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INTRODUCTION 

During the cprinG of 1973, the Nation~l lfmrine Fisheries Service 

(:::WIFS) under contract of the U.S. Army Corps of Engineers continued., 

for a third year, an evaluation of fish protective facilities for juver.ile 

sn.lmonids at Little Goose Darn on the Snake River. As in 1972, er::phasis 

,·ras placed on diverting, collecting, marl~ing and transporting young samonids 

for release below Bonneville Darn with appropriate control releases for 

evaluation of operations. In addition, recovery efforts continued on adult 

salmonids returning upriver after marking and transport during juvenile 

migrations in 1971 and 72. More than 1000 marked adult steelhead trout 

&~d nearly 200 spring and summer chinook salmon were recovered at Little 
~ , 

Goose Dam with the tag detector and fish trap operated in the ladder at 

Little Goose Dam. Additional recoveries were also made in the fisheries and 

on the spawning grounds. Preliminary.analysis of data from these returns are 

summarized, and effects of transport on survival and homing are indicated. 

Further experimentation was made on rates, timing and survival of young 

migrants and on levels of dissolved gases in the Columbia and Snake Rivers 

i? relation to river discharge and operational procedures. This report 

summarizes progress on these actions in 1973. 



TRA,V2LING SCREEN f.1ID ORIFICE BYPASS 
STUDIES 

. rrinc i.;r~lVclin(~ {~crccn::; ' .. Tore opcro.tivo (lurinG the 1973 J.'inr~erlin{~ 

::::l.l1r.on o.nd stoelhen.d migro.tion. Vertical barrier screens in the gatm'lClls 

,'[81'3 modi:'icd according to recor;.mendations raude in the previous year; tte 

upper 36 feet of each screen viaS covered ,tTi th solid. baffles. Fingerling 

::)[lssagc from the eate"iclls was monitored. vii th electronic counters. An 

air bubble device designed to divert fingerlings from a turbine intake \'las 

0.1;:;0 tested. 

Traveling Screens 

Intake traveling screen installations commenced ~arch 30. All nine 

screens were installed and operating by April 21. l>lechanical aspects of 

the traveline screens were satisfactory. No major operational problems 

were encountered with the three original prototypes developed by ~~WS. A 

gear box seal problem developed in some of the nevT models recently installed 

by Corps contractors, but this problem is being corrected. 

By the first vlCek of May, more fish were being collected th3l1 were 

required for the transporto.tion experiment. This, along wi th -~bc rising 

incidence of ciescalinG, prompted the decision to to.ke six: of thc~ravclinG 

::;crecns out of service on 1-1ay 11. Three of the travelinG screen;:; "[ere left 
I 

in operation <md uzed for experirr.ents attempting to p~n dOIID the causes of 

clc::scaling. On occo.sion vrhen Greater llillnbers of fiuh ' .. lere nccd.cd. ~'or the 

transportation expcri::o.cnts, o/~.ci.i tiono.l '~ravclinc; screens ~.;crc :)U.~ intu opc:r~-

~;::"on. Ti1e nUJn.oer 0-':: tro.veling screens ::'n operation and. toe d.:1ily coun1;,G 0: 

2 

http:l.l1r.on


.' , 

3 

fingerlings entering the fingerling collection facility are shown in 

Figure 1. Samples of fish taken from the gatewells and collection facility 

indicated descaling at times approached unacceptable levels. Subsequently, 

detailed descaline examino.tions 'Were conducted. 

Results of these examinations indicated that the 'percentage of descaled 

chinook fingerlings from the gatewells associated with traveling screens 

ranged from a low of 1.3% to a high of 52.8% and averaged 13.9%. Descaling 

checks made on fish from gatewells without traveling screens ranged from 

o to 9.2% and averaged 4.1%. Sample size usually ranged from about 300-~CO 

fish. A total of 48,130 chinook fingerlings was examined during these 

detailed observations. 

Initially, the cause of descaling was assumed to be related to the 

vertical barrier screen dividing the gatewell. The basis for this hypothesis 

was derived from last year's data which indicated a direct relationship 

between length of time fingerlings remained in the gatewells and degree of 

descaling. Prior to the 1913 field season, vertical barrier screen mod

ifications were made to reduce the turbulent condition on the surface of 

the gatewells where descaling appeared to occur •. Various arrangements of 

screens and panels on the vertical barrier screen were tested, including 

the covering of the rough galvanized hardware cloth portion of the screen 

with a smooth covering of perforated aluminum plate. 

In the event that descaling was being caused by fish impingement on 

the traveling screen, mesh size on one of the traveling screens was reduced 

(less open area, hence reduced approach velocity) and, tested. Attraction 

of fingerlings from lower regions of the gatewells to the bypass ports by 

usa of QUgmer~Qd lights Wag Glao tQ~tQ~. 
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Effect::; of mo::;t ofebe foreGoinG mOQificntion::; on incidence 01' 

descaling proved difficult to isolate and, as a result, little conclusive I 
i evidence of a consistent reduction in descaling was found. We did find, 

h01.,rever, a relationship bet';feen turbine load Qnd incidence of descaling. 

i'lhen turbine operation ,{as maintained at a low level (less than 120 iila-T) , 

descaling was appreciably reduced. Results from use of the fine-mesh 

traveling screen also appeared to reduce descaling. A comparison of 

percentage descaling in these tests is sho,m in Table 1. 

To thoroughly examine the descaling problem, a much more sophisticated 

test program will be required--one that vlill enable inspections of the 

condition of natural migrants at various locations before and after they 

enter the turbine intake as well as after they are in the gatewell. Pl&~s 

are underway to conduct such a program in the spring of 1974. Tests using 

marked hatchery fish will be conducted this fall in an attempt to isolate 

some of the areas of descaling so corrective actions can be taken prior 

to the migration next spring. 

Fish PaS3Qr;e From Catcvrell Orifices 

Lighted orifice inserts similar to those used last yeQr ,.,rere employed. 

In addition seven of nine orifices were equipped with electronic fish 

counting devices. 

Prior to the field season all of the orifices were back-flushed I-lhen 

the gatewells were unwatered for vertical barrier screen modifications. To 

determine the amount of descaling occurring in the fingerling bJ~ass, test 

fish were released directly into the orifices o.nd recovered as they entered. 

tho ro.dowa.yd of tho '£inco:rlinr:; dollocbibl'1 ;J:'"Qtom. ~lLl\: pOl-'Obnt ot' thoao 
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~,_. --;';;.'L\~Ct3 of turbine load. and screcn mC.3h size on incidence of 
J.'~.:;c::d_cd juvenile chinook, Little Goose Dura, 1973 • 

?Yoportion of descaled fish and number of replicates ( ) 
by screen condition 

Screen mesh-
Course 

(36 Y!leshes 
p0.r foot) 

Scree!1 mesh-
Fine 

(48 meshes 
per foot) 

I'Jo 
Screen 

Percent Percent Percent 

18.4 (21) 11.1 (24) 3.8 (18) 

11.1~ (15) 2.7 (2 ) 5.3 (4) 

---------------~-----------------------------------------------------------
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fish \,rere descaled. The severity of descaling in these tests ,vas 

r.J.inor--slightly over 10% of the body area. 

Overall, movement of juveniles through the gatewell orifices appeared 

to be much improved over that of the previous year ba~ed on visual observa

tions of fish concentrations (much reduced in 1973) in surface areas of the 

gateivells. Scuba observations at depth in the gatewells, however, indicated 

that many fish were concentrated below solid panels on the vertical barrier 

screens (36 feet+). Additional tests are pl~~ed, therefore, to devise means 

of rapidly attracting the fish upward toward the orifices. 

Bubble Screen Evaluation 

,~ests to determine whether an air bubble screen wou1d prevent 

fingerling salmon and steelhead from entering a turbine intake were 

conducted during two periods of the fish migration. These tests were 

undertaken to determine whether such a screen might be useful in diverting 

downstream migrants away from slotted gates that have been constructed for 

use in skeleton bays at dams in'the lower Snake River. Although the slotted 

gates have been effective in alleviating the problem of supersaturation of 

nitrogen, mechanical injuries to fish passing through the gates have been 

excessive. 

A "V" shaped bubble screen was placed about 50 feet deep and 

'immediately in front of turbine intake slots 2A, B, and C with the tip of 

the "V" extending approximately 150 feet upstream. Automatic fish counters 

were installed in the orifices of these three intakes as well as in adjoining 

orifices of units lC and 3A. Theoretically, an effective screen w'ould then 

logically divert fish :!'rem E!A, 13, and e into le and 3A. eoun'ts tlu'6UCh tha 

orifices .)f fish leavir.i; the gatewells ';Tould be expected to reflect this trend 

7 



~,,-,,--':" 

7 

ared 

'~rva-

f the 

icated. 

rrier 

e means 

ting 

for 

lotted 

n of 

een 

of 

lters 

joining 

then 

I 'tha 

s trend. 

8 

Table 2 sho'lvs the results of a test cor.ducted ciuring a period ;'lhen 

larGe nUl11bcrs of fish ,\·;ere available. A total of 205,768 fish ,\·;ere 

counted through the fiVe gate'lvell orifice counters during the 7-day teet 

period (about 30,000 fish per day). 

Table 3 shO'tvs the results of a later test conducted by dipnetting 

all of the fish from the gatewe1ls so that a species identification, 

D..S Ke1l as a total count could be YJade. In bota tests the ga-ce'\'iells \';ere 

dipped clean prior to the testing. 

From the results of these tests, it i'Tould appear that the existing 

n.ir bubble screen was an ineffective device for diverting fingerling'salffion 

o.nd steelhead from turbine intakes. Had there been a diverting effect, 

one would have expected a marked increase in the proportion of fish entering 

(and leaving) units 3A and lC during the first test. Actually a reduced 

proportion of fish passed from these gatewells during this test period. 

Lilwi{ise, during the second test, gaterilell dipping should have indicated 

more fish in LA and lB. Instead, numbers of chinook and steelhead entering 

these areas 'vere considerably less than those e:::ltering the section dOvms"cream 

from the bubble screen. Normally gatewells ::..A E:.r:.G. lB i,ave -ete higi1est 

concentrations of fish during the juvenile migration period. Ideally, the 

second test rtlOu1d have again utilized gatC'l're1ls :;"C c:.nd 3A lor the compa:::::'son 

(8.;, in first test), but these areas ~'lere inaccessible at tIle time of the 

-r:ect. 

In retrospect, results of the tests ~·ri ",h::.:;e :.l.~ -,.. oubbl.c; sc::c:e::1 \'.-21~e 

not too cmrprisine in vicvr of previous finclL;,~.:;. Bat.c;;; cmd Vandc:::~',an;:e:' (1964) 

:;:'ound that the cfficier.cy of an air b\.lbblc :~Cl'ec~: is c. f\.mc'C:'o:1 oi' the :'ish' s 
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T~ble 2~--Effects of the air bubble screen on fingerling guidance. 
Bubble screen installed upstream from unit 2 (A, B & C). 

Average percent of total daily count by 
gatie\fell 

I 

I
I 
 

I
i
I 

 
 

Gatewell 
lC 2A 2B 2C 3A 

Bubble Screen off 11 
. Y 

I 

20.3 26.2 23.0 14.7 30.5 

Bubble Screen on 19.4 27.9 22.4 23.6 9.7 

JJ The "off" period covers 2 days before the 2 days after the "on" period. 

g) The "onl! period is for three consecutive days. 

Table 3.--Effects of the bubble screen on guidance of chinook and steelhead 
finGerlings. Figures represent a physical count by species for a 
48-hour period. 

, Total numbers captured per gatewell 

Species 
No Bubble Screen Bubble Screen 

I 
lA IB 2A 2B 

Chinook 608 919 1448 1628 

Steelhead 212 I 53 571 101 

- .I 

TOTAL 820 . 972 2019 1927 
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abiU ty to Gee it; i.e., GUidinG efficiency at niGht uo.s rr.o.rkedly 10vier 

tho.n in the day. An increase in o.pproach velocity also tended to reduce 

guiding. efficiency. Thus, in the recent Snake River application, lirr.ited 

visibility and increasing approach velocities in the area of the turbine 

intake may well have negated potential fish guilding capabilities that 

might have prevailed under more favorable conditions. 
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TRAl"'mPORTATI-ON M1) HOMING 

Progress in the transportation studies at Little Goose Dam during 

1973 iG s~~arizcd in this section of thG report. 

Objectives of the transportation research were: (1) continue 

evaluation of the transportation system by marking and releasing 50,000 

juvenile chinook as controls at Little Goose Dam and 50,000 as test 

(transported) fish below Bonneville Dam, (2) mark and release 50,000 

steelhead at Little Goose (controls) and 50,000 for release below Bonneville 

(test) to evaluate the effect of transporting juvenile steelhead, (3) 

continue to test and evaluate fish facilities used at Little Goose Dam 

for diverting, collecting, marking, and transferring fish to transport 

trucks, (4) continue stUdies to determine levels of stress in fish at 

various stages of handling and transporting, and (5) begin preliminary 

evaluation of the study by examination of marks on returning adult chinook 

and steelhead. 
I 

General experimental design 

Juvenile steelhead and chinook used for the transportation experiment 

in 1973, were divided into five groups--three control and two test or 
~ \ 

transported groups. One control group was. marl\:ed and released about 21 km 

upstream from Little Goose Dam at Central Ferry on the south shore of the 

river; a second control was marked and released on the north shore, and 

a third control group was marked and released directly into the tailrace 

about 1 km downstream from the power house. 
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The test groups were hauled in "(;ank trucks to t .... ro release sites 

ciO'.mstream from Bonneville Dam; one Has at Dalton Pt., 17 k!'ll from 

Bo~~eville on the, Ore eon shore and the other was at the Washington State 

boat launching site about 2 k."ll do-~:nstream from the spilhTay at Bonneville 

DO-m on the Viashington shore. As in 1972, 1-3 ppm quinaldine vlas used. in the 

tranr.:port truck to partially O-ncsthetize fish destined for release at 

Dalton Pt.; fish released on the Hashinl3ton shore were not anesthetized. The 

two conditions provided a basis for comparing mortalities occurring during 

and. after transport. Separate r::.agnetic tag cod.es and brands were designated 

for each experimental group. Codes on the tags were changed twice during 

the marking periods; the brands were changed weekly. 

~valuation of the survival and homing ability of these groups will 

be based on adult returns to the cOITmercial (including Indian fishery) and 

sport fishery, Little Goose Da"ll, and the spawning ground~. A magnetic tag 

clekctor and fish separator, sir::.il&..r to that used at Ice Harbor D3.J."'ll, vIas 

installed at Little Goose Dam for evaluation of adults returning to the dam. 

Blood glucose and urea levels ,v-ere again analyzed from several groups 

of juvenile chinook salmon during the migration period. Fish were obtained 

from the following locations: (1) Gatewell vli th traveling screen, (2) gate

~'lell wi'thout traveling screen, (3) counter tunnels (after passage through the 

bypass pipe and. sorter), (4) nolding box in marldng facility after passage 
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through plli~p, (5) exit of marking building (before entering transport 

tr~ck), and (6) release site. We sampled at these locations again this 

year because we wished to compare stress levels measured last year vThen 

only three traveling screens operated with stresses prevailing in the 

current year when up to 9 screens were operating. In addition, we took 

samples after each stage of marking (fin-clipping, branding, and vTire

tagging) to determine whether any particular marking operation produced 

excessive stress. Delayed mortality was also compared among fish taken 

at locations 3 and 4. 

Mortality during transport and delayed mortality measurements were 

compared among all groups transported downstream. Tnese comparisons 

included high vs low density loads, anesthetized vs loads not 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 1/2-pound 

fish or less/gallon of water. 

Collection, marking, and transport procedures 

Juvenile salmon entering the gatewells were all collected at the 

end of the orifice bypass system; fish dipped from the gatewells were not 

used this year as experimental fish for the transportation studies. Fish 

obtained with the gatewell net were used only in determining stress levels 

at that point in the system. Fish entering the orifices from gatewells 

continued on through th~ bypass pipe (Figure 2) to the holding area do\vnstre~~ 

from the tailrace deck. Before entering the hold.ing area, the fish passed 

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

13 
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Figure 2.--Fingerling bypass transport pipe (arrow) 
and raceways for holding juvenile salmon and 
steelhead at Little Goose Dam. 
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r,~o3t of the juvenile chinook would be separated from the stcelhead 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 

narl';:ed or injured and descaled fish were returned to the river in the 

tailrace of the turbine discharge. Each of the remaining fish vias cold

branded vlith liquid nitrogen (Highell, 1969), the adipose fin 'vas excised, 

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 ~~~netic 

field and detection coil. Improperly tagGed fish were automatically rejected 

and returned to the marker for retagging. When steelhead and chinook ";jere 

hauled simultaneously,' they were kept in separate compartments in the tank 

truck whenever possible. Load densities were governed by the size of the 

daily catch and ranged as high as 1.5 pounds of fish per gallon. All fish 

were transported in a 5,000-gal capacity truck with aeration, refrigeration, 

and filtration. 

Water chemistry measurements ifere made at the time of release for each 

load of fish transported. Concentrations of rulwonia, nitrogen, dissolved 

oxygen, carbon dioxide, pH, and total alkalinity were lPecorded. Most releases 

'vere made at dusk. Records of mortality 0'1' transported groups I'Tere also 

determined by holding samples of fish from each load in cages for 48 or more 

hours at the Bonneville hatchery. 

Blood samples were obtained from fish taken in gatewells C\fi th [,nd wi thout 

travelinG ::;crecns) und in thc holdinG area 1)c10,{ the dum; blood c;lucose and. 

urea value;:; ,'rere determined by Scientio. Lubs using a technicon SV~I\ 1260 

15 
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Percentage descaling among groups of fish obtained in the gateT{Tells and 
, 

t:18 holdinG area ,-ras determined during the marking process. 
.

Any fish \.,i th 

over 10% visible descaling ,fas recorded as a descaled fish. No further 

refinement of descaling categories was,made. 

Yarking and transport 

A total of 253,411 chinook (110,849 controls, 142,562 test) and 

120,762 steelhead (57,310 controls, 63,452 test) were marked as experimental 

groups for the transportation studies (Table 4). Approximately 106,000 

chinook and 113,000 steelhead were t.ransported unmarked (Table 5). The 

zrand total of fish enumerated at Little Goose in 1973 was over 1,750,000; 

about 500,000 fish were examined for previous marks or injuries. Of the 

total number en~~erated, about 1,000,000 fish were returned to the river in 

the tailrace area 'Inthout examination or handling. 

More chinook salmon (about 100,000) were marked than originally 

planned due to the long, drawn out migratory period brought about by extreme 

10if river floifS. The number of steelhead marked barely exceeded the research 

objective. Relatively small numbers of unmarked fish were hauled when avail 

able to detennine if there was a differential delayed mortality between 

....marked and unmarked groups.c Many more unmarked fish were returned to line 


river at Little Goose Dam during the past spring than in the previous 2 years 

b~cause of the high collection efficiencies' due to increased screening, and 


the discharge of virtually all river flows through the turbines. Also, 

because of the absence of a gas supersaturation problem in 1973, the urgency 

to transport large number of migrants enmasse (to avoid losses from gas 


bUbble disease) did not develop as in 1971 and 72. 




l,l.:'lrking 
11eriod 

Release 
Gitc 

3:::ond 
position:/ 
r~"''' o ..... u :::ymbol Chinool':. Stcelileod 

Central Ferry North LA-K 10,261 1,478 

.~pril 23-Hay 4 II II II 
LA-~ 14,579 7,187 

:;OlDY 8-17 II II II LA- ){ 10,695 6,350 

May 23-31 1.1 II II LA- ~. 5,642 6,782 

Subtotal 41,177 21,797 

April 13-21 Central Ferry South 1.t\-F 11,373 1,431 

April 25-May 3 II " " LA- ~ 8,034 5,852 

May 7-18 II " " LA- d 9,196 8,077 

May 24-30 II " II LA- r:.. . 6,804 4,504 

June 14-26 " II II LA-N ~)~--~ 

Subtotal 47, 7!~0 "''-1 20,o0'f 

April 4 Tailrace-Little Goose LA-vT 31 265 

April 18-21 " " " .IJ'I- ~ 4,063 333 

April 25-26 " " " LA- M 2,993 1, 41~6 

I.fay 2-5 " " II IJ\- ~ 6,864 4,439 

~ji8y 9 " " " U\-S 2, 1~05 1,545 

i·lay 16 " " " LA - CI.l 3,302 4,299 

"M.:JY 25 " " " LJI.-Z 2,27[j. 2,022 

21,932 

" , 

_': l:~ .. C )!. --~)~.:I;:rY"~[~r~l of r.J.:~!l"~~eo .jlr"/en:Ll·:: c!1inool-:. ,'l~cJ ~teelh,'~8d -oy rele[Jse 
~~oup, Little Goos~ Dom--Spri~~ 1973. 
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T~ble 4.--Continued. 

Marking Release 
Brann 

positiorJ.1 
period site and symbol .Chinook Steelhead 

Apl"il 11 
- -----, 

. Dalton pt.' 
. ..--- RA-J 923 574 

April 18 " " RA-~ 5,389 169 

April 23-26 " " RA-l' 7,688 2,591 

April 30-May 4 " " RA- IJ 14,964 5,549 

lIlay 7-11 " " RA-P 9,710 7,029 

May 15-17 " " RA- I-Q 10,543 4,031 

lvlay 21-25 " " RA- a: 9,030 6,707 

Subtotal- 58,247 26,650 

April 9 Bonneville Boat Launch EA-H 345 837 

April 16-19 " " " RA- ::r:: 10,059 968 

April 24-27 " " " EA-T 8,364 3,449 

May 1-5 " " " RA-8 16,506 6,130 

Hay 8-10 " " " EA- J. 7,192 4,597 

r-Iay 14-18 " II " RA- E-t 13,482 7,091 

Vlay 22-24 II " II RA-L 2,629 5,137 

11ay 29 -June 1 " " " EA- t'i 9,410 8,593 

June 13-25 " " " RA- 'I 13,052 

July 13 II II " RA- H 3,zr6 

Subtotal 84,315 36,802 

Grand total 253,411 120,762 

y LA and RA indicate brand pooitionG, i.o. , loft anterior ond right 

anterior. 
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Table 5. --Numbers of unmarked juvenile chinook and s"t.eelhead collected 
at Little Goose Dam and transported to release locations downstream 
from Bonneville Dam--SprinG 1973. 

Release 
Date site Chinook Steelhead 

April 27-May 5 Bonneville boat launch 18,400 24,887 

May 8 If If If 13,570 480 

May 14-18 " If " 11,380 8,620 

May 22-24 If If If 11,660 15,840 

Hay 29-30 " II If 2,500 15,500 

Subtotal 57,510 65,327 

April 30-May 4 Dalton Pt. 6,000 10,000 

May 7-11 " " 28,067 11,176 

May 15-17 If II' 12,130 15,870 

May 23-25 If II 2,960 11,040 

Subtotal 49,157 48,086 

Grand total "106,667 113,413 
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Transport and delayed mortality 

A successful transport operation requires a collection system "that 

delivers fingerlings in good condition. Once collected in good condition, 

fitlSCrlin[js can be hlluled long diota.ncos with roo.sonablc asouranC6 tha.t 

survival will be high and transport benefits will be realized. At Little 

Goose in 1973, descaling and subsequent stresses placed upon juveniles in 

~Qe collection system continued to be a problem. We assessed the problem 

~n terms of delayed mortality at Little Goose and at Bonneville Dam after 

t.ra..."lSport. 

Mortality observed at the time of release of the transported groups 

(transport mortality) indicated an overall average of 0.70% for chinook 

arA 0.5li for steelhead. This is slightly higher than the 0.57% and 0.47% 

mortality observed last year for chinook and steelhead respectively. 

Samples of fish from each load were held for 48 hours at Bonneville Dam 

to determine delayed mortality. A comparison of delayed mortality of 

fish treated differently in the system included (1) marked and unmarked 

chinook, (2) marked and unmarked steelhead, and (3) partially anesthetized 

vs non-anesthetized chinook and steelhead. 

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

overall weighted average of l7.2i; delayed losses in marked steelhead 

ranged from 0 to 16.6% with an overall average of 4.5%. Average delayed 

=ortality of unmarked chinook was 15.3% while losses of unmarked steelhead 

were 4.4%. Among both species, unmarked losses were slightly less than 

narked losses. These small differences are probably significant since 

unmarked fish were pumped from raceways without inspection and probably 

includod !JubtJtantirl.l nurnboro ot: d.ot!ca.lod 1-ion whor6&:1.IS tl\8 mArkod 6~O\l'Da 

T,rerc inzpected individually and descaled fish were removed. 
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AveraGe ,·reighted delayed mortality of 12 loads of marked chinook 

not 1ll1csthctized was 22.4%; mortality in 12 loads of partially anesthetized 

fish was 11.~1o. Delayed losses among marked steelhead were 5.8% for those 

not ~~esthetized vs 2.910 in anesthetized loads. Tnese data confirm our 

findings in 1972 and definitely indicate partial anesthesia is beneficial. 

Delayed mortality tests at Little Goose 

Samples of chinook \Vere held in live cars in the raceways at Little 

Goose Dam to establish a relationship betw"een known descaling (with associated 

stresses) and the true mortality that may eventually be experienced. Three 

groups of chinook were held in live cars 72 hours (Table 6). Mortality was 

observed a~ong (1) fish that were descaled but not marked, (2) fish that 

appeared to be healthy but were marked as if to be transported, and (3) fish 

that were not handled in any way. Tee first two groups were subjected to 

the pumping operation, th~ third was not. Delayed mortality in the first 

two groups was 17.6 and 21.8% which is similar to losses noted in the Bonneville 

post-transport tests (17.2%). Somewhat surprisingly the mortality of the 

non-handled groups was less than 1% even though about ~O% of these fish had 

some measure of descaling. The "latter results would appear to indicate that 

SUbstantial losses may be avoided if :fingerlings were gravity-fed into the 

transport tank rather than pumped as we are now doing. 

Biood C"hemistry r~easurements of stress 

Urea and glucose concentrations in the blood of juvenile chinook 'ivere 

again measured to compare stress levels this year with those recorded last 

year. In addition, stress levels at the various stages of marking also \,rere 

:nea::;ured. 

-- --. 
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':'8ble 6.--IIolJinr, tests to determine dclDyed mortality amonG different 
lots of fingerling chinook obtained from the fingerlinG collector at 
Little Goose Dam--1973. 

Test 

X:_l :'ish 10% or more 
~escaled) pumped but 
;1::J"C r.iarked 

";2.: :'ish apparently 
:~~81thy, pumped and 
~;~3l""~\.ed 

['JOG-handled fish 
(:;:;0 marking or pumping 
cut including descaled 
fish) 

Number 1~umber Delayed r:1ort,')lity-
in . of Percent at 72 hours 

test replicates Range Average 

50-100 11 6-30 17.6 

50 10 21.8 

50-212 17 

http:3l""~\.ed
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The general pattern of glucose and urea concentrations measured 

sequentially at four locations (Fig. 3) in the diveraion, bypass and 

marking operation was similar to that noted last year, i.e., concentrations 

increased as fish proceeded through the system. However, the condition of 

fish taken on ent~J to the system--as evidenced by the concentrations of 

glucose in the blood of fish taken from a gatewell without a traveling 

screen--was not as good as last year. Higher levels of glucose indicate 

that juvenile fish arriving at Little Goose Dam were in a more stressed 

condition than last year. 

Glucose levels measured at various stages of marking (Fig. 4) 

indicated that the stress was cumulative; fish receiving three marks 

(fin clip, cold brand and. wire' tag) were in a more stressed condition than 

those receiving only one mark. Blood glucose measurements taken from each 

marking operation, when only one of the operations was done, indicated that 

cold branding is less stressful to juvenile chinook salmon than fin-Clipping 

or wire-tagging (Fig.' 5). The one-mark glucose measurements should be 

repeated next season as the differences observed in the recent tests could 

also be attributed to individual marking technique or variability within a 

single raceway of fish. 

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

salmon 

Table 7 lists the number of adult (2-ocean) salmon successfully detect 

separated and indentified at the automatic separator in the ladder at Little 

Goose Dam. It should be stressed that the current observed 

.' 
return represent 

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

l~nl. :J,lho ObtH:~:rve'd tally 11:1 lo~" l:"or the i"ollowins reasons: (1) apP:L·oxima. 

http:aPP1'u.'d.ma
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Fi~ure 4--Serum glucose levels of juvenile chi~ook after various stages 
in the marking process. 
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control ratio. In this instance, however, for the Dalton Point releases, 

t:.c return benefit for transported fish was slightly greater than that for 

'che BOlmeville releases which is the reverse of that shown for recoveries 

at Littl~ Goose Dam. 

Although the differences between returns from releases at Dalton 

?oint and Bonneville are slight and not significant statistically, SOllie 

(;onsideratio!1. should be given to the differences in treatment of the t1'TO 

,:.:;;,t groups and. the possible effects of that treatment on eventual returns. 

?cssibly some loss of homing occurs when chinook are released at Dalton Point 

\Thich results in milling and hence longer availability for capture in tce

nets. Timing of return of the two groups could also be involved. If the 

fish released near Bonneville Dam tend to return earlier in the season than 

~hose released at Dalton Point, possibly more of the Bonneville returns would 

pass through the lower river before the start of commercial fishery. Further 

examination of returns by time will determine whether this, in' fact, does 

occur. Another factor that may have possible bearing on returns from the 

t'\'lO release sites is the effect of using anesthetic during transport of the 

juveniles. It may be recalled that only those groups transported to Dalton 

Point I'rere treated with a mild solution of quinald,ine, those transported to 

~l:e Bonneville release site were not treated. Further tests should, therefore, 

Go:;! nad.e to d.etermine whether use of anesthetic may in any way affect homing 

ability. 

Overall, recoveries of marked fish in the commercial fishery ,jere 

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

final conclusions can be made concerning returns from the 1971 expcrir::ent. 
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Preliminary returns of o.dult steelhead trout to Little Goose Dam 

The first steelhead adults returning from control and transport 

releases in 1971 appeared at Little Goose Dam in the summer and fall of 

1972 after 1 year a.t sea.. Addj,tional l-ocean fish from the 1971 out-

migration also continued to pass the dam in the following spring (1973), 

apparently having spent the winter beloyT the d.am. Beginning in the 

summer of 1973, 2-ocean adults from 1971 releases and l-ocean adults fron 

1972 releases began appearing at Little Goose. To date, (October 24, 1973) 

973 adult steelhead ,have been identified fron releases in 1971. Benefits 

derived from transported steelhead (Table 10) yTere 43% from the BoI't.neville 

release, 44% for the Dalton Point release. 

Preliminary returns of 409 l-ocean adults from the 1972 release 

indicate a much greater benefit than those from the 1971 releases; 206% for 

the Bonneville release, 252% for the Dalton Point r.elease. The ratio of 

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

C~neral comments on adult returns 

In general, the current transport to control ratios of adult steelhead 

and chinook are encouraging. In addition, the estimated return (Table 10) of 

only the l-ocean steelhead transported to Bonneville and Dalton Point 
~, 

already exceeds the average estimated percent return of steelhead to Dworshak 

Hatchery from all ocean age groups of a brood year. The observed percentage 

return (about 0.2) of 2-ocean chinook from the transported releases does not 

yet exceed the percentage return of Rapid River Hatchery, but when the 

3-occo.n chinook returns nre /ldded next year, the average perccntne;e return 

(0.35%) achieved at Rapid River in 1973 should be exceeded. If the problem 

of cxceso stress incurred durinG diversion, collection and marking ot' chinoo)C 
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~Jble 10.--Returns to Little Goose Dam of 1- and 2-ocean aGe adult steelhead 
from control Dnd transport releases of smolts in 1971. Recoveries made 
f::."om July 20) 1972 to October 24, 1973. 

nelease 
 Adul t return 
sito (lnd 


experimental 

;3!'oups (in 

;)~:rcn. ) 


Number of ·Number of odults 
juveniles recaptured 
.released~l-ocean 2-ocean Total 

age age (.1+2 IS) 

in. percent TransFO~ 
of juven~les benefi 

released --percent 
Observed Estimated2/ 

L1 t tle Goose Dam 55,293 111 203 314 0.567 0.945 
( control) 

~ , 

Bonneville Dam 44,939 166 199 .365 0.812 1.353 47·0 
( tr:msport ) 

Dalton Point ~5,967 124 1'"(0 294 0.817 1.361 62.0 
(transport) 

Total ,136,199 401 572 973 Ave.' 44 

11 Adjusted for initial tag loss • 

g/ B~sed on comparison of the known recovery of fish with magnetized wire tags 
at Little Goose Dam and the subsequent recovery of these and other marked fish at 
~Jorshak Nation&Hatchery upstream from Little Goose. Returning fish identified at 
the dam were marked with dart and jaw tags and released to continue their migration 
upstream. Numbers of e~ternally-ta~ged fish arriving at Dworshak Hatchery were 
COopared with the recovery of other wire-tagged fish not previously detected and 
identified at Little Goose Dam• 

JI Based on observed return. 
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can be eliminated, the percentage return shmffi now' for both transported 

and control lots of chinook could double. We will therefore concentrate 

most of our effort next year on this problem. 

Data from recovery of tagged chinook and steelhcad. on the s-pmming 

grounds is incomplete at this time and ,{ill be reported on later. 

i· 
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DISSOL'V'ED rJI'I'ROGEN IN 'rrm COLUMBIA AhlD SNAKE RIVERS 
iVITH OBSERVATIONS OF EFFZCT ON STEELHEAD A.t."ID CHINOOK 

Dissolved eas levels in the Columbia and Snake Rivers were ao;ain 

:;loni toreel in 1973 to (1) determine the effect of an expected 10lv flo~,r year 

on nitrogen levels (2) test effects on gas saturation levels of prototype 

sIJilhray deflectors (Ivith and vri thout dentates), (3) assess effect of flO'T 

'l:,::~ load conJcrol on nitrogen levels below Bonneville Dam, and (4) co:npare 

;:;uTvival of juvenile and adult steelhead and chinook migrants under 

p~evailing saturation levels. 

Methods 

:'"iethods used for collection and a..."1alysis of nitrogen samples in 1973 

~'~cre neaTly identical to those reported by NMFS in 1972 except that tailrace 

stct.ticns "[ere discontinued at all dams except HcNary and Bor..neville. 

Ac.d:::cional stat~ons in the Columbia River at Washougal and :vancouver "ere 

'.:;o.:·:en along ,·rith a station in the mouth of the ~-lilla.rnette River at Portland. 

The dissolved gas data are listed in Appendix Table 1. Dissolved gas 

~easurements to determine the effect of the prototype ~pillway deflector 

,vi thout dentates were made at Lower J.1onur::ental Dam. These measurements 

1rere made below both the deflector with dentates and the deflector without 

dentates under identical conditions to ensure direct comparison between the 

t\-lO defiectors and with other data previously ottained. 

Effocts of nitrogen saturation levels on fish were based on techniques 

sirr.ilar to those used in 1972. One fish holding test \.-las conducted even 

"l.hough· gas levels were low, to establish mortality rates under a control 

situati~m ,·lith normal gas levels. Examination of the condition of juvenile 

~teeU~(;ad cmd. chinook arriving at Icc TIa:cbor Dn.rn. wns occasionally mnde G.o;ain 

!,,) (:::t;:~hli;:h n contU tion fuctor under (.I, "cont.rol" :::1. tuut:i.on whoro low t:;:lG 

http:tuut:i.on
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saturations prev:ail. Survival estimates based. on recapture, of marked. 

juveniles from upstream. locations \V'ere continued.. These are d.iscussed. in 

another section of this report. 

Infor:llation on eondi tion of mature adults was ba£cd on data from 

Rapid River hatchery and spawning ground surveys made by m1FS and Idaho 

Fish and Game. 

Results 

Nitro-,,:en concentrations and effect of flo,·r control 

Concentrations of dissolved gases (Appendix Table 1) \V'ere the 10vTest 

recorded for any spring season that dissolved gases (primarily nitrogen) 

have been monitored. Concentration rarely exceeded 110% saturation except 

in the tailrace of the spillways at Bonneville and McNary Dams w'hen occasiona' 

::.:;pilling did occur. The mixed value downstream, however, remained below 110i 

r;aturation. Low flow' in the Columbia and Snake Rivers was,.of course, the 

rac tor in returning the Gas love Is to normal. Peak flov1S I·rcre le 5S than 

300,000 efs in the Columbia at Bonneville and remained below 100,000 cfs in t 

Snake at Ice Harbor Dam. 

The low flow of the Columbia enabled the Corps of Engineers to reduce 

spilling at Bonneville Dam from mid-April until about mid-May, "lihich resulted 

in tailrace concentrations below 118% dO"lffistream from the spillway. The mixe 

value at Washougal thus remained below 105~~ saturation. The 10lv concentratiC: 

of dissolved gases should have benefited downstream migrants as ",ell as adult 

miGrating upstream. Counts of adult sprinG m1d summer chinook over John Day 

Do...'l1 ::;u~c;est that survival of upstrcrun mie;rants ;'laS improved. Hore fish 

I)<.t.sscd over John Day this year than last year (,"(2) in spite of the fact that 

1<:::::::; fi;;;h ~/Tere available as evidenced by 10vror counts over Bonneville D::un. 
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Effect ·of nrototype nmr deflectors; ;'ii t~ and ~.;i thout :':er.-;~_ -.: '. 

concenb."ations 

On ~Ia.rch 29 nitrogen concentl"ations produced by spill: ..... O'J·:~ :': 

i'lith and i'lithout dentates were compared ivi th a control spilh:o.y ',: 

vOlur.:es--4,600, 9,700, and 14,900 cfs (Fig. 6). The IUost r;:a:c::c,l . " 

of c;as saturation levels occurred at 4,600 efs. In 1972, wr.cn or.:":,· 

G.cflector ,·rl th dentates vras tested, maxinum control of gas level~ ::.~. 

occUl'rcd at ~-,60o efs. The spillway deflector i'Tithout denta.tes ~;-;;- ;',,' 

produce ;:;lic;htly less cas cntrain,'1lcnt than the deflector 'i'li th dcr ... t:L'';.: 

all three discharGes. Based on these ooservations (and fish sur'!i ':-:C'" 

of fish passing through the modified spillways) it would appear -""'"1'" ••.• 
..., .. !fo...ioo"oJ ..... , 

c.eflector ivi thout dentates would be the preferred modification. 

""'-'.L'>'" .c. oJ.. .0 ".J.. .L • • .+tOO , 
:.ICC u 01. 21:. vro!,;cn supersavura,aon on .LlSn 

Because supersaturation of nitrogen rarely occurred in 1973, C\TJ.:;..;::;·; 

of gas bubble disease in juveniles and adults ,'laS nil. Condition of ~u':·:;::~~c;'; 

arriving at Ice Harbor was generally better than that noted in other ",/\::'::':::';. 

Condition of adults arriving at Little Goose Dam, Rapid River ~'1- -. ........ 
........... -- •• ---..J 

~~ 

, 

and on the spawning grounds was generally excellent. A higher ttan ~0~~~~ 

incidence of' kidney disease 'Ivas noted, ho,rever, at Rapid River Hatcr,e:!-:r. 

Record numbers of adult chinook arrived at Rapid River Hatchery thi~ yc~r, 

percentage return--based on number released--~'las about O.3g:/o, less th:ln in 

1971 and 72. 

Alive cage study was begun at Ice ;:iarbor Dam on May 29 and tel":ni:::l tee. 

on June 5. This study was done to compare mortalities thav occur durinG 

periods of normal saturation \'Ti th Pllst mortality data obtained during years of 

hie;h supersaturation. Three caees ,{ere used: one held at the suri'ace, a 
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S?ILL\VAY DIS C H A R G 2 (!~ c -Ii s ) 

[:==--=-:: 
'--~, 
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.-~ 
"-4 
.-==:::: 

r_==-~' Cant rol-£.1)1 llwoy 
',;Jithout C2flcctc 

~<~~>: S pill d cf I ::! C -~ 0 t 
h~~ wi-jh dcntates 
r---l Spll! defl~ctor 
LJ without dcntot 

!4.9 

~;'.~::\l:'''C 6--.'\vcr:1~C 

i., 
nitro,~cn conc.'~nt::.'~. t::"~l l'1\=';~:)ured .. it '~G\"~'~ :-~'~):--:'.j;::2:1i:( .. 1 ~) .. :::l 

.i:orcbay, ~)~lo'..·1 !;:,ill,,;;-y (~;~:'l_~,-~~cl.""~: \Ji.t>~ "iacl '..Ji:'::1nur. (:C:""lti.:!.:.:!S, 

:t:l.d control :;pilh,:,y b.IY at: :.lll~'":,! ;10\-.'"-; l!,\:dl :!.'). 1~7J. 
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-spi'lwoy 
. ccflcctor 
fleetor 
dcniates 
3fl~ctor 
ut dentate 

t:LltL!~, 

voli ti0l18.1 cage a11ow'inG the fish to sound to 15 feet of depth, ~.i. 

control cage held at 20 feet. 'I\renty-three to 25 naturally migr:.-c::':..~ .. . 
.:~:::..:-. ..... ..:,~: 

obtained from the gate'vells at Ice Harbor Dam were placed in eac~ c3.Ge . 

Thirteen percent mortality occurred in the surface cage after 7 i::.y.;; ::0:'1:':-.:. 

Similar mortalities occurred in the other cages including the cO:l-crol ((~C:'~:::» 

cage. Exa~ination of these fish indicated that mortalities 't.;ere c auscci 

previous injury which resulted in later infection by fungus and other 

disease organisms. No mortality occurred as a result of gas bubble disc:..;;c. 

~To i'J.ther tests were conducted because we felt increasing I·rater "te:-:l?er:t'c-"':'"-'c 

',Tould accelerate the disease problems already noted in fish confi~ed to t::.::! 

cage. 

iZ 
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TII>1ING, TRAVEL TIME, AND SURVIVAL OF JUVENILE C:HINOOK 

SALMON Iili"D STEELBEAD TROUT MIGPATING IN THE SNAKE Mm 


COLUMBIA RIVERS 


\ 
\ 

"'-~n past years our measurements of timing and survival of juvenile 

chinool~ salmon have been based on recoveries at Ice Harbor Da.ll of fish 

collected, marked ~~d released at Riggins on the Salmon River. In 1973 

w'e were able to assess only timing as sampling problems were encountered 

in the process of estimating survival and relative abundance. The latt~r 

esti~ates depend in part on recoveries of releases made in the forebay of 

Ice Harbor Dam. Returns from these releases were considerable below the 

expected rate based on sampling efficiencies obtained in previous years 

during comparable water flows. We suspect that fish were stressed unduly 

at the time of handling, primarily due to overcrowding in the collector 

trap. In addition, the chinook assessment problem was compounded by the 

necessity of sorting out some 33,000 marked coho recovered from releases 

made lA.pstream at Lower Monumental Dam to evaluate bulkhead and flm" deflector 

structures. To summarize, handling facilities at Ice Harbor Dam in 1973 simpl 

would not permit rapid processing of juvenile chinook needed for the samplil~ 

efficiency tests. As similar problems are expected in conjunction with 

addi tional proposed tests at Lower Monumental Dam in 1974, 'ive plan to overcor.:€ 

the fish handling aspect by closing off the orifices at Ice Harbor and 

dipnetting the fish directly from the gatewells rather than concentrate 

all the fish in the collector trap. 

During the past 'season, we did, however, sample the juvenile outI:.igro.tiC 

at Tr.e Dallen Dam as a part of the pealdng effects study pro~ram sponsored b,! 

Corps of 3ngineers. No spillin~ occurred at The Dalles in 1973. ConGequent~ 
, 

a 
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tee sampling efficiency remained bet1'reen 3-5% as predicted--a recover'! 

ac.8Quate to obtain measures of timing and survival to that dam. Therefore, 

in 1973 ive shifted our assessment of survival to encompass the reach from 

tte Salmon River to Tne Dalles Dam rather th~~ only to Ice Harbor Dam•. 

Using this approach, 't-re were able to obtain a measure of survival in 1973 

re:ative to pre-dam survival (before John Day, LOvrer Mon~~ental and Little 

Goose Dams) and to compare this with survival during years of comparable 

river flol'7S in 1966 and 1967. We also were able to compare the above 

results ,nth data from 1968, the year in which John Day Dam was completed 

(no turbines operating). Additional data ivere available from releases of 

=arked fish at hatcheries and in the forebay and tailrace of Little Goose 

D~. Numbers of fish marked at individual locations and subsequently 

recovered at Little Goose, Ice Harbor, r-1cNary and The Dalles Dam are 

given in Table 11. 

Assessment of steelhead migrations from the Salmon River have never 

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

Otner detail on timing of steelhead at various dams and on population 

estimates at Little Goose Dam was obtained from sampling and marking 

progr~s at these sites. As vnth chinook, no population estimates could 

be ~ade at Ice Harbor Dam. 

Ti~ing and travel time--chinook 

The 1973 outmigration of chinook from the Snake River was the latest 

S:1.nce sampling started at Ice Harbor Dam in 1964. Very few chinook miG'l"ants 

"Tere collected at Ice Harbor Dam until early May; the peak of miGration 

occ:.rrracl on r-1ny 21. ny contrast, durin3 comparo.ble low river 1'low5 in 19GG.tJ8 



la 
T·:1hle Il--NUlabcr of fish marked ond subsequently recovered at Little Goose, 

Icc HOl'l)Or, £.-1cNory, and The Dalles Dams. 

I\01ense Drea 
~nd stOd:.':/ 

Species No. 
marked 

Ll~tle 
Goose 

Nur:i'oer rec
Ice 

Harbor 

overer] 
McNary 7ne 

Dalles 

RiGgins (wild) eh 79,000 7,534 322 164 147 

Rapid River (hatc~) eh 200,000 14,401 129 438 525 

\1hi tebird (,·lild and 
hatch. ) 

Kooski (hatch.) 

eh 

eh 

45,000 

100,000 

5,576 

4,505 

204 

72 

197 

39 

105 

~ o 

D~-!Orshak (hatch.) (Sthd) 158,000 17,565 1,293 -x- 592 

Little Goose (forebay) Ch 64,000 8,862 601 689 316 

" " II (Sthd) 31,000 8,425 1,226 * 115 

" II (tailrace) Ch 22,000 395 440 129 

" II II (sthd) 15,000 616 * 44 

Ice Harbor (forebay) eh 12,000 1,102 115 32 

II " " (Sthd) 12,000 84 * 28 

II " (tailrace) eh 10,000 40 

II " " (Stld) * 30 

l1cNary (tailrace) eh 31,000 269 

" " (Sthd) 12,000 * 109 

The Dalles (forebay) eh 17,000 517 

II II " (Sthd) 8,000 * 392 

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

* Stcelhead marks not recorded at McNary Dam. 

- L 
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cl1inoolt nigrationG peaked in late April (Table 12). Travel tir::e from the 

Sah:on River to Ice Harbor in 1973 averaged 23 days, comparable to that in 

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

1967 and 1968 . 

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

Dalles Dam in the 1966-73 period (Table13). Migrations in 1966-67 through 

three d~~s and reservoirs (Ice Harbor, McNary and The Dalles) were compared 

with passage through four projects in 1968 (John Day Dam added) and six 

projects in 1973 (Lo"\>rer ~Ionumental and Little Goose Dams added). River 

flO'iTS during the period i'Then migration rates "Tere measured in each of the 

4 years (1966, 67, 68, ~~d 73) were generally comparable (Table 14). During 

1966-67, fish took 24 days to travel from the Salmon River to The Dalles 

compared to 32 days (8 additional days) in 1968 when John Day ,'ras added and 

41 days (17 additional days) in 1973 when two additional dams were operating. 

Tne data substantially agree with those previously documented by Raymond 

(1968 and 69); i.e.,chihook move only about one-third as fast through the 

rese~voirs as through free-flowing stretches of river. As would be expected, 

arri val time in 1973 was correspond.ingly later than in the earlier years. 

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

to the apparent +oss or holdover of fish from the Salmon Ri~er to The 

Dalles Dam in 1973, which is discussed next. 

Survival--chinook 
~ , 

Relative'survival to The Dalles Dam (Table 15) of chinook released at 

'i-lhitebirdon the Salmon River in1973 was approximately l/12th that measured 

elurinG comparable flows and sampling effort in 1966 and 67 (5% vs 60'/0). Only 



Year 
Travel time 

{days 2 
Peak of 

nigration 
~'7ater flo'; 

at Deak of miP;jration 

1966 14 4/27 48,000 

1967 iT 5/3 42,000 

1968 

~ or'cJJ 
.1.)10-, 

16 4/26 

4/25 

37,000 

129,000 

1970 25 5/13 88,000 

1971 17 5/4 188.,000 

1972 16 5/12 125,000 

1973 23 5/21 87,000 

~ , 

Table 12--Averag3 travel time to Ice Harbor Dam al'J.d dates of peak 
l;iicration of juvenile chinook salmon from the Salmon River, 1966-73. 

]J Trap on Salmon River not operated in 1969. 

gj Snake River discharge at Ice Harbor Dam. 



..... -"--.. --.--.--"'.-.-.~--.. .. -----... ... -,-----~--. .---.... -----...... --- --.-- --.--- _.----
1966 1967 1963 19/3 

Sah .. m River to L~/5 4/15 4/15 4/25 14 days 16 days 15 days 23 dt!/s 
Ice Hm:bor Dun 4/19 5/1 5/1 5/18 

Ie:? :lal:bOl: to 4/19 5/1 5/1 5/18 10 days 9 days 17 days 18 days 
The: D:llles Dam l~/29 5/11 5/17 6/5 

.--------~-------.---.-.... --_ ... _ ..... _----_ .. _._---,-_._-,_ ........ -----_._ ..... _.- ... -_._. 

Totd. (1./29) 2l~ days (5/11) 25 d<1ys (5/17) 32 clays (6/5) 
(',:0 Tiw Dalles) 

-------_._---_. __ . __ . __ ... _ ... _._-- .... .•• _._. __ ... -_ .... ___ ._ ... _. __ ....... , _ .... ---... __ ' ___ "'v' _ .. -----------------

· \ 
., 

'f.-ti}> 13--Tir;:ing <'..lU ll:av.::l tir.le of yearling chinoo}~ frpm the Salt!lOn IUver (\1hitehird) to ICi~ H<1.rD01- i11ld T11(; 
11311es Dar:1S for ccr.tparab1e Hater ye.:trs of 1966-68 and 1973. 

-'"_.~ _:_-'~,.-~-- ~ 

Icc Harbor and McNal:Y DU.ns only. 

John Day Darn add~d. 

After 1969 Lm'lel: HonUL;:;l1 tal and Li t t Ie Goo~c D",ms ndded. 

http:hitehir.cl


'l"::bl~ lLf--r~iver £lo\oJs (thouc;ancis of c::s) ot the Sn<.l:~C: &.;:,e;. Cclum·0ia Rivc:.:~' 
in 1966--63 .:r.d :1.973 dt:.ring periods of duvffis:::.::ca:n :.,i.;;ratic..l .J.ssas.;;'.::: ..·.. ~.; 
of juvenile spring chi-;...oolt salmon. 

" ' 

Year Kive.r £10\1' (thousands 0 f c fs) 

1966 33 - 05 ::.::.J - 21C 

1967 120 - 150 


1968 32 - 60 96 - 200 


1973 41 - 39 113 - 168 
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Table l5--Relutive survival of yearline chinook salmon from the Salmon ?ivcr 
(Wh1.tebird) to The Dalles Dam--1966-68, and 1973. 

Recoveries from releases I Recoveries from releases E:::tiri:3.tcd 
in Salmon River in The Dalles forebay survival 

Year 
N Percent N Percent Perccr..t I - -

1966 186 1.8 142 2.9 62 

, 1967 194 2.4 177, 4.0 60 

I 1968 303 2.3 996 4.5 51 I , I 

1973 105 0.2 I 320 3.8 05 I 



-

3. SliC;:lt decline in survival could be attributed to the addition of Jo::!l. 

Day DalY! in 1968 (61-51%) when no turbines 1"ere operating at that project. 

Sa;npling efficiency in the four years at The Dalles 'VTaS comparable (2. 9-4. 5~~). 

Recoveries at The Dalles (1.8 to 2.4%) from Whi tebird releases 1.;ere also 

comparable during the 1966-68 period, but dropped one order of magnitude to 

0.2% in 1973. 

lihat accounted for the apparent low survival of fingerlings in 1973? 

Some possible hypotheses are listed below': 

(1) Low river flows prevailed throughout most of the chinook out~igratior.. 

Only minimal spilling occurred at Snake River dams and none at Collli~bia ~iver 

da~s. As a consequence most of the migration was confined to passage t~rough 

the pm"erhouses and was subjected to turbine-related losses vThicn, at times 

can be significant. For example, the differential in recovery rate at Ice 

Harbor, McNary and The Dalles Dams of forebay and tailrace releases of 

chinook at Little Goose Dam indicated that migrants passing this Qa..v:1 si.dfe.red 

a 50% loss. Long (1968) showed a 30% turbine related loss at Ice Harbor Dam 

in 1969. If similar losses prevailed at Lower Monumental, ~IcNary, ~~d John 

Day Dams and the estimated loss of 20-30% in the area from the SaL~on 3iver 

to Little Goose Dam is added to the total, we would arrive at a net survival 

of 12% to The Dalles which is within limits of our measured. survival (5'~;). 

(2) The apparent 1m" survival may not all be related to mortality. Increased 

holdover (residualism) may have occurred in reservoirs d.ue to t::e delaying 

action of 1m" river flows and reduced velocities in the impouncL-:-.ents. As 

indicated previously, travel time nearly doubled over that in tne 1966-08 

period. 
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O,.,ing to lm-1 runoff, water clarity 1·ras much higher in 1973 than in 

a normal flo,,, year. Conceivably, then, the migrants were afforded less 

protection from predator fish and birds than would have occurred in years 

of turbid flow. Purse seining in the Snake River during the recent surr~er 

and fall has revealed a large population of squawfish is present in this 

area • 

Thus, a combina.tion of the above mentioned fae tors might vTe 11 

account for the marked reduction in the measured survival of juvenile 

spring chinook in 1973. Future studies currently being developed in 

relation to effects of power peaking in the Snake and Columbia Rivers 

should result in additional data that '-rill enable a more precise determina-

ticn of losses associated with the aforementioned factors. Such information 

could then be used in subsequent decision-making processes concerning uses 

and applications of turbine intake screens and fingerling bypass and 

transportation systems. 

Steelhead trout 

The outmigration of steelhead trout passing Ice Harbor Dam peaked on 

May 24, 3 days later than the peak of the chinook outmigration. In past 

years steelhead have peaked about 10 days later than chinook. Recently, 
r '" 
"~.'. 

hOviever, large early releases from Dvrorshak Hatchery ~ 'moved the peak 

ahead. Timing and migration rate from Ice Harbor Dam to The Dalles Dam 

approximated that ~f chinook. As with chinook, no pop~lation estimate could 

be made at Ice Harbor Dam. 
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SlJf.'llfJ\.RY MIlD CONCLUSIONS 

1. :Mechanical operation of 9 traveling screens installed at Little Goose 

Dam I'ras satisfactory, but during certain periods, excessive descaling 

of collected fish vias noted. 

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

a definite relationship betvleen turbine load and descaling was noted. 

At turbine lo~ds less than 120 mgvl, descaling was ~ppreciably reduced. 

Use of the fine mesh traveling screen also appeared to reduce descaling. 

3. Modification to the vertical barrier screens (placement of solid panels 

in the upper 36 feet) and installation of permanent-type lighted orifice 

inserts greatly improved passage of juveniles through the orifices. 

4. Tests to determine whether an air bubble screen vlould divert fingerling 

salmon and steelhead from a turbine intake indicated that the device, 

as'installed at Little Goose Dam, was ineffective. Fish readily passed 

through the bubble screen and entered the turbine intakes. 

5. About 1,750,000 juvenile chinook and steelhead were enumerated at Little 

Goose D~~ during the past spring migration in conjunction with the 

evaluation studies. Overall, 425,000 (250,000 chinook and 175,000 

steelheaci) were transported downstream and, released belolv BOl1.J.'1cvillc 

Dam. About 253,000 chinook (111,000 controls, 142,000 transport) and 

121,000 steelhead (57,000 controls, 64,000 transport) were marked for 

evaluation of the bypass and transportation system. 

6. Mortality durinc; transport was again lO~'l--lcss than 1 percent. :for chinook 

about .5 percent for steelhcad. Delayed moriali ty (detcl'mirlcd by baldin;; 

after transport) 'tras hie;her than last year (17.2% for chinook a:.d 4.5S,j 

J:"or steelhcad). Delayed mortality of anesthetized loads of 3teclhcaci 

and. chinook was si(jIlificantJ y 10\/'n' l;h;:;.n lc;lCl.rlo not :ul~thG ti20ci. Dosc~lir.G 

http:SlJf.'llfJ\.RY
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from pc.ssaG8 throuGh the bypass system (from turbine i:-. ::~~:"".; 

i;.oldin:; ::trea) ar:.d stress incurred. during the pumping D..!:-i. ;~_:..:.~." 

::l.p?eared to be t:-.e pril:1ary cause of the high post-release ~:"C:·: _" ~ 

chinook. 

'l. jJc:"ayed. mortality tests conducted at Little Goose Dam wit"n ,~. 
• •• 4,.'J- _ ... .i 

juvenile chinook indic::l.ted that mortality of non-handled !3rot.:.:.::; 

th::l.t had not been pumped or marked) 'filS less than 1 percent (!':C::r'. 

J~houGh 20 percent of th8se fisa had sorr.e measure of d.escalinc;. 

indicatez that zubstanti::l.l 10GGCS may be avoided if finGcrlin:::; 

_.,.--not marked ::l.nd gravity-fed into the transport truck rather .... U::l~ ', 
• .1 _ ..... ''- _ 

. 

... 

a.."'1d marked as we are now doing. Blood glucose measurements (ir:.G.ic~~·~:.J!·;; 

of stress) from fish sa.rn.pled at various points in the bypass s::rs"tt::::-, :.:.i 

durL'lg various stages of handling and marking also seem to verify ~r.i;; 

conclusion. 

8. Returns of adult (1- and 2-ocean) steelhead from those released as 

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

transport to controls varied from about 1.7:1 from those released in 

1971 to 3:1 for those released in 1972. Return ratios of adult (2-ocean) 

chinook are also encouraging. The average ratio of transport to control 

was 1.6:1. A total of 1382 adult steelhead and 198 chinook have been 

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

9. Concentrations of dissolved gases ,-[ere the 10i"rest recorded in any spring 

season since dissolved gases have been monitored. Thus, adverse effects 

of supersaturation on fish 'fere nil. 

10. Evalu::l.tion of the spilhTay deflectors, Hi th and without d.cntn.tes, indicn.ted. 

that the npillvray deflector TtTi thout d.entates ';-Tas superior to thn.t In th 

dCYltc.tcs • Survival of fish pn.;:;;:.;i!1G throueh the modified Gpill'i"i~'..Y "I"li "t:10Ut 

dentates "Tn.S hiGher than the .3urvival recorded i'rom fi::;h passing thro1..;.[;i: 
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51 
the spilhmy "Ti th de~tates and gas entrainment appeared to be low'er 

below' the spillw'ay deflector without dentates. 

11. 'I'he peak of outmigration of chinook from the Snake River occurred on Zay 

21, the latest timing of dovmstre~~ ~ovement since sruupling started in 

1964. Travel time from the Salmon River to Ice Harbor Dam in 1973 

averaged 23 days compared to 14 days in 1966 and 16 days in 1965. During 

the 1966-67 period chinook from the Salmon River took 24 days to travel 

to The Dalles Dam arriving in early ilay; in 1973, they took 41 days, 

arriving in early June. 

12. Relative survival to ~he Dalles Dam of chinook from the Salmon River in 

1973 w'as l/12th that ~easured during comparable river flovTs in 1966-68. 

Possible causes include turbine losses, residualism, and predation. 

13. Tne outmigration of steelhead trout passing Ice Harbor Dam peaked on 

May 24, 3 days later than the chinook. 

14. Based on data obtained in 1973, it 1-lould appear that there is more to 

protecting do~mstream migrants than simple. N2 abatement alone. If these 

data prove out, it may be more imperative to transport fingerlings during 

low flow (no spill) years than during high flow (high spill and N2 ) years. 
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Appendix Table l.--Dissolved gas saturation data for 
Columbia River and tributaries', April - July 1973. 
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l.til(;r.I'L '·\I\RIIIE rlSI1[I11[S SlHVICl 
CGLL~illA RIVEk A~U TkILUTAHIlS GflS 

COflSTAL 
SATURATION 

ZOhl A/JD [STUAHlm: STUDIES 
DATA---CC~PEksAT[O FOR TEMPlRATURE ArlD ALTITUCE 

SURVEY GATE MAY 14, 1973 
=======~============================================== ====================================================== ============~=== 

AT~OSPHEHIC -TOTAL GAS- NO. HOURLY FLO~ SA~PLE MEAh DAILY 
. __ ... __ . ______________ DEPT.TEMP. ___ ,...--OXYG[N--"! ___ "!..~'" ITROGEN,...= ______ f'liESSUaE _GJ\ TL.'--- -KeF s--- - ___ ELEV ___ FLO ... - -I~CFS. ____ _ 

LCCAIION TI~E FT C MG/L SAT ~L/L SAT MM HG SAT OP[N SPILL TOTAL FeET sPILL TOTAL 
==============:========================================================:=======:======;=~===================~===============-. . 
LITTLE GGeSl FDRlOAY 
lIlt ~:I LP U.fiTER _ .. _________ .. 9'12. ____ 0_._16.5 __ 12.38 ._ .. 129.8. ___ _ _ __ 0 ____ 0.0 __ 66.0 ___ 638 o 58 
LITTLE GeeSE FCREOAY 
1/4 ~H l.;P l:H.T[.H _________ 9'+2_33 __ 13.6_10. "~_105 .6---1.'l. 6&. __ ~na .5_801.2..... __ 10.7_.0 __ .0 ____ 0.0_. ___ 66.0 ___ 630 __ --.:_0 ____ 58 ____ _ 
LhR 
1/'1 

MiJta; ... ·Ei.T FOREBAY 
tH l:P tunER . _______ 100'1 ___ 0 ___ 15.7 __ 11.14_11'1.5 .. _111.28 ___ 109.9_._825.5 __ 110.7 _____ 0 ____ 0.o __ 65.0 _____ 540 L _ ... __ 58 ___ . 

LhH ~C~U~E~T FOREBAY 
1/4 IU lJ f- C U" TE. R . __ .. _. ____ ... 1004 __ 33 _ . 13 • 6 __ ._ 9.7 B . _ 9 (, • 0 __ 1 If. 14 _. 104. If. _ .. _ 765.1_ .... 102.6 ___ .0 ____ 0.0 __ Eo 5.0_ .. __ . 540 . .1._ _ 58 
ICE H~RO~H FOREBAY 
1/4 ~ I I.P (H;T ER ______ 1025 __ 0 . __ 15.5 .. __ 10.61._108. 2_1.4 .• 18 __ 108 • .3_B09.t.'+_._101:l..t_L-_0 ____ o. 0_. ___ 4'+.. 0 ____ .4'1 L:.. ____ 13 __ .. ___ 58 ______ _ 
ICE H~HOGR F0REBAY 
1/4 1-'1 Vf' (EtHER _______ .. 1025 __ 13. _ . _ 53 
COLUJUIA HIHR 
A~CVE I-'Cl.lri S~AKE ._ .. ___ .1027 ___ 0.13.7 ___ 13.12 __ 128.1 ___ 0 ___ . 0.0 .. _. 0.0 __ _ 341 o __ 0_ 
~e~ARY c~~ FOHEBAY 
1/4 EX l;P SPILL SIDE kUo __ 10:; 3 ___ 0 __ 1'1 t 8 __ 12. 3S_12lj-. O_l~. 63 __ 109_.Jl ___ 8~5_15 ___ 112 .~ __ O ___ 0.0 ___ 159.0 ____ . 3 t , 0 _____ .0._._.151+ . _____ _ 
~C~~kl CAli FlHEBAY 
I/Ij :·'1 LP SPILL SIDE wN. __ 1053. ___ 33 __ 14.2 11.60 _l1lf.5_ ... 11t.70 109.o ____ 826.3 ___ 110.0 ____ 0 _____ 0.0 __ 159.0 __ 340 o 154 
~C~:RY CAP FDREGAY 
1/4 I~I l:P PC~.EH SIDE OR. __ 1100 __ 0 15.5_ 12.28 .121+.8 .14.70. _111.9_.858.8_ .. 114.3 _____ 0. ____ .0.0_ 159.0 .. _ 340 
flCt,AHY cr,fJ FOf(E13AY 
1/4 t·: I UP i'()'~ EH SIDE. OR 0_11 0 0 _33_13. 2_11.1.'L_I07 • 6 __ H.o.7_7.-101. :i_8Q5 .7._10.7.2 ___ .0 __ 0.0 __ .159.0 ____ 340 _________ 

o 

0 ___ 154_. _____ _ 
,.,cr.Any TAILI;(·CE 
1/4 ~: I C f, SP ILL SIDE loiN. _._._.111 0 ___ . 0 __ 14.1 __ 11.76._115.7. _._ .1 '+ ~ 77 _ 109 .. 0 ___ e 30.1 __ .. 11 0.2 . __ 0 __ .. ___ .0.0 ____ 159.0 . _._. ___ 2. 70 . ___ ... 0 .. _. _ 15'1 _ 
... et;/.F\y 1 A a.HAl[ 
1/1f Y. I Ch i'G~. [I{ SlOE OR , __ .1115. ___ 0 _ ... 13.8. __ 11.45 __ 111 0 8 __ .. lIt. 6;L ___ l 07 ._'L_S14,Q __ .1 0 8 .1.. __ . Q ____ ._0.0. __ . 15') t 0 _____ . 270 ______ 0 ___ . 154 
",Ottt\ CAY FtREeAy 
lIlt rl uP cr.1R _ _ _______ 1317 __ 0 ___ 15. 1---.11. 2'+_ 112.9 ___ 1.'1 .• 14_106.5 __ 811 •. 3 __ 107. L __ IL __ O 0_0 __ 185. 0 __ ._._. 265 _______ 0 ____ 12~ ____ _ 
JOh~ CAY FOHLOAY 
1/4 MI UP tt,TR 
THE D~LL[S FCttEOAY 
1/'1 1-'.1 uP ([I'illR _________ 1328 ___ 0. 1'+.5 __ 10.82.106.9 __ B.35_~106 .. 4 ___ 801f.4 __ .106.4 __ 0. __ . ____ 0.0 __ .182.0 __ 160. _____ .0._ .... 138 
THE D~LLlS FCR[BIIY 
1/4 HI LP [lNTlR 
DC~~EVILLE FGHEBAY 
1/2 10:1 UP ~FILL SI0E .. ____ llfl0, _.0 __ 14.9 .. _.10.02 _101.6 __ 14.21, .. _.105.9._.80,*.1 __ 106.1 ___ ._2 __ . __ 2.0 __ 141.0 __ ._ 7lf. 2 142 
£lcr/r.E. VILLE F (.HlOII Y 
1/2 ~I UP SPILL SIDE. 11+10 _. _ 3L __ l 11. If __ .. 10.61. _ .. _10lf. 3._ .. 11+.01 ___ .103.6 __ 767. '1 __ 103.8 ___ 2 __ ._ 2.0 _ .. _.1 4 1.0 __ .__ 711 2 ._l'T2 __ _ 

BCf.r.lVILLE TfdLHflCE 
11 it 1~ 1 [. :. ~ P 1 L LSI D E _ _ __ . _ . 1 l-tl 8 __ 0.. 1 4 • 7 11 • 1 0 _. 1 0'3 • 6 _ . _ 2.. _____ . 0.0._ ... __ .0.0 __ . _. _ 29 _0._. ______ 0_. ___ . __ 

CCLU"cIA RlvEH 
IoASrOlJGr·L C~Tt{ ._0 __ . _____ 0 _____ .. __ 

cr;Lll~(J IA ttl VER 
Vf.t.COlJVER-I ~ _0.0 ______ 26_. . __ 0 o __ . __ . __ 
COL L r~ e I A II 1 V [R 
PRESCOTl CEr,TCH ____ _ 

-0=----0=-.-=0---::-0 :0---2'£·---0----0-·-- -.' -.-
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LCl_Lf-<!l,\ HIIIIH "'''; l\.lI1Llt./!ltS GM.i !,/ITUftATION OIlTI\---CC~Pl.fo;Sl\l[D F(JII Tf/lI·'[HATIJH[ M.D /lLT111J[~1. 
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------ ----I.-.'-IH)t; f 1 S I ~- S [fl V ICE .. -. -CCAS T IILlOI,[ 1\110' [S TUAH ~[ STUD [S 

I.Clt..l·c!.\ HhlR 111';[; lldlJl..Tf.HlES GIIS SJ\TURATION OATII---CCI-'.PI.I';SAT[O FOH TF:r1f-'EHIITl;RE M,D ALTITUDE 
SUkVEY LATl .. . . 

Iil. 'r-:Mi 11.e 'U, lC I . I 

~AY ~~, 1~73 

==;======:=======================================================:========================================== ============~~=; - . - " ... 
---'AT'OSPHlHIC . ·-TOTAL GAS- NC. hCUHLY FLC~ SA~PLE ~LA~ DAILY 

DEPT TEf-iP ---CXYGEfj--- --f'..I1HCGEN-- PHESSUHI:.: GATE: ----KCFS---- (LEV FLC·/.--KCFS I 
ii~-C·-~T--·-C----MGjC--·-sAr-·--·.·II,jc. -··SIIT ·--·"'N HG·-- ·SIIT··- OFEr\' SPILL' TOTIIV:·· FEET .... SPILL TCHL···---·· 

================================;=====:==========:;======================================================:== ===::~=:======== --li"TTlC· GLC!ll r(jRlOA-~··----·-·-······"·----··-----·---··-·· .... _ ... _.-.. _- .. -.. -- ..... ----. 
. 1/. Ml ~f ll~TlH 15.2 0 1 •• 1 9.76 97.2 13.7: 102.5 753.. 101.~ 0 0.0 61.0 .0 

--LITTL£-(;('C~l FuHEO"i\-y·--···-·--· .-.... --. . .. - - .... 

_1/'t 1-1 L ~P ~~/!l [1/ .. _ .. ____ .J 54~. __ ~~ __ ~~!5 __ . __ ~.! ~_5_J~_!. a ___ ~~. ?1. .... _1_0} !.7"J.~~ •. ~_._ ~_O~.' ~_._._ .0 _._. ~.,O __ .61. 0 o 66 
L\ojR ,..Ct"L~·lld FLKlOAY 
1/ 1.,.;1 LP CU.TlR_. __ . __ .. _1516. ___ 0._ ... 1~ •. ~ __ 1~.01_ .. ~9 .•. 1 14 • .05 104.5 770.9 103.3 o 0.0 540 o 
LwR ~CNl..~Ehl FOREOAY 
1/.~ /-!I U- lU.TER ___ . __ . ___ 151B ___ 3L_14!0. __ }O.!3. ___ ~~O_~~ _ .. 1~.19 105.6 778.9 10 •• 4 o 0.0 64.0 540 o 64 
ICE HAReUR FU"L~AY 
1/4 ~( ~p tl~llR 14~0 .0 15.4 10.51 106.9 1~.02 113.0 834.8 111.5 G 17 • .0 62.0 qliO 17 61 
ICt::- t·cAiH~!·~'i,··t-(j"l·tA·Y------···- -.---... ---- ._.- .. __ ... - .... - .. -.-.-.-.-.. '----... -. _.,_.-,-- -- ... - -- . . ... - -......... -.--
1/" "'I LP t.t.r.TlH 14~0 33 13.6 10.50 102.7 111.75 108.5 802.1 1.07.1 6 17.0 62.0 17 61 
COLLi·lin/. ,.hEIl .... --- . --.-. . . .-.-..... -. - ... 

~DOVl ~C~lH S~nKE 14115 0 16.6 10.26 106.7 13.&4 107.6 805.9 107.3 o 0.0 0.0 o o .- .--- --.--- .. - .. __ .-._-. __ .- .--------, _ ... _---- _ ... _--- -- ... - - -..... _---
rCh~Rr CA, fOnEUAY 
1/4 ~I ~P SPILL SIDE ~N. 1415 0 17.0 12.38 129.9 13.91 109.0 849.7 113.1 0 0.0 173.0 340 .0 

-·---·I-'C/;MO"··CJi~· i·OkE..OIIY .. -----.. -- .. -.-.------.. --.-.. - .---- ... -.---.-.--.----. -".'-.-'. --.--- .. - .... --.--.... --.... ---.--. 

1/4 MI uP SFILL SILE ~H~ 1415 33 15.0 11.38 114.4 14.43 106.7 824.3 109.7 0 0.0 173.0 340 o 12 .. 
~C~~rir CAP'fORreny 
1/4 HI u~ PC~[R SlUE CR. 1415 o 130.7 13.91 110.7 660.6 114.6 o 0.0 173.0 o 
~C~~"Y CA~ fC~lUllr I 

1/4 ~1 ~p ~~~lK SIDE OR. 11115 33 14.0 10.13 99.7 14.19 104.8 778.9 103.7 0 0.0 173.0 340 0 12. 
-.-- I'C/.II k y··'/<Ju<r.CE.···· - -- --'.--' .. --.-.. ---- ...... -_ ... -.- --.. -.. - .... --.-. --. - .. -- ....... -.-.... --.-. . ...•.... - .. ---.•.. -.. --.. . .... --.-. -.--- .. -- .. ---.. - -..... -.-.-

1/4 MI th SPILL SIDE ~N. 1415 0 15.1 11.38 114.4 14.19 106.9 .815.6 106.3 0 0.0 173 • .0 270 0 124 
"Ct.Ailt TAILKflCE . 
1/. HI Ch ~G~lR SlOE OR. 1415 a 14.7 10.63 105.9 13.91 104.0 7S5.3 104.3 o 0.0 173.0 270 o 124 
JOtll, GAY FUh[ll/ly -.-.. - .. -. .-- .. - - --. 

1/11 IH t;1' ,-/,Til 1300 0 17.'+ .11.01 116.1 13.56 106.8 817.6 106.5 0 0.0 186.0 o 155 --..,Otir4 CAY' FlJhlUAy .-- .• --------. .-- .. --. --.-- .... -- ... --.. --.. -.- ... -... -.• -- ..... -.--- ..... --- ........... -.-.- .• - .. -

1/4 Ml L~ '-~TK 1300 33 15.7 10.63 108.2. 13.56 103.3 7&5.3 10~.3 0 0.0 186.0 265 o 155 
lHE. UALLi..S FCHUlAY -' -. - - .. -. - ... 

1/4 ~'l LP tll;llH 11110 0 15.7 10.38 105.3 13.70 104.0 7b7.6 104.2 o 0.0 176.0 160 o 153 
. - -- .. ------ .. 

TItE OALLlS I· ('HlIJAY 
1/'1 f'l1 UI' tU.llk 11'10 33 . __ ...... -.'._. 15.7 10.51 106.5 l3.1)3 103.5 786.5 104.0 o 0.0 176.0 160 o 153 
[!Ur,M:VILLE f L/,lEAY 
1 12 rn L P ::; I' 1 L LSI C E 1 0 ~ 0 o 15.2 lU.38 103.8 101.1 770.6 101.6 6 21.0 163.0 711 10 151 
eor,/,[v lLL[ r (lk(lI/IY .. -----.-

1/2 ~I ~f ~~lLl SIDE 10~0 33 15.2 10.38 103.6 13.49 101.1 770.6 101.6 6 21.0 163.0 74 10 151 
HOI.r.!."J IlLl l/1ILHJ\CE 
1/4 r~I (;1. !,I·ILL SIDE 1{J!;0 0 15.3 12.18 121.6 16.10 120.7 915.5 120.5 6 21.0 163.0 29 10 151 
COLlI-liH/I' ~1\,LR - ... -- ----.. --.. -. - .. --- ... 

"ASI,OUGI'·L t.f.TH , •... _. ____ . __ .. .1°28 0 15.3 10.38 103.9 13.63 102.2 770.3 102.5 o 0.0 0.0 26 o o 
CGLLr~[!ll\ ~lVlH· .-._- . -- ... -.. 

VII~(0UVEh-15 9!;8 0 15.5 10.63 106.8 13.77 103.7 791.7 104.2 o 0.0 0.0 26 o o 
--·COL\;1-iE~11l IU"E.k -- ------ .. -. '-.' -.'- ... --- .......... --.-.-'-.. -.-- .. - .. -- ..... --.. - - . -. - .. -... - .. - ._- ... - .... -.- .... . 

PHlStOTT ClhTER 9.00 0 15.6 10.13 102.0 13.56 102.2 775.9 102.1 o 0.0 0.0 lit o o 
.. -... -_. . -'". _.-. -~. -- -.' .. , .. .. -' 

.. _. \..tLLf..."·(TTE k ----- - - ._-" -.~ - --- -- ----0';0 - ...... 2';-- 0 o .J:0IlTLA/,,[.; - - ------------ioo6---0--i7:2---il·;77--ijl~·3-i3·~-.;9-- .. fti·4:·iJ--;ii'-:<J--io2;O--·0 0.0 
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'-i~iiTl or.i\l.- r~/litll,(' FlSHltl i[s' s[l~iiTcC---- C'Ci\ST ilL lor.[- AfJC ESTU!\IIHJ[" SlUDIES .... -.,,-
LcLUl-[JIA RIIilK AM) TRlt)UlAHIlS GAS SATlJFHITION OATA---lC1J,I'Et~sI\TlU Hm Tn,p[Hf,TI..if{( /11,0 ilL IlTuCE 

SukVEY LATE .Jul,L 12, 1'17.3 ... - . . .- . . . . 

-- -- ~:== =:~ = = === :====.:= =~.~:== =:=.=-==-~= =:.:;~::~?=.=:=-=-= ===~=~~~.=:=::--~=?";::===::=======::===::============= == = == == = ==== = = == =====:::: = = == =:::.=:: =:: = = = = = =:: =:: 
'---~T~~SPHERIC ~TuTAL bAS- ~O. hOURLY FLG~ ~A~P~l ~l~~LhILY 

____ DEPT TEI"P ---OXYGEN--- --I\lThOb[f'-- f'R(SSUHE GATE ----KCFS---- [LEV F LOi.--KCFS 
----..:OcATYo·r: ----T 111(-- FT---- f---MGiL-SAY-~T.iC---SAT --V,,; HG- --. SAT--OPll\--S'P ILL . TOT AL FH T --SF] LCT'C 1 ;,L ---

.~ ~;; ~ ~:: ~:~s~=~ ~=h(VlY=: =:: ::.~=-=:::::=:: :::-::.=..:::::=-::-::-=.=.=::-~.=..==:::::=-=:.::'=.=::.::.=::=.:::-:::: =::::::=::==:::: = ======5==7':: = = == = = = ==== = = == = =:: = =::::=:: ==:: =.:: =-::-= -= =:=-=-= ='-= = = = 
lIlt ,.:1 l;f cunu; 10~.~ __ ~_!.?_._6 __ 9_!!_5_!'Q,! ... .6 __ 1~_~_C:~!.0f~~._7~§_.3 __ ';_~!~ __ ~ ___ ~~E __ 5~-"~ ___ t;.~6 0 ':'7 --T i 1 TL(--G'Cc5l FCH[-BAY .--------. 

1/'+ /-iI l;f' CU'1ER Hil5 33 16.6 9.2'+ 97.1 13.45 105.7 771.6 103.8 0 0.0 53.0 638 0 f.7 
L"" R ~;CI;L;~ UJT F CHEBA-Y ---- - -.- --- .- --- - -. --. ------- - --. -.. -..... ~-.- - ..... ---- .. --. - -----.. - --.---- -- -- --- .... ---- --- ---.-- -- -. -- -- .-

lIlt ~I UP 'l~llR 10e5 0 16.9 10.36 109.2 13.64 107.4 602.9 107.6 0 0.0 51.0 540 0 ~9 
----Llo./i /AOI.UFE.lll FOHlBIIY-------- . --------.-.-. ------- ... - .--- ---- --.- . --.----.. ---.--. 

lIlt l-i! LIP 'U.H..H 1_0:~ __ 3 _!~~~~~_'_8 __ !.~_!.!.!_ __ ;~_~.! __ 7~.?.~_~~~~9 __ ~ __ ~~_~ __ ~;_~_~_40 0 
---iC[--'lfliillGli F Ui{LIIA Y 

", 1/4 loCI l:P C.U.TLH 1121 0 17.3 9.75 103.3 13.56 101.2 106.3 o 0.0 440 2 
r CE ItllfH~"R F OHlBAY -. ------ -. -.-.-- -- . ---- --
1/4 HI UP Cl';TlR 1121 33 15.8 96.2 13.56 104.2 102.4 o 0.0 41+0 2 
COLur~l! IA K.TVlR 

I) ,--.. A.H~Vl ~~ClJl 11 St!AKE. _ • __ 1142 o 11.31 116.9 13.71 106.0 . 812.3 108.1 o 0.0 CI.O 3'11 a 
~ChAH' DA~ fORLUAY 
lIlt /-il ~p SPILL SIDE WN. 1205 0 17.2 11.47 120.0 13.bO 108.5 8~2.9 110.9 o 0.0 204.0 340 0 146 

-- - - -...... -' - _. ---.---. 
"'Cr~MlY DA:I fC,If.BAY . ~..---.--.. .-... ----. 

1/4 HI UP SPILL SICE ~N. 1205 33 16.0 10.61 109.0 13.87 10b.7 603.8 107.0 o 0.0 204.0 o 14J 
!'cr.r,HY el,l' FCHlUAY -. ---.. ---..- --. "--' 
1/4 MI lP pC.ER SlOE OR. 1205 0 17.1 10.98 115.4 13.71 107.7 619.6 109.1 0 0.0 204.0 j4Q 0 146 

--'., ChAl<Y 'CMI F ()li[UA Y -- -.----------- .---- -- .... --.---- .--.-- -.-- .. -.-~ -.------------ .. ~- -- .. --- -. ~---------.-.----. --- - -- ... -----..... ------.-.---.. ---.---

1/4 Ml L;P PU~[H SIDE OR. 1205 33 15.4 8.64 87.6 13.87 105.4 763.4 101.6 0 0.0 204.0 3QO 0 14U 
--'-'''; C 1'41'1 II Y 1 A I LkAC[ .. .. -----.. ---- ----- -" .. -.- - .. --.. ... - .. --.-- .. -.-. 

1/4 ~I Ch SPILL SIDE WN. 12Q5 0 16.0 10.48 107.4 13.67 106.4 801.8 106.5 0 0.0 204.0 270 0 14B 
PCi.AlIY TAILkAC.E .. -.. -- .'--- .. ---------- -----.-- --------.--- ------- ... ------------ ... --.- -.. .-------. ----.----... -.--

1/4 ~I C~ PU~LR SIDE OR. 1205 0 15.8 10.24 104.5 13.87 106.0 7~4.1 105.5 0 0.0 204.0 270 0 l~b ---.jo,;f.; c-jly- F OkEUiI'Y·---------------·--------·----· -----.-.----- .-----------' .. -------- -- ------.--- -,---.-... ---.. -------- .... --------.-------.---------. 

1/4 Ml UP CNTR 0 0 0.0 0.00 0.0 O.UO 0.0 o.o~.o 0 0.0 203.0 265 0 147 
,",OHtj CIIY F CkLilAY -.-.----------- .-- ... ---------- .. --.......... -.- -- '--'-- . 

~~t.~!L~rS C~6~LBAY--------- - _0_-'-~.3. ____ 0_!0 ___ 0·.~L ___ 'p .• _0 __ 0.~0 ____ 0.0 0.0 0.0 0 0.0 203.~ .. __ 2.65 _.~ ____ l~? __ _ 

1/4 ~I UP CLhTlR 1430 0 16.6 9.99 103.7 13.48 104.5 788.2 104.3 0 0.0 15~.0 160 0 150 
---tt;[ "LJALLtS 'f Of!£l3AY --- -----.-- .. -.---- •. ------.--------- .. -- -------. - '--'- --- --.---- .. --.-----... ----.-.. -------- ------- -.----

1/4 ~I LP C[~T[H 1430 33 16.8 9.99 103.7 13.56 105.2 791.8 104.7 0 0.0 19&.0 1 6 0 0 150 
---aoi~r,( VILLE F GREb/J,. Y-- ----- .-. - --.----~---.---- .. - ..... _ .... ----. -- .-.----.-.--. _ ...... _ .. _ .. - .- .... --~--- - - -. --.... , ---- ... . . . .. --- _ .. _-_. - ------- _ .. --.- ---., .. -._.'----

1/2 ~t ~p SPILL SIDE 1507 0 16.5 10.12 104.0 13.40 103.0 7b2.1 103.1 8 22.0 149.0 74 16 149 
---BC~r..l'_iiLi.[ F(iHlUAY··-·----- --------.------.. -. -------. ---.. ----------... .----- -.- ---. - ---.... --------------.-.------

~l/~_MI UP SPILL SIO~. _____ ... 1507 33 16.5 10.12 104.0 13.40 103.0 7b2.1 103.1 8 22.0 149.0 7tt lo. ... ___ 1~_c;. 

---i~~~;' ~ I ~tE s~ ~ ~~H~1-~E----l~o70-T6:5-i'i:-7t1-i2-ci-~5--i6~ii·a-· i'26-;5-cj't;7.-3--i24 ~-7----'8 --'22:0 ---14-<)~ 0 -----2s---Ti:-,-----fl.;-0---· 
COLUI·~OH Hl\i[H .. --0 

--- ~.A~hCU(,f.L cr,Tt~ ------------154-0---0---16.5 10.2q---io5~-1- 13.1+0-- '103.5 7&7.7 103.7 8 0.0 0.0 
___ .. COU.;j/tllt. RIlilH. ______ . _. ______ .. ________ ... ____ .... ___ ._ ... _______ _ 

VA~COUv(H-I5 15~0 0 16.8 10.36 107.1 13.71 105.9 BU5.0 106.0 o 0.0 0.0 26 G 
__ tOL\;I~u U._fl:ryEK'--______ ~ _____ _ 

PRE.S~Ol1 tE,.tER 1(,25 0 17. 0 -9-:·75-1Ol.Tl3:"i-6-iG1:·'3--77i~9---ioi :7'·---o----·-o:-6---·--if.- 6------y~·------:f-·--- -l;---
IoI\LLIWE. "t. k . _____________ ._. ___ ••. _ .. __ . _____ ... ________ ~. __ ._~ •. ____ .. __ ._. __ _ . ______ .:.- :..:-0 ______ -------
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