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ABSTRACT

Laboratory and field studies were conducted to assess the potential impact of
the N-Reactor thermal plume on fish from the Hanford Reach of the Columbia
River. Discharrje water temperatures were measured over a range of river flows
and reactor ogerating conditions. Data were mathematically modeled to define
spatial and the:real characteristics of the plume. Four species of Columbia River

O fish were exposedto thermal conditions expected in the plume. Exposed fishwere subjected to predators and disease organisms to test for secondary effects
from thermal stress. Spatial and temporal distribution of anadromous fish in the
river near N-Reactor were also evaluated to define location relative to the plume.
Potential thermal exposures were insufficient to kill or injure fish during operation
of N-Reactor, These studies demonstrate that characterization of hydrological
conditions and thermal tolerance can adequately assess potential impacts of a
thermal discharge to fish.

INTRODUCTION

We characterized thermal tolerance of selected Columbia River fish

in relation to N-Reactor discharge on the Hanford Site (Ecker et al.,
1983a, b). Resulting data were used by the U.S. Environmental

Protection Agency and the Washington State Department of Ecology
to establish thermal discharge limits for an operational permit. The
scope of these studies was based, in part,, on consultation with state
and federal regulatory and management agencies.

METHODS

Thermal tolerance data needed to assess potential impacts of"N-Reactor
discharge were developed in five steps: ( 1) plume size and temperature
were measured; (2) plume measurements were used to calibrate a
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hydrologic model; (3) modeling data were used to develop time/
temperature exposures expected in the plume; (4) fish were subjected
to thermal exposures and tested for direct and indirect mortalities
from increasing temperatures; and (5) the longest and warmest time/
temperature exposures in which all test fish survived were compared
with time/temperature exposures expected in the plume.

We tested four species of fish: chinook salmon (Oncorhynchus
tshawytscha), coho salmon (0. kisutch), steelhead (0. mykiss, formerly
Salmo gairdneri), and northern squawfish (Ptyctmcheilus oregonesis).
Fish were placed in a glass aquarium plumbed to receive and discharge
water at temperatures that mimicked plume temperatures. Surviving
fmh were either placed in troughs for 96-hr postexposure observation
or were evaluated for potential susceptibility to other environmental
stresses. Fish that survived a thermal exposure were subjected to
predators (Coutant, 1973) or disease organisms (Poston et al., 1982).
Predators were 3- to 4-yr-old rainbow trout (0. mykiss). Disease
organisms were Flexibacter columnari_n or Yersinia ruckeri.

Two comparisons were made between test and control groups to
_ determine the time/temperature exposures at which effects might

W occur: (1) percent survival in thermal tolerance and predation t_sts,
and (2) the time to infection or death in disease tests.

RESULTS

Thermal conditions permitted by the current National Pollutant
Discharge Elimination System permit do not cause dh'ect or indirect
fish mortalities. To define thermal tolerance, fish were exposed to
discharge conditions that could occur only at greater discharge
temperatures than currently permitted.

Juvenile chinook salmon in river water at 180C and 10°C and juvenile
coho salmon, steelhead, and northern squawfish in river water at 10°C
showed 100% survival in tests simulating river flow as low as
1020 m3/sec. The initial test temperature in the simulated plume was
33°C, which is about three times the elevation in temperature expected
to occur below the outfall. Other river flows up to 5000 m3/3ec were
also tested and helped define conditions where 100% of test fish survive.

COMPARISONS BETWEEN SURVIVAL CURVES AND EXPECTED
DISCHARGE TEMPERATURES

The time/temperature exposure at which 100% of test fLsh survived
was compared with the time/temperature exposure expected to occur
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in the N-Reactor plume during dual-purpose mode of operation. The
initial temperature that test fish were exposed to was 33°C, which

is greater than the lethal temperature reported for the test species
(Brett, 1952; Kerr, 1953; Coutant, 1972). However, this temperature
is not lethal when the heated water is dissipated by water at ambient

temperature. The laboratory simulations demonstrate that the
temperature dissipation downstream of the outfall reduces the
tempe:ature to sublethal levels. The rate of dissipation is dependent
on river discharge; as river discharge increases, exposure duration
decreases.

Chinook salmon, steelhead trout, and northern squawfish were

subjected to predators after exposure to sublethal thermal conditions.
Survivors of thermal exposures were eaten at the same rate as controls.

Chinook salmon were exposed to F. columnaris and Y. tucker/

(separate tests). Steelhead trout, coho salmon, and northern squawfish
were exposed to Y. tucker/. Rates of infection and numbers of deaths
in thermally treated groups did not differ from those of controls.

ASSESSMENT OF POTENTIAL IMPACTS

Thermal exposures at which fish died were three to eight times greater
than those expected in .the plume. We compared thermal data

generated from laboratory simulations and thermal exposures
expected in the plume. We can predict that no direct mortalities will
result from fish passage through the plume. Also, thermally exposed
fish did not experience greater mortality from predation or disease
than did controls. These studies demonstrate that characterization

of hydrological conditions and thermal tolerance can adequately assess
potential impacts of a thermal discharge to fish.
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