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105-K BASIN MATERIAL DESIGN BASIS FEED DESCRIPTION FOR SPENT
NUCLEAR FUEL PROJECT FACILITIES, VOLUME 2, SLUDGE

' 1.0 INTRODUCTION

1.1 PURPOSE AND SCOPE

The purpose of this document is to describe the design basis feed compositions for the
baseline K East (KE) Basin and K West (KW) Basin sludge process streams expected to be
generated during Spent Nuclear Fuel (SNF) Project activities. Four typesof”” :ds ~2rec * :dto
support evaluation of specific facilitv and process considerations during the development of new
facilit d processes. These fou ls provide nominal and bounding conditions for
desig uations, TI pprc hap p flows" t. The process
flowsheet will provide a basis for material compositions and quantities that are used in follow-on
calculations (process parameters, etc.). Table 1-1 provides a list of the proposed feeds for sludge
and the intended purpose of each feed definition.

The scope of this document includes defining the inventories (1) for} an¢ W Basins
i locations (pit sludges, floor sludge, canister sludge, and wash sludge components) and (2)
for the four design feeds defined in Table 1-1.

The feed descriptions defined in this document apply only to the SNF Project facilities that
handle K Basin sludge that has not been treated. Definition of those waste streams generated
from the treatment process (for example those streams going to the Tank Waste Remediation
System and the Environmental Restoration Disposal Facility) are not included in this document.
This document utilizes the most current characterization data available to define the various
sludge inventories. This document will be revised as new data are acquired and released.

1.2 BACKGROUND

Metallic uranium SNF currently is stored in two water-filled concrete pools,

KE Basin (KE Basin) and 105-KW Basin (KW Basin), at the U.S. Department of Energy
Hanford Site in southeastern Washington State. These fuel storage pools contain hazardous
substances that primarily result from the degradation of the SNF. The hazardous substances
consist of the SNF, sludge, debris, and water. In the past, large quantities of contaminated water
leaked from the basins into the underlying soil and groundwater. Because of this, the
U.S. Department of Energy-Richland Operations Office has determined that the hazardous
substances stored in the basins present a potential threat to human health and the environment,
and that a non-time-critical removal action conducted under the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 is warranted to reduce this threat.
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el corre “n products. Sludge in the KE and KW Basin fuel storage canisters consists primarily
of fuel co  sion products.

The sludge in the basins is commingled with SNF and is not considered a waste; however,
when the sludge is separated from the SNF and removed from the basins, it will be designated and
n  ed as a waste (Wagoner 1996). For the purposes of differentiating SNF and de’____ from
sludge, any material less than or equal to 0.64 cm (0.25 in.) in diameter is defined as sludge.
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2.0 105-K BASIN ™" “JDGE

2.1 SLUDGE SOURCES

During the time that the fuel has been stored, approximately 51 m® (nominat value) of
sludge has accumulated in the fuel canisters and on the bottom of the K Basins. This sludge is
being generated from a variety of sources.

Fuel elements are oxidizing where cladding has been breached, thereby
contributing uranium oxide and fission products to the sludge. In KE Basin, some
oxidized fuel may have fallen to the floor of the basin through screens in the

| toms of some canisters (the Mark O canisters).

The col tepool. * ‘"2 facility ages, concrete gt
comes loose from the walls and falls to the | floor.

The basins are enclosed but the structures are not weathertight. High winds cause
dust and other pollutants (dirt, insects, bits of tumbleweed, etc.) from the outside
environment to enter the facilities and, ultimately, the storage pools.

Painted carbon steel storage racks sit in the storage pool to hold the fuel canisters
in place. As these racks age, they present a source of rust corrosion and paint

chips.

The aluminum canisters in KE Basin-were corroded over a two-year period when
chlorine was used as a biological control agent.

The origin of polychlorinated biphenyls (PCB), found sporadically in the sludge
solids, is unknown.

During basin operations, ion exchange column (IXC) screen failure allowed zeolite
(Zeolon 900H) to be discharged into the KE Basin. Sludge analyses indicate that
mixed resin beads (purolite) also are present in KE Basin; possible pathways into
the basins for this resin are via the IXC discharge water and the ion exchange
module (IXM) vent system.

Deterioration and destruction during lid removal of the KW canister lid gaskets has
resulte in graphite-based materials being present in the KW canister sludge.

Particulate matter resulting from back washing the sandfilter, which is part of the
skimmer cleaning equipment, contributes to the sludge in the North Loadout Pit
(also designated Sandfilter Backwash Pit).

In addition to the existing sludge material, other sludge-like materials will be generated in
the processing of fuel elements for dry storage. Before dry storage, the fuel storage canisters will
be placed into a primary washing machine that will clean the canisters and elements by a tumbling

2-1
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were combined with the remaining trace elements and the residue (assumed to be silicon dioxide
5i0,)) to determine the mass balance for the dried solids for each sludge location, These

calculations are presented in Appendices A through F. It is assumed that the databases

(as defined in the Appendices) used for each of the sludge locations (floor, Weasel Pit, North

Loadout Pit, canisters, wash machine) are an accurate reflection of the sludges located in the

K Basins. These databases were used because they represent the best available current estimates

of the sludge compositions for each location,

While it is recognized that a comprehensively defensible mass balance would require more
information than is available, an estimate of solids compositions expected in each feed stream is
necessary to adequately define those design parameters that will be influenced by the chemical
process (for example, differences in dissolution of uranjum versus UQO,). To achieve the solids
estimate, one or more compounds were chosen to represent each analyte reported in the
charac. "~ '*~ ™"- compounds were chosen based on the likely oxidation products for the
analytes and ction r ;" -acter” tion reports. While the set of
oxidation products identined may be somewhat limited, this approach did simplify the modeling
prc ss by minimizing the number of compounds being tracked. The mean concentrations of the
compounds were calculated from the mean concentrations of the elements on a dry basis, thereby
a wing the calculation of a wt% solids value for each compound without having to account for
the water content of as-settled sludge. The total compound concentrations account r
approximately one gram of dry sludge, thereby lending credibility to the compounds that were
chosen.

The chemical/radionuclide data presented in the KE and KW sludge characterization
reports are representative of the constituents found in the sludge locations within the basins.
However, numerical averaging of the data may not be representative of homogeneous mixing of
all sludges, because the data were taken from basin areas (floor, Weasel Pit, and canisters) having
different depths of sludge, and the data in the characterization reports are not volume weighted.
Averaging the Weasel Pit and North Loadout Pit sludge constituents was considered
representative of a homogeneous studge because of the fairly uniform depth of sludge w 1in these
pits. No attempt was made to “depth weight” the floor and canister sludge samples, which have a
great variety of sludge depths. There are other high and low sludge depths that were not
s . ed. To verify that the application of a depth-weighted averaging approach is indeed more
accurate might require much more sampling, especially of all high and low points within the areas
of consideration.

A summary of the sludge inventories for each of the sludge locations is presented in Table
2-1 for the KE Basin sludge locations and Table 2-2 for the KW Basin sludge locations.

2-6
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3.0 105-K BASIN PROC..3S £ T AMS

3.1 PROCESS STREAM BASES

This section provides the bases for the development of the process feed stream
characteristics. The characteristics of each of the five process feed streams are based on the data
provided in Section 2.4 and Appendices A through F of this document.

Figures 3-1 and 3-2 show the KE and KW Basins sludge locations with their respective
nominal as-settled volumes and interim storage locations. The sludge locations are those areas in
the basins where sludge now exists (i.e., main basin floor, pits, and canisters). During the various
¢ wpacti s (ie., fuel, debris, water, and sludge) within the basins, the sludge will be moved
fromtl elocationstointe = sto - (Segrest 1998). The process feed streams are defined by
tl  nterim storage lo« “ons.

In KE Basin, an Integrated Water Treatment System (IWTS) will provide the equipment
to transfer sludge materials, collected from fuel-cleaning activities, to two interim storage
locations, (1) IWTS Knockout Pots for particles greater than 250 pm and less than 0.64 cm and
(2) Weasel Pit for particles less than 250 pm. A Sludge Retrieval System will provide the
equipment to retrieve the sludge from the basin floor and pits (with the exception of the Weasel |
Pit), separate out particles larger than 0.64 cm then pump the sludge to the IWTS for interim
stor: in the Weasel Pit,

In KW Basin, the IWTS will transfer the collected sludge materials from fuel-cleaning
activities to two interim storage locations, (1) IWTS Knockout Pots for particles greater than 500
pm and less than 0.64 cm and (2) Settler Tanks for particles less than 500 pm. The sludge in
KW Basin that is currently in pits and on the floor will not be consolidated into one interim
storage location; these sludges will be pumped directly to the Sludge Loadout System during

e retrieval activities. On Figure 3-2, it shows an interim storage location for the KW Basin
floor and pit sludges; these sludges are combined because it is anticipated that the characteristics
of the sludges in these locations will be similar.
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3 1 Process Strr n KE1

Interim storage 1 _ ocess stream KE1 is in the KE Basin Weasel Pit (Figure 3-1). This
process stream consists of as-settled sludge (less than or equal to 6350 pm in diameter) retrieved
from the various KE Basin pits and floor areas (Bays 1, 2 and 3). This stream also will include
canister and fuel wash sludge component particles less than 250 pm in diameter (Segrest 1998,
Erickson 1997, Figure 3). The following were used to define process stream KE1
(see Appendices B and C of this document for detailed discussion).

° 42.2 vol% of the canister sludge particles will be less than 250 pm in diameter.
. 100 vol% of the coating particles will be less than 250 pm.

. 51 vol% of the internal studge particles will be less than 250 um (the compc ~ ion
:willi el : °° TWTS separation process).

. 100 vol% of OIER in the floor sludge will be less than 6350 pm.
. 2 vol% of the OIER from the canister sludge will be less than 250 um.

. PCB concentration is based on the maximum reported value for Weasel Pit sludge
(this conservative value is used to ensure that the sludge treatment system is
ac |uately designed to treat the sludge so that it meets the Tank Waste

Remediation System acceptance criteria for PCBs).

3.1.2 Process Stream K}

Interim storage for process stream KE2 is in INTS Knockout Pots (Figure 3 ). This
process stream consists of as-settled sludge [less than or equal to 6350 pm (0.25 in.) and greater
than 250 um in diameter] collected from the canister removal and fuel wash activities. The
following were used in defining process stream KE2 (see Appendices B and C for detailed

discussion).

. 57.8 vol% of the canister sludge particles will be greater than 250 pm in diameter.

. 49 vi % of the internal sludge particles will be greater than 250 um
(the composition of the internal sludge will not change during the IW'™. _ separation
process).

. 100 vol% of the fuel pieces will be greater than 250 pm,

. 98 vol% of the OIER in the canister sludge will be greater than 250 pm.

. PCB concentration is based on the maximum reported value for ¢ *ter sludge
(this conservative value is used to ensure that the studge treatment system is

a quately designed to treat the sludge so that it meets the Tank Waste
Remediation System acceptance criteria for PCBs).

3-4
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3.1.3 Process Stream KW1

An interim storage location for process stream KW1 currently is not planned, as discussed
previously. This process stream consists of the as-settled sludge [less than or equal to+ 0 ym
(0.25 in.) in diameter] retrieved from the various KW Basin pit and floor areas (Figure 3-2). The
assumption that process stream KW1 is bounded by process stream KE1 is likely conservative
with respect to the radionuclide inventory; however, the volume of sludge in process stream KW1
is ite low compared to process stream KE1. Therefore, the impact of this assumption on the

design of the treatment facility is low.
3. 4 Process Stream KW2

Interim s° “or process stream KW2 is in IWTS Knockout Pots (Figure 3-2). This
process stream < o *idge [lesst’ 1or . alto 6350 um (0.25 in.) anc¢ ~eatert 1
500 um in diameter] collected from the canister removal and fuel wash activities. The following
were used in defining process stream KW2 (see Appendices E and F for detailed discussion).

. 100 vol1% of the el pieces will be greater than 500 pm.

. 100% of the Grafoil® particles from the canister sludge will be greater than
500 pym. :

3.1.5 Process Stream KW3
Interim storage for process stream KW3 is in settler tanks (Figure 3-2). This process
stream consists of as-settled sludge [less than or equal to 500 um in diameter] collected from the

IWTS Knockout Pot filter system. The following were used in defining process stream KW3
(see ¢/ pendices E and F for detailed discussion).

. 100 vol% of the canister sludge (minus the grafoil particles) will be less than or
equal to 500 pm.

. 100 vol% of the internal sludge will be less than or equal to 500 pum.

. 100 vol% of the coating will be less than or equal to 500 pm.

1Grafoil is a trademark of the Lamons Metal Gasket Company.

3-5
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3.2 PROCESS STREAM PARTICLE SIZE DISTh...UTIONS

Figure 3-3 is an ogive that represents the particle distribution expected to be encountered
inthe K Ba ifeed streams. The bases for the assumptions are the data reported in the
characterization reports (Makenas et al. 1996, 1997, 1998; Silvers 1998a, 1998b).

Because the examples were extracted from the K Basins at different times and subjected to
different analyses, every attempt was made to compare only those samples that received similar
treatment. For example, it was assumed that those samples subjected to sonication at 40W would
mimic the sludge that the treatment facility would receive, because of the friability of some of the
oxides. Hence, every attempt was made to extract data from those analyses. When that was not
possible, particle distribution data were taken from those analyses that were determined to be
more robust in the treatment of the sample, thus yielding a shift to the left (smaller) in the particle
¢ sters.

The data that were obtained from wet sieving and Microtrac X-1007 results were
normalized to 100 percent to represent the ogive. This normalization was necessitated because
the reported values from both steving and Microtrac X-100 results are based on 100 percent. The
characterizat | data were weighed against the bases in Section 3.1 and the cumulative percent
distribution was determined.

*Microtrac is a trademark of Leeds and Northrup.

3-6
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K Basin Feed Streams
100 r - _— - ' "
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Figure 3-3. Particle Size Distributions for Sludge Feed Streams.

3.3 K BASIN NOMINAL PROCESS STREAM DESIGN BASIS FEED
3.3.1 Process Stream Chemical/Radionuclide Content Methodology

The chemical and radionuclide inventories for each of the five process feed streams were
determined by applying the assumptions stated in Section 3.1 to the mass balance determined for
each » various sludge locations as described in Section 2.4.

3.3.2 K Basin Process Stream Chemical/Radionuclide Inventory

Table 3-1 provides an inventory estimate for KE Basin process streams KE1 and KE2.
Table 3-2 provides an inventory estimate for KW Basin process streams KW1, KV™ and KW3.
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3.5 SAT  TY/REGULATORY ASSESSME... DESIGN BASIS FEED

The methodology for evaluating the radiological and toxicological consequences
associated with the SNF safety/regulatory assessment design basis feed material is documented in
Rittman (1998). Rittman (1998) used the radioisotopic inventories listed in Praga and Willis
(1998) and calculated unit dose factors for the isotopes, based on the isotope activity per gram of
uranium and the isotope committed effective-dose equivalent. The unit dose factor indicates ti
dose to the receptor who inhales one gram of the exposed fuel. This unit dose factor is
4.38 ™ 03 Sv/g of uranium.

Conservatively, it can be assumed that the uranium concentration is 100% for the sludge
(the maximum concentration is 93% for the KE canister sludge). The main isotopes that
contribute to the dose are plutonium and **' Am (~99%). Therefore, the dose unit per unit of
sh " 1e used for safety/regulatory asses  nt shall be 4.38 E+03 Sv/g of uranium.

3.6 CR..ICALITY DESIGN BASIS FEED

The fissionable materials (U + Pu) in the sludge are a product of the corrosion of fuel with
enrichments of 0.95 wt% and 1.25 wi% Z*U. The 1.25 wt% **U unirradiated enriched corrosion
products are limiting for all situations involving sludges. This approach is identical to that used in
the SNF Projects and shall be used in the preliminary criticality analysis for the sludge project.

The criticality safety criteria require that the fuel be maintained in a configuration with a
specific keff under normal and credible single-contingency conditions. The K Basins used a
keff < 0.98. New facilities (Cold Vacuum Drying Facility and Canister Storage Building) use a
keff < 0.95. To develop the process in either of the K Basins or new facilities, a keff < 0,95 shall
be used.

Based on the keff and on the sludge content, the following criticality limits can be used for
preliminary criticality analysis (Kessler 1998).

. The combined masses of uranium or fissionable materials allowed in unfavorable
containers or equipment shall not exceed 615 kg.

. The safe inner diameter for one vessel is 59.7 cm (23.5 in.). Double parallel
vessels shall have either an inner diameter of less than 52.6 cm (20.7 in.) or a
separation between outer vessel surfaces of 15.2 ¢m (6 in.) with an inner diameter
of less than 59.7 ¢m (23.5 in.).

. The safe depth of uncontrolled concentration or masses of fissionable material is
26.7 cm (10.5 in.).

3-11
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APPENDIX A

KE BASIN FLOOR AND PIT SLUDGE CHARACTERISTICS

A.1.0 INTRODUCTION

This appendix identifies referenceable characteristics of the sludges located on t!
K st Basin floor, Weasel Pit, and North Loadout Pit. Thirteen samples from the main basin
floor, 5 samples from the Weasel Pit, and 13 samples from the North Loadout Pit have been
analyzed. Chemical, radiological, and physical properties for the floor, Weasel Pit, and
North Loadout Pit sludges have been determined and are reported in Makenas et al. (1996) for
floor and Weasel Pit sluC s and Warner (1994) for the North Loadout Pit slu .

None of the canisters stored in the KE Basin have lids on them, allowing some mixing of
sludges from all potential sources. However, the primary sources of sludge for the floor and
Weasel Pit remain the degradation of infrastructure (basin walls, storage racks, and the outsides of
canisters) and the introduction of particulates from the air. Therefore the sludge consists
primarily of iron oxides, aluminum silicates, and silicon oxides with some fuel element and
canister component oxidation products.

The North Loadout Pit  ceives the water and particulate matter resulting from
backwashing the sandfilter. The sludge in this pit primarily consists of sand material similar to the
floor sludge and small amounts of fissile material.

A.2.0 PHYSICAL PROPERTIES

A summary of the physical properties of the “as-settled” sludge (i.e., the sludge as it sits in
the basin) on the basin floor, in the Weasel Pit, and in the North Loadout Pit are presented in
Table A-1. The physical properties were determined from the data reported in the
characterization documents Makenas et al. (1996) for floor and Weasel Pit and Warner (1994) for
the North Loadout Pit.

A.2.1 PARTICLE SIZE

The complete range of particle sizes in the Weasel Pit, North Loadout Pit, and floor
sludges is not known. The characterization samples obtained from the floor, Weasel Pit, and
North Loadout Pit were limited to particle diameters less than 6350 pum (0.25 in.). However,
during : dge retrieval, all retrieved sludge will be pumped to the Sludge Retrieval Knockout Pots
where particles < 6350 um (0.25 in.) will be pumped to the Weasel Pit and particles > 6350 um

25 in.) will be separated out (and disposed of with the debris or fuel). It was assumed that
sludge that was in the Weasel Pit before 1994 is < 6350 pm (0.25 in.).
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To account for the total solids found in the floor, Weasel Pit and North Loadout Pit
sludges, the mean analyte concentrations were converted to the most probable oxidation product
concentrations. This is based on the knowledge that the sludge from the floor and Weasel Pit is
almost entirely the result of oxidation, and the North Loadout Pit studge is a mixture of sand and
oxidation products. The following equations demonstrate how this was done, using aluminum as
an example.

The primary aluminum compound identified was aluminum oxide (Makenas et al. 1996,
Appendix K).

Atomic Weight AL,0, = 101.96 g/mole Atomic Weight Al = 26.98 g/mole

1n1 QK
Oxide Factor = - = 1.89
53.96

The amount of aluminum compound in the dry floor sludge was determined by multiplying
the mean concentration of aluminum (68,876 pg/g of dry floor sludge, see Table A-6) by
the oxide factor.

0.1301 ¢ ALO
68,876 —HEAL_ 1180 =. 23
g dry sludge g ary siudge

Dividing the mean concentration per cubic centimeter of as-settled sludge by the mean
concentration per gram of dry sludge, it was determined that there is 0.318 gram of dry
floor sludge per cubic centimeter of as-settled floor sludge. This allows the following
calculation. '

0.1301 g ALO, . 0318 g dry sludge _ 0.0414 g 41,0,
g dry sludge  cm? as-settled sludge  cm® as-settled sludge

A.3.1.1 Chemical Composition of the Uranium Compounds

Muttiple uranium compounds have been identified in the floor and Weasel Pit sludges.
X-ray diffraction (XRD) analyses for the North Loadout Pit sludge do not exist; therefore, the
assumptions for calculating the uranium compounds for floor and Weasel Pit sludge also are
assumed for the North Loadout Pit sludge. To make a reasonable assumption for the mass of
uranium compounds in the sludge, it has been assumed that the primary sources of uranium are
oxidation products and small amounts of uranium metal, as shown in Table A-2. Not knowing the
amount of free oxygen in the water, it has been assumed that the oxides will be split about 50-50
between the two listed oxide products and that the amounts of other potential oxides will be
negligible. Hydrates and hydrides are expected to be negligible.
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A.3.3 MIS_.LLANEOUS CONSTITUENTS

Two miscellaneous components, important to process considerations, were identified in
the KE floor sludge; polychlorinated biphenyls (PCB) and organic ion exchange resins. This
section provides the basis for the reported quantities of these two constituents.

Two miscellaneous constituents were identified in the KE Weasel Pit sludge; PCBs and
zeolite resins. This section provides the basis for the reported quantities of these . o
constituents.

No miscellaneous constituents were ider "~ 2d in the KE North Loadout Pit sludge.

A3.3.1 Polychlorinated Biphenyls

Polychlorinated biphenyls were identified in one of six floor sludge samples subjected to
semivolatile organic analy. . The concentration of PCBs, on a settled sludge basts, found in this
one sample was 63 ppm (Schmidt 1997). Based on this one sample point, it is assumed that the

'KE floor sludge has a PCB concentration of about 63 ppm.

Polychlorinated biphenyls were identified in two of three Weasel Pit sludge samples
subjected to semivolatile organic analyses. The maximum concentrations of PCBs, on a settled
sludge basis, for samples KES-P-16 and KES-R-18 were reported as 40 ppm and 140 ppm,
respectively (Schmidt 1997). It is assumed the Wease! Pit sludge has a PCB concentration of
about 140 ppm.

A conservative estimate for the PCB concentration is assumed, to ensure that the sludge
treatment system can adequately treat the sludge such that it meets the Tank Waste Remediation
System (TWRS) acceptance criteria for PCBs.

A. 1.2 Organic Ion Exchange Resin
AJ3.3.2.1 Possible Sources of Resin Beads.

The medium used in the ion exchange columns (IXC) and ion exchange modules (IXM) is
Purolite NRW-37 mixed-bed resin (an organic ion exchange resin [OIER]). The IXCs were
retired from service in 1991; the IXMs are currently used in the KE Basin. No process
knowledge indicates resin beads were released into the basins; however, spherical resin beads
were observed during wet sieving tests conducted with KE floor, Weasel Pit (Silvers 1998), and
canister sludge samples (Makenas et al. 1997).

_ Potential pathways for the OIER to enter the KE Basin were investigated. One pathway is
via the IXC system. Discharge water from the IXCs was directed into a collection tank
(i.., sump) located in the Sandfilter Backwash Pit. The overflow from this sump was drained, via
a “6-in.” pipe, into the West Bay. The discharge from the pipe was above the canisters.
Therefore, it is possible that resin beads from the IXCs were washed into the basin via the
discharge from the “6-in.” pipe.
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The other pathways for the OIER to enter the basin is via the IXM system. When the
IXMs were first put into service, the vent system did not have screens installed. During
¢l g ut, resin beads were observed coming up through the vent system. Because the vent
system discharges into the South Loadout Pit, this would be a possible path for the resin beads to
enter the basin. The IXMs were operated from 1984 to 1993 without screens. The physical
amount of beads that escaped from the IXMs, however, was very small according to K Basin

engineers.

One possible pathway for the OIER to have entered the Weasel Pit is through a “3-in.”
PVC pipe that was routed from the Sandfilter Backwash Pit to the Discharge Chute. During dose
reduction activities this “3-in," PVC pipe was removed. Several hot spots were measured in the
pipe, and it was speculated that the dose came from captured resin beads. = e contents of the
discharge chute were pumped into the Weasel Pit in 1994, therefore, the presence of:  n beads
in © W " Pitcou be from the transfer of Discharge Chute material into the Weasel Pit.

A3.4.2.2 Quantity of Purolite NRW-37 Resin Beads.

Characterization data show resin beads in one of the two sieved KE Basin floor samples
"~ mple KES-H-08). The sample with beads was obtained from Bay 3 (the West Bay); 1e
sample with no beads was obtained from Bay 1 (the East Bay). None of the floor samples from
Bay 2 (the Center Bay) were sieved. From visual observation (Silvers 1998) it was estimated that
75 vol% of the floor sample (H-08) comprised beads.

Characterization data indicated that the bottom layer of sample KES-T-20 had a
“significant” fraction of resin beads (Makenas et al. 1997, page I-8). This sample was later
subjected to wet sieving. No resin beads were reported in the sieved and presieved fractions.
This discrepancy is being investigated but to date has not been resolved. One other sample
(KES-S-19 from the Weasel Pit) also was analyzed by wet sieving. Visual observation of the
sieved fractions did not show resin beads in this sample either. It is therefore concluded that the
Weasel Pit does not contain OIER. If definitive data are provided on the percentage of beads
observed in the samples, the value of OIER in the KE Weasel Pit will be adjusted accordingly.

The following assumptions were used to estimate the nominal volume of OIER in the

KE Basin floor sludge. (1) Because the pathways for beads to enter the basin are both through
Bay 3, and no beads were found in the one sieved sample from Bay 1, it is assumed that only Bay
3 contains OIER. (2) It is assumed that a small quantity (approximately 1 vol%) of bez : entered
Bay 3 through the IXM vent system before the screen was installed. (3) It is estimated that there
is 1.1 m® of “floor” sludge in Bay 3. (4) 12.5% of Bay 3 sludge volume contains 75 vol% beads.
(5) 12.5% of Bay 3 sludge volume contains 1 vol% beads. The nominal estimate of OIER is then
calculated as: (0.125)(11.1 m*)(0.75 +0.01) = 1.05 m®,

The OIER concentration in the KE Basin floor sludge was calculated assuming an OIER density
of 1.16 g/cm®:

10SE4  m*OIER X L116gOIER = 0.05665] g OIER
21,5E+o6cm’ sludge cm® OIER cm® sludge
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For a bounding value, it is assumed that 25 vol% of the Bay 3 sludge volume contains
C™. The bounding volume of OIER is calculated as; (0.25)(11.1 m* 2.78 m*.

A.3.4.2.3 Organic Ion Exchange Resin Radionuclide Content.

The radionuclide content for the OIER on a dry solids basis are provided in Table A-5. It
is assumed the radionuclide content in the OIER would be equivalent to the values reported for
Sai  le KES-H-08 (Makenas 1996) because this sample contained approximately 75 vol% OIER.

Table A-5. Organic Ion Exchange Resin

T adlmsaecallAn MAcdnnt They CAlids

Pu-238 6.18E-02 H
Pu-239/240 4.03E-01 ﬂ
Am-241 © 3.70E-01! u

Cs-137 1.4°7 92 ﬂ
Sr-90 9.66E+01
' Mean of Alpha Energy analysis (AEA) and )
Gamma Energy Analysis (GEA) results.

A3.4.3 Zeolite

According to K Basins personnel (Hoefer 1997), four screen failures are known to have
occurred in the IXCs during the KE Basin fuel segregation campaign (1983/1984). When the
screens failed, the entire contents of the IXCs were flushed to the Discharge Chute. Each failed
screen released approximately 0.14 m’ (5 ft°) of zeolite (Zeolon 900) for a total of approximately
0.57 m® (20 ft%). The material in the Discharge Chute was pumped into the Weasel Pit in 1994, It
is therefore assumed that 0.57 m® of zeolite is contained in the Weasel Pit sludge.

The zeolite concentration in the KE Basin Weasel Pit sludge was calculated assuming a density of
1 glem®

057~ em’ zeolite X Ll1gzeolite = 0.062079 g zeolite

10.10E+06 cm® sludge cm® zeolite cm® sludge
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A.3.5 KE FLOOR, WEASEL PIT, AND NORTH LOADOUT PIT SLUDGE
FINAL COMPOSITIONS

The nominal chemical, radionuclide, and miscellaneous component compositions for the
KE floor, Weasel Pit, and North Loadout Pit sludges are presented in Tables A-6, A-7 and A-8,
respectively.
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B.3.0 XE CANISTER SLUDGE COMPOSITION

This section establishes the chemical composition of the K East canister sludge. The
characterization data in Makenas et al. (1997) were adapted for this activity.

B.3.1 CHEMICAL CONTENT METHODOLOGY

Based on the samples’ analyte concentrations given in Makenas et al. (1997, Appendix E)
(units of characterization data were milligrams of analyte per gram of dry sludge), a mean
concentration value for each analyte was calculated (less than values were not included in the
calculations). No attempt was e to use depth weighting to adjust the mean value. The overall
mean value does not include sample 96-01, because this sample yielded very different chemistry
1 thenci  ared to other samples. The assumption was made that there was an
i ceneity or ““ation probt’ . T° overallmeanva’ ‘¢ ° “inc  :samp’ 96-06.
This sample was excluded because it did not have complete data for each layer. Data from these
samples were not used to calculate other values in this document. For samples 96-04 and 96-11,
where values are given for each layer, a mean of the two values was used. The mean analyte
concentrations are thus assumed to be representative of the whole volume of K East canister
sludge.

The canister sludge is almost entirely the result of oxidation; therefore, to account for the
total solids found in the sludge, the mean analyte concentrations were converted to the most
probable oxidation product concentrations. The following equations demonstrate how is was
done, using aluminum as an example:

The primary aluminum compound expected is aluminum hydroxide

Atomic Weight AKOH), = 71.99 glmole Atomic Weight Al = 26.98 glmole

77.99

Oxide Factor = 3 = 289

The amount of aluminum compound in the dry canister sludge was determined by
multiplying the mean concentration for aluminum (67,484 pg/g of dry sludge, Table B-6),
by the oxide factor.

(7484 ug Al 0.1949 g ANOH),
- x 2.89 =
g ary studge g dry sludge
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B.3.3.1 Polychlorinated Biphenyl Concentration

Polychlorinated biphenyls have been found in KE canister sludge ra "ng from
approximately 0.6 ppm to 1.1 _ m, (by weight in settled sludge). For the KE canister
composition, it is assurned that the PCB concentration in the sludge is 1.1 ppm.

A conservative estimate for the PCB concentration is assumed, to ensure that the sludge
treatment system can adequately treat the sludge to meet the Tank Waste Remediation System
acceptance criteria for PCBs.

B.3.3.2 Organic Ion Exchange Resin

The for C 7 to enter the KE canister sludge is aiso via the ion exchange column
system  di imAp; dix A, The IXCdischa :1 °:rdrains into the basin through a
“6-in.” pipe. Because the pipe outlet is located above the canisters, it is possible that the beads
dropped into the canisters when the sump overflow was drained into the basin via the “6-in.” pipe.

Characterization data show resin beads in one of three sieved canister samples. Two of
the canister samples (96-11 and 96-06) were obtained from Bay 3 (the West Bay); the other
sample (96-04) was obtained from Bay 2 (the Center Bay). Sample 96-11 had resin beads. From
visual observation it is estimated that 10% of sample 96-11 comprises beads. Spherical beads also
were noted lodged on top of spent filel in KE near where beads were found on the KE Basin
floor (Pitner 1995).

The following assumptions were used to estimate the nominal volume of organic resin
beads in KE Basin canister sludge. (1) Because the pathways for beads to enter the basin are both
through Bay 3 and no beads were found in the one sieved sample from Bay 2, it is assumed that
only Bay 3 contains organic resin beads. (2) 25% of the Bay 3 canister sludge volume contains
10% beads. (3) There are approximately 1.13 m® of canister sludge in Bay 3. The nominal
estimate of OIER is calculated as (0.25)(1.13 m®)(0.10) = 0.03 m’.

The OIER concentration in the KE Basin canister sludge was calculated assuming an OIER
density of 1.16 g/cm®:

0.03E+06 cm* OIER X L16gOIER = 0.010235g OIER
3.4E+06cm’ sludge cm® OIER em’® sludge

For a bounding value, it is assumed that 25% of the Bay 3 canister sludge volume contains
OIER. The bounding volume of OIER in the canister sludge equals 0.28 m’.

B.3.4 FINAL KE CANISTER SLUDGE COMPOSITION

The nominal chemical, radionuclide and miscellaneous compositions for the KE canister
sludge are presented in Table B-6.
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APPENDIX C

KE BASIN FUEL WASH SLUDGE CHARACTERISTICS

C.1.0 INTRODUCTION

This appendix provides the characteristics of the K East Basin (KE Basin) fuel wash
sludge components expected to be generated in the processing of fuel elements for dry storage.
Before being sent to dry storage, the fuel storage canisters will be dumped into a primary
washing machine that cleans the canisters and elements by a tumbling action and water flushing
pro 1. T “"  Hhysical state of the stored fuel, it is expected that the washing process

. fu € fuel elements and will di: T
zirconium cladding, pieces comprising both uranium and zirconium, ana ioosely aanerea materials
(such as coatings and internal sludge). This dislodged material is referred to as the “fuel wash”
sludge components: fuel pieces, coating, and internal sludge. A screen inside the washing
machine separates particles less than 6350 um (canister sludge and wash sludge components)
from the fiel elements and fragments. The IWTS system then pumps the fuel wash sludge
components to Integrated Water Treatment System (IWTS) Knockout Pots, which separate these
components into two streams based on particle size (in KE Basin the cut is at 250 um and in
K West Basin [KW Basin] the cut is at S00 pm).

Experimental tests on the cleaning process have not been done; therefore, no samples of
actual KE Basin fuel wash sludge exist. However, examinations were made of the surface and/or
subsurface of a KE Basin fuel element. The examinations included collection of coating pieces
from the fuel . dding and particles recovered from cracks in the fuel and from beneath the
cladding material. Oftenthe| = ‘iculate material was accompanied by large (0.64 to 1.27 cm
[0.25- to 0.5-in.]) pieces of fuel. In general, no great quantities of sludge or particulate fuel were
found beneath the cladding breaches. However, substantial residue sample was obtained by
straining the water from the spent fuel element container (SFEC) (shipping container used to
transport the fuel element to the 300 Area hot cells), suggesting that loose fuel material escaped
from breached areas during shipping and handling activities (Pitner 1997). The subsurface
particles from the fuel elements and the residue from the SFECs make up the internal sludge .
During the examinations, fuel pieces were also obtained; analyses were not performed on the fuel
pieces. Characterization data from the subsurface fuel examinations (Silvers 1998) and KE Basin
fuel elements (Praga and Willis 1998) form the basis of the fuel wash sludge inventory.

C.2.0 KE WASH SLUDGE PHYSICAL PROPERT™™S

The physical properties were determined from the subsurface fuel examination data
(Silvers 1998); the volume calculations are documented in Pearce and Pitner (1998). A summary
of the physical properties for the “as-settled” fuel wash sludge components is presented in Table
C-1.

C-3
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C.2.1.3 Fuel Pieces Particle Size

Curréntly no data exist on the fuel pieces, but it seems reasonable (based on visual
examination of the pieces removed from the fuel element during the subsurface examinations) to
consider that 100 vol% of the fuel pieces will be above 250 um.

C.3 KE BASIN WASH SLUDGE COMPOSITION

This section provides the basis for determining the chemical and radionuclide
compositions for each of the wash sludge components (coating, internal sludge and fuel pieces).
The elemental date -1 ntial to identify solid phases in the fuel wash slu~~~ components.

Th api ““ons :then used in defining the wash studge component inventories.

C.3.1 KE WASH SLUDGE CHEMICAL CONTENT METHODOLOGY
C.3.1.1 Coating Elemental Composition

Three KE outer fuel elements (removed from KE canisters 2350E, 2540E, and 5427E)
were brushed to remove the gray coating from the surface of the elements. A portion of the
coatings were analyzed using X-ray diffraction to identify the crystallographic phases present.
The predominant species identified in samples from elements 2540E and 5427E were peroxide
hydrate, UO,4H,0, and dihydrate, UO,-2H,0 (Abrefah et al. 1998). In the coating sample from
5427E, the predominant species was U,Q, (Silvers 1998).

Elemental data are available only on the coating sample from KE fuel element 5427E.

This coating sample was subjected to inductively coupled plasma analyses (Silvers 1998); the
results are summarized in Table C-3.

Table C-3. Elemental Analyses of Coating.

Elements| CS1 (ug/g dry coating)] Elements} CS1 (ug/g dry coating)
Al 76500 Fe 18600

| R 1000 Mn 1370
ou 543 Na 8700
Bi - Si -
Ca 11000 U 442000, '
Cr 510 Zn
Cu 12300 7r 4a0u N
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. U0, + 10% UH,: when uranium is corroding in water, the resulting corrosion product is a
mixture of uranium oxide and uranium hydride. It has been shown that the UH,
percentage can vary between 2 and 9 wit% (Baker et al. 1966). As the presence of uranium
hydride may impact the safety assessment of the facility, a bounding value of 10% for the
uranium hydride content was chosen for the internal sludge.

. UO,-4H,0 and U,0, have been identified in the coating; the best mass balance for the
coating is obtained when using UQ,4H,0.

The following equations demonstrate how the elemental data was used to convert to
oxidation product conce * itions (in weight percent) for the coating and internal sludge
components. Aluminum is used as an example:

A e Wer-n AI(OH). 77.99 g/mole Atomic Weight Al 26.98 g/mole

Oxide Factor =77 "~ =2.89
26.98

The mean concentration of aluminum is 11,030 ug/g of dry sludge for the internal sludge
component (an average of SSL2 and SSL2duplicate (SSL2d) was first determined; then
the average of the three samples was calculated to give the mean elemental concentration
of each analyte). The weight percent of aluminum compound in the dry internal sludge
was determined by multiplying the oxide factor by the mean analyte concentration
(SSLmean on Table C-4) and muitiplying by 100.

0.01103 g 4AXO.
3,817 ug Al _ 5 eo - g AOH),

. x 100 = 1.103 wt%
g dry shudge g dry sludge

The weight percent of aluminum compounds in the dry coating is determined by
multiplying the oxide factor by the elemental concentration for aluminum, given in
Table C-3, and multiplying by 100.

The compaosition of the fuel pieces generated in the primary washing machine are assumed
to have the same composition as the KE Basin fuel elements (in particular, the U/Zr ratio will be
identical). The composition of the fuel pieces is determined from the N Reactor fuel element data
reported in Praga and Willis (1998, Table 2.1, page 5). The composition of the fuel pieces is
calculated as follows:

1 anium =2.10/226x 100 = 92.92 wt%
Zirconium =0.148/226 x 100= 6.55 wt%
Miscellaneous =92.92 - 6.55 = (.53 wt %.

C-7
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( .6 KEAST WASH SLUDGE FINAL COMPOSITION

Table C-7 lists the nominal chemical and radionuclide compositions of the KE wash sludge
components (internal sludge, coating, and fuel pieces). The table also presents physical properties
(mass, density, and volume) on dry and as-settled basis for each of the components.
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Hanford, Inc., for Fluor Daniel Hanford, Inc., Richland, Washington.
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Treatment System, HNF-3166, Rev. 1, prepared by DE&S Hanford, Inc., for Fluor Daniel
Hanford, Inc., Richland, Washington.
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APPENDIX D

KW BASIN FLOOR AND PIT SLUDGE CHARACTERISTICS

D.1.0 INTRODUCTION

Characterization currently does not exist for the K West Basin floor and pit areas;
therefore, characteristics are not provided in this revision. A sampling campaign is scheduled for
early fiscal year 1999. This campai,  ill obt ~ sludge samples from the K West Basin floor and
pits and will perform various analytical tests on the ~~~-ples. This appendix will be revised

lowing receipt of the analytical data. '
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APPENDIX E

KW BASIN CANISTER SLUDGE CHARACTERISTICS
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APPENDIX E

KW BASIN CANISTER SLUDGE CHARACTERISTICS

E.1.0 INTRODUCTION

This appendix provides the characteristics of the K West Basin (KW Basin) canister

dge contained in the fuel storage canisters. Eight sludge samples from the KW Basin canisters
have been analyzed. Chemical, radiological, and physical properties have been determined and are
reported in Makenas et al. (1998). The majority of the sludge from the fueled canisters consisted
of uranium oxides and, in some cases, uranium hydrates, iron hydroxides, and aluminum
hyd: le The canister sludee also contained some uranium hydride as detected by X—ray
i ( e of phite (from lid seals) also v 3 invari
subsamples. '

E.2.0 PHYSICAL PROPERTIES
A summary of the physical properties of the “as-settled” sludge (i.e., the sludge as it sits

in the canisters) in the KW Basin canisters is presented in Table E-1. The physical properties
were determined from the data reported in the characterization document, Makenas et al. (1998).

Table F-1._Summary Table for KW Canister Physical Properties.

Volume' | Mass | Density? | Settling | Zeta Potential* Yiscosity®
(m’) (Mg) | (g/em®) | Time®
s 1.01 2.71 268 |80%@ |-28t0-34mV | 100Pas@0.1
29hr @pH7 s?to 0.5 Pass

@ 300!

—

* 1ne pases for current siuage volume estimates are documented in Baker (1998).

*Mean density of samples listed in Makenas et al. (1998, Table 4.5, page 49); excludes sample 96-23 because
of the presence of transient gas bubbles..

? Estimation for slower settling samples shown in Makenas et al. (1998, Figure F.9-2, page F-49).
*Estimation of “mV™ range at pH 7 as shown in Makenas et al. (1998, Figure F.7-2, page F-47).

* Values are viscosity (Pass) versus shear rate () at the higher and lower points of the response curve.

E.2.1 PARTICLE SIZE

This section establishes a particle size distribution for the canister sludge to calculate the
composition of the streams after the sludge passes through the Integrated Water Treatment
System Knockout Pots (cut at 500 pm).
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0.0591 g AKCH).
20,446 _ugAl 89 = _.i_g )
g dry sludge g dry sludge

Dividing the mean concentration per cubic centimeter of as-settled sludge by the mean
concentration per gram of dry sludge, it was determined that there are 1.992 grams of dry sludge
per cubic centimeter of as-settled sludge. This allows the following calculation.

0.0591 g AKOH), o 1.992 g dry shudge 0.1177 g AKOH),
g dry sludge cm® as-settled sludge  cm® as-settled sludge

The ne “:u' "onis performed for all identified elements and their associated
compounds. '

E.3.1.1 Chemical Composition of the Uranium Compounds

Multiple uranium compounds have been identified. To make a reasonable assumption for
the mass of uranium compounds in the sludge, the following text was developed to document the
basis for the assumed breakdown.

1t has been assumed that the primary source of uranium in the canister sludge will be

. oxidation products, with small amounts of uranium hydride as shown in Table E-4. Not knowing
the amount of free oxygen in the water, it has been assumed that the oxides will be split about
50-50 between the two listed oxide products and that this will provide an acceptable
representation of the mass of uranium oxide compounds in the canister sludge. The presence of
sludge generated bubbles, assumed to be hydrogen plus fission gases, which indicates the presence
of uranium metal in the sludge. Uranium hydride was found by XRD in one sample. Given the
limited data, 5% of the uranium compounds will be attributed to uranium hydride and 5% will be
attributed to uranium metal. It is assumed that any hydrates present in the canister sludge will be

negligil

. Table E-4, Weicht Percent ~fTTranium Comnrnde in ¥'W Canister Sl»A~=

I W% Breakdown of ""™=+ium into Compounds
= =

Location U Uo, U0, UO,4H,0 I UH.
[ Canister Sludge 5.0 45.0 45.0 0.0 | 5.0
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E.3.3 KW CANISTER MISCELLANEOUS CONSTITUENTS

Two miscellaneous components were identified in the KW canister sludge; polychiorinated
Biphenyls (PCB) and Grafoil®. This section provides the basis for the reported quantities of these
two constituents,

E.3.3.1 Polychlorinated Biphenyls

Polychlorinated biphenyls have been found in KW canister sludge ranging from
approximately 0.056 ppm to 5.73 ppm, (by weight in settled sludge). For the KW canister
composition, it is assumed that the PCB concentration in the sludge is 5.7 ppm.

A conservative estimate for the PCB concentration is assumed, to ensure that the sludge
treatment syste can adequately treat the sludge such that it meets the Tank Waste Remediation
System acceptance criteria for PCBs.

E.3.4.2 Grafoil®
The mass of Grafoil® in KW canister sludge is 55.8 kg (Pearce and Pitner 1998),
E.3.5 KW CANISTER SLUDGE INVENTORY

The nominal chemical, radionuclide and miscellaneous compositions for the KW canister
sludge are presented in Table E-7.
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APPENDIX F

KW BASIN FUEL WASH SLUDGE CHARACTERISTICS

F.1.0 INTRODUCTION

This appendix provides the characteristics of the K West Basin (KW _ isin) fuel wash
. 1dge components expected to be generated in the processing of fuel elements for dry storage.
Before being sent to dry storage, the fuel storage canisters will be dumped into a primary
washing machine that cleans the canisters and elements by a tumbling action and water flushing
process. Because of the physical state of the stored fuel, it is expected that the washing process
will cause further breakage of the fuel elements and will dislodge corroded uranium pieces,
zirconium cladding, pieces comprising bothu -~ ¢ ° onium, and loosely adhered materials
(such as coatings and internal sludge). This dislodged material is referred to as the “fue] wash”
s lge components; fuel pieces, coating, and internal sludge. A screen inside the washing
machine separates particles less than 6350 pm (canister sludge and wash sludge components)
from the fuel elements and fragments. The IWTS system then pumps the canister and wash
sludge components tc  itegrated Water Treatment System (IWTS) Knockout Pots, which
separate these sludges into two streams based on particle size.

Experimental tests on the cleaning process have not been done; therefore, no samples of
actual KW Basin fuel wash sludge exist. However, examinations were made of the surface and/or
subsurface of four KW Basin fuel elements. The examinations included collection of coating
pieces from the fuel clac - g and particles recovered from cracks in the fuel and from beneath the
. cladding material. Often the particulate material was accompanied by large (0.64 to 1.27 cm
[0.25- to 0.5-in.]) pieces of fuel. In general, no great quantities of sludge or particulate fuel were
found beneath the cladding breaches. However, substantial residue sample was obtained by
$.__ ning the water from the spent fuel element container (SFEC) (shipping container used to
transport the fuel elements to the 300 Area hot cells), suggesting that loose fuel material escaped
from breached areas during shipping and handling activities (Pitner 1997). The subsurface
particles from the fuel elements and the residue from the SFECs make up the internal sludge.
Characterization data from the subsurface fuel examinations (Silvers 1998) and KW Basin fuel
elements (Praga and Willis 1998) form the basis of the fuel wash sludge inventory.

F.2.0 KW WASH SLUDGE PHYSICAL PROPERTIES

The physical properties were determined from the subsurface fuel examination data
(Silvers 1998); the volume calculations are documented in Pearce and Pitner (1998). A summary
of the physical properties for the “as-settled” fuel wash sludge components is presented in
Table F-1.

F-3













<
HNF-SD-SNF-TI-009, Volume 2, Rev.

» U0, + 10% UH,: when uranitum is corroding in water, the resulting corrosion product
is a mixture of uranium oxide and uranium hydride. It has been shown that the UH,
percentage can vary between 2 and 9 wit% (Baker et al. 1966). Because the presence
ofura m hydride may impact the safety assessment of the facility, a bounding value
of 10% for the uranium hydride content was chosen.

¢ UO,4H,0 has been identified by X-ray diffraction on KE fuel elements.

The following equations demonstrate how the elemental data in Tables F-2 and F-3 were
used to convert to the oxidation product concentrations (in weight percent) for the coa 3 and
internal slu* > components:

Atomic Weight AI(OH), = 77.99 g/mole Atomic Weight Al 26.98 g/mole

Oxide Factor = 77 00 =2 89
26.98

The mean concentration of aluminum is 194, 104 ug/g of dry material for the coating
component The weight percent of aluminum compound in the dry coating was determined by
multiplying the oxide factor by the mean analyte concentration, then multiplying by 100.

194 104 1o A] ¥ 2.80 = 0.5610 g AOR),
g ary coating g dry coating

x 100 = 56.10 wi%

The weight percent of aluminum compounds in the dry internal sludge were determined by
multiplying the oxide factor by the elemental concentration for aluminum given in
Table F-3, then multiplying by 100.

The composition of the fuel pieces generated in the primary washing machine are assumed
to have the same composition as the fuel elements (in particular, the U/Zr ratio will be identical).
The composition of the fuel pieces then is determined from the N Reactor fuel element data
reported in Praga and Willis (1998, Table 2.1, page 5). The composition of the fuel pieces is
therefore calculated as:

Uranium =2.10/2.26 x 100 92.92 wt%
Zirconium = 0.148/2.26 x 100 = 6.55 wit%
Miscellaneous = 9292-6.55 = 0.53 wt %.
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F.3.5 KW WASH SLUDGE MISCELLANEOUS COMPOSITIONS

T! only component from the wash sludge that has been analyzed for polychlorinated
biphenyls (PCB) is coating samples from the surfaces of four KW fuel elements (6743U, 79130,
0161M, and 2667U). One coating sample reported a2 maximum PCB concentration of 0.081 ppm,
PCBs were nondetectable for the other three samples (Silvers 1998). Because of the low values
reported for the coating materials and lack of data for the fuel pieces or internal sludge, it is
assumed that the fuel wash sludge components do not contain PCBs,

F 6 KW WASHSLUDGE COMPONENT INVENTORY

The nominal chemical, 1 T is component inventories for the
KW wash sludge components are presented in 1aple r-o.
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