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THE HISTORY AND 

David J. Watson 
Westinghouse Hanford Company 
P.O. Box 1970 
Richland, Washington 99352 
(509)373-3250 

I. INTRODUCTION , 
About 2,100 metric tons of 

irradiated uranium materials (i.e. 
spent fuel) are stored at the U.S. 
Department of Energy's (DOE's) Hanford 
Site in southeastern Washington state. 
This is the largest single inventory of 
spent fuel in wet storage in the DOE 
complex. This spent fuel is currently 
stored in two separate fuel storage 
basins which were constructed to store 
spent fuel from Hanford's K-East (KE) 
and K-West (KW) reactors which were 
deactivated in the early 1970's. The 
information below provides a 
description of the operational history 
of the facilities and discusses the 
current environmental and waste 
management challenges facing continued 
operations at these facilities. It 
also serves as a driving force for 
arriving at an alternative storage 
configuration for spent fuel until a 
final disposition method of the spent 
fuel is determined through the NEPA 
process. 

II. HISTORY 
In the late 1930's, the Advisory 

Committee on Uranium (ACU), formed by 
President Franklin D. Roosevelt, began 
to explore the feasibility of using 
atomic energy as a weapon. With the 
entry of the United States into World 
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War II, research intensified in the 
hope of turning the tide of the war. 

Studies conducted at the 
University of California and the 
University of Chicago led to the 
decision to construct a plutonium 
production plant that would convert 
uranium to plutonium for use in nuclear 
weapons. 

A self-contained plutonium 
production facility was constructed in 
a remote area of Washington state in 
1943. Hanford, as the site eventually 
came to be called, was replete with 
clean water, electrical power, and rail 
systems. The facility itself contained 
a fuel fabrication and jacketing area, 
a chemical separation area, and a fuel 
irradiation area with the world's first 
three plutonium production reactors. 
Hanford's resulting product of weapons-
grade plutonium helped bring World War 
II to an end. 

In 1951, faced by the Korean 
Conflict, and hostilities from both 
China and the Soviet Union, the United 
States entered into an expanded phase 
of plutonium production. The Atomic 
Energy Commission, now the governing 
body of atomic research, proposed 
Project X, a large Cold-war expansion 
effort to increase plutonium 
production. Again, Hanford was 
selected to become a part of history by 



being the construction site for the two 
new Project X model reactors. 

The 1850 megawatt thermal KE and 
KW reactors were built between 
September 1952 and May 1955 at a 
budgeted cost of about $184,000,000.00, 
which included the reactors, water 
plants, utilities, construction 
facilities and other associated 
buildings. The K Area reactors were 
the "workhorses" of the Hanford site, 
with a combined operating time in 
excess of 5,000 days (14.5 years for KE 
and 13.8 years for KW). The reactors 
were deactivated between 1970 and 1972 
at which time the spent fuel inventory 
in theKE and KW Basins was removed. 

Hanford's last reactor, dual 
purpose N Reactor, had been generating 
spent nuclear fuel since 1963 for use 
in both weapons and electrical power. 
It soon filled its storage basin to 
capacity and additional space was 
required to store the spent fuel. The 
retired KE Basin was then chosen. 

Between 1974 and 1975, the KE 
Basin underwent several modifications 
in order to receive the N Reactor fuel. 
The most notable of these encompassed 
transforming the basin to a closed loop 
recirculation cooling and purification 
system. The original design used 
filtered water in a once through 
cooling process which then discharged 
to a soil column disposal site or to 
the Columbia River. 

In 1980, the KW Basin also 
underwent modifications to store 
N Reactor fuel. N Reactor was placed 
in standby in 1988 and fuel production 
came to an end. The last load of spent 
fuel was delivered to KW Basin in 1989. 
III. SETTING, 

The KE and KW reactors, their 
fuel basins, and auxiliary facilities 
cover approximately 1.554 km2 (0.6 mi ) 
of land. They are located in the north 
central part of the Hanford site, 

directly adjacent to the Columbia 
River. As a result of past reactor 
operations and waste management 
practices there is surface and 
groundwater contamination. This 
reactor site, as well as the other 
deactivated Hanford reactors, is 
scheduled for remediation under the 
terms of the Hanford Federal Facility 
Agreement and Consent Order, also 
called the Tri-Party Agreement (TPA). 
Use of the KE spent fuel basin for 
storage of N Reactor spent fuel has 
contributed to groundwater 
contamination through a leak of over 
56,775,000 liters (15 million gallons) 
of radio!ogically contaminated water 
from 1974 to 1980, and 378,500 liters 
(100 thousand gallons) in 1993. 

Conditions for the continued use 
of the KE and KW basins and the time 
frame for the removal of all spent fuel 
from the basins is contained in a 
series of TPA milestones which are 
focused on protecting the groundwater 
from future leaks. 
IV. FACILITY AND PROCESS DESCRIPTIONS 

The KE and KW basins are each 
38.1 meters (125 feet) long by 20.4 
meters (67 feet) wide and 6.4 meters 
(21 feet) deep. A water depth of 4.9 
meters (16 feet) is maintained to 
provide shielding and cooling for the 
spent fuel. In the KE basin, there is 
a sludge accumulation in some areas 
estimated to be greater than 35.56 cm 
(14 inches). 

Over the basin water surface, in 
both KE and KW, grating is hung from 
the roof superstructure to provide 
access to the fuel stored below. The 
grating is slotted and indexed to allow 
the use of an overhead trolley and 
hoist to move fuel. The basins 
themselves are constructed with 
reinforced concrete and are, in most 
areas, underlain by a sub-basin leak 
collection detection system. This is 
comprised of an asphaltic membrane 
under a network of piping for leak 



collection. This piping is routed to a 
sump which has water level monitoring 
capability. 

The basins are adjacent to the KE 
and KW reactors with no "rattle space" 
between the two to decouple seismic 
interaction of the two buildings. 
There is no structural continuity 
between the basins and the adjacent 
reactor buildings, such as concrete 
reinforcing steel across the joints at 
the foundation walls and slabs. 

Cooling and water quality 
controls for each of the basin's 
3,785,000 liter (one million gallon) 
water inventory are provided by two 
closed loop recirculation systems. The 
first is a primary system comprised of 
a five micron cartridge filter, a 60 
ton chiller, and three 0.14 cubic meter 
(five cubic foot) ion exchange columns 
which are operated in parallel. The 
second system is comprised of a back-
flushable sandfilter and ion exchange 
module. An ion exchange module is 
comprised of six 0.10 cubic meter (3.5 
cubic foot) ion exchange columns joined 
together with a header and encased in a 
concrete monolith. The ion exchange 
module is then used as both a treatment 
and a disposal package. 

The radiological inventory in the 
KE and KW Basins is approximately 
1 x 10 7 curies each. This comes almost 
entirely from the N Reactor fuel, with 
a lesser amount attributed to the 
single pass reactor fuel from Hanford's 
deactivated eight single pass reactors. 

The N Reactor fuel consists of 
slightly enriched metallic uranium 
bonded to a layer of zirconium alloy 
(Zircaloy-2), hereinafter referred to 
as the cladding. The cladding provides 
the primary barrier against the escape 
of fission products and fissile 
materials from the fuel assembly. The 
fuel assembly includes two components: 
an inner and an outer'tube shaped 
element, assembled into a tube-in-tube 
arrangement. The fuel fabrication 

process used for N Reactor fuel 
involved coextruding the uranium metal 
and Zircaloy-2 cladding. Thus, by 
design, this fuel made from the 
metallic uranium is different than the 
uranium oxide fuel found in commercial 
power plants. 

An estimated six percent of the 
N Reactor fuel experienced cladding 
damage, exposing the metallic uranium 
as a result of the refueling and fuel 
handling operations. This loss of 
cladding integrity ranges from a crack 
to the complete separation of an 
element into two or more parts. Once 
the cladding integrity is lost, fuel 
basin cooling water gains access to the 
metallic uranium, which corrodes the 
metallic uranium and leaches 
radionuclides into the basin cooling 
water. 

When this fuel was shipped from N 
Reactor to the KE Basin it was placed 
in open canisters for handling. These 
open canisters consist of two cylinders 
20.32 cm (8 inches) in diameter and 
68.58 cm (27 inches) high. They are 
held together by a trunyon at the top 
and bottom. These canisters are 
fabricated out of either aluminum or 
stainless steel. Currently, there are 
over 3600 of these open-top canisters 
in the KE Basin containing 
approximately 1,150 metric tons of N 
Reactor spent fuel. Based on the 
experience gained in storing spent fuel 
in the KE Basin, when the KW Basin was 
later modified in 1980 to store spent 
fuel from N Reactor, certain 
improvements were made. First the KW 
Basin was drained and its exposed 
concrete walls were coated with an 
epoxy sealant to prevent the migration 
of the radionuclides present in the 
basin water to the concrete. These 
exposed concrete basin walls in the KE 
Basin were found to be a significant 
contributor to the radiation exposure 
levels in the basin. Second, all fuel 
which was shipped to the KW Basin was 
also placed in canisters but a 
corrosion inhibitor was added to the 



inside of the canister and then it was 
sealed with a lid, thereby 
"encapsulating" the spent fuel. 
Currently there are over 3800 of these 
closed-top canisters in the KW Basin 
containing approximately 958 metric 
tons of N Reactor spent fuel. 

As can be expected, water quality 
conditions are different in both 
basins, as shown in the following 
table. 

K£ KW 
H-3 3.0 6E-2 
Sr-90 1.5 8E-3 
Cs-137 3.3 0.1 
Pu239/240 0.02 1E-5 

* units = microcuries per liter (uCi/L) 

V. ISSUES 

In response to the shutdown of 
Hanford's PUREX facility, which had 
been used to process the N Reactor 
spent fuel by separating special 
nuclear materials, an Environmental 
Assessment was written in 1992 for the 
encapsulation of fuel at KE and the re-
encapsulation of fuel at KW. The DOE 
issued a finding of no significant 
impact in 1992. As other environmental 
documentation was being completed, a 
readiness review was conducted as a 
precursor to the start of 
encapsulation. During this readiness 
review, the Secretary of Energy's Spent 
Nuclear Fuel Vulnerability Assessment, 
and other independent assessments of 
the condition of the KE basin and its 
spent fuel were conducted and 
identified areas where the facilities' 
safety envelope was in doubt. Each of 
these areas are at various stages of 
resolution using the DOE's Unreviewed 
Safety Question process. 

The first area of concern is the 
integrity of unreinforced concrete 
construction joints in the discharge 
chutes between the basins and their 
adjacent reactor buildings. A 

postulated seismic event could lead to 
a basin dewatering condition leaving 
the spent fuel unshielded. A 
corrective action plan has been 
developed that will involve the 
installation of isolation barriers to 
separate the discharge chute from the 
rest of the basin. In the event of an 
earthquake, the barriers will isolate 
the location of the potential leak from 
the main basin, assuring that the fuel 
remains covered with water. 

This same unreinforced concrete 
construction joint in the KE Basin is 
the origin of a chronic leak between 
1975 and 1980 in which an estimated 
56,775,000 liters (15 million gallons) 
of water was released to the underlying 
soil column. This leak was repaired in 
1980 after which water loss rates 
showed a dramatic reduction from over 
2,952 liters per hour (780 gph) to less 
than 113 liters per hour (30 gph). 
Then, during the winter of 1993, the 
105KE basin water loss rates 
temporarily exceeded 227 liter per hour 
(60 gh) which was more than could be 
accounted for as evaporation. This 
leak released tritium and other 
radioactive materials to the soil 
column. Groundwater is sampled at 
least quarterly in monitoring wells 
which are located up-gradient and down-
gradient of the basins. One reason for 
choosing these locations for the wells 
was to differentiate between the 
influence of current basin operations 
from that of past reactor operations. 
Tritium concentrations in the wells 
immediately down-gradient of the KE 
basin have, in the past, been as high 
as two micro-curies per liter. 

A second area of concern is the 
accumulation of plutonium exceeding 
initial operating limits in a 
sandfilter backwash pit at the KE 
basin. This backwash pit is used to 
settle the suspended solids in the 
filter backwash. The sandfilter is one 
of two filtration devices that filters 
basin water for clarity purposes. 
Extensive radiochemical analyses were 



conducted to determine plutonium and 
uranium concentrations to verify that 
there are still sufficient safety 
margins present to preclude any 
criticality potential. 

A third area of concern involves 
over thirty spent ion exchange columns 
being stored at a basin facility until 
a transuranic waste shipping and 
disposal pathway can be developed. In 
their current state, the ion exchange 
resins have a moisture content of over 
50% combined with a radiological source 
term of up to 90 curies Sr-90 and 50 
curies Cs-137. The source of the 
radiological contaminants is the 
unencapsulated fuel. Although these 
ion exchange columns were equipped with 
a commonly available vent plug to 
relieve any pressure build-up caused by 
gas generation from the radiolytic 
decomposition of the entrained water, 
the ability of the vent plugs to 
diffuse the hydrogen at a rate equal to 
or greater than the rate the hydrogen 
is being generated is also under review 
using test data and known effects of 
hydrogen accumulation found at other 
DOE sites. Based on empirical data, 
some of the spent ion exchange columns 
could have hydrogen concentrations at 
20%, or above. 

VI. SUMMARY 
In summary, the continued storage 

of over 2,100 metric tons of spent fuel 
in aged facilities presents several 
technical, environmental, and waste 
management challenges. These 
challenges are unique with respect to 
storing metallic uranium fuel 
underwater, subjecting it to corrosion, 
as well as storing the fuel in dated 
facilities. Understanding this legacy 
has caused the Department of Energy to 
take action to provide improved means 
for interim fuel storage until final 
disposition is determined in an 
Environmental Impact Statement. 
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