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ABSTRACT

The Du Pont Company is buflding for the Department of
Savannah River Plant near Aiken, South Carolina.
existing and future radicactive wastes produced by defense

neering and design is 45% complete, the site has been ¢leared, and startup is expected in 1989,

describe project status as well as features of the design.

SOLIDIFICATION PROGRAM

The Department of Energy, in accord with recom-
mendations from the Du Pont Company, has started con-
struction of a Defense Waste Processing Facility
{DWPF) at the Savannah River Plant (SRP). This facil-
ity will immobilize the large quantity of high-level
radioactive waste now stored at the plant plus the
waste to be generated from continued chemical reproc-
essing operations. The SRP is presently the nation's
primary source of tritium, weapens plutonium, heat
source plutonium, and several other radionuclides for
defense, space, medical, and energy applications. SRP
was built by the Du Pont Company for the U. 5. Atomic
Energy Commission in the early 1950's and the plant is
still operated by the Company for the U. S. Department
of Energy {DOE). The plant comprises a large, remote
Tand area with extensive support facilities and a sin-
gle operating contractor; it is an excellent location
at which to begir this nation's first large-scale
tmmobilization of high-level radioactive wastes.

The DWPF will provide an immobile waste form suit-
able for emplacement in a federal repository to be
constructed as described in the Nuclear Waste Policy
Act of December 1982. Together these facilities will
assist in the demonstration of a safe, effective
nuclear waste disposal policy for the United States.
The DWPF is the result of over ten years research,
development, and demonstration at the Savannah River
Lapboratory.

The DWPF was authorized for preliminary construc-
tion starting late in 1983, and will be producing
canisters filled with radicactive waste immobilized
in borosilicate glass by September 1989. The DWPF
project, which will cost $870 million, will ‘provide

Energy a facility to vitrify high-level waste at the

The Defense Waste Processing Facility (DWPF) will solidify

At the present time engi-

activities at the site.
This paper will

will be sealed, cleaned, and stored prior to emplace-

ment in a federal repository. Facilities will also be
provided to immobilize the decontaminated waste salt
solution in grout for onsite disposal. The cesium
removed from the salt solution will be incorporated in
the glass.

SRP HIGH-LEVEL WASTES

In the 30 years of SRP operations, some 275 thou-
sand m> of high-level waste have been generated; waste
generation_is expected to continue at the rate of 6
thousand to 15 thousand m® a year depending on oper-
ating demands. This waste has been evaporated to about
115 thousand containing 935 million curies of radio-
activity which is now stored in large underground :
tanks. The principal radionuclides in the waste are
strontium-90 and cesium-137. Some 10% of the waste is
a sludge generated from precipitates of the hydroxides
of iron, manganese, and aluminum; the sludge contains
most of the strontium and smail amounts of actinides
not recovered in the reprocessing plant. The remainder
of the waste is liquid and saltcake, which consists
primarily of sodium nitrate, scdium nitrite, sodium
aluminate, and sodium hydroxide; this waste fraction
contains most of the cesium.

A waste tank replacement program has provided 27
new, double-wall, stress-relieved tanks in separate
underground concrete vaults (Fig. 1). Some of the
original tanks built in the 1950's have experienced
stress corrosion cracking. At present, the waste Is
being moved from the old tanks to the new tanks.

This program will be completed by aboyt 1988. Were
the DWPF not built, additional new tanks would have
been required in this and the next decade for storage
of waste generated. by continuing plant operations.

facilities to take radionuclides from existing waste —

tanks at SRP and immobilize them in glass which is then
poured into stainless steel canisters. These canisters
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Fig. 1. Nasté Storage Tank

WASTE FORM

Borosilicate glass has been selected as the waste
form for the design of the DWPF. Extensive research
dane by Du Pont and others, both nationally and
internationally, on alternative forms for immobil-
izing waste make it clear that borasilicate glass
provides a desirable combination of properties.

These are: (1) adaptability to a wide range of waste
compositions, (2) capability of being produced on a
Targe scale in a radiocactive environment, (3) accept-
able production cost, (4) long-term 1ntegr1ty, and
{5) Tow aqueous solub111ty.

France is already producing borosilicate glass
containing high-level waste, and England, Japan and
Sweden are seriously considering this waste form.
Germany is building a vitrification plant at Mol,
Belgium.

PROCESS

The DWPF design has been developed over the past
four years by a mltidisciplined Du Pont task force,
composed of personnel from the Savannah River Labora-
tory (SRL), the Engineering Department, and the
Savannah River Plant staff.

The process for waste immobilization (Fig. 2)
consists primarily of converting the sludge fraction
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Fig. 2. The DWPF Process

of the waste into a glass form in a vitrification
operation, Onsite storage will be provided for the
glass canisters until a federal repository is devel-
oped for final emplacement, thus separating the im-
mobilization project from the selection of a waste
repository. The salt fraction of the waste is to be
dissolved in the waste tanks and decontaminated by
the addition of sodium tetraphenylborate which pre-
cipitates cesium as its tetraphenylborate salt.
Radigactive compounds removed from the salt solution
are added to the glass. A cement and fly ash mixture
will be added to the decontaminated salt solution and
the grout will be placed in an engineered burial s1te
at SRP. The DWPF will convert the 115 thousand m3 of
sludge, salt, and liquid presently in the waste tanks
into apprdximate]y 4 thousand m3 of glass with essen-
tially all of the radioactivity, and 60 thousand m3
of saIt with oniy 0.0001% of the radioactivity.

Technoiogy for boros111cate g1ass production 1is
well developed: the preferred glass production process
is a s]urry-fed, Joule-heated ceramic melter (Fig. 3).
The DWPF process operations have been demonstrated
with actual radicactive waste in smaliscale equipment
in shielded cells at the Savannah River Laboratory.
The glass process has also been scaled up to produc-
tion size in a pilot plant which demonstrated equip-
ment operability with nonradiocactive simulated process
solutions. Continuing development has provided the
basis for and verification of des1gn and operating
features for the DWPF.
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Fig. 3. DWPF Melter

New technology makes it possible to treat the
separated sludge and soluble salt streams in the
waste tanks. To reduce the amount of borosilicate-
glass produced, about 75% of the aluminum compounds
will be dissolved from the sludge with caustic Tn
those waste tanks where the aluminum concentration is
high; other sludge will be simply washed with water
to reduce the salt content. Sludge will be removed
from the tanks with special slurrying pumps developed
for the waste transfer program. Following the slurry-
ing and removal operations, the sludge heel in the
tanks will be washed to remove scluble salts and the
remaining sludge will be chemically dissolved. Re-
moval of greater than 99.9% of the waste from existing
SRP waste tanks and required aluminum removal have
been successfully demonstrated.



Decontamination of salt was likewise demopstrated
in waste tanks at SRP last year. Over 2,000 m3 of
dissoived salt was decontaminated by a factor of
50,000 and representative samples were removed and
cast as saltstone for Tongevity tests.

DWPF DESCRIPTION

The glass waste form will be produced in the
DWPF by melting the sludge fraction of the waste and
& borosilicate-type glass frit at temperatures of
about 1150°C. The concentration of waste oxide will
be approximately 28%. The glass production process
empToys a slurry-fed, joule-heated ceramic melter.
The alkaline feed sclution is to be adjusted with
formic acid upon receipt in the process cell to es-
tablish reduced valence states of the sludge compo-
nents. The glass will be cast and sealed in stainless
steel canisters 0.61 meters in diameter and 3.00
meters long {Fig. 4). About 500 canisters will be
filled annually.
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Fig. 4. Filled Canister

The vitrification of waste in the DWPF (Fig. 5)
will be performed in a heavily shielded concrete cell
structure located within a concrete building that is
28 meters high, 36 meters wide, and 170 meters long
(Fig. 6).

Defense Waste Processing Facility

Fig. 5.
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Level 1 Plan

The basic design concept involves a system of
barriers to separate the radioactive materials from
operating personnel and the environment. Building
walls restrict the spread of radioactive contamina-
tion and provide shielding to reduce radfation levels
to less than 0.5 mrem/hr in occupied zones of the
building. The ventilation system wiil establish
differential pressures throughout the facilities to
provide for air flows from zones of lesser to zones
of higher contamination potential. The main process-
ing cell is ventilated independently from the remain-
der of the facilities, and will operate at the lowest
static air pressure within the facility.

Process cell operations are to be controlled
from outside of the cell and all equipment is to be
removed remotely from the cell for decontamination
before repair, replacement, or disposal. Process
piping and service connections will be made to the
process equipment with connectors operated remotely
from the cell crane. Nonradioactive chemical feed
systems, instrumentation, and service systems are
located outside the cell in controlled operating
areas. The design concept is similar to that of the
existing operating SRP reprocessing facilities which
over 30 years of operation have demonstrated an
availability of 85%.

Removal and installation of process equipment
within the shielded building will be by remotely con-
trolled crane with closed-circuit television for
viewing crane operations. Glass melting and canister
filling and cooling will be in one segregated section
of the building while canister decontamination and
initial monitoring will be in a second segregated
section; all of these facilities are serviced by the
cell crane. Canister sealing and final monitoring
will be in an isolated, remotely operated, contact
maintenance cell. A five-inch-diameter plug will be
pressed and sealed in filled canisters using a re-
sistance upset welding technigue whereby the entire
joint area is welded simyftaneously. All remote
operations in the canister handling facilities are
monitored by closed-circuit television: viewing win-
dows will also be provided at critical locations.
Canisters are moved from one cell section to a less
contaminated section or between cells through tunnels
which act as airlecks.

One of the major differences from commercial
glassmaking is in the nature of off-gases emitted
from the melter, The melter feed contains 60% water
in addition to both radioactive volatile and semivol-
atile materials. Contamiration is removed as conden-
sables and particulates in a series of scrubbers,
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mist eliminators, and high Sfficienc
overall effectiveness of 10¥ (Fig. 7). In addition,
the off-gas lines from the melter are kept clear of
splatter and entrained molten glass by a film cooler
on the throat of the exit T1ine. This device cools
glass particies to below their soften1ng temperature
and helps sweep them away from the pipe walls.
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Fig. 7. Melter O0ff-Gas Primary & Back-Up System

Service areas and operating corridors are to be
housed within a seismic- and tornado-resistant struc-
ture in the space immediately surrounding the process

~cells (Fig. 8). This space is minimized to reduce
investment in the high-cost structure. The process
cell ventilation air will be exhausted through a
single-stage sand filter of a seismic-resistant de-

- sign which is expected to operate at greater than
99,9% efficiency based on similar filters installed
in the two SRP reprocessing plants. Exhaust air from
the operating corridors within the seismic-resistant
processing building, which has a potential for some
contamination, will be filtered through a single-
stage high efficiency particulate air (HEPA) filter
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Fig. 8. Cross Section - Vitrification Building 221-5 e
=system. This latter exhaust air system wili be

housed in a facility of standard construction because
only small amounts of radicactivity are expected to
be present.

filters with an
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A1l raw material preparation facilities, none
radicactive support facilities, and personnel facili-
ties will be of standard construction.

The waste glass canisters will be moved in a
shielded transporter and stored in a natural-
convection air-cooled storage building until they are
transferred to a federal waste repository. The stor=
age byilding is a modular design that provides for
storage of up to ten years of canister production,
depending upon funding availability, untfl a federal
repository becomes available. The canisters are to
be decontaminated to the level which permits shipping
packages of radioactive materials on public roadways.

Sa1t decontaminatlon will be performed largely

in existing waste tanks with the addition of minimal

external facilities. After saltcake in waste tanks
is dissolved with water and removed to a processing
tank, chemicals are added to precipitate residual
radionuclides, mainly cesium-137 and strontium-80,
along with any potassium which may be- present. The
resultant solids, which contain greater than 9%.99%

" of the initial activity, are concentrated from 0.5%

to 10% by cross-flow filtration across sintered
stainless steel tubes. These solids can be treated
to remove organics and combined with sludge to form
glass. The decontaminated filtrate will be mixed
with a Portland cement and a fly ash mixture to pro-
duce a high-integrity grout referred to as saltstone.

~ The saltstone will be buried onsite in an engineered

landfill which minimizes the contact of the saltstone
with surface water and ground water (Figure 9).
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Fig. 9. Saltstone Monolith Cross Section
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CONCLUSIONS

Both technology and engineering have been demon-
strated for the conversion of nuclear wastes at SRP
to an immobile borosilicate glass. This conversion
will be accomplished in facilities that have minimal
environmental impact and are safe to operate and
maintain. Construction has now begun and should be
complete in 1988. Full-scale operation should begin
in 1989. The existing wastes at SRP will be
completely converted by about 2010.

This project will provide the public, and the
leadership of this country, with a crucial demonstra-
tion that a major quantity of existing high-level
nuclear wastes can be safely and permanently immobi-
lized. This demonstration will both expedite and
facilitate rational decision making on th1s aspect of
the nuclear program.
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