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A New Standard in Rapid Separations
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Jefe de Proyecto:    Christian Lemos - Ernesto Bastidas
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Aplicacion:                Lixiviado de Relleno Sanitario 
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 New Logic Research
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ID Task Name Duration Start Finish Predecessors

1 SDL Project - Preliminary Timeline Summary 99 days Tue 11/19/13 Fri 4/4/14

2

3 Planning 41 days Tue 11/19/13 Tue 1/14/14

4 Received First Payment 1 day Tue 11/19/13 Tue 11/19/13

5 Create and Send out engineering drawings to customer 12 days Wed 11/20/13 Thu 12/5/13 4

6 Customer receives&reviews eng documents. 12 days Fri 12/6/13 Mon 12/23/13 5

7 Conference Call and Customer Returns Signoff sheets 0 days Mon 12/23/13 Mon 12/23/13 6

8 Order final bill of materials. 1 day Tue 12/24/13 Tue 12/24/13 7

9 Process/Drafting dept distributes final design pkg to manufacturing dept. 1 day Tue 12/24/13 Tue 12/24/13 6

10 Receive materials. 15 days Wed 12/25/13 Tue 1/14/14 8

11

12 Manufacturing 54 days Tue 12/24/13 Fri 3/7/14

13 Skid-1 (Pump Skid) 36 days Wed 1/15/14 Wed 3/5/14

14 Cut skid metal 3 days Wed 1/15/14 Fri 1/17/14 10

15 Weld the skid 3 days Mon 1/20/14 Wed 1/22/14 14

16 Powder-coat skid frame 5 days Thu 1/23/14 Wed 1/29/14 15

17 Cut & machine pipe 3 days Mon 1/20/14 Wed 1/22/14 14

18 Tack weld pipe 3 days Thu 1/23/14 Mon 1/27/14 17

19 Mock up pipe 3 days Thu 1/30/14 Mon 2/3/14 18,16

20 Weld pipe 3 days Tue 2/4/14 Thu 2/6/14 19

21 Fit up  and electropolish the piping 7 days Fri 2/7/14 Mon 2/17/14 20

22 Intrumentation and Electrical fabrication. Finish final fabrication 12 days Tue 2/18/14 Wed 3/5/14 21

23 Skid-2 (CIP) 35 days Mon 1/20/14 Fri 3/7/14

24 Cut skid metal 1 day Mon 1/20/14 Mon 1/20/14 14

25 Weld the skid 3 days Thu 1/23/14 Mon 1/27/14 15

26 Powder-coat skid frame 5 days Thu 1/30/14 Wed 2/5/14 16

27 Cut & machine pipe 1 day Thu 1/23/14 Thu 1/23/14 17

28 Tack weld pipe 3 days Tue 1/28/14 Thu 1/30/14 18

29 Mock up pipe 3 days Thu 2/6/14 Mon 2/10/14 28,26

30 Weld pipe 4 days Tue 2/11/14 Fri 2/14/14 29

31 Fit up  and electropolish the piping 7 days Mon 2/17/14 Tue 2/25/14 30

32 Intrumentation and Electrical fabrication. Finish final fabrication 8 days Wed 2/26/14 Fri 3/7/14 31

33 Skid-3 (IC pipe and metering pump station) 16 days Fri 1/24/14 Fri 2/14/14

34 Cut skid metal 1 day Fri 1/24/14 Fri 1/24/14 27

35 Weld the skid 1 day Mon 1/27/14 Mon 1/27/14 34

36 Powder-coat skid frame 5 days Tue 1/28/14 Mon 2/3/14 35

37 Cut tubing 1 day Tue 2/4/14 Tue 2/4/14 36

38 Pumps and Electrical fabrication. Finish final fabrication 1 day Wed 2/5/14 Wed 2/5/14 37

39 Cut & machine IC pipe 1 day Fri 1/24/14 Fri 1/24/14 27

40 Tack weld IC pipe 2 days Fri 1/31/14 Mon 2/3/14 28

41 Mock up IC pipe 1 day Tue 2/4/14 Tue 2/4/14 40

42 Weld IC pipe 3 days Wed 2/5/14 Fri 2/7/14 41

43 Fit up IC and electropolish the piping 5 days Mon 2/10/14 Fri 2/14/14 42

44 metering skid and tubing 3 days Mon 1/27/14 Wed 1/29/14 39

45 Filter Pack & VSEP fabrication and testing 8 wks Tue 12/24/13 Mon 2/17/14 7

46 Testing 16 days Mon 3/10/14 Mon 3/31/14

47 System installed in wet test area 5 days Mon 3/10/14 Fri 3/14/14 43,44,22,32,45

48 Load Program and Debug 5 days Mon 3/17/14 Fri 3/21/14 47

49 Testing system in wet test area and carring out Quality Control 5 days Mon 3/24/14 Fri 3/28/14 48

50 Customer Inspection and FAT 1 day Mon 3/31/14 Mon 3/31/14 49

51

52 Packing and Shipping 4 days Tue 4/1/14 Fri 4/4/14

53 Unistall system from wet test area 2 days Tue 4/1/14 Wed 4/2/14 50

54 System is crated ready for pick up 2 days Thu 4/3/14 Fri 4/4/14 53
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Contact Information for New Logic Research 

Sales & Contract Agreement: 
Greg Johnson – CEO   
(510) 655-7305 ext. 207, gjohnson@vsep.com 

Engineering:

  reganaM tcejorP/reganaM gnireenignE – sreyA ttaM 
(510) 655-7305 ext. 231, mayers@vsep.com 
Konrad Kung – Electrical Engineer  
(510) 655-7305 ext. 223, kkung@vsep.com 
Eric Bryant – Programmer  
(510) 655-7305 ext. 250, ebryant@vsep.com 
Felix Rubin – Mechanical Engineer 
(510) 655-7305 ext. 209 frubin@vsep.com 

(510) 655-7305 ext. 218, rtorres@vsep.com 

(510) 655-7305 ext. 202, julie@vsep.com 

(510) 655-7305 ext. 247, kneeley@vsep.com 

Manufacturing:
Kevin Neeley – Plant Manager  

Field Engineering: 
Trevor Crabtrey – Field Service Manager  
(510) 655-7305 ext. 203, tcrabtrey@vsep.com 
Roger Torres – VP Field Operations  

Accounting, Finance & Operations: 
Chip Johnson – VP Operations   
(510) 655-7305 ext. 222, cjohnson@vsep.com 
Julie Johnson – CFO  

Wiring Instructions: 
New Logic Research Inc 
Account # 03-308376 RTN # 
121000248 Walls Fargo Bank 
N.A. 3640 Mt. Diablo Blvd. 
Lafayette, CA U.S.A. 94549 
SWIFT: WFBIUS6S 

 
Gustavo Delly  - Project Engineer / Process Engineer
(510) 655-7305 ext. 208, gdelly@vsep.com 
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SDL Process Flow Diagram

Filtration of Landfill Leachate
“Single Pass-Constant Flow” Process Flow Diagram

Samto Domingo Landfill Leachate 

Controls:

The automatic VSEP process is controlled with a PLC. There are PID 

accomplished using VFD's and throttling valves, respectively. The 

mode, removing permeate and concentrate from the batch feed tank as 
a single pass. The concentrate will be sent back to the leachate ponds. 

After a system shut down due to low feed tank level, or after any shut 

the VSEP would go to drain for a set time interval until all water has been 
purged. Then the discharge from the VSEP diverts to the appropriate 
holding tanks. VSEPs will automatically clean at a predetermined timed 
interval. 

VSEP  Advantages:
Minimal/No Chemical Addition and Pre-Treatment
Automated Controls
Remote Monitoring 
Small Footprint

Membrane:  

Cleaning: NLR 404 & 505

Note: Analytical data not based on pilot test. Actual data may vary. Data shown based on SIngle Pass operation mode.
          If running in batch concentration mode it is possible to reach 75% Recovery.

Preliminary drawing for engineering discuision only. Please see P&ID for details.  
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The feed tank level is maintained at a set point by the transfer pump.

RO ESPA & Spiral LFC3-LD
VSEP

Feed
166-333 m3/day

Permeate 50-100 m3/day

Concentrate 116-233 m3/day

1x 84” VSEP (~1400SF)
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Utility Summary New Logic Research

VSEP System Rev: A

AIR CONSUMPTION

M3/hr

1 VSEP - Stage 1

1" Pneumatic Valves 0.0005

1.5" Pneumatic Valves 0.0010

2" Pneumatic Valves 0.0131

2.5" Pneumatic Valves 0.0026

1" Flow Control Valves 0.8505

2" Flow Control Valves 0.8508

7200 Spiral - Stage 2

1" Pneumatic Valves 0.0005

1.5" Pneumatic Valves 0.0014

2" Pneumatic Valves 0.0033

1" Flow Control Valves 0.8505

2.574

System Air Totals

CLEANING WATER CONSUMPTION 

(Use Hot Water for cleaning water >300 uS/cm)

M3/hr

1 VSEP Stage 1

Cleanings (1 VSEP Modules) 0.268

Rinse filter pack at 60gpm for 5mins 0.0473

0.0066

7200 Spiral - Stage 2

Cleanings 0.05

Rinse, 80 gpm for 10mins 0.02

0.3859

System Water Totals

Supply water to at 20 psi 2" flange connection on CIP skid, 3" Pump Skid connection, and 2" Spiral Skid Connection

Supply Water at 50-60degC and 60gpm (13.5m3/hr)

ELECTRICAL CONSUMPTION

Based on 440 VAC, 3 phase, 60hz Input

FLA = Full Load Amps = Full Load Drive Output x 1.15x

RLA = Running Load Amps = FLA x .65x

VSEP 440 VAC Motors

# 

Motors

HP 

/ea kW /ea

Amps 

/ea

FLA 

/ea

RLA 

/ea

Total 

kW

Total 

FLA

Total 

RLA

1 VSEP Stage 1

VSEP Drive Motor 1 20 15.2 27.0 31.1 20.2 15.2 31.1 20.2

VSEP Feed Pump 2 25 19.0 34.0 39.1 25.4 38.0 78.2 50.8

CIP Pump Motor 1 20 15.2 27.0 31.1 20.2 15.2 31.1 20.2

7200 Spiral - Stage 2

Spiral Feed Pump 2 20 15.2 27.0 31.1 20.2 30.4 62.1 40.4

System Totals 6 98.8 202.4 131.6

0.14 50-60 112 0.08

0.0019

1 35 20 0.5003

0.14 50-60 294 0.20

16.5

35

60

20

20

20

2

1

1

2

3

4

16.5

35

60

94

Intermittent need of additional cleaning or 

flush of filter pack (Alarms)

# of Valves

2

2

16

35

60

20

20

Strokes/day

20

20

In^3 Air/stroke

0.007720

20

0.0015

0.5003

CFM

0.0003

0.0006

0.5005

1.51

1.70

300

42

0.21

0.0003

0.0008

0.14

50-60 1.18

GPM

50-60 0.03

Gallons/Day

50-60

# /Day

Supply air to Regulator/Filter at 80-90 psi 3/8" NPT Connection (CIP, Spiral, and Instrument Enclosure)

1

1

1700

Temp degC

System Totals

Supply power to from customer supplied Load Pannel to a the VFD and then from VFD to each motor junction box 

Supply air to FCVs at 80-90 psi (560-630 kPa)

System Totals

Confidential 11/21/2013 SDL Project



VSEP + Spiral 220 VAC

Main Control Enclosures 4 4.8 5.5 3.6 22.1 14.4

Metering Pumps 2 0.75 0.6 4.8 5.5 3.6 1.1 11.0 7.2

System Totals 6 1.1 33.1 21.5

Supply power to circuit breakers in Main, CIP, and Spiral Enclosures

Note: 

1. These are estimates only based on very preliminary data. These calculations are subject to change
2. Off-skid equipment not included.  Size larger transformer to include transfer pumps, lighting, and other offskid 

items.

Confidential 11/21/2013 SDL Project



System Size Calculations
Landfill Leachate

84" ESPA VSEP 8" LFC Spiral

Given:
Average Test Permeate Flux 15 GFD 26 LMH 5 GFD 9 LMH

% Recovery 30% 30% 75% 75%

Feed Flow 44.30 GPM 10,061 LPH 13.29 GPM 3,018 LPH

Permeate Flow 13.29 GPM 3,018 LPH 9.97 GPM 2,264 LPH

Concentrate Flow 31.01 GPM 7,042 GPM 3.32 755

Filter Size 1,400 SF 129 SM 400 SF 37 SM

Frequency of Cleanings 1 days 1 days 7 days 7 days

Length of Down Time for Cleaning 2 hours 2 hours 2 hours 2 hours

Frequency of Maintenance 7 days 7 days 31 days 31 days

Length of Down Time for Maintenance 1 hours 1 hours 1 hours 1 hours

Number of 5 minute flushes/day 0 ea 0 ea 0 ea 0 ea

Overdesign to account for Flux sag 30% 30% 50% 50%

Calculated Values from Data Above
Requested Production (Feed) 63,792 gpd 241,453 lpd 19,138 gpd 72,436 lpd

Permeate Production 19,138 gpd 72,436 lpd 14,353 gpd 54,327 lpd

Hours/day of filtration operation 21.9 hours 21.9 hr 23.7 hours 23.7 hr

Expected Permeate Production
Average production of one module 19,125 gpd 72,388 lpd 1,974 gpd 7,470 lpd

Modules Recommended
Number of modules with no Overdesign 1.0 1.0 7.3 7.3

Number of modules with Overdesign 1.3 1.3 10.9 * 10.9 *

New Logic believes the information and data contained herein to be accurate and useful for the purpose of 

engineering discussions. The information and data are offered in good faith, but without guarantee, as conditions 

and methods of use of our products are beyond our control. New Logic assumes no liability for results obtained or 

damages incurred through the application of the presented information and data. It is the user's responsibility to 

determine the appropriateness of New Logic's products for the user's specific end uses. No Warranty is given, 

either expressed or implied.

Confidential Material SDL Project



3.1 Control System Summary – SDL Santo Domingo Landfill  

NEW LOGIC RESEARCH - 1295 67TH STREET, EMERYVILLE, CA 94608 USA                 

11/21/13             1 

Confidential Material 

Preliminary Electrical Info 
 
Customer: SDL Santo Domingo Landfill  
Location: Santo Domingo, Ecuador 
Feed Material: Landfill Leachate 

 
The final system controls design will be the results of detailed engineering and discussion between New 
Logic Research and the client. For the purpose of establishing a baseline, the following preliminary 
controls design is provided. It is not suggested that the following be a final system design. This 
information is only given for the purpose of describing the framework for controls design and how to start 
thinking about it. 

 
 
3.1.1 Method of Control and Monitoring 
 
The VSEP Filtration System will have a local control system. It will be possible to operate the system 
entirely from the local control panel. The system will consist of a Compact Logix PLC and a Versa View 
Industrial Computer with FT View SE HMI software. The computer has the capability of remote access 
via gotomypc.com. Remote access will allow monitoring and troubleshooting by New Logic engineers and 
will also allow any user to monitor the system data over the internet with a password. This is 
accomplished using Ethernet connections and a modem.  It is recommended that New Logic be given 
access to real time data so that we can assist with ongoing service and support. This service is provided 
by New Logic at no cost to the customer and will help to improve overall system performance and 
reliability, especially during the early periods of operation when operators are still learning the 
functionality of VSEP. 
 
The connections to the DCS can be accomplished by one the following: 

1. VSEP PLC communicating directly to the DCS PLC, transferring requested sensor information. 
2. VSEP PLC to a second HMI (duplicating FT View SE Screens). 
3. VSEP PLC to DCS HMI (adding VSEP screens to the DCS screens). 

Note: all of the above connections are accomplished by using an Ethernet connection.  

 

 
3.1.2. Wiring Method 
 
The central system will consist of Ethernet. The local VSEP control system consisting of PLC and HMI 
display panel will communicate over Ethernet network. VSEP system skids will have a control enclosure 
containing the Flex I/O modules. Ethernet will be used as a communication cable between the Flex I/O 
modules and the central PLC. The control enclosure will include a solenoid rack to control pneumatic 
valves, these racks will be factory wired to the I/O modules.  Off skid sensors are typically hard wired to 
I/Os on the main enclosure. 
 
 

The VSEP System Skid will require the following field interconnecting wiring for controls, provided by 

New Logic: 
 

1. 24VDC or 220 VAC 5-15 amp power for devices 
2. 4-20 mA signal wire for devices 
3. Ethernet connections between HMI, Switch, and PLC  
4. Ethernet Net to Flex I/O. 
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The VSEP System will require the following field interconnecting wiring for controls, provided by others: 
 

5. 440VAC Power supply from VFDs in the Motor Control Center to the Motor Junction Boxes. 
6. Power supply to the VFDs, or, if remote located in a Motor Control Center, to the Motor Junction 

Boxes 
7. Ethernet to Flex I/O in CIP Enclosure 
8. Ethernet communication cabling from the VSEP System to the DCS and/or Internet.  
9. Ethernet to VFDs in MCC.  
10. Managed Ethernet Switch 
11. 4-20mA wiring to the level indicators located on the storage tanks. 
12. 24 VDC wiring to transfer pump and off skid on/off valves 
13. 220 VAC Control wiring power supply to the Main and CIP Enclosures 
14. 220 VAC power wiring to metering pumps 

 

 
3.1.3 440 VAC Power Summary 
 
1). VSEP Feed Pump Skid: 
The 440 VAC, 3 phase load is comprised of 3 Variable Frequency Drives that runs 2 feed pumps and 1 
vibration drive motors. 

Vibration VFD Model: AC Tech SMV Series ESV153E04TXD 

There is 1 x 20 HP VSEP Vibration VFD’s  
AC Tech Drive, 440 VAC, 3 Phase, 31 Amps, 20HP, NEMA 4/12, English. 

Pump VFD Model: AC Tech SMV Series ESV233E04TXD 

There are 2 x 25 HP VSEP Vibration VFD’s  
AC Tech Drive, 440 VAC, 3 Phase, 39 Amps, 25HP, NEMA 4/12, English. 
 
2). For the VSEP CIP Skid: 
The 440 VAC, 3 phase load is comprised of 1 Variable Frequency Drive that will run 1 CIP pump. 

Pump VFD Model: AC Tech SMV Series ESV153E04TXD 
There is 1 x 20 Hp CIP Pump Drive VFD  
AC Tech Drive, 440 VAC, 3 Phase, 31 Amps, 20HP, NEMA 4/12, English. 
 
3). Stage-2 Spiral Feed Pump Skid: 
The 440 VAC, 3 phase load is comprised of 2 Variable Frequency Drives that runs 2 feed pumps motors. 

Vibration VFD Model: AC Tech SMV Series ESV153E04TXD 

There are 2 x 20 HP VSEP Vibration VFD’s  
AC Tech Drive, 440 VAC, 3 Phase, 31 Amps, 20HP, NEMA 4/12, English. 
 
 

3.1.4 Full Load Power Rating: 
440 VAC System Full Load Power Rating 
Estimates are based on the maximum output rating for the Variable Frequency Drives, multiplied by 1.15 
 
440 VAC 3 Phase. Total Maximum "Full Load Amps" FLA= 202.4 Amps 

 Vibration Motor: 1 Circuit, 31.1 Amps Each  
 VSEP Feed Pumps: 4 Circuits, 39.1 Amps Each  
 CIP Pumps: 1 Circuit: 31.1 Amps Each. 
 Spiral Feed Pumps: 2 Circuits, 31.1 Amps Each 
 

From actual experience in the past, a more realistic estimate of the Full Load on the system would be 
65% of the above estimate.  
 
Actual predicted total RLA = 131.6 Amps 
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3.1.5 Variable Frequency Drive Control 
 
The AC Tech drives will be connected by instrumentation cable to the Input/Output boards. The VSEP 
system Central PLC will send "Run", "Stop", and "Speed Control" signals. The VSEP system Central PLC 
will read "Run Confirm" and "Motor Load" signals.  

 
3.1.6 Installation Conditions to be Resolved 
 

1. VFDs will be provided by New Logic which will be NEMA 4 construction. They will be set up for 
remote installation wall or MCC.  

 
2. The location and type of any safety disconnect switch should be determined. (Provided by 

others) 
 

3. Line Reactor/Filters provided by others. 
 

4. Load Distribution Panels and Circuit Breakers provided by others.  
 

5. Pre-Assembled Drive packages are not included. New Logic will provide AC Tech only. 
 

6. Modern managed Ethernet switch provided by client, with the ability to set ports. Ports with 
cables going to all VFDs (which do not support auto negotiate) need to be set as “auto negotiate” 
off and also as “full duplex” on, and all other Ethernet ports back to all other Allen Bradley 
equipment can be set to “auto negotiate” on and they will auto set to full duplex on.  

 



2 x Spiral 
Feed Pump

VFD’s

VSEP Pump Skid Stage-1

Flex I/O
Valves

Spiral Stage-2

Flex I/O
Valves/
Sensors

 CIP Skid

2x
Cables

PLC

HMI

8 Port Switch

Flex I/O 
Valve/

Sensors

DCS
or
Internet

New Logic Research Inc.   21 Nov 2013

SDL Santo Domingo               Ver A

Network Diagram G. Delly

       ENET Supplied by customer

ENET Supplied by NLR

Preliminary Only.

1 x 
CIP Pump

VFD’s

1x
Cables

12 port Switch
(by SDL)

MCC 
(by SDL
 with VFDs from NLR)

2 (4)x VSEP
Feed Pump

VFD’s

2x
Cables

1 (4) x 
VSEP Vib

VFD’s

1 (4)x
Cables

Note: NLR Recomends that customer 
supply modern Managed Switches
 with the ability to set ports. Ports
with cables going to all VFDs (which
do not support auto negotiate)need to
be set as “auto negotiate” OFF and also
as “full duplex” ON, and then all other
Ethernet ports back to all other Allen
Bradley equipment can be set to “auto
negotiate” ON and they will auto set to
full duplex ON. 
For the Ethernet Cable we are 
specifying simple CAT5e UTP.
We have, so far, never needed 
shielded cable.  We are more 
concerned about ground loops
 than we are about electrical noise.
If the customer feels that there is 
a compelling reason to use shielded
 cable, it is critical that shield grounds
 be connected properly.The cables 
must be grounded on 1 end only. 
The cables must not be grounded at 
the VFDs.  The cables should not be 
grounded at the processor.
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SDL Santo Domingo Land�ll

Control System Overview

13 x  4-20mA
to/from PIT, DPT, TIT, CIT, FCV, FIT,

2 x Switches PSL, TSH

6-20mA loop
6x Tank Levels LIT-110, 120, 130, 200, 210, 300
Pneumatic Valves
4 x Valves XV-210, 211, 300, 301
24 VDC
3x Transfer Pumps Start P-110,120,130
1 x TSH P-110

Main Controls
Enclosure

(PLC) (HMI)

VSEP Feed Pump SKIDAir Lines direct
to ~2 Flow

Control Valves

220 VAC 
Power Supply

(20 amp)

80-90 psi 
Air Supply

Air Lines from
Solenoid Valves to 
~14  Process Valves

Instrument Enclosure
(solenoid valves)

220 VAC Power
Ethernet Cable

Note: Speed Controllers are remote
located and have Ethernet Communication

1x 20 Hp Drive Motor

1-VSEP 84" Modules

440VAC Power

1 x
VFD
(4)

VFD

440VAC Power

CIP Cleaning SKID

3  x  4-20mA
 LIT, AT(pH), TIT 

      2 x Switches PSL, TSH
Pnuematic Enclosure
~10 Process Valves

3x Chemical Metering Pumps 

440VAC Power

2x
VFD
(4)

2x30 Hp
Pump

20 Hp
Pump

Included in VSEP Scope of Work

By Others

Included in VSEP Scope of Work

Preliminary Only. Refer to electrical schematics for accurate details. Con�dential 

440VAC
 Power

440VAC
 Power

440VAC
 Power

440VAC Power

2x
VFDRO Spiral SKID

12 x  4-20mA
transmitters
AT(CIT), FIT, PIT, PDT,TIT,FCV
2 x Switches PSL, TSH

80-90 psi 
Air Supply

Pneumatic Enclosure
~10 Process Valves

220 VAC 
Power Supply

            (15 amp)

2x 20 Hp
Pump

440VAC
 Power

80-90 psi 
Air Supply

2x 220 VAC 
Power Supply

(15 amps each)
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SMV Series Ratings & Dimensions

Vibration Drive VFD ESV153N04TXD x1
Feed Pump Drive VFDs ESV233E04TXD x2
CIP Pump Drive VFDs ESV153N04TXD x1
Spiral Pump Drives VFDs ESV153N04TXD x2

HP kW
Voltage 

Input Phase

3 Phase 
Output 
Amps

3 Phase 
Mains 
Amps

CB/ FUSE 
SIZING

NEMA 4 Model 
Number Dims

20 15.00 480/400 3Ø 27/31 31/35 40 ESV153E04TXD 9.42x14.38x9.45"

25 18.75 480/400 3Ø 34/39 38/44 50 ESV233E04TXD 9.42x14.38x9.45"
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FWDAUTO

REV

Hz

%

RPM

AMPS
/UNITS

REMOTE

LOCAL

MAN

AUTOCTRL

STOP

RUN

FWDAUTO

REV

STOP

RUN

NEMA1 (15-30HP) Keypad

NEMA1 (Up to 10HP) Keypad

Keypad & Display

SMVector NEMA4X       Washdown Duty Inverter

Control Terminals
Digital Inputs	 Digital Outputs

• Dedicated Start/Stop	   • Form “A” Relay
• (3) Programmable	   • Open Collector

Analog Inputs	 Analog Outputs
• 0 - 10 VDC	   • 0 - 10 VDC
• 4 - 20 mA	   • 2 - 10 VDC

Power Supplies
• 10 VDC Potentiometer Ref
• 12 VDC, 20 mA DI Ref or 0VDC Com
• 12 VDC, 50 mA Supply

Common

Additional Control Terminals (15 HP & up)
1 Programmable Digital Input
1 Common
RS-485 Modbus Communications

• TXA
• TXB

Simple Six Button Programming
•	 Start	 • Scroll Up
•	 Stop	 • Scroll Down
•	 Forward/Reverse	 • Enter/Mode

Informative LED Display
Vivid Illumination 
	 Easily Read from a Distance
Five Status LEDs

•	 Run
•	 Automatic Speed mode
•	 Manual Speed Mode
•	 Forward Rotation
•	 Reverse Rotation

Status Display
•	 Motor Status
•	 Fault Management
•	 Operational Information

Additional CTRL Button
Switch between control modes

•	 Local-Manual	 • Local Auto
•	 Remote-Manual	 • Remote Auto

Additional LED Indicators
Define the units being displayed

•	 Hz	 • RPM	 • %
•	 Amps	 • /Units

World Class Control
Modes of Operation

Open Loop Flux Vector, Speed or Torque Control
V/Hz (Constant or Variable)
Base Frequency Adjustable to Motor Specs
Enhanced V/Hz with Auto-tuning

Acceleration/Deceleration Profiles
Two Independent Accel Ramps
Two Independent Decel Ramps
Linear, S-Type
Auxiliary Ramp(or Coast)-to-Stop

Fixed Accel Boost for Improved Starting
500 Hz Output Frequency
High Carrier PWM Sine-Coded Frequency

4, 6, 8, 10 or 12 kHz
Universal Logic Assertion (Selectable)

Positive or Negative Logic Input
Digital Reference Available

Braking Functions
DC Injection Braking
Optional Dynamic Braking

Speed Commands
Keypad, Potentiometer
Jog, 8 Preset Speeds
Floating Point Control
Voltage: Scalable 0 –10 VDC
Current: Scalable 4 – 20 mA

Process Control
PID Modes: Direct and Reverse Acting
PID Sleep Mode
Analog Output (Speed, Load, Torque, kW)
Network Speed (Baud Rate)
Terminal and Keypad Status
Elapsed Run or Power On Time (Hours)

Status Outputs
Programmable Form “A” Relay Output
Programmable Open Collector Output
Scalable 0-10 VDC / 2-10 VDC Analog Output

Run Screen Display
Multiplier: 4-20mA w/500 Ohm Total Impedance

Environment
Ambient Temperature

-10 to 55°C @ 6 kHz
Derate 2.5% per °C Above 40°C

Comprehensive Diagnostic Tools
Real Time Monitoring

8 Register Fault History
Software Version
Drive Network ID
DC Bus Voltage (V)
Motor Voltage (V)
Output Current (%)
Motor Current (A)
Motor Torque (%)
Power (kW)
Energy Consumption (kWh)
Heatsink Temperature (°C)
0 – 10 VDC Input (User Defined)
4 – 20 mA Input (User Defined)
PID Feedback (User Defined)

Vigilant System Protection
Voltage Monitoring

Low and High DC Bus V Protection
Low Line V Compensation
Parameters can be reset for 	
  50 or 60 Hz Motors

Current Monitoring
Motor Overload Protection
Current Limiting Safeguard
Ground Fault 
Short Circuit Protection

Three ReStarts
Two Flying and One Auto 
Password Protected

Loss of Follower Management
Protective Fault
Go to Preset Speed or Preset Setpoint
Initiate System Notification

Over Temperature Protection

International Voltages
+10/-15% Tolerance
120/240V, 1Ø
200/240V, 1 or 3Ø
200/240V, 3Ø
400/480V, 3Ø
480/600V, 3Ø

Global Standards
UL	 GOST
cUL	 C-Tick
CE Low Voltage (EN61800-5-1)
CE EMC (EN61800-3) with optional EMC filter
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DS-V401B

Ratings Dimensions

Options

SMVector NEMA4X       Washdown Duty Inverter

Communication Modules (Only one Communication module can be installed at a time.)
Item Number Item Description
ESVZAC0 CANopen Communications Interface Module
ESVZAR0 RS-485/Modbus Communications Interface Module
ESVZAP0 PROFIBUS DP Communications Interface Module
ESVZAD0 DeviceNet Communications Interface Module
ESVZAE0 EtherNet/IP Communications Interface Module

Keypad
ESVZXK1 Remote Keypad w/ drive interface module & cable up to 10HP (7.5kW)
ESVZXH0 Remote Keypad w/ cable 15HP (11kW) and up

Additional I/O (cannot be used with Communication modules or Remote keypad ESVZXK1)
ESVZAL0 Additional Form C Relay Output Module
ESVZAL1 Additional I/O Module w/ 1 Form C Relay Output and 2 Digital Inputs

Potentiometer
ESVZXM1 NEMA 4X terminal cover with integral speed potentiometer (W = 6.3 or 7.1 in) 
ESVZXM2 NEMA 4X terminal cover with integral speed potentiometer (W = 9.0 or 8.1 in)
ESVZXM3 NEMA 4X terminal cover with integral speed potentiometer (W = 9.4 in)

Dynamic Braking Modules with Built-in Resistors

HP (kW)

Motor Voltage
208 to 230 V
Part Number

400 to 480 V
Part Number

480 to 600 V
Part Number

0.33 - 0.5 (0.25-0.37) EZXDB3712A1 EZXDB3714A1 N/A
1 - 1.5 (0.75 - 1.1) EZXDB1122A1 EZXDB1124A1 EZXDB1126A1
2 - 3 (1.5 - 2.2) EZXDB2222A1 EZXDB2224A1 EZXDB2226A1

5 (4) EZXDB4022A1 EZXDB4024A1 EZXDB4026A1
7.5 (5.5) EZXDB5522A1 EZXDB5524A1 EZXDB5526A1
10 (7.5) EZXDB7522A1 EZXDB7524A1 EZXDB7526A1

Dynamic Braking Modules without Built-in Resistors
15 - 20 (11 - 15) EZXDC1532A1 N/A N/A
15 - 30 (11 - 22) N/A EZXDC2234A1 EZXDC2236A1

Open Dynamic Braking Resistors with mounting brackets
15 - 20 (11 - 15) 841-009 841-009 841-010
25 - 30 (18.5 - 22) N/A 841-011 841-012

H

W

D

Dimensions
H W D

in. mm in. mm in. mm
R1 8.00 203 6.30 160 4.50 114
R2 8.00 203 6.30 160 6.30 160
S1 8.00 203 7.10 181 6.80 172
T1 10.00 254 8.10 204 8.00 203
V1 10.00 254 9.00 228 8.00 203
W1 14.40 366 9.40 240 9.50 241
X1 18.50 470 9.40 240 9.50 241

AA1 (4) 11.00 279 6.30 160 5.40 136
AA2 (4) 11.00 279 6.30 160 7.20 182
AB1 (4) 13.00 330 8.10 204 8.90 225
AC1 (4) 13.00 330 9.00 228 9.00 226
AD1 (4) 11.00 279 7.10 181 7.70 194
AE1 (4) 14.40 366 9.40 240 10.30 261
AF1 (4) 18.50 470 9.40 240 11.20 285

(4) The “D” (depth) dimension includes the disconnect switch.

120/240V* - 1Ø Input (3Ø Output)

Power Output 
Current

NEMA4X 
Indoor [C] / Outdoor [E]

NEMA4X w/Disconnect
Indoor 

Hp kW IN [A] Model Size Model Size
0.5 0.37 2.4 ESV371N01SX[C] or [E] R1 ESV371N01SMC AA1
1 0.75 4.2 ESV751N01SX[C] or [E] R1 ESV751N01SMC AA1

1.5 1.1 6.0 ESV112N01SX[C] or [E] R2 ESV112N01SMC AA2

*Output voltage will be twice line voltage when connected to a 120V source. Output voltage will not 
exceed line voltage when connected to a 240V source.

200/240V - 1 or 3Ø Input (3Ø Output)

Power Output 
Current

NEMA4X
Indoor [C] / Outdoor [E]*

NEMA4X w/Disconnect
Indoor**

Hp kW IN [A] Model Size Model Size
0.5 0.37 2.4 ESV371N02YX[C] or [E] R1 ESV371N02YMC AA1
1 0.75 4.2 ESV751N02YX[C] or [E] R1 ESV751N02YMC AA1

1.5 1.1 6.0 ESV112N02YX[C] or [E] R2 ESV112N02YMC AA2
2 1.5 7.0 ESV152N02YX[C] or [E] R2 ESV152N02YMC AA2
3 2.2 9.6 ESV222N02YX[C] or [E] S1 ESV222N02YMC AD1

*Filter versions are also available in 1-phase: Replace the “YX” in the Model Part Number with an “SF”.
**Filter versions are also available in 1-phase: Replace the “YM” in the Model Part Number with an “SL”.
***Model ESV251N02SXB is single-phase input only. 

200/240V - 3Ø Input (3Ø Output)

Power Output 
Current

NEMA4X
Indoor [C or D] / Outdoor [E or F]

NEMA4X w/Disconnect
Indoor

Hp kW IN [A] Model Size Model Size
5 4 16.5 ESV402N02TX[C] or [E] V1 ESV402N02TMC AC1

7.5 5.5 23 ESV552N02TX[D] or [F] T1 ESV552N02TMD AB1
10 7.5 29 ESV752N02TX[D] or [F] T1 ESV752N02TMD AB1
15 11 42 ESV113N02TX[D] or [F] W1 ESV113N02TMD AF1
20 15 54 ESV153N02TX[D] or [F] W1 ESV153N02TMD AF1

400/480V - 3Ø Input (3Ø Output)

Power Output 
Current

NEMA4X
Indoor [C or D] / Outdoor [E or F]*

NEMA4X w/Disconnect
Indoor**

Hp kW IN [A] Model Size Model Size
0.5 0.37 1.3/1.1 ESV371N04TX[C] or [E] R1 ESV371N04TMC AA1
1 0.75 2.4/2.1 ESV751N04TX[C] or [E] R1 ESV751N04TMC AA1

1.5 1.1 3.5/3.0 ESV112N04TX[C] or [E] R2 ESV112N04TMC AA2
2 1.5 4.0/3.5 ESV152N04TX[C] or [E] R2 ESV152N04TMC AA2
3 2.2 5.5/4.8 ESV222N04TX[C] or [E] R2 ESV222N04TMC AA2
4 3.0 7.6/6.3 ESV302N04TX[C] or [E] R2 ESV302N04TMC AA2
5 4 9.4/8.2 ESV402N04TX[C] or [E] V1 ESV402N04TMC AC1

7.5 5.5 12.6/11 ESV552N04TX[C] or [E] V1 ESV552N04TMC AC1
10 7.5 16.1/14 ESV752N04TX[D] or [F] T1 ESV752N04TMD AB1
15 11 24/21 ESV113N04TX[D] or [F] W1 ESV113N04TMD AE1
20 15 31/27 ESV153N04TX[D] or [F] W1 ESV153N04TMD AE1
25 18.5 39/34 ESV183N04TX[D] or [F] W1 ESV183N04TMD AF1
30 22 46/40 ESV223N04TX[D] or [F] X1 ESV223N04TMD AF1

*Filter versions are also available in 1-phase: Replace the “X” in the Model Part Number with an “F”.
**Filter versions are also available in 1-phase: Replace the “M” in the Model Part Number with an “L”.

600V - 3Ø Input (3Ø Output)

Power Output 
Current

NEMA4X
Indoor [C or D] / Outdoor [E or F]

NEMA4X w/Disconnect
Indoor

Hp kW IN [A] Model Size Model Size
1 0.75 1.7 ESV751N06TX[C] or [E] R1 ESV751N06TMC AA1
2 1.5 2.7 ESV152N06TX[C] or [E] R2 ESV152N06TMC AA2
3 2.2 3.9 ESV222N06TX[C] or [E] R2 ESV222N06TMC AA2
5 4 6.1 ESV402N06TX[C] or [E] V1 ESV402N06TMC AC1

7.5 5.5 9 ESV552N06TX[C] or [E] V1 ESV552N06TMC AC1
10 7.5 11 ESV752N06TX[D] or [F] T1 ESV752N06TMD AB1
15 11 17 ESV113N06TX[D] or [F] W1 ESV113N06TMD AE1
20 15 22 ESV153N06TX[D] or [F] W1 ESV153N06TMD AE1
25 18.5 27 ESV183N06TX[D] or [F] W1 ESV183N06TMD AF1
30 22 32 ESV223N06TX[D] or [F] X1 ESV223N06TMD AF1



ELECTRICAL

SIGNATURES DATE

ENGINEER

ELECTRICAL
MANAGER of

REV DESCRIPTION DATE APPROVED

REVISIONS

49

Enclosure Label
Series i Electrical Schematic

0Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-0A
11/22/13

7/9/13

EB

KWK
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Single Phase - 1
Series i Electrical Schematic

1Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-1A
11/22/13

7/9/13

EB

KWK

#14

6A

CB4

6A

CB1
10 R

1-7
Power to
Digital I/O

Ground Lug on Door

Ground Lug on Panel

Ground Terminal Blocks

#12 W

#12 W

#12 W
CB0

Control System Power
240 VAC 60Hz 20AMP Circuit

Line Neutral Ground

#12 R

#14 BLU

#14 R

#14 W
1-9

240V POWER TO
PROGRAMMABLE
CONTROLLER

#12 BLU

#14

6A

CB2
20 R #14 BLU

#14 R

#14 W
1-19

240V POWER
TO HMI
COMPUTER

TB HMI

#14

6A

CB3
30 R #14 BLU

#14 R

#14 W
1-3

240V POWER TO
DC POWER
SUPPLY

TB N

TB

#12 R
jumper

TB 2

40 R

1
-2

#12 R
jumper

1
-2

TB

TB

TB N

TB N

TB N

TB N

N

L

#14

41 R

#18

L

N

2A

CB5
50 R

#18

CB5

#18 BLU

N
L

240-TSH101 N
L

N
L

240-TSH103

power for TSH101

power for TSH103

1-18

1-18

TB N
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Single Phase - 2
Series i Electrical Schematic

2Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-2A
11/22/13

7/9/13

EB

KWK

#12 R
jumper

1
-1

1
-1

L

N

N

1
-7 TB N to Digital Input

Module

#14

4A

CB6
60 R

2-1
To Inst.
Enclosure

TB N

#14 BLU

#14 R
INST

L

N

TB
#14 W
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DC - 1
Series i Electrical Schematic

3Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-3A
11/22/13

7/9/13

EB

KWK

#18

40 R

#18 BLK

DC COM
Terminal Blocks

#18

AGC Fuses

2A
F1

#18 R Jumper

#18 BLK

101 R
VSEP #1
4-20mA circuits
(PIT110, PIT111, PIT112)

1-10 1-10
From Slot 3

1769-IF16C Board

#18

2A
F2

102 R
VSEP #1
4-20mA circuits
(FIT111, FIT112)

1-10

#18

2A
F3

103 R
VSEP #2
4-20mA circuits
(PIT120, PIT121, PIT122)

1-10

#18

2A
F4

104 R
VSEP #2
4-20mA circuits
(FIT121, FIT122)

1-11

#18

2A
F5

105 R
VSEP #3
4-20mA circuits
(PIT130, PIT131, PIT132)

1-11

#18

2A
F6

106 R
VSEP #3
4-20mA circuits
(FIT131, FIT132)

1-11

#18

2A
F7

107 R
VSEP #4
4-20mA circuits
(PIT140, PIT141, PIT142)

1-12

#18

2A
F8

108 R
VSEP #4
4-20mA circuits
(FIT141, FIT142)

1-12

#18

2A
F9

109 R
1-12

#18

2A
F10

110 R
1-13

#18

2A
F11

111 R
1-13

#18

2A
F12

112 R
1-13

#18

2A
F13

113 R

Feed System
4-20mA circuits
(PIT100, TIT100, PDT100)

1-14

#18

2A
F14

#18 R Jumper

114 R

VSEP System
4-20mA circuits
(AT100, AT101)

1-17

1
-4

1
-4

#18 BLK

1-11
From Slot 3

1769-IF16C Board

#18 BLK

1-12
From Slot 4

1769-IF16C Board

#18 BLK

1-13
From Slot 4

1769-IF16C Board

#18 BLK

1-17

24 DC

DC COM

Feed System
4-20mA circuits
(PDT101, AI1, AI2)

External
4-20mA circuits
(LIT110, LIT120, LIT130)

External
4-20mA circuits
(LIT200, LIT210, LIT300)

Air Supply Pressure
Switch (PSL100)1-5

1140 R

Ethernet Switch

From Ethernet
Switch

240 VAC
Input 1-1 #14N

L

#14 BLU

#14 W

100 W - OUTPUT
POWER SUPPLY
ALLEN BRADLEY

1606-XLP100E
DC ok

24-28V

INPUT   50/60HZ
100-120/220-240V 2.1/1.0A

LN

OUTPUT   24-28VDC 4.2A

+ V - V

30 R

#18 BLK

1-14
From Slot 5

1769-IF16C Board
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DC - 2
Series i Electrical Schematic

4Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-4A
11/22/13

7/9/13

EB

KWK

#18

2A
F15

115 R
1-5

1
-3

1
-3

24 DC

DC COM

Pump Switch
(TSH110)

#18 BLK

1-15
From Slot 5

1769-IF16C Board
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Relay
Series i Electrical Schematic

5Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-5A
11/22/13

7/9/13

EB

KWK

MP110
K1

6 4
1

2

1 BRN

2 BRN

#18

M-P110
EQ Tank T-100 to
VSEP Feed Tank T-110
Transfer Pump Motor

RELAYS

K2

6 4
1

2

3 BRN

4 BRN

#18

K3

6 4
1

2

5 BRN

6 BRN

#18

K4

6 4
1

2

7 BRN

8 BRN

#18
ALARM

ALARM

MP120
M-P120
Concentrate Tank T-120
Transfer Pump Motor

MP300

PSL100
1141 R

AIR SUPPLY
PRESSURE SWITCH
(PSL100)

#18

1-324DC from F14 1140 R

#18 BLK

DC COM

24dc

K5

7 8
1

2

1150 R Transfer Pump P-110
Low Pressure Switch

#18

#18 BLK

DC COM

24dc

K6

7 8
2

3

TSH110
115 R

#18

11-424DC from F15

Connect BRN to "1" terminal
Connect BLK to "2" terminal
Connect BLU to "3" terminal

M-P300
Spiral RO Permeate
Tank T-300  Transfer
Pump Motor

DC COM
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PLC
Series i Electrical Schematic

6Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-6A
11/22/13

7/9/13

EB

KWK

PROCESSOR
AB CompactLogix

1769-L33ER
CompactLogix

Slot 0

Ethernet Port 1 (front)

E
T

H
E

R
N

E
T

 C
A

B
LE

1-17

ETHERNET SWITCH

Ethernet Port 2 (rear)
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PLC_1DI
Series i Electrical Schematic

7Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-7A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

101 OR

#18

121 OR

#18
HS001

#18

41 R

#18 #18
HS002

#18 R
jumper

#18 #18
HS003

#18 #18
HS004

#18 #18
HS005

#18

#18

TB 2

1-1
TB 2

(240 VAC
from CB4)

42 R

#18 R
jumper

HS001

HS002

HS003

HS004

HS005

1
2

1
2

Feed Pump
P-101 Alarm

Stop All Switch

VSEP #4 Stop
Switch

VSEP #3 Stop
Switch

VSEP #2 Stop
Switch

VSEP #1 Stop
Switch

102 OR 122 OR

103 OR 123 OR

104 OR 124 OR

105 OR 125 OR

106 OR

109 OR

#18

Feed Pump
P-103 Alarm

107 OR

Transfer Pump P-110
Low Pressure Alarm

TSH101
S101 R

S101 OR

TSH101

TSH103

#18

Air Supply Pressure
Switch (PSL100) Alarm

108 OR

S103 R

#18

S103 OR

TSH103

#18

1769-IM12
240VAC PLC INPUTS

Slot 1 (I:1)

IN 0

IN 1

IN 2

IN 8

IN 9

IN 6

IN 5

IN 4

IN 3

IN 11

NC

IN 10

IN 7

NC

NC

NC

AC COM

#18 BLU

AC COM 1-2
TB N

1
2

K5

6
K5 R

K5 OR

4

K5

1
2

K6

6
K6 R

K6 OR

4

K6

#18

#18
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PLC_2RO
Series i Electrical Schematic

8Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-8A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

#18

43 R
TB 2
(240 VAC
from CB4)

200 Y

#18

240
K1

8 7

#18 BLU

TB N

M-P110
EQ Tank T-100 to VSEP Feed
Tank T-110 Transfer Pump Motor

201 Y

#18

240
K2

8 7

240
K3

8 7

203 Y

#18

240
K4

8 7

M-P120
Concentrate Tank T-120  Transfer
Pump Motor

M-P300
Spiral RO Permeate Tank T-300
Transfer Pump Motor

1769-OW16
PLC RELAY OUTPUTS

Slot 2 (O:2)

OUT 0

OUT 1

OUT 2

OUT 8

OUT 9

OUT 6

OUT 5

OUT 4

OUT 3

OUT 11

OUT 12

OUT 10

OUT 7

OUT 13

OUT 14

OUT 15

VAC-VDC2

VAC-VDC1

ALARM

202 Y

#18
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PLC_Power-Supply
Series i Electrical Schematic

9Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-9A
11/22/13

7/9/13

EB

KWK

POWER SUPPLY
AB 1769-PA4

CHASSIS GROUND

120/240V ac (L1)
10 R

#14#14 W #14 BLU

TB

TB N

CB1

V ac COM (L2)

120VAC

240VAC

1
-1
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PLC_3aAI
Series i Electrical Schematic

10Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-10A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

P110 P

PIT110

#18

PIT111

PIT112

F1

P111 P

#18

P112 P

#18

101 R

#18

24 VDC
from F1 1-3

+

#18 BLK

TB DC COM

F111 P

FIT111

#18

FIT112

F2

F112 P

#18

102 R

#18

24 VDC
from F2 1-3

+

#18 BLK

DC COM1-3

-

P120 P

PIT120

#18

PIT121

PIT122

F3

P121 P

#18

P122 P

#18

103 R

#18

24 VDC
from F3 1-3

+

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

PIT110 PIT110
-

PN2222

W

BRN

BLU

PIT111 PIT111
-

PN2222

W

BRN

BLU

PIT112 PIT112
-

PN2222

W

BRN

BLU

PIT120 PIT120
-

PN2222

W

BRN

BLU

PIT121 PIT121
-

PN2222

W

BRN

BLU

PIT122 PIT122
-

PN2222

W

BRN

BLU

1769-IF16C
PLC ANALOG INPUTS

Slot 3 (I:3)

IN0+

IN1+

IN2+

IN6+

IN5+

IN4+

IN3+

IN7+

COM

FEED PRESSURE
PIT110

PERMEATE PRESSURE
PIT111

CONCENTRATE PRESSURE
PIT112

PERMEATE FLOW RATE
FIT111

CONCENTRATE FLOW RATE
FIT112

FEED PRESSURE
PIT120

PERMEATE PRESSURE
PIT121

CONCENTRATE PRESSURE
PIT122

IN
+

DC COM

IN
+

DC COM

FIT111 FIT111
-

SM2004

W

BRN

BLU

FIT112 FIT112
-

SM0504

W

BRN

BLU
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PLC_3bAI
Series i Electrical Schematic

11Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-11A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

P130 P

PIT130

#18

PIT131

PIT132

F5

P131 P

#18

P132 P

#18

105 R

#18

24 VDC
from F5 1-3

+

FEED PRESSURE
PIT130

PERMEATE PRESSURE
PIT131

CONCENTRATE PRESSURE
PIT132

F121 P

FIT121

#18
F4

104 R

#18

24 VDC
from F4 1-3

+

PERMEATE FLOW RATE
FIT121

#18 BLK

DC COM1-3

-

F122 P

FIT122

#18

CONCENTRATE FLOW RATE
FIT122

F131 P

FIT131

#18
F6

106 R

#18

24 VDC
from F6 1-3

+

PERMEATE FLOW RATE
FIT131

F132 P

FIT132

#18

CONCENTRATE FLOW RATE
FIT132

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

PIT130 PIT130
-

PN2222

W

BRN

BLU

PIT131 PIT131
-

PN2222

W

BRN

BLU

PIT132 PIT132
-

PN2222

W

BRN

BLU

1769-IF16C
PLC ANALOG INPUTS

Slot 3 (I:3)

IN8+

COM

IN9+

IN10+

IN11+

IN12+

IN13+

IN14+

IN15+

#18 BLK

TB DC COM

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

FIT121 FIT121
-

SM2004

W

BRN

BLU

FIT122 FIT122
-

SM0504

W

BRN

BLU

FIT131 FIT131
-

SM2004

W

BRN

BLU

FIT132 FIT132
-

SM0504

W

BRN

BLU
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PLC_4aAI
Series i Electrical Schematic

12Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-12A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

P140 P

PIT140

#18

PIT141

PIT142

F7

P141 P

#18

P142 P

#18

107 R

#18

24 VDC
from F7 1-3

+

#18 BLK

TB DC COM

F141 P

FIT141

#18

FIT142

F8

F142 P

#18

108 R

#18

24 VDC
from F8 1-3

+

#18 BLK

DC COM1-3

-

P100 P

PIT100

#18

TIT100

PDT100

F9

T100 P

#18

D100 P

#18

109 R

#18

24 VDC
from F9 1-3

+

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

PIT140 PIT140
-

PN2222

W

BRN

BLU

PIT141 PIT141
-

PN2222

W

BRN

BLU

PIT142 PIT142
-

PN2222

W

BRN

BLU

PIT100 PIT100
-

PN2222

W

BRN

BLU

TIT100 TIT100
-

TN2531

W

BRN

BLU

PDT100 PDT100
-

PN2224

W

BRN

BLU

1769-IF16C
PLC ANALOG INPUTS

Slot 4 (I:4)

IN0+

IN1+

IN2+

IN6+

IN5+

IN4+

IN3+

IN7+

COM

FEED PRESSURE
PIT140

PERMEATE PRESSURE
PIT141

CONCENTRATE PRESSURE
PIT142

PERMEATE FLOW RATE
FIT141

CONCENTRATE FLOW RATE
FIT142

SYSTEM FEED PRESSURE
PIT100

SYSTEM FEED TEMPERATURE
TIT100

SYSTEM FEED DIFF. PRES. (IN)
PDT100

IN
+

DC COM

IN
+

DC COM

FIT141 FIT141
-

SM2004

W

BRN

BLU

FIT142 FIT142
-

SM0504

W

BRN

BLU
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PLC_4bAI
Series i Electrical Schematic

13Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-13A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

D101 P

PDT101

#18

AI1

AI2

F11

X1 P

#18

X2 P

#18

111 R

#18

24 VDC
from F11 1-3

+

#18 BLK

TB DC COM

A100 P

AT100

#18
F10

110 R

#18

24 VDC
from F10 1-3

+

#18 W

#18 BLK

DC COM1-3

-

A101 P

AT101

#18

L110 P

LIT110

#18
F12

112 R

#18

24 VDC
from F12 1-3

+

#18 W

L120 P

LIT120

#18

-
+
S

-
+
S

-
+
S

-
+
S

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

PDT101 PDT101
-

PN2224

W

BRN

BLU

SYSTEM FEED DIFF. PRES. (OUT)
PDT101

SPARE
AI1

SPARE
AI2

VSEP FEED CONDUCTIVITY
AT100

VSEP PERMEATE CONDUCTIVITY
AT101

VSEP FEED TANK T-110 LEVEL
LIT110

CONCENTRATE TANK T-120 LEVEL
LIT120

1769-IF16C
PLC ANALOG INPUTS

Slot 4 (I:4)

IN8+

COM

IN9+

IN10+

IN11+

IN12+

IN13+

IN14+

IN15+

AT100
BLK

R

shield

AT101
BLK

R

shield

2850

3
2
1

V-

V+

1
2

3
4

O
N

C
T

S

1
2

3
4

O
N

C
T

S

D3

To
probe

R

BLK

SW1
2850

3
2
1

V-

V+

1
2

3
4

O
N

C
T

S

1
2

3
4

O
N

C
T

S

To
probe

R

BLK

SW1
D3

L130 P

LIT130

#18

-
+
S

HOT WATER TANK T-130 LEVEL
LIT130
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PLC_5aAI
Series i Electrical Schematic

14Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-14A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

#18
F13

#18

#18

113 R

#18

24 VDC
from F13 1-3

+

#18 W

#18 BLK

DC COM1-3

-

L200 P

LIT200

LIT210

L210 P

-
+
S

-
+
S

-
+
S

LIT300

L300 P

1769-IF16C
PLC ANALOG INPUTS

Slot 5 (I:5)

IN0+

IN1+

IN2+

IN6+

IN5+

IN4+

IN3+

IN7+

COM

VSEP PERMEATE/SPIRAL FEED
TANK T-200
LIT200

VSEP PERMEATE/SPIRAL FEED
TANK T-210
LIT210

SPIRAL RO PERMEATE TANK T-300
LIT300
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PLC_5bAI
Series i Electrical Schematic

15Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-15A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

#18 BLK

DC COM1-4

-

1769-IF16C
PLC ANALOG INPUTS

Slot 5 (I:5)

IN8+

COM

IN9+

IN10+

IN11+

IN12+

IN13+

IN14+

IN15+
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PLC_6-7AO
Series i Electrical Schematic

16Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-16A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

1769-OF4CI
Analog Output Board

Slot 6 (O:6)

BLK

BLK

R

R

BLK

R

BLK

R

I OUT 3 -

I OUT 2 -

I OUT 3 +

I OUT 1 -

I OUT 2 +

I OUT 0+

I OUT 1 +

I OUT 0 -

FCV110
VSEP #1 Feed Inlet
Valve
4-20mA = 0-100%

FCV112
VSEP #1 Concentrate
Exit Valve
4-20mA = 0-100%

FCV120
VSEP #2 Feed Inlet
Valve
4-20mA = 0-100%

600 R

BLK

+
-

FCV110

S

601 R

BLK

+
-

FCV112

S

602 R

BLK

+
-

FCV120

S

603 R

BLK

+
-
S

FCV110

FCV112

R

BLK

shield

FCV120

R

BLK

shield

R

BLK

shield

#18 W

1769-OF4CI
Analog Output Board

Slot 7 (O:7)

FCV122
VSEP #2 Concentrate
Exit Valve
4-20mA = 0-100%

FCV122

FCV122
R

BLK

shield

+

-

R

BLK

FCV110

+

-

R

BLK

FCV112

+

-

R

BLK

FCV120

+

-

R

BLK

FCV122

BLK

BLK

R

R

BLK

R

BLK

R

I OUT 3 -

I OUT 2 -

I OUT 3 +

I OUT 1 -

I OUT 2 +

I OUT 0+

I OUT 1 +

I OUT 0 -

FCV130
VSEP #3 Feed Inlet
Valve
4-20mA = 0-100%

FCV132
VSEP #3 Concentrate
Exit Valve
4-20mA = 0-100%

FCV140
VSEP #4 Feed Inlet
Valve
4-20mA = 0-100%

700 R

BLK

+
-

FCV130

S

701 R

BLK

+
-

FCV132

S

702 R

BLK

+
-

FCV140

S

703 R

BLK

+
-
S

FCV130

FCV132

R

BLK

shield

FCV140

R

BLK

shield

R

BLK

shield

#18 W

FCV142
VSEP #4 Concentrate
Exit Valve
4-20mA = 0-100%

FCV142

FCV142
R

BLK

shield

+

-

R

BLK

FCV130

+

-

R

BLK

FCV132

+

-

R

BLK

FCV140

+

-

R

BLK

FCV142

NOTE: Terminate end of communication bus with a right end cap (1769-ECR)
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Ethernet Switch
Series i Electrical Schematic

17Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-17A
11/22/13

7/9/13

EB

KWK

1-6
Straight Through Ethernet Cable

ETHERNET SWITCH TO
COMPACTLOGIX
CONTROLLER

1-19
Straight Through Ethernet Cable

ETHERNET SWITCH TO
HMI 6181P-12TPXP

2-1
Straight Through Ethernet Cable

ETHERNET SWITCH TO
INSTRUMENT ENCLOSURE
ETHERNET MODULE

3-2
Straight Through Ethernet Cable

ETHERNET SWITCH TO
CIP ENCLOSURE
ETHERNET MODULE

S
tr

ai
gh

t 
T

h
ro

ug
h 

E
th

e
rn

et
 C

ab
le

ETHERNET SWITCH TO
MCC ETHERNET SWITCH

5-3
Straight Through Ethernet Cable

ETHERNET SWITCH TO
RO SPIRAL ENCLOSURE
ETHERNET MODULE

Allen Bradley
1783-US08T

8-Port Industrial
Ethernet Switch

114 R

#18

2

#18 W
#18 BLK

DC COM

1-3 24 VDC from
F14

31
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Pump Seal Switch
Series i Electrical Schematic

18Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-18A
11/22/13

7/9/13

EB

KWK

BRN/
BLK

BLU W Restart PTC

COM
ALARMRUN

200-240 V
50/60 Hz

Grundfos LiqTec
TSH103

#18 jumperBLU

BLK

BRN

W

1-7

1-7

#18

S103 R

Signal to IN-6,
1769-IM12 (slot 1,
Digital Input
Module)

S103 OR
1

2

#18

240-TSH103

240-TSH103

N

R
BLK

1-1

240 VAC
CB5L

Sensor:
96556427

R BLK

BRN/
BLK

BLU W Restart PTC

COM
ALARMRUN

200-240 V
50/60 Hz

#18 jumperBLU

BLK

BRN

W

Sensor:
96556427

Grundfos LiqTec
TSH101

1-7

1-7

#18

S101 R

Signal to IN-5,
1769-IM12 (slot 1,
Digital Input
Module)

S101 OR
1

2

#18

240-TSH101

240-TSH101

N

R
BLK

1-1

240 VAC
CB5L

R BLK
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Main Enclosure Door
Series i Electrical Schematic

19Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-19A
11/22/13

7/9/13

EB

KWK

L1 L2N

Allen Bradley Industrial Computer (HMI)

Allen - BradleyA-B
Quality

CAT : 6181P-12TPXP

NC

E
T

H
E

R
N

E
T

 C
A

B
LE

1-17

TO ETHERNET
SWITCH

1-1

L

N

BLK

W

G Power Cord

HS001

HS001

#18

121 OR

41 R
TB 2
(240 VAC
from CB4)

#18

#18 R
jumper

#18

101 OR

I:1.0

VSEP #1

(1769-IM12, slot 1)

NC

HS002

HS002

#18

122 OR

#18

102 OR

I:1.1

VSEP #2

NC

HS003

HS003

#18

123 OR

#18

103 OR

I:1.2

VSEP #3

NC

HS004

HS004

#18

124 OR

#18

104 OR

I:1.3

VSEP #4

NC

HS005

HS005

#18

125 OR

#18

105 OR

I:1.4

to PLC

COMPONENTS ON DOOR

STOP ALL
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M-P100 VFD
Series i Electrical Schematic

20Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-20A
11/22/13

7/9/13

EB

KWK

VSEP FEED PUMP MOTOR M-P100 VFD
AC Tech ESV183 25HP, 440 VAC

CONTROL TERMINALS
(TB-2 terminals are internally connected)

U/T1 L2W/T3 L3V/T2 L1

1 START/STOP

MOTOR POWER

#8 G

3 Phase
Motor

Check Motor Direction
and Reverse Leads
if Necessary.

Ground at Motor

1

2

3

#8 R

#6 BLU

2 COM

5 AIN, 0-10VDC

6 +10 V

25 AIN, 4-20mA

4 DIGITAL REFERENCE/COMMON

11 +12 v

13A DIGITAL INPUT

13B DIGITAL INPUT

13C DIGITAL INPUT

13D DIGITAL INPUT

14 DIGOUT

30 AOUT, 0-10VDC

2 COM

TXA RS485 TxA

TXB RS485 TxB

16 RELAY OUTPUT

17 AC 250V/3A DC 24V/2A

#8 BLU

#8 W

#6 R

#6 G

#6 W

ALsw
+ -

Straight Through Ethernet Cable

MCC ETHERNET
SWITCH TO
ETHERNET MODULE ON
VFD
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M-P101 VFD
Series i Electrical Schematic

21Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-21A
11/22/13

7/9/13

EB

KWK

VSEP FEED PUMP MOTOR M-P101 VFD
AC Tech ESV183 25HP, 440 VAC

CONTROL TERMINALS
(TB-2 terminals are internally connected)

U/T1 L2W/T3 L3V/T2 L1

1 START/STOP

MOTOR POWER

#8 G

3 Phase
Motor

Check Motor Direction
and Reverse Leads
if Necessary.

Ground at Motor

1

2

3

#8 R

#6 BLU

2 COM

5 AIN, 0-10VDC

6 +10 V

25 AIN, 4-20mA

4 DIGITAL REFERENCE/COMMON

11 +12 v

13A DIGITAL INPUT

13B DIGITAL INPUT

13C DIGITAL INPUT

13D DIGITAL INPUT

14 DIGOUT

30 AOUT, 0-10VDC

2 COM

TXA RS485 TxA

TXB RS485 TxB

16 RELAY OUTPUT

17 AC 250V/3A DC 24V/2A

#8 BLU

#8 W

#6 R

#6 G

#6 W

ALsw
+ -

Straight Through Ethernet Cable

MCC ETHERNET
SWITCH TO
ETHERNET MODULE ON
VFD
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M-P102 VFD
Series i Electrical Schematic

22Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-22A
11/22/13

7/9/13

EB

KWK

VSEP FEED PUMP MOTOR M-P102 VFD
AC Tech ESV183 25HP, 440 VAC

CONTROL TERMINALS
(TB-2 terminals are internally connected)

U/T1 L2W/T3 L3V/T2 L1

1 START/STOP

MOTOR POWER

#8 G

3 Phase
Motor

Check Motor Direction
and Reverse Leads
if Necessary.

Ground at Motor

1

2

3

#8 R

#6 BLU

2 COM

5 AIN, 0-10VDC

6 +10 V

25 AIN, 4-20mA

4 DIGITAL REFERENCE/COMMON

11 +12 v

13A DIGITAL INPUT

13B DIGITAL INPUT

13C DIGITAL INPUT

13D DIGITAL INPUT

14 DIGOUT

30 AOUT, 0-10VDC

2 COM

TXA RS485 TxA

TXB RS485 TxB

16 RELAY OUTPUT

17 AC 250V/3A DC 24V/2A

#8 BLU

#8 W

#6 R

#6 G

#6 W

ALsw
+ -

Straight Through Ethernet Cable

MCC ETHERNET
SWITCH TO
ETHERNET MODULE ON
VFD
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M-P103 VFD
Series i Electrical Schematic

23Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-23A
11/22/13

7/9/13

EB

KWK

VSEP FEED PUMP MOTOR M-P103 VFD
AC Tech ESV183 25HP, 440 VAC

CONTROL TERMINALS
(TB-2 terminals are internally connected)

U/T1 L2W/T3 L3V/T2 L1

1 START/STOP

MOTOR POWER

#8 G

3 Phase
Motor

Check Motor Direction
and Reverse Leads
if Necessary.

Ground at Motor

1

2

3

#8 R

#6 BLU

2 COM

5 AIN, 0-10VDC

6 +10 V

25 AIN, 4-20mA

4 DIGITAL REFERENCE/COMMON

11 +12 v

13A DIGITAL INPUT

13B DIGITAL INPUT

13C DIGITAL INPUT

13D DIGITAL INPUT

14 DIGOUT

30 AOUT, 0-10VDC

2 COM

TXA RS485 TxA

TXB RS485 TxB

16 RELAY OUTPUT

17 AC 250V/3A DC 24V/2A

#8 BLU

#8 W

#6 R

#6 G

#6 W

ALsw
+ -

Straight Through Ethernet Cable

MCC ETHERNET
SWITCH TO
ETHERNET MODULE ON
VFD
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M-P190 VFD
Series i Electrical Schematic

24Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-24A
11/22/13

7/9/13

EB

KWK

CIP FEED PUMP MOTOR M-P190 VFD
AC Tech ESV153 20HP, 440 VAC

CONTROL TERMINALS
(TB-2 terminals are internally connected)

U/T1 L2W/T3 L3V/T2 L1

1 START/STOP

MOTOR POWER

#10 G

3 Phase
Motor

Check Motor Direction
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Flex IO - 1DO
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Metering Pump Enclosure
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SDL Electrical Parts

DESCRIPTION QTY. PART# MANUFACTURER

Main Enclosure
48"h x 30"w x 10" deep Enclosure 1 A48H30CLP Hoffman
Enclosure Panel 1 A-48P30 Hoffman
2MB CompactLogix w/ EtherNet 1 1769-L33ER Allen Bradley
240VAC Digital Input Board 1 1769-IM12 Allen Bradley
Relay Output Board 1 1769-OW16 Allen Bradley
Power Supply 1 1769-PA4 Allen Bradley
16 Single Current Analog Input Board 3 1769-IF16C Allen Bradley
Analog Output Board 2 1769-OF4CI Allen Bradley
CompactLogix Right End Cap 1 1769-ECR Allen Bradley
HMI = 12"TFT, TouchScreen, DUO, 1GB 40G 1 6181P-12TPXP Allen Bradley
FTViewSE  Run Time Package 100 Display 1 9701-VWSB100AENE Allen Bradley
8 port Unmanaged Ethernet Switch 1 1783-US08T Allen Bradley
Ethernet Cables (pre made) 2 Comp USA
20 Amp Circuit Breaker 1 1492-SP1B200 Allen Bradley
6 Amp Circuit Breaker 4 1492-SP1B060 Allen Bradley
4 Amp Circuit Breaker 1 1492-SP1B040 Allen Bradley
2 Amp Circuit Breaker 1 1492-SP1B020 Allen Bradley
DC Power Supply  100W 24VDC 1 1606-XLP100E Allen Bradley
DC Fuse Blocks 15 1492-H4 Allen Bradley
24VDC Fuses (2A) 15 AGC-2 Buss
Relay (DPDT 24VDC coil) 2 700-HF32Z24 Allen Bradley
Relay (DPDT 240VAC coil) 4 700-HF32A2 Allen Bradley
Relay Socket 6 700-HN116 Allen Bradley
STOP Buttons 2 800H-FRXT6D4 Allen Bradley
STOP Label 2 800T-X550 Allen Bradley
Power Terminal Blocks 1 1492-J16 Allen Bradley
Ground Input Terminal Block 1 1492-JG16 Allen Bradley
Single Terminal Blocks 79 1492-J4 Allen Bradley
Terminal Block End Covers 16 1492-EBJ3 Allen Bradley
Terminal Block Anchors 45 1492-EAJ35 Allen Bradley
3 Wire Sensor Terminal Block 50 1492-WTS3 Allen Bradley
Insertion Bridge for 3 wire term. Blocks 10 1492-SJT5-20-B Allen Bradley
Terminal Block Jumper Bars with Screws 5 1492-CJJ6-10 Allen Bradley
Terminal Block Markers 1 1492-M6X5 Allen Bradley
2" x 3" Wiring Duct, 6ft 4 G2X3LG6 Panduit
2" Wiring Duct Cover, 6ft 4 C2LG6 Panduit
35mm DIN Rail, 1m=3.28ft 5 199-DR1 Allen Bradley
240VAC LiqTec Pump Seal Sensor/Transmitter 2 96556429 Grundfos
Ground Lug 1 LAMA2-14-QY Panduit

1 SDL-MAIN_ENCLOSURE



SDL Electrical Parts

DESCRIPTION QTY. PART# MANUFACTURER

Wire Gutter
2.5" Feed-Through Type 12 Wireway (60") 2 F22W60 Hoffman
2.5" Feed-Through Type 12 Wireway (36") 2 F22W36 Hoffman
2.5" Feed-Through Type 12 Wireway (12") 2 F22W12 Hoffman
2.5" Telescoping Type 12 Wireway 1 F22WA Hoffman
2.5" 90° Elbow 3 F22WE90 Hoffman
2.5" Tee 1 F22WT Hoffman
2.5" Closure Plate 2 F22WP Hoffman
2.5" Gasket 14 F22WG Hoffman

2 SDL-MAIN_ENCLOSURE



SDL Electrical Parts

DESCRIPTION QTY. PART# MANUFACTURER

Valve Rack Enclosure
48"h x 30"w x 10" deep Enclosure 1 A48H30CLP Hoffman
Enclosure Panel 1 A-48P30 Hoffman
24VDC Power Supply 1 1794-PS3 Allen Bradley
Ethernet Adapter 1 1794-AENT Allen Bradley
16 Digital Output Module 2 1794-OB16 Allen Bradley
Terminal Base for Remote I/O 2 1794-TB2 Allen Bradley
20 Port Solenoid Rack 2 NL-VVC5Q2120/VQC2101 SMC
Single Terminal Blocks 3 1492-J4 Allen Bradley
Terminal Block Anchors 2 1492-EAJ35 Allen Bradley
35mm DIN Rail, 1m=3.28ft 1 199-DR1 Allen Bradley

3 SDL-VALVE_RACK_ENCLOSURE



SDL Electrical Parts

DESCRIPTION QTY. PART# MANUFACTURER

CIP Enclosure
36"h x 30"w x 8" deep Enclosure 1 A-36H30BLP Hoffman
Enclosure Panel 1 A36P30 Hoffman
240VAC 50/60Hz Contactor 3 100-C23KA10 Allen Bradley
Power Supply 1 1794-PS3 Allen Bradley
Ethernet Adapter 1 1794-AENT Allen Bradley
16 Digital Output Module 1 1794-OB16 Allen Bradley
16 Digital Input Module 1 1794-IM16 Allen Bradley
8 Analog Input Module 1 1794-IE8 Allen Bradley
Terminal Base for remote i/o 3 1794-TB2 Allen Bradley
15 Amp Circuit Breaker 2 1492-SP1B150 Allen Bradley
4 Amp Circuit Breaker 1 1492-SP1B040 Allen Bradley
2 Amp Circuit Breaker 2 1492-SP1B020 Allen Bradley
Relay (DPDT 24VDC coil) 4 700-HF32Z24 Allen Bradley
Relay Socket 4 700-HN116 Allen Bradley
20 Port Solenoid Rack 1 NL-VVC5Q2120/VQC2101 SMC
Power Terminal Blocks 2 1492-J16 Allen Bradley
Ground Input Terminal Block 2 1492-JG16 Allen Bradley
Single Terminal Blocks 25 1492-J4 Allen Bradley
Terminal Block Anchors 24 1492-EAJ35 Allen Bradley
Terminal Block End Covers 4 1492-EBJ3 Allen Bradley
Terminal Block Jumper Bars with Screws 1 1492-CJJ6-10 Allen Bradley
2" x 3" Wiring Duct, 6ft 2 G2X3LG6 Panduit
2" Wiring Duct Cover, 6ft 2 C2LG6 Panduit
35mm DIN Rail, 1m=3.28ft 3 199-DR1 Allen Bradley
240VAC LiqTec Pump Seal Sensor/Transmitter 1 96556429 Grundfos
Ground Lug 1 LAMA2-14-QY Panduit

4 SDL-CIP_ENCLOSURE



SDL Electrical Parts

DESCRIPTION QTY. PART# MANUFACTURER

Chemical Metering Enclosure
Enclosure 1 A1210NF Hoffman
Enclosure Panel 1 A12P10 Hoffman
Power Terminal Blocks 6 1492-J16 Allen Bradley
Ground Input Terminal Block 3 1492-JG16 Allen Bradley
Terminal Block Anchors 6 1492-EAJ35 Allen Bradley
35mm DIN Rail, 1m=3.28ft 0.5 199-DR1 Allen Bradley

5 SDL-CHEMICAL_METERING_ENCL.



SDL Electrical Parts

DESCRIPTION QTY. PART# MANUFACTURER

RO Spiral Enclosure
36"h x 30"w x 8" deep Enclosure 1 A-36H30BLP Hoffman
Enclosure Panel 1 A36P30 Hoffman
Power Supply 1 1794-PS3 Allen Bradley
Ethernet Adapter 1 1794-AENT Allen Bradley
16 Digital Output Module 1 1794-OB16 Allen Bradley
16 Digital Input Module 1 1794-IM16 Allen Bradley
4 Analog Output Module 1 1794-OF4I Allen Bradley
8 Analog Input Module 2 1794-IE8 Allen Bradley
Terminal Base for remote i/o 5 1794-TB2 Allen Bradley
15 Amp Circuit Breaker 1 1492-SP1B150 Allen Bradley
4 Amp Circuit Breaker 1 1492-SP1B040 Allen Bradley
2 Amp Circuit Breaker 2 1492-SP1B020 Allen Bradley
1 Amp Circuit Breaker 1 1492-SP1B010 Allen Bradley
DC Power Supply 50W 24VDC 1 1606-XLP50E Allen Bradley
DC Fuse Blocks 6 1492-H4 Allen Bradley
24VDC Fuses (2A) 6 AGC-2 Buss
Relay (DPDT 24VDC coil) 1 700-HF32Z24 Allen Bradley
Relay Socket 1 700-HN116 Allen Bradley
20 Port Solenoid Rack 1 NL-VVC5Q2120/VQC2101 SMC
Power Terminal Blocks 1 1492-J16 Allen Bradley
Ground Input Terminal Block 1 1492-JG16 Allen Bradley
Single Terminal Blocks 48 1492-J4 Allen Bradley
Terminal Block Anchors 23 1492-EAJ35 Allen Bradley
Terminal Block End Covers 10 1492-EBJ3 Allen Bradley
3 Wire Sensor Terminal Block 2 1492-WTS3 Allen Bradley
Terminal Block Jumper Bars with Screws 2 1492-CJJ6-10 Allen Bradley
1.5" x 2" wire duct 0.5 G1.5X2LG6 Panduit
1.5" wire duct cover 0.5 C1.5LG6 Panduit
2" x 3" Wiring Duct, 6ft 2 G2X3LG6 Panduit
2" Wiring Duct Cover, 6ft 2 C2LG6 Panduit
35mm DIN Rail, 1m=3.28ft 3 199-DR1 Allen Bradley
240VAC LiqTec Pump Seal Sensor/Transmitter 1 96556429 Grundfos
Ground Lug 1 LAMA2-14-QY Panduit

6 SDL-RO_ENCLOSURE



SDL Project - VSEP I/O List

Tag # Description I/O Type Data Type Units Range PLC Source

VSEP#1 Stop VSEP #1 Stop Switch DI BOOL 1=open 0-1 Local:2:I.Ch0Data

VSEP#2 Stop VSEP #2 Stop Switch DI BOOL 1=open 0-1 Local:2:I.Ch1Data

VSEP#3 Stop VSEP #3 Stop Switch DI BOOL 1=open 0-1 Local:2:I.Ch2Data

VSEP#4 Stop VSEP #4 Stop Switch DI BOOL 1=open 0-1 Local:2:I.Ch3Data

EMG Stop Emergency Stop Switch DI BOOL 1=open 0-1 Local:2:I.Ch4Data

TSH-101 Booster Pump DI BOOL 1=open 0-1 Local:2:I.Ch5Data

TSH-103 Booster Pump DI BOOL 1=open 0-1 Local:2:I.Ch6Data

PSL-100 Air Supply Pressure Switch DI BOOL 1=open 0-1 Local:2:I.Ch7Data

TSH-110 Transfer Pump P-110 Alarm DI BOOL 1=open 0-1 Local:2:I.Ch8Data

Spare DI BOOL Local:2:I.Ch9Data

Spare DI BOOL Local:2:I.Ch10Data

Spare DI BOOL Local:2:I.Ch11Data

Spare DI BOOL Local:2:I.Ch12Data

Spare DI BOOL Local:2:I.Ch13Data

Spare DI BOOL Local:2:I.Ch14Data

Spare DI BOOL Local:2:I.Ch15Data

PIT-110 VSEP#1 Feed Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch0Data

PIT-111 VSEP#1 Permeate Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch1Data

PIT-112 VSEP#1 Concentrate Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch2Data

FIT-111 VSEP#1 Permeate Return Line AI 32 bit REAL m3/hr 0-22.7 m3/hr Local:3:I.Ch3Data

FIT-112 VSEP#1 Concentrate Return Line AI 32 bit REAL m3/hr 0-11.36 m3/hr Local:3:I.Ch4Data

PIT-120 VSEP#2 Feed Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch5Data

PIT-121 VSEP#2 Permeate Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch6Data

PIT-122 VSEP#2 Concentrate Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch7Data

FIT-121 VSEP#2 Permeate Return Line AI 32 bit REAL m3/hr 0-22.7 m3/hr Local:3:I.Ch8Data

FIT-122 VSEP#2 Concentrate Return Line AI 32 bit REAL m3/hr 0-11.36 m3/hr Local:3:I.Ch9Data

PIT-130 VSEP#3 Feed Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch10Data

PIT-131 VSEP#3 Permeate Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch11Data

PIT-132 VSEP#3 Concentrate Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch12Data

FIT-131 VSEP#3 Permeate Return Line AI 32 bit REAL m3/hr 0-22.7 m3/hr Local:3:I.Ch13Data

FIT-132 VSEP#3 Concentrate Return Line AI 32 bit REAL m3/hr 0-11.36 m3/hr Local:3:I.Ch14Data

Spare AI 32 bit REAL Local:3:I.Ch15Data

PIT-140 VSEP#4 Feed Line AI 32 bit REAL psi 0-1000 Local:4:I.Ch0Data

PIT-141 VSEP#4 Permeate Line AI 32 bit REAL psi 0-1000 Local:4:I.Ch1Data

PIT-142 VSEP#4 Concentrate Line AI 32 bit REAL psi 0-1000 Local:4:I.Ch2Data

FIT-141 VSEP#4 Permeate Return Line AI 32 bit REAL m3/hr 0-22.7 m3/hr Local:4:I.Ch3Data

FIT-142 VSEP#4 Concentrate Return Line AI 32 bit REAL m3/hr 0-11.36 m3/hr Local:4:I.Ch4Data

PIT-100 System Feed Pressure AI 32 bit REAL psi 0-1000 Local:4:I.Ch5Data

TIT-100 System Feed Temperature AI 32 bit REAL ⁰C 0-100 Local:4:I.Ch6Data

PDT-100 Feed Differential Pressure IN AI 32 bit REAL psi 0-145 Local:4:I.Ch7Data

AT-100 Feed Conductivity AI 32 bit REAL µS 0-200000 Local:4:I.Ch8Data

AT-101 VSEP Permeate Conductivity AI 32 bit REAL µS 0-10000 Local:4:I.Ch9Data

PDT-101 Feed Differential Pressure OUT AI 32 bit REAL psi 0-145 Local:4:I.Ch10Data

LIT-110 VSEP Feed Tank T-110 Level AI 32 bit REAL % 0-100 Local:4:I.Ch11Data

LIT-120 Concentrate Tank T-120 Level AI 32 bit REAL % 0-100 Local:4:I.Ch12Data

LIT-130 Permeate Tank T-130 Level AI 32 bit REAL % 0-100 Local:4:I.Ch13Data

LIT-140 Hot Water Tank T-140 Level AI 32 bit REAL % 0-100 Local:4:I.Ch14Data

Spare AI 32 bit REAL Local:4:I.Ch15Data

FCV-110 VSEP #1 Feed Inlet AO 32 bit REAL % 0-100 Local:6:I.Ch0Data

FCV-112 VSEP #1 Concentrate Exit AO 32 bit REAL % 0-100 Local:6:I.Ch1Data

FCV-120 VSEP #2 Feed Inlet AO 32 bit REAL % 0-100 Local:6:I.Ch2Data

FCV-122 VSEP #2 Concentrate Exit AO 32 bit REAL % 0-100 Local:6:I.Ch3Data

FCV-130 VSEP #3 Feed Inlet AO 32 bit REAL % 0-100 Local:6:I.Ch4Data

FCV-132 VSEP #3 Concentrate Exit AO 32 bit REAL % 0-100 Local:6:I.Ch5Data

FCV-140 VSEP #4 Feed Inlet AO 32 bit REAL % 0-100 Local:7:O.Ch0Data

FCV-142 VSEP #4 Concentrate Exit AO 32 bit REAL % 0-100 Local:7:O.Ch1Data

Spare AO 32 bit REAL Local:7:O.Ch2Data

Spare AO 32 bit REAL Local:7:O.Ch3Data

Spare AO 32 bit REAL Local:7:O.Ch4Data

Spare AO 32 bit REAL Local:7:O.Ch5Data



M-P110 Tank T-110 Transfer Pump Motor P-110 DO BOOL 1=open 0-1 Local:8:O.Ch0Data

M-P120 Concentrate Tank T-120 Transfer Pump Motor DO BOOL 1=open 0-1 Local:8:O.Ch1Data

M-P130 Permeate Tank T-130 Transfer Pump Motor DO BOOL 1=open 0-1 Local:8:O.Ch2Data

Alarm DO BOOL 1=open 0-1 Local:8:O.Ch3Data

XV-001 Permeate To Hot Water Tank T-140 Valve DO BOOL 1=open 0-2 Local:8:O.Ch4Data

XV-002 Permeate to River Valve DO BOOL 1=open 0-3 Local:8:O.Ch5Data

Spare DO BOOL Local:8:O.Ch6Data

Spare DO BOOL Local:8:O.Ch7Data

Spare DO BOOL Local:8:O.Ch8Data

Spare DO BOOL Local:8:O.Ch9Data

Spare DO BOOL Local:8:O.Ch10Data

Spare DO BOOL Local:8:O.Ch11Data

Spare DO BOOL Local:8:O.Ch12Data

Spare DO BOOL Local:8:O.Ch13Data

Spare DO BOOL Local:8:O.Ch14Data

Spare DO BOOL Local:8:O.Ch15Data

XV-100 Hot Water Inlet to Bag Filter DO BOOL 1=open 0-1 Enet:1:O. Data.0

XV-101 Feed Inlet to Bag Filter DO BOOL 1=open 0-1 Enet:1:O. Data.1

XV-102 Feed to Header DO BOOL 1=open 0-1 Enet:1:O. Data.2

XV-103 Feed to Header DO BOOL 1=open 0-1 Enet:1:O. Data.3

XV-105 Permeate to VSEP Feed Tank, T-110 DO BOOL 1=open 0-1 Enet:1:O. Data.4

XV-106 Permeate to Holding Tank, T-130 DO BOOL 1=open 0-1 Enet:1:O. Data.5

XV-107 Concentrate to VSEP Feed Tank, T-110 DO BOOL 1=open 0-1 Enet:1:O. Data.6

XV-108 Concentrate to Reject Tank, T-120 DO BOOL 1=open 0-1 Enet:1:O. Data.7

XV-110 CIP Feed to VSEP #1 DO BOOL 1=open 0-1 Enet:1:O. Data.8

XV-111 CIP Permeate From VSEP #1 DO BOOL 1=open 0-1 Enet:1:O. Data.9

XV-112 Permeate From VSEP #1 DO BOOL 1=open 0-1 Enet:1:O. Data.10

XV-113 CIP Concentrate From VSEP #1 DO BOOL 1=open 0-1 Enet:1:O. Data.11

XV-114 Concentrate From VSEP #1 DO BOOL 1=open 0-1 Enet:1:O. Data.12

XV-120 CIP Feed to VSEP #2 DO BOOL 1=open 0-1 Enet:1:O. Data.13

XV-121 CIP Permeate From VSEP #2 DO BOOL 1=open 0-1 Enet:1:O. Data.14

XV-122 Permeate From VSEP #2 DO BOOL 1=open 0-1 Enet:1:O. Data.15

XV-123 CIP Concentrate From VSEP #2 DO BOOL 1=open 0-1 Enet:2:O. Data.0

XV-124 Concentrate From VSEP #2 DO BOOL 1=open 0-1 Enet:2:O. Data.1

XV-130 CIP Feed to VSEP #3 DO BOOL 1=open 0-1 Enet:2:O. Data.2

XV-131 CIP Permeate From VSEP #3 DO BOOL 1=open 0-1 Enet:2:O. Data.3

XV-132 Permeate From VSEP #3 DO BOOL 1=open 0-1 Enet:2:O. Data.4

XV-133 CIP Concentrate From VSEP #3 DO BOOL 1=open 0-1 Enet:2:O. Data.5

XV-134 Concentrate From VSEP #3 DO BOOL 1=open 0-1 Enet:2:O. Data.6

XV-140 CIP Feed to VSEP #4 DO BOOL 1=open 0-1 Enet:2:O. Data.7

XV-141 CIP Permeate From VSEP #4 DO BOOL 1=open 0-1 Enet:2:O. Data.8

XV-142 Permeate From VSEP #4 DO BOOL 1=open 0-1 Enet:2:O. Data.9

XV-143 CIP Concentrate From VSEP #4 DO BOOL 1=open 0-1 Enet:2:O. Data.10

XV-144 Concentrate From VSEP #4 DO BOOL 1=open 0-1 Enet:2:O. Data.11

Spare DO BOOL 1=open 0-1 Enet:2:O. Data.12

Spare DO BOOL 1=open 0-1 Enet:2:O. Data.13

Spare DO BOOL 1=open 0-1 Enet:2:O. Data.14

Spare DO BOOL 1=open 0-1 Enet:2:O. Data.15

XV-190 Hot Water to CIP Tank DO BOOL 1=open 0-1 Enet:3:O. Data.0

XV-191 Hot Water to VSEP DO BOOL 1=open 0-1 Enet:3:O. Data.1

XV-192 CIP Tank to Drain DO BOOL 1=open 0-1 Enet:3:O. Data.2

XV-193 CIP Tank to Pump DO BOOL 1=open 0-1 Enet:3:O. Data.3

XV-194 CIP Pump to Feed Header DO BOOL 1=open 0-1 Enet:3:O. Data.4

XV-195 Feed Bypass to CIP Tank DO BOOL 1=open 0-1 Enet:3:O. Data.5

XV-196 Permeate to CIP Tank DO BOOL 1=open 0-1 Enet:3:O. Data.6

XV-197 Permeate to Destination DO BOOL 1=open 0-1 Enet:3:O. Data.7

XV-198 Concentrate to CIP Tank DO BOOL 1=open 0-1 Enet:3:O. Data.8

XV-199 Concentrate to Destination DO BOOL 1=open 0-1 Enet:3:O. Data.9

Spare DO BOOL Enet:3:O. Data.10

Spare DO BOOL Enet:3:O. Data.11

Spare DO BOOL Enet:3:O. Data.12

CP-404 Run Chemical Pump CP-404 DO BOOL 1=open 0-1 Enet:3:O. Data.13

CP-505 Run Chemical Pump CP-505 DO BOOL 1=open 0-1 Enet:3:O. Data.14

CP-560 Run Chemical Pump CP-560 DO BOOL 1=open 0-1 Enet:3:O. Data.15



LIT-190 VSEP CIP Tank, T-190 Level AI 32 bit REAL % 0-100 Enet:4:I. Data.0

Spare AI 32 bit REAL Enet:4:I. Data.1

TIT-190 CIP Feed Temperature AI 32 bit REAL °C 0-100 Enet:4:I. Data.2

Spare AI 32 bit REAL Enet:4:I. Data.3

AT-190 CIP Feed pH AI 32 bit REAL pH 0-14 Enet:4:I. Data.4

Spare AI 32 bit REAL Enet:4:I. Data.5

Spare AI 32 bit REAL Enet:4:I. Data.6

Spare AI 32 bit REAL Enet:4:I. Data.7

Spare AI 32 bit REAL Enet:4:I. Data.8

Spare AI 32 bit REAL Enet:4:I. Data.9

Spare AI 32 bit REAL Enet:4:I. Data.10

Spare AI 32 bit REAL Enet:4:I. Data.11

Spare AI 32 bit REAL Enet:4:I. Data.12

Spare AI 32 bit REAL Enet:4:I. Data.13

Spare AI 32 bit REAL Enet:4:I. Data.14

Spare AI 32 bit REAL Enet:4:I. Data.15

TSH-190 CIP Feed Pump P-190 Alarm DI BOOL 1=open 0-1 Enet:5:I. Data.0

PSL-190 Air Supply Pressure Switch DI BOOL 1=open 0-1 Enet:5:I. Data.1

Spare DI BOOL Enet:5:I. Data.2

Spare DI BOOL Enet:5:I. Data.3

Spare DI BOOL Enet:5:I. Data.4

Spare DI BOOL Enet:5:I. Data.5

Spare DI BOOL Enet:5:I. Data.6

Spare DI BOOL Enet:5:I. Data.7

Spare DI BOOL Enet:5:I. Data.8

Spare DI BOOL Enet:5:I. Data.9

Spare DI BOOL Enet:5:I. Data.10

Spare DI BOOL Enet:5:I. Data.11

Spare DI BOOL Enet:5:I. Data.12

Spare DI BOOL Enet:5:I. Data.13

Spare DI BOOL Enet:5:I. Data.14

Spare DI BOOL Enet:5:I. Data.15

Spare DO BOOL Enet:6:O. Data.9

Spare DO BOOL Enet:6:O. Data.10

Spare DO BOOL Enet:6:O. Data.11

Spare DO BOOL Enet:6:O. Data.12

Spare DO BOOL Enet:6:O. Data.13

Spare DO BOOL Enet:6:O. Data.14

Spare DO BOOL Enet:6:O. Data.15
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5.1 VSEP Control Strategy 

 
Customer: SDL Santo Domingo Landfill   
Location: Santo Domingo de los Tsachilas, Quito, Ecuador 
Feed Material: Landfill Leachate    
Membrane: ESPA & LFC3-LD 
 
 
 
 
 
 
5.1.1] Process Description: 
 
Santo Domingo Landfill has several leachate ponds. The waste from Santo Domnigo City and 
surrounding towns is collected and sent to this landfill. They have reached the maximum capacity 
of these ponds and have reached a point where they need to treat this leachate to reduce the 
levels in the pond and make some space for future leachate storage.  
 
The leachate will be pre-screened and then will be sent for a first pass through VSEP ESPA 
System. Permeate generated from VSEP system will be further processed through 2nd stage 
Spiral RO system, to ensure good quality. The concentrate from both, first and second stage will 
be sent back to the leachate ponds.  
 
  

Process feed conditions: 
Process Flow Rate  166-333 m3/day 
Process Temperature:  Ambient 
Process Pressure:  450 psi (500 max) 
Operating Method:  Single Pass – Constant Flow  
 

 
 
First stage will comprise of a four unit expandable VSEP system with an initial one 84" ESPA 
VSEP modules (1400SF each). The second stage will comprise of six 40”x8” LFC-3LD (1200SF 
per module) RO Spiral modules.  
 
The system will come with many options for control methods and will be fitted with a local control 
that can communicate with the main plant logic system. The system will include a PLC and will be 

run locally. The VSEP and Spiral systems will include the membrane modules, the control and 
pumping skid with integral CIP functions, and a chemical metering pump station for delivery of 
NLR cleaners for automated cleaning functions. 
 
5.1.2] Filtration Overview: 
All feed material must be pre-screened before being processed through the VSEP unit. During 
each filtration mode, the system will data log appropriate information such as, temperature, 
pressure, flow rates etc.  
 
The program will consist of two filtration methods as described below. The process will continue 
until the system is prompted to shut down for an alarm or for flushing/cleaning.  These prompts 
include feed and destination tank levels, permeate flux reaches lowest acceptable level or 
permeate quality reaches the highest acceptable level. Timed quick hot water flushes could be 
used intermittently during processing to increase time between full chemical cleanings.  
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1. Single Pass – Constant Flow: For this project, the goal is to generate high volumes of 
permeate and reduce the levels in the ponds rather than achieving an immediate high % 
recovery. For this purpose it is recommended to run the system in Single Pass – 
Constant Flow mode. Here the feed material is processed through the VSEP system and 
permeate and concentrate are sent to their appropriate destinations. Notice that the 
concentrate will be sent back to the leachate ponds and not back to the VSEP batch feed 
tank. So in theory the ponds are viewed as large batch feed tanks which will get 
concentrated over longer periods of time. This means that the feed material will always 
remain consistent and thus will allow having good stable permeate flow rates as well as 
good quality. The frequency of full chemical cleaning cycle will be reduced compared to 
other filtration methods.  
 
With Batch filtration, the feed material will become concentrated towards the end of the 
batch, since the concentrate stream is recycled back to the batch feed tank. Thus the 
feed exposed to the membranes towards the end of the batch will consist of high 
TSD/TSS level. This will affect the performance in terms of flux. A decline in flux is 
noticed as the batch progresses and hence the flux rate will not be consistent throughout 
the whole batch.  
 

2. Batch Concentration: For Batch Concentration the system will start with a full tank and 
remove up to ~75% (in accordance with desired recovery) of the volume of the tank as 
permeate while sending the VSEP concentrate back to the feed tank. Once the feed tank 
has had ~75% or more of the volume removed, the concentrate will be diverted to its 
destination tank, T-120, until the feed tank is empty. Then the VSEP system will flush via 
Hot Water In line from VSEP feed pump skid (automated function) while the feed tank, T-
110 is being refilled simultaneously. It is possible to have two batch feed tanks so that 
when one feed tank is being processed, the second tank will be refilled simultaneously 
and sit in standby mode once filled. This will allow for minimum downtime.  
 
Since the feed to the VSEP will vary greatly with different beginning % solids levels, the 
concentration level achieved will also need to vary. The system would be run at a 
recovery value that yields optimum concentration and filtrate that is of an equivalent 
quality. This optimum concentration level would represent the maximum optimum 
concentration that the VSEP can produce clean filtrate reliably and at a good throughput 
rate. Maximum volume reduction is desired, however, there is a converse relationship 
between concentration level and permeate quality. If the concentration level goes too 
high, permeate quality may begin to worsen due to the set rejection of the membrane. 
While controlling the VSEP system, we will need to control the % volume reduction as 
well as the permeate quality and both will be monitored and used for determining the 
ending concentration level. Permeate quality may be monitored by conductivity readings 
and volume reduction may be monitored by percent recovery. 

 
5.1.3] Filtration Set Points: 
 
Configurable set points included are:  
 

i) Feed Pressure – The VSEP will be run at constant pressure, which will mean that the 
pressure through the VSEP will be held constant. At all times during filtration, the 
feed pump will adjust by means of a VFD to hold a specific pressure. 

 
ii) Concentrate Flow – A specified % recovery is required across VSEP in order to achieve 

the end result desired.  In addition, a minimum amount of fluid velocity is required in 
each filter pack to prevent “Dead Zones”, “Cake Formation”, “Gel Pockets”, and other 
feed material inconsistencies which can affect flux and also potentially cause 
plugging of the filter pack.  These two controlling parameters are in conflict if the % 
recovery demand is so high that the concentrate flow rate would fall below the 
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minimum safe rate.  For most filter packs this minimum safe number is ~ 2 GPM, 
(~7.5L/min) per tray within the last section of trays in the filter pack.  

 
iii) Start/Stop Control – starting from the Local Control Panel; if the system is ready, the 

operator may start the system by using the green START button at the local control 
panel. For the system to be ready, the following conditions must be met. 

 The system must be set for Filtration Mode 
 The latching STOP button must be released or pulled out 
 The system must not be stopped by an alarm 
 The Feed Tank must be more than 10% full 
 Destination tanks 90% or less full.  
  

iv) Vibration Amplitude – Before VSEP vibration can be started, the minimum safe operating 
pressure must be achieved.  The reason for this is that pressure holding the 
membrane pressed against the steel tray which supports it is required to counteract 
the effects of side to side movement during vibration.  Without sufficient pressure 
holding the membrane down, it could shred or come apart as it is tugged from side to 
side.  It is this unique relationship between pressure and vibration, which is the key to 
the VSEP technology. The key pressure, which is calculated, is the “Trans-
Membrane” pressure, which is calculated by subtracting the permeate pressure from 
the concentrate pressure.  This value should be at least 35 psi (241 kPa).  The feed 
and concentrate pressure must also meet a minimum of 40 psi (276 kPa).  Lastly a 
set point for a percentage of total VFD speed is able to be manipulated to adjust the 
amplitude of vibration.  This number can vary between feed materials, filter packs, 
and VSEP frames; but is usually in the range of 20-30%. 

 
v) Tank Level Control – The VSEP system will be configured to run continuously and it will 

assume that the proper feed has been delivered to the VSEP feed tank. The VSEP 
will monitor the feed tank level and run after getting a start command based on a 
configurable tank level set point. The program will include an interlock, so that, the 
system cannot be started with an empty tank. For the purposes of design, the tank 
level must read greater than 5%. If the system starts up on a nearly dry tank, the feed 
pumps will spin up to try to reach the pressure setpoint. If it is unable to do so within 
a timed interval, the system will shut down on alarm and would self-initiate an 
ALARM FLUSH after a brief pause for operator intervention. This flush will be done 
for a timed interval using hot water via the hot water inlet to the feed pump.  

 
The display will flash a warning when the tank level is 5% about the low-level set 
point. This warning will allow the operator to intervene. Once the tank level reaches 
low level, the system will flush with hot water through the feed pump with pressure 
and vibration without stopping. This low tank level set point will be configurable and 
should be high enough to prevent cavitation of the feed pump. 

 
vi) Auto-Fill VSEP Batch Feed Tank – There will be one EQ Tank, T-100 and one VSEP 

Batch Feed Tank, T-110. Both will have Level Transmitters, which will be hardwired 
to VSEP PLC. There will be “dead band” ranges for T-110 which will allow for this 
auto-fill function. These dead band configurable set points will be: full tank level, stop 
tank level. A transfer pump will be between the two tanks which will allow to transfer 
material from T-100 to T-110. At the beginning of the process the level in VSEP 
Batch Feed Tank, T-110 will be empty which will be read by VSEP PLC. Upon 
reading this 0% (empty tank level), the VSEP PLC will turn on P-110 and will start to 
transfer material from T-100 into T-110. Once the tank level reaches a configurable 
full tank level set point the transfer pump will stop and the VSEP system will start to 
process feed material from this tank. Once the tank reaches stop tank level, there will 
be a 5min hot water flush and simultaneously P-110 will turn on to transfer material 
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from T-100 to T-110. The filtration will commence again once appropriate tank level 
has been reached.  

 
5.1.4] Filtration Automation:   
 
Automation includes:  
 

i. Feed Pressure PID – The control system will monitor the feed pressure as a single input 
and the feed pump will hunt to hold the specified pressure setpoint. Other pressure 
readings such as concentrate and trans-membrane pressure may vary during 
operation, but the feed pump will hold feed pressure constant. The pressure set point 
will be configurable.  

 
ii. Concentrate Flow PID – The control of the Concentrate Valve will be done using a Flow 

Control PID loop with a subroutine for cycling of the valve. The control variable for the 
PID loop is the flow measurement from the concentrate flow meter. The process 
variable is the concentrate valve position. (0-100% Open) The operating flow set 
point of 20 GPM (dependant on filter pack design) is entered on the Filtration Mode 
Set point’s screen. When the pump is started, the valve is immediately positioned to 
the minimum allowed position, of 30%.  From there, the PID function begins to 
position the valve to achieve the flow rate set point. The feed pump is ramped up 
slowly, so the valve will open rapidly at first and then close down as the feed flow 
rises.  Tuning the PID parameters is done on the PID FEED FLOW screen. 

 
iii. Auto Vibrate – When the system is in filtration mode, and the auto vibrate button is 

enabled, vibration will be started once the pressure setpoints have been reached.  
When vibration starts, the drive motor goes to a pre-set speed. This pre-set speed is 
equal to the Minimum Frequency setpoint configured in the drive motor VFD. After a 
timed interval, (~15 seconds), the speed is increased slowly to the desired setpoint 
which produces 1/2” amplitude at the base of the filter pack.  In order to change the 
amplitude, the frequency speed setpoint must be changed. In order to protect the 
equipment, a maximum allowable frequency parameter is used. This would prevent 
amplitude greater than 7/8” peak to peak. Both amplitude set points need to be 
manually set up for the first time based on visual inspection of vibrational amplitude 
stickers affixed to the Filter Pack. Vibration continues until a stop command is 
received or the pressure falls below the set points. Note that the set point will change 
based on new filter packs, new feed materials, hot bearing oil, as the weight/bearing 
friction would change the properties of motor loading at the same speed set point. 

 
5.1.5] Filtration Start Up:  
 
Prior to start up in Filtration Mode, a flush cycle must have been completed. This may have 
occurred from an Auto Flush, Alarm Flush, CIP Flush, or an intentional Manual Flush. Such low 
pressure purging will insure that the filter pack is clear of obstructions and all the air is purged out, 
(the filter pack is full).  Using high pressure on an empty filter pack can delaminate the 
membrane trays. Air pockets can lead to membrane failure during vibration due to lack of Trans-
Membrane pressure for the affected area. Also, by using this method, initiating filtration mode 
introduces concentrated feed slurry, which will be diluted upon entry to the filter pack and thus 
allows for a smooth transition into filtration. 
VSEP Filtration Sequence of Events:  
 
 With the system in STANDBY MODE and with no active alarm conditions, the operator first 

selects FILTRATION MODE and sets the feed pressure, concentrate flow and start/stop 
batch feed tank level. Then presses the start button. 
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 Upon the start command signal, the Feed Pump ramps up slowly to the Feed Pressure Set 
point. Several other sequences are occurring simultaneously, so the ramp speed must be 
slow. The concentrate flow control valve will modulate and try to hold 20 GPM (dependant on 
filter pack design). Until the system gets optimized, permeate and concentrate are re-
circulated back to the feed tank.  

 
 As the Trans-Membrane Pressure, (Concentrate Pressure - Permeate Pressure) passes 35 

psi, the VSEP drive motor starts and ramps up quickly to “Pre-Vibration” speed, which is a 
drive frequency that will produce 1/8" amplitude on the filter pack. 

 
 After a timed interval, the drive motor ramps up slowly to “Vibration” speed that would equate 

to 1/2” amplitude. 
 
 After full vibration and a concentrate flow rate of about 20 GPM, all valves on the system 

orient to send permeate and concentrate to their destination tanks.  

 
 End of batch will be indicated once the tank level reaches end of batch level set point.  There 

will be a 5minute end of batch flush.  
 
5.1.6] Flush Overview: 
 
It is extremely important to flush the filter pack when ever the VSEP stops in order to remove 
waste water from the filter pack, as the foulants can form a cake layer at the membrane surface 
hence plugging the filter pack.  There are two modes of flushing as stated below: 
 
i) Manual CIP Flush Mode: 
General Description 
This operating mode is used to manually flush the Filter Pack. It is different than the Alarm Flush 
and Auto Flush, which are performed automatically. During a Manual CIP Flush cycle, hot water 
is sent via CIP pump to the Filter Pack with permeate and concentrate going to the reclaim drain 
sewer. 
 
Sequence of Events - Manual Hot Water Flush 

 The system operator sets the system for CIP FLUSH MODE and modifies any set points 
as needed. The machine must already be stopped. 

 
 The system operator selects Flush mode from the Status screen. 
 
 The automatic Hot Water In valve opens to feed hot water directly to the CIP pump ahead 

of the filter pack. 
 

 The valves orient for a Flush operation so that the system sends concentrate and 
permeate to the drain.  The concentrate flow control valve will be set using a PID loop for flow 
control and maintain a preset concentrate flow rate. (no less than 8 gpm,  20 gpm is 
preferable) 

 
 The Feed Pump ramps up slowly to the Feed Pressure Set point, ~50 psi, (345 kpa).  

 
 The concentrate flow control valve will modulate and try to hold the set point 

 
 As the Trans-Membrane Pressure, (Concentrate Pressure - Permeate Pressure) passes 
30 psi, (207 kpa), the VSEP drive motor starts and ramps up quickly to “Pre-Vibration” speed. 
After a timed interval, the drive motor ramps up slowly to “Vibration” speed, which would 
equate to 3/4” amplitude. 
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 This flushing operation will continue until timed interval has expired. Then, the vibration 
and feed pump will stop and the CIP skid valves will close 

 
Note: In order to repeat the entire procedure above or if the procedure needs to be interrupted or 
to repeat the cycle, the operator should change the operation mode from FLUSH MODE to 
another mode, (OFF-LINE would be best) and then back to FLUSH MODE.  
 
ii) Auto Flush Mode: 
 
General Description 
These operating modes flush the Filter Pack directly from CIP Skid, or through the Feed Pump 
Skid, depending on the type of flush.  This sequence will be initiated automatically when the 
VSEP is stopped by an Alarm Shutdown condition, a low or high tank level condition, or by timed 
interval set point.  
 
Alarm Shut Down Flush 
Alarms are the most important part of the VSEP PLC. They cause the whole system to stop 
completely. If the alarms are working properly, the filter pack will be protected against errors in 
other parts of the program, against most common sensor failures as well as most operator errors. 
Set point ranges for the alarms are configurable.  Some examples of common alarms include: 
 
VSEP Alarms 
(Triggered only in Filtration Mode, filter pack is flushed with water through CIP pump) 
High Feed Pressure. 
High Concentrate Pressure. 
High Permeate Pressure. 
Low Feed Pressure. 
Low Minimum Trans-Membrane Pressure 
High Differential Pressure 
Low Permeate Flow  
High Permeate Flow  
Low Concentrate Flow 
High Concentrate Flow 
Feed Pressure Without Vibration. 
Vibration Drive Fault 
High Vibration Drive Motor Load. 
High Permeate Conductivity 
 
System Shutdown Alarms 
(Triggered only in Filtration Mode, filter packs are flushed with water through feed pumps) 
Low Feed Temperature 
High Feed Temperature 
Feed Pump Failure 
Low Feed Tank Level 
High Permeate Tank Level 
High Bag Filter Differential Pressure 
 
Cleaning Cycle Alarms 
(Cycle stops and waits for operator, filter pack is not flushed as CIP skid is not available) 
Low CIP Temperature 
High CIP Temperature 
Low CIP pH  
High CIP pH 
High CIP Tank Level 
High Feed Conductivity 
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After an Alarm Shut Down, the VSEP is isolated by valve orientation and drive motors will stop. 
Then there is a system pause, which would allow the system operator enough time to cancel the 
automatic flush, which is about to occur. After a time out, the flush sequence commences.  
 
The valves orient so that the unit is flushed from the CIP and the concentrate and permeate are 
sent to the drain; (system alarms will shutdown all filter packs and flush through the VSEP Feed 
Pump Skid, during this type of flush the permeate and concentrate will be sent to final destination 
tank). This condition continues for a pre-set timed interval or until the operator presses the STOP 
button. 
 
The system will remain in Shut Down Mode and cannot be restarted until the operator clears the 
Alarm and the condition which caused it. 
 
Note: If CIP skid is in cleaning, a VSEP can not be flushed until the CIP system is free.   
 
Timed Auto Flush 
Based on timers it is possible to flush all VSEPs through the feed pump skid.  This has been 
known to lengthen time between cleanings.  Also after system has been flushed it will go back 
online for filtration.   
 
Auto End of Batch Flush 
The VSEP’s will be flushed automatically with hot water once a filtration batch has been 
completed.  

 
5.1.7] Cleaning (CIP) Mode: 

i) Auto Cleaning (CIP) Mode: 
General Description: 
This operating mode is used to clean the Filter Pack by using a FLUSH – WASH (acidic) - CIP 
RINSE- FLUSH – WASH (caustic) - CIP RINSE - FLUSH cycle. During a FLUSH cycle, hot water 
is pumped through the Filter Pack with permeate and concentrate going to the drain for a set 
timed interval. During a WASH cycle, the contents of the CIP tank, which would include chemical 
cleaners, are recirculated back to the CIP tank for a timed interval. After completion the contents 
are drained. During a CIP RINSE the contents from the CIP Tank are drained and the tank is 
rinsed with water and prepared for second wash cycle.  
 
Timed Cleaning: 

At a configurable preset timed interval of operation in filtration mode, a single VSEP will 
be pulled off line automatically and will initiate a cleaning cycle via CIP skid. 
Simultaneously the other VSEP’s will continue operating in filtration mode. This can 
happen after a certain number of hours of operation have elapsed. 
 

 
Sequence of Events: 
 

 The automatic Hot Water In valve opens to fill the CIP tank if it is not already full.  
 

 At the same time, the NLR 404 chemical tote metering pump begins to dispense the 
appropriate amount of chemical cleaner into the CIP tank.  This would be done by 
configuring a time set point that would allow the proper amount of cleaner to be 
transferred from the tote to the tank. (setpoints optimized by field service engineer 
during installation)  

 
 Once the VSEP is taken off line, the valves orient for a hot water FLUSH operation. 

The Hot Water is sent to the VSEP unit to be cleaned directly from the Hot Water In 
valve on the feed pump inlet. Permeate and the concentrate are sent to the drain.  
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The concentrate flow control valve will be set using a PID loop for flow control and 
maintain a preset concentrate flow rate. (20 gpm is preferable). 

 
 After a timed interval of flushing, the system orients to initiate a WASH (acidic) cycle 

from the CIP tank. Once the system is ready, valves orient and the feed pump begins 
to ramp up. Constant Pressure Control will be used as an operating method with a 
set point of 50 psi and a sub routine for a PID Loop controlling the concentrate flow at 
20 gpm. If the permeate rate is high and the system is not capable of reaching 50 psi, 
the pump will ramp until the feed flow is 80 gpm or to full speed whichever comes 
first.  

 
 If safe transmembrane pressure is achieved (30 psi), the vibration will initiate to the 

"Pre-Vibration speed equal to 1/8" amplitude and then after a timed interval increase 
to 1/2" amplitude speed 

 
 At the beginning of the cleaning cycle, valves orient so the concentrate will be sent to 

the drain until the CIP tank level reaches 75% to avoid reintroducing most foulants 
into the cleaning solution. When the tank level is reached the concentrate valves 
switch so that they are recirculated back to the CIP tank. 

 
 This operation then continues for a configurable timed period, (45 minutes). Then 

after this timed interval, the concentrate valve again switches back to a drain 
destination.  This then reduces the CIP tank volume and this step continues until the 
tank is drawn down when the feed pump and vibration will stop 

 
 Once the Wash cycle is complete and the feed pump and vibration have stopped, the 

CIP Feed valve to the VSEP will close and the Hot Water In valve to the CIP tank 
opens for a short CIP RINSE. The CIP tank drain valve opens automatically after a 
configurable timed setpoint and will purge out any chemical cleaner contents or 
foulants from the CIP Tank.  The configurable set point may vary depending on how 
foamy the cleaners are. 

 
 Then the same procedure repeats for the second FLUSH – WASH (caustic) – CIP 

RINSE – FLUSH cycles.  
 

 After final flushing, the CIP valves close, and the valves to the process feed pump 
open. The VSEP will resume back to filtration mode. 

 
Note: In order to repeat the entire procedure above or if the procedure needs to be 
interrupted and starting over is desired, the operator should reset the system by changing the 
operation mode from CLEANING MODE to another mode, (OFF-LINE would be best) and 
then back to CLEANING MODE. 
 
Note: Vibration is desirable during rinsing or cleaning as it will prevent re-fouling by foulants 
dislodged from the cleaning.  Cleaning and rinsing are generally more effective with vibration; 
however, vibration is not mandatory.   
 
Operating Set points for Auto CIP Mode: 
- TANK LEVEL FOR WASH: The % level at which the CIP filling operation is done 
- TANK LEVEL FOR RECIRC: The CIP tank is level at which permeate and concentrate are 

sent back to the tank 
- WASH LENGTH: The time period for the wash cycle is set here 
- FLUSH LENGTH: Can be used to set timed interval of rinsing, or let the tank draw down 
- FEED PRESSURE: Operating pressure for wash and flush cycles.  
- CONCENTRATE FLOW RATE: Concentrate flow rate for during the cleaning cycle to 

provide adequate cross flow and efficient cleaning.  



VSEP + Spiral Control Strategy – SDL Santo Domingo Landfill  

 

NEW LOGIC RESEARCH - 1295 67TH STREET, EMERYVILLE, CA 94608 USA                 

11/21/13              

9 

ii) Manual Cleaning (CIP) Mode:  
General Description 

 Manual Cleaning Mode follows the same principle as Auto Cleaning Mode, as stated 
above. After stopping the system due to low permeate fluxes or high permeate 
conductivity, the system operator sets the system for manual CLEANING MODE and 
modifies any setpoints as needed. Then the operator presses the start button to initiate. 
The sequence of events are the same as above. However at the end of the cleaning 
cycle the system will stop and go to Standby Mode.  

 
Note: It is assumed that daily hot water flushing will work well in some cases.  However it is 
estimated that three to four times per week, of NLR404 and NLR 505 chemical cleaning would be 
needed. Also is it estimated that once per month a NLR404 and NLR505 back to back cleaning 
would be prudent. All of this will be determined during operation and start up of the system.  
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RO Spiral Control Strategy 
 
Customer: HSP Panama Landfill 

Membrane: ESPA and LFC3-LD 

Feed Material: Landfill Leachate 

Suggested Preservatives: Water, and NLR 103 
 
 
1] Filtration Overview: 
The Spiral RO will be run in “single pass” mode. To maintain the ~80% recovery the exit 
concentrate flow control valve will be throttled. The inter stage tanks before (feed tank) and ahead 
(permeate/concentrate destination tanks) of the Spiral RO will be monitored. If these tanks get 
down to a configurable low/high level set point, it will automatically stop the RO skid pumps and a 
manual flush will have to take place.  
 
Flushes and cleaning cycles are available for Spiral RO skid, but they need to be made manually. 
 
2] Controls Parameters: 
Included in your system are three main control parameters consisting of Permeate Flow rate, % 
Recovery, and Cross Flow Control. These control parameters consist of configurable set points. 

 
i) Permeate Flow Control - The RO Spiral system will be run at constant filtrate flow, which 

will mean that the pressure through the RO Spiral units will vary depending on the 
degree of fouling with time.  Flow rates at each unit would gradually decrease as the 
membrane fouls, and the VFDs on the feed pumps will speed up or down so that the 
end result would meet the design configurable permeate flow set point.  

 
Because of variations in the VSEP Permeate tank level (spiral feed tank) are likely to 
occur, tweaking of the constant Permeate Flow set point will be done automatically 
based on feed tank level in order to maintain a continuous operation and avoid 
frequent starting and stopping of the system which would safeguard against possible 
damage to the pumps.  Unless the tank is below Low Level, RO Spiral system will 
initiate the Filtrate Flow Control and try to pace itself with tank level. Many variables 
will affect the performance of each spiral unit. The actual GFD is only an estimate, 
different membranes may foul at different rates, actual achieved % Recovery across 
unit may vary slightly, and many other factors will produce actual flow rates which 
vary both up and down from the original estimates.  The estimated calculations are 
considered nominal flow rates. For this reason, the RO Spiral system will need to be 
tuned or adjusted to create a balance, which is optimum. Also see Note-1 and 2 
below.  

 
ii) Volumetric % Recovery – In order to accomplish the ending % recovery of permeate, a 

material balance between feed, permeate, and concentrate must be maintained at a 
fixed ratio. Flow rates at each RO Spiral would gradually decrease as the membrane 
fouls. Permeate flow as a percentage of feed flow will be calculated and the 
concentrate from the spiral system will be throttled by means of a flow control valve 
so that the end result would meet the design set point for % Recovery. The % 
Recovery target value is a configurable set point.  The current design basis calls for a 
%Recovery of about 85% recovered as permeate and the remaining reject volume 
will be about 6gpm.   

 
iii) Cross Flow Control: The Spiral RO system needs to have a constant cross flow to ensure 

minimum fouling.  Cross flow will help keep the feed material homogenous and 
flowing, prevent plugging, fouling and thus reduce cleaning frequency.  
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3] Filtration Mode:  
 
i) Concentrate Valve Control: Included in the program are two main control methods for the 

Concentrate Valve.   
 

1. Valve Always Open - The valve is opened to a set position during start up of 
the system. Concentrate flow may vary. 

2. Concentration Ratio - The valve throttles flow to maintain a constant 
concentration ratio in accordance with % recovery.  

 
The concentrate flow control valve will follow a Flow Control PID loop with a 
subroutine for holding a flow set point during start up. The control variable for the PID 
loop is the flow measurement from the concentrate flow meter. The process variable 
is the concentrate valve position (0-100% Open). Once the feed pumps have ramped 
up and the desired permeate flow has been stabilized, the % recovery function takes 
over which will calculate the concentration ratio.  The PLC program will scan the 
Feed Flow, (which in this case is equal to the Permeate flow plus the Concentrate 
flow), and adjust the concentrate control valve to hold set amount of flow.  The PID 
function begins to throttle the valve to achieve the % Recovery set point. 

 
ii) Feed Pump Control: The spiral feed pumps will be controlled via a means of a VFD 

control and will try to reach a configurable Start up Feed Pressure. Once this 
pressure has been achieved the pumps will be ramped accordingly in order to 
achieve a set Permeate Flow Rate. The flow rate will vary during the operation 
especially as the material becomes more viscous during concentration. The control 
system will monitor the permeate flow rate as a single input and the feed pumps will 
hunt to hold the specific configurable flow rate set point.  

 
iii) Start/Stop Control: starting from the Local Control Panel, if the system is ready, the 

operator may start the system by using the START button at the local control panel.  
For the system to be ready, the following conditions must be met. 
            
 System Manual Valves must be correctly orientated for Filtration. 
 The system must be set for Filtration Mode. 
 The latching STOP button must be released or pulled out. 
 The system must not be stopped by an alarm. 
 The Feed Tank must be more than 20% full (configurable set point). 

 
Once the number of passes have been optimized the conductivity meter located on 
the permeate line can be used in correlation to determine the final permeate quality.    

 
4] Filtration Start-up:  
 
Sequence of Events 

1. Upon the start command signal, the system checks the feed tank level and 
verifies appropriate level to start pumps. 

2. Upon the start command signal, the Feed Pump(s) ramp up slowly to the 
configurable Feed Pressure Set point.  

3. VFD’s will adjust the pump speed to try to hold a specific permeate flow set point.  
4. The % Recovery Mode will take over (throttling the exit concentrate valve), once 

the concentrate recycle flow rate has been achieved and the permeate flow has 
been stabilized along with operating pressure. The system will run until the PLC 
receives a stop command. 
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5] Flush Overview: 
Two modes of flushes are available as described below: 
 
iii) Auto Flush Mode: 
 
General Description 
This operating mode flushes the spiral membrane modules directly from the hot water inlet to the 
feed pump.  During this sequence the flush water is pumped directly into the spiral system where 
the inlet valves to the feed pump switch over from feed to hot water. Permeate and concentrate 
valves orient to go to appropriate destinations.  
 
This type of flush would occur if the destination tanks are full, the feed tank is below 5% or during 
an alarm shutdown condition 
 
Sequence of Events – Auto Alarm Flush Mode 

1. After an Alarm Shut Down, the drive motor and feed pump will stop. Then there is a 
system pause, which would allow the system operator enough time to cancel the 
automatic flush, which is about to occur. After a time out, the flush sequence 
commences.  

 
2. The valves orient so that permeate and concentrate are sent to appropriate destinations.  

 
3. Hot water in valve opens to the feed pump. The pressure adjusts to 50 psi and the 

concentrate flow is trimmed to a configurable set point. 
 

4. After the Flush, the pumps will stop, valves will close and the system will standby and 
cannot be restarted until the operator clears the Alarm and the condition which caused it. 
The operator will have the option to perform a manual cleaning or to restart the batch of 
product. 

 
 

iv) Manual Flush Mode: 
General Description 
Follows the same principle as Auto Flush Mode. However this operating mode is used to 
manually flush the spiral membrane modules.  
 
Sequence of Events - Manual Hot Water Flush 

1. The system operator sets the system for FLUSH MODE and modifies any set points 
as needed. The machine must already be stopped. 

 
2. The system operator presses the START button. The valves orient and the automatic 

Hot Water In valve opens to feed Hot Water directly to the feed pump. 
 

3. After the configurable flush time length the pumps will stop and the system will 
standby.   

 
Operating Set points used in Auto & Manual Flush Mode 
 
- TIME FOR FLUSH: Set the desired number of minutes for an appropriate flush cycle 
- PRESSURE FOR FLUSHING: Select a number which corresponds to the desired feed pressure 

for Flushing (50 psi) 
- FLOW RATE FOR FLUSHING: Select a number which will correspond to the Concentrate flow 

rate during Flushing.  
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6] Cleaning (CIP) Mode: 
 
i) Auto Cleaning (CIP) Mode: 
General Description 
This operating mode is used to clean the Filter Pack by using a FLUSH 1 – WASH (acidic) –CIP 
RINSE – FLUSH 2 - WASH (caustic) – FLUSH 3 cycle. During a flush cycle, hot water is pumped 
through the RO membranes with the concentrate going to the drain or chemical treatment sewer. 
During a wash cycle, the contents of the CIP tank, which would include chemical cleaners, are 
recirculated back to the CIP tank for a timed interval. After completion the contents are drained 
and CIP tank is rinsed and prepared for second wash (caustic). During the final flush cycle, hot 
water is pumped through the filter pack with permeate and concentrate going to drain for a set 
timed interval.  
 
For the Spiral RO skid cleanings are intended to be less frequent due to the fact that the feed is 
NF permeate.  
 
Sequence of Events 

 Wash cycle preparation:  
 The system should be stopped. The system operator sets the system for cleaning mode, 

modifies any set points as needed.   
 
 The Hot Water in valve opens to fill the CIP tank if it is not already full. Simultaneously, 

appropriate amount of chemical cleaner is added into the CIP tank from the chemical 
metering skid. 

 

 Flush 1: 
 The Hot Water is sent to the spiral membranes directly from the “hot water in” valve 

located on the CIP skid. Permeate and concentrate valves will oriented automatically 
such that they are sent to the drain.  The concentrate flow control valve will be set using a 
PID loop for flow control and maintain a preset configurable concentrate flow rate. If there 
is not enough water pressure, the flow control valve on the concentrate may be 100% 
open. 

 After a configurable flush time (typically 5mins) has elapsed, the system will stop 
automatically.  

 

 Wash Cycle (acid): 
 The system orients to initiate a wash cycle from the CIP tank after the flush cycle. 

Appropriate valves are orientated automatically and permeate and concentrate lines are 
sent to drain until the CIP tank level reaches 75%. This is to avoid reintroducing most 
foulants into the cleaning solution. When the tank level is reached, permeate and 
concentrate valves will be switched automatically so that they are recirculated back to the 
CIP tank. 

 
 Once the system is ready and started, the pump begins to ramp up. Constant Pressure 

Control will be used as an operating method with a set point of 50 psi and a sub routine 
for a PID Loop controlling a preset configurable concentrate flow. 

 
 This operation then continues for a configurable timed period, (typically 30-45 minutes). 

Then after this timed interval, the concentrate valve orients to drain, thus reducing the 
CIP tank volume. This step continues until the tank is drawn down.  

 

 CIP Rinse: 
 Once the Wash cycle is complete and the pump has stopped, and once the CIP tank is 

drained, the CIP Feed valve to the spiral will close and the Hot Water In valve to the CIP 
tank opens to purge chemicals and cleaners out of the CIP tank.  The CIP tank drain 
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valve opens automatically for a configurable timed set point. The configurable time set 
point may vary depending on how foamy the cleaners are. 

 

 Flush 2: 
 Follows the same principle as flush 1 cycle, however for a longer period of time (typically 

10mins). Since that this rinse is between the two wash cycles, it is important to make 
sure that if not all, most of the previous chemical cleaner has been purged out of the 
system. 

 

 Wash Cycle (caustic): 
 Follows the same principle as the acid wash cycle. However a caustic cleaner will be 

used in this wash instead of an acid cleaner. 

 

 Flush 3: 
 Follows the same principle as previous flushes. The configurable flush time is set to 

about 5mins.  
 
Note: Periodically it may be necessary to perform repeated cleanings, so the number of wash 
cycles is not limited and can be repeated as needed.   
 
i) Manual Cleaning (CIP) Mode: 
 
General Description 
Manual Cleaning Mode follows the same principle as Auto Cleaning Mode, as stated above. After 
stopping the system due to low permeate fluxes or high permeate conductivity, the system 
operator sets the system for manual CLEANING MODE and modifies any set points as needed. 
Then the operator presses the start button to initiate the operation. The sequence of events are 
the same as above. However at the end of the cleaning cycle the system will stop and go to 
Standby Mode.  
 
Operating Set points used in Cleaning Mode: 

- TANK LEVEL FOR WASH: The % level at which the CIP filling operation is done 
- TANK LEVEL FOR RECIRC: The CIP tank is level at which permeate and concentrate are 

sent back to the tank 
- WASH LENGTH: The time period for the wash cycle is set here 
- FLUSH LENGTH: Can be used to set timed interval of rinsing, or let the tank draw down 
- FEED PRESSURE: Operating pressure for wash and flush cycles.  
- CONCENTRATE FLOW RATE: Concentrate flow rate for during the cleaning cycle to 

provide adequate cross flow and efficient cleaning.  
 
 
Note: It is assumed that daily hot water flushing will work well in some cases.  However it is 
estimated that 2-3 times per month, of NLR404 and NLR 505 chemical cleaning would be 
needed. Also is it estimated that once every couple of months a NLR404 and NLR505 back to 
back cleaning would be prudent. All of this will be determined during operation.  
 
7] Alarm Conditions that trigger an Alarm: 
 
These alarms must cause the whole system to stop completely. Alarms are the most important 
part of the spiral PLC program. If the alarms are working properly, the membranes will be 
protected against errors in other parts of the program. They will also protect against most 
common sensor and/or meter failures as well as most operator errors. 
 

1. High Feed Pressure. 
2. High Concentrate Pressure. 
3. High Permeate Pressure. 
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4. Low Feed Pressure. 
5. High Differential Pressure 
6. Low Permeate Flow  
7. High Permeate Flow  
8. Low Concentrate Flow  
9. High Concentrate Flow  
10. Low pH (pH1). 
11. High pH (pH1) 
12. High Feed Temperature. 
13. High Permeate Conductivity 
14. High Permeate Tank Level.  
 



VSEP Process Line Destination Description 11/21/2013

SDL- Santo Domingo Landfill Project 

VSEP/SPIRAL PROCESS LINE DESTINATION

Operation Mode Feed Permeate Concentrate Feed Permeate Concentrate

Normal Fitration Mode                                              (Single 

Pass process)
T-110 T-200 T-120 T-200/210

On-Spec = T-300,           

Off-Spec = T-210
T-120

Optional Fitration Mode                                              (Batch 

process)
T-110 T-200

Batch = T-110,                                              

End of Batch = T-120
T-200/210

On-Spec = T-300,           

Off-Spec = T-210
T-120

System Alarm, Auto, Timed and End of Batch Flushes T-130 T-200 T-120 T-130 T-300 T-120

404 & 505 Cleaning                                                                                                

(both cleanings go to the same place)
T-190 T-190 T-190                                                                                         T-190                                                                                         T-190                                                                                         T-190                                                                                         

CIP tank drawdown                                                                                                 

(after chemical cleaning) 

T-190                             

(from T-130)
Drain/Sump Drain/Sump

T-190                             

(from T-130)
Drain/Sump Drain/Sump

Flush CIP Tank T-130 Drain/Sump Drain/Sump T-130 Drain/Sump Drain/Sump

Cleaning Flushes                                                                                                 

(3 flushes within the chemical cleaning cycle)
T-130 T-120 T-120 T-130 T-120 T-120

STAGE-1 , 1X 84" RO VSEP STAGE-2, S7200 Spiral

Confidential 1 SDL Project 
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Technical Summary 
 

Filter Pack Cleaning Procedure 
 
Customer: Relleno Sanitario Santo Domingo de los Tsachilas  
Membrane: ESPA and LFC3-LD 
Feed Material: Landfill Leachate  
Suggested Preservatives: Water, and NLR 103 
  

When is Cleaning needed? 
The VSEP should be rinsed and then cleaned when or before the permeate rate reaches 50% of 
its initial stabilized flow rate value, after the flow rates are temperature and pressure corrected.  
It should also be cleaned before any prolonged period of inactivity.  The system should also be 
flushed with warm water after or during any alarm shutdowns, scheduled maintenance 
shutdowns, or emergencies.  Regular cleaning schedules will depend on the performance of each 
VSEP on an individual basis.  The frequency of cleaning is programmable and may vary from 
once per day to once per month depending on actual performance to be determined during 
startup.  The cleaning frequency will also vary between the two membranes, due to feed 
materials, operating conditions, and membrane life.  
 

Hot Water Flushing Procedure: (For Flushing Only without Cleaning) 
This step is completed in Flush Mode by flushing with hot water (50-60ºC) for 5 minutes sending 
the permeate and sending the concentrate to their destination tanks. Use a feed pressure of 
approximately 50 psi and amplitude of 1/2”.   
 

Optimum Cleaners: 
Typically the best chemical cleaning procedure for this application is the use of NLR 404 and NLR 
505 cleaners on an as needed basis. NLR 505 is a caustic cleaner containing mostly chelating 
agents and surfactants. Use of this cleaner will dissolve those foulants which are soluble in 
medium to high pH such as organics and silica. 404 is an acidic based cleaner and can be used 
to remove those things soluble in acid such as mineral scale.  Warm water and pH adjusting are 
critical to the success of the cleaning. 
 
Cleaning Procedure: 
The first step is to rinse the VSEP with warm to hot water (≤60ºC) single pass to the drain for 5 
minutes at low pressure directly from the hot water line to the feed pump. Please do not exceed 
80 gpm. After this flush, it is useful to get water flux data on the dirty filter pack.  This will help 
you to verify the effectiveness of the cleaning procedure upon completion.  Do this by measuring 
the permeate rate at the end of this rinse period, (single pass without re-circulation). The VSEP 
concentrate flow rate should be throttled to about 20gpm (dependent of filter pack design).    
 

For chemical cleaning, prepare a 2-3% solution of NLR 404 or NLR 505 in your CIP tank.  200 
gallons of cleaning solution is preferred.  After hot water rinse, start the cleaning liquid flow into 
the pack and divert the first 15% to the drain.  Then switch to recirculation so that the 
concentrate and permeate lines return to the CIP skid.  Recirculate in this same way for 30-60 
minutes. Then drain and rinse the CIP tank and rinse the pack again with hot water 50-60ºC for 
10 minutes at low pressure (50 psi).   
  

In order to properly verify if the membrane is clean, you should return to the feed material and 
compare your process flux numbers.  Then you would possibly be able to correlate a process flux 
with a clean flush flux.  Keep in mind that the most important parameter is whether you get 
your process flow rate back. Note that this process may need to be modified depending on 
fouling and from time to time you may need to use an alternative cleaner or repeated cleaning 
to better recover the membrane.  Some of this optimization will be completed during start-up 
but there will also be some completed later on as your membrane begins to age. 
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If there are any problems with your cleaning procedure then please contact New Logic 
Engineering as soon as possible for advice. 
 
 
Approximate Timing for Cleaning: 

Cleaner Description Volume Temperature Time 

 GPM Total Gallons (°C) (Mins) 

VSEP (typically once per day) 

1. Rinsing/flush with water prior to cleaning     
(feed directly into the VSEP).  

60 300 50-60 5 

2. NLR 404 clean (Fill up CIP tank and make an 
acidic cleaning solution. Drain first 15% of 
concentrate and recirculate the rest). Record 
pH and temperature of cleaning solution.   

60 200 50-60 30-45 

3. CIP Tank Rinse. 60 50 50-60 5 

4. Rinsing/flushing with water between caustic 
and acidic cleaning. (feed directly into the 
VSEP). 

60 600 50-60 10 

5. NLR 505 clean (Fill up CIP tank and make an 
acidic cleaning solution. Drain first 15% of 
concentrate and recirculate the rest). Record 
pH and temperature of cleaning solution.   

60 200 50-60 45-60 

6. CIP Tank Rinse. 60 50 50-60 5 

7. Final Flush (feed directly into the VSEP).  60 300 50-60 5 

Miscellaneous steps inc prep time and mixing time 20 

Totals  1700  125-155 

 

RO SPRIAL (typically once per week) 

1. Rinsing/flush with water prior to cleaning     
(feed directly into the VSEP).  

80 400 50-60 5 

2. NLR 404 clean (Fill up CIP tank and make an 
acidic cleaning solution. Drain first 15% of 
concentrate and recirculate the rest). Record 
pH and temperature of cleaning solution.   

80 200 50-60 60 

3. CIP Tank Rinse 60 50 50-60 5 

4. Rinsing/flushing with water between caustic 
and acidic cleaning. (Feed directly into the 
VSEP).  

80 800 50-60 10 

5. NLR 505 clean (Fill up CIP tank and make an 
acidic cleaning solution. Drain first 15% of 
concentrate and recirculate the rest). Record 
pH and temperature of cleaning solution.   

80 200 50-60 60 

6. CIP Tank Rinse. 60 50 50-60 5 

7. Final Flush (feed directly into the VSEP).  80 400 50-60 5 

Miscellaneous steps inc prep time and mixing time 20 

Totals 2100  170 

 



 
ESPA Membrane Specifications 
Membrane Performance* 
 Water Flux 35 GFD 
 Nominal Salt Rejection 95.4% 
 Molecular Weight Cut Off 40 Daltons 
 

Membrane Composition 
 Membrane Polymer Composite Polyamide 
 Membrane Surface Charge Neutrally Charged 
 Backing Material Non-woven Polyester 
 Supplier Hydranautics 
 

Process Condition Limits 
 Maximum Pressure 600 PSI* 
 Maximum Chlorine Concentration < 0.1 ppm 
 Maximum Operating Temperature 60ºC (140ºF) 
 Allowable pH Range 2.0 to 12.0 
 Feed Particle Size Limit 250 microns (60 mesh) 
 

VSEP Module Construction* 
 Module Size 84" Series I 
 Tray Spacing 5/Inch 
 Membrane Area ~1380 SF 
 FRP Housing Material 8084 Vinyl Ester Resin 
 Plastic End Plates Polypropylene 
 Membrane Support Trays 304 SS 18 ga 
 Diverter Support Trays 304 SS 24 ga 
 Elastomers EPDM 
 Drainage Cloth Polypropylene "Tricot" 
*Test Conditions: The stated performance is initial (data taken after 30 minutes of operation), based on the following conditions: 
1500 PPM NaCl solution, 300psi (2.07 MPa) Applied Pressure, 77 °F (25 °C) Operating Temperature, 6.5 - 7.0 pH.  The 
performance is based on a 0.5 sq. ft. flat sheet membrane and is an average value from multiple batch cell tests. 
  
*Maximum Pressure & VSEP Module Construction: Standard units can be upgraded up to 1200 PSI and constructed with 
compatible material for special applications and upon request. 
 
Notice: Permeate flow for individual elements may vary ± 30 percent. Elements are shipped with a preservative solution 
containing glycerin and anti-biological agents. New Logic believes the information and data contained herein to be accurate and 
useful. The information and data are offered in good faith, but without guarantee, as conditions and methods of use of our 
products are beyond our control. New Logic assumes no liability for results obtained or damages incurred through the application 
of the presented information and data. It is the user's responsibility to determine the appropriateness of New Logic's products for 
the user's specific end uses. 03/16/01 



  
 

 
 Membrane Element    LFC3-LD 
  (Low Fouling Technology) 
 

Performance: Permeate Flow: 11,000 gpd (41.6  m
3
/d)  

 Salt Rejection: 99.7 % (99.5 % minimum) 

                
 

 

Type Configuration: Low Fouling Spiral Wound 

 Membrane Polymer: Composite Polyamide 
  Neutrally charged 
 Membrane Active Area:  400 ft

2   
(37.1m

2
) 

 Feed Spacer:  34 mil (0.864 mm) with biostatic agent 
 

 

Application Data* Maximum Applied Pressure: 600 psig (4.16 MPa) 

 Maximum Chlorine Concentration: < 0.1 PPM 

 Maximum Operating Temperature: 113 F (45 C) 
 pH Range, Continuous (Cleaning): 2-10 (1-12)* 
 Maximum Feedwater Turbidity: 1.0 NTU 
 Maximum Feedwater SDI (15 mins): 5.0  
 Maximum Feed Flow:  75 GPM (17.0 m

3
/h) 

 Minimum Ratio of Concentrate to  
 Permeate Flow for any Element: 5:1 
 Maximum Pressure Drop for Each Element: 10 psi 

*  The limitations shown here are for general use.  For specific projects, operating at more conservative values may 

ensure the best performance and longest life of the membrane.   See Hydranautics Technical Bulletins for more detail 
on operation limits, cleaning pH, and cleaning temperatures. 

 
 

Test Conditions 
 

The stated performance is initial (data taken after 30 minutes of operation), based on the following conditions: 
 

 1500 PPM NaCl solution 
 225 psi (1.55 MPa) Applied Pressure 

 77 F (25 C) Operating Temperature 
 15% Permeate Recovery 
 6.5 - 7.0 pH Range 

PERMEATE

CONCENTRATE

A

C

FEEDB

 
 

A, inches (mm) B, inches (mm) C, inches (mm) Weight, lbs. (kg) 

 40.0    (1016)   7.89    (200)   1.125     (28.6)         36      (16.4) 
 
 
 
Notice: Permeate flow for individual elements may vary + or - 15 percent.  Membrane active area may vary +/-4%.  All membrane elements are supplied with a brine seal, 

interconnector, and o-rings. Elements are enclosed in a sealed polyethylene bag containing less than 1.0% sodium meta-bisulfite solution, and then packaged in a cardboard 
box.   
 
Hydranautics believes the information and data contained herein to be accurate and useful.  The information and data are offered in good faith, but without guarantee, as 
conditions and methods of use of our products are beyond our control.  Hydranautics assumes no liability for results obtained or damages incurred through the application of the 
presented information and data. It is the user's responsibility to determine the appropriateness of Hydranautics' products for the user's specific end uses.                        11/01/11  



























Filter Pack Storage Procedure – SDL Santo Domingo Landfill 

NEW LOGIC RESEARCH  - 1295 67TH STREET, EMERYVILLE, CA 94608 USA                 

7/16/13             1 

Confidential Material 

 

RE: Filter Pack Storage Procedure 
 
Customer: SDL Santo Domingo Landfill 
Membrane: ESPA 
Feed Material: Landfill Leachate 
Suggested Preservatives: NLR 103 
  
MEMBRANE STORAGE SOLUTIONS 
 
Sanitizing is only necessary for flushed or used membrane materials; new filter 
packs or membrane cut samples will not need any added solution as these are 
shipped from the Factory with Preservative. 
 
Sanitizing as shown below is necessary for non-use of more than two weeks.  
Biological growth, for short term idle (less than two weeks), can be avoided by 
periodically flushing with warm water. 
 
Preparing Filter Pack for Storage: 
 
Step 1   After operation on VSEP machine, flush membrane with clean warm water at low 
pressure and high crossflow for at least 15 minutes.  Clean the membrane as described in 
the cleaning procedure provided by New Logic. 
 
Step 2   Fill the CIP tank with NLR 103 to 20% level. 
 
Step 3   Run the machine for approximately 5 minutes and recirculate the solution as feed 
material and permeate the solution through the Filter Pack or Membrane.  Run the machine 
at low pressure and high crossflow. 
 
Step 4   Seal the Filter Pack Openings 
 
 
Repeat this procedure every 60 days if temperature is below 80ºF and every 30 days if 
temperature is above 80ºF.  For very long term storage, (4 months or more), the Filter Pack 
should be refrigerated or Consult New Logic for other procedures. 
 
Note:  Drain out the NLR 103 stored in the filter pack and rinse the filter pack with fresh 
water before starting in filtration mode. Flushing for 20 minutes with clean water is usually 
enough. Flush first at low pressure with high crossflow, then, at high pressure. This will be 
necessary for newly arriving Filter Packs from New Logic as they are shipped filled 
with water to preserve the membrane during shipment.  
 
 
 















SDL Instrument Spreadsheet.xls

 NLR Confidential 12/4/2013 SDL Project 

SDL Project - Instruments Totals

Quantity Size Brand Name Device Type Wetted Materials Span Limits Model #

3 1/2" IFM Efector Temperature Transmitter 316 SS Thermowell -40º-125ºC TN 2531

3 1/2" IFM Efector Thermowell 316 SS M18x1.5 to 1/2" UT 0028

4 1/4" IFM Efector  DP Pressure Transmitter 316 SS, CoNiCr 0-145 psi PN 2224

2 1" IFM Efector Mag Flow Meter 316L, PEEK, FKM 0.1-30 GPM SM 0504

3 2" IFM Efector Mag Flow Meter 316L, PEEK, FKM 1.3-158.5 GPM SM 2004

7 1/4" IFM Efector Pressure Transmitter 316 SS, CoNiCr 0-1450 psi PN 2222

1 3/4" GF Signet Conductivity Meter Polypro, Titanium, Viton 200-200000 uS 3-2850-52-42

3 3/4" GF Signet Conductivity Meter Polypro, Titanium, Viton 10-10000 uS 3-2850-52-41

1 1/4" IFM Efector Level Pressure Transmitter 316 SS, CoNiCr -5-100 inH20 PN 2228

1 3/4" GF Signet pH Electrode Polypro, Titanium, Viton ~ 3-2726-00

1 ~ GF Signet pH Transmitter ~ 0.0 to 14.0 3-9900-1

1 ~ GF Signet pH Display ~ ~ 3-2750-1

3 3/4" Grundfos Dry Run Temperature Sensor 316 SS, Viton 0-135°C 96556427

3 ~ Grundfos Dry Run Temperature Switch None 130°C 96556429

3 3/8" SMC Low Pressure Switch None 4 barg IS10E-30N03-6PRZ

39 Instruments Totals



Instrumentation

 NLR Confidential SDL Project 

SDL Project - Instruments List

Stage-1 VSEP RO Skid

Tag # Location Size Brand Name Device Type Wetted Materials Span Limits Model #

TIT-100 Feed Line 1/2" IFM Efector Temperature Transmitter 316 SS Thermowell -40º-125ºC TN 2531

TE-100 Feed Line 1/2" IFM Efector Thermowell 316 SS M18x1.5 to 1/2" UT 0028

AE/AT-100 Feed Line 3/4" GF Signet Conductivity  Meter Polypro, Titanium, Viton 200-200000 uS 3-2850-52-42

PDT-100 Bag Filter Inlet 1/4" IFM Efector  DP Pressure Transmitter 316 SS, CoNiCr 0-145 psi PN 2224

PDT-101 Bag Filter Outlet 1/4" IFM Efector  DP Pressure Transmitter 316 SS, CoNiCr 0-145 psi PN 2224

FIT-111 VSEP#1 Permeate Return Line 2" IFM Efector Mag Flow Meter 316L, PEEK, FKM 1.3-158.5 GPM SM 2004

FIT-112 VSEP#1 Concentrate Return Line 1" IFM Efector Mag Flow Meter 316L, PEEK, FKM 0.1-30 GPM SM 0504

PIT-100 Feed Header 1/4" IFM Efector Pressure Transmitter 316 SS, CoNiCr 0-1450 psi PN 2222

PIT-110 VSEP#1 Feed Line 1/4" IFM Efector Pressure Transmitter 316 SS, CoNiCr 0-1450 psi PN 2222

PIT-111 VSEP#1 Permeate Line 1/4" IFM Efector Pressure Transmitter 316 SS, CoNiCr 0-1450 psi PN 2222

PIT-112 VSEP#1 Concentrate Line 1/4" IFM Efector Pressure Transmitter 316 SS, CoNiCr 0-1450 psi PN 2222

AE/AT-101 Permeate Return Line 3/4" GF Signet Conductivity  Meter Polypro, Titanium, Viton 10-10000 uS 3-2850-52-41

TSH-101 Booster Pump 3/4" Grundfos Dry Run Temperature Sensor 316 SS, Viton 0-135°C 96556427

TSH-101 Instrument Display ~ Grundfos Dry Run Temperature Switch None 130°C 96556429

PSL-100 Air Regulator 3/8" SMC Low Pressure Switch None 4 barg IS10E-30N03-6PRZ

CIP Skid

Tag # Location Size Brand Name Device Type Wetted Materials Span Limits Model #

AE-190 CIP/Feed Line 3/4" GF Signet pH Electrode Polypro, Titanium, Viton ~ 3-2726-00

AIT-190 CIP/Feed Line ~ GF Signet pH Transmitter ~ 0.0 to 14.0 3-9900-1

AIT-190 CIP/Feed Line ~ GF Signet pH Display ~ ~ 3-2750-1

TIT-190 VSEP CIP Feed Line 1/2" IFM Efector Temperature Transmitter 316 SS Thermowell -40º-125ºC TN 2351

TE-190 VSEP CIP Feed Line 1/2" IFM Efector Thermowell 316 SS M18x1.5 to 1/2" UT 0028

LIT-190 VSEP CIP Tank, T-190 1/4" IFM Efector Level Pressure Transmitter 316 SS, CoNiCr -5-100 inH20 PN 2228

TSH-190 Booster Pump 3/4" Grundfos Dry Run Temperature Sensor 316 SS, Viton 0-135°C 96556427

TSH-190 Instrument Display ~ Grundfos Dry Run Temperature Switch None 130°C 96556429

PSL-190 Air Regulator 3/8" SMC Low Pressure Switch None 4 barg IS10E-30N03-6PRZ

Stage-2 Spiral Skid

Tag # Location Size Brand Name Device Type Wetted Materials Span Limits Model #

TE/TIT-200 Spiral Feed Line 1/2" Effector Temperature Transmitter 316 SS Thermowell -40º-125ºC TN 2531

TE/TIT-300 Spiral Feed Line 1/2" Effector Metric Adapter 316 SS M18x1.5 to 1/2" E 40107

AE/AT-200 Spiral Feed Line 3/4" Signet Conductivity  Meter Polypro, Titanium, Viton 10-10000 uS 3-2850-52-41

PDT-200 Bag Filter Inlet 1/4" Effector  DP Pressure Transmitter 316 SS, CoNiCr 0-150 psi PN 2224

PDT-201 Bag Filter Outlet 1/4" Effector  DP Pressure Transmitter 316 SS, CoNiCr 0-150 psi PN 2224

PIT-200 Feed Header 1/4" Effector Pressure Transmitter 316 SS, CoNiCr 0-1450 psi PN 2222

PIT-201 Permeate Line 1/4" Effector Pressure Transmitter 316 SS, CoNiCr 0-1450 psi PN 2222

PIT-202 Concentrate Line 1/4" Effector Pressure Transmitter 316 SS, CoNiCr 0-1450 psi PN 2222

FIT-200 Concentrate Return Line 1" IFM Efector Mag Flow Meter 316L, PEEK, FKM 0.1-30 GPM SM 0504

FIT-201 Permeate Return Line 2" IFM Efector Mag Flow Meter 316L, PEEK, FKM 1.3-158.5 GPM SM 2004

FI-200 1st Stage Permeate Line 2" IFM Efector Mag Flow Meter 316L, PEEK, FKM 1.3-158.5 GPM SM 2004

AE/AT-201 Permeate Return Line 3/4" Signet Conductivity  Meter Polypro, Titanium, Viton 10-10000 uS 3-2850-52-41

PI-200 Stage-1 Permeate outlet 1/4" Wika Pressure Indicator 316SS 0-600psi 9768530-834

FI-200 Stage-1 Permeate outlet 1.5" GPI Flow Indicator 316 SS, Tungsten Carbide, PVDF 20-200GPM G2S15N09GMB

PSL-200 Air Regulator 3/8" SMC Low Pressure Switch None 4 barg IS10E-30N03-6PRZ

TSH-201 Booster Pump 3/4" Grundfos Dry Run Temperature Sensor 316 SS, Viton 0-135°C 96556427

TSH-201 Instrument Display ~ Grundfos Dry Run Temperature Switch None 130°C 96556429

Process Tank Instruments (provided by others)

Tag # Location Size Brand Name Device Type Wetted Materials Span Limits Model #

TSH-110 Transfer Pump P-110 1/4" Unknown Low Pressure Switch Unknown Unknown Unknown

LIT-110 T-110, VSEP Batch Feed Tank 1/4" Unknown Level Pressure Transmitter 316 SS, CoNiCr -5-300 inH20 PN 2228

LIT-120 T-120, VSEP Reject Tank 1/4" Unknown Level Pressure Transmitter 316 SS, CoNiCr -5-300 inH20 PN 2228

LIT-200 T-200, VSEP Permeate Tank 1/4" Unknown Level Pressure Transmitter 316 SS, CoNiCr -5-300 inH20 PN 2228

LIT-210 T-210, VSEP Permeate Tank 1/4" Unknown Level Pressure Transmitter 316 SS, CoNiCr -5-300 inH20 PN 2228

LIT-300 T-300 Spiral RO Permeate Tank 1/4" Unknown Level Pressure Transmitter 317 SS, CoNiCr -5-300 inH21 PN 2228

LIT-130 T-130, Hot Water Tank 1/4" Unknown Level Pressure Transmitter 316 SS, CoNiCr -5-300 inH20 PN 2228



IFM Efector Flow Sensor Code Number Matrix

2"  Flow SM2004

1"  Flow SM0504

Code Sensor Range

PN 2228 0-30 gpm (0-6.8 m3/hr)

PN 2226 0-160 gpm (0-36 m3/hr)

Code Connection

- Sensor with 24VDC power with 4-20mA output signal

Code Cable

E18112 Washdown 4 pin M12 micro DC assemblies 5m

IFM Efector Pressure Sensor Code Number Matrix

Level PN 2228, E 18112

Pressure PN 2222, E 18112

DP PN 2226, E 18112

Code 1/4" NPT Sensor Range

PN 2228 0-100 in H20

PN 2227 3-14 psi

PN 2226 7-36 psi

PN 2224 25-145 psi

PN 2223 76-362 psi

PN 2222 364-1450 psi

PN 2221 905-3625 psi

PN 2220 1450-5800 psi

Code G1/4 BSPP Sensor Range

PN 2028 0-100 in H20

PN 2027 3-14 psi

PN 2026 7-36 psi

PN 2024 25-145 psi

PN 2023 76-362 psi

PN 2022 364-1450 psi

PN 2021 905-3625 psi

PN 2020 1450-5800 psi

Code Connection

- Sensor with 24VDC power with 4-20mA output signal

Code Cable

E18112 Washdown 4 pin M12 micro DC assemblies 5m

E18113 Washdown 4 pin M12 micro DC assemblies 10m

E18111 Washdown 4 pin M12 micro DC assemblies 25m

IFM Efector Temperature Sensor Code Number Matrix

Temperature TN 2530, E 40107, E 18112

Code Sensors

TN 2530 24VDC power with 4-20 mA, -40 to 125 degC

TN 7530 Dual PNP, -40 to 125 degC



Code Thermowell

UT 0028 M18x1.5 to 1/2" NPT male

Code Cable

E18112 Washdown 4 pin M12 micro DC assemblies 5m

E18113 Washdown 4 pin M12 micro DC assemblies 10m

E18111 Washdown 4 pin M12 micro DC assemblies 25m



GF Signet pH Meter Code Number Matrix

Electrode 3-2774-1

Transmitter 3-2750-2

Preamp 3-2750-3

Bracket 3-2750-4

Code pH Electrode

3-2726 Flat pH surface electrode

Code Temperature Elements

- 3k Ohm RTD

00 PT1000 RTD

Code Transmitter

3-9900 Sensor with preamplified Digital S3L or 4-20mA output signal

Code Electronics

1 In-line (yellow body)

Code Preamp

3-2750-1 In-line w/ Junction Box

Code Bracket

3-9900.396 Angled

GF Signet Conductivity Meter Code Number Matrix

Meter 3-2850-52-41

Meter 3-2850-52-42

Code Integral Mount System

3-2850 Conductivity Sensor Electronics

Code Electronics Versions and Output Signal

51 Digital S3L output signal with EasyCal

52 4-20mA output signal with EasyCal

Code Electrode

39 2839 Electrode, 0.01 cell

40 2840 Electrode, 0.1 cell

41 2841 Electrode, 1.0 cell

42 2842 Electrode, 10.0 cell

Code Process Connection

D ISO 7/1R 3/4 

- 3/4" NPT
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Signet 2850 Conductivity/Resistivity Sensor 
Electronics and Integral Systems

Description
The Signet 2850 Conductivity/Resistivity Sensor 
Electronics are available in various configurations 
for maximum installation flexibility.  The universal 
mount version is for pipe, wall, or tank mounting 
and enables single or dual (digital versions only) 
inputs using any standard Signet conductivity / 
resistivity sensor.  The threaded j-box version 
can be used with these same Signet sensors for 
submersible sensor mounting.  It is also avail-
able as a combined integral system configuration 
for in-line mounting and includes a conductivity 
electrode in a choice of 0.01, 0.1, 1.0, or 10.0  cm-1 
cell constants.  The 2850 is ideal for applications 
with a conductivity range of 0.055 to 200,000 μS or 
a resistivity range of 18.2 MΩ to 10 kΩ.  

All 2850 units are available with a choice of two 
outputs: digital (S3L) or 4 to 20 mA. The digital 

Features
• Integral mount sys-

tems for quick and 
easy installation

• Compact design for 
maximum installa-
tion flexibility

• Digital (S3L) interface 
or two-wire 4 to 20 
mA output

• EasyCal with auto-
matic test solution 
recognition

• Dual channel unit 
available for low 
cost installation with 
Signet 8900 Multi-Pa-
rameter Controller

• For use with ALL 
Signet conductivity 
electrodes

 
Applications
• Water Treatment & 

Water Quality
 Monitoring
• Reverse Osmosis
• Deionization
• Demineralizer, 
 Regeneration & Rinse
• Scrubber, Cooling 

tower and Boiler 
Protection

• Aquatic Animal Life 
Support Systems

(S3L) output version allows for up to six 
sensor inputs directly into the Signet 8900 
Multi- Parameter Controller. The two-wire 
4 to 20 mA output is available with eight 4 
to 20 mA output ranges for each electrode 
cell constant. Additionally, each range can 
be inverted and are field selectable by the 
user.  

All 2850 units are built with NEMA 4X/IP 65 
enclosures which allow wiring connections 
with long cable runs of up to 1,000 feet 
(305 m).  EasyCal is a standard feature that 
automatically recognizes conductivity test 
solution values for simple field calibration.  
A calibration tool is available for validation 
of the sensor electronics according to USP 
requirements.

System Overview

2850 Integral Conductivity System 
for in-line installationsThreaded J-Box

Universal Mount

Signet 8900 
Instrument
(sold separately)

Panel Mount
Programable Logic
Controller

4 to 20 mA Input

In-Line Sensor Installation

PLC

Signet 8900 
Instrument
(sold separately)

Panel Mount 4 to 20 mA Input

PLC

Signet 8900 
Instrument
(sold separately)

Panel Mount
Programable Logic
Controller

4 to 20 mA Input

PLC

Signet 2850 
Universal Mount

Signet 2850 
Universal Mount
or Threaded J-Box

Submersible Installation

Signet 2819-2823 or
2839-2842
Conductivity
Electrode
(sold separately)

Fittings (3/4 in. NPT or ISO) - Customer supplied

Programable Logic
Controller

Signet 2850 
Conductivity System
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Dimensions

2850-5X-XX Integral Mount Systems

95mm
(3.7 in.)

85 mm
(3.34 in.)

A1, A2, A3 or A4

A1 (3-2839) = 73mm (2.88 in.)
A2 (3-2840) = 35mm (1.38 in.)
A3 (3-2841) = 41.3mm (1.63 in.)
A4 (3-2842) = 41.3mm (1.63 in.)

26 mm
(1.02 in.)

82 mm
(3.24 in.)

95 mm (3.7 in.)

2850-6X Universal Mount Systems

85 mm
(3.34 in.)

95 mm (3.7 in.)

2850-5X threaded J-Box

Operating Range Chart

1 μS
1 MΩ

10 μS
100 KΩ

1,000 μS 10,000 μS
50,000 μS

50 μS

0.5 μS 200,000 μS

100 μS
10 KΩ

400,000 μS200 μS 100,000 μS0.055 μS
18.2 MΩ

Bottled
WaterUPW @ 25°C USP

Cooling Tower
Waste Waters

Deionization Regen. Chemicals
Alkali Cleaners, Acids/Bases

3-2819

3-2839

3-2840
3-2820

3-2841
3-2821

(10.0 Cell) 3-2842
3-2822

(20.0 Cell) 3-2823

(0.10 Cell)

(1.0 Cell)

(0.01 Cell)

PPM TDS 5 50 500 5,000 25,000 50,000 100,000 200,000

The 2850 is capable of measuring conductivity and resistivity values over a wide range. 
Below is a chart of Signet Conductivity/Resistivity electrodes (listed in each range box) 
that are recommended for the specified measurement range.
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Specifications:
General
Compatible Electrodes: All Signet 
models with PT-1000 RTD
Materials:
• Threaded j-box for Integral mount:  

PBT
• Universal/Remote mount:
 PBT, CPVC
Temperature Compensation:
 PT-1000 RTD

Easy-Cal: Automatic recognition of the 
following conductivity values:
• 146.93 μS, 1408.8 μS, 12856 μS 

(@25°C) (Test solutions Per ASTM 
D1125-95)

• 10 μS, 100 μS, 200 μS, 500 μS, 
1000 μS, 5000 μS, 10,000 μS, 
50,000 μS, 100,000 μS (@25°C)

 (Standard test solutions)

Electrical
Power:

12 to 24 VDC for 4 to 20 mA output 
(typically called “Loop Powered”)
5 VDC +/-5% regulated (provided 
by the Signet 8900), 3.0 mA max 
for Digital (S3L) output (Reverse 
polarity and short circuit protected)

Digital (S3L) Output: Serial ASCII, TTL 
level 9600 bps

• Accuracy:  
 Conductivity: ±2% of reading
 Temperature: ±0.5°C
• Resolution: 
 Conductivity: 0.1% of reading
 Temperature: < 0.2°C
• Update Rate:
 Single channel models: < 600 ms
 Dual channel models: < 1200 ms

•

•

Electrical (continued):
Available data via Digital (S3L) Output:
• Raw conductivity
• Calibrated conductivity
• Calibrated temperature-

compensated conductivity
• Temperature 
Error Indication:  Open input and out of 
range diagnostics for temperature or 
internal electronic error.

Current Output:
• Field-selectable ranges
• Factory set Span:
 0.01 cell (2819, 2839):
            4 to 20 mA = 0 to 100 μS
 0.10 cell (2820, 2840):
           4 to 20 mA = 0 to 1000 μS
 1.0 cell   (2821, 2841):
           4 to 20 mA = 0 to 10,000 μS
 10.0 cell (2822, 2842):
            4 to 20 mA = 0 to 200,000 μS
 20.0 cell (2823):
           4 to 20 mA = 0 to 400,000 μS
• Max. Loop Resistance:
  50 Ω @ 12 VDC
  325 Ω @ 18 VDC  
  600 Ω @ 24 VDC
• Accuracy: ±2% of output span
• Resolution: 7 μA
• Update Rate:  <600 ms
• Error Indication: 22 mA
• Pure Water Compensation:
 When using 0.01-cm cell and raw 

conductivity value < 0.5 μS, the 
2850 auto-switches to compensate 
for non-linear temperature effects 
found in this low conductivity (high 
resistivity) range

Shipping weight:
• Threaded j-box:  
 0.75 kg (1.75 lb.)
• Universal mount: 
 0.75 kg (1.75 lb.)

Standards and Approvals
• NEMA 4X/IP65
• CE
• Immunity:  EN61326-1
• Emissions:  EN55011 

Class B
• Manufactured under ISO 

9001:2000 for Quality 
and ISO 14001:2004 
for Environmental 
Management

Field Selectable Ranges for 4 to20 mA Operation
The chart below indicates the field selectable ranges in which the 2850 sensor 
electronics can be set via internal switches. All ranges can be inverted if required. 
Signet Models listed below are compatible Conductivity/Resistivity electrodes.

0.01 Cell 0.10 Cell 1.0 cell 10.0 Cell 20.0 Cell

Signet Model 
2819 or 2839

Signet Model 
2820 or 2840

Signet Model 
2821 or 2841

Signet Model 
2822 or 2842

Signet Model 
2843

10 to 20 MΩ 0 to 2 μS 0 to 20 μS 0 to 200 μS 0 to 400 μS

2 to 10 MΩ 0 to 5 μS 0 to 50 μS 0 to 500 μS 0 to 1,000 μS

0 to 2 MΩ 0 to 10 μS 0 to 100 μS 0 to 1,000 μS 0 to 2,000 μS

0 to 1 MΩ 0 to 50 μS 0 to 500 μS 0 to 5,000 μS 0 to 10,000 μS

0 to 5 MΩ 0 to 100 μS 0 to 1000 μS 0 to 10,000 μS 0 to 20,000 μS

0 to 10 MΩ 0 to 200 μS 0 to 2000 μS 0 to 50,000 μS 0 to 100,000 μS

N/A 0 to 500 μS 0 to 5,000 μS 0 to 100,000 μS 0 to 200,000 μS

N/A 0 to 1,000 μS 0 to 10,000 μS 0 to 200,000 μS 0 to 400,000 μS

The 4 to 20 output ranges shown in this chart can be inverted using the internal switch
Resistivity Ranges are in BOLD

Integral System includes 
the 2850 sensor electronics 
and a choice of Conductiv-
ity/Resistivity electrode.

-6X Universal/Remote
Mount

-5X threaded J-Box



121www.gfsignet.com

C
hoosing 

P
roducts

Flow
C

onductivity/ 
R

esistivity
Tem

perature, 
P

ressure, Level

M
ulti-P

a-
ram

eter 
Instrum

ent
O

ther
P

roducts
W

iring &
 

Installation
Technical 
R

eference
G

lossary
 of Term

s
Index

pH
/O

R
P

Tem
perature/

P
ressure 
G

raphs
P

art N
o.

R
eference

Ordering Information

Integral Mount System (includes Sensor Electronics and electrodes) 
3-2850 Conductivity and Resistivity Sensor Electronics 

Output Type
-51 Digital (S3L) output with EasyCal
-52 4 to 20mA output with EasyCal

Sensor Option
-39 2839 Electrode, 0.01 cell
-40 2840 Electrode, 0.1 cell
-41 2841 Electrode, 1.0 cell
-42 2842 Electrode, 10.0 cell

Process threaded connection types
D ISO threads
- NPT threads

3-2850 -52 -39 Example Part Number

Sensor Part Number

3-2850 Conductivity Sensor Electronics with 4 to 20 mA or digital output

Mounting configurations

-5 3/4 inch threaded j-box for standpipe mounting, single input only

-6 Universal Mount Junction Box for remote mount, single or dual input

Output choices

1 one input/one Digital (S3L) output

2 one input/one 4 to 20 mA output

3 two inputs/two Digital (S3L) outputs (available for -6X versions only) 

3-2850 -5 2 Example Part Number

2850 Integral Systems

2850 Sensor Electronics

Use this ordering matrix when an integral 2850 system is desired (using 
2839-2842 series electrodes). Integral systems are shipped with a sensor 
and 2850 combined. Other 2850 systems are available with Signet 2819 to 
2823 electrodes upon request. See individual electrode product pages for 
more information.

Use this ordering matrix when remote sensor mounting is desired. The 
2850-5X and 2850-6X are compatible with ALL Signet conductivity elec-
trodes. See individual electrode product pages for more information.

3-2850-51 159 001 398
3-2850-51-39 159 001 339
3-2850-51-40 159 001 340
3-2850-51-41 159 001 341
3-2850-51-42 159 001 342
3-2850-51-39D 159 001 343
3-2850-51-40D 159 001 344

3-2850-51-41D 159 001 345
3-2850-51-42D 159 001 346
3-2850-52 159 001 399
3-2850-52-39 159 001 347
3-2850-52-40 159 001 348
3-2850-52-41 159 001 349
3-2850-52-42 159 001 350

Mfr. Part No. Code Mfr. Part No. Code

Accessories and Replacement Parts

3-2850.101-1 159 001 392 Plug-in NIST traceable recertification tool, 1.0 μS simulated
3-2850.101-2 159 001 393 Plug-in NIST traceable recertification tool, 2.5 μS simulated
3-2850.101-3 159 001 394 Plug-in NIST traceable recertification tool, 10.0 μS simulated
3-2850.101-4 159 001 395 Plug-in NIST traceable recertification tool, 18.2 MΩ simulated
3-2850.101-5 159 001 396 Plug-in NIST traceable recertification tool, 10.0MΩ simulated
3-2839-3 159 001 355  Electrode - 0.01 μS/cm, 6 in. cable, NPT
3-2839-3D 159 001 359  Electrode - 0.01 μS/cm, 6 in. cable, ISO
3-2840-3 159 001 356  Electrode - 0.1 μS/cm, 6 in. cable, NPT
3-2840-3D 159 001 360  Electrode - 0.1 μS/cm, 6 in. cable, ISO
3-2841-3 159 001 357  Electrode - 1.0 μS/cm, 6 in. cable, NPT
3-2841-3D 159 001 361  Electrode - 1.0 μS/cm, 6 in. cable, ISO
3-2842-3 159 001 358  Electrode - 10.0 μS/cm, 6 in. cable, NPT
3-2842-3D 159 001 362  Electrode - 10.0 μS/cm, 6 in. cable, ISO
5523-0322 159 000 761  Cable, 3-cond. plus shield, 22AWG

Mfr. Part No. Code Description

Mfr. Part No. Code
3-2850-52-39D 159 001 351
3-2850-52-40D 159 001 352
3-2850-52-41D 159 001 353
3-2850-52-42D 159 001 354
3-2850-61 159 001 400
3-2850-62 159 001 401
3-2850-63 159 001 402

Model 2850
Ordering Notes:
1) All 2850 units can be used 

with any Signet Conductiv-
ity/Resistivity electrode

2) Integral systems are only 
offered with Signet models 
2839-2842 electrodes. How-
ever, they may be integrally 
mounted with the 2819-
2842 series using a second 
threaded connection (sold 
separately) part numbers 
3-2820.390 or 3-2820.391.

3) Dual channel units are only 
available in the universal/
remote mount configura-
tion and with digital (S3L) 
output for use with the 8900 
instrument.

Application Tips:
• Maximum distance between 

sensor and 2850 electronics 
is 4.6m (15 ft.). 

• Longer cable runs may 
result in small temperature 
compensation offsets, but 
can be adjusted through 
calibration in the 8900.

Please refer to Wiring, 
Installation and Accessories 
for more information. 
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Benefits
The 9900 Transmitter offers “at-a-glance” visibility, easy set-up and the 
flexibility to combine it with different parameters.

As a new member of the Signet SmartPro™ family of instruments, the Signet 9900 Transmitter provides a single channel 

interface for many different parameters including Flow, pH/ORP, Conductivity/Resistivity, Salinity, Temperature, Pressure, 

Level and other sensors that output a 4 to 20 mA signal.

separate lines for units, main and 

secondary measurements as well as 

a “dial-type” digital bar graph.

 

Quick and easy installation

The intuitive menu system is 

consistent with ProcessPro® and 

ProPoint® transmitters. 

At-a-glance visibility

The highly illuminated display and 

extra large (3.90” x 3.90”) auto-

sensing backlit display can be 

viewed at 4-5 times the distance 

over traditional transmitters.  Large 

characters are easily visible even in 

dark conditions. The display shows 

With our PC COMM configuration tool 

you can easily set-up the parameters 

on your laptop. 

Flexibility

One instrument for multiple 

measurements.  Designed for 

complete flexibility, plug-in modules 

allow the unit to easily adapt to meet 

changing customer needs.  Optional 

modules include Relay, Direct 

Conductivity/Resistivity, H COMM and 

a PC COMM configuration tool.9900 Transmitter – Panel and Field Mount

Relay Module Direct Conductivity/Resistivity 
Module

H COMM Module 0251 Configuration Tool
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Features
Default values are available for quick and easy programming and can 
be customised if desired.

For at-a-glance visibility, the 9900 Transmitter features a large auto-sensing backlit display, “dial-type” bar graph and 

relay and warning LEDs.  The intuitive menu system is consistent with ProcessPro® and ProPoint® transmitters, assuring 

you of a  quicker and easier installation. The optional Relay, Direct Conductivity/Resistivity, H COMM and PC COMM 

plug-in modules offers ease of use.  The unit can be used with default values for quick and easy programming or can be 

customised with labelling, adjustable minimum and maximum dial settings, and unit and decimal measurement choices.  

The versatile device also allows third-party 4 to 20 mA signals to be used as an input (optional 8058 module required).

Menu Navigation Keys

Error Indicator

Open Collector (R1) 

Indicator LED

Mechanical Relay 

 LED Indicator  

Backlight 

Sensor
Mechanical Relay

Indicator LED

Bar Graph

Value

Units of Measure

Label

Available in Panel or 

Field Mounts
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Features
One unit can replace ProPoint® and single-channel ProcessPro® 
instruments, dramatically reducing part numbers.

The 9900 Transmitter can be integrated in a panel unit or mounted in the field.  Both configurations can run on 12 to 

32 VDC power (24 VDC nominal) and can control many types of sensors on loop power.  

Relay Module

– Adds two programmable 

 dry-contact relays  

– Available in panel mount only  

– Hysteresis and time delay  

 available for each relay

PC COMM Module

– Enables configuration and programming from a PC

– Settings from one 9900 Transmitter can be saved to a  

 PC and applied to future installations

– Compatible with Windows 7, Vista and XP

H COMM Module

– Allows communication between the 9900 Transmitter  

 and any HART® enabled device

– Allows access to Primary and Secondary 

 measurements remotely

– Allows user to remotely adjust the 4 and 20 mA settings

Conductivity/Resistivity Module
– Interfaces Conductivity/Resistivity and 
 Salinity Electrodes directly to the 9900 Transmitter
– Conductivity/Resistivity and Salinity Measurements  
 may also be performed via the 2850 Sensor    
 Electronics through the 9900 (S3L) input

Sensor Terminal/
PC COMM Connector

Power Terminal/
LOOP
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System Overview
The angle adjustment adapter kit quickly and easily converts your 
9900 Field Mount Transmitter to any angle.

Additional accessories are available to help you with field installations.  We provide solutions for field mounting by 
offering a separate mounting kit. The 3-8050 Universal Mount Kit, the 3-8051 or 8052 Integral Mount Kits, and the Angle 
Adjustment Adapter Kit enable the transmitter to be installed virtually anywhere.  The adapter angles the transmitter 
by 25° degrees, allowing moisture to run off the display.  The accessory enhances the versatility of the 9900 Field Mount 
Transmitter.  

9900 Field Mount Transmitter
Field mounting requires a 
separate mounting kit. The 
3-8050 Universal Mount Kit, 
the 3-8051 or 8052 Integral 
Mount Kits, and the Angle 
Adjustment Adapter Kit enable 
the transmitter to be installed 
virtually anywhere.

Angle Adjustment Adapter Kit
The angle adjustment adapter 
kit quickly and easily converts 
your 9900 Field Mount 
Transmitter to a 25° angle.  
This accessory enhances the 
versatility of the 9900 Field 
Mount Transmitter.

Mounting Kits
For Field Mount installations with a Conductivity/
Resistivity Module, the Angle Adjustment 
Adapter is required along with a 3-8050, 8051 or 
8052 adapter kit to allow for sufficient clearance 
for the wiring.
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Applications
The 9900 Transmitter in a tank filling application.

The 9900 versatile parameter and modularity capabilities make the unit well suited for a variety of applications 

including wastewater treatment, reverse osmosis, deionisation, chemical manufacturing, metal and plastic finishing, 

fume scrubbers, cooling towers and media filtration.

9900 Transmitter
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Industrial & Municipal Water 

treatment 
Water treatment, whether it is for 
municipal or industrial applications, 
typically serves to improve the 
quality of the water to ensure public 
safety or to reduce negative impacts 
on process equipment and/or the 
environment. The 9900 Transmitter, 
part of the new SmartPro family, is 
ideal for use in measurement and 
control of various water treatment 
applications. Industrial Water 
Treatment applications include media 

Chemical process industry

The 9900 and applicable sensors 

can be used for measurement and 

control in the transport and dilution 

of various chemicals. Managing 

chemical tank levels and dosing 

of chemicals can all be monitored 

and controlled using the new 9900 

Transmitter.

Applications
No matter which processes and applications - GF Piping Systems 
supports its customers in every phase of the project.

From start to finish, we stand beside our customers as a competent, reliable and experienced partner, actively 

contributing the know-how of an industrial company that has been successful in the market for over 200 years. 

With our application knowledge and product expertise we support our customers during the planning process, the 

sustainable realisation of the projects and the provision of services.

filtration, deionisation, desalination, 
cooling tower control, reverse 
osmosis, and fume scrubbers, while 
chlorine dioxide and ozone control 
are common in Municipal Water 
Treatment applications. Monitoring 
the quantity and quality of various 
parameters such as acidity/alkalinity 
of chemicals, salts, and chlorine 
concentrations are all important in 
delivering processed water to the 
quality standards demanded by each 
unique application. 



GF Piping Systems – worldwide at home

Our sales companies and representatives  

ensure local customer support in over 100 countries. www.gfsignet.com

Adding Quality to People’s Lives
The technical data is not binding. They neither constitute expressly  
warranted characteristics nor guaranteed properties nor a guaranteed durability. 
They are subject to modification. Our General Terms of Sale apply.
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Georg Fischer Central Plastics  
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Phone +5411 4512 02 90
gfcentral.ps.ar@georgfischer.com
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www.georgfischer.no

Poland
Georg Fischer Sp. z o.o.
05-090 Sekocin Nowy 
Phone +48(0)22 31 31 0 50 
poland.ps@georgfischer.com
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www.export.georgfischer.com
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www.georgfischer.ru
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Features

•  In-line integral mount and submersible 
 installation versions

•  Automatic temperature compensation 

•  Auto configuration for pH or ORP operation

•  Optional EasyCal calibration aid with automatic 
buffer recognition

•  Junction boxes for convenient wiring

• Patented DryLoc® connector provides a quick
 and secure connection to the sensor*  

The Signet 2750 pH/ORP Sensor Electronics featuring 
the DryLoc® connector, provides a variety of functions 
to suit various requirements. 

The 2750 has a preamplified signal and features two 
different outputs: a two-wire 4 to 20 mA loop output 
with EasyCal function or a digital (S3L) output which 
allows for longer cable lengths and is compatible with 
the Signet 8900 or 9900 instruments.  

The 2750 self-configures for pH or ORP operation 
via automatic recognition of the electrode type. The 
optional EasyCal feature allows simple push-button 
calibration and includes an LED indicator for visual 
feedback.

The DryLoc® electrode connector quickly forms a robust 
assembly for submersible and in-line installations. 
NEMA 4X junction enclosures are integral parts of 
the 2750 in-line version and are also available as 
accessories for the submersible 2750. 

The 2750 submersible preamplifier can also be used 
as an In-line preamplifier when used with the 3/4” or 
1” threaded sensors including the 2724, 2774 and 2764 
series electrodes.  The 2750 In-line preamplifier can be 
used with Signet fittings up to DN100 (4 in.) and wet-tap 
assemblies.

Applications

• Water and Wastewater Treatment
• Neutralization Systems
• Scrubber Control
• Effluent Monitoring
• Surface Finishing
• Flocculent Coagulation
• Heavy Metal Removal and Recovery
• Toxics Destruction
• Sanitization Systems
• Pool & Spa Control
• Aquatic Animal Life Support Systems 

Signet 2750 DryLoc® pH/ORP Sensor Electronics

In-line 2750 Submersible
2750

DryLoc® Electrodes sold separately.

*U.S. Patent No.: 6,666,701

2750-7
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Specifications

General

Compatible Electrodes

Signet DryLoc® pH and ORP Electrodes, Models 2724-2726, 2756-2757 Wet-Tap, 2764-2767, 2774-2777

Operating Range pH 0 to 14 pH

ORP ±2,000 mV 

Response Time pH < 6 sec. for 95% of change 

ORP application dependent 

Materials In-line Valox® (PBT)

Submersible CPVC

Electrical 

Cable 4.6 m 15 ft 3-conductor shielded (3-2750-3 or -4 submersible sensor electronics only)

22 AWG For 9900 and 4 to 20 mA max. cable length is 1000 ft.  (For 8900 please refer to 
the Cable Calculation Table on pg. 333 for max. cable length)

Power 12 to 24 VDC ±10%, regulated for 4 to 20 mA output

5 to 6.5 VDC ±5% regulated recommended, 3 mA max., for digital (S3L) output

Current Output pH Fixed 4 to 20 mA, isolated, = 0 to 14 pH (custom scaling available with 0250 tool)

ORP Fixed 4 to 20 mA, isolated, = -1000 to 2000 mV (custom scaling available from
± 000 mV with 0250 tool)

Max Loop Resistance 100 Ω max. @ 12 V 325 Ω max. @ 18 V 600 Ω max. @ 24 V

Accuracy ±32 μA

Resolution ±5 μA

Update Rate 0.5 seconds 

Error Indication 3.6 mA

Digital (S3L) Output Serial ASCII, TTL level 9600 bps

 Accuracy pH ± 0.03 pH @ 25 °C ± 0.03 pH @ 77 °F

ORP ± 2 mV @ 25 ° C ± 2 mV @ 77 °F

Resolution pH ≤ 0.01 pH

ORP 1 mV

Temperature ≤ 0.2 °C 0.36 °F

Update Rate 0.5 seconds

Available Data Raw mV, pH or ORP, temperature (pH)

Error Indication Open input diagnostic

Input Impedance, Z >1011Ω
Environmental

Enclosure 3-2750-1 & -2 NEMA 4X/IP65 with electrode connected

3-2750-3 & -4 NEMA 6P/IP68 with electrode and watertight conduit and/or extension
pipe connected

Max. Temperature/Pressure Rating

Operating Temperature

submersible 0 °C to 85 °C 32 °F to 185 °F

in-line 0 °C to 110 °C 32 °F to 230 °F

Storage Temperature -20 °C to 85 °C -4 °F to 185 °F

Relative Humidity 0 to 95%, non-condensing (without electrode connected)

Shipping Weight

2750-1 & 2 0.75 kg 1.65 lb

2750-3 & -4 0.64 kg 1.41 lb

Standards and Approvals

CE, FCC

RoHS compliant, China RoHS

Manufactured under ISO 9001 for Quality and ISO 14001 for Environmental Management and 
OHSAS 18001 for Occupational Health and Safety
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Dimensions

2724-2726 DryLoc® Electrodes: Use GF Fittings*  or customer supplied 3/4 in. NPT fittings
2764-2767 and 2774-2777 DryLoc® Electrodes: Use customer supplied 3/4 in. or 1 in. NPT fittings

Signet Electrodes
2724-2726
2764-2767
2774-2777

Signet Electrodes
2724-2726
2764-2767
2774-2777

Signet 2750 Sensor Electronics Signet 2750 Sensor Electronics

Signet 2750 Sensor Electronics
with Signet Wet-Tap Electrode 2756, 2757 and Signet 3719 Wet-Tap

GF Tees and Fittings
see model 3719 for more info 

Signet 2750 Sensor Electronics
with Signet 3-8050-2 Universal Junction Box (EasyCal)

Signet 2750  Sensor Electronics 
with customer supplied pipe extension or 
conduit, 3/4 in. NPT or ISO 7/1-R 3/4 threads**

PLC

ENTERSy
st

em
 O

ve
rv

ie
w

All sold separately

In-Line Installation

Submersible Installation

All sold separately

Panel Mount 4 to 20 mA input

Customer Supplied Chart Recorder
or Programmable Logic Controller 

Wet-Tap Installation
4 to 20 mA InputPanel Mount

PLC

Customer Supplied Chart Recorder
or Programmable Logic Controller 

* See fittings section for more information.

ENTER

Signet Instruments
8900 9900

+

Signet Instruments
8900 9900

++ +

140 mm 
(5.5 in.) 

94 mm 
(3.7 in.) 

1/2 in. FNPT 

31.75mm 
(1.25 in.) 

89.4mm 
(3.52 in.) 

70.1mm 
(2.76 in.) 

3/4 in. ISO or 
3/4 FNPT threads 

56.6mm
(2.23 in.)

3-2750-1,-2 3-2750-3, -4 3-2750-7
35.0 mm
(1.38 in.)

61.0 mm
(2.40 in.)

101 mm
(4.0 in.)
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PLC

OR

4.  Choose the output
      instrument

(Submersible not 
applicable with
Wet-Tap assembly)

+

1.  Choose the
      Electrode

2.  Determine the
      mounting style:

3.  Junction Boxes

2724-2726 2764-2767 Differential 2774-2777 2756 and 2757
Wet-Tap

2750-1 
or -2

Signet fitting 1” threaded tee
¾” 

reducing tee ¾” reducing tee

2750-3 or -4
and cable conduit (customer supplied)
connected to ¾” sensor electronics

2750-3
or -4

2750-1
or -2

3-8050-1: Use when extending the submersible cable over long distance.
3-8050-2: Use with the submersible 2750-3 or -4 and the in-line 2750-1
for best calibration results with the EasyCal function when using the
blind 4 to 20 mA output.

8900 or 9900 Instruments PLCs or Chart Recorders

Can use Any
3-272x series 
Electrode

3-2764-1
3-2764-2
3-2766-1
3-2766-2

ORP electrodes 
must have 10K ID 
resistor use:
3-2775, 3-2777

pH Electrodes can 
be either the 1K or 
3K  use:
3-2774, 3-2774-1, 
3-2776, 3-2776-1

Can use any 
Wet-Tap 275x 
series 
electrode

2750-1 or -2

3719 Wet-Tap
Assembly

2750-3
or -4

2750-1
or -2

2750-3
or -4

In-line

And

-In-line fitting

Or

Submersible

Digital (S3L)

Or
 

4 to 20 mA

2750 Product Selection Guide



www.gfsignet.com

Model 2750 Ordering Information

1) Model 2750 requires 12 to 24 VDC to function as a 
blind 4 to 20 mA output transmitter.

2) Order a 3-2750-2 or any other 2750 with a junction 
box 3-8050-2 if the EasyCal feature is desired. 

3) Conduit and mounting brackets for submersion 
installation must always be used (customer 
supplied).

Application Tips

• The EasyCal feature automatically recognizes
 standard 4.0, 7.0, and 10.0 pH buffer or ORP 
 quinhydrone solutions of 87 and 264 mV and 
 simplifies calibration

• Frequency of calibration of electrodes is dependent
 upon the application.

4) The 3-2759 System Tester must be ordered with 
the adapter cable 3-2759.391 for exclusive use 
with the 2750.

5) All sensor electronics, preamplifiers and 
connectors require a DryLoc® electrode for full 
system installation.



Ordering Information

Accessories and Replacement Parts

Mfr. Part No. Code Description
Calibration
3-2700.395 159 001 605 Calibration kit: includes 3 polyproplyene cups, box used as cup stand, 1 pint pH 4.01,

1 pint pH 7.00
3822-7115 159 001 606 20 gm bottle quinhydrone for ORP calibration 

(must use pH 4.01 and/or pH 7.00 buffer solutions)
3-2759 159 000 762 pH/ORP system tester (adapter cable sold separately)
3-2759.391 159 000 764 2759 adapter cable for use with 2750 -DryLoc® sensor electronics
3-0700.390 198 864 403 pH buffer kit (1 each 4, 7, 10 pH buffer in powder form, makes 50 ml of each)
3822-7004 159 001 581 pH 4 buffer solution, 1 pint (473 ml) bottle
3822-7007 159 001 582 pH 7 buffer solution, 1 pint (473 ml) bottle
3822-7010 159 001 583 pH 10 buffer solution, 1 pint (473 ml) bottle
Mounting
3-8050.390-1 159 001 702 Retaining nut replacement kit, Valox K4530
3-8050-1 159 000 753 Universal mount junction box
3-8050-2 159 000 754 Universal mount junction box w/EasyCal (for submersible applications, use with 

3-2750-3/4 where 4 to 20 mA is required)
3-9000.392-1 159 000 839 Liquid tight connector kit, NPT (1 connector)
3-9000.392-2 159 000 841 Liquid tight connector kit, PG 13.5 (1 connector) 
Other 
5523-0322 159 000 761 Sensor cable (per ft), 3-cond. plus shield, 22 AWG, black/red/white

(for use with 2750)

Sensor Electronics with preamplified signal and Digital (S3L) output (for use with the Multi-Parameter 
Instruments) or 4 to 20 mA output - power supplied to unit dictates output type.
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Mfr. Part No. Code Description

In-line Sensor Electronics (Yellow body)

3-2750-1 159 000 744 Recommended for 8900 or 9900 instruments

3-2750-2 159 000 745 with EasyCal, recommended for 4 to 20 mA use

3-2750-7 159 001 671 pH electronics, Digital (S3L), 4.6 m (15 ft) cable

Submersible Sensor Electronics (Grey body)

3-2750-3 159 000 746 with 4.6 m (15 ft) cable and ¾ in. NPT threads - when 4 to 20 mA is 
required use the 3-8050-2 junction box with EasyCal

3-2750-4 159 000 842
Submersible Sensor electronics with 4.6 m (15 ft) cable and ISO 7/1R 
3/4 threads - when 4 to 20 mA is required use the 3-8050-2 junction 
box with EasyCal



Signet 2724-2726 pH/ORP Electrodes

Features

• Patented reference design for exceptional 
 performance *

• Mounts in Signet standard fittings from DN15 to 
DN100 (½ to 4 in.)

• ¾” NPT or ISO 7/1-R 3/4 threaded sensors for 
use with reducing tees DN15 to DN100 (½ to 4 in.)

• Special design allows for installation at any 
angle, even inverted or horizontal

• Ryton® (PPS) body for broad range of chemical 
compatibility

• Patented DryLoc® connector with gold plated 
contacts

• Quick temperature response

• HF resistant glass available for trace HF of <2%

• Low conductivity sensor available for liquids down 
to 20 μS/cm

The Signet 2724-2726 pH and ORP Electrodes features 
a patented reference electrode design and uses the 
unique foul-proof patented DryLoc® connector. The 
large area PE reference junction and pathway is 
constructed to increase the total reference
effectiveness and ensures long service life.  

The DryLoc® connector with corrosion resistant 
gold plated contacts readily connects the sensor to 
the mating 2760 preamplifier or the 2750 sensor 
electronics. The robust Ryton® threaded sensor 
body and choice of flat pH, bulb pH, or flat ORP 
sensing elements provides broad range of chemical 
compatibility for a wide variety of applications.  
There are two optional pH sensing versions available, 
HF and LC. The HF version is for applications where 
traces of hydrofluoric acid (2% or less) will attack 
standard pH glass in levels of pH 6 and below. The LC 
version can be used for low conductivity fluids 20 - 100 
μS/cm nominal and below 20 μS when mounted under 
controlled conditions.  

The quick temperature response is available in either 
a PT1000 or 3 KΩ temperature sensor and allows 
compatibility with all Signet pH/ORP instruments. The 
2724-2726 electrodes are general-purpose sensors 
ideal for a wide range of applications.  The sensors 
incorporate ¾ inch NPT or ISO 7/1-R 3/4 threads for 
installing into standard pipe-tees. They can also be 
mounted directly into Signet standard fittings, DN15 to 
DN100 (½ to 4 inch)

Applications

•  Water & Wastewater Treatment
•  Neutralization Systems
•  Effluent Monitoring
•  Sanitization Systems
•  Pool & Spa Control
•  Aquatic Animal Life Support Systems
•  Process Control
• Cooling Towers

Compatible with ALL Signet pH/ORP Instruments

Protected
Bulb

Flat
Glass

*U.S. Patent Nos.: 6,666,701, 
7,799,193 B2, 7,867,371 B2 and
8,211,282 B2
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Specifications

See Temperature and Pressure graphs for more information

General

Performance Efficiency >97% @ 25 °C (77 ° F)

Operating Range pH 0 to 14 pH

ORP ±2000 mV

3-2726-LC Low conductivity fluids; 20 - 100 μS/cm nominal < 20 μS; flow must
be less than 150 ml/min in a properly grounded system

3-2726-HF Hydrofluoric acid resistant glass, pH 6 or below; trace HF <2%

Compatibility

2750 Electronic (for 8900, 9900, 4 to 20 mA), 2760 Preamplifier (8750)

Temperature Sensor

PT1000 versions compatible with Signet 2750 pH/ORP Sensor electronics for
connection to a PLC or to the Signet 8900 or 9900 instruments

3 KΩ Balco versions compatible with the Signet 2760 pH/ORP preamplifier for connection
to the Signet 8750 pH/ORP Transmitter

Process Connection

¾ in. NPT ISO 7/1-R 3/4 Mounts into Signet fittings

Wetted Materials

pH Ryton® (PPS), glass, UHMW PE, FPM

ORP Ryton® (PPS), glass, UHMW PE, FPM, Platinum

Max. Temperature/Pressure Rating

Operating Temperature Range* -10 °C to 85 °C 14 °F to 185 °F

Operating Pressure Range 6.8 bar @ -10 to 65 °C (100 psi @ 14 to 150 °F)

4 bar @ 65 to 85 °C (58 psi @ 150 to 185 °F)

*Best performance for 2726-HF sensors is above 10 °C (50 °F)

Recommended Storage Temperature

0 °C to 50 °C 32 °F to 122 °F

The electrode glass will shatter if shipped or stored at temperature below 0 °C (32 °F)

The performance life of the electrode will shorten if stored at temperatures above 50 °C (122 °F)

Mounting

In-line Mounting Use the sensor threads

Use a Signet standard fitting up to 4 in.

Sensor can be mounted at any angle

Submersible Mounting Use threads on models 2750 or 2760

Requires ¾ inch NPT or ISO 7/1-R 3/4 male threaded liquid tight extension conduit.

Shipping Weight

0.25 kg 0.55 lb

Standards and Approvals

Manufactured under ISO 9001 for Quality, ISO 14001 for Environmental Management and 
OHSAS 18001 for Occupational Health and Safety



www.signet.com

Dimensions

109 mm
(4.3 in.)

9.3 mm
(0.37 in.)

25.4 mm
(1.0 in.)

Threads:
¾ in. NPT

or
ISO 7/1 R-3/4

53.34 mm
(2.1 in.)

44.45 mm
(1.75 in.)

18.3 mm
(0.72 in.)

0.64 mm
(0.25 in.)

0°
Horizontal

*Yes

Yes Yes

Yes

*Yes

Yes

Mounting Angle
Models 2724-2726 may be mounted at any angle without 
affecting the performance. 
*Avoid locations with air pockets and sediment.

ENTER
ENTER

In-Line Installation - 
Signet and threaded fittings only 

Signet 2724-2726 
DryLoc® pH/ORP Electrodes

Sy
st

em
 O

ve
rv

ie
w

All sold separately

Panel Mount 4 to 20 mA Input

PLC

3-2750 Sensor Electronics
and customer supplied Chart Recorder
or Programmable Logic Controller 

Field Mount - Pipe, Tank, Wall 

Signet Instruments 
9900 with 2750 Electronics 
and 3-8050 Universal Mount kit

Signet Instruments
8750 with 2760 Preamplifier 8900
9900 with 2750 Electronics 

+ +OR

*Refer to the Signet Submersion brochure located in the K-Factors Fittings and More Kit (3-0000-709) for installation suggestions and options. 

Submersible Installation - 
Customer supplied pipe extension
or conduit with 3/4 in. NPT or 
ISO 7/1-R 3/4 threads*
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Electrode Key Features and Benefits:

1. Ryton® body for chemical compatibility with most
 harsh chemicals.
2. Porous UHMW PE (ultra high molecular weight
 polyethylene) junction resists fouling and build-up.
3. Internal temperature sensor located in the glass
 stem for a quick temperature response.
4. DryLoc® connector with corrosion resistant gold
 pins for quick and easy sensor removal.

• Resists moisture and dirt intrusion.
5. Dual-patented reference design with a 406 mm

• (16 inch) reference pathway enhances 
longer life.  This enables the sensor to last 
significantly longer than other standard pH/
ORP electrodes in most applications.

5a. With the new patented reference design, the Signet
 2726-LC version performs better in low 
 conductivity water between 20 - 100 μS and lasts
 longer than previous “DI” electrodes.
5b. The 2726-LC sensor also performs in 
 applications with extremely low (less than 20 μS)
 conductivity. Special precautions must be taken to
 avoid measurement complications.
 Please note the following.

• Electrostatic charges (streaming potentials) 
can cause dramatic offsets in a system with 
very low conductivity water.  To minimize this, 
sensors should be placed in a well grounded 
system.

• To enhance performance, a low flow cell is 
recommended to provide a steady flow rate 
(150 ml/minute). Sensors placed in high flow 
applications will experience noisier readings 
due to streaming potential.

6. Threads for NPT or ISO process connection into
 reducing tees

• Use off-the-shelf GF reducing tees
DN20 to DN100 (¾ to 4 in.).

7. Mounts directly into Signet fittings (½ in. 4 in.)
 for easy sensor retrofitting.
8. Mount submersed into a tank via the 2750 or
 2760 back threads.

4

5

1

3

2

Dual-patented reference de-
sign for long life in conductiv-
ity or chemicals.

Sensor in threaded reducing tee

Sensor in Signet fitting

Sensor submersible installation

6

8

7
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The Signet pH buffers are ideal for calibration.  The 
liquid solutions are conveniently packaged in one pint 
(473 ml) bottles.  pH buffer kits in powder pillows are 
available for mixing fresh solutions with water at the 
time of use.  

All pH buffers are color coded for easy identification;  
4.01 pH is red, 7.00 pH is yellow, and 10.00 pH is blue.     
All pH buffers are traceable to NIST standards.
These buffer solutions can be used to calibrate ORP 
sensors when saturated with quinhydrone.

Model 2724-2726 Ordering Notes
1) pH and ORP electrodes require connection to model 

2750 sensor electronics or 2760 preamplifier.
2) The 2750 “EasyCal” feature recognizes common pH 

and ORP buffer values of 4, 7 and 10 pH and +87 and 
+264 mV for ORP. 

Application Tips
• Use the flat glass electrodes when a self-cleaning 

feature is desired; especially useful in applications 
with abrasive chemicals.

• Use bulb protected electrodes for general purpose 
applications

• ORP electrodes are generally used for chemical 
reaction monitoring, not control.

• Ensure that sensor materials are chemically 
compatible with the process liquid.

• Keep electrode tip wet, avoid air pockets and 
sediment.

0
-40 -20 0 20 40 60 80 100 120

°F
°C

-40 -4 32 68 104 140 176 212 248

(bar)(psi)
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8.6

10.3

25

50

75

100

125

150

Note:
The pressure/temperature graphs are specifically 
for the Signet sensor.  During system design the 
specifications of all components must be considered.  
In the case of a metal piping system, a plastic sensor 
will reduce the system specification.  

Operating Temperature/Pressure Graph

Buffer Solutions
3822-7004
3822-7007
3822-7010

Quinhydrone
3822-7115
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Mfr. Part No. Code Tip design Process Connection Thread Options

pH Electrodes

Temperature element PT1000; use with 2750 sensor electronics* 
3-2724-00 159 001 545 Flat ¾ in. MNPT, Thread
3-2724-01 159 001 546 Flat ISO 7/1-R 3/4 Thread
3-2726-00 159 001 553 Bulb ¾ in. MNPT, Thread
3-2726-01 159 001 554 Bulb ISO 7/1-R 3/4 Thread
3-2726-HF-00 159 001 549 Bulb, HF resistant¹ ¾ in. MNPT, Thread
3-2726-HF-01 159 001 550 Bulb, HF resistant¹ ISO 7/1-R 3/4 Thread
3-2726-LC-00 159 001 557 Bulb, Low Conductivity² ¾ in. MNPT, Thread
3-2726-LC-01 159 001 558 Bulb, Low Conductivity² ISO 7/1-R 3/4 Thread
Temperature element 3 KΩ Balco; use with 2760 preamplifier**
3-2724-10 159 001 547 Flat ¾ in. MNPT, Thread
3-2724-11 159 001 548 Flat ISO 7/1-R 3/4 Thread
3-2726-10 159 001 555 Bulb ¾ in. MNPT, Thread
3-2726-11 159 001 556 Bulb ISO 7/1-R 3/4 Thread
3-2726-HF-10 159 001 551 Bulb HF resistant1 ¾ in. MNPT, Thread
3-2726-HF-11 159 001 552 Bulb HF resistant1 ISO 7/1-R 3/4 Thread
3-2726-LC-10 159 001 559 Bulb, Low Conductivity2 ¾ in. MNPT, Thread
3-2726-LC-11 159 001 560 Bulb, Low Conductivity2 ISO 7/1-R 3/4 Thread
ORP Electrodes; Compatible with both the 2750 sensor electronics and the 2760 preamplifier
3-2725-60 159 001 561 Flat ¾ in. MNPT, Thread
3-2725-61 159 001 562 Flat ISO 7/1-R 3/4 Thread

*The 2750 sensor electronics has a digital (S3L) output which is used with 8900 or 9900 Instruments. 
  It also has a 4 to 20 mA output for connections to PLC’s, data recorders, etc.

**The 2760 preamplifier is used for connection directly to Signet 8750 Transmitter or other analog 
transmitters.

¹HF resistant ‹2% HF

²Low conductivity applications, 20 - 100 μS/cm recommended

Ordering Information

Accessories and Replacement Parts
Mfr. Part No. Code Description
1220-0021 198 801 000 O-ring, FPM
3-2700.395 159 001 605 Calibration kit: includes 3 polypropylene cups, box used as cup stand,

1 pint pH 4.01, 1 pint pH 7.00
3822-7115 159 001 606 20 gm bottle quinhydrone for ORP calibration  (must use pH 4.01 and/or

pH 7.00 buffer solutions)
3-2759 159 000 762 pH/ORP System Tester (adapter cable sold separately)
3-2759.391 159 000 764 2759 DryLoc® Adapter Cable (for use with 2750 and 2760)
3-0700.390 198 864 403 pH Buffer Kit (1 each 4, 7, 10 pH buffer in powder form, makes 50 ml of each)

3822-7004 159 001 581 pH 4.01 buffer solution, 1 pint (473 ml) bottle
3822-7007 159 001 582 pH 7.00 buffer solution, 1 pint (473 ml) bottle
3822-7010 159 001 583 pH 10.00 buffer solution, 1 pint (473 ml) bottle



Pressure sensors

PN2222
Combined pressure sensor

PN22

Process connection: ¼'' NPT

Zero and span adjustable
Function programmable

2 outputs OUT1 = switching
output OUT2 = switching output

or analog output

4-digit alphanumeric display

Measuring range
0...1450 PSI
0..100 bar
0...10 MPa

1: 4-digit alphanumeric display 2: LEDs (display unit / switching status) 3:
Programming button

Application Type of pressure: relative pressure
Liquids and gases

For gaseous media the application is limited to max. 363 PSI (25 bar)
Electrical design DC PNP / DC NPN
Output 2 x normally open / closed programmable or 1 x normally open / closed

programmable + 1 x analog (4...20 mA / 0...10 V; programmable 1:4)

Operating voltage [V] 20...30 DC ¹)
Current rating [mA] 2 x 250
Short-circuit protection Yes (non-latching)
Reverse polarity protection yes
overload protection yes
Integrated watchdog yes
Voltage drop [V] < 2
Current consumption [mA] < 65

Analog output 4...20 mA / 0...10 V
Load for analog output [ohms] 4...20 mA: max. (Ub - 10 V) x 50 / 0...10 V: min. 2000
Permissible overl. pressure 4350 PSI 300 bar 30 MPa
Bursting pressure min. 9400 PSI 650 bar 65 MPa
Setting range
Switch-on point, SP 12...1450 PSI 0.8...100.0 bar 0.08...10.00 MPa
Switch-off point, rP 6...1444 PSI 0.4...99.6 bar 0.04...9.96 MPa
Analog output/lower end, ASP 0...580 PSI 0.0...40.0 bar 0.00...4.00 MPa
Analog output/upper end, AEP 364...1450 PSI 25.0...100.0 bar 2.50...10.00 MPa
in steps of 2 PSI 0.2 bar 0.02 MPa

Programming options
hysteresis / window function; N.O. / N.C; output polarity; current / voltage
outputs; damping; calibration of displayed values; display can be rotated /

deactivated; display unit
Accuracy / deviations
(in % of the span)
Turn down 1:1
Accuracy of switch point
Characteristics deviation *)
Linearity
Hysteresis
Repeatability **)
Long-term stability ***)
Temperature coefficients

< ± 0.5
< ± 0.6
< ± 0.5
< ± 0.1
< ± 0.1



(TEMPCO) in the temperature
range 0...80 °C (in% of the span
per 10 K)
- greatest TEMPCO of the zero
point
- greatest TEMPCO of the span

< ± 0.1

< ± 0.1
< ± 0.2

Power-on delay time [s] 0.2
Min. response time switching
outputs [ms] 3
Damping for the switching output
(dAP) [ms] 0; 10; 20;...100; 200;...4000
Switching frequency [Hz] 170...0.125
Response time analog
output [ms] 3
Damping for the analog output
(dAA) [ms] 0; 100; 500; 2000
ifm efector, inc. 782 Springdale Drive, Exton, PA
19341
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PN2222

Operating temperature [°C] -25...80
Medium temperature [°C] -25...80
Storage temperature [°C] -40...100
Protection IP 67 (IEC 60529) / (UL50), III (EN 50178)
Insulation resistance [M ] > 100 (500 V DC)
Shock resistance [g] 50 (DIN / IEC 68-2-27, 11ms)
Vibration resistance [g] 20 (DIN / IEC 68-2-6, 10 - 2000 Hz)
Switching cycles min. 100 million
EMC EN 61000-4-2 ESD: 4 kV CD / 8 kV AD

EN 61000-4-3 HF radiated: 10 V/m
EN 61000-4-4 Burst: 2 kV
EN 61000-4-5 Surge: 0.5/1 kV
EN 61000-4-6 HF conducted: 10 V

Housing material stainless steel (304S15); stainless steel (316S12); PC (Macrolon); PBT
(Pocan); PEI; FPM (Viton); EPDM/X (Santoprene)

Materials (wetted parts) stainless steel (303S22); ceramics; FPM (Viton)
Function display
Switching status LED
Power LED
System pressure, function LED

2 x yellow
3 x green (display unit)

4-digit alphanumeric display
Connection M12 connector; gold-plated contacts
Wiring

Programming of the output
function
(OUT1 / OUT2):
Hno = hysteresis / normally open
Hnc = hysteresis / normally
closed
Fno = window function / normally
open
Fnc = window function / normally
closed
Complementary outputs:
output 1: = Hno, output 2: = Hnc
(with the same SP / rP)

Programming of the analog
output (OUT2):
I = current output (4...20 mA)
U = voltage output (0...10 V)

Remarks ¹) to EN50178, SELV, PELV;
referring to UL: “limited voltage” with overcurrent protection in accordance with
UL508
*) linearity, incl. hysteresis and repeatability;
(limit value setting to DIN 16086)
**) with temperature fluctuations < 10 K
***) in % of the span per year

ifm efector, inc. 782 Springdale Drive, Exton, PA
19341
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Pressure sensors

PN2228
Combined pressure sensor

PN22

Process connection: ¼'' NPT

Display units:
mbar, kPa, inH2O, mmWS
Zero and span adjustable
Function programmable

2 outputs OUT1 = switching
output OUT2 = switching output

or analog output

4-digit alphanumeric display

Measuring range
-5.0...100.4 inH2O

1: 4-digit alphanumeric display 2: LEDs (display unit / switching status) 3:
Programming button

Application Type of pressure: relative pressure
Liquids and gases

Electrical design DC PNP / DC NPN
Output 2 x normally open / closed programmable or 1 x normally open / closed

programmable + 1 x analog (4...20 mA / 0...10 V; programmable 1:4)

Operating voltage [V] 20...30 DC ¹)
Current rating [mA] 2 x 250
Short-circuit protection Yes (non-latching)
Reverse polarity protection yes
overload protection yes
Integrated watchdog yes
Voltage drop [V] < 2
Current consumption [mA] < 65

Analog output 4...20 mA / 0...10 V
Load for analog output [ohms] 4...20 mA: max. (Ub - 10 V) x 50 / 0...10 V: min. 2000
Permissible overl. pressure
[inH2O] 4000
Bursting pressure min. [inH2O] 12000
Setting range
Switch-on point, SP [inH2O] -4.2...100.4
Switch-off point, rP [inH2O] -4.6...100.0
Analog output/lower end, ASP
[inH2O] -5.0...40.2
Analog output/upper end, AEP
[inH2O] 20.0...100.4
in steps of [inH2O] 0.2

Programming options
hysteresis / window function; N.O. / N.C; output polarity; current / voltage
outputs; damping; calibration of displayed values; display can be rotated /

deactivated; display unit

Accuracy / deviations
(in % of the span)
Turn down 1:1
Accuracy of switch point
Characteristics deviation *)
Linearity
Hysteresis
Repeatability **)

< ± 0.5
< ± 0.6
< ± 0.5



Long-term stability ***)
Temperature coefficients
(TEMPCO) in the temperature
range 0...80 °C (in% of the span
per 10 K)
- greatest TEMPCO of the zero
point
- greatest TEMPCO of the span

< ± 0.1
< ± 0.1
< ± 0.1

< ± 0.2
< ± 0.2

Power-on delay time [s] 0.2
Min. response time switching
outputs [ms] 3
Damping for the switching output
(dAP) [ms] 0; 10; 20;...100; 200;...4000
Switching frequency [Hz] 170...0.125
Response time analog
output [ms] 3
Damping for the analog output
(dAA) [ms] 0; 100; 500; 2000
ifm efector, inc. 782 Springdale Drive, Exton, PA
19341
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PN2228

Operating temperature [°C] -25...80
Medium temperature [°C] -25...80
Storage temperature [°C] -40...100
Protection IP 65 (IEC 60529) / (UL50), III (EN 50178)
Insulation resistance [M ] > 100 (500 V DC)
Shock resistance [g] 50 (DIN / IEC 68-2-27, 11ms)
Vibration resistance [g] 20 (DIN / IEC 68-2-6, 10 - 2000 Hz)
Switching cycles min. 100 million
EMC EN 61000-4-2 ESD: 4 kV CD / 8 kV AD

EN 61000-4-3 HF radiated: 10 V/m
EN 61000-4-4 Burst: 2 kV
EN 61000-4-5 Surge: 0.5/1 kV
EN 61000-4-6 HF conducted: 10 V

Housing material stainless steel (304S15); stainless steel (316S12); PC (Macrolon); PBT
(Pocan); PEI; FPM (Viton); EPDM/X (Santoprene); PTFE

Materials (wetted parts) stainless steel (303S22); ceramics; FPM (Viton)
Function display
Switching status LED
Power LED
System pressure, function LED

2 x yellow
4 x green (display unit)

4-digit alphanumeric display
Connection M12 connector; gold-plated contacts
Wiring

Programming of the output
function
(OUT1 / OUT2):
Hno = hysteresis / normally open
Hnc = hysteresis / normally
closed
Fno = window function / normally
open
Fnc = window function / normally
closed
Complementary outputs:
output 1: = Hno, output 2: = Hnc
(with the same SP / rP)

Programming of the analog
output (OUT2):
I = current output (4...20 mA)
U = voltage output (0...10 V)

Remarks ¹) to EN50178, SELV, PELV;
referring to UL: “limited voltage” with overcurrent protection in accordance with
UL508
*) linearity, incl. hysteresis and repeatability;
(limit value setting to DIN 16086)
**) with temperature fluctuations < 10 K
***) in % of the span per year

ifm efector, inc. 782 Springdale Drive, Exton, PA
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Temperature sensors

1: 4-digit alphanumeric display
2: LEDs
3: Programming button
4: internal thread M18 x 1.5

Made in Germany

TN2531
Electronic temperature sensor

TN

Compact type for adapter
Quick disconnect

Process connection:
internal thread M18 x 1.5 for adapter

Communication interface: IO-Link 1.0
(COM2 slave, 38.4 kBaud)

Switching output, analog output 4...20
mA or 0...10 V

4-digit alphanumeric display
Measuring range

-40...150 °C / -40...302 °F

liquids and gasesApplication
DC PNP/NPNElectrical design

1 x normally open / closed programmable + 1 x analog (4...20 mA / 0...10 V,
scalable)

Output

45Probe length L[mm]

18...32 DCOperating voltage [V]
250Current rating [mA]

Yes (non-latching)Short-circuit protection
yesReverse polarity protection
yesOverload protection
yesIntegrated watchdog
< 2Voltage drop [V]
< 50Current consumption [mA]

4...20 mA / 0...10 VAnalog output
300Pressure rating [bar]

Setting range
-40.0...145.0 / -40.0...293.0Analog start point, ASP [°C/°F]
-35; 0...150; 0 / -31; 0...302; 0Analog end point, AEP [°C/°F]
-39.5...150.0 / -39.0...302.0Set point, SP [°C/°F]
-40.0...149.5 / -40.0...301.0Reset point, rP [°C/°F]

0.1 / 0.1in steps of [°C/°F]

Programming buttonAdjustment of the switch point
Accuracy

± 0.3Switching output [K]
± 0.3Analog output [K]
± 0.3Display [K]

Resolution
0.1Switching output [K]
< 0.1Analog output [K]
0.1Display [K]

0.1Temperature drift ( / 10 K)
1Power-on delay time [s]



200Measuring / display cycle [ms] [ms]
1 x Pt 1000, to DIN EN 60751, class BMeasuring element

1 / 3 *)Dynamic response T05 / T09 [s]
12Minimum installation depth [mm]
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-25...70Ambient temperature [°C]
-40...100Storage temperature [°C]
IP 67, IIIProtection

> 100 / 500 V DCInsulation resistance [MΩ]
50 g (11 ms)DIN IEC 68-2-27:Shock resistance
20 g (10...2000 Hz)DIN EN 60068-2-6:Vibration resistance

4 kV CD / 8 kV ADEN 61000-4-2 ESD:
10 V/mEN 61000-4-3 HF radiated:
2 kVEN 61000-4-4 Burst:
1 kVEN 61000-4-5 Surge:
10 VEN 61000-4-6 HF conducted:

EMC

stainless steel (304S15); PBT (Pocan); PC (Makrolon); EPDM/X (Santoprene); FPM
(Viton)

Housing materials

stainless steel 316L / 1.4404Materials (wetted parts)
2 x LED greenDisplay unit
LED yellowSwitching status
4-digit alphanumeric displayMeasured values
4-digit alphanumeric displayProgramming

Display

M12 connector; gold-plated contactsConnection

0.19Weight [kg]
cULus - Class 2 source required
*) according to DIN EN 60751
The values for accuracy apply to flowing water.
load for current output: Rmax [Ω]: (Ub - 10 V) x 50 / for voltage output:
Rmin [Ω]: 2000

Remarks

Wiring

Programming of the output function:
Hno = hysteresis / N.O.
Hnc = hysteresis / N.C.
Fno = window function / N.O.
Fnc = window function / N.C.
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Accessories

UT0028
½" NPT

Thermowell for temperature sensors

27Probe length L[mm]
for types TNDesign

16Pressure rating [bar]
8.4Inside diameter [mm]

½" NPTProcess connection
stainless steel (316)Housing materials

heat conductive paste
order no. 700692

Accessories (optional)
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Made in Germany

Product characteristics
Magnetic-inductive flow meter

Quick disconnect

Process connection: G2 flat seal

connection to pipe by means of an adapter

Empty pipe detection

2 outputs

OUT1 = analogue signal temperature
OUT2 = analogue signal flow

4-digit alphanumeric display

Display units: l/min, m³/h, gpm, gph, °C, °F

Measuring range

5...600 l/min (1.3...158.5 gpm)

-20...80 °C (-4...176 °F)

Application

SM2004
Flow sensorsSMR21XGX50KG/US



Conductive liquids
(conductivity:>= 20 µS/cm / viscosity: < 70 cSt at 104 °F)

Application

-10...70 / 14...158Medium temperature [°C / °F]

Electrical data
DCElectrical design

18...32 DC ¹)Operating voltage [V]

< 150Current consumption [mA]

> 100 (500 V DC)Insulation resistance [MΩ]

IIIProtection class

yesReverse polarity protection

Outputs
OUT1: analog (4…20 mA) oder IO-Link ²)

OUT2: analog (4…20 mA)
Output function

4...20 mA; ≤ 22 mAAnalog output

500Max. load [Ω]

Measuring / setting range
Flow monitoring

1.3...158.5 gpm80...9510 gph0.3...36 m³/h5...600 l/minMeasuring range

-190.2...190.2 gpm-11410...11410 gph-43.2...43.2 m³/h-720...720 l/minDisplay range

0.1 gpm5 gph0.02 m³/h0.5 l/minResolution

0...126.8 gpm0...7610 gph0...28.8 m³/h0...480 l/minAnalog start point, ASP

31.7...158.5 gpm1900...9510 gph7.2...36 m³/h120...600 l/minAnalog end point, AEP

5...15 l/min; 0.3...0.9 m³/h; 80...240 gph; 1.3…4 gpmLow flow cut-off, LFC

0.1 gpm5 gph0.02 m³/h0.5 l/minin steps of

1:120Measuring dynamics

Temperature monitoring

-20...80 / -4...176Measuring range [°C / °F]

-40...100 / -40...212Display range [°C / °F]

0.2 / 0.5Resolution [°C / °F]

-20...60 / -4...140Analog start point, ASP [°C / °F]

0...80 / 32...176Analog end point, AEP [°C / °F]

0.2 / 0.5in steps of [°C / °F]

Accuracy / deviations
Flow monitoring

± (0.8% MW + 0.5% MEW) ³)Accuracy [% of the final value]

± 0.2% MEWRepeatability

SM2004
Flow sensorsSMR21XGX50KG/US



Pressure loss (dP) / flow rate (Q)

Temperature monitoring

± 1 (25 °C; Q > 15 l/min) / ± 1 (77 °F; Q > 4 gpm)Accuracy [K]

Reaction times
5Power-on delay time [s]

Flow monitoring

< 0.25 (dAP = 0)Response time [s]

0...5Damping, dAP [s]

Temperature monitoring

T09 = 3 (Q > 15 l/min) / T09 = 3 (Q > 4 gpm)Response time [s]

Software / programming
Display abschaltbar; Anzeigeeinheit; Leerrohr-ErkennungProgramming options

Interfaces
IO-Link Device

COM2 (38.4 kBaud)Transfer type

1.1IO-Link revision

IEC 61131-9 FDISSDCI standard

379 d / 00 01 7B hIO-Link Device ID

Smart Sensor: Process Data Variable; Device IdentificationProfiles

noSIO mode

SM2004
Flow sensorsSMR21XGX50KG/US



ARequired master port class

3Process data analogue

2Process data binary

5Min. process cycle time [ms]

Environment
232Pressure rating [psi]

-10...60 / 14...140Ambient temperature [°C / °F]

-25...80 / -13...176Storage temperature [°C / °F]

IP 65 / IP 67Protection

Tests / approvals

article 3, paragraph (3) - sound engineering practice
EC pressure equipment directive
97/23/EC

DIN EN 60947-5-9EMC

Shock resistance 20 g (11 ms)DIN EN 60068-2-27:

Vibration resistance 5 g (10...2000 Hz)DIN EN 60068-2-6:

Mechanical data
G2 flat sealProcess connection

stainless steel 316L / 1.4404; stainless steel 316Ti / 1.4571; PEEK (polyether ether
ketone); Hastelloy C-4 (2.4610); Centellen; FKM

Materials (wetted parts)

stainless steel 316L / 1.4404; stainless steel 316Ti / 1.4571; PC (polycarbonate);
FKM; PBT-GF 20; elastolan

Housing materials

3.065Weight [kg]

Displays / operating elements
Display 6 x LED green (l/min, m³/h, gpm, gph, °C, °F)Display unit

1 x LED yellow (10³)Function display
4-digit alphanumeric displayMeasured values
4-digit alphanumeric displayProgramming

Electrical connection
M12 connector; gold-plated contactsConnection

Wiring

Pin 2: Flow monitoring
Pin 4: Temperature monitoring
Pin 4: IO-Link ²)

Accessories
2 x packing washer (Centellen); LabelAccessories (included)

Remarks
Remarks ¹) to DIN EN 50178, SELV, PELV

²) IO-Link communication must be activated in the menu.
³) Q > 15l/min, medium and ambient temperature +22 °C ± 4K (+72
°F ± 7 °F)
MW = measured value
MEW = final value of the measuring range

SM2004
Flow sensorsSMR21XGX50KG/US



1Pack quantity [piece]

Other data
± 0.0333 °C / K; ± 0.0599 °F / KTemperature drift
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Made in Germany

Product characteristics
Magnetic-inductive flow meter

Quick disconnect

Process connection: G1 flat seal

2 outputs

OUT1 = analogue signal temperature
OUT2 = analogue signal flow

Display units:

l/min, m³/h, gpm, gph

°C / °F

connection to pipe by means of an adapter

Application
Conductive liquids

(conductivity:>= 20 µS/cm / viscosity: < 70 cSt at 104 °F)
Application

14...158Medium temperature [°F]

Electrical data
DCElectrical design

20...30 DC ¹)Operating voltage [V]

120 (24 V)Current consumption [mA]

> 100 (500 V DC)Insulation resistance [MΩ]

IIIProtection class

yesReverse polarity protection

Outputs
2 x analog (4...20 mA scalable)Output function

yesOverload protection

4...20 mA, max. 22 mAAnalog output

max. 500Max. load [Ω]

Measuring / setting range
Flow monitoring

6...1800 gph0.10...30.00 gpmMeasuring range

-1902...1902 gph-31.70...31.70 gpmDisplay range

2 gph0.05 gpmResolution

0...1268 gph0.00...21.15 gpmAnalog start point, ASP

318...1800 gph5.30...30.00 gpmAnalog end point, AEP

2 gph0.05 gpmin steps of

Temperature monitoring

SM0504
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-4...176Measuring range [°F]

0.5Resolution [°F]

-4.0...140.5Analog start point, ASP [°F]

31.5...176.0Analog end point, AEP [°F]

0.5in steps of [°F]

Accuracy / deviations
Flow monitoring

± (2% MW + 0.5% MEW)Accuracy [% of the final value]

± 0.2% MEWRepeatability

Pressure loss (dP) / flow rate (Q)

Temperature monitoring

± 4.5 (Q > 0.26 gpm)Accuracy [K]

Reaction times
5Power-on delay time [s]

Flow monitoring

< 0.150 (dAP = 0)Response time [s]

0.0...5.0Damping, dAP [s]

Temperature monitoring

T09 = 30 (Q > 0.26 gpm)Response time [s]

Environment
232Pressure rating [psi]

14...140Ambient temperature [°F]

-13...176Storage temperature [°F]

IP 67Protection

Tests / approvals
EMC 4 kV CD / 8 kV ADEN 61000-4-2 ESD:

10 V/mEN 61000-4-3 HF radiated:
2 kVEN 61000-4-4 Burst:
0.5 kVEN 61000-4-5 Surge:
10 VEN 61000-4-6 HF conducted:

Shock resistance 20 g (11 ms)DIN IEC 68-2-27:

Vibration resistance 5 g (10...2000 Hz)DIN IEC 68-2-6:

175MTTF [Years]

Mechanical data
G1 flat sealProcess connection

stainless steel 316L / 1.4404; PEEK (polyether ether ketone); FKMMaterials (wetted parts)

stainless steel 316L / 1.4404; PBT-GF 20; PC (Makrolon); EPDM/X (Santoprene)Housing materials

0.593Weight [kg]

Displays / operating elements

SM0504
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Display 6 x LED green (l/min, m³/h, gpm, gph, °C, °F)Display unit
4-digit alphanumeric displayMeasured values
4-digit alphanumeric displayProgramming

Electrical connection
M12 connector; gold-plated contactsConnection

Wiring

OUT1 = analogue signal
temperature
OUT2 = analogue signal flow

Remarks
Remarks ¹) to EN50178, SELV, PELV

MW = measured value
MEW = final value of the measuring range

1Pack quantity [piece]
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Valve Totals

SDL Project 

SDL Project - System Valves Totals

Valve # Type of Action Size Equal Material Connection Valve Part # Actuator Part # Positioner Part # Manufacturer

2 Pneumatic Spring Return 63 2.5" 316 SS 3 pc SW 320SSFFFA63 ALF35-SR None FloTite/Alpha

18 Pneumatic Spring Return 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

2 Pneumatic Spring Return 40 1-1/2" 316 SS 3 pc SW 320SSFFFA40 ALF25-SR None FloTite/Alpha

2 Pneumatic Spring Return 25 1" 316 SS 3 pc SW 320SSFFFA25 ALF20-SR None FloTite/Alpha

2 Pneumatic Spring Return 50 2" CPVC 3 pc SW TB2200ST ALF30-SR None Hayward/Alpha

3 Pneumatic Spring Return 40 1-1/2" CPVC 3 pc SW TB2150ST ALF25-SR None Hayward/Alpha

2 Pneumatic Spring Return 25 1" CPVC 3 pc SW TB2100ST ALF20-SR None Hayward/Alpha

1 Flow Control Valve 50 2" 316 SS 3 pc SW V320SSFFFA50 ALF30-SR V100E FloTite/Alpha/BLX

2 Flow Control Valve 25 1" 316 SS 3 pc SW V320SSFFFA25 ALF25-SR V100E FloTite/Alpha/BLX

4 Swing Check Valve 50 2" 316 SS SW SC-200SW None None JFW VALVE

1 Swing Check Valve 40 1-1/2" CPVC 3 pc SW TC 2150ST None None Hayward

6 Manual Ball Valve 50 2" 316 SS 3 pc SW 320SSFFFL50 None None FloTite

8 Manual Ball Valve 16 1/2" 316 SS NPT T80SS None None FloTite

26 Manual Ball Valve 8 1/4" 316 SS NPT T80SS None None FloTite

5 Manual Ball Valve 25 1" CPVC 1 pc SW TB2200ST None None Hayward

1 Manual Globe Valve 40 1-1/2" 316 SS NPT GB-200 None None JFW VALVE

51 Valve Totals

Note: Does not include off-skid equipment.



System Valves
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SDL Project - Valves List

Stage-1 VSEP RO Skid

Tag # Type of Action Location Size Equal Material Connection Valve Part # Actuator Part # Positioner Part # Manufacturer

XV-100 Pneumatic Spring Return Hot Water Inlet to Bag Filter 63 2.5" 316 SS 3 pc SW 320SSFFFA63 ALF35-SR None FloTite/Alpha

XV-101 Pneumatic Spring Return Feed Inlet to Bag Filter 63 2.5" 316 SS 3 pc SW 320SSFFFA63 ALF35-SR None FloTite/Alpha

XV-102 Pneumatic Spring Return Feed to Header 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-105 Pneumatic Spring Return Permeate to VSEP Feed Tank, T-110 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-106 Pneumatic Spring Return Permeate to Tank, T-130 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-107 Pneumatic Spring Return Concentrate to VSEP Feed Tank, T-110 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-108 Pneumatic Spring Return Concentrate to Reject Tank, T-120 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-110 Pneumatic Spring Return CIP Feed to VSEP #1 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-111 Pneumatic Spring Return CIP Permeate From VSEP #1 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-112 Pneumatic Spring Return Permeate From VSEP #1 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-113 Pneumatic Spring Return CIP Concentrate From VSEP #1 25 1" 316 SS 3 pc SW 320SSFFFA25 ALF20-SR None FloTite/Alpha

XV-114 Pneumatic Spring Return Concentrate From VSEP #1 25 1" 316 SS 3 pc SW 320SSFFFA25 ALF20-SR None FloTite/Alpha

FCV-110 Flow Control Valve Feed to VSEP #1 50 2" 316 SS 3 pc SW V320SSFFFA50 ALF30-SR V100E FloTite/Alpha/BLX

FCV-112 Flow Control Valve Concentrate from VSEP #1 25 1" 316 SS 3 pc SW V320SSFFFA25 ALF25-SR V100E FloTite/Alpha/BLX

CV-110 Swing Check Valve Permeate Return #1 50 2" 316 SS SW SC-200SW None None JFW VALVE

MV-100 Manual Ball Valve Bag Filter #100 Inlet 50 2" 316 SS 3 pc SW 320SSFFFL50 None None FloTite

MV-101 Manual Ball Valve Bag Filter #101 Inlet 50 2" 316 SS 3 pc SW 320SSFFFL50 None None FloTite

MV-103 Manual Ball Valve Bag Filter #100 Outlet 50 2" 316 SS 3 pc SW 320SSFFFL50 None None FloTite

MV-104 Manual Ball Valve Bag Filter #101 Outlet 50 2" 316 SS 3 pc SW 320SSFFFL50 None None FloTite

MV-106 Manual Ball Valve Feed Pump, P-100/101Inlet 50 2" 316 SS 3 pc SW 320SSFFFL50 None None FloTite

MV-109 Manual Ball Valve Bag Filter #100 Bleed Valve 8 1/4" 316 SS NPT T80SS None None FloTite

MV-1010 Manual Ball Valve Bag Filter #101 Bleed Valve 8 1/4" 316 SS NPT T80SS None None FloTite

MV-1012 Manual Ball Valve Bag Filter, BF-100 Outlet to Drain 16 1/2" 316 SS NPT T80SS None None FloTite

MV-1013 Manual Ball Valve Bag Filter, BF-101 Outlet to Drain 16 1/2" 316 SS NPT T80SS None None FloTite

MV-1015 Manual Ball Valve Feed Pump, P-100-101 Inlet to Drain 16 1/2" 316 SS NPT T80SS None None FloTite

MV-1018 Manual Ball Valve Permeate Sample Port 8 1/4" 316 SS NPT T80SS None None FloTite

MV-1019 Manual Ball Valve Concentrate Sample Port 8 1/4" 316 SS NPT T80SS None None FloTite

MV-170 Manual Ball Valve Feed #1 Drain Port 16 1/2" 316 SS NPT T80SS None None FloTite

MV-171 Manual Ball Valve Permeate #1 Drain Port 16 1/2" 316 SS NPT T80SS None None FloTite

MV-172 Manual Ball Valve Concentrate #1 Drain Port 16 1/2" 316 SS NPT T80SS None None FloTite

Qty

Isolation Manual Ball Valve Instruments-PIT 4 1/4" 316 SS NPT T80SS None None FloTite

Isolation Manual Ball Valve Instruments-PDT 2 1/4" 316 SS NPT T80SS None None FloTite

Stage 2 - Spiral RO Skid

Tag # Type of Action Location Size Equal Material Connection Valve Part # Actuator Part # Positioner Part # Manufacturer

XV-200 Pneumatic Spring Return Hot water in 50 2" CPVC 3 pc SW TB2200ST ALF30-SR None Hayward/Alpha

XV-201 Pneumatic Spring Return Feed to Spiral from feed tank 50 2" CPVC 3 pc SW TB2200ST ALF30-SR None Hayward/Alpha

XV-202 Pneumatic Spring Return Feed Pump, P-201 Outlet 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-203 Pneumatic Spring Return Feed In from CIP Skid 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-205 Pneumatic Spring Return Spiral Permeate out to CIP Skid 40 1.5" CPVC 3 pc SW TB2150ST ALF25-SR None Hayward/Alpha

XV-206 Pneumatic Spring Return Spiral Permeate to Destination, T-300 40 1.5" CPVC 3 pc SW TB2150ST ALF25-SR None Hayward/Alpha

XV-207 Pneumatic Spring Return Spiral Permeate to Feed Tank, T-200/210 40 1.5" CPVC 3 pc SW TB2150ST ALF25-SR None Hayward/Alpha

XV-204 Pneumatic Spring Return Spiral Concentrate out to CIP Skid 25 1" CPVC 3 pc SW TB2100ST ALF20-SR None Hayward/Alpha

XV-208 Pneumatic Spring Return Spiral Concentrate to Reject Tank, T-120 25 1" CPVC 3 pc SW TB2100ST ALF20-SR None Hayward/Alpha

FCV-200 Flow Control Valve Concentrate from Spiral 25 1" 316 SS 3 pc SW V320SSFFFA25 ALF25-SR V100E FloTite/Alpha/BLX

CV-201 Swing Check Valve Permeate from Spiral RO 40 1.5" CPVC 3 pc SW TC 2150ST None None Hayward

MV-200 Manual Ball Valve Feed Sample Port 8 1/4" 316 SS NPT T80SS None None FloTite
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MV-201 Manual Ball Valve Bag Filter, BF-200 Inlet 25 1" CPVC 3 pc SW TB2100ST None None Hayward

MV-202 Manual Ball Valve Bag Filter, BF-201 Inlet 25 1" CPVC 3 pc SW TB2100ST None None Hayward

MV-203 Manual Ball Valve Bag Filter, BF-200 Outlet 25 1" CPVC 3 pc SW TB2100ST None None Hayward

MV-204 Manual Ball Valve Bag Filter, BF-201 Outlet 25 1" CPVC 3 pc SW TB2100ST None None Hayward

MV-205 Manual Ball Valve Bag Filter Drain 25 1" CPVC 3 pc SW TB2100ST None None Hayward

MV-208 Manual Globe Valve Permeate from stage-1 40 1-1/2" 316 SS GB-200 None None JFW VALVE

MV-2010 Manual Ball Valve Bag Filter #200 Bleed Valve 8 1/4" 316 SS NPT T80SS None None FloTite

MV-2011 Manual Ball Valve Bag Filter #201 Bleed Valve 8 1/4" 316 SS NPT T80SS None None FloTite

MV-2017 Manual Ball Valve Permeate Sample Port 8 1/4" 316 SS NPT T80SS None None FloTite

MV-2018 Manual Ball Valve Concentrate Sample Port 8 1/4" 316 SS NPT T80SS None None FloTite

Isolation Manual Ball Valve Instruments-PIT 3 1/4" 316 SS NPT T80SS None None FloTite

Isolation Manual Ball Valve Instruments-PDT 2 1/4" 316 SS NPT T80SS None None FloTite

CIP Skid

Tag # Type of Action Location Size Equal Material Connection Valve Part # Actuator Part # Positioner Part # Manufacturer

XV-190 Pneumatic Spring Return Hot Water to CIP Tank 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-191 Pneumatic Spring Return Hot Water to VSEP 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-192 Pneumatic Spring Return CIP Tank to Drain 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-193 Pneumatic Spring Return CIP Tank to Pump 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-194 Pneumatic Spring Return CIP Pump to Feed Header 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-195 Pneumatic Spring Return Feed Bypass to CIP Tank 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-196 Pneumatic Spring Return Permeate to CIP Tank 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-197 Pneumatic Spring Return Permeate to Destination 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-198 Pneumatic Spring Return Concentrate to CIP Tank 40 1-1/2" 316 SS 3 pc SW 320SSFFFA40 ALF25-SR None FloTite/Alpha

XV-199 Pneumatic Spring Return Concentrate to Destination 40 1-1/2" 316 SS 3 pc SW 320SSFFFA40 ALF25-SR None FloTite/Alpha

CV-190 Swing Check Valve Hot Water In 50 2" 316 SS SW SC-200SW None None JFW VALVE

CV-191 Swing Check Valve Bag Filter Inlet 50 2" 316 SS SW SC-200SW None None JFW VALVE

CV-192 Swing Check Valve Bag Filter Inlet 50 2" 316 SS SW SC-200SW None None JFW VALVE

MV-190 Manual Ball Valve Bag Filter Inlet 50 2" 316 SS 3 pc SW 320SSFFFL50 None None FloTite

MV-191 Manual Ball Valve Bag Filter Bleed Valve 8 1/4" 316 SS NPT T80SS None None FloTite

MV-192 Manual Ball Valve Feed Pump Inlet to Drain 16 1/2" 316 SS NPT T80SS None None FloTite

MV-193 Manual Ball Valve Pump Outlet to Drain 16 1/2" 316 SS NPT T80SS None None FloTite

MV-194 Manual Ball Valve Permeate Sample Port 8 1/4" 316 SS NPT T80SS None None FloTite

MV-195 Manual Ball Valve Concentrate Sample Port 8 1/4" 316 SS NPT T80SS None None FloTite

MV-196 Manual Ball Valve IC Feed Sample Port 8 1/4" 317 SS NPT T80SS None None FloTite

MV-197 Manual Ball Valve IC Permeate Sample Port 8 1/4" 318 SS NPT T80SS None None FloTite

MV-198 Manual Ball Valve IC Concentrate Sample Port 8 1/4" 316 SS NPT T80SS None None FloTite

Off-Skid Valves (provided by others)

Tag # Type of Action Location Size Equal Material Connection Valve Part # Actuator Part # Positioner Part # Manufacturer

XV-210 Pneumatic Spring Return Tank T-200 to Spiral Skid 50 2" CPVC 3 pc S/T TB2200ST ALF20-SR None Hayward/ALPHA

XV-211 Pneumatic Spring Return Tank T-210 to Spiral Skid 50 2" CPVC 3 pc S/T TB2200ST ALF20-SR None Hayward/ALPHA

XV-300 Pneumatic Spring Return Spiral Permeate to Hot Water Tank 51 2" CPVC 4 pc S/T TB2200ST ALF20-SR None Hayward/ALPHA

XV-301 Pneumatic Spring Return Spiral Permeate to Discharge 50 2" CPVC 3 pc S/T TB2200ST ALF20-SR None Hayward/ALPHA
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SDL Project - Valves Calculations

Stage-1 VSEP RO Skid

Control Skid mm US Equal Inches Q Q Q ∆P Cv Cv max fps max M/s

Modulated Valves Nom Size Nom Size ID Area Min GPM Nom GPM Max GPM Delta PSI Nominal Max Velocity Velocity

FCV-110 Feed to VSEP #1 50 2" 2.066 3.351 15.0 30.0 37.5 500 1.34 1.68 3.59 1.09

FCV-112 Concentrate from VSEP #1 25 1" 1.049 .864 10.0 20.0 25.0 500 0.89 1.12 9.29 2.83

Control Skid mm US Equal Inches Q Q Q ∆P Cv Cv max fps max M/s

On/Off Pneumatic Valves Nom Size Nom Size ID Area Min GPM Nom GPM Max GPM Delta PSI Nominal Max Velocity Velocity

XV-100 Hot Water Inlet to Bag Filter 63 2.5" 4.000 12.560 30.0 60.0 75.0 5 26.83 33.54 1.92 0.58

XV-101 Feed Inlet to Bag Filter 63 2.5" 4.000 12.560 17.5 35.0 43.8 5 15.65 19.57 1.12 0.34

XV-102 Feed to Header 50 2" 2.583 5.237 17.5 35.0 43.8 5 15.65 19.57 2.68 0.82

XV-105 Permeate to VSEP Feed Tank, T-110 50 2" 3.000 7.065 6.5 13.0 16.3 5 5.81 7.27 0.74 0.23

XV-106 Permeate to Spiral Feed Tank, T-200 50 2" 3.000 7.065 6.5 13.0 16.3 5 5.81 7.27 0.74 0.23

XV-107 Concentrate to VSEP Feed Tank, T-110 50 2" 2.066 3.351 10.0 20.0 25.0 5 8.94 11.18 2.40 0.73

XV-108 Concentrate to Reject Tank, T-120 50 2" 2.066 3.351 10.0 20.0 25.0 5 8.94 11.18 2.40 0.73

XV-110 CIP Feed to VSEP #1 50 2" 2.066 3.351 30.0 60.0 75.0 5 26.83 33.54 7.19 2.19

XV-111 CIP Permeate From VSEP #1 50 2" 2.066 3.351 20.0 40.0 50.0 5 17.89 22.36 4.79 1.46

XV-112 Permeate From VSEP #1 50 2" 2.066 3.351 6.5 13.0 16.3 5 5.81 7.27 1.56 0.47

XV-113 CIP Concentrate From VSEP #1 25 1" 1.049 .864 10.0 20.0 25.0 5 8.94 11.18 9.29 2.83

XV-114 Concentrate From VSEP #1 25 1" 1.049 .864 10.0 20.0 25.0 5 8.94 11.18 9.29 2.83

Stage-2 Spiral RO Skid

Control Skid mm US Equal Inches Q Q Q ∆P Cv Cv max fps max M/s

Modulated Valves Nom Size Nom Size ID Area Min GPM Nom GPM Max GPM Delta PSI Nominal Max Velocity Velocity

FCV-200 Concentrate from Spiral RO 25 1" 1.049 .864 10.0 20.0 25.0 500 0.89 1.12 9.29 2.83

Control Skid mm US Equal Inches Q Q Q ∆P Cv Cv max fps max M/s

On/Off Pneumatic Valves Nom Size Nom Size ID Area Min GPM Nom GPM Max GPM Delta PSI Nominal Max Velocity Velocity

XV-200 Hot water in 50 2" 2.583 5.237 45.0 90.0 112.5 5 40.25 50.31 6.90 2.10

XV-201 Feed to Spiral from feed tank 50 2" 2.583 5.237 25.0 50.0 62.5 5 22.36 27.95 3.83 1.17

XV-202 Feed Pump, P-201 Outlet 50 2" 2.583 5.237 25.0 50.0 62.5 5 22.36 27.95 3.83 1.17

XV-203 Feed In from CIP Skid 50 2" 2.583 5.237 45.0 90.0 112.5 5 40.25 50.31 6.90 2.10

XV-205 Spiral Permeate out to CIP Skid 40 1.5" 1.612 2.040 37.5 75.0 93.8 5 33.54 41.93 14.75 4.50

XV-206 Spiral Permeate to Destination, T-300 40 1.5" 1.612 2.040 18.8 37.5 46.9 5 16.77 20.96 7.38 2.25

XV-207 Spiral Permeate to Feed Tank, T-200/210 40 1.5" 1.612 2.040 18.8 37.5 46.9 5 16.77 20.96 7.38 2.25

XV-204 Spiral Concentrate out to CIP Skid 25 1" 1.049 .864 7.5 15.0 18.8 5 6.71 8.39 6.97 2.12

XV-208 Spiral Concentrate to Reject Tank, T-120 25 1" 1.049 .864 6.3 12.5 15.6 5 5.59 6.99 5.81 1.77

CIP Skid

mm US Equal Inches Q Q Q ∆P Cv Cv max fps max M/s

Nom Size Nom Size ID Area Min GPM Nom GPM Max GPM Delta PSI Nominal Max Velocity Velocity

XV-190 Hot Water to CIP Tank 50 2" 2.066 3.351 30.0 60.0 75.0 5 26.83 33.54 7.19 2.19

XV-191 Hot Water to VSEP 50 2" 2.066 3.351 30.0 60.0 75.0 5 26.83 33.54 7.19 2.19

XV-192 CIP Tank to Drain 50 2" 2.066 3.351 2.5 5.0 6.3 5 2.24 2.80 0.60 0.18

XV-193 CIP Tank to Pump 50 2" 2.066 3.351 30.0 60.0 75.0 5 26.83 33.54 7.19 2.19

XV-194 CIP Pump to Feed Header 50 2" 2.066 3.351 30.0 60.0 75.0 5 26.83 33.54 7.19 2.19

XV-195 Feed Bypass to CIP Tank 50 2" 2.066 3.351 30.0 60.0 75.0 5 26.83 33.54 7.19 2.19

XV-196 Permeate to CIP Tank 50 2" 2.066 3.351 20.0 40.0 50.0 5 17.89 22.36 4.79 1.46

XV-197 Permeate to Destination 50 2" 2.066 3.351 20.0 40.0 50.0 5 17.89 22.36 4.79 1.46

XV-198 Concentrate to CIP Tank 40 1-1/2" 1.612 2.040 10.0 20.0 25.0 5 8.94 11.18 3.93 1.20

XV-199 Concentrate to Destination 40 1-1/2" 1.612 2.040 10.0 20.0 25.0 5 8.94 11.18 3.93 1.20
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2PC Full Bore Economical Ball Valve

www.flotite.com

Model : T80SS
1000 WOG / 150 SWP
316 Stainless Steel
Optional Carbon Steel
Temperature Range:
 -20 °F to 450 °F
 -46 °C to 232 °C

Size Range:
1/4” - 3”
Threaded Ends

2PC  ECONOFLO SERIES

DESIGN FEATURES

•	 Full Port - Straight through flow minimizes 
	 pressure drop and prolongs valve life

•	 Internal Entry Blow-out Proof Stem

•	 Locking Handle - Standard on all valves
	 meets OSHA 1910.147

•	 Adjustable V-Ring Stem Packing

•	 Bubble Tight - Zero Leakage

•	 Actuator Mounting Pad

•	 Investment cast improves dimensional
	 control and reduces porosity

•	 2PC Econoflo Series is an Ideal General
	 purpose stainless steel valve, meeting
	 plant - wide applications

Econoflo Series offers exceptional economy and proven performance
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T80SS Full Port Ball Valve Design & Technical Data
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PRESSURE RATING: 1000 WOG
VALVE COMPONENTS

T80 For maximum 
Flow Requirements

Conforms to:
Federal Specification WW-V-35B
Type II, Class C. Style 3

Pipe Thread in accoardance with
ANSI B2 NPT

Drilled and Tapped Actuator
Mounting Pad

All valves 100% air tested underwater
at 100 psi Open and Close positions.

Dimensions are for estimating purpose only.
Please consult factory for exact dimensions.

	ITEM	 NAME	 T80SS	 T80CS	 QTY.

	 1	 BODY	 ASTM A351 GR. CF8M	 ASTM A216 GR. WCB	 1
	 2	 END CAP	 ASTM A351 GR. CF8M	 ASTM A216 GR. WCB	 1
	 3	 BALL	 ASTM A276 TYPE316	 ASTM A276 TYPE316	 1
	 4	 SEAT	 RPTFE	 RPTFE	 2
	 5	 BODY SEAL	 PTFE	 PTFE	 1
	 6	 STEM	 ASTM A276 TYPE316	 ASTM A276 TYPE316	 1
	 7	 THRUST WASHER	 RPTFE	 RPTFE	 1
	 8	 STEM PACKING	 RPTFE	 RPTFE	 2
	 9	 GLAND NUT	 ASTM A492 TYPE304	 CARBON STEEL	 1
	 10	 HANDLE	 ASTM A167 TYPE304	 CARBON STEEL	 1
	 11	 LOCKING DEVICE	 ASTM A167 TYPE304	 CARBON STEEL	 1
	 12	 LEVER SLEEVE	 VINYL PLASTISOL	 VINYL PLASTISOL	 1
	 13	 SPRING WASHER	 ASTM A492 TYPE304	 CARBON STEEL	 1
	 14	 NUT	 ASTM A492 TYPE304	 CARBON STEEL	 1

BILL OF MATERIALS:

SIZE 1/4” 3/8” 1/2” 3/4” 1” 1 1/4” 1 1/2” 2” 2 1/2” 3”

A
in 2.20 2.20 2.52 2.95 3.35 3.86 4.17 4.80 6.38 7.01

mm 56 56 64 75 85 98 106 122 162 178

oB
in 0.43 0.47 0.59 0.79 0.98 1.26 1.50 1.97 2.56 3.07

mm 11 12 15 20 25 25 32 50 65 78

C
in 1.89 1.89 2.24 2.36 2.80 3.13 3.46 3.86 4.88 5.41

mm 48 48 57 60 71 79.5 88 98 124 137.5

D
in 3.54 3.54 3.94 4.53 5.51 5.51 7.09 7.48 8.66 9.45

mm 90 90 100 115 140 140 180 190 220 240

CV 6 7 10 25 35 46 80 110 310 360

Torque (in-lbf) 36 36 65 80 120 235 290 370 685 810

Weight (lbs) 0.66 0.66 0.79 1.28 2.29 3.39 4.97 8.36 15.0 25.5

DIMENSIONS AND WEIGHTS:







Flo-Tite’s Unique...
MULTI-CHOICE SERIES

	I-SO-MOUNT TYPE AUTOMATION PAD	

	WELD IN PLACE DESIGN

	SECONDARY MEDIA CONTAINMENT 	

	SECONDARY METAL SEAT

	LIVE-LOADED STEM ASSEMBLIES

	SWING-OUT BODY DESIGN

	SAFETY LOCKING HANDLE

	ANTI-STATIC GROUNDING DEVICE

	 SUPER-TEK-SEATS, STANDARD

	CAVITY FILLER - ALL SIZES

	METAL NAME PLATES IDENTIFY
	 ALL SOFT PARTS

	SIZE Range 
	 1/4" thru 4"
	 Optional 6”~12”

	1500 WOG/150 WSP
	 1/4" ~ 2", 2-1/2"~ 4", 		
	 ANSI 150/300 6"~12" 
  
	Cap Screws are used 	
	 to insure precise   	  	
	 alignment of valve 		
	 center body to end 		
	 caps. This high-end 		
	 design feature 		
	 eliminates through 		
	 bolts, nuts,washer 		
	 and their related 		
	 problems.

Unique 3PC Design Serves As Both Valve And Union 
Thus Eliminating Costly And Heavy Flanges!

V-Port Control Valve Characterized
Ball V15°, V30°, V60°, V90°

	THREADED (NPT)

	SOCKET WELD

	BUTT WELD

	150 LB. FLANGED

	TRI CLAMP-SANITARY END

	CAM LOCK

	TUBE END

	FLUSH BOTTOM TANK

	EXTENDED END SW

	EXTENDED END B/W

1500 WOG

UNIQUE DESIGNEND CAP SELECTIONSPECIAL FEATURES		

3 PC Full Port Ball Valves

Tech Bulletin Page 45-09

SIZE 1/4” - 2 1/2” SIZE 3” & 4”
Optional 6” thru 12”

Shown with Optional 
Weld-In-Place Ends

I - S0 - Mount

Models:
300 - (316SS)
200 - (WCB)

www.flotite.com
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2.10
2.43
3.51
5.07
8.00

12.00
22.00
32.50
56.00

BILL OF MATERIALS:

DIMENSIONS, TORQUES, AND WEIGHTS:

Size 1/4” thru 4” inch

Weld-In-Place

* Recommended Spare Parts	 (Consult factory for B8 and B7 bolting)   ** Weld Ends use CF3M-316L   

PRESSURE & TEMPERATURE DATA OPTIONAL SEAT MATERIALS
Consult factory for sizes 6 thru 12 inch

· UHMWP-Ultra High Molecular Weight Polyethylene
· Carbon Filled Teflon
· Bronze Filled Teflon
· Stainless Teflon
· Virgin Teflon
· Peek 

· Stellite-Metal
• Super-Tek (TFM)
• Super-Tek III (Carbon/TFM)
· Cavity Fillers

* Carbon Steel Bodies are Black Phosphate Coated 
   for Added Corrosion Resistance
* All Carbon Body Valves Have Stainless Steel HardwareTemperature (°F)
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This brochure is general in nature and manufacturer reserves the right to alter dimensions, materials or to make design improvements.

1/2”~2-1/2” 3”~4”

-46   -18   10   38    66    93   121  149   177  204  232  260
Temperature (°C)

6.496
6.496
7.874
7.874
9.843
9.843
9.843

15.354
15.354

2.598
2.913
3.425
3.622
4.134
4.528
5.039
6.417
7.087

0.591
0.787
0.984
1.260
1.496
2.000
2.559
2.992
4.016

4.71
5.02
5.31
5.71
6.23
6.76
8.76
9.45
10.56

2.835
3.346
3.622
4.331
4.843
5.591
7.264
7.953
9.055

1/4”, 3/8”, 1/2
3/4”
1”

1-1/4”
1-1/2”

2”
2-1/2”

3”
4”

NOTE: Verify the Mounting dimensions before manufacturing actuator mounting hardware.
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18
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380
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890

1,620
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780

1600

1.8743.543
3.543 1.874

	 	 ØB	 C	   D		  CV	 WEIGHT	 TORQUE
		  (lbs)		  (in-lbs)

NO.	 PART NAME	 300 SERIES STAINLESS STEEL	 200 SERIES CARBON STEEL	 Q’TY

1	 BODY	 ASTM A351 GR. CF8M - 316	 ASTM A216 GR. WCB	 1
2	 CAP END CONNECTOR	 ASTM A351 GR. CF8M **	 ASTM A216 GR. WCB	 2
3	 BALL	 ASTM A351 GR. CF8M - 316	 ASTM A351 GR. CF8M - 316	 1
4	 SEAT *	 SUPER-TEK TFM or RTFE 	 SUPER-TEK TFM or RTFE	 2
5	 STEM	 ASTM A276 TYPE 316	 ASTM A276 TYPE 316	 1
6	 BODY SEAL *	 SUPER-TEK TFM OR RTFE	 SUPER-TEK TFM OR RTFE	 1
9	 BODY BOLT	 S.S 304 / ASTM A193 GR B8	 S.S 304 / ASTM A193 GR B8	 8/12

10	 ANTI-STATIC	 SS316	 SS316	 2
11	 THRUST BEARING *	 25% CARBON/TFM	 25% CARBON/TFM	 1
12	 GUIDE SEAL *	 VITON O-RING	 VITON O-RING	 1
14	 STEM PACKING *	 SUPER-TEK-TFM 	 SUPER-TEK-TFM	 3
15	 PACKING GLAND SLEEVE 	 SS304	 SS304	 1
18	 BELLEVILLE WASHER 	 SS301	 SS301	 2
19	 LOCK WASHER 	 SS304	 SS304	 1
23	 VAVLE STOP - SET SLEEVE 	 SS304	 SS304	 1
24	 VAVLE STOP - BOLT 	 SS304	 SS304	 1
25	 LEVER HANDLE 	 SS304	 SS304	 1
26	 THIN NUT	 SS304	 SS304	 2
28	 LEVER SLEEVE 	 PLASTIC	 PLASTIC	 1
29	 LOCKING DEVICE	 SS304	 SS304	 1

1/2 - 13 UNC
1/2 - 13 UNC

TFM SUPER-TEK

FFLLOO TITETITE
TM

valves & controls

SIZE	             A WELD-IN
PLACE



STAINLESS	 CARBON	 CONNECTIONS:
	 310		  210	 THREADED END
	 320		  220	 SOCKET WELD
	 330		  230	 BUTT WELD
	 340		  240	 150 LB. FLANGE
	 350		  250	 TRI CLAMP-SANITARY END
	 360		  260	 CAM LOCK
	 370		  270	 TUBE END
	 395		  395	 EXTENDED END B/W
	 390		  290	 GROVED END 
	 TK300		  TK200	 FLUSH BOTTOM TANK

 Model Numbers:	

	 Threaded End, ANSI B1.20.1 NPT
	 Socket Weld, ANSI B16.11
	 Butt Weld MSS SP72
	 Meets WW-V35C Type II
	 Composition: SS Style
	 Shell Wall ANSI B16.34
	 Flanged End Class 150 or 300
	 Valve Body and Caps are high
	 quality investment castings
	 NACE MR-01.75 compliant
	 ISO 5211 Mounting Pad

UNIQUE FEATURES

Ball Design Added Safety Feature:
As an added safety feature, there is a hole in the 
stem slot of each ball to equalize pressure 
between the body cavity and the flow stream 
when valve is in the open position.

Any combination of above end connections 
are available C/F.

Relief Holes in Seats Relieve 
Pressure Past the Upstream Seat.

VALVE
COMPONENTS

Flo-Tite’s QUALITY CONTROL INCLUDES:
All castings go through spectroscopic analysis
Microstructure test after solution heat treating
Inspection of appearance after shot blasting

Size/dimension gauge test after CNC machining
Final pressure leakage test at 100 PSI under 
water in Open and Closed positions.

RATINGS:

	 Pressure Rating: 
	 Threaded, Socket Weld 
	 Butt Weld schedules 5, 10, & 40 
	 Size 1/4" thru 4" - 1500 WOG 
	 Size 6" and larger Butt Weld, Socket Weld, 
	 Threaded End - 800 WOG 
	 Flanged End ANSI 150/300
	 Steam Rating: 150 PSI WSP 
	 250 PSI steam rated valves are available 	
	 with Super-Tek III seats
	 Vacuum service to 20 microns

	 All Valves Tested to MSS SP-72 at 100 psi
under Water in Open  and Closed Positions

End Connections:

Exploded View For 1/4”~2-1/2”
 DESIGN & TECHNICAL DATA

SPECIFICATION STANDARDS:

Tech Bulletin Page 45A-09

√ √
√

DESIGN & TECHNICAL DATA

Consult Ball Valve Identification Code Guide 
for Full Part Number, Tech Bulletin page 188-07

√
√

√
√√
√√

Flo-Tite

Flo-Tite’s safety 
lockable handle 
designed to 
prevent accidental 
movement. 

The valve can also 
be padlocked to limit 
unwanted access.

FFLLOO TITETITE
TM

valves & controls



WELD IN-PLACE

Super-Teks high temperature seat capabilities allow weld end ball valves to be welded to 
the piping system without disassembly following special welding procedures.  This 
unique advantage results in ease of installation and cost savings while insuring full 
integrity of the factory assembled and tested valve.

Tech Bulletin Page 45C-09

Tel: (910) 738-8904
Fax:  (910) 738-9112
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Flo-Tite, Inc.
Valves & Controls

Flo-Tite’s Van Guard stem sealing system, designed to 
minimize fugitive emissions. Increases safety and provides an 
immediate ball valve solution to the newer EPA performance 
requirements, for valves meeting with a leak rate of 500ppm.

Flo-Tite’s Van Guard seal, state of the art stem sealing system. 
Incorporating a triple set of valve stem seals. This unique 
system eliminates the possibility of valve stem leaks in most all 
media applications.

STAGE I - FRONT LINE
Stage I provides a front line defense against leakage. The 
blow-out proof stem shoulder has a 45 degree bell shaped 
slope. The bell shaped design offers more sealing surface, 
effectively blocking all leak paths during rotation. The 
wedging action of the portion of the stem is far superior to the 
common small flat stem shoulder design.

STAGE II - GUIDE-SEAL
The O-ring originated early in valve design and has been a 
proven performer in high cycle applications. Its basic function 
reduces the potential of machining inperfections and provide a low torque flexible seal. This center guide also helps 
to maintain a perfect stem alignment, by eliminating side loading stress which can cause stem leaks.

STAGE III - LIVE-SEAL
Live-Seal is considered the intellectual component and the workhorse of Flo-Tite’s Van Guard stem sealling system. 
Working in unison with stages I and II, stage III calls upon the use of V-Ring packing sets which expands side ways 
as it is compressed and pressurized blocking all air pockets. The Van-Guard stem system is energized by belleville 
washers which continueouly adjusts packing compression to componsate for wear, pressure or temperature 
flactuations.

Whether your service involves volatile organic compounds, volatile hazardous chemicals, or air pollutants. Flo-Tite’s 
ball valves are by design dependable, long lasting and fully maintainable. Flo-Tite has various valve solutions and 
designs that provides end users freedom of choice for the toughest requirements imposed by the industry and by 
international standards.

Flo-Tites marking system follows MSS SP-25-1998 guidelines.  In addition 
to the casted body information, we have decided to add metal 
name plates that identify all valve soft parts.  Valve users worldwide 
will be able to contact Flo-Tite quickly for any installation or service 
requirements as the company website address will be on all valves.

MATERIAL IDENTIFICATION

BELLEVILLE
WASHERS

BUSHING

LINE SEAL
“O” RING

GUIDE SEAL
STEM

ADJUSTING
NUT

GLAND

CONICAL
(45°) STEM

FRONT SEAL
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SPECIAL NOTES:
• 	Model Selection:  See model selection choices, consult catalog or website for more information.
•	End Connection:  Valve model number indicates end connection type.  Second End Connection notation can be used in conjunction with valve 	
	 model number to indicate a combination such as:  NPT x Socket Weld.
•	For V-Modulating Control V-Ball add a ‘V’ before the valve model number.
•	Ball:  All ball material is supplied standard as 316SS.  If different material is required please specify as a special feature.
•	Special Features are noted at the end of the identification number, please see special feature codes.
•	Ordering Information:  When placing an order or requesting a quotation, please provide as many details on the application as possible such 	
	 as:  media type, temperature, pressure, pipe size, etc.

TECH BULLETIN 188A-11

3PC 316SS NPT x SW TFM GRAPHITE TFM LEVER 2” MEDIA CONTAINMENT

310 SS 2 F G F L 50 H3

MODEL BODY
MATERIAL

2nd END
CONNECTION

SEAT STEM SEAL BODY SEAL OPERATOR SIZE *SPECIAL
FEATURE

Ordering Example By Part Number - 3PC Valves: * Donates Special Feature if Required.

BALL VALVE IDENTIFICATION CODE
AND MATERIAL SELECTION GUIDE - 3PC VALVES

MODEL
BODY

MATERIAL
SECOND END
CONNECTION

SEAT

3PC
300
200
DM310
DM320
HPF40
HPF50
TK300

316SS SS Threaded 1 TFM F

WCB CS Socket Weld 2 CTMF Y

ALLOY 20 A2 Butt Weld 3 PTFE T

Brass BZ Flanged 150 4 RPTFE R

Flanged 300 5 50/50 S

Flanged 600 6 UHMWPE U

Flanged 900 7 PEEK P

CAVITY FILLED C

METAL M

KEL-F K

STEM 
SEAL

BODY
SEAL

OPERATOR SIZE

TFM F TFM F Lever 
Locking L

1/4 8

CTFM Y RTFM X 3/8 10

RTFM X PTFE T Oval
Locking O

1/2 15

PTFE T RPTFE R 3/4 20

RPTFE R 50/50 S Gear G 1 25

50/50 S UHMWPE U Deadman S 1 1/4 32

UHMWPE U PEEK P Actuator A 1 1/2 40

PEEK P GRAPHITE G Bare Stem N 2 50

GRAPHITE G KEL-F K Special X 2 1/2 65

3 80

4 100

Tri-Star Series 3pc 1500 WOG Model Types - Full Port:

Tri-Pro Series 3pc Fire Safe 2250/3000 WOG Model Types - Full Port / Standard Port:

Multi-Choice Series 3pc Full Port 1500 WOG Model Types - Full Port:

STAINLESS CARBON END CONNECTION

510 410 NPT Threaded

520 420 Socket Weld

Full Port STAINLESS Standard Port Full Port CARBON Standard Port END CONNECTION

HPF51 HPS51 HPF41 HPS41 NPT Threaded

HPF52 HPS52 HPF42 HPS42 Socket Weld

HPF53 HPS53 HPF43 HPS43 Butt Weld

HPF56 N / A HPF46 N / A Flanged - 600

STAINLESS CARBON END CONNECTION

310 210 NPT Threaded

320 220 Socket Weld

330 230 Butt Weld

340 240 Flanged - 150

350 - Tri Clamp

370 - Tube End

TK300 TK200 Tank Pad







TC Series T rue Union Ball Check Valves
1/4˝ to 6˝ PVC, Corzan® CPVC, PPL

Features
• Full Port Design to 4˝
• True Union Design
• Easy Maintenance
• FPM or EPDM Seals
• Unique Square Cut Seat
• Works in Any Position

Except Downflow

Options
• Foot Valve Screens

Backflow Prevention
Hayward True Union Ball Check Valves pre-
vent reversal of flow in piping systems. They
are ideal where backflow could potentially
cause damage to pumps, filters, or process
equipment.

Automatic Operation
Hayward True Union Ball Check Valves
operate without the need for any adjust-
ments or settings. Line pressure moves the
solid plastic ball off the elastomer seat,
opening the valve. When the inlet flow
stops, back pressure moves the ball back
onto the seat – stopping the flow.
Additionally, this valve features a unique
square-cut elastomer seat to seal at low
back pressures.

True Union Design
Sizes 1/2˝ to 6˝ feature a true union design.
This allows for easy removal from a piping
system without breaking down piping con-
nections. Just unscrew the two assembly
nuts and lift the valve body out of the line. A
Trim Check design is used for the 1/4˝ and
3/8˝ sizes. While not true union, the valves
are fully repairable, unlike some other small-
er check valves.

No Corrosion Failures
Because of their all-plastic construction,
these valves will never jam or stick as a
result of rust or corrosion. Also they will not
contaminate sensitive fluids that come into
contact with them.

Corzan® is a registered trademark of Noveon, Inc.

CH
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HAYWARD Flow Control Systems

1-888-429-4635 (1-888-HAYINDL) 21



MODEL NO. 

ALF-25 

PRODUCT LINE 

ALPHA ALF Series Komp 4 Actuator 

TECHNICAL DATA 

Operating 
Temperature 

Standard:-20℃-80℃ 
On requires: -20℃-120℃ 
            -40℃-80℃ 

Connection Interface NAMUR, ISO 5211 

Travel adjustment 
±5°at both open and closed 

directions(90°) 

Approval  
Output Torque (DA) 

Bar 3 4 5 5.5 6 7 8 

 
Nm 39 52 65 72 79 92 105 

Output Torque (SR) 
Bar 

Nm 
3 4 5 5.5 6 7 8 

Spring  
Stroke 

Code Start End Start End Start End Start End Start End Start End Start End Start End 

S2M4 25 15 38 27 51 40 58 47 65 53 78 66 90 78 23 13 

S4M4 23 11 36 23 49 36 55 42 62 49 75 62 88 74 28 16 

S4M2L2   33 19 46 32 53 39 60 45 73 58 86 70 32 18 

S4L4     43 27 50 34 57 41 70 53 83 66 36 21 

S4M4L2     41 22 47 29 54 36 67 48 80 61 42 24 

M4L4     38 18 45 24 52 31 64 44 77 56 47 27 

S2M4L4       43 19 50 25 63 38 75 50 52 29 

 

S4M4L4         47 21 60 34 73 46 57 31 
Wuxi St.hans Air Controls Export / Import Co.,Ltd. 

No.48 Xihong Road, Meicun Industrial Park, New Area Wuxi, Jiangsu, 214112, China 
Tel: 86-0510-85222125    Fax: 86-0510-85223552   www .a-torque.com 



MODEL NO. 

ALF-30 

PRODUCT LINE 

ALPHA ALF Series Komp 4 Actuator 

TECHNICAL DATA 

Operating 
Temperature 

Standard:-20℃-80℃ 
On requires: -20℃-120℃ 
            -40℃-80℃ 

Connection Interface NAMUR, ISO 5211 

Travel adjustment 
±5°at both open and closed 

directions(90°) 

Approval  
Output Torque (DA) 

Bar 3 4 5 5.5 6 7 8 

 
Nm 62 84 107 119 130 153 176 

Output Torque (SR) 
Bar 

Nm 
3 4 5 5.5 6 7 8 

Spring  
Stroke 

Spring
Code 

Start End Start End Start End Start End Start End Start End Start End Start End 

S2M4 40 26 62 47 84 70 96 81 107 92 130 114 152 136 35 21 

S4M4 36 19 57 40 80 62 91 73 102 84 125 107 148 129 42 26 

S4M2L2   52 30 75 52 86 63 98 74 120 96 143 118 53 31 

S4L4   48 18 70 43 81 54 93 65 115 87 138 109 62 36 

S4M4L2     66 36 77 47 89 58 111 80 134 103 69 40 

M4L4     64 25 73 39 85 50 107 72 130 94 78 44 

S2M4L4         80 40 102 62 125 85 88 49 

 

S4M4L4         75 33 98 55 120 77 96 54 
Wuxi St.hans Air Controls Export / Import Co.,Ltd. 

No.48 Xihong Road, Meicun Industrial Park, New Area Wuxi, Jiangsu, 214112, China 
Tel: 86-0510-85222125    Fax: 86-0510-85223552   www .a-torque.com 



®®
HAYWARD Flow Control Systems

SSiizzee AA BB CC DD EE FF GG WWeeiigghhtt  --  ((llbb  //  kkgg))
SSoocckkeett// TThhrreeaaddeedd FFllaannggeedd

1/4˝ 3.06 / 78 0.31 / 8 1.38 / 35 0.50 / 13 N/A N/A N/A 0.13 / .06 N/A

3/8˝ 3.06 / 78 0.31 / 8 1.38 / 35 0.50 / 13 N/A N/A N/A 0.13 / .06 N/A

1/2˝ / 20* 4.63 / 118 0.50 / 13 2.25 / 57 0.75 / 19 6.75 / 171 4.88 / 124 2.32 / 59 0.75 / .34 1.00 / .45

3/4˝ / 25* 4.75 / 121 0.75 / 19 2.63 / 67 1.0 / 25 7.13 / 181 5.00 / 127 2.60 / 66 0.75 / .34 1.38 / .63

1˝ / 32* 5.25 / 133 1.00 / 25 3.00 / 76 1.25 / 32 7.75 / 197 5.88 / 14 2.88 / 73 1.25 / .57 2.13 / .97

1-1/4˝ / 40* 6.30 / 160 1.25 / 32 4.00 / 102 1.75 / 44 9.19 / 233 6.94 / 17 3.75 / 95 2.00 / .90 3.75 / 1.70

1-1/2˝ / 50* 6.75 / 171 1.50 / 38 4.00 / 102 1.75 / 44 9.75 / 248 7.06 / 17 3.75 / 95 2.00 / .90 3.75 / 1.70

2˝ / 63* 8.00 / 203 1.94 / 49 4.75 / 121 2.25 / 57 11.25 / 286 8.56 / 217 4.50 / 114 3.75 / 1.70 5.75 / 2.60

2-1/2˝ 10.68 / 271 2.88 / 73 6.56 / 167 3.25 / 83 14.38 / 365 11.25 / 286 2.50 / 64 10.00 / 4.54 14.00 / 6.36

3˝ / 90* 10.56 / 268 2.88 / 73 6.56 / 167 3.25 / 83 14.38 / 365 11.25 / 286 2.50 / 64 10.00 / 4.54 14.00 / 6.36

4˝ / 110* 12.94 / 329 4.00 / 102 8.56 / 217 4.25 / 108 17.00 / 432 14.63 / 372 4.25 / 108 17.00 / 7.72 25.00 / 11.36

6˝ N/A 4.00 / 102 N/A 4.25 / 108 19.19 / 487 N/A N/A N/A 30.20 / 13.73

Dimensions - Inches / Millimeters  

SSiizzee MMaatteerriiaall EEnndd..  CCoonnnn.. SSeeaallss PPrreessssuurree
RRaattiinngg

1/4˝ - 3/8˝* PVC Socket or Threaded FPM

1/2˝ - 4˝
PVC Socket, Threaded, FPM or 150 PSI

or CPVC or Flanged EPDM @70°F

1/2˝ - 2˝ NAT. PPL*** Threaded Non-Shock

6˝** PVC
Flanged

FPM
or CPVC

SSiizzee FFaaccttoorr SSiizzee FFaaccttoorr

1/4˝ 1.0 1-1/2˝ 45

3/8˝ 3.0 2˝ 130

1/2˝ 4.8 2-1/2˝ 170

3/4˝ 7.7 3˝ 250

1˝ 11 4˝ 400

1-1/4˝ 25 6˝ 340

Selection Chart Operating Temperature/Pressure

Cv Factors

*Trim Check Design       

** 4˝ Valve Venturied to 6˝

*** 2˝ Rated at 100 PSI

True Check with foot
valve screen installed

1. Body
2. O-Ring Seals
3. Square Cut O-Ring Seat
4. Seal Retainer
5. End Connector
6. Union Nut

Technical Information

Parts List
True Union Ball 
Check Valves

C

F

G

* Metric End Connections Available in: BSP – Straight Thread, BSP TR – Tapered Thread and Metric Socket

PPrreessssuurree  LLoossss
CCaallccuullaattiioonn  FFoorrmmuullaa

∆P = Q
Cv[ ]2

∆P = Pressure Drop
Q = Flow in GPM

Cv = Flow Coefficient

www.haywardflowcontrol.com22







Hy-Lok USA
7883 Airway Park
Mobile, AL 36608
Phone: 251-633-3767
Fax: 251-633-7359

110 Series: Ball Valves

Applications
Chemical plants, refineries, steel mills. Fuel Lines, Heavy Vehicles•

Features
Maximum Operating Pressure
of 1000 psig(69 bar) at 100ºF(38ºC) with reinforced PTFE

•

Compact design with one piece hexagon body•
Low torque for easy operation•
Butterfly handle is available as an option•

  Results 1 - 15 of 15
Part Number Dimension A Dimension B Dimension C

(Hex)
Dimension D Inlet End

Connection
Orifice Outlet End

Connection
List Price

BVH-6M 79.5 mm 31 mm 17 mm 60 mm 6mm Hy-Lok 5.0 6mm Hy-Lok QUOTE
BVH-4T 79.5 mm 31 mm 17 mm 60 mm 1/4" Hy-Lok 5.0 1/4" Hy-Lok QUOTE
BVF-4N 40 mm 31 mm 17 mm 60 mm 1/4" Female NPT 5.0 1/4" Female NPT QUOTE
BVH-10M 90 mm 40 mm 20.6 mm 80 mm 10mm Hy-Lok 7.5 10mm Hy-Lok QUOTE
BVH-6T 90 mm 40 mm 20.6 mm 80 mm 3/8" Hy-Lok 7.5 3/8" Hy-Lok QUOTE
BVF-6N 45 mm 40 mm 20.6 mm 80 mm 3/8" Female NPT 7.5 3/8" Female NPT QUOTE
BVH-12M 99 mm 42 mm 27 mm 80 mm 12mm Hy-Lok 9.0 12mm Hy-Lok QUOTE
BVH-8T 99 mm 42 mm 27 mm 80 mm 1/2" Hy-Lok 9.0 1/2" Hy-Lok QUOTE
BVF-8N 54.5 mm 42 mm 27 mm 80 mm 1/2" Female NPT 9.0 1/2" Female NPT QUOTE
BVH-16M 109 mm 51 mm 32 mm 100 mm 16mm Hy-Lok 12.5 16mm Hy-Lok QUOTE
BVH-10T 109 mm 51 mm 32 mm 100 mm 5/8" Hy-Lok 12.5 5/8" Hy-Lok QUOTE
BVF -12N 61 mm 51 mm 32 mm 100 mm 3/4" Female NPT 12.5 3/4" Female NPT QUOTE
BVH-12T 110 mm 51 mm 32 mm 100 mm 3/4" Hy-Lok 16.0 3/4" Hy-Lok QUOTE
BVH-16T 134 mm 55 mm 38 mm 100 mm 1" Hy-lok 16.0 1" Hy-lok QUOTE
BVF-16N 75 mm 55 mm 38 mm 100 mm 1" Female NPT 16.0 1" Female NPT QUOTE
  Results 1 - 15 of 15

9/19/2011 | Page 1 of 1



VSEP Pump Totals

Confidential Material Page 1
SDL Project

SDL Project - Pump Totals

Qty Location Brand Pump Model # Capacity Connect HP Motor Motor Brand Frame

1 VSEP Feed Pumps Grundfos CRN-20-10 APGVHQQV 19.8 m3/hr @ 500 psi 2" vic 25 hp 440V 3ph TEFC Baldor 256 TC

1 VSEP Feed Pumps Grundfos CRN-20-9SF APGVHQQV 19.8 m3/hr @ 500 psi 2" vic 25 hp 440V 3ph TEFC Baldor 256 TC

1 Spiral Feed Pump Grundfos CRN-15-10 APGVHQQV 14.85 m3/hr @ 500 psi 2" vic 20 hp 440V 3ph TEFC Baldor 256 TC

1 Spiral Feed Pump Grundfos CRN-15-11SF APGVHQQV 14.85 m3/hr @ 500 psi 2" vic 20 hp 440V 3ph TEFC Baldor 256 TC

1 CIP Pump Grundfos CRN-15-10 APGVHQQV 14.85 m3/hr @ 500 psi 2" vic 20 hp 440V 3ph TEFC Baldor 256 TC

1 Metering Pumps Chemtech  X100-XC-AAAAXXX 22.5 gpd @ 60psi 3/8 MNPT - 220V 1ph TEFC - -

2 Metering Pumps Bran+Luebbe MD 200S 19111 000 1 gpm @ 30 psi 1/2" npt 3/4 hp 220V 1ph TEFC Baldor 56C

Note: Does not include off-skid equipment.

Pump Information Motor Information



VSEP Pump Spreadsheet

Confidential Material Page 1
SDL Project

SDL Project - Pump's List

VSEP Feed Pump Skid - Stage 1

Tag # Location Brand Model # Capacity HP Motor Wetted Materials Connect Temp

P-100 Pump 100 Grundfos CRN-20-10 APGVHQQV 19.8 m3/hr @ 500 psi 25 hp 440V 3ph TEFC 316L SS, Viton 2" vic -15º to 100ºC

P-101 Pump 101 Grundfos CRN-20-9SF APGVHQQV 19.8 m3/hr @ 500 psi 25 hp 440V 3ph TEFC 316L SS, Viton 2" vic -15º to 100ºC

CIP Skid

Tag # Location Brand Model # Capacity HP Motor Wetted Materials Connect Temp

P-190 CIP Pump Grundfos CRN-15-10 APGVHQQV 14.85 m3/hr @ 500 psi 20 hp 440V 3ph TEFC 316L SS, Viton 2" vic -15º to 100ºC

Spiral RO Skid - Stage2

Tag # Location Brand Model # Capacity HP Motor Wetted Materials Connect Temp

P-200 Pump 200 Grundfos CRN-15-10 APGVHQQV 14.85 m3/hr @ 500 psi 20 hp 440V 3ph TEFC 316L SS, Viton 2" vic -15º to 100ºC

P-201 Pump 201 Grundfos CRN-15-11SF APGVHQQV 14.85 m3/hr @ 500 psi 20 hp 440V 3ph TEFC 316L SS, Viton 2" vic -15º to 100ºC

Chemical Tote

Tag # Location Brand Model #  Capacity HP Motor Wetted Materials Connect Temp

CP-404 NLR 404 Tote Bran+Luebbe MD 200S 19111 000 1 gpm @ 30 psi 3/4 hp 220V 1ph 60 Hz 316L SS, Teflon 1/2" npt -15º to 100ºC

CP-505 NLR 505 Tote Bran+Luebbe MD 200S 19111 000 1 gpm @ 30 psi 3/4 hp 220V 1ph 60 Hz 316L SS, Teflon 1/2" npt -15º to 100ºC

CP-560 NLR 560 Drum Chemtech  X100-XC-AAAAXXX 100 gpd @ 60psi - 220V 1ph 60 Hz PVC, EPDM 3/8 MNPT -15º to 100ºC

Off-Skid Pumps (provided by others)

Tag # Location Brand Model # Capacity HP Motor Wetted Materials Connect Temp

P-110 Fill VSEP Batch Feed Tank, T-110 Unknown Unknown 45 m3/hr @ 30 psi Unknown Unknown Unknown Unknown Unknown

P-120 VSEP Reject Tank, T-120 Outlet Unknown Unknown 10 m3/hr @ 150 psi Unknown Unknown Unknown Unknown Unknown

P-300 VSEP Permeate Tank, T-130 Outlet Unknown Unknown 3 m3/hr @ 30 psi Unknown Unknown Unknown Unknown Unknown















































PrProCamoCamMDMD

Diaphragm
Metering Pumps
Superior Design –
Exceptional Value,
Fast Delivery
ProCamMD diaphragm metering pumps set 
the standard for ease of operation and relia-
bility in the medium duty chemical metering 
market. Precision metering for single point
injection to 80 GPH (3,000 l/h) and up to 300
psi (20 bar) is now available in a Bran+Luebbe
diaphragm pump at an incredible value.

Applications
The ProCamMD is the best in class in the medium duty
market. Including…                                 

■ Chemical
■ Food & Beverage 
■ Pulp & Paper 
■ Utilities 
■ Water Treatment 
■ …and many more

Advantages
Economical Pumping of All Types of Liquids

■ Unique double diaphragm design provides 
superior service life.

■ Diaphragm monitoring system signals the onset 
of diaphragm wear.

■ Metered liquid is protected from contamination 
by packing wear or pump lubricant.

■ Adjustments to the pumphead are not required.
■ Leak free, hermetically sealed fluid end.

DS15 with Stainless Steel Pumphead

Features
Metering Pumphead Design

■ Mechanically actuated PTFE double-diaphragm.
■ Diaphragm condition monitoring system with 

pressure gauge or optional pressure switch.
■ Materials of construction:

- 316 Stainless Steel
- Alloy 20
- PVC
- PVDF (Kynar)

Robust Gear Technology
■ Proven cam/spring design for long operating life.
■ Linear stroke length adjustment.
■ Rugged cast iron construction with bearing 

guided cam and shaft.

Motor
■ 1/3 up to 1 HP TEFC 56C NEMA frame.

(0.25 or 0.75 kw TEFC (IP54) IEC)                      
■ Single phase or three phase voltage.
■ Variable speed available as an option.



ProCamMD: Mechanically Actuated Diaphragm 
Pumphead with Simple Drive Operation.

Standard Double Diaphragm Pumphead Design

Pump Capacity in GPH*     Connection      Max. Press    Materials of           Dimensions            Approx.
Type  per stroke speed** Construction Wts.

64     94  127 188        NPTF              PSIG A       B         C           LBS.

DS 15
DP 15
DS 50
DP 50
DS 200
DP 200

1.8

6

27

2.7

9

40

3.6

12

54

5.4

18

80

3/8”

3/8”

1/2”

7.87”

8”

9.25”

19.5”

19.5”

19.5”
20.5”

316SS/Alloy 20
PVC/PVDF

316SS/Alloy 20
PVC/PVDF

316SS/Alloy 20
PVC/PVDF

40
37
40
37
65
64

12.25”
12.87”
11.87”
12.87”
13.5”
16”

* Note: Values at 100% volumetric efficiency.
** At 64 & 94 spm, motor RPM is 1750.
** At 127 & 188 spm, motor RPM is 3500.

* Note: Values at 100% volumetric efficiency.
** At 50 & 72 spm, motor RPM is 1400.
** At 100 & 144 spm, motor RPM is 2800.

TECHNICAL DATA

300
150

150

175
150

3

2
1

5 6
Micrometer style 

capacity adjustment

Positive separation
between process fluid
and gearbox lubricant

Ball bearing cam design
for superior performance

High 
suction lift
capabilities
with
mechanical
return

Process fluid
hermetically sealed

4 Long lasting virgin
PTFE double
diaphragm design

Pump Capacity in LPH*     Connection     Max. Press    Materials of          Dimensions          Approx.
Type per stroke speed** Construction mm Wts.

50 72  100 144 mm               BAR A       B         C         KG 

DS 15
DP 15
DS 50
DP 50
DS 200
DP 200

5.3

17.5

79

7.8

26

115

10.6

35

158

15.6

52

230

9

9

13

200

203

235

495

495

495
521

316SS/Alloy 20
PVC/PVDF

316SS/Alloy 20
PVC/PVDF

316SS/Alloy 20
PVC/PVDF

18
16.8
18

16.8
29.5
29

311
327
302
327
343
406

TECHNICAL DATA

20
10

10

12
10



Model Material Ratio Connection Diaphragm Motor Motor Ident Number
Monitor Adapter

MD15-S 316ss 28:1 3/8" NPTF gauge 56C none MD015S28111-000
MD15-S 316ss 19:1 3/8" NPTF gauge 56C none MD015S19111-000
MD15-A Alloy 20 28:1 3/8" NPTF gauge 56C none MD015A28111-000
MD15-A Alloy 20 19:1 3/8" NPTF gauge 56C none MD015A19111-000
MD15-P PVC 28:1 3/8" NPTF gauge 56C none MD015P28111-000
MD15-P PVC 19:1 3/8" NPTF gauge 56C none MD015P19111-000
MD15-K Kynar 28:1 3/8" NPTF gauge 56C none MD015K28111-000
MD15-K Kynar 19:1 3/8" NPTF gauge 56C none MD015K19111-000
MD50-S 316ss 28:1 3/8" NPTF gauge 56C none MD050S28111-000
MD50-S 316ss 19:1 3/8" NPTF gauge 56C none MD050S19111-000
MD50-A Alloy 20 28:1 3/8" NPTF gauge 56C none MD050A28111-000
MD50-A Alloy 20 19:1 3/8" NPTF gauge 56C none MD050A19111-000
MD50-P PVC 28:1 3/8" NPTF gauge 56C none MD050P28111-000
MD50-P PVC 19:1 3/8" NPTF gauge 56C none MD050P19111-000
MD50-K Kynar 28:1 3/8" NPTF gauge 56C none MD050K28111-000
MD50-K Kynar 19:1 3/8" NPTF gauge 56C none MD050K19111-000
MD200-S 316ss 28:1 1/2" NPTF gauge 56C none MD200S28111-000
MD200-S 316ss 19:1 1/2" NPTF gauge 56C none MD200S19111-000
MD200-A Alloy 20 28:1 1/2" NPTF gauge 56C none MD200A28111-000
MD200-A Alloy 20 19:1 1/2" NPTF gauge 56C none MD200A19111-000
MD200-P PVC 28:1 1/2" NPTF gauge 56C none MD200P28111-000
MD200-P PVC 19:1 1/2" NPTF gauge 56C none MD200P19111-000
MD200-K Kynar 28:1 1/2" NPTF gauge 56C none MD200K28111-000
MD200-K Kynar 19:1 1/2" NPTF gauge 56C none MD200K19111-000

Part Number Code:

MD 200 S 28 1 1 1 - 000
Product Size Material Ratio Connection Diaphragm Motor Motor

Monitor Adapter (60 hz, TEFC)

MD 15 S = 316ss 28 = 28:1 0 = none 0=none 0=none 000 = none
50 A = Alloy 20 19 = 19:1 1 = NPTF 1=gauge 1 = 56C 001 = 1/3hp, 1800rpm, 3ph
200 P = PVC w/ EPDM 2=switch 002 = 1/3hp, 1800rpm, 1ph

K =PVDF w/ EPDM 3 = gauge & vent 003 = 1/3hp, 3600rpm, 3ph
Y = PVC w/ FPM* 4 = switch & vent 004 = 1/3hp, 3600rpm, 1ph
Z= =PVDF w/ FPM* 005 = 3/4hp, 3600rpm, 1ph

006 = 3/4hp, 1800rpm, 3ph
* Optional FPM O-rings and Teflon gaskets 007 = 3/4hp, 1800rpm, 1ph
   replace standard EPDM valve seals. 008 = 3/4hp, 3600rpm, 3ph

009 = 1hp, 1800rpm, 3ph
FPM = Viton 010 = 1hp, 1800rpm, 1ph

011 = 1hp, 3600rpm, 3ph
012 = 1hp, 3600rpm, 1ph

ProCam MD - Part Number Code

ProCam MD Part Number Code.xls 2/5/04













































 
Product Information Packet 

VL3506 
.75HP,3450RPM,1PH,60HZ,56C,3424L,TEFC,F1

Copyright © All product information within this document is subject to Baldor Electric Company copyright © protection, unless otherwise noted.
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                                                                  Product Information Packet: VL3506 - .75HP,3450RPM,1PH,60HZ,56C,3424L,TEFC,F1

Part Detail
Revision: T Status: PRD/A Change #: Proprietary: No
Type: AC Prod. Type: 3424L Elec. Spec: 34WG3405 CD Diagram:
Enclosure: TEFC Mfg Plant: Mech. Spec: 34K043 Layout:
Frame: 56C Mounting: F1 Poles: 02 Created Date:
Base: N Rotation: R Insulation: B Eff. Date: 06-17-2011
Leads: 6#18 Literature: Elec. Diagram: Replaced By:

Nameplate NP1256L
CAT.NO. VL3506
SPEC. 34K43-3405
HP .75
VOLTS 115/230
AMP 9.6/4.8
RPM 3450
FRAME 56C HZ 60 PH 1
SER.F. 1.25 CODE K DES N CLASS B
NEMA-NOM-EFF 66 PF 74
RATING 40C AMB-CONT
CC USABLE AT 208V 6.1
DE 6203 ODE 6203
ENCL TEFC SN

SFA 11.6/5.8
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                                                                  Product Information Packet: VL3506 - .75HP,3450RPM,1PH,60HZ,56C,3424L,TEFC,F1

Parts List
Part Number Description Quantity
SA008171 SA 34K43-3405 1.000 EA
RA004618 RA 34K43-3405 1.000 EA
NS2512A01 INSULATOR, CONDUIT BOX X 1.000 EA
34CB3002A CB CAST W/.88 DIA HOLE 1.000 EA
34GS1029A01 GASKET, CONDUIT BOX 1.000 EA
51XB1016A07 10-16 X 7/16 HXWSSLD SERTYB 2.000 EA
11XW1032G06 10-32 X .38, TAPTITE II, HEX WSHR SLTD U 1.000 EA
34EP3102A01SP FR ENDPLATE, MACH 1.000 EA
51XW0832A07 8-32 X .44, TAPTITE II, HEX WSHR SLTD SE 2.000 EA
NS2501A01 INSULATOR, CAPACITOR 1.000 EA
51XB1016A05 10-16X5/16HX WA SL SR TYB (F/S) 2.000 EA
HW5100A03SP WAVY WASHER (W1543-017) 1.000 EA
34EP3300A24SP PU ENDPLATE, MACH 1.000 EA
51XN1032A20 10-32 X 1 1/4 HX WS SL SR 2.000 EA
34FN3002A01SP EXTERNAL FAN, PLASTIC, .637/.639 HUB W/ 1.000 EA
34FH4002A01SP IEC FH NO GREASER 1.000 EA
51XW1032A06 10-32 X .38, TAPTITE II, HEX WSHR SLTD S 3.000 EA
34CB4517 CB LID 4 MTG HOLES .22 DIA STAMPED, FOR 1.000 EA
34GS1031A01 GASKET, FLAT CONDUIT BOX LID (LEXIDE) 1.000 EA
51XW0832A07 8-32 X .44, TAPTITE II, HEX WSHR SLTD SE 4.000 EA
HW2501D13SP KEY, 3/16 SQ X 1.375 1.000 EA
HA7000A04 KEY RETAINER 0.625 DIA SHAFTS 1.000 EA
MG1000G27 PAINT- S9282E CHARCOAL GREY  55 GALLONS 0.014 GA
10XF0440S02 04-40 X 1/8 TYPE F HEX HD STAINLESS STIC 2.000 EA
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                                                                  Product Information Packet: VL3506 - .75HP,3450RPM,1PH,60HZ,56C,3424L,TEFC,F1

Parts List (continued)
Part Number Description Quantity
EC1400A03SP ELEC CAP,  400-480 MFD, 125V, 1.81D X 3. 1.000 EA
33CB4800A02 CAPACITOR COVER, STAMPED 1.000 EA
35GS3001A02 GASKET, CA.COVER, 5.38 LONG .06 CS301 1.000 EA
SP5056A24 MODEL 34 TYPE L STATIONARY SWITCH WITH L 1.000 EA
HA3100A44 THRUBOLT 10-32 X 8.000 4.000 EA
LB1125C01 STD (STOCK) CARTON LABEL BALDOR WITH FLA 1.000 EA
LC0001A01 CONN LABEL / WARNING LABEL (LC0001 / LB1 1.000 EA
LB5040 INSTRUCTION TAG, AC & DC 1.000 EA
NP1256L ALUM, UL CSA CC, W/O THERMAL, LASER 1.000 EA
34PA1005 PACKING GROUP, BALDOR 1.000 EA
PK3083T STYROFOAM PACKING CRADLE W/TAPE 1.000 EA
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Performance Data at 230V, 60Hz, 0.75HP (Typical performance - Not guaranteed values)
General Characteristics
Full Load Torque: 1.15 LB-FT Start Configuration: DOL
No-Load Current: 3.5 Amps Break-Down Torque: 3.5 LB-FT
Line-line Res. @ 25°C.: 2.5 Ohms A Ph / 2.5 Ohms B Ph Pull-Up Torque: 2.7 LB-FT
Temp. Rise @ Rated Load: 78 C Locked-Rotor Torque: 3.7 LB-FT
Temp. Rise @ S.F. Load: 92 C Starting Current: 28.0 Amps
Load Characteristics
% of Rated Load 25 50 75 100 125 150 S.F.
Power Factor: 36.0 51.0 62.0 70.0 76.0 81.0 0.0
Efficiency: 47.2 61.1 66.5 68.7 68.7 66.7 0.0
Speed: 3561.0 3534.0 3500.0 3464.0 3421.0 3365.0 0.0
Line Amperes: 3.6 3.9 4.4 5.0 5.7 6.7 5.7
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Performance Graph at 230V, 60Hz, 0.75HP Typical performance - Not guaranteed values
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Tank Sizes
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SDL Project -Tank Sizes

Clean in Place Tanks and Totes (Provided by New Logic)

Capacity Influent Capacity Influent Fill/Empty

Metric Rate US Rate Time

Tank # Name of Tank Cubic Meter m3/hr Gallons GPM Minutes

T-190 Stage 1 CIP Tank 1.0 13.6 264 60.0 4

Process Tanks (Provided by others)

Capacity Influent Capacity Influent Fill/Empty

Metric Rate US Rate Time

Tank # Name of Tank Cubic Meter m3/hr Gallons GPM Hours

T-100 VSEP EQ Tank TBD TBD TBD TBD TBD

T-110 VSEP Batch Feed Tank TBD TBD TBD TBD TBD

T-120 Concentrate Tank TBD TBD TBD TBD TBD

T-130 Hot Water Tank TBD TBD TBD TBD TBD

T-200 VSEP Permeate Tank T-200 TBD TBD TBD TBD TBD

T-210 VSEP Permeate Tank T-210 TBD TBD TBD TBD TBD

T-300 Spiral RO Permeate Tank TBD TBD TBD TBD TBD

T-560 50% NaOH Drum 0.2 0.7 55 3.000 18

T-404 VSEP NLR 404 Storage Tote 1.0 0.001 264 0.003 53

T-505 VSEP NLR 505 Storage Tote 1.0 0.001 264 0.003 53



Tank Specifications

Confidential Material Page 2 SDL Project

SDL Project -Tank Specifications

Clean in Place Tanks and Totes (Provided by New Logic)

Tank # Name of Tank Preferred Material Alternate Materials Jacket Heat Transfer Mixing Pressure Temp Instruments

T-190 Stage 1 CIP Tank Polypropylene XLPE None None No Atmospheric 50-60ºC Level

Process Tanks (Provided by others)

Tank # Name of Tank Preferred Material Alternate Materials Jacket Heat Transfer Mixing Pressure Temp Instruments

T-100 VSEP EQ Tank 304L ss Polypropylene None None No Atmospheric Ambient Level

T-110 VSEP Batch Feed Tank 304L ss Polypropylene None None No Atmospheric Ambient Level

T-120 Concentrate Tank 304L ss Polypropylene None None No Atmospheric Ambient Level

T-130 Hot Water Tank 304L ss Polypropylene Yes Yes No Atmospheric 50-60ºC Level, Temp

T-200 VSEP Permeate Tank T-200 304L ss Polypropylene None None No Atmospheric Ambient Level 

T-210 VSEP Permeate Tank T-210 304L ss Polypropylene None None No Atmospheric Ambient Level

T-300 Spiral RO Permeate Tank 304L ss Polypropylene None None No Atmospheric Ambient Level

T-560 50% NaOH Drum HDPE Polypropylene Yes None No Atmospheric Ambient None

T-404 VSEP NLR 404 Storage Tote HDPE Polypropylene None None No Atmospheric Ambient None

T-505 VSEP NLR 505 Storage Tote HDPE Polypropylene None None No Atmospheric Ambient None



Chem-Tainer Tank Information 

Material Selection 
 
Chemtainer.com offers you a selection of materials that are by far the best suited for molded tanks and 
containers for use with aggressive corrosive chemicals as well as food products. Our 35 plus years of 
experience in rotational molding, combined with our professional staff of chemical, mechanical and 
plastics engineers, enables us to provide you with the highest quality rotationally molded tanks and 
containers available in the industry.  

The following is a brief description of these materials: 

Polyethylene 

A high quality thermoplastic that has outstanding resistance to both physical and chemical attack. The 
overall general toughness and excellent chemical resistance to a wide array of wet and dry industrial 
chemicals and food products make polyethylene ideally suited for storage tanks and containers. 

Polyethylene is translucent and its natural color ranges from slightly off white to creamy yellow, 
depending on wall thickness and type. Ultraviolet light stabilizers are added for use in outdoor 
applications. Colors are available on request for a nominal up charge. 

A) Linear Polyethylene 

Linear Polyethylene is available as low, medium and high density. Most products offered in this catalog 
are molded of linear medium density polyethylene (LMDPE) and linear high density polyethylene 
(LHDPE). They have superior mechanical properties, high stiffness, excellent low temperature impact 
strength and excellent environmental stress crack resistance. The linear polyethylene used by Chem-
Tainer meets specifications contained in FDA regulation 21CFR177.1520 (c) 3.1 and 3.2 and so may be 
used as an article or a component of articles intended for use in contact with food, subject to any 
limitations in the regulations. Maximum operating temperature for linear polyethylene is 140° F. 

B) Crosslinkable Polyethylene 

Crosslinkable polyethylene is a high density polyethylene that contains a crosslinking agent which reacts 
with the polyethylene during molding, forming a crosslinked molecule similar to a thermoses plastic. This 
reaction improves toughness and environmental stress crack resistance. Crosslinked Polyethylene 
(XLPE) is not weldable and does not meet FDA requirement 21CFR177.1520. Maximum operating 
temperature of crosslinked polyethylene is 150° F. 

2) Polypropylene 

Polypropylene is a rigid plastic that has a higher operating temperature limit than polyethylene: 212° F. It 
offers good chemical resistance, has a high resistance to stress crack, and is autoclavable. 
Polypropylene (PP) is not recommended for applications in sub-freezing temperature or where high 
impact strength is needed. A rough, irregular interior surface is common characteristic of molded 
polypropylene. 

Considerations to Material Selection 

Elevated Temperatures 
Continued or prolonged service with contents at elevated temperatures can shorten the life of a tank. The 



effects of the temperature will depend on the chemical content and its specific gravity, tank size and 
configuration, material of construction, wall thickness and if there are any external supports on the tank. 

Exposure to Ultraviolet Light  
Unprotected thermoplastics exposed to sunlight for an extended period of time, absorb ultraviolet (UV) 
light, which can cause discolorations, embrittlement and eventual cracking. Fluorescent lighting has a 
similar effect. Elevated temperatures can accelerate the embrittling process. Chem-Tainer products are 
molded from materials utilizing the latest technology for UV stabilizers which greatly reduce the harmful 
effects of UV light. For greater protection, keep tanks out of direct sunlight or order dark colored tanks 
which will further retard the effect of UV light. 

Environmental Stress Cracking  
Certain surface active materials, although they have no chemical effect on polyethylene, can accelerate 
its cracking when under stress, such as liquid detergents and ultra pure water- (see our chemical 
compatibility Chart on pages 46 - 49.) Elevated temperatures tend to accelerate the cracking. Although all 
polyethylenes are subject to stress cracking, some are more resistant to it than others. The degree of 
stress on the plastic has a direct bearing on its resistance, therefore a tank and system should be 
designed to minimize stress. Chemtainer.com tanks are molded visually stress free, employing materials 
that are highly resistant to environmental stress cracking, and hence are less prone to cracking than 
fabricated tanks. Stress cracking agents are surface active materials. Proper care should be taken to 
reduce stress at fillings, bands, tie down lugs, etc.  

Characteristics and Physical Properties 

 

General Characteristics Linear XLPE PP  
Maximum Service Temp 140 F (60 C) 150 F (65 C) 212 F (100 C)

Chemical Resistance Very Good Very Good Very Good 
Stress Crack Resistance Excellent Excellent Excellent 
General Toughness Very Good Very Good Fair 
Impact Resistance Excellent Excellent Poor 
Abrasion Resistance Good Good Good 
Rigidity Good Good Good 
Color WH Translucent Off WH Trans

Off WH 
Opaque 

FDA Compliance Yes No Yes 
Outdoor Use Yes No Yes 
Weildable Yes No Yes 
Recyclable Yes No Yes 

        
Physical Properties 
(Nominal Values) Linear XLPE PP  

Density (gm/cc) ASTM:D1505 0.937-0.942 0.937-0.942 0.901-0.905 
Environmental Stress 
Cracking (F-50hrs) 
ASTIM:D1693 

>1,000 >1,000 >1,000 

Tensile Strength ASTIM:D638 
Ultimate 2"/Min (PSI) Type IV 2,600 2,600 3,000 
Elongation at Break ASTIM:D638 
2"/Min(%) Type IV 450 450 5 
Flexural Modulus (PSI) 
ASTIM:D790 

100,000-
110,000 

100,000-
110,000 

90,000-
100,000 

Brittleness Temp ASTIM:D746 <-94F (-70 C) -180 F (-118 C) 32 F (0 C) 
VICAT Softening Temp 
ASTIM:D152B 240F 240F 300F 

 



  

Tank Handling, Installation & Use Guidelines  

Although Chemtainer's tanks are extremely durable, improper handling and installation can result in damage to tank, 
fittings, and accessories. Failure to comply with handling and installation instructions voids all warranties. 

1. At delivery, inspect your tank immediately for defects or shipping damage. Any discrepancies, or product problems, 
should be noted on both the driver's bill of lading and your packing list.  

2. When unloading your tank from the delivery truck, avoid its contact with sharp objects. Forklift blades can cause 
significant damage if proper precautions are not taken. Do not allow tanks to be rolled over on the fittings. Large bulk 
storage tanks, whenever possible, should be removed from truck bed by use of a crane or other suitable lifting device. 
OSHA regulation 29CFR 1910.178 through 1910.189 addresses specific standards for hoisting and lifting. Keep unloading 
area free of rocks, sharp objects, and other materials that could damage the tank. If tank is unloaded on it's side, carefully 
brace to prevent rolling. 

3. Support bottom of tank firmly and completely. Concrete pads provide the best foundation. However, when seismic and 
wind factors are not being considered, tanks with a base load bearing of less than 800 pounds per square foot require a 
firm, even, compacted bed of sand, pea gravel, or fine soil that won't wash away. Tanks with a base load bearing of 800 
pounds per square foot, or greater, require a reinforced concrete base. Steel support stands concentrate the loaded tank 
weight onto the stand leg pads. It is recommended that stands are mounted on a concrete base. Bolting of stands is 
necessary to prevent movement due to agitation, wind, seismic loads and accidental contact. 

4. Install tanks in an area that is accessible. Ease of maintenance and removal should be considered. 

5. Test by filling tank with water prior to use, to prevent material loss through unsecured fittings, shipping damage, or 
manufacturing defects. Tanks should be tested for a minimum 5 hours. 

6. Plastic screw on bulkhead fittings are designed to be hand tightened. Overtightening can cause fittings to leak.  

7. Support sides of rectangular tanks. In general, tanks with heights greater than 18" must be supported. However, 
specific applications must be considered: smaller tanks with contents that have high specific gravity and/or elevated 
temperatures must be supported. 

8. Do not mount heavy equipment on tank sides. 

9. Do not allow weight on tank fittings. Fully support pipes and valves. 

10. Use expansion joints to prevent damage at fittings from the differential expansion and contraction of the piping and 
tanks. 

11. Tanks are designed for use only in the atmospheric storage of chemicals, never for vacuum or pressure applications. 

12. Immersion heaters should never touch the walls of the tank. Minimum spacing should be 3" - 4" from wall.  

13. Refer to the chemical capability chart on this site as a guide. Be certain tank, fittings, and fitting gasket material are 
compatible with chemicals at the anticipated operating temperatures. Contact our technical staff for information on 
chemicals not listed, or when uncertain conditions exist. 

14. Protect tanks from impact, especially at temperatures below 40 degrees F. 

15. Confined spaces must be considered hazardous. Do not enter tank without first taking proper precautions. 

16. Tank sizes as listed are nominal and calibrations on molded tanks are only approximates, but provide an indication of 
volume. Polyethylene tanks expand and contract which will effect volume. The degree in which this occurs depends on the 
size of the tanks, wall thickness, specific gravity of contents, temperature of contents and ambient temperatures. 
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1.0 DESCRIPTION OF TANK

1.1 SPECIFICATIONS (see pages 4-7)
1.2 GENERAL

2.0 MATERIALS
2.1 LINEAR POLYETHYLENE

2.2 CROSS-LINKED POLYETHYLENE

2.3 ULTRA VIOLET LIGHT STABILIZERS AND FILLERS

2.4 PIGMENT

3.0 TANK CONSTRUCTION

3.1 MECHANICAL PROPERTIES

These are one piece tanks, rotationally molded of linear medium or high density
polyethylene or high density crosslinkable polyethylene (XLPE). Refer to material
type in the tank charts for availability. Tanks come in a variety of shapes, are avail-
able in closed head designs with flat bottom (IC, IA & IX series), conical bottom (JA
& JC series), round horizontal (LC & LA series) or oval horizontal (MC & MA
series).These tanks can be furnished with various accessories as per customer speci-
fications and are capable of holding aggressive chemicals at atmospheric pres-
sure. Open top mixing and processing tanks are available in cylindrical, conical
bottom and rectangular designs, refer to Chem-Tainer product catalog.

A high quality, chemically resistant plastic with high stress crack and impact resist-
ance. Linear polyethylene is translucent and exhibits properties that are ideal for
applications that are exposed to low temperatures and/or high impact. Unlike ther-
mosets, linear polyethylene is weldable, thus allowing for greater flexibility when
designing modification to our standard tanks. The plastic complies with USDA and 
FDA regulations for storage and processing of food. Linear polyethylene is fully
recyclable and thereby provides a convenient method of disposal.

High density cross-linked polyethylene has excellent low temperature impact and
environmental stress-crack resistance. This polyethylene is a thermoset, thus does
not permit the utilization of welded tank connections. Cross-linked polyethylene
does not   have USDA or FDA compliance for storage of processing edibles and is
not recyclable.

The plastic does contain a minimum of 0.25 to a maximum of 0.50 long term U.V.
stabilizer. It does not contain any fillers.

Pigment can be added at purchaser's request. These pigments would be compati-
ble with the polyethylene and will not exceed 0.5% dry blended and 2% com-
pounded in of the total weight.

The minimum for the properties of the material shall be as follows based on molded
parts:

PROPERTY

Density

ESCR Spec. Thickness

125 Mils F-50

Tensile Strength

Ultimate 2”/min.

Elongation at break

2”/min.

Vicat Softening Temp.

Brittleness Temp.

Flexuarl Modulus

ASTM

D1505

D1693

D638

Type IV Spec.

D638

Type IV Spec.

D1525

D746

D790

VALUE

59 (0.937 - 0.942)

1000

2600

450

240

-180

100,000-110,000

UNITS

#/ft3((gm/cc)

Hrs.

PSI

%

Deg. F

Deg. F

PSI 

(2)



STORAGE TANK SPECIFICATIONS

3.2 APPEARANCE

3.3 CUT EDGES

3.4 DIMENSIONS AND TOLERANCES

3.4.1

3.4.2

3.5 PERFORMANCE REQUIREMENTS

The finished surface of the tank shall be free as commercially practicable from visu-
al defect such as foreign inclusions, air bubbles, pin holes, craters, crazing and
cracking that will impair the serviceability of the tank.

All edges cut out i.e., open top flanges, manways, shall be trimmed to have smooth
edges.

General - all dimensions will be taken with the tank in its proper, usable position and
unfilled. Tank dimensions will represent the exterior measurements.

Outside diameter -- The tolerance for the outside diameter including out of
roundness, shall be +/-3%.

The following performance requirements shall be conducted on samples taken
from the manway cut out area or where fittings are inserted in each tank

3.5.1 Low Temperature Impact
Low temperature impact is determined by using a 30 lb. Falling dart at -20 
degrees F.

Wall thickness in. (mm)
Less than & including 0.25 in. (6.6 mm)
0.26 in. (6.6 mm) to & including 0.50 in. (12.9 mm)
0.51 in. (12.9 mm) to & including 0.75 in. (19.3 mm)
0.76 in. (19.3 mm) to & including 1.00 in. (25.4 mm)  

ft-lb. (J) to fail.
90 (122.0)
100 (135.5)
150 (203.2)
200 (271.0)

3.4.2 Shell wall and head thickness - The tolerance for thickness shall be
+/-20% of the design thickness. The total amount of an area on the low side
of the tolerance shall not exceed 10% of the total area and individual area
shall not exceed 1 ft. 2 (.09m2) in size.

3.5.2 Percent Gel - for crosslinked polyethylene
The percent gel level is determined by using the test method found in ASTM 
D1998. The percent gel level for crosslinked tanks on the inside 
0.125 in. (3.2mm) of the wall shall be a minimum of 60%.

3.5.3 Visual Inspection - The tank is visually inspected to determine  such qualities 
as are discussed in Section 3.2, Appearance.

4.0 MARKINGS

4.1 The tank is marked to identify the producer - Chem-Tainer, Inc., date 
(month and year) of manufacture, capacity and serial number.

4.2 The proper caution and/or warning signs are affixed to the tank

4.3 Tank capacities should be based on total tank volume.

(3)



5.0 PACKAGING AND SHIPPING

5.1 All fittings and flange faces shall be protected from damage by covering 
with suitable plywood, hard-board or plastic securely fastened. Tanks shall 
be positively vented at all times.

ON PAGES 5-8 ARE LISTED
TANK DIMENSIONS

GALLONAGE
MATERIALS OF CONSTRUCTION

AND
SPECIFIC GRAVITY RATINGS

FOR ALL CHEM-TAINER BULK STORAGE TANKS.

DIMENSIONAL DRAWINGS ARE AVAILABLE
FOR ALL SIZES.

REFER TO
CHEM-TAINER’S LATEST PRODUCT CATALOG

FOR A LARGE ASSORTMENT OF OPEN TOP TANKS,
FITTINGS AND ACCESSORIES.

5.2 Pipe and tubing, fittings and miscellaneous small parts shall be packaged.
Loose items which may scratch the interior surface shall not be placed 
inside the tank during shipment. Additional protection, such as battens, end 
wrapping, cross bracing, or other interior fastenings may be required to 
assure each individual equipment pieces are not damaged in transit.

5.3 Upon arrival at the destination, the purchaser is advised to inspect for dam
age in transit. If damage has occurred, a claim should be filled with the 
carier by the purchaser. The supplier should be notified if the damage is not
first repaired by the fabricator prior to the product being put into service.
The purchaser accepts all future responsibility for the effect of the tank failure
resulting from damage.

5.4 It is recommended that the tank be hydrostacially tested 
at the time of installation.

Nationwide Network of 9 Plants
with

over 500,000 sq. ft. dedicates to manufacturing.

For Technical Assistance
or to speak with a

Sales Representative
Call 1-800-275-2436

Between 8 A.M. and 8 P.M.

Eastern Time

(4)



CHEM-TAINER INDUSTRIES, INC
SPECIFICATIONS FOR POLYETHYLENE VERTICAL FLAT BOTTOM

BULK STORAGE TANKS  IC, IA AND IX SERIES

Tank Size
(Gallons)

Model
Number

TA1628IC
TA1829IC
TA1841IC
TC1851IA
TC2038IA
TC2338IA
TC2349IA
TC2360IA
TC3536IC
TC3536IA
TC3635IX
TC2376IC
TC2376IA
TA2866IC
TC3158IC
TC3158IA
TA4048IC
TC3563IC
TC3563IA
TC3563IX
TA3172IC
TC3581IC
TC3581IA
TC3581IX
TC4259IC
TC4259IA
TC4560IC
TC4560IA
TA4254IC

TA4275IC/IA
TA4676IC/IA
TC4676IC
TC4676IA
TC4676IX
TC6442IC
TC6442IA
TC6442IX
TC4594IC
TC4594IA
TN6742IC

TA5266IC/IA
TC5660IC
TC5660IA
TC6460IC
TC6460IA
TC750XIC
TC750XIA

Diameter
(inches)

16
18
18
18
20
23
23
23
35
35
35
23
23
28
31
31
40
35
35
35
31
35
35
35
42
42
45
45
42
42
46
46
46
46
64
64
64
52
45
45
67
56
56
64
64
46
46

Height
(inches)

28
29
41
51
38
38
49
60
36
36
36
76
76
66
58
58
48
63
63
63
72
81
81
81
59
59
60
60
54
75
76
76
76
76
42
42
42
66
94
94
42
60
60
60
60
119
119

Manway
(inches)

8
5
5
4
8
8
8
8
8
8
8
8
8
8
8
8
5
8
8
8
8
16
16
16
16
16
16
16
8
8
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

Material
(type)

Linear 
Linear 
Linear 
Linear
Linear
Linear
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
Linear
Linear 
Linear
Linear
XLPE
Linear 
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
Linear 
Linear 
Linear 
Linear
Linear
XLPE
Linear
Linear
XLPE
Linear 
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear

Specific Gravity
Rating

at 73o Fahrenheit

1.5 
1.5 
1.5 
1.9
1.9 
1.9
1.9
1.9
1.5
1.9
1.9
1.5
1.5
1.5 
1.5
1.9
1.5 
1.5
1.9
1.9
1.5 
1.5
1.9
1.9
1.5
1.9
1.5
1.9
1.5 

1.5 / 1.9
1.5 / 1.9

1.5
1.9
1.9
1.5
1.9
1.9
1.5 
1.5
1.9

1.5 / 1.9
1.5
1.9
1.5
1.9
1.5
1.9

20
25
40
45
55
65
75

100
110
110
110
130
130
160
165
165
210
220
220
220
225
300
300
300
300
300
300
300
300
425
500
500
500
500
500
500
500
550
550
550
550
650
650
700
700
750
750

1.1  SPECIFICATIONS
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VERTICAL FLAT BOTTOM BULK STORAGE TANKS
Tank Size
(Gallons)

Model
Number

TC850XIC
TC850XIA
TC850XIX

TA5492IC/IA
TA6481IC/IA
TN6481IC
TN6481IA
TC6481IX
TN6974IC
TN6974IA
TN8751IC
TN8751IA
TC8652IC
TC8652IA
TC8652IX
TN8758IC

TA1500IC/IA
TA8569IC/IA
TC1500IC
TC1500IA
TC1500IX
TN8765IC
TN8765IA

TA8574IC/IA
TC8674IC
TC8674IA
TC8674IX

TA2000IC/IA
TA9083IC/IA
TC2000IC
TC2000IA
TC2000IX
TN8787IC
TN8787IA
TC8696IC
TC8696IA
TC8696IX
TC9589IC
TC9589IA

TA2500IC/IA
TC9598IC
TC9598IA
TC9598IX
TC3000IC
TC3000IA
TA3000IA
TC3200IC
TC3200IA
TC3200IX
TC3600IC
TC3600IA
TC3600IX
TC4000IA
TC4001IC
TC4001IA

TA4000IC/IA

Diameter
(inches)

48
48
48
54
64
64
64
64
69
69
87
87
86
86
86
87
64
85
64
64
64
87
87
85
86
86
86
64
90
64
64
64
87
87
86
86
86
95
95
90
95
95
95
95
95
90
95
95
95
86
86
86
95
102
102
96

Height
(inches)

124
124
124

92
81
81
81
81
74
74
51
51
52
52
52
58

115
69

121
121
121
65
65
74
74
74
74

156
83

144
144
144
87
87
96
98
96
89
89

100
98
98
98

105
105
118
112
112
112
156
156
156
140
125
125
140 

Manway
(inches)

16
16
16
8
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

Material
(type)

Linear
Linear
XLPE
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
XLPE
Linear
Linear
Linear
Linear

Specific Gravity
Rating

at 73o Fahrenheit

1.5
1.9
1.9

1.5/1.9
1.5/1.9

1.5
1.9
1.9
1.5
1.9
1.5
1.9
1.5
1.9
1.9
1.5

1.5/1.9
1.5/1.9

1.5
1.9
1.9
1.5
1.9

1.5/1.9
1.5
1.9
1.9

1.5/1.9
1.5/1.9

1.5
1.9
1.9
1.5
1.9
1.5
1.9
1.9
1.5
1.9

1.5/1.9
1.5
1.9
1.9
1.5
1.9
1.5
1.5
1.9
1.9
1.5
1.9
1.9
1.9
1.5
1.9

1.5/1.9

850
850
850
850

1000
1000
1000
1000
1000
1000
1100
1100
1200
1200
1200
1300
1500
1500
1500
1500
1500
1550
1550
1650
1700
1700
1700
2000
2000
2000
2000
2000
2100
2100
2200
2200
2200
2500
2500
2500
2800
2800
2800
3000
3000
3000
3200
3200
3200
3600
3600
3600
4000
4000
4000
4000
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VERTICAL FLAT BOTTOM BULK STORAGE TANKS

Tank Size
(Gallons)

Model
Number

TC4300IC
TC4300IA
TC4300IX
TC4500IC
TC4500IA
TC4500IX
TC5000IC
TC5000IA

TA5150IC/IA
TC5600IC
TC5600IA

TA6250IC/IA
TC6800IC
TC6800IA
TC6800IX

TA7800IC/IA
TN9000IC
TN9000IA

TA9150IC/IA
T10500IC
T12000IC
T12000IA

Diameter
(inches)

120
120
120
95
95
95
102
102
102
120
120
102
120
120
120
120
141
141
120
142
141
141

Height
(inches)

105
105
105
156
156
156
151
151
159
138
138
194
150
150
150
178
144
144
206
175
192
192

Manway
(inches)

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

16
16
16
16
16
16

Material
(type)

Linear
Linear
XLPE
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
XLPE

Linear
Linear
Linear
Linear
Linear
Linear

Specific Gravity
Rating

at 73o Fahrenheit

1.5
1.9
1.9
1.5
1.9
1.9
1.5
1.9

1.5/1.9
1.5
1.9

1.5/1.9
1.5
1.9
1.9

1.5
1.9

1.5/1.9
1.5/1.9

1.5
1.9

4300
4300
4300
4500
4500
4500
5000
5000
5150
5600
5600
6250
6800
6800
6800
7800
9000
9000
9150

10500
12000
12000

CHEM-TAINER INDUSTRIES, INC
SPECIFICATIONS FOR POLYETHYLENE CONICAL BOTTOM

BULK STORAGE TANKS  JC AND JA SERIES

1.1  SPECIFICATIONS

Tank Size
(Gallons)

Model
Number

TA4254JC/JA
TA4265JC/JA
TA5256JC/JA
TA4282JC/JA
TA5279JC/JA
TA6498JC/JA

TC8684JC
TC8684JA
TA9090JC

TA8583JC/JA
TA2500JC/JA
TA2600JC/JA
TA2600JC/JA

TC2650JC
TC2650JA

TA3000JC/JA
TA4600JC/JA
TA4900JC/JA

TN5500JC
TN5500JA
TN7500JC
TN7500JA

Diameter
(inches)

42
42
52
42
52
64
86
86
90
85
90
90
85
86
86
90
102
102
119
119
141
141

Height
(inches)

54
65
56
82
79
98
84
84
90
83
108
126
144
132
132
125
155
159
146
146
148
148

Material
(type)

Linear 
Linear 
Linear 
Linear 
Linear 
Linear 
Linear
Linear
Linear 
Linear 
Linear 
Linear 
Linear 
Linear
Linear
Linear 
Linear 
Linear 
Linear
Linear
Linear
Linear

Specific Gravity
Rating

at 73o Fahrenheit

1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9

1.5
1.9
1.5

1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9

1.5
1.9

1.5/1.9
1.5/1.9
1.5/1.9

1.5
1.9
1.5
1.9

200
300
345
350
500

1000
1500
1500
1600
1700
2500
2600
2600
2650
2650
3000
4600
4900
5500
5500
7500
7500
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CHEM-TAINER INDUSTRIES, INC
SPECIFICATIONS FOR POLYETHYLENE ELIPTICAL HORIZONTAL

BULK STORAGE TANKS  MC AND MA SERIES

1.1  SPECIFICATIONS

Tank Size
(Gallons)

Model
Number

TA200XMC/MA
TA300XMC/MA
TA400XMC/MA
TA500XMC/MA

TC500XMC
TC500XMA

TA750XMC/MA
TA1000MC/MA

TC1000MC
TC1000MA

TA1035MC/MA
TC1235MC

TA1600MC/MA
TA2350MC/MA

TN2635MC
TN2635MA

TA3200MC/MA
TN4035MC/MA

Length
(inches)

41
48
57
57
80
80
69
78
145
145
78
125
78
88
140
140
88
192

Width
(inches)

66
70
70
82
53
53
89
90
53
53
90
68
138
146
90
90
172
92

Height
(inches)

26
30
36
36
45
45
42
49
45
45
52
50
49
63
71
71
74
77

Manway
(inches)

8
8
8
8
16
16
16
16
16
16
16
16
16
16
16
16
16
16

Material
(type)

Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear 
Linear
Linear
Linear
Linear

Specific Gravity
Rating at

73oFahrenheit

1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9

1.5
1.9

1.5/1.9
1.5/1.9

1.5
1.9

1.5/1.9
1.9

1.5/1.9
1.5/1.9

1.5
1.9

1.5/1.9
1.5/1.9

200
300
400
500
500
500
750

1000
1000
1000
1035
1235
1600
2350
2635
2635
3200
4035

CHEM-TAINER INDUSTRIES, INC
SPECIFICATIONS FOR ELLIPTICAL HORIZONTAL BOTTOM

BULK STORAGE TANKS  LC AND LA SERIES

1.1  SPECIFICATIONS

Tank Size
(Gallons)

Model
Number

TA1430LC
TA1634LC
TC2218LA

TA1834LC/LA
TC2343LA
TA2439LC
TA3240LC
TA3251LC
TC3845LA
TC3845LA

TA3852LC/LA
TC3866LC
TC3866LA

TA4456LC/LA
TA4878LC/LA
TA735XLC/LA
TA6281LC/LA
TA1065LC/LA
TA1300LC/LA
TN1625LC/LA

Diameter
(inches)

14
16
22
18
23
24
32
32
38
38
38
38
38
44
48
48
62
58
62
63

Length
(inches)

30
34
18
34
43
39
40
51
45
45
52
66
66
56
78

103
81

106
114
134

Manway
(inches)

5
5
4
5
5
5
8
8
8
8
8
16
16
16
16
16
16
16
16
16

Material
(type)

Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear

Specific Gravity
Rating

at 73o Fahrenheit

1.5
1.5
1.9

1.5/1.9
1.9

1.5/1.9
1.5/1.9
1.5/1.9

1.5
1.9

1.5/1.9
1.5
1.9

1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9

15
25
30
35
65
65

125
165
200
200
225
300
300
335
535
735
925

1065
1300
1625

(8)











Certificate of Compliance

ASTM D2996-88
Standard Specification for Filament

Wound Machine Made Fiberglass Pipe

This letter confirms compliance of provided Filament Wound Fiberglass Pipe per ASTM D-2996-88
standard specification for Filament Wound "Fiberglass" (Glass Fiber Reinforced Thermosetting Resin Pipe)
for project use. Though specification ASTM D2996 limits the scope of supply to 16" diameter in size, this
specification may be applied to larger sizes where table 2 Physical Property Requirement designation 4
of apparent stiffness would have values different than those listed.

The following filament wound pipe classification is certified per ASTM D2996 by this submission:

RTRP 12EU1-311X (Free Ended Closures)
RTRP 12EW2-311X (Restrained End Closures)

Notes concerning classification digits:
1  Type - Filament Wound
2 Grade 2 - Glass Fiber Reinforced Polyester Resin Pipe
E Class E - Polyester Resin Liner (reinforced)
1  Free End (Pipe subject to axial end load by end closures)
2  Restrained End (Test Fixture ends react axial pressure load)
U Static Test Procedure B - Free End hoop stress min 12,500 psi (Testing = 12,500 psi)
W Static Test Procedure B - Restrained End hoop stress min 16,000 psi (Testing = 16,000 psi)
3  Table 2 Designation Order 1 - short term rupture strength tensile stress min 40,000 psi (Testing = 40,000 psi)
1  Table 2 Designation Order 2 - longitudinal strength tensile stress min 8,000 psi (Testing = 9,000 psi)
1  Table 2 Designation Order 3 - longitudinal tensile modules of elasticity min 1,000,000 psi (Testing = 1,300,000 psi)
W Table 2 Designation Order 4 - Apparent Stiffness Factor (SF)

For resistance to diametrical deflection at 5% deflection minimum 3.16 in2
Value will vary by actual pipe wall thickness and diameter size
For 16" diameter 100 psi pipe at 0.26" nominal wall thickness with a 0.10" liner:
The minimum apparent stiffness (SF) is determined by:
SF = EI = 3300 in3 lbf/in2

Summary of the Design:
The FRP (Fiberglass Reinforced Plastic) housings are used as enclosures for a
pressure filtration membrane system component. Elastomeric seals retain the
pressure of the liquid and the modules has one inlet and two outlets for process
liquid. Design calculations have been validated through developmental pressure testing
to 1000 psi stress testing under actual conditions. Further verification has come from
actual onsite use by more than 140 customers operating at pressure between
60 psi and 550 psi.

NLR doc. 334-91
V SEP is a registered trademark

          Patents pending

New Logic Research, Inc
1295 67th Street
Emeryville, CA 94608
510-655-7305
info@vsep.com (e-mail)
http://www.vsep.com



V�SEP Filter Pack: Center Bolt Pressure Rating Calculation

84" Filter Pack
i-408-CBPR

NEW LOGIC RESEARCH, INC.REVISION

Pressure Design Conformance:

The V�SEP Filter Pack is made using a FRP (Fiberglass
Reinforced Plastic), housing which is bonded to stainless
steel trays spaced about 1/4" apart to form a monolithic
module. the largest unsupported open area is 1/4" thick.

There is an upper and lower Steel Plate that retains the liquid
and supports a plastic end plate equipped with o-ring piston
seals. A 2-1/2" "Center Bolt is used to hold down the Filter
Pack and also acts to retain the pressure exerted on it.

The End Plate Pressure Rating is determined by:

PC =

Where: PC = Pressure Class
p = 3.14
P = Operating Pressure of the Filter Pack
A1 = Area subject to Pressure
A2 = Root Cross Section Area of the Center Bolt
PA1 = Force
FS = 2 (per Project Design, could be 1.8)

Dr = Root Diameter of Bolt
Ut = Ultimate Tensile Strength of Bar

Solve for A1:

A1 = p x r = 3.14 x 10 = 3.14 x 100 = 314 square inches

Solve for A2:

A2 = p x r = 3.14 x 1.125 = 3.14 x 1.26 = 3.97 square inches

The maximum pressure rating for Center Bolt is 2275 psi

Note:Calculations assume no effects of perimeter bolts

2-1/4" Root Diameter

(40) 1/2"-13 Hex Bolts

20.000

2.75

.950

2 2

2 2

Solve for Applied Stress

Force ÷ Area = PA1÷ A2 = 350 psi x 314 si ÷ 3.97 si = 27,682 psi

Solve for Safety Factor at 350 psi

Ut ÷ Applied Stress = 180,000 psi ÷ 27,682 psi = 6.5x Overdesign

Solve for Yield Pressure

A2÷ A1 x Ut = 3.97 si ÷ 314 si x 180,000 psi = 2,275 psi

Tolerances Unless
Otherwise Indicated:

x/x -> ± 1/16"
.x -> ± .100

.xx -> ± .030
.xxx -> ± .005

x� -> ± 30�
Scale - A

10/15/01 B. Culkin G. Johnson
D



V�SEP Filter Pack: End Plate Pressure Rating Calculation

84" Filter Pack
i-408-EPPR

REVISION

Pressure Design Conformance:

The V�SEP Filter Pack is made using a Steel Retaining plate
for connection of the upper plumbing. The material used is
17-4 pH Stainless Steel and is heat treated to 180 ksi Ultimate
Tensile strength.

There is an upper and lower Steel Plate that retains the liquid
and supports a plastic end plate equipped with o-ring piston
seals. A 2-1/2" "Center Bolt is used to hold down the Filter
Pack and also acts to retain the pressure exerted on it.

The End Plate Pressure Rating is determined by:

Given: ¹ = 3.14
w = Operating Pressure of the Filter Pack
R = OD Radius
Sm1 = Maximum Applied Stress @ 1" thick
Sm2 = Maximum Applied Stress @ 1/2" thick
t = Thickness of steel
k = Correction Factor (per Marks Engineering Guide)

Dr = Root Diameter of Bolt
Ut = Ultimate Tensile Strength of Bar

Solve for Sm1:

Sm1 = k = 1.59 = 49,946 psi

Solve for Sm2:

Sm2 = k1 = .122 = 17,080 psi

Note:Formula is taken from Marks' Standard Handbook for Mechanical Engineers 10th Edtition Section 5-48

2-1/4" Root Diameter

(40) 1/2"-13 Hex Bolts

20.000

2.75

.950

2

2

Solve for Safety Factor:

The Safety Factor is determined by dividing the applicable material
property, Ultimate Tensile Strength, by the actual applied stress.Factors
of Safety account for uncertainties with regard to use. Normal Safety
Factors for design purposes are between 1.5 and 5.0

Solve for Safety Factor at 350 psi in the 0.950" thick Section

Ut ÷ Applied Stress = 180,000 psi ÷ 49,946 psi = 3.6x Overdesign

Solve for Safety Factor at 350 psi in the 0.50" thick Section

Ut ÷ Applied Stress = 180,000 psi ÷17,080 psi = 10.5x Overdesign

Solve for Burst Pressure

w = = = 1,261 psi

18.0

w x R
t 2

2350 x 9
.950

2

2w x R
t 2

2350 x 10
.50

2

2Ut x t
k x R 2

2
180,000 x 950
1.59 x 9

The Steel End Plate is capable of withstanding 1,261 psi

NEW LOGIC RESEARCH, INC.Tolerances Unless
Otherwise Indicated:

x/x -> ± 1/16"
.x -> ± .100

.xx -> ± .030
.xxx -> ± .005

x� -> ± 30�
Scale - A

10/15/01 B. Culkin G. Johnson
D
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V-SEP Filter PackV-SEP Filter Pack: Pressure Rating Calculation: Pressure Rating Calculation

84" Filter Pack
i-408

NEW LOGIC REVISION

Pressure Design Conformance:

The VSEP Filter Pack is made using a FRP (Fiberglass
Reinforced Plastic), housing which is bonded to stainless
steel trays spaced about 1/4" apart to form a monolithic
module. the largest unsupported open area is 1/4" thick.

The FRP pipe is designed and manufactured in accordance 
with the requirements of ASTM D2996. The pipe is based on
a design life of 50 years based on ASTM D2992 Procedure B.
The design pressure rating is calculated based on data from
ASTM 2992 and is based on a minimum wall thickness of .75"

The FRP pipe is designed with 45º filament hoop wound glass 
fibers and 8084 Dow Derekane® vinyl ester resin. The following 
calculation is for the FRP pipe only and does not add any 
pressure rating strength for the bonding of steel reinforcing trays
spaced every 1/4"

The Long Term Pressure Rating is determined by:

PC =

Where: PC   = Pressure Class
 Lths = 12,500 psi (Free End) or 16,000 psi (Restrained End)

 Tks  = Minimum Wall Thickness (Inches)

 FS   = 2 (per Project Design, could be 1.8)

 Dm   = Mean Diameter

Solve for Pressure Rating:

PC =

PC =    12,000  x  1.2  x  0.04819

PC =   925 psi

The design pressure rating for VSEP Filter Packs is 925 psi

Lths Tks
2

FS

1

Dm
x x

16,000 psi 1.2"
2 1

20.75"
x x

2

NLI doc 334-90

x

x



NLR Welding Procedures 
 
GMAW (Mig) Procedure for Structural Carbon Steel 
 
Powcon Mig machine set for short circuit welding – 75% Argon, 25% Carbon Dioxide 
gas shield 
 
AWS A5.18, ASME SEA 5.18 ER 705-3 
 
.035 Electrode wire, Lincolon L-50 
 
Structural parts are fit and tacked into place according to print specs and tolerance. They 
are then finish welded using single and multiple pass weld applications. Sections of work 
are stress relieved as per engineering requirements. Finish work is then sanded and 
cleaned for powdercoating. 
 
GTAW (Tig) Procedure for SS Piping 
 
Lincoln Square Wave Tig 350 Machine 
 
100 % Argon gas shield and Argon back gas purge. Type ER 316L SS Rod 
 
Pipe sections are fit up using tack and bolt up procedures. Sections are then mocked up 
and assembled on the skid to check for fit and alignment. After approval they are then 
disassembled and finish welded using fillet and multiple pass weld process. Sections of 
work are stress relieved as per engineering requirements. All work is brush cleaned and 
prepared for electro-polish. 



MIG Welding SpecificationSpec No. MIG-001
V-SEP Membrane Filtration System Date 4/14/2006
New Logic, 1295 67th Street, Emeryville, CA 94 Sheet 1 of 1

New Logic Greg Johnson
New Logic Kevin Neeley

Material Specification SA 53
Type or Grade A36 Carbon

p No.1 to p No. 1
Thickness .12 w
Diameter N/a
Other:

Weld Metal Analysis A N 1 Position of Groove 6G
Size of Electrode 0.035 Weld Progression Uphill
Filer Metal F No. 6 Other:
SFA Specification 5.18
AWS Classification E 70S-3
Other n/a

Temperature n/a Type of Gas or Gases Argon/Carbon Dioxide
Time Gas Mixture 75%/25%
Other Other:

Current D.C. String or Weave Bead String
Polarity Reverse Oscillation n/a
Amps 190 Multiple or Single Pass Mulitple
Volts 29 Single or Multiple Electr Single

Travel Speed 10"/min

Approved By: Greg Johnson Date: 4/14/2006

Print Name Company:

Groove Design Used

Client Info Client Approved by:

Filler Materials Position

Gas

Electrical Characteristics

Post Weld Treatment

Technique

Project: NLR Approved by

Base Metal

New Logic Research Confidential 2/14/2007



TIG Welding SpecificationsSpec No. TIG-001
V-SEP Membrane Filtration System Date 4/14/2006
New Logic, 1295 67th Street, Emeryville, CA 94 Sheet 1 of 1

New Logic Greg Johnson
New Logic Kevin Neeley

Material Specification SA 312
Type or Grade TP 304
P No.  8 to p No. 8
Thickness Schedule 40 & 80
Diameter 1" to 4"
Other:

Weld Metal Analysis A N 8 Position of Groove 6G
Size of Electrode 3/16" to 3/32" Weld Progression Uphill
Filer Metal F No. 6 Other:
SFA Specification 5.9
AWS Classification ER 308
Other ER 316L

Temperature n/a Type of Gas or Gases Argon
Time Gas Mixture 100%
Other Other:

Current D.C. String or Waeve Bead String
Polarity Straight Oscillation None
Amps 75/100 Multiple or Single Pass Mulitple
Volts 20/30 Single or Multiple Electr Single

Travel Speed

Prepared By: Greg Johnson Date: 4/14/2006

Approved By: Date:

Print Name Company:

Groove Design Used

Client Info Client Approved by:

Filler Materials Position

Gas

Electrical Characteristics

Post Weld Treatment

Technique

Project: NLR Approved by

Base Metal

New Logic Research Confidential 2/14/2007





























 

   
 

 
EC Declaration of Conformity 
 
 
 

 
This letter confirms compliance of the VSEP Membrane Filtration Equipment with the European 
Community directives for CE marking. The listed product models below were tested and 
determined to be in compliance with all applicable directives, provided that they are used 
according to our Advisory Technical File dated 7-1-2009. 
 
CE directive classifications:  2004/108/EEC (Electromagnetic compatibility) 

2006/95/EEC (Safety/Low Voltage) 
2006/42/EC (Machinery) 

 
Standards:   EN 61000-6-2 : 2005 
    EN 60730 
 
Manufacture:    New Logic Research, Inc 

1295 67th Street 
Emeryville, CA 94608 
510-655-7305 
info@vsep.com (e-mail) 
http://www.vsep.com 

 
Models:   VSEP Series I, Series P-50, Series LP, RotoSep50, RotoSep4 
    S-255, S-850, S-1600, S-3200, S-7200, S-18000, S-36000 
 
Year:    2010 
 
Place:     Emeryville, CA, USA  
 

Signature:    
 
Full Name:    Gregory Johnson 
 
Position:    CEO  
 





84" V✧SEP Machine
2" Horizontal Upper Plumbing
SS Concentrate Piping

R

G
MADE IN U.S.A.

V SEP

NEW LOGIC RESEARCH
1295 67th Street, Emeryville, CA 94608 (510) 655-7305

09/21/11

84" V✧SEP Cross Section and Building Structure Components
Confidential Material

Figure 17

Fill & Compact as Needed

#4 x 6" Dowels @ 36" OC

8" Structural Slab

12'2" (371cm)

42" (106 cm)

Safety Railing

Maintenance Catwalk

Trench Drain
Housekeeping Pad

V✧SEP Base Unit (~2000 lbs)

V✧SEP Filter Pack (~2000 lbs)

56" (142 cm) minimum

3 Ton Hoist
Structural I-Beam
Centered over each V✧SEP Module

V✧SEP Structural Building Components

2 to 4"

16' 2" (5.3 m)

Sloped Floor to Drain



psi

kPa

BAR

Kg/cm2

psi kPa BARKg/cm2

1

14.22

.1451

14.51

.07031 6.895 .0689

1

1

1

.0102

1.02 100

98.05 .981

.01

from
to

1 psi x 6.895 = 6.895 kPa

Pressure

cm

in

ft

m2

cm in ftm 2

1

10,000

6.452

929.0

.0001 .1550 .00108

1

1

1

.000645

.0929 144.0

1550.0 10.76

.00694

from
to

1.0 m  x 10.76 = 10.76 ft

Area

2

2

2

2

2 2

22

Conversion Data

liter

ft

gallon

m3

liter ft gallonm3

1

1000

28.32

3.785

.001 .03532 .2642

1

1

1

.02832

.00379 .1337

35.31 264.2

7.481

from
to

1 gallon x 3.785 = 3.785 liter

Volume
3

3

ml/min

GPM

m  /hr

Liter/min

ml/min GPM m  /hrLiter/min

1

1,000

.000264

16,667

.001 3785.0 .00006

1

1

1

.2642

16.67 4.403

3.785 .06

.2271

from
to

1.0 m  /hr  x 4.403 = 4.403 GPM

Flow Rate

3

3

3

GFD

LMH

GFD LMH

1

.5882

1.7

1

from
to

1.0 GFD  x 1.7 = 1.7 LMH

Flux (Flow per area per time)

ml/min

GPM

m  /hr

Liter/min

.76

760

2876.6

12665

1.292 .023 .0391

1292

87.06

651.6

4890.22

21531 383.3

23 39.1

148

from
to

1 Liter/min x 23 = 23 GFD on a Series LP Machine

Flow Converted to Flux

3

Series L
GFD

Series L
LMH

Series LP
GFD

Series LP
LMH

1450 sf Series i
GFD

1450 sf Series i
LMH

3785.0

4.403

3.785

1

6434.5

7.485

6.435

1.7

-200
-180
-160
-140
-120
-100
-95
-90
-85
-80
-75
-70
-65
-60
-55
-50
-45
-40
-35
-30
-25
-20
-15
-10
-5
0

-328
-292
-256
-220
-184
-148
-139
-130
-121
-112
-103
-94
-85
-76
-67
-58
-49
-40
-31
-22
-13
-4
5

14
23
32

5
10
15
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

41
50
59
68
70
72
73
75
77
79
81
82
84
86
88
90
91
93
95
97
99

100
102
104
106
108

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
65
70
75
80
90

100
120
140

109
111
113
115
117
118
120
122
124
126
127
129
131
133
135
136
138
140
149
158
167
176
194
212
248
284

ºC ºF ºC ºF ºC ºF

Temperature

Flux (Flow per area per time)

NEW LOGIC Doc. 334-28

8 Pints = 1 Gallon
4 Quarts = 1 Gallon

1 Horsepower = 0.7457 Kilowatts

128 fl oz = 1 Gallon

1 fl oz = 28.3 grams
1 Kilogram = 2.2 Pounds
1 Pound = 16 oz
1 Gallon = 8 Pounds

1 Inch = 25.4 mm
1 Inch = 2.54 cm

✧✧✧✧✧

✧

✧

✧✧
✧✧

✧✧✧✧✧

✧

✧

✧✧
✧✧

1 KW =
 Gal x ºF Temp Rise

325 x Heat up time, hrs



Relative Particle Sizes

Relative Particle Sizes:
1 Millimeter  equals  1,000 Microns

Inches

.0787

.0661

.0555

.0469

.0394
.0331

.0280
.0232

.0197

.0165

.0138

.0117

.0098

.0083

.0070

.0059

.0049

.0041

Inches

.0035

.0029

.0026

.0024

.0021
.0020

.0017

.0016

.00142

.00118

.00099

.00079

.00059

.000394

.000315

.000197

.000099

.0000394

Microns

2000

1680

1410

1190

1000
840

710
590

500

420

350

297

250

210

177

149

125

105

Microns

88

74

65

62

53
50

44
40

36

30

25

20

15

10

8

5

2.5

1.0

Human Hair
60 Microns

Limit of
Human Visibility

40 Microns

White Blood Cell
25 Microns

Red Blood Cell
8 Microns

Bacteria
2 Microns

Microfiltration
0.1 Microns

Magnification: 750 times

30 Mesh Screen Size

Mesh Size

10

12

14

16

18
20

25
30

35

40

45

50

60

70

80

100

120

140

Mesh Size

170

200

230

270

325

400

550

625

1250

1750

2500

5000

12000

Pilot Test
Handbook

NEW LOGIC RESEARCH, INC.

Figure 26.1 4/05/03Ver 3.0

1295  67th Street,  Emeryville, CA  94608   (510) 655-7305
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Flow Capacity Nomogram
Based on Formula:

Area (sq in) = 0.321 x Flow (GPM)

Velocity (Ft/Sec)
Recommendations for Fluids having maximum
viscosity of 315 SSU @ 100ºF, operating at
temperatures between 65ºF and 155ºF

1 2" Schedule 40 Steel Pipe w/ 2" ID Flex Hose
Max Feed or Permeate Flow

V✧SEP Plumbing Options:

2 2" Schedule 40 Steel Pipe w/ 1" ID Flex Hose
Max Feed or Permeate Flow

3 3/4" OD Tubing x .625" ID
Maximum Concentrate Flow

1

2

3

Note: V✧SEPs are custom designed machinery
Other options and pipe sizes are available
should flow requirements exceed these capacities

Flow Capacity Nomogram
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Osmotic Pressure Information

4/10/03

Osmotic Pressure 

Concentration (%w/w)
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0

600

Osmotic Pressure can be defined as the amount
of pressure above 1 atmosphere which can restore
equilibrium between a solvent in solution and the pure
solvent at one atmosphere.  Osmotic pressure is
a colligative property based upon the molarity of 
a solution.  The colligative molarity of a solution 
is the molarity in moles per liter multiplied by the
number of ions produced by a molecule when 
dissolved in a solvent.

Osmotic pressure creates a resistance to flux
through a membrane.  Essentially the osmotic
pressure can be subtracted from the feed pressure
in order to determine the actual transmembrane
pressure.  When the osmotic pressure is 
approximately 100 psi less than the feed pressure
then there will be little or no flux of water through the 
membrane.  If the osmotic pressure is high enough then
water may be driven back through the membrane.

Calculating the Osmotic Pressure of a Solution:
The osmotic pressure of a solution for dilute solutions
is similar to the Ideal Gas Law.  The osmotic pressure 
is proportional to the temperature and the colligative
molality of the solution.

Π = R T Mc

where
Π = Osmotic Pressure (atm.)
R = Gas Law Constant (lit. atm/mol. K)
T = Temperature (K)
Mc = Colligative Morality (Mol/lit.)

Graphs of Osmotic Pressure:
To the right are two graphs of osmotic pressure
versus concentration for two different components
dissolved in water.  They can be used to give you an idea
of the maximum concentration that can be achieved based 
on the osmotic pressure of the solution and the maximum
feed pressure of a membrane separations system.

Given that the current system design of V SEP has
a maximum feeed pressure of 1000 psi, the maximum 
concentration of rejected material for Sodium Sulfate solution
would then be a little more than 10%.

Use the equation given above to calculate the osmotic
pressure for other solutions using the molecular weight
and number of ions formed from each molecule.

Effects of Osmotic Pressure:
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Power use w.r.t. Drive frequency

NEW LOGIC Research
Procurement 
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New Logic  Doc. 334-51

51504948 52 53 54 55

2

4

6

8
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1"

1"

1"

7/8"

7/8"

3/4"

5/8"
7/8"

5/8"

5/8"

3/8"

3/8" 3/8"
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1/4"1/4" 1/4"
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Vibration Drive Output Frequency (Hz)
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M
ot

or
 P

ow
er

  (
kW

)
Drive Motor Power w.r.t. Drive Frequency

Vibration amplitude

Equipment: V✧SEP Series i  # I-180  Process Feed:  Water at 76 psi

Data:  (47.77Hz,26.7%,1/8"), (49.32Hz,28.1%,1/4")(49.99Hz,30.2%,3/8")
 (50.36,32.2,1/2"),(50.6Hz, 34.4%, 5/8"),(50.81Hz,37.4%,3/4")
 (51.02Hz, 41.4%, 7/8"), (51.2Hz, 50%, 1")

Method:  Incrementally increased frequency output of drive
      Recorded %Motor Load and Vibration Amplitude
      Power =  (%Load / 100) x (MotorHP) x .746kW/1HP

7.5HP Unit with 15" Filter Pack

20HP Unit with 7' Filter Pack

Data:  (52Hz, 10%, 0"), (52.5Hz, 10.5%,1/8"), (53Hz, 13%, 1/4")
 (53.5Hz, 18%, 3/8"), (54.0Hz, 32%, 5/8"), (54.5Hz, 53%, 7/8")
 (54.7Hz, 65%, 1")

Equipment: V✧SEP Series i  # I-186  Process Feed: Water at 55 PSI

Process Feed:  Water at 55 psi

20HP Unit with 3' Filter Pack

Data:  (49.3Hz,13.3%,1/8"), (51.02Hz,14%,1/4")(51.4Hz,14.5%,3/8")
 (51.67,16.5%,1/2"),(51.93Hz, 18.8%, 5/8"),(52.07Hz,23.2%,3/4")
 (52.3Hz, 26%, 7/8"), (52.34Hz, 29%, 1")

Equipment: V✧SEP Series i  # I-188  Process Feed: Water at 64 PSI

Process Feed:  Water at 55 psi

7.5HP unit with 15" Filter Pack

20HP unit with 36" Filter Pack

20HP unit with 84" Filter Pack

ver 1.0
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Pilot Test Handbook 

Basic V✧SEP Operation Information

V✧SEP Basic Operation

F
lu

x
Time

0

Minimum Acceptable Flux

P
re

ss
ur

e

Time

Max Pressure of System

F
lu

x

TMP*

T
M

P

Flux

Constant Feed Pressure
The t wo graphs at t he right
exhibit t he at t ribut es of a
syst em t hat is operat ed
wit h a const ant feed
pressure.
The graph on t he left shows
t he flux decay t hat occurs
wit h t ime. For t his operat ion
t here will be a minimum
accept able operat ing flux
t hat is based on t he process
flow rat e. When t he flux
reaches t he minimum level
t hen t he syst em is cleaned
and t he flux is recovered.

In t he graph at t he right , you can see t he flux as it relat es t o t he
t ransmembrane pressure (TMP). As you can see from t he graph, t he flux
increases as a result of increasing t ransmembrane pressure unt il a
st eady st at e is reached. This way of operat ing t he syst em is t he most
simple and requires some measure of t he flowrat es in order t o calculat e
t he flux.

Constant Permeate Flow
The t wo graphs at t he right
show some of t he operat ion
charact erist ics for a syst em
where t he permeat e flowrat e
is kept const ant . The graph
on t he left shows t he
pressure as it relat es t o
t ime. The pressure will
increasewit h t ime in order t o
maint ain t he same flow rat e.
This is due t o t he fact t hat
t he flux will slowly decay as
above. Inst ead of a minimum
flux rat e t o indicat e when
t he syst em needs t o be
cleaned t he indicat or is t he
maximum pressure t hat t he
syst em can wit hst and.

In t he graph at t he right , you can see t he relat ionship bet ween t he
t ransmembrane pressure (TMP) and t he flux. In order t o maint ain a
st eady permeat e flow t o count er t he flux decay, you will slowly increase
t he feed pressure wit h a mot or speed cont roller. This syst em is a lit t le
more complex t o cont rol but produces t he most consist ent result s
especially where process flow rat es are an import ant fact or. The risk is
t hat t he pressure can be infinit e and t he syst em has a maximum pressure
before t hemembranes and t hemachinearedamaged.
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O-ring Properties
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O-ring Seal Properties:
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Temperature Limits of Elastomers
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Exposure Time in Hours

Viton
EPDM

Buna

Temperature limitations of elastomers are based on long term durability. As illustrated above short 
term or intermittent service at higher temperatures can be handled by these materials. Therefore, 
when the application requires higher temperature than that recommended, check the temperature 
curve to determine if the total accumulated time at high temperature is within the maximum allowable

Original
Thickness

t o t s

t 1

Compression Set = t 1t   -o
Return

Compression = t st   -o

Although it is desirable to have a low compression set, this is not as critical as it might appear. 
A good balance of all properties is usually necessary for optimum seal performance.  For instance,
a seal will continue to seal after taking a 100% compression set provided temperature and pressure 
remain steady. ASTM requires compression equal to 25% of t   . In general V ✧SEP O-ring design
includes face seal type glands and have a range of compressions between 20% and 30%.

o

Various Elastomers Used:
EPDM: Ethylene propylene copolymer   -65 ºF to +300ºF
Viton: Fluorocarbon Rubber   -15 ºF to +400ºF
Buna: Copolymer of Butadiene and Acrylonitrite   -65 ºF to +275ºF

limit.



Series i Raw Materials & Temperature Limits

Temperature Limitations:
and thermal characteristics for 
Series i Raw Materials used in construction

Location or Parts Used Raw Material Max Temp

Filter Pack End Plates Polypropylene 180 ºF
500 ºF

285 ºF

230 ºF

Filter Pack End Plates Teflon (PTFE)

Filter Pack End Plates Kynar (PVDF)

Spring clamps, Bushings Nylon (Cast 6)

Filter Pack Housing Vinyl Ester FRP 200 ºF

O-rings & Seals EPDM 300 ºF

O-rings & Seals

O-rings & Seals

Viton (76) 410 ºF

Buna (Nitrile) 275 ºF

Spring Node Rubbers Polyurethane 190 ºF

Node Stabilizer Bumpers Neoprene 170 ºF

Frame Plumbing Clamps Polypropylene(copolymer) 212 ºF

Torsion Spring Clamps Santoprene 302 ºF

Torsion Spring Clamps

Torsion Spring Clamps

Polyamide 350 ºF

Aluminum 750 ºF

Flexible Hose

Flexible Hose

Flexible Hose

1" Teflon 300 ºF

2" Teflon 300 ºF

2" Neoprene 212 ºF

Notes:
1] Other limitations exist as well, ie pressure, absorption, conductivity, creep, tensile strength, chemical resistance, etc.
2] Thermoplastics also have a melting point and will return to a liquid state.
3] Limits shown are for maximum continuous temperature of the media in contact
4] Mechanical properties such as pressure limits, tensile strength, coefficient of friction, etc are generally determined 
       at room temperature (73ºF). As temperature increases the thermoplastic becomes more ductile, increases in

       impact strength, and decreases in tensile strength. Derating of materials may be necessary at higher temperatures
5] Thermoplastics melt before they burn when exposed to open flame, and generate toxic carbon monoxide, non-toxic

      carbon dioxide, water vapor, and dense smoke.
6] Plastic and rubber , unlike metal, is a very poor conductor of heat.  Temperature related failure is likely to result
     at the point of contact with the media attached to it.

Pilot Test
Handbook
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Viscosity Conversions for Series i Calculations

Pilot Test
Handbook 12/15/03ver 3.0Figure 27.1

Viscosity Conversions:
for calculating pressure loss and flow limitations
of Series i Machines and pumps

Typical Liquids @ 70º F                           Centipoise

Water 0.8
2.05

5.92

12.6

Kerosene

No. 2 Fuel Oil

No. 4 Fuel Oil

Transformer Oil 16.2

Hydraulic Oil 34.6

SAE 10w Oil

SAE 10 Oil

52.2

88.0

SAE 20 Oil 173

SAE 30 Oil 352
SAE 50 Oil 880
SAE 60-70 Oil 1,760

Molasses B

Molasses C

8,800

17,300

SSU*

31
35

50

80

100

200

300

500

1,000

2,000

5,000
10,000

50,000

100,000

Viscosity:The viscosity of a fluid is a measure of its tendency to resist shearing force.
                 High viscosity fluids require a greater force to shear at a given rate than low viscosity

Centipoise: (cps) Measures absolute viscosity = 1/100th of a Poise

SSU:Staybolt Second Universal; measures the kinematic viscosity where the specific gravity of
                 the fluid influences the viscosity measured

Conversion:   SSU x .216 x Specific Gravity = Centipoise

Temperature

E
ffe

ct
iv

e 
V

is
co

si
ty

Viscosity SSU

Flow Reduction
% GPM
Head Reduction
% Feet

Horsepower
% Increase

30 100 250 500 750 1000 1500 2000

-- 3 8 14 19 23 30 40

-- 2 5 11 14 18 23 30

-- 10 20 30 50 65 85 100

Pumping Viscous Liquids:
Centrifugal pumps are generally not suitable for pumping 
viscous liquids. However, liquids with viscosities up to 2000 SSU
can be handled with centrifugal pumps. The volume and pressure
of the pump will be reduced according to the following table.
Comparisons are made against water: 30 SSU

NEW LOGIC RESEARCH, INC.
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27.3 Conversion Factors & Formulas

Legend:
GFD      = Gallons per square foot per day fps     = Feet per second
LMH      = Liters per square meter per hour RPM  = Rotations per minute
°C           = Degrees Centigrre SSU   = Staybolt Second Univerade
SSU   = Staybolt Second Universal °F           = Degrees Fahrenheit
ID        = Inside Diameter GPM     = Gallons per minute
FPM  = Feet per Minute SF          = Square feet of membrane
# Trays = Number of membrane trays in FRP

For converting GFD (Gallons per square foot per day) to LMH (Litres per square meter)

GFD x 1.72 = LMH

For converting Gallons per minute (GPM) to LPH (Litres per hour)

GPM x 227.1 = LPH

For converting Gallons per minute (GPM) for a certain size Filter Pack to GFD(Gallons per square 
foot per day)

GPM x 1440 ÷ SF of filter pack  = GFD
For determining the square footage of a Filter Pack (3.058sf = membrane area of one tray)

#Trays x 3.058 = SF

For converting degrees Celsius to Fahrenheit & visa versa

°C = 5/9 (°F - 32) °F =  9/5 C + 32

For converting SSU to Centipoise ( Measures of Viscosity)

SSU x .216 x Specific Gravity = Centipoise

For determining pipe size required for specific flow rates (GPM) and fluid velocity (FPS)

Pipe ID Required (sq in) = 0.321 x Flow(gpm) /Velocity (fps)

For determining the speed of travel of the outer casing of the eccentric bearing

Surface Speed (fpm) = Shaft Diameter x RPM x 0.26227. 

For determining solids concentrations
%Solids = (Grams Solute/Grams Solution)   x100

Foot Pounds x 12 = Inch Pounds
Inch Pounds x 0.082 = Foot Pounds p = 3.14159
Inches x 2.54 = Centimeters Series L Membrane = 0.478 SF 
1 Gal water = 2786 grams @ 50°F Series LP Tray = .865/ea
1 Gal water = 3.785 Liters Series i Tray = 3.058/ea
1 Liter = .2642 Gallons Specific Gravity of Water = 62.4 lbs



V✧SEP Performance Calculations

NEW LOGICRESEARCH  Doc. 334-19

Concentration Factor:

Concentration Factor = Feed Flow Rate / Concentrate Flow Rate
Feed Flow Rate = Permeate Flow Rate + Concentrate Flow Rate

Example:  Your Permeate Flow Rate is 2179ml/min
                Your Concentrate Flow Rate is 179 ml/min

Feed Flow Rate = 2179 ml/min + 179 ml/min
Feed Flow Rate = 2358 ml/min

Concentration Factor = 2358 ml/min / 179 ml/min
Concentration Factor = 13.2x

Concentrate Flow Rate: (while using the timed duty cycle valve)

Concentrate Flow Rate per Minute = Concentrate Rate per dump / (Time Open + Time Closed)

Example: 430 ml of concentrate is released each time the valve opens
               Your Auto Valve settings are 0.5 minutes open and 3.0 minutes closed

Concentrate Flow Rate = 430 ml / (0.5 + 3.0)
Concentrate Flow Rate = 430 ml / 3.5
Concentrate Flow Rate = 123 ml/min

% Recovery: (Permeate)

% Recovery = Permeate Flow Rate / Feed Flow Rate x 100
Feed Flow Rate = Permeate Flow Rate + Concentrate Flow Rate

Example:  Your Permeate Flow Rate is 2179ml/min
                Your Concentrate Flow Rate is 179 ml/min

Feed Flow Rate = 2179 ml/min + 179 ml/min = 2358 ml/min
% Recovery = 2179 ml/min / 2358 ml/min x 100
% Recovery = 92.4%

GFD in P Mode: (Gallons per Square Foot of Membrane per Day)

Example:
2000 ml/min x .0002642 Gal/ml = .528 Gallons/min
.528 Gal/min x 1440 min/Day = 761 Gal per Day
761 GPD / 16.69 SF/Filter Pack = 45.596 GFD

2000 ml/min x .0228 = GFD

Permeate Rate x .0228 = GFD

GFD in L Mode: (Gallons per Square Foot of Membrane per Day)

Permeate Rate x .76 = GFD



Training Information
New Logic Research

Concentration Factor related to % Recovery

Feed
2% Total Solids 
10 GPM

Concentrate
10% Total Solids
2 GPM

Permeate
0% Total Solids
8 GPM

When there are virtually no solids in the permeate then that calculations of 
concentration factor and recovery can be easily related.  In the above example 
you calculate % recovery (permeate) by dividing the permeate flow rate or 
amount of permeate by the feed flow rate or amount of feed.

8/10 = 0.8 = 80% permeate recovery

The concentration factor can be calculated by dividing the final solids by the 
initial solids.

10/2 = 5x concentration of solids

These two are related by the following equation:

Concentration Factor (CF) = 1/(1-%Recovery) = 1/(1-0.8) = 5

You can do a similar calculation for 90% recovery and should do it for practice.
What you will find by doing the calculations is summarized in the following 
table.

% Recovery                CF
50 2X
60 2.5X
70 3.33X
75 4X
80 5X
85 6.67X
90 10X
95 20X
98 50X



Training Information
New Logic Research

Concentrate
X% Total Solids
2 GPM

Permeate
0.5% Total Solids
8 GPM

Feed
2% Total Solids
10 GPM

When there are solids in the permeate then that calculations of concentration 
factor and recovery might be a little more difficult.  In the above example you 
are given the solids in the feed and the solids in the permeate but lets assume 
that a hose broke on the machine and so you had no concentrated material to 
test % solids.  You can calculate this using a material balance.  A material 
balance basically indicates that whatever goes in must come out.

The first thing you do is determine the total flow of solids by multiplying the % 
solids by the flow.

10 x 2 = 20 in the feed (no real units here)

Then you want to set that equal to what you know comes out so:

20 = (Total in Concentrate) + (Total in Permeate)
20 = (2X) + (8x0.5) = 2X + 4

Solving for X you get: 

16 = 2X or X = 8

Therefore the amount of solids in the concentrate is 8%.  The concentration 
factor would be 8/2 = 4x.  But note that the recovery in this case is still 80% 
even though the concentration factor is lower.



13560 Larwin Circle, Santa Fe Springs, Ca. 90670
562.802.2255   800.783.7836

Fax: 562.802.3114
www.svfflowcontrols.com

E-Mail: info@svf.net

TECHNICAL INFORMATION

Corrosion Data

The information presented in this data chart is intended as a guide to the chemical
resistance to materials used in the manufacture of SVF valves.

Many factors which will influence corrosion rating such as - temperature
fluctuations, concentrations and aeration of fluids, high velocity or abrasions in the
fluid steam, etc. have to be taken into account. The physical properties of material
are affected differently by each corrosive media and is sometimes necessary to
sacrifice valves in one property to gain a maximum valve in another property.

An "A" rating should be given to internal moving parts, in direct contact with the
media. In some cases a "B" rating can be given to body material in direct contact
with media, when the corrosion rate is not one to cause any serious problems.

Ratings Explanation

A = Excellent  /  B = Good  /  C = Poor  /  D = Do not use

Blank = No information available.

Ratings are based on media at room temperatures = unless otherwise specified.

We would advise that ratings given to be used as a guide to the selection or valve
materials and not as an absolute recommendation.

Although most of the suggested ratings in this corrosion chart are based on
experience, SVF cannot accept responsibility for problems arising from use
of this data.

We do however recommend that in critical applications, tests be conducted to
verify the rating.



C-2

Acetaldehyde
Acetamide
Acetate Solvents
Acetic Acid, aerated
Acetic Acid, Air Free

Acetic Acid, crude
Acetic Acid, glacial
Acetic Acid, pure
Acetic Acid, 10%
Acetic Acid, 80%

Acetic Acid Vapors
Acetic Anhydride
Acetone
Other Ketones
Acetyl Chloride

Acetylene
Acid Fumes
Acrylonite
Air
Alcohol, Amyl

Alcohol, Butyl
Alcohol, Diacetone
Alcohol, Ethyl
Alcohol, Fatty
Alcohol, Isopropyl

Alcohol, Methyl
Alcohol, Propyl
Alumina
Aluminum Acetate
Aluminum Chloride dry

Aluminum Chloride Solution
Aluminum Fluoride
Aluminum Hydroxide
Aluminum Nitrate
Aluminum Oxalate

Alum (Aluminum Potassium Sulfate)
Alum (Aluminum Sulfate)
Amines
Ammonia, Alum
Ammonia, Anhydrous Liquid

Ammonia, Aqueous
Ammonia, Gas, hot
Ammonia Liquor
Ammonia Solutions
Ammonium Acetate

Ammonium Bicarbonate
Ammonium Bromide 5%
Ammonium Carbonate
Ammonium Chloride
Ammonium Hydroxide 28%

Ratings:     A - Excellent     B - Good      C - Poor     D - Do not use     Blank - No information
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B C C C A A A A D A B C A
B B B B B A A A
A B A B A A A D D D A
B D D D A A A C D C A A
B B D D A A A A A C D D A A

C C C C A A A B A D D D A A
A A D B C A A

C C D D A A A D A D D D A A
C C C C A A A B A D B B D A A
C C C C A A A B A D D C D A A

B D D D B C A D A A
B D D D B B B B A D C C D A A
A A A A A A A A A D A A D A A
A A A A A A A A A D A D D A
D A D C B A D D D D A

A B A A A A A A A B A A A A
B D D D B B C D A
B A A C A B A A D D D C A
A A A A A A A A A A A A A
B B B C A B B B C A A B A A

B B B C A A A A B A C A A A
A A A A A A B A D A B D A A
B B B B B A B A A A A A A A
B B B B A A A B A A A A
B B B B B A B B C A A A A A

B B B B A A A A B A A C A A
A A B B A A A A B A A A A A
A A A A A A A
C D D A B B C B D D A D A
B B C D C D B B B A A A A A

C D C B B A B D A A A
C D D C B A A C A A A
A A D D A B B B B A C A A A
D D D C B C B B D B D A
B A B A A

D D D B C B C A B D B A A
C C D D B A B C A A D A A A A
B B B C A A A B B D C C D A
C A A A B C A A
A D A B A A A B A B D B D A A

B D A A A A B B B D A A A
A D B A A B B C D A D A A

A A B A A
C D B B A A B B B D B D A A
B D B B A B B B D A D A

B B C B B B B B A A A A
D B B B A A
B B B B B B B C D A B A
D D D D C C B B B B C A A A
C D C C B A A D B B D B A A A



C-3

Ammonium Hydroxide Concentrated
Ammonium Monosulfate
Ammonium Nitrate
Ammonium Oxalate 5%
Ammonium Persulfate

Ammonium Phosphate
Ammonium Phosphate Di-basic
Ammonium Phosphate Tri-basic
Ammonium Sulfate
Ammonium Sulfide

Ammonium Sulfite
Amyl Acetate
Amyl Chloride
Aniline
Aniline Dyes

Apple Juice
Aqua Regia (Strong Acid)
Aromatic Solvents
Arsenic Acid
Asphalt Emulsion

Asphalt Liquid
Barium Carbonate
Barium Chloride
Barium Cyanide
Barium Hydrate

Barium Hydroxide
Barium Nitrate
Barium Sulfate
Barium Sulfide
Beer

Beet Sugar Liquors
Benzaldehyde
Benzene(Benzol)
Benzoic Acid
Beryllium Sulfate

Bleaching Powder wet
Blood (Meat Juices)
Borax (Sodium Borate)
Bordeaux Mixture
Borax Liquors

Borax Acid
Brake Fluid
Brines, saturated
Bromine, dry
Bunker Oils (Fuel)

Butadiene
Butane
Butter
Buttermilk
Butyl Acetate
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C D C C B A A C B C D A A A A
D A B B B D A
B D D D A A B D B A D A A A
A A A B A A
C C A A D D D B B A

C D D D B B C A C A A A
B C D D B B C B A A A A
C C D D B B C B A A A A
C C C D B B B B B A B A B A A
C D D D B B B A A A D A

C C C C A B D B A B A A
B B C C B A A B A D A B D A
D B B A A B B D A D D A
C D C C B A B B D D C C A A
C C C C A A A C A C B A

B C D D B A A A A B A A
D D D D B B D D D D D A
A A C B A A B D A D A
D D D D B B D B A D B A A A
C A B B A A A A D A D A A

C A B B A A A A C A D A A
C B B B B B B A B A A A A
D B C C B B C B A A A A A
D C C B B D B A B B A
D D A A B A A

D C C B B A A B A A B A A
B A A A A
D C C C A A B A A B A A
D D C D B B C A A A A A
A B D D A A A A B A B A A

A A B B A A A A A B A A
A A A C A A B B D A A D A
B B B B B B A A B D C D B A A
B B D D B A B B A C A D B A
B B B B A B B A B B A

B C B D A D D B B A
B B D A A A B B A B B A
C D C C A A A B A A A A

A A A A
C A C C B A A B A A A A

B C D D B B B A B A B A A A
B B B B A B D B B D A
C B D C B B B A A A A A A
C B D D D B A A D D D B B A
A B B B A A A B A A A

B C B B A A C B C A C B D
A A B B A A B A B A D A A

A A B A A
A D D D A A D A A B A A
B B B B A B B D B D D A

Ratings:     A - Excellent     B - Good      C - Poor     D - Do not use     Blank - No information



C-4
Ratings:     A - Excellent     B - Good      C - Poor     D - Do not use     Blank - No information

Corrosion Data
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A A A A A A A D A D D A
B C D D B B B A C A C C A
C C D D B B D B A D D A A
C C D D B B B B A A B A A
B D C B B B B D B B B A

C B C C B B B B A A A B A A
D C C C B B A A A A A A A
B B B B C B A
D C C B B B B B B A
D C C B B B A B B A

B C C C B B B B B A A B A A
B A A B A A A

C C C B C C B A A B A
A B B A A B B A D B A
B B D B B B B C B A B B A A

A B B A A B A B A A A A A A
A C B B B B B D A D A A
A A A B A A A A C A B B A A
A D D D B B A B B A B A A A
A A B A A A A A B A B B A

B C B C A A A A A D A D B A A
D D D B B B B D B D B A A

C C C B B C B A B B A
A A B B A A A A A A B A A

A A B B D A

D B B A A A C D B B A
B B B B B B D C B D A
A C C C A A A A A A D A A
D C C C A A B D A D C A
C C D A D D B D A B A

B C B B B C A A A C D D B A A
B B B B A A B B D B D A A
D B B C A B A A B D A D B A
B B B B A B B B B A
B C B B B B B A D D D D A

C C B C A A B B B B B A
C D D D C C B C B D D C C A
D D D C C D B D B D D C C A
B C D B C B B C B B A
B A B A A A

B C D D B C A B A B A B A A A
C B D D B A A A A A A

A A B A B A
B B C C B A B A A A A A
A A D A A B A A A A A

A B C C A A A A A
A C B B A A B C D D B A
B B B B A A A A A D A A
D D D D A A C B C D B D A
D A A A A

Butylene
Butyric Acid
Calcium Bisulfate
Calcium Carbonate
Calcium Chlorate

Calcium Chloride
Calcium Hydroxide
Calcium Nitrate
Calcium Phosphate
Calcium Silicate

Calcium Sulfate
Caliche Liquor
Camphor
Cane Sugar Liquors
Carbonated Beverages

Carbonated Water
Carbon Bisulfide
Carbon Dioxide, Dry
Carbonic Acid
Carbon Monoxide

Carbon Tetrachloride, dry
Carbon Tetrachloride, wet
Casein
Caster Oil
Caustic Potash

Caustic Soda
Cellulose Acetate
China Wood Oil (Tung)
Chlorinated Solvents
Chlorinated Water

Chlorine Gas, dry
Chlorobenzene, dry
Chloroform, dry
Chlorophyll, dry
Chlorosulfonic Acid, dry

Chrome Alum
Chromic Acid < 50%
Chromic Acid > 50%
Chromium Sulfate
Cider

Citric Acid
Citric Juices
Coca-Cola Syrup
Coconut Oil
Coffee

Coffee Extracts, hot
Coke Oven Gas
Cooking Oil
Copper Acetate
Copper Carbonate



C-5

Copper Cyanide
Copper Nitrate
Copper Sulfate
Corn Oil
Cottonseed Oil

Cresol
Creosote Oil
Cresylic Acid
Crude Oil, sour
Crude Oil, sweet

Cupric Nitrate
Cutting Oils, Water Emulsions
Cyanide Plating Solution
Cyclohexane
Cyclohexanone

Detergents, synthetic
Dextrin
Dichloroethane
Dichloroethyl Ether
Diesel Oil Fuels

Diethylamine
Diethyl Benzene
Diethylene Glycol
Diethyl Sulfate
Dimethyl Formamide

Dimethyl Phthalate
Dioxane
Dipentane (Pinene)
Disodium Phosphate
Dowtherm

Drilling Mud
Dry Cleaning Fluids
Drying Oil
Enamel
Epsom Salts (MgSo4)

Ethane
Ethers
Ethyl Acetate
Ethyl Acrylate
Ethyl Benzene

Ethyl Bromide
Ethyl Chloride, dry
Ethyl Chloride, wet
Ethylene Chloride
Ethylene Dichloride

Ethylene Glycol
Ethylene Oxide
Ethyl Ether
Ethyl Silicate
Ethyl Sulfate

Corrosion Data
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D D D A A C A A B B A
D D D D B B D A A B A A
D D D D B B B C A A A A A A A
B B C C B B B A A C A A
B B C C B B B A A C B A

B B D D D D A
B B B B B B A B B C D D A A
C C C D B B B D D D B A
B C B C A A B A A D A A
A B B B A A A A A A A

D A A D D A
A A B B A A A A A A
D D D B B D B D B B A
A A A A A A B B C A D A A
B B A A B B D A A

B B B B A B B A B A A
B B B B B B B A B B A

C C B B D D D A
B B B B B D D D D A
A A A A A A A A A D A A

B B A B A A B B A C D A
B B D C D A

B B A A A B A A A B A
B B B B B B C A C B A
B B B A A B B A D D A

B C D A
B B B B B B D C C D A A
A A A A A B A D B A
B B B C B A B A
A A B B A A A D A D A A A

B B B B A A B A A A A A
A C B B A A B D A B A
C C C B B B B A A A

A B A D A
A B C C B B B A A A A

A B C C B B B A A D A A
A B A B A B A B D C C C A
A C B C B A B B B D C C D A
C B C C A A B A D B C D A

A A C A D A

B A B B C B B A B B A
B B B B A A A B B C A C B A
D C D D B B B B C A B B A
C A A B B D A D A

B A B D C D D A A

A B B B B A A B A A A A A A
C C B B B B B A D A D D A
B B C A A A B D A D D A
A B B B B B B A B B A

B B B A C A A

Ratings:     A - Excellent     B - Good      C - Poor     D - Do not use     Blank - No information



C-6
Ratings:     A - Excellent     B - Good      C - Poor     D - Do not use     Blank - No information

Corrosion Data
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B C D D A A B A B A D A A A
A A A B A A

D D D D C B A D B A A A A A
D D D D B B A D A A A A A
B B B A A

D B D D D D D D A A A A A A
C B D D B B B B A A A A A A
C C C C A A B B C A B B A
B C B B B B B B A
C B B B A A A A A D A A

C B B A A B C C D C A
B B A A D A
D B D D B B A B C C C C A
A A A B A A A A B B A B D A
B B D D C B B B B A A

D B D D B B A B A D D B A A
D B D D B D B B B D D A A A
B B B B A A A A B C A C C A A
B B C A A B B C A C D A
A A B A A B B B A A D A

B B C A A B B D A D D A
A A B A B D A D D A
B B C A A B B B A C C A
D D D C B B B B B A B D A A
B B D D A A B A A A A A

A B B B A A B A A D A A
A B A A

A A A B A B A B B D A C D A
A C D D B B B B B A C A A
B B B B B B A A A A A

B B B B A B A A A D A A
A A B B B A B B A A A
A A A B A A A A C A A A A
A A A A A A B A C A A A A
A A A B A A A A C A D A A A

A B B B A A B A C A D A A A
A B B B A A C A C A D A A A
A A A B A A A A C A A A A
A A D D A A B A A A A A
A A B B A A A A A A A A A

A B A B B A B A A A B A A
A B C B A A A A A C A A B A
C D B B A D A C D D A
A B C B B A B B C A A A
B B C B A B B A B B A

B C A A A A B A A D A A
B B B A A B A B A B B A
A A B B A A B A A A D A A
A B B B A A B A A A D A A
A A A A A A A A A A D B A

Fatty Acids
Ferric Hydroxide
Ferric Nitrate
Ferric Sulfate
Ferrous Ammonium Citrate

Ferrous Chloride
Ferrous Sulfate
Ferrous Sulfate, Saturated
Fertilizer Solutions
Fish Oils

Flue Gases
Fluoboric Acid
Fluorosilicic Acid
Formaldehyde, cold
Formaldehyde, hot

Formic Acid, cold
Formic Acid, hot
Freon Gas, dry
Freon 11, MF, 112, BF
Freon 12, 13, 32, 114, 115

Freon 21, 31
Freon 22
Freon 113, TF
Freon, wet
Fruit Juices

Fuel Oil
Fumaric Acid
Furfural
Gallic Acid 5%
Gas, Manufactured

Gas, Natural
Gas, Odorizers
Gasoline, Aviation
Gasoline, Leaded
Gasoline, Motor

Gasoline, Refined
Gasoline, Sour
Gasoline, Unleaded
Gelatin
Glucose

Glue
Glycerine (Glycerol)
Glycol Amine
Glycol
Graphite

Grease
Helium Gas
Heptane
Hexane
Hexanol, Tertiary
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A B A B A A A A A D A A
C D D B B A C D B D A
A D D C A A D B B D B A A
D A D D C B D B A B A A A
A B B B A A B A B A A

C B B A A B A B A
A D D D B B D D D D B B A
A C D D B B D D A D B A A
A C B B A B B B B C C A A A A
B D C D B B C D C C B A A A

B C D C B B B A A A A A
A A A A A A A C A D A A
C C D D A A B A A B A A
C C B C A A C A A A

B B B A D A

A A A B A A A A A D A A
B A D A D A A

B A A B A A B A C A D D A A
A A A B A A A A A A A A
A A A A A A A A B A A A

A A A A A A A A A A A A
A A B B A A A A A A D A A A
D D D D A A B A A A A
A A A A A A A D A D D A
A A C C A A A D A D D A

C D D D A D A D A B D B A A A
C D D D B D A D B C D B B A A
A D D D A B A C A B D B A A
B D D D A D A D B C D D A A
B B C B B B B A B B A

A B A A A B A C A
B B C C B A B A A B A A
D C D D B B B A A B B A
D C D B B B B A B B A
C C C B B B D A D B A

A B B B A A B B A D B A
A B A A A A B A A D A A
D B B B A B B A B B A
A A B B B B B A A D A A
A B A A A A B A A D A A

D D B B B B B B B B A
B B B B A A B B A B B A
C D D B B B B A B B A
B B B A A B B A B B A
D B C D B C B B A A A A A A

D B B B A A A B B A A A A A
D D B B A A A A B B A A A
B A A B B A B A
B B B B A A A B A A A A A A
B B B C B B B A B A D A A

Ratings:     A - Excellent     B - Good      C - Poor     D - Do not use     Blank - No information

Hydraulic Oil, Petroleum Base
Hydrazine
Hydrocyanic Acid
Hydrofluosilicic Acid
Hydrogen Gas, cold

Hydrogen Gas, hot
Hydrogen Peroxide, Concentrated
Hydrogen Peroxide, Dilute
Hydrogen Sulfide, Dry
Hydrogen Sulfide, Wet

Hypo (Sodium Thiosulfate)
Illuminating Gas
Ink-Newsprint
Iodoform
Iso-Butane

Iso-Octane
Isopropyl Acetate
Isopropyl Ether
J P-4 Fuel
J P-5 Fuel

J P-6 Fuel
Kerosene
Ketchup
Ketones
Lacquer (and Solvent)

Lactic Acid Concentrated Cold
Lactic Acid Concentrated Hot
Lactic Acid Dilute Cold
Lactic Acid Dilute Hot
Lactose

Lard
Lard Oil
Lead Acetate
Lead Sulfate
Lecithin

Linoleic Acid
Linseed Oil
Lithium Chloride
LPG
Lubricated Oil Petroleum Base

Ludox
Magnesium Bisulfate
Magnesium Bisulfide
Magnesium Carbonate
Magnesium Chloride

Magnesium Hydroxide
Magnesium Hydroxide Hot
Magnesium Nitrate
Magnesium Sulfate
Maleic Acid
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B B B B B B B D C D B A
B B D D B B B A A A A

A B A A A B A A
B B A B A A
B B D A A B B A B B A A

D D D D A A B A A A A
B D A A B A A

D C C B A A
B B B A A B B C D B A
D D D D B B D B A A A A A

D D D D A A C B A A A A A
D D A A D A B A
D D A A A A B B A A A A A
A A B B A A B A A A A A
A A B B A A B A D B B D A

A A A A A A A D B A D A
A D B B A A C B D A B D A
C C D B A B B A D B
A A B B A A B B C A B D A

A A B D A A

D B B B A A B D A D B A
A A A A A A A B D A B D A A
C A B B A A B B D A D C A
C A C C B A B B D A B D A

A A D A A A

A B D D A A B A A A A A
A B B B A A A A A D A A
A B B B B B B A A A A
D D C C B B C D D D B A
B A A A A A A A A A A

A A C C A A A A A A A
A A A A
B B B D C A A

B B B A A B D A B D A
B A B B A A A A A A A

A B B B B B B A B A D A A
B B B B B B B B D A D A A
B B B B A A D A A A D A A
D D D D A A C A C B D A
D D D D B A B A A D B A A A

C D D D B A B A C A A A
D D D D B A B B A C B A A A
A A B C A A A D C D B A
D D D D A A A D C D A A A
D D D D A D A D C D B A B A

B D D D C D B D D D B B B A
B D D D A D A D D D D B B A
B D D D A D A D D D D A B A
C D B B A A B B D B C C A
A A A A A A A A A B A A

Maleic Anhydride
Malic Acid
Malt Beverages
Manganese Carbonate
Manganese Sulfate

Mayonnaise
Meat Juices
Melamine Resins
Methanol
Mercuric Chloride

Mercuric Cyanide
Mercuric Nitrate
Mercury
Methane
Methyl Acetate

Methyl Acetone
Methylamine
Methyl Bromide 100%
Methyl Cellosolve
Methyl Cellulose

Methyl Chloride
Methyl Ethyl Ketone
Methyl Chloride
Methyl Formate
Methyl Isobutyle Ketone

Milk and Milk Products N
Mineral Oils
Mineral Spirits
Mixed Acids (cold)
Molasses, crude

Molasses, Edible
Molybdic Acid
Monochloro Benzene Dry
Morpholine
Mustard

Naptha
Napthalene
Natural Gas, Sour
Nickel Ammonium Sulfate
Nickel Chloride

Nickel Nitrite
Nickel Sulfate
Nicotinic Acid
Nitric Acid 10%
Nitric Acid 30%

Nitric Acid 80%
Nitric Acid 100%
Nitric Acid Anhydrous
Nitrobenzene
Nitrogen
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D D D D B B D C B A A
B D B C A A D B A
C B B C B B D B B A A A
B A A B A D A
A A A A A A B A A A B B A

A B A A A A A A A A D A A
A C B C A A A A B A D A A
A A B B A A A A A A A
B B B A D C C A
B B C C B A B B B C D A A A

B C B D B B C B D D D C A
D D D B B D C D D A A
B C B B A A A A A B A A
C B D D B D B B C C B A A A
A A B B A A A A A B D A A A

A A A A A A A A D C A B A
B B C C A A A A D C B B A
A A A A A A A D A D B A
B B C C B B B B A B A A
A B C C B A A B A D A A

D B B A A B B A B B
A A B B A A A A A A D A A
B B B B B B B B A D A

B B B A D A A
A A B B A A B A A D A A

B C B B A A B B D B D A A
B B C C B A A A A A A
A B D D A B A A A D C D B A
D D A A A A A D A A A
D D D D D B B D B D B A A A

D D D D B B B C B D B A A A
D D D D D D B C B D B A A A
D D B B A C B A C D B A A
D D C C B D B C D A A
A A A D B B A A

D B C A A D D B B A A
B B C C B B A B C B A A
B B C C B B A A C A A A
C C D D B C B D B C D B B A
A C C C A A A A A A A

B B B B A A B A A D A A
A A C A D A

D D B B A B B D B B A
B B B B B B A B A
B B B B B B A B A

A A A B B A A
A A A A B B B A
B A A B B A A A
C C D D B B D A A B A A
C C D D A C B B A A B A A

Ratings:     A - Excellent     B - Good      C - Poor     D - Do not use     Blank - No information

Nitrous Acid 10%
Nitrous Gases
Nitrous Oxide
Oils & Fats
Oils, Animal

Oils, Petroleum Refined
Oils, Petroleum Sour
Oils, Water Mixture
Olaic Acid
Oleic Acid

Oleum
Oleum Spirits
Olive Oil
Oxalic Acid
Oxygen

Ozone, Dry
Ozone, Wet
Paints & Solvents
Palmitic Acid
Palm Oil

Paper Pulp
Paraffin
Paraformaldehyde
Paraldehyde
Pentane

Perchloroethylene, dry
Petroleum (Vaseline Petroleum Jelly)
Phenol
Phosphate Ester 10%
Phosphoric Acid 10%

Phosphoric Acid 50% Cold
Phosphoric Acid 50% Hot
Phosphoric Acid 85% Cold
Phosphoric Acid 85% Hot
Phosphoric Anhydride

Phosphorous Trichloride
Phthalic Acid
Phthalic Anhydride
Picric Acid
Pineapple Juice

Pine Oil
Pitch (Bitumen)
Polysulfide Liquor
Polyvinyl Acetate
Polyvinyl Chloride

Potassium Bicarbonate
Potassium Bichromate
Potassium Bisulfate
Potassium Bisulfite
Potassium Bromide
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D B B B B A B B A A B A A
C B B B B B B C A A B A A
D C C B B B A B B A A A A A
B B B B B B B A B B A
D D B B B B B B A A A A A

A D C C B A B A A B A A
B D C C A B B B A A B A A
B B C C B B A A A A A
D D A A B B B A A D D A*
D D B B B C B A B D B D A*

D D B B B C B A B D A*
D D A B B D B A C D A A*
D D C C B B B C A A B A A
A B B B B B B B B A A B A A
C A A A A

B B B B B B B B B A A B A A
D C C B B B B A A A A A
B B A A A A B B A A B A A
D A A B B B B B A
A B B C A A A B A A A A A

B B B B A A C A A A B B A
B B B B A A C B B A A B A
B B B B B A B A A A D A A
A A B B B A A B A A A D A A
B B B B A B B A B B A

A B B B B B B A C B A A
B B B A D D D A
B B B B B B A B A A A A
A B B B A A A A A A

A B A B A A

A A C C A B A A C A A A
B B A

A A A A A A A B A D A A
A A A A A A A B A A A
A B C C A A A D A B A

A A A A A A A B A A A
A A B B A A A A A
A A A A A A A D C D A
B B C C B A B A A B A A
C C D D A B B A A B A A

B B C C B A A A A A A
B B D B B B A A B B A

B B C A
C C D D B B A A A A A A
C C C D B A B B A B B B A

A A A B A A A A A A
B B B B B B A B A
D A C A B D A
D D D A A B B D B A
D D D D A A D C A A A A

Potassium Carbonate
Potassium Chlorate
Potassium Chloride
Potassium Chromate
Potassium Cyanide

Potassium Dichromate
Potassium Ferricyanide
Potassium Ferrocyanide
Potassium Hydroxide Dilute Cold
Potassium Hydroxide To 70%, Cold

Potassium Hydroxide Dilute Hot
Potassium Hydroxide To 70%, Hot
Potassium Iodine
Potassium Nitrate
Potassium Oxalate

Potassium Permanganate
Potassium Phosphate
Potassium Phosphate Di-basic
Potassium Phosphate Tri-basic
Potassium Sulfate

Potassium Sulfide
Potassium Sulfite
Producer Gas
Propane Gas
Propyl Bromide

Propylene Glycol
Pyridine
Pyrolgalic Acid
Quench Oil
Quinine, Sulfate, dry

Resins & Rosins
Resorcinol
Road Tar
Roof Pitch
Rosin Emulsion

R P-1 Fuel
Rubber Latex Emulsions
Rubber Solvents
Salad Oil
Salicylic Acid

Salt (NaCl)
Salt Brine
Sauerkraut Brine
Sea Water
Sewage

Shellac
Silicone Fluids
Silver Bromide
Silver Cyanide
Silver Nitrate
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B A A D A
C A A B A A A A A A A A
B B C C B B B B B A B A A
D B C C A B B B A A B A A
B B B B B A

B B C C B A B A B A A A
A B B D A A
D B D D A A B A D B A A
D B D D A B B B A D B A A
B B C C B B B A A B A A

B B C D B B B A A B A A
D B B B A A B B A A B A A
C B C C B B C B A A B A B A
B B C C B A A B A A B A A A
D C B B A B B A A B A A

D B B A A
D D B B A B A B A A B A A
A A A B A A
C C D D B B A B A A B A A
D A A A A A B A A D B B A A*

D A B B A C A A B D B C A A*
D A A B A B A A A D B C A A*
D A B B A C A B B D C A A*
D A A A A B B A B D B C A A*
D B B B A C B B D D B C A A*

D D D D D D C D A D A A
B B B B A A
D A A B A A
A C B C B B B A A B B A
B B C C A A A B A B A

B B D D A A A A A A
A B B B A B A B B C A B A A
A B B C B C B A B A
B B B B B B B B B C A A A A
C D C C B B B B B C A A A A

D C C C B B B B B B B A A A
D C C C B B B B A A A A A
D C C C B B B B B A A A A

B B B B B A A
A A A A

B B B B B B B A A B A A
C C C C B B B A B A
B B B B A B A A A A A A A
C D B B B A B B A A B A A
B C A A A A B B A A B B A

A A A A A B A
B C B C B A B B A A A A A
B B C C A A A A B B A A
B B C C B A A A A C A A
A A A A A A A B D D B C A A

Ratings:     A - Excellent     B - Good      C - Poor     D - Do not use     Blank - No information    * - Not with Reinforced or Polyfill

Silver Plating Sol.
Soap Solutions (Stearates)
Sodium Acetate
Sodium Aluminate
Sodium Benzoate

Sodium Bicarbonate
Sodium Bichromate
Sodium Bisulfate 10%
Sodium Bisulfite 10%
Sodium Borate

Sodium Bromide 10%
Sodium Carbonate (Soda Ash)
Sodium Chlorate
Sodium Chloride
Sodium Chromate

Sodium Citrate
Sodium Cyanide
Sodium Ferricyanide
Sodium Fluoride
Sodium Hydroxide 20% Cold

Sodium Hydroxide 20% Hot
Sodium Hydroxide 50% Cold
Sodium Hydroxide 50% Hot
Sodium Hydroxide 70% Cold
Sodium Hydroxide 70% Hot

Sodium Hypochlorite (Bleach)
Sodium Hyposulfite
Sodium Lactate
Sodium Metaphosphate
Sodium Metasilicate Cold

Sodium Metasilicate Hot
Sodium Nitrate
Sodium Nitrite
Sodium Perborate
Sodium Peroxide

Sodium Phosphate
Sodium Phosphate Di-basic
Sodium Phosphate Tri-basic
Sodium Polyphosphate
Sodium Salicylate

Sodium Silicate
Sodium Silicate, Hot
Sodium Sulfate
Sodium Sulfide
Sodium Sulfite

Sodium Tetraborate
Sodium Thiosulfate
Soybean Oil
Starch
Steam (212° F)
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ID Task Name Duration Start Finish Predecessors

1 SDL Project - Preliminary Timeline Summary 99 days Tue 11/19/13 Fri 4/4/14

2

3 Planning 41 days Tue 11/19/13 Tue 1/14/14

4 Received First Payment 1 day Tue 11/19/13 Tue 11/19/13

5 Create and Send out engineering drawings to customer 12 days Wed 11/20/13 Thu 12/5/13 4

6 Customer receives&reviews eng documents. 12 days Fri 12/6/13 Mon 12/23/13 5

7 Conference Call and Customer Returns Signoff sheets 0 days Mon 12/23/13 Mon 12/23/13 6

8 Order final bill of materials. 1 day Tue 12/24/13 Tue 12/24/13 7

9 Process/Drafting dept distributes final design pkg to manufacturing dept. 1 day Tue 12/24/13 Tue 12/24/13 6

10 Receive materials. 15 days Wed 12/25/13 Tue 1/14/14 8

11

12 Manufacturing 54 days Tue 12/24/13 Fri 3/7/14

13 Skid-1 (Pump Skid) 36 days Wed 1/15/14 Wed 3/5/14

14 Cut skid metal 3 days Wed 1/15/14 Fri 1/17/14 10

15 Weld the skid 3 days Mon 1/20/14 Wed 1/22/14 14

16 Powder-coat skid frame 5 days Thu 1/23/14 Wed 1/29/14 15

17 Cut & machine pipe 3 days Mon 1/20/14 Wed 1/22/14 14

18 Tack weld pipe 3 days Thu 1/23/14 Mon 1/27/14 17

19 Mock up pipe 3 days Thu 1/30/14 Mon 2/3/14 18,16

20 Weld pipe 3 days Tue 2/4/14 Thu 2/6/14 19

21 Fit up  and electropolish the piping 7 days Fri 2/7/14 Mon 2/17/14 20

22 Intrumentation and Electrical fabrication. Finish final fabrication 12 days Tue 2/18/14 Wed 3/5/14 21

23 Skid-2 (CIP) 35 days Mon 1/20/14 Fri 3/7/14

24 Cut skid metal 1 day Mon 1/20/14 Mon 1/20/14 14

25 Weld the skid 3 days Thu 1/23/14 Mon 1/27/14 15

26 Powder-coat skid frame 5 days Thu 1/30/14 Wed 2/5/14 16

27 Cut & machine pipe 1 day Thu 1/23/14 Thu 1/23/14 17

28 Tack weld pipe 3 days Tue 1/28/14 Thu 1/30/14 18

29 Mock up pipe 3 days Thu 2/6/14 Mon 2/10/14 28,26

30 Weld pipe 4 days Tue 2/11/14 Fri 2/14/14 29

31 Fit up  and electropolish the piping 7 days Mon 2/17/14 Tue 2/25/14 30

32 Intrumentation and Electrical fabrication. Finish final fabrication 8 days Wed 2/26/14 Fri 3/7/14 31

33 Skid-3 (IC pipe and metering pump station) 16 days Fri 1/24/14 Fri 2/14/14

34 Cut skid metal 1 day Fri 1/24/14 Fri 1/24/14 27

35 Weld the skid 1 day Mon 1/27/14 Mon 1/27/14 34

36 Powder-coat skid frame 5 days Tue 1/28/14 Mon 2/3/14 35

37 Cut tubing 1 day Tue 2/4/14 Tue 2/4/14 36

38 Pumps and Electrical fabrication. Finish final fabrication 1 day Wed 2/5/14 Wed 2/5/14 37

39 Cut & machine IC pipe 1 day Fri 1/24/14 Fri 1/24/14 27

40 Tack weld IC pipe 2 days Fri 1/31/14 Mon 2/3/14 28

41 Mock up IC pipe 1 day Tue 2/4/14 Tue 2/4/14 40

42 Weld IC pipe 3 days Wed 2/5/14 Fri 2/7/14 41

43 Fit up IC and electropolish the piping 5 days Mon 2/10/14 Fri 2/14/14 42

44 metering skid and tubing 3 days Mon 1/27/14 Wed 1/29/14 39

45 Filter Pack & VSEP fabrication and testing 8 wks Tue 12/24/13 Mon 2/17/14 7

46 Testing 16 days Mon 3/10/14 Mon 3/31/14

47 System installed in wet test area 5 days Mon 3/10/14 Fri 3/14/14 43,44,22,32,45

48 Load Program and Debug 5 days Mon 3/17/14 Fri 3/21/14 47

49 Testing system in wet test area and carring out Quality Control 5 days Mon 3/24/14 Fri 3/28/14 48

50 Customer Inspection and FAT 1 day Mon 3/31/14 Mon 3/31/14 49

51

52 Packing and Shipping 4 days Tue 4/1/14 Fri 4/4/14

53 Unistall system from wet test area 2 days Tue 4/1/14 Wed 4/2/14 50

54 System is crated ready for pick up 2 days Thu 4/3/14 Fri 4/4/14 53
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Contact Information for New Logic Research 

Sales & Contract Agreement: 
Greg Johnson – CEO   
(510) 655-7305 ext. 207, gjohnson@vsep.com 

Engineering:

  reganaM tcejorP/reganaM gnireenignE – sreyA ttaM 
(510) 655-7305 ext. 231, mayers@vsep.com 
Konrad Kung – Electrical Engineer  
(510) 655-7305 ext. 223, kkung@vsep.com 
Eric Bryant – Programmer  
(510) 655-7305 ext. 250, ebryant@vsep.com 
Felix Rubin – Mechanical Engineer 
(510) 655-7305 ext. 209 frubin@vsep.com 

(510) 655-7305 ext. 218, rtorres@vsep.com 

(510) 655-7305 ext. 202, julie@vsep.com 

(510) 655-7305 ext. 247, kneeley@vsep.com 

Manufacturing:
Kevin Neeley – Plant Manager  

Field Engineering: 
Trevor Crabtrey – Field Service Manager  
(510) 655-7305 ext. 203, tcrabtrey@vsep.com 
Roger Torres – VP Field Operations  

Accounting, Finance & Operations: 
Chip Johnson – VP Operations   
(510) 655-7305 ext. 222, cjohnson@vsep.com 
Julie Johnson – CFO  

Wiring Instructions: 
New Logic Research Inc 
Account # 03-308376 RTN # 
121000248 Walls Fargo Bank 
N.A. 3640 Mt. Diablo Blvd. 
Lafayette, CA U.S.A. 94549 
SWIFT: WFBIUS6S 

 
Gustavo Delly  - Project Engineer / Process Engineer
(510) 655-7305 ext. 208, gdelly@vsep.com 
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SDL Process Flow Diagram

Filtration of Landfill Leachate
“Single Pass-Constant Flow” Process Flow Diagram

Samto Domingo Landfill Leachate 

Controls:

The automatic VSEP process is controlled with a PLC. There are PID 

accomplished using VFD's and throttling valves, respectively. The 

mode, removing permeate and concentrate from the batch feed tank as 
a single pass. The concentrate will be sent back to the leachate ponds. 

After a system shut down due to low feed tank level, or after any shut 

the VSEP would go to drain for a set time interval until all water has been 
purged. Then the discharge from the VSEP diverts to the appropriate 
holding tanks. VSEPs will automatically clean at a predetermined timed 
interval. 

VSEP  Advantages:
Minimal/No Chemical Addition and Pre-Treatment
Automated Controls
Remote Monitoring 
Small Footprint

Membrane:  

Cleaning: NLR 404 & 505

Note: Analytical data not based on pilot test. Actual data may vary. Data shown based on SIngle Pass operation mode.
          If running in batch concentration mode it is possible to reach 75% Recovery.

Preliminary drawing for engineering discuision only. Please see P&ID for details.  

VSEP

1x 84” VSEP
1400 SF

Provided by New Logic

Hot Clean 
Water

Batch Feed Tank
30 m3

LIT

Signal
to

VSEP

Control 
by VSEP

Concentrate during cleaning

Permeate during cleaning

1m3 CIP
Tank

Flow
Control

Valve

Landfill Leachate

CIT

EQ Tank
1000 m3

LIT

Signal
to

VSEP

Concentrate sent
to leachate ponds

Signal
to

VSEP
VSEP Reject Tank

100m3
LIT

The feed tank level is maintained at a set point by the transfer pump.

RO ESPA & Spiral LFC3-LD
VSEP

Feed
166-333 m3/day

Permeate 50-100 m3/day

Concentrate 116-233 m3/day

1x 84” VSEP (~1400SF)
RO-ESPA @ ~15 ave GFD

Permeate

12.5-25 m3/day

RO Skid (7,200SF)
LFC3-LD
Multiple Passes

Concentrate

37.5-75 m3/day

Spiral RO

Signal
to

VSEP
Clean Water Tank

25m3
LIT

Dust Supression

Conductivity
below setpoint

Spiral RO Stg 2

CIT

Conductivity Off-Spec

Provided by
New Logic

Concentrate sent
to Leachate Ponds

Signal
to

VSEP

Filtrate Tank
30 m3

LIT



Utility Summary New Logic Research

VSEP System Rev: A

AIR CONSUMPTION

M3/hr

1 VSEP - Stage 1

1" Pneumatic Valves 0.0005

1.5" Pneumatic Valves 0.0010

2" Pneumatic Valves 0.0131

2.5" Pneumatic Valves 0.0026

1" Flow Control Valves 0.8505

2" Flow Control Valves 0.8508

7200 Spiral - Stage 2

1" Pneumatic Valves 0.0005

1.5" Pneumatic Valves 0.0014

2" Pneumatic Valves 0.0033

1" Flow Control Valves 0.8505

2.574

System Air Totals

CLEANING WATER CONSUMPTION 

(Use Hot Water for cleaning water >300 uS/cm)

M3/hr

1 VSEP Stage 1

Cleanings (1 VSEP Modules) 0.268

Rinse filter pack at 60gpm for 5mins 0.0473

0.0066

7200 Spiral - Stage 2

Cleanings 0.05

Rinse, 80 gpm for 10mins 0.02

0.3859

System Water Totals

Supply water to at 20 psi 2" flange connection on CIP skid, 3" Pump Skid connection, and 2" Spiral Skid Connection

Supply Water at 50-60degC and 60gpm (13.5m3/hr)

ELECTRICAL CONSUMPTION

Based on 440 VAC, 3 phase, 60hz Input

FLA = Full Load Amps = Full Load Drive Output x 1.15x

RLA = Running Load Amps = FLA x .65x

VSEP 440 VAC Motors

# 

Motors

HP 

/ea kW /ea

Amps 

/ea

FLA 

/ea

RLA 

/ea

Total 

kW

Total 

FLA

Total 

RLA

1 VSEP Stage 1

VSEP Drive Motor 1 20 15.2 27.0 31.1 20.2 15.2 31.1 20.2

VSEP Feed Pump 2 25 19.0 34.0 39.1 25.4 38.0 78.2 50.8

CIP Pump Motor 1 20 15.2 27.0 31.1 20.2 15.2 31.1 20.2

7200 Spiral - Stage 2

Spiral Feed Pump 2 20 15.2 27.0 31.1 20.2 30.4 62.1 40.4

System Totals 6 98.8 202.4 131.6

0.14 50-60 112 0.08

0.0019

1 35 20 0.5003

0.14 50-60 294 0.20

16.5

35

60

20

20

20

2

1

1

2

3

4

16.5

35

60

94

Intermittent need of additional cleaning or 

flush of filter pack (Alarms)

# of Valves

2

2

16

35

60

20

20

Strokes/day

20

20

In^3 Air/stroke

0.007720

20

0.0015

0.5003

CFM

0.0003

0.0006

0.5005

1.51

1.70

300

42

0.21

0.0003

0.0008

0.14

50-60 1.18

GPM

50-60 0.03

Gallons/Day

50-60

# /Day

Supply air to Regulator/Filter at 80-90 psi 3/8" NPT Connection (CIP, Spiral, and Instrument Enclosure)

1

1

1700

Temp degC

System Totals

Supply power to from customer supplied Load Pannel to a the VFD and then from VFD to each motor junction box 

Supply air to FCVs at 80-90 psi (560-630 kPa)

System Totals

Confidential 11/21/2013 SDL Project



VSEP + Spiral 220 VAC

Main Control Enclosures 4 4.8 5.5 3.6 22.1 14.4

Metering Pumps 2 0.75 0.6 4.8 5.5 3.6 1.1 11.0 7.2

System Totals 6 1.1 33.1 21.5

Supply power to circuit breakers in Main, CIP, and Spiral Enclosures

Note: 

1. These are estimates only based on very preliminary data. These calculations are subject to change
2. Off-skid equipment not included.  Size larger transformer to include transfer pumps, lighting, and other offskid 

items.

Confidential 11/21/2013 SDL Project



System Size Calculations
Landfill Leachate

84" ESPA VSEP 8" LFC Spiral

Given:
Average Test Permeate Flux 15 GFD 26 LMH 5 GFD 9 LMH

% Recovery 30% 30% 75% 75%

Feed Flow 44.30 GPM 10,061 LPH 13.29 GPM 3,018 LPH

Permeate Flow 13.29 GPM 3,018 LPH 9.97 GPM 2,264 LPH

Concentrate Flow 31.01 GPM 7,042 GPM 3.32 755

Filter Size 1,400 SF 129 SM 400 SF 37 SM

Frequency of Cleanings 1 days 1 days 7 days 7 days

Length of Down Time for Cleaning 2 hours 2 hours 2 hours 2 hours

Frequency of Maintenance 7 days 7 days 31 days 31 days

Length of Down Time for Maintenance 1 hours 1 hours 1 hours 1 hours

Number of 5 minute flushes/day 0 ea 0 ea 0 ea 0 ea

Overdesign to account for Flux sag 30% 30% 50% 50%

Calculated Values from Data Above
Requested Production (Feed) 63,792 gpd 241,453 lpd 19,138 gpd 72,436 lpd

Permeate Production 19,138 gpd 72,436 lpd 14,353 gpd 54,327 lpd

Hours/day of filtration operation 21.9 hours 21.9 hr 23.7 hours 23.7 hr

Expected Permeate Production
Average production of one module 19,125 gpd 72,388 lpd 1,974 gpd 7,470 lpd

Modules Recommended
Number of modules with no Overdesign 1.0 1.0 7.3 7.3

Number of modules with Overdesign 1.3 1.3 10.9 * 10.9 *

New Logic believes the information and data contained herein to be accurate and useful for the purpose of 

engineering discussions. The information and data are offered in good faith, but without guarantee, as conditions 

and methods of use of our products are beyond our control. New Logic assumes no liability for results obtained or 

damages incurred through the application of the presented information and data. It is the user's responsibility to 

determine the appropriateness of New Logic's products for the user's specific end uses. No Warranty is given, 

either expressed or implied.

Confidential Material SDL Project



3.1 Control System Summary – SDL Santo Domingo Landfill  
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Preliminary Electrical Info 
 
Customer: SDL Santo Domingo Landfill  
Location: Santo Domingo, Ecuador 
Feed Material: Landfill Leachate 

 
The final system controls design will be the results of detailed engineering and discussion between New 
Logic Research and the client. For the purpose of establishing a baseline, the following preliminary 
controls design is provided. It is not suggested that the following be a final system design. This 
information is only given for the purpose of describing the framework for controls design and how to start 
thinking about it. 

 
 
3.1.1 Method of Control and Monitoring 
 
The VSEP Filtration System will have a local control system. It will be possible to operate the system 
entirely from the local control panel. The system will consist of a Compact Logix PLC and a Versa View 
Industrial Computer with FT View SE HMI software. The computer has the capability of remote access 
via gotomypc.com. Remote access will allow monitoring and troubleshooting by New Logic engineers and 
will also allow any user to monitor the system data over the internet with a password. This is 
accomplished using Ethernet connections and a modem.  It is recommended that New Logic be given 
access to real time data so that we can assist with ongoing service and support. This service is provided 
by New Logic at no cost to the customer and will help to improve overall system performance and 
reliability, especially during the early periods of operation when operators are still learning the 
functionality of VSEP. 
 
The connections to the DCS can be accomplished by one the following: 

1. VSEP PLC communicating directly to the DCS PLC, transferring requested sensor information. 
2. VSEP PLC to a second HMI (duplicating FT View SE Screens). 
3. VSEP PLC to DCS HMI (adding VSEP screens to the DCS screens). 

Note: all of the above connections are accomplished by using an Ethernet connection.  

 

 
3.1.2. Wiring Method 
 
The central system will consist of Ethernet. The local VSEP control system consisting of PLC and HMI 
display panel will communicate over Ethernet network. VSEP system skids will have a control enclosure 
containing the Flex I/O modules. Ethernet will be used as a communication cable between the Flex I/O 
modules and the central PLC. The control enclosure will include a solenoid rack to control pneumatic 
valves, these racks will be factory wired to the I/O modules.  Off skid sensors are typically hard wired to 
I/Os on the main enclosure. 
 
 

The VSEP System Skid will require the following field interconnecting wiring for controls, provided by 

New Logic: 
 

1. 24VDC or 220 VAC 5-15 amp power for devices 
2. 4-20 mA signal wire for devices 
3. Ethernet connections between HMI, Switch, and PLC  
4. Ethernet Net to Flex I/O. 
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The VSEP System will require the following field interconnecting wiring for controls, provided by others: 
 

5. 440VAC Power supply from VFDs in the Motor Control Center to the Motor Junction Boxes. 
6. Power supply to the VFDs, or, if remote located in a Motor Control Center, to the Motor Junction 

Boxes 
7. Ethernet to Flex I/O in CIP Enclosure 
8. Ethernet communication cabling from the VSEP System to the DCS and/or Internet.  
9. Ethernet to VFDs in MCC.  
10. Managed Ethernet Switch 
11. 4-20mA wiring to the level indicators located on the storage tanks. 
12. 24 VDC wiring to transfer pump and off skid on/off valves 
13. 220 VAC Control wiring power supply to the Main and CIP Enclosures 
14. 220 VAC power wiring to metering pumps 

 

 
3.1.3 440 VAC Power Summary 
 
1). VSEP Feed Pump Skid: 
The 440 VAC, 3 phase load is comprised of 3 Variable Frequency Drives that runs 2 feed pumps and 1 
vibration drive motors. 

Vibration VFD Model: AC Tech SMV Series ESV153E04TXD 

There is 1 x 20 HP VSEP Vibration VFD’s  
AC Tech Drive, 440 VAC, 3 Phase, 31 Amps, 20HP, NEMA 4/12, English. 

Pump VFD Model: AC Tech SMV Series ESV233E04TXD 

There are 2 x 25 HP VSEP Vibration VFD’s  
AC Tech Drive, 440 VAC, 3 Phase, 39 Amps, 25HP, NEMA 4/12, English. 
 
2). For the VSEP CIP Skid: 
The 440 VAC, 3 phase load is comprised of 1 Variable Frequency Drive that will run 1 CIP pump. 

Pump VFD Model: AC Tech SMV Series ESV153E04TXD 
There is 1 x 20 Hp CIP Pump Drive VFD  
AC Tech Drive, 440 VAC, 3 Phase, 31 Amps, 20HP, NEMA 4/12, English. 
 
3). Stage-2 Spiral Feed Pump Skid: 
The 440 VAC, 3 phase load is comprised of 2 Variable Frequency Drives that runs 2 feed pumps motors. 

Vibration VFD Model: AC Tech SMV Series ESV153E04TXD 

There are 2 x 20 HP VSEP Vibration VFD’s  
AC Tech Drive, 440 VAC, 3 Phase, 31 Amps, 20HP, NEMA 4/12, English. 
 
 

3.1.4 Full Load Power Rating: 
440 VAC System Full Load Power Rating 
Estimates are based on the maximum output rating for the Variable Frequency Drives, multiplied by 1.15 
 
440 VAC 3 Phase. Total Maximum "Full Load Amps" FLA= 202.4 Amps 

 Vibration Motor: 1 Circuit, 31.1 Amps Each  
 VSEP Feed Pumps: 4 Circuits, 39.1 Amps Each  
 CIP Pumps: 1 Circuit: 31.1 Amps Each. 
 Spiral Feed Pumps: 2 Circuits, 31.1 Amps Each 
 

From actual experience in the past, a more realistic estimate of the Full Load on the system would be 
65% of the above estimate.  
 
Actual predicted total RLA = 131.6 Amps 
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3.1.5 Variable Frequency Drive Control 
 
The AC Tech drives will be connected by instrumentation cable to the Input/Output boards. The VSEP 
system Central PLC will send "Run", "Stop", and "Speed Control" signals. The VSEP system Central PLC 
will read "Run Confirm" and "Motor Load" signals.  

 
3.1.6 Installation Conditions to be Resolved 
 

1. VFDs will be provided by New Logic which will be NEMA 4 construction. They will be set up for 
remote installation wall or MCC.  

 
2. The location and type of any safety disconnect switch should be determined. (Provided by 

others) 
 

3. Line Reactor/Filters provided by others. 
 

4. Load Distribution Panels and Circuit Breakers provided by others.  
 

5. Pre-Assembled Drive packages are not included. New Logic will provide AC Tech only. 
 

6. Modern managed Ethernet switch provided by client, with the ability to set ports. Ports with 
cables going to all VFDs (which do not support auto negotiate) need to be set as “auto negotiate” 
off and also as “full duplex” on, and all other Ethernet ports back to all other Allen Bradley 
equipment can be set to “auto negotiate” on and they will auto set to full duplex on.  

 



2 x Spiral 
Feed Pump

VFD’s

VSEP Pump Skid Stage-1

Flex I/O
Valves

Spiral Stage-2

Flex I/O
Valves/
Sensors

 CIP Skid

2x
Cables

PLC

HMI

8 Port Switch

Flex I/O 
Valve/

Sensors

DCS
or
Internet

New Logic Research Inc.   21 Nov 2013

SDL Santo Domingo               Ver A

Network Diagram G. Delly

       ENET Supplied by customer

ENET Supplied by NLR

Preliminary Only.

1 x 
CIP Pump

VFD’s

1x
Cables

12 port Switch
(by SDL)

MCC 
(by SDL
 with VFDs from NLR)

2 (4)x VSEP
Feed Pump

VFD’s

2x
Cables

1 (4) x 
VSEP Vib

VFD’s

1 (4)x
Cables

Note: NLR Recomends that customer 
supply modern Managed Switches
 with the ability to set ports. Ports
with cables going to all VFDs (which
do not support auto negotiate)need to
be set as “auto negotiate” OFF and also
as “full duplex” ON, and then all other
Ethernet ports back to all other Allen
Bradley equipment can be set to “auto
negotiate” ON and they will auto set to
full duplex ON. 
For the Ethernet Cable we are 
specifying simple CAT5e UTP.
We have, so far, never needed 
shielded cable.  We are more 
concerned about ground loops
 than we are about electrical noise.
If the customer feels that there is 
a compelling reason to use shielded
 cable, it is critical that shield grounds
 be connected properly.The cables 
must be grounded on 1 end only. 
The cables must not be grounded at 
the VFDs.  The cables should not be 
grounded at the processor.
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SDL Santo Domingo Land�ll

Control System Overview

13 x  4-20mA
to/from PIT, DPT, TIT, CIT, FCV, FIT,

2 x Switches PSL, TSH

6-20mA loop
6x Tank Levels LIT-110, 120, 130, 200, 210, 300
Pneumatic Valves
4 x Valves XV-210, 211, 300, 301
24 VDC
3x Transfer Pumps Start P-110,120,130
1 x TSH P-110

Main Controls
Enclosure

(PLC) (HMI)

VSEP Feed Pump SKIDAir Lines direct
to ~2 Flow

Control Valves

220 VAC 
Power Supply

(20 amp)

80-90 psi 
Air Supply

Air Lines from
Solenoid Valves to 
~14  Process Valves

Instrument Enclosure
(solenoid valves)

220 VAC Power
Ethernet Cable

Note: Speed Controllers are remote
located and have Ethernet Communication

1x 20 Hp Drive Motor

1-VSEP 84" Modules

440VAC Power

1 x
VFD
(4)

VFD

440VAC Power

CIP Cleaning SKID

3  x  4-20mA
 LIT, AT(pH), TIT 

      2 x Switches PSL, TSH
Pnuematic Enclosure
~10 Process Valves

3x Chemical Metering Pumps 

440VAC Power

2x
VFD
(4)

2x30 Hp
Pump

20 Hp
Pump

Included in VSEP Scope of Work

By Others

Included in VSEP Scope of Work

Preliminary Only. Refer to electrical schematics for accurate details. Con�dential 

440VAC
 Power

440VAC
 Power

440VAC
 Power

440VAC Power

2x
VFDRO Spiral SKID

12 x  4-20mA
transmitters
AT(CIT), FIT, PIT, PDT,TIT,FCV
2 x Switches PSL, TSH

80-90 psi 
Air Supply

Pneumatic Enclosure
~10 Process Valves

220 VAC 
Power Supply

            (15 amp)

2x 20 Hp
Pump

440VAC
 Power

80-90 psi 
Air Supply

2x 220 VAC 
Power Supply

(15 amps each)
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SMV Series Ratings & Dimensions

Vibration Drive VFD ESV153N04TXD x1
Feed Pump Drive VFDs ESV233E04TXD x2
CIP Pump Drive VFDs ESV153N04TXD x1
Spiral Pump Drives VFDs ESV153N04TXD x2

HP kW
Voltage 

Input Phase

3 Phase 
Output 
Amps

3 Phase 
Mains 
Amps

CB/ FUSE 
SIZING

NEMA 4 Model 
Number Dims

20 15.00 480/400 3Ø 27/31 31/35 40 ESV153E04TXD 9.42x14.38x9.45"

25 18.75 480/400 3Ø 34/39 38/44 50 ESV233E04TXD 9.42x14.38x9.45"



Lenze AC Tech Corporation • 630 Douglas Street • Uxbridge, MA 01569 • USA • Sales 800 217-9100 • Service 508 278-9100 • www.lenze-actech.com

FWDAUTO

REV

Hz

%

RPM

AMPS
/UNITS

REMOTE

LOCAL

MAN

AUTOCTRL

STOP

RUN

FWDAUTO

REV

STOP

RUN

NEMA1 (15-30HP) Keypad

NEMA1 (Up to 10HP) Keypad

Keypad & Display

SMVector NEMA4X       Washdown Duty Inverter

Control Terminals
Digital Inputs	 Digital Outputs

• Dedicated Start/Stop	   • Form “A” Relay
• (3) Programmable	   • Open Collector

Analog Inputs	 Analog Outputs
• 0 - 10 VDC	   • 0 - 10 VDC
• 4 - 20 mA	   • 2 - 10 VDC

Power Supplies
• 10 VDC Potentiometer Ref
• 12 VDC, 20 mA DI Ref or 0VDC Com
• 12 VDC, 50 mA Supply

Common

Additional Control Terminals (15 HP & up)
1 Programmable Digital Input
1 Common
RS-485 Modbus Communications

• TXA
• TXB

Simple Six Button Programming
•	 Start	 • Scroll Up
•	 Stop	 • Scroll Down
•	 Forward/Reverse	 • Enter/Mode

Informative LED Display
Vivid Illumination 
	 Easily Read from a Distance
Five Status LEDs

•	 Run
•	 Automatic Speed mode
•	 Manual Speed Mode
•	 Forward Rotation
•	 Reverse Rotation

Status Display
•	 Motor Status
•	 Fault Management
•	 Operational Information

Additional CTRL Button
Switch between control modes

•	 Local-Manual	 • Local Auto
•	 Remote-Manual	 • Remote Auto

Additional LED Indicators
Define the units being displayed

•	 Hz	 • RPM	 • %
•	 Amps	 • /Units

World Class Control
Modes of Operation

Open Loop Flux Vector, Speed or Torque Control
V/Hz (Constant or Variable)
Base Frequency Adjustable to Motor Specs
Enhanced V/Hz with Auto-tuning

Acceleration/Deceleration Profiles
Two Independent Accel Ramps
Two Independent Decel Ramps
Linear, S-Type
Auxiliary Ramp(or Coast)-to-Stop

Fixed Accel Boost for Improved Starting
500 Hz Output Frequency
High Carrier PWM Sine-Coded Frequency

4, 6, 8, 10 or 12 kHz
Universal Logic Assertion (Selectable)

Positive or Negative Logic Input
Digital Reference Available

Braking Functions
DC Injection Braking
Optional Dynamic Braking

Speed Commands
Keypad, Potentiometer
Jog, 8 Preset Speeds
Floating Point Control
Voltage: Scalable 0 –10 VDC
Current: Scalable 4 – 20 mA

Process Control
PID Modes: Direct and Reverse Acting
PID Sleep Mode
Analog Output (Speed, Load, Torque, kW)
Network Speed (Baud Rate)
Terminal and Keypad Status
Elapsed Run or Power On Time (Hours)

Status Outputs
Programmable Form “A” Relay Output
Programmable Open Collector Output
Scalable 0-10 VDC / 2-10 VDC Analog Output

Run Screen Display
Multiplier: 4-20mA w/500 Ohm Total Impedance

Environment
Ambient Temperature

-10 to 55°C @ 6 kHz
Derate 2.5% per °C Above 40°C

Comprehensive Diagnostic Tools
Real Time Monitoring

8 Register Fault History
Software Version
Drive Network ID
DC Bus Voltage (V)
Motor Voltage (V)
Output Current (%)
Motor Current (A)
Motor Torque (%)
Power (kW)
Energy Consumption (kWh)
Heatsink Temperature (°C)
0 – 10 VDC Input (User Defined)
4 – 20 mA Input (User Defined)
PID Feedback (User Defined)

Vigilant System Protection
Voltage Monitoring

Low and High DC Bus V Protection
Low Line V Compensation
Parameters can be reset for 	
  50 or 60 Hz Motors

Current Monitoring
Motor Overload Protection
Current Limiting Safeguard
Ground Fault 
Short Circuit Protection

Three ReStarts
Two Flying and One Auto 
Password Protected

Loss of Follower Management
Protective Fault
Go to Preset Speed or Preset Setpoint
Initiate System Notification

Over Temperature Protection

International Voltages
+10/-15% Tolerance
120/240V, 1Ø
200/240V, 1 or 3Ø
200/240V, 3Ø
400/480V, 3Ø
480/600V, 3Ø

Global Standards
UL	 GOST
cUL	 C-Tick
CE Low Voltage (EN61800-5-1)
CE EMC (EN61800-3) with optional EMC filter
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Ratings Dimensions

Options

SMVector NEMA4X       Washdown Duty Inverter

Communication Modules (Only one Communication module can be installed at a time.)
Item Number Item Description
ESVZAC0 CANopen Communications Interface Module
ESVZAR0 RS-485/Modbus Communications Interface Module
ESVZAP0 PROFIBUS DP Communications Interface Module
ESVZAD0 DeviceNet Communications Interface Module
ESVZAE0 EtherNet/IP Communications Interface Module

Keypad
ESVZXK1 Remote Keypad w/ drive interface module & cable up to 10HP (7.5kW)
ESVZXH0 Remote Keypad w/ cable 15HP (11kW) and up

Additional I/O (cannot be used with Communication modules or Remote keypad ESVZXK1)
ESVZAL0 Additional Form C Relay Output Module
ESVZAL1 Additional I/O Module w/ 1 Form C Relay Output and 2 Digital Inputs

Potentiometer
ESVZXM1 NEMA 4X terminal cover with integral speed potentiometer (W = 6.3 or 7.1 in) 
ESVZXM2 NEMA 4X terminal cover with integral speed potentiometer (W = 9.0 or 8.1 in)
ESVZXM3 NEMA 4X terminal cover with integral speed potentiometer (W = 9.4 in)

Dynamic Braking Modules with Built-in Resistors

HP (kW)

Motor Voltage
208 to 230 V
Part Number

400 to 480 V
Part Number

480 to 600 V
Part Number

0.33 - 0.5 (0.25-0.37) EZXDB3712A1 EZXDB3714A1 N/A
1 - 1.5 (0.75 - 1.1) EZXDB1122A1 EZXDB1124A1 EZXDB1126A1
2 - 3 (1.5 - 2.2) EZXDB2222A1 EZXDB2224A1 EZXDB2226A1

5 (4) EZXDB4022A1 EZXDB4024A1 EZXDB4026A1
7.5 (5.5) EZXDB5522A1 EZXDB5524A1 EZXDB5526A1
10 (7.5) EZXDB7522A1 EZXDB7524A1 EZXDB7526A1

Dynamic Braking Modules without Built-in Resistors
15 - 20 (11 - 15) EZXDC1532A1 N/A N/A
15 - 30 (11 - 22) N/A EZXDC2234A1 EZXDC2236A1

Open Dynamic Braking Resistors with mounting brackets
15 - 20 (11 - 15) 841-009 841-009 841-010
25 - 30 (18.5 - 22) N/A 841-011 841-012

H

W

D

Dimensions
H W D

in. mm in. mm in. mm
R1 8.00 203 6.30 160 4.50 114
R2 8.00 203 6.30 160 6.30 160
S1 8.00 203 7.10 181 6.80 172
T1 10.00 254 8.10 204 8.00 203
V1 10.00 254 9.00 228 8.00 203
W1 14.40 366 9.40 240 9.50 241
X1 18.50 470 9.40 240 9.50 241

AA1 (4) 11.00 279 6.30 160 5.40 136
AA2 (4) 11.00 279 6.30 160 7.20 182
AB1 (4) 13.00 330 8.10 204 8.90 225
AC1 (4) 13.00 330 9.00 228 9.00 226
AD1 (4) 11.00 279 7.10 181 7.70 194
AE1 (4) 14.40 366 9.40 240 10.30 261
AF1 (4) 18.50 470 9.40 240 11.20 285

(4) The “D” (depth) dimension includes the disconnect switch.

120/240V* - 1Ø Input (3Ø Output)

Power Output 
Current

NEMA4X 
Indoor [C] / Outdoor [E]

NEMA4X w/Disconnect
Indoor 

Hp kW IN [A] Model Size Model Size
0.5 0.37 2.4 ESV371N01SX[C] or [E] R1 ESV371N01SMC AA1
1 0.75 4.2 ESV751N01SX[C] or [E] R1 ESV751N01SMC AA1

1.5 1.1 6.0 ESV112N01SX[C] or [E] R2 ESV112N01SMC AA2

*Output voltage will be twice line voltage when connected to a 120V source. Output voltage will not 
exceed line voltage when connected to a 240V source.

200/240V - 1 or 3Ø Input (3Ø Output)

Power Output 
Current

NEMA4X
Indoor [C] / Outdoor [E]*

NEMA4X w/Disconnect
Indoor**

Hp kW IN [A] Model Size Model Size
0.5 0.37 2.4 ESV371N02YX[C] or [E] R1 ESV371N02YMC AA1
1 0.75 4.2 ESV751N02YX[C] or [E] R1 ESV751N02YMC AA1

1.5 1.1 6.0 ESV112N02YX[C] or [E] R2 ESV112N02YMC AA2
2 1.5 7.0 ESV152N02YX[C] or [E] R2 ESV152N02YMC AA2
3 2.2 9.6 ESV222N02YX[C] or [E] S1 ESV222N02YMC AD1

*Filter versions are also available in 1-phase: Replace the “YX” in the Model Part Number with an “SF”.
**Filter versions are also available in 1-phase: Replace the “YM” in the Model Part Number with an “SL”.
***Model ESV251N02SXB is single-phase input only. 

200/240V - 3Ø Input (3Ø Output)

Power Output 
Current

NEMA4X
Indoor [C or D] / Outdoor [E or F]

NEMA4X w/Disconnect
Indoor

Hp kW IN [A] Model Size Model Size
5 4 16.5 ESV402N02TX[C] or [E] V1 ESV402N02TMC AC1

7.5 5.5 23 ESV552N02TX[D] or [F] T1 ESV552N02TMD AB1
10 7.5 29 ESV752N02TX[D] or [F] T1 ESV752N02TMD AB1
15 11 42 ESV113N02TX[D] or [F] W1 ESV113N02TMD AF1
20 15 54 ESV153N02TX[D] or [F] W1 ESV153N02TMD AF1

400/480V - 3Ø Input (3Ø Output)

Power Output 
Current

NEMA4X
Indoor [C or D] / Outdoor [E or F]*

NEMA4X w/Disconnect
Indoor**

Hp kW IN [A] Model Size Model Size
0.5 0.37 1.3/1.1 ESV371N04TX[C] or [E] R1 ESV371N04TMC AA1
1 0.75 2.4/2.1 ESV751N04TX[C] or [E] R1 ESV751N04TMC AA1

1.5 1.1 3.5/3.0 ESV112N04TX[C] or [E] R2 ESV112N04TMC AA2
2 1.5 4.0/3.5 ESV152N04TX[C] or [E] R2 ESV152N04TMC AA2
3 2.2 5.5/4.8 ESV222N04TX[C] or [E] R2 ESV222N04TMC AA2
4 3.0 7.6/6.3 ESV302N04TX[C] or [E] R2 ESV302N04TMC AA2
5 4 9.4/8.2 ESV402N04TX[C] or [E] V1 ESV402N04TMC AC1

7.5 5.5 12.6/11 ESV552N04TX[C] or [E] V1 ESV552N04TMC AC1
10 7.5 16.1/14 ESV752N04TX[D] or [F] T1 ESV752N04TMD AB1
15 11 24/21 ESV113N04TX[D] or [F] W1 ESV113N04TMD AE1
20 15 31/27 ESV153N04TX[D] or [F] W1 ESV153N04TMD AE1
25 18.5 39/34 ESV183N04TX[D] or [F] W1 ESV183N04TMD AF1
30 22 46/40 ESV223N04TX[D] or [F] X1 ESV223N04TMD AF1

*Filter versions are also available in 1-phase: Replace the “X” in the Model Part Number with an “F”.
**Filter versions are also available in 1-phase: Replace the “M” in the Model Part Number with an “L”.

600V - 3Ø Input (3Ø Output)

Power Output 
Current

NEMA4X
Indoor [C or D] / Outdoor [E or F]

NEMA4X w/Disconnect
Indoor

Hp kW IN [A] Model Size Model Size
1 0.75 1.7 ESV751N06TX[C] or [E] R1 ESV751N06TMC AA1
2 1.5 2.7 ESV152N06TX[C] or [E] R2 ESV152N06TMC AA2
3 2.2 3.9 ESV222N06TX[C] or [E] R2 ESV222N06TMC AA2
5 4 6.1 ESV402N06TX[C] or [E] V1 ESV402N06TMC AC1

7.5 5.5 9 ESV552N06TX[C] or [E] V1 ESV552N06TMC AC1
10 7.5 11 ESV752N06TX[D] or [F] T1 ESV752N06TMD AB1
15 11 17 ESV113N06TX[D] or [F] W1 ESV113N06TMD AE1
20 15 22 ESV153N06TX[D] or [F] W1 ESV153N06TMD AE1
25 18.5 27 ESV183N06TX[D] or [F] W1 ESV183N06TMD AF1
30 22 32 ESV223N06TX[D] or [F] X1 ESV223N06TMD AF1



ELECTRICAL

SIGNATURES DATE

ENGINEER

ELECTRICAL
MANAGER of

REV DESCRIPTION DATE APPROVED

REVISIONS

49

Enclosure Label
Series i Electrical Schematic
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Single Phase - 1
Series i Electrical Schematic

1Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-1A
11/22/13

7/9/13

EB

KWK

#14

6A

CB4

6A

CB1
10 R

1-7
Power to
Digital I/O

Ground Lug on Door

Ground Lug on Panel

Ground Terminal Blocks

#12 W

#12 W

#12 W
CB0

Control System Power
240 VAC 60Hz 20AMP Circuit

Line Neutral Ground

#12 R

#14 BLU

#14 R

#14 W
1-9

240V POWER TO
PROGRAMMABLE
CONTROLLER

#12 BLU

#14

6A

CB2
20 R #14 BLU

#14 R

#14 W
1-19

240V POWER
TO HMI
COMPUTER

TB HMI

#14

6A

CB3
30 R #14 BLU

#14 R

#14 W
1-3

240V POWER TO
DC POWER
SUPPLY

TB N

TB

#12 R
jumper

TB 2

40 R

1
-2

#12 R
jumper

1
-2

TB

TB

TB N

TB N

TB N

TB N

N

L

#14

41 R

#18

L

N

2A

CB5
50 R

#18

CB5

#18 BLU

N
L

240-TSH101 N
L

N
L

240-TSH103

power for TSH101

power for TSH103

1-18

1-18

TB N
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Single Phase - 2
Series i Electrical Schematic

2Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-2A
11/22/13

7/9/13

EB

KWK

#12 R
jumper

1
-1

1
-1

L

N

N

1
-7 TB N to Digital Input

Module

#14

4A

CB6
60 R

2-1
To Inst.
Enclosure

TB N

#14 BLU

#14 R
INST

L

N

TB
#14 W



ELECTRICAL

SIGNATURES DATE

ENGINEER

ELECTRICAL
MANAGER of

REV DESCRIPTION DATE APPROVED

REVISIONS

49

DC - 1
Series i Electrical Schematic

3Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-3A
11/22/13

7/9/13

EB

KWK

#18

40 R

#18 BLK

DC COM
Terminal Blocks

#18

AGC Fuses

2A
F1

#18 R Jumper

#18 BLK

101 R
VSEP #1
4-20mA circuits
(PIT110, PIT111, PIT112)

1-10 1-10
From Slot 3

1769-IF16C Board

#18

2A
F2

102 R
VSEP #1
4-20mA circuits
(FIT111, FIT112)

1-10

#18

2A
F3

103 R
VSEP #2
4-20mA circuits
(PIT120, PIT121, PIT122)

1-10

#18

2A
F4

104 R
VSEP #2
4-20mA circuits
(FIT121, FIT122)

1-11

#18

2A
F5

105 R
VSEP #3
4-20mA circuits
(PIT130, PIT131, PIT132)

1-11

#18

2A
F6

106 R
VSEP #3
4-20mA circuits
(FIT131, FIT132)

1-11

#18

2A
F7

107 R
VSEP #4
4-20mA circuits
(PIT140, PIT141, PIT142)

1-12

#18

2A
F8

108 R
VSEP #4
4-20mA circuits
(FIT141, FIT142)

1-12

#18

2A
F9

109 R
1-12

#18

2A
F10

110 R
1-13

#18

2A
F11

111 R
1-13

#18

2A
F12

112 R
1-13

#18

2A
F13

113 R

Feed System
4-20mA circuits
(PIT100, TIT100, PDT100)

1-14

#18

2A
F14

#18 R Jumper

114 R

VSEP System
4-20mA circuits
(AT100, AT101)

1-17

1
-4

1
-4

#18 BLK

1-11
From Slot 3

1769-IF16C Board

#18 BLK

1-12
From Slot 4

1769-IF16C Board

#18 BLK

1-13
From Slot 4

1769-IF16C Board

#18 BLK

1-17

24 DC

DC COM

Feed System
4-20mA circuits
(PDT101, AI1, AI2)

External
4-20mA circuits
(LIT110, LIT120, LIT130)

External
4-20mA circuits
(LIT200, LIT210, LIT300)

Air Supply Pressure
Switch (PSL100)1-5

1140 R

Ethernet Switch

From Ethernet
Switch

240 VAC
Input 1-1 #14N

L

#14 BLU

#14 W

100 W - OUTPUT
POWER SUPPLY
ALLEN BRADLEY

1606-XLP100E
DC ok

24-28V

INPUT   50/60HZ
100-120/220-240V 2.1/1.0A

LN

OUTPUT   24-28VDC 4.2A

+ V - V

30 R

#18 BLK

1-14
From Slot 5

1769-IF16C Board
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DC - 2
Series i Electrical Schematic

4Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-4A
11/22/13

7/9/13

EB

KWK

#18

2A
F15

115 R
1-5

1
-3

1
-3

24 DC

DC COM

Pump Switch
(TSH110)

#18 BLK

1-15
From Slot 5

1769-IF16C Board
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Relay
Series i Electrical Schematic

5Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-5A
11/22/13

7/9/13

EB

KWK

MP110
K1

6 4
1

2

1 BRN

2 BRN

#18

M-P110
EQ Tank T-100 to
VSEP Feed Tank T-110
Transfer Pump Motor

RELAYS

K2

6 4
1

2

3 BRN

4 BRN

#18

K3

6 4
1

2

5 BRN

6 BRN

#18

K4

6 4
1

2

7 BRN

8 BRN

#18
ALARM

ALARM

MP120
M-P120
Concentrate Tank T-120
Transfer Pump Motor

MP300

PSL100
1141 R

AIR SUPPLY
PRESSURE SWITCH
(PSL100)

#18

1-324DC from F14 1140 R

#18 BLK

DC COM

24dc

K5

7 8
1

2

1150 R Transfer Pump P-110
Low Pressure Switch

#18

#18 BLK

DC COM

24dc

K6

7 8
2

3

TSH110
115 R

#18

11-424DC from F15

Connect BRN to "1" terminal
Connect BLK to "2" terminal
Connect BLU to "3" terminal

M-P300
Spiral RO Permeate
Tank T-300  Transfer
Pump Motor

DC COM
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PLC
Series i Electrical Schematic

6Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-6A
11/22/13

7/9/13

EB

KWK

PROCESSOR
AB CompactLogix

1769-L33ER
CompactLogix

Slot 0

Ethernet Port 1 (front)

E
T

H
E

R
N

E
T

 C
A

B
LE

1-17

ETHERNET SWITCH

Ethernet Port 2 (rear)
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PLC_1DI
Series i Electrical Schematic

7Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-7A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

101 OR

#18

121 OR

#18
HS001

#18

41 R

#18 #18
HS002

#18 R
jumper

#18 #18
HS003

#18 #18
HS004

#18 #18
HS005

#18

#18

TB 2

1-1
TB 2

(240 VAC
from CB4)

42 R

#18 R
jumper

HS001

HS002

HS003

HS004

HS005

1
2

1
2

Feed Pump
P-101 Alarm

Stop All Switch

VSEP #4 Stop
Switch

VSEP #3 Stop
Switch

VSEP #2 Stop
Switch

VSEP #1 Stop
Switch

102 OR 122 OR

103 OR 123 OR

104 OR 124 OR

105 OR 125 OR

106 OR

109 OR

#18

Feed Pump
P-103 Alarm

107 OR

Transfer Pump P-110
Low Pressure Alarm

TSH101
S101 R

S101 OR

TSH101

TSH103

#18

Air Supply Pressure
Switch (PSL100) Alarm

108 OR

S103 R

#18

S103 OR

TSH103

#18

1769-IM12
240VAC PLC INPUTS

Slot 1 (I:1)

IN 0

IN 1

IN 2

IN 8

IN 9

IN 6

IN 5

IN 4

IN 3

IN 11

NC

IN 10

IN 7

NC

NC

NC

AC COM

#18 BLU

AC COM 1-2
TB N

1
2

K5

6
K5 R

K5 OR

4

K5

1
2

K6

6
K6 R

K6 OR

4

K6

#18

#18
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PLC_2RO
Series i Electrical Schematic

8Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-8A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

#18

43 R
TB 2
(240 VAC
from CB4)

200 Y

#18

240
K1

8 7

#18 BLU

TB N

M-P110
EQ Tank T-100 to VSEP Feed
Tank T-110 Transfer Pump Motor

201 Y

#18

240
K2

8 7

240
K3

8 7

203 Y

#18

240
K4

8 7

M-P120
Concentrate Tank T-120  Transfer
Pump Motor

M-P300
Spiral RO Permeate Tank T-300
Transfer Pump Motor

1769-OW16
PLC RELAY OUTPUTS

Slot 2 (O:2)

OUT 0

OUT 1

OUT 2

OUT 8

OUT 9

OUT 6

OUT 5

OUT 4

OUT 3

OUT 11

OUT 12

OUT 10

OUT 7

OUT 13

OUT 14

OUT 15

VAC-VDC2

VAC-VDC1

ALARM

202 Y

#18
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PLC_Power-Supply
Series i Electrical Schematic

9Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-9A
11/22/13

7/9/13

EB

KWK

POWER SUPPLY
AB 1769-PA4

CHASSIS GROUND

120/240V ac (L1)
10 R

#14#14 W #14 BLU

TB

TB N

CB1

V ac COM (L2)

120VAC

240VAC

1
-1
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PLC_3aAI
Series i Electrical Schematic

10Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-10A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

P110 P

PIT110

#18

PIT111

PIT112

F1

P111 P

#18

P112 P

#18

101 R

#18

24 VDC
from F1 1-3

+

#18 BLK

TB DC COM

F111 P

FIT111

#18

FIT112

F2

F112 P

#18

102 R

#18

24 VDC
from F2 1-3

+

#18 BLK

DC COM1-3

-

P120 P

PIT120

#18

PIT121

PIT122

F3

P121 P

#18

P122 P

#18

103 R

#18

24 VDC
from F3 1-3

+

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

PIT110 PIT110
-

PN2222

W

BRN

BLU

PIT111 PIT111
-

PN2222

W

BRN

BLU

PIT112 PIT112
-

PN2222

W

BRN

BLU

PIT120 PIT120
-

PN2222

W

BRN

BLU

PIT121 PIT121
-

PN2222

W

BRN

BLU

PIT122 PIT122
-

PN2222

W

BRN

BLU

1769-IF16C
PLC ANALOG INPUTS

Slot 3 (I:3)

IN0+

IN1+

IN2+

IN6+

IN5+

IN4+

IN3+

IN7+

COM

FEED PRESSURE
PIT110

PERMEATE PRESSURE
PIT111

CONCENTRATE PRESSURE
PIT112

PERMEATE FLOW RATE
FIT111

CONCENTRATE FLOW RATE
FIT112

FEED PRESSURE
PIT120

PERMEATE PRESSURE
PIT121

CONCENTRATE PRESSURE
PIT122

IN
+

DC COM

IN
+

DC COM

FIT111 FIT111
-

SM2004

W

BRN

BLU

FIT112 FIT112
-

SM0504

W

BRN

BLU
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PLC_3bAI
Series i Electrical Schematic

11Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-11A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

P130 P

PIT130

#18

PIT131

PIT132

F5

P131 P

#18

P132 P

#18

105 R

#18

24 VDC
from F5 1-3

+

FEED PRESSURE
PIT130

PERMEATE PRESSURE
PIT131

CONCENTRATE PRESSURE
PIT132

F121 P

FIT121

#18
F4

104 R

#18

24 VDC
from F4 1-3

+

PERMEATE FLOW RATE
FIT121

#18 BLK

DC COM1-3

-

F122 P

FIT122

#18

CONCENTRATE FLOW RATE
FIT122

F131 P

FIT131

#18
F6

106 R

#18

24 VDC
from F6 1-3

+

PERMEATE FLOW RATE
FIT131

F132 P

FIT132

#18

CONCENTRATE FLOW RATE
FIT132

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

PIT130 PIT130
-

PN2222

W

BRN

BLU

PIT131 PIT131
-

PN2222

W

BRN

BLU

PIT132 PIT132
-

PN2222

W

BRN

BLU

1769-IF16C
PLC ANALOG INPUTS

Slot 3 (I:3)

IN8+

COM

IN9+

IN10+

IN11+

IN12+

IN13+

IN14+

IN15+

#18 BLK

TB DC COM

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

FIT121 FIT121
-

SM2004

W

BRN

BLU

FIT122 FIT122
-

SM0504

W

BRN

BLU

FIT131 FIT131
-

SM2004

W

BRN

BLU

FIT132 FIT132
-

SM0504

W

BRN

BLU
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PLC_4aAI
Series i Electrical Schematic

12Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-12A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

P140 P

PIT140

#18

PIT141

PIT142

F7

P141 P

#18

P142 P

#18

107 R

#18

24 VDC
from F7 1-3

+

#18 BLK

TB DC COM

F141 P

FIT141

#18

FIT142

F8

F142 P

#18

108 R

#18

24 VDC
from F8 1-3

+

#18 BLK

DC COM1-3

-

P100 P

PIT100

#18

TIT100

PDT100

F9

T100 P

#18

D100 P

#18

109 R

#18

24 VDC
from F9 1-3

+

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

PIT140 PIT140
-

PN2222

W

BRN

BLU

PIT141 PIT141
-

PN2222

W

BRN

BLU

PIT142 PIT142
-

PN2222

W

BRN

BLU

PIT100 PIT100
-

PN2222

W

BRN

BLU

TIT100 TIT100
-

TN2531

W

BRN

BLU

PDT100 PDT100
-

PN2224

W

BRN

BLU

1769-IF16C
PLC ANALOG INPUTS

Slot 4 (I:4)

IN0+

IN1+

IN2+

IN6+

IN5+

IN4+

IN3+

IN7+

COM

FEED PRESSURE
PIT140

PERMEATE PRESSURE
PIT141

CONCENTRATE PRESSURE
PIT142

PERMEATE FLOW RATE
FIT141

CONCENTRATE FLOW RATE
FIT142

SYSTEM FEED PRESSURE
PIT100

SYSTEM FEED TEMPERATURE
TIT100

SYSTEM FEED DIFF. PRES. (IN)
PDT100

IN
+

DC COM

IN
+

DC COM

FIT141 FIT141
-

SM2004

W

BRN

BLU

FIT142 FIT142
-

SM0504

W

BRN

BLU
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PLC_4bAI
Series i Electrical Schematic

13Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-13A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

D101 P

PDT101

#18

AI1

AI2

F11

X1 P

#18

X2 P

#18

111 R

#18

24 VDC
from F11 1-3

+

#18 BLK

TB DC COM

A100 P

AT100

#18
F10

110 R

#18

24 VDC
from F10 1-3

+

#18 W

#18 BLK

DC COM1-3

-

A101 P

AT101

#18

L110 P

LIT110

#18
F12

112 R

#18

24 VDC
from F12 1-3

+

#18 W

L120 P

LIT120

#18

-
+
S

-
+
S

-
+
S

-
+
S

IN
+

DC COM

IN
+

DC COM

IN
+

DC COM

PDT101 PDT101
-

PN2224

W

BRN

BLU

SYSTEM FEED DIFF. PRES. (OUT)
PDT101

SPARE
AI1

SPARE
AI2

VSEP FEED CONDUCTIVITY
AT100

VSEP PERMEATE CONDUCTIVITY
AT101

VSEP FEED TANK T-110 LEVEL
LIT110

CONCENTRATE TANK T-120 LEVEL
LIT120

1769-IF16C
PLC ANALOG INPUTS

Slot 4 (I:4)

IN8+

COM

IN9+

IN10+

IN11+

IN12+

IN13+

IN14+

IN15+

AT100
BLK

R

shield

AT101
BLK

R

shield

2850

3
2
1

V-

V+

1
2

3
4

O
N

C
T

S

1
2

3
4

O
N

C
T

S

D3

To
probe

R

BLK

SW1
2850

3
2
1

V-

V+

1
2

3
4

O
N

C
T

S

1
2

3
4

O
N

C
T

S

To
probe

R

BLK

SW1
D3

L130 P

LIT130

#18

-
+
S

HOT WATER TANK T-130 LEVEL
LIT130
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PLC_5aAI
Series i Electrical Schematic

14Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-14A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

#18
F13

#18

#18

113 R

#18

24 VDC
from F13 1-3

+

#18 W

#18 BLK

DC COM1-3

-

L200 P

LIT200

LIT210

L210 P

-
+
S

-
+
S

-
+
S

LIT300

L300 P

1769-IF16C
PLC ANALOG INPUTS

Slot 5 (I:5)

IN0+

IN1+

IN2+

IN6+

IN5+

IN4+

IN3+

IN7+

COM

VSEP PERMEATE/SPIRAL FEED
TANK T-200
LIT200

VSEP PERMEATE/SPIRAL FEED
TANK T-210
LIT210

SPIRAL RO PERMEATE TANK T-300
LIT300
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PLC_5bAI
Series i Electrical Schematic

15Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-15A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

#18 BLK

DC COM1-4

-

1769-IF16C
PLC ANALOG INPUTS

Slot 5 (I:5)

IN8+

COM

IN9+

IN10+

IN11+

IN12+

IN13+

IN14+

IN15+
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PLC_6-7AO
Series i Electrical Schematic

16Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-16A
11/22/13

7/9/13

EB

KWK

MAIN CONTROL ENCLOSURE JUNCTION BOX DEVICES

1769-OF4CI
Analog Output Board

Slot 6 (O:6)

BLK

BLK

R

R

BLK

R

BLK

R

I OUT 3 -

I OUT 2 -

I OUT 3 +

I OUT 1 -

I OUT 2 +

I OUT 0+

I OUT 1 +

I OUT 0 -

FCV110
VSEP #1 Feed Inlet
Valve
4-20mA = 0-100%

FCV112
VSEP #1 Concentrate
Exit Valve
4-20mA = 0-100%

FCV120
VSEP #2 Feed Inlet
Valve
4-20mA = 0-100%

600 R

BLK

+
-

FCV110

S

601 R

BLK

+
-

FCV112

S

602 R

BLK

+
-

FCV120

S

603 R

BLK

+
-
S

FCV110

FCV112

R

BLK

shield

FCV120

R

BLK

shield

R

BLK

shield

#18 W

1769-OF4CI
Analog Output Board

Slot 7 (O:7)

FCV122
VSEP #2 Concentrate
Exit Valve
4-20mA = 0-100%

FCV122

FCV122
R

BLK

shield

+

-

R

BLK

FCV110

+

-

R

BLK

FCV112

+

-

R

BLK

FCV120

+

-

R

BLK

FCV122

BLK

BLK

R

R

BLK

R

BLK

R

I OUT 3 -

I OUT 2 -

I OUT 3 +

I OUT 1 -

I OUT 2 +

I OUT 0+

I OUT 1 +

I OUT 0 -

FCV130
VSEP #3 Feed Inlet
Valve
4-20mA = 0-100%

FCV132
VSEP #3 Concentrate
Exit Valve
4-20mA = 0-100%

FCV140
VSEP #4 Feed Inlet
Valve
4-20mA = 0-100%

700 R

BLK

+
-

FCV130

S

701 R

BLK

+
-

FCV132

S

702 R

BLK

+
-

FCV140

S

703 R

BLK

+
-
S

FCV130

FCV132

R

BLK

shield

FCV140

R

BLK

shield

R

BLK

shield

#18 W

FCV142
VSEP #4 Concentrate
Exit Valve
4-20mA = 0-100%

FCV142

FCV142
R

BLK

shield

+

-

R

BLK

FCV130

+

-

R

BLK

FCV132

+

-

R

BLK

FCV140

+

-

R

BLK

FCV142

NOTE: Terminate end of communication bus with a right end cap (1769-ECR)
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Ethernet Switch
Series i Electrical Schematic

17Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-17A
11/22/13

7/9/13

EB

KWK

1-6
Straight Through Ethernet Cable

ETHERNET SWITCH TO
COMPACTLOGIX
CONTROLLER

1-19
Straight Through Ethernet Cable

ETHERNET SWITCH TO
HMI 6181P-12TPXP

2-1
Straight Through Ethernet Cable

ETHERNET SWITCH TO
INSTRUMENT ENCLOSURE
ETHERNET MODULE

3-2
Straight Through Ethernet Cable

ETHERNET SWITCH TO
CIP ENCLOSURE
ETHERNET MODULE

S
tr

ai
gh

t 
T

h
ro

ug
h 

E
th

e
rn

et
 C

ab
le

ETHERNET SWITCH TO
MCC ETHERNET SWITCH

5-3
Straight Through Ethernet Cable

ETHERNET SWITCH TO
RO SPIRAL ENCLOSURE
ETHERNET MODULE

Allen Bradley
1783-US08T

8-Port Industrial
Ethernet Switch

114 R

#18

2

#18 W
#18 BLK

DC COM

1-3 24 VDC from
F14

31
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Pump Seal Switch
Series i Electrical Schematic

18Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-18A
11/22/13

7/9/13

EB

KWK

BRN/
BLK

BLU W Restart PTC

COM
ALARMRUN

200-240 V
50/60 Hz

Grundfos LiqTec
TSH103

#18 jumperBLU

BLK

BRN

W

1-7

1-7

#18

S103 R

Signal to IN-6,
1769-IM12 (slot 1,
Digital Input
Module)

S103 OR
1

2

#18

240-TSH103

240-TSH103

N

R
BLK

1-1

240 VAC
CB5L

Sensor:
96556427

R BLK

BRN/
BLK

BLU W Restart PTC

COM
ALARMRUN

200-240 V
50/60 Hz

#18 jumperBLU

BLK

BRN

W

Sensor:
96556427

Grundfos LiqTec
TSH101

1-7

1-7

#18

S101 R

Signal to IN-5,
1769-IM12 (slot 1,
Digital Input
Module)

S101 OR
1

2

#18

240-TSH101

240-TSH101

N

R
BLK

1-1

240 VAC
CB5L

R BLK
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Main Enclosure Door
Series i Electrical Schematic

19Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-19A
11/22/13

7/9/13

EB

KWK

L1 L2N

Allen Bradley Industrial Computer (HMI)

Allen - BradleyA-B
Quality

CAT : 6181P-12TPXP

NC

E
T

H
E

R
N

E
T

 C
A

B
LE

1-17

TO ETHERNET
SWITCH

1-1

L

N

BLK

W

G Power Cord

HS001

HS001

#18

121 OR

41 R
TB 2
(240 VAC
from CB4)

#18

#18 R
jumper

#18

101 OR

I:1.0

VSEP #1

(1769-IM12, slot 1)

NC

HS002

HS002

#18

122 OR

#18

102 OR

I:1.1

VSEP #2

NC

HS003

HS003

#18

123 OR

#18

103 OR

I:1.2

VSEP #3

NC

HS004

HS004

#18

124 OR

#18

104 OR

I:1.3

VSEP #4

NC

HS005

HS005

#18

125 OR

#18

105 OR

I:1.4

to PLC

COMPONENTS ON DOOR

STOP ALL
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M-P100 VFD
Series i Electrical Schematic

20Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-20A
11/22/13

7/9/13

EB

KWK

VSEP FEED PUMP MOTOR M-P100 VFD
AC Tech ESV183 25HP, 440 VAC

CONTROL TERMINALS
(TB-2 terminals are internally connected)

U/T1 L2W/T3 L3V/T2 L1

1 START/STOP

MOTOR POWER

#8 G

3 Phase
Motor

Check Motor Direction
and Reverse Leads
if Necessary.

Ground at Motor

1

2

3

#8 R

#6 BLU

2 COM

5 AIN, 0-10VDC

6 +10 V

25 AIN, 4-20mA

4 DIGITAL REFERENCE/COMMON

11 +12 v

13A DIGITAL INPUT

13B DIGITAL INPUT

13C DIGITAL INPUT

13D DIGITAL INPUT

14 DIGOUT

30 AOUT, 0-10VDC

2 COM

TXA RS485 TxA

TXB RS485 TxB

16 RELAY OUTPUT

17 AC 250V/3A DC 24V/2A

#8 BLU

#8 W

#6 R

#6 G

#6 W

ALsw
+ -

Straight Through Ethernet Cable

MCC ETHERNET
SWITCH TO
ETHERNET MODULE ON
VFD
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M-P101 VFD
Series i Electrical Schematic

21Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-21A
11/22/13

7/9/13

EB

KWK

VSEP FEED PUMP MOTOR M-P101 VFD
AC Tech ESV183 25HP, 440 VAC

CONTROL TERMINALS
(TB-2 terminals are internally connected)

U/T1 L2W/T3 L3V/T2 L1

1 START/STOP

MOTOR POWER

#8 G

3 Phase
Motor

Check Motor Direction
and Reverse Leads
if Necessary.

Ground at Motor

1

2

3

#8 R

#6 BLU

2 COM

5 AIN, 0-10VDC

6 +10 V

25 AIN, 4-20mA

4 DIGITAL REFERENCE/COMMON

11 +12 v

13A DIGITAL INPUT

13B DIGITAL INPUT

13C DIGITAL INPUT

13D DIGITAL INPUT

14 DIGOUT

30 AOUT, 0-10VDC

2 COM

TXA RS485 TxA

TXB RS485 TxB

16 RELAY OUTPUT

17 AC 250V/3A DC 24V/2A

#8 BLU

#8 W

#6 R

#6 G

#6 W

ALsw
+ -

Straight Through Ethernet Cable

MCC ETHERNET
SWITCH TO
ETHERNET MODULE ON
VFD
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M-P102 VFD
Series i Electrical Schematic

22Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-22A
11/22/13

7/9/13

EB

KWK

VSEP FEED PUMP MOTOR M-P102 VFD
AC Tech ESV183 25HP, 440 VAC

CONTROL TERMINALS
(TB-2 terminals are internally connected)

U/T1 L2W/T3 L3V/T2 L1

1 START/STOP

MOTOR POWER

#8 G

3 Phase
Motor

Check Motor Direction
and Reverse Leads
if Necessary.

Ground at Motor

1

2

3

#8 R

#6 BLU

2 COM

5 AIN, 0-10VDC

6 +10 V

25 AIN, 4-20mA

4 DIGITAL REFERENCE/COMMON

11 +12 v

13A DIGITAL INPUT

13B DIGITAL INPUT

13C DIGITAL INPUT

13D DIGITAL INPUT

14 DIGOUT

30 AOUT, 0-10VDC

2 COM

TXA RS485 TxA

TXB RS485 TxB

16 RELAY OUTPUT

17 AC 250V/3A DC 24V/2A

#8 BLU

#8 W

#6 R

#6 G

#6 W

ALsw
+ -

Straight Through Ethernet Cable

MCC ETHERNET
SWITCH TO
ETHERNET MODULE ON
VFD
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M-P103 VFD
Series i Electrical Schematic

23Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-23A
11/22/13

7/9/13

EB

KWK

VSEP FEED PUMP MOTOR M-P103 VFD
AC Tech ESV183 25HP, 440 VAC

CONTROL TERMINALS
(TB-2 terminals are internally connected)

U/T1 L2W/T3 L3V/T2 L1

1 START/STOP

MOTOR POWER

#8 G

3 Phase
Motor

Check Motor Direction
and Reverse Leads
if Necessary.

Ground at Motor

1

2

3

#8 R

#6 BLU

2 COM

5 AIN, 0-10VDC

6 +10 V

25 AIN, 4-20mA

4 DIGITAL REFERENCE/COMMON

11 +12 v

13A DIGITAL INPUT

13B DIGITAL INPUT

13C DIGITAL INPUT

13D DIGITAL INPUT

14 DIGOUT

30 AOUT, 0-10VDC

2 COM

TXA RS485 TxA

TXB RS485 TxB

16 RELAY OUTPUT

17 AC 250V/3A DC 24V/2A

#8 BLU

#8 W

#6 R

#6 G

#6 W

ALsw
+ -

Straight Through Ethernet Cable

MCC ETHERNET
SWITCH TO
ETHERNET MODULE ON
VFD
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M-P190 VFD
Series i Electrical Schematic

24Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-24A
11/22/13

7/9/13

EB

KWK

CIP FEED PUMP MOTOR M-P190 VFD
AC Tech ESV153 20HP, 440 VAC

CONTROL TERMINALS
(TB-2 terminals are internally connected)

U/T1 L2W/T3 L3V/T2 L1

1 START/STOP

MOTOR POWER

#10 G

3 Phase
Motor

Check Motor Direction
and Reverse Leads
if Necessary.

Ground at Motor

1

2

3

#10 R

#8 BLU

2 COM

5 AIN, 0-10VDC

6 +10 V

25 AIN, 4-20mA

4 DIGITAL REFERENCE/COMMON

11 +12 v

13A DIGITAL INPUT

13B DIGITAL INPUT

13C DIGITAL INPUT

13D DIGITAL INPUT

14 DIGOUT

30 AOUT, 0-10VDC

2 COM

TXA RS485 TxA

TXB RS485 TxB

16 RELAY OUTPUT

17 AC 250V/3A DC 24V/2A

#10 BLU

#10 W

#8 R

#8 G

#8 W

ALsw
+ -

Straight Through Ethernet Cable

MCC ETHERNET
SWITCH TO
ETHERNET MODULE ON
VFD
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M-V110 VFD
Series i Electrical Schematic

25Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-25A
11/22/13

7/9/13

EB

KWK

VIBRATION MOTOR M-V110 VFD
AC Tech ESV153 20HP, 440 VAC

CONTROL TERMINALS
(TB-2 terminals are internally connected)

U/T1 L2W/T3 L3V/T2 L1

1 START/STOP

MOTOR POWER

#10 G

3 Phase
Motor

Check Motor Direction
and Reverse Leads
if Necessary.

Ground at Motor

3

2

1

#10 R

#8 BLU

2 COM

5 AIN, 0-10VDC

6 +10 V

25 AIN, 4-20mA

4 DIGITAL REFERENCE/COMMON

11 +12 v

13A DIGITAL INPUT

13B DIGITAL INPUT

13C DIGITAL INPUT

13D DIGITAL INPUT

14 DIGOUT

30 AOUT, 0-10VDC

2 COM

TXA RS485 TxA

TXB RS485 TxB

16 RELAY OUTPUT

17 AC 250V/3A DC 24V/2A

#10 BLU

#10 W

#8 R

#8 G

#8 W

ALsw
+ -

Straight Through Ethernet Cable

MCC ETHERNET
SWITCH TO
ETHERNET MODULE ON
VFD
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M-V120 VFD
Series i Electrical Schematic

26Santo Domingo Landfill-MAIN

iEL 4-440-60-ac SDL1-26A
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Flex IO - 1DO
Series i Electrical Schematic

36Santo Domingo Landfill-CIP

iEL 4-440-60-ac SDL3-3A
11/22/13

7/9/13

EB

KWK

Allen-Bradley

24 DC OUTPUTS
1794-OB16

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1A 1B 2A 2B 3A 3B 4A 4B 5A 5B 6A 6B 7A 7B 8A 8BCOM

Solenoid Valve Rack #1

20 x 24 VDC Solenoid Valves

#18

0 BRN

#18

1 BRN

#18

2 BRN

#18

3 BRN

#18

4 BRN

#18

5 BRN

#18

6 BRN

#18

7 BRN

#18

8 BRN

#18

9 BRN

#18 BLK

#18

3-2
24 DC

3-2
DC COM

#18 BLK

2 R

X
V

-1
94

X
V

-1
95

X
V

-1
96

X
V

-1
97

X
V

-1
98

X
V

-1
99

X
V

-1
90

X
V

-1
91

X
V

-1
93

X
V

-1
92

24dc
K10

24dc
K11#18

102 BRN
#18

101 BRN

#18 BLK

#18 BLK

#18

3 R
3-4

24 DC

3-4
DC COM

24dc
K12#18

103 BRN

8 7

8 7

8 7



ELECTRICAL

SIGNATURES DATE

ENGINEER

ELECTRICAL
MANAGER of

REV DESCRIPTION DATE APPROVED

REVISIONS

49

Flex IO - 2AI
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Flex IO - 3DI
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Series i Electrical Schematic

39Santo Domingo Landfill-CIP

iEL 4-440-60-ac SDL3-6A
11/22/13

7/9/13

EB

KWK

BRN/
BLK

BLU W Restart PTC

COM
ALARMRUN

200-240 V
50/60 Hz

Grundfos LiqTec
TSH190

#18 jumperBLU

BLK

BRN

W

3-5

3-5

#18

S190 R

Alarm signal to
IN-0, 1794-IM16
(Digital Input
Module)

S190 OR
1

2

#18
N

330 R
3-1

240 VAC
CB33

L

Sensor:
96556427 #18 BLU



ELECTRICAL

SIGNATURES DATE

ENGINEER

ELECTRICAL
MANAGER of

REV DESCRIPTION DATE APPROVED

REVISIONS

49

Metering Pump Enclosure
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Series i Electrical Schematic
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Flex IO
Series i Electrical Schematic
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SDL Electrical Parts

DESCRIPTION QTY. PART# MANUFACTURER

Main Enclosure
48"h x 30"w x 10" deep Enclosure 1 A48H30CLP Hoffman
Enclosure Panel 1 A-48P30 Hoffman
2MB CompactLogix w/ EtherNet 1 1769-L33ER Allen Bradley
240VAC Digital Input Board 1 1769-IM12 Allen Bradley
Relay Output Board 1 1769-OW16 Allen Bradley
Power Supply 1 1769-PA4 Allen Bradley
16 Single Current Analog Input Board 3 1769-IF16C Allen Bradley
Analog Output Board 2 1769-OF4CI Allen Bradley
CompactLogix Right End Cap 1 1769-ECR Allen Bradley
HMI = 12"TFT, TouchScreen, DUO, 1GB 40G 1 6181P-12TPXP Allen Bradley
FTViewSE  Run Time Package 100 Display 1 9701-VWSB100AENE Allen Bradley
8 port Unmanaged Ethernet Switch 1 1783-US08T Allen Bradley
Ethernet Cables (pre made) 2 Comp USA
20 Amp Circuit Breaker 1 1492-SP1B200 Allen Bradley
6 Amp Circuit Breaker 4 1492-SP1B060 Allen Bradley
4 Amp Circuit Breaker 1 1492-SP1B040 Allen Bradley
2 Amp Circuit Breaker 1 1492-SP1B020 Allen Bradley
DC Power Supply  100W 24VDC 1 1606-XLP100E Allen Bradley
DC Fuse Blocks 15 1492-H4 Allen Bradley
24VDC Fuses (2A) 15 AGC-2 Buss
Relay (DPDT 24VDC coil) 2 700-HF32Z24 Allen Bradley
Relay (DPDT 240VAC coil) 4 700-HF32A2 Allen Bradley
Relay Socket 6 700-HN116 Allen Bradley
STOP Buttons 2 800H-FRXT6D4 Allen Bradley
STOP Label 2 800T-X550 Allen Bradley
Power Terminal Blocks 1 1492-J16 Allen Bradley
Ground Input Terminal Block 1 1492-JG16 Allen Bradley
Single Terminal Blocks 79 1492-J4 Allen Bradley
Terminal Block End Covers 16 1492-EBJ3 Allen Bradley
Terminal Block Anchors 45 1492-EAJ35 Allen Bradley
3 Wire Sensor Terminal Block 50 1492-WTS3 Allen Bradley
Insertion Bridge for 3 wire term. Blocks 10 1492-SJT5-20-B Allen Bradley
Terminal Block Jumper Bars with Screws 5 1492-CJJ6-10 Allen Bradley
Terminal Block Markers 1 1492-M6X5 Allen Bradley
2" x 3" Wiring Duct, 6ft 4 G2X3LG6 Panduit
2" Wiring Duct Cover, 6ft 4 C2LG6 Panduit
35mm DIN Rail, 1m=3.28ft 5 199-DR1 Allen Bradley
240VAC LiqTec Pump Seal Sensor/Transmitter 2 96556429 Grundfos
Ground Lug 1 LAMA2-14-QY Panduit

1 SDL-MAIN_ENCLOSURE



SDL Electrical Parts

DESCRIPTION QTY. PART# MANUFACTURER

Wire Gutter
2.5" Feed-Through Type 12 Wireway (60") 2 F22W60 Hoffman
2.5" Feed-Through Type 12 Wireway (36") 2 F22W36 Hoffman
2.5" Feed-Through Type 12 Wireway (12") 2 F22W12 Hoffman
2.5" Telescoping Type 12 Wireway 1 F22WA Hoffman
2.5" 90° Elbow 3 F22WE90 Hoffman
2.5" Tee 1 F22WT Hoffman
2.5" Closure Plate 2 F22WP Hoffman
2.5" Gasket 14 F22WG Hoffman

2 SDL-MAIN_ENCLOSURE



SDL Electrical Parts

DESCRIPTION QTY. PART# MANUFACTURER

Valve Rack Enclosure
48"h x 30"w x 10" deep Enclosure 1 A48H30CLP Hoffman
Enclosure Panel 1 A-48P30 Hoffman
24VDC Power Supply 1 1794-PS3 Allen Bradley
Ethernet Adapter 1 1794-AENT Allen Bradley
16 Digital Output Module 2 1794-OB16 Allen Bradley
Terminal Base for Remote I/O 2 1794-TB2 Allen Bradley
20 Port Solenoid Rack 2 NL-VVC5Q2120/VQC2101 SMC
Single Terminal Blocks 3 1492-J4 Allen Bradley
Terminal Block Anchors 2 1492-EAJ35 Allen Bradley
35mm DIN Rail, 1m=3.28ft 1 199-DR1 Allen Bradley

3 SDL-VALVE_RACK_ENCLOSURE



SDL Electrical Parts

DESCRIPTION QTY. PART# MANUFACTURER

CIP Enclosure
36"h x 30"w x 8" deep Enclosure 1 A-36H30BLP Hoffman
Enclosure Panel 1 A36P30 Hoffman
240VAC 50/60Hz Contactor 3 100-C23KA10 Allen Bradley
Power Supply 1 1794-PS3 Allen Bradley
Ethernet Adapter 1 1794-AENT Allen Bradley
16 Digital Output Module 1 1794-OB16 Allen Bradley
16 Digital Input Module 1 1794-IM16 Allen Bradley
8 Analog Input Module 1 1794-IE8 Allen Bradley
Terminal Base for remote i/o 3 1794-TB2 Allen Bradley
15 Amp Circuit Breaker 2 1492-SP1B150 Allen Bradley
4 Amp Circuit Breaker 1 1492-SP1B040 Allen Bradley
2 Amp Circuit Breaker 2 1492-SP1B020 Allen Bradley
Relay (DPDT 24VDC coil) 4 700-HF32Z24 Allen Bradley
Relay Socket 4 700-HN116 Allen Bradley
20 Port Solenoid Rack 1 NL-VVC5Q2120/VQC2101 SMC
Power Terminal Blocks 2 1492-J16 Allen Bradley
Ground Input Terminal Block 2 1492-JG16 Allen Bradley
Single Terminal Blocks 25 1492-J4 Allen Bradley
Terminal Block Anchors 24 1492-EAJ35 Allen Bradley
Terminal Block End Covers 4 1492-EBJ3 Allen Bradley
Terminal Block Jumper Bars with Screws 1 1492-CJJ6-10 Allen Bradley
2" x 3" Wiring Duct, 6ft 2 G2X3LG6 Panduit
2" Wiring Duct Cover, 6ft 2 C2LG6 Panduit
35mm DIN Rail, 1m=3.28ft 3 199-DR1 Allen Bradley
240VAC LiqTec Pump Seal Sensor/Transmitter 1 96556429 Grundfos
Ground Lug 1 LAMA2-14-QY Panduit
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SDL Electrical Parts

DESCRIPTION QTY. PART# MANUFACTURER

Chemical Metering Enclosure
Enclosure 1 A1210NF Hoffman
Enclosure Panel 1 A12P10 Hoffman
Power Terminal Blocks 6 1492-J16 Allen Bradley
Ground Input Terminal Block 3 1492-JG16 Allen Bradley
Terminal Block Anchors 6 1492-EAJ35 Allen Bradley
35mm DIN Rail, 1m=3.28ft 0.5 199-DR1 Allen Bradley

5 SDL-CHEMICAL_METERING_ENCL.



SDL Electrical Parts

DESCRIPTION QTY. PART# MANUFACTURER

RO Spiral Enclosure
36"h x 30"w x 8" deep Enclosure 1 A-36H30BLP Hoffman
Enclosure Panel 1 A36P30 Hoffman
Power Supply 1 1794-PS3 Allen Bradley
Ethernet Adapter 1 1794-AENT Allen Bradley
16 Digital Output Module 1 1794-OB16 Allen Bradley
16 Digital Input Module 1 1794-IM16 Allen Bradley
4 Analog Output Module 1 1794-OF4I Allen Bradley
8 Analog Input Module 2 1794-IE8 Allen Bradley
Terminal Base for remote i/o 5 1794-TB2 Allen Bradley
15 Amp Circuit Breaker 1 1492-SP1B150 Allen Bradley
4 Amp Circuit Breaker 1 1492-SP1B040 Allen Bradley
2 Amp Circuit Breaker 2 1492-SP1B020 Allen Bradley
1 Amp Circuit Breaker 1 1492-SP1B010 Allen Bradley
DC Power Supply 50W 24VDC 1 1606-XLP50E Allen Bradley
DC Fuse Blocks 6 1492-H4 Allen Bradley
24VDC Fuses (2A) 6 AGC-2 Buss
Relay (DPDT 24VDC coil) 1 700-HF32Z24 Allen Bradley
Relay Socket 1 700-HN116 Allen Bradley
20 Port Solenoid Rack 1 NL-VVC5Q2120/VQC2101 SMC
Power Terminal Blocks 1 1492-J16 Allen Bradley
Ground Input Terminal Block 1 1492-JG16 Allen Bradley
Single Terminal Blocks 48 1492-J4 Allen Bradley
Terminal Block Anchors 23 1492-EAJ35 Allen Bradley
Terminal Block End Covers 10 1492-EBJ3 Allen Bradley
3 Wire Sensor Terminal Block 2 1492-WTS3 Allen Bradley
Terminal Block Jumper Bars with Screws 2 1492-CJJ6-10 Allen Bradley
1.5" x 2" wire duct 0.5 G1.5X2LG6 Panduit
1.5" wire duct cover 0.5 C1.5LG6 Panduit
2" x 3" Wiring Duct, 6ft 2 G2X3LG6 Panduit
2" Wiring Duct Cover, 6ft 2 C2LG6 Panduit
35mm DIN Rail, 1m=3.28ft 3 199-DR1 Allen Bradley
240VAC LiqTec Pump Seal Sensor/Transmitter 1 96556429 Grundfos
Ground Lug 1 LAMA2-14-QY Panduit

6 SDL-RO_ENCLOSURE



SDL Project - VSEP I/O List

Tag # Description I/O Type Data Type Units Range PLC Source

VSEP#1 Stop VSEP #1 Stop Switch DI BOOL 1=open 0-1 Local:2:I.Ch0Data

VSEP#2 Stop VSEP #2 Stop Switch DI BOOL 1=open 0-1 Local:2:I.Ch1Data

VSEP#3 Stop VSEP #3 Stop Switch DI BOOL 1=open 0-1 Local:2:I.Ch2Data

VSEP#4 Stop VSEP #4 Stop Switch DI BOOL 1=open 0-1 Local:2:I.Ch3Data

EMG Stop Emergency Stop Switch DI BOOL 1=open 0-1 Local:2:I.Ch4Data

TSH-101 Booster Pump DI BOOL 1=open 0-1 Local:2:I.Ch5Data

TSH-103 Booster Pump DI BOOL 1=open 0-1 Local:2:I.Ch6Data

PSL-100 Air Supply Pressure Switch DI BOOL 1=open 0-1 Local:2:I.Ch7Data

TSH-110 Transfer Pump P-110 Alarm DI BOOL 1=open 0-1 Local:2:I.Ch8Data

Spare DI BOOL Local:2:I.Ch9Data

Spare DI BOOL Local:2:I.Ch10Data

Spare DI BOOL Local:2:I.Ch11Data

Spare DI BOOL Local:2:I.Ch12Data

Spare DI BOOL Local:2:I.Ch13Data

Spare DI BOOL Local:2:I.Ch14Data

Spare DI BOOL Local:2:I.Ch15Data

PIT-110 VSEP#1 Feed Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch0Data

PIT-111 VSEP#1 Permeate Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch1Data

PIT-112 VSEP#1 Concentrate Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch2Data

FIT-111 VSEP#1 Permeate Return Line AI 32 bit REAL m3/hr 0-22.7 m3/hr Local:3:I.Ch3Data

FIT-112 VSEP#1 Concentrate Return Line AI 32 bit REAL m3/hr 0-11.36 m3/hr Local:3:I.Ch4Data

PIT-120 VSEP#2 Feed Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch5Data

PIT-121 VSEP#2 Permeate Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch6Data

PIT-122 VSEP#2 Concentrate Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch7Data

FIT-121 VSEP#2 Permeate Return Line AI 32 bit REAL m3/hr 0-22.7 m3/hr Local:3:I.Ch8Data

FIT-122 VSEP#2 Concentrate Return Line AI 32 bit REAL m3/hr 0-11.36 m3/hr Local:3:I.Ch9Data

PIT-130 VSEP#3 Feed Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch10Data

PIT-131 VSEP#3 Permeate Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch11Data

PIT-132 VSEP#3 Concentrate Line AI 32 bit REAL psi 0-1000 Local:3:I.Ch12Data

FIT-131 VSEP#3 Permeate Return Line AI 32 bit REAL m3/hr 0-22.7 m3/hr Local:3:I.Ch13Data

FIT-132 VSEP#3 Concentrate Return Line AI 32 bit REAL m3/hr 0-11.36 m3/hr Local:3:I.Ch14Data

Spare AI 32 bit REAL Local:3:I.Ch15Data

PIT-140 VSEP#4 Feed Line AI 32 bit REAL psi 0-1000 Local:4:I.Ch0Data

PIT-141 VSEP#4 Permeate Line AI 32 bit REAL psi 0-1000 Local:4:I.Ch1Data

PIT-142 VSEP#4 Concentrate Line AI 32 bit REAL psi 0-1000 Local:4:I.Ch2Data

FIT-141 VSEP#4 Permeate Return Line AI 32 bit REAL m3/hr 0-22.7 m3/hr Local:4:I.Ch3Data

FIT-142 VSEP#4 Concentrate Return Line AI 32 bit REAL m3/hr 0-11.36 m3/hr Local:4:I.Ch4Data

PIT-100 System Feed Pressure AI 32 bit REAL psi 0-1000 Local:4:I.Ch5Data

TIT-100 System Feed Temperature AI 32 bit REAL ⁰C 0-100 Local:4:I.Ch6Data

PDT-100 Feed Differential Pressure IN AI 32 bit REAL psi 0-145 Local:4:I.Ch7Data

AT-100 Feed Conductivity AI 32 bit REAL µS 0-200000 Local:4:I.Ch8Data

AT-101 VSEP Permeate Conductivity AI 32 bit REAL µS 0-10000 Local:4:I.Ch9Data

PDT-101 Feed Differential Pressure OUT AI 32 bit REAL psi 0-145 Local:4:I.Ch10Data

LIT-110 VSEP Feed Tank T-110 Level AI 32 bit REAL % 0-100 Local:4:I.Ch11Data

LIT-120 Concentrate Tank T-120 Level AI 32 bit REAL % 0-100 Local:4:I.Ch12Data

LIT-130 Permeate Tank T-130 Level AI 32 bit REAL % 0-100 Local:4:I.Ch13Data

LIT-140 Hot Water Tank T-140 Level AI 32 bit REAL % 0-100 Local:4:I.Ch14Data

Spare AI 32 bit REAL Local:4:I.Ch15Data

FCV-110 VSEP #1 Feed Inlet AO 32 bit REAL % 0-100 Local:6:I.Ch0Data

FCV-112 VSEP #1 Concentrate Exit AO 32 bit REAL % 0-100 Local:6:I.Ch1Data

FCV-120 VSEP #2 Feed Inlet AO 32 bit REAL % 0-100 Local:6:I.Ch2Data

FCV-122 VSEP #2 Concentrate Exit AO 32 bit REAL % 0-100 Local:6:I.Ch3Data

FCV-130 VSEP #3 Feed Inlet AO 32 bit REAL % 0-100 Local:6:I.Ch4Data

FCV-132 VSEP #3 Concentrate Exit AO 32 bit REAL % 0-100 Local:6:I.Ch5Data

FCV-140 VSEP #4 Feed Inlet AO 32 bit REAL % 0-100 Local:7:O.Ch0Data

FCV-142 VSEP #4 Concentrate Exit AO 32 bit REAL % 0-100 Local:7:O.Ch1Data

Spare AO 32 bit REAL Local:7:O.Ch2Data

Spare AO 32 bit REAL Local:7:O.Ch3Data

Spare AO 32 bit REAL Local:7:O.Ch4Data

Spare AO 32 bit REAL Local:7:O.Ch5Data



M-P110 Tank T-110 Transfer Pump Motor P-110 DO BOOL 1=open 0-1 Local:8:O.Ch0Data

M-P120 Concentrate Tank T-120 Transfer Pump Motor DO BOOL 1=open 0-1 Local:8:O.Ch1Data

M-P130 Permeate Tank T-130 Transfer Pump Motor DO BOOL 1=open 0-1 Local:8:O.Ch2Data

Alarm DO BOOL 1=open 0-1 Local:8:O.Ch3Data

XV-001 Permeate To Hot Water Tank T-140 Valve DO BOOL 1=open 0-2 Local:8:O.Ch4Data

XV-002 Permeate to River Valve DO BOOL 1=open 0-3 Local:8:O.Ch5Data

Spare DO BOOL Local:8:O.Ch6Data

Spare DO BOOL Local:8:O.Ch7Data

Spare DO BOOL Local:8:O.Ch8Data

Spare DO BOOL Local:8:O.Ch9Data

Spare DO BOOL Local:8:O.Ch10Data

Spare DO BOOL Local:8:O.Ch11Data

Spare DO BOOL Local:8:O.Ch12Data

Spare DO BOOL Local:8:O.Ch13Data

Spare DO BOOL Local:8:O.Ch14Data

Spare DO BOOL Local:8:O.Ch15Data

XV-100 Hot Water Inlet to Bag Filter DO BOOL 1=open 0-1 Enet:1:O. Data.0

XV-101 Feed Inlet to Bag Filter DO BOOL 1=open 0-1 Enet:1:O. Data.1

XV-102 Feed to Header DO BOOL 1=open 0-1 Enet:1:O. Data.2

XV-103 Feed to Header DO BOOL 1=open 0-1 Enet:1:O. Data.3

XV-105 Permeate to VSEP Feed Tank, T-110 DO BOOL 1=open 0-1 Enet:1:O. Data.4

XV-106 Permeate to Holding Tank, T-130 DO BOOL 1=open 0-1 Enet:1:O. Data.5

XV-107 Concentrate to VSEP Feed Tank, T-110 DO BOOL 1=open 0-1 Enet:1:O. Data.6

XV-108 Concentrate to Reject Tank, T-120 DO BOOL 1=open 0-1 Enet:1:O. Data.7

XV-110 CIP Feed to VSEP #1 DO BOOL 1=open 0-1 Enet:1:O. Data.8

XV-111 CIP Permeate From VSEP #1 DO BOOL 1=open 0-1 Enet:1:O. Data.9

XV-112 Permeate From VSEP #1 DO BOOL 1=open 0-1 Enet:1:O. Data.10

XV-113 CIP Concentrate From VSEP #1 DO BOOL 1=open 0-1 Enet:1:O. Data.11

XV-114 Concentrate From VSEP #1 DO BOOL 1=open 0-1 Enet:1:O. Data.12

XV-120 CIP Feed to VSEP #2 DO BOOL 1=open 0-1 Enet:1:O. Data.13

XV-121 CIP Permeate From VSEP #2 DO BOOL 1=open 0-1 Enet:1:O. Data.14

XV-122 Permeate From VSEP #2 DO BOOL 1=open 0-1 Enet:1:O. Data.15

XV-123 CIP Concentrate From VSEP #2 DO BOOL 1=open 0-1 Enet:2:O. Data.0

XV-124 Concentrate From VSEP #2 DO BOOL 1=open 0-1 Enet:2:O. Data.1

XV-130 CIP Feed to VSEP #3 DO BOOL 1=open 0-1 Enet:2:O. Data.2

XV-131 CIP Permeate From VSEP #3 DO BOOL 1=open 0-1 Enet:2:O. Data.3

XV-132 Permeate From VSEP #3 DO BOOL 1=open 0-1 Enet:2:O. Data.4

XV-133 CIP Concentrate From VSEP #3 DO BOOL 1=open 0-1 Enet:2:O. Data.5

XV-134 Concentrate From VSEP #3 DO BOOL 1=open 0-1 Enet:2:O. Data.6

XV-140 CIP Feed to VSEP #4 DO BOOL 1=open 0-1 Enet:2:O. Data.7

XV-141 CIP Permeate From VSEP #4 DO BOOL 1=open 0-1 Enet:2:O. Data.8

XV-142 Permeate From VSEP #4 DO BOOL 1=open 0-1 Enet:2:O. Data.9

XV-143 CIP Concentrate From VSEP #4 DO BOOL 1=open 0-1 Enet:2:O. Data.10

XV-144 Concentrate From VSEP #4 DO BOOL 1=open 0-1 Enet:2:O. Data.11

Spare DO BOOL 1=open 0-1 Enet:2:O. Data.12

Spare DO BOOL 1=open 0-1 Enet:2:O. Data.13

Spare DO BOOL 1=open 0-1 Enet:2:O. Data.14

Spare DO BOOL 1=open 0-1 Enet:2:O. Data.15

XV-190 Hot Water to CIP Tank DO BOOL 1=open 0-1 Enet:3:O. Data.0

XV-191 Hot Water to VSEP DO BOOL 1=open 0-1 Enet:3:O. Data.1

XV-192 CIP Tank to Drain DO BOOL 1=open 0-1 Enet:3:O. Data.2

XV-193 CIP Tank to Pump DO BOOL 1=open 0-1 Enet:3:O. Data.3

XV-194 CIP Pump to Feed Header DO BOOL 1=open 0-1 Enet:3:O. Data.4

XV-195 Feed Bypass to CIP Tank DO BOOL 1=open 0-1 Enet:3:O. Data.5

XV-196 Permeate to CIP Tank DO BOOL 1=open 0-1 Enet:3:O. Data.6

XV-197 Permeate to Destination DO BOOL 1=open 0-1 Enet:3:O. Data.7

XV-198 Concentrate to CIP Tank DO BOOL 1=open 0-1 Enet:3:O. Data.8

XV-199 Concentrate to Destination DO BOOL 1=open 0-1 Enet:3:O. Data.9

Spare DO BOOL Enet:3:O. Data.10

Spare DO BOOL Enet:3:O. Data.11

Spare DO BOOL Enet:3:O. Data.12

CP-404 Run Chemical Pump CP-404 DO BOOL 1=open 0-1 Enet:3:O. Data.13

CP-505 Run Chemical Pump CP-505 DO BOOL 1=open 0-1 Enet:3:O. Data.14

CP-560 Run Chemical Pump CP-560 DO BOOL 1=open 0-1 Enet:3:O. Data.15



LIT-190 VSEP CIP Tank, T-190 Level AI 32 bit REAL % 0-100 Enet:4:I. Data.0

Spare AI 32 bit REAL Enet:4:I. Data.1

TIT-190 CIP Feed Temperature AI 32 bit REAL °C 0-100 Enet:4:I. Data.2

Spare AI 32 bit REAL Enet:4:I. Data.3

AT-190 CIP Feed pH AI 32 bit REAL pH 0-14 Enet:4:I. Data.4

Spare AI 32 bit REAL Enet:4:I. Data.5

Spare AI 32 bit REAL Enet:4:I. Data.6

Spare AI 32 bit REAL Enet:4:I. Data.7

Spare AI 32 bit REAL Enet:4:I. Data.8

Spare AI 32 bit REAL Enet:4:I. Data.9

Spare AI 32 bit REAL Enet:4:I. Data.10

Spare AI 32 bit REAL Enet:4:I. Data.11

Spare AI 32 bit REAL Enet:4:I. Data.12

Spare AI 32 bit REAL Enet:4:I. Data.13

Spare AI 32 bit REAL Enet:4:I. Data.14

Spare AI 32 bit REAL Enet:4:I. Data.15

TSH-190 CIP Feed Pump P-190 Alarm DI BOOL 1=open 0-1 Enet:5:I. Data.0

PSL-190 Air Supply Pressure Switch DI BOOL 1=open 0-1 Enet:5:I. Data.1

Spare DI BOOL Enet:5:I. Data.2

Spare DI BOOL Enet:5:I. Data.3

Spare DI BOOL Enet:5:I. Data.4

Spare DI BOOL Enet:5:I. Data.5

Spare DI BOOL Enet:5:I. Data.6

Spare DI BOOL Enet:5:I. Data.7

Spare DI BOOL Enet:5:I. Data.8

Spare DI BOOL Enet:5:I. Data.9

Spare DI BOOL Enet:5:I. Data.10

Spare DI BOOL Enet:5:I. Data.11

Spare DI BOOL Enet:5:I. Data.12

Spare DI BOOL Enet:5:I. Data.13

Spare DI BOOL Enet:5:I. Data.14

Spare DI BOOL Enet:5:I. Data.15

Spare DO BOOL Enet:6:O. Data.9

Spare DO BOOL Enet:6:O. Data.10

Spare DO BOOL Enet:6:O. Data.11

Spare DO BOOL Enet:6:O. Data.12

Spare DO BOOL Enet:6:O. Data.13

Spare DO BOOL Enet:6:O. Data.14

Spare DO BOOL Enet:6:O. Data.15
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5.1 VSEP Control Strategy 

 
Customer: SDL Santo Domingo Landfill   
Location: Santo Domingo de los Tsachilas, Quito, Ecuador 
Feed Material: Landfill Leachate    
Membrane: ESPA & LFC3-LD 
 
 
 
 
 
 
5.1.1] Process Description: 
 
Santo Domingo Landfill has several leachate ponds. The waste from Santo Domnigo City and 
surrounding towns is collected and sent to this landfill. They have reached the maximum capacity 
of these ponds and have reached a point where they need to treat this leachate to reduce the 
levels in the pond and make some space for future leachate storage.  
 
The leachate will be pre-screened and then will be sent for a first pass through VSEP ESPA 
System. Permeate generated from VSEP system will be further processed through 2nd stage 
Spiral RO system, to ensure good quality. The concentrate from both, first and second stage will 
be sent back to the leachate ponds.  
 
  

Process feed conditions: 
Process Flow Rate  166-333 m3/day 
Process Temperature:  Ambient 
Process Pressure:  450 psi (500 max) 
Operating Method:  Single Pass – Constant Flow  
 

 
 
First stage will comprise of a four unit expandable VSEP system with an initial one 84" ESPA 
VSEP modules (1400SF each). The second stage will comprise of six 40”x8” LFC-3LD (1200SF 
per module) RO Spiral modules.  
 
The system will come with many options for control methods and will be fitted with a local control 
that can communicate with the main plant logic system. The system will include a PLC and will be 

run locally. The VSEP and Spiral systems will include the membrane modules, the control and 
pumping skid with integral CIP functions, and a chemical metering pump station for delivery of 
NLR cleaners for automated cleaning functions. 
 
5.1.2] Filtration Overview: 
All feed material must be pre-screened before being processed through the VSEP unit. During 
each filtration mode, the system will data log appropriate information such as, temperature, 
pressure, flow rates etc.  
 
The program will consist of two filtration methods as described below. The process will continue 
until the system is prompted to shut down for an alarm or for flushing/cleaning.  These prompts 
include feed and destination tank levels, permeate flux reaches lowest acceptable level or 
permeate quality reaches the highest acceptable level. Timed quick hot water flushes could be 
used intermittently during processing to increase time between full chemical cleanings.  
 
 



VSEP + Spiral Control Strategy – SDL Santo Domingo Landfill  

 

NEW LOGIC RESEARCH - 1295 67TH STREET, EMERYVILLE, CA 94608 USA                 

11/21/13              

2 

1. Single Pass – Constant Flow: For this project, the goal is to generate high volumes of 
permeate and reduce the levels in the ponds rather than achieving an immediate high % 
recovery. For this purpose it is recommended to run the system in Single Pass – 
Constant Flow mode. Here the feed material is processed through the VSEP system and 
permeate and concentrate are sent to their appropriate destinations. Notice that the 
concentrate will be sent back to the leachate ponds and not back to the VSEP batch feed 
tank. So in theory the ponds are viewed as large batch feed tanks which will get 
concentrated over longer periods of time. This means that the feed material will always 
remain consistent and thus will allow having good stable permeate flow rates as well as 
good quality. The frequency of full chemical cleaning cycle will be reduced compared to 
other filtration methods.  
 
With Batch filtration, the feed material will become concentrated towards the end of the 
batch, since the concentrate stream is recycled back to the batch feed tank. Thus the 
feed exposed to the membranes towards the end of the batch will consist of high 
TSD/TSS level. This will affect the performance in terms of flux. A decline in flux is 
noticed as the batch progresses and hence the flux rate will not be consistent throughout 
the whole batch.  
 

2. Batch Concentration: For Batch Concentration the system will start with a full tank and 
remove up to ~75% (in accordance with desired recovery) of the volume of the tank as 
permeate while sending the VSEP concentrate back to the feed tank. Once the feed tank 
has had ~75% or more of the volume removed, the concentrate will be diverted to its 
destination tank, T-120, until the feed tank is empty. Then the VSEP system will flush via 
Hot Water In line from VSEP feed pump skid (automated function) while the feed tank, T-
110 is being refilled simultaneously. It is possible to have two batch feed tanks so that 
when one feed tank is being processed, the second tank will be refilled simultaneously 
and sit in standby mode once filled. This will allow for minimum downtime.  
 
Since the feed to the VSEP will vary greatly with different beginning % solids levels, the 
concentration level achieved will also need to vary. The system would be run at a 
recovery value that yields optimum concentration and filtrate that is of an equivalent 
quality. This optimum concentration level would represent the maximum optimum 
concentration that the VSEP can produce clean filtrate reliably and at a good throughput 
rate. Maximum volume reduction is desired, however, there is a converse relationship 
between concentration level and permeate quality. If the concentration level goes too 
high, permeate quality may begin to worsen due to the set rejection of the membrane. 
While controlling the VSEP system, we will need to control the % volume reduction as 
well as the permeate quality and both will be monitored and used for determining the 
ending concentration level. Permeate quality may be monitored by conductivity readings 
and volume reduction may be monitored by percent recovery. 

 
5.1.3] Filtration Set Points: 
 
Configurable set points included are:  
 

i) Feed Pressure – The VSEP will be run at constant pressure, which will mean that the 
pressure through the VSEP will be held constant. At all times during filtration, the 
feed pump will adjust by means of a VFD to hold a specific pressure. 

 
ii) Concentrate Flow – A specified % recovery is required across VSEP in order to achieve 

the end result desired.  In addition, a minimum amount of fluid velocity is required in 
each filter pack to prevent “Dead Zones”, “Cake Formation”, “Gel Pockets”, and other 
feed material inconsistencies which can affect flux and also potentially cause 
plugging of the filter pack.  These two controlling parameters are in conflict if the % 
recovery demand is so high that the concentrate flow rate would fall below the 
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minimum safe rate.  For most filter packs this minimum safe number is ~ 2 GPM, 
(~7.5L/min) per tray within the last section of trays in the filter pack.  

 
iii) Start/Stop Control – starting from the Local Control Panel; if the system is ready, the 

operator may start the system by using the green START button at the local control 
panel. For the system to be ready, the following conditions must be met. 

 The system must be set for Filtration Mode 
 The latching STOP button must be released or pulled out 
 The system must not be stopped by an alarm 
 The Feed Tank must be more than 10% full 
 Destination tanks 90% or less full.  
  

iv) Vibration Amplitude – Before VSEP vibration can be started, the minimum safe operating 
pressure must be achieved.  The reason for this is that pressure holding the 
membrane pressed against the steel tray which supports it is required to counteract 
the effects of side to side movement during vibration.  Without sufficient pressure 
holding the membrane down, it could shred or come apart as it is tugged from side to 
side.  It is this unique relationship between pressure and vibration, which is the key to 
the VSEP technology. The key pressure, which is calculated, is the “Trans-
Membrane” pressure, which is calculated by subtracting the permeate pressure from 
the concentrate pressure.  This value should be at least 35 psi (241 kPa).  The feed 
and concentrate pressure must also meet a minimum of 40 psi (276 kPa).  Lastly a 
set point for a percentage of total VFD speed is able to be manipulated to adjust the 
amplitude of vibration.  This number can vary between feed materials, filter packs, 
and VSEP frames; but is usually in the range of 20-30%. 

 
v) Tank Level Control – The VSEP system will be configured to run continuously and it will 

assume that the proper feed has been delivered to the VSEP feed tank. The VSEP 
will monitor the feed tank level and run after getting a start command based on a 
configurable tank level set point. The program will include an interlock, so that, the 
system cannot be started with an empty tank. For the purposes of design, the tank 
level must read greater than 5%. If the system starts up on a nearly dry tank, the feed 
pumps will spin up to try to reach the pressure setpoint. If it is unable to do so within 
a timed interval, the system will shut down on alarm and would self-initiate an 
ALARM FLUSH after a brief pause for operator intervention. This flush will be done 
for a timed interval using hot water via the hot water inlet to the feed pump.  

 
The display will flash a warning when the tank level is 5% about the low-level set 
point. This warning will allow the operator to intervene. Once the tank level reaches 
low level, the system will flush with hot water through the feed pump with pressure 
and vibration without stopping. This low tank level set point will be configurable and 
should be high enough to prevent cavitation of the feed pump. 

 
vi) Auto-Fill VSEP Batch Feed Tank – There will be one EQ Tank, T-100 and one VSEP 

Batch Feed Tank, T-110. Both will have Level Transmitters, which will be hardwired 
to VSEP PLC. There will be “dead band” ranges for T-110 which will allow for this 
auto-fill function. These dead band configurable set points will be: full tank level, stop 
tank level. A transfer pump will be between the two tanks which will allow to transfer 
material from T-100 to T-110. At the beginning of the process the level in VSEP 
Batch Feed Tank, T-110 will be empty which will be read by VSEP PLC. Upon 
reading this 0% (empty tank level), the VSEP PLC will turn on P-110 and will start to 
transfer material from T-100 into T-110. Once the tank level reaches a configurable 
full tank level set point the transfer pump will stop and the VSEP system will start to 
process feed material from this tank. Once the tank reaches stop tank level, there will 
be a 5min hot water flush and simultaneously P-110 will turn on to transfer material 
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from T-100 to T-110. The filtration will commence again once appropriate tank level 
has been reached.  

 
5.1.4] Filtration Automation:   
 
Automation includes:  
 

i. Feed Pressure PID – The control system will monitor the feed pressure as a single input 
and the feed pump will hunt to hold the specified pressure setpoint. Other pressure 
readings such as concentrate and trans-membrane pressure may vary during 
operation, but the feed pump will hold feed pressure constant. The pressure set point 
will be configurable.  

 
ii. Concentrate Flow PID – The control of the Concentrate Valve will be done using a Flow 

Control PID loop with a subroutine for cycling of the valve. The control variable for the 
PID loop is the flow measurement from the concentrate flow meter. The process 
variable is the concentrate valve position. (0-100% Open) The operating flow set 
point of 20 GPM (dependant on filter pack design) is entered on the Filtration Mode 
Set point’s screen. When the pump is started, the valve is immediately positioned to 
the minimum allowed position, of 30%.  From there, the PID function begins to 
position the valve to achieve the flow rate set point. The feed pump is ramped up 
slowly, so the valve will open rapidly at first and then close down as the feed flow 
rises.  Tuning the PID parameters is done on the PID FEED FLOW screen. 

 
iii. Auto Vibrate – When the system is in filtration mode, and the auto vibrate button is 

enabled, vibration will be started once the pressure setpoints have been reached.  
When vibration starts, the drive motor goes to a pre-set speed. This pre-set speed is 
equal to the Minimum Frequency setpoint configured in the drive motor VFD. After a 
timed interval, (~15 seconds), the speed is increased slowly to the desired setpoint 
which produces 1/2” amplitude at the base of the filter pack.  In order to change the 
amplitude, the frequency speed setpoint must be changed. In order to protect the 
equipment, a maximum allowable frequency parameter is used. This would prevent 
amplitude greater than 7/8” peak to peak. Both amplitude set points need to be 
manually set up for the first time based on visual inspection of vibrational amplitude 
stickers affixed to the Filter Pack. Vibration continues until a stop command is 
received or the pressure falls below the set points. Note that the set point will change 
based on new filter packs, new feed materials, hot bearing oil, as the weight/bearing 
friction would change the properties of motor loading at the same speed set point. 

 
5.1.5] Filtration Start Up:  
 
Prior to start up in Filtration Mode, a flush cycle must have been completed. This may have 
occurred from an Auto Flush, Alarm Flush, CIP Flush, or an intentional Manual Flush. Such low 
pressure purging will insure that the filter pack is clear of obstructions and all the air is purged out, 
(the filter pack is full).  Using high pressure on an empty filter pack can delaminate the 
membrane trays. Air pockets can lead to membrane failure during vibration due to lack of Trans-
Membrane pressure for the affected area. Also, by using this method, initiating filtration mode 
introduces concentrated feed slurry, which will be diluted upon entry to the filter pack and thus 
allows for a smooth transition into filtration. 
VSEP Filtration Sequence of Events:  
 
 With the system in STANDBY MODE and with no active alarm conditions, the operator first 

selects FILTRATION MODE and sets the feed pressure, concentrate flow and start/stop 
batch feed tank level. Then presses the start button. 
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 Upon the start command signal, the Feed Pump ramps up slowly to the Feed Pressure Set 
point. Several other sequences are occurring simultaneously, so the ramp speed must be 
slow. The concentrate flow control valve will modulate and try to hold 20 GPM (dependant on 
filter pack design). Until the system gets optimized, permeate and concentrate are re-
circulated back to the feed tank.  

 
 As the Trans-Membrane Pressure, (Concentrate Pressure - Permeate Pressure) passes 35 

psi, the VSEP drive motor starts and ramps up quickly to “Pre-Vibration” speed, which is a 
drive frequency that will produce 1/8" amplitude on the filter pack. 

 
 After a timed interval, the drive motor ramps up slowly to “Vibration” speed that would equate 

to 1/2” amplitude. 
 
 After full vibration and a concentrate flow rate of about 20 GPM, all valves on the system 

orient to send permeate and concentrate to their destination tanks.  

 
 End of batch will be indicated once the tank level reaches end of batch level set point.  There 

will be a 5minute end of batch flush.  
 
5.1.6] Flush Overview: 
 
It is extremely important to flush the filter pack when ever the VSEP stops in order to remove 
waste water from the filter pack, as the foulants can form a cake layer at the membrane surface 
hence plugging the filter pack.  There are two modes of flushing as stated below: 
 
i) Manual CIP Flush Mode: 
General Description 
This operating mode is used to manually flush the Filter Pack. It is different than the Alarm Flush 
and Auto Flush, which are performed automatically. During a Manual CIP Flush cycle, hot water 
is sent via CIP pump to the Filter Pack with permeate and concentrate going to the reclaim drain 
sewer. 
 
Sequence of Events - Manual Hot Water Flush 

 The system operator sets the system for CIP FLUSH MODE and modifies any set points 
as needed. The machine must already be stopped. 

 
 The system operator selects Flush mode from the Status screen. 
 
 The automatic Hot Water In valve opens to feed hot water directly to the CIP pump ahead 

of the filter pack. 
 

 The valves orient for a Flush operation so that the system sends concentrate and 
permeate to the drain.  The concentrate flow control valve will be set using a PID loop for flow 
control and maintain a preset concentrate flow rate. (no less than 8 gpm,  20 gpm is 
preferable) 

 
 The Feed Pump ramps up slowly to the Feed Pressure Set point, ~50 psi, (345 kpa).  

 
 The concentrate flow control valve will modulate and try to hold the set point 

 
 As the Trans-Membrane Pressure, (Concentrate Pressure - Permeate Pressure) passes 
30 psi, (207 kpa), the VSEP drive motor starts and ramps up quickly to “Pre-Vibration” speed. 
After a timed interval, the drive motor ramps up slowly to “Vibration” speed, which would 
equate to 3/4” amplitude. 
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 This flushing operation will continue until timed interval has expired. Then, the vibration 
and feed pump will stop and the CIP skid valves will close 

 
Note: In order to repeat the entire procedure above or if the procedure needs to be interrupted or 
to repeat the cycle, the operator should change the operation mode from FLUSH MODE to 
another mode, (OFF-LINE would be best) and then back to FLUSH MODE.  
 
ii) Auto Flush Mode: 
 
General Description 
These operating modes flush the Filter Pack directly from CIP Skid, or through the Feed Pump 
Skid, depending on the type of flush.  This sequence will be initiated automatically when the 
VSEP is stopped by an Alarm Shutdown condition, a low or high tank level condition, or by timed 
interval set point.  
 
Alarm Shut Down Flush 
Alarms are the most important part of the VSEP PLC. They cause the whole system to stop 
completely. If the alarms are working properly, the filter pack will be protected against errors in 
other parts of the program, against most common sensor failures as well as most operator errors. 
Set point ranges for the alarms are configurable.  Some examples of common alarms include: 
 
VSEP Alarms 
(Triggered only in Filtration Mode, filter pack is flushed with water through CIP pump) 
High Feed Pressure. 
High Concentrate Pressure. 
High Permeate Pressure. 
Low Feed Pressure. 
Low Minimum Trans-Membrane Pressure 
High Differential Pressure 
Low Permeate Flow  
High Permeate Flow  
Low Concentrate Flow 
High Concentrate Flow 
Feed Pressure Without Vibration. 
Vibration Drive Fault 
High Vibration Drive Motor Load. 
High Permeate Conductivity 
 
System Shutdown Alarms 
(Triggered only in Filtration Mode, filter packs are flushed with water through feed pumps) 
Low Feed Temperature 
High Feed Temperature 
Feed Pump Failure 
Low Feed Tank Level 
High Permeate Tank Level 
High Bag Filter Differential Pressure 
 
Cleaning Cycle Alarms 
(Cycle stops and waits for operator, filter pack is not flushed as CIP skid is not available) 
Low CIP Temperature 
High CIP Temperature 
Low CIP pH  
High CIP pH 
High CIP Tank Level 
High Feed Conductivity 
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After an Alarm Shut Down, the VSEP is isolated by valve orientation and drive motors will stop. 
Then there is a system pause, which would allow the system operator enough time to cancel the 
automatic flush, which is about to occur. After a time out, the flush sequence commences.  
 
The valves orient so that the unit is flushed from the CIP and the concentrate and permeate are 
sent to the drain; (system alarms will shutdown all filter packs and flush through the VSEP Feed 
Pump Skid, during this type of flush the permeate and concentrate will be sent to final destination 
tank). This condition continues for a pre-set timed interval or until the operator presses the STOP 
button. 
 
The system will remain in Shut Down Mode and cannot be restarted until the operator clears the 
Alarm and the condition which caused it. 
 
Note: If CIP skid is in cleaning, a VSEP can not be flushed until the CIP system is free.   
 
Timed Auto Flush 
Based on timers it is possible to flush all VSEPs through the feed pump skid.  This has been 
known to lengthen time between cleanings.  Also after system has been flushed it will go back 
online for filtration.   
 
Auto End of Batch Flush 
The VSEP’s will be flushed automatically with hot water once a filtration batch has been 
completed.  

 
5.1.7] Cleaning (CIP) Mode: 

i) Auto Cleaning (CIP) Mode: 
General Description: 
This operating mode is used to clean the Filter Pack by using a FLUSH – WASH (acidic) - CIP 
RINSE- FLUSH – WASH (caustic) - CIP RINSE - FLUSH cycle. During a FLUSH cycle, hot water 
is pumped through the Filter Pack with permeate and concentrate going to the drain for a set 
timed interval. During a WASH cycle, the contents of the CIP tank, which would include chemical 
cleaners, are recirculated back to the CIP tank for a timed interval. After completion the contents 
are drained. During a CIP RINSE the contents from the CIP Tank are drained and the tank is 
rinsed with water and prepared for second wash cycle.  
 
Timed Cleaning: 

At a configurable preset timed interval of operation in filtration mode, a single VSEP will 
be pulled off line automatically and will initiate a cleaning cycle via CIP skid. 
Simultaneously the other VSEP’s will continue operating in filtration mode. This can 
happen after a certain number of hours of operation have elapsed. 
 

 
Sequence of Events: 
 

 The automatic Hot Water In valve opens to fill the CIP tank if it is not already full.  
 

 At the same time, the NLR 404 chemical tote metering pump begins to dispense the 
appropriate amount of chemical cleaner into the CIP tank.  This would be done by 
configuring a time set point that would allow the proper amount of cleaner to be 
transferred from the tote to the tank. (setpoints optimized by field service engineer 
during installation)  

 
 Once the VSEP is taken off line, the valves orient for a hot water FLUSH operation. 

The Hot Water is sent to the VSEP unit to be cleaned directly from the Hot Water In 
valve on the feed pump inlet. Permeate and the concentrate are sent to the drain.  
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The concentrate flow control valve will be set using a PID loop for flow control and 
maintain a preset concentrate flow rate. (20 gpm is preferable). 

 
 After a timed interval of flushing, the system orients to initiate a WASH (acidic) cycle 

from the CIP tank. Once the system is ready, valves orient and the feed pump begins 
to ramp up. Constant Pressure Control will be used as an operating method with a 
set point of 50 psi and a sub routine for a PID Loop controlling the concentrate flow at 
20 gpm. If the permeate rate is high and the system is not capable of reaching 50 psi, 
the pump will ramp until the feed flow is 80 gpm or to full speed whichever comes 
first.  

 
 If safe transmembrane pressure is achieved (30 psi), the vibration will initiate to the 

"Pre-Vibration speed equal to 1/8" amplitude and then after a timed interval increase 
to 1/2" amplitude speed 

 
 At the beginning of the cleaning cycle, valves orient so the concentrate will be sent to 

the drain until the CIP tank level reaches 75% to avoid reintroducing most foulants 
into the cleaning solution. When the tank level is reached the concentrate valves 
switch so that they are recirculated back to the CIP tank. 

 
 This operation then continues for a configurable timed period, (45 minutes). Then 

after this timed interval, the concentrate valve again switches back to a drain 
destination.  This then reduces the CIP tank volume and this step continues until the 
tank is drawn down when the feed pump and vibration will stop 

 
 Once the Wash cycle is complete and the feed pump and vibration have stopped, the 

CIP Feed valve to the VSEP will close and the Hot Water In valve to the CIP tank 
opens for a short CIP RINSE. The CIP tank drain valve opens automatically after a 
configurable timed setpoint and will purge out any chemical cleaner contents or 
foulants from the CIP Tank.  The configurable set point may vary depending on how 
foamy the cleaners are. 

 
 Then the same procedure repeats for the second FLUSH – WASH (caustic) – CIP 

RINSE – FLUSH cycles.  
 

 After final flushing, the CIP valves close, and the valves to the process feed pump 
open. The VSEP will resume back to filtration mode. 

 
Note: In order to repeat the entire procedure above or if the procedure needs to be 
interrupted and starting over is desired, the operator should reset the system by changing the 
operation mode from CLEANING MODE to another mode, (OFF-LINE would be best) and 
then back to CLEANING MODE. 
 
Note: Vibration is desirable during rinsing or cleaning as it will prevent re-fouling by foulants 
dislodged from the cleaning.  Cleaning and rinsing are generally more effective with vibration; 
however, vibration is not mandatory.   
 
Operating Set points for Auto CIP Mode: 
- TANK LEVEL FOR WASH: The % level at which the CIP filling operation is done 
- TANK LEVEL FOR RECIRC: The CIP tank is level at which permeate and concentrate are 

sent back to the tank 
- WASH LENGTH: The time period for the wash cycle is set here 
- FLUSH LENGTH: Can be used to set timed interval of rinsing, or let the tank draw down 
- FEED PRESSURE: Operating pressure for wash and flush cycles.  
- CONCENTRATE FLOW RATE: Concentrate flow rate for during the cleaning cycle to 

provide adequate cross flow and efficient cleaning.  
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ii) Manual Cleaning (CIP) Mode:  
General Description 

 Manual Cleaning Mode follows the same principle as Auto Cleaning Mode, as stated 
above. After stopping the system due to low permeate fluxes or high permeate 
conductivity, the system operator sets the system for manual CLEANING MODE and 
modifies any setpoints as needed. Then the operator presses the start button to initiate. 
The sequence of events are the same as above. However at the end of the cleaning 
cycle the system will stop and go to Standby Mode.  

 
Note: It is assumed that daily hot water flushing will work well in some cases.  However it is 
estimated that three to four times per week, of NLR404 and NLR 505 chemical cleaning would be 
needed. Also is it estimated that once per month a NLR404 and NLR505 back to back cleaning 
would be prudent. All of this will be determined during operation and start up of the system.  
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RO Spiral Control Strategy 
 
Customer: HSP Panama Landfill 

Membrane: ESPA and LFC3-LD 

Feed Material: Landfill Leachate 

Suggested Preservatives: Water, and NLR 103 
 
 
1] Filtration Overview: 
The Spiral RO will be run in “single pass” mode. To maintain the ~80% recovery the exit 
concentrate flow control valve will be throttled. The inter stage tanks before (feed tank) and ahead 
(permeate/concentrate destination tanks) of the Spiral RO will be monitored. If these tanks get 
down to a configurable low/high level set point, it will automatically stop the RO skid pumps and a 
manual flush will have to take place.  
 
Flushes and cleaning cycles are available for Spiral RO skid, but they need to be made manually. 
 
2] Controls Parameters: 
Included in your system are three main control parameters consisting of Permeate Flow rate, % 
Recovery, and Cross Flow Control. These control parameters consist of configurable set points. 

 
i) Permeate Flow Control - The RO Spiral system will be run at constant filtrate flow, which 

will mean that the pressure through the RO Spiral units will vary depending on the 
degree of fouling with time.  Flow rates at each unit would gradually decrease as the 
membrane fouls, and the VFDs on the feed pumps will speed up or down so that the 
end result would meet the design configurable permeate flow set point.  

 
Because of variations in the VSEP Permeate tank level (spiral feed tank) are likely to 
occur, tweaking of the constant Permeate Flow set point will be done automatically 
based on feed tank level in order to maintain a continuous operation and avoid 
frequent starting and stopping of the system which would safeguard against possible 
damage to the pumps.  Unless the tank is below Low Level, RO Spiral system will 
initiate the Filtrate Flow Control and try to pace itself with tank level. Many variables 
will affect the performance of each spiral unit. The actual GFD is only an estimate, 
different membranes may foul at different rates, actual achieved % Recovery across 
unit may vary slightly, and many other factors will produce actual flow rates which 
vary both up and down from the original estimates.  The estimated calculations are 
considered nominal flow rates. For this reason, the RO Spiral system will need to be 
tuned or adjusted to create a balance, which is optimum. Also see Note-1 and 2 
below.  

 
ii) Volumetric % Recovery – In order to accomplish the ending % recovery of permeate, a 

material balance between feed, permeate, and concentrate must be maintained at a 
fixed ratio. Flow rates at each RO Spiral would gradually decrease as the membrane 
fouls. Permeate flow as a percentage of feed flow will be calculated and the 
concentrate from the spiral system will be throttled by means of a flow control valve 
so that the end result would meet the design set point for % Recovery. The % 
Recovery target value is a configurable set point.  The current design basis calls for a 
%Recovery of about 85% recovered as permeate and the remaining reject volume 
will be about 6gpm.   

 
iii) Cross Flow Control: The Spiral RO system needs to have a constant cross flow to ensure 

minimum fouling.  Cross flow will help keep the feed material homogenous and 
flowing, prevent plugging, fouling and thus reduce cleaning frequency.  
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3] Filtration Mode:  
 
i) Concentrate Valve Control: Included in the program are two main control methods for the 

Concentrate Valve.   
 

1. Valve Always Open - The valve is opened to a set position during start up of 
the system. Concentrate flow may vary. 

2. Concentration Ratio - The valve throttles flow to maintain a constant 
concentration ratio in accordance with % recovery.  

 
The concentrate flow control valve will follow a Flow Control PID loop with a 
subroutine for holding a flow set point during start up. The control variable for the PID 
loop is the flow measurement from the concentrate flow meter. The process variable 
is the concentrate valve position (0-100% Open). Once the feed pumps have ramped 
up and the desired permeate flow has been stabilized, the % recovery function takes 
over which will calculate the concentration ratio.  The PLC program will scan the 
Feed Flow, (which in this case is equal to the Permeate flow plus the Concentrate 
flow), and adjust the concentrate control valve to hold set amount of flow.  The PID 
function begins to throttle the valve to achieve the % Recovery set point. 

 
ii) Feed Pump Control: The spiral feed pumps will be controlled via a means of a VFD 

control and will try to reach a configurable Start up Feed Pressure. Once this 
pressure has been achieved the pumps will be ramped accordingly in order to 
achieve a set Permeate Flow Rate. The flow rate will vary during the operation 
especially as the material becomes more viscous during concentration. The control 
system will monitor the permeate flow rate as a single input and the feed pumps will 
hunt to hold the specific configurable flow rate set point.  

 
iii) Start/Stop Control: starting from the Local Control Panel, if the system is ready, the 

operator may start the system by using the START button at the local control panel.  
For the system to be ready, the following conditions must be met. 
            
 System Manual Valves must be correctly orientated for Filtration. 
 The system must be set for Filtration Mode. 
 The latching STOP button must be released or pulled out. 
 The system must not be stopped by an alarm. 
 The Feed Tank must be more than 20% full (configurable set point). 

 
Once the number of passes have been optimized the conductivity meter located on 
the permeate line can be used in correlation to determine the final permeate quality.    

 
4] Filtration Start-up:  
 
Sequence of Events 

1. Upon the start command signal, the system checks the feed tank level and 
verifies appropriate level to start pumps. 

2. Upon the start command signal, the Feed Pump(s) ramp up slowly to the 
configurable Feed Pressure Set point.  

3. VFD’s will adjust the pump speed to try to hold a specific permeate flow set point.  
4. The % Recovery Mode will take over (throttling the exit concentrate valve), once 

the concentrate recycle flow rate has been achieved and the permeate flow has 
been stabilized along with operating pressure. The system will run until the PLC 
receives a stop command. 
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5] Flush Overview: 
Two modes of flushes are available as described below: 
 
iii) Auto Flush Mode: 
 
General Description 
This operating mode flushes the spiral membrane modules directly from the hot water inlet to the 
feed pump.  During this sequence the flush water is pumped directly into the spiral system where 
the inlet valves to the feed pump switch over from feed to hot water. Permeate and concentrate 
valves orient to go to appropriate destinations.  
 
This type of flush would occur if the destination tanks are full, the feed tank is below 5% or during 
an alarm shutdown condition 
 
Sequence of Events – Auto Alarm Flush Mode 

1. After an Alarm Shut Down, the drive motor and feed pump will stop. Then there is a 
system pause, which would allow the system operator enough time to cancel the 
automatic flush, which is about to occur. After a time out, the flush sequence 
commences.  

 
2. The valves orient so that permeate and concentrate are sent to appropriate destinations.  

 
3. Hot water in valve opens to the feed pump. The pressure adjusts to 50 psi and the 

concentrate flow is trimmed to a configurable set point. 
 

4. After the Flush, the pumps will stop, valves will close and the system will standby and 
cannot be restarted until the operator clears the Alarm and the condition which caused it. 
The operator will have the option to perform a manual cleaning or to restart the batch of 
product. 

 
 

iv) Manual Flush Mode: 
General Description 
Follows the same principle as Auto Flush Mode. However this operating mode is used to 
manually flush the spiral membrane modules.  
 
Sequence of Events - Manual Hot Water Flush 

1. The system operator sets the system for FLUSH MODE and modifies any set points 
as needed. The machine must already be stopped. 

 
2. The system operator presses the START button. The valves orient and the automatic 

Hot Water In valve opens to feed Hot Water directly to the feed pump. 
 

3. After the configurable flush time length the pumps will stop and the system will 
standby.   

 
Operating Set points used in Auto & Manual Flush Mode 
 
- TIME FOR FLUSH: Set the desired number of minutes for an appropriate flush cycle 
- PRESSURE FOR FLUSHING: Select a number which corresponds to the desired feed pressure 

for Flushing (50 psi) 
- FLOW RATE FOR FLUSHING: Select a number which will correspond to the Concentrate flow 

rate during Flushing.  
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6] Cleaning (CIP) Mode: 
 
i) Auto Cleaning (CIP) Mode: 
General Description 
This operating mode is used to clean the Filter Pack by using a FLUSH 1 – WASH (acidic) –CIP 
RINSE – FLUSH 2 - WASH (caustic) – FLUSH 3 cycle. During a flush cycle, hot water is pumped 
through the RO membranes with the concentrate going to the drain or chemical treatment sewer. 
During a wash cycle, the contents of the CIP tank, which would include chemical cleaners, are 
recirculated back to the CIP tank for a timed interval. After completion the contents are drained 
and CIP tank is rinsed and prepared for second wash (caustic). During the final flush cycle, hot 
water is pumped through the filter pack with permeate and concentrate going to drain for a set 
timed interval.  
 
For the Spiral RO skid cleanings are intended to be less frequent due to the fact that the feed is 
NF permeate.  
 
Sequence of Events 

 Wash cycle preparation:  
 The system should be stopped. The system operator sets the system for cleaning mode, 

modifies any set points as needed.   
 
 The Hot Water in valve opens to fill the CIP tank if it is not already full. Simultaneously, 

appropriate amount of chemical cleaner is added into the CIP tank from the chemical 
metering skid. 

 

 Flush 1: 
 The Hot Water is sent to the spiral membranes directly from the “hot water in” valve 

located on the CIP skid. Permeate and concentrate valves will oriented automatically 
such that they are sent to the drain.  The concentrate flow control valve will be set using a 
PID loop for flow control and maintain a preset configurable concentrate flow rate. If there 
is not enough water pressure, the flow control valve on the concentrate may be 100% 
open. 

 After a configurable flush time (typically 5mins) has elapsed, the system will stop 
automatically.  

 

 Wash Cycle (acid): 
 The system orients to initiate a wash cycle from the CIP tank after the flush cycle. 

Appropriate valves are orientated automatically and permeate and concentrate lines are 
sent to drain until the CIP tank level reaches 75%. This is to avoid reintroducing most 
foulants into the cleaning solution. When the tank level is reached, permeate and 
concentrate valves will be switched automatically so that they are recirculated back to the 
CIP tank. 

 
 Once the system is ready and started, the pump begins to ramp up. Constant Pressure 

Control will be used as an operating method with a set point of 50 psi and a sub routine 
for a PID Loop controlling a preset configurable concentrate flow. 

 
 This operation then continues for a configurable timed period, (typically 30-45 minutes). 

Then after this timed interval, the concentrate valve orients to drain, thus reducing the 
CIP tank volume. This step continues until the tank is drawn down.  

 

 CIP Rinse: 
 Once the Wash cycle is complete and the pump has stopped, and once the CIP tank is 

drained, the CIP Feed valve to the spiral will close and the Hot Water In valve to the CIP 
tank opens to purge chemicals and cleaners out of the CIP tank.  The CIP tank drain 
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valve opens automatically for a configurable timed set point. The configurable time set 
point may vary depending on how foamy the cleaners are. 

 

 Flush 2: 
 Follows the same principle as flush 1 cycle, however for a longer period of time (typically 

10mins). Since that this rinse is between the two wash cycles, it is important to make 
sure that if not all, most of the previous chemical cleaner has been purged out of the 
system. 

 

 Wash Cycle (caustic): 
 Follows the same principle as the acid wash cycle. However a caustic cleaner will be 

used in this wash instead of an acid cleaner. 

 

 Flush 3: 
 Follows the same principle as previous flushes. The configurable flush time is set to 

about 5mins.  
 
Note: Periodically it may be necessary to perform repeated cleanings, so the number of wash 
cycles is not limited and can be repeated as needed.   
 
i) Manual Cleaning (CIP) Mode: 
 
General Description 
Manual Cleaning Mode follows the same principle as Auto Cleaning Mode, as stated above. After 
stopping the system due to low permeate fluxes or high permeate conductivity, the system 
operator sets the system for manual CLEANING MODE and modifies any set points as needed. 
Then the operator presses the start button to initiate the operation. The sequence of events are 
the same as above. However at the end of the cleaning cycle the system will stop and go to 
Standby Mode.  
 
Operating Set points used in Cleaning Mode: 

- TANK LEVEL FOR WASH: The % level at which the CIP filling operation is done 
- TANK LEVEL FOR RECIRC: The CIP tank is level at which permeate and concentrate are 

sent back to the tank 
- WASH LENGTH: The time period for the wash cycle is set here 
- FLUSH LENGTH: Can be used to set timed interval of rinsing, or let the tank draw down 
- FEED PRESSURE: Operating pressure for wash and flush cycles.  
- CONCENTRATE FLOW RATE: Concentrate flow rate for during the cleaning cycle to 

provide adequate cross flow and efficient cleaning.  
 
 
Note: It is assumed that daily hot water flushing will work well in some cases.  However it is 
estimated that 2-3 times per month, of NLR404 and NLR 505 chemical cleaning would be 
needed. Also is it estimated that once every couple of months a NLR404 and NLR505 back to 
back cleaning would be prudent. All of this will be determined during operation.  
 
7] Alarm Conditions that trigger an Alarm: 
 
These alarms must cause the whole system to stop completely. Alarms are the most important 
part of the spiral PLC program. If the alarms are working properly, the membranes will be 
protected against errors in other parts of the program. They will also protect against most 
common sensor and/or meter failures as well as most operator errors. 
 

1. High Feed Pressure. 
2. High Concentrate Pressure. 
3. High Permeate Pressure. 
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4. Low Feed Pressure. 
5. High Differential Pressure 
6. Low Permeate Flow  
7. High Permeate Flow  
8. Low Concentrate Flow  
9. High Concentrate Flow  
10. Low pH (pH1). 
11. High pH (pH1) 
12. High Feed Temperature. 
13. High Permeate Conductivity 
14. High Permeate Tank Level.  
 



VSEP Process Line Destination Description 11/21/2013

SDL- Santo Domingo Landfill Project 

VSEP/SPIRAL PROCESS LINE DESTINATION

Operation Mode Feed Permeate Concentrate Feed Permeate Concentrate

Normal Fitration Mode                                              (Single 

Pass process)
T-110 T-200 T-120 T-200/210

On-Spec = T-300,           

Off-Spec = T-210
T-120

Optional Fitration Mode                                              (Batch 

process)
T-110 T-200

Batch = T-110,                                              

End of Batch = T-120
T-200/210

On-Spec = T-300,           

Off-Spec = T-210
T-120

System Alarm, Auto, Timed and End of Batch Flushes T-130 T-200 T-120 T-130 T-300 T-120

404 & 505 Cleaning                                                                                                

(both cleanings go to the same place)
T-190 T-190 T-190                                                                                         T-190                                                                                         T-190                                                                                         T-190                                                                                         

CIP tank drawdown                                                                                                 

(after chemical cleaning) 

T-190                             

(from T-130)
Drain/Sump Drain/Sump

T-190                             

(from T-130)
Drain/Sump Drain/Sump

Flush CIP Tank T-130 Drain/Sump Drain/Sump T-130 Drain/Sump Drain/Sump

Cleaning Flushes                                                                                                 

(3 flushes within the chemical cleaning cycle)
T-130 T-120 T-120 T-130 T-120 T-120

STAGE-1 , 1X 84" RO VSEP STAGE-2, S7200 Spiral

Confidential 1 SDL Project 
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Technical Summary 
 

Filter Pack Cleaning Procedure 
 
Customer: Relleno Sanitario Santo Domingo de los Tsachilas  
Membrane: ESPA and LFC3-LD 
Feed Material: Landfill Leachate  
Suggested Preservatives: Water, and NLR 103 
  

When is Cleaning needed? 
The VSEP should be rinsed and then cleaned when or before the permeate rate reaches 50% of 
its initial stabilized flow rate value, after the flow rates are temperature and pressure corrected.  
It should also be cleaned before any prolonged period of inactivity.  The system should also be 
flushed with warm water after or during any alarm shutdowns, scheduled maintenance 
shutdowns, or emergencies.  Regular cleaning schedules will depend on the performance of each 
VSEP on an individual basis.  The frequency of cleaning is programmable and may vary from 
once per day to once per month depending on actual performance to be determined during 
startup.  The cleaning frequency will also vary between the two membranes, due to feed 
materials, operating conditions, and membrane life.  
 

Hot Water Flushing Procedure: (For Flushing Only without Cleaning) 
This step is completed in Flush Mode by flushing with hot water (50-60ºC) for 5 minutes sending 
the permeate and sending the concentrate to their destination tanks. Use a feed pressure of 
approximately 50 psi and amplitude of 1/2”.   
 

Optimum Cleaners: 
Typically the best chemical cleaning procedure for this application is the use of NLR 404 and NLR 
505 cleaners on an as needed basis. NLR 505 is a caustic cleaner containing mostly chelating 
agents and surfactants. Use of this cleaner will dissolve those foulants which are soluble in 
medium to high pH such as organics and silica. 404 is an acidic based cleaner and can be used 
to remove those things soluble in acid such as mineral scale.  Warm water and pH adjusting are 
critical to the success of the cleaning. 
 
Cleaning Procedure: 
The first step is to rinse the VSEP with warm to hot water (≤60ºC) single pass to the drain for 5 
minutes at low pressure directly from the hot water line to the feed pump. Please do not exceed 
80 gpm. After this flush, it is useful to get water flux data on the dirty filter pack.  This will help 
you to verify the effectiveness of the cleaning procedure upon completion.  Do this by measuring 
the permeate rate at the end of this rinse period, (single pass without re-circulation). The VSEP 
concentrate flow rate should be throttled to about 20gpm (dependent of filter pack design).    
 

For chemical cleaning, prepare a 2-3% solution of NLR 404 or NLR 505 in your CIP tank.  200 
gallons of cleaning solution is preferred.  After hot water rinse, start the cleaning liquid flow into 
the pack and divert the first 15% to the drain.  Then switch to recirculation so that the 
concentrate and permeate lines return to the CIP skid.  Recirculate in this same way for 30-60 
minutes. Then drain and rinse the CIP tank and rinse the pack again with hot water 50-60ºC for 
10 minutes at low pressure (50 psi).   
  

In order to properly verify if the membrane is clean, you should return to the feed material and 
compare your process flux numbers.  Then you would possibly be able to correlate a process flux 
with a clean flush flux.  Keep in mind that the most important parameter is whether you get 
your process flow rate back. Note that this process may need to be modified depending on 
fouling and from time to time you may need to use an alternative cleaner or repeated cleaning 
to better recover the membrane.  Some of this optimization will be completed during start-up 
but there will also be some completed later on as your membrane begins to age. 
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If there are any problems with your cleaning procedure then please contact New Logic 
Engineering as soon as possible for advice. 
 
 
Approximate Timing for Cleaning: 

Cleaner Description Volume Temperature Time 

 GPM Total Gallons (°C) (Mins) 

VSEP (typically once per day) 

1. Rinsing/flush with water prior to cleaning     
(feed directly into the VSEP).  

60 300 50-60 5 

2. NLR 404 clean (Fill up CIP tank and make an 
acidic cleaning solution. Drain first 15% of 
concentrate and recirculate the rest). Record 
pH and temperature of cleaning solution.   

60 200 50-60 30-45 

3. CIP Tank Rinse. 60 50 50-60 5 

4. Rinsing/flushing with water between caustic 
and acidic cleaning. (feed directly into the 
VSEP). 

60 600 50-60 10 

5. NLR 505 clean (Fill up CIP tank and make an 
acidic cleaning solution. Drain first 15% of 
concentrate and recirculate the rest). Record 
pH and temperature of cleaning solution.   

60 200 50-60 45-60 

6. CIP Tank Rinse. 60 50 50-60 5 

7. Final Flush (feed directly into the VSEP).  60 300 50-60 5 

Miscellaneous steps inc prep time and mixing time 20 

Totals  1700  125-155 

 

RO SPRIAL (typically once per week) 

1. Rinsing/flush with water prior to cleaning     
(feed directly into the VSEP).  

80 400 50-60 5 

2. NLR 404 clean (Fill up CIP tank and make an 
acidic cleaning solution. Drain first 15% of 
concentrate and recirculate the rest). Record 
pH and temperature of cleaning solution.   

80 200 50-60 60 

3. CIP Tank Rinse 60 50 50-60 5 

4. Rinsing/flushing with water between caustic 
and acidic cleaning. (Feed directly into the 
VSEP).  

80 800 50-60 10 

5. NLR 505 clean (Fill up CIP tank and make an 
acidic cleaning solution. Drain first 15% of 
concentrate and recirculate the rest). Record 
pH and temperature of cleaning solution.   

80 200 50-60 60 

6. CIP Tank Rinse. 60 50 50-60 5 

7. Final Flush (feed directly into the VSEP).  80 400 50-60 5 

Miscellaneous steps inc prep time and mixing time 20 

Totals 2100  170 

 



 
ESPA Membrane Specifications 
Membrane Performance* 
 Water Flux 35 GFD 
 Nominal Salt Rejection 95.4% 
 Molecular Weight Cut Off 40 Daltons 
 

Membrane Composition 
 Membrane Polymer Composite Polyamide 
 Membrane Surface Charge Neutrally Charged 
 Backing Material Non-woven Polyester 
 Supplier Hydranautics 
 

Process Condition Limits 
 Maximum Pressure 600 PSI* 
 Maximum Chlorine Concentration < 0.1 ppm 
 Maximum Operating Temperature 60ºC (140ºF) 
 Allowable pH Range 2.0 to 12.0 
 Feed Particle Size Limit 250 microns (60 mesh) 
 

VSEP Module Construction* 
 Module Size 84" Series I 
 Tray Spacing 5/Inch 
 Membrane Area ~1380 SF 
 FRP Housing Material 8084 Vinyl Ester Resin 
 Plastic End Plates Polypropylene 
 Membrane Support Trays 304 SS 18 ga 
 Diverter Support Trays 304 SS 24 ga 
 Elastomers EPDM 
 Drainage Cloth Polypropylene "Tricot" 
*Test Conditions: The stated performance is initial (data taken after 30 minutes of operation), based on the following conditions: 
1500 PPM NaCl solution, 300psi (2.07 MPa) Applied Pressure, 77 °F (25 °C) Operating Temperature, 6.5 - 7.0 pH.  The 
performance is based on a 0.5 sq. ft. flat sheet membrane and is an average value from multiple batch cell tests. 
  
*Maximum Pressure & VSEP Module Construction: Standard units can be upgraded up to 1200 PSI and constructed with 
compatible material for special applications and upon request. 
 
Notice: Permeate flow for individual elements may vary ± 30 percent. Elements are shipped with a preservative solution 
containing glycerin and anti-biological agents. New Logic believes the information and data contained herein to be accurate and 
useful. The information and data are offered in good faith, but without guarantee, as conditions and methods of use of our 
products are beyond our control. New Logic assumes no liability for results obtained or damages incurred through the application 
of the presented information and data. It is the user's responsibility to determine the appropriateness of New Logic's products for 
the user's specific end uses. 03/16/01 



  
 

 
 Membrane Element    LFC3-LD 
  (Low Fouling Technology) 
 

Performance: Permeate Flow: 11,000 gpd (41.6  m
3
/d)  

 Salt Rejection: 99.7 % (99.5 % minimum) 

                
 

 

Type Configuration: Low Fouling Spiral Wound 

 Membrane Polymer: Composite Polyamide 
  Neutrally charged 
 Membrane Active Area:  400 ft

2   
(37.1m

2
) 

 Feed Spacer:  34 mil (0.864 mm) with biostatic agent 
 

 

Application Data* Maximum Applied Pressure: 600 psig (4.16 MPa) 

 Maximum Chlorine Concentration: < 0.1 PPM 

 Maximum Operating Temperature: 113 F (45 C) 
 pH Range, Continuous (Cleaning): 2-10 (1-12)* 
 Maximum Feedwater Turbidity: 1.0 NTU 
 Maximum Feedwater SDI (15 mins): 5.0  
 Maximum Feed Flow:  75 GPM (17.0 m

3
/h) 

 Minimum Ratio of Concentrate to  
 Permeate Flow for any Element: 5:1 
 Maximum Pressure Drop for Each Element: 10 psi 

*  The limitations shown here are for general use.  For specific projects, operating at more conservative values may 

ensure the best performance and longest life of the membrane.   See Hydranautics Technical Bulletins for more detail 
on operation limits, cleaning pH, and cleaning temperatures. 

 
 

Test Conditions 
 

The stated performance is initial (data taken after 30 minutes of operation), based on the following conditions: 
 

 1500 PPM NaCl solution 
 225 psi (1.55 MPa) Applied Pressure 

 77 F (25 C) Operating Temperature 
 15% Permeate Recovery 
 6.5 - 7.0 pH Range 

PERMEATE

CONCENTRATE

A

C

FEEDB

 
 

A, inches (mm) B, inches (mm) C, inches (mm) Weight, lbs. (kg) 

 40.0    (1016)   7.89    (200)   1.125     (28.6)         36      (16.4) 
 
 
 
Notice: Permeate flow for individual elements may vary + or - 15 percent.  Membrane active area may vary +/-4%.  All membrane elements are supplied with a brine seal, 

interconnector, and o-rings. Elements are enclosed in a sealed polyethylene bag containing less than 1.0% sodium meta-bisulfite solution, and then packaged in a cardboard 
box.   
 
Hydranautics believes the information and data contained herein to be accurate and useful.  The information and data are offered in good faith, but without guarantee, as 
conditions and methods of use of our products are beyond our control.  Hydranautics assumes no liability for results obtained or damages incurred through the application of the 
presented information and data. It is the user's responsibility to determine the appropriateness of Hydranautics' products for the user's specific end uses.                        11/01/11  



























Filter Pack Storage Procedure – SDL Santo Domingo Landfill 

NEW LOGIC RESEARCH  - 1295 67TH STREET, EMERYVILLE, CA 94608 USA                 

7/16/13             1 

Confidential Material 

 

RE: Filter Pack Storage Procedure 
 
Customer: SDL Santo Domingo Landfill 
Membrane: ESPA 
Feed Material: Landfill Leachate 
Suggested Preservatives: NLR 103 
  
MEMBRANE STORAGE SOLUTIONS 
 
Sanitizing is only necessary for flushed or used membrane materials; new filter 
packs or membrane cut samples will not need any added solution as these are 
shipped from the Factory with Preservative. 
 
Sanitizing as shown below is necessary for non-use of more than two weeks.  
Biological growth, for short term idle (less than two weeks), can be avoided by 
periodically flushing with warm water. 
 
Preparing Filter Pack for Storage: 
 
Step 1   After operation on VSEP machine, flush membrane with clean warm water at low 
pressure and high crossflow for at least 15 minutes.  Clean the membrane as described in 
the cleaning procedure provided by New Logic. 
 
Step 2   Fill the CIP tank with NLR 103 to 20% level. 
 
Step 3   Run the machine for approximately 5 minutes and recirculate the solution as feed 
material and permeate the solution through the Filter Pack or Membrane.  Run the machine 
at low pressure and high crossflow. 
 
Step 4   Seal the Filter Pack Openings 
 
 
Repeat this procedure every 60 days if temperature is below 80ºF and every 30 days if 
temperature is above 80ºF.  For very long term storage, (4 months or more), the Filter Pack 
should be refrigerated or Consult New Logic for other procedures. 
 
Note:  Drain out the NLR 103 stored in the filter pack and rinse the filter pack with fresh 
water before starting in filtration mode. Flushing for 20 minutes with clean water is usually 
enough. Flush first at low pressure with high crossflow, then, at high pressure. This will be 
necessary for newly arriving Filter Packs from New Logic as they are shipped filled 
with water to preserve the membrane during shipment.  
 
 
 















SDL Instrument Spreadsheet.xls

 NLR Confidential 12/4/2013 SDL Project 

SDL Project - Instruments Totals

Quantity Size Brand Name Device Type Wetted Materials Span Limits Model #

3 1/2" IFM Efector Temperature Transmitter 316 SS Thermowell -40º-125ºC TN 2531

3 1/2" IFM Efector Thermowell 316 SS M18x1.5 to 1/2" UT 0028

4 1/4" IFM Efector  DP Pressure Transmitter 316 SS, CoNiCr 0-145 psi PN 2224

2 1" IFM Efector Mag Flow Meter 316L, PEEK, FKM 0.1-30 GPM SM 0504

3 2" IFM Efector Mag Flow Meter 316L, PEEK, FKM 1.3-158.5 GPM SM 2004

7 1/4" IFM Efector Pressure Transmitter 316 SS, CoNiCr 0-1450 psi PN 2222

1 3/4" GF Signet Conductivity Meter Polypro, Titanium, Viton 200-200000 uS 3-2850-52-42

3 3/4" GF Signet Conductivity Meter Polypro, Titanium, Viton 10-10000 uS 3-2850-52-41

1 1/4" IFM Efector Level Pressure Transmitter 316 SS, CoNiCr -5-100 inH20 PN 2228

1 3/4" GF Signet pH Electrode Polypro, Titanium, Viton ~ 3-2726-00

1 ~ GF Signet pH Transmitter ~ 0.0 to 14.0 3-9900-1

1 ~ GF Signet pH Display ~ ~ 3-2750-1

3 3/4" Grundfos Dry Run Temperature Sensor 316 SS, Viton 0-135°C 96556427

3 ~ Grundfos Dry Run Temperature Switch None 130°C 96556429

3 3/8" SMC Low Pressure Switch None 4 barg IS10E-30N03-6PRZ

39 Instruments Totals



Instrumentation

 NLR Confidential SDL Project 

SDL Project - Instruments List

Stage-1 VSEP RO Skid

Tag # Location Size Brand Name Device Type Wetted Materials Span Limits Model #

TIT-100 Feed Line 1/2" IFM Efector Temperature Transmitter 316 SS Thermowell -40º-125ºC TN 2531

TE-100 Feed Line 1/2" IFM Efector Thermowell 316 SS M18x1.5 to 1/2" UT 0028

AE/AT-100 Feed Line 3/4" GF Signet Conductivity  Meter Polypro, Titanium, Viton 200-200000 uS 3-2850-52-42

PDT-100 Bag Filter Inlet 1/4" IFM Efector  DP Pressure Transmitter 316 SS, CoNiCr 0-145 psi PN 2224

PDT-101 Bag Filter Outlet 1/4" IFM Efector  DP Pressure Transmitter 316 SS, CoNiCr 0-145 psi PN 2224

FIT-111 VSEP#1 Permeate Return Line 2" IFM Efector Mag Flow Meter 316L, PEEK, FKM 1.3-158.5 GPM SM 2004

FIT-112 VSEP#1 Concentrate Return Line 1" IFM Efector Mag Flow Meter 316L, PEEK, FKM 0.1-30 GPM SM 0504

PIT-100 Feed Header 1/4" IFM Efector Pressure Transmitter 316 SS, CoNiCr 0-1450 psi PN 2222

PIT-110 VSEP#1 Feed Line 1/4" IFM Efector Pressure Transmitter 316 SS, CoNiCr 0-1450 psi PN 2222

PIT-111 VSEP#1 Permeate Line 1/4" IFM Efector Pressure Transmitter 316 SS, CoNiCr 0-1450 psi PN 2222

PIT-112 VSEP#1 Concentrate Line 1/4" IFM Efector Pressure Transmitter 316 SS, CoNiCr 0-1450 psi PN 2222

AE/AT-101 Permeate Return Line 3/4" GF Signet Conductivity  Meter Polypro, Titanium, Viton 10-10000 uS 3-2850-52-41

TSH-101 Booster Pump 3/4" Grundfos Dry Run Temperature Sensor 316 SS, Viton 0-135°C 96556427

TSH-101 Instrument Display ~ Grundfos Dry Run Temperature Switch None 130°C 96556429

PSL-100 Air Regulator 3/8" SMC Low Pressure Switch None 4 barg IS10E-30N03-6PRZ

CIP Skid

Tag # Location Size Brand Name Device Type Wetted Materials Span Limits Model #

AE-190 CIP/Feed Line 3/4" GF Signet pH Electrode Polypro, Titanium, Viton ~ 3-2726-00

AIT-190 CIP/Feed Line ~ GF Signet pH Transmitter ~ 0.0 to 14.0 3-9900-1

AIT-190 CIP/Feed Line ~ GF Signet pH Display ~ ~ 3-2750-1

TIT-190 VSEP CIP Feed Line 1/2" IFM Efector Temperature Transmitter 316 SS Thermowell -40º-125ºC TN 2351

TE-190 VSEP CIP Feed Line 1/2" IFM Efector Thermowell 316 SS M18x1.5 to 1/2" UT 0028

LIT-190 VSEP CIP Tank, T-190 1/4" IFM Efector Level Pressure Transmitter 316 SS, CoNiCr -5-100 inH20 PN 2228

TSH-190 Booster Pump 3/4" Grundfos Dry Run Temperature Sensor 316 SS, Viton 0-135°C 96556427

TSH-190 Instrument Display ~ Grundfos Dry Run Temperature Switch None 130°C 96556429

PSL-190 Air Regulator 3/8" SMC Low Pressure Switch None 4 barg IS10E-30N03-6PRZ

Stage-2 Spiral Skid

Tag # Location Size Brand Name Device Type Wetted Materials Span Limits Model #

TE/TIT-200 Spiral Feed Line 1/2" Effector Temperature Transmitter 316 SS Thermowell -40º-125ºC TN 2531

TE/TIT-300 Spiral Feed Line 1/2" Effector Metric Adapter 316 SS M18x1.5 to 1/2" E 40107

AE/AT-200 Spiral Feed Line 3/4" Signet Conductivity  Meter Polypro, Titanium, Viton 10-10000 uS 3-2850-52-41

PDT-200 Bag Filter Inlet 1/4" Effector  DP Pressure Transmitter 316 SS, CoNiCr 0-150 psi PN 2224

PDT-201 Bag Filter Outlet 1/4" Effector  DP Pressure Transmitter 316 SS, CoNiCr 0-150 psi PN 2224

PIT-200 Feed Header 1/4" Effector Pressure Transmitter 316 SS, CoNiCr 0-1450 psi PN 2222

PIT-201 Permeate Line 1/4" Effector Pressure Transmitter 316 SS, CoNiCr 0-1450 psi PN 2222

PIT-202 Concentrate Line 1/4" Effector Pressure Transmitter 316 SS, CoNiCr 0-1450 psi PN 2222

FIT-200 Concentrate Return Line 1" IFM Efector Mag Flow Meter 316L, PEEK, FKM 0.1-30 GPM SM 0504

FIT-201 Permeate Return Line 2" IFM Efector Mag Flow Meter 316L, PEEK, FKM 1.3-158.5 GPM SM 2004

FI-200 1st Stage Permeate Line 2" IFM Efector Mag Flow Meter 316L, PEEK, FKM 1.3-158.5 GPM SM 2004

AE/AT-201 Permeate Return Line 3/4" Signet Conductivity  Meter Polypro, Titanium, Viton 10-10000 uS 3-2850-52-41

PI-200 Stage-1 Permeate outlet 1/4" Wika Pressure Indicator 316SS 0-600psi 9768530-834

FI-200 Stage-1 Permeate outlet 1.5" GPI Flow Indicator 316 SS, Tungsten Carbide, PVDF 20-200GPM G2S15N09GMB

PSL-200 Air Regulator 3/8" SMC Low Pressure Switch None 4 barg IS10E-30N03-6PRZ

TSH-201 Booster Pump 3/4" Grundfos Dry Run Temperature Sensor 316 SS, Viton 0-135°C 96556427

TSH-201 Instrument Display ~ Grundfos Dry Run Temperature Switch None 130°C 96556429

Process Tank Instruments (provided by others)

Tag # Location Size Brand Name Device Type Wetted Materials Span Limits Model #

TSH-110 Transfer Pump P-110 1/4" Unknown Low Pressure Switch Unknown Unknown Unknown

LIT-110 T-110, VSEP Batch Feed Tank 1/4" Unknown Level Pressure Transmitter 316 SS, CoNiCr -5-300 inH20 PN 2228

LIT-120 T-120, VSEP Reject Tank 1/4" Unknown Level Pressure Transmitter 316 SS, CoNiCr -5-300 inH20 PN 2228

LIT-200 T-200, VSEP Permeate Tank 1/4" Unknown Level Pressure Transmitter 316 SS, CoNiCr -5-300 inH20 PN 2228

LIT-210 T-210, VSEP Permeate Tank 1/4" Unknown Level Pressure Transmitter 316 SS, CoNiCr -5-300 inH20 PN 2228

LIT-300 T-300 Spiral RO Permeate Tank 1/4" Unknown Level Pressure Transmitter 317 SS, CoNiCr -5-300 inH21 PN 2228

LIT-130 T-130, Hot Water Tank 1/4" Unknown Level Pressure Transmitter 316 SS, CoNiCr -5-300 inH20 PN 2228



IFM Efector Flow Sensor Code Number Matrix

2"  Flow SM2004

1"  Flow SM0504

Code Sensor Range

PN 2228 0-30 gpm (0-6.8 m3/hr)

PN 2226 0-160 gpm (0-36 m3/hr)

Code Connection

- Sensor with 24VDC power with 4-20mA output signal

Code Cable

E18112 Washdown 4 pin M12 micro DC assemblies 5m

IFM Efector Pressure Sensor Code Number Matrix

Level PN 2228, E 18112

Pressure PN 2222, E 18112

DP PN 2226, E 18112

Code 1/4" NPT Sensor Range

PN 2228 0-100 in H20

PN 2227 3-14 psi

PN 2226 7-36 psi

PN 2224 25-145 psi

PN 2223 76-362 psi

PN 2222 364-1450 psi

PN 2221 905-3625 psi

PN 2220 1450-5800 psi

Code G1/4 BSPP Sensor Range

PN 2028 0-100 in H20

PN 2027 3-14 psi

PN 2026 7-36 psi

PN 2024 25-145 psi

PN 2023 76-362 psi

PN 2022 364-1450 psi

PN 2021 905-3625 psi

PN 2020 1450-5800 psi

Code Connection

- Sensor with 24VDC power with 4-20mA output signal

Code Cable

E18112 Washdown 4 pin M12 micro DC assemblies 5m

E18113 Washdown 4 pin M12 micro DC assemblies 10m

E18111 Washdown 4 pin M12 micro DC assemblies 25m

IFM Efector Temperature Sensor Code Number Matrix

Temperature TN 2530, E 40107, E 18112

Code Sensors

TN 2530 24VDC power with 4-20 mA, -40 to 125 degC

TN 7530 Dual PNP, -40 to 125 degC



Code Thermowell

UT 0028 M18x1.5 to 1/2" NPT male

Code Cable

E18112 Washdown 4 pin M12 micro DC assemblies 5m

E18113 Washdown 4 pin M12 micro DC assemblies 10m

E18111 Washdown 4 pin M12 micro DC assemblies 25m



GF Signet pH Meter Code Number Matrix

Electrode 3-2774-1

Transmitter 3-2750-2

Preamp 3-2750-3

Bracket 3-2750-4

Code pH Electrode

3-2726 Flat pH surface electrode

Code Temperature Elements

- 3k Ohm RTD

00 PT1000 RTD

Code Transmitter

3-9900 Sensor with preamplified Digital S3L or 4-20mA output signal

Code Electronics

1 In-line (yellow body)

Code Preamp

3-2750-1 In-line w/ Junction Box

Code Bracket

3-9900.396 Angled

GF Signet Conductivity Meter Code Number Matrix

Meter 3-2850-52-41

Meter 3-2850-52-42

Code Integral Mount System

3-2850 Conductivity Sensor Electronics

Code Electronics Versions and Output Signal

51 Digital S3L output signal with EasyCal

52 4-20mA output signal with EasyCal

Code Electrode

39 2839 Electrode, 0.01 cell

40 2840 Electrode, 0.1 cell

41 2841 Electrode, 1.0 cell

42 2842 Electrode, 10.0 cell

Code Process Connection

D ISO 7/1R 3/4 

- 3/4" NPT
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Signet 2850 Conductivity/Resistivity Sensor 
Electronics and Integral Systems

Description
The Signet 2850 Conductivity/Resistivity Sensor 
Electronics are available in various configurations 
for maximum installation flexibility.  The universal 
mount version is for pipe, wall, or tank mounting 
and enables single or dual (digital versions only) 
inputs using any standard Signet conductivity / 
resistivity sensor.  The threaded j-box version 
can be used with these same Signet sensors for 
submersible sensor mounting.  It is also avail-
able as a combined integral system configuration 
for in-line mounting and includes a conductivity 
electrode in a choice of 0.01, 0.1, 1.0, or 10.0  cm-1 
cell constants.  The 2850 is ideal for applications 
with a conductivity range of 0.055 to 200,000 μS or 
a resistivity range of 18.2 MΩ to 10 kΩ.  

All 2850 units are available with a choice of two 
outputs: digital (S3L) or 4 to 20 mA. The digital 

Features
• Integral mount sys-

tems for quick and 
easy installation

• Compact design for 
maximum installa-
tion flexibility

• Digital (S3L) interface 
or two-wire 4 to 20 
mA output

• EasyCal with auto-
matic test solution 
recognition

• Dual channel unit 
available for low 
cost installation with 
Signet 8900 Multi-Pa-
rameter Controller

• For use with ALL 
Signet conductivity 
electrodes

 
Applications
• Water Treatment & 

Water Quality
 Monitoring
• Reverse Osmosis
• Deionization
• Demineralizer, 
 Regeneration & Rinse
• Scrubber, Cooling 

tower and Boiler 
Protection

• Aquatic Animal Life 
Support Systems

(S3L) output version allows for up to six 
sensor inputs directly into the Signet 8900 
Multi- Parameter Controller. The two-wire 
4 to 20 mA output is available with eight 4 
to 20 mA output ranges for each electrode 
cell constant. Additionally, each range can 
be inverted and are field selectable by the 
user.  

All 2850 units are built with NEMA 4X/IP 65 
enclosures which allow wiring connections 
with long cable runs of up to 1,000 feet 
(305 m).  EasyCal is a standard feature that 
automatically recognizes conductivity test 
solution values for simple field calibration.  
A calibration tool is available for validation 
of the sensor electronics according to USP 
requirements.

System Overview

2850 Integral Conductivity System 
for in-line installationsThreaded J-Box

Universal Mount

Signet 8900 
Instrument
(sold separately)

Panel Mount
Programable Logic
Controller

4 to 20 mA Input

In-Line Sensor Installation

PLC

Signet 8900 
Instrument
(sold separately)

Panel Mount 4 to 20 mA Input

PLC

Signet 8900 
Instrument
(sold separately)

Panel Mount
Programable Logic
Controller

4 to 20 mA Input

PLC

Signet 2850 
Universal Mount

Signet 2850 
Universal Mount
or Threaded J-Box

Submersible Installation

Signet 2819-2823 or
2839-2842
Conductivity
Electrode
(sold separately)

Fittings (3/4 in. NPT or ISO) - Customer supplied

Programable Logic
Controller

Signet 2850 
Conductivity System
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Dimensions

2850-5X-XX Integral Mount Systems

95mm
(3.7 in.)

85 mm
(3.34 in.)

A1, A2, A3 or A4

A1 (3-2839) = 73mm (2.88 in.)
A2 (3-2840) = 35mm (1.38 in.)
A3 (3-2841) = 41.3mm (1.63 in.)
A4 (3-2842) = 41.3mm (1.63 in.)

26 mm
(1.02 in.)

82 mm
(3.24 in.)

95 mm (3.7 in.)

2850-6X Universal Mount Systems

85 mm
(3.34 in.)

95 mm (3.7 in.)

2850-5X threaded J-Box

Operating Range Chart

1 μS
1 MΩ

10 μS
100 KΩ

1,000 μS 10,000 μS
50,000 μS

50 μS

0.5 μS 200,000 μS

100 μS
10 KΩ

400,000 μS200 μS 100,000 μS0.055 μS
18.2 MΩ

Bottled
WaterUPW @ 25°C USP

Cooling Tower
Waste Waters

Deionization Regen. Chemicals
Alkali Cleaners, Acids/Bases

3-2819

3-2839

3-2840
3-2820

3-2841
3-2821

(10.0 Cell) 3-2842
3-2822

(20.0 Cell) 3-2823

(0.10 Cell)

(1.0 Cell)

(0.01 Cell)

PPM TDS 5 50 500 5,000 25,000 50,000 100,000 200,000

The 2850 is capable of measuring conductivity and resistivity values over a wide range. 
Below is a chart of Signet Conductivity/Resistivity electrodes (listed in each range box) 
that are recommended for the specified measurement range.
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Specifications:
General
Compatible Electrodes: All Signet 
models with PT-1000 RTD
Materials:
• Threaded j-box for Integral mount:  

PBT
• Universal/Remote mount:
 PBT, CPVC
Temperature Compensation:
 PT-1000 RTD

Easy-Cal: Automatic recognition of the 
following conductivity values:
• 146.93 μS, 1408.8 μS, 12856 μS 

(@25°C) (Test solutions Per ASTM 
D1125-95)

• 10 μS, 100 μS, 200 μS, 500 μS, 
1000 μS, 5000 μS, 10,000 μS, 
50,000 μS, 100,000 μS (@25°C)

 (Standard test solutions)

Electrical
Power:

12 to 24 VDC for 4 to 20 mA output 
(typically called “Loop Powered”)
5 VDC +/-5% regulated (provided 
by the Signet 8900), 3.0 mA max 
for Digital (S3L) output (Reverse 
polarity and short circuit protected)

Digital (S3L) Output: Serial ASCII, TTL 
level 9600 bps

• Accuracy:  
 Conductivity: ±2% of reading
 Temperature: ±0.5°C
• Resolution: 
 Conductivity: 0.1% of reading
 Temperature: < 0.2°C
• Update Rate:
 Single channel models: < 600 ms
 Dual channel models: < 1200 ms

•

•

Electrical (continued):
Available data via Digital (S3L) Output:
• Raw conductivity
• Calibrated conductivity
• Calibrated temperature-

compensated conductivity
• Temperature 
Error Indication:  Open input and out of 
range diagnostics for temperature or 
internal electronic error.

Current Output:
• Field-selectable ranges
• Factory set Span:
 0.01 cell (2819, 2839):
            4 to 20 mA = 0 to 100 μS
 0.10 cell (2820, 2840):
           4 to 20 mA = 0 to 1000 μS
 1.0 cell   (2821, 2841):
           4 to 20 mA = 0 to 10,000 μS
 10.0 cell (2822, 2842):
            4 to 20 mA = 0 to 200,000 μS
 20.0 cell (2823):
           4 to 20 mA = 0 to 400,000 μS
• Max. Loop Resistance:
  50 Ω @ 12 VDC
  325 Ω @ 18 VDC  
  600 Ω @ 24 VDC
• Accuracy: ±2% of output span
• Resolution: 7 μA
• Update Rate:  <600 ms
• Error Indication: 22 mA
• Pure Water Compensation:
 When using 0.01-cm cell and raw 

conductivity value < 0.5 μS, the 
2850 auto-switches to compensate 
for non-linear temperature effects 
found in this low conductivity (high 
resistivity) range

Shipping weight:
• Threaded j-box:  
 0.75 kg (1.75 lb.)
• Universal mount: 
 0.75 kg (1.75 lb.)

Standards and Approvals
• NEMA 4X/IP65
• CE
• Immunity:  EN61326-1
• Emissions:  EN55011 

Class B
• Manufactured under ISO 

9001:2000 for Quality 
and ISO 14001:2004 
for Environmental 
Management

Field Selectable Ranges for 4 to20 mA Operation
The chart below indicates the field selectable ranges in which the 2850 sensor 
electronics can be set via internal switches. All ranges can be inverted if required. 
Signet Models listed below are compatible Conductivity/Resistivity electrodes.

0.01 Cell 0.10 Cell 1.0 cell 10.0 Cell 20.0 Cell

Signet Model 
2819 or 2839

Signet Model 
2820 or 2840

Signet Model 
2821 or 2841

Signet Model 
2822 or 2842

Signet Model 
2843

10 to 20 MΩ 0 to 2 μS 0 to 20 μS 0 to 200 μS 0 to 400 μS

2 to 10 MΩ 0 to 5 μS 0 to 50 μS 0 to 500 μS 0 to 1,000 μS

0 to 2 MΩ 0 to 10 μS 0 to 100 μS 0 to 1,000 μS 0 to 2,000 μS

0 to 1 MΩ 0 to 50 μS 0 to 500 μS 0 to 5,000 μS 0 to 10,000 μS

0 to 5 MΩ 0 to 100 μS 0 to 1000 μS 0 to 10,000 μS 0 to 20,000 μS

0 to 10 MΩ 0 to 200 μS 0 to 2000 μS 0 to 50,000 μS 0 to 100,000 μS

N/A 0 to 500 μS 0 to 5,000 μS 0 to 100,000 μS 0 to 200,000 μS

N/A 0 to 1,000 μS 0 to 10,000 μS 0 to 200,000 μS 0 to 400,000 μS

The 4 to 20 output ranges shown in this chart can be inverted using the internal switch
Resistivity Ranges are in BOLD

Integral System includes 
the 2850 sensor electronics 
and a choice of Conductiv-
ity/Resistivity electrode.

-6X Universal/Remote
Mount

-5X threaded J-Box
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Ordering Information

Integral Mount System (includes Sensor Electronics and electrodes) 
3-2850 Conductivity and Resistivity Sensor Electronics 

Output Type
-51 Digital (S3L) output with EasyCal
-52 4 to 20mA output with EasyCal

Sensor Option
-39 2839 Electrode, 0.01 cell
-40 2840 Electrode, 0.1 cell
-41 2841 Electrode, 1.0 cell
-42 2842 Electrode, 10.0 cell

Process threaded connection types
D ISO threads
- NPT threads

3-2850 -52 -39 Example Part Number

Sensor Part Number

3-2850 Conductivity Sensor Electronics with 4 to 20 mA or digital output

Mounting configurations

-5 3/4 inch threaded j-box for standpipe mounting, single input only

-6 Universal Mount Junction Box for remote mount, single or dual input

Output choices

1 one input/one Digital (S3L) output

2 one input/one 4 to 20 mA output

3 two inputs/two Digital (S3L) outputs (available for -6X versions only) 

3-2850 -5 2 Example Part Number

2850 Integral Systems

2850 Sensor Electronics

Use this ordering matrix when an integral 2850 system is desired (using 
2839-2842 series electrodes). Integral systems are shipped with a sensor 
and 2850 combined. Other 2850 systems are available with Signet 2819 to 
2823 electrodes upon request. See individual electrode product pages for 
more information.

Use this ordering matrix when remote sensor mounting is desired. The 
2850-5X and 2850-6X are compatible with ALL Signet conductivity elec-
trodes. See individual electrode product pages for more information.

3-2850-51 159 001 398
3-2850-51-39 159 001 339
3-2850-51-40 159 001 340
3-2850-51-41 159 001 341
3-2850-51-42 159 001 342
3-2850-51-39D 159 001 343
3-2850-51-40D 159 001 344

3-2850-51-41D 159 001 345
3-2850-51-42D 159 001 346
3-2850-52 159 001 399
3-2850-52-39 159 001 347
3-2850-52-40 159 001 348
3-2850-52-41 159 001 349
3-2850-52-42 159 001 350

Mfr. Part No. Code Mfr. Part No. Code

Accessories and Replacement Parts

3-2850.101-1 159 001 392 Plug-in NIST traceable recertification tool, 1.0 μS simulated
3-2850.101-2 159 001 393 Plug-in NIST traceable recertification tool, 2.5 μS simulated
3-2850.101-3 159 001 394 Plug-in NIST traceable recertification tool, 10.0 μS simulated
3-2850.101-4 159 001 395 Plug-in NIST traceable recertification tool, 18.2 MΩ simulated
3-2850.101-5 159 001 396 Plug-in NIST traceable recertification tool, 10.0MΩ simulated
3-2839-3 159 001 355  Electrode - 0.01 μS/cm, 6 in. cable, NPT
3-2839-3D 159 001 359  Electrode - 0.01 μS/cm, 6 in. cable, ISO
3-2840-3 159 001 356  Electrode - 0.1 μS/cm, 6 in. cable, NPT
3-2840-3D 159 001 360  Electrode - 0.1 μS/cm, 6 in. cable, ISO
3-2841-3 159 001 357  Electrode - 1.0 μS/cm, 6 in. cable, NPT
3-2841-3D 159 001 361  Electrode - 1.0 μS/cm, 6 in. cable, ISO
3-2842-3 159 001 358  Electrode - 10.0 μS/cm, 6 in. cable, NPT
3-2842-3D 159 001 362  Electrode - 10.0 μS/cm, 6 in. cable, ISO
5523-0322 159 000 761  Cable, 3-cond. plus shield, 22AWG

Mfr. Part No. Code Description

Mfr. Part No. Code
3-2850-52-39D 159 001 351
3-2850-52-40D 159 001 352
3-2850-52-41D 159 001 353
3-2850-52-42D 159 001 354
3-2850-61 159 001 400
3-2850-62 159 001 401
3-2850-63 159 001 402

Model 2850
Ordering Notes:
1) All 2850 units can be used 

with any Signet Conductiv-
ity/Resistivity electrode

2) Integral systems are only 
offered with Signet models 
2839-2842 electrodes. How-
ever, they may be integrally 
mounted with the 2819-
2842 series using a second 
threaded connection (sold 
separately) part numbers 
3-2820.390 or 3-2820.391.

3) Dual channel units are only 
available in the universal/
remote mount configura-
tion and with digital (S3L) 
output for use with the 8900 
instrument.

Application Tips:
• Maximum distance between 

sensor and 2850 electronics 
is 4.6m (15 ft.). 

• Longer cable runs may 
result in small temperature 
compensation offsets, but 
can be adjusted through 
calibration in the 8900.

Please refer to Wiring, 
Installation and Accessories 
for more information. 
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Benefits
The 9900 Transmitter offers “at-a-glance” visibility, easy set-up and the 
flexibility to combine it with different parameters.

As a new member of the Signet SmartPro™ family of instruments, the Signet 9900 Transmitter provides a single channel 

interface for many different parameters including Flow, pH/ORP, Conductivity/Resistivity, Salinity, Temperature, Pressure, 

Level and other sensors that output a 4 to 20 mA signal.

separate lines for units, main and 

secondary measurements as well as 

a “dial-type” digital bar graph.

 

Quick and easy installation

The intuitive menu system is 

consistent with ProcessPro® and 

ProPoint® transmitters. 

At-a-glance visibility

The highly illuminated display and 

extra large (3.90” x 3.90”) auto-

sensing backlit display can be 

viewed at 4-5 times the distance 

over traditional transmitters.  Large 

characters are easily visible even in 

dark conditions. The display shows 

With our PC COMM configuration tool 

you can easily set-up the parameters 

on your laptop. 

Flexibility

One instrument for multiple 

measurements.  Designed for 

complete flexibility, plug-in modules 

allow the unit to easily adapt to meet 

changing customer needs.  Optional 

modules include Relay, Direct 

Conductivity/Resistivity, H COMM and 

a PC COMM configuration tool.9900 Transmitter – Panel and Field Mount

Relay Module Direct Conductivity/Resistivity 
Module

H COMM Module 0251 Configuration Tool
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Features
Default values are available for quick and easy programming and can 
be customised if desired.

For at-a-glance visibility, the 9900 Transmitter features a large auto-sensing backlit display, “dial-type” bar graph and 

relay and warning LEDs.  The intuitive menu system is consistent with ProcessPro® and ProPoint® transmitters, assuring 

you of a  quicker and easier installation. The optional Relay, Direct Conductivity/Resistivity, H COMM and PC COMM 

plug-in modules offers ease of use.  The unit can be used with default values for quick and easy programming or can be 

customised with labelling, adjustable minimum and maximum dial settings, and unit and decimal measurement choices.  

The versatile device also allows third-party 4 to 20 mA signals to be used as an input (optional 8058 module required).

Menu Navigation Keys

Error Indicator

Open Collector (R1) 

Indicator LED

Mechanical Relay 

 LED Indicator  

Backlight 

Sensor
Mechanical Relay

Indicator LED

Bar Graph

Value

Units of Measure

Label

Available in Panel or 

Field Mounts
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Features
One unit can replace ProPoint® and single-channel ProcessPro® 
instruments, dramatically reducing part numbers.

The 9900 Transmitter can be integrated in a panel unit or mounted in the field.  Both configurations can run on 12 to 

32 VDC power (24 VDC nominal) and can control many types of sensors on loop power.  

Relay Module

– Adds two programmable 

 dry-contact relays  

– Available in panel mount only  

– Hysteresis and time delay  

 available for each relay

PC COMM Module

– Enables configuration and programming from a PC

– Settings from one 9900 Transmitter can be saved to a  

 PC and applied to future installations

– Compatible with Windows 7, Vista and XP

H COMM Module

– Allows communication between the 9900 Transmitter  

 and any HART® enabled device

– Allows access to Primary and Secondary 

 measurements remotely

– Allows user to remotely adjust the 4 and 20 mA settings

Conductivity/Resistivity Module
– Interfaces Conductivity/Resistivity and 
 Salinity Electrodes directly to the 9900 Transmitter
– Conductivity/Resistivity and Salinity Measurements  
 may also be performed via the 2850 Sensor    
 Electronics through the 9900 (S3L) input

Sensor Terminal/
PC COMM Connector

Power Terminal/
LOOP
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System Overview
The angle adjustment adapter kit quickly and easily converts your 
9900 Field Mount Transmitter to any angle.

Additional accessories are available to help you with field installations.  We provide solutions for field mounting by 
offering a separate mounting kit. The 3-8050 Universal Mount Kit, the 3-8051 or 8052 Integral Mount Kits, and the Angle 
Adjustment Adapter Kit enable the transmitter to be installed virtually anywhere.  The adapter angles the transmitter 
by 25° degrees, allowing moisture to run off the display.  The accessory enhances the versatility of the 9900 Field Mount 
Transmitter.  

9900 Field Mount Transmitter
Field mounting requires a 
separate mounting kit. The 
3-8050 Universal Mount Kit, 
the 3-8051 or 8052 Integral 
Mount Kits, and the Angle 
Adjustment Adapter Kit enable 
the transmitter to be installed 
virtually anywhere.

Angle Adjustment Adapter Kit
The angle adjustment adapter 
kit quickly and easily converts 
your 9900 Field Mount 
Transmitter to a 25° angle.  
This accessory enhances the 
versatility of the 9900 Field 
Mount Transmitter.

Mounting Kits
For Field Mount installations with a Conductivity/
Resistivity Module, the Angle Adjustment 
Adapter is required along with a 3-8050, 8051 or 
8052 adapter kit to allow for sufficient clearance 
for the wiring.
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Applications
The 9900 Transmitter in a tank filling application.

The 9900 versatile parameter and modularity capabilities make the unit well suited for a variety of applications 

including wastewater treatment, reverse osmosis, deionisation, chemical manufacturing, metal and plastic finishing, 

fume scrubbers, cooling towers and media filtration.

9900 Transmitter
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Industrial & Municipal Water 

treatment 
Water treatment, whether it is for 
municipal or industrial applications, 
typically serves to improve the 
quality of the water to ensure public 
safety or to reduce negative impacts 
on process equipment and/or the 
environment. The 9900 Transmitter, 
part of the new SmartPro family, is 
ideal for use in measurement and 
control of various water treatment 
applications. Industrial Water 
Treatment applications include media 

Chemical process industry

The 9900 and applicable sensors 

can be used for measurement and 

control in the transport and dilution 

of various chemicals. Managing 

chemical tank levels and dosing 

of chemicals can all be monitored 

and controlled using the new 9900 

Transmitter.

Applications
No matter which processes and applications - GF Piping Systems 
supports its customers in every phase of the project.

From start to finish, we stand beside our customers as a competent, reliable and experienced partner, actively 

contributing the know-how of an industrial company that has been successful in the market for over 200 years. 

With our application knowledge and product expertise we support our customers during the planning process, the 

sustainable realisation of the projects and the provision of services.

filtration, deionisation, desalination, 
cooling tower control, reverse 
osmosis, and fume scrubbers, while 
chlorine dioxide and ozone control 
are common in Municipal Water 
Treatment applications. Monitoring 
the quantity and quality of various 
parameters such as acidity/alkalinity 
of chemicals, salts, and chlorine 
concentrations are all important in 
delivering processed water to the 
quality standards demanded by each 
unique application. 



GF Piping Systems – worldwide at home

Our sales companies and representatives  

ensure local customer support in over 100 countries. www.gfsignet.com

Adding Quality to People’s Lives
The technical data is not binding. They neither constitute expressly  
warranted characteristics nor guaranteed properties nor a guaranteed durability. 
They are subject to modification. Our General Terms of Sale apply.
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Features

•  In-line integral mount and submersible 
 installation versions

•  Automatic temperature compensation 

•  Auto configuration for pH or ORP operation

•  Optional EasyCal calibration aid with automatic 
buffer recognition

•  Junction boxes for convenient wiring

• Patented DryLoc® connector provides a quick
 and secure connection to the sensor*  

The Signet 2750 pH/ORP Sensor Electronics featuring 
the DryLoc® connector, provides a variety of functions 
to suit various requirements. 

The 2750 has a preamplified signal and features two 
different outputs: a two-wire 4 to 20 mA loop output 
with EasyCal function or a digital (S3L) output which 
allows for longer cable lengths and is compatible with 
the Signet 8900 or 9900 instruments.  

The 2750 self-configures for pH or ORP operation 
via automatic recognition of the electrode type. The 
optional EasyCal feature allows simple push-button 
calibration and includes an LED indicator for visual 
feedback.

The DryLoc® electrode connector quickly forms a robust 
assembly for submersible and in-line installations. 
NEMA 4X junction enclosures are integral parts of 
the 2750 in-line version and are also available as 
accessories for the submersible 2750. 

The 2750 submersible preamplifier can also be used 
as an In-line preamplifier when used with the 3/4” or 
1” threaded sensors including the 2724, 2774 and 2764 
series electrodes.  The 2750 In-line preamplifier can be 
used with Signet fittings up to DN100 (4 in.) and wet-tap 
assemblies.

Applications

• Water and Wastewater Treatment
• Neutralization Systems
• Scrubber Control
• Effluent Monitoring
• Surface Finishing
• Flocculent Coagulation
• Heavy Metal Removal and Recovery
• Toxics Destruction
• Sanitization Systems
• Pool & Spa Control
• Aquatic Animal Life Support Systems 

Signet 2750 DryLoc® pH/ORP Sensor Electronics

In-line 2750 Submersible
2750

DryLoc® Electrodes sold separately.

*U.S. Patent No.: 6,666,701

2750-7
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Specifications

General

Compatible Electrodes

Signet DryLoc® pH and ORP Electrodes, Models 2724-2726, 2756-2757 Wet-Tap, 2764-2767, 2774-2777

Operating Range pH 0 to 14 pH

ORP ±2,000 mV 

Response Time pH < 6 sec. for 95% of change 

ORP application dependent 

Materials In-line Valox® (PBT)

Submersible CPVC

Electrical 

Cable 4.6 m 15 ft 3-conductor shielded (3-2750-3 or -4 submersible sensor electronics only)

22 AWG For 9900 and 4 to 20 mA max. cable length is 1000 ft.  (For 8900 please refer to 
the Cable Calculation Table on pg. 333 for max. cable length)

Power 12 to 24 VDC ±10%, regulated for 4 to 20 mA output

5 to 6.5 VDC ±5% regulated recommended, 3 mA max., for digital (S3L) output

Current Output pH Fixed 4 to 20 mA, isolated, = 0 to 14 pH (custom scaling available with 0250 tool)

ORP Fixed 4 to 20 mA, isolated, = -1000 to 2000 mV (custom scaling available from
± 000 mV with 0250 tool)

Max Loop Resistance 100 Ω max. @ 12 V 325 Ω max. @ 18 V 600 Ω max. @ 24 V

Accuracy ±32 μA

Resolution ±5 μA

Update Rate 0.5 seconds 

Error Indication 3.6 mA

Digital (S3L) Output Serial ASCII, TTL level 9600 bps

 Accuracy pH ± 0.03 pH @ 25 °C ± 0.03 pH @ 77 °F

ORP ± 2 mV @ 25 ° C ± 2 mV @ 77 °F

Resolution pH ≤ 0.01 pH

ORP 1 mV

Temperature ≤ 0.2 °C 0.36 °F

Update Rate 0.5 seconds

Available Data Raw mV, pH or ORP, temperature (pH)

Error Indication Open input diagnostic

Input Impedance, Z >1011Ω
Environmental

Enclosure 3-2750-1 & -2 NEMA 4X/IP65 with electrode connected

3-2750-3 & -4 NEMA 6P/IP68 with electrode and watertight conduit and/or extension
pipe connected

Max. Temperature/Pressure Rating

Operating Temperature

submersible 0 °C to 85 °C 32 °F to 185 °F

in-line 0 °C to 110 °C 32 °F to 230 °F

Storage Temperature -20 °C to 85 °C -4 °F to 185 °F

Relative Humidity 0 to 95%, non-condensing (without electrode connected)

Shipping Weight

2750-1 & 2 0.75 kg 1.65 lb

2750-3 & -4 0.64 kg 1.41 lb

Standards and Approvals

CE, FCC

RoHS compliant, China RoHS

Manufactured under ISO 9001 for Quality and ISO 14001 for Environmental Management and 
OHSAS 18001 for Occupational Health and Safety
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Dimensions

2724-2726 DryLoc® Electrodes: Use GF Fittings*  or customer supplied 3/4 in. NPT fittings
2764-2767 and 2774-2777 DryLoc® Electrodes: Use customer supplied 3/4 in. or 1 in. NPT fittings

Signet Electrodes
2724-2726
2764-2767
2774-2777

Signet Electrodes
2724-2726
2764-2767
2774-2777

Signet 2750 Sensor Electronics Signet 2750 Sensor Electronics

Signet 2750 Sensor Electronics
with Signet Wet-Tap Electrode 2756, 2757 and Signet 3719 Wet-Tap

GF Tees and Fittings
see model 3719 for more info 

Signet 2750 Sensor Electronics
with Signet 3-8050-2 Universal Junction Box (EasyCal)

Signet 2750  Sensor Electronics 
with customer supplied pipe extension or 
conduit, 3/4 in. NPT or ISO 7/1-R 3/4 threads**

PLC

ENTERSy
st

em
 O

ve
rv

ie
w

All sold separately

In-Line Installation

Submersible Installation

All sold separately

Panel Mount 4 to 20 mA input

Customer Supplied Chart Recorder
or Programmable Logic Controller 

Wet-Tap Installation
4 to 20 mA InputPanel Mount

PLC

Customer Supplied Chart Recorder
or Programmable Logic Controller 

* See fittings section for more information.

ENTER

Signet Instruments
8900 9900

+

Signet Instruments
8900 9900

++ +

140 mm 
(5.5 in.) 

94 mm 
(3.7 in.) 

1/2 in. FNPT 

31.75mm 
(1.25 in.) 

89.4mm 
(3.52 in.) 

70.1mm 
(2.76 in.) 

3/4 in. ISO or 
3/4 FNPT threads 

56.6mm
(2.23 in.)

3-2750-1,-2 3-2750-3, -4 3-2750-7
35.0 mm
(1.38 in.)

61.0 mm
(2.40 in.)

101 mm
(4.0 in.)
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PLC

OR

4.  Choose the output
      instrument

(Submersible not 
applicable with
Wet-Tap assembly)

+

1.  Choose the
      Electrode

2.  Determine the
      mounting style:

3.  Junction Boxes

2724-2726 2764-2767 Differential 2774-2777 2756 and 2757
Wet-Tap

2750-1 
or -2

Signet fitting 1” threaded tee
¾” 

reducing tee ¾” reducing tee

2750-3 or -4
and cable conduit (customer supplied)
connected to ¾” sensor electronics

2750-3
or -4

2750-1
or -2

3-8050-1: Use when extending the submersible cable over long distance.
3-8050-2: Use with the submersible 2750-3 or -4 and the in-line 2750-1
for best calibration results with the EasyCal function when using the
blind 4 to 20 mA output.

8900 or 9900 Instruments PLCs or Chart Recorders

Can use Any
3-272x series 
Electrode

3-2764-1
3-2764-2
3-2766-1
3-2766-2

ORP electrodes 
must have 10K ID 
resistor use:
3-2775, 3-2777

pH Electrodes can 
be either the 1K or 
3K  use:
3-2774, 3-2774-1, 
3-2776, 3-2776-1

Can use any 
Wet-Tap 275x 
series 
electrode

2750-1 or -2

3719 Wet-Tap
Assembly

2750-3
or -4

2750-1
or -2

2750-3
or -4

In-line

And

-In-line fitting

Or

Submersible

Digital (S3L)

Or
 

4 to 20 mA

2750 Product Selection Guide
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Model 2750 Ordering Information

1) Model 2750 requires 12 to 24 VDC to function as a 
blind 4 to 20 mA output transmitter.

2) Order a 3-2750-2 or any other 2750 with a junction 
box 3-8050-2 if the EasyCal feature is desired. 

3) Conduit and mounting brackets for submersion 
installation must always be used (customer 
supplied).

Application Tips

• The EasyCal feature automatically recognizes
 standard 4.0, 7.0, and 10.0 pH buffer or ORP 
 quinhydrone solutions of 87 and 264 mV and 
 simplifies calibration

• Frequency of calibration of electrodes is dependent
 upon the application.

4) The 3-2759 System Tester must be ordered with 
the adapter cable 3-2759.391 for exclusive use 
with the 2750.

5) All sensor electronics, preamplifiers and 
connectors require a DryLoc® electrode for full 
system installation.



Ordering Information

Accessories and Replacement Parts

Mfr. Part No. Code Description
Calibration
3-2700.395 159 001 605 Calibration kit: includes 3 polyproplyene cups, box used as cup stand, 1 pint pH 4.01,

1 pint pH 7.00
3822-7115 159 001 606 20 gm bottle quinhydrone for ORP calibration 

(must use pH 4.01 and/or pH 7.00 buffer solutions)
3-2759 159 000 762 pH/ORP system tester (adapter cable sold separately)
3-2759.391 159 000 764 2759 adapter cable for use with 2750 -DryLoc® sensor electronics
3-0700.390 198 864 403 pH buffer kit (1 each 4, 7, 10 pH buffer in powder form, makes 50 ml of each)
3822-7004 159 001 581 pH 4 buffer solution, 1 pint (473 ml) bottle
3822-7007 159 001 582 pH 7 buffer solution, 1 pint (473 ml) bottle
3822-7010 159 001 583 pH 10 buffer solution, 1 pint (473 ml) bottle
Mounting
3-8050.390-1 159 001 702 Retaining nut replacement kit, Valox K4530
3-8050-1 159 000 753 Universal mount junction box
3-8050-2 159 000 754 Universal mount junction box w/EasyCal (for submersible applications, use with 

3-2750-3/4 where 4 to 20 mA is required)
3-9000.392-1 159 000 839 Liquid tight connector kit, NPT (1 connector)
3-9000.392-2 159 000 841 Liquid tight connector kit, PG 13.5 (1 connector) 
Other 
5523-0322 159 000 761 Sensor cable (per ft), 3-cond. plus shield, 22 AWG, black/red/white

(for use with 2750)

Sensor Electronics with preamplified signal and Digital (S3L) output (for use with the Multi-Parameter 
Instruments) or 4 to 20 mA output - power supplied to unit dictates output type.

3-2750.099 Rev F (6/13) 
© Georg Fischer Signet LLC
3401 Aero Jet Avenue, El Monte, CA 91731-2882  U.S.A.  •  Tel. (626) 571-2770  •  Fax (626) 573-2057  •  www.gfsignet.com •  e-mail:  signet.ps@georgfischer.com
Specifications subject to change without notice.  All rights reserved.  All corporate names and trademarks stated herein are the property of their respective companies.

Mfr. Part No. Code Description

In-line Sensor Electronics (Yellow body)

3-2750-1 159 000 744 Recommended for 8900 or 9900 instruments

3-2750-2 159 000 745 with EasyCal, recommended for 4 to 20 mA use

3-2750-7 159 001 671 pH electronics, Digital (S3L), 4.6 m (15 ft) cable

Submersible Sensor Electronics (Grey body)

3-2750-3 159 000 746 with 4.6 m (15 ft) cable and ¾ in. NPT threads - when 4 to 20 mA is 
required use the 3-8050-2 junction box with EasyCal

3-2750-4 159 000 842
Submersible Sensor electronics with 4.6 m (15 ft) cable and ISO 7/1R 
3/4 threads - when 4 to 20 mA is required use the 3-8050-2 junction 
box with EasyCal



Signet 2724-2726 pH/ORP Electrodes

Features

• Patented reference design for exceptional 
 performance *

• Mounts in Signet standard fittings from DN15 to 
DN100 (½ to 4 in.)

• ¾” NPT or ISO 7/1-R 3/4 threaded sensors for 
use with reducing tees DN15 to DN100 (½ to 4 in.)

• Special design allows for installation at any 
angle, even inverted or horizontal

• Ryton® (PPS) body for broad range of chemical 
compatibility

• Patented DryLoc® connector with gold plated 
contacts

• Quick temperature response

• HF resistant glass available for trace HF of <2%

• Low conductivity sensor available for liquids down 
to 20 μS/cm

The Signet 2724-2726 pH and ORP Electrodes features 
a patented reference electrode design and uses the 
unique foul-proof patented DryLoc® connector. The 
large area PE reference junction and pathway is 
constructed to increase the total reference
effectiveness and ensures long service life.  

The DryLoc® connector with corrosion resistant 
gold plated contacts readily connects the sensor to 
the mating 2760 preamplifier or the 2750 sensor 
electronics. The robust Ryton® threaded sensor 
body and choice of flat pH, bulb pH, or flat ORP 
sensing elements provides broad range of chemical 
compatibility for a wide variety of applications.  
There are two optional pH sensing versions available, 
HF and LC. The HF version is for applications where 
traces of hydrofluoric acid (2% or less) will attack 
standard pH glass in levels of pH 6 and below. The LC 
version can be used for low conductivity fluids 20 - 100 
μS/cm nominal and below 20 μS when mounted under 
controlled conditions.  

The quick temperature response is available in either 
a PT1000 or 3 KΩ temperature sensor and allows 
compatibility with all Signet pH/ORP instruments. The 
2724-2726 electrodes are general-purpose sensors 
ideal for a wide range of applications.  The sensors 
incorporate ¾ inch NPT or ISO 7/1-R 3/4 threads for 
installing into standard pipe-tees. They can also be 
mounted directly into Signet standard fittings, DN15 to 
DN100 (½ to 4 inch)

Applications

•  Water & Wastewater Treatment
•  Neutralization Systems
•  Effluent Monitoring
•  Sanitization Systems
•  Pool & Spa Control
•  Aquatic Animal Life Support Systems
•  Process Control
• Cooling Towers

Compatible with ALL Signet pH/ORP Instruments

Protected
Bulb

Flat
Glass

*U.S. Patent Nos.: 6,666,701, 
7,799,193 B2, 7,867,371 B2 and
8,211,282 B2
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Specifications

See Temperature and Pressure graphs for more information

General

Performance Efficiency >97% @ 25 °C (77 ° F)

Operating Range pH 0 to 14 pH

ORP ±2000 mV

3-2726-LC Low conductivity fluids; 20 - 100 μS/cm nominal < 20 μS; flow must
be less than 150 ml/min in a properly grounded system

3-2726-HF Hydrofluoric acid resistant glass, pH 6 or below; trace HF <2%

Compatibility

2750 Electronic (for 8900, 9900, 4 to 20 mA), 2760 Preamplifier (8750)

Temperature Sensor

PT1000 versions compatible with Signet 2750 pH/ORP Sensor electronics for
connection to a PLC or to the Signet 8900 or 9900 instruments

3 KΩ Balco versions compatible with the Signet 2760 pH/ORP preamplifier for connection
to the Signet 8750 pH/ORP Transmitter

Process Connection

¾ in. NPT ISO 7/1-R 3/4 Mounts into Signet fittings

Wetted Materials

pH Ryton® (PPS), glass, UHMW PE, FPM

ORP Ryton® (PPS), glass, UHMW PE, FPM, Platinum

Max. Temperature/Pressure Rating

Operating Temperature Range* -10 °C to 85 °C 14 °F to 185 °F

Operating Pressure Range 6.8 bar @ -10 to 65 °C (100 psi @ 14 to 150 °F)

4 bar @ 65 to 85 °C (58 psi @ 150 to 185 °F)

*Best performance for 2726-HF sensors is above 10 °C (50 °F)

Recommended Storage Temperature

0 °C to 50 °C 32 °F to 122 °F

The electrode glass will shatter if shipped or stored at temperature below 0 °C (32 °F)

The performance life of the electrode will shorten if stored at temperatures above 50 °C (122 °F)

Mounting

In-line Mounting Use the sensor threads

Use a Signet standard fitting up to 4 in.

Sensor can be mounted at any angle

Submersible Mounting Use threads on models 2750 or 2760

Requires ¾ inch NPT or ISO 7/1-R 3/4 male threaded liquid tight extension conduit.

Shipping Weight

0.25 kg 0.55 lb

Standards and Approvals

Manufactured under ISO 9001 for Quality, ISO 14001 for Environmental Management and 
OHSAS 18001 for Occupational Health and Safety
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Dimensions

109 mm
(4.3 in.)

9.3 mm
(0.37 in.)

25.4 mm
(1.0 in.)

Threads:
¾ in. NPT

or
ISO 7/1 R-3/4

53.34 mm
(2.1 in.)

44.45 mm
(1.75 in.)

18.3 mm
(0.72 in.)

0.64 mm
(0.25 in.)

0°
Horizontal

*Yes

Yes Yes

Yes

*Yes

Yes

Mounting Angle
Models 2724-2726 may be mounted at any angle without 
affecting the performance. 
*Avoid locations with air pockets and sediment.

ENTER
ENTER

In-Line Installation - 
Signet and threaded fittings only 

Signet 2724-2726 
DryLoc® pH/ORP Electrodes

Sy
st

em
 O

ve
rv

ie
w

All sold separately

Panel Mount 4 to 20 mA Input

PLC

3-2750 Sensor Electronics
and customer supplied Chart Recorder
or Programmable Logic Controller 

Field Mount - Pipe, Tank, Wall 

Signet Instruments 
9900 with 2750 Electronics 
and 3-8050 Universal Mount kit

Signet Instruments
8750 with 2760 Preamplifier 8900
9900 with 2750 Electronics 

+ +OR

*Refer to the Signet Submersion brochure located in the K-Factors Fittings and More Kit (3-0000-709) for installation suggestions and options. 

Submersible Installation - 
Customer supplied pipe extension
or conduit with 3/4 in. NPT or 
ISO 7/1-R 3/4 threads*
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Electrode Key Features and Benefits:

1. Ryton® body for chemical compatibility with most
 harsh chemicals.
2. Porous UHMW PE (ultra high molecular weight
 polyethylene) junction resists fouling and build-up.
3. Internal temperature sensor located in the glass
 stem for a quick temperature response.
4. DryLoc® connector with corrosion resistant gold
 pins for quick and easy sensor removal.

• Resists moisture and dirt intrusion.
5. Dual-patented reference design with a 406 mm

• (16 inch) reference pathway enhances 
longer life.  This enables the sensor to last 
significantly longer than other standard pH/
ORP electrodes in most applications.

5a. With the new patented reference design, the Signet
 2726-LC version performs better in low 
 conductivity water between 20 - 100 μS and lasts
 longer than previous “DI” electrodes.
5b. The 2726-LC sensor also performs in 
 applications with extremely low (less than 20 μS)
 conductivity. Special precautions must be taken to
 avoid measurement complications.
 Please note the following.

• Electrostatic charges (streaming potentials) 
can cause dramatic offsets in a system with 
very low conductivity water.  To minimize this, 
sensors should be placed in a well grounded 
system.

• To enhance performance, a low flow cell is 
recommended to provide a steady flow rate 
(150 ml/minute). Sensors placed in high flow 
applications will experience noisier readings 
due to streaming potential.

6. Threads for NPT or ISO process connection into
 reducing tees

• Use off-the-shelf GF reducing tees
DN20 to DN100 (¾ to 4 in.).

7. Mounts directly into Signet fittings (½ in. 4 in.)
 for easy sensor retrofitting.
8. Mount submersed into a tank via the 2750 or
 2760 back threads.

4

5

1

3

2

Dual-patented reference de-
sign for long life in conductiv-
ity or chemicals.

Sensor in threaded reducing tee

Sensor in Signet fitting

Sensor submersible installation

6

8

7
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The Signet pH buffers are ideal for calibration.  The 
liquid solutions are conveniently packaged in one pint 
(473 ml) bottles.  pH buffer kits in powder pillows are 
available for mixing fresh solutions with water at the 
time of use.  

All pH buffers are color coded for easy identification;  
4.01 pH is red, 7.00 pH is yellow, and 10.00 pH is blue.     
All pH buffers are traceable to NIST standards.
These buffer solutions can be used to calibrate ORP 
sensors when saturated with quinhydrone.

Model 2724-2726 Ordering Notes
1) pH and ORP electrodes require connection to model 

2750 sensor electronics or 2760 preamplifier.
2) The 2750 “EasyCal” feature recognizes common pH 

and ORP buffer values of 4, 7 and 10 pH and +87 and 
+264 mV for ORP. 

Application Tips
• Use the flat glass electrodes when a self-cleaning 

feature is desired; especially useful in applications 
with abrasive chemicals.

• Use bulb protected electrodes for general purpose 
applications

• ORP electrodes are generally used for chemical 
reaction monitoring, not control.

• Ensure that sensor materials are chemically 
compatible with the process liquid.

• Keep electrode tip wet, avoid air pockets and 
sediment.

0
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°F
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Note:
The pressure/temperature graphs are specifically 
for the Signet sensor.  During system design the 
specifications of all components must be considered.  
In the case of a metal piping system, a plastic sensor 
will reduce the system specification.  

Operating Temperature/Pressure Graph

Buffer Solutions
3822-7004
3822-7007
3822-7010

Quinhydrone
3822-7115
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Mfr. Part No. Code Tip design Process Connection Thread Options

pH Electrodes

Temperature element PT1000; use with 2750 sensor electronics* 
3-2724-00 159 001 545 Flat ¾ in. MNPT, Thread
3-2724-01 159 001 546 Flat ISO 7/1-R 3/4 Thread
3-2726-00 159 001 553 Bulb ¾ in. MNPT, Thread
3-2726-01 159 001 554 Bulb ISO 7/1-R 3/4 Thread
3-2726-HF-00 159 001 549 Bulb, HF resistant¹ ¾ in. MNPT, Thread
3-2726-HF-01 159 001 550 Bulb, HF resistant¹ ISO 7/1-R 3/4 Thread
3-2726-LC-00 159 001 557 Bulb, Low Conductivity² ¾ in. MNPT, Thread
3-2726-LC-01 159 001 558 Bulb, Low Conductivity² ISO 7/1-R 3/4 Thread
Temperature element 3 KΩ Balco; use with 2760 preamplifier**
3-2724-10 159 001 547 Flat ¾ in. MNPT, Thread
3-2724-11 159 001 548 Flat ISO 7/1-R 3/4 Thread
3-2726-10 159 001 555 Bulb ¾ in. MNPT, Thread
3-2726-11 159 001 556 Bulb ISO 7/1-R 3/4 Thread
3-2726-HF-10 159 001 551 Bulb HF resistant1 ¾ in. MNPT, Thread
3-2726-HF-11 159 001 552 Bulb HF resistant1 ISO 7/1-R 3/4 Thread
3-2726-LC-10 159 001 559 Bulb, Low Conductivity2 ¾ in. MNPT, Thread
3-2726-LC-11 159 001 560 Bulb, Low Conductivity2 ISO 7/1-R 3/4 Thread
ORP Electrodes; Compatible with both the 2750 sensor electronics and the 2760 preamplifier
3-2725-60 159 001 561 Flat ¾ in. MNPT, Thread
3-2725-61 159 001 562 Flat ISO 7/1-R 3/4 Thread

*The 2750 sensor electronics has a digital (S3L) output which is used with 8900 or 9900 Instruments. 
  It also has a 4 to 20 mA output for connections to PLC’s, data recorders, etc.

**The 2760 preamplifier is used for connection directly to Signet 8750 Transmitter or other analog 
transmitters.

¹HF resistant ‹2% HF

²Low conductivity applications, 20 - 100 μS/cm recommended

Ordering Information

Accessories and Replacement Parts
Mfr. Part No. Code Description
1220-0021 198 801 000 O-ring, FPM
3-2700.395 159 001 605 Calibration kit: includes 3 polypropylene cups, box used as cup stand,

1 pint pH 4.01, 1 pint pH 7.00
3822-7115 159 001 606 20 gm bottle quinhydrone for ORP calibration  (must use pH 4.01 and/or

pH 7.00 buffer solutions)
3-2759 159 000 762 pH/ORP System Tester (adapter cable sold separately)
3-2759.391 159 000 764 2759 DryLoc® Adapter Cable (for use with 2750 and 2760)
3-0700.390 198 864 403 pH Buffer Kit (1 each 4, 7, 10 pH buffer in powder form, makes 50 ml of each)

3822-7004 159 001 581 pH 4.01 buffer solution, 1 pint (473 ml) bottle
3822-7007 159 001 582 pH 7.00 buffer solution, 1 pint (473 ml) bottle
3822-7010 159 001 583 pH 10.00 buffer solution, 1 pint (473 ml) bottle



Pressure sensors

PN2222
Combined pressure sensor

PN22

Process connection: ¼'' NPT

Zero and span adjustable
Function programmable

2 outputs OUT1 = switching
output OUT2 = switching output

or analog output

4-digit alphanumeric display

Measuring range
0...1450 PSI
0..100 bar
0...10 MPa

1: 4-digit alphanumeric display 2: LEDs (display unit / switching status) 3:
Programming button

Application Type of pressure: relative pressure
Liquids and gases

For gaseous media the application is limited to max. 363 PSI (25 bar)
Electrical design DC PNP / DC NPN
Output 2 x normally open / closed programmable or 1 x normally open / closed

programmable + 1 x analog (4...20 mA / 0...10 V; programmable 1:4)

Operating voltage [V] 20...30 DC ¹)
Current rating [mA] 2 x 250
Short-circuit protection Yes (non-latching)
Reverse polarity protection yes
overload protection yes
Integrated watchdog yes
Voltage drop [V] < 2
Current consumption [mA] < 65

Analog output 4...20 mA / 0...10 V
Load for analog output [ohms] 4...20 mA: max. (Ub - 10 V) x 50 / 0...10 V: min. 2000
Permissible overl. pressure 4350 PSI 300 bar 30 MPa
Bursting pressure min. 9400 PSI 650 bar 65 MPa
Setting range
Switch-on point, SP 12...1450 PSI 0.8...100.0 bar 0.08...10.00 MPa
Switch-off point, rP 6...1444 PSI 0.4...99.6 bar 0.04...9.96 MPa
Analog output/lower end, ASP 0...580 PSI 0.0...40.0 bar 0.00...4.00 MPa
Analog output/upper end, AEP 364...1450 PSI 25.0...100.0 bar 2.50...10.00 MPa
in steps of 2 PSI 0.2 bar 0.02 MPa

Programming options
hysteresis / window function; N.O. / N.C; output polarity; current / voltage
outputs; damping; calibration of displayed values; display can be rotated /

deactivated; display unit
Accuracy / deviations
(in % of the span)
Turn down 1:1
Accuracy of switch point
Characteristics deviation *)
Linearity
Hysteresis
Repeatability **)
Long-term stability ***)
Temperature coefficients

< ± 0.5
< ± 0.6
< ± 0.5
< ± 0.1
< ± 0.1



(TEMPCO) in the temperature
range 0...80 °C (in% of the span
per 10 K)
- greatest TEMPCO of the zero
point
- greatest TEMPCO of the span

< ± 0.1

< ± 0.1
< ± 0.2

Power-on delay time [s] 0.2
Min. response time switching
outputs [ms] 3
Damping for the switching output
(dAP) [ms] 0; 10; 20;...100; 200;...4000
Switching frequency [Hz] 170...0.125
Response time analog
output [ms] 3
Damping for the analog output
(dAA) [ms] 0; 100; 500; 2000
ifm efector, inc. 782 Springdale Drive, Exton, PA
19341
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PN2222

Operating temperature [°C] -25...80
Medium temperature [°C] -25...80
Storage temperature [°C] -40...100
Protection IP 67 (IEC 60529) / (UL50), III (EN 50178)
Insulation resistance [M ] > 100 (500 V DC)
Shock resistance [g] 50 (DIN / IEC 68-2-27, 11ms)
Vibration resistance [g] 20 (DIN / IEC 68-2-6, 10 - 2000 Hz)
Switching cycles min. 100 million
EMC EN 61000-4-2 ESD: 4 kV CD / 8 kV AD

EN 61000-4-3 HF radiated: 10 V/m
EN 61000-4-4 Burst: 2 kV
EN 61000-4-5 Surge: 0.5/1 kV
EN 61000-4-6 HF conducted: 10 V

Housing material stainless steel (304S15); stainless steel (316S12); PC (Macrolon); PBT
(Pocan); PEI; FPM (Viton); EPDM/X (Santoprene)

Materials (wetted parts) stainless steel (303S22); ceramics; FPM (Viton)
Function display
Switching status LED
Power LED
System pressure, function LED

2 x yellow
3 x green (display unit)

4-digit alphanumeric display
Connection M12 connector; gold-plated contacts
Wiring

Programming of the output
function
(OUT1 / OUT2):
Hno = hysteresis / normally open
Hnc = hysteresis / normally
closed
Fno = window function / normally
open
Fnc = window function / normally
closed
Complementary outputs:
output 1: = Hno, output 2: = Hnc
(with the same SP / rP)

Programming of the analog
output (OUT2):
I = current output (4...20 mA)
U = voltage output (0...10 V)

Remarks ¹) to EN50178, SELV, PELV;
referring to UL: “limited voltage” with overcurrent protection in accordance with
UL508
*) linearity, incl. hysteresis and repeatability;
(limit value setting to DIN 16086)
**) with temperature fluctuations < 10 K
***) in % of the span per year

ifm efector, inc. 782 Springdale Drive, Exton, PA
19341
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Pressure sensors

PN2228
Combined pressure sensor

PN22

Process connection: ¼'' NPT

Display units:
mbar, kPa, inH2O, mmWS
Zero and span adjustable
Function programmable

2 outputs OUT1 = switching
output OUT2 = switching output

or analog output

4-digit alphanumeric display

Measuring range
-5.0...100.4 inH2O

1: 4-digit alphanumeric display 2: LEDs (display unit / switching status) 3:
Programming button

Application Type of pressure: relative pressure
Liquids and gases

Electrical design DC PNP / DC NPN
Output 2 x normally open / closed programmable or 1 x normally open / closed

programmable + 1 x analog (4...20 mA / 0...10 V; programmable 1:4)

Operating voltage [V] 20...30 DC ¹)
Current rating [mA] 2 x 250
Short-circuit protection Yes (non-latching)
Reverse polarity protection yes
overload protection yes
Integrated watchdog yes
Voltage drop [V] < 2
Current consumption [mA] < 65

Analog output 4...20 mA / 0...10 V
Load for analog output [ohms] 4...20 mA: max. (Ub - 10 V) x 50 / 0...10 V: min. 2000
Permissible overl. pressure
[inH2O] 4000
Bursting pressure min. [inH2O] 12000
Setting range
Switch-on point, SP [inH2O] -4.2...100.4
Switch-off point, rP [inH2O] -4.6...100.0
Analog output/lower end, ASP
[inH2O] -5.0...40.2
Analog output/upper end, AEP
[inH2O] 20.0...100.4
in steps of [inH2O] 0.2

Programming options
hysteresis / window function; N.O. / N.C; output polarity; current / voltage
outputs; damping; calibration of displayed values; display can be rotated /

deactivated; display unit

Accuracy / deviations
(in % of the span)
Turn down 1:1
Accuracy of switch point
Characteristics deviation *)
Linearity
Hysteresis
Repeatability **)

< ± 0.5
< ± 0.6
< ± 0.5



Long-term stability ***)
Temperature coefficients
(TEMPCO) in the temperature
range 0...80 °C (in% of the span
per 10 K)
- greatest TEMPCO of the zero
point
- greatest TEMPCO of the span

< ± 0.1
< ± 0.1
< ± 0.1

< ± 0.2
< ± 0.2

Power-on delay time [s] 0.2
Min. response time switching
outputs [ms] 3
Damping for the switching output
(dAP) [ms] 0; 10; 20;...100; 200;...4000
Switching frequency [Hz] 170...0.125
Response time analog
output [ms] 3
Damping for the analog output
(dAA) [ms] 0; 100; 500; 2000
ifm efector, inc. 782 Springdale Drive, Exton, PA
19341
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PN2228

Operating temperature [°C] -25...80
Medium temperature [°C] -25...80
Storage temperature [°C] -40...100
Protection IP 65 (IEC 60529) / (UL50), III (EN 50178)
Insulation resistance [M ] > 100 (500 V DC)
Shock resistance [g] 50 (DIN / IEC 68-2-27, 11ms)
Vibration resistance [g] 20 (DIN / IEC 68-2-6, 10 - 2000 Hz)
Switching cycles min. 100 million
EMC EN 61000-4-2 ESD: 4 kV CD / 8 kV AD

EN 61000-4-3 HF radiated: 10 V/m
EN 61000-4-4 Burst: 2 kV
EN 61000-4-5 Surge: 0.5/1 kV
EN 61000-4-6 HF conducted: 10 V

Housing material stainless steel (304S15); stainless steel (316S12); PC (Macrolon); PBT
(Pocan); PEI; FPM (Viton); EPDM/X (Santoprene); PTFE

Materials (wetted parts) stainless steel (303S22); ceramics; FPM (Viton)
Function display
Switching status LED
Power LED
System pressure, function LED

2 x yellow
4 x green (display unit)

4-digit alphanumeric display
Connection M12 connector; gold-plated contacts
Wiring

Programming of the output
function
(OUT1 / OUT2):
Hno = hysteresis / normally open
Hnc = hysteresis / normally
closed
Fno = window function / normally
open
Fnc = window function / normally
closed
Complementary outputs:
output 1: = Hno, output 2: = Hnc
(with the same SP / rP)

Programming of the analog
output (OUT2):
I = current output (4...20 mA)
U = voltage output (0...10 V)

Remarks ¹) to EN50178, SELV, PELV;
referring to UL: “limited voltage” with overcurrent protection in accordance with
UL508
*) linearity, incl. hysteresis and repeatability;
(limit value setting to DIN 16086)
**) with temperature fluctuations < 10 K
***) in % of the span per year

ifm efector, inc. 782 Springdale Drive, Exton, PA
19341
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Temperature sensors

1: 4-digit alphanumeric display
2: LEDs
3: Programming button
4: internal thread M18 x 1.5

Made in Germany

TN2531
Electronic temperature sensor

TN

Compact type for adapter
Quick disconnect

Process connection:
internal thread M18 x 1.5 for adapter

Communication interface: IO-Link 1.0
(COM2 slave, 38.4 kBaud)

Switching output, analog output 4...20
mA or 0...10 V

4-digit alphanumeric display
Measuring range

-40...150 °C / -40...302 °F

liquids and gasesApplication
DC PNP/NPNElectrical design

1 x normally open / closed programmable + 1 x analog (4...20 mA / 0...10 V,
scalable)

Output

45Probe length L[mm]

18...32 DCOperating voltage [V]
250Current rating [mA]

Yes (non-latching)Short-circuit protection
yesReverse polarity protection
yesOverload protection
yesIntegrated watchdog
< 2Voltage drop [V]
< 50Current consumption [mA]

4...20 mA / 0...10 VAnalog output
300Pressure rating [bar]

Setting range
-40.0...145.0 / -40.0...293.0Analog start point, ASP [°C/°F]
-35; 0...150; 0 / -31; 0...302; 0Analog end point, AEP [°C/°F]
-39.5...150.0 / -39.0...302.0Set point, SP [°C/°F]
-40.0...149.5 / -40.0...301.0Reset point, rP [°C/°F]

0.1 / 0.1in steps of [°C/°F]

Programming buttonAdjustment of the switch point
Accuracy

± 0.3Switching output [K]
± 0.3Analog output [K]
± 0.3Display [K]

Resolution
0.1Switching output [K]
< 0.1Analog output [K]
0.1Display [K]

0.1Temperature drift ( / 10 K)
1Power-on delay time [s]



200Measuring / display cycle [ms] [ms]
1 x Pt 1000, to DIN EN 60751, class BMeasuring element

1 / 3 *)Dynamic response T05 / T09 [s]
12Minimum installation depth [mm]
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-25...70Ambient temperature [°C]
-40...100Storage temperature [°C]
IP 67, IIIProtection

> 100 / 500 V DCInsulation resistance [MΩ]
50 g (11 ms)DIN IEC 68-2-27:Shock resistance
20 g (10...2000 Hz)DIN EN 60068-2-6:Vibration resistance

4 kV CD / 8 kV ADEN 61000-4-2 ESD:
10 V/mEN 61000-4-3 HF radiated:
2 kVEN 61000-4-4 Burst:
1 kVEN 61000-4-5 Surge:
10 VEN 61000-4-6 HF conducted:

EMC

stainless steel (304S15); PBT (Pocan); PC (Makrolon); EPDM/X (Santoprene); FPM
(Viton)

Housing materials

stainless steel 316L / 1.4404Materials (wetted parts)
2 x LED greenDisplay unit
LED yellowSwitching status
4-digit alphanumeric displayMeasured values
4-digit alphanumeric displayProgramming

Display

M12 connector; gold-plated contactsConnection

0.19Weight [kg]
cULus - Class 2 source required
*) according to DIN EN 60751
The values for accuracy apply to flowing water.
load for current output: Rmax [Ω]: (Ub - 10 V) x 50 / for voltage output:
Rmin [Ω]: 2000

Remarks

Wiring

Programming of the output function:
Hno = hysteresis / N.O.
Hnc = hysteresis / N.C.
Fno = window function / N.O.
Fnc = window function / N.C.
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Accessories

UT0028
½" NPT

Thermowell for temperature sensors

27Probe length L[mm]
for types TNDesign

16Pressure rating [bar]
8.4Inside diameter [mm]

½" NPTProcess connection
stainless steel (316)Housing materials

heat conductive paste
order no. 700692

Accessories (optional)
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Made in Germany

Product characteristics
Magnetic-inductive flow meter

Quick disconnect

Process connection: G2 flat seal

connection to pipe by means of an adapter

Empty pipe detection

2 outputs

OUT1 = analogue signal temperature
OUT2 = analogue signal flow

4-digit alphanumeric display

Display units: l/min, m³/h, gpm, gph, °C, °F

Measuring range

5...600 l/min (1.3...158.5 gpm)

-20...80 °C (-4...176 °F)

Application

SM2004
Flow sensorsSMR21XGX50KG/US



Conductive liquids
(conductivity:>= 20 µS/cm / viscosity: < 70 cSt at 104 °F)

Application

-10...70 / 14...158Medium temperature [°C / °F]

Electrical data
DCElectrical design

18...32 DC ¹)Operating voltage [V]

< 150Current consumption [mA]

> 100 (500 V DC)Insulation resistance [MΩ]

IIIProtection class

yesReverse polarity protection

Outputs
OUT1: analog (4…20 mA) oder IO-Link ²)

OUT2: analog (4…20 mA)
Output function

4...20 mA; ≤ 22 mAAnalog output

500Max. load [Ω]

Measuring / setting range
Flow monitoring

1.3...158.5 gpm80...9510 gph0.3...36 m³/h5...600 l/minMeasuring range

-190.2...190.2 gpm-11410...11410 gph-43.2...43.2 m³/h-720...720 l/minDisplay range

0.1 gpm5 gph0.02 m³/h0.5 l/minResolution

0...126.8 gpm0...7610 gph0...28.8 m³/h0...480 l/minAnalog start point, ASP

31.7...158.5 gpm1900...9510 gph7.2...36 m³/h120...600 l/minAnalog end point, AEP

5...15 l/min; 0.3...0.9 m³/h; 80...240 gph; 1.3…4 gpmLow flow cut-off, LFC

0.1 gpm5 gph0.02 m³/h0.5 l/minin steps of

1:120Measuring dynamics

Temperature monitoring

-20...80 / -4...176Measuring range [°C / °F]

-40...100 / -40...212Display range [°C / °F]

0.2 / 0.5Resolution [°C / °F]

-20...60 / -4...140Analog start point, ASP [°C / °F]

0...80 / 32...176Analog end point, AEP [°C / °F]

0.2 / 0.5in steps of [°C / °F]

Accuracy / deviations
Flow monitoring

± (0.8% MW + 0.5% MEW) ³)Accuracy [% of the final value]

± 0.2% MEWRepeatability
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Pressure loss (dP) / flow rate (Q)

Temperature monitoring

± 1 (25 °C; Q > 15 l/min) / ± 1 (77 °F; Q > 4 gpm)Accuracy [K]

Reaction times
5Power-on delay time [s]

Flow monitoring

< 0.25 (dAP = 0)Response time [s]

0...5Damping, dAP [s]

Temperature monitoring

T09 = 3 (Q > 15 l/min) / T09 = 3 (Q > 4 gpm)Response time [s]

Software / programming
Display abschaltbar; Anzeigeeinheit; Leerrohr-ErkennungProgramming options

Interfaces
IO-Link Device

COM2 (38.4 kBaud)Transfer type

1.1IO-Link revision

IEC 61131-9 FDISSDCI standard

379 d / 00 01 7B hIO-Link Device ID

Smart Sensor: Process Data Variable; Device IdentificationProfiles

noSIO mode

SM2004
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ARequired master port class

3Process data analogue

2Process data binary

5Min. process cycle time [ms]

Environment
232Pressure rating [psi]

-10...60 / 14...140Ambient temperature [°C / °F]

-25...80 / -13...176Storage temperature [°C / °F]

IP 65 / IP 67Protection

Tests / approvals

article 3, paragraph (3) - sound engineering practice
EC pressure equipment directive
97/23/EC

DIN EN 60947-5-9EMC

Shock resistance 20 g (11 ms)DIN EN 60068-2-27:

Vibration resistance 5 g (10...2000 Hz)DIN EN 60068-2-6:

Mechanical data
G2 flat sealProcess connection

stainless steel 316L / 1.4404; stainless steel 316Ti / 1.4571; PEEK (polyether ether
ketone); Hastelloy C-4 (2.4610); Centellen; FKM

Materials (wetted parts)

stainless steel 316L / 1.4404; stainless steel 316Ti / 1.4571; PC (polycarbonate);
FKM; PBT-GF 20; elastolan

Housing materials

3.065Weight [kg]

Displays / operating elements
Display 6 x LED green (l/min, m³/h, gpm, gph, °C, °F)Display unit

1 x LED yellow (10³)Function display
4-digit alphanumeric displayMeasured values
4-digit alphanumeric displayProgramming

Electrical connection
M12 connector; gold-plated contactsConnection

Wiring

Pin 2: Flow monitoring
Pin 4: Temperature monitoring
Pin 4: IO-Link ²)

Accessories
2 x packing washer (Centellen); LabelAccessories (included)

Remarks
Remarks ¹) to DIN EN 50178, SELV, PELV

²) IO-Link communication must be activated in the menu.
³) Q > 15l/min, medium and ambient temperature +22 °C ± 4K (+72
°F ± 7 °F)
MW = measured value
MEW = final value of the measuring range
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1Pack quantity [piece]

Other data
± 0.0333 °C / K; ± 0.0599 °F / KTemperature drift

ifm efector, inc. 782 Springdale Drive, Exton, PA 19341 — We reserve the right to make technical alterations without prior notice. — US — SM2004 — 08.08.2013
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Made in Germany

Product characteristics
Magnetic-inductive flow meter

Quick disconnect

Process connection: G1 flat seal

2 outputs

OUT1 = analogue signal temperature
OUT2 = analogue signal flow

Display units:

l/min, m³/h, gpm, gph

°C / °F

connection to pipe by means of an adapter

Application
Conductive liquids

(conductivity:>= 20 µS/cm / viscosity: < 70 cSt at 104 °F)
Application

14...158Medium temperature [°F]

Electrical data
DCElectrical design

20...30 DC ¹)Operating voltage [V]

120 (24 V)Current consumption [mA]

> 100 (500 V DC)Insulation resistance [MΩ]

IIIProtection class

yesReverse polarity protection

Outputs
2 x analog (4...20 mA scalable)Output function

yesOverload protection

4...20 mA, max. 22 mAAnalog output

max. 500Max. load [Ω]

Measuring / setting range
Flow monitoring

6...1800 gph0.10...30.00 gpmMeasuring range

-1902...1902 gph-31.70...31.70 gpmDisplay range

2 gph0.05 gpmResolution

0...1268 gph0.00...21.15 gpmAnalog start point, ASP

318...1800 gph5.30...30.00 gpmAnalog end point, AEP

2 gph0.05 gpmin steps of

Temperature monitoring

SM0504
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-4...176Measuring range [°F]

0.5Resolution [°F]

-4.0...140.5Analog start point, ASP [°F]

31.5...176.0Analog end point, AEP [°F]

0.5in steps of [°F]

Accuracy / deviations
Flow monitoring

± (2% MW + 0.5% MEW)Accuracy [% of the final value]

± 0.2% MEWRepeatability

Pressure loss (dP) / flow rate (Q)

Temperature monitoring

± 4.5 (Q > 0.26 gpm)Accuracy [K]

Reaction times
5Power-on delay time [s]

Flow monitoring

< 0.150 (dAP = 0)Response time [s]

0.0...5.0Damping, dAP [s]

Temperature monitoring

T09 = 30 (Q > 0.26 gpm)Response time [s]

Environment
232Pressure rating [psi]

14...140Ambient temperature [°F]

-13...176Storage temperature [°F]

IP 67Protection

Tests / approvals
EMC 4 kV CD / 8 kV ADEN 61000-4-2 ESD:

10 V/mEN 61000-4-3 HF radiated:
2 kVEN 61000-4-4 Burst:
0.5 kVEN 61000-4-5 Surge:
10 VEN 61000-4-6 HF conducted:

Shock resistance 20 g (11 ms)DIN IEC 68-2-27:

Vibration resistance 5 g (10...2000 Hz)DIN IEC 68-2-6:

175MTTF [Years]

Mechanical data
G1 flat sealProcess connection

stainless steel 316L / 1.4404; PEEK (polyether ether ketone); FKMMaterials (wetted parts)

stainless steel 316L / 1.4404; PBT-GF 20; PC (Makrolon); EPDM/X (Santoprene)Housing materials

0.593Weight [kg]

Displays / operating elements

SM0504
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Display 6 x LED green (l/min, m³/h, gpm, gph, °C, °F)Display unit
4-digit alphanumeric displayMeasured values
4-digit alphanumeric displayProgramming

Electrical connection
M12 connector; gold-plated contactsConnection

Wiring

OUT1 = analogue signal
temperature
OUT2 = analogue signal flow

Remarks
Remarks ¹) to EN50178, SELV, PELV

MW = measured value
MEW = final value of the measuring range

1Pack quantity [piece]
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Valve Totals

SDL Project 

SDL Project - System Valves Totals

Valve # Type of Action Size Equal Material Connection Valve Part # Actuator Part # Positioner Part # Manufacturer

2 Pneumatic Spring Return 63 2.5" 316 SS 3 pc SW 320SSFFFA63 ALF35-SR None FloTite/Alpha

18 Pneumatic Spring Return 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

2 Pneumatic Spring Return 40 1-1/2" 316 SS 3 pc SW 320SSFFFA40 ALF25-SR None FloTite/Alpha

2 Pneumatic Spring Return 25 1" 316 SS 3 pc SW 320SSFFFA25 ALF20-SR None FloTite/Alpha

2 Pneumatic Spring Return 50 2" CPVC 3 pc SW TB2200ST ALF30-SR None Hayward/Alpha

3 Pneumatic Spring Return 40 1-1/2" CPVC 3 pc SW TB2150ST ALF25-SR None Hayward/Alpha

2 Pneumatic Spring Return 25 1" CPVC 3 pc SW TB2100ST ALF20-SR None Hayward/Alpha

1 Flow Control Valve 50 2" 316 SS 3 pc SW V320SSFFFA50 ALF30-SR V100E FloTite/Alpha/BLX

2 Flow Control Valve 25 1" 316 SS 3 pc SW V320SSFFFA25 ALF25-SR V100E FloTite/Alpha/BLX

4 Swing Check Valve 50 2" 316 SS SW SC-200SW None None JFW VALVE

1 Swing Check Valve 40 1-1/2" CPVC 3 pc SW TC 2150ST None None Hayward

6 Manual Ball Valve 50 2" 316 SS 3 pc SW 320SSFFFL50 None None FloTite

8 Manual Ball Valve 16 1/2" 316 SS NPT T80SS None None FloTite

26 Manual Ball Valve 8 1/4" 316 SS NPT T80SS None None FloTite

5 Manual Ball Valve 25 1" CPVC 1 pc SW TB2200ST None None Hayward

1 Manual Globe Valve 40 1-1/2" 316 SS NPT GB-200 None None JFW VALVE

51 Valve Totals

Note: Does not include off-skid equipment.
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SDL Project - Valves List

Stage-1 VSEP RO Skid

Tag # Type of Action Location Size Equal Material Connection Valve Part # Actuator Part # Positioner Part # Manufacturer

XV-100 Pneumatic Spring Return Hot Water Inlet to Bag Filter 63 2.5" 316 SS 3 pc SW 320SSFFFA63 ALF35-SR None FloTite/Alpha

XV-101 Pneumatic Spring Return Feed Inlet to Bag Filter 63 2.5" 316 SS 3 pc SW 320SSFFFA63 ALF35-SR None FloTite/Alpha

XV-102 Pneumatic Spring Return Feed to Header 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-105 Pneumatic Spring Return Permeate to VSEP Feed Tank, T-110 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-106 Pneumatic Spring Return Permeate to Tank, T-130 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-107 Pneumatic Spring Return Concentrate to VSEP Feed Tank, T-110 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-108 Pneumatic Spring Return Concentrate to Reject Tank, T-120 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-110 Pneumatic Spring Return CIP Feed to VSEP #1 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-111 Pneumatic Spring Return CIP Permeate From VSEP #1 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-112 Pneumatic Spring Return Permeate From VSEP #1 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-113 Pneumatic Spring Return CIP Concentrate From VSEP #1 25 1" 316 SS 3 pc SW 320SSFFFA25 ALF20-SR None FloTite/Alpha

XV-114 Pneumatic Spring Return Concentrate From VSEP #1 25 1" 316 SS 3 pc SW 320SSFFFA25 ALF20-SR None FloTite/Alpha

FCV-110 Flow Control Valve Feed to VSEP #1 50 2" 316 SS 3 pc SW V320SSFFFA50 ALF30-SR V100E FloTite/Alpha/BLX

FCV-112 Flow Control Valve Concentrate from VSEP #1 25 1" 316 SS 3 pc SW V320SSFFFA25 ALF25-SR V100E FloTite/Alpha/BLX

CV-110 Swing Check Valve Permeate Return #1 50 2" 316 SS SW SC-200SW None None JFW VALVE

MV-100 Manual Ball Valve Bag Filter #100 Inlet 50 2" 316 SS 3 pc SW 320SSFFFL50 None None FloTite

MV-101 Manual Ball Valve Bag Filter #101 Inlet 50 2" 316 SS 3 pc SW 320SSFFFL50 None None FloTite

MV-103 Manual Ball Valve Bag Filter #100 Outlet 50 2" 316 SS 3 pc SW 320SSFFFL50 None None FloTite

MV-104 Manual Ball Valve Bag Filter #101 Outlet 50 2" 316 SS 3 pc SW 320SSFFFL50 None None FloTite

MV-106 Manual Ball Valve Feed Pump, P-100/101Inlet 50 2" 316 SS 3 pc SW 320SSFFFL50 None None FloTite

MV-109 Manual Ball Valve Bag Filter #100 Bleed Valve 8 1/4" 316 SS NPT T80SS None None FloTite

MV-1010 Manual Ball Valve Bag Filter #101 Bleed Valve 8 1/4" 316 SS NPT T80SS None None FloTite

MV-1012 Manual Ball Valve Bag Filter, BF-100 Outlet to Drain 16 1/2" 316 SS NPT T80SS None None FloTite

MV-1013 Manual Ball Valve Bag Filter, BF-101 Outlet to Drain 16 1/2" 316 SS NPT T80SS None None FloTite

MV-1015 Manual Ball Valve Feed Pump, P-100-101 Inlet to Drain 16 1/2" 316 SS NPT T80SS None None FloTite

MV-1018 Manual Ball Valve Permeate Sample Port 8 1/4" 316 SS NPT T80SS None None FloTite

MV-1019 Manual Ball Valve Concentrate Sample Port 8 1/4" 316 SS NPT T80SS None None FloTite

MV-170 Manual Ball Valve Feed #1 Drain Port 16 1/2" 316 SS NPT T80SS None None FloTite

MV-171 Manual Ball Valve Permeate #1 Drain Port 16 1/2" 316 SS NPT T80SS None None FloTite

MV-172 Manual Ball Valve Concentrate #1 Drain Port 16 1/2" 316 SS NPT T80SS None None FloTite

Qty

Isolation Manual Ball Valve Instruments-PIT 4 1/4" 316 SS NPT T80SS None None FloTite

Isolation Manual Ball Valve Instruments-PDT 2 1/4" 316 SS NPT T80SS None None FloTite

Stage 2 - Spiral RO Skid

Tag # Type of Action Location Size Equal Material Connection Valve Part # Actuator Part # Positioner Part # Manufacturer

XV-200 Pneumatic Spring Return Hot water in 50 2" CPVC 3 pc SW TB2200ST ALF30-SR None Hayward/Alpha

XV-201 Pneumatic Spring Return Feed to Spiral from feed tank 50 2" CPVC 3 pc SW TB2200ST ALF30-SR None Hayward/Alpha

XV-202 Pneumatic Spring Return Feed Pump, P-201 Outlet 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-203 Pneumatic Spring Return Feed In from CIP Skid 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-205 Pneumatic Spring Return Spiral Permeate out to CIP Skid 40 1.5" CPVC 3 pc SW TB2150ST ALF25-SR None Hayward/Alpha

XV-206 Pneumatic Spring Return Spiral Permeate to Destination, T-300 40 1.5" CPVC 3 pc SW TB2150ST ALF25-SR None Hayward/Alpha

XV-207 Pneumatic Spring Return Spiral Permeate to Feed Tank, T-200/210 40 1.5" CPVC 3 pc SW TB2150ST ALF25-SR None Hayward/Alpha

XV-204 Pneumatic Spring Return Spiral Concentrate out to CIP Skid 25 1" CPVC 3 pc SW TB2100ST ALF20-SR None Hayward/Alpha

XV-208 Pneumatic Spring Return Spiral Concentrate to Reject Tank, T-120 25 1" CPVC 3 pc SW TB2100ST ALF20-SR None Hayward/Alpha

FCV-200 Flow Control Valve Concentrate from Spiral 25 1" 316 SS 3 pc SW V320SSFFFA25 ALF25-SR V100E FloTite/Alpha/BLX

CV-201 Swing Check Valve Permeate from Spiral RO 40 1.5" CPVC 3 pc SW TC 2150ST None None Hayward

MV-200 Manual Ball Valve Feed Sample Port 8 1/4" 316 SS NPT T80SS None None FloTite
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MV-201 Manual Ball Valve Bag Filter, BF-200 Inlet 25 1" CPVC 3 pc SW TB2100ST None None Hayward

MV-202 Manual Ball Valve Bag Filter, BF-201 Inlet 25 1" CPVC 3 pc SW TB2100ST None None Hayward

MV-203 Manual Ball Valve Bag Filter, BF-200 Outlet 25 1" CPVC 3 pc SW TB2100ST None None Hayward

MV-204 Manual Ball Valve Bag Filter, BF-201 Outlet 25 1" CPVC 3 pc SW TB2100ST None None Hayward

MV-205 Manual Ball Valve Bag Filter Drain 25 1" CPVC 3 pc SW TB2100ST None None Hayward

MV-208 Manual Globe Valve Permeate from stage-1 40 1-1/2" 316 SS GB-200 None None JFW VALVE

MV-2010 Manual Ball Valve Bag Filter #200 Bleed Valve 8 1/4" 316 SS NPT T80SS None None FloTite

MV-2011 Manual Ball Valve Bag Filter #201 Bleed Valve 8 1/4" 316 SS NPT T80SS None None FloTite

MV-2017 Manual Ball Valve Permeate Sample Port 8 1/4" 316 SS NPT T80SS None None FloTite

MV-2018 Manual Ball Valve Concentrate Sample Port 8 1/4" 316 SS NPT T80SS None None FloTite

Isolation Manual Ball Valve Instruments-PIT 3 1/4" 316 SS NPT T80SS None None FloTite

Isolation Manual Ball Valve Instruments-PDT 2 1/4" 316 SS NPT T80SS None None FloTite

CIP Skid

Tag # Type of Action Location Size Equal Material Connection Valve Part # Actuator Part # Positioner Part # Manufacturer

XV-190 Pneumatic Spring Return Hot Water to CIP Tank 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-191 Pneumatic Spring Return Hot Water to VSEP 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-192 Pneumatic Spring Return CIP Tank to Drain 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-193 Pneumatic Spring Return CIP Tank to Pump 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-194 Pneumatic Spring Return CIP Pump to Feed Header 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-195 Pneumatic Spring Return Feed Bypass to CIP Tank 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-196 Pneumatic Spring Return Permeate to CIP Tank 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-197 Pneumatic Spring Return Permeate to Destination 50 2" 316 SS 3 pc SW 320SSFFFA50 ALF30-SR None FloTite/Alpha

XV-198 Pneumatic Spring Return Concentrate to CIP Tank 40 1-1/2" 316 SS 3 pc SW 320SSFFFA40 ALF25-SR None FloTite/Alpha

XV-199 Pneumatic Spring Return Concentrate to Destination 40 1-1/2" 316 SS 3 pc SW 320SSFFFA40 ALF25-SR None FloTite/Alpha

CV-190 Swing Check Valve Hot Water In 50 2" 316 SS SW SC-200SW None None JFW VALVE

CV-191 Swing Check Valve Bag Filter Inlet 50 2" 316 SS SW SC-200SW None None JFW VALVE

CV-192 Swing Check Valve Bag Filter Inlet 50 2" 316 SS SW SC-200SW None None JFW VALVE

MV-190 Manual Ball Valve Bag Filter Inlet 50 2" 316 SS 3 pc SW 320SSFFFL50 None None FloTite

MV-191 Manual Ball Valve Bag Filter Bleed Valve 8 1/4" 316 SS NPT T80SS None None FloTite

MV-192 Manual Ball Valve Feed Pump Inlet to Drain 16 1/2" 316 SS NPT T80SS None None FloTite

MV-193 Manual Ball Valve Pump Outlet to Drain 16 1/2" 316 SS NPT T80SS None None FloTite

MV-194 Manual Ball Valve Permeate Sample Port 8 1/4" 316 SS NPT T80SS None None FloTite

MV-195 Manual Ball Valve Concentrate Sample Port 8 1/4" 316 SS NPT T80SS None None FloTite

MV-196 Manual Ball Valve IC Feed Sample Port 8 1/4" 317 SS NPT T80SS None None FloTite

MV-197 Manual Ball Valve IC Permeate Sample Port 8 1/4" 318 SS NPT T80SS None None FloTite

MV-198 Manual Ball Valve IC Concentrate Sample Port 8 1/4" 316 SS NPT T80SS None None FloTite

Off-Skid Valves (provided by others)

Tag # Type of Action Location Size Equal Material Connection Valve Part # Actuator Part # Positioner Part # Manufacturer

XV-210 Pneumatic Spring Return Tank T-200 to Spiral Skid 50 2" CPVC 3 pc S/T TB2200ST ALF20-SR None Hayward/ALPHA

XV-211 Pneumatic Spring Return Tank T-210 to Spiral Skid 50 2" CPVC 3 pc S/T TB2200ST ALF20-SR None Hayward/ALPHA

XV-300 Pneumatic Spring Return Spiral Permeate to Hot Water Tank 51 2" CPVC 4 pc S/T TB2200ST ALF20-SR None Hayward/ALPHA

XV-301 Pneumatic Spring Return Spiral Permeate to Discharge 50 2" CPVC 3 pc S/T TB2200ST ALF20-SR None Hayward/ALPHA
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SDL Project - Valves Calculations

Stage-1 VSEP RO Skid

Control Skid mm US Equal Inches Q Q Q ∆P Cv Cv max fps max M/s

Modulated Valves Nom Size Nom Size ID Area Min GPM Nom GPM Max GPM Delta PSI Nominal Max Velocity Velocity

FCV-110 Feed to VSEP #1 50 2" 2.066 3.351 15.0 30.0 37.5 500 1.34 1.68 3.59 1.09

FCV-112 Concentrate from VSEP #1 25 1" 1.049 .864 10.0 20.0 25.0 500 0.89 1.12 9.29 2.83

Control Skid mm US Equal Inches Q Q Q ∆P Cv Cv max fps max M/s

On/Off Pneumatic Valves Nom Size Nom Size ID Area Min GPM Nom GPM Max GPM Delta PSI Nominal Max Velocity Velocity

XV-100 Hot Water Inlet to Bag Filter 63 2.5" 4.000 12.560 30.0 60.0 75.0 5 26.83 33.54 1.92 0.58

XV-101 Feed Inlet to Bag Filter 63 2.5" 4.000 12.560 17.5 35.0 43.8 5 15.65 19.57 1.12 0.34

XV-102 Feed to Header 50 2" 2.583 5.237 17.5 35.0 43.8 5 15.65 19.57 2.68 0.82

XV-105 Permeate to VSEP Feed Tank, T-110 50 2" 3.000 7.065 6.5 13.0 16.3 5 5.81 7.27 0.74 0.23

XV-106 Permeate to Spiral Feed Tank, T-200 50 2" 3.000 7.065 6.5 13.0 16.3 5 5.81 7.27 0.74 0.23

XV-107 Concentrate to VSEP Feed Tank, T-110 50 2" 2.066 3.351 10.0 20.0 25.0 5 8.94 11.18 2.40 0.73

XV-108 Concentrate to Reject Tank, T-120 50 2" 2.066 3.351 10.0 20.0 25.0 5 8.94 11.18 2.40 0.73

XV-110 CIP Feed to VSEP #1 50 2" 2.066 3.351 30.0 60.0 75.0 5 26.83 33.54 7.19 2.19

XV-111 CIP Permeate From VSEP #1 50 2" 2.066 3.351 20.0 40.0 50.0 5 17.89 22.36 4.79 1.46

XV-112 Permeate From VSEP #1 50 2" 2.066 3.351 6.5 13.0 16.3 5 5.81 7.27 1.56 0.47

XV-113 CIP Concentrate From VSEP #1 25 1" 1.049 .864 10.0 20.0 25.0 5 8.94 11.18 9.29 2.83

XV-114 Concentrate From VSEP #1 25 1" 1.049 .864 10.0 20.0 25.0 5 8.94 11.18 9.29 2.83

Stage-2 Spiral RO Skid

Control Skid mm US Equal Inches Q Q Q ∆P Cv Cv max fps max M/s

Modulated Valves Nom Size Nom Size ID Area Min GPM Nom GPM Max GPM Delta PSI Nominal Max Velocity Velocity

FCV-200 Concentrate from Spiral RO 25 1" 1.049 .864 10.0 20.0 25.0 500 0.89 1.12 9.29 2.83

Control Skid mm US Equal Inches Q Q Q ∆P Cv Cv max fps max M/s

On/Off Pneumatic Valves Nom Size Nom Size ID Area Min GPM Nom GPM Max GPM Delta PSI Nominal Max Velocity Velocity

XV-200 Hot water in 50 2" 2.583 5.237 45.0 90.0 112.5 5 40.25 50.31 6.90 2.10

XV-201 Feed to Spiral from feed tank 50 2" 2.583 5.237 25.0 50.0 62.5 5 22.36 27.95 3.83 1.17

XV-202 Feed Pump, P-201 Outlet 50 2" 2.583 5.237 25.0 50.0 62.5 5 22.36 27.95 3.83 1.17

XV-203 Feed In from CIP Skid 50 2" 2.583 5.237 45.0 90.0 112.5 5 40.25 50.31 6.90 2.10

XV-205 Spiral Permeate out to CIP Skid 40 1.5" 1.612 2.040 37.5 75.0 93.8 5 33.54 41.93 14.75 4.50

XV-206 Spiral Permeate to Destination, T-300 40 1.5" 1.612 2.040 18.8 37.5 46.9 5 16.77 20.96 7.38 2.25

XV-207 Spiral Permeate to Feed Tank, T-200/210 40 1.5" 1.612 2.040 18.8 37.5 46.9 5 16.77 20.96 7.38 2.25

XV-204 Spiral Concentrate out to CIP Skid 25 1" 1.049 .864 7.5 15.0 18.8 5 6.71 8.39 6.97 2.12

XV-208 Spiral Concentrate to Reject Tank, T-120 25 1" 1.049 .864 6.3 12.5 15.6 5 5.59 6.99 5.81 1.77

CIP Skid

mm US Equal Inches Q Q Q ∆P Cv Cv max fps max M/s

Nom Size Nom Size ID Area Min GPM Nom GPM Max GPM Delta PSI Nominal Max Velocity Velocity

XV-190 Hot Water to CIP Tank 50 2" 2.066 3.351 30.0 60.0 75.0 5 26.83 33.54 7.19 2.19

XV-191 Hot Water to VSEP 50 2" 2.066 3.351 30.0 60.0 75.0 5 26.83 33.54 7.19 2.19

XV-192 CIP Tank to Drain 50 2" 2.066 3.351 2.5 5.0 6.3 5 2.24 2.80 0.60 0.18

XV-193 CIP Tank to Pump 50 2" 2.066 3.351 30.0 60.0 75.0 5 26.83 33.54 7.19 2.19

XV-194 CIP Pump to Feed Header 50 2" 2.066 3.351 30.0 60.0 75.0 5 26.83 33.54 7.19 2.19

XV-195 Feed Bypass to CIP Tank 50 2" 2.066 3.351 30.0 60.0 75.0 5 26.83 33.54 7.19 2.19

XV-196 Permeate to CIP Tank 50 2" 2.066 3.351 20.0 40.0 50.0 5 17.89 22.36 4.79 1.46

XV-197 Permeate to Destination 50 2" 2.066 3.351 20.0 40.0 50.0 5 17.89 22.36 4.79 1.46

XV-198 Concentrate to CIP Tank 40 1-1/2" 1.612 2.040 10.0 20.0 25.0 5 8.94 11.18 3.93 1.20

XV-199 Concentrate to Destination 40 1-1/2" 1.612 2.040 10.0 20.0 25.0 5 8.94 11.18 3.93 1.20
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2PC Full Bore Economical Ball Valve

www.flotite.com

Model : T80SS
1000 WOG / 150 SWP
316 Stainless Steel
Optional Carbon Steel
Temperature Range:
 -20 °F to 450 °F
 -46 °C to 232 °C

Size Range:
1/4” - 3”
Threaded Ends

2PC  ECONOFLO SERIES

DESIGN FEATURES

•	 Full Port - Straight through flow minimizes 
	 pressure drop and prolongs valve life

•	 Internal Entry Blow-out Proof Stem

•	 Locking Handle - Standard on all valves
	 meets OSHA 1910.147

•	 Adjustable V-Ring Stem Packing

•	 Bubble Tight - Zero Leakage

•	 Actuator Mounting Pad

•	 Investment cast improves dimensional
	 control and reduces porosity

•	 2PC Econoflo Series is an Ideal General
	 purpose stainless steel valve, meeting
	 plant - wide applications

Econoflo Series offers exceptional economy and proven performance
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T80SS Full Port Ball Valve Design & Technical Data
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PRESSURE RATING: 1000 WOG
VALVE COMPONENTS

T80 For maximum 
Flow Requirements

Conforms to:
Federal Specification WW-V-35B
Type II, Class C. Style 3

Pipe Thread in accoardance with
ANSI B2 NPT

Drilled and Tapped Actuator
Mounting Pad

All valves 100% air tested underwater
at 100 psi Open and Close positions.

Dimensions are for estimating purpose only.
Please consult factory for exact dimensions.

	ITEM	 NAME	 T80SS	 T80CS	 QTY.

	 1	 BODY	 ASTM A351 GR. CF8M	 ASTM A216 GR. WCB	 1
	 2	 END CAP	 ASTM A351 GR. CF8M	 ASTM A216 GR. WCB	 1
	 3	 BALL	 ASTM A276 TYPE316	 ASTM A276 TYPE316	 1
	 4	 SEAT	 RPTFE	 RPTFE	 2
	 5	 BODY SEAL	 PTFE	 PTFE	 1
	 6	 STEM	 ASTM A276 TYPE316	 ASTM A276 TYPE316	 1
	 7	 THRUST WASHER	 RPTFE	 RPTFE	 1
	 8	 STEM PACKING	 RPTFE	 RPTFE	 2
	 9	 GLAND NUT	 ASTM A492 TYPE304	 CARBON STEEL	 1
	 10	 HANDLE	 ASTM A167 TYPE304	 CARBON STEEL	 1
	 11	 LOCKING DEVICE	 ASTM A167 TYPE304	 CARBON STEEL	 1
	 12	 LEVER SLEEVE	 VINYL PLASTISOL	 VINYL PLASTISOL	 1
	 13	 SPRING WASHER	 ASTM A492 TYPE304	 CARBON STEEL	 1
	 14	 NUT	 ASTM A492 TYPE304	 CARBON STEEL	 1

BILL OF MATERIALS:

SIZE 1/4” 3/8” 1/2” 3/4” 1” 1 1/4” 1 1/2” 2” 2 1/2” 3”

A
in 2.20 2.20 2.52 2.95 3.35 3.86 4.17 4.80 6.38 7.01

mm 56 56 64 75 85 98 106 122 162 178

oB
in 0.43 0.47 0.59 0.79 0.98 1.26 1.50 1.97 2.56 3.07

mm 11 12 15 20 25 25 32 50 65 78

C
in 1.89 1.89 2.24 2.36 2.80 3.13 3.46 3.86 4.88 5.41

mm 48 48 57 60 71 79.5 88 98 124 137.5

D
in 3.54 3.54 3.94 4.53 5.51 5.51 7.09 7.48 8.66 9.45

mm 90 90 100 115 140 140 180 190 220 240

CV 6 7 10 25 35 46 80 110 310 360

Torque (in-lbf) 36 36 65 80 120 235 290 370 685 810

Weight (lbs) 0.66 0.66 0.79 1.28 2.29 3.39 4.97 8.36 15.0 25.5

DIMENSIONS AND WEIGHTS:







Flo-Tite’s Unique...
MULTI-CHOICE SERIES

	I-SO-MOUNT TYPE AUTOMATION PAD	

	WELD IN PLACE DESIGN

	SECONDARY MEDIA CONTAINMENT 	

	SECONDARY METAL SEAT

	LIVE-LOADED STEM ASSEMBLIES

	SWING-OUT BODY DESIGN

	SAFETY LOCKING HANDLE

	ANTI-STATIC GROUNDING DEVICE

	 SUPER-TEK-SEATS, STANDARD

	CAVITY FILLER - ALL SIZES

	METAL NAME PLATES IDENTIFY
	 ALL SOFT PARTS

	SIZE Range 
	 1/4" thru 4"
	 Optional 6”~12”

	1500 WOG/150 WSP
	 1/4" ~ 2", 2-1/2"~ 4", 		
	 ANSI 150/300 6"~12" 
  
	Cap Screws are used 	
	 to insure precise   	  	
	 alignment of valve 		
	 center body to end 		
	 caps. This high-end 		
	 design feature 		
	 eliminates through 		
	 bolts, nuts,washer 		
	 and their related 		
	 problems.

Unique 3PC Design Serves As Both Valve And Union 
Thus Eliminating Costly And Heavy Flanges!

V-Port Control Valve Characterized
Ball V15°, V30°, V60°, V90°

	THREADED (NPT)

	SOCKET WELD

	BUTT WELD

	150 LB. FLANGED

	TRI CLAMP-SANITARY END

	CAM LOCK

	TUBE END

	FLUSH BOTTOM TANK

	EXTENDED END SW

	EXTENDED END B/W

1500 WOG

UNIQUE DESIGNEND CAP SELECTIONSPECIAL FEATURES		

3 PC Full Port Ball Valves

Tech Bulletin Page 45-09

SIZE 1/4” - 2 1/2” SIZE 3” & 4”
Optional 6” thru 12”

Shown with Optional 
Weld-In-Place Ends

I - S0 - Mount

Models:
300 - (316SS)
200 - (WCB)

www.flotite.com
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2.10
2.43
3.51
5.07
8.00

12.00
22.00
32.50
56.00

BILL OF MATERIALS:

DIMENSIONS, TORQUES, AND WEIGHTS:

Size 1/4” thru 4” inch

Weld-In-Place

* Recommended Spare Parts	 (Consult factory for B8 and B7 bolting)   ** Weld Ends use CF3M-316L   

PRESSURE & TEMPERATURE DATA OPTIONAL SEAT MATERIALS
Consult factory for sizes 6 thru 12 inch

· UHMWP-Ultra High Molecular Weight Polyethylene
· Carbon Filled Teflon
· Bronze Filled Teflon
· Stainless Teflon
· Virgin Teflon
· Peek 

· Stellite-Metal
• Super-Tek (TFM)
• Super-Tek III (Carbon/TFM)
· Cavity Fillers

* Carbon Steel Bodies are Black Phosphate Coated 
   for Added Corrosion Resistance
* All Carbon Body Valves Have Stainless Steel HardwareTemperature (°F)
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This brochure is general in nature and manufacturer reserves the right to alter dimensions, materials or to make design improvements.

1/2”~2-1/2” 3”~4”

-46   -18   10   38    66    93   121  149   177  204  232  260
Temperature (°C)

6.496
6.496
7.874
7.874
9.843
9.843
9.843

15.354
15.354

2.598
2.913
3.425
3.622
4.134
4.528
5.039
6.417
7.087

0.591
0.787
0.984
1.260
1.496
2.000
2.559
2.992
4.016

4.71
5.02
5.31
5.71
6.23
6.76
8.76
9.45
10.56

2.835
3.346
3.622
4.331
4.843
5.591
7.264
7.953
9.055

1/4”, 3/8”, 1/2
3/4”
1”

1-1/4”
1-1/2”

2”
2-1/2”

3”
4”

NOTE: Verify the Mounting dimensions before manufacturing actuator mounting hardware.
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18
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74

130
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890

1,620

50
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200
340
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780

1600

1.8743.543
3.543 1.874

	 	 ØB	 C	   D		  CV	 WEIGHT	 TORQUE
		  (lbs)		  (in-lbs)

NO.	 PART NAME	 300 SERIES STAINLESS STEEL	 200 SERIES CARBON STEEL	 Q’TY

1	 BODY	 ASTM A351 GR. CF8M - 316	 ASTM A216 GR. WCB	 1
2	 CAP END CONNECTOR	 ASTM A351 GR. CF8M **	 ASTM A216 GR. WCB	 2
3	 BALL	 ASTM A351 GR. CF8M - 316	 ASTM A351 GR. CF8M - 316	 1
4	 SEAT *	 SUPER-TEK TFM or RTFE 	 SUPER-TEK TFM or RTFE	 2
5	 STEM	 ASTM A276 TYPE 316	 ASTM A276 TYPE 316	 1
6	 BODY SEAL *	 SUPER-TEK TFM OR RTFE	 SUPER-TEK TFM OR RTFE	 1
9	 BODY BOLT	 S.S 304 / ASTM A193 GR B8	 S.S 304 / ASTM A193 GR B8	 8/12

10	 ANTI-STATIC	 SS316	 SS316	 2
11	 THRUST BEARING *	 25% CARBON/TFM	 25% CARBON/TFM	 1
12	 GUIDE SEAL *	 VITON O-RING	 VITON O-RING	 1
14	 STEM PACKING *	 SUPER-TEK-TFM 	 SUPER-TEK-TFM	 3
15	 PACKING GLAND SLEEVE 	 SS304	 SS304	 1
18	 BELLEVILLE WASHER 	 SS301	 SS301	 2
19	 LOCK WASHER 	 SS304	 SS304	 1
23	 VAVLE STOP - SET SLEEVE 	 SS304	 SS304	 1
24	 VAVLE STOP - BOLT 	 SS304	 SS304	 1
25	 LEVER HANDLE 	 SS304	 SS304	 1
26	 THIN NUT	 SS304	 SS304	 2
28	 LEVER SLEEVE 	 PLASTIC	 PLASTIC	 1
29	 LOCKING DEVICE	 SS304	 SS304	 1

1/2 - 13 UNC
1/2 - 13 UNC

TFM SUPER-TEK

FFLLOO TITETITE
TM

valves & controls

SIZE	             A WELD-IN
PLACE



STAINLESS	 CARBON	 CONNECTIONS:
	 310		  210	 THREADED END
	 320		  220	 SOCKET WELD
	 330		  230	 BUTT WELD
	 340		  240	 150 LB. FLANGE
	 350		  250	 TRI CLAMP-SANITARY END
	 360		  260	 CAM LOCK
	 370		  270	 TUBE END
	 395		  395	 EXTENDED END B/W
	 390		  290	 GROVED END 
	 TK300		  TK200	 FLUSH BOTTOM TANK

 Model Numbers:	

	 Threaded End, ANSI B1.20.1 NPT
	 Socket Weld, ANSI B16.11
	 Butt Weld MSS SP72
	 Meets WW-V35C Type II
	 Composition: SS Style
	 Shell Wall ANSI B16.34
	 Flanged End Class 150 or 300
	 Valve Body and Caps are high
	 quality investment castings
	 NACE MR-01.75 compliant
	 ISO 5211 Mounting Pad

UNIQUE FEATURES

Ball Design Added Safety Feature:
As an added safety feature, there is a hole in the 
stem slot of each ball to equalize pressure 
between the body cavity and the flow stream 
when valve is in the open position.

Any combination of above end connections 
are available C/F.

Relief Holes in Seats Relieve 
Pressure Past the Upstream Seat.

VALVE
COMPONENTS

Flo-Tite’s QUALITY CONTROL INCLUDES:
All castings go through spectroscopic analysis
Microstructure test after solution heat treating
Inspection of appearance after shot blasting

Size/dimension gauge test after CNC machining
Final pressure leakage test at 100 PSI under 
water in Open and Closed positions.

RATINGS:

	 Pressure Rating: 
	 Threaded, Socket Weld 
	 Butt Weld schedules 5, 10, & 40 
	 Size 1/4" thru 4" - 1500 WOG 
	 Size 6" and larger Butt Weld, Socket Weld, 
	 Threaded End - 800 WOG 
	 Flanged End ANSI 150/300
	 Steam Rating: 150 PSI WSP 
	 250 PSI steam rated valves are available 	
	 with Super-Tek III seats
	 Vacuum service to 20 microns

	 All Valves Tested to MSS SP-72 at 100 psi
under Water in Open  and Closed Positions

End Connections:

Exploded View For 1/4”~2-1/2”
 DESIGN & TECHNICAL DATA

SPECIFICATION STANDARDS:

Tech Bulletin Page 45A-09

√ √
√

DESIGN & TECHNICAL DATA

Consult Ball Valve Identification Code Guide 
for Full Part Number, Tech Bulletin page 188-07

√
√

√
√√
√√

Flo-Tite

Flo-Tite’s safety 
lockable handle 
designed to 
prevent accidental 
movement. 

The valve can also 
be padlocked to limit 
unwanted access.

FFLLOO TITETITE
TM

valves & controls



WELD IN-PLACE

Super-Teks high temperature seat capabilities allow weld end ball valves to be welded to 
the piping system without disassembly following special welding procedures.  This 
unique advantage results in ease of installation and cost savings while insuring full 
integrity of the factory assembled and tested valve.

Tech Bulletin Page 45C-09

Tel: (910) 738-8904
Fax:  (910) 738-9112

E-mail: flotite@nc.rr.com

P. O. Box 1293
Lumberton, NC 28359

Website: www.flotite.com
Flo-Tite, Inc.
Valves & Controls

Flo-Tite’s Van Guard stem sealing system, designed to 
minimize fugitive emissions. Increases safety and provides an 
immediate ball valve solution to the newer EPA performance 
requirements, for valves meeting with a leak rate of 500ppm.

Flo-Tite’s Van Guard seal, state of the art stem sealing system. 
Incorporating a triple set of valve stem seals. This unique 
system eliminates the possibility of valve stem leaks in most all 
media applications.

STAGE I - FRONT LINE
Stage I provides a front line defense against leakage. The 
blow-out proof stem shoulder has a 45 degree bell shaped 
slope. The bell shaped design offers more sealing surface, 
effectively blocking all leak paths during rotation. The 
wedging action of the portion of the stem is far superior to the 
common small flat stem shoulder design.

STAGE II - GUIDE-SEAL
The O-ring originated early in valve design and has been a 
proven performer in high cycle applications. Its basic function 
reduces the potential of machining inperfections and provide a low torque flexible seal. This center guide also helps 
to maintain a perfect stem alignment, by eliminating side loading stress which can cause stem leaks.

STAGE III - LIVE-SEAL
Live-Seal is considered the intellectual component and the workhorse of Flo-Tite’s Van Guard stem sealling system. 
Working in unison with stages I and II, stage III calls upon the use of V-Ring packing sets which expands side ways 
as it is compressed and pressurized blocking all air pockets. The Van-Guard stem system is energized by belleville 
washers which continueouly adjusts packing compression to componsate for wear, pressure or temperature 
flactuations.

Whether your service involves volatile organic compounds, volatile hazardous chemicals, or air pollutants. Flo-Tite’s 
ball valves are by design dependable, long lasting and fully maintainable. Flo-Tite has various valve solutions and 
designs that provides end users freedom of choice for the toughest requirements imposed by the industry and by 
international standards.

Flo-Tites marking system follows MSS SP-25-1998 guidelines.  In addition 
to the casted body information, we have decided to add metal 
name plates that identify all valve soft parts.  Valve users worldwide 
will be able to contact Flo-Tite quickly for any installation or service 
requirements as the company website address will be on all valves.

MATERIAL IDENTIFICATION

BELLEVILLE
WASHERS

BUSHING

LINE SEAL
“O” RING

GUIDE SEAL
STEM

ADJUSTING
NUT

GLAND

CONICAL
(45°) STEM

FRONT SEAL
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SPECIAL NOTES:
• 	Model Selection:  See model selection choices, consult catalog or website for more information.
•	End Connection:  Valve model number indicates end connection type.  Second End Connection notation can be used in conjunction with valve 	
	 model number to indicate a combination such as:  NPT x Socket Weld.
•	For V-Modulating Control V-Ball add a ‘V’ before the valve model number.
•	Ball:  All ball material is supplied standard as 316SS.  If different material is required please specify as a special feature.
•	Special Features are noted at the end of the identification number, please see special feature codes.
•	Ordering Information:  When placing an order or requesting a quotation, please provide as many details on the application as possible such 	
	 as:  media type, temperature, pressure, pipe size, etc.

TECH BULLETIN 188A-11

3PC 316SS NPT x SW TFM GRAPHITE TFM LEVER 2” MEDIA CONTAINMENT

310 SS 2 F G F L 50 H3

MODEL BODY
MATERIAL

2nd END
CONNECTION

SEAT STEM SEAL BODY SEAL OPERATOR SIZE *SPECIAL
FEATURE

Ordering Example By Part Number - 3PC Valves: * Donates Special Feature if Required.

BALL VALVE IDENTIFICATION CODE
AND MATERIAL SELECTION GUIDE - 3PC VALVES

MODEL
BODY

MATERIAL
SECOND END
CONNECTION

SEAT

3PC
300
200
DM310
DM320
HPF40
HPF50
TK300

316SS SS Threaded 1 TFM F

WCB CS Socket Weld 2 CTMF Y

ALLOY 20 A2 Butt Weld 3 PTFE T

Brass BZ Flanged 150 4 RPTFE R

Flanged 300 5 50/50 S

Flanged 600 6 UHMWPE U

Flanged 900 7 PEEK P

CAVITY FILLED C

METAL M

KEL-F K

STEM 
SEAL

BODY
SEAL

OPERATOR SIZE

TFM F TFM F Lever 
Locking L

1/4 8

CTFM Y RTFM X 3/8 10

RTFM X PTFE T Oval
Locking O

1/2 15

PTFE T RPTFE R 3/4 20

RPTFE R 50/50 S Gear G 1 25

50/50 S UHMWPE U Deadman S 1 1/4 32

UHMWPE U PEEK P Actuator A 1 1/2 40

PEEK P GRAPHITE G Bare Stem N 2 50

GRAPHITE G KEL-F K Special X 2 1/2 65

3 80

4 100

Tri-Star Series 3pc 1500 WOG Model Types - Full Port:

Tri-Pro Series 3pc Fire Safe 2250/3000 WOG Model Types - Full Port / Standard Port:

Multi-Choice Series 3pc Full Port 1500 WOG Model Types - Full Port:

STAINLESS CARBON END CONNECTION

510 410 NPT Threaded

520 420 Socket Weld

Full Port STAINLESS Standard Port Full Port CARBON Standard Port END CONNECTION

HPF51 HPS51 HPF41 HPS41 NPT Threaded

HPF52 HPS52 HPF42 HPS42 Socket Weld

HPF53 HPS53 HPF43 HPS43 Butt Weld

HPF56 N / A HPF46 N / A Flanged - 600

STAINLESS CARBON END CONNECTION

310 210 NPT Threaded

320 220 Socket Weld

330 230 Butt Weld

340 240 Flanged - 150

350 - Tri Clamp

370 - Tube End

TK300 TK200 Tank Pad







TC Series T rue Union Ball Check Valves
1/4˝ to 6˝ PVC, Corzan® CPVC, PPL

Features
• Full Port Design to 4˝
• True Union Design
• Easy Maintenance
• FPM or EPDM Seals
• Unique Square Cut Seat
• Works in Any Position

Except Downflow

Options
• Foot Valve Screens

Backflow Prevention
Hayward True Union Ball Check Valves pre-
vent reversal of flow in piping systems. They
are ideal where backflow could potentially
cause damage to pumps, filters, or process
equipment.

Automatic Operation
Hayward True Union Ball Check Valves
operate without the need for any adjust-
ments or settings. Line pressure moves the
solid plastic ball off the elastomer seat,
opening the valve. When the inlet flow
stops, back pressure moves the ball back
onto the seat – stopping the flow.
Additionally, this valve features a unique
square-cut elastomer seat to seal at low
back pressures.

True Union Design
Sizes 1/2˝ to 6˝ feature a true union design.
This allows for easy removal from a piping
system without breaking down piping con-
nections. Just unscrew the two assembly
nuts and lift the valve body out of the line. A
Trim Check design is used for the 1/4˝ and
3/8˝ sizes. While not true union, the valves
are fully repairable, unlike some other small-
er check valves.

No Corrosion Failures
Because of their all-plastic construction,
these valves will never jam or stick as a
result of rust or corrosion. Also they will not
contaminate sensitive fluids that come into
contact with them.

Corzan® is a registered trademark of Noveon, Inc.
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MODEL NO. 

ALF-25 

PRODUCT LINE 

ALPHA ALF Series Komp 4 Actuator 

TECHNICAL DATA 

Operating 
Temperature 

Standard:-20℃-80℃ 
On requires: -20℃-120℃ 
            -40℃-80℃ 

Connection Interface NAMUR, ISO 5211 

Travel adjustment 
±5°at both open and closed 

directions(90°) 

Approval  
Output Torque (DA) 

Bar 3 4 5 5.5 6 7 8 

 
Nm 39 52 65 72 79 92 105 

Output Torque (SR) 
Bar 

Nm 
3 4 5 5.5 6 7 8 

Spring  
Stroke 

Code Start End Start End Start End Start End Start End Start End Start End Start End 

S2M4 25 15 38 27 51 40 58 47 65 53 78 66 90 78 23 13 

S4M4 23 11 36 23 49 36 55 42 62 49 75 62 88 74 28 16 

S4M2L2   33 19 46 32 53 39 60 45 73 58 86 70 32 18 

S4L4     43 27 50 34 57 41 70 53 83 66 36 21 

S4M4L2     41 22 47 29 54 36 67 48 80 61 42 24 

M4L4     38 18 45 24 52 31 64 44 77 56 47 27 

S2M4L4       43 19 50 25 63 38 75 50 52 29 

 

S4M4L4         47 21 60 34 73 46 57 31 
Wuxi St.hans Air Controls Export / Import Co.,Ltd. 

No.48 Xihong Road, Meicun Industrial Park, New Area Wuxi, Jiangsu, 214112, China 
Tel: 86-0510-85222125    Fax: 86-0510-85223552   www .a-torque.com 



MODEL NO. 

ALF-30 

PRODUCT LINE 

ALPHA ALF Series Komp 4 Actuator 

TECHNICAL DATA 

Operating 
Temperature 

Standard:-20℃-80℃ 
On requires: -20℃-120℃ 
            -40℃-80℃ 

Connection Interface NAMUR, ISO 5211 

Travel adjustment 
±5°at both open and closed 

directions(90°) 

Approval  
Output Torque (DA) 

Bar 3 4 5 5.5 6 7 8 

 
Nm 62 84 107 119 130 153 176 

Output Torque (SR) 
Bar 

Nm 
3 4 5 5.5 6 7 8 

Spring  
Stroke 

Spring
Code 

Start End Start End Start End Start End Start End Start End Start End Start End 

S2M4 40 26 62 47 84 70 96 81 107 92 130 114 152 136 35 21 

S4M4 36 19 57 40 80 62 91 73 102 84 125 107 148 129 42 26 

S4M2L2   52 30 75 52 86 63 98 74 120 96 143 118 53 31 

S4L4   48 18 70 43 81 54 93 65 115 87 138 109 62 36 

S4M4L2     66 36 77 47 89 58 111 80 134 103 69 40 

M4L4     64 25 73 39 85 50 107 72 130 94 78 44 

S2M4L4         80 40 102 62 125 85 88 49 

 

S4M4L4         75 33 98 55 120 77 96 54 
Wuxi St.hans Air Controls Export / Import Co.,Ltd. 

No.48 Xihong Road, Meicun Industrial Park, New Area Wuxi, Jiangsu, 214112, China 
Tel: 86-0510-85222125    Fax: 86-0510-85223552   www .a-torque.com 
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SSiizzee AA BB CC DD EE FF GG WWeeiigghhtt  --  ((llbb  //  kkgg))
SSoocckkeett// TThhrreeaaddeedd FFllaannggeedd

1/4˝ 3.06 / 78 0.31 / 8 1.38 / 35 0.50 / 13 N/A N/A N/A 0.13 / .06 N/A

3/8˝ 3.06 / 78 0.31 / 8 1.38 / 35 0.50 / 13 N/A N/A N/A 0.13 / .06 N/A

1/2˝ / 20* 4.63 / 118 0.50 / 13 2.25 / 57 0.75 / 19 6.75 / 171 4.88 / 124 2.32 / 59 0.75 / .34 1.00 / .45

3/4˝ / 25* 4.75 / 121 0.75 / 19 2.63 / 67 1.0 / 25 7.13 / 181 5.00 / 127 2.60 / 66 0.75 / .34 1.38 / .63

1˝ / 32* 5.25 / 133 1.00 / 25 3.00 / 76 1.25 / 32 7.75 / 197 5.88 / 14 2.88 / 73 1.25 / .57 2.13 / .97

1-1/4˝ / 40* 6.30 / 160 1.25 / 32 4.00 / 102 1.75 / 44 9.19 / 233 6.94 / 17 3.75 / 95 2.00 / .90 3.75 / 1.70

1-1/2˝ / 50* 6.75 / 171 1.50 / 38 4.00 / 102 1.75 / 44 9.75 / 248 7.06 / 17 3.75 / 95 2.00 / .90 3.75 / 1.70

2˝ / 63* 8.00 / 203 1.94 / 49 4.75 / 121 2.25 / 57 11.25 / 286 8.56 / 217 4.50 / 114 3.75 / 1.70 5.75 / 2.60

2-1/2˝ 10.68 / 271 2.88 / 73 6.56 / 167 3.25 / 83 14.38 / 365 11.25 / 286 2.50 / 64 10.00 / 4.54 14.00 / 6.36

3˝ / 90* 10.56 / 268 2.88 / 73 6.56 / 167 3.25 / 83 14.38 / 365 11.25 / 286 2.50 / 64 10.00 / 4.54 14.00 / 6.36

4˝ / 110* 12.94 / 329 4.00 / 102 8.56 / 217 4.25 / 108 17.00 / 432 14.63 / 372 4.25 / 108 17.00 / 7.72 25.00 / 11.36

6˝ N/A 4.00 / 102 N/A 4.25 / 108 19.19 / 487 N/A N/A N/A 30.20 / 13.73

Dimensions - Inches / Millimeters  

SSiizzee MMaatteerriiaall EEnndd..  CCoonnnn.. SSeeaallss PPrreessssuurree
RRaattiinngg

1/4˝ - 3/8˝* PVC Socket or Threaded FPM

1/2˝ - 4˝
PVC Socket, Threaded, FPM or 150 PSI

or CPVC or Flanged EPDM @70°F

1/2˝ - 2˝ NAT. PPL*** Threaded Non-Shock

6˝** PVC
Flanged

FPM
or CPVC

SSiizzee FFaaccttoorr SSiizzee FFaaccttoorr

1/4˝ 1.0 1-1/2˝ 45

3/8˝ 3.0 2˝ 130

1/2˝ 4.8 2-1/2˝ 170

3/4˝ 7.7 3˝ 250

1˝ 11 4˝ 400

1-1/4˝ 25 6˝ 340

Selection Chart Operating Temperature/Pressure

Cv Factors

*Trim Check Design       

** 4˝ Valve Venturied to 6˝

*** 2˝ Rated at 100 PSI

True Check with foot
valve screen installed

1. Body
2. O-Ring Seals
3. Square Cut O-Ring Seat
4. Seal Retainer
5. End Connector
6. Union Nut

Technical Information

Parts List
True Union Ball 
Check Valves

C

F

G

* Metric End Connections Available in: BSP – Straight Thread, BSP TR – Tapered Thread and Metric Socket

PPrreessssuurree  LLoossss
CCaallccuullaattiioonn  FFoorrmmuullaa

∆P = Q
Cv[ ]2

∆P = Pressure Drop
Q = Flow in GPM

Cv = Flow Coefficient

www.haywardflowcontrol.com22







Hy-Lok USA
7883 Airway Park
Mobile, AL 36608
Phone: 251-633-3767
Fax: 251-633-7359

110 Series: Ball Valves

Applications
Chemical plants, refineries, steel mills. Fuel Lines, Heavy Vehicles•

Features
Maximum Operating Pressure
of 1000 psig(69 bar) at 100ºF(38ºC) with reinforced PTFE

•

Compact design with one piece hexagon body•
Low torque for easy operation•
Butterfly handle is available as an option•

  Results 1 - 15 of 15
Part Number Dimension A Dimension B Dimension C

(Hex)
Dimension D Inlet End

Connection
Orifice Outlet End

Connection
List Price

BVH-6M 79.5 mm 31 mm 17 mm 60 mm 6mm Hy-Lok 5.0 6mm Hy-Lok QUOTE
BVH-4T 79.5 mm 31 mm 17 mm 60 mm 1/4" Hy-Lok 5.0 1/4" Hy-Lok QUOTE
BVF-4N 40 mm 31 mm 17 mm 60 mm 1/4" Female NPT 5.0 1/4" Female NPT QUOTE
BVH-10M 90 mm 40 mm 20.6 mm 80 mm 10mm Hy-Lok 7.5 10mm Hy-Lok QUOTE
BVH-6T 90 mm 40 mm 20.6 mm 80 mm 3/8" Hy-Lok 7.5 3/8" Hy-Lok QUOTE
BVF-6N 45 mm 40 mm 20.6 mm 80 mm 3/8" Female NPT 7.5 3/8" Female NPT QUOTE
BVH-12M 99 mm 42 mm 27 mm 80 mm 12mm Hy-Lok 9.0 12mm Hy-Lok QUOTE
BVH-8T 99 mm 42 mm 27 mm 80 mm 1/2" Hy-Lok 9.0 1/2" Hy-Lok QUOTE
BVF-8N 54.5 mm 42 mm 27 mm 80 mm 1/2" Female NPT 9.0 1/2" Female NPT QUOTE
BVH-16M 109 mm 51 mm 32 mm 100 mm 16mm Hy-Lok 12.5 16mm Hy-Lok QUOTE
BVH-10T 109 mm 51 mm 32 mm 100 mm 5/8" Hy-Lok 12.5 5/8" Hy-Lok QUOTE
BVF -12N 61 mm 51 mm 32 mm 100 mm 3/4" Female NPT 12.5 3/4" Female NPT QUOTE
BVH-12T 110 mm 51 mm 32 mm 100 mm 3/4" Hy-Lok 16.0 3/4" Hy-Lok QUOTE
BVH-16T 134 mm 55 mm 38 mm 100 mm 1" Hy-lok 16.0 1" Hy-lok QUOTE
BVF-16N 75 mm 55 mm 38 mm 100 mm 1" Female NPT 16.0 1" Female NPT QUOTE
  Results 1 - 15 of 15

9/19/2011 | Page 1 of 1



VSEP Pump Totals

Confidential Material Page 1
SDL Project

SDL Project - Pump Totals

Qty Location Brand Pump Model # Capacity Connect HP Motor Motor Brand Frame

1 VSEP Feed Pumps Grundfos CRN-20-10 APGVHQQV 19.8 m3/hr @ 500 psi 2" vic 25 hp 440V 3ph TEFC Baldor 256 TC

1 VSEP Feed Pumps Grundfos CRN-20-9SF APGVHQQV 19.8 m3/hr @ 500 psi 2" vic 25 hp 440V 3ph TEFC Baldor 256 TC

1 Spiral Feed Pump Grundfos CRN-15-10 APGVHQQV 14.85 m3/hr @ 500 psi 2" vic 20 hp 440V 3ph TEFC Baldor 256 TC

1 Spiral Feed Pump Grundfos CRN-15-11SF APGVHQQV 14.85 m3/hr @ 500 psi 2" vic 20 hp 440V 3ph TEFC Baldor 256 TC

1 CIP Pump Grundfos CRN-15-10 APGVHQQV 14.85 m3/hr @ 500 psi 2" vic 20 hp 440V 3ph TEFC Baldor 256 TC

1 Metering Pumps Chemtech  X100-XC-AAAAXXX 22.5 gpd @ 60psi 3/8 MNPT - 220V 1ph TEFC - -

2 Metering Pumps Bran+Luebbe MD 200S 19111 000 1 gpm @ 30 psi 1/2" npt 3/4 hp 220V 1ph TEFC Baldor 56C

Note: Does not include off-skid equipment.

Pump Information Motor Information



VSEP Pump Spreadsheet
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SDL Project - Pump's List

VSEP Feed Pump Skid - Stage 1

Tag # Location Brand Model # Capacity HP Motor Wetted Materials Connect Temp

P-100 Pump 100 Grundfos CRN-20-10 APGVHQQV 19.8 m3/hr @ 500 psi 25 hp 440V 3ph TEFC 316L SS, Viton 2" vic -15º to 100ºC

P-101 Pump 101 Grundfos CRN-20-9SF APGVHQQV 19.8 m3/hr @ 500 psi 25 hp 440V 3ph TEFC 316L SS, Viton 2" vic -15º to 100ºC

CIP Skid

Tag # Location Brand Model # Capacity HP Motor Wetted Materials Connect Temp

P-190 CIP Pump Grundfos CRN-15-10 APGVHQQV 14.85 m3/hr @ 500 psi 20 hp 440V 3ph TEFC 316L SS, Viton 2" vic -15º to 100ºC

Spiral RO Skid - Stage2

Tag # Location Brand Model # Capacity HP Motor Wetted Materials Connect Temp

P-200 Pump 200 Grundfos CRN-15-10 APGVHQQV 14.85 m3/hr @ 500 psi 20 hp 440V 3ph TEFC 316L SS, Viton 2" vic -15º to 100ºC

P-201 Pump 201 Grundfos CRN-15-11SF APGVHQQV 14.85 m3/hr @ 500 psi 20 hp 440V 3ph TEFC 316L SS, Viton 2" vic -15º to 100ºC

Chemical Tote

Tag # Location Brand Model #  Capacity HP Motor Wetted Materials Connect Temp

CP-404 NLR 404 Tote Bran+Luebbe MD 200S 19111 000 1 gpm @ 30 psi 3/4 hp 220V 1ph 60 Hz 316L SS, Teflon 1/2" npt -15º to 100ºC

CP-505 NLR 505 Tote Bran+Luebbe MD 200S 19111 000 1 gpm @ 30 psi 3/4 hp 220V 1ph 60 Hz 316L SS, Teflon 1/2" npt -15º to 100ºC

CP-560 NLR 560 Drum Chemtech  X100-XC-AAAAXXX 100 gpd @ 60psi - 220V 1ph 60 Hz PVC, EPDM 3/8 MNPT -15º to 100ºC

Off-Skid Pumps (provided by others)

Tag # Location Brand Model # Capacity HP Motor Wetted Materials Connect Temp

P-110 Fill VSEP Batch Feed Tank, T-110 Unknown Unknown 45 m3/hr @ 30 psi Unknown Unknown Unknown Unknown Unknown

P-120 VSEP Reject Tank, T-120 Outlet Unknown Unknown 10 m3/hr @ 150 psi Unknown Unknown Unknown Unknown Unknown

P-300 VSEP Permeate Tank, T-130 Outlet Unknown Unknown 3 m3/hr @ 30 psi Unknown Unknown Unknown Unknown Unknown















































PrProCamoCamMDMD

Diaphragm
Metering Pumps
Superior Design –
Exceptional Value,
Fast Delivery
ProCamMD diaphragm metering pumps set 
the standard for ease of operation and relia-
bility in the medium duty chemical metering 
market. Precision metering for single point
injection to 80 GPH (3,000 l/h) and up to 300
psi (20 bar) is now available in a Bran+Luebbe
diaphragm pump at an incredible value.

Applications
The ProCamMD is the best in class in the medium duty
market. Including…                                 

■ Chemical
■ Food & Beverage 
■ Pulp & Paper 
■ Utilities 
■ Water Treatment 
■ …and many more

Advantages
Economical Pumping of All Types of Liquids

■ Unique double diaphragm design provides 
superior service life.

■ Diaphragm monitoring system signals the onset 
of diaphragm wear.

■ Metered liquid is protected from contamination 
by packing wear or pump lubricant.

■ Adjustments to the pumphead are not required.
■ Leak free, hermetically sealed fluid end.

DS15 with Stainless Steel Pumphead

Features
Metering Pumphead Design

■ Mechanically actuated PTFE double-diaphragm.
■ Diaphragm condition monitoring system with 

pressure gauge or optional pressure switch.
■ Materials of construction:

- 316 Stainless Steel
- Alloy 20
- PVC
- PVDF (Kynar)

Robust Gear Technology
■ Proven cam/spring design for long operating life.
■ Linear stroke length adjustment.
■ Rugged cast iron construction with bearing 

guided cam and shaft.

Motor
■ 1/3 up to 1 HP TEFC 56C NEMA frame.

(0.25 or 0.75 kw TEFC (IP54) IEC)                      
■ Single phase or three phase voltage.
■ Variable speed available as an option.



ProCamMD: Mechanically Actuated Diaphragm 
Pumphead with Simple Drive Operation.

Standard Double Diaphragm Pumphead Design

Pump Capacity in GPH*     Connection      Max. Press    Materials of           Dimensions            Approx.
Type  per stroke speed** Construction Wts.

64     94  127 188        NPTF              PSIG A       B         C           LBS.

DS 15
DP 15
DS 50
DP 50
DS 200
DP 200

1.8

6

27

2.7

9

40

3.6

12

54

5.4

18

80

3/8”

3/8”

1/2”

7.87”

8”

9.25”

19.5”

19.5”

19.5”
20.5”

316SS/Alloy 20
PVC/PVDF

316SS/Alloy 20
PVC/PVDF

316SS/Alloy 20
PVC/PVDF

40
37
40
37
65
64

12.25”
12.87”
11.87”
12.87”
13.5”
16”

* Note: Values at 100% volumetric efficiency.
** At 64 & 94 spm, motor RPM is 1750.
** At 127 & 188 spm, motor RPM is 3500.

* Note: Values at 100% volumetric efficiency.
** At 50 & 72 spm, motor RPM is 1400.
** At 100 & 144 spm, motor RPM is 2800.

TECHNICAL DATA

300
150

150

175
150

3

2
1

5 6
Micrometer style 

capacity adjustment

Positive separation
between process fluid
and gearbox lubricant

Ball bearing cam design
for superior performance

High 
suction lift
capabilities
with
mechanical
return

Process fluid
hermetically sealed

4 Long lasting virgin
PTFE double
diaphragm design

Pump Capacity in LPH*     Connection     Max. Press    Materials of          Dimensions          Approx.
Type per stroke speed** Construction mm Wts.

50 72  100 144 mm               BAR A       B         C         KG 

DS 15
DP 15
DS 50
DP 50
DS 200
DP 200

5.3

17.5

79

7.8

26

115

10.6

35

158

15.6

52

230

9

9

13

200

203

235

495

495

495
521

316SS/Alloy 20
PVC/PVDF

316SS/Alloy 20
PVC/PVDF

316SS/Alloy 20
PVC/PVDF

18
16.8
18

16.8
29.5
29

311
327
302
327
343
406

TECHNICAL DATA

20
10

10

12
10



Model Material Ratio Connection Diaphragm Motor Motor Ident Number
Monitor Adapter

MD15-S 316ss 28:1 3/8" NPTF gauge 56C none MD015S28111-000
MD15-S 316ss 19:1 3/8" NPTF gauge 56C none MD015S19111-000
MD15-A Alloy 20 28:1 3/8" NPTF gauge 56C none MD015A28111-000
MD15-A Alloy 20 19:1 3/8" NPTF gauge 56C none MD015A19111-000
MD15-P PVC 28:1 3/8" NPTF gauge 56C none MD015P28111-000
MD15-P PVC 19:1 3/8" NPTF gauge 56C none MD015P19111-000
MD15-K Kynar 28:1 3/8" NPTF gauge 56C none MD015K28111-000
MD15-K Kynar 19:1 3/8" NPTF gauge 56C none MD015K19111-000
MD50-S 316ss 28:1 3/8" NPTF gauge 56C none MD050S28111-000
MD50-S 316ss 19:1 3/8" NPTF gauge 56C none MD050S19111-000
MD50-A Alloy 20 28:1 3/8" NPTF gauge 56C none MD050A28111-000
MD50-A Alloy 20 19:1 3/8" NPTF gauge 56C none MD050A19111-000
MD50-P PVC 28:1 3/8" NPTF gauge 56C none MD050P28111-000
MD50-P PVC 19:1 3/8" NPTF gauge 56C none MD050P19111-000
MD50-K Kynar 28:1 3/8" NPTF gauge 56C none MD050K28111-000
MD50-K Kynar 19:1 3/8" NPTF gauge 56C none MD050K19111-000
MD200-S 316ss 28:1 1/2" NPTF gauge 56C none MD200S28111-000
MD200-S 316ss 19:1 1/2" NPTF gauge 56C none MD200S19111-000
MD200-A Alloy 20 28:1 1/2" NPTF gauge 56C none MD200A28111-000
MD200-A Alloy 20 19:1 1/2" NPTF gauge 56C none MD200A19111-000
MD200-P PVC 28:1 1/2" NPTF gauge 56C none MD200P28111-000
MD200-P PVC 19:1 1/2" NPTF gauge 56C none MD200P19111-000
MD200-K Kynar 28:1 1/2" NPTF gauge 56C none MD200K28111-000
MD200-K Kynar 19:1 1/2" NPTF gauge 56C none MD200K19111-000

Part Number Code:

MD 200 S 28 1 1 1 - 000
Product Size Material Ratio Connection Diaphragm Motor Motor

Monitor Adapter (60 hz, TEFC)

MD 15 S = 316ss 28 = 28:1 0 = none 0=none 0=none 000 = none
50 A = Alloy 20 19 = 19:1 1 = NPTF 1=gauge 1 = 56C 001 = 1/3hp, 1800rpm, 3ph
200 P = PVC w/ EPDM 2=switch 002 = 1/3hp, 1800rpm, 1ph

K =PVDF w/ EPDM 3 = gauge & vent 003 = 1/3hp, 3600rpm, 3ph
Y = PVC w/ FPM* 4 = switch & vent 004 = 1/3hp, 3600rpm, 1ph
Z= =PVDF w/ FPM* 005 = 3/4hp, 3600rpm, 1ph

006 = 3/4hp, 1800rpm, 3ph
* Optional FPM O-rings and Teflon gaskets 007 = 3/4hp, 1800rpm, 1ph
   replace standard EPDM valve seals. 008 = 3/4hp, 3600rpm, 3ph

009 = 1hp, 1800rpm, 3ph
FPM = Viton 010 = 1hp, 1800rpm, 1ph

011 = 1hp, 3600rpm, 3ph
012 = 1hp, 3600rpm, 1ph

ProCam MD - Part Number Code

ProCam MD Part Number Code.xls 2/5/04













































 
Product Information Packet 

VL3506 
.75HP,3450RPM,1PH,60HZ,56C,3424L,TEFC,F1

Copyright © All product information within this document is subject to Baldor Electric Company copyright © protection, unless otherwise noted.
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                                                                  Product Information Packet: VL3506 - .75HP,3450RPM,1PH,60HZ,56C,3424L,TEFC,F1

Part Detail
Revision: T Status: PRD/A Change #: Proprietary: No
Type: AC Prod. Type: 3424L Elec. Spec: 34WG3405 CD Diagram:
Enclosure: TEFC Mfg Plant: Mech. Spec: 34K043 Layout:
Frame: 56C Mounting: F1 Poles: 02 Created Date:
Base: N Rotation: R Insulation: B Eff. Date: 06-17-2011
Leads: 6#18 Literature: Elec. Diagram: Replaced By:

Nameplate NP1256L
CAT.NO. VL3506
SPEC. 34K43-3405
HP .75
VOLTS 115/230
AMP 9.6/4.8
RPM 3450
FRAME 56C HZ 60 PH 1
SER.F. 1.25 CODE K DES N CLASS B
NEMA-NOM-EFF 66 PF 74
RATING 40C AMB-CONT
CC USABLE AT 208V 6.1
DE 6203 ODE 6203
ENCL TEFC SN

SFA 11.6/5.8
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Parts List
Part Number Description Quantity
SA008171 SA 34K43-3405 1.000 EA
RA004618 RA 34K43-3405 1.000 EA
NS2512A01 INSULATOR, CONDUIT BOX X 1.000 EA
34CB3002A CB CAST W/.88 DIA HOLE 1.000 EA
34GS1029A01 GASKET, CONDUIT BOX 1.000 EA
51XB1016A07 10-16 X 7/16 HXWSSLD SERTYB 2.000 EA
11XW1032G06 10-32 X .38, TAPTITE II, HEX WSHR SLTD U 1.000 EA
34EP3102A01SP FR ENDPLATE, MACH 1.000 EA
51XW0832A07 8-32 X .44, TAPTITE II, HEX WSHR SLTD SE 2.000 EA
NS2501A01 INSULATOR, CAPACITOR 1.000 EA
51XB1016A05 10-16X5/16HX WA SL SR TYB (F/S) 2.000 EA
HW5100A03SP WAVY WASHER (W1543-017) 1.000 EA
34EP3300A24SP PU ENDPLATE, MACH 1.000 EA
51XN1032A20 10-32 X 1 1/4 HX WS SL SR 2.000 EA
34FN3002A01SP EXTERNAL FAN, PLASTIC, .637/.639 HUB W/ 1.000 EA
34FH4002A01SP IEC FH NO GREASER 1.000 EA
51XW1032A06 10-32 X .38, TAPTITE II, HEX WSHR SLTD S 3.000 EA
34CB4517 CB LID 4 MTG HOLES .22 DIA STAMPED, FOR 1.000 EA
34GS1031A01 GASKET, FLAT CONDUIT BOX LID (LEXIDE) 1.000 EA
51XW0832A07 8-32 X .44, TAPTITE II, HEX WSHR SLTD SE 4.000 EA
HW2501D13SP KEY, 3/16 SQ X 1.375 1.000 EA
HA7000A04 KEY RETAINER 0.625 DIA SHAFTS 1.000 EA
MG1000G27 PAINT- S9282E CHARCOAL GREY  55 GALLONS 0.014 GA
10XF0440S02 04-40 X 1/8 TYPE F HEX HD STAINLESS STIC 2.000 EA
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Parts List (continued)
Part Number Description Quantity
EC1400A03SP ELEC CAP,  400-480 MFD, 125V, 1.81D X 3. 1.000 EA
33CB4800A02 CAPACITOR COVER, STAMPED 1.000 EA
35GS3001A02 GASKET, CA.COVER, 5.38 LONG .06 CS301 1.000 EA
SP5056A24 MODEL 34 TYPE L STATIONARY SWITCH WITH L 1.000 EA
HA3100A44 THRUBOLT 10-32 X 8.000 4.000 EA
LB1125C01 STD (STOCK) CARTON LABEL BALDOR WITH FLA 1.000 EA
LC0001A01 CONN LABEL / WARNING LABEL (LC0001 / LB1 1.000 EA
LB5040 INSTRUCTION TAG, AC & DC 1.000 EA
NP1256L ALUM, UL CSA CC, W/O THERMAL, LASER 1.000 EA
34PA1005 PACKING GROUP, BALDOR 1.000 EA
PK3083T STYROFOAM PACKING CRADLE W/TAPE 1.000 EA



Page 5 of 8

                                                                  Product Information Packet: VL3506 - .75HP,3450RPM,1PH,60HZ,56C,3424L,TEFC,F1

Performance Data at 230V, 60Hz, 0.75HP (Typical performance - Not guaranteed values)
General Characteristics
Full Load Torque: 1.15 LB-FT Start Configuration: DOL
No-Load Current: 3.5 Amps Break-Down Torque: 3.5 LB-FT
Line-line Res. @ 25°C.: 2.5 Ohms A Ph / 2.5 Ohms B Ph Pull-Up Torque: 2.7 LB-FT
Temp. Rise @ Rated Load: 78 C Locked-Rotor Torque: 3.7 LB-FT
Temp. Rise @ S.F. Load: 92 C Starting Current: 28.0 Amps
Load Characteristics
% of Rated Load 25 50 75 100 125 150 S.F.
Power Factor: 36.0 51.0 62.0 70.0 76.0 81.0 0.0
Efficiency: 47.2 61.1 66.5 68.7 68.7 66.7 0.0
Speed: 3561.0 3534.0 3500.0 3464.0 3421.0 3365.0 0.0
Line Amperes: 3.6 3.9 4.4 5.0 5.7 6.7 5.7
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Performance Graph at 230V, 60Hz, 0.75HP Typical performance - Not guaranteed values
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Tank Sizes
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SDL Project -Tank Sizes

Clean in Place Tanks and Totes (Provided by New Logic)

Capacity Influent Capacity Influent Fill/Empty

Metric Rate US Rate Time

Tank # Name of Tank Cubic Meter m3/hr Gallons GPM Minutes

T-190 Stage 1 CIP Tank 1.0 13.6 264 60.0 4

Process Tanks (Provided by others)

Capacity Influent Capacity Influent Fill/Empty

Metric Rate US Rate Time

Tank # Name of Tank Cubic Meter m3/hr Gallons GPM Hours

T-100 VSEP EQ Tank TBD TBD TBD TBD TBD

T-110 VSEP Batch Feed Tank TBD TBD TBD TBD TBD

T-120 Concentrate Tank TBD TBD TBD TBD TBD

T-130 Hot Water Tank TBD TBD TBD TBD TBD

T-200 VSEP Permeate Tank T-200 TBD TBD TBD TBD TBD

T-210 VSEP Permeate Tank T-210 TBD TBD TBD TBD TBD

T-300 Spiral RO Permeate Tank TBD TBD TBD TBD TBD

T-560 50% NaOH Drum 0.2 0.7 55 3.000 18

T-404 VSEP NLR 404 Storage Tote 1.0 0.001 264 0.003 53

T-505 VSEP NLR 505 Storage Tote 1.0 0.001 264 0.003 53



Tank Specifications
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SDL Project -Tank Specifications

Clean in Place Tanks and Totes (Provided by New Logic)

Tank # Name of Tank Preferred Material Alternate Materials Jacket Heat Transfer Mixing Pressure Temp Instruments

T-190 Stage 1 CIP Tank Polypropylene XLPE None None No Atmospheric 50-60ºC Level

Process Tanks (Provided by others)

Tank # Name of Tank Preferred Material Alternate Materials Jacket Heat Transfer Mixing Pressure Temp Instruments

T-100 VSEP EQ Tank 304L ss Polypropylene None None No Atmospheric Ambient Level

T-110 VSEP Batch Feed Tank 304L ss Polypropylene None None No Atmospheric Ambient Level

T-120 Concentrate Tank 304L ss Polypropylene None None No Atmospheric Ambient Level

T-130 Hot Water Tank 304L ss Polypropylene Yes Yes No Atmospheric 50-60ºC Level, Temp

T-200 VSEP Permeate Tank T-200 304L ss Polypropylene None None No Atmospheric Ambient Level 

T-210 VSEP Permeate Tank T-210 304L ss Polypropylene None None No Atmospheric Ambient Level

T-300 Spiral RO Permeate Tank 304L ss Polypropylene None None No Atmospheric Ambient Level

T-560 50% NaOH Drum HDPE Polypropylene Yes None No Atmospheric Ambient None

T-404 VSEP NLR 404 Storage Tote HDPE Polypropylene None None No Atmospheric Ambient None

T-505 VSEP NLR 505 Storage Tote HDPE Polypropylene None None No Atmospheric Ambient None



Chem-Tainer Tank Information 

Material Selection 
 
Chemtainer.com offers you a selection of materials that are by far the best suited for molded tanks and 
containers for use with aggressive corrosive chemicals as well as food products. Our 35 plus years of 
experience in rotational molding, combined with our professional staff of chemical, mechanical and 
plastics engineers, enables us to provide you with the highest quality rotationally molded tanks and 
containers available in the industry.  

The following is a brief description of these materials: 

Polyethylene 

A high quality thermoplastic that has outstanding resistance to both physical and chemical attack. The 
overall general toughness and excellent chemical resistance to a wide array of wet and dry industrial 
chemicals and food products make polyethylene ideally suited for storage tanks and containers. 

Polyethylene is translucent and its natural color ranges from slightly off white to creamy yellow, 
depending on wall thickness and type. Ultraviolet light stabilizers are added for use in outdoor 
applications. Colors are available on request for a nominal up charge. 

A) Linear Polyethylene 

Linear Polyethylene is available as low, medium and high density. Most products offered in this catalog 
are molded of linear medium density polyethylene (LMDPE) and linear high density polyethylene 
(LHDPE). They have superior mechanical properties, high stiffness, excellent low temperature impact 
strength and excellent environmental stress crack resistance. The linear polyethylene used by Chem-
Tainer meets specifications contained in FDA regulation 21CFR177.1520 (c) 3.1 and 3.2 and so may be 
used as an article or a component of articles intended for use in contact with food, subject to any 
limitations in the regulations. Maximum operating temperature for linear polyethylene is 140° F. 

B) Crosslinkable Polyethylene 

Crosslinkable polyethylene is a high density polyethylene that contains a crosslinking agent which reacts 
with the polyethylene during molding, forming a crosslinked molecule similar to a thermoses plastic. This 
reaction improves toughness and environmental stress crack resistance. Crosslinked Polyethylene 
(XLPE) is not weldable and does not meet FDA requirement 21CFR177.1520. Maximum operating 
temperature of crosslinked polyethylene is 150° F. 

2) Polypropylene 

Polypropylene is a rigid plastic that has a higher operating temperature limit than polyethylene: 212° F. It 
offers good chemical resistance, has a high resistance to stress crack, and is autoclavable. 
Polypropylene (PP) is not recommended for applications in sub-freezing temperature or where high 
impact strength is needed. A rough, irregular interior surface is common characteristic of molded 
polypropylene. 

Considerations to Material Selection 

Elevated Temperatures 
Continued or prolonged service with contents at elevated temperatures can shorten the life of a tank. The 



effects of the temperature will depend on the chemical content and its specific gravity, tank size and 
configuration, material of construction, wall thickness and if there are any external supports on the tank. 

Exposure to Ultraviolet Light  
Unprotected thermoplastics exposed to sunlight for an extended period of time, absorb ultraviolet (UV) 
light, which can cause discolorations, embrittlement and eventual cracking. Fluorescent lighting has a 
similar effect. Elevated temperatures can accelerate the embrittling process. Chem-Tainer products are 
molded from materials utilizing the latest technology for UV stabilizers which greatly reduce the harmful 
effects of UV light. For greater protection, keep tanks out of direct sunlight or order dark colored tanks 
which will further retard the effect of UV light. 

Environmental Stress Cracking  
Certain surface active materials, although they have no chemical effect on polyethylene, can accelerate 
its cracking when under stress, such as liquid detergents and ultra pure water- (see our chemical 
compatibility Chart on pages 46 - 49.) Elevated temperatures tend to accelerate the cracking. Although all 
polyethylenes are subject to stress cracking, some are more resistant to it than others. The degree of 
stress on the plastic has a direct bearing on its resistance, therefore a tank and system should be 
designed to minimize stress. Chemtainer.com tanks are molded visually stress free, employing materials 
that are highly resistant to environmental stress cracking, and hence are less prone to cracking than 
fabricated tanks. Stress cracking agents are surface active materials. Proper care should be taken to 
reduce stress at fillings, bands, tie down lugs, etc.  

Characteristics and Physical Properties 

 

General Characteristics Linear XLPE PP  
Maximum Service Temp 140 F (60 C) 150 F (65 C) 212 F (100 C)

Chemical Resistance Very Good Very Good Very Good 
Stress Crack Resistance Excellent Excellent Excellent 
General Toughness Very Good Very Good Fair 
Impact Resistance Excellent Excellent Poor 
Abrasion Resistance Good Good Good 
Rigidity Good Good Good 
Color WH Translucent Off WH Trans

Off WH 
Opaque 

FDA Compliance Yes No Yes 
Outdoor Use Yes No Yes 
Weildable Yes No Yes 
Recyclable Yes No Yes 

        
Physical Properties 
(Nominal Values) Linear XLPE PP  

Density (gm/cc) ASTM:D1505 0.937-0.942 0.937-0.942 0.901-0.905 
Environmental Stress 
Cracking (F-50hrs) 
ASTIM:D1693 

>1,000 >1,000 >1,000 

Tensile Strength ASTIM:D638 
Ultimate 2"/Min (PSI) Type IV 2,600 2,600 3,000 
Elongation at Break ASTIM:D638 
2"/Min(%) Type IV 450 450 5 
Flexural Modulus (PSI) 
ASTIM:D790 

100,000-
110,000 

100,000-
110,000 

90,000-
100,000 

Brittleness Temp ASTIM:D746 <-94F (-70 C) -180 F (-118 C) 32 F (0 C) 
VICAT Softening Temp 
ASTIM:D152B 240F 240F 300F 

 



  

Tank Handling, Installation & Use Guidelines  

Although Chemtainer's tanks are extremely durable, improper handling and installation can result in damage to tank, 
fittings, and accessories. Failure to comply with handling and installation instructions voids all warranties. 

1. At delivery, inspect your tank immediately for defects or shipping damage. Any discrepancies, or product problems, 
should be noted on both the driver's bill of lading and your packing list.  

2. When unloading your tank from the delivery truck, avoid its contact with sharp objects. Forklift blades can cause 
significant damage if proper precautions are not taken. Do not allow tanks to be rolled over on the fittings. Large bulk 
storage tanks, whenever possible, should be removed from truck bed by use of a crane or other suitable lifting device. 
OSHA regulation 29CFR 1910.178 through 1910.189 addresses specific standards for hoisting and lifting. Keep unloading 
area free of rocks, sharp objects, and other materials that could damage the tank. If tank is unloaded on it's side, carefully 
brace to prevent rolling. 

3. Support bottom of tank firmly and completely. Concrete pads provide the best foundation. However, when seismic and 
wind factors are not being considered, tanks with a base load bearing of less than 800 pounds per square foot require a 
firm, even, compacted bed of sand, pea gravel, or fine soil that won't wash away. Tanks with a base load bearing of 800 
pounds per square foot, or greater, require a reinforced concrete base. Steel support stands concentrate the loaded tank 
weight onto the stand leg pads. It is recommended that stands are mounted on a concrete base. Bolting of stands is 
necessary to prevent movement due to agitation, wind, seismic loads and accidental contact. 

4. Install tanks in an area that is accessible. Ease of maintenance and removal should be considered. 

5. Test by filling tank with water prior to use, to prevent material loss through unsecured fittings, shipping damage, or 
manufacturing defects. Tanks should be tested for a minimum 5 hours. 

6. Plastic screw on bulkhead fittings are designed to be hand tightened. Overtightening can cause fittings to leak.  

7. Support sides of rectangular tanks. In general, tanks with heights greater than 18" must be supported. However, 
specific applications must be considered: smaller tanks with contents that have high specific gravity and/or elevated 
temperatures must be supported. 

8. Do not mount heavy equipment on tank sides. 

9. Do not allow weight on tank fittings. Fully support pipes and valves. 

10. Use expansion joints to prevent damage at fittings from the differential expansion and contraction of the piping and 
tanks. 

11. Tanks are designed for use only in the atmospheric storage of chemicals, never for vacuum or pressure applications. 

12. Immersion heaters should never touch the walls of the tank. Minimum spacing should be 3" - 4" from wall.  

13. Refer to the chemical capability chart on this site as a guide. Be certain tank, fittings, and fitting gasket material are 
compatible with chemicals at the anticipated operating temperatures. Contact our technical staff for information on 
chemicals not listed, or when uncertain conditions exist. 

14. Protect tanks from impact, especially at temperatures below 40 degrees F. 

15. Confined spaces must be considered hazardous. Do not enter tank without first taking proper precautions. 

16. Tank sizes as listed are nominal and calibrations on molded tanks are only approximates, but provide an indication of 
volume. Polyethylene tanks expand and contract which will effect volume. The degree in which this occurs depends on the 
size of the tanks, wall thickness, specific gravity of contents, temperature of contents and ambient temperatures. 

 



SSppeecciiffiiccaattiioonnss  MMaannuuaall



1.0 DESCRIPTION OF TANK

1.1 SPECIFICATIONS (see pages 4-7)
1.2 GENERAL

2.0 MATERIALS
2.1 LINEAR POLYETHYLENE

2.2 CROSS-LINKED POLYETHYLENE

2.3 ULTRA VIOLET LIGHT STABILIZERS AND FILLERS

2.4 PIGMENT

3.0 TANK CONSTRUCTION

3.1 MECHANICAL PROPERTIES

These are one piece tanks, rotationally molded of linear medium or high density
polyethylene or high density crosslinkable polyethylene (XLPE). Refer to material
type in the tank charts for availability. Tanks come in a variety of shapes, are avail-
able in closed head designs with flat bottom (IC, IA & IX series), conical bottom (JA
& JC series), round horizontal (LC & LA series) or oval horizontal (MC & MA
series).These tanks can be furnished with various accessories as per customer speci-
fications and are capable of holding aggressive chemicals at atmospheric pres-
sure. Open top mixing and processing tanks are available in cylindrical, conical
bottom and rectangular designs, refer to Chem-Tainer product catalog.

A high quality, chemically resistant plastic with high stress crack and impact resist-
ance. Linear polyethylene is translucent and exhibits properties that are ideal for
applications that are exposed to low temperatures and/or high impact. Unlike ther-
mosets, linear polyethylene is weldable, thus allowing for greater flexibility when
designing modification to our standard tanks. The plastic complies with USDA and 
FDA regulations for storage and processing of food. Linear polyethylene is fully
recyclable and thereby provides a convenient method of disposal.

High density cross-linked polyethylene has excellent low temperature impact and
environmental stress-crack resistance. This polyethylene is a thermoset, thus does
not permit the utilization of welded tank connections. Cross-linked polyethylene
does not   have USDA or FDA compliance for storage of processing edibles and is
not recyclable.

The plastic does contain a minimum of 0.25 to a maximum of 0.50 long term U.V.
stabilizer. It does not contain any fillers.

Pigment can be added at purchaser's request. These pigments would be compati-
ble with the polyethylene and will not exceed 0.5% dry blended and 2% com-
pounded in of the total weight.

The minimum for the properties of the material shall be as follows based on molded
parts:

PROPERTY

Density

ESCR Spec. Thickness

125 Mils F-50

Tensile Strength

Ultimate 2”/min.

Elongation at break

2”/min.

Vicat Softening Temp.

Brittleness Temp.

Flexuarl Modulus

ASTM

D1505

D1693

D638

Type IV Spec.

D638

Type IV Spec.

D1525

D746

D790

VALUE

59 (0.937 - 0.942)

1000

2600

450

240

-180

100,000-110,000

UNITS

#/ft3((gm/cc)

Hrs.

PSI

%

Deg. F

Deg. F

PSI 

(2)



STORAGE TANK SPECIFICATIONS

3.2 APPEARANCE

3.3 CUT EDGES

3.4 DIMENSIONS AND TOLERANCES

3.4.1

3.4.2

3.5 PERFORMANCE REQUIREMENTS

The finished surface of the tank shall be free as commercially practicable from visu-
al defect such as foreign inclusions, air bubbles, pin holes, craters, crazing and
cracking that will impair the serviceability of the tank.

All edges cut out i.e., open top flanges, manways, shall be trimmed to have smooth
edges.

General - all dimensions will be taken with the tank in its proper, usable position and
unfilled. Tank dimensions will represent the exterior measurements.

Outside diameter -- The tolerance for the outside diameter including out of
roundness, shall be +/-3%.

The following performance requirements shall be conducted on samples taken
from the manway cut out area or where fittings are inserted in each tank

3.5.1 Low Temperature Impact
Low temperature impact is determined by using a 30 lb. Falling dart at -20 
degrees F.

Wall thickness in. (mm)
Less than & including 0.25 in. (6.6 mm)
0.26 in. (6.6 mm) to & including 0.50 in. (12.9 mm)
0.51 in. (12.9 mm) to & including 0.75 in. (19.3 mm)
0.76 in. (19.3 mm) to & including 1.00 in. (25.4 mm)  

ft-lb. (J) to fail.
90 (122.0)
100 (135.5)
150 (203.2)
200 (271.0)

3.4.2 Shell wall and head thickness - The tolerance for thickness shall be
+/-20% of the design thickness. The total amount of an area on the low side
of the tolerance shall not exceed 10% of the total area and individual area
shall not exceed 1 ft. 2 (.09m2) in size.

3.5.2 Percent Gel - for crosslinked polyethylene
The percent gel level is determined by using the test method found in ASTM 
D1998. The percent gel level for crosslinked tanks on the inside 
0.125 in. (3.2mm) of the wall shall be a minimum of 60%.

3.5.3 Visual Inspection - The tank is visually inspected to determine  such qualities 
as are discussed in Section 3.2, Appearance.

4.0 MARKINGS

4.1 The tank is marked to identify the producer - Chem-Tainer, Inc., date 
(month and year) of manufacture, capacity and serial number.

4.2 The proper caution and/or warning signs are affixed to the tank

4.3 Tank capacities should be based on total tank volume.

(3)



5.0 PACKAGING AND SHIPPING

5.1 All fittings and flange faces shall be protected from damage by covering 
with suitable plywood, hard-board or plastic securely fastened. Tanks shall 
be positively vented at all times.

ON PAGES 5-8 ARE LISTED
TANK DIMENSIONS

GALLONAGE
MATERIALS OF CONSTRUCTION

AND
SPECIFIC GRAVITY RATINGS

FOR ALL CHEM-TAINER BULK STORAGE TANKS.

DIMENSIONAL DRAWINGS ARE AVAILABLE
FOR ALL SIZES.

REFER TO
CHEM-TAINER’S LATEST PRODUCT CATALOG

FOR A LARGE ASSORTMENT OF OPEN TOP TANKS,
FITTINGS AND ACCESSORIES.

5.2 Pipe and tubing, fittings and miscellaneous small parts shall be packaged.
Loose items which may scratch the interior surface shall not be placed 
inside the tank during shipment. Additional protection, such as battens, end 
wrapping, cross bracing, or other interior fastenings may be required to 
assure each individual equipment pieces are not damaged in transit.

5.3 Upon arrival at the destination, the purchaser is advised to inspect for dam
age in transit. If damage has occurred, a claim should be filled with the 
carier by the purchaser. The supplier should be notified if the damage is not
first repaired by the fabricator prior to the product being put into service.
The purchaser accepts all future responsibility for the effect of the tank failure
resulting from damage.

5.4 It is recommended that the tank be hydrostacially tested 
at the time of installation.

Nationwide Network of 9 Plants
with

over 500,000 sq. ft. dedicates to manufacturing.

For Technical Assistance
or to speak with a

Sales Representative
Call 1-800-275-2436

Between 8 A.M. and 8 P.M.

Eastern Time
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CHEM-TAINER INDUSTRIES, INC
SPECIFICATIONS FOR POLYETHYLENE VERTICAL FLAT BOTTOM

BULK STORAGE TANKS  IC, IA AND IX SERIES

Tank Size
(Gallons)

Model
Number

TA1628IC
TA1829IC
TA1841IC
TC1851IA
TC2038IA
TC2338IA
TC2349IA
TC2360IA
TC3536IC
TC3536IA
TC3635IX
TC2376IC
TC2376IA
TA2866IC
TC3158IC
TC3158IA
TA4048IC
TC3563IC
TC3563IA
TC3563IX
TA3172IC
TC3581IC
TC3581IA
TC3581IX
TC4259IC
TC4259IA
TC4560IC
TC4560IA
TA4254IC

TA4275IC/IA
TA4676IC/IA
TC4676IC
TC4676IA
TC4676IX
TC6442IC
TC6442IA
TC6442IX
TC4594IC
TC4594IA
TN6742IC

TA5266IC/IA
TC5660IC
TC5660IA
TC6460IC
TC6460IA
TC750XIC
TC750XIA

Diameter
(inches)

16
18
18
18
20
23
23
23
35
35
35
23
23
28
31
31
40
35
35
35
31
35
35
35
42
42
45
45
42
42
46
46
46
46
64
64
64
52
45
45
67
56
56
64
64
46
46

Height
(inches)

28
29
41
51
38
38
49
60
36
36
36
76
76
66
58
58
48
63
63
63
72
81
81
81
59
59
60
60
54
75
76
76
76
76
42
42
42
66
94
94
42
60
60
60
60
119
119

Manway
(inches)

8
5
5
4
8
8
8
8
8
8
8
8
8
8
8
8
5
8
8
8
8
16
16
16
16
16
16
16
8
8
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

Material
(type)

Linear 
Linear 
Linear 
Linear
Linear
Linear
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
Linear
Linear 
Linear
Linear
XLPE
Linear 
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
Linear 
Linear 
Linear 
Linear
Linear
XLPE
Linear
Linear
XLPE
Linear 
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear

Specific Gravity
Rating

at 73o Fahrenheit

1.5 
1.5 
1.5 
1.9
1.9 
1.9
1.9
1.9
1.5
1.9
1.9
1.5
1.5
1.5 
1.5
1.9
1.5 
1.5
1.9
1.9
1.5 
1.5
1.9
1.9
1.5
1.9
1.5
1.9
1.5 

1.5 / 1.9
1.5 / 1.9

1.5
1.9
1.9
1.5
1.9
1.9
1.5 
1.5
1.9

1.5 / 1.9
1.5
1.9
1.5
1.9
1.5
1.9

20
25
40
45
55
65
75

100
110
110
110
130
130
160
165
165
210
220
220
220
225
300
300
300
300
300
300
300
300
425
500
500
500
500
500
500
500
550
550
550
550
650
650
700
700
750
750

1.1  SPECIFICATIONS
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VERTICAL FLAT BOTTOM BULK STORAGE TANKS
Tank Size
(Gallons)

Model
Number

TC850XIC
TC850XIA
TC850XIX

TA5492IC/IA
TA6481IC/IA
TN6481IC
TN6481IA
TC6481IX
TN6974IC
TN6974IA
TN8751IC
TN8751IA
TC8652IC
TC8652IA
TC8652IX
TN8758IC

TA1500IC/IA
TA8569IC/IA
TC1500IC
TC1500IA
TC1500IX
TN8765IC
TN8765IA

TA8574IC/IA
TC8674IC
TC8674IA
TC8674IX

TA2000IC/IA
TA9083IC/IA
TC2000IC
TC2000IA
TC2000IX
TN8787IC
TN8787IA
TC8696IC
TC8696IA
TC8696IX
TC9589IC
TC9589IA

TA2500IC/IA
TC9598IC
TC9598IA
TC9598IX
TC3000IC
TC3000IA
TA3000IA
TC3200IC
TC3200IA
TC3200IX
TC3600IC
TC3600IA
TC3600IX
TC4000IA
TC4001IC
TC4001IA

TA4000IC/IA

Diameter
(inches)

48
48
48
54
64
64
64
64
69
69
87
87
86
86
86
87
64
85
64
64
64
87
87
85
86
86
86
64
90
64
64
64
87
87
86
86
86
95
95
90
95
95
95
95
95
90
95
95
95
86
86
86
95
102
102
96

Height
(inches)

124
124
124

92
81
81
81
81
74
74
51
51
52
52
52
58

115
69

121
121
121
65
65
74
74
74
74

156
83

144
144
144
87
87
96
98
96
89
89

100
98
98
98

105
105
118
112
112
112
156
156
156
140
125
125
140 

Manway
(inches)

16
16
16
8
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

Material
(type)

Linear
Linear
XLPE
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
Linear
XLPE
Linear
Linear
XLPE
Linear
Linear
Linear
Linear

Specific Gravity
Rating

at 73o Fahrenheit

1.5
1.9
1.9

1.5/1.9
1.5/1.9

1.5
1.9
1.9
1.5
1.9
1.5
1.9
1.5
1.9
1.9
1.5

1.5/1.9
1.5/1.9

1.5
1.9
1.9
1.5
1.9

1.5/1.9
1.5
1.9
1.9

1.5/1.9
1.5/1.9

1.5
1.9
1.9
1.5
1.9
1.5
1.9
1.9
1.5
1.9

1.5/1.9
1.5
1.9
1.9
1.5
1.9
1.5
1.5
1.9
1.9
1.5
1.9
1.9
1.9
1.5
1.9

1.5/1.9

850
850
850
850

1000
1000
1000
1000
1000
1000
1100
1100
1200
1200
1200
1300
1500
1500
1500
1500
1500
1550
1550
1650
1700
1700
1700
2000
2000
2000
2000
2000
2100
2100
2200
2200
2200
2500
2500
2500
2800
2800
2800
3000
3000
3000
3200
3200
3200
3600
3600
3600
4000
4000
4000
4000
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VERTICAL FLAT BOTTOM BULK STORAGE TANKS

Tank Size
(Gallons)

Model
Number

TC4300IC
TC4300IA
TC4300IX
TC4500IC
TC4500IA
TC4500IX
TC5000IC
TC5000IA

TA5150IC/IA
TC5600IC
TC5600IA

TA6250IC/IA
TC6800IC
TC6800IA
TC6800IX

TA7800IC/IA
TN9000IC
TN9000IA

TA9150IC/IA
T10500IC
T12000IC
T12000IA

Diameter
(inches)

120
120
120
95
95
95
102
102
102
120
120
102
120
120
120
120
141
141
120
142
141
141

Height
(inches)

105
105
105
156
156
156
151
151
159
138
138
194
150
150
150
178
144
144
206
175
192
192

Manway
(inches)

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

16
16
16
16
16
16

Material
(type)

Linear
Linear
XLPE
Linear
Linear
XLPE
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
XLPE

Linear
Linear
Linear
Linear
Linear
Linear

Specific Gravity
Rating

at 73o Fahrenheit

1.5
1.9
1.9
1.5
1.9
1.9
1.5
1.9

1.5/1.9
1.5
1.9

1.5/1.9
1.5
1.9
1.9

1.5
1.9

1.5/1.9
1.5/1.9

1.5
1.9

4300
4300
4300
4500
4500
4500
5000
5000
5150
5600
5600
6250
6800
6800
6800
7800
9000
9000
9150

10500
12000
12000

CHEM-TAINER INDUSTRIES, INC
SPECIFICATIONS FOR POLYETHYLENE CONICAL BOTTOM

BULK STORAGE TANKS  JC AND JA SERIES

1.1  SPECIFICATIONS

Tank Size
(Gallons)

Model
Number

TA4254JC/JA
TA4265JC/JA
TA5256JC/JA
TA4282JC/JA
TA5279JC/JA
TA6498JC/JA

TC8684JC
TC8684JA
TA9090JC

TA8583JC/JA
TA2500JC/JA
TA2600JC/JA
TA2600JC/JA

TC2650JC
TC2650JA

TA3000JC/JA
TA4600JC/JA
TA4900JC/JA

TN5500JC
TN5500JA
TN7500JC
TN7500JA

Diameter
(inches)

42
42
52
42
52
64
86
86
90
85
90
90
85
86
86
90
102
102
119
119
141
141

Height
(inches)

54
65
56
82
79
98
84
84
90
83
108
126
144
132
132
125
155
159
146
146
148
148

Material
(type)

Linear 
Linear 
Linear 
Linear 
Linear 
Linear 
Linear
Linear
Linear 
Linear 
Linear 
Linear 
Linear 
Linear
Linear
Linear 
Linear 
Linear 
Linear
Linear
Linear
Linear

Specific Gravity
Rating

at 73o Fahrenheit

1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9

1.5
1.9
1.5

1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9

1.5
1.9

1.5/1.9
1.5/1.9
1.5/1.9

1.5
1.9
1.5
1.9

200
300
345
350
500

1000
1500
1500
1600
1700
2500
2600
2600
2650
2650
3000
4600
4900
5500
5500
7500
7500
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CHEM-TAINER INDUSTRIES, INC
SPECIFICATIONS FOR POLYETHYLENE ELIPTICAL HORIZONTAL

BULK STORAGE TANKS  MC AND MA SERIES

1.1  SPECIFICATIONS

Tank Size
(Gallons)

Model
Number

TA200XMC/MA
TA300XMC/MA
TA400XMC/MA
TA500XMC/MA

TC500XMC
TC500XMA

TA750XMC/MA
TA1000MC/MA

TC1000MC
TC1000MA

TA1035MC/MA
TC1235MC

TA1600MC/MA
TA2350MC/MA

TN2635MC
TN2635MA

TA3200MC/MA
TN4035MC/MA

Length
(inches)

41
48
57
57
80
80
69
78
145
145
78
125
78
88
140
140
88
192

Width
(inches)

66
70
70
82
53
53
89
90
53
53
90
68
138
146
90
90
172
92

Height
(inches)

26
30
36
36
45
45
42
49
45
45
52
50
49
63
71
71
74
77

Manway
(inches)

8
8
8
8
16
16
16
16
16
16
16
16
16
16
16
16
16
16

Material
(type)

Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear 
Linear
Linear
Linear
Linear

Specific Gravity
Rating at

73oFahrenheit

1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9

1.5
1.9

1.5/1.9
1.5/1.9

1.5
1.9

1.5/1.9
1.9

1.5/1.9
1.5/1.9

1.5
1.9

1.5/1.9
1.5/1.9

200
300
400
500
500
500
750

1000
1000
1000
1035
1235
1600
2350
2635
2635
3200
4035

CHEM-TAINER INDUSTRIES, INC
SPECIFICATIONS FOR ELLIPTICAL HORIZONTAL BOTTOM

BULK STORAGE TANKS  LC AND LA SERIES

1.1  SPECIFICATIONS

Tank Size
(Gallons)

Model
Number

TA1430LC
TA1634LC
TC2218LA

TA1834LC/LA
TC2343LA
TA2439LC
TA3240LC
TA3251LC
TC3845LA
TC3845LA

TA3852LC/LA
TC3866LC
TC3866LA

TA4456LC/LA
TA4878LC/LA
TA735XLC/LA
TA6281LC/LA
TA1065LC/LA
TA1300LC/LA
TN1625LC/LA

Diameter
(inches)

14
16
22
18
23
24
32
32
38
38
38
38
38
44
48
48
62
58
62
63

Length
(inches)

30
34
18
34
43
39
40
51
45
45
52
66
66
56
78

103
81

106
114
134

Manway
(inches)

5
5
4
5
5
5
8
8
8
8
8
16
16
16
16
16
16
16
16
16

Material
(type)

Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear
Linear

Specific Gravity
Rating

at 73o Fahrenheit

1.5
1.5
1.9

1.5/1.9
1.9

1.5/1.9
1.5/1.9
1.5/1.9

1.5
1.9

1.5/1.9
1.5
1.9

1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9
1.5/1.9

15
25
30
35
65
65

125
165
200
200
225
300
300
335
535
735
925

1065
1300
1625

(8)











Certificate of Compliance

ASTM D2996-88
Standard Specification for Filament

Wound Machine Made Fiberglass Pipe

This letter confirms compliance of provided Filament Wound Fiberglass Pipe per ASTM D-2996-88
standard specification for Filament Wound "Fiberglass" (Glass Fiber Reinforced Thermosetting Resin Pipe)
for project use. Though specification ASTM D2996 limits the scope of supply to 16" diameter in size, this
specification may be applied to larger sizes where table 2 Physical Property Requirement designation 4
of apparent stiffness would have values different than those listed.

The following filament wound pipe classification is certified per ASTM D2996 by this submission:

RTRP 12EU1-311X (Free Ended Closures)
RTRP 12EW2-311X (Restrained End Closures)

Notes concerning classification digits:
1  Type - Filament Wound
2 Grade 2 - Glass Fiber Reinforced Polyester Resin Pipe
E Class E - Polyester Resin Liner (reinforced)
1  Free End (Pipe subject to axial end load by end closures)
2  Restrained End (Test Fixture ends react axial pressure load)
U Static Test Procedure B - Free End hoop stress min 12,500 psi (Testing = 12,500 psi)
W Static Test Procedure B - Restrained End hoop stress min 16,000 psi (Testing = 16,000 psi)
3  Table 2 Designation Order 1 - short term rupture strength tensile stress min 40,000 psi (Testing = 40,000 psi)
1  Table 2 Designation Order 2 - longitudinal strength tensile stress min 8,000 psi (Testing = 9,000 psi)
1  Table 2 Designation Order 3 - longitudinal tensile modules of elasticity min 1,000,000 psi (Testing = 1,300,000 psi)
W Table 2 Designation Order 4 - Apparent Stiffness Factor (SF)

For resistance to diametrical deflection at 5% deflection minimum 3.16 in2
Value will vary by actual pipe wall thickness and diameter size
For 16" diameter 100 psi pipe at 0.26" nominal wall thickness with a 0.10" liner:
The minimum apparent stiffness (SF) is determined by:
SF = EI = 3300 in3 lbf/in2

Summary of the Design:
The FRP (Fiberglass Reinforced Plastic) housings are used as enclosures for a
pressure filtration membrane system component. Elastomeric seals retain the
pressure of the liquid and the modules has one inlet and two outlets for process
liquid. Design calculations have been validated through developmental pressure testing
to 1000 psi stress testing under actual conditions. Further verification has come from
actual onsite use by more than 140 customers operating at pressure between
60 psi and 550 psi.

NLR doc. 334-91
V SEP is a registered trademark

          Patents pending

New Logic Research, Inc
1295 67th Street
Emeryville, CA 94608
510-655-7305
info@vsep.com (e-mail)
http://www.vsep.com



V�SEP Filter Pack: Center Bolt Pressure Rating Calculation

84" Filter Pack
i-408-CBPR

NEW LOGIC RESEARCH, INC.REVISION

Pressure Design Conformance:

The V�SEP Filter Pack is made using a FRP (Fiberglass
Reinforced Plastic), housing which is bonded to stainless
steel trays spaced about 1/4" apart to form a monolithic
module. the largest unsupported open area is 1/4" thick.

There is an upper and lower Steel Plate that retains the liquid
and supports a plastic end plate equipped with o-ring piston
seals. A 2-1/2" "Center Bolt is used to hold down the Filter
Pack and also acts to retain the pressure exerted on it.

The End Plate Pressure Rating is determined by:

PC =

Where: PC = Pressure Class
p = 3.14
P = Operating Pressure of the Filter Pack
A1 = Area subject to Pressure
A2 = Root Cross Section Area of the Center Bolt
PA1 = Force
FS = 2 (per Project Design, could be 1.8)

Dr = Root Diameter of Bolt
Ut = Ultimate Tensile Strength of Bar

Solve for A1:

A1 = p x r = 3.14 x 10 = 3.14 x 100 = 314 square inches

Solve for A2:

A2 = p x r = 3.14 x 1.125 = 3.14 x 1.26 = 3.97 square inches

The maximum pressure rating for Center Bolt is 2275 psi

Note:Calculations assume no effects of perimeter bolts

2-1/4" Root Diameter

(40) 1/2"-13 Hex Bolts

20.000

2.75

.950

2 2

2 2

Solve for Applied Stress

Force ÷ Area = PA1÷ A2 = 350 psi x 314 si ÷ 3.97 si = 27,682 psi

Solve for Safety Factor at 350 psi

Ut ÷ Applied Stress = 180,000 psi ÷ 27,682 psi = 6.5x Overdesign

Solve for Yield Pressure

A2÷ A1 x Ut = 3.97 si ÷ 314 si x 180,000 psi = 2,275 psi

Tolerances Unless
Otherwise Indicated:

x/x -> ± 1/16"
.x -> ± .100

.xx -> ± .030
.xxx -> ± .005

x� -> ± 30�
Scale - A

10/15/01 B. Culkin G. Johnson
D



V�SEP Filter Pack: End Plate Pressure Rating Calculation

84" Filter Pack
i-408-EPPR

REVISION

Pressure Design Conformance:

The V�SEP Filter Pack is made using a Steel Retaining plate
for connection of the upper plumbing. The material used is
17-4 pH Stainless Steel and is heat treated to 180 ksi Ultimate
Tensile strength.

There is an upper and lower Steel Plate that retains the liquid
and supports a plastic end plate equipped with o-ring piston
seals. A 2-1/2" "Center Bolt is used to hold down the Filter
Pack and also acts to retain the pressure exerted on it.

The End Plate Pressure Rating is determined by:

Given: ¹ = 3.14
w = Operating Pressure of the Filter Pack
R = OD Radius
Sm1 = Maximum Applied Stress @ 1" thick
Sm2 = Maximum Applied Stress @ 1/2" thick
t = Thickness of steel
k = Correction Factor (per Marks Engineering Guide)

Dr = Root Diameter of Bolt
Ut = Ultimate Tensile Strength of Bar

Solve for Sm1:

Sm1 = k = 1.59 = 49,946 psi

Solve for Sm2:

Sm2 = k1 = .122 = 17,080 psi

Note:Formula is taken from Marks' Standard Handbook for Mechanical Engineers 10th Edtition Section 5-48

2-1/4" Root Diameter

(40) 1/2"-13 Hex Bolts

20.000

2.75

.950

2

2

Solve for Safety Factor:

The Safety Factor is determined by dividing the applicable material
property, Ultimate Tensile Strength, by the actual applied stress.Factors
of Safety account for uncertainties with regard to use. Normal Safety
Factors for design purposes are between 1.5 and 5.0

Solve for Safety Factor at 350 psi in the 0.950" thick Section

Ut ÷ Applied Stress = 180,000 psi ÷ 49,946 psi = 3.6x Overdesign

Solve for Safety Factor at 350 psi in the 0.50" thick Section

Ut ÷ Applied Stress = 180,000 psi ÷17,080 psi = 10.5x Overdesign

Solve for Burst Pressure

w = = = 1,261 psi

18.0

w x R
t 2

2350 x 9
.950

2

2w x R
t 2

2350 x 10
.50

2

2Ut x t
k x R 2

2
180,000 x 950
1.59 x 9

The Steel End Plate is capable of withstanding 1,261 psi

NEW LOGIC RESEARCH, INC.Tolerances Unless
Otherwise Indicated:

x/x -> ± 1/16"
.x -> ± .100

.xx -> ± .030
.xxx -> ± .005

x� -> ± 30�
Scale - A

10/15/01 B. Culkin G. Johnson
D
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V-SEP Filter PackV-SEP Filter Pack: Pressure Rating Calculation: Pressure Rating Calculation

84" Filter Pack
i-408

NEW LOGIC REVISION

Pressure Design Conformance:

The VSEP Filter Pack is made using a FRP (Fiberglass
Reinforced Plastic), housing which is bonded to stainless
steel trays spaced about 1/4" apart to form a monolithic
module. the largest unsupported open area is 1/4" thick.

The FRP pipe is designed and manufactured in accordance 
with the requirements of ASTM D2996. The pipe is based on
a design life of 50 years based on ASTM D2992 Procedure B.
The design pressure rating is calculated based on data from
ASTM 2992 and is based on a minimum wall thickness of .75"

The FRP pipe is designed with 45º filament hoop wound glass 
fibers and 8084 Dow Derekane® vinyl ester resin. The following 
calculation is for the FRP pipe only and does not add any 
pressure rating strength for the bonding of steel reinforcing trays
spaced every 1/4"

The Long Term Pressure Rating is determined by:

PC =

Where: PC   = Pressure Class
 Lths = 12,500 psi (Free End) or 16,000 psi (Restrained End)

 Tks  = Minimum Wall Thickness (Inches)

 FS   = 2 (per Project Design, could be 1.8)

 Dm   = Mean Diameter

Solve for Pressure Rating:

PC =

PC =    12,000  x  1.2  x  0.04819

PC =   925 psi

The design pressure rating for VSEP Filter Packs is 925 psi

Lths Tks
2

FS

1

Dm
x x

16,000 psi 1.2"
2 1

20.75"
x x

2

NLI doc 334-90

x

x



NLR Welding Procedures 
 
GMAW (Mig) Procedure for Structural Carbon Steel 
 
Powcon Mig machine set for short circuit welding – 75% Argon, 25% Carbon Dioxide 
gas shield 
 
AWS A5.18, ASME SEA 5.18 ER 705-3 
 
.035 Electrode wire, Lincolon L-50 
 
Structural parts are fit and tacked into place according to print specs and tolerance. They 
are then finish welded using single and multiple pass weld applications. Sections of work 
are stress relieved as per engineering requirements. Finish work is then sanded and 
cleaned for powdercoating. 
 
GTAW (Tig) Procedure for SS Piping 
 
Lincoln Square Wave Tig 350 Machine 
 
100 % Argon gas shield and Argon back gas purge. Type ER 316L SS Rod 
 
Pipe sections are fit up using tack and bolt up procedures. Sections are then mocked up 
and assembled on the skid to check for fit and alignment. After approval they are then 
disassembled and finish welded using fillet and multiple pass weld process. Sections of 
work are stress relieved as per engineering requirements. All work is brush cleaned and 
prepared for electro-polish. 



MIG Welding SpecificationSpec No. MIG-001
V-SEP Membrane Filtration System Date 4/14/2006
New Logic, 1295 67th Street, Emeryville, CA 94 Sheet 1 of 1

New Logic Greg Johnson
New Logic Kevin Neeley

Material Specification SA 53
Type or Grade A36 Carbon

p No.1 to p No. 1
Thickness .12 w
Diameter N/a
Other:

Weld Metal Analysis A N 1 Position of Groove 6G
Size of Electrode 0.035 Weld Progression Uphill
Filer Metal F No. 6 Other:
SFA Specification 5.18
AWS Classification E 70S-3
Other n/a

Temperature n/a Type of Gas or Gases Argon/Carbon Dioxide
Time Gas Mixture 75%/25%
Other Other:

Current D.C. String or Weave Bead String
Polarity Reverse Oscillation n/a
Amps 190 Multiple or Single Pass Mulitple
Volts 29 Single or Multiple Electr Single

Travel Speed 10"/min

Approved By: Greg Johnson Date: 4/14/2006

Print Name Company:

Groove Design Used

Client Info Client Approved by:

Filler Materials Position

Gas

Electrical Characteristics

Post Weld Treatment

Technique

Project: NLR Approved by

Base Metal

New Logic Research Confidential 2/14/2007



TIG Welding SpecificationsSpec No. TIG-001
V-SEP Membrane Filtration System Date 4/14/2006
New Logic, 1295 67th Street, Emeryville, CA 94 Sheet 1 of 1

New Logic Greg Johnson
New Logic Kevin Neeley

Material Specification SA 312
Type or Grade TP 304
P No.  8 to p No. 8
Thickness Schedule 40 & 80
Diameter 1" to 4"
Other:

Weld Metal Analysis A N 8 Position of Groove 6G
Size of Electrode 3/16" to 3/32" Weld Progression Uphill
Filer Metal F No. 6 Other:
SFA Specification 5.9
AWS Classification ER 308
Other ER 316L

Temperature n/a Type of Gas or Gases Argon
Time Gas Mixture 100%
Other Other:

Current D.C. String or Waeve Bead String
Polarity Straight Oscillation None
Amps 75/100 Multiple or Single Pass Mulitple
Volts 20/30 Single or Multiple Electr Single

Travel Speed

Prepared By: Greg Johnson Date: 4/14/2006

Approved By: Date:

Print Name Company:

Groove Design Used

Client Info Client Approved by:

Filler Materials Position

Gas

Electrical Characteristics

Post Weld Treatment

Technique

Project: NLR Approved by

Base Metal

New Logic Research Confidential 2/14/2007





























 

   
 

 
EC Declaration of Conformity 
 
 
 

 
This letter confirms compliance of the VSEP Membrane Filtration Equipment with the European 
Community directives for CE marking. The listed product models below were tested and 
determined to be in compliance with all applicable directives, provided that they are used 
according to our Advisory Technical File dated 7-1-2009. 
 
CE directive classifications:  2004/108/EEC (Electromagnetic compatibility) 

2006/95/EEC (Safety/Low Voltage) 
2006/42/EC (Machinery) 

 
Standards:   EN 61000-6-2 : 2005 
    EN 60730 
 
Manufacture:    New Logic Research, Inc 

1295 67th Street 
Emeryville, CA 94608 
510-655-7305 
info@vsep.com (e-mail) 
http://www.vsep.com 

 
Models:   VSEP Series I, Series P-50, Series LP, RotoSep50, RotoSep4 
    S-255, S-850, S-1600, S-3200, S-7200, S-18000, S-36000 
 
Year:    2010 
 
Place:     Emeryville, CA, USA  
 

Signature:    
 
Full Name:    Gregory Johnson 
 
Position:    CEO  
 





84" V✧SEP Machine
2" Horizontal Upper Plumbing
SS Concentrate Piping

R

G
MADE IN U.S.A.

V SEP

NEW LOGIC RESEARCH
1295 67th Street, Emeryville, CA 94608 (510) 655-7305

09/21/11

84" V✧SEP Cross Section and Building Structure Components
Confidential Material

Figure 17

Fill & Compact as Needed

#4 x 6" Dowels @ 36" OC

8" Structural Slab

12'2" (371cm)

42" (106 cm)

Safety Railing

Maintenance Catwalk

Trench Drain
Housekeeping Pad

V✧SEP Base Unit (~2000 lbs)

V✧SEP Filter Pack (~2000 lbs)

56" (142 cm) minimum

3 Ton Hoist
Structural I-Beam
Centered over each V✧SEP Module

V✧SEP Structural Building Components

2 to 4"

16' 2" (5.3 m)

Sloped Floor to Drain



psi

kPa

BAR

Kg/cm2

psi kPa BARKg/cm2

1

14.22

.1451

14.51

.07031 6.895 .0689

1

1

1

.0102

1.02 100

98.05 .981

.01

from
to

1 psi x 6.895 = 6.895 kPa

Pressure

cm

in

ft

m2

cm in ftm 2

1

10,000

6.452

929.0

.0001 .1550 .00108

1

1

1

.000645

.0929 144.0

1550.0 10.76

.00694

from
to

1.0 m  x 10.76 = 10.76 ft

Area

2

2

2

2

2 2

22

Conversion Data

liter

ft

gallon

m3

liter ft gallonm3

1

1000

28.32

3.785

.001 .03532 .2642

1

1

1

.02832

.00379 .1337

35.31 264.2

7.481

from
to

1 gallon x 3.785 = 3.785 liter

Volume
3

3

ml/min

GPM

m  /hr

Liter/min

ml/min GPM m  /hrLiter/min

1

1,000

.000264

16,667

.001 3785.0 .00006

1

1

1

.2642

16.67 4.403

3.785 .06

.2271

from
to

1.0 m  /hr  x 4.403 = 4.403 GPM

Flow Rate

3

3

3

GFD

LMH

GFD LMH

1

.5882

1.7

1

from
to

1.0 GFD  x 1.7 = 1.7 LMH

Flux (Flow per area per time)

ml/min

GPM

m  /hr

Liter/min

.76

760

2876.6

12665

1.292 .023 .0391

1292

87.06

651.6

4890.22

21531 383.3

23 39.1

148

from
to

1 Liter/min x 23 = 23 GFD on a Series LP Machine

Flow Converted to Flux

3

Series L
GFD

Series L
LMH

Series LP
GFD

Series LP
LMH

1450 sf Series i
GFD

1450 sf Series i
LMH

3785.0

4.403

3.785

1

6434.5

7.485

6.435

1.7

-200
-180
-160
-140
-120
-100
-95
-90
-85
-80
-75
-70
-65
-60
-55
-50
-45
-40
-35
-30
-25
-20
-15
-10
-5
0

-328
-292
-256
-220
-184
-148
-139
-130
-121
-112
-103
-94
-85
-76
-67
-58
-49
-40
-31
-22
-13
-4
5

14
23
32

5
10
15
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

41
50
59
68
70
72
73
75
77
79
81
82
84
86
88
90
91
93
95
97
99

100
102
104
106
108

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
65
70
75
80
90

100
120
140

109
111
113
115
117
118
120
122
124
126
127
129
131
133
135
136
138
140
149
158
167
176
194
212
248
284

ºC ºF ºC ºF ºC ºF

Temperature

Flux (Flow per area per time)

NEW LOGIC Doc. 334-28

8 Pints = 1 Gallon
4 Quarts = 1 Gallon

1 Horsepower = 0.7457 Kilowatts

128 fl oz = 1 Gallon

1 fl oz = 28.3 grams
1 Kilogram = 2.2 Pounds
1 Pound = 16 oz
1 Gallon = 8 Pounds

1 Inch = 25.4 mm
1 Inch = 2.54 cm

✧✧✧✧✧

✧

✧

✧✧
✧✧

✧✧✧✧✧

✧

✧

✧✧
✧✧

1 KW =
 Gal x ºF Temp Rise

325 x Heat up time, hrs



Relative Particle Sizes

Relative Particle Sizes:
1 Millimeter  equals  1,000 Microns

Inches

.0787

.0661

.0555

.0469

.0394
.0331

.0280
.0232

.0197

.0165

.0138

.0117

.0098

.0083

.0070

.0059

.0049

.0041

Inches

.0035

.0029

.0026

.0024

.0021
.0020

.0017

.0016

.00142

.00118

.00099

.00079

.00059

.000394

.000315

.000197

.000099

.0000394

Microns

2000

1680

1410

1190

1000
840

710
590

500

420

350

297

250

210

177

149

125

105

Microns

88

74

65

62

53
50

44
40

36

30

25

20

15

10

8

5

2.5

1.0

Human Hair
60 Microns

Limit of
Human Visibility

40 Microns

White Blood Cell
25 Microns

Red Blood Cell
8 Microns

Bacteria
2 Microns

Microfiltration
0.1 Microns

Magnification: 750 times

30 Mesh Screen Size

Mesh Size

10

12

14

16

18
20

25
30

35

40

45

50

60

70

80

100

120

140

Mesh Size

170

200

230

270

325

400

550

625

1250

1750

2500

5000

12000

Pilot Test
Handbook

NEW LOGIC RESEARCH, INC.

Figure 26.1 4/05/03Ver 3.0

1295  67th Street,  Emeryville, CA  94608   (510) 655-7305
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Flow Capacity Nomogram
Based on Formula:

Area (sq in) = 0.321 x Flow (GPM)

Velocity (Ft/Sec)
Recommendations for Fluids having maximum
viscosity of 315 SSU @ 100ºF, operating at
temperatures between 65ºF and 155ºF

1 2" Schedule 40 Steel Pipe w/ 2" ID Flex Hose
Max Feed or Permeate Flow

V✧SEP Plumbing Options:

2 2" Schedule 40 Steel Pipe w/ 1" ID Flex Hose
Max Feed or Permeate Flow

3 3/4" OD Tubing x .625" ID
Maximum Concentrate Flow

1

2

3

Note: V✧SEPs are custom designed machinery
Other options and pipe sizes are available
should flow requirements exceed these capacities

Flow Capacity Nomogram
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Osmotic Pressure Information

4/10/03

Osmotic Pressure 

Concentration (%w/w)
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600

Osmotic Pressure can be defined as the amount
of pressure above 1 atmosphere which can restore
equilibrium between a solvent in solution and the pure
solvent at one atmosphere.  Osmotic pressure is
a colligative property based upon the molarity of 
a solution.  The colligative molarity of a solution 
is the molarity in moles per liter multiplied by the
number of ions produced by a molecule when 
dissolved in a solvent.

Osmotic pressure creates a resistance to flux
through a membrane.  Essentially the osmotic
pressure can be subtracted from the feed pressure
in order to determine the actual transmembrane
pressure.  When the osmotic pressure is 
approximately 100 psi less than the feed pressure
then there will be little or no flux of water through the 
membrane.  If the osmotic pressure is high enough then
water may be driven back through the membrane.

Calculating the Osmotic Pressure of a Solution:
The osmotic pressure of a solution for dilute solutions
is similar to the Ideal Gas Law.  The osmotic pressure 
is proportional to the temperature and the colligative
molality of the solution.

Π = R T Mc

where
Π = Osmotic Pressure (atm.)
R = Gas Law Constant (lit. atm/mol. K)
T = Temperature (K)
Mc = Colligative Morality (Mol/lit.)

Graphs of Osmotic Pressure:
To the right are two graphs of osmotic pressure
versus concentration for two different components
dissolved in water.  They can be used to give you an idea
of the maximum concentration that can be achieved based 
on the osmotic pressure of the solution and the maximum
feed pressure of a membrane separations system.

Given that the current system design of V SEP has
a maximum feeed pressure of 1000 psi, the maximum 
concentration of rejected material for Sodium Sulfate solution
would then be a little more than 10%.

Use the equation given above to calculate the osmotic
pressure for other solutions using the molecular weight
and number of ions formed from each molecule.

Effects of Osmotic Pressure:
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Power use w.r.t. Drive frequency
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New Logic  Doc. 334-51

51504948 52 53 54 55
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Vibration Drive Output Frequency (Hz)
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  (
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)
Drive Motor Power w.r.t. Drive Frequency

Vibration amplitude

Equipment: V✧SEP Series i  # I-180  Process Feed:  Water at 76 psi

Data:  (47.77Hz,26.7%,1/8"), (49.32Hz,28.1%,1/4")(49.99Hz,30.2%,3/8")
 (50.36,32.2,1/2"),(50.6Hz, 34.4%, 5/8"),(50.81Hz,37.4%,3/4")
 (51.02Hz, 41.4%, 7/8"), (51.2Hz, 50%, 1")

Method:  Incrementally increased frequency output of drive
      Recorded %Motor Load and Vibration Amplitude
      Power =  (%Load / 100) x (MotorHP) x .746kW/1HP

7.5HP Unit with 15" Filter Pack

20HP Unit with 7' Filter Pack

Data:  (52Hz, 10%, 0"), (52.5Hz, 10.5%,1/8"), (53Hz, 13%, 1/4")
 (53.5Hz, 18%, 3/8"), (54.0Hz, 32%, 5/8"), (54.5Hz, 53%, 7/8")
 (54.7Hz, 65%, 1")

Equipment: V✧SEP Series i  # I-186  Process Feed: Water at 55 PSI

Process Feed:  Water at 55 psi

20HP Unit with 3' Filter Pack

Data:  (49.3Hz,13.3%,1/8"), (51.02Hz,14%,1/4")(51.4Hz,14.5%,3/8")
 (51.67,16.5%,1/2"),(51.93Hz, 18.8%, 5/8"),(52.07Hz,23.2%,3/4")
 (52.3Hz, 26%, 7/8"), (52.34Hz, 29%, 1")

Equipment: V✧SEP Series i  # I-188  Process Feed: Water at 64 PSI

Process Feed:  Water at 55 psi

7.5HP unit with 15" Filter Pack

20HP unit with 36" Filter Pack

20HP unit with 84" Filter Pack

ver 1.0
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Pilot Test Handbook 

Basic V✧SEP Operation Information

V✧SEP Basic Operation

F
lu

x
Time

0

Minimum Acceptable Flux

P
re

ss
ur

e

Time

Max Pressure of System

F
lu

x

TMP*

T
M

P

Flux

Constant Feed Pressure
The t wo graphs at t he right
exhibit t he at t ribut es of a
syst em t hat is operat ed
wit h a const ant feed
pressure.
The graph on t he left shows
t he flux decay t hat occurs
wit h t ime. For t his operat ion
t here will be a minimum
accept able operat ing flux
t hat is based on t he process
flow rat e. When t he flux
reaches t he minimum level
t hen t he syst em is cleaned
and t he flux is recovered.

In t he graph at t he right , you can see t he flux as it relat es t o t he
t ransmembrane pressure (TMP). As you can see from t he graph, t he flux
increases as a result of increasing t ransmembrane pressure unt il a
st eady st at e is reached. This way of operat ing t he syst em is t he most
simple and requires some measure of t he flowrat es in order t o calculat e
t he flux.

Constant Permeate Flow
The t wo graphs at t he right
show some of t he operat ion
charact erist ics for a syst em
where t he permeat e flowrat e
is kept const ant . The graph
on t he left shows t he
pressure as it relat es t o
t ime. The pressure will
increasewit h t ime in order t o
maint ain t he same flow rat e.
This is due t o t he fact t hat
t he flux will slowly decay as
above. Inst ead of a minimum
flux rat e t o indicat e when
t he syst em needs t o be
cleaned t he indicat or is t he
maximum pressure t hat t he
syst em can wit hst and.

In t he graph at t he right , you can see t he relat ionship bet ween t he
t ransmembrane pressure (TMP) and t he flux. In order t o maint ain a
st eady permeat e flow t o count er t he flux decay, you will slowly increase
t he feed pressure wit h a mot or speed cont roller. This syst em is a lit t le
more complex t o cont rol but produces t he most consist ent result s
especially where process flow rat es are an import ant fact or. The risk is
t hat t he pressure can be infinit e and t he syst em has a maximum pressure
before t hemembranes and t hemachinearedamaged.
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O-ring Properties
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O-ring Seal Properties:
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Temperature Limits of Elastomers
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Exposure Time in Hours

Viton
EPDM

Buna

Temperature limitations of elastomers are based on long term durability. As illustrated above short 
term or intermittent service at higher temperatures can be handled by these materials. Therefore, 
when the application requires higher temperature than that recommended, check the temperature 
curve to determine if the total accumulated time at high temperature is within the maximum allowable

Original
Thickness

t o t s

t 1

Compression Set = t 1t   -o
Return

Compression = t st   -o

Although it is desirable to have a low compression set, this is not as critical as it might appear. 
A good balance of all properties is usually necessary for optimum seal performance.  For instance,
a seal will continue to seal after taking a 100% compression set provided temperature and pressure 
remain steady. ASTM requires compression equal to 25% of t   . In general V ✧SEP O-ring design
includes face seal type glands and have a range of compressions between 20% and 30%.

o

Various Elastomers Used:
EPDM: Ethylene propylene copolymer   -65 ºF to +300ºF
Viton: Fluorocarbon Rubber   -15 ºF to +400ºF
Buna: Copolymer of Butadiene and Acrylonitrite   -65 ºF to +275ºF

limit.



Series i Raw Materials & Temperature Limits

Temperature Limitations:
and thermal characteristics for 
Series i Raw Materials used in construction

Location or Parts Used Raw Material Max Temp

Filter Pack End Plates Polypropylene 180 ºF
500 ºF

285 ºF

230 ºF

Filter Pack End Plates Teflon (PTFE)

Filter Pack End Plates Kynar (PVDF)

Spring clamps, Bushings Nylon (Cast 6)

Filter Pack Housing Vinyl Ester FRP 200 ºF

O-rings & Seals EPDM 300 ºF

O-rings & Seals

O-rings & Seals

Viton (76) 410 ºF

Buna (Nitrile) 275 ºF

Spring Node Rubbers Polyurethane 190 ºF

Node Stabilizer Bumpers Neoprene 170 ºF

Frame Plumbing Clamps Polypropylene(copolymer) 212 ºF

Torsion Spring Clamps Santoprene 302 ºF

Torsion Spring Clamps

Torsion Spring Clamps

Polyamide 350 ºF

Aluminum 750 ºF

Flexible Hose

Flexible Hose

Flexible Hose

1" Teflon 300 ºF

2" Teflon 300 ºF

2" Neoprene 212 ºF

Notes:
1] Other limitations exist as well, ie pressure, absorption, conductivity, creep, tensile strength, chemical resistance, etc.
2] Thermoplastics also have a melting point and will return to a liquid state.
3] Limits shown are for maximum continuous temperature of the media in contact
4] Mechanical properties such as pressure limits, tensile strength, coefficient of friction, etc are generally determined 
       at room temperature (73ºF). As temperature increases the thermoplastic becomes more ductile, increases in

       impact strength, and decreases in tensile strength. Derating of materials may be necessary at higher temperatures
5] Thermoplastics melt before they burn when exposed to open flame, and generate toxic carbon monoxide, non-toxic

      carbon dioxide, water vapor, and dense smoke.
6] Plastic and rubber , unlike metal, is a very poor conductor of heat.  Temperature related failure is likely to result
     at the point of contact with the media attached to it.

Pilot Test
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Viscosity Conversions for Series i Calculations

Pilot Test
Handbook 12/15/03ver 3.0Figure 27.1

Viscosity Conversions:
for calculating pressure loss and flow limitations
of Series i Machines and pumps

Typical Liquids @ 70º F                           Centipoise

Water 0.8
2.05

5.92

12.6

Kerosene

No. 2 Fuel Oil

No. 4 Fuel Oil

Transformer Oil 16.2

Hydraulic Oil 34.6

SAE 10w Oil

SAE 10 Oil

52.2

88.0

SAE 20 Oil 173

SAE 30 Oil 352
SAE 50 Oil 880
SAE 60-70 Oil 1,760

Molasses B

Molasses C

8,800

17,300

SSU*

31
35

50

80

100

200

300

500

1,000

2,000

5,000
10,000

50,000

100,000

Viscosity:The viscosity of a fluid is a measure of its tendency to resist shearing force.
                 High viscosity fluids require a greater force to shear at a given rate than low viscosity

Centipoise: (cps) Measures absolute viscosity = 1/100th of a Poise

SSU:Staybolt Second Universal; measures the kinematic viscosity where the specific gravity of
                 the fluid influences the viscosity measured

Conversion:   SSU x .216 x Specific Gravity = Centipoise

Temperature

E
ffe

ct
iv

e 
V

is
co

si
ty

Viscosity SSU

Flow Reduction
% GPM
Head Reduction
% Feet

Horsepower
% Increase

30 100 250 500 750 1000 1500 2000

-- 3 8 14 19 23 30 40

-- 2 5 11 14 18 23 30

-- 10 20 30 50 65 85 100

Pumping Viscous Liquids:
Centrifugal pumps are generally not suitable for pumping 
viscous liquids. However, liquids with viscosities up to 2000 SSU
can be handled with centrifugal pumps. The volume and pressure
of the pump will be reduced according to the following table.
Comparisons are made against water: 30 SSU

NEW LOGIC RESEARCH, INC.
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27.3 Conversion Factors & Formulas

Legend:
GFD      = Gallons per square foot per day fps     = Feet per second
LMH      = Liters per square meter per hour RPM  = Rotations per minute
°C           = Degrees Centigrre SSU   = Staybolt Second Univerade
SSU   = Staybolt Second Universal °F           = Degrees Fahrenheit
ID        = Inside Diameter GPM     = Gallons per minute
FPM  = Feet per Minute SF          = Square feet of membrane
# Trays = Number of membrane trays in FRP

For converting GFD (Gallons per square foot per day) to LMH (Litres per square meter)

GFD x 1.72 = LMH

For converting Gallons per minute (GPM) to LPH (Litres per hour)

GPM x 227.1 = LPH

For converting Gallons per minute (GPM) for a certain size Filter Pack to GFD(Gallons per square 
foot per day)

GPM x 1440 ÷ SF of filter pack  = GFD
For determining the square footage of a Filter Pack (3.058sf = membrane area of one tray)

#Trays x 3.058 = SF

For converting degrees Celsius to Fahrenheit & visa versa

°C = 5/9 (°F - 32) °F =  9/5 C + 32

For converting SSU to Centipoise ( Measures of Viscosity)

SSU x .216 x Specific Gravity = Centipoise

For determining pipe size required for specific flow rates (GPM) and fluid velocity (FPS)

Pipe ID Required (sq in) = 0.321 x Flow(gpm) /Velocity (fps)

For determining the speed of travel of the outer casing of the eccentric bearing

Surface Speed (fpm) = Shaft Diameter x RPM x 0.26227. 

For determining solids concentrations
%Solids = (Grams Solute/Grams Solution)   x100

Foot Pounds x 12 = Inch Pounds
Inch Pounds x 0.082 = Foot Pounds p = 3.14159
Inches x 2.54 = Centimeters Series L Membrane = 0.478 SF 
1 Gal water = 2786 grams @ 50°F Series LP Tray = .865/ea
1 Gal water = 3.785 Liters Series i Tray = 3.058/ea
1 Liter = .2642 Gallons Specific Gravity of Water = 62.4 lbs



V✧SEP Performance Calculations

NEW LOGICRESEARCH  Doc. 334-19

Concentration Factor:

Concentration Factor = Feed Flow Rate / Concentrate Flow Rate
Feed Flow Rate = Permeate Flow Rate + Concentrate Flow Rate

Example:  Your Permeate Flow Rate is 2179ml/min
                Your Concentrate Flow Rate is 179 ml/min

Feed Flow Rate = 2179 ml/min + 179 ml/min
Feed Flow Rate = 2358 ml/min

Concentration Factor = 2358 ml/min / 179 ml/min
Concentration Factor = 13.2x

Concentrate Flow Rate: (while using the timed duty cycle valve)

Concentrate Flow Rate per Minute = Concentrate Rate per dump / (Time Open + Time Closed)

Example: 430 ml of concentrate is released each time the valve opens
               Your Auto Valve settings are 0.5 minutes open and 3.0 minutes closed

Concentrate Flow Rate = 430 ml / (0.5 + 3.0)
Concentrate Flow Rate = 430 ml / 3.5
Concentrate Flow Rate = 123 ml/min

% Recovery: (Permeate)

% Recovery = Permeate Flow Rate / Feed Flow Rate x 100
Feed Flow Rate = Permeate Flow Rate + Concentrate Flow Rate

Example:  Your Permeate Flow Rate is 2179ml/min
                Your Concentrate Flow Rate is 179 ml/min

Feed Flow Rate = 2179 ml/min + 179 ml/min = 2358 ml/min
% Recovery = 2179 ml/min / 2358 ml/min x 100
% Recovery = 92.4%

GFD in P Mode: (Gallons per Square Foot of Membrane per Day)

Example:
2000 ml/min x .0002642 Gal/ml = .528 Gallons/min
.528 Gal/min x 1440 min/Day = 761 Gal per Day
761 GPD / 16.69 SF/Filter Pack = 45.596 GFD

2000 ml/min x .0228 = GFD

Permeate Rate x .0228 = GFD

GFD in L Mode: (Gallons per Square Foot of Membrane per Day)

Permeate Rate x .76 = GFD
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Concentration Factor related to % Recovery

Feed
2% Total Solids 
10 GPM

Concentrate
10% Total Solids
2 GPM

Permeate
0% Total Solids
8 GPM

When there are virtually no solids in the permeate then that calculations of 
concentration factor and recovery can be easily related.  In the above example 
you calculate % recovery (permeate) by dividing the permeate flow rate or 
amount of permeate by the feed flow rate or amount of feed.

8/10 = 0.8 = 80% permeate recovery

The concentration factor can be calculated by dividing the final solids by the 
initial solids.

10/2 = 5x concentration of solids

These two are related by the following equation:

Concentration Factor (CF) = 1/(1-%Recovery) = 1/(1-0.8) = 5

You can do a similar calculation for 90% recovery and should do it for practice.
What you will find by doing the calculations is summarized in the following 
table.

% Recovery                CF
50 2X
60 2.5X
70 3.33X
75 4X
80 5X
85 6.67X
90 10X
95 20X
98 50X



Training Information
New Logic Research

Concentrate
X% Total Solids
2 GPM

Permeate
0.5% Total Solids
8 GPM

Feed
2% Total Solids
10 GPM

When there are solids in the permeate then that calculations of concentration 
factor and recovery might be a little more difficult.  In the above example you 
are given the solids in the feed and the solids in the permeate but lets assume 
that a hose broke on the machine and so you had no concentrated material to 
test % solids.  You can calculate this using a material balance.  A material 
balance basically indicates that whatever goes in must come out.

The first thing you do is determine the total flow of solids by multiplying the % 
solids by the flow.

10 x 2 = 20 in the feed (no real units here)

Then you want to set that equal to what you know comes out so:

20 = (Total in Concentrate) + (Total in Permeate)
20 = (2X) + (8x0.5) = 2X + 4

Solving for X you get: 

16 = 2X or X = 8

Therefore the amount of solids in the concentrate is 8%.  The concentration 
factor would be 8/2 = 4x.  But note that the recovery in this case is still 80% 
even though the concentration factor is lower.



13560 Larwin Circle, Santa Fe Springs, Ca. 90670
562.802.2255   800.783.7836

Fax: 562.802.3114
www.svfflowcontrols.com

E-Mail: info@svf.net

TECHNICAL INFORMATION

Corrosion Data

The information presented in this data chart is intended as a guide to the chemical
resistance to materials used in the manufacture of SVF valves.

Many factors which will influence corrosion rating such as - temperature
fluctuations, concentrations and aeration of fluids, high velocity or abrasions in the
fluid steam, etc. have to be taken into account. The physical properties of material
are affected differently by each corrosive media and is sometimes necessary to
sacrifice valves in one property to gain a maximum valve in another property.

An "A" rating should be given to internal moving parts, in direct contact with the
media. In some cases a "B" rating can be given to body material in direct contact
with media, when the corrosion rate is not one to cause any serious problems.

Ratings Explanation

A = Excellent  /  B = Good  /  C = Poor  /  D = Do not use

Blank = No information available.

Ratings are based on media at room temperatures = unless otherwise specified.

We would advise that ratings given to be used as a guide to the selection or valve
materials and not as an absolute recommendation.

Although most of the suggested ratings in this corrosion chart are based on
experience, SVF cannot accept responsibility for problems arising from use
of this data.

We do however recommend that in critical applications, tests be conducted to
verify the rating.



C-2

Acetaldehyde
Acetamide
Acetate Solvents
Acetic Acid, aerated
Acetic Acid, Air Free

Acetic Acid, crude
Acetic Acid, glacial
Acetic Acid, pure
Acetic Acid, 10%
Acetic Acid, 80%

Acetic Acid Vapors
Acetic Anhydride
Acetone
Other Ketones
Acetyl Chloride

Acetylene
Acid Fumes
Acrylonite
Air
Alcohol, Amyl

Alcohol, Butyl
Alcohol, Diacetone
Alcohol, Ethyl
Alcohol, Fatty
Alcohol, Isopropyl

Alcohol, Methyl
Alcohol, Propyl
Alumina
Aluminum Acetate
Aluminum Chloride dry

Aluminum Chloride Solution
Aluminum Fluoride
Aluminum Hydroxide
Aluminum Nitrate
Aluminum Oxalate

Alum (Aluminum Potassium Sulfate)
Alum (Aluminum Sulfate)
Amines
Ammonia, Alum
Ammonia, Anhydrous Liquid

Ammonia, Aqueous
Ammonia, Gas, hot
Ammonia Liquor
Ammonia Solutions
Ammonium Acetate

Ammonium Bicarbonate
Ammonium Bromide 5%
Ammonium Carbonate
Ammonium Chloride
Ammonium Hydroxide 28%

Ratings:     A - Excellent     B - Good      C - Poor     D - Do not use     Blank - No information
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B C C C A A A A D A B C A
B B B B B A A A
A B A B A A A D D D A
B D D D A A A C D C A A
B B D D A A A A A C D D A A

C C C C A A A B A D D D A A
A A D B C A A

C C D D A A A D A D D D A A
C C C C A A A B A D B B D A A
C C C C A A A B A D D C D A A

B D D D B C A D A A
B D D D B B B B A D C C D A A
A A A A A A A A A D A A D A A
A A A A A A A A A D A D D A
D A D C B A D D D D A

A B A A A A A A A B A A A A
B D D D B B C D A
B A A C A B A A D D D C A
A A A A A A A A A A A A A
B B B C A B B B C A A B A A

B B B C A A A A B A C A A A
A A A A A A B A D A B D A A
B B B B B A B A A A A A A A
B B B B A A A B A A A A
B B B B B A B B C A A A A A

B B B B A A A A B A A C A A
A A B B A A A A B A A A A A
A A A A A A A
C D D A B B C B D D A D A
B B C D C D B B B A A A A A

C D C B B A B D A A A
C D D C B A A C A A A
A A D D A B B B B A C A A A
D D D C B C B B D B D A
B A B A A

D D D B C B C A B D B A A
C C D D B A B C A A D A A A A
B B B C A A A B B D C C D A
C A A A B C A A
A D A B A A A B A B D B D A A

B D A A A A B B B D A A A
A D B A A B B C D A D A A

A A B A A
C D B B A A B B B D B D A A
B D B B A B B B D A D A

B B C B B B B B A A A A
D B B B A A
B B B B B B B C D A B A
D D D D C C B B B B C A A A
C D C C B A A D B B D B A A A



C-3

Ammonium Hydroxide Concentrated
Ammonium Monosulfate
Ammonium Nitrate
Ammonium Oxalate 5%
Ammonium Persulfate

Ammonium Phosphate
Ammonium Phosphate Di-basic
Ammonium Phosphate Tri-basic
Ammonium Sulfate
Ammonium Sulfide

Ammonium Sulfite
Amyl Acetate
Amyl Chloride
Aniline
Aniline Dyes

Apple Juice
Aqua Regia (Strong Acid)
Aromatic Solvents
Arsenic Acid
Asphalt Emulsion

Asphalt Liquid
Barium Carbonate
Barium Chloride
Barium Cyanide
Barium Hydrate

Barium Hydroxide
Barium Nitrate
Barium Sulfate
Barium Sulfide
Beer

Beet Sugar Liquors
Benzaldehyde
Benzene(Benzol)
Benzoic Acid
Beryllium Sulfate

Bleaching Powder wet
Blood (Meat Juices)
Borax (Sodium Borate)
Bordeaux Mixture
Borax Liquors

Borax Acid
Brake Fluid
Brines, saturated
Bromine, dry
Bunker Oils (Fuel)

Butadiene
Butane
Butter
Buttermilk
Butyl Acetate

Corrosion Data

Chemicals A
lu

m
in

um

B
ra

ss

C
ar

bo
n 

S
te

el

D
uc

til
e 

Ir
on

/C
as

t I
ro

n

31
6 

S
ta

in
le

ss
 S

te
el

17
-4

P
H

H
as

te
llo

y 
C

B
un

a-
N

 (N
itr

ile
)

D
el

ri
n

E
P

D
M

/E
P

R

V
ito

n

Fl
ex

ib
le

 G
ra

ph
ite

A
llo

y 
20

M
on

el

Te
flo

n-
R

ei
nf

or
ce

d/
or

 N
R

G

C D C C B A A C B C D A A A A
D A B B B D A
B D D D A A B D B A D A A A
A A A B A A
C C A A D D D B B A

C D D D B B C A C A A A
B C D D B B C B A A A A
C C D D B B C B A A A A
C C C D B B B B B A B A B A A
C D D D B B B A A A D A

C C C C A B D B A B A A
B B C C B A A B A D A B D A
D B B A A B B D A D D A
C D C C B A B B D D C C A A
C C C C A A A C A C B A

B C D D B A A A A B A A
D D D D B B D D D D D A
A A C B A A B D A D A
D D D D B B D B A D B A A A
C A B B A A A A D A D A A

C A B B A A A A C A D A A
C B B B B B B A B A A A A
D B C C B B C B A A A A A
D C C B B D B A B B A
D D A A B A A

D C C B B A A B A A B A A
B A A A A
D C C C A A B A A B A A
D D C D B B C A A A A A
A B D D A A A A B A B A A

A A B B A A A A A B A A
A A A C A A B B D A A D A
B B B B B B A A B D C D B A A
B B D D B A B B A C A D B A
B B B B A B B A B B A

B C B D A D D B B A
B B D A A A B B A B B A
C D C C A A A B A A A A

A A A A
C A C C B A A B A A A A

B C D D B B B A B A B A A A
B B B B A B D B B D A
C B D C B B B A A A A A A
C B D D D B A A D D D B B A
A B B B A A A B A A A

B C B B A A C B C A C B D
A A B B A A B A B A D A A

A A B A A
A D D D A A D A A B A A
B B B B A B B D B D D A

Ratings:     A - Excellent     B - Good      C - Poor     D - Do not use     Blank - No information
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Ratings:     A - Excellent     B - Good      C - Poor     D - Do not use     Blank - No information

Corrosion Data
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A A A A A A A D A D D A
B C D D B B B A C A C C A
C C D D B B D B A D D A A
C C D D B B B B A A B A A
B D C B B B B D B B B A

C B C C B B B B A A A B A A
D C C C B B A A A A A A A
B B B B C B A
D C C B B B B B B A
D C C B B B A B B A

B C C C B B B B B A A B A A
B A A B A A A

C C C B C C B A A B A
A B B A A B B A D B A
B B D B B B B C B A B B A A

A B B A A B A B A A A A A A
A C B B B B B D A D A A
A A A B A A A A C A B B A A
A D D D B B A B B A B A A A
A A B A A A A A B A B B A

B C B C A A A A A D A D B A A
D D D B B B B D B D B A A

C C C B B C B A B B A
A A B B A A A A A A B A A

A A B B D A

D B B A A A C D B B A
B B B B B B D C B D A
A C C C A A A A A A D A A
D C C C A A B D A D C A
C C D A D D B D A B A

B C B B B C A A A C D D B A A
B B B B A A B B D B D A A
D B B C A B A A B D A D B A
B B B B A B B B B A
B C B B B B B A D D D D A

C C B C A A B B B B B A
C D D D C C B C B D D C C A
D D D C C D B D B D D C C A
B C D B C B B C B B A
B A B A A A

B C D D B C A B A B A B A A A
C B D D B A A A A A A

A A B A B A
B B C C B A B A A A A A
A A D A A B A A A A A

A B C C A A A A A
A C B B A A B C D D B A
B B B B A A A A A D A A
D D D D A A C B C D B D A
D A A A A

Butylene
Butyric Acid
Calcium Bisulfate
Calcium Carbonate
Calcium Chlorate

Calcium Chloride
Calcium Hydroxide
Calcium Nitrate
Calcium Phosphate
Calcium Silicate

Calcium Sulfate
Caliche Liquor
Camphor
Cane Sugar Liquors
Carbonated Beverages

Carbonated Water
Carbon Bisulfide
Carbon Dioxide, Dry
Carbonic Acid
Carbon Monoxide

Carbon Tetrachloride, dry
Carbon Tetrachloride, wet
Casein
Caster Oil
Caustic Potash

Caustic Soda
Cellulose Acetate
China Wood Oil (Tung)
Chlorinated Solvents
Chlorinated Water

Chlorine Gas, dry
Chlorobenzene, dry
Chloroform, dry
Chlorophyll, dry
Chlorosulfonic Acid, dry

Chrome Alum
Chromic Acid < 50%
Chromic Acid > 50%
Chromium Sulfate
Cider

Citric Acid
Citric Juices
Coca-Cola Syrup
Coconut Oil
Coffee

Coffee Extracts, hot
Coke Oven Gas
Cooking Oil
Copper Acetate
Copper Carbonate



C-5

Copper Cyanide
Copper Nitrate
Copper Sulfate
Corn Oil
Cottonseed Oil

Cresol
Creosote Oil
Cresylic Acid
Crude Oil, sour
Crude Oil, sweet

Cupric Nitrate
Cutting Oils, Water Emulsions
Cyanide Plating Solution
Cyclohexane
Cyclohexanone

Detergents, synthetic
Dextrin
Dichloroethane
Dichloroethyl Ether
Diesel Oil Fuels

Diethylamine
Diethyl Benzene
Diethylene Glycol
Diethyl Sulfate
Dimethyl Formamide

Dimethyl Phthalate
Dioxane
Dipentane (Pinene)
Disodium Phosphate
Dowtherm

Drilling Mud
Dry Cleaning Fluids
Drying Oil
Enamel
Epsom Salts (MgSo4)

Ethane
Ethers
Ethyl Acetate
Ethyl Acrylate
Ethyl Benzene

Ethyl Bromide
Ethyl Chloride, dry
Ethyl Chloride, wet
Ethylene Chloride
Ethylene Dichloride

Ethylene Glycol
Ethylene Oxide
Ethyl Ether
Ethyl Silicate
Ethyl Sulfate

Corrosion Data
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D D D A A C A A B B A
D D D D B B D A A B A A
D D D D B B B C A A A A A A A
B B C C B B B A A C A A
B B C C B B B A A C B A

B B D D D D A
B B B B B B A B B C D D A A
C C C D B B B D D D B A
B C B C A A B A A D A A
A B B B A A A A A A A

D A A D D A
A A B B A A A A A A
D D D B B D B D B B A
A A A A A A B B C A D A A
B B A A B B D A A

B B B B A B B A B A A
B B B B B B B A B B A

C C B B D D D A
B B B B B D D D D A
A A A A A A A A A D A A

B B A B A A B B A C D A
B B D C D A

B B A A A B A A A B A
B B B B B B C A C B A
B B B A A B B A D D A

B C D A
B B B B B B D C C D A A
A A A A A B A D B A
B B B C B A B A
A A B B A A A D A D A A A

B B B B A A B A A A A A
A C B B A A B D A B A
C C C B B B B A A A

A B A D A
A B C C B B B A A A A

A B C C B B B A A D A A
A B A B A B A B D C C C A
A C B C B A B B B D C C D A
C B C C A A B A D B C D A

A A C A D A

B A B B C B B A B B A
B B B B A A A B B C A C B A
D C D D B B B B C A B B A
C A A B B D A D A

B A B D C D D A A

A B B B B A A B A A A A A A
C C B B B B B A D A D D A
B B C A A A B D A D D A
A B B B B B B A B B A

B B B A C A A

Ratings:     A - Excellent     B - Good      C - Poor     D - Do not use     Blank - No information
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Ratings:     A - Excellent     B - Good      C - Poor     D - Do not use     Blank - No information

Corrosion Data
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B C D D A A B A B A D A A A
A A A B A A

D D D D C B A D B A A A A A
D D D D B B A D A A A A A
B B B A A

D B D D D D D D A A A A A A
C B D D B B B B A A A A A A
C C C C A A B B C A B B A
B C B B B B B B A
C B B B A A A A A D A A

C B B A A B C C D C A
B B A A D A
D B D D B B A B C C C C A
A A A B A A A A B B A B D A
B B D D C B B B B A A

D B D D B B A B A D D B A A
D B D D B D B B B D D A A A
B B B B A A A A B C A C C A A
B B C A A B B C A C D A
A A B A A B B B A A D A

B B C A A B B D A D D A
A A B A B D A D D A
B B C A A B B B A C C A
D D D C B B B B B A B D A A
B B D D A A B A A A A A

A B B B A A B A A D A A
A B A A

A A A B A B A B B D A C D A
A C D D B B B B B A C A A
B B B B B B A A A A A

B B B B A B A A A D A A
A A B B B A B B A A A
A A A B A A A A C A A A A
A A A A A A B A C A A A A
A A A B A A A A C A D A A A

A B B B A A B A C A D A A A
A B B B A A C A C A D A A A
A A A B A A A A C A A A A
A A D D A A B A A A A A
A A B B A A A A A A A A A

A B A B B A B A A A B A A
A B C B A A A A A C A A B A
C D B B A D A C D D A
A B C B B A B B C A A A
B B C B A B B A B B A

B C A A A A B A A D A A
B B B A A B A B A B B A
A A B B A A B A A A D A A
A B B B A A B A A A D A A
A A A A A A A A A A D B A

Fatty Acids
Ferric Hydroxide
Ferric Nitrate
Ferric Sulfate
Ferrous Ammonium Citrate

Ferrous Chloride
Ferrous Sulfate
Ferrous Sulfate, Saturated
Fertilizer Solutions
Fish Oils

Flue Gases
Fluoboric Acid
Fluorosilicic Acid
Formaldehyde, cold
Formaldehyde, hot

Formic Acid, cold
Formic Acid, hot
Freon Gas, dry
Freon 11, MF, 112, BF
Freon 12, 13, 32, 114, 115

Freon 21, 31
Freon 22
Freon 113, TF
Freon, wet
Fruit Juices

Fuel Oil
Fumaric Acid
Furfural
Gallic Acid 5%
Gas, Manufactured

Gas, Natural
Gas, Odorizers
Gasoline, Aviation
Gasoline, Leaded
Gasoline, Motor

Gasoline, Refined
Gasoline, Sour
Gasoline, Unleaded
Gelatin
Glucose

Glue
Glycerine (Glycerol)
Glycol Amine
Glycol
Graphite

Grease
Helium Gas
Heptane
Hexane
Hexanol, Tertiary
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A B A B A A A A A D A A
C D D B B A C D B D A
A D D C A A D B B D B A A
D A D D C B D B A B A A A
A B B B A A B A B A A

C B B A A B A B A
A D D D B B D D D D B B A
A C D D B B D D A D B A A
A C B B A B B B B C C A A A A
B D C D B B C D C C B A A A

B C D C B B B A A A A A
A A A A A A A C A D A A
C C D D A A B A A B A A
C C B C A A C A A A

B B B A D A

A A A B A A A A A D A A
B A D A D A A

B A A B A A B A C A D D A A
A A A B A A A A A A A A
A A A A A A A A B A A A

A A A A A A A A A A A A
A A B B A A A A A A D A A A
D D D D A A B A A A A
A A A A A A A D A D D A
A A C C A A A D A D D A

C D D D A D A D A B D B A A A
C D D D B D A D B C D B B A A
A D D D A B A C A B D B A A
B D D D A D A D B C D D A A
B B C B B B B A B B A

A B A A A B A C A
B B C C B A B A A B A A
D C D D B B B A A B B A
D C D B B B B A B B A
C C C B B B D A D B A

A B B B A A B B A D B A
A B A A A A B A A D A A
D B B B A B B A B B A
A A B B B B B A A D A A
A B A A A A B A A D A A

D D B B B B B B B B A
B B B B A A B B A B B A
C D D B B B B A B B A
B B B A A B B A B B A
D B C D B C B B A A A A A A

D B B B A A A B B A A A A A
D D B B A A A A B B A A A
B A A B B A B A
B B B B A A A B A A A A A A
B B B C B B B A B A D A A

Ratings:     A - Excellent     B - Good      C - Poor     D - Do not use     Blank - No information

Hydraulic Oil, Petroleum Base
Hydrazine
Hydrocyanic Acid
Hydrofluosilicic Acid
Hydrogen Gas, cold

Hydrogen Gas, hot
Hydrogen Peroxide, Concentrated
Hydrogen Peroxide, Dilute
Hydrogen Sulfide, Dry
Hydrogen Sulfide, Wet

Hypo (Sodium Thiosulfate)
Illuminating Gas
Ink-Newsprint
Iodoform
Iso-Butane

Iso-Octane
Isopropyl Acetate
Isopropyl Ether
J P-4 Fuel
J P-5 Fuel

J P-6 Fuel
Kerosene
Ketchup
Ketones
Lacquer (and Solvent)

Lactic Acid Concentrated Cold
Lactic Acid Concentrated Hot
Lactic Acid Dilute Cold
Lactic Acid Dilute Hot
Lactose

Lard
Lard Oil
Lead Acetate
Lead Sulfate
Lecithin

Linoleic Acid
Linseed Oil
Lithium Chloride
LPG
Lubricated Oil Petroleum Base

Ludox
Magnesium Bisulfate
Magnesium Bisulfide
Magnesium Carbonate
Magnesium Chloride

Magnesium Hydroxide
Magnesium Hydroxide Hot
Magnesium Nitrate
Magnesium Sulfate
Maleic Acid
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B B B B B B B D C D B A
B B D D B B B A A A A

A B A A A B A A
B B A B A A
B B D A A B B A B B A A

D D D D A A B A A A A
B D A A B A A

D C C B A A
B B B A A B B C D B A
D D D D B B D B A A A A A

D D D D A A C B A A A A A
D D A A D A B A
D D A A A A B B A A A A A
A A B B A A B A A A A A
A A B B A A B A D B B D A

A A A A A A A D B A D A
A D B B A A C B D A B D A
C C D B A B B A D B
A A B B A A B B C A B D A

A A B D A A

D B B B A A B D A D B A
A A A A A A A B D A B D A A
C A B B A A B B D A D C A
C A C C B A B B D A B D A

A A D A A A

A B D D A A B A A A A A
A B B B A A A A A D A A
A B B B B B B A A A A
D D C C B B C D D D B A
B A A A A A A A A A A

A A C C A A A A A A A
A A A A
B B B D C A A

B B B A A B D A B D A
B A B B A A A A A A A

A B B B B B B A B A D A A
B B B B B B B B D A D A A
B B B B A A D A A A D A A
D D D D A A C A C B D A
D D D D B A B A A D B A A A

C D D D B A B A C A A A
D D D D B A B B A C B A A A
A A B C A A A D C D B A
D D D D A A A D C D A A A
D D D D A D A D C D B A B A

B D D D C D B D D D B B B A
B D D D A D A D D D D B B A
B D D D A D A D D D D A B A
C D B B A A B B D B C C A
A A A A A A A A A B A A

Maleic Anhydride
Malic Acid
Malt Beverages
Manganese Carbonate
Manganese Sulfate

Mayonnaise
Meat Juices
Melamine Resins
Methanol
Mercuric Chloride

Mercuric Cyanide
Mercuric Nitrate
Mercury
Methane
Methyl Acetate

Methyl Acetone
Methylamine
Methyl Bromide 100%
Methyl Cellosolve
Methyl Cellulose

Methyl Chloride
Methyl Ethyl Ketone
Methyl Chloride
Methyl Formate
Methyl Isobutyle Ketone

Milk and Milk Products N
Mineral Oils
Mineral Spirits
Mixed Acids (cold)
Molasses, crude

Molasses, Edible
Molybdic Acid
Monochloro Benzene Dry
Morpholine
Mustard

Naptha
Napthalene
Natural Gas, Sour
Nickel Ammonium Sulfate
Nickel Chloride

Nickel Nitrite
Nickel Sulfate
Nicotinic Acid
Nitric Acid 10%
Nitric Acid 30%

Nitric Acid 80%
Nitric Acid 100%
Nitric Acid Anhydrous
Nitrobenzene
Nitrogen
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D D D D B B D C B A A
B D B C A A D B A
C B B C B B D B B A A A
B A A B A D A
A A A A A A B A A A B B A

A B A A A A A A A A D A A
A C B C A A A A B A D A A
A A B B A A A A A A A
B B B A D C C A
B B C C B A B B B C D A A A

B C B D B B C B D D D C A
D D D B B D C D D A A
B C B B A A A A A B A A
C B D D B D B B C C B A A A
A A B B A A A A A B D A A A

A A A A A A A A D C A B A
B B C C A A A A D C B B A
A A A A A A A D A D B A
B B C C B B B B A B A A
A B C C B A A B A D A A

D B B A A B B A B B
A A B B A A A A A A D A A
B B B B B B B B A D A

B B B A D A A
A A B B A A B A A D A A

B C B B A A B B D B D A A
B B C C B A A A A A A
A B D D A B A A A D C D B A
D D A A A A A D A A A
D D D D D B B D B D B A A A

D D D D B B B C B D B A A A
D D D D D D B C B D B A A A
D D B B A C B A C D B A A
D D C C B D B C D A A
A A A D B B A A

D B C A A D D B B A A
B B C C B B A B C B A A
B B C C B B A A C A A A
C C D D B C B D B C D B B A
A C C C A A A A A A A

B B B B A A B A A D A A
A A C A D A

D D B B A B B D B B A
B B B B B B A B A
B B B B B B A B A

A A A B B A A
A A A A B B B A
B A A B B A A A
C C D D B B D A A B A A
C C D D A C B B A A B A A

Ratings:     A - Excellent     B - Good      C - Poor     D - Do not use     Blank - No information

Nitrous Acid 10%
Nitrous Gases
Nitrous Oxide
Oils & Fats
Oils, Animal

Oils, Petroleum Refined
Oils, Petroleum Sour
Oils, Water Mixture
Olaic Acid
Oleic Acid

Oleum
Oleum Spirits
Olive Oil
Oxalic Acid
Oxygen

Ozone, Dry
Ozone, Wet
Paints & Solvents
Palmitic Acid
Palm Oil

Paper Pulp
Paraffin
Paraformaldehyde
Paraldehyde
Pentane

Perchloroethylene, dry
Petroleum (Vaseline Petroleum Jelly)
Phenol
Phosphate Ester 10%
Phosphoric Acid 10%

Phosphoric Acid 50% Cold
Phosphoric Acid 50% Hot
Phosphoric Acid 85% Cold
Phosphoric Acid 85% Hot
Phosphoric Anhydride

Phosphorous Trichloride
Phthalic Acid
Phthalic Anhydride
Picric Acid
Pineapple Juice

Pine Oil
Pitch (Bitumen)
Polysulfide Liquor
Polyvinyl Acetate
Polyvinyl Chloride

Potassium Bicarbonate
Potassium Bichromate
Potassium Bisulfate
Potassium Bisulfite
Potassium Bromide
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D B B B B A B B A A B A A
C B B B B B B C A A B A A
D C C B B B A B B A A A A A
B B B B B B B A B B A
D D B B B B B B A A A A A

A D C C B A B A A B A A
B D C C A B B B A A B A A
B B C C B B A A A A A
D D A A B B B A A D D A*
D D B B B C B A B D B D A*

D D B B B C B A B D A*
D D A B B D B A C D A A*
D D C C B B B C A A B A A
A B B B B B B B B A A B A A
C A A A A

B B B B B B B B B A A B A A
D C C B B B B A A A A A
B B A A A A B B A A B A A
D A A B B B B B A
A B B C A A A B A A A A A

B B B B A A C A A A B B A
B B B B A A C B B A A B A
B B B B B A B A A A D A A
A A B B B A A B A A A D A A
B B B B A B B A B B A

A B B B B B B A C B A A
B B B A D D D A
B B B B B B A B A A A A
A B B B A A A A A A

A B A B A A

A A C C A B A A C A A A
B B A

A A A A A A A B A D A A
A A A A A A A B A A A
A B C C A A A D A B A

A A A A A A A B A A A
A A B B A A A A A
A A A A A A A D C D A
B B C C B A B A A B A A
C C D D A B B A A B A A

B B C C B A A A A A A
B B D B B B A A B B A

B B C A
C C D D B B A A A A A A
C C C D B A B B A B B B A

A A A B A A A A A A
B B B B B B A B A
D A C A B D A
D D D A A B B D B A
D D D D A A D C A A A A

Potassium Carbonate
Potassium Chlorate
Potassium Chloride
Potassium Chromate
Potassium Cyanide

Potassium Dichromate
Potassium Ferricyanide
Potassium Ferrocyanide
Potassium Hydroxide Dilute Cold
Potassium Hydroxide To 70%, Cold

Potassium Hydroxide Dilute Hot
Potassium Hydroxide To 70%, Hot
Potassium Iodine
Potassium Nitrate
Potassium Oxalate

Potassium Permanganate
Potassium Phosphate
Potassium Phosphate Di-basic
Potassium Phosphate Tri-basic
Potassium Sulfate

Potassium Sulfide
Potassium Sulfite
Producer Gas
Propane Gas
Propyl Bromide

Propylene Glycol
Pyridine
Pyrolgalic Acid
Quench Oil
Quinine, Sulfate, dry

Resins & Rosins
Resorcinol
Road Tar
Roof Pitch
Rosin Emulsion

R P-1 Fuel
Rubber Latex Emulsions
Rubber Solvents
Salad Oil
Salicylic Acid

Salt (NaCl)
Salt Brine
Sauerkraut Brine
Sea Water
Sewage

Shellac
Silicone Fluids
Silver Bromide
Silver Cyanide
Silver Nitrate
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B A A D A
C A A B A A A A A A A A
B B C C B B B B B A B A A
D B C C A B B B A A B A A
B B B B B A

B B C C B A B A B A A A
A B B D A A
D B D D A A B A D B A A
D B D D A B B B A D B A A
B B C C B B B A A B A A

B B C D B B B A A B A A
D B B B A A B B A A B A A
C B C C B B C B A A B A B A
B B C C B A A B A A B A A A
D C B B A B B A A B A A

D B B A A
D D B B A B A B A A B A A
A A A B A A
C C D D B B A B A A B A A
D A A A A A B A A D B B A A*

D A B B A C A A B D B C A A*
D A A B A B A A A D B C A A*
D A B B A C A B B D C A A*
D A A A A B B A B D B C A A*
D B B B A C B B D D B C A A*

D D D D D D C D A D A A
B B B B A A
D A A B A A
A C B C B B B A A B B A
B B C C A A A B A B A

B B D D A A A A A A
A B B B A B A B B C A B A A
A B B C B C B A B A
B B B B B B B B B C A A A A
C D C C B B B B B C A A A A

D C C C B B B B B B B A A A
D C C C B B B B A A A A A
D C C C B B B B B A A A A

B B B B B A A
A A A A

B B B B B B B A A B A A
C C C C B B B A B A
B B B B A B A A A A A A A
C D B B B A B B A A B A A
B C A A A A B B A A B B A

A A A A A B A
B C B C B A B B A A A A A
B B C C A A A A B B A A
B B C C B A A A A C A A
A A A A A A A B D D B C A A

Ratings:     A - Excellent     B - Good      C - Poor     D - Do not use     Blank - No information    * - Not with Reinforced or Polyfill

Silver Plating Sol.
Soap Solutions (Stearates)
Sodium Acetate
Sodium Aluminate
Sodium Benzoate

Sodium Bicarbonate
Sodium Bichromate
Sodium Bisulfate 10%
Sodium Bisulfite 10%
Sodium Borate

Sodium Bromide 10%
Sodium Carbonate (Soda Ash)
Sodium Chlorate
Sodium Chloride
Sodium Chromate

Sodium Citrate
Sodium Cyanide
Sodium Ferricyanide
Sodium Fluoride
Sodium Hydroxide 20% Cold

Sodium Hydroxide 20% Hot
Sodium Hydroxide 50% Cold
Sodium Hydroxide 50% Hot
Sodium Hydroxide 70% Cold
Sodium Hydroxide 70% Hot

Sodium Hypochlorite (Bleach)
Sodium Hyposulfite
Sodium Lactate
Sodium Metaphosphate
Sodium Metasilicate Cold

Sodium Metasilicate Hot
Sodium Nitrate
Sodium Nitrite
Sodium Perborate
Sodium Peroxide

Sodium Phosphate
Sodium Phosphate Di-basic
Sodium Phosphate Tri-basic
Sodium Polyphosphate
Sodium Salicylate

Sodium Silicate
Sodium Silicate, Hot
Sodium Sulfate
Sodium Sulfide
Sodium Sulfite

Sodium Tetraborate
Sodium Thiosulfate
Soybean Oil
Starch
Steam (212° F)
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