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Introduction and Summary

The present DWPF flowsheet calls for the chemical treatment

of waste sludge with 90 wt% formic acid prior to the addition

of the Precipitate Hydrolysis Aqueous (PHA) product. An

alternative processing methodology, denoted the "Nitric Acid

Flowsheet", has been proposed. In the application of this

flowsheet, nitric acid would be used to neutralize sludge

base components (hydroxides and carbonates) prior to the
addition of late wash PHA. The late wash PHA will contain

sufficient quantities of formic acid to adequately complete

necessary reduction-oxidation (REDOX) reactions.

Classifier
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Most important of th_e REDOX reactions is the reduction of
mercury to the element :_ state. Reducing the mercury to the
metallic state allows = to be steam stripped and removed
during normal sludge processing. Mercury reduction,
stripping, and removal via the formic acid flowsheet have
been demonstrated successfully on several scales. 1,2,3,4 In
order for the Nitric Acid Flowsheet to be a viable

alternative, it must be shown that mercury can be adequately
reduced, steam stripped, and removed from the waste sludge.
Four runs have been completed in the pilot-scale Integrated
DWPF Melter System (IDMS) which were conducted in order to
demonstrate the viability of this alternate flowsheet.

Based on the results, it appears that the design basis
mercury endpoint (0.45% Hg) can be attained without
increasing the SRAT cycle time. Steam stripping efficiencies
were good (exceeding the 33% design basis) for runs which
used PHA with the reference Late Wash acid content (0.26 -
0.30 M).

Background

Mercury is the most hazardous non-radioactive component in
Savannah River Site (SRS) High Level Waste. The mercury has
been used in the SRS separations processes as a catalyst in
the nitric acid dissolution of spend fuel rods. Since
mercury and mercury compounds decompose at temperatures much
less than I150"C, any mercury present at vitrification will
exit with he melter offgas. This mercury could be present
in the mel_er offgas stream as a complex mixture of halides,
oxides, and metal. This mixture would be very difficult to
process, recover, and purify from the melter offgas stream.
Further, mercury halides are very corrosive, especially at
elevated temperatures. Therefore, the Defense Waste
Processing Facility (DWPF) has planned to remove most of the
mercury prior to vitrification via reduction to the elemental
state with formic acid and removal via steam stripping in the
Sludge Receipt and Adjustment Tank (SRAT). The elemental
mercury is then collected and washed in the Mercury Water
Wash Tank, purified in the Mercury Purification Cell, and
removed from the system.

In 1982, Janes 3 conducted experiments in the 1/200 th scale
SRAT in order to define a design basis for mercury removal in
the DWPF. The results indicated that a steam stripping
efficiency of 33% (approximately 3x the theoretical amount of
steam based on vapor pressures) could be assumed for sludges
with mercury concentrations above 0.8 wt% as shown in
Figure I. Janes also indicated that the steam requirement is
doubled (to 6x theoretical) at mercury concentrations of 0.45
wt%. This value (0.45 wt%) was, therefore, chosen as a
logical endpoint. The average mercury removal was predicted
to be 75+%.

- 2 -
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Figure I. Small Scale Mercury Stripping Efficiency 3

In 1991, Hutson, et.al. 4 reported the results of experiments

performed in the pilot-scale Integrated DWPF Melter System

(IDMS) using the formic acid flowsheet. The results of the

three-run campaign indicated that more than 50% of the

initial mercury was removed during the formic acid

addition/reflux period• During this reflux period

(approximately 6 hours), steam stripping efficiencies were 70

- 85%, far exceeding the DWPF design basis of 33%. In

contrast, during the PHA addition/concentration periods, the

mercury steam stripping efficiencies were very low (2 - 11%).

However, this is due to the fact that most of the mercury

that will be stripped has already been stripped in the formic

acid reflux period. Any additional mercury which is stripped

in the PHA cycle (25 - 45%) is stripped very early in the PHA

cycle. The endpoint concentrations for the three runs ranged

from 0.08 - 0.24 wt%, again far exceeding the DWPF design
basis. (Note that these IDMS runs had a starting mercury

concentration of 1.2% versus the design basis of 3.0%).

Based on the results of these runs, it was concluded that

additional reflux after completion of the PHA addition-

concentration would not be necessary to adequately remove the

mercury. Overall, more than 80% of the initial mercury was
removed from the waste simulant in each of the three runs.

- 3 -
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IDMS Nitric Acid Flowsheet Runs

To date, four runs have been made in the IDMS facility using

the proposed Nitric Acid Flowsheet. These runs used two

types of SRS waste sludge simulations (HM and PUREX) and two

types of PHA material (HAN-process PHA and Late Wash PHA) .
In each case, initial mercury concentrations were targeted at

3.2 wt% which is the highest expected to be processed in the

DWPF. All of the runs contained "HM levels" of noble metals

(Ru, Rh, Pd, and Ag) and the potential alloying agents, Se
and Te. The results of each run are discussed in greater

detail in the following sections.

IDMS HM4

The first IDMS run which utilized the Nitric Acid Flowsheet

was one which used an HM-type sludge simulant (=0.3 M NO2-)

and HAN-process PHA (0.08 M acid). This run is referred to
as "HM4" and was conducted in late February 1992.

Approximately 72 gallons of 7.5 M nitric acid were added to

ii00 gallons of sludge. After the addition was completed,
the material was ref!uxed for 3 hours before the addition of

approximately 2100 gallons of the HAN-process PHA. The PHA
material was added in 150-gallon batches.

Figure 2 shows the amount of mercury in the IDMS SRAT/SME

during the course of the HM4 operation. One can see that,
aside from the analytical scatter, the mercury stays constant

until the start of the PHA addition at which time it starts

to decline sharply. The mercury content continues to decline

until approximately 75% has been removed. No steam stripping
is evident during the SME cycle as the mercury content

actually appears to increase during this phase of operation.

The mercury concentration after completion of the SRAT

processing was 0.59 wt%.

The steam stripping efficiency during the HM4 operation is

shown :i.n Figure 3. As can be seen in the graph, the

efficiency starts at 0% and increases sharply at the

beginning of the PHA addition. The efficiency peaks at about
40% and declines to 25-30%, below the design basis of 33%.

- 4 -
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Figure 3. Steam Stripping Efficiency During IDMS HM4
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IDMS PX3

The second IDMS run which utilized the Nitric Acid Flowsheet

was one which used a PUREX-type sludge simulant (0.0 M NO2-)

and HA/q-process PHA (spiked with formic acid to 0.3 M acid).

This run is referred to as "PX3 °'and _as conducted in mid May

1992. Approximately 35 gallons of 7.5 M nitric acid were

added to ii00 gallons of sludge. After the addition was

completed, the addition of the PHA material was initiated (no

reflux period). The PHA material was added to the IDMS SRAT

in 150-gallon batches for an approximate total of 2100

gallons.

Figure 4 shows the amount of mercury in the IDMS SRAT/SME
during the course of the PX3 operation. This plot shows a

nice decrease in the mercury content throughout the PHA
addit_.on/concentration cycle. At the end of the SRAT

processing, approximately 82% had been removed and the

mercury concentration was 0.54 wt%. As can be seen in

Figure 4, additional steam stripping takes place in the SME
cycle.

The steam stripping efficiency during the PX3 operation is

shown in Figure 5. The plot is somewhat similar to that of

HM4 (Figure 3). The efficiency begins at 0%, sharply
increases with the addition of PHA, and later declines.

However, the efficiency for PX3 is considerably better than "

that of HM4. The peak efficiency is greater than 85% and

only at the end of SME operation does the efficiency decline
to the design point of 33%.
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Figure 4. SRAT Mercury Content During IDMS PX3
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IDMS PX4

The third IDMS run which utilized the Nitric Acid Flowsheet

was one which used a PUREX-type sludge simulant (=0.06 M NO2-)

and Late Wash PHA (0.26 M acid). This run is referred to as

"PX4" and was conducted in early July 1992. Approximately 35

gallons of 7.5 M nitric acid were added to ii00 gallons of

sludge. After the acid addition was completed, the addition
of the PHA material was initiated (no reflux period). The

PHA material was added to the IDMS SRAT in 150-200 gallon

batches for an approximate total of 2100 gallons.

Figure 6 shows the amount of mercury in the IDMS SRAT/SME

during the course of the PX4 operation. As with the

corresponding plot for PX3, this plot shows a decline in the

mercury content throughout the PHA addition/concentration

cycle until the very end of the cycle when there seems to be
an increase in the mercury content• At the end of the SRAT

processing, 70 - 80% of the original mercury had been removed

and the mercury concentration was 0.49 wt%. As with PX3,
additional steam stripping takes place in the PX4 S:4E cycle.

The steam stripping efficiency during the PX4 operation is

shown in Figure 7. This plot is very similar (in the general

trend, at least) with those of HM4 and FX3. The efficiency

increased sharply in the early stages of PHA cycle (addition
and concentration) and then declined to approximately 33%

(the design eff c.%ency) at the end of SRAT processing and

through the early part of the SME cycle.
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IDMS PX5

The fourth IDMS run which utilized the Nitric Acid Flowsheet

was one which used a PUREX-type sludge simulant (=0.06 M NO2-)

and Late Wash PHA (0.3 M acid). This run is designated as

"PXS" and was conducted in mid October 1992. Approximately

38 gallons of 7.5 M nitric acid were added to ii00 gallons of
sludge. After the acid addition was completed, the addition

of the PHA material was initiated (no reflux period). The
PHA material was added continuously to the IDMS SRAT at

approximately 1.5 - 2.0 gpm. The material was evaporated by
using 800 - i000 pph steam (@ 125 psi).

The data necessary to characterize the steam stripping
efficiency and plot the mercury concentration with time is

not available at the time of this report. (This information

will be included in a general four-run summary report.)

However, analysis of the SRAT product has been completed.

The endpoint concentration for the PX5 SRAT was 0.03 wt% Hg.
This corresponds to greater than 90% removal and far exceeds
the 0.45% target endpoint concentration.

This increased removal is most likely the result of

maintaining a vigorous boil with high steam flows during the
PHA addition.

- I0 -
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Conclusions

Table 1 shows a general summary of the pertinent data and
from each of the three runs. From this_information and from
analysis of the mercury content a_id steam stripping
efficiency plots, the followin% 3onclusions can be made:

• The steam stripping efficicency for IDMS HM4 was not
good. However, --75% of the original mercury was removed
by the end of the SRAT cycle. The decreased efficiency
may be due to the low acid content of the HAN-process
PHA. Adequate mercury removal is probably a result of a
longer SRAT cycle time.

• In cases where the acid content was at nominal Late Wash
levels (= 0.26 - 0.30 M) the efficiency was good
(consistently exceeding the 33% design basis).

• In all cases at least 75% of the original mercury

present in waste sludge simulant was removed at the end
of the SRAT cycle.

• Preliminary data from PX5 indicated that the SRAT cycle
endpoint mercury concentration was 0.03 wt%, far below
the design basis. This is most likely the result of an
increased steam flow, an increased flux, and continuous
addition of the PHA.

• Based on the results of PX5, it appears that the design
basis mercury endpoint (0.45% Hg) can be attained
without increasing the SRAT cycle time.

Table i. Pertinent Conditions For Each of the IDMS Nitric
Acid FlowBheet RunB

Sudge _udge 7.5M HNO3 PHA PHA PHA PHA Hg
Amount NO2(-) Amount Am_nt NO3(-) HCOO(-) Acid EndConc

RUNlD (Gal) (Molar) (Gal) (Gal) (M_ar) (Mdar) (Molar) (wt%)

HM4 1100 0.29 72 2100 0.36 0.26 0.08 0.59
PX3 1100 0.00 35 2100 0.25 0.36 0.30 0.54
PX4 1100 0.07 35 2100 0.09 0.61 0.26 0.49
PX5 1100 0.07 38 2100 0.10 0.54 0.30 0.03
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