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1 Objective

The overall objective of this calculation is to develop design basis flowsheets for confirmation of equipment and
piping design associated with the LAW melter offgas system (Systems LOP and LVP). Three flowsheet cases are
developed. Minimum, maximum, and nominal offgas cases are developed assuming two melters in operation. The
minimum, maximum, and nominal cases are expected during normal operation of the offgas system. An additional
minimum case is developed assuming one melter is operating.

Each case provides offgas volumetric flowrate (SCFM and ACFM), mass flowrate, physical properties, primary gas
compositions, and offgas contaminant compositions to be used for design purposes. In addition, the mass rates of
nitrous and nitric acids from the carbon beds is calculated in Attachment 28.

To determine the offgas “actual” volumetric flowrate and the offgas humidity and density requires a simplified
temperature and pressure balance included in the calculation. The temperature and pressure balances are primarily
based on available published information, but in some instances (primarily for the pressure balance) are based on
conservative assumptions. The defined temperatures and pressures are considered reasonably conservative for each
offgas stream given the known process fluctuations that will occur during normal system operation and based on
published information, basic engineering principles, and conservative assumptions. Therefore, the defined
temperatures and pressures can be used as appropriate for design purposes. The scope of this calculation does not
cover system operation during extreme upset conditions (i.e., off-normal events).

This calculation specifically defines design basis flowrates and physical properties for only one of the LAW LOP
melter offgas trains. The other LOP offgas train is of identical design, is connected to the same style of melter, and
has identical fixed air additions. The LAW vessel ventilation flowrates, hydrogen generation, and particulate
loading are calculated in a sub-calculation included as Attachment 4. Refer to this attachment for the inputs,
methodology, assumptions, calculations, and references related to determining the vessel ventilation flowsheets.

When using SCFM values from this calculation, users should be cognizant of standard conditions. In this
calculation, standard conditions are defined as 20°C and 1 atm.

The row/column placement of the Attachment 1 spreadsheets is the same as previous revisions with respect to cell
designations. Stream numbers appear in the same cells as previous revisions.

2 Inputs

2.1  Direct process inputs into this calculation are defined below in Table 1 as applied to the four cases
(References in parentheses can be found in Section 9 or as noted):

24590-G04B-F00012 Rev 14 (Revised 10/25/2016) Ref: 24590-WTP-3DP-G04B-00037, 24590-WTP-GPG-ENG-0127
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Table 1 - Process Inputs for Flow Cases

Process Input Minimum | Nominal | Maximum Reference
Case Case Case
1. Atmospheric Pressure Average is 29.22 in Hg (990 mbar) ézzgghvz]ig-]?rz};iﬁ(_};? 1-001 (Ref. 9.39,
24590-QL-HC4-W000-00094-05-00003
. . . 19 SCFM@4 (Ref. 9.30, Table 4)
2. Melter Fixed Air Additions 24590-101-TSA-W000-0010-409-882
(Ref. 9.8, pg 34)
3 Melter Air Inleakage 149 N/A N/A 24590-QL-HC4-W000-00094-05-00003
) SCFM©G4 (Ref 9.30, Table 4, pg 29)
4 Caustic Scrubber Spray Air Flowrate 24590-QL-POA-MKAS-00003-08-00003
' per Nozzle 36 SCFM (Ref. 9.45 , pg 33)
5 Film Cooler Air Addition (including 185 SCFM® 24590-QL-HC4-W000-00094-05-00003
) main and standby film coolers) (Ref. 9.30, Table 4)
6. WESP Bulge Air Purge Flowrate 350 ACFM at 1 psig (f{le5f9g-§)2L-IIiI(zg-i\;lKE0-00001-06-33
7. WESP Bulge Air Purge Temperature | 5°F above WESP Inlet Temperature ?;{12?09—%]24-;(32-1\;[@0-00001-06-33,
8. Melter Glass Production 30 MT/day™) %ii?g%¥¥P'DB'ENG'OI'OOI (Ref. 9.39,
9 ADS Pump Feed Rate to Melter 190 eph 24590-QL-HC4-W000-00011-03-00620,
) (Envelope A) &p (Ref. 9.60, Section 7.1)
10. Melter Plenum Temperature NA 400°C N/A ?[A{‘Z?OQ- 160 ;TriA [-]\)NI\(/)[(;(;-()OOO?I?G:-E;-?SS(E]%
11 Compressed Air Temperature & 60°F 24590-WTP-DB-ENG-01-001 (Ref. 9.39,
) Instrument Air Temperature Section 6.4)
12. | CS5 area Temperature Range 59°F N/A 113°F %ii?é)_l\;/_}?_DB_ENG_OI_OOI (Ref. 9.39,
TCO Destruction Removal
13. Efficiency (DRE) for VOCs & 95% ?;{15?09—(2]3)—P02C ygTO_OOOO%O}OOOOI
SVOCs ¢-70°. b8
14 HEPA Filter Bank Particulate 99,959, LAW Air Permit, Emission Unit ID 547,
) Removal Efficiency oo Item #32, pg. 8 of 11 (Ref. 9.61)
15. | SCR NOx Reduction Efficiency 98% (Rt 063 pas g sy | OOTO3-00000
16 Caustic Scrubber HCI, HF, and SOz 100% 24590-QL-POA-MKAS-00003-06-00001,
) Removal Efficiency ° (Ref. 9.9, pg 36)
17 Caustic Scrubber NO2 Removal 5.8% 1.1% 24590-QL-POA-MKAS-00003-06-00001,
" | Efficiency o e (Ref. 9.9, pg 36)
Caustic Scrubber CO2 Removal 0 0 24590-QL-POA-MKAS-00003-06-00001,
18. Efficiency 1.83% 1.73% (Ref. 9.9, pg 36)
24590-CD-POC-MBT0-00007-03-00009,
19 Catalyst Skid Electric Heater 750°F (Ref. 9.57, pg 5)
’ Discharge Temperature 24590-CD-POC-MBT0-00007-02-00001,
(Ref. 9.11, Section 7.2, pg 16)
20. Atomic weight of [-129 128.904988 g/mol CRC (Ref. 10.2.6, pg. 11-72)
21. Half Life of [-129 1.7:107 g/mol CRC (Ref. 10.2.6, pg. 11-72)
22. Deleted
23. Deleted
24. Deleted
25 Operating Efficiency of Fan 589 24590-QL-POA-MACS-00007-04-00002
) Exhausters ’ (Ref. 9.44)
26 Caustic Scrubber Maximum Overall 15.4 in. WG 24590-QL-POA-MKAS-00003-06-00001
) Pressure Drop o (Ref. 9.9, Section 5.6, pg 13)
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Process Input Minimum | Nominal | Maximum
Reference
Case Case Case
24590-101-TSA-W000-0010-409-359
217. Melter Plenum Vacuum 5" WG (Ref. 9.46, pg 24)
28. C2 Area Vacuum to Atmosphere -0.1” WG 12:?;910 Z_Y;/)T P-DB-ENG-01-001 (Ref. 9.39,
29. | C3to C2 Area Vacuum 0.3 WG }2:?; 9102'?;/; P-DB-ENG-01-001 (Ref. 9.39
30 Melter Annulus to the melter gallery 2 WG 24590-101-TSA-W000-0010-409-359
) (C3 Area) Vacuum ) (Ref. 9.46, pg 24)
. _— . DWP (Ref. 10.2.22, Section
31. Mercury Emission Limit <45 pg/ dry std. cubic meter 11L10.H.1.b.v)
Contractual Max 1-129 %107 . WTP Contract, Section C (Ref. 10.2.7,
32 Concentration in HLW Feed 2.9%107 Ci /100 g waste oxides Table TS-8.3, pg C-129)
33 Caustic Scrubber Demister 14 in. WG 24590-QL-POA-MKAS-00003-06-00001
’ Maximum Pressure Drop ’ (Ref. 9.9, Section 5.6 & Attachment 9.2)
34 Caustic Scrubber Packing Average 0.42 in. WG 24590-QL-POA-MKAS-00003-06-00001
| Pressure Drop ’ ’ (Ref. 9.9, Section 5.6 & 5.10)
35 C3 Area Minimum Relative 10% minimum 24590-WTP-DB-ENG-01-001 (Ref. 9.39,
" | Humidity ’ Table 12-1)
Contract Maximum of Hg in LAW WTP Contract, Section C (Ref. 10.2.7,
36. Feed 1.4E-05 mol Hg/mol Na Table TS-7.1, pg C-124)
37. | Ratio of specific heats of air 1.40 Ifér)ldeburg (Ref. 10.2.1, Table 23.7, pg 23-
38. Deleted
Enthalpy of formation for Allyl .
39. Alcohol at 298 15K and 1 atm -123.6 KJ/mol Poling (Ref. 10.2.17, pg A.22)
40. CO Enthalpy at 700 K -98.518 KJ/mol Barin (Ref. 10.2.2, pg 271)
41. COz Enthalpy at 700 K -375.749 KJ/mol Barin (Ref. 10.2.2, pg 272)
42. Deleted
43. Steam Enthalpy at 700 K -227.635 KJ/mol Barin (Ref. 10.2.2, pg 650)
44, Nitrogen Gas Enthalpy at 700 K 11.937 KJ/mol Barin (Ref. 10.2.2, pg 935)
45. Oxygen Gas Enthalpy at 700 K 12.499 KJ/mol Barin (Ref. 10.2.2, pg 1093)
46. Ammonia Gas Enthalpy at 700 K -29.071 KJ/mol Barin (Ref. 10.2.2, pg 942)
47. Nitrogen Oxide Enthalpy at 700 K 102.599 KJ/mol Barin (Ref. 10.2.2, pg 946)
48. Nitrogen Dioxide Enthalpy at 700 K 50.456 KJ/mol Barin (Ref. 10.2.2, pg 947)
Latent Heat of Vaporization for
49. Water @ 50°C 2382.9 KJ/kg Felder, (Ref. 10.2.9, Table B.4, pg 628)
50. | Minimum Hanford Site Temperature -23°F 24590-WTP-DB-ENG-01-001 (Ref. 9.39,
Table 4-7)
Maximum Hanford Site o 24590-WTP-DB-ENG-01-001 (Ref. 9.39,
51. 113°F
Temperature Table 4-7)
52. Minimum C3/C5 Temperature 59°F 24590-WTP-DB-ENG-01-001 (Ref. 9.39,
Table 12-1)
53 Maximum C3 Temperature 95°F 24590-WTP-DB-ENG-01-001 (Ref. 9.39,
Table 12-1)
. 24590-WTP-ES-PE-19-001. Table 1 (Ref.
54. Iodine Ion DF at Melter 2.5 9.68 & 9.62)

(1) The LAW facility design capacity is 30 MT/day of glass based on 2 melters per the Basis of Design (Ref. 9.39). Therefore, the nominal
and maximum glass production rates are defined as 30 MT/day.

(2) The overall melter fixed air additions is defined at 13.5 SCFM per vendor submittal 24590-QL-HC4-W000-00094-05-00003 (Ref. 9.30,
Table 4) for all cases (injection air to the bubblers). Also included is I CFM @ 60 psig & 80°F (5 SCFM, converted from ACFM by
using Equation 6b) for the purge from the ADS pumps, for a total of 18.5 SCFM, which is rounded up to 19 SCFM (24590-101-TSA-
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WO000-0010-409-882, Ref. 9.8, pg 34). PSA is used as the source of air for the transfer, per 24590-LAW-M6-LFP-00002002 (Ref. 9.35,
representing one ADS pump). 80°F is the normal temperature for PSA, see 24590-LAW-MEC-PSA-00001 (Ref. 9.19, Section 8).

(3) The defined minimum melter air inleakage (149 scfim) includes the discharge chamber vent (29 scfm), and the total flow from the
enclosure C5 ventilation supply to the melter plenum (120.1 scfm). This totals 149.1 SCFM. These values are from page 29 of 24590-
QL-HC4-W000-00094-05-00003 (Ref. 9.30), the column labeled “Total Flow (SCFM)”. Refer to Assumption 3 for the nominal and
maximum melter air inleakage rates.

(4) Inputs 2,3 & 5 were not corrected to the standard conditions of 20°C and 1 atm. Standard conditions for these inputs were 14.73 psia
and 15.56°C (Ref. 9.30, pg 56). The effect on the volumetric flowrates due to the difference between these standard conditions is less
than 2 percent. These flowrates are small compared to the overall flowsheet and do not have a significant impact on the overall
flowsheet results.

2.2 Molecular weights for components used in this calculation are listed in Table 2 below (CRC, Ref. 10.2.6):

Table 2 - Molecular Weight (g/mol)

Components MW
Dry Air 29.0
Nitrogen (N») 28.01
Oxygen (Oy) 32.00
Argon (Ar) 39.95
Carbon Dioxide (COy) 44.01
Water (H,0) 18.01
Nitrogen Oxide (NO) 30.01
Nitrous Oxide (N2O) 44.01
Nitrogen Dioxide (NO,) 46.01
Ammonia (NH3) 17.03
Allyl Alcohol (1-Propen-3-ol, C3HsO) for VOC 58.1
Hydrogen (H») 2.02
Mercury (Hg) 200.59
Hydrogen Chloride (HCI) 36.46
Hydrogen Fluoride (HF) 20.01
Nitrous Acid (HNO,) 47.01
Nitric Acid (HNO3) 63.01
Sulfur Dioxide (SO») 64.06
Carbon Monoxide (CO) 28.01
Ammonium Nitrate (NH4sNO3) 80.03
Particulates as Iron Oxide (FeO) 71.85

2.3 Refer to Section A4.2 in Attachment 4 for inputs related to the LAW Vessel Ventilation Design Basis
Flowsheets.

2.4 Significant inputs were also obtained from process data recorded at the LAW DM-1200 pilot melter/offgas
system at Vitreous State Laboratory. This data is included and identified in Attachments 5, 6, 9, 10, 11, 24,
28, 33, 34,37 and 42.

2.5 Process stream numbers and offgas flowsheets are based on Process Flow Diagrams 24590-LAW-M5-V17T-
00004, -00007, -00008, -00010, and -00011 (Ref. 9.13, 9.14, 9.15, 9.16, and 9.17).
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2.6

2.7

2.8

29

2.10

2.11

2.12

2.13

2.14

Component dry air volume percentages for pure air additions to the offgas streams are defined based on the
US standard atmosphere from CRC (Ref. 10.2.6, pg 14-20):

Table 3 - U.S. Standard Atmosphere Composition

Dry Air Components Vol%
Nitrogen (N) 78.084
Oxygen (O») 20.9476

Argon (Ar) 0.934
Carbon Dioxide (CO») 0.0314

The coefficients for molar heat capacity equations for air and primary air components are as listed in
Attachment 15, Columns B through E (Ref. 10.2.9, Table B.2 & Ref. 10.2.6, p. 6-133).

Pressure drop data for the LAW activated carbon units are as listed in Attachment 25, cell C-12 to C-15, per
vendor submittal 24590-QL-POA-MWKO0-00001-10-00015 (Ref. 9.33, pg 27, 30, 34 & 38).

The temperature condition, NH3 concentration and % NH4COs recovered listed in Attachment 32 (cells
highlighted in blue) are based on test data from 24590-QL-POA-MWKO0-00001-13-00006 (Ref. 9.34, Table 7
& 8).

The batch volume of LFP-VSL-00002/4 is 3465 gallons and the cycle time for each LAW melter feed batch
is 16 hours per calculation 24590-LAW-M4C-20-00002 (Ref. 9.47, Section 8).

The water vapor pressure data at different temperatures listed in Attachment 14 are obtained from CRC (Ref.
10.2.6, pg 6-5 & 6-6).

The catalyst skid preheater overall heat transfer coefficient is 2.74 Btu/hr-ft>-°F and the catalyst skid
preheater heat transfer area is 4056 ft* per Code 1 vendor submittal 24590-CD-POC-MBT0-00007-03-00008
(Ref. 9.24, pg 4).

The pressure drop across the control valve downstream of the WESP (LOP-FV-1140/2140) is 23.16 in. WG
at 1216 ACFM (105°F and -0.8 psig) and 6.78 in. WG at 1997 ACFM (167°F and -3 psig) per datasheets
24590-LAW-JVD-LOP-11400/21400 (Ref. 9.36 & 9.58).

For the maximum case, the LAW process stream properties calculation (Ref. 9.65) was used as the data
source for CO, VOC, HCI, HF, NO, NO,, and SO, from stream LMP06. This calculation uses the Aspen
Process Performance Simulation (APPS) model to calculate process properties for streams in WTP. Runs 26,
27,28, 29 and 31 were specifically used to simulate the worst feed for CO & organics, HCI, HF, NOx and
SO2, respectively.

The input data for constituent mass flows and total stream flowrates are obtained from RMVD-03242-03,
Run 26, 27, 28, 29 & 31 (Ref. 9.65(a), Run xx\APPS Main USER INTERFACE

v(3)(0)LAW PIBOD RUN XX.xlsm, worksheet “APPS VIT Streams 1, Column GL) as follows:
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Table 4 - Maximum Constituents Mass Flows from APPS

PIBOD Run No. | Description Mass Flowrate
(kg/hr)
Run 26
Cell GL-31 LMPO6 stream 1070
Cell GL-134 SVOC 0.588
Cell GL-135 VOC 0.214
(Total VOC =
SVOC +VOC used
in Attachment 1
spreadsheets)
Cell GL-179 CO 0.716
Run 27
Cell GL-31 LMPO6 stream 1040
Cell GL-183 HCl1 0.0663
Run 28
Cell GL-31 LMPO6 stream 1390
Cell GL-185 HF 1.12
Run 29
Cell GL-31 LMPO6 stream 1150
Cell GL-193 NO 15.8
Cell GL-194 NO; 10.5
Run 31
Cell GL-31 LMPO6 stream 771
Cell GL-198 SO, 0.846

2.15 For the maximum case, the following decontamination factors (DFs) were applied to the SBS and the WESP.
The DFs were applied to all cases for iodine (see Attachment 36). For conservatism, the minimum DF across
the SBS is used to minimize constituent removal. The SBS DFs are from Ref. 9.66, Section 8.1, Min DF
column (with the exception of I,). The WESP DFs are from Ref. 9.65(b), 24590-RMVD-03242-01\ “LOP-
WESP-00001.DFs.xlsx” spreadsheet, “LAW DFs” column, aqueous phase(with the exception of I,). The I,
DFs are from Table 1 of Ref. 9.68 (permission to use this report is included in Ref. 9.62).

Table 5 — DFs for Maximum Case

Decontamination Factors (DF)
Constituent SBS WESP
NO 1.3 1.44
HCl 1.9 3.53
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Decontamination Factors (DF)
Constituent SBS WESP
HF 2.7 7.46
SO, 43.1 1.00
I 3.6 4.8

2.16 Inputs specific to Attachment 45 are listed below. Attachment 45 is a separate attachment that is not used in
the main body of this calculation; it is included to provide a possible correlation between the HF in the melter
offgas and the amount of fluoride entering WTP in the feed.

(a) The total mass and the mass of HF at LVP04 are contained in Runs 1 — 23 of 24590-LAW-M4C-V11T-
00001 Rev 0 (Ref. 9.65(b) & (c) \ Run xx \ “APPS Main USER INTERFACE
v(3)(0)LAW PIBOD RUN XXxlsm” \“APPS VIT Streams IE” worksheet, cells HI-31 & HI-185,
respectively). The relative humidity of the stream is listed in cell HI-17.

(b) Not Used.

(c) The feed type and Leach Case of Runs 1 — 23 are listed in Ref. 9.65 (¢), “LAW PIBOD Run Setup.xlsx”,
Column B, D & E. The mass of Na" and the mass of F~in Runs 1 — 23 are listed in Ref. 9.65(c), “LAW
PIBOD Feed Compositions.xlsm” (adjusted). The sheet correlates to the feed type, e.g. for Run 1, the
feed type is Al-LL, in the “Al-LL” worksheet, Column I under “Adjusted Al-LL Feed Vector”, Na" mass
is 696854.6063 kg and F- mass is 13699.41176 kg.

(d) The mass of F- (aq) in LCPO1 and the LCPO1 total mass flow for the 23 APPS runs are from 24590-
RMVD-03242-02 & -03 ((Ref. 9.65(a) & (b), Run xx \“APPS Main USER INTERFACE
v(3)(0)LAW PIBOD RUN XXxlsm”\“APPS VIT Streams 1" worksheet, Cells FV-102 & FV-31,
respectively).

3 Background

Offgas flowrates, humidity, densities, and composition are required to correctly size offgas equipment and piping
so that individual unit functional and performance requirements are achieved and not exceeded. Therefore, design
basis flowsheets representing minimal, nominal, and maximum operational conditions for the LAW melter offgas
system were developed in this calculation. This was done using information from several sources including:

WTP Basis of Design

Research and Technology Reports

Engineering Literature

Vendor Submittals to the Project for Offgas Equipment
Vendor Literature

Engineering Codes

Equipment Assembly Drawings

Project Design Drawings

® & 6 6 O O oo

When required information was not available, conservative assumptions were made. These assumptions and their
justifications are discussed in Section 6.0.
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The intent of this revision is to incorporate the results from testing, which shows that the carbon bed cannot be
credited with iodine removal. lodine now passes through the carbon bed with no mass change.

4 Applicable Codes and Standards

ASME AG-1-1997 with the ASME AG-1a-2000 Addenda, Code on Nuclear Air and Gas Treatment as tailored in
Appendix C of 24590-WTP-SRD-ESH-01-001-02. (Ref. 10.1.1)

S Methodology

This calculation is performed primarily using MS Excel 2016 spreadsheets, but it also uses Mathcad 15 for some
backup calculations. Referenced empirical data from appropriate testing or vendor calculations are used
extensively in this calculation to establish results or as starting data for calculation of stream data. For example, the
melter air addition rate is based on vendor calculation results, which in turn are based on appropriate test data.
Other inputs to this calculation include temperatures from the Basis of Design, pressure drop and temperature
changes across individual pieces of equipment based on design calculations or vendor data. See Section 2 and
Section 6 for applicable inputs and assumptions for the calculation.

The general method to ensure the results of this calculation to be representative of the stated case, i.e. minimum,
nominal, or maximum is by providing input values (sometimes identified as assumptions) appropriate to the case
results. In some cases, a single value is appropriate for all cases. For the nominal case, inputs and assumptions
appropriate to the goal of providing results representative of a nominal case are used. Likewise, for the minimum
and maximum cases, the results are ensured to be those representative of a minimum or maximum case by the
selection of appropriate inputs and assumptions. For example, a conservative production rate, minimum or
maximum temperatures, and minimum or maximum injection or removal rates are selected. The development of a
set of data that is representative of a minimum and maximum case does not require that all input values are at the
corresponding extreme (e.g. maximum) because this would result in unreasonable results. Rather, specific inputs
are selected for adjustment to the appropriate value (e.g. to the minimum, maximum, etc.). The adjusted inputs
provide a sufficient number of conservative inputs to provide the desired overall results corresponding to the case
(minimum or maximum).

The calculation is organized into four master spreadsheets representing different minimal, nominal, and maximum
cases for one or two operating melters. Flowrates, temperature, pressure, concentrations of offgas
components/contaminants and physical property information for each gaseous process stream in the LOP and LVP
systems are defined for each of the four cases. Each cell within each spreadsheet has a reference column that
identifies footnotes that link the cell contents to numerically listed notes, equation descriptions, assumptions, and/or
direct reference discussions such as:
*  “Nxx” represents Note xx listed on the “Notes” worksheet which provides definition of fundamental
constants or linkage for cell data calculated in other attachments.
*  “Exx” represents Equation xx listed on the “Equations” worksheet which provides description of cell
equations or indicates when a fundamental equation is used.
*  “Axx” refers to Assumption xx in Section 6 (Assumptions) of the calculation where assumptions are listed
and justification that the constant is conservative and appropriate for use is provided.
*  “Rxx” refers to “Reference xx” in the “References” worksheet where references for the values are provided.
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The “Constants” worksheet contains a summary of fixed constants and case dependent constants used in the four
master flowsheets. The master spreadsheets and spreadsheets that list the notes, equation, references and constants
are included in Attachment 1. The “SUPPORT FILES” folder contains electronic copies of these spreadsheets.

The following is an overview of how the flowsheet is calculated around each unit in the offgas system. PFDs
24590-LAW-M5-V17T-00004, -00007, -00008, -00010, and -00011 (Ref. 9.13 - 9.17) cover the LOP & LVP
systems.

An overall pressure balance is kept by setting the initial pressure to atmospheric and tracking the drop in pressure as
the offgas travels through the system. Individual pressure drops are set for pipe lengths and treatment units. The
flowsheet tracks the typical gas components and offgas contaminants such as N, O,, CO,, Ar, H,O, NOx, NH3,
VOC, Ha, Hg, halides, SO,, CO, 1-129 and particulates. The potential formation of methyl iodide in the offgas from
radiolytic and thermal reactions is low (Assumption 56) and therefore methyl iodide will not be included in the
flowsheet.

(1) Melter

Gas contributions to the melter plenum are combined and sent to the film cooler. Gases that enter the melter
plenum include steam from the melter feed, inleakage into the melter, and injection air through the bubblers.
These streams are combined into stream LMPO06, “Melter Offgas”.

o The steam from the melter feed is set by calculating the mass rate of water to the melter in Attachment 5.
This mass rate is then converted to SCFM in Attachment 2 and entered into cell E-8 of the main
flowsheets.

e The standard volumetric flowrate of the air inleakage to the melter and the melter injection air are taken
from vendor submittals (Inputs 2 & 3 in Section 2.1 and Assumption 3).

(2) Film Cooler

The gas then travels to the film cooler.

e Additional air flow added to the film cooler (cell C-12) is defined from a vendor submittal (185 scfm per
Input 5, Section 2.1). The melter offgas stream (LMP06) and additional film cooler air (LMP11) are
combined and become the “film cooler discharge” stream. The melter offgas stream (LMP06) temperature
is defined in cell O-11 based on Input 10 and Assumption 29 (see Note R6 in “References” worksheet).

e The standard volumetric flowrate of the pressure control air injected into the system (LMP13) is taken
from vendor submittal (Assumption 27). The film cooler discharge and the pressure control air are
combined and become LMP14, “Controlled Offgas”.

(3) Submerged Bed Scrubber (SBS) and Wet Electrostatic Precipitator (WESP)

The gas then travels through the SBS to remove large particulates and through the WESP to remove smaller

particulates.

o The SBS discharge stream (LOP02) is assumed to be saturated with water vapor (Assumption 6) and the
steam standard flowrate is adjusted (cell E-17) until the relative humidity (cell AC-17) is 100%.

o At the WESP, there is an air purge (LOP06) which is added to the stream; the WESP air purge flowrate is
defined at 350 acfm at 1 psig per vendor submittal (Input 6). Dry air SCFM in the flowsheets (cell C-20)
is adjusted until dry air ACFM in Cell Y-20 equals 350 ACFM.
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Both units (SBS and WESP) also have air inleakage, which is estimated (Assumption 21) and added to the
offgas stream.

The pressure drop across the control valve downstream of the WESP discharge is calculated in cell S-24
based on the equation developed in Attachment 41.

(4) Vessel Vent Offgas

Refer to Section A4.5 in Attachment 4 for methodology related to the LAW Vessel Ventilation Design Basis
Flowsheets calculations. The following are determined in Attachment 4:

Entrained particulate mass flowrates are determined in Attachment 4 and entered into cell EU-25 of the
main flowsheets.

Vessel vent air addition flowrates are estimated in Attachment 4 and entered into cell I-25 of the main
flowsheets. This is added to the offgas flow through control valve stream and becomes LVP03,
“Combined Offgas” (cell C-26).

(5) High Efficiency Particulate Filters (HEPA) and Preheaters

The offgas is heated in the HEPA preheater before entering the HEPA filters to further remove
particulates. The offgas temperature is heated to a 20°C increase across the preheater to prevent
condensation in the HEPA filters (Assumption 12); therefore, the temperature of the HEPA preheater
discharge (LVP04) is increased by 20°C in cell O-28.

The ammonium nitrate that may form before the HEPA filters is calculated in Attachment 32. This mass
flow is added to the mass flow of particulates in the “Combined Offgas” stream (LVP03) to obtain the
mass flow of total particulate exiting the preheater in Cell EU-28.

The particulate mass flow in the HEPA discharge (cell EU-30) is further reduced by the HEPA filter
particulate removal efficiency of 99.95% (Input 14 in section 2.1).

This unit also has air inleakage, which is estimated (Assumption 21) and added to the offgas stream.

(6) Activated Carbon Beds

The offgas then travels through the carbon beds where mercury is removed.

The S-AC discharge temperature (cell O-33) includes the temperature change across the carbon beds
defined in Assumption 61.

The amount of mercury leaving the carbon beds is determined based on the environmental permit limit.
This is calculated in Attachment 35 and the calculated mass flow of mercury in the Activated Carbon Bed
discharge stream (LVP26) is entered into cell DK-33 of the main flowsheets.

The LAW Melter I-129 emission is determined in Attachment 36 based on the contract maximum I-129
limit (Assumption 15) and the melter DF for I-129 (Input 54).

This unit also has inleakage, which is estimated (Assumption 21) and added to the offgas stream.

(7) Catalytic Oxidizer/Reducer Skid (TCO/SCR)

The offgas has potentially high levels of NOx because the melter decomposes the parent nitrate/nitrite
compounds. Some of the resulting NOx is decomposed to nitrogen and water in the melter, and some is
removed by scrubbing in the SBS. VOC:s are also present in the offgas stream. The remaining NOx and
VOCs will be removed by passing the offgas through a catalytic oxidizer/reducer skid.
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The catalyst skid houses a set of four process components: heat exchanger, electric heater, Thermal Catalytic
Oxidizer (TCO) catalyst bed, and Selective Catalytic Reducer (SCR) catalyst bed.

Heat exchanger: The exchanger first raises the offgas temperature before it enters the catalyst beds by
recovering heat from the hot offgas exiting the catalyst beds. The hot side of the heat exchanger heats the
cold side offgas entering the SCO/SCR catalyst beds by transferring heat to the cold side and thus the hot
side offgas get cooled prior to discharge from the catalyst skid. Temperatures from the heat exchanger
cold side discharge (LVP10) and hot side discharge (LVP09) are calculated in Attachment 40 and those
temperatures are entered into cells O-36 and O-45 of the main flowsheets.

Electric Heater: The electric heater ensures that the offgas stream is at a minimum temperature of 750°F
(Input 19) before entering the catalyst beds. This temperature is entered in cell Q-37 of the main
flowsheets.

TCO: The TCO unit oxidizes volatile and semi-volatile organic compounds. The offgas composition
change and the temperature change from the heat of reaction are calculated in Attachment 20. The
standard volumetric flowrate of steam in the TCO discharge (cell E-38 of the main spreadsheets) is
determined by adding the steam standard flow formed from the reaction (Attachment 20) to the steam
standard flow from the electric heater discharge. The mass flow of additional dry air, CO; produced, O
consumed and steam produced from the oxidation reactions are added to or subtracted from the
corresponding upstream flowrates to obtain the mass flows in the TCO discharge (cells C-38, BI-38, BC-
38 and BU-38 respectively of the main flowsheets). The temperature increase from the reactions in the
TCO (per Attachment 20) is added to the TCO inlet temperature (calculated from Equation (17b) in
Section 5.17) to determine the TCO discharge temperature (cell O-38 of the main flowsheets).

SCR: The SCR requires ammonia for the chemical reaction to reduce NOx to nitrogen and water. The
amount of ammonia required, the composition change of the offgas, and the temperature change from the
heat of reaction are calculated in Attachment 8. The standard volumetric flow of ammonia dilution air
(cell I-39) is set at 800 scfm (Assumption 60). The mass flow of ammonia required and calculated in
Attachment 8 is entered into cell K-41 of the main spreadsheets. The standard flow of dilution air and the
ammonia required are summed to obtain the diluted ammonia addition standard flow. The TCO offgas
discharge (LVP12) flow and the ammonia (LVP13) flow are blended in cells C-43, D-43 & E-43 (LVP23
- SCR Input). The changes in gas composition and temperature from the chemical reaction are
incorporated in row 44, “SCR Discharge”. The mass flow of additional N, produced, O, consumed, net
dry air, steam produced and residual ammonia from the reactions are added to or subtracted from the
corresponding flowrates in “SCR Input” to obtain the mass flows in the SCR discharge (cells AW-44, BC-
44, C-44, BU-44, and CS-44 respectively in Attachment 1 main spreadsheets). The temperature increase
from the reactions in the SCR (per Attachment 8) is added to the temperature of the blended stream of gas
and ammonia (calculated from Equation 17(b) in Section 5.17) to determine the SCR discharge
temperature (cell O-44 of the main flowsheets).

The skid has an air inleakage rate which is estimated per Assumption 21, entered in cell C-46, and then added
to the offgas stream dry air standard flowrate.

(8) Caustic Scrubber

The caustic scrubber removes acid gases from the offgas stream.

The caustic scrubber discharge flowrate (cell C-48) is the total of the catalyst skid discharge flow, air
inleakage flow and dry spray air determined in Attachment 39.
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e The outlet temperature of the gas stream from the scrubber is calculated in Attachment 39 and entered in
cell O-48 of the main flowsheets. The amount of acid gas (HCI, HF, SO,, NO,, CO;) removed at the
scrubber is determined based on the scrubber removal efficiency (Input 16, 17, 18) and this is incorporated
in row 48. The mass flow of steam in the caustic scrubber discharge is calculated from the energy balance
in Attachment 39 and entered in cell BU-48 of the main flowsheets.

e The scrubber has an air inleakage which is estimated per Assumption 21, entered in cell C-49, and then
added to the main offgas stream dry air standard flowrate.

(9) Exhaust Fans

e The offgas stream is then pulled through exhaust fans before travelling through the stack. The temperature
increase from compression as the gas is pulled through the exhausters is calculated in Attachment 7 and
the exhauster discharge temperatures are entered into cell O-51 of the main flowsheets.

e The exhauster has an air inleakage which is estimated per Assumption 21, entered in cell C-52, and then
added to the main offgas stream dry air standard flowrate.

(10) Stack

The offgas stream exits the stack at ambient temperature and pressure (Assumption 13 & Input 1, Section 2.1).

Fundamental Equations

Fundamental equations used in this calculation are defined in this section.
5.1 Offgas Mass and Volume Equations
Rearrange ideal gas law equation per Felder, Equation 5.2 (Ref. 10.2.9, Page 186) to solve for mass or volume:

PxV=nxRg*T

Since n=m/MW

m
PxV = i *Re*T
Mass:  m=2 MV
ass: R +T a
Volume: p = R *T (1b)
Px MW
Where:
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= Molar Flowrate (mol/hr)

Mass Flowrate (g/hr)

Absolute Pressure (Pa)

Volumetric Flowrate (m*/hr)

W = Molecular Weight (g/mol)

G Gas Constant = 8.314 m*-Pa/(mol-K)
= Absolute Temperature (K)

2 <oy >
[T

- X

Equation (1a) is used to calculate the total mass flow from the total volumetric flow in Column K of Attachment 1
flowsheets (Equation Note E18 in “Equations” worksheet).
Equation (1b) is used in Attachment 2 to convert a mass flow to a volumetric flow.

5.2 Temperature Conversion
5.2.1 Convert from °C to °F

Temperature is converted from °C to °F as follows (Felder, Equation 3.5-4 (Ref. 10.2.9, Page 64)):

oF =°c*2 L 1308 (2a)

Where:
°F = Temperature in Degree Fahrenheit
°C = Temperature in Degree Celsius

Equation (2a) is used to convert temperatures in column Q of Attachment 1 flowsheets (Equation Note E16 in
“Equations” worksheet).

5.2.2 Convert from °F to °C
Rearrange Equation (2a) above:

5°C

°C = (°F —=32°F)* 5 (2b)

Equation (2b) is used to convert temperatures in column O of Attachment 1 flowsheets (Equation Note E17 in
“Equations” worksheet).

5.3 Decontamination Factor
The decontamination factor is defined as follows:

Mass in

DF (3a)

"~ Mass out

Where: DF = Decontamination Factor
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Massin =  Mass flowrate at inlet (kg/hr)
Mass out =  Mass flowrate at outlet (kg/hr)

The capture efficiency is defined as:

_— ; 1 DF -1
mass in — mass out _massin _ mass out 11— _ (3b)

mass in massin  massin DF DF

Capture Efficiency =

Equations (3a) and (3b) are used in Attachments 34 & 42. Equation (3a) is also used for the maximum case
flowsheet in Attachment 1 to include a DF across the SBS and the WESP for NO, HCI, HF, and SO..
5.4 Mass Concentrations of Gas Species (mg/m?)

The mass concentration of gas species (mg/m?) is determined as follows:

Mass

Concentration =
Volume

mg) Mass (kg/hr) 35.3145 ft3 10°mg  hr
— ) = * * *
m3 Volume (ft3/min) m3 kg 60 min

(4)

Concentration (

5.5 Volume Concentrations of Gas Species (ppmv)
The volume concentration of gas species (ppmv) is determined as follows:

Individual Gas Species Volume
* 10° ppmv

Concentration (ppmv) = Total Volume

Substitute Equation 1(b) into the individual gas species volume in the equation above:

m; x Rg * T;

— T " x10°
P x MW+ Vg PP

Conc; (ppmv) =

Including units results in Equation (5) below:

kgy 1039 hr  8314m3-Pa  T;(K) mbar 1
Conc; (ppmv) = m; (H) i kg “60min  mol-K P; (mbar) *100 Pa MW;(g/mol)
1 35.3145 ft3

i Vior (ft3/min) i m3

* 10° ppmv (5)

Where:
Conci =  Volume Concentration of gas species i (ppmv)
m; Mass Flowrate of gas species i (kg/hr)
Absolute Pressure of gas species i (mbar)

s
|
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Viot = Total Stream Volumetric Flowrate (ft*/min)
MW; = Molecular Weight of gas species i (g/mol)
Ra = Ideal Gas Constant = 8.314 m*-Pa/(mol-K)
T; = Absolute Temperature of gas species i (K)

5.6 Ideal Gas Law Based Equation for converting SCFM to ACFM

The standard volumetric flowrate (SCFM) is converted to actual volumetric flowrate (ACFM) from the following
equation [Felder Equation 5.2-5 (Ref. 10.2.6, page 188)]:

PpxVy myuxTy

(6)

PS*VS_ ng * Tg

Since na = ng (number of moles of gas does not change), simplifying Equation (6) above and solving for the actual
volume Va:

V,=V; *ﬂ*i (6a)
TS PA
Where:
Va = Actual Volumetric Flowrate (ACFM)
Vs = Standard Volumetric Flowrate (SCFM)
Ta = Actual Absolute Temperature (K)
Ts = Standard Absolute Temperature = 293.15 K
Ps = Standard Absolute Pressure = 1 atm = 1013.25 mbar
Pa = Actual Absolute Pressure (mbar)

Equation (6a) is used to calculate the actual volumetric flowrates (ACFM) in Column Y of Attachment 1 flowsheets
(Equation Note E25 in “Equations” worksheet).

Similarly, rearranging Equation (6a) to convert ACFM to SCFM:

T, P
Vi= V, x—Sx"t (6b)
TA S

Equation (6b) is used in to convert actual flow (ACFM) to standard flow (SCFM) in Attachment 41.

5.7 Density Equation based on Ideal Gas Law

Density is defined as p_ = % , where m is mass and V is volume.

Substitute m in Equation (1a) into the density equation above:

m _ PxMW . kg
V. R,*T 1000g

Pe = (7
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Where:
PG = Gas Density (kg/m?)
m = Mass Flowrate (kg/min)
A" = Volumetric Flowrate (m?/min)
MW = Molecular Weight (g/mol)
Rg = Ideal Gas Constant = 8.314 m**Pa/(mol*K)
P = Pressure (Pa). If P is in mbar, use the conversion factor 100 Pa /1 mbar.
T = Temperature (K)

Equation (7) is used to calculate density in Column AG of Attachment 1 flowsheets (Equation Note E27 in
“Equations” worksheet).

5.8 Water Volumetric Flowrate Determination from Absolute Humidity

From the Ideal Gas Law equation for air and water at same pressure & temperature condition:
Mpy,o0
—e—* R * T
PxVio MNyo*Re*T MWy, G

PxV,.. na*RrxT  _Mair
Air Air G MWAL‘T * RG * T

Simplify the equation:

Vh,0 _ Mpy,o . MW,

Vair My MWy,o

MW .
VH20 = VAir H A * MW::VO (8)
Where:
Nmo = Water Molar Flowrate (Ibmol/hr)
NAir = Air Molar Flowrate (Ibmol/hr)
mpo = Water Mass Flowrate (Ib/hr)
Maiy = Air Mass Flowrate (Ib/hr)
Ra = Gas Constant = 0.7302 ft>-atm/(Ibmol-°R)
P = Pressure (atm)
T = Temperature (°R)
Vo = Water Volumetric Flowrate (ft*/min)
Vair = Dry Air Volumetric Flowrate (ft*/min)
Ha = Absolute Humidity (Ib water/Ib dry air)
MWair = Dry Air Molecular Weight (1b/Ibmol)
MWipo = Water Molecular Weight (1b/Ibmol)
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Equation (8) is used in column E of Attachment 1 as needed to calculate flow from absolute humidity (Equation
Note E19).

5.9 Relative Humidity Equation

The relative humidity is calculated using the following equation:

H, = Pu,o

=) (Ref. 10.2.9, Equation 6.3-4, pg 243)
Pu,o (T)

Since: pj o = Vo P (Ref. 10.2.9, Equation 6.3-1, pg 238)

_ Y0 -P

= *
Pu,o (T)

R

The vapor pressure of water, puo'(T), varies as a function of temperature. The water vapor pressure equations are
determined in Attachment 14 as shown below:

pHZO*(T) =9.673-10°*T* -3.357-107 *T° +3.574-107 *T* +0.1843*T +6.445 (for T=0 - 100°C)
pHZO*(T) =2.181-107 *T* =7.807-107 *T* +2.002 *T* — 235.2*T +10220 (for T > 100°C)
Therefore, the relative humidity equation can be written as follows:

B szO*P
HR - 6 % 4 —4 %3 -2 2 *
9.673-10" *T" —-3.357-10 T°+3.574-107 T~ +0.1843*T +6.445

(9a) [for T <100°C]

_ Vio *P
HR_ -5 g 4 -3 g3 % 2 %
2.181-107 *7T" =7.807-107 *T° +2.002* T~ —235.2*T +10220

(9b)  [for T > 100°C]

Where:
Hr = Relative humidity (%)
PH20 = Partial pressure of water vapor (mbar)
YH20 = Mole fraction of water vapor (which is equal to the volume fraction of water vapor per
Ref. 10.2.9, p. 191)
P = Total system pressure (mbar)
pmo(T) = Vapor pressure of water as a function of temperature (mbar)
T =  Temperature (°C)

Equations 9a & 9b are used to calculate the relative humidity in Column AC of Attachment 1 flowsheets (Note N10
in the “Notes” worksheet).
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510 General Heat Transfer Equation

The general heat transfer equation is shown below (Ref. 10.2.10, Equation 11-6, page 280):

O =m*C, *AT (10)
Where:
Q = Energy transferred (kJ/hr)
m = Mass flowrate (kg/hr)
Cr = Heat capacity (kJ/kg-°C)
AT = Differential temperature (°C)

Equation 10 is used in heat balances for the TCO/SCR and Catalytic Skid Recuperative Heat Exchanger
(Attachment 8, 20 & 40).

5.11 Absolute Humidity Equation

The absolute humidity equation is shown below (Felder, pg 244 (Ref. 10.2.9, Eq. 6.3-6)):

mass of water vapor  My,o XH,0

Hy = =
mass of dry gas My Xair

Since X450 = 1 — xp,0

by
> H,=—22_ (11)
1-xp0
Where:

Ha = Absolute humidity (Ib H2O / 1b Air)
mH20 =  Mass of water (Ib/hr)
mai. =  Mass of air (Ib/hr)
Xmo =  Mass fraction of water vapor
X Air = Mass fraction of air

Equation 11 is used to calculate the humidity ratio in Column AA of Attachment 1 flowsheets (Equation Note E31
in the “Equations” worksheet).

5.12 Molecular Weight
The molecular weight of offgas streams is determined as the weighted average of individual component molecular

weights based on the volume % of offgas components (N2, O, CO., Ar, H>O) and volumetric concentrations (ppm)
of other contaminants as shown below:
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MWpyyg = (MW, *y; + MW; * Conc;/10°) (12)
Where:
MW, =  Molecular Weight of Offgas (g/mol)
MW; = Molecular Weight of Gas Component i (g/mol)
Vi = Primary Gas Component Volume %
Conc; =  Volumetric Concentration of Gas Contaminant i (ppmv)

Equation 12 is used in Column AE of Attachment 1 flowsheets (reference to Equation Note E56 in “Equations”
worksheet).

5.13 Specific Activity Calculation for Iodine-129

The specific activity for I-129 is determined from the following equation:

In(2)*N
AM,,, =—————— (Ref. 10.2.16, Section F, pg 29
1129 HalfLife,,,, ( pg 29)
Where: N = number of atoms per gram
AMii29 = specific activity of I-129 (disintegration/second/g or Bq/g)
HalfLife; 29 = half life of Iodine-129 (seconds)

Since: N =Nag/ MWi9

Where:  Nag = Avogadro’s number (6.02 *10* atoms/mol)
MWi1120 = molecular weight of I-129 (g/mol)

AM — 11’1(2)*]\]AG (13)
" MW, ,, * HalfLife,,,,

Equation (13) is used in Attachment 36 to calculate the specific activity of I-129 which is then used to determine
the maximum melter I-129 emission into the offgas.

5.14 Volume Fraction to Mass Fraction Conversion for Individual Gas Components

Volume fraction is converted to mass fraction as follows:

M f . m; n; MWl
ass fraction: x; = — =—=%
my  np MWy,

Since the volume fraction of a component in an ideal gas mixture equals the mole fraction of this component (Ref.
10.2.9, pg 191), the equation to convert the volume fraction to mass fraction can be shown as:
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MW;
Xp = Yi* MWa;g (14a)
Where:
Xi = Mass Fraction of Gas Component i
Vi = Volume Fraction of Gas Component i
m; = Mass Flowrate of Gas Component i (g/hr)
mr = Opverall Mass Flowrate of the offgas stream (g/hr)
nj = Molar Flowrate of Gas Component i (mol/hr)
mr = Overall Molar Flowrate of the offgas stream (mol/hr)
MW; = Molecular Weight of Gas Component i (g/mol)

MW, = Molecular Weight of Offgas (g/mol)

Equation (14a) is used to calculate the gas component mass fraction in Columns AY, BE, BK, BQ, and BW in
Attachment 1 flowsheets (Equation Note E26 in “Equations” worksheet). The mass fraction is represented as wt%
in Attachment 1 flowsheets.

Rearranging Equation (14a) to convert mass fraction to volume fraction:

MWy

14b

Vi =X *

Equation (14b) is used to calculate the volume fraction in cells in Columns BA, BG, BM, and BS in Attachment 1
flowsheets (Equation Note E37 in “Equations” worksheet).

5.15 Outlet Temperature of Offgas Exhausters (Incorporating Fan Efficiency)

The ideal discharge temperature from isentropic expansion across the offgas exhausters (Tq) is calculated from
Perry’s Equation 10-76 (Ref. 10.2.14, pg 10-45):

y-1
14

T, =T, (%’) (152)

Where: Tg = ideal discharge temperature (K)

Ti = inlet temperature (K)

Ps = discharge pressure (atm)

Pi = inlet pressure (atm)

vy = ratio of specific heats = 1.4 for air (Ref. 10.2.1, Table 23.7, pg 23-16)

The final actual exhauster discharge temperature (Tr) is determined as shown below.

The compression efficiency is defined as (Ref. 10.2.4, Eq. 15.22, pg 357):
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n= hd _hi _ Cp'(Td _Tl)
h/_hi Cp'(T_/_Ti)

Where: n = compression efficiency
hg = ideal or isentropic discharge enthalpy (kJ/kg)
h; = enthalpy at inlet temperature (kJ/kg)
hs = enthalpy at actual discharge temperature (kJ/kg)
Cp = heat capacity (kJ/kg-°C)

T4 = ideal discharge temperature (°C)
Ti = inlet temperature (°C)
Ty = final actual discharge temperature (°C)
n T, d_ T/
|:> =
I -T

Solving for the actual exhauster discharge temperature T

T, = -+T, (15b)

Exhauster operating efficiency, 1, is 58% per Input 25 in Section 2.1.
Substituting Tq in Equation (15a) into Equation (15b):

y-1
Ti-(P—d)V — T

+T; (15¢)

Equations (15a) and (15¢) are used in Attachment 7 to calculate the final actual exhauster discharge temperature
which is then entered into cell O-51 of Attachment 1 flowsheets.

5.16 Heat Capacity Calculation

Heat Capacity of Offgas Mixture

The offgas heat capacity is estimated from the individual component heat capacities and mass fractions per Felder,
Eq. 8.3-17 (Ref. 10.2.9, pg 353):

Com(T) = X x; * Cp;(T) (16a)

Where:  Cpm(T) = heat capacity of the offgas mixture (kJ/kg-°C)
Xi mass fraction of gas component i
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Cpi(T) = heat capacity of gas component i (kJ/kg-°C)

The heat capacity of each gas component varies with the temperature. The temperature dependent equations to
estimate the heat capacity of primary gas components are shown in Attachment 15 (see Input 2.7).

Equation (16a) is used to calculate the offgas heat capacity in Column AK of Attachment 1 flowsheets (Equation
Note E52 in “Equations” worksheet).

Heat Capacity of Ammonia

The heat capacity equation for ammonia is taken from Ref. 10.2.15, pg 657:
Cp = CPVAP A + (CPVAP B)*T + (CPVAP C)*T? + (CPVAP D)*T? (16b)

Where: Cp = heat capacity (J/mol-K)
T temperature (K)

The coefficients for the ammonia heat capacity equation are from Ref. 10.2.15, pg 668:

CPVAP A =2.731E+1
CPVAP B =2.383E-2
CPVAP C=1.707E-5
CPVAP D =-1.185E-8

The Cp result is then divided by ammonia’s molecular weight (17.03 g/mol per Input 2.2) and reported as
kJ/(kg*°C).

Equation (16b) is used to calculate the heat capacity in Cell AK-41 in Attachment 1 flowsheets (Equation Note E8
in “Equations” worksheet).

Heat Capacity of Allyl Alcohol (C5HeO)
The heat capacity equation for C3HsO used in Attachment 20 is taken from Ref. 10.2.17, pg A.36 & A.37:

Cp/Reg=ap+aiT+aT?+a; T>+a, T (16¢)

Where: Cp = heat capacity (J/mol-K)
Ra gas constant = 8.314 J/mol'-K
T temperature (K)

The coefficients for the allyl alcohol heat capacity equation are: (Ref. 10.2.17, pg A.37):

ao = 0.248 a; = 34.938:10° a,=-1.685-10"
a3 =-0.192-108 as = 0.324-10'"

Equation (16¢) is used in Attachment 20 to determine the allyl alcohol heat capacity.

24590-G04B-F00012 Rev 14 (Revised 10/25/2016) Ref: 24590-WTP-3DP-G04B-00037, 24590-WTP-GPG-ENG-0127



CALCULATION SHEET PROJECT: RPP-WTP

JOB NO.: 24590

BY: Nancy Wilkins CALC NO.: 24590-LAW-M4C-LOP-00001
DATE: 11/15/2019 SHEET REV: 6
SHEET NO.: 26

SUBJECT: LAW Melter Offgas System Design Basis Flowsheets

5.17 Calculating the Temperature of a Blended Stream

In some instances in the flowsheet, two streams are blended (such as when the main offgas stream is blended with
the film cooler air).

Per Equation (10), the energy balance is as follows:

Q=m*Cp*(To-Ti

The system is assumed to be adiabatic and no mass is accumulated.

Q=0

Mass in = Mass out

Heat capacity of a stream is dependent on temperature and the composition of the gas (see Equation (16a)).
Enthalpy is usually calculated from a reference temperature which is assumed to be 0°C for simplification and does
not appear in the equations below.

When two streams are blended, the mass of the combined stream is the sum of the two individual stream masses:
m= my+ m,

mx*Cpg *Tp = (my * Cpyy * Tin) + (Mg * Cpiz * Tiz)

Solve for To.

_ (mq * Cpyy * Ty1) + (my * Cpyp x Tjp)

T,
0 m* Cpg

(17a)

To and Cpo are both unknowns. The Attachment 1 spreadsheet iterates until these values stabilize.
This method is used in Column O, rows 13, 15, 21, 26, 42 for blending non-reactive streams.

For reactive systems such as those around the SCR, the energy balance takes into account the heat of reaction as
follows:

0= Qg+ (m=*Cpg*Tp) —{(my *Cp;; * Ty1) + (M * Cpyp * Tip)}
Solve for To:

_ (my +Cpyy xTy) + (M xCpip *Tip) Qg

17b
¢ m* Cpo mCpo (17b)
Where:
Q = heat transferred to or from surroundings (kJ/hr)

24590-G04B-F00012 Rev 14 (Revised 10/25/2016) Ref: 24590-WTP-3DP-G04B-00037, 24590-WTP-GPG-ENG-0127



CALCULATION SHEET PROJECT: RPP-WTP

JOB NO.: 24590

BY: Nancy Wilkins CALC NO.: 24590-LAW-M4C-LOP-00001
DATE: 11/15/2019 SHEET REV: 6
SHEET NO.: 27

SUBJECT: LAW Melter Offgas System Design Basis Flowsheets

Qr = heat of reaction (kJ/hr)
m = mass of total gas stream at outlet (kg/hr)

m; = mass of inlet stream 1 (kg/hr)

m; = mass of other inlet stream 2 (kg/hr)
T; = inlet gas temperature (°C)

To = outlet gas temperature (°C)

Ty = temperature of inlet stream 1 (°C)
Ty, = temperature of inlet stream 2 (°C)

Cpo = outlet gas heat capacity (kJ/kg°C)
Cpii = heat capacity of inlet stream 1 (kJ/kg°C)
Cpi2 = heat capacity of inlet stream 2 (kJ/kg°C)

Again, To and Cpo are unknowns. The temperature change (Qr/mCpo) for the SCR is calculated in Attachment 8§,
respectively. The Attachment 1 spreadsheet then iterates to find To using Equation (17b) and Cpo. These variables
are then used to recalculate the temperature changes in Attachment 8. This process repeats until the values
stabilize. This affects cell O-44 of Attachment 1 flowsheets.

Equation (17b) is also used in cell O-38 to determine the temperature of the TCO discharge stream (LVP12);
however, in this case there is only one incoming stream to the TCO.

5.18 Mass and Energy Balance around the Caustic Scrubber

Absolute Humidity Definition per Felder, Equation 6.3-6 (Ref. 10.2.9, pg 244), used in Attachment 44:

M,-p,

H=—""""— (18)
Mdry “(P-p,)

Where:

H = absolute humidity (kg water /kg air)

M, = molecular weight of water vapor (g/mol)

Mdy = molecular weight of dry (vapor free) air (g/mol)

pv = partial pressure of water (atm)

P = total system pressure (atm)

Enthalpy balance for the caustic scrubber:
¢, (T, -T)+H-A =H, A McCabe, Eq. 23-11 (Ref. 10.2.10, pg 663)

The humid heat, cs, is defined as:

¢, =Cp,. +Cpyo-H McCabe, Eq. 23.-6 (Ref. 10.2.10, pg 661)
Where:

Cs = humid heat (kJ/kg-°C)

Tim = temperature of gas entering scrubber (°C)
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Ts = saturation temperature of gas (°C)

H absolute humidity at Ti, (kg air /kg water)
H; saturation humidity at Ts (kg air /kg water)
As = latent heat of vaporization at T (kJ/kg)
Cp.ir = heat capacity of air (kJ/kg-°C)

Cpm2o = heat capacity of water vapor (kJ/kg-°C)

Substituting cs:

(Cpair +CpH20 H)(T;n _Ts)+H/15 :Hs '/15
Cpair (T;n _Ts)-l-(CpHZO H)(T;n _Ts)-l_Hﬂ’s :Hs 'ﬂ’s (19)

The mass of air entering the scrubber is equal to the amount of air leaving the scrubber. The amount of water in the
offgas will change as the offgas get quenched by the liquid spray as it passes through and becomes saturated when
it leaves the scrubber (Assumption 19).

The absolute humidity, H, is defined as (Ref. 10.2.9, pg 244):
H = My20in
mair

Where: moin = mass of water in the offgas entering the scrubber (kg/hr)
m,: = mass of dry air (kg/hr), at gas inlet temperature Ti,

Similarly, the saturation humidity at the scrubber outlet is defined as:

Mu200ut
Hy = ———— ©  Mpoour = Mair " Hs
Mair
Where: Mu200ut = Mass of water in the saturated offgas leaving the scrubber (kg/hr) [Assumption 19]
ma; = mass of dry air (kg/hr), at gas saturation temperature Ts

Substituting H and H; in Equation (19):

m . m
H?2O0in _ H20 out
_71')—'— ﬂ'\ - m ﬂ’s

air air air

in

Cpay (T, =T)+ Cpyap -2 (T,
m
Multiplying by m.ir on both sides:.

m . m . m
H?2O0in H20in _ H20 out
mair'Cpair'(T;n _T;')-I—maii"CpHZO' m (T;n _Ts)+mair' 'ﬂ's _mair ’ -A's

air air air

mair .Cpair (Tn _Ts)+CpH20 .mHZOin ’ (7—;11 _Ts)+mH20in .2’3 = mH200ut 'ls

1
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— mair 'Cpair (T;n _]ws)+CpH2O 'mHZOin ) (T;n _th)—i_mHZOin 'is (20)

mHZOaut ﬂ,

s

'Cpair '(T;n _7—;)+CpH20 ‘mHZOin (T;n _T;)+mH20in /1

air s __
S Myrop ~ 2 =0
s

Equation (20) is used in Attachment 39 to determine the mass flow of water vapor in the offgas discharge from the
scrubber.

5.19 Calculation of Mercury Concentration

The amount of mercury in the offgas is determined based on the contract maximum, 1.4E-5 mol Hg/mol Na (Input
36). All mercury that enters the melter is assumed to be carried into the melter offgas (Assumption 49).

The amount of mercury in the melter feed is determined based on the following cases (Assumption 57):

e  Minimum case — 25% of the contract maximum (mol Hg/ mol Na) in a 6 M Na feed stream
e Nominal case — 50% of the contract maximum in an 8 M Na feed stream
e  Maximum case — 100% of the contract maximum in a 10 Na feed stream

Sodium concentration in the melter feed is assumed to be 6 M for the minimum case, 8 M for the nominal case, and
10 M for the maximum case (Assumption 57).

The melter is fed at a nominal rate of 190 gph for Envelope A feed (most common LAW feed) (Input 9).
The molecular weight of Hg is 200.59 g/mol (Input 2.2).

The mercury fed into the melter in the maximum case is calculated based on the sodium concentration as follows:

, k l l l k
Hg into the melter (—g) = 14F — 5 D2HI  x molNa, 19 92, 1999, 900,59 489, K9 (21
hr mol Na L hr  264.17 gal molHg 1000g

Where X is the sodium concentration of the feed (mol Na/L).
Equation (21) is used in Cell DK-15 of Attachment 1 flowsheets to calculate the Hg mass flowrate in the offgas.

Note that in the nominal and minimum cases, only 50% and 25% of the mercury contract maximum limit in LAW
feed is used in Equation (21) to calculate the Hg mass flowrate in the offgas (see Assumption 57).

520 Energy Balance around the TCO and SCR

The Thermal Catalytic Oxidizer unit (LVP-SCO-00001) oxidizes volatile and semi-volatile organic compounds to
water and carbon dioxide. The standard oxidization reactions in the catalyst skid TCO are shown below.

VOC Reaction (C3HgO - Allyl Alcohol): 2 C3HgO + 8 0y — 6 COp +6 HyO
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COreaction: 2CO + Oy — 2CO»p

The NOx Selective Catalytic Reducer unit (LVP-SCR-00001) uses ammonia injection to reduce the NOx to
nitrogen, oxygen and water through catalytic reactions with ammonia. Reactions of ammonia and NOx in the SCR
include the following (Ref. 10.2.3, pg 39):

NO Reaction: 2NO+4NH3+20y — 3Np+6Hy0O
6 NO +4 NH3 — 5Ny +6 HyO

NO; Reaction: 6 NOpy + 8 NH3 — 7Ny + 12 HyO

The heat of reaction (AH;) is the difference between the enthalpy of the products and the enthalpy of the reactants at
a given temperature and pressure (Ref. 10.2.9, pg. 422).

AH, = Z(vi * AHi)pToducts - E(Ui * AH})reactants (22a)

In general terms, the enthalpy change for reactants and products is expressed as: (Ref. 10.2.9, Equation 9.1-3, pg.
423)

_ A
v

AH n (22b)

Where AHK(T) = heat of reaction at temperature T, kJ/mol

AH = enthalpy change for reactants or products at temperature T, kJ/mol
n = moles of reactant or product
v = stoichiometric coefficient

Equations (22a) & (22b) are used in Attachment 8 for the SCR and Attachment 20 for the TCO to determine the
enthalpy change from the reactions in the TCO/SCR.

The energy balance around the TCO/SCR is expressed as:
0= Qr+m=*Cpx*(Ty—T;) = Qg +m=Cp AT (220)
Therefore, the temperature change across the TCO & SCR is calculated by rearranging Equation (22c¢):

_ — 0

AT = mxCp (224d)

Where AT = temperature change across TCO/SCR, °C
Qr = total enthalpy change from the reactions, kJ/hr
m = mass flowrate of inlet offgas to TCO/SCR, kg/hr
Cp = offgas heat capacity, kJ/kg- °C
Ti = temperature at inlet to TCO/SCR, °C
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To = temperature at TCO/SCR outlet, °C
Equation (22d) is used in Attachment 8 for the SCR and Attachment 20 for the TCO to determine the temperature

change across the TCO/SCR which is then used to determine the temperature at TCO/SCR outlet in Attachment 1
flowsheets.

5.21 Energy Balance for the Catalytic Skid Heat Exchanger (LVP-HX-00001)

An energy balance for the heat exchanger is performed to determine the heat exchanger cold side and hot side outlet
temperatures.

The overall heat transfer equation for the catalytic skid heat exchanger is per McCabe, Equation 11-14 (Ref.
10.2.10, pg. 282).

Acat = Ucar * Acar * AT}, (23a)
Where,

qcar = rate of heat transfer for the catalytic skid heat exchanger (W)

Ucat = Overall heat transfer coefficient = 2.74 Btu/(hr-ft>F)  (Input 2.12)

Acqe = Overall heat transfer area = 4056 ft* (Input 2.12)

AT, = logarithmic mean temperature difference (°C), which is defined as (Ref. 10.2.10, pg. 282) :

AT, — AT,

AL =1 0T, /ATy

Since AT, = Teatnotin — Tcatcoraour aNd ATy = Teatmorout — Tcatcoiain fOr countercurrent flow (Ref. 10.2.10,
pg. 277):

ATL — (TCatHotIn - TCa;ColdOut) - ;TCatHotOut - TCatColdIn) (23b)

ln( CatHotln — CatColdOut)

Tcatrotout — Tcatcotain

Where,
ATy, = log mean temperature difference for the catalytic skid heat exchanger (°C)
Tcatmotrn = hot side fluid inlet temperature (°C)
Tcatmotour = hot side fluid outlet temperature (°C)
Tcatcotarn = cold side fluid inlet temperature (°C)

Tcatcoldaour = cold side fluid outlet temperature (°C)

The overall energy balance for the catalytic skid heat exchanger is shown below (Ref. 10.2.10, Equation 11-6, pg
280).

24590-G04B-F00012 Rev 14 (Revised 10/25/2016) Ref: 24590-WTP-3DP-G04B-00037, 24590-WTP-GPG-ENG-0127



CALCULATION SHEET PROJECT: RPP-WTP

JOB NO.: 24590

BY: Nancy Wilkins CALC NO.: 24590-LAW-M4C-LOP-00001
DATE: 11/15/2019 SHEET REV: 6
SHEET NO.: 32

SUBJECT: LAW Melter Offgas System Design Basis Flowsheets

9c = 4qn

- Mcatcold * CpCatCold * (TCatColdOut - TCatColdln) = McatHot * CpCatHot * (TCatHotIn - TCatHotOut) (23C)

Where,
qc = heat gained by the cold side fluid (kJ/hr)
qu = heat lost by the hot side fluid (kJ/hr)

Mcarcota = cold side mass flow rate (kg/hr)
CPcatcora= cold side fluid heat capacity (kJ/(kg-°C)
Megtnor = hot side mass flow rate (kg/hr)
CPcatror = hot side fluid heat capacity (kJ/(kg-°C)

Since the rate of heat transfer in Equation (23a) and (23c¢) is equal to each other:

Mceatcota * CPcatcota * (Tcatcotaout — Teatcotam) = Ucat * Acar * ATy,

Mceatrot * CPcatrot * (Tcatrotin — Tcatnotout) = Ucat * Acar * AT},
Solving for Tcaicoldou and Teattotout:

Ucat * Acar * ATy,

Tcatcotaout = Tcatcotam + (23d)
Mcatcold * CpCatCold

Ucat * Acar * ATy,

Tcatnotoutr = TcatHotin — «C (23e)
McatHot PcatHot

An initial guess of the heat exchanger cold side and hot side outlet temperatures is made. Calculations are
performed iteratively until the determined cold side and hot side outlet temperatures are the same as the initial
outlet temperature guesses. See Attachment 40 for detailed explanations and calculations.

5.22 Chemical Concentrations for the Maximum Case

Different APPS runs from the LAW process stream properties calculation (Ref. 9.65(a)) were performed to
simulate the worst feed for the applicable contaminants (NO, NO,, VOC, HCI, HF, SO,, CO) and applicable data
from these runs will be used in this calculation. Run 25 for Hg was not used because the methodology used in this
calculation was already more conservative than the APPS results by applying the Hg permit limit in the calculations
(see Attachment 35). Run 30 for Iodine was not used for this calculation. For total iodine, it was more
conservative to use the contract maximum iodine with a melter DF calculated in Attachment 36. APPS data (see
Input 2.14) was then used to calculate the mass fraction for individual constituents in each APPS run. This mass
fraction is then multiplied by the total stream mass flowrate in the LOP flowsheet (column K) to determine the
mass of the individual constituent in the melter offgas. This was used in cells CA-11, CM-11, CY-11, DQ-11, DW-
11, EI-11, and EO-11 of Attachment 1 flowsheets.

24590-G04B-F00012 Rev 14 (Revised 10/25/2016) Ref: 24590-WTP-3DP-G04B-00037, 24590-WTP-GPG-ENG-0127



CALCULATION SHEET PROJECT: RPP-WTP

JOB NO.: 24590

BY: Nancy Wilkins CALC NO.: 24590-LAW-M4C-LOP-00001
DATE: 11/15/2019 SHEET REV: 6
SHEET NO.: 33

SUBJECT: LAW Melter Offgas System Design Basis Flowsheets

DFs for NO, HCI, HF, I-129, and SO, (Input 2.15) are applied to the SBS and the WESP to determine the mass
flow and concentrations of these constituents as they pass through the SBS and WESP.

6 Assumptions

6.1 Assumptions Not Requiring Verification

1. The relative humidity (RH) for the melter cave air is assumed to be 30% for the minimum case, 40% for the
nominal case, and 100% for the maximum flowrate case. For simplicity, this same range of relative humidity
will also be used for dilution air or air inleakage into the offgas system.

The melter cave air is from a C5 area. The humidity of the C5 areas is not defined per Ref. 9.39, Table 12-1.
However, the humidity of the C3 areas is defined as a minimum of 10% (Input 35, Section 2.1). Since the C3
air is cascaded to the C5 areas for radioactive containment, it is reasonably assumed that the melter cave air has
relative humidity greater than the minimum for C3 air. Therefore 30% RH is selected for minimum case
flowsheet and 40% for nominal case. A 100% maximum RH is used for bounding conservatism. The same
relative humidities are used for air inleakage because the inleakage air originates from C3 and C5 areas.

This assumption is bounded by assuming 100% RH for the maximum case which is used for design and
therefore does not require verification.

2. Plant service air and instrument air are assumed to be completely dry.
Plant service air is supplied from BOF and has a dew point of -40F (Ref. 9.37, pg. 1).
This assumption is reasonable and does not require verification.

3. The melter air inleakage rate is assumed to increase from the minimum (149 SCFM per Input 3, Section 2.1) by
150% for the nominal case and 200% for the maximum cases (224 and 298 SCFM respectively).

Inleakage into the LAW melter is defined from a vendor submittal (Table 4, 24590-QL-HC4-W000-00094-05-

00003, Ref. 9.30). However, these predictions are for a “new” melter and do not include any compensation for
the thermal effects over time that have been known to increase melter inleakage to some degree. Doubling the

melter inleakage for the maximum case is conservative and compensates for potential inleakage increase due to
aged system. The melter air inleakage rate is relative small compared to the overall flow in the LOP system.

This assumption is conservative and has a small effect on the overall flow within the offgas system; therefore it
does not require verification.

4. Not Used.

5. Waste Oxides loading into the LAW glass is assumed to be 25%. It is also assumed that no iodine is lost in
Pretreatment.

In Attachment 5, waste oxide loading during testing is shown to be about 25% for Envelope A wastes. Waste
loading at this rate maximizes the amount of waste being processed in WTP when generating 15 MT of glass
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10.

per day per melter. This would maximize emission rates into the LAW offgas. This assumption is conservative
for iodine emission determination in Attachment 36.

In addition, assuming that no iodine is lost in Pretreatment provides conservatism for iodine emissions.

Combined, these assumptions are conservative in maximizing the iodine emissions in the LAW offgas and
therefore do not require verification.

The water content of the SBS discharge is assumed to have a relative humidity of 100%.

The offgas discharge from the SBS is saturated with water vapor since the gas is bubbled through a submerged
packed bed.

This assumption is bounding and does not require verification.

The pressure drops across the hot side of the LAW catalytic skid heat exchanger (LVP-HX-00001) for the
“minimum case, 1 melter” and the “minimum case, 2 melters” are assumed to be the same.

The flow rate for the “1 melter” case is too low to fit the equation derived in Attachment 37. The flow rate for
the “2 melters” case is higher and does fit the equation. The pressure drop for the 2 melter case is actually

higher than the pressure drop for the one melter case; therefore this assumption is conservative.

The minimum case with one melter is not used for equipment sizing. This assumption is conservative and does
not need to be verified.

No steam is assumed to condense from the melter offgas once it is discharged from the SBS.

The offgas will in reality cool, resulting in some condensation. Assuming no condensation results in slightly
higher gas flowrates, which is bounding for this calculation.

This assumption is bounding and does not require verification.
The nominal vessel ventilation offgas temperature is assumed to be 86°F which is the average of the minimal
and maximum temperatures of the C5 area where the vented vessels are located (minimum 59°F and maximum

113°F per Ref. 9.39, Table 12-1).

This assumption is only intended for the nominal case and using the average of the minimum and maximum
temperatures is reasonable to represent the nominal case.

This assumption is justified for the nominal case and therefore does not require verification.

The vessel ventilation maximum case offgas temperature is assumed to be 113°F based on the maximum
temperature of the C5 area.

The maximum C5 temperature is 113°F (45°C) as defined in the Basis of Design 24590-WTP-DB-ENG-01-001
(Ref. 9.39, Table 12-1). This is the maximum temperature of process cells where the vented vessels are
located.
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This is a bounding assumption since it will maximize overall offgas flowrates for these cases and thus does not
require verification.

11. No heat loss is assumed to occur in any of the LOP piping.

Offgas temperatures are expected to decrease from heat loss from un-insulated offgas piping and
equipment. Assuming no heat loss will help maximize the overall offgas flowrate. All offgas piping in the
secondary offgas system is insulated and therefore will have minimal heat loss.

This assumption is bounding and therefore does not require verification.

12. An offgas temperature increase of 20°C across the HEPA preheater is assumed to be sufficient to prevent
condensation.

The function of the HEPA preheater is to sufficiently increase offgas temperature so that there is no potential
for condensation on the HEPA filters that could lead to blinding. The 20°C temperature rise assumption is
validated upon examination of the resulting offgas relative humidities in Cell AC-30 in the Attachment 1
spreadsheets. This examination shows that all post-HEPA relative humidities are below 40% and therefore
there is no risk of condensation.

This assumption was justified above and therefore does not require verification.
13. The ambient air temperature is assumed to be 25°C (77°F).

This temperature is included for completeness (cell O-54 of the flowsheet) based on a nominal warmer season
temperature and is not meant to represent the actual ambient temperature which will change with the season
(Hanford site temperature range from -23°F to 113°F per Input 50 & 51 in Section 2.1). This nominal
temperature is not used for any calculation in the spreadsheet.

This does not require verification because it does not affect the calculation results.

14. The minimal vessel ventilation offgas temperature is assumed to be 59°F based on the minimum C5
temperature.

The minimum C5 temperature is 59°F (15°C) as defined in the Basis of Design 24590-WTP-DB-ENG-01-001
(Ref. 9.39, Table 12-1). This is the minimum temperature of process cells where the vented vessels are located.

This is a bounding assumption since it will minimize overall offgas flowrates as is intended for this case and
therefore does not require verification.

15. The contractual maximum I-129 concentration in LAW feed is assumed to be the same as the maximum [-129
concentration in HLW feed, i.e. 2.9-107 Ci/ 100 g waste oxide (Input 32).

The I-129 concentration limit for HLW feed is mandated by the WTP Contract (Input 32). There is no such
limit for LAW. Since the radioactive material concentration in HLW feed is expected to be much higher in
HLW than in LAW, the application of the maximum I-129 concentration in HLW to LAW is bounding and
thus does not require verification.
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16. No mass transfer is assumed to occur from the waste to the vessel ventilation offgas except for particulate

17.

18.

19.

20.

21.

entrainment, water vapor, and hydrogen gas generated from radiolysis.

This is a simplifying assumption since any gaseous evolution from these solutions would be insignificant and
already bounded by what is in the melter offgas streams.

This assumption has minimal effect on the results of this calculation and therefore does not require verification.
Not Used.

Process air additions are assumed to have no offgas contaminants. Air inleakage into offgas systems is also
assumed to have no offgas contaminants.

Process air is from the Plant Service Air System that is in a non-contaminated area. The equipment locations
where inleakage occurs are ventilated by the facility HVAC systems resulting in minimal air contamination.

Therefore, this assumption does not require verification.
The offgas exiting the LVP caustic scrubber is assumed to be saturated (i.e., completely quenched).

The offgas is sprayed with liquid water as it travels through the scrubber. The offgas will evaporate water as it
passes through because of its high inlet temperature. It is conservative to assume that the gas is saturated as it
leaves the scrubber because this maximizes the offgas mass flow traveling to the fans.

This assumption does not require verification.

The HEPA preheater pressure drop is assumed to be 0.5 in. WG for the minimum case, 1 in. WG for the
nominal case, and 5 in. WG for the maximum case.

Estimates of pressure drops are from available technical data from the vendor, Chromalox (Ref. 10.2.21, pg I-
21; see Attachment 43 for the vendor data). Pressure drop data for the actual preheater model purchased for the
WTP is not available. However, graphs G-227ADH, G-112S3, G189-S1, and G-227-2 show that even under
very high linear velocities, the pressure drop across the heaters are in most cases below -1 in.WG. The pressure
drop for the maximum case is increased to 5 in. WG to provide contingency for design uncertainty. This is
consistent with the maximum pressure drop assumed in Mechanical Systems calculation 24590-LAW-MEC-
LVP-00004, Rev. 2, Sizing of the LAW Offgas HEPA Electric Preheaters LVP-HTR-00001A4 and LVP-HTR-
000034 (Ref. 9.42, Assumption 6.1.2). Therefore, 0.5 in. WG will be used for the minimum case, 1 in. WG
will be used for the nominal case, and 5 in. WG will be used for the maximum case to provide contingency.

The pressure drop across the HEPA preheater is pretty small and would only have a negligible effect on the
overall pressure drop; therefore, this assumption does not require verification.

To further define the overall offgas flowrates, cell/room air is assumed to leak into each major piece of offgas
equipment through flanges and other connections up until the LVP extraction fans. The minimal inleakage is
assumed at 5 SCFM as in a new (i.e., tight) system. However, the nominal and maximum inleakage is assumed
at 10 SCFM as in an old system. The inleakage air is also assumed to have no impact on offgas temperature
due to a low inleakage rate.
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22.

23.

24.

25.

26.

24590-G04B-F00012 Rev 14 (Revised 10/25/2016)

The assumed inleakage values were chosen to be conservative while not creating an unreasonable accumulated
downstream flowrate. These values are comparable to those calculated for vessel inleakages in Attachment 4
(see Table 2 in Attachment 4, individual vessel inleakage rates range from 4 — 10 SCFM).

These leakage assumptions are used for flowsheet purposes only and are not intended as a prediction of actual
leak rates. Since the inleakage rates used are conservative and relative small compared to the overall offgas
flowrate, the inleakage rates have minimal effect on the overall offgas flowrate through the system; therefore
this assumption does not require verification.

Relative humidities of the vessel ventilation offgas are assumed to be 50%, 75%, and 100% for the minimum,
nominal, and maximum cases, respectively.

Vessel ventilation offgas will have significant humidity since the individual flowrates to the vessel result in
significant headspace residence and vessels are mechanically agitated resulting in entrained aerosols. The
100% relative humidity defined for the maximum case maximizes the water content in the vessel vent offgas
and is bounding for design. The relative humidities of 50% (minimum case) and 75% (nominal case) are
conservatively selected for the flowsheet calculation purpose.

This assumption is conservative and therefore does not require verification.

The melter inleakage pressure is assumed to be equal to the melter enclosure pressure.

This is a simplifying assumption and the impact of melter inleakage is small compared to the overall pressure
of the system. The inleakage flowrate is defined in SCFM.

This assumption does not significantly affect the calculation results and does not require verification.
The melter injected air pressure is assumed to be equal to the melter offgas pressure.

This is a simplifying assumption and the impact of the injected air is small compared to the overall pressure
of the system. The melter injected air flowrate is defined in SCFM.

This assumption has no significant impact on the overall flowsheet results and does not require verification.
The film cooler addition air pressure is assumed to be equal to the film cooler discharge pressure.

This is a simplifying assumption and the impact of the film cooler addition air pressure is small compared to
the overall pressure of the system. The film cooler addition air flowrate is defined in SCFM.

This assumption has no significant impact on the overall flowsheet results and does not require verification.

The pressure control air and controlled offgas air pressure is assumed to be equal to the film cooler discharge
pressure.

This is a simplifying assumption and the impact is small compared to the overall pressure of the system. The
pressure control air flowrate is defined in SCFM.

This assumption has no significant impact on the overall flowsheet results and does not require verification.
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27.

28.

29.

30.

The nominal melter pressure control air flowrate is assumed to be 300 scfm (Ref. 9.46, page 90). The same
control air flowrate (300 scfm) is also used for the maximum case. The pressure control air flow is assumed to
be 200 scfm (67% of steady state) for the minimum case.

Using the same value for both the nominal and maximum cases is appropriate because the pressure control air
is attempting to maintain a set melter plenum pressure. If the melter offgas flow increases, the melter plenum
vacuum decreases. The pressure control air flow would then decrease until the melter plenum vacuum returned
to its setpoint. The maximum flowsheet case has a higher melter offgas flow than the nominal case. It is
conservative to keep the pressure control air constant (not decrease it) for the maximum case because this
maximizes the flow through the offgas system.

This calculation does not simulate transient conditions and therefore this assumption does not require
verification.

The vessel ventilation offgas pressure is assumed to be the same as the combined offgas pressure.

This is a simplifying assumption and the impact is insignificant compared to the overall pressure of the system
since the vessel ventilation offgas flowrate (SCFM) is relatively small in comparison with overall offgas
flowrate.

This assumption has minimal impact on the overall flowsheet results and therefore does not require verification.
The minimum and maximum plenum temperatures are assumed to be 300°C and 500°C, respectively.

The operating temperatures that were used in melter tests are listed in 24590-101-TSA-W000-0009-87-00019
(Ref. 9.6, pg. T-3). The DM 3300 melter represented a 1/3 section of the LAW melter (3.3 m?, see pg. 7 of Ref.
9.6) and was operated to maintain a target plenum temperature of 400°C + 50°C. The DM 100 and DM 1200
melters were smaller (0.108 m? and 1.2 m?, respectively; see pg. 7 of Ref. 9.6) and required small openings in
the cold cap to prevent bridging of dried feed material across the melt surface (pg 15 of Ref. 9.6). As a result of
these openings, the plenum temperatures were about 100 - 150°C higher, ranging from 450 - 650°C. Since the
DM 3300 is larger and more representative of the WTP LAW melter, 400°C is used as the nominal plenum
temperature, as shown in Input 10. 500°C is assumed as the maximum plenum temperature to provide some
contingency above 400°C. Assuming a minimum plenum temperature of 300°C is reasonable because the low-
low average plenum temperature alarm is set at 608°F (320°C), per 24590-LAW-JIDX-LMP-00001 (Ref. 9.12,

pg 131).

The melter has a control for plenum temperatures; therefore, this assumption does not require verification.

For simplification, all of the VOC exiting the melters is assumed to travel through the SBS and WESP with no
change in concentration.

This provides a higher VOC concentration that the catalyst skid would need to treat.

This is a bounding assumption and therefore does not require verification.
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31.

32.
33.
34.
35.

36.

The HEPA filter bank pressure drop for the minimum, nominal, and maximum cases is assumed as 1.0 in. WG,
2 in. WG, and 10 in. WG respectively.

Per 24590-WTP-SRDCN-ENG-17-00002, (Ref. 9.69, Table FK-4000-1 for safe change HEPA filters), new
2000 SCFM HEPA filters will have a maximum resistance (i.c., pressure drop) of 1.6 in. WG. However, they
are structurally required to be able to withstand a 10 in. WG pressure drop for one hour per Ref.10.1.2, Table
FK-5000-4. Given a constant offgas flowrate, the pressure drop across the HEPA filters is also expected to rise
over time due to particulate loading. The pressure drop values assumed are 1.0 in. WG (new filters, minimal
offgas flowrate), 2 in. WG (some particulate loading with nominal offgas flowrates), and 10 in. WG (extensive
particulate loading and maximum offgas flowrate).

The effect of one unit’s pressure drop is small compared to the overall pressure drop of the system; therefore
this assumption does not require verification.

Not Used
Not Used
Not Used
Not Used

For simplicity, pressure drops have been assumed across piping segments. For short segments, the pressure
drops are assumed 2, 3, and 4 in. WG for the minimum, nominal, and maximum cases, respectively. For long
segments, the pressure drops are assumed to be 4, 5, and 6 in. WG for the minimum, nominal, and maximum
cases, respectively.

Offgas piping after the SBS have been divided into "short" and "long" segments depending on the general
location of equipment within the LAW facility. The "short" and "long" segments are defined per General
Arrangement Drawings 24590-LAW-P1-P01T-00002, -00005 & -00006 (Ref. 9.26 -9.28). Long piping
segments are defined in the following table.

Stream Equipment Location

Number | Inlet Discharge Start Finish

LOPO8 | WESP LVP Heaters | 3 ft Level; L-0123/0124 (Ref. 9.26) | 48 ft Level; L-0304H (Ref. 9.27)

LVP08 | LVP Stack 48 ft Level; L0304C/D/E (Ref. 68 ft Level; Stack, NW Corner
Exhausters 9.27) (Ref. 9.28)

All other segments are considered short.

According to page B-15 of Crane (Ref. 10.2.5), the maximum case (2 melters) airflow of 4230 SCFM (at the
exhaust fans, cell I-51 of the Attachment 1 flowsheets), flowing through 100 ft of 10 in. pipe, will have a
pressure drop of 0.9 in. WC (0.031 psi). In this calculation, most of the LVP piping is 18 inches in diameter
(Ref. 9.49 - 9.54), which decreases the pressure drop significantly. LOP piping is 10 inch in diameter (Ref.
9.29 & 9.48). Pressure drop data is not available for 18 inch pipe, but using the same correlation for the same
flow through a 8 in pipe results in a pressure drop of 2.7 in. WC (0.1 psi). Decreasing the pipe diameter by two
inches more than doubles the pressure drop for the same flowrate. Increasing the pipe diameter to 18 inches
should decrease the pressure drop significantly.

The pressure drops assumed (2, 3, and 4 in. WG for the minimum, nominal, and maximum cases for short
segments and 4, 5, and 6 in. WG for the minimum, nominal, and maximum cases for long segments) are
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37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.

48.

49.

50.

51.

reasonable. This can be illustrated by looking at the pipe between the SBS and the WESP. This pipe length is
about 38 feet per isometrics 24590-LAW-P3-LOP-PW01224001 and -PW01224002 (Ref. 9.55 & 9.56) with a
10” diameter. In the maximum case for 2 melters, the flow through the SBS discharge pipe is 976 SCFM (Cell
I-17 of the Attachment 1 flowsheets). On page B-15 of Crane, the lowest flow that correlates to a 10” pipe is
3000 SCFM. The pressure drop is 0.44 in. WG (0.016 psi) over 100 ft of pipe at 3000 SCFM. The actual pipe
length is 38 feet, so the pressure drop is further reduced to 0.38 * 0.44 in WG. =0.17 in. WG. The actual
pressure drop would be even lower because the actual flow is less than 1/2 of that estimated here. These
assumed pressure drops are considered conservative for the sole purpose of providing approximate pressure
drops across LOP/LVP offgas system for flowsheet calculations (actual pressure drop through the offgas
system can be found in Mechanical System line sizing calculations). These pressure drops are generous to
account for pipe bends and entry/exit losses. Therefore, this assumption does not require verification.

Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used

In Table 2 (Section 2), all VOCs are assumed to have the molecular weight of an allyl alcohol. Particulates are
assumed to have the molecular weight of iron oxide.

This is a simplifying assumption.

This has an insignificant impact on the overall mass balance and therefore does not require verification.
All mercury in the LAW feed that enters the melter is assumed to volatilize into the melter offgas.

This assumption is bounding for mercury content in the offgas and therefore does not require verification.

For simplification, the absolute pressure for the SCR ammonia addition (LVP13) and ammonia dilution air
addition is assumed to be the same as the TCO discharge pressure since that is where they are added.

The dilute air addition volumetric flowrate is defined in SCFM (Assumption 60) and the air pressure have no
impact on the overall flowsheet results. The ammonia flowrates are determined based on the stoichiometric
reactions in Attachment 8, and the ammonia pressure have minimal impact on the overall flowsheet balance.

This assumption is justified and does not require verification.

The minimum, nominal and maximum pressure drops across the caustic scrubber are assumed at 5 in. WG, 10
in. WG, and 15 in. WG respectively.
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52.

53.

54.

55.

The maximum overall pressure drop across the caustic scrubber is 15.4 in. WG per 24590-QL-POA-MKAS-
00003-06-00001, pg 13, Ref. 9.9 (Input 26 in Section 2.1). Most of the pressure drop (14 in. WG) comes from
the demister (Input 33). Given a constant offgas flowrate, the pressure drop across the demister could increase
over time due to fouling. The pressure drop through the scrubber packing is insignificant (average 0.42 in. WG
per Input 34). In this calculation, the minimum pressure drop is defined as 5 in. WG (new demister pad,
minimal offgas flowrate). The nominal pressure drop is defined as 10 in. WG (some fouling, nominal offgas
flowrate). The maximum pressure drop is defined as 15 in. WG (some fouling, maximum offgas flowrate).

The pressure drops assumed are based on Code 1 vendor submittal data and thus do not require verification.
Not Used.
The SBS minimum, nominal and maximum temperatures are assumed to be 40°C, 50°C and 55°C respectively.

The LAW SBS performs an identical function as the HLW SBS. That function is to quench melter offgas and
regulate the offgas temperature for downstream offgas equipment. The SBS is required to operate in a
condensing mode (i.e., below the inlet offgas dew point temperature) in order to prevent the concentration of
accumulated solids and to allow adequate condensate purging of the system. This temperature control also
effectively regulates the water split between the secondary liquid effluent system and the water that remains
within the offgas as steam exits through the facility stack. As shown in Figures 4.12 and 4.14 of 24590-101-
TSA-W000-0009-166-00001 (Ref. 9.5, pg F-56 & F-58), the VSL DM 1200 SBS was successfully operated at
approximately 50°C during the LAW MACT demonstration tests. This SBS is prototypical of the full-scale
LAW SBS design. Therefore, this temperature of 50°C is considered the nominal SBS operating temperature.
Based on the VSL testing data results (Ref. 9.5, Fig. 4.64, pg F-108 & Fig. 4.71, pg F-115), there is little
fluctuation in SBS operating temperature. The maximum SBS operating temperature is defined as 55°C to
account for temperature deviations. The SBS has a cooling jacket and is temperature controlled. By the end of
the runs (LAW Test 1 & LAW Test 2A & 2B), the lowest SBS outlet temperature is still well above 40°C;
therefore, the minimum SBS operating temperature is defined at 40°C.

Since there was little fluctuation in operating temperature during tests of the SBS, the minimum, nominal and
maximum LAW SBS temperatures assumed can be considered justified and do not require further verification.

Deleted.
The decontamination factor (DF) for mercury in the SBS is assumed to be 6.

This value is estimated from Westinghouse report WSRC-TR-95-0404 (Ref. 10.2.23) which describes
treatment of mercury contaminated sludges using vitrification. The offgas system had an ejector-venturi
scrubber which reduced the melter offgas temperature below the dew point, condensed most of the water vapor,
and scrubbed the gas (Ref. 10.2.23, pg. 5). The offgas and condensate leaving the scrubber was collected in the
offgas condensate tank (OGCT). The report lists the offgas mercury DFs for the OGCT as 8.28 and 3.32 (Ref.
10.2.23, Table 4, pg. 9). This averages to a DF of 5.8. A decontamination factor of 6 for Hg is used in this
calculation.

This value is a conservative estimate. The SBS should have better liquid/gas contact than the venturi scrubber,
increasing the ability to remove soluble mercury. This value is also consistent with the DF estimated in a
previous WTP mercury assessment (Ref. 9.41, Section 7.4.3.3). This report is authorized for use in CCN
280470 (Ref. 9.40). Conservatism is used in this calculation when defining the maximum amount of mercury
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56.

57.

in the offgas based on the Hg contract maximum (Assumption 57). A bounding DF of 1 (no mercury removed
in the SBS) is not reasonable and would lead to oversizing the carbon beds. Therefore, the assumed DF of 6 is
deemed reasonable and does not require verification.

The presence of methyl iodide is neglected in this calculation due to the low probability that it is present in the
offgas.

Per a literature review documented in CCN 193249 (Ref. 9.43), both radiolytic and thermal reactions can result
in the formation of methyl iodide. Calculations in the literature show that the conversion rate to methyl iodide
due to the radiolytic reaction is approximately 1.4%. The conversion rate with the thermal reaction is 0.34%.
Both conversion rates begin with a 10 mg/m? iodine concentration. This iodine concentration is much higher
than what is present in the LAW offgas. According to Attachment 1, the highest concentration of iodine in the
melter offgas is 0.596 mg/m?® (minimum case, 2 melters, cell EE-11). This conversion is limited further in the
presence of oxygen because a methyl radical will combine with oxygen much more readily than with iodine.

In addition, the decomposition temperature of methyl iodide is 270°C (Ref. 10.2.11, Merck Index Monograph
Number 6110, Methyl lodide, Ref. 10.2.11). Since the melter plenum temperature is maintained from 300 —
500°C (see Assumption 29 in Section 6.1), the methyl iodide will decompose in the melter plenum. The
solubility of methyl iodide is 1 part to 50 parts water (Ref. 10.2.11, Merck Index Monograph Number 6110,
Methyl lodide). Any methyl iodide that survives the temperatures in the melter plenum would dissolve in the
submerged bed scrubber solution. Therefore, the probability that methyl iodide is present in the offgas is
unlikely.

This assumption is justified and does not require verification.

The amount of mercury in the melter feed is determined based on the Hg contract maximum and the following
assumptions:

e  Minimum case — 25% of the contract maximum (mol Hg/ mol Na) in a 6 M Na feed stream

e Nominal case — 50% of the contract maximum in an § M Na feed stream

e Maximum case — 100% of the contract maximum in a 10 Na feed stream

The contract maximum mercury concentration is related to the sodium concentration, 1.4E-05 mol Hg/mol Na
(Input 36 in Section 2.1). The higher the sodium concentration, the higher the mercury concentration.

To calculate the amount of mercury exiting the melter, the mol Hg/mol Na and the sodium molarity in the feed
will both be varied. For mol Hg/mol Na, the maximum case uses 100% of the contract maximum. The
minimum case uses 25% and the nominal case uses 50% of the contract maximum. The validity of this
assumption can be seen in Attachment 3. These graphs show data from Ref. 9.64. The graphs were made from
data in spreadsheet “TFCOUP6 Batch Evaluation” (in 24590-RMVD-03129), worksheet “Contract — LAW”.
In cell AQ-4, if “Hg+2” is selected (then hit F9), the resulting graph is Figure 1 in Attachment 3. This shows
the ratio of mercury to sodium in each batch in feed vector TFCOUP6. Figure 2 is the same plot with the y-
axis decreased to the mercury contract maximum.

Figure 2 in Attachment 3 shows that the average ratio of mercury to sodium in the WTP feed is about 2.1E-06
mol Hg/mol Na. For the minimum flowsheet case, 25% of the contract maximum is used, which is equivalent
to 1.4E-05 mol Hg/mol Na x 25% = 3.5E-06 mol Hg/mol Na. This is already higher than the average reported
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58.

59.

60.

by TFCOUP6 (about 2.1E-06 mol Hg/mol Na) and is therefore conservative. Using 50% of the contract
maximum for the nominal case (7.0E-06 mol Hg/mol Na) and 100% for the maximum case (1.4E-05 mol
Hg/mol Na) are also conservative. The vast majority of feed batches will not contain this much mercury.
Batches shown with mercury level above the contract maximum in Figure 1 will need to be blended with other
feed so that the mercury remains below the contract limit before it is transferred to WTP. Note that although
Ref. 9.64 is a committed calculation; however, the mercury data are confirmed data obtained directly from
TFCOUP6.

The treated LAW concentrate that enters the LCP system is concentrated to 8 — 10 M Na in the TLP evaporator
per 24590-QL-POA-MEVV-00001-08-01 (Ref. 9.59, pg. 11). This sodium range provides the basis for the
nominal and maximum Na concentration values. If a feed has a tendency to precipitate salts, the feed will not
be concentrated as much. To accommodate this, the minimum case is set as 6 M. If the feed is occasionally
more dilute than the normal value, the offgas will have a lower mercury concentration but this would not affect
the equipment design. The mercury concentration based on 10 M Na in feed is conservative for the maximum
case.

The mercury content in the recycle from the SBS back to TLP in PT is neglected in this calculation. The Hg/Na
ratio in the feed assumed for the maximum case is already six times larger than the overall weighted average
(see Figure 2 in Attachment 3). The mercury concentration in the recycle that is reintroduced into the feed
stream will vary depending on how much mercury was in the previous feeds. As lower concentration feeds are
introduced, the amount of mercury in the recycle stream will decrease. As higher concentration feeds are
introduced, the amount of mercury in the recycle stream will increase. The amount of mercury sent to the
carbon beds will vary accordingly. The mercury concentration based on the contract maximum and a 10 M Na
feed is conservative for the maximum case based on the overall weighted average of the mercury fed into the
system.

For simplification, the ammonia dilution air is assumed to enter the offgas stream with no temperature increase
from the fans.

Since the system is under negative pressure, the dilution air fans will need minimal speed to overcome any
pressure drop in the connecting piping to the offgas piping and temperature change across the fan is expected to
be insignificant.

This assumption has negligible effect on the overall balance and therefore does not require verification.

Leaching scenarios for the TFCOUPG6 batches are assumed to agree with 24590-WTP-RPT-PE-07-001 (Ref.
9.67, pg 176-180). This report is authorized for use in CCN 280470 (Ref. 9.40). This report grouped the
expected range of tank farm wastes that will be treated by the WTP Facility and recommended the most
efficient way of processing each group in terms of performing caustic leaching on the solids and/or oxidative
leaching of the solids to minimize the amount of HLW glass made. These scenarios are only used in
Attachment 45, which proposes a correlation between the amount of HF in the feed and the amount present at
the HEPA filters.

Attachment 45 does not affect the Attachment 1 flowsheets and does not affect the results of this calculation.
Therefore, this assumption does not require verification.

Ammonia dilution air is assumed to be 800 SCFM maximum. This is a requirement that will be placed on the
vendor to allow flexibility for ammonia addition while keeping ammonia below flammable levels (Ref. 9.63,
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pg. 5). Vendor calculation submittal 24590-CD-POC-MBT0-00007-02-00001 (Ref. 9.11, Section 9.2.4, pg 30)
verifies that the actual maximum dilution air required for the SCR is 844.7 acfm (at 95°F and 14.34 psia) which
is equivalent to 784 scfm using ideal gas law (less than the maximum dilution air of 800 scfm specified).

The assumed dilution air of 800 scfm is conservative and verified by the vendor calculation. Therefore, this
assumption does not require verification.

61. For the three flowsheet cases, the temperature changes across the activated carbon unit are assumed to be -5°C,
+5°C, and +20°C for the minimum, nominal, and maximum cases, respectively, to provide conservative results.

Upon examination of Figures 4.12 & 4.14 0of 24590-101-TSA-W000-0009-166-00001 (Ref. 9.5, Pages F-56 &
F-58), it is observed that the differential between the activated carbon's inlet and outlet temperatures varies
from approximately -5°C to +25°C. The largest temperature differentials are due to allyl alcohol spiking. In
the first test, LAW Test 1, the outlet temperature continued to rise until allyl alcohol spiking stopped (see
Figures 4.133a and 4.133b of Ref. 9.5, pg F-180/181). In the second test, LAW Test 2A, the temperature rose
approximately 20°C and plateaued (see Figures 4.136a and 4.136b of Ref. 9.5, pg F-184/185).

Because the temperatures in LAW Test 1 were continuing to rise, it is reasonable to assume that the carbon bed
had not been fully conditioned to constituents in the offgas. In LAW Test 2A, the carbon bed was operated for
a sufficient amount of time to be fully conditioned to offgas constituents. The cumulative run time for carbon
bed conditioning at the conclusion of LAW Test 1 was ~32 hours (Ref. 9.5, Figure 4.133b, pg F-181) compared
to ~182 hours at the conclusion of allyl alcohol spiking in LAW Test 2A (Ref. 9.5, Table 3.2, pg T-13). This
additional time was sufficient for the carbon bed to acclimate to the offgas, as evident by the carbon bed outlet
temperature plateauing during allyl alcohol spiking. The result from the second test, a 20°C rise, is
representative of temperature rise limits that need be in place prior to LAW carbon bed operations.

This assumption is justified based on testing data and therefore does not require verification.

62. The minimum temperature of the ammonia supply is assumed to be equal to the minimum Hanford Site
temperature of -23°F (Input 50) and the maximum temperature is assumed to be equal to the maximum Hanford
Site temperature of 113°F (Input 51).

This assumption covers the expected ambient temperature range and does not require verification.

63. The nominal temperature of the ammonia supply is assumed to be 77°F based on the average temperature at the
Hanford Site in July (76.6°F) per PNNL-15160 (Ref. 10.2.19, Table 3.1).

This temperature is for the nominal case and is not used for design. This assumption does not require
verification.

64. Standard temperature and pressure are assumed to be 20°C and 1 atm. This is this calculation’s definition of
standard conditions and does not need to be verified.

65. The assumed fluoride/sodium molar ratio (kgmol of F/ kgmol of Na") for each TFCOUPS6 batch used in
Attachment 45 (“TFCOUP6 Batches” worksheet, Column B) is from 24590-WTP-M4C-V11T-00037 Rev B,
24590-RMVD-03212 (Ref. 9.64, (a), spreadsheet “TFCOUP6 Batch Evaluation.xIsx”, sheet “Contract-LAW”,
Column J). Ref. 9.64 is a committed calculation; however, the fluoride/sodium molar ratio is confirmed data
from TFCOUP6 (Ref. 9.18). In addition, Attachment 45 is not used in the body of this calculation; it is
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included just to provide a possible correlation of HF in the melter offgas and the amount of fluoride entering
WTP in the feed for planning information. Therefore, this assumption does not need to be verified.

66. The nominal temperature of the melter or offgas inleakage is assumed to be 80°F.

This is approximately the overall mean temperature if the allowable C3 and C5 temperature ranges are
combined, (59 - 95°F and 59 - 113°F, respectively; see Inputs 52 - 54).

This temperature is for the nominal case and not intended for design. This assumption is reasonable for the
nominal case and thus does not require verification.

67. Refer to Section A4.6 in Attachment 4 for assumptions related to the LAW Vessel Ventilation Design Basis
Flowsheets.

6.2 Assumptions Requiring Verification

None

7 Calculations

As discussed in Section 5, calculations performed in this “calculation” are done in both Mathcad and Excel
spreadsheets. These spreadsheets are included as hardcopy attachments. Electronic copies of the Mathcad and
Excel spreadsheets are also included in the “SUPPORT FILES” folder.

The main calculation is performed in Attachment 1 that contains the master spreadsheets for the minimum,
nominal, and maximum offgas flowrate cases. These spreadsheets define process information by stream number
and stream name. Stream numbers are per PFDs 24590-LAW-M5-V17T-00004, -00007, -00008,

-00010, and -00011 (Ref. 9.13 - 9.17). Notes are provided for each calculation cell or data input cell, which
provides links to references, notes, equations, and/or assumptions. The “Notes”, “References”, and “Equation”
note lists are included in Attachment 1. The list of assumptions is included in Section 6. Examples of a “note”,
reference, equation, or assumption note are N7, R10, E2, or A15, respectively. Refer to Attachment 1 for the
minimum, nominal, and maximum case flowsheets.

As identified in the notes’ list, several of the cell inputs are based on supporting calculations included as additional
attachments. Many supporting calculations are developed in Excel spreadsheets and are included in the
"SUPPORT FILES" folder. Other supporting calculations are performed in Mathcad. These Mathcad calculations
and what is calculated within in them are identified in the following attachments:

Attachment 2 Melter Steam Generation Determination

Attachment 4 LAW Vessel Ventilation Design Basis Flowsheets

Attachment 7 Temperature Increase Across Offgas Exhausters

Attachment 8 SCR Temperature Increase, SCR Ammonia Addition Flowrate Determination, and Residual SCR
Gas Discharge Mass Flowrate Calculation

Attachment 20 TCO Temperature Increase and Residual TCO Gas Discharge Mass Flowrate Calculation

Attachment 32 Ammonium Nitrate Formation

Attachment 35 Mercury Discharge from Activated Carbon Beds

Attachment 36 LAW Melter lodine-129 Emission Determination
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Attachment 39 Caustic Scrubber Outlet Temperature Determination
Attachment 40 Catalyst Skid Recuperative Heat Exchanger Discharge Temperature Determination

Discussion on how each supporting calculation is performed is included in each attachment, as appropriate.
Refer to Section A4.7 in Attachment 4 for calculations related to the LAW Vessel Ventilation Design Basis
Flowsheets.

Design basis flowsheet calculations in Attachment 1 for the offgas as it travels through the treatment units in the
LOP and LVP systems are done based on the methodology and equations discussed in Section 5. The LAW glass
production throughput is 30 MTG/day (Input 8, Section 2.1) for 2 melters in operation (nominal and maximum
flowsheets).

8 Results and Conclusions

Offgas flowsheets were developed and are included in Attachment 1 for each gaseous process stream in the LAW
melter offgas system (Systems LOP and LVP). Three flowsheet cases are based on two melters in operation
(minimum, maximum, and nominal). An additional minimum case is shown assuming one melter is operating.
Refer to Attachment 1 for the offgas flowsheet results.

For each stream, each case has the offgas volumetric flowrate (SCFM and ACFM), mass flowrate, physical
properties, primary gas compositions, and offgas contaminant compositions to be used for design purposes.

Refer to Section A4.8 in Attachment 4 for the vessel ventilation flow results related to the LAW Vessel Ventilation
Design Basis Flowsheets.

HNO; and HNOs concentrations and flowrates from the HEPA filters are listed below:

HNO, Concentration (ppmv) | Molar Flow (g-mol/h) Mass Flow (kg/h)
min 8.8 1.23 0.0579
avg 29.4 5.22 0.245
max 56.2 11.1 0.522
HNO; Concentration (ppmv) | Molar Flow (g-mol/h) Mass Flow (kg/h)
min 0.5 0.070 0.00441
avg 5.5 0.98 0.0617
max 424 8.37 0.527

HNO; and HNOj concentrations and flowrates from the carbon beds are as follows:

HNO; Concentration (ppm) Molar Flow (g-mol/h) Mass Flow (kg/h)
nom 253 4.51 0.212
max 32.1 6.36 0.299
HNO; Concentration (ppm) Molar Flow (g-mol/h) Mass Flow (kg/h)
nom 7.9 1.41 0.089
max 22.8 4.52 0.285
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Margin

This is a process calculation to provide the design basis flowsheets for the LAW offgas LOP & LVP systems. No
margin is added to the flowsheet results.

Conservatism

The following conservatism is applied to the calculation:

1. The melter air inleakage for the maximum case in Attachment 1 flowsheets is conservatively doubled
(Assumption 3) to compensate for potential inleakage increase due to aged system.
2. The reduced solids capture efficiency for WESP in deluge operation is conservatively included in the

calculation of the average solids DF in Attachment 34 to reduce the solids removed by the WESP and thus
maximize the amount of solids in the offgas.

3. The amount of mercury in the offgas is determined based on the contract maximum, 1.4E-5 mol Hg/mol Na
for conservatism. All mercury in the LAW feed that enters the melter is also assumed to volatilize into the
melter offgas to maximize the mercury content in the offgas (Assumption 49).

4. A vessel vent relative humidity of 100% is defined for the maximum case (Assumption 22) to maximize the
water content in the vessel vent offgas and is bounding for design.

5. A maximum relative humidity of 100% is defined for the melter cave air to maximize the water content in the
air inleakage to offgas equipment for bounding conservatism (Assumption 1).

6.  The SBS discharge is assumed to be saturated with water vapor and have a relative humidity of 100% as a
bounding condition (Assumption 6).

7. Per assumption 5, the waste oxides loading into the LAW glass is assumed to be at a high 25%. It is also
assumed that no iodine is lost in Pretreatment. Combined, these assumptions maximize iodine emissions in
the LAW offgas.

8.  The contractual maximum I-129 concentration in LAW feed is conservatively assumed to be the same as the

contractual maximum [-129 concentration in HLW feed (expected to be higher for HLW feed; see
Assumption 15) to maximize the I-129 release from the melter to the offgas in Attachment 39 calculation.

9.  The pressure drops across the hot side of the LAW catalytic skid heat exchanger (LVP-HX-00001) for the
“minimum case, 1 melter” and the “minimum case, 2 melters” are conservatively assumed to be the same
(Assumption 7). The pressure drop for the 2 melter case is actually higher than the pressure drop for the one
melter case, thus assuming the pressure drop for the 2 melter case as the pressure drop for the 1 melter case is
conservative and provides a larger pressure drop for the minimum, 1 melter case.

10.  Assuming no condensation from the melter offgas when it is discharged from the SBS results in slightly
higher gas flowrates which is conservative for the calculation (Assumption 8).

11. No heat loss is assumed for any of the LOP piping; this will maximize the overall offgas flowrate and thus is
conservative for the calculations (Assumption 11).

12.  The offgas exiting the LVP caustic scrubber is conservatively assumed to be saturated in the energy balance
calculations in Attachment 39 & 44 (Assumption 19).

13.  All VOC exiting the melters is assumed to travel through the SBS and WESP with no change in
concentration to maximize the VOC content in the offgas that the catalyst skid has to treat (Assumption 30).

14. For the maximum case flowsheet, the LAW process stream properties calculation (Ref. 9.65) was used as the
data source for CO, VOC, HCI, HF, NO, NO,, and SO, from stream LMP06. This calculation uses the Aspen
Process Performance Simulation (APPS) model runs 26, 27, 28, 29 and 31 to simulate the worst feed for CO
& organics, HCI, HF, NOx and SO,, respectively.
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A4.9.46 24590-WTP-3PB-P000-TN11F, Rev. 19. Piping Material Classification Pipe Class N11F
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A4.9.48 24590-WTP-3PB-P000-TS11B. Rev. 32, Piping Material Classification Pipe Class S11B

A4.9.49 24590-WTP-3PB-P000-TS12A, Rev. 13, Piping Material Classification Pipe Class S124

A4.9.50 24590-WTP-DB-PET-17-001, Rev. 0, Process Inputs Basis of Design (PIBOD) for LAW and EMF

A4.9.51 24590-WTP-M4C-V11T-00011, Rev. C, Revised Calculation of Hydrogen Generation Rates and Times to
Lower Flammability Limit for WTP

A4.9.52 24590-LAW-DSA-NS-18-0001, Rev. 2, Documented Safety Analysis for the Low-Activity Waste Facility
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A4.9.53 24590-WTP-PSAR-ESH-01-002-04, Rev. 7A, Preliminary Documented Safety Analysis to Support
Construction Authorization, HLW Facility Specific Information

A4.9.54 24590-LAW-MVC-RLD-00008. Rev. 1. Process Data Input for LAW Plant Wash Vessel (RLD-VSL-
00003) and Discharge Pumps (RLD-PMP-00001A4/B) as modified by 24590-LAW-MVE-RLD-00005

A4.9.55 24590-LAW-MVC-RLD-00007, Rev. 1. Process Data Input for LAW SBS Condensate Collection Vessel,
RLD-VSL-00005 and Discharge Pumps (RLD-PMP-00003A4/B)

A4.9.56 24590-LAW-M4C-V11T-00001, Rev. 1, Calculation of Process Stream Properties for the LAW Facility,
including support files:

- 24590-RMVD-03242-02, 24590-LAW-M4C-V11T-00001, Rev. I, Run 1 - 16 APPS Files

- 24590-RMVD-03242-03, 24590-LAW-M4C-V11T-00001, Rev. I, Run 17 - 31 APPS Files

A4.9.57 24590-BOF-M4C-V11T-00006, Rev. 1, Calculation of Process Stream Properties for the Effluent
Management Facility, including:

- Support Files - Volume 3, 24590-WTP-MRQ-PET-17-0002, Rev. 1 through 24590-WTP-MRQ-PET-17-
0010, Rev. 1
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