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ACRONYMS AND ABBREVIATIONS 
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FALL  flow alarm low-low 
FAT  factory acceptance testing 
FIT  flow indicating transmitter 
HMI  human-machine interface 
HS  hand switch 
IXC  ion exchange column 
LIT  level indicating transmitter 
LSH  level switch high 
NaOH sodium hydroxide 
PAH  pressure alarm high 
PI   pressure indicator 
PIT  pressure indicating transmitter 
PLC  programmable logic controller 
PRV  pressure relief valve 
RCT  Radiological Control Technician 
TBI  test bed initiative 
*   equipment identification number (EIN) to be prefixed with “SY101-TBI-“ 
+   equipment identification number (EIN) to be prefixed with “POR701-TBI-“ 
#   equipment identification number (EIN) to be prefixed with “POR702-TBI-“ 
 
 
UNITS 

gpm  gallons per minute  
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1.0 Introduction 
 
The Test Bed Initiative (TBI) system will be installed in tank 241-SY-101, Riser-008, to 
perform an engineering scale demonstration to pretreat 2,000 Gallons of supernate 
waste. The TBI system will pretreat the supernate waste via settling, decanting, 
filtration, and crystalline silicotitanate (CST) ion exchange to remove undissolved solids 
and 137Cs as an in-tank pretreatment system.  
 
The waste will then be transferred into a delay tote for accumulation. Once the delay 
tote is full, the waste will be allowed to decay. Radiological Control Technicians (RCTs) 
will monitor the decay of the waste to confirm the residual waste has been stripped of 
Cs. Upon confirmation that Cs was stripped and the primary radionuclide remaining is 
Ba, the waste from the delay tote will be transferred to one of the process totes. The 
process totes are designed and certified for offsite shipment for further treatment and 
disposal. This method will continue until all six 375-gallon process totes are filled with 
nominally 333 gallons each. If the dose rate on the delay tote is outside the acceptable 
range, the waste will be pumped back into tank 241-SY-101. 
 
When process operations are complete, the in-tank pretreatment system will be 
removed from tank 241-SY-101. The shielded IXC column will be stored for future 
treatment. The remaining equipment will be demobilized and disposed of or repurposed 
as determined by the Project. Removal and demobilization activities are outside the 
scope of this document. 
 
 
2.0 Demonstration Phases 
 
The TBI system demonstration will include four different phases: 

 Pre-Process Operations 
 Startup 
 Process Operations 
 Post Process Operations 

 
Brief descriptions of each phase are described below. 
 
2.1 Pre-Process Operations 
 
Pre-process operations are performed to condition crystalline silicotitanate (CST) ion 
exchange media.  Conditioning is done by passing caustic (0.1M NaOH) at a low flow to 
through the ion exchange (IX) column.   
 
2.2 Startup 
 
During Startup, the NaOH remaining in the piping will be discharged into the tank and 
the pump will be primed with tank supernate waste. 
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A small volume of supernate (~50 gallons) will be pumped through the process into the 
delay tote and then returned to the tank via the drop leg.  This is to provide additional 
verification of readiness to start up by allowing the line manager to gain confidence that 
the operators, procedures and equipment have gained the requisite readiness to 
conduct operations safely. 
 
2.3 Process Operations 
 
Process operations will be performed by Production Operations using operating 
procedures.  The TBI system demonstration includes the following operations: 
 

 Recirculation –Pump *P-001 is then operated in the forward direction and waste 
is cycled through the drop leg. This optional operation is only performed when 
deemed necessary. 

 
 Processing – The valves are manually reconfigured to allow a user defined 

volume (approximately 333 gallons) of the waste tank supernate to be pumped 
into the delay tote for settling and observation of radioactive decay. 
 

 Batch Transfer – Upon confirmation that the Cesium has been removed and the 
waste in the delay tote is acceptable for shipment, further processing, and 
disposal, the pre-treated waste will be transferred from the delay tote to one of 
the six process totes. 
 

 Return to Tank – When required, the pre-treated waste in the delay tote is not 
acceptable for shipment due to high Cesium content, the supernate waste will be 
returned to Tank 241-SY-101 via the drop leg. 
 

 Delay Tote Flush – Following a Return to Tank transfer due to out of 
specification Cesium content, the delay tote will be flushed with NaOH. 
 

 Filter/IXC Backflush – The filter and IX column will be backflushed with NaOH 
when operating parameters deem necessary. 
 

 Process Piping Blowdown – Following the delay tote flush or filter/IXC 
backflush, process piping will be blown down with air. 
 

 Process Shutdown – After the system has been shut down and flushed, it will 
be vented to prevent flammable gas buildup within the system. 

 
2.4 Post Process Operations 
 
After process operations have been declared complete, the additional post process 
operations described below will be performed on the TBI system.  Post process 
operations will be controlled via work order and not anticipated to be proceduralized. 
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 Filter / IXC Flush – After all process operations are complete, the filter, IX 
vessel, and associated piping will be flushed with caustic (NaOH) at a high flow. 

  
 Column Drying – Following the flush, air will be used to dry the column internals 

including the CST in the IX vessel. 
 

 Final Delay Tote Flush – The delay tote will be flushed with deionized (DI) water 
from the back flush skid.  Flush water will be routed to the tank via the drop leg. 
 

 Process Piping Blowdown – Following the delay tote flush, process piping will 
be blown down with air. 
 

 System Layup – As a final step, applicable valves will be open to the 
atmosphere to allow ventilation and prevent flammable gas buildup. 

 
 

3.0 Operating Configurations / Modes 
 
There are 15 different anticipated operating configurations, not including the manual 
operation mode associated with the TBI system. Not all operating configurations will be 
used during normal operations. The configurations are as follows: 
 

 Pre-Process Operations 
 Startup 
 Recirculation 
 Processing 
 Batch Transfer 
 Return to Tank 
 Delay Tote Flush 
 Filter / IXC Backflush 
 Process Piping Blowdown 
 Process Shutdown 
 Post process Filter / IXC Flush 
 Column Drying 
 Final Delay Tote Flush 
 Process Piping Blowdown 
 System Layup 

 
All operating configurations require manual reconfiguration of hand valves for system 
operation (See Table 1). Valve line-up must be verified prior to initiating each phase. All 
operating phases will be under administrative control. 
 
Valves *V-006, *V-104, and *V-105 are multi-position valves.  See Figures 1-3, 
respectively, for specific valve positions. 
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There are three different HMIs used for the TBI system:  HMI *ENCL-1300 (located on 
the power distribution rack), Remote HMI *ENCL-1400 (mounted in the control conex), 
and Control/HMI *ENCL-300 (located on the control rack).  Remote HMI *ENCL-1400 is 
used for control and monitoring of the TBI system.  HMI *ENCL-1300 and Control/HMI 
*ENCL-300 are used only for indication/monitoring. 
 
Remote HMI *ENCL-1400 will allow the operator to select from the following operating 
automatic modes: 
 

 Pre-Process Operations (Reverse) 
 Pre-Process Operations (Forward) 
 Processing (Tank to Delay Tote) 
 Processing (Delay Tote to Storage Tote) 
 Return to Tank 
 Flush 

 
Mode selection will be used by the control system to automatically configure the system 
for the selected mode (i.e., flow meter direction, interlocks, alarms, etc.) 
 
Forward is the default direction for *P-100.  A password is required to change the 
direction of this pump in manual mode.  In all processing modes, Pump *P-001 will 
automatically operate in reverse for a short time to wet the pump internals without user 
input.   
 
Mode selection will also be used to configure *FIT-102 to operate in the correct direction 
(i.e., forward or reverse flow). 
 
The control system will allow the user to configure a maximum run time for each pump 
to ensure that none of the pumps run dry for an extended period of time and to alert 
operators that there may be an issue with flow, level, or pressure instruments.  The 
pump run timers are software configurable using a password. 
 
The *LAH-101, *FIC-102, and *FQAH-102 setpoints are configurable from the Remote 
HMI (*ENCL-1400) display but require a password to change. 
 
The system may also be operated in Manual instead of Auto.  In manual mode, pumps 
may be started/stopped as deemed necessary.  Interlocks will still be imposed; 
however, automatic features such as preset flow volumes/direction/pump speeds will 
not apply. 
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Figure 1. Valve Positions for *V-006 

 
 
 

 
 

Figure 2. Valve positions for *V-104 
 
 
 

 
 

Figure 3. Valve positions for *V-105 
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Table 1. TBI Valve Position and Motor State by Process Operation 
 

Valve 
Position 

Pre-
Process 

Operation 
Startup Recirculation Processing 

Batch 
Transfer 

Return 
to Tank 

Delay 
Tote 
Flush 

Fill 

Delay 
Tote 
Flush 

Filter / IX 
Back 
Flush 

Process 
Shutdown 

Filter / IX 
Flush 

Column 
Drying 

Final 
Delay 
Tote 
Flush 

Fill 

Final 
Delay 
Tote 
Flush 

Process 
Piping 

Blowdown 

System 
Layup 

*V-003 CLOSED CLOSED OPEN CLOSED CLOSED CLOSED OPEN OPEN CLOSED OPEN CLOSED OPEN OPEN OPEN OPEN CLOSED 

*V-006 POS-1 POS-1 POS-3 POS-1 POS-3 POS-2 POS-2 POS-2 POS-1 POS-4 POS-1 POS-1 POS-2 POS-2 POS-2 POS-4 

*V-104 POS-2 POS-1 POS-2 POS-1 POS-2 POS-2 POS-1 POS-2 POS-2 POS-2 POS-2 POS-2 POS-1 POS-2 POS-2 POS-2 

*V-105 POS-2 POS-1 POS-3 POS-2 POS-3 POS-1 POS-3 POS-1 POS-2 POS-2 POS-2 POS-2 POS-3 POS-1 POS-2 POS-4 

+V-202 OPEN CLOSED CLOSED CLOSED CLOSED CLOSED OPEN CLOSED OPEN CLOSED OPEN CLOSED OPEN CLOSED CLOSED CLOSED 

+V-204 CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED OPEN CLOSED CLOSED OPEN OPEN 

+V-206 CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED 

+V-207 CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED %OPEN CLOSED %OPEN CLOSED %CLOSED CLOSED %OPEN CLOSED CLOSED CLOSED 

+V-208 OPEN CLOSED CLOSED CLOSED CLOSED CLOSED %OPEN CLOSED %OPEN CLOSED %OPEN CLOSED %OPEN CLOSED CLOSED CLOSED 

+V-209 CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED OPEN CLOSED CLOSED CLOSED CLOSED CLOSED OPEN 

+V-210 CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED %OPEN CLOSED %OPEN OPEN %CLOSED CLOSED %OPEN CLOSED CLOSED OPEN 

+V-211 OPEN CLOSED CLOSED CLOSED CLOSED CLOSED %OPEN CLOSED %OPEN OPEN %OPEN CLOSED %OPEN CLOSED CLOSED OPEN 

#V-301A CLOSED CLOSED CLOSED CLOSED &CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED 

#V-301B CLOSED CLOSED CLOSED CLOSED &CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED 

#V-302A CLOSED CLOSED CLOSED CLOSED &CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED 

#V-302B CLOSED CLOSED CLOSED CLOSED &CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED 

#V-303A CLOSED CLOSED CLOSED CLOSED &CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED 

#V-303B CLOSED CLOSED CLOSED CLOSED &CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED 

#V-304A CLOSED CLOSED CLOSED CLOSED &CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED 

#V-304B CLOSED CLOSED CLOSED CLOSED &CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED 

#V-305A CLOSED CLOSED CLOSED CLOSED &CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED 

#V-305B CLOSED CLOSED CLOSED CLOSED &CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED 

#V-306A CLOSED CLOSED CLOSED CLOSED &CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED 

#V-306B CLOSED CLOSED CLOSED CLOSED &CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED CLOSED 

#V-307 OPEN CLOSED CLOSED CLOSED CLOSED CLOSED OPEN CLOSED OPEN OPEN OPEN OPEN OPEN CLOSED OPEN OPEN 

#V-308 OPEN CLOSED CLOSED CLOSED CLOSED CLOSED OPEN CLOSED OPEN OPEN OPEN OPEN OPEN CLOSED OPEN OPEN 

*P-001 OFF FORWARD FORWARD FORWARD OFF OFF OFF OFF REVERSE OFF REVERSE OFF OFF OFF OFF OFF 

*P-112 OFF OFF OFF OFF ON ON OFF ON OFF OFF OFF OFF OFF ON OFF OFF 

+P-200 ON OFF OFF OFF OFF OFF ON OFF ON OFF ON OFF ON OFF OFF OFF 

 
& Indicates two valves for the applicable tote (i.e., #301A and #301B) are required to be opened to perform a batch transfer. 

% +V207 and +V210 are used for DI water flush.  +V208 and +V211 are used for NaOH flush. 
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3.1   Interlocks 
 
The TBI system is designed with six Interlocks detailed on the Process and Instrument 
Diagram (H-14-112132).  One Interlock is hardwired and the other five are software 
interlocks. Table 2 describes each interlock and actions taken by the TBI system as a 
result of an interlock trigger. 
 

Table 2. TBI Interlock Table 
 

Interlock 
# 

Interlock 
Trigger 

Description Setpoint 
Type 

Hardwire / 
Software 

Actions Taken 

I1 
*PB-HS-300  

*PB-HS-1300  
*PB-HS-1400  

PROCESS STOP ACTIVATED 
ANY 

ACTIVATION 
HARDWIRE STOPS PUMPS 

I2 *LAH-101  
LEVEL IN DELAY TOTE HAS 
EXCEEDED MAXIMUM FILL 

LEVEL 

SOFTWARE 
CONFIGURABLE 

SOFTWARE STOPS PUMPS 

I3 *LSH-103 
LEAK IN DELAY TOTE  
TOP HAT ASSEMBLY 

SOFTWARE 
CONFIGURABLE 

SOFTWARE STOPS PUMPS 

I4 *FQAH-102 
TOTALIZED VALUE OF 

*FIT-102 HAS EXCEEDED 
SETPOINT 

SOFTWARE 
CONFIGURABLE 

SOFTWARE STOPS PUMPS 

I5 *FALL-300 
NO FLOW DETECTED FROM 

FLUSH SKID 
SOFTWARE 

CONFIGURABLE 
SOFTWARE STOPS PUMPS 

I6 +PAH-205 
+P-200 HIGH DISCHARGE 

PRESSURE 
SOFTWARE 

CONFIGURABLE 
SOFTWARE STOPS PUMPS 

 
 
3.2 Pre-Process Operations 
 
Conditioning of the crystalline silicotitanate (CST) ion exchange media is done by 
introducing caustic (0.1M NaOH) at a low flow to flood the pump ion exchange (IX) 
column. 
 
NOTE:  There is no feedback from the process valves. Valve line-up must be physically 
verified before Pre-process Operations begin. 
 
Following are the steps required to condition the CST: 
 

 Ensure all valves are aligned per the Pre-Process Operation column in Table 1. 
 Ensure pumps *P-001, *P-112, and +P-200 are “OFF”. 
 Ensure active tank ventilation is “ON”. 
 Ensure Process Stop pushbuttons *HS-300, *HS-1300 and *HS-1400 are not 

pressed. 
 Ensure leak detector alarm *LSH-103 is not activated and there is no liquid seen 

inside the delay tote top hat assembly. 
 Ensure back flush skid is connected with NaOH drum. 
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 Select the Pre-Process Operations (Reverse) mode on the Remote HMI 
*ENCL-1400 display. 

 Verify *HS-001D is in “AUTO” mode as indicated on the Remote HMI 
*ENCL-1400 display. 

 Set the flow rate (*FIC-102) and flow volume (*FQI-102) required by Work Order 
using the Remote HMI *ENCL-1400 display. 

 Verify *HS-001C is in “Reverse Operation” mode as indicated on the Remote 
HMI *ENCL-1400 display. 

 Ensure *FQI-102 reads nominally zero on the Remote HMI *ENCL-1400 display.  
If *FQI-102 is not reading nominally zero, then zero *FQI-102 by pressing 
*HS-102 on the Remote HMI *ENCL-1400 display. 

 Ensure there are no interlocks active or shown on the Remote HMI *ENCL-1400 
display.  See Table 2 for a full list of interlocks. 

 Ensure all administrative controls are in place and operation is permitted to 
begin. 

 Start pump +P-200 by pressing the “START” button +HS-200A on the Remote 
HMI *ENCL-1400 display.  Verify +IL-200 is illuminated indicating the pump is 
running. 

 Pump +P-200 will operate as required to achieve the preset flow rate to flood the 
TBI piping, filter, and IX module. 

 The pump will stop automatically when the *FQI-102 preset volume is reached.  If 
the pump +P-200 does not stop automatically when the *FQI-102 preset volume 
is reached, stop pump +P-200 by pressing any of the Process Stop pushbuttons.  
If the operator fails to stop the pump, it will automatically shut off after the preset 
time is reached. 

 
 
3.3 Startup 
 
A Startup operation will be performed to provide additional verification that the TBI 
system is ready for operation. 
 
NOTE:  There is no feedback from the process valves. Valve line-up must be physically 
verified before Startup begins.  
 
Following are the steps required to for Startup: 
 

 Ensure all valves are aligned per the Startup column in Table 1. 
 Ensure pumps *P-001, *P-112, and +P-200 are “OFF”. 
 Ensure active tank ventilation is “ON”. 
 Ensure Process Stop pushbuttons *HS-300, *HS-1300 and *HS-1400 are not 

pressed. 
 Ensure leak detector alarm *LSH-103 is not activated and there is no liquid seen 

inside the delay tote top hat assembly. 
 Select the Pre-Process Operations (Forward) mode on the Remote HMI 

*ENCL-1400 display. 
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 Verify *HS-001D is in “AUTO” mode and indicated on the Remote HMI 
*ENCL-1400 display. 

 Set the required flow rate (*FIC-102) and flow volume (*FQI-102) using the 
Remote HMI *ENCL-140) display.  Flow volume is anticipated to be 50 gallons 
for this mode. 

 Verify *HS-001C is in “Forward Operation” mode as indicated on the Remote 
HMI *ENCL-1400 display. 

 Ensure *FQI-102 is reading zero on Remote HMI *ENCL-1400. If *FQI-102 is not 
reading zero, then zero *FQI-102 by pressing *HS-102 on the Remote HMI 
*ENCL-1400 display. 

 Ensure there are no interlocks active or shown on the Remote HMI *ENCL-1400 
display.  See Table 2 for a full list of interlocks.  

 Ensure all administrative controls are in place and operation is permitted to 
begin. 

 Start pump *P-001 by pressing the “START” button *HS-001A on the Remote 
HMI *ENCL-1400 display.  Verify *IL-001 is illuminated indicating the pump is 
running.  Pump *P-001 will run until the volume *FQI-102 reaches the user 
configured volume (approximately 50 gallons), Interlock I2 is activated, or the 
preset pump runtime is reached.  If the pump *P-001 does not stop automatically 
when the *FQI-102 preset volume is reached, stop pump *P-001 by any of the 
Process Stop pushbuttons. 

 Align valves per the Return to Tank column in Table 1. 
 

NOTE:  Under normal operating conditions, pump *P-112 will automatically shut off 
once a user configured time has been reached. Operators should monitor the level 
readings shown on *LIT-101 and manually stop *P-112 once the delay tote level 
indication *LIT-101 levels off (i.e., stops changing).   
 

 Select the Pre-Process Operations (Reverse) mode on the Remote HMI 
*ENCL-1400 display. 

 Verify *HS-001C is in “Reverse Operation” mode as indicated on the Remote 
HMI *ENCL-1400 display.   

 Ensure *FQI-102 reads nominally zero on the Remote HMI *ENCL-1400 display.  
If *FQI-102 is not reading nominally zero, then zero *FQI-102 by pressing 
*HS-102 on the Remote HMI *ENCL-1400 display.  

 Start pump *P-112 by pressing the “START” button *HS-112A on the Remote 
HMI *ENCL-1400 display and run until the delay tote level indication *LIT-101 is 
approximately zero. 

 Stop pump *P-112 by pressing the “STOP” button *HS-112B on the remote HMI 
*ENCL-1400. 

 
 
3.4 Recirculation 
 
Recirculation is not a standard operation mode and will only be performed when 
deemed necessary. 
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NOTE:  There is no feedback from the process valves. Valve line-up must be physically 
verified before the Recirculation process begins.  
 
Following are the steps required to for the Recirculation process: 
 

 Ensure all valves are aligned per the Recirculation column in Table 1. 
 Ensure pumps *P-001, *P-112, and +P-200 are “OFF”. 
 Ensure active tank ventilation is “ON”. 
 Ensure Process Stop pushbuttons *HS-300, *HS-1300, and *HS-1400 are not 

pressed. 
 Ensure leak detector alarm *LSH-103 is not activated and there is no liquid seen 

inside the delay tote top hat assembly. 
 Select the Pre-Process Operations (Forward) mode on the Remote HMI 

*ENCL-1400 display. 
 Verify *HS-001D is in “AUTO” mode as indicated on the Remote HMI 

*ENCL-1400 display. 
 Set the required flow rate (*FIC-102) using the Remote HMI *ENCL-1400 display. 
 Verify *HS-001C is in “Forward Operation” mode as indicated on the Remote 

HMI *ENCL-1400 display. 
 Ensure there are no interlocks active or shown on the Remote HMI *ENCL-1400 

display.  See Table 2 for a full list of interlocks. 
 Ensure all administrative controls are in place and operation is permitted to 

begin. 
 Start pump *P-001 by pressing the “START” button *HS-001A on the Remote 

HMI *ENCL-1400 display and run as deemed necessary. Verify *IL-001 is 
illuminated indicating the pump is running. 

 Stop pump *P-001 by pressing the “STOP” button *HS-001B on the Remote HMI 
*ENCL-1400 display. 

 
 
3.5 Processing  
 
When Processing (Tank to Tote) Auto mode is selected, Pump *P-001 will default the 
“Forward Operation Mode” which ensures the pump is rotating the correct direction and 
also puts *FIT-102 into “Forward Flow Total” mode. At the start of a new batch, flow 
meter *FIT-102 totalizer must be reset from the Remote HMI (*ENCL-1400) display prior 
to starting.  
 
To process approximately 2,000 gallons of supernate from 241-SY-101 for the TBI 
demonstration, the system will process six batches anticipated to be 333-gallons each. 
Each batch is pumped into a delay tote for settling and sampling. Upon confirmation that 
sufficient Cs has been removed, Operations will proceed with a batch transfer into one 
of six process totes (see section 3.6 for batch transfer to process totes). If the Cs levels 
are too high, the supernate is returned to tank 241-SY-101 (see section 3.7 for returning 
the supernate from the delay tote TOTE-110 back to tank 241-SY-101).  
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NOTE:  There is no feedback from the process valves. Valve line-up must be physically 
verified before Processing begins.  
 
Following are the steps required to process waste tank supernate from tank 241-SY-101 
to a delay tote: 
 

 Ensure all valves are aligned per the Processing column in Table 1. 
 Ensure pumps *P-001, *P-112, and +P-200 are “OFF”. 
 Ensure active tank ventilation is “ON”. 
 Ensure Process Stop pushbuttons *HS-300, *HS-1300, and *HS-1400 are not 

pressed. 
 Ensure leak detector alarm *LSH-103 is not activated and there is no liquid seen 

inside the delay tote top hat assembly. 
 Select the Processing (Tank to Delay Tote) mode on the Remote HMI 

*ENCL-1400 display. 
 Verify *HS-001D is in “AUTO” mode and indicated on the Remote HMI 

*ENCL-1400 display. 
 Set the required flow rate (*FIC-102) and flow volume (*FQI-102) using the 

Remote HMI *ENCL-1400) display.  Flow volume is anticipated to be 333 gallons 
for this mode. 

 Verify *HS-001C is in “Forward Operation” mode as indicated on the Remote 
HMI (*ENCL-1400) display. 

 If this is a new batch transfer, ensure *FQI-102 reads nominally zero on the 
Remote HMI (*ENCL-1400) display.  If *FQI-102 is not reading nominally zero, 
then zero *FQI-102 by pressing *HS-102 on the Remote HMI *ENCL-1400 
display. 

 Ensure there are no interlocks active or shown on the Remote HMI *ENCL-1400 
display.  See Table 2 for a full list of interlocks. 

 Ensure administrative controls are in place and qualified personnel are notified to 
take the required radiological does-rate surveys to determine if the liquid meets 
the requirements to transfer to one of six process totes (see section 3.6 for batch 
transfer to process totes) or does not meet the requirements and needs to be 
transferred back to tank 241-SY-101 (see section 3.7 for transferring the liquid 
back to tank 241-SY-101). 

 Start pump *P-001 by pressing the start pushbutton *HS-001A on the Remote 
HMI *ENCL-1400 display.  Verify *IL-001 is illuminated indicating the pump is 
running. 

 Monitor pressure readings on *PT-004 and flow readings on *FIT-102. If the ion 
exchange column has been previously drained it may take several minutes for 
pressure and flow readings to change. 

 If pressure goes above 30 PSI, an alarm warning (*PAH-004) will appear on the 
Remote HMI *ENCL-1400 display indicating that the ion exchange column 
*IX-005 or filter *FLT-013 is plugged or beginning to plug. Continue to monitor the 
flow rate to ensure ~2 GPM of flow is seen at *FIT-102. If the flow rate begins to 
fall off or drop below 1 GPM, stop the transfer process by pressing one of the 
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Process Stop pushbuttons and follow the steps in section 3.9 to backflush filter 
*FLT-013 and the ion exchange column *IX-005. 

 Once the delay tote fill setpoint *FQI-102 (anticipated to be set at 333-gallons) is 
reached, or *LAH-101 is activated (high level inside the delay tote), pump *P-001 
will automatically shut off.  If the pump *P-001 does not stop automatically, stop 
pump *P-001 by pressing any of the Process Stop pushbuttons. 

 
 
3.6 Batch Transfer to Process Totes 
 
The batch transfer operation is initiated when it has been determined that the liquid in 
the delay tote meets the requirements for transferring the supernate liquid into one of 
the six process totes.  
 
NOTE: There is no feedback from the process valves. Valve line-up must be physically 
verified before processing operations begin. 
 
Following are the steps required to transfer the batch from the delay tote to one of the 
six process totes: 
 

 Determine which of the six totes the supernate will be transferred into. 
 Ensure all valves are aligned per the Batch Transfer column in Table 1 which 

includes opening the supply valves to the selected process tote. Verify all 
remaining process tote supply valves are closed. Process tote supply valves are 
valves #V-301A/B through #V-306A/B. 

 Ensure pumps *P-001, *P-112, and +P-200 are “OFF”. 
 Ensure active tank ventilation is “ON”. 
 Ensure Process Stop pushbuttons *HS-300, *HS-1300, and *HS-1400 are not 

pressed. 
 Ensure leak detector alarm *LSH-103 is not activated and there is no visible 

liquid inside the delay tote top hat assembly. 
 Select the Processing (Delay Tote to Storage Tote) mode on the Remote HMI 

*ENCL-1400 display. 
 Ensure there are no interlocks active or shown on the Remote HMI *ENCL-1400 

display.  See Table 2 for a full list of interlocks. 
 Ensure all administrative controls are in place and operation is permitted to begin 
 Start pump *P-112 from the Remote HMI *ENCL-1400 display by pressing button 

*HS-112A. Verify *IL-112 is illuminated indicating the pump is running.  
 

NOTE:  Under normal operating conditions, pump *P-112 will automatically shut off 
once a user configured time has been reached. Operators should monitor the level 
readings shown on *LIT-101 and manually stop *P-112 once the delay tank indication is 
approximately zero.   
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 Once the level reading on *LIT-101 indicates approximately zero level, inside the 
delay tote, stop pump *P-112 by pressing button *HS-112B on the Remote HMI 
*ENCL-1400 display.  

 The delay tank should now be empty minus the heel left in the bottom of the tank. 
 Once pump *P-112 is stopped, move valve *V-006 to position 2 to allow 

supernate remaining in the line to gravity feed to the process tote. See Figure 1 
for *V-006 position diagrams. 

 Wait 30 minutes after moving *V-006 then move *V-105 to position 1. See Figure 
3 for valve *V-105 position diagrams. 

 
 
3.7 Return to Tank (transfer from delay tote *TOTE-110 back to 241-SY-101) 
 
The return to tank operation is used to transfer pre-treated waste that has been found to 
have too high Cs content from the delay tote to back tank 241-SY-101. During the return 
to tank operation, the ion exchange column *IX-005, filter *FLT-013, and pump *P-001 
are bypassed and the pre-treated waste is returned directly through the drop leg.  
 
NOTE:  During a Return to Tank operation supernate is pumped backwards through 
flow meter *FIT-102. To have *FIT-102 read correctly, the “Operation Mode” within 
*FIT-102 is automatically changed from “Forward Flow Total” to “Reverse Flow Total”. 
When the “Operational Mode” reads “Reverse Flow Total”, only flow going in the 
reverse direction will be totalized. Prior to starting the Return to Tank operation, 
flowmeter *FIT-102 should be zeroed by pressing button *HS-102 located on Remote 
HMI *ENCL-1400 display. 
 
NOTE:  There is no feedback from the process valves. Valve line-up must be physically 
verified before return to tank operations begin. 
 
Following are the steps required to transfer the pre-treated waste from the delay tote 
*TOTE-110 back to tank 241-SY-101: 
 

 Ensure all valves are aligned per the Return to Tank column in Table 1. 
 Ensure pumps *P-001, *P-112, and +P-200 are “OFF”. 
 Ensure active tank ventilation is “ON”. 
 Ensure Process Stop pushbuttons *HS-300, *HS-1300, and *HS-1400 are not 

pressed. 
 Ensure leak detector alarm *LSH-103 is not activated and there is no visible 

liquid inside the delay tote top hat assembly. 
 Select the Return to Tank mode on the Remote HMI *ENCL-1400 display. 
 Ensure there are no interlocks active or shown on the Remote HMI *ENCL-1400 

display.  See Table 2 for a full list of interlocks. 
 Verify *HS-001C is in the “Reverse Operation” position. This will configure 

*FIT-102 for “Reverse Flow Total” operation and allow pump *P-001 to operate in 
reverse.  

 Zero *FQI-102 from *HS-102 on the Remote HMI *ENCL-1400 display.  
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 Verify all administrative controls are in place and operation is permitted to begin. 
 Start pump *P-112 from by pressing button *HS-112A on the Remote HMI 

*ENCL-1400 display and verify the Pump Running light *IL-112 is illuminated.  
 

NOTE:  Under normal operating conditions, pump *P-112 will automatically shut off 
once a user configured time has been reached. Operators should monitor the level 
readings shown on *LIT-101 and manually stop *P-112 once the delay tank indication is 
approximately zero. 
 

 Once the level reading on *LIT-101 indicates approximately zero level inside the 
delay tote or *FQI-102 reads approximately 333-gallons, stop pump *P-112 by 
pressing button *HS-112B.  

 
If required pump, *P-001 can be operated in reverse to assist in returning the pre-
processed waste from the delay tank back to tank 241-SY-101 by changing valve 
*V-006 to position 4 and starting the pump *P-001 from the remote HMI *ENCL-1400. 
When running pump *P-001 in reverse, the auto shutoff volume setpoint is still active 
and will stop pump *P-001 once *FQI-102 reaches the factory set value which is 
currently anticipated to be 333-gallons or when the run timer times out. 
 
 
3.8 Delay Tote Flush 
 
The delay tote *TOTE-110 will be flushed with NaOH following any Return to Tank 
transfers due to out of specification Cs content.  The intent is to dilute any heel 
remaining in the delay tote *TOTE-110 after the noncompliant waste has been returned 
to tank 241-SY-101, then pump the delay tote *TOTE-110 again before resuming 
Processing operations. 
 
NOTE:  There is no feedback from the process valves. Valve line-up must be physically 
verified before flush operations begin. 
 
Following are the steps required to complete a NaOH flush back to tank 241-SY-101: 
 

 Ensure all valves are aligned per the Delay Tote Flush Fill column in Table 1. 
 Ensure pumps *P-001, *P-112, and +P-200 are “OFF”. 
 Ensure active tank ventilation is “ON”. 
 Ensure Process Stop pushbuttons *HS-300, *HS-1300, and *HS-1400 are not 

pressed. 
 Ensure leak detector alarm *LSH-103 is not activated and there is no visible 

liquid inside the delay tote top hat assembly. 
 Ensure back flush skid is connected. 
 Select the Flush mode on the Remote HMI *ENCL-1400 display. 
 Set the required flow volume (*FQI-300) value using the Remote HMI 

*ENCL-1400 display. 
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 Ensure there are no interlocks active or shown on the Remote HMI *ENCL-1400 
display.  See Table 2 for a full list of interlocks. 

 Verify all administrative controls are in place and operation is permitted to begin. 
 Start pump +P-200 from by pressing button +HS-200A and verify the Pump 

Running light +IL-200 is illuminated.  
 

NOTE:  Pump +P-200 will automatically shut off once it has been started once the 
preset flow volume is reached. Operators should monitor the flow total readings shown 
on *FQI-300 and the liquid level *LI-101. Pump +P-200 will automatically stop if there is 
a high liquid level indicated by *LAH-101. 
 

 Ensure all valves are aligned per the Delay Tote Flush column in Table 1. 
 Start pump *P-112 from by pressing button *HS-112A and verify the Pump 

Running light *IL-112 is illuminated.  
 

NOTE:  Under normal operating conditions, pump *P-112 will automatically shut off 
once a user configured time has been reached. Operators must monitor the level 
readings shown on *LIT-101 and manually stop *P-112 once the delay tank indication is 
approximately zero. 
 

 Once the level reading on *LI-101 indicates approximately zero level inside the 
delay tote, stop pump *P-112 by pressing button *HS-112B on the Remote HMI 
*-ENCL-1400 display. 

 
 
3.9 Filter / IXC Back Flush 
 
The TBI filter back flush operation should be performed if *FI-102 reaches the flow 
alarm low setpoint *FAL-102 and must be performed when FI-102 reaches the flow 
alarm low-low setpoint *FALL-102 (set in the PLC software). If flushing is not performed 
pressure may increase above the cracking pressure of check valve *PRV-012 and 
supernate will flow back into tank 241-SY-101 to relieve inlet pressure to pre-filter 
*FLT-013. *PRV-012 is designed to protect the pre-filter (*FLT-013), the ion exchange 
column (*IX-005), and process piping. The filter / IXC backflush should be performed if 
too much Cs is breaking through the column. 
 
TBI system pressure *PI-004 can be monitored from any of the HMIs. Pressure on 
*PI-004 will begin to rise as filter (*FLT-013) begins to plug. When the pressure on 
*PI-004 goes above 40 PSIG, an alarm will be initiated from the HMI. This alarm in 
conjunction with a low flow alarm (*FAL-102) from *FIT-102, should be used as an 
indication of when to perform a backflush on filter *FLT-013. 
 
NOTE:  During a filter back flush operation fluid is pumped backwards through flow 
meter *FIT-102. To have *FIT-102 read correctly, the “Operation Mode” within *FIT-102 
is automatically changed from “Forward Flow Total” to “Reverse Flow Total”.  Once this 
is changed, only flow going in the reverse direction will be totalized. Prior to starting the 
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filter back flush operation, flow meter *FIT-102 should be zeroed from the button 
*HS-102 located on the Remote HMI *ENCL-1400 display. 
 
NOTE:  There is no feedback from the process valves. Valve line-up must be physically 
verified before backflush operations begin. 
 
Following are the steps required to perform a filter/IX backflush on the TBI system: 
 

 Ensure all valves are aligned per the Filter / IX Backflush column in Table 1. 
 Ensure pumps *P-001, *P-112, and +P-200 are “OFF”. 
 Ensure active tank ventilation is “ON”. 
 Ensure Process Stop pushbuttons *HS-300, *HS-1300, and *HS-1400 are not 

pressed. 
 Ensure leak detector alarm *LSH-103 is not activated and there is no visible 

liquid inside the delay tote top hat assembly. 
 Ensure back flush skid is connected. 
 Select the Flush mode on the Remote HMI *ENCL-1400 display. 
 Set the required flow rate (*FIC-102) and flow volume (*FQI-102) value using the 

Remote HMI *ENCL-1400 display. 
 Verify *HS-001C on the Remote HMI *ENCL-1400 display is in the “Reverse 

Operation” position. This will configure *FIT-102 for “Reverse Flow Total” 
operation and allow pump *P-001 to operate in reverse, if required. 

 Zero *FQI-102 from the Remote HMI *ENCL-1400 display. 
 Ensure there are no interlocks active or shown on the Remote HMI *ENCL-1400 

display.  See Table 2 for a full list of interlocks. 
 Verify all administrative controls are in place and operation is permitted to begin. 
 Start pump +P-200 from by pressing button +HS-200A and verify the Pump 

Running light +IL-200 is illuminated. 
 If pressure on *PI-004 is above 170 psig, start pump *P-001 in reverse pressing 

*HS-001A on the remote HMI to prevent *PRV-012 from opening at 200 psig. 
 Monitor pressure indicator *PI-004 during the backflush operation to ensure 

pressure is dropping as the filter is being back flushed. 
 Monitor process flow on *FI-102 to ensure fluid is flowing through filter *FLT-013 

and is being discharged into tank 241-SY-101. As the filter back flush operation 
continues, the flow rate measured on *FI-102 will begin to increase to 
approximately the preset flow rate (~12 GPM). 

 Once the flow rate reaches the preset flow rate, pump +P-200 will automatically 
stop. 

 
NOTE:  If the preset flow rate is note achieved, pump +P-200 will continue to run until 
the operator shuts the pump off or the preset time is reached.   
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3.10 Process Piping Blowdown 
 
After a delay tote flush or filter/IXC backflush, the process piping including the process 
tote distribution manifold will be purged with compressed air to remove any remaining 
fluids.  
 
NOTE:  There is no feedback from the process valves. Valve line-up must be physically 
verified before process piping blowdown operations begin. 
 
Following are the steps required to blowdown the process piping following operations: 
 

 Ensure purge air is connected to the air purge inlet valve +V-204. 
 Set the valve line-up in accordance with Table 1 “Process Piping Blowdown” 

column.  Do NOT open valve +V-204 until all administrative controls are in place 
and operation is permitted. 

 Ensure pumps *P-001, *P-112, and +P-200 are “OFF”. 
 Ensure active tank ventilation is “ON”. 
 Ensure Process Stop pushbuttons *HS-300, *HS-1300, and *HS-1400 are not 

pressed. 
 Ensure leak detector alarm *LSH-103 is not activated and there is no visible 

liquid inside the delay tote top hat assembly. 
 Ensure there are no interlocks active or shown on the Remote HMI *ENCL-1400 

display.  See Table 2 for a full list of interlocks. 
 Verify all administrative controls are in place, and operation is permitted. 
 Open valve +V-204, to allow compressed air to flow through the process piping. 
 Once the Process Piping Blowdown is determined to be complete, close +V-204 

and remove the air supply from the air purge inlet.   
 
 
3.11 Process Shutdown 
 
After the system has been shut down and flushed, it will be vented to prevent flammable 
gas buildup within the system. 
 
NOTE:  There is no feedback from the process valves. Valve line-up must be physically 
verified for shutdown. 
 
Following are the steps required to perform a process shutdown on the TBI system: 
 

 Verify all administrative controls are in place and operation is permitted to begin. 
 Ensure pumps *P-001, *P-112, and +P-200 are “OFF”. 
 Ensure active tank ventilation is “ON”. 
 Set the valve line-up in accordance with Table 1 “Process Shutdown” column. 

 
 



2309-WRP-209-PCP-001, Rev. 1 

18 
 

3.12 Post Process Filter / IX Flush 
 
At the conclusion of the 2,000-gallon TBI demonstration, the system will require back 
flushing with NaOH at a high flow.  
 
NOTE:  During a flush operation NaOH or DI water is pumped backwards through flow 
meter *FIT-102. To have *FIT-102 read correctly, the “Operation Mode” within *FIT-102 
must be changed from “Forward Flow Total” to “Reverse Flow Total”. When the 
“Operational Mode” is changed to “Reverse Flow Total”, only flow going in the reverse 
direction will be totalized. Prior to starting the Return to Tank operation, flow meter 
*FIT-102 should be zeroed from button *HS-102 located on the Remote HMI 
(*ENCL-1400) display. 
 
NOTE:  There is no feedback from the process valves. Valve line-up must be physically 
verified before flush operations begin. 
 
The following steps are required to perform a post-processing flush of the TBI system: 
 

 Ensure all valves are aligned per the Filter / IX Flush column in Table 1. 
 Ensure pumps *P-001, *P-112, and +P-200 are “OFF”. 
 Ensure active tank ventilation is “ON”. 
 Ensure Process Stop pushbuttons *HS-300, *HS-1300, and *HS-1400 are not 

pressed. 
 Ensure leak detector alarm *LSH-103 is not activated and there is no visible 

liquid inside the delay tote top hat assembly. 
 Ensure back flush skid is connected. 
 Select the Flush mode on the Remote HMI *ENCL-1400 display. 
 Set the required flow rate (*FIC-102) and flow volume (*FQI-102) value using the 

Remote HMI *ENCL-1400 display. 
 Verify *HS-001C on the Remote HMI *ENCL-1400 is in the “Reverse Operation” 

position. This will configure *FIT-102 for “Reverse Flow Total” operation. 
 Zero *FQI-102, from *HS-102 on the Remote HMI *ENCL-1400 display. 
 Ensure there are no interlocks active or shown on the Remote HMI 

(*ENCL-1400) display.  See Table 2 for a full list of interlocks. 
 Verify all administrative controls are in place and operation is permitted to begin. 
 Start pump +P-200 from by pressing button +HS-200A and verify the Pump 

Running light +IL-200 is illuminated. 
 Start pump *P-001 in reverse pressing *HS-001A on the Remote HMI 

*ENCL-1400 display. 
 Monitor process flow on *FI-102 to ensure fluid is flowing through filter *FLT-013 

and is being discharged into tank 241-SY-101.  
 When the flush is complete, stop pump *P-001 by pressing button *HS-001B on 

the Remote HMI *ENCL-1400 display. 
 
NOTE:  Pump +P-200 will automatically shut off once the preset flow volume is reached 
or the preset time is reached.  



2309-WRP-209-PCP-001, Rev. 1 

19 
 

 
 

3.13 Column Drying 
 
Following the flush, air will be used to dry the column internals including the CST in the 
IX vessel. 
 

 Ensure purge air is connected to the air purge inlet valve +V-204. 
 Verify all administrative controls are in place and operation is permitted to begin. 
 Ensure pumps *P-001, *P-112, and +P-200 are “OFF”. 
 Ensure active tank ventilation is “ON”. 
 Set the valve line-up in accordance with Table 1 “Column Drying” column. 
 Open valve +V-204, to allow compressed air to flow through the column internals 

including the CST in the IX vessel. 
 Once the column drying is determined to be complete, close +V-204 and remove 

the air supply from the air purge inlet. 
 
 
3.14 Final Delay Tote Flush 
 
The delay tote will be flushed with deionized (DI) water or NaOH from the back flush 
skid.  Flush liquid will be routed to the tank via the drop leg.  The batch size for flushing 
will be limited to the size of the DI / NaOH drum used for the flush.  The liquid level in 
the delay tote *TOTE-110 and be monitored using *LI-101.  The control system will 
include timer to shut down pump +P-200 to ensure the pump does not run dry for an 
extended period of time. 
 
NOTE:  There is no feedback from the process valves. Valve line-up must be physically 
verified before flush operations begin. 
 
Following are the steps required to complete a final deionized (DI) water flush back to 
tank 241-SY-101: 
 

 Ensure all valves are aligned per the Table 1 “Final Delay Tote Flush Fill” 
column. 

 Ensure pumps *P-001, *P-112, and +P-200 are “OFF”. 
 Ensure active tank ventilation is “ON”. 
 Ensure Process Stop pushbuttons *HS-300, *HS-1300, and *HS-1400 are not 

pressed. 
 Ensure leak detector alarm *LSH-103 is not activated and there is no visible 

liquid inside the delay tote top hat assembly. 
 Ensure back flush skid is connected is connected with DI water and/or NaOH 

drum(s). 
 Select the Flush mode on the Remote HMI *ENCL-1400 display. 
 Set the required flow rate (*FIC-102) value using the Remote HMI *ENCL-1400 

display. 
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 Ensure there are no interlocks active or shown on the Remote HMI *ENCL-1400 
display.  See Table 2 for a full list of interlocks. 

 Verify all administrative controls are in place and operation is permitted to begin. 
 Start pump +P-200 from by pressing button +HS-200A on the Remote HMI 

*ENCL-1400 display and verify the Pump Running light +IL-200 is illuminated.  
 

NOTE:  Pump +P-200 will automatically shut off once the preset time is reached.   
 

 Once pump +P-200 stops, ensure all valves are aligned per the Final Delay Tote 
Flush column in Table 1. 

 Start pump *P-112 from by pressing button *HS-112A on the Remote HMI 
*ENCL-1400 display and verify the Pump Running light *IL-112 is illuminated on 
the Remote HMI display.  
 

NOTE:  Under normal operating conditions, pump *P-112 will automatically shut off 
once a user configured time has been reached. Operators should monitor the level 
readings shown on *LIT-101 and manually stop *P-112 once the delay tank indication is 
approximately zero.   
 

 Once the level reading on *LIT-101 indicates approximately zero level inside the 
delay tote, stop pump *P-112 by pressing button *HS-112B on the Remote HMI 
*ENCL-1400 display. 

 
 
3.15 Process Piping Blowdown 
 
After the final delay tote flush, the process piping including the process tote distribution 
manifold will be purged with compressed air to remove any remaining fluids.  
 
NOTE:  There is no feedback from the process valves. Valve line-up must be physically 
verified before process piping blowdown operations begin. 
 
Following are the steps required to blowdown the process piping following operations: 
 

 Ensure purge air is connected to the air purge inlet valve +V-204. 
 Ensure pumps *P-001, *P-112, and +P-200 are “OFF”. 
 Ensure active tank ventilation is “ON”. 
 Ensure Process Stop pushbuttons *HS-300, *HS-1300, and *HS-1400 are not 

pressed. 
 Ensure leak detector alarm *LSH-103 is not activated and there is no visible 

liquid inside the delay tote top hat assembly. 
 Ensure there are no interlocks active or shown on the Remote HMI *ENCL-1400 

display.  See Table 2 for a full list of interlocks. 
 Set the valve line-up in accordance with Table 1 “Process Piping Blowdown” 

column.  Do NOT open valve +V-204 until all administrative controls are in place 
and operation is permitted. 
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 Ensure backflush skid is connected. 
 Verify all administrative controls are in place, and operation is permitted. 
 Open valve +V-204, to allow compressed air to flow through the process piping. 
 Once the Process Piping Blowdown is determined to be complete, close +V-204 

and remove the air supply from the air purge inlet.   
 
 
3.16 System Layup 
 
After all operations and system drying steps are complete, applicable valves will be 
open to the atmosphere to allow ventilation and prevent flammable gas buildup. 
 
NOTE:  There is no feedback from the process valves. Valve line-up must be physically 
verified. 
 
Set the valve line-up in accordance with Table 1 “System Layup” column. 
 




