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Waste Treatment Plant LiquidEffluent Treatability Evaluation

Bechtel National, Inc. (BNI} provided a forecast of the radioactive, dangerous liquid effluents
expected to be generated by the Waste Treatment Plant (WTP). The forecast representsthe
liquid effluents generated from the processing of 25 distinct batches of tank waste through the
WTP. The WTP liquid effluents will be stored, treated, and disposed of in the Liquid Effluent
Retention Facility (LERF) and the Effluent Treatment Facility (ETF). Fluor Hanford, Inc. (FH)
evaluatedthe treatability of the WTP liquid effluents inthe LERFIETF. The evaluationwas
conducted by comparing the forecast to the LERFIETF treatability envelope, which provides
informationon the items that determine if a liquid effluent is acceptable for receipt and treatment
at the LERFIETF. The WTP liquid effluent forecast is outside the current LERFIETF treatability
envelope. There are several concerns that must be addressed before the WTP liquid effluents
can be accepted at the LERFIETF.

Key Words: Waste Treatment Plant, Forecast, Treatability Evaluation, Liquid Effluents, Effluent
Treatment Facility
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EXECUTIVE SUMMARY

Bechtel National, Inc. (BNI) provided a forecast (BNI 2001) of the radioactive, dangerous liquid effluents
expected to be generated by the Waste Treatment Plant (WTP). The forecast representsthe liquid
effluents generated from the processing of 25 distinct batches of tank waste through the WTP. The WTP
liquid effluents will be stored, treated, and disposed of in the Liquid Effluent Retention Facility (LERF) and
the EffluentTreatment Facility (ETF). Fluor Hanford, Inc. (FH) evaluated the treatability of the WTP liquid
effluentsinthe LERFIETF. The evaluation was conducted by comparing the forecastto the LERFIETF
treatability envelope (Aromi 1897}, which providesinformationon the items that determine if a liquid
effluent is acceptable for receipt and treatment at the LERFIETF.

The WTP liquid effluent forecast is outside the current LERF/ETF treatability envelope. There are several
concerns that must be addressed before the WTP liquid effluents can be accepted at the LERF/ETF. The
concerns are:

e The total dissolved solids in the WTP liquid effluents will exceed the present ETF dryer capacity by an
average of 2.5 times and as much as 6 times.

¢ The evaluation indicates that there will be particulate calcium carbonate inthe WTP liquid effluents.
The LERF cannot receive liquid effluents with solids that may settle and require an extensive cleanout
effort

e No organics were identifiedin the WTP liquid effluents. This part of the evaluationcould not be
completed.

e The amount of lodine-129 in the WTP liquid effluents is probably in error as it is similar to the total
amount estimatedto be in the tank waste. Off-gassing during treatment in the ETF and disposal of
the solid secondary waste powder are potential concerns.

e The radionuclide content of the WTP liquid effluents exceeds the source term limits for LERF to be a
radiologicalfacility.

e The maximum allowable batch volumes that can be accepted into the ETF for treatment is severely
restricted by the radionuclide content of the WTP liquid effluents.

e The solid secondary waste powder produced by the ETF intreating the WTP liquid effluents may
require further treatment to limit the mobility of Technetium-99.



HNF-8306, Rev. 0

TABLE OF CONTENTS
1.0 INTRODUCTION.....cciii ittt seeeteeseesteesensesesessssssessssssessnsanases | etnttieseesssesnessannesaeenes 1
2.0 WASTE ACCEPTANCE PROCESS. ...t vietesrvraseaesesseasseesessnseonsss seessssssssssssssssessssssssans 1
3.0 ADDITIONAL INFORMATION REQUIRED ..................................................................................... 1
4.0 REGULATORY ENVELOPE .............. cccoeneecrrrenes . e reever Y por e At b e bean et ns 1
4.1 NEPAISEPA | oo eeevivasiss vesstesreessassees eanea s sea st et Shes e re e ss R e s et Eep e r e 2
42 Dangerous Waste PeIMt............ccocviuiicierrurirres sereesammmeessmmmesssmmiamesssmmamssesmm srnsssssssssssesseissesseesns 2
4.3 State Waste DISCharge PEIML ... ceeririeiee ettt srsssss st 2
44 LERF Radiological Inventory Management............ccc..crivvees creeereneessesesssesesessesssessesssessesssesnenss 2
4.5 ETF Radionuclide Inventory Management............... ccoceereesemmmmmsssssmmmesessrmmnsssssmmmmtcocebssicsssinsinses 9
4.6 RadiOACtiVE Al EIMISSIONS.......c.cuivirereirieeiriririsesisiesnirinins +ebtsssssssaasssssn s ste st s 3
4.7 NoNradioaCtivVeAIN EMISSIONS s ittt sesessssssses s st sessenns 3
50 DESIGN ENVELOPE..................
5.1 Suspended Solids ..........
5.2 L@ (0= 1101~ RO
5.3 Dissolved Solids............ e
6.0 CONCLUSIONS........ccommerrrnre
7.0 REFERENCES.........cccoonrrereeieiseeis e

APPENDIX

Appendix A: Waste Treatment Plant Liquid Effluent FOrecast ..........ccooeviieiirnieeiieene e A-I




HNF- 8306, Rev. 0

WASTE TREATMENT PLANT
LIQUID EFFLUENT TREATABILITY EVALUATION

10 INTRODUCTION

Bechtel National, Inc. (BNI) provided a forecast (BNI 2001) of the radioactive, dangerous liquid effluents
expected to be produced by the Waste Treatment Plant (WTP). The forecast representsthe liquid
effluents generated from the processingof 25 distinct batches of tank waste through the WTP. The WTP
liquid effluents will be stored, treated, and disposed of in the Liquid Effluent Retention Facility (LERF) and
the EffluentTreatment Facility (ETF). Both facilities are located in the 200 East Area and are operated by
Fluor Hanford, Inc. (FH) for the U.S. Department of Energy (DOE). The treatability of the WTP liquid
effluents in the LERF/ETF was evaluated. The evaluationwas conducted by comparing the forecast to
the LERF/ETF treatability envelope (Aromi1897), which provides information on the items that determine
if a liquid effluent is acceptable for receiptand treatment at the LERF/ETF. The format of the evaluation
corresponds directly to the outline of the treatability envelope document. Exceptwhere noted, the
forecast for the individual batches of tank waste have the same treatability concerns. Background
informationon the LERF/ETF design basis is provided in the treatability envelope document.

20 WASTE ACCEPTANCE PROCESS

The process for acceptance of a waste into the LERF and ETF systems involves a series of steps. The
acceptance process is designed to take full advantage of the flexibility and robust nature of the LERF and
ETF systems. The LERF and ETF aqueous waste acceptance process involves the following three steps:
(1) assemble waste information and screen for completeness; (2) compare waste to regulatory envelope;
(3) compare waste to design envelope.

3.0 ADDITIONAL INFORMATION REQUIRED

Below is a preliminary list of additional informationthat is required to provide a complete treatability
evaluation.

¢ Identification of specific organics — This is required to complete the regulatory evaluation for air
and water discharges, and the design review for operation of the UV/OX system.

e Regulatory designation of waste - this is required to complete the regulatory evaluation for permit
compliance.

40 REGULATORY ENVELOPE

The operation of the LERF and ETF is regulated under permits and approvals issued by the Washington
State Department of Ecology (Ecology), Washington State Department of Health (WDOH). and the U.S.
Environmental Protection Agency (EPA). The operation of the LERF and ETF is also authorized by the
Department of Energy (DOE) and is therefore subject to the requirements contained in DOE
Orders/Federal Regulations. This section evaluates the WTP forecast againstthe LERFand ETF
environmental regulations/permits and safety documentation as discussed inthe LERF/ETF treatability
envelope document.
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4.1 MNEPA/SEPA

The regulations require that all modificationsassociated with a given project be addressed in a single
environmentaldocument {e.g., Environmental Assessment, Environmental Impact Statement). Itis the
assumption that the environmental documentto be prepared by the WTP Project will address all changes
to the LERF and ETF associated with WTP aqueous effluent discharges and will be in place priorto
discharging any effluentsto LERF or ETF.

4.2 DangerousWaste Permit

The LERF and ETF facilities are permitted under the Washington Administrative Code (WAC) 173-303.
The LERF and ETF are included in the Hanford Site dangerous waste permit for treatment, storage, and
disposal of dangerous wastes. This permit allows for the acceptance of a variety of new feeds per the
waste acceptance process. The LERFIETF is permitted to receive wastes with the FO39 waste code
derived from FO01-FOQ5 wastes. Inthe letter (Morton 2000) the FO39 code was listed as a code that
would apply to the WTP effluent but that the Double-Shell Tanks system has not received any FO39
waste to date. Inaddition, the WTP Requestfor Proposal (Sol. No. DE-RP27-00RV14136) identifiesthe
Double-Shell Tanks system to only be designated for multi source leachate (FO39) derived from FOO1-
FO05. The LWPF has submitted a delisting modificationthat will expand the FO39 envelope to include all
wastes listed under FO39. Therefore, so if the DST system were to receive FO39 other than that derived
from FOO1-F005, LWPF has already submitted a request for the necessary modification to the current
LERFIETF delisting exclusion that should include any additional constituents under FO39 that WTP would
require.

4.3 State Waste Discharge Permit

Treated effluent from the ETF is discharged to a State Approved Land Disposal Site (SALDS) under State
Waste Discharge Permit ST4500 (Discharge Permit). The permit allows the LERF/ETF to accept
generator effluents containing approved constituents at approved concentrations. Of the constituents
identified in the forecast, fluoride, manganese, sodium, nickel, and zinc are above the concentrationin the
Discharge Permit application (and subsequent permit modifications). At a minimum, a characterization
study for these constituents, identifyingthem, as new constituents of concern will need to be submitted to
Ecology for approval. Based on the concentrations, obtaining Ecology's approval should not be a
problem. However, additional characterizationstudies may be required once BNI has identifiedthe
individual organic species. Because the individualorganic analytes have not been identified, this
evaluation cannot be completed.

44 LERF Radiological Inventory Management

Table E-1 of the LERFIETF treatability document summarizes the dose consequences of postulated
releases from those radionuclides and levels as documented in the current hazard classification for the
LERF. Forthe WTP forecast, all the batches exceed the LERF bounding source term for lodine-129 and
Technetium-99. A majority of the batches exceed the source term for Neptunium-237and Tritium. Only a
few of the batches exceed the source term for Carbon-14, Curium-244, and Cobalt-60. Batch LAW-2b
was the only batch that exceeds the source term for Cesium-137.

If the LERF source term is exceeded, then a second screening is accomplished by comparingthe WTP
forecastto the maximum allowable dose from pool evaporationand spray release accident scenarios of
12.64 rem and 7.0 rem, respectively. Of the 25 batches, only batch LAW-10 did not exceed the maximum
doses and therefore is acceptable intothe LERF. Of the other 24 batches, the calculated evaporation
pool doses ranged from 3.62 to 23.8 rem and for a spray release the doses ranged from 9.66 to 63.8 rem.
The LERF could be recategorizedas a nuclear facility; however, the cost associated with recategorizing
the facility would need to be addressed in a future engineering study and is out of the scope of this
treatability evaluation.
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45 ETF Radionuclide Inventory Management

Radioactive inventory control at ETF is accomplished by characterizing feed streams for radionuclide
inventory and calculating a maximum allowable feed batch volume that can be presentat ETF. Basedon
the forecast, the allowable batch volume rangesfrom 13,000 to 68.900 gallons. This would mean that the
ETF could only operate from 11 to 57 hours, then remove all WTP inventory from the facility before WTP
feed from the LERF could be transferred intothe ETF again. Processing in this manner is unrealistic. The
concentration of 1-129 appears to be the limiting radionuclide that is causing the very low batch volumes.

The method used to calculatethe ETF maximum allowable feed batch volume is conservative. The
hazard categorization can be modified using less conservatism that would raise the radionuclide inventory
allowed in the facility. The facility could also be categorized as a nuclear facility; however, the cost
associated with recategorizing the facility would need to be addressed in a future engineering study and
is out of the scope of this treatability evaluation.

46 Radioactive Air Emissions

The LERF and ETF radioactive air emissions are regulated under Title 40 CFR Part61 and WAC 246-
247. The facilities are permitted for radioactive airborne emissions through the EPA and WDOH
approvals of Notice of Constructions (NOCs) having a specified source term (radionuclide quantity) used
to determine the "potential-to-emit." The approved source term for the radioactive air emissions is the
same as that for the LERF hazard category determination;therefore, the WTP forecast is outside the
LERFIETF permissible radioactive air emissions.

47 Nonradioactive Air Emissions

Nonradioactiveair emissions from the LERF and ETF are regulated under WAC 173-400 and 173-480
and are permitted by Ecology approval of a NOC. The approval order allows the ETF to treat waste
streams containing toxic air pollutants and identifies specific pollutants that are approved for treatment.
The evaluation of the nonradioactive air emissions against the NOC cannot be completed until specific
organics are identified.

50 DESIGN ENVELOPE

The ETF consists of a series of process units that are configured to provide treatment for contaminants
that might be presentin aqueous wastes generated on the Hanford Site. The main treatment train
includes those process units that destroy or remove dangerous and radioactive constituents from the
aqueouswaste. The unit operations of the main treatment train include pH adjustment, filtration.
ultraviolet light mediated peroxide oxidation (UV/QX), degasification, reverse osmosis (RO), and mixed-
bed ion exchange. Those constituents rejected from the main treatmenttrain are concentrated and dried
into a powder in the secondary treatment train via an evaporator and thin film dryer.

The WTP will process 25 distinct batches of waste from the Tank Farms, designated LAW-1 through
LAW-24. For each of these batches, BNI has computed the composition, volume, and mass rate of the
waste stream to the ETF. The spreadsheet provided in Appendix A, gives the data used in completing
this treatability evaluation. The following sections provide a discussion of the different operating
conditions that would require resolution during the development of a new ETF flowsheet.
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51 Suspended Solids

All feeds are required to be filtered through a 5-micron (nominal) filter before receipt in the LERF or at
ETF. Additional filtration could be required if a significantamount of suspended solids remain after the 5-
micron filtration. The BNI effluent forecast indicatesno TSS. However, computation of the product of
calcium and carbonate molaritiesyield values that range from 4 to 2586 times the solubility product
constant (Ksp) for calcium carbonate at 25°C.

52 Organics

Organic destruction rates for the ETF UV/GX unit have been established through actual operating
experience and pilot planttesting. A detailed evaluation against the organic acceptance criteria cannot
be completed because specific organic analytes have not been identified in the forecast. Without specific
organic analytes, UV/OX performance cannot be fully determined. However, the UV/OX system, in its
current configuration, is designedto treat up to 110 parts per million of total organic carbon compared to
the WTP forecasts that have total organic carbon concentrations of 14to 700 ppm with a weighted
average of 223 ppm. Ifit is assumed that most of the organics are volatile, they will be flashed in the
evaporator and dryer and then redissolved in the distillates that returnto the MTT for processing. The
WTP forecast is considered outside of the design envelope and the current Discharge Permit limits of 11
parts per million may not be achieved.

Not considered in the discussion above is the removal of organics by the RO units. The RO unit has
demonstrated removal of organics and that greater removal efficiencies are achieved with higher
molecular weight organics. The nonvolatile organics rejected in the RO units are converted to powder
after processing through the evaporator and thin film dryer. However, a percentage of the volatile and
semi-volatile organics rejected from the RO units are recycled back to the main treatment train from the
evaporator and dryer distillates. This may resultin a buildup of organics in the system and breakthrough
or damage of the RO units.

During the development of a new flowsheet, accommodation of higher organic levels than the current
flowsheets would be evaluated, however, the specific organics and levels need to be identified.

5.3 Dissolved Solids

The concentration and nature of dissolved solids in a waste stream have a significantimpact upon the
LERF and ETF systems. The primary areas of concern include scaling of unit operations, compatibility
with materials of construction, and ability to produce a dry powder waste.

Scaling - Te avoid scaling of the RO membrane surface, the operation of the unitis controlled so
solubility limits are not exceeded. The existing brackishwater membranes used in the RO units at the
ETF have an upper feed limitof 0.5weight percentdissolved solids. Based on the forecast, the total
solids range from 1.99to 2.85 weight percent. In general, effluentswith greater that 8 percenttotal
dissolved solids cannot be separated by RO technology. However, processing the feed through the
secondary treatment train first, with the resulting distillate then processed through the main treatment
train would resolve this issue.

Processina PH Ranne = High chloride and fluoride levels are a concern for the ETF materials of
construction, particularly in the secendary treatment train where the feed would be concentrated in the
evaporator. An agueous waste with ¢hleride/flucride levels greater that 10,000 parts per million is
detrimentalto the secondary treatmenttrain equipment under acidic conditions. However, when choosing
the correct pH conditions, the evolution of off-gas is a consideration for safety and regulatory concerns.

The waste stream total dissolved solids will be increased to a target of 25 weight percentin the
evaporator. This selection is based on operating experience with both 242-A evaporator process
condensate and UP-1 groundwater. At this concentration the ammonia content will range from 2,748to
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58,298 parts per million (ppm). At these high levels of ammonia, acidic conditions are preferredat ETF to
suppress the evolution of ammonia while promoting the venting of CO; into the offgas. When the pH of
the WTP feed is loweredto 6.0 in the SWRT tanks carbonate will be converted to CO. and effervesce into
the tank vessel vent system. Any residual dissolved CO; will be evolved in the evaporator as the brineis
boiled. The calculated gas evolution rate ranges from 3.10 to 19.89 cubic feet per minute (cfm).
However, this becomes more complex because of the undesirable off-gassing of lodine -129 at acidic
condition. Lowering the pH below a target of 6.0 is undesirable due to potentialcorrosionin the
piping/vessels.

The chloride/flucride levels in the WTP forecast ranges from 45 to 260 ppm in the evaporator. These
concentrations are very similar to those experienced at the ETF running 242-A Evaporator process
condensate at a feed pH of 6.0. Inthe SWRTSs, the chloride/fluoride will range from 4 to 28 ppm. This
also appears to be acceptable for the 304 SS material of construction of the SWRTSs.

To achieve the target pH of 6.0, the WTP influentpH is adjusted down with 92 weight percent sulfuric
acid. A substantial amount of acid will be required to lower the highly alkaline WTP waste down to 6.0 for
suitable evaporatorfeed. This has been calculated at 0.18 gpm, or 7,800 gallons/month, 24 hours per
day. Thiswill add from 1,421 to 7,465 pounds per day of solids to the waste in the form of sulfate. This
will significantly add to the overall secondary waste generated.

During the development of a new ETF flowsheet, the off-gassing of undesirable vapors as a result of
operating the WTP effluent at a target pH of 6.0 will need to be resolved. The primary concernis the off-
gassing of lodine-129, loading/capacity of the vessel vent off-gas system, and the additional secondary
waste that is generated by the amount of acid that would be required to lower the pH of the highly alkaline
WTP effluent.

Evaporator/Dryer Feed Rate and Composition = Detailed waste characterization data is necessary to
determine the drying characteristics of the concentratedwaste {i.e., thin film dryer feed) that is produced
in the evaporator. Based on the WTP forecast the weighted average powder composition is 17 wgt%
ammonium sulfate, 1wgt% sodium nitrate, and 82 wgt% sodium sulfate. This cornposition is very similar
to 242-A Evaporator process condensate powder composition and should have excellent dryability inthe
ETFthin film dryer. As discussed in the previous section, the WTP feed would be increased to 25 weight
percentin the evaporator.

The quantity of powder generated ranges from 2,201 to 12,106 pounds per day, with the weighted
average being 5,497 pounds per day. With the ETF nominaldryer capability of 2,000 Ibs/day, the current
WTP forecast exceedsthe dryer capacity.

Disposal of Secondary Waste -the Resource Conservation and Recovery Act (RCRA) designated
powderthat is producedinthe STT is transferred for disposal to the Hanford Site Central Waste Complex
(CWC) inthe 200 West Area. As part of the treatability evaluation, the final powder matrix must be
estimated and screened against the CWC waste acceptancecriteria. As stated in the Hanford Site Solid
Waste Acceptance Criteria, (FH 2001), if the concentrationof any mobile radionuclide exceeds the mobile
radionuclide reporting limit, stabilization could be required. Based on the estimated radionuclide
concentrations in the powder that would be produced, lodine-129 and Technesium-99 may exceed the
mobile radionuclide reporting limits for CWC acceptance.

Furtherwork is required to determine if the total quantities of Technetium-99 are manageable in the
Mixed Waste Trench. The total amount of Technetium-99 processed at the ETF during the lifetime of the
WTP is 90.6 Curies. This quantity of Technetium-99 may require treatment to limitthe mobility of
Technetium-99 by packagingthe drums in concrete boxes filled with low-diffusion grout. The cost of this
additionaltreatment, if required, is not included in the life-cycle cost for operating the LERFIETF. Further
evaluationis neededto verify the acceptability of the solid waste for disposal when additional quantitative
informationabout the effluent volume and composition becomes available.
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The amount of lodine-I129 that may possibly be in the solid waste from treating the WTP liquid effluent
was similarly calculated to be 61.4 Curies. Based on the projections, injust a few years of operation,
lodine-129would exceed estimates of the total amount of lodine-129 produced at Hanford (approximately
60 Curies). Additional information is needed to evaluate the impact of the lodine-129 in the solid waste.

6.0 CONCLUSIONS

The WTP liquid effluent forecast is outside the current LERFIETF treatability envelope. There are several
concernsthat must be addressed before the WTP liquid effluents can be accepted atthe LERFIETF. The
concerns are:

The total dissolved solids in the WTP liquid effluents will exceed the present ETF dryer capacity by an
average of 2.5 times and as much as 6 times.

e The evaluation indicatesthat there will be particulate calcium carbonate in the WTP liquid effluents.
The LERF cannot receive liquid effluents with solids that may settle and require an extensive cleanout
effort.

¢ No organics were identified in the WTP liquid effluents. This part of the evaluation could not be
completed.

» The amount of lodine-129 inthe WTP liquid effluents is probably in error as it is similar to the total
amount estimated to be in the tank waste. Off-gassing during treatment in the ETF and disposal of
the solid secondary waste powder are potential concerns.

» The radionuclide content of the WTP liquid effluents exceeds the source term limits for LERF to be a
radiologicalfacility.

¢ The maximum allowable batch volumes that can be accepted into the ETF for treatment is severely
restricted by the radionuclide content of the WTP liquid effluents.

* The solid secondary waste powder produced by the ETF in treating the WTP liquid effluents may
require further treatment to limit the mobility of Technetium-99.
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