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INTROD:r:'l'IOH 

Supersaturation of dissolved. gases in I-rater of the Columbia River 

caused by spillway discharges was documented in the late 1960's as a problem 

to migrating salmon and steelhead trout. The Army Corps of Engineers funded 

several stUdies to determine ways of decreasi~~ the amount of gas forced into 

solution as v.-a.ter passed through the dam. A spilhray design terme1. "flip 

bucket" was examined for effect on dissolved gas at several discharges and. 

fo'~nd to be significantly better than the typi~al spilhiay design used on 

the Columbia River. Engineers of the Northwest Pacific Division utilized 

this concept and designed a flm-r deflector that could be attached. to the 

standa.rd spillbays. In theory, '\-Tater passing over a spilluay "nth deflector 

would move straight down stream and be deflected over the top of the stilling 

basin structures. thus hydraulic pressures would be decreased and less entrained 

air would be forced into solution. 

A prototype flm., deflector I-ras placed at Bon.'1eville Dam in 1971 and. 

tested in 72 and. 73 to determine whether dissolved gas concentrations ,-rould 

be reduced. These tests indicated a substantial reduction in the amount of 

supersaturation produced in comparison to standard spillbays. As a result 

the Corps designed and. built three additional deflectors at Bonneville to 

ascertain effects of multiple flm-r deflectors on; (1) dissolved gas content 

of discharges, and. (2) anadromous fish passage through and arottnd the spill 

discharge. 

This report describes the (1) determination of dissolved gases at 

various flows through standard and modified (deflector)'spilluays and (2) 

success of pass~ge of juvenile chinook saL~on through a standard and a 

I:'iodificd spilhray. This research '-Tas conpleted in calendar year 1974. 

http:standa.rd


Effect of Spill~·r.:7 Deflectors on Total Dissolved Gas Sup~rsatttration 

Proce1ure 

Tests for gas content ~'Tere ~ade below' spill deflectors of bays 13, 14 

and 15 on Harch 26, 28 and. 29; April 26; and Hay 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. FroI:l the 

r.J.oiel obse~Tations tests ~'Tere made at predetermined spill volu:r!les and 

tail'\'Tater elevations. Water flo~'Ts and tailwater heights were selected to 

cover those fo~~ typically during periois of fish migration (freshet condition~ 

Bays 4, 5 and 6 or 2, 3 and 4 (Standard spilhiay bays) were used. as the contro!. 

for comparisons 't'lith test results and. were operated concurrently ~-rith and 

identically to the deflector bays. 

Sampling procedure similar to that used in previous tests included the 

following. Near surface waters were collected from a boat in COI"..junction "lith 

s~mples taken from the shore at predetermined. sitea ~·Thich appeared. to have 

either test or control v~ter. Fifteen to sixty minutes of flushing at the 

desired 'fl~T preceded collection of-a series of 3 to 8 samples over 15 to 

'=:-0 minutes depeniing upon discharge rate. Volumes of flows tested ~.,ere about 

6.7, 9.7, 13, 17 ani 20 kcfs per bay at, t_ail1;·rater ele'.mtions of 5.18, 7.31, .: 

7.62 and. 8.53 meters. .Jl.nalysis of dissolved gas content was performed w'ithin 

24 hours using standard tec~~iques. 

Gas S~turation Levels 

The following analysis is based upon the asslJ.I:lption that da.ta 't'iere not 

substantially affected by mixing of standard. spilhray vTater and. deflector ~'Tater 

or bY"raters passed previously at different flm·r volumes. Observations of the 



.~ 

model indicated there w'as a certain amount of mixing under all circumstances. 

He believe that conta.::linatio!1 of "Tater in the de:flector bays from "Tater in 

the bo.y~ uithout spilh·re.y defJe:;tors ,·ras mini::-.al. During the full scale 

testing se~uence, no nb:ing could be detected awl samples collected seeoed 

represento.~ive of the test discharges. Any discrepancy due to mixing "ToUld. 

have tended to increase ab30lute gas content of the deflector l-rater samples 

b~t uould not have affecte'i staniard spillbay samples (determined by obser

vatio:!:). of the oodel). 

Dissolve1 gas content of the forebay ,vater "i·;as nearly 110% throughout 

all tests and temperatures ranaed from 6.9 to 11.~C (slightly lower than 

the usual range recorded during spring migration of anadromous fish beco.use 

of cool '\o,-eather). Gas concentrations of I,rater passing over the spillway 

deflector ";'T~re 6 to 12:0 le3s th3.n those in lrater passing through the control 

bays (Fig. 1). At a spill volune normal for taibrater elevation 5.18 meters 

(about 6.7 kcfs/bay through 5 of 16 bays) there vicLS about 117~ saturation 

N2 + Ar (Ar is present in small quantities and is included "nth all N2 values 

mentioned in the report) in water passing through the deflector bays compared 

to about 129% U2 through the control bays; for tailwater of 7.31 to 7.62 

meters (about 9.4 kcfs/bay--through all bays) the saturation below deflectors 

was 123% N2 't'ihile belO"...r control bays it was about 1307a; at 8.53 meters tail

l-rater (about 13.8 kcfslbay--through all bays) the supersaturation was about 

123~ cO~1pared to an esti~ated 132% for control. Ra"i'T data from the 4 days 

of testing are presented in Appt:!.:ndix Table 1. 

If 'tie aSSUlne that a full corr,plement of deflectors "nll be pla.ced in the 

spilluay at Bonneville and these e;as analysis data from our stUdies are 

representative of that condi. tion, then a total river flow of about 300 kcfs 

(abo'.J.t 7.62 meter taill'rater depth) a!1d a forebay saturation of 1101, (proposed 

.l-
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' .. 
maximum limit) "\vould pr::>iuce saturation levels b,:lo-.r the spillw·ay of 123%; 

this ,{Quld result in a mixed river cond1tio:l dOi'Tr!stream of' 116.9i~. A 

spillway operatio:l ,·;ithout deflectors ,.,ou1d result in about 130% saturation 

with a mixed condition of 120.1'% or 3.8 higher. A river flml of about 

360 kcfs (8.53 m taili-Tater) vnth 110~ saturation in the forebay 1'Tould produce 

a tailrace coniition .,vith deflec tors of about 123% and. a mixed river condition 

of about 117.9-1" vThereas the flow· over a normal spi11~va.y vlould result in 

132% (estimated saturation from NI,WS dissolved gas data for the Columbia 
~ 

River 1966-74) ani 123.4% mixed condition downstrea~ (5.5% higher). ~WS 

dissulved gas data indicates 'spilli-ray and pmverhouse discharges from 

Bonneville are not completely mLxed until they reach Vancouver, WA (Blahm 

personal communicatioc)1I. We conclude that the decrease in supersaturation 

indicated by extrap::>lation of these data to a cooplete spil11va.y modification 

at Bonneville vlou1d be of major importance in increasing the survival of 

anadromous fish species in that area. Lower gas levels could significantly 

improve survival of juvenile migrants. Bioassay data from tests in deep 

and 	shallow tanks indicate that small increases in saturation over 120% 

result in logrithmic increase in mortality rate of both juvenile and adult 

fish tested. Thus, small·decxeases in saturation from use of deflectors 

after concentrations exceed 120% should result in substantial increases in 

survival. Reductions of 6-12% in saturation are highly significant vThen 

concentrations exceed 120%.. 

Effect of SpilbTay Deflectors on Juvenile Salmon 

Procedure 

Survival of juvenile samO:l through modified and standard spillw·ays \ofaS 

examined in July a.nd early August of 1974. l:Iarked fish Here released for 

Y 	 Theodore Blahm 1954. Fishery Biologist, national Harine Fisheries Service 
Prescott field sta~ion, Prescott, I'TA. 



..
p:l.sso.ge over the spill~'m.y (test) and. below' the dam (control). A small grol.lp 

of fish was :!'"eleased about 127 km dOi-ffistream to obtain gear efficiency 

cstiI:latcs. Recovery of fish ,'ras Da.de with a beach seine at Jones Beach 

on the Oree;.:Jn shore near Pug~t Island (Fig. 2) about 160 l::ilo~eters 

'd01mstrear.'l •. 

Juvenile fall chinook salmon used in these experiments ~rere obtained 

from Little Hhite Salmon Hational Fish Hatcher-,f. In preparation for release, 

three groups of about l50,OO~ juvenile fall chinook salmon were Darked 

distinctively according to the release point by freeze brandiI'l...g .'Tith 

liquid nitrogen (Mighell, 1959) one month prior to release. This species 

was selected because they represent the largest group of salmonids passing 

over BOrL~8ville Dam ani are also available to reca?ture by beach seine, a 

proven and relatively inexpensive sampling tool (Sims &Jo~~sen, 1974). 

Prior ,to rr.a.rking, fish from different pond.s l'rare mixed to insure a similar 

size di3trib~tion in all ::narked groups; a sub-sample from each mark lot was 

examined for retention of mark, and. measured. to determine mean size. All 

fish were transported fro~ the hatchery to release sites in tank trucks 

described by Ebel (1970). 

Release of test and control fish (Table 1) was maie on July lOth during 

an average spillvray flow of 180.5 kcfs and. total-discharge of 316 kcfs. Test 

releases 1v-e:r-e rn:ld.e siI!lultaneou;:)ly through 10.16 em hos~s placed. about 30.48 cm 

abov-e the spillgate opening in bay 11 (standard. spilhTaY) and 14 (moiified 

spilh.m.y). Introduction of the fish into this high velocitY floi'T insured 

ir!ll:1~diate' p3.3sage through tha ::;pillvny. Spillgates No. 10-15 vTare identically 

set at l~ dogs (a 4 dog openine; eqllals 2.07m) to pass approximat~ly 13 kef's in 

ea:!h bpy fo:." !!lore than one hO~.li" prior to anj after relea.se. Control fish 

'-Tere released about 1. 6 lao b~lo~., the spilhray from the Washin.:ston shore. 

http:relea.se
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Fl::::h used to (!r.t:;tbl.i3~1 fje8.~ e::f'iciency i-Tc!'e rel·~a.::;e.:l at kl.inic!', Ol''':!son, 

Jul~l 12th at :iusl:, c,r:,i ~·i:-;.3 ti:::erl S0 that their arri val at the reco'Tery 

site 't·;o'.lld coincid.~ ,::rith t~e eX'pe~te;l arrival of f:Lsh released. at 

BOrllleville Da~ ~lrther u~str~a~. 
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Ta.ble 1. --I!l1!:lbers of O:>'3.l11e:t fall chinook salmon r·.,:l·:~n.s(:d. in'".;o the 

C01Q110io. Hi.ve:- :::.:c B'Jnn~ville D.::un an~l REd.nicr, Ore;30:l. 

2/ 
lb. F;sh... 'Pe'''':"-_ ... ..,.d.Rel·~o.se Site Da";e Rele~sed. .... _\. ........ .;)_. 


Bannc'lille D3.m_._-
Control 7/10 LA T 134,669 

r·Iodified Spilhre.y 7/1'J LA U 151,869 

St~nda.ci Spilbid.Y 7110 n,,~ U 144,915
I 

Rainier 


Gear Efficiency 7/]2 L.A. 


Y IA is left anterior ar~a 0:1 fi~h; R!1. io right a!lterior. 


gj Number adjusted. for handling mortality and eatimaced delayed. mortality. 
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'lIne n:.crber of l~ish rt!covered hy beach seine w-ere w-i thin th~ rD.!13c 

norrn?.lly cxpzcted and the rate of mO"ier:lent ';V'3.S normal for fish of thi3 

C::1"\-19Or) p01.nl. •• -;Jv;a- 0:..s~ze. (aVerage "lll.'l. Rtf3. e 0 raovement......h·1.0" e L'~n r.~I!le ,-;hen .co 

fi~h ,,,ere cecover~d. (Appendix Table 2) ,·FaS 27 kJn/day (nearly maximum for 

this size fish). The timing of the arri-/3.1 of the rr..arked groups a.t our 

sampling site i-ras coincident 'iii th hig!! catches 0:' other fall chi:look 

mi;ranr.s, further ind.icating that the nloveIl!ent ,.;0.':; normal and. similar to 

other stocks of fall chinook. 

r·1easure:D.ents of I'.l8.rk 103S prior to relea3e of the test and control 

grO'.lpS indicated that it ,·ra::; n::!gli:~ijlc for all groups. lviean fork lengths 

of fiah fro!ll each gro'..lp release(l ,-ms 89-92 ~'"!l and the pattern of rcco'lcry 

i::l the bCi:l.~h seine -ini:L::ates mlxing of all marked groaps (Fig. 3). First 

recoveries for each group released ,-rere made the ::;ame_ dn-y at the zei!!:! 

site und cLuuulative recovery percentages '~re nearly identical throughout 

the recovery period.. A total of .),):) fish ~-TC1'e "l·~~ov'.!:ced from nearly 431,500 

juvenile fall chinook released at Bonneyille Dam. Recoveries per grO:lp are 

listed below with daily recaptures listed in Appand.ix Table,2. 

Relative survival of groups released. at Bonneville are compared to the 

group released at Rainier, Oregon. AGs~ing 100% su~~val of the Rainie~ 

re l-aaz 9 , control ani test recoveries ~-Jere: 

Release Release Recove::y Estim.:l.Ge1 Relative 
.,fGrol.1:o Slte !{o. ~ S'.11""."iv"a1 ':J 

Control Bonne\rllle Dam 226 0.167 h5.6 

Spill Deflector " " 221 0.145 39.6 

Sta.l1uard SpillvTa.y II " 233 0.160 43.7 

Gell:" Efficiency Rainier, Oregon 182 0.366 .100.0 

http:Appand.ix
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Little d.ifference in ::mrvival 't·m.s found. bet't·reen g:!..'oups released a-.: 

the dam. Chi-square values of 7.59 iTith a probability greater than 0.10 

(4 d .. f • .) indicate no significant differences in survivo:.lbet't·ieen test 

Broups of fish passing over flo't-T deflector or standa.rd spill or the groups 

released. below the da.m. yre conclude that spilhTay deflectors are not 

detril:lental to their survival and. believe the effect of complete modifica

tion of the spillway at BOIl..'1eville Dam (18 bays) \-Till not adversely affect 

the sur-vival of juve:lile fall chinook sa1n.on paz~ing through the spilhmy. 

http:standa.rd


Liter~ture Cited 

BGiningen, K.T. and H.J. Ebe1. 1970 

Effect of John D~y Dam on Dissolved Nitrogen Concentrations and 

Salmon in the ColU!lbia River, 1968. Trans. Amer. Fish. Soc. 99:664-671 

Ebe1, VI. J. 1970 

Effe:t of Release Location on S~\~va1 of Juvenile Fall Chinook 

Saman, OnC!orh:vn~hustsha\Virt:;cha. Trans. Amer. Fish. Soc. 99:672-6'{6 

!·:igae11, Ja."!!es L. 1969 

Rapid coB-braniing of salmon ani trout uith liquid nitrogen. 

Jour. Fish. Res. Bd. Canada. 26-10: 2765-2769 

Sims, C.H. ani Richard C. Johnsen. 1974 

Variable r·lesh Beach Seine for Sampling Juvenile Salmon in Colu.l"!lbia 

River Estuary. l·m.rine Fisheries Review', Vol. 36, No.2 

Sim8, C.v1. 

l·iigrationalCharacteristics of Juvenile Fall Chinook Salmon in the 

Columbia River Estuary. (r/lan'.lscript in Preparation). 



APPENDIX TABLE 1. 

1;/lTICNf.l ~1\1!11\E" FI!;HlllCS Sr"VICE. ceM,TIIL l~t·E :.1.(; [STI.J:.FlI.r SHil"'l[" 

!.lOI;··ILVILLE SPIlU.r,y LEI If.r.l0h--OISSOLVFC C.I;~ /It./.l Y~Ts---Ct':jl.El;s/q,.t:i rUt, n",p[f'/lTl;Hf 11M: 111.11 TLl r 


==:;=:==::~;:=:==~:=::==::~==========:===:===========:===:~~:===::::=:=:===:=~==::=:=:==::==:::=:~===::~:=:==~=::~~~ 
l\ Ti' c; ~H' r ii I r. - T 'J T1\ L r /. ~ - ~. (j • .. C1111 L Y .. L " i\ q.,:~ I I: 

[fITE [;lPT ,E~P ---CXYG(~--- .--r·. I T HuGf 1·.-- PllrSSUPl GATl ----KCFS---- (Ll" 
U-:Cfq 101, Dr ~c YR FT C N~/L 511' tiL/l. S"T ~'r~ lie; ~IIT eFn: sPILL TepL rrll 

;~===~=~~:~====~=:=:=:~======~=====~=====================:=::=========:======~======;====================~====:::::=: 
Uc,r.t.fvILL[ F(.Il(u,\y 
~PILL :,li)( 26 3 7" 40 6.9 12.7U lO~.7 17.50 109.9 023.7 lOIl.6 0 0.1.1 "-.1I 7'1 

[lCI.I;r.VILlr. UIlfU\Cr 
[;t.Y U.l1t015 C[FI.( ~6 3 7" 0 6.8 14.4i 11e.~ 19.10 11';.1t Q03.7 1111.9 3 311.0 170. i) 17 

U('I·,I;r. v 1Ll ( T/I I LiH'.CE 
~~y 13.14.15 ([fLC a :3 7 'I 0 . --- i. ~ 0- - 1 4 • ;> it 11 7 • [; 1'3 • 50 12].9 'lJ{,.2 l~O.1i 3 30.0 170.U 1 1 

UC~N[VrLLC TAILHftcC 
r:IIY 1~'14.15 CltJ"U' 2~ 3 74 0 6.6 14.4~ 11~.~ 19.fO 1?::'.5 '):::2.2 121.4 3 30.0 17(1.0 ]7 

e:.ir.ljI" VI L L E 1., I L/lI,C E 
. 1/~ ~t eN SPILL sl 26 3 74 0 6.D 14.2Q 117.t t9.~0 121.3 91'.S 120,1 3 30.[: 170.U n 
IlV.ilf:~ILL[ 1f.ILi<f.CE 

I!,H L!ol4.1~ ['f.rLE 26 3 74 0 6.& lq.,~ Ilb.7 l~,n~ 119.1 1\')9.4 1111.1t 3 20.0 Hr..a 17 
D[hhCV!LLC YIIltMttE 

I;loy 1::!.11~,l~1 [,f.FlE 26 3 74 0 6.D 13.7U 112.5 le.~o 11(,.3 07S.5 11!i.3 3 20.0 HII. U 17 
110t.:.r.VILL( lAlLHr.rE 
~AY 1!.11.1~ ~lrL( 26 3 71t 0 6./\ 13.7U 11~.~ 10.40 115.0 6t:.A.4 114.3 '3 ,..o.U HO.U 17 

OCI.I.r ·..,tLLr:: yt.II.Hr·c(
Lt., 1~oJ'ltl5 r'lrLC 26 3 7~ 0 6.B 1~.q6 11M.. 19.7A 12.~.n 9i!9.3 12~.3 3 40.0 1Cn.IJ 17 

U·jt.r••: OJ 1LI l: r 1I11.1~IICI.: 
till\' 13tl'lol~ i:Cf-"lL ~6 3 7~ 0 6.D ]4.~O 11~.~ 19.70 It·.~.(' ')('13.2 lll'.' 3 40.0 IbO.ll 17 

IlCl\li,..,t:"lf. rrollH:IC( 1\ 
nA1 1~.14.15 nlfll ~6 3 74 0 6.9 14.42 11b.1 '9.~0 lU.O c:a2~.3 121.7 3 40.0 1t:O.U 17 

(!C~,t,;' vIl 1.1: I!\ I LlU\CE 
1/q 'I G~ P~h[R SI 26 3 74 o ·-·6.li·..·i~~(,~ i('5·.7 17.70 110.7 AlB.£. 109.0 0 0.01411 .0 17 

~~~~[VJLLE FCHlhllY 
SI-'ILL SIDE: 26 3 74 40 7.0 1?~1 IP5.~ ]7.70 111.4 1134.0 110.1 O· 0.(; O.U 71l 

uor.lil VILLr. TIlILflAcr 
I~ I. y It.!.\. r, 26 .3 74 0 6.9 15.67 1~~.~ 20.79 130.3 'lC5.2 12<).7 3 3(1.Q 1711.U 17 

[J"t;;;f v rllE TlIlL.Pllct 
P.IIY .. ,~.,:, 2f. 3 74 o 6.9'· 15.~1 l~~.O 20./, 1~0.9 <)UO.9 130.!· :3 30.(11711.0 11 

no~.r;rv Il.L( Jllll.Hl\er. 
IJ " Y ... 5 • (, 2(, .3 74 0 6.9 ]5.~j l?~.~ ?~."~ 1 ~~r.. ') '}iltl.? 1 ~r.. t :5 !11.v 170.U 17 

nO'd:1 VILU: T,ULlo/llcr 
lilt PI &~ ~rILL SI 26 3 74 . o· 6.9 1~.5~ Ip7.~ 20.79 1?>(t.3 <)1J?.tl 12'1.4 3 30.(1 \711.0 17 

ncr."f vILLr: TIlILRI\CE 
f;;.'t 4.5,6 26 . 3 -74 '---0- - 6.9 15'.40-1;&;'-' 20.;;'·' l·H.·.h ~!j9.2 12(•• :? 3 20.0 H:r..\) 17 

bcri~~l VILLe TAILRIIC( 

~A)' ... 501, 26 .3 74 o 7.~ 15~67 1:9.Q ~~.59 1~q.4 <J110.0 l?~;.O :3 ?O.tJ 160.11 17 


CCI,rlfvILl( TldLRACE. 

f!AY .. ,5.6 a 3 74 o 6.9 15.n~ 1!~'~ 20.PQ 13(1.9· '191.2 130.5 .~ ,0.0 1LO.U : 7 


fJCI;r;rvILLC TIlILHIIC( 

Blly 4,!.I.F. 26 3 7It o (,.9 15.4~ 12b.9 2U.~7 121\.'1 973.3 12A.l 3 &;O.tJ lbO.U 17 


BCt.:.J:v IL!.£: TIIILRACE 

i.!AY ~.!.I.6 ;'6 3 74 o 6.9 1~.5U 1~7.~ ~a.!? 1~7./.i 96a.U 127.4 3 40.0 1IlO.U 17 

BC~NrvILLE TAILRACE 


... , ~ , .... ~ ~ 'Ifl· .. '2(, r ''', (."{ 
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~ATIC~AL ~ARI~E FlS~LHIES SERVICE COASTAL ~ONl hNV ESTUA"I~r ~TI,nl(S 


(30tjl;(v ILLC sp ILL ... AY I.JEFLECTO~--OISSOLVfC GAS M~ALY$IS--·C(JYr(t.SATrO F()lt T£ flrl'H/.TL:RF M.e r'L T 11 te.. 

============:=================;==========================:==================================::::=============:====== 

AT"oSrltf.kIC -TOTIIL (.I\~- t.C. "Ol:I~L Y FLr,\\' ~""I'L C 
C~TE: tEPT TE,.,P -·-ex)' bO.--- --/(ITROGH.· PRrsSU~r GATE ----KtFs.· •• [LEv 

LOCAT 101. 0'1' /0'0 YR FT C f/.C,/L 5"1 "L/l .SAT ~~ IIG Sr.T OPtN SPILL ,CT:'L rro 
========:====================;::==========================:================================================= ~:==:;== 

oCr.:iCVILLC FeREOAY 

, SPILL !'ilJf. c:6 ;5 71f '10 7.0 12:74' 105.3 17.,+0 109.5 A2Z.7 'IG~.5 0 0.0 0.0 7"
0 

cc~~rV!llE FaRrUAy 

SFIll !\InE ~o 3 71f 40 7.1f 12.3~ 103.1 16.95 107.7 .OuOel 10f..6. 0 0.0 n.o 7'1 


OC~h[vtlL( TAILRACE 

!lAy 10 ~OU11t PIEH ~8 3 74 0 7.1f 13.n~ 10H.7 17.e2 113.0 1I~0.l" 111 ~'3 Jh 20.0 270.0 <,"
0 

oC,.t,rVILLE TAILRACE 

~AY In SOUTH PItH 28 3 74 0 7.'I13.9~ 115.9 19.33 122.5 'HO.O 1211.eJ/3 '10.0 330.0 llf 


eCh~(VILL( TAILRACE 

~AY 1!.14,1~ "EACh 21l 3 7'+ 0 7.'1 14.3b 119.7 ,19.68 124.b 9j7.3 12~.4 3 '10.0 ~jn.u .. 'I 


DO~hrvILLE TAILRACE 

n~y 1~.14.1S nEACh C:8 ;s 7'+ 0 7.'+ 14.'I~ 12~.2 ~0.1? 1~7.~ QS4.6 125.7 oJ 'IO.u ,Bn.u ?4 


[lcr.r;rVILLC T;'!LIIACE 

I.:/.Y 13014015 IlEACh 2e 3 74 0 7:4 IIj.4~ 12~.2 19.57 12'1.1 93'1.0 ]23.0 3 .. ~.u ~3n.u 
 "'I 

[lC~;I,r.vILl( f'cnfOAy 
SPILL SI:)f: 2El 3 74 '10' 7.'1 12.'I~ "104.3 17~23 109.'+ 620.3 10H.2 0 0.0 (\.0 74 
nC~N(VILl[ TAILRACe 
e.'y 2,!,Ij 2t! 3 7'1 o "'7~" 15.1" 1211.5 20.01 1~(,~9 %0.4 - '12~.1f ZJ3 ,3(\.0 ~oo.o ;,15 

uct.r;cv 1 l LE T/.lLnACE 
u.\y 2.~,11 2e 3 71f o· 7.'1 llf.'I~ 120 ... 19.13 lc1.3 917.5 1?n.~~3 311. C :!OO.O ?~ 

U(;f\1.fVIllE TAILIIACE ," 

c,\y 2.3,'1 a 3 74 07.4 llj.,!) 116.1\ 19~n2 120.6 Q11.2 120.0y3 3'). a :!OO.O ;5 '. 
£~Ct.I,[VILLr. TAILRACE 

£] f. Y 2.!.'1 ilL: r.CII ~c 371f 0-'7'.''1-- 14.9'1 124.5 ~0.33· 1<:11'.9 ?b9.6·'1~7.b' :5 :9'J • C !Otl~O ;>!j 

~C~hrVrLLE T~ILRAC( 
cAy 2,~,1j fJlt.C1i 2t:! 3 7If o 7.1f IIj.7b 12~.f 19.79 "1~5~5-094£'.fl 1~1j.6 3 'y0 • o :!CO.Il 25 

ner./,rvIllE TAIU<AC( 
0El,,\y 2.!d l!(AC.H 2e 3 7'+ o 7 • 4 1 'I • 5 ';I 121 • 7 2 0 • 77 1 3 1 • 7 ., 9 U 1 • 5 1 .. Q • 2 3 .3,).0 300.0 ;,5

• 

oo~~rvlLl( TAILRACE 

e~y 1!.14.15 L(f'L[ 2e 3 71f 07.'1 1'1.70 °Ul.1 1'3.4E "123~4"o'9j4.4° 12~.O 3 30.0 !oo.o <'!.i 


~C~~rvILLE TAILHACE 

~AY 1~.11j.15 LrFL( 2e 3 74 o 7.411t.60 ," 121.7 1'3."(, 123.4 0 Q32.U 12'.7 3 3e.a :!CJo.o ;.~ 


cc:.rir.VILLE FC;HEOAY 

oSPILL SIc£: 28 3 7'1 40 7.'1 12.4i 10~~7 1~.O'" 1U7.6· 'AU4.9 10h.l o 0.0 0.0 7 .. " 

(l C/. I. r v ILL C F 0 k ( £J A Y o _. 

~PILL ~luE 29 3 7'+ '+0 7.6 12.37- 103.0" '16.99 "lua;o,+, "~13." "107.3 0.0 n.:! 711 

ee~~rVTLl( TAILRACE 

~:.y 1~.14.15 bEACH 2'i 
 3 74 o 7.6 1If'.25·--l1S.·~ 19.35 lc3~3oo0927.7 12:.'.1'3 30.0 ~OO.J 24 

eC~.,;rvll"L£: TAILltt.CE 

- 0_._0 .. 7 ~ 6 1'+ • 01 11 7 • '3 19 • :3 5 ' 12 3 ~ 3 " '925 • 5- 012 1 • t! 3 3Q.0 ~on.(j ;>4
'0eAT 13.14,15 C[AC~ 2S 3 74 


OC\~EVILL( TAILkACE 

P.A'I' 13t14,1~ EEAC~: 21i 3 7'+ o 7.5 1'+.01111.'0 19.'16 123.7 n7~5'- 122~1 :5 30.0 :!OO.O - ]It 


cer.l.c" ILL( TA ILRflC£ 

00PoAy 13t14.1~ /lEACH 21j"3 7'1 O'-7.5'-13.7~001111.7 18~ol"'1l9~S ASO.3 1111.3 3 '0.0 27n.() .. 5 

BC~~(vlLL( TAILRACE 

UAy 13.14,15 OEACh 2'i 3 7'1 o 7.5 13.90 llb.2 19.Q2 '120.9 900.0 11~.6 3 20.0 270.0 n 
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Nf.TtOf'1lAL MARWE: FISI-4EI-IIES SEH"ICE: CCAST,.L 'ZONl /,t.O E.STUI\H!I.[ STlmIE:S 
~ON4EVILL( SPILL~AY C£FLECTOR--DISSOLVFO GAS ANALTSJ~---CC~PE~~l\lrO FO~ TE'P["AT~"[ A~n IILllT~cr 

============:=========:=================================::=====================~=~:======:========:================= 
1I 1 I'OH'H(IIIC -TUTAL GI\~- 1\0. "CUtlLY FLow Slh/PL E. 

CATE: C(PT TE.'(P ··-cxyG£~-·· --l'4lTflOCirr.-- J'HrSSUR[ GIITE ·---I\CF~---- [L E \I 

LOCtq ION DY /'0 Ylt FT C "l~/L Sf T fJ,L/L SAT ~~ H~ ~IIT CPfN SPILL TCT~L FFrl 
===:================================;====================:=~======================================================== 
BC~. 11CV I L LE TI'1 LkAC £. 
8~Y 1!.14.15 O~IICH 2'3 3 7" 0 7.S 13.90 110.2 19.02 320.9 908.8 119.6 :5 20.0 270.0 tiS 


DC~.::EV ILLE Til ILnf.CE 

BAY 13.14.15 nlllCH 2'3 3 74 0 7.5 14.7& 12~.~ 20.55 13U.6 977.U 12R.7 3 ItO.U 330.0 24 


OOt,:.(\I JLU': Ttl IUa.CE. 

U~Y 1!.lQ.15 DEACh 29 3 1If 0 7.5' 14.7& 12l.4 20.~5 130.6 977.U 12A.7 3 40.0 331'.1.1 2't 


OC:.!.E:vILLC TIIILHf,C( 

e.-.y 1!,14tl~ 1It.'CH 2'3 3 74 a 7.5 14.5~ 121.Y 20.12 127.& ~59.1 12h.3 3 'tC.Q' 3.5n.(, 24 


CC~H[VILL~ FO~(bl\y 


SPILL ~IOF: 2'i 3 71t 40 7.5· 12.4~ 103.~ 17.2~ 110.0 623.3 10P.6 o 0.0 0.1.1 71t 

OCI.I.EVILLE: FORCD,',y 


SPILL SIDE: 2<; 3 7" If 0 J.6 12.5~ 105.1 17.20 110.2 826.5 109.0 o U.O 0.1I ,.. 

OC~HfVILLE TIIILkAtE 


P.r.y 2.~." [lEACH 29 3 74 0 7.6 14.Rl 1~".1 19.95 127.~ QS7.7 12h.1 3 3G.0 30n.o .,10 

DC!'.I:f.·JILLE Tf.lUtAtE 


::! 1\ y 2. 3 • 4' ~: [I. C Il 2'3 3 71t 0 7.6 14;59 12~.3 20.UO 133.0 990.1 '130.3 3 3:l.1I 300.u ?It 

OCt.rirVIllE pILRACE 


ht.y 20.3.4 rllACH 25 3 74 a 7.6 15.11 1~b.6 20.77 132.3 9~2.0 130.7 3 .3 il .O !OO.1l ?,4 


[!C:.!;[VILL[ FUn£UAY 

SPILL SICe: ~6 If 7~ 50 10.0· 12.17 10H.2 16.57 111.5 639.2 110.7 o 0.0 0.0 72 


Bcr.!J':'JJLLC TAILlll\CC 
 ,\1 
~AY 1!.1~115 ~[ACH 26 q 7~ a 10.1 13.20 I1B.l lB.21 122.7 q~l.~ 12J.4 3 51.1I 30Y.u 27 

DC~~rVILLE FOMEOAy 
SP'ILL ::alOE 26 It 7q 50 10.0 12.17 10h.2 16.~7 111.5 639.2 110.7 o 0.0 (I.U 72 

~c~.:.r\lIlLE TIIILHIICE 
I;',Y 1 ~. 1 ' •• 15 IilllCH 26 ~ 74 a 10.0 13.A~ 12l.3 19.08 12fl.2 962.8 12~.A 3 60.0 379.0 ;> 1\ 

ElC~.r;CVILlE TAILRI\CE 
eAT 13.:4.15 fiEIICh 26 ~ H o 10.0 14.01 12~.~ 19.23 1~Q.2 .970.6 127.8 3 ('O.U 379.0 tie: 

.. BCI.!.CV YI.!..E TIdLH:.CE 
HAY l!':"ll~ nE~t~ 26 .. 74 o 1 0 • a 13 • El c? - ·122. 71" ~ '} 2 127 • 1 9 ~ 5 .4 1 C! 5 • A ,3 ';0.0 379.1l . 2!\ 

OC~~[vILLE rCH[~Al 
SPILL SInr: 26 q 7~ 50 10.0 12.1b 10d.i 1G.bS 112.1 A~2.1 111.0 0 0.0 0.0 7; 

. flC:.r.f:VILLL FCHEOIIY 
SPILL SIar "15 5 7't 50 11.6,-·11.3~ 10 ... 4·15.74 109."· A21.8 l(\A.~ .0 0.0 n.u 71t 

ocr.r.f.'iILLF.: TldLR,'CE 
~AY 13014.15 lilAC" 15 5 74 ri'·li.'! 12:71>--"117.1 17.lt6 120~''J Qu9.S ll'J.73 29.0 29f..C :> 'I 

r:c:,I.l\llLLr. TfolLRflCE 
eAT l!.lq.l~ OE.I\C~ 

~ 
15 5 74 o 11.6 12.6~ 116.5 17.!A 120.H QOB.3 l1Q.6 :\ C09.0 2,);'.1I ., .. 

f! C1. I.f vI LLET A I L H {\C E 
cAY l!.14.15 Ull\Ck 15 5 71t 0 11.7 12.7bil1.~' 17.'t~ 121.~"915.3 120.5 3 .,y.o ~')(,.o ?Io 

OC~hrvILLE TAIL"~CC 
UAY IJ.l~.15 OEACh 1~ 5 7It" , '0' -'li.j--1'2.6b 11 .. ;9 - -i 7~'4'; 12(.1, CJ13. 7 120.3 3 29.0 2S;'.iI 'It 


[\c~.rlf:'" ILLC TA ILIIIICE 

15 5 74 0 11.7-'-i2.'7b--'lI'i~Cj -"17'.f.1---122.·7·'QZl. ,'·'121.3·'·3- £o9.C. "9/..0 2"liAy 13.1ij.15 SEACh 


DC:.t.EVILLE: TAILRAC£ 
 ---_ .. -l~-S -74 ,_ .. -o:"ii-~'7 - i2~ iu-" 'if7:'i -'17:·3I\'--iiL i' '-912"0 120.1 '3 0i'i.0 2'.1,;.0 ?ItDAY 13.14.1~ BEACH 
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NI\TtONAL MARINE FIStlLRIES S(IIVJCE. COI\STAL 20~i.. A"O [STLJII'(Jf.r. STlJnlC~ 
UCN'lCV ILLE sP ILL... A'Y OU U:CTOfc--oiSSOLVro GI\S AfillL YSI s---COt-',P(I'SAl r 0 FOIt Tf. "'P(RI\TUII( rl/'\(~ AL' 1Tlisr .' 

=======:===:~====:===================================: ======================================================::====== 
AT,..oSP~E"lC -TOTftL GI\~- ~C. ~CU"LY FLn~ sn~~l ~ 

CATE C[PT TE,..P ---OX1~(N--- --~I'ROG.h-- pnrSSURl GATE ----KCFS---- (L(v 
LOCI\TION oy ~oo YR FT C ~G/L S~T /lL/L . ,SlIT ""411r; sl\T OPfl; SPILL TCTftL rri.:T'0 

===========:=====;============================::=============================:============================== =~====== 
eO~~EVILLE TAILRACE 

efty i3'1~'15 A[IICH 1~ 5 74 0 11.7 12.AH 119.0 17,~6 121.6 917.0 120,7 3 29.U 296.U ~4 
OCI,I:r:VILLE TI\ILHr.c( 

LiAY 1:3.1'+015 IIEIIC" lS S 14 o 11.8 l2.76 1h.1 17.53 122.11 920.11 121.2 :3 29.0 29f..U ~~ 

.OOt.lirVILL( Fen(OIlY 
SPILL SIar 15 5 7'+ 50 11." 11. IU·'·10li.Y 15,02 109.1 n22~9'-l'OA~5 0 O.U 0.0 0/4 

eC~~[VrLLE TAILRACE 
e~y 1~.14.1~ BEACH 15 5 711 o 11.6 13,01 119.9 11.82 123:9 931,7 122.7 :3 39.0 ! 04.0 ~~ 

AC~N[V'LLE TAIL~ftC( 
124 __9eAY 1~.1~.1~ EEACH 15 5 7 .. o 11.7 13.01 120.1 17.92 938.1 123.5 3 39.0 !OIl.U ~4 

nC~"lrVrLL( TAILRI\CE 
DAY I! ti, 115 P.(IICI· l5 5 711 o 11.7 13.13 1H.3 18.2~ 127.1 9~2,8 125.4 :3 39,.0 !04.0 41 .. 

8 C t./; r V I LL E P I LfIA (' E 
cAY 1~'14.15 ~EIICH '1 ~ 5 74 o 11.7 12.86 11~. 0 17.71 123.0 929.9 122.4 3 39.0 ~ C11.0 ;14 

eOh~CVILL( TAILHACE 
~AY 13.1'+.15 OEIICH I!: 5 711 o 11.8 12.8b 119.3 17.77 1211.1 931.9 122.7 3 39.0 304.11 ;>4 

eeld:rv ILLE TA lLRr,CE 
CAY 13.14.15 BEACh 15 5 74 o 11.7 13.U 121.3 16.0A 126.0 9116.3 12".6 3 39.0 304.0) 2~ 

OCr-.I.r.V I LL( T:t I LP,'\CE 
~I\Y 13.14.15 rEACh 1~ 5 7 .. o 11.7 12.90 11 ~.1 17.f:.l 1~2.1 923.6 121.6 3 39.0 30,+.0 ;14 

~o~~rvILLE TAILRACE 
DAY 1!.14.15 OEI\C~ IS 5 74 o 11.7 12.1b 117.9 17 .f9 1~i'I.3 92 ... 9 12] • A :3 39.0 3 011.0 ?~ 

HC~~EvlLL( FonrUAy 
SPILL ~I!)E 15 5 74 50 11,6 11.39 10!).1 15.75 lCiC).1 A23.0 10A.!i o 0;0 0.0 74 

eC~llrvlLLC TAILRACE 
eAY 13.14.15 HEIICH 15 5 74 o 11.6 13,25 12~.1 11:1.42 12ft.0· 959,9 12(..4 :3 119.0 30~.0 ~ .. -N 

De~/;r.V'LLE TAILf(IICE 
P'AY 1~.14.15 nEACH 1~ 5 74 o 11.6 13.13 Hl.0 10.31 H7.3 qSII.O 125.6 :3 119.0 30~.0 2~ 

eC~NEV'LL( TAILRACE 
eAT 13.14,15 BEACh 15 5 74 '0 11.6 12.64 1h.5 17.30 1~0.A . 90t}.3 119,6 3 "9.(; 3U3.0 ~4 

OO~~(vlLL( TAILHACE 
CAy 1!.14.15 U[I\Ch 1~ 5 711 o 11.6 ' 13.~5 1;»:t.1 ll1.63 129.5' 900.6 12,7.5 3 1,9.0 30~.O 41" 

OCh/.rvILLE rCHEUlly 
SPILL SIDE 15 5 711 50 11.3 11.1'1 10".(. 15.97 1111.5 827.5 109.1 o 0.0 n.o 74 

Sampling site in highly turbulent area-previous salnpl1ng in this area indicate this variation inJJ 
values is normal, but not indicative of true value for water mass so.:npled; therefore these values 
"lere not used in analysis. 

gj Sa~ple collection presumed to have been made before complete replacement of previo~s lower discharGe 
(: in sampling area. (Sa'llples taken of the same discharee 15 min later "Tere used instead, for analyGis). 

~I 
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Appendix Table 2. l-!.lrked juvenile chinook sdmon I:C!!,)pturcd in the Columbia River estuary, July 13-Au/.:u!:c 2, 1974,1 
for spillway de!lector cvalu.lti,'n At Bo:mcv1l1c Da'l1 • 

Recovery 
!late Set!) LAT 

Control 
LA-f LA.L Total 

HodiLicd Spilhllly 
lAU 1,:'.C ),.\IL!~t:\l 

. 
Standard Spillway 
!~AU r..AC !tAn Tot'll 

Cear Efficiency 
LA'

7/13 12 5 3 1 9 II 4 5 13 5 3 if 12 L. ~ 

14 12 8 18 15 41 19 12 13 44 21 15 21 57 46 

15 7 11 11 9 31 5 11 ".. 18 12 1f1 5 31 3[. 

16 10 16 9 7 32 10 15 12 37 7 S 10 "25 27 

17 9 3 7 14 24 . 4 7 7 18 7 7 2 16 22 

18 11 2 6 5 ; 13 3 12 7 :!z 14 9 12 35 24 

19 10 12 6 10 28 7 15 6 28 6 9 8 23 13 

20 11 I. 3 2 9 2 2 3 7 4 2 3 9 [, 

2l 10 "l 4 6 12 1 2 2 5 2 4 2 8 

22 10 2 I. 6 2 2 4 1 2 3 1 

23 

24 

12 

10 

1 2 

l 

1 

2 

4 

3 

2 

3 

2 

5 

1 

2 

5 

10 5 

2 1 

1 

3 

6 

3 

l 

I 

\'-l 

\;-.} 

25 9 2 2 3 l 4 2 l 3 1 

26 10 2 4 6 

27 

28 
No FiGhing July 27 & 23 
-x 

29 12 2 2 4 

30 9 1 1 2 2 

Jl 13 1 l 1 

ell 10 1 1 1 1 2 

2 8 1 1 2 2 1 

TOTALS 195 73 76 77 226 67 93 61 221 88 7J 72 223 182 
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