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• 

Research by the National r,1arine Fisheries Service since 1968 

(Beiningen and Ebel, 1970; Ebel, 1971; and R~ond, 1971) indicated',that 

substantial losses have occurred among both juvenile and adult salmon as a 

result of the construction of three new dams--John Day, Lower Honumental, 

and Little Goose. The primary cause of the losses was identified as 

supersaturation of nitrogen gas. Large volumes of water discharged through 

the spillways entrain air and plunge it to depths of over 50 feet (15 m) 

resulting in supersaturation of nitrogen gas (Ebel, 1969). The most recent 

estimates (Raymond, 1971) of losses to juvenile populations of chinook and 

steelhead migrating d~{llstream in the Snake River indicated that these 

populations may soon be reduced to critically low ~evels unless immediate 

action is taken to eliminate these losses. The Army Corps of Engineers 

initiated several actions in an attempt to reduce these losses. These 

actions included: (1) the support of the l~ational Harine Fisheries Service 

researchproposa+ to develop and test a collection and transportation system 

which involves collecting and transpo~ting Juvenile salmon and steelhead from 

Little Goose Dam to locations downstream from Bonneville Dam; (2) the 

installation and testing of prototype slotted bulkhead gates for passage of 

water through skeleton bays without supersaturating with N2 ; (3) establishment 

of a task force for directing load and flow control on the Columbia and Snake 

Rivers; and (4) continue development of a mathematical rr:odel. for prediction· 

and possible control of nitrogen gas supersaturation. 

. . 
r 
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rus report summarizes progress by the National Marine Fisheries 
• 

Service relative to the foregoing actions. Specific areas of research 

covered are: the traveling screen and orifice bypass tests, transportation 

studies, surveys of dissolved nitrogen concentrations, and related fish 

survival studies. 

• 



TRAVELING SCREEN AND ORIFICE BYPASS STUDIES 

Three traveling screens were constructed and tested during the spring
• 

outmigration of juvenile 'salmon and steelhead. In addition, tests were made 

to determine factors responsible for retarded passage ot fish from gatewells 
, , 

into submerged ports. Some descaling of fish was noted9 and several tests 

were made to determine the source of descaling. 

Traveling Screen Tests 

Evaluation of the traveling screens considered mechanical operation 

and fish guiding efficiency. 

Mechanical operation.--The drive systems of the traveling screens were 

found to be underdesigned. As a consequence, we experienced considerable 

lost time while the screens were out of service for repairs. Breakdo'Wlls 

were serviced by replacement of the broken part because extensive redesign 

to upgrade design strength would have required too much time. Extensive 

redesign, modification, and testing of the screens were begun immediately 

after termination of the fish run. These tests, although incomplete at 
. 

the time, indicate that the drive system problems are solved. 

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

efficiency of the traveling screens. In these tests, screens were installed 

in intakes 2-A, 2-B, and 2-C. Twelve f'Jke nets strained all of the flow 

passing under the traveling screen in intake 2-B, and a special closure 

net prevented unguided tish from passing above the tyke nets (Figure I). 

Fish guided into the gatewe11 w~re prevented from escaping back into 

the intake by a vertical barrier screen (Figure 1). Periodic failure of 

automatic counters in the gatewell orifice necessitated closure of the 

orifices so that all fish,diverted into the respective gatewells could be 

accounted for. 
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Figure l.--Cross section of turbine intake at Little ~se Dam shoving 
main water passage and associated fish diversion an! sampling equipment. 
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Guided fish vrere removed from the gatcuell vith a dip net, and 

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

i
recovered after the screen and support structure were removed from the • 

intake. 

To begin a test, all traveling screens were lowered into fishing 

position in the intakes lllli~ediately after turbine humber 2 was shut down. 

All fish in the three gatewells were then removed by dipnetting and the 

turbine was turned on and brought to maximum power output (115% overload). 

To terminate a test, the turbine was shut down and fish in the 

gatewe11s were removed by dipnetting before the traveling screen was raised. 

On April 22, t1-TO tests were conducted. Test number one began at 0130 

and terminated at 0530, and test number two began at 0900 and terminated 

at 1830. Guiding efficiencies for chinook and steelhead appear in Table 1; 

a range of 81 to 97% was indicated. 

Orifice Fish Passage Tests 

Evaluation of fish passage efficiency was largely based on gross 

estimates .---of fisq retention in the gatewells. Only near the termination of 

the fish run was it possible to make actual counts of fish that had passed 

through gatewell orifices for comparison with the number of fish failing to 

do so, i.e., those fish remaining in the gatewell. 

Four of the nine gatewells involved were equipped vith vertical 

barrier screens (Figure 1). These were l-B, 2-A, 2-B, and 2-C. Most of 

the tests were conducted in these gatewells because dipnetting of standard 

gatewells (without vertical barrier screens) was too inefficient., 



Table 1.--Fish guiding efficiencies of traveling screen for two tests 
\ \ 

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

Guided 

number 

Chinook 

Unguided 

number 

Percent 
guided 

- percent 

Guided 

number 

Stee1head 

Unguided 

number 

Peroent I 
guided , 

percent, 

Test No.1 
0130'- 0530· 378 • 28 93% 290 68 81% 

0\ 

Test No. 2 
0900 - 1830 1297 134 91% 1563 56 97% 

• 
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At the outset, it was obvious that fish were accumulating in both 

the standard gatewe11s and gatewells equipped with vertical barrier screens • 
.

Even special crowders (Figure 2) were employed to achieve faster rate of 

passage from gatewelIs through the bell-mouthed submerged ports. The crowders 

improved rate of passage, but retention was still at an tmacceptably high 

level. During these preliminary tests, the gatewells remained tmcovered 

and the orifices were not lighted. 

On ME\Y 19 we installed in gatewells I-B, 2-A, and 2-B clear plastic 

inserts that converted the bell-mouthed orifices to the non-tapered type 

used at McNary Dam. Each insert was equipped with a mercury vapor lamp 

such· that the illumination, when. the lamps were on, exited from the 

entrance of the orifice. This simulates the condition that worked so • 

successfully at HcNary Dam in 1969. 1/ When the initial test on the effect 

of orifice lighting was made the control gate'vell (no orifice lig.l1ting) 

contained nearly 2,200 fish whereas the test gatewell (75-watt mercury 

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

Following t?e initial exploratory trial we attempted to assess fish 

passage efficiency through orifices b¥ more precise means. Automatic fish 

counters inserted in several orifices failed to provide reliable data. 

As an alternative, we operated each gatewell under a test condition for 

24 hours followed by a control condition; i.e., the orifice was screened 

to retain all fish that entered the gatewell. At the end of a 12-day 

period, the variability of the data was too great for reliable estimates 

of orifice passage efficiency. 

1/ Final Report to Corps of Engineers IIResearch on Gatewell-Sluice 

l<1ethod of Bypassing Downstream t-1igrant Fish Around Low-Head Dams, II 

May 8, 1970. 
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Figure 2.--Cross section of gatewell showing two types of screens used 
t'o crowd fish into near vicinity of orifice to enhance fish passage. 
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Beginning June 8, abeyance of other research activities provided • 
• 

an opportunity to obtain reliable data on orifice passage efficiency. 


Gatewells l-B, 2-A, and 2-B were used for the tests. All other orifices 


in gatewells associated with operating turbines were closed so that only 


fish from test gatewells would enter the bypass conduit for transport to 


the collector, thus providing a precise count of fish passing through 


orifices during a test. Fish remaining in the gatewells were removed by 


dipnetting. To produce standard ~rdraulic conditions at the orifices, 


five orifices in skeleton units vrere opened; "Te presu:r.led no fish would 


use ~hese orifices. 


Tvro conditions were tested; a lighted gatel'ell in combination with 
• 

a lighted orifice (LL) and a darkened gatellell in combination with a 

lighted orifice (DL). All three gatelvells had the same combination of 

light conditions during a test, and each condition "Tas tested for 24 hours, 

. alternately, from June 8 to 15. 

A .!>creen '\-Tas placed over each orifice to terminate a test. While the 
, ...-

screens "Tere in place, all fish were removed from the fish collection system 

• 

and from the gatewells and tallied separately. Fish from the three gatewells 

were combined and represented the residualism. nle screens were removed 

to begin the next test immediately after the new lighting conditions 

were established. 

Table 2 lists each test result and the average residualism. Conditiqns 

tested in this experiment were the hro best conditions for fish passage 

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

resulted in considerably less satisfactory fish passage by comparison. 

, . 



Table 2.--Fish passage efficiencies for two combinations of light conditions; LL means lighted gatewell 
and lighted orifice and DL means darkened,gatewe11 and lighted orifice. 

\ 

CHINOOK STEELHEAD 
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No. , No. % T No. No. % No. No. % No. No. % 

June 8 - 9 50 24 32 I 154 102 40 
! > 

June 9 - 10 , 39 25 39 160 113 ( 4i 
i 
!June 10 - 11 69 35 I 34 233 I 241 51 

June 11 - 121, 110 38 I I 155 86! 36 
26 I I

June 12 - 131 130 74 31 185 
! 

118 I 39 ,I 
I I

I IJune 13 - 14! 64 18 22 f 182 53 I 23 

June 14 - 15 63', 28 31 52 1 28 i 35 
II I 

Average 312 161 34 213 81 28 I
1 

624 I 489 I 44 497 252 I 34 

b 
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• Therefore, additional tests under varying conditions and with larger 

samples of fish are proposed for study- next year. 
• 

Factors Associated with Descaling 

From time to time some fish were found to be descaled and efforts 

were made to discover the cause. Although other workers on ~he project 

reported descaling, only one man (Hr. Willman Marquette) was used to 

evaluate percentage descaling. 

Groups of 50 or more fish were selected in relation to types of . 

exposure to various possible causes of the descaling and were given to 

Mr. Marquette for inspection and classification•. 

We considered the following factors as potential causes of descaling• 
• 

1. Gatewe11 dipnet 

2. standard gatevTe11 

3. Gatewells with vertical barrier screens 

4. Traveling screens 

5. /'~Gatewell orifices and bypass conduit 

6. Duration of time spent in gat ewe115 

Although the analysis is incomplete at this time, we have yet to find a 

correlation between degree of descaling and any of the six factors examined. 

There is some indication that the fish may have been descaled before 

entering the gatewells. One possible cause might be accumulated debris on 

the trash racks across the entrance to the intakes. There is also the 

possibility that descaling occurred at some point further upstream before 

arrival of the fish at the project. 
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TRANSPORTATION AnD HOMING 
'. 

• " ,0' 

Progress of the transportation studies during the past year (l91l) 

at Little Goose Dam are summarized in this ,section of the report. 

Objectives of the transportation research by the National Marine 

Fisheries Service research were: (1) transport all Juvenile "chinook collected 

at Little Goose Dam to locations below Bonneville Dam; (2) continue evaluation 

of the transport by marking 50,000 chinook for release as controls and 50,000 

for release as test or transported fish; (3) mark and release 50,000 steelhead 

as controls and 50,000 for transport below Bonneville to eValuate the effect 

of transporting steelbead; (4) test and eValuate the holding and handling 

•facility at Little Goose for' collecting, handling, and efficiently transferring 

fish to transport trucks; a..'1d (5) determine whether iarge numbers of 

naturally migrating wild and hatchery stocks of juvenile saJ.mon and steelbead 

can be transported without excessive mortality. 

General Experimental D~sign
- -.-.. ~ ./ '-~ --.---" 
Juvenile steelhead and chinook used for the transportation experiment 

were divided into 4 groups--2 control and 2 test or transported groups. One 

control group was marked and released about 10 km upstream from Little Goose 

Dam at Central Ferry; the other control group was marked and released 

directly into the tailrace about 150 meters downstream from the powerhouse. The 

transported or test groups were hauled in tank trucks to two locations downstream 

from Bonneville Dam." One release site was at Dalton pt. 11 km from Bonneville on 
, 

the Oregon side; the other release site was at the Washington State boat 

launching site about 2 km downstream from Bonneville Dam on the l-lashington side. 
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Separate tag codes and brands were designated for each experimental group; 

the codes were changed three times during the marking periods; the brands 

were changed weekly. 

Evaluation of the survival and homing ability of these groups will be 

based on adult returns to the connnercial and sport fishery, Little Goose Dam, 

and the spawning gro1.IDds. An adult tag detection and fish separator similar 

to that installed at Ice Harbor Dam will be used for evaluation of adults 

returning to Little Goose Dam. 

Evaluation of downstream survival of juveniles is dependent on the 

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

• 
Collection, Harkin~ and Transnort ProCp.durpl;l 

Juvenile salmon were collected from the gatewells by use of the orifice 

bypass system and by use of a specially designed gatewell dip net. Fish 

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

to the holding area downstrerun from the tailrace deck. Fish dipped with the 

gatewell net were transferred to the holding area by tank truck. It was 

necessary on several occasions to dip the fish because of poor passage 

through the orifices. Fish passing from the gate,"ells by way of the collector 

pipe passed through a Morton grader for sorting by size. We adjusted the grades 

so that most of the juvenile chinook would be separated from the steelhead 

before entering the holding ponds. Fish dipped from the gatewells were not 

sorted before release in the ponds. Whenever possible, fish dipped from the 

8atewells \-rere kept separate and were not marked as experimental fish. 

These fish were usually transported '1.IDmarked. 



-

=.~ 4.;.,:,-.. « w· 

g~~~:~.~H~: ....::_. .., 
-- "~~~=:::§-~k..:*~,:, 

. .,--~" ......;. 

-

, 

r 1 - t .. t!f!T 
C.. . r ( f) 

I_~ • 

'., -.~, 1 
-.. 'I 


14 


• 


.. -;, 

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

holding juvenile salmon and steelhead at Little Goose Dam. 
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Fingerling chinook and steelhead were pumped into the marking buiiding .
• I • 

with a 5-inch Paco model fish pump where they were anesthetized and sorted. 

Previously marked fish were returned to the river in the tailrace of the 

turbine discharge. Each of the remaining fish w~ COld-branded with liquid 

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

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

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

coil; an improperly tagged fish was automatically rejected and returned to the 

marker for retagging. Steelhead and chinook were kept in separate 

compartments in the tank truck whenever both species were hauled simultaneously. 

Load densities were governed by the size of the daily catch which did not exceed 

16,000 fish. Al1 fish were transported in a 5,000-gal capacity truck with 

aeriat ion , refrigeration, and filtration. Load densities were always 

less than 1 pound per gal. 

\-later chemistry measurements were taken at the time of release for every 

load transport~d. Concentrations of ammonia, nitrogen, dissolved oxygen, 

carbsn dioxide, ph and total alkalinity were recorded. All releases were 

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

release. 

Results 

Results of the transportation experiment at Little Goose Dam are limited 

to enumeration of the marked experimental groups (Table 3) and the unmarked 

groups (Table 4) that were successfully released at the control and test release 

sites. Evaluation of the results of these releases will be made upon return of 

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

insufficient results due to limited recovery of the various groups. 
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TABLE.3.--Numbers of juvenile chinook and stee1head marked and released by group from Little Goos.e 
Dam; spring 1971. 

14arking Release site BrandY Chinook Steelhead Release site Brandl/ Chinook Steelhead
\ period \\ 

April 6-17 Central Ferry LD-lK 2,845 3,133 Bonneville RD-IH 2,033 1,615 
boat launch 

area 
II 19-24 " LA-K 5,286 4,686 " RA-T 8,993 4,159 

II." 26-May 1 LA-'7\" 12,414 
" 4,679 6,793 RA--ij 7,662 
II " 3-8 May " LA-){ 2,583 9,031 RA•.L 7,754 12,778 


II II .1110-15 11 LA-Y- 3,133 ',3,653 RA":1.":" 3,300 6,690
II II1'7-22 " " LA-J? 922 l~,291 . RA-H 5,202 5,877 
II II.2)l-Junc 4 LAoll 1,975 5,11-59 " RA-~ 1,687 4,377 

Sub-total 21,423 37,OJ+6 Sub-total 36,631 47,910 
April 6-17 Little Goose LD-IF 1,265 801 Dalton Pt. RD-IY 1,390 619 

Tailrace 
II II" 19-24 LA-W 1,553 1,389 RA-J 4,742 . 2,418 

II II II·26-fv1ay 1 I,A-Z 3,;1.86 7,208 RA-<:..t,: 12,414 4,836 
May 3-8 LA-M 6,716 RA..:J~ . 6,092 9,008 " 3,998 " 

II II ... " ' 10-15 LA-?;. 2,910 4,692 I. RA-\J 8,613 8,226 
II ,II " 17-22 LA-S 1,278 1,788 RA-P 3,246 3,424 
II IIJune 21~-June 4 LA-lJ1 '".J64 oJ 913 RA--o 2,829 6,465

Sub-total 14,554 23,507 SUb-total 39,326 34,996.~. 
Grand total 35,977 60,553 Grand total 75,957 82,906 

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

I-' 
~
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T.ABLE4. --Numbers of unmarked juvenile chinook and steelhead collected 

at Little Goose and Ice Harbor Dams and transported to release 
locations downstreams from Bonneville Dam, spring 1971. .. 

Collected at Little Goose Dam 

Date Release 
site 

Chinook Steelhead 

April 19-24 Bonneville boat 
launch area 

428 819; 

••1.1 26-May 1 It 1,356 2,488 

May 10-15 II 4,100 7,770 

•• II 17-22 'II 1,1l0 

April 26-May 1 Dalton Pt. 3,221 9,500 

May 3-8 II " 4,000 16,000 

.11 10-15 II 1,500 3,000 • 

II 17-22 II 2,500 9,580 

Sub-total 17,105 50,267 

Collected at Ice Harbor Dam 

April 19-24 Bonneville boat 
launch area 

4,976 

II 26-May-1 Dalton Pt. 3;308 

May 3-8 Bonneville boat 
launch area 

10,679 3,900 

" 10-15 Dalton Pt. 5,621 10,671 

II 17-22 Bonneville boat 
launch area 

300 3,687 

May 24-June 4 Dalton Pt. 899 2,518 

Sub-total 25,783 201. 776 

Grand total 42,888 71,043 

• 
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As indicated in the tables, approximately 112,000 chinook and 143,600 

steelhead were marked for the Little Goose experimental groups. Approximately 

43,000 chinook and 71,000 steelhead were transported unmarked. This includes 

20,776 steelhead and 25,783 chinook collected and transported from 

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

Ice Harbor Dam was about 383,000; approximately 285,000 of these were 

transported and released downstream from Bonneville Dam. Our goal of 50,000 

marked fish per experimental group was exceeded in all cases except in 

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

. Records of mortality recorded at the time of release of the transported 

groups indicated an overall average of 0.87 percent mortality for chinook and 

0.16 percent mortality for steelhead. This low mortality rate indicates that 

the cooling and aeration systems .used 'in the transport tanks are about as 

efficient as My in tlSe at this time. Samples of fish were held from 

each load for 48-72 hours at the Bonneville hatchery in an attempt to determine 

del~ed -~;-rtality. Delayed mortality of steelhead ranged from 0-3.3 percent 

with an overall average of 0.97 percept. Chinook ranged from 3.4-51.2 percent 

with an overall average of 22.8 percent. We question whether this apparent 

high de1~ed loss of chinook accurately reflects the post-release mortality. 

Stress from holding a smolting stock of chinook may have been the dominant 

factor rather than stress from marking and transporting. The best and most 

valid information pertaining to downstream survival of the transported groups 

will come from the returning adults in 1973. 
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The holding and handling facility at Little Goo~e Dam operated with 

notable precision. Fish handled were in generally excellent condition. 

(he improvement 'Will be made before the next season.' The fish grader will 

be modified so that it will be self-cleaning, and the electronic counters 

enumerating fish entering the ponds will be modified to provide a more 

accurate count. 

DISSOLVZD NITROGEil Df THE 
COLUI,mIA AND SHAKE RIVERS "lITH OBSERVATIONS 

OF EFFECTS on STEELHEAD AL'l"D CHINOOK 

Monitoring of the dissolved nitrogen levels in the Columbia and 

Snake Rivers was continued in 1971 to determine (1) effects on nitrogen 

levels of changes in flow distribution that would result from additional 

turbines at Little Goose and John Day Dams; (2) relation of flow and load 

control to nitrogen levels; (3) effect of the prototype slotted gates; 

and {4} effect of prevailing saturation levels on survival of juvenile 

and adult steeThead and chinook mie;rants. The following report summarizes 

data collected and analyzed to date. 

Methods 

The methods used for collection and analysis of the nitrogen samples in 

1971 were identical to those reported by Ebel in 1970 except that stations 

at Portland and Washougal were not sampled, and the tailrace station at 

John Day Dam was moved from the south to the north side of the river. 
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1be effect of the nitrogen saturation on fish was based on techniques 
• 

similar to those used in "1970. Fish holding tests conducted in previous 

;!"ears with salmon in the f'orebay of Ice Harbor .Dam. were repeated with steelhead 

in 1911. Daily observations of gas bubble disease symptoms in juvenile 

steelheadand chinookarriving at Ice Harbor Dam were recorded and population 

estimates based on recapture of marked groups from upstream locations were 

continued. 

Information on the condition of mature adults will be based on data from 

Rapid River hatchery and spawning ground surveys made by Idaho Fish and Game 

and the National Harine Fisheries Service. These data are incomplete at 

this time~but preliminary observations indicate significant prespawning 

.ortalities have occurred. 

Nitrogen Concentrations 

Foreoay (10. m depth) und tailrace· (surface) concentrations of dissolved 

nitrogen for 1970 a..'1d 1971 on the Columbia and Snake Rivers are compared in 

Figure 4. Appendix Table 1 gives the oxygen and nitrogen concentration, 

~ocationt temperature, depth and flow at the time the individual samples 

were taken in 1971. 

Nitrogen concentrations in both the Snake and Columbia Rivers were 

considerably higher in April and early Hay of 1971 than in 1970 even though 

two additional turbines were in operation at Little Goose Dam in 1971. The 

higher levels in 1971 .rere due to abnormally high flows in the Snake River 

for this time of the year. For example, flows at Little Goose Dam during the 

April 6 to Nay 11 surveys in 1911 ranged from 99,700 to 199,000 cfs; in 1970 

"during the same period, the flo~s ranged from 41,300 to 66,500 cfs. . 
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FIGURE 4 .--Forcbuy (10 n) and tailrace concentrations (surface) of 

dissolved nitro[';:?n eas in samples from Little Goose Dam' to Bonneville 

Dam April-August 1971. 
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•However, from mid-Hay to August 10, the concentrations of nitrogen gas 

in the Snake River were slightly lower than concentrations recorded in 1970 

. in spite of the higher flows, reflecting the benefit achieved from the 

additional turbines and the load control measures instituted at that time. 

The flow and load control measures did not reduce the nitrogen concentrations 

in the Snake during early April because of the decision of the task force 

committee to continue spilling at Bro\fnlee Dam and hold this reservoir 

down for flow control at a later date when the peak juvenile migrations in 

the Snake coincided with planned early releases of hatchery fish in the 

lower river. Storage at Brownlee began on April 26 and lasted about 3 days • 
• 


Reduction in flO1{ in the Snake and the Columbia Rivers during late April 


measurably reduced the concentrations of nitrogen in the lower Columbia 


(Prescott) as indicated in Table 5. Before flow control, average 


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


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


records of-the percentage of juvenile chinook with gas bubble disease 


at Ice Harbor Dam indicate a dramatic effect. For example, the average 


percentage of chinook with symptoms of gas bubble disease 7 days prior to 


flow control was 17.5 as compared to 7.2 during the flow control period, 


a reduction of 59 percent. 


Effect of Slotted Gates::........ 

On 14ay 10, 11, and 13 we sampled-upstream and downstream from the slotted 

gates installed in unit 6 at Little Goose Dam. 'l'he results of these analyses 

(Table 6) indicate that the slotted gates successfully passed appreciable' flows 

through the skeleton bays without supersaturating the vlater with nitrogen gas. 
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• 
TABLE 5~-Average concentration of dissolved nitrogen before and during 

flow control in the Columbia River at Prescott, Oregon. 

Date Nitrogen Mean daily flow at Bonneville 

Percent Saturation (KCFS) 

Before Flow Control 

April 21 114 286.6 
April 22 llO 296.6 
April 23 276.6 
April 25 113 273.4 
April 26 112 225.3 
April 27 113 181.0 

Average 112 

During Flow Control 

April 28 110 186.3 
April 29 101 196.3 
April 30 107 203.9 
May 1 108 273.3 
May 2 108 317.4 

Average 108 

• 

.. 
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• 
TABLE 6~--Percent saturation of dissolved nitrogen in samples taken upstream 

and downstream from the slotted gates at Little Goose Dam, May 10-13, 1971. 
Tailrace concentration below·turbines and spillway shown for comparison. 

Date Sample location Depth Temperature River flow Nitrogen 

m. c. KCFS Percent saturation 

May 10 Forebay 15.0 11.7 214.7 109.5 
Tailrace 

Turbine No. 1 0.5 11.9 214.7 105.9 

May 11 	 Forebay 15.0 11.7 214.7 106.9 
Forebay 0.5 11.7 214.7 106.2 
Tailrace 
below slotted 
gate 0.5 11.7 214.7 106.2 

Tailrace 
below slotted 
gate in 
backro11 0.5 11.9 214.7 104.2 

May 13 	 Forebay 15.0 11.9 224.8 105.6 
Forebay 0.5 11.9 ~ 224.8 105.1 
Tailrace 
below slotted 
gate in 
backrol1 0.5 11.9 224.8 . 106.3 

Tailrace 
spillway side 
500 m 
dOVIlstream 0.5 11.9 224.8 138.7 
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• 
Estimation values (106.2-106.3) measured in the tailrace downstream from 

the slotted gates were not Si~lificantly different from those (105.6-109.5) 

lIEasured in the forebay above. 

------.- . -- - ... 
Effect of Nitrogen Supersaturation on Fish 

Nitrogen saturation levels in the tailrace of Lower 1·10numental Dam are 

plotted (Figure 5) in relation to percentage symptoms of gas b\wble disease 

in chinook and steelhead samples collected at Ice Harbor Dam. Temperature 

of the forebay of Ice Harbor Dam and sample size, which reflects· total 

population passing Ice Harbor Dam, are also plotted. Tailrace concentrations 

at Lower 1·1onumental Dam remained high (above l25% saturation) from April 8 

to July 1, the last data shown. Percentage symptoms of gas bubble disease 

in chinook and steelhead fluctuated, but a regression line drawn through 

the points shows a general increase in percentage symptoms from April 8 on. 

The incr~_?Se in gas bubble symptoms appears to be correlated with increases 
. 

in temperature and nitrogen levels, indicating the synergistic effect of 

•

nitrogen supersaturation and temperature increase. Similar relationships 

were evidenced in previous laboratory studies by the National Harine Fisheries 

service (Ebel et al., 1971). 

The grouped sar:Iple size data indicates that the majority of both 

popuJ.ations (chinook and steelhead) passed Ice Harbor Dam before the index 

of gas bubble symptoms exceeded 25 percent which helps verifY data shown 

later which indicates survival of the populations of juvenile chinook 

migrating in the Snake River was about 20 percent better than last year. 

" 




12 60~----------------------------------~~ 
CHINOOK 1\ , \ 

I \10 50 
I 0\ oI , oI , 

40 08 01,: , .-_A 
I \ 

6 30 .,) \ 12 

(A 10x 
t/) 4 20 A I 110
lI.. I 
lL I 
o 5 
t/) 2 10 I Ie 
o wZ en<t <I .... ___ --_ -o 
t/) 

:::> 0 wOI------------------------10t/)o 
STEELHEAD 

0 N2 saturation 
CD 80 A Temperature 

-- - Sample size 

- % N2 symptcms 

70 

30 

,~ 
I ' I \ 

I \ 

fO ~ 
I \ 

o , \ 
I 

o 

I, 
I 

\ 

o 

A 

A 
A 

1_..I...-....l---1--l..._-'-----1_\L-\_,..I-,~,. 

W:c 090 0:::I :::>w - I
w ~ <I 

0:: - 17;..~32 :::> W
(I) co 

300... Jw en 
....J 
CL 28 ~ ~ Ie 
~ 
<t I
(I) 2: 

0 24 t5 60 
w ccw·-0_ 
:::> CL 
o 
0::: 20 20 
C> 

>
~ 16 
w 15 
w 
~ 

12 

10 

8 


4 


.J..:.....__L__C..:=:L_L.___I 50O _ I I I Io 
8 16 23 8 15 22 29 5 12 19 26 3 

- I C. 

Ii 

_j I 
. 

APRIL r,1AY JUNE JULY 

12 

28 

Figure 5. --Percentage gas bubble disease symptoms in Juvenile 
and chinook in relation to nitrogen concentrations and te:l'!~ .. 
of' tailrace samples at Loi-ler 1·1onumental Dam. Sample size rc, 
magnitude of the migrating p~pulations is also shown. 
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Live-cage tests at Ice Harbor vith steelhead smolts (Table 7) 

indicated that mortality in the deep cage--which allbws the fish to seel 

depths to 4.5 m--ranged between 36 and 73 percent fr.om H~ 4 to June 9. This is 

nearly identical. to the results recorded last year when various stocks of 

chinook were tested. l/Iortality of chinook in the -same cage under similar 

l.evels of nitrogen and temperature was 45-68 percent. It is ·interesting 

to note that survival of the individuals in the last test (No.3) was best 

even though nitrogen levels were sli&~tly higher than the first 2 tests. 

One explanation might be that the individuals used in the last test were • 

more resistant to nitrogen. Higrants used in the last test vere almost 

entirely from wild stocks, whereas those in the earlier tests were 

primarily fish originating from the Dworshak hatchery. • 

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

occurred among the steelhead populations migrating in the Snake River. 

Estimates in the following section verif'y this. 
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TABLE 7~-Morta1itY' of naturallY' migrating juvenile steelhead collected 


at lce Harbor and held in cages at various depths in the forebaY' of the 

Ice Harbor Dam, 4 May - 9 June, 1971. 


Cage depth (m) and mortality (%) 
.Holding time Surface .75 - 1.0 m 3.0 - 4.0 m o - 4.5 m 

Test No. JlI, May 4 - May ll, 1971 

24 hrs 
48 hrs 
7 days 

100 77 

100 


22 68 


Test No. 2Y, May 19 - May 25, 1971 

24 hrs 
48 hrs 
7 days 

100 94 

100 


0 73 


Test No. 33/, June 2 - June 9, 1971 

24 hrs 
48 hrs 
7 days 

95 
100 

89 

100 


13 36 


1/ . Water temperature and nitrogen concentration at start: 12.10 C 
and 127 percent ~f saturation; at end, ll.5° C and 123 percent of saturation. 

2/ Water temperature and nitrogen concentration at start: 10.0° C 
and 123 percent of saturation; at end 10.0° C and 127 percent of saturation. 

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

, . 
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SURVIVAL AND TIHING OF JUVENILE CnnrOOK AND STEELHEAD 

POPULATIONS l.fIGRATIHG IN THE S1-1AKE RIVER 

Timing and survival measurements, as 'in 1910j! were based primarily on 

recoveries at Ice Harbor Dam of fish collected, marked, and released at 

Riggins on the Salmon River. Marks were changed every 3 d~s to obtain 

a measure of timing and differences in survival throughout the outmigration. 

Additional data was available from releases of marked fish from hatcheries 

and control releases of marked fish at Central Ferry from fish collect~d ' 

at Little Goose Dam. 

Estimates of survival of migrants are based on a comparison of the 

observed recovery percentage of a marked fish release group with the expected 

recovery percentage based on independent experiments at Ice Harbor Dam. 
" .,~.-. 

Numbers of fish marked and subsequently recovered at Little Goose and' 
. ~~. 

Ice Harbor Dams are given in Table 8. t 

Survival Estimates of Chinook Salmon 

Chinook from the Salmon River migrated faster and survival was slightly 

better to Ice Harbor Dam in 1911 than in 1910. Travel time averaged 

11 d~s and the peak of migration at Ice Harbor occurred on May 4 compared 

to 25 days and May 13 in 1910 (Table 9). 
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TABLE 8. --Number ot fish marked and subsequently recovered at Little Goose 

and Ice Harbor Dams. 

Release area Suecies 
No. 

marked 
No. reco

Little Goose 
vered 

Ice Harbor 

Riggins (wild) Chinook 53,000 1,934 503 

Rapid River (Hatchery) Chinook 250,000 5,480 944 

Pahsimerol River 
(Niagara Hatchery) 

steelhead 100,000 773 28 

Clearwater River 
(Dworshak Hatcher.y) 

Steelhead 544,000 13,629 6,158 

Hayden Creek Steelhead 25,000 28 q) 

Central Ferry 
(Little Goose _ 
- - control) - -

Chinook 

Steelhead 

21,400 

37,000 

744 

2,597 

95 

729 
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TABLE 9r--Average travel time and migration peak for juvenile chinook salmon 
trom the Salmon River to Ice Harbor Dam (1966-l97l)~ 

Travel time - Ice Harbor Dam 
Year (days) Peak of migration Water flow 

1966 14 4/27 48,000 

1967 17 5/3 42,000 

1968 16 4/26 37,000 

1969 

1970 25 5/13 88,000 

1971 17 5/4 188,000 • 

Trap on Salmon River not operated in 1969. 
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Average water flows in 1971 were much higher than in any ef the 

previeus years ef this study. Research by Raymend. (f968) has shown a 

relatien between river discharge and rate ef migratien (Le., the 

greater the velume ef discharge the faster the migratien rate ef the fish). 

Therefere, we assume that the faster average travel time recerded in 1971 

was attributable to' the higher flmr. 

Survival ef chinook from the Salmen River to' Ice Harber Dam was 48% 

in 1971 cempared to 30% in 1970. The low"er mortality ind.icated in 1971 was 

prebably a result of the chinook traveling faster, thus being exposed for 

less time to high N2 levels. Holding experiments by Ebel (1971) have 

indicated increases of mortalities by N2 with increased exposure time. 

As ShOiVll in Table 10, survival of the early release groups with an average 

travel time of 26' days was 33-4010, comparable to the travel time and 

survival in 1970: survival increased to 52% for these fish only requiring 

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

latter group, overall survival averaged 48%. Based on those data, and the 

high incidence of gas bubble symptoms on the fish, additional exposure to 

high nitrogen in the Columbia River may result in a total mortality to the 

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

from the Salmon River tor varying 'Water flows (1971). 

Water flow 
(1,000 of efs) 

Survival 
(%) 

Travel time Timing 
(Median fish) 

117 33 23 4/21 

100 40 26 4/27 

117 37 26 4/30 

117 37 20 5/1 

211 52 15 5/5 

211 52 13 5f6 

220 57 13 5/11 

220 44 10 5/11 

.cwerage 188 48 17 5/5 

~ -



36 

Survival Estimates of Steelhead Trout 

. 
Insufficient native steelhead were collected and marked in the Salmon 

River to obtain an estimate of their survival. Large r.eleases of steelhead 

from the Dworshak and Niagara hatcheries did, however, provide a basis for 

survival estimates of' this species. 

Survival in 1971 from both hatcheries declined significantly over 1970 

(Table il). The decrease in survival was not entirely caused by high N 
2 

in the river but probably reflected condition and movement of the fish at 

the time of release. In 1970 both groups (Dworshak and Niagara) moved out 

and left their respective streams (Clearwater and Pahsimeroi Rivers) in 

good -numbers. In 1971 information from Idaho Fish and Game indicated that 

most of the release in the Clearwater River left but only 50% of the release 

left the Pa~simeroi River. Also, in 1971, 45% of the steelhead from Dworshak 

were released on Harch 15 and 55% on April 19, yet both groups arrived at 

Ice Harbor Dam at about the same time. 

Heasured survival to Little Goose Dam (upstream from the high concentrations 

0.. of dissolved nitrogen) was 40% for steelhead from the Dworshak Hatchery and. 
67r)J for fish from Niagara Hatchery. 'i Indicated losses between Little Goose 

and Ice Harbor Dam, where the N2 was highest, were 25% for Dworshak steelhead 

(about the same as 1970) and 85% for steelhead from niagara Hatchery. Timing 

of the downstrear:l migration of the t'"-'o groups may explain their differences 

in survival. Peak migration at Ice Harbor of thesteelhead from Dworshak vas° 

May 7 compared to June 7 for steelhead from the Niagara Hatchery. Symptoms 

of gas bubble disease in steelhead migrants at Ice Harbor were far more 

prevalent in early June than in early Hay. Thus it would appear that the 

stresses on fish nigratinc; in early June '{ere greater than those in the previous 

month and, as a resuJt, survival declined markedly. 

> • 1/ Assuming 50:; of the Hiagara stock remained upstream•. 
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TABLE 11. -Survival of stee1head from Il'.Iorshak and 
Niagara hatcheries to Ice Harbor Dam 1970 and 1971. 

1970 1971 


Dworshak 75 , 30 


Niagara 50 5 


• 

... 

• 

r· 
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SUMMARY AND COnCLUSIONS 

, 

'lbe results of the National Harine Fishery Service"s research 

conducted in conJ1.illct:i,on ',Ii th the Corps of Engineers effort to reduce losses 

of migrating salmon and steelhead are summarized as follows: 

1. Tests on the diversion of migrants from the turbine intakes with 

the traveling screens indicated that from 81 to 97 percent of the chinook 

and steelhead entering the intake were diverted into the gatewells for 

bypass. Difficulties with the traveling screens 'fere the direct result 

of various breakdowns of the drive system of the screens. Extensive 

redesign and modification was completed after termination 9f the fish run .. 

These ch'Jl1ges are presently being tested; the results to date indicate 

that the drive system problems are solved. 

Tests of lighted orifice inserts indicated that passage was improved 

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

during'"peak time' of migration is needed to fully evaluate the orifice insert. 

-,: 2. The collection, holding, han~ing and transporting systems at 

Little Goose Dam operated rrith notable precision. Approximately 255,000 

chinook and steelhead .Tere marked for experimental releases. A grand total 

of 383,000 chinook and steeThead ..Tere handled at Little Goose and Ice Harbor 

Dams; of these, about 285,000 were transported downstream. Mortality during 

transport of the various groups was insignificant, but some delayed mortality 

of chinook was indicated by post release holding tests. Overall downstream 

survival of the various groups vTaS not determined because of insufficient 

data from purse seine catches in the estuary. Evaluation of the eJo..'1'erimental 

releases will be based on.rett4~ing adults in 1972 and 1973. 
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•3. Nitrogen concentratfons in the Snake and Columbia Rivers were 

higher in April and early H~ in 1971 than in 1970 in spite of the measures 

taken by the Corps of Engineers to reduce the levels of nitrogen supersaturation. 

Concentrations in the Snake after mid-g~ were about the same or slightly 

-
lower than those of 1970. Flow control measures begun on Ap~il 26 'Were 

successful in reducing the concentrations of dissolved nitrogen for about 

1 week. The prototype slotted gate tested at Little Goose was 100 percent 

successful in passing water through the skeleton bCllfS without increasing 

the nitrogen content. Observations of the effect of supersaturation on fish 

indicated that significant losses to juvenile 'populations of steeThead and 

chinook must have occurred. 

4. Survival estimates of juvenile chinook migrating in the Snake River 

indicated an increase in survival of 20 percent over last year with an overall 

survival estimate of -48 percent. A precise estimate of juvenile steelhead 

populations was difficult to make because of the' apparent difference in 

behavior among the various stocks. Survival estimates of two hatchery stocks 

of steeThead, although not precise, d1d indicate that SUbstantial losses 

occurred. The increase in survival of the chinook migrants was most likely 

due to the faster travel time resulting in a much shorter exposure to the 

high concentrations of nitrogen. 

Although the total collection of fish fell below our expectations 

because of extremely high flows and mechanical breakdowns of the traveling 

screens, we consider the results of the past season more than moderately 

successful. 

, . 
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Appendix Table l.--Concentrations of dissolved nitrogen and oxygen gas and related water temperatures 
and stream flows in the Columbia and Snake Rivers, 4 April to 10 August 1971. 
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====================:==================~============~=============================================== 
--~EA~ DAILY FlOW

... -. -.-.--. ----- --.. DATE---' -:- --. -- r)EPTI-I TE,~lP SP ILL GATE TOTAL~' ...---OXY·GEN·:--::::----::-4 I'TR6GE~":-
-------LOCA i I O'J--------- ~I:O DY YR \T I"'iE FEF.T f)EG C KCF S OPF.N KCFS ..._. __ Pp;~L_.':'__ .SAJ:.___......__ pp~i. ____SAT. _ --" _ _ ___M_"_ _ _... _-.,.-.t:- --.-- - •. - ._ _ """_ . -',~ ~-

=========================================================================================.========== 
'H~ DALL~S ~OREgAY 

1/4. ~q UD C~.~H::R····-----···----·o4'" 20--11 01'4-27--"000 23' _.OS.7 12.50 107.8 21.20 110.7 
~F ~ALLES FO~ESAY 

1/4 .... I UD CU~iER "--:--"---'-04--20 7'1-01427"--033 OR.7 23 1 i. 6() -10a-. i ---2 i ·.1'o----i 10~-i 
~~ ~ALL~S TAILRACE 

-~.----- -. -. --- ... -......1/2 "~I [)I\; SO ILL 'SIDE--'---'O'4-20-1Y'of4-5Cf-- 066--'-08~'8- 23 12.70 109.5 21.90 114.4 
;'}'.''''::vILLf. FC~ERAY. ___ .__.. _ ... 04 -20-7f'-015il -'000 ·OA.8 

:l (' ',: :::? s r D E 18 ' 12.30 105.9 20.50 107.2 
.,:": '.: ~: FV ILL E FOR E~ A Y 

.......... - - -. , . 
---------- -04' -20·'71---0'152.1:;C",'::~ s r DE 033 oP. • 8 - l8 . 12.10 104.2 20.20 105.6 
)\~EVILLE TAILRACE 

... _.... - .._-- --.'.'-'--"- - ..'1/4 ... I ()'~SD rLL . s--! r5E----·o4--2-0-7y-01528~---OOO-08-~·8- 18 14.30. 123.1 24.00 124.6 
0LU"RIA RIVEQ 

\'; AS~-j()UG f\ L .C-~ TR ··-'--·--·-----~04· 20---71'-01500.... --00.·0 --0-9 ~ 2: 00 13.40 116.3 23.50 124.0
:)LU'/::, I A RIVER 

O?C'SCC'TT CENTER--·-------·04"-20-71-01100 000 09.5 00 12.60 110.1 21.60 114.5 
·:;LU'·':3 I A 
!-,~:p I !\;GTOI.( P t:';'ES-TUARY-- 0'4--20--7 i--6fooo -00-6-- 0-9-.'1- . 00 '-1 i~-20 ---1'65-;5'---1"9 ~ 8-0--104-.-2 

.-; L U ..~ ~ I A ':( I \j E R --_ ... .., -._. _ ...._- --',"'-' 

\' IV:C') UVE~ - 15'- ---- ---- ---' 04 -20 - '71-0'1'6-06-···-000-·-09,'3 ,~ 00 13.30 116.0 23.10 122.0 

--.--- -.--. ---_._------_._--------_._. -- --- ----_.._----._-_..-._ .. -_ .. _.-..._-----_ ... -.. - ---- -'--'--' ------------ -------------
-- _______ ~'1 ..... _- ._.._ •. __.-4l:- --...-______ . _ 

••• _ 4'~ _.__ ~ __ ~ _______ ~_._._ • __ • ___.. __• __._.~ _. __ ..____._. _____ ••• ___________•• _'.' ___".~'. ____'._ 

.-+-----.-~------ ._---------------_._------_._--------_..._--. -.- _._--_ ..__...._---_.. - .... -. --_ ...-- ,._------..._----- - ... --_ .. _-- ...._._---
.::
f\) • 
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Appendix Table l.--Continued. 

·1t.,u~I.Y ....
~~-~-~-FLOW-------

DATE SPILL GATE TOTAL ----QXyGEN---- --N I TROGEN-·' 

'::::::::?~:~!~~:::::::::==~~=~~=~~==~~~:=~~l~=!~~~=== ~:~==~~:~===~~~:====~:~==~=:~!==...:~:~.u.:~!~ 

rTTLE GOOSE FOREBAY 5 4 71 1542 o 11.6 131.6 6 199.0 10.5 96.S 18.7 lO3.lj, 
ITTLE GOnSE FORERAY 5 4 71 1542 3:3 11.6 131.6 6 199.0 10.6 97.1· 18.6 102.4 
ITTLE G00S~ TAILRACE 5 471 1554 o ll~6 131.6 6 199.0 13.6 125.7 24.6 136.2. 
')\':~R '~(,)\!U\~ENT FOREBAV 5 4 71 1636 o 11.9 125 .. 6 8' 196.2 13.0 120.7 23.3 1:30.1 
nWFQ vr~U~~NT FORE9AY 5 4 71 1636 33 11.8 125.6 8 196.2 13.3 123.1 24.3 134.9 
8':,'fR '.'o~;u·'/ri\! T 
1/2 ~I D0W~ FR TAILRACE 5 4 71 1.650 o 11.8 125.6 8 196.2 13.7 127.1 24.8 137.7 
CE ~AR~OR ~ORERAY 
SPILL SIDE 5 4 71 1714 o 12.2 139.3 10 187.1 12.8 119.6 22.6 126.4 
Cf HARQOR FOREAAY 
SOILL S!DE 5 4 71 1714 • 33 12.1 139.3 10 187.1 13.0 121.5 22.8 127.6 
C F 1.1.t.. R:=: 0 R T A! L R ACE 
1/4 MI DOW~STREAM 5 4 71 1722 o 12.0 139.3 10 187.1 12.7 118.7 22.4 125.3 
OLU~19 rA 
A;OVE SNAKE MOUTH 5 4 71 1732 o 11.1 0.0 . Q. 0.0 12.8 117.3 20.5 112.3 
C~M~Y FOREnAY 
S~ILL SIr)C 5 4 71 1440 o 11.7 198.0 18 ,433.3 12.4 114.7 19.8 109.8 
C"! to q Y F() REP. A Y 
SPILL SIDE ' f-.) 5 4 71 1440 33 11.8 198.0 18 433.3 12.7 117.6 20.1 111.6 
C"~ARY F0R:::flAY '~oV''''T' 
COWFRHCUSE S!D~'> 5 4 71 145t o 11.2 198.0 18 433.3 12.8 116.9---21.7 ,119. a 
('~,A~Y F()RE>1AY ./ . 
D(j~::ERHO'J.sE S I DE) w",!..Y\ 
C:--!A~~Y T;'d LRACE . 

5 4 71 1452 33 11.0 198.0 18 433.3 12.9 117.4 21.8 119.3 

SPILL SIc)E 5 4 71 1330 o 11.3 198",0 18 433.3 13.8 126.7 24·5 134.8 
C~!A''>.Y TA! LRACE , 
POv.'::-~U10USE SIDE, 5 4 71 1339 o 11.1 198.0 '18 433.3' 12.9 117.5 21.5 117.9 
OHN D'A Y F OREBAY 
CENTER 5 4 71 1250 o 11.3 194.2 20 445,6 11.3 103.4 19.1 105.0 
OHN DAY' FOREBAY 
CENTER 5 4 71 1250 33 11.2 194.2 20 445.6 11.4 104.1 • 19.4 106.4 

.. 
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rpendix Tabl~ 1.--Continued 

.....- ........................................ " ......... ,. .,. -.... _....
lit) U ~,f L 'yo . 
f~-----~FLOW-~-~---

DATE SP I LL, GATE TOTAL ----QXYGEN---- --NITROGEN-
·-------LOCA T10N--------- MO DY YR TIME DEPf,H TF)'1P KeF S OPEN KeFS PPM SA T PP~1 SA T 
:==========================================J;_~==~============================:D======.a.=========== 
!Ol-l~! DAY TAILRACE 
SOILL SIDE 5 4 71 1240 o 11.3 194.2 20 445.6 11.7 107.2 19.8 109.0 
'ALLES F(,)REPAY 5 4 71 1220 o 11.3 250.7 23 450.5 12.7 116.2 21.9 120.4 
'ALLF.S FO~E~AY 5 4 71 1220 33 11.2 250.7 23 450.5 12.7 116.2 21.7 119.2 
ALLES TAILRACE 
SOILL SIDE 5 4 71 1210 o 11.4 250.7 23 450.5 12.3 113.0 21.4 117.9 
,(jN~WVILLE RESERVOIR 5 4 71 1~40 o 11.0 287.7 18 434 .. 5 1.1.4 10.3,6 19.8 108.3 
ON~~VILLERESERVOIR 5 4 71 1140 33 11 •.0 287.7 18 434.5 11.5 104.5 19.8 108.3 

.() :--J ,'! r ..; ILL E
D(h-:'~ Src~ E A M 5 4 71 1130 o 11.2 287.7 18 434.5 13.2 121.3 23.6 129.5 

~- .. -...OlUVRIA 
v:t.SHOUGAL 5 4 71· 1400 o 11.4 ,0.0 0 0.0 13.5 124.7 23.6 130.0 

'OLU V 8 I A . 

VA ~KOUVER 5 4 71. 1430 o 11.2 0.0 0 0.0. 13,4 122.6 23.4 129 • .c. 

0LUVRIA 
P P. ES-CO TT 5 4 71 1034 o 11.3 0.0 0 0.0 ' 12.2 111.8 21.2 116.5 
OLUM5IA 
HARRINGTON PT -ESTUARY 5 4 71 1000 o 11 .• 2 0.0 0 0.0 11.7 107.2 19 .• 8 109.1 

,. 

.. 
\\ 



pendix.Table l.--Continued 

PAGE, OF 2. 

=======================================~======================================== ••• ================= 
~ II ---HOURLY FLOW---

DATE . DFPTH TEMP SPILL GATE TOTAL ----OXYGEN---- --NITROGEN-
-------LOCATION--------- ~O DY YR TI~E FEFT DFG C KCFS OPEN KCFS PPM SAT PPM SAT 
======================================~============~========~==========.====:=~==~===:============== 
ITTLE GOOSE FnRE~AY 5 18 71 925 0 9.5 93.4 7 184.0 11.0 96.8 18.7 99.2 
ITTL~ r,~CS~ F0REBAY 5 18 71 925 33 9.5 93.4 7 184.0 11.3 99.3 20.1 106.4 
ITiLE GO~SE TAILRACE 5 18 71 945 a 9.6 93.4 7 184.0 14.2 124.9 24.9 132.4 
0WER ~ONU~ENT FOR~AAY 5 18 71 955 0 10.1 110.7 8 179.3 13.7 122.3 23.2 124.5 
:;'t::=R vn~JlY/;::NT F()RE~AY 5 18 71. 955 33. 9.8 110.7 8 179.3 14.3 126.2 23.6 125.9 
:)~'!ER V.0·\;lJ>~F.I\JT 

1/2 ~I DOWN FR TAILRACE 5 18 71 1008 0 9.9 110.7 8 179.3 14.8131.6 25.1 134.5 
CF HAR9~P. FO~ERAY 

SDILL SI~E 5 18 71 1028 0 ·10.0 136.0 10 183.4 . 13.5 120.2 22.9 123.0 
C~ ~AR~O~ FOR€~AY 

SDILL SI9E 5 18 71 -1028 33 10.0 136.0 10 183.4 13.5 119.8 22.8 122.~ 
C~ H~R2CR TAILRACE 
1/4 VI D1WNSTREA~ 5 18 71 1041 O. 10.2 136.0 10 183.4 13.8 123.0 23.3 125.2 
'1lU'.'2I/\ 
A~nVE S~AKE ~OUTH 5 18 71 1057 0 10.6 0.0 0 0.0 12.7 114.8 21.1 114.7 
C"AOY rO~E8AY 
S~!LL SID~ 5 18 71 1220 0 11.8 308.8 22 467.9 12.6 117.1 20~7 114.9 
C '\ .A ;~ Y FOP:=': RAY 
S~ILL SIDE 5 18 71 1220 33 10.8 308.8 22 4~7.9 12.7 115.3 20.9 113.8; 
C\l Aq Y T1\ I Lf~ ACE 
SP!LL SI~E· 5 18 71 1243 0 11.1 308.8 22 467.9 14.3 130.7 25.6 140.3 
C": A'< Y FOR E11 A Y \. < 0~ 
DO~':FqH(llJSE SrDF;>O·(C~ 5 18 71 '1231 0 12.6 308.8 22 467.9 1"2.6 118.8 20.8 117.1 
::~:ARY FORERAY 
DO~ERHOUSE SIDE 5 18 71 1231 33 10.8 308.8 22 467.9 13.1 118.4 21.9 11s.a 

. \
' • 
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pendix Table 1.--Continued . '. 

PflGE ~ Dr~ 
:=================================~====~================================.===aa.= ••=••••••••a=.a.a=D ••\ , ---HOURLY FLOW---

DATE DEPTH TEMP SPILL GATE TOTAL ----OXYGEN---- --NITROGEN-
--------LOCATI0N--------- MO DY YR ~IME FEET DFG C KCFS OPEN KCFS PPM SAT PPM SAT 

\ .. 
:==========:=========================.~==========================~======a============~==.A===a======= 
ICf\lAqv TAILRACf:~ 
P0\.':=~HI")USE SIDE/ \.........'1·.·,\ 5 18 71 1249 o 10.8 308.8 22 467.9 13.1 118.9 23.4 127.5 

J~H:\; DAY F()r~EBA.Y 

CFNT::R 5 18 71 1332 o 11.6 228.0 20 478.2 11.7 107.8 20.0 110.6 
JnH,~ D'AY FORESAY 
cf,"n::R . 5 18 71 1332 33 11'9 228.0 20 478.2 12.0 110.6 21.0 116.2 
JnH~ GAY TAILRACE 
S~rLL SIDE 5 18 71 1350 o 11.4 228.0 20 478.2 12.3 113.0 21.1 116.3 

)I\LLFS FO!<ERAY 5 18 71 1405 o 11.5. 279.0 ·23 476.4. 13.6 125.1 23.5 129.8 
),.'.LLFS rO~Ep,AY 5 18 71 1405 33 11.6 279.0 23 476.4 13.3 122.5 23.0 127.1 
:~!..LES TA!LRACE 
SPILL SIr)t: 5 18 71 1416 0 11.6 279.0 23 476.4 13.5 124,4 22.7 125.6 
~n~NFvILLFqESFRVOIR 5 18 71 1448 0 11.9 350.3 14 495.5 12.9 120.2 21.9 121.~ 
~~~~FVIlLE RESERVOIR 5 18 71 1448 33· 11.9 350.3 14 495.5 1:3.1 121.6 22.9 127.4 
~')l\:~~~V! LlE 
!) 0 I,': ~l S T R E M·1 5 18 71 1455 0 12.0 350.3 14 495.5 13.8 129.2 23.7 132.2: 

: ') L L)'I R I A 
~C~SCOTT 5 18 71 1647 0 12.4 0.0 0 0.0 12.2 114.8-----21.5 --'120.6 

:OLU\'8! A 
HARDr~GTON PT -ESTUARY 5 18 71 1619 0 12.8 0.0 0 0.0 12.1 115.3 21.3 120.6 

\ 
• 


-l:'" 
0\ 
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lpendix Table 1.--Continued 

====================~======£==============================:=====:=:==: •••••••••••••••••••••••••••••• : 
DATE DEPTH TEMP SPILL GATE TOTAL ----OXYGEN---- --NITROGEN-

--------LOCATION--------- MO DY YR TIME FEET DEG C KCFS OPEN KCFS PPM SAT PPM SAT 
=====================================~~============:=========:========= ••:=::======:=:•••=:==:=:====: 
MC~A~Y FORERAY 
POW~RHCUSE SIDE 6 1 71 1356 33 11.9 274.5 17 479.1 12.85 118.9 21.60 120.: 

~,ACNA~Y TAILRACE\. \\ 
PO't.'ERHOUSE SIDE) v-)t,·. 6 1 71 1301 a 12.0 274.5 17 479.1 12.83 119.3 21.80 121.~ 

JOHN DAY FORE8AY 
CENTER 6 1 71" 1215 a 13.4 250.0 20 500,0 12.20 117.3 21.10 120. 

JOHN DAY FOREBAY "~"" 

CENTER 6 1 71 1215 33 1:3.1 250.0.20 500.0 12.30 117.4 21.20 120.1 
JOHN DAY TAILRACE 

SPILL SIQE 6 1 71. 1200 0 13,2 250.0 20 500.0 14.06 134.5 23.80 135.' 

DALLFS r=OREf3AY 6 1 71 1144 0 13.1 320.4 23 50S.5 13.20 126'.0 22.90 130,: 

~ALLES FOREBAY 6 .1 71 1144 33 13.1 320.4 23 505.5" 12.70 121.2 22.80 129.~ 
DALLES TAILRACE 

SPILL SIDE 6 1 71 1135 0 13.1 320.4 23 505.5 13.12 125,2 22.50 128,( 

30NNFVILLE RESERVOIR 6 1 71 1107 0 13.1 378.3 18 512.3 12.70 121.2 21.00 119.! 

30NNfVILLE RESERVOIR 6 1 71 1107 33 13.1 378.3 18 512.3 12.40 118.3 20.90 118,~ 
30NNEVILLE 

DOWNSTREAM 6 1 71 1100 0 13.2 378.3 18 512,3 13.35 127.8 23.03 131.: 
:OL.U·/3! A 

o ~ F. SCOT T 6 1 71 '100 5 0 13 • 1 0 • 0 0 0 • 0 11 • 7 5 112 • 1 2 0 • 90 118 • ~ 
:OLU~~8 rA 
HARRINGTON PT -ESTUARY 6 1 71 0935 0 12.7 0.0 ~ 0.0 11.38 107.7 20.75 117.~, 

---HOURLY FLOW---

-I=" 
Q) 

http:250.0.20
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I 

;,cnC11X ',l.'a.Ol.e .l...--l,.;pn1il.nueu.. 

... _-_ ......... _.... - ---. ----

:==========================================~~~~=========~===============~=================.~=a=a==~==1 
---~OURLY FLOW---

~ATE DFPTH T~MD SPILL GATF TOtAL ----OXYGEN---- --NITRCGEN-
·-------LCCfTI~~--------- ~o DY YR TI~E FEET n~G C KCFS OPEN KCFS PPM SAT PPM SAT 
:======~===~================:========~==~====~=======================================~==:============ 
_!TTL~ GO~SrF00~~AY 

1/~ VI UD CE~TfR 6 15 71 920 o 13.0 119.9 8 187.1 10.42 99.0 17.80 lOl.1 
.!T7LF ~~0S~ F0P~~AY 

1/4 V! U~ C;:'\ITC"R 6 15 71 920 33 12.9 119.9 8 187.1 11.29 107.3 18.36 104.1 
.:T7L= ~G~S~ Tt!L?~C~ 

Lit. 'IT r:l,'! SPILL S!i)E 6 15 71 936 () 13.0 119.9 8 187.1 13.60 130.3 23.79 133.2 
_':I~ '.'~'.:tr:F.~~T. Fr;'~~~~AY 

! It, '.I! UDC=: \1 -:;: ~ 6 15 71 957 o 13.0 142.9 8 190.2 13.20 125.7 23.00 130.1j 
~~,"O \·r·'~~.t··":-~:T F07:-?A'( 

1 I!.. ','! U DC-==- "! T f:" ~ 6 15 71 957 33 12.9 142.9 s 190.2 13.40 127.4 23.40 132.7 
I.'? '''21'~!''.'~;'!T T.'!..!L:?!,Cr: 

:/7 ~! ~~ 5~!Ll SIDE 
reF ~A~C~? F0~F~AY 

6 15 71 1005 o 13.0 142.9 8 190.2 13.43 127.9 24,16 137.3, 

1 It. ~!! UD C:::~HF~ 6 15 71 1027 o 12.9 142.6 10 189.9 13.10 124.5 22.60 129.1' 
~c~ u~~n~q r0~~~AY 

1 I r'. ',' ~ '...! 8 

! C~ L.l ;.\ r:; --:, ~ ~ 
C~ ~\~ T~ f? 

"':'" ll, I L t, ,\ C:: 
6 15 71 1027 3312.8 142.6' 10 189.0 '13.20 125.1 22.90 129.1, 

1/7 ~! n~ s~rLL SIDE 6 15 71 1037 () 12.8 142.6 10 199.0 ,:: 13.37". 126.7 22.30 126.3 
:"LU'!:':l! t' q! \/~':( 

A~0V~ V0U T H S~AKE 6 15 71 1047 o 1::>.0 0.0 0 0.0 
~ 

12.56 119.6 20.52 116. cj 
'c',':,"'?y r")A',A r0:?C"r~fl.Y 

1/4 ~! UD S~ILL SIDE 6 15 71 1154 () llh4 274.5 15 467.1 11.80 116.0 19.10 111. ~I 
• C ~; ;\ -; V ~ t\ '.~ r 0 ;,l =- ~, l}. Y " 

1/~ ~! Un SPILL SI~E 61571' 115L. 33 13.4 274.5 ,15 467.1 ... 11.90 114.4 19.50 111.61 
,~r" t. 0 Y T A I L'~ A C C" 

1/~ ~! n~ SPILL SIn~ 6 15 '71 1215 o 1:1.6 274.5 \15 467.1 13.69 132.1 22.60 129.9 
• C ~ : :. ? Y , !) ~ ',~ r r;, 'I ::: ~A Y 

lit. "'! UD n)",'r~ SIDE 6 1:> 71 1205 n l~.O 274.5 15 467.1 12.00 119,6· 20.20 119.1 
IC':/\'IV 1")4\~ r:'8'=;:t:.l!..Y 

l/u \' I UD P;")'·/FR SID!: 6 15 71 1205, 33 13,4, 274.5 15 467.1 12,40 118.9 ~i.o~ 120.1 
IC,'\'A~Y TA!LI~:.C:: 

1;4.~! D~ P0~~R SI~E 6'15 71 1221 ('), 13.5 274.5 15 467.1 12.32 118',7 20.90 119.3' 
J'):-'~ ~:.V ~0'<:=<!',v 

1 /?. '''! \ ; D C: T~ 6 15 71 1345 o 14.6 279.4 20 497.1 ll.e~ 116.6 19.~O 115.s 
.4!" 



, 
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pendix Table l.--Continued 

:=====================================:===c========:~=======~======'=:=========a======D===~=======a=a= 
~ ---HOURLY FLOW---

DATE ~FPTY TFvP SPILL GATE TOTAL ----OXYGEN---- --NITRO~E~-~ 
·-------l..")(l\iI~V\:--------- ~,'O DY YR 1\Ito.~E F't:'t:'T IIF'(j C KCFS OPF.N KCFS ppr~ SAT ,PPil" SAT 
:~=~=======~==~:===============~==~===~==========================================================;===. 
J'; !-' " r-; Ay F' CC FI) Av ' ' I 
,!/t. I,'! U~ (,'T? 6 15 71 1345 33 l'~.l 279.4 20 497.1 11.90 116.2 20.40 118.3 

ref! r: f)/i '( J7t;..:;~,fjo~i;jf ~'\'A,\" ..<: ..._ 

..:{i,:{"[~_::q;JV';'0~;;;!!'1~;J~ 6 1571 1402 Oli+.O 279.4 20 497.1 12.95 126.2 23.00 133.1, 

1 / I, "! l: C) , (c:' \: Tt:' ~ 6 15 71 1 '+20 o 14.0 298,3 23 ,491.5 13.10 127.7 22.50 1:30.2 
, w :: t; ,:.. L l. ;:.- S [:' 0 R ~::J A Y 

1 / t. 'I i UP C~ ~,) T ::: ? 6 15 71 1420 33 14.0 298.3 23 491.5 13.:;0 129.6 22.90 132.5 
'w:: ~~LL~5 TAIL~~CE 

1 / '? '!! "':' \1 :;;) t LL. S I 9 E 6 15 71 1432 o 14.1 298.3 23 491.5 1?76 '124.6 21.4012 /•• 1 
~,..,':."cvIU_~' Fr,;~=(l;\y 

II? VI UP SPILL SIDE 6 15 71 ',1'520 o 14.2 357.2 18 '506.5 12.10 118.4 20.40 l1e.5 
:'i~:"::-'.'!LL= ;:-()~=~AY 

1 /? '! I '.J r:> 5 D ! LL. SID E 6 ,15 71 1520 33 14.2 357.2 18 506.5 12.30 120.4 20.90 12C.9 
\"'\" ,,:- '.' ILL;:- T t., ! L? /I, C~ 

1 / t. ',' I Dr: S P ! LLSI DE 61571,1530 o 14.2 357.2 18 506.5 1 3 • 26 129 • e, 2 2 • 6 9 '1 :3 1 • 5i 
'0l.!:"n!/\ 

0.0. 12.02 ,l17~-6----20.50 119.1P1\ t:: 5 C.OTT 6 15 71 1715 o 14.2 0.0 o 
: 'i UJ ',';~ I 1-. 

'-I /\ .., ? ! ~! Gi I')I\~ 0 T -: :: S T lJ A~ Y 6 15 71 1650 o 13.6 0.0 o 0.0 12.36 119.3 20.90 120.1 
~ 

• \, • 

.< 

'(g 
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. " 
==========~================================================:=======~======D===sa.======.==~e.ce=.=.= 

---HOURLY FLOW---
DATE . DEPTH TEMP SPILL'GATE TOTAL • .... -OXYGEN---- --~lTROGEN--

·-------LOCATI~N--------- MO DY YR TI~~ FEET DEG C KCFS OPEN KeF'S PP~~ SA T pp~ SAT 
=================~====c=~=======================~~=================;===.=====~======a=============== 

.lTTLE GOOSr: F~REBAY 
1/4 ~I U~ CE~TFR 6 29 71 9.35 o 13.7 71.5 8 158.5 10.50 101.7 17.70 101.S 

.ITTlE GOnSF F0~EPAY 

11L. ""'1 UD CE"'lTfR 6 29 71 935 3313.7 71.5 8 159.5 10.50 101.7 17.68 101.i 
ITTLE GOOS~' TAILRACE 

1/L. ~r DN SDILL SIDE 6 29 71 945 o 13.7 71.5 e 158.5 12.40 120.0 21.65 125.7 
,':IR r-.'O~lJ'/ENT F:;~F.AAY 

llL. I~I UP CE"'lTER 6 29 71 1011 o 14.4 86.8 8' 155.3 12.50 122.9 21'.70 126·.5 
,'<JR ,,~(i"·!LJ·,~E"H FI")~F.rAY 

1 I 4 I,~ I UP C E 'H E R 6 29 71 1011 33 14.3 86.8. 8 155.3 12.40 121.7 21.40 124.!) 
,~~ vO~U~ENT TAILRACE 

1/2 M! ~N SPILL SIDE 6 29 71 1018 o 14.3 86.8 8 155.3 13.58 133.3 23.08 134.3 
CF HAQAOR r0~r:PAY 

1/4 vI UP CE~TfR 6 29 71 1038 o 15.3 106.8 ,10. 154.1 12.40 124.4 20.90 121.9 
CF Hf...~~OR fI")QF.~AY 

1/4 ~I UP CE~TER " 6 2971' 1038 33 15.0 106.8 10 154.1 12.30 122.6 20.90 123.2 
C~ H~q~OP TAILPACE 

1/2 ~r 
:r')LLJ'!PIA 

D~ SPILL 
qIVFR 

. 
SIDE .,. 

,'. ._.. , 
6 2971 1048 a 15.2 

.,._.
106.8 10 154.1 12.90 129.1 21.40 126 • 

A?nVE ~OUTH S~AKE 6 29 711055 0 13.8 0.0 o 0.0. 12.30 119.3 19.80 114.2 
!C~ARY nA~ rOR~AAY 

1/4 MI UP SPILL SIDE "6 29 71 1112 0 15.0 245.7 22 446.0 12.00 119.6 19.40 114. 
'CNA~Y ~AM rCq~9AY 

1/4 ',q UP SPILL SIDE ·······-:6 
I C:\~ A R Y TAt If< " C E 

29 7l~·1112 .. ....·33 ., 14.4 245.7 
\ ~.2 -446.0 12.10 119.0 19.50 113.7 

1/4' "Ii [")~ SPILL SIDE 
'C/l!t,~Y DAV. F:Jq~RAY 

6 29 71 1125 o 14.6 245.7 22 446.0 13.53 133.7 22.80 133.4 

1/4 ~I UP PC~F~ SIDE, 6 29 71 1116 o 14.6 245.7 22 446.0 12.20 120.6 19.40 113.5 
'C~A~Y ~AV rnR~9AY • 

1/4 '~T UP PO',.JER S I CiE 6 29 71 1116 33 14.2 245.7' 22 446.0 12.00 117.4 19.80 115. 1 
•('1"1 A R Y T A I U ~ A ( E 

1/4 YI DN P0WFR SIDE 6 29 71 1128 .. 0 14,3 245.7 22 446.0 11.94 117.2 19.80 115.2 
J")H~l DAY FO~EAAY 

1/4 ~l.L.,"~Je. C\;TR ., .._._~~ ..._.__E~~_.11_,J1.I~__Q lSt') 244.4 20 435.4 ll.60 117.9 19.40 l16.2--_.....-_._......_.._--_ ...... -- 
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>pendix Table l.--Continued 
..... 

~ 
.=================================~=====~~==============================.==.== ••••••••••••••••••=:==. 

---HOURLY FlOW---
DATE , DEPTH TFMP SPILL GATE TOTAL ----OXYGEN---- --NITROGEN-

"-------LOCATION-~------- ~10 DY YR TIME·FErT DEG C KCFS OPEN KCFS PPM SAT PPM SAT 
:e=========:=======:=====:==========================================~~==.===============.============l 
"lHN ~.~Y FORE8~Y 

1 14 ~'I U" CI\l TQ 6 29 71 1328 33 15.4 244.4 20 435.4 11.70 117~8 19.70 116.9 
I~H~ D~Y TAILqACE 

l/? VI DN SDILL 
'H~ O;\,LLF.S 1'(l~r:n,AY 

SIDE 6 29 71 1340 0 15.3 244.4 20 435.4 13.50 135.4 22.80 135.1 

1/4 ~I U" CE~TER 
"HF" C'ALLE'S FO::\r:'1AY 

6 2971"1350 0 15.1 242.0 23 413.2 12.80 127.9 21.90 129.3 

1/4 MI UP CENTER 6 29 71 1350 33 14.7 242.0 23 413.2 13.00 128.7 22.30 130.7 
·YF. ~ALLES TALLR~CE 

l/?.Y! DM SPILL SIDE 6 2"9 71 1400 0 15.4 24:>.0 23 413.2 12.80 128.6 21.00 124.6' 
\f')"··l~ViLLE F~R::~AY 

1/? ~r UP SDILL SIDE 
\(),\~:C'VILLE rO,<r;::r"<AY 

6 29 "71 "1445 0 15.0 295.6 18 446.3 11.90 118.6 19.80 116.8 

1/2 ~I U" SDILL SIDE 6 29 71' 1445. 33 15.9 295.6 18 446.3 12.00 122.0 20.00 119.6 
I ') ~~ ~ ~ !=' VILL ETA rV~ ACE 

1/4 VI DN SDILL SIDE '6 29 71 1450 0 15.5 295.6 18 446.3 12.85' 129.5 22.22 132.2 
:0Luv 91 A RIVE~ 

····')··6 29-71'- 1630-"-·"'0 ·_-15.8-.... 0.0 ()"----pq::-SCOTT CENTF.~ 0.0 11.42 115.8 19.80 118.4 , 
:()LUV~ I A 
HA"RINGTO~ PT -ESTUARY 6 29 71 1606 0 15.4 0.0. 0 0.0 11.78 118.4 20.19 119.8: 

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

,.. . .. . . . ... .~ 

• 

._-......._-_._.....-_..•...__._., I\) 
........ --_ ..-- ._--_........-~-- •..... --...'."'-.- ...-.--'.-----.--- ._._......... . 
VI 




I 
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)endix Table l.--Continued 

;===========.=====~~=========================;=============;==================================-==-==:= 
---HOURLY FLOH---

DATE nFDTH TE~P SPIll GATE TOTAL ----OXYGEN---- --NITROGEN-
·-------LnCATIO~--------~ ~O DY YR TI~E FEET DEG C KCFS OPE~ KCFS PPM SAT PPM SAT 
; =:: ~=- ===-= ==0';' ======:; ==.= ::=~~::= =.= == ===..==~::_=.~ ~ :d~~= === == ==:: =: ~.=? ~.=:=': ====::= =;=:.:"= =:: =.1:==:: ==:; == ===:: :z::== =;;:: ::==::: =:;: = 
. ! i T L:: C;:-: ') S i:1=' .~ R:: RAY 

1 /4 ~/! UP CE,\T::r< 7 13 71 0939 o 18.6 0.0 o 72.3 10.20 109.8 16.40 102.8 
I.rTTlE G~0S~ F0~~~AY 
\ 

lit. '.' I UP C:: ,'! T E f~ 7- 13 71 0939 33 17.2 0.0 ~ o 72.3,. 9.90 103.6 16.84 103.1 
.ZiTL.f. (;0~'Sf' TA!L.~ACE ./ 

2/t. ~lr D~; ·St:.Il... L SIDE_._ ... __._.,,7._~.13._71 0950. __'_,,0 .17.L~ __". 0.0 o ...... 72. :3 9.97 .. 104.7 16.80 103.2 
.w~ V~~UVE\T·F~~~~AY 

1/'". VI UP CC"nER 7 13 71 1007 o 1p.. 2 8.7 3 72.7 10.70 114,3 16.80 104.6 
~ ~~ q ',' o~, :J'l ~ ~~ T F c) ~ FRAY 

1 It~ 'q UP Cf"iTF.R 7 13 71 1007 33 17.2 8.7. 3 72.7 10.10 105.7 17.10 104.7 
_-:,I~ ·,'(i'~l;·:~;'.;r TAIL~ACE· 

1/2 'Ii D\! SPILL S!DE._..•. ____ .. 7. 13_.71. __ 1018._.____ .0 .. 17.3 ..__.. 8.7 ....._.,.3 .... ,72.7,~_.. 11.10 .. 116.4 18.30 112.!.J 
---..~~-tCE YA~~O~. FO~f~AY 

1/4 ~~ uP CE~TER 7 '1:3 7 1 1 0 :3 5 . o 17.6 28.6 ·/0 .72.4 10.80 113.9 17.20 106.d 
[CF HAqn~? ~01~RAY 

1/4 ~r UP CE~TF~' 7 13 71 .1035. 33 17,3 28.6.,10 72.4 10.60 111.1 1,?:30 _c.106.1______ __ 
tCE HAR~Oq TAIL~ACE 

l/2 '/.1 D,\J SCILL S!DE .......___ 713_.7.1.__.. 1022.__._... 0.___ .17.3 .._.. 28.6.___10_.72.4 .......11.14 ... 116.8 1820 111.7. 
:"LlJ'.'9 I /I. R I \JF~ 
A~0V~ ~0UT~ S~AKE 7 13 71 1050 o 15.4 1 2 • 13 121 • ~L __ ._~ 9 • 7 0 116 • 9 

/C~ARY DA~ rCR~~AY 

1/4 ~r UD SPILL SIDE 7 13 71 1106 o 16,8 96,4' 15" 262.9 12.60 130.6· 18.80 114.4· 
~C~Aqy DA~ FC~~nAY 

1 I l. ,... ! UP SD rLL S! DE ._. __.____.7._,13 ...31.__ 1106 __ .3.3 ... 16.:3 .~._. 96.4..... I S'...~. 262.9 .n. 12.20 .. 125.1. 18.50 111.9 
"Ci'\ARY TA I lrU'.CE • \ 

1/4 ,"!or D,,\ SPILL SIDE 7 13 71 1122 0 16,5 .. 96.4 ~.5 262.9 13.36 137.6 21.80 131.9 
'C~ARY ~A~ FOR[~AY 

1 I 1+ ~q UP PO ...!F. R S I DE 7 13 71 111 2 0 16 • 9 . ... 96. 4', J ~ 262. 9 12 ~ 30 . 127. 7 1a • 80 ll4.E 
'C"\Aoy DAM FOR~9AY 

1/4 ~.q UP POi·} P.'R .S I DE _ ....__._...7...1~ ..71._~.11 i 2.~_33._~. 16.0,_,..96.4._'.1 5'"_262. 9...~..12, 00 .• 122.2 .. , '18.60 111. ~ 
l.GNAQY TAIlRAC~ . 

1/4 '-1 I D'\; PO'_'.'~R SIDE 7 13 71 1127 0' 16.1 96.4 IS' 262.9 11.94 122',0 18,ao 113.C-J')~"'; DAY FCI·~~n~y 
.. /.' ~ . .'! .,.; ~ (>~ T r,\ 7 13 71 1307 o lA')', 58.5 ;.>,,0 295,1 11.90 128.4 18.70 117., 

http:71._~.11
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.pendix Ta.ble 1.-Conti;nued 

===========================================~======================~====a=====.===.a=.=••••••=••••• == 
---HOURLY FLOlv---

DATE DEPTH TEMP SPILL GATE TOTAL ----OXYGEN---- --NITROGEN-
,-----~-LOCATIO~---~-~--- i-10 DY YR'. T I~lE\ FEET nEG C KCFS OPEN KCFS PPM SAT PPM SAT 
======:. :: =::: :: ==': :: ==.::. ==== : ...=:.:=-=: :: ==, ':: ~..=:= ~ ~.~.=:= ==:= = . \ 

'~..=:= ===::: ~ ==.:': :::: =: =.~ ~ :: ======:: ==?= :: :; ;: =~.~ =========.: ': =:;; =::; ;: ; ===.====:; =;::: ;: 
,;:-<r~ ~.4Y FOi<F:3AY 

1/4 ..~! UP CNTR 7 13' 71 1307. 33 1(,.4 58.5---.. . OlO 285.1 12,10 124.4 19.60 116.4 
I()'.-l:\; ~AY TAIU<ACE 

1 I? \'! .J ~~ S P ILL SIDE 7 13 71 1315. o 16.4 58.5 c1.0 285.8., 11.94 122.7 20.00 120.9 
'~r: [;'~L..L:::S F~;~~~AY 

... 
1/4 ~r UD CE~TER -- ..........~--~ 7.....-13._....71-- 1330 ._.__......0 .•... 16.4_ ..... 103.5....... ~3 .. 274.1 __.11.70.,.120.2 19.20 116.0 

'HF DALLES FORf3AY 
1/4 ~r UP CENTER .7.13 7i ,1330 .. 33 16.7 103.5 ~3 274.1 ... 11.70 121.0 19.20 116.5

'Hf ~ALL~S TAILRACE 
l/? ~! O~ SPjLL .SIDE 7 13 71 1335 '---o 16.7 103.5 ~3 274.1 12.00 124.1 19.40 117.7 

~()~<":~V: LL:: r-8,:=-~AY': . , 

1/2 '~I u~ SDILL SIDE. ____ . .:3.13_.71 __ 1420...__ .0 .....16.3._.. 151.0._.. 18 ... 274.6 __... _12.00. 123.1 18.90 113,9
IC~~~VILLE rO~E~AY 

1/2 VI uP SOILL SIDE 7 13 71 1420 33 16.4 151.0 I a 274.6 12.00 124.6 19.00 115.8 
':)':~,,::-V! LL= TAr L~ACE . 

1 /4 \'! '):'~ S?! LLSI.D E 7 13 7! 1425 o 151.0 I 8 274.616.7 12.95 133.9 21.24 128.9 ,:nLu'.'~!A. ~IVE::; 

PRFSCOTT CENTER .___.. _____7.._13._.71_1546.....__.. 0 ..'7.• 17.1.. _ .. __ ..._......__.._. __.~:-,__.~ .. 11.45 .. 119.5 19.30 118.0
:aLu'·1;-; I A 
HARRl~GTO~ PT -ESTUARY 7 13 71 1521 o 17.3 . 11.40 119.5 ',19.20 117.6 

.. _._ .._.__.........~..._ ........_ ...._ ......_ .._.....,_._-_.__.-....._ ..._ I . ..
_.... _ ... _~ ........_ ...~_._._ ..._ ..-._........------4..-..__......._..... _ 

\. 

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

--_. __ ._.............-. ,.', 
• 


• 
• 

~ ., . '0, 

~ 
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~Appendix Table l.--Continued 

. . . .. 
,==========~-=======================:=====================~========================;========~========= 

---HOURLY FLOW---
DATE DEP TH TE~~P SPILL GATE TOTAL ----OXVGEN---- --N I Ti~OGE~--

·-------LO(ATION--------- 'MO DY YR TIME 
\ 

FEET DEG C KCFS OPEN K(FS PPM SA T PP:-''o SAT 
~=========-============================~=====~====================================================~= 
.:TTL~ GOCS~ F0~FAAY 

114 ~/o I UP CE:f\JTER 7 27 71 930 0 25.8 0.0 0 39.3 A,10 100.6 14,30 99.7 
.!TTLE GOOS[ FOREBAY 

1/4 ~I UP CENTER 7 27 11 930 33 22.6 0,0 0 39.3 7.90 92.3 14.92 99.5 
-.,---~~- ~ 

.ITTL~ GOOS~ TAILRACE 
114 v I D~ SDILL SIDE -_ .._, ........_..•. 7 27 71 94A 0 22.1 0.0 0 39 •. 3 7.43 85.9 15.30 101.3 

.':.' l .v (>':! U" ~ F. t\ T . F0, R:: RAY 
1 1 '+ M I UP C E \JT E R 7 27 71 1015 0 24.2 0.0 0 39.7 8.70 104.8 15.10 103.0 

~·:R ~}(')~lU~~NT FORFS!\Y 
1/4 \1 I UP CE~TFR 7 27 71 1015 33 21.9 0.0 0 .39.7 A.30 95.6 15.28 1eO.8 

-~- --.. .\..,:~; ~""J'ilJ~'~F.:~T Tt.. rLRt,CE 
1/? '.11 D;'~ S P ! LLSI DE 7 27 71 1031 a 21.6 0,0 ... 0. ...... 39.7 7.88 90.2 15.23 100.0 , ' .. "-' cr HAR~OR FO~E~AY --. 
1/4 "i I UP CE"JTFR 7 27 71 1050 0 22.'9 0 .. 0 0 .43.1 '9.30 109.2 15.6~ 104.4 

~ 

(F HAR~Oq rO~F~AY 
1/4 ~~ I UP Cc\!TER 7 27 71 1050 33 21.5 0,0 0 43.1 8.50 97.1 16.10 105.6 

C~ ~,'\~';QR Tt·. I V~ 1\( E 
1/7 M I DN SPILL SIDE 7 27 71 1100 0 21.4 0.0 o ".~ 43.1 8.60 95.1 16.20 1 0 6.0:.----:: I') LLJ '1:3 I A R I \I Er~ 

I 

AROVF. MOUTH SNAKE 7 27 71 '1110 0 17.8 11.34 119.1 .~~_18. ,.5 114.2 
I(NARY DA~ rORERAY 

\ 

114 M I UP SDILL SIDE 7 27 71 1128 0 20.5 28.3 6 261.4 11.50 l28 • .8 18.20 117.5 
'C~A~Y DA~ rCR~9AY 

1/4 ~.., I UP SPILL SIPE . . , .... _._.7 27 71 1128 33 ... 19.4 ..... 28.3 ....:..:6 .. 261.4 ..... 10.90 119.4 18.30 116.2 
I C~ 1\ RY T A I Lf~ A C F. 

1/4 "iI ~I'-l SDtLL SIDE 7 27 71 1150 0 19.6 28,3 \ \6 261.4 11.90 130.8 19.66 125.2i 
'CNAqy'DA~ rORF~AY 

1/4 /vi I UP P()':J[P. SIDE 7 27 71 1140 0 20.6 28.3 ·6 261.4 11.20 125.7 1e.OO 116.4' 
, Cf',~ .4 ~ Y DAM F c; q ~: ~ ,.\ Y . 

1/4 "'1 I UP P()\'lFR S I DE 7 27 71 1140 33 19.1 28.3 6 261.4 10.50 114.3 18.20 '115,0 
..... k .. _ .... _ ........ •• 


-.-~ ---.- .. 
~ (~ A~ Y T A I L":~ A C F 

1./4 M I D N P 0 '.'J E R SIDE 7 27 71 1156 o ~ 19 .... 2 28.3 6 261.4 10.8'+ 118~2 17.90 113.3 
~ 

J'iH"t. DAY For~EAAY 
1 /4 .~ I UP CNTR 7 27 71 1400 0 22.5 27.2 17 252.8 10.80 125.9 17.55 II .,. l 
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)pendix Table I.-Continued " 

: = =:: = = = == ==:: =:: =:::: =:: =:: ==:: === ==-===.'::'::: ='= == == ==':: == === ==:.: =:::: === ==::: ::,=:: == =:::: ==~.=.;.~.~== == == liD 1111111= •.•• II =-:l Ul'! •• ••••• II 
. . \- ---HOURL Y FLO\v---- . ," . 

DATE ~EPTH TE~P SPILL GATE TOTAL ----OXYGEN---- -~NITROGEN--
--------LCCATION--------- .MO DY YR .Tl~E FEFT OFG C KeFS OPEN KeFS PPM SAT PP~ SAT 

\ 

:====~=====~===========~===============r============== ===~========~==============_:===~===========~== 
J~~~ DAY FO~E9AY 

1/4 vI UP C~TR 7 27 71 1400 33' 20.2 27.2 17 252.8 10.30 114.7 17.90 115.1--' )~U~ DAY TAILRACE 
l/? ~I DN SPILL SIDE 7 -27 71 1408 0 20.4 27.2 17 252.8· 10.28 114.9 17.69 114.1 

.~= ~~LL~S FO~~9AY 

1/4 ~! U~ (~~T~R 7 27 71 1427 0 2()' 3 .43.5 23 241.4 10.30 114.8 17.40 ~ 112·.0 
·~F ~ALL~S rO~~~AY 

l/~ V! uP CE~TF~ 7 27 71 1427 .. 33 20. l , 43.5' 23 241.4 9.90 110.6 17.30 111. ::; 
~-"""C 

~HF DA~LFS TAILRACE 
l/? ~I D~ SPILL SIDE 7 27 71 14'+0 0 20.4 43.5 23 241.4 10.16 113.5 17.10 114 • 1, 

~8~~~VILLE FG~~9AY ..." 

1/7 vI uP S~ILL SIDE . 7 27 71 1507.,,,.,,0 ... 20.5 89.5 13' .. 238.5 .10.20 114.2 17.40 112.3 
l'-:;'\"FV!LL:: f·O't;:n.AV 

1/2 ~! uP S~ILL SIDE 7 27 71 1507 33 20.6 89.5 13 238.5 10.15 114.5 17.10 ~lO.6
•~O~~~VILL~ TAILRACE 

1/4 vr DN S~ILL SIDE 7 27 71 1517 o 20.6 89.5 13 238.5 11.42 128.2 20.00 129. '+ 
:r;L~\'~iA R1V[~ -

::~~:-SC~TT CENTF.~ 7 27 71 1621 ....:....... 0 21 • a .....__........... ~ ......_.._..... .. 10.00 113.1 17.30 112.6 
·"'t u'/.~I A... J _ 

HA~~I~GTCN PT·-ESTUARY ·7 27 71 1615 o 20.2 9.76 108.7 17.30 111.3 

V1 
0'1 

• , ......... _ •• ' ••. _ • <., ___ •__ .......... _,,_,p ....... "'_"'__ ._.... ' ........... _ ... - ._ ........ _ ••.• .. 0 ••• ••• ..
,_.~ ~~ ~., .. 

" 

.. \ • 

'. 
.. ..................-..................................... " .... _-._.............. __ ... - ._.._.... ' ........., ........ __........_-_..... " .............-........... ~ ..... , 


0, 
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Appendix Table l.--Continued. .. 
----- --- .. --- -_.--. - - .. - .. -_.-.. --_ .. ... _-_., 

=:========~==~====~===~============================~~~=.===~.=.=.==~.~~===~=~======~=.==.a=.==ox.~~. 
---HOURLY FLOW---

DATF nFPTH TF~P SPILL GATE TOTAL ~---OXYGEN--~- --NITROGEN-
,-------L0CATI0N--------- MO DY YR TIME FEFT nFG C KCFS OPEN KCFS ~PM SAT PPM SAT 

\ '. 

==:=======~==========================p=~=================~============================~========:==== 

.... , 

rTTL~ ~~0S~ F0?~PAY 
1/' vI lJP CE".;TF:< 8 10 71 1015 0 24.9 0.0 0 32.3 7.40 .90.4 14.70 101.2 
ITTL~ ~00S~ F00~9AY 

1 I L.. '/ I l: 0 (" ::- ~H E R 8 10 71 
. 

1015 3; 23.8 0.0 0 32.3 6.69 79.9 14.'39 97.6 
ITTLE G~0Sr FOqFRAY 

114 .... r uP CE~HER 8.10 71 1015 10n 23.4 0.0 0 32.3 5.50 65.2 
!7TLE G~nSr TAILlACE 
l/h ~! n~ SPILL SIDE 8 10 71 1035 0 23.5 0.0 0 32.3 6.46 76.7 14.50 97.9 

\,"> ·'C\U'.'r:-\!! F.;'l?::-R!\Y 
Ill.. VI u~ CE~T~R 8 10 71 1117 0 24.5 0.0 - 0 30.3 7.80 94.5 14.20 91.2 

"'-; ·/C'-;U"E'''';T F0~fP.AY 

1 I 4 >"! l !~cE~ J '7" c: q 8 10 71 1117 33 2,.7 0.0' 0 30.3 6.70 80.0 14.20 96.1 
;.:., \''i'~U~':-'\:;T ;::r:~(~RAY 

1 / I. "'! U::> C F ': T C' R 8 10 71 1117.100 23.4 0.0 o 30.3 0.60 81.6 15.19 102.3 
":~~ ','O:':uv:,': riA I LR/\CE 

112 ~r ~~ SPILL SIDE 8 10 71 1130 ,0 23.7 0.0 o 30.3 6.62 79.0 14.60· 98.8 
(= ~~Rn0? FOR~QAY 

1/1. V! lP CF':TER 8 10 71 1200 o 26.7 0.0 o 34.5 8.50 107.3 14.20 lOC.l 
c~ ~4?~0~ rnR~9AY 

1/4 ~! u~ CE~T~~ 8 10 71 1200 33 2,.9 0.0 o 34.5 7.10 85.0 14,96 101.6 
(~ HApn~~ rG~FQ~Y 

1 14 ~I I UP CE~r~R 8 10 71 1200. 100 23.3 0.0 o 34.5 6.10 72.2 
C~ IJ.;RnOP TAIlf:?ACE 

1/? YI D~ SOILl SIDE 8 10 71 1212 o 23.9 0.0 o 3'h 5 7.30 87.4 14.eo 100.5 
oLI;,.'rrA ~I\'E:R 

/1 r:. ('\ V ;: 'I ~ t) ~ H S'J II ~E 8 10 71 1220 o 19.8 0.0 10.60 117.0 18.~2 115.1 
C": ;.?y 'JA~·I, Icq Eq AY 

1 / t~ ',~ r 11" srI II SIDE 8 10 71 1236 o ?3.0 0.0 1 209.2 l?lO 1/+2.3 17.00 114.0 
C:A':JY :JAY Fc)~:=-9AY 

1 / l... '.~! uPS 0 ILL SID E 8 10 71 1236 33 21.5 0.0 1 209.2 11.10 126.8 "r7~. 20 112.:; 
ct.f?Y iAIL'.?,,\C=. 

tiL.. YI ~~ 5~rLL SID~ 8 10 71 1251 o 21.0 0 •.0 1 209.2 11.20 126.7 17.20 ~12~ 
C \ It? y' ;, A \1 r- 0 ~ r:: ~ t\ Y 

~ 

1 /l, I" 1 U0 D () i,'.' FRS I DE A 10 71 1247. o 0.0 1 209.2 12.50 17.ZC V1 
~ 
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'jendix Table l.--Continued 

=======================================================~===============a~~~==~.,==~.==.===.=z.~a==== 
\ . ---HOURLY rLOW---

DATE \ nEPTH TE~P SPIll GATE TOTAL ~---OXYGEN---- --NITRO~EN--
,-------l0CATlnN--------- MO DY YR TI~E FEET nFG C KCFS OPEN KeFS PPM SAT pp~ SAT 

, . 
=====~===='==========================~===================~===================~========s============= 

,C'u~ ~ Y DA\~ lOr.: ::-:; A Y , . 
1/4 ~! un P8~FR SIDE 8 10 71 1242 33 20.6 0.0 1 209.2 10.50 117.8 18.00 116.4 

'e \: A? Y 7 A I L " fi CF. 
1/4 VI ,~ PO~ER SIDE 8'10 71 1255 0 20.5 0.0 1 209.2 10.80 120.9 17.60 113.6 

,r; ..... ~,I r: Aye 8::' ::: f: t.. y 

1/4 ~I UD C~T? ,8 10 71 1440 0 24.5 0.0 0 198.7 9.20 111.8 15.60 l06.~ 
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