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DISCLAIMER

This report was prepared for the United States Department of Energy under Contract 
No. DE-AC09-09SR22505 and is an account of work performed under that contract.  
Reference herein to any specific commercial product, process, or service does not 
necessarily constitute or imply endorsement, recommendation, or favoring of same by 
Savannah River Remediation LLC or by the United States Government or any agency 
thereof.  The views and opinions of the authors expressed herein do not necessarily 
state or reflect those of the United States Government or any agency thereof.





Y-AES-G-00013
Savannah River Remediation November 18, 2015
Liquid Waste System Revision 0
Mercury Removal Study Page 4 of 84

TABLE OF CONTENTS

1.0 BACKGROUND .....................................................................................................11

2.0 PROCESS ................................................................................................................11

2.1 SELECTION OF STUDY TEAM MEMBERS..................................................................13
2.2 PROBLEM AND MISSION STATEMENT .....................................................................14
2.3 BRAINSTORMING ....................................................................................................14
2.4 SCREENING .............................................................................................................14
2.5 DEVELOP EVALUATION CRITERIA ..........................................................................16
2.6 DATA DEVELOPMENT .............................................................................................17
2.7 EVALUATION ..........................................................................................................17

2.7.1 Criteria Weighting ..........................................................................................18
2.7.2 Scoring ............................................................................................................18
2.7.3 Ranking ...........................................................................................................19
2.7.4 Sensitivity Analysis ........................................................................................20
2.7.5 Solution Optimization.....................................................................................20
2.7.6 Risk Assessment .............................................................................................20

3.0 DISCUSSION OF RESULTS ................................................................................20

4.0 RECOMMENDATION..........................................................................................21

5.0 REFERENCES........................................................................................................22

6.0 APPENDICES.........................................................................................................22



Y-AES-G-00013
Savannah River Remediation November 18, 2015
Liquid Waste System Revision 0
Mercury Removal Study Page 5 of 84

LIST OF FIGURES

FIGURE 2-1: STUDY PROCESS...............................................................................................12
FIGURE 2.7.1-1: ANALYTICAL HIERARCHY AND CRITERIA WEIGHTS ..................................18
FIGURE 2.7.3-1: RESULTS ....................................................................................................19

LIST OF TABLES

TABLE 2.1-1: TEAM MEMBERS ............................................................................................13
TABLE 2.4-1: BRAINSTORMING AND SCREENING RESULTS ..................................................15
TABLE 2.7.2-1: SCORING GUIDE SCALE ...............................................................................19



Y-AES-G-00013
Savannah River Remediation November 18, 2015
Liquid Waste System Revision 0
Mercury Removal Study Page 6 of 84

List of Acronyms and Abbreviations

APC Air Pollution Control
BPHC Bicarbonate-treated Peanut Hull Carbon
CHAP Consolidated Hazards Analysis Process
DNAPL Dense Nonaqueous Phase Liquid
DOE Department of Energy
DSA Documented Safety Analysis
DSS Decontaminated Salt Solution
DWPF Defense Waste Processing Facility
ETP Effluent Treatment Plant
GAC Granular Activated Carbon
HLW High Level Waste
IX Ion Exchange
LWO Liquid Waste Organization
LWS Liquid Waste System
MCU Modular Caustic Side Solvent Extraction Unit
MHBD Modified Hardwickia Binata Bark
NOM Natural Organic Matter
PAC Powdered Activated Carbon
psi Pounds per square inch
PVV Process Vessel Vent
RCRA Resource Conservation and Recovery Act
RCT Recycle Collection Tank
RWT Recycle Waste Tank
SAMMS Self-Assembled Monolayers on Mesoporous Supports
SCIX Small Column Ion Exchange
SDF Saltstone Disposal Facility
SEE Systems Engineering Evaluation
SME Subject Matter Expert
SPF Saltstone Production Facility
SRNL Savannah River National Laboratories
SRR Savannah River Remediation (LLC)
SRS Savannah River Site
SWPF Salt Waste Processing Facility
TCLP Toxicity Characteristic Leaching Procedure



Y-AES-G-00013
Savannah River Remediation November 18, 2015
Liquid Waste System Revision 0
Mercury Removal Study Page 7 of 84

TRL Technology Readiness Level
UF Ultrafiltration
UV Ultraviolet



Y-AES-G-00013
Savannah River Remediation November 18, 2015
Liquid Waste System Revision 0
Mercury Removal Study Page 8 of 84

Summary of Revision

Revision 
Number

Date Description of Change

0 11/18/15 Initial Issue



Y-AES-G-00013
Savannah River Remediation November 18, 2015
Liquid Waste System Revision 0
Mercury Removal Study Page 9 of 84

EXECUTIVE SUMMARY

The mercury levels within the Liquid Waste System (LWS) being encountered are higher 
than previously predicted.  This may be attributed to ineffective removal of mercury from 
the sludge feed to the Defense Waste Processing Facility (DWPF).  The original flowsheet 
design had DWPF as the major purge point for mercury in its elemental form. It is 
possible that removal of mercury in DWPF may not be sufficient to meet system removal 
requirements and also prevent significant recycling of mercury (Hg) to the Tank Farm. 
Therefore as part of an overall strategy to reduce the Liquid Waste System mercury level, 
a team was chartered to identify and examine options to determine the best possible 
alternative means to remove mercury from the LWS (excluding DWPF) and provide a 
recommendation for implementation of a preferred option(s).

The SEE team deliberations underscored the emerging significance of mercury speciation 
in various parts of the liquid waste system.  Recent data highlight the dominant impacts of 
speciation on mercury behaviors, including mercury separation/removal and mercury 
leachability from saltstone. In particular, the presence and predominance of organic 
mercury species, such as methyl mercury cation, in the liquid waste system represent a 
significant challenge.  Technology solutions that address the organic mercury are crucial 
to the long term success of liquid waste processing success at the Savannah River Site. 
Thus, mercury speciation was considered in developing and evaluating the SEE team 
recommendations. The final recommendations include relatively low-cost opportunistic 
methods that provide significant near-term removal of elemental and inorganic-ionic 
mercury, along with medium term actions to address organic mercury.

From the documents provided to the SEE team, the following purge and collection points 
for mercury were identified: 1) Elemental mercury removed at DWPF (outside the scope 
of this evaluation); 2) Elemental mercury collected at the bottom of process vessels; 3) 
Elemental mercury collected at the H-area evaporators; 4) organic mercury cation (HgR+) 
sent to Saltstone (Toxicity Characteristic Leaching Procedure [TCLP] tests have shown 
that the organic mercury cation is the major mercury soluble leachate). This could be a 
potential concern in Saltstone if the concentration of soluble mercury in the LWS 
increases over time.

The SEE process used for this evaluation was a structured alternative analysis with 
weighted evaluation criteria.  20 potential options were initially identified to remove 
mercury from the Liquid Waste System.  The 20 options were subsequently reduced to 13
options through a screening process.  The evaluation of the 13 final options resulted in 
three recommendations by the team because of the different forms of mercury in the LWS:
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(A) Deploy Option 8: Target process vessels (e.g. overheads tank) for mechanical 
removal of elemental mercury observed to collect at the bottom of process tanks 
(opportunistic) 

(B) Deploy Option 5a: Enhanced removal of ionic mercury at the H-area
Evaporators using chemical addition of a reducing agent to enhance the reduction 
of ionic mercury to elemental mercury for collection (minimal chemical addition
option)

(C) Pursue the conversion of the organic mercury cation (HgR+) in Tank 50 (feed 
to Saltstone) to ionic and elemental mercury using ultraviolet (UV) light by testing 
the photo reactor Option 10 (Photoreactor on Tank 50), and maturing the 
technology for deployment.  In parallel, test to mature Option 7 (Enhanced 
retention of mercury in Saltstone).  Important in this development are robust 
techniques that are compatible with LWS operations to convert organic mercury to 
either ionic or elemental state.  This initiative would potentially allow Saltstone to 
incorporate higher mercury levels and still pass the mercury TCLP even if the UV 
treatment is not successful.

This report documents in detail the activities and recommendations of the team.
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1.0 Background

Mercury continues to be a difficult constituent in the LWS flowsheet and has led to 
facility issues [e.g. Process Vessel Vent (PVV) system performance] as well as other 
issues (e.g., increased saltstone Hg inventory).  Mercury levels within the LWS are being 
encountered which are higher than previously predicted.  This may be attributed to 
ineffective removal of mercury from the waste streams being processed.

It is possible that removal of mercury in DWPF may not be sufficient to meet system 
removal requirements.  As one part of an overall strategy to reduce the High Level Waste 
(HLW) System mercury level, an alternate method(s) of removing mercury from the 
LWS, excluding DWPF, must be established.

A team was subsequently chartered to identify and examine options to determine the best 
possible alternative means to remove mercury from the LWS (excluding DWPF) and 
provide a recommendation for implementation of a preferred option(s).  This report 
documents the activities and recommendations of the team.

2.0 Process

The process used for this evaluation was a structured alternative analysis with weighted 
evaluation criteria. The team used alternative study methods defined in E7 Manual 
procedure 2.15 (Reference 5.2) and Alternative Studies and System Engineering 
Methodology Guidance Manual, WSRC-IM-98-000033, Appendix A (Reference 5.3).  
This methodology is commonly used to select an alternative from two or more options 
which would be available to meet specific functions, selection criteria, and requirements.

The SEE process is shown in Figure 2-1 and is described in detail within the following 
sections.
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Figure 2-1: Study Process
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2.1 Selection of Study Team Members

The Team was managed by the Chief Technology Officer. The initial activity of the study 
was to identify SEE team members and resources.  The Team consisted of subject matter 
experts (SMEs) selected for their specific knowledge relating to the LWS (Tank Farms) 
and mercury removal.  The Team comprised of core members who, in addition to 
participating in team activities will be responsible for screening and evaluating options, 
and supplemental SMEs who will be participants as needed by the SEE process.  The 
following functional areas were be represented within the Team:

 Operations
 Engineering
 Savannah River National Laboratory (SRNL)
 Nuclear Safety
 Flowsheet
 System Planning
 External SMEs

The list of SEE team members is shown in Table 2.1-1:

Table 2.1-1: Team Members

Name Organization

Richard Edwards Engineering
Vijay Jain Chief Technology Officer
Brian Looney SRNL
Dennis Jackson SRNL
Eric Harrison ETP Engineering
John Gregory Ops & Facility Management
John Schwenker Tank Farm Operations
Kent Gilbreath Planning
Lou Papouchado URS-PS
Bob Petras Env. & Waste Characterization
Michael Smith Flowsheet Engineering
Annah Garrison Tank Farm Engineering
Scott Reboul SRNL
Kishan Patel Flowsheet Engineering
Azi Samadi-Dezfouli DWPF Engineering
Don Blake DOE
Joe Copeland DOE
Gavin Winship Risk Management (Facilitator)
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2.2 Problem and Mission Statement

The initial step of this SEE was to identify and succinctly state the problem and define a 
mission and goal for the study.  To ensure these prerequisites were accepted by the 
facilities, management and engineering, a Charter was developed and approval obtained 
(Reference 1).  Within this Charter the problem statement was defined as:

“There is a risk that re-establishing DWPF Mercury removal and
recovery may be insufficient and DWPF recycle will continue to
contain high levels of mercury.”

From this the team developed the following mission statement:

“Recommend an option or options to reduce or sequester the level of
mercury in the LWS (excluding DWPF).”

2.3 Brainstorming

Using the Problem and Mission/Charter statements, the team performed brainstorming to 
identify potential options.  20 potential options were identified (see Table 2.4-1) to reduce 
or sequester mercury from the LWS.

2.4 Screening

Screening criteria were developed by the team based on the desired function to reduce or 
sequester mercury from the LWS and the constraints within which this must be performed.  
As with the Problem and Mission statements these screening criteria were included in the 
Charter (Reference 1) and approved by management, facilities and engineering.  The 
following screening criteria were developed:

 All removed mercury shall be either disposed of through existing waste 
disposal paths or captured and held for further treatment prior to final 
disposal.

 Option shall not constrain planned LWS operations.

After applying the above screening criteria to the 20 options identified during 
brainstorming, 7 options were screened out.  The results of initial brainstorming and 
screening are shown below in Table 2.4-1:
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Table 2.4-1: Brainstorming and Screening Results

# Option Pass/Fail Remarks

1 Electrode Based Separation FAIL  Low TRL in liquid 
waste scenario, 

 High maintenance 
needs, 

 Production of 
hydrogen, 

 Complex operations 
 Uncertain wasteform.

2a Install Filtration  – Recycle Stream PASS
2b Install Filtration – DSS and 512-S 

Cleaning & Maintenance streams
FAIL DSS, 512-S Cleaning, and

Maintenance streams
ultimately enter Tank 50 
and feed to Salstone.  
With the increased flow to 
Saltstone after SWPF 
startup, implementation 
before, after, or within 
Tank 50 would create a 
bottleneck that would 
affect the production of 
Saltstone.

2c In Tank Filtration PASS
3a Sorption of Mercury – Recycle 

Stream
PASS

3b Sorption of Mercury – DSS and 
512-S Cleaning & Maintenance 
streams

FAIL See Option 2b remarks.

3c In Tank Sorption PASS
4a Install IX – Recycle Stream PASS
4b Install IX - DSS and 512-S 

Cleaning & Maintenance streams
FAIL See Option 2b remarks.

4c In Tank IX PASS
5a Enhance Evaporator Functionality: 

Minimal Chemical Option
PASS

5b Enhance Evaporator Functionality: 
Complete Chemical Option

PASS

5c Enhance Evaporator Functionality: 
Photoreactor Option 

PASS

5d Enhance Evaporator Functionality: PASS
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Photoreactor Option (in-tank)
5e Enhance Evaporator Functionality: 

Electrochemical Option
FAIL  Potential for high 

maintenance needs
 Hydrogen production
 Impacts to flowsheet. 

low TRL for liquid 
waste application

6 Install Evaporator between DWPF 
and Tank Farm

FAIL Adding an Evaporator 
between the two facilities 
does not accomplish the 
goal of removal of the 
mercury from the system.

7 Mercury Retention in Saltstone 
Disposal Form

PASS

8 Target tanks with high mercury 
Levels for mechanical removal

PASS

9 Reduce Methylation Fraction by 
Chemical addition or changing 
conditions.

FAIL  Lack of basic 
information

 Low TRL in liquid 
waste scenario

 Potential impact on 
flowsheet
low probability of 
success.

10 Tank 50 Photoreactor PASS

Descriptions of failed options are presented in Appendix D.  Descriptions of Passing 
options are presented in Appendix C along with the additional information developed on 
those options for the evaluation process.

2.5 Develop Evaluation Criteria

Evaluation criteria were developed based on those specific attributes that the team 
considered critical to mission success and of specific interest to stakeholders.  The 
evaluation criteria were also considered to be discriminating between options in that each 
option would vary in how well they perform against each criterion.  The evaluation criteria 
developed by the team and topics associated with the criterion were as follows:

Mercury Removal Capability
Options with greater mercury removal were considered more favorable than options with 
lesser mercury removal capability.

Impact to System Plan Execution
Impacts to the System Plan are those which impact the execution of the production of 
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Saltstone, canisters, closures etc., as defined in the system plan.  The lower the impact to 
the execution of the System Plan, the more preferable the option. 

Cost of Modifications
The cost of modifications to deploy the option in the Liquid Waste System.  The lower the 
cost, the more preferable the option.

Schedule to Deploy
The shorter the duration from receiving notice to proceed to complete deployment, the 
more preferable the option.

Technology Readiness Level
The higher the Technology Readiness Level (TRL), the more preferable the option.

Ease of Disposal
The easier the form of mercury removed is to dispose of, the more preferable the option.

Operability
The easier the option is to operate (e.g. fewer/simpler operational steps, replenishment of 
consumables), the more preferable the option.

Impact to liquid Waste Flowsheet
Impact to the Liquid Waste Flowsheet are those changes which modify the chemistry and 
rheology of the flowsheet.  The smaller the impact, the more preferable the option.

Life Cycle Cost
The cost of operation within the Liquid Waste System.  The lower the cost, the more 
preferable the option.

2.6 Data Development

After the development of evaluation criteria, the final options that passed screening were 
investigated further and matured to provide an understanding of how they would perform 
for each of the evaluation criteria.  The final options and developed data are presented in 
Appendix C.

2.7 Evaluation

A software package specifically designed for alternative analyses was used to perform the 
evaluation.  The software, Expert Choice Pro© provides an analytical platform capable of 
recording data in the form of weighted criteria and scoring and performing a synthesis of 
these data to arrive at rankings.  Secondary features are the ability to modify criteria 
weights and show in real time, ranking changes. Using the data developed for each option 
and weighted criterion, the options were scored, ranked, and a sensitivity analysis 
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performed.  After interpreting the results, options were determined not to be mutually 
exclusive, so a grid was prepared to optimize the solution.  Risks were assessed for top 
option(s) as discussed below.

2.7.1 Criteria Weighting
The analysis hierarchy was developed using Expert Choice Pro© and a pair-wise 
comparison of criteria performed to establish weights based on preference judgements.  
The resulting hierarchy and criteria weights are shown in Figure 2.7.1-1:

Figure 2.7.1-1: Analytical Hierarchy and Criteria Weights

As expected the highest weighted criteria were Technology Readiness Level and the 
capability to remove mercury.  Technology Readiness Level was weighted high as it is 
essential to have mature option to assure mission success.  Mercury removal capability 
was weighted high as is essentially the mission of the preferred option.  Cost of 
modification was the third highest weighted criteria as typically a higher cost deployment 
option is less likely to be funded in the current environment.  Operability, was the next 
heavily weighted criteria, as the team considered once the capability was deployed, it 
would be a long term burden on the program if the option were difficult to operate.  Of the 
remaining criteria, schedule to deploy was weighted higher as an early deployment would 
ensure mercury issues were resolved quickly, which is a stakeholder concern.  All other 
criteria were considered discriminators but not as significant as the five discussed above.

2.7.2 Scoring
A guide scale (Table 2.7.2-1) was developed to help assign a numerical performance value
when evaluating options against a specific criterion:
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Table 2.7.2-1: Scoring Guide Scale

Excellent 1

Very Good
0.75

Good

Acceptable 0.5

Marginal
0.25

Poor

Very poor 0

The team then proceeded to apply a score to each criterion for each option.  The results of 
the scoring are shown in Appendix A.

2.7.3 Ranking
After the scoring had been completed the software program synthesized the results by 
multiplying the score by the weighting factor for each criterion and totaling the score for 
each option to arrive at a ranking.  Figure 2.7.3-1 shows the ranking score results for all
options.

Figure 2.7.3-1: Results

As can be seen from Figure 2.7.3-1, Option 5a (Enhanced evaporator operation with 
minimal chemical addition), and Option 8 (Target tanks/vessels for mechanical removal) 
were the highest ranking options. 
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2.7.4 Sensitivity Analysis
A model’s results are considered robust if evaluation criteria weights can be altered by ± 
10% and the top ranking option is not displaced.  A sensitivity analysis was performed by 
increasing and decreasing the weight of a particular criterion, resulting in the increase or 
decrease being proportionally distributed to the other criteria.  This changed the scores of 
the options.  It was observed that in no case did this degree of change displace the top two 
options.  The criteria generally had to be changed upwards of 30% to change position and 
in many cases drastic decreases or increases in selected criteria did not displace the top 
two options.  This model and result were therefore considered robust and valid.

2.7.5 Solution Optimization
Unlike most evaluations of this type, the two top ranking options (Option 8, targeting 
process vessels for mercury removal and Option 5a, enhanced evaporator operation with 
minimal chemical addition) were not mutually exclusive, i.e. if one were deployed the 
other could not.  This gave the team the opportunity to select the top two ranking options 
for deployment.  While these options did remove mercury, they may not be effective in the 
removal of organic mercury.  To further optimize the solution, a further means to remove 
organic mercury was identified by selecting an organic mercury removal option from the 
remaining organic mercury removal options:

 Option10: Photoreactor on Tank 50 – 8.7%
 Option 7: Mercury retention in Saltstone – 8.5%
 Option 5b: Complete chemical evaporator option – 8.0%
 Option 5d: Enhanced Evaporator Photoreactor (in tank, Tank 22 or 43) – 8.0%
 Option 3c: In Tank Sorption of mercury (Tank 22) – 7.4%

Again, the top two organic mercury removal options (Option 10, Tank 50 photoreactor 
and Option 7, enhanced retention in saltstone) were not mutually exclusive.

2.7.6 Risk Assessment
Two risk identification processes (premortem and brainstorming) were used to identify 
risks and opportunities associated with the top two mercury removal options and the top 
two organic mercury removal options from the SEE.  The risks/opportunities identified 
and their associated handling strategies are presented in Appendix B.  The risks associated 
with Options 5a and 8 were low and manageable and risk handling strategies were 
developed.  There were a greater number of potentially higher risks associated with 
Options 7 and 10 and these generally were relating to maturation of the processes.  Risk 
handling strategies were identified for each.

3.0 Discussion of Results

The evaluation results show that Option 8 (Target process vessels (e.g. overheads tank) for 
mechanical removal of elemental mercury), and Option 5a (Removal of ionic mercury 
using the enhanced Evaporator minimal chemical addition) were the highest ranking 
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options that could be deployed in concert.  The sensitivity analysis demonstrated this to be 
a robust model and ranking.  The high rankings of these two options were driven by the 
low cost and ease of deployment and operation; thus they represent opportunistic 
technologies. Neither of these high ranked options, however, address the important long 
term challenge of organic mercury in the liquid waste system. 

The solution was further optimized with the inclusion of two techniques that address 
organic mercury in the liquid waste system.  The SEE team recommends including 
technologies that target organic mercury in the final decision. Throughout the 
brainstorming process the significance of mercury speciation in various parts of the liquid 
waste system was emphasized.  The presence of organic mercury, such as methyl mercury 
cation, represents a significant challenge for processing the liquid waste. The team 
recognizes that neither Option 8 nor Option 5a address the organic component. Options 
that scored high that would address the organic component were Option 10 (ranked third), 
Option 7 (ranked fourth), and Option 5b (ranked fifth). These rankings were strongly 
influenced by technology readiness level.  The logic of Option 10 is that converting 
organic mercury to inorganic mercury will increase the adsorption of mercury within 
saltstone.  Option 10 initially considered a photoreactor to promote the conversion 
process.  Through the brainstorming processes other options were identified that could 
also convert the organic mercury to inorganic mercury at Tank 50, specifically enhanced 
oxidation of organic mercury using ozone.  This embodiment was identified as a 
component of Option 5b, complete chemical removal using the evaporator.  This option 
was ranked fifth.  Narrative of ozone oxidation and applicability to organic mercury is 
provided in Section 5b in Appendix B.  Solutions(s) that address the organic mercury are
crucial to the long term success of liquid waste processing success at the Savannah River 
Site. Independent of the conversion of organic mercury, Option 7 considers modification 
of saltstone to enhance the retention of the methyl mercury cation.

The risk assessment identified risks that existed with each of these options and generally 
risk handling strategies were considered effective to minimize the risk during the path to 
deployment.  The final recommendations include relatively low-cost opportunistic 
methods that provide significant near-term removal of elemental and inorganic-ionic 
mercury, along with medium term actions to address organic mercury.

4.0 Recommendation

It is the recommendation of the team to:

(A) Deploy Option 8: Target process vessels (e.g. overheads tank) for mechanical 
removal of elemental mercury (opportunistic) 

(B) Deploy Option 5a: Removal of ionic mercury using the enhanced Evaporator 
minimal chemical addition
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(C) Pursue the removal of organic mercury by testing the photo reactor Option 10 
(Photoreactor on Tank 50), and maturing the technology for deployment, in 
parallel with testing to mature Option 7 (Enhanced retention of mercury in 
saltstone).  Important in this development are robust techniques that are compatible 
with LWS operations to convert organic mercury to either the ionic or elemental 
state.

5.0 References

5.1 SRR-LWE-2015-00086, Alternate Method for Mercury Removal from the Liquid 
Waste System – Evaluation Team Charter, Revision 0, October 6, 2015.

5.2 Manual E7, Procedure 2.15, Alternative Studies.

5.3 Systems Engineering Methodology Guidance Manual, WSRC-IM-98-00033, 
Appendix A.

6.0 Appendices

Appendix A – Option Scoring
Appendix B – Premortem Results
Appendix C – Passing Options Descriptions and Data
Appendix D – Failed Options
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Appendix A – Option Scoring
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Appendix B – Premortem Results

Option 8: Target Process Vessels for Mechanical Removal of elemental mercury-
Risk Identification

ID Risk Handling

1 Identifying targets (mercury at the 
bottom of tanks) is ineffective

 Further R&D on ultrasonic or 
electrochemical probes and 
sensors etc., to refine the 
process of detection

2 Additional safety controls are required 
for vapor generated by use of 
pneumatic pumps

 Design measures to modify 
pump

 Investigate other types of pump
3 Disposal is made more difficult due to 

removal of “dirty” mercury
 Investigate purification options
 Investigate disposal as amalgam

Option 5a: Enhanced Evaporator - Minimum Chemical addition for enhanced 
mercury recovery - Risk Identification

ID Risk Handling

1 Tin/boron mercury reductants impact 
glass quality

 Perform additional glass 
qualification

 Investigate downstream impacts
2 Chemical handling of reductant is more 

difficult than anticipated
 Develop an optimized plan for 

storage and handling
 R&D to define process 

parameters
 Evaluate tank corrosion control

3 Safety basis changed based on mercury 
removal quantity. Requires 
new/additional controls

 Perform analysis
 Identify and deploy controls
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Option 7: Mercury Retention in Saltstone - Premortem Results

ID Risk Handling

1 TCLP Fails with new mercury binder  Perform R&D
 Perform testing

2 Amount of binder impacts quality of 
product/processability (e.g. set time, 
slump, pumpability, air entrainment 
etc.)

 Perform R&D
 Perform testing

3 Binding agent does not mix well  Perform R&D
 Perform testing

4 Cost of binder is prohibitive  Identify alternatives
5 Binder is not available (cannot be 

successfully formulated)
 Perform R&D early

6 Binder causes other metals to fail 
TCLP

 Perform R&D
 Perform testing

7 Binder causes flammability issues  Perform R&D
 Perform testing

8 Binder is not commercially available in 
the quantities required

 Investigate the feasibility of 
SRR producing binder

9 Regulators do not approve of approach 
or regulations tighten up

 Introduce approach ahead of 
time to Stakeholders and 
Regulators

10 DSA/CHAP identifies additional safety 
controls required

 Develop Safety Strategy early

11 IH concerns with handling binder  Perform R&D
 Perform testing

12 Long term viability challenges PA  Perform UWMQE
 Perform SA if needed

13 Form of Mercury Changes in LWS 
flowsheet

 Perform periodic 
characterization and trending

14 Leachate results are inconsistent (not 
predictable)

 Perform R&D
 Perform testing
 Develop a more stable form
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Option 10: Tank 50 Photoreactor - Premortem Results

ID Risk Handling

1 DSA/CHAP identifies additional 
controls

 Develop safety strategy early

2 SWPF flowrate is too high to allow 
sufficient photolytic reaction time

 Evaluate flow rates and capacity
 Identify the need for multiple 

units
3 Maintenance greater than expected 

(e.g. difficult/more frequent change out 
of diodes or lamps)

 Perform a RAMI analysis
 Design modification

4 Photoreactor introduces an ignition 
source to Tank 50

 Early evaluation/safety strategy

5 Photoreactor materials are not 
compatible with radiation field

 Evaluate and include in design

6 High pH in Tank 50 is an issue as it is 
higher than what has been tested

 Early R&D (go/no go decision 
point)

 Perform R&D
 Perform testing

7 Commercial grade equipment does not 
have suitable containment for rad 
application

 Evaluate and include in design

8 Decomposition creates flammable 
products/deleterious effects

 Perform R&D
 Design fix as needed
 Pilot

9 Reactor surface fouls continuously  Perform R&D
 Design fix as needed
 Pilot

10 Resultant mercury containing grout 
form fails TCLP

 Perform R&D
 Pilot

11 Photo-intensity is insufficient  Early R&D (go/no go decision 
point)

 Perform R&D
 Design fix as needed (e.g., add 

titanium reactive surfaces or 
ozone to increase reaction rate)

 Examine chemical alternatives 
e.g., ozone)

 Pilot
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ID Risk Handling

12 Photoreactor equipment becomes 
obsolete

 Evaluate market conditions
 Identify alternate components

13 Form of Mercury Changes in LWS 
flowsheet

 Perform periodic 
characterization and trending

14 Infrastructure will not allow for 
installation of photoreactor

 Modify design/infrastructure to 
accommodate constructability 
concerns
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Appendix C – Passing Options Descriptions and Data
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Project and Life Cycle Cost Data for Options

Option R&D Design & 
Construction

Total
Project K$

Consumables 
& 
Maintenance 3

Waste 
Disposal 1

Operations 
2

Total Life 
Cycle Cost 
K$/Yr

2a 500 5,000 5,500 0+7 8.5 200 215.5
2c 500 2,500 3,000 0+7 8.5 200 215.5
3a 500 10,000 10,500 100+7 8.5 300 415.5
3c 500 5,000 5,500 100+7 8.5 300 415.5
4a 500 10,000 10,500 100+7 8.5 300 415.5
4c 500 5,000 5,500 100+7 8.5 300 415.5
5a 500 1,000 1,500 26+7 8.5 75 116.5
5b 750 2,000 2,750 150+14 8.5 150 322.5
5c 500 5,000 5,500 20+0 1 150 171
5d 500 2,000 2,500 20+0 1 150 171
7 2,000 500 2,500 200+0 0 50 4 250
8 500 750 1,250 0+50 10 150 210
10 500 2,000 2,500 0+20 1 150 171

1 Used equipment disposal only, does not include the cost of mercury disposal
2 Assumes one operator =$100,000 per year
3 Consumable Materials + Equipment/Maintenance – Annual Cost
4 This is in addition to the standard cost of operating SPF
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Appendix D – Failed Options
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