v o B 23 el

Copy #1 - D, H, Lauder = C. N, Gross

v S [—~~ TN e g ) HW~7- 47'59 ‘ 2
.';“7‘"‘"—"“ u;-..d\./;n.i ¥

s s i #2-Jo E., Maider - E. P. lee
. | _#3 - R, F, Foster
Em - Lo e TP e e . ._453#4’ #5’ #6 - Are

Lt.

| DECLASSlFlED 587 - i: ‘B’: =

oo e #9 = Pink Copy
AEC RESEARCH AND DEVELOPMENT REPORT #10 - Yollow Copy
' #11 = 700 File

717097 415 o Extra Copy

K1ioL

5 de [ e |
= o

POCUMENT AUDIT AND _
INVENTORY UNIT, / ' N

&m CENTEK i ‘."».V/l i

REPOSITORY
COLLECTION
BOX No
FOLDER

SOVE EFFECTS OF PILE AREA EFFLUENT WATER ON YOUNG CHINOOK SALMON AND STEELHEAD TROUT

1
A description of the experiments carried out at the
Fish Laboratory hetween July 1, 1945 and-July 5 1946,

INVENTERED

JUN 24 155 THiS DOCUMENT CONSISTS OF 72/, FAGES N0
5 0F .. LS. COPIES, SERIES. . L15 ?Wﬁatpn rcamrwmng 3
DoCcua=sy - ULIT AND r: ?,‘:J i ‘ o 3 “- “;' -_-4-‘-:-":;}" )
'NVE.r‘TCRY UNIT J dail lagt et - B :j i} Zj“' o
D By Authoriy LAV SE ;7 >

August 31, 1946 D.L0RE c - 3-47

.................

By 9/744//@ -3 ST

pr e '"-"’“*f‘_'j
WOY 1 s Richard F. Foster
" 130 Fish Laboratory Supervisor

- THIS DOCUMENT IS PUBLICLY
| 071 38 AVAILABLE




INTRODUCTION
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The operation of the three Pile or 100 Areas reguires the utilization
of an appreciabtle amount of the wzter in the upper Columbia River which,
under extreme conditions, may approach one per cent of the river flow. Such
extreme conditions can exist during the winter months when the river is at a
low stege if all three areas are operating at capacity. Much of the water
which is utilized by the plants is altered both chemically and physically
before being returned to the river znd if present in sufficient volume might
be expected to exert an effect on the fish and other life of the river.

What these effects might be could not be predicted with certainty and con-
sidereble concern was felt for the valuable runs of salmen and other fish
fregquenting and spawning in the upper Columbie River.

In order to determine whether or not the more important species of
fish might be hermed by the presencs of the effluent water from the Pile
Areas a laboratory was set up in the 100-F Area. This lsboratory was =2 con-
structed that conditions which existed in the river could be duplicated as
nearly as possible and that the effects of various concentrations of the area
effluent water upon egzs and young fish could be studied. In the following
pages = detailed description is given of the laboratory conditions and of the
first series of experiments which were undertaken,

SUMYARY

Three separate experimental studies are covered in this report, namely
a pilot study on chinook salmon fingerlings, an extensive study on steel-
head trout fingerlings and a comprehensive study on chinook salmon eggs, fry
end rirgerlings, The test animals were held in wcoden troughs similar to
those used in most fish hatcheries and were subjected to verious mixtures of
the area effluent water and Columbiz River water. The water mixtures or
conditions in which the fish were hald during the pilot experiment and the
first part of the steslhead trout experiment were as follows:

Straight area effluent water partially cocled.

Straight zrea effluent water refrigerated.

One part refrigerzted effluent water to 500 parts of river water.
One part seffluent to 50 parts of river water.

One part effluent to 100 parts of river water.

One part effluent to 250 parts of river water.

One part efflusnt to 500 parts of river water.

One part effluent to 1000 parts of river wzter.

Straight river water,

During the latter part of the steelhead trout experiment and during the
second chinook szlmon experiment, dilutions of one part effluent to three
parts river water and one part effluent to ten parts river water were sub-
stituted for the 1:500 dilution using refrigerated effluent and 1:100 dilu-
tion. The experimental conditions werc run in duplicate except for the river
water control thich was run in guadruplicate.

anticipated difficulties in the control of experimental conditions and
fish diseases matecrizlized but were largely eliminated during the pilot test
thc early part of the trout studies. Inasmuch as these early studies
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?fffﬁ werc included chicefly as a tcst of cquipment and comditjons, their purpose
= was accomplished and in addition some evidenee of the effect of the various
concentrations of efflucnt water on the fingerling size salmonoids was
obtained.

The pilot study demonstrated that undiluted area cffluent water,
whether only partially cooled or rcfrigerated to within the normal tempera-
ture range of sclmon, wes not suiteble for the survival of chinook salmon
fingerlings and was occasionally quickly lethal. Ainy possible effects which
dilutions of the effluent water might have had werc obscurcd by disease and
mechanicel difficulties.

The steelhead trout experiment showed much the same result. Extremely
heevy mortalities occurred in the undiluted effluent water and, on occasion,
in a dilution of onc part offluent to threec perts river water. The presence
of some fzctor to which the trout were very scnsitive, (probebly "Calol"),
killed many of the fish in thc undiluted effluent water on August 31, 1945
and many more in the undiluted effluent and 1:3 dilution on October 11 and
16, 1945. The growth of the trout in both refrigeracted and unrefrigerated
effluent water was markedly rctarded and growth in the 1:3 dilution was
slowed for a short period following thc edverse condition of October 11 and
16, Therc was no other evidence of incrcased mertality or retarded growth
among the trout held in dilutions of the arca effluent watcr. The growth of
the trout was actuclly faster in the 1:3, 1:10, 1:50, 1:25C and possibly the
1:500 dilutions then in straight river weter. This increzsed growth rate
was probably the result of slightly higher water temperatures in the higher
concentrations of thc arcz cffluent water.

The second chinook selmon expsriment furnished a more sensitive test.
Newly fertilized eggs were particularly susceptiblc to the presence of arca
effluent water and its zccompanying higher temperztures and those held in
the unrefrigercted efflucnt woter and in the 1:3 dilution failed to develop.
A large proportion of the eggs held in the 1:10 dilution did ndt hatch and
egg mortzlities significantly higher than thosc in the control lots could be
demonstrated statistically in dilutions os high os one part effluent to five
hundred parts of river watcr.

Growth and devclopment during the fry end fingerling stages were greatly
retarded in undiluted arca ¢ffluent water and in the 1:3 dilution and further
practically all of the fish held in these water conditions died. In the 1:10
dilution the rate of mortality eamong the fry and fingerling salmon was greatly
increased, more deformed fish vecre present, and many of the surviving fish
were emaciated, subnormal in size and susceptible to disease., However, some
individuals were azble to tolerate this concentration and made rapid growth,

In dilutions of 1:50 or more the arca effluent water did not appear to ad-
versely effect either the growth or the mortelity of the fry or fingerling
chinook szlmon,

EXPERINMENTAL DESIGN

L Generzl Program

A conference was held on the campus of the University of Galifornia,
Berkely, Celifornia on June 9, 1945 at which the basic plan for studics to be

-



DECLASSIE SorTH3

i
N

- 1
/fT} conducted at the Fish Laborzstory was discussed and formulated.( ) _Attonding
- this meeting were Col. S. L. Werren, Lt. Col. H. L. Friedell, Maj. A. i
White.and Dr. Howland of the Medical Corps., Manhatten District, and Dr. L.
R. Doneldson of the University of Washington.

It was the opinion of this group that the best way to deternine the
effect of the effluent water was to set up a series of dilutions in which
fish could be reared. The program of fish studies was to be synchronized zs
nearly as possible with the cxpected sequence of events as they would effect
the natural runs of fish in the river.

One series of cxperimonts was to include the rearing of chinook salmon
fingerlings, eggs, fry and advanced fry under the various water conditions
availaeble at the lzboratory. Studies were to be mode on mortality, growth
in weight, growth in length and such other criteria on the physiological
condition and vitality of the fish as would seem useful in evaluating the
the effect of the effluent water.

A second series of experiments would use select steelhead-rainbow stock
as test animels so that in addition to the datz gathered on the salpon a
series of spawning studies could be worked out to test the effect of the
effluent on the reproductive capacity of the fish.

Laboratory Conditions

The laboratory feecilitics could accomodatc twenty lots of fish. How=
ever, each dilution or woter condition was to be run in duplicete, with the
exception of the "control" lots in straight river water where it was thought
best to run quadruplicatcs and thus nine conditions could be studied at one
time. The dilutions to be uscd in the laboratory were arranged so that con-
ditions both above end below thosc cxpected to cxist in the river could be
evaluated. aAfter complete mixing in the Columbia o maximum effluent to
river water ratio of 1:100 might bc possible during the low river stage in
November, December cnd Janucry. 4n average retio of 1:500 was expected.
Since the salmon ard trout normally would react unfavorably to the warm
temperature of thc cffluent water, regardless of other physical and chemicel
characteristics, cxperimental conditions were to be included which would
utilize cooled effluent water.,

The proposed combinction of dilutions was as follows:
Lots 1 & 2

Lots
Iots

« ¢ o« ¢ s o« o o 100% offluent water.
3 e s ¢« o o o o o 100% effluent water, refrigerated.
5 e v s ¢ o s » o 1l part refrigerated effluent water to
500 perts river water.
Lots 7& 8 . 1 part effluent to 50 parts river water.
9

Lots 15 & 16 1 part effluent to 1000 parts river water.

100% river water.,

Lots 9& 10 oo o ¢« ¢ « o » 1 part effluent to 100 parts river water.
Iots 11 &12 . . «+ ¢« « +» « 1 part effluent to 250 parts river water.
Iots 13 & 14 « v ¢« v &« « o 1 part effluent to 500 parts river water.
Lots 17, 18, 19& 20 . . »

(1) "Program of Fisheries Experiment for the Hanford Field Labératory"
Transmitted to W. O. Simon by Major A. A« White, 9 July, 1945.
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Schedule »

A pilot experiment of ebout six week's duration was to run from July 10
to iugust 20, 1945. This trial experiment was to serve as a testing period
thus affording an opportunity for correcting mechanical defects and gaining
a background of information to be used in determining the dilution levels %o
be used in subsequent experiments.

Following the pilot experiment a2 period of reasdjustment was to extend
into September. During this period equipment was to be repaired, dilutions
regrouped, end adjustments made to prepare the laboratory for the subsequent
gxperinents,

The odult chinook salmon that migrate up the Columbia River during the
spring and sunnmer months reach maturity and spawn in September and October,
The studies at the Fish Laboratory were to be arranged to follow, as nearly
as possible, the expected staeges of development of the progeny of such adults.
As soon as the temperaturc.of the Columbia had fallen to 13°- 14°c, that is
when the woter was cool enough to permit a2 normal development of eggs, ferti-
lized chinook salmon eggs were to be brought to the laboratory and incubated
under the various water conditions specified. 4ppropriate studies were to
be mede on the dcveloping cggs and on the young fish or fry which hatched
fronm the eggs. Following the cgg and yolk sac fry experiments, the problen
was to be continued using the young selmon which reached the feeding stege.

A redistribution of the test aninmals using either a fresh stock or by divid-
ing the "excess" control fish might prove opportune at this time.

The surviving stcclhead trout used in the preliminary experinment during
the surmer were to be held in the various concentretions of area effluent
water until late in December, 1945 or until such time as their size made it
impractical to hold them in the laboratory troughs. They would then be

returned to the holding ponds at the University where they could be rearsd
to maturity.

EQUIPMENT :RRANGERENT (1)

General

The Fish Laboratory is housed in a Pacific Hut providing approximately
1,280 square feet of floor space. Twenty hatchery troughs, each approxi-
nately twelve feet long by twelve inches wide by nine inches deep, are pro-
vided. These troughs are arranged in pairs, with a common wall between each
pair. Each trough is provided with water supply, screens, baffles and drains
as required to conduct the experiments.

~ The laboratory is also provided with food storage bins, a deep-freeze
unit, o household refrigeration unit and en electric meat chopper for the

(1) The arrangenent described here is, in many cases, somewhat different
than that originally provided since changes were found necessary in
order to maintain satisfactory operating conditions, The reader-is
referred to an carlier document, "Fish Leboratory Experience to
December 25, 1945" for a deseription of the original arrangement and
‘modifications that were found nscessary.
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storege and preparation of fish food. Technical equipment includes micro-
scopes, balance-type scales, an adding mechine, a calculating machine and a
limited crount of chemical gless were. Portions of the building are parti-
tioned off to provide office space and house toilet facilities.

River Water Supply

River woter is supplied to the Leboratory via a six inch main origina-
ting from the energency water supply line to the main irea Reservoir (Bldg.
182), Pressure from the River Pump House (Bldg. 181) clevates the water into
a 250 gallon head tank before it enters the Leboratory. The head tenk is
equipped with a float valve and overflow to maintain a constent head (10 ft.
Ho0). The elevation of this tenk is slightly higher than that of the main
reservoir, so its filling requires delivery from the River Pump House. In
the event of an outage of the latter, the head tonk may be by-passed to allow
water fron the reservoir to flow by gravity directly to the Laboratory.

A l6-nmesh "“top hat! strainer in the head tank prevents solids in the
river water from entering the Laboratory and clogging control valves. The
laboratory is supplied with the river water from the head tank via a 4-inch
header znd Troughs 5 to 20 inclusive, are fed by one-inch downconmers from
this header. The flow to each trough is controlled by 3/8 inch gate valves.

Area Effluent Fater Supply

Tern pile effluent from the Retention Besin (Bldg. 107) is combined with
all other areca effluents at the mein sewer junction (Bldg. 1904). This mixed
erea effluent water is delivered to the Fish Laboratory via two centrifugal
punps, each powered by 7.5 H. P, induction motors. These pumps develop a
pressure of approxinately 80 psi zgainst a closed discherge. The Pump House
(Bldg. 147) was erccted to house these pumps, only one of which is normally
operated while the second is held as stand-by. In October 1945, a 20-rnesh
strainer was instelled in the pump discharge header at the Purmp House to
prevent the passage of coarse solids to the head tanks of the Fish Lzboratory.
In Mey, 1946 this wos supplemented by = sand trap.

A portion of the area effluent water delivered to the Fish Leboratory
is directed into a 25 gallon head tank located on the same platform as the
river water head tank. This tank 2lso is equipped with a float valve and
overflow to naintain = constant head (7 ft. H20). For the pilot tests, a
1 4 inch header from this tank was reduced to % inch diameter to feed Troughs
7 to 16 inclusive. A 4 inch downecomer with needle valve supplied each trough,
However, satisfactory flows could not be maintecined with this system. For
later experiments a 12 3 gallon head tank was installed inside the labeoratory
and supplied by the % inch header mentioned above. This small tank main-
tained a constant head of approximctely 2 feet. A4 4 inch header fabricated
from gless tubing syphoned area effluent water from this tank to Troughs 9
to 16 inclusive. A glass capillery tube of 2 dicmeter yielding approximately
the desircéd flow was connected by rubber hose to the end of each ¢ inch down-
comer tube from the header. Fine flow control was obtained by raising or
lowering the cepillery. The 4 inch downcomers to Troughs 7 and 8 were also
provided with rubber tubing connections for glass tube orifices.,

Salmon and trout cannot survive for an extended period in water warmer
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then 24°C. Since the temperature of the area effluent water (25° to 30°)
generally exceeds this limit some cooling was necesscry before delivering it
to Troughs 1 and 2. & second portion of the e¢ffluent water from the Pump
House is directed into a series of cooling coils laid in a ditch in the floor
of the leboratory. The water discharged from the fish troughs flows through
this ditch and effects cooling of the effluent water in the coils, reducing
the temperature to within 4° to 69C of that of the river water. This par-
tially cooled water is then directed into two commode~type reservoirs, com=
plete with float valves which reduce the pressure and maintzin a constant
head of about 4 feet. These tanks are crranged to operate in parallel and
eech conrunicates with a common header supplying Troughs 1 and 2., The flow
to each trough is regulated by = % inch gate valve.

A third portion of the area effluent water from the Pump House is dir-
ected into another series of c¢ooling coils nearly identical with those des-
cribed sbove. In this incidence they are called pre-cooling coils since
final cooling of the water is accomplished in two freon refrigeration units
of the evaporator-type, ezch with a caopacity of approximately two tons.,
These refrigeration units zre operated in parallel and the temperature of
the water is controllcd by a thermostatic switch vwhich cuts the units in or
out as required. The refrigerated effluent water is finally delivered to en
insulated 25 gellon head tank located on the same platfornm with the two laorge
head tanks previously described. This head tank for the refrigerated water
is also equipped with a float valve and overflow line to maintain a constant
head (7 ft. H30). Fron this head tank refrigerated water is supplied to
Troughs 3 and 4 via 1% inch insulated line. The flow to each trough is regu-
lated by 3/8 inch gate valves.

During the pilot tests a small amount of refrigerated cffluent water
75S 01s0 supplied to Troughs 5 znd 6 via a2 4 inch header extension of the
line supplying Troughs 3 and 4. Glass capillery tubes connected to down-
comers from the 1 inch header via rubber hose controlled the flow,

The effluent water headers supplying Troughs 1, 2, 3 and 4 were elso
cross-connected to the river water header so that these troughs could be
temporerily supplied with river water in the event of an outzge of the efflu-
ent water pumps.

Miscellanenus

An alerm system operates on the area effluent water supply and sounds
when head is 1lost in the refrigerated effluent head tank. This alarm pre-
vents an unnoticed fzilure of effluent water supply which would result in
complete loss of flow to Troughs 1, 2, 3 and 4.

Two L-point Leeds and Northrup temperature instruments record the
weter tempcrature in eight of the twenty troughs. These instruments are
equipped with alarm trips which warn of abnormally high temperatures. A
counting rate meter reecords the activity of the area effluent water in
Trough 2,

Plate I shows the arrengement of the troughs and of the river and area

effluent water supplics; the control panel of the refrigeration units can be
seen in the background. Plate II shows the end of the laboratory oppositesto
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PLATE I

General view of the Fish Laboratory

Troughs end water supply systems are shown in the foreground,
refrigeration equipment in the bzckground.
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South ond of Fish Leboratory
Office is behind partition

3

pLaTE TII | ‘ RSS\F\ED ,

Food Prepcration cnd Storsge Equipment. DEG\—

w 8 w

1107 14b



Yo S5

fiﬁ\ that depicted in Plete I, some >f thc instrumentation is evident and the office
o is situsted beyond the partition. Plate III shows the food storage and pre-
peration area and equipnent. -
METHODS

Operatinge Personnel

The writer, designated o senior supervisor in the "P" Departnent wecs
responsible £or the Fish Laboratory and the experinentel work. He was assisted
by Mr. A. GC. Schroder, an "A' operator regularly assigned to the day shift.

The lzboratory was operated during the 4-12 and 12-8 shifts, and during relief
perisds by an sperator assigned for this purpsse to each of the four shift
crews working in the "P" Depertment portion of the 100-F area.

Care »f Test jninals

Care of the egss and young fish frllowed standard hatchery practices.
Every atterpt was made to subject 211 »f the test groups to the same amount of
handling, care and treatrment.

A large portion of the diet of the fish consisted of condemned beef liver
obtained fresh from o slaughter housc in Kennewick, Washington, approxinately
every two weeks. This liver was usually mixed with a preparec neal containing
diatary supplements, and with frozen salmon carcass, 2r condenned canned
salmon. A Mixture was made up fresh two to three times a weck and the fish
were fed all that they would consume without waste. Frequency of feeding
ranged from about ‘six feedings Caily for advanced fry to two feedings deily
for lerge fingerlings.

From time to time it was necessary to treat the fish t7 control disease
or ag a prophylaxis. Cccasionally a eommercial germacide, "Roccol', was used
at a dilution of 1/50000 for a perisd of one hour., During such treatments
the water in cach-trough was re-circulated by centrifugal pump for a few
ninutes to insure sufficient acratiosn >f the water and to accomplish complete
nixing of the chemical. Common salt wos administered weekly during warn
weather at a strength of three per cent for a period of one-half hour. On a
few occasions it was necessory to add 0.2 per cent of the drug "Carbarsons"
%o the diet. The necessity for the use of these chemicals will be described
in following sections.

Control of Water Flows

An attempt was mode to maintein the flow of water through most of the
troughs at 2 rate of five gallons per minute. However, the capacities of the
pre-cooling coils and the refrigeration units was not great enough to pro-
perly cool this . amount of water for Troughs 1, 2, 3 and 4. The flows to these
four troughs then, was held as nearly as possible to three gallons per minute,
The flows to two of the four control troughs on straight river water, Troughs
19 and 20, were also reduced to three gallon per minute so that any difference
in the condition of the fish attributzble to a flow of three rather then five
gallons per minute, might be recognized. In the troughs receiving both river
and area effluent water, the combined flow was regulated as nearly as precti-
cal to five gallons per minute,
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The rate of flow of both effluent and river water to each trough
was measured twice each shift or six times a day. Any flow found to be in-
correct was readjusted to the proper level. The rate of flow was measured
by running the water into a glass graduated cylinder for a definite period,
timed by a stop watch. Form sheets were provided so that a record of rate
of flow to each trough could be kept. A typical record sheet for the chin-
ook salmon experiment is shown in Appendix Table 1.

The gate valves or glass capillary tube tips described under
"EQUIPMENT" maintained the desired rztes of flow with the following success:

The 3/8 inch gate valves on the river weter supplies maintained a
flow within five per cent of the desired level about 97 per cent of the time.
The glass cepillary tube orifices on the effluent water supply meinteined a
flow within five per cent of the desired level about 85 per cent of the time.

The % inch gate valves on the effluent water supply to Troughs 1
and 2 and the 3/8 inch gate valves on the effluent water supply to Troughs 3
ard 4 maintained flows within five per cent of the desired level about 94 per
cent of the time.

Collection of Data

4 daily record was kept of the number of fish dying in each trough.
Mortalities among the developing eggs were removed at appropriate intervals.
Weights of the fish were taken every two weeks and length measurements were
made every four weeks. Observetions on the condition, action and appearance
of the fish were recorded as the occasion warranted. In addition to the con-
tinuous instrument record of the temperzctures in eight of the troughs a daily
record was made of the temperature in each pair of troughs.

In order to obtain the average weight of a lot of fish, a large
sample or in some cases all of a group was counted out into a bucket of water.
These fish were then emptied from the bucket into a net and the excess water
allowed to drain off. Then the fish vwere placed in a pan of water previously
counter-balanced on a scales. The increased weight of the pean of water repre-
sented the weight of the fish. 4t the termination of steelhead trout studies,
the fish were weighed individually using a similer technique.

The fish were small and of uniform size at the start of experiments,
and could be held for measurement by guiding them into a piece of glass tub-
ing ria a funnel., Their length was fixed on a pair of dividers which were
then applied to a millimeter rule in order to obtain the reading. Larger
fish were held for measurement by covering them with a wet sheer piece of
cotton cloth which held them against a boerd. The fish could easily be seen
through the wet cloth and were measured with dividers and a millimeter rule
as before. In every case the "standard" length was taken, which is the dis-
tance from the tip of the snout to the base of the caudal fin reys.

During the incubation of fish eggs the time of removal of mertal-
ities does not necessarily coincide with the time of death or stage of devel-
opment of the embryo. In order to determine the stage of development at
which cach egg died it was first necessary to "clear" it or render it trans-
parent. This was done by placing it in a solution of common salt which

I
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dlssolved the precipitated yolk material. Next the embryonic tissue was
tfixed" and made opaque by adding o small amount of acetic acid to the salt
.solution., 1In the cleared and fixed eggs the stege at which the embryo died
wes easily seen and could be tabulated.

Control of VWater Temperatures

Fish are cold blooded animals and their metabolism is governed
largely by the temperature of the water around them. Each species of fish
hes en optimum temperature range which may change slightly with age and devel-
opment. Chinook salmon fingerling, for example, appear to thrive best between
about 10° and 15°C. Low temperatures retard growth but also inhibit disease,
high temperatures may be lethal,

Figure T shows the tempcratures of verious water conditions which
existed at the Fish Laboratory during these experiments. After the first
week of October, 1945, the temperature of the refrigercted effluent water was
so regulated that it coincided with thet of the river wzter. One part of
uncooled effluent water added to fifty parts of river woter reised the temper-
ature sbout 0.2° to 0.3°C. Cne part effluent in ten parts of river water

" raised the temperature about 1,0° to 2.0°C. The effluent woter supplied to

Troughs 1 and 2 was cooled with the water draining from the troughs and more
closely followed the trends of the river water than those of the uncooled
effluent but was generally 5° to 6°C warmer than the river water.

Diluting the effluent with three parts of river water cooled it to a temper-
ature almost identical to that of the effluent in Troughs 1 and 2.

PRELIMINARY STUDIES ON CHINOOK SAIEON FINGERLINGS

Purpose

The Fish Laboratory contained, by necessity, several untried mech-
anical and biological features and, in many ways, deviated from conventional
design. The probsbility that all features would opercte satisfactorily and
within limits tolerable to the experiments on first tricl was indeed remote,
Obviously the first tests which were run, or at leest the early perts of them,
would have to be considered as trial or pilot studies during which time mech-
anical difficulties could be corrected, techniques could be developed and
rough approximations of the effects of the various concentrations of effluent
water could be gzined. This section covers just such a trial period,

Origin of the Test Animalsg

Chinook salmon fingerlings averaging zbout four inches in length
were used in this study. The parents of these fish were members of a race
entering Spring Creek a tributary of the Columbia River near White Salmon,
Washington. The offsprings themselves had been reared at the School of
Fisheries, University of Washington. By early summer of 1945, these fish
had reached a size and nge at which they might be expected to migrate down-
stream to the ocean, and thus were similar to young chinook salmon migrants
which might be found in the Columbia River in the vicinity of Hanford,

The 2 »130 fish used in this experiment were brought to the Fish
Laboratory from Sezcttle on July 9, 1945, They were transported in a small
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fish tonk owned by the University of Washington. On arrival at the Fish
Laboratory the =almon were tempered with river water for about forty-five
minutes and then placed in Troughs 17, 18, 19 and 20 for further acclimati-
zetion to the Columbia River water before being subjected to the various dilu-
tions of effluent water.

Expericence and Conditions

Within twenty-four hours after arrival about ten per cent of the
salpon developed a scvere "ges bubble" disease which coused the fish to become
"pop-eyed" and to develop gos blisters under the skin and membranes of the
eyes and mouth. This disease was probably caused by the transfer of the fish
into a new water environment of different physical and chemical properties and
nore specifically by the fact that the river water at the Fish Laboratory is
supersaturated with dissolved gases. The disease graduelly disappeared over
a pcriod of about three weeks with & resultant mortality of cbout fifteen per
cent of the salmon. BMany of the most severely effected fish improved rapidly
after being placed in straight effluent water which had a lower gascous
content.

After the fish had become acelimeted to the Columbia River water for
a period of two weeks, they were divided into twenty lots of zbout 100 fish
each and distributed arong the troughs. In keeping with the experinmental
design an cttempt was madc to meintain the following weter conditions in the
various troughs:

Trough No. Ratio of Arca Effiuent to River Water
1&2 100% effluent (partially cooled)
3&4 1009 effluent (refrigerated)

5& 6 1:500 (effluent water refrigerated)
7&8 1:50

9 & 10 1:100

11 & 12 1:250

13 & 14 1:500

15 & 16 1:1000

17, 18, 19 & 2C 100% river water

At the time when eftluent water was first started flowing into the
troughs July 23, 1945, major piping changes and other alterations of the
supply and cooling systems to Troughs 1, 2, 3 and 4 were still being made and
these units could not be used. Neither was the effluent water being supplied
to Troughs 5 and 6 refrigerated., During the first few weeks of the experiment
considerable difficulty was experienced in controlling the flows of river and
effluent water and thus the various dilution levels fluctuated over a wide
range and could not be maintained within the desired levels for any length of
time. By the latter pert of August, 1945, most of the mejor mechanical diffi-
culties had been corrected to a degree which permitted the operation of all
troughs and the refrigeration units and thus made it possible to follow the
specificzations laid down in the original plan within limits approaching the
figures given on pege 10, During the middle of September, however, the fish
in Troughs 3 and 4 were placed on straight river water for a period of three
days while repeir work was being done on the refrigeration units.
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During this experiment the temperature of the refrigerated effluent
water was regulated to about 13°C., which is within the normel range for
chinook salmon. This temperature was lower than that of the river water
19.5°C., which was sbove the optimum range for salmon. A colder tempera-
ture was used in order to help control disease and entirely eliminate the

- temperature factor.

Fish were first placed in straight effluent water (cooled to 22°C.)
on July 27, 1945. This group was mede up of 50 fish and was designated Lot
2-As When first placed in the straight effluent water, the fish were some-
what nervous, and their respiratory movements increased in rate. Such a
reaction could be expected, however, from the excitement of the transfer
alone. A few hours later the fish showed a passive interest in food. Late
in the afternoon a temporary outage of the effluent water pump caused a
stoppage of flow to these fish for ebout fifteen minutes; this, however, did
not result in obvious distress in the fish.

By the following morning all but eight of the fish of Lot 2-A were
dead. Dissection of specimens which had recently died showed no apperent
anatomical abnormalities. Since this was the first group of fish which hed
been subjected to the undiluted effluent water, it was not considered un-
usual at the time that most of them should be killed. Evidence accumulated
later, however, indicates that this was en unusual occurrence and was prob-
ably due to the presence in the effluent water of a soluble oil ("Calol")
used during pile metal displacement operations.

4 second group of fish made up of 50 individuals which had been held
in reserve in straight river water and a third group composed of 52 individ-
uals removed from various other troughs because they had "gas bubble" disease
were placed in the partially cooled effluent water on July 28, 1945. The
diseased fish were used to avoid a needless sacrifice of many good fish,
since it was expected that most of them would be killed by the effluent
water during the first twelve hours'! exposure, as had happened to Lot 2-A.
However, the expected heavy mortality did not materialize, and the "gas
bubbles" wegan to disappear from the diseased fish.

A fourth group of fish, which was made up of 50 salmon that had been
held in reserve in straight river water was placed in the partially cooled
effluent water on hugust 1, 1945. Because of space limitations it was
necessary to combine these fish with those surviving in Lot 2-4 (which now
toteled 6). The new combination was designated Lot 2-B. Likewise, it was
necessary to combine the second group with the third group (recovering from
the "gas bubble" disease) to form a new group which was designated Lot 1-B.

During the next four weeks the mortalities in Lots 1-B and 2-B were
consistently higher than in any of the other lots, but no great percentage
of the fish died during any one twelve-hour period, as was experienced by
Lot 2-A on July 27-28,

Rather than liberate the salmon in August, as was originally sched-
uled, it was decided that they should be held for another few weeks with the
hope that better data obtained under more uniform experimental conditions
could be accumulated. Since disease had taken a heavy toll of* the salmon,

“the lots were regrouped in order to equalize the number of fish in each
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trough. This regrouping wes done on August 27, 1945, and resulted in each
trough being stocked with about 44 fish. So few fish remained alive in the
straight effluent water (Lots 1-B and 2-B) that these were combined into a
single group and supplemented with surplus fish from other troughs to bring
the total for the lot up to 23. This group was then designated 3-C and held
in refrigersted effluent water in Trough 3. The other troughs conteining
undiluted effluent water (that is, Nos. 1, 2 and 4) received new stocks of
fish obtained by thinning out stocks in other troughs. The number of fish in
cach of the other troughs wes adjusted by removing an appropriate number from
those with large stocks and placing them in the troughs which were understocked.
Insofar as was possible, thc transfer of fish was made between troughs of like
water conditions; otherwise the shift wes made from a lesser concentrction of
effluent to a greater one. The group of fish in each trough was still desig-
nated by lot number which corresponded to the position of the trough, but the
suffix "C" was added to show that a regrouping had been made.

On the morning of August 31, the fish in Troughs 1 and 2 would not
eat - - thoy were quite weak and susceptible to handling during a treatment
with "Roccol". In the afternoon these fish were listless and showed little
interest in activity zround them. liany of them swam neer the surface, often
inclined with their snouts out of water. Respiratory movements were labored,
but they were not gasping for oxygen. A mortality started during the late
afternoon and inecreased during the evening. By 3:00 A. M. on Scptember 1, all
of the fish werc dead. Although the fish in Troughs 3 and 4 did not eppear %o
be similarly distressed, the mortality in these groups increased after this
time and continued at a rather high rate.

The occurrence of this heavy mortality in Lots 1-C and 2-C on iugust
31, was very much like that which occurred in Lot 2-4 on July 27-28, and took
plece under similar circumstances. In each case the 100-F Pile was under-
going metal displecement, and "Calol" was sntering the effluent water. Such
sudden mortalities did not occur agein during this experiment.

For several hours on each Nondey and Tuesday, the fish in the undil-
uted efflucnt weter were subjected to an extremely heavy concentration of
ferric sulphate ("Ferrifloc") sludge, which was flushed into the sewer from
the water purification area. While this sludge was in the water, the gills
of the fish appeared to be slightly irriteted, as was indicated by their
opercula being held in an cxtended position. During this time the fish were
more nervous than usual, their respiratory rete increased slightly, and they
refused food, However, their actions soon returned to normal when the water
cleared up. It would seem that the ferric sulphate sludge affected the fish
as a mechanical irritant rather than a chemical toxin,.

Serious disease conditions of various types existed throughout the
experiment, which mekes much of the data unrelisble. Such conditions were
anticipated during the later part of the summer, however, since the physio-
logical procecsses of the fish were changing to adapt the fish to o salt water
environment., Further, the summer temperature of the Columbia River water wes
considerably above the optimum range for chinook salmon and favored the
existence of disecase organisms. Throughout the period of retcntion in the
laboratory troughs, the salmon were highly nervous and almost continually
fought to escape and migrate downstream. Often they showed only a passive
interest in food. Late in July, externcl parasites common to fish began to
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eppear, end early in August, an epidemic of Boccilus columnaris spread through
the fish. A series of salt baths given on alternate days were effective in
ridding the fish of parasitie protozoans, but prophylactic treatments with
"Roccol" only pertially controlled the bacterial infection.

The 507 surviving chinook salmon fingerlings were liberated into the
Columbia River mear the 100-F Area on September 26, 1945.

Mortalities

A daily record was kept of the number of fish dying in each lot. These
daily records have been condensed into weeckly periods, and a summery of then
is given in the ezppendix. Tezble 2 covers the preliminary part of the study,
and Teble 3 the second part after the lots were regrouped on August 27. These
data heve been further condensed by combining lots which were subjected to
like dilutions of the effluent water, and parts (4) and (B) of Table I show
these totals, together with the percenteges for the early and later perts of
the experiment, respectively. Graphic representations of parts (A) and (B)
of Teble I are shown in Figure 1, perts (&) and (B).

Figure I clearly shows the extromely high mortalities which took place
in all groups subjceted to straight effluent water, either only partially
cooled or refrigerated. In both parts (4) and (B) the high mortality in the
effluent groups, Lots (2-4) and (1-C and 2-C), which occurred during the first
week, represents the unusual and sudden death of fish in these lots on July
27-28 and August 31, respectively. Aside from these groups which were held in
undiluted effluent water, the variations in the mortalities of the various
experimental groups from that of the river water control groups are not con-
sidered as attributeble to variations in the concentration of effluent water.,
As pointed out in the section above, the fish in this experiment suffered
severely from disease. Mortalities from disease vearied greatly from trough
to trough and tended to obscure any effect which the different dilutions of
effluent water might have upon the mortality. The wide variation emong
individual lots of the control group, Appendix Tables 2 and 3, is evidence
of this. Further, part (A) of Figure I indicates an inverse relationship
between mortality =nd concentration of effluent water, straight effluent being
excluded. Although the control mortality in part (B) was lower then in any

group vhich was subjected to effluent water, the crossing of curves and the

final errangement, which again generally shows an inverse relationship betwecn
nortality and amount of effluent water, strongly indicate that the factor
controlling mortelity was not the concentration of effluent water,

Growth in Length and Weight

The fish were weighed a2t the beginning and end of the preliminery
period and at the beginning, middle and end of the second period after re=--
grouping the lots. Appendix Tebles 4 and 5 summarize the result of these
weighings. In Teble II, parts (4) and (B), the weight of lots in similer
weter conditions heve been combined. Pert (4) does not show weights for the
fish held in undiluted effluent water since the majority of such fish lived
but a short period of time, The data from part (B) of Table II, covering the
preriod when experipentel conditions were reasonably constant, are shown graph=-
ically in Figure 2, .
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Although the weight of the control group was sllghtly higher than that
of most other groups, it was closely paralleled by that of the group in the
1350 dilution, with the exception of the straight ocffluent water, this was the
highest concentration used. Actually the size variation between all of the
groups is not large and cannot justifiably be attributed to the different
water conditions.

: Lengths of the fish were taken only at the beginning and end of the
second period. These rcasurcrments, grouped into class intervals of five milli-
neters, are shown as frequencies in Aippendix Tebles 6 and 7. After combining
lots held in like water conditions the necans of these data are presented in
Table III and grephically in Figure 3. The results cre ruch like those for the
weights and the remarks given there will aspply equally well to the length data.

The variation in size and in rates of growth between the vecrious groups
is not considered great nor due to veriations in weter conditions. These data
are not considered worthy of further statistical treatment since the variations
which did ocecur could better be interpreted in the light of uncontrolled con-
ditions rather than as the result of subjecting the fish to different diluticns
of area effluent water.

Discussion

Because of the difficulties which were encountered in the operation of
flow controls and the refrigcration units the chinook salmon fingerlings were
held at the laboratory for about twice as long as was originally scheduled.
Holding these fish for & considerable time past their normal migration period
in the warm sumner temperatures of the Columbiz River water lead to disease
difficulties which were not eacsily controlled. The experimental conditions
were so upset by the carly improper functioning of equipment and later by
discose that definite conclusions as to the effect of dilutions of the eff-
luent weter on fingerling chinook salmon could not be drawn. It was epparent,
however, that undiluted area effluent water, either partially cooled or
refrigerated to within the normal temperature range of salmon, was not suit-
able for the survival of the fish and, occasionally, was quickly lethal.

In spite of the many difficulties, the primary purpose of this first
experiment, which was to test and perfcct the equipment, was accomplished
satisfactorily. Further, some general knowledge of the effect of the efflu-
ent water at various dilution levels was gained.

STUDIES_ON STEELHEAD TROUT FINGERLINGS

Purpose

The early part of this experiment was carried out at the same time as
the pilot studies on the chinook salmon just described, and thus also aided
in the development of equipment and techniques and in the selection of dilu-
tion levels of area effluent water to be used in later tests.

Secondly, steelhead (rainbow) trout are one of the most valusble sports

N fish of the Columbia River system, and in zddition, are of considerable com-

merciel value to fishermen of the State of Oregon. Since, trout of this
species could be expected to spend at least the first years of thelr life and
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pérﬂg;;—the greater portion of their existance within the influence of water
discharged from the Pile Areas, information on the effect of the effluent
water on these fish was of high importance.

The original experimental design further planned that some of the
trout which had been subjected to the area effluent water be raised to matur-
ity and their reproductive capabilities studied., Facilities for raising fish
to maturity are not available at the Fish Laboratory and it was originally
intended that ponds at the University of Weshington be used for these later
studies. However, an extended progrem st the University required the use of
a1l facilities availzble there. Further, only a very few fish of suiteble
exposure for such studies survived at the Fish Laboratory and thus it was
decided that this phese of the experiment should be cancelled for the present,
but, if possible, should be done &t a future time.

Origin of the Test Animals

The trout used in this experiment were obtained from the stock reared
at the School of Fisheries, University of Washington. This strain of fish has
been selectively bred at the University for several generations and their re-
productive capabilities are quite well established. At the beginning of
these studies the fish were three to four months old and averaged approxi-
mately two and one half inches in length, having been hatched from eggs at
the University early in the spring.

The 3062 trout used were transferred from the University of Washington
to the Fish Laboratory on July 16, 1945 in a transportation tank owned by the
School of Fisheries., On arrival the fish were tempered with Columbia River
water for about onec hour, then counted and placed in Troughs 13 through 20.
Screen partitions in the troughs separated the trout from the salmon used in
the pilot experiment., All of the fish were held in straight river water for
several days for acclimatization before being subjected to effluent water.

Experience and Conditions

Preliminsry Studies

The trout were in excellent condition upon arrivel at the Fish Lebora-
tory and covers had to be kept on the troughs to prevent them jumping out.
Fortunately, the trout were more resistant to the factors causing '"gas bubble"
disease and did not suffer from the gas blisters as did the salmon. A very
few individuals did, however, show evidence of the disease.

On July 29th, the trout were counted into 20 groups of 150 and each
group was placed in one of the troughs. Since Troughs 1, 2, 3 and 4 were not
yet in operating condition, the fish allocated to these troughs were held in
reserve in compertments of Troughs 17, 18, 19 end 20.

The water conditions to which the trout were subjected in the various

troughs were the seme as for the salmon in the pilot experiment and were as
followss
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~ TROUGH, NO. RATIO OF EFFLUENT TO RIVER WATER RATE OF_FLOW
R 1&2 100% effluent water, pertially cooled
(3° to 5°C ebove river water temperature) 3 g.pede
3&4 100% effluent, refrigerated to about 13°C. 2 g.p.m.
5&6 1:500 effluent refrigerated -~ 5 gepeme
9 & 10 1:100 5 g.pems
11 & 12 1:250 5 ge«pele
13 & 14 12500 5 g.pele
15 & 16 1:1000 5 2.peMe
17, 18, 19 & 20 1004 river water 5 gspena

Trout were first placed in Troughs 3 and 4 on August lst and 2nd,
recspectively. Since the refrigeration units were not then operating, the arca
effluent weter entering these troughs was only partially cooleds During the
later part of August, the refrigeration units were operated most of the time
but frequently had to be shutdown for repair or sdjustment.and thus the fish
in Troughs 3 end 4 werc subjected to refrigersted effluent, partially cooled
effluent and, at times, straight river water. Obviously,”data collected
during this early period were not very reliable but in gencral mortalities
among the trout in Troughs 3 and 4 were very similar to those in the other
troughs. '

The results obtained during the first month were further complicated
by disease conditions among the fish. The trout were subjected to the same
parasites:as the salmon but seemed more resistant to them ond made a better
recovery. Repeated baths of thres per cent selt soon rid the trout of
Cyelochetn, a parasitic protozoan. 4 serious infection of B. columnaris
caused the death of mamy fish but was finally brought under control by re-
peated trectments with "Roccol“. ‘

By August 26, 1945, major equipment difficulties had been corrected
so that Troughs 1, 2, 3 and 4 could be operated properly, and disease organ-
isms had 2lso been largely eliminated. An opportunity was thus afforded for
storting anew with the oxpectction that subsequent data would be reasonably
accurate and usable. At this time the group of fish which had been held in
Trough 3 was moved into Trough 2 and one of the groups held in reserve in
river water was placed in Trough 3. The other group which had been held in
reserve in river water was moved into Trough 1. These changes were made in
order that comparable groups of fish would be present in Troughs 1 and 3,
and 2 and 4, respectively, those in Troughs 1 and 3 having just been placed
in the effluent water for the first time,(1)

The factors in the effluent water on August 31, 1945 which were
lethal to the salmon in Troughs 1 end 2 also had their effect upon the trout.
During the afternocon, the trout in Troughs 1 and 2 were listless, showed
little interest in activity around them and refused food. A few fish died
during the late afternoon, and several more during the night, (A1l of the
v salmon in troughs 1 and 2 were desd by 3:00 A. ¥,) On the morning of

(1) Subsequent results showed that the previous history of these groups, had

little effect upon their later tolerance to the area effluent water;
thot is, Lots 1 and 2 behaved alike and 3 and 4 behaved alike.
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September 1st, the surviving trout in Troughs 1 and 2 were quite ill. Meny
were swimming neer the surface of the water and brecthing was repid. Occa-
sionally en individual would become too weak to swim upright, would lose
equilibrium, eventunlly sink to the bottom and die. Several specimens which
were near death were dissected and examined but, other than an enlarged gell
bladder in one, they appeared to be in good condition. Several more fish
died during the dey which raised the total for these two troughs to about 20
per cente

Since the fish were still very i1l and refused food in the after-
noon of Septerber 1lst, streight river water was turned into Trough 1, to ses
if the rate of mortality could be checked by river water. However, it would
seem that the factor in the effluent water which czused the heavy loss had
pagsed since the rate of mortality dropped cppreciably in both Trough 1 and
Trough 2 and the action of the fish improved., Effluent water was again
turned into Trough 1 om Scptember éth. The trout in Troughs 3 and 4 suffered
o partial loss of appetite for o few days after September lst, but otherwisae
seemed unaffected by the adverse conditions. As pointed out in the salmon
experinent, evidence zccurmlated later indicated thet "Calol" was the cause
of distress among the fish.

A loss of appetite end a comparatively high reote- of mortality eon-
tinued in Troughs 1 and 2 until the termination of this test. These lots
were further troubled by an infestation of Ichthyopterus, a common fish para-
site. This parasite was probebly sble to establish itself on these fish be-
cause of their weakened resistcnce and the higher water temperature in these
lots. Ichthyopterius did not appcar in other lots and was finally eradi-
cated from Troughs 1 and 2 by repeated treatment with strong salt and by
turnirg a strong flow of river water into the troughs for ebout one week.

; By the first week in October, the trout had increased in size to
a point where it wes necessary to rcduce the number of fish in each trough
to 50. This was done on October 11, 1945 and the surplus fish, which
amounted to 1066, were liberated into the Columbia River adjacent to the
100-F Area. The high mortalities in Troughs 1 and 2 had so reduced the
number of fish in these lots that those in Trough 2 were combined with those
in Trough 1 to form 2 new group designated Lot 1A, A new stock of fifty
fish, obtained from surplus from the river watcer control lots, was placed
in Trough 2 and designated as Iot 24,

Final Studies

The results obtained during August and September 1945 at the Fish

. Laboratory, indicated that a more complete lknowledge of the problen might be

gained if certain changes were made in the concentrations of area effluent
water being used. Under the original set of concentrations, which had been
chosen arbitrerily, there was e considerable difference between the action
of the fish in undiluted effluent water and in the next highest concentra-
tion, one pert of efflwent to fifty parts of river water. It was proposed
the two new concentrations be uséd in order to bridge this gap. The pro-

“posed changes were discussed on September 28, 1945 at a conference held in

Richland, attended by Dr. L. R. Donaldson of the University of Washington,

‘Mejor A, A, White of the Medical Corps. (Manhatten District), Mr: H¢ Thayer

of the U. S. Engineers, and Dr, S, T. Centril and Mr. R. F, Foster of the
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du Pont Company. The following changes were agreed upon:

(a) Substitution of a dilution of one part area effluent to three
parts river water for one part refrigerated effluent to 500
parts river water in Troughs 5 and 6. The 13500 dilution using
refrigerated effluent water was duplicated with a 1:500 dilu-
tion using unrefrigerated effluent water. Since the actual
temperature difference of the resultent mixtures was not apprec-
iable, little experimental evidence would be lost by the elim-
inetion of this water condition.

(B) Substitution of a dilution of 1:10, area effluent to river
water, for the 13100 dilution being used in Troughs 9 and 10.
It was surmised that the elimination of the 13100 dilution
would not interrupt the series as greatly as the elimination
of any one of the other dilutions,

At the time the lots were reduced to fifty fish each, October 1llth,
it was convenient to make the above changes in the experimentel designe. At
the seme time the rate of flow to Troughs 3 and 4 was increased from two to
three gallons per minute. This was made possible by improved efficiency of
the refrigeration units which could not adequately cool a larger volume of
water. The temperature of the refrigerated effluent water was raised, on
October lst, from 13°C to 17.5°C in order to meke it the same as that of the
- river water. Subsequently, the temperature of the refrigerated effluent
water was adjusted to follow the changes in temperature of the river water,
In order that any difference in results due to the lower rate of flow in
Troughs 1, 2, 3 and 4 (3 gpm in contrast to 5 gpm in other troughs) could be
appreciated, the flow in two of the control troughs, Nos. 19 and 20, was also
reduced to three gallons per ninute.

These changes resulted in the following new water conditions in the
various troughs:

TROUGH NO. RATIO OF EFFLUENT TO RIVER WATER RATE OF FLOW
l1&2 100% effluent, partially cooled 3 gepone
3&4 100% effluent, refrigerated to river

water temperature 3 gepele
5&6 1:3 5 ZaPelly
7&8 1:10 5 gepem,
9 & 10 1:50 5 EePelle
11 & 12 13250 5 EePoelle
13 & 14 1:500 5 gepems
15 & 16 1:1000 5 gepelte
17 & 18 100% river water 5 ZePelle
19 & 20 100% river water 3 g.pene

In order to keep the fish in the 1350 dilution level at a conse-
cutlve place in the series of troughs, they were moved from Troughs 7 and 8
into Troughs 9 and 10. The fish fron Troughs 9 and 10 being used now for

(1) "Proposed Chenges in Dilutions of Area Effluent Water at 146 Bldg.",
R. F, Foster to G. N. Gross, October 4, 1945.
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the 1:10 dilution level were moved down into Troughs 7 and 8. A suffix "A"
wes added to the lot nmumbers corresponding to trough in which new water con-
ditions existed or where different groups of fish had been placed in order to
avoid confusion in the data.

During the night of October 11-12, 1945, immeciately following the
start of the second and final phase of this experiment where the new water
conditions were in effect, adverse factors were again present in the area
effluent water which caused the death of many fish in Troughs 1, 2, 3, 4, 5
and 6. The action of the distressed fish was like that shown by the fish
affected on August 31st, and September 1st, referred to above. The fish in
in Troughs 1 through 6 continued to show considerable distress on October
12th end by 4:00 P. M. of that day the following mortalities had occurreds:

Lot 14 45 per cent
Iot 24 100 per cent
Lot 3 90 per cent
Lot 4 94 per cent
Lot 54 36 per cent
1ot 64 38 per cent

Exeminetion of severzl of the dying fish revealed no obviously abnormal con-
dition except that the color of the gills of these fish was a little lighter
and brighter than that of the control fish which were not effected. Semples
of the effluent water collected during the carly morning of October 12th,
showed normal amounts of residual chlorine and dissolved oxygen. However,
as on other similar occasions, metal in the 100-F Pile was being displaced
and "Calol" was present in the arca effluent water.

This was the first occasion where the fish in the refrigerated
effluent water had been severely effected, however, the temperature of the
refrigerated effluent was higher at this time than on previous occurrances
since it had been adjusted up to that of the river water. Nevertheless,
conditions were sufficiently adverse to cause a considerable mortality even
where the effluent was diluted with three parts of river water. The fish in
Troughs 7 through 16 seemed uneffected by the unusually adverse condition
of the effluent water.

In the lots which were effected some mcrtality continued and the
fish refused food for several days. By October 16th, only two fish remained
in refrigerated effluent water so these were combined with a new group of
ten fish moved into Trough 3 from a reserve group which had been held in
straight river water. The new stock in Trough 3 was designated Lot 3A.

Similarly adverse conditions were again anticipated on October
16th, since pile metel displacenent was ogein being made. 4 careful watch
was kept of the fish and samples of the effluent water were collected at
frequent intervals during the day. In the late cfternoon the fish in
Troughs 1 through 6 zppeared to hcve sore gills as evidenced by extended
. opercule, and breathing was more rapid than normal. This may have been due
,i;;} in part to ferric sulphate sludge coming through in the effluent water.

' During the late evening, the fish in Trough 1 were obviously uneasy but not
greatly distressed; during the night two of the surviving twenty-three died.

1101147 DECLASSIFIED _.,. I
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In Lot 34, however, which was made up principally of fish that had not pre-
viously been in effluent water, the trout gradually became more sluggish
during the evening and by morning, eight of the twelve fish were dead. The
fish in Troughs 5 and 6 showed some listlegsness during the evening but were
not seriously effected. Five of the remaining fifty-eight died during the
night, The fish in these first six troughs showed a leck of interest in food
for several days more. Fish in other troughs in the laboratory were not
effected. '

Since only four fish remained in Lot 34 on October 18th, ten more
fish from a reserve stock in straight river water were moved into Trough 3
with them., The new group was designated Lot 3B.

Special observations and water semples were tcken on subsequent days
when the 100-F Pile was undergoing metal displacement but serious difficul-
ties were not encountered curing thc cxperiment.

‘ The "Calol" used cduring the pile metal displacement operations was
suspected of causing the Cistress and death of the fish in the undiluted
erea effluent water on the occasions mentioned above. To test this hypo-
thesis, five trout were subjected to a concentration of 10 ppm "Calol" in
river water for a perind of eleven hours on November 20, 1945. The fish
were obviously effected by the oil since they bccame somewhat listless,
showed symptoms of sore gills and refused food., When the oil was stopped the
fish began to recover and by the morning of Novermber 21st, their actions were
near normal and their gills no longer appeared irritated, They refused to
take food until Novenber 22nd, however. None of the fish died or were in
great distress. This test was repeated on November 30, 1945 in the straight
effluent water of Trough 1. After being exposed to the oil for zbout six
nours, the fish became quite ill, and with continued exposure they became
listless and weak, their respiratory rate increased and they "coughed" almost
continually. After nine hours the fish begzn t5 die and twelve hours after
the start of the test four of the five fish were dead. The fifth fish, the
snellest of ?he group, refused food for several days and died about two
weeks later.(1)

The remainder of this experiment was conmpleted without further un-
usual incidences or serious variation in the conditions under control. The
surviving steelhead trout were liberated into the Columbia River adjacent %o
the 100-F Area on January 7, 1946.

Mortalities

Daily mortalities have been combined by weeks and the results pre-
sented in Appendix tables. Table 8 presents the data obtained after disease
and mechanical difficulties had been eliminated and before the lots were
recduced to fifty fish each. Table 9 presents the data obtained after the
mumber of fish was reduced and new water conditions were set up. The diff-
erence in total mortality between each individual lot and the average of the

g;;} (1) For further details on these and other studies on "Calol" the reader is

‘ referred to "Occasional Heavy Mortalities Among Fish Hel@d in 100-F Area
Effluent Water and Some Effects of "Calol" on Steelhead Trout Finger-
lings" - - R. F. Foster to File, May 2, 1946.

101TLE DECLASSIFIED -2~




1101108 DECLASSIFIED - -

four co?tfol 1ots has been tested for significance by the method of Chi-
square. 1) Values which are probably significantly different from the control
have been underlined - - those of questionsble significance underlined with
dots and those not significently different have not been underlined.

In Table 8 none of the control troughs had mortalities significantly
higher than their average, which indicates that factors beyond control did
not czuse sufficient variation betwsen the mortalities in Troughs 17, 18, 19
and 20 to nullify the hypothesis that they formed a homogeneous group which
might be considered as a whole. Although this does not hold true for some
of the water conditions, it was felt that the best estimate of mortalities
would still be obtained if trough pairs were combined. Further justifice-
tion for pooling lots in like water types is the fact that nortalities signi-
ficantly different from the control were always higher.

Table IV, shows the results after pooling the data of Table 8 from
lots subjected to 1like types of water and converting the mortalities into
cumulztive percentzzes. The probability that the mortality in each water
type was significantly different from the mortality in straight river water
was egein tested, using chi-square. The results were essentially the same
as when the lots were consicered individually, and those showing probable
difference have been underlined. These data are shown graphically in Figure
4e The high mortelity suffered by the fish in straight effluent water (2)
(Troughs 1 and 2) during the first week (8-27 - 9-2) is largely due to the
unusual water conditions which existed during the evening of August 31, 1945
and referred to in the section zbove., Rather consistent daily mortalities in
this group in subsequent weeks maintained a high death rate throughout most
of the test. Although the statistical test indicates that the mortalities
in most of the other experimental groups were =lso significantly higher then
thet of the control, the sequence in which they occur would indicate that
factors other than the concentrztion of effluent water were responsible for
the differences. Thus, next in order of mognitude to the straight effluent
lot referred to above, the highest mortality occurred in Troughs 11 and 12,
which have a weter type of 1:250. UOn the other hand, the mortality in
Troughs 7 anéd 8, at a concentration of 1:50, is not significant from that of
the controls, This would lead one %o the conclusion that the straight eff-
luent water caused a very great increase in mortality zsnong the steelhead
trout, but that dilutions of the effluent of 1:50 or more caused insignifi-
cant increases in the mortality, the other diffecrences being due to factors
beyond controls i.e., disease. The fact that the mortallty -among the fish
held in refrigerated effluent water was relatively lower than in many of the
high dilutions is of interest. During this preliminary period the tempera-
ture of the refrigerated water was zbout 13°C., sonewhat lower than that of
the river water,

(1) 4 discussion of the statistical methods used is beyond the scope of this
report. For methods of calculation, the reader is referred to textbooks
or to "Statistical Methods at H.E,W.", B. F. Butler to File, Aug. 6,1946,

(2) Actually the water is partially conled in the precooling coils. In the
tables, figures, and in this discussion it is referred to nerely as
effluent to avoid confusion with the effluent cooled by refrigeration,
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The datae in appendix Table 9 have been similarly treated and com-
bined. Table V and Figure 5 show the results of pooling the mortalities of
the verious lots into groups subjected to similar water conditions. The
unusually adverse conditions (probably nCalol") which existed in the efflu-
ent water on October 11, and October 16, caused the extremely heavy morta-
lities during the first week in the effluent, refrigorated effluent, and the
1:3 groups. What is probably a contimnation of this effect is seen in the
1:3 group during the second week and in the refrigerated effluent water
group up to the fourth week. Subsequent mortalities in these groups were
practically nil. Mortalities in 211 other water concentrations and in the
controls were practically nil throughout this finel period.

Growth in lLength

The fish were measured every four weecks, and the results obtained
are shown as frequencies in appendix Tables 10, 11, 12, 13, 14 and 15. These
data ore sufficiently consistent to permit pooling of lengths of fish in lots
subjected to similar water conditions. This is indicated by the fact that at
no time did the averagze length of any of the control lots differ significently
fronm that of the group as a whole. The aversge lengths for the pooled lots
for both the preliminery and final parts of the experiment are given in
Teble VI. Values which are underlined zre significantly higher or lower
than those for the control group in straight river water, as indicated by
the "t-test", those underlined with dots are of questionable significance.
These data are presented graphically in Figure 6,

The lots were not all of uniforr: length when first neasured on
August 15-16, 1945, but the diffcerences werc relatively small and did not
nmaterially alter the finel relationships. The growth of the fish in length
was clearly and significantly retarded in cases where they werc held in
undiluted effluent water; however, during the first two months, the increcase
in length was much better in refrigerated effluent water than in cffluent
weter which was only partially cooled. The curve for the fish held in
refrigerated effluent water is interrupted at the end of the second month,
October 9-10, 1945, since this marks the termination of the first part and
the beginning of the final part of the experiment. At this time the orig-
inal stocks »f fish in Troughs 3 and 4 were practically all decad, and new
stocks were introduced. Also at this time the 1:500 (refrigerated effluent)
end the 1:100 concentrations were discontinued and the 1:3 and 1:10 con-
centrations started. The two groups which were discontinued are not shown
on Figure 6 to avoid confusion,

Following the adverse water conditions of October 11 and 16, 1945,
the growth in length of the fish in Troughs 1-6, that is, in the effluent,
refrigerated effluent, and 1:3 water types, was clearly retarded, but
increased again during the subsequent two months. The fish in the 1:3 con-
centration actuslly grew at a faster rate than the controls and were approa-
ching a significantly greater length at the end of the test. The fish in
the 1:10, 1:50, and 1:250 concentratlons were significantly longer than the
control fish at the end of the test, the difference beginning to appear in
November, This is possibly due to the fact that the higher concentrations
of effluent water were warmer than the river water and encouraged faster
growth. The rate of growth in nearly all lots wes a bit slower during
December, probably beccuse of colder temperatures of the Columbia River water.
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Growth in Weight ﬁ

D
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The fish were weighed every two weeks, and these results are tabu~
lated in appendix Tables 16 and 17. Pooling the lots subjected to similer
water conditions, as before, the average weights for the various water cop-
ditions are shown in Table VII, Part (4), for the prelimipary conditions and
Port (B) for the final conditions. These data ere presented graphically in
Figure 7. Since the fish were first weighed on July 30, Figure 7 begins at
an earlier date than does Figure 6, and thus shows more uniformity among the
verious groups ot the start. As might be expected, Figures 6 and 7 show
elmost identical results; Figure 7 is, however, more readily interpreted
since weights increase cpproximately as the cube of the length, and thus size
differcnces are expanded; further, the fish were weighed twice as often as
they were measured, which results in twice the number of points in the curves
of Figure 7.

Increase in weight was markedly reterded in both effluent and refri-
gerated effluent water and was cetuelly stopped for sbout two weeks following
the particularly edverse water conditions on October 11 and 16, 1945. Aside
from a brief retardation in the fish subjected to the 1:3 dilution irmed-
iately following the advcrse conditions of October 11 and 16, the growth of
the fish in dilutions of the effluent water was not inhibited. Rather, there
is en oppreciable inereasc in growth rate zmong the fish held in the higher
dilution, which is probably the result of higher water temperatures.

It is extremely difficult to show a significant difference between
the average weights of the various groups by statistical methods, This is
due to the fact that the fish of cach lot were weighed as a group. This
variability is, however, zdequately brought out by the lengths when each fish
was neasured individually. 4s a verification of the hypothesis that groups
differing significantly from the control in length also differed significantly
in weight, each fish was weighed individually at the termination of the experi-
pent. The last line of Table VII, Part (B), shows the arithmetic means of
the weights obtoined by this method. The mean for each water type wes com-
pared with that of the river water control group by the "t-test", and values
which were probably significantly higher or lower were underlined. Comparison
of these significant weights with the significant lengths for Januery 1-5 in
Table VI shows near perfect cgreement. The test coppears somewhat more sensi-
tive with the weights than with the lengths: for example, the average length
of the fish in the 1:3 was only questionably significant (between the .05
and 01 linmit of probebility), while the average weight of this group was
definitely significant (beyond the .01 limit). Similarly, in the 1:500 group,
the length was not significant from that of the control, although it had been
the previous month, while the woight of this group was possibly significantly
different.

Discussion

The early part of the steelhead trout experiment was subject to the
same difficulties in control of equipment and water conditions as were en-
countered in the chinook selmon pilot experiment, but again one of the chief
purposes of the test, that of perfecting the equipment, was satisfactorily
accomplished. Serious disease epidenics also existed anong the trout during
the early part of the experiment, but were not as severe as in the salmon,
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and repeated treatments brought them uncer control, By the latter part of
fugust, 1945, disease and the regulation of water conditions were sufficiently
improved to conduct an experiment under reesonable control. Between hugust
27, and October 11, the dilutions of effluent watér originally specified were
used. On October 11 the number of fish in each trough was reduced to prevent
overcrowding, and ‘dilution levels of 1:3 and 1:10 were substituted for the
131500 (effluent refrigerated) and 1:100 dilution levels previously used, No
further changes in design were made,

The presence of some factor (probably "Calol") in the effluent water
to which the trout were very sensitive caused a heavy mortality among the
fish in Troughs 1 and 2 during the evening of hugust 31, and among the fish
in Troughs 1, 2, 3, 4, 5 and 6 (effluent, refrigerated effluent, and one part
effluent to three parts river water) on and immediately following October 11
and again on end following October 16. Consistently high mortalities per-
sisted throughout most of the experiment in Troughs 1 and 2 (undiluted and
unrefrigerated effluent water). &side from these incidences, which were very
pronounced, increases in mortality could not be attributable to the presence
of area effluent water.

The rate of srowth of the trout was markedly retarded in undiluted
srea cffluent water, whether it was refrigerated or only partially cooled,
The presence of "Calol" or some other adverse factor in the effluent water
on October 11 and 16 further retarded the growth of these groups and in
addition temporarily slowed the growth of the fish in the 1:3 dilution. No
other incidence of retarded growth occurred among trout held in dilutions of
the area effluent water; rather in the 1:3, 1:10, 1:50, 1:250, and possibly
the 1:500 dilutions the fish actually grew somewhat faster than in straight
river water. This increase in growth among the fish held in the higher con-
centrations of zrea effluent water wos probebly because of higher water
temperatures in these troughs,.

STUDIES ON CHINCOK SAINON EGGS AND YOUNG

Purpose

At the present time the chinook salmon are the most ceonomically
important fish inhabiting the upper Columbia River, this species making up
the greater part of the salmon caught by fisherman of thc lower Columbia
River and by Indians fishing above Bonneville Dam. Chinook salmon select
riffle areas for spawning, vhich are similar to many which exist in the
Columbia River within and below the H.E.W. Reservation. Extensive spawning
arees, which have been used by chinook salmon in the past, are present in
the vicinity of White Bluffs. Ain inportent part of the studies at the Fish
Laboratory was, then, to determine whet effect the area effluent water might
have on the developing eggs and young of chinook salmon. These stages were
of particuler importance since the eggs and newly hatched fish or "fry" occur
in the gravel beds and thus are not capzble of swimming away from adverse
conditions, as older fish may do.

- The development stages of the eges and young fish studicd in the
laboratory were to parallel those under natural conditions in the river, and
ultimately the fish rcared in the laboratory were to be liberated at a time
when they would normally migrate to the ocean. This experiment was expected
to furnish the nost significeont and usable results. b
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Jrigin of the Eggs

It was not feasible to capture sexually mature chinook salmon on
spawning grounds of the upper Columbia River for a source of eggs. The eggs
used in this experiment were, therefore, obtained from a stock entering Green
River, a tributary to Puget Sound, and intercepted by the State of Washington,
Department of Fisheries at Soos Creek. The progemy of chinook salmon from
Green River could be expected to react to the various concentrations of the
area effluent water in the same manner as progeny from Columbia River chinook
salmon. The eggs were readily obtainable at the Soos Creek Hatchery, and in
addition expected rates of survivel and growth were known for this stock.

Late in October, the temperature of the Columbia River had fallen to
about 14°C., a level suitable for the incubation of chinook salmon eggs. On
the morning of October 24, 1945, L. R. Donzldson and A. D. Welander of the
University of Washington selected eight mcture female chinook salmon from the
stock available at the Soos Creek Hatchery. The eggs were removed from these
fish, fertilized, and immediately transported by car to the Fish Laboratory.

- On arrivel, at 5:30 p. m. of the samc day, the 45,800 eggs obtained were

tempered with river water for about one hour and then distributed approxi-
mately equally emong forty trays, there being two trays in each trough. To
further avoid any temperature shock which might result from placing the eggs
in weter of a wermer temperature, river water only was run into Troughs 1, 2,
5, 6, 7 and 8 at the time the eggs were placed on the trays in these troughs.
Later, area effluent water was gradually turned back in so that there was a
gradual temperature rise to the operating level,

On arrival at the Fish Laboratory there was a small area in the center
of each transportation basket which contained a number of eggs killed in
transit. Generally, however, the eggs were in good condition,

Bxperience and Condition

The Eggs

During their incubation pcriod the eggs were held in shallow trays
with wooden frames and plastic screen bottoms. Two such trays werc wedged
near thc surface in the upper part of each trough, and baffles were installed
to insure water circulation through the eggs. The lower parts of the same
troughs were used for the steelhead trout experiment described above. 4 lot
number was assigned to each tray of eggs, which corresponded to the trough
number, ond- in addition contained the suffix A", denoting the upper, or "3"
the lower tray of the pair,

Since some loss was experienced from transporting the eggs, as could
reasonably be expected, all obviously dead or injured eggs were removed from
the trays on the morning of October 25. The number removed from each irough
was recorded, but this loss was not included in subsequent mortality data.
In general, the initial loss or "pick-off" was less than 10 per cent.

The water conditions used during this experiment were the same as
those meintained during the later part of the trout studies, nemelys:
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TROUGH NO.  WATER TYPE RATE OF FLOW

1&2 100% erea effluent water, partially cooled
(4° to 5°C. warmer then river water) 3 g.pems
3 &4 100% area effluent water, refrigerated to
river water temperature 3 g.pele
5&6 1:3 effluent to river water 5 Z.pele
7&8 1:10 5 Zepehe
9 & 10 1:50 5 ge.pelie
11 & 12 13250 5 gopomO
13 & lzl- 12500 5 gop-mc
15 & 16 1:1000 5 gpelae
17 & 18 100% river water 5 gepele
19 & 20 100% river water 3 gepolte

On October 26 the dead eggs were egain rermoved from all of the
trays, and these mortalities were the first recorded as occurring under the
experinental conditions. During the next three wecks the eggs were devel-
oping through states which ere very delicate and casily injured. During this

period, thereforec, they were handled as infrequently and as gently as possible.

Frequent rerovel of dead cggs from Troughs 1, 2, 5 and 6 was necessery, how-
ever, since extremely hecavy mortalities persisted in these lots and had the
dead cggs been left in the trays, entire groups would have been spoiled.
S5ilt fron the river weter and ferric sulphate sludge from the effluent water
accumulated on the eggs and occasionally had to be siphoned off to prevent
the eggs fron smothering.

By the second week in November, most of the eggs had developed to
what is known as the "eyed" stage. At this time the young embryo is clearly
visible, and thec eggs can withstand considerable handling without injury.
None of the eggs held in Troughs 1, 2, 5 or 6, where temperatures were 4° to
59C. wermer than the river water, developed to the "eyed" stage.

In order to furthor test the effect of the water conditions in
Troughs 1, 2, 5 and 6 on developing eggs, a second batch was brought to the
laboratory from the Soos Creeck Hatchery. Thesc replacenent eggs were fron
the same stock of chinook salmon as those used originally and hed developed
to an Yeyed" stage comparable with that of the eggs in straight Columbia
River water. New lot numbers were assigned to these replacement eggs; the
number again corresponded to that of the trough, but suffixes "C" and "D"
were used to identify the new trays.

Nearly all of the eggs hatched during the first two wecks of Dec-
ember. Those which were incubated in the wormest water, that is, Troughs 1,
2, 5, 6, 7 and 8 were the first to hatch. Those incubcted in river and
refrigerated effluent water were the last to heotch.

The Fry

Then first hotched, the young salmon or "fry" are nourished by a
yolk sac which is incorporcted into the ventrel body wall. In water tempera-

tures of 6° to 9°C., this yolk is used up in about six weeks or two months,
and at the end of this time, the young fish are rcedy to start Teeding.

In each trough the fry which hatched from the upper tray (A) and
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the lower tray (B) were combined into a single lot with a number correspond-
ing to that of the trough. A suffix "r" was edded to the lot mmbers of those
in Troughs 1, 2, 5 and 6 to show that the original egg lots had been re-
established,

During the latter part of December, the fry in the undiluted efflu-
ent water, Troughs 1 and 2, began to die in large numbers. Shortly there-
after the mortality among the fry in the 1:3 dilution began to rise sharply.
Considerably later, during the last week in Jenuary 1946, the fry mortality
in the refrigerated effluent water also rose sharply. None of the fry in the
undiluted effluent water, Troughs 1, 2, 3 or 4, survived long enough to com-
pletely absorb their yolk sacs and only a very few in the 1:3 dilution,
Troughs 5 and 6, successfully reached the feeding stage. These fry in the
first six troughs showed no indication of their imminent fate when first
hetched. Soon, however, they began to appear week and exhibited ebnormal
swimming actions. During the peak of mortality, and later, most of the indi-
viduals that died showed "white spot disease®, characterized by precipitated
particles in the yolk. "White spot" disease, however, is thought to be
caused by adverse environmental conditions rather than disease organismse
Further, the development of the fry in the refrigerated effluent water was
considerably slower than in straight river water of the same temperature.
When the fish in the control lots had completely absorbed their yolks and were
starting to feed, those in the refrigerated effluent water of Troughs 3 and 4
still retained a large amount of yolk and were smaller in size. Although the
fry in the 1:3 dilution szbsorbed their yolk sacs at about the same rate as
those in straight river water, their size at the end of the yolk sac stage
was appreciably smaller then that of controls. The fry held in concentrations
of 1:10 or less appecared and acted like those in straight river water.

Plates IV through XI show the relative appearance end size of fry
selscted from the various water conditions on February 18, 1946, at which
time, most of the fish had just sterted to feed. The fish portrayed in
Plates IV through VIII arc very much alike. Those in Plate IX, representative
of fry in 1:10 dilution, are of approximately the szme length as those in the
weaker concentrations of effluent water but have not eaten as much food
recently and appeer a little emaciated. The fish shovm in Plate X taken from
the 1:3 dilution, are in relatively good condition but are distinetly smaller
in size than those in strzight river water. Platc XI shows fry from refri-
gerated effluent water which, although apparently in good condition, are
smaller in size and have not completely absorbed the yolk sac.

Plates XII through XIX were taken on February 20, 1946 and show the
general appearance and density of the fish in the verious troughs. Again the
similarity between the fish held in Troughs 7 through 20 is brought out.
Pl?t? XVIII shows Lots 5r, ér and 18, Lot 18 being temporarily held in Trough

pending repainting of Trough 18 and Lot 6r being temporarily held in
the lower part of Trough 5. This plate affords a quick comparison between
the fish held in 1:3 dilution and those held in straight river water. The
differences in numbers and size are evident. Plate XIX shows the fow weak
and dying fish which remain in Trough 3 ond 4 supplied with refrigerated
effluent water. The yolk sacs remaining on many of these fish can also be
seen, .
(1) The effluent watcr was turned off in Trough 6 durlng this temporary
change. =
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PLATE XII
Chinook Salmon Fry in Troughs 19 and 20
River Water Control 2-20-46

PLATE XIII
Chinock Szlmon Fry in Troughs 15 and 16

2-20-46
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PLATE XIV
CHINOOK SALMON FRY IN TROUGHS 13 ond 14
1:500 2-20-46
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LA : PLATE XV
Chinook Selmon Fry in Troughs 11 and 12 .
1:250 - 2-20-46
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PLATE XVII

Chinook Salmon Fry
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FLATE XVIII
Chinook Salmon Fry in Troughs 5 and 6
Lots 5r and 18
ér

1:3 end  River Water 2-20-46
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PLATS XIX i

Chinook Salmon Fry in Troughs 3 and 4
Refrigerated Effluent Woter — 2-20+46
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The Fingerlings i

After the young fish have completcly absorbed their yolk sacs and
are actively feeding they are called "fingerlings®". Most of the fish reached
this stage during the latter part of February, 1946, At this time the fish
had increesed in size to z point where it was no.longer advisable to rectain
such large numbers of them in the troughs. Consequently, on February 27th,
the number of fish in each trough was reduced to 500 and the surplus fish
were plented in the Columbia River.

New lots of 500 fish each were established in Troughs 1, 2, 3, 4, 5
and 6 since none of the original fish remained in Troughs 1 and 2, only five
remained in Troughs 5 and 6 and only 36 remeined in Troughs 7 and 8., The
fish used to establish these new lots were taken from the surplus resulting
from the thinning out of the straight river water control lots. A suffix "A"
was attached to the lot numbers of the new stocks in Troughs 1, 2, 3, 4, 5
and 6 to show that they were replacements and not derived from eggs hatched
in these troughs. The few remaining fish from the original lots in Troughs
3, 4, 5 and 6 were not discarded, but were maintained as scparate units until
their death., The last fish of the originel stocks in Troughs 3 and 4 died on
March 7th. The sixtecn fish of the original stocks in Troughs 5 and 6 remain-
ing on March 15th, were unfortunctely killed by accident when they were
exposed to undiluted effluent water resulting from a brief outage of the
river water supply. These few remaining fish of Lots 5r and 6r, were, on the
other hend, very weak and emaciated and hed never eaten food in proper amountse
Hed they not been in such a weakened condition, they might well have survived
the brief adverse conditions.

Although the fry in the 1:10 concentration had not died in such
great numbers as those in the first six troughs, their mortality and condi-
tion was decidedly worse than that of fish in weaker concentrations of the
effluent water. On Februsry 27, 1946, when the number of fish in each lot
was reduced, many of these fish in Troughs 7 and 8 were emaciated and sub-
normal. An infestation of an intestinal perasite, 8ctamitus, was found in
these fish, but since it did not occur in apprecicble amounts in any of the
other lots, its presence was probably the result of a lower resistance among
the fish of this group. The zddition of a small amount of the drug "Car-
barsone" to the diet soon eliminated the QOctamitus, but this group of fish
continued to suffer an excessive mortality ond to contain undersize, emac-
iated fish up to the time the study was terminated. It was interesting to.
note, however, that this group also contained individuals which were the
largest in the laboratory, such specimens had undoubtedly been sble to overw
come the adverse effecct of the effluent water and take advantage of the
warmer water temperature in these troughs. (See Table 27)

The fish in undiluted effluent weter and in the 1:3 concentration
suffered very heavy mortalities and poor growth throughout the experiment.
Although these fish were frequently examined for parasites none, or very
few, were ever found. Their general appearance in the trough, however, was
not normal. During March, April and early May these fish showed evidence of
irritated gills by holding their gill covers open, but microscopic examina-
tion showed no gill disease. The gill action gradually became more normal
toward the end of the experiment. Many of the fish were emaciated and nearly
ell were somewhat listless. The presence of ferric sulfate sludge in the
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water on Monday and Tuesday of each week seemed to increase the gill irrito-
tion and prevent the fish from feeding, but otherwise not to contribute to
their discomfort. The fish which died were usually the weekest, most ema-
cisted individuals, the stronger ones surviving the longest, which indicates

a gradual and continuel toxiec or weskening effect of the offluent water rather
than an occasional exceptionally adverse condition such as occurred during
the steelhead trout experiment when lerge asmoumts of "Calol" were suspected
of being present., The mortalities and growth of these and the other lots will
be considered in more detzil in sections immediately following.

Fron the latter pert of May until the end of the studles a few of the
fish in Troughs 7 through 20 suffered from "gas bubble" disease. This is
probably an environmental disease caused by excessive gasses in the water and
it also appearcd on the chinook szlmon fingerlings of the "pilot" test immed-
inotely after they were placed in river water ot the Fish Laboratory during
July, 1945. The gas blisters did not cppeer on the fish held in straight
effluent water or in Troughs 5 and 6 where the volume of effluent water was
great enough to appreciebly dilute the amount of excess dissolved gases in
the river water.,

Plates XX to IXIX show the gemerzl appearance of the fish in the
various trough pairs on July 2, 1946, Plates XXIX and XXVIII show the very
few small fish remoining elive in Troughs 1, 2, 3 and 4 at this time, The
nurbers and size of the fish in Troughs 5 and 6, Plate XXVII, are also
greatly reduced. Plate XXVI shows the relatively fewer fish remaining in
the 1:10 concentration and also the great variability in size of various
individuals, The fish in the other trough pairs appeer much alike, several
"pop eyed" fish which are suffering from "gas bubble" disease may be seen in
these lots,

By the end of June, 1946, these chinook salmon fingerlings had
reached a size and age at which they would normelly migrate downstrcam to the
oceane, To retain them longer in the laboratory would introduce several un-
controlled factors which would tend to obscure the effect of the effluent
weter. Therefore, the experiment weas terminated on July 3, 1946 and on July
5th the surviving 5,832 fish were liberated into the Columbia River adjacent
to the 100-F Arca,

A1l salmon eggs which were obviously dead or not developing were
removed from the trays in the vorious troughs as often as necessary and a
record was kept of the removals. The date on which an egg was removed did
not necessarily corresponé to the time at which it died or stopped developing
since meny eggs which are wholly infertile or scarccly developed.are not
distinguisheble for several weeks. Therefore, nearly all of the eggs which
were removed werc cleared in salt solution and fixed with acetic acid so that
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Throughout this experimont the desired water conditions were main- [f{

tained within the tolerance limits given on Page 13, which were reasonably e
strict. Only on rare occasions and then for bricf periocds of time was it Ef:
necessary to alter them because of equipment failure. (&P
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PLATE XX
Chinook Salmon Fingerlings in Troughs 19 and 20
River Weter Control 7-2-46

{
| 2-~4257)
PLATE XXI
Chinook Szlmon Fingerlings in Troughs 17 and 18
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PLATE XXIV
Chinook Salmon Fingerlings in Troughs 11 and 12
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any embryo formation might be observed. The cggs examlned were arbitrarily
classified into the following six stages:

A. Those which were infertile or showed no evidence of embryo
formation,

B. Those which were fertile but had developed only as far as
blastodern formation.

C. Those in which a definite embryo was formed but had survived
only to the formation of the chorda or primitive streak,

De Those in which development had advanced to the formation of
somites, fin buds and optic vesicles but where the total length
of the embryo was less than half the circumference of the cgge

E. Those in which the length of the well formed embryo exceeded
half the circumference of the egge.

F. Those which died in hatching. This includes principally thosec
eges which cre called Bhigh-pressures" and which hatched
abortively.

Appendix Table 18 shows the number of eggs which Cied in each tray
or egg lot and the stage in which dezth occurred., Table VIII surmarizes the
data on Table 18 by pooling egg lots which were incubated in like water con-
ditions and presents the rcsults as percentages. Figure 8 is a graphic
representation of Table VIII. As is frequently the casc with salnmon egg
nmortality data, there was considerable variation between the mortalities in
trays incubated in like water conditions. The veriations were sufficicntly
great so that a chi-square test did not show them to be homogenius, and
precluded simple comparisonsg of the pooled means for the various water types.
However, o sufficient number of traoys were used in each dilution level to
pernit the use of more elaborate statlstical tests. A t=-test based on en
array of lot mortality percentages was sensitive cnough to show significant
differences in the more diverse cases, and an extensive variance analysis
provided a delicate test for borderline cases. In Table VIII the total
mortalities which are significantly higher than those of the river water con-
trol group ore underlined,

The consistant and orderly errangement of the results as shown by
Figure 8 is striking. In the undiluted and unrefrigerated effluent water
virtually every egg remained undeveloped. A major part of this effect was,
however, due solely to the warm tenmperature of the effluent water since in
the undiluted effluent refrigerated to river water temperature about seventy
per cent of the eggs hatched. The greater effect of temperature over other
factors is also shown by the fact that the 1350, 1310 and 133 dilutions, in
which the water temperatures were progressively higher.than thet of the river
wator, had nortalities which were in the same manncr progressively greater
than that of the undiluted but refrigerated effluent group, In the 11250
and 1:500 dilutions the water temperatures were not apprecisbly grecter then
that of the straight river water but other adverse factors in the effluent
caused mortalities significantly greater than in the control and these morta-
lities were in direct relation to the emount of effluent water present. The
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slight difference between the mortality in the 1:1000 dilution and that in
the straight river water was not statistically significant. But the fact '
that one part effluent water in five hundred parts of river water measuwrably

increased the mortality of these incubating chinook salmon eggs is of con~
siderable interest,

The combination of high temperature and high effluent concentration
existing at the 1:3 dilution level gave results very much like those of the
straight effluent water; that is, virtually all of the eges failed to develop,
a few did succeed in forming a germinal disc but none lived beyond an early
"eyed" stage. Only sbout fifty per cent of the eggs hatched at the 1:10
dilution level,

Since none of the eggs in the unrefrigerated effluent or in the 1:3
dilution hatched, the lots in these water conditions were re-established with
a new series as mentioned in the preceding section (indicated by N. S. in
Table VIII and Figure 8). The eggs in this new series hed reached the eyed
stage ot the time they were placed in Troughs 1, 2, 5 and 6. A comparison of
the subsequent mortelities in these new lots with the mortality of the control
during a like period of development again showed a greater death for the eggs
incubated in the effluent water but no significant difference in the 1:3
dilution. Further consideration of Table VIII and Figure 8 revoals that the
greater part of the egg mortality occurs in Stege "A" and is, therefore, due
either to infertility or & near completc lack of development. The direct
relationship between mortality and concentration of effluent water just dis-
cussed for the total mortelities applies also to Stage "A" alone. Similarly,
if each stege is considered independently of all others this same relation-
ship is maintained in nearly every case; Stage "F" is an exception and the
refrigerated effluent water group is an exception.

Abnormalities

Soon after hatching the young fry were carefully inspected and those
which were deformed or otherwise appeared abnormal were removed. The per-
centage of abnormal fry found in each water type is shown in Table VIII below
the egg mortality data. The 1:10 and 1:50 dilution levels were the only ones
in which abnormality percenteages were sigrificantly higher than in the
controls, the difference in the 1:50 group being questionable. Since the
number of sbnormal fry hatched in refrigerated area effluent water was practi
celly the same as in river water, there is good evidence that for the types ~—
recognized at this time, incressed percentages of abpormalities were the E&:
result of increased water temperstures rather than othor inherent effccts 9P
of the effluent water. A large part of the deformed fish occuring in the s
1:10 dilution exhibited distorted vertebral columns. <C

=]
(&)

Since none of the original eggs pleced in straight effluent water o

in the 1:3 dilution hatched, there obviously could be no abnormal fry in

these lots. In the new series groups which replaced these lots, however, th%é#

number of sbnormel fry was very low, which indicated that such deformities

were the result of adverse factors operating during the early developmental

stages of the eggs. The significantly higher percentage of abnormalities in

the river water control group over that of the new series groups. in Troughs

1, 2, 5 and 6 is probably the result of the extra handling received by the

control group. The eggs in the river water were under experimental conditions
t101198
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during their early development, while those ﬁéiching in the e¢ffluent and 1:3
groups were not handled experimentally until after reaching the "eyed" stage.

Fry

The daily records of the numbers of fry dying in each trough have
been condensed into weekly intervals and are given in appendix Teble 19
The mortalities in lots subjected to like water conditions were sufficiently
homogeneous to permit the pooling of the results imto groups, and Table IX
presents the combined mortalities together with their cummlative percentages.
The data of Table IX are shown graphically in Figure 9, where a log scale has
been used above the one per ccnt level in order to more clearly define the
curves in the lower percentage lovels.

Although the re-cstablished or new series egg lots in the straight
effluent water hatched quite successfully, the fry soon began to die in large
rmumbers. There was a brief pause in mortality rate between the third and
fourth week aftcr hatching; then there was a second wave of mortality, which
completely eliminated the lot by the ninth weeke In Troughs 3 and 4 where the
effluent water was refrigerated, the cooler temperature delayed development,
and mortalities greater than those in the controls did not appeer until be-
tween the third and fourth week after hatching; subsequently, the history of
this group was rmeh like that of the group in the unrefrigerated effluent
water, but extended over a greater period of time. Following the first surge
of mortality, which accounted for only about 3 per cent of the fry, there was
a pause in mortality rate for azbout three weeks. A second and much larger
wave of mortality then virtually wiped out the group.

The fry in the 1:3 dilution, which had also hatched from re-esta-
blished egg lots, began to die in appreciable mumbers at about the same time
2s those in the refrigerated effluent water. Here, however, there was no
pause in the curve, and a high rate of mortality was maintained until the
group was practically eliminated, '

In the 1:10 dilution the rate of mortality in the developing eggs
had been appreciably higher than in the woaker dilutions. This higher rate
was maintained during the fry stage and resulted in the death of about 20
per cent of these fish. Again therc was a brief period when the rate of
mortality slackened; the pause occurred in this group between the second and
fourth weeks,

The 1:50, 1:250, 1:500, and 1:1000 dilution levels did not signifi-
cantly increase the mortality during the fry stege. It is intéresting %o
note, however, that nearly all of these curves show a period of lower mort-
ality rete between the fourth and eighth week, that is, during the month of
January, 1945. Whether this is related to the deflections in the effluent,
refrigerated effluent, and 1:10 dilution is not clear., Indeed, the reason
for such deflections is not apparent. ©Une might conjecture that the fry
passed through a stage in which -they were more resistant to adverse condi-
tions or that different physiological factors in the fish were being cffected
at different times. The deflections occurred near, but somewhat preceded,
the period of coldest water temperatures. . '
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Fipgerlings

The distinction between the fry and fingerling stages is rather arbi-
trary, but is here characterized by an active feeding response by the fish in
most of the troughs. At this time it was also mecessery and convenient to
reduce the mumber of fish in each trough to spproximately five hundred. As
mentioned in a preceding action, new stocks were placed in Troughs 1, 2, 3, by
5 and 6 since practically all of the fry in these troughs had died,

The mortality data for the fingerlings wes handled in precisely the
seme manner as that for the fry. Appendix Table 20 shows the weekly mortal-
ities for the various troughs or lots. Again, the data within each water type
were sufficiently homogeneous to justify pooling the results into the group
means shown in Table X. The cumulative percenteges of Teble X have been
plotted in Figure 10, which also utilizes a log scale above the one per cent
mortality level,

Although the fingerlings in the effluent, refrigerated effluent, and
1:3 dilution had not previously been subjected to area effluent water, their
mortalities immedietely rose above that of the controls, and an extremely
high rate of death continued in these groups until nearly all of the fish were
dead. As hed occurred with the fry, the fingerlings held in unrefrigerated
effluent water were affected quickly, while in the refrigerated effluent and
1:3 dilution, the response was slower; the ultimate result, however, was much
the same,

The death rate in the 1:10 dilution exceeded that in the straight
effluent water during the first three wecks. This was because the fingerlings
in the 1310 dilutions were held over in Troughs 7 and 8 from the fry stages,
and a high mortality rate was already present in these fish at the time the
fingerlings deta were started. At the time the experiment was terminated, over
60 per cent of the fingerlings in the 1:10 dilution had died; although this is
about six times greater than that of the controls, it is of a lower order than
the mortalities which occurred in Lots 1S through 6S.

In dilutions of 1:50 or greater, the effluent water did not signifi-
cantly increase the mortality of the fingerling chinook salmon. Of the 6 to
10 per cent mortality suffered by the fingerlings in straight river water end
the lower dilution levels, the greater part occurred during the last six weeks
and was due to "gas bubble" disease.

Growth in Length and Weight

The growth in length and growth in weight followed identical tr nds,
and so will be considered together, As in the previous experiments, length
measurements were made every four weeks, and the fish were weighed in groups
every two weeks. The length measurements taken at each sampling date are
ere shown in appendix Tables 21 to 27, and the average weights in sppendix
Table 28, In general, the sizes of the fish in lots reared under like water
conditions are in good enough agreement to allow pooling of the data. Table
XI shows the average lengths of the salmon in each water type on each sanmpl-
ing date; underlined values are significantly lower than those of the control
group. Table XII shows the average weights after pooling similar data of
appendix Table 28,
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The nature of the weight data, which gave only average values with-
out indicating the variation in size between individuals in each lot, make it
impossible to test for significant differences between lots by ordinery
methods. Further, rates of growth could not easily be compared statistically
since they neither followed a straight line relationship nor curves of equa-
ticns of the first degree; however, the significance of size differences
between the various groups was adequately shown by the length data where each
group was compared to the control by the "t-test".

Figures 11 and 12 depict the growth of the fish in length and weight,
respectively. Size measurements were first made at the end of January, 1946,
before the fry had completely absorbed their yolk sac. The improper utili-
zation of the yolk by the fry in Lots 3, 4, 5r and ér, held in refrigerated
effluent and the 1:3 dilution, is evident in Figure 11. The lengths of these
fry ere significantly smaller than those of other lots, but because of their
relatively larger amount of unabsorbed yolk, their weights were only slightly
smaller. None of the fry in the unrefrigerated effluent water of Troughs 1
and 2 survived at this time, and those remaining in Lots 3, 4, 5r and 6ér soon
died without showing eppreciable growth.

- The fingerlings placed in Troughs 1 through 6 to replace the fry
which had died immediately showed significantly slower rates of growth than
those in the other troughs. The poorest growth occurred in the refrigerated
effluent water where both low temperature and adverse conditions operated
together. In the unrefrigerated effluent water, the fish grew only slightly
faster although temperatures were favorzble for rapid growth. At a similarly
favorable temperature, but with the effluent diluted with three parts of river
water, growth was somewhat better than in the undiluted effluent groups, but
still markedly slower than in the controls. In this group, which includes
Lots 5s and 6s, there is an apparent sharp increase in rate of growth during
the last two weeks of the experiment. This is not actually the case, however,
since only the largest and strongest individuals remained alive on July 3,
1946, to make up the final sample. Peculiarly, one fish in Trough 6 seemed
mcre resistant to the adverse conditions ard was azble to take advantage of
the more favorable weter temperature, thus reaching a larger size than any
other fish in the laboratory. (See Table 27)

In the 1:10 dilution, some of the fish were able to overcome much
of the adverse effect of the effluent water and make rapid growth in the
warmer water. UOther individuals were seriously affected at this dilution
level, grew scarcely at all, and were subject to disease. This resulted in
a wide range of sizes of fish in Troughs 7 and 8, which was evident even
during the late fry stage, and became greater as the experiment progressed.
Although the average size of these fish was eppreciably lower than that of
the controls during March, April, and May, the differences were only of
questionably significance statisticelly due to the great variation of sizes
within the group. An epperent increase in growth rate during the last six
wecks of the experiment in this group held in the 1:10 dilution mekes their
final size equal to, or a little larger than, that of the controls. Again
this apparent increcse is not real, but results from the deaths of smaller
fish with the survival of larger ones.

In dilutions of 1:50 or greater, the effluent water did not retard
the growth of the fingerling chinook salmon, Actually, on July, 3, the
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weight of the control fish was noticesbly less than that of fish in weak
dilutions of the effluent water, and effect which might be caused by slight
temperature differences in proportion to the amount of effluent added.

Discussion

The difficulties in controlling experiment conditions which were ex-
perienced in the steelhead trout and chinook fingerling pilot studies fortu-
nately did not enter this second series of chinook studies. Minor disease .
conditions attributable to a lowered resistance among the young fingerlings
in the 1:10 dilution level were soon controlled, but some losses were sus-
tzained in river water and in the weaker dilution levels late in the experi-
ment, due to "gas bubble" disease. In general, however, extraneous factors
did not greatly influence this experiment, and the results obtained can be
attributed to the controlled experimental conditions with reasonable certainty.,

No change in experimental design was thought necessary during these
studies; however, complete or near complecte mortality of some of the groups
necessitated restocking Troughs 1, 2, 5 and 6 with eyed eggs and Troughs 1,
2, 3, 4, 5 and 6 with fingerlings.

From thec sections above, it is evident that the younger develop-
mental stages of chinook salmon are somewhat more susceptible to the adverse
factors in the area effluent water than are the older fingerlings; neverthe-
less, in all stages studied, undiluted effluent water and the dilution of one
part effluent to three parts river water not only resulted in very poor growth
and development, but were soon lethal,

At a dilution of one part effluent to ten parts river water, morta-
lity was greatly increased in every stage. Therc were morc abnormalities,
and many of the surviving fish were undersized, weak, cmaciated, and sus-
ceptible to disease. Some individual fish, however, were cble to tolerate
this concentration znd make rapid growth.

When diluted with fifty or more parts of river water, the area
effluent did not appear to adversely affect either the growth or the mortal-
ity of the fry or fingerling chinook salmon.

Early developmental stages of the eggs were, however, more sensitive,

and a measurable increase in mortality was present in dilutions as low as one
part erea effluent water in five hundred parts of river water.
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; TABLE 1 A sample of the form used Juring the later experiments
e as & ruide in adjusting %ater Flows. . ~

Rl

146 BUILDING WATER FLOVS

Date 6-13-46

Checked by
Shift 8-4
Supervisor Foster
Time 10:30 - 1100 AM

Troug Area Effluent Water River Water

No, Should Flow Wins Flowing Adjusted to Should Flow| was Flowing| Adjusted to

1 1900 c¢¢/10 sec 1900 None

2 1300 " 1900 None

3 fis00 " 1900 ' None

4 1900 " 19500 None

] 2400 cc/30 sec 2350 2400 2400 cc/10 sec| 2150 2400

6 2490 c¢/30 sec 2400 2400 cc/10 sec| 2400

7 286 c¢c/10 sec 285 2350 " 3000 2850

8 286 c¢c/10 sec 285 2850 " 2800 2850

9 62 " 62 3100 " 3100 g -
10 62 " 63 62 3100 " 3100

11 75.5 cc/min 77 75 3150 " 3150

12 Jf7s.5 " 61 7S 3156 " 3150

13 28 " 38 3150 " 3150 .

14 38 " 38 3150 " 3150

15 19 " ] 3150 " 3200 3150
15 |19 " 19 3150 " o 3150

17 None 3150 " 3150
18 None 3150 "™ 3150
19 None 1900 " 1900
20 None 1800 " 1900

< .

EEERRVAR - 7% -
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T4BLE 6
- Length Frequenciez of Chinook Salmon Fingerlings
August 29 & 30, 1545
Iot X,
Length jﬂhﬂ
in .M} 1C{ 2C| 3C{ 4C| 5C| eC| 7C| 8C{ 9c| 10Q@ 11C | 12C} 13C| 14C| 15C | 16C | 17C  18C| 19C | 20C
60 1 b 1
65 12 1 1
70 1 1 2 1 2 3 1
76 1 1 1 1 1 1
80 1 2 2|2 2 1 6 1 1 3 1
85 4 1) 3] 3]1[4]51]2 2 2 3 1 3 2 1 2 3 2
90 7]4| 4| 5| 4} 2 1 318 7 2 7 1 6 3 6 2 5 4
95 9|1 915 9| 4|58 73817 10 1 10 5110 5 7 6111 5
100 111 9141151 81 61157 9| 7 {13 9 |14 8 7 8 8 9 9 6 |12
105 6| 812 |11 |13 | 8| 8 |14 (12 ] 6 8 |15 2 | 14 5 8 6 |14 [ 17 |13
110 9 [ 4| 1| 3|81 8|4} 4| 7|5 3 4 4 7 6 8 8 7 1 4
116 1 3(3| 21138 1 3 1.1 4 3 3
120 1 2 (1 1 2 1 1
12§ 1 1
Total 143 |41 [22 [44 |44 |38 |44 |42 [42 |46 42 43 41 43 40 43 44 43 44 42
1101218 - 78 -




Length Frequencies of Chinook Salmon Fingerlings
Sept. 24-25, 1945

Lot Nos.

:?nﬁfh 1c | z¢ ] sc| ac] sc| scl 7] ac] sc|10c|11c]12¢ | 13c] 14c] 15¢] 16c|a7c | 18c] 19¢] 20¢
i 60 1

65 1 1

70 , 1 1

75 1 1] 2 1

80 3|1 1 1 1|1

85 2] 3 ]2 ]3]1]5]2 1| 2 1

90 1 2| [1[1]s 1|1}z f1] 2 2 3|1

95 2 aslelel2)s|als|s|1]z2] 5|s5s]|s|1]1

100 E ;-: 212 35|6l4ls !5 |6]s |afjza|lejs|s|j2alzs]es

105 ol o slalw|sls|s 6|7 |af{s|s| sa{3s|6]1]10

- S

110 1 12|3)o]sls |1 |a|s |s|1e| af 3|7 10]12]s

115 1 7i7|5({6|5|s|s|z2lz2|s|lz2liz|{s]|7]¢6]s

120 3|2 3 1 | 2 s | 2| 28] s

125 1)1 U YR YRR

130 - {1 ' 1|1 1

Total 5 |2 |33 |26 {a0 |30 |32 |26 |31 |26 [30 |40 [18] 27 |40 |35 | 56 | 34

1107219 279 -
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