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The operation of the three Pile or 100 Areas requires the utilization
of an appreciable amount of the water 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 stage 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 and 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-
siderable concern was felt for the valuable runs of salmon and other fish
frequenting and spawning in the upper Columbia River.

In order to determine whether or not the more important species of
fish might be harmed by the presence of the effluent water from the Pile
Areas a laboratory was set up in the 100-F Area, This laborstory 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 eggs and young fish could he studied. 1In the following
pages a detailed description is given of the laboratory conditions and of the
first series of experiments which were undertaken.

MY A TP

Threc 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 comprechensive study on chinook salmon eggs, fry
and ringerlings. The test animals were held in wooden troughs similar to
those used in most fish hatcheries and were subjected to various mixtures of
the area effluent water and Columbia River water. Thec water mixtures or
conditions in which the fish were hald during the pilot experiment and the
first part of the steelhead tro experiment were as follows:

Straight area effluent weter partially cooled.

Straight area effluent water refrigerated.

One part refrigerated effluent water to 500 parts of river water.
One part effluent 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 effluent to 500 parts of river water.

One part effluent to 1000 parts of river water.

Straight river water,

-+ During the latter part of the steelhead trout experiment and during the
second chinook salmon 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 refrigeratecd effluent and 1:100 dilu-
tion. The experimental conditions werc run in duplicate except for the river
water control which was run in quadruplicate.

Anticipated difficulties in thc control of experimental conditions and
fish diseases materialized but were largely eliminated during the pilot test
and the early pert of the trout studies. Inasmuch as these early studies
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werc included chicfly as a test of equipment and conditions, their purpose
was accomplished and in addition some evidcnce of the effect of the various
concentrations of efflucnt water on the fingerling size salmonoids was
obtained.

The pilot study demonstrated that undiluted arca cffluent water,
whether only partially cooled or rcfrigerated to within the normal tempera-
ture range of sclmon, was not suitable for the survival of chinook salmon
fingerlings and was occasionally quickly lethal. Any possible effecets which
dilutionsg of the effluent water might have had were obscurcd by dlsease and
mechanical difficulties.

The steelhead trout experiment showed much thc same result. Extremely
heevy mortalities occurred in the undiluted effluent water and, on occasion,
in 2 dilution of one part effluent to threcc parts river water. The presence
of some factor to which the trout were very scensitive, (probebly "Calol"),
killed many of the fish in the undiluted effluent water on iugust 31, 1945
and many more in thc undiluted effluent and 1:3 dilution on October 11 and
16, 1945. The growth of the trout in both refrigerated and unrefrigerated
effluent weter waos markedly rctarded and growth in the 1:3 dilution was
slowed for a short period following the adverse condition of October 11 and
16, Therc was no other evidence of increased mortality or retarded growth
among the trout held in dilutions of the arca effluent water. The growth of
the trout was actually-faster in the 1:3, 1:10, 1:50, 1:250 and possibly the
1:500 dilutions than in straight river weter. This increased growth rate
was probably the result of slightly higher water temperatures in the higher
concentrations of the arca effluent wster,

The second chinook salmon experiment furnished a morc sensitive test.
Newly fertilized eggs were particularly susceptible to the precsence of area
effluent weter and its accompanying higher temperat 38 and those held in
the unrefrigercted efflucnt water and in the 1:3 dilution failed to develop.
A large proportion of the eggs held in the 1:10 dilution did not hatch and
egg mortalities significantly higher than those in the control lots could be
demonstrated statistically in dilutions as high as one port effluent to five
hundred parts of river water.

Growth and development during the fry and fingerling stages were greatly
retarded in undiluted arca cffluent water and in the 1:3 dilution ar = 1rther
practically all of the fish held in these water conditions died. In the 1310
dilution the rate of mortality emong the fry and fingerling salmon was greatly
inereased, more deformed fish were present, and many of the surviving fish
were emaciated, subnormal in size and susceptible to disecase. However, some
individuals were able to tolerate this concentration and made rapid growth,

In dilutions of 1:50 or more the arca effluent weater did not appear to
versely effect cither the growth or the mortality of the fry or fingerling
chinook szlmon,

EXPERIMENTAL DESIGN

General Progran

A confercnee was held on the campus of the University of Celifornia,
Berkely, California on June 9, 1945 at which the basic plan for studies to be
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conducted at the Fish Laboratory was discussed and formulated.( ) _Attending
this meeting were Col. S. L. Warren, Lt. Col. H. L. Friedell, Maj. A+ A,
White.nnd 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 determine 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 as
nearly ag possible with the cxpected sequence of events as they would effect
the natural runs of fish in the river,

One scries of experimonts was to include the rearing of chinook salmon
fingerlings, eggs, fry and advanced fry under the various water conditions
available at the laboratory. Studies were to be made 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 animals so that in addition to the data gathered on the salmon 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 leboratory facilities could accomodatc twenty lots of fish. Howe
ever, each dilution or water condition was to bec run in duplicate, 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
times The dilutions to be used in the laboratory were arranged so that con-
ditions both above and below thosc cxpected to cxist in the river could be
ev 1ated, After complcte mixing in the Columbia a maximum effluent to
river water ratio of 1:100 might bec possible during the low river stage in
November, December and Janucry. An average ratio of 1:500 was expected,
Since the salmon and trout normally would react unfavorably to the warm
temperature of thce offluent water, regardless of other physical and chemical
characteristics, cxperimental conditions were to be included which would
utili: cooled fluent water.,

The proposed combination of dilutions was as follows:

LOtS l & 2 s o o 6 o o o @ lOO% effluent water.
Iots 3 &4 o o« « o o o o« o 100% effluent water, refrigerated.
Lots 6 o o o o s o s o 1 part refrigerated effluent water to

500 parts river water,

1l part effluent to 50 parts river watere.
1 part effluent to 100 parts river water.
1 part effluent to 250 parts river water.
1 part effluont to 500 parts river water.
1 part effluent to 1000 parts river water,
100% river water,

5 &
Lots 7 & .
Lots 9 & 10 .
Lots 11 & 12 .
Lots 13 & 14 . .
ILots 15 & 16 . .
Lots 17, 18, 19 & 20

* [ ) * L ) -
L] - L] L] L 4 L]
L L ) L4 - L] L
L ) * ) L] L] L )

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

A pilot experiment of about six week's duration was to run from July 10
to sugust 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 to
be used in subsequent experiments.

Following the pilot experiment a period of readjustment was to extend
into September. During this period equipment was to be repaired, dilutions
regrouped, and adjustments made to prepare the laboratory for the subsequent
cxperiments.

The adult chinook salmon that migrate up the Columbia River during the
spring and surmer 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 stages of development of the progeny of such adults.
As soon as the temperature of the Columbia had fallen to 13°- 14°C, that is
when the water was cool enough to permit a normal development of eggs, ferti-
lized chinook salmon cggs werc to be brought to the laboratory and incubated
under the various watcr conditions specified. Appropriate studies were to
be made on the developing cggs and on the young fish or fry which hatched
from the eggs. Following the cgg and yolk sac fry experiments, the problen
was to be continued using the young salmon which reached the feedi stage.,
A redistribution of the test animals using either a fresh stock or by divid-
ing the "excess" control fish might prove opportune at this time,

The surviving stcclhcad trout used in the preliminary experiment during
the surmer were to be held in the various concentrations of area effluent
water until late in December, 1945 or until such time as their size made it
inpractical to hold them in the laboratory troughs. They would then be
returned to the holding ponds at the University where they could be reared
to maturity.

EC"PMENT ARRANGEMENT (1)
Gener-"

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 betwsen 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, a household refrigeration unit and an electric meat chopper for the

(1) The arrangement described here is, in many cases, somewhat different -
than that originelly provided since changes were found necessary in
order to maintain satisfactory operating conditions. The reader is
referred to an earlier document, "Fish Leboratory Experience to
December 25, 1945" for a description of the original arrangement and
nodifications that were found necessary.
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storage and preparation of fish food. Technical equipment includes micro=-

scopes, balance-type scales, an adding machine, a calculating machine and a
limited emount of chemical glass ware., Portions of the bullding are parti-
tioned off to provide office space and house toilet facilities,

River Water Supply

River water is supplied to the Laboratory via a six inch main origina-
ting fronm the erlergency water supply line to the main LArea Reservoir (Bldg.
182) . Pressure from the River Pump Housec (Bldg. 181) elevates the water into
a 250 gallon head tank before it enters the Laboratory. The head tank is
equipped with a float valve and overflow to maintain a constent head (10 ft.
Ho0). The elevation of this tank 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 tank may be by-passed to allow
water fron the reservoir to flow by gravity direetly to the Laboratorye.

A 16-nesh "top hat" strainer in the head tank prevents solids in the
river water from entering the Leboratory and clogging control valves. The
leboratory is supplied with the river water from the head tank vie a 4einch
header and Troughs 5 to 20 inclusive, are fed by one-inch downcomers from
this header. The flow to each trough is controlled by 3/8 inch gate valves.

Area Effluent Vater Supply

Warn pile effluent from the Retention Basin (Bldg. 107) is combined with
all other area effluents at the m: "1 sewer junction (Bldg. ~704). This mixed
area effluent water is d¢ .vered to the Fish laboratory via two centrifugal
punps, each powered by 7.5 H. Po. induction motors. These pumps develop a
pressure of approximatcly 80 psi egainst a closed discharge. 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-nesh
strainer was installed in the p ) discharge header at the Pump House to
prevent the passage of coarse solids to the head tanks of the Fish Laboratory.
In May, 1946 this was supplemented by a sand trap.

A portion of the area effluent water delivered to the Fish Laboratory
is directcd 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 maintain a constant hcad (7 ft. H20). For the pilot tests, a
1 % inch header from this tank was reduced to # inch diameter to feed Troughs
7 to 16 inclusive. A 4 inch downeomer with needle valve supplied each trough,
However, satisfactory flows could not be maintained with this system. For
leter experiments a 12 # gallon head tank was installed insic the laboratory
and supplied by the # inch header mentioned above, This small tank maine
tained a constant head of approximately 2 feet. A 4 inch header fabricated
from glass tubing syphoned areca effluent water from this tank to Troughs 9
to 16 inclusive, A glass capillary tube of a diemcter yielding approximately

. the desircd flow was connected by rubber hose to the end of each ¢ inch down-

comer tube fronm the hcader. Fine flow control wes obtained by raising or
lowering the cepillary. The 4 inch downconers to Troughs 7 and 8 were ¢ 30
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 efflue. water (25° to 30°)
generally exceeds this limit some cooling was necessary before delivering it
to Troughs 1 and 2. &4 second portion of the effluent water from the Pump
House is directed into a series of cooling coils laid in a ditch in the floor
of the laboratory. 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 40 to  69C of that of the river water. This par-
tially cooled water is then directed into two commode~type reservoirs, come
plete with float valves which reduce the pregsure and maintain a constant
head of about 4 feet. These tanks are arranged to operate in parallel and
each comnunicates with a common header supplying Troughs 1 and 2, The flow
to each trough is regulated by a # inch gate valve.

4 third portion of the area effluent water from the Pump House is dir-
ected into another series of cooling coils ncarly identical with those des-
cribed above. In this incidence they are called pre-cooling coils since
final cooling of the water is aceomplished in two freon refrigeration units
of the evaporator-type, cach with a capacity of approximately two tons.
These refrigeration units are operated in parallel and the temperature of
the water is controlled by a thermostatic switch which cuts the units in or
out es required. The refrigerated effluent water is finally delivered to an
insulated 25 gallon head tank located on the same platform with the two large
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. Ho0). From this head tank refrigerated water is supplied to
Troughs 3 and 4 via 1% inch insulated line. The flow to each trough is regu-
lzted by 3/8 inch gate valves.

During the pilot 1 its a small amount of refrigerated effluent water
was also supplied to Troughs 5 and 6 via a 4 inch header extension of the
line supplying Troughs 3 and 4. Glass cepillary tubes connected to down-
comers from the + inch header via rubber hose controlled the flow,

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

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

Two 4-point Leeds and Northrup temperature instruments record the
water temperature in eight of the twenty troughs. These instruments are
equipped with alarm trips which warn of abnormally high temperatures. 4
counting rate meter reeords the activity of the area effluent water in
Trough 2,

Plate I shows the arrangement 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 oppositosto
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that depicted in P1i : I, some of thc instrw.cuvation is evident and the office
is situated beyond the partition. Plate III shows the food storoge and pre-
paration area and equiprment. - ,

*ETHODS

Opcratinge Personnel

The writer, designated a senior supervisor in the "P" Department was
responsible for the Fish Laboratory and the experimentzal work. He was assisted
by Mr. A. C. Schroder, an "A' operator regularly agsigned to the day shift,

The laboratory was operated during the 4-12 and 128 shifts, and during relief
peria>ds by an operator assigned for this purpose to each of the four shift
crews working in the "P" Department portion of the 100-F irea,

~-~re_»of Test iAnimals

Care of the eges and y»ung fish followed standard hatchery practices.
Every attempt was mace to subject all >f the test groups to the same amount of
handling, care and treatment.

A large portion of the diet of the fish consisted of conderned beef liver
obtained fresh from a slaughter housc in Kennewick, Washington, approximately
every two weeks. This liver was usually mixed with a prepared meal containing
diatary supplements, and with frozeon salmon carcass, or condenned canned
salron, A MNixture was made up fresh two to three times a weeck and the fish
were fed all that they would consume without waste. Frequency of feeding
ranged from about six feedings daily for advanced fry to two feedings daily
for large fingerlings.

Fronm time to time it was necessary to treat the fish to contrc™ disease
or as a prophylaxis. Cccasionally a conmercial germacide, "Roceol®, was used
at a dilutinn of 1/50000 for a period of one hour. During such treatments
the water in each-trough was re-circulated by centrifugal pump for a few
ninutes to insure sufficient acration of the water and to accomplish complete
nixing of the chemical. Common salt was administered weekly during warnm
weather at a strength of three per ecent for a period of one-half hour. On a
few oce:r ms necessary to add 0.2 per cent of the drug "Carbarsone"
to the diet. The necessity for the use of these chemicals will be described
in following sections.

Control of Water Flows

An sttempt was made to maintain the flow of water through most of the
troughs at a 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 recduced to three gallon per minute so that any difference
in the condition of the fish attributable to a flow of three rather than 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 practi-
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. A4 typicel record sheet for the chin-
ook salmon experiment is shown in Appendix Table 1.

The gate valves or glass capillary tube tips deseribed under
"EQUIPITIT" maintained the degired rates of flow with the following success:

The 3/8 inch gate valves on the river water supplies meintained a
flow within five per cent of the desired level about 97 per cent of the time.,
The glass capillary tube orifices on the effluent water supply meintained 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
and 4 maintained flows within five per cent of the desired level about 94 per
cent of the time,

Collectio~ ~€ Data

A 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. Observations 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 temperatures in eight of the troughs a daily
record was made of the temperature in each pair of troughs.

In order to obtein 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 were placed in a pan of water previously
counter-balanced on a scales., The increased weight of the pan of water repre-
sented the weight of the fish. At the termination of steelhead trout studies,
the fish were weighed individually using a similar technique.

T £ i of unifo s R 3 ¢~ nts,
and could be held for measurement by guiding them into a ) » of 18 tub-
ing via a funnel., Their length was fixed on a pair of dividers which were
then applied to a millimeter rule in order to obtain the reeding. Larger
fish were held for measurement by covering them with a wet shi  piece of
cotton cloth which held them against a board. 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 rays.

During the incubation of fish eggs the time of removal of mortal-
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 each egg died it was first necessary to '"eclear" it or render it trans-
parent. This was done by placing it in a solution of common salt which
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RAT™" OF UENT _TO_RIVER WATER RATE OF FLOW

1¢&2 100% effluent water, partially cooled

(3° to 5°C sbove river water temperature) 3 g.pome
3&4 , 100% effluent, refrigerated to about 13°C. 2 g.p.m.
5& 6 13500 effluent refrigerated ‘ 5 gepema
7 & 8 1:50 : 5 gepems
9 & 10 1:100 5 gepeme
11 & 12 1:250 5 gepeme
13 &1 1¢500 5 ge.pele
15 & 16 111000 5 g.pela
17, 18, 19 & 20 100% river water 5 gipene

Trout were first placed in Troughs 3 and 4 on August lst and 2nd,
respectively. Since the refrigeration units were not then operating, the area
effluent water entering these troughs was only partially cooleds I ing the
later part of August, the refrigeration units were operated most of the time
but frequently had to bes shutdown for repair or adjustment and thus the fish
in Troughs 3 and 4 werc subjected to refrigerated effluent, partially cooled
effluent and, at times, str " tht river water. Obviously, data collected
during this early period were not very reliable but in genci - mortalities
among the trout in Troughs 3 and 4 were very similar to those in thc other
troughs,

The results obtained during the first month were further complic: 3d
by disease conditions among the fish. The trout were subjected to the same
parasites:as the salmon but seemed more resistant to them crnd made a better
recovery. Repeated baths of three per cent salt soon rid the trout of
Cyelocheta, a parasitic protozoan. A serion infection of B, columnaris
ceused the death of mamy fish but was finally brought under control by re-
peated treatments 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 also been largely eliminated. An opportunity was thus afforded for
starting anew with the expectation that subsequent data would be reasonably
accurate and useble., 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
1 rer water was placed in Trough 3. The other group which had been held in
regerve in river water was moved into Trough 1. These changes w : made in
order that comparable groups of fish would be present in Troughs 1 and 3,
and 2 i 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' )ughs 1 and 2 also had thelr effect upon the trout.
During the afternoon, 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, (All of the
salmon in troughs 1 and 2 were dead by 3:00 A. M,) On the morning of

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

"“ttle effect upon their later tolerance to the area effluent waterj
that is, Lots 1 and 2 behaved elike and 3 and 4 behaved alike,
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(1)
du Pont Company. The following changes were agreed upons

(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 ~ 500 dilution using

refrigerated effluent water was duplicated with a 13500 dilu~
tion using unrefrigerated effluent water. Since the actual
temporature difference of the resultent mixtures was not apprec-
iable, little experimental evidence would be lost by the elim=
ination of this water condition.

(B) Substitution of a dilution of 1310, 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 1lth,
it was convenient to make the above changes in the experimental design. At
the same time the rate of flow to Troughs 3 and 4 was increased from two to
three gallons per mte. 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 1lst, from 13°C to 17.5°C in order to make 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 rest :ts due to the lower rate of flow in
Troughs 1, 2, 3 and 4 (3 gpn 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 minute,

These changes resulted in the following new water conditions in the
various troughss

TROUGH NO. RATIO OF EFFLUENT TO RIVER WATER RATE OF FLOW
l1&2 100% effluent, partially cooled 3 gepeme
3 & 100¢ effluent, refr! 'rated to river

water temperature 3 gep-»
5&6 1:3 5 ZePelle
7&8 1:10 5 EePelle
9 & 10 1:50 5 EePelle
11 & 12 13250 5 BePelle
13 & 14 1:500 5 gepems
15 & 16 1:1000 5 gepelie
17 & 18 1004 river water 5 Zepelle
19 & 20 100% river water 3 gepelle

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

‘\_) "proposed Changes in Dilutions of Area Effluent Water at 146 Bldg.",

R. F. Foster to C. 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®
was added to the lot numbers 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, immediately following the
start of the second and final phase of this experiment whers the new water
conditions were in effect, adverse factors were again present in the area

flue: v q . 7" 2 death of 7 fish -
and 6., The action ~f the distressed fish was like that shown by the fish
affected on August . Lst, and September 1lst, referred to above. The fish in
in Troughs 1 through é continued to show considerable distress on October
12th end by 4300 P. M. of that day the following mortalities had occurreds

Lot 1A
Lot 24
Lot 3
Lot 4
Lot 54
1ot 64

45 per cent
100 per cent
90 per cent
94 per cent
36 per cent
38 per cent

Troughs 1, 2, 3, 4, 5

Exemination of several of the dying fish revealed no obviously abnormal con-
dition except that the cnlor of the gills of these fish was a little lighter
and brighter than that of the control fish which were not effected. Samples
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 uwp to that of the river water. Ncvertheless,
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 umisually adverse condition

of the effluent water.

+. the lots 1" ° :h were effected some mcrtality continued and the

fish refused food for sewveral 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

1serve group which had been held in

straight river water. The new stock in Trough 3 was designated Lot 3A4.

Similarly adverse conditions were again anticipated on October
16th, since pile metel displacenent was ogain being made. A careful watch
was kept of the fish and samples of the effluent water were collected at

frequent intervals cduring the day.

In the late afternoon-the fish in

Troughs 1 through 6 appeared to have sore gills as evidenced by extended
opercule, and breathing was more rapid than normal. :
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.
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This may have been due
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TROUGH NO. WATER TYPE RATE OF FLOW

l1&2 100% area effluent water, partially cooled
(4° to 5°C. warmer than river water) 3 g.pele

3 &4 100% area effluent water, refrigerated to
river water temperature 3 g.pem,
5&6 133 effluent to river water 5 gepela
7&8 1:10 5 geDPelle
9 & 10 1:50 5 gePele
11 & 12 1:250 5 g ePoellle
13 & 14 1:500 5 gepelle
15 & 16 1:1000 5 gepele
17 & 18 100% river water 5 gepoelle
19 & 20 100% river water 3 g.peis

On October 26 the dead eggs were again removed from all of the
trays, and these nortalities were the first recorded as occurring under the
experinental conditions. During the next three weecks 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 removal of dead cggs from Troughs 1, 2, 5 and 6 was necessary, how=-
ever, since extrenmely heavy mortalities persisted in these lots and had the
dead cggs been left in the trays, entire groups would have been spoiled.
Silt from the river water and ferric sulphate sludge from the effluent wate
accumulated on the eggs and occasiona. r had to be siphoned off to prevent
the eggs from smothering,

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

In order to further test the effect of the water conditions in
Troughs 1, 2, 5 and 6 on developing eggs, a seccond batch was brought to the
laboratory from the Soos Creek Hatchery. Thesc replacenment eggs were fron
the same stock of chinook salmon as those used originally and had developed
1 1 Yeyed" si cory : .e with that of the eggs in straight Columbia
River water. New iot numbers were assigned to y Lk went 785 e
number agaln corresponded to that of the trough, but suffixes "C" aud "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 thc warmest water, that is, Troughs 1,
2, 5, 6, 7 and 8 were the first to hatch. Those incubated in river and
refrigerated effluent water were the last to hatch,

The Fry
Vhen first hatched, the young salmon or "fry" are nourished by a
yolk sac which is incorporated into the ventrsl 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 yc¢ g fish are ready to start feeding.

In cach trough the fry which hatched from the upper tray (4) and
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TABLE XI

P

LENGTHS (F CHINOCK SALMON PINGERLINGS (SERIES 2) REARED
IN VARIC  CONCENTRATIONS (O AREA EFFLUENT WATIR
Refrigerated | Refrigerated r :
Type of Water | Effluent| Effluent Effluent 1:3 133 1:10] 1350 | 1:250 | 1:500 | 111000 | River Water
Lot Nos. 1S & 28 3 &4 35 & 45 5 & 6| 5&65[7&8[9¢&10{11 &£12]13 &14]15 & 16] 17,18,19,20
Jan, 30- o3 "0 34.6| 33.9 33.5 33.6 33.4 33.5
Feb. 26 37 316 369 3.6 | 7.0 ERERESEEEEE
March 27 39.0 37.7 39.9  39,C' 41.2 40,6 | " 40.7 La. 40.3
trril 25 41.0 39.2 418 43.7] 45.5 442 44,7 454 44 .8
bay 22 42.3 4044 45.7 49,31 533 | 53.0 | 524 5344 5344
June 19 454 43.5 50.4 62, 657 | 63.6 648 [ 65.6 63.9
July 3 49.0 45.9 61.3 L 70.6 70,7 72.3 70,7 7R.5 70,1
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