72 1425 000 15,2 12,70 127.9 136,6 20 563.4

i . s e . e W e W g W . S v W o W . - S AV > TS A - A o S e ;" —_—— —__— o oot e o o S i o = o o e e e @

ATHOSPHERIC

18,10

223,1




LCCATIOCN

MI UP

1/2 ¥T ON

TTHE DALLES

i’zg I UFP

THE DALLES

/4 MI UP

- THE DALLES

1,s2 ¥I UN

 BONNEVILLE

1/2 w1 UP
BONNEVILLE
i/2 I UP

© BONNEVILLE
1/4 MI CN

CNTR

i, DAY TAILRACE
SPILL SICE
FOREBAY

CENTER
FOREBAY
CENTER

TAILRACE
SPILL SIDEM

FOREBAY

-~DATE-~

- BY MO YR

SPILL SICE

FOREBAY
SPItL SIDE

TAILRACE
SPILL SICE

- 0es06/72

‘06/06/72
(06/06/72
‘06/06/72
<06/06/7?

06/06/72

06706772

06/06/72

14,3

14.5

o

i4,

14,8

14,7

-==0XYGEN=~-
- MG/L

13.00

‘12070

i2.60

12.10
12.70

12.80

- ATHOSPHERIC

SATY ML /L

124.8 18.40

136.4 19.40

127.9 18,50

125,5 18,90

124.4 18,10

119,44 17,30

125,.9

126,4 18,50

17.30

-=NJTROGEN=

SAT

GATE .===KCFge===m

OPEN sPILL TQTAL

- e e T~ m— B e o e o G v - - W G T . = D G e G o Swv - - o

| DAY FORERAY

23

23

23

i8
18

18

g T = e e e e o _.__—-..——.—--......—_-.-—-_q.-——-—-_.-—---.—---—-—-—-———-.-.--..—__——-——-—--._——..--.»A—%M

NOs HOURLY FLOW

|






o . - '~ ATMOSPHERIC NO. HOURLY FLOW |

, ) -=DATE=~ DEPT TEMP ===0XYGEN=~= ~==NITROGEN= GATE =-==KCFg==~= |
X LOCATION DY MO YR TIME FT C MG6/L SAT  HML/L SAT OPEN SPILL TOTAL
~ SNAKE R. ' | ' ’ . :
ABOVE CLEARWATER 20/06/72 0712 000 15.1 9.70 99,1 13,70 104.,9 -
e eARATER e B ) fle | | | o 10 _ B mi
1/4 MI ABOVE MTH 20/06/72 0730 000 S.7 11.00 99.4 16.00 109.5 )
174 ¥1 ABOVE MTH 20/06/72 0830 000 11.9 10,60 101.6 15,40 111.3 i
ABOVE SALMON R. 20/06/72 0840 000 18.2 9,40 103,3 13.60 111l.4 j
LWR CRANITE SITE s (UBRg UU0 18.c 4 , v L |
PRIOR TO OPERATION 20/06/72 0930 000 13,8 10.40 102.9 14,80 110,1 :
- LITTLE 60OSE TAILRACE o0t PV 19e5 10.R0 107 AR e
1/4 ¥I DN SPILL SIDE 20/06/72 1000 000 14,5 10,30 103.2 15,50 116.5 08 016.6 147.7
LITTLE GOGSE FOREBAY | e e o 5
1/% MI UP CENTER 20/06/72 1000 000 14.5 9.90 99,5 14,50 109,4 08 016.6 147.7
LITTLE GOOSE FOREBAY —~ - e CETE AeD  Fe IR TFen ARe0h ATTeT VS TAReD ARTe
1/4 MI UP CENTER 20/06/72 1000 033 144 10,20 102.3 14.60 109.9 08 016.6 147.7
- PBLOUSE R. e SRR S L Uo9 e APesc 47 P A
1/2 M1 ABOVE MTH 20/06/72 1030 000 20,3 11.30 127.7 11.80 99.1
LWR MONUMENT TAILRACE ot TLn eren | - o
1/2 ®#1 DN SPILL SIDE 20/06/72 1055 000 15,1 11.30 114,2 16.60 125.,8 01 015,2 144.9
““LWR MONUMENT FOREBAY ~ =~ | S S SRR -
1/4 MI UP. CENTER 20/06/72 1055 000 15,1 10.90 110,6 15.70 119.4 01 015,2 144.9
“ICE HARBOR TAILRACE S ' V : ' - o - ‘
1/2 M1 UN SPILL SICE 20/06/72 1134 000 15,0 12,40 124,7 17.40 131.,2 10 04%,3 147,5 |
ICE HARBOR FOREBAY S o | o e o
1/4 MI UP CENTER 20/06/72 1134 000 15,3-11,60 117,8 16,30 124,0 10 044,3 147,5
{CE MARBOR “FOREBAY— " - _ LY A : o8 2Best orY BTTed ARfes
1/4 MI UP CENTER 20/06/72 1134 033 15.2 11.80 119,5 16,40 124,6 10 044,3 147,5
" COLUMBIA RIVER o ’ B S A S o
ABOVE MOUTH SNAKE 20/06/72 1205 000 13,9 12,00 117,8 16.90 124.6

.

" MCNARY CAM FOREBAY = e

' i/4 MI UP SPILL SICE WNe. 20/06/72 1304 033 14,5 12,00 119,3 16.00 119.4 22 325,2 548,.5

“~MCNARY CAM FOREBAY —~ — - T ‘ g O s P
1/4 ®¥I UP POWER SIDE OR, 20/06/72 1323 000 14,7 11,80 117.8 17.00 127,44 22 325,2 548,5

“ MCNARY DAM FOREBAY RRSRS B . AR N e o R
174 MI UP POWER SIDE OR. 20/0&6/72 1323 033 14,5 11.90 117.8 16.80 124.,9 22 32%,2 548.5


http:15.3�11.60

- MCNARY

T COLUMBIA
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N
H

174 M3

i/4% MI ON

CTHE DALLES

178 w3

Lp

THE DALLES

179 p1 UP
THE DALLES
is2 MY ON

TBOMNEVILLE

is4 MI ON
BONNEVILLE
1/2 MY UP

FOREBAY
CENTER
FOREBAY
CENTER
TAILRACE

SPItL SICE

TAILRACE
SPILL SIDE
FOREBAY
SPILL

RIVER

SICE

~=DATE~~

Ly #G YR

S s o e Ve >y T T - mp G S A w S W G R W ST e WA TR W P T O MR e W e S v EN Sy TS ey o e S o - T~ W S Do g o~ -~ - o -—
- -—— - o . oon W WY — — -
= o T - - > wm O o W e s - - - . e . W S o e SR GUR W M I G W G G e e e W WD o o W W W = e e o W WO e WD Gn W G S WOR D Gen S e W e G S BT e S e v e s W ST Gen e W R s e O eme W |

"RCNARY TAILRACE
SPrLL SIDE WN.
TATLRACE
POWER SICE OR.

20/06/72
20/06/72
20/06/72

20706772

20/0¢e/72

20/0e/72

20706772

- 20/706/772

0o

033

000 .

0G0

033

600

-==0XYGEN=-~
MG/L SAT

ATMCSPHERIC

~=NITROGEN=
ML/L  SAT

2 18.80 140.2

127.6

135,2

141.6

133.1

136,3

130,7

NO.

23
23

23

18

18

477.5

~==KCFg=w=~
SPILL TOTAL ¢

325.2 548,95

325.2 S548,5 |

477.5 608.1
477.5 608,1
608.1
438.3 576.6

438+3 576.6

130,9 |




?
HOURLY FLOv k

. . ATMOSPHERIC NO !
~=DATE~=~ DEPT TEMP ~==~(0XYGEN=« ~=NITROUGEN= GATE =~-KCFg==== |
J,m LCCATION DY MG YR TIME FT C  MG/L SAT  MiL/L SAT OPEN SPILL TOTAL
Lx?TLt GOCSE FOREBAY ; §
1/4 #I UP CENTER 05/07/72 1000 00 18,2 10.00 108,7 13.60 110.2 00 0.0 069.6
CLITTLE GOCSE FOREBAY ' :
1/4% ¥I UP CENTER 05/07/72 1000 33 16,7 9,30 98.0 13.60 107,1 00 0,0 069,.6
LITTLE GOCSE TAILRACE ‘ o ‘ ; ' . o ]
i/ #1 DN SPILL SICE 05/07/72 1016 00 1647 950 99,7 13.40 105.2 00 0.0 0€S.6
LWR MONUMINT FOREBAY o : ’ R '
144 ¥I UP CENTER 05/07/72 1041 00 18,7 9.40 102.9 13,30 108.,4 00 0,0 087,9
CLWR MONUMENT FOREBAY V ' ‘ ' . ' N
1/4 I UP CENTER 05/07/72 1041 33 175 930 S9.3 13.40 106.8 00 0.0 087,.9
LWR MONUMENT TAILRACE ' o . D o |
| 1/2 #I- DN SPILL SICE 05/07/72 1055 00 17.4 9,20 9S7.7 13,40 106,2 00 0.0 087,.9 ;
- 1CE HARBGR FOREBAY PR N et . h B R ! T
| 1/4 MI UP CENTER 05/07/72 1120 00 18,2 9,60 103,.,6 13.40 107.8 00 0.0 066e1
" ICE HARBUR FOREBAY ' ' ‘ ' D o
1/4 MI UP CENTER 0S/07/72 1120 33 17.0 9.50 100,0 13.60 107.0 00 0.0 066.1
1/2 #I DN SPILL SIDE 05707772 1134 00 17+.2 10.90 114.8 16.10 126.7 00 0.0 066.1
MCNARY DAM FOREBAY o ‘ ‘ o ‘ ‘ ' SR
1/4 MI UP SPILL SIDE wWN. 05/07/72 1235 00 16.0 11.50 118.1 15.40 118.4 22 155.9 374.7
T MCNARY DAN FOREBAY ' A ' ' B
1/4% HI UF SPILL SICE WN. 05/07/72 1235 33 15.8 11,50 117.6 15.40 117.,9 22 155,9 374.7
MCNARY CAM FOREBAY ‘ ' ' ' o S o
‘ 1/4 MI UP POWER SICE CR. 03/07/72 1248 00 16,2 11.30 116,5 15.30 118,1 22 155,9 374.7
U MCNARY DAM FOREBAY - R ‘ ’ ‘ ' ' k
| i/4 MI uP POWER SIDE ORe 05/07/72 1248 33 15.6 11.40 116.1 15.40 117.5 22 155,9 374.7 . .
i/74 ¥1 DN SPILL SICE WNe. 0%/07/72 1255 00 15.8 13,20 134,7 18,10 138,3 22 155.9 374,7 ' |
- 1/4% I UN POWER SICE OR, 05/07/72 1321 00 15.8 11,40 116.3 15,50 118.4 22 155.9 374.7 |
JOKN DAY FOREBAY o ! o . : e |
1/4 ¥I LUP CNTR 05/07/72 1444 00 17,3 12,10 127.4 16,20 127,4 20 049,0 37%.8 | |
“ JOHN DAY FOREBAY ~ o — . . R R R S ] -i
174 MI UP CNTR 05/Q7/72 1444 33 16.1 12.00 123.2 16.50 126.8 20 049,0 379.8 | |
JOHN DAy TAILRACE ~—— = s T , LTS : See AEe SRR
1/2 ¥1 CN SPILL SIDE 05/07/72 1540 00 16.4 11.30 116.3 15.20 117.0 20 043.0 279.8 |
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TAILRACE
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SPILL SICE
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SPILL SIDE
FOREBAY
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COLUMETIA RIVER
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-~DATE=~-
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00

(0F1]
00
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SAT

= 16.40

ATHOSPHERIC
==NITRCGEN~
ML/L  SAT

17.10
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18.00

15.40

16,10 124,3

15,50

23
23
18

18

18

HOURLY FLOW
—nwKCFS----
SPILL TOTAL
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- SALMON

SNAKE

CLITTLE GOOSE
1/4 ¥I DN SPILL SICE
TPALCUSE R - R

.1/

TRONARY DA

ABOVE CLEARWATER
CLEARWATER Re )
174 M1 ABOVE MTH
Ro ' B

178 #1 ABOVE MTH
RO
ABOVE SALMCN R,
LR GRANITE SITE
"PRIOGR YO CFERATION
LITTLE GOGCSE FOREBAY
1/% MI.LP CENTER
LITTLE GOUSE FOREBAY
174 MBI UFP CENTER

1/2 NI ABOYE MTH
LR

174 MI UP CENTER

O LWR MONUBENT FOREBAY &

174 ¥I UP . CENTER

LWR MONUMENT TAILRACE = -

i/72 M1 ©N
ICE HARBOR

174 MI UP
ICE HAREDR

174 w1 UP
ICE HAEBOR TAILRACE
Mi UN SPILL SICE
CoLumBIa RIVER

ABOVE MOUTH SNAKE
FOREEAY

SPILL SIDE
FOREDAY
CENTER

CENTER

/4

w1 UP

MCNARY DaMm FOREBAY
174 MY UF SPILL SICE WN.

TAILRACE

MONUMENT FOREBAY

FOREBAY

SPILL SICE WNe

~-DATE~~

CY #G YR

18s07/72
18/07/72
18/07/72
Ass07/72

18/07/72
13/0§/72,

18/07/72
1es0i/72
18/07/72

18/07/772

18707772

18/07/72

 18/07/72 1
18/07/72
18/07/72
18/07/72

18707772

18707772

00

00

0o
0g

33

00

0o
0o
33
00

00

33

GO

00

0o

33

- ATMCSPHERIC

TEMP ~==0XYGEN=-~

c

19,8

19.6

21.0

MG/L

- SAT

. —— e . T S N - e S e mey O S W e om . R AN M . RS M W G GRS e WIS MMS WO M e vew W . T WA T g S p W e fws A GG e e W W o GRS 8 TN e SO R s ghe G W TEY ws G WU S B W e Gan W W) KL D o SR WE S e ke WA T own Mo WS G e @
e o e e ann - — o - —_ T T Vo - o - - = A . SOn Gla UM W= Ger ay o W EHN e W R Wt orm O NGRS s W we T o n T G e man A i s TG MR I e PER G M o L 4D ORE G e W W 4Te T S B W N T TIm See Wt e WO M e W S e e M A e mge W

C SNAME Re

-=NITROGEN~
MLyl SAT

NO.

OGPEN sPILL

4] ‘QGQQ
0 00,90
0 00,0
1 11.6
1 1l.6
1 1.6
2 4.4
2 Ou.4
2 03.%
9 84,2
9 84,2

HOURLY FLGW
GATE ===KCFgm=m=

040,0

ou8.2

Z02.6

TOTAL

040.0

04C,0

050.4
050.4

050.4

Gu8,2

048,2

302.6

. o0 o - o - -
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FOREBAY
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SPILL SIDE
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H}B/Q?/?E
HIS(O?/?Q
18/07/72
718/07/72
-18/0?/72
16/07/72
'“16107/72

18/07/72

QO
1y
oo
33
0o
00
33
00

go

0o

Co
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i8.4

18.4

13.3

MG /L

_°~°0XYGEN°-

SAT

-=-NITROGEN~-

ML/L

SAT

114,686
116,.4

139,3

23

23

18

18

18

121.3

« HOURLY FLOW F
E mmeX(Fge===

EN sPILL

00,0

72.0

102,2
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i02.2

TOTAL

238.4
238.4

238.4
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eiden
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»}8.7
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SAT
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0a
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0C.0 2571
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CATMOSPHERIC 'NOo HOURLY FLOW ¢

~=DATE~~ DEPT TEMP =~==0XYGEN== «=NITROGEN~ GATE «~==K(Fgmeo==- |
rjﬁ © LOCATION = DY ®C YR TIME FT  C MG/L  SAT © ML/L SAY  CPEN sPILL TOTAL |
LWR MONUMENT TAILRACE
1/2 ™I DN SPItl SICE 01/08/72 1440 00 19.7 7.90 87.9 12.25 101.4% 00 00.0 041.7
LWR MONUMENT FOREBAY ‘ o o ' - -
i/4 MEI OUP CENTER 01/08/72 1454 00 21.2 8.50  97.8 12.10 103.2 0C 00,0 041.7
U LWR MONUMENT FOREBAY o o S ‘ ‘ ‘ ‘ '
I/ MI UP CENTER . 01/08772 1uSy 33 20,0 7T7.90 88,7 12.30 102.7 02 0.0 041.7
“CITILE SOOSE FOREBAY ~~ " e s D , Voo ERed . . . .
174 n1 UP CENTER g1/08/72 1530 00 21.6 8,90 103,5 12.30 106.0 0OC 06,0 Cu41,8
TLITTLE 6UOSE FOREBAY - R s B '
/0 ME UF CENTER 01/08/72 1530 33 20,8 8,80 100,8 1273 108.2 00 00.0 0u4i.8

"LITTLE GUOSE TAILRACE

174 MI DN SPILL SICE  01/08/72 1540 00 19.9 8.10 90,8 12.50 104,2 00 00,

©
o
CE
| g
E J
[94]
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Appendix Table 2.--Dissolved gas saturation data
collected at Lower Monumental Dam during evaluation

of spillway deflector, April - June 1973.
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L ‘evaluation of spillvay deflector April-June, 1973, | :

BRI OEIN e e R R A e T e T T T I NN T IS IR T ST TS LR S R s W LRtk Ak R L e T

o | APRIL 3, 1972 HOURLY FLOW NOs  TAILWT

e e e e oo e e ¢ DEPT _TEMP  wrm=OXYCENmmmm ~ wewNITROGEN=== w=ewf(FSm==m GATE __ELEV

v**”**'LOC%TION“~~~*~- TIME FT C - MG/L PCT SAT ML/L PCT SAT SPILL TOTAL OPEN FEET

Li? MQN@*:NT *QR&@QV . v
Lo SPILL SIDE . G?GG .. 0500862 ..11e80 .. 1006l .. .. . 16820 .104e5 . . .. e ® ) .
LWk MO”U”’NT FQQ?BAY' : . . , . .
o 8PILL SIDE e . 0%15: 050 0862 1 o 0 1 e .. 15680 10149 Qo ® - .
LWR “AO‘QLJ”"NT FOREBAY
LoRILL SiRE :
LWR VC"'«'&:? TA!LRACE

. SKELETON PAY - .. 0940 000 08e3 1 o 0 1 . 16070 108e0 _ e . o .
L‘Wﬂ F‘{'Olé*jﬂﬂt"NT “QQER‘\? .

- SPILL sIDE oo 1540 050 0845 12620 104eh 16070 08 ab o

0915 .. 000 .08e2 1o O 1 e 1600 ...103:2 e o i .

© LWR MONUMENT TAILRACE ‘ , . , '
Bay 2 sPILL DEFL L1315 - Q00 08e¢5 12430 10502 1700 11064 025 114l 1 44247

CLWR MONUMENT TAILRACE \ . ‘

172 M1 DN SPILL S 1325 000 08e4 12070 10845 1770 1l6e7 0245  1l%el

b 4 2 8.3

- LWR MONUMENT TAILRACE ~

LUBAY 2 ... 1400 000 08e5 1470 12548 20630  131.8 Obeb 09642 1o 44243
 LWR MONUMENT TATLRACE »
1/2 M1 DN SPILL SI 1407 000 0865 . 12e1C  103,5 - 16490 1097  04s6  110s3 1 4432
5 ““Q MONUMENT TATLRACE
. BAY 2 SPILL DEFL 1010000 08e3 1220 . 1038 16070 10800 0ba6  1200b 1 . 4437
t
-

LR MONUMENT TAILRACE
3 /2 M1 DN OSPILL SI 1015 000 CRe3 1220  103e8 1650 1067 04.6 1204 1 443.?

LWR MONUMENT TAILRACE : ~ ,
BaY 3 1430 000 08e5 13450 1153 18050 1204 097 115.4 1 443, 2

LWR MONUMENT TAILRACE '

_1/2 MT DN SPILL ST .1435 000 08¢5 11480  100¢9 17200 110.4 097 1154 1 4432
T LWR MONUMENT TAILRACE :

CBAY 2 EPILL DEFL 0 1040 0CO Q8e4 1240 10546 1700 1097 097 12545 1 4537
T LWIR MONUMENT TAILRACE y

_1/2 M1 DN SPILL SI L1045 C00 084 12430 1050 . 1700 110.2 09e7. 112545 1 4437

“;vp WMONUMENT TATLRACE :
TAY MY Aw apTiy a7 1800 OO0 8.4 13,10 1119 ia,00 114 ,7 14a@ 12067 1 YT
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April 3, 1972 § RLY FLOW NOo
e Y Y OE Nmcemvm e I TROGENwme | meseel CF Cmmemen  GATE L EL

JE! .
C MG/ BCT SA ML/ZL PCT SAT SPILL TOTAL OQCPEN

o me A e e e Sm M M s wm o e i S ma e e mm S MM T T S mR s HE T Am e e e v m n wm s A e aw o i e e s e m ot A me o Ee e g Ao e SE S S SR s e e e e e o on e et Mk e e pom e e oo e
St ey T T T T T T T T B T R R P T T B 8 T T e R T T T 0 0 R 0 T, 0 R 7 0 o e 08 e 0 P 0 TR 0 0 e e 00 s . 0 S0 R0 s 0 S S e .3

71115000 0864 1260 10726 . 17610...110e7 . 14e9. 1095 1 . 44249

< 3G

b=

13120 000 0B8ek 13200 . 1110 . 1750 1130k  14.9 1095

b e 3 0 G

: Q ; .
LBAY 3 . 1458 000 .08a5...13s80 11768 ~18.00 1230 o3 12066 1 44362,

LOLWR MONUMENT
L BAY 2 SPTLL
LwWR MONUMENT
142 %1 *

11145 000 0B8e4 13410 1115 1770 11447 206l 1l4e7 1

V1150 000 08es 13030 11306 . 18.00  116.7 .  20el  114e7 . 1 442.9

3
;
!
P
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e
o e e ot e e o 5 5 O A 5 15 5S35 A o
- . - e -
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‘::-'-:2:::::‘;:::;::::::::z::::::2::::‘.‘:::::::: APRIL 12’ 1972 . !:::::‘.‘:::::::::::::::‘.:E::::::::::::::‘.::::::::—:2:::::::
S o HOURLY FLOW NOs TAILWTE
¢« DEPT TEMP ====(OXYGEN===- = NI TROGEN==~=  =memelK(FSmm== GATE ELEV
—————— LOCATION=m=mm=—— TIME FT C MG/L PCT SAT ML /L PCT SAT  SPILL TOTAL OPEN FEET
LR MONUMENT FOREBAY ) .
POWER SIDE : 1005 050 0843 11430 09643 16400 10345 . . .
LWR MONUMENT FOREBAY
SPILL 3IDE 1015 050 08s2 11420 09542 16400 10343 o . .
LWR MONUMENT FORERAY ’
SSILL SIBE 1025 G50 0842 11450 09747 16620 10447 . . .
CLWR MONUMENT FOREBAY
SPILL SIDE 1035 000 0841 11410 094el 16400 10341 . . .
LWR MONUMENT FOREBAY
SEILL S5IDE 1620 050 0Be4 1le40 09748 16440 106¢4 . .
CLWR MONUMENT TAILRACE ,
POWER SIDE , 1519 000 0843 11e30- 09643 16400 10342 00e0 10049 44004
LWR MONUMENT TAILRACE : _
BAY 2 SPILL DSFL 1105 000 0843 11480 10045 16470 1077 00e0 10248 44049
LWR OMONUMENT TAILRACE - ’
POWER SIDE ' 1112 000 08432 1160 0984 16440 10545 00e0 10248 440e9
LWR MONUMENT FOREBAY _ .
SPILL SIDE 1338 050 08s& 11450 09843 16420 10561 0 883.8 4404
LWR MONUMENT TAILRACE
8AY 3 ’ 1338 000 0B8es4 14420 121¢7 15410 12347 0245 08348 1 4404t
LWR MONUMENT TAILRACE ‘ '
RAY 2 SPILL DEFL 1126 000 08s43 11490 10142 16440 10641 025 .10248 1 44049
LWR MONUMENT TAILRACE ‘ _ : :
BAY 3 1257 000 08e3 14440 12341 1520 12345 04e6 09149 1 44048
LWR MONUMENT TAILRACE ‘
BpY 3 1257 000 D8e3 14420 121e4 19420 12345 O4et 09149 1 44048
}‘
LWR MONUMENT TAILRACE
BAY 2 SPILL 1150 000 08e2 11490 10142 16460 10646 1028 1 44049



e T ¢ | S i A ) o 1. ] h o ] ] ) b )
appendix ‘lsble 2.--Continued

S A e e e R R

~~~~~~~~~~~~~~~ e R e e April 12’ 1972 ====::=======:====::=-"-'2:::====:::::::::::::::?:::::ﬁ::.
. . HOURLY FLOW NCe  TAILWTH
: DEPT TEMP ====OXYGEN====  ===N]TROGEN===  ====K(FS==== GATE ELEV
----- ~LCOCAT ION======= TIME FT C MG/L  PCT SAT  ML/L PCT SAT  SPILL TOTAL OPEN  FEET
LWR MONUMENT TAILRACE
BAY 2 SPILL DEFL 1417 000 08s4 11490 10240 17400 11040 0946 08648 1 44004
LWR MONUMENT TAILRACE ' \
BAY 2 SPILL DEFL 1417 000 08e4 12410 1031 16460 10744 09e¢6 08648 1 44044
LWR MONUMENT TAILRACE o '
BAY 3 1520  0CO 08e3 14460 12448 19420 12442 09¢6 10049 1 44004
LWR MONUMENT TAILRACE . .
2AY 3 1520 000 08e3 14400 11947 19430 12445 09¢6 100s9 1 4404

LWR MONUMENT TAILRACE

BAY 2 sPILL DEFL - 1452 0CO0 08s4 12440 10643 ~ 174C0 11043 l4e¢7 08648 1 44044
CLWR MONUMENT TAILRACE ' i o '
- BAaY 3 o 1546 000 08e4 14400 11946 | 19400 12249 1447 10048 1 44044
CLWR MONUMENT TAILRACE ’ I ‘ '

8BAY 3 . 1546 000 08e¢4 13430 11366 | 18470 121.0 l4¢7 10069 1 44044

TLWR MONUMENT TAILRACE

SKELETON BAY 1117 000 08e¢3 11480 10045 | 16480 10847 3540 10248 0O 44049
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: MAY 10, 1972 HOURLY FLOW NOs  TAILWTR
DEPT TEMP ===-OXYGEN====  ~==N]TROGEN===  =m==KCFS=m== GATE  ELEV
~mw e OCAT [ DN = TIME FT C  MG/L  PCT SAT  ML/L  PCT SAT  SPILL TOTAL OPEN  FEET

_WR MCNUMENT TAILRACE A\ ‘ - ‘
SKELETON BAY - 1224 000 1240 ' 1163 . 104.1 1545 1077 63¢3 1 44407

LWR MONUMENT TAILRACE
SKELETON BAY ) 1315 0CC 1149 1165 10506 158 10646 6343 _ 1 44541

)

LWR MONUMENT TAILRACE

POWER SIDE - 1230 000 118 1143 10346 1542 10542 6766 1 444,7
L WR MONUMENT TAILRACE
POWER SIDE , 1320 000 11e8 1147 107.2 1548 109.3 6768 ) L 1 44541

P—
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JUNE 21, 1972 HOURLY FLOW NOe  TAILWT
DEPT TEMP ====OXYGEN====  ===NITROGEN===  ===~KCFS==== GATE  ELEV

—————— LOCAT ION====m=mm TIME FT € MG/L  PCT SAT  ML/L  PCT SAT  SPILL TOTAL OPEN  FEET
 LWR MONUMENT FOREBAY | _ 5{ |
SPILL SIDE C 1520 0 1543 0949 10145 1540 11240 =00 =Qe0 5396
LwR MONUVENT FQREBAY
POWER SIDE 1530 jso 1540 1041 10043 1540 111e7 =0e0 =040 53946
LWR MONUMENT FOREBAY : : '
~ SPILL SIDE 1215 50 1540 1043 10243 1544 11647 =0s0 =040 53946
LWe MCONUVENT FOREBAY . | :
PCWER SIDE. 1230 50 1540 10e0 09943 1449 11049 =Ce0 =040 53946
LWR MONUMENT TAILRACE ' :
POWER SIDE 1505 00 1540 1040 099¢8 . 1449 1095 00+0 6340 464442
LWR MONUMENT TAILRACE
SKELETON BAY . 1510 00 1540 1042 101e3 , 1540 111e7 0040 6343 44442
LWR MONUMENT TAILRACE ;
BAY 2 SPILL DEFL 1140 00 1541 1045 10445 1543 11540 00s0 0060 0 4441
LWR MCNUMENT TAILRACE ' | : '
SKELETON SAY 1145 00 147 10s2 1007 1 1542 11245 CCe0 6343 44401
LWR MONUMENT TAILRACE | . :
POWER SIDE - - 1150 CO l4es 102 099e5 | 1540 11046 0040 6343 444l
LWR MONUMENT TAILRACE | _
~ 'BAY 2 SPILL DEFL. 1200 00 1447 1044 1027 | 1540 111e4 0446 . 1 44442
LWR MCNUMENT TAILRACE | | :
BAY 2 SPILL DEFL 1200 00 14e¢7 1046 10441 © 1540 111e4 046 . 1 44442
LWR MONUMENT TAILRACE | , o
BAY 3 . 1405 00 158 1246 12743 | 1840 13642 048 . 1 44445
LwR MONUMENT TAILRACE ' ; |
BAY 3 | 1405 00 158 1242 12362 1747 13349 048 . 1 44445
LWR MONUMENT TAILRACE : v
- BAY 2 SPILL DEFL 1305 00 1540 1048 10742 154 11647 09¢8 ' 1 446 o 4
LWR MONUMENT TAILRACE '
8AY, 2 SPILL DEFL - 1305 00 1540 1045 10443 1547 11649 0948 . 1 44404
LWR MONUMENT TAILRACE | '
RAY 3 16430 AN 18.3 1240 1264.0 128 12844 (9.8 M 1 L44a%
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L. npPeluan Tauie 2.=-~.0atinued
DEPT TEMP

''''' LOCATION - mmmm e TIME FT C
LWR MONUMENT TAILRACE

RAY 3 : 1430 20 1543
LwWR MONUMENT TAILRACE Y

RAY 3 1435 00 1540
LWR MONUMENT TAILRACE
BAY 3 1435 00 1540
LWR MONUMENT TAILRACE

RAY 2 SPILL DEFL 1325 00 153
LWR MONUMENT TATLRACE .

RAY 2 5PILL DEFL 1325. 00 1543
LWROMONUMENT TAILRACE -

BAY 3 S 1455 0C 1543
LW MONUMENT TAILRACE

RAY 3 : 1455 00 1543

1242
12.9

13.0

1049

1040
1260

1241

wm e NI TROGEN===  ====l(F§mm=—

PCT SAT  ML/L  PCT SAT  SPILL TOTAL
12240 1840 13448 0548 .
12841 1847 139,2 0948 e
12940 1848 139456 098 .
10940 1548 11844 1540 e
10840 ¢ 1547 11747 1540 .
12040 . 1840 13448 1540 .
11545 | 17¢4 13043

1540 o

Noo | TAILWTR

GATE ELEV
CPEN FEET
1 44645

1 YNNI

1 INYNN

1 44bes

1 [N

1 AN

1 44445








