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��������in history. One such moment occurred in 
1938, when scientists working in Berlin announced that 
WKH�QXFOHXV�RI�DQ�DWRP�FRXOG�EH�ȊȴVVLRQHG�ȋ�RU�VSOLW�LQ�
two, releasing a large amount of energy. World events of 
the time shaped decisions that would have impacts on 
millions of people and the environment for generations 
to come. Among the impacts of this 1938 discovery is 
the lasting threat to groundwater and ecosystems in the 

3DFLȴF�1RUWKZHVW��:KDW�IROORZV�LV�WKH�VWRU\�RI�KRZ�ZH�
got here.
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The results of Otto Hahn and Fritz Strassmann’s 
QXFOHDU�ȴVVLRQ�ZRUN�LQ�%HUOLQ�ZHUH�FRPPXQLFDWHG�WR�
SK\VLFLVW�1HLOV�%RKU��ZKR�FRQȴUPHG�WKH�ȴQGLQJV�WKURXJK�
his own calculations while sailing from Copenhagen to 
New York City. In January 1939, Bohr and Enrico Fermi 
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Elaine J. Hanford

The Hanford Nuclear Reservation (c. 1960) on the shore of the Columbia River included the N Reactor in the foreground, the twin KE and KW 
5HDFWRUV�LQ�WKH�EDFNJURXQG��DQG�WKH�KLVWRULF�%�5HDFWRU��YLVLEOH�LQ�WKH�GLVWDQFH��ZKLFK�SURGXFHG�WKH�ȴUVW�SOXWRQLXP��6RXUFH��National Oceanic 
and Atmospheric Administration (NOAA).

https://darrp.noaa.gov/hazardous-waste/hanford-nuclear-site
https://darrp.noaa.gov/hazardous-waste/hanford-nuclear-site


September/October 2022  VOLUME 24  •  NUMBER 5  |  35

VKDUHG�WKH�ȴQGLQJV�
with the American 
VFLHQWLȴF�FRPPXQLW\��
Teams at the University 
of California, Berkeley; 
Columbia University; 
the University of 
Minnesota; and the 
University of Chicago 
postulated and 
WKHQ�FRQȴUPHG�WKDW�
uranium 238 emitted 
neutrons when it 
ȴVVLRQHG��FUHDWLQJ�WKUHH�LVRWRSHV��2I�WKHVH��XUDQLXP�
235, present in only 1 in 140 parts of natural uranium, 
ȴVVLRQHG�ZLWK�VORZ�QHXWURQV��7KXV��FKDLQ�UHDFWLRQV�ZHUH�
possible, but only if the isotope could be concentrated 
into a critical mass. 

The question remained: could such chain reactions be 
“controlled?” Many scientists argued that it was feasible 
to create an atomic bomb and that research needed to 
EH�DFFHOHUDWHG�WR�SURGXFH�VXFK�D�ERPE�LQ�WLPH�WR�DHFW�
the war. The prospect of an atomic bomb in the hands of 
one of the most oppressive and murderous regimes in 
modern history was untenable. 

In August 1939, one month before Nazi Germany 
invaded Poland, Leo Szilard enlisted Albert Einstein to 
seek research support from President Franklin Roosevelt. 
Following the surprise attack on Pearl Harbor on 
December 7, 1941, the United States was catapulted into 
the war, and President Roosevelt gave tentative approval 
to proceed toward construction of an atomic bomb 
WKURXJK�D�UHVHDUFK�HRUW�GXEEHG�WKH�0DQKDWWDQ�3URMHFW��
The race was on to acquire the atomic bomb before Nazi 
Germany did.

Transforming fundamental physical and chemical 
concepts from theory to working devices involved 
approximately 130,000 people under the leadership of 
Robert Oppenheimer, Enrico Fermi, Leo Szilard, Niels Bohr, 
Ernest Lawrence, and their colleagues. The Manhattan 
Project took the new science of nuclear physics from the 
ODERUDWRU\�WR�WKH�EDWWOHȴHOG��UHLQIRUFLQJ�WKH�LPSRUWDQFH�RI�
VFLHQWLȴF�UHVHDUFK�WR�QDWLRQDO�GHIHQVH��0XFK�RI�WKHLU�ZRUN�
was kept secret to avoid revealing information that might 
aid the Nazi atomic bomb program.
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In 1942 the government chose the Hanford Site 
as the location for its nuclear production facility. The 
site, encompassing 586 square miles in south-central 
Washington State, was isolated from heavily populated 
DUHDV��RHUHG�ODUJH�TXDQWLWLHV�RI�FRROLQJ�ZDWHU�IURP�
WKH�&ROXPELD�5LYHU��DQG�EHQHȴWHG�IURP�WKH�DYDLODELOLW\�
of hydroelectric power from the Grand Coulee and 

Bonneville Dams. 
Citizens in the towns 
of Hanford and 
:KLWH�%OXV�ZHUH�
evacuated, and the 
Wanapum Native 
American nation was 
relocated. The site 
was placed under the 
operational control of 
the U.S. Army Corps of 
Engineers.

The goal was to 
SURGXFH�SOXWRQLXP�IRU�WKH�ȴUVW�DWRPLF�ERPE�WR�EH�
GHYHORSHG�E\�WKH�0DQKDWWDQ�3URMHFW��7KH�ȴUVW�SURGXFWLRQ�
reactor, the B Reactor, became operational in September 
1944. Water-cooled nuclear reactors were set apart from 
each other to reduce the likelihood that a single accident 
would shut down the entire operation. Spent uranium 
from the reactors was loaded on railroad cars, stored for 
cooling, and then sent to one of three on-site chemical 
VHSDUDWLRQ�SODQWV��ZKHUH�WKH�XUDQLXP�ZDV�OLTXHȴHG�DQG�
the plutonium recovered. 

ΖQ�)HEUXDU\������WKH�ȴUVW�VKLSPHQW�RI�SOXWRQLXP�
was sent to Los Alamos, New Mexico. Plutonium from 
Hanford fueled the prototype Trinity Test on July 16, 
1945, in New Mexico, as well as the bomb known as Fat 
Man that was detonated over Nagasaki, Japan, on August 
9, 1945, leading to the end of World War II.

In 1947 the renamed Hanford Nuclear Reservation 
came under the jurisdiction of the newly formed Atomic 
Energy Commission. Plutonium production, which had 
ceased following World War II, resumed in 1948 as 
WKH�&ROG�:DU�LQWHQVLȴHG��)LYH�PRUH�UHDFWRUV�ZHQW�LQWR�
service between 1949 and 1955, and the last reactor (N 
Reactor) became operational in 1964. 
���+4%���!#��5

7KH�ȴUVW�HLJKW�UHDFWRUV�ZHUH�VKXW�GRZQ�E\�������ΖQ�
1977 the site was placed under the control of the U.S. 
Department of Energy (DOE). The N Reactor remained in 
use until 1987, and the last of the chemical separation 
plants closed in 1990. In a little under 50 years, a 
collateral toxic legacy was formed that will endure for 
many lifetimes.

Although plutonium production methods became 
PRUH�HɝFLHQW�RYHU�WLPH��WKH�VLWH�JHQHUDWHG�PDVVLYH�
quantities of nuclear waste. Contaminants included 
metals, acids, radionuclides, and organic compounds. 
Much of this waste was corrosive, physically hot, and 
dangerously radioactive. Liquid waste was stored on 
site in 177 underground tanks, each with a capacity 
RI���PLOOLRQ�JDOORQV��7KH�ȴUVW�WDQNV�ZHUH�VLQJOH�VKHOO�
containers and developed leaks over time. More 

As humans we try to identify pivotal 
moments in history. One such moment 

occurred in 1938, when scientists working 
in Berlin announced that the nucleus of an 
DWRP�FRXOG�EH�ȊILVVLRQHG�ȋ�RU�VSOLW�LQ�WZR��

releasing large amounts of energy.
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secure double-shell tanks came later. Some liquids, 
however, were dumped directly into the ground in pits, 
trenches, and cribs. An estimated 444 billion gallons of 
contaminated liquid were dumped into the soil, causing 
extensive groundwater contamination. 

More than 2,000 tons of solid waste, including spent 
nuclear fuel, was stored in corrosion-prone canisters in 
ZDWHU�ȴOOHG�EDVLQV��2WKHU�FRQWDPLQDWHG�VROLGV��UDQJLQJ�
from work clothes to railcars, were typically buried in pits 
or trenches.

In 1989 a formal cleanup began under the terms of 
the Tri-Party Agreement negotiated by the Department 
of Energy, the Environmental Protection Agency, and 
Washington State. The agreement called for cocooning 
(encasing in steel and concrete) eight of the nine 
reactors, demolishing most structures, vitrifying much 
of the liquid waste, moving spent solid fuel to a national 
repository, and treating contaminated groundwater. The 
B Reactor building was to be maintained as a National 
Historical Landmark. Cleanup was expected to continue 
into the 2040s.

By 2015 the cleanup of burial grounds, waste 
sites, and contaminated buildings along the Columbia 
River corridor was mostly complete, with the notable 
exception of two burial grounds, one reactor area, and 
high levels of radioactivity beneath one building. More 
recently, the Department of Energy has started work to 
expand groundwater treatment systems. 

Construction continues on the Hanford Tank Water 
Treatment and Immobilization (VIT) Plant, a massive 
collection of facilities to immobilize Hanford’s 56 million 
gallons of high-level waste that lie in aging underground 
storage tanks. At least 63 of the tanks have leaked an 
estimated 1 million gallons of highly radioactive waste 
into the soil. The tanks are beyond their useful life 

expectancy and will become less able to contain waste 
as they age. As tank contents are consolidated, only 27 
double-shell tanks remain usable. The Department of 
Energy has spent more than $10 billion to maintain and 
consolidate waste in the usable tanks. Although the VIT 
Plant was scheduled to begin start-up operations in 2019 
and reach full operation in 2022, technical design issues 
remain to be resolved and will likely delay the start-up 
until 2036. 
	.+1* 3�0!.��+*0�)%*�0%+*�+*�����//%2!����(!

Serious concerns remain regarding contaminated 
groundwater at the site. Roughly 70 square miles of 
land within the Hanford Reservation is underlain by 
contaminated groundwater that exceeds regulatory 
standards. Contaminants include hexavalent chromium, 
carbon tetrachloride, nitrate, and radioactive materials 
such as uranium, strontium 90, technetium 99, tritium, 
and iodine 129.

The complex subsurface geology at the Hanford Site 
FRQWUROV�WKH�GLUHFWLRQ�DQG�VSHHG�RI�JURXQGZDWHU�ȵRZ��
ΖFH�DJH�ȵRRGV�GHSRVLWHG�PXOWLSOH�OD\HUV�RI�VHGLPHQW�RYHU�
&ROXPELD�5LYHU�EDVDOW�ȵRZV��8QFRQȴQHG��VHPL�FRQȴQHG��
DQG�FRQȴQHG�DTXLIHU�V\VWHPV�OLH�XQGHU�WKH�VLWH��&RQȴQHG�
aquifers have low horizontal hydraulic conductivities 
�VORZ�ZDWHU�ȵRZ���ZLWK�JURXQGZDWHU�JHQHUDOO\�PRYLQJ�
toward the Columbia River. Groundwater in the 
XQFRQȴQHG�DTXLIHU�V\VWHP�JHQHUDOO\�ȵRZV�IURP�HOHYDWHG�
recharge areas near the western boundary of the 
Hanford Site toward the Columbia River.

During plutonium production, an estimated 100 
billion gallons of wastewater were discharged to the 
ground. From 1944 to 1989, the water table rose by 27 to 
75 feet across the site. Since 1984, when non-permitted 
discharges to unlined ponds ceased, groundwater levels 
have declined by 9 to 40 feet across the site. 

Contaminants at the Hanford Site enter the groundwater from a range of sources, including pits, trenches, and underground storage tanks. 
*URXQGZDWHU�JHQHUDOO\�ȵRZV�WRZDUG�WKH�&ROXPELD�5LYHU�DW�YDU\LQJ�UDWHV��6RXUFH��$GDSWHG�IURP�Columbia Institute for Water Policy.

http://columbia-institute.org/blackrock/Issues/Hanford.html
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In the central 
portion of the site, 
177 underground 
storage tanks still 
contain about 56 
million gallons of the 
most hazardous and 
radioactive waste. 
The tanks are about 
200 feet above the 
groundwater level 
and between 7 and 
12 miles from the 
Columbia River. Because of low hydraulic conductivities 
and intervention by pump-and-treat systems, 
groundwater from this area takes several years to reach 
the river. 

To address the contamination, groundwater pump-
and-treat systems began operation in 1994 and gained 
capacity over time. Five pump-and-treat systems operate 
at three of the reactor sites and in the central tank area. 
After pumped groundwater is treated using one of 
several processes, it is then reinjected on site. Several 
billion gallons of groundwater have been treated to date. 
Pump-and-treat systems in the reactor areas have been 
combined with soil excavation (to an 85-foot depth), 
which has removed tons of contaminated soil.

Chemical barriers have also been used to protect 
groundwater—and indirectly, the Columbia River— 
from contamination. Subsurface chemical barriers 
were created near the D Reactor to reduce hexavalent 
chromium hazards. Similarly, a chemical barrier was 
created near the N Reactor to reduce radioactive 
strontium.

Eventually, the VIT Plant will begin treating 
low-activity waste liquids. High-level waste will be 
processed separately when the VIT Plant is completed. 
9LWULȴFDWLRQȃD�SURFHVV�LQWHQGHG�WR�VROLGLI\�UDGLRDFWLYH�
waste from the underground tanks—involves adding 
glass-forming materials to the radioactive waste at high 
temperatures to form molten glass. The molten glass 
is then poured into stainless steel containers, where 
it hardens as it cools, rendering the waste immobile. 
8QIRUWXQDWHO\��FRQVWUXFWLRQ�RI�YLWULȴFDWLRQ�IDFLOLWLHV�
has failed thus far. Seismic design parameters were 
underestimated by about 40%, cost and schedule 
estimates have been revised several times, and a 
number of technical issues still pose challenges. The VIT 
Plant is now expected to be completed in 2036 at a cost 
of at least $17 billion.
�$�((!*#!/��!)�%*

While much has been achieved in the 30-plus years 
of cleanup so far, countless challenges and dangers 

remain. In 1990 
the Department 
of Energy selected 
Hanford as a 
potential disposal 
site for large 
volumes of low-
activity radioactive 
waste, as well as 
mixed low-activity 
radioactive, chemical, 
and hazardous 
waste from other 

government sites. Proposals to import additional 
radioactive waste to Hanford for storage have gained 
momentum since the late 1990s. A 2009 draft DOE 
VWXG\�FRQȴUPHG�WKDW�DGGLQJ�PRUH�ZDVWH�WR�WKLV�DOUHDG\�
highly contaminated site would pose serious threats to 
groundwater, to Columbia River salmon, and to many 
future generations. 

NOAA has begun to organize a natural resource 
damage assessment (NRDA). It will undertake a 
YDULHW\�RI�FXOWXUDO��HFRQRPLF��DQG�VFLHQWLȴF�VWXGLHV�WR�
identify and quantify environmental, public, and tribal 
use injuries at Hanford to determine the requisite 
restoration.

1R�PDWWHU�ZKDW�WKHVH�VWXGLHV�ȴQG��LW�LV�FOHDU�WKDW�
cleaning up the site will come at a heavy price in 
terms of money and time. The 2022 Hanford Lifecycle 
Scope, Schedule and Cost Report provides estimates of 
the remaining cleanup costs for the Hanford Nuclear 
Reservation that range from a low of about $319.6 
billion to a high of $660.0 billion over the next 75 years. 
In August 2022 the governors of Washington and 
2UHJRQ��DORQJ�ZLWK�RWKHU�VWDWH�RɝFLDOV��UHTXHVWHG�DQ�
increase to $3.76 billion in annual federal funding to 
“expedite” cleanup.  !

Elaine J. Hanford (ejhanford@att.net) is a semi-retired 
professional geologist and environmental scientist with 
more than 40 years of experience consulting for the 
private and public sectors as well as university teaching 
in geology, environmental science, and epidemiology. Her 
work has been honored at professional conferences and 
published in peer-reviewed national and international 
journals. She compiles weekly Geoscience, Environmental 
Science, and Coastal Zone Management Bulletin Boards. 
Sharing the same name with the Hanford Nuclear 
Reservation is sheer coincidence. Appreciation is extended 
to William J. Elliott, consulting geologist, for his “red pen” 
and helpful suggestions.

In August 2022 the governors of 
Washington and Oregon, along with other 

state officials, requested an increase to 
$3.76 billion in annual federal funding to 
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https://www.hanford.gov/files.cfm/2022_LCR_DOE-RL-2021-47_12-27.pdf
https://www.hanford.gov/files.cfm/2022_LCR_DOE-RL-2021-47_12-27.pdf
mailto:ejhanford@att.net?subject=

