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1.0 PURPOSE 

The purpose of this calculation is to evaluate the performance envelope of the Tank Side Cesium Removal 
(TSCR) unit located in 241-AP tank farm, size the TSCR inlet flow control valve, and size the TSCR outlet 
pressure control valve. 

2.0 METHODOLOGY 

2.1 System Model 

The general layout of the TSCR system can be seen in H-14-111241.  The model starts at the pump located in 
AP Farm at pit 241-AP-07F. Flow travels through two jumpers and exits the pit heading east towards the TSCR 
unit via Hose-in-Hose Transfer Lines (HIHTL). The HIHTL is connected to the TSCR unit, where the waste is 
either returned to 241-AP-107 or processed and then sent to 241-AP-106. A small fraction of flow (~5 gpm) is 
bled off through the TSCR unit via WP-FCV-306, where the processed waste is then returned to 241-AP-106. 
The remainder of the flow is directed to the recirculation leg prior to the flow control valve and returned to 
241-AP-107. This calculation focuses on the waste flow through the TSCR unit process piping downstream of 
the inlet HIHTL and up to the reducer prior to the exit HIHTL. 

The TSCR unit contains various major components for treating the waste such as (2) Filters, (3) Ion-Exchange 
Columns (IXC), (1) Media trap and (1) delay tank.  The flow that is directed through the TSCR unit may pass 
through these components in various combinations depending on operations and the lead-lag or lead-lag-polish 
operation of the IXCs.  These potential combinations are based on the following two operating philosophies per 
RPP-RPT-61220: 1) Only one Filter will be in operation at any one time, and 2) any serial combination of the 
IXC may be valved into operation at a time during a lead-lag-polish configuration (i.e. A to B to C, B to C to A, 
or C to A to B). During only a lead-lag configuration any one IXC may be removed while the other two remain 
in operation. Once passing through a Filter and IXCs the route goes through a media trap and a delay tank. At 
the end of the TSCR unit is pressure control valve WP-PCV-557 with a set pressure of 50 psig, then through an 
orifice before flowing to 241-AP-106. 

2.1.1 Design Head Loss 

Design head loss considers the highest and lowest head loss resistance parameters. 

2.1.1.1 High Head Loss 

The highest head loss scenario considers the worst case flow path with the components at their highest pressure 
loss conditions (i.e. dirty).  As identified above the TSCR unit may operate with all three IXCs in a 
lead-lag-polish configuration (i.e. A to B to C, B to C to A, or C to A to B).  The head losses for all three route 
configurations were investigated and it was determined that the worst case route (i.e. highest head loss) is when 
starting at WP-IX-400C. 
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2.1.1.2 Low Head Loss 

The lowest head loss scenario considers the best case flow path with the components at their lowest pressure 
loss conditions (i.e. clean).  As identified above the TSCR unit may operate with two IXCs in a lead-lag 
configuration (i.e. A to B, B to C, or C to A).  The head losses for all three route configurations were 
investigated and it was determined that the best case route (i.e. lowest head loss) is when starting at 
WP-IX-400A. 

2.1.2 Flow Control Valve Sizing 

Flow control valve (WP-FCV-306) located in the TSCR unit is automatically operated to maintain flow through 
the TSCR unit at 5 gpm. Sizing of this valve is performed by calculating the maximum flow coefficient value 
(Cv) required at the high head loss so that a valve can be selected. Using the selected valve, the minimum Cv is 
then determined to obtain 5 gpm through the TSCR unit at the minimum head loss so that cavitation can be 
checked (see Attachment 3).  The required Cv varies based on high and low head loss system parameters such 
as tank liquid levels, TSCR component losses, and fluid properties.  

For determining the maximum Cv value (i.e. largest % open) required the high head loss parameters and a flow 
rate of 5 gpm are used. High head loss parameters are as follows: (1) empty AP-107 tank, (2) highest pressure 
differential across the TSCR unit (3 IXCs and dirty components), (3) high fluid viscosity, and (4) low fluid 
density.  

For determining the minimum Cv value (i.e. smallest % open) required the low head loss parameters and a flow 
rate of 5 gpm are used. Low head loss parameters are as follows: (1) full AP-107 tank, (2) lowest pressure 
differential across the TSCR unit (2 IXCs and clean components), (3) low fluid viscosity, and (4) high fluid 
density. 

2.1.3 Pressure Control Valve and Orifice Sizing 

Pressure control valve (WP-PCV-557) and orifice are in series and located near the treated effluent outlet of the 
TSCR unit. The orifice was sized to maintain approximately 20 psi of back pressure at 5 gpm.  This back 
pressure will help to prevent WP-PCV-557 from cavitating.  The Cv from the pressure control valve is obtained 
for both the high head loss and low head loss scenarios. Once the required Cv is identified, a Flowtek V-port 
valve is selected. 

2.1.4 Constant Inputs 

Variances in pipe/hose/HIHTL inside diameters, fluid temperature and sending/receiving tank head-space 
vacuum levels have minimal effect on the results of this evaluation. For the items listed above a nominal value 
is used regardless of them having a range. Also, note that intermediate elevations in the pipeline have negligible 
effect on the results as well. 
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2.1.5 TSCR Component Losses 

The pressure loss of each major TSCR component is modeled per EN-1813-02, TSCR – Process Component 
Differential Pressures, and summarized in the table below.  Table 7 of EN-1813-02 provides pressure loss 
values for all major TSCR components when flowing 5 gpm for both new/clean and at alarm set points.  Based 
on these pressure loss values a clean and “dirty” (i.e. alarm set point) resistance curve is created for each 
component using AFT Fathom’s fill as quadratic feature based on 5 gpm. This methodology is based on 
pressure losses through the TSCR components behaving quadratically with respect to flow.  Note that 
EN-1813-02 indicates that IXC pressure loss will behave more linearly with respect to flow rate. However, this 
will not affect this analysis since only 5 gpm flow rates are evaluated. Note that pressure loss due to the delay 
tank is negligible. 

Table 2-1. TSCR Component Losses at 5 gpm. 

Scenarios  Filter (psid) 
Ion 

Exchange 1 
(psid) 

Ion 
Exchange 2 

(psid) 

Ion 
Exchange 3 

(psid) 

Media 
Trap 
(psid) 

Low Head  1  8  6  0  1 

High Head  3  15  15  8  5 
   General Note: See Design Inputs for all variable references. 

3.0 DESIGN INPUTS 

1. Fluid properties are per Attachment 1: 

a. Density for low and high head loss scenarios are 1.28 g/mL and 1.25 g/mL respectively. 

b. Absolute/dynamic viscosity for low and high head loss scenarios are 2 cP and 5 cP respectively. 

Note that fluid temperatures are not considered in the density or absolute/dynamic viscosity. Fluid 
temperature by itself has minimal effect on system sizing. 

2. All pipe inside of the TSCR unit is modeled as carbon steel, with an absolute roughness of 0.0018 
inches per Crane pg. A-24. This is conservatively higher than the default Fathom stainless steel 
roughness since the default value could not be independently verified.  

3. Rubber hose, which connects TSCR piping to the Filters and Ion Exchange Columns is modeled with 
the same roughness as a HIHTL with an absolute roughness of 0.00126 inches (RPP-22668). Small 
variances of this input will have negligible impact on this analysis due to the small percentage of hose 
in the model. 

4. Nominal flow through TSCR unit is 5 gpm (Ref., RPP-RPT-60603, Table 2-2). 

5. The piping within the TSCR unit is modeled per H-14-111270.  Line lengths are based on elbow to 
elbow distances assuming right angles and are rounded to the nearest 0.5 ft.  
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6. Fitting losses are input internally into the pipe and use AFT Fathom library K factors for elbows, tees, 
and manual valves.  

7. Automated valves are modeled if required for simulating different flow paths through the unit.  All 
automated valves on ½" piping are modeled as ½" Flowtek 7304 ball valves (per H-14-111270) with a 
full open Cv of 32 per manufacturer’s data. If not modeled as a junction they are included internally 
into the pipe using Impulse K factors for 100% open ball valves. 

8. The flow control valve (WP-FCV-306) coefficient curve is modeled as a 1/2-inch, Flow-Tek 15° V-
control ball valve (Ref., Attachment 2). 

9. Filter outlet design pressure drop is 1 psid and 3 psid for the low head loss and high head loss scenarios 
respectively at 5 gpm (EN-1813-02, Table 7). 

10. Ion exchange unit 1 (IXC-1) outlet design pressure is 8 psid and 15 psid for low head loss and high 
head loss scenarios respectively at 5 gpm (EN-1813-02, Table 7).   

11. Ion exchange unit 2 (IXC-2) outlet design pressure is 6 psid and 15 psid for the low head loss and high 
head loss scenarios respectively at 5 gpm (EN-1813-02, Table 7). 

12. Ion exchange unit 3 (IXC-3) outlet design pressure is 0 psid and 8 psid for the low head loss and high 
head loss scenarios respectively at 5gpm (EN-1813-02, Table 7). 

13. Media trap outlet design pressure is 1 psid and 5 psid for the low head loss and high head loss scenarios 
respectively at 5 gpm (EN-1813-02, Table 7). 

14. The pressure control valve WP-PCV-557 is modeled as a pressure sustaining valve (PSV) with a set 
pressure of 50 psig (Ref., H-14-024857). Modeling as a PSV rather than a pressure reducing valve 
(PRV) will ensure that the pressure upstream of the valve does not drop below 50 psig. The pressure 
control valve coefficient curve is modeled as a 1/2-inch, Flow-Tek 15° V-control ball valve (Ref, 
Attachment 2). 

15. TSCR effluent outlet orifice WP-FO-563 size is (17/64") 0.26563 inches (H-14-111270, Sh. 1).  

16. Process piping lengths, components and fittings are modeled per the following drawings: 

a. H-14-111270, All Sheets - Piping Isometrics 

b. H-14-111250, Sh. 1 – Ion-Exchange Column 

c. H-14-111251, Sh. 1 – Filter 

d. H-14-111252, Sh. 1 – Delay Tanks 

e. H-14-111253, Sh. 1 – Media Trap 
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17. All design inputs regarding process components outside of the TSCR unit are identified in 
RPP-CALC-62640, Tank Side Cesium Removal Process Pump Flow Analysis. 

4.0 ASSUMPTIONS 

Conservative assumptions not requiring verification are identified throughout the analysis. 

5.0 COMPUTER SOFTWARE 

The pipe flow modeling software, AFT FathomTM1 Version 9.0 (2016.01.20) was used to model the piping 
system. This software is an engineering tool used in the evaluation of incompressible flow in pipe networks. 
The program was executed on a DellTM2 computer having Service Tag No. 70YL1R1. This software has been 
validated through several hydraulic solution verification models that have been compared to published results 
(Ref., ARES V&V No. VV-16-11-020).  

  

                                                 
1 Fathom is a registered trademark of Applied Flow Technology, Colorado Springs, Colorado. 
2 Dell Technologies, Dell, EMC, Dell EMC, and other trademarks are trademarks of Dell Inc. or its subsidiaries. 
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6.0 RESULTS 

6.1 Model Results 

A summary of the model results at various points (see Figure 6-1) is provided in Table 6-1 below. 

 

Figure 6-1. Simplified Model with Labels 

Table 6-1. Model Results 

Point  Description  Low Head  High Head 

A  TSCR Inlet Flow (gpm)  65  61 

A  TSCR Inlet Press. (psig)  188  164 

B  TSCR Recirc Tee Press (psig)  187  164 

C  WP‐FCV‐306 Flow (gpm)  5  5 

C  WP‐FCV‐306 Inlet Press (psig)  187  164 

C  WP‐FCV‐306 dP (psid)  104  43 

C  WP‐FCV‐306 (Cv)  0.55  0.86 

C  WP‐FCV‐306 Percent Open (%)  35.0  45.9 

D  WP‐PCV‐557 Outlet Press (psig)  18  18 

D  WP‐PCV‐557 (Cv)  0.99  0.99 

D  WP‐PCV‐557 Percent Open (%)  50.22  50.17 

E  TSCR Outlet Orifice dP (psid)  16  15 

Design Input  Dynamic Viscosity (cP)  2  5 

Design Input  Density (kg/liter)  1.28  1.25 
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6.2 Valve Sizing Results 

Based on Table 6-1 above WP-FCV-306 will operate between approximately 35-46% open in the low and high 
head loss scenarios. WP-PCV-557 will operate at approximately 50% open in both the low and high head loss 
scenarios.  Therefore, the selected valves identified in H-14-111270 are adequately sized to provide 5 gpm and 
50 psig back pressure to the TSCR unit.   

The results of the cavitation calculation in Attachment 3 are provided in the table below. 

Table 6-2. Cavitation Check Results 

Scenario  Valve 
Actual Differential Pressure 

(psid) 
Allowable Differential Pressure (psid) 

Low Head  WP‐FCV‐306  104  170 

High Head  WP‐FCV‐306  43  147 

Low Head  WP‐PCV‐557  32  49 

High Head  WP‐PCV‐557  32  49 

 

Based on the results of the table above, the control valves will not cavitate and are okay for use in the TSCR 
unit.
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ATTACHMENT 2 
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