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CALCULATION SHEET

BY: E. Berrios
DATE: 03/27/03

SUBJECT: Integrated Emissions Report PIC Estimation

1 Objective

PROJECT: RPP-WTP
JOB NO.: 24590

CALC NO.: 2459Q-WTP-M4C-FRP-00002
SHEET REV: OA

SHEET NO.:~

The purpose of this calculation is to estimate the emission rates of Products of Incomplete Combustion (pIC)
generated from the Waste Treatment and Immobilization Plant (WTP). The results from this calculation will be
reflected in the next revision of the Integrated Emissions Baseline Report for the River Protection Project Waste
Treatment Plant (RPT-W375-ES00001).

2 Inputs

The methodology for calculating the PIC emissions is equivalent to the methodology presented in the Estimation of
Product ofIncomplete Combustion Emissions for the River Protection Project Waste Treatment Plant (RPT-24590
EN-00005). Stack detection limits are the same as those used in the above mentioned report. Table 1 shows the
detection limits used.

Stacks stream information was obtained from the stream reports generated via the Model Run Request titled
Emissions Maximum Case Runs with Updated Parameters (24590-WTP-MRQ-PT-03-002) and are shown in
Appendix A. Data used is the following:
• Stream PVP12 (Pretreatment Stack)

• Volumetric flow: 2.74E+03 aft3/min

• Pressure = 1000 mbar = 1 bar
• Temperature = 37.3°C
• Water mass flowrate = 5.43E+03 Ibid

• Stream LVP26 (LAW Vit Stack)
• Volumetric flow: 5.99E+03 aIr/min
• Pressure = 1000 mbar = 1 bar
• Temperature = 100°C
• Water mass flowrate = 1.91E+04 Ibid

• Stream HOP33 (HLW Vit Stack). Flows are given for 2 melters thus to get generation per individual melter,
the flowrates are divided by 2.
• Volumetric flow: 3.04E+03 12 = 1.52E+03 a~/min

• Pressure = 1000 mbar = 1 bar
• Temperature =800e
• Water mass flowrate = 1.89E+04 12 = 9.45E+03 Ibid

Standard conditions are considered to be 1.01325 bars and 20°C (293 K) per Section 5 of the EPA Method 0030
(EPA 1986).

The ideal gas law constant used was 0.08314 l*bar/(mol*K) (Perry 1984, Table 1-9).

3 Background

An updated emissions profile for the new WTP 2+2 melter configuration has been generated. As part of this
update, the estimation of the Products of Incomplete Combustion needs to be re-generated. This calculation
provides this update.



CALCULATION SHEET

BY: E. Berrios
DATE: 03/27/03

SUBJECT: Integrated Emissions Report PIC Estimation

4 Applicable Codes and Standards

NA

5 Methodology

PROJECT: RPP-WTP
JOB NO.: 24590

CALC NO.: 24590-WTP-M4C-FRP-00002

SHEET REV: OA
SHEET NO.:~

Generation ofPICs from WTP were estimated using the methodology described below.
• Stack detection limits were obtained from Table 2 of the Estimation ofProduct ofIncomplete Combustion

Emissionsfor the River Protection Project Waste Treatment Plant (RPT-24590-EN-00005).
• Stream information for each stack was obtained from the Model Run Request titled Emissions Maximum Case

Runs with Updated Parameters (24590-WTP-MRQ-PT-03-002). Streams analyzed were HOP33 (HLW Vito
Stack), LVP26 (LAW Vit Stack), PVP 12 (Pretreatment Stack). Stack flowrate was converted from actual cubic
feet per minute (ACFM) to standard cubic feet per minute (SCFM). This number was then converted to dry
standard cubic meters per minute (DSCMlmin).

• Information was tabulated using the software Microsoft Excel® 97 SR-2.
• Based on the stream conditions at the stack, the PIC emission rates were calculated in grams per second.

6 Assumptions

NA

7 Calculations

7.1 Pretreatment Facility

First, the ACFM was converted to SCFM:
T = 37.3°C = 3l0.3K
T(std) = 20°C = 293K
P = 1bar
P(std) = 1.01325 bars
(2.74E+03 ACFM)*(293/3l0.3)*(l/1.01325) = 2.55E+03 SCFM

To convert the SCFM to DSCMIhr, the following calculation was done. Stream volumetric flowrate was converted
from SCFM to SCMH by dividing by 35.3 and multiplying by 60 minlhr.
2.55E+03 SCFM * 1 m3/35.3 ft3 * 60 minlhr = 4.34E+03 SCMH

Water mass flow was then converted to molar flowrate.
5.43E+03 Ibid * 1 kg/2.2 lb * lOOOglkg * Id124hr * 1 mole H20ll8 g = 5.71E+03 gmolelhr

The water volumetric flowrate was calculated by using the ideal gas law.
PV=nRT
R = 0.083141*bar/(mol*K)
T = 37.3°C = 310.3 K
P = 1 bar
P (std) = 1.01325 bar
V=nRT/P
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2.l2E+03 SCMH *(1-11.3/100) = 1.87E+03 DSCMIhr

PROJECT: RPP-WTP

JOB NO.: 24590
CALC NO.: 24590-WTP-M4G-FRP·00002

SHEET REV: OA

SHEET NO.: Q

Constituents stack flowrate was then calculated by multiplying the stack concentration with the DSCMIhr value.
The calculation for 4-Nitrophenol is shown below as an example. All other constituent calculations were
performed using the Microsoft Excel® 97 spreadsheet on a Compaq PC workstation and can be found in Table 4.
Spreadsheet formulas are identical to the ones shown below.

Stack concentration = 15 ug/dscm (cell 05 ofTable 4)
15 ug/dscm * 1.87E+03 DSCMIhr * 1 mg/1000flg = 28.1 mg/hr (calculated in cell E5 ofTable 4)
Converting to g/sec:
28.1 mg/hr * 1 hr/3600 sec * 1 g/1000 mg = 7.81E-06 g/sec (calculated in cell F5 of Table 4)

Table 4 shows the calculations for all the PICs throughout the HLW Vitrification Facility.

8 Results and Conclusions

Tables 2, 3, and 4 show the emissions results for the PICs. The PIC generation estimates for the WfP have been
updated per the latest generated emissions profile.

9 References

Project Documents

24590-WfP-MRQ-PT-03-002, Rev 0, Emissions Maximum Case Runs with Updated Parameters

RPT-24590-ENOO005, Rev 0, Estimation ofProduct ofIncomplete Combustion Emissions for the River Protection
Project Waste Treatment Plant, Table 2

RPT-W375-ES00001, Rev 1, Integrated Emissions Baseline Reportfor the River Protection Project Waste
Treatment Plant

Other Documents

EPA, 1986, Test Methodsfor Evaluating Solid Waste, Physical/Chemical Methods (SW-846), U.S. Environmental
Protection Agency (EPA), Method 0030 Volatile Organic Sampling Train, Revision 0, September 1986, Section 5
(http://www.epa.gov/epaoswerlhazwaste/test/pdfs/0030.pdf)

Perry, R, 1984, Perry's Chemical Engineers' Handbook, Sixth Edition, McGraw Hill Company, New York, 1984,
Table 1-9

10 Attachments

There are no attachments for this calculation.
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To: John Cook

From: Gary Bertolinfd?

Date: 5/2/2003

Re: Phase Determination for COPCs Potentially Emitted from the Hanford Tank Waste
Treatment and Immobilization Plant (WTP)

1.0 Purpose

This memorandum presents the methodology used to determine the phase type (vapor phase,
particle-bound phase, and particle phase) for constituents of potential concern (COPCs) that
have been identified as important to ongoing WTP risk assessment and air permitting
activities. The phase type assigned to each COPC is important because it affects the
decontamination factor assigned to that COPC through each step of the offgas processing
system.

2.0 Criteria and Design Inputs

The calculation procedure and some of the data for COPCs were derived from the draft
Human Health Risk Assessment Protocol/or Hazardous Waste Combustion Facilities
[HHRAP] (EPA, 1998). Other vapor pressure data were obtained from Syracuse Research
Corporation's online Physical Properties Database PhysProp at the website:
http://www.chemfinder.com.

3.0 Applicable Codes and Standards

None.

4.0 Methodology

For the purposes of developing the project emissions inventory and air dispersion modeling,
the constituents ofpotential concern (COPCs) were partitioned into three phase types: vapor
phase, particle phase, and particle-bound phase. The phase type of a COPC affects the
efficiency of the offgas control system for that compound. For example, the particle and
particle-bound phases will be attenuated by HEPA filtration, whereas the vapor phase
constituents will not.
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Most metals and organic COPCs with very low volatility (or vapor pressure) are assumed to
occur only in the particle phase. Organic COPCs with higher vapor pressures occur entirely
in the vapor phase, while organic COPCs with low volatility are condensed onto the surface
of particulates (particle-bound). This memorandum documents the approach used to
establish the phase type for each COPC.

The draft Human Health Risk Assessment Protocol (HHRAP) for Hazardous Waste
Combustion Facilities (EPA Region 6, 1998) provides a suggested approach for determining
the phase of each COpc. It is based on a unitless parameter (Fv) with a range of 0.0 to 1.0,
defined as the fraction of the COPC that is in the vapor phase. COPCs with F, values
approaching 0.0 have low vapor pressures and are considered to be primarily in the particle
phase, while COPCs with F; values of 1.0 have high vapor pressures and are therefore
considered to exist primarily in the vapor phase. COPCs with intermediate F, values are
considered to be in the particle-bound phase.

The following criteria are the basis for determining the phase type of a COPC:

F, < 0.05; phase type = particle
F, = 1.0; phase type = vapor
0.05 .::: Fv < 1.0; phase type =particle-bound

Certain COPCs, such as all metals (with the exception of mercury), are considered to be
nonvolatile and are therefore assigned an F; of 0.0 and are particles (EPA Region 6, 1998).
Mercury, however, is slightly volatile with a vapor pressure of2.0 x 10-3 mm Hg at 25°C, and
is assigned an F, of 1.0. Radionuclides, with the exception of tritium, carbon-l 4, and iodine
129, are also considered to be metals and are therefore assigned an F, of 0.0. Tritium is
always found as a vapor at ambient conditions. Carbon-14 is assumed to exist as 14C0 2, and
is therefore considered to be a vapor phase compound. Iodine-129 has a vapor pressure of
0.3 mm Hg at 20°C and has an F, of 1.0.

The F, value and phase type for all other COPCs is determined by using the equations
presented in Section 7.

5.0 Assumptions and Other Applicable Data

Assumptions and other applicable data applied within this calculation include:

• The vapor pressure and other physical parameters of each COPC,
• The use ofF, as a method of determining the phase type.

2
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6.0 References

Bidleman, T.F., 1988. Atmospheric Processes. Environmental Science and Technology.
Volume 22, Pages 361-367.

EPA, 1998. Human Health Risk Assessment Protocol for Hazardous Waste Combustion
Facilities, Volume 1 (Text). Peer Review Draft. EPA530-D-98-001A, Office of Solid Waste
and Emergency Response.

EPA, 1998. Human Health Risk Assessment Protocol for Hazardous Waste Combustion
Facilities, Volume 2 (Appendix A). Peer Review Draft. EPA530-D-98-001B, Office of Solid
Waste and Emergency Response.

EPA, 1999. Errata - Human Health Risk Assessment Protocol for Hazardous Waste
Combustion Facilities. Peer Review Draft. Office of Solid Waste and Emergency Response.

7.0 Calculations

This section presents the calculations used to determine the Fv.

7.1 Calculation ofFv Values

For organic COPCs that are liquid at ambient conditions, F, is defined by the following
equation

Equation 1

where,

F, = Fraction ofcompound in the vapor phase (unitless)
c = Junge constant (1.7 x 10-04 atm-em)
pOL = Liquid phase vapor pressure ofcompound (atrn)
Sr = Whitby's average surface area ofparticulates (3.5 x 10-06 cm2/cm3 air)

Bidleman (1998) determined that F, is explained better by the liquid phase vapor pressure
(pOd then the solid phase vapor pressure (pos). Therefore, if a COPC is a solid at ambient
conditions, the following equation must be used to determine the liquid phase vapor pressure
of the COPC before calculating F, in Equation 1.

Equation 2

where,

3
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= Liquid-phase vapor pressure of chemical (atm)
= Solid-phase vapor pressure ofchemical (atm)
= Entropy of fusion over the universal gas constant = 6.79 (unitless)
= Melting point of chemical (OK)
= Ambient temperature = 298°K

7.2 Source and Interpretation ofFv Values

F, is a unitless parameter used to classify a COPC as being in one of three categories: a vapor
phase, particle phase, or particle-bound compound. F, is defmed as the fraction of the COPC
in the vapor phase, so assigning a COPC to a single state is a somewhat simplistic method.
However, because most organic COPCs are identified as being in the vapor phase, this is a
conservative (or health-protective) approach when determining destruction efficiencies and
emission rates, because vapor phase compounds are more difficult to control as effectively as
particle or particle-bound compounds.

Appendix A-3 specifies the individual Fv values for 163 of the WTP's 370 organic COPCs.
The Fv values for 11 of the compounds listed in Appendix A-3 were found to have been
corrected and/or added by EPA in an Errata to the HHRAP dated August 2, 1999 (EPA
1999). The corrected values were used in the emissions analysis. The Fv values for organic
constituents not specified in the HHRAP documents were calculated using Equations I & 2,
presented above. Finally, there were 11 organic COPCs whose vapor pressures were not
readily available. The offgas phase for these constituents were determined by reviewing the
physical properties of the constituent and by comparison to Fv values available for
constituents with similar structure and physical properties.

The following hierarchy and criteria was established and followed in determining organic
constituent phase.

• If an Fv value is specified in EPA's Errata (EPA 1999), the value has been taken exactly
as it appears with no rounding applied. For example, in the Errata the COPC 4-chloro-3
methyl phenol has an Fv of0.999972. This constituent was therefore considered to be a
particle-bound compound.

• If an Fv value is not available in the Errata, but is available in Appendix A-3 of the
HHRAP (EPA 1998), it also has been taken as it appears with no rounding applied. In
nearly all cases, the Fv values in Appendix A-3 are provided to three decimal places.

4



• If no Fv value is available in EPA guidance and the vapor pressure of the COPC could be
readily obtained, the Fv has been calculated and rounded to three decimal places. The
decision to round to three decimal places was made to maintain consistency with EPA in
their handling of the values provided in Appendix A-3.

• Ifno vapor pressure data was readily available for a constituent, the phase of the
constituent was established by considering the Fv value of a known constituent that had
similar properties. For example, in 6 of the 11 cases, the missing vapor pressures were
associated with polychlorinated biphenyl compounds (PCBs). The phase for these
constituents was assumed to be particle-bound, since other PCBs for which Fv values
were available fell within the particle-bound range.

7.4 Temperature Dependence on Phase Type

For those COPCs already classified as vapor phase compounds, increases in the temperature
during the vitrification process will not have an effect on the phase type. This is also true of
the metals, which are classified as particle phase substances, with the exception of mercury.

The only potential temperature effect may be on some of the semi-volatile organic copes,
which might shift phase type from particle-bound to vapor phase. The temperature range of
interest during the processing was determined to be 25°C and 70°C. Most of the compounds
in the particle-bound phase were solids throughout this temperature range. Unfortunately,
vapor pressure data for temperatures other than the standard 2SoC were not readily available.

However, vapor pressures for one compound were found, dibutyl phthalate. The calculated
Fy values for dibutyl phthalate were 0.989 at 25°C and 0.999 at 70°C. The conclusion is that
this compound is in the particle-bound phase at both temperatures, and temperatures within
this range do not appear to have significant effect on the phase type of a compound.

7.5 Discussion on the Phase Type ofDioxin and Furan Compounds

Because of the high toxicity associated with dioxin and furan compounds, a special emphasis
was placed on correctly identifying their phase types. The HHRAP document discusses the
partitioning of dioxin-like compounds between the vapor and particle phases (Section 2.3.1).
It states that evaluation of ambient air monitoring studies suggests that the higher chlorinated
congeners (hexa through hepta congeners) were principally absorbed to airborne particulates,
whereas the tetra and penta congeners were significantly partitioned to the vapor phase.

However, in the very next section of the HHRAP document (Section 3-16), a quantitative
method was presented to determine the primary phase of a COPC. This approach is the
method outlined in this memo, using the F, parameter. Table 1 provides the F, values for a
number of tetra through octa congeners of dioxins and furans. The Fy values come directly
from Volume 2, Appendix A of the HHRAP document.

5
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Note that the F; values in Table 1 for the tetra and penta congeners of dioxins and furans
are all in the particle-bound range (F, = 0.21 to 0.66), well below the vapor phase
threshold (Fv = 1.0). F, values for the hexa, hepta, and octa congeners are in the range of
0.0017 to 0.0596, meaning that these compounds are all at or below the 0.05 threshold for
particles. In conclusion, this quantitative analysis indicates that the congeners of dioxins
and furans should all be classified as either particle-bound or particles. This conclusion
is supported by review of the physical state of these compounds, since they are all solids
at ambient conditions, with melting points ranging from 196°C to 325°C.

8.0 Summary

These calculations provide the basis for determining the phase type ofeach COPC identified
in the WTP emissions estimate used to support permitting. Appendix A presents selected
data for each of the COPCs being evaluated, including phase type, F, value, and vapor
pressure (when available). The results are used in determining the decontamination factor for
each cope in the offgas processing system

9.0 Conclusion

The sources of data, methods, and results of this analysis are consistent with appropriate
regulatory guidance.

6



Table 1. Vapor Phase Partitioning (F,,) for Congeners of Dioxins and Furans.
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Congener F; Value/or Dioxin F,. Value/or Furan
Tetra

2,3,7,8- 0.490 0.663

Penta
1,2,3,7,8- 0.219 0.364
2,3,4,7,8- n/a 0.263

Hexa
1,2,3,4,7,8- 0.0596 0.0486
1,2,3,6,7,8- 0.0289 0.0515
1,2,3,7,8,9- 0.0153 0.0576
2,3,4,6,7,8- n/a 0.0547

Hepta
1,2,3,4,6,7,8- 0.0162 0.0347
1,2,3,4,7,8,9- n/a 0.0201

Octa
1,2,3,4,6,7,8,9- 0.00169 0.00167
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COPC Identification

Vapor Pressure
CAS at Ambient

Registry Compound Offgas Phase Conditions Source/Basis for
No. Number Type Fv (atm) FvValue

1 100-00-5 p-Nitrochlorobenzene vapor 1.000 2.88E-05 calc
2 100-21-0 p-Phthalic acid vapor 1.000 1.21E-08 calc
3 100-25-4 1A-Dinitrobenzene particle-bound 0.999 3.43E-08 calc
4 100-41-4 Ethyl benzene vapor 1 1.26E-02 App. A-3
5 100-42-5 Styrene vapor 1 8.21E-02 App. A-3
6 10061-01-5 cis-1,3-Dichloropropene vapor 1.000 4.11E-02 calc
7 10061-02--6 trans-1,3-Dichloropropene vapor 1.000 4.63E-01 calc
8 101-55-3 4-Bromophenylphenyl ether vapor 1 1.97E-06 App. A-3
9 101-84-8 Diphenyl ether vapor 1.000 2.96E-05 calc
10 106-35-4 3-Heptanone vapor 1.000 3.40E-03 calc
11 106-42-3 p-Xylene (Dimethyl benzene) vapor 1 1.06E-02 App. A-3
12 106-46-7 1A-Dichlorobenzene vapor 1 1.39E-03 App. A-3
13 106-88-7 1,2-Epoxybutane vapor 1.000 2.36E-01 calc
14 106-93-4 Ethylene dibromide (Dibromethane) vapor 1 1.00E-02 App. A-3
15 106-97-8 Butane vapor 1.000 2.40E+OO calc
16 106-99-0 1,3-Butadiene vapor 1.000 2.78E+00 calc
17 107-02-8 Acrolein vapor 1 3.50E+00 App. A-3
18 107-05-1 3-Chloropropene (Allyl chloride) vapor 1.000 4.84E-01 calc
19 107-06-2 1,2-Dichloroethane (Ethylene chloride) vapor 1 1.07E-01 App. A-3
20 107-12-0 Propionitrile vapor 1.000 6.20E-02 calc
21 107-13-1 Acrylonitrile vapor 1 1.40E-01 App. A-3
22 107-18--6 2-Propene-1-o1 vapor 1.000 3.40E-02 calc
23 107-31-3 Formic acid, methyl ester vapor 1.000 7.71E-01 calc
24 107-66-4 Dibutylphosphate particle-bound 0.995 1.26E-07 calc
25 107-87-9 2-Pentanone vapor 1.000 4.60E-02 calc
26 108-03-2 1-Nitropropane vapor 1.000 1.30E-02 calc
27 108-05-4 Vinyl acetate vapor 1 1.43E-01 App. A-3
28 108-10-1 Hexane (4-Methyl-2-pentanone or MIBK) vapor 1 2.50E-02 App. A-3
29 108-20-3 Bis(isopropyl)ether vapor 1.000 1.96E-01 calc
30 108-38-3 m-Xylene (Dimethyl benzene) vapor 1 1.06E-02 App. A-3 o
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COPC Identification

Vapor Pressure
CAS at Ambient

Registry Compound Offgas Phase Conditions Source/Basis for
No. Number Type Fv (atm) FvValue
31 108-39-4 m-Cresol vapor 1 1.90E-04 App. A-3
32 108-87-2 Methylcyclohexane vapor 1.000 6.1OE-02 calc
33 108-88-3 Toluene vapor 1 3.71E-02 App. A-3
34 108-90-7 Chlorobenzene vapor 1 1.59E-02 App. A-3
35 108-93-0 Cyclohexanol vapor 1.000 1.05E-03 calc
36 108-94-1 Cyclohexanone vapor 1.000 5.70E-03 calc
37 108-95-2 Phenol vapor 1 5.74E-04 App. A-3
38 109-66-0 n-Pentane vapor 1.000 6.76E-01 calc
39 109-99-9 Tetrahydrofuran vapor 1 2.14E-01 App. A-3
40 110-12-3 5-Methyl-2-hexanone vapor 1.000 0.0076 calc
41 110-43-0 2-Heptanone vapor 1.000 5.07E-02 calc
42 110-54-3 n-Hexane vapor 1.000 1.99E-01 calc
43 110-62-3 n-Valeraldehyde vapor 1.000 3.42E-02 calc
44 110-82-7 Cyclohexane vapor 1.000 1.28E-01 calc
45 110-83-8 Cyclohexene vapor 1.000 1.17E-01 calc
46 110-86-1 Pyridine vapor 1 2.60E-02 App. A-3
47 111-65-9 n-Octane vapor 1.000 1.86E-02 calc
48 111-76-2 Ethylene glycol monobutyl ether vapor 1.000 1.17E-03 calc
49 111-84-2 n-Nonane vapor 1.000 5.90E-03 calc
50 117-81-7 Bis(2-ethylhexyl)phthalate (DEHP) particle-bound 0.935 8.49E-09 Errata
51 117-84-0 n-Dioctyl phthalate particle-bound 0.90811 5.88E-09 Errata
52 118-74-1 Hexachlorobenzene vapor 1 1.62E-08 App. A-3
53 120-12-7 Anthracene vapor 1 3.35E-08 App. A-3
54 120-82-1 1,2,4-Trichlorobenzene vapor 1 4.42E-04 App. A-3
55 120-83-2 2,4-Dichlorophenol vapor 1 7.21E-06 App. A-3
56 121-44-8 Triethylamine vapor 1.000 7.51E-02 calc
57 121-69-7 Dimethylaniline vapor 1.000 9.20E-04 calc
58 122-39-4 N,N-Diphenylamine vapor 1.000 1.06E-06 calc
59 123-19-3 4-Heptanone vapor 1.000 8.05E-03 calc
60 123-38-6 n-Propionaldehyde vapor 1.000 4.17E-01 calc
61 123-51-3 3-Methyl-1-butanol vapor 1.000 3.12E-03 calc
62 123-86-4 Acetic acid n-butyl ester vapor 1.000 1.51 E-02 calc
63 123-91-1 1,4-Dioxane vapor 1 5.00E-02 App. A-3
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cope Identification

Vapor Pressure
CAS at Ambient

Registry Compound Offgas Phase Conditions Source/Basis for
No. Number Type Fv (atm) FvValue

64 126-73-8 Tributyl phosphate vapor 1.000 5.26E-06 calc
65 126-98-7 2-Methyl-2-propenenitrile (Methacrylonitrile) vapor 1 8.90E-02 App. A-3
66 127-18-4 Perchloroethylene (tetrachloroethylene) vapor 1 2.42E-02 App. A-3
67 127-19-5 N,N-Dimethylacetamide vapor 1.000 0.00263 calc
68 128-37-0 2,6-Bis(tert-butyl)-4-methylphenol vapor 1.000 6.78E-06 calc
69 129-00-0 Pyrene particle-bound 0.994635 5.59E-09 Errata
70 1321-64-8 Pentachloronaphthalene particle-bound 0.971 1.96E-08 calc
71 1321-65-9 Trichloronaphthalene vapor 1.000 4.13E-07 calc
72 132-64-9 Dibenzofuran vapor 1.000 3.26E-06 calc
73 1335-87-1 Hexachloronaphthalene particle-bound 0.990 4.38E-09 calc
74 1335-88-2 Tetrachloronaphthalene particle-bound 0.945 1.32E-09 calc
75 1336-36-3 Polychlorinated biphenyls (PCBs) particle-bound 0.999 6.50E-07 calc
76 141-78-6 Acetic acid ethyl ester (Ethyl acetate) vapor 1.000 1.22E-01 calc
77 141-79-7 4-Methyl-3-penten-2-one vapor 1.000 1.08E-02 calc
78 14265-44-2 Phosphate particle 0 n/a guidance
79 14280-30-9 Hydroxide particle 0 nla guidance
80 142-82-5 n-Heptane vapor 1.000 6.05E-02 calc
81 144-62-7 Oxalic acid vapor 1.000 3.08E-07 calc
82 14797-55-8 Nitrate particle 0 nla guidance
83 14797-65-0 Nitrite particle 0 nla guidance
84 14808-79-8 Sulfate particle 0 nla guidance
85 156-60-5 trans-1,2-Dichloroethylene vapor 1 4.63E-01 App. A-3
86 1582-09-8 Trifluralin particle-bou nd 0.994 6.03E-08 calc
87 1634-04-4 Methyl tert-butyl ether vapor 1.000 3.29E-01 calc
88 16887-00-6 Chloride particle 0 nla guidance
89 16984-48-8 Fluoride particle 0 nla guidance
90 1836-75-5 Nitrofen particle-bound 0.980 1.05E-OB calc
91 18540-29-9 Chromium (hexavalent) particle 0 nla guidance
92 189-55-9 Dibenzo[a.i]pyrene particle 0.014 2.37E-14 calc
93 189-64-0 Dibenzo[a,h]pyrene particle 0.010 7.89E-15 calc
94 191-24-2 Benzo(g,h,i)perylene particle-bound 0.067 1.32E-13 calc
95 191-30-0 Benzo[a,i]pyrene particle 0.024 6.32E-13 calc
96 192-65-4 Dibenzo[a,e]pyrene particle 0.021 9.21E-14 calc
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G

Appendix G
Organic Abatement DFs in Pretreatment PVP System

Appendix G provides the methodology used to determine the organic constituents decontamination
factors through the pretreatment vessel vent system thermal oxidizer and carbon beds. The numbers
provided are conservative and provide bounding conditions for the emissions profile analysis.
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1 Objective

The objective of this analysis is to determine the decontamination factors (DFs) for abatement of potential
organic constituents in the pretreatment (PT) vessel vent process (PVP) system.

2 Existing Design Inputs

2.1 RTO Design Criteria

Conditions of combustion within the regenerative thermal oxidizer (RTO) unit are 1.0 second residence
time at 1600 of according to the System Description for Pretreatment Vessel Vent Process System
(24590-PTF-3YD-PVP-0000l ).

2.2 Carbon Adsorber Design Criteria

Carbon adsorbers are designed to contain the largest volume of carbon media possible within the limits of
pressure drop and facility size limitations for exchanging spent adsorbers with freshly charged adsorbers
(24590-PTF-MOC-PVP-00003, p 3-4).

3 Background

3.1 Origins of Organic Compounds in the PVP system

Historical characterization of Hanford tank waste shows various organic compounds in the solids, liquids.
and headspace vapors of numerous double and single shelled tanks. Organic solvents and complexants
were used in nuclear fuel processing and account for the bulk of the original organic material sent to the
waste tanks. Since then, complex reactions have taken place where the original organic waste compounds
have undergone radiolytic decomposition to form other compounds. The decomposition products can
continuously change in composition since many of them are reactive with other organic decomposition
products or may undergo further radiolytic decay. The sustained radioactive exposure to original organic
waste material accounts for potentially thousands of different organic compounds present in the waste at
trace quantities.

Waste batches will be sent from Hanford tank farms to the Hanford Tank Waste Treatment and
Immobilization Plant (WTP) PT facility for processing prior to vitrification. While in PT, process vessels
are swept with forced and passive air purges to ensure that radiolytically generated hydrogen does not
concentrate in vessel headspaces to a flammable level. The sweeping of process vessel headspaces allows
for the removal of organic compounds as governed by the vapor-liquid equilibrium (VLE) ofeach
compound at the system conditions.

3.2 Organic Abatement in PVP system

Air purges from PT process vessels are removed, and treated through the Pretreatment Vessel Vent
Process System (PVP) prior to discharge to the environment. To ensure that the concentration of Volatile
Organic Compounds (VOCs) in the PT off gas is reduced before release to the environment. the stream is
processed through a Regenerative Thermal Oxidizer (RTO) and a carbon adsorber. In the RTO, organic
compounds are destroyed via combustion. The combustion reaction is induced by the application of high
temperature and the availability of excess oxygen. Destruction of contaminants is followed by a polishing
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step in the adsorber where some removal of remaining organic compounds takes place. In the adsorber,
organic contaminants are removed from the vent gas by capture on the surface of the activated carbon
media.

3.3 Organic Characterization of Hanford Tank Wastes

Due to the difficulties associated with sample handling and analysis of radioactive tank waste, the organic
characterization of waste liquid and solids remains largely incomplete with respect to the species and
concentration of each organic compound. The most abundant organic characterization data comes from
tank headspace analyses. A wide range of target organic compounds have been detected in various tank
headspace samples on behalf of the relative ease of vapor phase sample handling during analysis. Over
1200 different organic compounds have been detected through historical sampling and analyses of
Hanford tank wastes (Wiemers 1998 p 4.13). Nearly all 1200 of these compounds have been detected in
the headspace samples of single shell tanks (Stock 2000, p 2).

In spite of the organic analysis data available to date, there is still significant uncertainty in determining
the potential concentrations of the individual and collective organic compounds within the PVP vent
stream. Arguably, organic concentrations will be appreciably less in the PVP vent gas than detected
concentrations from historical headspace analysis. Most of the data was collected several years ago and
the organic compounds continue to be depleted by ventilation of the waste tanks. However, those
compounds which have been detected at higher concentrations are generally the most credible in terms of
their presence in multiple tanks. As such, the organic compounds most likely to be detectable in the PVP
system vent gas are those which have been detected in some abundance in several different waste tanks.

3.4 Constituents of Potential Concern

In the Integrated Emissions Baseline Report for the River Protection Project Waste Treatment Plant
(RPT-W375-ESOOOOI), 250 organic Constituents of Potential Concern (COPCs) were identified as being
relevant to emissions estimates for permitting. These 250 COPCs were identified during development of
the Final Work Plan for Screening Level Risk Assessment (SLRA) for the RPP-WTP (RPT-W375
ENOOOOl). These constituents have been included in emissions estimates used for permitting the WTP.
As such, they are also considered in this analysis to establish conservative DFs to be included when
determining future emissions estimates used in permitting activities.

Of the 250 COPCs, 14 are coplanar Poly-Chlorinated Biphenyls (PCBs). These 14 PCBs have been
included individually in the list on behalf of the tendency for the coplanar molecules to exhibit dioxin-like
properties (RPT-W375-ESOOOOl, p 13). The specific PCBs are shown in addition to the generally
identified compound, PCB (CAS # 1336-36-3), which is inclusive ofthe entire family of individual
PCBs.

3.5 Organic Destruction via Combustion -Theory

Thermal oxidation of organic material is a combustion process. Combustion is defined as the burning of
gases, liquids, or solids, in which the substance is oxidized, evolving heat and often light
(Lewandowski 2000, p l ). For combustion to occur, 3 clements of the reaction need to be in place. These
are fuel (the organic contaminant in this case), oxygen (present in the vent gas which is mostly air), and
an ignition source. The ignition source can be thought of as the source of activation energy to initiate the
chemical (combustion) reaction. In general, combustion reactions are exothermic and under the correct
conditions of oxygen and fuel, initiated combustion can release enough heat to sustain a continuous
ignition source (the burning process or a "fire"). The following chemical equation shows the products of
combustion for a typical hydrocarbon.
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Equation G-l

= stoichiometric coefficients
= Carbon
= Hydrogen
= carbon dioxide combustion product
= water vapor combustion product
= activation energy to initiate the reaction
= combustion energy released by forming the combustion products

Qactivation

Qcombustion

C,H2y+(X +~)02 +Qacli\'alion

Where:
XandY
C
H
CO2

H 20

Within a thermal oxidation system, the primary performance requirement is the extent of destruction or
Destruction Efficiency (DE) of the organic contaminants. Important parameters which affect the DE of
organics by thermal oxidation are sometimes called the "three T's" of combustion. The "T's' are time,
temperature, and turbulence. The other most important parameter is availability of oxygen. The extent of
oxygen present in a combustion system essentially determines the importance of time and turbulence. As
the availability of oxygen increases, the need for time and turbulence (mixing) will decrease for the same
DE since there is more likelihood for the same number of contaminants to contact and react with an
oxygen molecule. Typically, thermal oxidizers use a fuel supply and burner system to maintain the
system operating temperature. In such cases, the excess oxygen is usually managed to levels which are
only slightly higher than the stoichiometric requirement. The reason for limiting the excess oxygen is a
cost consideration which limits the fuel required to maintain the system temperature (fuel efficiency). In
systems where oxygen is rigorously controlled, time and turbulence become a vital design consideration
to ensure equivalent DE.

The PVP system will use a RTO which will maintain operating temperature by heat input from an electric
element as opposed to a burner system. In this service, the extent of excess oxygen is very near 20.9%
(the oxygen concentration in ambient air) since the organic contaminants in the PVP stream are expected
to be extremely dilute. The RTO will recover energy from the high temperature exhaust by exchanging
heat with (preheating) the feed gas via ceramic heat transfer beds. Oxidizers which use ceramic heat
transfer beds in alternating flow cycles are known as "regenerative". This manner of heat recovery will
maximize the energy efficiency of the oxidizer as well as providing some additional residence time at
temperatures very near the operating temperature.

The design parameters required for the PVP oxidizer are 1.0 second residence time at 1600 degrees
Fahrenheit. This is consistent with EPA reported results of commercial incinerators (fuel-fired) where
0.75 seconds and 1600 OF have been shown to ensure DEs remain above 98% for non-halogenated VOCs
(EPA 1999, p l ). Additionally, electric heating elements used in existing RTOs have demonstrated
proven reliability when operating at 1500 OF and the capability of operating as high as 1800 OF. It should
be noted here that the EPA reference which states destruction performance for this operating temperature
has derived the information from historical performance of fired oxidizers (as opposed to electric). The
reference states the importance of mixing and residence time in this type of system since the availability
of oxygen is limited by the system's operationally practical fuel efficiency.

3.6 Organic Removal via Adsorption - Theory

The adsorption ofVOCs on activated carbon media occurs by a physical adsorption mechanism in which
weak attractive forces, resulting from Van der Waals forces between the contaminant and the carbon
adsorbent (also known as Hydrogen bonding forces or London dispersion forces) adhere the contaminant
to the surface ofthe carbon. The process is exothermic and usually evolves slightly more energy than the
heat of vaporization of the adsorbed compound (Cooper 1994, p 381). The contaminant essentially
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moves out of the vapor phase to behave like a liquid or solid phase trapped on the solid surface of the
adsorbent media. Adsorption is usually reversible. Under appropriate sustained conditions of
temperature, pre ssure , and concentration, most adsorbed compounds can re-enter the vapor phase as
governed by thermodynamic equilibrium.

In general , the potential for act ivated carbon to adsorb a particular contaminant depends primarily on the
boiling point and molecular weight (MW) of that compound. The reason is that some molecules tend to
have more potential for intermolecular attraction via London dispersion forces . A generally predictive
measure of intermolecular forces is normal boiling point since the change of phase requires enough
energy to break the interm olecular forc es which hold the compound together in its liquid phase . A higher
boiling point corresponds with a higher intermolecular attraction (Brown 1994, p 374) and hence more
potential for strong adsorption. Consequently, boiling point is the strongest indicator for the
"adsorbability" of a particular VOc. Boiling point is followed closely by MW as an indicator of
adsorption potential. Large molecules with large MWs tend to have more atoms and therefore more
potential to be polarized . The polar characteristic of a molecule adds to the attractive forces due to the
pull between dissimilar charges. The more "polarizable" a molecule is, the more intermolecular force it
exhibits and hence the more adsorbable it may be.

3.6.1 Adsorption Isotherms

Adsorption is governed by thermodynamics of chemical equilibrium; therefore, contaminant
concentration in the treated gas is an important factor in determining the capacity of the carbon to collect
or load a particular constituent. Temperature and pressure conditions also impact the extent of adsorption
so that higher pressure and lower temperature favor a higher adsorption capacity. This is consistent with
the observation that gas phase adsorption is exothermic at essentially the latent heat of vaporization. The
adsorption behaves like a phase change; both high pressure and low temperature favor this transition. At
constant pressure and temperature, the relationship between contaminant concentration in the exit gas and
the equilibrium capacity of the adsorbent is known as an adsorption isotherm. Figure G-l, below, depicts
a generalized relationship between carbon loading capacity and equilibrium exit gas concentration.

Figure G-l
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Isotherms are empirically created from experimental or industrial data and are commonly available for
numerous VOCs on adsorbents developed for several types of gas cleaning services. However, at
extremely dilute concentrations, the predictive capability of empirically developed isotherms becomes
unreliable. The reason is that adsorption data is not widely available at extremely low concentrations
since there is not normally a regulatory driver to apply adsorption technology to significantly dilute
streams. Industrial experience would sugge st that adsorption capacities for dilute contaminant
concentrations should be determined through pilot testing of each adsorbent media considered for the
service. The performance or Removal Efficiency (RE) of activated carbon will vary depending on media
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particle size, type of activation processing (internal pore size, pore distribution, and void fraction), and
carbon source material.

3.6.2 Multi Component Adsorption

In multi component adsorption, the adsorption capacity of any particular compound may no longer follow
its particular single compound isotherm. Complex and unpredictable component-to-component
interactions may take place. This can change the thermodynamic equilibrium of the collective adsorption
system. It is known however, that in systems where a weakly attracted compound has been adsorbed, it
can later be displaced by a more strongly adsorbed compound if the relative concentrations favor the
exchange. This "selective" behavior greatly adds to the complexity and unpredictability of multi
component adsorption.

Processing of each batch of Hanford tank waste is likely to evolve multiple species of VOCs at dilute
concentrations, each with its own unique organic signature. In the case where potentially hundreds of
different organic compounds may be present at different concentrations, the contaminants will be
competing for the same adsorption sites. The prediction of equilibrium for any given compound becomes
virtually impossible. Given the unpredictable mix of compounds and concentrations in the PVP system
vent gas, those compounds which are only slightly adsorbable are not likely to exhibit any appreciable
removal from the stream.

3.7 Compound Physical Property Sources

The list of contaminants considered by this analysis includes compounds that have been detected through
various historical analysis of Hanford tank wastes and those which have been given consideration due to
regulatory concern. These compounds exhibit a wide range of physical properties. Not all of the relevant
physical property values were found to be readily available. For the most part, chemistry and engineering
handbooks and texts have been referenced to supply the important physical properties used in this
analysis. In addition, several internet databases containing information on chemical compounds,
chemistry, and chemical safety were used to further complete the collection of physical properties. In
some cases, manufacturer's material safety data sheets (MSDS) were used to provide the Auto-Ignition
Temperatures (AITs), solubilities, and/or boiling points of certain compounds.

This group of sources however, did not provide all of the required information for every compound. To
fill the remaining gaps, comparisons were made to similar compounds for which data was found
available. The missing physical property information was then conservatively estimated. Primarily,
chemical structure was used to assign AITs and normal boiling points. To a lesser extent, molecular
weight, solubility, and National Fire Prevention Association (NFPA) hazard rankings were taken into
consideration. General chemical trends were accounted for when assessing the conservatism of each
estimated value. Examples of trends would include: I) the polarity of a compound with respect to
estimated boiling point and 2) the number of halogen substitutions, chemical resonance, or length of
alkane chain with respect to estimated AlT.

3.8 Representative Organic Compounds

Given the total number of historically detected organic compounds which could be considered for
tracking through the PVP system, a criteria was needed to select a smaller and more manageable number
of representative compounds. The "representative" compounds will include organic copes identified by
the SLRA. The organic COPCs contain numerous halogenated and aromatic compounds which appear at
the extreme ends of the range of physical property values used to assign DFs. The representative
compounds can then bound the behavior of those which may not be tracked in the PVP system. By
including several compounds which are difficult to destroy or remove from the PVP vent gas, future
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emissions estimates can establish bounding conservatism by assigning higher concentrations to these low
abated compounds.

Since the compounds under consideration are those which may be present within the PVP vent gas, the
considerable data collected from headspace (vapor) samples of the single shell tanks was considered to be
the widest and most representative information. A single source document containing the maximum
detected concentration of nearly 1200 compounds (Stock 2000) was used to set the selection criteria for
some of the representative compounds. It is appropriate to include the organic COPCs in this analysis
because of their inclusion in emissions estimates which affect WTP permitting. The criteria for selecting
the remaining compounds was decided to be a maximum detected concentration of 0.1 part per million by
volume (ppmv) or higher.

Some of the compounds detected at 0.1 ppmv or higher are COPCS[CJDl]'. However, all tabular data
presented in this analysis are shown as two lists: 1) the COPCs and 2) those detected over the
concentration threshold. This is done to more easily locate particular compound information based on the
different end uses expected from this analysis. The total number of individual compounds considered in
this analysis is 436. Tables 1-1 and 1-2 of the Appendix show the COPCs and detected compounds in
tank headspace respectively.

All organic COPCs identified in the SLRA will be included in this analysis with the exception of the
individual coplanar PCBs. Due to the similarity of PCBs across all the various specific structures and
physical properties, the 14 listed coplanar PCBs will not be treated individually in this analysis. Those
compounds are assigned a single DF identified by the descriptive name (PCBs) and the Chemical
Abstract Service number (CAS #) 1336-36-3.

3.9 Compound Physical Properties

Tables 1-1 and 1-2 show a CAS #, MW, chemical formula, boiling point, and AIT for each compound. A
two dimensional structure is also shown for each compound where the structure is not obvious by its
compound name and/or where it is significant to the determination of any estimated physical property
value. Values which could not be found in available references have been estimated as described in
Section 3.7 ofthis analysis. Source information and notes concerning particular physical property values
are included at the end of each table. As can be expected with such a large collection of data from several
different references, some values may be found to be inconsistent with other references. However, since
conservatism has been exercised at each occurrence of estimation or enabling assumption, the individual
and collective physical property inputs are considered to be bounding as supported by the best available
information. As such, their effect on the analysis result with respect to the accuracy of assigned DFs is
expected to be conservatively bounding.

3.10 Destruction Criteria

Section 2.1 gives the design conditions of residence time and operating temperature of the RTO. For a
given constituent, the availability of oxygen and its AIT are the other important factors for determining
DE in the RTO system.

3.10.1 Oxygen Concentration

Final Vapor-Liquid Equilibrium (VLE) for organic compounds in the PVP vent gas will take place in the
caustic scrubber which is controlled to near standard conditions. These conditions are essentially the
same as waste tank storage conditions at the Hanford Site. Therefore the expected concentration of

I Not all of the COPCs have been detected in analysis of heads pace samples of Hanford tank waste.
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organic compounds will be much less than 1% since most volatile compounds have already been depleted
from the waste. As such, the oxygen concentration of the vent gas is essentially that of saturated ambient
air (>20%) and well in excess of typical combustion systems where excess oxygen is controlled for fuel
efficiency.

3.10.2 Basis of Destruction

Given the design criteria of the RTO and the extent of available oxygen for combustion, the DF for
destruction of each compound will be determined by their AIT. See Section 5.4 for a detailed explanation
on AIT and the relationship of destruction efficiency in the RTO.

3.11 Removal Criteria

For the assigning ofDFs across the carbon adsorber, normal boiling point, MW, and concentration is
considered. It is understood that the concentration of any given constituent in the PVP vent gas can not
be accurately predicted. However, some constituents are known to be extensively destroyed in the
oxidizer leaving a very small concentration in the feed gas to the downstream adsorber. This qualitative
behavior is taken into consideration on those compounds which have high DFs across the RTO. For a
detailed explanation of how boiling point, MW, and concentration are used to assign adsorber DFs, see
Section 5.5.

4 Methodology

4.1 Definition of DF

The mathematical definition of DF is generally the ratio of mass flow in the feed to mass flow in the
treated stream. DFs will be calculated by using the DE or RE in the following relationship.

Equation G-2

DF= 1

[1- ;~]
where:

eff = the contaminant DE or RE in %

4.2 Destruction DF

Each compound's referenced or estimated AIT will be compared with the operating temperature of the
RTO. The difference in these two temperatures will be used to assign a destruction DF based on the
criteria from Table G-2.

4.3 Removal DF

Compound removal DFs across carbon adsorption will be assigned based on the estimated adsorption
capacity of each compound. The estimated adsorption capacities are based on normal boiling point,
molecular weight, and available calculated adsorption capacities (Yaws 1995) for certain compounds
which are included in this analysis. Where the capacity estimation via molecular weight and normal
boiling point differs from the calculated prediction for a specific compound, the lower value is used to
ensure conservatism. For the 35 instances where the correlation gives the lower capacity estimate, the
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correlation value was rounded down to the nearest graduated capacity from Table G-3. The selected
adsorption capacity is then used to assign the removal DFs according to Table GA.

4.4 Combined DF

The carbon adsorption system normally treats gas that has been processed in the RTO. As such, the inlet
concentration of certain constituents has the potential of being extremely low «<0.1 ppmv for
compounds which are readily combustible). The potential for extremely low contaminant concentrations
will be accounted for by applying a reduction scalar on compounds which have a DF of 50 and higher
across the RTO. For these compounds, the adsorption DF used to calculate the combined DF will be
reduced by a factor of 10 (not to decrease below 1.0). The combined DF will then be determined by
multiplication of the DFs for the RTO and carbon adsorber.

5 Assumptions

5.1 Physical Property Sources

Due to the number and species of the organic compounds considered by this analysis, not all physical
property values were found to be readily available. In addition, certain sources were found in
contradiction of each other regarding AIT and normal boiling point. A good example of this is the
chemical compound Pyridine (CAS # 110-86-1). Physical property source #1 and #6 from Table 1-2
show the normal boiling point to be 115.2 °C and 208°C respectively. Another example is Naphthalene
(CAS # 91-20-3). Source #1 and #23 from Table 1-2 show the AIT as 568°C and 526 °C respectively.
Likewise, numerous AIT temperatures were found by searching MSDS and chemical safety databases,
and in some cases, two available sources will show different AITs. In all instances where differing values
were found, the more conservative (high AIT and low boiling point) were used. However, due to the
number of discrepancies found and the apparent potential for inaccuracy, the physical data has been
treated with conservatism in determining the destruction and removal DFs. The physical property data as
assembled in Tables 1-1 and 1-2 is assumed to be best available information and appropriate to determine
combined DFs. This assumption (and any specific physical property value) is not unreasonable since the
inaccuracy of the physical property data is not likely to significantly impact the combined DF of any
compound. In addition, the DFs determined by this analysis are likely to be used with a very conservative
estimation of unabated organic emissions due to the uncertainty of organic content in the tank waste. In
this manner, an estimation of abated organic emissions from the PT PVP system can be considered
bounding.

5.2 Physical Property Values

Numerous uncommon organic species are contained within the collective compounds considered by this
analysis. As not all physical properties were found for several of these compounds, the AIT and normal
boiling point were estimated in some cases to enable the DFs to be assigned. As discussed in Section 3.7,
the compound physical structures were used to estimate the AIT and/or boiling point by comparison to
similar compounds for which the values were known. When estimating the AITs, certain trends related to
elemental composition and chemical structure were recognized. In general, the following patterns are
reflected in the reference AITs:

• Aromatics tend to have higher AITs due to resonance stability.

• Halogenated compounds have higher AITs.

• Higher Carbon to Halogen atomic ratios have lower AITs.

• Methyl or alkane substitutions of otherwise identical structures lowers the AlT.
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• Compounds with longer alkane chains tend to have lower AIT.

• Carbon, Nitrogen, or Oxygen double bonds tend to raise AIT in most compounds.

• Higher Hydrogen to Carbon ratios tend to lower AIT temperature.

All of these trends were taken into consideration to ensure that the estimated AITs were bounded by
conservatism. When estimating normal boiling point, more extreme conservatism was exercised to
ensure that the lower boiling point compounds were reflected as lower than the actual value (resulting in
conservative adsorption DF). At higher values of boiling point, the accuracy of the estimates becomes
less important as the graduated categories for adsorption capacities are associated with wide ranges of
boiling point. In many cases, the molecular weight of compounds with unknown boiling points were so
high that the boiling point of similar structures was far in excess of the maximum criteria for assigning
adsorption DF. On behalf of these measures of conservatism, the estimated physical properties which
affect the destruction or removal are assumed to be bounding and their criteria will not contribute any
non-conservative error to the assigned DFs.

5.3 Unidentified and Non-included Organic Compounds

It is assumed that previously unidentified or lesser detected compounds will behave similarly to the
400+ compounds considered by this analysis. The COPCs include an abundance of halogenated
compounds which are most difficult to destroy in the thermal oxidizer. In addition, several of the
halogenated compounds are methanes and ethanes (refrigerants) which have little or no adsorption
potential. For this reason, the individual compounds considered by this analysis are assumed to be
conservatively representative of the potential organic compounds which could be evolved from the waste.
In order for an emissions estimate to establish a conservative bound for emissions, both the
implementation of the DFs established by this analysis and a conservative estimate of organic compounds
in the feed is required.

5.4 Destruction Efficiency

Time, turbulence, and temperature are commonly referred to as the most important factors on the extent
of complete combustion in thermal oxidation or incineration abatement systems. The three "T's''
however do not specifically address the availability of oxygen (one of the components of the combustion
triangle). The reason is that most commonly the systems under consideration are fired with auxiliary fuel
in some type of burner arrangement. In such cases, the oxygen content is usually regulated at a
concentration slightly in excess of stoichiometric for the sake of fuel efficiency. Stoichiometric oxygen is
typically limited at 3.0 volume percent in the exhaust gas of fired systems. Predictions of destruction
efficiency in systems with limited oxygen are not based purely on temperature. The following sections
discuss the basis for assigning combustion DFs in the PVP system.

5.4.1 Excess Oxygen

A general relationship between operating temperature, contaminant AIT, residence time, turbulence,
percent excess oxygen in the exhaust gas, and DE has been developed and used in the design of
incineration systems. Data showing the dependency of DE on temperature and residence time is shown in
the table below (Lewandowski 2000 p 27).
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Table G-l

Destruction Efficiency Degrees Above AIT Residence Time
(%) (OF) (s)
95 300 0.5
98 400 0.5
99 475 0.75

99.9 550 1.0
99.99 650 2.0

The table shows DE as a function ofthe operating temperature in excess of contaminant AIT. This
relationship assumes that a threshold turbulence (Reynolds number 2': 10,000) and 3.0% excess oxygen are
achieved. The upper bound values given in the table suggest that not all of a contaminant is completely
destroyed. Even at a temperature of650 OF above the AIT ofa contaminant, 0.01% ofthe compound is
shown to remain undestroyed in the stream.

Oxygen starved pathways are presumed to be responsible for the un-cornbusted residual
(Lewandowski 2000 p-26). A study of destruction mechanisms to help predict the DEs in oxygen
deficient systems was conducted by the EPA. The resulting EPA Incinerability Ranking was developed
to provide relative destruction of compounds under oxygen deficient conditions. The study and its results
were published in an Environmental Science and Technology article entitled Development ofa Thermal
Stability Based Ranking ofHazardous Organic Compound Incinerability (Dellinger 1990). Various
relationships were discussed in the article suggesting factors such as elemental composition of the
contaminants and the potential for formation of reactive radicals are primary indicators of thermal
stability (or instability). Figure 9 of the article shows a 2-dimensional plot oftemperature vs the
remaining fraction of contaminant (see Attachment 5) illustrating the effect of varying excess oxygen.
Numerous data sets are plotted, each representing a different extent of excess oxygen (shown as oxygen
equivalence ratio {stoichiometric oxygen/actual oxygen}). A dramatic separation occurs between the
plots of oxygen equivalence ratios 1.0 and 1.001. With only the additional 1/1000th of stoichiometric
oxygen provided when moving from the equivalence ratio of 1.001 to 1.0, equal destruction is achieved at
a significantly lower temperature (more than lOODC lower). In general, the plots all follow the trend of
higher available oxygen equating to a lower temperature of equal destruction. However, the differences
are subtle until the ratio drops below a value of 1.01. This established trend is a clear indication that
oxygen content is the most significant variable to account for when determining destruction efficiency at
temperatures above the AlT. As oxygen availability increases, the required temperature for equivalent
destruction decreases toward the AIT.

5.4.2 Basis of Destruction

Based on the results shown in Figure 9 of the reference discussed above, and the expected concentration
of oxygen in the treated gas of the RTO, the contaminant AIT is assumed to be the single determining
variable in assigning organic DFs. Considering the design residence time of 1.0 second under the
conditions of excess oxygen in the PVP vent gas (see Section 3.10.1), the DEs shown in Table G-l are
considered to be conservatively bounding and valid for assigning DFs in the PVP system RTO. In order
to assign DFs at lower extents than what is shown in Table G-l, data points were extrapolated and fitted
to a well behaved plotted function (see trendline of Figure G-2 below). Table G-2 shows the data points
for the DFs associated with each predicted destruction efficiency.
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Those which are not volatile enough to have already escaped from the tank waste are not likely to be
volatile enough to be appreciably present in the PVP system due to the comparable conditions of
temperature and pressure. Overall, the probability of any single constituent to exceed 0.1 ppmv in the
adsorber feed is quite small. This presents difficulty when assigning adsorption capacity for any
compound since adsorption technology is not traditionally applied to such dilute concentrations of
contaminants. As such, little or no isotherm data are available for compounds at below 0.1 ppmv.

To enable adsorption assignments, the exit gas concentration will be assumed to be 0.1 ppmv for each
compound. This concentration is the lowest for which reference data can be reasonably extrapolated.
Selecting this reference point will establish the best available comparison for use in assigning a
conservative adsorption capacity for each contaminant from Tables 1-1 and 1-2.

5.5.2 Adsorption Capacity Estimate Methodology

As a starting point to consider the various different adsorption potentials in this analysis, molecular
weight, and boiling point criteria from a technology paper on vapor phase carbon adsorption was used to
set graduated thresholds of capacity. The paper, Activated Carbon Adsorption for Treatment of VOC
Emissions (Shepherd 2001), provides relative adsorption capacities of several common organic
compounds (see Attachment 6). The capacities exhibit the governing behavior of adsorption potential
based primarily on boiling point and MW of each compound. From the relative capacities and trends
shown by the compounds included in this source, the following table was developed to assign the
graduated capacities for the same criteria of PVP contaminants:

Table G-3

Contaminant Contaminant Estimated
Normal Boiling Point Molecular Weight Adsorption Capacity

°C g/mol g adsorbedl1OOg carbon

<25 - 0

- <50 0

25-50 <150 0.5

<50 - 1

50-100 <150 1

50-100 - 2

100-150 <150 2

100-150 - 5

>150 <150 10

150-200 - 20

>200 - 40

"Note- The dash (-) indicates all values are applicable - given that the compound is not classified by criteria from a previous row.

This graduated assignment of capacity is potentially too general with respect to compounds in a given
classification of boiling point and MW since the property value ranges are large. Additionally, no
reference is made to compound concentration within the relative capacities presented by the technology
paper.
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To qualify the values of Table G-3, the assigned capacities of several compounds were compared to the
corresponding predicted results of a correlation equation. The equation was developed from available
isotherm data of numerous organic compounds (Yaws 1995). The results for common organic
compounds having 4 or less carbon atoms were obtained from a quadratic equation as a function each
contaminant's assumed concentration and compound-specific quadratic coefficients (see Attachment 7).
The logarithmic series expansion equation is shown below:

Equation G-3

lcg., Q = A + B log., Y + C[loglo y]2

Where:
Q = adsorption capacity at equilibrium (gil 00 g carbon)
y = contaminant concentration in ppmv
A, B, & C = quadratic coefficients (contaminant specific)

Of the 436 compounds considered by this analysis, 95 ofthem were found to have coefficients for
prediction of their adsorption capacity by this correlation. In general, the predicted results were in
alignment with the estimated capacities assigned from Table G-3 criteria. However, the correlation
capacity results were lower than the estimated capacities for 35 of the 95 compounds. The differences in
predicted capacities (difference = correlation results - estimated capacity) ranged from -1.9 to 16 (gIlOO g
carbon). This shows that the graduated capacities determined by the estimation method are generally
conservative and in agreement with the correlation. For most compounds, the estimation method is well
below the correlation result. It is assumed that the lower predicted capacity from either Table G-3 criteria
or the correlation equation (where contaminant constants are available) is achievable by carbon in the
PVP adsorption system.

Lastly, it is recognized that some contaminants will be extensively destroyed in the thermal oxidizer and
will appear in the adsorption system at extremely dilute concentrations. These low concentrations may be
considerably lower than the valid lower limit of either predictive method for capacity. To account for this
uncertainty, the estimated adsorption OF of those compounds which show a high OF in the RTO will be
reduced by a safety factor. It is assumed that a reduction factor of 10 for adsorption OFs on compounds
which have an assigned OF of ~ 50 in the RTO will adequately compensate for uncertainties in the
predicted value based on low concentration. This assumption is incorporated in the analysis methodology
(Section 4.4). However, since the combustion OFs have been assigned conservatively, it is recognized
that some compounds may achieve a OF of greater than 50 in the RTO even though they have been
assigned a lower OF. In these cases, or where the originating evolved contaminant concentrations are
appreciably lower than 0.1 ppmv, it is possible that the conservatism of each assigned removal efficiency
(adsorption OF) may no longer be conservatively bounding. While this may be the case for numerous
identified (or unidentified) compounds, the effect of introduced error on predictions made using the
estimated removal OFs will be insignificant. In those cases where the adsorption removal efficiencies
may not be bounding due to low concentration, the effect on a mass balance or emissions estimate will be
negligible.

5.6 Adsorption RE and DF relationship

As discussed in Section 3.6, removal of a contaminant from a gas stream via adsorption is dependant on
the attraction between the contaminant and the adsorbent, the concentration of the contaminant, and the
physical properties of the contaminant. These factors are used with empirical data to generate carbon
loading capacities and adsorption isotherms. However, the generated (or calculated) isotherms are
typically valid for gas phase concentrations above 0.1 or 1.0 ppmv. Extrapolations of equations or
relationships which predict loading capacity or isotherm data to concentrations below 0.1 ppmv may
become quite inexact. Historical process knowledge would suggest that pilot scale tests should be
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conducted to determine exact adsorption performance. This is impractical for the PYP adsorption system
since wastes processed in PT contain numerous trace organic compounds and each waste has a different
organic signature. Information from pilot testing of a single waste may not be applicable to a different
waste source. Therefore the relationship between removal efficiency and DF will be estimated on a more
general basis by the following table.

Table G-4

Adsorption Capacity Removal Efficiency (RE) DF

(g adsorbed/100 g carbon) % mass flow in / mass flow out

0 0 1

0.5 20 1.25

1 50 2

2 80 5

5 90 10

10 95 20

~20 98 50

This relationship takes into account the conservatism which has been placed on the assignment of each
adsorption capacity. Each assigned adsorption capacity has taken into account the potential for selective
adsorption (replacement of a weakly attracted contaminant by a strongly attracted compound) and the
potential for compounds to be present in much lower than reference concentrations «0.1 ppmv).

The relationship between estimated adsorption capacity and DF is an enabling assumption. While every
attempt has been made to add reasonable conservatism, the above DFs are only a generalized estimate.
Any other more accurate means of assigning DFs would require both of two virtually non-attainable
pieces of information: 1) the specific compounds and concentrations of adsorbable contaminants in the
post oxidizer PYP vent gas, and 2) the specific multi component isotherm for each compound. Once the
adsorption system is in service with off gas evolved from PT waste processing, it will be possible to take
upstream and downstream samples and establish the extent to which this assumption is conservatively
bounding.

6 Analysis

In order to handle data for the numerous compounds maintained in each of the separate lists, the
computations were performed on Microsoft® Excel spreadsheets. Example compounds are shown in the
remainder of this section to illustrate how the compound physical property data and analysis methodology
are used in the computations to assign the DFs. Trans-l,3-Dichloropropene, Ethylene Dibromide,
(compound numbers 7 and 14 from Table 1-1) and l-Heptanol (compound number 95 from Table 1-2),
are examples which show the various considerations underpinning the assigned DF methodology.

6.1 Trans-1,3-Dichloropropene

The AlT of Trans- 1,3-Dichloropropene is shown as 1130 OF (an estimated value see source 29 at the end
of Table 1-1). This value is subtracted from the operating temperature of the RTO (1600 OF) to establish
the extent of destruction temperature above the AlT.
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1600-1130 = 470 OF

The difference is then compared to the criteria of Table G-2. The difference of 470 of is higher than
400 of but not higher than 475 of. The assigned destruction DE for this compound in the RTO is 98% as
associated with compounds having AITs of at least 400 of below the operating temperature. This value is
shown in Table 2-1 of Attachment 2 (compound no. 7).

The DF is calculated using the DE of 98% and Equation G-2 as follows:

1

The DF is shown in Table 2-1 beside the DE value.

Next, the boiling point and molecular weight are compared with the criteria from Table G-3 to assign an
adsorption capacity. Trans-l,3-Dichloropropene shows a molecular weight of 111 glmol and a normal
boiling point of 112°C. The uppermost row of Table G-3 for which this compound fits is the boiling
range of 100-150 °C and molecular weight of <150. The estimated capacity is 2.0 g/100 g carbon. No
quadratic constants for this compound are provided in the prediction correlation from Yaws 1995,
therefore the assigned capacity is 2.0 g/100 g carbon. This capacity is compared to the criteria from
Table G-4 which shows the corresponding RE of 80%. Equation G-2 applied to this RE gives a DF of 5.
The adsorption RE and DF are shown in Table 3-1.

The final consideration for Trans-1 ,3-Dichloropropene is the potential for extremely low concentration in
the feed gas to the adsorption process on behalf of extensive destruction in the RTO. Table 4-1 shows the
assigned DFs for combustion and adsorption (see compound no. 7). Since the oxidizer DF is at least 50,
the adsorption DF is reduced by a factor of 10. The reduced adsorption OF becomes 5/10 or 0.5 but the
minimum OF as defined in Equation is 1.0. The reduced OF for Trans-l ,3-0ichloropropene is shown as
1.0 in Table 4-1. This OF will result in a more conservative combined OF since credit is no longer being
taken for removal via adsorption. The combined DF is:

oxidation OF x reduced adsorption OF = combined OF = 50 x 1=50 (as shown in Attachment 4,
Table 4-1)

6.2 Ethylene Dibromide

The AIT of Ethylene Dibromide is shown as 1600 OF (an estimated value). According to the cited
physical property source, the compound is considered non-flammable. Given that brominated methanes
and ethanes (commonly classified as halons) are used as fire suppression agents and no other information
was found available, the AIT value was assigned to be 1600 OF. This ensures that no credit for
destruction will be taken in the RTO since the difference between AIT and operating temperature is zero.
Criteria from Table G-2 shows that no credit for destruction is taken unless the operating temperature is at
least 1.0 degree higher than the AlT. The corresponding OE is 0% and so the DF has been assigned as
1.0 in accordance with Equation. The OF is shown in Attachment 2 - Table 2-1 beside the OE value
(compound no. 14).

Next, the boiling point and molecular weight are compared with the criteria from Table G-3 to assign an
adsorption capacity. Ethylene Dibromide shows a molecular weight of~188 glmo1 and a normal boiling
point of 131.7 °C. The uppermost row of Table G-3 for which this compound fits is the boiling range of
100-150 °C and molecular weight of at least 150. The corresponding estimated adsorption capacity is
5.0 gl100 g carbon.
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Quadratic constants were found for using the capacity prediction correlation from Yaws 1995. The
constants cited are:

A = 1.4423
B = 0.255
C= -0.0267

The predicted capacity by Equation G-3 is:

10glO Q = A + B log., Y + C[loglO y]2 = 1.4423 + 0.2551og lo (0.1) +C0.0267)[loglO (O.l)y =1.16

Q = 1011 6 = 14.5 g ads/100 g carbon

This predicted value is higher than the estimated value using the graduated criteria from Table G-3 and so
the estimated adsorption capacity of 5.0 (g /100 g carbon) is selected for this compound.

This capacity is compared to the criteria from Table G-4 which shows the corresponding RE of 90%.
Equation G-2 applied to this RE gives a DF of 10. The adsorption RE and DF are shown in Table 4-1.

The final consideration for Ethylene Dibromide is the potential for extremely low concentration in the
feed gas to the adsorption process on behalf of extensive destruction in the RTO. Since no credit is taken
for combustion of this compound, it does not have a destruction DF of 50 or higher. The combined OF
and adsorption DF are the same for Ethylene Dibromide as shown in Table 4-1.

6.3 I-Heptanol

The AIT of 1-Heptanol is shown as 320 DC (608°F). This is a conservatively estimated value which is
based on a referenced compound and the recognized trend of longer alkane chains associated with lower
AITs (see source 34 at the end of Table 1-2). This value is subtracted from the operating temperature of
the RTO (1600 OF) to establish the extent of combustion temperature above the AlT.

1600-608 = 992 OF

This difference is then compared to the criteria of Table G-2. The difference of 992 of is higher than the
maximum DE temperature criteria of 650 OF. The assigned destruction DE for this compound in the RTO
is 99.99% as associated with compounds having AITs of at least 650 of below the operating temperature.
This value is shown in Table 2-2 of Appendix 2 (compound no. 95).

The OF is calculated using the DE of 99.99% and Equation G-2 as follows:

1

The OF is shown in Table 2-2 beside the DE value.

Next, the boiling point and molecular weight are compared with the criteria from Table G-3 to assign an
estimated adsorption capacity. l-Heptanol shows a molecular weight of 116 g/mol and a normal boiling
point of 176 DC. The uppermost row of Table G-3 for which this compound fits is the boiling range of
>150 DC and molecular weight of <150. The assigned capacity is 10.0 g/100 g carbon. This capacity is
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compared to the criteria from Table G-4 which shows the corresponding RE of 95%. Equation G-2
applied to this RE gives a DF of 20. The adsorption RE and DF are shown in Table 3-2.

The final consideration for l-Heptanol is the potential for extremely low concentration in the feed gas to
the adsorption process on behalf of extensive destruction in the RTO. Table 4-2 shows the assigned DFs
for combustion and adsorption (see compound no. 95). Since the oxidizer DF for l-Heptanol (10,000) is
at least 50, the adsorption DF is reduced by a factor of 10. The reduced adsorption DF becomes 20110 or
2.0 as shown in Table 4-2.

Each of the compounds from Table 1-1 and 1-2 are assigned DFs by the same methodology as these
example compounds and are shown in Attachments 2, 3, and 4 in their respective tables.

7 Results and Conclusion

Results of this analysis as defined in the objective are shown in Tables 4-1 and 4-2 of Attachment 4.
Without the correct identification of exact species and concentrations of organic contaminants in the PVP
system off gas, a more sophisticated method for estimating adsorption performance cannot be used. For
contaminants which may be present at less than measurable quantities in the adsorber feed gas, the extent
of adsorption capacity may be significantly lower than what would be shown by criteria from Table G-3.
However, at concentrations which may be relevant to environmental emissions estimates (near 0.1 ppmv),
the analysis methodology can be considered conservative with respect to oxidation DFs. For adsorption
DFs, every effort has been made to ensure that the methodology is reasonable and conservative. Pending
the operational confirmation that criteria in Table G-4 is bounding behavior for the organic contaminants,
the methodology for RE can be considered reasonable for contaminant concentrations near 0.1 ppmv.

The reduction of adsorption DF for use in calculating the combined DF of compounds with high DEs has
been implemented to provide additional conservatism. Although the specific adsorption behavior of
contaminants at ultra low concentrations is not known, the cumulative effect of compounds at trace
quantities is negligible in terms of regulatory importance. As such, the assigned adsorption DFs from this
analysis do not present any special requirements for the design of the adsorption system. The adsorption
system can be considered complimentary to the oxidation abatement system as exemplified by Ethylene
Dibromide (Section 6.2).

Page G-1S



24590-WTP-RPT-PO-03-00B, Rev 0
Integrated Emissions Baseline Report for the Hanford

Tank Waste Treatment and Immobilization Plant

8 References

Project Documents

RPT-W375-EN00001, Rev 1, Final Work Plan/or Screening Level Risk Assessment/or the RPP-WTP.

RPT-W375-ES00001, Rev 1, Integrated Emissions Baseline Report/or the River Protection Project
Waste Treatment Plant.

24590-PTF-3YD-PVP-00001, Rev 0, System Description/or Pretreatment Vessel Vent Process System.

24590-PTF-MOC-PVP-00003, Rev A, Batch Size 0/Pretreatment Vessel Vent Carbon Adsorbers (PVP
ABS-OOOOIA/B).

Other Documents

Brown, T, LeMay, H, and Bursten, B. 1994. Chemistry - The Central Science, Sixth Edition, Prentice
Hall Inc., Englewood Cliffs, New Jersey.

Cooper, D and Alley, F. 1994. Air Pollution Control-A Design Approach, second edition, Waveland
Press, Inc., Prospect Heights Illinois.

Dellinger, B, Taylor P, and Lee, C. 1990. "Development of a Thermal Stability Based Ranking of
Hazardous Organic Compound Incinerability", Environmental Science and Technology, Vol. 24, No.3.

EPA-CICA. 1999. Environmental Protection Agency, Air Pollution Technology Fact Sheet, Incinerator
Recuperative Type.

Lewandowski, D. 2000. Design of Thermal Oxidation Systems/or Volatile Organic Compounds, CRC
Press LLC, Boca Raton, Florida.

Shepherd, A. 2001. Technology Paper: Activated Carbon Adsorption/or Treatment o/VOC Emissions,
presented at the 13th EnviroExpo, Boston, Massachusetts, May 2001, Carbtrol Corporation, Bridgeport
Connecticut.

Stock, L and Huckaby J. 2000. A survey of Vapors in the Headspaces ofSingle-Shell Waste Tanks,
PNNL-13366, Pacific Northwest Nation Laboratory, Richland, WA. October 2000.

Wiemers, KD et al. 1998. Regulatory Data Quality Objectives Supporting Tank Waste Remediation
System Privatization Project, PNNL-12040, Pacific Northwest National Laboratory, Richland, WA.

Yaws, C, Bu, L, and Nijhawan, S. 1995. Determining VOC Adsorption Capacity. Pollution Engineering.
February 1995.

Page G-19



9 Attachments

24590-WTP-RPT-PO-03-00S, Rev 0
Integrated Emissions Baseline Report for the Hanford

Tank Waste Treatment and Immobilization Plant

Attachment Content

Attachment 1 Tables of Contaminants and Physical Properties

Table 1-1 COPCs

Table 1-2 Compounds detected >0.1 ppmv

Attachment 2 Tables of Destruction DFs

Table 2-1 COPCs

Table 2-2 Compounds detected >0.1 ppmv

Attachment 3 Tables of Removal DFs

Table 3-1 copes

Table 3-2 Compounds detected >0.1 ppmv

Attachment 4 Tables ofDF Analysis Results

Table 4-1 COPCs

Table 4-2 Compounds detected >0.1 ppmv

Attachment 5 Thermal Stability Ranking Study:

Figure 9 of Technical Article Development ofa
Thermal Stability Based Ranking ofHa::.ardous

Organic Compound Incinerability

(Dellinger 2000)

Attachment 6 VOC Properties and Adsorption Potential:

Technology Paper Activated Carbon Adsorptionfor
Treatment of VOC Emissions

(Shepherd 2001)

Attachment 7 Prediction ofVOC Adsorption Capacity:

Technical Article Determining VOC Adsorption
Capacity

(Yaws 1995)

Page G-20



Attachment 1

24590-WTP-RPT-PO-03-00S, Rev 0
Integrated Emissions Baseline Report for the Hanford

Tank Waste Treatment and Immobilization Plant

Tables of Contaminants and Physical
Properties

Table 1-1

Table 1-2

COPCs

Compounds detected >0.1 ppmv

Page Gl-i









































Attachment 2

24590-WTP-RPT-PO-03-008, Rev 0
Integrated Emissions Baseline Report for the Hanford

Tank Waste Treatment and Immobilization Plant

Tables of Destruction DFs

Table 2-1

Table 2-2

COPCs

Compounds detected >0.1 ppmv

Page G2-i





























Attachment 3

24590-WTP-RPT-PO-03-00B, Rev a
Integrated Emissions Baseline Report for the Hanford

Tank Waste Treatment and Immobilization Plant

Tables of Removal DFs

Table 3-1

Table 3-2

COPCs

Compounds detected >0.1 ppmv

Page G3-i

























Attachment 4

24S90-WTP-RPT-PO-03-00S, Rev 0
Integrated Emissions Baseline Report for the Hanford

Tank Waste Treatment and Immobilization Plant

Tables of DF Analysis Results

Table 4-1

Table 4-2

COPCs

Compounds detected >0.1 ppmv

Page G4-i





























Attachment 5

24590-WTP-RPT-PO-03-008, Rev 0
Integrated Emissions Baseline Report for the Hanford

Tank Waste Treatment and Immobilization Plant

Thermal Stability Ranking Study

Figure 9 of Technical Article Development ofa Thermal Stability Based Ranking ofHazardous Organic
Compound Incinerability (Dellinger 2000)

Page G5-i





Attachment 6

24590-WTP-RPT-PO-03-00S, Rev 0
Integrated Emissions Baseline Report for the Hanford

Tank Waste Treatment and Immobilization Plant

VOC Properties and Adsorption Potential

Technology Paper Activated Carbon Adsorption for Treatment of VOC Emissions (Shepherd 200 1)

Page G6-i











Attachment 7

24590-WTP-RPT-PO-03-008, Rev 0
Integrated Emissions Baseline Report for the Hanford

Tank Waste Treatment and Immobilization Plant

Prediction of VOC Adsorption Capacity

Technical Article Determining VOC Adsorption Capacity (Yaws 1995)

Page G7-i











24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

Page A2-i

Attachment 21

2

Estimated Organic Emissions from Process Cells3

(24590-WTP-HAC-50-00001, Rev C)4
5



24590-WTP-RPT-ENS-03-006, Rev 0
Environmental Risk Assessment Work Plan for the

Hanford Tank Waste Treatment and Immobilization Plant

Page A2-ii

Attachment 21

Estimated Organic Emissions from Process Cells2

(24590-WTP-HAC-50-00001, Rev C)3
4
5

Orientation6
7
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Appendix 6.0 

Drawings and Documents 
Attachment 51 – Appendix 6.1.1 

WTP Risk Assessment – Previously Submitted Work Plan 

The following drawings have been incorporated into Appendix 6.1.1 and can be viewed at the 
Ecology Richland Office drawings are in bold lettering. 

Drawing/Document Number Description 
24590-RPT-W375-EN00001, Rev. 1 Final Work Plan for Screening Level Risk 

Assessment for the RPP-WTP 04/28/2000 
RESERVED RESERVED 
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