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% Percent 
AFDT Alpha Finishing Drain Tank 
AFF Alpha Finishing Facility 
AFP Alpha Finishing Process 
APA Air Pulse Agitator 
ASDT Alpha Sorption Drain Tank 
ASP Alpha Strike Process 
AST-A Alpha Sorption Tank-A (in the Alpha Strike Process) 
AST-B Alpha Sorption Tank-B (in the Alpha Finishing Process) 
Ba Barium 
CCA Cold Chemicals Area 
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CFF Cross-flow Filter 
CPA Central Processing Area 
CR Control Room 
Cs Cesium 
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DCS Distributed Control System 
DI Deionized (Water) 
DOE U.S. Department of Energy 
dP Differential Pressure 
DSS Decontaminated Salt Solution 
DSSHT Decontaminated Salt Solution Hold Tank 
DWPF Defense Waste Processing Facility 
EPC Engineering, Procurement, and Construction (Contractor) 
F Degrees Fahrenheit 
FFT-A Filter Feed Tank-A (in the Alpha Strike Process) 
FFT-B Filter Feed Tank-B (in the Alpha Finishing Process) 
ft/s Feet Per Second 
ft2 Square foot 
g/L gram per liter 
gpm gallons per minute 
H2C2O4 Oxalic acid 
HNO3 Nitric Acid 
IST Intermediate Storage Tank 
LPPP Low Point Pump Pit 
M Molar 
mg/L milligram per liter 
Mgal/yr Million gallons per year 
MSTT MST/Sludge Transfer Tank 
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NaOH Sodium hydroxide 
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PFD Process Flow Diagram 
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SDT Solvent Drain Tank 
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SSFT Salt Solution Feed Tank 
SSRT Sludge Solids Receipt Tank 
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1.0 INTRODUCTION 

This document describes the major processing operations performed by the Salt Waste 
Processing Facility (SWPF).  Transfer rates and tank volumes are from P-ESR-J-00001 (SWPF 
Mass Balance Model Summary Description1), and the SWPF Process Flow Diagrams (PFDs) 
Revision 2 (as modified by DCN-0987). 

The current SWPF plant design baseline provides the ability to process batches of salt waste 
(23,200 gallons each) in approximately 21.6 hours.  This results in an instantaneous maximum 
capacity of 9.4A million gallons per year (Mgal/yr) (P-DB-J-00003: SWPF Process Basis of 
Design2). 

Waste processing at the SWPF occurs in three basic unit operations: Alpha Strike Process (ASP), 
Caustic-side Solvent Extraction (CSSX), and Alpha Finishing Process (AFP).  Salt waste is 
initially received and processed in the ASP.  The ASP separates strontium (Sr)/actinides from the 
waste feed by monosodium titanate (MST) adsorption and filtration.  The CSSX process follows 
the ASP and is used to remove cesium (Cs) from the ASP filtrate by solvent extraction.  The 
AFP is an optional process step used for additional Sr/actinide removal downstream of the CSSX 
process. 

The ASP is operated as a batch process.  For each batch of salt waste received, MST is added 
and the contents are mixed (12 hours for single strike and 6 hours each for multiple strikes) to 
allow the MST to adsorb the Sr and actinides.  The resulting MST slurry is filtered to produce a 
concentrated MST sludge and clarified salt solution (CSS) filtrate.  The concentrated MST 
sludge is washed to reduce sodium (Na) concentration and then transferred to the Defense Waste 
Processing Facility (DWPF), while the CSS is routed to the CSSX process. 

The second SWPF processing stage is CSSX, which is a continuous process utilizing 36 
contactor stages for extraction, scrubbing, stripping, and washing of aqueous and organic 
streams.  The Cs is removed from the CSS (aqueous phase) by contacting it with an engineered 
solvent (organic phase).  The solvent used in the CSSX process is primarily Isopar®LB with a 
specialty extractant (BOBCalixC6)C at 0.007 Molar (M) concentration, a modifier (Cs-7SB)D at 
0.75M concentration, and a suppressant (tri-n-octylamine) at 0.003M concentration. 

The Cs present in the CSS is extracted in the extraction contactors by mixing the CSS counter-
current with the solvent, followed by phase separation.  The Cs is removed from the solvent in 
the stripping contactors by mixing and separating it with a slightly acidic aqueous strip solution 
(also counter-current).  The aqueous strip effluent (containing a high concentration of Cs) is 
transferred to the DWPF for vitrification.  The aqueous raffinate from the extraction stages is 

                                                 
A  CSSX pilot testing with similar, but lower-capacity, contactors has shown that CSSX performance, in terms of 

stage efficiency and solvent losses, is optimal at approximately 80 percent (%) of rated flow.  Further testing is 
scheduled and dependent on the results, this capacity may need to be adjusted. 

B  The Isopar®L diluent is a branched 12-carbon (average) aliphatic with a density of 0.779 grams per milliliter at 
68 degrees Fahrenheit (°F). 

C  The chemical name for the extractant is Calix[4]arene-bis(tert-actylbenzo-crown-6). 
D  The chemical name for the modifier is 1-(2,2,3,3-Tetrafluoropropoxy)-3-(4-sec-butylphenoxy)-2-propanol. 
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routed to the AFP for either: 1) sampling and transfer to the Saltstone Production Facility (SPF), 
in which case it is called decontaminated salt solution [DSS]); or 2) an additional MST strike (in 
which case, it is called Cs-depleted clarified salt solution [CDCSS]). 

The AFP is the third SWPF processing stage and is used when needed to further reduce the 
Sr/actinide concentrations in the bulk salt solution effluent from the extraction contactors in the 
CSSX process.  The AFP operates in a similar fashion to the ASP.  The AFP is used to perform 
an additional MST strike, followed by filtration to remove additional Sr and actinides that were 
not removed in the ASP.  The AFP is only used if the Sr/actinide content of the waste feed is 
sufficiently high that a single MST strike operation cannot reduce the Sr and actinide 
concentrations enough to meet the SPF Waste Acceptance Criteria (WAC). 

2.0 OVERVIEW OF PLANT OPERATION 

Waste Tank supernate data has identified that, for specific feed streams, multiple MST strikes are 
required to meet the WAC of downstream facilities.  The SWPF design is, therefore, configured 
to enable delivered waste batches to undergo one, two, or three MST strikes.  Blending the 
source tanks prior to waste feed staging should reduce the need for multiple MST strikes. 

Because of the potential need to perform one, two, or three MST strikes, the processing strategy, 
or “Sequence of Operations”, makes provisions for each.  The Sequence of Operations for each 
MST strike mode is outlined below. 

2.1 Single MST Strike Operation 

Salt waste feed that requires a single MST strike is processed in the ASP for Sr/actinide removal, 
followed by Cs removal in the CSSX.  The feed is received in Alpha Sorption Tank-A (AST-A) 
(TK-101), where it is chemically adjusted and struck with MST.  The waste and MST slurry is 
then transferred to the Filter Feed Tank-A (FFT-A) (TK-102) for dewatering.  After seven- 
batches of MST slurry have been dewatered and the combined volume is discharged to the 
Sludge Solids Receipt Tank (SSRT) (TK-104), the concentrated sludge is washed to reduce the 
Na concentration.  After completion of the washing operation, the combined volume is 
transferred to DWPF. 

The first batch to be received into FFT-A is concentrated to a nominal level.  The next batch of 
treated salt waste is then added and the combined batches are concentrated to the same nominal 
level.  This process is repeated until seven salt waste batches have been added to FFT-A.  Once 
the seventh batch has been transferred to FFT-A, the contents are concentrated to 5 weight 
percent (wt%) solids or 7 wt% when spent oxalic acid is to be processed.  This MST sludge is 
then transferred to the SSRT (TK-104) as one batch. 

CSS from the FFT-A dewatering operations flows to the Salt Solution Feed Tank (SSFT) 
(TK-109), where it is staged and then fed to the CSSX process.  After CSSX processing, the 
aqueous raffinate from the extraction stages (DSS) is suitable for final processing and disposal at 
the Saltstone Facility.  Prior to discharge, the DSS is routed to either the Intermediate Storage 
Tank (IST) (TK-220) or to Alpha Sorption Tank-B (AST-B) (TK-221) in the Alpha Finishing 
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Facility (AFF) for confirmatory sampling and analysis.  After sampling and analysis, the DSS is 
staged in the Decontaminated Salt Solution Hold Tank (DSSHT) (TK-207) for final transfer to 
the Saltstone Feed Facility (SFF)/SPF/Tank 50 (TK-50). 

2.2 Two MST Strike Operation 

Salt waste feed requiring two MST strikes undergoes the first strike in the ASP.  Like the single-
strike scenario, seven salt waste batches are accumulated and concentrated in FFT-A (TK-102) 
before sludge transfer to SSRT (TK-104) occurs.  After CSS from the ASP is processed in the 
CSSX, it is routed to the IST (TK-220) for staging prior to undergoing a second MST strike in 
AST-B (TK-221).  AST-B is located within the AFF.  After MST adsorption, a sample is taken 
from AST-B to verify adequate Sr/actinide removal.  The contents of AST-B are then transferred 
to Filter Feed Tank-B (FFT-B) (TK-222) for filtration.  Similar to the ASP, seven AST-B 
batches are concentrated in FFT-B.  The DSS produced within the AFP is then routed to the 
DSSHT (TK-207), where it is staged for final transfer to the SFF/SPF/TK-50. 

Sludge produced within the AFP is initially transferred to the MST/Sludge Transfer Tank 
(MSTT) (TK-224).  It is subsequently transferred to SSRT (TK-104), where it is mixed with 
ASP sludge and then washed. 

2.3 Three MST Strike Operation 

Salt waste feed that requires three (or more) MST strikes to achieve adequate Sr/actinide removal 
is first processed in the ASP, following a similar sequence for single or double MST strike 
operations.  The exception is that seven batches are not accumulated in FFT-A (TK-102) before 
sludge is transferred to the SSRT (TK-104).  Each time one batch is transferred to FFT-A and 
concentrated, the sludge is transferred to SSRT before any more feed is added to FFT-A.  It is 
not expected that the target of 5 to 7 wt% solids can be obtained in FFT-A due to minimum heel 
and filter loop volumes.  Depending on the desired target concentration for MST/sludge solids to 
be transferred to DWPF, an additional concentration step may be carried out, using the SSRT 
filter loop after multiple batches are accumulated.  MST can be recycled from the AFP for use 
during the first strike in AST-A, should recycling prove viable.  The CSS from the ASP filtering 
operations is routed back to AST-A (TK-101) for a second MST strike, and the concentration 
process is repeated.  The CSS from the second MST strike operation is then routed to the SSFT 
(TK-109).  The sequence of operations in the CSSX and in the AFP is then followed in the same 
manner described above for the two strike operation. 

Because the AFP equipment is sized to receive and process waste at the same rate as the ASP, 
the throughput achieved for two-strike operation is the same as that for a single-strike.  For three 
(or more) strikes, the sequence of operations in the ASP is repeated in series.  As a result, the 
throughput for this mode is significantly less than that for single- or double-strike operation.  
Additionally, the throughput of the CSSX section of the plant will need to be reduced to 
compensate for the reduced average production of CSS. 
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3.0 OPERATIONAL PARAMETERS 

The following operational parameters and assumptions have been incorporated into the SWPF 
Sequence of Operations. 

 Operational sequences are pre-programmed and carried out automatically when initiated by 
the Operator. 

 The suspended solids content of the waste feed is 600 milligrams per liter (mg/L), in 
accordance with the U.S. Department of Energy (DOE) Letter of Guidance (“Monosodium 
Titanate [MST] Performance in Removing Actinides/Strontium from Feed at the Salt Waste 
Processing Facility [SWPF]” and its attachment, “Suggested Design Basis for SWPF Feed – 
Conceptual Design Phase”3). 

 Macro-batches are prepared within the F- and H-Area Tank Farms.  After all waste additions 
and chemical adjustments are completed, the waste is mixed and sampled to allow 
characterization. 

 After a macro-batch has been prepared and characterized, it is transferred to the SWPF Feed 
Tank (Tank 49).  Tank 49 contents are characterized, based on sample results and mass 
balance calculations on Tank 49 influent and effluent.  Compliance with the SWPF WAC is 
determined in Tank 49.  The salt waste feed is then transferred from Tank 49 to the SWPF.  
Based on the characterization data, the SWPF processes salt waste with one, two, or three 
MST strikes. 

 All MST strikes are performed with 0.4 gram per liter (g/L) of MST, based on the results 
shown in Monosodium Titanate Multi-Strike Testing4. 

 Reaction time (MST adsorption time) in AST-A (TK-101) is 12 hours for single-strike feed 
and 6 hours for multiple-strike feed.  For multiple-strike feed, MST adsorption time is six 
hours in AST-B (TK-221) (P-RPT-J-0073: Design Concept Option Study for MST Multi-
Strike Capability5). 

 Cross-flow filters (CFFs) are used for the concentration of solids.  The design filter flux rate 
is 0.06 gallons per minute per square foot (gpm/ft2), as determined by evaluation of test data 
provided in WSRC-TR-2002-00134 (Filtration of Actual Savannah River Waste Treated with 
Permanganate or Monosodium Titanate6), WSRC-TR-2001-00212 (Cross-Flow Filtration 
Demonstration for Slurries Containing High Level Waste Sludge and Monosodium 
Titanate7), and P-RPT-J-00735. 

 Prior to MST sludge transfer from FFT-A (TK-102) to SSRT (TK-104), the sludge in FFT-A 
is concentrated to 5 wt% or greater such that, after addition of any available spent oxalic acid 
(H2C2O4) to the SSRT (up to 900 gallons), the final concentration in the SSRT is 5 wt%. 

 For three-strike mode, the final FFT-A MST/sludge concentration is < 5 wt% solids.  
Depending on the desired target wt% solids MST/sludge to be transferred to DWPF, the 
MST sludge may be concentrated to 5 wt% in the SSRT (TK-104) filter loop prior to 
washing. 
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 Washing of the MST sludge solids reduces the molarity of Na from 5.6M to a specified target 
molarity.  If no spent H2C2O4 is to be added to the SSRT, the target molarity is 0.5M.  If 
spent H2C2O4 is to be added after washing, the target Na molarity for washing is established 
to ensure that the final Na concentration in the SSRT after H2C2O4 addition is 0.5M. 

 All process-related equipment (e.g., waste transfer pumps, valves) fails to a safe condition 
under fault conditions.  The relevant trips and interlocks are referenced in M-MX-J-00009 
(Trip and Interlock Schedule8). 

 Key sample requirements for plant operation and product qualification are specified in 
P-FDD-J-00001 (SWPF Analytical Laboratory Design Requirements9) and have been 
incorporated into this document, where appropriate. 

4.0 BASIC PROCESS FLOW DIAGRAM 

Figure 4-1 is an overall schematic representation of the SWPF, based on the Revision 2 PFDs (as 
modified by DCN-0987) listed below: 

M-M5-J-0001: SWPF Simplified Process Flow Schematic10; 
M-M5-J-0002: SWPF Feed Receipt, Alpha Sorption Tank-A, Filter Feed Tank-A, and 

Cleaning Solution Dump Tank-A PFD11; 
M-M5-J-0003: SWPF Alpha Sorption Filters FLT-102A/B/C PFD12; 
M-M5-J-0004: SWPF Sludge Solids Washing Filter, Sludge Solids Receipt Tank and Wash 

Water Hold Tank PFD13; 
M-M5-J-0005: SWPF Cold Chemical Makeup for Filter Cleaning and Feed Adjustment 

PFD14; 
M-M5-J-0006: SWPF Salt Solution Feed Tank and Solvent Drain Tank PFD15; 
M-M5-J-0007: SWPF Solvent Extraction and Acid Scrub PFD16; 
M-M5-J-0008: SWPF Solvent Stripping & Caustic Wash PFD17; 
M-M5-J-0009: SWPF DSS Coalescer, DSS Hold Tank and Transfer Pumps PFD18; 
M-M5-J-0010: SWPF Cold Chemical Makeup & Process Water Tank PFD19; 
M-M5-J-0011: SWPF Cold Chemical Makeup Tanks & Transfer Pumps PFD20; 
M-M5-J-0012: SWPF Solvent Extraction Strip and Scrub Feed Pumps PFD21; 
M-M5-J-0013: SWPF Solvent Makeup Tank PFD22; 
M-M5-J-0014: SWPF Process Vessel Vent System PFD23; 
M-M5-J-0015: SWPF Intermediate Storage Tank, Alpha Sorption Tank-B, Filter Feed 

Tank-B, and Cleaning Solution Dump Tank-B PFD24; 
M-M5-J-0016: SWPF Alpha Sorption Filters FLT-222A/B/C PFD25; and 
M-M5-J-0018: SWPF Lab Drain Tank, Alpha Sorption Drain Tank, and Spent Acid 

Storage Tank PFD26. 
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5.0 ALPHA STRIKE PROCESS SALT WASTE RECEIPT AND TREATMENT 

Feed batches for the SWPF are prepared by the F- and H-Area Tank Farms.  The feed is adjusted 
to achieve a 6.44M Na concentration.  Compliance to the SWPF WAC, is confirmed at Tank 49.  
Waste staged in Tank 49 is then transferred to AST-A (TK-101) in the SWPF in smaller volume 
batches of approximately 23,200 gallons each. 

The discussion in this section is based on an entrained solids concentration from the Tank Farm 
of 600 mg/L.  In operation, this concentration could be higher or lower, and will be reported with 
the Tank 49 characterization data and then entered into the Distributed Control System (DCS). 

AST-A (TK-101) is used to receive salt waste feedE, chemically adjust the feed, add MST, and 
mix the resultant solution to allow MST adsorption of the actinides and Sr to occur.  Listed 
below are the influents to AST-A for one or two-MST-strike operation.  Approximately 5,000 
gallons of chemical additives are added to approximately 23,200 gallons of salt waste feed as 
follows: 

 Spent process solutions (e.g., cleaning rinse water, laboratory waste, and Pulse Mixer 
Ventilation System [PMVS] condensate) from the Alpha Sorption Drain Tank (ASDT) 
(TK-601) and the Spent Acid Storage Tank (SAST) (TK-127) pH adjusted using 1.66M 
NaOH; 

 Wash water from the Wash Water Hold Tank (WWHT) (TK-105); 

 1.66M sodium hydroxide (NaOH) from the Caustic Dilution Feed Tank (TK-108); and 

 15 wt% MST slurry from the MST Storage Tank (TK-311) 

During three-strike (or more) operations, these additions are modified as follows: during the first 
strike, AST-A (TK-101) may receive recycled MST from the AFP in lieu of fresh MST from the 
MST Storage Tank (TK-311), should recycling prove viable; and during the second strike, 
AST-A will receive CSS from the ASP filters (first strike processing) in lieu of salt waste feed. 

Volumes will vary during plant operation, depending on concentrations of recycled liquors.  
However, the total treated batch volume is approximately 28,300 gallons. 

The adsorption period is 12 hours for a single-strike mode of operation and 6 hours for each 
strike when the plant is operated in the multiple-strike mode.  After the requisite adsorption time, 
the AST-A (TK-101) contents are transferred to FFT-A (TK-102) to concentrate the MST and 
suspended solids. 

The sequence of AST-A (TK-101) operations is as follows. 

                                                 
E  The salt waste batch contents are sampled and analyzed in the salt waste blending tank and characterized in Tank 

49, prior to transfer to AST-A (TK-101) in the SWPF.  The analysis will be used to predict whether a single or 
multiple MST strike mode of operation is required. 
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1. A valve line-up is performed for transfer of salt waste feed from Tank 49 to AST-A 
(TK-101). 

2. The SWPF Control Room (CR) Operator notifies the H-Area Tank Farm Operator that the 
SWPF is ready to accept a feed batch. 

3. The Tank 49 transfer pump is started to initiate the transfer.  At the design transfer rate of 
130 gpm, the transfer will take approximately 3 hours to complete.  The level in AST-A 
(TK-101) is continuously monitored during transfer.  When level permits, the Air Pulse 
Agitator (APA) in AST-A is started. 

4. On receipt of each salt waste batch into AST-A (TK-101), the batch is chemically adjusted 
from 6.44M Na to 5.6M Na by adding spent process solutions, wash water, and caustic 
dilution (1.66M NaOH).  The design also allows for the addition of process water to provide 
this entire dilution, if required.  The addition is prioritized in the order given to ensure that 
the ASDT (TK-601) and SAST (TK-127) are kept at a low level and maximum re-use of 
effluents is achieved before the addition of fresh chemical is considered. 

Spent process solution, if available, is adjusted to 1.66M NaOH in the ASDT (TK-601) and 
SAST (TK-127) and the available volume is added to AST-A (TK-101).  Wash water is then 
added from the WWHT (TK-105).  Between 500 and 1,600 gallons of wash water are added 
to AST-A, depending on the volume available in the WWHT.  A reserve volume of 
approximately 1,200 gallons is maintained in the WWHT for plant line flushing operations.  
Therefore, wash water is not added to AST-A until at least 1,700 gallons are available in the 
WWHT. 

The proportions of spent process solutions, wash water, and 1.66M NaOH added will be 
based on the quantity and compositions of spent process solutions and wash water available.  
Additions of wash water from the WWHT (TK-105) over the seven-cycle dewatering 
campaign ensures that sufficient space is created in the WWHT before the next sludge 
washing operation is scheduled. 

The caustic dilution concentration may be lowered, depending on concentrations of key 
analytes (e.g., hydroxide, aluminate) present in the salt waste feed (as identified by the Tank 
49 characterization).  Additionally, the target of 5.6M Na may be raised to reduce caustic 
dilution quantities if the small reduction in MST performance is determined to be acceptable.  
This has the benefit of reducing DSS production, as well as increasing throughput during 
triple MST strike operation.  It is expected that these evaluations can be based on 
determinations made in the SWPF Analytical Laboratory from the Salt Waste Blend Tank 
“split” sample provided to SWPF during characterization of the macro-batch. 

5. Once chemical adjustment in AST-A (TK-101) is complete, MST is added to the batch from 
the MST Storage Tank (TK-311).  Approximately 70 gallons of 15 wt% MST is required to 
attain a concentration of 0.4 g/L of MST in AST-A.  Caustic from the Caustic Dilution Feed 
Tank (TK-108) is added to AST-A in sequence (both through a dedicated feed line and the 
MST addition line) to ensure flushing of MST.  Mixing of the MST and the waste feed in 
AST-A is accomplished with the APA system (AGT-101) installed in the tank. 

6. Following completion of the MST adsorption cycle (12 hours for single strike or 6 hours for 
multiple strikes), the contents of AST-A (TK-101) are transferred to FFT-A (TK-102), using 
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1. Inlet Pressure Control – In this mode of control, the slurry return control valve and the 
Feed/Solids Transfer Pump (P-102-1A/B/C) are operated to maintain the desired filter tube 
inlet pressure and maintain flow into the filter loop.  The Feed Recirculation Pump 
(P-102-2A/B/C) is controlled to maintain a constant flow rate (velocity) of MST/slurry 
through the filter tubes.  No throttling is performed on the filtrate line and the filtrate flow 
rate produced is variable. 

2. Filtrate Flow Control – The filtrate discharge flow from the filter is controlled by throttling 
the filtrate line flow control valve to provide a constant filtrate rate, which can be set at a pre-
determined value.  The recirculation flow rate through the filter is maintained by the 
respective Filter Recirculation Pump (P-102-2A/B/C). 

As the MST slurry is dewatered, the level in FFT-A (TK-102) decreases.  Once the level has 
been reduced to a point equivalent to 2,800 gallons, the filtration is stopped or the circuit placed 
“on hold” by closing the filtrate control valve and opening the recirculation valve back to FFT-A, 
while the next batch from AST-A (TK-101) is received into the FFT-A on top of the batch(es) 
that has (have) just been concentrated.  This concentration of AST-A batches continues in FFT-A 
until seven batches have been concentrated to produce a final target solids concentration of 
approximately 5 to 7 wt%.  Upon receipt of the seventh batch into FFT-A, a sample is taken to 
determine the final dewatering endpoint.  When the seventh batch approaches the endpoint 
corresponding to 5 wt% solids, the CR Operator assesses the quantity of spent H2C2O4 available 
in the SAST (TK-127).  If the SAST contains spent H2C2O4, this is mixed with the MST/sludge 
in the SSRT (TK-104).  As a result, the filtration target wt% solids to be achieved in FFT-A is 
adjusted upwards from 5 wt% by the requisite amount such that, when the MST sludge in the 
FFT-A  and the spent H2C2O4 in the SAST are both transferred to the SSRT, the final wt% solids 
concentration is approximately 5 wt%.  When HNO3 is used for filter cleaning, the target wt% 
solids in the FFT-A is 5wt%.  It should be noted that a maximum quantity of 900 gallons of spent 
H2C2O4 is added at any one time.  Limiting the addition of spent H2C2O4 to a maximum of 900 
gallons ensures that the sludge is not concentrated to an excessively high level that could cause 
problems with pumping.  On reaching the target wt% solids concentration, the filter pumps are 
stopped and the filter loops gravity-drained to FFT-A. 

In this way, the contents of FFT-A (TK-102) are concentrated to a level that is nominally the 
same for each batch.  Based on the baseline entrained Tank Farm sludge concentration of 600 
mg/L, the level is approximately 2,800 gallons.  Precise figures will vary, depending on the 
concentration of solids in the feed.  If any adjustment is required, it is carried out on the final 
batch dewatering operation to ensure that the target value of solids is achieved. 

During routine operation, the filter flux will decrease, due to fouling of filter pores with 
suspended and colloidal solids.  The membranes are cleaned on an as-needed basis by reversing 
the filtrate flow from the shell side to the tube side of the filter with a pulse of CSS, using 
pressurized air supplied to the backpulse tank. 

After a prolonged period of operation, backpulse cleaning of the filter may not be sufficient to 
dislodge the sludge from the pores of the filter tubes.  A reduction in filtrate flow rate at a set 
transmembrane pressure signals the onset of tube fouling.  When this occurs, the filter will be 
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chemically cleaned.  The standby filter is placed in service and the affected filter pumps are 
secured and the filter loop is gravity-drained to FFT-A (TK-102) through the Filter Recirculation 
and Filter Feed/Solids Transfer Pumps.  The FFT-A level must be low to permit draining.  The 
chemical cleaning process is then performed as described in Section 16.0. 

When all seven batches of MST slurry have been dewatered and the final sludge target 
concentration has been achieved, the sludge is transferred to the SSRT (TK-104).  One of the 
Filter Feed/Solids Transfer Pumps (P-102-1A/B/C) is used to transfer the MST/sludge at a rate of 
60 gpm.  The transfer line from FFT-A (TK-102) to the SSRT is then flushed with approximately 
120 gallons of wash water. 

The sequence of the FFT-A (TK-102) filtration operations for single and double-strike operations 
is as follows.  These steps comprise a fully automated process that is monitored and controlled 
by the DCS. 

1. The FFT filtration sequence is initiated on completion of the AST-A (TK-101) to FFT-A 
(TK-102) transfer.  If desired, filtration may commence as soon as sufficient level is present 
in FFT-A.  When the level permits, cooling to the tank and the FFT-A APA is started. 

2. The Operator selects the two filter circuits to be used and the mode of filter operation, either 
Inlet Pressure or Filtrate Flow Control, and the circuit is switched into fully automatic 
control. 

3. The two selected filtration circuits are then filled with MST/slurry by operating the 
respective Filter Feed/Solids Transfer Pumps (P-102-1A/B/C) for a set time period before 
starting the Filter Recirculation Pumps (P-102-2A/B/C) (the exact period will be determined 
during SWPF Commissioning).  The recirculation control valve is opened during filling to 
permit circuit venting. 

4. The Recirculation Pumps (P-102-2A/B/C) for the two selected filters are started at low speed 
to establish recirculation before ramping up to full speed.  The filtrate and slurry return 
valves are throttled to establish the required pressure or flow set points. 

5. Initially, the filtrate is routed back to FFT-A (TK-102).  When the filtrate discharge is within 
required turbidity parameters, filtrate discharge is directed to the SSFT (TK-109).  If solids 
breakthrough occurs (e.g., due to failure of a CFF tube), the turbidity instruments 
automatically cause the filtrate to be diverted back to FFT-A (TK-102) through the actuation 
of a diverter valve. 

6. Totalized filtrate flow rate is monitored and a prediction algorithm is activated in the DCS to 
predict the endpoint for sludge dewatering to the required target concentration. 

7. Recirculation is maintained through two CFFs at a specific rate by controlling the speed of 
the Recirculation Pump (P-102-2A/B/C) to maintain a nominal tube velocity in the range 9 to 
15 ft/s within the CFF bundle. 

8. During the Inlet Pressure Control mode of operation, the slurry return control valve and the 
Feed/Solids Transfer Pump (P-102-1A/B/C) are operated to maintain the desired filter tube 
inlet pressure and maintain flow into the filter loop.  The Feed Recirculation Pump 
(P-102-2A/B/C) is controlled to maintain a constant flow rate (velocity) of feed through the 
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filter tubes.  No throttling is performed on the filtrate line and the filtrate flow rate produced 
is variable. 

9. In the Filtrate Flow Control mode of operation, the filter inlet pressure varies as the circuit 
conditions change during MST/slurry concentration.  The filtrate flow control valve 
modulates its position to maintain the desired Operator-specified filtrate flow rate.  The 
slurry return line control valve modulates during this mode, but should not close off the 
recirculation completely.  The Feed/Solids Transfer Pump is set to maintain a minimum flow 
rate. 

10. During normal operation, each operating CFF is backpulsed via a backpulse tank to dislodge 
debris from the filter pores.  When backpulsing is initiated, the filtrate flow is momentarily 
reversed through the filter by opening an air valve connected to the pressurized backpulse 
tank.  The filtrate control valve is closed for the duration of the backpulse.  Just prior to a 
backpulse, the filtrate control valve is fully opened to allow the liquid level in the backpulse 
tank to fall before fully closing.  The pulse then takes place, after which the filtrate control 
valve reopens to its normal operating position. 

11. Backpulse cleaning is initiated as needed by a timer, by high differential pressure (dP) across 
the CFF, or at any time by the CR Operator. 

12. When backpulsing fails to restore the filtrate flux rate, the filter must be chemically cleaned.  
The standby filter is placed into service and the affected filter drained and isolated.  The 
FFT-A (TK-102) level must be low to permit draining.  The fouled filter is cleaned by the 
circulation of cleaning solutions through the filter, as described in Section 16.0. 

13. As the MST slurry is dewatered, the level in FFT-A (TK-102) falls.  At a predetermined level 
in FFT-A, as determined by the dewatering algorithm prediction, dewatering is stopped by 
placing the filtration circuits on hold.  This entails continuing to transfer slurry into and out 
of the filter loop, and recirculating MST slurry around the filter circuits, but with the filtrate 
control valves positioned so that no further concentration of the slurry can take place. 

14. The next batch of MST slurry is added into FFT-A (TK-102) from AST-A (TK-101), 
followed by a line flush ( 350 gallons).  The new batch of waste is added on top of the MST 
sludge concentrate remaining from Steps 1 to 13 above.  The filter circuit is placed back on-
line by positioning the filtrate control valves so that dewatering can continue.  Dewatering 
takes place until the level has fallen to the same level identified in Step 13 above.  Although 
the final level in FFT-A is the same as the target level established in Step 13, the average 
concentration of wt% solids is now greater. 

15. Upon receipt of the seventh batch to FFT-A (TK-102), a sample is taken in order to 
determine the final dewatering endpoint.  When HNO3 is used for filter cleaning, the target 
wt% solids in the FFT-A is 5wt%. 

16. When H2C2O4 is used for filter cleaning, the target may be different.  When the MST slurry 
concentration approaches the predicted endpoint associated with 5wt% solids (as determined 
by the control algorithm), the CR Operator determines the spent H2C2O4 volume available in 
the SAST (TK-127).  The final FFT-A dewatering endpoint is adjusted such that when the 
spent H2C2O4 is mixed with the MST sludge in the SSRT, the final sludge solids 
concentration is 5 wt%.  If spent H2C2O4 is to be discharged, the final FFT-A solids 
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concentration is to be greater than 5 wt%.  A computational algorithm is used to calculate the 
final FFT-A concentration in order to ensure that the SSRT solids concentration will be 5 
wt% after the spent H2C2O4 is added (up to a maximum of 900 gallons).  When the FFT-A 
concentration endpoint is reached, the slurry is now termed “MST/sludge”, and the filter 
circuit is placed on hold (i.e., the main circuit contents continue to recirculate, but with the 
filtrate discharge line isolated) and the dewatering process ceases.  The circuit is then shut 
down and the contents are allowed to drain from the filter circuits back to FFT-A (TK-102).  
The estimated time for each filtration cycle is approximately 16 hours. 

17. The concentrated MST/sludge is then transferred from FFT-A (TK-102) to the SSRT 
(TK-104).  One of three Filter Feed/Solids Transfer Pumps (P-102-1A/B/C) is used for the 
transfer, with the slurry discharge valves aligned to the SSRT.  Sludge is transferred at 
approximately 60 gpm.  At this rate, assuming a nominal 2,800 gallons, FFT-A will be 
emptied in approximately 47 minutes. 

During the FFT-A (TK-102) to SSRT (TK-104) transfer, AST-A (TK-101) contents cannot 
be transferred to FFT-A.  The FFT-A APA is shut down and the SSRT APA started when the 
minimum level for APA operation is reached. 

18. On completion of MST sludge transfer to the SSRT (TK-104), the line is flushed with 
approximately 115 gallons of wash water supplied from the WWHT (TK-105). 

19. After the line flush is complete, the next batch of MST slurry is transferred into FFT-A 
(TK-102) from AST-A (TK-101). 

If the entrained sludge concentration of the incoming salt waste feed is higher than 600 mg/L, the 
final FFT-A 5 wt% concentrated volume will be larger.  This could require reducing the size of 
the incoming salt waste feed to below 23,200 gallons so that an AST-A batch can be accepted in 
the FFT-A when a (larger) concentrated batch has already been accumulated.  If the 
concentration is less than 600 mg/L, the initial six batches would be concentrated to 2,800 
gallons, and the seventh batch would be concentrated to 5 wt%.  The amount of filtrate removed 
after addition of the seventh batch is based on the results of the sample taken at the beginning of 
the seventh batch. 

Figure 6-1 provides a simplified schematic for FFT-A (TK-102) filtering operations. 
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7.0 MONOSODIUM TITANATE SLUDGE WASHING/FILTRATION AND 
STORAGE 

The SSRT (TK-104) is used for holding and washing the MST sludge prior to transfer to the 
DWPF.  The MST sludge is washed to reduce the Na concentration.  After washing, any 
accumulated spent H2C2O4 is added to the SSRT from the SAST.  The volume of spent H2C2O4 

to be added to the SSRT from the SAST (TK-127) (up to a maximum of 900 gallons) is 
determined as indicated in Section 6.0 Step 16 above.  The net result of the washing and H2C2O4 

addition steps is a reduction in Na concentration in the SSRT from 5.6M Na to 0.5M Na. 

MST sludge is received into the SSRT (TK-104) from both the ASP and AFP.  The source for 
MST sludge in the ASP is FFT-A (TK-102), whereas the MST sludge from the AFP is 
transferred to the SSRT from the MSTT (TK-224).  Typically, the MST sludge generated from 
processing seven batches of slurry in AST-B (TK-221) is stored in the MSTT, prior to transfer to 
the SSRT.  The sludge is transferred to the SSRT if the tank is available.  Transfer is prevented if 
SSRT contents are being washed, sampled, or discharged to DWPF. 

The SSRT (TK-104) working volume is 5,200 gallons and is based on receiving one batch 
transfer of sludge from FFT-A (TK-102) resulting from concentrating seven AST-A batches 
(approximately 2,800 gallons of sludge is produced when seven AST-A batches are 
concentrated) and one batch transfer of sludge from MSTT (TK-224) (approximately 1,400 
gallons), plus an associated line flush after each transfer.  The sludge volume received from FFT-
A may be less than 2,800 gallons in order to accommodate spent H2C2O4, as described in Section 
6.0. 

The current design is based on the SSRT (TK-104) receiving one batch of sludge from FFT-A 
(TK-102) and, depending on the mode of plant operation, one batch of sludge from MSTT 
(TK-224) before sludge washing is carried out.  If sludge is received from FFT-A only (i.e., 
during single-strike mode), the approximate volume to be washed on a 7-batch dewatering 
campaign is approximately 2,800 gallons.  If sludge is received from the AFP (i.e., during 
double-strike mode), the total increases to approximately 4,200 gallons. 

As the MST sludge is being washed in the SSRT (TK-104), process water is added at the same 
rate as the filtrate is being produced.  The MST sludge washing operation does not change the 
volume of sludge in the SSRT.  The filtrate from the SSRT sludge washing operation is routed to 
the WWHT (TK-105). 

For three (or more) strike operation, due to the possibility of solids concentration less than 5 
wt%, a concentration step may be added to the washing step in the SSRT (TK-104). 

During the wash cycle, process water is added continuously to the contents of the SSRT 
(TK-104) while the tank contents are recirculated through the Washing Filter (FLT-104).  
Similar to the Alpha Sorption Filter circuit, a two-pump system consisting of a Feed Pump 
(P-104-1) and a Recirculation Pump (P-104-2) is used.  The Washing Filter Feed/Sludge Solids 
Transfer Pump (P-104-1) feeds 150 gpm to the filter loop.  The Washing Filter Recirculation 
Pump (P-104-2) provides a cross-flow velocity through the filter tubes in the range of 9 to 15 
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ft/s.  A sludge return flow, equal to the feed flow rate minus the filtrate flow rate, is returned to 
the SSRT.  The bleedback flow prevents excessive concentration of solids in the filter loop.  The 
Washing Filter is of the same design as the Alpha Sorption Filters.  The filtrate is collected in the 
WWHT (TK-105). 

The amount of process water used in the washing operation is based on the initial and the 
required final molarity of Na in the MST sludge.  For each gallon of aqueous solution, between 
2.2 and 2.5 gallons of process water are required to reduce the Na concentration down to 0.5M 
Na.  If H2C2O4 is available for disposal, (as discussed in Section 6.0 Step 16) the target Na 
concentration is adjusted such that, after the addition of spent H2C2O4 (which occurs after 
washing), the resultant molarity is 0.5M Na.  After a predetermined amount of process water has 
been added and filtrate removed, the process water addition and the Washing Filter (FLT-104) 
tube side flows are stopped. 

The WWHT (TK-105) is sized to receive wash water from the Washing Filter operation and 
provide sufficient capacity for various line flushing operations carried out in the SWPF.  The 
tank working volume is 11,500 gallons. 

In order to minimize additional waste generation by SWPF operation, wash water is returned to 
AST-A (TK-101) as part of the MST slurry batch makeup process.  The wash water is returned, 
using Transfer Pumps P-105A/B. 

Between 500 and 1,600 gallons of wash water are added to each MST slurry batch in AST-A 
(TK-101).  The amount returned depends on the amount of wash water available, the quantity of 
waste water added to AST-A from the ASDT (TK-601) and SAST (TK-127), and the chemical 
composition of the salt waste feed from Tank 49. 

A minimum volume of approximately 1,200 gallons of wash water is retained in the tank during 
transfers to AST-A (TK-101) for use in line flushing operations.  Therefore, if the total working 
volume in WWHT (TK-105) is less than 1,700 gallons, wash water is not considered for addition 
to AST-A. 

After recovering wash water from the Washing Filter, the WWHT (TK-105) contents can be  
sampled and characterized to enable calculation of the quantities of wash water to be added to 
AST-A (TK-101). 

Figure 7-1 is a simplified schematic depicting the MST sludge washing operation. 
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During sludge washing operations, the filtration circuit can be operated in the same modes of 
control as the ASP Filter Circuits.  If filtrate discharge flow rates are comparable to those 
observed in the Alpha Sorption Filters (FLT-102-A/B/C), a corresponding set point controls the 
filtrate flow control valve that is, in turn, matched by the process water inlet control valve.  In 
this way, the liquid level of the SSRT (TK-104) remains approximately constant until the 
calculated required amount of process water has been filtered through the system.  If filtrate 
discharge flow rates are observed to be relatively low (< 0.06 gpm/ft2), Inlet Pressure Control 
mode can be used and the filtrate flow rate observed is used to control the incoming process 
water feed to the SSRT and its liquid level. 

During operation, fouling of the filter tubes in the Washing Filter (FLT-104) is anticipated after 
multiple sludge washing cycles.  Filter pores are cleaned on an as-needed basis by reversing the 
filtrate flow through the filter tubes from the shell side to the tube side of the filter.  This 
operation uses pressurized air from a backpulse tank to increase the filtrate side pressure for a 
brief period. 

After a prolonged period of operation, backpulse cleaning of the filter may not be sufficient to 
dislodge sludge from the tube membrane.  An increase in transmembrane pressure across the 
filter signals the onset of tube fouling.  At this point, the filter is isolated for chemical cleaning; 
the chemical cleaning process is described in Section 16.0. 

After the sludge in the SSRT (TK-104) has been washed, it is sampled and analyzed to verify 
compliance with the DWPF WAC.  The SSRT sludge is then sent to DWPF via the Low Point 
Pump Pit (LPPP).  The frequency of transfer is approximately once every seven days, based on 
the DWPF operating cycle.  The Washing Filter Feed/Sludge Solids Transfer Pump (P-104-1) is 
used to transfer washed sludge to the LPPP.  This pump is a variable-speed centrifugal pump 
with a design flow rate of 150 gpm.  The waste transfer path to the LPPP is flushed after each 
MST/sludge transfer. 

The sludge washing sequence of operation is as follows. 

1. Batches from FFT-A (TK-102) and FFT-B (TK-222) (via the MSTT [TK-224]) are 
transferred to the SSRT (TK-104), along with the associated line flushes, and kept in 
suspension using the SSRT APA (AGT-104). 

2. The washing filter circuit is filled with MST sludge by operating the Washing Filter 
Feed/Sludge Solids Transfer Pump (P-104-1) for a set time period (the exact period will be 
determined during SWPF Commissioning).  The recirculation control valve is opened during 
filling to permit circuit venting. 

3. The Washing Filter Recirculation Pump (P-104-2) is started at low speed and filtrate is 
directed to the WWHT (TK-105).  Initially the filtrate is recycled to the SSRT (TK-104) for a 
short duration to confirm that the filtrate is within an acceptable turbidity range. 

4. Process water is added to the SSRT (TK-104) at the same rate as filtrate and the filtrate flow 
control valve is controlled to maintain the same flow rate.  Because tank volume is being 
maintained constant and soluble species concentrations are being removed in the filtrate 
stream, the wt% solids of the insoluble species in the SSRT increases marginally. 



SWPF Sequence of Operations 
P-SYD-J-00001, Rev. 5 

Page 19 of 55 
 

 

Totalized filtrate flow rate is monitored to predict the endpoint of MST sludge washing. 

5. Recirculation is maintained through the CFF at a specific rate by controlling the speed of the 
Recirculation Pump (P-104-2) to maintain a nominal tube velocity in the range 9 to 15 ft/s in 
the CFF bundle. 

The Washing Filter Feed/Sludge Solids Transfer Pump (P-104-1), in conjunction with the 
sludge return valve, modulates to control the pressure/flow in the circuit. 

6. During normal operation, the CFF is backpulsed with filtrate via a backpulse tank to dislodge 
debris from the filter pores.  Filtrate flow is reversed back through the filter by a pressurized 
air supply. 

Backpulse cleaning is initiated either by a timer during normal operation or by high 
transmembrane dP across the tube side to shell side of the filter. 

7. If backpulsing fails to restore filtrate flux, the filter is chemically cleaned.  The filter is 
drained and then cleaned by circulating cleaning solutions through the filter, as described in 
Section 16.0. 

8. The total water addition to SSRT (TK-104) and totalized filtrate volume are monitored to 
determine the completion of sludge washing. 

9. The washing circuit operation is stopped and flushed with wash water from the WWHT 
(TK-105).  One circuit volume of wash water is used for flushing. 

10. If applicable, the volume of spent H2C2O4 determined during FFT-A (TK-102) operation 
(Step 16 in Section 6.0) is transferred from the SAST (TK-127) to the SSRT (TK-104).  
Mixing takes place for a predetermined period, prior to sampling for compliance with the 
DWPF WAC. 

The Wash Filter is sized identically to the Alpha Sorption Filters.  Because the solids 
concentration in the SSRT (TK-104) is higher than in FFT-A (TK-102), the filtrate production is 
expected to be slightly lower than the Alpha Sorption Filters.  At the design filtrate production 
rate of 10.8 gpm, the washing operation may take up to 20 hours, depending on the quantity of 
sludge to be washed.  Because of the relatively low duty cycle compared to the Alpha Sorption 
Filters, only one Sludge Washing Filter circuit is provided. 

8.0 SALT SOLUTION STORAGE 

The function of the SSFT (TK-109) is to provide hold and surge volume between the CSSX and 
ASP Systems.  The SSFT is sized to maintain a working level that permits the CSSX System to 
continue operation if the ASP is not operating.  The working level reserve margin also allows the 
ASP to continue operating if the CSSX System is not operating. 

The reserve margin between the normal working level and maximum working level is also 
provided to allow for start-up of the CSSX System.  During system start-up, DSS is fed to the 
CSSX System for a period of time, with the product routed to the SSFT (TK-109). 
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The normal working volume of the SSFT (TK-109) is 20,700 gallons.  The tank can provide CSS 
to CSSX at a feed rate of 21.6 gpm for 16 hours if the ASP is not in service. 

The SSFT (TK-109) has an additional reserve volume of 20,700 gallons above the normal 
working volume.  The reserve volume, when added to the normal working volume, results in an 
SSFT (TK-109) maximum working volume of approximately 41,400 gallons.  Maintaining this 
reserve margin during normal operation allows the ASP to continue to operate and produce CSS 
for approximately 16 hours if the CSSX process is shut down.  The optimum level of operation 
to support SWPF requirements will be established during Cold Commissioning. 

Filtrate is received from the two operational Alpha Sorption Filters at a nominal rate of 21.6 
gpm.  One of the two Salt Solution Feed Pumps (P-109A/B) sends feed to the CSSX process.  
The flow set point is determined by the Operator and controlled by varying the pump speed. 

Contents of the SSFT (TK-109) can be transferred to either AST-A (TK-101) or FFT-A 
(TK-102), if the CSS produced by the ASP cannot be processed by the CSSX System due to high 
Sr/actinide or solids content. 

When changing modes of operation, such as changing from a double MST strike macro-batch to 
a single MST strike macro-batch, routine sampling of the SSFT (TK-109) is performed to 
determine the transition point. 

9.0 CAUSTIC-SIDE SOLVENT EXTRACTION 

The CSSX System consists of 16 stages of extraction, 2 stages of scrub, 16 stages of strip, and 2 
stages of caustic wash.  One centrifugal contactor is used for each stage.  Each contactor has 
inlets and outlets for both a solvent phase and an aqueous phase. 

Each extraction stage mixes the CSS aqueous feed with a solvent, and then separates the two 
phases.  The solvent contains an extractant that removes Cs from the aqueous phase.  The solvent 
and aqueous phases flow counter-current through the contactors.  The aqueous outlet (i.e., stage 
201A) of the extraction stages is referred to as DSS when operating in a single-strike mode, or as 
CDCSS during multiple-strike operation.  The DSS or CDCSS is routed to the AFP via the 
Barium (Ba)-137 Decay Tank (TK-206). 

The solvent outlet from the extraction stages passes through the scrub stages for removal of 
impurities (e.g., Na and potassium) prior to the strip stage.  The scrub process is performed 
counter-current by a nitric acid solution (0.05M HNO3).  Aqueous effluent from the scrub section 
combines with the feed in the extraction section and leaves the system with DSS/CDCSS.  
Solvent leaves the scrub section and drains to the Solvent Strip Feed Tank (TK-217).  The 
solvent is then pumped to the strip stages by one of the two Solvent Strip Feed Pumps. 

In the strip stages, the solvent is contacted counter-current with a dilute nitric acid (HNO3) strip 
solution.  This stream is 0.001M HNO3.  The Cs is released by the extractant into the strip 
solution.  The Cs-enriched strip solution is transferred to the Strip Effluent Hold Tank (SEHT) 
(TK-205) via the Strip Effluent Pump Tank (TK-215) and Pumps P-215A/B.  The solvent then 
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passes to the wash stages for an alkali wash and is returned to the Solvent Hold Tank (SHT) 
(TK-202) for re-use.  The SHT contents are sampled on a regular basis to determine solvent 
integrity and estimate the required solvent makeup requirements. 

After the strip stages, the solvent is contacted counter-current with a 0.01M NaOH solution in 
the wash stages.  These stages remove impurities that may build up in the solvent due to its 
degradation over time.  The 0.01M NaOH solution is recycled through the contactors from the 
Caustic Wash Tank (TK-204).  If a low pH is detected, the 0.01M NaOH is replaced with fresh 
solution.  The spent NaOH is transferred to the DSS Stilling Tank (TK-211). 

Figure 9-1 is a simplified schematic of the CSSX subsystem. 
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Figure 9-1.  Caustic-side Solvent Extraction Process 
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The following discussion describes the CSSX equipment and it's operating/design characteristics. 

 Two in-line gamma monitors are located in the outlet of the Ba-137 Decay Tank (TK-206).  
These monitors are used to verify that Cs was removed from the feed prior to sending the 
DSS/CDCSS into the AFP, which is an unshielded area.  The Ba-137 Decay Tank allows 
sufficient time for the 137mBa (a daughter of 137Cs) to decay. 
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 One of two Ba-137 Decay Tank Transfer Pumps (P-206A/B) transfers the DSS or CDCSS 
from the Ba-137 Decay Tank (TK-206) to the AFP.  If the gamma monitoring equipment 
downstream of P-206A and P-206B detects a higher than normal concentration of 137mBa 
(indicating higher than normal concentrations of Cs in the DSS/CDCSS from the extraction 
stages), the Ba-137 Decay Tank outlet flow is automatically diverted back to the SSFT 
(TK-109). 

 The SHT (TK-202) is the solvent reservoir.  The SHT supplies solvent to the extraction 
contactors and collects solvent from the outlet of the wash stages.  One of the two Solvent 
Feed Pumps (P-202A/B) provides a continuous flow of solvent to the extraction stages.  The 
SHT has a working volume of 500 gallons and is equipped with a cooling jacket.  The 
Solvent Feed Coolers (HX-202A/B) located on the discharge of the Solvent Feed Pumps are 
used to cool the organic solvent to 73 ± 5°F for optimum operation of the extraction process.  
The SHT is equipped with a mixing eductor to improve cooling and provide tank 
homogeneity. 

 The SWPF Test Report: P-RPT-J-00009 (Caustic Side Solvent Extraction Full Scale Test27) 
has shown that solvent losses (i.e., carryover) can be as high as 900 parts per million.  The 
extraction stage outlet and strip effluent is routed to solvent recovery equipment to recover 
entrained solvent.  The optimum design configuration for this equipment is being determined 
during additional Full-scale CSSX Tests. 

 The Solvent Drain Tank (SDT) (TK-208) receives drainage from contactors that are drained 
for maintenance, and receives solvent recovered by the strip effluent solvent recovery 
equipment.  The SDT contents are fed back into the aqueous inlet to the extraction stages.  
Further details of the SDT are found in Section 17.0. 

 The Solvent Strip Feed Tank (TK-217) collects scrubbed solvent, and is pumped by one of 
the Solvent Strip Feed Pumps to the 16 strip stages. 

 The Strip Effluent Pump Tank (TK-215) provides a hold-up volume to enable the in-growth 
of 137mBa and for accurate indication of the Cs concentration of the strip effluent transferred 
to the SEHT (TK-225).  The Ba activity provides an indication of Cs concentration, which 
has a safety case limitation in the SEHT.  The activity level is monitored and alarmed, if 
necessary, by gamma monitors located on the discharge of the P-215A/B pumps. 

The following is the sequence of the CSSX operations. 

CSSX Start-up 

Start-up is carried out with stored DSS being used as feed to the extraction stage aqueous inlet.  
To ensure that no out-of-specification material is generated, the initial discharge from the 
extraction stages is recycled to the SSFT (TK-109) via the Ba-137 Decay Tank (TK-206).  The 
start-up process is described below. 

1. Start all contactor motors.  Place the cooling system in automatic temperature control mode 
at the desired set point values. 

2. Start strip solution to strip contactors at normal rate of approximately 1.4 gpm. 
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3. Wait until the strip section is nearly full of strip solution (time to be determined during 
Commissioning). 

4. Start scrub solution and wash solution supplies at the rate of approximately 1.4 gpm. 

5. Start DSS supply to the extraction contactors at a flow rate of 15 gpm. 

6. When the strip effluent and extraction stage aqueous raffinate begin to flow to the respective 
solvent recovery equipment, the organic (solvent) flow is started at a rate of 5 gpm. 

7. Wait until the contactor bank is full of solvent (time to be determined during 
Commissioning). 

8. Increase both the organic and DSS flow rates to the required values.  After a time interval to 
achieve stability in the extraction circuit, the extraction stage feed is switched from DSS to 
CSS from the SSFT (TK-109) by ramping down the DSS flow to a minimal flow rate, 
switching to CSS, and ramping up the CSS flow. 

9. After a suitable time interval, verify that the Cs activity from the Ba-137 Decay Tank 
(TK-206) is within limits and then switch the Ba-137 Decay Tank discharge flow to the IST 
(TK-220) or AST-B (TK-221), as appropriate. 

After initial system start-up, the CSSX process operates automatically.  The system Operator 
makes any required adjustments to the aqueous and solvent flows, in addition to arranging for 
chemical make-up, sampling, and batch transfers of strip effluent and DSS/CDCSS products. 

CSSX Shutdown 

The CSSX System is normally operated in a continuous flow mode.  System shutdown sequence 
should be planned in advance.  The normal system shutdown sequence is listed below. 

1. Process the contents of the SDT (TK-208) by pumping the contents to the aqueous inlet to 
the extraction contactors to ensure that the tank has adequate space available for receiving the 
full volume of aqueous and organic contained within the contactors and piping. 

2. Ramp down the CSS flow, switch the extraction stage aqueous inlet flow from CSS to DSS, 
and then ramp up the DSS flow. 

3. The CSSX System is operated with DSS feed for approximately 30 minutes (to be confirmed 
during Commissioning) to remove all Cs from the aqueous and organic phases. 

4. Turn off the aqueous feeds in the following order: salt solution feed, scrub solution feed, 
caustic wash feed. 

5. Turn off the solvent flow. 

6. Turn off the aqueous strip feed. 

7. Drain and flush the contactors to the SDT (TK-208) if the shutdown is to be an extended 
shutdown; otherwise, the contactors can remain full. 

In the highly unlikely event that the CSSX System needs to be shut down immediately, or if an 
automatic shutdown occurs, the Cs activity present in any residual aqueous and organic fluids in 
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the contactor that was not drained to the SDT (TK-208) could be very high.  In this case, a full 
flush of the affected contactor(s) is performed prior to maintenance. 

Solvent Drain Tank (TK-208) 

The SDT (TK-208) contents are returned to the CSSX extraction stage aqueous inlet when the 
CSSX System is operating.  The SDT is pumped to the extraction stages at a relatively low flow 
rate to mix with the CSS feed from the SSFT (TK-109).  A recycle route is provided to return 
liquid to the SSFT, if required.  If the SDT contents are contaminated with solids or with 
chemicals that cannot be processed by the CSSX System, they can be pumped to the Process 
Building Drum Off Station. 

Refer also to Section 17.0 for further details. 

10.0 ALPHA FINISHING PROCESS AND DECONTAMINATED SALT SOLUTION 
STORAGE AND TRANSFER 

The aqueous raffinate from the CSSX System is routed from the Ba-137 Decay Tank (TK-206) 
to the IST (TK-220) or AST-B (TK-221).  The specific routing depends on the number of MST 
strikes required to render it suitable for discharge to the SFF/SPF/TK-50. 

When operating in single-strike mode, the DSS from the aqueous outlet from the extraction 
stages is typically routed to the IST (TK-220) or to AST-B (TK-221) to be sampled and 
analyzed.  After sample results confirm that the CSS complies with the SPF WAC, the IST or 
AST-B contents are transferred to the DSSHT (TK-207).  Under controlled conditions, when the 
SWPF is receiving multiple feed batches from the same macro-batch in Tank 49 and the ASP 
and CSSX processes are operating in a long-term stable mode, the DSS from the extraction 
stages may be routed directly to the DSSHT, provided that the DSS can be characterized by 
process knowledge. 

During processing of salt waste feed requiring two or more MST strikes, the aqueous raffinate 
from the extraction stages is routed to the IST (TK-220), where it is staged for processing in the 
AFP.  When sufficient waste is present in the IST, one of the two Transfer Pumps (P-220 A/B) is 
utilized for transferring the IST contents to AST-B (TK-221), where the final MST strike takes 
place.  When the plant is operated in multi-strike mode, the IST continually receives the aqueous 
raffinate from the CSSX extraction stages. 
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Single-Strike Operation 

DSS in the Ba-137 Decay Tank (TK-206) is pumped on a continuous basis by one of the two 
Ba-137 Decay Tank Transfer Pumps (P-206 A/B) at a rate of approximately 23 gpm to the IST 
(TK-220) or AST-B (TK-221).  The waste is stored for sampling and analysis and staged for 
transfer to the DSSHT (TK-207).  Once a full batch is received in the DSSHT, the contents are 
transferred to the SFF/SPF/TK-50. 

DSS from the Ba-137 Decay Tank (TK-206) is initially directed to the IST (TK-220) until a 
batch of approximately 30,000 gallons is received.  The DSS is then diverted to AST-B 
(TK-221).  Mixing eductors (EDT-220 A/B) in the IST and a mechanical agitator (AGT-221) in 
AST-B are used to mix the tank contents. 

A sample is drawn from the IST (TK-220) or AST-B (TK-221).  When the sample result shows 
that the DSS complies with the SPF WAC, the IST or AST-B contents are pumped to the 
DSSHT (TK-207). 

When the SWPF is operating at full capacity, DSSHT (TK-207) transfers occur approximately 
every 24 hours.  One of two variable speed transfer pumps (P-207A/B) is used for the transfer.  
Transfer to the SFF/SPF/TK-50 is controlled by pump speed and a control valve to provide a 
discharge flow rate in the range 100 to 150 gpm. 

Multiple-Strike Operation 

In the multi-strike mode, the aqueous raffinate from the CSSX extraction contactors is directed 
to the IST (TK-220) from the Ba-137 Decay Tank (TK-206).  Once a batch of approximately 
30,000 gallons is present in the IST, the IST is transferred to AST-B (TK-221).  During this 
transfer, the IST continues to receive feed from the Ba-137 Decay Tank.  Once AST-B has 
received its batch, the transfer from the IST is terminated and MST is added. 

The AST-B (TK-221) contents are mechanically agitated (AGT-220) for six hours, after which a 
sample is taken for analysis.  On receipt of satisfactory sample analysis results, the AST-B 
contents are transferred to FFT-B.  Filtrate produced from recirculating the contents of FFT-B 
(TK-222) through the CFFs (FLT-222 A/B/C) is directed to the DSSHT (TK-207) for eventual 
transfer to the SFF/SPF/TK-50. 

When it becomes necessary to change the facility operation from multi-strike to single-strike 
operation, AST-B (TK-221) is washed down with DSS prior to the changeover.  This removes 
trace amounts of MST sludge in the tank heel and prevents possible cross-contamination 
between batches. 

The DSS used to wash the AST-B (TK-221) vessel is then transferred to FFT-B (TK-222), using 
one of the two AST-B Transfer Pumps (P-221A/B).  Similarly, when the last batch of multi-
strike material is transferred from the IST (TK-220) to AST-B, the IST level is lowered to a 
minimum level, such that the incoming single-strike material sufficiently dilutes the IST heel. 
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The IST (TK-220) has been sized with a working volume of approximately 30,300 gallons.  This 
provides sufficient storage for approximately 22 hours of aqueous raffinate production from the 
CSSX extraction stages when the CSSX System is operating at design capacity (approximately 
23 gpm aqueous raffinate flow).  AST-B (TK-221) has been sized with a working volume of 
30,700 gallons. 

The DSSHT (TK-207) has been sized with a working volume of 35,900 gallons; this provides 
sufficient storage for 26 hours of DSS production when the plant is operating at full capacity.  
Normally, DSS is transferred from the DSSHT to the SFF/SPF/TK-50 once every day. 

Each of the two Ba-137 Decay Transfer Pumps (P-206A/B) is rated at 30 gpm.  The pumps are 
variable-speed pumps with a turndown ratio of 20:1.  The pump speed is controlled to match the 
aqueous raffinate production rate from the CSSX extraction stages. 

The IST Transfer Pumps (P-220A/B) and the AST-B Transfer Pumps (P-221A/B) have a 
capacity of 400 gpm and 300 gpm, respectively. 

Figure 10-1 provides a simplified schematic for DSS/CDCSS storage and transfer operations 
through the AFP. 
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The sequence of DSS storage and transfer operations is provided below.  These steps are a fully 
automated process, monitored and controlled by the DCS. 

Single-strike Operation 

1. Align Ba-137 Decay Tank Transfer Pump (P-206A/B) discharge valves to the IST (TK-220). 

2. Start either P-206A or P-206B and adjust flow to maintain constant level in the Ba-137 
Decay Tank (TK-206).  The design DSS production rate is approximately 23 gpm. 

3. When the IST (TK-220) level reaches a pre-determined value, start one of the IST Transfer 
Pumps (P-220A/B) and recirculate the discharge through the tank eductors (EDT-220 A/B).  
This provides mixing of tank contents prior to a sample being taken. 

4. At a second higher pre-determined level in the IST (TK-220), divert DSS feed to AST-B 
(TK-221). 

5. When diversion of DSS is confirmed, wait a predetermined time to allow mixing (time to be 
determined during Commissioning) and then take a sample from the tank. 

6. While the IST (TK-220) is being sampled and analyzed, DSS continues to be fed to AST-B 
(TK-221). 

7. Once the sample is confirmed to be within SPF WAC requirements, transfer the contents of 
the IST (TK-220) to the DSSHT (TK-207), using one of the two IST Transfer Pumps 
(P-220A/B). 

8. At a pre-determined level in the DSSHT (TK-207), start one of the two DSSHT Transfer 
Pumps (P-207A/B) and recirculate back to the tank eductors EDT-207 A/B to provide mixing 
of the tank contents.  If required, the contents of the DSSHT can be sampled and analyzed. 

9. When the DSSHT (TK-207) is full, the SWPF CR Operator requests to transfer the tank 
contents to the SFF/SPF/TK-50. 

10. When the transfer is authorized, the transfer route valves are aligned and one of the two 
DSSHT Transfer Pumps (P-207A/B) is started.  After the DSSHT (TK-207) is empty or the 
predetermined volume has been transferred, the operating DSSHT Transfer Pump is shut 
down.  The transfer pumps are variable speed and are throttled to transfer at a flow rate in the 
range of 100 to 150 gpm to the SFF/SPF/TK-50. 

11. When AST-B (TK-221) reaches a predetermined level, the AST-B agitator (AGT-221) is 
started to provide mixing of the tank contents. 

12. At a second higher pre-determined level in AST-B (TK-221), the DSS feed is routed to the 
IST (TK-220). 

13. After the DSS flow to AST-B (TK-221) has been stopped for a pre-determined time, the tank 
contents are sampled and analyzed. 

14. Once the sample is confirmed to be within the SPF WAC requirements, transfer the contents 
of AST-B (TK-221) to the DSSHT (TK-207), using one of the two AST-B Transfer Pumps 
(P-221A/B).  Repeat Steps 8, 9, and 10. 
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Multiple-strike Operation 

1. The Ba-137 Decay Tank Transfer Pump (P-206A/B) discharge valves are realigned to supply 
the IST (TK-220). 

2. One of the two transfer pumps is then started (P-206A/B) and the speed is adjusted to match 
CDCSS flow from CSSX into the Ba-137 Decay Tank (TK-206).  At design capacity, this 
flow rate is approximately 23 gpm. 

3. When the IST (TK-220) level reaches a predetermined value, one of the two IST Transfer 
Pumps (P-220A/B) is started to recirculate the tank through the tank mixing eductors (EDT-
220A/B). 

4. At a second higher pre-determined level, a batch of IST (TK-220) contents (approximately 
30,300 gallons) is transferred to AST-B (TK-221), using one of the two Transfer Pumps 
(P-220A/B).  During this transfer, CDCSS continues to flow into the IST. 

5. At a pre-determined level in AST-B (TK-221), the AST-B agitator (AGT-221) is started. 

6. After the IST (TK-220) transfer to AST-B (TK-221) is complete, MST is added from the 
MST Storage Tank (TK-311).  Approximately 76 gallons of MST is required to attain a 
concentration of 0.4 g/L of MST in AST-B.  1.66M NaOH solution is used to flush the line 
after the MST addition. 

7. After the required adsorption period (six hours), the contents of AST-B (TK-221) are 
sampled and analyzed. 

8. If the sample results predict an acceptable concentration of actinides and Sr, the working 
volume of AST-B (TK-221) is transferred to FFT-B (TK-222) with one of two Transfer 
Pumps (P-221A/B). 

9. If the Operator is directed to switch the facility over to a single MST strike mode, AST-B 
(TK-221) is washed down with DSS from P-207A/B.  This removes residual MST/CDCSS in 
the tank that could contaminate subsequent batches. 

The AST-B (TK-221) wash down rinsate is transferred to FFT-B (TK-222), using one of the 
AST-B Transfer Pumps (P-221A/B).  Similarly, when the last batch of multi-strike material is 
transferred from the IST (TK-220) to AST-B, the IST level is lowered as low as practical, such 
that the incoming single-strike material will dilute the IST heel. 

11.0 ALPHA FINISHING PROCESS FILTRATION 

FFT-B (TK-222) has been sized to provide a working volume of 31,900 gallons.  This volume 
can accommodate one unconcentrated AST-B (TK-221) batch and one line flush volume from 
AST-B, plus a working volume of concentrated MST sludge (approximately 2,800 gallons).  The 
contents of FFT-B are mixed by using a mechanical agitator (AGT-222). 

After transfer of the MST slurry from AST-B (TK-221) into FFT-B (TK-222), the solids 
concentration of the MST slurry is increased by circulation through two of the three Alpha 
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Sorption Filters (FLT-222A/B/C).  The filters can operate with a nominal MST slurry cross-flow 
velocity in the range 9 to 15 ft/s and a filtrate flux rate of 0.06 gpm/ft2. 

The filter circuits have the following two modes of operation, selected by the Operator. 

1. Inlet Pressure Control – In this mode, the slurry return control valve and the Feed/Solids 
Transfer Pump (P-222-1A/B/C) are operated to maintain the desired filter tube inlet pressure 
and maintain flow into the filter loop.  The Feed Recirculation Pump (P-222-2A/B/C) is 
controlled to maintain a constant flow rate (velocity) of MST/slurry through the filter tubes.  
No throttling is performed on the filtrate line and the filtrate flow rate produced is variable. 

2. Filtrate Flow Control – The filtrate discharge flow from the filter is controlled by throttling 
the filtrate line flow control valve to a constant rate, which can be set at a pre-determined 
value.  The recirculation flow rate through the filter is maintained by the respective Filter 
Recirculation Pump (P-222-2A/B/C). 

The contents of FFT-B (TK-222) are concentrated down to a volume that is nominally the same 
for each batch.  Precise figures will vary, depending on the number of strikes being performed.  
However, the tank level is lowered to a volume corresponding to approximately 2,800 gallons 
each time.  After receipt of the seventh batch of slurry, a sample is taken in order to determine 
the final dewatering endpoint to ensure that the target value of 5 wt% solids is achieved.  The 
endpoint has been estimated as approximately 1,400 gallons remaining in the tank. 

During routine operation, the filter flux will decrease, due to fouling of filter pores with 
suspended and colloidal solids.  The membranes are cleaned on an as-needed basis by reversing 
the filtrate flow from the shell side to the tube side of the filter, using pressurized air supplied to 
the backpulse tank. 

After a prolonged period of operation, backpulse cleaning of the filter may not be sufficient to 
dislodge sludge from the pores of the filter tubes.  A reduction in filtrate flow rate at a set 
transmembrane pressure signals the onset of tube fouling.  When this occurs, the filter is 
chemically cleaned.  The standby filter is placed in service and the affected filter is isolated.  The 
chemical cleaning process is described in Section 16.0. 

When all seven batches of MST slurry have been dewatered and the sludge target concentration 
of 5 wt% is achieved, the sludge is transferred to the MSTT (TK-224).  The MSTT contents are 
transferred to the SSRT (TK-104), unless the SSRT is washing sludge, being sampled, or 
transferring MST sludge to DWPF.  The MST/Sludge Transfer Pump (P-224) transfers the 
MST/sludge at a rate of 60 gpm. 

The transfer pipe from MSTT (TK-224) to the SSRT (TK-104) is flushed with DSS.  
Approximately 140 gallons of DSS are used to flush the transfer line. 

Figure 11-1 shows a simplified schematic of the FFT-B (TK-222) filter circuit. 
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The sequence of FFT-B (TK-222) filtration operations is as follows.  These steps are a fully 
automated process, monitored and controlled by the DCS. 

1. The FFT-B (TK-222) filtration sequence is initiated on completion of the AST-B (TK-221) 
to FFT-B transfer.  If desired, filtration may commence as soon as sufficient level is present 
in FFT-B. 

2. The Operator selects the two filter circuits to be used, the mode of filter operation (either 
Inlet Pressure or Filtrate Flow Control) is selected, and the circuit is switched into fully 
automatic control. 

3. The two selected filtration circuits are then filled with MST slurry by operating the respective 
Filter Feed/Solids Transfer Pumps (P-222-1A/B/C) for a set time period before starting the 
Recirculation Pumps (P-222-2A/B/C) (the exact period will be determined during 
Commissioning).  The recirculation control valve is open during filling to permit circuit 
venting. 

4. The Recirculation Pumps (P-222-2A/B/C) for the two selected filters are started at low speed 
to establish recirculation before ramping up to full speed.  The filtrate and slurry return 
valves are throttled to establish the pressure or flow set points. 

5. Initially, the filtrate outlet valve routing recycles filtrate produced back to FFT-B (TK-222).  
When the filtrate discharge is within required turbidity parameters, filtrate discharge is re-
routed from FFT-B to the DSSHT (TK-207).  If solids breakthrough occurs (e.g., due to 
failure of a CFF tube), the turbidity instrument automatically causes the filtrate to be recycled 
to FFT-B (TK-222) through the actuation of a diverter valve. 

6. Recirculation is maintained through two CFFs at a specific rate by controlling the speed of 
the Recirculation Pump (P-222-2A/B/C) to maintain a tube velocity in the range of 9 to 15 
ft/s within the CFF bundle. 

7. During the Inlet Pressure Control mode of operation, the slurry return control valve and the 
Feed/Solids Transfer Pump (P-222-1A/B/C) are operated to maintain the desired filter tube 
inlet pressure and maintain flow into the filter loop.  The Feed Recirculation Pump 
(P-222-2A/B/C) is controlled to maintain a constant flow rate (velocity) of feed through the 
filter tubes.  No throttling is performed on the filtrate line and the filtrate flow rate produced 
is variable. 

8. In the Filtrate Flow Control mode of operation, the filter inlet pressure varies (as the circuit 
conditions change during MST/slurry concentration) and the filtrate flow control valve 
modulates its position to maintain a constant filtrate flow rate.  The slurry return line control 
valve modulates during this mode, but should not completely close off the recirculation. 

9. During normal operation, each operating CFF is backpulsed via a backpulse tank to dislodge 
debris from the filter pores.  When backpulsing is initiated, the filtrate flow is reversed back 
through the filter for a very short period of time by opening an air valve connected to the 
pressurized backpulse tank.  The filtrate control valve is closed for the duration of the 
backpulse.  Just prior to a backpulse, the filtrate control valve opens fully to allow the liquid 
level in the backpulse tank to fall before fully closing.  The pulse then takes place, after 
which the control valve reopens to its normal operating position. 
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10. Backpulse cleaning is initiated as needed by a timer, by high transmembrane dP across the 
tube side to shell side of the filter, or manually initiated at any time by the CR Operator. 

11. When backpulsing fails to restore the filtrate flux rate, the filter must be chemically cleaned.  
The standby filter is placed into service and the affected filter drained and isolated.  The 
FFT-B (TK-222) level must be low to permit draining.  The fouled filter is cleaned by the 
circulation of cleaning solutions through the filter, as described in Section 16.0. 

12.  As the MST slurry is dewatered, the level in FFT-B (TK-222) falls.  At 2,800 gallons in 
FFT-B, dewatering ceases by placing the filtration circuits on hold.  This entails continuing 
to recirculate MST slurry around the filter circuits, but with the filtrate control valves 
positioned so that no further concentration can take place. 

13. The next batch of MST slurry is accepted into FFT-B (TK-222) from AST-B (TK-221), 
complete with line flush (100 gallons).  This is accepted on top of the batch already 
concentrated in Steps 1 to 12 above.  The circuit is placed back on-line by positioning the 
filtrate control valves so that dewatering can continue.  Dewatering then takes place until the 
level has fallen to the same level identified in Step 12 above.  Although the final level in 
FFT-B is the same as in Step 12, the average concentration of wt% solids is now greater. 

14. The process detailed in Step 13 is repeated until the seventh batch of MST slurry has been 
received into FFT-B (TK-222).  At this point, a sample is taken to determine the final 
dewatering endpoint to achieve 5 wt% solids concentration.  The concentration endpoint of 5 
wt% solids is identified by using an algorithm prediction that monitors the FFT-B tank level 
and volume of filtrate removed on a continuous basis.  The endpoint is estimated as 
approximately 1,400 gallons remaining in FFT-B. 

15. When the MST sludge concentration reaches 5 wt%, as determined by the control algorithm, 
the filter circuit is placed on hold, which means that the main circuit contents continue to 
recirculate, but with the filtrate control valve closed (so the dewatering process ceases).  The 
circuit is then shut down and the contents are allowed to drain from the filter circuits back to 
FFT-B (TK-222).  The estimated time for each filtration cycle is approximately 17 hours. 

16. The concentrated sludge is then discharged from FFT-B (TK-222) to the MSTT (TK-224), 
with eventual transfer to the SSRT (TK-104).  One of three Filter Feed/Solids Transfer 
Pumps (P-222-1A/B/C) is used for transfer out of FFT-B, with discharge valves being re-
aligned to the MSTT.  MST sludge is transferred at approximately 60 gpm. 

During the FFT-B (TK-222) to MSTT (TK-224) transfer, the contents of AST-B (TK-221) 
cannot be transferred to FFT-B. 

17. On completion of the MST sludge transfer to the MSTT (TK-224), the line is flushed with 
140 gallons of DSS supplied from the DSSHT (TK-207). 

18. After the line flush is complete, the next batch of MST slurry is received from AST-B 
(TK-221) into FFT-B (TK-222) and the seven-batch processing cycle is repeated. 

19. Concentrated sludge is transferred from the MSTT (TK-224) to the SSRT (TK-104), using 
the MST/Sludge Transfer Pump (P-224).  This pump is rated at 60 gpm. 

The MSTT (TK-224) is sized to provide a working volume of 1,600 gallons. 
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The tank contents are mixed with a mechanical agitator (AGT-224) to maintain solids in 
suspension. 

Transfer to the SSRT (TK-104) occurs as soon as the SSRT is available to receive sludge, 
provided that the tank is not washing sludge, sampling, or discharging to DWPF. 

12.0 DECONTAMINATED SALT SOLUTION TRANSFER TO SFF/SPF/TK-50 

Transfers from the DSSHT (TK-207) to the SFF/SPF/TK-50 occur on a once daily basis.  DSS is 
transferred to the SFF/SPF/TK-50, utilizing one of the DSS Hold Tank Transfer Pumps 
(P-207A/B) at a flow rate in the range of 100 to 150 gpm.  A batch size of approximately 33,000 
gallons is transferred. 

Transfers to SFF/SPF/TK-50 shall be performed in accordance with the Engineering, 
Procurement, and Construction (EPC) Contractor’s documents: 

 V-ESR-J-00010 (SWPF Waste Transfer Interface Control Document [ICD-10]28); 

 V-ESR-J-00011 (SWPF Waste Treatability Samples Interface Control Document 
[ICD-11]29); and 

 X-WCP-J-00001 (SWPF Recommended SWPF Waste Compliance Plan [WCP] for Transfers 
to the Defense Waste Processing Facility [DWPF] and the Saltstone Production Facility 
[SPF]30). 

In addition, appropriate operating procedures and Technical Safety Requirement (TSR) controls 
will be adhered to for SWPF and SFF/SPF/TK-50. 

13.0 MONOSODIUM TITANATE SLUDGE TRANSFER TO DWPF 

Transfers from the SSRT (TK-104) to DWPF normally occur approximately once every seven 
days.  MST sludge is transferred from the SSRT to the DWPF via the LPPP.  The Washing Filter 
Feed/Sludge Solids Transfer Pump (P-104-1) is used to transfer the MST sludge from the SSRT.  
Pump speed is controlled to limit the flow to approximately 150 gpm.  The transfer line to the 
LPPP is vented after each MST sludge transfer, to facilitate draining. 

Transfers to DWPF shall be performed in accordance with the EPC’s documents: 

 V-ESR-J-0001028 and appropriate operating procedures and TSR controls for the SWPF and 
SFF/SPF/TK-50, 

 V-ESR-J-0001129, and 

 X-WCP-J-0000130. 

In addition, appropriate operating procedures and TSR controls will be adhered to for SWPF and 
DWPF. 

The MST sludge transfer to DWPF sequence of operations is as follows. 



SWPF Sequence of Operations 
P-SYD-J-00001, Rev. 5 

Page 36 of 55 
 

 

1. The SSRT (TK-104) is sampled and analyzed to qualify the batch for transfer to the DWPF. 

2. On receipt of satisfactory analysis results, washed MST sludge is transferred (using P-104-1) 
to the DWPF via the LPPP.  The pump speed is adjusted to provide a flow rate of 
approximately 150 gpm.  The SSRT APA is shut down when the minimum level for APA 
operation is reached. 

14.0 STRIP EFFLUENT STORAGE AND TRANSFER 

The SEHT (TK-205) collects the strip effluent for storage, sampling, and transfer to the DWPF.  
The SEHT has a working volume of approximately 16,600 gallons, which is sufficient to store 8 
days of strip effluent production when operating at design capacity. 

The 137Cs concentration in the SEHT (TK-205) is approximately 15 times higher than CSS feed.  
The concentration of 137Cs in the SEHT generates sufficient heat to require tank cooling; 
therefore, the SEHT is cooled by chilled water circulated through the tank cooling jacket as 
required. 

One of two Strip Effluent Transfer Pumps (P-205A/B) is used to transfer strip effluent to the 
DWPF.  These are centrifugal pumps with a capacity of 150 gpm.  The SEHT (TK-205) is 
equipped with eductor EDT-205 to aid cooling of the tank contents and ensure that samples 
taken are representative prior to transfer.  The transfer requirements for strip effluent are 
specified in the same documents listed in Section 13.0. 

15.0 COLD CHEMICALS SUPPLY AND DISTRIBUTION 

The Cold Chemicals Area (CCA) receives, stores, dilutes, and transfers chemicals for use in the 
main processes of the SWPF.  The following chemicals are used, and the outline process flow 
paths for the system are shown in Figure 15-1. 

 Caustic is used in the Alpha Strike processes as part of the batch make-up process and for 
chemical cleaning of the CFF circuits.  It is also used in the CSSX caustic wash contactors. 

 HNO3 is used in the scrubbing and stripping stages of the CSSX process, and for chemical 
cleaning of the CFF circuits. 

 MST is used in AST-A (TK-101) and AST-B (TK-221) (in double MST strike operation) as 
the adsorbent for Sr and actinide removal. 

 H2C2O4 can be used for chemical cleaning of the CFF circuits. 

 Solvent is used in the CSSX extraction stages for removal of Cs from the salt solution. 

 Sodium Hypochlorite solution is used to prevent microbial growth in the Process Water Tank 
(TK-301). 
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Caustic 

Caustic solution at 50 wt% is delivered by tanker truck to the Caustic Receipt Tank (TK-302), 
from which is it transferred to various dilution tanks for use in the SWPF, as follows. 

 The Caustic Dilution Feed Tank (TK-108) provides a working volume of approximately 
8,000 gallons; 1.66M NaOH is made up in this tank by mixing process water with 50 wt% 
caustic solution in the required volumetric ratios; 

 The Filter Cleaning Caustic Tank (TK-107) provides a working volume of 850 gallons; 
0.02M NaOH is made up in this tank by mixing deionized (DI) water with 50 wt% caustic 
solution.  A batch is only made up if a filter is to be chemically cleaned, and is transferred to 
the respective Cleaning Solution Dump Tank (CSDT) by Pump P-107; and 

 The Caustic Makeup Tank (TK-303) provides a working volume of 2,000 gallons; 0.01M 
NaOH is made up in this tank by mixing DI water with 50 wt% caustic solution.  Transfer to 
the Caustic Wash Tank (TK-204) is by Pump P-303. 

The batches are made up in the tanks in a similar manner.  First, the required volume of water 
(process or DI) is added, followed by the ratioed amount of 50 wt% caustic solution.  The 
contents are then mixed for a set period by in-tank agitators.  The solution concentrations are 
monitored by either conductivity (Filter Cleaning Caustic Tank [TK-107], Caustic Makeup Tank 
[TK-303]) or density (Caustic Dilution Feed Tank [TK-108]) measurement and compared with 
set points.  Small adjustments are then made by opening either the appropriate water or 50 wt% 
caustic solution supply valves.  During batch make-up of solutions, discharges from the tank are 
prevented by either inhibiting pump operation or by pump discharge valves and operating the 
pump on recycle. 

Nitric Acid 

HNO3 at 20 wt% is delivered by tanker truck to the Nitric Acid Receipt Tank (TK-304), from 
which it is transferred to a dilution tank for use in the CSSX. 

The Nitric Acid Scrub Makeup Tank (TK-307) provides a working volume of approximately 
2,100 gallons and provides approximately a one-day supply of 0.05M HNO3 to the CSSX scrub 
and strip contactors. 

The 0.05M HNO3 scrub make-up solution is initially made up by mixing DI water and 20 wt% 
HNO3 in the required volumetric proportions.  During normal operation, 0.05M HNO3 is 
supplied continuously to the scrub and strip pumps.  The Nitric Acid Scrub Makeup Tank 
(TK-307) is continuously replenished; the tank level is maintained by controlling the DI water 
addition by using a variable speed metering pump (P-312-2).  The acid concentration is 
controlled by measuring solution conductivity and controlling the addition of 20 wt% HNO3, 
using a variable speed metering pump (P-304-1). 

Strip HNO3 solution of 0.001M concentration is made up by in-line mixing of DI water and 
0.05M HNO3.  The strip solution flow rate is controlled by varying the speed of Strip Water Feed 
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Pumps (P-312-3A/B); in-line conductivity measurement controls the Strip Feed Pump 
(P-310A/B) speed to achieve the required 0.001M concentration.  The strip solution is heated in-
line by the Strip Feed Heater (HTR-310A/B) to between 86F and 102F. 

MST 

The MST Storage Tank (TK-311) provides a working volume of 800 gallons, sufficient for 
providing an approximately 10 to 12-day supply to AST-A (TK-101) when operating in single-
strike mode.  MST is supplied in sealed drums to the SWPF; the Operator handles and uses the 
drum tumbler and agitator to fluidize the contents before pumping to the MST Storage Tank.  
The tank is continuously agitated, and Transfer Pump P-311 is controlled by the main batch 
make-up control sequences for AST-A and AST-B (TK-221). 

The MST is metered into the AST-A (TK-101) or AST-B (TK-221) and the pipework is then 
flushed with 1.66M NaOH from the Caustic Dilution Feed Tank (TK-108) to prevent line 
blockage. 

Filter Cleaning Acid 

The Filter Cleaning Acid Feed Tank (TK-106) provides a working volume of 3,400 gallons, 
which is sufficient to supply four batches of 0.5M H2C2O4 or 20wt% HNO3 to either Cleaning 
Solution Dump Tank-A (CSDT-A) (TK-103) or Cleaning Solution Dump Tank-B (CSDT-B) 
(TK-223) for chemical cleaning of a filter circuit.  Either solution is delivered by tanker truck. 

Solvent 

The solvent is delivered to the SWPF pre-mixed in 55-gallon drums, which the Operator handles 
and pumps out to the Solvent Makeup Tank (TK-313).  The tank contents are agitated and 
transferred to the SHT (TK-202) by Pump P-313. 

Sodium Hypochlorite 

Sodium hypochlorite is added by a skid-mounted package to the Process Water Tank (TK-301) 
in order to prevent microbial growth.  The sodium hypochlorite supply drum is connected to a 
metering pump, and batch addition is controlled by measurement of the oxidation reduction 
potential in the Process Water Tank. 

Manual addition points are also available on the process water lines supplying wet cell sumps. 

16.0 ALPHA SORPTION, ALPHA FINISHING, AND WASH FILTER CLEANING 

The CFFs are cleaned in one of the two following ways. 

1. Backpulse Cleaning – This cleaning is a part of normal filter operation and occurs on a timed 
basis (it can also be automatically initiated by high filter pressure drop or upon Operator 
demand). 
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2. Chemical Cleaning – This cleaning is carried out on a less frequent basis and is used to 
remove debris from the filter pores that is not dislodged by backpulse cleaning.  This 
operation can only take place with the filter taken out of service and isolated. 

Both cleaning modes of operation are described below. 

Backpulse Cleaning 

As the filter operates, the membrane becomes coated with sludge, thereby affecting dewatering 
efficiency.  Although high cross-flow velocities help to minimize fouling of the tube membranes, 
they are required to be regularly cleaned by reversing the flow of filtrate from the shell side to 
the tube side to create a backwashing effect.  The backpulse operation is initiated by the Operator 
via the DCS, by either a timer as part of normal MST slurry dewatering operations or 
automatically on detection of high transmembrane pressure across the tube side to the shell side 
of the filter, relative to flow rate. 

The sequence of operations for backpulse cleaning is as follows. 

1. Verify that the associated backpulse charge tank is at the desired pressure. 

2. If operating in Filtrate Flow Control mode, fully open the filtrate flow control valve for a 
brief period to allow the backpulse tank to reach the desired level. 

3. Close the filtrate flow control valve located on the backpulse tank outlet line. 

4. The DCS reduces the tube side pressure to a preset value during backpulse to maximize 
effectiveness of the pulse.  (The pump speed is set to ensure that the reverse transmembrane 
dP does not exceed CFF vendor recommendations.) 

5. Open the air supply valve to the backpulse tank for one second (adjustable).  The compressed 
air forces filtrate back through the filter tubes, thereby dislodging any solids and restoring the 
filtrate rate.  Close the air supply valve to the backpulse tank and place the Filter Feed/Solids 
Transfer Pump and filtrate flow control valve to the selected dewatering control mode. 

6. Wait 30 minutes (adjustable) and return to Step 1.  The frequency of backpulse cleaning will 
be confirmed during commissioning. 

Chemical Cleaning 

This filter cleaning method incorporates the principles outlined in WSRC-TR-2003-00299 
(“Alpha Removal Process Filter Cleaning Recommendations31”).  Filter cleaning methods for the 
SWPF will be optimized during full-scale filter performance tests. 

Except for brief periods when the FFT contents are being transferred to the SSRT (TK-104) or 
the MSTT (TK-224), two of the three associated Alpha Sorption Filters are in continuous 
service. 

The design/planning assumption is that chemical cleaning of the filters will occur after 28 batch 
cycles of operation.  The Washing Filter (FLT-104) operates for up to 20 hours every 7 days.  At 
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this limited duty cycle, the Washing Filter may not require chemical cleaning more than once per 
year. 

The duration for chemical cleaning of the AFP Alpha Sorption Filters (FLT-222A/B/C) is 
variable and depends on the frequency of SWPF multi-MST strike operation. 

Only one ASP CFF and one AFP CFF can be cleaned at any given time, and three eight-hour 
shifts should be allotted to completely clean one filter.  It should be noted that the design 
configuration of the Alpha Sorption Filters allows the filtration system to remain in operation 
while one filter undergoes chemical cleaning.  In the case of the Washing Filter (FLT-104), there 
is sufficient time available between any two sludge washing cycles to complete filter cleaning 
without any operational impact. 

The filter cleaning support system consists of the tanks described below. 

Cleaning Solution Dump Tank-A (TK-103) 

CSDT-A (TK-103) receives chemicals from the CCA and is used as a reservoir to re-circulate 
cleaning chemicals through the selected filter (FLT-102A/B/C or FLT-104). 

CSDT-A (TK-103) is located in the SSRT (TK-104)/WWHT (TK-105) cell in the Process 
Building and has a working volume of 850 gallons. 

Cleaning Solution Dump Tank-B (TK-223) 

This tank provides the same function as CSDT-A (TK-103) for the AFP filters FLT-222A/B/C.  
The tank is located in the AST-B (TK-221)/FFT-B (TK-222) Diked Area of the AFF and has a 
working volume of 850 gallons. 

Spent Acid Storage Tank (TK-127) 

On completion of circuit cleaning using H2C2O4 or HNO3, the filter circuits drain to the 
respective CSDT, the contents of which are transferred to the SAST (TK-127). 

Figure 16-1 shows a simplified schematic of the chemical cleaning operation. 
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The filters are first flushed with NaOH and cleaned with acid solutions before receiving a final 
NaOH flush.  When 20wt% HNO3 is used for cleaning, the NaOH flushes are 1.0M.  When 0.5 
H2C2O4 is used for cleaning, the NaOH flushes are 0.02.M.  The acid cleaning cycle can be 
repeated if the filtrate flow rate is not restored to within normal limits after the first cleaning 
cycle. 

Chemical cleaning and chemical selection sequences are initiated by the Operator at the DCS.  
The following operating steps are generic to all filter circuits and are applicable to both chemical 
reagents.  Prior to chemical cleaning, the filter circuit is allowed to drain back to its respective 
feed tank. 

1. The filter shell and backpulse tank contents are drained to the ASDT (TK-601) or Alpha 
Finishing Drain Tank (AFDT) (TK-228), as appropriate. 

2. The appropriate chemical is transferred to the respective CSDT by opening the appropriate 
supply valve and starting the chemical supply pump.  Note that the supply valves are 
interlocked such that only one valve can be opened at any time. 

3. After the CSDT has been filled, the CSDT is lined up to the filter circuit to be cleaned. 

4. When the level in the CSDT rises to a pre-determined level, the chemical supply pump is 
stopped and the respective supply valve is closed. 

5. The filter circuit is filled by aligning the pump suction and discharge valves for recirculation 
and operating the respective Filter Feed/Solids Transfer Pump.  The Filter Feed/Solids 
Transfer Pump is operated for a set time period before starting the main Recirculation Pump.  
The recirculation control valve opens during filling to permit circuit venting. 

6. Once the filter circuit is filled, the respective Filter Recirculation Pump is started and ramped 
up to a pre-determined speed to achieve the required circulating flow.  The chemical is 
re-circulated for between 66 and 480 minutes (to be confirmed). 

7. Filtrate (chemical reagent) discharge from the backpulse tank is recirculated to the CSDT by 
appropriate alignment of valves.  These routings provide shell and tube side vents for the 
filter circuit. 

8. Backpulsing of the CFF undergoing cleaning takes place on a frequency yet to be specified. 

9. When the chemical cleaning period is complete, the feed and recirculation pumps are stopped 
and the filter circuit is allowed to drain back to the CSDT. 

The drain route depends on the filter being cleaned and the chemical used: 

a) ASP Filters/Washing Filter 

NaOH – The filter shell and backpulse tank are drained to the ASDT (TK-601).  The 
filter loop is drained to CSDT-A (TK-103) and the tank contents then transferred to the 
ASDT, using the respective Filter Feed/Transfer Pump. 

Acid – The complete circuit, including filter shell, backpulse tank, and loop, are all 
drained to CSDT-A (TK-103).  The spent acid is then transferred from CSDT-A to the 
SOAST (TK-127), using the respective Filter Feed/Transfer Pump. 
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 Steam system condensate, and 

 Miscellaneous Pump Drains. 

The ASDT (TK-601) contents are sampled and pH adjusted, using a caustic solution from the 
Neutralization Tank (TK-317) via Transfer Pump (P-317).  The tank contents are mixed, using 
eductors EDT-601-1 and EDT-601-2 located inside the tank.  The eductors are supplied via a 
recirculation line located on the Transfer Pump (P-601A/B) discharge.  One of these two pumps 
is used to transfer the tank contents to either AST-A (TK-101) or the SSRT (TK-104), depending 
on the compatibility of the contents with the ASP and/or DWPF.  The pump is rated at 50 gpm. 

Under most conditions, the ASDT contents (termed “waste water”) are returned to AST-A 
(TK-101) as part of the batch makeup process.  The available tank contents are transferred via 
Pump P-601A/B to AST-A, provided the contents have been sampled and the Na concentration 
adjusted to 1.66M.  By transferring the available contents, the tank is maintained at a low level 
and is, therefore, available to receive drainage from unscheduled maintenance. 

Figure 17-1 is a schematic representation of the drains received by the ASDT (TK-601). 

 



SWPF Sequence of Operations 
P-SYD-J-00001, Rev. 5 

Page 46 of 55 
 

 

Figure 17-1.  Alpha Strike Process Drain Schematic 
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Alpha Finishing Drain Tank (TK-228) 

The AFDT (TK-228) provides a working volume of 1,400 gallons, and is based on the drain 
down and flush of a single AFP filter circuit (FLT-222A/B/C) and an allowance for other 
drainage. 

The tank also receives drains from the following pump casings during periods of maintenance: 

 IST Transfer Pump (P-220A/B), 

 AST-B Transfer Pump (P-221A/B), 

 Filter Feed/Solids Transfer Pump (P-222-1A/B/C), 

 Filter Recirculation Pump (P-222-2A/B/C), 

 MST Sludge Transfer Pump (P-224), 

 DSSHT Transfer Pump (P-207A/B), 

 IST Sample Pump (SP-220), 

 AST-B Sample Pump (SP-221), 

 FFT-B Sample Pump (SP-222), 

 CSDT-B Sample Pump (SP-223), 

 MSTT Sample Pump (SP-224), and 

 DSSHT Sample Pump (SP-207). 

The tank content is mixed by using eductor EDT-228, which is located inside the tank.  The 
eductor is supplied via a recirculation line from AFDT Transfer Pump P-228.  This pump is used 
to transfer the tank contents to AST-B (TK-221). 

Figure 17-2 is a schematic representation of the drains received by the AFDT (TK-228). 
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Solvent Drain Tank (TK-208) 

The SDT (TK-208) provides a working volume of 3,400 gallons, and is based on draining and 
flushing 36 contactors, receiving the contents of the Caustic Wash Tank (TK-204) and half the 
working volume of the Lab Drain Tank (TK-235).  An additional volume is allowed for ancillary 
drainage. 

The main purpose of the tank is to receive contactor drains, flushing water and solvent from the 
solvent recovery equipment (Strip Effluent Stilling Tank [TK-212] and Strip Effluent Coalescer 
[TK-203]).  In addition, the SDT (TK-208) receives drains from the following: 

 CSSX P&VG Drain Header, 

 Gravity-drain from CSSX Contactor Area Sump, 

 West CSSX Tank Cell Sump via Pump P-218, 

 East CSSX Tank Cell Sump via Pump P-218, 

 Vessel Solvent Collection weirs, 

 Vent Header Drains, 

 Solvent containing waste from the Lab Drain Tank (TK-235), and 

 Process Vessel Ventilation System (PVVS) Condensate. 

The tank contents are mixed by using eductor EDT-208, which is located inside the tank.  The 
eductor is supplied via a recirculation line located on the SDT Pump (P-208A/B) discharge line.  
A sample can be taken from the recirculation line, as required. 

The tank contents are normally discharged via Pump P-208A/B to the Solvent Extraction 
contactors (EXT-201 A-P) via the Salt Solution Feed Cooler (HX-201A/B).  A route is provided 
to discharge to a Drum Off Station, as required. 

The SDT Pump (P-208A/B) speed is turned down to a very low flow rate, in order to bleed the 
SDT (TK-208) contents in with CSS feed into the Solvent Extraction contactors (EXT-201 A-P).  
The pump operates intermittently to maintain a low level in the SDT. 

Figure 17-3 is a schematic representation of the drains received by the SDT (TK-208). 
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Figure 17-3.  CSSX Area Drain Schematic 
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18.0 PROCESS FLUSH DISTRIBUTION 

The flush distribution system provides flush solution to all areas of the SWPF for both routine 
and non-routine requirements.  A routine operation, for example, is the flushing of sample 
pipework to and from laboratory Hot Cells and gloveboxes.  A non-routine flush, for example, is 
the wash down of a process vessel, pump, or CSSX contactor for maintenance. 

Process water is supplied into the flush distribution network.  The network cascades into various 
manifolds at different elevations and locations within the SWPF.  If necessary, 50 wt% NaOH or 
20 wt% HNO3 can be mixed with the process water in order to provide stronger flush solutions. 

The main manifold feeds seven main branches, which then feed a total of eight headers.  Each 
header includes an actuated isolation valve.  The valves allow for isolation of various headers, 
while the remaining network remains in service. 

Figure 18-1 shows the following main flush headers: 

 Cold Chemicals Flush Header allows for the flush/wash down of the Receiving Dock and 
MST Storage Tank Areas; 

 ASP Pump Flush Header, located at the North ASP P&VG, provides flush to the ASP filter 
pump, SSRT pumps, and P-110; 

 ASP Tank and Cell Flush Header, located within the CPA Process Vessel Cells, provides 
flush for cell wash downs and vessel wash downs via the wash rings.  Supplies are also 
provided to the pulse mixer enclosures and the low-level drain sump; 

 AFF Flush Distribution Header provides flush to the tank wash rings, process pumps, and 
sample pumps associated with the AFP; 

 CSSX South P&VG Flush Header , provides flush to the CSSX pumps, sumps, and spray 
bars located in the south side of the CSSX P&VG; 

 CSSX South Contactor/Tank Cell Flush Header, provides flush to the CSSX contactors, 
CSSX tank wash rings, and solvent overflows, SMP-206 sample pump, and Decon Flush 
Rings; and 

 ASP and CSSX North Flush Header, provides flush to the CSSX pumps, sumps, and spray 
bars located on the north side of the CSSX P&VG.  The header also supplies flush to the 
Sample P&VG, as well as the pumps, sumps, and spray bars located in the South ASP 
P&VG. 

Individual flush operations are operated by the SWPF Plant Operator by opening/closing manual 
isolation valves. 
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Figure 18-1.  SWPF Flush Distribution Schematic 
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