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EXECUTIVE SUMMARY

A simplified flowsheet was developed to evaluate the impact of varied assumptions of I-129 
decontamination factors on the overall I-129 material balance in the Direct Feed Low-Activity Waste 
(DFLAW) facility. The flowsheet allows inputs for I-129 feed and Decontamination Factors (DFs) for 
multiple DFLAW unit operations and provides information on I-129 partitioning to output streams. A
series of 6 DFs were evaluated, including baseline DFs from a prior Waste Treatment and Immobilization 
Plant (WTP) study and refined values based on a Savannah River National Laboratory (SRNL) review.
The Microsoft Excel flowsheet spreadsheet will be provided to WRPS to allow further evaluation of the 
impact of DF assumptions on output streams. The spreadsheet is not specific to iodine, the partitioning of 
any species can be estimated by entering the assumed DFs for each unit operation.

Flowsheet outputs matched results from the prior WTP study and show that different assumptions for the
DFs can greatly impact iodine partitioning to primary and secondary waste streams. Results from SRNL’s 
baseline DF values suggest less than 50% of I-129 would be retained in glass versus the 96% when using 
the BNI DF values. In addition, the flowsheet demonstrated that more than 5 DFLAW operational cycles 
are required to achieve a steady-state of I-129 to the primary waste stream.

It is not possible with the data available to determine whether the BNI approach or the approach taken in 
this study will be a better match for the iodine partitioning once the LAW facility begins operation.
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Introduction
The tank waste currently stored at Hanford will be treated to divide the waste into high level and low level 
fractions.  The low level fraction, known as Low Activity Waste (LAW), will begin treatment using the 
Direct Feed Low Activity Waste (DFLAW) flowsheet.  The feed during the DFLAW mission will contain 
approximately 7 curies of I-129.  Partitioning of this iodine through the DFLAW flowsheet determines how 
much of the iodine will be immobilized in the primary waste form (glass), in one of the secondary waste 
streams which will be grouted or exhausted to the atmosphere in the offgas stack.

Initial flowsheet evaluations assumed that the iodine would be captured on the guard bed of the carbon bed 
in the LAW offgas system.  However, testing showed that the guard bed deteriorated rapidly and it was 
removed from the process.  Additional testing indicated that removal of the iodine by the carbon bed also 
showed rapid deterioration.  A Waste Treatment and Immobilization Plant (WTP) contractor performed an 
evaluation of the relevant decontamination factors (DFs) for the other offgas unit operations to establish 
the expected partitioning of iodine during DFLAW operations using established DFs for the iodine based 
on the larger scale pilot testing1.  The contractor evaluations excluded the smaller scale testing that showed 
very different partitioning of iodine.  As a result of a review of the WTP DFLAW program, a sensitivity 
study was performed by the WTP contractor 2. The Bechtel National, Inc. (BNI) studies highlighted the 
uncertainty in the iodine DFs and the impact of the assumptions made during the evaluation of the VSL 
data.

The objective of this study was to perform an independent assessment of the expected DFs and partitioning 
of iodine through the DFLAW flowsheet using the available VSL data. It should be noted that the intent is 
not to determine replacement DFs to be used by the project but to show how assumptions made in the DF 
calculation impact the results.

In general, there are two significant differences in the manner that SRNL calculated the DFs and the 
approach taken by BNI.3 First, the use of offgas sample data prior to the Thermal Catalytic Oxidizer (TCO)
was not used by SRNL, instead SRNL utilized the SBS condensate samples or offgas sample data from 
samples after the TCO.  Second, SRNL calculated average emission amounts during the run and calculated 
the DFs based on this data versus determining instantaneous DFs during the run and calculating the average 
DF based on an averaging protocol for the instantaneous DFs.    In an ideal situation, the DFs calculated by 
either approach should be similar, but the two different approaches led to significant differences in the 
assumed DFs.

It should be noted that the use of a different approach to determine iodine DFs and the difference in results 
in this study does not mean that the approach taken by BNI is invalid since it is not possible with the data 
available to determine which approach will best represent the DF during actual WTP operation. For 
example, review of the Submerged Bed Scrubber (SBS) operation determined that DFs could be increased 
during WTP operation from the pilot scale tests for a variety of reasons, e.g. non-condensable flows may 
be less than the pilot scale systems 4.

Experimental 

Decontamination Factor Basis
SRNL reviewed recent VSL reports (e.g., VSL-19S4740-1, VSL-18R4500-1) as well as reports on the 
DM1200 testing to determine DFs for the melter, SBS, WESP, carbon bed, and caustic scrubber5,6.  The 
following items were noted during the review:

1) DFs for iodine across the melter, SBS, and WESP were highly variable.
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2) Applicable DF for the carbon bed cannot be ascertained due to lack of long-term test data.  Short 
term testing showed significant amounts of iodine removal by the carbon bed but also showed that 
iodine removal was declining rapidly 7.  A steady-state condition was not reached during the test.

3) The caustic scrubber lacks data from a prototypical test.  Data is available from a static impinger 
test using a solution in the same pH range as the caustic scrubber 5.

4) Mercury was not added during the pilot scale melter testing
5) Iodine was added at much higher concentrations during the testing so that iodine concentrations 

would be above analytical detection limits.
6) Iodine mass balances were less than desirable during the older testing, including the DM-1200 data.  

Mass balances for iodine have been improved by updating some of the testing and analytical 
protocols, but only smaller scale tests have been performed since these improvements were made 
by VSL.

7) Speciation of iodine in the feed was determined to impact LAW DFs and iodine speciation in the 
LAW feed is uncertain.

8) Pacific Northwest National Laboratory (PNNL) and SRNL melter tests with actual tank waste did 
not include measurement of I-129.

Collectively, the items in the list above lead to considerable uncertainty in the DFs for iodine through the 
LAW process.  Initial DFs, shown in Table 1, were selected based on a SRNL review that estimated DFs 
for the melter, SBS, and WESP to be 1.25, 2, and 1.75 respectively (SRNL-L3300-2020-00019).  Note that 
these values are lower than the BNI counterparts included in Table 1 for comparison. The EMF Evaporator 
DF was listed at 500 based on testing that showed iodine partitioned to the EMF concentrate when the LAW 
condensate is neutralized prior to evaporation which matches the BNI value8.  No decontamination is 
assumed for the HEPA,e TCO and Selective Catalytic Reducer (SCR) as no significant removal of iodine 
is expected.  It is likely some iodine will accumulate on the carbon bed, but no data is available to determine 
the expected DF for long-term operations; a value of 1 was assumed for all but one run.  Small scale 
impinger data suggests a significant amount of iodine will be absorbed by the caustic scrubber5, so a DF of 
2 was used as the baseline but one run was performed with the caustic scrubber DF set to 1.04.

Table 1: Assumed DFs for Flowsheet Calculations

Unit Operations BNI DF SRNL 
Baseline 

DF

SRNL DF
- 100%

SRNL DF
+ 100%

SRNL DF
with CB 
DF of 2

SRNL DF
with CS 

DF of 1.04
Melter 2.5 1.25 1.125 2.5 1.25 1.25

SBS 3.6 2 1.5 4 2 2
WESP 4.8 1.75 1.375 3.5 1.75 1.75

EMF Evaporator 500 500 500 500 500 500
HEPA 1 1 1 1 1 1

Carbon Bed 1 1 1 1 2 1
TCO/SCR 1 1 1 1 1 1

Caustic Scrubber 1.04 2 1.5 4 2 1.04

Due to the large uncertainty in the DFs for iodine through the LAW process, two cases were evaluated 
using SRNL baseline values increased and reduced by a factor of 2, labeled as “+ 100%” or “- 100%” in 
Table 1.  “CB 2” assumes SRNL’s baseline DFs, but with 50% iodine retention on the carbon bed.  And 
“CS 1.04” assumes SRNL’s baseline DFs using the lower caustic scrubber DF of 1.04 assumed in the BNI 
study.
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Description of Simplified Flowsheet
A simplified flowsheet was developed to evaluate the impact of decontamination factors on the overall 
material balance of DFLAW.  The flowsheet allows user defined DFs for the discrete operations listed in 
Table 2.  Inputs are user defined and represent receipt in the LAW Concentrate Receipt (LCP) from AP-
106 and miscellaneous effluents in the DFLAW EMF Process (DEP) system (e.g., lab, line flush, etc.).  
Outputs include retention in the glass, HEPA or carbon bed, and exiting the LAW though the LAW 
Secondary Offgas/Vessel Vent Process System (LVP) stack or the Liquid Effluent Retention Facility 
(LERF) and Effluent Treatment Facility (ETF).  The spreadsheet starts assuming the LAW is empty and 
calculates the initial recycle stream from the first batch processed.  This recycle is added to the feed and the 
recycle from the second batch is calculated.  This cycle repeats for 15 cycles and results in an approximation 
of the steady state conditions in the facility when using the 15th cycle as the results.  The ETF is included 
in the flowsheet, but limited DFs are available for ETF unit operations. All DFs for ETF unit operations 
were set to 2 to allow the ETF portion of the spreadsheet to be mathematically checked; the results from 
the spreadsheet will not reflect ETF operations until suitable DFs are added to the sheet; therefore, the ETF 
results are not included in the results or discussed. Returns are added as an additional input for subsequent 
cycles.  While the flowsheet is configured to accept DFs for any species, I-129 was utilized for the present 
study.

Table 2: Operations with User-Defined DFs in the Simplified LAW flowsheet

LCP/LFP/LMP LOP LVP DEP LERF-ETF
Melter, Vents SBS,

WESP
HEPA, 
Carbon Bed, 
TCO, Caustic 
Scrubber

Filter, 
Evaporator

Filter, Peroxide Decomposer (PD), PD 
Carbon Bed, Degasser, Reverse 
Osmosis, Ion Exchange, Evaporator, 
Thin Film Dryer, Off-Gas System

Results and Discussion
Results from the simplified flowsheet using the BNI DF assumptions listed in Table 1 match the values 
calculated in the WTP Iodine Sensitivity Study. The percent fraction of I-129 in select steady-state output 
streams using both the BNI and SRNL baseline DFs are listed in Table 3. Whereas the BNI values result 
in the majority of I-129 being retained in the glass, the lower Melter, SBS, and WESP DFs assumed in the 
SRNL baseline results in less than half the I-129 retained in the melter with ~53% exiting DFLAW via the 
stack or LERF-ETF.

Table 3: Baseline Results

BNI 
Baseline

SRNL 
Baseline

Glass 96.2 % 46.5 %
Carbon Bed 0 0
HEPA 0 0
LAW Stack 3.57 % 25.6 %
LERF-ETF 0.26 % 26.9 %

Table 4 shows the steady-state partitioning of I-129 in the DFLAW output streams derived from the 
simplified flow sheet using the DFs listed in Table 1.   A graphical representation of Table 4 is found in 
Figure 1. The feed input assumed the 6.94 curies of I-129 expected to be in the DFLAW feed.  It should be 
noted that while the BNI baseline resulted in > 50% more I-129 retained in the glass, the results are plausible 
considering the factor 2 of uncertainty considered in the baseline SRNL DFs 
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Table 4: I-129 Curies in DFLAW Output Streams Using DFs in Table 1

  Glass Carbon Bed Stack LERF-ETF 
BNI Baseline 6.67 0.00 0.25 0.02 

SRNL Baseline 3.23 0.00 1.85 1.86 
SRNL - 100% 1.42 0.00 3.67 1.85 
SRNL + 100% 6.62 0.00 0.08 0.24 

SRNL CS DF 1.04 3.23 0.00 3.55 0.16 
SRNL CB DF 2.0 3.23 1.85 0.92 0.94 

Figure 1: Graphical Representation of I-129 Partitioning in DFLAW Using DFs in Table 1

Also shown in Table 4 are calculated values using SRNL’s baseline DFs with differing DF’s for the carbon 
bed and caustic scrubber.  Both systems are located downstream of the LOP and do not affect I-129 
partitioning in the melter.  Retention of I-129 on the carbon-bed will result in an analogous decrease in I-
129 downstream; a result reflected in Table 4 with I-129 at the Stack and LERF-ETF being collectively 
reduced by the same fraction collected on the carbon bed.

Very little experimental data exists to derive DFs for the off-gas stream after the TCO and a DF for the 
caustic scrubber was based on an assumed iodine speciation.9 It is noted that higher pH (above 10.5) for 
the caustic scrubber solution would result in a much higher DF for iodine than the nominal 9.5 pH planned 
for operations. Changes in the scrubber DF largely direct the fraction of I-129 sent to the stack vs. LERF-
ETF.  Decreasing the scrubber DF from 2.0 to 1.04 nearly doubles the I-129 exiting the stack and conversely 
minimized the activity sent to LERF-ETF.

Table 5 shows the I-129 partitioning as a function of DFLAW operational cycle for first 10 cycles using 
SRNL’s baseline DFs.  During the first pass-through, only 43% of the I-129 is included in an output stream 
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with the remainder added to the following cycle’s feed.  The total fraction of I-129 in output streams 
continually increases with the number of cycles and a near-steady state achieved after about 5 cycles. Idling 
DFLAW operations (or running in a non-continuous mode) can greatly affect I-129 outputs. 

Table 5: I-129 Partitioning Per DFLAW Operational Cycle – SRNL Baseline
Cycle Number 1 2 3 4 5 6 7 8 9 10 
I-129 in Feed 6.94 6.94 6.94 6.94 6.94 6.94 6.94 6.94 6.94 6.94 

Returns from Previous Cycle 0.00 3.96 6.21 7.50 8.24 8.65 8.89 9.03 9.11 9.15 
Sent to Glass Canistor 1.39 2.18 2.63 2.89 3.04 3.12 3.17 3.19 3.21 3.22 

Retained on Carbon Bed 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sent to Stack 0.79 1.25 1.50 1.65 1.73 1.78 1.81 1.83 1.83 1.84 

Sent to LERF/ETF 0.80 1.26 1.52 1.67 1.75 1.80 1.83 1.84 1.85 1.86 
Total Iodine in Output Streams 2.98 4.68 5.65 6.21 6.52 6.70 6.80 6.86 6.90 6.91 
% of Iodine in Output Streams 43% 67% 81% 89% 94% 97% 98% 99% 99% >99% 

Conclusions
The following conclusions are drawn from the study:

Different approaches to determining the DFs for the LAW melter and offgas system have led to 
very different values for the expected DFs.
The iodine partitioning to primary and secondary wasteforms is significantly changed by the 
different values for unit operation DFs.
Actual DFs during LAW operation could be different than the expected values due to differences 
in feed speciation, impact of mercury, impact of feed concentration, or other factors that differ 
between the actual operation and the pilot scale testing.
This study may not bound iodine partitioning to any of the primary or secondary waste streams.

Recommendations, Path Forward or Future Work
The following recommendations were determined from the conclusions drawn:

Options to address higher than expected iodine partitioning to each of the secondary waste streams 
should be evaluated.
Additional studies, if performed, should focus on improving the understanding of the caustic 
scrubber and carbon bed unit operations.
Iodine DFs for LERF-ETF unit operations need to be determined and added to the spreadsheet.
The Microsoft Excel flowsheet spreadsheet will be provided to WRPS to allow further evaluation 
of the impact of DF assumptions on output streams.  The spreadsheet is not specific to iodine, the 
partitioning of any species can be estimated by entering the assumed DFs for each unit operation.
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Appendix A.  Flowsheet Screenshots of SRNL Baseline

Figure A-1: Inputs/Outputs
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Figure A-2: Receipt, Melter Feed and Melter (LCP, LVP, LMP)
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Figure A-3: Primary Offgas (LOP)
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Figure A-4: Secondary Offgas and Condensate Handling (LVP, RLD)
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Figure A-5: Effluent Management Facility (DEP)
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Figure A-6: LERF-ETF
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