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Radioecology of nuclear wastes was pioneered in the western United States on the Hanford Site during 
the early 1940's when the Columbia River provided coolant water for production reactors. Ecological 
studies centered on fish and waterfowl as vectors transporting radionuclides to people. After the shut
down of production reactors, the radionuclide content of Columbia River water declined. Attention was 
then directed toward radionuclides released into the environment as a result of chemical processing of 

irradiated fuel and as a result of storage of radioactive wastes. 

Sites where radioactive wastes are found are solid waste burial grounds, soils below liquid storage areas, 
surface ditches and ponds, and the terrestrial environment around chemical processing facilities that 
discharge airborne radioactive debris from stacks. This study provides information to help assess the 
environmental impacts and certain potential human hazards associated with nuclear fuel cycles. A data 
base is being developed to define and quantify biological transport routes which will permit credible 
predictions and assessment of routine and potential large-scale releases of radionuclides and other toxic 
materials. These data, used in assessment models, will increase the accuracy of estimating radiation doses 
to man and other life forms. Information obtained from existing storage and disposal sites will provide a 
meaningful radioecological perspective with which to improve the effectiveness of waste management 
practices. Results will provide information to determine if waste management procedures on the Hanford 
Site have caused ecological perturbations, and if so, to determine the source, nature and magnitude of 
such disturbances. 

Important companion studies also are underway. They are funded through local intercontractor 
support agreements rather than through the Office of Health and Environmental Research. These studies 
involve short-term assistance to Hanford plant personnel concerned with characterization of particular 
landscape subunits impacted by operation of nuclear facilities. They are discussed in the section entitled 
Hanford Project Support. 

Terrestrial Radioecology of Waste Manage
ment Areas (TROWMA) 

Task Management 

Research activities between TROWMA and 
Rockwell Hanford Operations are coordinated 
by task management. Joint efforts have led 
to a study of the Hanford deer herd, compi
lation of data to quantify the movement of 
radioactive materials by biological vectors, 
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and development of a cooperative proposal 
with the Idaho National Engineering Labora
tory and Los Alamos Scientific National 
Laboratory to evaluate biotic intrusion 
into low-level radioactive waste burial 
grounds. 

Waterfowl Transport 

Parameters were developed to determine 
the quantity of radioactive materials that 



waterfowl annually remove from the Hanford 
site. Coots (Fulica Americana), selected 
because they are the most prevalent nesting 
waterfowl on tne Hanford waste ponds and 
because they average the highest body
burdens of any waterfowl sampled on the 
site, transported approximately 50 ~Ci 
137Cs offsite. The 50-year population 
dose from the projected harvest of coots 
from the site is estimated to be 0.13 
person-rem. 

Honeybee Study 

The purposes of this study are to deter
mine the feasibility of using honeybees as 
environmental monitors, to document the 
existence of feral colonies on the site, and 
to evaluate the biotic-transport potential 
of contaminants by wild bee colonies near 
waste storage facilities. Pollen and honey 
from colonies established in areas remote 
from radwaste facilities have been collected 
to determine backgrouna levels of radio
nuclides. Other colonies have been situated 
near Hanford waste ponds to evaluate the 
availability of radiocontaminants to bees. 
kadiochemical analyses of the pollen and 
honey are not yet complete. A total of 14 
wild colonies have been documented; however, 
much of the site remains to be examined. 

Wind Erosion Studies 

Severe wind erosion in waste management 
areas may cause an unacceptable loss of soil 
cover and threaten to expose buried mate
rials. Consequently, some waste management 
areas that are burned may require immediate 
restoration while others may best recover 
without any assistance. 

This study documents soil types that are 
potentially susceptible to wind erosion 
following a wild fire and examines revegeta
tion rates in assisted areas and areas 
allowed to recovery naturally. 

Most waste management areas on the site 
are located in sagebrush/cheatgrass commu
nities. This vegetative type is very 
susceptible to fire. Major wild fires 
occurred in 1957, 1963, 1970 and 1978 and 
often burned previously burned landscapes. 
The long-term effect of wild fires in commu
nities dominated by perennial grasses 
(e.g., bluebunch wheatgrass) is much less 
severe than in communities dominated by 
cheatgrass (an annual). Since the crown/ 
root system is not usually damaged, the 
perennials usually revegetate a burned area 
the followin9 year. Annual-dominated areas 
however, take longer to recover; new seed 
sources are required, and in the meantime, 
the wind erodes the unprotected soil. 
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Results to date indicate that revegeta
tion appears to be able to occur naturally 
in burned areas in which the total amount 
of erosion does not exceed 1 to 2 cm. 
Severe soil loss (5 cm) prevents first 
season restoration. This may be asso
ciated with a loss of seed reserves in the 
severely eroded site because the mildly 
eroded site (1 to 2 cm) seemed to retain as 
many seeds as an unburned site. 

Waterfowl Movement Studies 

This study is designed to determine the 
movement and Hanford waste-pond usage pat
terns of the wintering mallard duck. The 
Hanford Reach of the Columbia River is a 
major wintering area for waterfowl. This 
study is conducted in cooperation with the 
U.S. Fish and Wildlife Service (FWS), which 
is interested with the general well-being 
of waterfowl in the Mid-Columbia Basin. 

To date, thirteen mallard ducks have been 
trapped at Gable Mountain pond and fitted 
with radio-transmitters and FWS leg bands. 
An additional 14 ducks were fitted with leg 
bands only. Radio frequencies from each 
individual radio-tagged duck were monitored 
periodically to determine their locations. 
Locations that were monitored by FWS 
included: Gable Mountain pond, West Lake, 
B-pond, Hanford Reach, and areas throughout 
the Mid-Columbia Basin. 

Of the 13 mallards tagged, four remained 
on the pond; one was observed on Saddle 
Mountain ponds north of the Columbia River 
on the Hanford Site; two spent at least half 
their time away from the pond at the Colum
bia Wildlife Refuge (CWR) and the 100-F 
slough; and the six remaining mallards were 
not observed again on Gable Mountain pond 
but were observed to the southeast near 
Fishhook Park on the Snake River, to the 
northeast at the CWR and along the Columbia 
River from the Vernita Bridge to the 
Tri-Cities. 

Additional tagging studies are planned 
to collect data on the use and duration
of-use patterns of the various cohorts of 
mallards identified during the past 
wintering season. 

Aquatic Radioecology of Waste Management 
Areas 

Actinide Transport 

This study is designed to provide infor
mation on the potential transport of acti
nide elements through aquatic food chains 
leading to man. U-pond, a nuclear waste 
pond on the Hanford Site, was used as a 



"worst case" situation for the potential 
mobilization of actinides and subsequent 
ingestion by man. U-pond has concentrations 
of 238U, 238pu 239,240pu and 241Am 
that are approximately three orders of 
magnitude greater than background levels. 

Experimental work involved observing the 
accumulation of actinides in bluegill 
(Lepomis macrochirus) and bass (Microterus 
salmoids) inhabiting U-pond. The fish 
appeared to obtain most of their actinide 
burdens from the sediments; however, the 
variability in the data suggested that the 
results were best interpreted on an 
order-of-magnitude basis. The concentra
tion of' actinides in the fish fillets were 
no more than two orders of magnitude above 
background levels. Whole-fish burdens were 
no more than a factor of 1000 times as great 
as control fish. 

The radiation doses to humans resulting 
from the consumption of U-pond fish fillets 
having the highest observed concentrations 
of actinides were calculated. If an indi
vidual consumed 0.45 kg (wet weight) of 
bluegill or bass fillets everyday, his 
70-year total-body dose would be 0.1 rem and 
the bone dose 4 rem. These estimated values 
can be compared to the maximum permissible 
70-year exposure accrual limit of 35 and 107 
rem, respectively, as outlined in 10 CFR 20. 
Even though U-pond fish inhabit a highly 
contaminated environment, consumption of 
bluegill and bass from the pond would not 
result in significant radiation exposures 
from actinide elements. 

Fate and Effects of Th and U 

The proposed use of Th and U fuels as an 
alternative, nonproliferation fuel cycle has 
prompted study of the environmental behavior 
of Th and U in aquatic environments. The 
fate and effects of these actinides were 
examined under a "worst case" environmental 
condition--that is, all experiments were 
static and used a "soluble" form of the 
actinides. Organisms that were tested 
included daphnids, amphipods, midge larvae, 
trout and minnows. Studies presently being 
conducted or evaluated include determining 
Th uptake mechanisms (i.e., gut loading 
versus surface adsorptions); bioaccumulation 
of U by rainbow trout; toxicity of U on 
daphnids and midge larvae; and the effects 
of U on primary productivity. These 
results, along with studies planned for the 
future, will be used to update the para
meters used in radiation-dose assessment 
models to quantify the movement of stable 
as well as radioactive contaminants 
associated with the entire Th/U fuel cycle. 
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Radioecology of the Columbia River 

A document oriented to the lay person 
which describes the enviromental impacts of 
Hanford nuclear facilities on the Columbia 
River is being compiled from data that has 
been gathered over the past 30-plus years. 
This study is nearing completion. 

Biotic Transport Parameters 

Animal Feeding Studies 

This study was designed to determine if 
there is a difference in the availability 
of 137Cs to animals depending on whether 
it is incorporated in plant material or is 
in an aqueous solution. Some rabbits were 
fed lettuce that had been grown in 137Cs_ 
contaminated soil (radionuclide incorporated 
in the plant material), and other rabbits 
were administered the radionuclide by feed
ing them lettuce to which a solution of 
137Cs Cl had been applied to the surface 
of the vegetation. Initial results indi
cate that there is no difference in the 
assimilation or elimination rates of the two 
groups of rabbits. We plan to study other 
organisms and additional radionuclides in 
order to establish parameters for 
dose-assessment models. 

Long-Term Recycling Model 

A deterministic model that simulates the 
long-term accumulation of radiocontaminants 
by crop plants was completed and documented. 
The possible sources of contamination could 
be global fallout, operation of nuclear 
facilities, or the discharge waters from 
naturally occurring uranium ore bodies or 
geologic nuclear waste repositories. This 
model, termed CROPRE, was designed to 
include 1) the chronic input of contaminated 
irrigation water into both the soil compart
ment and directly onto the surface of the 
vegetation, 2) the incorporation of radio
contaminants in the soil organic matter pool 
and their eventual release for reuptake by 
subsequent crops, 3) the removal of contami
nants from the system when the crops are 
harvested, and 4) the downward movement of 
radionuclides and their loss from the system 
by percolation. 

The CORPRE model more realistically simu
lates the cycling of radiocontaminants in 
crop plants over long periods of time than 
do previous models. Thus, the predicted 
values obtained using CROPRE should be more 
accurate. The CROPRE model may need several 
modifications to increase its usefulness and 
precision as a predictive tool, but with or 



without these modifications, it is recom
mended that it be incorporated into existing 
radiation dose-commitment models. 

Soil Spiking Configuration Study 

To determine how the plant root uptake 
of Cs and Sr is affected by the location of 
the contaminant in the soil profile, we are 
obtaining information on the vertical 
redistribution of the radionuclides with 
time in the soil profile in the presence of 
biological materials. A series of pots, 50 
cm tall by 13.2 cm in diameter, were pre
pared in the following configurations: for 
the first four pots, a 100 9 (0.5 cm) layer 
of soil spiked with 137Cs and 85Sr was 
placed a) on the surface of 50 cm (7900 g) 
of uncontaminated soil; b) 5 cm below the 
soil surface; c) 10 cm below the soil sur
face; and d) 40 cm below the soil surface. 
In the fifth pot, a 3500-g (20 cm) layer of 
spiked soil was placed above 5350 9 (30 cm) 
of uncontaminated soil. In the last pot, 
the entire 8850 9 (50 cm) soil column was 
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~giformly contaminated with 137Cs and 
Sr. 

Each pot contained 180 ~Ci of 137Cs and 
15 ~Ci of 85sr • Five replicates (a total 
of 60 pots) planted with peas and five 
planted with barley were prepared for each 
treatment. The pots are maintained in an 
environmental growth chamber. The crops are 
harvested at maturity and are presently 
undergoing radiochemical analyses. The 
pots, replanted for subsequent harvests, 
will eventually be cored to determine the 
vertical distribution patterns of the radio
nuclides in the soil profile after repeated 
harvesting. 

The results of this study will be used 
in radiation dose-assessment models that are 
used to predict the potential impacts from 
the consumption of vegetation grown over 
buried radwaste. Presently, little or no 
information exists on plant uptake as a 
function of the depth at which the contami
nant occurs below the soil surface. 


