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Revision Description

This revision to this document includes the following substantive changes to the Revision 0 document:
¢ - Revalidate F-Area high level waste streams.

e Revise the consolidation of the waste from F-Area high level waste tanks from three waste streams (FTK-
00002-1, -17, and —19) in Revision O to two waste streams (FTK-00002-1 and —19) in Revision 1.

e Update the distribution of radionuclides in each waste stream based on current high level waste tank
contents and revised SRS Waste Acceptance Criteria (WAC) 2.02 and 3.17 requirements.
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Background -

Characterization of High Level Waste Sludge by the Concentration Storage and Transfer (CST).Department
is outlined in WSRC-TR-94-0579, High Level Waste Sludge Characterization in Support of Low Level

* Waste Certification (Reference 1). The sludge characterization is based on a series of scaling factors for 31

of 34 known sludge-containing waste tanks. Scaling Factors were previously compiled and compared with
available sample data in WSRC-TR-94-0562, Characterization of Radionuclides in HLW Sludge Based on
Isotopic Distribution in Irradiated Assemblies (Reference 2). Quantification of sludge-contaminated waste
and application of the scaling factors has been performed on a case-by-case basis since approval of the
methodology by the Waste Characterization Board in 1994. "

The Waste Characterization System (WCS) was established in 1996 to consolidate waste characterization
information. Inventories and compositions of major sludge constituents are based on tank fill histories.
Minor constituent inventories are based on compositions developed during DWPF design. Fill histories for
each tank are also contained in the WCS (Reference 3). Subsequent analytical data is incorporated into this
databasc as deemed appropriate. Pu-238 and Am-241 inventories for tanks containing Purex Low Activity
Waste (LAW) were adjusted in 1999 (Reference 4),

Further examination of historical tank use data contained in Reference 3, tank contents (i.e. high heat or low
heat fractions of either Purex or H-Modified waste) and waste age (both in Reference 2) allowed

. consolidation of sludge in waste tanks to be considered.

WSRC 1S SRS Waste Acceptance Criteria Manual, Procedure 2.02, Low Level, Hazardous, Mixed and
PCB Waste Characterization Requirements, Revision 7 (Reference 5), allows for consolidation of waste
streams when the following two criteria are met:

1. Performance Assessment (PA) radionuclide scaling factors do not vary from the proposed data set
scaling factor by more than a factor of 10, and

2. The fractional activity of the predominant radionuclides (predominant radionuclides being those that
make up 10% or greater of the activity} in each data set does not vary by more than a factor of 2 from
the fractional activity of the same radionuclide in the proposed data set.

This document contains the characterization methodology for sludge-contaminated waste generated from
the F-Area Tank Farm, based on process knowledge and available analytical data. In addition, this
document contains an evaluation for consolidation of sludge-contaminated waste from multiple HLW tanks
in the F-Area Tank Farm. The scaling factors developed in this document supercede those presented in
References 1 and 2, and any other previously-developed radionuclide characterizations for F-Area Tank
Farm sludge-contaminated waste.

Introduction

Sludge-contaminated waste consists of waste contaminated with both insoluble species (the sludge fraction)
and entrained supernate. The WCS is based on the assumption that approximately 70% of the weight of
what is commonly referred to as sludge is interstitial superate; the remaining approximately 30% consists
of the insoluble species (Reference 1).

Development of a method for characterization of sludge—contaminated waste must consider both fractions.
Separate waste cufs may contain sludge and supernate fractions in varying proportions due to the nature of
the job generating the waste and the variability in waste handling techniques. Development of a distribution
representative of all sludge-contaminated waste cuts must allow for varying fractions of sludge and
supernate contamination.

This document will develop a radionuclide distribution for the sludge fraction of sludge-contaminated waste

stored in the F-Area Tank Farm in accordance with the methodology outlined in WSRC 1S SRS Waste -

o R
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Acceptance Criteria Manual, .Procedure 2.02, Revision 7. This distribution was based on the assumption
that sludge-contaminated Waste from F-Area High Level Waste Tanks could be co-mingled, and the actuai
contamination present on waste in a series of confainers from these tanks will be representative of the mean
radionuclide distribution. The original characterization was based primarily on process knowledge and fill

_histories. A single, comprehensive characterization for supernate has been developed previously (Reference

6).

This document also describes the methodology for application of radionuclide distributions representative
of the sludge and supernate fractions of sludge-contaminated waste to individual waste packages.

Most of the waste contaminated with sludge from the F-Area Tank Farm will be categorized as Low Level
Waste (LLW) and disposed of in the E-area Vaulis (EAV). The waste does, however, have the potential to
be categorized as TRU and/or mixed waste. Quantification of hazardous constituents and determination of
whether the waste is classified as mixed is dependent on the amount of sludge present on the waste matrix
and the nature of the waste matrix, and will be performed on a case-by-case basis. Quantification of
radionuclides present in each waste package will be performed as described in Section 5.0.

The radionuclide distribution developed for LLW contaminated with sludge from the F-Area Tank Farm
can also be applied to waste classified as transuranic. [Neither WSRC 18 SRS Waste Acceptance Criteria
Manual, Procedure 3.06, E-Area TRU Pads Transuranic Waste Acceptance Criteria, Revision 5, nor
Appendix A:34, TRU Waste Container Characterization Form (OSR 29-90) Instruction specifies a
methodology for determination of the isotopic distribution in TRU Waste; simply that the methodology be
documented. ] '

Development of a Radionuclide Distribution for Sludge Fraction of Slndge-Contaminated Waste

The development of the radionuclide distribution in this section is performed per guidance outlined in
WSRC 18 SRS Waste Acceptance Criteria Manual, Procedure 2.02, Revision 7 (Reference 5).

Determining the Initial List of Radionuclides

WSRC 18 SRS Waste Acceptance Criteria Manual, Procedure 2.02, Revision 7, stipulates that the
characterization of each package of waste having a total activity greater than 2 nanocuries/gram must
consider the potential presence of any radionuclide that meets any one of three criteria:

1.  The radionuclide is identified in WSRC 1S SRS Waste Acceptance Criteria Manual, Procedure 3.17,
Low Level Waste Acceptance Criteria, Revision 7 (Reference 7), as being a Performance Assessment
(PA) or Safety Authorization (SA) Basis radionuclide for a specific Treatment, Storage or Disposal
(TSD) facility. For purposes of this distribution, we will use those PA and SA radionuclides for the
EAV.

2. The radionuclide could be present in the waste with a relative activity greater than 1.0% of the total
waste stream activity at the time of the characterization.

3. The radionuclide is a detectable transuranic or a fissile radionuclide.
The above criteria are hereafter referred to as “inclusion criteria.”
Based on the three inclusion eriteria and available process knowledge, the following list of 36 radionuclides

(Table 3.1) will be considered when developing the radionuclide distribution of waste packages
contaminated with sludge from the F-Area Tank Farm.
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Table 3.1, Radionuclides Important to Characterization of the Sludge Fraction
i of Sludge-Contaminated Waste
Inclusion Criteria
PA SA Potentially Present Detectable Fissile or
Radionuclide | Limiting | Limiting | At>1% Total Activity TRU Radionuclide
H-3 SA
C-14 PA
Ni-59 X
Co-60 X
Se-79 X
Sr-90 X
Y-90 Daughter of Sr-90
Tc-99 PA
Ru-106 N X
Rh-106 Daughter of Ru-106
Sb-125 X
Sn-126 X
1-129 PA
Cs-134 X
Cs-135 X
Cs-137 X
Ba-137m Daughter of Cs-137
Ce-144 X
Pr-i44 Daughter of Ce-144
Pr-144m Daughter of Ce-144
Pm-147 X
Eu-154 X
U-233 Detectable Fissile
U-234 PA
U-235 Detectable Fissile
U-238 PA
Np-237 Detectable TRU
Pu-238 Detectable TRU
Pu-239 Detectable Fissile, TRU
Pu-240 Detectable TRU
Pu-241 Deiectable Fissile
Pu-242 Detectable TRU
Am-241 Detectable TRU
Am-242m Detectable Fissile, TRU
Cm-244 X
Cm-245 Detectable Fissile, TRU

Page 3

Scaling factors for radionuclides known to be present in HLW tanks in the F-Area Tank Farms were
calculated from decay-corrected concentration data tables in the WCS (Attachments 1, 2, and 3; Reference
8). Consolidated waste siream averages for radionuclide concentration data and resultant scaling factors are
conservatively calculated to include only those tanks in the consolidation that contained the particular

radionuclide; i.e., zero concentrations were not included in the averages.
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Consolidating Sludge from F-Area Tank Farm

-

WSRC 1S SRS Waste Acceptance Criferia Manual, Procedure 2.02, Revision 7, allows for consolidation of
waste streams when the following two criteria are met:

"1. Performance Assessment radionuclide scaling factors do not vary from the proposed data set scaling

factor by more than a factor of 10, and

2. The fractional activity of the predominant radionuclides (predominant radionuclides being those that
make up 10% or greater of the activity) in each data set does not vary by more than a factor of 2 from
the fractional activity of the same radionuclide in the proposed data set. ;

Historical data for tanks under consideration for consolidation are summarized in Table 3.2.

-

Table 3.2, F-Area Tank Farm Sludge Tanks Historical Data
% % Avg. Avg.
Tank | Purex | Purex | Age, Age,
No HHOW | LHW | PHHW | PLHW Tank Use/Notes
1 61 39 41 39 Waste Removal
2 50 50 46 46 Waste Removal
3 50 50 43 43 | Waste Removal
4 97 3 31 31 Waste Removal
5 66 34 39 39 Waste Removal
6 100 33 Waste Removal
7 100 37 Waste Removal
8 22 78 35 25 Waste Removal
18 100 30 Waste Removal
19 100 27 Heel; contains zeolite
26 100 15 Evaporator Feed
33 100 16 F Waste Receipt
34 100 17 Storage
47 100 18 ‘Waste Removal

The tanks comntain exclusively Purex Waste with varying proportions of Purex High Heat Waste (PHHW)
and Purex Low Heat Waste (PLHW) of varying age (15-47 years), and are all utilized for either waste
removal, concentrate receipt, or evaporator feed.

‘Waste Tanks 17 and 20 were formerly used for waste removal and, accordingly, were included in
characterization documentation for F-Area Tank Farm siudge-contaminated waste. Tanks 17 and 20 have
subsequently been closed and grouted and will, therefore, no longer be used for management of wastes.

The scaling factors for PA radionuclides for each waste stream were then compared to determine what tatiks
could be consolidated based on whether they were within an order of magnitude from the mean set of
scaling factors for those tanks. This comparison resulis in the following proposed waste streams for the F-
Area Tank Farms:

Table 3.3. F-Area HLW Tank Farm Waste Streams
HLW Tanks Waste Stream Number
All active FTF Tanks except 19 FTK-00002-1
(1-8, 18, 26, 33, 34, 47)
19 FTK-00002-19

;
:
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The grouping of waste tanks per table 3.3 was made based on the following factors;

¢  All but one F-Area waste tank were grouped together in waste siream FTK-00002-1. The exception to i
this grouping includes Tank 19. Tank 19 contains spent zeolite resin, which, by virtue of its high 4
concentration of Cs-137, skews the radionuclide distribution for the sludge/zeolite layer. Tank 19
sludge is therefore characterized separately as waste stream FTK-00002-19. Zeolite resin in Tank 19
contains significantly higher Cs-137:8r-90 ratios than sludge solids.

TR R T T

¢  Fractional activities were within consolidation criteria set forth in WSRC 1S SRS Waste Acceptance
Criteria Manual, Procedure 2.02, Revision 7. Two exceptions to this exist in waste stream FTK-00002-
1, however. C-14 and U-234, PA radionuclides, are present in some tanks in this grouping, while not in
others. In addition, some tanks contain up to 3 orders of magnitude less C-14 than the fractional
activity in the average stream. The WAC 2.02, Revision 7, indicates that “these [consolidation] factors i
can be exceeded if it can be shown that the distribution used will be conservative, i.e., the reported '
activity will be greater than if the factors were within the guidelines,” In the case of C-14 and U-234 in
this waste stream, the scaling factors will be based upon an average of scaling factors for the tanks
containing the radionuclides, and applied to waste generated from all the tanks in this grouping.

Specific issues related to quantification of sludge-contaminated waste generated from these tanks are e
contained in Section 5. Analysis of combined waste streams FTK-00002-1 and FTK-00002-19 are ¢
documented in Attachment 2. The presence of each PA radionuclide, expressed as a fraction of the mean
scaling factor for each tank was calculated. In order to meet the first consolidation criteria, the PA
radionuclides must be present within an ordér of magnitude from the mean, or within a range of 0.1 to 10
times the mean scaling factor. All PA radionuclides in combined waste stream FTK-00002-1 meet this
ctiteria with the exception of C-14 in Tanks 1, 2, 3, 4, 5, 7, and 8, and U-238 in Tank 2, which are each
below this range. Since WSRC 1S SRS Waste Acceptance Criteria Manual, Procedure 2.02, Revision 7,
allows for exception to the consolidation criteria where it can be shown “that the. .. .reported activity will be
greater...,” as outlined in the first bullet above, the affected tanks can be grouped into this waste stream. By
virtue of being made up of waste from only one waste tank, all PA radiomuclides in waste stream FTK-
00002-19 meet the first consalidation criterion.

3
.
&
¥
:
&
EA

The second consolidation criterion applies to predominant radionuclides only. There are two predominant ’
radionuclides in these waste stream distributions, Sr-90 and its daughter Y-90. For waste stream FTK-
00002-1, the fracticnal activities of Sr-90 and Y-90 vary only slightly within the distribution of sludge; the
maximum variation from the proposed data set (the mean distribution) is well within a factor of 2, the
second criteria for consolidation. Again, by virtue of being made up of waste from only one waste tank, the
predominant radionuclides in waste stream FTK-00002-19 meet the second consolidation criterion.

The mean set of scaling factors and comparison of both scaling factors and predominant radionuclides is
presented in Attachment 4. Based on the results of this comparison, both consolidation criteria are met for
these two combined waste streams, and the sludge fraction of sludge-contaminated waste from tanks in
Table 3.3 may be consolidated into two waste streams, FTK-00002-1 and —19; the mean values will include
all tanks that contain the specific radicnuclide.

Excluding Radionuclides from Consideration

Under WAC 2.02, Revision 7, radionuclides that meet one of the inclusion criteria outlined in section 3.1
may be excluded from further consideration for a waste stream if one or more of the following conditions 0
exist: ' I

1. There is no reason to expect the radionuclide to be present in the waste stream.

2. For non-SA or -PA radionuclides, or non-detectable fissile or TRU radionuclides, the individual - ]
activity contribution is less than 1% of the total radionuclide activity. E
|
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The above criteria are hereafter referred to as “exclusion criteria;” exclusion results are presented in Table
3.4. - '

{(Note: WSRC 18 SRS Waste Acceptance Criteria Manual, Procedure WAC 2,02, Revision 7, also allows
, for exclusion from the waste stream distribution of radionuclides whose activities are below specific
analytical laboratory Maximum Allowable Lower Limits of Detection [MALLDs]. This exclusion criterion
will not be used for this process-knowledge-based characterization of sludge waste streams FTK-00002-1
and -19).

Of the 36 radiomuclides listed in Table 3.1, one SA radionuclide (H-3) is excluded because it is not
expected to be present in either waste stream; also, one PA. radionuclide (U-234), one-fissite radionuclide
{U-233), one TRU radionuclide (Np-237), and one fissile/TRU radionuclide (Am-242m} are excluded from
FTK-00002-19 because they are not expected to be present (Table 3.4). Of the radionuclides included
because they were expected to be present at more than 1% of total activity, an additional 14 are determined
to be present at Jess than 1% of the total activity in both waste streams. Three additional radionuclides (St-
90, Y-90, and Pm-147) are present at <1% in waste stream FTK-00002-19. Four of these radionuclides,
however, are retained in one or the other of the distributions (Co-60, Sb-123, and Eu-154 in FTK-00002-1
and Sr-90 and Y-90 in FTK-00002-19) since they are near 1% of total activity. Calculations supporting this
determination are summarized in Attachment 5.

T R T T TR T T
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“ Table 3.4. Radionuclides Excluded from
Consideration, Sludge Fraction

Radionuclide

Exclusion Criteria

Not Expected

Present at <1% (a)

FTK-00002-

FTK-00002-

1 19

1 19

H-3

X X

C-14

Ni-59

Co-60

X(b) X

Se-79

Sr-90

X(b)

Y-90

X(b)

Te-99

Ru-106

Rh-106

Sb-125

X(b)

Sn-126

>
b B

1-12%

Cs-134

Cs-135

> <
] P

Cs-137

Ba-137m

Ce-144

Pr-144

Pr-144m

B b

Pm-147

Fu-154

e E E

X(b)

1J-233

U-234

U-235

U-238

Np-237

Pu-238

Pu-239

Pu-240

Pu-241

Pu-242

Am-241

Am-242m

Cru-244

X X

Cm-245

(a) For those radionuclides included only because they were expected

to be present at =>1%

(b} Retained in distribution since they are close to 1% total activity
NOTE: Bold =PA/SA radionuclides

Development of the Sludge Fraction Distribution

Thirty-six radionuclides were determined to be important to characterization of the sludge in F-Tank Farm.
A number of these have been excluded per discussion in Section 3.3, leaving 24 and 16 radionuclides to be
quantified for waste streams FTK-00002-1 and -19, respectively. Current tank contents were used to update
the scaling factors to create an isotopic distribution for the two consolidated waste streams.

AL e e
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The radionuclides, their concentrations per gallon of sludge, corresponding mean scaling factors (to Sr-90),
and mean activity distribution in the waste streams are summarized in Table 3.5.

Table 3.5. Radionuclide Scaling Factors and Distribution for F-Area Tank Farm Shidge
Mean Activity Mean Secaling Factors Mean Distribution,
(Ci/gal) (Ci/Ci Sr-90) Normalized (%)
Radio- FTK-00002- FTK-00002- FTK-00062-
nuclide 1 19 1 19 1 19
C-14 1.54E-06 | 2.74E-07 | 1.10E-06 | 3.98E-06 | 4.88E-05 i.03E-06
Co-60 2.46E-01 1.29E-04 | 2.50E-03 L.11E-01 ,
Sr-90 6.84E+01 | 6.88E-02 | 1.00E+00 | 1.00E+00 | 4.44E+401 2.59E-01
Y-50 6.84E+01 | 6.88E-02 | 1.00E+00 | 1.00E+00 | 4.44E+01 2.59E-01
Tc-99 232E-02 | 231E-05 | 3.81E-04 | 3.36E-04 | 1.69E-02 8.71E-05
Sb-125 3.17E-01 | 4.27E-05 | 2.88E-03 1.28E-01
1-129 1.11E-07 | 1.10E-10 } 1.82E-09 | 1.59E-0% | 8.06E-08 4.13E-10
Cs-137 | 4.73E+00 | 1.35E+01 | 6.97E-02 | 1.97E+02 | 3.09E+00 | 5.10E+01
Ba-137m | 448E+00 | 1.28E+01 | 6.59E-02 | 1.86E+02 | 2.93E+00 | 4.83E+01
Pm-147 | 5.71B+00 | 6.81E-04 | 5.17E-02 2.30E+00
Eu-154 3.36E-01 | 2.72E-04 | 3.91E-03 1.73E-01
- 233 9.60E-12 6.91E-14 3.07E-12
1J-234 8.01E-08 5.76E-10 2.56E-08
U-235 1.69E-06 | 2.67E-08 | 7.94E-08 | 3.88E-07 | 3.53E-06 1.01E-07
U-238 1.04E-04 | 2.44E-06 | 4.68E-06 [ 3.55E-05. | 2.08E-04 9.20E-06
Np-237 | 9.98E-05 1.76E-06 7.82E-05
Pu-238 5.36E-02 | 1.00E-02 [ 2.95E-02 | 146E-01 | 1.31E+00 | 3.78E-02
Pu-239 2.62E-02 | 143E-03 | 3.71E-03 | 2.08E-02 | 1.65E-01 5.40E-03
Pu-240 5.44E-03 | 3.20E-04 | 8.67E-04 | 4.65E-03 | 3.85E-02 1.21E-03
Pu-241 1.21E-01 | 4.15E-02 | 1.80E-02 | 6.03E-01 ; 7.98E-01 1.57E-01
Pu-242 1.56E-06 | 6.58E-07 | 5.23E-07 { 9.56E-06 | 2.32E-05 2.48E-06
Am-241 | 2.34E-01 | 4.02E-03 | 4.23E-03 | 5.83B-02 | 1.88E-01 1.51E-02
Am-242m | 3.01E-04 3.91E-06 1.74E-04
Cm-245 | 3.81E-11 | 3.82E-14 | 6.27E-13 | 5.558E-13 | 2.78E-11 1.44E-13
Total 1.53E-+02 | 2.65E+01 | 2.25E+00 | 3.85E+02 | 1.00E+02 | 1.00E+02
Total TRU| 3.20E-01 | 1.58E-02
Other WAC Criteria

Comparison to Package Guidelines

Most sludge-contaminated waste will be disposed of in the E-Area Vaults (EAV). Administrative Waste
Package Radiological Concentration Guidelines apply to waste disposed of in the EAV. The guidelines
applicable to the Low Activity Waste Vault (LAWYV), that portion of the EAV reserved for low activity
waste, will be used for comparison since they are the most restrictive of the EAV facilities. Low activity
waste is defined as waste that will produce less than or equal to 200 mR/hr at 5 em from an unshielded final
disposal container. The average concentration of each PA radionuclide in the F-Area Tank Farm Sludge
Waste Streams (Attachment 3) and their corresponding LAWY limits (Reference 5) are summarized in
Table 3.6. Calculations supporting this comparison are in Attachment 6. LAWY limits are expressed in

Ci/ft® waste and Ci/90 fi® B-25 container.

pon v

TR TR

TR T T T T T e by e Ay
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Table 3.6. Comparison of Sludge Fraction of Sludge-Contaminated Waste to
- LAWY Limits
Sludge (Ci/gal) LAWY Limit Gallons of sludge in B-25 to
reach LAWY limit
Radio- | Stream Stream cite | Ci/B-25 Stream Stream
nuclide | FTK- FTK- FTK-06¢02-| FTK-00002-
00002-01 § 60002-19 01 19
A A, B C=B*90ft’| D=C/A, D,;=C/A,
C-14 | 1.54E-06 | 2.74E-07 | 2.50E-0512.25E-03 | 1.46E+03 3.21E+03
Tc99 | 2.32BE-02 | 231E-05 | 5.60E-05 | 5.04E-03 | 2.17E-01 2.18E+02
1-126 1 1.11E-07 | 1.10E-10 | 1.10E-08 | 9.90E-07 | 8.92E+00 9.00E+03
U-234 | 8.01B-08 1.10E-03 | 9.90E-02 | 1.24E+06 -
U-238 | 1.04E-04 | 2.44E-06 | 1.20E-03 i 1.08E-01 | 1.04E+03 4.43E+04

-
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From the container limits, the maximum volume of sludge that could be present in a B-25 container while
still meeting the LAWYV limits can be calculated. The most limiting isotope in waste stream FTK-00002-1
is Tc-99, for which more than (.2 gallons of sludge in a B-25 would cause the waste to excced the LAWYV
limit. The most limiting isotope in waste stream FTK-00002-19 is also Te-99, for which more than 218
gallons of sludge in a B-25 would cause the waste to excced the LAWYV limit. Sludge in the F-Area Tank
Farm contains exclusively Purex sludge with an average total radionuclide and total TRU activity,
respectively, for waste stream FTK-00002-1 of 153 and (.3 Ci/gallon and for FTK-00002-19 of 26.5 and
0.02 Cifgal (Table 3.7, Attachment 6). Accordingly, 0.2 gallons of FTK-00002-1 sludge to meet the
LAWYV for Tc-99 would be equivalent to 33 total Ci in a B-25, 0.07 Ci of which are transuranics; similarly,
218 galtons of FTK-00002-19 sludge would be equivalent to 33,400 total Ci in a B-25, 70 Ci of which are
transuranics. Per Table 3.7, for waste stream FTK-00002-1, a box with less than 1,5311b. of waste and 0.2
gallons or more of sludge will fail TRU limits. For waste stream FTK-00002-19, the limiting amount of
sludge would be equivalent to an amount that would exceed the TRU limit and would not be disposed of in
the LAWYV, In practice, very few waste boxes fail TRU limits. Any such box will, upon entry into WITS,
be flagged as TRU and not be sent to the LAWYV,

_Tabie 3.7; Comparison of Maximum Amount of Sludge Present to Meeét LAWYV
AR | RU Criteria__~ o -
- > et - Averaze
( Ci/: total TRU
- gallon . .Cil
" sludge - B-25at
~criteria o LAWY
S RS : limit
FTK-00002- A LB pEC=ARBY - | E=(DiBy*C
1 2.17E-01 1.53E+02 | 3.32E+01 | 3.20E-01 6.95E-02
19 2.18E+02 2.65E+01 | 3.34E+04 | 1.58E-02 | 6.98E+01
TRU nCi/g Minimum waste weight
at maximum in a B-25 at LAWY
waste weight limit to not be TRU
(5000 1b} waste
in a B-25 at (Ib)
LAWY limit
FTK-00002- =(E*1E+09nCi/Ci) / =(E*1E+09nCi/Ci) /
(5000 1b*454 g/lb) (454 g/tb*100 nCi/g)
1 3.06E+01 1.53E+03
19 3.08E+04 1.54B+06
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3.5.2  Sum of Fractions Calculation,

- -

For acceptance of waste packages sent to the LAWYV, the radiological content of the waste package must be
compared to the administrative guidelines and shown to satisfy the sum-of-fractions criteria where:

activity concentration of isotope A/limit of isotope A i
+ activity concentration of isotope B/limit of isotope B.......
+ activity concentration of isotope N/limit of isotope N
<1

Table 3.8 calculates the maximum concentration of sludge on sludge-contaminated waste in order for the 3
sum-of-the-fractions criteria to be met, Calculations supporting this comparison are in Attachment 6.

TP

Table 3.8. Sum-of-Fractiops for Sludge Fraction of Sludgé-Contaminated Waste

= Cifgal sludge ci/it’ sludge ft’ sludge / 1t° waste | -"'Ci!ft3Waste__= | LAWY Fkact_i_oh:

Co e A (Cifey .
A B=A*7.4%8 C CHDEBRC L E CUED/E

A R T T

FTK- | FIK- FTK- FTK- FIK- | FTK- | FTK- | FIK- FIK- | FIK- :
00002-1 | 00002-19 | 00002-1 | 00002-19 | 00002-1 | 00002-19 | 00002-1 |00002-19 000021 | 0000219 | |

H-3 1.10E+01 L
C-14 | 1.54E-06 | 2.74E-07 | 1.15E-05 | 2.05E-06 | 3.15E-04 | 3.07E-01 | 3.63E-09 |6.29E-07| 2.50E-05 | 1.45E-04 | 2, 52E-(2
Tc-99 | 2.32E-02 | 2.31E-05 | 1.74E-01 [ 1.73E-04 | 3.15E-04 { 3.07E-01 | 5.46E-05 |5.30E-05( 5.60E-05 { 9.75E-01 | 9.47E-01
1-129 | 1.11E-07 { 1.10E-10 | 8.30E-07 | 8.23E-10 | 3.15E-04{ 3.07E-01 | 2.61E-10 [2.52E-10| 1.10E-08 | 2.38E-02 | 2.30E-02 .
U-234 | B.01E-08 5.99E-07 3.15E-04 | 3.07E-01| 1.89E-10 1.10E-03 | 1.71E-07
U-238 | 1.04E-04 | 2.44E-06 | 7.78E-04 | 1.83E-05 | 3.15E-04| 3.07E-01| 2.45E-07 |5.60E-06] 1.20E-03 | 2.04E-04 | 4.67E-03 :
Sum-of-Fractions 9.99E-01

Tc-99 dominates the sum-of-the-fractions criteria for both waste streams FTK-00002-1 and -19. Primarily
based on this dominance, the criteria are met for waste streams FTK-00002-1 and FTK-00002-19,
respectively, for a maximum of 3.15E-04 fi3 and 3.07E-01 fi3 of sludge for each 1£i3 of waste, which
equate to 0.2 gallon of sludge (2.83E-02 £i3) for FTK-00002-1 and 207 gallon of sludge (2.76E+01 fi3) for
FTK-00002-19 per each 90 ft3 volume B-25 container (Attachment 6 and Table 3.9). This is equivalent to
3.24E+01 total Ci and 6.78E-02 Ci of transuranic isotopes of sludge in a B-25 for waste stream FTK- :
00002-1 and 5.47E+03 total Ci of sludge and 3.26E+00 Ci of transuranics of sludge in a B-25 for FTK-
00002-19 (Table 3.9).

For waste stream FTK-00002-1, any B-25 waste container containing 6.78E-02 Ci (or 6.78E+07 aCi) of ?
transuranics must contain 6.78E-+05 g (or 1,493 1bs) or more of waste (compared to the 5000 1b maximum E
waste weight per B-25 container) in order to be within the TRU limit of 100 nCi/g total transuranics (Table k
3.9; Attachment 6). For waste stream FTK-00002-19, the limiting amount of sludge would be equivalent to
an amount that would exceed the TRU limit and would not be disposed of in the LAWYV. In practice, very
few waste boxes fail TRU limits. Any such box will, upon entry into WITS, be flagged as TRU and notbe
sent o the LAWYV,

!
b
;
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Table 3. 9 Comparlson of Maximum Amount of Sludge Present to Meet LAWV Sum-of:Fractions -
: . ; imits to TRI] Criteria

TRU nCi/g m_“

Max:mnm Maximum Average Maxinum’ Mlmmum b
ft* sludge gallons of total TRU total TRU |- waste weight | B-25 to meet
per ft’ sliudge in a Ci/ gallon ‘Ciofa | ofasingle: sum-of-
wasteto | single B-25. | . sludge .- smgl_e B-25- | B-25 to-meet |  fractions
_meétsum- | tomeetsum | * to meet TRU . |- cntena at
of-fractlons of fractions. suim-of- limit of 100 -~ 5000 1b
ol criteria criteria fractions nCi/g. .. | manmum
T criteria © il waste weight
i _ =27 of a B-25
A B=A*90ft"/B-- C D=B*C | =(D*E+09 |- <(D*1E+09:
L 25*7.48 ‘ - ~ nCifCh /- nCi/Ci)/ -
gal/ i (100nCi/g | (50001b*454
AR R |5 *454 g/lb) glb)
0002-1- 3.15E-04 2.12E-01 3.20E-01 6.78E-02 1.49E+03 2.99E+01
0002-19 3.07E-01 2.07E+02 1.58E-02 3.26E+00 7.18E+04 1.44E+03

Nuclear Criticality Safety Criteria

Sludge-contaminated LLW from F-Area Tank Farm Waste Streams contains an insignificant quantity of
fissionable material to impact nuclear criticality criteria.
Attachiment 6. Table 3.10 shows the maximum quantity of sludge that could be placed in a B-25 prior to
exceeding the 50 g FGE U-235, This is equivalent to 33.9 and 978 gallons of sludge in a B-25 for waste
streams FTK-00002-1 and -19, respectively, significantly exceeding TRU criteria for a waste box, Any
such box will not be sent to the LAWYV for disposal, therefore protecting this requirement.

Calculations supporting this comparison are in

Table 3.10. Calculation of FGE Equivalent
for Sludge Fraction of Sludge-Contaminated Waste
Maximum
Activity | gallons of [ Maximum Maximum
in sludgein a| Curies Specific mass | Equivalence FGE
Radio- | blended | B-25to |sludgein a| activity |(grams)in factor U-235(g)
nuclide | sludgee [meet FGE B-25 (Ci/g) aB-25
(Ci/gal) |equivalent
A B C=A*B D E=C/D F G=E*F
Waste Stream FTK-00001
U-233 | 9.60E-12 339 3.25E-10 [ 9.648E-03 | 3.37E-08 14 4.72E-08
U-235 | 1.69E-06 339 5.73E-05 | 2.16E-06 | 2.65E+01 1.0 2.65E+01 -
Pu-239 | 2.62E-02 339 8.88E-01 |6.132E-02 | 1.45E+01 1.6 2.32E+01
Py-241 | 1.21E-01 339 4.10E+00 | 1.034E+02| 3.97E-02 3.5 1.39E-01
Am-242m| 3.01E-04 339 1.02E-02 |9.717E+00| 1.05E-03 54.0 5.67E-02
Cm-245 | 3.81E-11 339 1.29E-09 | 1.716E-01 | 7.53E-09 24.0 1.81E-07
Waste Stream FTK-000019

U-235 |[2.67E-08 978 2.61E-05 | 2.16E-06 | 1.21E+01 1.0 1.21E+01
Pu-239 | 1.43E-03 978 1.40E+00 | 6.20E-02 | 2.28E+01 1.6 3.65E+01.
Pu-241 | 4.15E-02 978 4.06E+01 {1.034E+02| 3.92E-01 35 1.37E+00
Cm-245 | 3.82E-14 978 3.74E-11 | 1.716E-01 | 2,18B-10 24.0 5.22E-09
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Documentation of the Sludge Fraction Distribution

-

Low level waste stream forms for F-Area Tank Farm Waste Streams, FTK-00002-1 and FTK-00002-19,
included as Attachment 7, document the distribution from F-Area Tank Farms Waste Streams. For those

. packages determined to contain sufficient sludge to be determined mixed and/or transuranic, appropriate

waste stream forms will be provided for each package.

Supernate Fraction of Sludge-Contaminated Waste

Radionuclide Distribution

The radienuclide distribution for the supernate fraction of sludge-contaminated waste has been previously
determined and documented. “HLW Supernate Radionuclide Characterization,” WSRC-TR-94-0290,
Revision 3, April 19, 1999 (Reference 9), identifies 14 radionuclides present in supernate waste. This waste
stream represents a single, comprehensive and conservative characterization/certification for all supernate in
both F- and H-Areas. The waste stream consists primarily of Cs-137 and its daughter Ba-137m, which
together comprise 97% of the total activity in supernate. The fourteen isotopes determined to be present in
supemmate waste, their relative activity and scaling factors (to Cs-137) for this waste stream are reproduced
in Table 4.1,

Table 4.1. Validated Radionuclide Distribution
and Sealing Factors for HLW Supernate
Normalized Scaling Factors
Radionuclide Distribution (%) (Ci/Ci Cs-137)
H-3 2.01E-01 4.00E-03
Co-60 1.71E+00 3.40E-02
Sr-90 4.73E-02 9.30E-04
Te-99 9.15E-03 1.80E-04
1-129 1.11E-05 2.10E-07
Cs-137 5.03E+01 1.00E+00
Ba-137m ' 4.73E+01 9.40E-01 )
U-233 2.62E-04 5.20E-06
U-234 7.14E-05 1.40E-06
Pu-238 2.51E-01 5.00E-03
Pu-239 2.92E-03 5.90E-05
Pu-240 1.31E-03 2.60E-05
Pu-241 1.91E-01 3.80E-03
Am-241 1.81E-02 3.50E-04
Total 1.00E+02

ODther WAC Criteria

Comparison of supernate waste to other WAC requirements has been performed previously (Reference 9).
The following determinations were made for supernate waste:

. A B-25 container 90% full (81 ft* waste) can contain up to 0.36 gallons of supernate (1.8 Ci Cs-
137), approximately 50-200 times the estimate of supernate expected in a typical B-25 before it is
expected to exceed the LAWYV Administrative Waste Package Radiological Concentration
Guidelines

. Supernate waste passes the sum of fractions calculation
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. Supernate waste contains an insignificant quantity of fissionable material to impact nuclear
criticality criteria”

Documentation of Supernate Fraction Distribution

Low Level waste stream form FHW-00001, previously submitied for approval to the Solid Waste Division,
and included in Attachment § for information, will be used to document the supernate fraction distribution
of sludge waste.

Quantification

Quantification of Sludge and Supernate Fractions

Quantification of radionuclides in sludge-contaminated waste requires quantification of both the supernate
and sludge fractions in each waste cut. Independent quantification of Sr-90, indicative of the sludge
fraction, and Cs-137, indicative of the supernate fraction, is key to accurate characterization of sludge-
contaminated waste. Both the studge and supernate fractions and their scaling ratios to $r-90 and Cs-137,
respectively, are reproduced in Attachment 9,

Scaling factors for the sludge fraction are tied to Sr-90. Although Sr-90 is present in the supernate fraction,
it comprises less than 1% of total activity in the supernate fraction. For this reason, all Sr-90 identified in
the sludge-contaminated waste will be attributed to the sludge fraction. Scaling ratios developed for the
sludge fraction will be applied to the Sr-90 identified in sludge-contaminated waste.

Scaling factors for the supernate fraction are tied to Cs-137. Although Cs-137 is present in the sludge
fraction, it typically comprises less than 5% of total activity in the sludge fraction (as is the case for waste
stream FTK-00002-1). Waste stream FTK-00002-19 is a distinctly separate case, in that 99% of the activity
in the sludge fraction is from Cs-137 and its daughter Ba-137m. Similarly, 98% of the activity in the
supernate is from Cs-137 and its daughter Ba-137m. Application of the radionuclide distributions of waste
streams FTK-00002-1 and -19 to quantification of waste from individual waste tanks will be performed on a
case-hy-case basis, based on available activity data and process knowledge.

The two fractions of sludge-contaminated waste will be manifested separately. The dose of Cs-137 and Sr-
90 will be entered into two separate waste streams in WITS, representing the sludge and supernate
fractions, respectively, which will calculate curies attributed to each radionuclide identified in the respective
distributions. The two waste streams will be combined in WITS to create a single manifest.

Quantification of Job Control Waste and other Compactable Sludge-Contaminated Waste

The relative ease with which gamma radiation from Cs-137 is detected makes estimation of the curie
content of the supernate fraction of waste straightforward. Dose-to-curic methodologies for quantification
of Cs-137 on waste containers have been developed and are currently in use (References 9 and 10).

Sr-90, a low-energy beta emitter, is not easily measured. Although a Beta Screening Tool (BST) has been
developed as an improved alternative method for providing a dose associated with Sr-90 (Reference 11),
the BST methodology has not yet been implemented for waste quantification purposes. Until such time as
the BST is field implemented, the actual quantity of Sr-90 present in the sludge fraction must be estimated
by some other means. :

The most conservative approach in quantification of a waste cut is to assume that all measured Cs-137 is
attributed to both supernate and sludge fractions. For the sludge fraction, the known 8r-90 to Cs-137 ratio
is utilized to estimate the maximum Sr-90 that could be present on the waste cut. This approach results in
double-manifesting of the Cs-137, over-manifesting of virtually all of the remaining radionuclides, and
significantly over-estimating the sludge fraction.

T
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It is preferable, therefore, to determine an appropriate split of the measured Cs-137 that can be attributed to
the supernate and sludge Tractions. In determining the appropriate split between these fractions, one must
consider the effects of overestimating one fraction or the other. Over-estimating the sludge fraction will
result in

¢ under-manifesting of radionuclides attributed to supemate only (in this waste stream, the only
radionuclide fitting this description is tritium, a PA radionuclide, present at 0.2% of total supernate
activity), and

s  over-manifesting of transuranics (a higher level of transuranics are present in sludgé).

Over-estimating the supemate fraction will result in under-manifesting of radionuclides present in the
sludge fraction only.

Determination of the split of Cs-137 contributed from the sludge and supemate fractions will be performed
on a case-by-case basis for F-Area high level waste packages.

Quantification of Non-Compactable Sludge-Contaminated Waste

Estimation of the quantity of Cs-137 present on non-compactable waste, such as equipment or HEPA filters,
is performed on a case-by-case basis. This is done by individual Dose-to-Curie runs, which take into
account the specific geometry of the waste (Reference 12). Solid Waste Management Department
personnel perform these runs.

Application of BST methodology to non-compactable waste to determine the amount of Sr-90 present is not
appropriate since the waste itself shields beta radiation and would result in unrealistically low measured
values, Estimation of Sr-90 present in cuts of non-compactable waste will be performed by estimation of
the amount of Cs-137 attributed to the sludge fraction in combination with the known relationship between
Sr-90 and Cs-137. This will be performed on a case-by-case basis.

Periodic Validation

Provisions of Procedure WAC 2.02, Revision 7 (Reference 5), require generators of routine wastes,
including sludge-contaminated waste, to review and confirm the certification of each waste stream at least
every two years, Since samples of supernate are routinely pulled and analyzed, validation of the supernate
fraction is performed on this frequency.

Sludge sanmpling has been conducted on a very limited basis during development of DWPF design bases.
Additional sludge samples have not been collected to date due to high cost and personnel exposure. For
this reason, future validation performed of the sludge fraction will utilize process knowledge and analytical
data as available.
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Attachment 2

WCS Sludge Inventory
Reference Date: September 11, 2002
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WSRC-TR-2000-00215, Rev, 1

Attachment 3

Calculation of Scaling Factors from WCS Concentration Data
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Attachment 4

Comparison of F-Area Tank Farm Sludge Scaling Factors for Consolidation
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F-Area Tank Farm Sludge Waste Streams Exclusion Criteria
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Attachment 5. F-Ar¢a Tank Farm Sludge Waste Streams .
Exclusion Criteria B
: Distribution g
Mean Mean :
Mean Ci/Ci| Distribution | <1% of Not RADs remaining | distribution | Re-normalized L
Isotope Sr-90} {55 dist?{a} | Expected I after excl criteria | (percent) | distribution i
|Waste Stream FTK-00002-1 P
H3 % Bold = PA , 2
C-14 1.10E-06 | 4.88E-05 c-14 4.88E-05 4.88E-05 radionuclidss
Ni-59 7.48E-05 3.32E-03 yes
Co-60 | 2.50E03 | 1.11E-0% yes(b} Co-60 111E01 | 1.11E-D1
Se73 2.20EQ5 9.78E-04 yes
8r-g0 1.00E+00 | 4.44E+01 no S5r-90 4.44E+01 4.44E+(1 {a} radionuclides ;
¥Y-90 1.00E+00 4. 44E+01 ne . ¥Y-90 4.44E+0% 4.44E+01 included only %
Te-99 3.81E-04 1.69E-02 Tc-99 1.68E-02 1.69E-02 becauss they were N
Ru-106 | 6.51E-05 | 2.89E-03 yes ] expecled to be
Rh-106 | 6.51E-05 2.89E-03 yes present >1%
Sb-125 2.88E-03 1.28E-01 yes(b) Sb-125 1.28E-01 1.28E-01
Sn-128 | 4.10E-05 1.82E-03 yes "
1129 1.82E-08 8.06E-08 - 1129 8.06E-08 8.06E-08 )
Cs-134 | 2.14E-05 | 9.49E-04 yes (b} retained in
Cs-136 | 2.55E-07 1.13E-05 ves distribution since
{Cs-137 6.97E-02 3.09E+00 no Cs-137 3.09E+00 3.09E+00 they are close to 1%
Ba-137m | 6.58E-02 | 2.42E+00 ne Ba-137m 292E+00 | 2.93E+00 of total activity :
Ce-144 | 1.76E-05 | 7.80E-04 yes b
Pr-144 | 1.76E-05 | 7.80E-04 [, vyes &
Pr-i44m | 1.76E-05 | 7.80E-D4 yes ‘
Pm-147 | S.17E-02 2.30E+00 na Pm-147 2.30E+00 2.30E+00 .
Eu-154 3.91E-03 1.73E-01 yes(b) Eu-154 1.73E-01 1.73E-01 ’;
U-233 | 6.91E-14 | 3.07E-12 U233 3.07E-12 3.07E-12 3
U-234 5.76E-10 2.56E-08 U-234 2.56E-08 2.56E-08 3
U-235 7.94E-08 3.53E-086 U-238 3.53E-08 3.53E-06
uU-238 4,68£-06 2.08E-04 U-238 2.08E-04 2.08E-04
MNp-237 1.76E-06 7.82E-05 Np-237 7.82E-05 7.82E-05
Pu-238 2.95E-02 1.HE+00 Pu-238 1.31E+00 1.31E+G0 S
Pu-239 3.7T1E-03 1.65E-01 Pu-239 1.65E-01 1.65E-01 :
Pu-240 8.67E-04 3.84E-02 Pu-240 3.84E-02 3.85E-02 b
Pu-241 1.80E-02 7.88E-01 Pu-241 7.98E-01 7.98E-01 x
Pu-242 5.23E-07 2.32E-05 Pu-242 2.32E-05 2.32E-08 3
Am-241 4.23E-03 1.88E-01 Am-241 1,88E-01 1.88E-01
Am-242m | 3.91E-06 1.74E-04 Am-242em 1.74E-04 1.74E-04
Cm-244 | B.11E-O7 3.60E-05 yes
Cm-245 1 6.27E-13 2.78E-11 Crm-245 2.78E-11 278E-11
i
Total 2.26E+00 1.00E+02 Total 1.00E+02 1.00E+02
Waste Stream FTK-00002-19
H-3 X
G-14 3.98E-08 1.03E-08 c-14 1.03E-06 1.03E-06
Co-60 1.88E-03 4.87E-04 ves
Ni-58 2.34E-04 B6.07E-05 yes
Se-79 1.93E-05 5.02E-06 yes )
Sr-90 1.00E+00 2.59E-01 yas(b) Sr-80 2.59E-H1 2.59E-01 ;
¥-90 | 1.00E+00 | 2.59E-01 yes(b) Y90 259E-01 [ 2.58E-01 !
Tc-98 3.36E-04 8.71E-05 Tc-99 8 71E-GS 8.71E-05 v
Ru-108 | 4.89E-08 1.27E-08 yes i
Rh-106 | 4.89E-08 1.27E-08 yas
Sh-125 | 6.20E-04 1.61E-04 yes
Sn-126 3.59E-056 9.32E-06 yas
1129 1.59E-09 4,13E-10 1129 4,13E-10 4.13E-10
Cs-134 1.70E-06 4.41E-07 yas
Cs-135 | 2.24E-07 5.61E-08 yes
Cs-137 | 1.97E+02 5.10E+(1 ne Cs-137 5 10E+D1 5.10E+01

Ba-137m | 1.86E+02 | 4.83E+01 no Ba-137Tm 4 83E+01 4.83E+01
Ce-144 | 5.85E-10 1.52E-1¢ yes :
Pr-i44 5.85E-10 1.62E-10 yas

I
¥
¥

Pr-144m | 5.85E-10 1.52E-10 yes
Pm-147 | 9.89E-03 | 2.56E-03 yes
Eu-154 | 385E-03 | 1.02E-03 yes ;
u-233 x i
u-234 X i
u-zas | 3.88E-07 | 1.01E-07 U-235 1.01E07 | 1.0M1E-07 .
U-238 | 3.55E-05 { 9.20E-06 U238 9,20E-06 | 9.20E-06
Np-237 X _ . f
Pu-238 | 1.46E-1 | 3.78E02 Pu-238 3.78E-02 | 3.78E-02 !
Pu-239 | 2.08E-02 | 5.40E-03 Pu-23% 540E-03 | 5.40E-03 i
Pu-24Q¢ | 4.65E-03 1.21E-03 Pu-24¢ 1.21E-03 1.21E-03 :
Pu-241 | B.03E01 | 1.57E-01 Pu-241 157E-01 |  1.57E-D4 ;
Pu-242 | 9.56E-06 | 2.48E-06 Pu-240 248E-06 | 2.48E-08
am-241 | 583602 [ 4.51E-02 Am-244 1.51E-02 | 1.51E-02
Am-242m : x E
Cm-244 | 8.38E-07 | 247807 yes {
Cm=245 | 555613 | 1.44E-13 Cm-245 1.44E-13 | 1.44E13
i
Tolal 3.85E+02 | 1.00E+02 Totat 1.00E+02 [ 1.00E+D2 :
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Attachment 6

Comparison of F-Area Sludge Waste Against WAC 3.17, Rev. 7, Requirements
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Aijtachment &
Comparison of F-Araa Sludge Wasle Against WAC 3.17, Rev, 7, Requirements

lsotepe

H-3
G-14
Tc-99
129
U234
U-238

uU-233
uU-235
Pu-232
Pu-241
Am-242m
Cm-245

Isotope
Isofope Axerage Cifgal
H3 ‘

C-14 1.54E-06
Te-99 2.32E-02

1-129 1. 1E-G7
U-234 8.01£-08
U-238 1.04E-04

Isolope
Average Cifgal

1.54E-06
2.32E-02
1.H1ED7
8.01E-D8
1.04E-04

3 sludge/ft3 waste
ft3 sludge/B-25

Gal sludge/B-25
Equivalent Curies

Specific Activity  Activity in Sludge

Cifg
9.648E-03
2.160E-06
6.132E-02
1.034E+02
9717E+0D
1.716E-01

Gal Sludge
Equiv Cyries

LAWY limit
cifitd

1 10E+01
2.50E-05
5.60E-05
$.10E-08
1+ 10E-03
1.20E-03

Sum of Fractions Calculation {Seclion 3.5.2

Cifft3 sludge

1.15E-05
1.74E-(1
8.30E-07
5.99F-07
7.18E-04

315E-04
2.82£-02
292801
3.24E+01%

Nuclear Crilicality Safetv Criteria {Section 3.5.3)

Cifgal sludge
9.60E-12
1.69E-06
2.62E-02
1.21E-01
3.01E-04
3.89E-11

339
5.19E+03

Cifor B-25 (gal) = LAWY Iimit in B-25/skudge aclivity Tota! Curies in B-25 TRU Curies
9.90E+02
2.25E-03 1.46E+03
§.04E-03 2.17E-01 3.32E+01 6.95E-02
9.90E-07 8.92E+00
9.90E-02 1.24E+06
1.08E-01 1.04E+03
Actlvity, blended waste 1.53E+02 Cifgal
LAWY limit TRU Curies/Total Curies = 2.09E-53
Gitit3 waste Cifit3 Fraction
Tota! TRU = 3.20E-01
1.10E+D4
3.63E-09 2.50E-05 1.45E-04 Np-237 9.98E-05
5.46E-05 5.80E-05 6.75E-01 Pu-238 5.36E-02
2.61E-10 1.10E-08 2.38E-02 Pu-239 2.62E-02
1.89E-10 1.10E-02 ~ 1.71E-07 Pu-24G6  5.44E-03
2.45E-07 1.20£-03 2.04E-04 Pu-242  1.56E-06
Am-241 2.34E-01
Tetal 9.99E-01 Am-242m  3.01E-04
. Cm-245 3.81E-11
max amount of sludge in a B-25 to meet Sum of Fractions Limit
TRU curies B.78E-02 min Ib wt 1o be TRU
nGilg et maxwt  2.99E+01 1493.176116
Ci Mass (g) Equiv Fastor FGE
3.25E-10 3.37E-08 1.4 4.72E-08
5.73E-05 2.65E+01 1.0 265E+01
8.88E-01 1.45E+01 1.6 2.32E+01
4.10E+H00 3.97E-02 35 1.39E-01
1.02E-02 1.05E-03 540 567E-02
1.26E-09 7.53E-09 24.0 1.81EQ7
Total 4.99E+01

Comparison Against WAC 3.17, Rev. 7, Reguirements - Waste Stredam FTK-00602-1
- -

Comparison to Package Guidslines (Section 3.5.1)

LAWYV limit  Amt Isotope in B-25 fo reach LAWY Limit

for 5000 1b min waste
nCilg wi to not
be TRU

30.62265 1531.132

Cirgal

fsolope

H-3
C-14
Te-99
1-129
u-234
U-238

Isolope

H-3
C-14
Te-99
-129
U-234
U-238

Isctope
Average Cifgal

2.74E-07
2.34E-05
1.1CE-10

2 A4E-08

Isotope
Average Cifgal

2.74E-07
2.31E-05
1.1CE-10
2.44E-06

fi3 sludgefit3 waste

13 sludgef8-25

Gal sludge/B-25
Equivalent Cures

Comparison o Packace Guidelines (Section 3.5.1

LAWYV [Imit
cifft3

1.10E+1
2.5CE-05
5.60E-05
1.1CE-08
1.10E-03
1.20E-03

Sum of Fractions Galculation {Section 3.5.2

CHft3 sludge

2.05E-06
1.736-04
8.236-10

1.83E-05

3.67E-01

2.76E+01
2.067E+02
5.47E+03

Nuglear Crilicality Safety Criteria [Seglion 3.5.3)

U-233
u-238
Py-239
Pu-241
Am-242m
£m-245

Specific Aclivity  Activity in Sludge

Cifg
0.648E-03
2.160E-06
6.132E-02
1.034E+02
9.71TE+00
1.716E-01

Gal Sludge
Equiv Curies

CHgal sludge
2.67£-08
1.43E-03
4.15E-02
3.82E-94

977.9
2.59E+04

Comparison Against WAC 3,17, Rev. 7, Requirements - Waste Stream FTK-00002-19

LAWY fimit  Amnt isotope in B-25 10 reach LAWY Limit
Cifor B-25  (gal) = LAWYV limit in B-25/sludge activily Total Curies in B-25 TRU Curies
9.90E+02
2.25E-03 8.21E+03
5.04E-03 2.18E+02 3.34E+04 6.98E+01
9.90E-07 9.00E+03
9.90E-02
1.08E-01 4.43E+04
Aclivity, blended wasle 2.65E+01 Cifgal
LAWY [Imit TRU Curies{Total Curies = 5.95-04
Cift3 waste cifftd Fraction
Total TRU= 1.58E-02
1.10E+01
6.29E-07 2.50E-05 2.528-02 Np-237
5.30E-05 5.66E-05 9.47£-01 Pu-238 1.00E-02
2.528-10 1.10E-08 2.30E-02 Pu-23% 1.43E-03
1.10E-03 Pu-240  3.20E-04
5.60E-08 1.20E-03 4.67€-03 Pu-242 6.58E-07
Am-241 4.02E-03
Total 9.99E-01 Am-242m
Cm-245 3.82E-14
raax amount of sludge in a B-25 te meat Sum of Fractions Limit
TRU curies 3.26E+00 min b wt to be TRU
nGilg st maxwt  1.44E4+02 71752.31018
Gi Mass (g) Equiv Factor FGE
1.4
2.61E-05 1.21E+01 1.0 1.21E+01
1.40E+00 2.28E+01 186 3.65E+01
4.06E+01 3.92E-01 s 1.37E+00
54.0
J.74E-11 2.48E-10 24.0 5.22E-09
Total 4.99E+01

for 5000 Ib min waste
aCify wi to not
be TRU

30755.21 837761

Cifgal
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WSRC-TR-2000-00215, Rev, 1

Attachment 7

Waste Characterization Forms for Sludge Fraction,
FTK-00002-1 and FTK-00002-19
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OS8R 29-824 (Rev 1-14-2003)

Ref. 18 Manual, Appendix A-17 Instruétions

EAV Low Level Waste Stream Characterization = - -

1. Waste Stream ID
FTK-00002-1

2. Generating Facility
FTF

3. Waste Organization
F-Area Tank Farm

4, Building Name
241-F

5. Effective Date
6/30/2002

6. WITS Stream Description

Shudge contaminated waste from FILW tks 1-8, 18, 26, 33, 34, and 47

- 7. Reason for Submittal
Re-characterize Stream

8. WSCF No.

9. Rev
2

10. Activity Generating Waste

11. Physical Form

-|12. TSD Facility/Location

F Tank Farm Operations Combustible EAV - Law Vault - 1
13. Valid Calculation Method for Waste [_]1Char by Pack 14. STC Constant 15. STC Min Value 16. DTC Waste Form
[ Dose-to-Curie [1Smear to Curie Curies or RAD Weight { N/A N/A N/A
17. Assigned Container Types 18. DTG Containers 9. Waste Descripfion Vol %
B-12 (14) NIA Contaminated Equipment 50
B-25 (Yellow)-Light (6} Job Control Waste 150
B-25 (Yellow) 625# (733) :
55-gal Drum (A, 7A) {15)
Riser Plug Box (945) _ .
Any dpproved contuiner (WTT-‘-) ‘}’H’lcﬁ -
20. WITS ID 21. Tech Baseline 22. Contalner Document No. [23. Deviation Document No. [24. CERCLA 25. Waste < 2 nCifg
FTKODDO21-LLW WERC-2000-00215, Rev.1 N/A N/A DYes No DYes No
26. Source(s) 27. PCB Category LTPCE Bulk D NiA | 1PcB Article
[1Yes DINo [ PGB Leachable LJPCB Remediation "] PCB Laboratory [] PCB Decontamination

28. Comments

29. Meas Tech
(] Sample and Analysis

X Process Knowledge

30. Waste Incidental to
Reprocessing (WIR} —Evaluation Document No.

LI NA

31. Currently Assigned Isotopes

Isotope Cl % Basis for Exclusion (PA isotopes only) {sotope Ci% Basis for Exclusion*
c-14 4.88E-05 Am-242m 1.74E-04
Co-60 1.11E-01 Cm-245 2.78E-11
Sr-80 4.44E+01
Y-00 4.44E+01 H-3 Not present
Tc-99 1.69E-02
Sb-125 1.28E-01
129 8.06E-08
Cs-137 3.09E+00
Ba-137m 2.93E+00
Pm-147 2.30E+00
Eu-154 1.73E-01
U-233 3.07E-12
U-234 2.56E-08
U-235 3.53E-08
U-238 2.08E-04
Np-237 7.82E-05
Pu-238 1.31E+00
Pu-239 1.65E-01
Pu-240 3.85E-02 _
Py-241 7.98E-01
Pu-242 2.35E-05
Am-241 1.88E-01 ST
' 00 4o
Total |00+ Zrgs50-y, 2
32. GCO Name 33. GCO Address 34. GCO Phone
P. J. Riley ‘ 2420026 J 2-4425 ,
35, i e Date; Envirgfimental Gompliandd Authority Signature Date /7
103 | e P et s
Solid Waste Generator Sefvice Approval Date WITS Data Inﬁu%ure' Ddte 7

of the waste.”

**Generator Certification Statement: "I certify that to the best of my knowledge, the data submitted provides a true and accurate description




OSR 29-82# (Rev 1-14-2003)

Ref

. 1S Manual, Appendix A-17 Instructions

EAV Low Level Waste Stream Characterization . .

>

Ol Sample and Analysis

B Process Knowledgs

Reprocessing (WIR) — Evaluation Document No,

1. Waste Stream 1D 2. Generating Facility 3. Waste Organization 4. Bullding Name 5. Effective Date
FTK-00002-19 FTF F-Area Tank Farm 241-F 6/30/2002

6. WITS Stream Description 7. Reason for Submittal 8. WSCF No. 9. Rev
Sludge Contaminated HLW Tk 19 Re-characterize Stream

10. Activity Generating Waste 11. Physical Form 12. TSD Facility/Location

F Tank Farm Operations Combustible EAV - Law Vault - 1

13. Valid Calculation Method for Waste [ ] Char by Pack 14. STC Constant 16. STC Min Value 16. DTC Waste Form

] Dose-to-Curie [[18mear to Curie Curies or RAD Weight | N/A N/A N/A
17. Assigned Container Types 18. DTC Containers 18. Waste Description Vol %

B-12 (14} N/A Contaminated Equipment 50

B-25 (Yellow)-Light (6) Job Control VWaste 50

B-25 (Yellow) 625# (733)

55-gal Drum {A,7A} (15)

Riser Plug Box (945) j .
hy agpreved Copntamer (W) 5= 31483

20. WITS ID 21. Tech Baseline 22. Gontdiner Document No, [23. Deviation Document No. {24 CERCLA 25. Waste < 2 nCilg
FTKO00021 &-LLW WSRC-2000-00215, Rev.1 N/A N/A (ves KNo “[¥Yes No
26. Source(s 27. PCB Category [ JPCB Bukk X N/A LIPCB Article
Yes EXINo [1PCB Leachable [JPCB Remediation ("1 PCB Laboratory 1 PCB Decontamination

28. Comments

29. Meas Tech 30. wWaste Incidental to

[Tna

31. Currently Assigned Isotopes

Isotope Ci% Basis for Exclusion (PA isotopes only) Isotope Ci% Basis for Exclusion*
C-14 1.03E-06 H-3 Not present
Sr-90 2.59E-01 U-234 Not present
Y-80 2.59E-01
Tc-99 8.71E-05
1-129 4.13E-10
Cs-137 5.10E+01
Ba-137m 4.83E+01
U-235 1.01E-07
U-238 9.02E-06
Pu-238 3.78E-02
Pu-239 5.40E-03
Pu-240 1.21E-03
Pu-242 1.57E-01
Am-241 1.51E-02
Cm-245 1.44E-13

jot., o0
Total =538262
32. GCO Name 33. GCO Address 34.GCO Phone
242-10%F ya 24425

Date Envigéntnental Cormpli Authority Signature Ifgte//
2 / ‘1‘/ 0% | LNl e / o7
Date’ WITS Data mﬁdt"s/ﬁ;/nfﬂre Date

*Generator Certification Statement; "l certify that to the best of my knowledge, the data submitted provides a true and accurate description
| ofthe ‘wasle."

AR
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WSRC-TR-2000-00215, Rev. 1

Attachment 8

Waste Characterization Form for Supernate Fraction, FHW-00001




o Aasie St ream 0
FHWO000

2 Gereran irg Facitiy
FTF ATF-E HTF-W

3. Maste Qrgamzanon
FTF. HTF-E, HTF-W

4. Bulaing Namre

241-F 241.H. 241-197H v 2201

5. 'WITS Stream Description

Supernate-Ct'd Waste from FTF. HTF-E, HTR.W

10. Activity Generating Waste

. FTF & HTF operations,

ITP/ESP Operations

7. Reason for Submittal

8. 'WCF No.

New Waste Stream

11. Physical Form

12. TSD FaciityrlLocaton

Combustible - EAV _
13, Valid Caiculation Method for Waste _Char by Pack ' 14. STC Constant "15. STC Min Value 16. DTC Waste Form
© ' Dose-to-Curié ~_Smearto Curie .~ Curies or RAD Weight ~ N/A N/A N/A
+17. Assigned Container Types 18. DTC Containers 19. Waste Oescription _ Vot %
B-12 {14) All B-12s Job Control Waste _ 80
‘B-25 {Yellow)-Light (8) - All B-25s Contaminated Equipment 36
_55-gal Drum (A.7A) (15) ' All 55-gal Drums _Soil 4
Recondition 55 Gai Drum (43) : Skid Pan T
Skid Pan {183)
TP Slurry Pump Box - 15K | .
120 WITSID 21. Tech Baseline N 1 22, Containar Document No. i23. Daviation Docurnent No.
. FHWQO0001LLW WSRC-TR-94-0290, Rev. 3, 4/99 N/A ' NZA
124, GCO Name 25. GCO Address |26. GCO Phone 127. CERCLA '28. Wasle < 2 nCig
R. J. Petras 703-H | 208-1410  Yes TNo | _Yes - No
29. Source(s) 30. PCB Category ~PCB Bulk < NA —_PCB Article T
_Yes < No __ PCB Leachable __PCB Remediation —_ PCB Laboratory __ PCB Dacentaminaticn
31. Commaents . ) ﬁ;
32. Meas Tech ’ 33, waste Incidental to T
__ Sample and Analysis <. Procass Knowledge Reprocessing (WIR) —Evaluation Document No._N/A !
' 34, Currently Assigned isotopes !
. Isotope Ci % Basis for Exclusion (PA isotopes only) Isotope Ci% Basis for Exclusion®
H-3 2.01 E-Q1 C-14 0.00 Present at below MALLD ;
Co-60 1.71 E+00 U-238 3.00 Present at below MALLD '
Sr-80 4.73 -02 :
Tc-99 9.15 E-03 ‘
-129 1.11 £-05 |
Cs-137__ | 5.03 E+01 B
Ba-137m | 4.73 E+Qt .
U-233 .2.62 E-04 —’
U-234 7.14 E-05 .
Pu-238 ! 2.51 E-01 i
i Pu-239 2.92 E-03 |
Pu-240 | 1.31 £-03 !
| Pu-241 1.91 E-01
Am-241 1.81 £-02
|
{
]
Total /oQLOO %
35. GCO Signalture™ Date Environmentai Gompli Adthority Signature Date
: | 76/0 ( %ﬂiﬁgm 4/1 /s of
Solid Waste Approval o WITS Data Input Signature Cale !
**Generator Centification Statement: *t carlify that to the best of my knowledge, the data submitted provides a frue and accurate description

|__of the waste." i
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"EAV/CIF Low Level

Waste Stream Characterizatio
Waste Slream 10 WNCF No. : Rev NITS D S
FHWOQO0001 - FHWOO0O1LL'WY
CIF Section

3J6. Major Waste Companents

Description * :

Concentration Wi%

Description

Concentration Wt*s

37. Chermcals/Organics/Metals

Concentration, PPM

Chemicats/Organics/Metals

Concentration. PP

r

i

38. Properties

‘Heat Value {BTU/ID)

Ash Contant {Waight %)

Total Halogens (Weight %)

.No. of Liquid Layers in Wasts

Water (Weight%)

p— [

Voi % Liquid Layer pH

Spec Gravity

Total Susp Solids

Est Viscosity(CP) {Wi%)

Liquid Layer Dascription

(Wite)

.

Total Diss Solids ' .

S s N
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Attachment 9

F-Area Tank Farm Sludge Waste Streams, Slndge and Supernate Fractions Activity Distributions
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Attachment 9. F-Area Tank Farm Sludge Waste Streams
Sludge and Supernate Fractions Activity Distributions

SLUDGE FRACTION

SUPERNATE FRACTION

Normaljzed Scaling Activi Normalized
Radionuclide | Distribution Factors Fr‘;;‘t’i';ﬁ Distribution |Scaling Factors
(%) Ci/Ci Sr-90 . (%) Ci/Ci Cs-137
FTK-00002-1 FHW-00001
H-3 2.00E-01 2.01E-01 4.00E-03
C-14 4.88E-05 1.10E-086
Co-60 1.11E-01 2.50E-03 1.70E+00 1.71E+00 3.40E-02
Sr-90 4. 44E+01 1.00E+00 4.70E-02 4.73E-02 9.30E-04
Y-90 4.44E+01 1.00E+Q0 )
Tc99 1.69E-02 3.81E-04 9.10E-03 9.15E-03 - 1.80E-04
Sb-125 1.28E-01 2.88E-03 . .
-129 8.06E-08 1.82E-08 1.10E-05 1.11E-05 2.10E-07
Cs-137 3.09E+00 6.97E-02 5.00E+01 5.03E+01 1.00E+00
Ba-137m 2.93E+00 6.59E-02 4.70E+01 4.73E+01 9.40E-01
Pm-147 2.30E+00 5.17E-02
Eu-134 1.7_3E-01 3.91E-03
U-233 3.07E-12 6.91E-14 2.60E-04 - 2,62E-04 5.20E-08
U-234 2.56E-08 5.76E-10 7.10E-05 7.14E-05 1.40E-06
U-235 3.53E-06 7.94E-08
U-238 2,08E-04 4.68E-06
Np-237 7.82E-05 1.76E-06
Pu-238 1.31E+00 2,95E-02 2.50E-01 2.51E-01 5.00E-03
Pu-239 1.65E-01 3.71E-03 2,90E-03 2.92E-03 5.90E-05
Pu-240 3.85E-02 8.67E-04 1.30E-03 1.31E-03 2.60E-05
Pu-241 7.98E-1 1.80E-02 1.90E-01 1.91E-01 3.80E-03
Pu-242 2.32E-05 5.23E-07
Am-241 1.88E-01 4.23E-03 1.80E-02 1.81E-02 3.50E-04
Am-242m 1.74E-04 3.91E-06.
Cm-245 2.78E-11 6.27E-13
Total 1.00E+02 9.94E+01 1.00E+02
FTK-00002-19
H-3
Cc-14 1.03E-06 3.98E-06
Ni-59
Co-60
Sr-90 2.59E-01 1.00E+00
Y-90 2.59E-01 1.00E+00
Tec-99 8.71E-05 3.36E-04
Sb-125
1-129 4 13E-10 1.59E-09
Cs-137 5.10E+01 1.97E+02
Ba-137m 4.83E+01 1.86E+02
Pm-147
Eu-154
U-233
U-234
UJ-235 1.01E-07 3.88E-07
LJ-238 9.20E-06 3.55E-05
Np-237
Pu-238 3.78E-02 1.46E-01
Pu-239 5.40E-03 2.08E-02
Pu-240 1.21E-03 4.65E-03
Pu-241 1.57E-01 6.03E-01
Pu-242 2.48E-06 9.56E-06
Am-241 1.51E-02 5.83E-02
Am-242m
Cm-245 1.44E-13 5.55E-13
Total 1.00E+02

WSRC-TR-2000-00215
Revision 1






