Contract No:

This document was prepared in conjunction with work accomplished under
Contract No. DE-AC09-08SR22470 with the U.S. Department of Energy (DOE)
Office of Environmental Management (EM).

Disclaimer:

This work was prepared under an agreement with and funded by the U.S.
Government. Neither the U. S. Government or its employees, nor any of its
contractors, subcontractors or their employees, makes any express or implied:

1) warranty or assumes any legal liability for the accuracy, completeness, or
for the use or results of such use of any information, product, or process
disclosed; or

2 ) representation that such use or results of such use would not infringe
privately owned rights; or

3) endorsement or recommendation of any specifically identified commercial
product, process, or service.

Any views and opinions of authors expressed in this work do not necessarily
state or reflect those of the United States Government, or its contractors, or
subcontractors.



We put science to work.™

: _

Savannah River
National Laboratory

OPERATED BY SAVANNAH RIVER NUCLEAR SOLUTIONS

RY o SAVANNAH RIVER SITE e« AIKEN, SC

DWPF Melter Off-Gas Flammability
Assessment for Sludge Batch 9

A. S. Choi
July 2016
SRNL-STI-2016-00318, Revision 0

SRNL.DOE.GOV



SRNL-STI-2016-00318
Revision 0

DISCLAIMER

This work was prepared under an agreement with and funded by the U.S. Government. Neither the
U.S. Government or its employees, nor any of its contractors, subcontractors or their employees,
makes any express or implied:
1. warranty or assumes any legal liability for the accuracy, completeness, or for the use or
results of such use of any information, product, or process disclosed; or
2. representation that such use or results of such use would not infringe privately owned
rights; or
3. endorsement or recommendation of any specifically identified commercial product,
process, or service.
Any views and opinions of authors expressed in this work do not necessarily state or reflect those of
the United States Government, or its contractors, or subcontractors.

Printed in the United States of America

Prepared for
U.S. Department of Energy




SRNL-STI-2016-00318
Revision 0

Keywords: DWPF, SB9, Melter Off-Gas
Flammability

Retention: Permanent

DWPF Melter Off-Gas Flammability Assessment for
Sludge Batch 9

A. S. Choi

July 2016

@ Savannah River
National Laboratory -
Prepared for the U.S. Department of Energy under OPERATED BY SAVANNAH RIVER NUCLEAR SOLUTIONS
contract number DE-AC09-08SR22470.




REVIEWS AND APPROVALS

AUTHOR:

SRNL-STI-2016-00318

Revision 0

A. S. Choi, Process Technology Programs/SRNL Date
TECHNICAL REVIEW:

F. G. Smith, Ill, Environmental Modeling/SRNL, Reviewed per E7 2.60 Date
APPROVAL:

F. M. Pennebaker, Manager Date
Process Technology Programs/E&CPT Research Programs/SRNL

D. E. Dooley, Manager Date
E&CPT Research Programs/Environmental Stewardship/SRNL

E. J. Freed, Manager Date

DWPF/Saltstone Facility Engineering/SRR



SRNL-STI-2016-00318
Revision 0

EXECUTIVE SUMMARY

The slurry feed to the Defense Waste Processing Facility (DWPF) melter contains several organic carbon
species that decompose in the cold cap and produce flammable gases that could accumulate in the off-gas
system and create potential flammability hazard. To mitigate such a hazard, DWPF has implemented a
strategy to impose the Technical Safety Requirement (TSR) limits on all key operating variables affecting
off-gas flammability and operate the melter within those limits using both hardwired/software interlocks
and administrative controls. The operating variables that are currently being controlled include; (1) total
organic carbon (TOC), (2) air purges for combustion and dilution, (3) melter vapor space temperature,
and (4) feed rate. The safety basis limits for these operating variables are determined using two computer
models, 4-stage cold cap and Melter Off-Gas (MOG) dynamics models, under the baseline upset scenario
- a surge in off-gas flow due to the inherent cold cap instabilities in the slurry-fed melter.

The magnitude and duration of off-gas surges depend largely on the mode of operation. During bubbled
operation, i.e., when the melt pool is agitated with the argon bubblers, off-gas tends to surge more often
and in greater magnitudes than under non-bubbled mode. The current TSR limits on TOC were developed
for the Sludge Batch 8 (SB8) bubbled operation for which the baseline off-gas surge is defined as follows
based on the data taken during the Cold-cap Evaluation Furnace (CEF) melter run in 2010; 9 times (9X)
normal condensable and 5 times (5X) normal non-condensable flows at the onset of surge and decreasing
linearly to 30% of their respective peak values after 1 min. However, it was determined in 2014 that the
method of controlling the feed rate under the maximum 1.5 gallons-per-minute (GPM) based on measured
melter vapor space temperature was not robust enough to ensure conservatism under all feed conditions;
as the total solids content of feed dropped well below the design basis 45 wt%, the measured melter vapor
temperatures at near the maximum feed rate remained higher than the TSR minimum that triggers the feed
interlock. Based on this finding, DWPF turned off the bubblers and has since been operating under non-
bubbled mode at reduced feed rates. The reasoning was that as off-gas in general surges less frequently
and in smaller magnitudes during non-bubbled operation, the potential for off-gas flammability would be
lower and thus the existing TSR TOC limits would remain valid even with dilute feeds. However, the
baseline 3X/3X off-gas surge for non-bubbled operation had not been validated against the facility data.

The DWPF will begin processing SB9 during the 2™ half of FY2016 and has issued a Technical Task
Request (TTR) that the Savannah River National Laboratory (SRNL) personnel assess the flammability
potential of SB9 and determine whether or not the existing TSR TOC limits would be applicable to SB9
under non-bubbled conditions. Therefore, the goal of this study was two-fold; (1) to validate the baseline
3X/3X off-gas surge for non-bubbled operation by comparing it against the largest melter pressure spike
that has occurred in the facility since 2014 in terms of off-gas flammability potential, and (2) to determine
the maximum TOC limits of SB9 as a function of nitrate for three different antifoam addition scenarios
under non-bubbled conditions and compare them against the existing TSR limits. As for the TSR limits
on air purges and melter vapor space temperature (i.e., Egs. 1 to 3 in Introduction), they have remained
unchanged since they were first set and constitute part of the melter operating conditions under which the
TOC limits are evaluated.

To address the first goal, the DCS database was scanned for the 15-month non-bubbled operation from
11/21/2014 to 02/20/2016 and the melter pressure spike on 11/24/2014 20:14:46 with the peak pressure
maxed out at +10.8” H,O was identified as the bounding pressure spike for non-bubbled operation. The
MOG dynamics model was next updated, including the addition of the feed forward control algorithm,
and calibrated using the steady state data averaged over the 30-min period prior to the +10.8” H,0O
pressure spike. After several iterations, when the calibrated model was run with a 24X/6X off-gas surge
with a peak duration of 20 sec, it was found that the measured melter pressure and control air flow during
the pressure spike were both predicted well by the model, which also predicted that the actual peak melter
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pressure would have been closer to +19” H,0. The 24X/6X off-gas surge with 20-sec peak duration was
next simulated as a standalone case under the actual operating conditions at the time of pressure spike and
the peak flammability of the OGCT vapor was predicted to be 13% of the LFL. The magnitudes of the
baseline 3X/3X off-gas surge for non-bubbled operation were next doubled since the actual feed rate at
the time of pressure spike was % of the safety basis limit 1.5 GPM. When the resulting 6X/6X off-gas
surge with 1-min peak duration was run under the identical operating conditions, the peak flammability of
the OGCT vapor was predicted to be higher at 15% of the LFL. These results showed that the current
safety basis 3X/3X off-gas surge with 1-min peak duration at 1.5 GPM feed rate bounds the facility data
in terms of off-gas flammability.

The 4-stage cold cap and MOG dynamics models were next run using the baseline SB9 feed composition,
which was reconstituted with the flowsheet levels of coal and MCU solvent under three different antifoam
addition scenarios; 728, 894 and 1,017 gallons per Chemical Processing Cell (CPC) cycle. When the
baseline 3X/3X off-gas surge with 1-min peak duration was simulated with each of the three reconstituted
feeds at varying nitrate levels, the results showed that the maximum TOC limits of SB9, which were
calculated at the peak flammability of 60% of the LFL in the OGCT, were 1 to 11% higher than the
existing TOC limits, which indicated that the flammability potential of SB9 under non-bubbled conditions
is not higher than that of SB8 and thus the existing TSR TOC limits remain valid for the SB9 non-
bubbled operation.

Based on the results presented in this report, it is concluded that:

1. The MOG dynamics model was successfully updated to reflect the current DCS settings and
further calibrated using the latest facility data. The calibrated model predicted that the actual peak
melter pressure during the apparent +10.8” H,O pressure spike on 11/24/2014 was closer to +19”
H,O with 20-sec peak duration.

2. The current 3X/3X off-gas surge basis with 1-min peak duration at 1.5 GPM feed rate remains
bounding in terms of off-gas flammability during non-bubbled operation.

3. The duration of off-gas surge has just as large an impact as its magnitude on off-gas flammability.

4. The current TSR TOC limits, which were developed for the SB8 bubbled operation, remain valid
for the SB9 non-bubbled operation under all three antifoam addition scenarios considered.

5. The current TSR limits on the minimum melter vapor space temperature, minimum air purges and
maximum feed rate all remain the same.

The implication of these conclusions is that no DSA change would be required for processing SB9 under
non-bubbled conditions.

Vi
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1.0 Introduction

A potential for off-gas flammability in the Defense Waste Processing Facility (DWPF) melter is mitigated
by controlling the concentration of total organic carbon (TOC) in the Sludge Mix Evaporator (SME)
product at below the Technical Safety Requirement (TSR) limits set as a function of nitrate under three
different antifoam addition scenarios.* This control strategy ensures compliance with the NFPA Code 69;
the concentration of flammable gases in the Off-Gas Condensate Tank (OGCT) will not exceed 60% of
the lower flammability limit (LFL) in case of an off-gas surge at 1.5 GPM melter feed rate. When the
melt pool is agitated with the argon bubblers (i.e., during bubbled operation), the baseline surge is defined
as the condensable and non-condensable cold cap off-gas flows spiking to 9 times (9X) and 5 times (5X)
their normal values, respectively, at the onset of surge and immediately decreasing linearly to 30% of
their respective peak values during the next 1 minute.? For non-bubbled operation, the baseline surge is
defined as both the condensable and non-condensable cold cap off-gas flows spiking to 3 times (3X) their
respective normal values at the onset of surge and immediately decreasing linearly to 50% of their
respective peak values during the next 1 minute.?

The TSR limits on TOC are determined using two computer models.>* The cold cap model calculates the
source term, i.e., the concentration of flammable gases produced during the calcine/fusion reactions in the
cold cap, while the melter off-gas (MOG) dynamics model takes the source term as an input and performs
the global combustion kinetics calculations in the melter vapor space. The concentration of unburned
flammable gases in the melter exhaust (mainly H, and CO) is tracked by the model throughout the off-gas
system by performing the transient mass/heat balance as well as gas dynamics calculations under the
actions of various Proportional-Integral (PI) controllers and dynamic valves. The theoretical TOC limits
are set when the calculated peak concentration of flammable gases in the OGCT equals 60% of the
composite LFL during the surge, while maintaining the following theoretical minimum temperature and
air purges at 1.5 GPM feed rate:

Melter vapor space temperature (TI4085D) > 460 °C 1)
Total melter air purge (FIC32214) > 900 Ib/hr 2
Backup film cooler air purge (FIC3221B) > 233 Ib/hr 3)

The current TSR TOC limits were derived for bubbled operation with Sludge Batch 8 (SB8) by applying
analytical uncertainties to the theoretical limits."* However, a recent computer simulation study of non-
safety off-gas component failures showed that when the ratio-bias control of the exhauster speed
(FIC3691) is replaced with the feed forward control currently used in the facility, the calculated peak
concentration of flammable gases in the OGCT would increase from 60 to 72% of the LFL under bubbled
conditions;” the increase in flammability potential was attributed to a much slower, dampened response of
the exhauster during a surge under the feed forward control, causing more flammable gases to accumulate
in the OGCT than under the ratio-bias control. The same study also showed that the peak concentration of
flammable gases in the OGCT would remain below the safety basis limit of 60% of the LFL during the
baseline off-gas surge for non-bubbled operation.” The DWPF melter had been running with the bubblers
turned off since 11/21/2014, and these findings provided the justification for continued non-bubbled
operation under the existing TSR limits.

DWPF is currently scheduled to begin processing SB9 during the 4™ quarter of FY2016 and DWPF
Engineering has requested that the Savannah River National Laboratory (SRNL) personnel determine
whether or not the current TSR TOC limits would remain applicable to SB9 under non-bubbled operating
mode.® The Task Technical Request (TTR) outlines several tasks for SRNL, including the documentation
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of inputs and assumptions used in the assessment, performing case studies using the models, and
providing support to the Savannah River Remediation (SRR) personnel in documenting the results of the
SB9 flammability assessment in a Type 1 calculation. This report documents the results of Task #4 and
#5, as described in the TTR.® Specifically, the scope of this study included; (1) validation of the 3X/3X
off-gas surge basis for non-bubbled operation against the facility data and (2) assessment of the SB9
flammability potential for non-bubbled operation. The results of this study showed that; (1) the current
3X/3X off-gas surge basis bounds the facility data taken during non-bubbled operation, i.e., it would lead
to a higher off-gas flammability potential in the OGCT than under the largest pressure spike that has
occurred since the bubblers were turned off in November 2014, and (2) the existing TSR limits set for
SB8 are also applicable to SB9 under non-bubbled operating mode. This report documents the bases and
results of the model calculations performed in this study along with the facility data used to validate the
off-gas surge basis for non-bubbled operation.

2.0 Validation of 3X/3X Off-Gas Surge Basis

The MOG dynamics model was last validated against the facility data in 2004.” The validation process is
normally performed in three steps. First, the Distributed Control System (DCS) database is scanned to
identify and download the desired melter off-gas system operating data, usually around the time of a large
pressure spike. The steady state portion of the downloaded data, i.e., data taken just before a pressure
spike began, is next used to calibrate the model, i.e., adjusting the model parameters such as the flow
conductance between two adjacent nodes to match measured pressure profile. Lastly, the calibrated model
is run to match the measured pressure, temperature, and flow profiles during a pressure spike by adjusting
the dynamic elements of the model and its inputs such as dead times and off-gas flow surge profile.

2.1 Melter Pressure Spike Data

The DCS database was scanned for the 15-month non-bubbled operation from 11/21/2014 to 02/20/2016
and a total of 226 melter pressure spikes above -2” H,O were identified. However, most of the pressure
spikes were excluded from further consideration as they either occurred during maintenance and/or off-
gas surveillance activities with no feeding or lasted for less than 20 sec. The duration of a pressure spike
is defined here as the time during which the melter pressure remains above -2” H,O or an increase of >3”
H,O from the baseline -5 H,O (relative to the Melt Cell pressure). As will be shown later in this report,
the duration of pressure spike has as strong an impact as the magnitude of pressure spike itself on the
downstream off-gas surge flammability. After additional scrubbing of data, it was determined that the
melter pressure spike to +10.8” H,O on 11/24/2014 20:14:46 (Figure 2-1) was the largest and thus
bounding pressure spike for non-bubbled operation. The next largest pressure spike occurred on 09/22/15
18:40:32 but its magnitude (or peak pressure) was only +3.3” H,O at a comparable duration (Figure 2-2).

Figure 2-1 shows the profiles of measured melter pressure (P1C3521), slurry feed rate (FIC3309) and
forward flush rate (FIC3327) during the +10.8” H,O pressure spike with the time zero set at 19:00:00. At
the 4,473 sec mark, the melter pressure began to rise sharply from the baseline -5” H,O but quickly
plateaued at +10.8” H,O in the next 3-4 sec, as the calibration range of transmitter PT3521 was maxed out.
Thus, the actual peak melter pressure was likely much higher and such large pressure spikes in excess of
~20” H,0 could have held back the feed flow momentarily, causing the measured feed flow (FIC3309) to
drop ~2 sec later. As FIC3309 continued to drop sharply in the next 2 sec or so, it went below 50% of the
set point (0.75 GPM), which would have triggered a forward flush as the 3-way valve is set to travel from
the feed-the-melter to forward-flush position when FIC3309 drops below 50% of the set point for as short
as 0.5 sec. Figure 2-1 indeed shows that the forward-flush began at the 4,484 sec mark ~8 sec after
FIC3309 dropped below 50% of its set point. At the onset of forward flush, the melter pressure control
loop was in the recovery mode, as evidenced by the falling PIC3521 below 10.8” H,O, which means that
the second pressure spike that began 1-2 sec after the forward flush began was caused by the forward-
flush itself, not by another surge in the cold cap off-gas flow.
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Therefore, the focus of dynamic analysis was centered on determining the off-gas surge profile that would
produce the measured PIC3521 profile from the 4,473 to 4,485 sec mark with the flat top replaced with a
normal peak, as shown in Figure 2-2 for the +3.3” H,O pressure spike.

2.2 Calibration of MOG Dynamics Model

2.2.1 Steady State Data

To determine the off-gas surge profile corresponding to the bounding pressure spike, it was necessary to
calibrate the model by adjusting its parameters until predicted values matched measured steady state data,
including the temperature, pressure and flow profiles throughout the system. To do so, the DCS data were
averaged over a 30-min period prior to the start of surge on 11/24/2014 20:14:46, as given in the “DATA”
column in Table 2-1, and used as the steady state data for the model calibration. The values given in the
“MODEL” column were calculated using the calibrated model to simulate the steady state. As before, the
melter vapor space gas temperature was estimated from the measured temperature (T14085D) using the
following correlation:?

Tgas = 0.91685 TTI4O85D - 128 (4)

What follows next details the adjustments made to the model and its database during the calibration.

Table 2-1. Steady State Data Used for Model Calibration vs. Calibrated Model Output.

PROCESS VARIABLES DATA MODEL
Melter Pressure, PIC3521 (“H,0 relative to Cell) -4.99 -4.95
Melter Vapor Space Temperature, T14085D (°C) 662.7 n/a
Melter Vapor Space Gas Temperature (°C) n/a 478.5
Air Purge to Backup Film Cooler, FIC3221B (Ib/hr) 340.3 340.0
Total Melter Air Purge, FIC3221A (lb/hr) 1,069.5 1,070.0
Off-Gas Temperature at Film Cooler Exit, TIC3682 (°C) n/a 284.7
Melter Pressure Control Air, FIC3691 (Ib/hr) 501.4 502.3
Primary Film Cooler Steam, FIC3680 (lb/hr) 278.5 278.6
AP across Off-Gas Header, PDI3684 (“H,0) 0.95 0.96
OGCT Pressure, PI3485A (“H.,0 relative to Cell) -3.19 -3.12
AP across Steam Atomized Scrubbers (SAS), PDI3387 (“H,0) 21.3 21.5
AP across Off-Gas Condenser (OGC), PDI3389 (“H,0) 3.02 4.02°
AP across Condenser De-Entrainer, PD13384 (“H,0) -0.14 -
AP across HEME, PDI3411 (“H,0) 1.17 6.66
AP across Orifice for FI13401 (“H,0) 4.49 -
AP across HEPA, PDI3400 (“H,0) 0.75 0.76
AP across Exhauster, PD13582 (*H,0) 35.44 35.55
Off-Gas Flow to HEPA, FI3401 (lb/hr) 1,662 1,690
Exhauster Speed, SIC3585 (RPM) 490.6 490.5
Melt Cell Pressure, PI5724 (“H,0) -1.41 -1.39
Pour Spout Pressure, P13527 (“H,0 relative to Cell) -0.94 -0.95
Pour Spout Pressure Control Air, FI3526 (Ib/hr) 59.6 60.0

n/a = not applicable or available
* Includes AP across de-entrainer.
** Includes AP across orifice & pre-heater.
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2.2.2 Determination of CEQ’s

A piping and instrument diagram (P&ID) of the DWPF melter and primary off-gas system is shown in
Figure 2-3 along with the two main control loops for the melter pressure (P1C3521) and exhauster speed
(FIC3691). It is noted that when the measured pressure drops (AP’s) downstream of the OGCT given in
Table 2-1 are subtracted from the OGCT pressure, the resulting AP across the exhauster is calculated to
be 28.93” H,0O compared to the measured value of 35.44” H,O (PDI3582). The difference of 6.51” H,0O
(=35.44-28.93) should then account for those AP’s either not measured or not reported such as the AP’s
across the (F13401) orifice, High-Efficiency Particulate Air (HEPA) filter pre-heater, and the de-entrainer
filter inside the Off-Gas Condenser (OGC) (as the negative value of PDI3384 is apparently in error).
According to the scaling sheet,® the measured orifice AP is converted to the off-gas flow (F13401) using:

FI3401 = 784 VAP (5)

where FI3401 is in Ib/hr and AP in “H,O. When the steady state off-gas flow of 1,662 Ib/hr is substituted
for FI3401 in Eq. (5), the corresponding orifice AP is calculated to be 4.49” H,0. When the orifice AP is
subtracted from 6.51” H,0, the remaining AP is 2.02” H,0, which was split 50:50 between the pre-heater
and the de-entrainer in this study. Thus, the given value of PDI3389 in the “MODEL” column of Table
2-1 includes AP’s across the OGC and the de-entrainer, while that of PDI13411 includes AP’s across the
High-Efficiency Mist Eliminator (HEME), the orifice, and the pre-heater.

Once the pressure drop data were reconciled, the corresponding Equivalent Conductance (CEQ) values
for each AP were calculated using the general flow equation:

W = CEQ.+/pAh (6)

where W is the fluid flow in Ib/hr, p the mean fluid density in Ib/ft%, Ah the driving head between two
nodes in psi, and CEQ the equivalent conductance in (Ib.ft*/psi.hr®)2. The CEQ, which is a reciprocal of
resistance to flow, depends only on the characteristics of flow path such as pipe diameter or number of
bends but not on the driving head. For simple fluid flows in pipe, CEQ’s can be readily estimated using
the correlations found in the literature.® However, such estimation is not as straightforward in the slurry-
fed DWPF melter system, as particulates continue to settle and build up on the internal surface of pipe
and, as a result, the resistance (and thus AP) changes with time. For complex flow configurations such as
those encountered in a condenser or a HEPA filter, CEQ’s must be determined from measured AP.

Some of the key CEQ values thus determined are shown in Table 2-2. It should be noted that PDI13684 is
measured from the melter (P13521) to a pressure tap approximately half way up the vertical section of the
off-gas header jumper near the control air entry point, which means that the additional pressure drop from
the pressure tap to the quencher inlet, including the 180° turn at the top and the primary isolation valve
(MOV3689), is not measured. The MOG dynamics model, on the other hand, attempts to calculate the
pressure drop across the entire length of off-gas header connecting the two nodes; primary film cooler and
quencher. To do so, the measured PDI3684 of 0.95” H,O shown in Table 2-1 was taken as the average of
the pressure drop from the melter to the primary film cooler and that from the melter to the quencher.
Thus, the AP values given in Table 2-2 for the primary film cooler and the off-gas header do not represent
measured data; instead, they were set such that their average would closely match the measured PD13684.

Once all AP’s were either measured or estimated, the corresponding CEQ values were calculated using Eq.
(6) from known feed and air purge rates and the calculated nodal properties. However, since the entire
melter and off-gas system is kept under vacuum, the measured off-gas flow (FI13401) inherently includes
the cell air inleakage into the system upstream of the orifice and the methodology used to estimate the air
inleakage rates to the melter, OGCT and the pour spout bellows is explained in Section 2.2.7.
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Function

Suction on the melter is generated by a combination of the quencher and exhauster. The
quencher contribution is typically constant as the liquid flow though the quencheris
constant. The exhauster, however, is driven by a VFD and provides variable suction. A
constant air supply typically enters the melter pressure system through the Film Coolers
and miscellaneous fixed inputs and a variable air supply enters through the PCV-3521
valve. All air exits through the exhauster.

PIC3521 modulates PCV-3521 to regulate melter pressure. As the valve opens, more
make-up air is introduced and the pressure rises (suction is reduced). FIC3691 modulates
the exhauster speed to keep the flow through PCV-3521 at ~500 pph, and thus, near the
middle of its operating range.

Note that if the pressure is too low, PCV-3521 will open to increase the pressure. This will
increase the FE3691 flow and cause the exhauster to slow down which will decrease the
suction on the melter and, thus, further increase the melter pressure.

Notes

1 HIS3521B selects between PI3521A and PI3533A. Both transmitters come from the
same pressure tap.

2 HI3692 selects between the output of HIS3521B (typical) and PI3684A (used as part of
pressure protection logic).

3 Pressure is referenced to the melt cell pressure.

4 Controller gain and reset are changed when the melter pressure is farther from setpoint
than specified limits.

5 Controller output is modified based on the melter pressure. There is no modification
when the melter pressure is in the normal operating range.

6 HIS3587 selects which module, FIC3691 or SIC3585, controls the exhauster speed. In
normal operation FIC3691 is selected.

7 Quencher pump -- HIS3343; Quencher speed — SIC3343

8 Miscellaneous air to the melter includes purge air to the film coolers, borescope camera
cocling air, and purge air to the sealpot.

9 Typical values:

FIC3691 sp = 500 pph (operator can increase to 700 pph)
PIC3521 sp = -5inwc
Dilution air =560 pph

Combustion air =370 pph
Miscellaneous air = 140 pph
F13401 =1750 pph (will increase as FIC3691 sp increases)
10 MOV3689 is normally open but closes on switchover to backup off-gas system.
11 See module PIC3533 for description of the backup off-gas system.
12 A software "valve cam" functionally linearizes an installed equal-percentage valve.
13 Melt cell pressure — PI5724; CPC pressure — PI5726; atm reference.
14 Pressure is referenced to CPC.

15 Pressure is referenced to atm.

Overrides

1 If a combination of melter pressure signals are high and film cooler air flows are low,
then set exhauster output to 10%. (W7 663830)
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Table 2-2. Estimated CEQ’s of DWPF Melter Off-Gas System (As of 11/24/2014).

AP CEQ
(“H,0) (Ib.ft/psi.hr?)"*
Primary Film Cooler 0.77 30,000
Off-Gas Header 1.16 81,333
Condenser+De-Entrainer 4,01 172,000
HEME+Orifice+Pre-Heater 6.65 98,000
HEPA 0.74 900,000

2.2.3 Feed Forward Control

The feed forward control algorithm currently used in the DCS was coded into the model. Table 2-3 shows
the additional percent RPM to be added to the FIC3691 output, depending on the PIC3521 input value.
For example, when the melter pressure (PIC3521) spikes to +15” H,O (or +20” H,O from the set point),
the FIC3691 output is increased by 15% of the actual exhauster speed range or:

(0.15) (RANGE(SIC3585)-ZERO(SIC3585)) = (0.15) (1,200-440) = 114 RPM.

On the other hand, when the melter pressure drops to -25” H,O (or -20” H,O from the set point), the FIC
output is reduced by 40% or:

(-0.4) (RANGE(SIC3585)-ZERO(SIC3585)) = (-0.4) (1,200-440) = -304 RPM.
Thus, the feed forward control algorithm is more sensitive to protecting the melter from high vacuum than

from high pressure. The feed forward control adders are linearly interpolated when the PIC3521 inputs
fall between the threshold values.

Table 2-3. Feed Forward Control Adder to FIC3691 Output.

P1C3521 FIC3691
(*H0) (%)
-25 -40
-15 -20
-12 0
1 0
2 5
6 10
10 15
100 15

2.2.4 Dual Controller Settings

Two sets of GAIN and RESET values are used in the DCS for the PIC3521 loop. The normal GAIN and
RESET values are 0.48 and 35.1 sec/repeat, respectively. However, when the melter pressure is 1.5” H,O
higher or 0.4” H,O lower than the PIC3521 set point of -5” H,O, the following SPIKE values are used:
GAIN = 1.2 and RESET = 18 sec/repeat.
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The FIC3691 loop was also detuned by reducing the GAIN from 0.778 to 0.15; however, the integral
action of the PI controller was enhanced by reducing the RESET from 100 to 41 sec/repeat. The model
has been revised to reflect these DCS settings.

2.2.5 Controller and Dynamic Valve Data

The tuning constants for the 22 PI controllers simulated in the model and their input/output values during
the 30-min steady state period prior to the +10.8” H,O pressure spike are given in Table 8-1 in Appendix
A. The cross-reference between the model controllers and the corresponding DCS controllers is given in
Table 8-2 in Appendix A."

The characteristics of the 26 valves simulated in the model and their dynamic data during the same 30-
min steady state period are given in Table 9-1 in Appendix B. The integer values shown under the “CTRL”
heading in the last column corresponds to the model controller numbers found in Table 8-1. So if it is
non-zero, the valve drive input (F) is received from a controller with that ID. If the value of CTRL is zero,
it means that the valve is not part of any control loop and thus the valve drive input (F) is set manually. It
is noted that the values of the final valve stem position (Y) are identical to their respective valve drive
input values as the data represents steady state operation. The time derivative of Y (DYDT) being zero or
close to zero for all valves is another indication of steady state. The location of each valve in the facility is
shown in Figure 2 of the Inputs and Assumptions document™ and the description of these valves is given
in Table 9-2 in Appendix B.

2.2.6 Estimation of Calcine Gas Flows

As stated above, one of the two main goals of this study was to determine whether the off-gas surge that
caused the +10.8” H,O pressure spike would still be bounded by the baseline 3X/3X off-gas surge for
non-bubbled operation in terms of off-gas flammability. For that, it is necessary to know the source term,
i.e., the concentrations of H, and CO in the calcine gases produced from the feed. At the time of surge,
the Melter Feed Tank Batch 720 (MFT720) was being fed at 0.75 GPM and the concentrations of oxidant
(nitrate) and reductant (TOC) of MFT720 are compared in Table 2-4 to those of the SB8 feed for Case 26
at 894-gal antifoam addition.” As expected, the bounding SB8-26 feed is shown to have a higher TOC-to-
nitrate ratio and thus a higher off-gas flammability potential than MFT720. For this reason, MFT720 was
assumed to have the same composition as SB8-26 on a dry basis, including the nitrate and TOC, to ensure
that the calculated off-gas flammability potential during the pressure spike would be conservatively high,
although doing so does not affect the outcome of comparing the relative impacts on the flammability of
the off-gas surge that resulted in a +10.8” H,O pressure spike on 11/24/2014 vs. the baseline 3X/3X off-
gas surge for non-bubbled operation.

Table 2-4. Comparison of Oxidant-Reductant Data for MFT720 vs. SB8-26.

MFT720 SB8-26
Nitrate (mg/kg) 16,547 25,000
Formate (mg/kg) 27,599 49,254
TOC (mg/kg) 8,442 15,982
TOC/Nitrate (mole/mole) 2.64 3.30
Total Solids (wt%) 27.80 50.14
Calcined Solids (wt%) 24.20 40.21
Feed Rate (GPM) 0.75 1.50
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In this study, the baseline composition of SB8-26 (and thus MFT720) was reconstituted with: (1) the Next
Generation Solvent (NGS) with an additional 6 ppm TiDG due to partitioning in lieu of the current
solvent used in the SB8 assessment,” (2) the maximum Isopar L and solvent limits of 87 ppm and 150
ppm, respectively, in the MCU effluent transfer, and (3) an additional H,O to bring the total solids down
from 50.14 to 27.8 wt%. The component feed flows of the re-constituted MFT720 are shown in Table 2-5
at the steady state feed rate of 0.75 GPM prior to the pressure spike. Based on the estimated density of
1.1724 g/ml and the calcine ratio of 0.802, the corresponding glass production rate is calculated to be 91.9
Ib/hr, which is ~40% of the DWPF design basis glass production rate of 228 Ib/hr. The printout of the
formulas used in the charge balance and re-constitution of the baseline feed is given in Appendix C for
the SB9 feed at the 894-gal antifoam addition as an example.

Table 2-5. Component Feed Flows of MFT720 @ 0.75 GPM Feed Rate.

Insoluble Solids (Ib/hr) Soluble Solids (Ib/hr)
Fe(OH)3 13.8244 Ca(NO3)2 0.3978
Al(OH)3 8.3612 KNO3 0.1777
MnO2 2.0621 Mg(NO3)2 0.1240
Ca(OH)2 0.4692 Mn(COQH)2 0.7959
CaCo3 0 Mn(NO3)2 2.1028
CaS0O4 0.1723 NaCl 0.0886
Cr(OH)3 0.0973 NaF 0
Cu(OH)2 0.1004 NaCOOH 16.2630
Mg(OH)2 0.1922 NaNO3 5.1568
Ni(OH)2 0.9993 NaNO2 0
La(OH)3 0.0372 Na2CO3 0.7683
Zn(OH)2 0.0309 Na2C204 0
RuO2 0.0413 Na2S504 0.3190
RhO2 0.0087 Ni(NO3)2 0.0019
PdO 0.0007 H4Si04 0.0090
B203 41116 HCOOH 0
Li20 4.1960 Total Soluble 26.2049
Na20 5.0643

SiO2 47.0714 H20 297.7082
TiO2 0.0947 Total Slurry 412.3928
Zr02 0.1729

BaSO4 0.0721 Density (g/ml) 1.1724
Coal 0.0557

Antifoam 1.1892

Solvent 0.0546

Total Insoluble 88.4798

These component feed flows were converted into the input vector for the 4-stage cold cap model run in
gmole/hr, as shown in Table 2-6, using the decomposition scheme outlined in the Inputs and Assumptions
document.’ In essence, all salts except for the sulfates are pre-decomposed into oxides and gases, as they
would once fed to the melter. This approach lessens the computational loads of model and helps achieve
convergence faster. It is noted that the minor products of the NGS decomposition, CCl, and CF,, as well
as those trace-level species involving Ba, Cr, La, Rh, Ru, Ti, Zn, and Zr were excluded from the input
vector, which has practically no impact as they constituted only 0.54 wt% of the dried solids and produce
no flammable gases. The printout of the formulas used to develop the input vector is given in Appendix D.

10



Species Stage 1 Stage 2 Stage 3
(gmole/hr) | (gmole/hr) | (gmole/hr)

Solids:
Al203 0 24.3098 0
B203 26.7887 0 0
CaO 0 3.9722 0
CuO 0.4668 0 0
Fe203 29.3373 0 0
K20 0.3986 0 0
Li20 0 63.6986 0
MgO 0 0 1.8092
MnO2 0 10.7588 0
MnO 7.8203 0 0
Na20 68.0014 40.3507 0
NiO 4.8946 0 0
Si02 356.7030 1.3339 0
CaS0O4 0 0 0.5741
Na2S04 0 0 1.0187
Coal 1.2144 1.0522 0.4209

Gases:
H20 173.4459 1.7786 0
CO 11.2072 60.2893 0
CO2 0 60.0202 0
H2 60.2893 3.5571 0
02 2.7150 6.8964 4.1814
NO 6.2721 10.4535 4.1814
NO2 6.2721 10.4535 4.1814
HCOOH 0 0 0
CH4 7.9623 0 0

SRNL-STI-2016-00318
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Table 2-6. Input Vector for MFT720 Cold Cap Model Run @ 0.75 GPM Feed Rate.

The results of the 4-stage Cold cap model run for MFT720 are shown in Table 2-7. The predicted glass
compositions are split in groups or phases. The letter | after each species in the melt phase denotes
"liquid." The thermodynamic properties of these melt species were taken from the National Institute of
Standards and Technology (NIST) free energy database; they do not necessarily represent independent
molecular or ionic species but serve to represent the local associative order.'* Spinels readily form solid
solutions with one another due to their structural similarities and thus they are allowed to form a separate
phase of their own. On the other hand, each species included in the Invariant Condensed Phase (ICP) is
assumed to form a separate phase by itself. As more species are included in the ICP, the total number of
phases to be considered in the equilibrium calculations increases proportionally, thus making it more
difficult to achieve convergence.

As expected with the bounding levels of nitrate and TOC of SB8-26, the glass produced from MFT720
was reducing with a calculated REDOX of 0.321 vs. 0.309 for the SB8-26 glass,” while the two main
flammable gases, H, and CO, together make up 16.4 vol% of the calcine gases; (49.8451+18.6469) /
418.0239 = 0.164. It is also noted that 49 vol% of the calcine gases is H,O vapor produced from the

11
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decomposition of hydroxides and the oxidation of H, produced from the decomposition reactions of salts
in the cold cap. The composite molecular weight and heat capacity of the calcine gases were calculated to
be 24.735 g/gmole and 0.3374 Pcu/lb/°C (=Btu/lb/°F), respectively, which were input into the MOG
dynamics model along with the condensable and non-condensable flow rates of 297.71 and 22.8 Ib/hr,
respectively.

Also shown in Table 2-7 is the minimum combustion air flow, which was calculated at 125% of the
stoichiometric requirement to oxidize 3 times the normal flow of flammable gases at 1.5 GPM feed rate:
[(49.8451 + 18.6469) moles/hr H, +CQO] (mole O,/2 moles H, or CO) (mole air/0.21 mole O,)
(3)(0.75/1.5)(1.25) = 1,223 gmole/hr air
Or = (1,223 gmole/hr air) (28.97 g/mole air) (1b/453.6 g)
= 78 Ib/hr

Note that this is considerably below the theoretical minimum backup film cooler air purge (FIC3221B) of
233 Ib/hr before a margin for instrument uncertainty is added.

Table 2-7. Results of MFT720 Cold Cap Model Run @ 0.75 GPM Feed Rate.

Melt: (gmole/hr) Calcine Gases: (gmole/hr)
SiO2 | 244.9632 H20 205.0866
Na2SiO3 109.3813 CO2 123.5242
LiBO2 | 53.4749 H2 49.8451
LiAIO2 | 48.6150 N2 20.9091
Fe304 | 13.5330 CO 18.6469
MgSiO3 | 1.7487 SO2 0.0036
FeO | 4.1560 NaBO2 g 0.0001
CaFe204 1.0157 NH3 0.0030
B203 | 0.0000 CH4 0.0053
Ca2SiO4 0.8985 Total 418.0239
Ca3MgSi?2 0.0480 Total (Ib/hr) 22.7950
Fe2SiO4 0.5760
Li20 | 12.6448 MW (g/gmole) 24.735
K2SiO3 0.3571 Cp (Pcu/lb/°C) 0.3374
KBO2 0.0832 H2/(CO+CQO2) 0.3506

Spinel: CO/CO2 0.1510
NiFe204 4.8836
Mn304 6.1933 Min Combustion 1923
CuFe204 0.4669 Air @ 1.5 GPM = ’
MgFe204 0.0126

ICP: Volatiles: (gmole/hr)
Fe203 0.0000 free H20 7,496.00
NiO 0.0106 HCOOH 0
CaSO4 1.5893 Total 7,496.00
Ni3S2 0.0000 Total (Ib/hr) 297.71
MnO 0.0000

Fe"’/Fe®™ = 0.321
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2.2.7 Estimation of Air Inleakage Rates

The total air inleakage into the system was calculated as the measured off-gas flow at the orifice less the

sum of air purges and calcine gas flows just estimated. Using the steady state flow data from Table 2-1,
Total Air Inleakage F13401 — (FIC3221A + FIC3691 + FI3526 + Calcine Gas Flows)

1,662 — (1,069.5 + 501.4 + 59.6 + 22.8)

8.7 Ib/hr

This is unrealistically low as the air inleakage to the melter alone was estimated earlier to be ~50 Ib/hr by
performing an energy balance around the film cooler.*” Unfortunately, the same methodology could not
be applied in this study due to lack of off-gas temperature data at the primary film cooler exit (TIC3682).
As a result, it was assumed that the melter air inleakage rate has remained the same at ~50 Ib/hr to this
day. Other potential sources of air inleakage include the pour spout bellows and the OGCT. Since the
pour spout pressure (P13527) was slightly negative at -0.96” H,O (i.e., the melter was in a non-pour mode
at the time of surge), a minimal air inleakage rate of ~1 Ib/hr was assumed. Furthermore, the instrument
accuracy of FI3401 is given as +2% of its range from 0 to 3,036 Ib/hr or +60.7 Ib/hr.*? Thus, the air
inleakage to the OGCT could be set at as high as ~18 Ib/hr (=60.7+8.7-50-1). The actual air inleakage
rates and the corresponding CEQ values used in the model are summarized in Table 2-8. As shown in
Table 2-1, the calculated off-gas flow at the orifice, including these air inleakage rates, was 1,690 Ib/hr,
which is 1.7% higher than the measured FI3401 but within the range of instrument accuracy.

Table 2-8. Estimated Air Inleakage Rates and CEQ Values.

Air Inleakage CEQ
(Ib/hr) (Ib.ft*/psi.hr?)"
Melter 50.2 4,000
OGCT 11.9 1,500
Pour Spout Bellows 1.2 500

2.3 Dynamic Simulation of +10.8” H,O Pressure Spike

The calibrated MOG dynamics model was next run under various cold cap off-gas surge profiles until the
predicted melter pressure profile matched the measured data. The total simulation time was 6 min,
including the first 1-min steady state prior to the pressure spike. However, the duration of available data
for the model vs. data comparison was only 12 sec long as the second pressure spike caused by the
forward flush began while the system was still in the early stages of recovery from the first pressure spike,
as shown in Figure 2-1, and the forward flush was not simulated in this study.

The dynamic simulation began by inputting an assumed off-gas surge profile at the 1-min mark, i.e., at
the onset of pressure spike. The baseline 3X/3X off-gas surge for the non-bubbled DWPF melter proceeds
as follows'®: At time zero, the condensable and non-condensable flows that originate from the slurry feed
instantly increase to 3 times (3X) their respective normal values, then immediately decrease linearly to
50% of their respective peak values during the first 1 min and further decrease linearly to their respective
normal values (1X) during the next 7 min. In this study, the off-gas surge profiles were created by varying
the multiplication factors for the condensable and non-condensable flows as well as the durations. The
normal condensable (free H,O in the MFT720) and non-condensable (calcine gases) flow rates are given
in Table 2-7. The predicted dynamic responses of the system such as the melter pressure, control air flow,
exhauster speed, etc. to a given surge profile were then compared to their respective measured data during
the next 12 sec. This process was repeated by varying the multiplication factors as well as the durations
until some of the key operating data were matched by the predicted values.
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2.3.1 Results of Dynamic Simulation

Figure 2-4 shows the predicted melter pressure (PIC3521) and control air flow (FIC3691) profiles under
the 24X/6X off-gas surge with peak duration of 20 sec vs. the DCS data. It is seen that the model predicts
the measured melter pressure data very well during both the initial and the recovery phases, which gives
credence to the calculated peak pressure of 19” H,O. Incidentally, when the initial and recovery slopes of
PIC3521 in Figure 2-1 (i.e., away from the plateau) are extrapolated, they would intersect at ~19” H,0.
Furthermore, the melter pressure (P1C3521) is shown to respond to the surge without any delay as the off-
gas surge was initiated at the 1-min mark, as shown in Figure 2-5A. The predicted melter pressure control
air profile is also shown to agree with the measured data very well, including the minimum of ~50 Ib/hr.
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Figure 2-4. Predicted Melter Pressure and Control Air Flow During 24X/6X Surge
vs. Data ([J = melter pressure; © = melter pressure control air).

Figure 2-5A shows the 24X/6X cold cap off-gas surge profile with a peak duration of 20 sec. Using the
normal (1X) condensable and non-condensable flow rates given in Table 2-7, the peak off-gas flow rate is
calculated to be (24)(297.7) + (6)(22.8) = 7,280 Ib/hr, and the actual peak flow shown is slightly lower.
Figure 2-5B shows the predicted AP across the off-gas header vs. measured data (PDI13684); the latter
were also maxed out at about +12” H,O due to inadequate calibration range. Unlike the melter pressure,
however, the off-gas header AP did not drop below the transmitter maximum at the 1.2-min mark or 12
sec into the surge, and the model correctly predicted this trend; calculated AP’s were higher than 12” H,0.
Figure 2-5C shows that the model begins to over predict the measured AP across the exhauster (PDI13582)
at the 1.1-min mark and, as a result, the predicted exhauster speed becomes higher than the measured data
(SIC3585) by less than 20 RPM in order to pull roughly the same amount of gas over a higher AP (Figure
2-5D); PDI3582 actually represents pressure increase rather than pressure decrease as in all other AP data.
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The over-prediction of the exhauster AP is likely due to the under-prediction of the OGCT pressure, as

shown in Figure 2-6. While the predicted OGCT pressure continues to drop below the initial value of -3.1”
H,O throughout the surge, the measured data shows a peak much like the melter pressure peak also shown.
One potential cause for this discrepancy could be that while the model assumes 100% condensation of the

condensable flow entering the quencher throughout the surge, a significant fraction of the steam flow in

excess of 7,000 Ib/hr at the peak of surge could have exited the quencher as a vapor, causing the OGCT

pressure to rise. However, this hypothesis is not supported by the measured OGCT vapor temperature

data (TI13620E), which remained constant at 29°C throughout. If 100% of excess steam indeed condenses

out as assumed in the model, a large reduction in the discharge vapor volume will result, which coupled

with a modest increase in the exhauster speed is expected to create vacuum downstream.

Figure 2-7 shows the predicted off-gas flow profiles through the HEME and HEPA during the surge; the
latter shown by the lower curve essentially represents the exhauster suction. Prior to the surge, both flows
are shown to be equal as they should under steady state. As the surge progresses, they begin to diverge
due to their different CEQ values and thus AP’s. Under steady state conditions, the non-condensable
calcine gases make up less than 1% of the off-gas flow at the orifice: (22.8 Ib/hr)(1-0.49)/(1,662 Ib/hr) =
0.007. Thus, the increase in the FI3401 data by ~400 Ib/hr at the peak of surge is largely due to increased
exhauster speed and the contribution by the calcine gas surge is small. Nevertheless, when the magnitude
of non-condensable flow surge was set at 6X normal, the predicted off-gas flow through the HEME node
is higher than the measured data by ~100 Ib/hr or more at the peak of surge and does not drop below the
data throughout, which suggests that the 6X non-condensable flow surge was not likely under estimated.
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Figure 2-6. Predicted vs. Measured (o) OGCT Pressure During 24X/6X Surge.
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Figure 2-7. Predicted Off-Gas Flows through HEME and HEPA vs. Measured Data F13401 (o)

During 24X/6X Surge.
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2.4 Comparison of Off-Gas Flammability Potentials

Once the magnitudes of condensable and non-condensable flow surges were determined for the bounding
pressure spike that has occurred under non-bubbled operation, a standalone 24X/6X off-gas surge with
peak duration of 20 sec was simulated using the calibrated model under the operating conditions listed in
Table 2-1. As shown in Figure 2-8, the peak flammability potential of the OGCT vapor during the surge
was calculated to be 13% of the LFL, which is considerably lower than 60% of the LFL despite the fact
that the composition of MFT720 was adjusted to contain the bounding level of TOC. There are two main
reasons for the low flammability potential. First, the total solids of MFT720 was 27.8 wt% compared to
50.1 wt% for the SB8-26, which means that at a given volumetric feed rate, the instantaneous mass feed
rate of TOC in MFT720 was ~50% of that in SB8-26 and thus reduced flows of H, and CO. Second, the
initial melter vapor space temperature of 662.7 °C at the onset of surge was considerably higher than the
TSR minimum of 504 °C, including the instrument uncertainty, which resulted in higher combustion rates
of H, and CO in the melter vapor space.
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Figure 2-8. Predicted Flammability Potential of OGCT Vapor During 24X/6X Surge
with 20-sec Peak Duration.
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As a comparison, the baseline 3X/3X surge with 1-min peak duration for non-bubbled operation was also
simulated using the same feed composition and the same operating conditions listed in Table 2-1. Since
the 3X/3X surge is based on 1.5 GPM feed rate and the actual feed rate of MFT720 was 0.75 GPM, the
surge magnitudes were effectively doubled to 6X/6X. As expected, the calculated cold cap off-gas flow at
the peak of 6X/6X surge is shown to be 25% of that of the 24X/6X surge, i.e., 6X/24X = 0.25 or 25%
(Figure 2-8 vs. Figure 2-9A). As a result, the calculated peak melter pressure is considerably lower; 0”
H,O vs. +19” H,0 for the 24X/6X surge (Figure 2-9B). However, the peak flammability potential of the
OGCT vapor is slightly higher at 15% of the LFL (Figure 2-9C), which is attributed to the 3X longer
duration than that of the 24X/6X. These results indicate that from the standpoint of off-gas flammability
control the current 3X/3X non-bubbled surge basis at 1.5 GPM with 1-min peak duration bounds the
largest pressure spike that has occurred in the facility during non-bubbled operation.
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Figure 2-9. Predicted Flammability Potential of OGCT Vapor During 6X/6X Surge
with 1-Min Peak Duration.
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3.0 Assessment of SB9 Flammability Potential

One of the main goals of this study was to determine whether the current TSR limits on TOC set for SB8
would remain valid for SB9 under non-bubbled operation. With the MOG dynamics model fully updated
and calibrated using the latest facility data, the assessment proceeded in the following steps:

1. Obtain a complete set of analytical data for the SME or SRAT product samples, including both
slurry and supernate analysis, from the SB9 simulant CPC demonstration run and, if available, the
Shielded Cell run with the SB9 Qualification samples.

2. Perform charge balance on the analytical data to develop a baseline SB9 melter feed composition.

3. Add to the baseline SB9 melter feed; (1) coal at 240 ppm, (2) non-volatile Modular Caustic-side
solvent extraction Unit (MCU) solvent based on the maximum effluent transfer limits, and (3)
antifoam based on the addition scenario of 728 gallons per CPC cycle at 20:1 dilution.™ If desired,
the volume antifoam addition may be converted to the pure antifoam mass basis.

4. Develop the input vector for the 4-stage cold cap model from the reconstituted SB9 melter feed
composition, run the model and determine the calcine gas composition, including H, and CO.

5. Run the MOG dynamics model using the calculated H, and CO concentrations as the source term
and calculate the bounding TOC concentration at the nitrate levels ranging from 10,000 to 70,000
ppm at 5,000 ppm increments by varying the formate level until the calculated peak concentration
of flammable gases in the OGCT increases to 60% of the LFL during the 3X/3X off-gas surge.

6. Compare the calculated bounding TOC limits to the existing TOC limits set for the SB8 as a
function of nitrate concentration.

7. Repeat Steps 3 through 6 for the 894 and 1,017 gal antifoam addition scenarios.

The conditions under which the MOG dynamics model was run in each case were identical to those used
in the SB8 assessment,” including the minimum melter vapor space temperature (T14085D) of 460 °C (Eq.
1), the minimum total melter air purge (FIC3221A) of 900 Ib/hr (Eq. 2), the minimum air purge to the
backup film cooler (FIC3221B) of 233 Ib/hr (Eqg. 3), slurry feed rate of 1.5 GPM and 3X/3X off-gas surge
with 1-min peak duration.

3.1 Charge Balance

The analytical data for the SME product produced during the SB9A simulant CPC demonstration run
formed the basis for developing the baseline SB9 melter feed composition.*® The steps that were followed
to reconcile the charge imbalances in the data along with the results of charge balance, including the
printout of the formulas used in the spreadsheet, are documented in a separate report."* The charge-
reconciled baseline SB9 melter feed flows at the DWPF design basis glass production rate of 228 Ib/hr are
shown in Table 3-1; note the composition reflects the NaOH strike made to the SME product to simulate
the projected insoluble Na concentration in the Tank 51H/Tank 40H blend." The total solids was high at
50.14% and, based on the estimated density of 1.437 g/ml, the volumetric feed rate was calculated to be
0.825 GPM, which is 55% of the safety basis feed rate of 1.5 GPM. The concentration (or the flow rate)
of antifoam shown reflects the actual amount of antifoam added during the CPC demonstration run at
0.03 Ib pure antifoam/Ib Fe. The concentrations of coal and the non-volatile MCU solvent are shown to be
zero, as they were not added during the simulant run. The printout of the formulas used for the charge
balance and re-constitution of the baseline SB9 feed (Step 3 above) is repeated in Appendix D for the SB9
at the 894-gal antifoam addition as an example.
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Table 3-1. Baseline SB9 Melter Feed Flows at 228 Ib/hr Glass Production Rate.**

Insoluble Solids: (Ib/hr) | Soluble Solids: (Ib/hr)
Fe(OH)3 30.2084 | Ca(COOH)2 0.3740
Al(OH)3 19.6114 | Ca(NO3)2 0.1741
MnO2 4.5292 | Mn(COOH)2 5.8068
Ca(OH)2 0 | Mn(NO3)2 2.6456
Mg(OH)2 0 | NaCl 0.0484
HgO 1.8272 | NaF 0
Ca3(PO4)2 0 | NaCOOH 27.4741
Ni(OH)2 1.6523 | NaNO3 12.6741
Cr(OH)3 0 | NaNO2 0
Cu(OH)2 0 | NaOH 12.3590
Si02 121.1627 | Na3PO4 0
Na20 11.6898 | Ni(COOH)2 0.0039
B203 12.8764 | Ni(NO3)2 0.0018
Li20 8.9648 | Na2CO3 0.0316
CaCO3 0 | Na2C204 0.1713
CaSO4 0.4454 | Na2S0O4 0.6212
CaC204 1.7650 | HCOOH 0
Coal 0 | Total Soluble 62.3858
Antifoam 0.4681 | H20 276.0054
Solvent 0 | Total Slurry 553.5922
Total Insoluble 215.2011 | Total Slurry (GPM) 0.825

Total Solids (wt%) 50.14

Density (g/ml) 1.437

3.2 Calculation Flowchart

The determination of the maximum TOC limits at varying nitrate levels (Steps 4 and 5 described above)
involves multiple calculation steps and iteration loops, as shown in Figure 3-1 for the 894-gal antifoam
addition scenario. The calculation begins by fixing the total amount of antifoam added per CPC cycle at
one of the following three values; 728, 894 and 1,017 gallons at 20:1 dilution. Next, the nitrate level in
the reconstituted baseline feed is adjusted to 10,000 ppm by decreasing the concentrations of all nitrate
salts by the same ratio. The concentrations of all formate salts are next increased or decreased uniformly,
depending on the target value, by the same ratio. The 4-stage cold cap model is next run with the adjusted
feed and the resulting calcine gas composition is calculated using the counter-current equilibrium reactor
modeling approach.

The calculated calcine gas flows are next input into the MOG dynamics model, which then calculates the
transient concentration profile of flammable gases throughout the off-gas system under the 3X/3X off-gas
surge scenario. If the calculated peak concentration of H,/CO in the OGCT vapor space is lower (higher)
than 60% of the LFL, the formate level in the reconstituted feed is adjusted higher (lower) and the model
runs are repeated. Once the 60% of the LFL target is met, the nitrate level in the reconstituted feed is
increased by 5,000 ppm and the calculations are repeated until the nitrate level reaches 70,000 ppm. The
entire calculation cycle shown in Figure 3-1 was repeated for each of the three antifoam addition cases.
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Figure 3-1. Calculation Flowchart for 894-Gallon Antifoam Addition.
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3.3 Inputs and Assumptions

The inputs and assumptions used in the SB9 flammability assessment range from plant utilities (e.qg.,
temperature, pressure and flow rates of air/steam supply) and equipment specifications (e.g., performance
data for the exhauster and DCS controller tuning constants) to the fundamentals of model constructs and
calculation methods (e.g., vapor-liquid equilibrium assumption). All of the key inputs and assumptions
used are documented in detail in another report,'® and thus they are not repeated here.

3.4 Results

Since the calculations were repetitive in nature from one case to the next, only the full results of the
model runs for the 894-gal antifoam addition at 25,000 ppm nitrate are presented next as an example. It is
also noted that the two models, 4-stage cold cap and MOG dynamics models, are collectively called the
DWPF MOG flammability model.*®

3.4.1 4-Stage Cold Cap Model Run

The bounding SB9 melter feed component flows at 1.5 GPM feed rate is shown in Table 3-2. Due to
increases in nitrate (NO3) from 20,247 to 25,000 ppm and formate (COOH) from 39,825 to 50,217 ppm
(compared to the 894-gal antifoam baseline feed without the waste loading adjustment), the total solids
was increased from 50.61 to 51.83 wt% and the concentration of TOC was increased from 14,235 to
16,920 ppm. These re-constituted feed flows were next converted into the cold cap model input vector
shown in Table 3-3 using the decomposition scheme outlined in the Inputs and Assumptions document.°.

Table 3-2. Re-constituted SB9 Melter Feed Flows at 1.5 GPM Feed Rate
(25,000 ppm Nitrate, 894 Gallon Antifoam).

Insoluble Solids (Ib/hr) Soluble Solids (Ib/hr)
Fe(OH)3 58.4037 Ca(COOH)2 0.9349
Al(OH)3 37.9159 Ca(NO3)2 0.4261
CaCO3 0 Mn(COOH)2 14,5134
CaSO4 0.8632 Mn(NO3)2 6.4752
CaC204 3.4104 NaCl 0.0935
MnO2 8.7567 NaF 0
HgO 3.5327 NaCOOH 68.6682
Ni(OH)2 3.1945 Na2CO3 0.0611
B203 24.8948 Na2C204 0.3312
Li20 17.3326 NaNO3 31.0194
Na20 22.6007 NaOH 23.8943
Si02 234.2513 Na2S04 1.2009
Coal 0.2569 Ni(COOH)2 0.0098
Antifoam 5.8111 Ni(NO3)2 0.0043
Solvent 0.0456 HCOOH 0
Total 1 421.2701 Total Soluble 147.6324

H20 528.7117

Total Slurry 1097.6142

Total Solids (wt%) 51.83

TOC (ppm) 16,920
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Species Stage 1 Stage 2 Stage 3

gmole/hr gmole/hr gmole/hr
Al203 0 110.2428 0
B203 162.1983 0 0
CaO 0 16.5137 0
CuO 0 0 0
Fe203 123.9459 0 0
K20 0 0 0
Li20 0 263.1087 0
MgO 0 0 0
MnO2 0 45.6887 0
MnO 61.8235 0 0
Na20 447.2661 166.7879 0
NiO 15.6706 0 0
Si02 1,774.9736 6.5184 0
CaSO4 0 0 2.8761
Na2S04 0 0 3.8350
coal 3.8557 4.8516 1.9406
H20 862.3780 8.6912 0
CO 35.9260 326.5343 0
CO2 0 291.1617 0
H2 295.0852 17.3825 0
02 12.7297 32.8046 20.0748
NO 30.1122 50.1870 20.0748
NO2 30.1122 50.1870 20.0748
CH4 36.9589 0 0

Revision 0

Table 3-3. Input Vector for 4-Stage Cold Cap Model Run @ 1.5 GPM Feed Rate
(25,000 ppm Nitrate, 894 Gallon Antifoam).

The results of 4-stage cold cap model run are shown in Table 3-4. As expected with the bounding level of
TOC at 25,000 ppm nitrate, the glass was predicted to be very reducing with a calculated REDOX of
0.457; however, it was still not reducing enough to form NisS,. The concentrations of H, and CO were
high, together making up 16.4 vol% of the total calcine gases; (244.896+91.5448)/2,059.41 = 0.164. On a
dry basis, they make up 32% of non-condensable calcine gases. The composite molecular weight and heat
capacity of the calcine gases were calculated to be 24.7394 g/gmole and 0.3374 Pcu/lb/°C (=Btu/lb/°F),
respectively, which were input into the MOG dynamics model along with the condensable flow of 528.7
Ib/hr and the non-condensable flow of 112.3 Ib/hr, including the source terms, H, and CO.

Also shown in Table 3-4 is the minimum combustion air flow, which was calculated at 125% of the
stoichiometric requirement to oxidize 3 times the normal flow of flammable gases at 1.5 GPM feed rate:
[(244.896 + 91.5448) moles/hr H, +CO] (mole O,/2 moles H, or CO) (mole air/0.21 mole O,)
(3)(1.25) = 3,003.94 gmole/hr air
~ 192 Ib/hr
Note that this is below the theoretical minimum backup film cooler air purge (FIC3221B) of 233 Ib/hr
before the margin for instrument uncertainty is added.
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Table 3-4. 4-Stage Cold Cap Model Output at 1.5 GPM Feed Rate
(25,000 ppm Nitrate, 894 Gallon Antifoam).

Melt: (gmole/hr) Calcine Gases: (gmole/hr)
SiO2 | 1149.4823 H20 1,012.9246
Na2SiO3 617.9034 CO2 609.6182
LiBO2 | 305.5288 H2 244.8960
LiIAIO2 | 220.5641 N2 100.3716
Fe304 | 57.7992 CO 91.5448
FeO | 37.4047 SO2 0.0148
CaFe204 2.5919 NaBO2 g 0.0005
B203 | 9.4093 NH3 0.0147
Ca2Sio4 5.0510 CH4 0.0258
Fe2SiO4 9.0701 Total 2,059.4109
Li20 | 0.0012 Total (Ib/hr) 112.3

Spinel:

NiFe204 6.8951 MW (g/gmole) 24.7394
Mn304 27.4879 Cp (Pcu/lb/°C) 0.3374
CuFe204 0 H2/(CO+CQO2) 0.3493

ICP: CO/CO2 0.1502
Fe203 0
NiO 8.7753 Min Combustion 192
CaS0O4 6.6972 Air (Ib/hr) =
Ni3S2 0
MnO 25.0442 Volatiles:

Cu 0 free H20 (Ib/hr) 528.7
Cu20 0 HCOOH 0
Fe"’/Fe"™ = 0.457

3.4.2 MOG Dynamics Model Run

The results of 3X/3X surge simulation are shown in Figure 3-2 and Figure 3-3. The cold cap off-gas flow
is shown to peak at ~1,900 Ib/hr, which is 3X the baseline flow rate of 641 Ib/hr (=528.7+112.3) (Figure
3-2A). The combined concentration of H, and CO in the OGCT vapor reaches 60% of the LFL ~45 sec
after the surge began (Figure 3-2D). The melter vapor space gas temperature drops by ~100 °C from
294 °C initially to a minimum of ~200 °C (Figure 3-2B) so the combustion rates of H, and CO slow down
considerably during the first 1 min. Slower combustion Kinetics coupled with a 3X spike in the source
term flows and the condensation of steam in the quencher causes the concentrations of H, and CO to peak
in the OGCT vapor space.

Since the peak melter pressure is still negative (Figure 3-2C), the feed forward control adder to the
FIC3691 output is zero (Table 2-3), which does not help accelerate the already-dampened response of the
feed forward control, resulting in only a modest increase of 55 RPM in exhauster speed from 460 to 515
RPM (Figure 3-3D). Even at a ~100 RPM increase during the 24X/6X surge on 11/24/2014 (Figure 2-5),
the OGCT pressure was still above the initial value 12 sec after surge began during the recovery phase
(Figure 2-6), which indicates a positive net accumulation of off-gas, i.e., flammable gases were not being
exhausted out of the OGCT fast enough. This confirms that the primary objective of feed forward control
is to protect the OGCT from excessive vacuum, e.g., reaching -40” H,0, at which point the vent valve
opens and the feed is interlocked off.
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Figure 3-2. 3X/3X Surge of Bounding SB9 at 25,000 ppm Nitrate & 894-Gallon Antifoam (1).
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Figure 3-3. 3X/3X Surge of Bounding SB9 at 25,000 ppm Nitrate & 894-Gallon Antifoam (2).
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3.4.3 Assessment of SB9 Flammability Potential

The results of the sensitivity model runs using three baseline SB9 melter feed compositions are shown in
Table 3-5 and the impact of antifoam addition on the off-gas flammability potential can be clearly seen.
The 128-gal antifoam case represents the SME product produced during the CPC demonstration run with
the actual amount of antifoam used scaled up to the DWPF feed rate of 1.5 GPM. As expected at such low
antifoam usage, the predicted flammability of the OGCT vapor peaked at only 12% of the LFL. As the
antifoam addition was increased to 728 gallons along with coal and MCU solvent addition, the predicted
peak flammability increased to 46% of the LFL. With further increases in antifoam, the predicted peak
flammability continued to increase finally to above 60% of the LFL at the 1,017-gal antifoam addition. It
is noted that besides the antifoam addition the increased flammability potentials of these baseline feeds
were due in part to their waste loadings (WL) being adjusted up slightly to 36% and, to a lesser degree,
the addition of coal and MCU solvent.

The results of the bounding SB9 flammability model runs at 60% of the LFL are tabulated in Table 3-6.
The 894-gal antifoam addition case was run for the entire nitrate range from 10,000 to 70,000 ppm at
5,000 ppm increments, while the 728 and 1,017-gal antifoam addition cases were run at four selected
nitrate concentrations. This was because the SB9 TOC limits for the 894-gal antifoam case were higher
than their SB8 counterparts by 1 to 7% over the entire nitrate range (see Figure 3-4 and the percent ATOC
data in Table 3-6), and the same trend is expected to hold for the other two antifoam addition cases, which
was confirmed at 10,000, 25,000, 45,000 and 65,000 ppm nitrate, as shown in Figure 3-5 and Figure 3-6.
Although the differences between the SB8 and SB9 TOC limits are not large, the percent ATOC’s were
consistently positive over the entire nitrate range, which indicates that the bounding TOC limits of SB9
would be at least equal to those of SB8 as the same model uncertainty would apply to both SB results.
This means that the existing TSR TOC limits developed for the SB8 bubbled operation (under 9X/5X off-
gas surge) would remain valid for the SB9 non-bubbled operation (under 3X/3X off-gas surge).

The calculated TOC-to-nitrate ratio of bounding SB8 and SB9 feeds are plotted as a function of nitrate in
Figure 3-7 for the 894-gal antifoam addition case. The ratio is shown to decrease rapidly with increasing
nitrate at the lower nitrate range but its rate of decrease slows down considerably at between 30,000 and
40,000 ppm nitrate depending on the antifoam addition level. It was shown earlier that the TOC-to-nitrate
ratio decreases with increasing antifoam addition at a given nitrate level, indicating that the impact of
antifoam addition is greater at the lower nitrate range.? Furthermore, although the nitrate range is set from
10,000 to 70,000 ppm, the more relevant nitrate range for the formic acid flowsheet feeds is the lower half
from 10,000 to 40,000 ppm, while the upper half is the likely range for the glycolic acid flowsheet feeds.
In that case, it may be possible to develop a constant TOC-to-nitrate ratio limit for the latter feeds
regardless of the nitrate by taking advantage of the relative flatness of the curve at higher nitrate, which
will greatly simplify the implementation and compliance of the flammability control strategy.

Figure 3-7 can also be used to point out that the TSR TOC limits should not be enforced rigidly without
any exception. Suppose that we just produced a SME product using less than 894 gallons of antifoam, and
its TOC-to-nitrate ratio was 0.7 at 12,500 ppm nitrate. This is an acceptable batch, since its nitrate level is
within the TSR range, and the TOC-to-nitrate ratio is well under the maximum ratio of 0.98 estimated by
the linear interpolation of data in Table 3-6. Now, suppose that there was a significant water inleakage
due to pump trips or a ruptured pump prime H,O line and, as a result, the nitrate level dropped to 9,500
ppm, which is outside the TSR range. Nevertheless, the TOC-to-nitrate ratio should remain the same,
since dilution would lower the concentrations of not only the nitrate but the other soluble and insoluble
solids, including TOC and antifoam, by the same ratio of 1.3 (=12,500/9,500). It means that the relative
amounts of reductant (TOC) and oxidant (nitrate) remain the same but their instantaneous feed rates will
be lower because of lower total solids and thus lower density, which in turn means that the flammability
potential of the diluted feed should be lower than that of the undiluted feed at a given feed rate.
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Table 3-5. Results of Sensitivity Runs for the SB9 Baseline Feeds at Varying Antifoam Additions Under 3X/3X Off-Gas Surge.
. . Antifoam Oxalate | Formate | Solvent Peak CPC Cycle
Antifoam | Nitrate Carbon Coal Carbon | Carbon | Carbon TOC REDOX TS WL Flammability TimZ

(gal) (mg/kg) | (mg/kg) | (mgrkg) | (mg/kg) | (mgrkg) | (mg/kg) | (mg/kg) (Wt%) | (wt%) (% LFL) (hr)

128 20,253 415 0 653 10,629 0 11,697 0.122 50.14 345 12 116

728 21,192 2,140 237 683 11,121 51 14,233 0.461 51.20 36.0 46 123

894 21,158 2,630 237 682 11,104 51 14,704 0.468 51.27 36.0 55 123
1,017 21,133 2,993 237 681 11,091 51 15,053 0.471 51.33 36.0 62 123

Table 3-6. Results of SB9 Bounding Flammability Runs at 60% of the LFL Under 3X/3X Off-Gas Surge.
. . Antifoam Oxalate | Formate | Solvent CPC Cycle
Antifoam | Nitrate Carbon Coal Carbon Carbon | Carbon TOC T.OC/ REDOX TS WL | ATOC TimZ

(gal) | (mglkg) | (mg/kg) | (mo/kg) | (mgkg) | (mglkg) | (mg/kg) | (mgrkg) | N (Wto) | (wi%) | (%) (hn)
728 10,000 2,229 246 670 8,802 52 12,000 1.200 0.685 49.18 32.9 0.9 125
728 25,000 2,096 232 630 14,967 51 17,975 0.719 0.457 52.22 37.0 2.8 122
728 45,000 1,905 211 573 24,155 49 26,892 0.598 0.136 56.57 43.0 2.2 115
728 65,000 1,698 188 511 34,511 46 36,954 0.569 0.122 61.29 49.4 14 108
894 10,000 2,763 249 677 7,259 53 11,000 1.100 0.688 48.80 32.2 1.3 126
894 15,000 2,712 244 664 9,125 52 12,797 0.853 0.616 49.75 335 2.1 125
894 20,000 2,656 239 651 11,222 52 14,820 0.741 0.478 50.78 34.9 5.9 124
894 25,000 2,600 234 637 13,398 51 16,920 0.677 0.457 51.83 36.4 5.9 122
894 30,000 2,545 229 623 15,451 50 18,899 0.630 0.351 52.84 37.8 6.9 121
894 35,000 2,491 224 610 17,474 50 20,850 0.596 0.167 53.84 39.1 2.6 120
894 40,000 2,427 218 594 20,113 49 23,402 0.585 0.122 55.03 40.8 2.1 118
894 45,000 2,364 213 579 22,685 49 25,889 0.575 0.122 56.21 42.4 15 116
894 50,000 2,299 207 563 25,334 48 28,452 0.569 0.122 57.40 44.0 1.6 115
894 55,000 2,235 201 547 27,927 48 30,959 0.563 0.122 58.58 45.6 2.1 113
894 60,000 2,169 195 531 30,695 47 33,637 0.561 0.122 59.81 47.3 1.7 111
894 65,000 2,106 190 516 33,238 46 36,096 0.555 0.122 60.98 48.9 1.8 109
894 70,000 2,042 184 500 35,875 46 38,647 0.552 0.122 62.17 50.5 1.9 107
1,017 10,000 3,164 250 681 6,172 53 10,320 1.032 0.690 48.54 31.8 2.0 127
1,017 25,000 2,982 236 642 12,086 51 15,998 0.640 0.457 51.50 35.8 11.2 123
1,017 45,000 2,706 214 583 21,753 49 25,306 0.562 0.122 55.98 42.0 2.2 117
1,017 65,000 2,415 191 520 32,236 47 35,408 0.545 0.122 60.73 48.5 1.3 109
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Figure 3-4. SB8 vs. SB9 Bounding TOC Limits at 894-Gallon Antifoam.
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Figure 3-5. SB8 vs. SB9 Bounding TOC Limits at 728-Gallon Antifoam.
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Figure 3-6. SB8 vs. SB9 Bounding TOC Limits at 1,017-Gallon Antifoam.
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It is also noted that the SB9 feeds at the maximum TOC limits are highly concentrated, as evidenced by
the total solids ranging from 49 to over 62 wt% and the WLs from 32 to over 50 wt% (Table 3-6), both of
which are considerably higher than their respective nominal values of 45 and 36 wt%. It means that these
bounding feeds should result in higher off-gas flammability potentials than the nominal feeds at a given
TOC and nitrate. Furthermore, by assuming that the SME product constitutes the actual melter feed in the
facility, additional dilution occurring to the SME transfer in the MFT was not accounted for in this study.
Therefore, the assessment made in this study was based on more concentrated feeds than the actual and
thus the predicted flammability potentials should be conservative.

Table 3-5 also shows the calculated CPC cycle times to support the DWPF design basis glass production
rate of 228 Ib/hr. As expected, the calculated cycle times for the three reconstituted baseline feeds are the
same at 123 hours as nearly 100% of the antifoam decomposition products would exit the melter as gases,
i.e., the glass production rate remains essentially the same regardless of the quantity of antifoam added.
On the other hand, the calculated CPC cycle times for the bounding SB9 feeds are shown in Table 3-6 to
decrease as the nitrate level increases for all antifoam addition cases. For example, the calculated cycle
times for the 894-gal antifoam addition case decreased from 126 hours at 10,000 ppm nitrate to 107 hours
at 70,000 ppm nitrate with an average of 117 hours for the entire nitrate range. This inverse relationship
between the nitrate and CPC cycle time is due to the fact that the glass production rate was no longer held
constant at the design basis. Instead, it was the peak off-gas flammability potential that was held constant
at 60% of the LFL at each nitrate level by increasing or decreasing the formate from its baseline value,
resulting in different instantaneous feed and glass production rates from one nitrate level to the next. As
the total solids of each bounding SB9 feed changed, so did its density in such a way that the instantaneous
volumetric feed rate increased with increasing nitrate.

The calculated CPC cycle times were used in the model to set the instantaneous feed rates of antifoam and
strip effluent from the preset quantities of each stream added per CPC cycle. As a result, the shorter the
cycle time, the higher the instantaneous feed rates of antifoam and solvent carbons to the melter, which is
conservative from the off-gas flammability standpoint. It was determined that the calculated CPC cycle
times of 123 hours for the baseline feeds and the average 117 hours for the bounding SB9 feeds are at the
lower bound of the actual cycle times achieved in the facility.

4.0 Quality Assurance

The Quality Assurance (QA) requirements for this work are defined in the TTR.® Specifically, the work
defined herein is not waste form affecting, and thus does not need to follow QA requirements of RW-
0333P. This technical report supports the Type 1 calculation and thus is treated as lifetime records. This
technical report and the software used to support the Type 1 calculation comply with the following:

* 1Q QAP 20-1 Software Quality Assurance

 E7, Section 5.0 Software Engineering and Control

» E7 Manual, Procedure 3.60, Technical Reports

» E7 Manual, Procedure 2.31A, LW Engineering Calculations
 E7, Procedure 2.60 technical reviews applicable to this task

Requirements for performing reviews of technical reports and the extent of review are established in
Manual E7 2.60. SRNL documents the extent and type of review using the SRNL Technical Report
Design Checklist contained in WSRC-IM-2002-00011, Rev. 2. The lifecycle requirements and validation
techniques for the software used in this work are found in the Software Quality Assurance Plan (SQAP).*
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5.0 Conclusions
Based on the results discussed so far, it is concluded that:

1.

The MOG dynamics model was successfully updated to reflect the current DCS settings and
further calibrated using the latest facility data. The calibrated model predicted that the actual peak
melter pressure during the apparent +10.8” H,O pressure spike on 11/24/2014 was closer to +19”
H,O with 20-sec peak duration.

The baseline 3X/3X off-gas surge with 1-min peak duration remains bounding in terms of off-gas
flammability for non-bubbled operation.

The duration of off-gas surge has just as large an impact as its magnitude on off-gas flammability.
The current TSR TOC limits, which were developed for the bubbled SB8 operation, remain valid
for the SB9 non-bubbled operation for all three antifoam addition scenarios considered: 728, 894

and 1,017 gallons per CPC cycle.

The current TSR limits on the minimum melter vapor space temperature, minimum air purges and
maximum feed rate all remain the same.

The implication of these conclusions is that no DSA change would be required for processing SB9 under
non-bubbled conditions.

6.0 Recommendations, Path Forward or Future Work

It is recommended that the same methodology and calculation steps used in this study to validate the non-
bubbled off-gas surge basis and further assess the SB9 flammability potential be repeated in preparation
for bubbled operation.
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8.0 Appendix A

Controller Data Summary
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Table 8-1. Digital Controller Data Summary (11/24/2014 19:44:30 - 11/24/2014 20:14:33).

Revision 0

ANTI
RESET
WINDUP

YES

YES

YES

YES

YES

YES

YES

CONT. MODE CouT SETPT GAIN DERIV ZERO COUTLL OINT
NO.
TYPE ACTION CIN RSET SAMPLE RANGE COUTUL MANIN

1 MAN 822 350.00 1.000 .000 200.00 .000 012
P+l REVERSE 284.72 2.500 3.000 600.00 1.000 .822

2 AUTO .768 -5.00 480 .000 -25.00 .000 .000
P+l DIRECT -4.95 1.709 250 5.00 1.000 .768

3 AUTO 924 4.04 -1.000 .000 -20.00 .000 .000
P+l REVERSE 4.01 1.000 1.000 5.00 1.000 924
4 AUTO .354 10.00 1.000 .000 .00 .000 .000
P+l DIRECT 10.00 2.500 3.000 20.00 1.000 .354

5 MAN 234 440.00 .500 .000 283.00 .010 .000
P+l DIRECT 490.49 2.000 1.000 1200.00 1.000 234

6 AUTO .267 20.00 2.000 .000 .00 .000 .000
P+l REVERSE 19.99 5.000 3.000 100.00 1.000 .267

7 AUTO 120 400.00 .500 .000 .00 .010 .000
P+l DIRECT 400.00 2.000 1.000 1200.00 1.000 120

8 AUTO .050 10.00 2.000 .000 .00 .050 .004
P+l REVERSE 8.00 2.000 3.000 50.00 1.000 .050

9 AUTO 544 10.00 1.000 .000 .00 .000 .000
P+l DIRECT 10.00 2.500 3.000 20.00 1.000 544



Table 8-1 Cont’d
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CONT. MODE CouT SETPT GAIN DERIV ZERO COUTLL OINT

NO.
TYPE ACTION CIN RSET SAMPLE RANGE COUTUL MANIN

10 AUTO 234 500.00 .150 .000 .00 .010 .000

P+l DIRECT 502.41 1.463 .500 1400.00 1.000 234

11 AUTO .050 10.00 2.000 .000 .00 .050 .004

P+l REVERSE 8.00 2.000 3.000 50.00 1.000 .050

12 AUTO .566 478.60 2.500 .000 .00 .000 .000

P+l DIRECT 478.72 .200 3.000 1000.00 1.000 .566

13 AUTO .283 1070.00 .300 .000 .00 .000 .000

P+l DIRECT 1070.00 3.950 .500 1750.00 1.000 283

14 MAN 120 500.00 .600 .000 .00 .010 .002

P+l DIRECT .00 .600 .500 1400.00 1.000 120

15 AUTO 319 1100.00 .500 .000 .00 .000 .000

P+l DIRECT 1100.05 2.000 3.000 2000.00 1.000 319

16 MAN .267 367.00 .500 .000 .00 .000 -.002

P+l DIRECT 175.89 5.000 3.000 500.00 1.000 267

17 MAN .000 367.00 .500 .000 .00 .000 .000

P+l DIRECT .00 5.000 3.000 500.00 1.000 .000

18 MAN .000 367.00 .500 .000 .00 .000 .000

P+l DIRECT .00 5.000 3.000 500.00 1.000 .000

19 MAN .000 40.00 2.000 .000 .00 .000 .000

P+l REVERSE 40.00 5.000 3.000 100.00 1.000 .000
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Table 8-1 Cont’d
CONT. MODE CouT SETPT GAIN DERIV ZERO COUTLL OINT ANTI
NO. RESET
TYPE ACTION CIN RSET SAMPLE RANGE COUTUL MANIN WINDUP
20 MAN .000 367.00 .500 .000 .00 .000 .000 YES
P+l DIRECT .00 5.000 3.000 500.00 1.000 .000
21 MAN .000 350.00 1.000 .000 200.00 .000 .000 YES
P+l REVERSE 200.00 2.500 3.000 600.00 1.000 .000
22 AUTO 154 370.00 .300 .000 .00 .000 .000 YES
P+l DIRECT 370.00 3.950 .500 1150.00 1.000 154
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Table 8-2. Cross-Reference between Model Controllers and DCS Controllers.
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Maodel Controller No. DCS Controller 1.D.
1 TIC3682
2 PIC3521
3 PDIC3526
4 TDIC4300
5 SIC3585
6 TIC3620A
7 SIC4324
8 TI1C3386
9 TDI3400
10 FIC3691
11 TIC3395
12 for model use only
13 FIC3221A
14 FIC3534
15 backup exhauster outlet flow
16 FIC3590
17 FI1C4344
18 FI1C4340
19 TIC3501A
20 FIC3595
21 TIC3421
22 FIC3221B
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9.0 Appendix B

Dynamic Valve Data Summary
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Table 9-1. Valve Data Summary (11/24/2014 19:44:30 - 11/24/2014 20:14:33).
VALVE cVv F CHAR STOPEN TCOPEN DYDT
NUMBER  -mmmseemmm e e e emmmeeeeen e
VCON Y DYNAMICS STCLOS TCCLOS CTRL
1 206.00 .822 EQL PCT 5.00 1.00 .5960E-05
105.73 .822 1ST ORD 5.00 1.00 1
2 1193.20 .768 EQL PCT 1.00 .20 -.1371E-04
500.92 .768 1ST ORD 1.00 .20 2
3 80.00 .924 EQL PCT 1.00 .20 4560E-04
60.26 .924 1ST ORD 1.00 .20 3
4 206.00 .000 EQL PCT 5.00 1.00 .0000E+00
.00 .000 1ST ORD 5.00 1.00 21
5 1440.00 154 LINEAR 10.00 1.00 .1475E-05
221.98 154 1ST ORD 10.00 1.00 22
6 2480.00 .050 EQL PCT 5.00 1.00 -.3725E-06
70.55 .050 1ST ORD 5.00 1.00 11
7 15378.00 .000 EQL PCT 5.00 1.00 .0000E+00
.00 .000 1ST ORD 5.00 1.00 0
8 3000.00 .050 EQL PCT 5.00 1.00 -.3725E-06
85.35 .050 1ST ORD 5.00 1.00 8
9 3000.00 1.000 EQL PCT 10.00 1.00 .0000E+00
100.00 1.000 RAMP 10.00 1.00 0
10 3000.00 .000 EQL PCT 10.00 1.00 .0000E+00
.00 .000 RAMP 10.00 1.00 0
11 100.00 .900 EQL PCT 5.00 1.00 .5960E-05
100.00 .900 1ST ORD 2.00 1.00 0
12 6320.00 1.000 EQL PCT 10.00 2.00 .0000E+00
6320.00 1.000 RAMP 10.00 2.00 0
13" 265900.00 1.000 EQL PCT 10.00 2.00 .0000E+00
265900.00 1.000 1ST ORD 10.00 2.00 0
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Table 9-1 Cont’d
VALVE cVv F CHAR STOPEN TCOPEN DYDT
NUMBER  --m-smmmm e et et s e
VCON Y DYNAMICS STCLOS TCCLOS CTRL
14 1193.20 .000 EQL PCT 1.00 .20 .0000E+00
.00 .000 1ST ORD 1.00 .20 0
15 265900.00 .980 EQL PCT 10.00 2.00 .2980E-05
246696.30 .980 1ST ORD 10.00 2.00 0
16 1440.00 .283 LINEAR 10.00 1.00 -.2980E-05
407.97 .283 1ST ORD 10.00 1.00 13
17 250.00 .000 LINEAR 4.00 .00 .0000E+00
.00 .000 RAMP 4.00 .00 20
18 250.00 .000 LINEAR 4.00 .00 .0000E+00
.00 .000 RAMP 4.00 .00 17
19 250.00 .267 LINEAR 10.00 2.00 .0000E+00
66.75 .267 RAMP 10.00 2.00 16
20 250.00 .000 LINEAR 5.00 1.00 .0000E+00
.00 .000 RAMP 5.00 1.00 18
21 12800.00 .000 EQL PCT 1.00 2.00 .0000E+00
.00 .000 RAMP 1.00 2.00 0
22 15000.00 319 EQL PCT 10.00 2.00 .0000E+00
1167.82 .318 RAMP 10.00 2.00 15
23 12800.00 .000 EQL PCT 1.00 .00 .0000E+00
.00 .000 RAMP 1.00 .00 0
24 100.00 234 LINEAR 5.00 .00 .0000E+00
.00 234 RAMP 5.00 .00 0
25 100.00 120 LINEAR 5.00 .00 .0000E+00
.00 120 RAMP 5.00 .00 0
26 12800.00 .000 EQL PCT 1.00 .00 .0000E+00
.00 .000 RAMP 1.00 .00 0

* Valve #13, a butterfly valve in front of SAS 1, has been taken out of service.

41



SRNL-STI-2016-00318

Table 9-2. Description of Dynamic Valves Used in the Model.

Revision 0

Model Valve No.

Purpose:

1 primary film cooler steam

2 primary melter pressure control air

3 pour spout pressure control air

4 backup film cooler steam

5 backup film cooler air

6 chilled water to backup OGC

7 pour spout pressure control air vent to backup OGCT
8 chilled water to OGC

9 primary isolation valve (MOV3689)

10 backup isolation valve

11 pour spout pressure control air to spout jet

12 Cell air inflow to backup off-gas system

13 butterfly valve upstream of SAS #1

14 backup melter pressure control air

15 butterfly valve upstream of backup SAS #1
16 primary film cooler air

17 steam to SAS #2

18 steam to backup SAS #2

19 steam to SAS #1

20 steam to backup SAS #1

21 OGCT vent

22 backup OGCT vent

23 backup OGCT vacuum breaker

24 used to model backup exhauster speed control
25 used to model primary exhauster speed control (SIC3585)
26 OGCT vacuum breaker
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10.0 Appendix C

Printout of Formulas for
Charge Balance and Re-constitution of Baseline Feeds
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A | B | C
3 |Table 1A. SRATISME Prod Elemental
4 |element AW wit% calcine
D salids
(5]
7 |Fe 55847 ='Smith SO SRAT-SME Data'lJ23
8 |a 26.9815 ='Smith SBY SRAT-SME Data'!D23
9 |un 54.938 ='Smith SB9 SRAT-SME Data'IN23
10 |ca 40.078 ='Smith SBS SRAT-SME Data'!G23
11 Ju 238.03 0
E|Mg 24,305 0
13 |Hg 20059 0
14 |p 30.9738 0
15 |ni 586934 ='Smith SBY SRAT-SME Data'IP23
16 |cr 51,9961 0
17 |cu 63548 0
18 | 47 .68 0
19 |si 28,0855 ='Smith SBY SRAT-SME Date'IV'23
20 |na 22 9898 ='Smith SBS SRAT-SME Data!023
21 [t 232.0381 0
22 |Zn 65.38 0
23 |Pu 2389 0
24 |k 39,0883 0
25 |Re 101.07 0
26 |rn 102 8055 0
27 |pa 106.42 0
28 |cd 112411 0
29 |sr 87,62 0
30 |e 10,811 ='Smith SBS SRAT-SME Data'lE23
31 |u 6841 ='Smith $B9 SRAT-SME Date'IL23
32 |cs 132.905 0
33 |ea 137.327 0
34 |sn 118.71 0
35 |Pe 2072 0
36 |1e 98.9062 0
37 |La 138.9055 0
38 |zr 91.224 0
39 |s 32,068 ='Smith SBY SRAT-SME Data'lU23
40 |total =SUM(C7-C39)
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71 |Table 1B, SRAT/SME Product ICP-ES Filtrate (SN) Results
T2 |element AN soluble soluble soluble
73 (mgiL SN) mgh. SN) (mole/L SN)
74
75 |Fe 55.85 0 =GT5HO00FTS
TG |a 26,38 0 =GTEMOD0FTE
77 |Mn 54.84 ='Smith SBY SRAT-SME Data'INS0 =GTTHOM0FTT
78 |ca 40.08 ='Smith SBS SRAT-SME Data'IG80 =GT8/1000/F78
79 |u 23803 0 =GTSMO00FTS
E'nm 24.31 ='Smith SBS SRAT-SME Data'IM80 =GA0/1000/FB0
81 |Hg 20059 0O =G81/1000/F81
82 |p 30,87 0 =GE2H 000FE2
83 |ni 5871 ='Smith SB9 SRAT-SME Data'l P8O =GB 000/FE3
84 |or 51,996 0 =584/ 000/FE4
85 |cu 63546 0 =GB5H000/FES |
=IF(G88="<0.010",0,G8
86 | 47.9 0 GM O00FEE)
87 |si 28,00 ='Smith SBY SRAT-SME Date'IVE0 =GA7H000/FET
88
89 | 232038 0 =GB9H 000/FES
a0 |zn 65,38 0 =G0/ D00FSD
91 |Pu 2389 0 =G91H000/F81
a2 |k 38.1 ='Smith SBE SRAT-SME Data'|K80 =382/ 000IFE2
93 |ru 10107 0 =GO3H000/FE3
94 |rn 102,91 ='Smith SBS SRAT-SME Date'IS80 =G04/1000/F54
95 |pd 106.4 0 =G5/ 000/FS5 |
=IF(G86="<0.010",0,G3
95 |cd 112411 0 G 000FOE)
97 |sr 87,62 0 =GOTHO00FE7
98 |e 10.81 ='Smith SBS SRAT-SME Data'|EBD =GE8/1 000/FE8
=IF(G8%="<10.0"0,G8%
99 |ui 6841 ='Smith SBY SRAT-SME Data'ILE0 1000/788)
100|cs 132805 0 =51 0001 000F 100
101 |ea 13733 0 =G101/1000/F101
102|ce 140115 0 =G1021000/F102
103|cd 15725 =G103/1000/F103
104|pb 2072 0 =5104/1 000/F 104
105]¢ 98,8062 =G105/1000/F105
106 |5n 118.71 ='Smith SB8 SRAT-SME Data' W80 =106/ 000/F 108
107 |zr 8122 0 =G107/1000/F107
108 |md 144242 0 =51 0801 000/F 108
108|s 32.06 ='Smith SBY SRAT-SME Date'lU80 =G108/1000/F109
110 |total =SUM{GTS-G10%9) =SUM{HTSH103)
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71 |Table 1B. SRATISME Product ICP-ES Filtrate (SN) Results (Continued)
T2 |soluble total wt frac
73 ligh su gL SL) insoluble
74
75 |sIF(ET5="<0.010"0,GT5H000°SSTE) =GS4E'CT'ME4M00 =1-KT5IL75
78 |=IF(ETe="<0.010",0,G76/M1 000" 5578) =GE48 CE ME41 00 =1-KTEILTE
77 |=IFia77a"<0.01070.6771 000°5578) =GS4E COME4N 00 =1.K77ILT7
78 |=IF(GTa="<0.010"0,GT8/1 000" 55789) =GE48"C 10" M54/ 00°(1-CH5) =1-KT8/LT8
79 |sIF(ETo="<0.010" 0,G7ON000°S$79)  =GS48'C11°M54H00
80 |=IF(z80="<0.010",0,GB0/ 000" 5578) =GE48"C12" M54/100 0
81 |=IF(G81="<0.010"0,6811000°5578)  =GS48°C13'M54100
82 |=IFiEez="<0.010",0,GE2M1 000 5579) =IF(C14="=0_100" K82 GE48°C14°'M541100)  =IF(LEZ=0,0,1-KB2ILEZ)
B3 |=IFGes="<0.,010"0,G831000°5579) =GS48'C15'M54/100 =1-KBALES
84 |=IFE84="<0.010",0,GB4/1 000 S579) =G548°C16"M54/100 0
B85 |=IF(585="<0.010"0,G851000'S$78)  =G$48'C17'M54/100 0
86 =IF{GB6="<0.010°,0,GB&M 00"5579) =GE548°C18 ' M54100 1]
B7 |=IF(car="<0.010",0,G87/1000°5579) =GS48'C19'ME4 00 =1-KBT/LET

=IF(G88="<0.010"0,IF(V8T=1,T109,G88
88 |eossTan. . - =GS48°C20"(1+M51)"M54/100 =IF(T108>L88,0.1-K8B/LES)
89 |wiF(se0e"<0.010",0,G89/1000°S579) =GS48'C21"M54/100 sIF(LEg=0,1,1-KBILES)
90 |=IF(Ea0="<0.010",0,G20M 000 5579) =G548°C22" M54/100 =IF(L80=0,0,1-KBWLE0)
91 |wiF(5e12"<0.010,0,G91/1000°S579) =G548'C23'M54/100 =IF(LE1=0,1,1-KS1/LO1)
92 |=IFiGaz="<0.010",0,G52M 000 5579) =G548°C24 M54/100 =IF(L82=0,1.1-K82/L582)
93 |wiIF(503"<0.010",0,G93/1000°S579) =IF(C26°<0.100°,0,G548°C25'M54/100)  mIF(LO3=0,1,1-KS31LIS)
94 |=IF(Gad="<0.010",0,G54/1 000 5579) =G548°C26"M54/100 =IF(L84=0,1.1-KB4/L84)
95 |wiIF(505e"<0.010",0,G95/1000°S579) =IF(C275"<0.100°,0,G548'C2T'M54/100)  mIF(L85=0,1,1-K5/1L95)
a8 =IF{G86="<0.010°,0, G3&M 000*5579) =IF{La8=0,1_1-KSE/1 28]
97 |=IF(GoT="<0.010",0,GO7TH000°5579) =G548°C20'ME4/1 00 =|F(LET=0,1,1-KSTAIT)
g8 =IF{388="<0.010°,0, G38M M00*5579) =IF{C30="=0_100" 0, G548 " C30" M54 00 =IF{L98=0,1,1-K38/L58)
99 |=iIF(zooe"<10.0"0,G99/1000'S579) =IF(C319°0.100°,0,G848°C31"M54/100)  =IF(LB9=0,1,1-KSBILIE)
100|=1F(G100="<0.010"0.G100MA B00°S578)  =GS4E°CAZ ME4M 00 =IF(L100=0,1,1-K100/L100)
101 |=IF(G101="<0.010"0,G1011000°S579)  =G$48'C33'M54/100 =IF(L101=0,1,1-K101/L101)
102|=IF(G102="<0.010"0,GI02M 000" 5578)  =GS4E T34 M54 00 =IF(L102=0,1,1-K102/L102)
103|=IF(51032°<0.010",0,G103/1000°5578)  =GS48'C34'M54/100 =IF(L10320,1,1-K103/L103)
104|=1F(G104="<0.010" 0.G104/1000°5578)  =IF(C35="MM",0, G548 CI5 M54/ 00) =IF(L104=0,1,1-K104/L104)
105|=IF(G1055"<0.010",0,G105/1000°5578)  =G$48'CI6'M54/100 =IF(L105=0,1,1-K105/L105)
106 |=IF(G106="<0.010"0,G106M 000" 5578)  =GS4E°CATME4100 =IF(L106=0,1,1-K106/L108)
107 |=IF(G1075"<0.010",0,G1071000°S$79)  =G$48'C38'M54/100 =IF(L107=0,1,1-K107/L107)
108 |=IFiG108="<0.010"0,G108M 000'5578) O =IF(L108=0,1,1-K108/L108)
109|=1F(G1005"<0.010",0,G108/000°5578)  =GS48'CI9"M54/00 =IF(L109=0,1,1-K108/L109)
110 |=sumMiK75-K103)

46



SRNL-STI-2016-00318
Revision 0

100 |total soluble solids =
101 |measured soluble solids =

102

soluble mass diff =

103

[total equivalent - charge =

104

|total eguivalent + charge =

105

charge imbalance =

106

107

adjusted total equivalent +
charge =

108

charge imbalance =

109

111

adjusted Ma for 5N charge
balance {g/l 5L} =
diff btw adjusted and measwned

110|Ma fglL SL} =

Ma20 for SN charge balance
{g/L calcing solids) =

112

dliff btw adj'd SN and mea'diadid |
SLMa(glsL) =

/o) P Q [R] S

B3 |Table 1. SRAT Product SN IC Results

88 |ic Fuy {mgiL SM) (mole/L SH)
='Smith SB9 SRAT-SME

87 |nos =14.007+15.9994"3 Diata'IF91°(1+M53) =IF(Q87="<100",0,087/1000/P87)

EINCQ =14 007+15.5854°2 a =IF{288="<100"0,C88M1 00/FEE)

='Smith SB9 SRAT-SME

89 |cooH* =12.011+16.9994°2+41.0079  DatalJsi =IF(Q89="<100"0,0891 000PES)

90 |czHaoa =12.011°2+15.9854°3+1 00753 0 =IF{280="<100"0,080M1 00/Fa0)
='Smith SB9 SRAT-SME

91 |czo4 =12.011'2+15.9994'4 Data'll31 =IF(Q81="<100",0,0811 000PS1)

92 |pos =30 8738+15 9894"4 0 =Ig2
='Smith 589 SRAT-SME

93 |so4 =32.086+15.9994'4 Data'lHE1 =IF(Q93="<100",0,0831 000PE3)
='Smith SB8 SRAT-SME

94 |o 354527 Data'l D91 =IF(84="<100",0,084/1 000/PE4)

95 |r 185984 o =IF(Q95="<100",0,0851 000PES)

98 |cos =12.011+15,5884°3 4482 18555038442 =IF(286="<100",0,056M 000/FE6)

97 |an 1 data avaiable 7 (Yes=1) 1

98 |wotal anion =

99 |wtal cation =
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85 |Table 1C. SRAT Product SN IC Results (Continued)
88 o 51y {maleil SH) {glL 5L)
87 |=serssroPer =IF(U103=1,587,S87"(1+US105))  |=U87°5579°Pa7
88 |=s8e's579°PER =588 =LIB8" 5578 AR
89 |=ss'ss7orPes =IF(U103=2,588,S89°(1+US105))  =UB9"S$79'PeD
90 |=s80°s579'P20 =IF(U103=2,590, 580" (14U5105))  =U80'SS79'PS0
91 |=sei-ssrapm =IFI03=2,501.591°(1+4US105))  =US1"S$79°'PY1
92 |-sa2's5879'Pa2 =582 =J82'5578'Pa2
93 |=se3's570°Pe3 =583 =U83" 5579 Pe3
04 |=s84'5579'Pod =584 =1J84* 5578 Pa4
95 |=ses's579°Ps =595 =U85'S$79'Pe5
96 |=se6's579°P9E =IF(U103=2,596,586"(1+4U5105))  =US6'SS79'P36
OF |adpust Na 7 Gf yes, = 1) 1
98 |=IF(587=1, 5UMTET TS6), "nfa") =IF(587=1,SUM{VET V&), "nfa")
99 |=xk110-K100 If=1, adj & =K110-K109
100 |=1F(sa7=1,5UMTo8:T58) "n/a") 2, match MO3 =IF(587=1, SUNM{VEREE), "nfa")
101 |=G47 3, adj both =G47
102 |=IF(587=1.(T100-T104T104,"nfa™) which anier = =IF(SE7=1,(100-V1 0110101, nfa")
=IF(597=1,5087+508+580+500+591*2+502 =IF(S97=1,UB7+LIBB+UBG+00+U81 * 2+82" 3+L19!
103 34503245044 5054506' 2 "nfa"} 1 L5 LI06"2, fa")
=175' 34|76 34177 24178 2+180°2+183° 2418 =175 34176 34177 24178 24180  2+183° 2+184" 34185
4°3+|85° 2+186° 2+ BT 4+1BE+90° 2+192+193 1874+ BE+HI90° 2+ 024195 2+194" 24195 2+197" 24+
241847 24185 24187 241101 2+1104° 241106 042411 06°4+1107°4+1108°3
104|4#107°4+1108'3 anion ac) =
105 |=IF(587=1,(T103-T104)T104 "nfa") 0 =IF(S87=1,(V103-T104)NT104."n/a")
108 OR
=175 3+ TE 3HTT 2+ TH 24180 2+183' 2418
434|185 2+186° 2+ |87 4+ GEE" (141 081 00
DIFBE+90" 2+I92+193" 24194 2+195" 2+197"2
107 [H101° 2411 04" 2+1106"4+11 07 "4+1108"3 SM Ma adj =
108 |=T103-T107T103 0.085115

109

=G88"(1+108)1000° 575

110

=(T108-G348"C20M DO GS48" C20M1 00)

111

=T10NG48"10VB2IV2 F20

112

=(T108-
G348 C20M 00 {1+M51)" M5 INGE4B8 C20M
00°(1+M51)'M54)
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Table 2. SRAT/SME calcine data

calcine

solids

Fed03

AIZ03

|Mnc

Cal

alzlale el |o|s]ow

u3o8
\Mgﬂ
13 |Hgo

14

P205

15

[N

16

Cr203

17

Culd

18

TeO2

19

Si02

20

|Naz0

21

ThO2

22

P 8l

23

Pud2

24

K20

25

Rul2

26

RKO2

27

PdO

28

Cdo

28

S

30

B203

31

Liz0

32

Cs20

33

BalQ

34

Snd

35

PbO

36

TcO2

37

La203

38

Lr02

38

S03

40

Total

[

|=B7'2+15.8004°3

=B8"2+15.59534"3

=B9+15,9994

=B10+15 9504

=B11'3+15.0004%8

=B12+15.0204

=B13+15.9984

=B14"2+15.95954"5

=B15+15.9984

=B16"2+15.89584"3

=817+15.9994

=B18+15.9804"2

|=B15+15.9904°2

=B20"2+15 95584

mBI1+15.9904°2

=B22+15 9504

(=EI3+15.0004°2

=B24"'2+15 9554

[=BI5+15.0904°2

=B26+15.9984"2

=B27+15.9994

=B28+15.9204

(=B25+15.9204

=B30"2+15.9584"3

=B31°2415.9994

=B32'2+15 95584

|=B353#15.0904

=B34+15 9504

(=B35+15.0904

=B36+15. 93642

(mEAT 241500043

=B38+15. 9984 2

(=E30+15.0904'3

g /100g

=CT/BTRFTME4

=CE/MBAR2 FA M54

=GB FIME4
=C1OE10"F 10 M52 (1-Ca5)
=C11B11AF11°ME4
=C12B12°F12"M54

o

=IF{C14=0,C14/B14/2°F14 ' M54, IF{C101=0,C1
01'GT/FT'2BT/PI2/2'F14))
=C15/B15'F15'M54
=C16/B162°F 16" M54
=CAT/RITF17'M54

=CAB/B18'F18'M54

=C19/B19°F19'M54
=CHB202°F20"ME4* (1 +M51}
=C21/B21°F21°M54

=CFANBI2'F22 M54

=C23/B23'F23'M54
=C24/B 242" F 24" M54
=C25/B25'F25'M54

=CHEB26" F26" M54
=IF(C27"<0.100",0,C27/B 2712 F27"M54)
=|F(C28="=0.010"0,C2B/B 282" F28 M54}
=C28/B29" F29'M54
=IF(C30="<0.100",0,C30/BI0/2 F30'M54)
(=IF(C312<0.100",0,C31/B31/2°F31 'M54)
=CHABIZFI2 M54

=C33/B33'F33'M54
=CIB 342 F 34 M54
=C35/B3I5'F35'M54

=CI6/B3I6" F36 M54
=C3T/BITIZFIT' M54
=CIAB38"F58 M54
=C38/B3G"F39/(1-M50)" M54
=SUM{GT:G3%)
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3 |Table 35, SRATISME Insolubles

4 |insoluble MW g/L shury

S |ealids

(5]

7 |FetcH)a |=B7H15.5994+1.0079)'3 =GT'SGEAT ITFT LT

8 |agoHs =B8+15.9854+1.0075)"3 =GA'$GS49' 18 (1-G58M1 DONFE'2'LE

9 |mno2 =B9+15.8994°2 |=GO'SGS40"IOFY'LY
=(G10° 5G54T 0/F 1 0-M14/L14° 3-M3S/L3S-

10 |caioH)2 =B10+4{15.9584+1.0079)"2 M40LA0-N4A L4 L1 D

11 |Mazuz07 =B20°2+B11°2415.9984'7  =G11'SGH4FH1F11"%2°L11

12 |MgioH;2 =B124{15.8984+1 0078)"2 =G12* 5G4 1 2F12°L12

13 |Hgo =F13 =M7/L7'BT Report Tables'|E42/B13'L13

14 |casposz =BI0'3+{B14+15. 098442  =G14'50G549° 1 4/F14°L14

15 [nigornz =B15+(15.9984+1.0079)2  =G15'$G349° H5F15°L15

18 |croHa =B16+(15.8984+1 0078)3 =G16'5C54%' 1 6/F16°2°L16

17 |cuioHz [=BATH15.909441.0079)'2 =GIT'SGRPNTFITLIT

18 |noz =B18+15.0984°2 =G318'5C549' 1 BF18°L18

19 |sioz =B19+15.9984'2 =G19'SES4F HBF1FLIS

20 |nazo =B20°2+15.8984 =(G20 $EE49120/F20-M1 1/L117°L20

21 [moz =B21+15.9984°2 =G21'$G549"121/F21°L21

22 |zZnioH)2 =B224(15.8984+1 0078)2 =322 50549 122F 22122

23 |Puoz =B23+15.9904'2 =G23'$GS49"123F23'L23

24 |kzo =B24'2+15 9984 =G24 $G549° 124/F24°L24

29 |Ruo2 |=B26+15.0984°2 |=525'$6549°125/F 25 L 26

26 |rnoz =B26+15. 05642 =G26'5E549°126/F 26°L 26

27 |pdo =B27+15.9994 |=G27'$G349 12TIF27"L2T

28 |caoHz =B28+(1.0079+15.9084)'2  =G28'SGS40'I28/F28'L28

29 |srioH)2 =B29+{15.9994+1.0078)'2  =G29'$G549"120/F29'L29

30 |ezoa =B30'2+15.9994°3 =G30'SE549" 130/F30°L30

31 |Lizo =B31'2+15.9994 =G31"§G549"131/F31°LH

32 |cs20 =B32'2+159984 =GA2'SES48 132FA2'LA2

33 |easos =B33+839+15.9994'4 =G33'$03549"133/F33'L33

34 |anoH)2 =E344{15.990441,0078)"2 =334 $G545 134/F34°L34

39 |Pbsos =B35+839+15.9904'4 |=G35'50549"135/F35'L35

36 |Te0z =B36+15.0004°2 =GI6'SE549"136/F36°LI6

37 |LatoHa =BIT+{15.9994+1.0078)'3  =G37'$G549"137/F37'2'L37

38 |zroz =B38+15.9004°2 =GI8'SE540"138/F38° L3R

38 |cacos |=B10412.011+15.9894°3 0

40 |casos =B104839415,9004'4 =G10°'SES9° HOVEIF10°L40

41 |caczo4 =BID+12011'2+15.9984'4  =G10'SGH48 N DF10°VE2 L4

42 |Nazc204 sB20'2+12.011°2+15.8884°4 O

43 |acoH |=B8+15.9994+15.9094+1.0079 =GA'SGS40°18(G59/ 00)/F8' 2 L43
=IF(Q 1421 MTLT BT Report
Tables'|H210,IF(2142=0,0'G43" 1000, M7/L7'B

44 |antifoam -G136 G126 (-GG 28)(1-G131)

45 |Total =SLM{MT M44)

48 |target =348

47 |a =(M45-M4EIMI5"100

48 |8 wio antifoam (%) = (M4 5-WE4-Kad B M5 100
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ﬂlmmma}z
31 |NH4COOH
32 |mH4MO3
33 |nac

34 |maF

35 |nacooH
36 |MaczH3I03
37 |nano3

38 |nanoz

39 |naspod
40 |mijcooHz
41 |migcaHaos)z
42 |nimo32
43 |remonz
44 |pamomz
45 |srcooHz
46 |srcaHaoa)2
A7 |srnoze
48 |uozicooH)z
49 |uozicaHaosz
00 Juozmoyz

Q F
3 |Table 38, SRAT/SME Solubles
4 |soluble MW
S |solids
5]
7_|caicooH2 =B10+PEY'2
8 |caiczHzo®2 =B10+PE0"2
9 |camon2 =B10+PET'2
10 |FeicooH)3 =B7+PEE'3
11 |FercaHaoss sBT+P20"3
12 |Femoss =B74P87'3
13 |acooHs =BE+PES'3
14 |agcaHaomys =BB+Pa0°3
15 |amoss =BE+PET'3
16 |cscooH =B324P89
17 |esczHzos |=B32+P80
18 |csno3 =B32+PET
19 |cuwcooH? =BAT+PES2
20 |cuiczHrOn2 =B17+PE0"2
21 |cumo32 [=BAT+RET2
22 |kcooH =B24+PRG
23 |KezHI08 [=B24+P80
24 |kno3 =B24+P87
25 |mgicooH2 =BA2+PES2
28 |mgicaH3onz2 =B12+P80°2
27 |mginozz [=BAZ+PET2
28 |mnicooHz =BE+FEE"2
29 [Mnc2H303)2 =B9+PS0"2

=Ba+F8T*2

|=14.007+1.0079"4+P89

=14.007+1 0079 4+PB7

|=B20435.4527

=B20+18.9584

=820+P89

=B20+F80

=820+P87

=B20+FB8

=820°3+P92

=B15+P89"2

=B15+P90°2

=B15+P87"2

=B35+P87°2

=B2T+PB7'2
=820+P89°2
=B29+P80"2
=B20+P87°2
=B11+15.9984"2+P83°2
=B11+15.9984'2+P80'2
=B11+15.9984"2+P87'2

(G034 (1-110NF10°VEE" PT 565

=G10°3G549°(1-110NF10°USE" PB GBS

| =G10° 3G9 (1-HOWF10°TS6 PR GET

=GT EGR8 (1-I7VF 7 2'VE1'P10°GES

(IGTSGHA(1-ITHFT 261 P11°GEE

=GTSGEAR1-ITWVFT 2 TE1 ' P12 GBT

|SGEFGHAN1-IBYFE 2 VEZ P13GES

=GR SGE4R(1-18VFE" 2 62 P14 GBS

|SGR'SGH40'1-18)FE 2 TE2 P15 GET

=GEI2SE5A5(1-152WFI2 2"VE4° P16 GBS

(EGITIGEEAN1-IIZNFIT 2B P T GES

=GEI2 G548 (1-132WFI2 2 TE4 P18 ' GET

|= G T 3GEA9 (111 TWF1TVET P19°GES

=GAT$GH8(1-11 TYF1 T UET P20"GE6

|m G T 3GEA9 (111 TWF1 T TST P21 "GET

=G24 $G549(1-124WF 24 2°VES* P22 GBS

| =G24 3G9 (11 24WF 242" UBY P2 CEE

=G24 9G54 (1-124WF 24" 2° TEY P24 GET

| =G 2" 3GE49° (111 2WF1 2 VB P25 GBS

=G12"5G549"(1-11 2yF12°US8° P26" GE6

|=G1 2" 3GE49° (111 2WF1 2 TSI P2T GET

=G SG48"(1-19VF3"V58'P28" GBS

| =G SGE40"(1-19VFI"USE P2O°GEB

=G8"SG48°(1-19VF3" T58° P30 GET

|=mG20"3G349° U1 7H 00F20°2° P33

=G20"$E549"U165M1 0VF20°2° P34

|=G20"3G349 U1 11 00F20"2" P35S GES

=G0 $ESA9" U121 0INF20°2° PIG"GE6

| mG20°3GE49" UTH 00/F20° 2 P37 GET

=G20"$E549"URM M0F20 2 P38 GET

|=G20"3G349° U1 3H 00F 20" 25 P

=G15"$G549°(1-115VF15°VBD' P40" GBS

|=G15"3GE49 111 5YF15°UB0" P41 GEE

=GE15"3G5349°(1-115VF15° TED P42 GET

| =GESTIGEA91- I 35YFIS P43 GET

=G27T 3G9 (1-12TVF2T P44 GBT
|G2UT3GE48(1- 1 20WF 20 VER" P45 GES
=G29"$G549°(1-128)F 29°UBB" P46" GEE
|G29TSGI40 (11 20)F 20 P4T TER GET
=G11"G43"(1-1110F11"3" VBT P4B" GBS
(G TGAE 11T 1WF 113 UBT Pag GEE
=G11"3G88°(1-111VF1 1" 3" TET PS0"GET
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50 |Table 38. SRAT/SME Solubles (Continued)
51 |LatcooH)a =B37+PB9'3 =GAT' G458 (1-|3THF 3T 2"VBE’ P51 GAS
52 |Laic2H30313 =B37+PE0"3 =G3T'G49"(1-137)F37"2'UB6" P52'GE6
53 |Lamoaps =B37+PET'3 =G37"5G549°(1-13TWF37° 2 TE6 P53 GET
54 |znicooH)z =B22+PBY'2 =G22'5GS$49"(1-122)/F 22'VB5 54" GE5
95 |ZniczH30m2 =R22+PE0°2 =G22'$G549°(1-122)F 22 U5 PS5 GBS
56 [znnom2 =B22+PET"2 |=GZ2'5G549°(1-122)F22'T65° P56 GET
57 |nazco3 =R20'2+PEE =IF(ABSUS)<0.002,0,G20" $G543F20" 2 USM DIN2' PET)
58 |na2c204 =B20°2+PD1 =T28/P91°P58
99 |Nazsod =B20°2+P93 =G20"$G549° U141 D0F 20" P54
60 |Hasios =1.0079°4+B18+15.9984°4 =G19°'SGS49°(1-119)/F 19°PE0
51 |Total =SUN{OT 060}
62 |target =347
B3 |& (%) =(061-082)062"100
64 |[HoooH =1,0079+Pg8 ‘=(AEB4'PES-AES2)/PED"PE4
85 |czraoa =Pa0+1 0078 =[AETZ'PS0-AESDPSD" PES
66 |caic'dH20 =1.0079"2+15.5854 =G43"1000-M45-061
67 |calc'd total solids (gL} =M 50561
68 [total solid (wit) = =(M45+06 1 M266+067)
Eldirf from density-TS data =(067-GA5)G4S
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3 |Table 4. Total Na Distribution
& |azsumed Na
5 |distribution {(mole %)
6
7 [mo3 15.8120585465746
8 [mo2 0
9 [cos =100-SUM(UT US)-SUML1 0:1U18)
10 |owide =M2OML20° 2K G 20" GASF20°2)*100
11 |cooH 42 8384173641063
12 |caHaoa 0
13 |Po4 0
14 |s04 0.927415780004888
19 |c204 =(QSB/PES+MA 2L ZWG20" GAF 204100
16 |F 0
17 o 0.0877927744005453
18 |uzo7 aM11/L11"20G20° G49F20°2)' 100
19 |total =SUMIUTLME)

53

Revision 0



SRNL-STI-2016-00318
Revision 0

s | T | U | v
21 |Table 5 Comparison with IC Data
22 lic target actual delta
23 {g/Ly (gL 3)
=IF{\V36<7 AE104,'Smith SBS SRAT-SME =PET (DA/PS 2+01 2P 12°3+015/P 15 3+018/P1
DataIF46°(1+53)/1000° G43) B4+021/P21" 240 24/P24+027/P27" 2+030/P30'2
HA2IPI2+037/PAT+HO42/P42 2404 3P4 3 2404
4/P44°2+047/P4T 2+050/PS0° 2405 3/P53 3405
24 |noa B/P5E6'2) =(LI24-T24NT 24" 100
=IF{'Smith SBY SRAT-SME
Data'|E46="<500",0,"Smith SBS SRAT-SME
25 |noz2 Data'lE461000°G43) =PE8'Q3I8PI8 =IF(T25=0," (U25-T250T25"100)
=IF(V36<7 AED2, Smith SEY SRAT-SME =PEO"(Q7/PT 2401 0/P10°3+01 3/P13'3+Q16P1
Diata'l J46(1-+M52)1 000" G43) BHO18/P18° 2402 2P 22+025/P25 2 +028/P28'2
+031/P31+036/P35+ 0 0/P40" 2+ 04 5/P45' 2+04
26 |cooH BIP48" 2+051/P51 3+054/P54°2) =(U26-T28)T26"100
=PE0 (ORIPE 2401 1/P11°3+014/P14°3+017/P1
T+O20/P 20" 2+0 3P 23+026/P26" 2+020/P20'2
SOIB/PIBH041/P41  2+04BPAE 2404945 2+
57 leswaas o O52/P52'3+055/P55'2) a
=IF{TB4=1,'Smith SBS SRAT-SME
28 |czo4 Data'Il46°(1+052)' GB8/1000°G43, T81) =P91 ' Q58/P5E =IF(T20=0," (U28-T28YT26"100)
=IF(GE1=1,G14/F14'2' P92'G48,'Smith SBS SRAT-
29 lpos SME Data'lK461000°G43) =0A9/PI9 (PAS-B20'Y) =IF(T28=028,0,{U26-T28)/T29*100)
=|F(ME0=1,'Smath SB9 SRAT-SME
30 |soa Data'|H46/1 000 G43, IF(ME0=2 M58, M58)) =059/P59"(P53-B20'2) =IF(T30=0,", (U30-T30)T30"100)
='Smith SBS SRAT-SME Data'| D46/ 000 G43
3 la =(Q33/P33°35 453 =IF(T31=0," (U31-T31NT31*100)
=IF{"Smith SBS SRAT-SME
Data'|C46="<500"0,'Smith SBS SRAT-SME
32 IF Data'|IC46/1 000" G43) =034/P34'18 =IF(T32=0,", (U32-TA2NT32"100)
33 |cos ='Repart Tables'|H199/1 000" G43 =Q57/PST PST-B20'2) =IF(T33=0,".(U33-T33NT33100)
34 |coapem)  =T33E43"1000460"12"1 000000 =UA3G43'1 000)/60"1 2" 1000000
35 |Table 6. Bases and Assumplions:
36 1. pH of SRAT or SME product ='Smith SBS SRAT-SME Data'lHE3
37 |2. Given data is for SME 7 Yes =1 1
38 |3, Coal addition (L shury) = 1.101 06004622004
39 4. acid addition (% stoichiometry) = 120
A0 |5, Total solids in SRAT/SME Prod = ='Smith SB8 SRAT-SME Data'IF56
41 | Insoluble solids in SRATISME (wi%) = ='Smith SBS SRAT-SME Data'lI56
42 | Calcine solids in SRATISME (wi%) = ='Smith SBS SRAT-SME Data'|K56
43 |6. Glass production rate (Ibhr) = 217 691348096407
A4 |7, Glass entrainment (wi%) = 0
45 |8, Target waste loading (wi%) = =APB1
45 |9 req'd waste oxide feed rate (o) = =431 -V 4401 00) VASH 00
AT |10. Req'd it rate (e} = =IF(V3T=1 0VAI1-VS47100)-V4B)
48 |11, Remediate NGA fesd? Gf =1, vos) [

12, 1f = 1. add NaOH for B8 sim remed
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42 |Table 7. Additional SRAT Product data:
43 |shury density {ghml} = ='Smith SBS SRAT-SME Data'll&3
44 |supemate density (gim) = ='Smith SBY SRAT-SME Data'lJ63
45 |total solids {g/L shery) = =G43"1000"40
A6 |nsoluble selids (gl shery) = =IF{W4 1 = a” e, G431 000 4 1)
47 |scluble solids {g/L shary) = '=||=f'..r41=m',-rm',m3*1nu-n*wmw1}}
A8 |cakcine solids (giL shury) = =G43'1000"V42
49 |multiphfication factor to convert to L slurmy basis = =G4BIG40
50 |measured caleine ratic of SRAT or SME product = [ler Tt Ty
51 |cakulated cakcine ratic of SRAT or SME product = =GABO61 +M45-M1 3-Mdd)
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49

Table £. Charge Balance Adjustments:

a0

51

assumed % loss 5 during calcination =
% adiment for shurmy ICP Ma =

52

53

% adiment for slurry I carbon data =
% adiment for slurry 1C NO3 data

54

Multiplification factor of ICP data =

- O O O O

55

Table 9. Sulfate Balance:

56

total S04 from SL ICP {giL slumy)

=G39" GANFIB P

57 |sohuble S04 from SLIC (gL shurry) = ='Smith SBY SRAT-SME Data'IH48M1000°G43
58 |zoluble S04 from SN ICP (giL slury) = =K1 08/F 1 06° Pa3

59 [soluble S04 from SN IC (giL slurry) = =To3

B0 |which scluble data to use 7

61 |targetinsoluble S04 (g/L slurry) = =IF(ME0=1.M56-M57,|IF(M60=2,M56-M58, IF(MB0="" M57-M58, M56-M59}))
52 |actusl inssluble S04 (giL slurry) = =(M3ILA3+MIELI5+MA0MLA0) PO

B3 |diff insoluble S04 (%) = =(ME2-M511ME1" 100

64 [Table 10. Oxalate Balance:

G55 |oxalate added to simulant (gL SL) = ='Smith SB9 SRAT-SME Data'ICS8'MTILT BT
B |measured soluble sxalate (g/L SL) = =T28

67 |calc'd insoluble oxalate (gl SL) = |=ME5-TS1

B8 [c204 as CaC204 (gL 5L) = =M41/L41° PO

B9 | Diff biw insoluble and C204 as Ca (%) =IF(MBT =0, nfa" (ME7-MEB)MET)
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51 |Table 11. Assumed Ca Partitioning
52 |fraction insohible Ca as Cal204 = =153
53 |fraction insckibsle Caas 504 = 0.1082340809525677]
54 |Table 12. Partitioning of soluble metals:
55 feae NO3 frac ghyeolate frae farm
='Smith SB8 SRAT-SME Data'|F4G/FBTH Smith
SES SRAT-SME Data'IF46/PET+"Smith SBS SRAT-
SME Data'l L46/PEE)
56 |ca 0 =1-T56-LISE
57 fcu =T$56 =Us56 =1-T57.U57
58 |mn =T556 =556 =1-T58-LU58
E‘Mg =T$56 =Us56 =1-T58-U58
B0 |mi =T556 =556 =1-T&0-LS0
61 |Fe =T$56 =Usss =1-T61-Us1
682 |a =T§56 =LIS58 =1-T&2-Ug2
63 |k =T$56 =Usss =1-T63-U83
64 |cs =T556 =1IS56 =1-TGd-LIg4
€5 |zn =T$56 =Usss =1-Te5-U85
G5 |La =T356 =556 =1-TEE-LISE
67 Ju =T$56 =Us56 =1-T67-U87
E'& =T556 =U556 =1-TGE-LI8
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&4 |Table 13. Vary nitrate & TOC for case study:

65 |multipification factor for formate =
66 multiphfication factor for glycolate =
67 |multipification factor for nitrate =

68 |multipification factor for C204 =
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71 |Table 14A. Estimation of free glycolic acld at acidic pH
T2 |total [C2H3O] from IC (M) = 0
73 |pKa for C2HA03 dissociation at 25 deg C = 383
T4 |dissociated CZH403 (M) = =AETZH1+1 0MAET V3B

75

76

undissociated C2H403 (M) =
calculated [H4] (M) =

=1ONAET3VIE) AET4

=IF{AET4=0,0 10°{-AET3)" AETSIMETS)

77 |eatcutstod pH = =|FAETE=0,"nfa" -LOG(AETE))

78 |total [HOCH2CO0-) due to free ghycolic acid (M) = =IF(AE100=0,AETS AETS+AETE)

79 |dissaciated [HOCHZCOO.] {giL) = 0

B0 |adjusted dissociated [HOCH2C00-] (giL) = =IF{AET5<0.001 AET2"PE0 AETS'TAZ)
81 |rraction undissociated ghycolic acid = =(AE72' PO0-AEBONAET /P00

82

83 |Table 14B. Estimation of free formic acid at acidic pH

84

85

86

a7

28

89

20

91

22

g3

total [COOH] from IC (M) =

pKa for HCOOH dissociation at 25 deg C =
dizsociated HCOOH (M) =

undissociated HCOOH (M) =

calculated [He] (M) =

calculpted pH =

tofal [COOH-] due to free formic acid (M) =

dissociated [COOH] (giL) =
adjusted dissociated [COOH] (giL) =
fraction undissociated formae acid =

='Smith SB8 SRAT-SME
Drata'| 461 +ME2)1 000" G43/PE9

378

=AEBR1+1 1M (AEBS-VIE))

=10NAEBS-VIE) AERE

=10%-AERS)" AEBTIAERS

=LOG{AEES)

=IFiAE100=-0,AEBT AEBT+AESE)

='Smith S8 SRAT-SME Data'lJ46"(14M52)1 000" G43-
AES0"PBB

=IF(AEBT=0.001 AEB4"PE3 AED"TEZ)
={AEB4'45,02-AES2)AEBLMS 02

94

g5

Table 14C. Estimation of free nitric acid at acidic pH

96

97

98

g9

100

101

total [MO3-] from IC (M) =
approx, pEa for HNO3 dissociation &t 25 deg C =
dissociated HNO3 (M) =

undissociated HNO3 (M) =

calculated [He] (M) =

calculated pH =

102

tofal [MO3-] due to free nitic acid (M) =

103

dissociated [MO3-] (g} =

104

final dissociated [NO3] (giL) =

='Smith SBS SRAT-SME
Data'|F46" (1 +M53)M1 000 G43/PET

-2

=AESER1+1 0 (AEST-VIE))
[=1ONAEST-V36) AEDE

=104-AES7)"AESR/AERDE
=LOG{AE100)
=AESE+AE1DD

='Smdth SBY SRAT-SME Data'IF46"(1-+M52)1 000" G43-
AE102'PET

=IF{AE38=<D.001 AESE 'PE7 AE103)
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111 6| Table 15. Antifoam addition to SRAT or SME (if V37 = 1):
117 |Basiz (gal slurmy) = 1
118 |mass of Fe (k) = 2G117"3.7854'G43"V42'CTHOD
119 nominal SRAT transfer volume {gal) = =IF(V37=1,01 73 AVERAGE(D163:0184))
1 20 |antifoam added to SRAT (galigal transfer) = =IFUSTE (G128+G129)'G161/0119,6128'G151/G119)
121 | antifoam concentration (wi) = =1/20°100
122 |antifoam density @ 100% conc {giml) = 0.997
1 23| density of antifoamn solution {giml) = =G122°G121/1 00+1°(1-G1 21100}
mass of antifoamn added to SRAT (kg/gal fresh
124|shdge) = =G120"3.7854'G123°G121100
1 25 |antifoamto-Fe mass ratio = =G124/G118
126
127 | Table 16. DWPF Baseline Antifoam Addition: Original IITT47
='CADWPFWAI reductant flowshee!\2014 CEF testimodel eval
glycolic FSYSBE-CEF-FM analytical IC xdsx)SME 557-
553'IU14+' CADWPFAL reductant fowshee?2014 CEF testimodel
to SRAT during SME_563 (gal'6, 500 gal SRAT eval glycolic FS\SBE-CEF-FN analyical IC x=x]SME 557-
| 28 |batch) = SE3TVI4
='CADWPPAI reductant lowsheefi2014 CEF testimodel eval
o SME (SME-563) (galid.500 gal SRAT product ghycolic FS{SBE-CEF-FN anahytical IC dsx}SME 557-563'1W14
129 exc heel) = |
antifoam added during SRAT caustic boding (gal)
130|= o
depolymenzed anfifoam (% SRAT non-caustic
13 |addtion) = 0
1 32 |depolymerized antifoam (% SME addition) = i

1 33|MW of antifoamn part & (90%) =
1 34|Mw of antifoam part B (10%) =

135

wt fracton of part & =

136

composition MW =

137

with carbon =

138

wih hydrogen =

138

with slicon =

140

with axygen =

141

maoles of polyether growp per mole of composite
MW =

142

maoles of 51 in per composite MW =

143

males of C in per compaosite MW =

144

maoles of H in per composite MW =

145

moles of O in per composite MW =

146

confirm composite MW =

147

with rimethyislloxane group =

148

with pobydimetivyl ether group =

149

confirm wi% polydimetivyl ether group =

150

mauftiples of antifoam added during SME 583 to set

131

comversion factor from SMESE3 to target antifoam
Vol =

152

target 20:1 antifeam additon per CPC cycle (gal)

=(Be2'8)"12.0107+(24+4'8)'1.0079+3"28.0855+(2+1°8)'15.9954
09
=((B+2'8) G135+B42°12)'(1-G 1361 2.0107/G136

=3BIMGI3E

=8"3+4'G141

[S(G142°B19+G 143 BABG141°2) 12,01074G144 (9454 8)/([9+6+

=1-G147

S(B42°12)°1 2,01 074244471 2)"1 00T 8+3° 28 0BE5+{241°12)°15 59

=G133°G135+G1314°(1-G135)

=([2444°8)°G1 3542444 12)°(1-G135)1 DOTEAG136

=((2+1"8)' G135H2+1"12)"(1-G135))"15.0984/G136
=(3136-

W3+243) 12, 0107 H9+6+8)"1 007 S+3°28 0855421 5.9984)0(1"15,
9994+2"12.0107+4"1.0079)

=H+2'G141

=2+1"'G141
=G143"12.0107+5144"1 0078 +5142" 28 0855+G 1451590984

)4 G141)"1 D07EHG145 2024514115 3094) /G148

=21 2.0107+15.9994+4°1 0079 G141/G146

1.07322929171660

=(G128+G128)"G151
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154 | Table 17. MCU-NGS Solvent revised per SRNL-STI-2013-00035 with & ppm TIDG
155 ORNL data
1 56 | MaCak | | |or Targets
157 MW = 855 31
158 (CAS No. = 1227059-50-8
199 Density = 1.054
160 MF = (Ce2HE208
161 check MW/ = =52°12 0107+82'1 D078+6" 15 5654
162|cs-7sB . . |
163 MW = 138 34 338,35
164 lCA;S Nao. = 308362-88-1
165 Density = 1.1735
166 MF = (C1BH22F403 _
167 check MW/ = =16°12 0107+22'1 DO7E+4* 18 5884431
168|TioG |
169 = 516.34
170 (GAS No. = nfa
171 Density = 0.808
172 MF = (C3HBECING _
=31°12 0107 +66"1 0078+1° 35 4527+3°
173 check MW/ = 14,007
17 4| 1sopar L | |
175 MW = 170
176 (CAS No. = B4742-48-9
177 Density = 0.730523680648527 0.783
178 MF = |CaH2n+2
179 n= 12
180 check MW = |=G178"12.0107H2"G179+2)'1.0079
Distributions from AD
181 |analysis {witi):
182 Isopar L 0739
183 Cs-T5B 0202
184 MaxCaiix 0.057
185 TiDG 0.002
186 total =SUMG182:5185) [
=G150°G1 B4+G165 G183+G1 71" G185
187 Compasite density = +G177°G182 08386
188 |Estimated Cone: | |
189 Basis (L solution) = q
190 Isapar L I
191 Cs-75B (M) = =G187°1000°G1B3G163 05
192 MaxCali (M) = =G1B7" 1000 G184/G157 005
193 TiDG (M) = =G187"1000° G 1855169 0.003
Adjusted distibutions wl
& ppm TIDG entrainment
194 |lh):
195 Isopar L 0.7032
196 Cs-TSB 04922
197 MaxCalix 0.0542
198 TiDG 0.0504
199 total =5UMG195:5188) [
=G150°G19T+G165'G196+4G171'G198
200 Compaosite density = +G177'G185
# of moles in 1 g solvent =G195/G180+G196/G163+G19T/G 157+
201 = G198/G169
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201 |Table 17. MCU-NGS Solvent revised per SRNL-8TI-2013-00035 with & ppm TIDG (Continued)
Adjusted distibutions
& ppm TIDG entrainment
202 [imol%:):
203 Isopar L =G135/G180/G201
204 (Cs-7SB |=G196/G163/6201
205 MaeCalx =GA9THE157/G201
206 TiDG |=G198IG169/5201
207 total =5UM{G203:G206)
208 |Estmated Cone:
209 Basis {L solution) = 1
210 |Isopar L |
211 Cs-7SB (M) = =G200°1000'G186/G163
212 MaCalix (M) = =G200"1000°G18TI5157
213 TiDG (M) = =G200°1000°G188/G 169
21 4|Compasite:
=G203"G180+G204'G163+G205°G157 |
215 MW = +5206°G169
=5195°G177+G196"G16645197°G159
216 Density = +G198°G1T
assumed # of carbon in
217 male of lsopar i85
male of elerment per mole
218 composite
| =G203°G1TH+G204 164520562+ G20 |
219 c 631
=G203(2'G1 TH+2H+G204"22+G205°82
290 H +5206°66
221 o =203 045204 3+ G205 BE208'0
222 N =5203'0+G204'0+G205'0+G206'3
223 F =G203 0+G204 4+G 205 0+G206°0
224 (=] |=G203°0+G204'0+G205°0+G206 |
=G219°12,0107+3220"1 0078+3221"1
5.9994+G222'14 0067+5223"18 9984+
225 check MW G224'35.4527
ref volume of strip
effluent to SEFT
226 |igaltransfer) = 15000
density of stip effluent
227 |igimiy = 1.002
max conc of sohvent in
228 |strip effluent (ppm) = 150
mass of sobvent =(3226°3 TAS4 G227 0004453 6" G228/
290 |mAransfer) = 1000000
nstantanecus solvant
230 |feed rate i) = =IF{2183=0,G228/0178,G228/0185)
|MCU input into SME
231 |product:
non-volatie sohwent
exchuding Isopar L (Ibvhr)
232 =G230NG1 99-G195)
Adgusted distributions wio
233 |Isopar L (wei): [ |
234 Iscpar L [\
235 (Cs-78B =G196/GS198-G5195)
236 Ml =G19THGS190-G5195)
237 TiDG |=G198HGS198-G5195)
238 total =SUM(G234:623T)
total moles in 1 g non-
239 volafile = =G235/G163+G2I6IG15T+G23TIG1 T3
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239 | Table 17. MCU-NGS Solvent revised per SRNL-STI-2013-00035 with 6 ppm TIDG (Continued)
Adpsted distibubons wio
240 Isopar L {mol®6):
241 (Cs-TSB =G235G16315239
242 MaxCalix =G2IBG15TIGIIE
243 |TiDG =G2ITIGTAG239
244 total =SUM{G241:G243)
245 W = _ BG241'G16+G242' 15745243 G189
mole of element per mole
248 nomalatie
247 [= =G24116+6242°62+6243'31
248 H =G241° 224G 242" B2+ G243°66
249 © =G241'3+G242'B+G243'0
250 N =G241 D+G242 4 G243"S
251 F =G241'4+G242'0+G243°0
252 (] =G241°0+G242 4 G243"1
2G247°12.0107+5248'1 D0TH+G249%
B+G250°14 DOET+G251"18 9984 +G252
253 check MW "35.4527
254 mass fractions _ |
255 C =G24712. 01 0TAGE245
256 H =G248'1.0078/5245
257 o =(3248°1 BIG245
258 N =G260°14.0067/G245
259 F =(3251°18 9884/G245
260 (=] =G262'35 452716245
261 total =SUMG255:G260)
Decomposition of
nomvolatie strip effleent:
262 LIA00-15-217
CH4 (mole/maole
nomaolatie)
263 =3248M 8165
264 lco =G240 2988
265 CF4 =GI514 0.7863
266 (=] =G262M 0.0338
267 c =G247-G263-G264-G285-5266 8668
268 M2 =G26072 0.2027
269 -chac:lt elernent balance -
C (molefmaole
270 namolatie) =G263+G264+5265+5266+4G267
271 H G263
272 © =G264
273 N =3268°2
274 F =G265'4
275 (=] =G2664
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154 | Table 18. SME Transfer and Cycle Time:
155 | Cicalix acid added during one ARP cycle {gal) = 500
156 |oxalic acid cone (M) = [ L 1 1 1 _0 -]
157 |ref oxalate in each PRFT transfer {b) = =01566'3 7854' 0156°BRI453.6
1:58 |min oxalate in sach PRFT transfer (Ib) = I I
159 | max SRAT prod wolume following cone (gal} = 7408
160 |min SRAT prod vokeme following conc (gal) = .
157 |max SRAT heel following transfer to SME {gal) = 1663
162 |min SRAT heel following transfer to SME (gal) = | zer
163 | max SRAT prod transfer to SME (gal) = =0168-0162
164|min SRAT prod transfer to SME (gal) = [ |1 | | [=cso-0181
185 | max SME prod volume follewing conc {gal) = 7B
166 |min SME prod volume following conc (gal) = [ o |e2ze
167 |SME 583 end volume {gal) = T161
168 |max SME heel folowing transfer to MFT (gal) = [ L | | | |ees
159 | min SME heel following transfer to MFT {gal) = 1410
170|sME 563 heel igal) = | L [rees
171 |max SME product transfer to MFF (galiCPC cycle) = =0185-0168
17 2 |min SME product transfer to MFF (galiCPC cycle) = =0166-0168
17 3|SME 583 transfer {gal) = =CMB7-CM70
17 4| max Na2C204 in SME prod for ref ARP addn (ib/gal) = | || || |=cts7mer13ami72
175 | min Ma2C204 in SME prod for ref ARP addn (Ib/gal) = =CH57/86" 1 340171
176 |Na2C204 addation for zero PRFT transfer (Ibigal) = | | | | | |=atss
177 |Req'd SME transfer rate (@ 228 lo/t glass & 100% att {gpmi} = ='ccinput_SBS-BS4B1D7T
178lCPC eycle time for SMESS3 @ 228 Ibvhr glass & 100% an () = =CH 73NN 77/60
17 9 |instantanecus max sakt Ma2C204 in SMESE3 transfer (bhr) = =01 74" Q1 THOTE
1 B0 Jinst max sa Na2C204 in SMESE3 (X SMES63 transfer) = | || |mot7siaxs3
181 |instantanecus min sakt Na2C204 in SMESES transfer (lofhr) =
182 |added for sB9: I
183 |which SME transfer volume to use iif = 0. use 5,678 gal) = 0
1 8 |norminal SME transfer velume (gal) = =IF(Q183=0,01 73,4600)
185 |CPC cycle time to meet 228 Ibihr glass & 100% att () = =IF(0183=0,01 7301 77/60.0184/01 TT/80)
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3 Table 19. SRAT Product Flow @ 100% attainment
4 |insoluble soluble
S |sclids | solids |roshe
5]
7 |FatoH)3 =IF(SVEIT= MT'SVS4IBGHAEMT SVE485G548) CalCOOHIZ  =IF(§VS3T=1,07"$V543/5G548,07 SVI46/5G548)
8 |agoHs =IF(SVSAT=1 ME SV A5 G548 ME SVS4B/SG548) CalCZHIOWZ  =IF(SVS37=1 08 SVS4T/5GS48 0B SVI4B/SGS48)
9 |mnoz =IF(SVE3T=1,MO'SUSI3/SG S48 ME" SVS6/SG548) Canod)2 =IF(SVS3T=1.00"SVE43/56548,00"SVS46/56548)
10 |cajoHyz =IF(SVERT=1M10'SVS4ISG548 M10 SVS46/15G548) Fe{COOH)3 =IF(SVSAT=1,010" 554356548, 010" 5VS46/5G548)
11 NazuzoT =IF(EVEST=1,M11"SVS43/5CS48.M11°SVE46/56548) Fe(C2HIONS  =IF(SVE37=1.011"SVE4356548.01 1"5V46/56548)
12 |mgioH)z =IF(SVERT=1M12' SVE435G548 M1 2 SVS46/5G548) Fe(MO3)3 =IF(3VSAT=1,012" 554 3/5G548,01 2° V54 6/5G548)
13 JHgo =IF(SVEST=1,M13'SVS43/5CS48. M1 3 SVE46/56548) AICOOH3 =IF(SVS37T=1.013'5VS435G548.01 3'SVE46/56548)
14 |caspogz =IF(SVERT=1M14' SV I5G548 M14 SVS46/5G548) ACZHIOIE  =IF(SVEIT=1,014 SVS4 NS G548 014 5VI46/5G548)
15 |migoH2 =IF(SVEST=1,M15'SVS43/5GS48, M15'SVE46/56548) AIMO3)3 =IF(SVS37=1.015'5VS435GS48.015'SVS46/5G548)
16 |cnoHs =IF(SVEIT=1, M16 SV I/5GE48 M16 SUS46/5G548) CsCOOH =IF(3V5AT=1.016'SV54 35 G548,016'SVS46/563548)
17 cuioHyz =IF(SVEST=1,M17'SVS43/5GS40, M1 T SVS46/56548) CsCIH303 =IF(SVS3T=1,017"$VS43/56548,017"SVE46/56548)
18 oz =IF(SVEAT=1, MI8'SVS4 /5G40 M1 8 SVS46/5G548) CshO3 =IF(3V5AT=1 018" SVE4 35 G548,018 SVS46/56548)
19 |sioz =IF(SVE3T=1,M19'SVS43/5GS40, M1 SVS46/56548) CulCOOHIZ  =IF(SVS37=1,019'$V543/56548,019°SVS46/56548)
20 |nazo =IF(SVEAT=1,M20°SV54 /5G40 M20' SVS46/5G548) CulCZHIONZ  =IF(SVEAT=1020°5VS4 356548 020 SVS46/56548)
21 |moz SIF(SVEIT= M2 VS HSGE48 M2 SVS4B/SGS4E) CuMNO3)2 SIF(SVEIT=1,021 SVS43SG548, 021 SVS46/5G548)
22 |zmoH)2 =IF(SVEAT=1, M22' SVS4 1/5G548 M22 SVS46/5G548) KCOOH =IF(3V5AT=1022' 5VE4 356548, 022 SVS46/5G548)
23 |Puoz =IF(SVS3T=1, M2 SVS4 H/SG548 M2 SVS4B/SGS4E) KC2H303 =IF(SVS37=1,029'SVS43/S G548, 023 SVS4B/SG548)
24 k20 =IF(SVEIT=1,M24" SV IS G548 M24' SVS46/5G548) KNO3 =IF(SVEAT=1,024'SVS4I5G548,024 SV46/5G548)
25 |ruoz =IF(SVSIT=1,M25' SV /5 G548 M25' SVS46/5G548) MgICOOH)2  =IF(SVS37=1.025'5V543/5G548, 025 5VS46/5G548)
26 |rno2 [=IF(SVS3T=1,M26' SVS4IS0S48 26" SVS4B/SG548) MgIC2HIOH2  =IF(SVS37=1,026'SVS415G548.026'SVS46/5G548)
27 |rdo =IF(SVEIT=1,M27 SV I/5GH48 M2T ' SVS46/5G548) MgiNO3)2 =IF(5V337=1,027 SVS4 356G 548,027 SVI46/5G348)
28 |cdiony2 [=IF(SVS3T=1,M28' SVS43/S0S48,M28' SVS4B/5G548) Mn{COOH)2 |=IF(SVS3T=1,028'$VS4 3506548, 020" SVS4B/556548)
29 |sroHz =IF(SVEAT=1,M20 SVE43/50548 M29' SVE46/5G548) MRCZHI03)Z  SIF(SVEAT=1,029° SVE4 356548, 020°5VE46/50548)
30 |ezos [=IF(SVS37=1,M30"SVS4 /55548, M30 SVS48/5G548) Mn(MO3}2 =IF(SVE37=1,030"SVS43/5G548, 030" SV46/5GS48)
31 |uizo =IF(SVEIT=, M1 SV /SGH48 M31 ' SVS46/5G548) NH4COOH =IF(3VE3751,031 SVS43/5G548,031 “SV546/5G548)
32 Jes20 SIF(SVEATE1 M3Z SVE43/5G548 MA2 SVE46/5G548) HHANOS SIF(3VE3TR1,032 5VE4 /56548, 032" 5VE46/5G548)
33 |easos [=IF(SVS37=1,M33"SV/S43/56548.M33 SVS46/5G548) HaCl =IF(SV537=1,033"5V543/5G548,033' SV46/3G548)
34 |snioHiz SIF(SVEITE1 M34 SVE43/5G548 M3 SVS46/5G548) NaF =IF(5VE3TR1,034' SVS43/50G548, 034" 5VS46/5G548)
35 |posos |=IF(SVS37=1,M35"SVS4 /56548 M35 SVS4B/5G548) HaCOOH =IF(SV537=1,035"5V543/5G548,035' SVI46/3G548)
36 |Teoz SIF(SVE3TE1 M3B SVE4/SC548 MIG' SVS46/5G548) NaCZHIO3 sIF(5VE3751,036'SVS4 356548, 036" SVS46/5G548)
KT LaiOH)3 =IF(5WEET=1 MAT ' 5VE43/5G548 MIT 5\VE48/5G548) NakO3 =IF(3VEET=1 037" SVE4 56548 Q57T SWE46/5G548)
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37 |Table 19. SRAT Product Flow (@ 100% attainment (Continued)
38 |zo2 =IF(SVS37=1, W38 SVS43/5G548 M3IB' SVS46/SG548) NaMO2 =IF{$VS37=1,0038" SVS4 S G548 038" SUSIEEGS4E)
39 |cacos _llF{SUSST-!.MSB'SUMS.BG&B_LBQ'SU&NSGMB] HaOH |
40 |casos =IF(SVS3T=1, M40 SYS43/SGS48, M40 SVS46/SGS48) MNa3PO4 =IF($V$3T=1,039"SVS4 IS GS48,038' SUSIESGS48)
41 |cacz0s _*IF{SVSS?!!.!.H‘I SVE4SGE4E MA 1 SVELE/5G548) Mi{CCOH)2 lIIFESWBTI1.04&'5%'343:’55548,040'5\!548!535431
42 |Ma2C204 =IF(SVE3T7=1,M42 SVS4 IS G40 M4 2 SVS46/5G548) Mi(C2HI032 SIFEVEIT=1,041 $VE4 S GE48,04 1 SUSIESEGE4E)
43 |aooH _!IF{SUSS?!!.HS'SVHSEGHB.LHE'S\&&"SGHB} Ni(NeO3)2 lllFtSVSEl?ﬂ.O42'SV$43.|'SGS¢S.Q¢2'SVS¢8J’SGS~|SJ
44 |antifoam =IF(SVE3T=1,M44* SVS4 G548 M4 SVS46/5G548) PRNO3)2 =IF(SVEAT=1,043'SVS4 S G548, 043 SVSIE/S G548)
45 [watinsolble =SUM(YT Y44) PaMNO3)2 =IF(BVEIT=1,044 S4B G348 044" SVEA6/5G548)
46 SHCOOH2 '=|:=;sw3?=1 (D45 SVE4 IS GS48 045 SUSIEISGS4E)
47 SrC2HI0I2 =IF(EVEIT=1, Q48 SV IS G348, 046" SVE46/5G548)
48 SrNO3)2 .=IF($V$3?=1 AT SVEA IS8 04T SVSIEISGS4AE)
49 UOZ(COOH)Z | =IF(SVS37=1,048"SVS43/5G548,048' SVS46/5G548)
50 UOZ(C2HION2 | =IFSVSIT=1,049" SVSIISGSAE, 048 SVSIESGSIE)
51 UO2(ND3)2 [=IF($VE5T=1,050'$VE43/5G348,060'$V346/36548)
52 La(COoH)3 =IF(8VEaT=1,051"SVE4USGE48 051 SVSIESGS4E)
53 LaiG2H20303  =IF($V$37=1,0562'SV543/5G548,052'$VS48/5G548)
54 La(NO3)3 =IF(SVEaT=1,053'SVE4 S GS48, 053 SVSIESGS48)
55 Zn{COOH)2 =IF(SVS3T=1,054" SVS4HTG548,054' SUSH65G548)
56 Zn(CZHIONZ  [=IF(SVEAT=1,055'SVE43/5GS48,055'SVSI6/5GS4E)
57 Zn{NOE)2 [=IF(SVS3T=1,056" SVS435G548,056 SVS46/5G548)
58 Na2c03 =IF($V$37=1,057 $VS43/5GS48, 057 SUSIESGS548)
59 MNa2C204 [=IF$VSaT=1,058"SVS435G548,058 SVS46I5GS48)
B0 Ha2504 =IF(EVELT=1,059 SVE4LEGE48 050 SVELESGE48)
61 HaSi0a =IF($VE3T=1,060"3VI4 3 GI48, 060" SVSIESG548)
G2 HCOOH =IF(SVEAT=1,064'3VS43/5G348, 064 SUS48/3GE48)
63 C2H403 =IF(SVET=1,065"SVE41/5G548,065' SVS46/5G548)
64 tetal seluble =SUMABTABGZ)
65 HZO [=IFSVEIT=1,066" SV IS GE40,006 SVE46/5GE4E)
66 tetal sherry =Y45+ARE4+ABES
67 total solid (wt%)  =(Y45+ARB4-ABRZWABEE

66




SRNL-STI-2016-00318
Revision 0

AD | AE AF
3 |Table 20, Add Frit, HCOOH & coal,
4 |Frit80s wit%h e
5 {target) (eale'd)
6 |ez03 8 =IF(SAES12<100, 5547 AEB/SAES1 2 IF(SAES1 2> 100, SVS4T* AEB/SAES 12, SVS4T AEBM 00))
7 |Lzo & =IF(SAES12<100,SVS4T AET/SAES 12 IF(SAES1 2> 100, 5VE4T AETISAES12, V4T AETH OD))
8 |mgo =0 =IF(SAES12<100,5VS4T AEB/SAES1 2 IF(SAES1 2> 100, SVS4T" AEBSAES 12, 5VS4T AERN 00))
9 |na20 8 =IF(SAES12<100,SVS4T AESMSAES 12 IF(SAES1 2>100,5VE4T AEGSAES12, SVE4 T AES 00))
10 |macooH [ =IF(SAES1 2100, 5WS47 AE 10/SAES1 2, IF{SAES1 2>100. 3VS4 T AE10/SAES 12, 5V54T A1 071 00))
11 |sioz =100-SUMIAEBAEID)  =IF(SAES12<100,SVS4T AE11/SAES12 IF(SAES12>100,5VE4T AE1 1/SAES12 SVS4T AE1 1/100))
12 |total =SUM(AEG-AET) =SUM(AFBAFTT)
13
14 |HocooH =00 .9/383 AF 12
15 |eoal =W3B"VAE/G48
16 |strip affuent o

67



SRNL-STI-2016-00318

Revision 0
AD AE AF ] AG | AH

A7 |Table 21, SME product results;

48 |target coal in SME prod (ppm) = 240

49 ppm coal in SME prod = =A|45/ALET" 1000000

50 |cal'd SME product TS+haoH =(Al4B+ALBS-ALEZ-ALBIIALET

51 |WL-adjd SME product TS =(AV4B+AYEE-AYE2-AYB4VAYET

52 |measured TS in SME (wt%) = ='Smith SBS SRAT-SME Data'|F56

53 [target TS in final feed

54

55 |rable 22. Na Balance (if Va7=1):

56 |actual fit (b = =AF58

ST |ealc'd WL (%) = =(AD40-AHSEMACA0 100

58 |cale'd insol Ma20 (bthr) = =20

99 [target frit NaZO (b = (V431441 001-V46)" AES/ 100
=IF{AHSE=0, (AHS8-AHSE W AHSE-
AH59+G20°G48"(1-

60 |insel Ma in sidg (%) = 120)"V43/G48)" 100, nia")

61

Required CO3 (ppm) =

=T33/543"1000/P56" 12,011

62

Table 23, Frit Balance (if V37=1):

64

65

66

67

68

target
8203 =(VE43-VE4E) AESN 00
Li20 ;WS—WBJ‘AE?!‘IUG
MNa2 =(VE43-VE46) AESN 00
02 =(WS43WS46) AET 100
total =SUM{AEBS AEGE)

‘actual

=A030

=A031

=420

=¥18-Y7ALT'B7"Report

Tables'| F35/ SES-8948° B19"SBS-
BRB'IF19

=SUM{AFBS-AFBE)

_% Diff

=(AFES-AEBS)IAESS 100
_=(AFES-AEEBJJAEBB"I oo
=(AFET-AEBTIAEST 00

={AFGE-AEGBYAEER" 00
={AFBS-AEGEAEES"100

68



SRNL-STI-2016-00318

Revision 0

AK

|aL]am]an]a0]

AP

Fils

Table 24, SB9 Waste Loading Calculatons,

IT

78

78

80

total glass (g) =

nermalized Li20 b4 charge balance (g 00g glass) =
pre NaDH strike waste loading (wt%) =

nermalized Li20 after charge balance (gM100g glass) =

81

82

83

84

pre MaOH strike waste loading 2 (wt%) =
nomalized Li20 after NaOH strike (g 00g glass) =
post MaOH strike waste loading (wi%) =

target waste loading (wt%) =

85

86

addiional sludge reguired to meet target WL (fraction) =
actual WL in adjusted glass (wi%) =

87

88

[Adjust sludge fow to match target WL 7 (If = 0, Ma)

100

(=GH 01877100

=100-APTBNAETNOO)

=G31/540"100

=100-APRONAETHOO)

=ADIIAD4DTARTT

=100-APE2NAETHO0)

38
=(AD40°(1-APE3N00) APB4M 00N 1-APB4M00)-
AO40"APEEM D0)AO40NAPESN 00}

=100-BB31/BE40" 100/AET/00)
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AH | Al |AJ| AK | AL

3 |Table 25. Melter Feed Flow @ 100% attainment

4 |insoluble soluble

5 |solids |roste solids L

3]

7 |FetcHs =7 CalCOOH)2 |=ABT

B |agors =va CalC2H302)2 =ARB

9 |Mnoz =Yg GaiNa3)2 [=ABS

10 |cajoH)z =Y10 Fe(COOH)3 =AB10

11 [Ma2uzo? [=¥11 Fe(C2H303)3 =AB11

12 |mgioH)z =¥{2 Fe(NO3)3 =AB12

13 |Hgo [=¥13 ACOOH)S =AB13

14 |cazpoaz =14 Al(C2HIOHE =AB14

15 InicoH2 =¥15 AIND3)3 =AB1S

16 |cioHs =Y18§ CsCOOH =AB18

17 jeuioHyz |=y17 CsC2HI03 =ABAT

18 [mioz =¥18 CshNO3 =AB18
=IF(V48=1,Y18+AFISIAF 34" (ABEE-

19 |sio2 Ya4) AET /100, Y13+AF11) CulCOOH)2 =AB19
=IF(VaB=1 IF(AF25>7 Y 20+AF35/AF 34 (ABE |
6-¥ad) RESM 00-
AF14/PBAI2*L 20, Y 204AF 36/AF 34" (ARBE-
Y44y AESHO0LIF(AF 2557, Y 20+AFS-

20 |naz0 AF14/PBA2'L20,Y2044F8)) Cu{C2H303)2 =AB20

21 |moz =21 CuiNoa)2 |=AB21

22 |ZniDH)z2 =y22 KCOOH =AB22

23 |Puoz =¥z3 KE2HIO3 =ABZ3

24 k20 =¥24 KNO3 =ABZ4

25 |ruoz |=¥25 Mg(COOH)2 |=AB25

28 |rnoz =28 MgiC2H303)2 =AB28

27 |pao |=y27 Mg(No3)2 =AB27

28 |cdioH)z =Y28 Mn{COOH)2 =ABZ8

29 |snoHz =¥20 Mn(C2H303)2 =AB29
=IF(V48=1 Y3D+AFI5IAF 34 (ABGE-

30 203 Ya4) AEBH00,YI0+AFE) Mn(NO3)2 =AB30
=IF(V4BE1 Y31 +AFISIAF 34" (ABGE-

31 lLze Y44)AETNOD,Y314AF7) NHACOOH =ARS

32 |csz0 =¥32 HH4MO3 =AB32

33 |easo4 =Y33 NaCl =AB33

34 |snioH)2 =y MaF =AB34

35 |Pesoa =¥35 HaCOOH =IF(AF25>T7 ABIS+AF14/PE4’ P35, AB35)

36 |reo2 =Y36 MNaC2H303 =AB36

37 |Laiomns |=¥a7 hanO3 =AB3T

38 |zroz =yag MaNOZ2 =AB38

=IF(V40=1, Repen
Tables'|F224*(AI7/LT+AL10/P1 D+AL11/P1 1+

39 |caco3 =v¥3g MaOH AL12/P12)'B7/B20°{B20+15.9994+1,0079).00

40 |casos =40 Ma3PO4 =AB4OD

41 |cacz04 =v41 Mi{COOH)2 =ABAT

42 |nazc204 |=y42 Hi[C2H302 =AB42

43 laiooH =Y43 Mi(ND312 =AB43

70



SRNL-STI-2016-00318
Revision 0

AH Al | A | AR AL
43 |Table 25. Melter Feed Flow @ 100% attalnment
=IF(VdB=1 AF35/AF 34 (ABGS-
44 |mgo Ya4) AERM 00 AFE) PH{NO3)2 =ABd4
45 |Coal (=AF15 P(NO3)2 |=AB45
=IF(2142=1,Y44 IF(Q142=0 Y44 IF(V37=1 Y4

46 |antifoam 4 YA4+AITILT BT Q125°(1-G1320) SHCODH)2 —AB4E

47 |sohentlsopar 0 SHC2H303)2 |=AB4T

48 |total insoluble =SUM{AIT-AI4T) SrNO3)2 =AB4B

49 UO2(CO0H)2 |=AB4g

50 UO2(CIHI0N2 =ABSD

51 UOZ{NO3)2 |=4B51

52 LaiCOOH)S =ABS2

53 La{CZHIOHS |=ABS3

54 LaiNO313 =ABS4

55 ZnCOCH)2 |=ABSS

56 ZniG2HA0E)2 =ABSE

57 ZniNO3)2 |=aBST

58 Na2C03 =ABSH

59 Ma2C204 |=ABS8

60 Na2S04 =ABSD

61 H4Si04 |=B81

62 HEOOH =IF(AF25=T ABE2 ABB2+AF14)
=IF(v48=1,ABEI+AF3TIAF 24 (AREE-

63 C2Ha03 Yad) AF33/100,4B63)
|=IF(V48=1,AF36/AF 34" (ABGE-

64 HHO3 Y44)'AF32100,0)

65 total soluble |=SUMALT-ALBS)
SIF(V48=1, IF(AF 25+7 ABSS+AF 14/P64/2'PE
B+AF3BIAF34'(ABEE-
YA4)+AF IBIAF 34" (ABBE-YA4)'(1-
AF321 DD+AF37IAF 34 (ABBE-Y44)"(1-
AF33/100)1+ALES, ABES+AFIBIAF 34" (ABBE-
Y44)+AF IBIAF IS (ABBE- VA4 (1-
AFA2H O0H+AF3TIAF 34 (ABGS-Y44)"(1-
AF33/1 0D}+ALES) IF(V48=1 ABSS+ALIS+HALS
8,IF(AF25>7 ABBS+AF14/P64/2" PEG+ALEELA

86 H20 BES+ALBE))

67 Tatal Slurry =Al4B+ALBE+ALGS
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AN | AO | AP A AR AS
3 Table 26. Confirm glass production
4 glass glazs
5 |eides _l:uh- _l:mnlw'hr axdes _moll'!& .M’%
8
S(AITISLT+ALT /P11 +ALTOVSP10+AL1 2/5P1
7 |Fez03 [D2SFT*(1-5VdH 00) |=ADTISFT Fe203 |=APT/SAPS40'100 =AOTISAQS40'100
=(AIB/SLB+AIA/SLAI+AL1 ISP13+AL 14/5P 14
8 |aizoa +AL1 SR B2 SFE(1-8va4/1100) =ADB/SFE AI203 =APSSAPS40'100 =ADBISADS40 100
=(A|OFSLO+AL2B/S PE+AL 2GS P20+AL A0S PS
9 |mno |0"$Fe°(1-§V44/100) |=AOWSFE WMnc |=APS/SAPS40'100 |mAD/SAOS40"100
(AT IS D+AI 4/SL14" 3441 38/SLIT+AIDIS
L40+AIS1 5L +ALTISPT+ALBISPRALISPY)
10 |cao "SF10°(1-5V44r100) [=AD10BF10 Cal [=APIO/SAPS40'100  =AOTOSACS40"100
=((AI11/5L11° 2BHALIFPAB+ALE VS PAS+AL
11 |uzos S1/SPEONE)SF11)"(1-5V44100) =AD11/5F11 U308 =AP11/SAPS40°100 =AO11/SA0540'100
=(A|12/5L12'5F 1 2+AM4 HAL2E/SP25+AL26/S
12 g0 |P2EHALZTISEITYSF 201 VLN D) [=AD125F12 W0 [SAP12/SAPSA0'00  =AO12/5A0340"100
13 |Hgo HgO =AP13/SAPS40°100 =AO13/SA0540'100
=(A14/5L14+ALASPIAZ) SF14°(1-
14 |r20s [Fwa4/100) [=AD14/5F14 P205 [=AP14/SAPS40'100  mAD14/5A0340'100
=(AI15/5L15+AL4 1 SPA0+ALAZISPA 1 +AL4 /S
15 |nio P42)'$F15"(1-5444/100) =AD1SBF1S [Te] =AP15/5AP540"100 =A015/5A05401 00
16 |crzas | RAMEELIA2 SFIBTI-SV4aN00) [=AO16/5F16 cr203 [SAP16/APS40'100  =ADI&/SACS40100
=(A TISL1T+AL1 B/SP18+ALZIISP2Z0+AL21 5
17 |cwD P21 SF17"(1-3v44/100) =AD1T/SF1T CuD =AP17/5APS40°100 =AD17/SA0S40'100
18 |tioz =] 18°(1-5Va4 1 00) =AD18/5F18 L [=F [=APIBISAPS40'100  =AOTSSACS40"100
=(AI19+A14B/5G145'3'SL19+ALE1/SPBO'SL1S
19 |sioz F1-5V441100) =AD19/5F18 si0z2 =AP18/SAPS40°100 =AO18/SA0540'100
(A1 204(8111/5L1 1 HALIGSPIS+ALIGISP 36+
AL3T/SPIT+ALIBSPIIR+ALISNSE20+15.99
9441 D0TYIR+ALS0S P3O 2 +ALEBSPET HA
LES+AI4ZISPEB+ALBOSPSS) SF20)(1-
20 |nazo SWA4M 00} =AD20/5F20 Na20 [=AP20/SAPS40'100  =AO20/SA0340°100
21 |moz =AIZ1/SLZTSF21°(1-3Va4100) =AD21/5F21 ThO2 =AP21/SAPSA0O0  =AD21/SA0S40"100
=4 22/5L 22+AL55/SPE4+ALEBISPES+ALS TS
22 |zno |PSE)"$F22°(1-5vd4 M 00) |=AD225F22 Zn0 [SAPZ2/SAPS40'100  =AD22/5A0340°100
23 |puoz =AIZ3BLZISF23(1-5V44100) =AD2Z3/SF23 PuD2 =APZISAPS40I00  =AOZHSAOSH0'100
=((A|24/5L24-HALZZS P22 +ALZHS P23 +AL 24/
24 k20 [$P24)2)*$F24)'(1-5V41100) |mAO24/5F24 K20 [SAP24/5AP340'100  mAO24/5A0340°100
25 |rubz =A125°(1-5V44/100) =AQ25/5F25 Ru2 =APZEEAPS40° 100  =AD2SSA0540°100
26 |rnoz |mAI26'(1-5V44/100) |=AQ26/5F26 RKOZ |SAP26/SAPS40'100  mAD26/5A0340'100
27 |pdo S(AIZT+ALESEP44"SF2TY (1-3044/100) =AD2TISF2T P40 =APZTSAPS40'100  =AO27/SADS40"100
28 |cdo |RAIZAUSL20'SF26"(1-5V441100) |=AD28/SF28 cdo [SAPZB/SAPSA0'100  mAD2BISACS40'00
=(AIZHFLIT+ALABSPAS+ALATISPABHALAESS
29 |sio PAT) $F29'(1-5Va4/100) =AQZASF2E Sror =APZABAPS40 100 =ADZSSADS40"100
30 |ezos |mAI30°(1-5V44/100) |=AQ3/SFI0 B203 |=AP30/SAPS40'100 mAD3D/SA0340'100
31 |uizo =AI31(1-$\Va44/100) =AO3/SF31 Li20 =AP31/SAPS40'100  =AO31/SADS40"100
=(A|32+{AL16BP16+ALI TAP1T+AL1BSP1BY
32 |eszo [2°8F32)'{1-5V44100) |=AQ32/5F32 Cs20 [=AP3TAPH0100  =AD32EA0340°100
33 |ea0 MAIASSLEA'SFIIIVALN00) =AD33SFH Bad =AP3SAPSA0O0  =AO3IHSA0S40"100
34 |sno [RAIB4/5L54/25F34°(1- 54411 00) [=AD3I4SFI Sn [=APIAISAPSA0'100 =AO34/SA0340°100
35 |poo =(AIBSSLISHALAASPAZ)'SFIS(1-SVAANTD) | =ap3smFas PBO =APIS/SAPSA0I00 =AD3IS/SA0S40'100
36 |Teoz | =AI36°(1-5V44/100) |=AD3EBFIE TeO2 [=APISISAPSA0'100 =AD3SSACS40"100
=(AI3TISLIT+ALS2SP5 1 +ALE3/SP52+AL54/S
37 |Laz03 P32 SFIT(1-5V441100) =AD3ITEFIT La203 =AP3T/SAPS40'100 | =AD3T/SAOS40'100
38 |zr02 |=AI38°(1-5V44/100) |=AD38/5F38 Zr02 [SAPIBISAPS40'100  =AO3BISACS40"100
=(AIBISLIBHAIBE/SLISHA IS DISLAD+ALED/SP
39 |so3 59)"3F38°(1-5V44100) =AQIEFI8 505 =APIABAPS40 100 =ADISSADS40"100
40 |Tota =SUMACT-AQ3S) =SUMIAPT:AP39)  |Total =SUMIART AR3S) =SUMAST AS3S)
41 | from target =IF(5Va8=1,0,{AC4 0-SVAINEVES)
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AL | |AW| AX AY

3 |Table 27. WL-Adjusted Melter Feed Flow (@ 100% attainment
4 |inscluble soluble
S |selids e solids |t
[
7 |Fe(oH3 =AIT(1+APSES) CalCOOH)2 [=ALT"(1+AP385)
8 |aoma =AIB'(1+APSES) CalC2H303)2 =ALB"(14+AP$85)
9 |Mnoz =AIE'(1+APSES) CaNO3)2 |=ALS"(1+AP585)
10 |caioH)z =AI10°(1+APSE5) Fe(COOHS =AL10{1+APS8S)
11 |na2uz07 [=AI11°(1+AP385) Fe(C2H3I03 =AL11"(1+APSES)
12 |MgioH2 =Al112°(1+APSBE) Fe(MO3)3 =AL12'1+APSEE)
13 |Hgo |=AI13°(1+APS85) ACOOH)3 [=AL13"(1+AP585)
14 |ca3poaz =Al14*(1+AP585) AlCZHIOND =AL14'{1+APS8ES5)
15 |nicoHnz |=AI15°(1+APS85) AINO3)3 |=2AL15°(1+AP$BS)
16 |crioHa =Al16°(1+AP585) CaCOOH =AL16'(1+APS8BSE)
17 |cuioH2 =A17'(1+APSE5) CsC2HI03 =ALI T +APSES)
18 |nioz2 .=AI18‘g1+APs.85} N3 -=AL18'{1+\AP$BEJ

=IF(V4B=1,(Y19-+AF I5/AF 34" (ABEE-Y44) AE1 17100

AVIAET AET 1) (1 +APESI+AVIAET AET1 (Y1844
19 |zin2 F11-AVI1AETAET 1)1 +tAPE5H+AVI1AET AET1) CWCOOH)2 =AL18°{1+APSES)
20 |nazo =(AI20-AI31AET" AES)'(1+APS85+AI3 1 AET AESD CuC2H3032 =AL20°(1+APS85)
21 |moz l=AI21‘:11APS-85} CuwNOE)2 .=AL21‘{1+APSBEJ
22 |ZmoH)2 [=2AI22°(1+AP$85) KCOOH |=ALZ2'(1+AP385)
23 |pucz =AI23°(1+AP585) KC2H303 =ALZ3{1+APSESE)
24 |kzo =A|24'(1+AP3BE) KHO3 =AL24"(1+APSE5)
25 |reoz .=ﬁI25'g1H\Ps.85} Ma(CO0H)2 --—.ALEE'{hAPSBEJ
26 |rnoz =AI26°(1+APSE5) MgiC2H303)2 =AL26"(1+APSE5)
27 |rdo .=ﬁl27'(1-|-AP'595} MgNO3)2 éAl.:rumas;
28 |cdioHz =A128'(1+AP385) MN(COOH)2 |=AL28'(1+AP385)
29 |sioHyz =A129°(1+AP585) Mn(C2H303)2 =AL28'(1+APSBS)
30 |ezo3 =Al30 Mn(NO352 |=AL30°{1+AP$B5)
31 |Lizo =AI31 NHACOOH =ALH '{1+APSES)
32 |cs20 [=AI32'(1+4P3B5) NH4MO3 |=AL32'(1+APSB5)
33 |easos =AI33°(1+AP585) HaC| =ALII'(1+APSES)
34 |snioH)2 [=AI34'(1+4P385) MNaF |=AL34"(1+APSB5)
35 |Pbso4 =AI35° (1 +APSEE) NaCOOH =ALIS(1+ABSES)
36 |1co2 [=AI36'(1+APS85) NaC2H303 [=AL3E'(1+APSES]
37 |LamoHa =AI37°(1+APSEE) HahO3 =ALAT'{1+APS8S)
38 |zroz =RI38°(1+AP$85) MalNOZ |=AL38"(1+AP385)
39 |cacos =AI38°(1+APSES) NadH =AL3E'(1+APS8S)
40 |casos =AD" (1+4PSB5) Na3PO4 [=AL40°{1+APSBS)
41 |caczo4 =AI41 (1 +APSEE} NIECOOH)2 =ALAT(1+APSES)
42 |nazcz04 =Al42'(1+AP385) MifC2HIO3)2 |=AL4ZY{1+APSES)
43 |acoH =4143°(1+APSEE) HiNO3)2 =AL43{1+APSEE)
44 |mgo =Al44°(1+AP3E5) Phi{ND3)2 |=AL44"(1+AP5E5)
45 |coal =A145 PA{MO3)2 sAL45"(1+APSES)
46 |antifoam =Al46 SHCOOH)Z |=AL4E"(1+AP5E5)
AT |sohvent-lsopas sAl47 SHC2HIOI2 SALAT'(1+APSES)
48 |total insoluble =SUM{AVT-AVAT) SHMNO32 =AL4B'{1+APSEE)
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AU | AV [AW] A ] AY
48 |Table 27. WL-Adjusted Melter Feed Flow & 100% attainment (Continued)
49 UO2{CODH)2 =AL4G"{1+APSEE)
50 UOZCZHIONZ  =ALSO'(1+APSES)
51 UO2(MNO3)2 =AL51°{1+APSBS)
52 La(ooH)3 [=ALSZ(1+APSES)
53 La(C2H3I03)3 =AL53"{1+APSBS)
54 LaNO3)3 [=ALE4"(1+APSES)
55 Zn{COOH)2 =AL55"{1+APSBS)
56 Zn(C2H303)2 [=ALEE"(1+APSES)
57 ZnNO3)2 =AL5T7{1+APS58S)
58 Ma2C03 [=ALEE'(1+APSES)
59 MNa2C204 =AL5E(1+APSEE)
50 ha2504 |=ALBO"(1+APS8S)
&1 H4SiI04 =ALE1*{1+APSEE)
62 HCOOH |=ALEZ
53 CEH4OS =ALBS
64 HMNO3 |=ALE4
[514) total soluble =SUM{AYTAYEL)
66 H20 =ALGE
67 Tatal Shury = AVABHAYEEHAYES
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BA | BB | BC

3 Tahble 29. Conflrm glass preduction
4 glazs
5 |cxides _l:uhr _hmlw‘hr
3]
7 |Fezos [=AVTSLTSAYT1SP11+AY10BP10+AY1208P1 212'SF7"(1-5V44/100) |=BBT/SFT
8 |aizos =S(AVBSLESAVATELAISAY TSP 3+AY 1 4EP 14+ 1 5/5P1 512 SF8"(1-5W44/100) =BBB/5FE
9 |mno | SAVEISLO+AYZBISP2B+AY 20/5P20+AYS0SPI0)SFO(1-5V44/1 00) |=BBO/SFE

=(ANVIOSELT DAV 4L 14 3+AVIRS LIS+ AVA0S LA DeA Va1 BL4 1 +AY TISPT +AYB/SPE+AYES
10 |cao SPOVSF10(1-5Va4n 00y =BE10SF10
11 |usos =(ANT/SLT1 23+ AYAHS PAB+AYEO/SPAS+AYESPE0)/3)"SF11)7{1-5V44/100) |=BE11/5F 11
12 |mgo =AW 2/SL1 251 24AVA4 HAY 2E/SP2E+AY 2BISP2E+AY 2T/SP2T) SF12)" (1-5W44/100) =BE12EF12
13 |Hgo [ |
14 |p20s5 ={AVT4BEL14+A Y405 PIAR) SF 147 1-3Va4100) =BB14/5F14
15 |Mio (AN SSL15+AY4 1 /SPA0+AYAZISPA1 +AYANS P42 SF1 5(1-5V441 00 [=BB1S/SF15
16 |crzoa =AWTESL16/2 5F16°(1-8va4/100) =BB16/AF16
17 |cwo (=AM TISLI T+AY 10/SP 1 B+AY 20/P204AY21/SP21) SF1 T(1-5V44/100) |=BBATSF1T
18 |noz =AVE{1-5V447100) =BE18/5F18
19 |sioz ={AVS+AVABEG146" 3 SL1G+AYE1SPE0SL1E) (1-5V441 00) =BB19/5F19

=(AVZOHAVI1/SL1 1 HAY ISSPI5+AY 6/SPIG+AY 3T /SPAT+AY3B/SPIRIZ+AY 30HSB20+15.

050441 00792 +AYA0/SPIS 32 +AYSB/SPET HAYSO+AVA 2/S PSE+AYBOSPS) SF201 -
20 |Mazo SWA4M100) =BB20/5F20
21 oz =AVZA/SL21°5F21°(1-5W44/100) =BB21/SF21
22 |zn0 | (AVZ2ISL22+AYSE/SPE4-+AYSEISPEE+AYS TISPEE) SF22'(1-5V44100) |=BB22/5F22
23 |Puoz =AV2EEL23 SF23(1-5V44/100) =BE23/5F23
24 |k20 S(AN2A/SL 24+ AY 22/SPR2+AY 2 P23 4AY 24/SP24)/2)' SF24)"(1-5V441 00) |=BB24/5F24
29 |ruD2 =25 {1-5Va47100) =BE25/SF25
26 |rnoz |AV2E'(1-5V44/100) |=BB26/5F26
27 |Pao ={ANZT+AYASEPA4 SF27)(1-5Vd41 00} =BB2TEF2T
28 |cdo |=AVZASL26'$F28°(1-5V44/100) |=BB28/3F28
29 |lsmo =(AVZESL2S+AYABSPA5+AYATIEPYE+AYABSPAT) SF28°(1-3V44100) =BB29SF28
30 |ezos |=AVIO'(1-5V44/100) [=BB305FI0
31 |uizo =AV31{1-5V447100) =BE31/SF31
32 |eszo [ =(AVIZHAY1ESP1B+AY1 TISP1 THAY1BSP18H2"SF32)'(1-5V44/100) |=BB32/5F32
33 |ao =AVIIELII SFEI(1-5v44/100) =BE3ISFI
34 |sno mAVI4/5L34/2'5F34'(1-5W/44/100) [=BB34/5F34
35 |Pbo =(AVIE/SLAG+AY 445 P43) SFI5"(1-5V44/100) =BB3S/EFI5
36 |reoz | AVIE'(1-5V44/100) [=BBI6SFIE
37 |Lazo3 =(AVIT/SLAT+AYS2SPE1 +AYSIEPE 2+ AY54/S P32 SFIT (1-5V44/100) =BBITEFIT
38 |zoz | AVIE'(1-5V44/100) |=BB38/SFI8
39 |sos ={AVIEGELIZSAVISHELIS-AVADSELA0+AYEDSSPEA) SF38°(1-5Va401 00) =BBR3L/EF38
40 |Total =SUM{BET-BB39} =SUMBCTBC39)
41 |A from target =IF(5vad=1,0,(BB40-5Va3N5VaT)
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BE | BF [BG] BH Bl
3 Tahble 30, SB9 Baseline Melter Feed Component Flows at =BH1
4 |insoluble soluble
5 |solids |t solids [
=]
7 |Feroms |=AIT'BHS 1 fecinput_S89-BaselDS7 CalCOOH)2 |=ALT*BHS 1/ccinput_SBSSMESIDST
8 |aoHa =A|8"BHS 1 jccinput_SBESMESIDST Ca(C2HION)2 =ALE'BHS1ccinput_SBSSMESIDST
9 |mnoz2 |=AI9"BHS  fecinput_SBOSMESIDS? CalNO3)2 |=ALSBHS 1iccinput_SBOSMESIDST
10 |caioH)z =AI10°BHS 1 fecinput_SBSSMESIDST Fe(CODH)3 =AL10°BHS1/ecinput_SBASMESIDST
11 |na2uzoT |=AI11"BHS 1/ccinput_SBISMESIDST Fe(C2ZH303)3 =AL11"BH$ 1/ecinput_SBISMESIDST
12 |MgioHz =AI12*BHS1 fecinput_SBSSMES|DST Fe(MO3)3 =AL12*BHS1/ecinput_SBASMESIDST
13 |Hgo =413"BHS 1 /ecinput_SBSSMESI|DST AICOOH)S =AL13°BHS1/ccinput_SBOSMESIDST
14 |cazpodyz -=AI|4‘BI-I$1fcci1ert_SBQSMESID$7 Al(C2HI0Z)E -=AL1d-‘Bl-mﬂm:inpu_SB!BSMES!DST
15 |micoHz =4)156"BHS 1 /ecinput_SBISMESI|DST AINOI)3 =AL15'BHS 1 /ecinput_SBISMESIDST
16 |cioHa -=AI|3‘BI-I$1ﬁ:ci1ert_SBQSMESID$7 C3CO0H -=AL1E‘BI—EM:-:inpu_SBSSIﬂESIDS?
17 |cuioH)z |=AI1T"BHS iccinput_SBISMESIDST CsC2H303 |=AL17'BHS1/ccinput_SBISMESIDST
18 |tioz2 =A|18"BHS1/ccinput_ SBASMES|DST CahO3 =AL18°BHS1/ccinput_SBASMESIDST
19 |sioz |=Al19'BHS /ccinput_SBISMESIDST CuCODH)2 =AL19"BHS$ 1/ccinput_SBISMESIDST
20 |nazo =4A|20"BHS 1/ccinput_SBOSMESIDST Cu(C2HIO)2 =AL20"BHS1/ccinput_SBASMESIDST
21 |thoz |=A121"BH$1/ccinput_SBISMESIDST Cu(NO3)2 =AL21"BHS 1/ccinput_SBISMESIDST
22 |znioHp2 =4|22'BHS 1/ecinput_SBSSMESIDET KCOOH =AL22°BHS1/ccinput_SBASMESIDST
23 |puoz |=AI23"BHS 1 fecinput_SBSSMESIDST KG2H303 |=AL23 BHS1/ccinput_SBISMESIDST
24 |kz20 =A|24*BHS 1 fecinput_SBSSMES|DST KMO3 =ALZ4*BHS1/ecinput_SBASMESIDST
25 RuD2 _=AI25"BHS1!::i'pL.r!_SBBSMESIDGT MgiCOOH)2 _=AL25‘BHS1I::inp1.t_SBSSHES!D$?
26 |rno2 =AI26"BHS 1 ecinput_SBASMES|DST MglC2H30%2 =AL26'BHS 1 /ecinput_SBOSMESIDST
27 |pdD |=AI27'BH3 1 /ccinput_SBISMESIDST MgiNO3)2 |=AL27*BH$1/ccinput_SBISMESIDST
28 |cdioHz =A|268"BHS1 fecinput_SBSSMES|DST MA(COOH)2 =AL28'BHS1/eeinput_SBOSMESIDST
29 |sroHz |=AI29'BH31/ccinput_SBISMESIDST Mn(C2HI0N2 |=AL28"BH$1/ccinput_SBISMESIDST
30 |ezo3 =A|30"BHS1 /ecinput_SBSSMES|DST Mn(NO3)2 =AL30*BHS1 /ecinput_SBISMESIDST
31 |Lizo _=ﬂ|31’BHSI!m:i'pL.|‘t_SBBSMESIDGT MNH4CO0H _=A.L'.'H‘BI-IﬁI:cinmt_SBBSMES!DS?
32 |eszo =A4)32"BHS 1 /ecinput_SBSSMES|DST HHAND3 =AL32'BHS1 ecinput_SBISMESIDST
33 |gaso4 _=AI33’BI-I$1!¢:|:'|1|:L.|1_SBBSMESIDGT NaCl _=AL33‘BH$1Iccinp|l_SBBSMES!D$?
34 |snioH)2 =4)34"BHS1 fecinput_SBSSMES|DST aF =AL34'BHS1 /ecinput_SBOSMESIDST
35 |Pbso4e _=AI35’BH$1fcci1pl.rl_SBBSMESID$T NaCOOH _=AL35‘BH$1Iccinp|l_SBQSME-S!D$?
36 |reo2 =A|36"BHS1/ccinput_SBISMESIDST NaC2H303 =AL3IE BHS1 /ecinput_SBOSMESIDST
37 LaiOH)3 _=AI3?"BH$1!¢:ci1pL.rl_SBBSMESID$Tl' NaMNO3 _=AL3?‘BH$1I|:|:inp|l_SBSSME-S!D$?
38 |zo2 =438 BHS 1 fecinput_SBOSMES|DST haMo2 =AL3E BHS 1 jecinput_SBASMESIDST
39 |caco3 _=AI39'BH$1!cci'pu‘t_SBQSMESID$T MNaOH _=AL3-9‘BH$1Iccinp1.l:_SBSSME-S!D$?
40 |casos =Al40°BHS 1 fecinput_SBOSMES| D7 Na3PO4 =AL40°BHS1 fecinput_SBASMESIDST
41 |caCz04 |=Al41'BH31/ccinput_SBISMESIDST NilCOOH)2 |=AL41°BHS1/ccinput_SBASMESIDST
42 |nazc204 =A|42°BHS 1 fecinput_SBOSMES| D7 Ni(C2HI03)2 =AL4ZBHS1 fecinput_SBASMESIDST
43 |mooH |=A143'BHS1/ccinput_SBSMESIDST Mi(MO3)2 |=AL43*BHS1/ccinput_SBASMESIDST
44 |mgo =Al44°BHS 1 fecinput_SBOSMESI D57 PBMO3Z sAL44°BHS 1 fecinput_SBASMESIDST
435 |Coal |=A145'BHS1/ccinput_SBSSMESIDST PAMOE)2 |=AL45°BHS1/ccinput_SBASMESIDST
46 |antifoam =A|46"BHS 1 fecinput_SBYSMESIDS7 SHCODH)Z sAL46°BHS1 fecinput_SBASMESIDST
47 |Total 1 =5UM{BF7 BF48) SrC2HI03)R2 =AL4T*BHS1/ccinput_SBASMESIDST
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BF E<] Hiie Bl
A7 |Table 30, SB9 Baseline Melter Feed Component Flows at
48 SrNO3)2 =AL48'BHS1/ccinput_SBASMESIDST
49 UO2ICO0H)2 =AL49'BHS 1 /ccinput_SBISMESIDST
50 U02(C2HI02 -=AL51II'BH51rccinpm_SBQSMESIDST
51 UOZNO3)2 =AL51'BHS 1 /ccinput_SBISMESIDST
52 La{COOH)3 -=.ﬁL52'BH51rccinpm_SBQSMESIDST
53 La(C2HI03 |=AL53'BHS 1/ccinput_SBISMESIDST
54 La(HO3)3 =AL54'BHS1/ccinput_SBASMESIDST
55 Zn{COOH)2 |=AL55'BHS 1iccinput_SBISMESIDST
56 Zn{C2ZHI0A)2 =AL56'BHS 1 fecinput_SBASMES|DST
&7 ZniNOE)2 |=ALS7'BHS 1 fecinput_SBISMESIDST
58 Na2CO3 =ALS8'BHS1/ecinput_SBASMES|DS7
59 Na2C204 |=AL6G'BHS 1 fccinput_SBASMESIDST
80 Na2S04 =ALB0'BHS 1 /ccinput_SBISMES|DST
61 H4SI04 |=ALB1'BHS 1 /ccinput_SBASMESIDST
B2 HCOOH =ALB2'BHS Y fecinput_SBOSMES|DST
63 C2H403 |=ALB3'BH51/ccinput_SBASMESIDST
54 HMNO3 =ALG4'BHS 1 /ccinput_SBISMESIDS?
65 total soluble |=SUM(BIT BIG4)
86 H20 =ALGG'BHS 1 /ccinput_SBISMESIDS?
67 Tatal Shury =BF47+BIB5+BIGG
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11.0 Appendix D

Printout of Formulas for
Developing Cold Cap Model Input Vector
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A [B]C] D [ E
3 |Table 0. Melt Rate Case: ='SB9-17''M2 actual data
instantaneous feed rate (lb/hr) = =|F('SB9-17'|AP88=0,'SB9-17'|AL67,'SB9-17'|AY6T)
=IF('SB9-17'|AP88=0,('SBS-17'|AL67-'SB9-17'1AL66-'SB9-
17'1AL62-'SB9-17'|AL63-'SB9-17'|AL6B4)/'SBY-
17'1AL67,('SB9-17'1AY67-'SB3-17'1AYE6-'SBI-17'1AY62-
5 ltotal solids (wWi%) = 'SB9-17'1AY63-'SBS-17'|AY64)/'SBI-17'1AY6E7) n/a
estimated density of SME product = =0.00011*(D5*100)"2+0.0032*(D5*100)+1 n/a
=|F(E6="n/a",D4*453.6/3.7854/1000/D6/60,D4*453.6/3.78
volumetric feed rate (gpm) = | |54/1000/E6/60)
=IF('SB9-17'|AP88=0,'SB9-17'|AQ40/('SB9-17'|AL67-'SB9-
17'1AL66-'SB9-17'1AL63-'SB9-17'|AL62-'SB9-
17'1AL64),'SBS-17'|BB40/('SB9-17'|AY67-'SB9-17'1AYEE-
calc'd % calcination SME product = 'SB9-17'1AY63-'SB9-17'1AY62-'SB9-17'|AYE4)) n/a
average glass prod rate (lb/hr) = | |=IF('SBS-17'|AP88=0,'SB9-17'|A040,'SB9-17'|BB40) _
calcine gases (Ib/hr) = =D4*D5%(1-D8) =D10/D7*1.5
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A | B [ C
11 |Table 1. Formates/Nitrates in Melter Feed
12 Component MW Ib/hr
13
14 Ca(COOH)2 ='SB9-17'IP7 7=IF('SBQ-‘]7'!AP$BG=O.'SBQ-17'!AL7,'SBQ-17'!AY7)
15 Ca(C2H303)2 ='SB9-17'IP8 7=IF('SBQ-17'!AP$88=0,'SBQ-17'!AL8,'SBQ-1?‘!AY8)
16 Ca(NO3)2 ='SB9-17'1P9 7=IF('SBQ-‘I7'!AP$BE=D,'SBQ-17'!AL9,'SBQ-17"!AY9)
17 Fe(COOH)3 ='SB9-17"'P10 _=IF('SB9-‘17‘!AP$BB=D|'SBS-17'!AL10.'SBQ-17'!AY10)
18 Fe(C2H303)3 ='SB9-17'IP11 _=IF('SBQ-‘17'!AP$EB=0|'SBQ-17'!AL11,'SBQ-17'!AY11)
19 Fe(NO3)3 ='SB9-17'IP12 _=IF('SBQ~‘17‘!AP$SB=0|‘SBQ—17'!AL12,'SBQA17'!AY12)
20 Al(COCH)3 ='SB9-17'IP13 =IF('SB9-17'1AP$88=0,'SB9-17'|AL13,'SB9-17'|1AY13),
21 Al(C2H303)3 ='SB9-17'IP14 =IF('SB9-17'|AP$88=0,'SB9-17"|AL14,'SB9-17'1AY14)
22 |AINO3)3 ='SB9-17'IP15 =IF('SB9-17'|1AP$88=0,'SB9-17'1AL15,'SB9-17'|AY15)
23 |CsCOOH ='SB9-17'P16 =IF('SB9-17'|AP$88=0,'SB9-17'1AL16,'SB9-17'|AY16)
24 |csc2H303 |='SB9-17"1P17 | =IF('SB9-17'|AP$88=0,'SB9-17"IAL17,'SB9-17"1AY17)
25 [csNo3 |='SB9-17'IP18 |=IF('SB9-17'|AP$88=0,'SB9-17'IAL18,'SB9-17'1AY18)
26 [cu(COOH)2 |='SB9-17'IP19 =IF('SB9-17'|AP$88=0,'SB9-17'|AL19,'SB9-17'|AY19)
27 Cu(C2H303)2 ='SB9-17'IP20 =IF('SB9-17'|AP$88=0,'SB9-17"|AL20,'SB9-17'1AY20)
28 |cu(No3)2 ='SB9-17'IP21 =IF('SB9-17'1AP$88=0,'SB9-17'IAL21,'SB9-17'1AY21)
29 [kcooH ='SB9-17'1P22 _=IF('SBQ-17'!AP$BB=U.'SBQ-17'!AL22,'SBQ-17'!AY22)
30 |kczH303 ='SB9-17'1P23 _=IF('SE39-17'!AP$BB=0.'SBQ-17'!AL23,'SBQ-17'!AY23)
31 [knoO3 ='SB9-17'IP24 =IF('SB9-17'|AP$88=0,'SB9-17'|AL24,'SB9-17'1AY24)
32 Mg(COOH)2 ='SB9-17'IP25 7:IF('SBQ-17'!AP$BB:D.'SBQ-17'!AL25"SBQ-17'!AY25)
33 Mg(C2H303)2 ='SB9-17'IP26 7=IF('SBQ-17'!AP$88=0.'SBQ-17'!AL26"SBQ-17'!AY26)
34 Mg(NO3)2 ='SB9-17'1P27 7=IF('SBQ-17‘!AP$88=0.'SBQ-17'!AL27"SBQ-17'!AY27)
35 Mn(COOH)2 ='SB9-17'1P28 =|F('SB9-17'1AP$88=0,'SB9-17'|AL28,'SB9-17'|AY28),
36 Mn(C2H303)2 ='SB9-17"!P29 _=IF('SB9-‘17‘!AP$BB=D|'SBS-17'!AL29,'SBQ-17'!AY29)
37 Mn(NO3)2 ='SB9-17'IP30 _=IF('SBQ-‘17'!AP$BB=0|'SBQ-17'!AL30,'SBQ-17'!AY30)
38 [NHacoOH ='SB9-17'IP31 _=IF('SBQ—‘17‘!AP$88=0,‘SBS—17'!AL31,'SBQ—17'!AY31)
39 [NH4aNO3 ='SB9-17'IP32 =IF('SB9-17'1AP$88=0,'SB9-17'|AL32,'SB9-17'|AY32),
40 [NacOOH ='SB9-17'IP35 =IF('SB9-17'1AP$88=0,'SB9-17'1AL35,'SB9-17'|AY35)
41 |NaC2H303 |='SB9-17'IP36 =IF('SB9-17'|AP$88=0,'SB9-17'1AL36,'SB9-17'|AY36)
42 [NaNO3 |='SB9-17'IP37 =IF('SB9-17'|AP$88=0,'SB9-17'1AL37,'SB9-17'|AY37)
43 [NaNO2 |='SB9-17'1P38 | =IF('SB9-17'|AP$88=0,'SBS-17'|AL38,'SB9-17'1AY38)
44 [Ni(COOH)2 |='SB9-17'IP40 =IF('SB9-17'|AP$88=0,'SB9-17'1AL41,'SB9-17'|AY41)
45 [Ni(c2H303)2 |='SB9-17'IP41 =IF('SB9-17'|AP$88=0,'SB9-17'|AL42,'SB9-17'|AY42)
46 Ni(NO3)2 ='SB9-17'IP42 =IF('SB9-17'|AP$88=0,'SB9-17'|AL43,'SBI-17'1AY43)
47 |Pb(NO3)2 ='SB9-17'IP43 =IF('SB9-17'1AP$88=0,'SB9-17'IAL44 'SB9-17'1AY44)
48 Pd(NQO3)2 ='SB9-17'!P44 _=IF('SBQ-17‘!AP$88=0.‘SBQ-17'!AL45,'SBQ-17'!AY45)
49 Sr(COCH)2 ='SB9-17'1P45 _=IF('SBQ-‘I7'!AP$BB=0.'SB9-17'!AL45.'S|39-17'!AY4S)
50 Sr(C2H303)2 ='SB9-17'IP46 _=IF('SBQ-‘I7'!AP$SB:0.'SBQ-17'!AL4T"SBQ-17'!AY4T)
51 Sr(NO3)2 ='SB9-17'IP47 7:IF('SBQ-17'!AP$BE:D4'SBQ-17'!AL48"SBQ-17'!AY4S)
52 UO2(COOH)2 ='SB9-17'1P48 7=IF('SBQ-17'!AP$EE=0.'SBQ-17'!AL49"SBQ-17'!AY49)
53 UO2(C2H303)2 ='SB9-17'1P49 7=IF('SBQ-17‘!AP$EE=0.'SBQ-17'!AL50"SBQ-17'!AY50)
54 UO2(NO3)2 ='SB9-17'IP50 =IF('SB9-17'1AP$88=0,'SB9-17'|AL51,'SB9-17'lAY51),
55 La(COOH)3 ='SB9-17'IP51 _=IF('SBQ-‘I7'!AP$88=0|'SBQ-17'!AL52,'SBQ-17'!AY52)
56 La(C2H303)3 ='SB9-17'IP52 _=IF('SBQA‘17‘!AP$BB=D|‘SBS—17'!AL53,'SE§9‘17'!AY53)
57 La(NO3)3 ='SB9-17'IP53 _=IF('SBQ—‘17‘!AP$88=0,'589717'!AL54,'SBQ—17'!AY54)
58 Zn(COQH)2 ='SB9-17'IP54 =IF('SB9-17'|1AP$88=0,'SB9-17'|AL55,'SB9-17'|AY55),
59 |zn(Cc2H303)2 ='SB9-17'IP55 =IF('SB9-17'1AP$88=0,'SB9-17'1AL56,'SB9-17'|AY56)
60 |zn(NO3)2 |='SB9-17'IP56 =IF('SB9-17'1AP$88=0,'SB9-17'1AL57,'SB9-17'|AY57)
61 |Total (Ib/hr) =SUM(C14:C60)
|anions (ppm) inc.
62 |free acids
Tom White's IC data
63 |(ppm)
64 |D (%)
=(D61/'SB9-17'|P89+2*G61/'SB9-
17'1P90-E61/'SB9-
65 [F+2G-N, M 17'IP87)*453.6/(D7*3.7854*60)
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11 |Table 1. Formates/Nitrates in Melter Feed (Continued)
12 [COOH-, pph NO3-/NO2-, pph C2H303-, pph
13
14 |=c14/B14°2+J86 [
15 |=C15/B15"2"J$7
16 =C16/B16*2"J$4
17 |=c17/B17*3=J36 [
18 =C18/B18*3*J$7
19 =C19/B19*3"J$4
20 [=C20/B20*3*J$6
21 =C21/B21*3*J$7
22 =C22/B22°3"J$4
23 [=c23/B23*J86
24 =C24/B24*J$7
25 =C25/B25*J$4
26 [=c26/B26*2*J86
27 =C27/B27"2"J$7
28 =C28/B28*2*J$4
29 [=c29/B29*J36
30 '=C30/B30"J$7
31 =C31/B31*J$4
32 |=c3z2/B32"2"J36 [
33 =C33/B33*2"J$7
34 =C34/B34*2*J$4
35 |=c3s/B35*27J36
36 |=C36/B36"2"J87
37 =C37/B37*2"J$4
38 |=c3eB3s us6
39 =C39/B39*J$4
40 |=cao/B40*Js6
41 =C41/B41*J$7
42 =C42/B42*J$4
43 =C43/B43*J$5
44 |=c44/B44*2"J36
45 =C45/B45"2"J$7
46 =C46/B46*2*J$4
47 =C47/B4T*2*J$4
48 =C48/B48"2*J$4
49 |=c4o/B49*2"J36
50 |=C50/B50"2"J$7
51 =C51/B51*2*J$4
52 |=cs2/B52*2* %6 |
53 =C53/B53*2*J$7
54 =C54/B54*2*J$4
55 |=c55/B55*3*J%6
56 |=C56/B56"3"J$7
57 =C57/B57*3*J$4
58 |=cs58/B58*2*J36
59 =C59/B59*2*J$7
60 =C60/B60*2*J$4
61 |=sum(D14:D60) =SUM(E14:E60) =SUM(G14:G60)
62 [=(D61+C108/B108*J6)/1102*1000000 =(E61+C109/B109*J4)/1102*1000000 =(G61+C101/B101*J7)/1102*1000000
63 |n/a nia n/a
64 |=IF(D63="n/a" "n/a" (D62-D63)/D63) =IF(E63="n/a","n/a" (E62-E63)/E63) =IF(G63="n/a","n/a" (G62-G63)/G63)

=(D61/'SB9-17'1P89+2*G61/'SB9-

17'1P90-3*E61/'SBS-
65 |F+2G-3N, M 17'1P87)*453.6/(D7*3.7854*60)
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11

Table 2. Species produced from Formate/Nitrate/Glycolate Decomposition

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Oxides

CaO

Fe203

Al203

Cs20

CuO

K20

MW

56.0774

159.6922

101.9612

281.8094

79.5454

94.196

gmole/hr

=(C14/B14+C15/B15+C16/B16)"453.6

=(C17/B17+C18/B18+C19/B19)/2*453.6

=(C20/B20+C21/B21+C22/B22)/2*453.6

=(C23/B23+C24/B24+C25/B25)/2*453.6

=(C26/B26+C27/B27+C28/B28)*453.6

=(C29/B29+C30/B30+C31/B31)/2*453.6

Ib/hr

=L14*J14/453.6

=L17*J17/453.6

=L20*J20/453.6

=L23*J23/453.6

=L26*J26/453.6

=L29*J29/453.6
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Table 2. Species produced from Formate/Nitrate/Glycolate Decomposition (Continued)

Gases MW gmole/hr Ib/hr

=(C14/B14+C15/B15*3+C17/B17/2*3+C18/B18/
2*9+C20/B20/2*3+C21/B21/2*9+C23/B23/2+C2
4/B24/2*3+C26/B26+C27/B27*3+C29/B29/2+C
30/B30/2*3+C32/B32+C33/B33*3+C35/B35+C3
6/B36*3+C40/B40/2+C41/B41/2*3+C44/B44+C
45/B45*3+C49/B49+C50/B50*3+C52/B52+C53/

B53/3°8+C55/B55/2*3+C56/B56/2°0+C58/BS8+
co 28,0107 R AR |=R14*Q14/453.6

=(C14/B14+C15/B15+C17/B17/2*3+C18/B18/2*
3+C20/B20/2*3+C21/B21/2*3+C23/B23/2+C24/
B24/2+C26/B26+C27/B27+C29/B29/2+C30/B3
0/2+C32/B32+C33/B33+C35/B35+C36/B36+C3
8/B38+C40/B40/2+C41/B41/2+C44/B44+C45/B
45+C49/B49+C50/B50+C52/B52+C53/B53/3*4

;832{18354’2 3+C56/B56/2*3+C58/B58+C59/BS =R15°Q15/453.6

‘ =(C14/B14+C15/B15*3+C17/B17/2*3+C18/B18/
2"9+C20/B20/2*3+C21/B21/2*9+C23/B23/2+C2
4/B24/2*3+C26/B26+C27/B27*3+C29/B29/2+C
30/B30/2*3+C32/B32+C33/B33*3+C35/B35+C3
6/B36*3+C38/B38+C40/B40/2+C41/B41/2*3+C
44/B44+C45/B45"3+C49/B49+C50/B50"3+C52/
B52/3*2+C53/B53/3*9+C55/B55/2*3+C56/B56/

2*9+C58/B58+C59/B59*3)*453.6
H2 12.0158 =R16*Q16/453.6

'=(C16/B16+C19/B19/2"3+C22/B22/2"3+C25/B2 |
5/2+C28/B28+C31/B31/2+C34/B34+C37/B37+
C39/B39/2+C42/B42/2+C46/B46+C4T7/B47+C4
8/B48+C51/B51+C54/B54+C57/B57/2*3+C60/B

Cco2 144.0107

N205 =14.00674*2+15.9994'5 | g0\+453 6 =R17*Q17/453.6
NH3 =14.00674+1.0079'3  =(C38/B38+C39/B39)"453.6 |=R18°Q18/453.6
H20 18.0158 =(C39/B39/2+C52/B52/3)*453.6 =R19°Q19/453.6
02 31.9988 |=C54/B54/3+0.5*453.6 |=R20*Q20/453.6
NO 30.00674 |=CA43/B43/2*453.6 |=R21*Q21/453.6
NO2 46.00674 =C43/B43/2°453 6 |=R22*Q22/453.6

Total =SUM(R14:R22) |=suM(S14:522)

=C16/B16*J14+C19/B19/2*J17+C22/B22
+C25/B25/2*)23+C28/B28*J26+C31/B31
+C34/B34*J32+C37/B37*J35+(C42/B42+
43)/2*J38+C46/B46"J41+C4T/BAT*J44+(
8*J45+C51/B51*J46+C54/B54/3*J49+C5
oxides from nitrate/nitrite = 2*J52+C60/B60*J55
|=C14/B14*J14+C17/B17/2°J17+C20/B20
+C23/B23/2*)23+C26/B26")26+C29/B29
+(C32/B32*J32+C35/B35*J35+C40/B40/2
C44/B44*J41+C49/B49*J46+C52/B52/3*,
oxides from formate = | | |55/B55/2*J52+C58/B58*)55
=C15/B15*J14+C18/B18/2*J17+C21/B21
+C24/B24/2*)23+C27/B27*J26+C30/B30
+C33/B33*J32+C36/B36*J35+C41/B41/2
C45/B45*J41+C50/B50*J46+C53/B53/3*,

oxides from glycolate = 56/B56/2*J52+C59/B59*J55

total oxides = =825+826+527
=C16+C19+C22+C25+C28+C31+C34+C

total NO3/NO2 salts = 9+C42+C43+C46+C47+C48+C51+C54+
=C14+C17+C20+C23+C26+C29+C32+C

total COOH salts = 8+C40+C44+C49+C52+C55+C58
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30 |Table 2. Species produced from Formate/Nitrate/Glycolate Decomposition (Continued)
31
32 [mgo 40.3044 =(C32/B32+C33/B33+C34/B34)*453.6 =132%J32/453.6
33
34
35 [mno 709374 =(C35/B35+C36/B36+C37/B37)"453.6 =1.35%J35/453.6
36
37
38 |Naz20 |61.979 =(C40/B40+C41/B41+C42/B42+C43/B43)/2*453.6  =L38*)38/453.6
39
40
41 [nio 74.6928 =(C44/B44+C45/B45+C46/B46)*453.6 =L41%J41/453.6
42
43
44 |pbo 223.1994 =C47/B47*453.6 =L44%J44/453.6
45 |Pdo 122.4194 =C48/B48*453.6 =145*)45/453.6
48 [sro 103.6194 =(C49/B49+C50/B50+C51/B51)*453.6 =L46*J46/453.6
47
48
49 usos 8420852 =(C52/B52+C53/B53+C54/B54)/3*453.6 =L49*J49/453 6
50
51
52 La203 325.8092 =(C55/B55+C56/B56+C57/B57)/2*453.6 =L52*J52/453.6
53
54
55 |zno 81.3894 =(C58/B58+C59/B59+C60/B60)*453.6 =L55*J55/453.6
56 |Total =SUM(L14:L50) =SUM(M14:M55)
57 |Total_1 (Oxide+Gas) = =M56+523
58 |Diff from COOH/NO3 input =(M57-C61)/C61
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30 |Table 2. Species produced from F Nitrate/Glycolate D position (Continued)
=C15+C18+C21+C24+C27+C30+C33+C
31 |total CH20HCOO salts = 1+C45+C50+C53+C56+C59

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

total NO3/NO2/COOH salts =
wt% oxide in nitrate =

wt% oxide in formate =

wt% oxide in glycolate =

% CO from glycolate decomposition =

% CO2 from glycolate decomposition =

% H2 from glycolate decomposition =

2NaCH20HCOO = Na20 + CO2 + 3CO + 3H2
Ca(CH20HCO0O)2 = Ca0 + CO2 + 3CO + 3H2
2Fe(CH20HCOO)3 = Fe203 + 3 CO2 + 9CO + 9H2
2NaCOOH = CO + CO2 + H2 + Na20

Ca(COQOH)2 = Ca0 + CO + CO2 + H2

2 La(COOH)3 = La203 + 3CO + 3C02 + 3H2
Ca3(P04)3 = 3Ca0 + P205

2Na3P04 = 3Na20 + P205

3Na2U207 = 2U308 + 3Na20 + 02
3UO02(COOH)2 = U308 +3CO +3C02 + 2H2 + H20
3U02(C2H303)2 = U308 + 8CO + 4C0O2 + 9H2
3UO02(NO3)2 = U308 + 3N205 + 1/2 02
NH4COOH = NH3 + CO2 + H2

2NH4NO3 = 2NH3 + N205 + H20

2Fe(NO3)3 = Fe203 + 3N205

2 NaNO2 = Na20 + NO + NO2

N205 = NO + NO2 + 02

C2H403 = 2CO + H2 + H20

HNO3 = NO + NO2 + 02 + H20

=529+830+S31

|=825/528
|=826/528

=8527/528

.=(C1 5/B15"3+C18/B18/2*9+C21/B21/2"9

B24/2*3+C27/B27*3+C30/B30/2*3+C33/E
C36/B36*3+C41/B41/2*3+C45/B45*3+C5
3+C53/B53/3*8+C56/B56/2*9+C59/B59*¢
R/R14

=(C15/B15+C18/B18/2*3+C21/B21/2*3+(
4/2+C27/B27+C30/B30/2+C33/B33+C36/
41/B41/2+C45/B45+C50/B50+C53/B53/3

|6/B56/2*3+C59/B59)*453.6/R15

=(C15/B15*3+C18/B18/2*9+C21/B21/2*9
B24/2*3+C27/B27*3+C30/B30/2*3+C33/E
C36/B36*3+C41/B41/2*3+C45/B45*3+C5
3+C53/B53/3*9+C56/B56/2*9+C59/B59*:
A/R1A
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86 |Table 3A. Other Nonorganic Melter Feeds
87 MW Ib/hr gmole
88 '
89 |aloH)3 =SBe-17'L8 =IF('SB9-17'1AP$88=0,'SB9-17'IAI8,'SBI-17'1AV8) :=CBQIBBQ'453.6
90 |AI00OH ='SBY-17'1L43 =IF(‘SB9-17"/AP$88=0,'SB9-17'1AI43,'SBO-17'1AV43) | =C90/BI0*453.6
91 [B203 ='SB9-17'1F30 =IF(‘SB9-17'/AP$88=0,'SB9-17'1AI30, SB9-17'1AV30)  |=C91/B17453.6
92 |Ba(OH)2 ='SB-17'1B33+(15.9994+1.0078)"2 |=C92/B92"453.6
93 [Baso4 ='SBY-17'1L33 =IF('SB9-17'|AP$88=0,'SBO-17'1AI33,'SBO-17'1AV33) | =C93/BI3"453.6
94 |ca(0oH)2 ='SBY-17'1L10 =IF('SB9-17'1AP$88=0,'SB9-17'1A110,'SB9-171AV10)  |=C94/B94™453.6
95 |ca3(Po4)2 ='SBY-17'1L14 =IF('SB-17'|AP$88=0,'SBO-17'1Al14,'SB9-17'1AV14) | =C95/BI5*453.6
96 |cac204 ='SB9-17'IL41 =IF('SB9-17'1AP$88=0,'SB9-17'|Al41,'SB9-17'1AV41)  |=C96/BI6*453 6
97 |caF2 ='SB9-17'IB10+18.9984*2 |=C97/B97+453.6
98 |cacos ='SB9-17'IL39 =IF('SB9-17'1AP$88=0,'SBO-17'1AI39,'SBY-17'1AV39) |=C98/B98*453 6
99 [caso4 ='SB9-17'IL40 =IF('SB9-17'|AP$88=0,'SB9-17'lAl40,'SB9-17'|AV40) | =C99/B99*453 6
100|cd (OH)2 ='SB9-17'IL28 =IF('SB9-17'|AP$88=0,'SB9-17'lA128 'SB9-17'|AV28) |=C100/B100*453.6
101|CH20HCOOH  ='SB9-17'P65 =IF('SBS-17'/AP$88=0,'SB9-17'IAL63,'SB9-17'1AY63) |=C101/B1017453.6
102|coal 12.011 =IF('SBS-17'/AP$88=0,'SB9-17'AI45,'SBS-17"IAV45)  |=C102/B102°453.6
103|cr(oH)3 ='SB9-17'IL16 =IF('SBS-17'|AP$88=0,'SB9-17'IAI16,'SBS-17"IAV16) |=C103/B103"453.6
104|cs20 ='SB9-17'IF32 =IF('SBS-17'/AP$88=0,'SB9-17'IAI32,'SBS-17"1AV32) |=C104/B104°453.6
105|cu(oH)2 ='SB9-17'IL17 =IF('SBS-17'|AP$88=0,'SB9-17'IAI17,'SBS-17"IAV17) | =C105/B105°453.6
106|Fe(0H)3 ='SB9-17'IL7 =IF('SB9-17'1AP$88=0,'SB9-17'|AI7,'SBS-17'1AV7) =C106/B106*453.6
107 |sn(OH)2 ='SB9-17'IL34 =IF('SB-17'1AP$88=0,'SBO-17'|AI34,'SBO-17'IAV34)  |=C107/B107*453.6
108|HcooH ='SB9-17'IP64 =IF('SB9-17'1AP$88=0,'SBO-17'|AL62,'SBO-17'IAY62) |=C108/B108*453.6
109|HNO3 =1.0079+J4 =IF('SBO-17'1AP$88=0,'SBO-17'|AL64,'SBO-17'IAY64) |=C109/B109*453.6
110|H3BO3 ='SB9-17'IB30+(15.9994+1.0079)*3 =C110/B110*453.6
111|Hg0 ='SB9-17'IL13 =IF('SBY-17'1AP$88=0,'SB9-17'1A113,'SB9-17'1AV13)  |=C111/B111*453 6
112|solvent-lsopar  ='SB9-17'1G245 ='SB9-17'1G232 =C112/B112*453.6
113|k20 ='SB9-17'IF24 =IF('SB9-17'|AP$88=0,'SB9-17'1AI24 'SB9-17'|1AV24)  =C113/B113*453.6
114|La(0H)3 ='SB9-17'IL37 =IF('SB9-17'1AP$88=0,'SB9-17'1A137 'SB9-17'1AV37)  |=C114/B114*453.6
115|Li20 ='SBY-17'1F31 =IF(‘'SB9-17'1AP$88=0,'SB9-17'lAI31,'SB9-17'AV31)  |=C115/B115*453.6
116|mgo ='SB9-17'IF12 =IF('SBY-17'|AP$88=0,'SB9-17'IAl44,'SB-17'IAV44) | =C116/B116*453.6
117|Mg(OH)2 ='SB9-17'IL12 =|F('SB9-17'1AP$88=0,'SB9-17'|AI12,'SB9-17"AV12) |=C117/B1177453.6
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67 |Table 3B. Nonorganic Melter Feeds
68 |Species MW Ib/hr _gmole/hr
69 ,
70 [Mnoz ='SB9-17'1B9+15.9994*2 =IF('SB9-17'1AP$88=0,'SB9-17'IAI9 'SB9-17"1AV9)  =I70/H70*453.6
71 |Mo02 |=95.94+15.9994*2 =I71/H71*453.6
72 |NH40H =14.007+1.0079"5+15.9994 =|72/H72"453 6
73 [Na20 ='SB9-17'IF20 =IF('SB9-17'1AP$88=0,'SB9-17'IA120,'SBS-17'1AV20) =I73/H73*453.6
74 [Nacl |='SBg-17'1P33 =IF('SB9-17'/AP$88=0,'SB9-17'/AL33,'SBO-17'IAY33) =I74/H74*453.6
75 [NaF |='SB8-17'1P34 =IF('SB9-17'/AP$88=0,'SB9-17'/AL34,'SB9-17'|AY34) =I75/H75"453.6
76 |Na2cO3 ='SB9-17'1P57 =IF('SB9-17'1AP$88=0,'SB9-17'/AL58,'SB9-17'1AY58) =I76/H76"453 6
77 |Na2c204 ='SB9-17'IP58 =IF('SB9-17'1AP$88=0,'SB9-17'IAL59,'SB9-17"IAY59) =I77/H77*453.6
78 [NaoH |=22.9898+15.9994+1.0079 =IF('SB9-17'/AP$88=0,'SB9-17'/AL39,'SB9-17'|AY39) =I78/H78453.6
79 [Naz2so4 ='SB9-17'1P59 =IF('SB9-17'|AP$88=0,'SB9-17"AL60,'SBY-17'1AY60) =I79/H79%453.6
80 [NasPo4 ='SB9-17'1P39 =IF('SB9-171AP$88=0,'SB9-17"|AL40,'SB3-17"1AY40) =IB0/H80"453 6
81 [Nazu207 ='SB9-17'IL11 =IF('SB9-17'1AP$88=0,'SB-17"1AI11,'SBO-17'1AV11) =I81/H81*453.6
82 [ni(oH)2 |='SB8-17'1L15 =IF('SB9-17'1AP$88=0,'SBg-17"IAI15,'SBO-17'IAV15) =I82/H82"453.6
83 [Pocos ='SB9-17"1B35+12.011+15.9994*3 |=183/H83"453.6
84 |Pbsoa ='SB9-17'IL35 =IF('SB9-17'1AP$88=0,'SB9-17'IAI35,'SBY-17'IAV35) =I84/H84"453.6
85 |Puo2 |='SB9-17'1F23 =IF(SB9-17'1AP$88=0,'SB9-17'IAI25,'SBS-17'1AS25) =I85/H85*453.6
86 |rPdo ='SB9-17"IF27 =IF(SB9-17'1AP$88=0,'SB9-17'IA127,'SBS-17'1AV27)
87 |rRhO2 ='SB9-17'IF26 =IF('SB9-17'1AP$88=0,'SB9-17'IA126,'SBS-17'1AV26) =I87/H87*453.6
88 [rRuo2 |='SBe-17'1F25 =IF('SB9-17'1AP$88=0,'SB9-17'|AI25,'SB9-17'|AV25) =I88/H88*453.6
89 [sioz |='SBe-17'F19 =IF('SB9-17'/AP$88=0,'SB9-17'/Al19,'SBS-17'1AV19) =I89/H89*453.6
90 [Hasi04 ='SB9-17'1P60 =IF(SBg-17'1AP$88=0,'SB9-17'/AL61,'SBS-17"1AY61) =I90/H90*453.6
91 [sr(OH)2 ='SBO-17'1B29+(15.9994+1.0079)*2 =IF('SB9-17'1AP$88=0,'SB9-17'/A129,'SBG-17'1AV29) =I91/H91*453.6
92 [rco2 |='SB8-17'1F36 =IF('SB9-17'/AP$88=0,'SB9-17'/A136,'SBS-17'1AV36) =I92/H92*453.6
93 [tho2 |='SBg-17'1F21 =IF('SB9-17'1AP$88=0,'SB9-17'1A121,'SBO-17'1AV21) =I83/H93"453.6
94 [rio2 ='SB9-17'IF18 =IF('SB9-17'1AP$88=0,'SB9-17"1A118,'SBY-17'IAV18)  =I84/H94"453 6
95 |zeolite =IF('SB9-17'1AP$88=0,'SB9-17'1AI34,'SBS-17'1AV34) |
96 [zn(oH)2 |='SBg-17"1L22 =IF('SB9-17'|AP$88=0,'SB9-17'1A122,'SBO-17'1AV22) =I86/H96"453.6
97 |zr02 ='SB9-17'IF38 =IF('SB9-17'1AP$88=0,'SB9-17'1AI38,'SBY-17'IAV38) =I87/H97"453 6
98 |antifoam =IF('SB9-171Q151=0,'SB9-17'1G136,'SBY-17'1113 =IF('SBY-17'1AP§88=0,'SB9-17'1AI46,'SBO-17'IAV46)  =I98/HE8"453.6
99 |H20 |=1.0079"2+15.9994 =IF('SB9-17'1AP$88=0,'SB9-17'|AL66,'SBO-17'IAY66) =I99/H99*453.6
100
101|Total_3 = =SUM(C89:C117)+SUM(170:199)
102 |total feed _ =C61+C83+101
103 |total feed exc. MCU/ARP =1102-C112
104 |% trimethylsiloxane volatilization = 0
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105

Table 4. Carbon Feeds

106

107

108

109

110

111

112

113

114

115

116

117

118

119

Formate

glycolate

Aromatic

coal

oxalate

free formic

free glycolic
strip effluent
antifoam

TOC

TOC-free formic
measured TOC (SB9 simulant SME)
A TOC

Ib/hr
=D61*12.0107/'SB9-17'IP89
=G61/'SB9-17'1P90*12.011*2

'=C70%0.93+C71*0.94+C72*0.85+C730.591+C74*0.847
+C75%0.773+C76"0.6942+C77*0.6722+C780.585+C79*

0.77+C80*0.923+C81*0.6+C82*0.375
=C102
=(C96/BIE+I77/H77)*12.011*2
=C108/B108*12.011
=C101/B101*12.011*2
=C112"SB9-17'1G255
=198*SB9-17"1G137

=SUM(1107:1115)

=1116-1112-1113

ppm
=1107/$1$102*1000000
=1108/$1$102*1000000

'=1109/$1$102*1000000

=1110/$1$102*1000000
=1111/$1$102*1000000
=1112/$1$102*1000000
=1113/$1$102*1000000
=1114/$1$102*1000000
=1115/$1$102*1000000
=SUM(J107:J115)

=J116-J112

='Report Tables'!C199
=IF(J118="n/a""n/a",(J116-J118)/J118)

120

121

122

123

measured TOC-antifoam from IC =
antifoam from calc'd TOC-IC =
carbonate

measured carbonate

=|76/H76*12.011

='remed 100%-125%GN SME'M55
=J116-J120

=1122/$1$102*1000000

='C:\DWPF\Alt reductant flowsheet\2014 CEF
test\imodel eval glycolic FS\[SB6-CEF-FN analytical
IC xIsx]PSAL FN2'IE76
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67 |Table 5. CC Model Input for: ='SB9-17'IM2

68 |Species Stage 1 Stage 2 Stage 3

69 gmole/hr |gmole/hr |gmole/hr

71 |Ai203 =0 |=D89/2+D90/2 o

72 |B203 =D91+D73/2+D110/2 =0 0

73 |cao =D94+D96+L14+3*D95+D98 0

74 |cuo =126+D105 0 0

75 |Fe203 =D106/2 =0 0

76 |20 =129 =D113 0

77 |20 =0 |=D115 0

78 [mgo 0 0 =1.32+D117+D116

79 [Mno2 =0 |=J70 0

80 |mno =L35 |=0 o

81 |Na20 =1.38+J78/2 |=J73+J76+J80"1.5+J77+J81 0

82 |nio =141+J82 0 0

83 [La203 =L52+D114/2 0 0

84 [sioz2 =J89+J90+3%(1-J104)*J98*M127/100 =3*(1-J104)*J98*N127/100 =3*(1-J104)*J98*0127/100

85 |caso4 =0 0 =D9g

86 [Na2s04 =0 0 =J79

87 |usos =149 =J81/3*2 0

88 |coal =D102*M126/100+D112*SB9-17'1G267 =D102*N126/100 =D102*0126/100

89 [cFa =D112*SB9-17'1G265

90 |ccle =D112~SB9-17'1G266
=IF(D144<0,IF('SB9- =IF(D144<0,IF(SB9-17'1Q151>0,J98*(1- =IF(D144<0,IF(SBY-
17'1Q151>0,R19+D89/2*3+D90/2+D92+D94+D100+ J104)*N127/100*2+(D109+D144)/25(1-  17'1Q151>0,(D109+D144)/2*(1-
D103/2*3+D105+D106/2*3+D107+D110/2*3+D114/ C139)*N125/100,J98*(1- €139)*0125/100+J98%(1-
2*3+D117+J72+J78/2+J82+J9072+J91+J96+J98"(1- J104)"N127/100"4+(D109+D144)/2(1-  J104)*0127/10072,(D109+D144)/2*(1-
J104)*"M127/100*2-J98*J104+(D109+D144)/2*(1-  C139)*N125/100),IF('SB9- C139)*0125/100+J98*(1-
C139)*M125/100,R19+D89/2*3+D90/2+D92+D94+D 17'1Q151>0,J98%(1- J104)*0127/100%4),IF('SB9-
100+D103/2*3+D105+D106/2*3+D107+D110/2*3+D J104)*N127/100%2+D101%(1- 17'1Q151>0,D101%(1-
114/2*3+D117+J72+J78/2+J82+J90*2+J91+J96+J9 D146)*N129/100+(D109+D145)/2*(1- D146)*0129/100+(D109+D145)/2*(1-
8*(1-J104)*M127/100*4- C139)*N125/100,J98*(1- C139)*0125/100+J98%(1-
J98*J104+(D109+D144)/2*(1- J104)*N127/100*4+D101*(1- J104)*0127/100%2,D101*(1-
€139)*"M125/100),IF('SB9- D146)*N129/100+(D109+D145)/2%(1- D146)"0129/100+(D109+D145)/2*(1-
17'1Q151>0,R19+D89/2*3+D90/2+D92+D94+D100+ C139)*N125/100)) C139)*0125/100+J98%(1-
D103/2*3+D105+D106/2*3+D107+D110/2*3+D114/ J104)*0127/100%4))
2*3+D117+J72+J78/2+J82+J90*2+J91+J96+J98*(1-
J104)"M127/10072-J98"J104+D101%(1-
D146)*M129/100+(D109+D145)/2*(1-
C139)*M125/100,R19+D89/2*3+D90/2+D92+D94+D
100+D108/2*3+D105+D106/2*3+D107+D110/2*3+D
114/2*3+D117+J72+J78/2+J82+J90*2+J91+J96+J9
8*(1-J104)*M127/100*4-J98*J104+D101*(1-
D146)*M129/100+(D109+D145)/2%(1-

91 |uzo0 €139)*"M125/100))
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91 |Table 5. CC Model Input for: (Continued)
=IF(D144<0,IF(SB9-17'1Q151>0,J98%(1- =IF(D144<0,IF(SB9- =IF(D144<0,IF(SB9-
J104)*M127/100%(11+'SB9-17'11141)+D112*SB9-  17'1Q151>0,D96+J77+R14*(1- 17'1Q151>0,(R14*S36-
17'1G264+(R14*S36-D145/2*3)*M128/100,J98*(1-  S36)+(R14*S36- D145/2*3)*0128/100+J98*(1-
J104)"M127/100%(8+'SB9-17'1G141)+D112"SB9-  D145/2*3)*"N128/100+J98*(1- J104)*0127/100%(11+'SB9-
17'1G264+(R14*S36-D145/2*3)*M128/100),IF(SBY-  J104)*N127/100%(11+'SB9- 17'11141) (R14*S36-
17'1Q151>0,J98*(1-J104)*M127/100%(11+'SB9- 17'11141), D9B+J77+R14*(1- D145/2*3)*0128/100+J98*(1-
17'11141)+D112*SB9- 536)+(R14*S36- J104)*0127/100%(8+'SB9-
17'1G264+(R14*S36+D145/2*3)"M128/100+D101*2* D145/2*3)*N128/100+J98(1- 17'1G141)),IF('SB9-
(1-D146)*M129/100,J98*(1- J104)"N127/100*(8+ SB9- 17'1Q151>0, (R14*S36+D145/2*3)*0128/
J104)*M127/100%(8+'SB9-17'1G141)+D112%SB9-  17'1G141)),IF('SB9- 100+D101*2*(1-D146)*0129/100+J98*(1
17'1G264+(R14*S36+D145/2*3)*M128/100+D101*2* 17'1Q151>0,D96+J77+R14%(1- J104)*0127/100%(11+'SB9-
(1-D146)*M129/100)) 536)+(R14*536+D145/2*3)*N128/100+J9 17'1141),(R14*S36+D145/2*3)*0128/10

8%(1-J104)"N127/100%(11+SB9- 0+D10172*(1-D146)*0129/100+J98%(1-
17'11141)+D101*2*(1- J104)*0127/100%(8+'SB9-17'1G141)))
D146)*N129/100,D96+J77+R14*(1-

$36)+(R14*S36+D145/2*3)*N128/100+J9

8%(1-J104)"N127/100%(8+SB9-

92 |co 17'1G141)+D101*2*(1-D146)*N129/100))
=IF(D144<0,(R15*S37- =IF(D144<0,D96+D98+J76+J77+J83+R1 |=IF(D144<0,(R15*S37-
D145/2)*M128/100,(R15*S37+D145/2)*M128/100)  5*(1-S37)+(R15*S37- D145/2)*0128/100,(R15*S37+D145/2)*0

D145/2)*N128/100,D96+D98+J76+J77+) |128/100)
83+R15%(1-

93 lcoz 537)+(R15*S37+D145/2)*N128/100)
=IF(D144<0 IF(SB9-17'1Q151>0,R16*(1- =IF(D144<0,IF('SB9- =IF(D144<0,IF(‘'SB9-
$38)+(R16*538-D145/2*3)*M128/100+J98*(1- 17'1Q151>0,(R16*S38- 17'1Q151>0,(R16+*S38-
J104)*M127/100*13,R16*(1-538)+(R16*S38- D145/2*3)*N128/100+J98*(1- D145/2*3)*0128/100+J98*(1-
D145/2*3)*M128/100+J98*(1- J104)*N127/100*13,(R16*S38- J104)*0127/100*13 (R16*S38-
J104)"M127/100%8),IF('SB9-17'1Q151>0,R16%(1-  D145/2*3)"N128/100+J98*(1- D145/2*3)*0128/100+J98*(1-
$38)+(R16*S38+D145/273)*M128/100+J98(1- J104)"N127/10078),IF ('SB9- J104)*0127/100"8),IF (‘SB9-
J104)*M127/100*13+D101*(1- 171Q151>0,(R16*S38+D145/2*3)*N128/1 17'1Q151>0 (R16*S38+D145/2*3)*0128/
D146)*M129/100,R16%(1- 00+J98*(1-J104)*N127/100*13+D101*(1-  100+D101%(1-D146)*0129/100+J98*(1-
$38)+(R16*538+D145/2*3)*M128/100+J98(1- D146)*N129/100,(R16*538+D145/2*3)*N  J104)*0127/100*13 (R16*S38+D145/2*3

94 |H2 J104)"M127/10078+D101*(1-D146)*M129/100)) 128/100+J98*(1- y*0128/100+D101%(1-

95 |n20s 0 0 0

96 |n2 =D112"SB9-17'G268 =0 0
=IF(D144<0,(R20+(R17+D145/2)*(1- =IF(D144<0,(R20+(R17+D145/2)*(1- =IF(D144<0,(R20+(R17+D145/2)*(1-
C139))*M125/100-8*J98*(1- C139))*N125/100+J81/3-8*J98*(1- C139))*0125/100+(D109+D144)/2*(1-
J104)"M127/100+(D109+D144)/2*(1- J104)"N127/100+(D109+D144)/2%(1- €139)*0125/100-8*J98%(1-
€139)*M125/100,(R20+(R17+D145/2)*(1- C139)*N125/100,(R20+(R17+D145/2)*(1- J104)*0127/100,(R20+(R17+D145/2)*(1-
C139))*M125/100-8*J98*(1- C139))*N125/100+J81/3-8*J98*(1- C139))*0125/100+(D109+D145)/2*(1-
J104)*M127/100+(D109+D145)/2*(1- J104)*N127/100+(D109+D145)/2*(1- C139)*0125/100-8*J98%(1-

97 |o2 €139)*M125/100) C139)*N125/100) J104)*0127/100)
=IF(D144<0,(R21+(R17+D145/2)*(1- =IF(D144<0,(R21+(R17+D145/2)*(1- =IF(D144<0,(R21+(R17+D145/2)*(1-
C139))*M125/100+(D109+D144)*(1- C139))*N125/100+(D109+D144)*(1- C139))*0125/100+(D109+D144)*(1-
C139)/2*M125/100,(R21+(R17+D145/2)*(1- C139)/2*N125/100,(R21+(R17+D145/2)*( | C139)/2*0125/100,(R21+(R17+D145/2)*
€139))*M125/100+(D109+D145)*(1- 1-C139))*N125/100+(D109+D145)*(1- | (1-C139))*0125/100+(D109+D145)*(1-

98 [no C139)/2*M125/100) C139)/2*N125/100) C139)/2*0125/100)
=IF(D144<0,(R22+(R17+D145/2)*(1- |=IF(D144<0,(R22+(R17+D145/2)*(1- |=IF(D144<0,(R22+(R17+D145/2)*(1-
C139))*M125/100+(D109+D144)*(1- C139))*N125/100+(D109+D144)*(1- C139))*0125/100+(D109+D144)*(1-
C139)/2*M125/100,(R22+(R17+D145/2)*(1- C139)/2*N125/100,(R22+(R17+D145/2)*( | C139)/2*0125/100,(R22+(R17+D145/2)*
€139))*M125/100+(D109+D145)*(1- 1-C139))*N125/100+(D109+D145)*(1- | (1-C139))*0125/100+(D109+D145)*(1-

99 |no2 C139)/2*M125/100) C139)/2*N125/100) C139)/2*0125/100)

100|NH3 =R18+J72 =0 0

101 |HcooH =D108

102|c2H403 =D101*D146

103|HNO3 =IF(D144<0,(D109+D144)*C139,(D109+D145)*C13¢

104|cH4 =J98*SB9-17'11141+D112"SB9-17'1G263

105|(cH3)asioH =J98*J1042

106|(CH3)2Si(0H)2  =J98"J104

107 [Nn205 =IF(D144<0,(R17+D144/2)*C139+(D109+D144)/2*C
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67 |Table 6. Mass Balance: Required CC Input to make 228 Ib/hr glass
68 =067
69 Species Included MW ccinput (Ib/hr)
70
71 |a203 ='SB9-17'IF8 =SUM(M71:071)*S71/453.6
72 |8203 =B91 =SUM(M72:072)*S72/453.6
73 [ca0 ='SBg-17'IF10 ‘ZSUM(MTS'OTS)'S73/453,6
74 [cuo ='SB9-17'IF17 =SUM(M74:074)*S74/453.6
75 |Fe203 ='SB9-17'IF7 ‘=SUM(M75:075)'S751453,6
76 |k20 ::‘SBQ-WT'!F24 =SUM(M76:076)*S76/453.6
77 |Li20 ='SBS-17'1F31 =SUM(M77:077)"S77/453.6
78 |mgo |='SB9-17'F12 =SUM(M78:078)"578/453.6
79 [mno2 =H70 =SUM(M79:079)"S79/453.6
80 [mno |='SB9-17'IF9 =SUM(M80:080)"S80/453.6
81 [nazo |='SB9-17'1F20 =SUM(M81:081)"S81/453.6
82 [nio |='SB9-17'IF15 =SUM(M82:082)"S82/453.6
83 [sio2 |='SB9-17'F19 =SUM(M84:084)*S83/453 6
84 [casos 1=B99 =SUM(M85:085)"S84/453.6
85 [Nazso4 |=H79 =SUM(M86:086)"*S85/453.6
86 |coal =B102 =SUM(M88:088)*S86/453.6
87 [H20 |=Ho9 =SUM(M91:091)*S87/453.6
='C:\DWPPF\AIt reductant flowsheet\2014 CEF testimodel eval
glycolic FS\[SB6-CEF-FN analytical IC xlsxjccout_CEF-FNH'IB12
88 |co | =SUM(M92:092)"588/453.6
='C:\DWPF\Alt reductant flowsheet\2014 CEF test\imodel eval
glycolic FS\[SB6-CEF-FN analytical IC.xIsx]ccout_CEF-FNH''B9
89 |coz | =SUM(M93:093)*S89/453.6
='C:\DWPF\Alt reductant flowsheet\2014 CEF test\model eval
glycolic FS\[SB6-CEF-FN analytical IC xisxjccout_GEF-FNH'IB10
90 |H2 =SUM(M94:094)"S90/453.6
91 [Nn205 =14.007"2+15.9994*5 | =SUM(M95:095)"591/453.6
='C:\DWPPF\AIlt reductant flowsheet\2014 CEF test\model eval
glycolic FS\[SB6-CEF-FN analytical IC.xIsx]ccout_CEF-FNH'!B11
92 |n2 | =SUM(M96:096)*S92/453.6
='C:\DWPF\Alt reductant flowsheet\2014 CEF test\model eval
glycolic FS\[SB6-CEF-FN analytical IC xisxjccout_CEF-FNH'IB13
93 |oz ' =SUM(M97:097)*593/453.6
='C:\DWPF\Alt reductant flowsheet\2014 CEF testimodel eval
glycolic FS\[SB6-CEF-FN analytical IC.xIsx]ccout_CEF-FNH'IB15
94 [no | =SUM(M98:098)*S94/453.6
='C:\DWPPF\Alt reductant flowsheet\2014 CEF testimodel eval
glycolic FS\[SB6-CEF-FN analytical IC.xIsxJccout_CEF-FNH'IB16
95 |no2 | =SUM(M89:099)*S95/453 6
='C:\DWPF\Alt reductant flowsheet\2014 CEF test\imodel eval
glycolic FS\[SB6-CEF-FN analytical IC.xlsx]ccout CEF-FNH'!B20
96 [NH3 =SUM(M100:0100)*S96/453.6
97 [HcooH |='SBg-17'1P64 =SUM(M101:N101)*S87/453.6
98 |c2H403 ='SB9-17'!P65 =SUM(M102:0102)*S98/453.6
99 |HNO3 |=B109 =SUM(M103:N103)*S99/453.6
100|cH4 =12.011+1.0079* =SUM(M104:N104)*S100/453.6

91
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100|Table 6. Mass Balance: Required CC Input to make 228 Ib/hr glass (Continued)
1 01 (CH3)3SiOH =(12.0107+1.0079*3)*3+28.0855+15.9994+1.0079 =SUM(M105:N105)*S101/453.6
102|(cH3)2Si(0H)2 =(12.0107+1.0079*3)*2+28.0855+(15.9994+1.0079)*2 =SUM(M106:N106)*S102/453.6
103|n205 108.01048 =M107*5103/453.6
104 |total CC model input =SUM(T71:T103)-T97-T98-T99-T101-T102-T103

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

dried feed inc. free acids
CC model input (% dry feed)

total volatiles to vapor space
exc. H20

total volatile+nonvolatile
included (% dry feed)

Species Excluded [
cCl4 =12.0107+4*35.4527

CF4 .:12,01D7+4"18,9984
NaCl =H74

NaF (=H75

BaO ='SB9-17'IF33
La203 ='SB9-17'IF37
Cr203 ='SB9-17'IF16
U308 ='SB9-17'IF11
Zn0O ='SB9-17'IF22
TiO2 ='SB9-17'IF18
Ru02 ='SB9-17'IF25
RhO2 ='SB9-17'IF26
PdO ='SBe-17'IF27
CdO ='SBO-17'IF28
SnO | ='SB9-17'IF34
Ba(OH)2 1171.3416
BaSO4 | ='SB9-17'IL33
PbSO4 ='SB9-17'IL35
P205 ='SB9-17'IF14
TcO2 ='SB9-17'IF36
Zr02 | ='SB9-17'IF38
total excluded =

total excluded (% dry feed) =

sum of mode input+excluded (%
dry feed)

MwW

=1102-199
=T104/T105

=T97+T98+T99+T101+T102+T103

=(T104+T107)/T105

Ib/hr
=SUM(M90:090)*S111/453 6
=SUM(M89:089)"S112/453.6
=I74

=I75

=C92/B92*$115
=SUM(M83:083)"S116/453.6
=C103/B103/2*$117
=SUM(M87:087)*S118/453.6
=196/H96*S119+M55

=194

=Ig8

=87

=Ig6

=C100/B100/2*S124
=C107/B107*5125

=C92

=C93

='SB9-17'1AV35
=(I80/H80/2+C95/B95)*S129
=192

=97

=SUM(T113:T131)
=T132/T105

=(T104+T107+T132)/T105
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67 |Table 7. CC Model Input at: =dyninput!L103 GPM
68 Species Stage 1 Stage 2 Stage 3

69 gmole/hr gmole/hr gmolerhr

70

71 |A1203 =M71*$X$67/$D$7 =N71*$X$67/$D$7 =071*$X$67/$D$7
72 |B203 =M72*$X$67/SD$7 =N72*$X$67/SD$7 =072*$X$67/$D$7
73 |ca0 =M73*$X$67/5D$7 |=N73*$X$67/$DS$7 =073"$X$67/$DS7
74 |cuo =M74*$X$67/5D$7 |=N74*$X$67/5DS7 =074*$X$67/$DS7
75 |Fe203 =M75"$X$67/5D$7 =N75"$X$67/SD$7 =075"$X$67/$DS7
76 |k20 =M76"$X$67/5D$7 =N76"$X$67/SD$7 =076"$X$67/$DS7
77 |Li20 =M77*$X$67/SD$7 =N77*$X$67/SDS7 =077*$X$67/$DS7
78 |mgo =M78*$X$67/3D$7 =N78*$X3$67/3D$7 =078*$X$67/3DS7
79 [Mno2 =M79*$X$67/3D$7 =N79*$X$67/SD$7 =079"$X$67/$DS7
80 |mno =MB0*$X$67/3D$7 =N80*$X$67/3D$7 =080*$X$67/$D$7
81 [Naz0 =M81*$X$67/3D$7 =N81*$X$67/3D$7 =081*$X$67/$D$7
82 |nio =MB2*$X$67/3D$7 =N82*$X$67/3D$7 =082*$X$67/$D$7
83 |Laz03 =M83*$X$67/$D$7 =N83*$X$67/3D$7 =083*$X$67/$D$7
84 |sio2 =MB4*$X$67/$D$7 =NB4*$X$67/3D$7 =084*$X$67/$D$7
85 |caso4 =MB5*$X$67/3D$7 =N85*$X$67/3D$7 =085*$X$67/$D$7
86 [Na2s04 =MB6*$X$67/$D$7 =N86*$X$67/3D$7 =086*$X$67/$D$7
87 |usos =MB7*$X$67/$D$7 |=N87*$X$67/$DS7 =087*$X$67/$DS7
88 |coal =MBB*$X$67/$D$7 |=NB8"$X$67/SDS7 =088"$X$67/$DS7
89 [cF4 =MB9*$X$67/$D$7 |=NB9"$X$67/SDS7 =089"$X$67/$DS7
90 [ccla =M80*$X$67/$D$7 |=N90"$X$67/$DS7 =090"$X$67/$DS7
91 [H20 =M81*$X$67/$D$7 |=N91"$X$67/$DS7 |=091"$X$67/$DS7
92 |co =M82*$X$67/5D$7 |=N92"$X$67/5DS7 | =092"$X$67/$DS7
93 |coz =M83*$X$67/3D$7 |=N93"$X$67/5DS7 | =093"$X$67/$DS7
94 |H2 =M94*$X$67/5D$7 |=N94*$X$67/SDS7 =094*$X$67/$DST
95 |N205 =M85*$X$67/5D$7 =N95*$X$67/SDS7 |=095*$X$67/$DS7
96 |N2 =M86*$X$67/5DS7 =N96*$X$67/SDS7 =096*$X$67/$DST
97 |o2 =MO7*$X$67/3DS7 =N97*$X$67/SDS7 =097*$X$67/$DS7
98 |No =Mg8*$X$67/3DS7 =N98*$X$67/SDS7 =098*$X$67/$DS7
99 |no2 =M99*$X$67/3D$7 =N99*$X$67/3D$7 =099*$X$67/$D$7
100|NH3 =M100*$X$67/$DS7 =N100*$X$67/$D$7 =0100*$X$67/$D$7
101|HCcoOH =M101*$X$67/SD$7 =N101*$X$67/$D$7 =0101*$X$67/$D$7
102|c2H403 =M102*$X$67/SD$7 =N102*$X$67/$D$7 =0102*$X$67/$D$7
103 HNO3 =M103*$X$67/$DS7 =N103*$X$67/$D37 =0103"$X$67/$D$7
104|cHa =M104*$X$67/SD$7 =N104"$X$67/$D$7 =0104"$X$67/5D$7
105|(cH3)3si0H =M105*$X$67/$D$7 =N105*$X$67/$D$7 =0105*$X$67/$D$7
106|(CH3)2Si(OH)2  =M106"$X$67/SD$7 =N106*$X$67/$D$7 =0106"$X$67/3D$7
107|N205 =M107*$X$67/5D$7 =N107*$X$67/$D$7 =0107"$X$67/5D$7
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