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The amount of plutonium discarded as wastes from the U.S. nuclear weapons complex
appears to be significantly greater than the U.S. Department of Energy’s 1996 declaration of its plutonium holdings. This is due to in part to improved radioactive waste
characterization and the disposal of plutonium residues originally intended for use in
weapons. The Hanford site in Washington State has the largest quantity of plutonium
wastes, which pose potentially serious human risks to ground water and the near shore
the Columbia River. The department should revise its accounting for plutonium, and
take steps to remove plutonium discarded to the environment at Hanford, as it is required to do at Idaho National Laboratory.

In 1996, Department of Energy (DOE) estimated that the United States produced and acquired 111.4 tons of plutonium. DOE reported that 12 tons of this
plutonium was no longer available for use, including an estimated 3.4 tons lost
to waste.1 The “inventory difference” between the book inventory, based on the
DOE’s records and estimates of production, acquisitions and removals, and
the measured quantity in the physical inventory, was 2.8 tons, i.e., 2.8 tons of
the plutonium produced was not accounted for.2
Based on more recent waste characterization data,3 approximately 12.7
tons—more than 10 percent of the total amount of plutonium-239 produced
and acquired—is now estimated to have gone into waste streams. Five DOE
sites are responsible for about 99 percent of these wastes (Figures 1 and 2).
Of the 12.7 tons (Table 1), about:

•

2.7 tons are in high-level radioactive wastes stored as liquids in tanks or
granulated material in bins on the sites of former U.S. military reprocessing plants;
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Figure 1: Large-quantity transuranic waste sites in the United States. The U.S. Department of
Energy defines “large quantity sites” as having TRU waste volumes in excess of 14,000 cubic
meters. Source: DOE/TRU-09–3425, Revision 0.

• 7.9 tons are in solid waste, which DOE is in the process of disposing in the
Waste Isolation Pilot Project (WIPP), a geological repository in New Mexico
for transuranic (TRU) wastes; and
• 2.1 tons are in solid and liquid wastes buried in soil prior to 1970 or held
up in facilities at several DOE sites. DOE considers most of this plutonium
to be permanently disposed.
The dramatic increase from the DOE’s 1996 waste estimate is due to:

Figure 2: Plutonium-239 in wastes at DOE Sites (from Table 1).
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1.

Reclassification as waste of more than 3.7 tons of plutonium in process
residues at Rocky Flats and Hanford originally set aside for plutonium
recovery for weapons; and

2.

Improvements in waste characterization data.

The Hanford site in Washington State is responsible for nearly a third
of DOE’s plutonium wastes (4 tons)—more than any site in the U.S. nuclear
weapons complex.

ACCOUNTING FOR PLUTONIUM IN WASTE
Plutonium-bearing waste is produced at reprocessing plants and where plutonium is fabricated into weapon components and fuel. Plutonium is a
“transuranic” element because it is heavier than uranium. TRU waste is defined by the U.S. Environmental Protection Agency (EPA) as having a concentration greater than 100 nanoCuries per gram of alpha-emitting isotopes
with half-lives greater than 20 years (EPA, 40 CFR 91). For plutonium-239,
the transuranic that dominates in DOE TRU waste, 100 nanoCuries/gm translates into 1.6 milligrams of plutonium-239 per kg of waste.
Prior to the early 1970s, TRU wastes were disposed as low-level radioactive wastes directly into the ground. In 1970, however, the U.S. Atomic Energy
Commission (DOE’s predecessor agency) decided to require disposal of TRU
wastes in a geologic repository designed to contain them for at least 10,000
years. Since 1970, pending deep disposal, U.S. TRU wastes have been stored in
retrievable interim-storage containers.
Plutonium-239 is of greatest concern because of its higher concentration
and long half-life of 24,100 years. With a specific activity about 200,000 times
greater than uranium, plutonium-239 emits alpha particles as its principal
form of radiation. Over time, americium-241, a decay product of 14-year halflife plutonium-241, builds up and increases the hazardous external penetrating gamma-ray radiation from TRU waste.
Alpha particles lose energy quickly within living tissue and create a dense
trail of broken molecules. Particles less than a few microns in diameter can
penetrate deep in the lungs and lymph nodes, and also can be deposited from
the bloodstream in the liver, bone surface, and other organs. High doses from
inhalation of TRU can cause lung damage, fibrosis, and even death. Tens of
micrograms if inhaled can lead to cancer.4 Over the past several years, a significantly raised incidence of cancer has been reported among workers following
exposure to plutonium.5
The behavior of plutonium in the environment depends upon its chemical form. It has been found to migrate at greater distances than assumed.6
As noted by S.S. Hecker, former Director of Los Alamos National Laboratory,
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Table 1: Plutonium in waste (kg).

Site
Rocky Flats
Hanford
Hanford
Hanford
Hanford
Hanford
Los Alamos National
Laboratory
Los Alamos National
Laboratory
Idaho National Laboratory
Idaho National Laboratory
Idaho National Laboratory
Idaho National Laboratory
Savannah River Site
Savannah River Site
Savannah River Site
Other DOE sites
Other DOE sites
Total
aU.S.

Description

DOE-1996a

DOE waste
data

Solid waste (now in WIPP)
High-level waste
Solid waste (WIPP bound)
Buried solid waste
Buried liquid waste
Liquid waste in facilities and
holding tanks
Solid waste (WIPP bound)

47
455
875
—
92
—

3,783b
1,115c
1,965b
452d,e
205f
264f

610

791b

—

50g,h

1,106
—

1,062b
1,078i

72
8

771j
8a

575
193
—
59
—
3,919

847k
193b
25l
82b
27m
12,717

Buried waste
Solid wastes (WIPP bound)
Pre-1970 solid waste (WIPP
bound)
Calcined High-level waste
Solutions stored in tank
farms
High-level waste
Solid waste (WIPP bound)
Buried waste
Solid waste (WIPP bound)
Buried waste
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this behavior is “one of the most challenging applications of modern chemistry
because of the inherent complexity of plutonium and the corresponding complexity of the natural environment.”7
In 1980, the U.S. Congress authorized the design and construction of the
deep-underground WIPP near Carlsbad, New Mexico for TRU waste generated for military purposes.8 A bedded salt formation was chosen because of
its long-term stability and self-sealing properties. The WIPP facility is located
660 meters underground and has an authorized disposal capacity of 175,000
cubic meters. Based on recent waste characterization data, DOE estimates
that 83,050 cubic meters of TRU wastes containing 7.9 tons of plutonium
will be disposed in WIPP. About half of this plutonium has already been
emplaced.9

Reclassification
During the Cold War residual plutonium from production processes were
stored and recovered if the cost was less than making new plutonium in production reactors. After the downsizing of its Cold War warhead stockpile, DOE
no longer needed these residues and reclassified them as waste. About 3.5 tons
of plutonium in residues from DOE’s Rocky Flats plant have been disposed at
WIPP.10 At Hanford, 0.2 tons of plutonium in residues, originally set aside for
recovery for weapons, is also bound for disposal at WIPP.11 Additional amounts
of plutonium originally set aside for weapons at the Savannah River Site, Hanford, and Los Alamos have also been reclassified as waste.12

Better Waste Characterization
Prior to 1970, when most of U.S. plutonium production occurred, material
measurement technologies “were less accurate than today.”13 In recent years,
environmental compliance agreements with host states have resulted in more
rigorous measurements of plutonium in wastes, which, in some cases, has resulted in dramatic increases. The amount of plutonium in Hanford high-level
radioactive waste tanks, for example, has been found to be more than twice the
amount estimated in 1996.14
Indeed, the remeasurements at Hanford may require an increase in the
estimates of the original amount of plutonium produced there. According to
a 2001 study of nuclear material flow and accounting at Hanford:”The quantities of NM [nuclear material] removed from the inventory as NOL [normal
operating losses] do not agree with the quantities of NM classified as waste
in the waste management inventory of waste . . . Significantly more NM was
produced in the reactors but not recovered in the separation facilities and was
discharged along with fission waste.”15
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Figure 3: Plutonium Production at Hanford.Source: Adapted by author from DOE/ EIS-0189,
1996, Fig. B.1.1.1.

Plutonium Wastes at Hanford
At the Hanford site, natural (0.71 percent uranium-235) or slightly enriched uranium (primarily 0.95 and 1.25 percent uranium-235) metal was clad
with aluminum to make fuel for the production reactors (Figure 3). Irradiated
fuel was discharged into basins of water to allow for cooling and decay of shortlived radionuclides before being sent for chemical separation of plutonium and
uranium. Irradiated fuel ruptures and corrosion led to residual plutonium in
storage basins and contamination of the nearby environment.16
Plutonium was extracted from about 99,000 metric tons uranium (MTU)
of spent fuel in four chemical separations plants that operated during overlapping periods.17 Additional amounts of plutonium came from offsite processing
facilities and foreign sources.18 About 70 percent of the irradiated fuel was processed at the Plutonium Uranium Extraction Plant (PUREX), whose chemical
process was subsequently used in reprocessing plants all over the world. After
chemical separation, liquid reprocessing waste containing residual amounts
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of plutonium and other TRU were mostly transferred to high-level radioactive waste tanks. Liquid waste containing plutonium also was discharged into
cribs, trenches, and ponds.19
Beginning in 1949, separated plutonium nitrate from the reprocessing
plants was sent to the Hanford Plutonium Finishing Plant (PFP), where plutonium was purified into metal and oxides.20 Liquid wastes were discharged into
unlined soil disposal sites until 1973, after which they were sent via a transfer line to high-level waste tanks.21 About 86 percent of Hanford’s plutoniumcontaining liquid waste discharges occurred in the PFP zone.22
According to DOE’s 1996 plutonium declaration, about 2 percent of the total plutonium produced at Hanford went into waste (1.1 tons).23 More recent
waste characterization data indicates about 6 percent of the plutonium produced at Hanford went into waste (4 tons)—more than any other DOE site.
Of this amount, about 2.7 tons of plutonium in liquid and solid wastes were
mostly discharged, or buried in soil; 1.1 tons of residual plutonium—mostly
from reprocessing plants—were discharged into the high-level radioactive
waste tanks;24 and an estimated 264 kg are held up in laboratories, reprocessing plants and holding tanks. DOE plans to convert the plutonium-containing
high-level radioactive waste into glass logs for geological disposal.
Prior to 1970, about 371 kilograms of plutonium in solid wastes was
dumped into containers such as cardboard boxes. The cardboard boxes were
then dumped into unlined trenches mostly associated with the PFP.25 Between
the mid-1960s and 1980, about 100 kg of plutonium was disposed in a similar fashion in a commercial radioactive waste landfill located in the Hanford
200-East area.26
Production records at Hanford appear to understate plutonium losses. As
researchers noted in 2001, “The ability to measure the plutonium content of
waste streams was vastly inferior compared to the ability to measure plutonium in the primary feed and product streams.”27 A case in point is 216-Z-9
Crib, a soil disposal site roughly 10 meters by 20 meters in area, which operated from 1955 to 1962, receiving wastes from the RECUPLEX facility, a
scrap recovery operation in the PFP zone, which discharged approximately 1
million gallons of plutonium-bearing wastes.28 Although processing records indicated that approximately 27 kg were discarded into the crib, samples taken
in the years following closure of the 216-Z-9 Crib indicated that it may have
contained as much as 150 kg of plutonium, with soil concentrations as high as
34.5 grams per liter.29 This was enough so that water intrusion could possibly
have set off a nuclear criticality event that could have resulted in near-lethal
doses to workers.30 By the late 1970s, 58 kg of plutonium had been removed
from the top 30 centimeters of soil using remotely controlled equipment.31
About 2 tons of the plutonium buried on the Hanford site is planned for disposal in WIPP.32 The remaining 0.7 tons was buried prior to 1970.33 According
to the Government Accountability Office, “DOE has long considered pre-1970s
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Figure 4: Subsurface Contamination at the DOE’s Hanford and Idaho Sites. The
contamination level at the Hanford Z-Cribs is above the DOE’s threshold for removal to the
WIPP repository down to a depth of 130 feet (about 40 meters).Source: USDOE/INEL,
EGG-ER-10546, Rev. 3 (March 1994).

buried wastes permanently disposed.”34 DOE officials view long-term stewardship efforts, which are likely to rely heavily on land control, site surveillance,
monitoring, maintenance, record keeping, and related activities, as inherently
low cost. Federal institutional controls, however, require that disposal of radioactive wastes at DOE sites must pose less than a 1 in 10,000 chance of
exceeding EPA drinking water standards over a 10,000 year time frame.35
In 2000, the National Academy of Science challenged the DOE’s approach
and concluded that: “Institutional controls will fail [emphasis added]. Past
experience with such measures suggests, however, that failures are likely to
occur, possibly in the near term, and that humans and environmental resources will be put at risk as a result.”36
A recent estimate by the DOE underscores the Academy’s concern and
finds that plutonium in groundwater from dump sites at Hanford could reach
the near shore of the Columbia River in less than 1,000 years at concentrations
283 times greater than the federal drinking water standard.37
Migration beneath Hanford disposal sites has been enhanced by solvents,
acids, and concentrated salts.38 Based on borehole measurements, plutonium
contamination at Hanford is relatively uniform with depth and exceeds the
100 nCi/g limit required for removal and geological disposal down to depths
greater than 100 feet (30 meters). Deep contamination of the unsaturated soil
(vadose zone) at Hanford appears to be orders of magnitude greater than at
DOE’s Idaho site, which has a greater concentration of buried pre-1970 TRU
wastes (Figure 4).39
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Plutonium Wastes at the Idaho National Laboratory (INL)
INL is estimated to have buried about 1.1 tons of plutonium-239 before
1970.40 Beginning in 1954, plutonium-contaminated wastes from the DOE’s
Rocky Flats plant, which made plutonium weapons components, were disposed
at INL. After a major fire in August 1969 at Rocky Flats resulted in burial of an
unprecedented amount of plutonium-239 in Idaho.41 The state resisted further
disposal and demanded removal of these wastes from the site. Idaho’s opposition contributed to DOE’s decision to establish the WIPP repository and to require that TRU wastes generated after 1970 to be retrievably stored. In 1995,
Idaho entered into an agreement with DOE and the EPA that required the
removal of high-level radioactive wastes, spent reactor fuel and TRU wastes
from the state by 2035. Until the Federal District Court in Idaho ruled in favor
of the state in 2008, however, DOE refused to remove TRU wastes buried at
INL prior to 1970.42

SUMMARY
The U.S. Department of Energy’s 1996 report, “Plutonium: The First 50 Years,”
showed a difference between the book inventory based on records and estimates of plutonium production, acquisitions, and removals compared to the
measured quantities in stocks of 2.8 tons—that is, 2.8 tons were not accounted
for. With the new and revised waste data, most or all of this inventory difference will be removed. Depending upon how much of the increase in waste
is due to reclassification and how much due to improvements in waste characterization data, estimates of plutonium production might have to be raised
slightly from the 1996 figure.
DOE is responsible for the Nuclear Materials Management and Safeguards
System (NMMSS), the U.S. government’s information system containing current and historic data on the possession, use and shipment of nuclear materials. The recent radiological waste characterization data has not been incorporated in NNMMS system, however, because data on plutonium in material
declared to be waste are not systematically updated. This creates significant
accountability problems at both the national and international levels. Fortunately, DOE has decided to update its 1996 declaration to reflect improved
data on the quantities of plutonium in waste. This will reduce uncertainties in
historical plutonium production and provide additional quality assurance for
waste data.
Despite evidence of significant deep subsurface migration, DOE currently
plans to leave about 0.7 MT of plutonium disposed before 1970 behind in the
ground at the conclusion of its environmental cleanup at Hanford. DOE should,
however, remove as much buried plutonium as possible at Hanford for geologic
disposal, as it is doing at the Idaho National Laboratory.
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Although International Atomic Energy Agency (IAEA) monitoring of wastes
already emplaced at WIPP may be impractical, it is worth exploring whether
future waste shipments to WIPP should be monitored by the IAEA and the
declared plutonium content in the wastes checked to provide a basis for international confidence in U.S. declarations of its plutonium disposition and to
provide a template for the disposition of plutonium-bearing wastes in other
countries.
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