APPENDIX D
WASTE INVENTORIES

This appendix provides additional information about the inventories that compose the proposed alternatives
described in Chapter 2 of this Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington (TC & WM EIS). Information provided in this appendix forms the basis for
determining short-term environmental impacts of each alternative, which are described in Chapter 4 of this
TC & WM EIS. Each alternative represents a combination of technologies, processes, and facilities that could
accomplish the desired outcome for that alternative. Distribution of the radioactive and chemical constituents of
the tank waste among the various waste form, storage, and management options depends on the technologies
and processes used under each alternative. Section D.1 provides information on the basis for the chemical and
radionuclide composition in the tanks, as well as on equipment, soils, and waste forms. Section D.2 provides
information on the basis for the chemical and radionuclide composition for the decommissioning of the Fast Flux
Test Facility. Section D.3 provides information on the basis for the chemical and radionuclide composition for the
waste management activities at Hanford, including treatment, storage, and disposal of onsite- and offsite-
generated waste. This information, along with data regarding the technologies and processes that would be used
under each alternative, was used as a basis for modeling transport of contaminants in air, water, and soil.

D.1 TANK CLOSURE ALTERNATIVES

Beginning in 1944, the Federal Government irradiated uranium fuel in nuclear reactors at the Hanford
Site (Hanford) to produce plutonium for national defense programs. Uranium and plutonium were
recovered from the fuel using a variety of physical and chemical separations processes that generated
highly radioactive waste streams. Between 1943 and 1964, 12 tank farms containing 149 single-shell
tanks (SSTs) were commissioned to store waste containing the radioactive and chemical constituents.
During this time, programs were instituted to recover specific constituents and reduce stored volumes to
accommodate production needs. During the 1950s, leakage from the tanks was confirmed. To address
this leakage and provide safe storage of the waste, 28 double-shell tanks (DSTs) grouped in 6 additional
tank farms were placed in service between 1971 and 1986. Because of the complexity of the production,
processing, and waste management operations, the exact radiological and chemical characteristics of each
tank are uncertain.

To support this Tank Closure and Waste Management Environmental Impact Statement for the Hanford
Site, Richland, Washington (TC & WM EIS) environmental impact analyses, the amounts of radioactive
and chemical constituents in the tanks and in leaks, discharges, and waste forms associated with tank

operations, retrieval, and closure were estimated. Inventory estimates are presented in the following
sections of this appendix:

e D.1.1, Current Tank Inventory of Radioactive and Chemical Constituents
e D.1.2, Tank Ancillary Equipment Waste

e D.1.3, Tank Residual Waste Inventories

e D.1.4, Historical Leaks and Other Releases

e D.15, Discharges to Cribs and Trenches (Ditches)

e D.1.6, Tank Waste Retrieval Leaks

e D.1.7, Inventories and Flowsheets

e D.1.8, Distribution of Radiological Constituents of Potential Concern for Tank Closure
Alternatives
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The primary sources of information related to tank inventories and past releases are summarized in the
Inventory and Source Term Data Package (DOE 2003a), which was developed for this TC & WM EIS.

D.11 Current Tank Inventory of Radioactive and Chemical Constituents

Constituent concentrations are based on sample data, models, calculations, and engineering assessments.
For tanks with no sample data, sample-based templates and engineering templates were used to estimate
inventories based on data from tanks containing the same waste type. The estimation methods are
summarized in the following paragraphs.

The Best-Basis Inventory (BBI) establishes the inventory of the underground waste storage tanks at
Hanford by using sample data, process knowledge, surveillance data, and waste stream composition
information from the Hanford Defined Waste (HDW) computer model (Agnew et al. 1997). The BBl is a
process that was developed to more fully understand and use the available analytical data for tank samples
and use the best available information to estimate tank compositions and inventories. The BBI provides
the official estimate of SST and DST contents at Hanford for 24 chemical species and 46 radionuclides.
BBIs are updated on a quarterly basis to incorporate new data and waste transfer information. The BBI
used in this environmental impact statement (EIS) reflects the inventory estimates for the wastes in the
tanks as of December 1, 2002. All radionuclides are decayed to January 1, 2001 (DOE 2003a). Sample
data released after December 1, 2002, and waste transfers occurring after December 1, 2002, are not
included (DOE 2005).

Sample data, when they represent the current contents of the tank, are the preferred source of waste
concentration information for the BBI (DOE 2003a). All of the DSTs and most of the SSTs have been
sampled. However, a number of the sampled tanks were analyzed for a limited suite of analytes. In
addition, the 23 SSTs listed in Table D-1 were not sampled or their historical sample data are unusable.
Among the 23 unsampled SSTs are 13 of the 18 tanks in the TX tank farm and 6 of the 15 tanks in the
SX tank farm. Sampling is not required for retrieval and disposal planning purposes (Simpson, DeFigh-
Price, and Banning 1999).

Table D-1. Unsampled Single-Shell Tanks

241-B-105 241-BX-102 241-S-108
241-SX-107 241-SX-109 241-SX-110
241-SX-111 241-SX-112 241-SX-114
241-TX-101 241-TX-102 241-TX-103
241-TX-105 241-TX-106 241-TX-108
241-TX-109 241-TX-110 241-TX-111
241-TX-112 241-TX-114 241-TX-115
241-TX-117 241-U-104

Due to these limitations on collected samples, a complete tank inventory cannot be determined based on
samples only. Further, limited data are available for some of the key tank closure risk drivers.

Process knowledge concentrations may be derived from information such as historical tank sample data,
sample data from other tanks, waste transfers, and chemical additions. Waste-type template
concentrations were used when other information was not available. The solid-waste-type templates were
based on sample data for a particular waste type, supplemented with process knowledge and waste-type
concentrations from the HDW model (Agnew et al. 1997). Liquid-waste-type templates were primarily
based on waste-type concentrations from the HDW model, adjusted for process knowledge of mercury
and other water-insoluble metals.
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Most of the BBI chemical inventories can be traced to sample data or template concentrations based on
samples. However, aside from radionuclides such as cesium-137/barium-137m, strontium-90/yttrium-90,
and the isotopes of americium, curium, plutonium, and uranium, the BBI radionuclide inventories are
largely based on the HDW model. This is especially true for the SSTs.

However, the BBI does not provide inventory estimates for analytes such as chromium, pertechnetate,
polychlorinated biphenyls (PCBs), and volatile and semivolatile organic compounds that may be of
concern for retrieval, disposal, and closure purposes. The procedures used to estimate inventories for
these constituents are presented in Section D.1.1.3.

Selected tanks are being analyzed for PCBs. To date, 55 tanks have been sampled; 43 showed no PCBs
and 12 had positive results for PCBs. These results were used to estimate an inventory across the tank
farms. The procedures used to estimate PCB concentrations are presented in Section D.1.1.3.

The BBI includes quantity estimates of 46 radioactive and 24 chemical constituents. Not all constituents
are important in the exposure scenarios used to assess TC & WM EIS alternative implementation impacts.
Thus, to focus attention on the constituents that control the impacts, U.S. Department of Energy (DOE)
performed an initial screening analysis. For radionuclides, groundwater release and direct intrusion
scenarios were considered. For the groundwater release screening scenario, only drinking water
consumption was considered. Release was assumed to be partition-limited, and decay during transport
was considered. For the direct intrusion screening scenario, inadvertent soil ingestion and inhalation
pathways were considered.

The analysis estimated relative impacts based on distribution of radionuclides in the BBI for all tanks.
Radionuclides contributing less than 1 percent of impacts under intruder or well scenarios were
eliminated from the detailed analysis. To screen for hazardous chemicals, drinking water ingestion
impacts were estimated for the 24 BBI chemical constituents and those contributing more than 99 percent
of impacts were selected for detailed analysis. In addition, reported tank concentrations were reviewed
and compared to health-based limits (DOE 2003a) and chemical constituents of potential concern
(COPCs), when compared to health-based limits (DOE 2003a), were added to the initial list of screened
chemicals. The results of this analysis are presented in Table D-2. The screening of the BBI for the
groundwater scenarios resulted in reduction of the original set of 46 radionuclides and 24 chemical
constituents to a final set of 10 radionuclides and 10 chemical constituents that was used in the analysis of
the tank waste. However, a screening of the cumulative impacts analysis data resulted in the addition of
other COPCs that are not included in Table D-2. Appendix Q provides details on this screening.

Table D-2. Constituents Selected for Detailed Analysis

Radionuclides Chemicals
Hydrogen-3 (tritium) Chromium
Carbon-14 Mercury
Strontium-90 Nitrate
Technetium-99 Lead
lodine-129 Uranium
Cesium-137 Acetonitrile
Uranium isotopes Benzene
Neptunium-237 Butanol (n-butyl alcohol)
Plutonium isotopes Polychlorinated biphenyls
Americium-241a 2,4,6-Trichlorophenol

a Applies to intruder analysis scenarios only due to inhalation pathway.
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D.1.1.1 Current Waste Phase Volume Inventories

This section summarizes the waste phase volumes in the SSTs and DSTs. There are four main waste
phases used in the BBI: retained gas, salt cake, sludge, and supernatant. Salt cake and sludge are often
further divided into solid and interstitial liquid phases. With the exception of retained gas, one or more
waste types are associated with each waste phase. Waste types are associated with the waste streams that
entered the tank farms from the separations plants or evaporators.

Information such as surveillance data (e.g., waste-surface-level, sludge-level, and liquid-observation-well
measurements); in-tank photographs; core-sample extrusion observations; core sample analyses (to
distinguish between the salt cake and sludge waste phases); and waste transfer history were evaluated to
determine the waste volumes used in the BBI. Interstitial liquid volumes were calculated using average
porosities when no specific information was available for a tank. The volumes of tanks being stabilized
by pumping of salt well liquids were estimated prior to the start of pumping and subsequently were
adjusted to account for the volume of liquid removed from the tank.

BBI data as presented in the Inventory and Source Term Data Package provides the waste phase volumes
for each tank as well as a summary of the waste volumes by tank farm and totals for the SSTs and DSTs
(DOE 2003a). Note that any retained gas in a tank was assumed to be trapped in the salt cake and sludge
waste phases. Supernatant phases have not been found to contain significant quantities of retained gas
(Mahoney et al. 1999). As a result, the total salt cake and sludge waste phase tank volume was greater
than the values listed in the Inventory and Source Term Data Package for tanks containing retained gas
(DOE 2003a).

Estimates of current waste volumes and individual tank design (nominal) volumes for each tank farm are
presented in Table D-3. Current waste volumes and tank nominal volumes were used in conjunction with
estimates of current tank inventories to develop inventory estimates of constituents in past leaks and tank
waste retrieval leaks.

Table D-3. Tank Inventory Volumes

Nominal Volume | Current Volume
Number of Tank Farms of Wastea
Tank Farm of Tanks Location (cubic meters) (cubic meters)
Single-Shell Tanks
A 6 200-East Area 22,710 4,338
AX 4 200-East Area 15,140 2,097
B 16 200-East Area 35,424 7,743
BX 12 200-East Area 24,072 5,948
BY 12 200-East Area 34,428 15,789
C 16 200-East Area 35,424 6,653
S 12 200-West Area 34,428 19,777
SX 15 200-West Area 56,775 13,142
T 16 200-West Area 35,424 7,024
TX 18 200-West Area 51,624 24,568
TY 6 200-West Area 17,214 2,398
U 16 200-West Area 35,424 12,154
Total Single-Shell Tanks 121,631
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Table D-3. Tank Inventory Volumes (continued)

Nominal Volume | Current Volume
Number of Tank Farms of Wastea
Tank Farm of Tanks Location (cubic meters) (cubic meters)
Double-Shell Tanks
AN 7 200-East Area 30,737 21,181
AP 8 200-East Area 35,128 27,828
AW 6 200-East Area 26,346 16,368
AY 2 200-East Area 7,570 3,257
AZ 2 200-East Area 7,570 7,548
SY 3 200-West Area 13,173 8,979
Total Double-Shell Tanks 85,161
Sum of all Tanks 206,792

a  Volumes as of December 1, 2002.
Note: To convert cubic meters to gallons multiply by 264.17.
Source: Derived from DOE 2003a.

D.1.1.2 Radiological Best-Basis Inventories

This section summarizes the BBI for each of the screened radiological constituents in the SSTs and DSTSs.
The BBI provided the individual tank inventories and concentrations for each waste phase or type. The
Inventory and Source Term Data Package (DOE 2003a) provided the inventory mass of all of the
screened radiological constituents estimated to be present at each tank farm as of December 1, 2002.
Tables D-4 and D-5 summarize the screened radiological constituent inventories for the SST and DST
farms, respectively.

D.1.1.3 Nonradiological Best-Basis Inventories

The BBI inventory mass for the screened nonradiological constituents (chromium, mercury, nitrate, lead,
and uranium) for each tank farm was provided by the HDW model. Available solid-, liquid-, and gas-
phase concentration data were utilized to derive inventory estimates of five additional nonradiological
constituents identified during the screening procedure (DOE 2003a). The calculations and formulas used
to estimate inventory masses for those additional constituents are described in the following paragraphs.
Estimates of the current tank inventories for the 10 screened chemical constituents at the SST and DST
farms are presented in Tables D-6 and D-7, respectively. Due to the reducing environment in the tanks,
the nitrite inventory was converted on a molecular-weight basis and added to the nitrate inventory and
reported as nitrate.
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Table D—4. Single-Shell Tank Radiological Constituent Inventories by Tank Farm (curies)

Tank Farm
Analyte A AX B BX BY C S SX T TX TY U Total
Hydrogen-3 3.38x10% | 1.30x10% | 2.07x10* | 1.01x10? | 1.33x10° | 1.10x10% | 1.94x10° | 1.32x10° | 3.42x10' | 2.13x10° | 3.50x10" | 1.44x10° | 8.93x10°
(tritium)
Carbon-14 8.33x10 | 6.44x10* 7.88 4.19x10" | 5.60x10% | 1.58x10' | 5.05x10% | 2.90x10% | 1.48x10' | 6.47x10? 7.63 3.56x10° | 2.59x10°
Strontium-90 6.52x10° | 3.09x10° | 1.89x10° | 1.30x10° | 1.75x10° | 9.18x10° | 2.52x10° | 5.28x10° | 3.72x10° | 1.17x10° | 3.31x10° | 9.05x10° | 3.43x10’
Technetium-99 | 6.74x10% | 4.13x10% | 2.13x10? | 3.70x10° | 2.54x10° | 3.51x10% | 2.74x10° | 1.76x10° | 1.63x10? | 3.76x10° | 1.02x10° | 2.43x10° | 1.55x10*
lodine-129 9.45x107 | 4.81x10™" | 8.18x10 | 4.49x107 5.55 9.93x10™ 5.93 3.35 1.14x107 7.15 1.29x10 4.69 2.99x10*
Cesium-137 1.24x10° | 6.58x10° | 3.58x10° | 3.26x10° | 2.23x10° | 9.93x10° | 2.60x10° | 2.68x10° | 1.65x10° | 2.44x10° | 5.26x10* | 2.32x10° | 1.61x10’
Uranium-233, | 3.29x10' | 3.64 2.08x10' | 5.09x10' | 5.22x10* | 4.98x10° | 5.18x10' | 2.95x10 | 2.59x10 | 4.79x10 | 2.23x10' | 3.90x10* | 8.75x10?
-234, -235,
-238
Neptunium-237 220 | 7.83x10" | 3.38x10? | 7.42x10? 8.59 5.72 1.12x10* 6.71 2.78x107 | 1.32x10' | 2.28x10*" 8.94 5.89x10*
Plutonium-239, | 3.56x10° | 9.83x10° | 1.42x10° | 2.10x10° | 1.32x10° | 2.16x10" | 5.00x10° | 6.99x10° | 1.43x10° | 1.82x10* | 4.04x10° | 3.89x10° | 6.69x10*
-240
Source: DOE 2003a.
Table D-5. Double-Shell Tank Radiological Constituent Inventories by Tank Farm (curies)
Tank Farm
Analyte AN AP AW AY AZ SY Total
Hydrogen-3 (tritium) 1.18x10° 1.53x10° 1.70x10° 2.47x10" 1.87x107 1.09x10° 3.12x10°
Carbon-14 1.93x10? 1.97x10? 8.95x10* 1.65 1.04x10* 3.81x10* 5.29x10?
Strontium-90 1.05x10° 5.20x10* 2.89x10° 6.66x10° 7.95x10° 2.18x10° 1.62x10’
Technetium-99 3.68x10° 4.07x10° 1.86x10° 8.93x10! 2.04x10° 2.46x10° 1.42x10*
lodine-129 3.81 7.69 2.11 1.42x10" 1.91 2.66 1.83x10"
Cesium-137 8.46x10° 5.36x10° 3.26x10° 2.89x10° 9.84x10° 2.58x10° 2.98x10’
Uranium-233, -234, -235, -238 7.88 2.85 3.93x10" 3.20 5.67 450 6.34x10"
Neptunium-237 8.17 1.43x10* 2.39x10* 5.03 2.70x10! 3.80 8.22x10*
Plutonium-239, 4.70x10° 2.48x10! 3.02x10° 2.66x10° 3.52x10° 4.88x10° 1.46x10*
-240

Source: DOE 2003a.
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Table D-6. Single-Shell Tank Nonradiological Constituent Inventories by Tank Farm (kilograms)

Tank Farm
Analyte A AX B BX BY C S SX T TX TY U Total
Chromium | 1.62x10*| 7.87x10% 1.11x10* | 2.20x10* | 7.34x10* | 5.60x10° | 1.20x10° | 1.05x10° | 1.21x10* | 6.13x10* | 7.95x10° | 5.11x10*| 4.95x10°
Mercury 1.59%x107| 4.27x10"| 1.38x10% | 2.27x10% | 1.74x10° | 3.93x10° | 7.15x10" | 1.46x10% | 1.99x10" | 2.83x10" | 2.56x10° | 2.55x10" | 1.68x10°
Nitrate 1.41x10°| 7.63x10° 1.90x10° | 1.73x10° | 6.62x10° | 6.56x10° | 1.10x10’ | 6.62x10° | 7.47x10° | 1.40x10" | 8.37x10° | 5.46x10°| 5.18x10’
Lead 4.02x10%| 1.26x10% 6.69x10° | 3.66x10° | 5.12x10° | 2.32x10* | 2.23x10% | 1.75x10° | 4.34x10° | 7.12x10% | 1.39x10° | 1.08x10*| 7.16x10*
Uranium 1.10x10%| 1.48x10% 2.86x10* | 7.35x10 | 6.55x10% | 1.13x10° | 5.19x10* | 3.27x10* | 3.72x10* | 4.56x10* | 3.24x10* | 4.97x10*| 5.42x10°
Acetonitrile 0 0 0 0 0 0 0 0 0 0 0 0 0
Benzene 0 0 0 0 0 0 0 0 0 0 0 0 0
Butanol 0 0 0 0 0 0 0 0 0 0 0 0 0
PCBs 3.05x10"| 1.47x10"| 5.44x10" | 4.18x10" | 1.11x10° | 4.67x10" | 1.39x10% | 9.23x10" | 4.93x10" | 1.73x10? | 1.68x10" | 8.53x10" | 8.54x10?
2,4,6-TCP 0 0 0 0 0 0 0 0 0 0 0 0 0
Key: 2,4,6-TCP=2,4,6-trichlorophenol; butanol=n-butyl alcohol; PCBs=polychlorinated biphenyls.
Source: DOE 2003a; SAIC 2007a.
Table D-7. Double-Shell Tank Nonradiological Constituent Inventories by Tank Farm (kilograms)
Tank Farm
Analyte AN AP AW AY AZ 5% Total

Chromium 1.85x10* 1.03x10* 1.99x10* 2.79%x10° 5.09x10° | 4.73x10* | 1.04x10°

Mercury 4.66 0 2.09x10" | 1.26x10? 4.15 8.95 1.44x10?

Nitrate 6.47x10° 5.65x10° | 3.47x10° | 1.70x10° | 7.74x10° | 2.48x10° | 1.90x107

Lead 3.63x10° 9.01x10> | 1.51x10° | 4.48x10° | 4.03x10?> | 1.57x10° | 1.25x10*

Uranium 2.68x10° 1.23x10° | 3.95x10* | 3.52x10° | 5.19x10° | 2.38x10° | 5.45x10*

Acetonitrile 7.33x10° 9.63x10° | 5.67x10° | 1.13x10° | 2.61x10° | 3.11x10° | 2.95x10"

Benzene 5.97x10* 7.85x10" | 4.62x10% | 9.19x10% | 2.13x10* | 2.53x10* 2.40

Butanol (n-butyl alcohol) 8.59x10° 1.13x10° 6.63%x10° 1.32x10° | 3.06x10° | 3.64x10° | 3.45x10°

Polychlorinated biphenyls 2.07x10? 2.71x10? 1.60x10* | 3.18x10* 7.36x10* | 8.76x10* | 8.31x10?

2,4,6-Trichlorophenol 2.75x10 3.62x10" | 2.13x10" | 4.23x10? | 9.81x10? | 1.17x10* 1.11

Source: DOE 2003a; SAIC 2007a.
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The volatile constituents acetonitrile, benzene, butanol (n-butyl alcohol), and 2,4,6-trichlorophenol were
assumed to be present in the aqueous phase and therefore present in the DST farms. Due to the
completion of interim stabilization activities in the SSTs, which removed the remaining secondary
quantities of supernatant from the tanks, only small quantities of volatile constituents may be present in
the SST farms; for analysis purposes, these small quantities were assumed to be zero. Nonvolatile
constituents such as PCBs were assumed present at both the SST and DST farms.

Estimation of inventory mass for the five screened chemical constituents not included in the BBI used
data for waste volume (see Table D-3) and waste phase; concentration of the gas, liquid, or solid phase;
density of the phase; and mole fraction. The type of calculation conducted depended upon two factors:
the waste phase and the tank farm.

For volatile, nonradiological constituents with measured liquid-phase concentrations (benzene,

2,4,6-trichlorophenol), the inventory mass is equal to the product of the chemical concentration and the
tank farm inventory volume.

Mggire = [Cchemical]>< BBITE X Sm X &y

where:
MggiTr =inventory mass for each tank farm, grams
Cehemical =concentration of the benzene or 2,4,6-trichlorophenol, micrograms per milliliter
BBITE =inventory volume for each tank farm, liters
&m =conversion constant, grams per micrograms
&y =conversion constant, milliliters per liter

For the volatile, nonradiological constituents with measured vapor phase concentrations (acetonitrile and
butanol [n-butyl alcohol]), four calculations needed to be performed. First, the vaporization pressure was
calculated using Antoine’s equation. Second, the measured gas-phase concentration was converted to
partial pressure using the ideal gas law. Next, Raoult’s law was used to determine the molar fraction of
the species in the liquid phase. The final calculation for determining the inventory mass was the product
of the mole fraction and the ratio of the species’ molar mass over the water molar mass times the tank
farm inventory volume.

For the first step of the estimation procedure, the equilibrium partial pressure of the constituent was
calculated using Antoine’s equation:

B
PR, = A- 70
where:
Puap =pressure of vaporization for the chemical, millimeters of mercury at 25 degrees
Celsius (°C) (77 degrees Fahrenheit [°F])
AB,C =constants for each chemical (SAIC 2007b)
T =temperature of the chemical after transfer to DTS, assumed to be 298 kelvins (K)

D-8



Appendix D = Waste Inventories

In the second step, the partial pressure of the constituent in the vapor phase is calculated using the ideal
gas law:

[C - ]x RxT
Ppartial =760x chemlcls/IIW
where:
Ppartial =partial pressure of the chemical, millimeters of mercury
Cehemical = concentration of acetonitrile or butanol (n-butyl alcohol), milligrams per cubic
meter
R =gas constant, assumed to be 0.082-liter atmosphere per mole-K
T =temperature of the chemical, assumed to be 298 K
MW = molecular weight of the chemical species, grams per mole

Next, Raoult’s law is utilized to calculate the mole fraction of the constituent in the liquid phase:

X = Ppartial
I:)valp
where:
X =mole fraction
Ppartial =partial pressure of the chemical, millimeters of mercury
Pyap =pressure of vaporization for the chemical, millimeters of mercury

Finally, the mole fraction may be converted to a mass fraction and used to calculate the inventory mass:

MW__ .
Mggre = XX MV\S/peCIeS X P X gtk x10°
H,0
where:
MagiTe =inventory mass for each tank farm, grams
X =mole fraction
MWgeecies = molecular weight of the chemical species, grams per mole
MW H,0 = molecular weight of water, grams per mole
Yol =density of the tank farm liquid, grams per cubic centimeter (SAIC 2007b)
BBITE =inventory volume for each tank farm, liters

For nonvolatile, nonradiological constituents (PCBs), the inventory masses would be equivalent to the
products of the phase concentration times the density of the phase times the tank farm inventory volume.
Even though PCBs were not detected in some tanks in certain tank farms, the inventory data were spread
across all the tank farms to ensure the maximum mass was determined. PCBs, which are nonvolatile
chemical constituents, have been detected in 12 of 55 tanks sampled. The average concentrations of
14 solid-phase samples (DOE 2003a) are 7.08 micrograms per gram. Using this average concentration
and assuming that PCBs are present in all tanks, the inventory of each tank farm was estimated as:

Mggire = [Cchemical]>< Ps X BaITF XSm XSy

D-9



Draft Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington

where:

MagiTe =inventory mass for each tank farm, grams

Chemical =concentration of the PCBs, micrograms per gram

Ps =density of the solid, grams per cubic centimeter (SAIC 2007b)
BBITE =inventory volume for each tank farm, liters

Sm =conversion constant, grams per microgram

Sv =conversion constant, cubic centimeters per liter

D.1.14 Uncertainty in Best-Basis Inventories

The BBI process follows protocols developed to combine differing types of measurements and estimates
to produce the most reliable estimate of inventory. However, the high-level radioactive waste (HLW)
tank inventory estimates contain considerable uncertainty regarding the number and quality of the
available measurements and the estimation procedures that were used in the absence of measurements.
As described in Section D.1.1, the HLW tank inventory estimates were based on waste composition and
phase volume measurements, process knowledge calculations, and waste-type templates that were
developed based on the sample data and model estimates (Field and Bowen 2003). Six types of waste
phases were considered in developing these estimates: supernatant, salt cake solids, salt cake liquids,
sludge solids, sludge liquids, and gas. Process knowledge calculations included correlation with a known
constituent such as a parent radionuclide with a well-established ratio of parent-to-progeny concentration.
The model-derived waste template estimates used in this TC & WM EIS were based on Revision 4 of the
HDW model (Agnew et al. 1997). Sample analysis data provided the preferred bases for the estimates;
calculated and template-based information were assigned lower priority. In each case, the inventory
estimates were derived as the products of waste density, volume, and composition.

The uncertainty in the measurement-based estimation is due to the limited number of available samples,
the complex nature of the tank contents, and the number of transfers and process activities used to manage
the waste. The number of available samples is limited due to safety issues and the cost of obtaining them.
Because waste phases are not uniform in nature and may be mixed to some extent, estimates of phase
volumes and constituent concentrations are uncertain due to measurement and spatial variability.
Processing and transfers designed to increase safety and optimize tank utilization produce additional
variation among individual tanks. Estimating inventories using process modeling involves consideration
of reactor fuel irradiation and chemical separations operations, as well as transfer and processing of tank
contents.  Incomplete knowledge of the degree of irradiation, process extraction and separations
efficiencies, plant stream flow rates that affect recovery and distribution, and process losses to the
environment all contribute to uncertainty in developing process modeling inventory estimates.

Quantitative estimates of inventory variability were expressed using the relative standard deviation
(RSD), which is defined as the ratio of the standard deviation to the mean. RSD values were estimated
from tank sample or sample-based template data. Sample-based templates are averages of samples taken
from tanks whose contents are similar in composition to the contents of the tank for which samples are
not available. The RSD values for density were reported as 5.9 and 8.2 percent for SST and DST liquids,
respectively, and 7.6 and 6.5 percent for SST and DST solids, respectively (Field and Bowen 2003).
Because of the difficulty in determining the extent of phase volumes and in measuring volume, values of
RSD values for volume were based on quantitative and qualitative information. Five data sources were
used to estimate volume: surface-level, conductivity probe, sludge-level, liquid-observation well
measurements, and core profiles. For the supernatant, salt cake, and sludge tanks, the average standard
deviations of the surface-level readings were 0.64, 29.2, and 10.9 centimeters (0.25, 11.5, and 4.3 inches),
corresponding to 2.6, 120, and 45 cubic meters (687; 31,700; and 11,888 gallons), respectively. The RSD
for estimating volume was calculated as the standard deviation of the level divided by the total height of
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the waste in the tank. The mean concentration and its RSD were estimated for the constituents in each
waste phase based on sample data. Estimates of concentration RSD based on sample data can range from
0 to 100 percent, while those based on waste-type templates can be much larger (Field and Bowen 2003).
Median sample-based RSDs for the inventories in the SSTs and DSTs were calculated at 20 and
29 percent, respectively (DOE 2003a). Median template-based RSDs for inventories of SSTs and DSTs
were calculated at 164 and 182 percent, respectively (DOE 2003a).

The above information on RSDs for density, volume, and concentration was combined to develop
estimates of inventory RSDs for the individual constituents contained within each tank and at each tank
farm (DOE 2003a). For four long-lived radionuclides that are important in determining groundwater
impacts—technetium-99, iodine-129, uranium-238, and neptunium-237—RSDs for inventories at the
tank farm level ranged from 70 to 231 percent, 44 to 231 percent, 77 to 453 percent, and 46 to
473 percent, respectively. Further quantitative estimates would require assumptions that cannot be fully
tested using the current data. For example, regarding the assumption of normal data distribution, the
95th percentile upper confidence limit of the technetium-99 inventories in individual tank farms ranged
from 2.2 to 5.6 times the BBI estimate across the 18 tank farms. For the combination of variances, the
95th percentile upper confidence limit of the total technetium-99 inventory was approximately 20 percent
greater than the BBI estimate.

The above considerations indicate that greater uncertainty is involved in estimating the inventories of
individual tanks and tank farms compared to estimating total inventory, and greater uncertainty is
associated with using template-based estimates compared with using sample-based estimates.

D.1.15 Best-Basis Inventory Comparison

As required by the Technical uidance Document for Tank Closure Environmental Impact Statement,

adose one and roundwater Revised Analyses (DOE 2005), Table D-8 compares the radiological and
chemical COPCs for the December 2002 BBI estimate (DOE 2003a) with the April 2008 update to the
BBI estimate. The April 2008 BBI update was the latest current update to the BBI available for inclusion
in this EIS. For comparison purposes, the table includes the radionuclides decayed to the same date,
January 1, 2008.

The differences noted in Table D-8 are primarily due to the BBI Improvement Initiative, which was
implemented after December 2002, and included:

e Updated ORIGEN2 [Oak Ridge Isotope Generation and Depletion Code] (Croff 1980) fuel
activity estimates.

e Updated HDW model to Revision 5, which accounted for a release of hydrogen-3 (tritium),
carbon-14, and iodine-129 to the environment and offsite shipment of technetium-99 with
uranium.

e Updated BBI templates with new sample data that added a second type of Reduction-Oxidation
Facility waste to the SX tank farm, resulting in an increase in SX tank farm inventory.

e Eliminated non-credible sample detection limit values from inventory estimates.

e Incorporated new sample data, including iodine-129 analysis of BY tank farm salt cake
(CH2M HILL 2008).
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Table D-8. Best-Basis Inventory Comparison of Constituents of Potential Concern

Percent Change
Column 1 Column 2 Column 3 from Decayed
December 2002 December 2002 April 2008 December 2002 BBI:
BBI, Decay Date: | BBI, Decay Date: | BBI, Decay Date: | (Column 3 - Column 2)
January 1,2001 | January1,2008 | January 1, 2008 /Column 2
Radionuclides Curies Curies Curies Percent
Americium-241 1.45x10° 1.45x10° 1.58x10° +9.0
Carbon-14 3.12x10° 3.12x10° 5.88x10° -81.2
Cesium-137 4.58x10’ 3.90x10’ 3.90x10’ 0.0
Hydrogen-3 (tritium) 1.21x10* 8.16x10° 3.11x10° -61.9
lodine-129 4.82x10* 4.82x10* 2.97x10* -38.4
Neptunium-237 1.41x10? 1.41x10? 1.20x10? -14.9
Plutonium-239, -240 8.14x10* 8.14x10* 6.14x10* -24.6
Strontium-90 5.05%10’ 4.27x10’ 4.82x10’ +12.9
Technetium-99 2.97x10* 2.97x10* 2.66x10* -10.4
Uranium-233, -234, 9.38x10? 9.38x10? 1.14x10° +21.8
-235, -238
Chemicals Kilograms Kilograms Kilograms Percent
Acetonitrile NR NR NR N/A
Benzene NR NR NR N/A
Butanol (n-butyl NR NR NR N/A
alcohol)
Chromium 5.98x10° 5.98x10° 5.89x10° -15
Lead 8.41x10* 8.41x10* 8.33x10* -1.0
Mercury 1.83x10° 1.83x10° 1.99x10° +8.7
Nitratea 6.67x10’ 6.67x10’ 6.71x10’ +0.6
Uranium (total) 5.97x10° 5.97x10° 6.49x10° +8.7
Polychlorinated NR NR NR N/A
biphenyls
2,4,6- NR NR NR N/A
Trichlorophenol

a Nitrate and nitrite inventories reported as nitrate.
Key: BBI=Best-Basis Inventory; N/A=not applicable; NR=not reported.
Source: CH2M HILL 2008.

D.1.2 Tank Ancillary Equipment Waste

This section presents the estimated waste inventories contained in the ancillary facilities that are currently
part of the SST and DST systems. Ancillary equipment includes miscellaneous underground storage
tanks (MUSTS) (i.e., vaults), SST system tanks, DST system tanks, and the evaporators, evaporator tanks
and vessels, pits, and transfer piping (DOE 2003a, 2003b) associated with the SST and DST farms.

Approximately one-half of the total waste volume estimate for ancillary equipment is credited to the
MUSTSs. Identification, dimensions, and locations of the MUSTs have been documented (DOE 2003a,
2003b). The reported capacities of the MUSTSs range from 10 cubic meters (2,640 gallons) to 190 cubic
meters (50,200 gallons) (DOE 2003b).

The pits include heel, pump, salt well, sluice, flush, and valve pits and diversion boxes. The SST farm
volumes were derived by assuming a deposition of waste solids with an average thickness of only about
0.01 to 0.02 centimeters (0.004 to 0.008 inches) on the surfaces of the pits and piping (DOE 2003a).
Waste volumes for the pits in the DST system were estimated by multiplying the waste volumes in the
SST system pits by the ratio of DST system pit surface area to the SST system pit surface area. Waste
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volumes for the piping in the DST system were estimated in a similar manner. Volumes and surface areas
were developed based on extrapolating information from detailed analyses of three SST farms and
applying it to the other tank farms. DST void volumes in piping and structures were based on
measurements of the six SSTs in the 241-A tank farm, which were then multiplied by a factor of 28/6 to
obtain volumes for all 28 DSTSs.

For analysis purposes, the volume of waste in the ancillary equipment for a given tank farm was taken as
the product of total waste volume in ancillary equipment for all tank farms times the number of tanks in a
given tank farm, divided by the total number of tanks in the entire SST/DST system. Additionally, the
concentration of each waste constituent in the ancillary equipment for a given tank farm was assumed to
be the same as the average concentration of that constituent in the corresponding tank farm waste.

The inventories of radiological and nonradiological waste constituents in the ancillary equipment for a
given tank farm were therefore calculated as the volume of waste in the ancillary equipment for that tank
farm times the concentrations of each of those constituents in the waste currently stored in that tank farm.
For example, the inventory of chromium in the ancillary equipment for the S tank farm was calculated as
the volume of waste in the ancillary equipment for the S tank farm times the BBI mass of chromium in
the S tank farm waste, divided by the volume of waste currently stored in the S tank farm. Radiological
inventories were calculated similarly, with inventories and concentrations expressed in terms of curies
rather than grams.

Volumes of ancillary equipment waste and quantities of individual constituents were estimated as:

anctot

anc x tanks
ttot
and
M

_ BBITF
Manc - x anc

BBITF

where:

MegiTe = Wwaste inventory mass for each tank farm, grams or curies
anc = ancillary equipment volume for each tank farm, liters
anctot = total ancillary equipment volume, liters
seite = inventory volume for each tank farm, liters
wnks = number of tanks in tank farm
ot = total number of tanks

Mae = waste inventory ancillary equipment for each tank farm, grams or curies

Tables D-9 and D-10 represent the ancillary equipment waste radiological and nonradiological
constituents for the SSTs, respectively. Tables D-11 and D-12 represent the ancillary equipment waste
radiological and nonradiological constituents for the DSTSs, respectively.
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Table D-9. Single-Shell Tank Ancillary Equipment Radiological Constituent Inventories (curies)

Tank Farm

Analyte A AX B BX BY C S SX T TX TY U Total
H-3 (tritium) 2.74 1.46 | 251x10%|  1.20 5.94 1.55 6.92 8.83 | 458x10!| 9.16 | 5.14x107%| 1.12x10%| 5.02x10*
C-14 6.77x107 | 7.21x1071| 9.56x107%| 4.96x10%| 2,50 | 2.22x107%| 1.80 1.94 | 1.98x10"| 278 | 1.12x10%| 275 1.43x10*
Sr-90 5.29x10% | 3.46x10* | 2.29x10% | 1.54x10% | 7.82x10°% | 1.29x10° | 8.98x10° | 3.54x10* | 4.98x10° | 5.02x10° | 4.86x10°| 6.99x10° | 3.29x10°
Tc-99 5.47 4.63 2.59 438 | 1.13x10'| 4.95 9.76 | 1.18x10*| 218 | 1.62x10'| 1.50 | 1.88x10%| 9.35x10*
1-129 7.67x10° | 5.38x107°%| 9.92x107*| 5.31x10°%| 2.47x10%| 1.40x102| 2.11x10?| 2.25x102| 1.52x10° | 3.07x102| 1.89x10°| 3.62x10?| 1.72x10*
Cs-137 1.00x10* | 7.37x10% | 4.34x10° | 3.86x10° | 9.96x10° | 1.40x10* | 9.26x10%| 1.79x10*| 2.20x10° | 1.05x10* | 7.73x10% | 1.79x10*| 1.08x10°
U-233,-234, | 2.67x107 | 4.08x107| 2.53x107| 6.03x10%| 2.33x10"| 7.03 | 1.85x10™| 1.98x107!| 3.47x10"| 2.06x10™ | 3.28x107 | 3.01x10|  9.99
-235, -238

Np-237 1.78x107 | 8.77x10°%| 4.10x10%| 8.79x10° | 3.83x107 | 8.08x107%| 3.99x10?%| 4.50x10?2| 3.72x10° | 5.66x107| 3.35x10°%| 6.91x10?%| 3.76x10™
Pu-239, -240 | 2.89x10% | 1.10x10' | 1.72x10% | 2.49x10*| 5.87 | 3.04x10? | 1.78x10' | 4.68x10' | 1.92x10*| 7.82x10'| 5.94 | 3.01x10'| 5.90x10?
Key: C=carbon; Cs=cesium; H=hydrogen; I=iodine; Np=neptunium; Pu=plutonium; Sr=strontium; Tc=technetium; U=uranium.
Source: SAIC 2007c.

Table D-10. Single-Shell Tank Ancillary Equipment Nonradiological Constituent Inventories (grams)
Tank Farm

Analyte A AX B BX BY C S SX T TX TY U Total
Chromium | 1.32x10° | 8.80x10*| 1.34x10°| 2.61x10°| 3.27x10°| 7.90x10*| 4.29x10°| 7.07x10° | 1.62x10°| 2.64x10°| 1.17x10° | 3.95x10°| 3.09x10°
Mercury 1.29x10° | 4.78x10% | 1.68x10°% | 2.69x10° | 7.74x10° | 5.55x10° | 2.55x10?| 9.80x10% | 2.66x10% | 1.22x10?| 3.76x10° | 1.97x10%| 1.80x10"
Nitrate 1.15x107 | 8.55x10°% | 2.30x107 | 2.04x107 | 2.95x107 | 9.25x10° | 3.93x107| 4.44x10" | 9.98x10°| 6.02x10"| 1.23x10 | 4.22x10" | 3.11x10°
Lead 3.26x10% | 1.41x10*| 8.12x10% | 4.34x10% | 2.28x10* | 3.27x10° | 7.96x10°| 1.17x10* | 5.80x10* | 3.06x10*| 2.04x10* | 8.37x10*| 7.34x10°
Uranium 8.90x10% | 1.66x10*| 3.47x10° | 8.70x10° | 2.92x10° | 1.59x10°| 1.85x10°| 2.19x10° | 4.97x10° | 1.96x10°| 4.75x10° | 3.84x10°| 5.16x10°
Acetonitrile 0 0 0 0 0 0 0 0 0 0 0 0 0
Benzene 0 0 0 0 0 0 0 0 0 0 0 0 0
Butanol 0 0 0 0 0 0 0 0 0 0 0 0 0
PCBs 2.47x10% | 1.65x10% | 6.59x10° | 4.95x10% | 4.95x10% | 6.59x10% | 4.95x10%| 6.18x10% | 6.59x10% | 7.42x10%| 2.47x10% | 6.59x10%| 6.14x10°
2,4,6-TCP 0 0 0 0 0 0 0 0 0 0 0 0 0

Key: 2,4,6-TCP=2,4,6-trichlorophenol; butanol=n-butyl alcohol; PCBs=polychlorinated biphenyls.
Source: SAIC 2007b, 2007c.
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Table D-11. Double-Shell Tank Ancillary Equipment Radiological
Constituent Inventories (curies)

Tank Farm

Analyte AN AP AW AY AZ sy Total
Hydrogen-3 (tritium) | 4.16x10" | 4.70 | 6.64x10" | 1.62x10?| 5.30x10%| 3.90 | 1.04x10!
Carbon-14 6.80x10? | 6.05x107| 3.50x10" | 1.08x10?| 2.93x10?| 1.36x10* 181
Strontium-90 3.70x10° | 1.60x10%| 1.13x10° | 4.37x10*| 2.25x10*| 7.78x10%| 7.19x10*
Technetium-99 1.30x10* | 1.25x10'| 7.28 5.86x10*| 5.77 8.76 4.79%x10"
lodine-129 1.35x102 | 2.36x107?| 8.24x10% | 9.29x10*| 5.40x10%| 9.51x103| 6.11x1072
Cesium-137 2.98x10% | 1.65%x10*| 1.28x10* | 1.89x10°%| 2.78x10*| 9.20x10°| 9.80x10*
Uranium-233, -234, 2.78x107 | 8.74x10%| 1.54x10* | 2.10x10%| 1.60x10| 1.61x102| 2.43x10*
-235, -238
Neptunium-237 2.88x107 | 4.40%x102| 9.34x102 | 3.30x10| 7.64x10| 1.36x10| 2.89x10*
Plutonium-239, -240 1.66 7.61x102| 1.18x10' | 1.75%10* 9.97 1.74x10'| 5.84x10!

Source: SAIC 2007c.

Table D-12. Double-Shell Tank Ancillary Equipment Nonradiological
Constituent Inventories (grams)

Tank Farm

Analyte AN AP AW AY AZ sY Total
Chromium 6.54x10* | 3.18x10*| 7.78x10* | 1.83x10*| 1.44x10*| 1.69x10°| 3.76x10°
Mercury 1.64x10" 0 8.18x10" | 8.26x10%| 1.18x10'| 3.19x10'| 8.87x10?
Nitrate 2.28x107 | 1.73x107| 1.36x107 | 1.12x10°| 2.19x10°| 8.86x10°| 6.59x107
Lead 1.28x10* | 2.77x10° | 5.93x10° | 2.94x10*| 1.14x10°| 5.59x10°| 5.76x10*
Uranium 9.46x10° | 3.78x10° | 1.55x10° | 2.31x10*| 1.47x10*| 8.51x10°| 2.14x10°
Acetonitrile 2.59x10* | 2.96x10*| 2.22x10* | 7.39x10° | 7.39x10%| 1.11x10*| 1.04x10°
Benzene 2.11 2.41 1.81 | 6.02x107| 6.02x10| 9.04x10™"|  8.43
Butanol (n-butyl 3.03x10° | 3.46x10°| 2.60x10° | 8.66x10° | 8.66x10°| 1.30x10°| 1.21x10’
alcohol)
Polychlorinated 7.29x10% | 8.33x10%| 6.25%x10% | 2.08x10%| 2.08x10%| 3.13x10%| 2.92x10°
biphenyls
2,4,6-Trichlorophenol |9.72x10™"| 1.11 |[8.33x10™"| 2.78x10™| 2.78x10?| 4.17x10|  3.89

Source: SAIC 2007b, 2007c.
D.1.3 Tank Residual Waste Inventories

Residual waste is defined as the tank waste remaining in the tank after all waste retrieval actions have been
completed. The Hanford Federal Facility Agreement and Consent Order, also known as the Tri-Party Agreement
(TPA), allows approximately 10 cubic meters (360 cubic feet) of residual waste for 100-series SSTs and 0.9 cubic
meters (30 cubic feet) of residual waste for 200-series SSTs following completion of retrieval operations; it also
provides a method for determining the allowed residual waste in each tank on a tank-by-tank basis (Ecology,
EPA, and DOE 1989). Three levels of retrieval were considered for the TC & WM EIS analysis: 90, 99, and
99.9 percent retrieval of the current inventory of radioactive and nonradioactive constituents.  These
retrieval percentages were developed to address various aspects related to retrieval levels or activities.
Ninety percent retrieval was picked to represent a programmatic risk analysis of the tank farms as defined in the
TPA Milestone M-45-00, Appendix H, process. Ninety-nine percent retrieval is in the TPA. The 99.9 percent
retrieval rate was used in cases where tank removal was analyzed to limit worker exposure. The 99.9 percent
retrieval also reflects multiple uses of retrieval technologies.
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This appendix describes three proposed methods for estimating residual waste in the storage tanks following
retrieval and presents the results for the method selected (first method) for the TC & WM EIS analyses. The three
methods are:

1

Multiply the existing total tank inventory by a ratio of the final waste volume to the current waste
volume. Assume that the inventory is distributed uniformly through the volume. This method
represents the case for waste retrieved “as is,” i.e., without washing or leaching. For example, for
99 percent retrieval, the volume of SST residual waste in a specific tank would equal the current waste
volume estimate in that tank, based on the 2002 BBI, multiplied by 0.01. This result may differ slightly
from the TPA Milestone M-45-00, Appendix H, estimate, which used earlier tank volume estimates that
were applied across all the SSTs.

A more complex method involves making the following assumptions about which waste phases would
remain in the tank following retrieval:

— All supernatant would be removed, and retained gas would be released from the tank during
retrieval.

— Ten cubic meters (360 cubic feet) of waste would remain in a 100-series SST; (0.9 cubic meters
(30 cubic feet) would remain in a 200-series SST.

—  Sludge would be at the bottom of the tank.

— When a tank contains multiple sludge phases, each would remain in the tank in the same proportions
that were present prior to retrieval.

— For tanks where only salt cake exists, the remaining salt cake would be volumetrically proportional
to the volumes currently in the tanks.

— Tanks 241-TX-116 and 241-TX-117 are exceptions: all waste in these tanks would be removed
proportional to current volumes.

— The fraction of each waste phase remaining (that is, the ratio of current phase volumes for each
phase that would remain in the tank following retrieval) is calculated based on the assumptions
above.

— The final remaining constituent inventory (for each phase) is calculated from the initial inventory,
current and final volume, and fraction of the phase.

— The inventories for each phase are then added to get the tank total. This method is representative of
dry retrieval by layer without mixing.

The third method uses output from the Hanford Tank Waste Operation Simulator model (for
radionuclides only) adjusted to the same final volume as the other two methods. This model applies
component- and tank-specific water-wash factors and adds sufficient water to achieve either a 5-molar
sodium solution or a 10 weight-percent slurry, whichever is the limiting condition for feed to the Waste
Treatment Plant (WTP), to predict the composition of waste retrieved from the tank. Waste remaining in
the tank after retrieval is assumed to have the same composition as the waste in the tank (Tank Farm
Contractor Operation and tilization Plan) (Kirkbride et al. 2002). This method is representative of
sluicing-type waste retrieval methods.

Because the last two methods do not provide estimates for both radionuclide and chemical constituents
for each level of retrieval, the first method (volume retrieval) was applied. The degree of retrieval
applicability across the Tank Closure alternatives is summarized in Table D-13. The inventory results of
implementing the radiological constituent procedure for the three retrieval cases are presented in

D-16



Appendix D = Waste Inventories

Tables D-14 through D-19. The inventory results of implementing the chemical constituent procedure
for the retrieval cases are presented in Tables D-20 through D-25.

Table D-13. Tank Closure Alternative Retrieval Approaches

Alternative Approach
1 Best-Basis Inventory as salt cake for single-shell tanks, supernatant for double-shell tanks
2A 99 percent retrieval estimate; residual as salt cake for single-shell tanks and supernatant

for double-shell tanks
2B, 3A, 3B, and 3C | 99 percent retrieval estimate; residual stabilized with grout

4 99.9 percent retrieval estimate; residual stabilized with grout

5 90 percent retrieval estimate; residual stabilized with grout
6A and 6B 99.9 percent retrieval; tank and soil removed

6C 99 percent retrieval estimate; residual stabilized with grout
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Table D-14. Single-Shell Tank Residual Radiological Constituent Inventories: 90 Percent Retrieval (curies)

Tank Farm

Analyte A AX B BX BY C S SX T X TY u Total
Hydrogen-3 (tritium) | 3.38x10" | 1.30x10' | 2.07 | 1.01x10%| 1.33x10%| 1.10x10%| 1.94x10%| 1.32x10?| 3.42 | 2.13x10*| 3.50 | 1.44x10°| 8.93x10?
Carbon-14 8.33 6.44 | 7.88x107"| 4.19 | 5.60x10'| 158 | 5.05x10'| 2.90x10'| 1.48 | 6.47x10%| 7.63x10™| 3.56x10% | 2.59x10°
Strontium-90 6.52x10° | 3.09x10° | 1.89x10°| 1.30x10°| 1.75x10°| 9.18x10° | 2.52x10°| 5.28x10°| 3.72x10*| 1.17x10°| 3.31x10%| 9.05x10*| 3.43x10°
Technetium-99 6.74x10 | 4.13x10% | 2.13x10'| 3.70x10%| 2.54x10?| 3.51x10' | 2.74x10?| 1.76x10%| 1.63x10'| 3.76x10%| 1.02x10'| 2.43x10% | 1.55x10°
lodine-129 9.45x102 | 4.81x107 | 8.18x10°| 4.49x107?| 5.55x10™| 9.93x10 | 5.93x10| 3.35x10| 1.14x107?| 7.15x10?%| 1.29x10| 4.69x10*| 2.99
Cesium-137 1.24x10° | 6.58x10% | 3.58x10*| 3.26x10%| 2.23x10°| 9.93x10*| 2.60x10° | 2.68x10°| 1.65x10*| 2.44x10°| 5.26x10° | 2.32x10° | 1.61x10°
Uranium-233, -234,
-235, -238 329 |3.64x107| 2.08 5.09 522 | 4.98x10'| 5.8 2.95 2.59 4.79 2.23 390 | 8.75x10*
Neptunium-237 2.20x10™" | 7.83x102 | 3.38x107?| 7.42x10| 8.59x10?| 5.72x10| 1.12 | 6.71x107| 2.78x102| 1.32 | 2.28x10%| 8.94x107"| 5.89
Plutonium-239, -240 | 3.56x10% | 9.83x10' | 1.42x10?| 2.10x10%| 1.32x10?| 2.16x10° | 5.00x10% | 6.99x10% | 1.43x10? | 1.82x10°%| 4.04x10' | 3.89x10% | 6.69x10°

Source: DOE 2003a; SAIC 2007d.

Table D-15. Double-Shell Tank Residual Radiological Constituent Inventories: 90 Percent Retrieval (curies)

Tank Farm

Analyte AN AP AW AY AZ SY Total
Hydrogen-3 (tritium) 1.18x10" 1.53x10° 1.70x10" 2.47 1.87x10" 1.09x10? 3.12x10°
Carbon-14 1.93x10* 1.97x10* 8.95 1.65x10 1.04 3.81 5.29%10*
Strontium-90 1.05%10° 5.20x10° 2.89x10* 6.66x10° 7.95x10° 2.18x10* 1.62x10°
Technetium-99 3.68x10? 4.07x10? 1.86x10° 8.93 2.04x10? 2.46x10? 1.42x10°
lodine-129 3.81x10% 7.69x10? 2.11x10*? 1.42x10% 1.91x10*? 2.66x10* 1.83
Cesium-137 8.46x10° 5.36x10° 3.26x10° 2.89x10* 9.84x10° 2.58x10° 2.98x10°
Uranium-233, -234, -235, -238 7.88x10? 2.85x10* 3.93 3.20x10* 5.67x10 4.50x10 6.34
Neptunium-237 8.17x10* 1.43 2.39 5.03x10* 2.70 3.80x10% 8.22
Plutonium-239, -240 4.70x10* 2.48 3.02x10? 2.66x10? 3.52x10? 4.88x10? 1.46x10°

Source: DOE 2003a; SAIC 2007d.
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Table D-16. Single-Shell Tank Residual Radiological Constituent Inventories: 99 Percent Retrieval (curies)

Tank Farm

Analyte A AX B BX BY C S SX T X TY u Total
Hydrogen-3 (tritium) 3.38 1.30 | 2.07x10%| 1.01 | 1.33x10'| 1.10 | 1.94x10%| 1.32x10'| 3.42x107| 2.13x10%| 3.50x107| 1.44x10" | 8.93x10*
Carbon-14 8.33x10" | 6.44x107 | 7.88x107%| 4.19x10%| 5.60 | 1.58x107%| 5.05 290 | 1.48x10| 6.47 | 7.63x10°| 3.56 2.59x10*
Strontium-90 6.52x10* | 3.09x10* | 1.89x10%| 1.30x10*| 1.75x10*| 9.18x10* | 2.52x10*| 5.28x10%| 3.72x10°| 1.17x10*| 3.31x10°| 9.05x10°| 3.43x10°
Technetium-99 6.74 413 2.13 370 | 2.54x10*| 351 2.74x10'| 1.76x10'| 1.63 | 3.76x10 1.02 2.43x10' | 1.55x10?
lodine-129 9.45x107 | 4.81x10° | 8.18x10™| 4.49x107°| 5.55x102| 9.93x10° | 5.93x10?| 3.35x10| 1.14x10°| 7.15x10?| 1.29x10°| 4.69x10?| 2.99x10*
Cesium-137 1.24x10* | 6.58x10° | 3.58x10°| 3.26x10°%| 2.23x10*| 9.93x10° | 2.60x10*| 2.68x10*| 1.65x10°| 2.44x10%| 5.26x10? | 2.32x10* | 1.61x10°
Uranium-233, -234, | 3.29x107 | 3.64x1072 | 2.08x10!| 5.09x10?| 5.22x10™| 4.98 | 5.18x10| 2.95x10| 2.59x107| 4.79x10?| 2.23x10 | 3.90x10%| 8.75
-235, -238
Neptunium-237 2.20x107 | 7.83x107 | 3.38x1073| 7.42x10®| 8.59x102| 5.72x107| 1.12x10™| 6.71x107?| 2.78x107| 1.32x10| 2.28x10° | 8.94x10?| 5.89x10"
Plutonium-239, -240 | 3.56x10* | 9.83 | 1.42x10'| 2.10x10%| 1.32x10'| 2.16x10% | 5.00x10* | 6.99x10' | 1.43x10'| 1.82x10%| 4.04 | 3.89x10' | 6.69x10?

Source: DOE 2003a; SAIC 2007d.

Table D-17. Double-Shell Tank Residual Radiological Constituent Inventories: 99 Percent Retrieval (curies)

Tank Farm

Analyte AN AP AW AY AZ SY Total
Hydrogen-3 (tritium) 1.18 1.53x10" 1.70 2.47x101 1.87 1.09x10" 3.12x10"
Carbon-14 1.93 1.97 8.95x10! 1.65x107 1.04x10" 3.81x10* 5.29
Strontium-90 1.05x10% 5.20x10° 2.89x10° 6.66x10" 7.95x10* 2.18x10° 1.62x10°
Technetium-99 3.68x10" 4.07x10" 1.86x10* 8.93x10* 2.04x10* 2.46x10* 1.42x10?
lodine-129 3.81x107 7.69x1072 2.11x10% 1.42x10° 1.91x10% 2.66x107 1.83x10"
Cesium-137 8.46x10* 5.36x10* 3.26x10* 2.89x10° 9.84x10* 2.58x10* 2.98x10°
Uranium-233, -234, -235, -238 7.88x10% 2.85x1072 3.93x10" 3.20x1072 5.67x1072 4.50x1072 6.34x10
Neptunium-237 8.17x107 1.43x10" 2.39x10" 5.03x10” 2.70x10*" 3.80x10 8.22x10"
Plutonium-239, -240 470 2.48x10* 3.02x10* 2.66x10* 3.52x10" 4.88x10" 1.46x10?

Source: DOE 2003a; SAIC 2007d.
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Table D-18. Single-Shell Tank Residual Radiological Constituent Inventories: 99.9 Percent Retrieval (curies)

Tank Farm

Analyte A AX B BX BY C S SX T X TY u Total
Hydrogen-3 (tritium) | 3.38x107 [1.30x10™ | 2.07x10| 1.01x107| 1.33 | 1.10x107| 1.94 1.32 | 3.42x10%| 213 | 3.50x10%| 1.44 8.93
Carbon-14 8.33x10? | 6.44x107 | 7.88x10| 4.19x107%| 5.60x10™| 1.58x10| 5.05x10™| 2.90x10"| 1.48x107?| 6.47x107| 7.63x10°| 3.56x10*| 2.59
Strontium-90 6.52x10° | 3.09x10° | 1.89x10°%| 1.30x10%| 1.75x10°| 9.18x10° | 2.52x10°| 5.28x10°%| 3.72x10%| 1.17x10%| 3.31x10? | 9.05x10% | 3.43x10*
Technetium-99 6.74x107 | 4.13x10 | 2.13x10%| 3.70x10?%| 254 | 3.51x107| 274 1.76 | 1.63x10"| 3.76 | 1.02x10%| 243 | 1.55x10'
lodine-129 9.45x10™ | 4.81x10™ | 8.18x10°| 4.49x10*| 5.55x10| 9.93x10™| 5.93x10| 3.35x10| 1.14x10™*| 7.15x10°%| 1.29x10™| 4.69x107°| 2.99x10
Cesium-137 1.24x10° | 6.58x10° | 3.58x107| 3.26x10%| 2.23x10%| 9.93x10? | 2.60x10%| 2.68x10°| 1.65x10?| 2.44x10°| 5.26x10' | 2.32x10°| 1.61x10*
Uranium-233, -234,
-235, -238 3.29x102 | 3.64x10° | 2.08x10| 5.09x107?| 5.22x102| 4.98x10 | 5.18x102| 2.95x102| 2.59x10?| 4.79x10?| 2.23x102| 3.90x10?| 8.75x10*
Neptunium-237 2.20x10° | 7.83x10™ | 3.38x10| 7.42x10™| 8.59x1073| 5.72x10°*| 1.12x10| 6.71x1073| 2.78x10™| 1.32x10| 2.28x10™| 8.94x10°| 5.89x107
Plutonium-239, -240 356 |9.83x107| 1.42 2.10 1.32 | 2.16x10'| 5.00 6.99 1.43 | 1.82x10'| 4.04x10%| 3.89 | 6.69x10"

Source: DOE 2003a; SAIC 2007d.

Table D-19. Double-Shell Tank Residual Radiological Constituent Inventories: 99.9 Percent Retrieval (curies)

Tank Farm

Analyte AN AP AW AY AZ SY Total
Hydrogen-3 (tritium) 1.18x107 1.53 1.70x107 2.47x10? 1.87x10" 1.09 3.12
Carbon-14 1.93x10! 1.97x107 8.95x107 1.65%10° 1.04x107 3.81x107 5.29x10"
Strontium-90 1.05x10° 5.20x10* 2.89x10? 6.66x10° 7.95x10° 2.18x10? 1.62x10*
Technetium-99 3.68 4.07 1.86 8.93x107 2.04 2.46 1.42x10*
lodine-129 3.81x10° 7.69x10° 2.11x10° 1.42x10™ 1.91x10° 2.66x10° 1.83x107?
Cesium-137 8.46x10° 5.36x10° 3.26x10° 2.89x10? 9.84x10° 2.58x10° 2.98x10*
Uranium-233, -234, -235, -238 7.88x10° 2.85x10° 3.93x10% 3.20x10° 5.67x10° 4.50x107 6.34x107
Neptunium-237 8.17x1073 1.43x1072 2.39x1072 5.03x10° 2.70x10 3.80x10°° 8.22x10
Plutonium-239, -240 4.70x10 2.48x10 3.02 2.66 3.52 488 1.46x10"

Source: DOE 2003a; SAIC 2007d.
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Table D-20. Single-Shell Tank Residual Nonradiological Constituent Inventories: 90 Percent Retrieval (grams)

Tank Farm

Analyte A AX B BX BY C S SX T TX TY u Total
Chromium 1.62x10° | 7.87x10° | 1.11x10° | 2.20x10° | 7.34x10° | 5.60x10° | 1.20x10" | 1.05x107 | 1.21x10° | 6.13x10° | 7.95x10° | 5.11x10° | 4.95x10’
Mercury 1.59x10* | 4.27x10° | 1.38x10* | 2.27x10* | 1.74x10* | 3.93x10* | 7.15x10° | 1.46x10* | 1.99x10° | 2.83x10° | 2.56x10* | 2.55x10° | 1.68x10°
Nitrate 1.41x108 | 7.63x10" | 1.90x10° | 1.73x10°® | 6.62x10% | 6.56x10" | 1.10x10° | 6.62x10% | 7.47x10" | 1.40x10° | 8.37x10" | 5.46x10° | 5.18x10°
Lead 4.02x10° | 1.26x10° | 6.69x10° | 3.66x10° | 5.12x10° | 2.32x10° | 2.23x10° | 1.75x10° | 4.34x10° | 7.12x10° | 1.39x10° | 1.08x10° | 7.16x10°
Uranium 1.10x10° | 1.48x10° | 2.86x10° | 7.35x10° | 6.55x10° | 1.13x10" | 5.19x10° | 3.27x10° | 3.72x10° | 4.56x10° | 3.24x10° | 4.97x10° | 5.42x10’
Acetonitrile 0 0 0 0 0 0 0 0 0 0 0 0 0
Benzene 0 0 0 0 0 0 0 0 0 0 0 0 0
Butanol 0 0 0 0 0 0 0 0 0 0 0 0 0
PCBs 3.05x10° | 1.47x10° | 5.44x10° | 4.18x10° | 1.11x10* | 4.67x10° | 1.39x10* | 9.23x10° | 4.93x10° | 1.73x10* | 1.68x10° | 8.53x10° | 8.54x10"
2,4,6-TCP 0 0 0 0 0 0 0 0 0 0 0 0 0

Key: 2,4,6-TCP=2,4,6-trichlorophenol; butanol=n-butyl alcohol; PCBs=polychlorinated biphenyls.

Source: DOE 2003a; SAIC 2007a.

Table D-21. Double-Shell Tank Residual Nonradiological Constituent Inventories: 90 Percent Retrieval (grams)

Tank Farm
Analyte AN AP AW AY AZ % Total
Chromium 1.85x10° 1.03x10° 1.99x10° 2.79%x10° 5.09x10° 4.73x10° 1.04x107
Mercury 4.66x10? 0 2.09x10" 1.26x10* 4.15x10° 8.95x10° 1.44x10*
Nitrate 6.47x10° 5.65x10° 3.47x10° 1.70x107 7.74x107 2.48x10° 1.90x10°
Lead 3.63x10° 9.01x10* 1.51x10° 4.48x10° 4.03x10* 1.57x10° 1.25x10°
Uranium 2.68x10° 1.23x10° 3.95x10° 3.52x10° 5.19x10° 2.38x10° 5.45x10°
Acetonitrile 7.33x10° 9.63x10° 5.67x10° 1.13x10° 2.61x10° 3.11x10° 2.95x10°
Benzene 5.97x10* 7.85x10* 4.62x10* 9.19 2.13x10? 2.53x10* 2.40x10°
Butanol (n-butyl alcohol) 8.59x10’ 1.13x10° 6.63x107 1.32x107 3.06x10’ 3.64x10’ 3.45x10°
Polychlorinated biphenyls 2.07x10* 2.71x10* 1.60x10" 3.18x10° 7.36x10° 8.76x10° 8.31x10"
2,4,6-Trichlorophenol 2.75x10" 3.62x10" 2.13x10" 4.23 9.81 1.17x10" 1.11x10°

Source: DOE 2003a; SAIC 2007a.
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Table D-22. Single-Shell Tank Residual Nonradiological Constituent Inventories: 99 Percent Retrieval (grams)

Tank Farm
Analyte A AX B BX BY C S SX T TX TY u Total
Chromium 1.62x10° | 7.87x10* | 1.11x10° | 2.20x10°| 7.34x10° | 5.60x10% | 1.20x10° | 1.05x10°| 1.21x10° | 6.13x10° | 7.95x10% | 5.11x10° | 4.95x10°
Mercury 1.59x10° | 4.27x10% | 1.38x10° | 2.27x10%| 1.74x10° | 3.93x10° | 7.15x10% | 1.46x10° | 1.99x10% | 2.83x10% | 2.56x10° | 2.55x10° | 1.68x10"
Nitrate 1.41x10" | 7.63x10° | 1.90x107 | 1.73x10"| 6.62x10" | 6.56x10° | 1.10x10° | 6.62x10" | 7.47x10° | 1.40x10% | 8.37x10° | 5.46x10’ | 5.18x10°
Lead 4.02x10% | 1.26x10* | 6.69x10* | 3.66x10*| 5.12x10* | 2.32x10° | 2.23x10* | 1.75x10% | 4.34x10*| 7.12x10* | 1.39x10* | 1.08x10° | 7.16x10°
Uranium 1.10x10° | 1.48x10*| 2.86x10° | 7.35x10°| 6.55x10° | 1.13x10° | 5.19x10° | 3.27x10° | 3.72x10° | 4.56x10° | 3.24x10° | 4.97x10° | 5.42x10°
Acetonitrile 0 0 0 0 0 0 0 0 0 0 0 0 0
Benzene 0 0 0 0 0 0 0 0 0 0 0 0 0
Butanol 0 0 0 0 0 0 0 0 0 0 0 0 0
PCBs 3.05x10% | 1.47x10° | 5.44x10% | 4.18x10%| 1.11x10% | 4.67x10% | 1.39x10° | 9.23x10? | 4.93x10? | 1.73x10° | 1.68x10% | 8.53x10° | 8.54x10°
2,4,6-TCP 0 0 0 0 0 0 0 0 0 0 0 0 0

Key: 2,4,6-TCP=2,4,6-trichlorophenol; butanol=n-butyl alcohol; PCBs=polychlorinated biphenyls.
Source: DOE 2003a; SAIC 2007a.

Table D-23. Double-Shell Tank Residual Nonradiological Constituent Inventories: 99 Percent Retrieval (grams)

Tank Farm
Analyte AN AP AW AY AZ Sy Total
Chromium 1.85x10° 1.03x10° 1.99x10° 2.79x10* 5.09%10* 4.73x10° 1.04x10°
Mercury 4.66x10" 0 2.09 1.26x10° 4.15x10" 8.95x10" 1.44x10°
Nitrate 6.47x10" 5.65%10" 3.47x10’ 1.70x10° 7.74x10° 2.48x10" 1.90x108
Lead 3.63x10* 9.01x10° 1.51x10* 4.48x10" 4.03x10° 1.57x10* 1.25x10°
Uranium 2.68x10* 1.23x10* 3.95x10° 3.52x10* 5.19x10* 2.38x10* 5.45x10°
Acetonitrile 7.33x10* 9.63x10* 5.67x10* 1.13x10* 2.61x10* 3.11x10* 2.95x10°
Benzene 5.97 7.85 4.62 9.19x10? 2.13 2.53 2.40x10*
Butanol (n-butyl alcohol) 8.59x10° 1.13x107 6.63x10° 1.32x10° 3.06x10° 3.64x10° 3.45x10’
Polychlorinated biphenyls 2.07x10° 2.71x10° 1.60x10° 3.18x10? 7.36x10° 8.76x10? 8.31x10°
2,4,6-Trichlorophenol 2.75 3.62 2.13 4.23x10t 9.81x10" 1.17 1.11x10?

Source: DOE 2003a; SAIC 2007a.
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Table D-24. Single-Shell Tank Residual Nonradiological Constituent Inventories: 99.9 Percent Retrieval (grams)

Tank Farm
Analyte A AX B BX BY C S SX T TX TY U Total
Chromium 1.62x10* | 7.87x10% | 1.11x10* | 2.20x10% | 7.34x10* | 5.60x10° | 1.20x10° | 1.05x10° | 1.21x10*| 6.13x10* | 7.95x10% | 5.11x10* | 4.95x10°
Mercury 1.59x10? | 4.27x10' | 1.38x10° | 2.27x10° | 1.74x10° | 3.93x10? | 7.15x10' | 1.46x10? | 1.99x10' | 2.83x10' | 2.56x10° | 2.55x10' | 1.68x10°
Nitrate 1.41x10° | 7.63x10° | 1.90x10° | 1.73x10° | 6.62x10° | 6.56x10° | 1.10x10’ | 6.62x10° | 7.47x10° | 1.40x10" | 8.37x10° | 5.46x10° | 5.18x10’
Lead 4.02x10° | 1.26x10° | 6.69x10° | 3.66x10° | 5.12x10° | 2.32x10* | 2.23x10% | 1.75x10° | 4.34x10° | 7.12x10° | 1.39x10° | 1.08x10*| 7.16x10*
Uranium 1.10x10* | 1.48x10° | 2.86x10* | 7.35x10% | 6.55x10% | 1.13x10° | 5.19x10% | 3.27x10* | 3.72x10* | 4.56x10* | 3.24x10* | 4.97x10* | 5.42x10°
Acetonitrile 0 0 0 0 0 0 0 0 0 0 0 0 0
Benzene 0 0 0 0 0 0 0 0 0 0 0 0 0
Butanol 0 0 0 0 0 0 0 0 0 0 0 0 0
PCBs 3.05x10' | 1.47x10' | 5.44x10' | 4.18x10' | 1.11x10° | 4.67x10' | 1.39x10° | 9.23x10' | 4.93x10' | 1.73x10? | 1.68x10' | 8.53x10' | 8.54x10?
2,4,6-TCP 0 0 0 0 0 0 0 0 0 0 0 0 0

Key: 2,4,6-TCP=2,4,6=trichlorophenol; butanol=n-butyl alcohol; PCBs=polychlorinated biphenyls.

Source: DOE

2003a; SAIC 2007a.

Table D-25. Double-Shell Tank Residual Nonradiological Constituent Inventories: 99.9 Percent Retrieval (grams)

Tank Farm

Analyte AN AP AW AY AZ SY Total
Chromium 1.85x10* 1.03x10* 1.99x10* 2.79x10° 5.09x10° 4.73x10" 1.04x10°
Mercury 4.66 0 2.09x107 1.26x10? 4.15 8.95 1.44x10?
Nitrate 6.47x10° 5.65%10° 3.47x10° 1.70x10° 7.74x10° 2.48x10° 1.90x10"
Lead 3.63x10° 9.01x10? 1.51x10° 4.48x10° 4.03x10? 1.57x10° 1.25x10*
Uranium 2.68x10° 1.23x10° 3.95x10" 3.52x10° 5.19x10° 2.38x10° 5.45x10"
Acetonitrile 7.33x10° 9.63x10° 5.67x10° 1.13x10° 2.61x10° 3.11x10° 2.95x10*
Benzene 5.97x10! 7.85x107! 4.62x10" 9.19x1072 2.13x10! 2.53x10" 2.40
Butanol (n-butyl alcohol) 8.59x10° 1.13x10° 6.63x10° 1.32x10° 3.06x10° 3.64x10° 3.45x10°
Polychlorinated biphenyls 2.07x10° 2.71x10° 1.60x10° 3.18x10! 7.36x10" 8.76x10" 8.31x10°
2,4,6-Trichlorophenol 2.75x101 3.62x10! 2.13x10! 4.23x10 9.81x10? 1.17x107 1.11

Source: DOE 2003a; SAIC 2007a.
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Draft Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington

D.14 Historical Leaks and Other Releases

Leaks from SSTs have been suspected, investigated, and, in some cases, confirmed. Currently, 67 of
Hanford’s 149 SSTs are listed as “known or suspected” leakers in the monthly Waste Tank Summary
Report (Hanlon 2003). This information was compiled in the late 1980s and early 1990s and reflects the
state of knowledge at that time. The document contains information of varying quality. For example,
leak volumes for tanks 241-SX-113, 241-SX-115, and 241-T-106 are well documented; however, for
19 of the tanks listed in the Waste Tank Summary Report, the leak volume estimates provided were based
on limited supporting data. The leak volume estimates for the remaining 45 tanks are based on various
methods and are further described in the Waste Tank Summary Report. Estimates of the total leak losses
in the Waste Tank Summary Report range from 1.89 million to 3.97 million liters (0.5 million to
1.05 million gallons). Vadose zone field investigations have not been completed for all tank farms, as
well as remaining uncertainties regarding the estimated volumes of past leaks, the higher value of
3.97 million liters (1.05 million gallons) reported in the Waste Tank Summary Report was used for
analysis purposes of this TC & WM EIS.

Current efforts to characterize impacts of leaks from the SSTs have focused on developing estimates of
the inventories lost to the vadose zone. These efforts include gamma ray contamination detection
mapping of the dry wells at the 12 SST farms using a gamma source and ongoing field investigations for
four sets of tank farms. Using this information, estimates of inventories lost to the vadose zone have been
developed. Analysis results for 20 tanks are documented in the Inventory and Source Term Data Package
(DOE 2003a) and the Field Investigation Reports (CH2M HILL 2002; Jones et al. 2000, 2001;
Myers 2005; Wood and Jones 2003; Wood et al. 2003); this analysis constitutes the best available basis
for estimating leak inventories from all SSTs suspected to be leaking. The approach used to extend the
available information was to assume that the concentration in a leak from a tank in a given tank farm for
which a documented estimate is not available is equal to the average concentration in leaks from tanks in
the same tank farm for which documented estimates are available. For losses from the tank farms for
which a documented inventory estimate is not available, i.e., the AX tank farm, tank volumes and times of
operation were reviewed, and the tank farm was associated with a tank farm for which a documented
inventory estimate is available. Thus, average concentrations from the AX tank farm were assumed equal
to those of documented losses from the A tank farm. The inventory in a leak event was calculated as the
product of the concentration in the leak and the leak volume. Results of this analysis are summarized in
Tables D-26 and D-27 for radiological and nonradiological constituents, respectively.

D.15 Discharges to Cribs and Trenches (Ditches)

During the early years of Hanford operations, three classes of liquid waste were produced during fuel
reprocessing operations. Uncontaminated aqueous waste, such as cooling water, was discharged to
surface ponds. High-volume waste streams with modest radionuclide and chemical contamination were
discharged to cribs and trenches (ditches). Waste streams that contained isotopes with long half-lives and
fission products with high radiation/short half-lives were transferred to underground SSTs. Because
many of the cribs and trenches (ditches) are in close proximity to the SST farms, in some cases it is very
difficult to clearly identify contamination sources in the vadose zone or groundwater.

D-24
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Table D-26. Historical Single-Shell Tank Radiological Constituent Leak Inventories (curies)

Tank Farm
Analyte A AX B BX BY C S SX T TX TY u Total

H-3 (tritium) |  1.91 7.39x107% | 1.52x10' | 1.09x10* 3.13 1.94x10" 7.12 9.61x10' | 5.33x10' | 1.08x10° 2.56 9.89 3.27x10?
C-14 4.87x107 | 1.88x107 3.10 5.17x107 | 2.20x10" 8.07 5.53x10" 4.79 9.52 1.50x10* | 3.40x10? | 5.16x10"| 4.32x10!
Sr-90 7.80x10% | 3.01x10% | 7.61x10% | 4.13x10° | 1.49x10° | 1.92x10% | 4.52x10° | 2.29x10% | 2.43x10% | 5.73x10% | 3.17x10° | 4.04x10° | 1.49x10°
Tc-99 3.44 1.33x10*% | 2.18x10* 4.92 2.10 5.65x10* 3.87 3.75x10' | 6.74x10' | 1.07x10? 2.40 454 3.12x10°
1-129 6.64x10° | 2.56x10* | 4.20x107% | 9.35x10° | 3.98x10° | 1.09x107 | 7.44x10° | 7.10x102 | 1.30x107 | 2.06x107 | 4.59x10° | 8.64x10° | 5.99x107
Cs-137 1.22x10* | 4.71x10? | 2.64x10* | 4.22x10°% | 1.54x10° | 1.85x10° | 1.14x10% | 1.26x10° | 2.49x10* | 1.58x10° | 5.64x10° | 9.04x10° | 5.65x10°
U-233, -234, | 8.85x10° | 3.42x10™" | 2.34x10* 7.16 3.06 1.48x1071 | 8.22x107% | 4.20x10 | 3.49x10* 3.16 1.33x10" 4.97 1.97x10*
-235,-238

Np-237 8.89x10° | 3.43x10*| 6.74x107 | 2.64x107| 1.12x107| 2.25x107" | 2.52x10 | 1.65x107" | 2.33x10" | 3.86x10™ | 1.15x10° | 2.58x107 1.19
Pu-239, -240| 8.64x10™ | 3.33x107 4.87 3.24 1.38 5.97 1.64 8.23 1.28x10' | 2.87x10' 1.78 2.59 7.21x10"
Key: C=carbon; Cs=cesium; H=hydrogen; I=iodine; Np=neptunium; Pu=plutonium; Sr=strontium; Tc=technetium; U=uranium.
Source: CH2M HILL 2002; Jones et al. 2000, 2001; Myers 2005; Wood and Jones 2003; Wood et al. 2003.

Table D-27. Historical Single-Shell Tank Nonradiological Constituent Leak Inventories (grams)?2
Tank Farm
Analyte A AX B BX BY C S SX T TX TY U Total

Chromium | 1.37x10*| 5.27x10% | 2.35x10° | 4.97x10* | 2.12x10* | 2.87x10° | 7.81x10° | 3.89x10° | 1.10x10° | 3.07x10° | 8.47x10* | 2.84x10° | 9.81x10°
Mercury 6.61x107 2.55x10% | 3.55x10% | 3.40x10' | 1.45x10' | 5.41x10' | 6.49x10" | 3.57x10* | 2.35x10? | 1.34x10° | 2.71x10' | 4.11x10* | 2.20x10°
Nitrate 1.00x10°%| 3.86x10* | 3.35x10" | 1.65x10" | 7.04x10° | 1.98x10° | 2.63x107 | 1.14x10% | 6.74x107 | 2.44x10° | 4.18x10" | 2.00x10" | 5.91x10°
Lead 1.09x10?|  4.22 5.10x10* | 5.51x10% | 2.35x10° | 8.60x10° | 1.07x10* | 5.75x10* | 3.53x10% | 1.29x10° | 2.49x10° | 4.41x10° | 3.07x10°
Uranium 1.01x10*| 3.89x10% | 2.44x10° | 1.06x10° | 4.52x10° | 2.07x10° | 1.19x10° | 5.52x10° | 3.82x10° | 1.30x10° | 1.04x10° | 7.38x10° | 2.54x10’
Butanol 4.66x10°| 1.80x10% | 9.41x10* | 6.56x10% | 2.79x10° | 4.45x10° | 3.86x1072 | 6.37x10' | 3.78x10° | 6.13x10° | 9.40x10° | 6.85x10° | 1.56x10°

@ Acetonitrile, benzene, polychlorinated biphenyls, and 2,4,6-trichlorophenol not reported.

Key: butanol=n-butyl alcohol.

Source: CH2M HILL 2002; Jones et al. 2000, 2001; Myers 2005; Wood and Jones 2003; Wood et al. 2003.
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In parallel with the development of tank leak inventory estimates, inventory estimates were developed for
intentional discharges of tank waste to cribs and trenches (ditches) near the B/BX/BY and T/TX/TY
waste management areas (Simpson, Corbin, and Agnew 2001). The proximity of the cribs and trenches
(ditches) to the tank farms warrants inclusion of these inventory estimates because they may be
appropriate in tank farm vadose zone analyses. All volume and inventory estimates for discharges to
cribs and trenches (ditches) were derived from the Hanford Soil Inventory Model (SIM), Revision 1
(Corbin et al. 2005).

SIM is an extension and enhancement of previous efforts to quantify contaminant inventories in the
Hanford site waste storage tanks. The SIM provides more details of what went into specific waste sites
other than the tanks than previously estimated and provides a more complete picture of these discharges.
It is based on historical records and data from various Hanford process facilities that extracted plutonium
and uranium from spent nuclear fuel (SNF). SIM generates inventory and uncertainty estimates for liquid
waste disposal sites, unplanned releases, and tank leaks over the operating lifetimes in intervals of 1 year
from 1944 to 2001 (Corbin et al. 2005).

Information on the vertical distribution of chemicals and radionuclides that were intentionally discharged
to the soil column is available. A number of field investigations have examined the contaminant profile
in a number of cribs. In general, the levels of contamination have varied, with the highest contaminant
concentrations being associated with less-mobile radionuclides like cesium-137 and strontium-90 near the
release points. Most mobile contaminants, such as tritium, technetium-99, and nitrate are generally found
in finer-grained materials at minor concentrations. Because of the high volumes of fluids discharged to
the cribs, any contaminants that were not strongly sorbed by the soil were rapidly transferred to
groundwater. Recent field investigations conducted by Bechtel Hanford at the B-38 trench (ditch) (and
discussed in the Waste Tank Summary Report [Hanlon 2003]) provide strong evidence that the trenches
(ditches) functioned as designed. Soil analyses as a function of depth show the location of mobile
constituents such as nitrate and sorbed species such as cesium-137 and strontium-90 (Hanlon 2003).

Estimates of volumes and inventories of radioactive and chemical constituents discharged to six sets of
cribs and trenches (ditches) are presented in Tables D-28 and D-29. (Note: The T Trenches and
TX Trenches are considered one set.) The grouping of the 33 cribs and trenches (ditches) provided in
Tables D-28 and D-29 is as follows:

T Cribs: 216-T-5, 216-T-7 (2)

T Trenches: 216-T-14 through 216-T-19 (6)
TX Trenches: 216-T-21 through 216-T-25 (5)
TY Cribs: 216-T-26, 216-T-28, 216-T-32 (3)
B Cribs: 216-B-7 A&B, 216-B-8 (2)

BX Trenches: 216-B-35 through 216-B-42 (8)
BY Cribs: 216-B-43 through 216-B-49 (7)
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Table D-28. Radiological Constituent Discharges to Cribs and Trenches (Ditches)?2

TX BX
T Cribs |T Trenches| Trenches | TY Cribs | B Cribs Trenches | BY Cribs Total
Volume discharged | 1.10x10% | 4.60x10° | 8.02x10° | 8.24x10’ | 7.99x10" | 1.49x107 | 3.38x10’ | 7.89x10°
(liters)

Analyte (curies)
Hydrogen-3 (tritium) | 1.00x10? | 5.15x10° | 4.89x10" 2.95 2.10x10% | 9.09x10% | 2.11x10° | 5.50x10°

Carbon-14 3.98x107 | 5.94x107 | 6.48x10* 3.80 1.71x10 1.44 8.17 1.52x10*
Strontium-90 3.96x107 | 3.41x10% | 5.77x10% | 5.80x10% | 1.78x10° | 1.16x10° | 4.74x10°| 9.57x10°
Technetium-99 2.05x107" | 9.41x107 1.62 1.80 1.75x10 8.40 1.28x10% | 1.42x10°
lodine-129 1.49x10° | 8.28x10° | 1.41x102 | 1.70x102 | 6.94x10™* | 3.09x102 | 1.65x107| 2.36x107
Cesium-137 4.60x10° | 1.82x10° | 3.67x10° | 6.30x10% | 5.42x10° | 6.17x10° | 1.62x10° | 1.49x10*
Uranium-233, -234, | 2.45x107" | 1.35x107? | 1.85x10* 3.00 1.58 3.40x10" | 7.17x107 6.21
-235, -238

Neptunium-237 1.10x107" | 2.60x102 | 3.73x10?% | 8.01x10?%| 5.12x102 | 1.07x10' 1.02 1.43

Plutonium-239, -240 | 2.81x10° | 1.47x10" 3.71 9.45x10" | 1.64x10° 6.96 2.82x10' | 5.94x10°
a Acetonitrile, benzene, polychlorinated biphenyls, and 2,4,6-trichlorophenol not reported.
Source: SAIC 2007e.

Table D-29. Nonradiological Constituent Discharges to Cribs and Trenches (Ditches)?2

X BX
T Cribs |T Trenches| Trenches | TY Cribs B Cribs Trenches | BY Cribs Total

Volume discharged | 1.10x10° | 4.60x10° | 8.02x10° | 8.24x107 | 7.99x107 | 1.49x10° | 3.38x10’ | 7.89x10®
(liters)
Analyte (kilograms)

Chromium 2.93x10% | 2.61x10° | 2.87x10° | 1.75x10* | 1.79x10* | 5.05x10° | 5.82x10° | 8.09x10*
Mercury 0 6.13 2.86 8.19 1.23x107 5.26 1.09x10' | 3.33x10*
Nitrate 6.79x10° | 8.13x10° | 1.04x10° | 3.17x10° | 4.65x10° | 1.77x10° | 6.72x10°| 2.50x107
Lead 0 5.50 0 1.46x10* 7.69 0 0 2.78x10*
Uranium 3.63x10% | 2.00x10% | 2.74x10% | 1.11x10° | 3.88x10° | 5.04x10? | 1.06x10°| 3.90x10°

a  Acetonitrile, benzene, polychlorinated biphenyls, and 2,4,6-trichlorophenol not reported.
Source: SAIC 2007e.

D.1.6 Tank Waste Retrieval Leaks

The amount of leakage that may occur during retrieval of waste from SSTs varies with the details of the
individual tank condition and retrieval methods and is largely uncertain. During actual retrieval
operations, leak detection and monitoring would be used to minimize leakage to the extent practical.

The SSTs were constructed as early as 1943. Currently, 67 of Hanford’s 149 SSTs are listed as “known
or suspected” leakers. The SSTs were formally removed from service in 1980, but still contain
approximately 120 million liters (32 million gallons) of waste. Although the River Protection Project
(RPP) plans to minimize the introduction of liquids into suspected leakers (utilizing vacuum-based
retrieval), for analysis purposes, all SSTs were assumed to leak during retrieval. The Tank Waste
Remediation System, Hanford Site, Richland, Washington, Final Environmental Impact Statement (DOE
and Ecology 1996) assumed an average of 15,140 liters (4,000 gallons) would leak during SST retrieval.
Due to limitations on currently employed leak detection equipment, this assumption was carried forward
in this EIS. The leak detection monitoring and mitigation strategy developed for the tank 241-S-112
retrieval demonstration (Hanson 2003) estimated that the best of the three available leak detection
methods utilized gamma ray contamination detection mapping of the dry wells and neutron contamination
detection mapping of the soil. The 95th percentile upper confidence limit with this method estimated leak
detection within a leak volume range from 1,140 to 68,000 liters (300 to 18,000 gallons), depending on
where the leak originated in relation to the dry wells. In-tank liquid balance leak detection methods were
even less sensitive, ranging from 68,000 to 310,000 liters (18,000 to 82,000 gallons) at the 95th percentile
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upper confidence limit. Technologies to assist in mitigation and improve detection of leakage are
currently being evaluated and tested by the River Protection Project. Testing conducted on resistivity-
based technologies over a 110-day period in 2003 at the Hanford 105A mock-tank test site provided
encouraging data for the potential future use of much more sensitive leak detection capabilities (Barnett et
al. 2003). High resolution resistivity has been used on a number of SSTs starting in 2004. See
Appendix E, Section E.1.2.2.5.1, for further details.

In addition to leak volume specification, estimating the inventory of each constituent released to the
vadose zone requires knowledge of the retrieval method used and the tank inventories addressed during
retrieval operations. Retrieval operations that may result in leakage are those that use liquid to sluice salt
cake and sludge from the SSTs. Current analysis projects that three volumes of sluicing liquid would
remove one volume of SST solids (DOE 2003b). A conservative estimate of the inventory present in the
tank during retrieval is provided by the estimate of current tank inventories. These estimates are
summarized in Section D.1.1. Given these considerations, the concentration of a constituent in leak liquid
would be one-quarter of the volumetric concentration of the constituent in the tank prior to retrieval. For
a single tank, the loss of a constituent in leakage during retrieval is estimated as:

M 1
M retrieval — 2B x = x r
BBIT
where:
M etrieval = amount of the radiological or chemical constituent in tank waste retrieval leaks
for a tank, curies or grams
MggiT inventory of constituent in the tank, curies or grams

r volume lost during retrieval, 15,000 liters (4,000 gallons)
inventory volume in the tank, liters

BBIT

The constituent loss estimates for all tank farms were calculated as the sum of the losses from the
individual tanks in the tank farm. Estimated retrieval losses of radioactive and chemical constituents on a
tank-farm basis are presented in Tables D-30 and D-31.

D.1.7 Inventories and Flowsheets

Retrieval of tank waste, processing and stabilization of the waste streams, and closure of the tank farms
would generate a number of waste forms for onsite disposal. Volume and constituent inventory estimates
for these waste forms are based on the mass balances that are applicable for the set of process operations
proposed for each alternative (CEES 2007a, 2007b; DOE 2003a, 2003b), as well as on additional
assumptions related to the generation and recovery efficiencies of the volatile constituents tritium,
carbon dioxide, nitrate, mercury, and iodine during thermal processing.

Assumptions applied to these constituents for thermal processes under all alternatives include:

lodine-129: 80 percent goes to offgas (CEES 2007b; Whyatt, Shade, and Stegen 1996)
Carbon-14: 100 percent to offgas (Zamecnik and Crawford 2003)

Tritium: 100 percent to offgas (BNI 2002)

Mercury: 100 percent to offgas (CEES 2007b)

Nitrate: 100 percent to offgas (BNI 2002)

All hazardous chemicals (organics): 100 percent to offgas
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Table D-30. Single-Shell Tank Radiological Constituent Tank Waste Retrieval Leak Inventories (curies)

Tank Farm

Analyte A AX B BX BY C S SX T TX TY u Total
H-3 (tritium) 2.10 1.75 3.22x10* | 5.30x10" 3.78 5.56x10" 4.39 4.33 4.66x10" 5.86 3.59x10" 4.20 2.86x10*
C-14 4.85x10" | 6.15x10" | 8.93x10? | 2.23x10" 1.59 1.02x10 1.15 7.71x107 | 2.97x10* 1.71 8.03x1072 1.02 8.13
Sr-90 1.83x10° | 3.11x10° | 1.47x10* | 1.71x10* | 5.13x10° | 6.95x10% | 6.33x10° | 1.35x10° | 7.15x10° | 6.78x10° | 2.56x10° | 8.58x10° | 7.68x10°
Tc-99 5.06 1.48x10* 1.26 2.31 7.46 2.72 6.36 5.55 1.71 1.01x10* 1.36 6.97 6.57x10*
1-129 7.38x10° | 6.54x10° | 9.81x10™ | 2.48x10° | 1.57x102 | 4.85x10° | 1.35x10 | 9.27x10° | 1.59x10° | 1.92x10% | 9.23x10* | 1.33x10 | 9.58x10
Cs-137 9.37x10° | 1.07x10* | 2.05x10° | 2.60x10° | 6.24x10° | 1.01x10* | 6.14x10° | 1.03x10* | 1.75x10° | 7.61x10° | 6.27x10° | 8.29x10° | 7.57x10*
U-233,-234, | 5.43x10" | 3.15x102 | 1.58x10" | 5.00x107 | 1.55x10" 2.18 1.31x10" | 1.83x107% | 1.95x10" | 1.56x107" | 2.21x107 | 1.84x107 4.64
-235, -238
Np-237 1.24x102 | 8.43x107 | 2.62x10° | 3.94x10° | 2.52x102 | 3.42x10? | 2.55x10? | 1.96x10° | 4.92x10° | 3.56x107 | 2.33x10° | 2.59x10? | 2.01x10"
Pu-239, -240 | 7.47x10* | 5.70x10' | 1.52x10' | 2.53x10! 3.67 2.21x10% | 1.29x10* | 1.74x10% | 2.01x10' | 7.47x10' 3.83 1.45x10* | 6.97x10?
Key: C=carbon; Cs=cesium; H=hydrogen; I=iodine; Np=neptunium; Pu=plutonium; Sr=strontium; Tc=technetium; U=uranium.
Source: SAIC 2006a.

Table D-31. Single-Shell Tank Nonradiological Constituent Tank Waste Retrieval Leak Inventories (kilograms)
Tank Farm
Analyte A AX B BX BY C S SX T TX TY U Total

Chromium 1.19x10% | 4.39x10'| 1.20x10% | 2.31x10% | 2.29x10? | 4.15x10' | 2.73x10? | 4.21x10° | 1.38x10% | 2.05x10° | 7.17x10' | 1.92x10? |2.08x10°
Mercury 4.02 2.54 1.18 2.71 4.93x10! 2.44 1.73x10* 1.20 1.37x107" | 2.53x10! 1.57 3.32x107 | 1.70x10*
Nitrate 5.53x10° | 1.02x10°| 7.29x10* | 2.89x10* | 1.55x10* | 9.53x10* | 2.40x10* | 5.35x10* | 6.19x10* | 3.74x10* | 7.84x10° | 9.72x10* |6.02x10°
Lead 8.21x10' | 6.98x10%| 4.42x10* | 4.26x10' | 1.47x10' | 3.33x10° 5.05 7.89 4.96x10' | 1.90x10' | 1.28x10' | 9.86x10' |3.77x10°
Uranium 1.79x10% | 2.93x10'| 2.15x10% | 7.25x10% | 1.95x10? | 8.04x10° | 1.35x10? | 2.40x10° | 2.79x10% | 1.59x10° | 3.23x10? | 2.50x10° | 3.53x10°
Acetonitrile 0 0 0 0 0 0 0 0 0 0 0 0 0
Benzene 0 0 0 0 0 0 0 0 0 0 0 0 0
Butanol 0 0 0 0 0 0 0 0 0 0 0 0 0
Polychlorinated | 1.59x107 | 1.06x107| 4.25x107" | 3.19x107 | 3.19x10™ | 4.25x10™ | 3.19x107 | 3.99x107 | 4.25x107 | 4.78x107? | 1.59x10™ | 4.25x10? | 3.96
biphenyls
2,4,6- 0 0 0 0 0 0 0 0 0 0 0 0 0
Trichlorophenol
Key: butanol=n-butyl alcohol.

Source: SAIC 2007f.
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The 11 Tank Closure alternatives developed for this TC & WM EIS are differentiated based on waste
retrieval, waste treatment, and waste form characteristics, as described in Table D-32. The retrieval
efficiencies considered vary from 90 to 99.9 percent of waste volume. Treatment options considered
include:

o Retrieval and treatment of transuranic (TRU) waste constituents from selected tanks

e Solid-liquid separations designed to direct long-lived radionuclides to the immobilized high-level
radioactive waste (IHLW) stream

e lon exchange removal of technetium-99 to remove a mobile constituent from the low-activity
waste (LAW) stream

e Recovery of iodine-129 from melter offgas to control releases to the atmosphere

o Distribution of recovered activity among waste forms, including IHLW glass and LAW forms,
immobilized low-activity waste (ILAW) glass, bulk vitrification glass, cast stone waste, steam
reforming waste, sulfate grout, and secondary (iodine) grout

e Treatment of the cesium-137 and strontium-90 capsules

Table D-32. Tank Closure Alternatives — Summary of Conditions

Supplemental Treatment
Tank Retrieval 200-East Area Primary LAW Form
Closure | Efficiency | Cesium | Technetium- | Sulfate 200-East 200-West | TRU Waste
Alternative | (percent) | Removal | 99 Removal | Removal Area Area Treatment
1 0 a a a a a a
2A 99 Yes No No ILAW glass b No
2B 99 Yes Yes No ILAW glass b No
3A 99 Yes No No ILAW glass; BV BV glass Yes
glass
3B 99 Yes Yes No ILAW glass; cast Cast stone Yes
stone waste waste
3C 99 Yes No No ILAW glass; Steam Yes
steam reforming reforming
waste waste
4 99.9 Yes No No ILAW glass; cast BV glass Yes
stone waste
5 90 Yes No Yes ILAW glass; cast BV glass Yes
stone waste
6A 99.9 Yes No No Not applicable c No
6B 99.9 Yes No No ILAW glassd c No
6C 99 Yes No No ILAW glassd c No

2 Not applicable; no retrieval or processing under Alternative 1.

b Not applicable; no treatment in the 200-West Area under Alternative 2A or 2B.

€ Not applicable; no treatment in the 200-West Area under Alternative 6A, 6B, or 6C.

d ILAW managed and disposed of as high-level radioactive waste under Alternatives 6B and 6C.

Key: BV=bulk vitrification; ILAW=immobilized low-activity waste; LAW=low-activity waste; TRU=transuranic; WTP=Waste
Treatment Plant.

Source: SAIC 2007g.
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An additional differentiating characteristic is location
of the waste processing facilities. Under Tank
Closure Alternative 1 (No Action), retrieval and
processing would not occur, and the waste would be
managed in place as required for safety and
protection of the environment. This arrangement is
represented in Figure D-1. Material balances under
Tank Closure Alternative 1 are presented in
Tables D-33 and D-34. The BBI estimate,

summarized in Tables D4 through D-7, constitutes Figure D-1. Tank Closure Alternative 1
the inventories under this alternative. Flowsheet

Under Tank Closure Alternatives 2A, 2B, 6A, 6B, and 6C, all processing would occur in the 200-East
Area. Under the remaining Tank Closure alternatives, processing would occur in both the 200-East and
200-West Areas. Under all alternatives other than Tank Closure Alternative 1, the initial processing step
in both the 200-East and 200-West Areas would be solid-liquid separations, with recovered solids
solidified as IHLW glass. Subsequent processing steps and related mass balances are described in the
following paragraphs for each Tank Closure alternative.

The waste forms of the long-lived, mobile radionuclides technetium-99 and iodine-129 are of interest
with regard to long-term performance assessment. Both elements exist as water-soluble species and move
through process operations in the liquid phase. To facilitate evaluation of the relative efficiency of
retention of these two radionuclides in the LAW forms, separation of technetium-99 from the 200-East
Area liquid stream and immobilization into IHLW glass was considered under Tank Closure
Alternatives 2B and 3B. Under Tank Closure Alternative 2B, with technetium-99 removal in WTP,
approximately 98 percent of the BBI estimate for technetium-99 would be solidified in IHLW glass;
under Tank Closure Alternative 3B, approximately 66 percent of the BBI estimate for technetium-99
would be solidified in IHLW glass. Under this latter alternative, approximately 32 percent of the BBI
estimate for technetium-99 would be contained in the 200-East and 200-West Area cast stone. Without
technetium-99 removal, under Tank Closure Alternatives 3A and 3C, approximately 28 percent of the
BBI estimate for technetium-99 would be solidified in ILAW glass, and approximately 70 percent of the
BBI estimate for technetium-99 would be solidified in the bulk vitrification glass or steam reforming
waste. The remaining 2 percent would be encapsulated in a (secondary waste) grout.

The WTP Pretreatment Facility was originally designed to remove technetium and blend the technetium
removed from LAW vitrification feed with HLW solids for feed to HLW vitrification. However, based
on reviews of technetium-99 in ILAW glass, DOE and Ecology agreed to delete technetium removal from
the WTP permit (Hedges 2008). With this modification, technetium-99 would not be separated from the
pretreated LAW feed and combined with the HLW solids for vitrification processing into IHLW glass.
Thus, the technetium-99 content of the resulting IHLW glass would decrease, while the technetium-99
concentration in the ILAW glass would increase.

Various alternatives in this TC & WM EIS examine the impacts of removing the technetium-99 in the
WTP. Table D-32 indicates whether technetium-99 removal would occur under the various alternatives.
If technetium-99 is not removed in WTP pretreatment, most of it would be immobilized in ILAW glass.
If technetium-99 removal occurs during WTP pretreatment, most of the technetium-99 would be
immobilized in IHLW glass. See Appendix E, Section E.1.2.3.10, for further details.
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Table D-33. Tank Closure Alternative 1: Radiological Constituents of Potential Concern Balance

Hydrogen-3 | Uranium-233, Plutonium
lodine-129 Cesium-137 Carbon-14 (Tritium) [-234, -235, -238|Neptunium-237|  -239, -240 Strontium-90 | Technetium-99
% of % of % of % of % of % of % of % of % of
Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBl | Curies | BBI
Best-Basis Inventory
BBI2 |482x10'| NIA | 4.58x10" | NIA | 3.12x10° | N/A | 1.21x10* | N/A [ 9.38x107 | N/A |1.41x107 N/A [8.14x10°[ N/A | 5.05x10" | NJA [2.97x10'] N/A
Tank Closure Waste Inventory
Tank residual | 4.82x10" | 100.0 | 4.58x10" | 100.0 | 3.12x10° [100.0| 1.21x10* |100.0| 9.38x10? | 100.0 | 1.41x10? | 100.0 | 8.14x10* | 100.0 | 5.05x10" | 100.0 |2.97x10*| 100.0
waste
Total 4.82x10" | 100.0 | 4.58x10" | 100.0 | 3.12x10° {100.0| 1.21x10" |100.0| 9.38x10% | 100.0 | 1.41x10% | 100.0 | 8.14x10* | 100.0 | 5.05x10" | 100.0 |2.97x10"| 100.0
Other Inventory
Cesium and 0 N/A | 4.63x10° | N/A 0 N/A 0 N/A 0 N/A 0 N/A 0 N/A | 2.04x107 | N/A 0 N/A
strontium
capsules?
a8 Source of BBI is DOE-ORP-2003-02, Rev. 0, Inventory and Source Term Data Package (DOE 2003a). BBI percentages are rounded to the nearest tenth.
b Cesium and strontium capsules remain in storage at the Waste Encapsulation and Storage Facility.
Key: %=percent; BBI=Best-Basis Inventory; N/A=not applicable.
Source: SAIC 2007g, 2007h, 2008a.
Table D-34. Tank Closure Alternative 1: Chemical Constituents of Potential Concern Balance
Chromium Mercury Nitrate Lead Total Uranium| Acetonitrile Benzene Butanol PCBs 2,4,6-TCP
% of % of % of % of % of % of % of % of % of % of
Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBl | Kg | BBI
Best-Basis Inventory
BBI2 5.98x10° | N/A | 1.83x10° | N/A | 7.08x10" | N/A | 8.41x10* | NIA | 5.97x10° | N/A [ 2.95x10* | NJ/A | 2.40 [ N/A [3.45x10° | N/A | 1.68x10° | N/A | 1.11 | N/A
Tank Closure Waste Inventory
Tank residual | 5.98x10° [100.0| 1.83x10° |100.0| 7.08x10’ | 100.0 | 8.41x10* | 100.0 | 5.97x10° | 100.0 | 2.95x10* | 100.0 2.40 100.0 | 3.45x10° [100.0| 1.68x10° | 100.0 | 1.11 |100.0
waste
Total 5.98x10° [100.0| 1.83x10° |100.0 | 7.08x10’ | 100.0 | 8.41x10* | 100.0 | 5.97x10° | 100.0 | 2.95x10* | 100.0| 2.40 |100.0| 3.45x10° [100.0| 1.68x10° | 100.0 | 1.11 |100.0

a8 Source of BBI is DOE-ORP-2003-02, Rev. 0, Inventory and Source Term Data Package (DOE 2003a). BBI percentages are rounded to the nearest tenth.
Key: %=percent; 2,4,6-TCP=2,4,6-trichlorophenol; BBI=Best-Basis Inventory; butanol=n-butyl alcohol; kg=kilograms; N/A=not applicable; PCBs=polychlorinated biphenyls.

Source: SAIC 20079, 2007i, 2008a.
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Appendix D = Waste Inventories

The distribution of the radionuclides can vary based on how the waste is treated and on the types of waste
produced under each Tank Closure alternative. The partitioning of iodine among the waste forms is
affected by whether the processing is thermal or nonthermal. In nonthermal processing, iodine would
remain in the cast stone. Thermal processing in the WTP HLW and LAW melters or in the bulk
vitrification and steam reforming processes would leave a portion of the iodine in the feed stream where it
would be volatilized and recovered from the offgas for disposal in a secondary grout. Thus, for thermal
processing, it was assumed that approximately 20 percent of the feed iodine would be solidified in ILAW
glass, bulk vitrification glass, and steam reforming waste, and approximately 80 percent would be
encapsulated in a (secondary waste) grout (CEES 2007b). Distribution of technetium-99 and iodine-129
among the waste forms under each alternative is described in detail in the activity balance tables
presented in the following text and in Appendix E, Sections E.1.2.3.6 and E.1.2.3.8.

Tank Closure Alternatives 2A and 2B both involve processing waste in the WTP to form IHLW glass and
ILAW glass. No supplemental technology would be utilized to treat the LAW portion of the waste. Tank
Closure Alternative 2A does not include technetium-99 removal; therefore, the bulk of the technetium-99
would be immobilized in the ILAW glass. Tank Closure Alternative 2B includes technetium-99 removal
from the LAW stream, so the majority of the technetium-99 inventory, approximately 97.5 percent of the
BBI estimate for technetium-99, would be immobilized in IHLW glass. Under both Tank Closure
Alternatives 2A and 2B, it was estimated that approximately 20 percent of the retrieved iodine would be
solidified in ILAW glass, while the remaining 80 percent would be encapsulated in grout (secondary
waste). Appendix N, Section N.3.8, provides a sensitivity analysis of additional retention of iodine-129
in ILAW glass. Flowsheet schematics for Tank Closure Alternatives 2A and 2B are presented in
Figures D-2 and D-3, respectively. Material balances under Tank Closure Alternatives 2A and 2B are
presented in Tables D-35 through D-38.

IHLW
Glass
| 2HLW Offgas
1 1 | Melters ™| cleanup >Cf9as
Secondary
Waste
»| Solid-Liquid .| Cesium .| 2LAW ,| Offgas
rank Separations Removal Melters Cleanup —Offgas
ILAW
Glass

Key: HLW=high-level radioactive waste; IHLW=immobilized high-level radioactive waste; ILAW=immobilized low-activity waste;
LAW=low-activity waste.

Figure D-2. Tank Closure Alternative 2A Flowsheet
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Draft Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington

IHLW
Glass Offgas
2 HLW »| Offgas
£ - - Melters Cleanup
Secondary
Waste
Tank Solid-Liquid .| Cesium .| Technetium-99 6 LAW .| Offgas
Separations Removal Removal Melters Cleanup
Glass

Key: HLW=high-level radioactive waste; IHLWW=immobilized high-level radioactive waste; ILAW=immobilized low activity-waste;
LAW=low-activity waste.

Figure D-3. Tank Closure Alternative 2B Flowsheet
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Table D-35. Tank Closure Alternative 2A: Radiological Constituents of Potential Concern Balance

Hydrogen-3 Uranium-233, Plutonium
lodine-129 Cesium-137 Carbon-14 (Tritium) -234,-235, -238 | Neptunium-237 -239.-240 Strontium-90 Technetium-99
% of % of % of % of % of % of % of % of % of
Curies | BBI | Curies | BBI | Curies | BBI Curies | BBl | Curies | BBl | Curies | BBl | Curies | BBI | Curies | BBI | Curies BBI

Best-Basis Inventory

BBI2 4.82x10" | N/A [ 458x107 | N/A [3.12x10°| N/A | 1.21x10° | N/A [ 9.38x107 [ N/A | 1.41x10° [ N/A | 8.14x10° | N/A [5.05x10" | N/A [ 2.97x10° | N/A

Tank Closure Waste Inventory

Tank residual wasteP | 4.82x10" | 1.0 |4.58x10°| 1.0 |3.12x10*| 1.0 |1.21x10?| 1.0 9.38 1.0 1.41 1.0 |8.14x10°| 1.0 |5.05x10°| 1.0 |2.97x10*| 1.0

IHLW glass¢ 6.99x10° | 0.0 | 4.49x10" | 97.9 0 0.0 0 0.0 | 8.73x10% | 93.1 | 1.40x10% | 99.0 | 8.06x10* | 99.0 |4.93x10" | 97.6 | 2.47x10?| 0.8
ILAW glass and 9.56 19.8 | 4.45x10° | 1.0 0 0.0 0 0.0 |5.47x10'| 5.8 |8.35x10%| 0.0 1.45 0.0 |2.30x10°| 0.0 |2.88x10*| 96.9
retired LAW melters

ETF-generated solid | 3.36x10" | 69.7 |4.59x10"| 0.0 8.51 0.3 0 0.0 |4.03x10?| 0.0 |5.11x10%| 0.0 |6.90x10*| 0.0 6.42 0.0 |8.63x10"| 0.3
secondary wasted

Solid secondary 4.65 9.7 |1.95x10°| 0.4 0 0.0 0 0.0 3.64 04 |2.83x10*| 0.2 |1.98x10*| 0.2 |7.76x10°| 15 |4.31x10*| 15
waste®

Totalf 4.83x10" |100.2 | 4.60x107 [ 100.2 | 3.97x10' | 1.3 |1.21x10°| 1.0 | 9.41x10% |100.3| 1.41x10% | 100.2 | 8.16x10* | 100.2 | 5.06x10" | 100.1 | 2.99x10* | 100.5
Other Inventory

Solid and liquid 0 N/A | 1.99x10° | N/A 0 N/A 0 N/A 0 N/A 0 N/A 0 N/A |3.16x10° | N/A 0 N/A

secondary waste from
cesium and strontium
capsules

Cesium and strontium 0 N/A | 459x10" | N/A 0 N/A 0 N/A 0 N/A 0 N/A 0 N/A | 1.98x10" | N/A 0 N/A
capsulesY

Air Emissions

Treatment air 4.78x10" | N/A | 7.99x10* | N/A |3.10x10° | N/A | 1.20x10% | N/A | 4.66x10™ | N/A | 7.00x102 | N/A | 4.04x10' | N/A |3.59x10*| N/A | 1.47x10* | N/A
isci h
emiIssions
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a  Source of BBI is DOE-ORP-2003-02, Rev. 0, Inventory and Source Term Data Package (DOE 2003a).

b Represents 99.0 percent retrieval. For analysis purposes, waste inventories from tank waste retrieval leaks and ancillary equipment were assumed to be treated in the Waste Treatment Plant.

€ To be stored on site until disposition decisions are made and implemented. The inventory would include the retired HLW melters.

d Includes secondary liquids that would be sent to the ETF and treated; solids would be disposed of in an Integrated Disposal Facility. Excludes liquid secondary waste from the processing of
cesium and strontium capsules, which would be reported separately.

€ Includes solid low-level radioactive waste and mixed low-level radioactive waste streams that would be generated by the waste treatment operations. Such waste streams would include debris
waste, melter consumables, failed process components, analytical laboratory waste, spent resins, spent carbon adsorbent, high-efficiency particulate air filters, and other process-related waste.

f Totals may exceed 100 percent due to conservative in estimates or rounded numbers. BBI percentages were rounded to the nearest tenth. Carbon-14 and hydrogen-3 (tritium) may not total
100 percent; a portion of each would be released to the offgas streams and stack, and a portion (ETF-generated liquid) would be disposed of in the State-Approved Land Disposal Site.

9 To be treated in the Waste Treatment Plant, resulting in glass waste, which would be stored on site until disposition decisions are made and implemented.

h' Includes air emissions from all waste treatment processes, including those from treatment of the cesium and strontium capsules. For analysis purposes, both iodine-129 capture and air emission
releases were assumed.

Key: %=percent; BBI=Best-Basis Inventory; ETF=Effluent Treatment Facility; HLW=high-level radioactive waste; IHLW=immobilized high-level radioactive waste; ILAW=immobilized

low-activity waste; LAW=low-activity waste; N/A=not applicable.

Source: SAIC 20079, 2007h, 2008a.




9¢-d

Table D-36. Tank Closure Alternative 2A: Chemical Constituents of Potential Concern Balance

Chromium Mercury Nitrate Lead Total Uranium Acetonitrile Benzene Butanol PCBs 2,4,6-TCP
% of % of % of % of % of % of % of % of % of % of
Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI

Best-Basis Inventory

BBI2 5.98x10° | N/A | 1.83x10° | N/A | 7.08x10" | N/A | | ] | NiA [ 2.95x10* | NIA | 240 | NIA [ 3.45x10° | N/A [1.68x10°| NIA | 111 | N/A

Tank Closure Waste Inventory

Tank lr)esidual 5.98x10° | 1.0 | 1.83x10' | 1.0 | 7.08x10° | 1.0 |8.41x10?| 1.0 |597x10°| 1.0 |2.95x10°| 1.0 |2.40x102%| 1.0 |3.45x10*| 1.0 |1.68x10'| 1.0 [1.11x107| 1.0

waste

IHLW glass® | 1.36x10° | 22.7 0 0.0 0 0.0 |7.45%x10% | 88.6 | 5.52x10° | 92.5 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

ILAW glass | 4.56x10° | 76.2 0 0.0 0 0.0 |8.88x10° | 10.6 | 3.74x10* | 6.3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

and retired

LAW melters

ETF-generated| 4.43x10 | 0.0 5.55 0.3 |9.01x10°| 127 | 458 | 0.0 |4.00x10'| 0.0 NR |[NA| NR |[NA| NR |[NA| NR |NA| NR | NA

solid

secondary

wasted

Solid 1.94x10° | 0.3 | 1.76x10° | 96.4 0 0.0 | 2.47x10%| 0.3 |2.32x10°| 0.4 NR N/A NR N/A NR N/A NR N/A NR N/A

secondary

waste®

Totalf 6.00x10° | 100.3| 1.78x10° | 97.7 | 9.72x10° | 13.7 | 8.45x10" | 100.5 | 5.98x10° | 100.2 | 2.95x10? | 1.0 |2.40x102| 1.0 |3.45x10* | 1.0 |1.68x10*| 1.0 [1.11x10? 1.0

Other Inventory9

Treatment air NR N/A | 2.00x10° | N/A NR N/A NR N/A NR N/A NR N/A NR N/A NR N/A NR N/A NR N/A

emissionsh

a Source of BBI is DOE-ORP-2003-02, Rev. 0, Inventory and Source Term Data Package (DOE 2003a).

b Represents 99.0 percent retrieval. For analysis purposes, waste inventories from tank waste retrieval leaks and ancillary equipment were assumed to be treated in the Waste Treatment Plant.

€ Includes retired HLW melter inventory. IHLW glass would be stored on site until disposition decisions are made and implemented.

d Includes secondary liquids that would be sent to the ETF and treated; solids would be disposed of in an Integrated Disposal Facility.

€ Includes solid low-level radioactive waste and mixed low-level radioactive waste streams that would be generated by the waste treatment operations. Such waste streams would include debris waste,
melter consumables, failed process components, analytical laboratory waste, spent resins, spent carbon adsorbent, high-efficiency particulate air filters, and other process-related waste. Excludes
contaminated liquid effluent waste streams that would be treated at the ETF.

f Totals may exceed 100 percent due to conservative in estimates or rounded numbers. BBI percentages were rounded to the nearest tenth. The organic chemicals (acetonitrile, benzene, butanol,
polychlorinated biphenyls, and 2,4,6-trichlorophenol) may not total 100 percent because they would be destroyed during the thermal treatment processes. Nitrate may not total 100 percent because it
would be volatilized and released through the facility stack.

9 No chemical constituents of potential concern have been reported in the cesium and strontium capsule secondary waste streams.

h

Includes air emissions from all waste treatment processes, including those from treatment of the cesium and strontium capsules. For analysis purposes, both mercury capture and air emission releases
were assumed.

Key: %=percent; 2,4,6-TCP=2,4,6-trichlorophenol; BBI=Best-Basis Inventory; butanol=n-butyl alcohol; ETF=Effluent Treatment Facility; HLW=high-level radioactive waste; IHLW=immobilized
high-level radioactive waste; ILAW=immobilized low-activity waste; kg=kilograms; LAW=low-activity waste; N/A=not applicable; NR=not reported; PCBs=polychlorinated biphenyls; WTP=Waste
Treatment Plant.

Source: SAIC 2007g, 2007i, 2008a.
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Table D-37. Tank Closure Alternative 2B: Radiological Constituents of Potential Concern Balance

Hydrogen-3 Uranium-233, Plutonium
lodine-129 Cesium-137 Carbon-14 (Tritium) -234, -235, -238 | Neptunium-237 -239,-240 Strontium-90 Technetium-99
% of % of % of % of % of % of % of % of % of
Curies BBI | Curies | BBI | Curies BBI Curies | BBI | Curies | BBI | Curies BBI Curies BBI Curies | BBI Curies BBI

Best-Basis Inventory

BBIa 4.82x10" | N/A [4.58x10" | N/A [3.12x10°] NIA [1.21x10° [ N/A [ 9.38x107 | NIA [ 141x107 | N/A [8.14x10° | N/A [5.05x10" [ N/A [2.97x10° | NIA

Tank Closure Waste Inventory

Tank residual wasteP | 4.82x107 | 1.0 |458x10°| 1.0 |3.12x10'| 1.0 |[1.21x10%| 1.0 9.38 1.0 1.41 1.0 |814x10°| 1.0 |505x10°| 1.0 |297x10%| 1.0

secondary waste from
cesium and strontium
capsules

IHLW glass¢ 6.99x10° | 0.0 | 4.49x10" | 97.9 0 0.0 0 0.0 |8.73x10% | 93.1 | 1.40x10% | 99.0 | 8.06x10% | 99.0 |4.93x10" | 97.6 | 2.90x10* | 97.5
ILAW glass and 956 | 19.8 |4.45x10°| 1.0 0 0.0 0 0.0 |5.47x10* | 5.8 [8.35x10°| 0.0 1.45 0.0 |2.30x10°| 0.0 |288x10°| 1.0
retired LAW melters

ETF-generated solid | 3.36x10' | 69.7 [4.59x107| 0.0 | 851 0.3 0 00 [4.03x10?| 0.0 |5.11x102| 0.0 |6.90x10*| 0.0 642 | 00 |863x10'| 0.3
secondary wasted

Solid secondary 4.65 9.7 |1.95x10° | 0.4 0 0.0 0 0.0 3.64 0.4 [2.83x10%| 0.2 |1.98x10°| 0.2 |7.76x10°| 15 |4.92x10°| 1.7
waste®

Totalf 4.82x10™" | 1.0 [458x10° | 1.0 [3.12x10'| 1.0 [1.21x10°| 1.0 | 938 | 1.0 | 141 | 1.0 [814x10°| 10 [505x10°| 1.0 [2.97x10°| 1.0
Other Inventory

Solid and liquid 0 N/A | 1.99x10° | N/A 0 N/A 0 N/A 0 N/A 0 N/A 0 N/A |3.16x10° | N/A 0 N/A

Cesium and strontium 0 N/A | 450107 | N/A 0 N/A 0 N/A 0 N/A 0 N/A 0 N/A |1.98x10" | N/A 0 N/A
capsulesd

Rubble, soil, and 1.67x102 | N/A | 1.31x10* | N/A | 1.47 N/A 6.03 | N/A |4.82x1071| N/A |3.24x102| N/A | 4.32x10' | N/A |3.05x10*| N/A 9.72 N/A
equipmenth

Air Emissions

emissions!

Treatment air 4.78x10" | N/A | 7.99x10* | N/A |3.10x10° | N/A | 1.20x10* | N/A | 4.66x1071| N/A [7.00x102| N/A | 4.04x10' | N/A |359x10*| N/A | 1.47x10' | N/A

a

b
c
d

Key: %=percent; BBI=Best-Basis Inventory; ETF=Effluent Treatment Facility; HLW=high-level radioactive waste; IHLW=immobilized high-level radioactive waste; ILAW=immobilized low-activity waste;

Source of BBI is DOE-ORP-2003-02, Rev. 0, Inventory and Source Term Data Package (DOE 2003a).

Represents 99.0 percent retrieval. For analysis purposes, waste inventories from tank waste retrieval leaks and ancillary equipment were assumed to be treated in the Waste Treatment Plant.

To be stored on site until disposition decisions are made and implemented. The inventory would include the retired HLW melters.

Includes secondary liquids that would be sent to the ETF and treated; solids would be disposed of in an Integrated Disposal Facility. Excludes liquid secondary waste from the processing of cesium and
strontium capsules, which would be reported separately.

Includes solid low-level radioactive waste and mixed low-level radioactive waste streams that would be generated by the waste treatment operations. Such waste streams would include debris waste, melter
consumables, failed process components, analytical laboratory waste, spent resins, spent carbon adsorbent, high-efficiency particulate air filters, and other process-related waste. The value for technetium-99
includes 6.04x10™ curies of technetium-99 that would remain in the spent resin from the technetium-99 removal process.

Totals may exceed 100 percent due to conservative estimates or rounded numbers. BBI percentages were rounded to the nearest tenth. Carbon-14 and hydrogen-3 (tritium) may not total 100 percent; a portion
of each would be released to the offgas streams and stack, and a portion (ETF-generated liquid) would be disposed of in the State-Approved Land Disposal Site.

To be treated in the Waste Treatment Plant, resulting in glass waste, which would be stored on site until disposition decisions are made and implemented.

Rubble, soil, and equipment would be generated by removal of 4.6 meters (15 feet) of soil and ancillary equipment at the BX and SX tank farms. This material would be disposed of in the River Protection
Project Disposal Facility.

Includes air emissions from all waste treatment processes, including those from treatment of the cesium and strontium capsules. For analysis purposes, both iodine-129 capture and air emission releases were
assumed.

LAW-=low-activity waste; N/A=not applicable.
Source: SAIC 20079, 2007h, 2008a.
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Table D-38. Alternative 2B: Chemical Constituents of Potential Concern Balance

Chromium Mercury Nitrate Lead Total Uranium | Acetonitrile Benzene Butanol PCBs 2,4,6-TCP
% of % of % of % of % of % of % of % of % of % of
Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI

Best-Basis Inventory

BBI2 5.98x10° | N/A | 1.83x10° | N/A | 7.08x107 | N/A | 8.41x10° | N/A | 5.97x10° | NIA [ 2.95x10" [ NJA | 240 | NIA | 3.45x10° | N/A [1.68x10°| niA | 111 | N/A
Tank Closure Waste Inventory

Tanktr)esidual 5.98x10° | 1.0 | 1.83x10' | 1.0 |7.08x10° | 1.0 |8.41x10?| 1.0 |597x10° | 1.0 |2.95x10% | 1.0 |2.40x102| 1.0 |3.45x10*| 1.0 |1.68x10*| 1.0 |1.11x107% 1.0
waste

IHLW glass¢ 1.36x10° | 22.7 0 0.0 0 0.0 | 7.45x10% | 88.6 | 5.52x10° | 92.5 0 0.0 0.0 0.0 0 0.0 0.0
ILAW glass and | 4.56x10° | 76.2 0 0.0 0 0.0 | 8.88x10° | 10.6 | 3.74x10* | 6.3 0 0.0 0.0 0.0 0 0.0 0.0
retired LAW

melters

ETF-generated | 4.43x10' | 0.0 5.55 0.3 [9.01x10°| 12.7 | 458 0.0 |4.00x10| 0.0 NR N/A NR N/A NR |[N/A| NR |[NA| NR | NA
solid secondary

wasted

Solid secondary | 1.94x10° | 0.3 | 1.76x10° | 96.4 0 0.0 |2.47x10%| 0.3 |2.32x10°| 0.4 NR N/A NR N/A| NR |[NA| NR |[NA| NR | NA
waste®

Totalf 6.00x10° |100.3| 1.78x10° | 97.7 | 9.72x10° | 13.7 | 8.45x10* | 100.5 | 5.98x10° | 100.2 | 2.95x10% | 1.0 |2.40x102| 1.0 |3.45x10* | 1.0 |1.68x10*| 1.0 |1.11x107% 1.0
Other Inventory9

Rubble, soil, 5.86x10° | N/A 2.22 N/A | 3.93x10% | N/A | 3.34x10 | N/A | 6.60x10° | N/A NR N/A NR N/A NR N/A| NR |NA| NR N/A
and equipmenth

Air Emissions

Treatment air NR N/A | 2.00x10° | N/A NR N/A NR N/A NR N/A NR N/A NR N/A NR N/A| NR |NA| NR | NA
emissions!

a  Source of BBI is DOE-ORP-2003-02, Rev. 0, Inventory and Source Term Data Package (DOE 2003a).

® o o o

contaminated liquid effluent waste streams that would be treated at the ETF.

f Totals may exceed 100 percent due to conservative estimates or rounded numbers.

Represents 99.0 percent retrieval. For analysis purposes, waste inventories from tank waste retrieval leaks and ancillary equipment were assumed to be treated in the Waste Treatment Plant.
Includes retired HLW melter inventory. IHLW glass would be stored on site until disposition decisions are made and implemented.
Includes secondary liquids that would be sent to the ETF and treated; solids would be disposed of in an Integrated Disposal Facility.
Includes solid low-level radioactive waste and mixed low-level radioactive waste streams that would be generated by the waste treatment operations. These waste streams would include debris waste,
melter consumables, failed process components, analytical laboratory waste, spent resins, spent carbon adsorbent, high-efficiency particulate air filters, and other process-related waste.

Excludes

BBI percentages were rounded to the nearest tenth. The organic chemicals (acetonitrile, benzene, butanol,

polychlorinated biphenyls, and 2,4,6-trichlorophenol) may not total 100 percent because they would be destroyed during the thermal treatment processes. Nitrate may not total 100 percent because it
would be volatilized and released through the facility stack.
9 No chemical constituents of potential concern have been reported in the cesium and strontium capsule secondary waste streams.
N Rubble, soil, and equipment would be generated by the removal of 4.6 meters (15 feet) of soil and ancillary equipment at the BX and SX tank farms. This material would be disposed of in the River
_ Protection Project Disposal Facility.
I Includes air emissions from all waste treatment processes, including those from treatment of the cesium and strontium capsules. For analysis purposes, both mercury capture and air emission releases

were assumed.

Key: %=percent; 2,4,6-TCP=2,4,6-trichlorophenol; BBI=Best-Basis Inventory; butanol=n-butyl alcohol; ETF=Effluent Treatment Facility; HLW=high-level radioactive waste; IHLW=immobilized high-
level radioactive waste; ILAW=immobilized low-activity waste; kg=kilograms; LAW=Ilow-activity waste; N/A=not applicable; NR=not reported; PCBs=polychlorinated biphenyls.
Source: SAIC 2007g, 2007i, 2008a.
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Appendix D = Waste Inventories

Tank Closure Alternatives 3A, 3B, and 3C involve processing waste to produce IHLW glass and ILAW
glass, but they differ in that Alternative 3A would produce a supplemental bulk vitrification glass,
Alternative 3B would produce a supplemental cast stone waste form, and Alternative 3C would produce a
supplemental steam reforming waste form from a portion of the LAW stream. Technetium-99 would be
immobilized in the ILAW and the bulk vitrification glass or steam reforming waste under Tank Closure
Alternatives 3A and 3C, respectively; approximately 66 percent of the estimated BBI for technetium-99
would be immobilized in the IHLW under Alternative 3B using a technetium-99 removal process in the
WTP. Under Tank Closure Alternatives 3A, 3B, and 3C, the ILAW glass, would contain 5.8 percent of
the estimated BBI for iodine-129 and the bulk vitrification glass, cast stone waste and steam reforming
waste would contain 14.0 percent, 70.1 percent, and 14.0 percent of the estimated BBI for iodine-129,
respectively. Flowsheet schematics for Tank Closure Alternatives 3A, 3B, and 3C are presented as
Figures D-4, D-5, and D-6, respectively. Material balances under Alternatives 3A, 3B, and 3C are
presented in Tables D-39 through D-44.

Packaged Offgas
CH-TRU and 4
RH-TRU Waste
4 | 2HLW | Offgas
k £ yY X "1 Melters Cleanup
TRU Waste l
Processing Solids Cesium IHLW /
A Glass Secondary
4 Waste
»
Tank ~ Solid-Liguid o] Cesium o] 2LAW | Offgas »
Separations Removal Melters Cleanup
| | solid-Liquid Secondary ('3'-|AW QngeE
Separations Watste ass
| Bulk Vitrification | Offgas
.| Bulk Vitrification || Offgas 200-East Area Cleanup
200-West Area Cleanup 1
v f m— S
Bulk Vitrification Bulk Vitrification Offgas
Glass Offgas Glass
Key: CH=contact-handled; HLW=high-level radioactive waste; IHLW=immobilized high-level radioactive waste; ILAW=immobilized
low-activity waste, LAW=low-activity waste; RH=remote-handled; TRU=transuranic.

Figure D-4. Tank Closure Alternative 3A Flowsheet
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Draft Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington

Packaged
CH-TRU and Oﬁfas
RH-TRU Waste
: o 2HLW Offgas
' [ i 1 Melters Cleanup
TRU Waste
IHLW Secondary
* Glass Waste
Tank | Solid-Liquid | || Cesium Technetium-99| | 2 LAW Offgas
Separations Removal Removal | Melters Cleanup
| ) v
ILAW Offgas
| | Solid-Liquid Glass
Separations i
Cast Stone
200-East Area
. Cast Stone 1
200-West Area
v Cast Stone
Cast Stone Waste Waste
Key: CH=contact-handled; HLW=high-level radioactive waste; IHLW=immobilized high-level radioactive waste;
ILAW=immobilized low-activity waste; LAW=low-activity waste; RH=remote-handled; TRU=transuranic.
Figure D-5. Tank Closure Alternative 3B Flowsheet
Packaged Offgas
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Separations WatSte ass
| Steam Reforming | Offgas
| Steam Reforming || ©Offgas "|__200-East Area | Cleanup
200-West Area Cleanup l
Reforming Waste Offgas Reforming Waste Offgas

Key: CH=contact-handled; HLW=high-level radioactive waste, IHLW=immobilized high-level radioactive waste;
ILAW=immobilized low-activity waste; LAW=low-activity waste, RH=remote-handled; TRU=transuranic.

Figure D-6. Tank Closure Alternative 3C Flowsheet
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Table D-39. Tank Closure Alternative 3A: Radiological Constituents of Potential Concern Balance

Hydrogen-3 | Uranium-233, Plutonium
lodine-129 Cesium-137 Carbon-14 (Tritium) -234, -235, -238 |Neptunium-237|  -239, -240 Strontium-90 | Technetium-99
% of % of % of % of % of % of % of % of % of

Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI
Best-Basis Inventory
BBI |4.82x10"| N/A [4.58x10"] NIA [3.12x10°] N/A [1.21x10*] NIA [9.38x10%] N/A [1.41x10°] N/A [8.14x10°] N/A [5.05x107] N/A [2.97x10°] NIA
Tank Closure Waste Inventory
Tank residual wasteP 4.82x107Y 1.0 [4.58x10°| 1.0 [3.12x10'| 1.0 [1.21x10?| 1.0 | 938 | 1.0 | 141 | 1.0 |8.14x10?| 1.0 [5.05x10°| 1.0 |2.97x10?| 1.0
IHLW glass® 1.32x10°| 0.0 |4.04x107| 88.1 0 0.0 0 0.0 [8.32x10°| 88.6 |1.38x10%| 97.8 |7.31x10*| 89.8 [4.87x10’| 96.4 |1.49x10%| 0.5
ILAW glass and retired LAW melters 280 | 5.8 [1.73x10°| 0.4 0 0.0 0 0.0 [1.63x10%| 1.7 [2.48x107% 0.0 [4.33x107| 0.0 [6.91x10?| 0.0 |8.44x10°| 28.4
ETF-generated solid secondary wasted |3.69x101| 76.5 [1.43x101| 00 | 474 | 0.2 0 0.0 [8.72x107 0.0 [5.15x107 0.0 [9.37x10% 0.0 [5.45x10'| 0.0 |4.63x10'| 0.2
Solid secondary waste® 1.36 | 2.8 [1.75x10°| 0.4 0 0.0 0 0.0 | 333 | 04 [279x107Y 0.2 |1.80x10%| 0.2 |7.67x10°| 1.5 |1.28x10%| 0.4
200-East Area BV glassf 3.67 | 7.6 |2.27x10°| 05 0 0.0 0 0.0 [2.13x10'| 2.3 [3.25x107% 0.0 [5.68x107 0.0 [9.10x10?| 0.0 |1.12x10%| 37.8
200-West Area BV glassf 3.08 | 6.4 [4.39x10° 9.6 0 0.0 0 0.0 [3.01x10'| 3.2 |90.58x107Y 0.7 [1.04x10°| 1.3 [4.61x10°| 0.9 |9.42x10°| 31.7
Transuranic wasted 502x102 0.1 [3.41x10°| 0.7 | 385 | 0.1 | 333 | 0.0 [4.67x10| 5.0 [9.79x107} 0.7 |7.39x10°| 9.1 |7.52x10°| 1.5 [3.36x10%| 1.1
Totaln 4.83x10%[100.3 |4.62x107( 100.73.98x10*| 1.3 |1.24x10°| 1.0 |9.59x107|102.2|1.42x10°| 100.4 |8.26x10"| 101.4 |5.12x10 | 101.3|3.00x10*| 101.1
Other Inventory
Solid and liquid secondary waste from 0 N/A [1.99x10°| N/A 0 N/A 0 N/A 0 N/A 0 N/A 0 N/A [3.16x10°| N/A 0 N/A
cesium and strontium capsules
Cesium and strontium capsulest 0 N/A |4.59x10"| N/A 0 N/A 0 N/A 0 N/A 0 N/A 0 N/A |1.98x10"| N/A 0 N/A
Rubble, soil, and equipment] 1.67x107% N/A |1.31x10*| N/A | 147 | N/A| 6.03 | N/A [4.82x107Y N/A [3.24x10% N/A [4.32x101| N/A |3.05x10%| N/A | 972 | N/IA
Air Emissions
Treatment air emissionsK |4.78x10'| N/A [7.98x10°| N/A [3.10x10°| N/A |1.20x10*| N/A |452x10| N/A [6.96x107 N/A [3.73x10| N/A [3.50x10*| N/A [1.47x10"[ N/A

a8  Source of BBI is DOE-ORP-2003-02, Rev. 0, Inventory and Source Term Data Package (DOE 2003a).
b Represents 99.0 percent retrieval. For analysis purposes, waste inventories from tank waste retrieval leaks and ancillary equipment were assumed to be treated in the Waste Treatment Plant and via supplemental treatment

processes.

C To be stored on site until disposition decisions are made and implemented. The inventory would include the retired HLW melters.

d  Includes secondary liquids that would be sent to the ETF and treated; solids would be disposed of in an Integrated Disposal Facility. Excludes liquid secondary waste from the processing of cesium and strontium capsules,

which would be reported separately.

€ Includes solid low-level radioactive waste and mixed low-level radioactive waste streams generated by the waste treatment operations. Such waste streams would include debris waste, melter consumables, failed process

components, analytical laboratory waste, spent resins, spent carbon adsorbent, high-efficiency particulate air filters, and other process-related waste.
T Includes technetium-99 inventory that resides in the BV waste container insulating material or waste container.
9 Tank transuranic waste would be disposed of in the Waste Isolation Pilot Plant.
h

Totals may exceed 100 percent due to conservative estimates or rounded numbers. BBI percentages were rounded to the nearest tenth. Carbon-14 and hydrogen-3 (tritium) may not total 100 percent; a portion of each would

 be released to the offgas streams and stack, and a portion (ETF-generated liquid) would be disposed of in the State-Approved Land Disposal Site.
! To be treated in the Waste Treatment Plant, resulting in glass waste, which would be stored on site until disposition decisions are made and implemented.

1 Rubble, soil, and equipment would be generated by removal of 4.6 meters (15 feet) of soil and ancillary equipment at the BX and SX tank farms. This material would be disposed of in the River Protection Project Disposal

Facility.

K Includes air emissions from all waste treatment processes, including those from treatment of the cesium and strontium capsules. For analysis purposes both iodine-129 capture and air emission releases were assumed.
Key: %=percent; BBI=Best-Basis Inventory; BV=bulk vitrification; ETF=Effluent Treatment Facility; HLW=high-level radioactive waste; IHLW=immobilized high-level radioactive waste; ILAW=immobilized low-activity
waste; LAW=low-activity waste; N/A=not applicable.

Source: SAIC 20079, 2007h, 2008a.
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Table D-40. Tank Closure Alternative 3A: Chemical Constituents of Potential Concern Balance

Chromium Mercury Nitrate Lead Total Uranium Acetonitrile Benzene Butanol PCBs 2,4,6-TCP

% of % of % of % of % of % of % of % of % of % of
Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI

Best-Basis Inventory

BBIa 5,98x105| N/A | 1.83x10° | N/A |7,ogx107| N/A |g,41x104| N/A | 5,97x105| N/A | 2,95x104| N/A

2.40 | N/A |3,45x106| N/A |1.68><103| N/A | 1.11 | N/A

Tank Closure Waste Inventory

Tank residual | 5.98x10° | 1.0 | 1.83x10' | 1.0 | 7.08x10° | 1.0 |8.41x102| 1.0 |597x10° | 1.0 |2.95x10%| 1.0 |2.40x102| 1.0 |3.45x10*| 1.0 |1.68x10'| 1.0 [1.11x10?| 1.0

Wasteb

IHLW glassC 1.12x10° | 18.6 0 0.0 0 0.0 | 7.07x10* | 84.1 | 5.11x10° | 85.5 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
ILAW glass and | 1.34x10° | 22.4 0 0.0 0 0.0 |267x10°| 3.2 |1.13x10%| 1.9 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
retired LAW

melters

ETF-generated | 2.76x10%| 0.0 5.54 0.3 |8.14x10°% | 115 | 7.56x10° | 0.9 | 7.00x10* | 0.0 NR N/A NR N/A NR N/A| NR |NA| NR N/A
solid secondary

Wasted

Solid secondary | 8.03x10% | 0.1 | 1.75x10° | 96.0 0 0.0 |2.17x10%| 0.3 | 2.05x10° | 0.3 NR N/A NR N/A| NR |[NA| NR |[NA| NR | NA
waste®

200-East Area | 1.74x10° | 29.2 0 0 0 0.0 [3.14x10°| 3.7 | 1.47x10*| 25 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
BV glass

200-West Area | 1.48x10° | 24.7 0 0 0 0.0 |356x10°| 4.2 |1.98x10%| 3.3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
BV glass

Transuranic 2.83x10% | 4.7 | 3.46x10' | 1.9 |1.07x10° | 15 |6.43x10°| 7.7 |5.92x10% | 9.9 |5.93x10%| 2.0 |4.83x102| 2.0 |6.95x10%| 2.0 |3.51x10'| 2.1 [2.23x10%| 2.0
waste

Totald 6.03x10° [100.7 | 1.81x10° | 99.2 | 9.92x10° | 14.0 | 8.83x10” | 105.0 | 6.24x10° | 104.5 | 8.88x102 | 3.0 |7.24x102| 3.0 |1.04x10°| 3.0 |5.19x10*| 3.1 |3.34x10?| 3.0

Other Inventoryn

Rubble, soil, and 5.86x10% | N/A 2.22 N/A | 3.93x10* | N/A | 3.34x10" | N/A | 6.60x10 | N/A NR N/A NR N/A NR N/A NR N/A NR N/A
equipment!

Air Emissions

Treatment air NR N/A | 1.99x10% | N/A NR N/A NR N/A NR N/A NR N/A NR N/A NR N/A NR N/A NR N/A
emissions]

a

9

h
i
j

Source of BBI is DOE-ORP-2003-02, Rev. 0, Inventory and Source Term Data Package (DOE 2003a).

Represents 99.0 percent retrieval. For analysis purposes, waste inventories from tank waste retrieval leaks and ancillary equipment were assumed to be treated in the Waste Treatment Plant and via supplemental treatment
processes.

To be stored on site until disposition decisions are made and implemented. The inventory would include the retired HLW melters.

Includes secondary liquids that would be sent to the ETF and treated; solids would be disposed of in an Integrated Disposal Facility.

Includes solid low-level radioactive waste and mixed low-level radioactive waste streams that would be generated by the waste treatment operations. Such waste streams would include debris waste, melter consumables, failed
process components, analytical laboratory waste, spent resins, spent carbon adsorbent, high-efficiency particulate air filters, and other process-related waste. Excludes contaminated liquid effluent waste streams that would be
treated at the ETF.

Tank transuranic waste would be disposed of in the Waste Isolation Pilot Plant.

Totals may exceed 100 percent due to conservative estimates or rounded numbers. BBI percentages were rounded to the nearest tenth. The organic chemicals (acetonitrile, benzene, butanol, polychlorinated biphenyls, and
2,4,6-trichlorophenol) may not total 100 percent because they would be destroyed during the thermal treatment processes. Nitrate may not total 100 percent because it would be volatilized and released through the facility stack.

No chemical constituents of potential concern have been reported in the cesium and strontium capsule secondary waste streams.

Rubble, soil, and equipment would be generated by the removal of 4.6 meters (15 feet) of soil and ancillary equipment at the BX and SX tank farms. Disposal would take place in the River Protection Project Disposal Facility.
Includes air emissions from all waste treatment processes, including those from treatment of the cesium and strontium capsules. For analysis purposes, both mercury capture and air emission releases were assumed.

Key: %=percent; 2, 4, 6-TCP=2,4,6-trichlorophenol; BBI=Best-Basis Inventory; butanol=n-butyl alcohol; BV=bulk vitrification; ETF=Effluent Treatment Facility; HLW=high-level radioactive waste; IHLW=immobilized high-level
radioactive waste; ILAW=immobilized low-activity waste; kg=kilograms; LAW=low-activity waste; N/A=not applicable; NR=not reported; PCBs=polychlorinated biphenyls.
Source: SAIC 20079, 2007i, 2008a.
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Table D-41. Tank Closure Alternative 3B: Radiological Constituents of Potential Concern Balance

Hydrogen-3 | Uranium-233, Plutonium
lodine-129 Cesium-137 Carbon-14 (Tritium) -234, -235, -238 |Neptunium-237|  -239, -240 Strontium-90 | Technetium-99
% of % of % of % of % of % of % of % of % of
Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI

Best-Basis Inventory

BBIa

|4.82x10"| N/A [4.58x10"] NIA [3.12x10°] N/A [1.21x10*] NIA [9.38x10%| N/A [1.41x10°] N/A [8.14x10°] N/A [5.05x10"] N/A [2.97x10°] N/A

Tank Closure Waste Inventory

Tank residual wasteP

458x10°| 1.0 [3.12x10%| 1.0 {1.21x10%| 1.0 | 9.38 | 1.0 | 141 | 1.0 [8.14x10?| 1.0 |5.05x10°| 1.0 [2.97x10?| 1.0

4.82x107| 1.0

IHLW glass®

1.32x10°| 0.0 |4.04x107| 88.1 0 0.0 0 0.0 [8.32x10%| 88.6 |1.38x10%| 97.8 |7.31x10*| 89.8 [4.87x10| 96.4 |1.96x10*| 66.0

ILAW glass and retired LAW melters 2.80 | 5.8 [1.73x10°| 0.4 0 0.0 0 0.0 [1.63x10%| 1.7 [2.48x10°| 0.0 [4.33x10| 0.0 [6.91x10%| 0.0 |8.44x10'| 0.3
ETF-generated solid secondary wasted | 9.85 | 20.5 [4.11x10Y 0.0 | 262 | 0.1 0 0.0 [3.65x10 0.0 [5.05x10? 0.0 [6.33x107 0.0 | 6.34 | 0.0 |582x10'| 0.2
Solid secondary waste® 1.36 | 2.8 [1.75x10°| 0.4 0 0.0 0 0.0 | 333 | 04 [2.79x10Y 0.2 [1.80x10%| 0.2 |7.67x10°| 1.5 [2.90x10?| 1.0
200-East cast stone 1.84x10%| 38.1 |2.28x10°| 0.5 [1.17x10°| 37.3 |4.59x10°%| 38.1 [2.13x10%| 2.3 [3.25x10% 0.0 [5.68x107Y 0.0 [9.10x10%| 0.0 [1.12x10?| 0.4
200-West cast stone 1.54x10%| 32.0 |4.41x10°%| 9.6 [9.79x10%| 31.4 |3.85x10°%| 32.0 |3.01x10%| 3.2 [9.59x10} 0.7 [1.04x10°| 1.3 |4.61x10°| 0.9 [9.43x10°| 317
Transuranic wastef 502x102 0.1 [341x10°| 0.7 | 3.85 | 0.1 | 333 | 0.0 [4.67x10 5.0 [9.79x107} 0.7 |7.39x10°| 9.1 |7.52x10°| 1.5 [3.36x10%| 1.1

Totald

4.83x10%(100.3|4.62x107[100.7 [2.18x10°| 69.9 |8.57x10°| 71.1 |9.59x10%|102.2 [1.42x10%|100.4 |8.26x10%| 101.4 |5.12x10’ | 101.3 |3.02x10*| 101.7

Other Inventory

Solid and liquid secondary waste from 0 N/A [1.99x10°| N/A 0 N/A 0 N/A 0 N/A 0 N/A 0 N/A [3.16x10°| N/A 0 N/A

cesium and strontium capsules

Cesium and strontium capsulesh 0 N/A |4.59x10"| N/A 0 N/A 0 N/A 0 N/A 0 N/A 0 N/A |1.98x10"| N/A 0 N/A

Rubble, soil, and equipmenti

1.67x107| N/A [1.31x10*| N/A | 147 | N/JA| 6.03 | N/A [4.82x10 | N/A [3.24x107%| N/A [4.32x10'| N/A [3.05x10%| N/A | 9.72 | N/A

Air Emissions

Treatment air emissions

|1.40x10'| N/A [7.76x10°| N/A [9.53x10%| N/A |3.50x10%| N/A [4.27x10| N/A [6.91x107 N/A [3.67x10'| N/A [3.56x10°| N/A [1.00x10"[ N/A

a
b

c
d

i

Source of BBI is DOE-ORP-2003-02, Rev. 0, Inventory and Source Term Data Package (DOE 2003a).

Represents 99.0 percent retrieval. For analysis purposes, waste inventories from tank waste retrieval leaks and ancillary equipment were assumed to be treated in the Waste Treatment Plant and via supplemental treatment
processes.

To be stored on site until disposition decisions are made and implemented. The inventory would include the retired HLW melters.

Includes secondary liquids that would be sent to the ETF and treated; solids would be disposed of in an Integrated Disposal Facility. Excludes liquid secondary waste from the processing of cesium and strontium capsules,
which would be reported separately.

Includes solid low-level radioactive waste and mixed low-level radioactive waste streams that would be generated by the waste treatment operations. Such waste streams would include debris waste, melter consumables,
failed process components, analytical laboratory waste, spent resins, spent carbon adsorbent, high-efficiency particulate air filters, and other process-related waste. Excludes contaminated liquid effluent waste streams that
would be treated at the ETF, as reported for ETF-generated solid secondary waste in the table above. The value for technetium-99 includes 4.31x10" curies of technetium-99 that would remain in the spent resin after the
technetium-99 removal process.

Tank transuranic waste would be disposed of in the Waste Isolation Pilot Plant.

Totals may exceed 100 percent due to conservative estimates or rounded numbers. BBI percentages were rounded to the nearest tenth. Carbon-14 and hydrogen-3 (tritium) may not total 100 percent; a portion of each would
be released to the offgas streams and stack, and a portion (ETF-generated liquid) would be disposed of in the State-Approved Land Disposal Site.

To be treated in the Waste Treatment Plant, resulting in glass waste, which would be stored on site until disposition decisions are made and implemented.

Rubble, soil, and equipment would be generated by the removal of 4.6 meters (15 feet) of soil and ancillary equipment at the BX and SX tank farms. Disposal would take place in the River Protection Project Disposal
Facility.

Includes air emissions from all waste treatment processes, including those from treatment of the cesium and strontium capsules. For analysis purposes, both iodine-129 capture and air emission releases were assumed.

Key: %=percent; BBI=Best-Basis inventory; ETF=Effluent Treatment Facility; HLW=high-level radioactive waste; IHLW=immobilized high-level radioactive waste; ILAW=immobilized low-activity waste; LAW=low-activity
waste; N/A=not applicable.
Source: SAIC 20079, 2007h, 2008a.
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Table D-42. Tank Closure Alternative 3B: Chemical Constituents of Potential Concern Balance

Chromium Mercury Nitrate Lead Total Uranium Acetonitrile Benzene Butanol PCBs 2,4,6-TCP

% of % of % of % of % of % of % of % of % of % of
Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI

Best-Basis Inventory

BBIa 5,98x105| N/A | 1.83x10° | N/A |7,ogx107| N/A |g,41x104| N/A | 5,97x105| N/A | 2,95x104| N/A | 2.40 | N/A |3,45x106| N/A |1.68><103| N/A | 1.11 | N/A

Tank Closure Waste Inventory

Tank residual | 5.98x10° | 1.0 | 1.83x10' | 1.0 | 7.08x10° | 1.0 |8.41x102| 1.0 |597x10° | 1.0 |2.95x10?| 1.0 |2.40x10?| 1.0 |3.45x10*| 1.0 |1.68x10'| 1.0 [1.11x10% 1.0

wasteb

IHLW glass¢ 1.12x10° | 18.6 0 0.0 0 0.0 | 7.07x10* | 84.1 | 5.11x10° | 85.5 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
ILAW glass and | 1.34x10° | 22.4 0 0.0 0 0.0 |267x10°| 3.2 |1.13x10%| 1.9 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
retired LAW

melters

ETF-generated | 1.84x10%| 0.0 412 0.2 |2.63x10°| 3.7 5.82 0.0 |357x10%| 0.0 NR N/A NR N/A NR N/A NR N/A NR N/A
solid secondary

wasted

Solidesecondary 8.03x10 | 0.1 | 1.31x10° | 71.5 0 0.0 |2.17x10%| 0.3 | 2.05x10° | 0.3 NR N/A NR N/A| NR |[NA| NR |[NA| NR | NA
waste!

200-East Area | 1.76x10° | 29.4 | 2.41x10° | 13.2 | 2.08x107 | 29.3 | 3.51x10° | 4.2 | 1.48x10*| 2.5 |1.11x10*| 37.6 |9.03x10"| 37.6 | 1.30x10° | 37.6 | 6.33 | 0.4 |4.16x107*| 37.6
cast stone

200-West Area | 1.49x10° | 24.9 | 2.19x10% | 12.0 | 1.74x10" | 24.6 | 3.98x10° | 4.7 | 1.99x10% | 3.3 |9.15x10° | 31.0 | 7.45x10* | 31.0 | 1.07x10° | 31.0 [5.22x10%| 31.0 |3.44x10Y| 31.0
cast stone

TRU wastef 2.83x10% | 4.7 | 3.46x10" | 1.9 |1.07x10°| 1.5 |6.43x10°| 7.7 |5.92x10% | 9.9 |593x10?| 2.0 |4.83x10%| 2.0 |6.95x10%| 2.0 [3.51x10"| 2.1 [2.23x107 2.0
Totald 6.05x10° [101.1| 1.82x10° | 99.8 | 4.26x10" | 60.1 | 8.84x10” | 105.1 | 6.24x10° | 104.5 | 2.11x10* | 71.6 1.72 71.6 | 2.47x10° | 71.6 |5.81x10%| 34.5 |7.93x10Y| 71.6

Other Inventoryh

Rubble, soil, and | 5.86x10% | N/A 2.22 N/A | 3.93x10% | N/A | 3.34x10% | N/A | 6.60x10° | N/A NR N/A NR N/A NR N/A| NR |NA| NR N/A

equipment

Air Emissions

Treatment air NR N/A | 1.48x10° | N/A NR N/A NR N/A NR N/A NR N/A NR N/A NR N/A NR N/A NR N/A

emissions

a8  Source of BBI is DOE-ORP-2003-02, Rev. 0, Inventory and Source Term Data Package (DOE 2003a).

b Represents 99.0 percent retrieval. For analysis purposes, waste inventories from tank waste retrieval leaks and ancillary equipment were assumed to be treated in the Waste Treatment Plant and via supplemental treatment
processes.

€ To be stored on site until disposition decisions are made and implemented. The inventory would include the retired HLW melters.

d Includes secondary liquids that would be sent to the ETF and treated; solids would be disposed of in an Integrated Disposal Facility.

€ Includes solid low-level radioactive waste and mixed low-level radioactive waste streams that would be generated by the waste treatment operations. Such waste streams would include debris waste, melter consumables, failed
process components, analytical laboratory waste, spent resins, spent carbon adsorbent, high-efficiency particulate air filters, and other process-related waste. Excludes contaminated liquid effluent waste streams, which would be
treated at the ETF.

f Tank TRU waste would be disposed of in the Waste Isolation Pilot Plant.

9 Totals may exceed 100 percent due to conservative estimates or rounded numbers. BBI percentages were rounded to the nearest tenth. The organic chemicals (acetonitrile, benzene, butanol, polychlorinated biphenyls, and
2,4,6-trichlorophenol) may not total 100 percent because they would be destroyed during the thermal treatment processes. Nitrate may not total 100 percent because it would be volatilized and released through the facility stack.

No chemical constituents of potential concern have been reported in the cesium and strontium capsule secondary waste streams.
Rubble, soil, and equipment would be generated by the removal of 4.6 meters (15 feet) of soil and ancillary equipment at the BX and SX tank farms. Disposal would take place in the River Protection Project Disposal Facility.
Includes air emissions from all waste treatment processes, including those from treatment of the cesium and strontium capsules. For analysis purposes, both mercury capture and air emission releases were assumed.

Key: %=percent; 2,4,6-TCP=2,4,6-trichlorophenol; BBI=Best-Basis Inventory; butanol=n-butyl alcohol; ETF=Effluent Treatment Facility; HLW= high-level radioactive waste; IHLW=immobilized high-level radioactive waste;
ILAW=immobilized low-activity waste; kg=kilograms; LAW=Ilow-activity waste; N/A=not applicable; NR=not reported; PCBs=polychlorinated biphenyls; TRU=transuranic.
Source: SAIC 2007g, 2007i, 2008a.
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Table D-43. Tank Closure Alternative 3C: Radiological Constituents of Potential Concern Balance

Hydrogen-3 | Uranium-233, Plutonium
lodine-129 Cesium-137 Carbon-14 (Tritium) -234, -235, -238 [Neptunium-237|  -239, -240 Strontium-90 | Technetium-99
% of % of % of % of % of % of % of % of % of
Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI

Best-Basis Inventory

BBI2

|4.82x10"] N/A [4.58x10"] N/A [3.12x10°] N/A [1.21x10*] NIA [9.38x10%| N/A [1.41x10°] N/A [8.14x10°] N/A [5.05x107] N/A [2.97x10°] N/A

Tank Closure Waste Inventory

Tank residual wasteb 4.82x1071| 1.0 [4.58x10°| 1.0 |3.12x10% 1.0 [1.21x10%| 1.0 | 9.38 | 1.0 | 1.41 | 1.0 [8.14x10%| 1.0 |5.05x10°| 1.0 [2.97x10%| 1.0
IHLW glassC 1.32x10 0.0 |4.04x107| 88.1 0 0.0 0 0.0 [8.32x10%| 88.6 [1.38x10%| 97.8 |7.31x10%| 89.8 |4.87x10"| 96.4 |1.49x10?| 0.5
ILAW glass and retired LAW melters | 2.80 | 5.8 [1.73x10°| 0.4 0 0.0 0 0.0 [1.63x10%| 1.7 [2.48x107 0.0 [4.33x107Y 0.0 |6.91x10%| 0.0 [8.44x10°| 28.4
ETF-generated solid secondary wasted|3.69x10* | 76.5 |1.44x10'| 0.0 | 4.74 | 0.2 0 0.0 [7.92x10% 0.0 [5.13x107 0.0 [8.41x107 0.0 |5.35x10*| 0.0 [4.63x10'| 0.2
Solid secondary waste® 136 | 2.8 [1.75x10°| 0.4 0 0.0 0 00 | 333 | 04 [2.79x10Y 0.2 |1.80x10%| 0.2 |7.67x10°| 1.5 [1.28x10?| 0.4
200-East Area steam reforming waste | 3.67 | 7.6 |2.27x10°| 0.5 0 0.0 0 0.0 {2.13x10%| 2.3 [3.25x107 0.0 |5.68x107Y 0.0 |9.10x10%| 0.0 [1.12x10*| 37.8
200-West Area steam reforming waste| 3.08 | 6.4 [4.39x10°| 9.6 0 0.0 0 0.0 [3.01x10% 3.2 |0.58x107Y 0.7 |1.04x10%| 1.3 |4.61x10°| 0.9 [9.42x10°| 31.7
Transuranic wastef 5.02x107 0.1 [3.41x10°| 0.7 | 385 | 0.1 | 333 | 0.0 [4.67x10'| 5.0 9.79x10Y 0.7 [7.39x10°| 9.1 |7.52x10%| 1.5 |3.36x10%| 1.1
Totald 4.83x10"[100.3 [4.62x107|100.7 [3.98x10%| 1.3 [1.24x10%| 1.0 [9.59x107|102.2 |1.42x10%|100.4 [8.26x10%|101.4 [5.12x10’| 101.3|3.00x10%| 101.1
Other Inventory

Solid and liquid secondary waste from 0 N/A [1.99x10%| N/A 0 N/A 0 N/A 0 N/A 0 N/A 0 N/A |3.16x10%| N/A 0 N/A
cesium and strontium capsules

Cesium and strontium capsulesh 0 N/A [4.59x10| N/A 0 N/A 0 N/A 0 N/A 0 N/A 0 N/A [1.98x10°| N/A 0 N/A
Rubble, soil, and equipmenti 1.67x104 N/A [1.31x10°| N/A | 1.47 | N/A| 6.03 | N/A |4.82x10°Y N/A [3.24x1074 N/A |4.32x10| N/A |3.05x10*| N/A | 9.72 | N/A
Air Emissions

Treatment air emissionsi |4,78x101| N/A |7,98x104| N/A |3_1ox103| N/A |1,20x104| N/A |4,52x10'1| N/A |6_96x10'2| N/A |3_73x101| N/A |3_59x104| N/A |1,47x101| N/A

a  Source of BBI is DOE-ORP-2003-02, Rev. 0, Inventory and Source Term Data Package (DOE 2003a).

b Represents 99.0 percent retrieval. For analysis purposes, waste inventories from tank waste retrieval leaks and ancillary equipment were assumed to be treated in the Waste Treatment Plant and via supplemental treatment

processes.

€ To be stored on site until disposition decisions are made and implemented. The inventory would include the retired HLW melters.

d Includes secondary liquids that would be sent to the ETF and treated; solids would be disposed of in an Integrated Disposal Facility. Excludes liquid secondary waste from the processing of cesium and strontium capsules,

which would be reported separately.

€ Includes solid low-level radioactive waste and mixed low-level radioactive waste streams that would be generated by the waste treatment operations. Such waste streams would include debris waste, melter consumables,
failed process components, analytical laboratory waste, spent resins, spent carbon adsorbent, high-efficiency particulate air filters, and other process-related waste. Excludes contaminated liquid effluent waste streams,

which would be treated at the ETF.

f Tank transuranic waste would be disposed of in the Waste Isolation Pilot Plant.

9 Totals may exceed 100 percent due to conservative estimates or rounded numbers. BBI percentages were rounded to the nearest tenth. Carbon-14 and hydrogen-3 (tritium) may not total 100 percent; a portion of each

would be released to the offgas streams and stack, and a portion (ETF-generated liquid) would be disposed of in the State-Approved Land Disposal Site.
' To be treated in the Waste Treatment Plant, resulting in glass waste, which would be stored on site until disposition decisions are made and implemented.

i Rubble, soil, and equipment would be generated by the removal of 4.6 meters (15 feet) of soil and ancillary equipment at the BX and SX tank farms. Disposal would take place in the River Protection Project Disposal

Facility.

J Includes air emissions from all waste treatment processes, including those from treatment of the cesium and strontium capsules. For analyses purposes both iodine-129 capture and air emission releases were assumed.

Key: %-=percent; BBI=Best-Basis Inventory; ETF=Effluent Treatment Facility; HLW=high-level radioactive waste; IHLW=immobilized high-level radioactive waste; ILAW=immobilized low-activity waste; LAW=low-

activity waste; N/A=not applicable.
Source: SAIC 2007g, 2007h, 2008a.
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Table D-44. Tank Closure Alternative 3C: Chemical Constituents of Potential Concern Balance

Chromium Mercury Nitrate Lead Total Uranium Acetonitrile Benzene Butanol PCBs 2,4,6-TCP
% of % of % of % of % of % of % of % of % of % of
Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg | BBI Kg BBI
Best-Basis Inventory
BBI2 5,98x105|N/A| 1.83x103|N/A|7_08><107|N/A|8,41x104|N/A|5,97x105|N/A|2_95x104|N/A| 2.40 |N/A|3,45x105|N/A|1_58x103| N/A| 1.11 |N/A
Tank Closure Waste Inventory
Tankkr)esidual 5.98x10° | 1.0 | 1.83x10' | 1.0 |7.08x10° | 1.0 |8.41x10?| 1.0 |597x10° | 1.0 |2.95x10% | 1.0 |2.40x102| 1.0 |3.45x10*| 1.0 |1.68x10'| 1.0 [1.11x10% 1.0
waste
IHLW glass¢ | 1.12x10° | 18.6 0 0.0 0 0.0 |7.07x10%| 84.1 | 5.11x10° | 85.5 0 0.0 0 0.0 0.0 0 0.0 0 0.0
ILAW glass and| 1.34x10° | 22.4 0 0.0 0 00 |267x10°| 32 | 1.13x10%| 1.9 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
retired LAW
melters
ETF-generated | 2.72x10% | 0.0 5.54 0.3 | 9.18x10°% | 13.0 | 7.56x10° | 0.9 |6.39x10* | 0.0 NR N/A NR N/A NR N/A| NR |NA| NR N/A
solid secondary
wasted
Solid secondary | 8.03x10% | 0.1 | 1.75x10° | 96.0 0 0.0 |2.17x10%| 0.3 |2.05x10%| 0.3 NR N/A NR N/A NR N/A| NR |NA| NR | NA
waste®
200-East Area | 1.76x10° | 29.3 0 0 0 0.0 |3.16x10°| 3.8 |1.48x10*| 25 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
steam reforming
waste
200-West Area | 1.49x10° | 24.9 0 0 0 0.0 |358x10%| 4.3 |1.99x10%| 3.3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
steam reforming
waste
TRU wastef | 2.83x10% | 4.7 | 3.46xx10' | 1.9 |1.07x10° | 1.5 |6.43x10%| 7.7 |5.92x10% | 9.9 |593x10? | 2.0 |4.83x10%| 2.0 |6.95x10% | 20 [3.51x10%| 2.1 [2.23x107 2.0
Totald 6.05x10° |101.1| 1.81x10° | 99.2 | 1.10x10 | 15.5 | 8.84x10* | 105.1 | 6.24x10° | 1045 | 8.88x10% | 3.0 |7.24x102| 3.0 |1.04x10°| 3.0 |5.19x10%| 3.1 [3.34x10? 3.0
Other Inventoryh
Rubble, soil, | 5.86x107 | N/A 2.22 N/A | 3.93x10% | N/A | 3.34x10" | N/A | 6.60x10° | N/A NR N/A NR N/A NR N/A| NR |[NA| NR | NA
and equipment!
Air Emissions
Treatment air NR N/A | 1.99x10° | N/A NR N/A NR N/A NR N/A NR N/A NR N/A NR N/A| NR |NA| NR | NA
emissions!

& Source of BBI is DOE-ORP-2003-02, Rev. 0, Inventory and Source Term Data Package (DOE 2003a).

b Represents 99.0 percent retrieval. For analysis purposes, waste inventories from tank waste retrieval leaks and ancillary equipment were assumed to be treated in the Waste Treatment Plant and via supplemental treatment

processes.

€ To be stored on site until disposition decisions are made and implemented. The inventory would include the retired HLW melters.
d Includes secondary liquids that would be sent to the ETF and treated; solids would be disposed of in an Integrated Disposal Facility.

f
g
h
i
i

Includes solid low-level radioactive waste and mixed low-level radioactive waste streams that would be generated by the waste treatment operations. Such waste streams would include debris waste, melter consumables, failed
process components, analytical laboratory waste, spent resins, spent carbon adsorbent, high-efficiency particulate air filters, and other process-related waste. Excludes contaminated liquid effluent waste streams, which would be
treated at the ETF.

Tank TRU waste would be disposed of in the Waste Isolation Pilot Plant.

Totals may exceed 100 percent due to conservative estimates or rounded numbers. BBI percentages were rounded to the nearest tenth. The organic chemicals (acetonitrile, benzene, butanol, polychlorinated biphenyls, and
2,4,6-trichlorophenol) may not total 100 percent because they would be destroyed during the thermal treatment processes. Nitrate may not total 100 percent because it would be volatilized and released through the facility stack.
No chemical constituents of potential concern have been reported in the cesium and strontium capsule secondary waste streams.

Rubble, soil, and equipment would be generated by removal of 4.6 meters (15 feet) of soil and ancillary equipment at the BX and SX tank farms. Disposal would take place in the River Protection Project Disposal Facility.
Includes only inventories from facility air emissions, including those from treatment of cesium and strontium capsules. For analysis purposes, both mercury capture and air emission releases were assumed.

Key: %-=percent; 2,4,6-TCP=2,4,6-trichlorophenol; BBI=Best-Basis Inventory; butanol=n-butyl alcohol; ETF=Effluent Treatment Facility; HLW=high-level radioactive waste; IHLW=immobilized high-level radioactive waste;
ILAW=immobilized low-activity waste; kg=kilograms; LAW=Ilow-activity waste; N/A=not applicable; NR=not reported; PCBs=polychlorinated biphenyls; TRU=transuranic.
Source: SAIC 2007g, 2007i, 2008a.
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Appendix D = Waste Inventories

Under Tank Closure Alternative 4, the primary waste forms produced would be IHLW glass, ILAW glass,
and a combination of the supplemental waste forms, bulk vitrification glass, and cast stone waste. The
majority of technetium-99 would be immobilized in the ILAW glass and supplemental waste forms.
Under Tank Closure Alternative 4, the ILAW glass, bulk vitrification glass, cast stone waste, and
secondary waste would contain 5.8 percent, 6.5 percent, 38.7 percent, and 49.1 percent of the BBI
estimate for iodine-129, respectively. A process flowsheet is presented in Figure D-7, and material
balances under Alternative 4 are presented in Tables D—-45 and D-46.

Packaged Offgas
CH-TRU and 4
RH-TRU Waste
4 | 2HLW o Offgas
1 ¥ [ Melters Cleanup
TRU Waste ' T
- IHLW Secondary
Glass Waste
Tank ,| Solid-Liquid Cesium o] 2LAW | || Offgas _T
Separations Removal Melters Cleanup
y v v
|| solid-Liquid Secondary ILAW Offgas
Separations Waste Glass
T | Cast Stone
Bulk Vitrification Offgas "|200-East Area
200-West Area Cleanup l
v v
o . Cast Stone
Bulk Vitrification Offgas Waste

Glass

Key: CH=contact-handled; HLW=high-level radioactive waste; IHLW=immobilized high-level radioactive waste;
ILAW=immobilized low-activity waste; LAW=low-activity waste;, RH=remote-handled; TRU=transuranic.

Figure D-7. Tank Closure Alternative 4 Flowsheet

In addition, under Tank Closure Alternative 4 (see Figure D-8 for a simplified flowsheet and
Tables D-47 and D-48 for inventories), selected tank farms, represented by the BX and SX tank farms,
would undergo clean closure. Under clean closure, the SST, soils contaminated with leaks from retrieval
activities, and soils contaminated by past tank leaks in these two tank farms would be removed. The more
highly contaminated portions of the removed materials would be sent to a proposed Preprocessing
Facility (PPF) for decontamination.

Under this alternative, it was assumed that 95 percent of the radioactive and chemical constituent
inventory remaining in the tanks and ancillary equipment and from leaks associated with waste retrieval
would be sent to the PPF, while 5 percent of the inventory would be packaged and sent directly to the
River Protection Project Disposal Facility (RPPDF) as mixed low-level radioactive waste (MLLW). It
was further assumed that the PPF processes would be effective at removing 85 percent of the
contaminants from the rubble, soil, and equipment contaminated with tank waste retrieval leaks from
retrieval activities. This treated material would be sent to the WTP, where it would be processed with the
HLW stream. The remaining 15 percent would remain with the contaminated rubble, soil, and equipment
and be disposed of as MLLW in the RPPDF. The resulting value would be 14.25 percent (15 percent of
95 percent), rounded to 14 percent. Thus, 19 percent of the inventory of contaminants from the residual
waste in the tanks, ancillary equipment, and soil contaminated by tank waste retrieval leaks would be sent
to the RPPDF as MLLW (SAIC 20079, 2008a).

D-47
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Table D-45. Tank Closure Alternative 4: Radiological Constituents of Potential Concern Balance

Hydrogen-3 | Uranium-233, Plutonium
lodine-129 Cesium-137 Carbon-14 (Tritium) -234, -235, -238 [Neptunium-237|  -239, -240 Strontium-90 | Technetium-99
% of % of % of % of % of % of % of % of % of
Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI

Best-Basis Inventory

BBIl2

|4.82x10"[ N/A [4.58x10"] N/A [3.12x10°] N/A [1.21x10*] NIA [9.38x10%] N/A [1.41x10°] N/A [8.14x10°| N/A [5.05x107] N/A [2.97x10°] N/A

Tank Closure Waste Inventory

Tank residual wasteP 182x107% 0.1 |458x10%| 0.1 | 3.12 | 0.1 [1.21x10'| 0.1 [9.38x107Y 0.1 [1.41x107Y 0.1 [8.14x10'| 0.1 |5.05x10%| 0.1 |2.97x10'| 0.1
IHLW glass¢: d 6.55x10° 0.0 [4.08x10’| 89.1 0 0.0 0 0.0 |8.41x10%| 89.6 [1.39x10°%| 98.7 |7.40x10%| 90.9 |4.93x107| 97.6 |1.70x10?| 0.6
ILAW glass and retired LAW melters | 2.82 | 5.8 |2.50x10°| 0.5 0 0.0 0 0.0 |2.04x10% 2.2 [1.37x107Y 0.1 | 741 | 0.0 |1.60x10%| 0.0 |8.48x10°| 28.6
ETF-generated solid secondary waste€ |2.23x10'| 46.3 [1.36x10!| 0 360 | 0.1 0 0.0 |6.67x10 0.0 [5.19x10? 0.0 [9.45x107 0.0 [5.49x10*| 0.0 [3.52x10'| 0.1
Solid secondary wastef 136 | 2.8 [1.77x10°| 0.4 0 0.0 0 00 | 336 | 0.4 [2.82x107Y 0.2 [1.82x10%| 0.2 |7.74x10°| 15 |1.28x10?| 0.4
200-East Area cast stone waste 1.86x10%| 38.7 [2.31x10°| 0.5 [1.18x10°| 37.9 |4.66x10°%| 38.7 [2.17x10*| 2.3 [3.30x107°| 0.0 [5.77x10°Y 0.0 [9.23x10%| 0.0 |1.14x10*| 38.4
200-West Area BV glassd 311 | 6.5 |4.39x10°%| 9.6 0 0.0 0 0.0 [3.03x10%| 3.2 [9.66x10%| 0.7 [1.05x10°| 1.3 [4.65x10°| 0.9 |9.50x10°| 32.0
Transuranic wasteh 5.07x107 0.1 [3.44x10°| 0.8 | 3.88 | 0.1 | 336 | 0.0 [4.71x10'| 5.0 [9.88x10Y 0.7 [7.46x10°| 9.2 |7.59x10°| 1.5 |3.39x10%| 1.1
Totall 4.83x10*(100.3 |4.63x10" | 100.9 |1.19x10°| 38.2 |4.68x10°| 38.8 |9.65x10|102.8 |1.42x10?| 100.5 |8.28x10*| 101.7 5.14x107 | 101.7 | 3.01x10*| 101.3
Other Inventory

Solid and liquid secondary waste from 0 N/A |1.99x10%| N/A 0 N/A 0 N/A 0 N/A 0 N/A 0 N/A [3.16x10°| N/A 0 N/A
cesium and strontium capsules

Cesium and strontium capsulesi 0 N/A |4.59x107| N/A 0 N/A 0 N/A 0 N/A 0 N/A 0 N/A [1.98x10°| N/A 0 N/A
PPF secongarywaste rubble, soil, and |1.54x107| N/A [9.06x10%| N/A | 4.00 | N/A [7.19x10'| N/A | 5.19 | N/A [1.37x107| N/A |5.65x10'| N/A [5.70x10%| N/A |3.23x10*| N/A
equipment

Air Emissions

Treatment air emissions!

|2.96x10"[ N/A [8.00x10°| N/A |1.95x10°] N/A |7.46x10%| NIA [4.48x107 N/A [7.04x107 N/A [3.77x10'| N/A [3.62x10° NIA | 926 | N/A

a8 Source of BBI is DOE-ORP-2003-02, Rev. 0, Inventory and Source Term Data Package (DOE 2003a).

b Represents 99.9 percent retrieval. For analysis purposes, waste inventories from tank waste retrieval leaks and ancillary equipment were assumed to be treated in the Waste Treatment Plant and via supplemental treatment

processes.

€ To be stored on site until disposition decisions are made and implemented. The inventory would include the retired HLW melters.
d Includes PPF contribution from clean closure of BX and SX tank farms.

€ Includes secondary liquids that would be sent to the ETF and treated; solids would be disposed of in an Integrated Disposal Facility. Excludes are liquid secondary waste from processing of cesium and strontium capsules,

which would be reported separately.

T Includes solid low-level radioactive waste and mixed low-level radioactive waste streams that would be generated by waste treatment operations. Such waste streams would include debris waste, melter consumables, failed
process components, analytical laboratory waste, spent resins, spent carbon adsorbent, high-efficiency particulate air filters, and other process-related waste. Excludes contaminated liquid effluent waste streams, which

would be treated at the ETF.

9 Includes technetium-99 inventory that resides in the BV waste container insulating material or waste container.
R Tank transuranic waste would be disposed of in the Waste Isolation Pilot Plant.

I Totals may exceed 100 percent due to conservative estimates or rounded numbers. BBI of percentages were rounded to the nearest tenth. Carbon-14 and hydrogen-3 (tritium) may not total 100 percent; a portion of each

~ would be released to the offgas streams and stack, and a portion (ETF-generated liquid) would be disposed of in the State-Approved Land Disposal Site.
] To be treated in the Waste Treatment Plant, resulting in glass waste, which would be stored on site until disposition decisions are made and implemented.
K Rubble, soil, and equipment would be generated by removal of 4.6 meters (15 feet) of soil and ancillary equipment at the BX and SX tank farms. Disposal would take place in the River Protection Project Disposal Facility.
I Includes air emissions from all waste treatment processes, including those from treatment of the cesium and strontium capsules. For analysis purposes, both iodine-129 capture and air emission releases were assumed.

Key: %=percent; BBI=Best-Basis Inventory; BV=bulk vitrification; ETF=Effluent Treatment Facility; HLW=high-level radioactive waste; IHLW=immobilized high-level radioactive waste; ILAW=immobilized low-activity

waste; LAW=low-activity waste; N/A=not applicable; PPF=Preprocessing Facility.

Source: SAIC 2007g, 2007h, 2008a.
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Table D-46. Tank Closure Alternative 4: Chemical Constituents of Potential Concern Balance

Chromium Mercury Nitrate Lead Total Uranium Acetonitrile Benzene Butanol PCBs 2,4,6-TCP
% of % of % of % of % of % of % of % of % of % of
Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI
Best-Basis Inventory
BBIa |5,ggx105| N/A | 1.83x10° | N/A | 7,08x107| N/A |8,41x104| N/A |5,g7x105| N/A |2,95x104| N/A | 2.40 | N/A | 3,45x106| N/A |1,68x103| N/A | 1.11 | N/A
Tank Closure Waste Inventory
Tank residual 5.08x10%| 0.1 1.83 0.1 |7.08x10*| 0.1 |8.41x10'| 0.1 [597x10?| 0.1 |2.95x10'| 0.1 |2.40x10°| 0.1 [3.45x10°| 0.1 | 168 | 0.1 [1.11x107] 0.1
wasteb
IHLW glass¢: d 1.14x10° | 19.0 0 0.0 0 0.0 |7.15x10*| 85.0 | 5.17x10° | 86.6 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
ILAW glass and 1.39x10° | 23.2 0 0.0 0 0.0 |268x10°| 3.2 |1.13x10*| 1.9 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
retired LAW
melters

ETF-generated solid| 2.28x10%| 0.0 4.84 0.3 |3.99x10% | 5.6 |4.08x10°| 0.5 |559x10*| 0.0 NR N/A NR N/A NR N/A| NR |NA| NR N/A
secondary waste®

Solid secondary | 8.07x10%| 0.1 | 1.53x10° | 83.9 0 00 |219x10%| 03 |207x10°| 083 | NR |NA| NR |NA| NR |NA| NR |NA| NR | NA
wastef

200-East Area cast |1.78x10°| 29.8 | 2.44x10% | 13.4 | 2.11x107 | 29.7 | 3.57x10° | 4.2 | 1.50x10% | 2.5 | 1.12x10* | 37.9 | 9.11x107* | 37.9 | 1.31x10° [ 37.9 | 6.39 | 0.4 |4.20x10| 37.9
stone waste

200-West Area BV | 1.49x10°| 25.0 0 0.0 0 0.0 [359x10°| 4.3 |1.99x10% | 3.3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
glass

TRU wasted 2.86x10%| 4.8 | 3.49x10" | 1.9 [9.12x10° | 1.3 | 6.49x103 | 7.7 | 5.98x10% | 10.0 | 5.99x10% | 2.0 |4.88x102| 2.0 |7.01x10*| 2.0 [3.54x10t] 2.1 [2.25x107 2.0
Totalh 6.10x10° [ 102.0| 1.82x10° | 99.5 | 2.60x10" | 36.8 | 8.85x10* | 105.2 | 6.26x10° | 104.8 | 1.18x10* | 40.1 | 9.62x107* | 40.1 | 1.38x10° | 40.1 [4.35x10"| 2.6 |4.44x10%| 40.1

Other Inventoryi

PPF secondary 1.88x10° | N/A 7.69 N/A | 1.16x10° | N/A | 4.29x10" | N/A | 4.86x10° | N/A NR N/A NR N/A| 286 |NIA|[1.64x10% NJ/A| NR | N/A
wastel and rubble,
soil, and equipmentk

Air Emissions

Treatment air NR N/A | 1.80x10° | N/A NR N/A NR N/A NR N/A NR N/A NR N/A NR N/A NR N/A NR N/A
emissions!

a Source of BBI is DOE-ORP-2003-02, Rev. 0, Inventory and Source Term Data Package (DOE 2003a).

b Represents 99.9 percent retrieval. For analysis purposes, waste inventories from tank waste retrieval leaks and ancillary equipment were assumed to be treated in the Waste Treatment Plat and via supplemental treatment processes.

C To be stored on site until disposition decisions are made and implemented. The inventory would include the retired HLW melters.

d Includes PPF contribution from clean closure of the BX and SX tank farms.

? Includes secondary liquids that would be sent to the ETF and treated; solids would be disposed of in an Integrated Disposal Facility.

Includes solid low-level radioactive waste and mixed low-level radioactive waste streams that would be generated by waste treatment operations. Such waste streams would include debris waste, melter consumables, failed process
components, analytical laboratory waste, spent resins, spent carbon adsorbent, high-efficiency particulate air filters, and other process-related waste. Excludes contaminated liquid effluent waste streams, which would be treated at the ETF.
Tank transuranic waste would be disposed of in the Waste Isolation Pilot Plant.

Totals may exceed 100 percent due to conservative estimates or rounded numbers. BBI percentages were rounded to the nearest tenth. The organic chemicals (acetonitrile, benzene, butanol, polychlorinated biphenyls, and
2,4,6-trichlorophenol) may not total 100 percent because they would be destroyed during the thermal treatment processes. Nitrate may not total 100 percent because it would be volatilized and released through the facility stack.

No chemical constituents of potential concern have been reported in the cesium and strontium capsule secondary waste streams.

Includes the mixed low-level radioactive waste secondary solid stream generated by the PPF and the solid waste generated from treating PPF liquid and solid secondary waste, as well as solid secondary waste. Disposal would take place in
the River Protection Project Disposal Facility.

Rubble, soil, and equipment would be generated by the removal of 4.6 meters (15 feet) of soil and ancillary equipment at the BX and SX tank farms. Disposal would take place in the River Protection Project Disposal Facility.

I Includes air emissions from all waste treatment processes, including those from treatment of the cesium and strontium capsules. For analysis purposes, both mercury capture and air emission releases were assumed.

Key: %=percent; 2,4,6-TCP=2,4,6-trichlorophenol; BBI=Best-Basis Inventory; butanol=n-butyl alcohol; BV=bulk vitrification; ETF=Effluent Treatment Facility; HLW=high-level radioactive waste; IHLW=immobilized high-level radioactive
waste; ILAW=immobilized low-activity waste; kg=kilograms; LAW=low-activity waste; N/A=not applicable; NR=not reported; PCBs=polychlorinated biphenyls; PPF=Preprocessing Facility; TRU=transuranic.

Source: SAIC 2007g, 2007i, 2008a.
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Draft Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington

Figure D-8. Tank Closure Alternative 4: Clean Closure of
BX and SX Tank Farms Flowsheet
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Appendix D = Waste Inventories

Table D-47. Tank Closure Alternative 4: Radiological Constituents of Potential Concern
Inventory from Clean Closure of BX and SX Tank Farms (curies)

Analyte MLLWa IHLW Glassb ILAW GlassC

Hydrogen-3 (tritium) 7.19x10" 0 0
Carbon-14 3.99 0 0
Strontium-90 5.41x10* 1.69x10° 1.53x10*
Technetium-99 3.14x10" 1.99x10* 2.84x10*
lodine-129 5.84x1072 6.54x1073 1.09x10°2
Cesium-137 9.01x10* 2.86x10* 7.59x10*
Uranium-233, -234, -235, -238 5.16 1.29 4.16
Neptunium-237 1.36x10™ 6.36x1072 1.34x10™
Plutonium-239, -240 5.59x10" 2.29x10? 6.97

d Represents 19.25 percent of the ancillary equipment, tank waste retrieval leak, and tank residual waste inventories, as
well as 65 percent of the deep soils inventory for the BX and SX tank farms. Disposal would take place in the River
Protection Project Disposal Facility.

b Represents the portion of the 85 percent of highly contaminated rubble, soil, and equipment (tank and ancillary
equipment) inventory from clean closure of the BX and SX tank farms that after treatment in the Waste Treatment
Plant resides in the IHLW glass. IHLW would be disposed of off site, however, it may remain on site until disposition
decisions are made and implemented.

C Represents the portion of the 50 percent of highly contaminated rubble and soil (deep soil) inventory from clean closure
of the BX and SX tank farms that would reside in the ILAW glass after treatment in the Waste Treatment Plant.
Disposal would take place in an Integrated Disposal Facility.

Key: HLW-=high-level radioactive waste; IHLW=immobilized high-level radioactive waste; ILAW=immobilized

low-activity waste; MLLW=mixed low-level radioactive waste.

Source: SAIC 2007g, 2007j, 2008a.

Table D-48. Tank Closure Alternative 4: Chemical Constituents of Potential Concern
Inventory from Clean Closure of BX and SX Tank Farms (kilograms)

Analyte MLLW2 IHLW GlassP ILAW Glass®

Chromium 1.86x10° 1.35x10° 4.78x10°
Mercury 1.28 0 0
Nitrate 7.78x10* 0 0
Lead 4.27x10" 9.18x10* 4.03x10*
Total Uranium 4.85%10° 1.79x10° 0
Acetonitrile NR NR NR
Benzene NR NR NR
Butanol (n-butyl alcohol) 2.68 NR NR
Polychlorinated biphenyls 1.64x10* NR NR
2,4,6-Trichlorophenol NR NR NR

a Represents 19.25 percent of the ancillary equipment, tank waste retrieval leak and tank residual waste inventories and
40.5 percent of the deep soils inventory for the BX and SX tank farms. Disposal would take place in the River
Protection Project Disposal Facility.

b Represents the portion of the 85 percent of the highly contaminated rubble, soil, and equipment (tank and ancillary
equipment) waste inventories resulting from clean closure of the BX and SX tank farms that would reside in the IHLW
glass after treatment in the Waste Treatment Plant. ITHLW would be disposed of off site, however, it may remain on
site until disposition decisions are made and implemented.

C Represents the portion of the 85 percent of the highly contaminated rubble and soil (deep soil) inventory from clean
closure of the BX and SX tank farms that would reside in the ILAW glass after treatment in the Waste Treatment
Plant. Disposal would take place in an Integrated Disposal Facility.

Key: HLW=high-level radioactive waste; IHLW=immobilized high-level radioactive waste; ILAW=immobilized

low-activity waste; MLLW=mixed low-level radioactive waste; NR=not reported.

Source: SAIC 2007g, 2007i, 2007k, 2008a.
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Draft Tank Closure and Waste Management Environmental Impact Statement for the
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Additionally, it was assumed that, after the soil contaminated from past tank leaks (deep soil) has been
removed, 30 percent of the radioactive and chemical constituent inventory would be included in materials
that are packaged and sent directly to the RPPDF. The remaining 70 percent of the contaminants would
be contained in soils that are routed to the PPF for soil washing. From this 70 percent, it was assumed
that the PPF processes would remove 50 percent of the radioactive contaminants and 85 percent of the
chemical contaminants. Those radioactive and chemical contaminants removed in the PPF would be sent
to the WTP, where they would be processed into ILAW glass. The remaining contaminants (50 percent
radionuclide and 15 percent chemical) would reside in the decontaminated soil and be disposed of in the
RPPDF. Thus, a total of 65 percent of the radionuclide contaminant inventory from past tank leaks would
be disposed of in the RPPDF (30 percent disposed of directly and 35 percent [half of 70 percent] disposed
of as MLLW after washing in the PPF). Similarly, a total of 41 percent of the chemical contaminant
inventory from past tank leaks would be disposed of in the RPPDF (30 percent disposed of directly and
11 percent [15 percent of 70 percent] disposed of as MLLW after washing in the PPF). The following
equations were used to calculate the inventory of contaminants due to contaminated tank materials,
rubble, soil, and ancillary equipment from clean closure of the BX and SX SST farms
(SAIC 2007g, 2008a).
Mrad

=0.19% (M5 900 +* M rricvas + M,c) +0.65x M

soil anc pleak
MChem soil — 019 x (M TR-99.9 + M retrieval + M anc) + 041 x M pleak
where:

Mrads = inventory of radioactive constituents in contaminated rubble, soil, and equipment
disposed of on site

Mchemg,; = inventory of chemical constituents in contaminated rubble, soil, and equipment
disposed of on site

Mtr-99.9 = inventory of radioactive or chemical constituents in tank residual waste following
removal of 99.9 percent of the inventory

M etrieval = inventory of radioactive or chemical constituents from tank waste retrieval leaks

Manc =inventory of radioactive or chemical constituents in ancillary equipment

Mpleak =inventory of radioactive or chemical constituents in past leaks

Processing steps under Tank Closure Alternative 5 would be similar to those under Tank Closure
Alternative 4, except that a step for removal of sulfate from the LAW stream feed to the LAW melter is
added. The majority of the technetium-99 would be solidified in LAW forms. Under Tank Closure
Alternative 5, the ILAW glass, bulk vitrification glass, cast stone waste, and secondary waste would be
9.6 percent, 5.8 percent, 13.2 percent, and 61.5 percent of the BBI estimate for iodine-129, respectively.
The process flowsheet for Tank Closure Alternative 5 is presented in Figure D-9, and material balance
summaries are presented in Tables D—49 and D-50.
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Appendix D = Waste Inventories

Packaged Offgas
CH-TRU and 4
RH-TRU Waste
4 2 HLW »| Offgas
] 7 ¥ * Melters Cleanup
TRU Waste Hlw
f e sodim Glass ~ Secondary
| Auddiiaen Auddiiaen WaF[e
Tank Solid-Liquid | || Cesium |v | Sulfate |y | 3LAW| | Offgas | |
Separations Removal Removal Melters Cleanup
M
l Sulfate
. Grout | Offgas ILAW Offgas
| | Solid-Liquid Secondary | Waste X Glass
Separations Waste <
1 Offgas
Cleanup
Bulk Vitrification Offgas I ——°o
200-West Area Cleanup . Cast Stone
v " | 200-East Area
Bulk Vitrification Offgas ¥
Glass Cast Stone Waste

Key: CH=contact-handled; HLW=high-level radioactive waste; IHLW=immobilized high-level radioactive waste,
ILAW=immobilized low-activity waste; LAW=low-activity waste; RH=remote-handled; TRU=transuranic.

Figure D-9. Tank Closure Alternative 5 Flowsheet
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Table D-49. Tank Closure Alternative 5: Radiological Constituents of Potential Concern Balance

Hydrogen-3 | Uranium-233, Plutonium
lodine-129 Cesium-137 Carbon-14 (Tritium) -234, -235, -238 |Neptunium-237|  -239, -240 Strontium-90 | Technetium-99
% of % of % of % of % of % of % of % of % of

Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI | Curies | BBI
Best-Basis Inventory
BBI |4.82x10"| N/A [4.58x10"] NIA [3.12x10°] N/A [1.21x10*] NIA [9.38x10%] N/A [1.41x10°] N/A [8.14x10°] N/A [5.05x107] N/A [2.97x10°] NIA
Tank Closure Waste Inventory
Tank residual wasteb 482 |10.0 [4.58x10° 10.0 |3.12x10?| 10.0 |1.21x10°| 10.0 |9.38x10'| 10.0 |1.41x10'| 10.0 |8.14x10°%| 10.0 |5.05x10°| 10.0 |2.97x10°| 10.0
IHLW glassC 1.32x10°| 0.0 [3.63x107| 79.2 0 0.0 0 0.0 |7.56x10%| 80.6 |1.25x10%| 88.9 |6.65x10%| 81.6 [4.43x10"| 87.6 |1.35x10%| 0.5
ILAW glass and retired LAW melters 4.61 9.6 [2.51x10°| 0.5 0 0.0 0 0.0 |2.67x10'| 2.8 [3.92x107% 0.0 [6.13x107 0.0 |1.14x107| 0.0 |1.39x10%| 46.8
Sulfate grout wasted 0 |0.0%|3.11x10*| 0.1 0 0.0 0 0.0 0 0.0 [1.63x107 0.0 [9.98x107 0.0 |1.14x10°| 0.0 0 0.0
ETF-generated solid secondary waste® |2.74x10*| 56.9 |1.36x10%| 0.0 | 1.04 | 0.0 0 0.0 [6.07x102 0.0 |4.68x10% 0.0 |8.51x107 0.0 [4.95x10'| 0.0 |5.03x10%| 0.2
Solid secondary wastef 224 | 47 |158x10°| 0.3 0 0.0 0 00 | 307 | 03 [254x107Y 0.2 [1.64x10%| 0.2 [6.97x10°| 1.4 |2.08x10°| 0.7
200-East cast stone waste 6.38 | 13.2 [7.82x10%| 0.2 [4.05x10%| 13.0 |1.60x10°| 132 | 7.41 | 0.8 [1.13x10%| 0.0 [1.97x107 0.0 |3.16x10°| 0.0 |3.90x10%| 13.1
200-West BV glassd 280 | 5.8 [4.39x10° 9.6 0 0.0 0 0.0 [2.73x10'| 2.9 [8.71x107Y| 0.6 [9.49x10%| 1.2 |4.19x10°| 0.8 |8.56x10°| 28.8
TRU wasteh 4.57x102 0.1 [3.10x10°| 0.7 | 350 | 0.1 | 3.03 | 0.0 |4.24x10'| 45 [8.90x107| 0.6 |6.72x10°| 8.2 [6.84x10°| 1.4 [3.06x10?| 1.0
Totali 4.83x10'(100.3 |4.61x107|100.6 | 7.22x10%| 23.1 |2.80x10%| 23.3 [9.57x10%| 102 |1.42x10?|100.4 |8.25x10*|101.2|5.11x107|101.2| 3x10* | 101.1
Other Inventory
fg’;:gni”aigi‘tjr'gnstfjﬁq”g:gu"l"efte from 0 |NA|L99x10®| NNA| 0 |NA| 0 [NA| 0 |[NA| 0 |NA| 0 |NA|[316x10°| NA| 0 N/A
Cesium and strontium capsules) 0 N/A [4.59x10" | N/A 0 N/A 0 N/A 0 N/A 0 N/A 0 N/A |1.98x107| N/A 0 N/A
Air Emissions
Treatment air emissionsk |3.70x10"[ N/A [7.77x10°] NIA |9.48x10°] N/A [8.69x10°| NIA [4.07x107] N/A [6.33x107 N/A [3.39x10'| N/A [3.36x10°] N/A [1.16x10'| NIA

a  Source of BBI is DOE-ORP-2003-02, Rev. 0, Inventory and Source Term Data Package (DOE 2003a).

b Represents 90.0 percent retrieval. For analysis purposes, waste inventories from tank waste retrieval leaks and ancillary equipment were assumed to be treated in the Waste Treatment Plant and via supplemental treatment

processes.

€ To be stored on site until disposition decisions are made and implemented. The inventory would include the retired HLW melters.
d  Generated by removal of sulfate from the ILAW waste stream. Disposal would take place in an Integrated Disposal Facility.

€ Includes secondary liquids that would be sent to the ETF and treated; solids would be disposed of in an Integrated Disposal Facility. Excludes liquid secondary waste from processing of cesium and strontium capsules, which

would be reported separately.

£ Includes solid low-level radioactive waste and mixed low-level radioactive waste streams that would be generated by waste treatment operations. Such waste streams would include debris waste, melter consumables, failed
process components, analytical laboratory waste, spent resins, spent carbon adsorbent, high-efficiency particulate air filters, and other process-related waste. Excludes contaminated liquid effluent waste streams, which would

be treated at the ETF.

9 Includes technetium-99 inventory that resides in the BV waste container insulating material or waste container.
h" Tank TRU waste disposal would take place in the Waste Isolation Pilot Plant.

i Totals may exceed 100 percent due to conservative estimates or rounded numbers. BBI of percentages were rounded to the nearest tenth. Carbon-14 and hydrogen-3 (tritium) may not total 100 percent; a portion of each

. would be released to the offgas streams and stack, and a portion (ETF-generated liquid) would be disposed of in the State-Approved Land Disposal Site.
] To be treated in the Waste Treatment Plant, resulting in glass waste, which would be stored on site until disposition decisions are made and implemented.
K" Includes air emissions from all waste treatment processes, including those from treatment of the cesium and strontium capsules. For analysis purposes, both iodine-129 capture and air emission releases were assumed.

Key: %=percent; BBI=Best-Basis Inventory; BV=bulk vitrification; ETF=Effluent Treatment Facility; HLW=high-level radioactive waste; IHLW=immobilized high-level radioactive waste; ILAW=immobilized low-activity

waste; LAW=low-activity waste; N/A=not applicable; TRU=transuranic.

Source: SAIC 20079, 2007h, 2008a.
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Table D-50. Tank Closure Alternative 5;: Chemical Constituents of Potential Concern Balance

Chromium Mercury Nitrate Lead Total Uranium Acetonitrile Benzene Butanol PCB 2,4,6-TCP

% of % of % of % of % of % of % of % of % of % of
Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI Kg BBI

Best-Basis Inventory

BBIa |5,98x105| N/A | 1.83x103| N/A | 7,08x107| N/A |8,41x104| N/A |5,g7x105| N/A |2,95x104| N/A | 2.40 | N/A | 3,45x106| N/A |1,58x103| N/A | 1.11 | N/A

Tank Closure Waste Inventory

Tank residual  |5.98x10%| 10.0 | 1.83x10? | 10.0 | 7.08x10° | 10.0 | 8.41x10% | 10.0 | 5.97x10* | 10.0 | 2.95x10° | 10.0 |2.40x10™ | 10.0 | 3.45x10° | 10.0 |1.68x10%| 10.0 |1.11x10"Y 10.0
wasteb

IHLW glass®  [1.01x10° | 16.9 0 0.0 0 0.0 |6.43x10*| 765 | 4.64x10° | 77.8 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
ILAW glass and| 2.20x10' | 0.0 0 0.0 0 0.0 [4.40x10%| 0.0 |1.86x10%| 3.1 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
retired LAW

melters

Sulfate grout | 2.21x10° | 36.9 0 0.0 0 0.0 |441x10%| 5.2 0 0.0 NR N/A NR N/A NR N/A| NR | NA| NR N/A
wasted

ETF-generated |1.15x10%| 0.0 477 | 03 |9.70x10% | 13.7 | 3.67x10° | 0.4 |5.00x10%| 0.0 NR |[NA|] NR |[NA| NR [NA| NR |[NA|] NR [ NA
solid secondary
waste®

Solid secondary | 3.32x102| 0.1 | 1.51x10° | 82.8 0 00 |1.00x10%| 02 |190x10°] 03 | NR |NA| NR |NA| NR |NA| NR |NA| NR | NA
wastef

200-East Area |6.11x10*| 10.2 | 8.36x10 | 4.6 |7.21x10°% | 10.2 | 1.22x10° | 1.5 |5.15x10° | 0.9 |3.71x10° | 12.6 |3.02x1071| 12.6 | 4.35x10° | 126 | 2.12 | 0.1 [1.39x10} 12.6
cast stone waste

200-West Area |1.35x10° | 22.5 0 0 0 0.0 |323x10%| 3.8 |1.80x10"| 3.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
BV glass

TRUwasted  [257x10*| 43 |3.15x10' | 1.7 [9,69x10° | 14 |585x10°| 7.0 |5.38x10* | 9.0 |5.39x10? | 1.8 [4.39x107| 1.8 |6.32x10* | 1.8 [3.19x10'| 1.9 [2.03x107 1.8
Totalh 6.03x10° | 100.8 | 1.81x10° | 99.4 | 2.50x107 | 35.3 | 8.80x10* | 104.6 | 6.21x10° | 104.1 | 7.20x10° | 24.4 | 5.86x10" | 24.4 | 8.43x10° | 24.4 [2.03x10?| 12.0 |2.70x10| 24.4
Other Inventoryi

Treatment air NR N/A | 1.72x10° | N/A NR N/A NR N/A NR N/A NR N/A NR N/A NR N/A NR N/A NR N/A
emissions)

a  Source of BBI is DOE-ORP-2003-02, Rev. 0, Inventory and Source Term Data Package (DOE 2003a).

b Represents 90.0 percent retrieval. For analysis purposes, waste inventories from tank waste retrieval leaks and ancillary equipment were assumed to be treated in the WTP and via supplemental treatment processes.

€ To be stored on site until disposition decisions are made and implemented. The inventory would include the retired HLW melters.

d  Generated by removal of sulfate from the ILAW feed stream. Disposal would take place in an Integrated Disposal Facility.

€ Includes secondary liquids that would be sent to the ETF and treated; solids would be disposed of in an Integrated Disposal Facility.

T Includes solid low-level radioactive waste and mixed low-level radioactive waste streams that would be generated by waste treatment operations. Such waste streams would include debris waste, melter consumables, failed

process components, analytical laboratory waste, spent resins, spent carbon adsorbent, high-efficiency particulate air filters, and other process-related waste. Excludes contaminated liquid effluent waste streams, which would be
treated at the ETF.
9 Tank transuranic waste would be disposed of in the Waste Isolation Pilot Plant.
h Totals may exceed 100 percent due to conservative estimates or rounded numbers. BBI percentages were rounded to the nearest tenth. The organic chemicals (acetonitrile, benzene, butanol, polychlorinated biphenyls, and
~ 2,4,6-trichlorophenol) may not total 100 percent because they would be destroyed during thermal treatment processes. Nitrate may not total 100 percent because it would be volatilized and released through the facility stack.
! No chemical constituents of potential concern have been reported in the cesium and strontium capsule secondary waste streams.
J Includes air emissions from all waste treatment processes, including those from treatment of the cesium and strontium capsules. For analysis purposes, both mercury capture and air emission releases were assumed.
Key: %=percent; 2,4,6-TCP=2,4,6-trichlorophenol; BBI=Best-Basis Inventory; butanol=n-butyl alcohol; BV=bulk vitrification; ETF=Effluent Treatment Facility; HLW=high-level radioactive waste; IHLW=immobilized high-level
radioactive waste; ILAW=immobilized low-activity waste; kg=kilograms; LAW=low-activity waste; N/A=not applicable; NR=not reported; PCBs=polychlorinated biphenyls; TRU=transuranic; WTP=Waste Treatment Plant.
Source: SAIC 2007g, 2007i, 2008a.
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Draft Tank Closure and Waste Management Draft Environmental Impact Statement for the
Hanford Site, Richland, Washington

Under Tank Closure Alternative 6, there are three subalternatives (6A, 6B, and 6C); two of these
alternatives (6A and 6B) have two options: a Base Case and an Option Case. Under the Tank Closure
Alternative 6A Base Case, represented in Figure D-10, all waste streams, including those from clean
closure of the SSTs, would be managed as IHLW glass. Under the Tank Closure Alternative 6A Option
Case, the six sets of contiguous cribs and trenches (ditches) described in Section D.1.5 (the B Cribs;
BX Trenches; BY Cribs; T Cribs; T Trenches and TX Trenches [considered to be one set]; and TY Cribs)
would be added to the 6A Base Case inventory. Material balance summaries for these two cases are
presented in Tables D-51 through D-54.

Offgas
4
5 HLW | offgas
Melters | Cleanup
IHLW Secondary
Glass Waste

Tank

Key: HLW=high-level radioactive waste; IHLW=immobilized high-level radioactive waste.

Figure D-10. Tank Closure Alternative 6A Flowsheet

Under the Tank Closure Alternative 6B Base Case, represented in Figure D-11, all waste streams,
including those resulting from clean closure of the SSTs, would be managed as IHLW glass. Under the
Tank Closure Alternative 6B Option Case, the six sets of contiguous cribs and trenches (ditches)
described in Section D.1.5 would be added to the 6B Base Case inventory. Material balance summaries
for these two cases are presented in Tables D-55 through D-58. However, Tank Closure Alternative 6B
would treat the tank waste in a shorter period of time than Tank Closure Alternative 6A due to the use of
LAW melters. The ILAW glass would be managed as IHLW glass.

Under the Tank Closure Alternative 6A and 6B Base Cases (see Figure D-12 for a simplified flowsheet
and Tables D-59 and D-60 for inventories), all 12 SST farms would undergo clean closure. Tank
residual waste, materials, and highly contaminated rubble, soil, and equipment from tank and ancillary
equipment removal activities would be packaged in shielded boxes, stored on site, and managed as IHLW
glass. This waste represents 95 percent of the radioactive and chemical constituent inventory remaining
in the tanks and the contaminated rubble, soils, and ancillary equipment resulting from leaks associated
with waste retrieval. The waste would be managed and stored as IHLW in shielded containers on site.
Only 5 percent of the inventory would be packaged and sent directly to the RPPDF.
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Appendix D = Waste Inventories

(managed as
IHLW Glass)

Offgas
"
] 2HLW | Offgas
1 | Melters "] Cleanup
v |
IHLW
Glass Secondary
Waste
Tank .| Solid-Liquid || Cesium .| 6LAW Offgas
Separations Removal Melters “| Cleanup
v
ILAW Offgas
Glass

Key: HLW=high-level radioactive waste; IHLW=immobilized high-level radioactive waste; ILAW=immobilized low-activity waste;

LAW=low-activity waste.

Figure D-11. Tank Closure Alternative 6B or 6C Flowsheet

ReY: H—percent, HLW—Tsgn-eve! Taaoacinie Wasee, IUF=IMmegraied LASTOS3l TaCiny, ¥ FHF=FTEefI0CESSIng Fa3CaTy

RPPDF=River Proleclion Projecl Disposal Facilily.

Figure D-12. Tank Closure Alternatives 6A and 6B, Base Cases: Clean Closure

of Single-Shell Tank Farms Flowsheet
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Draft Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington

Table D-59. Tank Closure Alternatives 6A and 6B, Base
Cases: Radiological Constituents of Potential Concern Inventory
from Clean Closure of the SST Farms (curies)

Analyte MLLWa PPF GlassP
Hydrogen-3 (tritium) 2.16x10° 0
Carbon-14 2.90x10* 0
Strontium-90 1.47x10° 6.43x10*
Technetium-99 2.09x10? 1.51x10?
lodine-129 4.01x10* 5.88x10
Cesium-137 3.75x10° 2.54x10°
Uranium-233, -234, 1.34x10" 8.72
-235, -238
Neptunium-237 7.95x10" 5.97x10"
Plutonium-239, -240 1.03x10? 3.59x10!

@ Represents 5 percent of the ancillary equipment, tank waste retrieval leak, and
tank residual waste inventories, as well as 65 percent of the deep soils inventory
for the single-shell tank farms. Disposal would take place in the River Protection
Project Disposal Facility.

b Represents 50 percent of the highly contaminated deep soil inventory that would
be removed from clean closure of all of the single-shell tank farms and treated in
the PPF, resulting in PPF glass. Disposal would take place in an Integrated
Disposal Facility.

Key: MLLW=mixed low-level radioactive waste; PPF=Preprocessing Facility;

SST=single-shell tank.

Source: SAIC 20079, 2007j, 2008a.

Table D-60. Tank Closure Alternatives 6A and 6B, Base
Cases: Chemical Constituents of Potential Concern Inventory
from Clean Closure of the SST Farms (kilograms)

Analyte MLLWa PPF GlassP
Chromium 4.20x10° 9.60x10°
Mercury 2.38 0
Nitrate 2.83x10° 0
Lead 3.39x10? 2.45%10?
Total Uranium 1.07x10* 6.96x10°
Acetonitrile 1.47 0
Benzene 1.20x10™ 0
Butanol (n-butyl alcohol) 8.05x10? 0
Polychlorinated biphenyls 2.82x10™ 0
2,4,6-Trichlorophenol 5.54x10° 0

@ Represents 5 percent of the ancillary equipment, tank waste retrieval leak, and tank
residual waste inventories and 40.5 percent of the deep soils inventory for the single-
shell tank farms. Disposal would take place in the River Protection Project Disposal
Facility.

b Represents 85 percent of the highly contaminated deep soil inventory that would be
removed during clean closure of all of the single-shell tank farms and treated in the
PPF, resulting in PPF glass. Disposal would take place in an Integrated Disposal
Facility.

Key: MLLW=mixed low-level radioactive waste; PPF=Preprocessing Facility;

SST=single-shell tank.

Source: SAIC 20079, 2007i, 2007k, 2008a.
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Appendix D = Waste Inventories

Soils contaminated from past tank leaks would be removed and managed as described above for Tank
Closure Alternative 4. Moderately contaminated soil containing 30 percent of the radiological and
chemical inventories would be packaged for direct disposal in the RPPDF. Heavily contaminated soil
containing 70 percent of the radiological and chemical inventories would be processed through soil
washing in the PPF. In the PPF, 85 percent of the chemical constituents and 50 percent of the radioactive
constituents would be removed from the soil in a liquid waste stream. This liquid waste stream would be
further processed in the PPF into PPF glass for onsite storage in an Integrated Disposal Facility (IDF).
This liquid waste stream represents 35 percent of the radioactive constituents and 59 percent of the
chemical constituents from past leaks. The remaining inventory of contaminants, 35 percent of the initial
contaminated soil radioactive inventory (50 percent of the 70 percent sent to the PPF), and 11 percent of
the initial contaminated chemical inventory (15 percent of the 70 percent sent to the PPF) would be
managed as MLLW generated by PPF operations. Thus, a total of 65 percent of the inventory of
radioactive constituents and 41 percent of the inventory of chemical constituents from past tank leaks
would be disposed of in the RPPDF.

The inventories associated with the soil disposed of on site are determined as shown in the following
equations.

Mradg = 0.65 X Mjeax
MChemson =0.41 % Mpleak

where:
Mrads =inventory of radioactive constituents in contaminated soil disposed of on site
Mchems,; =inventory of chemical constituents in contaminated soil disposed of on site
Mpleak =inventory of radioactive or chemical constituents from past leaks

For the Option Cases under Tank Closure Alternatives 6A and 6B, the soils contaminated from
intentional discharges to the six sets of cribs and trenches (ditches) would be added to the inventories
from the 12 SST farms. Tables D-61 and D-62 show estimates of radioactive and chemical constituent
inventories from clean closure of the SST Farms and the six sets of cribs and trenches (ditches),
respectively.

Waste would be treated the same under Tank Closure Alternatives 6B and 6C; however, the SSTs would
be landfill-closed, not clean-closed, under Alternative 6C. The process schematic and material balance
summaries under Alternative 6C are presented in Figure D-11 and Tables D-63 and D-64.
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Draft Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington

Table D-61. Tank Closure Alternatives 6A and 6B, Option Cases
Radiological Constituents of Potential Concern Inventory from
Clean Closure of the Single-Shell Tank Farms and Six Sets of
Cribs and Trenches (Ditches) (curies)

Analyte MLLWa PPF GlassP
Hydrogen-3 (tritium) 5.72x10° 0
Carbon-14 4.43x10" 0
Strontium-90 1.57x10° 7.38x10"
Technetium-99 3.51x10? 2.90x10?
lodine-129 6.37x10 1.06x10*"
Cesium-137 3.90x10° 2.69x10°
Uranium-233, -234, 1.96x10* 1.49x10"
-235, -238
Neptunium-237 2.23 2.02
Plutonium-239, -240 6.96x10° 6.31x10?

a Represents 5 percent of the ancillary equipment, tank waste retrieval leak, and
tank residual waste inventories and 65 percent of the deep soils inventory for the
single-shell tank farms and the six sets of contiguous cribs and trenches (ditches).
Disposal would take place in the River Protection Project Disposal Facility.

b Represents 50 percent of the highly contaminated deep soil inventory that would
be removed during clean closure of all of the single-shell tank farms and the six
sets of contiguous cribs and trenches (ditches) and treated in the PPF, resulting in
PPF glass. Disposal would take place in an Integrated Disposal Facility.

Key: MLLW=mixed low-level radioactive waste; PPF=Preprocessing Facility.

Source: SAIC 2007g, 2007i, 2007j, 2008a.

Table D-62. Tank Closure Alternatives 6A and 6B, Option Cases

Chemical Constituents of Potential Concern Inventory from Clean

Closure of the Single-Shell Tank Farms and Six Sets of Cribs and
Trenches (Ditches) (kilograms)

Analyte MLLWa PPF GlassP
Chromium 3.70x10* 9.03x10*
Mercury 1.59x10" 0
Nitrate 1.04x10’ 0
Lead 3.50x10? 2.73x10°
Total Uranium 1.22x10" 4.58x10°
Acetonitrile 1.47 0
Benzene 1.20x10™ 0
Butanol (n-butyl 8.05x10°
alcohol) 0
Polychlorinated 2.82x10*
biphenyls 0
2,4,6-Trichlorophenol 5.54x10° 0

@ Represents 5 percent of the ancillary equipment, tank waste retrieval leak, and
tank residual waste inventories and 40.5 percent of the deep soils inventory for the
single-shell tank farms and the six sets of contiguous cribs and trenches (ditches).
Disposal would take place in the River Protection Project Disposal Facility.
Represents 85 percent of the highly contaminated deep soil inventory that would
be removed during clean closure of all of the single-shell tank farms and the six
sets of contiguous cribs and trenches (ditches) and treated in the PPF, resulting in
PPF glass. Disposal would take place in an Integrated Disposal Facility.

Key: MLLW=mixed low-level radioactive waste; PPF=Preprocessing Facility.
Source: SAIC 2007g, 2007i, 2007k, 2008a.
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Appendix D = Waste Inventories

For the purpose of long-term impact assessment, constituent inventory estimates are required for three
categories of soil: surface, near surface, and deep soil. Surface soil is defined as soil located within
0.15to 0.3 meters (0.5 to 1foot) of the surface. For long-term impacts, surface soil constituent
inventories are expected to be minor for three reasons. First, surface contamination occurs primarily due
to spills, and current operating procedures call for prompt remediation. Second, during the 1990s, a layer
of clean soil was placed over the tank farms to reduce the dose to workers. Third, under all Tank Closure
alternatives except Alternatives 1 and 2A, all tank farms would be capped or backfilled with clean soil.
Near-surface soil is defined as soil located within 0.3 to 4.6 meters (1 to 15 feet) of the surface.
Inventories in this category are dominated by the contributions of ancillary equipment, as described in
Section D.1.2. Finally, deep soil is defined as soil located at depths greater than 4.6 meters (15 feet).
Contamination of deep soil is expected to be due to past leaks, discharges to cribs and trenches (ditches),
and tank waste retrieval leaks, for which inventory estimates are presented in Sections D.1.4, D.1.5, and
D.1.6, respectively.

During closure of the tank farms, combinations of the three categories of soil would be disposed of on
site, either with or without additional cleaning. Inventories of radioactive and chemical constituents
projected under each of the Tank Closure alternatives are presented in the following section in
conjunction with inventories of the waste forms proposed for waste disposal.

As discussed in Chapter 2, Tank Closure Alternatives 2B, 3A, 3B, 3C, and 6C would remove
contaminated soil (upper 4.6 meters [15 feet]) at the BX and SX tank farms only. Tank Closure
Alternative 4 would include clean closure of the BX and SX tank farms, including disposal of ancillary
equipment and contaminated soils. The Tank Closure Alternative 6A and 6B Base Cases would include
clean closure of all SST farms, including disposal of ancillary equipment and contaminated soils. In
addition, Tank Closure Alternatives 6A and 6B analyze the option of expanding clean closure to include
the six sets of contiguous cribs and trenches (ditches) in addition to the SST farms. Therefore, three
contaminated-soil onsite disposal analyses were conducted using current tank, ancillary equipment, tank
residual, retrieval, and past leak inventory data. The bases for these calculations are the process options
described in the scaled data documentation prepared for this TC & WM EIS (SAIC 2007g, 2008a). These
options involve the different types of waste, recovery efficiencies, and combinations of processing under
each alternative. Material balances reflecting these process options were developed using the analysis
described in the following paragraphs.

For Tank Closure Alternatives 2B, 3A, 3B, 3C, and 6C (see Figure D-13 for a simplified flowsheet and
Tables D-65 and D-66 for inventories), the following calculation was used to determine the radioactive
and chemical constituent inventories that would be associated with removal of soil and ancillary
equipment within 4.6 meters (15 feet) of the ground surface at the BX and SX tank farms. The
calculation is based on the assumptions that the inventory of contaminants excluding ancillary equipment
would be minor compared to the inventory of contaminants including ancillary equipment, and that all of
the recovered soil, ancillary equipment, and associated inventory of contaminants would be packaged for
disposal in the RPPDF. The inventory of contaminants was calculated as follows:

M., =1.0xM_
where:
Msoiit =  inventory of radioactive or chemical constituents in contaminated equipment and soil
disposed of on site
Mae = inventory of radioactive or chemical constituents in ancillary equipment
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Inventory of River Protection
Ancillary » Project Disposal
Equipment Facility

Figure D-13. Tank Closure Alternatives 2B, 3A, 3B, 3C,
and 6C: Contaminated Soil Removal at BX and
SX Tank Farms Flowsheet

Table D-65. Tank Closure Alternatives 2B, 3A, 3B, 3C, and 6C
Radiological COPC Inventory from Removal of 4.6 Meters (15 Feet)
of Soil at the BX and SX Tank Farms (curies)

Analyte MLLwWa
Hydrogen-3 (tritium) 6.03
Carbon-14 1.47
Strontium-90 3.05x10*
Technetium-99 9.72
lodine-129 1.67x107
Cesium-137 1.31x10*
Uranium-233, -234, -235, -238 4.82x10"
Neptunium-237 3.24x107
Plutonium-239, -240 4.32x10"

& Represents 100 percent of the ancillary equipment inventory in BX and SX tank
farms. Disposal would take place in the River Protection Project Disposal Facility.

Key: MLLW=mixed low-level radioactive waste.

Source: SAIC 2007g, 2007j, 2008a.

Table D-66. Tank Closure Alternatives 2B, 3A, 3B, 3C, and 6C
Chemical COPC Inventory from Removal of 4.6 Meters (15 Feet)
of Soil at the BX and SX Tank Farms (kilograms)

Analyte MLLwWa
Chromium 5.86x10?
Mercury 2.22
Nitrate 3.93x10*
Lead 3.34x10*
Total Uranium 6.60x10?
Acetonitrile NR
Benzene NR
Butanol (n-butyl alcohol) NR
Polychlorinated biphenyls NR
2,4,6-Trichlorophenol NR

@ Represents 100 percent of the ancillary equipment inventory in BX and SX tank
farms. Disposal would take place in the River Protection Project Disposal Facility.

Key: MLLW=mixed low-level radioactive waste; NR=not reported.

Source: SAIC 2007g, 2007k, 2008a.
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Appendix D = Waste Inventories

D.1.8 Distribution of Radiological Constituents of Potential Concern for Tank
Closure Alternatives

As discussed in Section D.1.7, the retrieval of tank wastes, treatment and stabilization of waste streams,
and closure of the tank farms would generate a number of waste forms for both on- and offsite disposal.
This section provides both a graphical representation and tabular information on the radiological COPC
inventories for each of the Tank Closure alternatives. Figures D-14 through D—63 (a total of 50 figures)
below show the distribution of the nine radiological COPCs for Tank Closure Alternatives 2A, 2B, 3A,
3B, 3C, 4, 5, the 6A Base and Option Cases, the 6B Base and Option Cases, and 6C (SAIC 2007g, 20071,
2008a). These figures include the following for each of the Tank Closure action alternatives:

e A histogram that provides a graphic display of the distribution of the nine radiological COPCs
(iodine-129; cesium-137; carbon-14; tritium; uranium [including uranium-233, -234, -235, and -238];
neptunium-237; plutonium [including plutonium-239 and -240]; strontium-90; and technetium-99).
For each of these COPCs, the histogram provides the total curies in the tank farms (BBI estimate) and
the estimated BBI percentage (curie basis) that would be disposed of on site in an IDF as either a
glass waste form (ILAW glass, bulk vitrification glass), a grout (cast stone waste, retired LAW
melters [grout-filled], Effluent Treatment Facility [ETF]-generated secondary solid waste, sulfate
grout waste, or tank residual waste), or steam reforming waste. As noted on the histograms, only
tank closure waste is included. The histogram excludes waste generated by the Fast Flux Test
Facility (FFTF) Decommissioning and Waste Management alternatives; offsite waste; onsite,
non-Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), nontank
waste; cesium and strontium capsule waste; waste forms that would be disposed of in the RPPDF;
and PPF-generated waste that would contribute to the IHLW glass and ILAW glass.

e Three pie charts that graphically display the disposition of three radiological COPCs (iodine-129;
uranium [including uranium-233, -234, -235, and -238]; and technetium-99) under each Tank Closure
alternative. As noted on the pie charts, only tank closure waste is included. The pie charts exclude
waste generated by the FFTF Decommissioning and Waste Management alternatives; offsite waste;
onsite, non-CERCLA, nontank waste; cesium and strontium capsule waste; the waste forms that
would be disposed of in the RPPDF; and PPF-generated waste that would contribute to the IHLW
glass and ILAW glass.

e One summary pie chart that includes all nine radiological COPCs (iodine-129; cesium-137;
carbon-14; tritium; uranium [including uranium-233, -234, -235, and -238]; neptunium-237;
plutonium [including plutonium-239 and -240]; strontium-90; and technetium-99) and displays the
disposition of the total of these COPCs under each Tank Closure alternative. As noted on the pie
charts, only tank closure waste is included. This pie chart excludes waste generated by the FFTF
Decommissioning and Waste Management alternatives; offsite waste; onsite, non-CERCLA, nontank
waste; cesium and strontium capsule waste; the waste forms that would be disposed of in the RPPDF;
and PPF-generated waste that would contribute to the IHLW glass and ILAW glass.

e The figures in the following section reflect the assumption that IHLW would be disposed of off site
(however, this IHLW would be stored on site until disposition decisions are made and implemented).
As indicated in the Administration’s fiscal year 2010 budget request, the Administration intends to
terminate the Yucca Mountain program while developing nuclear waste disposal alternatives.
Notwithstanding the decision to terminate the Yucca Mountain program, DOE remains committed to
meeting its obligations to manage and ultimately dispose of HLW and SNF. The Administration
intends to convene a blue ribbon commission to evaluate alternative approaches for meeting these
objectives. The commission will provide the opportunity for a meaningful dialogue on how best to
address this challenging issue and will provide recommendations that will form the basis for working
with Congress to revise the statutory framework for managing and disposing of HLW and SNF.
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Figure D-15. Tank Closure Alternative 2A: lodine-129 Distribution

Figure D-16. Tank Closure Alternative 2A: Uranium Distribution
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Figure D-17. Tank Closure Alternative 2A: Technetium-99 Distribution

Figure D-18. Tank Closure Alternative 2A: Distribution of Total Radiological
Constituents of Potential Concern
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Figure D-20. Tank Closure 2B: lodine-129 Distribution

Figure D-21. Tank Closure Alternative 2B: Uranium Distribution
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Figure D-22. Tank Closure Alternative 2B: Technetium-99 Distribution

Figure D-23. Tank Closure Alternative 2B: Distribution of Total Radiological
Constituents of Potential Concern
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Figure D-25. Tank Closure Alternative 3A: lodine-129 Distribution

Figure D-26. Tank Closure Alternative 3A: Uranium Distribution
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Figure D-27. Tank Closure Alternative 3A: Technetium-99 Distribution

Figure D-28. Tank Closure Alternative 3A: Distribution of Total Radiological
Constituents of Potential Concern
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Figure D-30. Tank Closure Alternative 3B: lodine-129 Distribution

Figure D-31. Tank Closure Alternative 3B: Uranium Distribution
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Figure D-32. Tank Closure Alternative 3B: Technetium-99 Distribution

Figure D-33. Tank Closure 3B: Distribution of Total Radiological
Constituents of Potential Concern
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Figure D-35. Tank Closure Alternative 3C: lodine-129 Distribution

Figure D-36. Tank Closure Alternative 3C: Uranium Distribution
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Figure D-37. Tank Closure Alternative 3C: Technetium-99 Distribution

Figure D-38. Tank Closure Alternative 3C: Distribution of Total Radiological
Constituents of Potential Concern
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Figure D-40. Tank Closure Alternative 4: lodine-129 Distribution

Figure D-41. Tank Closure Alternative 4: Uranium Distribution
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Figure D-42. Tank Closure Alternative 4: Technetium-99 Distribution

Figure D-43. Tank Closure Alternative 4: Distribution of Total Radiological
Constituents of Potential Concern
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Figure D-45. Tank Closure Alternative 5: lodine-129 Distribution

Figure D-46. Tank Closure Alternative 5: Uranium Distribution
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Figure D-47. Tank Closure Alternative 5: Technetium-99 Distribution

Figure D-48. Tank Closure Alternative 5: Distribution of Total Radiological
Constituents of Potential Concern
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Draft Tank Closure and Waste Management Environmental Impact Statement for the
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Figure D-50. Tank Closure Alternative 6A, Base Case or Option Case: lodine-129 Distribution

Figure D-51. Tank Closure Alternative 6A, Base Case or Option Case: Uranium Distribution
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Figure D-52. Tank Closure Alternative 6A, Base Case or Option Case:
Technetium-99 Distribution

Figure D-53. Tank Closure Alternative 6A, Base Case or Option Case:
Distribution of Total Radiological Constituents of Potential Concern
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Figure D-55. Tank Closure Alternative 6B, Base Case or Option Case: lodine-129 Distribution

Figure D-56. Tank Closure Alternative 6B, Base Case or Option Case: Uranium Distribution
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Figure D-57. Tank Closure Alternative 6B, Base Case or Option Case:
Technetium-99 Distribution

Figure D-58. Tank Closure Alternative 6B, Base Case or Option Case:
Distribution of Total Radiological Constituents of Potential Concern
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Figure D-60. Tank Closure Alternative 6C: lodine-129 Distribution

Figure D-61. Tank Closure Alternative 6C: Uranium Distribution
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Figure D-62. Tank Closure Alternative 6C: Technetium-99 Distribution

Figure D-63. Tank Closure Alternative 6C: Distribution of
Total Radiological Constituents of Potential Concern

D-103




Draft Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington

D.2 FFTF DECOMMISSIONING ALTERNATIVES

D.21 Radioactive and Chemical Inventories

This section summarizes the radioactive and chemical inventories that were analyzed for each of the three
FFTF Decommissioning alternatives. Appendix E, Section E.2.3, provides a summary description of the
FFTF Decommissioning alternatives analyzed in this TC & WM EIS and is partially reproduced in this
section for the reader’s convenience. The primary documentation prepared in support of the inventories
presented in this section is FFTF Radioactive and Hazardous Materials Inventory (CEES 2006).

The following data supported the development of the radioactive and chemical inventories for each FFTF
Decommissioning alternative.

D.21.1 Assumptions
Materials that were assumed to be removed during FFTF deactivation activities include:
e Special nuclear materials (associated with flux monitors)
e Nuclear fuel (SNF, nonirradiated fuel)
e Ethylene glycol (approximately 355,830 liters [94,000 gallons])
e Cooling tower chemicals
e Transformer oils containing PCBs (approximately 32,180 liters [8,500 gallons])
e Freon™'R-12 and R-22 (approximately 13,150 kilograms [29,000 pounds])
e Sulfuric acid (approximately 5,700 liters [1,500 gallons])
o Depleted ion exchange resins (approximately 8.5 cubic meters [300 cubic feet])
o Fuel oil (approximately 374,750 liters [99,000 gallons])
o Mobiltherm™? oil (approximately 7,750 liters [2,000 gallons])

e Chemical inventories identified in Attachment 2 the Technical Information Document for the Fast
Flux Test Facility Closure Project Environmental Impact Statement (Fluor Hanford 2005a)

e Materials containing asbestos (approximately 76.5 cubic meters [100 cubic yards]) (DOE 1995,
2006a).

' Freonis a registered trademark of E.I. du Pont de Nemours and Company, Wilmington, Delaware.
% Mobiltherm is a registered trademark of Socony Mobil Oil Company, Inc., New York, New York.
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D.2.12 Fast Flux Test Facility Inventory

The FFTF radionuclide and hazardous materials inventory is summarized in this section according to the
following categories:

1. Sodium Inventory
a. Volumetric inventory of sodium
b. Radionuclide inventory of sodium

2. Radionuclide inventory from activation
a. Activated reactor vessel and hardware
b. Activated concrete bioshield

3. Radionuclide inventory from contamination

4. Nonradioactive hazardous materials inventory
D.2.1.3 FFTF Bulk Sodium Inventory

The FFTF sodium inventory includes (1) the sodium from the FFTF primary and secondary cooling
systems, (2) the sodium in the Fuel Storage Facility and interim decay storage vessel, and (3) the sodium-
potassium alloy from the secondary auxiliary cooling systems (for the primary cold trap filter and Fuel
Storage Facility pool) and pressure transducers. The other Hanford bulk sodium, from the Hallam
Reactor and Sodium Reactor Experiment, is described in Appendix E, Section E.2.4.1.

The total FFTF sodium inventory has been reported as approximately 984,200 liters (260,000 gallons).
The volumes associated with this reported volume for the different FFTF systems are shown in
Table D-67. Current estimates have reduced this sodium volume to 958,000 liters (253,000 gallons). As
of June 2007, approximately 916,000 liters (242,000 gallons) of radioactively contaminated bulk sodium
have been drained from the FFTF reactor vessel, three primary and three secondary heat transport system
loops, the Fuel Storage Facility, and the interim decay storage vessel and associated auxiliary systems;
this bulk sodium was transferred to the Sodium Storage Facility. Also, the sodium-potassium alloy,
contained in pressure transducers, was removed from FFTF. Additional drainage activities that are
planned would result in an estimated volume of approximately 15,140 liters (4,000 gallons) of sodium
residuals remaining in the drained systems. Appendix E, Section E.2.4.1, of this EIS contains additional
descriptions of the FFTF sodium inventory (Chapin 2007).

Table D-67. Fast Flux Test Facility Systems Bulk Sodium Volumes

Volume

Fast Flux Test Facility System (liters)

Primary cooling system 530,000
Secondary cooling system 249,800
Fuel Storage Facility 117,300
Interim decay storage vessel 87,100
Totala 984,200

@ The total excludes a nominal 2,271 liters of sodium-potassium alloy that was removed

from FFTF.
Note: To convert liters to gallons, multiply by 0.26417.
Source: CEES 2006.

The constituent concentrations and quantities remaining in the FFTF primary and secondary sodium loops
are provided in Table D-68. At a minimum, these constituents would be present in the various
components in proportion to their sodium residuals volume. Additional quantities of these constituents
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may be present in the components based on their function (e.g., cold traps); however, the additional
quantities in the specific components are unknown.

Table D-68. Fast Flux Test Facility Sodium Contaminant Constituents

Sodium Analysis Constituent Inventory
Quantity in Quantity in Total
Sodium Residuals FFTF Sodium
Primary Secondary (15,140 liters) (984,200 liters)

Constituent Sodium Sodium Units (4,000 gallons) (260,000 gallons) Units
Silver <0.02 0.01 ppm by wt 2.86x10™ 1.86x107 kg
Aluminum 0.2 0.5 ppm by wt 7.17x10° 4.67x10*1 kg
Boron <0.04 0.3 ppm by wt 4.30x10°° 2.79x10! kg
Barium <0.02 0.03 ppm by wt 4.30x10™ 2.79%x107 kg
Bismuth <0.2 0.03 ppm by wt 2.86x10° 1.86x10" kg
Calcium 0.3 0.5 ppm by wt 7.17x10° 467x10" kg
Cadmium <0.01 <0.1 ppm by wt 1.43x1073 9.30x10% kg
Chlorine — 0.5 ppm by wt 7.17x10° 467x10" kg
Cobalt <0.02 0.4 ppm by wt 5.72x10°° 3.72x10™ kg
Chromium 0.4 0.4 ppm by wt 5.72x10° 3.72x10*" kg
Cesium-137 <1x10™%° — curies per gram 1.43x1073 9.30x107 curies
Copper 0.03 0.15 ppm by wt 2.15x10°° 1.40x10" kg
Iron 2.9 39 ppm by wt 5.58x10" 3.63x10" kg
Hydrogen-3 1.6x107 — curies per gram 2.29 1.49%x10° curies
(tritium)

Potassium 2312(2) 287 ppm by wt 3.31x10 2.15x10° kg
Lithium 0.1 <0.01 ppm by wt 1.43x10° 9.30x107 kg
Magnesium 0.7 0.05 ppm by wt 1.00x10 6.53x10™ kg
Manganese 0.4 0.24 ppm by wt 5.72x10° 3.72x10™ kg
Molybdenum <0.04 1 ppm by wt 1.43x10 9.30x10™ kg
Sodium-22 5.2x107 — curies per gram 7.44 4.84x10? curies
Nickel 0.25 22 ppm by wt 3.15x10 2.05x10" kg
Lead 0.06 0.3 ppm by wt 4.30x10°° 2.79x101 kg
Silicon 0.1 2 ppm by wt 2.86x1072 1.86 kg
Tin 5 0.02 ppm by wt 7.17x102 4.67 kg
Strontium <0.01 — ppm by wt 1.43x10* 9.30x10°° kg
Titanium 0.04 — ppm by wt 5.72x10™ 3.72x10? kg
Total Alpha 1.2x10"2 — curies per gram 1.72x10° 1.12x10° curies
Uranium <2 01 ppm by wt 2.86x107 1.86 kg
Vanadium <0.02 — ppm by wt 2.86x10™ 1.86x107 kg

Note: To convert kilograms to pounds, multiply by 2.2046.
Key: FFTF=Fast Flux Test Facility; kg=kilograms; ppm=parts per million; wt=weight.
Source: CEES 2006.

Gamma energy analyses of the wastewater from cleaning sodium residuals from fuel and fuel-handling
components indicated that there are five primary radionuclides present; that the beta to alpha ratio is
greater than 700; and that cesium-137 and cobalt-60 account for greater than 70 percent of the
radionuclides in the waste stream (Fluor Hanford 2005a). The five primary radionuclides in the wash
wastewater and their volume percentages are:

Cesium-137: 94 to 97 percent
Cesium-134: 2 to 3 percent
Sodium-22: less than 1 percent
Cobalt-60: less than 1 percent
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o Manganese-54: less than 1 percent
D.2.14 Radionuclide Inventory from Activation

The radionuclide inventory from activation of the reactor vessel and in-vessel components and the
concrete bioshield immediately surrounding the reactor vessel is provided in the following sections.

The reactor vessel and in-vessel components have a total of 900,000 curies of activation products, as
shown in Table D-69. Table D-70 summarizes the data in Table D-69 and additionally reports the
inventory for the interim examination and maintenance (IEM) cell items and non-fueled hardware that
have become activated.

Table D-69. Activated Reactor Vessel and In-Vessel Component Inventory, Decayed to

September 2003

C-14 Co-60 Mo-93 Nb-94 Ni-59 Ni-63 Tc-99 Total
Inner radial shield 3.09x10' | 1.48x10° 0 7.91 1.17x10% | 1.13x10* 0 1.59x10°
Outer radial shield 1.31x10* | 6.49x10* 0 3.78 5.45x10' | 5.26x10° 0 7.02x10*
Radial shield support 8.02x10 | 3.84x10? 0 1.74x10| 3.18x10"| 3.12x10 0 4.16x10?
Core basket 2.00x107 | 8.49x10° 0 3.20x102| 7.51x10| 7.48x10* 0 9.25x10?
Grid plate 4.67x107 | 2.44x10° 0 1.13x10% |  1.86 | 1.83x10? 0 2.63x10°
Core support structure 8.48x107 | 1.99x10? 0 4.32x10°%| 3.00x10*| 2.99x10* 0 2.29x10°
Reactor vessel 6.84x102 | 1.66x10° 0 3.91x10° | 2.42x10| 2.41x10* 0 1.90%10?
Thermal liner 5.28x10? | 1.28x10° 0 2.94x10° | 1.87x10"| 1.85x10" 0 1.47x10?
Guard vessel 1.63x107 | 2.88x10" 0 8.01x10*| 5.76x10?| 5.71 0 3.46x10*
Core barrel 4.31x107" | 1.95x10° 0 7.68x10°| 1.63 | 1.64x10° 0 2.12x10°
In-vessel storage modules 9.95x10 | 3.37x10? 0 1.34x10?| 3.45x10| 3.31x10* 0 3.71x10°
Baffle plate 1.41x107 | 3.03x10" 0 7.16x10*| 5.01x10%| 4.97 0 3.53x10*
Instrument trees 7.28x107 | 3.07x10% | 3.86x10° | 1.11x102 | 2.73x10!| 2.69x10" | 2.02x10° | 3.34x10°
In-vessel handling machines | 4.62x10°% | 7.75 | 6.13x10° | 1.60x10™ | 1.63x10?| 1.61 |3.21x10°| 9.38
Closure head assembly 1.60x10° | 1.32x107 | 9.58x10 | 4.57x107 | 1.27x10™*| 1.21x107? | 5.66x10® | 2.54x107
Z ring 6.79x10° | 1.57x102 0 5.37x107 | 2.44x10°| 2.45x107 0 1.82x10°
Boron carbide shield 3.26x10°® 0 0 0 0 0 0 3.26x10°®
Steel roof 2.03x10° | 4.19x107 0 4.50%10° 0 0 3.41x10° | 4.27x107
Row 7 radial reflectors 2.46 1.96x10° | 1.06x10% | 1.20x10' | 5.77x10% | 7.86x10% | 9.63 | 2.75x10°
Row 8 and 9 radial reflectors 2.88 | 2.70x10° | 1.17x10% | 1.62x10' | 7.96x10% | 1.02x10° | 1.31x10* | 3.73x10°
Control and safety rods 0.40x10" | 8.02x10° | 3.32x10! 3.53 2.32x10% | 1.64x10° | 2.70 | 9.72x10°
In-core shim assemblies 4.40x10" | 3.01x10° | 1.83x10" 1.93 1.13x10* | 8.10x10° 1.49 3.85x10°
Peripheral shim rod assemblies| 8.66x107° | 2.12x10' | 2.45x10* | 2.56x107%| 1.60x10*| 1.10x10% | 1.90x10? | 3.27x10*
Totals 5.23x10' | 6.97x10° | 2.75x10% | 4.56x10' | 1.59x10°| 2.00x10° | 2.69x10' | 8.99x10°

Key: C=carbon; Co=cobalt; Mo=molybdenum; Nb=niobium; Ni=nickel; Tc=technetium.
Source: CEES 2006.
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Table D-70. Activated Reactor Hardware, Core Components, Non-Fueled Hardware, and Interim

Examination and Maintenance Cell Items Inventory, Decayed to September 2003
C-14 Co-60 | Mo0-93 | Nb-94 Ni-59 Ni-63 Tc-99 Total
Reactor hardware 4.56x10% 2.19x10° 1.06x107| 1.20x10*| 1.77x10?| 1.72x10*| 6.52x108  2.37x10°
Core components 6.73 | 4.77x10° 2.75x10%| 3.37x10%| 1.41x10°% 1.83x10°| 2.69x10%| 6.62x10°
Non-fueled hardware | 4.09x10% 2.90x10% 1.67 |2.05x10% 6.93 | 1.11x10% 1.63x10% 4.02x10°
IEM cell items 4.01x107 2.84x10% 1.63 |2.10x10% 6.79 | 1.08x10°| 1.60x10%  3.93x10°
Totals 5.24x10% 7.02x10°| 2.78x10°| 4.61x10'| 1.60x10°| 2.02x10° 2.72x10%| 9.07x10°

Key: C=carbon; Co=cobalt; IEM=interim examination and maintenance; Mo=molybdenum; Nb=niobium; Ni=nickel,
Tc=technetium.
Source: CEES 2006.

The FFTF reactor operated from April 1982 to March 1992 at a time-averaged power level of
206 megawatts. The bioshield surrounding the FFTF reactor vessel is constructed of magnetite concrete
with carbon steel rebar and liner. The calculated radionuclide activation products in the bioshield are
presented in Table 4.16 of Activation of the FFTF Biological Shield Wall (Kidd 2005), which shows them
decayed for 13.5 years (September 2006 values) (CEES 2006). These data are reproduced in Table D-71.

Table D-71. Activation Inventory of Fast Flux Test Facility Bioshield,
Decayed to September 2006

Liner Rebar Concrete Total
Hydrogen-3 (tritium) 2.28x10°8 2.34x10°® 1.73x10° 1.73x10°
Argon-39 — — 1.58x10° 1.58x10°
Argon-42 — — 1.67x10° 1.67x10°
Beryllium-10 9.24x101? 2.81x10 — 3.73x10
Carbon-14 4.36x107 1.81x107 7.65%10 7.65%x10
Calcium-41 — — 1.54x10 1.54x10?
Calcium-48 — — 4.32x10% 4.32x10%
Cobalt-60 2.15x10* 3.07x10* 4.66x10™ 5.22x10*
Cobalt-60m — 3.50x10%¢ 1.89x10™ 1.90x10™"
Chromium-50 1.81x10% 1.68x102% 5.06x10%° 8.55x10%®
Iron-55 1.99 3.57 1.19x10" 1.74x10"
Iron-60 — 3.50x102% 1.89x10™ 1.90x10™
Potassium-40 — — 1.24x10% 1.24x10%
Potassium-42 — — 1.67x10° 1.67x10°
Manganese-53 2.24x107° 1.99x107° 6.13x10™% 1.04x10°
Molybdenum-100 — 8.16x10% — 8.16x10%
Molybdenum-93 — 1.85x10° — 1.85x10°
Niobium-91 — 9.92x107% — 9.92x107%°
Niobium-92 — 3.92x107% — 3.92x10"
Niobium-93m — 1.01x10° — 1.01x10°
Niobium-94 — 1.34x10™ — 1.34x10™
Nickel-59 — 3.94x10* 2.47x10* 2.47x10*
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Table D-71. Activation Inventory of Fast Flux Test Facility Bioshield,

Decayed to September 2006 (curies) (continued)

Liner Rebar Concrete Total
Nickel-63 — 4.25x107 2.67x10" 2.68x10"
Phosphorus-32 2.36x10™" 5.71x10™ — 8.07x10™
Scandium-48 — — 6.91x10% 6.91x10%
Silicon-32 2.36x101 5.71x10™ — 8.07x10
Technetium-99 — 4.52x10° — 4.52x10°
Vanadium-50 — 3.00x10% 1.76x1018 1.76x1018
Zinc-70 — — 2.49x10% 2.49x10%
Zirconium-93 — 2.33x101? — 2.33x107%?
Zirconium-96 — 5.02x10% — 5.02x103
Total 2.21 3.92 3.89x10* 4.50x10*

Source: CEES 2006.

D.2.15

Radionuclide Inventory from Contamination

Contamination within FFTF is primarily confined to the reactor containment vessel, internal surfaces of
system components that handled primary sodium and radioactive argon, cells within the Reactor
Containment Building (RCB), decontamination areas, liquid radioactive waste holding and exporting
systems, sodium removal and sampling systems, fuel handling systems, IEM cell, and contaminated
equipment repair shop. The contaminated areas within the FFTF facilities are listed in Table D-72.

Table D-72. Contaminated Areas Within Fast Flux Test Facility

Average
Contamination Level
Building Cell Number Description (dpm/100 cm?)
Reactor Containment 524 Heat compartment No data
Building 528 Fuel transfer port adapter storage 0
544 CLEM grapple change box pit No data
548 IEM cell 5.16x10* (1998)
549 Radioactive argon gas pipeway 0
567 Electromagnetic pump cell No data
FTP1 — 8.72x10* (2002)
FTP 2 — 3.75x10* (1997)
FTP3 — 7.00x10° (1997)
Heat Transport
System Service 490 Sodium sampling cell No data
Building South
Reactor Service 201 Sodium Removal System No data
Building 205 Sodium Removal System No data
Maintenance and — Decontamination | No data
Storage Facility — Decontamination |1 No data
— Contaminated Equipment Repair Shop No data
17 Radioactive Liquid Waste Tank Area No data

Key: CLEM=Closed Loop Ex-Vessel Machine; dpm/100 cm?=disintegrations per minute per 100 square centimeters; FTP=fuel transfer port;

IEM=interim examination and maintenance.
Source: CEES 2006.
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A hot spot of 150 roentgens per hour on contact was identified in the piping downstream of the
5-standard-cubic-foot-per-minute vapor trap (York 2005). This radiation level correlates with an
estimated source of 3.5 curies of cesium-137.

The Technical Information Document for the Fast Flux Test Facility Closure Project Environmental
Impact Statement (Fluor Hanford 2005a) identifies the IEM cell as the cell with the greatest amount of
contamination. The FFTF Alternatives scaled data sets (SAIC 2007m) estimate that contamination within
the IEM cell equates to 9.95 x 10™ curies of cesium-137, decayed to 2005. This indicates that the
inventory due to contamination makes up a very small fraction of the inventory associated with activated
structure and components.

D.2.16 Hazardous Materials Inventory

The following materials are either planned for removal or have been removed from FFTF during the
deactivation activities: ethylene glycol, Mobiltherm™ oil, transformer oils containing PCBs, cooling
tower chemicals, sulfuric acid, Freon™ R-12 and R-22, depleted ion exchange resins, fuel oil, and
asbestos-containing materials. The balance of the chemical inventory is identified in Attachment 2 the
Technical Information Document for the Fast Flux Test Facility Closure Project Environmental Impact
Statement (Fluor Hanford 2005a).

The remaining hazardous materials include approximately 47,900 kilograms (105,600 pounds) of lead and
37,694 kilograms (83,100 pounds) of depleted uranium. These materials would be removed to the extent
practicable during FFTF deactivation activities (DOE 2006a).

D.2.2 FFTF Decommissioning Alternative 1: No Action

CEQ regulations require that National Environmental Policy Act (NEPA) analyses include a No Action
Alternative. Under this alternative, deactivation of the FFTF complex and support buildings would be
completed, as specified by previous FFTF NEPA decisions (Environmental Assessment, Sodium
Residuals Reaction/Removal and Other Deactivation Work Activities, Fast Flux Test Facility (FFTF)
Project, Hanford Site, Richland, Washington) (DOE 2006a), and maintained in a long-term surveillance
and maintenance (S&M) condition for the foreseeable future. The facility would be monitored and
periodic S&M would be performed to ensure that the environmental and safety issues are minimized and
addressed.

D.2.2.1 Facility Disposition

The FFTF RCB, along with the rest of the buildings within the 400 Area Property Protected Area (PPA),
would be maintained in a long-term S&M condition after completion of all deactivation activities. The
buildings would be left standing with a maintained exterior that would be capable of protecting them from
the elements. They would be unoccupied, with essential safety-related systems left operational. Such
systems could include, but would not be limited to, fire protection, emergency lighting, ventilation, air
monitoring, and inert gas systems used to isolate piping and equipment containing sodium residuals.
Other radioactive or chemical waste and materials would be removed during deactivation.

D.2.2.2 Process Components

The reactor vessel, piping systems, and tanks (contained above and below grade within the RCB and
immediately adjacent buildings) would be left in place under an inert gas blanket. Deactivation activities
would be complete, including draining of the bulk sodium and removal of SNF, depleted uranium, lead
shielding, remote-handled special components (RH-SCs), small-bore piping, valves, and other
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components. Some systems would be deactivated/de-energized and isolated (e.g., those not associated
with maintaining safety-related functions) per the deactivation plans.

D.2.2.3 Sodium Residuals

Sodium residuals in the RCB vessels and cooling systems’ piping would be left in place untreated, but
under an inert gas blanket. During deactivation activities, the FFTF bulk sodium would be drained from
the reactor systems and stored as a solid in tanks in the Sodium Storage Facility within the 400 Area. The
small amount of sodium-potassium alloy would be blended with the content of the bulk sodium storage
containers. The Hallam Reactor and Sodium Reactor Experiment sodium would remain in its current
storage location (Hanford 200-West Area).

D.2.24 Demolition and Other Waste

There would be no demolition under the No Action Alternative; therefore, no demolition waste would be
generated. Solid and liquid radioactive and/or hazardous waste generated during deactivation would be
managed and disposed of on site. Activities associated with the No Action Alternative would not
generate substantial additional quantities of solid waste for disposal. The small amounts of radioactive
solid waste generated during S&M activities would be disposed of on site in disposal facilities approved
for Hanford’s operational waste at the low-level radioactive waste burial ground (LLBG) 218-W-5,
trenches 31 and 34. Other regulated waste, such as PCBs, asbestos, and hazardous waste, would be
handled in a similar manner under all of the alternatives. The volume of this waste is expected to be
small, and it would be dispositioned in accordance with existing Hanford Site Solid Waste Acceptance
Criteria (Fluor Hanford 2005b) or offsite treatment contracts.

D.2.25 End State

The facilities and infrastructure within the 400 Area PPA, including the RCB, would be maintained in a
100-year administrative control condition with appropriate monitoring and controls (to ensure that
environmental or safety concerns are minimized) (SAIC 2007m, 2008a).

Matching the list of radionuclides and chemicals identified in the above tables with the COPCs identified
in Appendix D, Section D.1.1, resulted in a report of the following radionuclides (in curies): tritium,
carbon-14, technetium-99, and cesium-137, as well as the following chemicals (in kilograms): chromium,
lead, and uranium. Table D-73 summarizes each of these radiological and chemical COPCs under FFTF
Decommissioning Alternative 1.
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Table D-73. FFTF Decommissioning Alternative 1 Radiological and Chemical

Constituents of Potential Concern Balance

Hydrogen-3 Total
Cesium-137 | Carbon-14 | (Tritium) | Technetium-99 | Chromium | Lead Uranium
Curies Kilograms

Inventory Remaining at the Fast Flux Test Facility Site
Sodium 1.43x10° 0 2.29 0 5.72x10% | 4.30x103| 2.86x107
residuals@
HardwareP 0 5.24x10* 0 2.72x10* 0 0 0
Bioshield 0 7.65x10* | 1.73x10° 4.52x10°® 0 0 0
Total Remaining| 1.43x10% | 5.24x10* 2.29 2.72x10* 5.72x10% | 4.30x10%| 2.86x102
Inventory
Inventory Disposed of in LLBG 218-W-5, Mixed Waste Trenches 31 and 34
Secondary 1.43x10° | 531x10° | 1.88x10° 1.19x1073 1.42x10* | 1.07x10*| 7.14x10*
waste®

& The inventory for the approximately 15,142 liters (4,000 gallons) of sodium residuals includes FFTF components, e.g., the

reactor and miscellaneous traps.

Hardware includes activated reactor hardware, core components, non-fueled hardware, and interim examination and

maintenance cell items.

€ Secondary waste inventories were estimated from 2006 Solid Waste Integrated Forecast Technical (SWIFT) Report, FY2006—
FY2035 database information (Barcot 2005). For analysis purposes, it was conservatively assumed that 100 percent of the
cesium-137 inventory would be captured in the secondary waste.

Key: FFTF=Fast Flux Test Facility; LLBG=Ilow-level radioactive waste burial ground.

Source: SAIC 2007m.

b

D.2.3 FFTF Decommissioning Alternative 2: Entombment

Under this alternative, the FFTF RCB (and structures within) that are above grade level (i.e., 168 meters
[550 feet] above mean sea level) would be decontaminated as necessary, dismantled, and removed. The
RCB structures below grade level, as well as the FFTF reactor vessel and radioactive and contaminated
equipment, piping, and other materials and components that have become radioactive or otherwise
contaminated, would remain in place. Sodium residuals would be removed from the RCB and treated
either in existing 400 Area facilities or in place. In addition, the below-grade RCB structures would be
filled with grout or other suitable fill material to immobilize remaining hazardous chemicals and
radiological materials to the maximum extent practicable and to prevent subsidence. The RCB fill
material may include other demolition debris containing hazardous or radioactive materials, as allowed by
regulations. A regulatory compliant, engineered, modified Resource Conservation and Recovery Act
(RCRA) Subtitle C barrier would be constructed over the filled area. The entombed area would include
the barrier together with the lower RCB and adjacent structures and immobilized internal structures.

The FFTF support buildings would be decontaminated as necessary and demolished. The area previously
occupied by the facilities would be backfilled with soil to eliminate void spaces, compacted such that
natural settling would not result in depressions (to avoid potential ponding of water), recontoured, and
revegetated. An appropriate monitoring program for the PPA would also be established. The following
sections provide additional descriptions of the activities that would be conducted under FFTF
Decommissioning Alternative 2.
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D.23.1 Facility Disposition

Appendix E, Table E-13, summarizes the proposed decommissioning activities for each building under
both FFTF Decommissioning Alternative 2: Entombment, and FFTF Decommissioning Alternative 3:
Removal. For the Entombment Alternative, all above-grade structures that are part of the main RCB and
the two immediately adjacent support facilities (Buildings 491E and 491W) would be dismantled, and the
demolition waste would be disposed of in an IDF or consolidated in the below-grade spaces. Below-
grade structures would be filled with demolition waste, as practicable, and stabilized with suitable fill
material (e.g., grout) to immobilize hazardous chemical and radiological materials and prevent subsidence
in the future.

All other ancillary buildings, including their internal equipment and components, would be demolished,
as noted in Appendix E, Table E-13, and the contaminated demolition debris would be disposed of in an
IDF or consolidated within available below-grade spaces within the RCB or Buildings 491E and 491W.
All radioactive and/or hazardous material would be removed. Wood and large steel components would
also be removed. Foundation rubble (e.g., concrete and rebar) could remain. The area previously
occupied by these facilities would be backfilled with soil, compacted, contoured, and revegetated. As
indicated in Appendix E, Table E-13, some of these buildings would be either completely or partially
within the footprint (including the side slope) of the engineered barrier over the RCB.

D.2.3.2 Process Components

The reactor vessel, piping systems, and tanks located above grade within the RCB and immediately
adjacent buildings would be dismantled and placed in below-grade spaces as practicable or transported to
an IDF for disposal. Deactivation activities would be complete, including draining of the bulk sodium
and removal of SNF, depleted uranium, lead shielding, RH-SCs, small-bore piping, valves, and other
components. Systems located below grade (including regulated waste) would be grouted in place after
treatment of any SNF sodium residuals. The small-diameter (less than 20.3 centimeters [8 inches] in
diameter) piping would be removed, treated (cleaned of sodium) in the 400 Area, and disposed of on site
in an IDF or placed in below-grade spaces within the RCB.

D.2.3.3 Sodium Residuals

All sodium residuals would be removed from the RCB systems or treated in place. It was assumed that
sodium would be drained from plant systems to the extent practicable, followed by moist gas passivation
and/or flushing with water to stabilize sodium residuals. Sodium residuals in small-diameter piping
would be treated in the 400 Area after removal of the components from the reactor plant.

D.2.34 Demolition and Other Waste

Demolition debris from facility decommissioning (chemically hazardous or radioactive solid waste)
would be handled in the same way for both action alternatives, except that the disposition of the volumes
of debris would change. Under FFTF Decommissioning Alternative 2, the debris not placed in the RCB
or other voids or used as backfill would be transported to an IDF for disposal. Solid waste resulting from
any of the processing options (for sodium residual waste, bulk sodium, etc.) would be included with the
analyses of those options.

Radioactive liquid waste resulting from treatment of the sodium residuals also would be handled in the
same way under both action alternatives. The liquid volume would be reduced at FFTF (through either
ion exchange and reuse or evaporation), and the remaining liquids would be transported to the 200-Area
ETF for processing and disposal. For the analyses in this TC & WM EIS, it was assumed that a 90 percent
reduction in volume could be achieved prior to shipment of the liquid to the ETF for processing. Any
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other sources of radioactive waste (such as decontamination solutions) are expected to result in very small
volumes compared to waste produced as a result of treating sodium residuals.

Other regulated waste, such as PCBs, asbestos, and nonradioactive hazardous waste, would be handled in
a similar manner for all the alternatives. The volume of this waste is expected to be small, and it would
be dispositioned in accordance with existing Hanford Site Solid Waste Acceptance Criteria (Fluor
Hanford 2005b) or offsite treatment contracts.

D.2.3.5 End State

For analysis in this TC & WM EIS, it was assumed that a modified RCRA Subtitle C barrier would be
constructed over the RCB and Buildings 491E and 491W, which contain residual radioactive and/or
hazardous waste.

In addition, the barrier would extend over part or all of the immediately adjacent facility footprints. The
barrier would be circular with a radius of about 39.2 meters (128.5 feet), not including the side slope used
for drainage. The side slope would be about 5.2 meters (17.1 feet) using a 3H:1V slope. Minimal
postclosure care would be required. The remainder of the PPA would be backfilled with soil, compacted,
recontoured, and revegetated.

The modified RCRA Subtitle C barrier would be designed to provide containment and hydrologic
protection for a performance period of 500 years. This performance period is conservatively based on
radionuclide concentration and activity limits for Category 3 low-level radioactive waste (LLW). The
modified RCRA Subtitle C barrier would be composed of eight layers of durable material with a
combined minimum thickness of about 1.7 meters (5.7 feet), excluding the grading fill layer, which would
range from zero at the edge to approximately 0.8 meters (2.6 feet) at the center for a 2 percent drainage
slope. The design would also incorporate an asphaltic concrete layer to reduce the likelihood of bio-
intrusion or inadvertent human intrusion (SAIC 2007m, 2008a). Further information on the modified
RCRA Subtitle C barrier can be found in Appendix E, Section E.1.2.5.4.1.

Matching the list of radionuclides and chemicals identified in Tables D-68 through D-71 with the COPCs
identified in Appendix D, Section D.1.1 resulted in a report of the following radionuclides
(in curies): tritium, carbon-14, technetium-99, and cesium-137, as well as the following chemicals
(in kilograms): chromium, lead, and uranium. Table D-74 is a summary of each of the radiological and
chemical COPCs under FFTF Decommissioning Alternative 2.
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Table D-74. FFTF Decommissioning Alternative 2: Radiological and Chemical
Constituents of Potential Concern Balance

Hydrogen-3 Total
Cesium-137 [Carbon-14| (Tritium) |Technetium-99| Chromium | Lead | Uranium
Curies Kilograms

Inventory Remaining at the Fast Flux Test Facility Site
Hardware2 0 5.24x10" 0 2.72x10* 0 0 0
Bioshield 0 7.65x10*| 1.73x10° 4.52x10°® 0 0 0
Total 0 5.24x10" 1.73x10° 2.72x10* 0 0 0
Remaining
Inventory
Inventory Disposed of in an Integrated Disposal Facility
Sodium 1.43x10° 0 2.29 0 5.72x10° | 4.30x10°| 2.86x107
residualsP
Secondary 1.43x10° | 6.33x10*| 3.58x107 1.48x10% 1.79x10° | 1.34x107%| 8.95x10°
wasteC
Total 2.86x10° | 6.33x10* 2.29 1.48x10% 7.50x10% | 5.64x103| 3.76x10%?
Inventory

Disposed of in
an Integrated
Disposal
Facility

a8 Hardware includes activated reactor hardware, core components, non-fueled hardware, and interim examination and
maintenance cell items.

b The inventory for the approximately 15,142 liters (4,000 gallons) of sodium residuals includes FFTF components, e.g., the
reactor and miscellaneous traps.

C Secondary waste inventories were estimated from 2006 Solid Waste Integrated Forecast Technical (SWIFT) Report,
FY2006-FY2035 database information (Barcot 2005). For analysis purposes, it was conservatively assumed that
100 percent of the cesium-137 inventory would be captured in the secondary waste.

Key: FFTF=Fast Flux Test Facility.

Source: SAIC 2007m.

D.24 FFTF Decommissioning Alternative 3: Removal

Under this alternative, the RCB (and structures within) that are above grade level would be
decontaminated as necessary, dismantled, and removed. All sodium residuals would be removed from the
RCB or treated in place to neutralize its chemical reactivity. Below grade level, the reactor vessel and
contaminated reactor vessel internals, other radioactively contaminated equipment, piping, materials, and
other components, along with any asbestos, depleted uranium shielding, and lead shielding, would also be
removed. Such radioactively contaminated equipment, piping, materials, and components would include
the intermediate heat exchangers, primary pumps, primary isolation valves, primary overflow tanks, IEM
cell equipment, 8.5- to 12.2-meter (28- to 40-foot) test assembly hardware, and the interim decay storage
vessel. Additional radioactively contaminated equipment from the RCB and FFTF heat transport system
would also be removed. Upon removal, this equipment would be disposed of in an IDF. The below-
grade RCB and the FFTF support buildings outside the RCB area would be decontaminated as necessary
and demolished. The area previously occupied by the facilities would then be backfilled with soil,
compacted, recontoured, and revegetated. An appropriate monitoring program would also be established.
The following sections describe the activities to be conducted under the Removal Alternative.
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D.24.1 Facility Disposition

All above-grade structures that are part of the RCB and the immediately adjacent support facilities with
substructures (basements) would be dismantled, and the contaminated demolition debris would be
disposed of in an IDF. The RCB would be demolished down to grade level and the support facilities
would be demolished to 0.91 meters (3 feet) below grade. Below-grade radioactively contaminated
components and equipment (including the reactor vessel) would be removed. However, the reinforced
concrete shell in the RCB would remain and be backfilled with either soil or grout, compacted,
recontoured, and revegetated. Small amounts of radioactive activation products in structural concrete and
steel would remain. All small-diameter piping would be removed, and sodium residuals would be either
treated in place or removed from the RCB for treatment at an onsite facility to neutralize the chemical
reactivity of the metallic sodium.

All other ancillary buildings, including their internal equipment and components, would be demolished
and removed (down to a depth of 0.91 meters [3 feet] below grade). The contaminated demolition debris
would be disposed of in an IDF, and the vacated spaces would be backfilled, compacted, recontoured, and
revegetated. All radioactive and/or hazardous material would be removed. Wood and large steel
components would also be removed. Foundation rubble, e.g., concrete and rebar, would remain.

D.24.2 Process Components

The above- and below-grade reactor vessel, piping systems, and tanks within the RCB and the
immediately adjacent buildings would be dismantled and transported to an IDF for disposal. Deactivation
activities would be complete, including draining of the bulk sodium and removal of SNF, depleted
uranium, lead shielding, RH-SCs, small-bore piping, valves, and other components. Radioactively
contaminated equipment, piping, tanks, hazardous materials (including asbestos and lead shielding), and
other components would also be removed for disposal in an IDF. The reactor vessel (along with any
attached depleted uranium shielding and/or internal piping and equipment) would be filled with grout,
removed, packaged, and transported to an IDF for disposal. Uncontaminated material (i.e., material that
is clean of radioactive or hazardous substances) would not be removed and, as previously stated, the
reinforced concrete shell would remain. All small-diameter piping would be removed. The small-
diameter piping would be treated in the 400 Area to remove sodium residuals and be disposed of on site
in an IDF.

D.2.4.3 Sodium Residuals

Sodium residuals would be treated the same under both FFTF Decommissioning action alternatives. All
sodium residuals would be removed from the RCB systems or treated in place. It was assumed that
sodium would be drained from the plant systems to the extent practicable, followed by moist gas
passivation and/or flushing with water to stabilize sodium residuals. Sodium residuals in small-diameter
piping would be treated in the 400 Area after the piping has been removed from the reactor plant.

D.2.4.4 Demolition and Other Waste

Demolition debris, radioactive solid waste, radioactive liquid waste, and other regulated hazardous waste
would be handled in the same manner under both FFTF Decommissioning action alternatives; only the
disposition of the volume of waste would change. The approaches to waste handling also would be the
same, and demolition waste would be disposed of in an IDF under both action alternatives.
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D.2.4.5 End State

Below-grade portions of structures would be backfilled with soil, compacted, recontoured, and
revegetated. Although there would be no anticipated need for an engineered barrier, it was assumed for
analysis purposes that an appropriate postclosure care program would be established (SAIC 2007m,
2008a).

Matching the list of radionuclides and chemicals identified in the previous tables with the COPCs
identified in Section D.1.1 resulted in a report of the following radionuclides (in curies): tritium,
carbon-14, technetium-99, and cesium-137, as well as the following chemicals (in kilograms): chromium,
lead, and uranium. Table D-75 is a summary of each of the radiological and chemical COPCs under
FFTF Decommissioning Alternative 3.

Table D-75. FFTF Decommissioning Alternative 3 Radiological and Chemical
Constituents of Potential Concern Balance

Hydrogen-3 Total
Cesium-137| Carbon-14 | (Tritium) | Technetium-99 |Chromium| Lead Uranium
Curies Kilograms

Inventory Remaining at the Fast Flux Test Facility Site
Bioshield 0 7.65x10% | 173x10° |  452x10° 0 0 0
Inventory Disposed of in an Integrated Disposal Facility
Sodium 1.43x10° 0 2.29 0 5.72x10° | 4.30x10° | 2.86x10%
residuals@
Hardwareb 0 5.24x10" 0 2.72x10" 0 0 0
Secondary 1.43x10° | 6.41x10* | 1.27x10° 1.50x10% 1.81x10° | 1.36x10° | 9.05x10°
wasteC
Total 2.86x10° | 5.24x10 2.29 2.72x10" 7.52x10° | 5.65x10° | 3.77x10%?
inventory
disposed of in
an IDF

& The inventory for the approximately 15,142 liters (4,000 gallons) of sodium residuals waste includes four Fast Flux Test
Facility special components (the reactor and miscellaneous traps).

b Hardware includes activated reactor hardware, core components, non-fueled hardware, and interim examination and
maintenance cell items.

C Secondary waste inventories were estimated from 2006 Solid Waste Integrated Forecast Technical (SWIFT) Report,
FY2006-FY2035 database information (Barcot 2005). For analysis purposes, it was conservatively assumed that
100 percent of the cesium-137 inventory would be captured in the secondary waste.

Key: IDF=Integrated Disposal Facility.

Source: SAIC 2007m.

D.2.5 Distribution of Fast Flux Test Facility Waste

As discussed above, each of the three FFTF Decommissioning alternatives generates a number of waste

streams and disposes of this waste differently. This section provides histograms (see Figures D64,

D-65, and D-66) depicting the distribution of the radiological COPCs between the FFTF site and an IDF

under each of the FFTF Decommissioning alternatives. The COPCs shown include both radionuclides

(cesium-137, tritium, and technetium-99) and chemicals (chromium, lead, and total uranium).
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Figure D-64. FFTF Decommissioning Alternative 1:
Distribution of Radiological and Chemical Constituents of Potential Concern
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Figure D-66. FFTF Decommissioning Alternative 3:
Distribution of Radiological and Chemical Constituents of Potential Concern
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D.3 WASTE MANAGEMENT ALTERNATIVES
D.3.1 Radioactive and Chemical Inventories

This section summarizes of the radioactive and chemical inventories analyzed for each of the three Waste
Management alternatives. Appendix E, Section E.3.1, provides a summary description of the Waste
Management alternatives analyzed in this TC & WM EIS and is partially reproduced in this section for the
reader’s convenience. Within the Waste Management alternatives, only three waste generators were
identified for inclusion in the TC & WM EIS alternatives analyses:

e Secondary LLW and MLLW from operation of LLBG 218-W-5, trenches 31 and 34

e Secondary LLW and MLLW from operation of the Waste Receiving and Processing Facility
(WRAP)

e Secondary LLW and MLLW from operation of the T Plant complex

Operation of an IDF and the RPPDF were estimated to generate insignificant quantities of secondary
waste (e.g., workers’ personal protective equipment and other contaminated waste materials). Data found
for operation of the Central Waste Complex (CWC) concluded that it also generates insignificant
guantities of secondary waste (SAIC 2007n, 2008a). Generators for onsite-generated, non-CERCLA,
non-tank-activity wastes and offsite-generated wastes are identified in Section D.3.5 and D.3.6,
respectively.

D.3.1.1 Assumptions
Assumptions for the Waste Management alternatives include:

e Due to uncertainties regarding the future needs of the waste management facilities at Hanford, the
scope of the Waste Management alternatives assumed that expanded capabilities of the current
treatment operations at the T Plant complex, CWC, and WRAP would be necessary.

e Tank closure activities would generate the following waste streams, which would be disposed of
on site in an IDF: ILAW glass; retired LAW melters; bulk vitrification glass; steam reforming
waste; cast stone waste; sulfate grout waste; ETF-generated solid secondary waste; other solid
secondary waste from tank farm and treatment processes, including treatment of the cesium and
strontium capsules; and PPF glass. Rubble, soil, and equipment generated from clean closure
activities would be disposed of in the RPPDF.

e Treatment of offsite-generated LLW and MLLW would be completed off site either at the
generator site or at a commercial treatment facility prior to shipment to Hanford. Section D.3.6
provides the offsite waste inventories and the basis for the inventory estimates.

e No additional offsite TRU or mixed TRU waste would be received at Hanford.

e Non-CERCLA, nontank LLW and MLLW would be generated at Hanford through 2035.
Section D.3.5 provides this inventory and the basis for the inventory estimates.

e For analysis purposes, continued operation of LLBG 218-W-5, trenches 31 and 34, were analyzed
under the Waste Management alternatives; however, it was assumed that IDF operations would
commence in 2009 and that all waste generated that is appropriate for IDF disposal would be
disposed of in an IDF.
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e Activities proposed under the Tank Closure alternatives were assumed to determine the
requirements for the ETF, 242-A Evaporator, and Borrow Area C; therefore, operations and
replacement of these facilities were analyzed under the Tank Closure alternatives and not the
Waste Management alternatives.

e Packaging and shipment of waste currently stored in a glass or ceramic form (commonly referred
to as “German Logs”) was not analyzed in this TC & WM EIS (SAIC 2007n, 2008a).

D.3.2 Waste Management Alternative 1: No Action

Under this alternative, storage and treatment of LLW, MLLW, and TRU waste would continue at the
CWC, and disposal would continue at LLBG 218-W-5, trenches 31 and 34, until an estimated operational
closure date of 2035. Likewise, storage and treatment of onsite-generated LLW, MLLW, and TRU waste
would continue at WRAP and the T Plant complex. No offsite shipments of LLW, MLLW, or TRU
waste would be accepted. For analysis purposes, this EIS assumed that construction of the 200-East Area
IDF (IDF-East) would be discontinued in 2008 and no closure barriers would be constructed over the
disposal trenches and waste treatment facilities. Administrative controls would be carried on for
100 years following operational closure of the disposal trenches.

Table D-76 shows the radiological and chemical COPC inventories for Waste Management Alternative 1.
These inventories would be disposed of in lined trenches 31 and 34 at LLBG 218-W-5.

Table D-76. Waste Management Alternative 1 Inventory2

H-3 | U-233,-234, Pu-239,

1-129 | Cs-137 | C-14 |(Tritium)| -235,-238 | Np-237 | -240 | Sr-90 | Tc-99 Cr |Hg| Pb

Curies Kilograms

Secondary | NR [2.39x10%| NR NR NR NR NR [1.63x10%(2.13x10%| NR |NR| NR
\waste

a8 Only three chemicals were reported (nitrate, total uranium, acetonitrile, benzene, butanol [n-butyl alcohol], 2,4,6-trichlorophenol, and
polychlorinated biphenyls were not reported).

b Secondary waste includes workers’ personal protective equipment and other contaminated materials. Disposal would be Low-Level
Radioactive Waste Burial Ground 218-W-5, trenches 31 and 34.

Key: C=carbon; Cs=cesium; Cr=chromium; H=hydrogen; Hg=mercury; I=iodine; Np=neptunium; NR=not reported; Pb=lead;

Pu=plutonium; Sr=strontium; Tc=technetium; U=uranium.

Source: SAIC 2007n.

D.3.3 Waste Management Alternative 2: Disposal in IDF, 200-East Area Only

Under this alternative, storage and treatment of LLW, MLLW, and TRU waste would continue using both
the existing and the proposed expanded capabilities at the CWC, T Plant complex, and WRAP.
Appendix E, Sections E.3.2, E.3.3 and E.3.4, describe in detail the expanded CWC, T Plant complex, and
WRAP facilities, respectively. Offsite waste would be limited to 62,000 cubic meters (81,000 cubic
yards) of LLW and 20,000 cubic meters (26,000 cubic yards) of MLLW, with reception of shipments
estimated to occur from 2010 through 2046. Onsite (Hanford)-generated, non-CERCLA, nontank waste
would be generated through 2035. For analysis purposes, operation of LLBG 218-W-5, trenches 31 and
34, would continue through 2050. IDF-East would begin operations in 2009. Under this alternative,
IDF-East would accept the following waste: tank closure activity waste, FFTF decommissioning waste,
waste management facility-generated (secondary) waste, site-generated, non-CERCLA, non-tank-activity
waste, and offsite-generated waste. A new disposal facility, the RPPDF, would be constructed for
disposal of lightly contaminated rubble, soil, and equipment resulting from clean closure of tank farm
facilities.
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To reduce the combinations of IDF and RPPDF configurations that would require analysis in this
TC & WM EIS, three disposal groups were developed and analyzed:

e Disposal Group 1: This group supports Tank Closure Alternatives 2B, 3A, 3B, 3C, 4, 5, and 6C;
FFTF Decommissioning Alternatives 2 and 3; and Waste Management Alternative 2 for onsite-
generated, non-CERCLA, non-tank-activity waste and offsite-generated waste. Both IDF-East
and the RPPDF would operate through 2050, with capacities of 1.2 million cubic meters
(2.57 million cubic yards) and 1.08 million cubic meters (1.41 million cubic yards), respectively.

e Disposal Group 2: This group supports Tank Closure Alternatives 2A and 6B, both the Base and
Option Cases; FFTF Decommissioning Alternatives 2 and 3; and Waste Management
Alternative 2 for onsite-generated, non-CERCLA, non-tank-activity waste and offsite-generated
waste. Both IDF-East and the RPPDF would operate through 2100, with capacities of
425,000 cubic meters (556,000 cubic yards) and 8.37 million cubic meters (10.9 million cubic
yards), respectively.

e Disposal Group 3: This group supports Tank Closure Alternative 6A, Base and Option Cases;
FFTF Decommissioning Alternatives 2 and 3; and Waste Management Alternative 2 for onsite-
generated, non-CERCLA, non-tank-activity waste and offsite-generated waste. Both IDF-East
and the RPPDF would operate through 2165, with capacities of 425,000 cubic meters
(556,000 cubic yards) and 8.37 cubic meters (10.9 million cubic yards), respectively.

Table D-77 shows the radiological and chemical COPC inventories for Waste Management
Alternatives 2 and 3 (discussed below). Under Waste Management Alternative 2, disposal of these
inventories would occur in IDF-East.

Table D-77. Waste Management Alternatives 2 and 3 Radiological and Chemical Constituents of
Potential Concern Balance?

H-3 U-233, -234, Pu-239,
1-129 |Cs-137| C-14 | (Tritium)| -235,-238 | Np-237 -240 |Sr-90| Tc-99 Cr Hg Pb
Curies Kilograms

Secondary |1.43x10°| 1.04 |4.04x10° | 3.03x10" | 1.05x10° |6.17x10°| 1.86 | 6.28 | 9.95x10? |1.39x10"|2.29 [2.32x10°
\waste

a8 Only three chemicals were reported (nitrate, total uranium, acetonitrile, benzene, butanol [n-butyl alcohol], 2,4,6-trichlorophenol, and
polychlorinated biphenyls were not reported).

b Secondary waste includes workers’ personal protective equipment and other contaminated materials, as well as Waste Receiving and
Processing Facility and T Plant complex low-level radioactive waste and mixed low-level radioactive waste, which would be disposed of in an
Integrated Disposal Facility in the 200-East Area under Waste Management Alternative 2 and in the 200-West Area under Waste Management
Alternative 3.

Key: C=carbon; Cs=cesium; Cr=chromium; H=hydrogen; Hg=mercury; I=iodine; Np=neptunium; Pb=lead; Pu=plutonium; second=secondary;

Sr=strontium; Tc=technetium; U=uranium.

Source: SAIC 2007n.

D.34 Waste Management Alternative 3: Disposal in IDF, 200-East and 200-West Areas

Under this alternative, activities would be the same as those under Waste Management Alternative 2,
except disposal of the waste would be split between IDF-East and a new IDF site in the 200-West Area
(IDF-West). With the exception of the waste from tank closure activities, all of the waste streams
discussed under Waste Management Alternative 2 would be disposed of in IDF-West. Only the tank
closure waste would be disposed of in IDF-East.
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The three disposal groups under Waste Management Alternative 3 are:

e Disposal Group 1: This group supports Tank Closure Alternatives 2B, 3A, 3B, 3C, 4, 5, and 6C;
FFTF Decommissioning Alternatives 2 and 3; and Waste Management Alternative 3 for onsite-
generated, non-CERCLA, non-tank-activity waste and offsite-generated waste. IDF-East would
have a capacity of 1.1 million cubic meters (1.43 million cubic yards), IDF-West would have a
capacity of 90,000 cubic meters (118,000 cubic yards), and the RPPDF would have a capacity of
1.08 million cubic meters (1.41 million cubic yards). All three facilities would operate through
2050.

e Disposal Group 2: This group supports Tank Closure Alternatives 2A and 6B, both the Base and
Option Cases; FFTF Decommissioning Alternatives2 and 3; and Waste Management
Alternative 3 for onsite-generated, non-CERCLA, non-tank-activity waste and offsite-generated
waste. IDF-East would have a capacity of 340,000 cubic meters (445,000 cubic yards), IDF-West
would have a capacity of 90,000 cubic meters (118,000 cubic yards); and the RPPDF would have
a capacity of 8.37 million cubic meters (10.9 million cubic yards). IDF-East and the RPPDF
would operate through 2100. IDF-West would operate through 2050.

e Disposal Group 3: This group supports Tank Closure Alternative 6A, Base and Option Cases;
FFTF Decommissioning Alternatives 2 and 3; and Waste Management Alternative 3 for onsite-
generated, non-CERCLA, non-tank-activity waste and offsite-generated waste. IDF-East would
have a capacity of 340,000 cubic meters (445,000 cubic yards), IDF-West would have a capacity
of 90,000 cubic meters (118,000 cubic yards), and the RPPDF would have a capacity of
8.37 million cubic meters (10.9 million cubic yards). IDF-East and the RPPDF would operate
through 2165. IDF-West would operate through 2050.

Table D-77 shows the radiological and chemical COPC inventories for Waste Management
Alternatives 2 (discussed above) and 3. Under Waste Management Alternative 3, disposal of these
inventories would occur in IDF-West.

D.35 Radioactive and Chemical Inventory Estimates for Onsite-Generated,
Non-CERCLA, Non-Tank-Activity Waste

This section summarizes the non-CERCLA, non-tank-waste-related radiological and chemical waste
inventories that would be generated at Hanford. Examples of facilities and operations that are expected to
generate such waste include the Plutonium Finishing Plant; the T Plant complex; the Waste Encapsulation
and Storage Facility; WRAP; the Waste Sampling and Characterization Facility; groundwater sampling
activities; Pacific Northwest National Laboratory; the Cold Vacuum Drying Facility; the Canister Storage
Building; and the Liquid Waste Processing Facilities, which include the Liquid Effluent Retention
Facility, ETF, State-Approved Land Disposal Site, and the Treatment Effluent Disposal Facility.

Estimates of the radiological and chemical inventories for the above sources were developed from the
Hanford Solid Waste Integrated Forecast Technical (SWIFT) Report, FY2006-FY2035 database
(Barcot 2005). From this source, the volume of LLW and MLLW for the period of 2006 through 2035
was estimated to be approximately 5,300 cubic meters (6,930 cubic yards) (SAIC 2008b).

Table D-78 is a summary of the radiological COPC inventory for the onsite-generated, non-CERCLA,
non-tank-activity waste. Table D-79 is a summary of the chemical COPC inventory for the
onsite-generated, non-CERCLA, non-tank-activity waste.
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D.3.6 Projected Volumes, Radioactive and Chemical Inventories for Offsite Waste

As part of the Settlement Agreement among the DOE, the Washington State Department of Ecology, and
the Washington State Attorney General’s Office (State of Washington v. Bodman, Civil No. 2:03-cv-
05018-AAM, January 6, 2006), this TC & WM EIS evaluated the transportation of LLW and MLLW from
other DOE sites to Hanford for disposal. The volume of this offsite waste is established in existing
stipulations that were agreed upon with the State of Washington, entered as orders of the court in the
Settlement Agreement, and recorded in the “Record of Decision for the Solid Waste Program, Hanford
Site, Richland, WA: Storage and Treatment of Low-Level Waste and Mixed Low-Level Waste; Disposal
of Low-Level Waste and Mixed Low-Level Waste, and Storage, Processing, and Certification of
Transuranic Waste for Shipment to the Waste Isolation Pilot Plant” (69 FR 39449). The volumes are
limited to 62,000 cubic meters (81,100 cubic yards) of LLW and 20,000 cubic meters (26,200 cubic
yards) of MLLW. These upper limit volumes were used for analysis purposes only in this TC & WM EIS.

The DOE Office of River Protection and the TC & WM EIS team, in coordination with the DOE Office of
Environmental Management, developed a report, Analysis of Offsite-Generated Waste Projections, “Tank
Closure and Waste Management Environmental Impact Statement for the Hanford Site,” dated
July 13, 2006 (DOE 2006b), which documents the methodology and analysis related to offsite-generated
LLW and MLLW potentially requiring disposal at Hanford. The following is an excerpt from this,
followed by a summary of the projected waste characteristics, volumes, and radionuclide and chemical
inventories. Offsite waste is analyzed under Waste Management Alternatives 2 and 3 only. It was
assumed no offsite waste would be accepted under Waste Management Alternative 1, the No Action
Alternative.

BACKGROUND

“The Hanford Site hosts one of two regional disposal facilities for the Department of
Energy’s (DOE) low-level radioactive waste (LLW) and mixed LLW (MLLW) resulting
from a February 2000 Record of Decision on the Waste Management Programmatic
Environmental Impact Statement (WMPEIS). The Hanford Solid Waste Environmental
Impact Statement (2004) is the site-specific National Environmental Policy Act document
that analyzed specific impacts resulting from disposal of onsite- and offsite-generated
LLW and MLLW at Hanford. In January 2006, as a result of a settlement agreement with
the State of Washington, the DOE agreed to prepare a new, expanded, comprehensive
environmental impact statement (EIS) that combines the scope of the 2004 Solid Waste
EIS and the developing TC & WM EIS . The Environmental Management (EM) Office of
Disposal Operations, formerly the Office of Commercial Disposition Options, was asked
to compile offsite-generated waste data as input to this new EIS. Waste data,
e.g., projected waste volumes, radionuclide inventories, and hazardous chemical
constituents are needed for analysis of impacts to humans and the environment within the
EIS.

The information needed for the EIS was not readily available, so efforts were undertaken
to use existing corporate information, supplemented by information from DOE waste
managers. The EM program has corporate performance metrics that capture the actual
and projected volume of LLW and MLLW for disposal from “baselined” projects. The
information was not sufficiently detailed for modeling purposes, e.g. LLW and MLLW
are combined, and data on radionuclide or hazardous chemical constituents is not
collected and maintained corporately.
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Waste volume projections and “disposition maps” were developed for the EM program in
1999 and 2000 as part of the EM Integration Project. At that time the EM Corporate
Information System (Integrated Planning, Accountability, and Budgeting System or
IPABS) was developed, including a “stream disposition data” module that provided detail
on where individual waste streams were treated and disposed. Largely because of the
resource requirements to supply and maintain the stream disposition data, EM
management decided to forgo collection of waste volume information at the stream level
as a corporate performance metric, in favor of waste volume disposed at the site or
project level. Disposition maps, which schematically showed waste streams both within
a site and between sites, were not produced between 2001 and 2005.

Due to various program planning needs associated with waste disposition, the Office of
Commercial Disposition Options developed a new complex-wide LLW and MLLW data
set and new, simplified disposition maps. The data requirements were significantly
streamlined with the assistance of EM and other DOE waste managers. A new data
collection module was constructed in September 2005, and data was compiled in late
2005 and early 2006. This data was readily available for analysis. Since the new data
reflects only currently planned activities within EM, additional information was required
to forecast LLW and MLLW that might be sent to Hanford from all offsite sources,
e.g., unplanned EM projected waste volumes and waste from other DOE programs.

LLW and MLLW is generated at numerous DOE sites across the complex. Most of the
volume of LLW and MLLW is generated from cleanup projects, versus ongoing
operations. Over the past several years waste inventories that had been historically stored
waiting for treatment and disposal, often called “legacy waste,” have nearly all been
disposed due to contract incentives aimed at reducing life-cycle waste management
infrastructure and costs. Estimates of potential, future offsite generated LLW and
MLLW volumes requiring disposal in DOE regional disposal facilities are comprised
primarily of waste generated in cleanup and decommissioning projects, rather than legacy
waste. Much of this work is yet to be planned. Therefore, there are significant
uncertainties in waste volume projections because waste is yet to be generated, and little
characteristic information is available as previously discussed. This is a change from the
situation during the early years of the EM program when most MLLW was in storage
awaiting treatment and disposition.

In addition to uncertainties in waste volume, the newly collected LLW and MLLW waste
data did not include radionuclide or hazardous chemical data needed for EIS modeling.
EM has not collected radionuclide and hazardous constituent information since the
1990’s, when data was collected to support the Federal Facilities Task Force and the
WMPEIS development. Documented information on radionuclides is found in the Low-
Level Waste Capacity Report, Revision 2, produced in 2000. This document continues to
serve as a source for waste characteristics.

It is difficult to predict the radionuclide and hazardous chemical composition of waste
projected in the future, particularly from cleanup programs, because the waste does not
exist until the cleanup work progresses. Forecasts are based on best available
characterization of the site or facility, the technology selected for cleanup, and the work
plans. For this reason, the forecast waste characteristics data in most instances relies on
representative information from similar waste streams recently sent to disposal. Actual
LLW and MLLW disposal profiles were requested from waste managers and several
were judged to have the necessary data for modeling and be suitable for projected waste
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streams. The Rocky Flats Environmental Technology Site was a source of recent waste
profiles for MLLW, one of which covered debris including metals, solvents, and waste
requiring macro-encapsulation. The characteristics of this stream were judged be a
reasonable representation for radiological and hazardous chemical constituents of MLLW
from future cleanup projects.

DISCUSSION

For the purposes of the new consolidated EIS, the volumes of offsite-generated LLW and
MLLW in the existing Hanford Solid Waste EIS Record of Decision, namely
62,000 cubic meters for LLW and 20,000 cubic meters for MLLW, should continue to be
used in the new EIS. These values sufficiently accommodate current projections and
include anticipated new projections for sites where significant cleanup activities and
operations are not yet fully scoped. Due to the timing of the EIS and the implementation
of resulting record of decision, offsite waste forecasts are largely assumed to begin in
2010, so examination of post 2010 waste volume data collected by EM was the starting
point of the analysis. The makeup of the waste volume forecast is discussed below and
the attached table summarizes the information.

Environmental Management

A high degree of uncertainty exists in how much LLW could be shipped from EM sites to
Hanford after 2010. Based on current practices, waste from EM sites without onsite
disposal capacity can be expected to utilize both DOE regional and commercial disposal
facilities. Only EM sites completing cleanup beyond 2010 are considered in this forecast.
Sites that are major EM contributors to EM LLW disposal projections in 2011 to 2035
(over 1,000 cubic meters) are: ldaho National Laboratory (INL), Paducah, and Oak
Ridge. Future waste projections from expected decommissioning at Portsmouth and
West Valley, and additional work at Paducah have not yet been developed and reported
to EM, but must also be considered.

The recently collected planning data includes no EM offsite shipments of LLW and
MLLW projected for the Hanford regional disposal facility. It is not surprising that
current baselines do not include shipments to Hanford because, due to the current
suspension of off-site shipments, EM projects were replanned to utilize alternate sites.
About 112,000 cubic meters of LLW are projected to go to the regional disposal site at
Nevada Test Site (NTS) between 2011 and 2035. No MLLW is currently proposed to be
disposed at NTS after closure of the current facility at the end of 2010. About
11,700 cubic meters of LLW and 900 cubic meters of MLLW were identified as needing
a disposal facility to be determined (TBD) after 2010, some of which may be disposed in
a commercial facility. DOE policy, economic factors, and waste acceptance criteria are
key to waste management decisions. Coincidentally, the 62,000 cubic meters in the
Hanford Solid Waste EIS Record of Decision equates to about half of the life-cycle LLW
projection for offsite disposal for NTS and TBD combined.

West Valley Demonstration Project is at the site of a former commercial reprocessing
plant where DOE and the State of New York are responsible for cleanup. West Valley
has a site-wide Decommissioning and Long-Term Stewardship EIS in preparation, but
agreement on the end state has not occurred. Thus, there is no “baselined” scope of work
beyond 2010 and no baseline estimate of future waste from West Valley, although a draft
EIS is available with a range of waste projections. LLW from West Valley is expected to
contain a variety of radionuclides, including transuranics and fission products, and be in a
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variety of forms. West Valley is expected to produce significant volumes of waste for
offsite disposal between 2010 and 2030 through facility decommissioning activities.
Based on discussions with site waste managers and information in the draft EIS, waste
volumes associated with Alternative 4, a “delayed in-place” decommissioning were
assumed for this forecast. A LLW volume of 12,000 cubic meters was judged to be a
reasonable forecast. Although Alternative 4 in the draft EIS does not have an estimate of
MLLW volumes, other alternatives indicated that MLLW debris might be generated
during decommissioning at West Valley. Due to the distinct possibility of MLLW
generation at West Valley, 500 cubic meters of MLLW was judged to be a reasonable
forecast. No radiological or hazardous chemical information was available for modeling,
So representative information was selected. For LLW, the complex-wide radiological
profile in the DOE Capacity Report was selected as representative; for MLLW a
representative Rocky Flats debris stream profile with radiological and hazardous
chemical data was selected which included metals, solvents, and waste requiring macro-
encapsulation.

Idaho National Laboratory (INL) is managed by the Office of Nuclear Energy (NE);
however, EM has a large cleanup project that generates waste at that site during the first
several years of the period of concern. EM currently operates the low-level waste
disposal area for operational LLW and the ldaho CERCLA Disposal Facility for
Comprehensive Environmental Response, Cleanup, and Liability Act (CERCLA) waste
at INL. The INL is examining future alternatives for closure of their onsite disposal
facility for LLW from operations. Closure may be required to implement the terms of
their final remedy decision currently being developed. Closure of this INL disposal
facility would require another disposal option for the LLW currently disposed there
which is generated by NE, EM, and Naval Reactors; therefore, modeling of a Hanford
alternative is appropriate.

The existing NE programs at INL estimated approximately 1,100 cubic meters of remote-
handled LLW and approximately 10 cubic meters of MLLW shipped to Hanford after
2010. Because of the proximity of Hanford versus NTS, Hanford disposal would be a
logical place for this and other future waste not capable of being disposed of
commercially due to higher activity levels (e.g., equivalent of Class B and C commercial
LLW). The annual waste quantities are consistent with those reported between 2010 and
2035 to EM’s planning data base. After discussions with waste managers at DOE-Idaho
Operations, a representative radiological profile for modeling LLW consisting of Test
Reactor Area depleted demineralizer resins was used for the radiological characteristics.
This is an existing and ongoing post-2010 remote-handled LLW stream disposed of at
INL. The same discussions suggested use of an INL MLLW debris waste stream from
the INTEC facility for radiological characteristics and tank farm-related waste
information for the chemical characteristics for the small MLLW stream.

The INL plans to play a prominent role in development of the Generation 1V prototype
nuclear reactor, piloting of an Advanced Fuel Cycle Facility, and expansion for the
Center of Advanced Energy Studies generating waste far into the future. In addition,
some EM MLLW was historically managed as transuranic waste, but when surveyed has
a radionuclide concentration of 10 to 100 nanocuries per gram. The forecast includes
future new LLW and MLLW streams from INL. No characteristics information is
available, but the waste projected between 2010 and 2020 is assumed to be similar to
other waste at INL. The existing profile for Test Reactor Area depleted demineralizer
resins is appropriate for the LLW stream of 6,500 cubic meters, while the Rocky Flats
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radiological and chemical characteristics are representative for the MLLW stream of
6,330 cubic meters.

Portsmouth and Paducah sites are home to large enrichment plants that will be
decommissioned after 2010 by the EM program. Significant volumes of waste are
expected to be generated and disposed then at DOE and/or commercial disposal facilities.
However, no data is available from these projects, because they are in the early design
stage and work scope is not yet planned. The forecast includes 6,500 cubic meters of
LLW from each site. Portsmouth waste is forecast between 2010 and 2020, while
Paducah waste is forecast between 2015 and 2035. No MLLW was assumed from these
sites, since the waste is largely debris from large enrichment plants contaminated
primarily with uranium. Representative waste characteristics were selected from existing
cleanup waste profiles from the Oak Ridge Gaseous Diffusion Plant (East Tennessee
Technology Park) where decommissioning a similar site is progressing and is scheduled
to be complete by 2010. Four representative profiles were judged to be appropriate and
applied proportionally to the projected waste volumes at Portsmouth and Paducah.

Los Alamos National Laboratory (LANL) is operated by the National Nuclear Security
Administration and has onsite disposal facilities for its LLW. The EM program at LANL
is currently characterizing waste historically managed as TRU waste. A portion of this
waste when characterized does not meet the definition of TRU waste and cannot be
disposed on site at LANL because MLLW disposal is not permitted. Projected MLLW
that falls between 10 and 100 nanocuries per gram is a candidate for the Hanford forecast
after closure of the NTS MLLW facility. The forecast volume of LANL MLLW between
2010 and 2020, when all TRU characterization work is expected to be complete, is
400 cubic meters. As a result of discussions with waste managers at LANL, radiological
profiles were obtained for inorganic cemented sludge from an on-site water treatment
plant. No chemical profile was available for the LANL sludge, so comparable INL
chemical characterization data for two batches of MLLW sludge was obtained and judged
as representative.

Savannah River Site (SRS) utilizes both onsite and commercial disposal facilities for its
LLW. No LLW is forecast to be shipped to Hanford. In discussions with waste
managers at SRS, a waste stream with 100 cubic meters of MLLW was identified as a
candidate for disposal at Hanford in 2010-2012 following the NTS MLLW facility
closure. SRS waste managers provided a radiological profile for the MLLW which
contains some Pu-238 and Pu-239 constituents. No chemical characteristics were
available, so the chemical profile for Rocky Flats debris MLLW waste was judged as
representative. To accommodate future, as yet unplanned MLLW generation at SRS,
another MLLW stream is included in the forecast with 6,330 cubic meters between 2010
and 2035. The same Rocky Flats debris waste profile was judged as representative for
the radiological and hazardous chemical constituents.

Office of Science Waste

The Office of Science (SC) is responsible for ongoing operations at eight DOE laboratory
sites. Historically, the SC laboratories shipped LLW to Hanford for disposal, but were
prevented from doing so recently due to legal impediments. SC waste managers
indicated most waste generated from operations is now planned for NTS or commercial
disposal.
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Three SC-operated laboratories: Argonne National Laboratory (ANL), Brookhaven
National Laboratory (BNL), and Oak Ridge National Laboratory (ORNL) forecasted
future waste that could be disposed at Hanford. ANL forecasted 100 cubic meters of
LLW from decommissioning of facilities between 2011 and 2018. Radiological
characteristics of this future LLW volume was not available from waste managers, so the
Capacity Report complex wide profile was judged to be appropriate due to the variety of
nuclear applications at ANL. BNL waste managers identified two LLW steams totaling
70 cubic meters with corresponding radioactive waste profiles. The streams include
sealed sources (disposed between 2010 and 2015) and decommissioning waste from the
Brookhaven Linear Isotope Production facility between 2030 and 2035.

SC waste managers estimated 730 cubic meters of LLW between 2010 and 2035
timeframe from ongoing operations in Oak Ridge. Radiological characteristics of this
future LLW volume was not available from waste managers, so the Capacity Report
complex wide profile was judged to be appropriate due to the variety of nuclear
applications at ORNL. In addition to operations waste, there are a number of facilities at
the Oak Ridge Reservation that have not yet been scheduled for decommissioning by SC,
EM, or NNSA. The scope of the work and resulting waste is uncertain, but additional
waste is likely after 2010. Some of this waste will be disposed off site at DOE regional
disposal facilities and commercial facilities, consistent with the Oak Ridge experience to
date. The forecast includes a LLW stream of 6,500 cubic meters and a MLLW stream of
6,330 cubic meters for future waste from Oak Ridge. For LLW, the Capacity Report
complex-wide profile was judged appropriate due to the variety of waste from cleanup.
For MLLW, the Rocky Flats debris stream also applied at West Valley, INL, and SRS
forecasts was judged appropriate for the variety of waste expected from cleanup.

Naval Reactors

Naval Reactors (a part of NNSA) produces LLW as a result of operations of various
shipyards and laboratories across the nation. In addition to Naval Reactors LLW already
disposed at Hanford, a new Naval Reactors waste stream is included in the forecast for
analytical purposes. As mentioned previously, LLW generated at the Naval Reactors
Facility (NRF) at INL is currently disposed onsite at INL, but the LLW disposal facility
used by Naval Reactors at INL may close in the near future as a result of the site cleanup
agreement. Discussions with Naval Reactors waste managers resulted in a projected
volume of 22,000 cubic meters of routine LLW from the NRF at INL that is included in
the Hanford forecast between 2008 and 2046. A radiological profile has been provided
by Naval Reactors for this LLW.

CONCLUSIONS

DOE used available waste volume projections to frame the forecast for the Hanford Tank
Closure and Waste Management EIS. The analysis focused on ongoing operations and
post-2010 cleanup activities that will generate wastes requiring or utilizing DOE regional
disposal facilities. After contacting waste managers, expert judgment was applied to
waste projection and characteristics data to develop a waste forecast for the new Hanford
EIS. Considerable uncertainty remains in the waste projections, due to limited planning
data and the uncertainties in the cleanup program scope from where most waste volumes
arise. However, conservative assumptions were employed to support EIS analyses. This
analysis confirms the need to maintain the waste volumes included in the record of
decision from the 2004 Hanford Solid Waste EIS (62,000 cubic meters for LLW and
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20,000 cubic meters of MLLW) and provides assumptions for modeling purposes,
including offsite sources, timing, and sources of radiological/chemical characteristics.”
(DOE 2006b)

The process described above resulted in estimated waste volumes, waste characteristics, final waste
forms, and shipment dates for the waste generated by other DOE sites that would be shipped to Hanford
for disposal. Radioactivity estimates (measured in curies) for over 110 isotopes and chemical estimates
(measured in kilograms) for 41 chemical compounds also were developed. These data formulate the
Inventory Data for Hanford Offsite Waste Projections (SAIC 2006b).

As stated above, the Analysis of Offsite-Generated Waste Projections, “Tank Closure and Waste
Management Environmental Impact Statement for the Hanford Site report (DOE 2006b) includes
estimates for wastes generated at the West Valley Demonstration Project that may require disposal at
Hanford. The estimates were 12,000 cubic meters (15,700 cubic yards) of LLW and 500 cubic meters
(650 cubic yards) of MLLW. Since then, DOE has prepared the Revised Draft Environmental Impact
Statement for Decommissioning and/or Long-Term Stewardship at the West Valley Demonstration
Project and Western New York Nuclear Service Center (DOE and NYSERDA 2008), which slightly
revises these estimates. Under the Sitewide Removal Alternative, which is the alternative resulting in the
largest waste volume requiring offsite disposal, the revised estimated volumes are approximately
13,710 cubic meters (17,930 cubic yards) of LLW and 510 cubic meters (670 cubic yards) of MLLW.
Due to the high degree of uncertainty involved in estimating waste shipments to Hanford after 2010, the
current estimates of 12,000 cubic meters (15,700 cubic yards) of LLW and 500 cubic meters (650 cubic
yards) of MLLW are considered reasonable estimates and appropriate for analysis purposes in this
TC & WM EIS. Additionally, since the above analysis was performed, DOE has initiated planning for a
new MLLW disposal facility at NTS to continue to provide two DOE residual disposal facilities
consistent with the Final Waste Management Programmatic Environmental Impact Statement for
Managing Treatment, Storage, and Disposal of Radioactive and Hazardous Waste (DOE/EIS-0200-F,
May 1997) (DOE 1997) and the LLW and MLLW ROD (65 FR 10061).

Table D-80 summarizes the DOE sites, waste form characteristics, and volumes and years of shipment
projected for waste shipments from other DOE sites to Hanford. Table D-81 summarizes the nine
radiological COPC inventories associated with the potential wastes from each DOE site. Table D-82
summarizes the 15 chemical COPC inventories associated with the potential wastes from each DOE site.

Table D-80. Offsite Waste Projection Characteristics by U.S. Department of Energy Site

Woaste Form Year of Shipment
DOE Site and Final Volume
Waste Category Waste Category2 | Waste Form | (cubic meters) Start End
West Valley
WV-Class A LLW-Class A Grouted 11,000 2010 2030
WV-Class B LLW-Class B Grouted 200 2010 2030
WV-Class C LLW-Class C Grouted 800 2010 2030
Idaho National Laboratory
RH-LLW RH-LLW Resins 30 2010 2010
RH-LLW RH-LLW Resins 200 2011 2015
RH-LLW RH-LLW Resins 200 2016 2020
RH-LLW RH-LLW Resins 200 2021 2025
RH-LLW RH-LLW Resins 200 2026 2030
RH-LLW RH-LLW Resins 270 2030 2035
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Table D-80. Offsite Waste Projection Characteristics by U.S. Department of Energy Site

(continued)

Waste Form Year of Shipment
Volume
DOE Site and Final (cubic
Woaste Category Waste Category?2 Waste Form meters) Start End
Brookhaven National Laboratory
BNL Sealed LLW Sealed sources 5 2010 2015
Sources
BNL-2 - LLW Encapsulated 65 2030 2035
Brookhaven Linear activated metals,
Isotope Production concrete debris,
Facility lead (solid)
Oak Ridge National LLW Grout 730 2010 2035
Laboratory — LLW
Argonne National LLW Grout 100 2011 2018
Laboratory — LLW
Naval Reactors
LLW - Bettis, Idaho| LLW | Solid 22,000 2008 2046
Paducah
LLW #1 LLW Solids (metal) 845 2015 2035
LLW #2 LLW Solids (metal) 195 2015 2035
LLW #3 LLW Solids (metal) 1,690 2015 2035
LLW #4 LLW Solids (metal) 3,770 2015 2035
Portsmouth
LLW #1 LLW Solids (metal) 845 2010 2020
LLW #2 LLW Solids (metal) 195 2010 2020
LLW #3 LLW Solids (metal) 1,690 2010 2020
LLW #4 LLW Solids (metal) 3,770 2010 2020
Idaho - RH-LLW RH-LLW Resins 6,500 2010 2020
Oak Ridge - LLW LLW Grout 6,500 2010 2035
Total LLW 62,000
West Valley - MLLW Debris 500 2010 2030
MLLW
Los Alamos National MLLW Cemented 400 2010 2020
Laboratory — sludges
MLLW
Savannah River RH-MLLW Grout 100 2010 2012
Site - MLLW
Idaho
RH-MLLW RH-MLLW Debris 1 2010 2010
RH-MLLW RH-MLLW Debris 2 2011 2016
RH-MLLW RH-MLLW Debris 2 2016 2021
RH-MLLW RH-MLLW Debris 2 2021 2025
RH-MLLW RH-MLLW Debris 2 2026 2030
RH-MLLW RH-MLLW Debris 1 2030 2035
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Table D-80. Offsite Waste Projection Characteristics by U.S. Department of Energy Site

(continued)

Waste Form Year of Shipment
DOE Site and Final Volume
Waste Category Waste Category2 | Waste Form | (cubic meters) Start End

Idaho - MLLW MLLW-D&D Debris 6,330 2010 2035
Savannah River Site| MLLW-D&D Debris 6,330 2010 2035
-MLLW
Oak Ridge - MLLW-D&D Debris 6,330 2010 2035
MLLW
Total MLLW 20,000

@ Per Hanford Site Solid Waste Acceptance Criteria, Rev. 12 (Fluor Hanford 2005b).
Note: To convert cubic meters to cubic yards, multiply by 1.308.

Key: BNL=Brookhaven National
Department of Energy; LLW=low-level

RH=remote-handled; WV=West Valley.

Source: SAIC 2006b.

radioactive waste;

MLLW=mixed

low-level

Laboratory; D&D=decontamination and decommissioning; DOE=U.S.
radioactive waste;

Table D-81. Summary of Offsite Radioactive Constituents of Potential Concern Inventories by
U.S. Department of Energy Site

Radionuclide Inventory (Curies)
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DOE Site and g 2 s > = o) oy 3 = 2
Waste Category = O O IT | O z a » [
West Valley — LLW 3.04x107? | 3.71x10° | 2.90x10" | 3.42x10* | 1.07x10" |1.22x102| 1.09x10" | 4.28x10° | 2.99
Idaho National 220 | 2.20x10° | 8.80x10? | 5.50x10° | NR NR 7.40 | 8.25x10% |5.72x10"
Laboratory — RH-LLW
Brookhaven National NR 9.20x10° NR 2.44x10*| NR NR [2.44x10%| 4.04 NR
Laboratory — LLW
Oak Ridge National 1.85x10° | 2.26x10* | 1.77 | 2.08x10° |6.48x107 |7.45x10|6.64x10™| 2.61x10* [1.82x107
Laboratory — LLW
Argonne National 2.53x10* | 3.09x10° | 2.42x10" | 2.85x10% |8.88x102|1.02x10*9.10x107?| 3.57x10° |2.49x1072
Laboratory — LLW
Naval Reactors — LLW NR 3.85x10' |  1.46 326 |4.30x10%| NR |5.06x102| 2.06x10' | 1.16
Paducah — LLW NR NR NR NR 2.03 |1.79x10%2.31x102| NR |6.95x10?
Portsmouth — LLW NR NR NR NR 2.03 |1.79x102%2.31x10%| NR |6.95x10?
Idaho — RH-LLW 1.30x10! | 1.30x10% | 5.20x10° | 3.25%10° NR NR |4.37x10%| 4.88x10°% |3.38x102
Oak Ridge — LLW 1.64x1072| 2.01x10° | 1.57x10' | 1.85x10* | 5.77 [6.63x10° 592 |2.32x10°| 1.62
Total LLW 1.52x10" | 6.22x10° | 6.13x10°% | 5.89x10* | 2.12x10" |5.55%x10?| 6.88x10" | 6.96x10° |1.79x10°
West Valley - MLLW NR NR NR NR |7.93x10| NR |1.14x10'| NR NR
Los Alamos National NR 1.28x10 NR NR  |1.54x10%(1.28x102| 1.28 |[1.28x102| NR
Laboratory - MLLW
Savannah River Site — NR NR NR NR NR [2.05x10%1.16x10'| NR NR
RH-MLLW
Idaho — RH-MLLW 1.60x102 | 1.60x10* | 4.80x102 | 8.00x10* | 1.13 |8.64x10%| 1.90x10' | 1.60x10* | 3.04
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Radionuclide Inventory (Curies)
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Idaho - MLLW NR NR NR NR |1.00x10'| NR |[1.44x10*| NR NR
Savannah River Site — NR NR NR NR |1.00x10'| NR |1.44x10°| NR NR
MLLW
Oak Ridge - MLLW NR NR NR NR |1.00x10'| NR [1.44x10*| NR NR
Total MLLW 1.60x102 | 1.60x10* | 4.80x102 | 8.00x10" | 3.22x10" |8.77x107%| 4.76x10% | 1.60x10* | 3.04
Total LLW and 1.53x10! | 6.38x10° | 6.13x10° | 5.90x10* | 5.34x10* |9.32x10Y| 5.45x10? | 7.12x10° | 1.80x10°
MLLW

Key: DOE=U.S. Department of Energy; LLW=Ilow-level radioactive waste; MLLW=mixed low-level radioactive waste; NR=not reported;
RH=remote-handled.
Source: SAIC 2006b.
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APPENDIX E
DESCRIPTIONS OF FACILITIES, OPERATIONS, AND TECHNOLOGIES

Appendix E provides additional information about the technologies, processes, and facilities for the three key
activities of this Tank Closure and Waste Management Environmental Impact Statement for the Hanford Site,
Richland, Washington: tank closure, Fast Flux Test Facility decommissioning, and waste management.
Section E.1 includes this information for tank closure, Section E.2 includes this information for Fast Flux Test
Facility decommissioning, and Section E.3 includes this information for waste management.

E.1 TANK CLOSURE

This section provides additional information about the technologies, processes, and facilities that would
be used under the proposed alternatives for closure of the Hanford Site (Hanford) single-shell tank (SST)
system, as described in Chapter 2 of this Tank Closure and Waste Management Environmental Impact
Statement for the Hanford Site, Richland, Washington (TC & WM EIS). Information provided in this
appendix forms the basis for determining the environmental impacts of each alternative, as described in
Chapter 4.

Each alternative relies on a combination of technologies, processes, and facilities that could accomplish
the desired outcome for that alternative. Distribution of the radioactive and chemical constituents of the
tank waste among the various waste form storage and management options depends on which
technologies and processes the alternative includes. Appendix D provides information on the basis for the
chemical and radionuclide composition in the tanks, as well as equipment, soils, and waste forms. These
data, along with information concerning which technologies and processes would be used under a
particular alternative, formed the basis for modeling transport of contaminants in air, water, and soil
media.

Sections E.1.1 and E.1.2 provide detailed descriptions of the technologies, processes, and facilities
utilized in one or more of the alternatives described in Chapter 2. A matrix showing the technologies and
processes that were assumed to be implemented for each alternative is provided. In many cases, those
technologies were selected to provide bounding environmental consequences and do not necessarily
represent the exact technologies or processes that could be implemented to achieve the desired outcome.
Furthermore, this TC & WM EIS does not attempt to analyze all possible permutations of the alternatives
using available technologies and processes, but instead attempts to group activities logically into
reasonable alternatives for analysis. The technologies, processes, and facilities analyzed in detail in this
environmental impact statement (EIS) have sufficient performance data to make conservative
assumptions regarding construction, operations, and decommissioning impacts. However, comprehensive
and specific engineering designs may still need to be developed once a series of technologies is selected
for implementation.

Section E.1.3 discusses technology options that were initially considered, but were not analyzed in detail,
as well as the rationale for selecting the technologies that were analyzed. The former are technologies
that, due to their lack of maturity, cannot be analyzed in detail at this time using reasonable and
conservative engineering estimates regarding construction, operations, and decommissioning impacts.
Should continued research and development (R&D) indicate additional benefits over the technologies
analyzed in detail, these maturing technologies can then be analyzed in further detail and incorporated
into the tank closure program.

E.1l.1 Current River Protection Project

This section describes the current River Protection Project’s (RPP’s) activities for storage, retrieval,
treatment, and disposal of waste in the Hanford tanks. The current program is based primarily on
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implementing Phase | of the Preferred Alternative as identified in the Tank Waste Remediation System,
Hanford Site, Richland, Washington, Final Environmental Impact Statement (TWRS EIS) (DOE and
Ecology 1996). Phase | was initiated to treat approximately 10 percent by volume of the tank waste,
which contains 25 percent of the total radioactivity in the waste, by the year 2018. Without providing
additional waste treatment capacity, it would be possible to continue waste treatment at the same rate as in
Phase | until the major facilities reach the end of their design lives. However, such an action would not
achieve the objective of treating all of the waste; thus, it was not considered a reasonable alternative for
this TC & WM EIS. The alternatives evaluated in this TC & WM EIS involve various activities in addition
to the current program (with the exception of the No Action Alternative) to complete treatment of the tank
waste and provide for final disposition of the SSTs. Those activities are described in Section E.1.2.

The current RPP activities can be divided into three main areas: (1) routine tank farm operations
(operations and maintenance of the tank farm system), (2) tank system upgrades, and (3) planned Waste
Treatment Plant (WTP) operations (WTP construction and operations).

E.11.1 Routine Tank Farm Operations

Routine tank farm operations include waste retrieval and transfer operations, evaporation, SST system
closure activities, double-shell tank (DST) integrity assessments, and tank farm system maintenance and
life extension activities. Also included in routine tank system operations are the ongoing monitoring
activities necessary to ensure compliance with nuclear safety Authorization Basis (AB)" requirements and
environmental, occupational safety and health, and other applicable regulatory requirements.
Administrative and technical support required to accomplish this work is also included.

E.1.1.1.1 Tank Farm Facilities

The primary components of the tank farm system are the 177 SSTs and DSTSs located in the 200-East and
200-West Areas of Hanford. The tanks are grouped in tank farms with common support equipment such
as primary tank ventilation systems; shielded concrete pits for pumps, valves, and jumpers; buildings for
monitoring and control instrumentation; and change houses for operators, maintenance personnel, and
radiological control technicians.

E.1.1.1.1.1 Single-Shell Tanks

The SSTs were built from 1943 to 1964 to hold the liquid radioactive waste created by the production and
separation of plutonium. The number and capacities of the SSTs are as follows:

16 of 208,000-liter (55,000-gallon) capacity

60 of 2.0-million-liter (530,000-gallon) capacity
48 of 2.9-million-liter (758,000-gallon) capacity
25 of 3.8-million-liter (1-million-gallon) capacity

The total nominal holding capacity of the SSTs is approximately 356 million liters (94 million gallons)
(DOE 2003a). The tanks currently contain approximately 120 million liters (32 million gallons) of
radioactive and hazardous waste. These tanks contain salt cake and sludge; most of their free liquids were
evaporated or transferred to the newer DSTs to reduce the chance of leaks. Table E-1 shows the
distribution of the SSTs among the tank farms.

' The nuclear safety AB, often referred to as the “Authorization Basis,” or “AB,” consists of a set of operating limits that define

the envelope of safe operations for U.S. Department of Energy nuclear facilities. The AB is established through rigorous
analysis of possible accident scenarios and impacts on the public, workers, and facilities. Changes to the design or operation
of the facility must be evaluated against the AB to ensure that safe conditions are maintained as a result of the change.
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Table E-1. Distribution of Single-Shell Tanks Among Tank Farms

Number Tank Capacity Years

Tank Farm of Tanks (liters) Location Constructed
A 6 3.8x10° 1954-55
AX 4 3.8x10° 1963-64
B 12 2.0x10° 1943-44
4 2.1x10° 1943-44
BX 12 2.0x10° 200-East Area 1046-47
BY 12 2.9x10° 1948-49
c 12 2.0x10° 1943-44
4 2.1x10° 1943-44
12 2.9x10° 1950-51
SX 15 3.8x10° 1953-54
T 12 2.0x10° 1943-44
4 2.1x10° 1943-44
T 18 2.9x10° 200-West Area 1047-48
TY 6 2.9x10° 1951-52
U 12 2.0x10° 1943-44
4 2.1x10° 1943-44

Note: To convert liters to gallons, multiply by 0.26417.
E.1.1.1.1.2 Double-Shell Tanks

The DSTs were built from 1968 to 1986 to support fuel reprocessing, isotope recovery, and tank waste
management operations. The numbers and nominal capacities of the DSTs are as follows:

e 4 of approximately 3.8-million-liter (1-million-gallon) capacity
e 24 of approximately 4.4-million-liter (1.16-million-gallon) capacity

The DSTs have a total nominal holding capacity of approximately 117 million liters (31 million gallons).
They contain approximately 85 million liters (22.5 million gallons) of radioactive and hazardous waste
(DOE 2003a). Generally, the tanks contain liquids and settled salts. Some tanks also contain a bottom
layer of sludge. Distribution of the DSTs among the tank farms is shown in Table E-2.

Table E-2. Distribution of Double-Shell Tanks Among Tank Farms

Number Tank Capacity Years
Tank Farm of Tanks (liters) Location Constructed
AY 2 3.8x10° 1968-70
AZ 2 3.8x10° 1971-77
AW 6 4.4x10° 200-East Area 1978-80
AN 7 4.4x10° 1980-82
AP 8 4.4x10° 1983-86
3% 3 4.4x10° 200-West Area 1973-76

Note: To convert liters to gallons, multiply by 0.26417.
E.11.1.2 Operations and Maintenance

Waste retrieval and transfer operations are conducted to support staging and preparation of waste for
eventual delivery to the WTP. Activities include planning the sequence for transferring waste currently
stored in the DSTs to the WTP and retrieving and transferring waste from the SSTs to the DST system for
eventual treatment. Transfer operations involve determining the compatibility of the wastes to be




Draft Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington

transferred, establishing pipeline transfer routes, monitoring the waste volumes in the sending and the
receiving tanks, flushing the lines when the transfers are complete, and documenting the entire process.

DST integrity assessments involve nondestructive examination (NDE) of the DST systems to assess
fitness for storing waste. Chemical adjustments of the tank contents are conducted as required to meet
corrosion control specifications. Periodic assessment reports are required under the Hanford Federal
Facility Agreement and Consent Order (also known as the Tri-Party Agreement [TPA]) (Ecology, EPA,
and DOE 1989) Milestone Series M-48.

Tank farm maintenance and life extension activities involve any physical maintenance required to ensure
continued operation of the tanks and associated systems as designed. Upgrades to extend the useful life
of various tank farm systems and facilities have been identified. One important facility is the
242-A Evaporator, which would be needed for volume reduction of the waste to be stored in the DSTs.
The 242-A Evaporator is described in Section E.1.2.3.2. DST space is limited, and volume reduction by
evaporating excess water has been used extensively at Hanford to avoid the need for new storage tanks.
Upgrades to the 222-S Laboratory also are needed to characterize waste for safe storage and treatment but
are not analyzed in this EIS.

E.1.1.1.2.1 Waste Retrieval and Transfer Operations

The primary objectives of waste retrieval and transfer operations are to retrieve waste from the SSTs and
deliver waste feed to the WTP for treatment. Current tank space within the DSTs is limited, and some
space must be held in reserve in the event one of the tanks leak, which would require immediate transfer
of its contents to other tanks that are sound. The following activities support waste transfer and tank
space operations.

e Develop and maintain operating procedures for waste retrieval and transfer operations.
e Perform waste compatibility analyses to ensure that waste meets applicable requirements.

e Establish routes (pipelines) for receipt of waste from the SSTs and transfer of waste within the
DST system, including double-contained receiver tanks, cross-site transfers, transfers to support
evaporator operations, and receipt of waste from other Hanford facilities (e.g., changing jumpers
in pits and setting valves in preparation to transfer or receive waste).

e Fabricate and maintain piping jumpers necessary to route waste as needed.

e Perform operations as necessary to transfer waste, monitor systems during the transfers, and
perform post-transfer line flushes.

At the end of each transfer, a material balance calculation based on the liquid-level reduction in the
sending tank and liquid-level rise in the receiving tank is performed to verify that all of the waste has
been transferred. This material balance, combined with analytical measurements of the transferred waste,
allows a determination of radionuclide/chemical-specific retrieval efficiencies. The results can be
evaluated to determine any deviations from the uniform (i.e., nonselective) retrieval efficiencies assumed
for the purpose of analysis in this TC & WM EIS.

E.1.1.1.2.2 Maintenance

Maintenance consists primarily of preventive and corrective maintenance activities that are needed to
provide operable and functional equipment to support system operations. This includes maintenance of
all SST and DST system components, as well as maintenance of the waste feed delivery system being
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constructed to supply waste feed to the WTP. Maintenance also includes the administrative and technical
support required to perform maintenance work.

A safe and effective maintenance program is necessary to support tank farm operations designed for safe
storage of waste and retrieval of waste to be processed by the WTP. Preventive and corrective
maintenance measures are necessary to ensure operable equipment is calibrated, functionally tested, and
thus compliant with AB and regulatory requirements. Preventive and corrective maintenance activities
include the following:

e Calibration of all process instrumentation, such as liquid-level detectors, leak detection probes,
flowmeters, and temperature indicators

e Maintenance of tank-related equipment, such as pumps, valves, and jumpers

e Maintenance of tank farm ventilation equipment, such as high-efficiency particulate air (HEPA)
filters, pressure gauges, fans, and portable exhausters

Maintenance involves repair or removal and replacement of parts and equipment. As with any industrial
process, this entails technical and administrative support for design, procurement, installation, and
operability testing. Because the process involves managing both hazardous and radioactive waste, these
functions have additional safety and regulatory considerations that must be taken into account.

E.1.1.1.2.3 Contaminated Equipment Removal

As a result of routine tank farm operations and maintenance activities, equipment becomes worn out,
broken, or otherwise no longer fit for its intended use. The various tank farms contain equipment that is
no longer required and has been contaminated with hazardous waste, radioactive materials, or both.
Contaminated equipment is dispositioned according to appropriate Hanford procedures. Contaminated
equipment characterized as dangerous or extremely hazardous is removed and may require treatment and
disposal (WAC 173-303). Radioactive waste must meet the U.S. Department of Energy’s (DOE’s)
Atomic Energy Act (42 U.S.C. 2011 et seq.) radioactive waste management criteria via the Hanford Site
Solid Waste Acceptance Criteria (HSSWAC) (Fluor Hanford 2005a) prior to onsite disposal. The
structural equipment is characterized, inventoried, and dispositioned as either reusable equipment or
waste. Aboveground, out-of-service contaminated equipment that is not reusable and is inaccessible or
difficult to remove (based on the risk and cost involved) is sealed to prevent contamination spread.

E.1.1.1.2.4 Contamination Zone Reduction

This activity provides a systematic method for implementing a graded approach to characterizing,
cleaning up, and reposting tank farm outdoor areas that are currently radiological contamination or buffer
areas. The graded approach prioritizes areas in which to eliminate habitat, reduce access to contaminated
components, perform necessary surveys, and clean up areas to release. Localized high-contamination
areas are immediately stabilized with a fixant.

Zone reduction of a tank farm involves all areas within the fence perimeter and extending to
approximately 15 meters (50 feet) outside the fence perimeter. Decontamination of structures is not
planned. Above-grade components, buildings, and structures are surveyed only on the exterior surfaces
and verified as sealed or isolated to prevent spread of radioactive contamination. Examples of items
typically removed include the following:

e Miscellaneous equipment, jumpers, and tools
o Low-level radioactive waste (LLW), lead shielding plates, and shielded sample holders
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e Exhausters, exhauster parts, and diesel generators
e Old change trailers, industrial vacuums, and telescopic lighting towers

E.1.1.1.2.5 Routine Surveillance and Monitoring

Routine surveillance and monitoring activities are conducted to ensure compliance with AB requirements
and environmental, occupational safety and health, and other applicable regulatory requirements.
Surveillance and monitoring conducted for all tank farms and facilities includes daily, weekly, monthly,
quarterly, and semiannual surveillances.

Routine radiological and chemical control surveys are conducted to characterize workplace conditions
including vapor monitoring, identify areas requiring changes in radiological posting, control sources of
radiation exposure, and verify control of radiological contamination.

Surveillance and monitoring are conducted to verify compliance with Resource Conservation and
Recovery Act (RCRA) requirements; leak detection, monitoring, and mitigation requirements; Clean Air
Act requirements for air emissions control and monitoring; and DOE’s Atomic Energy Act requirements.

The tank monitoring and control system remotely monitors field equipment and automatically collects
surveillance data to ensure AB controls and environmental requirements are met. Actions required to
operate and maintain the tank monitoring and control system include performing routine system
maintenance, resolving hardware and software issues, performing hardware and software upgrades,
performing data backups and data management, and maintaining system operating procedures and
specifications.

The Surveillance Analysis Computer System is a data management system for processing and reviewing
data collected from the waste tanks regarding interstitial liquid levels, surface levels, and temperatures.
Operation and maintenance of the Surveillance Analysis Computer System involves the following
activities: performing routine system maintenance, resolving hardware and software issues, performing
hardware and software upgrades, performing data backups and data management, and maintaining system
operating procedures and specifications. In addition, Surveillance Analysis Computer System operation
involves data quality verification and validation, as well as operation and maintenance of a personal
computing Surveillance Analysis Computer System, which enables Hanford users to access the database
and generate graphical reports.

An important element of tank farm surveillance and monitoring is the system engineer’s function of data
surveillance and evaluation. It is within this function that data on tank liquid levels (surface and
interstitial) are analyzed to establish a baseline for each tank, as well as alarm limits that indicate a
significant change in liquid-level readings. Anomalies in tank waste levels and interstitial liquid levels
are investigated and reported to operations, and potential tank leaks are identified.

In addition to the activities mentioned above, staff coverage is required to respond to plant conditions that
can affect compliance with the AB safety envelope and environmental requirements. This element covers
continuity of operations, unusual or off-normal event monitoring and mitigation, responses to alarms, and
emergency responses and participation in emergency drills (DOE 2003a).

E.1.1.1.2.6 Safety

Applicable requirements from the AB and controls derived from analysis of facility-specific work scope,
operating conditions, hazards, and impacts are implemented to ensure the facility operates within the
established safety envelope. Implementation of the safety basis for safe storage and management of
legacy and new waste, operation and maintenance of tank farm facilities, waste retrieval and disposal, and
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closure of the tank farm facilities is required. The Safety Basis Implementation Improvement Project is a
discrete set of activities designed to raise the level of rigor associated with safety basis implementation.

Activities for AB compliance verification include the following:

Performing AB compliance assessments and documenting results
Addressing questions on current AB implementation

Tracking, trending, and monitoring technical safety requirement compliance and corrective action
management support

Developing and maintaining procedures for AB implementation

Providing an interface for AB implementation within the tank farm contractor and with outside
organizations

Activities for ensuring implementation of changes to the AB include the following:

E.1.1.2

Identifying items affected by an AB change (e.g., technical safety requirements, procedures,
equipment, training, operations, surveillance and maintenance [S&M], and administrative
controls)

Verifying adequate implementation of the AB changes

Tank System Upgrades

Tank farm upgrade and construction projects are under way to provide systems necessary for the retrieval
and transfer of waste to the WTP and for the storage or disposal of waste produced by the treatment

process.

Included in the construction projects is the administrative and technical support required to

conduct these activities. The following list provides a description of ongoing or recently completed tank
farm upgrade and construction projects (DOE 2003a).

Project W-211, Initial Tank Retrieval System. Provides new pumps (mixer, decant, slurry, and
supernatant pumps), electrical system upgrades, instrumentation and control system upgrades,
chemical addition system, and valving upgrades.

Project W-464, Immobilized High-Level Waste Interim Storage Facility. Provides storage
capacity for the first 880 canisters of immobilized high-level radioactive waste (IHLW) through a
retrofit of the Canister Storage Building (CSB).

Project W-520, Integrated Disposal Facility. Provides a disposal facility for the permanent,
environmentally safe disposal of mixed low-level radioactive waste (MLLW) and immobilized
low-activity waste (ILAW).

Project W-521, Waste Feed Delivery Systems. Provides retrieval, transfer, and feed delivery
systems to connect tank farms to the WTP.

Project W-522, Seven DST Retrieval Systems. Provides retrieval systems for seven DSTs to
enable retrieval and delivery of waste to the WTP.

Project E-525, DST Transfer System Modifications. Designs and constructs modifications to
DST farm structures, systems, and components not addressed by other projects to ensure that they
comply with regulatory, safety, and contractual requirements.
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E.1.1.3 Planned Waste Treatment Plant Operations

A major aspect of the RPP’s current program is treatment of waste in the WTP. The WTP, currently
under construction, would be used to pretreat and immobilize (by vitrification to borosilicate glass) waste
currently stored in the SSTs and DSTs. The waste that would be treated in the WTP is radioactive and
dangerous waste, as defined by WAC 173-303, “Dangerous Waste Regulations.”

The WTP, as designed, consists of waste treatment facilities, an Analytical Laboratory, and support
facilities commonly referred to as the “balance of facilities” (BOF). The WTP is currently under
construction in the 200-East Area of Hanford. The three waste treatment facilities are the Pretreatment
Facility, the Low-Activity Waste (LAW) Vitrification Facility, and the High-Level Radioactive Waste
(HLW) Vitrification Facility.

Waste would be transferred to the WTP by pipeline for pretreatment and vitrification. The pretreatment
process is designed to separate the solid and liquid fractions of the waste into HLW and LAW streams.
The solids would be washed and/or leached to remove chemical constituents that would result in
increased IHLW glass volume. The liquid fraction forms the LAW stream once selected radionuclides
have been removed. The separated radionuclides would be combined with the pretreated solids to form
the HLW stream.

In the HLW and LAW vitrification processes, the HLW and LAW streams would be combined with
glass-forming materials and melted to form a liquid about the consistency of molasses that can be poured
into stainless steel containers. After the glass cools and solidifies, the containers would be sealed and
decontaminated in preparation for storage or permanent disposal. The dangerous waste constituents
would be removed or destroyed during the melting process or, along with the radioactive constituents;
they would be immobilized in the durable glass matrix. The WTP is designed to accommodate a
theoretical maximum capacity (TMC) of 6 metric tons of glass IHLW per day and 30 metric tons of glass
ILAW per day.

The WTP processes would generate secondary waste, including offgas, liquid effluents, and
miscellaneous solid wastes. The offgas streams would be treated to a level that protects human health and
the environment in accordance with air emission regulations and permits. Liquid effluents would be
directed to the Liquid Waste Processing Facilities (LWPFs) for treatment and/or onsite disposal in
permitted facilities. The LWPFs are discussed in Section E.1.2.3.3. Miscellaneous solid wastes such as
used equipment, laboratory waste, and other chemically and radiologically contaminated materials would
be transferred to permitted disposal facilities on site. Certain wastes would be designated transuranic
(TRU) waste and packaged for disposal at the Waste lIsolation Pilot Plant (WIPP) near Carlsbad,
New Mexico. Nonradioactive dangerous waste would be transferred to a permitted offsite disposal
facility.

E.1.1.3.1 Waste Treatment Plant Facilities

The WTP, currently under construction, would be a newly constructed facility on Hanford property
owned by the DOE. The site lies at the eastern end of the 200-East Area of Hanford. Figure E-1 shows
the WTP site plot plan with all of the major facilities identified. The following summarizes
characteristics of the main WTP facilities, with details provided later in Section E.1.2.3.1.

Pretreatment. The Pretreatment Facility would be a five-story concrete and steel building that
houses the necessary tanks and process equipment for separating the waste into high- and low-activity
fractions. Most of the equipment would be inside process cells with thick concrete walls for radiation
shielding. The facility would include a set of four large tanks (1,438,300 liters [380,000 gallons]
each) for receipt of waste feed from the DSTs.
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Figure E-1. Waste Treatment Plant Facilities

LAW Vitrification. The LAW Vitrification Facility would house feed preparation tanks, two large
melters, and equipment for sealing and decontaminating containers filled with ILAW glass. The feed
preparation tanks would be housed in a shielded cell, while the melters would be equipped with
2.54-centimeter-thick (1-inch-thick) steel panels for radiation shielding.

HLW Vitrification. The HLW Vitrification Facility would house feed preparation tanks and two
separate HLW melter cells. Shared cells would be included for canister welding, decontamination,
and lag storage of filled canisters. All process areas would be within shielded cells for radiation
protection. Process and maintenance operations would be carried out with remote equipment.

Analytical Laboratory. The Analytical Laboratory would support the three treatment facilities
described above. It is equipped with hot cells for handling highly radioactive samples and capable of
characterizing samples of tank waste (DOE 2003a). The WTP BOF would include systems, utilities,
and infrastructure required to support plant operations.

E.1.2 Descriptions of Tank Closure Alternative Facilities and Operations

Each of the alternatives evaluated in this TC & WM EIS comprises a set of technologies or activities that
would enable specific outcomes under that alternative. Some technologies and activities are common to
more than one alternative, while others have commonality but differ in the extent of implementation. A
brief description of each Tank Closure alternative is included in the Draft Tank Closure and Waste
Management Environmental Impact Statement for the Hanford Site, Richland, Washington — Reader’s
Guide. Also included in the Reader’s Guide is a simplified process flow diagram of the major facilities
and operations analyzed in this TC & WM EIS. Table E-3 provides a comparison of key parameters for
each of the Tank Closure alternatives.




Draft Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington

Each of the technologies and activities is described in greater detail in the following sections. The
descriptions are intended to delineate the technical basis for the alternatives in this TC & WM EIS and to
provide supporting information regarding the basis for analysis of impacts. Much of the information
presented is drawn from more-detailed data packages that are available in the administrative record for
this TC & WM EIS.

E.1l.2.1 Facility Upgrades

Storage upgrades required to support planned tank farm and WTP operations include tank farm
infrastructure upgrades, upgrades to the CSB for interim storage of IHLW glass, and construction of
additional IHLW Interim Storage Modules.

E.12.1.1 Tank Space Upgrades and Replacement Double-Shell Tanks

This section discusses options for storage of waste retrieved from SSTs and miscellaneous underground
storage tanks (MUSTSs). Additional waste storage is included in the TC & WM EIS alternatives where
sufficient DST space would not be available within the existing tank farms or where treatment extends
beyond the useful life of the existing DSTs and replacements are required.

E.1.2.1.1.1 Waste Volumes and Available Capacity

This section presents an analysis of current and future DST capacities and waste volumes. The quantities
of waste and available DST space were taken from current sources and are accurate to the limitations
cited in the referenced documentation.

Active waste storage currently takes place in the existing DST system. Storage is provided by 28 DSTs
with an approximate capacity of 4.3 million liters (1.14 million gallons) each. Of these tanks, 25 are
located in the 200-East Area and 3 are located in the 200-West Area. None of the DSTs has leaked to
date.

Waste is also stored in 149 older, inactive SSTs. Of these 149 SSTs, 67 are known or suspected to have
leaked. There are also 66 smaller underground MUSTS associated with the SST and DST systems, 61 of
which are under the jurisdiction of the DOE RPP. They vary in size from approximately 3,000 to
190,000 liters (800 to 50,000 gallons), contain sludge and process materials similar to the waste in the
SSTs and DSTs, and have a total waste volume that is less than 1 percent of the SST waste. Of these
61 MUSTSs, 13 are part of the DST system and therefore are not included within the scope of the closure
action analyzed in this EIS (DOE 2003b; Hebdon 2001).
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Currently the availability of DST tank space limits retrieval from SSTs and MUSTs. SSTs and MUSTs
cannot be used for long-term storage of retrieved waste because of their age, suspect integrity, and lack of
secondary containment capability. The total available tank volume in the DSTs is 117 million liters
(31 million gallons). Deducting the tank volume set aside for administrative controls (emergency reserve,
WTP feed staging, and restricted tank space), the effective capacity of the DST system is approximately
102 million liters (27 million gallons). The DSTs currently contain approximately 85 million liters
(22.5 million gallons) of waste, leaving an available capacity of about 17 million liters
(4.5 million gallons). Additional capacity of 15 million liters (4 million gallons) could be achieved by
evaporating waste to reduce volume and raising tank capacity administrative control limits. Even with
this additional available capacity, all of the alternatives, with the exception of Tank Closure Alternative 1,
would require additional storage capacity to support retrieval and WTP operations. Waste receiver
facilities (WRFs), as discussed in Section E.1.2.2.8, would be provided under Tank Closure
Alternatives 2B through 5 and 6B and 6C. Storage facility upgrades in the way of new or replacement
DSTs would be provided under Alternatives 2A, 5, and 6A.

E.1.2.1.1.2 Storage Requirements

Under Tank Closure Alternative 5, the construction of four new DSTs would be required to provide
sufficient DST storage capacity to match the rate at which waste would need to be removed for treatment
to complete all treatment of tank waste by 2033.

An analysis of the additional DST storage capacity necessary under Tank Closure Alternative 5 was
performed. However, that analysis did not account for operational upsets such as temporary decreases in
treatment throughput or DST failures. Therefore, 15 million liters (4 million gallons) of new storage
capacity was selected for analysis of Alternative 5 (Fredenburg 2003). New, below-grade DSTs, similar
to existing DSTs, would be constructed, as depicted in Figure E-2.

Figure E-2. Cross-Sectional View of Representative Hanford Site Double-Shell Tank
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Under Tank Closure Alternatives 2A and 6A, replacement of existing DSTs would be required due to
useful life constraints and the potential for integrity failure of the DSTs. Tank Closure Alternative 2A
assumes the 28 DSTs would have to be replaced once to extend storage and treatment of tank waste to
2093 because WTP expansion and supplemental technologies would not be used to expedite treatment.
Tank Closure Alternative 6A, which treats all tank waste as HLW, requires replacement of the 28 DSTs
three times (e.g., construction of 84 new DSTs) in order to extend storage and treatment of tank waste
to 2163.

All other alternatives analyzed in this TC & WM EIS provide sufficient treatment capacity by expanding
WTP or supplemental technologies to allow the use of existing DST storage capacities, thereby
eliminating the need to construct new or replacement DSTSs.

E.1.2.1.2 Interfacing Facilities
The following facilities would interface with storage, retrieval, and treatment of tank waste.

o 242-A Evaporator. Services include evaporating the liquid fraction of DST waste. Operation of
the existing evaporator is planned to continue until fiscal year 2018. Replacement evaporators
would need to be constructed and operated to support the Tank Closure alternatives. The
242-A Evaporator is described in Section E.1.2.3.2.

e 222-S Analytical Laboratory. Services include providing a dedicated laboratory facility to
deliver analytical chemistry services in support of characterization. The laboratory is expected to
operate as long as required to support tank waste characterization, tank waste retrieval, and waste
feed delivery to the WTP. Upgrades or replacements to the 222-S Analytical Laboratory are not
analyzed in this EIS because its use is expected to be limited following the start of operations of
the WTP Analytical Laboratory.

o Effluent Treatment Facility (ETF)/Liquid Effluent Retention Facility (LERF). Services
include processing of liquid effluents designated as radioactive and dangerous wastes. The LERF
would need a life extension upgrade in 2015. Operation of the ETF is planned to continue until
fiscal year 2025. After the life extension upgrade, the LERF would operate through the end of
the WTP service life. Replacement ETFs would need to be constructed and operated to support
the Tank Closure alternatives. The LWPFs, including the LERF and ETF, are described in
Section E.1.2.3.3.

o Treated Effluent Disposal Facility (TEDF). The 200 Area TEDF is permitted for disposal of
nonradioactive, nondangerous liquid effluents. A life extension project is planned for fiscal
year 2009, after which the facility was assumed to be operational through the end of the WTP
operation. The TEDF is described in Section E.1.2.3.3.

E.1.2.1.3 Interim Storage of Immobilized High-Level Radioactive Waste

Safe interim onsite storage of IHLW glass would be necessary until disposition decisions are made and
implemented. The TWRS EIS anticipated that the canisters would be stored in the CSB, along with
multicanister overpacks of spent nuclear fuel from Hanford’s K Basins (DOE and Ecology 1996).

Interim storage capacity, including that of the CSB, would be expanded through construction of a new
IHLW Shipping/Transfer Facility and IHLW Interim Storage Modules. These facilities would include
load-out capabilities for transferring IHLW glass canisters to overpacks for potential future shipment and
new IHLW Interim Storage Modules similar to the CSB that can be individually constructed as additional
capacity is required (DOE 2003d).
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The IHLW Shipping/Transfer Facility would be constructed concurrently to support IHLW glass canister
shipments. Construction of additional storage modules is included under each of the TC & WM EIS
alternatives to provide storage capacity for IHLW glass produced in the WTP. In the case of Tank
Closure Alternatives 6A, 6B, and 6C, all of the waste would be managed as IHLW glass, and appropriate
storage facilities are considered for IHLW glass, ILAW glass, and waste from closure of the tank farms.

E.1.2.1.3.1 Assumptions and Uncertainties

Due to uncertainties regarding the timing for shipment of IHLW glass canisters off site and the capacity
for receiving all waste managed as HLW (Tank Closure Alternatives 6A, 6B, and 6C), it was assumed
that onsite storage facilities would be required for all IHLW glass.

E.1.2.2 Waste Retrieval and Storage

The following sections describe the technologies, facilities, assumptions, and uncertainties associated
with options for retrieval of waste from SSTs and transfer to DSTs and WRFs for storage and eventual
treatment. Depending on the alternative, retrieved waste may be transferred directly to a supplemental
treatment facility.

The SST design details are presented in four groups as described below and as shown in Figure E-3.

e B, C, T, and U tank farm 200-series tanks (6-meter-diameter [20-foot-diameter]) with
210,000-liter (55,000-gallon) nominal tank capacity.

e B, BX, C, T, and U tank farm 100-series tanks (22.9-meter-diameter [75-foot-diameter] with
1.9-million-liter (500,000-gallon) nominal tank capacity.

e BY, S, TX, and TY tank farm 100-series tanks (22.9-meter-diameter [75-foot-diameter]) with
2.8-million-liter (750,000-gallon) nominal tank capacity.

e A, AX, and SX tank farm 100-series tanks (22.9-meter-diameter [75-foot-diameter]) with
3.8-million-liter (1-million-gallon) nominal tank capacity.

Retrieval technologies are evaluated with respect to their ability to achieve certain waste retrieval
benchmarks established to allow assessment of the environmental impacts associated with the degree of
waste retrieval proposed under the various Tank Closure alternatives. The four waste retrieval
benchmarks considered in this TC & WM EIS are as follows:

e A 0 percent retrieval involves no removal of tank waste. The O percent retrieval was analyzed
for the No Action Alternative.

e A 90 percent retrieval involves removing tank waste to achieve a residual waste volume equal to
102 cubic meters (3,600 cubic feet) for the 100-series SSTs and 8.5 cubic meters (300 cubic feet)
for the 200-series SSTs.

e A 99 percent retrieval involves removing tank waste to achieve a residual waste volume equal to
10.2 cubic meters (360 cubic feet) for the 100-series SSTs and 0.85 cubic meters (30 cubic feet)
for the 200-series SSTs.
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o A 99.9 percent retrieval involves removing tank waste to achieve a residual waste volume equal
to 1 cubic meter (36 cubic feet) for the 100-series SSTs and 0.08 cubic meters (3 cubic feet) for
the 200-series SSTs. The 99.9 percent retrieval rate was used in cases where tank removal was
analyzed to limit worker exposure. It also reflects multiple uses of retrieval technologies.

Zero percent retrieval was analyzed under Tank Closure Alternative 1; 90 percent retrieval was analyzed
under Tank Closure Alternative 5; 99 percent retrieval was analyzed under Tank Closure Alternatives 2A,
2B, 3A, 3B, 3C, and 6C; and 99.9 percent retrieval was analyzed under Tank Closure Alternatives 4, 6A,
and 6B.

E.l1221 Modified Sluicing

Modified sluicing has been identified as an option for retrieval of 99 percent of the waste from DSTs and
from SSTs not designated as known or suspected leakers. Modified sluicing is similar to past-practice
sluicing, in which nozzles were used to spray liquid into the tanks to dissolve and dislodge the waste, then
pump it out for processing. Although modified sluicing uses less water, it would not be used to retrieve
waste from SSTs that are known or suspected to have leaked in the past.

E.1.2.2.1.1 Technology Description

A modified sluicing retrieval system has been used as described below. Actual equipment types,
locations, and quantities may vary on a tank-by-tank basis.

E.1.2.2.1.2 Process

Modified sluicing is the introduction of liquid into the waste at low-to-moderate pressures and volumes.
Pressures of 345,000 to 1.38 million pascals (50 to 200 pounds per square inch) and flow rates from 300
to 910 liters (80 to 240 gallons) per minute are typical (DOE 2003c). At lower pressures and flow rates,
the retrieval action is primarily dissolution and retrieval of soluble species. At higher pressures and flow
rates, the retrieval action is due to both dissolution of soluble species and the breaking apart of solid
materials and suspension into a waste slurry. A transfer pump inside the tank pumps the waste to a
receiver tank.

Modified sluicing differs from past-practice sluicing in the following ways:

e Past-practice sluicing introduces sluicing liquid from a single sluice nozzle in bulk fashion by a
flooding-type action. Modified sluicing introduces sluice liquid in a controlled fashion using two
to three sluicing nozzles and then pumps out the resultant waste slurry at approximately the same
rate that the sluice liquid is introduced. This operating strategy maintains a minimal liquid
inventory within the tank at all times.

e The use of two to three sluice nozzles in modified sluicing allows a more thorough distribution of
sluicing liquid over the tank contents.

The modified sluicing waste retrieval system could potentially be used to retrieve 99 percent of the waste
from the DSTs and nonleaking 100-series SSTs. The DSTs would have pumps installed to help dislodge
waste solids and thereby aid retrieval.

E.1.2.2.1.3 Facilities

The equipment used for modified sluicing is shown in Figure E-4. The major equipment items and their
functions are discussed below.
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Figure E-4. Modified Sluicing Equipment Schematic

The sluice nozzles (typically three) discharge sluice liquid in a concentrated stream onto the waste
surface. The sluice nozzles are placed through risers around the perimeter of the tank and are remotely
manipulated. The nozzles can typically be rotated 360 degrees horizontally and adjusted 90 degrees
vertically (between pointing straight down and horizontal). Depending on the waste type, sluicing
systems may use water or supernatant from a DST as the retrieval liquid.

The sluice liquid distribution skid provides the structural support, confinement, and leak detection (as
required) for the sluice liquid distribution manifold (piping, valves, flowmeters, filters, and various
fittings); the instrumentation/power enclosures; and a pump. Sluice liquid is piped to the sluice liquid
distribution skid, where it is pumped to the various sluice nozzles.

The ventilation system maintains the tank pressure within specified limits during the retrieval operation.
The ventilation system consists of an inlet filter assembly and a portable exhauster skid that includes
HEPA filters, air emission monitors/samplers, and associated ductwork. The inlet filter connects to an
existing riser on the tank. Collectively, the tank ventilation primary assembly performs the following
functions:

e Maintains a negative pressure within the tank to prevent the release of airborne radioactive
particulates to the environment
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e Controls emissions of the air/gas stream before the effluents are discharged to the environment
e Minimizes the amount of condensation in the tank headspace

The field instrument electrical skid includes receptacles that provide power to the ventilation system and
the water distribution skid, as well as a power center that provides single-phase power for transfer line
heat tracing and various instrumentation.

In-tank video systems are installed to allow operators to monitor and assess the tank retrieval operations
and performance.

The pumping system consists of a pump located in the tank. The system pumps waste slurry from the
tank.

The operator control trailer contains the instrumentation, video, and power capability necessary for
monitoring and controlling the waste retrieval operation.

Prior to initiating modified sluicing, the proper configuration of all equipment is established. All of the
necessary portable equipment and instrumentation are delivered to the tank and set up. Jumpers are set
and hose-in-hose transfer lines (HIHTL) are installed (if required) to establish a waste transfer route. A
waste transfer pump is installed, sluice nozzles are positioned for delivering the sluice water, and the
receiving tank is made ready to receive the waste.

Sluicing is initiated by starting the sluice liquid delivery pump. This introduces the sluice liquid into the
tank through the in-tank sluice nozzles. The sluice liquid affects the surface of the waste, dislodging and
suspending waste particles, dissolving soluble species, and creating a waste slurry. Liquid is delivered to
the SST until the waste slurry level rises and covers the inlet to the waste transfer pump, which is located
near the floor of the tank. The waste transfer pump is then started. The waste transfer pump delivers the
waste slurry to the receiver tank. To mitigate the potential for leakage to occur during waste retrieval, the
liquid volumes are minimized.

Sluice liquid is delivered to the SST simultaneously with waste slurry being removed from the SST until
preestablished conditions for the extent of waste retrieval are met. The in-tank video system is used to
observe retrieval progress and make adjustments as necessary. The transfer line between the SST and the
receiver tank is periodically flushed to prevent potential line blockages.

This process is continued until either the waste retrieval goals are met or the equipment has retrieved
waste to the extent of its design and functional capability.

E.1.2.2.1.4 Assumptions and Uncertainties

e For the purposes of analysis, it was assumed that the construction, operations, and deactivation
impacts assessed for tank 241-S-112 waste retrieval were representative of the proposed modified
sluicing system.

e Temporary facilities associated with modified sluicing would be moved and reused for four tank
retrievals.

Key uncertainties with modified sluicing include the following:

e Ability to retrieve hard heels (i.e., dense, highly compacted waste on the tank bottom)

e Ability to remove waste from tank walls and in-tank equipment
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o Effectiveness of sluicing regarding both retrieval rates and the ability to meet retrieval goals
(e.g., 99 percent)

e Ability to retrieve all types of sludge

Modified sluicing concepts have been used at the Hanford Cold Test Facility (S-112 Project
Proof-of-Principle Test Plan/Procedure for Cold Test Facility [CH2M HILL 2002]). Modified sluicing is
also similar to the process used to retrieve waste from tank 241-C-106, which was based in large part on
past-practice sluicing at Hanford (Carpenter 2002). Based on the results of testing at the Hanford Cold
Test Facility and the similarity of modified sluicing to past-practice sluicing, no significant technical
implementation issues are foreseen for construction and use of modified sluicing systems.

E.1.2.2.2 Mobile Retrieval System

The mobile retrieval system (MRS) has been identified as an option for retrieving 99 percent of the waste
from the 100-series SSTs designated as known or suspected leakers. The MRS with a chemical wash has
been identified as an option for retrieving 99.9 percent of the waste from all DSTs and all 100-series
SSTs. The MRS employs vacuum-assisted retrieval to retrieve waste with a minimum amount of water
added. This minimizes the potential for leaks during retrieval.

E.1.2.2.2.1 Technology Description

The following is a description of a typical MRS that would be used. Actual equipment types, locations,
and quantities may vary on a tank-by-tank basis.

E.1.2.2.2.2 Process

The MRS is a vacuum-driven system that uses mostly air and a small amount of water to retrieve waste.
The MRS uses two major pieces of equipment: an articulated-mast system (AMS) and an in-tank vehicle
(ITV). The AMS is typically located in the central region of the tank because it requires a relatively
large-diameter access riser, 30.5 centimeters (12 inches), that typically does not exist in other locations of
the tank. The mast contains a waste vacuum system on an articulated arm that can be extended
horizontally and rotated up to 360 degrees to access a circular area in the center of the tank that measures
approximately 9.1 meters (30 feet) in diameter. The arm carries a vacuum-operated unit that sucks up the
waste and lifts it from the tank to a skid-mounted vessel on the tank farm surface. The ITV can be moved
around the entire tank to physically push the waste, carry a sluice nozzle, and carry a vacuum
hose-and-nozzle assembly.

A typical retrieval campaign involves first using the AMS to retrieve waste from the central area of the
tank. The ITV can then be used to plow, push, or jet waste from the outer areas of the tank toward the
center of the tank. Sluice water can be added to aid this process. The ITV can also be used to remove
waste from the tank using its vacuum nozzle and hose assembly. At the end of the retrieval campaign, the
ITV can be used for rinsing the tank walls and in-tank equipment.

The AMS and ITV systems retrieve waste from the tank into a skid-mounted vessel in approximately
3,000-liter (800-gallon) batches. The waste is then pumped from this vessel to the waste receiver tank.
Water is added to the waste as it is pumped from the vessel to form a slurry suitable for pipeline transfer.
An ultrasonic de-agglomeration system may be used to prevent particulates from clustering and plugging
the transfer lines.

For retrieval operations from SSTs known or suspected to have leaks, leak detection and monitoring
systems and procedures are used to help ensure that little or no waste is leaked to the tank farm soil.
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An MRS was designed, built, and tested in the Cold Test Facility at Hanford (241-C-104 Waste Retrieval
System Preliminary Design Report (Project W-523) [Carpenter 2002]). The testing showed that the MRS
can potentially be used to retrieve 99 percent of waste from leaking 100-series SSTs, and the MRS with a
chemical wash can be used to retrieve 99.9 percent of waste from all DSTs and all 100-series SSTs.

E.1.2.2.2.3 Facilities

The MRS consists of two primary pieces of equipment, the AMS and the ITV. Additional above-tank
support equipment is required for each. Supporting the AMS are a vessel vacuum and pump skids and a
decontamination unit.  Supporting the ITV are an umbilical management system and associated
decontamination units. Each component is described in greater detail below (DOE 2003c). Major
equipment required for the MRS is shown in Figure E-5.

Figure E-5. Mobile Retrieval System Schematic

The AMS is a mast-deployed system used to retrieve and convey waste out of the tank. An articulated
arm can be extended from the mast for an effective cleaning radius of nominally 4.6 meters (15 feet). At
the end of the arm is a fluid-kinetics-driven unit that dislodges waste and provides the kinetic assist to
vacuum-induced forces sufficient to draw waste out of the tank.

The vessel skid holds a waste batch vessel connected to the AMS. The vessel is nominally 3,500 liters
(925 gallons) in size and can accumulate nominally about 3,000 liters (800 gallons) of waste. The waste
batch vessel is placed under a vacuum created by the vacuum skid. This vacuum draws waste into the
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vessel, where the waste is separated from the gas stream. The gas stream continues to the vacuum skid
and back to the tank. When the waste batch vessel is full, the waste is pumped to a receiver tank. Water
is mixed with the waste as it is being pumped to achieve a target specific gravity.

The vacuum skid holds two liquid-ring vacuum pumps, along with a seal tank. Only one pump is needed
to obtain the vacuum to retrieve waste from the tank; the second pump provides redundancy. The seal
tank collects entrained liquid separated from the gas stream at the pump discharge and provides sealing
liquid for vacuum pump operation.

A pump skid holds booster pumps and associated equipment for transferring retrieved waste from the
vessel skid to the waste receiver tank through double-encased pipelines. The booster pump draws the
conditioned waste slurry from the vessel skid through an ultrasonic deagglomeration unit. The ultrasonic
unit is about 1.8 meters (6 feet) long and is fitted with transducer banks on the outside of the unit.
Ultrasonic energy (nominally 30- to 40-kilohertz frequency) is transmitted through the pipe wall to the
waste slurry to break the binding force of agglomerated waste particles. Two booster pumps are provided
on the skid for redundancy. The nominal operating conditions for a single pump are a pressure of
1.17 million pascals (170 pounds per square inch) with a flow rate of 320 liters (85 gallons) per minute.
Each pump is nominally capable of producing a pressure of 1.72 million pascals (250 pounds per
square inch) at the pump outlet.

The ITV is an adaptation of a commercially available crawler-type vehicle. A platform on the unit
contains a pump and a jetting system for moving waste toward the AMS. The ITV is deployed after the
waste within the effective cleaning radius of the AMS has been removed. Waste is either jetted or pushed
by the ITV toward the AMS for retrieval. At the end of the retrieval campaign, clean water is supplied to
the ITV for rinsing the tank walls and in-tank equipment.

The umbilical management system, located within the upper module of the ITV, stores, deploys, and
withdraws hoses connected to the ITV. It consists of a reel used to manage the ITV hose and hydraulic
lines. Water supply and hydraulic lines are connected to the umbilical management system in the upper
module of the ITV. Water and hydraulic fluid are then conveyed to the ITV through the umbilical
tethered to the ITV.

Decontamination systems use heated water to decontaminate the ITV as it is removed from the tank.
Decontamination of the ITV is performed in three stages. Stage 1 is a low-pressure spray ring located in
the riser where the ITV is installed. Stage 2 involves high-pressure spray rings located in a lower module.
Stage 3 is an ultrasonic unit inside an upper module that performs final decontamination. This
decontamination unit consists of a tank nominally 3,400 liters (900 gallons) in capacity. The
decontamination water from the system drains back into the SST and may be removed using the AMS.

In-tank video systems are installed to allow tank farm operators to monitor the retrieval process and
assess MRS performance for meeting retrieval objectives.

A ventilation system maintains a negative tank pressure (below atmospheric) within the specified limits
during the retrieval operation. This ensures that airflow is pulled into the tank at all times and airborne
contamination is not released from the tank. The ventilation system consists of an inlet filter assembly
and a skid-mounted portable exhauster with HEPA filters, air emission monitors/samplers, and associated
ductwork. The tank inlet filter and portable exhauster inlet ductwork are connected to existing risers on
the tank. Collectively, the tank ventilation system performs the following functions:

e Prevents release of airborne radioactive particulates to the environment
e Controls emissions of the air/gas stream before the effluents are discharged to the environment
e Minimizes the amount of condensation in the tank headspace
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A control trailer is located near the tank from which waste is retrieved. Operation and monitoring of the
system are performed from the control trailer. The closed-circuit television monitors and camera
manipulation controls are also located within the control trailer.

Prior to initiating retrieval, proper configuration of all equipment is established. All of the necessary
portable equipment and instrumentation are delivered to the tank and set up. Jumpers are set and
HIHTL lines are installed (if required) to establish a waste transfer route. The AMS and ITV systems are
installed, and the receiving tank is made ready to receive the waste.

E.1.2.2.2.4 Assumptions and Uncertainties

For purposes of analysis, it was assumed that the construction, operations, and deactivation impacts
assessed for tank 241-C-104 retrieval were representative of the proposed MRS.

Temporary facilities associated with the MRS would be moved and reused for four tank retrievals.

The ITV is an adaptation of a commercially available system. This technology has a proven track record
in the commercial petroleum and chemical manufacturing industries. The AMS and support equipment
have been tested at the Hanford Cold Test Facility with simulated waste. However, it is not certain how
well they would function when used for retrieval of actual SST waste. For retrieval analysis, this
TC & WM EIS assumed that this retrieval technology would function as designed and tested.

The MRS was designed to be placed through existing SST risers. It is uncertain whether all SSTs have
enough risers to use the MRS. New risers may be required for some tanks.

Key uncertainties with the MRS include the following:

Ability to remove hard heels (i.e., dense, highly compacted waste on the tank bottom)

Ability to remove waste from tank walls, air-lift circulators, and other in-tank equipment
Effectiveness in meeting retrieval goals (i.e., 99 percent or 99.9 percent with a chemical wash)
Ability to maneuver around in-tank structures and debris

E.1.2.2.3 Vacuum-Based Retrieval

For purposes of analysis, vacuum-based retrieval (VBR) was assumed for removal of 99 percent of the
waste from 200-series SSTs, MUSTSs, and WRF tanks. VBR with a chemical wash has been identified for
removal of 99.9 percent of the waste from all 200-series SSTs, MUSTs, and WRF tanks.

E.1.2.2.3.1 Technology Description

The following is a description of a typical VBR system that has been used. Actual equipment types,
locations, and quantities may vary on a tank-by-tank basis.

E.1.2.2.3.2 Process

VBR uses little liquid and is accomplished using a vacuum system, with air as the conveyance medium.
The vacuum system would be deployed on an AMS located in the central region of the tank. The
VBR system is essentially an MRS without the ITV.

The AMS has a 4.6-meter (15-foot) reach from the stationary vertical mast. It is thus capable of reaching
the entire tank base of 200-series SSTs (6-meter [20-foot] diameter), but only a portion of the tank base of
the 100-series SSTs, which have a 22.9-meter (75-foot) internal diameter.
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VBR can potentially be used to retrieve 99 percent of the waste from 200-series SSTs, MUSTSs, and WRF
tanks, and VBR with a chemical wash can potentially be used to retrieve 99.9 percent of the waste from
all 200-series SSTs, MUSTSs, and WRF tanks.

E.1.2.2.3.3 Facilities

The VBR system was identified for retrieving waste from the 200-series SSTs, MUSTSs, and WRFs. The
VBR system consists of one primary piece of equipment, the AMS. Additional above-tank support
equipment is required for the AMS, including vessel, vacuum, and pump skids and a decontamination
unit. The facilities are described in greater detail below. The descriptions for the AMS facilities were
derived from the Waste Retrieval and Storage Data Package (DOE 2003c). Major equipment required
for the VBR system is shown in Figure E-6.

The AMS is a mast-deployed system used to retrieve waste and convey it out of the tank. An extendable
articulated arm provides a nominal effective cleaning radius of 4.6 meters (15 feet). A fluid-
kinetics-driven unit at the end of the arm dislodges waste and provides sufficient Kkinetic assist to
vacuum-induced forces to draw waste out of the tank.

A waste batch vessel on the vessel skid is connected to the AMS. The vessel is nominally 3,500 liters
(925 gallons) in size and can accumulate approximately 3,000 liters (800 gallons) of waste. The waste
batch vessel is placed under a vacuum created by the vacuum skid. This vacuum draws waste into the
vessel, where the waste is separated from the gas stream. The gas stream continues to the vacuum skid.
When the waste batch vessel is full, the waste is conveyed to a receiver tank. Water is mixed with the
waste as it is being pumped to achieve a specific target gravity.

Two liquid-ring vacuum pumps are located on the vacuum skid, along with a seal tank. Only one pump is
needed to obtain the vacuum needed to retrieve waste from the tank; the second pump provides
redundancy. The seal tank collects entrained liquid separated from the gas stream at the pump discharge
and supplies sealing liquid (water) for vacuum pump operation.

A booster pump draws the conditioned waste slurry from the vessel skid through an ultrasonic
deagglomeration unit. The ultrasonic unit is about 1.8 meters (6 feet) long and is fitted with transducer
banks on the outside of the unit. Ultrasonic energy (nominally 30- to 40-kilohertz frequency) is
transmitted through the pipe wall to the waste slurry to break the binding force of agglomerated waste
particles. Two booster pumps are provided on the skid for redundancy. The nominal operating
conditions for a single pump are a pressure of 170 pounds per square inch with a flow rate of 320 liters
(85 gallons) per minute. Each pump is nominally capable of producing pressure of 1.72 million pascals
(250 pounds per square inch) at the pump outlet.

In-tank video systems are installed to allow tank farm operators to monitor and assess tank retrieval
operations and performance.
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Figure E-6. Vacuum-Based Retrieval System Schematic
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The ventilation system maintains the tank at a slightly negative (less than atmospheric) pressure within
specified limits during operation. The ventilation system consists of an inlet filter assembly and a
portable exhauster skid that includes HEPA filters, air monitoring/sampling equipment, and associated
ductwork. The inlet filter connects to an existing riser on the tank. Collectively, the tank ventilation
system performs the following functions:

e Prevents release of airborne radioactive particulates to the environment
e Controls emissions of the air/gas stream before the effluents are discharged to the environment
e Minimizes the amount of condensation in the tank headspace

A control trailer is located near the tank from which waste is retrieved. Operation and monitoring of the
system are performed from the control trailer. The closed-circuit television monitors and camera
manipulation controls are also located within the control trailer.

Before initiating VBR, proper configuration of all equipment is established. All of the necessary portable
equipment and instrumentation are delivered to the tank and set up. Jumpers are set and HIHTL lines are
installed (if required) to establish a waste transfer route. The AMS is installed, and the receiving tank is
made ready to receive the waste.

E.1.2.2.3.4 Assumptions and Uncertainties

For analysis purposes, it was assumed that the construction, operations, and deactivation impacts assessed
for tank 241-C-104 retrieval were representative of the proposed VBR system.

Temporary facilities associated with the VBR system would be moved and reused for four tank retrievals.

VBR has been used on the 241-C-200 series tanks, which are the smaller 208,000-liter-capacity
(55,000-gallon-capacity) tanks. VBR has not been used on one of the larger tanks yet. There is
uncertainty regarding how VBR would work on a large scale.

The AMS was designed to be inserted into the Hanford tanks through existing penetrations (risers)
through the roof of the tank. The only uncertainty associated with implementation of the vacuum system
is whether the tanks identified for retrieval using the VBR system would contain available penetrations of
an appropriate size to accommodate the system or if new risers would need to be installed. It may be
necessary to remove existing equipment from or to install new risers on some tanks to allow installation
of the AMS.

The VBR system, as described in this appendix, may have to be adapted to suit various configurations of
the MUSTs. The VBR system has been proof-of-principle tested at the Hanford Cold Test Facility
(CH2M HILL 2002).

E.1224 Chemical Wash System

A chemical wash system has been identified to supplement the MRS and the VBR system to retrieve
99.9 percent of the waste from Hanford tanks. The chemical wash would be conducted after as much
waste as technically practical has been removed using those technologies.

E.1.2.2.4.1 Technology Description

The following is a description of a typical chemical wash system. Actual equipment types, locations, and
guantities may vary on a tank-by-tank basis.
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E.1.2.2.4.2 Process

Chemical washing of internal tank surfaces and equipment is identified for retrieval of residual waste
after MRS and VBR system retrieval to meet closure criteria performance objectives. This additional
measure may be needed because the other retrieval methods may not directly meet the performance
objective, would require significant operational time, or would affect other tank farm operations. For
example, the MRS option may not be able to meet performance objectives because in-tank equipment
may not allow direct access to some regions within the tank. Specifically, chemical washing is identified
for use in conjunction with MRS and VBR system retrieval of 99.9 percent of the waste.

An example of chemical washing is the use of oxalic acid as a solvent for the waste (Sams 2004). Much
of the radioactive tank waste was generated from acidic processes; therefore, the use of acids or other
chemicals could dissolve the waste into a solution that is more readily removed from the tank. The same
methods used to deliver water or waste supernatant into a tank can be used to introduce other chemicals,
provided the delivery system’s construction materials would not be degraded by the chemical being used.
In the same manner, the same equipment used to remove waste by the MRS or VBR can be used to
remove the chemical washing solutions if the removal system construction materials are not incompatible
with the chemical being used.

The specific chemicals to be used for retrieving residual waste from Hanford tanks would be selected
using the following considerations:

e Minimize potential safety impacts (e.g., worker health and nuclear safety)
e  Optimize effectiveness in retrieving residual waste

e Optimize compatibility with construction materials for the tank, retrieval system, and waste
transfer lines

e  Optimize compatibility with the waste materials

e Minimize impacts on downstream waste processing (i.e., vitrification or supplemental treatment
processes [STPs])

e Minimize potential for contaminants to be mobilized into the soil column

The chemical wash system can be used to supplement the MRS and the VBR system to retrieve
99.9 percent of the waste from tanks.

E.1.2.2.4.3 Facilities

A chemical addition skid provides structural support, confinement, and leak detection (as required) for the
chemical addition manifold (piping, valves, flowmeters, pressure indicators, and various fittings),
instrumentation/power enclosures, and pumps. The chemicals would be trucked to Hanford, and the tank
on the truck would be used as the primary holding mechanism for the chemical. The chemical (acid or
base) would be piped to the chemical addition skid, where it would be pumped to the equipment used to
disperse it within the tank.

A chemical manifold would be connected to the chemical truck and piping that runs to the chemical
addition skid. Included on the manifold are valves and pressure indicators. The chemical manifold would
be equipped with a water flush port to flush the chemical wash system after completion of the chemical
addition campaign.
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Flexible hoses would be used to provide pathways for the chemical between the chemical truck/tank and
chemical addition skid and between the chemical addition skid and retrieval equipment located at the
tank.

E.1.2.2.4.4 Assumptions and Uncertainties

For purposes of analysis, it was assumed that chemicals that can effectively clean tanks to the
99.9 percent retrieval goal would also be compatible with safety requirements (e.g., worker health and
safety, nuclear safety); construction materials used (e.g., tank liner and retrieval system); tank waste to be
treated; and waste feed composition requirements for the WTP or supplemental technologies.

Key uncertainties with chemical washing include chemical compatibility with the DST system, worker
safety issues, and waste feed acceptability to the WTP or other solidification technologies.

Chemical (acid) washing in combination with modified sluicing was demonstrated on Hanford
SST 241-C-106 from August to December 2003. The objective was to demonstrate 99 percent retrieval
of tank waste within acceptable confidence intervals. The results of the demonstration, as reported in
Stage 1 Retrieval Data Report for Single-Shell Tank 241-C-106, published in May 2004 (Sams 2004),
suggest that the combined technologies reached their limit of capability but did not achieve the 99 percent
criteria of retrieval, which corresponds to 10.2 cubic meters (360 cubic feet) of remaining tank waste.
Based on mass balances, the tank waste remaining was approximately 10.5 cubic meters (370 cubic feet)
at the termination of the demonstration. The chemical (oxalic acid) wash was delivered in six stages.
After the sixth stage, it was determined that subsequent acid additions would not yield beneficial retrieval
of additional tank waste. Chemical (acid) washing has not been demonstrated with MRS or VBR systems
at Hanford.

E.1.2.25 Leak Detection and Monitoring

Safe retrieval of tank waste would involve use of procedures, technologies, and systems for detecting
environmental releases.

The DSTs are designed with multiple systems for detecting leaks from the primary tank. These systems
are installed in the annulus of the DST, the space between the primary and secondary tank liners. In
addition, the DSTs have leak detection runners and a leak collection sump located in the base of the outer
tank to provide additional protection from potential leakage of waste to the soil.

The SSTs were designed with limited capabilities for detecting and monitoring leaks. Because of the
physical limitations of the existing tank systems, detection, monitoring, and mitigation of liquid releases
from the SSTs during waste retrieval operations would be more difficult. However, equipment and
procedures developed for the SST interim stabilization program would be applicable for leak detection
and monitoring during SST retrieval operations.

E.1.2.25.1 Technology Description

Leak detection and monitoring technologies currently available to support waste retrieval from SSTs
include high-resolution resistivity (HRR), dry-well monitoring, chemical process mass balance, and
static-liquid-level observation. Performance limitations are associated with each of these technologies,
and current plans for near-term waste retrieval include the combined use of all three technologies.

e High-resolution resistivity. The HRR leak detection and monitoring system measures changes
in the soil resistivity that may occur when conductive tank liquid enters the surrounding soil.
Such conductive liquid can alter the current or voltage measured by the HRR leak detection
equipment. A resistivity which either decreases or increases with time could result from a
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number of factors, one of which is a leaking tank. The system has been used on a number of
SSTs starting in 2004 (Schofield 2008).

e Dry-well monitoring. All 100-series SSTs are equipped with dry wells, which are vertical pipes
placed in the soil around the perimeter of the tank extending downward from grade level to
depths of about 23 to 46 meters (75 to 150 feet). These pipes are used for deploying gamma
radioactivity monitors and neutron moisture probes to detect any liquid waste that has moved
from the tank into the soil surrounding the tank. Some of the earliest leaks from SSTs were
detected through routine monitoring of tank farm dry wells.

o Chemical process mass balance. During the retrieval operation, the amount of waste removed
from a tank and any liquid added to aid retrieval would be compared to the amount of material
transferred into the receiver tank. If the amount of waste appearing in the receiver tank were less
than the amount of waste retrieved, plus any liquid added, a leak would be suspected. These
parameters would be tracked continually during the retrieval operation to warn operations
personnel of potential leaks.

e Static-liquid-level observation. This can also be used to detect a suspected leak. If all transfers
out of and all additions to a tank are halted, the liquid level of that tank is expected to level off
and remain unchanged after the liquid level stabilizes. A measurable drop in the liquid level
would indicate the possibility of a leak. For example, a liquid-level change of 1.3 centimeters
(0.5 inches) in a 100-series tank (22.9-meter [75-foot] diameter) is equivalent to a change in
volume of 5,200 liters (1,400 gallons).

E.1.2.2.5.2 Physical Condition of the Single-Shell Tanks

The SSTs were initially constructed at Hanford as early as 1943 to store radioactive waste. The most
significant degradation of the physical integrity of the SSTs occurred while the SSTs were in service and
receiving waste from processing facilities (1944 to 1980). Some of the failures were attributed to buildup
of high-heat sludge, resulting in elevated temperatures at the bottom of the tank. Tank waste temperatures
have cooled over the years, and high-heat sludges have been removed from SSTs, making this failure
mechanism unlikely.

Stress-corrosion cracking and pitting/crevice corrosion are the failure mechanisms most applicable to the
SSTs that have leaked in the past. The rate at which these modes of corrosion may have progressed in
nonleaking SSTs is unknown. However, the general condition and age of the SSTs suggest that new SST
leaks could occur during retrieval actions that involve additions of liquid to the tanks (DOE 2003c).

The first SSTs known to leak were tanks 241-TY-109 and 241-U-101 in 1959. As analyzed, 67 of
Hanford’s 149 SSTs are listed as known or suspected leakers. The SSTs were formally removed from
service in 1980, but still contain approximately 120 million liters (32 million gallons) of waste. Estimates
of total leak volumes from individual SSTs range from approximately 1,140 liters to 1.05 million liters
(300 to 277,000 gallons) per tank (Hanlon 2003). Although the RPP plans to minimize introduction of
liquids into suspected leakers (utilizing VBR), for the analysis, all tanks were assumed to leak during
retrieval. The TWRS EIS (DOE and Ecology 1996) assumed each tank would leak an average of
15,100 liters (4,000 gallons) during SST retrieval. Due to limitations on currently employed leak
detection equipment, this assumption was carried forward in this EIS. The leak detection monitoring and
mitigation strategy developed for the tank 241-S-112 retrieval demonstration (Hanson 2003) estimated
that the best of the three available leak detection methods utilized dry-well gamma logging and neutron
soil logging. The 95th percentile upper confidence limit with this method estimated leak detection within
a leak volume range from 1,140 to 68,000 liters (300 to 18,000 gallons), depending on where the leak
originated in relation to the dry wells. In-tank liquid balance leak detection methods were less sensitive,
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ranging from 68,000 to 310,000 liters (18,000 to 82,000 gallons) at the 95th percentile upper confidence
limit.

Potential for leakage during retrieval operations would vary based on the height of liquid above potential
leak sites (hydrostatic-pressure-driving force) and duration of the retrieval operation.

Technologies to assist in mitigation and improve detection of leakage are currently being evaluated and
tested by the RPP. Testing conducted on resistivity-based technologies over a 110-day period in 2003 at
the Hanford 105A mock-tank test site provided encouraging data for potential future use of much more
sensitive leak detection capabilities (Barnett et al. 2003).

E.1.2.25.3 Assumptions and Uncertainties

This TC & WM EIS adopts the assumption that each of the 149 SSTs would leak an average of
15,000 liters (4,000 gallons) to soils surrounding the tank during retrieval operations (see Appendix D,
Section D.1.6). It is expected that many of the SSTs would not leak during waste retrieval. However,
given the limited sensitivity of some SST leak detection systems, larger leak volumes could occur.

No leakage was assumed to occur from the DSTs during retrieval operations because the DSTs have
provisions for leak containment and collection.

Similarly, no leakage was assumed to occur from MUST retrieval operations, which would use the VBR
system that employs small volumes of water.

E.1.2.2.6 New Risers

Risers are vertical pipes that extend from aboveground through the dome of the waste tank. Risers of
various diameters are used to install pumps, instrumentation, and other equipment in the tanks. New
risers may need to be installed on some tanks to provide access for retrieval system equipment. Early
SST designs included fewer risers with smaller diameters than newer SSTs and DSTSs.

E.1.2.2.6.1 Technology Description

The following is a description of a typical riser installation in a Hanford waste tank. The need for and
location of new actual equipment risers on a tank may vary on a tank-by-tank basis.

E.1.2.2.6.2 Process

The process of installing a new riser on a Hanford waste tank involves (1) excavating soil from grade
down to the tank dome, (2) core drilling through the dome to install the new riser, and (3) backfilling with
clean soil.

E.1.2.2.6.3 Facilities

For each tank from which waste is to be retrieved, existing risers would be checked for size, location, and
total number to determine whether they would accommodate required retrieval equipment. As-found
equipment in the risers would be evaluated for removal as required. Based on this evaluation, the need
for one or more new risers would be determined.

E.1.2.2.6.4 Assumptions and Uncertainties

Uncertainties in the analysis pertaining to new risers include the actual number of new risers that would
be required and the specific tanks on which they would be installed.
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Uncertainties with the schedule and cost of installing new risers include the degree of soil contamination
present at the new riser location and the number and configuration of underground obstructions
(e.g., electrical conduits, transfer lines).

E.1.2.2.7 Waste Transfer

This section summarizes approaches for transferring waste between tanks (e.g., from SSTs to DSTs and
from DSTs to other DSTs) and from tanks to treatment facilities (e.g., from SSTs, DSTs, and WRFs to
treatment facilities).

Existing and future waste transfer approaches are discussed below. Future waste transfer system
components include underground piping, HIHTL lines, container transport, and WRFs.

E.1.2.2.7.1 Existing Single-Shell Tank Waste Transfer Systems

None of the existing SST transfer piping would be used because (1)the pipelines are single-wall
construction and noncompliant with current regulations; (2) some of the pipelines are plugged; (3) many
of the pipelines leak; and (4) the pipelines are up to 60 years old.

E.1.2.2.7.2 Existing Double-Shell Tank Transfer Lines

An existing, extensive system of underground piping connecting the DSTs is operated routinely. This
piping would be used for final retrieval of DST waste. In particular, waste removed from DSTs in the
200-West Area would be transferred to selected DSTs in the 200-East Area through the existing
underground cross-site transfer system that connects the SY tank farm (in the 200-West Area) with the
DSTs in the 200-East Area.

Waste from various DSTs in the 200-East Area would be transferred through existing underground
pipelines to DSTs in the AP tank farm, then through a new underground pipeline to the WTP. The DST
transfer system would continue to service the DSTs though the end of the mission.

E.1.2.2.7.3 Use of Hose-in-Hose Transfer Lines

The Hanford Site uses an HIHTL configuration placed on or near the surface with appropriate shielding.
Interim stabilization project efforts currently use this type of transfer line in addition to double-contained
underground transfer lines (DOE 2003c).

E.1.2.2.7.4 Future Waste Transfer System

Existing transfer lines would be used for retrieval of waste from DSTs and WRFs to the extent
practicable. Because the DST transfer system would continue to service the DSTs through the end of the
mission and the SST transfer system offers limited utility, future transfer system upgrades would be
primarily oriented to service the SSTs, through the use of HIHTL.

The two primary methods for transferring tank waste are via pipeline or container transport. The Tank
Waste Technical Options Report (Boomer et al. 1993) evaluated these two tank waste transfer
alternatives. Public health and safety parameters estimated in the report for container transport and
pipeline transfer were roughly equivalent. Occupational health and safety impacts and capital operating
costs were estimated to be somewhat higher for container transport than for pipeline transport. For
purposes of estimating impacts, this TC & WM EIS assumed the tank waste would be transferred
predominantly by pipeline. Container transport of tank waste may be used selectively.

The VBR system, MRS, and modified sluicing would make extensive use of HIHTL. The MRS and the
VBR system previously engineered for tank 241-C-104 include approximately 460 meters (1,500 feet) of
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HIHTL,; the modified sluicing system for tank 241-S-112 includes approximately 230 meters (750 feet) of
HIHTL. These distances of HIHTL were included in all applications of the VBR system, MRS, and
modified sluicing. This length of transfer line would be sufficient to transfer waste beyond the tank farm
boundary or to nearby supplemental treatment facilities, but would be insufficient to deliver waste to
more distant locations (DOE 2003c).

E.1.2.2.7.5 New Underground Transfer Lines

New underground transfer lines would be used to transfer waste beyond the distances that can be reached
by HIHTL. The general configuration of the SST farms suggests that the maximum distances for
underground transfer lines are from the B tank farm complex to the 200-East Area DSTs and from the
T tank farm complex to the 200-West Area DSTs. For the purpose of this analysis, the 200-East Area
destination is designated as the “AY/AZ DST farm” because of its location relative to the B tank farm
complex. The 200-West Area destination is designated as the “SY DST farm” because it is the only
DST farm in the 200-West Area.

E.1.2.2.7.6 Technology Description

New underground transfer lines and associated components (valve pits, diversion boxes, booster pumps,
and instrumentation) would be constructed. Transfer lines would be double-walled RCRA-compliant
lines.

E.1.2.2.7.7 Process

Processes involved in operating underground waste transfer lines include establishing the desired route
(setting valves and jumpers in pits and diversion boxes); pumping waste from the source tank to the
receiver tank; recycling supernatant back to the source tank if required; flushing the lines after the waste
has been transferred; and verifying the volume transferred by material balance. In addition, monitoring
and periodic leak testing of transfer lines would be conducted.

E.1.2.2.7.8 Facilities

Two new transfer line routes are currently planned to connect SST farms to DST farms. One
underground transfer line route would originate at the boundary of the T SST farm, be routed past the TX,
TY, and U SST farms, and terminate at the SY DST farm (see Figure E-7). The second transfer line
route would originate at the boundary of the B SST farm, run beside the C SST farm, and terminate at the
200-East Area DST complex (see Figure E-8). The AY/AZ DST farm is selected for this purpose.

Three transfer lines (one primary transfer, one recycle, and one spare) would be constructed for each route
described above. The transfer lines would be double-walled pipe with heat-tracing and leak-detection
features. Booster pump stations, access points to leak detection instrumentation, and other equipment
would be provided along the transfer route as required. Transfer lines could be constructed on grade and
shielded with concrete enclosures or placed in trenches below grade. To provide a conservative estimate
of environmental impacts of excavation, it was assumed that transfer lines would be constructed in
trenches below grade.
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Figure E-7. Future 200-West Area Underground Transfer Line
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Figure E-8. Future 200-East Area Underground Transfer Line

Following completion of waste retrievals, the underground transfer lines would be left in place. These
transfer lines would have been essentially decontaminated during routine waste retrieval and transfer
operations through use of routine transfer line flushes. Leaving the lines in place would result in
2,100 meters (7,000 feet) each of primary, recycle, and spare transfer lines from the T tank farm to the
SY tank farm and 2,300 meters (7,500 feet) each of primary, recycle, and spare transfer lines between the
B tank farm and the AY/AZ tank farms (DOE 2003c).

E.1.2.2.7.9 Assumptions and Uncertainties
For planning purposes, it was assumed that the following constraints apply:

e HIHTL lengths would not exceed those identified for tank 241-C-104 or 241-S-112 retrieval.
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e Below-grade waste transfer lines would remain in place at completion of the retrieval activities.

e Existing transfer lines in the northeast (B, BX and BY tank farms) and northwest (T, TX, and
TY tank farms) quadrants of the tank farm system can support a maximum of six simultaneous
retrievals or transfers in each tank farm and a total of six simultaneous retrievals or transfers in
each quadrant.

e For the southwest (S, SX, SY and U tank farms) quadrant, operations would be limited to two
simultaneous retrievals or transfers per tank farm and six simultaneous retrievals or transfers per
quadrant.

e For the southeast (A, AX, C and DST tank farms) quadrant, the limits would be two simultaneous
retrievals or transfers, both of which would be allowable within the same tank farm. A maximum
of seven simultaneous transfer operations can be performed, and the waste from up to two SSTs
may be transferred into one DST at a time (Hanlon 2003).

The additional underground transfer lines and WRF identified in this TC & WM EIS may not increase the
allowable number of simultaneous transfer operations. Process modeling would be used to evaluate
applicable constraints on the identified waste transfer system.

E.1.2.2.8 Waste Receiver Facilities

WRFs would facilitate retrieval of waste from SSTs and MUSTSs for transfer to the DST system. WRFs
may also be used to condition waste from SSTs and DSTs for transfer to waste treatment facilities. WRF
construction and operations are analyzed under all Tank Closure alternatives, except 1, 2A, and 6A.

E.1.2.2.8.1 Technology Description

WRFs accumulate waste during retrieval; condition waste by dissolution, dilution, or size reduction of
particles; and provide batches of waste for subsequent transfer. The WRFs could also be used to
recirculate sluicing liquids back to the SSTs. Not all SST retrievals would necessarily require WRFs.

E.1.2.2.8.2 Process

In the WRFs, waste can be conditioned through dissolution, dilution, and size reduction (of particles
suspended in the waste slurry), if necessary. The actual size of the WRFs would vary based on many
design considerations. For this EIS, the WRFs analyzed would contain four process cells serviced by an
overhead crane. Three of the cells would each contain a 568,000-liter (150,000-gallon) tank and agitator,
while the remaining cell would contain transfer pumps and miscellaneous equipment used for waste
conditioning and decontamination. Each WRF would also contain an equipment load-out bay and crane
maintenance area. Three pipe runs would service each WRF. The two runs that would service the tank
farms would include three lines each (one transfer, one recycle, and one spare). The run that would
transfer slurry from the WRF to the DSTs or waste treatment facilities would contain two lines (one
transfer and one spare) (DOE 2003c).

E.1.2.2.8.3 Facilities

A WRF would have a facility footprint approximately 61 meters long by 15 meters wide (200 feet long by
50 feet wide), with four separate process cells. Operations in each process cell would be conducted
remotely (no personnel present during processing). The cell would be serviced by an overhead crane.
Each WRF would also have a separate control room for operations personnel, an equipment load-out bay,
and a dedicated maintenance area. The tanks, cells, and crane area would be appropriately ventilated.
See Figure E-9 for a schematic diagram of a WRF.
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Figure E-9. Waste Receiver Facility Schematic

A waste retrieval and transfer logistical analysis conducted using the Hanford Tank Waste Operation
Simulator (HTWOS) model was used as the basis for the number and locations of WRFs required. Four
WRFs would be constructed near clusters of SSTs, as follows:

Adjacent to the B, BX, and BY tank farms in the 200-East Area (WRF-B)
Between the T and TY tank farms in the 200-West Area (WRF-T)
Between the U and S tank farms in the 200-West Area (WRF-S)
Adjacent to the A tank farm in the 200-East Area (WRF-A)

Under alternatives that require WRF construction, this would be integrated with construction of new
transfer lines, as discussed in the previous section (DOE 2003c).

E.1.2.2.8.4 Assumptions and Uncertainties

e Uncertainties associated with WRFs are related primarily to the total number of WRFs required,
the number of tanks within each WRF, and the size of the tanks within each WRF.

e Four WRFs were assumed to be constructed, with a maximum of three 568,000-liter
(150,000-gallon) tanks per WRF.

E.1.2.2.9 Waste Staging for Treatment

Several alternatives considered in this TC & WM EIS require construction of additional storage tanks.
Alternative 5 requires the construction of four new DSTs to provide additional storage capacity, while
Alternatives 2A and 6A would require replacement of existing DSTs when they reach the end of their
useful lives.

E.1.2.2.9.1 Technology Description

All of the alternatives evaluated in this TC & WM EIS require the use of existing storage facilities (with or
without modification) to store retrieved tank waste. Alternative 5 requires additional storage capacity,
while several other alternatives require replacement of DSTSs as they reach the end of their useful lives.

Alternative 5 proposes the use of existing storage facilities that would be modified or supplemented with
new waste storage facilities to support near-term retrieval and treatment of tank waste. The storage
option selected to support Alternative 5 is the construction of new underground DSTS.
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Modification of existing facilities to increase storage space using administrative controls is discussed in
Section E.1.2.1.1. Impacts of that option would be less than those of constructing new DSTSs.

E.1.2.2.9.2 Process

Retrieval systems for DSTs have been designed and installed in selected DSTs to support waste feed
delivery for the WTP. The retrieval systems consist of a combination of mixer and retrieval pumps
designed to slurry the contents of the tank and to pump the waste out of the tank into the waste transfer
system. Construction, operations, and deactivation impacts of DST retrieval are included for analysis in
this EIS.

E.1.2.2.9.3 Facilities

Construction of new DSTs to provide safe storage space for retrieved SST/DST waste was evaluated in
the early 1990s as a multifunction waste tank facility project (DOE 2003c). A facility similar to the
multifunction facility would be constructed on approximately 10 hectares (24 acres) near the WTP site in
the 200-East Area. Electric power, raw water, steam, sanitary water, and process lines would be routed to
the site. Discussions in the following sections are based on the multifunction facility design.

New DSTs would be constructed in modules, with four DSTs per module, similar to the multifunction
waste tank facility design. Each tank would have a 23-meter (75-foot) internal diameter and a capacity of
up to 4.5 million liters (1.2 million gallons). The outer tank would be reinforced concrete that is lined
with steel to provide the secondary containment required by DOE directives. The inner tank would be
enclosed within the outer tank and separated from the outer tank liner by an annular space where leak
detection equipment would be installed (see Figure E-2). The outer tank would serve as secondary
containment in the event of a leak from the primary tank liner. In addition, the base of the outer tank
would be equipped with leak detection runners leading to a sump for detecting and mitigating possible
leakage from the outer tank of a DST.

Each primary tank would be equipped with a transfer pump, and transfer lines would be installed to
connect the tank system with the AP tank farm, other tank farms, or the WTP, as required. All transfer
lines, process piping, sample lines, and drain lines for tank waste would be encased in secondary piping
equipped with leak detection systems (DOE 2003c).

E.1.2.29.4 Assumptions and Uncertainties
Construction of new DSTs is technically feasible based on previous design, construction, and operations
experience. The approach established here provides a solid technical basis for cost, schedule, and

resource estimates.

New DSTs would be constructed in sets of four tanks. Each set of four tanks would require 10 hectares
(24 acres) of land.

New DSTs would be constructed of carbon steel. A weather enclosure would not be required.
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E.1.2.3 Waste Treatment

This section presents detailed information on the waste treatment technologies identified with the various
alternatives considered in this TC & WM EIS. The subsections begin with WTP treatment as currently
planned and go on to describe technologies that could be used to expand WTP treatment capacity,
particularly for ILAW glass. Following the discussion on WTP activities, several subsections are
dedicated to upgrading or replacing facilities that currently support the RPP program. The remaining
subsections describe supplemental technologies that could be used either in conjunction with, or separate
from, the WTP to accelerate treatment of Hanford tank waste.

The WTP would pretreat and immobilize (by vitrification to borosilicate glass) waste now stored in
underground tanks at Hanford. The WTP consists of three individual waste treatment facilities
(Pretreatment, HLW Vitrification, and LAW Vitrification), a standalone Analytical Laboratory, and the
BOF. Figure E-1 shows the WTP site plot plan with all of the major facilities identified. Figure E-10
shows the interrelationships between the WTP and the supplemental treatment technologies for Hanford
tank waste that are evaluated in this TC & WM EIS.

WTP pretreatment is discussed in Section E.1.2.3.1.1; WTP HLW vitrification in Section E.1.2.3.1.2; and
WTP LAW vitrification in Section E.1.2.3.1.3.

The following subsections discuss existing treatment facilities that would require upgrading or
replacement: 242-A Evaporator (see Section E.1.2.3.2) and LWPFs (see Section E.1.2.3.3).

The following subsections also discuss new supplemental treatment facilities such as the Cesium and
Strontium Capsule Processing Facility (see Section E.1.2.3.4); thermal supplemental treatment facilities
(see  SectionsE.1.2.3.6 and E.1.2.3.8); nonthermal supplemental treatment facilities
(see Section E.1.2.3.7); the Sulfate Removal Facility (see Section E.1.2.3.9); technetium removal facilities
(see Section E.1.2.3.10); and mixed TRU waste processing facilities (see Section E.1.2.3.11). Bulk
vitrification and steam reforming are the two representative thermal supplemental treatment technologies,
and cast stone is the representative nonthermal supplemental treatment technology analyzed in this EIS.
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Figure E-10. Relationships Between Waste Treatment Plant Tank Systems and Supplemental Treatment Technologies
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The primary waste forms that would be generated by each of the supplemental treatment technologies are
also discussed. Further treatment and disposal that may be needed (e.g., liquid effluents) would be
accomplished by utilizing existing Hanford treatment and/or disposal facilities (e.g., the LWPFs).
Table E-4 provides the technical basis of key features for supplemental technologies.

Table E-4. Basis for Supplemental Treatment Estimates

Analysis Mixed TRU Bulk Steam Sulfate
Features Waste Vitrification Cast Stone Reforming Removal
Facility size and CH-TRU waste Vendor proposal Existing grout Scaled from vendor | Modified WTP
layout procurement facility modified for | information on pretreatment
specification containers existing commercial| process
facilities
Construction Scaled by ratio Scaled by ratio Scaled by ratio Scaled by ratio Scaled by ratio
resources of supplemental of supplemental of supplemental of supplemental of supplemental
treatment facility | treatment facility to | treatment facility to | treatment facility to | treatment facility
to WTP WTP WTP WTP to WTP
Operations supplies | TRU waste Target sodium oxide| Based on SRS-tested| Based on Mass balance
packaging loading in glass, formulation bench-scale calculations
procurement 20 percent by mass simulant testing at
specification Hazen Research
(57 liters absorbent Facility and Idaho
per drum) National Laboratory
Operations staffing | Facility-specific | Facility-specific Based on grout Facility-specific Facility-specific
staffing estimate | staffing estimate facility restart staffing requirement| staffing estimate
estimate
Waste form Dewatered Sodium Cast stone in Mineralized Solidified grout in
characteristics2 sludge in aluminosilicate glass| 11.5-cubic-meter granulated material | 3.6-cubic-meter
0.21-cubic-meter | in 54.3-cubic-meter | steel containers in 2.25-cubic-meter | steel containers
drums steel containers steel containers

& Basis for all is material balance calculations.
Note: To convert liters to gallons, multiply by 0.26417; cubic meters to cubic yards, by 1.308.
Key: CH=contact-handled; SRS=Savannah River Site; TRU=transuranic; WTP=Waste Treatment Plant.

Final locations for the supplemental treatment facilities have not been selected. For the purposes of this
analysis, representative locations of these facilities in the 200-East and 200-West Areas are shown in
Figure E-11. Supplemental treatment facilities would be located south of the WTP in the 200-East Area
and in the southeastern portion of the 200-West Area. Figure E-11 also shows locations of the mobile
Contact-Handled (CH)-Mixed TRU Waste Facilities. The two mobile packaging units may require up to
three locations in the 200-West Area and one location in the 200-East Area. The Remote-Handled
(RH)-Mixed TRU Waste Facility would be located in the southeastern portion of the 200-East Area, near
the AP tank farm.
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Figure E-11. Proposed Locations of Core Zone Facilities
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The current approach to waste immobilization at Hanford uses borosilicate glass produced in joule-heated
melters. Possible improvements in glass formulation and enhancements to the melter technology could be
used in conjunction with the currently planned approach. These enhancements could increase waste
loadings, increase throughput, or otherwise lead to cost reduction and schedule improvement. DOE
conducted a technical review of alternatives for vitrification of Hanford tank waste that could achieve cost
reductions within reasonable long-term program risks. Enhancements to the waste forms that may allow
troublesome chemical constituents to be incorporated include adjustments to the formulations and
establishment of acceptable limits of crystalline phases in the waste glass (DOE 2003e).

Melter technology improvements to increase waste loading, melting rate, and predictability of processing
are being sought. Enhancements to the existing joule-heated ceramic melter technology include forced
convection, higher operating temperatures, and configuration changes to increase tolerance for
accumulation of crystals in the melter.

E.1.23.1 Waste Treatment Plant

The WTP, currently under construction, would be a new facility on Hanford property owned by DOE.
The site lies at the eastern end of the 200-East Area of Hanford. The WTP is designed to accommodate a
TMC of 6 metric tons of glass IHLW per day and 30 metric tons of glass ILAW per day by the
employment of two HLW melters and two LAW melters.

The WTP would be constructed, permitted, and operated to treat radioactively contaminated dangerous
waste stored at Hanford and managed by the Office of River Protection (ORP).

The WTP would include three primary processing facilities: Pretreatment, LAW Vitrification, and HLW
Vitrification. These facilities would be supported by the Analytical Laboratory and the BOF. The WTP
would have a 40-year design life. Under Tank Closure Alternatives 2A and 6A (Base and Option Cases),
replacement of the WTP would be required because the estimated operational life of the facility would be
exceeded. For analysis purposes, it was assumed that replacement of the WTP would be required after
60 years of operation. This time period assumes a 20-year period of life extension activities which would
extend the 40-year design life. Therefore, Tank Closure Alternative 2A would require one WTP
replacement, and Tank Closure Alternative 6A would require two WTP replacements. These replacement
facilities would be located adjacent to the WTP currently under construction.

PROCESS OVERVIEW

The following discussion presents an overview of the facilities, laboratory, and BOF systems at the WTP.
Figure E-1 is a graphic representation of the WTP site showing the facilities’ locations.

The WTP would receive waste from the DSTs in batches. The waste feed solutions and slurries would be
transferred by pipeline to the WTP for pretreatment and immobilization by vitrification. The pretreatment
process is designed to separate the solid and liquid fractions of the waste, wash and/or leach the solids to
remove chemical constituents that drive the total IHLW glass volume, and remove selected radionuclides
from the liquid portion of the waste. The pretreated liquid waste would be routed to the LAW
Vitrification Facility; the pretreated solids and separated radionuclides would be routed to the HLW
Vitrification Facility.

In the vitrification facilities, pretreated tank waste would be combined with glass-forming materials and
melted at high temperatures to form a liquid that would be poured into stainless steel containers. After
the glass cools and hardens, the containers would be sealed and decontaminated in preparation for storage
and permanent disposal. Dangerous waste and radioactive constituents in the waste would be either
removed or immobilized in the durable glass matrix as a result of the vitrification process. The offgas
from the processes would be treated to a level that protects human health and the environment.
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During routine operation of the WTP, miscellaneous wastes such as used equipment, laboratory waste,
and other chemically and radiologically contaminated materials would be generated. This newly
generated waste is referred to as “secondary waste.” Secondary waste would be transferred to
accumulation or storage facilities at the WTP and then either transferred to Hanford facilities or
transferred off Hanford, as appropriate. Nonradioactive dangerous waste may also be generated by
operations, laboratory, and maintenance activities. This waste would be managed at the WTP until it can
be transferred to a permitted disposal facility.

A simplified block flow diagram of the WTP process appears in Figure E-12.

The pretreatment process divides waste feeds into LAW and HLW streams. The LAW stream would
consist primarily of salt solutions with much of the radioactivity removed. The HLW stream would
consist primarily of solids separated from the tank waste and selected radioactive components that would
be removed from the aqueous LAW stream. The LAW vitrification process would immobilize the
pretreated LAW component, producing a vitrified product known as ILAW glass. The HLW vitrification
process would immobilize the pretreated HLW component, producing a vitrified product known as IHLW
glass. Offgas generated by the individual processes would be treated by the offgas treatment systems.

Waste would be transferred from the DSTs in batches through double-walled pipelines to the WTP waste
receipt tanks. HLW solids, strontium, TRU waste compounds, and cesium would be separated from the
waste feed by ultrafiltration, precipitation, and ion exchange processes. The pretreated HLW solids and
separated radionuclides would be blended and transferred to the HLW Vitrification Facility as pretreated
HLW feed. The pretreated supernatant and permeate from the separations processes would be transferred
to the LAW Vitrification Facility as pretreated LAW feed.

The LAW vitrification process would immobilize the pretreated LAW component by first adding
glass-forming materials to the pretreated LAW feed, then vitrifying the mixture in a joule-heated,
ceramic-lined melter. Similarly, the HLW vitrification process would immobilize the pretreated HLW
component by adding glass-forming materials to the pretreated HLW feed, then vitrifying the mixture in a
joule-heated, ceramic-lined melter. The molten glass products (ILAW and IHLW) would be poured from
the melters into stainless steel containers and allowed to cool and solidify. The containers would then be
sealed, decontaminated, and transferred to either an Integrated Disposal Facility (IDF) (ILAW glass only)
or the IHLW Interim Storage Modules.

Detailed process descriptions provided in the following section are based on process descriptions
presented in the No Action Baseline Tank Farm Operations and Waste Treatment Data Package
(DOE 2003a) and the Flowsheet Bases, Assumptions, and Requirements document (BNI 2005).

E.1.2.3.1.1 Waste Treatment Plant Pretreatment

The pretreatment process involves operations for pretreating tank waste before immobilization. The
major types of tank waste are differentiated into waste envelopes based on chemical characteristics and
are designated as “Envelopes A, B, C, and D.” Descriptions of these waste envelopes are provided below.

e Envelope A. This waste envelope constitutes the largest volume of the LAW to be treated, has a
nominal concentration of 6- to 8-molar sodium, and contains radioactive cesium at concentrations
high enough to warrant its removal prior to vitrification.

e Envelope B. This waste envelope is a small-volume feed stream similar to Envelope A, except
that it contains higher concentrations of compounds that limit waste loading in the glass (such as
sulfates) and has a nominal concentration of 2- to 4-molar sodium. This waste envelope also
contains higher concentrations of radioactive cesium than Envelope A. Radioactive cesium is
present at concentrations sufficient to warrant its removal prior to vitrification.
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e Envelope C. This waste envelope has a nominal concentration of 6- to 8-molar sodium, but
contains organic compounds that can hold strontium and TRU waste components in solution.
This waste would require treatment (e.g., precipitation) to remove both the strontium and TRU
waste components. As with Envelopes A and B, radioactive cesium is present at concentrations
sufficient to warrant its removal prior to vitrification.

e Envelope D. This waste envelope represents the undissolved solids from the tank waste and
contains approximately 10 to 200 grams (0.35 to 7 ounces) of unwashed solids per liter.

In general, Envelopes A, B, and C consist of the supernatant portion of the tank waste and make up the
LAW feed to pretreatment. Envelope D consists of the undissolved solids portion of the tank waste and
makes up the HLW feed to pretreatment. LAW feeds (Envelopes A, B, and C) would be transferred to
the WTP as concentrated solutions that contain up to 2 weight-percent entrained solids.

The pretreatment process has a TMC of 2,950 metric tons of sodium per year to support LAW
vitrification and sufficient solids processing capacity to support 6 metric tons of glass per day for HLW
vitrification.

The initial step in the pretreatment of LAW would be evaporation of dilute feeds, or dilution of
concentrated feeds, to approximately 5-molar sodium concentration. This would dissolve soluble salts
and prepare the feed for subsequent processing. From there, the waste would go through the following
processes:

e Envelope A and B feeds would be blended with HLW feeds (Envelope D) in an ultrafilter
preparation tank and then filtered through an ultrafiltration system to remove any entrained solids.
The LAW permeate (liquid stream) would be processed through the cesium ion exchange process,
and the concentrated solids slurry would be caustic-leached (if warranted), washed,
oxidative-leached (if warranted), washed, and blended with cesium concentrate from the ion
exchange and strontium and TRU waste solids from the strontium/TRU waste precipitation
process. The entrained solids would be stored before HLW vitrification and the LAW permeate
would be stored before LAW vitrification (BNI 2005).

e Envelope C feeds contain organic complexants that cause the strontium and some TRU waste to
remain in solution. This waste would undergo a strontium/TRU waste precipitation process
before filtration. The filtration step would separate the strontium/TRU waste solids, manganese
oxide and entrained solids from the LAW permeate. The strontium/TRU waste precipitate would
be washed and stored for blending with HLW feed before HLW vitrification. The strontium/TRU
waste precipitate would not be caustic-leached. Envelope C permeates would be processed
through the cesium ion exchange process (BNI 2005).

e After filtration, the LAW permeate undergoes cesium ion-exchange processing and the cesium
eluate concentrated by evaporation and then blended with pretreated HLW solids before transfer
to the HLW vitrification process. The last step in the Pretreatment Facility process would be to
concentrate the treated LAW liquid by evaporation before transferring the waste to the LAW
vitrification process (BNI 2005).

Radioactive or dangerous waste liquid effluents would be either recycled in pretreatment or sent to
the ETF.

PRETREATMENT FACILITY

The Pretreatment Facility would contain the equipment necessary for preparing the LAW and HLW feeds
for vitrification. The Pretreatment Facility would also contain the equipment to receive waste transfers
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from the Hanford tank farms, including receipt tanks that can hold a total of 5.8 million liters
(1.5 million gallons).

The building ventilation system would be designed to cascade the supply air from areas with low potential
for contamination into areas with high potential for contamination. The ventilation discharge from the
high-contamination areas would then be filtered before release. A completely separate system would vent
the process tanks and vessels.

The structure of the Pretreatment Facility would be supported by a reinforced-concrete foundation. The
superstructure would be constructed of structural steelwork with external metal siding and a metal roof.
The process cells within the Pretreatment Facility would be constructed of reinforced concrete to protect
facility operators from radiation and to ensure facility containment in a post seismic or design-basis event.
The cell floors and a portion of the cell walls would be lined with stainless steel to provide a surface
capable of life-long decontamination and to provide a tank leaks barrier for the process tanks.

The Pretreatment Facility was originally designed to remove technetium. Based on reviews of
technetium-99 in ILAW glass, DOE and Washington State Department of Ecology (Ecology) agreed to
delete technetium removal from the WTP permit (Hedges 2008). Construction of the Pretreatment
Facility to date has eliminated the capability to remove technetium from the LAW stream. This
TC & WM EIS assumes that technetium-99 removal could be completed in the existing Pretreatment
Facility and analyzes it under Tank Closure Alternatives 2B and 3B. Design and construction
modifications would need to be made to add the technetium-99 removal capability for these alternatives.
Section E.1.2.3.10 has additional information on technetium removal within the WTP.

E.1.2.3.1.2 Waste Treatment Plant High-Level Radioactive Waste Vitrification

The baseline HLW vitrification process consists of two melter systems operated in parallel. Each melter
system would be equipped with feed preparation vessels; a joule-heated, ceramic-lined melter; a
canister-filling system; and primary offgas treatment. These systems would be supported by HLW melter
feed vessel, canister welding and decontamination systems, a condensate collection and recycle system,
and secondary offgas treatment.

HLW feed concentrate would be transferred from the Pretreatment Facility to the HLW melter feed
vessel. The feed would be blended with glass-forming chemicals and other additives and mixed to
maintain the solids in suspension. The melter-feed slurry would then be transferred to the melter-feed
vessels that provide continuous feed to the HLW melters.

The melter feed would be introduced at the top of the melter and would form a “cold cap” above the
surface of the melt pool. The melt pool would be maintained at a temperature of approximately 1,050 to
1,150 degrees Celsius (°C) (1,900 to 2,100 degrees Fahrenheit [°F]). Water and volatile components in
the feed would evaporate or decompose. The volatile components would be drawn off through the melter
offgas system. Nonvolatile components would undergo chemical reactions to form oxides, which would
then dissolve in the glass melt. The glass pool would be agitated to improve heat transfer and thereby
increase the glass production rate.

HLW glass would be poured into stainless steel canisters (0.6 meters in diameter by 4.6 meters high
[2 feet in diameter by 15 feet high]) by means of an airlift system inside the melter. The glass would be
poured in a series of “lifts” (layers) over a period of approximately 2 days for each canister. An infrared
level detector would monitor the fill height of glass in the canister. Each canister would hold
approximately 3.2 metric tons of glass IHLW (assuming the use of the “thin-wall” canister). After filling,
the canister would be removed from the melter pour station and allowed to cool sufficiently to allow
subsequent handling.
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The filled canister would be transferred to a station within the facility, where it would be inspected and
prepared for sealing. A lid would be welded to the top of the canister using a remotely operated,
automated welding process. The IHLW glass canister would be decontaminated using a nitric
acid/cerium (IV) chemical milling process to remove a thin layer of the canister outer wall material and
any contaminants adhering to it. The decontaminated canister would be swabbed remotely to confirm that
any remaining removable contamination would be below specification limits. Canisters that meet waste
acceptance technical requirements for DOE’s Civilian Radioactive Waste Management System
(DOE 2007) would be transferred to the onsite IHLW Interim Storage Modules.

Each HLW melter would have a dedicated primary offgas treatment system, including a film cooler,
submerged bed scrubber, wet electrostatic precipitator, high-efficiency mist eliminator, and HEPA filters
to remove particulates and condensables, including entrained or volatilized radionuclides, from the melter
offgas. Condensate from the scrubbers would be collected in the liquid effluent system and recycled to
the Pretreatment Facility along with the neutralized canister decontamination solution.

After the primary offgas treatment system, the offgas would be routed to a secondary offgas system. The
secondary offgas system would destroy organics, reduce nitrogen oxides, and remove halides and
mercury. The major system components would include a thermal catalytic oxidizer (oxidizes volatile
organic compounds [VOCs]); selective catalytic reducer (converts nitrogen oxides to nitrogen and water);
silver mordenite column (removes iodine-129 and volatile compounds); and sulfur-impregnated activated
carbon bed (mercury removal) (BNI 2005).

Each HLW melter would have a TMC of 3 metric tons of glass per day IHLW, or a total of 6 metric tons
of glass per day IHLW for the two melters combined. The actual glass production rates would be
somewhat lower based on the operating efficiency of each facility. The operating efficiency of the
Pretreatment Facility is included in this analysis because the availability of pretreated waste feed is an
important factor in determining overall plant operating efficiency.

The analyses assumed there would be sufficient overall availability to support a throughput per HLW
melter of 2.5 metric tons of glass per day IHLW, or a combined total of 5 metric tons of glass per day
IHLW for two melters, for a total operating efficiency (TOE) of 83 percent (DOE 2003e). The total
amount of IHLW glass produced and the duration of the processing campaigns to treat all retrieved waste
would vary based on the alternatives.

HIGH-LEVEL RADIOACTIVE WASTE VITRIFICATION FACILITY

The HLW Vitrification Facility would house all of the processing systems and equipment for producing
IHLW glass from pretreated HLW feed. The HLW Vitrification Facility would be designed for remote
maintenance of contaminated equipment.

The building ventilation system would be designed to cascade the supply air from areas with low potential
for contamination into areas with a higher potential for contamination. The ventilation discharge for the
contaminated areas would be filtered before release.

The HLW Vitrification Facility is constructed of reinforced concrete and structural steel. The
below-grade portions, structural walls, process areas and radiation areas are constructed from reinforced
concrete. The superstructure is made of structural steel with external metal siding and a metal roof.
Facility structural appendages are supported by reinforced concrete foundations.

The process cells within the HLW Vitrification Facility are being constructed of reinforced concrete to
protect facility workers from radiation. The cell floors and a portion of the walls are being lined with
stainless steel capable of life-long decontamination. The cell liners also act as secondary containment,
providing a barrier for potential leakage from process tanks and equipment. The HLW Vitrification
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Facility is designed to allow replacement of the melters, which have an expected service life of 5 years
each.

E.1.2.3.1.3 Waste Treatment Plant Low-Activity Waste Vitrification

The baseline WTP LAW vitrification process would consist of two large-scale melter systems operated in
parallel. Each melter system would have a set of feed-preparation vessels; a large-capacity, joule-heated,
locally shielded, ceramic melter; an ILAW-product container-filling system; and a primary offgas
treatment system. The following description applies to each of the LAW melter systems.

Pretreated LAW feeds would be received into one of two common LAW concentrate-receipt vessels
inside the LAW vitrification building. Batches of concentrated LAW feed would be transferred from
these vessels to melter feed preparation vessels, where glass formers would be added and blended to
maintain the solids in suspension. The melter feed would be a slurry and would be continuously agitated.
The slurry feed would then be transferred to the melter feed vessels, where it would be fed continuously
to the LAW melters.

The melter feed would enter the melter from the top and form a cold cap above the melt pool. The melt
pool would be maintained at a temperature of approximately 1,050 to 1,150 °C (1,900 to 2,100 °F).
Water and volatile components present in the feed would evaporate or decompose. The volatile
components would be drawn off through the melter offgas treatment system. The nonvolatile components
would undergo chemical reactions to form oxides or other compounds that dissolve in the glass melt.
Bubblers would be used to agitate the glass pool to improve heat transfer and thereby increase the glass
production rate. The glass would be poured from the melter by an airlift system into stainless steel
containers 1.22 meters in diameter by 2.3 meters high (4 feet in diameter by 7.5 feet high). Each
container would hold approximately 6 metric tons of glass ILAW.

After being filled, each ILAW glass container would be allowed to cool before being sealed and
decontaminated. Samples of the ILAW glass would be taken as required and analyzed to confirm that the
ILAW glass meets specifications. Inert fill would be added, if necessary. A lid would be attached to the
top of the container using equipment remotely operated from outside the cell. External contamination
would be removed using a carbon dioxide pellet decontamination process. A remote-controlled container
swabbing system would be used to confirm that residual surface contamination levels are below limits for
transport to the disposal site. Sealed and decontaminated containers of ILAW glass would then be loaded
on transporters for transfer to an IDF.

Each LAW melter system would be equipped with its own primary offgas equipment, including a film
cooler, submerged bed scrubber, and wet electrostatic precipitator. Particulates and condensables,
including radionuclides volatilized or entrained in the melter offgas stream, would be captured in the
submerged bed scrubber and wet electrostatic precipitator. Condensate from the scrubber and the
precipitator would be collected in the liquid effluent system and recycled to the Pretreatment Facility.

The offgas from the primary offgas treatment systems would be combined with offgas from the vessel
ventilation system and passed through a secondary offgas treatment system. The secondary offgas
treatment system would provide final filtration, destroy organics, reduce nitrogen oxides, and remove
halides and mercury. This would be accomplished by using HEPA filters; activated carbon adsorbers
(mercury, halides and acid gases, including iodine-129); a catalyst skid (to remove nitrogen oxides,
carbon monoxide, and VOCs); thermal catalytic oxidizers (to oxidize VOCs and carbon monoxide to
carbon dioxide and water); a selective catalytic reducer (to reduce nitrogen oxides in offgas to nitrogen
and water); and a caustic scrubber (to remove acid gases such as sulfur dioxides) (BNI 2005).

Each LAW melter would have a TMC of 15 metric tons of glass per day ILAW, or a total of 30 metric
tons of glass per day ILAW for the two melters. The actual glass production rates would be somewhat
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lower based on the operating efficiency of each facility. The operating efficiency of the Pretreatment
Facility is included in this analysis because the availability of pretreated waste feed is an important factor
in determining overall plant operating efficiency.

The analyses assumed there would be sufficient overall availability to support a throughput per
LAW melter of 10.7 metric tons of glass per day ILAW, or a total of 21.4 metric tons of glass per day
ILAW for two melters, 32.1 metric tons of glass per day ILAW for three melters, and 64.2 metric tons of
glass per day ILAW for six melters, for a TOE of 71 percent (DOE 2003e). The total amount of ILAW
glass produced and the duration of the processing campaigns to treat all retrieved waste would vary based
on the alternatives for which these options are used. Total ILAW glass production in the WTP is
addressed in Section E.1.2.4.

LOW-ACTIVITY WASTE VITRIFICATION FACILITY

The WTP LAW Vitrification Facility would house all of the processing systems and equipment for
production of ILAW glass from pretreated LAW feed. The LAW feed receipt and melter feed preparation
vessels would be located within a shielded concrete cell lined with stainless steel for containment and
ease of decontamination. The vitrification portion of the facility would be designed to facilitate local
melter maintenance and reduce reliance on remote maintenance operations. Each melter would be
equipped with a steel shielding box. The locally shielded melters would be located in a large melter
gallery area. This arrangement allows operators to perform routine maintenance (such as bubbler-tube
replacement) locally, using specially designed maintenance equipment to control contamination spread
and worker exposure. Along with this melter confinement design, the glass-pour cell arrangement would
be designed to provide a container turntable and a container elevator system to place containers in
position for glass filling. This approach would provide the needed residence time for container cooling
and improve container contamination control.

The building ventilation system is designed to cascade the supply air from areas with a low potential for
contamination into areas with a higher potential for contamination. The ventilation discharge for the
contaminated areas would then be filtered before release.

The LAW Vitrification Facility building is constructed of reinforced concrete and structural steel. The
below-grade portion of the building structure is reinforced concrete, and the superstructure is made of
reinforced concrete and structural steel with exterior metal siding and a metal roof. The facility
appendage structure is supported by reinforced concrete foundations.

The process cells within the LAW Vitrification Facility are constructed of reinforced concrete to protect
facility operators from radiation. A protective coating is being applied to the concrete floor and walls of
the LAW melter gallery to aid in decontamination activities, if necessary. The cell and cave floors and a
portion of the walls are being lined with stainless steel capable of life-long decontamination to provide a
leakage barrier for the process tanks. The LAW Vitrification Facility is designed to allow periodic
replacement of the melters, which is expected every 5 years.

E.1.2.3.1.4 Expanded Low-Activity Waste Vitrification

The LAW Vitrification Facility was originally designed to produce 30 metric tons of glass ILAW using
three melters. Improvements in melter technology have demonstrated a 30-metric-ton-of-glass-per-day
vitrification capacity can be achieved with two melters. Construction of the LAW Vitrification Facility is
proceeding with two melters with a TMC of 30 metric tons of glass per day ILAW.

Additional LAW vitrification capacity needed to accelerate treatment of the tank waste is addressed under
two alternatives in this TC & WM EIS. The first alternative is the installation of additional melter
capacity in the existing LAW Vitrification Facility currently under construction as part of the WTP,
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bringing the total design capacity from a TMC of 30 metric tons of glass per day to a TMC of 45 metric
tons of glass per day ILAW (Tank Closure Alternative 5). The installation of additional melter capacity
in the existing LAW Vitrification Facility, though technically possible, would require design
modifications for additional infrastructure tie-ins. The second alternative includes the installation of this
additional melter capacity in the existing LAW Vitrification Facility, as well as construction of a second
LAW Vitrification Facility, for a TMC of 90 metric tons of glass per day ILAW (Tank Closure
Alternatives 2B, 6B, and 6C).

Note that these alternatives are described in terms of their TMC. For the purpose of analysis, this
TC & WM EIS assumes a nominal throughput rate of 10.7 metric tons of glass per day ILAW for one
LAW melter and 21.4 metric tons of glass per day ILAW for two melters combined.

The LAW vitrification process description for expanded WTP LAW vitrification would essentially be the
same as that for the currently planned LAW vitrification process. However, expanded LAW vitrification
would require pretreatment to operate at or near its design capacity, which, in turn, means the facility
would have a high TOE. This could be accomplished by fully utilizing available processing capacity,
reducing sampling and analysis requirements, and minimizing downtime for maintenance and repairs.

The waste treatment processing timeframes are based on a 14 weight-percent sodium oxide loading in the
ILAW glass, assuming the same nonwaste sodium additions as indicated in the Waste Treatment and
Supplemental Technology Data Package (DOE 2003e), i.e., a maximum of 11,500 metric tons of
nonwaste sodium additions. It is important to note that the quantity of nonwaste sodium added during
pretreatment (e.g., from caustic leaching of HLW solids) would affect the total quantity of containers of
ILAW glass produced. In addition, the quantity of sulfate present in the LAW feed relative to sodium
could reduce the allowable sodium oxide loading in the glass. Thus, combining expanded LAW
vitrification with supplemental treatment technology such as sulfate removal could reduce both the
amount of ILAW glass produced and the processing time required to treat all of the retrieved waste.
Section E.1.2.3.1.7 discusses WTP assumptions and uncertainties.

EXPANDED LOW-ACTIVITY WASTE VITRIFICATION FACILITIES

A second LAW Vitrification Facility of the same basic design as the currently planned LAW Vitrification
Facility would be constructed on unoccupied land within the WTP complex. A location adjacent to the
Pretreatment Facility and critical support facilities is preferred. Each LAW Vitrification Facility would
receive pretreated LAW from the WTP Pretreatment Facility. Each facility would be supported by the
Analytical Laboratory, as well as systems and utilities from the support infrastructure (the BOF). Each
facility would have a 40-year design life.

E.1.2.3.1.5 Waste Forms/Disposal Packages

The vitrified IHLW form would consist of borosilicate glass in a sealed and decontaminated stainless
steel canister. The glass would be poured from the melter by means of an airlift system into stainless steel
canisters 0.6 meters in diameter by 4.6 meters high (2 feet in diameter by 15 feet high). Each canister
would hold approximately 3.2 metric tons of IHLW product.

The vitrified ILAW form would consist of borosilicate glass in a sealed and decontaminated stainless
steel container. The glass would be poured from the melter by means of an airlift system into stainless
steel containers 1.2 meters in diameter by 2.3 meters high (4 feet in diameter by 7.5 feet high). Each
container would hold approximately 6 metric tons of ILAW products.
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PRIMARY WASTE

The primary waste streams would follow two distinct pathways. The IHLW glass (as vitrified by the
WTP) would be stored on site until disposition decisions are made and implemented. Section E.1.2.4
discusses the post-treatment storage and disposal and product performance characteristics for the IHLW
product.

ILAW glass (as vitrified by the WTP) would be disposed of on site except under Tank Closure
Alternatives 6B and 6C, wherein the ILAW glass would be managed as HLW. Section E.1.2.4 discusses
the disposal options and product performance characteristics for the ILAW glass, as well as the quantities
of primary waste generated by the WTP under the various alternatives analyzed.

WASTE FORM PERFORMANCE

The DOE Office of Civilian Radioactive Waste Management has established the performance
requirement for IHLW. The chemical durability (i.e., leach resistance) of the IHLW glass must be equal
to or better than that for the reference glass. The reference glass is borosilicate glass prepared in support
of the Defense Waste Processing Facility Environmental Assessment and is commonly referred to as
“Savannah River EA [environmental assessment] glass” (DOE 2007).

The long-term impacts of ILAW glass disposal were analyzed in the Hanford Immobilized Low-Activity
Waste Performance Assessment: 2001 Version (Mann et al. 2001). This document was reviewed by the
Ecology and approved by DOE Headquarters. A wide variety of cases was analyzed.

The rate of release of hazardous constituents depends strongly on the nature of the waste form used to
immobilize the constituents. The nature of the waste forms, analysis for long-term performance
assessment, and methods used to estimate release rates and values of parameters characterizing release
rates from the ILAW glass are presented in Appendix M.

SECONDARY SOLID WASTE

Secondary solid waste would be generated by the WTP in every area where waste processing takes place.
Tank farm waste would be pumped to the Pretreatment Facility, where it would be subjected to a number
of processing steps, including ultrafiltration, ion exchange, and mixing. As a result of these activities,
fouled or worn ultrafilter membranes and spent ion exchange resins would be produced as process
expendables. Additionally, spent HEPA cartridges would be produced by the process vent systems, and a
number of pretreatment maintenance wastes would be produced, such as worn pipe jumpers, failed
mechanical or instrumentation equipment, and degreasing or decontamination materials. The resultant
solid waste would be CH or RH, as applicable, and would be placed into either drums (HEPA cartridges,
failed equipment, decontamination materials) or boxes (ultrafilter modules, pipe jumpers) or sluiced into
high-integrity containers and dewatered (using ion exchange resins). After the filtration and maintenance
wastes were securely packaged, they would be transferred to the Central Waste Complex (CWC) for
stabilization, if necessary, and repackaging. The stabilized waste would then be transported to an IDF for
disposal (BNI 2005).

HLW melter feed streams would be sent to the HLW Vitrification Facility for processing in the HLW
melters. Vitrifying these HLW streams would produce contaminated secondary waste. Solid secondary
waste produced by the melters would include expended melter bubblers and thermowells. In addition,
each melter line would result in one melter taken out of service every 5 years. Operation of the melters
would produce offgases that would pass through a number of offgas treatment system components and
result in the production of contaminated waste byproducts. The HLW melter offgas treatment system
would produce solid waste such as spent HEPA filters, spent sulfur-carbon adsorbent, spent silver
mordenite adsorbent, and fouled thermal catalyst and selective reduction catalyst modules. HLW
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vitrification plant maintenance operations would produce decontamination material, worn or fouled pipe
jumpers, and failed equipment. Additionally, spent HEPA filters would be discharged from the vessel
pulse jet vent system. Solid waste is RH and would be placed into drums or boxes. After the filtration,
sorption, and maintenance wastes were securely packaged in accordance with the HSSWAC, they would
be transferred to the CWC for stabilization, if necessary, and repackaging. The stabilized waste would
then be transported to an IDF for disposal. Packaging and transport of the HLW melters taken out of
service is described in Section E.1.2.4.4 (BNI 2005).

As a result of processing waste through the LAW melter system, solid and liquid secondary waste would
be produced. Melter operation would produce a number of waste products. Offgases from operation of
the melters would pass through a number of the offgas treatment system components identified in
Section E.1.2.3.1.3, resulting in the production of contaminated solid and liquid waste byproducts.
Maintenance of the LAW Vitrification Facility would result in additional contaminated solid waste. The
LAW vitrification process would produce expended melter bubbler/thermowell waste and, periodically,
melters taken out of service. This TC & WM EIS assumes the melters would require replacement every
5years. Operation of the melter offgas and vent system would produce loaded or occasionally failed
HEPA filters, expended sulfur-carbon adsorbent modules, fouled or damaged scrubber packing, fouled
thermal catalytic modules, and fouled selective catalytic reduction modules. LAW vitrification plant
maintenance operations would produce decontamination materials, worn or fouled pipe jumpers, and
failed process equipment. Spent HEPA filters would also be produced during operation of the process
vessel vent system. The solid waste would be RH and would be placed into drums or boxes. After the
filtration, sorption, and maintenance wastes were securely packaged in accordance with the HSSWAC,
they would be transferred to the CWC for stabilization, if necessary, and repackaging. The stabilized
waste would then be transported to an IDF for disposal. Packaging and transport of the LAW melters
taken out of service is described in Section E.1.2.4.4 (BNI 2005).

SECONDARY LIQUID WASTE

The WTP liquid effluent collection system would consist of two subsystems: the radioactive liquid
disposal system and the nonradioactive liquid disposal system.

The radioactive liquid disposal system would receive effluent waste from the LAW Vitrification Facility
such as the melter primary offgas treatment system, LAW vitrification secondary offgas/vessel vent
treatment system, processes, vessel washes, floor drains and sumps, and vessel vent header drains, all of
which are expected to have low levels of radioactive contamination. Waste from the HLW Vitrification
Facility areas also would be received, including the primary and secondary offgas treatment and HLW
canister decontamination handling system, vessel washes, offgas drains, and the floor drains and sumps
system. In addition, the radioactive liquid disposal system would receive waste from Pretreatment
Facility sources such as the radioactive liquid disposal vessels and tanks that are primarily used to collect
solutions that may be discharged to the LERF/ETF, including process condensates from evaporators,
caustic waste from the LAW caustic scrubber, and spent reagents from the resin addition process
(BNI 2005).

The nonradioactive liquid disposal system for all three WTP facilities would receive effluent from the
floor drains and sump systems that is not expected to be radioactively contaminated. The purpose of the
system is to receive effluents for interim storage, to sample them for radioactivity, and, after the contents
have been determined to be free of radiological contamination, to transfer the effluents to the BOF for
ultimate disposal at the TEDF. If radioactive contamination is detected, the contents would be transferred
to the Pretreatment Facility for processing (BNI 2005).

For TC & WM EIS analysis purposes, it was assumed that solid waste would be treated as needed (e.g., by
grouting or encapsulation) to meet the IDF waste acceptance criteria. Liquid effluents would be routed to
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the LERF/ETF or the TEDF, as appropriate. Solid waste generated at the ETF would be treated as needed
to meet the IDF waste acceptance criteria. Additional discussion of secondary waste streams and their
disposal is included in Section E.1.2.4.5.

E.1.2.3.1.6 Other Waste Treatment Plant Facilities
ANALYTICAL LABORATORY

The Analytical Laboratory would be a standalone facility located east of the Pretreatment Facility and
north of the LAW Vitrification Facility. The laboratory would analyze chemical and radiochemical
samples to support WTP operations. The laboratory would be capable of processing and analyzing
nonradioactive samples to support the WTP glass-forming chemical supply operation. The reserve
capacity of the laboratory would be used to conduct limited and infrequent technology testing.
Environmental samples (including effluent) would be sent to other laboratories for analysis.

The laboratory would contain hot cells with shield walls and remote manipulators to prepare the highly
radioactive samples. The laboratory would also have chemical and radiochemical analysis modules,
administrative areas, and equipment rooms. A cascading ventilation system would be used to ensure air
movement from low-contamination areas to high-contamination areas. The exhaust from the radioactive
areas would be filtered. Samples would be transported to the laboratory via a remote pneumatic system or
manual transport inside shielded containers. Radioactive liquid waste from laboratory operations would
be transferred to the Pretreatment Facility for processing.

The laboratory would be a steel frame building built on a reinforced-concrete foundation with exterior
metal siding and a metal roof.

BALANCE OF FACILITIES

The BOF would include the facilities, support systems, and utilities that make up the WTP site
infrastructure. The BOF support systems and utilities would include electrical power, heating and
cooling, process steam, process water, chilled water, compressed air, fire protection water, potable water,
sanitary sewer, and storm drains.

Some of the larger support BOF would include the glass-former storage silos and glass-former handling
and transport facility, the melter assembly building, the expended melter storage areas, wet chemical
storage, and a storage facility for secondary waste from WTP processing.

E.1.2.3.1.7 Waste Treatment Plant Assumptions and Uncertainties

The capture of several select radionuclides in the ILAW glass is an important consideration when
evaluating the performance of the ILAW process. The high temperatures associated with the ILAW
process would cause some of the select radionuclides to emit offgas and be captured in secondary waste
streams. The estimated fractions of select radionuclides between final waste form product and secondary
waste streams as a percent of the feed stream to the ILAW process are provided in Table E-5.
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Table E-5. Partitioning Factors of Radiological Constituents of Potential Concern in
Immobilized Low-Activity Waste Glassa

Radiological Constituent of Percent of ILAW Feed in Percent of ILAW Feed in

Potential Concern ILAW Glass Liquid Secondary Waste
lodine-129b 20.0 80.0
Cesium-137 99.8 0.4
Carbon-14 0.0 0.3
Uranium-233 99.7 0.4
Uranium-234 99.7 0.4
Uranium-235 99.8 0.4
Neptunium-237 99.8 0.2
Uranium-238 99.8 0.4
Plutonium-239 99.8 0.2
Plutonium-240 99.8 0.2
Hydrogen-3 (tritium) 0.0 99.0
Strontium-90 99.5 1.5
Technetium-99 98.5 18

@ Totals may not equal 100 percent due to rounding.

b The partitioning factor for iodine-129 was directed by the Office of River Protection (CEES 2007a:Attachment 3).
Key: ILAW=immobilized low-activity waste.

Source: Data extracted from CEES 2007a.

The behavior of iodine-129 in thermal processes and the fraction that would be captured in the final waste
form is difficult to predict. Therefore, this fraction was assumed, based on ORP guidance
(CEES 2007a:Attachment 3), in contrast to the use of the HTWOS simulations partitioning factors for the
other radiological constituents of potential concern (COPCs). Further demonstration and testing of this
technology should provide the necessary performance data to confirm these assumptions. If necessary,
design changes may have to be implemented should the actual fractions in secondary waste streams be
demonstrated to be higher than anticipated. Carbon-14 is highly volatile and would produce very high
fractions in the offgas. Incorporation of treatment technologies in the final facility design may be
required to reduce these emissions. Select radionuclides that exist in particulate form would be recycled
into the waste feed. Appendix N, Section N.3.8, provides the results of a sensitivity analysis of additional
retention of iodine-129 in ILAW glass.

The following basis and assumptions related to the WTP baseline were also used for analysis purposes in
this TC & WM EIS:

e A 99 percent retrieval of the tank waste could be achieved using currently available retrieval
technologies. A retrieval rate of 99.9 percent could be achieved using advanced retrieval
technologies (e.g., chemical washing) with the currently available retrieval technologies.

e The Pretreatment Facility would be capable of providing sufficient feed to support the full
operation of both the HLW Vitrification Facility and two LAW Vitrification Facilities
simultaneously.

e This TC & WM EIS assumes the WTP would process approximately 60,000 metric tons of
sodium combined from tank waste (approximately 48,000 metric tons) and additions made during
pretreatment (12,000 metric tons). The precise quantity of sodium to be processed is uncertain
because of the developing process flowsheets for the pretreatment and treatment technologies.
The amount of sodium processed influences the time required for waste treatment through the
WTP and the amount of IHLW and ILAW produced.
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The DOE ORP has been reviewing the WTP design. One of the areas assessed in detail is related
to the amount of sodium hydroxide (caustic) that may need to be added as a process reagent.
Sodium is added in the pretreatment process to solubilize aluminum. This process is referred to
as caustic leaching. The net result of the evaluation of the flowsheet model indicates that
increases in the overall sodium quantity utilized in the caustic leaching process are necessary,
which would cause corresponding increases in the sodium disposed of as LLW. Early indications
are that the total sodium requiring disposal as LLW may increase from 60,000 to 90,000 metric
tons. To address this issue, DOE is evaluating various R&D tasks to minimize this impact.
Potential solutions include sodium hydroxide recycle, maintaining the treatment process from
ultrafiltration through LLW immobilization at elevated temperature, and treating or separating the
aluminum within the tank waste prior to sending it to the WTP.

Due to uncertainties with how well caustic leaching works for different types of waste, more
sodium may be required to limit the number of IHLW glass canisters produced. If the total
sodium value becomes as high as 90,000 metric tons, there could be an increase in the number of
ILAW glass canisters by 46,000 based on the current flowsheet assumptions used for this EIS.
Additionally, the waste treatment processing timeframes for the WTP could be extended by as
much as 50 percent, or 13 years. However, the higher sodium volume would reduce the
contaminant concentrations in the WTP annual air emissions (Burandt 2007).

The WTP vitrification facilities would begin vitrifying waste in 2018.

The effects of potential improvements in IHLW glass loading were incorporated by relaxing three
glass-property model constraints. Glass loading to these limits may not be achievable without
additional research and testing. However, these limit changes indicate that a reduction in the
number of IHLW glass canisters is achievable with a positive effect on the RPP program. The
maximum allowable viscosity of the IHLW glass was increased from 5.5 pascal-seconds to
10 pascal-seconds to ensure the glass would flow to the canister walls and to minimize voids.
The maximum allowable chromium oxide loading was increased from 0.5 percent to 1.0 percent.
The maximum allowable spinel liquidus temperature was increased from 1,050 °C to 1,100 °C
(1,922 °F to 2,012 °F) (DOE 2003f).

The IHLW glass canisters would be “thin-wall” canisters, with a capacity of approximately
3.2 metric tons of glass IHLW per canister. Although this canister has not been approved, it was
assumed it would be approved in the future. The currently approved Hanford canister would have
a capacity of approximately 3.06 metric tons of glass IHLW per canister, or approximately
5 percent less (DOE 2003f). Under Tank Closure Alternative 2B, a change from the thin-wall
canister would result in approximately 600 additional IHLW glass canisters, i.e., from 12,000 to
12,600.

RPP supporting facilities (e.g., the LWPFs and 242-A Evaporator) would be available as required
throughout the duration of the waste treatment mission.

The following considerations contribute uncertainty to the analysis:

Assumed nominal throughputs have been demonstrated only on pilot-scale facilities.

Construction of a second LAW Vitrification Facility would require substantial resources. Skilled
workers, equipment, and production capability might not be available, resulting in schedule
delays and added costs.
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e The ability of the RPP interfacing facilities to support expanded LAW vitrification capacity is
uncertain.

e Upgrades to the Analytical Laboratory and BOF may be needed to support operation of expanded
LAW vitrification facilities.

E.1.2.3.2 242-A Evaporator

The continued operation of the 242-A Evaporator is required to support treatment of tank waste. The
current and future mission of the evaporator is to support environmental restoration and remediation of
Hanford by optimizing the 200 Area DST waste volumes in support of the tank farm management and
WTP operations. To accomplish this mission, the 242-A Evaporator would require multiple replacements
under some Tank Closure alternatives analyzed in this EIS. The estimated 242-A Evaporator’s useful life
is 25 years. The 242-A Evaporator also depends on the continued operation of the LWPFs to accept and
treat both contact (process condensate) and noncontact (steam condensate and cooling water) effluent
waste streams. The LWPFs are discussed in detail in Section E.1.2.3.3.

Under Tank Closure Alternative 1, the 242-A Evaporator would be utilized to support the tank farm
management program until failure of the facility, with no planned replacement. Under Tank Closure
Alternative 6A, the operational lifespan of the evaporator was assumed to extend from the present until
approximately 2163. This would require the construction of six replacement evaporators (one each in
2018, 2043, 2068, 2093, 2118, and 2143). Under Tank Closure Alternative 2A, two replacement
evaporators are required, one in 2040 and one in 2065. Under all other Tank Closure alternatives, only
one replacement evaporator was assumed to be required.

The 242-A Evaporator is not operated continuously. Based on historical operating data, it was assumed
the 242-A Evaporator would process approximately 3.78 million liters (1 million gallons) of liquid tank
waste per campaign and would complete two campaigns per year, each lasting only about 21 days. The
following background, process, and facility descriptions are based on the Documented Safety Analysis for
the 242-A Evaporator (HNF-14755) (Campbell 2004).

E.1.23.2.1 Background

The existing 242-A Evaporator was constructed from 1974 to 1977 and is located in the 200-East Area of
Hanford. The 242-A Evaporator began operations in 1977. Between 1977 and the late 1980s, the
242-A Evaporator’s mission was to support ongoing defense-related production of nuclear weapons
material, to concentrate and transfer SST waste into the DST system, and to manage DST waste by liquid
volume reduction.

The 242-A Evaporator was shut down in April 1989, pending a determination regarding whether the
process condensate required management as a mixed waste. Ecology subsequently concluded that the
process condensate stream is a mixed waste stream, and thus is a discharge regulated by Ecology. As a
result, direct discharge to the 216-A-37-1 Crib (trench) was eliminated. The determination led to a 5-year
shutdown of the 242-A Evaporator until the LERF basins were constructed for storing process
condensate.

The LERF basins store process condensate prior to treatment in support of 242-A Evaporator operation.
The ETF was constructed to reduce the concentrations of ammonia, residual organics, and dissolved
radionuclides in the process condensate to levels that permit direct disposal of the treated liquid effluent
to the State-Approved Land Disposal Site (SALDS). The LERF, ETF, and SALDS are all part of the
LWPFs described in Section E.1.2.3.3.
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During the shutdown, the 242-A Evaporator was extensively upgraded. The upgrades were completed in
fiscal year 1993, and operations restarted in April 1994. The current and future mission of the
242-A Evaporator is to support environmental restoration and remediation of Hanford by optimizing the
200-East and 200-West Areas’ DST waste volumes. To support this mission, a life extension study was
prepared to identify the work scope needed to extend the facility life through 2016. This study was
revisited in January 2001 due to a need for the facility through 2019. The upgrades completed in 1993
and the implementation of the work scope outlined in the life extension study are expected to extend the
242-A Evaporator’s useful life through 2018, when it has been assumed the first replacement would be
required.

E.1.2.3.2.2 Process

The 242-A Evaporator is designed to reduce waste volume and the number of DSTs required to store
liquid waste generated at Hanford. The process uses a conventional, forced-circulation, vacuum
evaporation system operating at low pressure (approximately 8,000 pascal [1.2 pounds per square inch])
and low temperature (approximately 50 °C [122 °F]) to concentrate radioactive waste solutions.

The liquid tank waste feed is pumped from a DST feed tank (241-AW-102) through an
underground-encased feed line to the 242-A Evaporator. Using a thermal-assisted evaporative process
(steam), the waste feed is concentrated in vessel C-A-1 to achieve a specified volume reduction. The
concentrated tank waste slurry is returned to the DST farm. The slurry can be directed to a specific DST
via the tank farm transfer piping system. The tank farm transfer system is physically connected to the
242-A Evaporator in-facility process piping at the exterior walls of the 242-A Evaporator and consists of
single and encased piping, pumps, valve pits, diversion boxes, clean-out boxes, and support systems such
as leak detectors and cathodic protection. Process offgases and water vapor are passed through one
primary and two secondary condensers, creating a process condensate and air emissions. Air emissions
are filtered and released to the environment from the vessel ventilation exhaust system. Process
condensate is collected in a collection tank prior to transfer to external treatment facilities.

The 242-A Evaporator process condensate, steam condensate, and cooling water effluent streams are
transferred to other waste handling facilities. Process condensate (contact effluent) is transferred to LERF
via an underground transfer line approximately 1 mile away. Effluent waste streams received in the
LERF are eventually treated in the ETF and discharged in the SALDS. Monitoring for leak detection is
provided at regular intervals along the transfer line. Steam condensate and cooling water (noncontact
effluents) are transferred via separate underground transfer lines to the TEDF.

The average evaporator campaign processes 3.68 million liters (973,000 gallons) of waste to remove
2.17 million liters (573,000 gallons) of water and return 1.51 million liters (400,000 gallons) of slurry to
the DSTs (CEES 2006a).

SECONDARY WASTE STREAMS

There are four secondary waste streams from the evaporator. The process condensate is discharged to the
LERF for blending and future treatment at the ETF at a maximum flowrate of 189 liters (50 gallons) per
minute. The noncontact discharge effluents—steam condensate, cooling water, and facility wastewater—
are discharged to the TEDF at a maximum flowrate of 680 liters (180 gallons) per minute, 14,000 liters
(3,700 gallons) per minute, and 1,900 liters (500 gallons) per minute, respectively.

E.1.2.3.2.3 Facilities

The 242-A Evaporator is located in the 200-East Area. Replacement evaporators were assumed to be
similar in size and capacity to the existing 242-A Evaporator. Construction resources required for the
replacement evaporators were scaled from WTP construction data. Deactivation of the evaporators was
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assumed to require six months and that 1 percent of the waste processed through the evaporator would
remain after operations. The following four principal structures make up the 242-A Evaporator.

242-A Building: main process building
242-AB Building: control room

242-A-81 Building: water services building
207-A Retention Basins

The principal process components of the 242-A Evaporator system are located in the 242-A Building,
which is composed of two adjoining but independent structures. The first structure contains processing
and service areas and is a reinforced-concrete shear wall and slab structure. The second structure is
separated from the first by a seismic joint and contains operating and personnel support areas.

The 242-A Building is 23 meters wide by 33 meters long (75 feet wide by 108 feet long). The 242-AB
Building is an addition to the main structure of the 242-A Building, is of similar design and construction,
and is 14 meters long by 12 meters wide (45 feet long by 40 feet wide). The 242-A Evaporator
Facility footprint includes 23 meters wide by 33 meters long by 22 meters high (75 feet wide by 108 feet
long by 72 feet high) (main building) and 12 meters wide by 14 meters long by 4 meters high (40 feet
wide by 45feet long by 12 feet high) (support building) for a total of 14,400 cubic meters
(605,000 cubic feet). The facility boundary is assumed to encompass approximately 0.4 hectares (1 acre).

The principal process components of the 242-A Evaporator system include the reboiler, evaporator vessel
C-A-1, recirculation pump, recirculation pipe loop, slurry product pump, condensers, jet vacuum system,
and condensate collection tank.

A computer-based monitoring and control system is located in the 242-AB Building control room and is
used to operate and monitor the 242-A Evaporator. The emergency diesel generator and the package
boiler units are the only equipment that normally uses diesel fuel within the facility boundaries. The
emergency diesel generator is run for 15 minutes a month as a safety check to ensure its operational
capability. The package boilers provide normal building heating and steam to the reboiler units during a
campaign. The package boilers use approximately 182,000 liters (48,000 gallons) of diesel fuel to heat
the building during a normal calendar year. Additionally they use approximately 295,300 liters
(78,000 gallons) of diesel fuel during a campaign. Diesel fuel requirements are estimated by multiplying
the projected number of campaigns per year (two) by 295,260 liters (78,000 gallons) and then adding
182,000 liters (48,000 gallons) for normal building heating.

Water is provided from the 200-East Area Power House to the 242-A-81 Water Services Building. Steam
used in the 242-A Evaporator process and for building heat is provided by package boilers located in the
242A-AB Building.

The 207-A Retention Basins have been disconnected from the 242-A Evaporator and are no longer used.
Prior to the temporary shut down in 1989 and the subsequent construction of the ETF to treat process
condensate, the 207-A Retention Basins were used for temporary storage of 242-A Evaporator process
condensate and steam condensate prior to disposal. The basins contain low levels of residual radioactive
contamination. This EIS does not analyze the decontamination and decommissioning (D&D) of the
207-A Retention Basins (CEES 2006a).

E.1.2.3.2.4 Assumptions and Uncertainties

The following is a list of the assumptions for construction, operation, and deactivation of evaporators as
needed for replacement of the existing 242-A Evaporator. The 242-A Evaporator has been an operational
facility since 1977; therefore, very little uncertainty is associated with the size of the facility, required
process equipment, and production capacity.
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e Evaporator facility life is estimated to be 25 years. Construction of a replacement evaporator and
supporting facilities would take 3 years to complete.

e The capacity of the replacement evaporators would be similar to the production rates achieved in
the 242-A Evaporator, averaging about 3.78 million liters (1 million gallons) per campaign and
two campaigns per year, with each campaign lasting approximately 21 days. In practice, the
242-A Evaporator and its replacements could process more than two campaigns per year to
support Hanford’s needs; however, the air emissions assumed for that year would increase and
the facility’s useful life would likely decrease.

e The operating resources and emissions for the replacement evaporator are the same as the
operating resources and emissions of the existing 242-A Evaporator.

e The TEDF and LERF are operating and available to receive the evaporator secondary waste
streams.

e Evaporator deactivation, including the removal of radioactive/hazardous materials to ensure
adequate protection of workers, public health and safety, and the environment, would place the
facility in a stable and known condition. Decommissioning and dismantling of the facility is not
included in the scope of this TC & WM EIS. Deactivation would take place between campaigns
and would take 6 months to complete.

e Evaporator deactivation assumes that 1 percent of 1 year’s throughput would remain in the
facility and it would take 6 months to clean up the facility with no campaigns during that period.
Drain waste and flush waste would be returned to tank 241-AW-102 during deactivation activities
(CEES 20064a).

E.1.2.33 Liquid Waste Processing Facilities

The 200 Area LWPFs include the LERF, ETF, SALDS, and TEDF. These facilities receive, store, treat,
and dispose of liquid effluents from Hanford cleanup activities.

The LERF and ETF were constructed and commissioned circa 1995 to support 242-A Evaporator
operations. The initial mission of the LERF was to pre-store all 242-A Evaporator process condensate
until it could be treated in the ETF. The LERF and ETF were constructed to support the determination
that 242-A Evaporator process condensate was a mixed waste and could no longer be discharged directly
into the ground without treatment.

The LERF, a series of three liquid storage basins, was initially constructed to provide permitted interim
storage of the 242-A Evaporator process condensate. The LERF is capable of storing up to 4.9 million
liters (13 million gallons) of liquid effluent waste awaiting treatment at the ETF. The effective storage
capacity may be slightly lower due to recirculation and contingency space needs. All process condensate
is received into the LERF prior to treatment in the ETF.

The ETF process reduces the concentration of contaminants, including ammonia, residual organics, and
dissolved radionuclides, to levels that allow direct disposal of the treated liquid effluent to the SALDS. A
byproduct of the ETF process, a concentrated, powdery solid waste material, is placed in approved
containers for transfer to storage and/or final disposal.

The LERF, ETF, and SALDS are designed to accept and treat regulated effluents discharges prior to
disposal. These effluents are process condensates that have been in contact with radioactive tank waste.

E-58



Appendix E = Descriptions of Facilities, Operations, and Technologies

Separate from the LERF and ETF is the TEDF, a collection and disposal facility for unregulated liquid
effluents. These effluents are primarily steam condensates, cooling water, boiler blowdown, and
rainwater that have not contacted tank waste and do not require treatment prior to disposal. The TEDF
consists of approximately 11 miles of network piping, three pump stations, one sample station, and two
2-hectare (5-acre) disposal ponds (Fluor Hanford 2004a).

The alternatives in this TC & WM EIS depend on the continued operation of the 200 Area LWPFs, both
for contact and noncontact effluent discharges. In fact, the ETF’s role is expected to expand beyond
treating liquid effluent generated from the operation of the 242-A Evaporator. Under this EIS, the
LWPFs would be also required to support WTP, bulk vitrification, steam reforming, and other processes,
should they be selected for implementation.

For purposes of analysis in this EIS, it was assumed the ETF’s main building 2025 and support building
2025-EA would require replacement to provide continued support for proposed treatment technologies
selected under this EIS. However, the LERF (retention basin), TEDF (disposal pond), and SALDS (crib)
are well suited to life extension projects; therefore, it was assumed replacement of these systems would
not be required.

The design life of the ETF is 30 years, with the current ETF’s useful life ending in 2025. The
replacement of the ETF would occur every 30 years thereafter. Under Tank Closure Alternative 1, the
ETF would be utilized to support the 242-A Evaporator until failure of the facility, with no planned
replacements. Under Tank Closure Alternative 2A, the operational lifespan of the ETF was assumed to
be from the present until approximately 2093. This would require the complete construction of
two replacement facilities. Under Tank Closure Alternative 6A, the operational lifespan of the ETF was
assumed to be from the present until approximately 2163. This would require the construction of
five replacement facilities. All other Tank Closure alternatives would require only one replacement of
the ETF.

E.1.2.3.3.1 Process

The ETF operation collects, treats, and stores MLLW. This includes the load-in station and transfer
piping as well as the tanks and process equipment within the ETF. The following is a brief discussion of
the treatment processes available at the ETF. The ETF is an RCRA-permitted facility; as such, it can only
receive liquid effluent meeting certain waste acceptance criteria and must successfully treat the liquid
effluents prior to discharge. All effluent treated in the ETF is first interim-stored in the LERF basins.
Maximum processing rates for the ETF are estimated to be 210 million liters (55.5 million gallons) per
year based on a TOE of 70 percent (CEES 2006a). The following process steps are associated with the
ETF treatment train as illustrated in Figure E-13 (Koerner, Wagner, and McDonald 1995).

Feed Receipt: ETF feed is received into the 378,540-liter (100,000-gallon) surge tank. Recirculation
mixes the surge tank contents continuously before they are introduced into the treatment process.

Suspended Solids Removal: Removal of suspended solids is accomplished via a two-step process.
Gross removal of suspended solids (greater than 2 micrometers) is performed before the ultraviolet
oxidation system step. The second step, fine filtration (greater than 0.5 micrometers) is accomplished
prior to introduction of the slurry into the degasification system. The removal of suspended solids
greater than 0.5 micrometers is necessary for the protection of downstream equipment.

Organic Destruction: Ultraviolet light oxidation destroys organics. The destruction process is
enhanced with the use of hydrogen peroxide.
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Figure E-13. Effluent Treatment Facility Process Flowsheet

pH Adjustment: The process effluent’s pH (relative acidity or alkalinity) is controlled through the
metered addition of sodium hydroxide or sulfuric acid. The pH is maintained at a value of
approximately 4.0. Adjustment of pH is performed after ultraviolet oxidation and again after the
reverse 0smosis treatment process.

Hydrogen Peroxide Decomposition: Hydrogen peroxide added during the destruction of organics in
the ultraviolet oxidation system must be removed prior to the reverse osmosis process step.
Hydrogen peroxide is decomposed using a granulated activated carbon column that breaks down the
hydrogen peroxide.

Degasification: Removal of dissolved carbon dioxide is accomplished via degasification in a packed
column. The reduction in carbonate loading is necessary for downstream process steps such as
reverse osmosis and polishing.

Dissolved Solids Removal: Removal of dissolved solids is provided by reverse osmosis. The effluent
continues through to the polishing step. The concentrated liquid waste is redirected to additional
secondary evaporation steps.

Effluent Quality Verification: All treated effluent exits the polishers and is temporarily stored in one
of three verification tanks. Each verification tank has a storage capacity of 2,536,200 liters
(670,000 gallons) and is designed to hold 72 hours of effluent discharge. Prior to discharge to the
SALDS, effluent may be retained for verification of quality. During storage, laboratory analyses may
be performed to confirm compliance with the appropriate requirements before discharge. Effluent
that does not meet discharge requirements is recirculated back to the surge tank for additional
treatment.
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Effluent Disposal: Effluents suitable for disposal may be transferred through the liquid effluent
disposal system for release to the SALDS.

Secondary Waste Treatment: Liquid waste from the primary treatment train may be concentrated in
an evaporator and/or dewatered in the thin film dryer. The resultant powdery solid waste is packaged
in drums for disposal (Koerner, Wagner, and McDonald 1995).

PRIMARY AND SECONDARY WASTE STREAMS

There are two significant waste streams associated with the ETF. The primary liquid waste stream is
verified in the verification tanks and sent to the SALDS for final disposition. Three of the 2004 quarterly
monitoring reports cited a discharge volume of 80.5 million liters (21.3 million gallons) for a 9-month
period (Fluor Hanford 2004a, 2004b, 2005b). Based on these 2004 data and operations supported by the
ETF, the annualized discharge rate in 2004 was approximately 107.1 million liters (28.3 million gallons).
As analyzed in this EIS, the operation of the WTP, IDF(s), groundwater leachate collection systems, and
supplemental treatment facilities could increase the waste loading on the ETF. The secondary waste
stream is a solid waste generated from the thin-film dryer. The powder and/or sludge solid waste stream
is packaged in 208-liter (55-gallon) drums and is directed to final disposition, depending on the source of
the effluent that was processed. Waste from effluent that is a result of a Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) cleanup activity is sent to the Environmental
Restoration Disposal Facility for disposal; LLW and MLLW from ongoing site activities would be sent to
the currently operational lined trenches 31 and 34 in low-level radioactive waste burial ground (LLBG)
218-W-5, or an IDF for disposal (CEES 2006b).

E.1.2.3.3.2 Facilities

The ETF is a permanent facility with an estimated operating design life of 30 years and has been
classified as a radiological facility. The ETF is a single building containing a control room that provides
the capability to control the treatment process and the collection, recycling, and disposal systems.
External storage is provided for the treated waste during analysis and/or verification. The building also
contains a chemical makeup and storage area, secondary waste treatment and storage systems, and offgas
and ventilation systems. In addition, there are various support systems, including fire protection,
communications, sanitary and raw water, and electrical. The ETF also includes a load-in station that
provides the capability to unload, store, and transfer liquid waste to the ETF or LERF from tank trucks
(Koerner, Wagner, and McDonald 1995). The ETF layout is presented in Figure E-14.

The ETF is located in the northeast corner of the 200-East Area of Hanford, adjacent to the LERF and
approximately 1 mile north of the 242-A Evaporator facility. The ETF’s main building dimensions are
4,100 square meters (44,000 square feet) and 12 meters (40 feet) tall, and the support building is
950 square meters (10,300 square feet) and 3.7 meters (12 feet) tall, for a total footprint of
5,000 square meters (54,300 square feet). Therefore, each ETF replacement is based on constructing a
5,000-square-meter (54,300-square-foot) building. The facility boundary was assumed to occupy
29 hectares (72 acres) (Koerner, Wagner, and McDonald 1995).
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E.1.23.3.3

e The ETF main building 2025 and the ETF support building 2025-EA would require replacement.
The LERF (retention basin), TEDF (disposal pond), and SALDS (crib) are well suited to life
extension projects. The LERF, TEDF, and SALDS would continue their useful life within the
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Figure E-14. Effluent Treatment Facility Layout

Assumptions and Uncertainties

ETF system with the replacement ETF.

e The ETF’s useful life is estimated to be 30 years.

supporting facilities would take 3 years to complete.

e The current design capacity of the ETF would be sufficient to support all current Hanford

activities as well as the tank closure activities implemented under this EIS.

e The operating resources and emissions for the replacement ETF would be the same as the

operating resources and emissions of the existing ETF.

e The LERF and SALDS would remain in operation and available to support the ETF operations.

Construction of replacement ETF and
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e All solid waste would be disposed of in either the Environmental Restoration Disposal Facility
(for CERCLA waste), the currently operational mixed waste lined trenches, or an IDF. This solid
waste would be grouted, containerized waste.

e ETF deactivation, including the removal of radioactive/hazardous materials to ensure adequate
protection of workers, public health and safety, and the environment, would place the facility in a
stable and known condition. Decommissioning and dismantling of the facility is not included in
the scope of this TC & WM EIS. Deactivation would take place between campaigns and would
take 6 months to complete.

o ETF deactivation assumes that 1 percent of 1 year’s throughput would remain in the facility and
that it would take six months to clean up the facility with no campaigns during that period. Drain
waste and flush waste would be returned to the LERF during deactivation activities
(CEES 2006b).

E.1.234 Cesium and Strontium Capsule Processing Facility

The construction of a capsule processing facility would be necessary for extracting cesium and strontium
waste from the storage capsules prior to treatment through the WTP HLW melters. The capsule
processing facility would also prepare the cesium and strontium waste into a slurry waste stream
acceptable for treatment in the WTP. The final waste form would be canistered waste that was assumed
to be stored on site as IHLW until disposition decisions are made and implemented.

Under Tank Closure Alternative 1, the cesium and strontium capsules would be stored indefinitely in the
Waste Encapsulation Storage Facility (WESF), in a manner similar to the present; therefore, construction
of a capsule processing facility would not be required. Under all other Tank Closure alternatives
analyzed in this EIS, the cesium and strontium waste would be vitrified in WTP. The immobilization of
cesium and strontium capsule waste would take place during a separate campaign, after treatment of all
tank HLW is completed in the WTP. The cesium and strontium WTP campaign is expected to add 1 year
of processing time to the WTP HLW melters. The capsule processing facility would be built so that
processing of cesium canisters could begin approximately 14 months prior to the completion of WTP
processing of tank HLW.

Based on estimated production rates, the capsule processing facility would require 26 months to
de-encapsulate all the cesium and strontium capsules and prepare the cesium and strontium slurry feed.
The WTP requires an estimated 12 months to vitrify the slurry feed. Thus, to maintain a continuous WTP
feed, the capsule processing facility must begin operations 14 months in advance of the cesium and
strontium campaign and prestore this WTP feed in the DSTs. It is estimated that an additional
340 canisters would be produced during the cesium and strontium treatment campaign (CEES 2006c¢).

E.1.2.3.4.1 Background

The cesium and strontium capsules were generated at Hanford during the 1970s and 1980s, when cesium
and strontium isotopes were separated from other tank waste, converted to cesium chloride and strontium
fluoride, and then encapsulated for long-term storage.

Currently, there are 1,335 cesium capsules and 601 strontium capsules stored in the WESF pool cells.
Most of the capsules are composed of an inner and outer capsule. However, 23 of the cesium capsules are
Type W capsules containing material from the 324 Building B cell. The Type W containers are
triple-containment capsules versus the normal double-containment configuration (SAIC 2007a).

Originally, there were 640 strontium capsules produced at WESF; 601 are presently stored in the WESF
pool cells. Of the 39 strontium capsules remaining and not stored at Hanford, only four capsules stored at
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the Nevada Test Site (NTS) have a commitment for disposal by other DOE programs. Though there are
no formal plans, the other 35 strontium capsules could potentially be returned to the WESF; therefore,
they are conservatively included in this EIS analysis for potential processing through the WTP
(Claghorn 1996).

The cesium capsules are 6.67 centimeters (2.6 inches) in diameter and 51.1 centimeters (20.1 inches)
long, and the strontium capsules are 6.67 centimeters (2.6 inches) in diameter and 52.8 centimeters
(20.8 inches) long (Jeppson 1973). The capsules contain approximately 68 million curies of radioactivity,
decayed to January 2000 (CEES 2006c).

E.1.2.3.4.2 Process

The Cesium and Strontium Capsule Processing Facility would receive the capsules on a “just-in-time”
basis for de-encapsulation and preparation of the waste into a suitable WTP slurry feed. The waste slurry
would then be stored in a DST prior to treatment through the WTP. This EIS analyzes the immobilization
of the cesium and strontium slurry feed as a separate, 1-year-long WTP campaign; however, the cesium
and strontium slurry feed could be mixed with the late-stage tank waste feed for consistency. A
simplified cesium and strontium capsule processing flow sheet is provided in Figure E-15.

Figure E-15. Simplified Cesium and Strontium Capsule Processing Flow Sheet
TRANSPORTATION OF CAPSULES FROM WESF TO CAPSULE PROCESSING FACILITY

Transportation from the WESF load-out area to the capsule processing facility would require the use of
two cask designs. The transportation of cesium and strontium capsules has been successfully
accomplished using both government-owned and commercially available shipping casks. Many casks are
potentially available to transport cesium and strontium capsules. However, the size limitations of the
WESF loading area (G cell), the need to transport a large amount of capsules in each shipment, and the
lead time required to certify other casks for capsule transport limit the choices to two shipping casks. One
cask, the Beneficial Uses Shipping System (BUSS) cask, is a high-payload 4,000-watt (13,650 British
thermal units [Btus] per hour) cask certified by both DOE and the U.S. Nuclear Regulatory Commission
(NRC) to transport cesium and strontium capsules. The cask was fabricated specifically for WESF
capsules. The BUSS cask is limited to transporting those cesium and strontium capsules certified as
“special form” radioactive material.

The other cask, the General Electric Model 2000 (GE-2000), is currently certified by NRC for only
600 watts (2,047 Btus per hour) and its allowable payload did not specifically include cesium or
strontium. However, an amended safety analysis has been submitted to NRC, and approval for the
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transport of both cesium and strontium capsules with a payload of 2,000 watts (6,824 Btu per hour) is
expected.

To meet the just-in-time processing strategy and accomplish the 26-month delivery schedule assumed for
the capsule processing facility, both the BUSS and GE-2000 casks would be needed (Claghorn 1996).

DE-ENCAPSULATION OF CAPSULES

Once the casks are received at the capsule processing facility, they would be disassembled, and the
double-lined (with the exception of the triple-lined Type W) capsules would be removed from the inner
basket. The ends of the metal capsules would then be cut off and the contents slid out of the outer liner.
For the cesium capsules, the ends of the inner liners also would be cut off.

Although the same method used to dismantle cesium capsules can be used to cut the strontium outer
capsules, the same method cannot be used to cut the strontium inner capsules. Based on experience at
Oak Ridge National Laboratory (ORNL) (ORNL 1988), strontium fluoride is usually stuck to the inner
Hastelloy capsule wall. The chop saw used to open the strontium inner capsules is modified to make two
longitudinal cuts 180 degrees apart on the Hastelloy capsule using a saw with a 0.13-meter (0.43-foot)
disc-type blade. Using this procedure, ORNL was able to process about six capsules in three 8-hour
shifts.

The solid waste (inner and outer capsule metal lining) generated must be properly packaged and disposed
of. Itis estimated that the 8,500 kilograms (18,700 pounds) of shredded metal would result in 100 drums
of RH solid MLLW for disposal on site.

CESIUM SLURRY FEED PREPARATION

Once exposed by cutting off the ends of the inner capsule liner, the cesium chloride would be dissolved in
water, and the chloride removed using an ion exchange. The volume of water needed to process the
cesium capsules is conservatively estimated to be approximately 4,540 liters (1,200 gallons), resulting in
approximately 5,680 liters (1,500 gallons) of processed solution.

Removal of the chloride from the cesium chloride solution would be required as an additional step prior
to introducing the slurry feed into the WTP HLW melters. The process would use an anion exchanger to
exchange the chloride ion with hydroxide. Hydroxide is the anion of choice because of the high
selectivity of hydroxide to chloride. The chlorine-loaded ion exchange resin would be disposed of as
MLLW. The WTP Pretreatment Facility would have similar resin waste, and a similar disposal path
could be utilized. There are a number of ion exchange resins that could be used to remove chlorides.

STRONTIUM SLURRY FEED PREPARATION

Strontium fluoride is not water soluble, so it must be pulverized to prepare it for blending with an HLW
feed. A hammer and chisel would be used to break the strontium fluoride salt loose from the inner
capsule walls. Once the strontium salt is separated from the capsule into several pieces, the pieces would
be transferred into a jaw crusher to crush the salt into particles less than 300 micrometers (0.01 inches)
(number 50 sieve). The strontium powder then would be transferred to a holding tank as a slurry with
suspended solids.

E.1.2.3.4.3 Facilities

The WESF is located in the 200-East Area and consists of the 225-B Building and several other support
structures. The WESF was originally designed to process, encapsulate, and store the extracted
radionuclides, cesium, and strontium that are generated from other chemical processing operations.
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Construction of the WESF started in 1971 and was completed in 1974. Processing of cesium continued
until 1983, and strontium processing lasted until 1985. The cesium and strontium capsules at Hanford are
currently stored and monitored in pool cells at the WESF. The operations, maintenance, deactivation, and
decommissioning of the WESF is not analyzed in this EIS. Data presented in this EIS regarding the
WESF are provided for information purposes only.

The capsule processing facility would be located adjacent to the WTP in the 200-East Area, the building
would have a footprint of 3,800 square meters (40,500 square feet), and the facility boundaries would
encompass 1.6 hectares (3.9 acres). The Cesium and Strontium Capsule Processing Facility would be
constructed as a heavily shielded facility. The construction requirements for the capsule processing
facility are scaled from the WTP facility data. That scaling factor was increased by 20 percent to account
for the increased shielding required in the Cesium and Strontium Capsule Processing Facility.

Based on an operating efficiency of 80 percent, the capsule processing facility’s processing rate must be
1,140 capsules per year to de-encapsulate the inventory of cesium and strontium capsules within the
26-month operating time. Transportation of casks from the WESF would be scheduled to provide
just-in-time delivery for processing. The capsule processing facility is not currently planned to prestore
casks awaiting de-encapsulation.

Once the capsule contents are prepared into an acceptable slurry feed, the slurry would be pumped to the
DST system to await feed into the WTP HLW melters. Storage in the DST system would be required
because the capsule processing facility would require 26 months of operation to de-encapsulate and
prepare the cesium and strontium slurry feed; however, the WTP HLW melters would require only
12 months to vitrify the waste. It would be possible to bypass the DST system and feed the cesium and
strontium slurry directly into the WTP; however, this would require additional design modifications to the
feed system for the WTP. This EIS assumes prestorage in the DST system. The capsule slurry feed can
either be blended with tank waste or fed to the melter as a unique campaign. The vitrification of a
distinctly different feed would potentially require a new glass formulation or chemical additives. For
determining peak cesium and strontium processing impacts, this EIS assumes the immobilization of the
cesium and strontium capsule slurry feed would occur as a separate campaign after all tank waste
treatment has been completed (CEES 2006c¢).

E.1.2.3.4.4 Assumptions and Uncertainties

The following lists the assumptions for the construction, operation, and deactivation of a capsule
processing facility that are the basis for this EIS analysis. Discussion of the level of uncertainty
associated with each assumption is included.

e The treatment of capsule waste is assumed to be a separate vitrification campaign from the
processing of tank HLW. For purposes of analysis, the cesium and strontium slurry feed would
be treated as a separate waste stream through the WTP after completing the treatment of all tank
waste. It was estimated that the vitrification of cesium and strontium capsule waste into
canistered waste that would result in the production of an additional 340 canisters of glass
(1.2 cubic meters [42.4 cubic feet] each) that would be stored on site as IHLW. The estimated
number of canisters produced (340) is uncertain and may not be consistent with the current glass
properties model. Without blending, additional glass-forming or other chemical additives would
be required to maintain an acceptable final waste form. Blending the cesium and strontium slurry
feed with the tank waste would require the authorization, funding, and construction of the Cesium
and Strontium Capsule Processing Facility to be completed, with sufficient WTP operations
remaining to support this option. Other analyses suggest that sufficient blending may not lead to
an increase in the number of canisters from the inclusion of cesium and strontium capsules in the
HLW melter feed stream (i.e., the volume of glass would be constrained by something other than
the cesium and strontium).
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e Chloride would be removed before treatment at the WTP. The ion exchange resin was
conservatively assumed to be a nitrate-based resin as discussed in trade study
WHC-SD-WM-ES-382 (Claghorn 1996). The more efficient hydroxide resin, if utilized, could
reduce secondary waste considerably.

e Processing rates in the capsule processing facility would be coordinated with WESF packing,
load-out, and transportation rates. Facility modifications or additional storage facilities would not
be required at the WESF to support capsule load-out.

e The Cesium and Strontium Capsule Processing Facility would be 98.4 meters (30 feet) tall, on
average. The facility would have a volume of 34.4 million cubic meters (1,215 million cubic
feet), based on the 3,760-square-meter (40,500-square-foot) footprint (Claghorn 1996).

e The transportation of the cesium and strontium capsules would require the use of both the BUSS
and the GE-2000 casks to accomplish the transfer of capsules within the 26 months analyzed for
operation of the capsule processing facility. Transportation of capsules from the WESF to the
capsule processing facility, using both BUSS and GE-2000 cask designs, would rely on an
aggressive schedule that assumes the availability of both casks. The transportation casks and the
cesium and strontium capsules may have to be recertified. The transportation of capsules was
assumed to be direct from the WESF to the capsule processing facility, with no interim storage.

e The resources required to maintain the WESF through the disposition of the capsules were
assumed to be the same as these used for normal routine operations and maintenance of the
facility. Routine operations and maintenance of the WESF were not analyzed in this EIS
(CEES 2006c).

E.1.2.35 Supplemental Waste Treatment Options

This TC & WM EIS analyzes three representative technologies out of the several viable options for
accomplishing the supplemental treatment and immobilization of the LAW. These three waste treatment
options, bulk vitrification, cast stone, and steam reforming, were among the technologies selected for
further testing and evaluation when DOE sought to identify candidate technologies for accelerating the
tank waste cleanup schedule.

E.1.2.3.5.1 Supplemental Technology Selection

Technologies for treating Hanford tank waste have been researched and evaluated for a number of years.
A systematic review of possible technologies was conducted in the early 1990s and resulted in the
issuance of the TWRS EIS (DOE and Ecology 1996) and a subsequent Record of Decision (ROD)
(62 FR 8693). These documents were reviewed again in early 2002. Vendors, national laboratories, and
universities were consulted regarding additional technologies for the purpose of establishing a list of
possible LAW treatment technologies. Only technologies that could meet the criterion of closing the
LAW treatment gap by accelerating cleanup and reducing risk while maintaining cleanup quality were
retained for further consideration.

In March 2002, the Cleanup Challenge and Constraints Team (C3T) was established through a
Memorandum of Understanding between DOE and Ecology. As part of the C3T, a Mission Acceleration
Initiative (MAI) working group was formed to select candidate supplemental technologies to augment the
WTP.
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The technologies were grouped into families that employed the same basic principles, but differed in their
implementation (i.e., all calcination technologies were grouped together and all polymer-based
microencapsulation technologies were grouped together). Tank 241-S-112 was selected as a good
representative for the targeted LAW source SSTSs.

Technology experts prepared a short briefing on each technology and its application to treatment of
tank 241-S-112 waste.  Additionally, separations technologies were combined with immobilization
technologies to constitute complete treatment options.

In April 2002, DOE evaluated over 50 options for potential supplemental technologies. Their results
were documented in the Mission Acceleration Initiative Demonstration Information Package
(CH2M HILL 2003a). The results were reviewed by ORP representatives, who selected the following
seven representative technology options, two with two suboptions, for more-detailed evaluation.

Bulk vitrification

Active-metal reduction

Steam reforming

Clean salt

— Without cesium ion exchange

— With cesium ion exchange

e (Clean salt and sulfate removal
— Without cesium ion exchange
— With cesium ion exchange

e Cast stone

e Sulfate removal

Technical data for the seven options were developed, and the Hanford C3T MAI subgroup performed the
final evaluation to select appropriate technologies for further development. Details of the selection
process can be found in the Evaluation of Low-Activity Waste Feed Supplemental Treatment Options by
the C3T Mission Acceleration Initiative Team for the Office of River Protection (Choho and
Gasper 2002).

The evaluation criteria used for the final selection of candidate technologies were based on compliance
and safety, project utility, operability, technical risk, and programmatic risk. A workshop was held to
define the supplemental treatment goals, criteria, and measures by which performance could be judged
versus the criteria. The team established six goals, 10 selection criteria, and 14 measures to guide the
technology evaluation selection process. The six goals were to (1) ensure worker and public safety;
(2) provide environmental protection comparable to the current vitrified waste disposal plan;
(3) maximize schedule acceleration; (4) maximize cost-effectiveness; (5) maximize operability; and
(6) minimize overall system interface impacts.

Using both qualitative and quantitative measures to score the technologies with respect to the goals and
criteria, the MAI subgroup selected the following three LAW immobilization approaches for further
development.

e Bulk vitrification
e Cast stone
e Steam reforming

Additionally, the subgroup selected one pretreatment option, sulfate removal, for further development.
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The alternatives analyzed in this TC & WM EIS use the cast stone process to represent supplemental
LAW treatment technologies that do not require heat for solidification of the waste (i.e., a nonthermal
treatment process). Bulk vitrification and steam reforming are technologies that require heat input for
waste solidification. In the TC & WM EIS alternatives, bulk vitrification and steam reforming are the
STPs used to represent the thermal treatment technologies. Sulfate removal is also included in one of the
alternatives as a pretreatment process outside the WTP. The following sections describe the supplemental
LAW treatment technologies included in the alternatives analyzed in this TC & WM EIS.

Complete descriptions for supplemental treatment options are presented in the following sections: thermal
treatment — bulk vitrification (see Section E.1.2.3.6); nonthermal treatment - cast stone
(see Section E.1.2.3.7); thermal treatment — steam reforming (see Section E.1.2.3.8); sulfate removal
(see Section E.1.2.3.9); technetium-99 removal (see Section E.1.2.3.10); and mixed TRU waste
processing (see Section E.1.2.3.11). The level of maturity for each technology is also discussed in these
sections.

Technologies that were not analyzed in detail in this EIS (see Section E.1.3) are not precluded from
selection as supplemental treatment technologies to treat tank waste. As information matures so the
candidate technologies can be evaluated at relative parity by the decision makers, technologies other than
those analyzed in detail by this EIS may be chosen for use. The known impacts of any candidate
treatment technology can be evaluated against the impacts of the technologies analyzed in detail by this
EIS. Impacts of the technology would be evaluated relative to the impacts in this EIS, and additional
National Environmental Policy Act (NEPA) analysis would be required before selection of that treatment
technology.

E.1.2.3.5.2 Separations Activities

Each of the TC & WM EIS alternatives that include use of supplemental treatment technologies in the
200-East Area of Hanford would include use of the pretreatment capability provided by the WTP. In
contrast, waste feeds for supplemental treatment technologies used in the 200-West Area would not
undergo WTP pretreatment, but would instead be subject to solid-liquid separations activities. These
activities would primarily entail the application of a solid-liquid separations process that would be
conducted in a new 200-West Area Solid-Liquid Separations Facility using waste feed from 35 SSTs that
have tentatively been identified to contain cesium-137 concentrations of less than 0.05 curies per liter
(0.19 curies per gallon) (see Table E-6). Waste contained in many of the 35 tanks was received from
processing facilities that removed radionuclides such as cesium, strontium, and TRU waste. The extent of
separations activities would depend on the waste feed being processed and the immobilization operation
being used.

The designation of the contents of the 35 tanks listed in Table E-6 as LAW is based on the analysis found
in the Technical Basis for Classification of Low-Activity Waste Fraction from Hanford Site Tanks, which
stated that recovery of waste containing less than 0.05 curies per liter of cesium-137 was not
economically practical (Petersen 1996). At this concentration of cesium, no more than 5 million curies of
cesium-137 would be disposed of in the ILAW glass. In accepting the DOE information, NRC concurred
with this analysis.
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Table E-6. Designation of Low-Activity Waste Tanks

Cesium-137
(curies per liter for Sodium Sodium/Cesium Cesium-137

Tank 7 molar sodium solution) (kilograms) (molar ratio) (curies)
241-TX-106 0.050 4.39x10° 3.00x10° 189,000
241-BY-110 0.049 4.67x10° 3.03x10° 199,000
241-TX-103 0.049 1.83x10° 3.04x10° 77,700
241-TX-108 0.046 1.62x10° 3.20x10° 65,300
241-TX-105 0.046 7.40x10° 3.25x10° 294,000
241-TX-115 0.045 7.12x10° 3.29x10° 279,000
241-TX-112 0.043 8.19x10° 3.42x10° 309,000
241-TX-110 0.043 5.80x10° 3.45x10° 217,000
241-S-110 0.042 4.82x10° 3.49x10° 178,000
241-TX-111 0.042 4.44x10° 3.51x10° 163,000
241-B-104 0.042 2.24x10° 3.55x10° 81,300
241-BY-103 0.041 5.68x10° 3.59x10° 204,000
241-TX-114 0.040 6.81x10° 3.75x10° 234,000
241-BY-109 0.036 3.25x10° 4.07x10° 103,000
241-BX-111 0.036 2.47x10° 4.15x10° 76,800
241-BY-111 0.033 4.58x10° 451x10° 131,000
241-BY-102 0.033 4.29x10° 4.53x10° 122,000
241-BX-110 0.031 2.74x10° 4.83x10° 73,200
241-BY-105 0.030 6.90x10° 4.92x10° 181,000
241-TX-117 0.027 5.80x10° 5.42x10° 138,000
241-BY-112 0.027 5.94x10° 5.51x10° 139,000
241-TX-118 0.027 3.01x10° 5.58x10° 69,600
241-S-112 0.026 9.83x10° 5.61x10° 226,000
241-BY-108 0.025 2.33x10° 5.82x10° 51,600
241-B-107 0.018 1.49x10° 8.39x10° 22,900
241-B-106 0.017 7.07x10* 8.77x10° 10,400
241-TX-116 0.017 7.08x10° 8.78x10° 104,000
241-TY-102 0.015 8.74x10* 9.97x10° 11,300
241-B-109 0.011 1.57x10° 1.32x10° 15,300
241-B-105 0.011 3.26x10° 1.36x10° 30,900
241-B-103 0.011 5.79x10* 1.37x10° 5,440
241-B-101 0.011 1.11x10° 1.39x10° 10,300
241-S-109 0.007 7.71x10° 2.09x10° 47,600
241-TX-113 0.004 9.18x10° 3.51x10° 33,700
241-T-109 0.003 5.74x10* 5.65x10° 1,310
Total 4.09x10°

Note: To convert kilograms to pounds, multiply by 2.2046.

Source: DOE 2003g.
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The TC & WM EIS mass balances (CEES 2007b) model all 35 LAW tanks identified in Table E-6
through the 200-West Area Solid-Liquid Separations Facility before treatment using the 200-West Area
STPs (bulk vitrification, cast stone, or steam reforming). While it is recognized that some of the waste
tanks are located in the 200-East Area, for analysis purposes, the waste in all 35 tanks was assumed to
require 200-West Area Solid-Liquid Separations Facility pretreatment. Similarly, for analysis purposes,
the option for cesium ion exchange in the 200-West Area Solid-Liquid Separations Facility was not
exercised; therefore, the mass balances provide conservative estimates of the cesium-137 contribution to
the 200-West Area STPs and their waste products (bulk vitrification glass, cast stone product, steam
reforming product). The remaining 114 SSTs and DST waste would be pretreated in the WTP.

This solid-liquid separations (settling and decanting) was assumed to return 50 percent of the solids to the
WTP for processing. Strontium and TRU waste would be precipitated with a chemical addition during
this settling process resulting in a portion of the strontium-90 and TRU waste radionuclides being
forwarded to the WTP and the balance forwarded to the STP in the 200-West Area.

Some precipitation, settling, and decanting could be conducted in the existing underground storage tanks.
However, this TC & WM EIS assumes that all separations activities would occur in the 200-West Area
Solid-Liquid Separations Facility (DOE 2003e).

E.1.2.3.6 Thermal Supplemental Treatment Technology — Bulk Vitrification

The bulk vitrification process is one of two representative thermal supplemental treatment technologies
(the other is steam reforming) analyzed in this EIS. Bulk vitrification is a technology that is currently
being used domestically and internationally for radioactive, hazardous, and mixed waste treatment. Bulk
vitrification can be accomplished in-situ or in large containers. The application of bulk vitrification to
tank waste can only be performed by use of the In-Container Vitrification™ (ICV™) process. Waste
vitrified in large containers offers several advantages. The content of the incoming waste stream is
carefully controlled and homogenized, resulting in a more reliable final waste form. The final waste form
is also characterized by small surface-to-volume ratios, which minimizes the potential for waste form
leaching. In-container bulk vitrification would be used to supplement the treatment of LAW.

Bulk Vitrification Facilities may be placed in one or both of the 200-East and the 200-West Areas as
necessary to supplement the current WTP configuration and capacity. The construction and operation of
a Bulk Vitrification Facility in the 200-East Area is analyzed under Tank Closure Alternative 3A. The
construction and operation of a Bulk Vitrification Facility in the 200-West Area is analyzed under
Tank Closure Alternatives 3A, 4, and 5.

The 200-East Area Bulk Vitrification Facility would be located near the WTP and would accept a fraction
of the LAW generated from the WTP Pretreatment Facility. The 200-East Area Bulk Vitrification
Facility would provide supplemental treatment to the WTP by immobilizing up to 37 percent of the tank
waste sodium (approximately 18,000 metric tons of sodium) currently existing in the Hanford tank
system. However, the 200-East Area Bulk Vitrification Facility would actually be required to process
more than the 18,000 metric tons of sodium tank waste due to the addition of nonwaste sodium during the
WTP pretreatment step. Approximately 5,500 metric tons of sodium would be added to the supplemental
treatment waste stream during the WTP pretreatment step. The WTP Pretreatment Facility is designed to
accept high-curie waste feed from the DST system and to separate the tank waste into HLW and LAW
fractions.

The 200-West Area Bulk Vitrification Facility would immobilize up to 32 percent of the tank waste
sodium (approximately 15,000 metric tons of sodium) consisting of pretreated waste from the 35 SSTs
with low cesium-137 concentrations (listed in Table E-6 and discussed in Section E.1.2.3.5.2). These
35SSTs are located in both the 200-East and 200-West Areas and contain approximately
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15,000 metric tons of sodium. Waste feeds for supplemental treatment technologies used in the 200-West
Area would be subject to solid-liquid separations activities consisting of a settling and decanting process
to reduce the solids content of the waste received from the LAW tanks. The settling and decanting step
were assumed to return 50 percent of the solids to the WTP for processing (CH2M HILL 2004).

E.1.2.3.6.1 Technology Description

Bulk vitrification would use an ICV™ process. Pretreated tank waste, or retrieved waste with low
radioactivity, would be used as feed for the ICV™ process. The waste would be mixed with soil or with
other glass formers, such as those planned for use in the WTP LAW melters. The mixture would be dried
to optimize the process, and the excess water would be treated in the ETF. After mixture with additional
soil additives, the dried mixture would then be vitrified in a steel box. Once the vitrification process is
complete, soil would be used to fill the void spaces and the steel box would be sealed. The steel box
would also serve as the final disposal container. During the melt process, air emissions would be
collected by a sealed container hood and would be directed to an offgas treatment system. The secondary
waste generated by the offgas treatment system (e.g., filters, liquid effluents) would be stabilized,
packaged for disposal, or otherwise directed to another treatment facility. A flow diagram of the
production-scale bulk vitrification process appears in Figure E-16.

E.1.2.3.6.2 Process

The ICV™ process would be the final treatment for the tank waste, prior to final disposition on site. The
description that follows is based upon use of soil and/or sand as glass-forming materials. However, if
necessary to meet performance requirements, other glass formulations, including those used in the WTP
LAW melters, could be used in the bulk vitrification system. The bulk vitrification process would only
receive LAW either from the WTP pretreatment system or the 200-West Area solid-liquid separations
pretreatment process.

In the bulk vitrification process, the LAW feed would be mixed with soil and/or sand prior to vitrification.
In the initial processing step, the incoming waste stream would be mixed with approximately 20 percent
of the total amount of soil and/or sand required to complete the process. A vacuum drying process would
be used to remove free water from the mixture. The dryer would utilize an internal waste blending and
agitation process to convert the mixture into a granular form. Prior to loading the waste feed into the
vitrification container, the remaining 80 percent of soil and/or sand would be added in a mixer.

The amount of soil and/or sand addition would be predetermined to achieve approximately
20 weight-percent sodium oxide loading in the final glass waste form. Graphite would be added to the
mixture for electrical conductivity to start the vitrification process. The dried waste and soil/sand mixture
would then be conveyed to the vitrification container.

Graphite electrodes would be used to melt the waste and sand/soil mixture in the container. An electrical
current would be applied to heat and melt the mixture to produce glass. The operating temperature of the
melt would be approximately 1,600 °C (2,900 °F).

The Bulk Vitrification Facility is currently configured with parallel processing lines that could process
more than one vitrification container at a time. The standard vitrification container would be a steel
roll-off box modified for this specific purpose. After completion of the melt, the container would be
topped off with clean soil to fill the void spaces, allowed to cool, and then sealed.

The container would be a rectangular, steel box approximately 2.4 meters wide by 3.0 meters high by
7.3 meters long (8 feet wide by 10 feet high by 24 feet long). Each container would hold an estimated
42.6 metric tons of glass. The final dimensions of the containers may change during detailed design of
the facilities.
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Figure E-16. Bulk Vitrification Supplemental Treatment Process Flow Diagram
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The process of vitrifying the waste would result in volume reduction as a result of the loss of volatile
components and reduction of void space during the melting process. The waste volume could be reduced
by one-third to one-half by the melting process. As a result, additional waste feed may be added to the
container during the melt step. At completion of the melt, the amount of vitrified waste in each container
would be roughly 50 to 60 percent of the container volume. The remaining space in the container would
be taken up by a perimeter insulating barrier consisting of sand and/or refractory material and soil and/or
sand added on top of the vitrified waste to fill void space, prior to sealing the container. The perimeter
insulating barrier is expected to be 31 centimeters (12 inches) thick to separate the vitrified waste from
the container walls. The purpose of the insulating barrier is to retain heat, ensuring a thorough melt, and
to maintain the integrity of the container, ensuring worker safety. The contents of the filled and sealed
container would be cooled for approximately 3 days and then transferred to an IDF for near-surface burial
(DOE 2003e).

The high-temperatures associated with the vitrification process would generate an offgas stream that
would require treatment. Nonradioactive offgas emissions would include nitrogen oxides, sulfur oxides,
chlorides, fluorides, organics, water, and mercury. Radioactive emissions would potentially include
carbon-14, iodine-129, hydrogen-3 (tritium), and smaller fractions of volatile radionuclides such as
technetium-99.

The offgas treatment system would consist of a series of unit operations to control emissions of selected
offgas constituents. Filters, scrubbers, condensers, and selective catalytic reduction would be used to treat
the offgas before discharge into the atmosphere through a stack. The offgas would be directed to a
quenching and scrubber system to cool the offgas, remove particulates, and neutralize the sulfur oxides,
chlorides, and fluorides. The scrubber solution would be recycled if feasible and/or may be treated and
disposed of separately. Sintered metal filtration may be employed to remove particulate emissions prior
to introduction into the quenching and scrubber system. Particulates removed by sintered metal filtration
would be recycled back into the dryer for mixing with waste feed. Tritium and water would be condensed
from the offgas. The scrubbed offgas would then enter a series of two HEPA filters for final particulate
removal. After passing through the HEPA filters, a high-efficiency gas adsorber could be used to remove
radioactive iodine and organic carbon prior to entering the final offgas treatment unit. The final step in
offgas treatment would be removal of nitrous oxides through selective catalytic reduction. Removal of
mercury in the offgas stream, if necessary, could be accomplished by adding an activated carbon system.
For analysis purposes, this EIS assumes a mercury abatement technology would be applied, resulting in a
solid waste stream with the mercury that would be disposed of in an IDF. In addition, in estimating air
emissions impacts, this EIS assumes no mercury abatement.

E.1.2.3.6.3 Facilities

The exact locations of the Bulk Vitrification Facilities, if constructed, have not been determined. For
purposes of evaluation, it was assumed that the Bulk Vitrification Facilities would be located northeast of
the 202-S Reduction-Oxidation (REDOX) Facility in the 200-West Area and/or in the 200-East Area near
the WTP. In practice, the Bulk Vitrification Facilities could be built in other locations in the 200-West or
200-East Areas. See Figure E-11 for proposed locations of the supplemental treatment facilities in the
200-East and 200-West Areas.

The Bulk Vitrification Facilities would contain separate areas for processing and supporting equipment
and personnel. The processing equipment areas that handle tank waste would be inside shielded cells or
shielded rooms. Supporting process systems such as the process offgas system would also be in shielded
areas. The building ventilation systems would be within the reinforced area of the main structure and
within the secondary containment system.
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Support systems such as the generator and compressor systems and water chiller would be outside of the
reinforced structure. Other systems outside of the reinforced structure would include the power supply
skid for the vitrification system and a covered soil storage bin. Figure E-17 illustrates a typical Bulk
Vitrification Facility process layout.

PROCESS AREAS

The Bulk Vitrification Facilities would consist of multiple structures containing processing and
supporting equipment and personnel. The Bulk Vitrification Facilities would include the following
process systems:

Feed receipt and mixing with soil and/or sand
Waste drying

Vitrification

Container sealing and decontamination
Filled-container staging and transport

Offgas treatment

Each Bulk Vitrification Facility would contain parallel and independent vitrification process trains. The
containers used for vitrification would be loaded one at a time into the shielded area through an airlock.
A rail system would be used to move the containers into and through the process area. The process offgas
system would be connected to the bulk vitrification container lid. The main process area would have
enough space for three containers in each of the parallel processing lines, one container in the filling
position, one in the vitrification position, and one in the initial cooldown position. The vitrification step
is estimated to take approximately two days to complete. After initial cooldown, each container would be
moved into an airlock for final cooling. After final cooling, the container would be moved to a final
inspection area outside of the shielded process area. Truck bays on each end of the vitrification process
line would be provided for delivery and removal of the vitrification containers.

The remaining shielded process area would be used for receipt and mixing of the tank waste. Waste
retrieved from a tank or pretreated waste from the WTP or the solid-liquid separations process would be
transferred to a tank where soil and sand would be mixed with the waste, dried, and then added to the
vitrification container. The drying and mixing equipment would be located above the vitrification process
lines and would be connected to the offgas containment and treatment system.

PROCESS SUPPORT AREAS

The process support areas would contain the building offgas system, including parallel systems for air
movement and filtration. These systems would be within the main process facility, but outside of the
shielded process areas. Other process support equipment would be located outside of the main process
facility structure.

A maintenance shop, offices, control room, and change rooms would be used for the facility operations
and maintenance personnel. These facilities would be located outside the main process structure. The
construction contractor may erect temporary facilities during construction of the Bulk Vitrification
Facilities. Typically, these facilities would be limited to trailers used as construction site offices and
change and restroom facilities for the construction workers (DOE 2003e).
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E.1.2.3.6.4 Waste Form/Disposal Package
PRIMARY WASTE

The disposal container for vitrified tank waste would be a roll-off box, a large rectangular steel container
designed to be moved after filling. For analysis purposes, the container’s dimensions were assumed to be
2.4 meters wide by 3.0 meters high by 7.3 meters long (8 feet wide by 10 feet high by 24 feet long),
resulting in a volume of 54.3 cubic meters (71.1 cubic yards). The container would be lined on the
bottom and sides with approximately 31 centimeters (12 inches) of insulating material before the waste
mixture is added, reducing the effective volume for storing immobilized waste glass. The insulating
material would be specifically selected soil and/or sand or other refractory material characterized by a
high melting temperature and low conductance of heat. The surface temperature of the insulating material
next to the waste would be monitored during the vitrification process. After vitrification of the waste, the
containers would be staged to allow cooling before transfer to the disposal site. Each container, upon
completion of the melt, would contain approximately 42.6 metric tons of glass, and the total container
payload, including container and insulating layers, was estimated to weigh approximately 110 metric tons
(Ecology 2005; May et al. 2004). The density of glass formed by the bulk vitrification process was
assumed to be 2,500 kilograms per cubic meters (156 pounds per cubic feet). Approximately 3 days of
cooling would be required to reach the desired external surface temperature prior to transporting the
containers for final disposition.

The primary components of the bulk vitrification glass are soluble sodium and aluminum compounds.
The soil mixed with the waste would be primarily aluminum silicate, and the sand would provide a source
of additional silica. The final form after treatment would be a vitrified mass of sodium aluminum silicate
(borosilicate glass), with minor components and contaminants chemically bonded and encapsulated
within the glass matrix.

In general, bulk vitrification glass can be formulated at a higher waste loading than ILAW glass, due in
part to the higher melting temperatures that can be achieved. The higher temperature can overcome
viscosity constraints that normally affect WTP melters. Moreover, because bulk vitrification melters are
essentially one-time-use equipment, they are not subject to other glass formulation constraints such as
melter refractory corrosion and buildup of crystalline phases over time. It is estimated that an
approximate 20 weight-percent sodium oxide loading in the final glass waste form can be achieved
(CEES 2007Db).

Quantities of primary waste generated by the bulk vitrification process for each alternative are provided in
Section E.1.2.4.

Waste Form Performance

Bulk vitrification containers are planned to be disposed of at Hanford in an IDF. The final waste
acceptance criteria have not been established; however, it was assumed that the criteria would be
consistent with the HSSWAC (Bagaasen, Westsik, and Brouns 2005; Fluor Hanford 2005a).

The bulk vitrification glass container in its final packaged waste form would be required to meet certain
physical limitations prior to acceptance for disposal in an IDF. Some of these physical requirements
include a mass of less than 85 metric tons, less than 10 percent void space, and an external surface
temperature of the package below 50 °C (122 °F) (Bagaasen, Westsik, and Brouns 2005). Currently, the
Demonstration Bulk Vitrification System (DBVS) design criteria estimates the mass of the waste
container at nearly 110 metric tons. Either the IDF criteria would need to be relaxed to permit the heavier
bulk vitrification containers, or the size and mass of the final design container would need to be reduced
accordingly.
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Bulk vitrification glass can be formulated to achieve performance that meets requirements established for
ILAW glass. The performance of bulk vitrification glass would continue to be evaluated during the
scheduled operation of a full-scale testing facility using actual Hanford tank waste from tank 241-S-109
(see Section E.1.2.3.6.6). The rate of release of hazardous constituents depends strongly on the nature of
the waste form used to immobilize the constituents. The nature of the waste forms, analysis for long-term
performance assessment, and the methods used to estimate release rates and the values of parameters that
characterize release rates from the bulk vitrification glass are presented in Appendix M.

SECONDARY WASTE

Secondary waste expected from bulk vitrification operations would include solid waste from routine
operations and liquid effluents. An example of solid waste would be filtering media from the offgas
treatment systems and debris waste. Liquid effluents generated from the offgas treatment system would
be collected and sent to the ETF for treatment with the resultant grouted waste form disposed of in an
IDF. Condensed liquid effluent from the waste dryer system would consist primarily of water generated
at a rate of 870 kilograms (1,900 pounds) per hour. This condensed liquid effluent would be sent either to
the DSTs or to the ETF.

E.1.2.3.6.5 Assumptions and Uncertainties

The waste acceptance criteria for bulk vitrification glass has not been established; however, it was
assumed that the criteria would be consistent with the HSSWAC (Bagaasen, Westsik, and Brouns 2005;
Fluor Hanford 2005a). The preliminary design of the vitrification container, as detailed in the DBVS (see
Section E.1.2.3.6.6), has an estimated mass of 110 metric tons; however, the IDF acceptance criteria
limits disposal of packaged units to 85 metric tons.

The capture of several select radionuclides in the final waste form product is an important consideration
when evaluating the performance of the bulk vitrification process as a potential supplemental thermal
LAW treatment option. The high temperatures associated with the thermal bulk vitrification process
would cause some of the select radionuclides to offgas and be captured in secondary waste streams. The
assumed fractions of select radionuclides between final waste form product and secondary waste streams
as a percentage of the feed stream to the bulk vitrification process are provided in Table E-7.

The behavior of technetium-99 and iodine-129 in thermal processes and the fractions that would be
captured in the final waste form are difficult to predict. Therefore, these fractions were assumed based on
ORP guidance (CEES 2007a:Attachments 2 and 3). This is in contrast to the use of the HTWOS
simulations partitioning factors for the other radiological COPCs. Further demonstration and testing of
this technology should provide the necessary performance data to confirm these assumptions. |If
necessary, design changes may have to be implemented should the actual fractions in secondary waste
streams be demonstrated to be higher than anticipated. Carbon-14 is highly volatile and would produce
very high fractions in the offgas. Incorporation of treatment technologies may be required in the final
facility design to reduce these emissions. The select radionuclides that exist in particulate form would be
recycled back into the waste feed.

Engineering-scale testing of the bulk vitrification process suggests that some modifications may be
required to the final production facility design to eliminate some unfavorable final waste form
characteristics. During engineering-scale and large-scale testing, results suggested that technetium-99
might present itself in a more soluble form deposited as a vesicular glass layer on top the bulk vitrification
melt (Pierce et al. 2005). This would affect the release rates from the final waste form in an IDF. The
very high temperatures associated with bulk vitrification volatilize and drive off technetium-99 from the
waste feed prior to its incorporation into the vitrified glass matrix. The volatilized technetium-99 then
condenses on the surface of the melt prior to being carried away in the offgas (Pierce et al. 2005).
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Table E-7. Partitioning Factors of Radiological Constituents of
Potential Concern in Bulk Vitrification Glassa

Percentage of BV Feed
Radiological Constituent of Percentage of BV Feed in Liquid
Potential Concern in BV Glass Secondary Waste
lodine-129b 20.0 80.0
Cesium-137 99.5 0.0
Carbon-14 0.0 0.1
Uranium-233 99.9 0.1
Uranium-234 99.9 0.1
Uranium-235 99.9 0.1
Neptunium-237 99.9 0.1
Uranium-238 99.0 0.1
Plutonium-239 100.0 0.0
Plutonium-240 100.0 0.0
Hydrogen-3 (tritium) 0.0 99.8
Strontium-90 100.0 0.0
Technetium-99¢ 93.4 0.1

@ Totals may not equal 100 percent due to rounding.

The partitioning factors for iodine-129 were directed by ORP (CEES 2007a:Attachment 3).

C The partitioning factors for technetium-99 were directed by ORP (CEES 2007a:Attachment 2).
This direction included the assumption that 6.5 percent of technetium-99 resides in the waste
container insulating material or waste container in a leachable form. This 6.5 percent is not
included in the 93.4 percent BV glass percentage.

Key: BV=hulk vitrification; ORP=Office of River Protection.

Source: Data extracted from CEES 2007a.

o

Another engineering-scale study of the bulk vitrification process suggested that metal inclusions in the
final waste form may corrode and increase release rates of technetium-99 from the final waste form
(Bacon et al. 2006). It is expected that these final waste form challenges can be overcome through careful
process control and modifications to the final process design.

E.1.2.3.6.6 Demonstration Bulk Vitrification System Project

The DBVS is a full-scale test facility that would receive waste from the tank 241-S-109, mix the waste
with soil, dry the soil/waste mixture, and blend in glass former additives to produce a dried waste/additive
mixture. The DBVS would then use the ICV™ process to convert the dried mixture into boxes of
vitrified waste. The ICV™ waste would be cooled and interim-stored until the containers are transferred
to an IDF for disposal. The DBVS would treat the process offgas to a level that protects human health
and the environment and meets applicable requirements. Secondary liquid waste would be filtered and
sent to the ETF for treatment and disposal. The process systems would include the following
(CH2M HILL 2006a):

Clean Soil System

Waste Receipt System

Waste Mixer/Dryer and Condensate Recovery Systems
Dried Waste Handling System

ICV™ System

Offgas Treatment System

Secondary Waste Storage System
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The DBVS final design was completed in 2006, and initiation of construction is currently not scheduled.
The work is being conducted under a research, development, and demonstration permit issued by
Ecology. Fifty bulk vitrification containers are scheduled for production during the DBVS project
(Bagaasen, Westsik, and Brouns 2005).

The current design for the DBVS process is consistent with the preliminary conceptual design for the
production-scale Bulk Vitrification Facilities, with one notable exception. The DBVS design utilizes a
one-step soil addition process, whereas the production-scale process would add soil amendments in two
steps. The two-step soil addition process should result in a more uniform waste feed and more favorable
final waste form. Final design of the Bulk Vitrification Facilities as a supplemental technology to the
WTP would be largely determined by the results of the DBVS project.

The overall mission drivers for the DBVS Project are included in the Justification of Mission Need for the
DBVS Project, which was approved by DOE in July 2006. The mission-need document requires that the
DBVS Project complete the following actions:

e Process approximately 720,000 liters (190,000 gallons) of tank 241-S-109 waste into fifty
100-metric-ton boxes of vitrified product.

e Store and dispose of these boxes at the Hanford 200-East Area IDF (IDF-East).
e Evaluate the waste form characteristics.
e Gather pilot plant operability data.

e Develop the overall life-cycle system performance of bulk vitrification and produce a comparison
of the bulk vitrification process to building a second LAW immobilization facility or other
supplemental treatment alternatives as provided in TPA Milestone M-62-08 (CH2M HILL 2006a;
Ecology, EPA, and DOE 1989).

E.1.2.3.6.7 Demonstration Bulk Vitrification System Technical Review

In May 2006, CH2M HILL Hanford Group, Inc., chartered an Expert Review Panel to review the current
status of the DBVS. It was the consensus of the Expert Review Panel that bulk vitrification is a
technology that requires further development and evaluation to determine its potential for meeting the
Hanford waste stabilization mission (CH2M HILL 2006a). No fatal flaws (issues that would jeopardize
the overall DBVS mission that cannot be mitigated) were found. However, a number of technical issues
were found that could significantly affect the ability of the process to meet its overall mission, as stated in
the project’s Justification of Mission Need document, if not satisfactorily resolved.

The following is a summary of the key issues identified by the Expert Review Panel
(CH2M HILL 20064a) that need technical and management actions.

e Additional cold testing is needed to underpin process design and operations (e.g., flow of dried
waste feed, prevention of secondary phases, and balancing of the offgas systems) before
radioactive feed is introduced.

e The mixer-dryer and offgas systems need special attention in the next project phase, as most of
the development work to date has been focused on the ICV™ process.

o System complexity should be reduced to enhance system operability and availability.

E-80



Appendix E = Descriptions of Facilities, Operations, and Technologies

e Process sampling and monitoring plans should be improved to ensure that essential operational
and needed R&D data from DBVS test runs are captured.

e A better understanding of the DBVS process flowsheet from a chemical point of view is critical
to success, both in building a high reliability production plant and in troubleshooting and
recovering from any problems that may occur during operation.

e The feed compositions to be tested in the DBVS Project should reflect the spectrum of wastes
expected to be processed by bulk vitrification so that a comparison to other supplemental
treatment alternatives can be made.

e Potential nuclear safety issues, including confinement strategy, implementation of Integrated
Safety Management, and responses to off-normal events, need to be resolved before startup of
radioactive waste processing.

e The project needs to ensure that its design and specifications meet the required codes and
standards.

e The risk identification and management process has been developed, needs to be improved, and
must be effectively utilized in future stages of the project.

The Expert Review Panel identified the following:

o Nineteen technical issues that could result in a failure of the DBVS demonstration system to meet
established DBVS system performance requirements unless addressed prior to startup of hot
operations

e Twenty-six areas of concern that may result in changes to design or require additional testing to
determine if the design is adequate (now or later)

e Thirteen suggested improvements that the project should consider to enhance safety, cost,
schedule, or efficiency during test operations and potential transition to a production system
downstream

The Expert Review Panel charter focused this review on the technical basis for the existing DBV'S design.
This review team did not review overall project cost and schedule estimates, nor did it specifically
evaluate the efficacy of bulk vitrification technology implementation versus other alternative treatment
pathways that DOE may choose in the future (Hamilton 2006a).

E.1.23.7 Nonthermal Supplemental Treatment Technology — Cast Stone

Cast stone is the representative nonthermal supplemental treatment technology analyzed in this
TC & WM EIS. Cast stone is a waste form in which liquid waste slurries may be immobilized in a
process similar to grouting; however, in this application, the grouted waste would be placed in large
containers to enhance the durability of the final waste form and facilitate retrieval, if needed. Substantial
performance data are available to support the utilization of cast stone as a supplemental treatment
technology. Treatment of hazardous waste with Portland cement formulations is common, and the
grouting of radioactive waste has been extensively demonstrated worldwide. This nonthermal treatment
process does not require specialized equipment and uses readily available materials. Cast stone is an
advanced formulation designed to bind waste constituents more tightly in a cementatious matrix. Cast
stone would be used to supplement the treatment of LAW.
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Cast Stone Facilities may be placed in one or both of the 200-East and 200-West Areas as necessary to
supplement the current WTP configuration and capacity. The construction and operation of a Cast Stone
Facility in the 200-East Area is analyzed under Tank Closure Alternatives 3B, 4, and 5. The construction
and operation of a Cast Stone Facility in the 200-West Area is analyzed under Tank Closure
Alternative 3B.

The 200-East Area Cast Stone Facility would be located near the WTP and would accept a fraction of the
LAW generated from the WTP Pretreatment Facility. The 200-East Area Cast Stone Facility would
provide supplemental treatment to the WTP by immobilizing up to 37 percent of the total LAW
(approximately 18,000 metric tons of sodium) currently existing in the Hanford tank system. However,
the 200-East Area Cast Stone Facility would actually be required to process more than the 18,000 metric
tons of sodium tank waste due to the addition of nonwaste sodium during the WTP pretreatment step.
Approximately 5,500 metric tons of sodium would be added to the supplemental treatment waste stream
during the WTP pretreatment step.

The 200-West Area Cast Stone Facility would immobilize up to 32 percent of the tank waste sodium
(approximately 15,000 metric tons) consisting of pretreated waste from the 35 SSTs with low cesium-137
concentrations (listed in Table E-6 and discussed in Section E.1.2.3.5.2). These 35 SSTs are located in
both the 200-East and 200-West Areas and contain approximately 15,000 metric tons of sodium. Waste
feeds for supplemental treatment technologies used in the 200-West Area would be subject to solid-liquid
separations activities. This 200-West Area solid-liquid separations process would consist of a settling and
decanting process to reduce the solids content of the waste received from the LAW tanks. The settling
and decanting step were assumed to return 50 percent of the solids to the WTP for processing
(CH2M HILL 2004).

E.1.2.3.7.1 Technology Description

The cast stone process can be performed at ambient temperatures and pressures and involves mixing the
waste with readily available dry materials (e.g., Portland cement, fly ash, and slag) and casting the wet
mix in large containers to produce a waste form exhibiting satisfactory physical and chemical
characteristics. The LAW liquid waste stream, either directly from the solid-liquid separations process
(200-West Area), or from the WTP Pretreatment Facility (200-East Area), would be stored in dissolved
salt cake storage tanks. The LAW feed would be sampled to verify sodium molarity (nominal 5 molar
with a range of 4 molar to 10 molar) and to optimize the grout formulations (CH2M HILL 2003b). The
LAW feed then would be mixed with dry cementatious binding materials and other additives to produce a
wet slurry. The slurry would be cast into large containers for solidification to bind the hazardous and
radioactive constituents in the cement matrix. When the cast stone waste has cured sufficiently for
transport and storage, the containers would be transported to onsite disposal in an IDF. A flow diagram
of the cast stone process is illustrated in Figure E-18.
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Figure E-18. Diagram of Proposed Cast Stone Process
E.1.2.3.7.2 Process

The cast stone process would be the final treatment for the tank LAW prior to final disposition on site in
an IDF. LAW liquid waste feed would be received from either direct DST retrieval operations, the
solid-liquid separations process (200-West Area), or the WTP Pretreatment Facility (200-East Area). The
LAW liquid waste feed would be received and temporarily stored in dissolved salt storage tanks for
mixing, blending, homogenization, and sampling. The LAW is sampled to verify sodium molarity and
optimize grout formulations (CH2M HILL 2003b). Based on past experience, the lead-time necessary to
stage, sample, and assay the waste in preliminary dissolved salt storage tanks and to verify an acceptable
cast stone formulation would be 5 months. Temporary storage of a 5-molar sodium cast stone feed at
maximum throughput rates for 5 months would require the use of two DSTSs.

After acceptance and assaying of the LAW feed, the liquid waste would then be pumped to an evaporator
to concentrate the waste feed into a 10-molar-sodium solution. The evaporator condensate would be
recycled in the Cast Stone Facility or directed to the ETF for treatment. The 10-molar-sodium liquid
waste feed would be stored in holding tanks to cool the liquid waste stream prior to the stabilization
process. The contents of each waste tank would be treated as an individual feed batch.

Dry materials (e.g., Portland cement, fly ash, and slag) would be procured directly from vendors,
delivered to the Cast Stone Facilities by truck, and stored in individual silos. The materials would be
blended before being mixed with the liquid waste using “off-the-shelf” technology for conveying, mixing,
and dust suppression. The nominal grout formulation is expected to be approximately 8.2 percent
Portland cement, 44.9 percent fly ash, and 46.9 percent slag. The target waste loading is
18.8 weight-percent waste solids in the cast stone. In addition to the dry reagents, a secondary reagent,
ferrous sulfate monohydrate, would be added to the slurry mixture to reduce the leachability of hexavalent
chromium from the final waste form. The addition of surfactants, plasticizers, and/or antifoaming agents
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also may be necessary to improve slurry mixture flow properties and reduce porosity of the final waste
form (CH2M HILL 2003b).

The mixer would receive waste slurry at a rate of up to 380 liters (100 gallons) per minute into the
stabilization process. The waste slurry and the cement-forming materials would be metered into
twin-screw paddle mixers to mix for 10 to 15 minutes. The mixer would discharge into a surge tank that
feeds a positive displacement pump. The pump would discharge directly into the cast stone waste
containers. The dimensions of the cast-stone waste containers would be 2.7 meters long by 2.7 meters
wide by 1.5 meters high (9 feet long by 9 feet wide by 5 feet high), with a net volume of approximately
11.5 cubic meters (15 cubic yards). Each container would be filled to 10 cubic meters (13.1 cubic yards)
and would contain 20 metric tons of grout. Each 10-cubic-meter container of cast stone waste would
represent approximately 5,010 liters (1,324 gallons) of concentrated 10-molar sodium LAW (CH2M
HILL 2003b).

After being filled, the containers would be closed and sealed. The exterior surface of the containers
would be checked for contamination and decontaminated as necessary. The cast stone waste containers
would then be stored in the Staging Area for further curing. The initial curing stage, prior to final
disposition on site, is estimated to require 5 days.

Offgas generated by the process would be passed through a HEPA filtration system and then discharged
through a stack to the atmosphere. General plant housekeeping, among other activities, would generate
liquid effluents (e.g., the cast stone mixer must be routinely washed to prevent buildup of solidified cast
stone on internal surfaces). All liquid effluents produced would be returned to the cast stone feed tank
and disposed of in subsequent cast stone batches.

E.1.2.3.7.3 Facilities

The exact location of the Cast Stone Facilities, if constructed, has not been determined. For purposes of
evaluation, it was assumed that the Cast Stone Facilities would be located northeast of the 202-S REDOX
Facility in the 200-West Area and/or in the 200-East Area near the WTP. Each Cast Stone Facility would
cover approximately 3,810 square meters (41,000 square feet) in area. In practice, the Cast Stone
Facilities could be built in other locations in the 200-West or 200-East Areas. The larger container sizes
discussed in Containerized Cast Stone Facility Pre-Conceptual Engineering Report (CH2M HILL 2003b)
may lead to some consideration that only one Cast Stone Facility would be needed to supplement the
WTP and still meet LAW immobilization milestones. However, for the purposes of this EIS, a
conservative approach would be to consider the construction and operation of two Cast Stone Facilities,
one in the 200-East Area and one in the 200-West Area. See Figure E-11 for proposed locations of the
supplemental treatment facilities in the 200-East and 200-West Areas.

Cast Stone Facilities would consist of multiple connected structures. The core structure would consist of
shielded and reinforced process containment cells. The following process systems would be housed in
each of the Cast Stone Facilities.

LAW receipt, conditioning, and storage
Dry-material storage and blending

LAW stabilization

Cast stone container filling

Cast stone curing and container staging
Container decontamination and venting
Cast stone container storage and transport
Process support systems
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E.1.2.3.7.4 Process Areas

General descriptions of the cast stone process systems and facilities are provided in the following
subsections.

LOW-ACTIVITY WASTE RECEIPT, CONDITIONING, AND STORAGE SYSTEMS

The LAW liquid waste feed would be received into two 113,600-liter (30,000-gallon) dissolved salt cake
storage tanks. The LAW feed would be received intermittently, but at an average of 38 liters (10 gallons)
per minute. Each storage tank would temporarily store LAW for up to 5 months while assay and grout
formulations were optimized. The LAW liquid feed would be conditioned to a concentrated 10-molar
sodium solution through an evaporator and transferred to two smaller 68,100-liter (18,000-gallon) holding
tanks. The concentrated LAW would then be introduced into the stabilization process. The holding tanks
would be sized to store up to 2 days of LAW feed (CH2M HILL 2003b).

DRY-MATERIAL STORAGE AND BLENDING SYSTEM

The dry-material storage system would receive bulk materials by either rail or truck, store the materials in
dedicated silos, and deliver the dry materials to the dry-material blending system via a pneumatic
conveyer system and mechanical conveyance. Dry materials used in the cast stone process would consist
of Portland cement, blast furnace slag, and fly ash. The dry-material storage system would be a
nonradiological operation. If preblended dry materials were procured from a vendor, they would be
transferred directly to the staging vessel of the dry-material blending system. A centralized receiving,
storage, and blending system may be used to provide dry-material feed to both the 200-East and 200-West
Area Cast Stone Facilities.

The dry-material blending system would proportionately blend the cement, slag, and fly ash into a
homogeneous mixture, stage the blended material, and deliver the dry-material mixture to the cast stone
mixer. Dry materials would be blended with a horizontal-shaft ribbon-blade mixer or similar equipment.

A second dry reagent, ferrous sulfate monohydrate, would be introduced into the grout formulation. Due
to the relatively smaller quantities required, this material would be received and stored in large sacks or
containers and would not require silo storage.

LOW-ACTIVITY WASTE STABILIZATION SYSTEM

The LAW liquid waste and dry-material mixing system would be designed to consolidate radioactive
service functions within a single process cell. This cell would contain the liquid-handling tanks, pumps,
valves, and instrumentation. The LAW concentrated liquid waste feed would be transferred into the
mixers at a rate of up to 380 liters (100 gallons) per minute. The mixing process for each 10-cubic-meter
(13.1-cubic-yard) batch would take approximately 15 minutes to complete. Within the mixing cell, the
waste slurry and the cement-forming materials would be metered into a typical twin-screw paddle mixer.
The mixing operations would be shielded for radiation protection and remotely operated.

CAST STONE CONTAINER-FILLING SYSTEM

The mixed slurry would be transferred into cast stone waste containers with a net volume of
11.5 cubic meters (15 cubic yards). The inner containment flooring and sides would be made of
continuously welded steel plate to provide leak-tight construction. Cast stone slurry would be transferred
to steel containers through either a gravity-feed steel chute or a positive-displacement pump and steel
piping. The cast stone waste containers would be filled to capacity through a port in the top of the
container. The containers would be filled to minimize void space. The cast stone containerfilling
operation would be shielded for radiation protection and remotely operated.
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DECONTAMINATION AND VENTING SYSTEM

The decontamination system would be a utility module that supports the container decontamination
station, as well as flushing and decontamination of the cast stone process system. The decontamination
system would store, feed, and meter decontamination solutions to the container decontamination station
and the cast stone process system. This system would house process support equipment, but would not
contain radioactive service components. It was assumed that decontamination tanks and associated
pumps would be required and that a caustic agent would be used as the primary decontamination solution
at a rate of about 3,800 liters (1,000 gallons) per year.

The air filtration system would maintain a negative air pressure within process vessels and process areas.
Air would flow from those areas with the least potential for contamination to areas with the highest
potential for contamination. Air collected by the air filtration system would be passed through HEPA
filters before being discharged to a stack. The air filtration system would include heaters to prevent
condensation in the HEPA filters, redundant banks of HEPA filters, exhaust fans, and a stack with a
continuous air radiation monitor and a gas sampler train.

CAST STONE CONTAINER STORAGE AND TRANSPORT SYSTEM

The empty-container staging area would provide sufficient storage capacity for a 2-week supply of empty
cast stone containers. The containers would be stacked on a concrete pad. A forklift would be used to
transfer empty containers to the container transport system for delivery to the cast stone container-filling
system. This area of the facility would be contact-operated and -maintained.

The cast stone container transport system would move the containers from the empty-container staging
area, through an air lock and into the container-filling area. After filling the cast stone container, the cast
stone container transport system would move the container to a capping and decontamination station and
then to the filled-container staging area.

The filled-container staging and transport system would provide indoor interim storage for curing of the
cast stone, an inspection area, and a load-out area. The filled-container storage area would accommodate
5 days of production. It is estimated that the filled containers would require up to 5 days to reach surface
temperatures low enough for final disposition in onsite burial facilities. Containers would be inspected
and sampled periodically to ensure proper compressive strength and the absence of free water.

The load-out area would be sized to accommodate the trucks that would be used to haul the containers to
the disposal site. A bridge crane would be used to remove the containers from the cast stone container
transport system, stack them in the filled-container staging area, and load them onto trucks for shipment
to the disposal site (an IDF). The cast stone would continue to cure to higher compressive strength after
transfer. The staging facility would be a concrete-walled building with a lined concrete floor. The
load-out area would be sized to store up to 2 days of facility production to provide flexibility in
scheduling transportation.

PROCESS SUPPORT SYSTEMS

Process support systems that provide auxiliary support to the Cast Stone Facility’s primary systems
include, but are not limited to, flush water systems, instrumentation and control systems, offgas
monitoring and control, chilled water systems, backup emergency electrical generation, and fire
protection systems. Flush water systems would be used to rinse the grout mixers between shifts. Chilled
water systems would assist in regulating and dissipating heat generation during the curing process.
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The construction contractor may erect temporary facilities during construction of the Cast Stone
Facilities. Typically, these facilities are limited to trailers used as construction site offices and change and
restroom facilities for the construction workers.

For purposes of analysis in this EIS, the Cast Stone Facilities would be deactivated at the end of their
process mission. Closure of the Cast Stone Facilities is not analyzed in this EIS.

E.1.2.3.7.5 Waste Form/Disposal Package
PRIMARY WASTE

A grout formulation similar to formulations demonstrated at Hanford, the Savannah River Site (SRS), and
other large commercial grout-based projects was used as a basis for the evaluation in this TC & WM EIS.
An SRS formulation tested with a similar radioactive tank waste composition was used to calculate the
required grout formation and process chemicals. The SRS grout formulation used to make chemical
calculations consisted of 4 weight-percent Portland cement, 25 weight-percent fly ash, 25 weight-percent
slag, and 46 weight-percent waste salt solution.

Cast stone formulation trials have been completed with a limited number of actual tank waste samples and
simulants. These formulations have used the baseline cast stone feed stream composition of 5-molar
sodium and 3-molar total nitrate. Addition of the grout-forming materials (e.g., Portland cement, fly ash,
and slag) increases the slurry volume to 1.4 times the feed volume. Based on the assumptions used in this
TC & WM EIS analysis, the estimated waste loading of the cast stone waste product would be
7.8 weight-percent of sodium oxide (CH2M HILL 2003b). It is possible that actual cast stone
formulations may be tailored to adjust for batch-to-batch variations as waste is retrieved from different
tanks.

A disposal package consisting of a 11.5-cubic-meter (15-cubic-yard) steel container nominally 2.7 meters
long by 2.7 meters wide by 1.5 meters high (9 feet long by 9 feet wide by 5 feet high) would be utilized.
Each container, for mass balance estimates, was assumed to be filled with 10 cubic meters
(13.1 cubic yards) of grout (approximately 20 metric tons of grout). The density of grout formed by the
cast stone process was assumed to be 2,000 kilograms per cubic meter (125 pounds per cubic foot). The
gross weight of a full cast stone waste container would be less than 25 metric tons, and the container was
assumed to be equipped with a bolted lid and to be made of carbon steel, though the actual package to be
used has not been determined.

Quantities of primary waste generated by the cast stone process are provided in Section E.1.2.4, “Waste
Disposal.”

WASTE FORM PERFORMANCE

Cast stone waste containers were assumed to be disposed of at Hanford in an IDF. The final waste
acceptance criteria have not been established; however, it was assumed that the criteria would be
consistent with the HSSWAC (CH2M HILL 2003b; Fluor Hanford 2005a).

The cast stone waste container in its final packaged waste form would be required to meet certain
physical limitations prior to acceptance for disposal in an IDF. Some of these physical requirements
include mass, void space, and external surface temperature. The mass cannot exceed 25 metric tons. The
waste container must be at least 90 percent full. The external surface temperature of the package must be
below 50 °C (122 °F) (CH2M HILL 2003b).

Data are available on the performance of grouted waste forms produced previously for Hanford tank
waste as well as similar waste at the SRS. Retention of waste constituents within the cast stone waste is
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enhanced through addition of fly ash and slag to the grout formulation. The rate of release of hazardous
constituents depends strongly on the nature of the waste form used to immobilize the constituents. The
nature of the waste forms, analysis for long-term performance assessment, and methods used to estimate
release rates and values of parameters characterizing release rates from the cast stone are presented in
Appendix M.

In addition to the primary dry reagents, a secondary dry reagent, ferrous sulfate monohydrate, may be
used to reduce the leachability of hexavalent chromium in the final waste form.

Waste form performance may be enhanced by introducing reagents such as surfactants, plasticizers, and
antifoaming agents into the grout slurry mixture during the mixing stage.

SECONDARY WASTE

Secondary waste generation for cast stone waste would be minimal because cast stone is a nonthermal
process. Excess process liquids generated from cast stone operations include liquids from washing the
mixer and general housekeeping activities. All liquid effluents produced would be returned to the cast
stone waste feed tank and disposed of in subsequent cast stone waste batches. The cast stone process may
also include evaporation of waste feeds. In was assumed that any condensate produced would be treated
in an existing facility such as the ETF.

The offgas and venting systems would generate a limited amount of HEPA filtering media that would
require handling and disposal.

E.1.2.3.7.6 Assumptions and Uncertainties

An extensive worldwide body of experience exists for the grouting of LLW. Grout disposal is the
technology used for the majority of LLW in the industry. The Cast Stone Facilities would not require the
development of any unique process equipment because the cast stone process utilizes readily available
materials.

The capture and immobilization of several select radionuclides in the final waste form product is an
important consideration when evaluating the performance of the cast stone process as a potential
supplemental nonthermal LAW treatment option. The final waste form for the nonthermal cast stone
process was assumed to retain 100 percent of select radionuclides due to the low temperatures associated
with this process (CEES 2007a). The performance measures of most concern are the ability for long-term
confinement of technetium-99, iodine-129, and nitrate. Particularly, the leachability of technetium-99
from the final waste form is suspect. A consideration would be to pretreat the LAW by removing
technetium prior to immobilizing the LAW in the Cast Stone Facilities. This EIS evaluates the
incorporation of technetium removal technologies as a WTP pretreatment step prior to introduction of the
grout waste form into the selected supplemental pretreatment process to mitigate questionable waste
performance factors associated with technetium-99. This technetium-99 removal option is evaluated
under Tank Closure Alternative 3B.

As reported in RPP-RPT-26742, Rev. 0, published in 2005, Hanford Containerized Cast Stone Facility
Task 1 — Process Testing and Development Final Test Report (Lockrem 2005), a series of
laboratory-scale demonstrations were conducted on actual samples of LAW from Hanford tanks. The
purpose of these demonstrations was to optimize dry reagent formulation assumptions and to validate the
final waste form. The results of these demonstrations suggest that specific dry reagent formulations,
coupled with the use of a secondary dry reagent (ferrous sulfate monohydrate) to control hexavalent
chromium, could yield favorable final waste form performance. Additional tests on final waste form
performance assessments are planned (Lockrem 2005).
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E.1.2.3.8 Thermal Supplemental Treatment Technology — Steam Reforming

The steam reforming process is one of the two representative thermal supplemental treatment
technologies (the other is bulk vitrification) analyzed in this EIS. Steam reforming is used extensively in
nonradioactive processing in the petroleum industry and has recently been applied to treating
radioactive waste. The application and testing of steam reforming on radioactive waste feeds is limited.
A commercial facility in Erwin, Tennessee, uses the fluidized-bed steam reforming (FBSR) process
to treat LLW (chiefly ion exchange resins from commercial nuclear power reactors). This facility
has been in operation since 1999 and uses a 1.14-meter-diameter (45-inch-diameter) FBSR system
(Gasper et al. 2002). The size of the facility represents a pilot-scale demonstration of the operational
features of a full-scale Hanford plant, which is based on 1.83-meter-diameter (72-inch-diameter) FBSR
systems. This treatment technology uses a high-temperature fluidized bed to destroy nitrates and to
incorporate in a granular, mineralized waste form radionuclides and sodium, sulfate, chlorine, and
fluorine from the waste. DOE has selected steam reforming to treat approximately 3.8 million liters
(1 million gallons) of sodium-bearing waste at ldaho National Laboratory (INL) and is currently
performing pilot-scale demonstrations using nonradioactive surrogate waste at the Hazen Research
Facility (70 FR 75165). The Hazen Research Facility concluded a pilot-scale demonstration in
February 2006 that processed 29,900 liters (7,900 gallons) of INL simulant waste during two continuous
operational runs totaling 498 hours (THOR and WGI 2006).

Steam Reforming Facilities may be placed in both the 200-East and 200-West Areas as necessary to
supplement the current WTP configuration and capacity.

The 200-East Area Steam Reforming Facility would be located near the WTP and would accept a fraction
of the LAW generated from the WTP Pretreatment Facility. The 200-East Area Steam Reforming
Facility would provide supplemental treatment to the WTP by treating up to 37 percent of the tank waste
sodium (approximately 18,000 metric tons of sodium) currently existing in the Hanford tank system.
However, the 200-East Area Steam Reforming Facility would actually be required to process more than
the 18,000 metric tons of sodium tank waste due to the addition of nonwaste sodium during the WTP
pretreatment step. Approximately 5,500 metric tons of sodium would be added to the supplemental
treatment waste stream during the WTP pretreatment step.

The 200-West Area Steam Reforming Facility would immobilize up to 32 percent of the tank waste
sodium (approximately 15,000 metric tons of sodium) consisting of pretreated waste from the 35 SSTs
with low cesium-137 concentrations (listed in Table E-6 and discussed in Section E.1.2.3.5.2). These
35SSTs are located in both the 200-East and 200-West Areas and contain approximately
15,000 metric tons of sodium. Waste feeds for supplemental treatment technologies used in the 200-West
Area would be subject to solid-liquid separations activities. This 200-West Area solid-liquid separations
process would consist of a settling and decanting process to reduce the solids content of the waste
received from the LAW tanks. The settling and decanting step were assumed to return 50 percent of the
solids to the WTP for processing (CH2M HILL 2004).

E.1.2.3.8.1 Technology Description

Steam reforming is not a batch process; thus it depends on a continuous waste feed. The Steam
Reforming Facility receives pretreated tank waste (retrieved waste with low radioactivity) and dilutes the
waste stream with water to an optimal sodium molarity of 2.9 molar, or approximately 50 percent water
content. The dilution of tank LAW is required to transform the steam reforming waste feed into a
pumpable liquid for introduction into the fluidized-bed vessel. The 200-East Area Steam Reforming
Facility is expected to receive pretreated feed at a nominal molarity of 7.0 molar, whereas the 200-West
Area Steam Reforming Facility feed is expected to receive pretreated feed at 5.0 molar. Within the
fluidized-bed vessel, the steam reforming process converts LAW solutions (tank waste) to granular
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minerals, volatilizes water, and decomposes organic compounds, nitrate, and nitrite present in the tank
waste to carbon dioxide, water, and nitrogen. The steam reforming process uses several chemical
consumables, including sucrose, clay, iron oxide, oxygen, and nitrogen. These chemical additives are
added at various stages of the process to facilitate reduction and/or conversion. The offgas from the
steam reformer process would be treated to remove radionuclides, acid gases, and other pollutants before
discharge. The mineralized product (steam reforming waste) was assumed to be suitable for packaging
for disposal as a free-form granulated material. However, this waste form may require additional
immobilization, either through the use of additives during the steam reforming process or the formulation
of monolithic waste forms using cement binders (e.g., grout) (DOE 2003e). For purposes of analysis, this
EIS assumes the mineralized product (steam reforming waste) would be suitable for packaging and
disposal. A flow diagram of a production-scale steam reforming process appears in Figure E-19.

Figure E-19. Steam Reforming Supplemental Treatment Process Flow Diagram
E.1.2.3.8.2 Process

The tank waste would first be diluted with water to an acceptable sodium molarity (~2.9 molar) and water
content (~50 percent). Then the diluted liquid waste feed would be mixed in a batch/feed tank with select
coreactants, including a soluble carbon reductant (sucrose) and a mineralization additive (clay). The
waste feed mixture would be injected by the waste feed pumps into the bottom of the de-nitrator reformer
fluid bed just above the fluidizing gas distributors. Other coreactants (e.g., iron oxide) would be
introduced directly into the fluidized-bed vessels during both startup and operation.

In the first fluidized-bed vessel (the de-nitrator reformer), the waste would be converted to processed
mineralized waste, organics would be destroyed, and partial destruction of nitrogen compounds would
occur. Steam reforming would be operated at 700 to 800 °C (1,290 to 1,470 °F) and under a slight
vacuum (-20 to -40 inch water column). The second fluidized-bed vessel (the carbon reduction reformer)
would be used to complete the destruction of nitrogen compounds. The upper zone of the carbon
reduction fluid bed would be operated under oxidizing conditions by injection of oxygen. This oxidizing
zone would convert residual carbon reductants and organics into carbon dioxide and water vapor. In the
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steam reformer vessels, the granular/particle bed material would be fluidized with low-pressure
super-heated steam and recycled offgas.

The following chemical reactions and physical changes would take place in the steam reformer.
o All liquids would be evaporated.

e A majority of the radioactive cesium, technetium, and other radionuclides would be incorporated
into the crystalline structure of the mineralized processed waste in the lower reactor zone.
Tritium and carbon-14 would be volatilized to the offgas treatment system. Approximately
20 percent of the iodine-129 would be incorporated into the final waste product, with the balance
incorporated into the secondary waste streams.  Section E.1.2.3.8.5 provides additional
information on assumptions and uncertainties regarding radiological constituents partitioning.

e Sodium, potassium, and aluminum in the waste feed would be converted into
sodium-alumina-silicate, a stable, mineralized, processed waste product that contains essentially
all the radionuclides and inorganic elements in the waste feed stream.

e Nitrates and nitrites in the waste feed would be reduced to nitrogen gas in the presence of carbon,
carbon monoxide, hydrogen, iron, and iron oxide reductants in the bed.

e Organics would be initially converted into light volatile hydrocarbons such as methane, carbon
monoxide, hydrogen, carbon dioxide, and water in the de-nitrator reformer bed. In the upper
zone of the carbon reduction reformer bed, oxygen would be injected to oxidize the gaseous
constituents more fully.

e The steam reforming process would destroy organics in the waste. The process is a
nonincineration thermal treatment system. Studies have confirmed that the formation of dioxin
and furan do not take place in the steam reforming process.

Certain hazardous metals would be reduced to a nonhazardous valence state (e.g., chromium [VI] would
be reduced to chromium [I11]) and become chemically bound in the mineralized waste product. Other
hazardous metals, such as lead, would also be chemically bound in the mineralized waste
sodium-alumina-silicate product. Mercury would volatilize into the offgas and would be captured with
activated carbon.

The steam reforming process would produce a mineralized and granular waste form (steam reforming
waste) consisting primarily of nepheline (NaAISiO4), nosean (Nag[AlSiO4]sSO,) and other
aluminosilicate derivatives (DOE 2003e).

E.1.2.3.8.3 Facilities

The 200-West Area Steam Reforming Facility would be required to treat on average 26.9 liters
(7.1 gallons) per minute of diluted LAW solution that has a sodium concentration of 2.9 molar. Based on
information provided by THOR Treatment Technologies, LLC, a single 1.83-meter-diameter
(72-inch-diameter) steam reformer unit would have a processing rate of 20.8 liters (5.2 gallons) per
minute for 2.9 molar sodium feed solution, assuming 70 percent TOE. Therefore, two
1.83-meter-diameter (72-inch-diameter) steam reformer units, along with ancillary process and service
equipment, would be required to achieve the desired processing rate. The typical configuration for a dual
steam reformer unit facility is illustrated in Figure E-20; such a facility would occupy an area 49 meters
wide by 52 meters long (160 feet wide by 170 feet long).
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Figure E-20. Dual Steam Reforming Facility Layout

To meet the supplemental treatment needs for the 200-West Area, a dual Steam Reforming Facility would
need to be constructed, occupying an area 49 meters wide by 52 meters long (160 feet wide by 170 feet
long), or a footprint of approximately 2,530 square meters (27,200 square feet). An additional area would
provide space for the control room, change room, standby generator, electrical equipment building,
cooling water system, nitrogen supply, instrument air, cooling water, boiler/steam supply, and other
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equipment. The total area for the dual Steam Reforming Facility and the ancillary support buildings and
equipment would be 4,900 square meters (53,000 square feet).

The 200-East Area Steam Reforming Facility would be located near the WTP and be required to treat on
average 56.8 liters (15 gallons) per minute of diluted LAW solution with a sodium concentration of
2.9 molar, assuming 70 percent TOE. Therefore, three 1.83-meter-diameter (72-inch-diameter) steam
reformer units, along with ancillary process and service equipment, would be required to meet the
treatment needs for the 200-East Area. For conservative evaluation, two dual Steam Reforming Facilities
(total of four 1.83-meter [72-inch] reformer units) are proposed to be constructed in the 200-East Area.

For the construction of two dual Steam Reforming Facilities side by side in the 200-East Area, the facility
would occupy an area of 98 meters wide by 52 meters long (320 feet wide by 170 feet long) or a footprint
approximately 5,050 square meters (54,400 square feet). An additional area would be needed to provide
the same ancillary equipment and support systems as for the 200-West Area Facility. The total area for
both the dual Steam Reforming Facilities and the ancillary process and service equipment would be
8,800 square meters (95,000 square feet).

Each Steam Reforming Facility would be composed of a dual Steam Reforming Facility consisting of
two 1.83-meter (72-inch) reformer units with the following major process systems (DOE 2003e):

e Waste batch and feed
e Steam reformers (de-nitration and mineralization reformer vessel and carbon reduction vessel)
e Product packaging

o Offgas treatment systems (quencher/scrubber, HEPA filtrations, and other air pollution control
equipment)

PROCESS AREAS
Waste Batch and Feed System
The waste batch and feed system include the following main hardware components.

e Waste batch tanks
e Waste feed pumps
e Associated instrumentation and controls, piping, valves, etc.

The three waste batch tanks would accept waste from the tank farms directly or as pretreated tank waste
from WTP. The waste would be sampled and assayed for alkali metals, calcium, aluminum, nitrate, and
nitrite content. In addition to diluting the tank waste to approximately 50 percent water content,
corresponding to a 2.9 molar sodium solution, the requisite coreactants and reductants would be added to
the waste in the tank. The tank contents would then be thoroughly mixed until the liquid waste mixture is
ready for feed injection into the first fluidized-bed vessel (the de-nitrator reformer). The steam reforming
process relies on continuous waste feed, so it is not a batch process. Therefore, feed tank volumes would
need to be sized large enough to allow enough time for incoming tank waste to be characterized and
prepared by dilution and chemical additives.

Steam Reformer

In the first fluidized-bed vessel (the de-nitrator reformer), the waste would be converted to processed
mineralized waste, organics would be destroyed, and partial destruction of nitrogen compounds would
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occur. Steam reforming would be operated at 700 to 800 °C (1,290 to 1,470 °F) and under a slight
vacuum (-20 to -40inch water column). Additional coreactants would be added to optimize the
incorporation of radionuclides, alkali metals, sulfates, chlorides, fluorides, phosphates, and heavy metals
into a solid granular product.

The second fluidized-bed vessel (the carbon reduction reformer) would be used to complete the
destruction of nitrogen compounds. The upper zone of the carbon reduction fluid bed would be operated
under oxidizing conditions by injection of oxygen. This oxidizing zone would convert residual carbon
reductants and organics into carbon dioxide and water vapor. In the steam reformer vessels, the
granular/particle bed material would be fluidized with low-pressure, super-heated steam and recycled
offgas.

A continuous emission monitor system would monitor the offgas at the outlet of the steam reformer for
the purpose of process control and would include online indication of total nitrogen oxides, oxygen, and
carbon monoxide. The nitrogen oxides monitor would be used to control the level of reductants in the
fluid bed.

Product Packaging System and Interim Storage

The product packaging system would receive the cooled processed mineralized waste (product) solids
from the conveyor valve and cooler/separator. The granular waste product would be collected from the
bottom of each steam reforming vessel, the cyclone, or other particulate collectors. The product
packaging system would convey the granular/powdery final product as a free-flowing solid into bulk
containers for disposal or storage. Product solids would be intermittently withdrawn from the bottom of
the de-nitrator reformer as needed to maintain the solids level in the fluid bed at the desired bed depth.
The outlet conveyor valve would be used to control the discharge rate of the product solids. The product
solids from the cooler/separator would be transferred to a holdup tank. Product solids from the holdup
tank would be metered to the container fill-port where solids would drop by gravity into the bulk
container and the container would be sealed.

The granular processed mineralized, steam reforming waste, would be placed in 2.25-cubic-meter
(3.0-cubic-yard) steel packages for disposal. At the assumed density of 1,000 kilograms per cubic meter,
each steel waste box would contain approximately 2.25 metric tons of granular waste. Other container
sizes may be evaluated during design.

The steam reforming process facility would require sufficient storage capacity for approximately
200 waste packages, corresponding to the number of waste packages that would be produced on average
in a 30-day operating period.

Offgas Scrubber and Filtration System

The offgas scrubber and filtration system would provide components to cool, scrub, filter, and monitor the
offgas from the reformer before discharge up the plant stack. The offgas scrubber and filtration system
would consist of the following major components:

Quencher/scrubber

Condensers and demister

HEPA filter

Continuous emissions and radionuclide monitors

Offgas from the reformer cyclones would flow directly to a submerged bed quencher/scrubber/evaporator
vessel to remove acid gas and particulates and to cool the hot offgases. Sodium hydroxide would be
metered to the scrubber solution to neutralize acid gases removed from the offgases.
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The cooled and scrubbed offgases would exit the quencher/scrubber and flow to a condenser. The
condenser would serve as the process heat sink and control water balance in the process. A
high-efficiency mist eliminator would be located downstream of the condenser to remove any fine mist
that did not coalesce in the condenser. A second stage condenser would remove 99 percent of the
water/tritium.

The quencher/scrubber and a downstream condenser and demister also would function to remove product
fines (grains less than 1 to 2 millimeters in diameter) carried over from the reformer. The product fines
and neutralized acid gas salts removed by the scrubber and condenser/demister system would be
periodically returned to the reformer waste feed tank as a recycle stream for incorporation into the solid
processed reformer waste product.

The offgas stream would then be passed through a HEPA filter bank and discharged to the stack.
Redundant HEPA filters would be provided so that filter elements could be removed and new elements
could be installed while the process system remains online.

Mercury is expected to volatilize in the steam reforming process and be present in the offgas. An
activated carbon or gold-impregnated media system could be added to capture mercury from the main
process vent downstream of the HEPA filter to remove essentially all volatile mercury from the offgas
stream. For analysis purposes, this EIS analyses assumed a mercury abatement technology would be
applied, resulting in a solid waste stream that would be disposed of in an IDF. In addition, for the
purpose of estimating air emissions impacts, it was assumed that no mercury abatement would occur.

Two continuous emission monitor systems and a radionuclide monitor system would monitor the offgas
from the process. The second continuous emission monitor system would monitor the outlet of the HEPA
filters to document that discharges met applicable environmental standards and that process equipment
operated as intended.

PROCESS SUPPORT AREAS

The steam reforming process would require auxiliary and utility systems and services to support
continuous operations. An additional area would provide space for the control room, change room,
standby generator, electrical equipment building, cooling water system, nitrogen supply, instrument air,
cooling water, boiler/steam supply, and other equipment. Temporary facilities may be erected by the
construction contractor during construction of the Steam Reforming Facility. These facilities would be
typically limited to trailers used as construction site offices and change and restroom facilities for the
construction workers. The Steam Reforming facility would be deactivated at the end of the process
mission.

E.1.2.3.8.4 Waste Form/Disposal Package
PRIMARY WASTE

The LAW solution or WTP pretreatment intermediate product would be processed in the steam reforming
process and converted into granular processed mineralized, steam reforming waste, with a density of
1,000 kilograms per cubic meter (62.4 pounds per cubic foot). During the steam reforming process, clay
(Al,03Si0y), sugar, iron, and oxygen would be added to the system under high-temperature, low-pressure,
and fluidizing conditions to chemically bind radionuclides into the processed mineralized waste and to
decompose nitrate, nitrite, and organic compounds in the feed. The principal minerals formed would be
nepheline (NaAlSiO,), nosean (Nag[AlSiO4]¢SO4), mullite (AlsSi,013), hematite (Fe,03), magnetite
(FesQy), and corundum (Al,O3). Hematite and magnetite would form from the added iron. Smaller
quantities of other minerals also would be formed, depending upon the composition of the LAW solutions
fed to the steam reformer. For example, technetium would substitute for sulfate in the nosean mineral.
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The average concentration of sodium oxide in the processed mineralized waste is estimated to be
approximately 20 weight-percent sodium oxide loading (CEES 2007b).

The granular processed mineralized, steam reforming waste, would be placed in 2.25-cubic-meter
(3.0-cubic-yard) steel packages for disposal. The density of the final waste form was assumed to be
1,000 kilograms per cubic meter (62.4 pounds per cubic foot), resulting in each container weighing
approximately 2.25 metric tons. The packages would have a void space of approximately 10 percent.
Other container sizes may be evaluated during design.

Quantities of primary waste generated by the steam reforming process are provided in Section E.1.2.4.
WASTE FORM PERFORMANCE

Packaged, granular waste product from the steam reforming process would be disposed of in an IDF.
Final waste acceptance criteria have not been established; however, it was assumed that the criteria would
be consistent with the HSSWAC (Fluor Hanford 2005a).

Waste form testing was conducted at the Hazen Research Facility in Golden, Colorado, in
December 2001 using a small-scale (15-centimeter-diameter [5.9-inch-diameter]) FBSR unit that
produced the mineral waste form from approximately 568 liters (150 gallons) of Hanford 241-AN-107
LAW simulant (Engineering Study of the Hanford Low Activity Waste (LAW) Steam Reforming
Process (U) [Jantzen 2002] and Initial Suitability Evaluation of Steam-Reformed Low Activity Waste for
Direct Land Disposal [McGrail et al. 2003]). The principal minerals formed were determined to be
nepheline (NaAlSiO,), nosean (Nag[AlSiO4]¢SO,), and other aluminosilicate derivatives. All of the
sodium present in the simulated LAW feed solution was determined to be present in the steam reformer
mineral waste form derived from small-scale tests with simulated LAW solution. The sodium oxide
loading in the steam reformer mineral waste form was determined to be 19.82 weight-percent in this
small-scale test with simulated LAW solution. The reducing environment in the steam reformer was
demonstrated to convert certain hazardous heavy metals to nonhazardous valence states. For example,
hexavalent chromium would be reduced to trivalent chromium and would be incorporated into the
mineralized processed waste (sodium-alumina-silicate product). Tritium, carbon-14, and iodine-129
would be volatilized to the offgas treatment system. Nonradioactive simulant has been used in
small-scale steam reforming testing. Based on test data, it was assumed that 100 percent of the
radionuclides of cesium, cobalt, europium, strontium, and TRU waste elements would be retained in the
steam-reformer-processed mineralized waste. On the first pass, technetium capture rates are expected to
be lower. Approximately, 66 percent of technetium-99 surrogates are initially captured in the waste form
and 34 percent are retained in the scrubber solution. The scrubber solution would be recycled to the
reformer vessel, thereby achieving capture rates approaching 100 percent for technetium into the waste
form. Testing on Hanford LAW surrogates has shown that greater than 91 percent of the sulfates, greater
than 92 percent of fluorides, and greater than 93 percent of chlorides in the simulated LAW feed react in
the steam reformer with the clay coreactant and become an integral part of the final mineralized waste
product crystalline structure. Small amounts of the sulfates, chlorides, and fluorides in the simulated
LAW feed are volatilized as acid gases. The offgas treatment system could be designed to compensate
for a small difference in retention rates (Jantzen 2002). For analytical purposes, this EIS assumes that
95 percent of the sulfates, chlorides, and fluorides present in the LAW feed would be retained in the
mineralized waste processed by the steam reformer, with the remainder volatilized to the offgas treatment
system.

Subsequent studies of the performance of the mineralized waste form conducted in 2003 suggest
favorable retention rates for surrogate sodium-bearing waste. Furthermore, analyses indicate steam
reforming mineral waste product forms comply with the U.S. Environmental Protection Agency’s
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Universal Treatment Standards, making delisting of the final waste form an option for this technology
(Jantzen 2003).

The steam reforming process recently demonstrated an approximate 5.5:1 reduction in waste feed to final
product mass. A recent pilot-scale demonstration (two separate runs) conducted at the Hazen Research
Facility in Golden, Colorado, in 2006 treated 40,400 kilograms (89,000 pounds) of waste feed, including
chemical additives, and produced approximately 7,350 kilograms (16,200 pounds) of mineralized waste.
The waste feed consisted of a simulant for INL sodium-bearing waste (THOR and WGI 2006).

The nature of the steam reforming waste, analysis for long-term performance assessment, methods used to
estimate release rates from the steam reforming waste, and other related parameters are presented in
Appendix M.

SECONDARY WASTE

Liquid waste effluent streams, such as tritium condensed from the offgas, would be treated at the existing
TEDF or ETF. Secondary waste associated with the operations of the Steam Reforming Facilities that is
not recycled within the process (e.g., spent HEPA filters, liquid effluents, and miscellaneous solid wastes)
would also be generated and sent to the ETF for treatment, with the resultant grouted waste form disposed
of in an IDF.

E.1.2.3.8.5 Assumptions and Uncertainties

Final IDF waste acceptance criteria have not been established; however, it was assumed that the criteria
would be consistent with the HSSWAC (Fluor Hanford 2005a).

The capture and immobilization of several select radionuclides in the final waste form product is an
important consideration when evaluating the performance of the steam reforming process as a potential
supplemental thermal LAW treatment option. The high temperatures associated with this thermal
treatment process, while not as high as bulk vitrification, would cause some of the select radionuclides to
offgas and be captured in secondary waste streams. The estimated fractions of select radionuclides
captured between the final waste form product and secondary waste streams as a percentage of the feed
stream to the steam reforming process are provided in Table E-8.

The behavior of technetium-99 and iodine-129 in thermal processes and the fractions that would be
captured in the final waste form also are hard to predict. Therefore, these fractions were assumed based
on ORP guidance (Attachment2, “Communications,” and Attachment 3, “Record of Conversation”
[CEES 2007a:Attachments 2 and 3]). This is in contrast to the use of the HTWOS simulations
partitioning factors for the other radiological COPCs. Further demonstration and testing of this
technology should provide the necessary performance data to confirm these assumptions. If necessary,
design changes may have to be implemented should the actual fractions in secondary waste streams be
demonstrated to be higher than anticipated. Carbon-14 is highly volatile and would be produced in very
high fractions in the offgas. Incorporation of treatment technologies may be required in the final facility
design to reduce these emissions. The select radionuclides that exist in particulate form would be
recycled back into the waste feed.

Demonstration of steam reforming technology for treating sodium-bearing tank waste beyond bench-scale
is very limited. However, bench-scale testing using Hanford tank waste surrogates and recent pilot-scale
testing leading to full-scale implementation of steam reforming to treat sodium-bearing tank waste at INL
have continued to produce favorable results.
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Table E-8. Partitioning Factors of Radiological Constituents of
Potential Concern in Steam Reforming Wastea

Percentage of

Radiological Constituent Percentage of SR Feed SR Feed in Liquid

of Potential Concern in SR Waste Secondary Waste
lodine-129b 20.0 80.0
Cesium-137 100.0 0.0
Carbon-14 0.0 0.1
Uranium-233 99.9 0.1
Uranium-234 99.9 0.1
Uranium-235 99.9 0.1
Neptunium-237 99.9 0.1
Uranium-238 99.9 0.1
Plutonium-239 100.0 0.0
Plutonium-240 100.0 0.0
Hydrogen-3 (tritium) 0.0 100.0
Strontium-90 100.0 0.0
Technetium-99¢ 99.9 0.1

a8 Totals may not equal 100 percent due to rounding.

b The partitioning factors for iodine-129 were directed by ORP (CEES 2007a:Attachment 3).

€ The partitioning factors for technetium-99 were directed by ORP (CEES 2007a:Attachment 2).
Key: ORP=Office of River Protection; SR=steam reforming.

Source: Data extracted from CEES 2007a.

Early engineering-scale tests using Hanford LAW surrogates were performed in December 2001 at the
Hazen Research Facility. The small-scale tests were performed using 568 liters (150 gallons) of Hanford
LAW 241-AN-107 simulant. The data supported the conclusion that steam reforming warranted
additional evaluation as a technology for treating sodium-bearing tank waste (Jantzen 2002). Subsequent
to the engineering-scale tests at Hazen, a series of pilot-scale demonstrations were performed at the
Science and Technology Applications Research (STAR) facility in Idaho Falls, Idaho, on both INL
sodium-bearing waste and Hanford LAW 241-AN-107 simulants. One of the tests, conducted using
Hanford LAW simulants in August 2004, produced 148 kilograms (326 pounds) of mineralized product.
The initial mass of simulated waste feed and additives was 364 kilograms (802 pounds), resulting in a
60 percent reduction in mass. The test was conducted in a 15-centimeter-diameter (0.50-foot-diameter)
reactor vessel and lasted 68.4 hours (Olson et al. 2004).

Following the tests conducted at the Hazen Research Facility in Colorado and the STAR facility in Idaho,
the Savannah River National Laboratory developed the Bench-top Steam Reformer to correlate and
confirm waste form performance at the pilot-scale level. Generally, the Bench-top Steam Reformer
product was found to be consistent with results achieved during pilot-scale tests at Hazen and STAR
using INL and Hanford LAW simulants. In addition, the final waste form performance characteristics
continued to show promise (Burket et al. 2005).

Recently, the Hazen Research Facility concluded a series of pilot-scale production runs using INL LAW
simulants. This demonstration used a 38-centimeter-diameter (1.25-foot-diameter) reactor vessel to
represent a 1:10-scale wversion of the full-scale production reactors (1.83-meter-diameter
[6.0-foot-diameter]) assumed to be needed for the supplemental treatment of Hanford LAW. The first
test, completed in February 2006, treated 20,630 liters (5,450 gallons) of continuous waste feed over
334 hours. The second test, completed in June 2006, treated 9,275 liters (2,450 gallons) of continuous
waste feed over 164 hours. The vessel size (38-centimeter-diameter [1.25-foot-diameter]) and length of
test runs (up to 334 hours continuous) performed at Hazen Research Facility, represent the largest and
longest pilot-scale tests completed to date. The primary focus of the pilot-scale test was to demonstrate
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the integration of the entire steam reforming treatment process and to obtain operational data for scale-up,
final design, and air emissions. Waste form performance analysis and assessment is pending additional
study (THOR and WGI 2006).

The technology development needs for steam reforming include engineering-scale tests that use actual
Hanford tank waste and continued to assessment of waste product performance. Additional pilot- and
full-scale testing is needed to demonstrate long-term bed sustainability and mitigate operational
challenges, such as feed nozzle plugging, bridging, and agglomeration, which are inherent with fluidized-
bed technologies.

The selection of steam reforming to treat sodium-bearing waste from tanks at INL would lead to
progressive testing and full-scale production data on sodium-bearing tank waste that would become
available in the near term.

E.1.2.3.9 Sulfate Removal

High concentrations of sulfate in the WTP LAW feed solutions present processing problems for the LAW
vitrification process that uses joule-heated melters. Preliminary testing of the LAW vitrification system
indicated that a separate molten sulfur layer could form in the melter at the maximum sulfate-to-sodium
ratios found in Hanford tank waste. This molten sulfur layer would be highly corrosive to the melter
components. The presence of higher concentrations of sulfate in LAW vitrification process feed can also
make the final ILAW glass form more brittle. The formation of the sulfur layer can be avoided by
reducing the amount of sulfate in the melter feed. The sulfate removal process would therefore be
beneficial in increasing LAW vitrification throughput (in terms of quantity of waste sodium vitrified),
increasing LAW melter service life, and decreasing maintenance requirements and downtime for
installing LAW melter replacements. Application of the sulfate removal process would increase
incorporation of waste into the ILAW glass form from approximately 14 weight-percent to approximately
20 weight-percent sodium oxide (CEES 2007a).

The sulfate removal process is an additional pretreatment process step that is not part of the current WTP
Pretreatment Facility, but is proposed and evaluated under Tank Closure Alternative 5. However, the
addition of sulfate removal as pretreatment technology would require the construction of two additional
processing facilities that would be located adjacent to the existing WTP facility in the 200-East Area: a
waste processing facility (including waste receipt and precipitation process areas) and a grouting facility.
The sulfate removal process would be conducted following existing WTP pretreatment processing steps
(solid-liquid separations and ion exchange). The liquid product from sulfate removal would contain
primarily sodium salts (except sulfate) and would be routed back to the existing WTP LAW melter feed
evaporator for vitrification as ILAW. The secondary waste-stream solid output (the grout waste form
containing the sulfate precipitate) would be routed to an IDF for disposal.

The sulfate removal process is not proposed for use on waste provided as feed to supplemental
technologies such as the cast stone, bulk vitrification, or steam reforming processes because there would
be no benefit for these technologies. For this reason, Sulfate Removal Facilities are not proposed for the
200-West Area. In addition, low-sulfate waste streams that undergo WTP pretreatment may not need the
sulfate removal process (DOE 2003a).

E.1.2.3.9.1 Technology Description

The sulfate removal supplemental pretreatment process would separate sulfate from LAW that has
already been pretreated within the existing WTP Pretreatment Facility to separate entrained solids and
select radionuclides (i.e., pretreated LAW). The sulfate would be separated from the pretreated LAW
solution by a precipitation process that would use strontium nitrate as the precipitation reagent. The
resulting strontium sulfate precipitate would be immobilized in a grout waste form or other suitable

E-99



Draft Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington

containerized waste form. The sulfate-depleted LAW solution would be returned to the WTP for
evaporation and subsequent LAW vitrification.

A conceptual diagram of the sulfate removal process is shown in Figure E-21. Entrained solids,
strontium-90, TRU waste elements, and cesium-137 would be initially separated from the LAW in the
existing WTP Pretreatment Facility. Following processing in the WTP Pretreatment Facility, the LAW
solution would be adjusted to pH 1.0 by adding nitric acid. A strontium nitrate solution would be added
to the waste to precipitate strontium sulfate, which would be separated from the LAW using conventional
solid-liquid separations equipment and immobilized as a grouted waste form (sulfate grout waste). The
immobilized strontium sulfate precipitate would be disposed of in an IDF.

Nitric Strontium
Acid Nitrate
Solution  Solution

Water

Sulfate
Low-Activity Waste Sulfate Solid-Liquid Solids Containerized
Solution after —| Precipitation Separations Grout
Pretreatment Vessel Filters Process
Liquid
v Sulfate Grout
Sodium . Waste to Disposal
Hydroxide —» Neu\};asllsz;tmn
Solution

Sulfate-Depleted
Solution to
Low-Activity \WWaste
Vitrification

Source: Adapted from DOE 2003e.
Figure E-21. Sulfate Removal Conceptual Process Diagram

The acidic filtrate (i.e., LAW) from the solid-liquid separations step would be neutralized by adding
sodium hydroxide solution prior to transferring the sulfate-depleted LAW back to the WTP for
vitrification.

Sulfate precipitation would be a batch-type process that would involve selectively precipitating sulfate
using a strontium nitrate reagent. The LAW solution contains carbonate that, if present in sufficient
concentration, would preferentially precipitate the added strontium nitrate as strontium carbonate,
requiring excess reagent to precipitate the sulfate. To minimize the use of strontium nitrate, the feed must
be acidified to decompose carbonate to carbon dioxide according to the following reaction:

Na,COj; + 2HNO; — H,0 + 2NaNO; + CO, (gas)

This would be followed by further acidification and the addition of the strontium nitrate reagent.
Near-minimum solubility of strontium sulfate is attained at approximately pH 1.3 and 1.0-molar sulfate.
Precipitation would then occur (approximately 1-hour digestion) by the following reactions:

Na,SO, + 2HN03 — H,SO, + 2NaN03
H,SO, + Sr (N03)2 — SrS0O, (ppt) + 2HN03
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This process is expected to remove 90 to 95 percent of the sulfate present in the incoming pretreated
LAW. Previous testing of a sulfate removal process with simulated LAW indicated that strontium
fluoride and some strontium chromate would likely precipitate. Prior experience at Hanford’s B Plant
indicates that barium, lead, and other components would also precipitate if they were present in the
pretreated LAW feed (DOE 2003e).

To evaluate radionuclide partitioning into the strontium sulfate precipitate, WSRC conducted screening
tests in which barium nitrate solution was added to a pretreated LAW solution derived from Hanford tank
241-AN-102 supernatant that had been acidified by the addition of nitric acid. The following percentages
of radionuclides were removed from the acidified LAW (tank 241-AN-102 supernatant).

e Strontium-90 89 percent
e Technetium-99 0 percent
e Cesium-137 11 percent
e Neptunium-237 4 percent
e Uranium-238 0 percent
e Plutonium-239 14 percent
e Americium-241 33 percent
o Curium-244 89 percent

Although barium nitrate was used in these tests, the radionuclide partitioning is expected to be similar
using strontium nitrate, with the exception of strontium-90. Because any strontium in solution would be
isotopically diluted by the addition of nonradioactive strontium nitrate, it was assumed that essentially all
of the strontium-90 would precipitate and end up in the grouted waste form. Note that little, if any, of the
technetium-99 is expected to be present in the sulfate grout waste. It was further assumed that iodine-129
would not precipitate or volatilize, but that all of the incoming carbon-14 would be volatilized as carbon
dioxide (DOE 2003e).

Following precipitation, the sulfate precipitate would be separated from the liquid stream using an
ultrafiltration system similar to that used in the WTP.

A preliminary process flow diagram of the sulfate removal process is provided in Figure E-22. The main
inputs to the process include the following:

o LAW from the WTP Pretreatment Facility that has been pretreated to remove solids and cesium
e A 57 weight-percent nitric acid solution that would be added to acidify the pretreated LAW

e A 41.5 weight-percent strontium nitrate solution to precipitate sulfate as well as other cations and
anions

e A 30 weight-percent sodium hydroxide solution to neutralize the sulfate-depleted LAW liquid
stream

e Portland cement and other grout mix components to produce the sulfate grout waste form
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Figure E-22. Sulfate Removal Process Flow Diagram
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The primary output streams from the sulfate removal process would be the following:

e Sulfate-depleted pretreated LAW solution, which would be returned to the WTP for vitrification
as ILAW.

e The grouted waste form (sulfate grout waste) containing the strontium sulfate precipitate. For the
purpose of analysis, it was assumed that the grout waste form would be placed in steel containers,
approximately 3.6 cubic meters (4.7 cubic yards) in volume.

The addition of nitric acid to the pretreated LAW is expected to result in the generation of heat (heat of
solution and reaction) and acid vapors. As shown in Figure E-22, acid vapors would be absorbed from
the offgas system and recycled to the feed stream. The heat evolved would have beneficial effects on the
precipitation reaction (the reaction rate and degree of completion). However, heat exchange capability
may need to be incorporated into the process as required to ensure safe operation. Neutralization, if
necessary, would involve similar considerations.

E.1.2.3.9.2 Facilities

As previously discussed, use of the sulfate removal process would involve construction of two new
facilities in the 200-East Area near the existing WTP, a Sulfate Removal Facility and an associated
Sulfate Waste Grout Facility.

The Sulfate Removal Facility would house the acidification, precipitation, and solid-liquid separations
processes previously described. The size of the Sulfate Removal Facility would be approximately
130 meters long by 48 meters wide by 11 meters high (426 feet long by 157 feet wide by 35 feet high).
These dimensions correspond to a facility footprint and volume of 6,200 square meters
(66,900 square feet) and 66,000 cubic meters (2.34 million cubic feet), respectively.

The Sulfate Waste Grout Facility would house grout mixing and curing operations. The size of the grout
facility would be approximately 40 meters long by 38 meters wide by 11 meters high (130 feet long by
126 feet wide by 35 feet high). These dimensions correspond to a facility footprint and volume of
1,520 square meters (16,400 square feet) and 16,000 cubic meters (573,000 cubic feet), respectively.

E.1.2.3.9.3 Waste Form/Disposal Package
PRIMARY WASTE

The strontium sulfate precipitate would be immobilized in a sulfate grout waste. The formulation of the
grout was assumed to be 28 weight-percent sulfate precipitate, 33.8 weight-percent water, and
38.2 weight-percent Portland cement (DOE 2003e). Additional grout formulation would occur in the
course of process development to maximize the contaminant retention capability and optimize operational
parameters (e.g., heat evolved as a result of hydration and curing).

The sulfate removal process would generate two waste streams: (1) a sulfate-depleted effluent that would
be directed to the WTP LAW melters and (2) a strontium sulfate precipitate that would be directed to the
grout facility. The precipitate would be grouted in 3.6-cubic-meter (4.7-cubic-yard) steel containers,
allowed to cure, and disposed of in an IDF. For analysis purposes, this EIS assumes that, under Tank
Closure Alternative 5, the sulfate removal process would generate approximately 6,100 containers of
grouted precipitate filled to 90 percent capacity. The density of the sulfate grout waste was assumed to be
1,800 kilograms per cubic meter (112.4 pounds per cubic foot). The resultant volume of sulfate grout
waste would be 19,840 cubic meters (25,950 cubic yards) and the weight would be 35,700 metric tons,
which would be disposed of in an IDF.
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The quantities of primary waste generated by the sulfate removal process and a more-detailed description
of the disposal package are provided in Section E.1.2.4, “Waste Disposal.”

WASTE FORM PERFORMANCE

The sulfate grout waste form would need to comply with applicable regulations (e.g., WAC 173-303,
“Dangerous Waste Regulations”). Significant amounts of select radionuclides (e.g., TRU waste, cesium,
etc.) would be removed within the WTP Pretreatment Facility prior to being introduced into the Sulfate
Removal Facility. The performance of this waste form would be further enhanced over cast stone waste
because only very low fractions of the select radionuclides that exhibit appreciable mobility
(technetium-99 and iodine-129) would be partitioned to the sulfate precipitate (DOE 2003e).

E.1.2.3.9.4 Assumptions and Uncertainties

Although work has been conducted to date regarding the performance of the sulfate precipitation and
grouting processes, additional R&D would be necessary to optimize the performance of these processes.

Sulfate removal process development would need to be optimized within the constraints of the existing
WTP process design.

The sulfate removal process would add nitrate and some additional sodium to the LAW feed to WTP
vitrification. This would be offset by a substantial reduction in the quantity of ILAW glass produced.

Melter replacement frequency was assumed to be independent of the application of sulfate removal to the
pretreated LAW solution. However, sulfate removal could increase WTP LAW melter service life,
particularly for feeds with high sulfate-to-sodium ratios.

ILAW glass formulations with sulfate removal were assumed to meet the minimum performance
requirements of the Hanford Immobilized Low-Activity Waste Performance Assessment: 2001 Version
(Mann et al. 2001).

Partial precipitation of other cations (e.g., chromium, barium, and lead) and radionuclides
(e.g., strontium-90, technetium-99, cesium-137, uranium-238, and TRU waste elements) is expected to
occur during sulfate removal, which would decrease the concentration of these species in the ILAW glass
produced from sulfate-depleted LAW. For purposes of analysis, these components were conservatively
assumed to remain in the liquid stream returned to the WTP for incorporation into the ILAW glass. These
partially precipitated components were also assumed to be present in the sulfate grout waste.

E.1.2.3.10 Technetium-99 Removal

The PT facility was originally designed to remove technetium and blend the technetium from the LAW
vitrification feed with HLW solids for feed to HLW vitrification. However, based on reviews of
technetium-99 in ILAW glass, DOE and Ecology agreed to delete technetium removal from the WTP
permit (Hedges 2008). With this modification, the technetium content of IHLW glass would decrease,
while the technetium concentration in the ILAW glass would increase (DOE 2003a).

Tank Closure Alternatives 2B and 3B are the only alternatives analyzed in this TC & WM EIS that would
remove technetium-99 in the WTP (see Table E-3). If the technetium-99 were not removed in
pretreatment, it would be included in the resulting ILAW glass; if technetium-99 removal occurred during
pretreatment, it would be included in the IHLW glass.

Tank Closure Alternatives 2A and 2B represent the conclusions of the TWRS EIS ROD (62 FR 8693) with
modifications. Tank Closure Alternative 2A does not include technetium-99 removal in pretreatment; as
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noted above, Tank Closure Alternative 2B does. The only waste forms produced under both Tank
Closure Alternatives 2A and 2B would be the vitrified products of the WTP. Therefore, comparison of
the two alternatives reflects long-term waste performance on site and shows the impact of the decision to
eliminate the technetium-99 removal capability from pretreatment.

Under Tank Closure Alternative 3A, technetium-99 would not be removed from the waste prior to bulk
vitrification. The long-term waste performance of the bulk vitrification waste form could then be
compared to that of the ILAW glass because technetium-99 would be present in both glass waste forms.
Under Tank Closure Alternative 3B, technetium-99 would be removed prior to incorporating the LAW
into cast stone waste in the 200-East Area because previous grout data showed that technetium-99
removal would be required for acceptable long-term waste performance. For analysis purposes, no
technetium-99 removal was assumed to be performed in the 200-West Area.

E.1.2.3.10.1 Technology Description

Technetium-99 removal by ion exchange was originally included in the WTP pretreatment process. In
that process, waste feed to the WTP would first undergo ultrafiltration to separate liquids from the HLW
solids or precipitated strontium and TRU waste. The liquid portion would then be processed through
cesium ion exchange to remove cesium-137, which, if not removed, would result in high dose rates from
the ILAW glass and require special handling and shielding. After cesium ion exchange, the waste would
be processed through technetium ion exchange to remove technetium-99. Technetium-99 has a very long
half-life (213,000 years) and requires durable waste forms for disposal. The technetium removed from
the feed to LAW vitrification would be blended with HLW solids for feed to HLW vitrification. For
analysis purposes, this EIS assumes a technetium-99 removal efficiency of approximately 99 percent
(CEES 20073, 2007b).

E.1.2.3.10.2 Facility

The Pretreatment Facility was originally designed to remove technetium. Based on reviews of
technetium-99 in ILAW glass, DOE and Ecology decided to delete technetium removal from the WTP
permit (Hedges 2008). Construction of the Pretreatment Facility to date has eliminated the capability to
remove technetium-99 from the LAW stream. This TC & WM EIS, however, assumes that technetium-99
removal could be completed in the existing Pretreatment Facility. Design and construction modifications
would need to be made later to add the technetium-99 removal capacity, if required.

E.1.2.3.10.3 Assumptions and Uncertainties

The ability of the ion exchange materials to remove technetium-99 to the desired level is currently
uncertain. The WTP project has selected an alternative ion exchange resin in the event that the previously
identified material did not perform adequately. Some of the technetium-99 present in the tank waste is
not in the anionic pertechnetate form; thus, it would not be removed by the ion exchange process.

E.1.2.3.11 Tank-Derived Mixed Transuranic Waste Processing

This section describes the processing and packaging of tank-derived mixed TRU waste for disposal.
There are currently 20 tanks (17 SSTs and 3 DSTSs) that are candidates for classification as mixed TRU
waste. Tank inventory data indicate that approximately 11.8 million liters (3.1 million gallons) total of
waste could be treated and managed as mixed TRU waste. Waste from 11 of the SSTs may be processed
by CH methods, while the waste in the remaining 6 SSTs and 3 DSTs would likely need to be processed
by RH methods (Certa et al 2008).

Table E-9 presents these tanks and their associated waste volumes.
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Table E-9. Mixed Transuranic Waste Tanks and Associated VVolumes

Waste Volume&
Tank Waste Type (kiloliters)

Single-shell tanks

241-B-201 CH-TRU waste 115
241-B-202 CH-TRU waste 111
241-B-203 CH-TRU waste 193
241-B-204 CH-TRU waste 189
241-T-201 CH-TRU waste 110
241-T-202 CH-TRU waste 81
241-T-203 CH-TRU waste 140
241-T-204 CH-TRU waste 140
241-T-104 CH-TRU waste 1,199
241-T-110 CH-TRU waste 1,397
241-T-111 CH-TRU waste 1,692
241-T-105 RH-TRU waste 371
241-T-107 RH-TRU waste 655
241-T-112 RH-TRU waste 226
241-B-107 RH-TRU waste 611
241-B-110 RH-TRU waste 925
241-B-111 RH-TRU waste 910
Double-shell tanks

241-AW-103 RH-TRU waste 1,184
241-AW-105 RH-TRU waste 999
241-SY-102 RH-TRU waste 550
Total mixed TRU waste volume 11,798

@ Includes salt cake and sludge phases.

Note: To convert kiloliters to gallons, multiply by 264.17.

Key: CH=contact-handled; RH=remote-handled; TRU=transuranic.
Source: Certa et al. 2008; DOE 2003g.

E.1.2.3.11.1 Technology Description

The mixed TRU waste would be processed and packaged in accordance with applicable regulations and
waste acceptance criteria. The tank waste is considered to be mixed waste and is therefore subject to
regulation under the Atomic Energy Act of 1954 and RCRA. Appropriate permits for these facilities
would be obtained. All TRU waste packages would be designed as required to meet WIPP waste
acceptance criteria.

The CH-TRU waste may be appropriately processed using simple processes such as dewatering and
packaging. For RH-TRU waste, an additional step, sludge washing, may be applied to remove the soluble
cesium-137 and thereby reduce the radiation dose rate of the packaged waste; however, for purposes of
analysis, it was assumed that this step would not occur.

E.1.2.3.11.2 Contact-Handled Mixed Transuranic Waste

For CH-mixed TRU waste, the process is based on packaging the waste using transportable treatment
systems located at each tank farm (in both the 200-East and 200-West Areas). These systems are also
referred to as “CH-Mixed TRU Waste Facilities.” Packaged waste would then be sent to interim storage
or disposal.
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Feed to the CH-Mixed TRU Waste Facilities would be supplied from the MRS skid. Feed would be
pumped in batch transfers as a slurry or sludge to the packaging skid. Each facility would receive waste
at a maximum rate of 300 liters (80 gallons) per minute into a receiver tank.

The waste would be pumped into a dewatering unit (e.g., centrifuge) that would produce a liquid waste
stream and a solid TRU waste stream for packaging. The solid waste stream would be mixed with an
absorbent material to ensure that final waste packaging meets the disposal criteria. The mixed product
(TRU waste and absorbent) would then be metered into 208-liter (55-gallon) drums or other approved
containers. An appropriate quantity of absorbent material would be added to each waste container to
ensure no free liquids are present.

After being filled, the containers would be closed with a bolted lid. The exterior surface of the container
would be checked for contamination and decontaminated as necessary. Completed packages would be
sent to interim storage for eventual disposal at WIPP.

Offgas generated by the process would be passed through a HEPA filtration system and then discharged
through a stack to the atmosphere. Liquid effluent from the facility would be recycled for use in retrieval
processes, forwarded to the DST system pending further treatment, or directed to onsite liquid effluent
treatment or disposal facilities, as appropriate.

E.1.2.3.11.3 Remote-Handled Mixed Transuranic Waste

For RH-mixed TRU waste, the process is assumed to be located in the 200-East Area at a single, fixed
facility for treatment and packaging of waste before storage and disposal. See Figure E-11 for the
proposed location. The RH-Mixed TRU Waste Facility would be functionally similar to the CH-Mixed
TRU Waste Facilities. Differences include the following:

o Waste feed to the RH system would come from the DST system.
e All operations would be remote.

e The RH-mixed TRU waste system would be housed in a fixed facility located in the
200-East Area.

Additionally, the higher radiation levels in the DST waste would require remote-impact wrenches and
cranes to access equipment and piping, which could involve using specialized fasteners, seals, connectors,
and skid arrangements. Some of the shielding would need to be removable to allow access to equipment.
Moreover, during operational testing, it would be necessary to evaluate access spacing, laydown logistics,
ability to repair equipment, and validation of remote operability. The facility design would need to
incorporate a controlled laydown area that allows for shielding and contamination control. The facility
would also need to have extra flushing and decontamination capability.

Figures E-23 and E-24 present simplified process-block-flow diagrams of the packaging process for
CH-mixed TRU and RH-mixed TRU waste, respectively.
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Figure E-23. Contact-Handled Mixed Transuranic Waste Packaging Process Flow Diagram
E.1.2.3.11.4 Transuranic Waste Interim Storage Facility

Given that the demand for transport and disposal could exceed the delivery capacity of WIPP and the
availability of transportation casks for the timeframe that the Hanford tank-derived mixed TRU waste
may be treated, onsite interim storage and staging facilities were analyzed. Moreover, logistics and
prioritization constraints related to TRU waste transport from Hanford to WIPP could necessitate an
extended period of onsite interim storage for tank-derived mixed TRU waste. In addition to storage,
characterization and certification of the waste may also be needed. Storage time can exceed 90 days;
therefore, the TRU Waste Interim Storage Facility would need to be permitted under RCRA
(WAC 173-303).

The proposed TRU Waste Interim Storage Facility is expected to provide only a passive storage function
and could store both mixed and nonmixed TRU waste. The supplemental treatment facility that would
generate tank-derived TRU waste was assumed to provide a TRU waste package that is compliant with
the waste acceptance criteria for WIPP. This could necessitate that the supplemental treatment facility
provide capabilities for the following:

Decontamination
Nondestructive assay (NDA)
NDE

Headspace testing
Certification

Preparation for transport
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Retrieved AW-103, AW-105, SY-102, T-105,
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Key: DST=double-shell tank; TRU=transuranic; WIPP=\Waste Isolation Pilot Plant.
Source: DOE 2003e.

Figure E-24. Remote-Handled Mixed Transuranic Waste Packaging Process
Flow Diagram
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Tank-derived mixed CH-TRU and RH-TRU waste would be generated and packaged as discussed in
Sections E.1.2.3.11.2 and E.1.2.3.11.3, then transferred to the proposed TRU Waste Interim Storage
Facility for staging. This proposed facility would be a steel-walled building on a concrete slab
(DOE 2003d). The interior floor of the building would be sloped, with a raised perimeter curb to contain
and direct spilled liquids to a collection sump into which a portable sump pump could be installed as
required. The floor would be sealed with an impervious epoxy sealant to prevent contaminants from
entering the concrete.

The building would be accessible through two rollup truck doors and two personnel doors. The building
interior would contain a central aisle that facilitates loading and unloading operations. Access and
maneuverability areas around the building would be stabilized with asphalt or gravel. Given that the
mixed TRU waste drums would be sealed and their external surfaces would be decontaminated, the
building ventilation would not have to perform a confinement function. Therefore, the building would be
maintained at atmospheric pressure and heating and cooling would not be required for operations. The
building would not be insulated except for two rooms, connected through doorways, that would contain
the fire riser and electrical/telecommunication systems. The storage area would be provided with
overhead lighting.

The TRU Waste Interim Storage Facility footprint was assumed to be 75 meters wide by 174 meters long
(247 feet wide by 571feet long) and to occupy a space envelope of 13,050 square meters
(140,500 square feet). To facilitate cost-effectiveness and facility operations, the interim storage building
was assumed to be located adjacent to the mixed TRU waste facilities.

To provide the necessary shielding, RH-TRU waste is overpacked within a high-integrity container, a
large, reinforced-concrete cylinder that can be sealed with a lid, at the supplemental treatment facility
generating RH-TRU waste. The high-integrity container is packed with 208-liter (55-gallon) drums in
two layers of seven drums each. Once filled, it is emplaced in the TRU Waste Interim Storage Facility.
Eventually the RH-TRU waste would be retrieved from interim storage and emplaced in a TRU waste
package transporter 1l (TRUPACT-II) at the Waste Receiving and Processing Facility (WRAP) or a
similar facility in preparation for offsite shipping and disposal at WIPP.

As the TRU Waste Interim Storage Facility was assumed to be located adjacent to the stationary
tank-derived RH-Mixed TRU Waste Facility, the same staff would operate both. Given the minimal work
scope of interim storage operations (emplacement/retrieval of drums, periodic inspections, etc.),
additional supplemental treatment plant operations and maintenance staff would not be required to
support the TRU Waste Interim Storage Facility.

The CH-mixed TRU waste drums and RH-mixed TRU waste packages delivered for interim storage are
ready for disposal (i.e., the drums are already sealed and external surfaces do not exceed contamination
limits). Therefore, the TRU Waste Interim Storage Facility would not be a credible source of significant
hazardous or radiological emissions during operation.

The TRU Waste Interim Storage Facility would only serve as a passive storage function. Operations and
maintenance activities within this facility would not be a credible source of significant secondary waste.

E.1.2.3.11.5 Facilities

The mixed TRU waste packaging process would include two CH-mixed TRU waste systems and one
RH-mixed TRU waste system. Each CH-mixed TRU waste system would consist of approximately three
mobile trailers, and the RH-mixed TRU waste system would be housed in a shielded facility with support
structures. The two CH-Mixed TRU Waste Facilities would be used simultaneously in the 200-East and
200-West Areas, and the RH-Mixed TRU Waste Facility would be constructed in the 200-East Area. In
the 200-West Area, the mobile CH-Mixed TRU Waste Facilities could be located at the T tank farm. In
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the 200-East Area, a mobile CH-Mixed TRU Waste Facility could be located at the B tank farm, and an
RH-Mixed TRU Waste Facility could be located to the south of the AP tank farm. Potential locations of
the facilities appear in Figure E-11. Final locations for these facilities have not been determined.

The waste packaging systems for CH-mixed TRU and RH-mixed TRU wastes would be similar and
would include the following elements:

Waste receipt tanks

Dewatering

Drum filling

Decontamination

Empty-container staging area
Filled-container staging area

Absorbent storage area

Secondary confinement and air filtration
Shielding

Instrumentation and control

General descriptions of the CH-TRU and RH-TRU waste packaging systems and facilities are provided in
the following paragraphs.

e Waste Receipt Tanks. The waste receipt tanks would receive batch transfers of waste slurry
from the MRS process skid. Waste stored in the receipt tanks would be pumped with progressive
cavity pumps to the dewatering system. Waste receipt tanks would have a nominal capacity of
5,700 liters (1,500 gallons).

e Dewatering System. The dewatering system would remove all drainable liquid from the waste
by using, for example, a centrifuge. The system would be nominally rated at 11,300 liters
(3,000 gallons) of dewatered waste per day. The dewatering system, drum-filling system, and
decontamination systems would be housed in a glovebox-like containment structure. Recovered
supernatants would be recycled within the retrieval and dewatering systems. Excess water would
be disposed of through the DST system or the ETF. Excess water would be transferred using
tanker trucks or through pipelines.

e Drum-Filling System. The dewatered waste would be transferred to drums. Concurrent with the
waste addition to the drum, absorbent material would be metered in to ensure that the final waste
package would contain no free liquids.

e Decontamination System. The decontamination system would provide carbon dioxide pellets or
other suitable media to facilitate container decontamination.

e Empty Container Staging Area. The empty container staging area would provide sufficient
storage capacity for 20 empty containers. The drums would be stacked four to a pallet, three
pallets high, on a concrete pad. A forklift would be used to transfer empty drums to the
packaging system. This area of the facility would not be a radiologically controlled area (RCA).
The staging area is expected to be a graded and graveled area with access control, but no weather
covering would be provided.

o Filled Container Staging Area. The filled container staging area would provide interim storage
for filled waste drums. The storage area would accommodate 4 days of production. The staging
area would be a concrete pad that is curbed and sloped with access controls and weather
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protection. Drums from the staging area would be loaded on trucks for shipment to the TRU
Waste Interim Storage Facility.

e Absorbent Staging Area. The absorbent staging area would provide temporary storage for
absorbent materials received by truck at the RH-Mixed TRU Waste Facility. The absorbent
storage area would be a nonradiological operation located adjacent to the waste packaging
system.

e Air Filtration System. The air filtration system process would maintain negative air pressure
within process vessels and areas. Air would flow from those areas with the least potential for
contamination to areas with the highest potential for contamination. Air collected by the air
filtration system would be passed through HEPA filters before being discharged to a stack. The
air filtration system would include heaters t