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THE DISTILLATION AND INCINERATION OF 132,000 LITERS (35,000 GALLONS) OF MIXED
WASTE HEXONE SOLVENTS OM HANFORD'S REDOX PLANT

0. R. Rasmussen, W. F. Heine, and R. J. Cowan

ABSTRACT

The Westinghouse Hanford Company has successfully decontaminated
132,000 L (35,000 gal) of radioactive hazardous waste solvents and destroyed
the solvents by commercial incineration. The solvents, a mixture of hexone
(methyl isobutyl ketone), kerosene, and tributyl phosphate were the
extractants in the Reduction Oxidation nuclear fuel reprocessing plant in the
1960's and were stored in carbon-steel derground tanks since the plant shut
down in 1967. Westinghouse Hanford Company decontam1nated the solvent in a
distillation system specially designed to accumulate the radioactive
distillation tars in sacrificial vessels for disposal. The distillate,
essentially free of radionuclides except for tritium, was shipped in 19,000-L
(5,000-gallon) tank trailer loads to a 1 ensed and permitted commercial
incinerator that used the solvents' fuel value to produce electric power in a
co-generation plant. This successful recovery operation made beneficial use
of a material that once posed a significant environmental risk at the Hanford
Site. The project was made possible thrc h technology demonstration funding
provided by the U.S. Department of Energy's Office of Technology Development

and its predecessor, the Hazardous Waste Remedial Action Program.
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§.0 REGULATORY VIEW AND PERMITTING

An extensive regulatory review was performed in the project's early
stages. A Resource Conservation and Recovery Act of 1976 (RCRA) Part-A ermit
was submitted to carry out the process ' er the interim status provisiuus of
RCRA. A Part-B permit was not required cause the operating life of the
facility was limited. A closure plan currently under preparation and
scheduled for submission to Washington State in November 1992 details t
closure of the distillation system and hexone tank site. Other documentation
prepared for the demonstration included a safety analysis document, and an
environmental evaluation, as well as R i-compliant plan for personnel
training, contingency, waste analysis, d inspection.

6.0 DISTILLATION EQUIPMENT ESIGN

Various distillation equipment op° s were evaluated, including steam
strippers, distillation columns, and d° rent types of evaporators. Special
consideration was given to the radionuc le content of the waste and to the
tarry nature of the distillation residue. Sacrificial distillation vessels
[1,136-L (300-gal) steel pressure vess¢ ; wit heating coils] were chosen as
they offered several important advantages.

e Liquid waste is pumped into the vessels and only vapors exit
(although in actual practice e weir design did allow some
recirculation to the undergro d tank). When the vessels are filled
with the maximum practicable ount of radioactive tars, they are
blanked off and become strong rimary storage containers for the
radionuclides. The vessels were designed to meet 1988 Waste
Isolation Pilot Plant container criteria in the event that the tar
was classified as transuranic.

e Very little secondary waste is generated.

e The handling and packaging of radioactive residues is virtually
eliminated.

e The heating system remains remote and is not contaminated.

¢ The requirement for maintaining radioactively contaminated equipment
is reduced to an absolute minimum.

e Radioactive exposure to persor is kept as low as possible. This
advantage would be even more s ificant for wastes with a higher
concentration of radionuclides.

The distillation equipment layout is shown in Figure 1. Piping and
instrument schematics are shown in Figures 2 and 3. A 0.5 hp gear pump
transfers waste from the underground tanks into a feed weir that maintains a
constant liquid level in the coil-heated distillation vesse . Excess feed
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Figure 6. Distillation Vessel.

The distillation vessels are 0. m (3 ft) in diameter and 2.5 m (6.5 ft) tall.
The vessel is fabricated from 0.95 cm (3/8 in.) carbon steel. The 7.6-cm
(3-in.)-dia. feed weir is shown at upper right.
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The next material processed was 7,750 L (2,000 gal) of water, where
process rates dropped to 2 L (0.5 g¢ )/min due to the high heat of evapor: lon
of water. The system was operated concarvatively and no attempt was made to
raise processing rates by increasing : oil temperature, as volatile organics
could be expected to enter the system . any time. :

The challenging phase of the operation began with processing of the
54,000 L (14,000 gal) mixture of hexone, kerosene, and tributyl phosphate.
The overflow weir recirculation system allowed much of the hexone nhase to be
boiled out of the organic liquids early on. As temperatures were 1icreased to
distill the higher-boiling fractions, tri tyl phosphate breakdown tars beca
a problem. Thick tars started accumulati in the first-stage distillation
vessel. While all of the tar had been xpected to ren n in the distillation
vessel, soft tar also started building p in the feed weir and in the overflow
seal loop, partially plugging the loop and causing cycling in the vessel
liquid level.

The first stage vessel was replaced with a spare vessel (Figure 16) after
77,500 L (20,000 gal) of hexone and 31,000 L (8,000 gal) of the mixed organ-
ics had been processed, and process rates fall. At the same time the feed
weir was cleaned out because it was two * 'ds filled with tar as well as rust
flakes from the underground tanks. The : | fiber-mesh first-stage demister
was replaced with a short wire-mesh pad ) reduce demister pressure drop.

The last 27,000 (7,000 gal) of mixed organics (Figure 17) proved the most
troublesome. Several process outages were required to remove tar from the
feed weir (Figure 18) and to flush the . rflow drain line. As the end of
processing approached, oil temperatures re raised to 260 °C (500 °F) and
held for several shifts to wring out the maximum amount of distillate. Bulk
distillation operations were completed i Oct er 1990. Flushing and rinsing
of the piping and underground tanks, along with distillation of the rinsate
were completed in early December 1990.

By the time all possible distillate ad been recovered, the first stage
distillation vessel (replacement unit) also held 475 L (125 gal) of tar as
well as 265 L (70 gal) of high-boiling k osene residuals. The second-stage
vessel contained about 57 L (15 gal) of tar and 4 L (1 gal) of residual
kerosene. The distillate radionuclide ct et totalled less than 223 uCi of
penetrating alpha and beta activity for a decontamination factor of greater
than 1,100 across the distillation system. [n this calculation, detection
limits were used as the actual number where radionuclides were nondetectable.)
Decontamination results are summarized in Table 1. No decontamination was
measured for tritium as this very low-eneray isotope is exchanged into the
hexone molecular structure and cannot be .racted.
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future use. Spare distillation vesst s are available and the condensers and
other components have been rinsed with detergent s¢ itions. If no other
Hanford Site needs are identified, the system will be dismantled and the
components reused elsewhere or excessed., The tank cars have been rins. and

~ are expected to be released for other anford Site service.

The underground tanks will be cleaned by dry blasting (grit or dry :e),
removed from the ground, and hauled to a permitted Hanford disposal site. It
is expected that the hexone site can be clean closed. A closure plan is
scheduled for submittal to the State « Washington and the EPA in
November 1992.

11.0 COST

The cost of the hexone remediation demonstration is expected to total
$4.0 million, which is a relatively modest cost for resolution of a
radioactive and hazardous waste problem of this nature.

Decontamination expenses, includir characterization, technology
development, and solid waste disposal, consumed 71 percent of this cost.
Shipping and incineration of the disti’ ite accounted for the remainder.
Commercial shipping and incineration charges totalled $5.07 per L
($19.20 per gal).

12.0 CONCLUSION

Onsite distillation/decontamination followed by commercial incineration
has proved to be a practical and cost-effective means of remediating
industrial-size volumes of hazardous, flammable, and radioactive waste
solvents. The use of sacrificial distillation vessels virtua ly eliminated
the need to handle the intractable distillation tars and provided a convenient

.and secure storage/disposal container for the radioactive still bottoms. Use

of concrete shields around the vessels reduced personnel radiation exposure to
essentially nil. The operations were carried out safely without personnel
injuries, chemical exposures, fires, spi 3, or radioactive-contamination
events.

Small-scale distillation systems using sacrificial distillation vessels
are expected to have future applications radioactive organic and aqueous
liquids require safe disposal.

The Hexone Remediation Demonstration ieered the use of commercial
incineration facilities for the destructi * DOE radioactive solvents. The
commercial incineration success has gener significant interest. Numerous
inquires have been received from other Ha | functions and from other
DOE sites. Another Hanford project, the )} Solvent Drum Retrieval, has

contracted for commercial incineration, and the Plutonium-Uranium Extraction
(PUREX) Plant is preparing a request for pro sal. Other DOE sites have also
initiated request-for-proposal and procur¢ :nt actions.

27



WHC-EP-0570

13.0 REFERENCES
Resource Conservatoin and Recovery Act of 1976, 42 USC 4321 et seq.

28



ONSITE
10

87

OZ”)IDQZ:)UMWQDC—:P&

WHC-EP- 70

DISTRIBL [ON

U.S, Department ~¢_Energy-
Headguarters

. L. Frank
Hain
Lankford
Lien
Prestwich
Shupe

ZUVLVWLIEZRO

tment -
Headquarters

. Banks -
. Bracken
. Bracken
. Carter
. Clark

. Hennig
. Moy

. Newson
Sutey

. Trader

Westinghouse Hanfi d_Company

. Berger (50)
Berlin
Brehm
Cowan
Frain

. Gilchrist
Glover

. Hamrick

. Harmon
Heine

. Hughes
Kasper
Lerch

. McGuire

. Olander
Pavlina
Payne
Rasmussen (10)

OGO Dr-oMO
MOUMARARIRNROPO

x)mzmmzn-ncmmr-zn:o.—lc

Distr-1

S4-60
A4-02
A5-19
A5-21
A5-21
A5-21
A5-21
R2-62
A5-90
A5-90

L0-18
R1-51
H5-35
L5-31
H4-55
L5-63

3-54
R1-51
R2- !
B2-35
R2-81
R2-50
B2-35
B3-63
R3-45
S4-25
R2-50
R1-51




ONSITE

WHC-EP-0570

DISTRIBUTION (cont.)

. Shannon

. Weaver

. Wojtasek

. Womack

. R. Wood

Information Resource Administration (3)
Central Files (2)

Publication Services

mGomc
OO

Distr-2

T3-11
13-11
L4-92
Lo-18
L5-31
R1-08
L8-04
R1-08






