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ABSTRACT

Field invéstigations to evaluate the effects of heated reactor

discharges on juvenile salmonids passing seaward through the central

' Columbia River at Hanford were conducted from March to September, 1968

and 1969. Test fish held in iiveboxes wére drifted through the diéchargé
areas while the encountered thermal dosel(i,e. témperature increase and
exposure duration) was monitored. Some mortalities resulted in shore-
line drifts through areas receiving heated water via intragravel seepage
from effluent retention basins. Mortalities during drifts through the
main discharge plumes in midriver were insignificantAexcept under'late
summer conditions. The contrasting effects befween the two sites were
due primarily to differences in effluent mixing patterns. Environmenta;

features regulating thermal effects, which varied over the migration

' season, were prevailing river temperatures (L4-20° 'C) and discharges

(hd,OOO - 200,000 ft3/sec). Four seasonal‘combinations occurred in
seQueﬁce with increasing potential for therma1.damage: low temperature
and low discharge (earl& spring, ldetemperature - high discharge (iate
spriﬁg); high temperature - high discharge (eariy‘summer), and higﬂ
temﬁerature —Alow discharge (late éummer). Juvenile saimonids pfoduced
in the Hanford area migrate seaward from April to juiy when‘low river
temperatures and(or) high discharges are favorable, but delayed migrants
origiﬁating above Hanford encounter lgss-favorable éonditions in ngy

and’ August.



" ECOLOGICAL EVALUATION: MIGRATION OF JUVENILE SAIMON IN°
- RELATION TO HEATED EFFLUENTS IN THE CENTRAL COLUMBIA RIVER

INTRODUCTION

Plutonium production reéctérs on thé Atomic Enérgy éommission's
Hanford Reservation abo&é.Richland; Washington ﬁse Coiumbia Rivér water
as a coolant. The divértéd watér; whén rétﬁrnéd to thé rivér,'has been
heated to the extent that pfolongéd exposuré to the unmodified effluént.
would be lethal to most species of freshwatér fish. Howévér, tﬁe central
Columbia wifh its large flow volumes and cold currents has the physical
capadity to absord relativeiy vast amounts of heat. As a result river
temperatures at Pfeist Rapids Dam, above Hanford, and at Richland, below.
Hanford, normally differs By 1¢ss than’2-3 degreés. The areas of greatest
. hazard to juvenile salmon are in the immediate vicinity of the effiuent
diséharges where.initial mixing occurs and temperatures aré_highest.

Heafed‘effiuents at Hanférd issue primarily from submerged outfails
" located near midriver. Some areas”along.the south bank of the river where
the reaétors are located also receivebheated water via intragravel seepage
from shoreline retention Basiﬁs and from £est disposal of effluent into the“
grpund; Temperatures at the dischargé boints_rise sharply befofe fhe
effluents'become dispersed in the receiving river water. These éreaé are
poténtially lethal to young éalmoh by exposing a portion of the migrating
fish to "thermal shock' as they pass seaward throﬁgh the centrél Columbia
eaéh spring and summer. Resulting mortglities could occur in thfee ways,
aepending on the extent of thermal expoéure and the thefmal resistance of
the species.involved, namely: i) immediate, direct 1§sses§ 2) delayed,
- latent losses; and 3) indirect losses through predation,.disease, and

" lowered resistance to environmenlal stress. Under fiéld conditions during:
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fhis Qtudy,'only-immediate and~d¢léyed mqrtalities could bé sfaisfadtoriiy-
determined. | | | |
This feporﬁ presents observétions and data obtained during livebox
.drifts_of caged juvenile_salmonids fhroughieffluént discharges at Hanford
in 1968'and 1969. The objectives were to: 1) detérmine if, under
simulated natural conditions, passage through areas of thgrmal discharge
killed young salmonids and 2) examine the physical paramefers, i.e.
Atemperature levels and expos#re durations, that were encountéréd in situ
by the fish. The information'presented herein has beeﬁ'assembled'in
detail in internai reports of limited distribution (Becker and Coutant,
- 1969; Becker, Coutant and Prentice, 1971), and are but éne portion df

an integrated program of laboratory and field studies to evaluate the

biological consequences of the Hanford operations.
MATERIALS AND METHODS

General procedures involveﬁ the placement of juvenile salmonidé
in liveboxeé and drifting tgst groups thréugh éffiuent mixing zoneé;
control groupé were treated similarly but drifted in paths avoiding
thermal exposure. The experimental fish consisted primarily of egé—sac

fry and O-age chinook salmon Oncohrhynchus tshagxtscha), but included

some yearling coho salmon (0. kisutch) and yearling rainbow trout or

steelhead (Salmo gairdneri) when available. The methods described herein

are based primarily on the refined 1969 field operatiohs. The drift sites
and reactor discharge locations are shown, in Figure 1.
The drift procedures can be summarized as follows: 1) Fish were

retained in floating acclimation pens downstream from the heated



discharges for seve?al déys to permit predrift'agclimation to river
éonditions; 2).Groups of test fish, usually consisting of 20-25
individuals, were placed in 1iveboxeé attached to .each side of a drift
boat; 3) Groups of control fish were proportioned similarly in a second |
drift boat; L) The drifté were conducted by guiding test fish through}
.effluent mixing zones and control fish through qnmodified areas at river
flow fates; 5) Any immediate mortalities at the end of the drifts were
noted; 6) Test and control fish were held six days posﬁdrift in floating
pens situated downstreaﬁ and inshore of thg mixing zones, and examined
daily for delayed mortalities; 7) Survivors were released.

A livebéx consisted of a tubular metal frame about 46 cm2 covered
by a rubberized mesh with 1/2-inch diamond perforations. Small fry were
placed in containers constructed of plastic window screen within eaéh
lifebox, since théy could pass through the rubberized mesh, while large'
fingerlinés werebpermitted to ﬁové freely.$ Fish were drifted either
near the surface or at a 3 meter depth. The depth of subsurface drifts
ﬁas conlrolled by installing a 20_ft.~pipe, which could be shifted from
a horizontal to a vertical position, to the side of each drift boat and
the livébox was raised or lowered by a puliy and rope apparatus. The
.sensitive probe of a thermal recorder was inserted.in.each lieroi. The
.probe (No. 49, Yellow Springs Instfument Company) had a time constant of
1.7 seconds, i.e. the time required to register 63 percent of a sudden
temperature change. Tempefatures were read directly on multirange Tele-
Thermometers (Model L46 TU, YSI), and permanent records of temperature

fluctuations were made on strip chart recorders..
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Drifts commenced above the heated effluent discharges and terminated

below the "thermal pulses", which iﬁdicated flﬁctuatihg'temperatures of ~
the priﬁary mixing zones as well as exposure of fish‘to mixiné discharges.
" Drifts were conducted at rates equivalent to surface‘flow through areas
represeﬁting maximum mixiﬁg tempefatures, determined visually. The foci

of discharge plumes in midchannel appeared as intermittantlboils breaking
the river surféce, while seepages were.evident as areas of trickling water
and rising vapors élong the shore. 1In order‘to gncounter fhe mosﬁ strigent
conditions, most drifts were conducted during early ﬁorning hcurs to
correspond with minimum daily river discharges as regulated abqve Hanford |

" at Priest Rapids Dam, a hydroelectric project.’
BIOLOGICAL AND ENVIRONMENTAL, CONSIDERATIONS

Field studies to evaluate thermal effects on transitory fish '
populations such as the young of anadromoﬁs salmon must consider
biological‘and environmentél features. To do. otherwise would present
data in .an erfoﬁeous light, mask its full ecologlual impliqation, and
nullify much otherwise &aluable information. Two qualitative cénsideraé
tions were of paramount iﬁportance in this study. Firsf, the precise
timing of the annual seaward migration of young salmonids in:the
central quumbia and, second, the tfansition of river temperatures and
discharge volumes during thé migration'season.

Seaward Migration Timing

The timing of the annual seaward migration of young chinook salmon
in relation to possibie effects of thermal discharges (Becker, 1970)
is essentially as follows. In earlier years before full implementation

, ‘ ) ‘
of the upriver reservoir complex, juvenile chinook passed through the



;HanfordAareé during_the spring and early summer. In 1955, fdr example, .
the migration showed two peaks, the firsﬁ (mostly fry) oégurring in
Mérch and April and the second (mostly finéerlings) in Juné and July
(Mains and Smith, 196L4). Howéver,‘fish originating above Priést Rapids
Dam at' the present time fass through Hanford at a later date, primaril& _
in July and August (Park, 1969). ,Constrﬁction of hydroelectric dams
and filling\of resérvoiré‘during the past decade is assumed to be
_ resbonsible for the delay since fish migration rates afe reduced in the
relatively sléck water ﬁabitét of impoundments (Raymond, 1968, 1969).
Data obtained when seining jﬁvenile chinook for food studies (Becker,
1971) indicate that those fish prdduced.in the Hanford section retain
fheir historical migration p;ttern and that most have passed downriver
into the McNary Dam impoundment (below Hanford) by mid-July; since the
Hanfofd section (93 km long) remains free-flowing, there is no basis
toAbelieve'that this normal timing has been altered.

" Juvenile chinook now leaving the centfal Columbia, therefore, can
be separated into two components on the basis of migfation pattern .
(Figufe.2). Those produced.in the Hanford environs retain their
‘ historicél timing whereas those originafing above Hanford in tributaries,
hatcheries and spawning channels may Be impeded up to two months. 'The
delayed migrants encounter late seaéon environmental conditions in July
and August (i.e. warm temperatures and loy flows), which léréely were
avoided in earlier years.

Temperature and Discharge Volumes

The annual cycles of temperature and discharge in the central Columbia
remain essentially similar from year to year, with temperatures rising

. during the spring and river flows increasing then decreasing during the



‘annual épéﬁe. However, weekly and daily variations iﬁ dischafge volumes
now occur from fegulatory releases at ubriver‘dams.' In 1969, the spring
rise in river teﬁpefatures followed the usual pattern (Figure 2).

' Temperatures were well below breferred levels for juvenile salmén in'
'March ahd April when young chinook emerged from the gravel of the rivef
bed, entered the preferred range of 12-14° ¢ (Brett, 1952) where thermal
conditions are presumably near optimum in late Msy and éarly June, and
extended into the.upper-zone of thermal tolerance in Jﬁly and August.

In 1968 and 1969, mean weekl& water temperatures peaked in iate July,
August'and early September with maximum daily témperatures briefly
reaéhing 19.1 and 19.7° C in the'two years, respectively, at Priest
Rapids and 19.7 and 20.6° C at Richland.

An upper incipient lethal level of 25.1° C has been establishea
forlyoung‘chinook and coho salmon in the laboratory (Brett, 1952), but
this level is being redefined for Columbia River fish. However,
temperatures exceeding 20° C may well be considered suboptimum for
sustained survival of juvenile salmonids in the'river ecosysteﬁ. It
was later proposed (Brett, 1960) that the upper limit of required temp-
eraturcs for any species‘of fish should not exceed.that.which would
curtail activity below 3/k of optimum, aﬁd a "freedom" of 3° C (5:5° F)
below the ultimate lethal\level was recommended. Temperatures in the
central Columbia rarely exceed 22° C and have never been recorded near
the.25° C lethal level.

Rivér discharges in 1969 (Figure 2) began tc increase about 6 weeks
earlier than in 1968, because of construction releases from Lake Roosevelt

behind Grand Coulee Dam far above Hanford, and high flows were sustained



T
Afor a ionger period. Discharges decreased rapidly in Jﬁly, és usual, and
low flowé prevéiled'in August and early'Septémber. Since the data
illustrated in Figufe 2 are based on weékly meahs, they fail to reveal
either weekly or daily fluctﬁations that ocgﬁr from flow regulation at
Priest.Rapids Dam immediately above Hanford. Fléws are usually reducéd
on weekends aﬁd increased during the week to satisfy consuﬁptive demands
for hydroelectric power. For similar reasons, flows are decreased at
night and increased during the dey. Weekend variétioné occasionally
~result in chénging the ievei of the fiver flowing through ﬁhe Hanford
sectién up to 5 ft in a 12 hf period.

'Mean daily discharges at Priest'Rapids Dam ffom March through
April, 1969 are illustrated in Figure 3. Day to day fluctuafions were
less‘pronounced in April, May ana early June because increasgd runoff
fr§m snow melt (combined with Grahd Coulee releases) provided a‘seasonél
surplus of riverAwater. In Mérch and later in August, however, the
aﬁéilable water was conserved in the Priest Rapids reservoir and wéekend
decreases in discharges were hore:éxtreme.

The importance of rivér discharges during the migration of young
salmonidé through Hanford is that they influgnce-the extent of péSéible '
thermal exposure in mixing zones. For relatively constant effluént
volumes, high flows dilute and disperse the heated effluent more
efficiently than low flows. Moreover, with high aischarge volumes
the'migrating population spreads dver aAwider horizontal area and the
proportion of fish that may involuntarily'enter the mixiﬁg.zones is

presumably redﬁced.



DRIFT RESULTS

Summary of Data

The drifts were conducted during two crucial periods for evaluating
thermal effe@ts: the early spring;lwhén rivér témfératures were low
and fish were small (35-50 mm long), and thé'summér, when river temperatures
were high and the fish were large.(70-95'mm long). Theée'periods (Figure 3)
'werétcharécterized by low fiows and were séparaﬁed by the annual spring
spate (discharges >200,000 cf/sec) when nitrogen sﬁpérsaturatioh'in the
river inserted a streés factor that tended fo bias thermal effect studies.
Accumulated data on the thermal experience Qf drifted fish, drift
locatipns, temperature and exposure durations, and resulting fish
survival or mortality rates form an expansive array of tables and figures
that are provided in detail in Battelle-Northwest reports (Becker and
Coutant, 1969; Becker, Coutant and Prentice, 1971). It is mandafory to
.condense'this information for presentation here. |
Data for the 1968 and 1969 drifts are summarized in Figures 4 and
5, respectively, where the base river,temperature is givén on the
ordinate and the maximum temperature encouqtered by drift groups is on
the abscissa., The diagonal line représents an assumed ultimate incipient
lethal lével of 25.0° C and is the sum of any.combination of ordinate
and abscissa réadings. Maximum’temperatures (thermal shock) fall either
in the znné of thermal tolerance or the zone of thermal resistance.
Although teﬁperatures in the zone of thermal resistance are ultimately
lethal, young sélmon can theoréfically survivé in this zone for a |
limited time, which is essentially a fﬁnction of the 'distance of the

| exposure temperature beyond the incipient lethal level (Fry, 1964).
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No significant losses occurred during the 1968 spring dfifts
-(Figﬁre 4). The 1969 spriné drifts were scantily represénted (Figure 5)
because of heavy losses involving fést and control fish from "gas
ﬁubble disease" during the postérift retention period'iﬁ late April
. énd May; this was a coﬁseguence of high nitrogen levels in the river
that resulied from increased discharges over spillways at Priest
Rapids Dam at ah eariier than usual time. Altéough exposures to
potentially lethal temperatures (thermal shock) occurred during three
1969 springldrifts thrbugh'a shoreline seepage area below the BC
reactor, the exposure duration (thermal qose)'was sufficient tol
cause thermal mortality in only One.test group. Temperafures and
exposures in all drifts throggh midriver plumes were insufficient to
cause therﬁal mortality. Mitigating environmental conditions, i.e.
16w base river temperatures (4.0 - 8.0° C) and increasing river discharges,
were the'primary reasons for the general lack of thermal deaths duriﬁg
the spring drifts. N |

Significant losses occurred amuug three groups of tect fish
drifted during the summer of 1968 (Figure L4). Theéé drifts involved
prolonged exposure to heated ﬁater_(up to 4o minj from shoreline
séepages, but the maximim exposure temperatufe reached the zone of thermal
fésistance in only one area; below the BC reactor. None of the 1968
summer drifts through midriver plumes, where passage was rapid and
exposures were brief, caused therma1<lo§ses. Fpur_summer drifts in
1969 resulted in ﬁear total mortality, two through an inshore leak by
the ¥ reacto:s and twp through the main K plumes in midriver (Figure5).
- However, a lethal thermal dose did not result in theimajority of drifts

- through the K reactor plume, albeit environmental conditions were
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':extréme,‘i.e. relatively high base rivgr températures aﬁd low fiver
'discharges (Figuré'Z). Expésure durétions‘were normally -too short to;
cause méftalities even wheﬁlmaximum4temperatureé'exceeded the

arbitrafy 25 C'letﬁai limit., In 1968 énd 1969 comBined, three summer
d;ifts where the fish encountered peak temperatures only in the tolerance
zone caused high mortality for reasons inadequately known. ”

Shoreline versus Midriver Discharges

"The physical parameters of drifts conducted through shoreline
areas receiving heéted effluent contrasted with those through the
midriver plumes. These difféfences wéré'rélatéd to thérmal effécts
- among test fish. Gengrally'peak temperaturés wéfé higher and exposure
durations were longer in shqreline d?ifts and thus séépage areas held
a greater potential for causing fish death.

~ Shoreline drifts were characterized by 1) prolongéd exposureé of
test fish to mixing effluent,'bécause of a slow drift rate resulting
from restriéted downriver flow; 2) high thermal dosés, because of a
reduced mixing rate of the effluent in tné récéiving river water; and
3) gradual temperature declines, ﬁecause'of an éxténded primary mixing
zone, Inertial effects along the shore clearly contribute to reduce
Ithe‘efficiency of the mixing pfocess. |

.Midriver drifts through the main discharge plumes were characterized
_ by 1) brief exposures of tést fi;h to mixing efflugnt, because of a‘
rapia drift rate; 2) low thermal doses,.because of an incfeased mixing
ratc of the effluent; and 3) rapid temperature declines, because of
a shortenéd primary mixing zone; Exposures to peak plume températures
in midriver'drifts usually occgrred within a few minutes of initial
._éontact. Recorded exposures to fluctuating temperatures, which indicated

the transition zone below the plumes,-occurred within ten minutés even at
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" minimum river flows. After initial contact with the plﬁmes, the
intensity and .fluctuation of effluent temperatures dropped rapidly

to harmless levels.
DISCUSSION

Mortality of juvenile éalmonids undér simulatéd migration conditions.
is primarily a function of thermal exﬁerience,-i.e; temperature increase
and exposure duration (= thermal dosé). Théséiintegrated functions
determine the lethal effect, if any, of "thermal shock' as the fish paés
 downriver through the effluent mixing zones. Clearly if the temperature
is sufficiently high and the éxposure dﬁration ié sufficiently iong, any
species of fish shocked by heat will bé kiiled. The précise relgtionship‘*
has been determined in laboratory éipéﬁiﬁénts, but é%ténsion of these'
data to field conditions is questionable bécausé témperatufe fluctuations
occur randomly in the mixing zones béfore thermal stabilizaﬁion occurs.,
Méreover, unknown intrinsic factors aré oftén opérative in field situations
- that arc lorgely reduced or eliminated in controlled laboratory studies.
An ideal evaluation program {for fhermal'effect studiés) must comﬁine
.laﬁoratory and field data in order to obtain ecological meaning with
fespect to the survival value for a species (Mihursky and Kennédy, 1967).

Environmental conditions when juvenile salmonids are migrating
clearly influénce thermal experience, potential or realized. The two
mos£ important featuree in the central Columbia River are prevailing
river temperatures and discharges, which annually range from about
4 to 20.0° C and 40,000 te 280,000 ft3/sec, respectively. On the.
basis of our observations éndkekpériments, the.potential hazard to
- migrating fish from heated discharges apparently increases from March

through August.
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- ‘Low Temperature - Low Discharge ' (March-April)

River temperétures and flow volumes aré low during éafly spring.
éhinook fry first emergé from thé gravél in thé Hanford én&ifons at thiél.
time. Many weakly swimming fry are apparently carried dowﬁriver, fhus
contributing to an early seaward miération as détéctéd by Mains and
Smith (1964). bther ffy appear in inshore areas for variéble periods
of feeding and growth before depaffing séaward (Bécker;-197l). The
livebox drifts reveal -only one instancéJOf'e¥cé;sive4mortality during
-early spring when fish were'passed through a shoréli#e seepage area,
but no losses from midriver‘plumes. The absence of lethal effecfs,
éither immediate, direct losses or delayed, 1ateﬁt loéses frbm thermal
dose, is due largely to prevailing low river temperatures. .

Surface mixing patterns of the K reactor'plume at flows of hi,OOO
and 80,000 cf/sgc, taken by infrared imaging'(Jaske, Templeton and
Coufant, 1970) are shown in Figure 6. Maximum thermal incrémenfs cover
; a 5roader surface area behind the plumé at thé lower flow, and the
width of the 1-6° C AT mixing zone extending downriver is vider. If
base-fivér temperatures are low, as in éa;ly spring, increments sufficient
to cause death exist only in the plume focus. If midfiver currents are
rapid, as in the central Columbia, expoéure to maximum temperatures
would nece;éarily be brief'and usually import merely a sublethal thermal
dose. ‘Exposure, at least of confined fish, to high temperatures in
shoréline areas is longer and deaths may result.

Low Temperatures = High Discharges (May-June) -

A rise in river temperature to about 16° C occurs in late spring’

and early summer, but high river discharges also accompany this rise.
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» Many.jufenile salménids aré passing séaward and fish are.abundaﬁt-ip
inshore feeding areas at Hanford; Although rivéfftémpératurés are near
dptimum3 dissolved nitrogen fécomés an additional énvironméhfal hazard
when surplus_water is passed over thé spillways éf hydroéléctric dams,
asAhad.been the case in récent.yeafs (Ebé1, l970);

Surface mixing patterné of the K plume reactor plume at a flow 6f
110,000 ft3/sec are also shown'in.Figuré‘6. Maximum téﬁpérature increments
 (6-9° C AT) occur only at the discharge foéus,Aand the width of the
‘mixing zoné exgendihg downrivér is narrow. AHowévér, river flows during
spring runoff normaliy exceed this level twpfold ard actually peaked
above 270,000 ft3/sec in 1968 and 1669. Extremely high flows protect
migrants from thermal exposuré in a plumé by rapidly dispersing heateq
effluents in the vast water masé.‘

" ‘High Temperatures - High Discharges (June-July)

River temperature exceed the preférréd températurés for yoﬁng

. saimonids in early summer, but dischargé4vqlumes normally remain

.high unfil mid-July. High nitrogen levels pérsist ﬁntil river f;ows
dccrcdsc, Most fish produced in the Hanlford reach, adhefing to their
sncient migration patfern, passAdownriver towards the sea by mid-July.
High discharges mitigate against exceésivé losses of migrants during

”this‘period. Our drift data, however, indicate that shoreline
seepagéS'remain potentially lethal because flow inertia reduces mixing
efficiency of effluents along the shore and prolongs fish exposure.

High Temperatures = Low Discharges (August-September)

High temperatures (near 20° C) and low discharges (<100,000 fﬁ3/sec)v

prevail ir late summer. Whereas most juvenile chinook prcduced fron
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natural spawning. at ﬁanford have departéd (Becker, 1970, 1971), a
deléyed passage of young salmon produced above Hanford mayAcontinue
through August (Park, 1969); presumably these fish do not liﬁéer in .
the free-flowing Hanford section but pass through at a rate approximating
the current flow. Some iosées of drifted fish from thermal dose in the
plumes did occur during late summér, particularly during‘low flows on
weekends when surface mixiﬂg patterns similar to those at 41,000 ft3/sec
(Figure 6) prevailed. Temperature levels‘dufing late -summer are high
rather than low as in early spring,.and when the base:river temperaturé
is 18° C, increments of 7° C and above will expose migrants enteriﬁg
the discharges to lethal thermal levels. Then whefher or not mortality
foccurs depends on the durétion of exposure. |

Thus a potential for thermal mortality clearly exists in late
summer, and the delayed migrants originating above. Hanford are most
vulnerable. Yet significant losses of test fish occurred only during
:ﬁwo plumé drifts in midrivér, presumably because of relatively brief
exposures to'mixing effiuents.' Shoreline seepages wére-more hazardous
under late summer conditions, but we have no evidence that unconfinéd,
large Jjuvenile fish, if ﬁreéent in the river, would either linger in
these warwed areas and be killed.

General Conclusions

Our studies permit some generalized conclusions about thermal
effects of recent Hanford operations on seaward migrating salmonids.

_Clearly these conclusions are based on biological and environmental

features pecuiiar to the central Columbia River. An interpretation of '
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-<thé relationsﬁip.ofAenvirénmental charactéristics to potential thermal
haiard to juveﬁile salmonids is'presentéd in Figuré 7: Hégafd increases
as fiver temperatures rise and dischargés drop; Mosfvjuvenile salmcnids
produced in the freé;flowing Hanford séction'migraté séaward from April
to July under correspoﬂding conditions of rélatively favorable river
'temperatufes and high river discharges. Conditions for_dglayed migfants
.are less favorable, |

The thermal hazard represented by a midstream plume appears to be
Aless than a shoreline discharge. Potential harm dépends upon ambient
river conditions (temperature and discharge) and whether the fish
actualiy enter the focus of a plume before mixing reduces effluent
temperatures to suﬁlethal levels, During activé migration, juvenile
chinoock in the central Columbia prefer the surface zone (L4 pass’
within 30 in of the surface) and, although the fish are horizontally
distributed across the entire river, the greatest concentrations pass
 ‘near the shore (Mains ana Smith, 1964). In the central Columbia,
. wherg‘midriVef current velocities exceed the swiﬁming‘speed of young
sélmonids; collision with discharges'effluents.may be unavoidable for
at leasf some fish. -Thé proportion of migrants entering fhe mixing
zone of a plume Is uuknown but this preportion is probebly cmall due
té thellow ratio of effluent volum= to total water mass. The numﬁer
of fish fhat encounter lethal temperatures near the foéus of a plume
is likely even less, since plume temperatures éénerally lose 80 percent
of AT within 5 seconds cf discharge. - If lethal temperature: are
encouintered in the initial moment of thermal shock, exposure time is
normally éo'brief that there is litﬁlé effect on sensitive fish tissues

in most field situations.



16

ShoreiineAseeéages, iﬁ éontrasﬁ, reﬁresenﬁ a pofentially lethal
 aréa to ijeﬁile salmonids regardless of any extent of fish avoidance
ér of existing river temperature and dischargé. These seeéége ereas are
unique to the Hanford sitg, and are now greatly reduced after feactor
ciosure;.. (The BC reactor was closéd in the sﬁriné of 1969.) Shoreline
discharges of unmodified reactor effluents should be avoided at any
future nucléar power‘facilities éonstructea on fhe Coiuﬁbia River and
Aother-streams‘utilized by coldAadapted-salmonids.

4In any situatién where heated effluénts fail in the raage of lethal
temperaturés and mortélities of fish can occur, theré is reason fbr
concern. 'Our livebox drifts have demonstratéd that this does not
necessarily mean that the ;isk of & léthal thérmal dose is excessive,
but only that losses may oceur under certain biologicél and en#iroﬁmental
conditions. We have attempted to clarify thé‘conditions prevailing

in the central Columbia River in 1968 and 1969.
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Figure 1. Location of midriver plumes  and shoreline discharges of
heated effluents in the central Columbia River at
Hanford, Washington where experimental drifts of young
salmonids were conducted in 1968 and 1969. -
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Figure 2. Mean weekly water temperatures in the central Columbia
River at Priest Rapids Dam (above Hanford) and Richland
(below Hanford) plus discharge volumes at Priest Rapids

in 1969.
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Figure 3.

21

Mean daily discharges of the Columbia River, March
through August 1969, at Priest Rapids Dam in rela-
tion to mean monthly temperatures and operational
dates of the experimental drifts.
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Figure 4, Maximum thermal exposures of juvenile salmonids during

livebox drifts through effluent discharges at Hanford
in 1968. (Arrows point to drifts where significant
mortality occurred, i.e. the majority of the fish died.)
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Figure 5. Maximum thermal'exposures of juvenile salmonids. during

livebox drifts through effluent discharges at Hanford
in 1969. (Arrows point to drifts where significant
mortality occurred, i.e. the majority of fish died).
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Figure 6. Columbia River surface temperature patterns at the K reactor
plume under three :giver discharges: (A) 41,000, (B) 80,000
and (C) 110,000 ft°/sec. *DL: The detection limit of aerial
infra-red imaging system is about 0.5° C. (From Jaske,
Templeton, and Coutant, 1970).
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- Figure 7.
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Diagrammatic presentation of the potential thermal
hazard to migrating juvenile salmonids. in relation
to the annual temperature and discharge cycle in the
central -Columbia River.
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