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ABSTRACT. Mercury-contaminated rinse solution was successfully treated at the Idaho National

Engineering laboratory. This waste was generated during the decontamination of the Heat Transfer
Reactor Experiment 3 reactor shield tank. Approximately 6.8 m3 (1,800 gal) of waste was generated

and placed into 33 drums. Each drum contained precipitated sludge material ranging from 2-25 cm
in depth, with the average depth of about 6 eta. The pH of each drum varied from 3-11. The bulk

liquid waste had a mercury level of 7.0 rag/l, which exceeded the Resource Conservation and
Recovery Act limit of 0.2 mg/l. The average liquid bulk radioactivity was about 2.1 pCi/ml, while the

average sludge contamination was about 13,800 pCi/g. Treatment of the waste required separation
of the liquid from the sludge, filtration, pH adjustment, and ion exchange. The resulting solution
after treatment had mercury levels at 0.0186 mg/l and radioactivity of 0.282 pCi/ml.

INTRODUCTION

Scope

This report addresses the processing of approximately 6.8 m3 (1,800 gal) of mercury-contaminated
mixed waste [referred to in this report as the Test Area North (TAN) mercury-contaminated rinse
solution] at the Idaho National Engineering Laboratory (INEL). The objective of this paper is to
detail the methods by which the waste was processed and describe final waste forms and ultimate

disposal of each waste form. Included in this report are details of processing problems and
recommendations for future processing of similar wastes.

Background

The TAN mercury-contaminated rinse solution was produced from the decontamination of the Heat
Transfer Reactor Experiment 3 (HTRE-3) reactor shield tank. This reactor was designed as part of

the experimental airplane engine program. Shielding for the reactor was provided by a shield tank
filled with approximately 1,500 gal of mercury. This reactor has since been put on display at the

Experimental Breeder Reactor I (EBR-I) museum.

Prior to the HTRE-3 reactor being sent to EBR-I for display, the residual mercury was removed by

riming the shield tank with 30 wt% nitric acid solution. After rinsing the shield tank, the pH of the
solution was increased to about 10 by adding 50 wt% sodium hydroxide. Sodium sulfide was then
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added to convert the mercury to an insoluble mercury sulfide. Aluminum sulfate was then to be
added to act as a flocculating agent. The solution was then to be neutralized to a pH of 7 and filtered
through a 5-g. filter.

Originally, it was anticipated that the resulting waste would pass Resource Conservation and Recovery
Act (RCRA) limits and then be disposed of as a nonhazardous, nonradioactive waste. However, the
solution did not pass RCRA limits and radioactivity was detected. The mixed waste was placed into
33 polyethylene, 55-gal drums, and the drums of waste were placed into the Mixed Waste Storage
Facility (MWSF) at the INEL. Information from the waste characterization report and results from
analyses performed on the waste indicate that each waste drum has a different pH and metals
concentration.

WASTETREATMENT

The TAN mercury-contarrdnated rinse solution was treated as part of a treatability demonstration of
liquid mixed wastes at the INEL. Several similar mixed wastes have been identified at the INEL for
potential treatment by ion exchange. The processing of the 6.8 m3 of TAN mercury-contaminated
rinse solution waste was to evaluate the treatability of this and similar wastes on a large scale by ion
exchange and the requirements of a treatment system for future processing.

Prior to treatment of the 6.8 m3, treatability studies were performed on samples of the waste at the
Test Reactor Area ('IRA) radiochemistry lab located at the INEL (1). After completion of the
treatability studies, treatment facility and treatment process options were evaluated and a processing
scheme was developed. The following sections detail the processing of the TAN mercury-
contaminated rinse solution. Three processing trials were required to reduce the mercury levels of
the waste to acceptable limits, and are denoted as Trials 1, 2, and 3.

TreatabilityStudies

Treatability studies were performed on samples of the waste to evaluate treatment options and
recommend a treatment plan. The results of the treatability studies are summarized here; detailed
results are in Reference 1.

SIXof the 33 drums were sampled to perform treatability studies. The samples indicated that the
waste had both a liquid phase and a solid sludge phase of 5-8 cm at the bottom of each drum. The
liquid was separated from the solids by using a 0.45-/z filter, and both the liquid filtrate and the solids
were analyzed for metals and radioactivity.

A metals analysis was performed on the six samples, and mercury and lead were found to be above
the R.CRA limits of 0.2 mg/l and 5.0 mg/1, respectively. The six samples had a wide range of
concentrations for lead and mercury. Most of the mercury values were over the RCRA limit, ranging
from 0.133 to 4.68 mg/l with an average of 1.156 mg/l. Only one lead value was over the RCRA limit,
ranging from 0.622 to 8.10 mg/l with an average of 3.03 mg/l. The total activity of the filtrate was low,

ranging from 2.2 to 74 pCi/ml with an average of 21 pCi/ml. The total activity of the sludge was much
higher, ranging from 1,050 to 40,000 pCi/g with an average of 13,800 pCi/g.
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Ali the samples had very high concentrations of sodium, reading beyond the capability of the analytical
instrument and indicating that the sodium sulfide was probably added. Also, some of the samples had
high concentrations of aluminum while others had almost no aluminum, indicating that some of the
containers may have had aluminum sulfate added. The pH of the samples ranged from less than 3
to greater than 10.

Ion exchange experiments were run in a glass column, 1.5 cm in diameter and 20-25 cm tall. The
following conclusions and recommendations for large scale processing of the waste were made:

• Results of the treatability study indicate that the waste can be treated to remove the hazardous
heavy metals of mercury and lead by use of an ion selective resin. Two selective ion resins were
recommended:

- GT-73 produced by Rhom and Hass.

- S-920 produced by Purolite.

The first resin, GT-73, proved to be effective with mercury and lead removal, but was not
commercially available in bulk. A total of 7 kg was obtained for use. The second resin, S-920,
was then evaluated and found to be effective.

• Heavy metal removal was most efficient at acidic conditions, pH 4-6, but also was effective
under caustic conditions, pH 8-10. A pH drop of about two points occurred during processing
of the waste.

• Heavy metal removal was effective at a flow rate of 10-12 bed volumes per hour.

• Ali the resins tested passed the RCRA toxicity characterization leaching procedure (TCLP)
metals testing after treatment of the waste.

• The sludge failed for TCLP lead, but passed ali other TCLP metals. This indicated that the

filters would probably become a mixed waste.

Treatmentat thePWTU

The 6.8 m3 of liquid waste was treated at the Portable Water Treatment Unit (PWTU). The PVCTU
was originally designed to treat well water contaminated with low levels of radioactive isotopes and
trichloroethylene at the INEL. The PWTU contains a filtering system, activated carbon beds, resin
columns for radioactive isotope removal, and pH adjustment system as shown in Figure 1.

Ali processing of the waste could not take piace at the PWTU. The radioactivity of the waste
exceeded the limits specified in the PWTU safety analysis report (SAR). However, because most of
the radioactivity was in the sludge portion, the liquid portion could be processed at the PWTU if it

was separated from the sludge. The liquid was separated from the sludge at the TAN Hot Shop
located at the INEL.

In order to process the liquid waste at the PWTU, modifications to the system were required. The
existing columns in the PWTU contained C-100H resin from Purolite. This resin is not capable of
removing heavy metals to required concentrations below the RCRA limit. To remove the heavy
metals from the waste, ion exchange columns packed with GT-73 and S-920 were installed. Also, the
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PWTU did not have a means to adjust the pH of the waste prior to ion exchange, so the pH was

adjusted while the waste was in the waste drums.

Figure 2 shows the flow diagram for the treatment of the waste. The waste was first removed from
the MWSF and brought to the TAN Hot Shop, a trip of about 45 mi. The liquid waste was then

separated from the sludge. The sludge was combined into four drums and sent back to the MWSF
for future treatment. The liquid portion was pumped into clean 55-gal drums and taken to the PWTU

storage area. At the PWTU the waste had the pH adjusted to 7-8. The waste was then processed

in the PWTU and discharged to two polyethylene storage tanks. Upon verification of the treatment

by sampling and analysis, the waste would be discharged to the waste pond at TAN, TSF-07.

WERF 1
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33 drums "-4=" Decantliquid _i pHadjustment [ Rlterand

andfilter I 1"----'4"-I, ionexiangel Drumsnotrequiring
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Figure 2. Processflowdiagramfor the treatment of TAN mercury-contaminatedrinsesolution.
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SludgeSeparation,pHAdjustment,and Ion Exchange,Trial 1

The processingof thewasteentailed sludgeseparationat theTAN Hot Shopand pH adjustmentand
ion exchangeat the PWTU. The details of processingthe wasteare in this section.

SludgeSeparationat TAN. Sludgeseparation at TAN entailed the transportingof the wasteto the
TAN Hot Shod area, separation of the liquid from the solid sludge portion, and repackaging of the
sludge for storage at the MWSF.

The liquid was separated from the sludge using a filter and pump assembly. The filtering system
consisted of three series "L" Serfilco filter housings connected in series. Each filter housing accepts
a 10-in., double-open-end filter. The first filter housing in the series had a 10-/_absolute rated filter
installed. The second filter housing had a 1-_ absolute rated filter installed. The third filter housing
had a 0.1-/_ absolute rated filter installed. Pressure indicators on each filter housing provided
indication that the filters were working and when the filters became depleted. An air-driven, Wilden

diaphragm pump was used to pump the liquid out of the drums and force it through the filters. The
diaphragm pump is a positive displacement pump and does not require priming. To ensure that the
pump would not overpressurize the filter housings, the supply air was maintained at 65 psig, which
is less than the 1130psig pressure rating for the filter system.

Waste drums were brought from the staging area into the Hot Shop in sets of four bound to a pallet.
The pH of each drum was obtained and recorded (see Table 1). The diaphragm pump was used to
remove the liquid from the waste drums and pass it through the filtering system. The flexible inlet
line to the pump was connected to a 4-ft length of 5/8-in. stainless steel tubing. The tubing was slowly
lowered into the waste drum until the sludge phase was reached. Operators could identify the sludge
by observing the fluid flowing through the clear tubing. Once the liquid was decanted to within

3-5 cm of the sludge phase, the suction line was placed into the next container.

Table 1 shows the drum numbers and information collected on each drum as the liquid was decanted.

The liquid effluent from the filtering system ranged in colors from clear to brown. The pH of the
effluent was also monitored for each drum. The filtered effluent was discharged into clean

polyethylene drums. The drums were placed on a pallet and moved to the staging area at the TAN
Hot Shop, and eventually to the PWTU.

The filters were replaced three times. The first time the filters were replaced when the discharge tube
became stained with the waste in Drum 667. There was no sign of solid particulate passing through

the filters, indicating that the solution was discolored from dissolved ions. The next two filter change-
outs were performed when pressure readings across the filters indicated they were depleted.

After the liquid portion was removed from a set of four drums on a pallet, the sludge from these four
drums was then consolidated into a 55 gal steel drum with a polyethylene liner. The sludge solution
in the waste drum was mixed by using a small stainless steel propeller on the end of a 3-m-long shaft.
A drill motor was used to drive the mixing shaft and propeller. The sludge was mixed with the 3-5 cm

liquid layer that was left during the decanting stage to suspend the solid particulate. The mixed sludge
solution was then pumped uut of the drum and into the sludge accumulation drum. The sludge
accumulation drums were filled about two-thirds full. The extra space was left in the drums to

provide room to add a solidification agent for future solidification of the sludge. Four sludge
accumulation drums were used. Table 1 indicates which sludge from each drum went into each
accumulation drum.



lt
lt

Table1. Drums filteredat the TAN Hot Shop and treatedat the PWTU.

Sludge Sludge

Sampled placed in Sampled placed in

Drum prior to drum Drum prior to drum

number treatment pH number number treatment pH number

564 a No 9 4 626 No 10 3

565 No 9 3 627 No 10 3

568 Yes 11 1 630 No 10 3

569 No 8 I 635 Yes 7 1

570 No 9 1 636 No 9 1

571 a No 9 4 637 No 9 1

572 a Yes 8 4 638 No 7 1

575 a No 9 4 666 No 10 2

576 a No 11 4 667 ab No 9 2

587 No 7 3 668 No 10 2

588 a No 10 3 669 No 10 2

589 No 10 3 697 Yes 11 1

590 e No 9 4 700 No 3 No sludge

609 a No 9 3 701 No 3 3

610 No 7 3 702 Yes 3 No sludge

611 No 6 3 703 Yes 6 3

612 a No 11 2

a. The solution in these drums had a brown color after filtering down to 0.I F. The remaining drums had a

clear solution after filtering.
b. Drum 667 had 20-25 cm of sludge. Most of the drums had 5-7.5 cm of sludge.

c. Drum 590 had 15-20 cm sludge. Sludge was very thick and damaged the pump. Water was mixed into the
sludge as a thinner. The pump was replaced.
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After the sludge accumulation drums sat overnight, an attempt was made to decant eycess liquid from
these drums. However, the operators were unable to distinguish the sludge phas,_ from the liquid
phase and no water was removed.

After ali the sludge had been removed, the empty drums were left bound to the pallets and prepared

for shipment to the Waste Experimental Reduction Facility (WERF) for compaction. After
compaction, the waste containers will be disposed of at the radioactive waste burial grounds at the
INEL.

Adjustment of pH at the PWTU. The PWTU has a pH operating range of 6-9. The scoping studies
indicated that the pH would drop 1-2 points in the ion exchange columns. Therefore, to stay above
the pH limit of 6, the incoming waste had to be at a pH of 7-8.

Once at the PWTU, the drums were opened one drum at a time. The pH of the waste in each drum
was measured and compared to the pH measured during sludge separation. Also, a 150-200 ml
sample of the waste in each drum was transferred to a 30-gal drum to produce a composite mixture
of ali the waste. The composite mixture was sampled, and the sample was sent to Twin City Testing
(TCT) a for analysis. After the sample was obtai.ned, acid or caustic was added to each drum as
required to adjust the pH to 7-8.

As can be seen in Table 1, two of the drums had a pH of 8, four of the drums had a pH of 7, and two

of the drums had a pH of 6. No pH adjustment was made to these drums. Three of the drums had
a pH of 3 and a 50% sodium hydroxide solution was added to these drums to raise the pH to 7-8.
The remaining 22 drums had pHs of 9-11. Nitric acid was added to these drums to lower the pH
to 7-8.

Originally, it was anticipated that as nitric acid was added, no precipitation would develop. However,
as the acid was added, a precipitate did form. This precipitate was not analyzed because it was not
thought to be mercury or lead because both of these compounds should have increased solubility in
acid.

Filtering and Ion Exchange in the PWTU, Trial I. The existing resin columns in the PWTU contain
a general cation exchanger. This resin would not be effective at removing mercury to levels below the
0.2 mg/l RCRA limit. To ensure effective mercury and lead removal, heavy metal ion specific resins
were used.

The amount of resin required to treat the wastewater was about 5.6 × 10"3m3 of GT-73. However,
with this amount, the flow rate could only be 5.2 x 10-2m3/h. This flow rate would result in an

unacceptable operating time, therefore, to decrease operating time, the flow rate was increased by
using an excess of resin. Two resin columns were purchased, each with a 1.4 × 10Zm3 bed volume,
giving a total bed volume of 2.8 × 10"Zm3. This bed volume permitted a flow rate of 0.27 m3/h, which
required three days to process the waste. Processing time could be further reduced by increasing the
resin capacity, but at the expense of generating more radioactive resin waste.

a. Twin CityTesting (TCT), 1908InnerbeltBusiness Center Drive, St. Louis, MO 63114-5700. TCT has been
audited byEG&G Idaho and meets the requirementsfor an EPA Lab Program for qualityassuranceand quality
control.
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Once the columns were packed with resin, they were installed into a bypass line around the activated
carbon beds. The activated carbon beds were not usable while the columns were installed.

Once a drum of waste on a pallet had tile pH adjusted to 7-8, the solution was pumped from the
drum using a peristaltic pump. The solution was pumped from the drums at a rate of 0.27 m3/h as
measured on the two flow meters/totalizers in the process trailer. The waste was fed to the inlet of
the PWTU shown in Figure 1. The solution passed through 20-_ filters and then into the heavy
metals ion exchange columns. Originally, the waste was fed through the general cationic ion exchange
columns to remove the radioactive isotopes. However, the solution became very acidic in these
columns. It was decided to bypass these columns and only go through the temporary heavy metal
removal columns. After the waste was completely treated in the heavy metal columns, the waste was
then processed through the general cation exchange resin to remove the radioactive isotopes. The
treated waste was discharged to two tanks, each containing about 3.4 m3.

The pressure drop across the temporary heavy metal columns slowly increased during processing.
When the inlet pressure reached about 40 psig, the system was shut down and the first column was
dismantled. Examination of the resin indicated that precipitated material formed during pH

adjustment was passing through the 20-_ filters and collecting in the ion exchange columns, causing
the columns to restrict the flow. The resin in the first column was removed and replaced with fresh

resin. The system continued operation until about five drums remained, at which time the columns
again became too plugged to continue operations. Both columns were then back flushed. After back
flushing, the remaining drums of waste were treated.

After ali the waste had been processed through the temporary heavy metal ion exchange columns, the
PWTU was reconfigured so wastewater would flow through the three general cation, C-100H, ion
exchange resin columns. The wastewater in the two tanks was then reprocessed in the PWTU at the
system design flow rate of 1.8 m3/h. The wastewater had to pass through the activated carbon beds

to bypass the temporary heavy metal ion exchange columns. As the waste was processed through the
C-100H ion exchange columns, the pH of the waste dropped to less than 3, and the in-line automatic
pH adjustment unit could not increase the pH. The treated solution in the tanks was cloudy,
indicating precipitation was in the tanks. The bulk solution in the tanks was at a pH of less than 3.
The solution was neutralized in the tanks. A pump was connected to recycle the solution in the tanks
at about 140 gpm. Solid sodium hydroxide was then slowly added to increase the pH. As the sodium
hydroxide was added, a precipitate formed. The final pH of the solution was at 9. The precipitate
was not analyzed, but was assumed to be aluminum or sodium, both of which may pass through the
resin columns.

Sampling and Ana_sis Results of pH Adjustment and 1on Exchange, Trial 1. Samples of the treated
wastewater were obtained for radioactive analysis at the Radiation Measurements Laboratory (RML)
located at the INEL, and were analyzed for TCLP metals, TCLP pesticides, and TCLP herbicides at
TCT. A sample was also sent to the Environmental Chemistry Unit (ECU) lab located at the INEL
for total RCRA-regulated metals screen. Gamma-ray results are shown in Table 2. TCLP test results
from TCT are summarized in Table 3. Table 3 also shows the results of TCLP metals testing from

ECU. The results are divided into Tanks 1 and 2, because the waste was placed into two tanks after
lreatment.

DISCLAIMER

Fhis report was prepared as an account of work sponsored by an agency of the United States

Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use wo_:Id not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.



Table 2. Radioactivecontaminationof consolidatedsampleof treatedliquidwaste.

Activity by isotope Total activity

Waste form (pCi/ml) (pCiJml)

Untreated consolidated liquid Co-60 2.10 _ 0.03 E+0 2.10 ii.03 E+0

(180-200 ml collected from
each waste drum after filtra-

tion)

Treated liquid, Tank 1a Co-60 5.2 4- 0.5 E-2 2.11 .4- 0.07 E-1
Cs-137 1.59 4- 0.07 E-1

Treated liquid, Tank 2a Co-60 5.1 4- 0.5 E-2 2.82 4- 0.08 E-1
Cs-137 2.31 4- 0.08 E-1

Treated liquid, Co-60 4.6 4- 0.5 E-2 2.69 _+0,08 E-1
Tanks 1 and 2 Cs-137 2.23 4- 0.08 E-1

a. The waste originallycontained in 33 drums was discharged to two storage tanks from the PWTU.

Table3. Mercuryandleadconcentrationsof untreatedwasteand treatedwasteaftereach trial.

Mercury Lead
TCT/ECU a TCT/ECU a

Treatment (mg/l) (mg/l)

Untreated consolidated liquid 7.000 b 2.780 b

(180 to 200 ml collected from
each waste drum after filtra-

tion)

Tank 1e Tank 2¢ Tank 1e Tank 2¢

Treated liquid Trial 1 0.264/ 0.0087/ 0.022/ 0.104/

(filtered to 20/z then passed

through S-920, GT-73, and 1.900 0.882 0.150 0.240

C-100H resins)

Treated liquid Trial 2 0.864/ 1,788/ No data No data

(Filtered to 0.1/.L, collected collected

r,o ion exchange) 1.380d 1.380d

Treated liquid Trial 3 0.0092/ 0.0168/ No data No data

(filtered to 0.3/_ then passed collected collected

through S-920 resin) 0,0156 0.033

a. TCT - Twin City Testing Corporation.
ECU - E,wlronmental Chemistry Unit lab at the INEL.

b. These are TCT lab results only; a sample of the untreated consolidated liquid was not sent to ECU for
analysis.

c. The waste originally contained in 33 drums was discharged to two storage tanks from the PWTU. The
samples were labeled Storage Tank 1 or 2, but Tanks 1 and 2 are not necessarily the same storage tanks
between processing trials.

d. Sample sent to ECU lab was a mixture of approximately equal amounts from each tank,
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As can be seen by the results in Table 2, the original waste had a total activity of 2.1 pCi/ml. This
is from a sample of the consolidated liquid representing the bulk waste. After treatment, the total
activity was reduced to 0.269 pCi/ml. The original waste contained only Co-60; however, after
treatment the waste stream registered the presence of Cs-137. The Co-60 was reduced to

0.046 pCi/ml, but the Cs-137 increased 0.223 pCi/ml, accounting for the majority of the radioactivity
in the final waste solution. The cesium probably was remo',,ed from the resin columns in the PWTU.
Cesium is an ion that is very difficult to remove by ion exchange. When the waste that contained a

great deal of calcium and sodium ions was run through the ion exchange resin that had radioactive
cesium already loaded on, the calcium and possibly some of the sodium replace the radioactive cesium
on the active site of the resin, releasing the cesium to the wastewater solution.

Table 3 shows the mercury and lead results from TCT and ECU. The first metal results from ECU
indicated that the mercury levels were reduced from 7.0 mg/l to an average of 1.39 rag/l, which is
greater than the 0.2 mg_l RCRA limit. There was a large difference in values from Tank 1 at 1.9 mg/l
to Tank 2 at 0.882 mg/l. Results from TCT arrived about a week later, and indicated that the mercury
was barely above the RCRA limit in Tank 1 at 0.264 rag/1and well below the RCRA limit in Tank 2
at 0.0087 mg/1.

Table 3 shows the bulk lead concentration of 2.78 mg/l,which is less than the RCRA limit of 5.0 mg/1.
Results from ECU indicate that lead levels were reduced to an average of 0.195 mg/l. Results from
TCT indicate that lead levels were reduced to an average of 0.063 mggl.

As can be seen in Table 3, there is a large discrepancy between ECU's and TCT's results. The

analysis methods of TCT and ECU were compared to evaluate why there was such a large discrepancy
between the two labs' results, lt was evaluated that ECU was not following RCRA requirements for

testing. ECU was acidifying the sample and then filtering, while TCT was filtering the sample and
then doing the acid digestion. As a result, TCT was removing solid mercury compounds such as
mercury oxide with the filtering, while ECU was putting the solid mercury into solution by
acidification. This consistently produced higher metal results from ECU.

An evaluation was made to determine what may have caused the treatment to fail at reducing the

mercury to RCRA limits, and what could be done to successfully process the waste. Three scenarios
were identified that may account for the presence of the mercury in the treated wastewater. The first
possibility was that the precipitated material from the three acidic drums contained mercury oxides,
and insufficient filtration then allowed the mercury compounds to remain in the waste stream after

treatment. The second possibility was that the precipitated material that lodged in the resin columns
also plugged the active sites on the resin, making the resin ineffective. The third possibility was that
the resin was not effective at removing the mercury ions. Of these three possibilities, it was believed
that the first one was the most likely scenario. To help evaluate which scenario occurred, the

remaining liquid sample that was taken for ECU analysis was filtered with a 0.45-_ filter and
reanalyzed. The filtering of the sample lowered the mercury level to 0.025 rag/l, which is below the

RCRA limit, indicating that solid particulate is responsible for the high mercury content.

Reprocessingby Filtration,Trial2

This section details the steps taken to filter the waste treated in Trial 1.

Reprocessing by Filtration, Trial Z After verification that filtering the sample was an effective
treatment, a method to filter the wastewater was developed. The filtering unit originally used during

the separation of the liquid from the sludge was installed in the PWTU. The last two filter housings

11
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were used and were plumbed to the system the same way the temporary ion exchange columns were
installed. Also, 0.3-1zfilters were purchased and installed into the permanent filter housings in the
PWTU. The two temporary filter housings were fitted with 0.1-_ filters. The end result was that the
waste was filtered through 0.3-1zfilters, then into a 0.1-/z filter, and finally into another 0.1-_ filter.
The activated carbon beds and the radioactive ion exchange columns were bypassed. The only

treatment performed was filtration.

The waste was filtered through the system at a flow race of about 1.4 m3/h. There was about 2 cm

of sludge at the bottom of the tanks. The sludge was not very compact and was easily suspended. The
waste in both tanks was filtered down to a few inches above the sludge, so as not to stir up the sludge

and require frequent filter changes during processing. After the liquid was removed from both tanks
down to within a few incr..esof the sludge, the suction line was lowered into the sludge and the sludge

was suspended. Ali the waste in both tanks was removed and the sludge material collected on the
filters. The tanks were thoroughly rinsed with water and the rinse water was filtered. The filtered
waste was discharged from the system to two polyethylene tanks. The 0.3-/z filters required seven

change-outs to process the liquid, resulting in use of 14 filters. The first 0.1-/_ filter in the series had
to be changed out once. The second 0.1-/z filter did not require any change-outs. Upon dismantling
of the filter system after ali the waste was filtered, a very fine black precipitate was observed on the
last 0.1-/.Lfilter. The 0.3-/.Lfilters collected about 90-99% of the particulate. The sludge on these
filters looked like caramel (because of algae growth in the tanks). The sludge on the two 0.1-/z filters
that were removed from the second housing was black. The discharge liquid from the PWTU was very
clear.

Prior to the start of filtering, the pH of the waste in the tanks was measured at 6, which is 3 points
less then the pH of 9 that was measured one week earlier when Trial 1 treatment took piace.
Therefore, in a period of about a week, the pH of the waste in both tanks went from 9 down to 6.

Sampling and Analysis Results of Filtration, Trial 2. The sampling and analysis results of Trial 2
wastewater are shown in Table 3. Because sampling and analysis results from Trial 1 indicate that
there are no TCLP pesticides, TCLP herbicides, and volatile organics, and because mercury was the
only RCRA-regulated metal identified in the waste, the filter-treated w_stewater was analyzed for

mercury only. Samples were sent to both the ECU and TCT labs. The sample sent to ECU was an
equal mixture of waste from both tanks. Samples from each tank were sent to TCT. The first results
were obtained from ECU, but because of the large discrepancy between the two labs' results in the
previous trial, it was decided to wait until TCT's results arrived before taking any action. As can be
seen in Table 3, the results from both labs are very close. The average value for the two tanks from
TCT is 1.326 mg/l. The result from the mixed solution from ECU is 1.380 mg/l. The values indicate

that not only is the waste above the RCRA limit of 0.2 mg/l, but that the average concentration of
mercury in the waste increased from the Trial 1 treatment.

The increase in mercury in the solution is assumed to have come from an equilibrium adjustment of
the waste as it sat for a week between Trial 1 and Trial 2 processing. During this equilibrium

adjustment, a precipitated mercury complex that went through the 20-_ filters and the resin columns
probably went back into solution. There are three pieces of evidence to support this theory. First,
the pH of the solution went from 9 c,own to 6 while sitting in the tanks for a week; this can only
occur if ions either go into or out of solutien. Second, the filtering of the ECU sample while still at

a pH of 9 indicated that filtering would remove the mercury. Third, ECU results and TCT results
. were very close, indicating that the mercury was in solution when the samples were taken.
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Reprocessingby Filteringand IonExchange,Trial3

Analysis of the data from ECU and TCT showing high levels of mercury, combined with the fact that
the liquid waste has been thoroughly filtered and is free of solids, indicates that the mercury is in
solution. Bec_use the treatability studies demonstrated that the ion exchange with S-920 works, it was
decided to run the waste through the heavy metal ion exchange columns for a second time. In
conjunction with this, the waste would be filtered through 0.3-/_ filters.

Reprocessing by Filtering and Ion Exchange, Trial 3. The old resin in the two temporary columns was
removed and .placed into a drum. New S-920 resin was then packed into the resin columns. The

temporary columns were plumbed into the system as they were in Trial 1. The permanent filter
housings in the PWTU were fitted with 0.3-/z filters. The waste was processed at a flow rate of
0.27 m3/h. The activated carbon beds and the radioactive ion exchange columns were bypassed.

During processing of the waste, there was no pressure increase on the ion exchange columns. Also,
there was very little pressure increase on the filters and only one set of filters was required to process
ali the waste. The tanks were thoroughly rinsed with clean water, and this rinse solution was

processed through the PWTU. The discharge came out clear. The waste was discharged to two
polyethylene tanks that were identical to the ones used previously. When the filters were removed,
they were coated with a green brown algae material. The resin in the columns showed no sign of
sludge accumulal_ion.

Sampling and Analysis Results of Filtering and Ion Exchange, Trial 3. The sampling and analysis results
of Trial 3 are shown in Table 3. Again, only mercury was analyzed. The results from both labs

indicate that mercury is below the RCRA limit. The highest values are from ECU at 0.0156 mg/l and
0.033 mg/l, respectively. The values from TCT are roughly half ECU values at 0.00919 mgh and
0.0186 rag/l, respectively. These values are higher than the 0.0056 mg/l obtained from the treatability
studies.

Wastewater Disposal The wastewater was ultimately disposed of by discharging to the TAN waste

pond TSF-07. The final volume of solution treated was about 7.5 m3. This includes the original
6.8 m3 of waste plus about 0.7 m3 of water used to rinse the storage tanks and lines.

SamplingandAnalysisof Filtersand Resins

In the process of treating the TAN mercury-contaminated rinse solution waste, several components
became contaminated with radioactive and hazardous waste. The resin columns and the pump and
filter unit will be saved and used to treat wastes in the future. The depleted filters and the resins used

in the temporary heavy metal ion exchange columns were placed into drums. The filters and the
resins were sampled to determine if they were a mixed waste or a radioactive waste only. The results
of the sampling and analysis of the filters and resin are detailed below.

Sampling and Analysis Results of Filters. A total of 32 filters were used ia the processing of the TAN
mercury-contaminated rinse solution wastewater. Of these 32 filters, 12 of the dirtiest filters were
sampled. The filters were sampled following the procedures in the PWTU sampling and analysis plan,
which includes a section for filter sampling. A knife was used to cut a 15 x 20-cm section of the
filtering material off of the filter support. This was then cut into three strips; then each strip was
placed into one of three containers. This was repeated for each of the 12 filters that were sampled,
resulting in a strip from ali 12 filters being combined to produce three composite samples. The
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composite samples were sent to TCT to be analyzed for TCLP metals, TCLP pesticides, TCLP
herbicides, TCLP volatiles, and corrosivity. A sample was also sent to RML for gamma-ray analysis.

Table 4 shows the mercury and lead TCLP results. The filters failed to meet the RCRA limit for both

lead and mercury. The filters passed on ali the other metals and no volatiles, pesticides, or herbicides

were detected. Samples of the original sludge passed TCLP mercury, but failed TCLP lead. The

reason that the sludge collected on the filters did not pass TCLP mercury is probably because of the

generation of mercury oxide or other mercury complex during pH adjustment.

Table 5 shows the activity of the sludge collected on the filters. Most of the activity is from Co-60,

with an average activity of 235 pei/g. This activity was expected to collect in the filters because the

treatability studies demonstrated that most of the activity was concentrated in the sludge.

Table4.Mercury,lead,andchromiumTCLauandcorrosivityresultsfromTCT.

Mercury Lead Chromium Corrosivity

Waste form (rag/l) (rag/l) (mg/l) (mm/yr)

Resin 2.1 141 0.141 2.6 E-4

Sample 1

Resin 2.74 3.12 0.14 4.5 E-4

Sample 2

Filters 3.64 329 0.983 1.8 E-4

Sample 1

Filters 1.55 344 2.21 2.1 E-4

Sample 2

Table 5. Radioactivecontaminationin ion exchangeresin and filters.

Activity Total activity

Waste form (pCi/g) (pCi/g)

Resins (sampled Co-60 2.64 ± 0.03 E+2 2.65 ± 0.03 E+2

from columns) Agm-108 10.00 ± 0.08 E-1

Resins (sampled Co-60 2.69 ± 0.04 E+2 2.7 -4-0.04 E+2

from drum) Agm-108 9.90 _ 0.07 E-1

Filters Co-60 2.19 ± 0.03 E+2 2.29 _.+0.03 E+2

Agm-108 2.48 ± 0.04 E+0
Cs-137 7.26 ± 0.16 E+0

Eu-152 6.30 ± 0.70 E-1

Filters Co-60 2.31 ± 0.03 E+2 2.42 ± 0.03 E+2

Agm-108 2.81 ± 0.05 E+0
Cs-137 8.16 ± 0.11 E+0
Eu-152 6.40 ± 0.70 E-1
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Sampling and Analysis Results of Resins. A total of about 3.7 × 10"2m 3 of resin was used in the Trial 1
processing. The resins were sampled following the PWTU sampling and analysis plan. The resin was
placed into a drum, thoroughly mixed, and then a scoop was used to take the samples. This produced
a composite sample of the resin used in Trial 1. The resin used in Trial 3 processing was added to
this waste container after the sampling and analysis. Some of the samples were sent to TCT to be
analyzed for TCLP metals, TCLP pesticides, TCLP herbicides, TCLP volatiles, and corrosivity. A
sample was also sent to RML for gamma-ray analysis. Table 4 shows the mercury and lead TCLP
results. As can be seen, the resin failed to meet the RCRA limits for both lead and mercury. The

resin passed on ali the other metals and no volatiles, pesticides, or herbicides were detected.

Table 5 shows the activity of the resin. Most of the activity is from Co-60, with an average activity

of 270 pCi/g. This activity is assumed to come from the solid particulate that collected in the resin.
The activity is also due in small part to the cobalt and silver ions being removed from solution onto
the resin.

The resins used in the treatability studies were tested for TCLP metals. This resin passed TCLP tests.
This indicates that the sludge material that passed through the filtering system and became entrained
in the resin resulted in the failure for the resin used to treat the bulk waste to pass TCLP.

CONCLUSIONS

Initial separation of the liquid from the solid portion of the waste using the pump and filter system
described in this report worked very weil. This system was also effective at pumping the sludge slurry
to consolidate the sludge in the 33 original waste containers to four drums. The filter housings are
designed to replace the filter without draining the housings by removing the top of the housing.

However, placing the filters into these housings and ensuring a proper seal between the filter and
housing was very difficult because the filters would float in the wastewater.

Adjustment of pH of the waste in the drums is slow, poses several hazards, and should not be
considered for normal operations. The addition of the acid in 10-ml increments through a pipet
required a great deal of operator interaction with the concentrated nitric acid. Manual stirring of the
waste with a stirring rod between each acid addition required a great deal of labor and increased the

potential for spills and splashing.

The unexpected amount of precipitation produced during pH adjustment and the inadequate filtering
by the 20-/_filters resulted in particulate reaching the resins and the treated waste storage tanks, lt
is likely that the addition of sodium hydroxide to the three acidic drums produced mercury oxide or

possibly a mercury complex that passed through the filtration system and the resin columns, and
resulted in the failure of the Trial 1 treatment to reduce mercury concentrations to the required levels.

The filtering of the waste in Trial 2 treatment was ineffective. The pH of the waste had decreased
from 9 to 6. This probably resulted in the mercury oxide or a mercury complex dissolving into
solution, making filtration ineffective. The sample of the Trial 1 treated waste did not undergo the
same spontaneous pH change, probably because an insufficient amount of precipitated material was
in the sample to allow the same equilibrium reaction to occur.
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The ion exchange treatment with proper filtration of the waste in Trial 3 effectively treated the waste
and reduced the mercury levels to 0.0186 mgh. The S-920 resin is an effective resin to reduce mercury
levels to less than the RCRA limit or"0.2 rag/l, but may not be capable of attaining drinking water
standards of 0.002 mg/l.

The final liquid waste solution was below the RCRA limit for mercury at less than 0.0186 mg/1 and
for lead at less than 0.240 mg/l. Radioactivity levels were less than 0.282 pCi/ml, which is less than
the derived concentration guideline (DCG) values for Cs-137 and Co-60 at 3 pCi/ml and 5 pCi/ml,
respectively.

The filters produced from this process are a mixed waste. Ultimate disposal will probably be
incineration at WERF.

The solid particulate matter did not appear to affect the resin's ability to remove dissolved mercury
and lead ions because there was a definite decrease between the concentrations of the treated waste

over the nontreated waste. However, the solid particulate matter that was entrained in the resin
resulted in the resin's failure to pass TCLP. It is likely the resin from Trial 3 and future resins would
pass TCLP if proper filtration were employed, because the resins in the treatability studies passed
TCLP.

RECOMMENDATIONS

PV_U Changes

The treatment of the TAN mercury-contaminated rinse solution demonstrates that ion exchange is
an effective treatment of mixed waste solutions containing dissolved ions. However, this treatment

demonstration also pinpoints several deficiencies in the existing PWTU. The areas of concern that
have been identified from the testing are:

• The inability to treat the waste at one location

• The hazards associated with pH adjustment of the waste while contained in the waste drum

• The limited acceptable pH range for wastes

• The inability of the pumping, piping, and filtration systems to handle very fine particulate

• The inability to allow increased resin capacity or addition of different resins without having to

make piping changes to the system

• The inability of the system to adjust the pH of the treated waste prior to discharging the waste
from the PWTU.

Each one of these concerns are addressed in detail below.

Permitting and Safety Documentation Changes. To perform the treatment of this waste, Part A of the

RCRA permit had to be expanded to include waste codes D008 and D009 for lead and mercury,
respectively. To continue processing mixed wastes, the PWTU permits must be modified. An
evaluation must be performed to determine the hazardous materials in existing wastes at the INEL
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and the potential hazardous material that may be in future wastes. The RCRA and State permits
should then be expanded to include the identified hazards. Also, the current safety documentation
is very restrictive. To treat the TAN mercury-contaminated rinse solution, the sludge had to be
removed at a separate location. This created the added hazard of transporting the waste from one
location to another. An evaluation should be made of the PWTU SAR and hazard classification and

compare this to wastes identified for potential treatment and future wastes that may be treated.
Modifications should then be made to this documentation to ensure that the safety envelope covers
as wide of a variety of wastes as possible.

pH Adjustment System Addition. For the purposes of demonstration testing, the pH adjustment of
wastewater in the waste drum was acceptable. However, for regular day-to-day processing, this would
not be an acceptable practice. To ensure the safe processing of future waste streams, a pH adjustment
system is required. The pH adjustment system must be capable of neutralizing both acidic and caustic
solutions. The system should be able to adjust the pH of the waste feed stream at a continuous flow
rate that matches the processing rate of the rest of the system.

To ensure optimal performance from the resins, the system should be designed to accept a variety of
wastes at a pH range of 1-13. An analysis should be performed of the system to ensure ali wetted
piping material is compatible with potential wastes and desired operating pH range.

Filtration Changes. The filtering and pumping systems should be expanded to include more capability
to handle solids. The filtering system must be able to handle more solids and must be able to filter
to less than 0.45/_. To optimize filtering capability, the filtering system should consist of a series of
two or more filtering assemblies. The filtering assemblies should have decreasing micron ratings with
the last assembly in the series containing 0.45-p. filters or smaller. The first filtering assembly should
be designed to remove 80-90% of the solids from the waste stream. A pumping system must be
added that is capable of removing the waste from the containers and also pumping thick sludges for
waste consolidation and minimization.

Resin Column Expansion. To add the temporary columns to the present system, the activated carbon

beds could not be operated. To treat a variety of waste solutions containing many different dissolved
ions, the system should be capable of adding on resin columns without having to make extensive
piping changes or without removing processing capabilities.

Radioactive Resin Evaluation. The appearance of Cs-137 in the treated solution indicates that cesium
was being removed from the C-100H resin. An evaluation should be performed to investigate the
vendor information to determine if C-100H resin is the best resin to use for radioactive ion removal.

At present, this resin has removed radioactive isotopes from waste streams to less than DCG levels
and C-100H has passed TCLP testing.

Final pH Adjustment Changes. Currently, the neutralization system at the discharge of the PWTU is

capable of neutralizing weak acidic or caustic solutions. However, if heavy ion exchange takes piace,
as it did in the treatment of this waste, and lowers the pH of the treated solution, the system is not
able to neutralize the waste for disposal. A means should be provided to neutralize this waste, either

by providing a more efficient system at the discharge or by reprocessing through a pH adjustment
system at the inlet of the PWTU.
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PWTURecommendationSummary

The following changes should be made to the PWTU in order to process mixed wastes in a safe and
effective manner.

Permitting and Safety Documentation. The permitting should be expanded and made as liberal as

possible. The permitting should not only include current waste hazards at the INEL, but possible
future waste hazards that will be created as decontamination and decommissioning (D&D) and site

remediation functions expand at the INEL.

The safety documentation should be expanded and made as liberal as possible to include as many
hazardous and radioactive wastes as possible.

Larger Trailer. The current PWTU has about 9 m2 of area. At this time there is no room for
expansion. To add on the capabilities of pH adjustment of the feed waste and the ability to add on
resin columns requires the system to be installed into a larger PWTU trailer.

System Design Changes. The system installed into the larger PWTU trailer should contain the
following systems at a minimum:

• Pumping system capable of removing wastewater and sludge from 55-gal waste drums.

• pH adjustment system capable of adjusting the pH of strong acidic and caustic solutions to a
pH range of 1-13.

• Piping system capable of handling strong acidic and caustic solutions containing 20% particulate
by weight.

• Filtering system capable of removing a large quantity of fine particulate. The filtering system
must be capable of removing particulate down to 0.45/z.

• System must continue to have organic removal capabilities with activated carbon beds.

• System should continue to have three general cationic resin columns to remove radioactivity,
followed by a column with resin specific for heavy metals. This should be followed by spare
connections to add on columns loaded with ion specific resins for individual waste streams.

• Increased pH adjustment of the treated waste prior to final discharge from the PWTU. This

system should be able to adjust the treated waste to a pH of 6-8.

In addition to these changes, ali existing features in the PWTU not mentioned here should be kept.
No functions of the trailer should be eliminated when the process is transferred to a larger trailer.
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