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INTRODUSTION

Supersaturation of dissolved gases in water of the Columbia River
caused by spillwvay discharges was documented in the late i96d's as a problem
to migratiné salmon and steelhead trout. The Army Corps of Engineers funded
several studies to determine ways of decreaéing the amount of gas forced into
solution as water passed through the dam. A spillway design termed "flip
bucket" was examined for effect on dissolved gas at several discharges and
found to be significantly better than the typical spillway design used on
the Columbia River. Engineers of the Northwest Pacific Division utilized
this concept and designed a flow deflector that could be attached to the
standard spillbays. In theory, water passing over a spillway with deflector
would move straight down stream and be deflected over the top of the stilling
basin sfructures_thus hydraulic pressures would be decreased and less entrained
air would be forced into solution.

A prototype flow deflector was placed at Bonneville Dam in 1971 and
tested in 72 and 73 to determine whether dissolved gas concentrations would
be reduced. These tests indicated a substantial reduction in the amount of
suparsaturation produced in comparison to standard spillbays. As a result
the Corps designed and Built three additional deflectors at Bonmeville to
ascertain effects of multiple flow deflectors on; (1) dissolved gas content
of discharges, and (2) anadromous fish passage through and a?ound the spill
dischargg.

This report describes the (1) determination of dissolved gases at
various flows through standard and modified (deflector)'spillways and (2)
success of passage of Juvenile chinook salmon through a standard and a
rodified spillway. This research was completed in calendar year 197h.
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Effect of Spillumyr Deflectors on Total Dissolved Gas Supzrsaturation
Procedure |

Tests for gas content wers made below spill deflectors of bays 13, 14
and 15 on March 26, 28 and 29; April 26; and May 15. Flow characteristics |
"were observed from a spillway model at the Bonneville Hydraulics Laboratory.

A spill pattern utilizing 3 deflectors and various gate openings on all 18

bays was given consideration in developing the sampling plan. From the

nodel observations tests were made at predeterminsd spill volumes and

tailwrater elevations. Water flows and tailwater heights were selected to

cover those found typically during pariods of fish migration (freshet condition:
Bays 4, 5 and 6 or 2, 3 and 4 (Standard spillway bays) were used as the controi
for comparisons with test results and were opsrated concurrently with and
identically to the deflector bayé.

Sampling procedure similar to that used‘in previous tests included the
following. Near surface waters were collected from a boat in conjunction with
samples taken from the shore at predetermined sites which appeared to have
either test or control water. Fifteen to sixty minutes of flushing at the
desired flow preceded_colleétion of a series of 3 to 8 samples over 15 to
Lo minutes depending upon discharge rate. Volunmas of flows tested were about
6.7, 2.7, 13, 17 and 20 kcfs per bay at tailwater elevations of 5.18, 7.31,
7.62 and 8.53 meters. Analysis of dissolved gas content was performed Within
24 hours using standard techniques.

Gas Saturation Levels

The following analysis is based upon the assumption that data vere not .
substantially affected by mixing of standard spillway water and da=flector water

or by waters passed previously at different flow volumes. Observations of the
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modecl indicated there was a certain amount of mixinz under all circumstances.
Ve veliesve that contamination of water in thevdeflector bays from water in
the bays without spillway deflectors was minimal. During the full scale
testing seguence, no nixing could be detected and samples collected seemed
representative of the test discharges. Any discrepancy due to mixing would
have tended to increase absoiute gas content of the deflector water sambles
but would not have affected standard spillbay samples (determinsd by obser-
vation of the modesl).

Dissolved gas content of the forebay water was nearly 110% throughout
all tests and temperatures ranged from 6.9 to 11.7°C (slightly lower than
the usual range recorded during spring migration of anadromous fish because
of cool weather). Gas concentrations of water passing over the spillway
deflector were 6 to 12% less than those in water passing through the control
bays (Fig. 1). At a spill volume normal for tailwater elevation 5.18 meters
(about 6.7 xcfs/bay through 5 of i6 bays) there was about 117% saturation
Ny + Ar (Ar is present in small quantities and is included with all Né values
mentioned in the'report) in water passing through the deflector bays compared
to about 129% Né through the control bays; for tailwater of 7.31 to 7.62
meters (about 9.4 kefs/bay--through all bays) the satﬁratioh below deflectors
was 123% Né while below control bays it was about 130%; at 8.53 meters tail-
water (about 13.8 kefs/tay--through all bays) the supsrsaturation was about
123% compared to an estimated 132% for control. Raw data from the 4 days
of testing are presented in Appandix Table 1.

If we assume that a full complement of deflectors will be placed in the
spillyay at Bonneville and these gas analysis data from our studies are
representative of that condition, then a to%tal river flow'of about 300 kefs

(anout T7.62 meter tailwater depth) and a forebay saturation of 110% (proposed
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[


http:mini::-.al

o
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Figure 1. Dissolved gas concentrations at various temperatures (centrigras‘:e) and 'spill ¢ischarges

through multiple spill .deflector and control bays at tailwater elevations of 5.18, 7.31,
7.47, 7.62, and 8.53 meters. ' '
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maximum 1limit) would produce saturation levels below the spillway of 123%;
this would result in a mixed river condition dowmstream of 116.9%. A

4 saturation

spillway operation without deflectors would result in about 130
with a mixed condition of 120.7% or 3.8 higher. A river flow of about
360 kefs (8,53_m tailwater) with 110% saturation in the forebay would produce
a tailrace condition with deflectors of about 123% and a mixed river condition
of ;bout 117.9%, whereas the flow over a normal spillway would result in
132% (estimated saturation from NMFS dissolged gas data for the Columbia
River 1966-74) and 123.4% mixed condition downstream (5.5% higher). INMFS
dissolved gas data indicates spillway and ﬁowerhouse discharges from
Bonneville are not completely ﬁixed until they reach Vancouver, VA (Blahm
personal communication)l/. We conclude that the decrease in supersaturation
indicated by extrapolation of these data to a complete spillway nodification
at Bonneville would be of major importance in increasing the survival of
anadromous fish species in that area. Lower gas leveis could significantly
improve survival of juvenile migrants. Bioassay data from tests in deep
and shallow tanké indicate that small increases in saturation over 120%
rasult in logrithmic increase in mortaiity rate of both Jjuvenile and adult
fish tested. . Thus, small-decreases in saturation from use of deflectors
after concentrations exceed 120% should result in substéntial increases in
survival. Reductions of 6-12% in saturation are highly significant when
concentrations exceed 120%..
Effect of Spillway Deflectors on Juvsnile Salmon

Procedure |

Survival of juvenile samon through modified and standard spillways was
examined in July and sarly Auvgust of 197h. HMarked fish were released for

;/ Theodore Blahm 1954%. Fishery Biologist, National Marine Fisheries Service
Prescott field station, Prescott, VA.
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passage over the spillway (test) and below the dam (control). A small group
of fish was released about 127 km dowvnstream to obtain gear efriciency
cstimates. Recovery of fish was made with a beach seine at Jones Beach

on the Oregon shore near Pagét Islénd (Fig. 2)‘about 160 kilometers
‘downstream.-

Juvenile fail chinook salmon used in these experiments were obtained
from Little White Salmon National Fish Hatchery. In preparation for release,
three groups of about 150,000 juvenile fall chinook salmon ware marked
distinctively according to the release point by freeZg branding with
liguid nitrogen (Mighell, 1939) one month prior to release. This species
was selected because they represent the largest group of salmonids passing
over Bonnaville Dam ani are also available to recapture by beach seine, a
proven and relatively inexpensive sampling tool (Sims & Johnsen, 197h).
Prior to marking, fish from different ponds were mixed to insure a similar
size distribution in all marked groups; & sub-sample from each mark lot was
examined for retention of mark, and measured to determine mean size. All
fish were transported from the hatchery to release sites in tank trucks
described by Ebel (1970).

Release of test and control fish (Table 1) was made on July 10th during
an average spillway flow of 180.5 kcfs and total_discharge of 316 kefs. Test
relzases were mz2de simultaneously through 10.15 cm hoses placed about 30.48 cm
.above the spillgate opening in bay 11 (standard spillway) and 14 (modified
spillway). Introduction of the fish into this high velocity flow insured
imuediate pzssage througn the spillway. Spillgates No. 10-15 were identically
set at 4 dogs (a 4 dog opening equals 2.07m) to pass approximat=ly 13 kecfs in
each bey for more than one hour prior to and after release. Control fish

were released about 1.6 km balow the spillway from the Washington shore.


http:relea.se
http:p:l.sso.ge

Tish used to estabiish gear efficiency were releoased at Rainier, Oresoun,
July 12th at dusl, arnd was timed so that their arrival ab the recovery
site would coincide with the expacted arrival of fish releasad ab

Bonneville Dam further upsirzam.
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curvival of juvenile fall chinook passing over spillbays with deflectors
and spillbays without deflectors.



Table l.--Mwibers of brandad fall chinook salmon rei2ased inso the

Columpia River &t Bonneville Dam and Rzinier, Orezon.

2/

—

Relzase Site Date Released Brand~™ lo. Fish Rel=ased

Bonneville Dam

Conirol 7/10 LA T 134,569
HModified Spillway . 7/10 It U 151,859
Standaci Spillway 7/10 RA U 14k 915
Rainier

Gear Efficiency 7/12 LA 49,595

1/ IA is left anterior ar=a oa fish; RA is right anterior.

2/ Nuwnber adjusted for handling mortality and estimated delayed mortality.
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Surivival of Juvenils Chinook

<

Tne nurmber of fish recovered by beach seine were within the ranze

norm2lly expacted and the rate of movement was normal for fish of this

size (average 90rm). Rate of movement to the point in time when 50% of

fish were recoversd (Appendix Table 2) was 27 km/day (nearly maximum for

this size fish). The timing of the arrival of the marked groups at our

sampling site was coincident with high catches of other fall chinook

nigrants, further indicating that thes movement was

other stocks of fall chinook.

Measursments of mark loss prior to rslease of

groups indicated that it was naglizible for all groups.

norual and similar to

tha test and control

Mean fork lengths

of fish from each group released was 89-92 mm and the pattern of recovery

in the beach seine indicates mixing of all murked groups (Fig. 3). First

recoveries for each group released were made the same

site and cumulative recovery percenta

ges

day at the seine

ware nearly identical throughout

he recovery period. A total of 5)) fish were recovered from nearly 431,500

juvenile fall chinook released at Bonneville Dam.

Recoveries per group are

listed below with daily recaptures listed in Appandix Table.2.

Relative survival of groups released at Bomneville are compared to the

group released at Rainier, Oregon.

relzase, conirol and test recoveries were:

Release Release
Groun Site
Control Bonneville Dam

Spill Deflector " "
11 1"

Standard Spillway

Gear Efficiency

Rainier, Oregon

Recovery
No. %
226 0.16
221 0.145
233 0.160
182 0.355

Assuning 100% survival of the Rainier

Estimatad Relative
Survival 3

hs.6
39.6
L3.7

.100.0
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COVERY OF MARKED FISH
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Little difference in survival was found tetween groups released a<
the dan. Chi-square values of 7.59 srith a probability greater than 0.10
(4 a.f.) indicate no significant differences in survival beiwéen test
groups of fish passing over flow deflector or standard spill or the grcups
released below the dam. We conclude that spillway deflectors are not
detrimental to their survival and believe fhe effect of complete modifica-
fion of the spillway at Bonneville Dam (18 bays) will not adversely affect

the survival of juvenile fall chinook salmon passing through the spillway.
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APPENDIX TABLE 1.

HATICNAL MARINE FISHENICS SCRVICE CCASTAL 2CME ARG [STUARILE STUDLICS

BOHMEVILLE gPILLWAY CEFLECTOR=--DIgSCLVFC qu nhﬁLrglq---CL"PCr5A1rC FGR OTFMPERATURE AND ALTITULF
AT CSERERIC -TUYAL ChS= [Ge thhLY FLrw ‘l'tll
CATE CtPy JEMP «~=CXYGEN=== ==LITKOGFl. == PRTSSUFL CATE e=megCFg==-=- ELLv
LCCATION . 0y MC YR FT € MG/L cAY L0 SAT MG SAT  CFEN SPILL TCTAL rec
UChroI'LC FOREGAY L. . .
SPILL SINE 26 3 T4 40 6,9 12,70 1064,7 17,50 109,92 0n23,7 108.6 0 0,0 n,u 74
CCRLLIVILLE TAILRACE e . ) e . .
CAY 12414419 LEFLE 26 3 74 0 6.8 14,42 118, 19,10 11S.4 903,7 114,9 3 30,0 3170,9 17
BCLLEVILLE TAILRACE  _ ) S e .. . .
BAY 13414,15 CEFLE . 26 3 4 0 648 14.24 117.0G 19+50 121.9 916.2 120.h 2 30.0 170.0 17
BCRNEVILLE TAILRACE e _ :
AY J%e14,15 DEFLE 26 3T T4 0 6.8 14,42 1lk,4 19,60 122,55 922,2 121.4 3 30,0 170,0 17
ESLUCVILLE TAILRACE . e . .
174 F1 CH SPILL SI 26 3 T4 0 6.8 14,24 117.6 4%.,40 3121,3 912,95 120,11 3 30,6 170,0 17
BOABEVILLE ThalLikACE .0 L e mem e - . - .
BAY 12414415 DEFLE 26 3 74 0 6.8 14,22 116,77 19.6n 119.,1 NY9,4 1184 3 20,0 1e0,0 17
BCRMEVILLE TAILRACE e .. A . . .. . .
BAY 13434,4,39 GLEFLE 26 3 14 0 Be8 13,70 1125 1BF0 11he3 87955 119.3 3 20.0 160,v 17
NONLEVILLE TALLRACE R . e L . . . . C e o "
BAY 1Z47441% [CEFLE 6 3 74 0 6,8 13,70 11¢.H 10,%0 115.0 88,4 114,3 3 0,0 1¢0,0 17
BCIIEVILLE TAILRACE . . B, o . . . .
LAY 13.1%,15 Lree 26 3 Ty 0 68 1UG.46 118.T 19.7R 125.6 929.3 122.3 3 40.0 180,0 17
BetbovILYE IALLRACE . . :
BAY 13410419 COFLL 6 3 T4 0 6.8 14,60 11%,.,v Y70 1e8,72 9rB.,2 122.2 3 40,0 1b0O,u 17
BOALTyTLLE [AILRACE . .. . .
BAY 120144185 GLFLE 26 3 TH4 0 6,9 14,42 118,77 19,60 122,06 924,33 121,.7 3 40,0 1L0,0 17
BONLTVILLE JALLMACE . e e e . )
179 F1 B9 PCAER ST 26 3 74 0 68 12.638 103.7 17.70 110.7 B28.6 109.0 0 0.0 ‘140,90 17
GUMMEVILLE FOREBAY e .. .. . ‘ . ,
SPILL SIDE : 26 3 T4 40 7,0 12,81 105.% 17,70 111.4 834,06 110,1 O 0.6 n,u 74
oLt VILLE TAILRACE . L . . "
EAY 44540 26 3 1% 0 6,9 15,67 12%.0 20,79 130,3 9£5,2 129,17 3 30,5 170U 17
conitvILLE TAILPACE L L 3 - ) A .
BAY 4,546 : i 26 3 74 0 649 15.67 129.0 20469 150.9 9%8.9  130.y .3 30.0 370n.0 17
DOMEFVILLE TAILRACE . e A o '
BAY 44546 26 3 T4 0 6.9 15,67 129.U 20,69 136,99 S58.9 136,.1 3 20,0 170,u 17
BOANE YILLE TAILRACE o . o o - _
174 U &4 SPILL ST . 26 3 74 0 6¢9 15.50 1276 20479 130,3 982.8 129.4 3 30,0 176.0 17
Bennt yILLE TAILRACE L . e . .
EAY US40 26 3 74 0 6.9 15,40 126,.7T 20.22 1Z6.,6 ©999,2 126,22 3 20,0 o0 17
BCENLVILLE TAILRACE ) e S
BAY 44546 26 3 74 0 7.0 15,67 1c9.4 20.9%% 129,44 9u0,0 12%,0 3 20,0 60,0 17
CPCLNEYVILLE TAILRACE . . ) . )
DAY 4.546 26 3 T4 0 6¢9 15.05 13U.5 20.69 130.9 9Y93.2 130.5 3 20.0 600U 17
. BCLKLEVILLE TAILRACE e . ,
BAY 4,544 26 3 74 0 6¢9 15.4¢ 12be% 20497 128.9Y 973.3 312°.% 3 0.0 JBN.U 17
HCLLEVILLE TAILRACE ‘
DAY 44946 . 6 3 74 0 6,9 19,50 127.6 20,29 127,4 962,0 127.4 3 49,0 160,0 17

BCAREVILLE TAILRACE

Aae . K 26 x -~ . e o~ S e~ f ~n N -
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NATICNAL MARINE FISHLRIES SERVICE COASTAL ZOME AND ESTUARLIKC STUNDIES
BONLCVILLE SPILLWAY UEFLECTOR~=DIGSOLVEC GAg ANALYgIg==~COVPCHGATED FUR TEMPERATURE ALD ALTITULLF
ATVOSFHEKIC =TOTAL  GAS= KGs HOURLY Flew  SARELE
CATE CEPT TENMP ee<OXYULEN=== «=iITRQGFN=-= PRI SSURF GATE w=meg(fgm~== LLCv

LOCATION ) ey #0 YR F7v c Mozl SM FLsL  SAT MM N6 sAT  OPEN gPILL  1CTAaL FECY
BCLYLEVILLE FCREBAY . . . o . .
. SPILL SIDE ¢6 3 74 40 7,0 12,74 105,3 17,40 109,5 A22,7 168,5 O 0,0 0,0 T4
PCMNNEVILLE FOREBAY . )
SFILL SINE 280 3 74 40  Teh 124397 103.1 16495 3107.7 .808.1 106.6 . O 0.0 n.o 74
BCLKREYILLE  TAILRACE . _
HAY 1A SOUTH PIER 28 3 74 0 7.4 13,04 13108,7 17.e2 113.0 050.1 ‘111,913 20,0 27n,0 T2y
BCANLFVILLE TAJLRACE . )
HBAY 18 SOUTH PILR 28 3 4 0 7.4 13,90 115,9 19,33 122,5 918,0 1zn.e,L/3 40,0 33n,0 24
BCALEVILLE TAILRACE ] . ] i
. BAY 13414415 BEACH 20 3 M4 0 7.4 14,30 119.7 ,19.,6H 124,8 937.3 123,4 T3 40,0 30,0 24
BLANEVILLE TAILRACE | - . - '
BAY 13414415 GEACH 28 3 T4 0 7.4 14,42 120L,2 20,12 T127.,6 95h,6 7125,7 T8 uwo,u  3an,u 24
BCanEVILLE TAILRACE . . -
EAY 13414415 pBEACH 28 3 4 0 7.4 14,42 120.2 19,57 "124,1 934,0 123,0 3 42,0 23p,u 24
BcCLnEvILLE FCREDBAY L o ) . )
SPILL SIOE 28 3 74 40 7.4 12,49 104,3 17,23 109,4 820,3 10K,2 0 0,0 n,o 4
BCWNEVILLE TAILRACE e
HAY 2.2.4 28 3 14 0 7.4 15,1 128.5 20,01 126,9 960,47 '126,4 gge 3nr,0 00,0 25
UCMLEVILLE TAILRACE ) .
BAY 21304 28 3 74 0 7.4 14,42 120,72 19,13 1:1.3 917.5 120,8 2/3 3u.c 200,0 25
. BCNNEVILLE TAILRACE L L
EAY 24348 ze "3 74 07 7,4 14,25 ‘118,80 19,02 120,6 911,2 120,02/3 30,0 200,0 s
. BCLHEVILLE TAILRACE o )
LAY 24344 BLACH 28 374 7 07T 7.4 14,9%  124.5 20,337 18,9 969.€7 127,63 39,6 200,0 25
CCANEVILLE TAILEACE | e . - ) . .
EAY 24344 [BUACH 28 3 74 0 T¢4 1%47b 712341 19479 T125.577946.8 124.6 3 BE,0 300, 25
BONLEVILLE TAILKACE . .. ‘
BAY 24344 BCACH 28 3 T4 0 T Tob 14,59 '121,7 720,77 "131.7 T 9¢1.5 129,2 3 32,0 300,09 5
__ BOLMEVILLE TAILRACE
VDAY 120144015 LEFLE P 2z 314 0 7.4 14,76 T123.1 19,46 T123.477934,47 123,0 3 30,0 200.0 25
LCLNEVILLE TAILRACE _ ‘
BAY 12¢1441% OEFLE 28 3 74 07 7.4 14,607 121.7 19.46 "123,4° 932,0 122,7 ¥ 3C.0 00,0 2%
BPSLEEVILLE FOREBAY ) .
sPILL SlcE . 28 3 T4 40 7.4 12,4277103,7 16,04 107,060 AUn,9 10mk,1 ] 0,0 0.0 (L)
ACAILEVILLE FOKEEAY .. . L . . . L
SPILL SIDE 29 3 74 40 TT.6 12,377 103.87 16,99 104.4 TA13.4 T107.3 077 0,0 N, 4
BCMAEVILLE TAILRACE o 4 o = o .
tAY 12414415 BEACM 25 3 T4 0 7.6 14,25 11%.% 19,35 123.,3 927,7 122,1 3 30,0 00,9 24
. BCLKEVILLE TAILRACE
BAY 13414,15 pLACH 25 3 74 70777746 144077 117.9° 19435 1 123.277925.57 121.8 3 3.0 10n.0 24
BCANEVILLE TAILKACE
PaY 13414,15 EEACH ’ 25 3 74 0 7¢5 14,07 "117.5 19.46 123.7 927.5 7 122.1 3 0.0 20n.0 24
CCANEVILLE TAILRACKE
TUBAY 13+14415 HEACH S 7 T 26773 74 TU0 T 7.5 7T 13,7577 114.7 T718,017°119,57 A98.3 11A,3 3° 20,0 270,0 25
BCLLEVILLE TAILRACE ; )
LAY 13414415 BEACH 26 3 74 0 7.5 13,90 11s.2 19,02 "120.9 908,86 11,6 3 20,0 270,0 2%

P
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. NATIONAL MARINE FISHERIES SERVICE CCASTAL 20NE AND ESTUARILE STUDIES
BOMNEVILLE gPILLWAY CEFLECTOR=-DISSOLVFD GAY ANALYSIg=--CCMPLNSATFD FOR TENP(RAYbNE Akn ALtiTLCF

ATPOSFHERIC =TuTAL’ GA:- hO- hounlLyYy FlLaw
CATE CEPY JENP «==~CXYGEN=== ==NITROGFli==~ PROSSURE GATE eee=k(Fi===-

——— LCCATION DY MO YR FT c Mo/L . ST ML/L SATY vM HG SAT CPFMN sPILL TCTAL
_ . BehugvitLE rnlLkACE .. ) .
BAY 11414,15 BEACH 29 3 714 1] 7.5 13,90 11s.2 19.02 120,9 908.,8 119.6 3 20,0 270,0
—. BCMIEVILLE TAILRACE , ‘
BAY 13414415 BLACH 29 3 74 ] 7.5 14,76 12s5.4 20,55 130.,6 9S7T.8 12R,7 3 40,0 330,0
_._ DBOANNEVILLE TAILRACE | | , i -
UAY 13414415 GCACH 29 3 74 0 7.5 14,76 123.4 20,55 130,6 977.,t 12Aa,7 3 40,0 33n,0
BCHLLEVILLE TAILRACE . ‘ .
PAY 12414415 BCACH 29 3 74 0 TeS5 14,59 1219 20412 127.6 959,1 12h.3 3 4C.0° 33n.¢0
ve ... BCHMEVILLE FOREULAY . o .
SFILL SIOF 25 3 74 490 7.5 12,42 103,9 17,28 110,0 @23,3 100,6 0 0.0 n,u
.- BCLILLEVILLE FOREBAY .. . .. ) .. . L
SFILL SIDE 25 3 74 4o Teb6 12.52 1065.1 17.28 110.2 826.5 109.0 0 u.0 NeY
BCLEEVILLE TAILKACE | . . . ... .
DAY 234 BCACH 29 3 74 1] Te6 14,82 17%e1 19.95 127.0 957.7 126.1 3 B3G.0 300.0
BCALEVILLE TALLRACE . . . .
BAY 24344 GEACH 29 3 74 0 7.6 14,59 12¢.,3 20,80 133,0 9% 0,1 130,3 3 32,6 300,v
BOLLEVILLE TAILRACE .. . - :
Hay 284 BEACH 29 3 74 Q 7.6 15,11 1¢e.6 20,77 132,33 992,8 130,7 3 Jgo,0 200,90
PCNLEVILLE FUREUAY . . .
SPILL Slice 6 4 74 S50 10,0 12,17 108,2 16,57 111,5 @839.,2 110.,7 0 0,0 0,0
BCHLLEVILLE TAILRACE .
BAY 12414415 HBEACH 26 4 714 0 10.1 13,20 118.) 18,21 122,77 921.9 1231.4 3 51,0 3Jo9,u
CCALEVILLE FOREBAY | .
SPILL SIDf 26 4% 74 S0 10,0 32,17 1Om.,2 16,57 111.,5 839.,2 1310,7 0 0.0 0,0
BCLILEVILLE TAILRACE . , )
LAY 12414415 HBLACH 26 4 74 0 10,0 13,89 123.3 19,08 128,? 962,86 12A,.8 3 60,0 379,0
. BCALECVILLE TAILRACE . . . .
uAY 1,.. 15 BEACH 26 4 T4 0 10.0 14,01 12%.4 19,23 129,2 970,6 127,8 3 60,0 379.0
.o BGLLEVTLLE TAILH»CL . . . - . -
EAY 13¢34415 RELCH | 26 % 7% 0 10,0 313,m2 122.7 18,92 127,1 95%5.4 1¢5,8 3  &0,0 279,00
BCLMEVILLE FCREUAY .. . fen . . . .
SPILL SIOF 26 4 714 50 10,0 12,16 108.1 16,65 112,1 A842,1 111.0 0 0.0 n,o
_. BCMLEVILLE FCREDAY L . . . . L .
SPILL SIor 1% 5 74 50 11,6, 11,32 104,4 15,74 109,6 AR21,8 1PpA.4 O 0,0 a,.v
oo BTHLLEVILLE TAILRACE | e e e - e .. . ‘
CAY 13,14,35 wback | 15 5 74 0 11le84 12,70 117.1 17.4& 120.9 9U9.5 119.7 3 29.0 294.0C
EChnEVILLE TAILRACE s A . o . . .
CBAY 12414,15 BEACH 15 5 74 0 1146 12.64% 116.5 17.28 120.8 908.3 119.6 3 29.0 29A.0
_ - BCALFYILLE TAILRACE e . . .. ... o ..
EAY 123414415 HEACH 15 95 74 0 11,7 12,76 117.9 17.46 121,66 915,3 120.5 3 29,0 296,0
Ceme UC--u vILLE TAILRACE _ __....... . e e e e e el e s . . . .
QAY 13414415 BEACH 15 S 74 0 11.7 12.6b 11b6.9 17,45 121,6 913,77 120,3 3 29,0 296,90
e .. BCMuEVILLE TAILRACE | _ . . o e e s . . e
EAY 134314415 HEACH 15 S 74 0 11.7 "12.76 117.9 17,61 122,7 921.7 121.,3 3 29.6 29+,0

BCHLTVILLE TAILRACE

——— . - -

BAY 13414415 3CACH 18778 T e 11T T 12078 T ATIT9 7oA T Ti2i e 912,00 120,173 5.0 29A,0
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D mean- < UCNMECVILLE SPILLWAY CEFLECTOR=-DIgSOLVID GAg ANALY{IG-=-=-COMPLISATFD FOR TEMPCRATURE ANG ALTITULLF

NATTONAL MARINE FISHERIES SERVICE COASTAL 20NE AlWD ESTUAKILE STUNDICS

T T 2 T T A T T T T Tt T L e e e e e L I - - 2 T A
R e R e R kR R R R R L T2 R i~ R = e L T - e e R R

ATVOSPHERILC -TQTAL GAS= AC. KCURLY FLph SApPLLE

CATE CCPY TENMP  ===0OXYLEN==~ ==AITROGEN=-=  PRFSSURL GATE ew=-g(Fg=---- €LCv
LOCATION 0Y ¥O0 YR Fy C MG /L SAT _ MLsL . SAT MM NG AT OPEK gPILL  TCTAL FELT
BONNEVILLE TAILRACE ) . )
BAY 13+¢14,15 RLACH 15 5 74 0 11,7 12,88 119.,0 17,46 121,6 917.0 120,7 3 29,0 296,V 24
DCHNCVILLE TaAlLRACE
DAY 13114,15 HEACH 15 5 74 0 11.8 312,76 1lle.l 17,53 122.4% "920,4 121,2 3 29,0 2Y6,U 24
.BONNEVILLE FCREBAY . . .
SPILL Sior 15 5 74 S50 11,4 11,41 "104,9 15,82 109,7 822,9 108,577 0 0,0 0,0 74
CBCKNEEYILLE TAILRACE .
BAY 12:14,1% BEACH 15 5 74 0o 11.6 13,01 119.9 17,82 1239 931,77 122,17 3 39,0 2ou,p 24
BCANNEVILLE TAILRACE '
BAY 12,1%,15 CEACH 15 5 74 0 117 13,02 1201 17.92 3124.9 938.1 123.% 3 39,0 20u,u 24
BCNnFVILLE TAILRACE ) . .
OAY 12415415 BEACH 15 5 74 0 11,7 13,13 121.3 18.24 127,1 952,8 125,4 3 39,0 204,0 24
BCMLFVILLE TAILRACE . .
EAY 12¢1441% REACH 15 5 74 0 11,7 12,88 119%9.0 17.77 123,08 929,9 122,% 3 39,0 04,0 24
BONKEVILLE TAJLRACE
BAY 13414415 BEACH 15 S 74 0 11.8 12,86 119.3 17,77 124,1 931,9 122.,7 3 39,0 304,90 24
BChLEVILLE TalLRACE .
BAY 13414415 BEACH 15 95 74 0 11,7 13,14 121.3 10.08 126,0 946,3 124,6 ' 3 39,0 304,) 24
BCNLEVILLE TalyiRACE S )
DAY 124114415 EEACHh . 15 5 74 0 11,7 12,90 11%.1 17.61 122,7 923.,6 121,6 3 39,0 304,0 24
BOLLEVILLE TYAILRACE
DAY 13+14415 DEACH 15 5 74 0 11,7 12,76 117.9 17.€9 123,3 924,9 121.8 3 . 39,0 30u4,0 24
HCLMEVILLE FORCHAY :
SPILL SIOE 15 5 T4 50 11¢6 311439 105.1 15.75 109.7 A23,0 10A.5 0 0.0 0.0 Ty
BONLEVILLE TAILRACE :
EAY 134314415 REACH 15 5 T4 0 11,6 13,2% 122.1 18,42 13128,0' 959,9 126.4 3 49,0 303,90 24
BCANKEVILLE TAILRACE . .
RAY 13414415 REACH 1% 5 74 0 11.6 13,13 121.0 16,31 127.,3 954,0 125,6 3 49,0 303,0 24
BCKNEVILLE TAILRACE
BAY 134149415 HCACH 1§ S 74 0 11,6 12,64 16.5 17.38 120,8° 90U8,3 119,6 3 49,0 303,0 24
BOLNEVILLE TAILRACE .
BAY 12414415 GEACH 15 5 74 0 11,6 13,25 12¢.1 10,63 129.,5 968.,6 127.5 3 49,0 203,0 24
BCNLFYILLE FCREDAY
SPILL SIDE 15 5 74 S50 11.3 11,41 104%.6 15,97 110,5 A27.5 109,1 0 0,0 0,0 T4

l/ Sampling site in highly turbulent area—previous sampling in this area indicate this variation in
values is normal, but not indicative of true value for water mass sampled; therefore these values
were not used in analysis.

g/ Sample collection presumed to have béen made before complete replacement of previous lower discharge
in sampling area. (Samples taken of the same discharge 15 min later were used instead, for analycis).
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Appendix Table 2, Morked juvenile chincok salmon recopturcd in the Columbia River estuuary, July l3-August 2, 1974,1
for spillway deflector evaluaticn at Bonneville Dam,

Recovery Control Hodiiied‘Spillway "Standard Spillway Gear Efficiency

Date Sets LAT LA4 LAL Total _ LAU LAC J.AD Total  RAU RAC RAD _ Total  Laba
7/13 12 5 3 1 9 4 4 5 13 5 3 4 12 4 N
14 12 8 18 15 4l 19 12 13 44 21 15 21 57 46

15 7 11 11 9 31 5 11 2 18 12 1w 5 31 34

16 10 1 9 7 3R 10 15 12 37 7 8 10 25 27

17 9 37 W 24 4 7 1 18 7 71 2 16 22

18 11 2 6 5 P13 312 7 2 14 9 12 35 24

19 0 12 6 10 28 715 6 28 6 9 8 23 13

20 11 4 3 2 9 2 2 3 7 4 2 3 9 4

21 10 2 4 6 12 1 2 2 5 2 4 2 8 -

22 10 2 4 -, 6 2 2 - 4 1 - 2 3 1

23 12 1 2 1 4 2 2 1 5 - 2 1 3 3 Mo
24 10 - 1 2 3 3 05 2 10 5 - 1 6 1 ' N
25 9 2 .- - 2 3 01 - 4 2 - 1 3 1

26 10 2 - 4 6 - - - - - - . - -

27 - - - - - - - - - - - - - -

No Fishing July 27 & 28

28 - - -X - - - - - - - - - - -

29 12 2 2 - 4 - - - - - - - - -

30 9 - - - - 1 - - 1 2 - - 2 -

31 . 13 - - - - - = 1 1 - - = - 1

g/l 0 - - 1 1 1 1 - 2 - - - - -

2 8 1 - - 1 - 2 2 - - . - 1

TOTALS 195 73 76 77 226 67 93 61 221 88 73 72 223 182






