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WASTE CONTROL SPECIALISTS

Generator Certification Approval Letter

March 21, 2023

Betsy Westover

Solid Waste Engineering

Savannah River Nuclear Solutions, LLC
Building 704-60E

Aiken, SC 29808

RE: US DOE SAVANNAH RIVER NUCLEAR SOLUTIONS, LLC - SCSRNSSRS
Generator Certification Valid March 21, 2023 through March 31, 2024
Dear Betsy,

On March 21, 2023, Waste Control Specialists LLC (WCS) completed a review and found US DOE
Savannah River Nuclear Solutions, LLC to have an acceptable waste management program and is
authorized to ship waste materials to the Waste Control Specialists LLC Federal Waste Disposal Facility
(FWF).

Be reminded, any change to the US DOE Savannah River Nuclear Solutions, LLC waste management
program which reduces administrative control requires notification to Waste Control Specialists LLC.
This Certification is valid until the last day of the month, 12 months from the date of issue.

The generator certification identification number is required on all documentation or correspondence with
Waste Control Specialists LLC regarding waste disposal.

Waste Control Specialists LLC is pleased to have the opportunity to provide you with the quality waste
management services that you need. If you have any questions or need further assistance, please feel free
to contact me at (432) 525-8722 or at (432) 425-3517.

Sincerely,

WASTE CONTROL SPECIALISTS LLC
FL P AL ae

/., '<,— o - I‘é—?ﬂ(_ P .

Jeff Shouse
Director of Quality Assurance
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1.0 OPENITEMS

There are no open items.

2.0 INTRODUCTION

The purpose of this calculation is to document the radiological and hazardous
characterization of F-Tank Farm (FTF) container FT14005196 in accordance with
requirements fromthe SRS Manual 1S. Thislegacy B-36 contains the Tank 28 LM-75 Drill
String covered with lead blankets.

On March 28, 2006 dose rate alarms occurred during the removal of the Tank 28 LM-75
Drill String, which indicated significant material holdup. The Tank 28 LM-75 Drill String
was temporarily placed into the B-36 transportation container and vinyl-covered lead
blankets were laid on top of the drill string for shielding. Visual inspection of the B-36 has
determined that it’s no longer a suitable shipping container for Class 7 radioactive material
and the ultimate disposition of the drill string and storage box is offsite disposal. Therefore,
it will be placed into an approved DOT shipping packaging for offsite transportation. To
meet the offsite disposal facility void space requirements, DOT shipping external dose rate
requirements, and load securement requirements, CLSM (Controlled Low Strength
Material) (Ref. 10) will be added to the B-36 container to stabilize the contents and provide
additional external dose rate shielding.

The waste form to be characterized consists of the following: The Tank 28 LM-75 drill
string, vinyl covered lead blankets, polyethylene (PE) plastic sheeting and containment
sleeving, grout used forshieldingand load securementand the B-36 container. Radioactive
waste form characterization will be characterized using the decay corrected Tank 28 LM-
75 waste sample results (Ref. 4). These samples were taken using the LM-75 drill and the
results are representative of the material inside the B-36. To be conservative, the hazardous
waste form characterization will only use the weight of the actual LM-75 drill string sample
device and the lead blankets.

3.0 INPUTS

I. 1 The Tank 28 supernate radionuclide sample results are from WSRC-STI-2006-
00151 (Ref. 4).

I. 2 The B-36 container inner dimensions are 420°° (L) by 44°°(W) by 44°° (H) (Ref. 6
&7).

I. 3 The Tank 28 LM-75 Drill String is 1026 Carbon Steel tubing 2 4>’OD x 3/16”

thick minimal wall (Ref. 12).

The B-36 tare weight is 5,300 Ibs. (Attachment 1).

The Tank 28 Drill String and lead blankets weightis 1,700 lbs. (Attachment 1).

Half-lives are determined based on review of the Chart of the Nuclides (Ref. 8).

N L
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I. 7 The transportation dose rate requirements are 200 mrem/hr at 5 cm (all sides) and
10 mrem/hr at 2 m (excludes top and bottom) (Ref. 11).

I. 8 The Performance Assessment (PA) nuclides for LLW waste streams are obtained
from SRS Manual 1S, Chapter 3 (Ref. 1).

I. 9 The TRU and Fissile isotopes are obtained from SRS Manual 1S, Chapter 3 (Ref.
1).

I. 10 The Pu-239 PEC weighting factors are downloaded from WITS reports (LLW
PEC239) (Ref. 9) as provided in Table 3.0-1.

I. 11 The U-235 FGE equivalence factor and specific activity from SRS Manual 1S,
Chapter 5 (Ref. 3) is provided in Table 3.0-1.

Table 3.0-1 Specific Activity (I. 11), Pu-239 PEC Weighting Factors (I. 10), and
U-235 FGE Equivalence Factor (I. 11) for radionuclides after screening

Speciﬁc Pu-239 PEC U-235 FGE
Radionuclide Activity, Weighting Equivalence
SpAi, Cilg | Factors, Wi Factor, D;
C-14 4.00E-05
Al-26 1.30E-04
Am-241 1.02E+00
Am-242m 1.05E+01 1.00E+00 53.9
Am-243 1.02E+00
Ba-137m 1.30E-04
Cf-249 4.09E+00 1.02E+00 70
Cf-251 1.58E+00 1.02E+00 140
Cm-243 5.06E+01 1.02E+00 7.8
Cm-245 1.72E-01 1.06E+00 23.4
Cm-247 9.28E-05 1.02E+00 0.8
Cs-137 6.27E-04
1-129 1.30E-04
Np-237 9.63E-01
Pu-238 9.02E-01
Pu-239 6.21E-02 1.00E+00 1.6
Pu-240 1.02E+00
Pu-241 1.03E+02 1.93E-02 3.5
Pu-242 1.02E+00
Sr-90 2.55E-03
Tc-99 1.47E-05
Th-230 6.27E-01
U-233 9.64E-03 2.55E-01 1.4
U-234 2.55E-01
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I. 12 The regulatory limit for the maximum concentration of the eight RCRA metals for
the toxicity characteristic is listed in Ref. 15.

I. 13 SCHWMR R.61-79.268.48 lists the non-wastewater treatment standard limit for
UHCs. (Ref. 15).

4.0 ASSUMPTIONS

A.1  The Tank 28 Drill String has 6.8 gal of supernate.

Justification: Engineeringdetermined the maximum material holdup in the Tank 28
Drill String with a total length of 500°” to be 6.8 gal (Ref. 5). The B-36 container
is 420’ long so there is built in conservatism for the engineering estimate. Per the
radiation survey (Attachment?2), the top three pieces ofthe drill string (not plugged)
were removed and placed into the B-36. Per the LM-75 Drill String calculation
(Ref. 16), if the three top pieces were removed, a total plugged length of ((500” —
3(36’)) 392°” would remain. In addition, the survey data (Attachment 2) showed
that the source material is concentrated toward the drill bit end (i.e., higher dose
rates near one end).

A.2  Thedrill string is in two sections with a total length of 500°’ (Ref. 16).

Justification: This assumption is used to determine the drill string weight for the
RCRA hazardous determination. Per the radiation survey (Attachment 2), the top
three pieces of the drill string (not plugged) were removed and placed into the B-36.
The LM-75 Drill String calculation (Ref. 16) states the total length to be 498.58".
This length has been rounded to 500’ for conservatism. The amount of material
remaining in the drill string is 6.8 gal provided in Assumption 1.

A.3  The B-361is part of the waste form to be characterized.

Justification: Due to the age and degraded physical condition of the B-36 it no
longer meets DOT IP-1 packaging minimum design criteria therefore it is
considered waste. Because of the remote loading of the LM-75 drill string into the
B-36 and the length of time the material has been stored outdoors without weather
protection the plastic sleeving surrounding the LM-75 drill string is considered to
have failed from embrittlement. Therefore, the interior of the B-36 is contaminated
with Tank 28 salt waste and is a component of the waste form. In addition, the final
disposal container will be provided by the disposal facility after shipment for
treatment. Therefore, the total volume of the waste characterized will be the inner
dimensions of the B-36 container.
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5.0 ANALYSIS METHOD AND CALCULATIONS

The total waste container activity was determined using sample analysis from Savannah
River National Laboratory (SRNL) (I. 1) and 6.8 gal of supernate (A. 1).

5.1 Radionuclide Decay Correction and Screening

The SRNL sample results were reported in pCi/mL and then convertedto Ciusing Equation
1 which represents the initial activity priorto decay correction. The highestreported sample
results were selected, and decay corrected using Equation 2.

3785.41 .

Ay, =Ac XV X Er12 Equation (1)
Where,
Ao = Initial activity, Ci
Ac = Initial activity concentration, pCi/mL (1. 1)
v = Supernate volume, gal (A. 1)
3785.41 = Unit conversion from gal to mL
1E+12 = Unit conversion from Ci to pCi

A = A, X exp (—0.693 X tT_t") Equation (2)

1/2

Where,
At = Activity at time t, Ci
Ao = Initial activity at time t,, Ci
AT = Elapsed time (t —t,) since the initial activity was determined, years
Tin = Half-Life, years (I. 6)

The elapsed time, AT was based on the date the samples were received at SRNL
(2/14/20006) as the start date and 9/20/2021 as the end date. The results of equations 1 and
2 are provided in Attachment 3. Radionuclides less than 1E-09 Ci are highlighted gray as
they have significantly decayed and are removed from the distribution. The expected final
concentration of the highlighted gray radionuclides is less than 1 pCi/g as 1S, Chapter 3
allows for removal of very low concentrations of radionuclides.

The Ci % is determined using the equation below.

%A; = Ai Equation (3)
ATotal
Where,
A; = Activity for radionuclide, 1, Ci
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%A; Percent activity for radionuclide, i, Ci%
Arotal = Total activity (Ci)

The final decayed activity for each radionuclide is provided in Attachment 3. Each
radionuclide was then reported using 1S, Chapter 3 methodology and the analytical result
was revised based on the following methodology:

1. The PA radionuclides (I. 8) were reported as follows:
a. Fordetected PA radionuclides (i.e., Sr-90, Tc-99, 1-129), the decayed result
was not changed.
b. For non-detect PA radionuclides (i.e., C-14, U-234, U-235, Np-237), the
decayed result of 0.1 X MDA is used for activity quantification.
2. For TRU/Fissile radionuclides (1. 9):
a. No TRU or Fissile radionuclides were detected above the MDA.
b. For non-detect TRU and Fissile radionuclides, the decay result of
0.1 X MDA is used for activity quantification.
3. For Non-PA, Non-TRU, and Non-Fissile radionuclides:
a. Per 1S Manual Chapter 3, radionuclides were reported if their activity is
greater than 1% of the total curie distribution (Ref. 1).

4. Daughter radionuclides were determined as described in 1S, Chapter 3 (Ref. 1).

The radionuclide screening process results are shown in Attachment 4 including the final
normalized radionuclide distribution.

5.2 Radiation Shielding Modeling

Radiological Engineeringdevelopedamodel to determine the amount ofshieldingrequired
in the B-36 and underneath the container to meet transportation dose rate requirements.
The transportation dose rate requirements are 200 mrem/hr at 5 cm on the top/sides/bottom
and 10 mrem/hr at 2 m on the sides (I. 7). The results of the calculation determined that 9
of CLSM inside the B-36 is required to meet the transportation limits (Ref. 14). The CLSM
weight was not included in the waste weight. The calculation also concluded that lead
shieldingwill be required underneath the B-36 and on the sides exterior of the B-36 to meet
the transportation dose rate requirements.

5.3 Pu-239 PEC, U-235 FGE, and TRU Calculation

5.3.1 PEC Calculation

The Pu-239 Plutonium Equivalent Curies (PEC) content is calculated using weighting
factors downloaded from the Waste Information Tracking system (WITS) reports and

Equation 4.

PEC=XA; X W, Equation (4)
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Where,
Wi = Weighting factor for nuclide, i (I. 10)
A; = Activity of nuclide, i, Ci
PEC = Total Pu-239 PEC for all radionuclides

The PEC value is calculated for the radionuclides remaining after the screening process
and is shown in Attachment 5. The resulting PEC is compared to the maximum allowable
value of 4 PEC per 1S Chapter 6 (Ref. 2).

5.3.2 U-235 FGE Calculation

U-235 Fissile Gram Equivalent (FGE) content is calculated based on information provided
in 1S Chapter 5 (Ref. 3) along with the 1S Chapter 3 radionuclide screened activity shown
in Attachment4. The U-235 FGE radionuclides in the rad profile are U-233, U-235, Pu-
239, Pu-241, Am-242m,Cm-243, Cm-245, Cm-247, Cf-249, and C{-251.

FGE = X, (SpiA) x D Equation (5)
Where,
A = Activity for nuclide, 1, Ci
SpA; = Specific activity of nuclide, i, Ci/g (1. 11)
D; = Equivalence factor for nuclide, i (I. 11)
FGE = Total U-235 FGE from all radionuclides, g

The U-235 FGE is compared to the 50g limit in 1S Chapter 6 (Ref. 2). The results of the
U-235 FGE calculation for the radionuclides remaining after the screening process are
provided in Attachment 5.

5.3.3 TRU & Waste Weight Calculation

The transuranic (TRU) nuclide activity concentrations are calculated with Equation 6 and
are used to confirm that the waste is not TRU waste (Ref. 2). Waste is considered TRU if
it contains more than 100 nCi (alpha-emitting transuranic isotopes with half-lives greater
than 20 years) per gram of waste. The TRU nuclides present in the waste form are Am-
241, Am-243, Cm-243,Np-237, Pu-238, Pu-239,Pu-240, and Pu-242.

Aj .
ACi = m X 1E + 09 Equatlon (6)
Where,
AC; = Activity concentration for radionuclide, i, nCi/g
A; = Activity for radionuclide, 1, Ci

Ww = Waste Weight, 1bs. (Equation 7)
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1E+09 = Conversion factor from Ci to nCi
453.6 = Conversion factor from Ibs. to g

The waste weight is the weight of the Tank 28 LM-75 drill string, lead blankets, and B-36
container. To calculate a conservative TRU concentration, any additional weight used to
fill the void space (e.g., CLSM) of the B-36 will not be included in the waste weight
calculation.

Wyw = Whrill & Blankets + Wp—-36 Equation (7)
Where,
Whrill & Blankets = Weight of the Tank 28 Drill String and Lead Blankets, 1bs. (L. 5)
Wa.36 = Weight of the B-36 container, Ibs. (1. 4)

The TRU concentration is provided in Attachment 5 for the final distribution.

5.4 NRC Waste Classification

The procedure for calculating the Nuclear Regulatory Commission (NRC) Waste
Classification is outlined in 10 CFR 61.55 (Ref. 13). Waste containing both long-lived and
short-lived nuclides, such as the bounding activity for this waste, utilizes limits in 10 CFR
61.55 Table 1 (long-lived) and Table 2 (short-lived), along with the sum-of-fractions (SOF)
methodology. The procedure for determining if waste is Class A, B, C, or Greater than
Class C (GTCC) is outlined in Figure 5.4-1.

For those radionuclides based on an activity concentration (Ci/m3 or Ci/g), those
radionuclides’ activity (Ci) was either divided by their waste volume (m?3) or mass (g). The
waste volume (13.32 m?) was determined using the internal B-36 dimensions (I. 2 & A. 3).
The waste weight is from Equation 7. The NRC Waste Classification table uses the decayed
radionuclide activities prior to the 1S, Chapter 3 radiological screening. The SOF
calculation is provided by the below equation.

SOF = % Equation (8)
Where,
ACD; = Activity concentration of nuclide, i, nCi/g or Ci/m?
L; = Limit for nuclide, i, nCi/g or Ci/m3 (Ref. 13)
SOF = Sum-of-Fractions based on all applicable nuclides

The NRC waste classification is provided in Attachment 6.
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Calcuate SOF Calcuate SOF
bosedon Tdble | bosed on Table 2
Closs C limits Class B limits
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based on Tcble 2
Class C limits

Class C

Figure 5.4-1: NRC Waste Classification Procedure

5.5 Resource Conservation and Recovery Act (RCRA) Waste Characterization and
Underlying Hazardous Constituents (UHCs)

5.5.1 Ignitability Characteristic (SCHWMR R.61-79-.261.21; Hazardous Waste Code
D001) (Ref. 15)

The B-36 containing the LM-75 drill string and lead blankets (subsequently referred to as
the waste form) does not meet the RCRA requirements for ignitable materials. The waste
formisnotaliquid with an analyzed flashpointbelow 140°F. The waste formis notcapable
of spontaneous chemical changes, not capable of causing a fire through friction, not
compressed gases, and not oxidizers.

5.5.2 Corrosivity Characteristic (SCHWMR R.61-79.261.22; Hazardous Waste Code
D002) (Ref. 15)

The waste form does not meet the RCRA requirements for corrosive materials as this
characteristic only applies to liquids. The waste formis not a liquid.

5.5.3 Reactivity Characteristic (SCHWMR R.61-79.261.23; Hazardous Waste Code
D003) (Ref. 15)

The waste form does not meet the RCRA requirements for RCRA-reactive materials and
is normally stable. The waste materials are 1) notunstable, 2) do notreact violently with
water, 3) do not form explosive mixtures with water, 4) do not generate toxic gasses when
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mixed with water, 5) are not cyanide or sulfide bearing wastes, 6) cannot detonate, and 7)
are not explosive.

5.5.4 Toxicity Characteristic (SCHWMR R.61-79.261.24; Hazardous Waste Codes
D004-D043) (Ref. 15)

RCRA regulations require that a waste generator determine if a waste is hazardous due to
toxicity for any of the forty constituents by analyzing an extract of the waste obtained by
the Toxicity Characteristic Leaching Procedure (TCLP). The forty constituents are a
combination of twenty-six solvents and organic substances, six pesticides, and eight
metals.

The supernate contains some metallic constituents. The lead blankets are considered waste
which will make the waste form hazardous for lead.

5.5.4.1 Organics, Pesticides, and Insecticides (Hazardous Waste Codes D012-D043)
(Ref. 15)

None of the thirty-two toxicity characteristic solvents, organic substances, or pesticidesare
constituents of the waste form.

5.5.4.2 Metallic Impurities (Hazardous Waste Codes D004-D011) (Ref. 15)

The Tank 28 supernate inside the drill string contains RCRA TCLP metals. Samples were
obtained from the supernate and results provided in Attachment 7. The highest analytical
result was reported in mg/L and converted to mg/kg using 6.8 gal of supernate and an
estimated weight of the drill string. The drill string is assumed to be in two sections with a
total length of 500’ (A. 2). The weight of the drill string was determined as shown below
using the standard carbon steel density of 0.284 1bs./in3.

Table 5.5.4.2-1: Drill String Weight Estimate

Drill String Weight Estimate
H (in) (A. 2) Do (in) (1.3) Ro (in) = Do/2 Vo (in3) = nR,2H
500 2.25 1.125 1988
H (in) (A. 2) Di (in) (1. 3) Ri (in) = Di/2 Vi (in3) = nR2H
500 1.875 0.9375 1381
V(in3)=Vo -Vi 607
W (Ibs.)=V * pcs 173

D, and D; are the outer and inner diameter of the drill string, respectively. The RCRA
results for the supernate are shown in Attachment 7. The RCRA Theoretical TCLP
constituent is compared to the threshold concentration of the relevant RCRA metal from
Reference 15 (I. 12). If the RCRA Theoretical TCLP constituent concentration value is
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higher than the RCRA limit, the material is considered hazardous for the toxicity
characteristic.

The weight of the lead blankets is determined as shown below based on the initial drill
string and lead blanket weight of 1700 Ibs. (1. 5). For a conservative lead amount, the lead
blankets are assumed to be 100% lead as shown in Attachment 7. The weight of the
supernate is not considered.

Table 5.5.4.2-2: Lead Blanket Weight Estimate

Lead Blanket Weight Estimate

A B C=A-B D= C *453592

Weight (lbs.) | W (lbs.)Drill W (mg) - Lead
(1.5) String W (Ibs.)- Lead Blankets Blankets
1700 173 1527 6.93E+08

5.5.5 Underlying Hazardous Constituents (UHCs) Determinations (SCHWMR R.61-
79.268.48)

The waste form is considered hazardous for lead, therefore UHCs must be considered from
the supernate. SCHWMR R.61-79.268.48 (I. 13 & Ref. 15) list the non-wastewater
concentrations. The UHCs will be evaluated by comparing the RCRA Theoretical TCLP
metal concentration to the UHC threshold presented in SCHWMR R.61-79.268.48 (Ref.
15). If the RCRA Theoretical TCLP constituent concentration valueis higher than the UHC
limit, the container is considered to contain that UHC. This comparison is provided in
Attachment 7.

6.0 RESULTS AND CONCLUSIONS

FTF B-36 container FT14005196 contains a Tank 28 LM-75 Drill String with lead blankets
contaminated with Tank 28 supernate. The radiological distribution and package activity is
provided in Attachment 4, Table A4-2.

The U-235 FGE is 2.66E-01 g.

The Pu-239 PEC is 1.83E-02 Ci.

The TRU concentrationis 1.03E-01 nCi/g.
The NRC Waste Classification is Class B.

The waste form is RCRA hazardous for Lead (D008). Cadmium (D006), Chromium (D007),
Mercury (D009), and Silver (D0O11) are the UHCs. A complete RCRA summary is provided
in Attachment 7, Table A7-2.
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ATTACHMENT 1 - B-36 Tare Weight, Drill String and Lead Blanket Weight

Page 1 of 1
From: Tyrone Young
Ton Clifton Waltars
Subject: RE: Tank 2B Dxill String
Date: Monday, August 2, 2021 2:50:10 PM

Yes, 1, 700LBS. is what's on the logsheet and all the other documentation. The tare WT_ is 5,300LBS.

From: Cliftton Walters <Clifton Walters @srs gove
Sent: Monday, August 02, 2021 1:35 PM

To: Tyrone Young <Tyrone.Young @ srs.gowvs>
Subject: RE: Tank 28 Drill String

Per the 150CS Phase 2 report the 5196 waste weight was 771 kg (1,700 lbs).

| just want to make sure this was the same number your logsheet or other documentation stated.

From: Tyrone Young <Tyrone Young(@srs gov=
Sent: Thursday, July 22, 2021 2:45 FM

To: Clifton Walters <Clifton Walters@srs gow=
Subject: RE: Tank 28 Drill String

5196 is the drill string and 5447 is tank 4 jet.

From: Clifton Walters <Clifton Walters @srs gov>
Sent: Thursday, July 22, 2021 2:25 FM

To: Tyrone Young <Iyrone Young@srs goyve>

Subject: Tank 228 Drill tring

Hey Tyrone,

Do you know what the container # is for the B-36 that contains the Tank 28 Drill string?
We ISOCS two B-36 boxes in phase 2 and I'm not sure if its 5447 or 5196.

Also any idea if it's been weighed?

Clifton [Clif) Walters, PE

Environmental and Waste Characterization

f07-3E, Rocom 1

0: 803-952-4736
C: 803-295-3687

Best Available Copy
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ATTACHMENT 2 — Drill String Initial Survey TKFM-M-20060329-12

Page 1 of 16

VSDS Standard Map RSLS
Survey TKFM-M-20060329-12

— Genaral Information
Tithe: Tank 28 anill s2ring nameval
Survey DatefTime: 032902006 10:00
Survey Type: Job Coverage
Counted By: Facilily Inspecior
WP & 08-FTF-116

Facility. FTF

Status: Approved by Lewls-Buncomb, Edith, 03/3002008

Lead Inspector: Grady, Frank

Waork QrdenTask #: N/

KON 1924

Raady For Review by: Grady, Frank, 0373002006

Inspector

Chambers, Meal
-l-lo_gm_n. DnuT;
Huskey, David
Jardan, Shawn
Salley, Tyrone

b
e
Ersnmn'g

[~ Dosa Rate [BF) Object PrefixesiSuffixes

E= Ednem
S= Skin
WR = Wk Rt

W Bady

HS = Hot Spat

Defaulr Prefies:  Diefault Suffires:

A" = Meutran
*b" = Bata
"o” = Gorrecied

— Postings Legend

There are no postings n s gurvey.

— Instruments Used

Instrument
Madel

Instrumeant
Sorial #

12-110
12-Alpha

4377

7455

RO-20
RO-20
Blectra Pius
RO-20

| 2528

| HandECaunt

ml-u.l!c‘n | b ] wa om

Bzoo
CMCO08000
CMCO001 10

CMCO0B52S

D53
2743

Document #: 835670 04

Survey # TKFM-M-20060329-12 - PDF Generated On: 0810572008 14:43

Best Available Copy

Page 1 of 16
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ATTACHMENT 2 — Drill String Initial Survey TKFM-M-20060329-12
Page 2 of 16

VSDS Standard Map RSLS
Comments:

Entered hut at tank 28 to perforrn drill $iring removal, Carmera was insered ino riger Tor job support. Drill eiring was lfted up, clamped off and top ihree pieces of
$lring removed and flown into B-36. Other lifting ball was placed on string, sleeving was fed onto plpe and secured on top of pipe end flush ring. Drill siring was
then skeaved aul ol tank, Upan iRing it was noliced thal the 1ank ventilalion was collepsing the slesving onba the pipe and would not feed properly. This had to be
performed by hand.

Az drill string was being pulled the dose rates incressed to levels of concem. Warking dosa rate was 1500 mrem'hr. A time out was called and the FIC and RCO
Management was nodified. The seclsion was made to put pipe back imo the tank a5 discussad in the pre-plan. howewver, with the sleeving bunching up on pipe
this could not be performed. After further discussion, it was decided to continue with the pull since no other options were available. We were at a point of no
retum and needed to mitigate the siuation.

Rates continued o increase and sleeving warked down pipe. B-line cut was made, and pipe flown oul of but info B-35, The bul was exited as drill rig was being
flown inta B-36, it was left posted as HRAMRAICA and secured.  During the mitigation activities in the hut, EPD dose rate and dose alanms ware receved.
‘Wamps at several locations alarmed due to increase in background rates as the drill string was being flown ot of the tank.  Tanks 47 46 27, 28 and 2F
evaporator were among these.

All FTF RCO responded to the area for varmp alarms, 1o restricked traffic 1o the anea, and to perfarr radiological surveys, All personne perferming work in D
ama wemn required to sign in on the RWP and wear EPDs. Operafions personnel began to place lead blankets in the B-36 (o lower dose rates, Lid was placed
on B35 and it wis moved fo the high-rad Kydown yard al the West purnp house

All Varm ps were reset at job completion, TLDS of personned ingide the  wene pulled and Seni up o dosimelny far analysis

Document #: B3SETH 04
Survey # THFM-M-200560329-12 - PDF Genseratad On: 09/05/2008 14:43 Page 2 of 16

Best Available Copy
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ATTACHMENT 2 — Drill String Initial Survey TKFM-M-20060329-12
Page 3 0f 16

VSDS Standard Map RSLS
Map: 1 | TANK 25 LM-75 DRILL STRING REMOVAL Survay #: TKFM-M-20080329-12

[S15rem/r |
| WR1500 |

omments: LW-T5 DRILL STRING REMOVAL

Wipe 2) ND DPMAMpE By

o only) RWF# 06-FTF-116
CLI Teg. F2a1928
System / Process: Tank 28
Room ! Area: FTF

Unless otherwise noted, do=e rates in mrem/hr,

ILead Inspector: Grady. Frank Stabus: Approved by: Lewis-Buncomb, Edith, 03302006
lLacation Code: F241925 Eldp/area Name: TANK 25
v D 1 TANK 25 LM-T5 DRILL STRING REMOWAL
Documant #: 635670/ 04 Image File: FTFITank 25\LM-75 DRILL STRING REMOVAL
Survey # THFM-M-20060329-12 - PDF Generated On: 08/05/2008 14:43 Page 3 of 16

Best Available Copy
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ATTACHMENT 2 — Drill String Initial Survey TKFM-M-20060329-12

VSDS Standard Map RSLS

Page 4 of 16

Data Point Details
Survey # TKFM-M-20060329-12

Map: 1 - FTFTank 25\LM-75 DRILL STRING REMOVAL

[ Type  |Inst. Valua Units Position | Notes
1 DRy [ NA 0] e about 2 feet from bottom of
MA] T T T S Rdf T T string
Al -""""" VRIS [ w7 T T T
1 Wipe N » MO | DPMMipe 0N LENGTH OF DRILL
e STRING

2 Wiesa . o N | DPMApe OM BOTTOM OF DRILL

"""" Wiy WD | GFAANTEE ~ T T T T Tl atRing

Document #: BISET0 04

Survey #: THFM-M-20060329-12 - PDF Genarated On: 09/05/2008 1443

Best Available Copy

Image File: FTF\Tank 25\LM-75 DRILL STRING REMOVAL

Page 4 of 16
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ATTACHMENT 2 - Drill String Initial Survey TKFM-M-20060329-12
Page 5 of 16

VSDS 8 ap RSLS
Survey #: TKFM-M-20060329-12 DatefTime: 031282006 10:00

|m: 2 [ B-36 Staged 1

03/29/2006

Summary of Highest Readings
{All available valuss may not bo liste

A5 3) ND DAC o
AS 3) ND DAC iy

Comments: P.AS WORN IN HUT

4) <20 DPMMD0 cm2 o
4) <200 DPMW/A00 cm iy

Type: Job Coverage
| Symbol Lagend (fer axampls only) RAEE 1D
45) Smear f:l_':!} Rirect sya:::f Process: TANK 28
Large Area e Room / Area: FTF
4 Sample Rate
Unless otharwise noted, dose rates in mrem/hr.
Lead Inspector: Grady, Frank Siatus: Approved by: Lewis-Buncomb, Edith, 030302006
Location Code; F241528 Blda/trea Mame, TANK 25
Locatien Description: B-35 Slaged 1
Image File: FTRTank Z08-36 Staged 1

Document #: 635670/ 04
Survey #: TEFM-M-20060229-12 - PDF Generated On: 09/05/2008 14:43 Page 5 of 16

Best Available Copy



Q-CLC-F-00372

Rev.0
Page 20 of 42
ATTACHMENT 2 - Drill String Initial Survey TKFM-M-20060329-12
Page 6 of 16
VSDS Standard Mg,p RSLS
Data Point Details
Survey #: TKFM-M-20060329-12
: Map: 2 - FTF\Tank 28\B-36 Staged 1
] Type Inst. Value Units Position Notes
I TR, TIA Tao0 | membe EAST SIDE
N Eish[mmemrs =" "7 777
T i i ] i = T
] bR MIA E800 | mremihe EAST CENTER
T A BTG [ mmentr """ " " 77
T b T
E OR MIA E 300 | mreeihr WESTCENTER
T B[ bty T
770 ]
4 DR y MIA E 350 | mremthr WEST SIDE
Ma1-""""""°° S50 medmmi ~ "7 777
wRl1" "t b T .
1 Smesar MUA o <2 | DeMMDD em2 DUTSIDE OF BOX SMEAR TAKEN AFTER LID REPLACED
[T ary<z2ca [ BPMPGoTmE ~ T 7
2 Smear A o <20| DFAUADD cm2 CUTSIDE OF BOX AFTER LID REPLACED
WAl vy <200 [ OFWAGDTME ~ T 7 7
3 Smear [y i =20| DFMALE cm2 DUTSIDE OF BOX AFTER LID REPLACED
7% sy <s0a [ OehAGemE ~ 77 7
4 Smear MNiA o <20 | DFIWIGD em2 CUTSIDE OF BOX AFTER LID REPLACED
wal""""""" vy <300 [ DR ERE =" T
1 [ Air Sample EESE MORTHWEST 0328-128
S S e e
F] Alr Sample MNE| DAC o REA SOUTH 0328-120
it ety ] o T
3 | AirSample NO| DAC o _ _|MoRTHEAST RBA 0328-120
STyttt L T
Document #: 635670/ 04 Irage File: FTF\Tank 2818-36 Staged 1
Survey # THFM-M-20060329-12 - PDF Generated On: D2I05/2008 14:43 Page § of 16

Best Available Copy
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ATTACHMENT 2 - Drill String Initial Survey TKFM-M-20060329-12
Page 7 of 16
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— Drill String Initial Survey TKFM-M-20060329-12

Page 8 of 16

VSDS Standard Map RSLS

Map: 3 | B-36 EAST SIDE VIEW Survey #: TKFM-M-20060329-12 Date/Time: 03/29/2008 10:00
__[DRY
DR & e E150
DR7 E300 5100
5280 220
A £ E50
- S30
i £ 30
DR 5
DR 4 E150
E600 5100
DR 1
£340 DR 3 S300 100
. E450 300
S150 DR2 330
150 E700 330
S400
400
Comments: B35 [N FICTURE REPRESENTS B-35 FROM TANS 28 AT EIAY ok Highast | Vet 15
BUT IS A PICTURE FROM TANK 25 B-38 o Saan » s
3) <20 DPMA00 em2 o

3} <200 DPM100 cm2 Py

Type: Job Coverage

e

AP #: 06-FTF-116

CLI Tag: F241528

System f Process: TANK 22
Room | Area: FTF

Unless otherwise noted, dose rates in mrem/hr.

Lead Ir : Grady. Frank

Statues: Approved by Lewis-Buncom, Edith, 033002005

Location Code: F241500

\BldglArea Name: CONTAINERS

Location Descripion: B-38 EAST SIDE VIEW

Document §: 635670/ 04

Survey # TKFM-M-20080329-12 - PDF Generated On: 08/05/2008 14:43

|mage File: FTFContainars\B-36 EAST SIDE
Page 8 of 16

Best Available Copy
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ATTACHMENT 2 — Drill String Initial Survey TKFM-M-20060329-12

Page 9 of 16
VSDS Standard Map RSLS
Data Point Details
Survey #: TKFM-M-20060329-12
Map: 3 - FTF\Containers\B-36 EAST SIDE
# Type  |Inst Value Units Position Notes
1 DR y WA 240 | mramite END OF B-35 OM TANK 28 B-38 RATE IS ON WEST END
fmal""""""°° EIsh [ meaminr ~ ~ " " " 7
Mgl """~~~ EE o
F DR ¥ [y E 700 | smramii SIDE END OF BOX
T B 05 [ meaen ~ 0 """
770 1 1T
3 OR NiA E 450 | mrami WEST CENTER
Mal""""""°° B 530 [ Al T T T 77
MAal""""""""- [ A C T T T
4 DR y MiA E 800 | mramihr EAST CENTER
fmal"""""""~ Edof[mrammr ~~ """ "7
T R 1 ) L
5 DR ¥ MiA E 150 | mnemdr EAST SIDE
Twal"~""""""° 708 [ meemmr - " " 7T 7T
T A 1+ ) BT
] DR ¥ MA E 50 | mnamihr EAST END
T o
% [ s T 7T T
7 DR ¥ IR E 488 | rnrernite WEST TOP
rmial1=-""°~"""- EFef[mrammr -~ "7 7 7
T B0 [ mramd ~ " T T T T
B DR » MIA E 300 | mramr TOP CENTER
0 BEA [ meamin - "7
0 A mramer T T
[ DR ¥ MIA E 150 | mremdr EAST TOP
Al """"""~ %708 | meaem - 0" """
.ﬁ.fi --------- Wb [ meaminr 0
1 Smear A o <20 | DPMAIDD cme2 Of LIP
TRa] ™" """77 wiy <zop | BFMAGITmE ~ T 7 7
z Sengar M « <20 | DFMA0D em2 O LIP
TN i <Bon [ BPMPBIERE T T 7
3 Senear MIA w <20 | DFMADD ema O LIE
T iy =200 | CPAMAIGERE ~ 77 7
Document &: 815670/ 04 Image Flle: FTF\Containers\B-36 EAST SIDE

Survey & TKFM-M-20060329-12 - PDF Generated On: 05/08/2008 14:43

Best Available Copy
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ATTACHMENT 2 - Drill String Initial Survey TKFM-M-20060329-12
Page 10 of 16

VSDS
Map: 4 | LEAD OVER DRILL STRING 3 Survey # THFM-M-20060329-12 Date/Time: 03/232006 10:00
DR 1

DR 2 E300

1000 S400 100
5600 400
R4 600
2000
5600
800
e ﬁ %
] il o e
Sl
o : 3
"
s .
£il
O
U U
Comments:
" Wiipe 7) ND DPMAIPE o
Wipe T) ND DPMANpe By
RWP & DB-FTF-116
CLI Tag: M
System ! Process: LM-T5
Room [ Area: TANK 28
Unlese otherwise noted, dose rates in mrem/hr,
lLead Inspector: Grady, Frank \5tatus: Approved by Lewis-Buncamb, Edith, 033002006
lLocation Code: F241028 |BldnfArea Name: TANK 28
|Location Descripion: LEAD OVER DRILL STRING 3
Document #:; 35670/ 04 Image File: FTF\Tank 28lead aver drill sring 3
Survey # THKFM-M-20060329-12 - PDF Generated On: 09/05/2008 14:43 Page 10 of 16

Best Available Copy
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ATTACHMENT 2 — Drill String Initial Survey TKFM-M-20060329-12
Page 11 0of 16

VSDS Standard Map RSLS

Data Point Details

Survey #: TKFM-M-20060329-12
Map: 4 - FTF\Tank 28\lead over drill srting 3

w Type InsL Value Units Position Motes
1 TR 7 TIA ESOT TR | BAGGED N OF FIPE
Mea ] =" """ """ BTl [ memir ~ """ 777
WAl T 00 [ dremanr 7T T T 7T
2 DR ¥ [N E 800 | mremdhr
ET Y 5300 [meemnr - - """
T N L ] L T
3 OR A E 1000 | mramenr
Al 800 [ g =TT T
T e ] (L T
4 OR 4 [Ty E 2000 | mremsr
fMm]"""""""° B[ fcgmmr ~ "7
T BOU[ dedeimr - " T T 7T
1 Tipe & RO | OPRIwGE
E1TTTTTTTS By NO[ OFMARTpe =~ 7 " 7 7
F e o WD | OFRIEe
B prpw [ OFMfelpe " "7 T 7T |
3 Wipe = WO | Denpe
i By WO | GPMARTpE = 77 7 77
3 ~ Wpe o WG| OFIGe
o iy WD [ BFWfelpe = 77 7 77
5 pe = WO | OFRWiEe
TT1TTTTTTTT By WD [ OFMARTpE = =7 77 7
[ Wipa = ND| DPNPipe
i By WO [ GFUARipe =~ 7 77
7 Wipe ] ffpe
i (e By ND | OFMRMApe = 77 T 7 )
Tt GOSE RATES
TAKEN FROM
CONTAINER SIDE

Document &: 635670/ 04
Survay #: TKFM-M-20060328-12 - POF Generated On: 09/05/2008 14:43

Best Available Copy

Image File: FTF\Tank 28\ead over drill srting 3
Page 11 of 16
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ATTACHMENT 2 — Drill String Initial Survey TKFM-M-20060329-12
Page 12 0f 16

VSDS § p RSLS
Map: § | TRANSPORT B-38 Survey # THFM-M-20080328-12 |Dﬂ_‘b&fﬂm¢i o;saz_mosw:m
DR 1
E1000
= 5700
DR 2

T TRANSPORT TRUCK 555 e 700

5300 7

300 /

B-36

B-36

Commeants: Summary of Highest Readings

(All available values may not be [isted)
Smears g Air Samples & Wipes
[Tvpe: Job Coverage
" Symbol Legend (for example only) RV & 0. 17115
CLI Tag: N/A
Smear @‘ m Systern / Process: B-34
Large Area E Room § Ared: TANK 28
Sample |__|RotE

Unless otherwise noted, dose rates in mrem/hr.
Lead Inspector. Grady, Frank Status: Approved by: Lewis-Buncomb, Edith, 02030/2006
Location Code: F241900 BidglArea Name: VEHICLESTRAILERS
Location Description: TRANSPORT 8-38
Document #; 635670/ 04 Image File: FTRTRANSPORTITRANSPORT B-36
Survay # THKFM-M-20060329-12 - PDF Generaled On: 09/05/2008 14:43 Page 12 of 16

Best Available Copy
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ATTACHMENT 2 — Drill String Initial Survey TKFM-M-20060329-12

Page 13 0f 16

VSDS Standard Map RSLS

Data Point Details
Survey #: TKFM-M-20060329-12
Map: 5 - FTFTRANSPORT\TRANSPORT B-36

# Type  |inst.| Value Units Position Notos
E] DR v Nj,ﬁg E19627| mnemdnr AT REAR OF TRUCK
el Bl [ eginr " """ 77
Al " """""~""- T [ feemne ST T
Iz DR y [T EBIC | mremhr BMDDLE OF TRUCK
a1~ """""°"° R
| TN A ) s A
E DRy |MA G240 | meamfhr FRONT OF TRUCK
T A BB [meane” ~ " T "
| a1~ " """""-- TS [ Feseire =" " 77
| 4 DR ¥ NiA | E 2| mremhr IN CAB OF TRUCK
| Al " """"7°° BAD [ meemite - - " "7 7T
'@;‘] -------- [ FaE -

Document #: §356TON 04

Image File: FTRITRANSPORTITRANSPORT B-38

Survey # TKFM-M-20060329-12 - PDF Generated On: 08/05/2008 14:43

Best Available Copy

Page 13 of 16
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ATTACHMENT 2 — Drill String Initial Survey TKFM-M-20060329-12
Page 14 0f 16

VSDS Standard Map RSLS

[ survey #: TxFM-M-20060328-12

[Dmf'!‘hw: 032972006 10:00

Map: & | TANK 28 LM78 HUT

500
$30
30

AJS 2) 0 DAC-hr Biy
A/S 1) ND DAC By
AJS 1) ND DAC o

Wipe Z) ND DPMMWipe o
Wige 2) ND DPMMWIpe By

" Sympol Legend (for example anly] RV & OB-F1F-116
" CLI Tag: F241528

%:ﬂ @ Sysiem | Process: TANK 28
Large Area
Samplo || Rote

Roopm ! Area: LM-75 HUT
Unlass otharwlse noted, dose rates in mrem/hr,

Status: Approved by: Lawis-Buncomis, Edith, 03302006

ILeed Inspector: Grady, Frank

|Blaninres Name: TANK 25

Location Code: F241928

ILocation Description: TANK 28 LM7E HUT

Dosument #: 615670/ 04
Survoy #: TKFM-M-20060329-12 - FDF Generated On: 05/05/2008 14:43

Image File: FTF\Tank ZE\TANK 28 LMTS HUT
Page 14 of 16

Best Available Copy
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ATTACHMENT 2 - Drill String Initial Survey TKFM-M-20060329-12
Page 150f 16

VSDS Standard Map RSLS
Data Point Details
Survey #: TKFM-M-20060329-12
Map: 6 - FTFTank 28\ TANK 28 LM75 HUT
# Type  |inst. Valug Units Position Holes
1 PRy WA id OVER OPEN PLUG AFTER DRILL STRING REMOVAL, THIS RISER
LY 5000 | e HAD CAMERA LEFT IN, HUT POSTED HIGH RAD.
A T 1800 [ eyt = "7 77"
2 OR 4 A E B0 | manhr CVER EMPTY FLUSHRIG  |RATE OVER FLUSH RIG WITH DRILL STRING
B0 It 2§ - Rt REMOWVED
L7 E -
1 Wee | | _______=vO|DCFWgs O TOP OF RISER SWIPE WAS ND DFM ABOVE BACKGROUND
fify WD | GFMANE OF 20000 DM DUE TO HIGH RATES
z Wes ) |________ oND|CFMMpe ON FLOOR AFTER JOB MO DRM ABOVE HIGH BACKGROUND OF
L - 20000 OPM
] Ajr Sampls Ml | DAC o INSIDE HUT 0328-12 A
i A WO lGeLEy T
2 | ArGample . 53| DACHr o P.A.S. SAMPLE 0328-12E
Sl ettty Bl BaEh gy T |

Image Flle: FTF\Tank 2E\TANK 28 LM75 HUT
Page 15 of 16

Document #: 356700 04
Survey # THFM-M-20060329-12 - POF Generated On: 03052008 14:43

Best Available Copy
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ATTACHMENT 2 - Drill String Initial Survey TKFM-M-20060329-12
Page 16 of 16
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Table A3-1: Radionuclide Decay Calculations
.. Max Initial | Initial Ci Decay .
Analyte| FTE-462, | Composite, | FTF-462, | Composit, é\gi’; Qﬁ;g Activity, % | HalfLife, | Activity, Ci Eqi;:ﬁm
pCi/mL! pCi/mL! pCi/mL pCi/mL ) ’ Ci(Ay) Equation | yr.(Tys) (Ay)
pCUmL(AC) | Equation1 | 3 Equation 2 3
quation q
C-14 | <1.56E+04 -- 1.56E+04 1.56E+04 4.02E-04 | 6.03E-04 | 5.72E+03 | 4.01E-04 | 8.62E-04
Al-26 | <1.76E+02| <1.99E+02| 1.76E+02 | 1.99E+02 1.99E+02 5.12E-06 | 7.69E-06 | 7.10E+05 | 5.12E-06 | 1.10E-05
Co-60 | <2.83E+02| <2.31E+02| 2.83E+02 | 2.31E+02 2.83E+02 7.28E-06 | 1.09E-05 | 5.27E+00 | 9.35E-07 | 2.01E-06
Se-79 | <1.76E+04 - 1.76 E+04 1.76E+04 4.53E-04 | 6.80E-04 | 2.90E+05 | 4.53E-04 | 9.74E-04
Sr-90 | 6.42E+03 -- 6.42E+03 6.42E+03 1.65E-04 | 2.48E-04 | 2.88E+01 1.14E-04 | 2.44E-04
Nb-94 | <2.23E+02| <1.96E+02 | 2.23E+02 | 1.96E+02 2.23E+02 5.74E-06 | 8.61E-06 | 2.00E+04 | 5.74E-06 | 1.23E-05
Tc-99 | 2.32E+05 | 1.99E+05 | 2.32E+05 | 1.99E+05 2.32E+05 5.97E-03 | 8.96E-03 | 2.13E+05 | 5.97E-03 | 1.28E-02
Ru-106 | </.62E+03| <1.38E+03| 1.62E+03 | 1.38E+03 1.62E+03 4.17E-05 | 6.26E-05 | 1.02E+00 | 1.03E-09 | 2.22E-09
Sb-125 | <6.68E+02| <6.37E+02| 6.68E+02 | 6.37E+02 6.68E+02 1.72E-05 | 2.58E-05 | 2.76E+00 | 3.40E-07 | 7.32E-07
Sb-126 | 2.66E+03 | 1.24E+03 | 2.66E+03 | 1.24E+03 2.66E+03 6.85E-05 | 1.03E-04 | 3.40E-02 | 3.40E-143 | 0.00E+00
Sn-126 | 3.73E+03 | 1.33E+03 | 3.73E+03 | 1.33E+03 3.73E+03 9.60E-05 | 1.44E-04 | 2.30E+05 | 9.60E-05 | 2.06E-04
I-129 | 1.36E+02 -- 1.36E+02 1.36E+02 3.50E-06 | 5.25E-06 | 1.57E+07 | 3.50E-06 | 7.53E-06
Cs-134 | <] .32E+05| <1.28E+05| 1.32E+05 | 1.28E+05 1.32E+05 3.40E-03 | 5.10E-03 | 2.07E+00 | 1.80E-05 | 3.88E-05
Cs-137 | 1.33E+09 | 1.04E+09 | 1.33E+09 | 1.04E+09 1.33E+09 3.42E+01 | 5.14E+01 | 3.01E+01 | 2.39E+01 | 5.14E+01
Ce-144 | <1 .43E+03| <9.97E+02| 1.43E+03 | 9.97E+02 1.43E+03 3.68E-05 | 5.52E-05 | 7.80E-01 3.47E-11 | 0.00E+00
Eu-154 | <3.90E+02 | <2.85E+02 | 3.90E+02 | 2.85E+02 3.90E+02 1.00E-05 | 1.51E-05 | 8.59E+00 | 2.85E-06 | 6.13E-06
Eu-155 | <7.69E+02 | <4.34E+02 | 7.69E+02 | 4.34E+02 7.69E+02 1.98E-05 | 2.97E-05 | 4.75E+00 | 2.03E-06 | 4.36E-06
Th-230 | <2.65E+03| <2.41E+03| 2.65E+03 | 2.41E+03 2.65E+03 6.82E-05 | 1.02E-04 | 7.54E+04 | 6.82E-05 | 1.47E-04
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Table A3-1: Radionuclide Decay Calculations (Continued)
. .\ . Decay
.. Max Initial | Initial Ci .. .
FTF-462, | Composite, | FTF-462, | Composite, Max ACth.lty Activity, % Half Life, Ac.t vty ¢ %
Analyte . h . . Concentration, . . Ci(Ay | Equation
pCi/mL! pCi/mL! pCi/mL pCi/mL . Ci (Ao) Equation | yr.(Typ) .
pCi/mL (Ac) B . Equation 3
quation 1 3 )

Th-232 | <3.44E-02 | <3.13E-02 | 3.44E-02 | 3.13E-02 3.44E-02 8.85E-10 | 1.33E-09 | 1.40E+10 | 8.85E-10 | 0.00E+00
U-233 | <[.22E+03| <I.10E+03 | 1.22E+03 | 1.10E+03 1.22E+03 3.14E-05 | 4.71E-05 | 1.59E+05 | 3.14E-05 [ 6.75E-05
U-234 | <7.85E+02| <7.13E+02 | 7.85E+02 | 7.13E+02 7.85E+02 2.02E-05 | 3.03E-05 | 2.46E+05 | 2.02E-05 | 4.35E-05
U-235 | <2.71E-01 | <2.47E-01 | 2.71E-01 | 2.47E-01 2.71E-01 6.98E-09 | 1.05E-08 | 7.04E+08 | 6.98E-09 | 1.50E-08
U-236 | <8.12E+00| <7.38E+00 | 8.12E+00 | 7.38E+00 8.12E+00 2.09E-07 | 3.14E-07 | 2.34E+07 | 2.09E-07 | 4.49E-07
Np-237 | <8.85E+01| <8.04E+01 | 8.85E+01 | 8.04E+01 8.85E+01 2.28E-06 | 3.42E-06 | 2.14E+06 | 2.28E-06 | 4.90E-06
U-238 2.75E-01 5.23E-01 | 2.75E-01 5.23E-01 5.23E-01 1.35E-08 | 2.02E-08 | 4.47E+09 | 1.35E-08 | 2.89E-08
Pu-238 | <2.94E+03| <l1.90E+03 | 2.94E+03 | 1.90E+03 2.94E+03 7.57E-05 | 1.14E-04 | 8.77E+01 | 6.69E-05 | 1.44E-04
Pu-239 | <7.81E+03| <7.09E+03 | 7.81E+03 | 7.09E+03 7.81E+03 2.01E-04 | 3.02E-04 | 2.41E+04 | 2.01E-04 | 4.32E-04
Pu-240 | <2.86E+04| <2.60E+04 | 2.86E+04 | 2.60E+04 2.86E+04 7.36E-04 | 1.10E-03 | 6.56E+03 | 7.35E-04 [ 1.58E-03
Pu-241 | </ I2E+05| <[.I5E+05 | 1.12E+05 | 1.15E+05 1.15E+05 2.96E-03 | 4.44E-03 | 1.44E+01 | 1.40E-03 [ 3.00E-03
Pu-242 | <4.80E+02| <4.36E+02 | 4.80E+02 | 4.36E+02 4.80E+02 1.24E-05 | 1.85E-05 | 3.75E+05 | 1.24E-05 [ 2.66E-05
Am-241 | <6.00E+03 -- 6.00E+03 6.00E+03 1.54E-04 | 2.32E-04 | 4.33E+02 | 1.51E-04 | 3.24E-04
Am-243 | <2.45E+03 -- 2.45E+03 2.45E+03 6.31E-05 | 9.46E-05 | 7.37E+03 | 6.30E-05 | 1.35E-04
Am- <3.59E+04 - 3.59E+04 3.59E+04 9.24E-04 | 1.39E-03 | 1.41E+02 | 8.56E-04 | 1.84E-03

242m
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Table A3-1: Radionuclide Decay Calculations (Continued)
Ilr\fi?izl Initial Ci Decay
FTF-462, | Composite, | FTF-462, | Composite, Max ACtlYlty Activity, % Half Life, Ac.t vity, & %
RO | e Ci/mL! | pCifmL | pCimp | Concentmation, | o\ 35 g ation | yr. (T | 2 @9 [ Equation
p p p p pCi/mL (Ac) E 0 q Y- Equation 3
quation 3 5
1

Cm-243 | <9.17E+03 -- 9.17E+03 9.17E+03 2.36E-04 | 3.54E-04 | 2.91E+01 | 1.63E-04 | 3.50E-04
Cm-245 | <7.52E+03 -- 7.52E+03 7.52E+03 1.94E-04 | 2.90E-04 | 8.50E+03 | 1.93E-04 | 4.16E-04
Cm-247 | <] [7E+04 -- 1.17E+04 1.17E+04 3.01E-04 | 4.52E-04 | 1.56E+07 | 3.01E-04 | 6.48E-04
Cf-249 | <1.19E+04 -- 1.19E+04 1.19E+04 3.06E-04 | 4.60E-04 | 3.51E+02 | 2.97E-04 | 6.39E-04
Cf-251 | <8.63E+03 -- 8.63E+03 8.63E+03 2.22E-04 | 3.33E-04 | 9.00E+02 | 2.19E-04 | 4.72E-04
Cm-242 | <] .93E+02 -- 1.93E+02 1.93E+02 4.97E-06 | 7.46E-06 | 4.46E-01 | 1.45E-16 | 0.00E+00
Cm-244 | 2.97E+03 -- 2.97E+03 2.97E+03 7.65E-05 | 1.15E-04 | 1.81E+01 | 4.21E-05 | 9.04E-05

Parents | Daughters
Cs-137 | Ba-137m 1.26E+09 3.24E+01 | 4.86E+01 2.26E+01 | 4.86E+01
Sr-90 Y-90 6.42E+03 1.65E-04 | 2.48E-04 1.14E-04 | 2.44E-04
U-235 Th-231 2.71E-01 6.98E-09 | 1.05E-08 6.98E-09 | 1.50E-08
U-238 Pa-234m 5.23E-01 1.35E-08 | 2.02E-08 1.35E-08 | 2.89E-08
U-238 Th-234 5.23E-01 1.35E-08 | 2.02E-08 1.35E-08 | 2.89E-08
Np-237 Pa-233 8.85E+01 2.28E-06 | 3.42E-06 2.28E-06 | 4.90E-06
Total 2.59E+09 6.66E+01 | 1.00E+02 4.65E+01 | 1.00E+02

Note 1: The non-detect radionuclides (i.e., <MDA) from I.1 are highlighted red.
Note 2: Radionuclides less than 1E-09 Ci are shaded gray as they have significantly decayed and are removed from the distribution.
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Table A3-2: Radionuclide Decay Inputs
6.8 Supernate Volume, gal
' V)
2/14/2006 Start Date
9/20/2021 Reference Date
15.6 AT(t-t,), years
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Table A4-1: Radionuclide Distribution Determination

Decay ACUVI.ty ’ Ci% Reyls.ed Revised Ci Reasons for Inclusion in & Exclusion
el || Laiggony | Gl (ay) Bopeion Equation 3 Acm.”ty % from Final Distribution
2 qua (Cy) Equation 3

C-14 PA 4.01E-04 8.62E-04 | 4.01E-05 | 8.62E-05 Non-Detect PA <LLD, 0.1 X LLD
Al-26 5.12E-06 1.10E-05 | 0.00E+00 | 0.00E+00 <1%

Co-60 9.35E-07 2.01E-06 | 0.00E+00 | 0.00E+00 <1%

Se-79 4.53E-04 9.74E-04 | 0.00E+00 | 0.00E+00 <1%

Sr-90 PA 1.14E-04 2.44E-04 | 1.14E-04 | 2.44E-04 Detected PA
Nb-94 5.74E-06 1.23E-05 | 0.00E+00 | 0.00E+00 <1%

Tc-99 PA 5.97E-03 1.28E-02 | 597E-03 | 1.28E-02 Detected PA
Ru-106 1.03E-09 2.22E-09 | 0.00E+00 | 0.00E+00 <1%

Sb-125 3.40E-07 7.32E-07 | 0.00E+00 | 0.00E+00 <1%

Sb-126 3.40E-143 0.00E+00 | 0.00E+00 | 0.00E+00 <1%

Sn-126 9.60E-05 2.06E-04 | 0.00E+00 | 0.00E+00 <1%

1-129 PA 3.50E-06 7.53E-06 | 3.50E-06 | 7.53E-06 Detected PA
Cs-134 1.80E-05 3.88E-05 | 0.00E+00 | 0.00E+00 <1%

Cs-137 2.39E+01 5.14E+01 | 2.39E+01 | 5.14E+01 >1%
Ce-144 3.47E-11 0.00E+00 | 0.00E+00 [ 0.00E+00 <1%
Eu-154 2.85E-06 6.13E-06 | 0.00E+00 | 0.00E+00 <1%
Eu-155 2.03E-06 4.36E-06 | 0.00E+00 [ 0.00E+00 <1%
Th-230 6.82E-05 1.47E-04 | 0.00E+00| 0.00E+00 <1%
Th-232 8.85E-10 0.00E+00 | 0.00E+00 [ 0.00E+00 <1%
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Table A4-1: Radionuclide Distribution Determination (Continued)

Axiiyis iy Decay ActiYity, G Ci % R;Yised ' Reviseq Ci% | Reasons for chlusign ip & Exclusion
(A¢) Equation 2 Equation 3 Activity (Ci) Equation 3 from Final Distribution
U-233 Fissile 3.14E-05 6.75E-05 3.14E-06 6.75E-06 Non-Detect Fissile, 0.1 X LLD
U-234 PA 2.02E-05 4.35E-05 2.02E-06 4.35E-06 Non-Detect PA <LLD, 0.1 XLLD
Non-Detect PA/Fissile <LLD, <<1E-09
U-235 PA/Fissile 6.98E-09 1.50E-08 0.00E+00 0.00E+00 Ci
U-236 2.09E-07 4.49E-07 0.00E+00 0.00E+00 <1%
Non-Detect PA/TRU <LLD, 0.1 X
Np-237 PA/TRU 2.28E-06 4.90E-06 2.28E-07 4.90E-07 LLD
U-238 1.35E-08 2.89E-08 0.00E+00 0.00E+00 <1%
Pu-238 TRU 6.69E-05 1.44E-04 6.69E-06 1.44E-05 Non-Detect TRU, 0.1 X LLD
Pu-239 | TRU/Fissile 2.01E-04 4.32E-04 2.01E-05 4.32E-05 Non-Detect TRU/Fissile, 0.1 X LLD
Pu-240 TRU 7.35E-04 1.58E-03 7.35E-05 1.58E-04 Non-Detect TRU, 0.1 X LLD
Pu-241 Fissile 1.40E-03 3.00E-03 1.40E-04 3.00E-04 Non-Detect Fissile, 0.1 X LLD
Pu-242 TRU 1.24E-05 2.66E-05 1.24E-06 2.66E-06 Non-Detect TRU, 0.1 X LLD
Am-241 TRU 1.51E-04 3.24E-04 1.51E-05 3.24E-05 Non-Detect TRU, 0.1 X LLD
Am-243 TRU 6.30E-05 1.35E-04 6.30E-06 1.35E-05 Non-Detect TRU, 0.1 X LLD
Am-242m | TRU/Fissile 8.56E-04 1.84E-03 8.56E-05 1.84E-04 Non-Detect TRU/Fissile, 0.1 X LLD
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ATTACHMENT 4 — Radionuclide Distribution
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Table A4-1: Radionuclide Distribution Determination (Continued)
Deca .
Activity, Ci Ci % el || s @Iop||  SEEsoms iorlindimsivi s
Auelyiis Category (A¢) Equation | Equation 3 Activity (Ci) Equation 3 Exclugloq frqm —
) Distribution
Non-Detect TRU/Fissile, 0.1
Cm-243 TRU/Fissile 1.63E-04 3.50E-04 1.63E-05 3.50E-05 X LLD
Non-Detect TRU/Fissile, 0.1
Cm-245 TRU/Fissile 1.93E-04 4.16E-04 1.93E-05 4.16E-05 X LLD
Non-Detect TRU/Fissile, 0.1
Cm-247 TRU/Fissile 3.01E-04 6.48E-04 3.01E-05 6.48E-05 X LLD
Non-Detect TRU/Fissile, 0.1
Cf-249 TRU/Fissile 2.97E-04 6.39E-04 2.97E-05 6.39E-05 X LLD
Non-Detect TRU/Fissile, 0.1
Cf-251 TRU/Fissile 2.19E-04 4.72E-04 2.19E-05 4.72E-05 X LLD
Cm-242 1.45E-16 0.00E+00 0.00E+00 0.00E+00 <1%
Cm-244 4.21E-05 9.04E-05 0.00E+00 0.00E+00 <1%
Parents Daughters
Cs-137 Ba-137m 2.26E+01 4.86E+01 2.26E+01 4.86E+01 >1%
Sr-90 Y-90 1.14E-04 2.44E-04 0.00E+00 0.00E+00 <1%
U-235 Th-231 6.98E-09 1.50E-08 0.00E+00 0.00E+00 <1%
U-238 Pa-234m 1.35E-08 2.89E-08 0.00E+00 0.00E+00 <1%
U-238 Th-234 1.35E-08 2.89E-08 0.00E+00 0.00E+00 <1%
Np-237 Pa-233 2.28E-06 4.90E-06 0.00E+00 0.00E+00 <1%
Total 4.65E+01 1.00E+02

Note 1: Non-detect U-235 was removed from the distribution due its very low activity.
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Table A4-2: FT14005196 Final Radionuclide Distribution
FT14005196 Final Radionuclide Distribution
Radionuclide Activity (Ci) Ci %, Equation 3
C-14 4.01E-05 8.62E-05
Am-241 1.51E-05 3.24E-05
Am-242m 8.56E-05 1.84E-04
Am-243 6.30E-06 1.35E-05
Ba-137m 2.26E+01 4.86E+01
Cf-249 2.97E-05 6.39E-05
Cf-251 2.19E-05 4.72E-05
Cm-243 1.63E-05 3.50E-05
Cm-245 1.93E-05 4.16E-05
Cm-247 3.01E-05 6.48E-05
Cs-137 2.39E+01 5.14E+01
I-129 3.50E-06 7.53E-06
Np-237 2.28E-07 4.90E-07
Pu-238 6.69E-06 1.44E-05
Pu-239 2.01E-05 4.32E-05
Pu-240 7.35E-05 1.58E-04
Pu-241 1.40E-04 3.00E-04
Pu-242 1.24E-06 2.66E-06
Sr-90 1.14E-04 2.44E-04
Tc-99 5.97E-03 1.28E-02
U-233 3.14E-06 6.75E-06
U-234 2.02E-06 4.35E-06
Total 4.65E+01 1.00E+02
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Table A5-1: U-235 FGE, Pu-239 PEC, and TRU
FT14005196 Radionuclide Distribution %é‘;:s P ;;3239 TRU
Radionuclide | Activity (ci) | €1 7 E3q“a“°“ Equzl’tion Equgt‘i’on s Eq‘;ggg; ]
C-14 4.01E-05 8.62E-05 1.60E-09
Am-241 1.51E-05 3.24E-05 1.54E-05 | 4.74E-03
Am-242m 8.56E-05 1 84E-04 439E-04 | 8.56E-05 | 2.70E-02
Am-243 6.30E-06 1 35E-05 6.42E-06 | 1.98E-03
Ba-137m 2 26E101 4 86E101 2.94E-03
Cf-249 2.97E-05 6.39E-05 5.08E-04 | 3.036-05 | 9.35E-03
Cf-251 2.19E-05 4.72E-05 1.94E-03 | 2.24E-05 | 6.91F-03
Cm-243 1.63E-05 3.50E-05 251E-06 | 1.66E-05 | 5.13E-03
Cm-245 1.93E-05 4 16E-05 2.63E-03 | 2.056-05 | 6.09E-03
Cm-247 3.01E-05 6.48E-05 2.60E-01 | 3.07E-05 | 9.49E-03
Cs-137 239E101 5145101 1.50E-02
1129 3.50E-06 7.53E-06 455E-10
Np-237 2.28E-07 4.90E-07 21907 | 7.17E-05
Pu-238 6.69F-06 1 44E-05 6.03E-06 | 2.11E-03
Pu-239 2.01E-05 432E-05 5.18E-04 | 2.01E-05 | 6.33E-03
Pu-240 7.35E-05 1.58E-04 750E-05 | 2.31E-02
Pu-241 1 40E-04 3.00E-04 4.75E-06 | 2.70E-06
Pu-242 1 24E-06 2.66E-06 126E-06 | 3.89E-04
$1-90 1 14E-04 2 44E-04 2 89E-07
Tc-99 5.97E-03 1 28E-02 8.78E-08
U-233 3.14E-06 6.75E-06 456E-04 | 8.01E-07
U-234 2.02E-06 435E-06 5.15E-07
Total 4.65E+01 1.00E+02 | 2.66E-01 | 1.83E-02 | 1.03E-01
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Table A6-1: NRC Waste Classification
NRC Waste Classification
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
B Activity Activity - Ratio | LAMIts; Ratio | | imits, L Ratio | | imits, Ratio
Radionuclide A“g_‘ty Concentration, | Concentration, LT‘“';:S’ILi Units | G/, CLi” Units E/fl (Col2 | Units f:/]ldz L; (Col3| Units 2/11‘3
() C; (nCi/g) ¢ cimy | (TableD (Table 1) T(ab‘;e‘ 2 Tgb‘l’e' 2| Table?) T(ab(;e.Z) Table 2) T(ab‘;e' 2

Am241 | 151E-04| 4.74E-02 10 nCilg | 4.74E-03

Am-242m | 8.56E-04| 2.70E-01 10 nCilg | 2.70E-02

Am243 | 6.30E-05|  1.98E-02 10 nCile | 1.98E-03

Ba-137m |2.26E+01| 7.12E+03 1.70E+00 700 | Cim3 |2.42E-03| Unlimited | Ci/m3 Unlimited| Ci/m3

C-14 | 4.01E-04 3.01E-05 0.8 Cim3 | 3.76E-05

Co-60 | 9.35E-07 7.02E-08 700 | Cim3 |1.00E-10| Unlimited | Ci/m3 Unlimited| Cifm3

Cs-137  |2.39E+01 1.79E+00 1 Cim3 |1.79E+00] 44 Cim3 | 4.07E-02| 4600 | Cim3 | 3.90E-04

129 | 3.50E-06 2.63E-07 0.008 Cim3 | 3.28E-05

Np-237 | 2.28E-06] 7.17E-04 10 nCilg | 7.17E-05

Pu-238 | 6.69E-05| 2.11E-02 10 nCile | 2.11E-03

Pu-239 |2.01E-04]| 6.33E-02 10 nCilg | 6.33E-03

Pu-240 |735E-04| 231E-01 10 nCilg | 2.31E-02

Pu-241 | 1.40E-03| 4.40E-01 350 nCile | 1.26E-03

Pu-242 | 1.24E-05| 3.89E-03 10 nCilg | 3.89E-04

Cm242 | 145E-16| 4.57E-14 2000 nCilg | 2.29E-17

Cm-243 | 1.63E-04| 5.13E-02 10 nCile | 5.13E-03

Cm-244 |421E-05]| 132E-02 10 nCile | 1.32E-03

Cm-245 |1.93E-04] 6.09E-02 10 nCilg | 6.09E-03

Cm-247 |3.01E-04]| 9.49E-02 10 nCilg | 9.49E-03

C£249 |2.97E-04| 9.35E-02 10 nCile | 9.35E-03

C£251 |2.19E-04]| 6.91E-02 10 nCilg | 6.91E-03

Nb-94 | 5.74E-06 431E-07 0.02 C¥m3 | 2.15E-05

Sr-90 | 1.14E-04 8.52E-06 004 | Cym3 |2.13E-04| 150 Cim3 | 5.68E-08| 7000 | Cim3 | 1.22E-09

Tc-99 | 5.97E-03 4.48E-04 03 Cim3 | 1.49E-03

Y-90 | 1.14E-04 8.52E-06 700 | Cim3 |1.22E-08| Unlimited | Ci/m3 Unlimited| Ci/m3

Total  |4.65E+01 SOF | 1.07E-01 1.80E+00 4.07E-02 3.90E-04
WASTE CLASSIFICATION Class B

Best Available Copy
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ATTACHMENT 7 — RCRA RESULTS
Page 1 of 2

Table A7-1: RCRA Results

Tank 28 Drill String Supernate RCRA Determination
A B=A*6.8%*3.78541 6 D=C/20
173*0.453592
' Total ‘ Theoretical RCRA Limit RCRA UHC
Parameter FTF-462 Composite mg/L Mass (mg) Concentration |TCLP Result Limit
(mg/L) |Hazardous?
(mg/kg) (mg/L) (mg/L) | UHC?
Mercury [Hg] <6.61E+00 <6.74E+00 6.74E+00 1.73E+02 2.22E+00 1.11E-01 0.2 No 0.025 Yes
Arsenic [As] <1.65E+00 <1.69E+00 1.69E+00 4.35E+01 5.56E-01 2.78E-02 5 No 5 No
Barium [Ba] <1.30E+01 <1.43E+01 1.43E+01 3.68E+02 4.70E+00 2.35E-01 100 No 21 No
Cadmium [Cd] <3.49E+01 <3.84E+01 3.84E+01 9.88E+02 1.26E+01 6.32E-01 1 No 0.11 Yes
Chromium [Cr] 6.51E+01 1.72E+02 1.72E+02 4.43E+03 5.66E+01 2.83E+00 5 No 0.6 Yes
Lead [Pb] 2.38E+00 2.71E+00 2.71E+00 6.98E+01 8.91E-01 4.46E-02 5 No 0.75 No
Selenium [Se] <3.30E+00 <3.37E+00 3.37E+00 8.67E+01 1.11E+00 5.54E-02 1 No 5.7 No
Silver [Ag] <2.44E+01 <2.68E+01 2.68E+01 6.90E+02 8.82E+00 4.41E-01 5 No 0.14 Yes
Lead Blankets RCRA Characterization
D (Table 5.5.4.2-2) E=D/ 771 F=E/20
Theoretical
Parameter Mass (mg) Total Concentration (mg/kg) TCLP Result RCRA Limit (mg/L) | RCRA Hazardous?
(mg/L)
Lead [Pb] 6.93E+08 8.99E+05 4.49E+04 5 Yes

Notes:

RCRA determinations do not include any additional shielding inside the B-36 or the B-36 itself.

The UHC results are based on the weight of the drill string only (173 Ibs. - Table 5.5.4.2-1).

The lead RCRA results are based on the Tank 28 Drill String and lead blankets weight (771 kgor 1700 lbs., L. 5).
To determine the maximum theoretical TCLP, 20 L extract/kg waste is used.

A W —



ATTACHMENT 7 - RCRA RESULTS

Page 2 of 2
Table A7-2: RCRA Results Summary
Theoretical
Hazardous Total TCLP RCRA
i ?
Waste Code Parameter Cor(llclfn/tl:a)tlon Result Hazardous? L012 (e
&8 (mg/L)
D009 Mercury [Hg] 2.22E+00 1.11E-01 No Yes
D004 Arsenic [As] 5.56E-01 2.78E-02 No No
D005 Barium [Ba] 4.70E+00 2.35E-01 No No
Cadmium
D006 [Cd] 1.26E+01 6.32E-01 No Yes
Chromium
D007 [Cr] 5.66E+01 2.83E+00 No Yes
D008 Lead [Pb] 8.99E+05 4.49E+04 Yes No!
D010 Selenium [Se] 1.11E+00 5.54E-02 No No
DO11 Silver [Ag] 8.82E+00 4.41E-01 No Yes
Note 1 - Lead is not considered as a UHC since the waste is already hazardous for lead.
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1.0 INTRODUCTION

The purpose of this calculation is to document the radiological characterization of the
Defense Waste Processing Facility (DWPF) Melter glass pumps and bubblers in
accordance with the requirements from the SRS Manual 1S to support off-site disposition
as Low-Level Waste (LLW).

The DWPF Melter glass pumps/bubblers were used to increase the melt rate and have
exceeded their design life. There are currently 67 glass bubblers/pumps (10 of 67 are
glass pumps) and will continue to be generated during DWPF operation. Six glass pumps
or bubblers will be placed into an inner container and then into an approved DOT
shipping package for offsite transportation. To meet the offsite disposal facility void
space requirements, DOT shipping external dose rate requirements, and load securement
requirements, CLSM (Controlled Low Strength Material) [Ref. 8.8] will be added to the
internal container to stabilize the contents and provide additional external dose shielding.

The waste form to be characterized consists of the following: The DWPF Melter bubblers
[Ref. 8.12-8.14] or glass pumps [Ref. 8.15], polyethylene (PE) plastic sheeting and
containment sleeving, and CLSM used for shielding and load securement.

Characterization is performed in accordance with SRS Manual 1S Chapter 3 [Ref. 8.1] to
meet the requirements of SRS Manual 1S Chapter 5 [Ref. 8.2]. The waste form will be
evaluated against NRC Waste Classification requirements of 10 CFR Part 61.55 [Ref.
8.11]. Savannah River National Lab (SRNL) Melter pour stream analytical results and
process knowledge were used in this evaluation for characterization.

2.0 OPEN ITEMS

None

3.0 INPUTS

3.1.  Measured and calculated radioanalytical data from sludge batches 1a, 1b, 2, 3, 4,
5 and 6 pour stream glass samples are provided in SRNL-STI-2012-00157, Rev. 0
[Ref. 8.3].

3.2. Measured and calculated radioanalytical data from the sludge batch 7a pour
stream glass samples are provided in SRNL-STI-2012-00017, Rev. 1 [Ref. 8.4].

3.3. Measured and calculated radioanalytical data from the sludge batch 7b pour
stream glass samples are provided in SRNL-STI-2013-00462, Rev. 0 [Ref. 8.5].

3.4. Measured and calculated radioanalytical data from the sludge batch 8 pour stream
glass samples are provided in SRNL-STI-2018-00699, Rev. 0 [Ref. 8.6].

3.5. Measured and calculated radioanalytical data from the sludge batch 9 pour stream
glass samples are provided in X-CLC-S-00464, Rev. 0 [Ref. 8.7].
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3.6. The TRU, Fissile, and PA radionuclides are listed in 1S, Chapter 3 [Ref. 8.1].

3.7.  The Maximum Allowable Lower Limit of Detection (MALLD) and package
reporting thresholds for each radionuclide are listed in 1S, Chapter 3 [Ref. 8.1].

3.8.  The Waste Dilution Factor (WDF) for SB7b is 2.3, provided in SRNL-STI-2013-
00462 [Ref. 8.5].

3.9.  The CLSM density is 115 Ibs/ft? [Ref. 8.10].

3.10. Pu-239 PEC Weighting factors shown in Attachment 6 are from Consolidated
Waste Tracking System (CWTS) reports [Ref. 8.9].

3.11. The U-235 FGE equivalence factors and specific activities are from SRS Manual
1S, Chapter 5 [Ref. 8.2].

3.12. The inner dimensions of the inner container are 12 ft (L) x 6 ft (W) x 3 ft (H)
[Attachment 7 and Ref. 8.16].

4.0 ASSUMPTIONS

4.1 The inside of the bubblers/glass pumps do not contain glass.

Justification: The bubblers/glass pumps have a continuous flow of argon/air
through them while installed which prohibits the buildup of glass inside the
bubblers/glass pumps (Attachment 5).

4.2 The bubblers/glass pumps will be coated with 0.23 lbs. (0.10 kg) of glass.

Justification: The outer surfaces of the glass pumps contain the most amount of
glass at 0.23 Ibs. because there is more surface area for glass adhesion when
compared to the bubblers.

In addition, both the bubblers and glass pumps are assumed to be submerged to
the maximum melt pool level (Attachment 6). Therefore, assuming both waste
items contain the same amount of glass is conservative and will result in the
highest package activity.

4.3  The Cs-137 concentration for sludge batch 9 is determined using an average of
batches 803-817 at 11.9 Ci/kg.

Justification: The most recent sludge batch (SB9) has the highest Cs-137
concentration due to the addition of Cs-137 loaded strip effluent from the Salt
Waste Processing Facility (SWPF). Review of the sludge batch 9 records
provided in Ref. 8.7 indicate a consistent increase of Cs-137 loading around batch
803. The Cs-137 concentration of 11.9 Ci/kg bounds all previous sludge batches
and will provide the highest Cs-137 and package activity.
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5.0 ANALYTICAL METHODS AND COMPUTATIONS

The DWPF Melter glass radionuclide distribution is applicable to both the DWPF Melter
bubblers and glass pumps radionuclide distribution. The radiological characterization will
determine the radionuclides represented in the DWPF Melter bubblers and glass pumps.
The waste form will be characterized to meet the 1S requirements [Ref 8.1 & 8.2] and
then evaluated against the NRC waste classification requirements found in 10 CFR Part
65.55 [Ref. 8.11] for offsite disposal as Class C Waste.

5.1 Radiological Characterization
5.1.1 Activity Calculations

Correlating a specific sludge batch to a distinct Melter glass pump or bubbler is not
possible. Therefore, a conservative radionuclide distribution will be developed using all
the sludge batches that have been processed through DWPF. The radionuclide data is
taken from each sludge batch pour stream glass samples. A measured and calculated
radionuclide concentration (determined using a Waste Dilution Factor (WDF)) is
typically provided in the SRNL reports (I. 3.1-3.4). Sludge batch 7b (1. 3.3) did not
provide a calculated radionuclide concentration in Ci/kg, therefore it was determined
using Equation 1 with results in Attachment 1, Table Al1-1.

SB7b WAPS

SB7b = —WDF Equation (1)
Where,
SB7b = Calculated sludge batch 7b radionuclide concentration, Ci/kg
SB7b WAPS = Sludge batch 7b Waste Acceptance Program Specification sample
results, Ci/kg (1. 3.3)
WDF = Waste Dilution Factor (WDF), unitless (1. 3.8)

The maximum radionuclide concentration between the measured and calculated pour
stream activity concentrations for all sludge batches shown in Attachment 1 is used to
apply the 1S, Chapter 3 characterization methodology. The most recent sludge batch 9
has the highest Cs-137 concentration due to the increase in strip effluent from the Salt
Waste Processing Facility (SWPF) (1. 3.5). The Cs-137 concentration for sludge batch 9
is determined using an average of Batches 803-817 at 11.9 Ci/kg (A. 4.3) shown in
Attachment 1, Table A1-2. Maximum radionuclide concentration data for all the sludges
batches was transferred from Attachment 1, Table A1-3 to Attachment 2, Table A2-1.

The Ci% is determined using the equation below.

%A; = :—; Equation (2)
Where,

Ai = Activity for radionuclide, i, Ci
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%A = Percent activity for radionuclide, 1, Ci%
At = Total Activity (Ci)

The activity per bubbler or glass pump is determined using Equation 3. Glass is assumed
to not be present on the inside of the glass pumps or bubblers (A. 4.1).

Aiy = Walass X Ac;i Equation (3)
Where,
Ai = Activity per radionuclide per bubbler/glass pump, i, Ci
Wolass = Weight of glass, kg (A. 4.2)
Acii = Maximum activity concentration per radionuclide, 1, Ci/kg

The package activity is then determined by the number of bubblers/glass pumps in the
container. A total of 6 bubblers or glass pumps will be placed into the inner waste
container. Therefore, the total package activity can be determined using the equation

below.
APackage = Ai,l X N Equation (4)
Where,
APackage = Package ACtiVity, i, Ci
N = Number of glass pumps or bubblers (6) per package

The final activity for each radionuclide is provided in Attachment 2. Each radionuclide
was then reported using 1S, Chapter 3 methodology and the analytical result was revised
based on the following methodology:

1. The PA radionuclides (I. 3.6) were reported as follows:
a. For detected PA radionuclides (i.e., C-14, Sr-90, Tc-99, 1-129, U-234, U-
235, Np-237) the result was not changed.
2. For TRU/Fissile radionuclides (I. 3.6):
a. All detected TRU or Fissile radionuclides were reported.
b. For non-detect TRU and Fissile radionuclides, the decay result of 0.1 X
MDA (i.e., Cm-247, Cm-248) is used for activity quantification since the
MDA’s are all above the MALLD (1. 3.7).
c. Non-detect Bk-247 is not expected in the waste stream and was not
reported.
3. For Non-PA, Non-TRU, and Non-Fissile radionuclides:
a. Per 1S Manual Chapter 3, radionuclides were reported if their activity is

greater than 1% of the total curie distribution and/or above the LLW
Package Thresholds (I. 3.7).
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4. Daughter radionuclides were determined as described in 1S, Chapter 3 [Ref. 8.1]
as shown below.

Ba-137m = 0.946 * Cs-137

Pa-234m = 1.00 * U-238

Th-234 =1.00 * U-238

Pa-233 =1.00 * Np-237

Th-231 =1.00 * U-235

Y-90 = 1.00 * Sr-90

The radionuclide screening process results are shown in Attachment 2 including the final
normalized radionuclide distribution (Table A2-2).

Mmoo o

5.1.2 U-235 FGE Calculation

U-235 Fissile Gram Equivalent (FGE) content is calculated based on information
provided in 1S Chapter 5 [Ref. 8.2] along with the 1S Chapter 3 radionuclide screened
activity shown in Attachment 2. The U-235 FGE radionuclides in the rad profile are U-
233, U-235, Pu-239, Pu-241, Am-242m, Cm-245, Cm-247, Cf-249, and C{-251.

FGE =), (&) X Dy Equation (5)
Where,
Ai = Activity for nuclide, i, Ci
SpA; = Specific activity of nuclide, i, Ci/g (I. 3.11)
Di = Equivalence factor for nuclide, 1 (I. 3.11)
FGE = Total U-235 FGE from all radionuclides, g

The U-235 FGE is compared to the 50g limit in 1S Chapter 5 [Ref. 8.2]. The results of
the U-235 FGE calculation for the radionuclides remaining after the screening process are
provided in Attachment 3, Table A3-2.

5.1.3 Pu-239 PEC Calculation

The Pu-239 Plutonium Equivalent Curies (PEC) content is calculated using weighting
factors downloaded from the CWTS reports and Equation 6.

PEC =Y A; X W, Equation (6)
Where,
Wi = Weighting factor for nuclide, i (1. 3.10)
Ai = Activity of nuclide, 1, Ci

PEC

Total Pu-239 PEC for all radionuclides
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The PEC value is calculated for the radionuclides remaining after the screening process
and is shown in Attachment 3, Table A3-2. The resulting PEC is compared to the
maximum allowable value of 4 PEC per 1S Chapter 5 [Ref. 8.2].

5.1.4 TRU Concentration Calculation

Waste is considered TRU if it contains more than 100 nCi (alpha-emitting transuranic
isotopes with half-lives greater than 20 years) per gram of waste. The TRU nuclides
present in the DWPF glass are Np-237, Pu-238, Pu-239, Pu-240, Pu-242, Am-241, Am-
242m, Am-243, Cm-245, Cm-246, Cm-247, Cm-248, Cf-249, and Cf-251.

AC; = 2L x 1E + 09 Equation (7)
Ww
Where,
AC; = Activity concentration for radionuclide, i, nCi/g
A = Activity of radionuclide, 1, Ci
Wy = Total Waste Weight, g (Equation 8)
1E+09 = Conversion factor from Ci to nCi

The waste weight is the weight of the CLSM shielding and bubbler/glass pumps. The
inner waste container will be filled with CLSM to provide shielding and waste
stabilization. The weight of the bubblers/glass pumps is relatively small when compared
to the weight of the CLSM shielding and will be ignored for conservatism.

W, = (LXW X H)pcrsu Equation (8)
Where,
Wy = Waste Weight, Ibs.
L = Inner Length of the waste container, ft (1. 3.12)
w = Inner Width of the waste container, ft (I. 3.12)
H = Inner Height of the waste container, ft (I. 3.12)
PCLSM = Density of the CLSM, Ibs./ft* (I. 3.9)

The waste weight is provided in Attachment 3, Table A3-1 and TRU concentration is
provided in Attachment 3, Table A3-2.

5.1.5 NRC Waste Classification

The procedure for calculating the Nuclear Regulatory Commission (NRC) Waste
Classification is outlined in 10 CFR 61.55 [Ref. 8.11]. Waste containing both long-lived
and short-lived nuclides, such as the bounding activity for this waste, utilizes limits in 10
CFR 61.55 Table 1 (long-lived) and Table 2 (short-lived), along with the sum-of-
fractions (SOF) methodology. The procedure for determining if waste is Class A, B, C, or
Greater than Class C (GTCC) is outlined in Figure 5.1.5-1.
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For those radionuclides based on an activity concentration (Ci/m*® or Ci/g), those
radionuclides’ activity (Ci) was either divided by their waste volume (m?) or weight (g).
The waste volume (6.116 m?) was determined using the internal waste container
dimensions (I. 3.12). The waste weight is from Equation 8. The NRC Waste
Classification table uses the decayed radionuclide activities prior to the 1S, Chapter 3
radiological screening. The SOF calculation is provided by the below equation provided

in Attachment 4.
ACD; .
SOF =) L—‘ Equation (9)
i
Where,
ACD; = Activity concentration of nuclide, i, nCi/g or Ci/m?
Li = Limit for nuclide, i, nCi/g or Ci/m> [Ref. 8.11]
SOF = Sum-of-Fractions based on all applicable nuclides
Calcuate SOF Yes Caolcuate S0F
bosedon Taole | bosed on Table 2
Class A limits Class A limits
MNo
Calcuate SOF Calcuate SOF
based on Taole | bosed on Table 2
Closs C limits Closs B limits
Caolcuate SOF Mo
bosed on Table 2
Class C limits
Figure 5.1.5-1: NRC Waste Classification Procedure
6.0 RESULTS

6.1 Activity Calculations

The activity calculations are provided in Attachment 5, Table A5-1 through A5-3. The
radiological distribution is provided in Table 6.1-1 for one package.
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Table 6.1-1: DWPF Melter Bubblers/Glass Pumps Radionuclide Distribution

DWPF Melter Bubblers/Glass Pumps
Radionuclide Distribution
Activity Per
Radionuclide Package Ci%
(Ci)

Am-241 1.00E-02 3.86E-02
Am-242m 6.13E-05 2.36E-04
Am-243 1.13E-03 4.34E-03
Ba-137m 7.03E+00 2.71E+01
C-14 1.05E-06 4.05E-06
Cf-249 5.50E-06 2.12E-05
Cf-251 1.56E-05 6.02E-05
Cm-244 4.01E-02 1.54E-01
Cm-245 5.32E-06 2.05E-05
Cm-246 1.75E-05 6.75E-05
Cm-247 7.95E-07 3.06E-06
Cm-248 8.33E-07 3.20E-06
Cs-137 7.43E+00 2.86E+01
I-129 1.15E-06 4.43E-06
Ni-59 7.08E-04 2.72E-03
Np-237 1.74E-05 6.70E-05
Pu-238 1.04E-01 4.00E-01
Pu-239 5.13E-03 1.97E-02
Pu-240 1.82E-03 6.99E-03
Pu-241 3.06E-02 1.18E-01
Pu-242 2.39E-06 9.21E-06
Sr-90 5.66E+00 2.18E+01
Tc-99 1.12E-04 4.31E-04
U-233 4.38E-05 1.69E-04
U-234 2.63E-05 1.01E-04
U-235 2.29E-07 8.82E-07
Y-90 5.66E+00 2.18E+01
Zr-93 3.38E-04 1.30E-03
Total 2.60E+01 1.00E+02

6.2 TRU Concentration

The TRU concentration for one package is 10.8 nCi/g as provided in Attachment 3.
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6.3 U-235 FGE, and Pu-239 PEC
The U-235 FGE is 0.255 g and the Pu-239 PEC is 0.174 PEC as shown in Attachment 3.
6.4 NRC Waste Classification

The NRC waste classification 1s Class C as shown in Attachment 4.

7.0 CONCLUSION

The DWPF Melter bubbler/glass pumps radiological distribution and package activity (26
Ci) is provided in Table 6.1-1. Each container will have the same radionuclide
distribution and package activity.

e The U-235 FGE is 0.255 g.

e The Pu-239 PEC is 0.174 Ci.

e The TRU concentration is 10.8 nCi/g.

e The NRC Waste Classification is Class C.
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Attachment 1: Radionuclide Data

Attachment 1, Page 1 of 9

Table Al-1: Sludge Batch 7b Radionuclide Data

Sludge Batch 7b
SRNL-STI-2013-00462, RO
Calculated
Radionuclide SB7b. WAPS Concentration in Glass
(Ci/ke) (Ci/kg) - Equation 1
C-14 -
Cl-36 <4.1E-06 <1.78E-06
Ni-59 2.60E-03 1.13E-03
Ni-63 1.60E-01 6.96E-02
Se-79 1.50E-05 6.52E-06
Sr-90 1.30E+01 5.65E+00
Zr-93 4.60E-04 2.00E-04
Nb-93m 4.20E-04 1.83E-04
Tc-99 9.70E-05 4.22E-05
Rh-106 - -
Ru-106 - -
Cd-113m 3.30E-03 1.43E-03
Sn-121m 5.00E-04 2.17E-04
Sn-126 <7.0E-04 <3.04E-04
1-129 - -
Cs-134 - -
Cs-135 - -
Cs-137 6.40E-01 2.78E-01
Ce-144 - -
Pm-147 - -
Sm-151 2.50E-01 1.09E-01
Th-229 - -
Th-232 1.20E-06 5.22E-07
U-233 4.20E-05 1.83E-05
U-234 4.10E-05 1.78E-05
U-235 6.10E-07 2.65E-07
U-236 9.00E-07 3.91E-07
U-238 1.60E-05 6.96E-06
Np-237 2.50E-05 1.09E-05
Pu-238 1.40E-01 6.09E-02
Pu-239 1.10E-02 4.78E-03
Pu-240 3.60E-03 1.57E-03
Pu-241 5.10E-02 2.22E-02
Pu-242 <9.0E-06 <3.91E-06
Am-241 3.60E-02 1.57E-02
Am-242m - -
Am-243 5.00E-04 2.17E-04
Cm-244 1.80E-02 7.83E-03
Cm-245 - -
Cm-246 6.60E-06 2.87E-06
Cm-247 - -
Cm-248 - -
Bk-247 - -
Cf-249 - -
Cf-251 - -
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Table A1-2: Sludge Batch 9 Recent Batch Data and Cs-137 concentration [Ref. 8.7]

Attachment 1, Page 2 of 9

LIMS Data for Cs-137 Content Calculated
Average Cs-137
Concentration (Batches
Input 7 Equation 10 803-817)
Cs-137 Ci/ke
Batch |Sample ID| Content Cs-137 Content
bg/gm Ci/g Ci/Canister' 1.19E+01

817 30058 |2.02E+08| 5.46E-03| 9.91E+03
816 29803 |6.93E+08| 1.87E-02| 3.40E+04
815 29502 |4.76E+08| 1.29E-02| 2.33E+04
814 29476 |5.19E+08| 1.40E-02| 2.55E+04
813 29393 |6.31E+08| 1.71E-02| 3.09E+04
812 29283 |[5.47E+08| 1.48E-02| 2.68E+04
811 29173 |2.29E+08| 6.18E-03| 1.12E+04
810 28944 |4.20E+08| 1.13E-02| 2.06E+04
809 28844 |(3.04E+08| 8.22E-03| 1.49E+04
808 28682 |[6.50E+08| 1.76E-02| 3.19E+04
807 28623 |[4.52E+08| 1.22E-02| 2.22E+04
806 28529 |[3.55E+08| 9.59E-03| 1.74E+04
805 28470 |[3.84E+08| 1.04E-02| 1.88E+04
804 28354 [3.54E+08| 9.56E-03| 1.73E+04
803 28312 |[3.76E+08| 1.02E-02| 1.84E+04
802 28222 |[2.51E+08| 6.79E-03| 1.23E+04
801 28131 |[1.45E+08| 3.92E-03| 7.11E+03
800 27988 |[3.76E+08| 1.02E-02| 1.84E+04
799 27881 |[3.57E+08| 9.64E-03| 1.75E+04
798 27807 |[3.93E+08| 1.06E-02| 1.93E+04
797 27774 |1.83E+08| 4.95E-03| 8.97E+03
796 27624 |[1.22E+08| 3.31E-03| 6.00E+03
795 27406 |[2.43E+07| 6.57E-04| 1.19E+03

Average 3.67E+08| 9.92E-03| 1.80E+04

Note 1: Average Cs-137 Concentration (Ci/kg) = (Cs-137 Concentration Average over Batches 803-817 (Ci/g)) * 1000 g/kg
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Attachment 1, Page 3 of 9

Table A1-3: Radionuclide Data

Sludge Batch 9

X-CLC-5-00464, RO

Radionuclide

Calculated
Concentration
in Glass (Ci/kg)

Measured
Concentration
in Glass (Ci/kg)

C-14 - -
Cl-36 1.68E-05 -
Ni-59 2.35E-04 -
Ni-63 2.66E-02 -
Se-79 1.77E-05 -
Sr-90 3.17E+00 -
Zr-93 1.09E-04 -
Nb-93m 9.30E-05 -
Tc-99 1.17E-04 -
Rh-106 - -
Ru-106 - -
Cd-113m - -
Sn-121m - -
Sn-126 1.71E-05 -
1-129 1.84E-06 -
Cs-134 - -
Cs-135 2.04E-06 -
Cs-137 1.19E+01 -
Ce-144 - -
Pm-147 - -
Sm-151 5.58E-02 -
Ac-227 4.73E-07 -
Th-229 9.97E-08 -
Pa-231 <1.06E-05 -
Th-232 - -
U-233 2.81E-05 -
U-234 2.02E-05 -
U-235 - -
U-236 - -
U-238 4.21E-06 -
Np-237 8.16E-06 -
Pu-238 5.49E-02 -
Pu-239 2.33E-03 -
Pu-240 8.28E-04 -
Pu-241 1.14E-02 -
Pu-242 1.83E-06 -
Am-241 7.27E-03 -
Am-242m - -
Am-243 7.52E-05 -
Cm-244 2.47E-03 -
Cm-245 - -
Cm-246 1.20E-06 -
Cm-247 - -
Cm-248 - -
Bk-247 - -
Cf-249 - -

Cf-251
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Attachment 1, Page 4 of 9

Table A1-3: Radionuclide Data (continued)

Sludge Batch 8

Sludge Batch 7b

SRNL-STI-2018-00699, RO

SRNL-STI-2013-00462, RO

Calculated Measured Calculated Measured
Radionuclide Concentration in Concentration in Concentration in Concentration in
Glass (Ci/kg) Glass (Ci/kg) Glass (Ci/kg) Glass (Ci/kg)
C-14 - - - -
Cl-36 - - <1.78E-06 -
Ni-59 3.94E-04 - 1.13E-03 -
Ni-63 4.82E-02 - 6.96E-02 -
Se-79 5.44E-06 - 6.52E-06 -
Sr-90 4.91E+00 5.43E+00 5.65E+00 4.60E+00
Zr-93 3.67E-04 3.00E-04 2.00E-04 1.60E-04
Nb-93m 3.26E-04 - 1.83E-04 -
Tc-99 1.79E-04 3.11E-05 4.22E-05 7.10E-06
Rh-106 - - - -
Ru-106 - - - -
Cd-113m 1.11E-03 - 1.43E-03 -
Sn-121m - - 2.17E-04 -
Sn-126 1.47E-04 9.26E-05 <3.04E-04 -
[-129 - - - -
Cs-134 - - - -
Cs-135 2.38E-06 <5.08E-06 - -
Cs-137 4.26E-01 9.25E-01 2.78E-01 7.90E-01
Ce-144 - - - -
Pm-147 - - - -
Sm-151 8.42E-02 - 1.09E-01 -
Ac-227 - - - -
Th-229 1.29E-07 - - -
Pa-231 - - - -
Th-232 4.68E-07 4.27E-07 5.22E-07 4.80E-07
U-233 3.14E-05 3.28E-05 1.83E-05 <3.8E-05
U-234 2.35E-05 2.24E-05 1.78E-05 <2.4E-05
U-235 2.83E-07 2.42E-07 2.65E-07 2.40E-07
U-236 5.28E-07 4.90E-07 3.91E-07 4.00E-07
U-238 6.54E-06 5.62E-06 6.96E-06 6.80E-06
Np-237 1.31E-05 1.02E-05 1.09E-05 9.20E-06
Pu-238 1.02E-01 6.85E-02 6.09E-02 5.40E-02
Pu-239 4.07E-03 3.64E-03 4.78E-03 4.80E-03
Pu-240 1.48E-03 1.25E-03 1.57E-03 1.50E-03
Pu-241 2.05E-02 1.28E-02 2.22E-02 1.80E-02
Pu-242 3.82E-06 1.75E-06 <3.91E-06 <1.5E-05
Am-241 1.43E-02 1.20E-02 1.57E-02 1.50E-02
Am-242m 7.37E-05 - - -
Am-243 9.83E-04 - 2.17E-04 -
Cm-244 3.30E-02 - 7.83E-03 -
Cm-245 5.65E-06 - - -
Cm-246 1.62E-05 - 2.87E-06 -
Cm-247 - - - -
Cm-248 - - - -
Bk-247 - - - -
Cf-249 8.78E-06 - - -
Cf-251 2.50E-05 - - -
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Attachment 1, Page 5 of 9

Table A1-3: Radionuclide Data (continued)

Sludge Batch 7a

Sludge Batch 6

SRNL-STI-2012-00017, R1

SRNL-STI-2012-00157, RO

Calculated Measured Calculated Measured
Radionuclide Concentration in Concentration in Concentration in Concentration in
Glass (Ci/kg) Glass (Ci/kg) Glass (Ci/kg) Glass (Ci/kg)
C-14 - - - -
Cl-36 - - - -
Ni-59 6.50E-04 - 4.70E-04 -
Ni-63 1.10E-02 - 4.70E-02 -
Se-79 3.30E-06 - 3.90E-06 -
Sr-90 6.10E+00 3.90E+00 8.10E+00 5.90E+00
Zr-93 2.30E-04 5.40E-04 2.00E-04 5.30E-04
Nb-93m 2.00E-04 - 1.60E-04 -
Tc-99 4.30E-05 1.80E-05 <4.8E-05 <1.3E-04
Rh-106 - - - -
Ru-106 - - - -
Cd-113m - - - -
Sn-121m - - <2.0E-03 -
Sn-126 <2.8E-04 - <6.4E-05 -
[-129 - - - -
Cs-134 - - - -
Cs-135 - - - -
Cs-137 2.60E-01 4.30E-01 1.70E+00 1.30E+00
Ce-144 - - - -
Pm-147 - - - -
Sm-151 1.00E-01 - 1.10E-01 -
Ac-227 - - - -
Th-229 - - - -
Pa-231 - - - -
Th-232 7.00E-07 6.50E-07 1.00E-06 9.30E-07
U-233 5.70E-05 <2.4E-04 3.80E-05 7.00E-05
U-234 2.10E-05 <1.4E-04 3.60E-05 4.20E-05
U-235 2.80E-07 2.90E-07 2.60E-07 2.30E-07
U-236 4.80E-07 <7.9E-07 5.50E-07 6.30E-07
U-238 6.50E-06 7.00E-06 5.10E-06 5.10E-06
Np-237 9.60E-06 <1.9E-05 1.50E-05 1.70E-05
Pu-238 7.80E-02 7.90E-02 1.60E-01 1.40E-01
Pu-239 5.70E-03 6.10E-03 7.70E-03 7.70E-03
Pu-240 1.80E-03 <4.5E-03 2.80E-03 2.90E-03
Pu-241 2.40E-02 2.40E-02 <3.5E-02 3.70E-02
Pu-242 <1.0E-05 <5.6E-05 <6.4E-06 <1.4E-05
Am-241 1.60E-02 1.50E-02 1.40E-02 1.40E-02
Am-242m - - 9.80E-05 -
Am-243 2.50E-04 - 1.80E-03 -
Cm-244 8.30E-03 - 6.40E-02 -
Cm-245 - - 8.50E-06 -
Cm-246 3.20E-06 - 2.80E-05 -
Cm-247 - - - -
Cm-248 - - <3.0E-06 -
Bk-247 - - - -
Cf-249 - - <9.8E-06 -
Cf-251 <4.0E-06 - <2.3E-05 -
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Attachment 1, Page 6 of 9

Table A1-3: Radionuclide Data (continued)

Sludge Batch 5

Sludge Batch 4

SRNL-STI-2012-00157, RO

SRNL-STI-2012-00157, RO

Calculated Measured Calculated Measured
Radionuclide Concentration in Concentration in Concentration in Concentration in
Glass (Ci/kg) Glass (Ci/kg) Glass (Ci/kg) Glass (Ci/kg)
C-14 - - - -
Cl-36 <3.92E-04 - - -
Ni-59 5.22E-04 - 2.57E-04 -
Ni-63 4.46E-02 - 2.98E-02 -
Se-79 - - 7.29E-06 -
Sr-90 9.04E+00 5.03E+00 3.27E+00 2.85E+00
Zr-93 2.10E-04 3.53E-04 1.19E-04 1.76E-04
Nb-93m 1.58E-04 - 9.46E-05 -
Tc-99 6.14E-05 4.74E-05 6.38E-05 <5.51E-05
Rh-106 <1.26E-04 - - -
Ru-106 <1.26E-04 - - -
Cd-113m - - - -
Sn-121m - - - -
Sn-126 <1.38E-04 - <1.47E-04 -
[-129 - - - -
Cs-134 <3.56E-04 - - -
Cs-135 - - - -
Cs-137 1.45E-01 1.67E-01 1.13e-01 1.03E-01
Ce-144 <2.9E-04 - - -
Pm-147 <2.90E-04 - - -
Sm-151 7.31E-02 - 5.11E-02 -
Ac-227 - - - -
Th-229 - - - -
Pa-231 - - - -
Th-232 - - - -
U-233 8.92E-06 <1.56E-05 <8.64E-06 <2.36E-05
U-234 2.47E-05 2.38E-05 1.54E-05 1.64E-05
U-235 2.81E-07 2.79E-07 2.90E-07 2.41E-07
U-236 5.38E-07 5.29E-07 3.67E-07 3.27E-07
U-238 6.71E-06 6.37E-06 8.01E-06 6.36E-06
Np-237 2.78E-05 1.91E-05 1.18E-05 9.33E-06
Pu-238 1.11E-01 1.66E-01 5.52E-02 3.78E-02
Pu-239 8.19E-03 6.69E-03 4.66E-03 4.45E-03
Pu-240 2.65E-03 2.06E-03 2.04E-03 1.87E-03
Pu-241 3.91E-02 3.49E-02 4.89E-02 <1.27E-02
Pu-242 2.74E-06 <1.58e-05 2.64E-06 <1.60E-05
Am-241 1.31E-02 1.06E-02 7.96E-03 7.66E-03
Am-242m <1.75E-04 - 3.17E-05 -
Am-243 3.87E-04 - 7.42E-04 -
Cm-244 1.85E-02 - 4,10E-02 -
Cm-245 <1.72E-04 - <1.38E-05 -
Cm-246 5.18E-06 - 8.60E-06 -
Cm-247 - - <2.56E-06 -
Cm-248 - - <2.67E-06 -
Bk-247 - - <6.15E-05 -
Cf-249 - - - -
Cf-251 <9.28E-06 - <8.51E-06 -
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Table A1-3: Radionuclide Data (continued)

Sludge Batch 3

Sludge Batch 2

SRNL-STI-2012-00157, RO

SRNL-STI-2012-00157, RO

Calculated Measured Calculated Measured
Radionuclide Concentration in Concentration in Concentration in Concentration in
Glass (Ci/kg) Glass (Ci/kg) Glass (Ci/kg) Glass (Ci/kg)
C-14 - - - -
Cl-36 - - - -
Ni-59 3.17E-04 - 1.26E-04 -
Ni-63 2.59E-02 - 8.23E-03 -
Se-79 <9.42E-06 - 2.50E-05 -
Sr-90 2.32E+00 1.89E+00 1.82E+00 1.47E+00
Zr-93 2.12E-05 2.13E-04 5.46E-05 1.51E-04
Nb-93m - - - -
Tc-99 9.38E-05 5.92E-05 5.06E-05 4.63E-05
Rh-106 - - - -
Ru-106 - - - -
Cd-113m - - - -
Sn-121m 1.12E-03 - 1.46E-03 -
Sn-126 6.79E-06 - 1.80E-05 -
[-129 - - - -
Cs-134 - - - -
Cs-135 - - - -
Cs-137 1.51E-01 1.45E-01 1.10E-01 8.64E-02
Ce-144 - - - -
Pm-147 - - - -
Sm-151 9.38E-02 8.89E-02 7.11E-02 6.95E-02
Ac-227 - - - -
Th-229 - - - -
Pa-231 - - - -
Th-232 - - - -
U-233 7.46E-06 4.30E-06 4.30E-06 5.12E-06
U-234 1.45E-05 1.35E-05 1.43E-05 1.64E-05
U-235 3.49E-07 3.66E-07 2.64E-07 2.96E-07
U-236 4.05E-07 4.16E-07 3.79E-07 4.53E-07
U-238 1.08E-05 9.94E-06 1.02E-05 9.65E-06
Np-237 1.58E-05 - 5.34E-06 5.74E-06
Pu-238 1.24E-02 1.32E-02 1.55E-02 1.24E-02
Pu-239 6.56E-03 7.55E-03 3.08E-03 4.02E-03
Pu-240 2.30E-03 2.40E-03 9.56E-04 1.27E-03
Pu-241 2.59E-02 2.83E-02 1.12E-02 8.48E-03
Pu-242 2.61E-06 1.72E-06 1.84E-06 3.01E-06
Am-241 8.85E-03 7.86E-03 1.31E-02 1.03E-02
Am-242m <4.27E-05 - - -
Am-243 7.42E-04 7.53E-04 2.14E-04 1.92E-04
Cm-244 3.35E-02 - 1.78E-02 -
Cm-245 5.22E-06 - 1.55E-06 -
Cm-246 7.75E-06 - 9.96E-06 -
Cm-247 <1.27E-05 - - -
Cm-248 <1.33E-05 - - -
Bk-247 - - - -
Cf-249 <1.35E-05 - - -
Cf-251 <1.07E-05 - 4.78E-06 -
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Table A1-3: Radionuclide Data (continued)

Sludge Batch 1b

Sludge Batch 1a

SRNL-STI-2012-00157, RO

SRNL-STI-2012-00157, RO

Calculated Measured Calculated Measured
Radionuclide Concentration in Concentration in Concentration in Concentration in
Glass (Ci/kg) Glass (Ci/kg) Glass (Ci/kg) Glass (Ci/kg)
C-14 1.68E-06 <7.4E-08 - -
Cl-36 - - - -
Ni-59 1.82E-05 - 6.62E-06 -
Ni-63 3.21E-03 - 1.29E-03 -
Se-79 <1.6E-05 - 3.83E-06 -
Sr-90 1.62E+00 1.40E+00 2.13E-01 2.00E-01
Zr-93 3.14E-05 1.00E-04 1.85E-05 2.00E-05
Nb-93m 2.50E-05 - 1.46E-05 -
Tc-99 7.18E-05 7.00E-05 7.67E-05 8.00E-05
Rh-106 - - - -
Ru-106 - - - -
Cd-113m - - - -
Sn-121m <4.8E-04 - - -
Sn-126 <3.0E-06 - 2.26E-06 -
[-129 4.16E-07 4.10E-08 - -
Cs-134 - - - -
Cs-135 - - - -
Cs-137 6.07E-02 5.00E-02 2.20E-02 2.10E-02
Ce-144 - - - -
Pm-147 - - - -
Sm-151 2.41E-02 2.10E-02 4,18E-03 6.60E-03
Ac-227 - - - -
Th-229 2.51E-08 - 4.53E-08 -
Pa-231 - - - -
Th-232 - - - -
U-233 1.66E-05 1.70E-05 9.06E-06 1.10E-05
U-234 1.10E-05 1.30E-05 9.06E-06 9.40E-06
U-235 1.07E-07 1.20E-07 1.22E-07 1.10E-07
U-236 2.82E-07 4.10E-07 2.93E-07 2.80E-07
U-238 2.47E-06 3.00E-06 3.83E-06 2.90E-06
Np-237 4.92E-06 5.90E-06 4.88E-06 5.10E-06
Pu-238 3.80E-02 3.30E-02 4.88E-02 2.90E-02
Pu-239 1.87E-03 1.90E-03 2.37E-03 1.90E-03
Pu-240 6.79E-04 6.60E-04 6.27E-04 6.80E-04
Pu-241 1.08E-02 1.60E-02 1.11E-02 1.00E-02
Pu-242 1.42E-06 1.10E-06 5.57E-07 1.30E-06
Am-241 2.54E-03 2.30E-03 2.16E-03 2.40E-03
Am-242m - - - -
Am-243 2.16E-05 2.00E-05 1.32E-05 2.40E-05
Cm-244 1.69E-03 2.50E-03 4,18E-03 2.80E-03
Cm-245 - - 1.99E-07 -
Cm-246 1.55E-05 1.60E-05 1.92E-06 -
Cm-247 - - - -
Cm-248 - - - -
Bk-247 - - - -
Cf-249 - - - -

Cf-251
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Table A1-3: Radionuclide Data (continued)

Maximum
_ _ Calculated or Maximunm
Radionuclide Measurec_i MDA (Ci/kg)
Concentration
(Ci/kg)
C-14 1.68E-06
Cl-36 1.68E-05 3.92E-04
Ni-59 1.13E-03
Ni-63 6.96E-02
Se-79 2.50E-05
Sr-90 9.04E+00
Zr-93 5.40E-04
Nb-93m 3.26E-04
Tc-99 1.79E-04
Rh-106 0.00E+00 1.26E-04
Ru-106 0.00E+00 1.26E-04
Cd-113m 1.43E-03
Sn-121m 1.46E-03
Sn-126 1.47E-04
1-129 1.84E-06
Cs-134 0.00E+00 3.56E-04
Cs-135 2.38E-06
Cs-137 1.19E+01
Ce-144 0.00E+00 2.90E-04
Pm-147 0.00E+00 2.90E-04
Sm-151 1.10E-01
Ac-227 4.73E-07
Th-229 1.29E-07
Pa-231 0.00E+00 1.06E-05
Th-232 1.00E-06
U-233 7.00E-05
U-234 4.20E-05
U-235 3.66E-07
U-236 6.30E-07
U-238 1.08E-05
Np-237 2.78E-05
Pu-238 1.66E-01
Pu-239 8.19E-03
Pu-240 2.90E-03
Pu-241 4.89E-02
Pu-242 3.82E-06
Am-241 1.60E-02
Am-242m 9.80E-05
Am-243 1.80E-03
Cm-244 6.40E-02
Cm-245 8.50E-06
Cm-246 2.80E-05
Cm-247 0.00E+00 1.27E-05
Cm-248 0.00E+00 1.33E-05
Bk-247 0.00E+00 6.15E-05
Cf-249 8.78E-06
Cf-251 2.50E-05
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Table A2-1: Radionuclide Analaysis

Maximum Calculated Initial Initial Activity Initial Package Package
Radionuclide| Category Iy — Maximum MDA Compare to MALLD Concentration Initial Ci %, |(Ci) Per Bubbler| Activity (Ci) -- 6 Reporting Revised Package| Revised Ci % Reasons for Inclusion in &
Concentration (Ci/kg) (Ci/kg) (Ci/kg) (Ci/ke) Equation 2 | or Glass Pump | Bubblers or Glass Threshold Activity (Ci) Equation 2 Exclusion From Final Distribution
Equation 3 Pumps Equation 4 (Ci/pkg)
C-14 PA 1.68E-06 1.68E-06 4.03E-06 1.75E-07 1.05E-06 1.05E-06 4.05E-06 Detected PA
Cl-36 1.68E-05 3.92E-04 No MALLD, Remove MDA, No MALLD
Ni-59 1.13E-03 1.13E-03 2.71E-03 1.18E-04 7.08E-04 4.10E-04 7.08E-04 2.72E-03 >Ci/pkg Threshold
Ni-63 6.96E-02 6.96E-02 1.67E-01 7.26E-03 4.35E-02 1.00E+01 <1% & < Ci/pkg Threshold
Se-79 2.50E-05 2.50E-05 6.00E-05 2.61E-06 1.56E-05 7.50E-02 <1% & < Ci/pkg Threshold
Sr-90 PA 9.04E+00 9.04E+00 2.17E+01 9.43E-01 5.66E+00 5.66E+00 2.18E+01 Detected PA & >1%
Zr-93 5.40E-04 5.40E-04 1.30E-03 5.63E-05 3.38E-04 1.60E-05 3.38E-04 1.30E-03 >Ci/pkg Threshold
Nb-93m 3.26E-04 3.26E-04 7.82E-04 3.40E-05 2.04E-04 1.00E+01 <1% & < Ci/pkg Threshold
Tc-99 PA 1.79E-04 1.79E-04 4.29E-04 1.87E-05 1.12E-04 1.12E-04 4.31E-04 Detected PA
Rh-106 0.00E+00 1.26E-04 No MALLD, Remove MDA, No MALLD
Ru-106 0.00E+00 1.26E-04 No MALLD, Remove MDA, No MALLD
Cd-113m 1.43E-03 1.43E-03 3.44E-03 1.50E-04 8.98E-04 3.10E+00 <1% & < Ci/pkg Threshold
Sn-121m 1.46E-03 1.46E-03 3.50E-03 1.52E-04 9.14E-04 8.90E-02 <1% & < Ci/pkg Threshold
Sn-126 1.47E-04 1.47E-04 3.53E-04 1.53E-05 9.20E-05 2.00E-04 <1% & < Ci/pkg Threshold
1-129 PA 1.84E-06 1.84E-06 4.41E-06 1.92E-07 1.15E-06 1.15E-06 4.43E-06 Detected PA
Cs-134 0.00E+00 3.56E-04 No MALLD, Remove MDA, No MALLD
Cs-135 2.38E-06 2.38E-06 5.71E-06 2.48E-07 1.49E-06 3.20E-05 <1% & < Ci/pkg Threshold
Cs-137 1.19E+01 1.19E+01 2.85E+01 1.24E+00 7.43E+00 3.30E-01 7.43E+00 2.86E+01 >1% & >Ci/pkg Threshold
Ce-144 0.00E+00 2.90E-04 No MALLD, Remove MDA, No MALLD
Pm-147 0.00E+00 2.90E-04 No MALLD, Remove MDA, No MALLD
Sm-151 1.10E-01 1.10E-01 2.64E-01 1.15E-02 6.89E-02 1.00E+01 <1% & < Ci/pkg Threshold
Ac-227 4.73E-07 4.73E-07 1.14E-06 4.94E-08 2.96E-07 7.80E-04 <1% & < Ci/pkg Threshold
Th-229 1.29E-07 1.29E-07 3.09E-07 1.35E-08 8.07E-08 2.40E-03 <1% & < Ci/pkg Threshold
Pa-231 0.00E+00 1.06E-05 No MALLD, Remove MDA, No MALLD
Th-232 1.00E-06 1.00E-06 2.40E-06 1.04E-07 6.26E-07 1.80E-04 <1% & < Ci/pkg Threshold
U-233 Fissile 7.00E-05 7.00E-05 1.68E-04 7.30E-06 4.38E-05 4.38E-05 1.69E-04 Detected Fissile
U-234 PA 4.20E-05 4.20E-05 1.01E-04 4.38E-06 2.63E-05 2.63E-05 1.01E-04 Detected PA
U-235 PA/Fissile 3.66E-07 3.66E-07 8.78E-07 3.82E-08 2.29E-07 2.29E-07 8.82E-07 Detected PA/Fissile
U-236 6.30E-07 6.30E-07 1.51E-06 6.57E-08 3.94E-07 9.80E-03 <1% & < Ci/pkg Threshold
U-238 1.08E-05 1.08E-05 2.59E-05 1.13E-06 6.76E-06 3.10E-02 <1% & < Ci/pkg Threshold
Np-237 PA/TRU 2.78E-05 2.78E-05 6.67E-05 2.90E-06 1.74E-05 1.74E-05 6.70E-05 Detected PA/TRU
Pu-238 TRU 1.66E-01 1.66E-01 3.98E-01 1.73E-02 1.04E-01 1.04E-01 4.00E-01 Detected TRU
Pu-239 TRU/Fissile 8.19E-03 8.19E-03 1.96E-02 8.54E-04 5.13E-03 5.13E-03 1.97E-02 Detected TRU/Fissile
Pu-240 TRU 2.90E-03 2.90E-03 6.96E-03 3.03E-04 1.82E-03 1.82E-03 6.99E-03 Detected TRU
Pu-241 Fissile 4.89E-02 4,89E-02 1.17E-01 5.10E-03 3.06E-02 3.06E-02 1.18E-01 Detected Fissile
Pu-242 TRU 3.82E-06 3.82E-06 9.16E-06 3.99E-07 2.39E-06 2.39E-06 9.21E-06 Detected TRU

“Best Avialable Copy”
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Table A2-1: Radionuclide Analaysis (Continued)

Maximum Calculated nitial Initial Activity Initial Package Package
Radionuclide| Category e Maximum MDA Compare to MALLD Concentration Initial Ci %, |(Ci) Per Bubbler| Activity (Ci) -- 6 Reporting Revised Package| Revised Ci % Reasons for Inclusion in &
Concentration (Ci/ke) (Ci/kg) (Ci/kg) (Ci/ke) Equation 2 | or Glass Pump | Bubblers or Glass Threshold Activity (Ci) Equation 2 Exclusion From Final Distribution
Equation 3 Pumps Equation 4 (Ci/pkg)

Am-241 TRU 1.60E-02 1.60E-02 3.84E-02 1.67E-03 1.00E-02 1.00E-02 3.86E-02 Detected TRU

Am-242m | TRU/Fissile 9.80E-05 9.80E-05 2.35E-04 1.02E-05 6.13E-05 6.13E-05 2.36E-04 Detected TRU/Fissile
Am-243 TRU 1.80E-03 1.80E-03 4.32E-03 1.88E-04 1.13E-03 1.13E-03 4.34E-03 Detected TRU
Cm-244 6.40E-02 6.40E-02 1.54E-01 6.68E-03 4.01E-02 9.80E-03 4.01E-02 1.54E-01 > Ci/pkg Threshold
Cm-245 TRU/Fissile 8.50E-06 8.50E-06 2.04E-05 8.87E-07 5.32E-06 5.32E-06 2.05E-05 Detected TRU/Fissile
Cm-246 TRU 2.80E-05 2.80E-05 6.72E-05 2.92E-06 1.75E-05 1.75E-05 6.75E-05 Detected TRU
Cm-247 TRU/Fissile 0.00E+00 1.27E-05 1E-09 Ci/kg, Keep 1.27E-06 3.05E-06 1.32E-07 7.95E-07 7.95E-07 3.06E-06 Non-Detect TRU/Fissile, 0.1 X LLD

(Reduce by Factor of 10)

1E-09 Ci/kg, Keep

Cm-248 TRU 0.00E+00 1.33E-05 1.33E-06 3.19E-06 1.39E-07 8.33E-07 8.33E-07 3.20E-06 Non-Detect TRU, 0.1 X LLD

(Reduce by Factor of 10)

Removed due to Process Removed due to Process
Bk-247 TRU 0.00E+00 6.15E-05 Knowledge (No plausible Knowledge (No plausible

production mechanism) production mechanism)
Cf-249 TRU/Fissile 8.78E-06 8.78E-06 2.11E-05 9.16E-07 5.50E-06 5.50E-06 2.12E-05 Detected TRU/Fissile
Cf-251 TRU/Fissile 2.50E-05 2.50E-05 6.00E-05 2.61E-06 1.56E-05 1.56E-05 6.02E-05 Detected TRU/Fissile

Daughters

Ba-137m 1.12E+01 2.70E+01 1.17E+00 7.03E+00 1.00E+01 7.03E+00 2.71E+01 >1%

Pa-234m 1.08E-05 2.59E-05 1.13E-06 6.76E-06 1.00E+01 <1% & < Ci/pkg Threshold
Th-234 1.08E-05 2.59E-05 1.13E-06 6.76E-06 1.00E+01 <1% & < Ci/pkg Threshold
Pa-233 2.78E-05 6.67E-05 2.90E-06 1.74E-05 1.00E+01 <1% & < Ci/pkg Threshold
Th-231 3.66E-07 8.78E-07 3.82E-08 2.29E-07 1.00E+01 <1% & < Ci/pkg Threshold

Y-90 9.04E+00 2.17E+01 9.43E-01 5.66E+00 1.00E+01 5.66E+00 2.18E+01 >1%
Total 4.17E+01 1.00E+02 4.35E+00 2.61E+01 2.60E+01 1.00E+02

“Best Avialable Copy”
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Table A2-2: DWPF Glass Pumps/Bubblers Radionuclide Distribution

Final Radionuclide Distribution
. . Activity Per .
Radionuclide Package (Ci) Ci%

Am-241 1.00E-02 3.86E-02
Am-242m 6.13E-05 2.36E-04
Am-243 1.13E-03 4.34E-03
Ba-137m 7.03E+00 2.71E+01
C-14 1.05E-06 4.05E-06
Cf-249 5.50E-06 2.12E-05
Cf-251 1.56E-05 6.02E-05
Cm-244 4.01E-02 1.54E-01
Cm-245 5.32E-06 2.05E-05
Cm-246 1.75E-05 6.75E-05
Cm-247 7.95E-07 3.06E-06
Cm-248 8.33E-07 3.20E-06
Cs-137 7.43E+00 2.86E+01
1-129 1.15E-06 4.43E-06
Ni-59 7.08E-04 2.72E-03
Np-237 1.74E-05 6.70E-05
Pu-238 1.04E-01 4.00E-01
Pu-239 5.13E-03 1.97E-02
Pu-240 1.82E-03 6.99E-03
Pu-241 3.06E-02 1.18E-01
Pu-242 2.39E-06 9.21E-06
Sr-90 5.66E+00 2.18E+01
Tc-99 1.12E-04 4.31E-04
U-233 4.38E-05 1.69E-04
U-234 2.63E-05 1.01E-04
U-235 2.29E-07 8.82E-07
Y-90 5.66E+00 2.18E+01
Zr-93 3.38E-04 1.30E-03
Total 2.60E+01 1.00E+02
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Attachment 3: Waste Weight, U-235 FGE, Pu-239 PEC, and TRU
Page 1 of 2 (“Best Avialable Copy”)

Table A3-1: Waste Weight

Glass Weight Reference
0.23 Ibs Total Glass Weight A4.2
0.10 kg Total Glass Weight A4.2
Waste Weight Reference
12 ft Length (L) I.3.12
6 ft Width (W) I.3.12
3 ft Height (H) I.3.12
216 ft3 Volume (V) = (LX W X H)
115 Ibs/ft3 CLSM Density (p) I.3.9
24840 Ibs Waste Weight (W) = (V * p) Equation 8
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Attachment 3
Page 2 of 2 (“Best Avialable Copy”)
Table A3-2: U-235 FGE, Pu-239 PEC, and TRU Per Package

TRU, U-235 FGE, and Pu-239 PEC Per Package

| Activity per | TRU (nCifg) | SPeCific U235 1 o35 ke |PU 239 PEC b a3g peC
Radionuclide . . Activity | Equivalence . Weighting .
Package (Ci) | Equation 7 . Equation 5 Equation 6
(Ci/g) Factor Factor

C-14 1.05E-06 4.00E-05 4.21E-11
Am-241 1.00E-02 8.89E-01 1.02E+00 1.02E-02
Am-242m 6.13E-05 5.44E-03 1.05E+01 5.39E+01 3.15E-04 | 1.00E+00 | 6.13E-05
Am-243 1.13E-03 1.00E-01 1.02E+00 | 1.15E-03
Ba-137m 7.03E+00 1.30E-04 9.14E-04
Cf-249 5.50E-06 4.88E-04 4.09E+00 7.00E+01 9.41E-05 | 1.02E+00 | 5.61E-06
Cf-251 1.56E-05 1.39E-03 1.58E+00 1.40E+02 1.39E-03 | 1.02E+00 | 1.60E-05
Cm-244 4.01E-02 1.02E+00 | 4.09E-02
Cm-245 5.32E-06 4.72E-04 1.72E-01 2.34E+01 7.24E-04 | 1.06E+00 | 5.64E-06
Cm-246 1.75E-05 1.56E-03 1.02E+00 | 1.79E-05
Cm-247 7.95E-07 7.06E-05 9.28E-05 8.00E-01 6.85E-03 | 1.02E+00 | 8.11E-07
Cm-248 8.33E-07 7.39E-05 1.02E+00 | 8.49E-07
Cs-137 7.43E+00 6.27E-04 4.66E-03
1-129 1.15E-06 1.30E-04 1.50E-10
Ni-59 7.08E-04 1.30E-04 9.20E-08
Np-237 1.74E-05 1.54E-03 9.63E-01 1.68E-05
Pu-238 1.04E-01 9.22E+00 9.02E-01 9.37E-02
Pu-239 5.13E-03 4.,55E-01 6.21E-02 1.60E+00 1.32E-01 | 1.00E+00 | 5.13E-03
Pu-240 1.82E-03 1.61E-01 1.02E+00 | 1.85E-03
Pu-241 3.06E-02 1.03E+02 3.50E+00 1.04E-03 1.93E-02 5.91E-04
Pu-242 2.39E-06 2.12E-04 1.02E+00 | 2.44E-06
Sr-90 5.66E+00 2.55E-03 1.44E-02
Tc-99 1.12E-04 1.47E-05 1.65E-09
U-233 4.38E-05 9.64E-03 1.40E+00 6.36E-03 2.55E-01 1.12E-05
U-234 2.63E-05 2.55E-01 6.70E-06
U-235 2.29E-07 2.16E-06 1.00E+00 1.06E-01 2.34E-01 5.36E-08
Y-90 5.66E+00 1.30E-04 7.36E-04
Zr-93 3.38E-04 6.27E-04 2.12E-07
Total 2.60E+01 1.08E+01 2.55E-01 1.74E-01
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Table A4-1: NRC Waste Classification
NRC Waste Classification
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
. Activity Activity Limits, Ratio | -imits; Ratio | | . its, Ratio | | its, Ratio
. . Activity . . . L; . Ci/L; . C/L; . Ci/L;
Radionuclide (Ci)"? Concentf‘atu;n, Concelftra;u:n, L Units C/L; (Col1 Units (Col.1 L; (Col.2| Units (Col2 L; (Col.3| Units (Col3
C; (nCi/g) C; (Ci/m®)* |(Table 1) (Table 1) | = 2 Table 2) Table 2) Table 2) Table 2) Table 2)
Ni-63 4.35E-02 7.12E-03 35 Cim® | 2.03E-03| 70 Cim® | 1.02B-04 | 700 Cim® | 1.02E-05
Am-241 1.00E-02 8.89E-01 10 nCilg | 8.89E-02
Am-242m | 6.13E-05 5.44E-03 10 nCilg | 5.44E-04
Am-243 1.13E-03 1.00E-01 10 nCilg | 1.00E-02
Ba-137m | 7.03E+00 1.15E+00 700 Cim® | 1.64E-03 |Unlimited| Cim’® Unlimited| Ci/m?
C-14 1.05E-06 1.72E-07 0.8 Cim® | 2.15E-07
Cm-244 4.01E-02 3.56E+00 10 nCilg | 3.56E-01
Cm-245 5.32E-06 4.72E-04 10 nCilg | 4.72E-05
Cm-246 1.75E-05 1.56E-03 10 nCilg | 1.56E-04
Cm-247 7.95E-06 7.06E-04 10 nCilg | 7.06E-05
Cm-248 8.33E-06 7.39E-04 10 nCilg | 7.39E-05
Cf-249 5.50E-06 4.88E-04 10 nCilg | 4.88E-05
Cf-251 1.56E-05 1.39E-03 10 nCilg | 1.39E-04
Cs-137 7.43E+00 1.22E+00 1 Cim® | 1.22E+00| 44 Cim® | 2.76E-02 | 4600 | Cim® |2.64E-04
1-129 1.15E-06 1.88E-07 0.008 | Cim® | 2.35E-05
Np-237 1.74E-05 1.54E-03 10 nCilg | 1.54E-04
Pu-238 1.04E-01 9.22E+00 10 nCilg | 9.22E-01
Pu-239 5.13E-03 4.55E-01 10 nCilg | 4.55E-02
Pu-240 1.82E-03 1.61E-01 10 nCilg | 1.61E-02
Pu-241 3.06E-02 2.72E+00 350 nCilg | 7.76E-03
Pu-242 2.39E-06 2.12E-04 10 nCilg | 2.12E-05
Sr-90 5.66E+00 5.02E+02 9.25E-01 0.04 | cim® |231E+01| 150 Cim® | 6.17E-03 | 7000 | Cim® |1.32E-04
Tc-99 1.12E-04 1.83E-05 0.3 Cim® | 6.11E-05
Y-90 5.66E+00 5.02E+02 9.25E-01 700 Cim® | 1.32E-03 |Unlimited| Cim’® Unlimited| Ci/m’
SOF 2.60E+01 1.45E+00 2.43E+01 3.39E-02 4.07E-04
WASTE CLASSIFICATION| Class C
Notes:

1 - Cm-247 and Cm-248 activity concentrations are based on their MDA prior to the 1S, Chapter 3 screening criteria.
2 - Activity uses the 0.23 1bs. (0.104 kg) of glass and six items per container.
3 - Activity concentration (nCi/g) is based on the weight of the equipment and shielding of 24,840 lbs. (1.13E+07 g).
4 - Activity concentration (Ci/m?) is based on the volume of the waste container of 6.116 m® (12ft x 6ft x 3ft).
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RE: DWPF Melter Bubbler information

tﬂ' Brandon Hodges
@o To @ Clifton Walters
T Cc @ Kent Rosenberger; © Robert Petras

ention Policy non HLO 7 year retention policy
You forwarded this message on 12/21/2021 9:14 AM.

Clif,
Yes, that is the assumption. The bubblers have a continuous flow of argon gas through them while installed.
Let me know if you have anything further. Thanks.

Brandon Hodges
Melter Engineering Group

From: Clifton Walters <Clifton.Walters@srs.gov>

Sent: Wednesday, January 20, 2021 9:14 AM

To: Kent Rosenberger <kent.rosenberger@srs.gov>; Robert Petras <robert.petras@srs.gov>; Brandon Hodges <Brandon.Hodges@srs.gov>
Subject: FW: DWPF Melter Bubbler information

Brandon,

I'm working on characterizing the bubblers/glass pumps for disposal and have a quick question on your estimated glass below.

Is it safe to assume no glass remains on the inside the bubblers? It looks like your calculation in the below email, it only accounts for the outer glass film.

Cliftan (Clif) Walters, PE

Environmental and Waste Characterization
707-3E, Room 1

O: B03-952-4736

C: 803-255-3687

years) Expires 1/19/2028
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Attachment 6: Glass Pumps/Bubblers Glass Weight
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Glass Pump

Kent Rnsenberaer

From: Brandon Hodges

Sent: Tuesday, September 29, 2020 7:24 AM
To: Kent Rosenberger

Ce: Kevin Brotherton

Subject: RE: DWPF Melter Bubbler information
Kent,

Based on our conversation yesterday, | did the math for the amount of glass on each glass pump left on the cell covers in
DWPF. Using the same math and assumptions | did in the email below for the bubblers, the weight of glass left on each
glass pump equals ~0.23 Ibs. of glass.

The glass pumps were fabricated based on the old melter center thermowell design (the OD = 3.63"), so there is more
surface area for glass to adhere to versus the bubblers.

Please let me know if you need anything further.

Brandon Hodges
Melter Engineering Group

“Best Available Copy”
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Bubbler

To: Kent Rosenberger <kent.rosenberger@srs.gov>
Subject: DWPF Melter Bubbler information

Kent,

| have attached the drawings for the bubbler lower sections. These have the overall lengths for the bubbler tubes (the material of construction is Inconel 690). |I have also attached a couple
images that show what they look like once removed from the melter. These don’t show the entire tube, but do provide an idea of how much glass spalls off and the depth of the glass film left on
the bubbler.

I alse performed the following during some earlier talks about disposal of the bubblers:

The bubblers extend approximately 34 inches into the glass pool (this is a conservative number based on the maximum glass level in the melter).
Below is a breakdown of how | got to a value for Ibs. of glass on each bubbler tube.

3% inch schedule 160 pipe OD = 1.050 inches (1 foot of this pipe weighs 2.04 lbs.)

Surface are available for glass to be present = 2*3.14*(1.050"/2)*36" = 112.098 sq. inches
Assume glass thickness = 0.020 inches

Density from the MLTR SDD = 0.0868 |b./ cubic inch

Multiply all of this out = 0.19 |bs. of glass

However, we know that a majority of the glass spalls off as the glass and bubbler cool once removed from the melter. Assuming that 50% of the glass spalls off (| would consider this a
conservative %) then the amount of glass on each tube is ~ 0.10 |bs.

Let me know if you need further information or have any questions.

Brandon Hodges
Melter Engineering Group
8-7182

“Best Available Copy”
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Attachment 7: Container Dimensions
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DOT IP-11P-2 Container Spec. No. M-SPP-H-00402
Revision 9
Page 25 of 41

ATTACHMENT 5.1 (page 1 of 3)
Container Features/Options Sheet (CFOS)

Descriptiondnsoructions for Use. This template is required to be copied, completed, and signed for
each procurement utilizing specification M-SPP-H-00402. The completed signed CFOS is a required
attachment for each procurement package and subsequent confract. Completed forms must be
authorized/signed by a Packaging and Transportation RE. NOTE: Listed Ref. numbers apply to
associated specification paragraphs or attachments. N indicates Not Applicable.

A. Ordering Information and Packaging Name

1. Purchase Requisition Mo.: 2. Issue Date: 3. Packaging Name (if applicable): _
000199139R 07-06-2022 Bubbler Shipping Packaging
B. Design Features/Options
1. DOT Design Type (Ref. 2.2.1} 2. DmmensionsTolerance (Ref. 3.2.2)
O 1P a.  Owerall
X IP-2 Length = 14' - 0" (ft. —in.)
3. Payload (Ref. 3.2.3) Deaign payload weight and Width = _7"-0" (ft. —in.)
loading sapability may exceed buf not be less than: Height = 4'-6" (ft —in.)
o Weight%lbs. b.  Dimension Applies To:
O The Specified Content Loading Kl Internal Cavity Clearance
Criteria Provided in Comments L Overall Extemnal Box Size
Section. c. Tolerance (for Overall Dimensions)
* See Section E for details. B ¥inch O Other: inch
4. Paylcad/Materials Description (Ref. 3.2.3) 5. Lid and Walls Structural Components (Ref 3.2.5)

M Standard — Located on the Interior
O Locate on Box Exterior

See Section E for details.

8. Payload Tie-offs (Ref. 2.2.6) Closure Fastener Hardware (Ref. 2.2.0.4 & 5)

O This Block N/A = Bolts, Nuts, Washers
® Include in Design * See Section E O Ratchet Load Binders
O Alternate Location to paragraph 3.2 6 O CQuick Makefrelease Clamps
O Clarification of Use/Application Provided in
Comments Sections
3 Box Lifting Aachments (Rer. 3 2.10.3) 2. Lid Lifting (Fef 3.2 10.E)
0 This Block NfA ® Include Lid Lift Fork Channels
X mﬂe Attachments for Lifting from K Include Lid Lift Attachments (e.g., D-rings)
El Design Aftachments for Standard 0°
to 307 Iift angle
O Design Aftachments for Alternate Lift
Angle:
10. Finish Coating [Ref. 3.2.11) T1. VentView Ports (Ref, 3.2.12.)
a. Option El Position per 3.2.12.2

O Supplier Standard Coating

E Long Lasting Paint per
Aftachment 5.7.
b. Color
B Yellow (standard)

O Other:

O Inlieu of 3.2.12.2 requirement, locate the
ventiview poris as follows:

*NMOTE: The CFOS for Req. 000199139R issued 07-06-2022 is
the current version and supersedes any previously issued CFOS
of an earier date.

01/10/2022

“Best Available Copy”
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DOT IP-1/1P-2 Container Spec. No. M-SPP-H-00402
Revision 9

Page 27 of 41

ATTACHMENT 5.1 (page 3 of 3)
Container Features/Options Sheet (CFOS)

E. Comments

1) Reference Block B.3; The pavload weight of 43,000 Ibs. is exclusive to the payload container/contents
only and does pot melude any enbbmgbracmg or tie-downs used to secure the payload.

2} Beference Block B 4; Payload content= include a carbon steel storage container with metal piping secured
within sohdified grout The carbon steel storage contamer has dimensions 12-ft length x 3-ft beaght
x 6-ft madth.

3) Beference Block B.6; In addition to payload tie-offs, contamer design shall include a reusable
enbbing bracing structure to be accessible for mstall'removal from the topside using overhead crane.
Crbbing bracing may span the enfire length of the storage container or otherwise onented to sufficiently
secure the pavload for Mormal Conditions of Transport. The suppher will provide detailed construction
and assembly drawings for the cnbbing bracing stucture for field installation.  Delivery of the IP-2
container will not include the cribbing/bracing structure 1tself.

4 In reference to specification paragraph 3.2.11.2, the top perimeter of the box base, used as the seatmg
surface for the closure system gaszket, shall be considered an interior swrface and shall be primer coated
only. This coating requrement shall be clearly noted on the box drawing and any other document that 15

used to prescribe surface coating locations.

5} In reference to specification paragraph 3.11.2, the box base area used as the seating swrface for the closure
system gasket shall be entirely coated/conditioned with a material that functions as a nbricant that will
serve to mitigate adhesion of the gasket to the seating smface dunng transportation and storage prior to
use. The matenal selected shall not have an adverse effect on the gasket or box coatings. The matenal
shall not require any effort for removal at time of box use at SES.

F. Continuation Page

Continuation Page(s) Included OY¥es El Mo No. of Pages,

MATTHEW GARRETT (Affiliate) gg:;gg;;g;fgﬁ?g;ﬁfﬁ" s
Print/Sign/Diate

Packaging and Transportation RE:

0111002022
“Best Available Copy”




OSR 46-574 LW FORM Savannah River

Rev. 9 Site (SRS)
5/3/21 ENGINEERING CHECKING AND VERIFICATION BY
DOCUMENT REVIEW CHECKLIST
Page T of 4
Procedure Ref. E7-2.31A and S4-ENG.51 _—
Document Number: Q-CLC-S-00144 Revision: 0

Document Title: Radiological Distribution of the DWPF Melter Bubblers/Glass Pumps

The following checklist is required to be completed and attached to the document under review in compliance with
Manual E7 and S4 procedures. This list should not be considered all inclusive. Add any additional notes or comments
to the end of the checklist.

Item Yes / Comments
Item No (use continuation page at end of form
No- N/A if more space is needed)

VERSION / FORMAT

1 If revising an existing document, are you starting with the N/A
latest, approved version of the document obtained from
SmartPlant Foundation (SPF) or DCR?

2 | Are all OSR or SPF forms properly and completely filled |y OSR 45-24 is an old version but includes the
out and include all the same fields as the current

d i f the f ” same fields as the current approved form.
approvead version o e 1orm¢

3 Does the document format include all of the sections as
described in manual E7 and S4 procedures
(2.31A,3.60, etc.)?

Yes

4 Are all of the pages properly labeled with Document
Number, Revision Number, and Sequential Page/Sheet
Number?

Yes

5 Are the Subject and Purpose clearly stated and do they

Yes
meet the end-users needs?

6 If the document is an NCSE, has the scope of the N/A
document been sufficiently defined (e.g., Dedicated
Scoping/Kick Off Meetings held)?

REFERENCES

7 | Are all References properly documented within the Yes
document and can they be easily verified within
Document Control, on-line, or within the library, etc.? If
reference documents are not readily available, are they
attached?

8 | Have the correct design bases documents been Yes
identified (e.g., Codes, Standards, DOE Orders, SRR
Requirements, Regulatory Requirements, DSA)?

OPEN ITEMS / INPUT

9 | If data is transferred from other documents, calculations |yeg
or sources, is this data correct and applicable?

10 | Are all inputs found in the body of the document or Yes
calculation individually listed and numbered in the Inputs
section?

11 | Is there a reference/source for each input? Yes




Document #: Q-CLC-S-00144 Rev. #: 0
OSR 46-574 LW FORM Savannah River
Rev. 9 Site (SRS)
5/3/21 ENGINEERING CHECKING AND VERIFICATION BY
DOCUMENT REVIEW CHECKLIST 2 4
Procedure Ref. E7-2.31A and S4-ENG.51 Page < of
Item Yes /| No . Cpmments
N Item N/A (use continuation page at end of form
0. if more space is needed)
OPEN ITEMS / INPUT — continued
12 | Do the identified references/sources fully support the Yes
inputs and does the data meet appropriate quality
assurance requirements?
13 | Have the correct operational and functional N/A
requirements of the facility been properly considered?
14 | Have appropriate operational modes and worse case N/A
scenarios been considered?
15 | Are all assumptions used to support the document Yes
individually listed and numbered in the Assumptions
section?
16 | Is there an adequate justification written for each Yes
assumption that includes a technical basis?
17 | If the document is a calculation and there are Open N/A There are no open items.
Items, has the calculation been statused as
preliminary?
Note: A Confirmed calculation cannot have Open ltems.
18 | If the document is a preliminary calculation, have N/A This is a "Confirmed" calculation.
actions required to change the status from “preliminary”
to “confirmed” been listed as “open items”?
19 | If the document has open items, is there a method N/A See Item 17.
identified to track them? List tracking numbers in
Comments (STAR, POD item number, etc.).
ANALYTICAL METHODS AND COMPUTATIONS
20 | Are the analytical methods and computations clearly Yes
spelled out step-by-step?
21 Is the analytical approach in use clearly described with Yes
justification along with alternative methods?
22 | Is the methodology consistent with the purpose and %
oo es
objective?
23 | Are mathematical derivations correct, including Yes
dimensional consistency of results?
24 | Have calculations been checked for errors as applicable Yes
per E7-2.31A, Section 5.3.2.5?
Where a calculation has multiple iterations of the same
computation with numerous input and output values, the
Verifier/Checker may select a representative sample of
the total input and output values for review.
25 | Were the analysis inputs correctly incorporated into the | v
analysis and are the outputs reasonable compared to the
inputs?
26 | Is the Summary of Conclusion clearly stated? Does it Yes

meet the end-user’s needs? Clearly state if results
meet/do not meet the Objectives of the analysis?
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DOCUMENT REVIEW CHECKLIST
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Savannah River
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Item
No.

Item

Yes / No
N/A

Comments
(use continuation page at end of form
if more space is needed)

ANALYTICAL METHODS AND COMPUTATIONS — continued

27

Are the numeric values consistent with the appropriate
accuracy (significant figures) of the analysis?

Yes

28

Are safety margins consistent with good engineering
practice?

N/A

28B

If this is an Accident Analysis Calculation, then are
methodologies consistent with all relevant
supplemental guidance documents located at
\\Wwg08\ABDOC\Supplemental Guidance-Nuclear
Safety and AA?

Note:

Always default to approved procedures and policies
when the referenced supplemental guidance appears in
conflict. Contact Manager of Nuclear Safety for access
to wg08.

N/A

SOFTWARE

29

Is software (including spreadsheets) used? If NO, then
“N/A” this section.

Yes

30

Have computer software programs used for calculations
been evaluated and properly classified for this activity
using OSR form 19-337 (SWCD), per 1Q QAP 20-1 and
E7-2.257

Notes:

A) Engineering Calculations meeting the validation
requirements of E7-2.31A, where a documented,
approved process provides for verification of the
results for each use are Exempt — see Row 38.

B) The SWCD (software classification document) form
is a site-wide application in Lotus Notes.

N/A

MS Excel. No evaluation or classification
needed.

31

Is computer software used for the analysis being
controlled per E7-2.31A, Section 57

N/A

See Item 30.

32

Were appropriate analysis methods and computer
methods used?

Yes

33

If a computer program or model is used in the
calculation, is it used within the range of validity, or is
use outside the range of established validity justified?

Yes

34

Was the software program used within any restriction,
criteria or test frequency requirements in the Software
Quality Assurance Plan? (SQAP) (e.g., computer
operating system/platform criteria, software within
testing frequency).

N/A

See Item 30.

35

Is the software used noted on the Calculation cover
sheet and referenced appropriately in the calculation?

Yes
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Procedure Ref. E7-2.31A and S4-ENG.51 Page ° of "
Comments
Item Item Yes / No (use continuation page at end of form

No. N/A if more space is needed)

SOFTWARE — continued

36 If the calculation supports the DSA, is the software N/A
and version used on the SSIL (Safety Software
Inventory List) when required? Provide explanation in
Comments.

Notes:

A) Engineering Calculations meeting the validation
requirements of E7-2.31A, where a documented,
approved process provides for verification of the
results for each use are Exempt — see Row 38

B) The SSIL is updated on an annual basis so
recently approved SQAPs may not be added to
the SSIL until the next annual update.

37 | Are the equations shown in the calculation, including Yes
example functions where Excel spreadsheets or
MathCad is used?

38 | If using software not pre-verified as described in E7- N/A See Item 30.
2.31A, Section 5.5, then answer YES and describe
verification method from 5.5.2[1] in Comments

39 Have computer program error reports been checked Yes
for potential effect on the analysis?

RESULTS / CONCLUSIONS

40 Are the results of the document consistent with the

input and assumptions? ves

41 Do the results of the document affect any other Yes
technical documents?

42 Do the results substantiate the conclusion? Yes
APPROVALS

43 | Does the document identify verification/checking Yes

method and does it have a signature block?

Sign and date Checker block below. If this is a PS/GS document the verification page lines 44-56 is not required. If
this is a SC/SS document, then after signing, proceed to complete items 44-56 for verification.

Digitally signed by Merlin

Mer“n NgaCh|n , Merlin NgaChin ggfghzigzz.m.wog:os:oo . 10/17/2022

Checker: -04'00' Date:

Print Signature
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SRS RADIOACTIVE WASTE REQUIREMENTS Manual: 1S
Chapter: 3
Revision: 5
WASTE CHARACTERIZATION PROGRAM Effective Date: 01/28/2021
Type-Class: Admin-Info
Page: 1 0f 89

Revision Log

Pages Affected

Description of Revision

Revised to incorporate the following changes:

e Added new section to provide greater detail on the reporting of radionuclides for
TRU waste.

e Specified requirements for generators of LLW and TRU to provide a non-
hazardous determination with submittals of waste stream characterization
documentation.

Summary ¢ Provided updates and clarification on regulatory associated waste disposition
(Mixed/Hazardous Waste).

e Updated database list to reflect the upcoming migration of waste tracking to
CWTS.

e Added guidance on release of materials under the RMMA program.

¢ Revised the seven-step Data Quality Objectives (DQO) section to provide
guidance to generators on applying the process with more understanding.

Section 2.0 — Updated scope statement to include: “This procedure applies to all

5 generators (on-site and off-site) that present waste to the Solid Waste Management

Facility (SWMF)...”. See procedure text.

Section 5.1

o Added new Step 2: “The generator will, where possible, prevent commingling of

6 waste streams or waste types requiring different treatment technologies.”

o Added new Step 3: “The generator will place sufficient consideration on the
chemical aspects of the waste to be generated...”. See procedure text.

Section 5.2.1

¢ Revised second sentence of Step 1 to state: “Generators will provide

7-8 notification to SWM of intent to ship...”. See procedure text.

¢ Moved note originally above Step 5 to beginning of Section 5.9.

o Added new Steps 3 — 7 to replace original Steps 3 — 8. See procedure text.

Section 5.2.3

e Added new Step 8: “For hazardous waste that has been lab packed, the waste

10 characterization process...”. See procedure text.

o Added new Step 10: “For LLW and TRU waste, a non-hazardous determination
will be provided...”. See procedure text.

Section 5.3.1

e Revised first bulletin Step 1 by adding “in the course of its management...”.

13 See procedure text.

o Added new sentences to the third bullet in Step 2, which states: "Use of vendor
data such as bulk density or specific gravity should be validated...”. See
procedure text.

Section 5.3.2

¢ Revised Step 1 to state: “When PK is used for hazardous waste, documentation

14 shall justify its use and applicability.”

¢ Revised Step 2 to state: “Hazardous waste determinations, especially those
that are determined by PK to be non-hazardous...”. See procedure text.
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Chapter: 3
Waste Characterization Program Revision: 5
Page: 20f 89
Section 5.3.3
15— 16 e Revised Step 1 to state: “The success of the hazardous waste regulatory
program depends, to a great extent, on generators...”. See procedure text.
o Added “(e.g., circuit boards)” as a new example in Step 2C.
Section 5.4.1 - Revised third sentence in Step 2 to state: “Environmental
16 Monitoring Operations can provide many generator sampling services...”. See
procedure text.
Section 5.5.2
o Revised Step 1 to state: “The objective of the DQO processis to describe and
document how a planning team can generate aplan...”. See procedure text.
23-24 e Revised last sentence in Step 2 to state: “The Environmental Monitoring
Program Customer Technical Representative...”. See procedure text.
¢ Added new bulleted list to describe seven-step DQO process and removed
table from Step 3. See procedure text.
o4 Section 5.5.3 - Revised to state: “Database inventory management systems (e.g.,
WITS, Hazardous Mixed Waste Tracking [HMWT], CWTS)...”. See procedure text.
Section 5.6.1
e Revised Step by 1 by adding sentence: “The LDRs attach to a hazardous waste
25 at the point of generation.” See procedure text.
o Added new Step 3: “TRU mixed waste that is to be disposed at WIPP is exempt
from having to comply with the treatment standards...”. See procedure text.
26 Section 5.6.2 — Added new Step 1A with new bulleted list. See procedure text.
Section 5.6.5
¢ Replaced “Staging Area” with “Central Accumulation Area (CAA)” in title and
throughout section.
27 o Revised Step 1 to state: “A generator may treat hazardous waste in containers
without a permit so long as the generator develops and follows a Waste
Analysis Plan...” See procedure text.
¢ Removed Step 2 and incorporated information into Step 1.
Section 5.7
28— 29 e Converted firstnote into new Step 1.
¢ Added “and permitted” to first sentence of Step 5.
o Replaced “WCF” with “applicable characterization form” in Step 8.
Section 5.8.1
29 _ 30 o Converted Step 3 of first note into new Step 1 of section.
¢ Revised Step 4C to state: “When creating LLW packages in the applicable
waste tracking application (e.g., WITS or CWTS)...”. See procedure text.
Section 5.8.2 — Revised Step 2 to state: “When creating LLW packages in the
30 applicable waste tracking application (e.g., WITS or CWTS)...”. See procedure
text.
Section 5.9.4
¢ Revised first sentence to state: “The waste tracking applications (e.g., WITS or
33 CWTS) do not...”. See procedure text.
e Added new Step 4: “Cm-243 and Cm-244 are sometimes reported as Cm-
243/244. Assign the activity to both Cm- 243 and U-244.”
34 Section 5.9.5 — Added new note on section applicability to Attachment 8.7. See

procedure text.
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Section 5.9.6 — Added new Section 5.9.6, Radionuclide Reporting for TRU Waste.

33-35 See procedure text.

Section 5.10.4 — Revised Step 2 to state: “The latest revision of the SRS-DTC
39 computer program or SWM-approved equivalent program will be used...”. See
procedure text.

Section 5.11.3 — Updated “MW streams” to “MW streams that will not be disposed

53 within one year” throughout section.

Section 5.11.4

¢ Revised Step 2 by adding “if a hazardous waste that was listed in R.61-79
261.31-33 solely because it exhibits the characteristic of ignitability, corrosivity,
and/or reactivity...”. See procedure text.

¢ Revised Step 2 by adding “if a hazardous waste that was listed in R.61-79
261.31-33 solely because it exhibits the characteristic of ignitability, corrosivity,
and/or reactivity...”. See procedure text.

e Revised Step 3A, sub step 1 by adding “can be generated by any type of

53 - 56 facility”. See procedure text.

¢ Revised Step 3A, sub step 2 by adding “and is spent. If either of these
conditions are not met, the waste is not F-listed”. See procedure text.

¢ Added “SRS does not generate K-Listed wastes.” to Step 3B.

o Revised Step 3C, sub step 1 by adding “unused commercial chemicals or
products”. See procedure text.

e Added “but not the U210 or D039” to Step 3C, sub step 4-A.

¢ Revised Step 3C, sub step 4-C by adding “The P- and U- listing applies”. See
procedure text.

Section 5.11.5

e Converted opening paragraph and first note into new Step 1 and Step 2.

¢ Added new bullet to Step 3D: “DOT defines an oxidizer as...”. See procedure

57 — 58 text.

e Added new Steps 5A— 5H as new list of “specific criteria for defining Reactive
Characteristic wastes:”. See procedure text.

¢ Added “do not require extraction and” to Step 6C.

Section 5.14 — Revised Step 2 to state: “Database inventory management systems

65 (e.g., WITS, HMWT, CWTS) may be used...”
Attachment 8.1
e Added new Step 3 to note starting section on Radioactive Determination
71 Criteria: “Alternate Release Methodologies not described explicitly in Manual

5Q1.1, Procedure 517...". See procedure text.
e Added new first bullet to list on second page of attachment: “Released per
Manual 5Q1.1, Procedure 517”.

Attachment 8.4 — Replaced “(as determined in Section 5.2.3 of 1S, 2.02)” with “(as
75-80 determined in Manual 1S, Chapter 3, Attach. 8.1)” for Radioactive block in both
examples. See procedure text.

Attachment 8.5 — Removed all notes and merged information to create one new

85 table; updated table and attachment title.
Attachment 8.6
86 o Revised Step 1 of the first note to state: “Tables in the waste tracking

applications (e.g., WITS or CWTS) are currently set up...”. See procedure text.
o Replaced “WITS” with “waste tracking applications” in mid-page note.
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87 Attachment 8.7 - Replaced “WITS” with “waste tracking applications (e.g., WITS or
CWTS)” in Step 3 of note.
Updated to conform with current Site-level procedure template, including:
Al terminology updates, correction of typos, punctuation, and step structure.
Updated S/RIDs and other references
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1.0

2.0

3.0

4.0

5.0

5.1

PURPOSE [S/RID 1,2]

This chapter provides requirements associated with the development of suitable
methodologies for characterization of waste packages and establishes the basis to ensure that
all Low-Level Waste (LLW), Low-Level Liquid Waste (LLLW), Hazardous Waste (HW),
Transuranic Waste (TRU), Mixed Waste (MW), and Polychlorinated Biphenyls Waste (PCBW)
packages presented to Solid Waste Management (SWM) for treatment, storage, or disposal
have been characterized by the generator to reasonably represent the physical, chemical and
radiological contents of the waste package with sufficientaccuracy to permit proper
segregation, treatment, storage and disposal.

SCOPE

The provisions of this procedure apply to the Performing Entities at the Savannah River Site
(SRS) and to subcontractors performing work for the Performing Entities when required by
subcontract or applicable law.

This procedure applies to all generators (on-site and off-site) that present waste to the Solid
Waste Management Facility (SWMF) for disposition.

The waste characterization process establishes the chemical and physical data to clearly
identify radiological and hazardous characteristics. The waste is characterized using direct or
indirect methods, and the characterization is documented in sufficient detail to ensure safe
management and compliance with the waste acceptance criteria of the receiving Treatment,
Storage, and Disposal (TSD) facility.

DEFINITIONS AND ABBREVIATIONS

Definitions and abbreviations applicable to this procedure are provided in Manual 1S,
Glossary.

RESPONSIBILITIES

All responsibilities applicable to this chapter are provided in Section 4.0, Responsibilities, of
Manual 1S, Chapter 1, in the master list outlining the roles and responsibilities associated with
all SRS Radioactive Waste Requirements procedures.

REQUIREMENTS
Waste Characterization Considerations

1. Each LLW, LLLW, TRU Waste, HW, MW, or PCBW package presented for disposition
under the SRS Waste Characterization Program will be characterized by the generator
to represent the physical, chemical, and radiological contents of the waste package to
ensure that it meets the Waste Acceptance Criteria (WAC) of the receiving TSD
facility. A generator's characterization approach for each waste stream will consider:

. The source and extent of contamination on the waste

° The physical properties of the waste material and contamination
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5.1 Waste Characterization Considerations, (cont.)
Step 1, (cont.)
o The radiological properties of the waste material and contamination
. The method of quantifying the radionuclide inventory
. The hazardous/chemical properties of the waste material and contamination

o The final disposition
o The sampling strategy
o The waste packaging

o The transportation mode needed.

The generator will, where possible, prevent commingling of waste streams or waste
types requiring different treatment technologies.

The generator will place sufficient consideration on the chemical aspects of the waste
to be generated during characterizing, segregating, packaging, storing, and disposing
of waste to prevent unexpected chemical reactions from occurring. There have been
several incidents throughout the complex where containers have over-pressurized and
deformed (bulged) or lost their lids due to unforeseen chemical reactions within the
waste. This is especially important when wastes are being mixed or composited within
a container. Incompatibility, fill time, absorbent use, and other process changes should
be considered.

In order to efficiently analyze and characterize a waste stream, all requisite criteria and
TSD required data should be evaluated when establishing a waste stream sampling
and characterization strategy. SWM can provide technical assistance to the generator
in the development of a characterization strategy. Environmental Compliance
Authorities (ECAs) can also provide advice, assistance, and review of the waste
stream characterization process, particularly from a hazardous constituent perspective.
Process Knowledge (PK) used in whole, or as part of the characterization process, will
be adequately documented, logically structured, and supported by defensible bases.
Preplanning is important in those characterization processes that rely heavily on PK,
and to ensure that Data Quality Objectives (DQOs) are met.

Resource Conservation Recovery Act (RCRA) and Hazardous and Toxic Substances
Control Act (TSCA) regulated waste must be evaluated against radiological screening
criteria as explained in Attachment 8.1, RMMA and Radiological Screening Criteria,
including RCRA and TSCA waste that:
A. Resided in a Radiological Material Management Area (RMMA), or

Was generated within a RMMA, or

B
C. Was generated from an unknown location, or
D

Has a potential of containing Department of Energy (DOE) added radioactivity.
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5.1

5.2

5.2.1

Waste Characterization Considerations, (cont.)

5.

RCRA and TSCA waste stream radiological screenings may also be requested by
SWM Engineering to support periodic assessment programs.

This procedure presents the framework within which generators will characterize their
waste for disposition under Manual 1S, SRS Radioactive Waste Requirements.

Waste Characterization Requirements

Waste Characterization Requirements - General

1.

Waste generated as a result of Comprehensive Environmental Response
Compensation and Liability Act (CERCLA) cleanup actions can only be received by
facilities specifically authorized by the United States Environmental Protection Agency
(EPA) to receive such waste. Generators will provide notification to SWM of intent to
ship waste from a CERCLA Removal Action site at least three weeks prior to the first
shipment. SWM will request approval through the EPA Region IV office for the receipt
of CERCLA waste. SWM will then notify the generator of approval to ship upon
receiving EPA authorization.

Waste requiring treatment, storage and/or disposal at an off-site TSD facility must
comply with the off-site TSD facility acceptance criteria. This may require additional
sampling and/or documentation above that outlined in this manual. Contact Solid
Waste Engineering (SWE) for guidance.

All radiological (i.e., LLW, TRU, MW and radiologically contaminated Polychlorinated
Biphenyl [PCB]) characterization will be documented in an approved Engineering
Calculation per Manual E7, Procedure 2.31, Engineering Calculations.

Generators of MW and radiologically contaminated PCB will follow the LLW
radiological characterization criteria for the radiological portion of these waste types.

LLW stream characterization will be reported on OSR 29-82, Low-Level Waste Stream
Characterization, or an SWM-approved equivalent.

TRU waste characterization will be reported on OSR 29-90, Transuranic Waste
Container Characterization, or an SWM-approved equivalent.

HW, MW, and PCB characterization will be reported on OSR 29-47, Waste
Characterization Form (WCF), and OSR 29-92, Characterization Process Report.




Manual: 1S

Chapter: 3
Waste Characterization Program Revision: 5
Page: 8 of 89

5.2.2 Alternative Evaluation Characterization

1.

The requirements defined in this procedure represent best current practices.
Alternative evaluations to characterize an individual waste stream or group of waste
streams may be acceptable. These alternative methods will generally be described as
engineering evaluations. Engineering evaluations will be prepared in compliance with
Manual E7 requirements and may be used independently or in combination with an
approved methodology.

The requirements for these evaluations are that the evaluation is:

Technically sound,
Appropriately rigorous,
Defensible, and

Properly documented.

The basis for a generator employing such alternatives will be submitted to SWM for
review and approval with the waste stream characterization form.

5.2.3 Hazardous/Toxic Characterization Basis

1.

A hazardous or toxic waste stream falls into one of these categories:

RCRA HW
TSCA/PCB
RCRA MW
Radioactive PCBW

Administrative Decision Waste.

Waste may also be categorized as nonhazardous and/or nontoxic.
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5.2.3 Hazardous/Toxic Characterization Basis, (cont.)

NOTE

For waste determined to be a non-hazardous waste, the current regulations do not
require this documentation to be maintained. However, EPA recommends that
generators also document their non-hazardous waste determinations, particularly in
situations where the waste may display the attributes of a HW and where staff turnover
may cause a worker to question the contents of a container. According to EPA,
“‘inspectors have the existing authority to require a generator to perform a waste
determination during an inspection to support their finding that the waste of concern is
not a HW if no documentation exists.”

2. The basis for the hazardous, toxic, non-hazardous and/or nontoxic determination
requires documentation that is complete, defensible, and traceable to the waste
stream or waste package. This documentation shall be referenceable and retrievable
fromrecords. For wastes that are also radiological (e.g., LLW, MW), the determination
may be part of the E7 calculation for the radiological characterization of the waste or a
separate E7 or equivalent type document pending it meets the requirements (e.g.,
Characterization Process Report [CPR]). (Reference Manual 3Q, Procedure 6.3,
Hazardous Waste Determinations)

3. The rationale for the conclusions on characterization of awaste regarding the listing
and characteristic criteria shall be documented. The regulatory agencies look for
documentation that clearly demonstrates that the information relied upon in conducting
such characterizations is sufficient to justify the conclusions; therefore, an explanation
of the findings with regard to F-, K-, P-, U-listings and the characteristics of ignitability,
corrosivity, reactivity, and toxicity must clearly be identified in the appropriate
characterization documentation.

4. The summary determination of a waste's hazardous or toxic content will be
documented on OSR 29-92 for waste streams determined to be HW/MW/PCBW
(except radioactive PCBW that is acceptable for disposal in E-Area). The HW
determination in conjunction with the radiological determination performed in Section
5.2.4 is used to identify MW.

5. The CPR provides a template for the methodical review of a waste stream against the
waste type criteria (e.g., HW, MW). Examples of waste generation scenarios and
completed CPRs are provided in Attachment 8.4, Characterization Process Report
Examples.

6. The waste stream characterization is finalized by completing OSR 29-47 and OSR 29-
99, Hazardous/Mixed/PCB Waste Manifest. These forms are required for waste
streams determined to be HW/MW/PCBW (except radiological PCBW that is
acceptable for disposal in E-Area). The WCF and manifest identify the waste type
along with detailed physical, chemical, and radiological data necessary to meet TSD
permit, processing, and handling requirements.
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5.2.3

5.2.4

5.2.5

Hazardous/Toxic Characterization Basis, (cont.)

7.

10.

For Direct Shipments of non-radiological HW, the waste characterization process will
be documented on OSR 29-92. Any data typically required for completion of OSR 29-
47 and OSR 29-99 and deemed necessary by SWE will be included on or with the
CPR. SWE/HMTR will determine necessary data based on offsite TSD and
transportation requirements. Manual 1S, Chapter 6, RCRA, TSCA, Mixed and LLLW,
further defines the requirements for Direct Shipments of HW/MW/PCB waste.

For HW that has been lab packed, the waste characterization process will be
documented on OSR 29-105, Lab Pack Request, or equivalent. SWE/HMTR will
determine necessary data based on offsite TSD and transportation requirements.
Manual 1S, Chapter 6 further definesthe requirementsforlab packs of HW.

Routine RCRA/TSCA waste streams may be accommodated on a case-by-case basis
once approved by SWE. Contact SWE to discuss establishing guidelines for routine
waste streams.

For LLW and TRU waste, a non-hazardous determination will be provided with either
the OSR 29-82 or the OSR 29-90, respectively. This determination shall be completed
as outlined in Step 2 of this section.

Radionuclide Waste Stream Characterization

1.

Waste stream radionuclide characterization is the process of:

o Identifying the radionuclides of importance in a waste stream
o Determining an algorithm for assigning a radioactive content to each waste
package.

The radionuclides in awaste stream are specified in terms of anormalized
radioactivity distribution, with the fractional abundance of each radionuclide given and
the sum of all equal to one. The distribution gives the fractional abundance of each
radionuclide present in the waste stream in significant quantity (i.e., it meets the
requirements forinclusion).

The activity content algorithm determines the total activity in a waste package. The
total activity times a radionuclide fractional abundance gives the reportable activity for
the radionuclide.

The general process of waste characterization is described in the Attachment 8.2,
Waste Stream Characterization Flow Chart. The specific methodology used to define
radionuclide distribution and content is described in Section 5.10, Radionuclide
Packaging Considerations.

Homogeneous Waste Stream Characterization

1.

Homogeneous waste streams are those in which the radioactivity or chemical
constituents are assumed to be uniformly distributed throughout their volume and
mass. These can include:
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5.2.5 Homogeneous Waste Stream Characterization, (cont.)
Step 1, (cont.)

) Non-metallic step off pad materials
o lon exchange resins

. Contaminated soils

. Process metals

o Solidified liquids.

2. Where the relationship between the disposal container volume and the waste stream
does not meet the requirements of Section 5.13.1, General, the actual waste volume
must be quantified either through:

. Periodic measurement

o By using the waste weight and known density of the waste.
5.2.6 Heterogeneous Waste Stream Characterization

1. Heterogeneous waste streams are those in which the radioactivity or chemical
constituents are known to not be uniformly distributed throughout their volume and
mass. These can include:

. Job control waste (JCW)

J Cartridge filters
) Contaminated wood, metals, concrete
. Process equipment
o Activated metals.
2. Where the relationship between the disposal container volume and the waste stream

does not meet the requirements of Section 5.13.1 (e.g., large contaminated equipment
where the equipment dimensional envelope exceeds three feet on any side), the actud
waste volume must be quantified through either:

° Periodic measurement
. By measuring the waste weight and estimated composite density of the waste
material (subject to verification during waste stream re-validation).

5.2.7 Large Contaminated Equipment Waste Stream Characterization

1. For these wastes (whether radiologically or chemically contaminated, or both) the
waste volume is the estimated envelope volume (defined by external dimensions of the
item) of the piece of equipment or machinery. (See Manual 1S, Chapter 4, Section 5.6,
Contaminated Large Equipment Disposition [CLED] Approval Process.)

2. For large equipment that is also activated, use this section rather than Activated
Metals section.
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5.2.8 Activated Metals Waste Stream Characterization

For these wastes, the waste volume is the displaced volume and is determined by the waste
weight, as per Section 5.13, Determining Waste Volumes and Masses.

5.2.9 Immobilized Waste Stream Characterization

1. When waste streams are immobilized with an inert material to enhance stability, the
waste volume is the volume of the immobilized mass.

2. The waste weight is the weight of the waste stream plus the weight of the
immobilization media.

5.2.10 Consolidated Waste Stream Characterization
1. Waste stream consolidation can be employed if it can be shown the resultant
consolidated waste stream of two or more independent waste streams uses
conservative isotopic qualification and quantification methods for TSD sensitive
radionuclide contaminates.

2. Consult SWM Engineering when developing strategies to characterize a consolidation
of waste streams.

5.2.11 Analysis Frequency Characterization (Hazardous/Mixed Waste Streams)

1. Hazardous and mixed waste streams generated at SRS must be evaluated at least
annually to ensure that the characterization of the waste is accurate and up to date.

2. Generators shall inform SWE of any changes to the waste stream characteristics and
shall modify the waste characterization as necessary.
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5.3

5.3.1

Process Knowledge (PK)

Process Knowledge (PK) - General

Sampling and analysis is the preferred method of characterization because it is easier to
defend; however, some waste streams cannot be adequately characterized through use
of sample and analysis techniques; in such cases, PK is appropriate and necessary.

NOTE

1. PK may include a wide variety of information based on:

Ensuring the HW determination is made at its point of generation before any
dilution, mixing or alteration, and at any time in the course of its management
that it has, or may have, changed its properties as aresult of exposure to the
environment or other factors that may change the properties of the waste such
that the RCRA classification of the waste may change

The physical, chemical, and radiological properties of the materials involved in
the process that generates the waste materials

The effect of all aspects of the process on the materials

The associated process stream and product specifications.

2. Particular attention should be directed at possible chemical concentrating processes
(e.g., evaporation, absorption, filtration, separation, settling). Examples of the types of
information that have been used at SRS to characterize waste by PK are given below:

Process or quality control sample analyses
Analytical results from samples of simulated wastes

Procurement specifications, Safety Data Sheets (SDSs), and other vendor data.
Use of vendor data such as bulk density or specific gravity should be validated
prior to use in waste characterization calculations, particularly for mass-volume
conversions. Validation may include weighing a known volume of the material.

Material balance calculations

Process flow sheets

Analytical results from similar processes elsewhere
Laboratory or pilot plant studies (e.g., treatability studies)
Engineering data on corrosion rates or material specifications
Previous characterizations of similar wastes
Administrative/procedural controls

Direct assay results

Technical reports
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5.3.1 Process Knowledge (PK) - General, (cont.)
Step 2, (cont.)
. Documents and drawings specifying process areas and equipment
. Process equipment manuals
o Process stream or product specifications
o Documented mass balance information
o Procedures
o Documented living memory.

When PK is used for radionuclide waste, it will be prepared and approved in an
engineering calculation in accordance with Manual E7, Procedure 2.31.

5.3.2 Hazardous Waste (HW) Process Knowledge (PK)

1.
2.

When PK is used for HW, documentation shall justify its use and applicability.

A generator is allowed by the South Carolina Hazardous Waste Management
Requirement (SCHWMR) R.61-79.262.11(c-d) to use "knowledge of the hazard
characteristic of the waste in light of the materials or the processes used" to make the
HW determination. This approach is generally referred to as a PK determination.

HW determinations, especially those that are determined by PK to be non-hazardous,
are always subject to challenge. Presumably, sampling establishes what is physically
present in the waste. PK on the other hand, can only be used to justify that hazardous
constituents are not likely to be present. In addition, sample results can also be
challenged because of different interpretations of representative sampling, number of
samples required or sample collection and analytical protocols. The generator must be
prepared to defend a determination whichever method is used. Documentation of a
nonhazardous determination is as important as a hazardous determination.

For Land Disposal Restrictions (LDR), EPA and South Carolina Department of Health
and Environmental Compliance (SCDHEC) have stressed the need for accuracy in
characterizing wastes. EPA/SW-846, Test Methods for Evaluation of Solid Waste:
Physical/Chemical Methods, contains analytical and test methods recognized by EPA
as being acceptable for testing under subtitle C of RCRA. Several of the SCHWMR
regulations require that specific testing methods described in EPA/SW-846 be used in
evaluating solid waste. It is important to understand that this does not always preclude
a generator from using PK to make the HW determination. To illustrate, SCHWMR
R.61-79.261.22 specifies that the pH of an aqueous solution should be determined by
a pH meter using EPA/SW-846, Method 9040. Two points need to be made:
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5.3.2 Hazardous Waste (HW) Process Knowledge (PK), (cont.)
Step 4, (cont.)

A. First, since a method is specified, a determination of pH using litmus paper is
not a sufficient basis to conclude that the waste is not hazardous.

B. Second, the requirement to utilize EPA/SW-846, Method 9040 does not
preclude the generator from characterizing the waste using PK as allowed by
SCHWMR R.61-79.262.11(c-d). In that case, the litmus paper test serves as
supporting data. In other cases, this option does not exist (e.g., compliance
with certain LDR treatment standards must be demonstrated using the
prescribed EPA/SW-846 methodology).

5.3.3 Process Knowledge (PK) Determinate Basis

1.

The success of the HW regulatory program depends, to a great extent, on generators
making an accurate HW determination. When characterizing awaste using PK and
when documenting the methodology used to conduct the characterization, SCHWMR
R.61-79.262.11(f) describes the type of records that must be maintained to support the
determination. SRS experience with SCDHEC in such situations indicates that
although PK is allowed it must be documented and defensible.

A. Ensuring proper sufficiently accurate and detailed information about each
waste stream and the process generating the waste is used when making
waste determinations, and maintained in the facility’s records per Manual 1B,
3.31. Such documentation must be maintained for at least three years and be
readily available for audit by EPA and/or SCDHEC.

B. For waste determined to be a HW, the Waste Generator and SWM must keep
records onsite of any test results, waste analyses, or other documentation for
at least 3 years from the date that the waste was last sent to onsite or offsite
treatment, storage, or disposal. This time period extends automatically during
the course of any unresolved enforcement action regarding the regulated
activity or as requested by the SCDHEC.

As a general rule radionuclide and hazardous characterizations should be supported
by reliable analytical data (process control, similar wastes) if possible.

A. Claims that certain materials are excluded from a waste stream or that the
makeup of awaste stream is known should be supported by procedures, work
instructions, training programs or other controls.

B. PK calculations will be peer-reviewed and documented.

1) Sources of data should be clearly referenced and readily retrievable.

2) Assumptions should be documented and supportable.
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5.3.3 Process Knowledge (PK) Determinate Basis, (cont.)
Step 2, (cont.)

C. Wastes (e.g., circuit boards) should be evaluated for hazardous constituents
that may be contained in materials of construction or alloys such as:
o Lead in brass or solder
° Corrosion products such as chromium from stainless steel
. PCBs in painted materials or electrical components
. Corrosion resistant coatings containing cadmium or other toxic metals.

5.4 Waste Sampling

5.4.1 Waste Sampling - General

1.

The validity of sampling and analysis data is highly dependent upon a defensible
sample and analysis plan. Defensible plans must encompass every aspect of the
sampling process from collection of the sample to analysis and reporting of the
analytical results. Often, the most underdeveloped aspect of a sampling plan is the
sample collection techniques. Sophisticated and costly analytical methods coupled
with a flawed collection process are of little value, particularly in the case of regulatory
proceedings.

NOTE

Waste requiring treatment, storage and/or disposal at an off-site TSD facility must
comply with the off-site TSD facility acceptance criteria. This may require additional
sampling and/or documentation above that outlined in this manual. Contact SWE for
guidance.

The burden of responsibility for ensuring a technically sound sampling and analysis
plan rests with the waste generator. Generators should seek expert advice in the
development and implementation of such plans. Environmental Monitoring Operations
can provide many generator sampling services, including development of sample
plans, collection activities, transportation, and reporting of results. Assistance can also
be obtained through the Statistical Consulting Section of the Savannah River National
Laboratory (SRNL). Depending upon the DQOs, measurement analysis can be
performed at off-site labs contracted to SRS or on-site labs at SRNL.

In order to meet the LDR, EPA, and SCDHEC waste characterization requirements,
the testing methods in EPA/SW-846 must be used for evaluating solid waste. This
EPA Publication contains acceptable analytical test methods recognized by the EPA
under subtitle C of RCRA.
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5.4.1 Waste Sampling — General, (cont.)
Step 3, (cont.)

PK can be used if it provides validated data equivalent to or better than approved
EPA/SW -846 testing method requirements (Process or quality control sample analyses,
Analytical results from samples of simulated wastes, etc.).

NOTE

All analytical testing to make a HW determination must be performed by a state
certified laboratory that is currently certified for the analytical procedure requested.
SRS waste generators shall use the SRS Sample Management Group contracted
laboratories or request approval from SWM for use of alternate laboratories for any
sample analyses required of off-site laboratories.

5.4.2 Sample Collection

1.

The objective of the sample collection process is the collection of arepresentative
sample. A "representative sample" is defined as a sample of the whole (e.g., waste
pile, lagoon, ground water) which can be expected to exhibit the average properties of
the whole. Detailed collection and sampling strategies are provided in the EPA
document EPA/SW-846. EPA/SW-846 protocols are not required for radioactive waste
but should be considered to define reference methods during sample and analysis
plan development.

Sample methodology and protocol defined by the generator will be documented in
facility sample plans as appropriate. Sample and analysis plans should be submitted to
SWM Engineering along with waste characterization documentation. Sample methods
and techniques used shall ensure the following objectives are met:

A. Representative samples or the collection of samples that are unbiased and
exhibit average properties of the population sampled are achieved by
segregating the containerized wastes into sub-waste streams and collecting
samples using consistent and appropriate methodologies for the waste form. A
sub-waste streamis generally comprised of agroup of containers labeled with
the same waste stream information. Sample collection information is identified
in specific waste stream sampling and analysis plan.

B. Sampling accuracy is achieved through randomized sampling of the waste
within a given sub-waste stream. Randomized sampling minimizes bias in the
sample selection process by giving each container or matrix an equal
probability of being sampled. Randomized sampling is addressed in the waste
stream specific sampling plan.
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5.4.2 Sample Collection, (cont.)
Step 2, (cont.)
C. Sampling precision is achieved by increasing the number of samples to be

collected, increasing the actual volume of the samples, or dividing a population
into appropriate strata prior to sampling. Additional samples may be collected
when sample collection is difficult. Lastly, when a waste streamis suspected or
known to contain separate phases (i.e., solids and liquids), the number of
samples required is calculated for each waste phase. During sample collection
activities, a sample is collected from each waste phase from the randomly
selected waste containers. The number of samples, matrix/phases sampled
and container(s) sampled is addressed in the waste stream specific sampling
plan.

D. The number of samples required to be collected will be calculated in
accordance with statistical methods based on homogeneity of the mediato be
sampled. The number of samples is identified in the waste stream specific
sample and analysis plan.

E. Ensure proper sample handling and transport protocols are followed per SRS
site approved Sample Analysis Plans.

5.4.3 Sample Analysis

1.

The objective of the sample analysis process is to ensure the sensitivity, precision, and
bias of equipment and methods used provide for creditable results and are compliant
with requirements for the waste acceptance criteria of the waste receiving facility.

Laboratory selection is vital to provide validated data quality. Waste generators will
ensure that laboratories chosen for analysis of samples are capable of producing
accurate results for theirintended use. The laboratory will have the ability to perform
the generator specified analysis in accordance with EPA or other standard protocols
and methods that meet the Maximum Allowable Lower Limits of Detection (MALLDs)
defined in Attachment 8.3, or reasonable justification shown to demonstrate why this
sensitivity cannot be achieved based on waste stream composition. Generators will
document this in a calculation per Manual E7, Procedure 2.31, for all radionuclide
data. SWM will review the justification and approve if the impacts to TSD inventory are
negligible.

Laboratories used to provide analytical results for radioactive and/or HW shall be:
o EPA or state certified
o DOE Consolidated Assessment Program (DOECAP) approved

o Compliant with Manual 1Q, Procedure 2-7, QA Program Requirements for
Analytical Measurement Systems
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5.4.3 Sample Analysis, (cont.)
Step 3, (cont.)

. Have an auditable laboratory quality assurance program based upon 10 Code
of Federal Regulations (CFR) 830.122, Nuclear Safety Management and
American National Standards Institute (ANSI)/American Society of Mechanical
Engineers (ASME) NQA-1, Quality Assurance Requirements for Nuclear
Facility Applications, and have an auditable measurement control program
based upon applicable requirements contained in:

- ANSI N15.41, Derivation of Measurement Control Programs - General
Principles

- ANSI N15.51, Measurement Control Programs in Nuclear Materials
Analytical Chemistry Laboratory.

4, SRS waste generators shall use the SRS Sample Management Group contracted
laboratories or request approval from SWM for use of alternate laboratories for any
sample analyses required of off-site laboratories.

5. Development of sample analysis protocol will ensure analytical laboratory method
selection is made based on the results needed and to achieve the detection level of
the MALLD listed in Attachment 8.3. Method detection limits for radiological analyses
are based upon ensuring compliance with the acceptance criteriafor the treatment or
disposal facility and are specified in the specific facility's waste acceptance criteria.
Consideration should be given to the labs ability to meet the data quality objectives
specified for waste potentially destined to an off-site treatment/disposal facility.

A. Laboratory control sample(s) or matrix spike(s) should be analyzed with each
batch of samples to verify that the precision and bias of the analytical process
are within control limits. The results of the laboratory control sample(s) or
matrix spike(s) are compared to control limits established for both precision and
bias to determine usability of the data.

B. When appropriate for the method, a method blank should be analyzed with
each batch of samples processed to assess background levels in the
laboratory. Established standard guidelines are followed to assess acceptability
of the data based on the level of contamination in the blank.

C. Duplicate samples are analyzed for comparability to ensure precision of the
laboratory method(s) used.

D. Established standard guidelines are followed to assess acceptability of the data
and precision of the laboratory methods.
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5.4.3 Sample Analysis, (cont.)

Waste not meeting SRS disposal criteriamay be acceptable for disposal at the Nevada
National Security Site (NNSS). Analytical data used for characterization for the NNSS
shall follow specific Data Validation criteria specified below. Contact SWM, SRS
Cognizant Technical Function (CTF) for the NNSS or the SRS Waste Certification
Official (WCO) forthe NNSS for guidance.

NOTE

6.

Data Validation for the NNSS Waste Profile Development

A

Validation criteria shall be developed using the DQO process and depend on
the type(s) of datainvolved and the purpose for which the data are collected.
The DQO process is covered in Section 5.5.2.

Data shall be validated by technically qualified personnel who are independent
of those performing the analyses.

When sampling and analysis is used as a method of characterization, data
validation shall be conducted on a portion of the data prior to use for
characterization.

5.4.4 Sample Data Screening

1.

The generator will screen the results from representative sample analysis. Reported
sample data can be excluded from a waste stream's radionuclide content and
distribution when any of the following reasons can be documented (justification to be
provided in calculation per Manual E7, Procedure 2.31 or other characterization
document):

No plausible production mechanism exists based on PK (e.g., a short half-life
nuclide with no production mechanism should not exist in aged waste);

Non-PA radionuclides reported as below Lower Limit of Detection (LLD) values;

Non-PA radionuclides reported as positive by lab analyses with curie per
package (Ci/Pkg) values less than Attachment 8.7's Ci/Pkg Threshold;

Radionuclides that are constituents of naturally occurring radioactive material
(NORM) at background levels, i.e., there was no mechanismto concentrate
these radionuclides (per WSRC-TR-2000-00128, Background Radioactivity in
Savannah River Site (SRS) Soil). Examples are Potassium (K)-40, Lead (Pb)-
212 (daughter of natural thorium), and Bismuth (Bi)-210 (daughter of natural
uranium); and

Daughter radionuclides with Ci/Pkg values less than Attachment 8.7's Ci/Pkg
Threshold regardless the presence of the parent radionuclide.

SWM will review the data screening justification and approve if the impacts to TSD
inventory are negligible.
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5.4.5

5.4.6

RCRA/TSCA Soils Sampling Radionuclide Release Requirements

NOTE

The following requirements are for release of RCRA and TSCA soils originating from
RMMAs (basis documents: WSRC-TR-2000- 00128 and SWD-97-0011). Application of
these criteria to non-RCRA and non-TSCA soils will be approved by SWM and DOE-
Savannah River (DOE-SR).

1. One complete isotopic analysis will be conducted per waste streamon a
representative sample of the waste stream. The results of this analysis will be
compared to the Complete Isotopic Analysis Limits shown in Attachment 8.1.

2. A representative sample per container must be taken for gross alpha and gross
nonvolatile betaand must be below the Gross Analysis Limits shown in Attachment
8.1.

3. If a gross alpha or gross nonvolatile beta limit is not met for a container, then a

complete radioisotopic analysis must be completed for that container and results of
that analysis compared against the Complete Isotopic Analysis Limits in Attachment
8.1.

4. For all waste streams greater than 1000 feet (ft.)? in total volume, a complete isotopic
analysis must be completed for 1% of the containers within the waste stream. The
results of this analysis will be compared to the Complete Isotopic Analysis Limits
shown in Attachment 8.1.

Sampling Validation Exemption

NOTE

Sampling and analysis is the preferred method of characterization because it is easier to
defend; however, some radioactive waste streams cannot be adequately characterized
through use of sample and analysis techniques; in such cases, PKis appropriate and
necessary. (See Section 5.3.4, PK Determinate Basis for RCRA/TSCA HW.)

PK only (without validation by sampling and analysis) may be used to determine the waste
stream distribution when the following criteria are satisfied:

o Sampling cannot be performed due to As Low As Reasonably Achievable (ALARA)
considerations

° The source of the contamination for the waste streamis a known input from a
characterized waste stream (e.g., a laboratory which receives a sample from a facility
process with a characterized stream can use this same waste stream to characterize
the lab waste). However, controls must be in place to ensure that changes in original
waste stream are identified to the facility (e.g., if the facility's waste stream changes,
they must notify the lab so that the lab's waste stream can be revised).
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5.5 Data Management

5.5.1 Data Management — General

The ultimate responsibility for data quality assurance on reported dataresides with the waste
generator to discover and correct inconsistencies and anomalies prior to providing to SWM.

1. Generators shall characterize waste with sufficient accuracy to:

A

Determine the regulatory status of the waste materials and ensure both
regulatory compliance and compliance with the treatment or disposal facility
waste acceptance criteria.

B. Determine the appropriate level of health and safety requirements for
protection of site workers and the public during storage, transportation,
treatment and disposal.

C. Ensure the proper segregation, treatment, storage and disposal of the waste.
While the waste generator is ultimately responsible for proper waste
characterization, the intent of this procedure to define criteria and requirements
to ensure waste characterization data supports safe and effective waste
management. Specific data quality requirements are discussed based on the
method of characterization.

2. General requirements include:

A Radiological characterization by PK or sample and analysis will be prepared
and approved in an engineering calculation in accordance with Manual E7,
Procedure 2.31.

B. Verification of engineering calculation results are per Manual E7, Procedure
2.60, Technical Reviews.

C. Radiological monitoring/survey equipment are properly calibrated per
requirements in Manual 1Q, Procedure 12-3, Control and Calibration of
Radiation Monitoring Equipment.

D. Scales are properly maintained in accordance with Manual 1Q, Procedure 12-
1, Control of Measuring and Test Equipment. Additional details on maintenance
of scales are covered in Section 5.13.1, General.

3. Generators are also responsible for ensuring the above applicable requirements are
met when provided by service organizations (e.g., Radiological Protection [RP], off-site
labs).

4. A formal DQO process must be used for any waste identified for disposal at the NNSS,

per Manual 3Q, Procedure 21.2, Data Quality Objectives Process. If DQOs are
determined not to be required for NNSS waste, then the rationale shall be
documented. The SRS WCO for NNSS or the SRS CTF for NNSS must be included in
this process.
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5.5.2 Data Quality Objectives (DQO)

1.

The objective of the DQO process is to describe and document how a planning team
can generate a plan to collect data of appropriate quality and quantity to meet the
goals of the entire team. Interactions amongst a multidisciplinary team results in a
clear understanding of the problem and problem-solving options available. Using this
process can prevent the need for additional costly analysis, compliance risks, and
additional human exposure to hazards. The steps of the DQO process as applicable
can be documented in a summary in the waste sample plan completed by the ECA,
Generator Certification Official (GCO) or CTF.

The decision for implementation is based on the TSD facility requirements and the
generators project scope (e.g., the sampling of a single container would most likely not
necessitate a DQO, unless it was required by the TSD or a unique waste procedure.)
See Manual 3Q, Procedure 21.2 for a detailed explanation of the seven step DQO
process. The Environmental Monitoring Program Customer Technical Representative
can be contacted for development assistance.

The seven-step DQO process describes the sequential approach to achieve the
structured characterization of sample analysis data, and is outlined below:

o STEP 1: State the Problem — Provide a concise description of the problem that
needs addressing through sample collection. Be sure to identify team members,
hazards, resources, budget, and scheduling deadlines as applicable.

o STEP 2: Identify the Goal of the Study — Be sure to reach out to other facility
members that may have additional analytical data needs from that waste during
your sample collection. Consider the potential for alternate outcomes and the
need for additional sample locations and/or equipment. Clearly identify your key
assumptions and areas that may require estimations. Look ahead for possible
outcomes and be prepared for possible alternatives. If the sampling could result
in multiple decisions, prioritize and organize your goals.

o STEP 3: Identify Information Inputs — Identify what information is needed to
meet your decisions or estimates you identified in Step 2. This is where the
team selects appropriate sampling and analysis needs. Be sure to identify any
regulatory compliance needs and/or site Shipping/H&S/radiological needs as
applicable. Historical data may be used to aid in some of the decisions in Step
3.

. STEP 4: Define Boundaries of the Study — What are some of the constraints
associated with the sample and data collection? List any physical obstacles,
scheduling issues, technology limitations, temporal changes, potential exposure
scenarios, financial constraints, and identify hot spots if applicable. Since the
sample unit has already been defined, this step discusses what may interfere
with your data collection.
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5.5.2 Data Quality Objectives (DQO), (cont.)

Step 3, (cont.)

STEP 5: Develop the Analytical Approach — This step should identify the
analytical approach needed to draw the conclusion. For example, if you have
multiple data points, are you going to use the maximum, average, or statistics.
The more complex parameters chosen require more complex data collection
design. Statisticians may be needed for proper interpretation of larger data sets.

STEP 6: Specify Acceptance Criteria — Identify any consequences of making
incorrect decisions from this study and explain how you will manage
uncertainties. Identify any errors such as sample collection and data
measurement errors. Identify upfrontwhat is the acceptable level of uncertainty
(when the sampling strategy does not capture the extent of the variability in the
population being investigated) Examples include sampling limitations and
management of analytical data qualifiers. Discuss if errors will overestimate or
underestimate analytical data and explain your tolerance limits for your decision
errors. Discuss how your confidence level when managing your tolerance limits,
and uncertainties.

STEP 7: Develop the Plan for Obtaining the Data — Select and document the
design that will yield data to achieve your acceptance criteria as identified in
Steps 1 — 6. This is the Sample Plan that now can identify the “resource
effective” design that meets all of your needs. Software tools are available such
as Visual Sample Plan (VSP) to help with the development of a plan for this
process. Be sure to include the number of samples, sample types, timing issues
(such as scheduling or laboratory holding times), analytical methods, and any
restrictions/alternatives as previously identified.

5.5.3 Data Base Systems

Database inventory management systems (e.g., Waste Tracking System [WITS], Hazardous
Mixed Waste Tracking [HMWT], Consolidated Waste Tracking System [CWTS]) should be
used to input, store, analyze, and generate reports where possible, in place of the
corresponding forms unless otherwise specified by SWM.

5.5.4 Periodic Data Validation (Radioactive Waste Streams)

Beryllium and elemental carbon waste streams do not require periodic validation

NOTE

1. Hazardous and Mixed waste streams generated at SRS must be evaluated at least
annually to ensure that the characterization of the waste is accurate per Section 5.11,
Hazardous Waste (HW) Considerations.

2. Generators must perform a documented review of LLW Streams every two years to
ensure the characterization data, waste stream information, and referenced
procedures are current, unless changes requiring immediate notification occur. These
reviews will typically be performed by sample and analysis and will be documented in
an approved calculation per Manual E7, Procedure 2.31.
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5.5.4 Periodic Data Validation (Radioactive Waste Streams), (cont.)

3.

For LLW Streams with no changes in process or radionuclides after the two-year
period, generators may document this by PK. Documentation of this review will be by
the submittal of OSR 29-82 re-characterization to SWM forreview and approval.

One-time only waste streams (i.e., limited term projects) and characterization-by-
package waste streams do not require periodic validation. SWM requests generators
to contact SWE after the use of the one-time only stream is complete so that the
streams can be inactivated.

Generators will formally notify SWM of changes affecting the following:

) Changes in process exceeding bounding assumptions (e.g., waste weight,
contamination levels, default values, etc.)

o Changes in process resulting in different waste streams (e.g., Job Control
Waste [JCW], equipment) generated not previously evaluated

. Changes in process affecting isotopic distribution of PA, TRU or fissile isotopes.

SWM will determine the impacts of the reported changes and will direct the waste
generator in required waste characterization documentation revisions.

5.6 Land Disposal Restrictions (LDR)

5.6.1 Land Disposal Restrictions (LDR) - General

1.

The LDR program requires that any HW destined for land disposal be treated to
reduce the toxicity and/or mobility of its hazardous constituents.

The LDR regulations require that HW be treated using a specified technology or that it
meet certain concentration (numerical) limits for hazardous chemical constituents prior
to disposal (unless an exemption or variance has been obtained). The LDRs attach to
a HW at the point of generation. In addition, Universal Treatment Standards (UTS)
requirements apply to all characteristic (D-coded) wastes D001-D043. The LDRs
additionally require the generator of all characteristically HW that will be land disposed
to identify the Underlying Hazardous Constituents (UHCs) present so that they will be
treated to the UTS. For FO01-F005 and F039 listed wastes, the generator must identify
which of the specifically regulated FO01-FO05 constituents are contained in the wastes.
See Note under Section 5.11.5, Characteristic Waste.

TRU mixed waste that is to be disposed at the Waste Isolation Pilot Plant (WIPP) is
exempt from having to comply with the treatment standards and is not subject to the
land disposal restrictions outlined in 40 CFR Part 268, in accordance with the WIPP
Land Withdrawal Act of 1992, as amended. TRU waste that is not eligible for disposal
at WIPP, must comply with RCRA treatment and disposal requirements per the
Federal Facility Compliance Act of 1992.
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5.6.2 Point of LDR Determinations

1.

EPA requires that LDR determinations be performed at the point of waste generation.

A. LDRs attach to a HW at its point of generation. The waste must be evaluated

to:

o Assign proper waste code(s)

o Determine treatment subcategory (e.g., D001 high total organic carbon
[TOC] ignitable liquids)

o Determine whether it is a wastewater or non-wastewater

o Delte)rmine if there are any UHCs (applicable to Characteristic wastes
only).

a) UHCs must meet UTS requirements per 40 CFR
268.48.

5.6.3 Underlying Hazardous Constituents (UHC)

1.

Characteristically hazardous D001 through D043 wastes that are to be land disposed
must be treated such that all UHCs meet the UTS found in SCHWMR R.61-79.268.48.
The requirements to cover all characteristically HW including the D004-D011 toxicity
characteristic (TC) metal waste effective August 24, 1998. The requirements for
treatment of underlying hazardous constituents do not apply to high-TOC ignitables
that are incinerated. However, since generators are not aware if incineration will be
chosen, based upon other prohibitive constituents or TSD operational factors, UHCs
should be identified regardless. The application of this requirement is illustrated by
examples in Attachment 8.4.

In order to meet the treatment standards for UHC, TSDs must be aware of any UHCs
present in the waste. A waste generator is obligated to identify those UHCs that are
"reasonably expected to be present” in a HW stream. The determination of
"reasonably expected to be present" may be based on PK of the raw materials used,
the process and potential reaction products, or the results of aone- time analysis for
the entire list of UTS hazardous constituents that may be present in the untreated HW.
The EPA believes it is not necessary to routinely monitor waste streams for all UHCs.

5.6.4 Heavy Metal Waste Treatment Prohibition

In the Phase Il LDR rule, EPA defined an "inorganic metal-bearing waste" as one for which
EPA has established treatment standards for metal hazardous constituents and which do not
otherwise contain significant organic or cyanide content, [SCHWMR R.61-79.268.2(j)]. EPA
has determined that the eight TC metal wastes (D004- D011) meet the definition and the
prohibition of dilution by combustion applies to these wastes [SCHWMR R.61-79.268.3(c)).
These waste codes cannot be incinerated or substituted as fuel in a Boiler or Industrial
Furnace (BIF) or in a HW incinerator unless, at the point of generation or after any treatment
(such as cyanide destruction), they meet one or more of the following criteria:
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5.6.4 Heavy Metal Waste Treatment Prohibition, (cont.)

1.

6.

The waste contains hazardous organic constituents or cyanides at levels exceeding
the constituent-specific UTS.

The waste is an organic, debris-like material (such as wood, paper, plastic or cloth)
that is contaminated with inorganic, metal-bearing HW.

The waste at point of generation has reasonable heating value such as greater than or
equal to 5,000 Btu/Ib.

The waste is co-generated with other wastes for which combustion is a specified
treatment standard.

The waste is subject to a federal and/or state provision that requires a reduction of
organics (including biological agents).

The waste contains greater than 1% TOC.

5.6.5 Central Accumulation Area (CAA) Waste Treatment

1.

A generator may treat HW in containers without a permit so long as the generator
develops and follows a Waste Analysis Plan and the treatment is conducted in a CCA.
The waste cannot be land disposed unless it has met all applicable LDR treatment
standards. Treatment must be for the purpose of fully meeting the LDR Treatment
Standards. A Waste Analysis Plan is required and must be kept on file for review by
the regulator, if requested. Prior to conducting any treatment, contact the RCRA SME
for guidance.

A Waste Analysis Plan that describes the treatment performed must be kept on file for
review by the regulator, if requested. Prior to land disposal, the waste must be treated
to meet UTS for any UHCs reasonably expected to be present in the waste.

5.6.6 Identifying Appropriate Treatment Standards

1.

HW treatment standards are separated into two categories:

. Wastewater - Defined as a waste containing less than 1% by weight TOC and
less than 1% by weight total suspended solids (TSS).

J Non-wastewater - Defined as any waste that does not meet the definition of
wastewater.

A generator must determine if a waste is a wastewater or non-wastewater to determine
the appropriate treatment standard.
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5.7

Treatment, Storage, and Disposal (TSD) Prerequisites

1.

Waste requiring treatment, storage and/or disposal at an off-site TSD facility must
comply with the off-site TSD facility acceptance criteria. This may require additional
sampling and/or documentation above that outlined in this manual. SWE shall be
contacted for guidance.

Each facility that expects to receive some form of radioactive or HW must be properly
permitted for the specific physical and chemical characteristics of the waste or wastes
for which it is authorized, as indicated below:

Facilities designated for the treatment, storage, or disposal of LLW or TRU operate
under the authority of the DOE.

LLW facilities are not authorized to receive, treat, store, or dispose of HW, MW, or
most categories of PCBW.

A facility must be specifically authorized and permitted by SCDHEC or EPA to receive,
treat, store, or dispose of HW or MW. On-site non-commercial facilities that store
PCBW are not required to be permitted by EPA. However, they must comply with
specific standards set forth in the regulations or in an applicable EPA approved
document. With limited exceptions for certain non-liquid PCB wastes, commercial
treatment, storage, and disposal facilities must be permitted by EPA to receive PCB
wastes. TSCA requires many forms of PCB wastes to be disposed at a TSCA-
permitted incinerator or chemical waste landfill. The permits for these facilities specify
the physical and chemical characteristics of the waste for which they are authorized.

In order to meet permit and operating needs, some TSD facilities require information
beyond that necessary to characterize the waste as hazardous, radioactive, or PCB
waste. LDR may also dictate the need for certain waste characterization data to allow
for future treatment or disposal.

Data needed for acceptance of waste at a TSD is specified in:

. Manual 1S, Chapter 5, Low-Level Waste; Chapter 7, Transuranic Waste; or
Chapter 6, RCRA, TSCA, Mixed and LLLW

o OSR 29-82, Low-Level Waste Stream Characterization

. OSR 29-47, Waste Characterization Form (WCF)

. OSR 29-90, TRU Waste Container Characterization

. OSR 29-93, Uniform Low-Level Radioactive Waste Manifest

° OSR 29-99, Hazardous/Mixed/PCB Waste Manifest.
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5.7

5.8

5.8.1

Treatment, Storage, and Disposal (TSD) Prerequisites, (cont.)

8.

While the applicable characterization form and waste manifest capture the bulk of the
characterization data, they are not all inclusive. The generator must ensure that the
waste does notinclude items/material prohibited by the TSD's Waste Acceptance
Criteria.

Radiological Modifier Special Considerations

Beryllium and Elemental Carbon

NOTE

These requirements are only applicable to generators using beryllium or
elemental carbon in the process or as a waste component.

Elemental Carbon is those materials containing pure carbon in its elemental form
that could credibly be considered either a special neutron reflector or moderator
(e.g., graphite or diamond).

Naturally occurring berylliumin SRS soil is exempted from this requirement.

Due to increased fissile gram loading in Slit Trench and Component-in-Grout
segments, generators of LLW destined for disposal in any E-Arealocation will evaluate
for the presence of beryllium and/or elemental carbon in or associated with the waste.
The fissile inventory limits for LLW facilities are dependent on the presence of
beryllium and elemental carbon. As such, the generator will report the grams
(quantities greater than or equal to one gram) of beryllium or elemental carbon in a
waste package by the RAD Weight calculation method in the applicable waste tracking
application (e.g., WITS or CWTS) as directed by SWM.

All waste packages containing any quantity of beryllium must comply with Manual 4Q,
Procedure 209, Chronic Beryllium Disease Prevention Program, labeling requirements.
A comment should be included on the waste package documentation that supports the
IH beryllium label.

LLW waste packages containing less than one gram of beryllium and elemental carbon
are exempt from reporting in characterization documentation.

The following is guidance for reporting beryllium and elemental carbon quantities
greater than or equal to one gram in LLW:

A. Berylliumin LLW will be reported on a separate Waste Stream Characterization
Form. Generators will select RAD Weight as the Valid Calculation Method,
designating the beryllium as "Be-1" and report 100 Ci%.

B. Elemental carbon in LLW will be reported on a separate Waste Stream
Characterization Form. Generators will select RAD Weight as the Valid
Calculation Method, designating elemental carbon as "C-1" and report 100
Ci%.
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5.8.1 Beryllium and Elemental Carbon, (cont.)

Step 3, (cont.)

C. When creating LLW packages in the applicable waste tracking application (e.g.,
WITS or CWTS), the generator will:

Create a separate waste cut for the beryllium or elemental carbon
portion

Select the appropriate waste stream
Enter RAD as the Calculation Method
Leave the default value of zero for Activity

Enter the gram quantity equal to the amount of either beryllium or
elemental carbon in the waste into the RAD Weight field.

5. The following guidance is for reporting beryllium and elemental carbon in Mixed
Waste:
A. The concentrations of beryllium and elemental carbon, if present, must be

provided in the Chemical Constituents section of OSR 29-47.

B. The total quantities (in grams) for beryllium and elemental carbon do not need
to be reported.

6. TRU waste packages containing less than one gram of beryllium are exempt
from reporting in characterization documentation. For TRU waste packages
containing greater than or equal to one gram of beryllium, the beryllium
quantity shall be specified on the OSR 29-90. Elemental carbon is not
required to be reported at any levels for TRU waste packages.

5.8.2 Attached Lead

Per agreement with SCDHEC, a waste form/equipment with attached lead can only be
disposed of in Slit Trench, Component-In-Grout Trenches or E-Area Vault Waste if it
provides radiation shielding or functions as a counterweight during transportation,
handling or disposal.

NOTE

1. Lead in LLW destined for disposal in either the Slit Trench, Component-In-Grout
Trenches or E-Area Vault Waste will be reported on a separate WCF. Generators will
select RAD Weight as the Valid Calculation Method, designate the Lead as "Pb-1" and
report 100 Ci%.

2. When creating LLW packages in the applicable waste tracking application (e.g., WITS
or CWTS), the generator will:

° Create a separate waste cut for the lead

° Select the appropriate waste stream
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5.8.2

5.9

5.9.1

Attached Lead, (cont.)

Step 2, (cont.)

Enter RAD as the Calculation Method
Leave the default value of zero for Activity

Enter the gram quantity equal to the amount of Lead in the waste into the RAD
Weight field.

Radionuclide Considerations

The requirements for LLW are to be used if the subject waste stream can be either LLW
or TRU, depending on activity levels.

NOTE

Potential Radionuclides

1. The radionuclides that must be considered as potentially presentin all SRS LLW
waste streams are:

A

Those identified as Performance Assessment (PA) radionuclides identified for a
specific TSD. The following eight PA isotopes shall specifically be reported: H-
3, C-14, Sr-90, Tc-99, 1-129, U-234, U-235, and Np-237.

If an isotope is greater than 1% of total Curie distribution it must be reported.

If an isotope is determined to be less than 1% of the initial radiological
distribution and does not have to be reported for PA/DSA concerns (it is less
than the reporting threshold values in Attachment 8.7, LLW Radionuclide
Package Reporting Thresholds), it may still need to be reported for
transportation purposes.

o Transportation and Packaging requires the reporting of any significant
isotope to enable the categorization of the radioactive material content
in terms of A1/A2 Curie values for determining radioactive material types
[e.g., limited quantity, low specific activity (LSA), Type A and Type B]
and associated packaging.

o The OSAs and OTRs provide for onsite transfer of radioactive materials
in a manner that is equivalent to that provided by the DOT/NRC
regulations. OSAs and OTRs provide radionuclide, fissile gram and
wattage limits as well as transportation control and communication
requirements. Compliance with the OSA and OTR radionuclide, FGE
and wattage limits requires a comprehensive listing of the isotopes and
curies of the material to be transferred.
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5.9.1 Potential Radionuclides, (cont.)
Step 1, (cont.)
D. Those that are expected be present in the waste stream based on the nuclide

generation process at the time the waste stream is characterized (daughters
are to be included) in quantities that may challenge waste package reporting
thresholds that are identified in Attachment 8.7 or do not meet the radionuclide
exclusion criteriain Section 5.9.2, Radionuclide Exclusion Basis.

E. Detectable transuranics (those that contribute to TRU) and fissile radionuclides.
(See Attachment 8.5, TRU and Fissile Isotopes Table) (See Section 5.9.2 note
on Radionuclide Exclusion Basis on MALLD).

The generator should reporton OSR 29-47 only those radionuclides that are actually
in the MW (those identified through analysis as greater than minimum detectable
levels [>MDA]). This standard is established based upon the needs of the treatment
facility and existing transportation limitations. It is not expected for generators to obtain
long-count analyses in order to identify those radionuclides believed or suspectedto
be presentin the waste at very low concentration. Radionuclides at such low levels
(i.e., 1.0E+00 pCi/g) do not adversely impact current treatment facility WAC or
licensing requirements, and generally do not pose a concern from a transportation
perspective.

5.9.2 Radionuclide Exclusion Basis

1.

A radionuclide can be assumed to be not present and/or not significant for the purpose
of waste stream characterization if any one of the following conditions is demonstrated
and documented:

A. There is no reason to expect the radionuclide to be present in the waste
stream, i.e., no plausible production mechanism.

NOTE

The MALLDs listed in Attachment 8.3 are provided as a guide for laboratory selection. If
the laboratory cannot provide aLLD at or below the MALLD, a better analysis technique
or better laboratory should be considered. In the event there are legitimate limitations on
what the laboratory can achieve due to waste stream specific considerations, these
limitations must be documented as part of the characterization.

B. For PA radionuclides, PK can show that the radionuclide could not be present
in the waste stream at concentrations more than two orders of magnitude
below the radionuclide Maximum Allowable Lower Limit of Detection (MALLD)
concentration in uCi/cc or uCi/g shown in Attachment 8.3. lodine-129 is an
exception to this rule. For lodine-129, PK must show that the radionuclide could
not be present in the waste stream at a concentration above 1.0E-10 uCi/cc or
1.0E-10 uCi/g.
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5.9.2

5.9.3

5.9.4

Radionuclide Exclusion Basis, (cont.)
Step 1, (cont.)

C. For a non-PA radionuclide, PK which includes consideration of the radionuclide
shows that itis not present in the waste stream or if present has a
concentration below the MALLD concentration shown in Attachment 8.3.

2. The list of considered radionuclides remaining after application of the above
exclusionary criteria will provide the basis for initial radionuclide content and
distribution in a waste stream. Screening of quantitative representative sample data
and other criteria defined in this section will provide the basis for determining the final
radionuclide content and distribution used for characterization of a waste stream.

Radionuclide Reporting of LLW Stream PA Below LLD

1. If PK shows that a PA radionuclide cannot be excluded, PA radionuclides that are less
than LLD will be assigned a value 0.1 times the LLD value (except for lodine-129)for
the PA radionuclide.

2. lodine-129 that is less than LLD in the sample will be reported using one of the
following methods:

A. If PK shows that I-129 is not concentrated by the waste process, calculate the
1-129 value by multiplying the reported Cs-137 value, whether Cs-137 is
measured or reported LLD, by 9.00E-07 which is two times 1-129/Cs-137 ratio
in Table 4 of EPD-CTG-94-0006 - Fission Limits for Fission Product Ratios.

B. If PK shows the waste process concentrates the 1-129, calculate the 1-129
value by multiplying its LLD value by 0.1.

Reporting LLW Radionuclides Combined on Sample Output

The waste tracking applications (e.g., WITS or CWTS) do not allow for reporting of combined
activities of two or more isotopes, which may be reported as such in sample results. If
available and documented, PK may be used to distribute the activity accordingly; otherwise,
generators will report combined radionuclides on sample output using the following method:

1. Pu-239 and Pu-240 are sometimes reported as Pu-239/240. Assign the activity to both
Pu-239 and Pu-240.

2. U-233 and U-234 are sometimes reported as U-233/234. Assign the activity to both U-
233 and U-234.

3. U-235 and U-236 are sometimes reported as U-235/236. Assign all activity as U-235.

4. Cm-243 and Cm-244 are sometimes reported as Cm-243/244. Assign the activity to
both Cm-243 and Cm-244.
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5.9.5 Common Daughter Radionuclide Relationships

The information provided in Attachment 8.7 does not apply to TRU waste and MW.

NOTE

All daughter radionuclides will be considered to be in the proper proportion to the parent
radionuclide. When the amount of any daughter radionuclide is <Ci/Pkg threshold in
Attachment 8.7 and < 1% of the total Ci (curie) distribution, the daughter radionuclide may be

excluded from the final distribution. Common daughter radionuclides at SRS and their

relationship to the parent are:

Barium (Ba)-137m - report at 0.946 of Cs-137
Protactinium (Pa)-234m - report at 1.00 of U-238
Thorium (Th)-234 - report at 1.00 of U-238
Pa-233 - report at 1.00 of Neptunium (Np)-237
Th-231 - report at 1.00 of U-235

Yttrium (Y)-90 - report at 1.00 of Strontium-90.

5.9.6 Radionuclide Reporting for TRU Waste

1.

TRU generators will report the radiological characterization on the OSR 29-90 using
one of the following reporting methods:

A

Standard Distribution Method enables the user to enter the mass or
activity values along with uncertainty values directly on the form by
radionuclide. The OSR 29-90 segregates radionuclides into two
groups. The upper section provides mass (grams) entry fields for
radionuclides that are predominantly TRU and/or fissile. The lower
section provides activity (Ci) entry foragroup designated as “Other
Radionuclides.” The otherradionuclide section does not provide a
separate field for uncertainty. When performing the standard method
on the OSR 29-90, TRU generators will include the uncertainty in the
total activity (Ci) value entered.

Scaled Distribution Method enables the user to select the TRU
radiological waste stream Ci% distribution applicable to the TRU
waste container. The user must then select the radionuclide and enter
the measurement quantity and uncertainty value used to scale to the
other radionuclides in the waste stream distribution. Use of this
method prohibits the user from making direct radionuclide property
entries on the OSR 29-90. The Scaled Waste Stream must be
developed by the generator and approved by SWM prior to being
available for selection on the OSR 29-90. The Scaled Waste Stream
is a fixed radionuclide waste stream Ci% distribution that may be used
for more than one TRU waste container.
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5.9.6 Radionuclide Reporting for TRU Waste, (cont.)

2.

TRU waste generators will evaluate the presence in the waste stream, through PK and
SWM-approved radionuclide analytical techniques (e.g., Direct Assay [DA]), of the
TRU and fissile radionuclides listed on Attachment 8.5. This evaluation is used to
identify and report the TRU and fissile radionuclides detectable by analytical technique
and to exclude the radionuclides that either are not present in the waste stream or are
at activity levels expected through PK or are reported by the analytical technique to be
below the lower limit of detection (LLD). The evaluation must also address the Total
Measurement Uncertainty (TMU) ensuring a high level of confidence the reported
values are conservative with respect to the actual content of the TRU waste container.
See criteriafor TMU in Section 5.10.5.

For TRU waste, additional reporting guidance applies to twelve radionuclides.
A. These nuclides are:

1) Americium (Am)-241

2) Plutonium (Pu)-238, Pu-239, Pu-240, Pu-241, Pu-242

3) Uranium (U)-233, U-234, U-235, U-238

4) Strontium (Sr)-90

5) Cesium (Cs)-137

B. TRU waste generators shall report the twelve radionuclides on OSR 29-90
based on the following criteria:

1) The quantity and uncertainty of a detectable radionuclide presentin the
distribution either by directentry on the form using the standard method
or by Ci% ratio to another radionuclide by using the scaled method. Sr-
90 and Cs-137 do not have fields for entry of an uncertainty value. For
these fields, the entry will be atotal, including the uncertainty.

2) For any radionuclide known to be present in the TRU radiological
characterization but at levels documented below the LLD based on PK
or by the analytical technique, a value of zero directly entered usingthe
standard method or a Ci% of zero in the radiological waste stream
characterization distribution for use by the scaled method.

3) For any radionuclide the documented PK evaluation and analytical
technique indicates the radionuclide is less than (<) LLD in the waste
stream characterization, the radionuclide may be excluded from
reporting.
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5.9.6 Radionuclide Reporting for TRU Waste, (cont.)
4. TRU waste generators will report on OSR 29-90 any other non-TRU or non-fissile

radionuclides with activity level greater than (>) 1 Ci% of the final TRU waste
container. If the radionuclide is not specified on the OSR 29-90, report the radionuclide
under the appropriate decay category of Other Alpha (a) or Other Beta/Gamma (B/y)
based on the primary decay mode of the radionuclide. List any radionuclide in the
comment field that has the activity reported in the decay category fields of the OSR 29-
90, as appropriate.

5. For any TRU waste container not confirmed containing greater than (>) 100 nCi/g TRU
radionuclides, TRU waste generators will also document the waste stream
characterization following the LLW radionuclide reporting criteria, with emphasis on
reporting the LLW PA radionuclides.

5.10 Radionuclide Package Activity Considerations
5.10.1 Radionuclide Package Activity Considerations - General

1. The last step in the LLW, TRU, and MW characterization process estimates the
radionuclide content of awaste package. Several different methods can be employed,
and their application depends on the predominant radionuclides within a waste stream
and the physical form of the waste materials. This section presents the methods to be
used to determine waste content and the criteria for their application under Manual 1S.

2. The following requirements are independent of the method used to quantify the
radioactivity within a waste package:

A. Radionuclide Content and Distribution - the predominant radionuclide
content and distribution of the waste stream must have been determined using
the process defined in Section 5.2.4, Radionuclide Waste Stream
Characterization.

B. Disposal Container - the waste stream must be packaged in one of the SRS
approved disposal containers (approval of anon-standard container can be
obtained through submittal of OSR 29-57, Container Approval Request).

C. Alternate Methodologies - the methods described in this section apply to
most SRS waste packages but do not preclude the use of other
characterization methods as provided forin Section 5.2.2, Alternative
Evaluation Characterization.
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5.10.2 Activation Modeling

Activation analysis employs computer programs to calculate the activities of radionuclides
produced in metals as a result of exposure to neutron fluxes. The use of such computer

programs does not, however, provide a basis for quantifying the absolute radionuclide content
in metals.

1.

Applicability
Activation analysis applies only to metal components exposed to neutron fluxes.
Radionuclides Excluded

All radionuclides that are not produced from neutron activation of the base metal
constituents (including trace contaminants) can be excluded from the waste stream
radionuclide content. This method can be used only if surface contamination (which
can include fission products and transuranics) is negligible with respect to waste
stream characterization. See criteriafor radionuclide exclusion in Section 5.9.1,
Potential Radionuclides, and Section 5.9.2, Radionuclide Exclusion Basis.

Method

The following methodology relies on the use of the ANISN and ORIGEN2 computer
programs for neutron transport and activation analysis, respectively. Other computer
programs that perform the same types of calculations can also be used at the
discretion of the generator:

A. Determine the initial elemental material composition for the component(s) of
interest. The material composition should include all elements present,
including trace impurities such as niobium and cobalt. Materials data can be
obtained from actual component specifications or generic composition data
either from NUREG/CR-3474 - Long-Lived Activation Products in Reactor
Materials or ASTM standards.

B. Calculate the neutron flux levels and energy spectra at the locations of interest
using the ANISN discrete ordinates neutron transport program. ANISN input
parameters include detailed physical characteristics as well as materials data.

C. Perform activation calculations using the ORIGEN2 computer code. Activation
calculations inputs include materials inputs and flux results from above and the
irradiation history for the component(s) of interest.

D. Scaling factor relationships are determined based on the ratio of hard to detect
radionuclides relative to gamma emitting nuclides like Co-60 fromthe
ORIGENZ2 results.
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5.10.3 Direct Sample Measurement

This method relies on the measurement of the activity in a representative sample or samples
to characterize a bulk quantity of material with volumetric contamination. Sample
characterization makes use of gamma rays of selected energies from a contaminating
radionuclide, or measurement of alpha or beta radiation to quantify radionuclides. Analytical
methods include use of spectroscopy, liquid scintillation counting, and radiochemistry. If
multiple radionuclides are present in the contamination, the radionuclide scaling factors must
be determined and used to quantify non-measured radionuclide activities from the activity of
the measured radionuclide(s).

1.

2.

Applicability

A. This method may be used if all of the following conditions are satisfied:

1)

2)

3)

4)

Method

A sampling and analysis plan is developed to provide forrandom
representative sampling.

The generator has demonstrated through periodic analysis of
representative waste stream samples or currently validated PK, that the
waste stream contains radionuclides that are measurable with sufficient
sensitivity to ensure that the WAC will not be exceeded.

The generator has determined the radionuclide distribution of the
contaminating radionuclides. This can be done by laboratory analysis of
samples from the waste stream, if appropriate, or from the material
being characterized. If the considered radionuclides are directly
measured, the distribution does not need to be known in advance.

The samples for direct measurement quantification are obtained from
batches of the waste stream that are representative of the waste
materials to be packaged.

A. The direct measured sample data values in activity per gram (g) or activity per
cubic centimeter (cc) will be multiplied by the waste weight (grams) or the
waste volume (cc) as appropriate to quantify the directly measured activity.

B. The total activity in a waste package will be determined by dividing the directly-
measured activity(ies) by the fraction of the radionuclide activity distribution for
the waste stream attributed to those directly-measured radionuclides which will
be documented in a calculation per Manual E7, Procedure 2.31.
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5.10.4 Dose-to-Curie Conversion

This method relies on the measurement of gamma emitting radionuclides from the waste
package.

1.

Applicability
This method may be employed if the following conditions are satisfied:

A. A typical waste package or waste cut emits gamma radiation with a
dose rate at least 15 yrem/hr above background at contact (5 cm) if a
Bicron Micro-Rem Model LE instrument (or equivalent) is used.

B. The generator has defined the radionuclide distribution perthe
requirements of this procedure.

C. The waste stream has sufficient gamma emitting radionuclides in
concentrations that ensure scaled isotopes are conservatively
accounted for in any package including those with measured dose
rates below 15 pRem/hr at contact.

Method

The latest revision of the SRS-DTC computer program or an SWM-approved
equivalent program will be used to calculate DTC conversion factors for each
generator's waste package with generator input parameters (waste geometry,
dimensions, type, weight, shielding thickness - type, detectorlocation, and
radionuclides) as defined in the operating procedures for this computer program. For
routine SRS waste streams this is normally accomplished by means of Tables
accessed by the waste tracking application program which are maintained by SWM.
Tables currently set up in the waste tracking application are based on the list shown in
Attachment 8.6, Dose-to-Curie Standards Tables.

Dose Rates

Dose rates to be used for DTC will be taken in accordance with the requirements below
unless technical justification is provided to and approved by SWM:

A. Dose rates will be taken on packages using a standard geometry.

B. A Bicron® Micro-Rem Model LE or SWM-approved equivalent instrument will
be used.

C. If the dose reading exceeds the capability of the Bicron® Micro-Rem, a

Portable lon Chamber instrument may be used provided the waste is
contaminated primarily with a high-energy gamma emitting radionuclide such
as Cs-137, Ba- 137mor Co-60.

D. If a Portable lon Chamber instrument is used on waste with other than Cs-137,
Ba-137m or Co-60 contamination, contact Solid Waste for evaluation.
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5.10.4 Dose-to-Curie Conversion, (cont.)

Step 3, (cont.)
E.

Radiological monitoring equipment used to obtain dose rates will be controlled
and calibrated per Manual 1Q, Procedure 12-3.

The background radiation levels in the immediate area will be obtained prior to
the measurement of package dose rates. These background levels should be
as low as reasonably achievable and should be subtracted from the readings
measured from the package. No background-corrected reading less than the
default value of the instrument (15 prem/hr for background readings up to 50
prem/hr and 20 yrem/hr for backgrounds from 50 to 200 prem/hr) will be used.

For far-field readings (i.e., three or five feet) a minimum of four radiation level
readings will be obtained at equal distances from the package surface with
such measurements taken at mid height of the container on:

. Four box sides
. Four drum/cylinder quadrants
. Two vertical sides (only on skid pans).

When contact readings are used, the surface area of the accessible sides must
be surveyed (e.g., four sides of aB-25, six sides of a21-inch box, or the entire
side area of a drumor drumliner), and the highest reading per side used. For
21-inch or smaller box, midpoint readings may normally be used.

The radiation level value used to quantify waste package content will be the
highest of the readings taken less the background radiation level.

Special conditions may be imposed by SWM on the use of this method
depending on the form and isotopic distribution (e.g., only incidental metal
allowed). These will be notated on OSR 29-82.

4. Physical Form

Physical characteristics will comply with the following requirements:

A

B.

The generator will consider the impact of non-homogeneity of physical form.
Void spaces in the waste will be minimized to the extent reasonable.

Metal content in the waste will be evaluated to determine how the variation in
the metal content affects the DTC calculation. The generator must show that
the effect on the DTC calculation of variations in the metal content is not
significant (i.e., within afactor of 2), or the generator must implement controls
for metals in the waste stream.
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5.10.4 Dose-to-Curie Conversion, (cont.)
5. Validation
A. Validation requirements on the radiological distribution are given in Section
5.5.4, Periodic Data Validation.
B. Depending on the radionuclides affected, changes to the radionuclide

distribution can have significant impact to accuracy in activity reporting when
performing DTC. During (Periodic) validation of waste streams, generators will
evaluate impacts to DTC and document the results in a calculation per Manual
E7, Procedure 2.31 and submit the results along with the characterization
documents to be reviewed and approved by SWM as part of the validation.

5.10.5 Direct Assay

1.

Direct assay is an option for waste containing certain radioisotopes that emit
measurable gamma radiation of sufficientenergy and intensity. Certain fission
products, and some uranium and transuranic isotopes can be measured by this
method.

Direct assay makes use of highly efficient detectors, energy discrimination, and a
longer count time than is used with field instruments and provides a much more
accurate measure of radionuclide content than field instruments can provide. In order
for direct assay to provide the best results, the generator will maintain the system in an
area with as low as reasonably achievable background radiation levels.

Direct assay may be used as the sole method of determining the presence and
quantity of radionuclides (especially for TRU wastes). This must be supported by
detailed and accurate PK.

Applicability
The following conditions will be met to apply this method:

A. The typical waste package contains at least one radionuclide in sufficient
concentration that it can be accurately quantified through the use of an
appropriate assay device (e.g., CanberraQ2).

B. The generator has defined the radioisotope distribution per the requirements of
this procedure.

Method

Each package is directly measured using the assay device and maintaining proper
measurement control as defined below in Measurement Control. The total activity of
the contaminating radionuclides is determined by dividing the directly measured
radionuclide activity by the fraction of activity from that nuclide in the activity
distribution. The activities of all other radionuclides are obtained by multiplying their
respective activity fractions (from the distribution) by the total activity.
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5.10.5 Direct Assay, (cont.)

6.

Measurement Control

Direct assay measurements are valid only after a technical review has validated the

measurement data and the measurement system and has ensured that the following
attributes have been met:

A

The non-destructive assay measurement system used for the
measurement is capable of detecting the desired material attributes
for which it is reporting and that the measurement method is qualified
forits intended use.

The non-destructive assay measurement system used for the
measurement is maintained under asite level recognized
measurement control program (Manual 1Q, Procedure 2-7, QA
Program Requirements for Analytical Measurement Systems).

Measurement control limits for the non-destructive assay instrument
are established and the methodology for calculating the control limits
is documented (Manual 14Q, Procedure 3.06, Nondestructive Assay
Measurement Control).

The non-destructive assay measurement systemis calibrated and has
a documented calibration program which is in alignment with guidance
given in one of more of the following:

1) ASTM C1133-03 - Test Method for Nondestructive Assay of
Special Nuclear Material in Low- Density Scrap and Waste by
Segmented Passive Gamma-Ray Scanning

2) ASTM C1207-03 - Test Method for Nondestructive Assay of
Plutoniumin Scrap and Waste by Passive Neutron
Coincidence Counting

3) ASTM C1500-02 - Test Method for Nondestructive Assay of
Plutonium by Passive Neutron Multiplicity Counting.

The reported measurement value includes the Total Measurement
Uncertainty/Expanded Uncertainty, and this Uncertainty has been
documented and undergone a peer review. The Total Measurement
Uncertainty/Expanded Uncertainty should be in alignment with
guidance given in one or more of the following:

1) ASTM C1133-03
2) ASTM C1215-92 - Guide for Preparing and Interpreting

Precision and Bias Statements in Test Method Standards
Used in the Nuclear Industry
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5.10.5 Direct Assay, (cont.)
Step 6E, (cont.)

3) ANSI N15.36 - Nondestructive Assay Measurement Control
and Assurance

4) International Atomic Energy Agency (IAEA)-TECDOC-1537 -
Strategy and Methodology for Radioactive Waste
Characterization.

F. The requirement is to provide a high level of confidence that the
reported values are conservative with respect to the actual isotopic
content. As required by WSRC-SA-22, Savannah River Site Solid
Waste Management Facility Documented Safety Analysis, the
measurement and required result shall ensure a 95 percent
confidence level or atwo-standard deviation (2 sigma) is applied to
the assay value.

7. Validation

Scaling factors (the ratio of non-detectable to detectable radionuclides) will be
reviewed at the frequency established based on Section 5.5.4, Periodic Data
Validation.

5.10.6 Smear-to-Curie Conversion for Non-Equipment Waste

This characterization method relies on posted room or area contamination levels and the
weight of the waste to reasonably upper bound the waste package radionuclide content. This
method may also use smears of the actual waste, surveys of the waste or surveys fromthe
area(s) where the waste is generated. Room contamination postings, smear results, or
surveys are generally given in disintegrations per minute per 100 cm2 (dpm/100 cm2). This
method applies to job control and laboratory waste typically of low to medium density that has
been contaminated by incidental contact with contaminated surfaces.

NOTE

Smear-to-curie is invalid for waste from decontamination activities and waste
contaminated by contact with radioactive material in the gaseous or liquid phase that
could act to concentrate the activity or result in skewed distributions except as
specifically justified by appropriate technical documentation.

1. Applicability

This method can be used for contaminated non-equipment waste when the following
conditions are satisfied:

A. Waste contamination must be surface contamination.

B. The impact of non-homogeneity has been considered.
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5.10.6 Smear-to-Curie Conversion for Non-Equipment Waste, (cont.)
Step 1, (cont.)

C.

The transfer mechanism must be by means of contact with solids.

2. Method

The determination of the assigned content of a waste package will be as follows:

A

Total Activity - the following algorithm will be used to estimate the total waste
package activity:

A=[SxWxKxTxP]/[DaxF xE]

Where:
A = Total activity in Ci

S = Room posting, smear, or survey activity in dpm/100 cm? (e.g., foraroom
posted or a smear counted at 10,000 dpm/100 cm?, then S = 10,000)

W = Net weight of waste in Ibs

K = Constant conversion factor, 2.04E-9 (Ci-mg-100 cm?/cm?-dpm-Ib)
(e.g.,4.50E-13 Ci/dpm x 453.6 gm/Ib x 1E3 mg/g x 1E-2 100cm?/cm?)

T =1 for one-sided contamination, 2 for two-sided contamination

P = Fraction of contamination level "S" (room posting or waste smear) that is
present on the waste

Da = Areal density of waste in mg/cm?
F = Fraction of radionuclide distribution detected on the smear used to

characterize (post) the area (i.e., alpha smears from a stream of which alpha
activity is 11% of the total activity would have F = 0.11)

E = Smear efficiency (fraction of removable contamination that is transferred to

a smear).
Individual Radionuclide Activities - Total Activity "A above" in the
following algorithm is used to determine the activity "R(i)" to assign to
an individual radionuclide in a waste package:

R(i)= A x FA(i)
Where:
A = Total activity in Ci

R(i) = Assigned activity in Ci of the ith radionuclide
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5.10.6 Smear-to-Curie Conversion for Non-Equipment Waste, (cont.)
Step 2B, (cont.)

FA(i) = Fractional activity of the ith radionuclide in waste stream being
characterized.

Assume all waste is uniformly contaminated on one side (T=1) unless
evidence can be presented to demonstrate that contamination of both
sides is routinely expected.

Use one of the following two methods to obtain the smear value "S"
used in this calculation.

1) The first method is to use the area posting or survey for the
location where the waste was generated (see Step 3 below.)

2) The second method is to take smear samples or surveys from
the actual waste as it is prepared for disposal [(see Step 4
below, (T=1)].

Determine the average value of the areal density appropriate to the
waste stream by means of an actual study of the waste stream or use
an appropriately conservative value (e.g., 6-mil plastic at 12 mg/cm?).
Average areal density is the average weight per unit surface area
(mg/cm?) of the waste.

3. Use of Area Posting for Smear Value

When room or area postings are used, the following conditions are required:

A

The contamination level of the area expected to be most
representative of the waste or a conservative posting will be used in
the activity calculation.

If necessary, the generator will perform a waste contamination survey
to determine the fraction of the posted contamination level actually
transferred to the waste {"P" in the equation in Step 2 above [P =
Fraction of contamination level "S" (room posting or waste smear) that
is present on the waste]}. This entails a survey with a hand-held alpha
scintillation counter of a suitable sample of typical waste items to
determine how much of the waste is actually contaminated and to
what level it is contaminated relative to the posting. Analysis of the
results of this study will determine a factor "P" (< 1) that reduces the
total activity assigned to facility waste but will afford a high level of
confidence that the calculated activity still bounds the actual activity.
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5.10.6 Smear-to-Curie Conversion for Non-Equipment Waste, (cont.)

4.

Use of Waste Smear or Survey Results

When waste is characterized by smear analysis or survey, the following requirements
must be met:

A. The area smeared or surveyed must be 100 cm? or for smaller pieces
of waste, the contamination results are normalized to 100 cm?.

B. The best reasonably available measurement method will be used to
read the smears (liquid scintillation for tritium) or perform the waste
survey (e.g., alpha scintillation counter for waste surveys).

C. A representative portion of the waste must be smeared or surveyed.

D. Radiological monitoring equipment used to obtain smear or survey
results will be controlled and calibrated per Manual 1Q, Procedure 12-
3.

Determining Waste Stream Specific Areal Density
A waste stream specific areal density survey may be done as follows:

A. Randomly select a representative number of waste containers for
areal density analysis, THEN

B. Determine the total surface area of all waste items in each container.
Obtain waste weight and calculate the areal density by dividing the
waste weight by the total surface area to get the areal density
(mg/cm?) of the waste in each container. Average the results fromthe
sample containers to determine the waste stream specific areal
density, OR

C. Perform the next four steps as listed:

1) Separate all the waste by material category (e.g., Kraft paper,
rubber shoe covers, 6-mil plastic)

2) Determine weight-to-surface-arearatio (areal density, mg/cm?)
of each material

3) Determine the fraction of the waste stream by weight of each
material
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5.10.6 Smear-to-Curie Conversion for Non-Equipment Waste, (cont.)
Step 5C, (cont.)

4) Determine the weighted average areal density (Dawgt avg)) for
the waste stream calculating the inverse of the sum of each
material weight fraction divided by the areal density for each
material.

1

Da = —<—
(Wgt Avg) X.
) l/ Da;

Where:
Xi= Material Weight Fraction

Dai = Areal Density of Material
6. Validation
In addition to the validation of waste stream distribution discussed in Section 5.5.4,
Periodic Data Validation, the Smear-to-Curie methodology requires validation of the
following:
A. Changes to contamination fraction "F" due to changes in radionuclide
distribution and will be evaluated during periodic validation or wheneverthey

occur according to Section 5.5 .4.

B. Changes to the calculated specific areal density (as opposed to a conservative
value) will be validated as part of the periodic validation.

5.10.7 Smear-to-Curie Conversion for Contaminated Equipment Items
To determine the radionuclide content of a waste equipment item, this characterization method
relies on areal smear data or survey data from contamination on the equipment, and an
estimate of the contaminated surface area.

1. Applicability

This method can be used for surface-contaminated equipmentwhen all of the following
conditions are met:

A. The equipment is surface contaminated.

B. The radionuclide distribution has been determined per Section5.2.4,
Waste Stream Radionuclide Characterization.

C. The contaminated surface area (external and internal) of the
equipment can be reasonably estimated.
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5.10.7 Smear-to-Curie Conversion for Contaminated Equipment Items, (cont.)
Step 1, (cont.)

D. Radiological monitoring equipment used to obtain smear or survey
results will be controlled and calibrated per Manual 1Q, Procedure 12-
3.
2. Method

Estimates of contaminated equipment activity will employ the following methods:
A Total Activity - The following algorithm will be used to estimate the total activity:
A(e) =[S x A x K]/ [F xE]

Where:
A(e) = Assigned total equipment activity in Ci

S = Smear data in dpm/100 cm2 (i.e., a smear or survey result of 10,000
dpm/100 cm2 would yield S = 10,000)

A = Estimated contaminated surface area (cm2)

K = Constant conversion factor: 4.5E-15 Ci-100 cm2/dpm-cm?
(e.g., 4.50E-13 Ci/ldpm x 1E-2 100 cm2/cm2)

E = Smear efficiency (fraction of measured contamination to total contamination
- for smears, E = 0.1 is typical, and for survey data, E= 1)

F = Fraction of activity distribution being measured (i.e., alpha activity to total
activity ratio if alpha activity is measured).

B. Radionuclide Activity - The following algorithm will be used to estimate the
individual radionuclide activities of contaminated equipment:

R(i) = A(e) x FA(i)

Where:
R(i) = Activity in Ci of the ith radionuclide

A(e) = Total activity on the equipmentitemin Ci

FA(i) = Activity fraction of the ith radionuclide in the waste stream from which
the item comes.
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5.10.8 Materials Accountability

This method relies on the premise that a given quantity and concentration of radioactive
material is known to either be contained in waste or may be inferred from measurement of the
difference between the quantity of radioactive material entering and exiting the process that
generates the waste. Typical applications include sealed sources, wetted tritium waste,
radiotracer spike additions, Special Nuclear Material (SNM), and byproduct materials.

1.

Applicability

The following conditions will be met to apply this method:

A

For sealed sources, radiotracer spike additions, SNM, and byproduct
material, the quantities of radioactivity in the waste must be
documented in records which can be referenced.

For processes whereinfluent and effluent radioactivity will be
measured to determine the quantity in the waste, the process
generating the waste stream must produce relatively constant
concentrations of radionuclides in known quantities of waste.

Methods

Materials accountability methods include:

A

For sources and other waste streams with known quantities of radioactivity as
of a certain date, the activity can be determined by decay correction.

For waste streams from processes where influent and effluent radioactivity
concentrations are known and relatively constant, the activity of the waste
resulting from the processing can be determined by applying the following
algorithm for each radionuclide or constituent (e.g., enriched uranium,
weapons-grade plutonium):

Am =K x Q (Inf - Eff)

Where:
Am = Activity of each radionuclide or constituent; K = Unit-conversion constant

Q = Quantity of material processed during time interval when waste was
generated in gallons, cubic feet, or Ibs

Inf = Known process influent radionuclide or constituent concentration (i.e.,
MCi/cc or uCilg)

Eff = Known process effluentradionuclide or constituent (i.e. uCi/cc or uCi/g).
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5.10.8 Materials Accountability, (cont.)
Step 2, (cont.)
C. When "Am" is a constituent (e.g., enriched uranium or weapons grade

plutonium), the activity for each radionuclide in the constituent is
calculated by multiplying the total activity (Am) by the known fractional
abundance for the radionuclide.

D. For example, although the accountability of enriched uranium s by
grams of Uranium-235, there are other nuclides in the enriched
uranium radionuclide distribution that may be significant for
characterization and would be quantified by multiplying the enriched
uranium total activity by the known fractional abundance for each
radionuclide.

E. For waste streams where either the gross or radionuclide-specific
concentration(s) (i.e., yCi/cc or uCi/g) are known, the gross package
activity is the gross concentration multiplied by the waste weight or
volume and the package radionuclide activity is the radionuclide-
specific concentration multiplied by the waste weight or volume, as
appropriate.

5.10.9 Radioactive Sources

1.

Sources containing transuranic alpha-emitting nuclides with half-lives greater than 20
years must be evaluated against the TRU limit of 100 nCi/g, using only the weight of
the source and the components and shielding integral to the source. If the source is
determined to be TRU then it may not, for any reason, be considered incidental to the
waste stream.

Radioactive sources may be considered as incidental to the waste stream if:

A. The radionuclide is normally part of the waste stream.

B. The radionuclide activity is less than 1 pCi.

C. The radionuclide is not listed as a Performance Assessment (PA) in Section
5.9.1, Step 1A

D. The source will not challenge the LLW package reporting thresholds per

Attachment 8.7.

If these criteria cannot be met, then the source(s) must be characterized as a separate
waste stream and its radionuclide activity included with the waste package.
Characterization will be done by using the original known activity for each source and
decay correcting that value.

Itis recommended that disposal of a large number of sources be done by means of a
separate waste stream regardless of activity levels.
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5.10.10 Scaling Factors

5.1

Methods employed to define radionuclide content and distribution will also be used to calculate
scaling factors. Scaling factors define the relationships between readily detectable
radionuclides and other radionuclides. These scaling factor relationships can be used for a
waste stream until periodic re-validation is completed as defined in the Periodic Validation
section. Typically scaling factors are ratios of one easily detectable radionuclide.

Hazardous Waste (HW) Considerations

5.11.1 Hazardous Waste (HW) Considerations - General

NOTE

Information on Toxic Substance Control Act (TSCA) wastes such as PCBs is provided in
Section 5.12, Polychlorinated Biphenyl (PCB) Toxic Waste Considerations.

Certified waste programs direct the identification and quantification of the radionuclides

contained in LLW, TRU, and MW. These programs also include provisions that limit

the creation of MW by restricting or controlling the commingling of radioactive and HW.

While HW characterizations are not specifically required for certified LLW streams, it is
the responsibility of the generator to ensure that HW is excluded from LLW and that
MW and HW are properly characterized to allow for treatment, storage, and disposal.

Information provided in this section summarizes many regulatory requirements

applicable to the characterization criteriafor HW and is not intended as a substitute for

the full text of the regulations. Additional characterization guidance can be found in
Manual 3Q, Procedure 6.3. The generator ECA can provide assistance in determining
specific regulatory requirements.

HW which:

J Resided in a RMMA

o Was generated within a RMMA

. Generated from an unknown location

o Has a potential of containing DOE-added radioactivity.

Must be evaluated against radiological screening criteria as explained in Attachment

8.1. HW stream radiological screenings may also be requested by SWM Engineering to

support periodic assessment programs. HW that contains DOE-added radioactivity
must be managed as Mixed Waste (Section 5.11.3, Radiological/Hazardous - Mixed
Waste).

Only personnel who have successfully completed and maintained the training
requirements of ZOBITMO07, Radioactive Material Management Area, or equivalent,
can evaluate and certify that HW was not generated in or did not reside in an RMMA.
This certification is documented on OSR 29-47.
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5.11.2 Resource Conservation Recovery Act (RCRA) Hazardous Waste (HW)

1.

RCRA and SCHWMR defines HW as a solid waste or combination of solid wastes
which, because of its quantity, concentration, physical, or chemical characteristics,
may cause or contribute to serious illness or pose a substantial threat to human health
and the environment.

Solid waste is broadly defined as any garbage, refuse, or sludge from a waste
treatment plant, water supply treatment plant, or air pollution control facility, and other
material that is discarded or intended for discard, including solid, semi-solid, liquid, or
contained gaseous material resulting from industrial, commercial, mining, and
agricultural and community activities. There are a number of exclusions and
exemptions that should be evaluated in determining when awaste is subject to
management as a HW.

A solid waste is a HW if it is a "listed" waste, as described in Section 5.11.4, or
possesses any one of the four characteristics of a HW (i.e., Ignitability, Corrosivity,
Reactivity, and Toxicity).

These wastes may cause or contribute to an increase in mortality and serious iliness
or pose a hazard to human health or the environment. The EPA is responsible for
establishing regulations governing the "cradle-to-grave" management of HW.
SCDHEC has been delegated authority to regulate the management of HW in South
Carolina.

SCHWMR R.61-79 requires the generator of a solid waste to "determine if awaste is a
hazardous waste" (R.61-79.262.11). To accomplish this, the generator must first
determine if the solid waste is excluded from regulation under R.61-79.261.4. The
generator must then determine if the solid waste is listed as a HW in Subpart D of
R.61-79.261. The generator is also required to determine if the solid waste is
characteristically hazardous under Subpart C of R.61-79.261. The generator may
accomplish this by testing the waste or by applying knowledge of the hazard
characteristic of the waste in light of the materials or the processes used (R.61-
79.262.11[c-d]) (i.e., characterization by PK).

5.11.3 Radionuclide/Hazardous - Mixed Waste (MW)

1.

Waste that meets the previously described criteria as both radioactive and hazardous
is designated as a MW. The characterization requirements for the radioactive
component of MW are described in Section 5.2.4, Radiological Waste Stream
Characterization. The analysis and characterization frequency requirements for the
hazardous component of mixed waste are described in this section. Heat generation
from the radioactive component of this type of waste must be taken into consideration
when evaluating handling, packaging, storage, and interactive effectson the
hazardous component of the waste.
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5.11.3 Radionuclide/Hazardous - Mixed Waste (MW), (cont.)

2.

The SRNS-TR-2008-00101 - SRS Site Treatment Plan (STP) identifies specific
treatment requirements for all MW streams that will not be disposed within one year.
MW with different treatment requirements must be segregated prior to transfer to SWM
to preclude the need for and cost associated with post generation segregation. Within
30 days of discovery, SRS is required to notify SCDHEC in writing of new on-site
generated MW streams that will not be disposed within one year. Therefore, to ensure
compliance with this requirement, a generator of a MW stream that will not be
disposed within one year and is not currently identified in the STP should immediately
notify Environmental Compliance (EC). The TSD acceptance criteriafor MW are
specifically addressed in Manual 1S, Chapter 6.

5.114 Listed Wastes

1.

A solid waste is a listed waste if it meets the listing criteria contained in Subpart D of
SCHWMR R.61-79.261; otherwise known as the F-, K-, P-, and U-lists. It is important
to understand that a determination that a waste is or is not RCRA listed can only be
made based on knowledge of the chemicals contained in the waste and the history of
how those chemicals were used. For example, the spent solvent listings (FO01, FO02,
FO004, FOO5) coveronly those solvents that are used for their solvent properties and
have a before use concentration of 10% or greater. Analysis of samples of the waste
that demonstrate that there are listed constituents present is not adequate evidence to
conclude that the waste is listed. Likewise, the absence of listed constituentsin
representative samples is not sufficient evidence to conclude that a waste is not listed.

Waste characterized solely as LLW or TRU cannot include any listed waste codes
defined by the lists below. By application of the RCRA "mixture rule" (R.61-
79.261.3[a)), if any amount (there are no "de minimis" quantities) of these listed wastes
are mixed with LLW or TRU, the entire waste volume is regulated as mixed waste.
There are, however, certain exclusions that apply to "empty" containers that have
previously held listed waste or listed commercial chemical products. Exclusion is also
provided if a HW that was listed in R.61-79 261.31-33 solely because it exhibits the
characteristic of ignitability, corrosivity, and/or reactivity (e.g., the 29 ICR-only wastes)
is mixed with a solid waste. The resulting mixture would be considered hazardous
unless it does not exhibit a characteristic. One of the most commonly encountered
ICR-only wastes is FO03 Non-halogenated spent solvent which is listed only because
of ignitability. Once again, generators are strongly encouraged to consult their
Environmental Compliance Authorities on the applicability of these exclusions.

There are three basic types of listed waste as described below.
A. F-listed Waste

1) F-listed wastes (SCHWMR R.61-79.261.31) are from non-specific
sources (they can be generated by any type of facility). The F-listing
includes spent solvents, heavy metal and cyanide wastes, dioxin
wastes, wood preserving wastes, petroleum refining sludges, and multi-
source leachates. The most common F-listed wastes encountered at
SRS are FO01-F005 spent solvents.
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5.11.4 Listed Wastes, (cont.)

Step 3A, (cont.)

2)

In evaluating a waste containing or contaminated with a solvent on the
F-List, the generator must firstdetermine if the solventwas used for its
solvent properties and is spent. If either of these conditions are not met,
the waste is not F-listed. Then, to determine the listing criteria, the
before-use concentration of the solvent or combination of solvents must
be greater than 10% by volume. The presence of one of these
chemicals is not sufficient reason to classify the waste as listed.
Therefore, the history of the solvent usage must be evaluated with
sufficient detail to determine if the listing criteria are or are not met.

The following examples are included to assist in the "listing"
characterization of spent solvent wastes:

. The combined before use solvent concentration of FO01, F002,
F004 or FOO5 constituents must be 10% or greater by volume

. The 10% rule does not apply to FOO3 solvents. In general, a
solvent must be 100% FO003 or a mixture of FO03 and 10% or
more of the solvents covered in FO01, FO02, FO04 and FO05 to
meet the FOO3 listing criteria. This can be an important factor in
minimizing the generation of solventwastes

. Wastes that are listed solely because they exhibit a
characteristic may "lose" the listing if they are mixed with another
solid waste and the mixture no longer exhibits that characteristic.
FOO03 waste listed solely because it is ignitable when physically
or chemically altered (mixed with another solid waste) such that
the mixture no longer meets the definition of ignitable is no
longer FOO3 listed. This must be part of the normal process that
is generating the waste (e.g., you cannot intentionally dilute to
remove the ignitability and then not treat it as FO03)

o Soil that is contaminated with spilled FO03 must be managed as
FOO03 even if the soil has no liquids present and does not exhibit
the characteristic of ignitability

. F001 - FOO5 chemicals that are used as reactants or ingredients
in the production of acommercial product such as solvent paint
are not regulated as spent solvents;

. FO001-F005 chemicals present in the aqueous phase of a solvent
extraction process are not considered spent solvents;
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5.11.4 Listed Wastes, (cont.)
Step 3A, (cont.)
o Residues of F-listed waste remaining in RCRA empty containers

(including laboratory glassware) that have previously held F-
listed waste are no longer subject to RCRA. (See SCHWMR
R.61-79.261.7);

o Metal parts that have been cleaned with F-list solvents are not F-
listed wastes if the parts are discarded after cleaning.

B. K-listed Wastes

K-listed wastes (SCHWMR R.61-79.261.32) are waste from specific industrial
processes. If the waste being characterized was not produced by one of the
listed processes, no additional evaluation for K-listing is required. SRS does not
generate K-Listed wastes.

C. P- and U-Listed Wastes

1)

3)

P- and U-listed wastes are unused commercial chemicals or products,
off-specification commercial chemical products, or manufacturing
chemical intermediates of those chemicals listed in SCHWMR R.61-
79.261.33(e) and 261.33(f). With the exception of the residues in a
container (see SCHWMR R.61-79.261.7) that has held a P- or U-listed
chemical; the criteriafor the RCRA characterization of these materials
are identical.

Any residue, contaminated soil, water, or other debris resulting from a
spill or cleanup of a spill of a P- or U-listed material must also be
managed as P- or U-listed waste.

The mere presence of one of these chemicals is not sufficient reason to
classify the waste as listed. The use of the chemicals should be
evaluated in sufficient depth to determine if the listing criteria are met.
Since many chemicals have multiple names, EPA publishes the List of
Lists which can assist with the use of SCHWMR R 61-79.261.33(e). It
can be located at http://www.epa.gov/iepcra/consolidated-list-lists.

The following examples are presented to illustrate some factors that are
important in characterizing P- and U-listed waste:

a) P- and U-listed chemicals that are used prior to discard do not
meet the listing criteria. [e.g., tetrachloroethylene is a U-listed
chemical (U210). Itis also a FO02 solvent and is identified in
SCHWMR R.61-79.261.24 for toxicity (D039). When used for its
solvent properties and discarded, the spent solventwould carry
the FO02 waste code, but not the U210 or D039. See note under
Section 5.11.5, Characteristic Waste.
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5.11.4 Listed Wastes, (cont.)
Step 3C, (cont.)
b) P- and U-listings apply only to the pure form of the chemical or

where the P- or U-listed chemical is the sole active ingredient.
Therefore, if two or more P- or U-listed chemicals are combined,
as in a prepared laboratory reagent that is later discarded
without first being used, the combination would not carry the P-
or U-listing.

c) The P- and U-listing applies whether or not the chemical was
purchased in a diluted form or diluted by the user prior to discard
so long as the listed chemical is the sole principle active
ingredient.

d) Residues from a spill of a P- or U-listed chemical carry the P- or
U-listing.

5.11.5 Characteristic Waste

1.

A solid waste that exhibits one or more of the following four characteristics is a HW.
These characteristics are summarized below; however, to determine if one of these
characteristics is applicable to their wastes, generators should refer to cited sections of
the regulations.

Listed Waste (F, K, P and U) which is also characteristic waste in accordance with
Subpart C of SCHWMR R.61-79.261 must be evaluated to determine if the treatment
standards for the listed waste includes atreatment standard for the constituent that
causes the waste to be characteristic. If the treatment standard for the listed waste
does not address the characteristic constituent, the waste must carry both the listed
code and the characteristic code per SCHWMR R.61-79.268.9(b).

Ignitability [SCHWMR R.61-79.261.21]
A solid waste exhibits the characteristic of ignitability if it is any of the following:

A. Liquid, other than an aqueous solution containing less than 24%
alcohol by volume, with a flash point less than 60°C (140°F).

B. Not a liquid and is capable under standard temperature and pressure
of causing fire through friction, absorption of moisture, or spontaneous
chemical changes and, when ignited, burns so vigorously and
persistently that it creates a hazard.

C. An ignitable compressed gas as defined by the Department of
Transportation (DOT) regulations 49 CFR 173.300 - Hazardous
Materials Definitions.
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5.11.5 Characteristic Waste, (cont.)

Step 1, (cont.)
D.

Any oxidizer as defined by DOT regulations49 CFR 173.127 - Class
5, Division 5.1 and 5.2 - Definition and Assignment of Packing
Groups.

. DOT defines an oxidizer as “...a material that may, generally by
yielding oxygen, cause or enhance the combustion of other materials.”
Examples of oxidizers that are hazardous for ignitability include, but are
not limited to: chlorates, permanganates, organic peroxides, inorganic
peroxides and nitrate compounds.

4. Corrosivity [SCHWMR R.61-79.261.22]

A solid waste exhibits the characteristic of corrosivity if arepresentative sample of the
waste is either of the following:

A

Aqueous and has a pH less than or equal to 2.0 or greater than or
equalto 12.5.

A liquid that corrodes steel at a rate greater than 6.35 mm (0.250
inch) per year at a temperature of 55°C (130°F).

5. Reactivity [SCHWMR R.61-79.261.23]

The reactivity characteristic generally describes those wastes that are unstable and
readily undergo violent change without detonating and when mixed with water, react
violently, form explosive mixtures, or generate toxic gases, vapors or fumes in
sufficient quantities to present adanger to human health or the environment. Certain
cyanide or sulfide bearing wastes are also considered reactive. Generators should
consult with their ECAs regarding the characterization of a waste as reactive.

There are 8 specific criteria for defining Reactive Characteristic wastes:

A

B
C.
D

Normally unstable and readily undergoes violent change without detonating.
Reacts violently with water.
Forms potentially explosive mixtures with water.

When mixed with water, it generates toxic gases, vapors, or fumes in a quantity
sufficient to present adanger to human health or the environment.

Cyanide- or sulfide-bearing waste which, *when exposed to pH conditions
between 2 and 12.5, can generate toxic gases, vapors, or fumes in a quantity
sufficient to present adanger to human health or the environment.

*  EPA has rescinded their guidance documentand has agreed that this
could happen with any pH
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5.11.5 Characteristic Waste, (cont.)

Step 3, (cont.)

6.

F.

G.

H.

Capable of detonation or explosive reactionif it is subjected to a strong
initiating source or if heated under confinement.

Readily capable of detonation or explosive decomposition or reaction at
standard temperature and pressure.

Is considered a Forbidden Explosive, or a Class A or Class B Explosive.

Toxicity [SCHWMR R.61-79.261.24]

A

The toxicity characteristic leaching procedure (TCLP)is used to evaluate a
waste for the toxicity characteristic. If the TCLP extract from arepresentative
sample of the waste contains any of the constituents in concentrations equal to
or greater than those listed in Table 1 of SCHWMR R.61-79.261.24, the waste
is a HW.

As an alternative to performing the TCLP for solids, the generator may elect to
analyze a sample of the waste to determine the total concentration of the Table
1 constituents. If the total concentration of each constituentwhen divided by
twenty does not equal or exceed the Table 1 concentrations, the waste can
conservatively be characterized as non-hazardous. If it exceeds the Table 1
concentrations, then the waste is characterized as hazardous unless additional
TCLP analysis shows otherwise.

Totals analysis for liquids containing < 0.5% filterable solids do not require
extraction and can be compared directly to regulatory levels.

5.12 Polychlorinated Biphenyl (PCB) Toxic Waste Considerations

5.12.1 Toxic Substance Control Act (TSCA) - PCB Waste

Regulations issued pursuant to TSCA govern the disposal of wastes that contain PCBs. The
applicable regulations are contained in 40 CFR 761, Polychlorinated Biphenyls (PCB)
Manufacturing, Processing. The EPA retains regulatory authority for implementation of the
regulations. The primary intent of the TSCA and its regulations is to drive all PCBs to disposal.
Per TSCA regulations, no items containing detectable levels of PCBs may be used or
distributed in commerce (e.qg., re-sold, re-used, or recycled for other uses) unless specifically
authorized in the regulation.

5.12.2 Polychlorinated Biphenyl (PCB) Toxic Waste Considerations - General

1.

PCBs are a family of synthetic chlorinated aromatic hydrocarbon compounds. The
most common commercial mixtures manufactured in the United States are referred to
as Aroclor® (e.g., Aroclor® 1016, Aroclor® 1254, Aroclor® 1260, and several others).
With the exception of Aroclor® 1016 which has a chlorine content of approximately
41%, the last two digits of the Aroclor® number denote the percentage to which the
particular compound is chlorinated.
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5.12.2 Polychlorinated Biphenyl (PCB) Toxic Waste Considerations - General, (cont.)

2.

PCBs are thermally stable and resistant to degradation, oxidation, acids, bases and
other chemical agents. They are soluble in oils, most organic solvents, and lipids. They
are only slightly soluble in water. PCBs possess excellent dielectric properties, which
along with their chemical stability and fire resistance properties led to their widespread
use in transformers, capacitors and other electrical equipment. Other common uses
included hydraulic fluids, heat transfer fluids, carbonless copy paper, gas pipeline
liquids, paints, air compressor liquids, plasticizers, and caulking.

Information provided in this section summarizes many regulatory requirements
applicable to the characterization criteriafor PCB wastes and is notintended as a
substitute for the full text of the regulations. Additional characterization information can
be found in guidance documents published on the Environmental Compliance (EC)
Home Page.

It should be noted that certain non-liquid PCB and radioactive wastes may be disposed
at the E-Area Low Level Radioactive Waste Disposal Facilities. Manual 1S, Chapter 5

should be consulted.

5.12.3 PCB Waste Considerations

1.

PCB-containing wastes are subject to the TSCA storage and disposal regulations
based on their PCB concentrations, the form in which the PCBs are present, how the
PCBs were used, and the manner in which the PCB wastes were generated.

NOTE

Anti-dilution does not apply to lab samples and associated residues, if managed in
accordance with TSCA requirements. The TSCA SME can be contacted for guidance if
in question.

TSCA prohibits the dilution of PCBs in order to avoid any part of the PCB regulations
unless a specific exception applies. When PCBs are added to a previously PCB-free
item or material, the entire item or mixture is then considered to contain PCBs at the

same concentration as the PCB materials added to the item.

A. If two PCB-containing substances are combined, the resulting mixture must be
considered to contain PCBs at the highest concentration level of the two
original substances. For example, if PCB oil containing 100 ppmi is spilled, all of
the substances the oil contacts (soll, spill pillows, Kitty litter, protective clothing,
etc.) are considered to contain 100 ppm PCBs.

B. If a substance containing 20 ppm PCBs is mixed with a substance containing
1000 ppm PCBs, the entire substance is considered to contain 1000 ppm
PCBs. Similarly, if paint on the surface of an item (e.g., equipment, awall, etc.)
contains PCBs at 50 ppm, then the entire itemis considered to contain PCBs at
50 ppm (the mass of the itemis not relevant in determining its PCB status).
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5.12.4 PCB Determination Concentrations

1.

PCBs can be found in liquid, non-liquid and multi-phasic (combination of liquid and
non-liquid) forms. In orderto determine the PCB concentration of waste, specific
regulatory criteria must be applied based on the waste form.

TSCA regulations require PCB concentrations to be determined on a weight-per-
weight basis (e.g., milligrams per kilogram). For liquids, concentrations may be
determined on aweight-per-volume basis (e.g., milligrams per liter) if the density of the
liquid is also reported; however, itis preferred that PCB concentrations in liquids also
be reported on aweight-per-weight basis.

A. PCB concentrations for non-liquid materials must be determined on adry-
weight basis.

B. PCB concentrations for liquid materials must be determined on a wet-weight
basis.
1) Liquids containing more than 0.5 percent non-dissolved material must

be analyzed as multi-phasic mixtures.

2) In order to determine the PCB concentration for multi-phasic mixtures,
the phases must be separated before chemical analysis. The PCB
concentration of each separated phase (liquid and non-liquid) must then
be analyzed. The highest PCB concentration measured in any of the
separated phases applies to the entire mixture, and the entire mixture is
regulated for disposal based on that concentration (another example of
the "anti-dilution" rule). An exceptionis allowed for multi-phasic PCB
Remediation wastes which may be separated and disposed based on
the PCB concentration in each separated phase.

Items which have been contaminated with liquid PCBs but have no free-flowing liquids
remaining, are characterized by use of the EPA "standard wipe test" which is defined
in 40 CFR 761.123, Polychlorinated Biphenyls (PCBs) Manufacturing, Processing,
Subpart G_PCB Spill Cleanup Policy - Definitions. The test measures surface PCB
contamination.

TSCA regulations include exceptions to the anti-dilution rule for some
remediation/cleanup wastes and certain laboratory and decontamination wastes.
Generators should contact their Environmental Compliance Authorities for assistance.

5.12.5 Regulatory Thresholds Based on PCB Concentration and Waste Type

1.

In general, wastes are regulated for disposal under TSCA if they contain certain
concentrations of PCBs or have been in contact with regulated concentrations of PCBs
as described in the following:
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5.12.5 Regulatory Thresholds Based on PCB Concentration and Waste Type, (cont.)

Step 1, (cont.)
A

B.

Non-Aqueous Liquids - Containing 50 ppm or more PCBs.

Items with surface PCB contamination but no free-flowing liquids - ltems
with surface PCB levels that exceed 10 ug/100 cm2 but are less than 100
Mg/100 cm? are regulated for disposal in the same manner as items that
contain at least 50 ppm PCBs but less than 500 ppm PCBs. Items with surface
PCB concentrations of 100 ug/100 cm? or higher are regulated for disposal in
the same manner as are items that contain 500 ppm PCBs.

Non-Liquids with PCBs as an integral part of the item (e.g., dried paint or
coatings) - Iltems that contain 50 ppm or more PCBs in the PCB source
material. TSCA regulations allow non-liquid PCBs that are eligible for land
disposal to be presumed (declared) to contain PCBs at a concentration of 500
ppm or more PCBs in lieu of sampling. The ECA or EC PCB SME can be
contacted for assistance as needed.

Aqueous Liquids - Aqueous liquids containing greater than or equal to 0.5
pg/L PCBs [i.e., greater than 0.5 parts per billion (ppb)] are regulated for
disposal. Liquids with greater than or equal to 3 pg/L PCB (i.e., greater than or
equal to 3 ppb) cannot be discharged to a treatment works or to navigable
waters unless the discharge is in accordance with a PCB discharge limit
included in a permit issued under purview of the Clean Water Act (CWA).
Liquids with less than or equal to 0.5 ppb PCBs are not subject to TSCA
regulation.

Discharge of PCBs at any concentration to navigable waters must comply with
applicable CWA requirements, which generally are much stricter than the
TSCA limits stated above.

Remediation/Cleanup Waste - includes PCB-containing environmental media
and/or structures such as:

. Soil, gravel, sediments, etc.
o Investigation-derived wastes (IDW)
o Other wastes associated with waste site or spill cleanup, such as

personal protective equipment, job control waste
o Buildings or other man-made structures contaminated by liquid PCBs:

- Materials disposed (i.e., spilled onto or disposed onto the ground
or other surface) priorto April 18, 1978 that are currently at
concentrations of 50 ppm PCBs or more are regulated by TSCA




Manual: 1S

Chapter: 3
Waste Characterization Program Revision: 5
Page: 62 of 89

5.12.5 Regulatory Thresholds Based on PCB Concentration and Waste Type, (cont.)
Step 1E, (cont.)

- Materials currently at any concentration or volume of PCBs that
were disposed beginning April 18, 1978, and where the original
concentration of PCBs was equal to or greater than 500 ppm are
regulated under TSCA

- Materials currently at any concentration or volume of PCBs that
were disposed beginning July 2, 1979, and where the original
concentration of PCBs was equal to or greater than 50 ppm are
regulated under TSCA

- Materials currently at any concentration or volume of PCBs from
a source not authorized for use under the PCB regulations are
regulated under TSCA.

All wastes associated with a fresh PCB spill (less than 72 hours old) are regulated
based on the PCB concentration of the spilled material.

Disposal facility requirements for remediation and cleanup wastes vary based on the
PCB levels and physical form of the waste. Generators are urged to contact their
ECAs or EC for assistance with categorizing remediation wastes.

5.12.6 Electrical Equipment

1.

Prior to disposal, the PCB concentration of fluids in electrical equipment must be
established. This may be done by sampling. Alternatively, the concentration may be
established by using the original PCB concentration as certified by the manufacturer
and servicing records that document the PCB concentration of all fluids used in
servicing the equipment duringits lifetime.

Fluorescent light ballasts may contain PCBs in either the small capacitor within the
ballast or in the potting material that holds together the internal parts. Ballasts that
were manufactured in the United States between July 1978 and July 1998 were
required to bear alabel stating "no PCBs"; ballasts that have such labels may be
managed as non-TSCA. Ballasts that do not have a label stating "no PCBs" must be
managed as TSCA waste unless the generator can document (e.g., manufacturer's
certification) that they do not contain PCBs.

PCB small capacitors are capacitors that contain less than three pounds of dielectric
fluid. Leaking small capacitors must be managed as TSCA waste including adherence
to the TSCA 30-day limit on temporary storage. Non-leaking small capacitors are not
subject to TSCA storage and disposal regulations. However, company policy requires
that they be disposed at a TSCA-permitted facility. Non-leaking small capacitors are
not subject to the 30-day temporary storage limit.

Generators are encouraged to consult their facility ECAs or EC for assistance in
characterizing wastes that potentially contain PCBs.
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5.12.7 Paints, Coatings and Other Non-Liquid PCB Items

PCBs were included in certain paint formulations and other products to provide specific
properties such as waterproofing, chemical resistance, heat resistance, etc. Routine testing of
painted surfaces and other solids is not required by TSCA. Testing should be done only if
PCBs are suspected to be present. For assistance in determining whether dried paints and
other solids (i.e., caulking, rubber, or plastic items) may have contained PCBs, generators
should contact their ECAs for the most recent EC guidance document on this subject. That
guidance includes a checklist to assist in determining whether an item potentially may contain
regulated levels of PCBs. Since this guidance document is subject to frequentrevision as
information and relevant requirements evolve, it has not been incorporated into this procedure.

5.12.8 PCB Bulk Product Waste

1. PCB Bulk Product Waste is waste derived from manufactured products containing
PCBs in a non-liquid state at any concentration at or above 50 ppm. It includes items
such as:

. Debris from demolition of buildings with surfaces painted or coated with PCBs
° Plastics (e.g., plastic insulation from wire or cable)

. Molded rubber parts

. Caulking
o Sound deadening insulation
o Felt or fabric products such as gaskets
o Other non-liquid items.
2. TSCA regulations include special provisions for storage and disposal of large volumes

of PCB bulk product waste such as demolition debris. Generators should work closely
with their ECAs, EC, and SWM if they anticipate generating PCB bulk product wastes.

5.12.9 Analysis of PCB Waste

1. TSCAregulations require that PCB wastes be analyzed via gas chromatography. Any
gas chromatographic method that is appropriate for the material being analyzed may
be used. The following are examples of different types of acceptable methods:

. EPA/SW-846, Method 608, Organochlorine Pesticides and PCBs

o EPA/SW-846, Method 8082, Polychlorinated Biphenyls (PCBs) by Capillary
Column Gas Chromatography

o ASTM D-4059 - Standard Test Method for Analysis of Polychlorinated
Biphenyls in Insulating Liquids by Gas Chromatography.

2. The TSCA regulations provide specific sampling protocols that must be used in certain
instances. Protocols are provided for verification of waste site/spill site cleanup, for
characterization of remediation wastes, and for disposal of certain bulk product
wastes.
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5.13 Waste Volumes and Masses Determination

To quantify and document the amounts of radioactive, hazardous, and PCB waste
dispositioned under Manual 1S and to calculate concentrations, both the volume and weight of
the waste within each disposal container may be required. Approved methods for determining
waste volumes and weights are defined below. Alternate methods for determining waste
volumes and weights may be used with SWE concurrence.

5.13.1 General

1.

The weight or mass of the waste can be determined by subtracting the weight of the
disposal container (tare weight) from the gross weight of the waste package. The
weight or mass of the waste can also be determined by summing the weight of
individually weighed waste packages or cuts. The waste weight is to be used when
determining radionuclide activity or chemical concentration per unit weight. Scales
used for waste weight determination will be maintained in accordance with Manual 1Q,
Procedure 12-1, Control of Measuring and Test Equipment. Measurement and test
equipment (M&TE) is not required for LLW scales where large differences in weight do
not significantly impact quantification accuracy (typically for Dose-to-Curie
methodology) and specifically, any measurement where a measurement difference of
10% would result in a radionuclide quantification difference of less than 2%. In such
cases, some method (e.g., check weights) will be used to insure less than 10% error.

Waste volumes can be the same as the disposal container volume provided:

A. A thin walled (less than 0.75-inch thick) disposal container is used, and the
actual waste volume is within 10 percent of the container empty volume. [Ten
percent refers to "free board" as opposed to void space (i.e., the container is
full).]

B. If waste is compacted, the waste volume is, by definition, the container volume.
This waste volume is to be used when determining radionuclide activity or
chemical concentration per unit volume.

Standard container volumes are listed in the table below

Container Actual Volume (ft3)
B-25 90.0
B-12 45.0
55-gallon drum 7.4
Skid Pan 162.0
20-foot intermodal (i.e., Sealand) 1173.0
40-foot intermodal (i.e., Sealand) 2394.0
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5.14 Administrative Controls
1. The waste characterization process will be documented.

6.0

A. For HW/MW/PCB, characterization will be documented on OSR 29-92, OSR
29-47, and OSR 29-99.

B. For radiological waste, characterization method and data will be documented in
an approved Manual E7 calculation per Procedure 2.31.

C. For LLW and PCB LLW acceptable for disposal in E-Area, characterization will
be documented on OSR 29-82 and OSR 29-93, Uniform Low-Level
Radioactive Waste Manifest, as required by Manual 1S, Chapter 5. The
nonhazardous and/or PCB characterization of the LLW and PCB LLW may be
documented as part of the E7 calculation for the radiological characterization of
the waste, as a separate E7 calculation or as an equivalent type document.
(Reference Manual 3Q, Procedure 6.3)
D. TRU characterization will be documented on OSR 29-90.
2. Database inventory management systems (e.g., WITS, HMWT, CWTS) may be used
to input, store, analyze, and generate reports in place of some forms. If available,
WITS or HMW Reports shall be used in place of the corresponding forms unless
otherwise specified by SWM.
REFERENCES
These requirementdocuments are located in Manual 1S — References, as well as repeated in
this chapter; in addition, S/RIDS and Commitments applicable to each chapter will be listed
below.
1B, 3.31, Records Management
1S, SRS Radioactive Waste Requirements
1S, Chapter 1, Waste Management Requirements
1S, Chapter 4, General Waste Requirements
1S, Chapter 5, Low-Level Waste
1S, Chapter 6, RCRA, TSCA, Mixed and LLLW
1S, Chapter 7, Transuranic Waste
1S, Glossary

1Q, 2-7, QA Program Requirements for Analytical Measurement Systems

1Q, 12-1, Control of Measuring and Test Equipment
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6.0

REFERENCES, (cont.)

1Q, 12-3, Control and Calibration of Radiation Monitoring Equipment

3Q, 6.3, Hazardous Waste Determination

3Q, 21.2, Data Quality Objectives Process

4Q, 209, Chronic Beryllium Disease Prevention Program

5Q1.1, 517, Radiological Release of Material

14Q, 3.06, Nondestructive Assay Measurement Control

E7,2.31, Engineering Calculations

E7, 2.60, Technical Reviews

E7, Conduct of Engineering

10 Code of Federal Regulations (CFR) 173.300, Hazardous Materials Definitions

10 CFR 830.122, Nuclear Safety Management, Quality Assurance Criteria

40 CFR, 260-282, Resource Conservation and Recovery Act, Subtitle C

40 CFR, 750-761, Toxic Substance Control Act

American Society for Testing and Materials (ASTM) C113-03, Test Method for Nondestructive
Assay of Special Nuclear Material in Low-Density Scrap and Waste by Segmented Passive

Gamma-Ray Scanning

ASTM C1207-03, Test Method for Nondestructive Assay of Plutoniumin Scrap and Waste by
Passive Neutron Coincidence Counting

ASTM C1500-02, Test Method for Nondestructive Assay of Plutonium by Passive Neutron
Multiplicity Counting

ASTM C1215-92, Guide for Preparing and Interpreting Precision and Bias Statements in Test
Method Standards Used in the Nuclear Industry

ASTM D-4059, Standard Test Method for Analysis of Polychlorinated Biphenyls in Insulating
Liquids by Gas Chromatography

American National Standards Institute (ANSI)/American Society of Mechanical Engineers
(ASME) NQA-1, Quality Assurance Requirements for Nuclear Facility Applications

ANSI N15.41, Derivation of Measurement Control Programs - General Principles
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6.0

REFERENCES, (cont.)

ANSI N15.51, Measurement Control Programs in Nuclear Materials Analytical Chemistry
Laboratory

DOE Order 458.1, Radiation Protection of the Public and the Environment
DOE Survey Manual, Appendix B
Eastern Environmental Radiation Facility (EERF) Radiochemistry Procedures Manual

Environmental Protection Agency (EPA)/SW-846, Method 608, Organochlorine Pesticides and
PCBs

EPA/SW-846, Method 8082, Polychlorinated Biphenyls (PCBs) by Capillary Column Gas
Chromatography

EPA/SW-846, Method 9040, pH in Liquid
EPA/SW-846, Test Methods for Evaluation of Solid Waste: Physical/Chemical Methods
Environmental Radiation Ambient Monitoring (ERAM) System Manual

International Atomic Energy Agency (IAEA)-TECDOC-1537, Strategy and Methodology for
Radioactive Waste Characterization

NUREG/CR-3474, Long-Lived Activation Products in Reactor Materials

South Carolina Hazardous Waste Management Regulations (SCHWMR)
SCHWMR R.61-79.261, Identification and Listing of Hazardous Waste

SCHWMR R.61-79.262, Standards Applicable to Generators of Hazardous Waste
SCHWMR R.61-79.268, Land Disposal Restrictions

SRNS-TR-2008-00101, SRS Site Treatment Plan (STP)

SWD-97-0011, W. S. Kelly to Mr. Noll, “Establishment of Naturally Occurring Radioactive
Material (NORM) Levels in Savannah River Site (SRS) Soils (U),” Feb 20, 1997

WSRC-SA-22, Savannah River Site Solid Waste Facility Documented Safety Analysis

WSRC-TR-94-0388, Release Program for Wastes Potentially Contaminated with U.S.
Department of Energy Radioactivity

[S/RID 1] Standards/Requirements Identification Document, DOE O 435.1, Radioactive Waste
Management

[S/RID 2] DOE M 435.1-1, Radioactive Waste Management Manual
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7.0

71

8.0

RECORDS

Records generated as a result of implementing this procedure are maintained in accordance
with Manual 1B, Procedure 3.31.

OSR 29-47
OSR 29-57
OSR 29-82
OSR 29-90
OSR 29-92
OSR 29-93
OSR 29-99
OSR 29-105
Forms

OSR 29-47
OSR 29-57
OSR 29-82
OSR 29-90
OSR 29-92
OSR 29-93
OSR 29-99
OSR 29-105
ATTACHMENTS
Attachment 8.1
Attachment 8.2
Attachment 8.3
Attachment 8.4
Attachment 8.5

Waste Characterization Form (WCF)

Container Approval Request

Low-Level Waste Stream Characterization
Transuranic Waste Container Characterization
Characterization Process Report

Uniform Low-Level Radioactive Waste Manifest
Hazardous/Mixed/PCB Waste Manifest

Lab Pack Request

Waste Characterization Form (WCF)

Container Approval Request

Low-Level Waste Stream Characterization
Transuranic Waste Container Characterization
Characterization Process Report

Uniform Low-Level Radioactive Waste Manifest
Hazardous/Mixed/PCB Waste Manifest

Lab Pack Request

RMMA and Radiological Screening Criteria
Waste Stream Characterization Flow Chart
Maximum Allowable Lower Limits of Detection
Characterization Process Report Examples

TRU and Fissile Isotopes Table
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8.0 ATTACHMENTS, (cont.)
Attachment 8.6 Dose-to-Curie Standards Tables

Attachment 8.7 LLW Radionuclide Package Reporting Thresholds
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ATTACHMENT 8.1
RMMA and Radiological Screening Criteria
Page 1 of 3

Radioactive Materials Management Areas (RMMA)

NOTE

Radiological screening of Radiological Buffer Area (RBA) or Radiological Material Area
(RMA) waste is only required if it meets one of the following criteria:

1. The waste has been attached in a permanent or temporary manner (e.g., signs,
floor tile, concrete, or paint fragments) or, any items, equipment, or material that
could be considered part of afacility.

2. The waste consists of articles that can accumulate radioactivity (e.g., mop heads

or solvent rags or floor sweepings).

An RMMA is an area in which the potential exists for contamination due to the presence of
unencapsulated or unconfined radioactive material or an area that is exposed to beams or
other sources of particles (neutrons, protons, etc.) capable of causing activation. As a
minimum, any of the following areas, singularly or in combination, constitute a RMMA:

Contamination areas (CA) and high contamination areas (HCA)
Airborne radioactivity areas (ARA)

Radiation areas (RA), high radiation areas (HRA), and very high radiation areas
(VHRA) that can cause activation

Radiological Buffer Areas (RBA) (except those established solely for a radiation field
that cannot cause activation) and all areas they encompass (See note)

Radioactive Material Areas (RMA) (See note)

Soil Contamination Areas (SCA) and the surrounding area that is greater than twice the

background reading

Underground Radioactive Material Areas (URMA) that have undergone operations to
expose radionuclides (e.g., excavation)

NOTE
Environmental restoration sites have been identified by SRS.

The area inside the Occupational Safety and Health Act (OSHA) physical control (e.g.,
fence) that is established for an environmental restoration activity where radioactive
material is present (See note above)

Any other area where unconfined radioactivity is present (e.g., environmental
laboratory).
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ATTACHMENT 8.1
RMMA and Radiological Screening Criteria
Page 2 of 3

Radioactive Determination Criteria

NOTE

1. Materials containing commercially added radioactivity (e.g., exit sign, smoke
detector, etc.) which have not been contaminated with DOE added radioactivity
are considered non-radioactive for purposes of off-site shipments, but still must
meet the receiving facility's limits.

2. If the below radiological limits are not met, then specific radionuclide content and
distribution must be obtained and provided in the Radionuclide Analytical Data
section of OSR 29-47.

Alternate Release Methodologies notdescribed explicitly in Manual 5Q1.1, Procedure 517,
Radiological Release of Material, must be approved by SWE and DOE.

Radiological screening can only be performed with instruments and/or laboratory facilities
approved by SWM. Non-Hazardous waste less than or equal to the surface and volume
release criteriain Manual 5Q1.1, Procedure 517, Radiological Release of Material, can be
declared non-radioactive.

HW can be declared non-radioactive provided the following criteria are met:

. Released per Manual 5Q1.1, Procedure 517
o The waste must not contain any known DOE radionuclides (e.g., spikes or tracers)
o If the waste contains isotopes with half-lives less than 65 days, they must have

decayed at least 10 half-lives

. If the waste has potential for internal contamination, and screening results of a
representative sample are either less than the instrument Lower Limit of Detection
(LLD) or indistinguishable from a virgin (or non-RMMA) sample

o Where waste volumes are radiologically screened, the qualifying instrumentused has a
maximum LLD of:

- Less than 120 dpm/ml or dpm/g for alpha;
- Less than 240 dpm/ml or dpm/g for beta/gamma;
- Less than 240 dpm/ml or dpm/g for tritium

o For SRS soils, screening results indicating non-radioactive waste are:

Gross Analysis Limits:
- Less than 21.0 pCi/g gross alpha
- Less than 22.0 pCi/g gross nonvolatile beta




Manual: 1S

Procedure: 3
Waste Characterization Program Revision: 5
Page: 72 of 89

ATTACHMENT 8.1
RMMA and Radiological Screening Criteria
Page 3 of 3

Radioactive Determination Criteria, (cont.)

Complete Isotopic Analysis Limits:

Less than LLD for all man-made isotopes (except Cs-137);
< 0.37 pCi/g Cs-137 (forundisturbed soils between 0-1 footin depth);

Less than 0.17 pCi/g Cs-137 (for disturbed soils or soils greater than 1 foot in
depth);

Compare results to values in Appendix C of WSRC-TR-2000-00128.

Results will meet applicable State and EPA NORM regulations and radium/thorium values
must meet DOE Order 458.1, Radiation Protection of the Public and the Environment.

Representative Sampling for Radiological Screening

A representative sample of the waste will be obtained in accordance with one or more of the
following methods:

o DOE Survey Manual, Appendix D

o Environmental Radiation Ambient Monitoring (ERAM) System Manual

. EPA's Eastern Environmental Radiation Facility (EERF) Radiochemistry Procedures
Manual guidance

° EPA/SW-846 - Test Methods For Evaluation of Solid Waste Physical/Chemical
Methods.

Recommended solutions for sampling issues can be obtained from DOE's Environmental
Measurements Laboratory (EML) in Long Island, New York, or EPA's Environmental
Monitoring Systems Laboratory (EMSL) in Las Vegas, Nevada. More specific direction can be
obtained from WSRC-TR-94-0388, Release Program for Wastes Potentially Contaminated
with U.S. Department of Energy Radioactivity.
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Determine chemical properties for

- RCRA hazardous

- TSCA toxic (e.g., PCB,
asbestos)

ATTACHMENT 8.2

Waste Stream Characterization Flow Chart

Page 1 of 1

Material declared
waste

Evaluate for potential waste type(s)
- Radiological

Reasonable to
expect hazardous or toxic
constituents?

PK available?

- Listed

-PCB

Perform Sample & Analysis to determine
applicability of:

HAZARDOUS

- Characteristic
- Land disposal requirements

TOXIC

Is waste hazardous
and/or toxic?

Evaluate in
accordance with 1S,
Chapter 6

A}

Prepare
Characterization

Process Report

N

Requires Rad
screening if:

- Resides in RMMA

- Generated in RMMA

Does waste contain
DOE-added radioactivity?

Must be managed as
Mixed Waste

Evaluate radiological waste for

presence of:

- LLW performance assessment
radionuclides

- Hazardous
- Toxic

Exclude

- TRU &/or fissile radionuclides
- Other radionuclides >Cilpkg limits
and >1 Ci%

NO Reasonable to expect

See 18, Chapter 5

PK indicates I-129 <1/10000
MALLD?

PK indicates other PA
nuclide <1/100 MALLD?

Can PK be used as a sole
characterization method?

Report PA at 1/10 LLD

See 18, Chapter 7 ‘ (1-129 reported)

See 1S, Chapter 6

nuclide?

PK avaliable?

Perform Sample &
Analysis

YES

See 18, Chapter 6

YES

NO Is nuclide PA

False positive?

YES Nuclide <LLD?

limited?

Is nuclide >Ci/pkg limits
and >1Ci%?

YES Mixed waste?

RU, fissile or PA
basis nuclide?

Prepare E7
Document, WSCF/29-
90, and PCB/Haz
Determination

Document

See 18, Chapter 7

See 18, Chapter 5
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ATTACHMENT 8.3
Maximum Allowable Lower Limits of Detection
Page 1 of 1

NOTE
These MALLDs are provided as a guide for laboratory selection.

Maximum Allowable Lower Maximum Allowable
. Limit of Detection (uCi/cc Lower Limit of
Radioisotope or uCilg) Detection (uCilsmear)

H-3 1.00E-04 2.00E-03
C-14 1.00E-05 2.00E-05
Ni-59 1.00E-04 2.00E-04
Co-60 1.00E-04 2.00E-07
Ni-63 1.00E-04 N/A

Sr-90 1.00E-04 3.00E-06
Tc-99 1.00E-06 6.00E-05
1-129 1.00E-06 7.00E-05
Cs-137 1.00E-05 2.00E-07
U-233 1.00E-06 2.00E-06
U-234 1.00E-06 2.00E-06
U-235 1.00E-06 2.00E-06
U-236 1.00E-06 2.00E-06
Np-237 1.00E-06 6.00E-03
U-238 1.00E-06 2.00E-06
Pu-238 1.00E-06 5.00E-04
Pu-239 1.00E-06 5.00E-04
Pu-240 1.00E-06 5.00E-04
Pu-241 1.00E-05 1.00E-02
Am-241 1.00E-05 2.00E-04
Pu-242 1.00E-06 5.00E-04
Cm-242 1.00E-06 N/A

Other TRU and/or Fissile 1 00E-06 2 00E-06

(*e.g., Cf-251, Cm-246)
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ATTACHMENT 8.4
Characterization Process Report Examples
Page 1 of 100

EXAMPLE #1

i i Waste Stream ID No.
Characterization Process Report Waste Stre

Origin of Waste: Laboratory Facility Building, 772-1F, clean process lab

Physical Description of Waste:

The waste is a heterogeneous mixture of plastic bags, wipes, protective clothing, filters, small resin
columns, and glassware from the analysis of process control samples. The waste does not contain
free liquids and was transferred directly from the waste bag to the present 55- gallon storage drum.

Process or Activity that Generated Waste:

Analysis of non-radioactive process control samples used F-listed solvents (tetrachloroethylene
and methyl alcohol) for their solvent properties. The before use concentrations of the solvents
was greater than 10%. Acids and chromate solutions were used in sample preparation.

Liquids were disposed via laboratory drains or collected in separate satellite areas in
accordance with Laboratory Procedure # F-772-PS-1211.

Characterization Method: (check all applicable)
X Process Knowledge 2\ Sampling and Analysis

RCRA Regulated Materials Reasonably expected to be Present:
e Tetrachloroethylene
e Chromium compounds
e Methyl alcohol

Radioactive (as determined in Manual 1S, Chapter. 3, Attach8.1) A Yes XNo

Detailed Waste Evaluations:

X Listed 2\ Ignitability A\ Corrosivity
Reactivity X Toxicity X Underlying Hazardous Constituents
PCBs

Procedure/Documents used in Characterization:

1. CRC Handbook of Chemistry and Physics, 46th Edition

2. 2/14/98 memorandum from Mary Smith (Laboratory Supervisor) to Chris Jones
(Environmental Compliance Authority) attached.

3. 2/27/98 memorandum from Terry Carpender (Process Operations Manager) to Chris Jones
(Environmental Compliance Authority) attached.

4. Laboratory procedure (221-LAB-STD12) on glassware
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ATTACHMENT 8.4
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EXAMPLE #1

b.
C.

Characterization Bases: HLW98015

1. The TCLP preparation procedure directs the depositing of a 0.1Kg sample of the
waste into 2.0 liters of acetic acid. If the concentration of a waste constituent (solid
material) is known (mg/kg), the constituent can conservatively be assumed to
completely (100%) leach and a TCLP value determined using the following
equation. [Constituent conc. Mg/kg] X [0.1 Kg/2 L] = conservative TLCP conc. in
mg/L. (Reference #1)

2. The following information was obtained from the laboratory supervisor.(Reference 3):
a.

Waste package contains discarded materials from the analysis of 800 to
1,000 samples.

Any excess sample was returned to the sample originator

The sample was dissolved in 500 ml solution of sulfuric acid and potassium
dichromate. The solution was neutralized with NaOH.

. After neutralization the dissolved sample was passed through a resin column

to remove the chromium.

100 ml of the prepared sample was combined with 100 ml of a solution of
Tetrachloroethylene (50%) and methyl alcohol (50%) prior to filtration.
Tetrachloroethylene and methyl alcohol could be presentin the waste from
material absorbed on wipes or filters

A totally saturated filter will hold 5 ml of solution. However, much of the
Tetrachloroethylene-alcohol solution evaporates and they appear to be dry when
they are bagged for transfer to the waste container.

For characterization purposes the filters were assumed to be 50% saturated.
It was assumed that this amount would include any traces of
Tetrachloroethylene absorbedin wipes.

The total weight of a used resin column is approximately 1 kg.

Resin columns are replaced after 500 samples.

5 mg of elemental chromium (from the chromate solution) was used in

each procedure

The net weight of the waste contained in a 55-gallon drumis 250 pounds (114 kg)
The samples that were analyzed were not listed waste and contained no
hazardous constituents that would cause the sample and analysis residues
to be RCRA hazardous.
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EXAMPLE #1
Methodology: HLW98015
Listed Waste

Laboratory glassware is known to have contained spent solvents. However, laboratory
procedures (Reference 5) require that glassware (beakers, pipettes) be rinsed priorto
discarding. EPA has determined that laboratory glassware that has contained a HW is
analogous to containers that have previously contained HW. When empty, as defined by
SCHWM R.61-79.261.7, such containers are not considered HW. By rinsing the beaker or
pipette and disposing of the rinsate as a listed waste, the glassware has been rendered empty
and therefore the presence of glassware does not cause the waste to be listed HW.

Kim-wipes and filters that were used in the analytical procedure contain FO02/F003 spent
solvents. Discarded protective clothing contaminated with spent solvents must also be
managed as listed waste. EPA has said that protective clothing contaminated with alisted
waste becomes a listed waste.

The Methyl Alcohol is listed (F003) solely because it is ignitable. While Kim-wipes and filters
are contaminated with FO03 spent solvent, the combined waste no longer meets the definition
of ignitable and is therefore no longer (F003) listed. However, the waste is still subject to the
land disposal restrictions.

This waste meets the listing criteria for an FO02 spent solvent as defined in SCHWMR R.61-
79.261.31 because of the presence of listed waste on filters and Kim-wipes.
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EXAMPLE #1

Corrosivity

The waste is not a liquid and therefore does not possess the characteristic of corrosivity as
defined by SCHWMR R.61-79.261.22

Reactivity

This waste contains stable solids such as plastic bags, wipes, protective clothing, filters, small
resin columns and chemically contaminated glassware from the analysis of process control
samples. The waste materials are contaminated by small quantities of Tetrachloroethylene,
methyl alcohol and chromium.

The waste is not reactive as defined by SCHWMR R.61-79.261.23

Toxicity

Tetrachloroethylene and chromium (Cr) are both toxic materials. Their TCLP toxicity limits
are 0.7 and 5.0 mg/I (or ppm), respectively.

Determine if the waste is RCRA hazardous for Cr
Total amount of Cr on each resin column = (500 samples) X (5 mg/sample) = 2,500 mg
Assume that the waste contains two spent resin columns

Total concentration of Cr in the waste = (2,500 mg/column) X (2 columns) + 114 kg = 44
mg/kg

Calculated concentration in TCLP extract =44 mg/kg X 0.05 Kg/L =2.2 mg/L
Therefore this waste is not hazardous for Cr as defined by SCHWMR R.61-79.261.24
Determine if the waste is RCRA hazardous for TCE

Total amount of Tetrachloroethylene on each filter = (5ml) X (density of
Tetrachloroethylene) X (Saturation Fraction) X (Volume Fraction Tetrachloroethylene)

= (5ml) X (1.6 g/ml) X (0.5) X (0.5) =2.02 gffilter
Total Tetrachloroethylene in Waste = (2.02 g/filter) X (1000 filters) = 2.02E3 grams

Total Concentration (mg/kg) of Tetrachloroethylene in Waste =2.02E3 g X E3 mg/g +
1.14E2 kg = 1.77E4 mg/kg

Calculated concentration in TCLP extract =1.77E4 X 0.05 Kg/L = 890 mg/L
The waste is hazardous for TCE SCHWMR R.61-79.261.24
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EXAMPLE #1
Underlying Hazardous Constituents

The waste stream has been identified as hazardous for toxicity, code D039. As required by
268.7, the underlying hazardous constituents list (268.48 Table UHC) was reviewed for
constituents that could reasonably be expected to be present in the waste stream. The
laboratory supervisor and operations manager of the facility originating the sample were
asked if any of the chemicals on the UHC table were used in the process/analysis or
reasonably expected to be present. Safety Data Sheets (SDS) and vendor data for the
analytical chemicals, filters, and resin columns were compared against the UHC table. Of all
the listed UHC, only chromium was identified as reasonably expected to be present.
Process knowledge as used in this section is adequate to establish the value as 2.2 mg/L Cr.
Using the non-wastewater UTS standard of 0.86 mg/L Cr, and process knowledge, it was
determined that the waste is restricted from land disposal.

Characterization Summary:

The waste is characterized as F-listed waste F-002, exhibiting the characteristic of Toxicity
D039 and restricted from land disposal for chromium.

Mixed Waste Inventory Report Number (as applicable)

NA

Completed by: (Print Name) Title Signature Date
Cognizant Technical Function: (Print Name) Signature Date
Environmental Coordinator: (Print Name) Signature Date

Example #1 provides insight into determining the HW content of a heterogeneous waste stream
and the importance of waste segregation. The entire waste package (250 Ib.) must be managed as
hazardous because of the introduction of less than nine pounds of Tetrachloroethylene and Methyl
alcohol contaminated filter paper and wipes. Conversely, the calculated TCLP concentration for
chromium falls below the regulatory limit because of the introduction of extraneous waste. Also
note that in the UHC determination, PK was used. However, had sampling and analysis been used
in this case, specific test methods would be required. Several RCRA regulations require specific
test methods as described in the January 13, 1995 Federal Register.
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EXAMPLE #2

i i Waste Stream ID No.
Characterization Process Report Waste Stre

Origin of Waste:
Construction Division Paint Shop 725-N, waste paint and solvent from 1999.

Physical Description of Waste:
The waste is a homogeneous (with proper mixing) liquid collection of solvent based Glidden

(Glid-Guard) alkyd industrial enamel paint remnants and paint solvent.

Process or Activity that Generated

Waste:

Paint remaining after the completion of various construction paint jobs is returned to stock for
reuse. Periodically, the paint stock is reviewed to determine what paint is no longer needed or
useful. Paint that is deemed unusable is collected and composited in a 55-gallon drum. Only those
paints that are stocked and used by the paint shop end up in the drum. Methyl Ethyl Ketone (MEK)
is used for cleanup during the painting process. While lacquer thinner was used in the past as a
cleaning solvent, it is not believed to be present in this waste. The used solvent is collected at the
end of each job, returned to the paint shop and deposited into the same 55- gallon drum as the
waste paint. While the possible paints and solvent presentin the drum are known, the specific
paints/solvent and quantity of each is unknown.

Characterization Method: (check all that apply)

X Process Knowledge X Sampling and Analysis
RCRA Regulatory Substances Reasonably Expected to be Present:
Benzene EthylBenzene Methyl Ethyl Ketone
Zinc Phthalic Anhydride Toluene
Acetone Barium
Radioactive (as determined in Manual 1S, Chapter. 3, Attach.8.1) A Yes XNo
Detailed Waste Evaluations:
X Listed X Ignitability LI1Corrosivity
LIReactivity X Toxicity X Underlying Hazardous Constituents
LIPCBs

Procedure/Documents used in Characterization:

1. 3/3/98 memorandum from Pamela Lane (Paint Shop Supervisor)to Sherri Thomas
(Environmental Compliance Authority), attached

2. 3/22/98 Facsimile from Glidden paint company, du Pont Inc., and Dunn Edwards Corp. to
Sherri Thomas (Environmental Compliance Authority), attached

3. Glidden SDS SRS #1811.01, 1814.01, 1815.01, 1817.01, 1820.01, 3140.01, 04181.01,
1819.03, 1813.01, 1829.03, 4490.02, 1818.01, 10078.02, du Pont SDS SRS # 17501.00,
and Dunn Edwards SDS SRS # 21973.00, attached

4. General Engineering Laboratory report, attached

5. Sampling Plan NAR-BSP-9002
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EXAMPLE #2

3.

Characterization Bases:
1.

Waste Stream ID No. PCD99007

The following information was obtained from the Paint Shop Supervisor. (Reference 1)

a.
b.

= Ege o

All paints deposited into the drum were Glid-Guard Alkyd Enamel paint/primers/tints.
All paints/primers/tints deposited into the drum were in liquid form with any

included solids no larger than the 1/2 inch end opening of the funnel used to fill

the drum.

All paints/primers/tints deposited into the drum were from the paint shop stock
which was last purged 6 months prior.

The deposited paints/primers/tints and solvent could include any of those with

listed SDSs (reference 3) on the firstpage of this report. The SDS for lacquer
thinner was included to verify its absence.

All deposited paints/primers/tints are comprised of high percentages of

solids suspended in solvent combinations significantly greater than 1%

(ref. SDS)

The quantity of each paint/primer#inttype deposited was not recorded.

MEK was used as the cleaning agent in the painting process.

Only the identified Glidden paints could be contaminates to the used cleaning solvent
The drumis 90% full and weighs 665 Ibs (302 kg)

The following information was obtained from a Glidden paint company
representative. (Reference 2)

a.

b.

The chemicals listed on the SDS for each of the paint colors includes all
chemicals used in a production of that color.

The SDSs provide the range of wt% for each of the paint components. The
percentage of each chemical may be altered slightly but the maximum amount
will not exceed that listed on the SDS.

There are no known contaminates to the industrial grade chemicals listed on

the SDS.

In between color batches, the mixing tanks are washed with a hydro-treated light
distillate. After clean-out, atank heal of up to 1% of petroleum distillate can exist.
This added petroleum distillate is factored into the mixture of the next batch of
paint.

The following information was obtained from du Pont and Dunn Edwards
company representatives. (Reference 2)

a.

The chemicals listed on the SDS/SDS for each of the paint solvents
includes all chemicals used in production of that material and the correct
percentages.

There are no known contaminates to the industrial grade chemicals listed on
the SDS.
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EXAMPLE #2

Methodology: Waste Stream ID No. PCD99007
Listed Waste

While all the paints/primers/tints contain benzene, it is used in the manufacture of the paint
product, not as a solvent. The paint waste does not originate from a non-specific source as
identified in the F listings and is therefore not a F-listed waste.

The paint/primer/tint waste does not originate from a specific source as identified in the K
listings and is therefore nota K-listed waste.

The paint/primer/tint waste is not a commercial chemical product or chemical manufacturing
intermediate as identifiedin the P or U listings and is therefore not a P or U-listed waste.

However, MEK was used for its solvent properties in the clean-up process. Lacquer thinner
includes acetone (28%) and toluene (20%) as ingredients and MEK is 100% methyl ethyl
ketone. Since all three chemicals are > 10% by volume in their original form, used for their
solvent properties, and appear on the F-list, their presence in the 55-gallon drum would make
the drum contents FO03 and/or FOO05 listed. Since MEK is suspected as being present and
lacquer thinner should not be present, the drum contents were sampled. The results are
presented below:

Chemical Sample Result
Methyl ethyl ketone 10,756 mg/kg

Acetone none detected
Toluene none detected

The sample results indicate the presence of MEK but not lacquer thinner. Therefore the
waste is determined to be FO05 listed as defined in SCHWM R.61-79.261.31-33

Ignitability

The paint is a liquid and using the flash point specified on the various SDSs, the flash point
of the mixture is between 24°F and 106°F. The flash point of the waste is below 140°F,
making the paint hazardous because of its characteristic of ignitability as defined in SCHWM
R.61-79.261.21

Corrosivity

The pH of non-aqueous liquids cannot be determined by direct measurement with a pH
meter. A non-aqueous liquid is corrosive if it corrodes steel at a rate greater than 6.3 mm
(0.250 inch) per year {SCHWR R.61-261.22(a)(2)}. However, it is known that steel is little
affected by organic chemicals and many storage tanks for solvents and similar chemicals are
fabricated from steel. (Perry's Chemical Engineers' Handbook, 4th Edition, page 23-7) For
example the corrosion rate of steel by benzene is less than 0.02 inch per year (Perry page
23-21). Therefore, the waste is not corrosive as described in SCHWM R.61-79.261.22.
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Reactivity

The waste contains a collection of stable enamel paints which does not contain cyanides or
sulfides. Therefore the waste is not reactive as described in SCHWM R.61-79.261.23

Toxicity

The SDS for all paints/primers/tint specifies a benzene contentof between 0.01 to 0.1 wt. %
(100 - 1000 mg/kg). Glidden paint company representatives specified that the actual benzene
content is normally 0.04% and should never exceed 0.1%. MEKis 100% methyl ethyl ketone.
Benzene, barium, and methyl ethyl ketone are on the toxicity characteristiclist. However, the
quantity of paint/primerf#intvs. solventwas unknown so a TCLP was run on the drum. The
results of toxicity characteristic materials are presented below (reference 4):

Chemical Sample Result Regulatory level
Benzene 412 mg/L 0.5 mg/L
Barium none detected 100 mg/L
Methyl ethyl ketone 10,756 mg/L 200 mg/L

Since the regulatory limits are exceeded, the waste is hazardous for benzene D018 and
methyl ethyl ketone D035 as defined in SCHWM R.61-79.261.24

Underlying Hazardous Constituents

The waste paint is hazardous for ignitability DO01, but because itis in the high TOC ignitable
sub-category, this by itself does not require a determination of the underlying hazardous
constituents.

The waste paint is hazardous for benzene toxicity D018 and methyl ethyl ketone toxicity D035,
which requires a determination of underlying hazardous constituents.

Using the SDS and information provided by Glidden, du Pont, and Dunn Edwards company,
the waste paint could reasonably be expected to include the underlying hazardous
constituents of acetone, barium, benzene, ethyl benzene, methyl ethyl ketone, naphthalene,
phthalic anhydride, toluene, and zinc. Samples for these chemicals provided the following
results (reference 4):

Chemical Sample Result Non-wastewater Standard
acetone none detected 160.0 mg/kg

barium none detected 7.6 mg/kg

ethyl benzene none detected 10.0 mg/kg
naphthalene 2.4 mg/kg 5.6 mg/kg
phthalic anhydride 152.0 mg/kg 28.0 mg/kg

toluene none detected 10.0 mg/kg

zinc 1.5 mg/kg 5.3 mg/kg

Representative samples of the above chemicals were analyzed in accordance with the
sampling plan (reference 5) and compared against the universal treatment standards table.
Using the non-wastewater standards, it was determined that the waste is restricted from land
disposal because of the presence of phthalic anhydride.
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PCBs: The paints/solvents are from after July 1982, therefore, no PCBs are presentin the paints
Characterization Summary:
The waste paint is hazardous because of the characteristic of ignitability (D0O01) benzene
toxicity (D018), and methyl ethyl ketone (D035/F005). The waste is also restricted from land
disposal because of the underlying hazardous constituents of phthalic anhydride.
Mixed Waste Inventory Report Number (as applicable)

NA

Completed by: (Print Name) Title Signature Date
Cognizant Technical Function: Title Signature Date
(Print Name)

Environmental Coordinator: Signature Date
(Print Name)

Example #2 provides insight into the importance of collecting historical information on waste.
Once the waste was mixed into a homogeneous form, sampling was used to indicate that
lacquer thinner was not present in the waste. Exclusion of the FO03 listing associated with
lacquer thinner that was used as a solvent in the cleanup process is therefore logical given
that it was not believed to be present. However, if lacquer thinner was suspected as being
present, the waste should be listed as FO03 even if it was not detected via sampling. Refer to
the section on listings for more information. The facility should implement actions to more fully

document the contents of future waste paint/primer/tint/solventdrums to prevent a
reoccurrence of this problem
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TRU and Fissile Isotopes Table

Page 1 of 1
TRU and Fissile Isotopes
Nuclide | Fissile| TRU
U-233 Yes No
U-235 Yes No
Np-237 No Yes
Pu-238 No Yes
Pu-239 Yes Yes
Pu-240 No Yes
Pu-241 Yes No
Pu-242 No Yes
Am-241 No Yes
Am-242m  Yes Yes
Pu-244 No Yes
Am-243 No Yes
Cm-243 Yes Yes
Cm-245 Yes Yes
Cm-246 No Yes
Cm-247 Yes Yes
Cm-248 No Yes
Cm-250 No Yes
Bk-247 No Yes
Cf-249 Yes Yes
Cf-251 Yes Yes
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NOTE

1. Tables in the waste tracking applications (e.g., WITS or CWTS) are currently set
up with these parameters. Additions to the tables in the waste tracking
applications may be made via WSCFs without updating this Table. This Table will
be updated periodically.

2. Includes 12- and 14-gauge B-25s
3. This is same as contact (sensing element assumed to be 5 cm fromend).
4. Set up for F/H Area Laboratory cell waste

TABLE 1 - Standard Distances and Locations for DTC Dose Rate Measurements "

Dose Rate Measurement Position

Container Type g:lsrtfaar::c;,efftrom Location Type of Waste
AllB-25’s '/ 5 Midpoint, four sides Job Control Waste
B-12 5 Midpoint, four sides Job Control Waste
B-12 5 Midpoint, four sides Soil/Rubble
21-inch Cardboard Box 3 Midpoint, four sides Job Control Waste
21-inch Cardboard Box 0.164 (5 cm)® All sides/Top/Bottom Job Control Waste
55-gallondrum 3 Fourquadrants Job Control Waste
55-gallondrum liner 0.164 (5cm)"” Side Job Control Waste
2-Gallon Plastic Pail” 0.164 (5cm)® | Top Job Control Waste
Skip Pan, 6 yd 5 Two long sides Soil/Rubble

NOTE

If taking a dose rate measurement at a distance other than that specified in Table 1, the
correction factorsin Table 2 must be used for entry into waste tracking applications.

Example: Measured a B-25 at 5 ft and no measured dose rate was detected above
background. Measured the B-25at 5 cm (0.164 ft) and obtained a dose rate of 50
purem/hr. Background was 20 yrem/hr. The dose rate for waste tracking application entry
is: 0.11 x (50-20) = 3.3 yrem/hr

TABLE 2 - Dose Rate Correction Factors

Distance from Container Surface
Container Type 0.164 ft 1.0 ft 2.0ft 3.0ft 4.0 ft 5.0 ft
21-inch Box 0.059 0.20 0.49 1.0
B-12 0.086 0.18 0.31 0.49 0.71 1.0
B-25 0.1 0.20 0.34 0.52 0.73 1.0
55-Gal Drum 0.087 0.25 0.56 1.0
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NOTE

The LLW Radionuclide Packaging Reporting Thresholds are not to be used for
PA, TRU, or fissile nuclides.

The Isotopes reported in the two following tables are in alphabetic order. Tables
can be read by starting with the top left column in each table progressing to the
bottom of the column in that table, then repeating the process for each
successive column in that table.

(*) Isotope does not exist in waste tracking applications (e.g., WITS or CWTS) (If
reporting required, isotope and its Trigger Limit must be entered into waste
tracking applications.)

Package Reduction Factors are setat 1% (0.01) forrare PA Trigger isotopes and
non- PA (TSR only) isotopes, and set at 0.01% (0.0001) for more common SRS
PA and TSR isotopes.
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Radionuclide Package Reporting Thresholds
Page 2 of 3

Reporting Reporting Reporting Reporting
ISOTOPE| Threshold, | ISOTOPE | Threshold, | ISOTOPE Threshold, ISOTOPE Threshold,
Ci/Pkg Ci/lPkg Ci/Pkg Ci/Pkg
AC225 5.30E-01 |BK249 2.10E-01 |CS135 3.20E-05 [1124~ 1.60E-05
AC227 7.80E-04 |BR74* 1.70E-02 [CS136 T.00E+01 _ |I125~ 2.60E-06
AC228 1.00E+01 |BR74M* 1.40E-02 |CS137 3.30E-01 1126~ 2.40E-06
AG108 1.00E+01 |BR75* 1.10E-02 |[ES253 9.90E-03  [1128* 6.00E-01
AG108M | 1.00E-03 |BR76* 1.60E-03 |EU150 1.00E+01  [1129 9.20E-09
AG109M | 1.00E+01 |BR77* 2.10E-03 |EU150B 1.00E+01  [1130* 1.90E-03
AG110 1.00E+01 |BR80* 8.00E-01 |EU152 1.30E-00 |31 4.70E-06
AG110M | 1.00E+01 |BR8OM* 8.30E-02 |EU154 1.00E+01  [1132* 1.10E-02
AG112 T.00E+01 |BR82" 5.80E-04 |EU155 T.00E+01__ [[132MF 2.10E-02
AL26 8.00E-09 |BR83* 5.50E-01 |F18* 3.20E-02 [1133 6.00E-04
AM237 1.00E+01 |BR84* 3.70E-02 |FE55 1.00E+01 1134~ 2.00E-02
AM241 450E-03 [C11* 8.00E-02 |FE59 T.00E+01  [1135" 5.30E-03
AM242 1.00E+01 |C14 2.50E-05 |FE60 1.10E-06  |IN113M 1.00E+01
AM242M | 1.00E-02 |CA41 3.70E-06 |FR221 9.90E-03 |IN114 1.00E+01
ANA3 9.10E-04 |CA45 T.00E+01 |GD148 9.90E-03  |INT14M T.00E+01
AR37* T.00E+01 |CD109 1.00E+01 |GD152 1.70E06 |INT15 2.30E-06
AR39 1.00E+01 |CD113 6.10E-07 |GE66* 1.10E-02 |IR192 1.00E+01
AR41* 8.90E-02 |CD113M 3.10E-00 |GE67* 6.00E-02 |IR192M 3.60E-02
AS69~ 7.40E-02 |CD115M T.00E+01 |GE6S T.00E-05 |K40 1.40E-05
AS70* 1.30E-02 |CE134 1.00E+01 |GE69* 1.80E-03 |KR74* 4.20E-02
ASTT 1.20E-03 |CET39 T.00E+01 |GE7T” T20E-02 |KR76" 2.00E-03
AST2* 1T.10E-03 |CE141 T.00E+01 |GE75" 4.90E-01 |KR77" 4.90E-02
AST73* 4.30E-04 |CE144 1.00E+01 |GE77* 4.70E-03 |KR79* 4.30E-01
AST4* 9.50E-05 |CF249 520E-04 |GE78" 3.10E-02 |KR8T* 1.00E+01
AST76* 2.10E-03 |CF250 9.80E-03 |H3 2.00E-04 |KR83M* 1.00E+01
ASTT™ 6.30E-03 |CF251 2.50E-03 |HF172 1.00E+01  |KR85 T.00E+01
AST78* 2.80E-02 |CF252 5.70E-02 |HF175 1.00E+01 |KR85M* 6.60E-01
AT207* 8.30E-03 |CL36 4.70E-06 |HF178M 1.00E+01 |KR87* 1.30E-01
AT211% 5.50E-04 |CL38" 4.00E-02 |HF181 T.00E+01 |KR88* 2.50E-02
AT216* 1.00E+01 |CL39* 3.50E-02 |HF182 6.50E-06 |LA137 2.50E-03
AT217 9.00E-03 |CM241 4.60E-02 |HG193" 4.30E-02 |LA138 1.50E-04
AT218* 6.00E-00 |CM242 3.00E-01 |[HG193M* 4.90E-03 |LA140 1.00E+01
BA133 T.00E+01 |CM243 9.80E-03 |HG194 2.40E-07 |LA141 T.00E+01
BA137M | 1.00E+01 |[CM244 9.80E-03 |HG195* 2.20E-02 |LU174 1.00E+01
BA140 T.00E+01 |CM245 4.80E-04 |HG195M~ T.90E-03 |LU176 7.90E-06
BE10 2.60E-05 |CM246 6.30E-05 |HG197* 3.60E-03 |MN53 3.00E-04
BE7 1.00E+01 |CM247 7.80E-04 |[HG197M* 4.40E-03 |MN54 1.00E+01
BI207 Z4.90E-02 |CM248 2.20E-04 |HG199M* 2.40E-01  |MO93 1.90E-05
BI210 1.00E+01 |CM250 9.10E-04 |HG203 7.40E-05 |MO99 1.00E+01
BI210M 1.20E-06 |CO57 1.00E+01 |HO166M 6.60E-04 |N13* 1.40E-01
BI211 9.00E-03 |CO58 T.00E+01 [1120" 1T.30E-02  |NA22 1.10E-00
BI212 1.00E+01 |CO60 1.00E+01 [I1120M* 9.50E-03 |[NB93M 1.00E+01
BI213 T.00E+01 |CR51 T.00E+01 |1121* 2.60E-02 |NB94 9.00E-06
BI214 1.00E+01 |CS134 1.00E+01 [1122* 4.00E-01 |NB95 1.00E+01
BK247 9.80E-05 |CS134M 1.00E+01 [1123 1.70E-02 |NB95M 1.00E+01
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ATTACHMENT 8.7
Radionuclide Package Reporting Thresholds
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Reporting Reporting Reporting Reporting

ISOTOPE| Threshold, | ISOTOPE | Threshold, ISOTOPE Threshold, ISOTOPE Threshold,
Ci/lPkg Ci/lPkg Ci/lPkg Ci/lPkg

ND147 1.00E+01 [PU244 1.50E-03  [SE73M* 8.30E-02 TH234 1.00E+01
NI57 1.00E+01 [RA224 1.80E-00 |SE75 4.30E-02 T144 5.50E-09
NI59 4.10E-04 |RA225 6.80E-01 SE77M* 1.00E+01 TL204 1.00E+01
NI63 1.00E+01 [RA226 1.30E-06 [SE79 7.50E-02 TL208 1.00E+01
NP236 1.00E+01 [RA228 1.00E+01 |[SE81* 2.30E-00 TL209 1.00E+01
NP236A 4.20E-09 [RB86 1.00E+01 [SE81M* 5.10E-01 [TM170 1.00E+01
NP237 2.20E-06 [RB87 8.00E-06  [SE83* 3.40E-02 TM171 1.00E+01
NP239 1.00E+01 [RE186M 1.00E-06 [SI32 3.00E-05 U230 9.90E-03
O15* 1.00E-00 |RE187 4.40E-04 [SM146 1.30E-06 U231 1.00E+01
0S194 1.00E+01 [RH101 1.00E+01 [SM147 1.50E-06 U232 6.70E-03
P30* 7.00E-01 |RH102 1.00E+01 [SM151 1.00E+01 U233 2.60E-02
P32* 1.80E-05 [RH102M 1.00E+01 [SN110* 1.00E-02 U233D 2.60E-02
P33* 1.40E-04 [RH103M 1.00E+01 [SN111* 7.80E-02 U234 7.60E-04
PA230 1.00E+01 [RH106 1.00E+01 [SN113 2.50E-01 U235 2.30E-05
PA231 9.70E-08 |RN220 9.80E-03 [SN117M* 2.20E-04 U235D 2.30E-05
PA233 1.00E+01 [RN222 1.00E+01 |SN119M 5.70E-01 U236 9.80E-03
PA234 1.00E+01 [RU103 1.00E+01 [SN121 3.10E-00 U237 1.00E+01
PA234M 1.00E+01 [RU106 1.20E-00 [SN121M 8.90E-02 U238 3.10E-02
PB202 5.80E-06 [RU97 1.00E+01 [SN123 4.70E-00 V49 7.40E-05
PB205 1.50E-04 [S35 1.10E-00 |SN123M* 3.30E-01 W181 1.00E+01
PB209 1.00E+01 [SB115* 7.00E-01 SN125* 6.30E-05 W185 1.00E+01
PB210 2.20E-01 [SB116* 1.80E-05 [SN126 2.00E-04 \W187 1.00E+01
PB212 1.00E+01 [SB116M* 1.40E-04 |SN127 7.80E-03 \W188 1.00E+01
PB214 1.00E+01 [SB117* 7.00E-01 SN128* 2.10E-02 XE120* 3.90E-02
PD107 4.90E-02 |SB118M* 1.80E-05 |SR85 1.00E+01 IXE121* 3.80E-02
PM144 1.00E+01 [SB119* 1.40E-04 [SR85M 1.00E+01 XE122* 4.30E-03
PM145 1.00E+01 [SB120A* 7.00E-01 SR89 1.00E+01 XE123* 7.40E-02
PM146 1.00E+01 [SB120B* 1.80E-05 [SR90 7.10E-03 XE125* 2.30E-04
PM147 1.00E+01 [SB122* 1.40E-04 [SR91 1.00E+01 XE127* 4.00E-01
PO210 6.20E-02 [SB124 3.00E-02 [TA180 3.50E-05 XE129M* 4.60E-00
PO212 9.80E-03 [SB124M* 1.30E-00 [TA182 1.00E+01 XE131M 1.00E+01
PO213 9.90E-03 [SB124N* 8.30E-02 [TB157 1.00E+01 XE133 3.10E-00
PO214 9.90E-03 [SB125 9.20E-03 [TB158 1.00E+01 XE133M* 3.60E-00
PO216 9.80E-03 [SB126 6.30E-05 [TC93M 1.00E+01 XE135* 4.40E-01
PO218 9.90E-03 [SB126M 5.10E-02 [TC97 1.40E-06 XE135M* 3.60E-01
PR144 1.00E+01 [SB127* 3.60E-04 [TC98 5.70E-08 XE138* 6.00E-02
PR144M 1.00E+01 [SB128A* 6.60E-02 |TC99 1.30E-05 Y90 1.00E+01
PT193 1.00E+01 [SB128B* 2.50E-03 [TE123 4.10E-05 Y91 1.00E+01
PU236 9.90E-03 [SB129* 8.90E-03 |TE123M 1.00E+01 IY91M 1.00E+01
PU237 2.60E-02 [|SB130* 1.90E-02 [TE125M 1.00E+01 ZN65 1.00E+01
PU238 1.10E-02 [SB131* 2.30E-03 [TH228 1.60E-02 ZR93 1.60E-05
PU239 1.00E-02 [SC46 1.00E+01 [TH229 2.40E-03 ZR95 1.00E+01
PU240 9.80E-03 |SC48 1.00E+01 |[TH230 3.60E-06
PU241 1.30E-01 [SE70* 1.90E-02  [TH231 1.00E+01
PU242 9.80E-03 |SE73 8.30E-03  [TH232 1.80E-04
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§61.53 Environmental monitoring.

{a} At the time a lcense application
iz submitted. the applicant shall hawve
conducted a preoperational monitoring
program  to  provide basic envirom-
mental data on the dizposal site char-
acteristics. The applicant shall obtain
information about the ecolosy, meteor-
ology, climate, hydrology, geclogy,
gecchemistry, and seizmology of the
disposal site. For those characteristics
that are subject to seasonal variation,
data must cower at lesst a twelve
month peried.

(b} Tha Heenses must have plans for
taking corrective measures if migra-
tion of radionuclides wounld indicate
that the performance objectives of sub-
part O may not be met.

() During the land disposal facility
site construetion and operation, the 14-
censee shall maintain a monitoring
program. Messarements and obsarva-
tiones must be made and recorded to
provide data to evaloate the potential
health and environmental impacts dur-
ing both the construction and the oper-
ation of the facility and to enable the
avaluation of long-term effects and the
naed for mitigative measores. The
monitoring syatem must be capable of
providing early warninge of releases of
radionuclides from the disposal site be-
fore they leave the site boundary.

{d} After the disposal site is closed,
the licenszes responsible for post-oper-
ational surveillance of the disposal =ite
ghall maintain & monitoring system
based on the operating history and the
closure and stabilization of the dis-
posal site. The monitoring system
must be capable of providing early
warning of releases of radionuclides
from the disposal site before they leave
the =site boundary.

§61.54 Alternative requirements for
design and operations.

The Commission may. upon request
or on its own initiative, authorize pro-
visions other than those set forth in
§E61.51 through 61.53 for the segregation
and disposal of waste and for the design
and operation of a land disposal facil-
ity on a specific basis, if it finds rea-
sonable assurance of compliance with
the performance objectives of subpart
C of thi= part.

10 CFR Ch. | (1-1-02 Edition)

§61.55 Waste classification.

{a) Classification of waste for near
surface disposal. (1) Conziderations. De-
termination of the classification of ra-
dioactive waste involves two consider-
ations. First, consideration must be
iven to the concentration of long-
lived radiomoclides (and their shorter-
lived precursors) whose potential haz-
ard will persist long after soch pre-
cautions as institutional conmtrols, im-
proved waste form, and desper disposal
have ceased to be effective. These pre-
cauftions delay the time when long-
lived radionuclides could canse expo-
sures. In addition, the magnitude of
the potential dose is lmited by the
concantration and awvailability of the
radionuclide at the time of exposure.
Second, consideration must be given to
the concentration of shorter-lived
radionuclides for which requirements
on institutional controls, waste form,
and disposal mathods are effactive.

(2) Classes of waste, (1) Class A waste
is waste that iz usuoally segresgated
from other waste classes at the dis-
posal site. The physical form and char-
acteristics of Class A waste muost meet
the minimum requirements set forth in
§61.56(a). If Class A waste also mests
the stability regquirements set forth in
§61.56(b), 1t i3 not necessary to seg-
regate the waste for disposal.

(i) Class B waste i=s waste that must
mest more rigorous requirements on
waste form to emsure stability after
disposal The physical form and charac-
teristice of Class B waste must meet
both the minimom and stability re-
quirements set forth in §61.56.

(111} Clazs C waste iz waste that not
only must meet more rizorous regquire-
ments on waste form to ensure sta-
bility but also reqoires additional
measures at the disposal facility to
protect arainst inadvertent intrusion.
The physical form and characteristics
of Class C waste must meet both the
minimom and stability requirements
=&t forth in §61.56.

(iv) Waste that iz not zenerally ac-
captable for near-sorface disposal is
waste for which form and disposal
methods must be different, and in gen-
eral more stringent, than thoze speci-
fied for Class C waste. In the absence of
specific requirements in this part, such
waste must be disposed of in a geclogic
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repoaitory as defined in part 60 or 63 of
this chapter unless proposals for dis-
posal of such waste in a disposal =ite li-
censed porsuant to this part are ap-
proved by the Commission.

(3) Classification determined by long-
lived radiomoclides. If radicactive
waste contains only radionuclides list-
ed in Table 1, classification shall be de-
termined as follows:

(1) If the concentration does not ex-
ceesd 0.1 times the value in Table 1, the
waste 15 Olass A,

(ii) If the concentration excesds 0.1
times the value in Tabla 1 but does not
exceed the valoe in Table 1, the waste
i= Class C.

(ii1) If the concentration axceads the
valuoe in Table 1. the waste i= not gen-
erally acceptable for near-surface dis-
posal.

(iv) For wastes containing mixtures
of radionuclides Hsted in Table 1, the
total concentration shall be deter-
minad by the sum of fractions rula de-
seribed in paragraph (a)T) of this sec-
tiom.

TAELE 1
Concenta-
b cures
Radonucide per cubic
melr
[ 1 B
C—14 In acthaisd mefal =
NF=2 In actvaied metal 1
NE—54 In activied meetal .. . o2
Te—92 3
Hz oios
Alpha emitting ransuranic nucldes with haf-
HegeabrSanSyears .. . .. 900
Pu—241 3500
Cm—242 120,000

TUnks ArE nANGCUNES pET Qram.

(4) Classification determined by
short-lived radionuclides., If radio-
active waste does not contain any of
the radionuclides listed in Table 1,
classification shall be determined
based on the concentrations shown in
Table 2. Howaver, as specified in para-
graph (a}E) of thiz section, if radio-
active waste does not contain any
nuclides listed in either Table 1 or 2, it
iz Class A,

(1) If the concentration does not ex-
ceed the value in Column 1, the waste
iz Class A,

(ii) If the concentration excesds the
valoe in Column 1, but does not exceed

54155

the valoe in Column 2, the waste is
Claz= B.

(111} If the concentration exceeds the
walue in Column Z, bot does not excesd
the valoe in Column 3, the waste is
Clazs C.

(iw) If the concentration exceeds the
walue in Column 3, the waste is not
generally acceptable for near-sorface
disposal.

(%) For wastes containing mixtures of
the nuclides listed in Table 2, the total
concentration shall be determined by
the sum of fractions rule describad in
paragraph (a7 of this section.

TABLE 2

Radionucide

Col. | Col
Cal 1 3 3

Total of al nucldes wifi ess Fan S

yearbaitite o0 M m
H-3 40 M om
Co—£0 o0 o m
M3 35 70| rmo
H—£3 In acthabed mesal ... ES 700 | 7000
Sr=30 o4 | 10| 7000
T T = 1 44 | 4500

1 There are no Imils estabilshed for these rdionudides In
Class B or C wasies. Pracical considerations such as the ef-
fiecis of exiemal mdiation and Riemal head gererabon on

wesie io be Clxss C mdependent of ese nucides.

(5) Clazsification determined by both
long- and short-lived radionoclides, IT
radicactive waste contains & mixture
of radionuoclides, some of which are
listed in Table 1, and some of which are
listed in Table 2, classification shall be
determined as followa:

(i) If the concentration of a nuclide
listed in Table 1 does not exceed 0.1
times the value listed in Table 1, the
class =hall be that determined by the
concantration of mnoclides listed in
Table 2.

(i1} If the concentration of & noclide
listed in Table 1 excesds 0.1 times the
wvalue listed in Table 1 ut does not ax-
cead the waloe in Table 1, the waste
shall be Class C, provided the con-
cantration of nuclides listed in Table 2
does not excesd the value shown in Col-
umn 3 of Table 2.

() Classification of wastes with
radionuclides other than those listed in
Tables 1 and 2. I radicactive waste
does not contain any noclides listed in
egither Table 1 or 2, it is Class A_
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(T} The sum of the fractions rule for
mixtures of radionuclides. For deter-
mining classification for waste that
contains a mixture of radionuclides, it
is necessary to determine the sum of
fractions by dividing each nuclide’s
concentration by the appropriate limit
and adding the resolting valoes. The
appropriate limits muost all be taken
from the same column of the =same
table. The sum of the fractions for the
column must be less than 1.0 if the
waste class 15 to be determinad by that
colummn. Example: A waste contains Sr-
80 in a concentration of 50 Ci'm? and
Cz-137 in & concentration of 22 Ci'm3.
Bince the concentrations both exceed
the values in Colommn 1. Table 2. they
must be compared to Column 2 valnes.
For Sr-80 fraction 5V150=0.33; for C=-13T
fraction, 2244=05; the sum of the
fractions=0483. Since the sum iz less
than 1.0, the waste is Class B.

(B) Determination of concenfrations in
wagtes. The concentration of a radio-
nuclide may be determined by indirect
methods such as use of scaling factors
which relate the inferred concentration
of one radionuclide to another that is
measured, or radionuclide material ac-
countability, if there is reasonable as-
surance that the indirect methods can
be correlated with actual measure-
ments. The concentration of a radio-
nuclide may be averaged over the wol-
ome of the waste, or weight of the
waste if the units are expressad as
nanocuries per gram.

[47T FR 57463, Ikac. 7, 1982, as amended at
FH IZ583, May 25, 1888; GG FE 55782, Nav. I,
2001 ]

§61.56 Waste characteristics,

{a} The following requirements are
minimom requirements for all classas
of waste and are intended to facilitate
handling at the disposal site and pro-
vide protection of health and safety of
personnel at the disposal =ite.

(1} Waste must not be packaged for
disposal in cardboard or fiberboard
boxes.

(2} Liquid waste must be solidified or
packaged in sufficient absorbent mate-
rial to absorb twice the volume of the
liguid.

(3 Bolid waste containing liguid
shall contain as little free standing and
noncorrosive liguid as 5 reasonably

10 CFR Ch. I (1-1-02 Edition)

achievable, but in no case shall the lig-
uid excesd 1% of the volume.

(4) Waste must not be readily capable
of detonation or of explosive decompo-
sition or reaction at normal pressures
and temperatores, or of explosive reac-
tion with water.

(5) Waste must not contain, or be ca-
pable of Fenerating, quantities of toxic
gases, vapors, or fumes harmfuol to per-
sons transporting, handling, or dis-
posing of the waste. This does mnot
apply to radicactive paseouns waste
packased in accordance with paragraph
(aMT) of thiz section.

(6) Waste must not be pyrophoric.
Pyrophoric materials contained in
waste shall be treated, prepared, and
packazed to be nonflammakhle.

(T) Waste in & gaseous form muost be
packared at a pressure that does nmot
excead 1.5 atmospheres at 20°C. Total
activity must not exceed 100 curies per
container.

() Waste containing hazardouns, bio-
logical, pathogenic, or infections mate-
rial must be treated to reduce to the
marimom extent practicable the po-
tential hazard from the non-radio-
logical materials.

(b} The requirements in this section
are intended to provide stability of the
waste, Stability is intended to ensure
that the waste does not structurally
degrade and affect overall stability of
the =ite throogh slumping, collapse, or
other failure of the disposal unit and
thereby lead to water infiltration. Sta-
bility i= also a factor in limiting expo-
sure to an inadwvertent intruder. since
it provides a recognizable and non-
dizpersible waste.

{1} Waste must have stroctural sta-
bility. A stroctorally stable waste form
will generally maintain its physical di-
mensions and its form, onder the ex-
pected disposal conditioms soch as
weight of overburden and compaction
equipment, the presence of modsture.
and microbial activity, and intermal
factors soch as radiation effects and
chamical changes. Structural stability
can be provided by the waste form
itself, processing the waste to a stable
form, or placing the waste in a dizpo=al
container or structure that provides
stability after disposal.

(2) Motwithstanding the provisions in
§61.56(a) (2) and (3, ligquid wastes, or
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Appendix F. Compliance Crosswalk to WCS FWF WAC

WCS FWF Generator Handbook Requirement

Requirement
(Handbook Section)
License Volume and Curie

Limit (5.2.1)

Description
Federal LLW volumes shall not exceed a total of
26,000,000 ft3 of waste with a total
decay corrected quantity of radioactivity not to exceed

SRS Contaminated Process Equipment Compliance Statement

Meets WCS FWF Requirement?

Yes

No

Supporting Statement
Disposal of the SRS contaminated process
equipment is within the license volume and
curie limits.

5,600,000 Ci and, of the total volume, 8,100,000 ft can be v
containerized waste with a total quantity of radioactivity of
containerized waste not to exceed 5,500,000 Ci.
Chelating Agents (5.2.2) Limited to 8 percent by weight for each waste stream (e.g., v No chelating agents in stabilized SRS
profile). contaminated process equipment.
Free Liquids (5.2.3) Must not exceed 1 percent of the volume in containerized SRS contaminated process equipment does not
waste. v contain free liquids.
Void Space/Head Space Must be reduced to the extent practicable; LLW can have Stabilized LLW container packages will have
(5.2.4) no more than 15 percent void space/headspace. MLLW v less than 15 percent void space. MLLW will
can have no more than 10% void space. have no more than 10% void space.
Void Filling/Solidification Void filling/solidification agents are required to be non- Non-biodegradable grout and stabilizing foam
Agent (5.2.5) biodegradable. Two examples are vermiculite and v would be used to fill void space.
concrete.
Waste Packaging (5.2.6) Each package or container shall only contain one approved Waste container will only include SRS
profiled waste stream; Packages should weigh 10,000 Ibs. contaminated process equipment as an
or less unless special arrangements have been made; approved profiled waste stream. SRS
Drums exceeding 1,000 Ibs. must be palletized and banded contaminated process equipment is considered a
unless alternate arrangements are made with WCS; All large component as defined under TCEQ RML,
containers transported on public roads to WCS are required v Attachment C, Section 2.0, because the

to meet the applicable requirements of the Texas
Department of State Health Services (DSHS) and USDOT
regulations (49 CFR) Cardboard, fiberboard, and wood
boxes are prohibited; Except for bulk waste in reusable
containers and large components, waste packages must fit
into a Modular Concrete Canister (MCC). WCS has two

containers are too large to fit into a modular
concrete canister in the WCS FWF disposal cell
and, therefore, require disposal under a Large
Component Disposal Plan pursuant to TCEQ
RML, Attachment C, Section 10.3.and will be
disposed of in accordance with Large




WCS FWF Generator Handbook Requirement

Requirement

Meets WCS FWF Requirement?

SRS Contaminated Process Equipment Compliance Statement

(Handbook Section)

Description
standard types of MCCs: Cylindrical: 6’ 8” D x 9’ 2” H
(internal dimension); Rectangular: 9° 6" Lx 7’ 8 W x 9’
2” H.

Supporting Statement
Component Disposal Plan submitted to TCEQ
for evaluation and approval prior to receipt of
waste shipments.

Waste Class (5.2.7)

The FWF is authorized to receive containerized Class A,
Class B, and Class C (as defined in 30 TAC 8336.362)
LLRW and LLMW, and bulk Class A LLRW and LLMW
in reusable packages with a dose rate of <100 mrem/hr. at
30 cm.

SRS contaminated process equipment disposal
containers do not exceed Class C limits. Dose
rates for large packages may be >100 mrem/hr.

Waste Stability
Requirements (5.2.9)

The MCC disposal structure provided by WCS will
provide the stability required for radioactive waste in
accordance with 10 CFR 10 CFR 8§61, therefore, the waste
or the waste form as shipped to WCS is not required to
meet stability requirements; All Class B, C, and HCD
Class A waste will be placed in an MCC.

SRS contaminated process equipment will be
disposed of in accordance with a Large
Component Disposal Plan, prepared by WCS
for evaluation and approval by TCEQ. The
waste containers will be placed on the floor of
the WCS FWF on a reinforced concrete pad,
resting on top of the existing concrete barrier, at
the WCS FWF disposal cell at a depth up to
120 ft. (37 m). A 2-ft. thick minimum
reinforced concrete barrier will be placed on the
sides and top of the containers.

Prohibited Waste Types
(5.2.11)

Waste streams not specifically authorized by the license or

with physical, chemical, and radiological characteristics

not evaluated in the license application

o Waste of international origin [THSC §401.207(0)]

o Greater than Class C waste

o Naturally occurring radioactive material (NORM) waste
including oil & gas NORM

e Byproduct material waste [11.e(2)]

o High-level radioactive waste

e Uranium hexafluoride

e Waste capable of generating toxic gases, vapors, or
fumes (excluding radioactive gases)

Waste does not contain any prohibited waste
types. SRS contaminated process equipment
meeting the HLW interpretation for
management as non-HLW would be declared
non-HLW by DOE prior to shipment to WCS
FWF.




WCS FWF Generator Handbook Requirement SRS Contaminated Process Equipment Compliance Statement

Meets WCS FWF Requirement?
Requirement

(Handbook Section) Description Yes No Supporting Statement

e Waste readily capable of detonation or of explosive
decomposition or reaction at normal pressures and
temperatures or of explosive reaction with water

e Waste containing transuranic nuclides in concentrations
greater than 100 nCi/g

e Municipal solid waste

e Liquid waste that is not stabilized or not solidified

e Explosive materials

o Pyrophoric material that has not been properly
stabilized Putrescible waste

e LLMW containing RCRA codes F020, F021, F022,
F023, F026, and FO27 (Dioxins and Furans)

e Waste that is NOT considered Federal Waste.
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	2. The generator will, where possible, prevent commingling of waste streams or waste types requiring different treatment technologies.
	3. The generator will place sufficient consideration on the chemical aspects of the waste to be generated during characterizing, segregating, packaging, storing, and disposing of waste to prevent unexpected chemical reactions from occurring. There hav...
	In order to efficiently analyze and characterize a waste stream, all requisite criteria and TSD required data should be evaluated when establishing a waste stream sampling and characterization strategy. SWM can provide technical assistance to the gene...
	4. Resource Conservation Recovery Act (RCRA) and Hazardous and Toxic Substances Control Act (TSCA) regulated waste must be evaluated against radiological screening criteria as explained in Attachment 8.1, RMMA and Radiological Screening Criteria, incl...
	A. Resided in a Radiological Material Management Area (RMMA), or
	B. Was generated within a RMMA, or
	C. Was generated from an unknown location, or
	D. Has a potential of containing Department of Energy (DOE) added radioactivity.

	5. RCRA and TSCA waste stream radiological screenings may also be requested by SWM Engineering to support periodic assessment programs.
	6. This procedure presents the framework within which generators will characterize their waste for disposition under Manual 1S, SRS Radioactive Waste Requirements.

	5.2 Waste Characterization Requirements
	5.2.1 Waste Characterization Requirements - General
	1. Waste generated as a result of Comprehensive Environmental Response Compensation and Liability Act (CERCLA) cleanup actions can only be received by facilities specifically authorized by the United States Environmental Protection Agency (EPA) to rec...
	2. Waste requiring treatment, storage and/or disposal at an off-site TSD facility must comply with the off-site TSD facility acceptance criteria. This may require additional sampling and/or documentation above that outlined in this manual. Contact Sol...
	3. All radiological (i.e., LLW, TRU, MW and radiologically contaminated Polychlorinated Biphenyl [PCB]) characterization will be documented in an approved Engineering Calculation per Manual E7, Procedure 2.31, Engineering Calculations.
	4. Generators of MW and radiologically contaminated PCB will follow the LLW radiological characterization criteria for the radiological portion of these waste types.
	5. LLW stream characterization will be reported on OSR 29-82, Low-Level Waste Stream Characterization, or an SWM-approved equivalent.
	6. TRU waste characterization will be reported on OSR 29-90, Transuranic Waste Container Characterization, or an SWM-approved equivalent.
	7. HW, MW, and PCB characterization will be reported on OSR 29-47, Waste Characterization Form (WCF), and OSR 29-92, Characterization Process Report.

	5.2.2 Alternative Evaluation Characterization
	1. The requirements defined in this procedure represent best current practices. Alternative evaluations to characterize an individual waste stream or group of waste streams may be acceptable. These alternative methods will generally be described as en...
	2. The requirements for these evaluations are that the evaluation is:
	3. The basis for a generator employing such alternatives will be submitted to SWM for review and approval with the waste stream characterization form.

	5.2.3 Hazardous/Toxic Characterization Basis
	1. A hazardous or toxic waste stream falls into one of these categories:
	2. The basis for the hazardous, toxic, non-hazardous and/or nontoxic determination requires documentation that is complete, defensible, and traceable to the waste stream or waste package. This documentation shall be referenceable and retrievable from ...
	3. The rationale for the conclusions on characterization of a waste regarding the listing and characteristic criteria shall be documented. The regulatory agencies look for documentation that clearly demonstrates that the information relied upon in con...
	4. The summary determination of a waste's hazardous or toxic content will be documented on OSR 29-92 for waste streams determined to be HW/MW/PCBW (except radioactive PCBW that is acceptable for disposal in E-Area). The HW determination in conjunction...
	5. The CPR provides a template for the methodical review of a waste stream against the waste type criteria (e.g., HW, MW). Examples of waste generation scenarios and completed CPRs are provided in Attachment 8.4, Characterization Process Report Examples.
	6. The waste stream characterization is finalized by completing OSR 29-47 and OSR 29-99, Hazardous/Mixed/PCB Waste Manifest. These forms are required for waste streams determined to be HW/MW/PCBW (except radiological PCBW that is acceptable for dispos...
	7. For Direct Shipments of non-radiological HW, the waste characterization process will be documented on OSR 29-92. Any data typically required for completion of OSR 29-47 and OSR 29-99 and deemed necessary by SWE will be included on or with the CPR. ...
	8. For HW that has been lab packed, the waste characterization process will be documented on OSR 29-105, Lab Pack Request, or equivalent. SWE/HMTR will determine necessary data based on offsite TSD and transportation requirements.  Manual 1S, Chapter ...
	9. Routine RCRA/TSCA waste streams may be accommodated on a case-by-case basis once approved by SWE. Contact SWE to discuss establishing guidelines for routine waste streams.
	10. For LLW and TRU waste, a non-hazardous determination will be provided with either the OSR 29-82 or the OSR 29-90, respectively. This determination shall be completed as outlined in Step 2 of this section.

	5.2.4 Radionuclide Waste Stream Characterization
	1. Waste stream radionuclide characterization is the process of:
	2. The radionuclides in a waste stream are specified in terms of a normalized radioactivity distribution, with the fractional abundance of each radionuclide given and the sum of all equal to one. The distribution gives the fractional abundance of each...
	3. The activity content algorithm determines the total activity in a waste package. The total activity times a radionuclide fractional abundance gives the reportable activity for the radionuclide.
	4. The general process of waste characterization is described in the Attachment 8.2, Waste Stream Characterization Flow Chart. The specific methodology used to define radionuclide distribution and content is described in Section 5.10, Radionuclide Pac...

	5.2.5 Homogeneous Waste Stream Characterization
	1. Homogeneous waste streams are those in which the radioactivity or chemical constituents are assumed to be uniformly distributed throughout their volume and mass. These can include:
	2. Where the relationship between the disposal container volume and the waste stream does not meet the requirements of Section 5.13.1, General, the actual waste volume must be quantified either through:

	5.2.6 Heterogeneous Waste Stream Characterization
	1. Heterogeneous waste streams are those in which the radioactivity or chemical constituents are known to not be uniformly distributed throughout their volume and mass. These can include:
	2. Where the relationship between the disposal container volume and the waste stream does not meet the requirements of Section 5.13.1 (e.g., large contaminated equipment where the equipment dimensional envelope exceeds three feet on any side), the act...

	5.2.7 Large Contaminated Equipment Waste Stream Characterization
	1. For these wastes (whether radiologically or chemically contaminated, or both) the waste volume is the estimated envelope volume (defined by external dimensions of the item) of the piece of equipment or machinery. (See Manual 1S, Chapter 4, Section ...
	2. For large equipment that is also activated, use this section rather than Activated Metals section.

	5.2.8 Activated Metals Waste Stream Characterization
	5.2.9 Immobilized Waste Stream Characterization
	1. When waste streams are immobilized with an inert material to enhance stability, the waste volume is the volume of the immobilized mass.
	2. The waste weight is the weight of the waste stream plus the weight of the immobilization media.

	5.2.10 Consolidated Waste Stream Characterization
	1. Waste stream consolidation can be employed if it can be shown the resultant consolidated waste stream of two or more independent waste streams uses conservative isotopic qualification and quantification methods for TSD sensitive radionuclide contam...
	2. Consult SWM Engineering when developing strategies to characterize a consolidation of waste streams.

	5.2.11 Analysis Frequency Characterization (Hazardous/Mixed Waste Streams)
	1. Hazardous and mixed waste streams generated at SRS must be evaluated at least annually to ensure that the characterization of the waste is accurate and up to date.
	2. Generators shall inform SWE of any changes to the waste stream characteristics and shall modify the waste characterization as necessary.


	5.3 Process Knowledge (PK)
	5.3.1 Process Knowledge (PK) - General
	1. PK may include a wide variety of information based on:
	2. Particular attention should be directed at possible chemical concentrating processes (e.g., evaporation, absorption, filtration, separation, settling). Examples of the types of information that have been used at SRS to characterize waste by PK are ...
	3. When PK is used for radionuclide waste, it will be prepared and approved in an engineering calculation in accordance with Manual E7, Procedure 2.31.

	5.3.2 Hazardous Waste (HW) Process Knowledge (PK)
	1. When PK is used for HW, documentation shall justify its use and applicability.
	2. A generator is allowed by the South Carolina Hazardous Waste Management Requirement (SCHWMR) R.61-79.262.11(c-d) to use "knowledge of the hazard characteristic of the waste in light of the materials or the processes used" to make the HW determinati...
	3. HW determinations, especially those that are determined by PK to be non-hazardous, are always subject to challenge. Presumably, sampling establishes what is physically present in the waste. PK on the other hand, can only be used to justify that haz...
	4. For Land Disposal Restrictions (LDR), EPA and South Carolina Department of Health and Environmental Compliance (SCDHEC) have stressed the need for accuracy in characterizing wastes. EPA/SW-846, Test Methods for Evaluation of Solid Waste: Physical/C...
	A. First, since a method is specified, a determination of pH using litmus paper is not a sufficient basis to conclude that the waste is not hazardous.
	B. Second, the requirement to utilize EPA/SW-846, Method 9040 does not preclude the generator from characterizing the waste using PK as allowed by SCHWMR R.61-79.262.11(c-d). In that case, the litmus paper test serves as supporting data. In other case...


	5.3.3 Process Knowledge (PK) Determinate Basis
	1. The success of the HW regulatory program depends, to a great extent, on generators making an accurate HW determination. When characterizing a waste using PK and when documenting the methodology used to conduct the characterization, SCHWMR R.61-79.2...
	A. Ensuring proper sufficiently accurate and detailed information about each waste stream and the process generating the waste is used when making waste determinations, and maintained in the facility’s records per Manual 1B, 3.31. Such documentation m...
	B. For waste determined to be a HW, the Waste Generator and SWM must keep records onsite of any test results, waste analyses, or other documentation for at least 3 years from the date that the waste was last sent to onsite or offsite treatment, storag...

	2. As a general rule radionuclide and hazardous characterizations should be supported by reliable analytical data (process control, similar wastes) if possible.
	A. Claims that certain materials are excluded from a waste stream or that the makeup of a waste stream is known should be supported by procedures, work instructions, training programs or other controls.
	B. PK calculations will be peer-reviewed and documented.
	1) Sources of data should be clearly referenced and readily retrievable.
	2) Assumptions should be documented and supportable.

	C. Wastes (e.g., circuit boards) should be evaluated for hazardous constituents that may be contained in materials of construction or alloys such as:



	5.4 Waste Sampling
	5.4.1 Waste Sampling - General
	1. The validity of sampling and analysis data is highly dependent upon a defensible sample and analysis plan. Defensible plans must encompass every aspect of the sampling process from collection of the sample to analysis and reporting of the analytica...
	2. The burden of responsibility for ensuring a technically sound sampling and analysis plan rests with the waste generator. Generators should seek expert advice in the development and implementation of such plans. Environmental Monitoring Operations c...
	3. In order to meet the LDR, EPA, and SCDHEC waste characterization requirements, the testing methods in EPA/SW-846 must be used for evaluating solid waste. This EPA Publication contains acceptable analytical test methods recognized by the EPA under s...
	4. All analytical testing to make a HW determination must be performed by a state certified laboratory that is currently certified for the analytical procedure requested. SRS waste generators shall use the SRS Sample Management Group contracted labora...

	5.4.2 Sample Collection
	1. The objective of the sample collection process is the collection of a representative sample. A "representative sample" is defined as a sample of the whole (e.g., waste pile, lagoon, ground water) which can be expected to exhibit the average propert...
	2. Sample methodology and protocol defined by the generator will be documented in facility sample plans as appropriate. Sample and analysis plans should be submitted to SWM Engineering along with waste characterization documentation. Sample methods an...
	A. Representative samples or the collection of samples that are unbiased and exhibit average properties of the population sampled are achieved by segregating the containerized wastes into sub-waste streams and collecting samples using consistent and a...
	B. Sampling accuracy is achieved through randomized sampling of the waste within a given sub-waste stream. Randomized sampling minimizes bias in the sample selection process by giving each container or matrix an equal probability of being sampled. Ran...
	C. Sampling precision is achieved by increasing the number of samples to be collected, increasing the actual volume of the samples, or dividing a population into appropriate strata prior to sampling. Additional samples may be collected when sample col...
	D. The number of samples required to be collected will be calculated in accordance with statistical methods based on homogeneity of the media to be sampled. The number of samples is identified in the waste stream specific sample and analysis plan.
	E. Ensure proper sample handling and transport protocols are followed per SRS site approved Sample Analysis Plans.


	5.4.3 Sample Analysis
	1. The objective of the sample analysis process is to ensure the sensitivity, precision, and bias of equipment and methods used provide for creditable results and are compliant with requirements for the waste acceptance criteria of the waste receiving...
	2. Laboratory selection is vital to provide validated data quality. Waste generators will ensure that laboratories chosen for analysis of samples are capable of producing accurate results for their intended use. The laboratory will have the ability to...
	3. Laboratories used to provide analytical results for radioactive and/or HW shall be:
	4. SRS waste generators shall use the SRS Sample Management Group contracted laboratories or request approval from SWM for use of alternate laboratories for any sample analyses required of off-site laboratories.
	5. Development of sample analysis protocol will ensure analytical laboratory method selection is made based on the results needed and to achieve the detection level of the MALLD listed in Attachment 8.3. Method detection limits for radiological analys...
	A. Laboratory control sample(s) or matrix spike(s) should be analyzed with each batch of samples to verify that the precision and bias of the analytical process are within control limits. The results of the laboratory control sample(s) or matrix spike...
	B. When appropriate for the method, a method blank should be analyzed with each batch of samples processed to assess background levels in the laboratory. Established standard guidelines are followed to assess acceptability of the data based on the lev...
	C. Duplicate samples are analyzed for comparability to ensure precision of the laboratory method(s) used.
	D. Established standard guidelines are followed to assess acceptability of the data and precision of the laboratory methods.

	6. Data Validation for the NNSS Waste Profile Development
	A. Validation criteria shall be developed using the DQO process and depend on the type(s) of data involved and the purpose for which the data are collected. The DQO process is covered in Section 5.5.2.
	B. Data shall be validated by technically qualified personnel who are independent of those performing the analyses.
	C. When sampling and analysis is used as a method of characterization, data validation shall be conducted on a portion of the data prior to use for characterization.


	5.4.4 Sample Data Screening
	1. The generator will screen the results from representative sample analysis. Reported sample data can be excluded from a waste stream's radionuclide content and distribution when any of the following reasons can be documented (justification to be pro...
	2. SWM will review the data screening justification and approve if the impacts to TSD inventory are negligible.

	5.4.5 RCRA/TSCA Soils Sampling Radionuclide Release Requirements
	1. One complete isotopic analysis will be conducted per waste stream on a representative sample of the waste stream. The results of this analysis will be compared to the Complete Isotopic Analysis Limits shown in Attachment 8.1.
	2. A representative sample per container must be taken for gross alpha and gross nonvolatile beta and must be below the Gross Analysis Limits shown in Attachment 8.1.
	3. If a gross alpha or gross nonvolatile beta limit is not met for a container, then a complete radioisotopic analysis must be completed for that container and results of that analysis compared against the Complete Isotopic Analysis Limits in Attachme...
	4. For all waste streams greater than 1000 feet (ft.)3 in total volume, a complete isotopic analysis must be completed for 1% of the containers within the waste stream. The results of this analysis will be compared to the Complete Isotopic Analysis Li...

	5.4.6 Sampling Validation Exemption

	5.5 Data Management
	5.5.1 Data Management – General
	1. Generators shall characterize waste with sufficient accuracy to:
	A. Determine the regulatory status of the waste materials and ensure both regulatory compliance and compliance with the treatment or disposal facility waste acceptance criteria.
	B. Determine the appropriate level of health and safety requirements for protection of site workers and the public during storage, transportation, treatment and disposal.
	C. Ensure the proper segregation, treatment, storage and disposal of the waste. While the waste generator is ultimately responsible for proper waste characterization, the intent of this procedure to define criteria and requirements to ensure waste cha...

	2. General requirements include:
	A. Radiological characterization by PK or sample and analysis will be prepared and approved in an engineering calculation in accordance with Manual E7, Procedure 2.31.
	B. Verification of engineering calculation results are per Manual E7, Procedure 2.60, Technical Reviews.
	C. Radiological monitoring/survey equipment are properly calibrated per requirements in Manual 1Q, Procedure 12-3, Control and Calibration of Radiation Monitoring Equipment.
	D. Scales are properly maintained in accordance with Manual 1Q, Procedure 12-1, Control of Measuring and Test Equipment. Additional details on maintenance of scales are covered in Section 5.13.1, General.

	3. Generators are also responsible for ensuring the above applicable requirements are met when provided by service organizations (e.g., Radiological Protection [RP], off-site labs).
	4. A formal DQO process must be used for any waste identified for disposal at the NNSS, per Manual 3Q, Procedure 21.2, Data Quality Objectives Process. If DQOs are determined not to be required for NNSS waste, then the rationale shall be documented. T...

	5.5.2 Data Quality Objectives (DQO)
	1. The objective of the DQO process is to describe and document how a planning team can generate a plan to collect data of appropriate quality and quantity to meet the goals of the entire team. Interactions amongst a multidisciplinary team results in ...
	2. The decision for implementation is based on the TSD facility requirements and the generators project scope (e.g., the sampling of a single container would most likely not necessitate a DQO, unless it was required by the TSD or a unique waste proced...
	3. The seven-step DQO process describes the sequential approach to achieve the structured characterization of sample analysis data, and is outlined below:

	5.5.3 Data Base Systems
	5.5.4 Periodic Data Validation (Radioactive Waste Streams)
	1. Hazardous and Mixed waste streams generated at SRS must be evaluated at least annually to ensure that the characterization of the waste is accurate per Section 5.11, Hazardous Waste (HW) Considerations.
	2. Generators must perform a documented review of LLW Streams every two years to ensure the characterization data, waste stream information, and referenced procedures are current, unless changes requiring immediate notification occur. These reviews wi...
	3. For LLW Streams with no changes in process or radionuclides after the two-year period, generators may document this by PK. Documentation of this review will be by the submittal of OSR 29-82 re-characterization to SWM for review and approval.
	4. One-time only waste streams (i.e., limited term projects) and characterization-by-package waste streams do not require periodic validation. SWM requests generators to contact SWE after the use of the one-time only stream is complete so that the str...
	5. Generators will formally notify SWM of changes affecting the following:
	6. SWM will determine the impacts of the reported changes and will direct the waste generator in required waste characterization documentation revisions.


	5.6 Land Disposal Restrictions (LDR)
	5.6.1 Land Disposal Restrictions (LDR) - General
	1. The LDR program requires that any HW destined for land disposal be treated to reduce the toxicity and/or mobility of its hazardous constituents.
	2. The LDR regulations require that HW be treated using a specified technology or that it meet certain concentration (numerical) limits for hazardous chemical constituents prior to disposal (unless an exemption or variance has been obtained). The LDRs...
	3. TRU mixed waste that is to be disposed at the Waste Isolation Pilot Plant (WIPP) is exempt from having to comply with the treatment standards and is not subject to the land disposal restrictions outlined in 40 CFR Part 268, in accordance with the W...

	5.6.2 Point of LDR Determinations
	1. EPA requires that LDR determinations be performed at the point of waste generation.
	A. LDRs attach to a HW at its point of generation. The waste must be evaluated to:
	a) UHCs must meet UTS requirements per 40 CFR 268.48.



	5.6.3 Underlying Hazardous Constituents (UHC)
	1. Characteristically hazardous D001 through D043 wastes that are to be land disposed must be treated such that all UHCs meet the UTS found in SCHWMR R.61-79.268.48. The requirements to cover all characteristically HW including the D004-D011 toxicity ...
	2. In order to meet the treatment standards for UHC, TSDs must be aware of any UHCs present in the waste. A waste generator is obligated to identify those UHCs that are "reasonably expected to be present" in a HW stream. The determination of "reasonab...

	5.6.4 Heavy Metal Waste Treatment Prohibition
	1. The waste contains hazardous organic constituents or cyanides at levels exceeding the constituent-specific UTS.
	2. The waste is an organic, debris-like material (such as wood, paper, plastic or cloth) that is contaminated with inorganic, metal-bearing HW.
	3. The waste at point of generation has reasonable heating value such as greater than or equal to 5,000 Btu/lb.
	4. The waste is co-generated with other wastes for which combustion is a specified treatment standard.
	5. The waste is subject to a federal and/or state provision that requires a reduction of organics (including biological agents).
	6. The waste contains greater than 1% TOC.

	5.6.5 Central Accumulation Area (CAA) Waste Treatment
	1. A generator may treat HW in containers without a permit so long as the generator develops and follows a Waste Analysis Plan and the treatment is conducted in a CCA. The waste cannot be land disposed unless it has met all applicable LDR treatment st...
	2. A Waste Analysis Plan that describes the treatment performed must be kept on file for review by the regulator, if requested. Prior to land disposal, the waste must be treated to meet UTS for any UHCs reasonably expected to be present in the waste.

	5.6.6 Identifying Appropriate Treatment Standards
	1. HW treatment standards are separated into two categories:
	2. A generator must determine if a waste is a wastewater or non-wastewater to determine the appropriate treatment standard.


	5.7 Treatment, Storage, and Disposal (TSD) Prerequisites
	1. Waste requiring treatment, storage and/or disposal at an off-site TSD facility must comply with the off-site TSD facility acceptance criteria. This may require additional sampling and/or documentation above that outlined in this manual. SWE shall b...
	2. Each facility that expects to receive some form of radioactive or HW must be properly permitted for the specific physical and chemical characteristics of the waste or wastes for which it is authorized, as indicated below:
	3. Facilities designated for the treatment, storage, or disposal of LLW or TRU operate under the authority of the DOE.
	4. LLW facilities are not authorized to receive, treat, store, or dispose of HW, MW, or most categories of PCBW.
	5. A facility must be specifically authorized and permitted by SCDHEC or EPA to receive, treat, store, or dispose of HW or MW. On-site non-commercial facilities that store PCBW are not required to be permitted by EPA. However, they must comply with sp...
	6. In order to meet permit and operating needs, some TSD facilities require information beyond that necessary to characterize the waste as hazardous, radioactive, or PCB waste. LDR may also dictate the need for certain waste characterization data to a...
	7. Data needed for acceptance of waste at a TSD is specified in:
	8. While the applicable characterization form and waste manifest capture the bulk of the characterization data, they are not all inclusive. The generator must ensure that the waste does not include items/material prohibited by the TSD's Waste Acceptan...

	5.8 Radiological Modifier Special Considerations
	5.8.1 Beryllium and Elemental Carbon
	1. Due to increased fissile gram loading in Slit Trench and Component-in-Grout segments, generators of LLW destined for disposal in any E-Area location will evaluate for the presence of beryllium and/or elemental carbon in or associated with the waste...
	2. All waste packages containing any quantity of beryllium must comply with Manual 4Q, Procedure 209, Chronic Beryllium Disease Prevention Program, labeling requirements. A comment should be included on the waste package documentation that supports th...
	3. LLW waste packages containing less than one gram of beryllium and elemental carbon are exempt from reporting in characterization documentation.
	4. The following is guidance for reporting beryllium and elemental carbon quantities greater than or equal to one gram in LLW:
	A. Beryllium in LLW will be reported on a separate Waste Stream Characterization Form. Generators will select RAD Weight as the Valid Calculation Method, designating the beryllium as "Be-1" and report 100 Ci%.
	B. Elemental carbon in LLW will be reported on a separate Waste Stream Characterization Form. Generators will select RAD Weight as the Valid Calculation Method, designating elemental carbon as "C-1" and report 100 Ci%.
	C. When creating LLW packages in the applicable waste tracking application (e.g., WITS or CWTS), the generator will:

	5. The following guidance is for reporting beryllium and elemental carbon in Mixed Waste:
	A. The concentrations of beryllium and elemental carbon, if present, must be provided in the Chemical Constituents section of OSR 29-47.
	B. The total quantities (in grams) for beryllium and elemental carbon do not need to be reported.

	6. TRU waste packages containing less than one gram of beryllium are exempt from reporting in characterization documentation. For TRU waste packages containing greater than or equal to one gram of beryllium, the beryllium quantity shall be specified o...

	5.8.2 Attached Lead
	1. Lead in LLW destined for disposal in either the Slit Trench, Component-In-Grout Trenches or E-Area Vault Waste will be reported on a separate WCF. Generators will select RAD Weight as the Valid Calculation Method, designate the Lead as "Pb-1" and r...
	2. When creating LLW packages in the applicable waste tracking application (e.g., WITS or CWTS), the generator will:


	5.9 Radionuclide Considerations
	5.9.1 Potential Radionuclides
	1. The radionuclides that must be considered as potentially present in all SRS LLW waste streams are:
	A. Those identified as Performance Assessment (PA) radionuclides identified for a specific TSD. The following eight PA isotopes shall specifically be reported: H-3, C-14, Sr-90, Tc-99, I-129, U-234, U-235, and Np-237.
	B. If an isotope is greater than 1% of total Curie distribution it must be reported.
	C. If an isotope is determined to be less than 1% of the initial radiological distribution and does not have to be reported for PA/DSA concerns (it is less than the reporting threshold values in Attachment 8.7, LLW Radionuclide Package Reporting Thres...
	D. Those that are expected be present in the waste stream based on the nuclide generation process at the time the waste stream is characterized (daughters are to be included) in quantities that may challenge waste package reporting thresholds that are...
	E. Detectable transuranics (those that contribute to TRU) and fissile radionuclides. (See Attachment 8.5, TRU and Fissile Isotopes Table) (See Section 5.9.2 note on Radionuclide Exclusion Basis on MALLD).

	2. The generator should report on OSR 29-47 only those radionuclides that are actually in the MW (those identified through analysis as greater than minimum detectable levels [>MDA]). This standard is established based upon the needs of the treatment f...

	5.9.2 Radionuclide Exclusion Basis
	1. A radionuclide can be assumed to be not present and/or not significant for the purpose of waste stream characterization if any one of the following conditions is demonstrated and documented:
	A. There is no reason to expect the radionuclide to be present in the waste stream, i.e., no plausible production mechanism.
	B. For PA radionuclides, PK can show that the radionuclide could not be present in the waste stream at concentrations more than two orders of magnitude below the radionuclide Maximum Allowable Lower Limit of Detection (MALLD) concentration in µCi/cc o...
	C. For a non-PA radionuclide, PK which includes consideration of the radionuclide shows that it is not present in the waste stream or if present has a concentration below the MALLD concentration shown in Attachment 8.3.

	2. The list of considered radionuclides remaining after application of the above exclusionary criteria will provide the basis for initial radionuclide content and distribution in a waste stream. Screening of quantitative representative sample data and...

	5.9.3  Radionuclide Reporting of LLW Stream PA Below LLD
	1. If PK shows that a PA radionuclide cannot be excluded, PA radionuclides that are less than LLD will be assigned a value 0.1 times the LLD value (except for Iodine-129) for the PA radionuclide.
	2. Iodine-129 that is less than LLD in the sample will be reported using one of the following methods:
	A. If PK shows that I-129 is not concentrated by the waste process, calculate the I-129 value by multiplying the reported Cs-137 value, whether Cs-137 is measured or reported LLD, by 9.00E-07 which is two times I-129/Cs-137 ratio in Table 4 of EPD-CTG...
	B. If PK shows the waste process concentrates the I-129, calculate the I-129 value by multiplying its LLD value by 0.1.


	5.9.4 Reporting LLW Radionuclides Combined on Sample Output
	1. Pu-239 and Pu-240 are sometimes reported as Pu-239/240. Assign the activity to both Pu-239 and Pu-240.
	2. U-233 and U-234 are sometimes reported as U-233/234. Assign the activity to both U- 233 and U-234.
	3. U-235 and U-236 are sometimes reported as U-235/236. Assign all activity as U-235.
	4. Cm-243 and Cm-244 are sometimes reported as Cm-243/244. Assign the activity to both Cm-243 and Cm-244.

	5.9.5 Common Daughter Radionuclide Relationships
	5.9.6 Radionuclide Reporting for TRU Waste
	1. TRU generators will report the radiological characterization on the OSR 29-90 using one of the following reporting methods:
	A. Standard Distribution Method enables the user to enter the mass or activity values along with uncertainty values directly on the form by radionuclide. The OSR 29-90 segregates radionuclides into two groups. The upper section provides mass (grams) e...
	B. Scaled Distribution Method enables the user to select the TRU radiological waste stream Ci% distribution applicable to the TRU waste container. The user must then select the radionuclide and enter the measurement quantity and uncertainty value used...

	2. TRU waste generators will evaluate the presence in the waste stream, through PK and SWM-approved radionuclide analytical techniques (e.g., Direct Assay [DA]), of the TRU and fissile radionuclides listed on Attachment 8.5. This evaluation is used to...
	3. For TRU waste, additional reporting guidance applies to twelve radionuclides.
	A. These nuclides are:
	1) Americium (Am)-241
	2) Plutonium (Pu)-238, Pu-239, Pu-240, Pu-241, Pu-242
	3) Uranium (U)-233, U-234, U-235, U-238
	4) Strontium (Sr)-90
	5) Cesium (Cs)-137

	B. TRU waste generators shall report the twelve radionuclides on OSR 29-90 based on the following criteria:
	1) The quantity and uncertainty of a detectable radionuclide present in the distribution either by direct entry on the form using the standard method or by Ci% ratio to another radionuclide by using the scaled method. Sr-90 and Cs-137 do not have fiel...
	2) For any radionuclide known to be present in the TRU radiological characterization but at levels documented below the LLD based on PK or by the analytical technique, a value of zero directly entered using the standard method or a Ci% of zero in the ...
	3) For any radionuclide the documented PK evaluation and analytical technique indicates the radionuclide is less than (<) LLD in the waste stream characterization, the radionuclide may be excluded from reporting.


	4. TRU waste generators will report on OSR 29-90 any other non-TRU or non-fissile radionuclides with activity level greater than (>) 1 Ci% of the final TRU waste container. If the radionuclide is not specified on the OSR 29-90, report the radionuclide...
	5. For any TRU waste container not confirmed containing greater than (>) 100 nCi/g TRU radionuclides, TRU waste generators will also document the waste stream characterization following the LLW radionuclide reporting criteria, with emphasis on reporti...


	5.10 Radionuclide Package Activity Considerations
	5.10.1 Radionuclide Package Activity Considerations - General
	1. The last step in the LLW, TRU, and MW characterization process estimates the radionuclide content of a waste package. Several different methods can be employed, and their application depends on the predominant radionuclides within a waste stream an...
	2. The following requirements are independent of the method used to quantify the radioactivity within a waste package:
	A. Radionuclide Content and Distribution - the predominant radionuclide content and distribution of the waste stream must have been determined using the process defined in Section 5.2.4, Radionuclide Waste Stream Characterization.
	B. Disposal Container - the waste stream must be packaged in one of the SRS approved disposal containers (approval of a non-standard container can be obtained through submittal of OSR 29-57, Container Approval Request).
	C. Alternate Methodologies - the methods described in this section apply to most SRS waste packages but do not preclude the use of other characterization methods as provided for in Section 5.2.2, Alternative Evaluation Characterization.


	5.10.2 Activation Modeling
	1. Applicability
	2. Radionuclides Excluded
	3. Method
	A. Determine the initial elemental material composition for the component(s) of interest. The material composition should include all elements present, including trace impurities such as niobium and cobalt. Materials data can be obtained from actual c...
	B. Calculate the neutron flux levels and energy spectra at the locations of interest using the ANISN discrete ordinates neutron transport program. ANISN input parameters include detailed physical characteristics as well as materials data.
	C. Perform activation calculations using the ORIGEN2 computer code. Activation calculations inputs include materials inputs and flux results from above and the irradiation history for the component(s) of interest.
	D. Scaling factor relationships are determined based on the ratio of hard to detect radionuclides relative to gamma emitting nuclides like Co-60 from the ORIGEN2 results.


	5.10.3 Direct Sample Measurement
	1. Applicability
	A. This method may be used if all of the following conditions are satisfied:
	1) A sampling and analysis plan is developed to provide for random representative sampling.
	2) The generator has demonstrated through periodic analysis of representative waste stream samples or currently validated PK, that the waste stream contains radionuclides that are measurable with sufficient sensitivity to ensure that the WAC will not ...
	3) The generator has determined the radionuclide distribution of the contaminating radionuclides. This can be done by laboratory analysis of samples from the waste stream, if appropriate, or from the material being characterized. If the considered rad...
	4) The samples for direct measurement quantification are obtained from batches of the waste stream that are representative of the waste materials to be packaged.


	2. Method
	A. The direct measured sample data values in activity per gram (g) or activity per cubic centimeter (cc) will be multiplied by the waste weight (grams) or the waste volume (cc) as appropriate to quantify the directly measured activity.
	B. The total activity in a waste package will be determined by dividing the directly- measured activity(ies) by the fraction of the radionuclide activity distribution for the waste stream attributed to those directly-measured radionuclides which will ...


	5.10.4 Dose-to-Curie Conversion
	1. Applicability
	A. A typical waste package or waste cut emits gamma radiation with a dose rate at least 15 µrem/hr above background at contact (5 cm) if a Bicron Micro-Rem Model LE instrument (or equivalent) is used.
	B. The generator has defined the radionuclide distribution per the requirements of this procedure.
	C. The waste stream has sufficient gamma emitting radionuclides in concentrations that ensure scaled isotopes are conservatively accounted for in any package including those with measured dose rates below 15 µRem/hr at contact.

	2. Method
	3. Dose Rates
	A. Dose rates will be taken on packages using a standard geometry.
	B. A Bicron® Micro-Rem Model LE or SWM-approved equivalent instrument will be used.
	C. If the dose reading exceeds the capability of the Bicron® Micro-Rem, a Portable Ion Chamber instrument may be used provided the waste is contaminated primarily with a high-energy gamma emitting radionuclide such as Cs-137, Ba- 137m or Co-60.
	D. If a Portable Ion Chamber instrument is used on waste with other than Cs-137, Ba-137m or Co-60 contamination, contact Solid Waste for evaluation.
	E. Radiological monitoring equipment used to obtain dose rates will be controlled and calibrated per Manual 1Q, Procedure 12-3.
	F. The background radiation levels in the immediate area will be obtained prior to the measurement of package dose rates. These background levels should be as low as reasonably achievable and should be subtracted from the readings measured from the pa...
	G. For far-field readings (i.e., three or five feet) a minimum of four radiation level readings will be obtained at equal distances from the package surface with such measurements taken at mid height of the container on:
	H. When contact readings are used, the surface area of the accessible sides must be surveyed (e.g., four sides of a B-25, six sides of a 21-inch box, or the entire side area of a drum or drum liner), and the highest reading per side used. For 21-inch ...
	I. The radiation level value used to quantify waste package content will be the highest of the readings taken less the background radiation level.
	J. Special conditions may be imposed by SWM on the use of this method depending on the form and isotopic distribution (e.g., only incidental metal allowed). These will be notated on OSR 29-82.

	4. Physical Form
	A. The generator will consider the impact of non-homogeneity of physical form.
	B. Void spaces in the waste will be minimized to the extent reasonable.
	C. Metal content in the waste will be evaluated to determine how the variation in the metal content affects the DTC calculation. The generator must show that the effect on the DTC calculation of variations in the metal content is not significant (i.e....

	5. Validation
	A. Validation requirements on the radiological distribution are given in Section 5.5.4, Periodic Data Validation.
	B. Depending on the radionuclides affected, changes to the radionuclide distribution can have significant impact to accuracy in activity reporting when performing DTC. During (Periodic) validation of waste streams, generators will evaluate impacts to ...


	5.10.5 Direct Assay
	1. Direct assay is an option for waste containing certain radioisotopes that emit measurable gamma radiation of sufficient energy and intensity. Certain fission products, and some uranium and transuranic isotopes can be measured by this method.
	2. Direct assay makes use of highly efficient detectors, energy discrimination, and a longer count time than is used with field instruments and provides a much more accurate measure of radionuclide content than field instruments can provide. In order ...
	3. Direct assay may be used as the sole method of determining the presence and quantity of radionuclides (especially for TRU wastes). This must be supported by detailed and accurate PK.
	4. Applicability
	A. The typical waste package contains at least one radionuclide in sufficient concentration that it can be accurately quantified through the use of an appropriate assay device (e.g., Canberra Q2).
	B. The generator has defined the radioisotope distribution per the requirements of this procedure.

	5. Method
	6. Measurement Control
	A. The non-destructive assay measurement system used for the measurement is capable of detecting the desired material attributes for which it is reporting and that the measurement method is qualified for its intended use.
	B. The non-destructive assay measurement system used for the measurement is maintained under a site level recognized measurement control program (Manual 1Q, Procedure 2-7, QA Program Requirements for Analytical Measurement Systems).
	C. Measurement control limits for the non-destructive assay instrument are established and the methodology for calculating the control limits is documented (Manual 14Q, Procedure 3.06, Nondestructive Assay Measurement Control).
	D. The non-destructive assay measurement system is calibrated and has a documented calibration program which is in alignment with guidance given in one of more of the following:
	1) ASTM C1133-03 - Test Method for Nondestructive Assay of Special Nuclear Material in Low- Density Scrap and Waste by Segmented Passive Gamma-Ray Scanning
	2) ASTM C1207-03 - Test Method for Nondestructive Assay of Plutonium in Scrap and Waste by Passive Neutron Coincidence Counting
	3) ASTM C1500-02 - Test Method for Nondestructive Assay of Plutonium by Passive Neutron Multiplicity Counting.

	E. The reported measurement value includes the Total Measurement Uncertainty/Expanded Uncertainty, and this Uncertainty has been documented and undergone a peer review. The Total Measurement Uncertainty/Expanded Uncertainty should be in alignment with...
	1) ASTM C1133-03
	2) ASTM C1215-92 - Guide for Preparing and Interpreting Precision and Bias Statements in Test Method Standards Used in the Nuclear Industry
	3) ANSI N15.36 - Nondestructive Assay Measurement Control and Assurance
	4) International Atomic Energy Agency (IAEA)-TECDOC-1537 - Strategy and Methodology for Radioactive Waste Characterization.

	F. The requirement is to provide a high level of confidence that the reported values are conservative with respect to the actual isotopic content. As required by WSRC-SA-22, Savannah River Site Solid Waste Management Facility Documented Safety Analysi...

	7. Validation

	5.10.6 Smear-to-Curie Conversion for Non-Equipment Waste
	1. Applicability
	A. Waste contamination must be surface contamination.
	B. The impact of non-homogeneity has been considered.
	C. The transfer mechanism must be by means of contact with solids.

	2. Method
	A. Total Activity - the following algorithm will be used to estimate the total waste package activity:
	B. Individual Radionuclide Activities - Total Activity "A above" in the following algorithm is used to determine the activity "R(i)" to assign to an individual radionuclide in a waste package:
	C. Assume all waste is uniformly contaminated on one side (T=1) unless evidence can be presented to demonstrate that contamination of both sides is routinely expected.
	D. Use one of the following two methods to obtain the smear value "S" used in this calculation.
	1) The first method is to use the area posting or survey for the location where the waste was generated (see Step 3 below.)
	2) The second method is to take smear samples or surveys from the actual waste as it is prepared for disposal [(see Step 4 below, (T=1)].

	E. Determine the average value of the areal density appropriate to the waste stream by means of an actual study of the waste stream or use an appropriately conservative value (e.g., 6-mil plastic at 12 mg/cm2). Average areal density is the average wei...

	3. Use of Area Posting for Smear Value
	A. The contamination level of the area expected to be most representative of the waste or a conservative posting will be used in the activity calculation.
	B. If necessary, the generator will perform a waste contamination survey to determine the fraction of the posted contamination level actually transferred to the waste {"P" in the equation in Step 2 above [P = Fraction of contamination level "S" (room ...

	4. Use of Waste Smear or Survey Results
	A. The area smeared or surveyed must be 100 cm2 or for smaller pieces of waste, the contamination results are normalized to 100 cm2.
	B. The best reasonably available measurement method will be used to read the smears (liquid scintillation for tritium) or perform the waste survey (e.g., alpha scintillation counter for waste surveys).
	C. A representative portion of the waste must be smeared or surveyed.
	D. Radiological monitoring equipment used to obtain smear or survey results will be controlled and calibrated per Manual 1Q, Procedure 12-3.

	5. Determining Waste Stream Specific Areal Density
	A. Randomly select a representative number of waste containers for areal density analysis, THEN
	B. Determine the total surface area of all waste items in each container. Obtain waste weight and calculate the areal density by dividing the waste weight by the total surface area to get the areal density (mg/cm2) of the waste in each container. Aver...
	C. Perform the next four steps as listed:
	1) Separate all the waste by material category (e.g., Kraft paper, rubber shoe covers, 6-mil plastic)
	2) Determine weight-to-surface-area ratio (areal density, mg/cm2) of each material
	3) Determine the fraction of the waste stream by weight of each material
	4) Determine the weighted average areal density (Da(Wgt avg)) for the waste stream calculating the inverse of the sum of each material weight fraction divided by the areal density for each material.


	6. Validation
	A. Changes to contamination fraction "F" due to changes in radionuclide distribution and will be evaluated during periodic validation or whenever they occur according to Section 5.5.4.
	B. Changes to the calculated specific areal density (as opposed to a conservative value) will be validated as part of the periodic validation.


	5.10.7 Smear-to-Curie Conversion for Contaminated Equipment Items
	1. Applicability
	A. The equipment is surface contaminated.
	B. The radionuclide distribution has been determined per Section 5.2.4, Waste Stream Radionuclide Characterization.
	C. The contaminated surface area (external and internal) of the equipment can be reasonably estimated.
	D. Radiological monitoring equipment used to obtain smear or survey results will be controlled and calibrated per Manual 1Q, Procedure 12-3.

	2. Method
	A. Total Activity - The following algorithm will be used to estimate the total activity:
	B. Radionuclide Activity - The following algorithm will be used to estimate the individual radionuclide activities of contaminated equipment:


	5.10.8 Materials Accountability
	1. Applicability
	A. For sealed sources, radiotracer spike additions, SNM, and byproduct material, the quantities of radioactivity in the waste must be documented in records which can be referenced.
	B. For processes where influent and effluent radioactivity will be measured to determine the quantity in the waste, the process generating the waste stream must produce relatively constant concentrations of radionuclides in known quantities of waste.

	2. Methods
	A. For sources and other waste streams with known quantities of radioactivity as of a certain date, the activity can be determined by decay correction.
	B. For waste streams from processes where influent and effluent radioactivity concentrations are known and relatively constant, the activity of the waste resulting from the processing can be determined by applying the following algorithm for each radi...
	C. When "Am" is a constituent (e.g., enriched uranium or weapons grade plutonium), the activity for each radionuclide in the constituent is calculated by multiplying the total activity (Am) by the known fractional abundance for the radionuclide.
	D. For example, although the accountability of enriched uranium is by grams of Uranium-235, there are other nuclides in the enriched uranium radionuclide distribution that may be significant for characterization and would be quantified by multiplying ...
	E. For waste streams where either the gross or radionuclide-specific concentration(s) (i.e., µCi/cc or µCi/g) are known, the gross package activity is the gross concentration multiplied by the waste weight or volume and the package radionuclide activi...


	5.10.9 Radioactive Sources
	1. Sources containing transuranic alpha-emitting nuclides with half-lives greater than 20 years must be evaluated against the TRU limit of 100 nCi/g, using only the weight of the source and the components and shielding integral to the source. If the s...
	2. Radioactive sources may be considered as incidental to the waste stream if:
	A. The radionuclide is normally part of the waste stream.
	B. The radionuclide activity is less than 1 µCi.
	C. The radionuclide is not listed as a Performance Assessment (PA) in Section 5.9.1, Step 1A.
	D. The source will not challenge the LLW package reporting thresholds per Attachment 8.7.

	3. If these criteria cannot be met, then the source(s) must be characterized as a separate waste stream and its radionuclide activity included with the waste package. Characterization will be done by using the original known activity for each source a...
	4. It is recommended that disposal of a large number of sources be done by means of a separate waste stream regardless of activity levels.

	5.10.10 Scaling Factors

	5.11 Hazardous Waste (HW) Considerations
	5.11.1 Hazardous Waste (HW) Considerations - General
	1. Certified waste programs direct the identification and quantification of the radionuclides contained in LLW, TRU, and MW. These programs also include provisions that limit the creation of MW by restricting or controlling the commingling of radioact...
	2. Information provided in this section summarizes many regulatory requirements applicable to the characterization criteria for HW and is not intended as a substitute for the full text of the regulations. Additional characterization guidance can be fo...
	3. HW which:
	4. Only personnel who have successfully completed and maintained the training requirements of ZOBITM07, Radioactive Material Management Area, or equivalent, can evaluate and certify that HW was not generated in or did not reside in an RMMA. This certi...

	5.11.2 Resource Conservation Recovery Act (RCRA) Hazardous Waste (HW)
	1. RCRA and SCHWMR defines HW as a solid waste or combination of solid wastes which, because of its quantity, concentration, physical, or chemical characteristics, may cause or contribute to serious illness or pose a substantial threat to human health...
	2. Solid waste is broadly defined as any garbage, refuse, or sludge from a waste treatment plant, water supply treatment plant, or air pollution control facility, and other material that is discarded or intended for discard, including solid, semi-soli...
	3. A solid waste is a HW if it is a "listed" waste, as described in Section 5.11.4, or possesses any one of the four characteristics of a HW (i.e., Ignitability, Corrosivity, Reactivity, and Toxicity).
	4. These wastes may cause or contribute to an increase in mortality and serious illness or pose a hazard to human health or the environment. The EPA is responsible for establishing regulations governing the "cradle-to-grave" management of HW. SCDHEC h...
	5. SCHWMR R.61-79 requires the generator of a solid waste to "determine if a waste is a hazardous waste" (R.61 - 79.262.11). To accomplish this, the generator must first determine if the solid waste is excluded from regulation under R.61-79.261.4. The...

	5.11.3 Radionuclide/Hazardous - Mixed Waste (MW)
	1. Waste that meets the previously described criteria as both radioactive and hazardous is designated as a MW. The characterization requirements for the radioactive component of MW are described in Section 5.2.4, Radiological Waste Stream Characteriza...
	2. The SRNS-TR-2008-00101 - SRS Site Treatment Plan (STP) identifies specific treatment requirements for all MW streams that will not be disposed within one year. MW with different treatment requirements must be segregated prior to transfer to SWM to ...

	5.11.4 Listed Wastes
	1. A solid waste is a listed waste if it meets the listing criteria contained in Subpart D of SCHWMR R.61-79.261; otherwise known as the F-, K-, P-, and U-lists. It is important to understand that a determination that a waste is or is not RCRA listed ...
	2. Waste characterized solely as LLW or TRU cannot include any listed waste codes defined by the lists below. By application of the RCRA "mixture rule" (R.61-79.261.3[a]), if any amount (there are no "de minimis" quantities) of these listed wastes are...
	3. There are three basic types of listed waste as described below.
	A. F-listed Waste
	1) F-listed wastes (SCHWMR R.61-79.261.31) are from non-specific sources (they can be generated by any type of facility). The F-listing includes spent solvents, heavy metal and cyanide wastes, dioxin wastes, wood preserving wastes, petroleum refining ...
	2) In evaluating a waste containing or contaminated with a solvent on the F-List, the generator must first determine if the solvent was used for its solvent properties and is spent. If either of these conditions are not met, the waste is not F-listed....
	3) The following examples are included to assist in the "listing" characterization of spent solvent wastes:

	B. K-listed Wastes
	C. P- and U-Listed Wastes
	1) P- and U-listed wastes are unused commercial chemicals or products, off-specification commercial chemical products, or manufacturing chemical intermediates of those chemicals listed in SCHWMR R.61- 79.261.33(e) and 261.33(f). With the exception of ...
	2) Any residue, contaminated soil, water, or other debris resulting from a spill or cleanup of a spill of a P- or U-listed material must also be managed as P- or U-listed waste.
	3) The mere presence of one of these chemicals is not sufficient reason to classify the waste as listed. The use of the chemicals should be evaluated in sufficient depth to determine if the listing criteria are met.  Since many chemicals have multiple...
	4) The following examples are presented to illustrate some factors that are important in characterizing P- and U-listed waste:
	a) P- and U-listed chemicals that are used prior to discard do not meet the listing criteria. [e.g., tetrachloroethylene is a U-listed chemical (U210). It is also a F002 solvent and is identified in SCHWMR R.61-79.261.24 for toxicity (D039). When used...
	b) P- and U-listings apply only to the pure form of the chemical or where the P- or U-listed chemical is the sole active ingredient. Therefore, if two or more P- or U-listed chemicals are combined, as in a prepared laboratory reagent that is later dis...
	c) The P- and U-listing applies whether or not the chemical was purchased in a diluted form or diluted by the user prior to discard so long as the listed chemical is the sole principle active ingredient.
	d) Residues from a spill of a P- or U-listed chemical carry the P- or U-listing.




	5.11.5 Characteristic Waste
	1. A solid waste that exhibits one or more of the following four characteristics is a HW. These characteristics are summarized below; however, to determine if one of these characteristics is applicable to their wastes, generators should refer to cited...
	2. Listed Waste (F, K, P and U) which is also characteristic waste in accordance with Subpart C of SCHWMR R.61-79.261 must be evaluated to determine if the treatment standards for the listed waste includes a treatment standard for the constituent that...
	3. Ignitability [SCHWMR R.61-79.261.21]
	A. Liquid, other than an aqueous solution containing less than 24% alcohol by volume, with a flash point less than 60 C (140 F).
	B. Not a liquid and is capable under standard temperature and pressure of causing fire through friction, absorption of moisture, or spontaneous chemical changes and, when ignited, burns so vigorously and persistently that it creates a hazard.
	C. An ignitable compressed gas as defined by the Department of Transportation (DOT) regulations 49 CFR 173.300 - Hazardous Materials Definitions.
	D. Any oxidizer as defined by DOT regulations 49 CFR 173.127 - Class 5, Division 5.1 and 5.2 - Definition and Assignment of Packing Groups.

	4. Corrosivity [SCHWMR R.61-79.261.22]
	A. Aqueous and has a pH less than or equal to 2.0 or greater than or equal to 12.5.
	B. A liquid that corrodes steel at a rate greater than 6.35 mm (0.250 inch) per year at a temperature of 55 C (130 F).

	5. Reactivity [SCHWMR R.61-79.261.23]
	A. Normally unstable and readily undergoes violent change without detonating.
	B. Reacts violently with water.
	C. Forms potentially explosive mixtures with water.
	D. When mixed with water, it generates toxic gases, vapors, or fumes in a quantity sufficient to present a danger to human health or the environment.
	E. Cyanide- or sulfide-bearing waste which, *when exposed to pH conditions between 2 and 12.5, can generate toxic gases, vapors, or fumes in a quantity sufficient to present a danger to human health or the environment.
	F. Capable of detonation or explosive reaction if it is subjected to a strong initiating source or if heated under confinement.
	G. Readily capable of detonation or explosive decomposition or reaction at standard temperature and pressure.
	H. Is considered a Forbidden Explosive, or a Class A or Class B Explosive.

	6. Toxicity [SCHWMR R.61-79.261.24]
	A. The toxicity characteristic leaching procedure (TCLP) is used to evaluate a waste for the toxicity characteristic. If the TCLP extract from a representative sample of the waste contains any of the constituents in concentrations equal to or greater ...
	B. As an alternative to performing the TCLP for solids, the generator may elect to analyze a sample of the waste to determine the total concentration of the Table 1 constituents. If the total concentration of each constituent when divided by twenty do...
	C. Totals analysis for liquids containing < 0.5% filterable solids do not require extraction and can be compared directly to regulatory levels.



	5.12 Polychlorinated Biphenyl (PCB) Toxic Waste Considerations
	5.12.1 Toxic Substance Control Act (TSCA) - PCB Waste
	5.12.2 Polychlorinated Biphenyl (PCB) Toxic Waste Considerations - General
	1. PCBs are a family of synthetic chlorinated aromatic hydrocarbon compounds. The most common commercial mixtures manufactured in the United States are referred to as Aroclor® (e.g., Aroclor® 1016, Aroclor® 1254, Aroclor® 1260, and several others). Wi...
	2. PCBs are thermally stable and resistant to degradation, oxidation, acids, bases and other chemical agents. They are soluble in oils, most organic solvents, and lipids. They are only slightly soluble in water. PCBs possess excellent dielectric prope...
	3. Information provided in this section summarizes many regulatory requirements applicable to the characterization criteria for PCB wastes and is not intended as a substitute for the full text of the regulations. Additional characterization informatio...
	4. It should be noted that certain non-liquid PCB and radioactive wastes may be disposed at the E-Area Low Level Radioactive Waste Disposal Facilities. Manual 1S, Chapter 5 should be consulted.

	5.12.3 PCB Waste Considerations
	1. PCB-containing wastes are subject to the TSCA storage and disposal regulations based on their PCB concentrations, the form in which the PCBs are present, how the PCBs were used, and the manner in which the PCB wastes were generated.
	2. TSCA prohibits the dilution of PCBs in order to avoid any part of the PCB regulations unless a specific exception applies. When PCBs are added to a previously PCB-free item or material, the entire item or mixture is then considered to contain PCBs ...
	A. If two PCB-containing substances are combined, the resulting mixture must be considered to contain PCBs at the highest concentration level of the two original substances. For example, if PCB oil containing 100 ppm is spilled, all of the substances ...
	B. If a substance containing 20 ppm PCBs is mixed with a substance containing 1000 ppm PCBs, the entire substance is considered to contain 1000 ppm PCBs. Similarly, if paint on the surface of an item (e.g., equipment, a wall, etc.) contains PCBs at 50...


	5.12.4 PCB Determination Concentrations
	1. PCBs can be found in liquid, non-liquid and multi-phasic (combination of liquid and non-liquid) forms. In order to determine the PCB concentration of waste, specific regulatory criteria must be applied based on the waste form.
	2. TSCA regulations require PCB concentrations to be determined on a weight-per- weight basis (e.g., milligrams per kilogram). For liquids, concentrations may be determined on a weight-per-volume basis (e.g., milligrams per liter) if the density of th...
	A. PCB concentrations for non-liquid materials must be determined on a dry- weight basis.
	B. PCB concentrations for liquid materials must be determined on a wet-weight basis.
	1) Liquids containing more than 0.5 percent non-dissolved material must be analyzed as multi-phasic mixtures.
	2) In order to determine the PCB concentration for multi-phasic mixtures, the phases must be separated before chemical analysis. The PCB concentration of each separated phase (liquid and non-liquid) must then be analyzed. The highest PCB concentration...


	3. Items which have been contaminated with liquid PCBs but have no free-flowing liquids remaining, are characterized by use of the EPA "standard wipe test" which is defined in 40 CFR 761.123, Polychlorinated Biphenyls (PCBs) Manufacturing, Processing,...
	4. TSCA regulations include exceptions to the anti-dilution rule for some remediation/cleanup wastes and certain laboratory and decontamination wastes. Generators should contact their Environmental Compliance Authorities for assistance.

	5.12.5 Regulatory Thresholds Based on PCB Concentration and Waste Type
	1. In general, wastes are regulated for disposal under TSCA if they contain certain concentrations of PCBs or have been in contact with regulated concentrations of PCBs as described in the following:
	A. Non-Aqueous Liquids - Containing 50 ppm or more PCBs.
	B. Items with surface PCB contamination but no free-flowing liquids - Items with surface PCB levels that exceed 10 µg/100 cm2 but are less than 100 µg/100 cm2 are regulated for disposal in the same manner as items that contain at least 50 ppm PCBs but...
	C. Non-Liquids with PCBs as an integral part of the item (e.g., dried paint or coatings) - Items that contain 50 ppm or more PCBs in the PCB source material. TSCA regulations allow non-liquid PCBs that are eligible for land disposal to be presumed (de...
	D. Aqueous Liquids - Aqueous liquids containing greater than or equal to 0.5 µg/L PCBs [i.e., greater than 0.5 parts per billion (ppb)] are regulated for disposal. Liquids with greater than or equal to 3 µg/L PCB (i.e., greater than or equal to 3 ppb)...
	Discharge of PCBs at any concentration to navigable waters must comply with applicable CWA requirements, which generally are much stricter than the TSCA limits stated above.
	E. Remediation/Cleanup Waste - includes PCB-containing environmental media and/or structures such as:

	2. All wastes associated with a fresh PCB spill (less than 72 hours old) are regulated based on the PCB concentration of the spilled material.
	Disposal facility requirements for remediation and cleanup wastes vary based on the PCB levels and physical form of the waste. Generators are urged to contact their ECAs or EC for assistance with categorizing remediation wastes.

	5.12.6 Electrical Equipment
	1. Prior to disposal, the PCB concentration of fluids in electrical equipment must be established. This may be done by sampling. Alternatively, the concentration may be established by using the original PCB concentration as certified by the manufactur...
	2. Fluorescent light ballasts may contain PCBs in either the small capacitor within the ballast or in the potting material that holds together the internal parts. Ballasts that were manufactured in the United States between July 1978 and July 1998 wer...
	3. PCB small capacitors are capacitors that contain less than three pounds of dielectric fluid. Leaking small capacitors must be managed as TSCA waste including adherence to the TSCA 30-day limit on temporary storage. Non-leaking small capacitors are ...
	4. Generators are encouraged to consult their facility ECAs or EC for assistance in characterizing wastes that potentially contain PCBs.

	5.12.7 Paints, Coatings and Other Non-Liquid PCB Items
	5.12.8 PCB Bulk Product Waste
	1. PCB Bulk Product Waste is waste derived from manufactured products containing PCBs in a non-liquid state at any concentration at or above 50 ppm. It includes items such as:
	2. TSCA regulations include special provisions for storage and disposal of large volumes of PCB bulk product waste such as demolition debris. Generators should work closely with their ECAs, EC, and SWM if they anticipate generating PCB bulk product wa...

	5.12.9 Analysis of PCB Waste
	1. TSCA regulations require that PCB wastes be analyzed via gas chromatography. Any gas chromatographic method that is appropriate for the material being analyzed may be used. The following are examples of different types of acceptable methods:
	2. The TSCA regulations provide specific sampling protocols that must be used in certain instances. Protocols are provided for verification of waste site/spill site cleanup, for characterization of remediation wastes, and for disposal of certain bulk ...


	5.13 Waste Volumes and Masses Determination
	5.13.1 General
	1. The weight or mass of the waste can be determined by subtracting the weight of the disposal container (tare weight) from the gross weight of the waste package. The weight or mass of the waste can also be determined by summing the weight of individu...
	2. Waste volumes can be the same as the disposal container volume provided:
	A. A thin walled (less than 0.75-inch thick) disposal container is used, and the actual waste volume is within 10 percent of the container empty volume. [Ten percent refers to "free board" as opposed to void space (i.e., the container is full).]
	B. If waste is compacted, the waste volume is, by definition, the container volume. This waste volume is to be used when determining radionuclide activity or chemical concentration per unit volume.

	3. Standard container volumes are listed in the table below


	5.14 Administrative Controls
	1. The waste characterization process will be documented.
	A. For HW/MW/PCB, characterization will be documented on OSR 29-92, OSR 29-47, and OSR 29-99.
	B. For radiological waste, characterization method and data will be documented in an approved Manual E7 calculation per Procedure 2.31.
	C. For LLW and PCB LLW acceptable for disposal in E-Area, characterization will be documented on OSR 29-82 and OSR 29-93, Uniform Low-Level Radioactive Waste Manifest, as required by Manual 1S, Chapter 5. The nonhazardous and/or PCB characterization o...
	D. TRU characterization will be documented on OSR 29-90.

	2. Database inventory management systems (e.g., WITS, HMWT, CWTS) may be used to input, store, analyze, and generate reports in place of some forms. If available, WITS or HMW Reports shall be used in place of the corresponding forms unless otherwise s...
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