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Poison in the Vadose Zone: Threats to the Snake
River Plain Aquifer from Migrating Nuclear Waste

Boxes and barrels containing low-level radioactive waste floated freely
when INEEL'’s infamous Pit 9 flooded in the spring of 1969 due to
heavy snowmelt and spring rains. Floods in this area also occurred in
1962 and 1982. Dikes and diversion drainage ditches have since been
built, but ponding occasionally still occurs.

BY MICHELE BOYD
AND ARJUN MAKHIJANI

he Snake River Plain aquifer is the most important under-
ground water resource in the northwestern United States. The
US Environmental Protection Agency (EPA) has designated
this aquifer as a sole source aquifer, because it is the only
source of drinking water for 200,000 people in southern Idaho. It is
also a major source of irrigation water for regional crops, notably
potatoes. The produce grown in Idaho is eaten throughout the
United States and in many other countries, including Japan,
Canada, and Mexico. Idaho’s trout farms, which also rely on the
groundwater, produce 75 percent of the commercial rainbow trout
eaten in the United States. The Snake River Plain Aquifer contains

roughly 2,500 trillion liters (more than 600 trillion gallons) of water.

The Idaho National Engineering and Environmental Laboratory
(INEEL) sits directly above 2,300 square kilometers (890 square
miles) of this aquifer. For the second half of the twentieth century,
large quantities of radioactive and hazardous chemical wastes were
directly injected into the aquifer, discharged into surface ponds, or
dumped into shallow pits and trenches at INEEL from nuclear
weapons production operations there and from other sites around

the United States. This waste included
more than a metric ton of plutonium —
enough for more than 200 nuclear bombs —
as well as large amounts of other radionu-
clides like strontium-90 and americium-
241 and non-radioactive hazardous materi-
als such as carbon tetrachloride and
trichloroethylene (TCE).

Wastes highly contaminated with
plutonium (now called “transuranic
wastes”) were dumped into shallow pits on
the assumption that transuranic radionu-
clides would migrate very slowly, if at all,
takings tens of thousands of years to reach
the aquifer. The water table is about 600
feet below the surface at the location of the
disposal area, known as the Subsurface
Disposal Area. Measurements of pluto-
nium and americium at the site, laboratory
work, as well as theoretical work over the
last twenty-five years, have shown that this
assumption was wrong. Plutonium and
americium can migrate to the aquifer in
decades instead of millennia. Figure 1
(page 2), taken from a report by the
National Research Council of the National
Academy of Sciences, shows the estimated
travel time of plutonium to the aquifer as
the estimate evolved from the mid-1960s to

the late 1990s.
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IEER RECOMMENDATIONS FOR PROTECTING

THE SNAKE RIVER PLAIN AQUIFER

> Recover and stabilize buried wastes. The buried wastes that
were dumped into pits and trenches at the Subsurface
Disposal Area at the Radioactive Waste Management
Complex at the Idaho National Engineering and
Environmental Laboratory present the greatest long-term
threat to the Snake River Plain aquifer, because they not
only contain dangerous radionuclides but also hazardous,
flammable and explosive chemicals. The wastes are very
heterogeneous. It will not be possible to get thorough
knowledge of the waste characteristics through a
sampling program prior to removal of the wastes.

» Discontinue the use of percolation ponds and shallow land
burial of low-level radioactive wastes. As contaminated
pond water moves through the vadose zone, it can carry
dissolved chemicals to the aquifer: Releases of uncontami-
nated water can also facilitate the transport of contami-
nants to the aquifer by remobilizing vadose zone
contamination from prior releases, or driving contami-
nated groundwater in the perched water bodies into the
aquifer: Radionuclides can also be mobilized from shallow
land burial of low-level waste.

b Solidify liquid high-level waste and store the resultant solid
products.
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FROM PAGE &

radioactivity of radionuclides with half-lives greater than
100 years would require ten times the volume of the
Snake River Plain aquifer to achieve allowable drinking
water levels. Note that the dilution volume required
would be even greater if the drinking water standard for
plutonium and americium were set in the same way as
for most other radionuclides.

A variety of hazardous wastes have also been buried
at INEEL along with the radionuclides. These include
highly toxic organic compounds, such as carbon tetra-
chloride and trichloroethylene, and toxic metals, such as
lead and chromium. Table 5, on page 9, shows some of
these hazardous materials in the Subsurface Disposal
Area, according to where the waste was generated. Most
of the toxic organic chemicals were sent to INEEL from
the Rocky Flats Plant in Colorado as part of that site’s
transuranic waste shipments.

The principal difficulty with evaluating the potential
effect of dumped non-radioactive hazardous materials is
that the records are so inadequate that the total waste
inventory is essentially unknown. Besides the major
uncertainties with respect to those chemicals for which
some data are available, there are chemicals for which
there are essentially no data, including highly toxic
chemicals such as beryllium, cyanides, mercury, and
polychlorinated biphenyls (PCBs).

SCIENCE FOR DEMOCRATIC ACTION

» Remediate the vadose zone. A more vigorous research and
development program for vadose zone remediation and
a better technology selection process are needed.

» Create a thorough and comprehensive program of groundwa-
ter monitoring and contaminant transport research. While
there is a substantial amount of groundwater monitoring
already conducted, it is inadequate for the purpose of
analyzing the migration of transuranic radienuclides, notably
plutonium, which have not formed plumes. A more
focused and open effort needs to be carried out to
ensure that a thorough, rigorous, and effective program of
measurements and analysis is conducted. Such a program
can probably be conducted within existing resources by
rethinking goals of the program and hiring contractors
according to their ability to meet the goals of the program.

P Implement new institutional arrangements for carrying out

clean-up. Despite the availability of much sound science
and a growing understanding of the nature of the threats
posed by the environmental legacy of the Cold War, the
DOE and its contractors have proved unable to carry
out a sound clean-up program. Contractors for clean-up
should be selected according to the task at hand, with
strict criteria for expertise and experience relevant to the
specific job, as well as for accountability and openness.

Calculating the dilution volume for the known non-
radioactive hazardous chemicals in the buried waste
yields a total dilution volume less than the volume of
the Snake River Plain aquifer, about 4 percent of the
volume of the aquifer. However, the limitations of the
waste data are even greater with hazardous chemicals
than with radionuclides. No estimates of the amount of
hazardous chemicals that were dumped exist for many
areas. Further, unlike radionuclides, many hazardous
materials have no set maximum contaminant level
under the Safe Drinking Water Act. The uncertainties
created by some hazardous chemicals are increased by
the fact that they can alter properties of the soil and
change (increase or decrease) mobility of other con-
taminants, including radionuclides.

Since 1954, liquid wastes from reprocessing opera-
tions have been stored in eighteen stainless steel
underground tanks in an area called the Tank Farm.
These are primarily high-level wastes from reprocessing
of naval reactor spent fuel. In addition, some solidified
(“calcined”) high level waste is stored there. Contami-
nants in the soil from leaks and accidental spills are
known to be moving through the Tank Farm soil to the
perched water body. The major radionuclide contami-
nants in the Tank Farm soils are americium-241,
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