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Technical Service Bulletin November 2000 TSB104.04 
 
HydraClam 8.0 Inch and 8.5 Inch Membrane Element Loading and 
Removal Procedure for End Entry Pressure Tubes 
 
This bulletin provides the guidelines for loading and unloading Hydranautics' Reverse 
Osmosis (RO) membrane elements.  Two figures are included at the end of the bulletin. 
Figure 1 illustrates the series 8000 pressure tube assembly; Figure 2 is a detailed 
illustration of the pressure tube end cap assembly (call-out #7 in Figure 1).  Numbers 
given in parentheses in the procedures below refer to the call-out numbers in Figures 1 
and 2. 
 
Loading RO Membrane Elements 
 
Load the RO membrane elements in each of the pressure tubes as follows: 
 
1. Remove the end clamps and end cap assemblies from all pressure tubes as 

follows: 
 
 a. Remove one clamp nut (21) and clamp bolt (20) from each end 

clamp. Leave the other bolt in place to serve as a hinge pin, and 
loosen it, if necessary, so that it does not bind. 

 
 b. Carefully withdraw the end cap assembly (7) as a unit from the end 

of the pressure tube.  Leave the flexible tubes attached and the end 
cap assemblies hanging.  If any flexible tubes are removed from the 
end cap assemblies, mark or tag all items for return to the same 
location. 

 
2. Spray clean water through the open pressure tubes to remove any dust or 

other foreign matter. 
 
Note: If additional cleaning is needed, improvise a swab large enough to fill the 

inside diameter of the pressure tube.  Soak the swab in a fifty percent by 
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volume glycerin/water solution and force it back and forth through the 
pressure tube until the tube is clean and lubricated. 

 

3. Lubricate the O-ring seal (10) with a very thin layer of silicone-base O-ring 
lubricant.  When installing O-rings, do not roll them into position.  Expand the 
O-rings slightly to install.  Do not pull the rings over any sharp edges.  
Lubricate all other O-rings with a glycerin/water solution. 

 

Note: Always load RO membrane elements into the feedwater end of the pressure 
tube. 

 
4. Place the leading end of the first RO membrane element (2) in the first pres-

sure tube and slide it in about three-quarters of the element length. 
 
5. Verify that the brine seal (3) is properly seated in the groove on the trailing 

end (feed end) of the RO membrane element, in such a way that the chevron 
seal opens in the upstream direction.  Then install the interconnector (4) with 
two O-rings (5) in place on the core tube of the membrane element.  Push the 
element into the pressure tube until less than one-quarter of the element 
length extends. 

 
6. Lift the next RO membrane element into position, and install the trailing end 

on the interconnector (4).  Be very careful to hold the next element so that the 
weight is not supported by the interconnector, and push the element into the 
pressure tube until about one-quarter of the second element extends from the 
pressure tube. 

 
7. Repeat Steps 5 and 6 until all RO membrane elements are loaded in the 

pressure tubes. 
 
8. Install the two inboard end connectors (8) with O-rings (5) over the element 

core tubes at each end of the pressure tube. (Placement of the adapters onto 
the core tubes provides better sealing than placement of the adapters into the 
outboard adapters when closing). 

 
9. Install a spacer tube (6) in the concentrate discharge end of the pressure 

tube.  Center the train in the pressure tube. 
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10. Install end cap assemblies (7) on each end of the pressure tube, as follows: 
 
 a. Carefully position the downstream end cap assembly (7) outboard 

end connector (9) on the inboard end connector (8) and push the 
end cap assembly (7) as a unit squarely into the end of the 
pressure tube.  Use care to seat the O-ring seals properly and to 
avoid pinching the O-rings. 

 
 b. Rotate the end cap assembly to ensure proper alignment with the 

connecting tubes. 
 
 c. Position the downstream end clamp over the end of the pressure 

tube with one clamp bolt (20) and clamp nut (21).  Tighten both 
clamp nuts (21) finger tight, plus one-quarter turn.  Do not 
overtighten. 

 
 d. Push the RO membrane element stack from the feed (upstream) 

end towards the downstream side. 
 
 e. Before closing the feed end of the vessel, it may be advisable to 

shim the vessel to take up any free space between elements and 
the end plates. This procedure helps to prevent movement and 
hammering of elements when the system starts and shuts down. 
Take plastic washers ~1/8 inch thick (i.e., slices of PVC piping) with 
a minimum ID of 1 1/2 inches and place them over the neck of the 
feed side inboard adapter before placing the end cap on the vessel. 
Add or subtract shims as needed to minimize free space. For 
further information, please refer to TSB 109, Vessel Shimming 
Procedure. 

  
 f. Repeat Steps a through c for the upstream end cap and end 

clamps. 
 
11. If any flexible tubes were removed, return them all to the same location from 

which they were removed. 
 

Note: Connecting the Victaulic couplings next to the ends of the pressure tubes 
requires special attention.  When a coupling has been disconnected, reas-
semble the coupling by first positioning the lower half in place below the 
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pressure tube connector.  Then position the stainless steel U-bend or J-bend 
in place on the lower half of the Victaulic connector.  The upper half of the 
Victaulic connector can then be placed into position, and the attaching bolts 
can be installed. 

 
RO Membrane Element Removal 
 
Two operators are recommended when removing RO membrane elements.  Remove 
the elements from each pressure tube as follows: 
 
1. Disconnect the hard plumbing at each end of the pressure tube.  The flexible 

tubing may remain attached to leave the end cap connected to the manifold.  
Mark or tag all removed items for return to the same location. 

 
2. Remove the end caps and end clamps from each end of the pressure tube as 

follows: 
 
 a. Remove one clamp nut (21) and clamp bolt (20) from each end 

clamp.  Leave the other bolt in place to serve as a hinge pin, and 
loosen it, if necessary, so that it does not bind. 

 
 b. Push the end cap assembly (7) into the pressure tube to loosen the 

end clamp (19). 
 
 c. Remove the end cap assembly (7) as a unit; reinstall the clamp bolt 

and clamp nut to the end clamp to prevent loss. 
 
 d. Carefully withdraw the end cap assembly (7) from the end of the 

pressure tube, unassembled. 
 
3. Push the RO membrane elements from the pressure tube in the same 

direction as feedwater flows.  Push the elements out one at a time.  Support 
each element as it is being pushed out of the tube until the element is free of 
the pressure tube. 
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Figure 1.  Pressure Tube Assembly 
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Legend for Figure 1 

8.0-inch Pressure Tube 

 Item Hydranautics 
 Number Description Part Number 
 
 1 Pressure Tube 10131.X000 

 2 Membrane Element See O&M manual 

 3 Brine Seal 10144.0000 

 4 Interconnector 10113.0000 

 5 O-Ring 10185.5232 

 6 Spacer Tube 10112.0000 

 7 End Cap Assembly 10103.0000 

 8 Inboard End Connector 10106.0000 

 9 Outboard End Connector 10107.0000 

 10 O-Ring (Purple) 10185.3232 

 11 O-Ring 10185.2232 

 12 End Cap Diaphragm 10105.0000 

 13 O-Ring 10185.3442 

 14 End Cap Hub 10104.0000 

 15 Feed Connector 10044.0000 

 16 O-Ring 10185.2222 

 17 Thrust Ring 10045.0000 

 18 Retaining Ring 10103.1500 

 19 End Clamp Half 10211.0000 

 20 Clamp Bolt 10132.4000  

 21 Clamp Nut 10132.5000 
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Legend for Figure 1 

8.5-inch Pressure Tube 

 Item Hydranautics 
 Number Description Part Number 
 
 1 Pressure Tube 10124.X000 

 2 Membrane Element See O&M manual 

 3 Concentrate Seal 10145.0000 

 4 Interconnector 10113.0000 

 5 O-Ring 10185.5232 

 6 Spacer Tube 10076.0000 

 7 End Cap Assembly 10123.0000 

 8 Inboard End Connector 10106.0000 

 9 Outboard End Connector 10107.0000 

 10 O-Ring (Purple) 10185.3232 

 11 O-Ring 10185.2232 

 12 End Cap Diaphragm 10126.0000 

 13 O-Ring 10185.5442 

 14 End Cap Hub 10125.0000 

 15 Feed Connector 10044.0000 

 16 O-Ring 10185.2222 

 17 Thrust Ring 10045.0000 

 18 Retaining Ring 10103.1500 

 19 End Clamp Half 10212.0000 

 20 Clamp Bolt 10084.4000 

 21 Clamp Nut 10084.5000 

Note: Feed and concentrate end cap assemblies (7) are essentially the same. 
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 Figure 2.  End Cap Assembly 
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Technical Service Bulletin May 1998    TSB105.03

Installation Procedures for PVD Membrane Elements Used for
Production of Ultra-Pure Water in the Polishing Loop

This bulletin provides guidelines for start-up of Hydranautics' Polyvinyl Derivative (PVD)
Reverse Osmosis (RO) membrane elements used to produce ultra-pure water (UPW) in
the polishing loop.  It includes procedures for the initial cleaning of piping and tubes,
membrane element installation, and membrane element initial rinse-up.

System Cleaning

System cleaning procedures are as follows:

1. Clean the piping and pressure vessels of the RO system by recirculating Solution
2 (refer to TSB102 for specific details), with the addition of 0.4 liter of Triton X-
100.

2. Disinfect the system by recirculating a 0.5-2.0% solution of hydrogen peroxide
(H202) or ozone (O3) for 24 hours through the system.

3. Flush the system with ultra-pure water for approximately 2-3 hours. Monitor total
organic carbons (TOC), resistivity, and particle count of the inlet and outlet
solutions.  Stop the flushing when no significant change in these parameters is
observed.

Membrane Element Installation

Membrane element installation procedures are as follows:

1. If the membrane element is filled with 0.5% formaldehyde, remove the
formaldehyde by washing the elements with pure water, equal to or better than
the feedwater.

2. Install one U-packing at the upstream groove of each element in such a way that
the U-packing lip opens in the upstream direction.

3. Install O-rings in the interconnectors.
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4. Load the membrane elements according to the pressure tube manufacturer's
recommendation.  For Hydranautics tubes, refer to TSB104.

Membrane Element Rinse-Up

Membrane element rinse-up procedures are as follows:

1. Flush the system with ultra-pure water for 2-3 hours. Monitor TOC, resistivity,
and particle count of the inlet and outlet solutions. Stop the flushing when no
significant change in these parameters is observed.

2. Run the system under regular operating conditions. Carefully monitor resistivity,
TOC, and particle count of the permeate, feedwater, and concentrate. The
resistivity of the permeate should reach the same level as that of the feedwater
in about 50 hours. (The rate of resistivity increase depends on the total system
design.)

System Disinfection

The system should be disinfected on a regular basis.  Disinfection should be started
when the water quality begins to deteriorate.  Refer to TSB102 for sterilization
procedures, and TSB103 for storage procedures.

Table 1 indicates the operating conditions during flushing, recirculation, soaking, and
operation.

Table 1.  Operating Conditions

OPERATION FEED FLOW
PRESSURE

RATE SINGLE PASS ?***

Flushing Low* High** Yes

Recirculation Low* High** No

Soaking Zero Zero No

Normal Operation Regular Regular Yes

* Pressure should be high enough so that the brine pressure is higher than zero
and permeate is produced in all membrane elements.  Typically, a pressure of
70-140 psi is used.

** Do not exceed the maximum flow rate of 52.8 gpm per vessel.

*** During single-pass operation, the permeate and brine are not returned to the
feed tank.
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Technical Service Bulletin November 2000    TSB106.03 

 
HydraCode 8 Inch and 8.5 Inch Side Entry RO/UF Pressure Vessel 
Instructions 
 
This bulletin provides guidelines for the use of HydraCode pressure vessels. 

 Note: 

• These vessels may cause loss of life, severe bodily harm, or property damage if not 

correctly installed, operated and maintained.  Read and understand all instructions 

given in this bulletin before attempting to open, operate, or service this vessel. 

 

• Failure to follow these instructions and observe every precaution will result in 

malfunction and could result in catastrophic failure. 

 

• Misuse, incorrect assembly, or use of damaged or corroded components can result 

in high-velocity release of the end closure. 

  

• We recommend that only a qualified mechanic experienced in servicing high-

pressure hydraulic systems open, close, and service these vessels. 

    

Important Safety Precautions 

 

DO 
 
1. Read, understand, and follow every instruction in this bulletin. Failure to take 

every precaution may void warranty and could result in catastrophic failure.  
 
2. Install in an area where a vessel or piping malfunction that results in water 

leakage would not damage sensitive or expensive equipment, such as electronic 
components. 

 
3. Verify that head locking components are properly placed and secured. 
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4. Inspect end closures and side ports regularly, replace deteriorated components, 

and correct causes of corrosion. 
 
5. Follow membrane element manufacturer's recommendations for loading 

elements into vessels (see Replacing Elements - Page 5). 
 
 

DO NOT 
 
1. Do Not...Operate vessels at pressures in excess of the rated pressure or at 

temperatures over 120°F. 
 
2. Do Not...Service any component until you verify that pressure is fully relieved 

from the vessel. 
 
3. Do Not...Use corroded components.  Use of such components may result in 

catastrophic failure. 
 
4. Do Not...Pressurize the vessel until visually inspecting to ensure that all interlock 

components (locking segments and securing screws) are correctly installed and 
secured. 

 
5. Do Not...Tolerate leaks or allow end closures to be routinely wetted in any way. 
 
6. Do Not...Use excessive silicone lubricant. 
 
 
General Information 

 
• The 8 inch and 8.5 inch HydraCode RO/UF Pressure Vessels are used as housings 

for reverse osmosis membrane elements for water desalination.  They are available 
in standard and Ultrapure versions, as shown in this bulletin.  Any make of 8 inch or 
8.5 inch nominal diameter spiral-wound element may be used.  The vessels utilize a 
fiberglass reinforced plastic shell for superior corrosion resistance. However, 
metallic parts of the vessel may be subject to corrosion, which can result in an 
unsafe condition. 

 
• The fiberglass shell can be damaged by rigid clamping, badly positioned 

connections, impact, severe scratches, or abrasion. 
 
• When installed and maintained in accordance with the precautions and instructions 

provided in this bulletin, 8 inch and 8.5 inch side entry vessels can be expected to 
provide safe operation over a long service life.  
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Installation 
 
Even though your vessel may have been installed by others, there are a few quick 
checks on installation you should make before use.  Check that each vessel is: 
 
• Mounted with compliant material (cork or rubber) between the fiberglass shell and 

any rigid frame. 
 

• Mounted so that the center and side entry ports are closely aligned with the 
manifold heads; correct causes of misalignment in any row of vessels connected to 
the same heads. 

 

• Mounted using flexible type, grooved-end couplings, Victaulic ® Style 75 or equal, 
at side entry ports, with .125" gap between port and piping. 

 

• Free to expand under pressure. 
 

• Not clamped rigidly in place, no rigid pipe connections to port fittings. 
 
• Not used in any way to support other components such as piping manifolds hanging 

from ports. 
 
NOTE! 
 
HydraCode vessels which are five (5) elements in length or longer require three (3) 
support points (please refer to vessel drawings # 510001, 510002, 510003, 510004). 
The center support point does not need to be a load bearing support, but is necessary 
in order to eliminate any bowing effect which would cause alignment problems. 
 
 
 
Opening the Vessel 
 
WARNING! 
 
Relieve pressure from the vessel before beginning this procedure. 
 
 
Note: The side entry port is permanently bonded in place. Do not hit or otherwise 

mistreat it. 
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Contamination Removal 
 
Metal oxidation products and mineral deposits can interfere with vessel disassembly. 
Remove all foreign matter from both ends of the vessel using a small wire brush or 
suitable abrasive (such as medium-grade Scotch-Brite). Flush away loosened 
deposits with clean water. 
 
 
Removing the Head 
 
Refer to Figure 1 and proceed as follows. 
 
The head assembly consists of the bearing plate, sealing plate, head seal, permeate 
port with port seal and adapter seal, and port retainer. 
 
1. Disconnect end (permeate) ports from the piping manifold. 
 
2. Remove four socket head screws (one per locking segment). 
 
3. Slide segments towards the centerline of the vessel and remove. (It may be 

necessary to push the head assembly in a slightly to allow segments to slide 
out). If screws are frozen, apply penetrating oil between the screw heads and the 
bearing plate, allow it to penetrate, and then remove screws. 

 

 
CAUTION! 
 
Do not allow oil to penetrate the membrane element. This will cause permanent 
damage to the elements. 
 
 
4. Grasp permeate port/plug firmly and pull head assembly out.  A sharp, forceful 

tug may be necessary to start head assembly moving. Avoid hitting head since it 
may jam in the vessel. 

 
5.  If the head seal does not come out with the head, remove the seal now. 
 
6.  Remove the elements as described in Replacing Elements. Check that the side 

port seals are in good condition.  If necessary, remove the seal by piercing it 
with a sharp tool (a paper clip will suffice) and lift out.  Install  a new, lubricated 
seal (square section) by first pressing it in by hand, taking care not to twist the 
seal. Then press in fully using a blunt object such as a tongue depressor. 
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Replacing Elements 
 
The following procedures are provided for information only. Elements should be 
installed in accordance with the element manufacturer's recommendations. Where 
conflicts exist, contact the element manufacturer or Advanced Structures for 
clarification.  To replace elements, proceed as follows: 
Removing Elements 
 
1. Remove heads from both ends of vessel as described in Opening the Vessel. 
 
2.  On standard models, reach inside the downstream end of the vessel, grip the 

thrust ring and firmly pull it out of the vessel.  If the thrust ring will not move 
easily, it may be necessary to lift the stainless steel positioning clip using a pair 
of flat bladed screwdrivers while pulling the thrust ring out. 

 
3.  Push the element(s) out of the vessel from the upstream end. 
 
4.  For multi-element vessels, remove the interconnector(s) and retain them for 

installation. 
 
 
Inserting Elements 
 
1. Examine the inside of the vessel for any damage which could affect sealing of 

the head or element seals. 
 
2.  Flush out with clean water. 
 
3. Check element surface, including ATD, for any imperfection which could scratch 

the vessel bore. 
 
4. Lubricate the inside of the vessel and element seals with a 50/50 mixture of 

glycerine and water. 
 

 
CAUTION! 
 
DO NOT lubricate element seals with a silicone based material (such as Parker Super 
O-Lube, the recommended lubricant for end plug seals). 
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5. With the thrust ring removed from the vessel, insert a head assembly, without a 

head seal but with an adapter attached, into the downstream end of the vessel. 
Place one locking segment into the groove at the 6 o'clock position, then pull the 
head back to firmly contact the segment. 

 
6. Load the element(s) into the upstream end of the vessel with appropriate 

interconnectors inserted between elements, and push the element stack 
downstream as far as it will go. 

CAUTION! 
 
System malfunctions and element damage may result if elements are installed in the 
wrong direction. 
 
 
7. Remove the downstream head. 
 
8. Close the vessel as described in the next section. 
 
 
 

Closing the Vessel 
 
If work is being done on an Ultrapure model, please note the following points on seals 
before proceeding with the procedure. 
 
• For better sealing of the relatively hard TFE O-ring surface to mating surfaces, it 

is advisable to boil the seal in water for approximately 3 minutes immediately 
before assembly.  If this is not done, you may experience slight leakage during 
the first 24 hours after system pressurization. 

 
• Lubricate TFE seals lightly with a 50/50 glycerine/water mix. 
 
• Avoid excessive bending of TFE seals.  If the seal is bent, the outer cover may 

kink. Although such kinks should not unduly affect sealing properties, they 
should be avoided. 

 
• Concerning the head seal, take extra care to ensure that all vessel surfaces 

which the seal might touch are completely smooth. 
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The procedure for closure should be done as follows. 
 
1. Inspect all components and refurbish or replace as required to achieve an “as-

new” condition (see Inspecting and Refurbishing Vessel). EXCEPT on Ultrapure 
models, all O-rings, including adapter O-rings, should be replaced each time the 
vessel is closed. 

 
2. EXCEPT on Ultrapure models, cover O-rings with a thin, even layer of Parker 

Super O-Lube silicone lubricant or equivalent.  Ultrapure (TFE) O-rings should 
be lightly lubricated with a glycerine/water mix (approx. 50%/50%). 

Note: Glycerine is a commercially available lubricant that will not foul elements. 
However, silicone lubricant is recommended for non-TFE applications. 

 
3. EXCEPT on Ultrapure models, remove any residual lubricant from the vessel 

bore and work a fresh film of Parker Super O-Lube into the shell from half way 
up the bevel to approximately 1/2" in from the bevel.  Ultrapure models require 
no lubrication, but extra care should be taken to ensure that the vessel entry, 
including groove/bevel area, is completely smooth and free of burrs and rough 
edges. 

 
 

CAUTION! 
 
When lubricating the vessel chamber, wear protective gloves or finger cots to prevent 
cuts or penetration by glass fibers. 
 
Note: Paragraphs 4 & 5 below are for Standard models only. 
 
4. While holding the thrust ring with the two (2) stainless steel tabs in line with the 

side entry port and pressing the tabs in slightly, insert the thrust ring into the 
DOWNSTREAM end of vessel. 

 
5. Push the thrust ring in until the two tabs locate into the seal groove surrounding 

the side entry port. 
 

 
CAUTION! 
 
Make sure the tabs are located one on each side of the stainless steel side entry port.  
Tips of the tabs should rest on, or just clear, the port seal. 
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6. Fit the adapter to the permeate port. Then, while holding the assembly square to 
the shell axis, fit the head seal into place on the sealing plate and insert the 
head into the downstream end of the vessel.  A sharp, forceful thrust may be 
needed to insert the head seal into the vessel bore. 

 
 

CAUTION! 
 
If the head is allowed to rock from side to side during installation, the head seal may 
become detached. 
7. Install the four locking segments into the groove WITH THE STEPPED FACE 

OUTWARDS.  Secure the locking segments with the 3/8-16 UNC X.75" long 
screws supplied, and tighten firmly (approximately 5 lb/ft). 

 

WARNING! 
 
Interlocking components must be correctly installed.  Incorrect assembly or installation 
can result in catastrophic failure. 
 
 
8. For installation of the upstream head on standard (non-Ultrapure) models, 

repeat steps 6 & 7. 
 
9. For Ultrapure models, assemble as follows: 
 
 a. As the head is assembled on to vessel, keep hand pressure applied firmly 

to the permeate plug to ensure proper engagement of the head with the 
element. 

 
 b. Once the head is fully engaged, repeat step 7 for the upstream end. 
 

Inspecting and Refurbishing 
 
Refurbishing Shell 
 
1. Using a fine wire brush or a piece of Scotch-Brite, remove any large deposits 

from the locking segment groove. 
 
2. Using a medium or finer grade of Scotch-Brite and a mild soap solution, clean 

the inside of the vessel at least 3 inches in from the groove at each end. 
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3. Use clean water to rinse away all loosened deposits and soap residue. 
 
4. Examine the inside of the vessel for scratches, gouges, or other imperfections 

that could prevent proper sealing.  If such areas exist and leaks are observed 
when the vessel is placed back in service, the shell may need to be replaced. 

  
 
Refurbishing Other Components 
 
Note: Take care not to damage the hard anodized surface of aluminum parts. 
 
1. Remove any large deposits from the metal parts (locking segments and bearing 

plate) using a wire brush. 
 
2. Scrub the entire part surface with medium grade Scotch-Brite until all 

contaminants are removed. 
 
3. Rinse parts thoroughly with fresh water and dry. 
 
4. Inspect all parts for serviceability. Use the points in the following paragraphs as 

guidelines for determining replacement. 
 
Inspecting Parts 
 
• Plastic parts - Examine for cracking, softening, or discoloration. This may 

indicate chemical attack of the material.  Defective parts must be replaced.  
Alternate materials may be required.  Contact your supplier for assistance. 

• Metal parts - Check for corrosion, scratches, dents, cracks, or other damage to 
anodized surfaces of the bearing plate and locking segments. 

• Other parts - Examine for any damage, such as gouges, chips, or cracks that 
could affect structural strength or sealing characteristics. The following are some 
examples of defects that may require replacement of the affected part: 

• Bearing plate - bent, pitted or corroded at step; or anodized  coating 
chipped or stripped. 

• Sealing plate - cracked, discolored, sealing areas damaged (chipped or 
gouged). 

• Securing screws - corroded and/or stripped thread. 

• Locking segments - bent, corroded, or damaged in any way. 

• Feed/Concentrate ports - deformed, corroded (especially at inner end). 

 



 TSB106.03  Page 10 
 
 

Part Replacement 
 
• Replace all parts that cannot be restored to "as-new"  condition. 

 

• Replace any parts showing signs of structural damage or corrosion. 

 

CAUTION! 
 
Use of components damaged by corrosion can result in catastrophic failure. 
 
• All seals should be replaced each time the vessel is serviced.  Parts are available 

from your supplier. 
 
 

Head Disassembly/Assembly 
 
CAUTION! 
 
Wear safety glasses during snap ring removal and installation. 
 
To Disassemble Head 
 
1. Remove the permeate port/plug snap ring using appropriate snap ring pliers. 

Take care to avoid damage to the outer end of the permeate port/plug while 
removing the snap ring. 

 
2. Remove the permeate port/plug by pressing it out from the small end. 
 
3. Carefully remove the seals from each end of the permeate port (inner seal on 

one end, outer seal on the other end).  New seals should be used each time the 
head is assembled. 

 
4. Wash all components in fresh water and dry, using clean, dry compressed air, if 

available. 
 
5. Check components for corrosion and other damage as described under 

"Refurbishing Parts". Replace any parts to attain an "as-new" condition 
throughout. 
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To Assemble the Head 
 
1. Fit an O-ring, lubricated with Parker Super O-Lube or other suitable lubricant, 

to each end of permeate port or to seal plate on the upstream end of Ultrapure 
vessels.  (Excess lubricant may foul membranes and should be removed.  A thin, 
shiny coat is sufficient). 

 
2. Press the male end of the permeate port/plug into the smaller diameter side of 

the sealing plate until the port is fully sealed. 
 
3. Fit the bearing plate over the same end of the permeate port/plug with the 

smaller outside diameter of the bearing plate towards the sealing plate. 
 
4. Fit the snap ring into the permeate port groove adjacent to the bearing plate, 

taking care to avoid damaging the outer end of the permeate port/plug. The head 
is now ready for addition of the head seal and insertion into the vessel. 

 
NOTES: 
 
1. Ultrapure models have an adjustable permeate plug in place of the regular 

permeate port at the upstream end of the vessel. The term "permeate port/plug" 
is used in this bulletin to indicate either arrangement as appropriate. 

 
2. Ultrapure models use a different type of seal from those in the regular model. 

The Ultrapure seal consists of an O-ring encapsulated in a clear, TFE cover. 
Special handling for these seals, referred to as TFE seals, is indicated in this 
guide. 

 
Figure 1 

EXPLODED VIEW 
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Technical Service Bulletin April 3, 2002  TSB107.09  

 
 

Foulants and Cleaning Procedures 
for composite polyamide RO Membrane Elements 

(ESPA, ESNA, CPA, LFC, and SWC) 
 
This bulletin provides general information about the usual foulants affecting the performance of 
Hydranautics' Composite Polyamide Reverse Osmosis (RO) membrane elements and the removal of these 
foulants.  The information in this bulletin applies to 4-inch, 6-inch, 8-inch, and 8.5-inch diameter RO 
membrane elements. 
 
 
Note: The Composite Polyamide type of RO membrane elements may not be exposed to 

chlorinated water under any circumstances.  Any such exposure will cause irreparable 
damage to the membrane.  Absolute care must be taken following any disinfection of piping 
or equipment or the preparation of cleaning or storage solutions to ensure that no trace of 
chlorine is present in the feedwater to the RO membrane elements.  If there is any doubt 
about the presence of chlorine, perform chemical testing to make sure.  Neutralize any 
chlorine residual with a sodium bisulfite solution, and ensure adequate mixing and contact 
time to accomplish complete dechlorination.  Dosing rate is 1.8 to 3.0 ppm sodium bisulfite 
per 1.0 ppm of free chlorine. 

 
 
Note: It is recommended that all RO membrane cleaning operations should be closely coordinated 

with Hydranautics during the RO membrane element warranty period. Hydranautics field 
service personnel are available to be on site for cleaning assistance, should the need arise.  
Please contact Hydranautics for current charges for this service. 

 
 
Note: The use of cationic surfactant should be avoided in cleaning solutions, since irreversible 

fouling of the membrane elements may occur. 
 
 
If additional information is needed, please contact the Technical Services Department at: 
 

HYDRANAUTICS 
401 Jones Rd. 

Oceanside, CA  92054 

Tel# (760) 901-2500 
Fax# (760) 901-2578 

e-mail: info@hydranautics.com 
Internet: www.membranes.com 
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RO Membrane Fouling and Cleaning 

During normal operation over a period of time, RO membrane elements are subject to fouling by 
suspended or sparingly soluble materials that may be present in the feedwater. Common examples of  
foulants are: 

• Calcium carbonate scale 
• Sulfate scale of calcium, barium or strontium 
• Metal oxides (iron, manganese, copper, nickel, aluminum, etc.) 
• Polymerized silica scale 
• Inorganic colloidal deposits 
• Mixed inorganic/organic colloidal deposits 
• NOM organic material  (Natural Organic Matter) 
• Man-made organic material  (e.g. antiscalant/dispersants, cationic polyelectrolytes) 
• Biological  (bacterial bioslime, algae, mold, or fungi) 
 

The nature and rapidity of fouling depends on a number of factors, such as the quality of the feedwater and 
the system recovery rate.  Typically, fouling is progressive, and if not controlled early, will impair the RO 
membrane element performance in a relatively short time. Cleaning is recommended when the RO shows 
evidence of fouling, just prior to a long-term shutdown, or as a matter of scheduled routine maintenance.  
Fouling characteristics that signal the need to clean are: 

• A 10-15% decrease in normalized permeate flow. 
• A 10-15% decrease in normalized permeate quality.  

• A 10-15% increase in normalized pressure drop, as measured between the feed and concentrate 
headers. 

• In the event you do not normalize your operating data, the above values still apply if you do not have 
major changes in critical operating parameters.  The operating parameters that have to stay constant 
are permeate flow, permeate back-pressure, recovery, temperature, and feed TDS.  If these operating 
parameters fluctuate, then it is highly recommended that you normalize the data to determine if fouling 
is occurring or if the RO is actually operating normally based on the change in a critical operating 
parameter.  Hydranautics offers a free normalization software program called ROData, which can be 
downloaded from our web site at www.membranes.com. 

 
Monitoring overall plant performance on a regular basis is an essential step in recognizing when 
membrane elements are becoming fouled.  Performance is affected progressively and in varying degrees, 
depending on the nature of the foulants. Table 1 “RO Troubleshooting Matrix” provides a summary of the 
expected effects that common foulants have on performance. 
 
RO cleaning frequency due to fouling will vary by site.  A rough rule of thumb as to an acceptable cleaning 
frequency is once every 3 to 12 months.  If you have to clean more than once a month, you should be able 
to justify further capital expenditures for improved RO pretreatment or a re-design of the RO operation.  If 
the cleaning frequency is every one to three months, you may want to focus on improving the operation of 
your existing equipment but further capital expenditure may be harder to justify. 
 
It is important to clean the membranes when they are only lightly fouled, not heavily fouled.  Heavy fouling 
can impair the effectiveness of the cleaning chemical by impeding the penetration of the chemical deep into 
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the foulant and in the flushing of the foulant out of the elements.  If normalized membrane performance 
drops 30 to 50%, it may be impossible to fully restore the performance back to baseline conditions. 
 
One RO design feature that is commonly over-looked in reducing RO cleaning frequency is the use of RO 
permeate water for flushing foulants from the system.  Soaking the RO elements during standby with 
permeate can help dissolve scale and loosen precipitates, reducing the frequency of chemical cleaning. 
 
What you clean for can vary site by site depending on the foulant.  Complicating the situation frequently is 
that more than one foulant can be present, which explains why cleanings frequently require a low pH and 
high pH cleaning regiment. 
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Table 1:  RO Troubleshooting Matrix 
(Pressure Drop is defined as the Feed pressure minus the Concentrate pressure) 

Possible 
Cause 

Possible 
Location 

Pressure 
Drop 

Feed 
Pressure 

Salt 
Passage 

Metal Oxide Fouling 
(e.g. Fe,Mn,Cu,Ni,Zn) 

1st stage 
lead elements 

Rapid 
increase 

Rapid increase Rapid  
increase 

Colloidal Fouling 
(organic and/or 
inorganic complexes) 

1st stage 
lead elements 

Gradual 
increase 

Gradual 
increase 

Slight  
increase 

Mineral Scaling 
(e.g. Ca, Mg, Ba, Sr) 

Last stage 
tail elements 

Moderate 
Increase 

Slight increase Marked 
increase 

Polymerized Silica Last stage 
tail elements 

Normal to 
increased 

Increased Normal to 
increased 

Biological Fouling Any stage, 
usually lead 

elements 

Marked 
increase 

Marked 
increase 

Normal to 
increased 

Organic Fouling 
(dissolved NOM) 

All stages Gradual 
increase 

Increased Decreased 

Antiscalant Fouling 2nd stage most 
severe 

Normal to 
increased 

Increased Normal to 
increased 

Oxidant damage  
(e.g Cl2, ozone,KMnO4) 

1st stage  
most severe 

Normal to 
decreased 

Decreased Increased 

Hydrolysis damage 
(out of range pH) 

All stages Normal to 
decreased 

Decreased Increased 

Abrasion damage 
(carbon fines, etc) 

1st stage 
most severe 

Normal to 
decreased 

Decreased Increased 

O-ring leaks 
(at interconnectors or 
adapters) 

Random 
(typically at 

feed adapter) 

Normal to 
decreased 

Normal to 
decreased 

Increased 

Glue line leaks 
(due to permeate back-
pressure in service or 
standby) 

1st stage 
most severe 

Normal to 
decreased 

Normal to 
decreased 

Increased 

Glue line leaks 
(due to closed 
permeate valve while 
cleaning or flushing) 

Tail element 
of a stage 

Increased 
(based on prior 
fouling & high 

delta P) 

Increased 
(based on prior 
fouling & and 
high delta P) 

Increased 
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Discussion on Foulants 
 
Calcium Carbonate Scale:  Calcium carbonate is a mineral scale and may be deposited from almost any 
feedwater if there is a failure in the antiscalant/dispersant addition system or in the acid injection pH control 
system that results in a high feedwater pH.  An early detection of the resulting calcium carbonate scaling is 
absolutely essential to prevent the damage that crystals can cause on the active membrane layers.  
Calcium carbonate scale that has been detected early can be removed by lowering the feedwater pH to 
between 3.0 and 5.0 for one or two hours.  Longer resident accumulations of calcium carbonate scale can 
be removed by a low pH cleaning with a citric acid solution. 
 
Calcium, Barium & Strontium Sulfate Scale:  Sulfate scale is a much “harder” mineral scale than 
calcium carbonate and is harder to remove.  Sulfate scale may be deposited if there is a failure in the 
antiscalant/dispersant feed system or if there is an over feed of sulfuric acid in pH adjustment.  Early 
detection of the resulting sulfate scaling is absolutely essential to prevent the damage that crystals can 
cause on the active membrane layers.  Barium and strontium sulfate scales are particularly difficult to 
remove as they are insoluble in almost all cleaning solutions, so special care should be taken to prevent 
their formation. 

 
Calcium Phosphate Scale:  This scale is particularly common in municipal waste waters and polluted 
water supplies which may contain high levels of phosphate.  This scale can generally be removed with 
acidic pH cleaners.  At this time, phosphate scaling calculations are not performed by the Hydranautics 
RO Design software.  As a rule of thumb, contact Hydranautics technical department if phosphate levels in 
the feed are 5 ppm or higher. 
 
Metal Oxide/Hydroxide Foulants:  Typical metal oxide and metal hydroxide foulants are iron, zinc, 
manganese, copper, aluminum, etc.  They can be the result of corrosion products from unlined pipes and 
tanks, or result from the oxidation of the soluble metal ion with air, chlorine, ozone, potassium 
permanganate, or they can be the result of a pretreatment filter system upset that utilizes iron or aluminum-
based coagulant aids. 

 

Polymerized Silica Coating:  A silica gel coating resulting from the super-saturation and polymerization of 
soluble silica can be very difficult to remove.  It should be noted that this type of silica fouling is different 
from silica-based colloidal foulants, which may be associated with either metal hydroxides or organic 
matter.  Silica scale can be very difficult to remove by traditional chemical cleaning methods.  Contact 
Hydranautics technical department if the traditional methods are unsuccessful.  There does exist harsher 
cleaning chemicals, like ammonium biflouride, that have been used successfully at some sites but are 
considered rather hazardous to handle and can damage equipment. 

 

Colloidal Foulants:  Colloids are inorganic or mixed inorganic/organic based particles that are suspended 
in water and will not settle out due to gravity.  Colloidal matter typically contains one or more of the 
following major components: iron, aluminum, silica, sulfur, or organic matter. 

 
Dissolved NOM Organic Foulants:  The sources of dissolved NOM (Natural Organic Matter) foulants are 
typically derived from the decomposition of vegetative material into surface waters or shallow wells.  The 
chemistry of organic foulants is very complex, with the major organic components being either humic acid 
or fulvic acid.  Dissolved NOMs can quickly foul RO membranes by being absorbed onto the membrane 
surface.  Once absorption has occurred, then a slower fouling process of gel or cake formation starts.  It 
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should be noted that the mechanism of fouling with dissolved NOM should not be confused with the 
mechanism of fouling created by NOM organic material that is bound up with colloidal particles. 
 
Microbiological Deposits:  Organic-based deposits resulting from bacterial slimes, fungi, molds, etc. can 
be difficult to remove, particularly if the feed path is plugged.  Plugging of the feed path makes it difficult to 
introduce and distribute the cleaning solutions.  To inhibit additional growth, it is important to clean and 
sanitize not only the RO system, but also the pretreatment, piping, dead-legs, etc.  The membranes, once 
chemically cleaned, will require the use of a Hydranautics approved biocide and an extended exposure 
requirement to be effective.  For further information on biocides, refer to Hydranautics Technical Service 
Bulletin TSB-110 “Biocides for Disinfection and Storage of Hydranautics Membrane Elements”. 

 
 
Selection and Use of Cleaning Chemicals 
There are a number of factors involved in the selection of a suitable cleaning chemical (or chemicals) and 
proper cleaning protocol.  The first time you have to perform a cleaning, it is recommended to contact the 
manufacturer of the equipment, the RO element manufacturer, or a RO specialty chemical and service 
supplier.  Once the suspected foulant(s) are identified, one or more cleaning chemicals will be 
recommended.  These cleaning chemical(s) can be generic or can be private-labeled proprietary 
chemicals.  Typically, the generic chemicals can be of technical grades and are available from local 
chemical supply companies.  The proprietary RO cleaning chemicals can be more expensive, but may be 
easier to use and you cannot rule out the advantage of the intellectual knowledge supplied by these 
companies.  Some independent RO service companies can determine the proper chemicals and cleaning 
protocol for your situation by testing at their facility a fouled element pulled from your system. 
 
It is not unusual to use a number of different cleaning chemicals in a specific sequence to achieve the 
optimum cleaning.  Typically, a low pH cleaning is used first to remove foulants like mineral scale, followed 
by a high pH cleaning to remove organic material.  There are times that a high pH cleaning is used first to 
remove foulants like oil or biological matter, followed by a low pH cleaning.  Some cleaning solutions have 
detergents added to aid in the removal of heavy biological and organic debris, while others have a 
chelating agent like EDTA added to aid in the removal of colloidal material, organic and biological material, 
and sulfate scale.  An important thing to remember is that the improper selection of a cleaning chemical, or 
the sequence of chemical introduction, can make the foulant worse. 
 
 
General Precautions in Cleaning Chemical Selection and Usage 
• If you are using a proprietary chemical, make sure the chemical has been qualified for use with your 

Hydranautics membrane by the chemical supplier.  The chemical supplier’s instructions should not be 
in conflict with Hydranautics recommended cleaning parameters and limits listed in this Technical 
Service Bulletin. 

• If you are using generic chemicals, make sure the chemical has been qualified for use with your 
Hydranautics membrane in this Technical Service Bulletin. 

• Use the least harshest cleaning regiment to get the job done.  This includes the cleaning parameters of 
pH, temperature, and contact time. This will optimize the useful life of the membrane. 

• Clean at the recommended target temperatures to optimize cleaning efficiency and membrane life. 
• Use the minimal amount of chemical contact time to optimize membrane life. 
• Be prudent in the adjustment of pH at the low and high pH range to extend the useful life of the 

membrane.  A “gentle” pH range is 4 to 10, while the harshest is 2 to 12. 
• Typically, the most effective clean-up sequence is low pH followed by high pH solutions.  One known 

exception is that oil-fouled membranes should not use a low pH clean-up first as the oil will congeal. 
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• Cleaning and flushing flows should be in the same direction as the normal feed flow to avoid potential 
telescoping and element damage. 

• When cleaning a multi-stage RO, the most effective cleaning is one stage at a time so cleaning flow 
velocities can be optimized and foulants from upstream stages don’t have to pass through down-
stream stages. 

• Flushing out detergents with higher pH permeate can reduce foaming problems. 
• Verify that proper disposal requirements for the cleaning solution are followed. 
• If your system has been fouled biologically, you may want to consider the extra step of introducing a 

sanitizing biocide chemical after a successful cleaning.  Biocides can be introduced immediately after 
cleaning, periodically (e.g. once a week), or continuously during service.  You must be sure that the 
biocide is compatible with the membrane, does not create any health risks, is effective in controlling 
biological activity, and is not cost prohibitive. 

• For safety reasons, make sure all hoses and piping can handle the temperatures, pressures and pH’s 
encountered during a cleaning. 

• For safety reasons, always add chemicals slowly to an agitated batch of make-up water. 
• For safety reason, always wear safety glasses and protective gear when working with chemicals. 
• For safety reasons, don’t mix acids with caustics.  Thoroughly rinse the 1st cleaning solution from the 

RO system before introducing the next solution. 
 
 
Selecting a Cleaning Solution 

Table 2 lists the recommended generic chemical solutions for cleaning an RO membrane element based 
on the foulant to be removed. 

Important:  It is recommended that the MSDS of the cleaning chemicals be procured from 
the chemical supplier and that all safety precautions be utilized in the handling and storage 
of all chemicals. 

 
Table 2:  Hydranautics Recommended Chemical Cleaning Solutions 

 

Foulant Gentle Cleaning Solution Harsher Cleaning Solution 
Calcium carbonate scale 1 4 

Calcium, barium or strontium sulfate scale 2 4 

Metal oxides/hydroxides (Fe, Mn, Zn, Cu, Al) 1 5 

Inorganic colloidal foulants 1 4 

Mixed Inorganic/organic colloidal foulants 2 6 

Polymerized silica coating None 7 

Biological matter 2 3 or 6 

NOM organic matter  (naturally occurring) 2 3 or 6 
 
 
Table  3 “Hydranautics Recipes for Cleaning Solutions” offers instructions on the volumes of bulk chemical 
to be added to 100 U.S. gallons (379 liters) of make-up water.  Prepare the solutions by proportioning the 
amount of chemicals to the amount of make-up water to be used.  Make-up water quality should be of RO 
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permeate or deionized (DI) quality, and be free of chlorine and hardness.  Before forwarding the cleaning 
solution to the membranes, it is important to thoroughly mix it, adjust the pH according to the target pH, and 
stabilize the temperature at the target temperature.  Unless otherwise instructed, the cleaning design 
parameters are based on a chemical recirculation flow period of one hour and an optional chemical soak 
period of one hour. 
 
Table 4 “Hydranautics Maximum pH and Temperature Limits for Cleaning” highlights the maximum pH and 
temperature limits for specific membranes, after which irreparable membrane damage can occur.  A 
suggested minimum temperature limit is 70 F (21 C), but cleaning effectiveness and the solubility of the 
cleaning chemical is significantly improved at higher temperatures. 
 
 
Description of Cleaning Solutions 
 
Note: The notation (w) denotes that the diluted chemical solution strength is based on the actual weight of 
the 100% pure chemical or active ingredient. 
 
Solution 1:  This is a low pH cleaning solution (target pH of 4.0) of 2.0% (w) citric acid (C6H8O7).  It is 
useful in removing inorganic scale (e.g. calcium carbonate, calcium sulfate, barium sulfate, strontium 
sulfate) and metal oxides/hydroxides (e.g. iron, manganese, nickel, copper, zinc), and inorganic-based 
colloidal material.  Note: Citric acid has chelating properties that function better when an upward pH 
adjustment is performed using ammonium hydroxide.  Sodium hydroxide should not be used for pH 
adjustment.  Citric acid is available as a powder. 
 
Solution 2:  This is a high pH cleaning solution (target pH of 10.0) of 2.0% (w) of STPP (sodium 
tripolyphosphate) (Na5P3O10) and 0.8% (w) of Na-EDTA (sodium salt of ethylaminediaminetetraacetic acid). 
 It is specifically recommended for removing calcium sulfate scale and light to moderate levels of organic 
foulants of natural origin.  STPP functions as an inorganic-based chelating agent and detergent.  Na-EDTA 
is an organic-based chelating cleaning agent that aids in the sequestering and removal of divalent and 
trivalent cations and metal ions.  STPP and Na-EDTA are available as powders. 
 
Solution 3:  This is a high pH cleaning solution (target pH of 10.0) of 2.0% % (w) of STPP (sodium 
tripolyphosphate) (Na5P3O10) and 0.25% (w) Na-DDBS (C6H5(CH2)12-SO3Na) (sodium salt of 
dodecylbenzene sulfonate). It is specifically recommended for removing heavier levels of organic foulants 
of natural origin.  STPP functions as an inorganic-based chelating agent and detergent.  Na-DDBS 
functions as an anionic detergent. 
 
Solution 4:  This is a low pH cleaning solution (target pH of 2.5) of 0.5% (w) of HCL (hydrochloric) acid. It 
is useful in removing inorganic scale (e.g. calcium carbonate, calcium sulfate, barium sulfate, strontium 
sulfate and metal oxides/hydroxides (e.g. iron, manganese, nickel, copper, zinc) and inorganic-based 
colloidal material.  This cleaning solution is considered to be harsher than Solution 1.  HCL acid, a strong 
mineral acid, is also known as muriatic acid.  HCL acid is available in a number of concentrations: (18 0 
Baume = 27.9%), (20 0 Baume = 31.4%), (22 0 Baume = 36.0%). 
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Solution 5:  This is a high pH cleaning solution (target pH of 11.5) of 1.0% (w) of Na2S2O4 (sodium 
hydrosulfite).  It is useful in the removal of metal oxides and hydroxides, and to a lesser extent calcium 
sulfate, barium sulfate and strontium sulfate.  Sodium hydrosulfite is strong reducing agent and is also 
known as sodium dithionite.  Sodium hydrosulfite is available as a powder. 
 
Solution 6:  This is a high pH cleaning solution (target pH of 11.5) of 0.1% (w) of NaOH (sodium 
hydroxide) and 0.03% (w) of SDS (sodium dodecylsulfate).  It is useful in the removal of organic foulants of 
natural origin, colloidal foulants of mixed organic/inorganic origin, and biological material (fungi, mold, 
slimes and biofilm).  SDS is a detergent that is an anionic surfactant that will cause some foaming.  This is 
considered to be a harsh cleaning regiment. 
 
Solution 7:  This is a high pH cleaning solution (target pH of 11.5) of 0.1% (w) of NaOH (sodium 
hydroxide).  It is useful in the removal of polymerized silica.  This is considered to be a harsh cleaning 
regiment. 
 

Important:  It is recommended that the MSDS of the cleaning chemicals be procured from 
the chemical supplier and that all safety precautions be utilized in the handling and storage 
of all chemicals. 



 TSB107.09  Page 10 
 
 
 

Table 3:  Hydranautics Recipes for Cleaning Solutions 
The quantities listed below are to be added to 100 U.S.gallons (379 liters) of dilution water. 

 
Cleaning 
Solution 

Bulk Ingredients Quantity Target 
pH Adjustment 

 Target 
Temp. 

1 Citric acid 
(as 100% powder) 

17.0 pounds 
(7.7 kg) 

Adjust to pH 4.0 with 
ammonium hydroxide. 

104 F (40 C) 

2 STPP   
(sodium tripolyphosphate) 
(as 100% powder) 
Na-EDTA 
(Versene 220 or equal) 
(as 100% powder) 

17.0 pounds 
(7.7 kg) 

 
7.0 pounds 
(3.18 kg) 

Adjust to pH 10.0 with 
sulfuric or hydrochloric 
acid. 

104 F (40 C) 

3 STPP   
(sodium tripolyphosphate) 
(as 100% powder) 
Na-DDBS 
Na-dodecylbenzene sulfonate 

17 pounds 
(7.7 kg) 

 
2.13 pounds 

(0.97 kg) 

Adjust down to pH 
10.0 with sulfuric or 
hydrochloric acid. 

104 F (40 C) 

4 HCl acid 
(hydrochloric acid 
(as 220 Baume or 36% HCL) 

0.47 gallons 
(0.18 liters) 

Slowly adjust pH down 
to 2.5 with HCL acid. 
Adjust pH up with 
sodium hydroxide. 

95 F (35 C) 

5 Sodium hydrosulfite 
(as 100% powder) 

8.5 pounds 
(3.86 kg) 

Slowly adjust pH up to 
11.5 with sodium 
hydrosulfite. Adjust pH 
down to 11.5 by 
adding HCL acid. 

95 F (35 C) 

6 NaOH  (sodium hydroxide) 
              (as 100% powder) 

 
               (or as 50% liquid) 
 
SDS   
(sodium dodecylsulfate) 
 

 
0.83 pounds 

(0.38 kg) 
0.13 gallons 
(0.035 liters) 

 
0.25 pounds 

(0.11 kg) 

Slowly adjust pH up to 
11.5 with sodium 
hydroxide. Adjust pH 
down to 11.5 by 
adding HCL acid. 

86 F (30 C) 

7 NaOH  (sodium hydroxide) 
              (as 100% powder) 

 
               (or as 50% liquid) 

 
0.83 pounds 

(0.38 kg) 
0.13 gallons 
(0.035 liters) 

Slowly adjust pH up to 
11.5 with sodium 
hydroxide. Adjust pH 
down to 11.5 by 
adding HCL acid. 

86 F (30 C) 
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Table 4: Hydranautics pH and Temperature Limits for Cleaning 
(See Table 3 for target pH and temperatures) 

 

Membrane 45 C  (113 F) 35 C  (95 F) 30 C  (86 F) 
CPA 2-10 2-11.5 2-12 

ESPA 2-10 2-11.5 2-12 

LFC 2-10 2-11.5 2-12 

SWC 2-10 2-11 2-12 

ESNA 3-10 2-11.5 2-12 

 
Note: The above cleaning parameters denote the maximum temperature limits for a corresponding range of 
pH.  Cleaning operations performed at the extremes may result in a more effective cleaning, but can 
shorten the useful life of the membrane due to hydrolysis.  To optimize the useful life of a membrane, it is 
recommended to use the leash harshest cleaning solutions and minimize the contact time whenever 
possible. 
 
 

Table 5:  Cleaning and Flushing Flow Rates per RO Pressure Tube 
(Pressures are not to exceed 60 psi (4 bar) at inlet to tubes.) 

 
Element Diameter GPM LPM 
4-inches 6 to 10 23 to 38 

6-inches 12 to 20 46 to 76 

8-inches 24 to 40 91 to 151 

8.5-inches 27 to 45 102 to 170 
 
 

Table 6:  Cleaning Solution Volume Requirement per RO Element 
(these volumes do not include volumes required for piping, filters, etc) 
(these volumes do not include initial 20% of volume dumped to drain) 

Element Size 
 

Normal  
Fouling 
(Gallons) 

Heavy  
Fouling 
(Gallons) 

Normal  
Fouling 
(Liters) 

Heavy   
Fouling 
(Liters) 

4 x 40 inches 2.5 5 9.5 19 

6 x 40 inches 5 10 19 38 

8 x 40 inches 9 18 34 68 

8.5 x 40 inches 10 20 38 76 
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RO Cleaning Skid 
 
The successful cleaning of an RO on-site requires a well designed RO cleaning skid.  Normally this skid is 
not hard piped to the RO skid and uses temporary hosing for connections.  It is recommended to clean a 
multi-stage RO one stage at a time to optimize cross-flow cleaning velocity.  The source water for chemical 
solution make-up and rinsing should be clean RO permeate or DI water and be free of hardness, transition 
metals (e.g. iron), and chlorine.  Components must be corrosion proof.  Major cleaning system components 
are: 
 

RO Clean-up
Tank

Clean-up
Pump

10-micron
Filter

RO Stage

Permeate

Concentrate

RO Cleanup Skid

 
 
• RO Cleaning Tank:  This tank needs to be sized properly to accommodate the displacement of water in 

the hose, piping, and RO elements.  The table below denotes the amount of chemical solution that 
needs to be made for a single RO element.  The tank should be designed to allow 100 % drainage, 
easy access for chemical introduction and mixing, a recirculation line from the RO Cleaning Pump, 
proper venting, overflow, and a return line located near the bottom to minimize foam formation when 
using a surfactant. 

• RO Cleaning Pump:  This pump needs to be sized to develop the proper cross-flow velocity to scrub 
the membrane clean.  The maximum recommended pressure is 60 psi (4 bar) at the inlet to the 
pressure vessels to minimize the production of permeate during cleaning and reduce the convective 
redeposition of foulant back on to the membrane surface.  The table below denotes the flow rate 
ranges for each pressure tube. 

• RO Cleaning Cartridge Filter:  Normally 5 to 10-micron and is designed to remove foulants that have 
been displaced from the cleaning process. 

• RO Tank Heater or Cooler:  The maximum design temperature for cleaning is 1130 F (450 C).  It should 
be noted that heat is generated and imparted by the RO Cleaning Pump during recirculation. 

• RO Tank Mixer:  This is recommended to get optimal mixing of chemical, though some designers rely 
solely on the slow introduction of chemical while maintaining a recirculation through the RO Cleaning 
Pump back to the tank. 

• Instrumentation:  Cleaning system instrumentation should be included to monitor flow, temperature, 
pressure, and tank level. 

• Sample Points:  Sample valves should be located to allow pH and TDS measurements off the RO 
Cleaning Pump discharge and the concentrate side recirculation return line. 
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• Permeate Return Line:  A small amount of the cleaning solution can permeate through the membranes 
and so a permeate-side return line back to the RO Cleaning Tank is required.   

 
Important: The permeate line and any permeate valves must always be open to atmospheric pressure 
during the cleaning and flushing steps or damage to RO elements can occur.  If the permeate line is 
closed, the permeate pressure can build up and become higher than the feed-side pressure of the tail 
elements.  This can result in excessive permeate back-pressure which can damage the membrane 
glue lines in the tail elements. 
 
 

RO Membrane Element Cleaning and Flushing Procedures 
 
The RO membrane elements can be cleaned in place in the pressure tubes by recirculating the cleaning 
solution across the high-pressure side of the membrane at low pressure and relatively high flow.  A 
cleaning unit is needed to do this. RO cleaning procedures may vary dependent on the situation.  The time 
required to clean a stage can take from 4 to 8 hours. 
 
A general procedure for cleaning the RO membrane elements is as follows: 
 
1. Perform a low pressure flush at 60 psi (4 bar) or less of the pressure tubes by pumping clean 

water from the cleaning tank (or equivalent source) through the pressure tubes to drain for 
several minutes.  Flush water should be clean water of RO permeate or DI quality and be 
free of hardness, transition metals, and chlorine. 

 
2. Mix a fresh batch of the selected cleaning solution in the cleaning tank.  The dilution water 

should be clean water of RO permeate or DI quality and be free of hardness, transition 
metals, and chlorine.  The temperature and pH should be adjusted to their target levels. 

 
3. Circulate the cleaning solution through the pressure tubes for approximately one hour or the 

desired period of time. At the start, send the displaced water to drain so you don’t dilute the 
cleaning chemical and then divert up to 20% of the most highly fouled cleaning solution to 
drain before returning the cleaning solution back to the RO Cleaning Tank.  For the first 5 
minutes, slowly throttle the flow rate to 1/3 of the maximum design flow rate.  This is to 
minimize the potential plugging of the feed path with a large amount of dislodged foulant.. For 
the second 5 minutes, increase the flow rate to 2/3 of the maximum design flow rate, and 
then increase the flow rate to the maximum design flow rate.  If required, readjust the pH 
back to the target when it changes more than 0.5 pH units. 

 
4. An optional soak and recirculation sequence can be used, if required.  The soak time can be 

from 1 to 8 hours depending on the manufacturer’s recommendations.  Caution should be 
used to maintain the proper temperature and pH. Also note that this does increase the 
chemical exposure time of the membrane. 

 
5. Upon completion of the chemical cleaning steps, a low pressure Cleaning Rinse with clean 

water (RO permeate or DI quality and free of hardness, transition metals, and chlorine) is 
required to remove all traces of chemical from the Cleaning Skid and the RO Skid.  Drain and 
flush the cleaning tank; then completely refill the Cleaning Tank with clean water for the 
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Cleaning Rinse.  Rinse the pressure tubes by pumping all of the rinse water from the 
Cleaning Tank through the pressure tubes to drain.  A second cleaning can be started at this 
point, if required. 

 
6. Once the RO system is fully rinsed of cleaning chemical with clean water from the Cleaning 

Tank, a Final Low Pressure Clean-up Flush can be performed using pretreated feed water.  
The permeate line should remain open to drain.  Feed pressure should be less than 60 psi (4 
bar).  This final flush continues until the flush water flows clean and is free of any foam or 
residues of cleaning agents. This usually takes 15 to 60 minutes.  The operator can sample 
the flush water going to the drain for detergent removal and lack of foaming by using a clear 
flask and shaking it.  A conductivity meter can be used to test for removal of cleaning 
chemicals, such that the flush water to drain is within 10-20% of the feed water conductivity.  
A pH meter can also be used to compare the flush water to drain to the feed pH. 

 
7. Once all the stages of a train are cleaned, and the chemicals flushed out, the RO can be 

restarted and placed into a Service Rinse.  The RO permeate should be diverted to drain until 
it meets the quality requirements of the process (e.g. conductivity, pH, etc.).  It is not unusual 
for it to take from a few hours to a few days for the RO permeate quality to stabilize, 
especially after high pH cleanings.  

Hydranautics 
401 Jones Rd. 

Oceanside, CA 92054 
Tel: (760) 901-2500 
Fax: (760) 901-2578 

e-mail: info@Hydranautics.com 
 

mailto:info@Hydranautics.com


 
 

Technical Service Bulletin November 2000    TSB108.05 
 
 
General Storage Procedures for Composite Polyamide (ESPA, ESNA, 
CPA, LFC, SWC) and Polyvinyl Derivative (PVD) RO Membrane Elements 
 
This bulletin provides guidelines for storing Hydranautics' Composite Polyamide Reverse 
Osmosis (RO) membrane elements. 

Note: Before undertaking any long-term or short-term storage operation, contact 
Hydranautics for specific instructions related to the local environment. 

Scope 
 
The general storage procedures included in this bulletin are as follows: 
 

1. Short-term storage of RO membrane elements in place in pressure 
tubes. 

2. Long-term storage of RO membrane elements in place in pressure tubes. 
3. Dry storage of RO membrane elements as spares or before start-up of 

an RO plant. 
Note: The composite polyamide type of RO membrane elements may not be exposed 

to chlorinated water under any circumstances.  Any such exposure will cause 
irreparable damage to the membrane.  Absolute care must be taken following 
any disinfection of piping or equipment or the preparation of cleaning or storage 
solutions to ensure that no trace of chlorine is present in feedwater to the RO 
membrane elements.  If there is any doubt about the presence of chlorine, 
perform chemical testing to make sure.  Neutralize any chlorine residual with a 
sodium bisulfite solution, and ensure adequate contact time to accomplish 
complete dechlorination. 

 
Short-Term Storage 

 
Short-term storage is for periods where an RO plant must remain out of operation for more 
than five days, but fewer than thirty days, with the RO elements in place. Prepare each RO 
train as follows: 

 
  1. Flush the RO section with feedwater, while simultaneously venting any 

gas from the system. 
 
  2. When the pressure tubes are filled, close the appropriate valves to 

prevent air from entering the system. 
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Vessel Shimming Procedure 
 
To reduce the risk of having disconnects between elements within a pressure vessel, it is 
advisable to shim the vessel properly. Shimming is the process of placing pieces of 
material (shims) between two parts to take up free space and help to prevent movement. 
For membrane systems, plastic or PVC washers are used as shims. This TSB outlines the 
procedure to shim a vessel. 
Note: Before beginning the shim procedure, ensure that the spacer tube (called the thrust 
ring on HydraCode pressure vessels) is in place on the downstream end of the vessel.  
 
1. Remove the end plate on the feed end of the pressure vessel.  

2. Push elements firmly into the vessel, and ensure that there is no free space 
between elements. 

3. Place an inboard connector on the lead element. 

4. Obtain washer-like pieces of plastic (or other approved materials) 1/8” to 1/4” 
in thickness with an inner diameter larger than the outer diameter of the 
adapter. These are the shims. 

5. Place the shims by trial and error method over the adapter and then replace 
the endplate. Shims should be added until the endplate will not fit entirely in 
place. Then remove a shim so that the total thickness of the shims is just 
enough to allow the endplate to fit. 

6. Repeat this procedure for all vessels. 

HYDRANAUTICS 
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  3. Reflush as described above at 5-day intervals. 
 
Long-Term Storage 

 
Long-term storage is for periods where an RO plant must remain out of operation for more 
than thirty days with the RO elements in place.  Prepare each RO train as follows: 

 
1. Clean the RO membrane elements in place. 
 
2. Flush the RO section with an approved biocide (see TSB110 or check 

with Hydranautics for recommendations and approvals of currently 
available products) prepared from permeate. 

 
3. When the RO section is filled with this solution (make sure that it is 

completely filled), close the valves to retain the solution in the RO 
section. 

 
4. Repeat Steps 2 and 3 with fresh solution every thirty days if the 

temperature is below 80°F (27°C), or every fifteen days if the 
temperature is above 80°F (27°C). 

 
5. When the RO system is ready to be returned to service, flush the system 

for approximately one hour using low-pressure feedwater with the 
product dump valve open to drain; then flush it at high pressure for 5 to 
10 minutes with the product dump valve open to drain.  Before returning 
the RO system to service, check for any residual biocide in the product. 

 
Prior To Installation 

 
When RO elements are stored prior to installation or in transit to the plant site, they should 
be protected from direct sunlight and stored in a cool, dry place with an ambient 
temperature range of 68°F to 95°F (20°C to 35°C).  New elements are in heat sealed bags 
with storage solution. 
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Vessel Shimming Procedure 
 
To reduce the risk of having disconnects between elements within a pressure vessel, it is 
advisable to shim the vessel properly. Shimming is the process of placing pieces of 
material (shims) between two parts to take up free space and help to prevent movement. 
For membrane systems, plastic or PVC washers are used as shims. This TSB outlines the 
procedure to shim a vessel. 
Note: Before beginning the shim procedure, ensure that the spacer tube (called the thrust 
ring on HydraCode pressure vessels) is in place on the downstream end of the vessel.  
 
1. Remove the end plate on the feed end of the pressure vessel.  

2. Push elements firmly into the vessel, and ensure that there is no free space 
between elements. 

3. Place an inboard connector on the lead element. 

4. Obtain washer-like pieces of plastic (or other approved materials) 1/8” to 1/4” 
in thickness with an inner diameter larger than the outer diameter of the 
adapter. These are the shims. 

5. Place the shims by trial and error method over the adapter and then replace 
the endplate. Shims should be added until the endplate will not fit entirely in 
place. Then remove a shim so that the total thickness of the shims is just 
enough to allow the endplate to fit. 

6. Repeat this procedure for all vessels. 
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Biocides for Disinfection and Storage of Hydranautics Membrane 
Elements 
 
This bulletin provides general information about biocides that may be used with 
Hydranautics membrane elements for disinfection and/or storage.  Before storage or 
disinfection of Hydranautics elements, one should become familiar with Technical 
Service Bulletins 101, 103, and 108 which describe the general storage procedures for 
the CAB, CPA, ESPA, ESNA, SWC, LFC and PVD membrane elements.  Also, one 
should confirm which type of membrane elements are actually in the system.  Since 
elements may be composed of either cellulose acetate, composite polyamide 
membrane, or polyvinyl derivative, it is imperative to be certain of the type to be 
disinfected.   
 
SOME OF THE FOLLOWING PROCEDURES, ESPECIALLY THE USE OF FREE 
CHLORINE, ARE APPLICABLE TO CELLULOSE ACETATE MEMBRANE 
ELEMENTS ONLY AND WILL DAMAGE THE COMPOSITE POLYAMIDE 
MEMBRANE ELEMENTS.   
 
If any uncertainty exists regarding the type of elements in use, please contact 
Hydranautics for confirmation of compatibility of specific procedures with membrane 
types. 
 
If the feed water contains any hydrogen sulfide or dissolved iron or manganese, the 
oxidating disinfectants (chlorine and hydrogen peroxide) should not be used.  Please 
contact Hydranautics for alternative methods of disinfection.  
 
Warning:  Some of the biocides listed in this procedure are toxic in some 

degree to humans. Allow ample time for system flushing to 
remove the presence of the biocides before commencing 
normal operation. Hydranautics assumes no liability for the 
misuse of any chemical listed herein, and all safety issues are 
the responsibility of the end user. Consult manufacturers’ 
material safety data sheets (MSDS’s) for proper handling and 
disposal of any of the listed chemicals. 

Biocides for Cellulose Acetate (CAB) Membrane Elements 
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Free Chlorine  

Free chlorine is used at a concentration of 0.1 to 1.0 ppm.  Free chlorine may be 
applied continuously or on an intermittent basis. If necessary, "shock" chlorination may 
be used with cellulose acetate membranes.  In this procedure, the membrane elements 
are exposed to water which contains up to 5.0 ppm of free chlorine for a period of one 
hour in biweekly intervals. If corrosion products are present in the feed water, free 
chlorine may cause membrane degradation.  If corrosion is present, chloramine, used at 
up to 10 ppm, is recommended instead of free chlorine.  

 
Formaldehyde 

A formaldehyde solution of 0.1 to 1.0% concentration may be used for system 
disinfection and as a preservative for long term storage. 

 
Glutaraldehyde 

A glutaraldehyde solution of 0.1 to 1.0% concentration may be used for system 
disinfection and as a preservative for long term storage. 

 
Isothiazolin 

Isothiazolin is distributed by manufacturers of water treatment chemicals under the 
trade name Kathon. The commercial solution contains 1.5% of the active ingredient. 
The recommended concentration of Kathon for disinfection and storage is 15 to 25 ppm. 
 
 
Biocides which can be used with Composite Polyamide (ESPA, ESNA, 
CPA, LFC, SWC) and Polyvinyl Derivative (PVD) Membrane Elements 
 
Formaldehyde 

A formaldehyde solution of 0.1 to 1.0% concentration may be used for system 
disinfection and as a preservative for long term storage. The membrane elements 
should be operated for at least 24 hours before being exposed to formaldehyde. 

NOTE: Addition of formaldehyde to new elements may cause flux reduction of 10-20%. 
Glutaraldehyde 
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A glutaraldehyde solution of 0.1 to 1.0% concentration may be used for system 
disinfection and as a preservative for long term storage. The membrane elements 
should be operated for at least 24 hours before being exposed to glutaraldehyde. 

 
Isothiazolin 

Isothiazolin is distributed by manufacturers of water treatment chemicals under the 
trade name Kathon. The commercial solution contains 1.5% of the active ingredient. 
The recommended concentration of Kathon for disinfection and storage is 15 to 25 ppm. 

 
Sodium Bisulfite 

Sodium bisulfite can be used as an inhibitor of biological growth. To control biological 
growth with sodium bisulfite, it is applied at a dosing rate of 500 ppm for 30 to 60 
minutes daily. Sodium bisulfite at a 1% concentration can also be used as a 
preservative during long term storage of the membrane elements. 

 
Hydrogen Peroxide 

Hydrogen peroxide or a solution of hydrogen peroxide with paracetic acid can be used 
for disinfection.  Special care must be taken that transition metals (Fe, Mn) are not 
present in the feed water, since in the presence of transition metals oxidation of the 
membrane surface may occur resulting in membrane degradation.  The concentration of 
hydrogen peroxide in the disinfecting solution should not exceed 0.2%. Hydrogen 
peroxide should not be used as a preservative for long term storage of membrane 
elements.  During application of hydrogen peroxide the water temperature should not 
exceed 25°C. 

 
 

HYDRANAUTICS 
401 Jones Rd. 

Oceanside, CA  92054 

Tel# (760) 901-2500 
Fax# (760) 901-2578 

e:mail: info@hydranautics.com 
www.membranes.com 

 

mailto:info@hydranautics.com


 
 
Technical Service Bulletin December 2000  TSB111.05 
 
 
Cleaning Procedure for Ultrafiltration Membranes used for Oily Water Separations  
 
 
This bulletin provides general cleaning instructions for 2000 type membrane modules which have been used to treat oily water 
solutions.  The 2000 type membrane is a hydrophilic polyolefin which has no surface charge.  
 
The ultrafiltration system should be cleaned when the permeate flux has decreased to 70% of its design rate of flow, or to an 
otherwise unacceptable level.  Prolonged operation of a fouled membrane will shorten its useful life and make effective cleaning 
more difficult. 
 
 
1. Shut down the UF unit to be cleaned.  Be sure to follow all safety procedures for system shutdown. 
 
2. Flush the UF membranes with UF permeate which has been stored in the cleaning tank.  Flush for at least 10 

minutes at normal operating flow to dislodge large foulants from the system. 
 
3. Prepare the cleaning solutions.  The cleaning solutions must be prepared with UF permeate or potable water.  

Prepare the solutions as per the instructions below in the "Instructions for Cleaning Solution Preparation."  Note 
that the instructions are for making 100 gallons of cleaning solution.  Adjust the volume of cleaning solution 
according to the size of the system to be cleaned. 

 

4. Warm the cleaning solution to 90 - 100°F.  DO NOT EXCEED 105°°F!  Cleaning with warm water is much more 

effective than cleaning with cold water. 
 
5. Circulate the cleaning solution through the system for 30 minutes.  Circulate at a fairly high flow rate, since high 

flow has a scouring effect which will assist in loosening foulants from the surface of the membrane.  Normal 
operating flow rates (30 to 50 gpm/module or pressure vessel) should be used during the cleaning operation. 

 
6. After the 30 minute circulation, stop the circulation pump and close all cleaning valves.  Let the solution soak in 

the system for a minimum of 2 hours. 
 
7. After the soak period, re-open the cleaning valves and recirculate the cleaning solution for another 30 minutes. 
 
8. If using sponge balls to assist in cleaning the system (tubular modules only), introduce the sponge balls at the 

start of the second recirculation (Step 7).  Be sure to count the sponge balls before introducing them into the 
system in order to insure their removal from the system. 

 
9. Discard the cleaning solution and rinse the UF membrane with UF permeate or potable water until no traces of 

cleaning solution remain. 
 
 
 
 
 
 
 

Instructions for Cleaning Solution Preparation 
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Cleaning Solutions for Removal of Organics 
 
1. Detergent Solution 
 
 Component    Quantity per 100 Gallons 
 
 Sodium Tripolyphosphate   17 pounds (7.7 kg) 
 Sodium Dodecylbenzenesulfonate  2 pounds (.91 kg) 
 UF permeate     100 gallons (378.5 l) 
 

Note: When mixed at these dilutions, the cleaning solution will be at pH 9.6 to 10.   

 
2. Sodium Hydroxide Solution (pH = 12) 
 
 Component    Quantity per 100 Gallons 
 
 Sodium Hydroxide   1.8 pounds (0.85 kg) 
 UF permeate    100 gallons (378.5 l) 
 
 

Cleaning Solutions for Removal of Metal Oxides 
 

1. Acetic Acid Solution (pH ≈≈ 2.5) 

 
 Component    Quantity per 100 Gallons 
 
 Acetic Acid     17 pounds (7.7 kg) 
 UF permeate     100 gallons (378.5 l) 
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2. Citric Acid Solution (pH ≈≈ 2.5) 

 
 Component    Quantity per 100 Gallons 
 
 Citric Acid     17 pounds (7.7 kg) 
 UF permeate      100 gallons (378.5 l) 
 
 

3. Hydrochloric Acid Solution (pH ≈≈ 2.0) 

 
 
Sanitizing Solutions 
 
 1. Free Chlorine  5 - 20 ppm solution 
 2. Sodium Bisulfite  1% solution 
 3. Hydrogen Proxide  1% solution 
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Cleaning Procedure for Ultrafiltration Membranes used for 
E-Coat Paint Applications 
 
 
This bulletin provides general cleaning instructions for 2000 type membrane modules which have been used in electrocoat paint 
applications.  The 2000 type membrane is a hydrophilic polyolefin which has no surface charge. 
 
The membrane elements should be cleaned when the permeate flux decreases to 70% of its design rate, or to an unacceptably 
low level.  Prolonged operation of a fouled membrane will shorten its useful life and make effective cleaning more difficult. 
 
To clean the UF system: 
 
1. Shut down the UF unit: 
 a. Observe and record permeate flux. 
 b. Open bypass valve. 
 c. Close feed inlet and outlet valves. 
 d. Stop paint pump. 
 
2. Purge (Paint flush): 
 a. Using DI water, displace the paint in the UF unit with at least 2 to 3 volumes of UF permeate or 

clean city water. 
 b. Rinse the UF modules with clean water for 15 minutes. 
 
3. Prepare cleaning solutions: 
 a. Add cleaning chemicals to cleaning tank according to the formulations in the attached table. 

 b. Warm the cleaning solution to 90 to 100°F.   

  DO NOT ALLOW THE TEMPERATURE TO EXCEED 105°°F! 

 c. Use UF permeate or clean city water for preparation of cleaning solution. 
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4. Cleaning: 
 a. Circulate cleaning solutions for 2 hours. 
 b. Maintain feed pressure during cleaning between 30 - 40 psi. 
 c. Return (outlet) pressure should be between 5 - 10 psi. 
  
5. Soaking: 
 a. Allow the cleaning solution to soak for 12 to 72 hours. 
 b. Recirculate the cleaning solution for 30 mintues every 4 hours during the soak period, if possible. 
 c. Recirculate the cleaning solution for 30 minutes at the end of the soak cycle. 
 
6. Rinsing: 
 a. Stop the cleaning pump and drain the cleaning solution. 
 b. Drain the rinse water from the UF unit. 
 c. Repeat the rinse cycle 2 or more times until the rinse water loses its soapy feel. 
 
7. Restart the paint: 
 a. Start the paint pump. 
 b. Open the paint feed inlet and outlet valves. 
 c. Close the bypass valve.  Adjust the valves to achieve an inlet pressure of between 30 to 60 psi, and 

an outlet pressure of 10 - 20 psi. 
 d. Observe and record the permeate flux. 
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 Cleaning Formulations for Cationic ED Paint Removal 
 from the NTU-2020-M7S Ultrafiltration Tubes 

 
 

Name Components Supplier Purpose 

CR-1 - 10% Ethylene Glycol                  
Monobutyl Ether (EB) 
- 5% Lactic Acid 
- 2.5% AWR-5441 
- 82.5% DI Water or Permeate 

- Ashland Chemical 
 
- Monsanto 
- PPG 
 

General cleaning to remove 
paint (resin/pigment) 
fouling on membrane 
surface 

CR-2 - 10% Ethylene Glycol                  
Monobutyl Ether (EB) 
- 5% Lactic Acid 
- 5% AWR-5441 
- 80% DI Water or Permeate 

- Ashland Chemical 
 
- Monsanto 
- PPG 
 

For more resistant fouling 

CR-3 - 1% Ethylene Glycol                    
Monobutyl Ether (EB) 
- 2% Ethylene Glycol                    
Monoethyl Ether Acetate (EE) 
- 3% Lactic Acid 
- 0.25% Triton X-100 
- 93.75% DI Water or Permeate 

- Ashland Chemical 
 
- Ashland Chemical 
 
- Monsanto 
- Rohm & Haas 

General cleaning to remove 
paint fouling & some 
inorganic salt deposition on 
membrane surface (except 
ZnPO4 ) 

CR-4 - 2% Acetic Acid 
  (pH not less than 2 solution 

- Various suppliers Removing PbCO3 inorganic 
fouling 

CR-5 - 5% Acetic Acid 
- 5% Ethylene Glycol                   
Monobutyl Ether (EB) 
- 0.25% Triton X-100 
- 89.75% DI Water or Permeate 

- Various suppliers 
- Ashland Chemical 
 
- Rohm & Haas 

Removing PbCO3 inorganic 
fouling 
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Procedure for Measuring Silt Density Index (SDI)

This bulletin provides general instructions for measuring the silt density index
(SDI).  The SDI is a popular method for determining feed water quality in RO
applications.  It is based on the time required to filter a volume of feedwater
through a 0.45 �m filter pad at a feed pressure of 30 psig.

Test Equipment Set Up

1. Assemble the test equipment per figure 1.

2. Locate a sample tap on the feedwater piping and install the test
equipment.

3. Adjust the pressure regulator to 30 PSI with a filter pad installed. 
Use a fresh filter for the actual test.

Note: For best results:

� Use dull tweezers when positioning the filter to prevent puncturing
the filter.

� Ensure that the O-ring is clean and in good condition, and is properly
positioned.

� Avoid touching the filter with fingers.
� Flush the apparatus to remove any contaminants that may be held

within it.

Test Procedure

1. Take the temperature of the feedwater. The temperature should not
vary more than + 1 �C between the start and end of the test.

2. Bleed any entrained air in the filter holder. Depending on the model
of the filter holder, either open the bleed valve, or loosen the filter
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holder while cracking the ball valve. Then close the bleed valve or
filter holder.

3. Place a 500 ml graduated cylinder under the filter to measure the
amount of water that passes through the filter.

4. Open the ball valve fully, and measure the time required to collect
100 ml and 500 ml* from the time the ball valve is opened.  Record
these times, leaving the valve open and letting the flow continue.

5. After 5 minutes, repeat the time measurement required to collect 100
ml and 500 ml samples.  Repeat again after 10 and 15 minutes of
elapsed time.

6. If the time required to obtain a 100 ml sample is greater than about
60 seconds, pluggage will be about 90%, and it is not necessary to
continue the test.

7. Measure the water temperature again to ensure that it did not vary
by more than 1 �C from the initial temperature.

8. After completing the test and disconnecting the apparatus, the filter
paper may be saved in a plastic bag for future reference.

Calculations
SDI   =   P30 / Tt   =   100 * (1 - Ti / Tf)  /  Tt

where SDI  = Silt Density Index
P30   = % pluggage at 30 psig feed pressure**
Tt    = Total test time in minutes (usually 15 minutes, but may be less if

75% pluggage** occurs in less than 15 minutes).
Ti    = initial time in seconds required to obtain sample.
Tf    = time required to obtain sample after 15 minutes (or less).

NOTES
* Time to collect 500 ml should be approximately 5 times greater than the time to

collect 100 ml.  If 500 ml collection time is much greater than 5X, SDI should be
calculated using 100 ml collection times.

** For accurate SDI measurements, P30 should not exceed 75%. If P30 exceeds
this value, re-run test and obtain Tf at a shorter time, (T).
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Procedure for Pressure Vessel Probing

This bulletin provides general instructions for probing a pressure vessel containing
reverse osmosis membrane elements.  Probing a pressure vessel allows you to
determine where there is a problem in a particular vessel.  The problem may be either a
poorly performing membrane element, an O-ring leak at an interconnector or end adapter,
or possibly even a cracked adapter.  Probing consists of inserting semi-rigid tubing into
the permeate channel of the pressure vessel and measuring the water quality at different
areas along the length of the pressure vessel.

Test Equipment Set Up (8.0 and 8.5 inch Pressure Vessels)

1. Shut down the RO system.

2. Remove the permeate cap from the pressure vessel that you wish to probe. (The
cap should be on the opposite end of the vessel from where you are collecting the
permeate).

3. Connect a 1 1/4" threaded coupling to the permeate port.  Thread in a 1 1/4" by
1/2" threaded reducer bushing into the coupling. Thread in a 1/2" nipple and 1/2"
ball valve.  Finally, thread in a 1/2" Parker Fast & Tite male connector (for 3/8"
tubing - Part # P6MC8). Remove the metal collar and O-ring from the Fast & Tite
fitting.

4. Obtain a piece of 3/8" outside diameter natural colored polyethylene tubing. The
tubing should be several feet longer than the length of the vessel. Using a
permanent marker, mark the total length of tubing needed to place the end of the
tubing at the point where the farthest element connects to the adapter. Then, mark
the tubing in 20" increments from this point.
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Test Procedure

1. Close the ball valve on the probing fittings.  Restart the RO system.

2. After the system has run for 15 minutes, insert the tubing into the Fast & Tite fitting
while opening up the ball valve.  Push the tubing in until the “total length” mark is
reached.

3. After 1 minute, measure the conductivity of the water coming out of the tubing.
Recheck several times to make sure the value is constant.  Record the
conductivity and note the location. 

4. Pull the tubing out 20" using your black marks as a guide, wait 1 more minute, and
repeat the measurement procedure. You may slightly close the ball valve to hold
the tubing in place.  When the end of the tubing comes out of the vessel, close the
ball valve, and continue to the next vessel.

5. Chart the value of the permeate conductivity over the length of the vessel. A
steady trend should be observed as a function of position.

Interpreting Probing Data

Evaluation of the data can be done by reviewing the conductivity values along the length
of the permeate channel for individual pressure vessels, and by comparing the trends of
parallel vessels against one another. Since individual situations and systems are unique,
it is best to contact Hydranautics for consultation in analysing data.

In many cases, a sudden increase in the permeate conductivity at a junction between
elements indicates an O-ring problem or a disconnect between elements and
interconnectors.  Replace faulty O-rings and ensure that elements are properly shimmed
(TSB109) to eliminate one possible source of a problem.  If the problem should persist
following these corrective actions, contact Hydranautics for specific information on
troubleshooting a particuliar system.

Hydranautics
401 Jones Rd.

Oceanside, CA 92054
Tel: (760) 901-2500
Fax: (760) 901-2578
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Procedure for Antiscalants

A vendor seeking approval of a proposed antiscalant additive compound is required to
demonstrate absence of harm to membrane performance, AND absence of microbial
growth at the dilution level recommended for the "day tank".  Testing may be performed,
in the vendor's equipment, either by closed loop full recycle method; or in an operating
system on a real feed once through.  Suggested sequence is: absence of harm by a
closed loop short term study, then dosing the proposed antiscalant to a running system
for long term effects.

Procedure for Closed Loop

1. Place the membrane element into the testing loop consisting of a
feed sump, feed pump, feed throttling valve and pressure vessel.

2. Make sure that both the brine and permeate streams flow back into
the feed sump.

3. Make sure that the sump is filled with the solution specified in the
Standard Conditions section (below).

4. Start up the testing loop and adjust the feed pressure to Standard
Conditions according to the type of membrane being tested.

5. Allow the system to stabilize at standard conditions and after one (1)
hour of stable operation measure flux and rejection according to the
procedures described below.

6. Run the system for another 23 hours taking measurements of flux
and rejection at approximately twelve (12) and twenty-four (24) hours
of operation.
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7. After the system has been in stable operation for 24 hours, add the
chemical additive being tested to the sump in the concentration
which corresponds to the recommended dosage.

8. The system should be allowed to run at the Standard Conditions with
additive present for 720 hours (1 month). During that time the
permeate flux and rejection should be measured approximately
every forty-eight (48) hours.

9. The recommended dilution of additive for dosing tank use must be
indicated.  A tank of this dilution must be made and sampled for the
total bacterial count at the beginning, middle, and end of the test
month.

10. All collected data should be provided to Hydranautics for pre-
approval review.

Standard Conditions

CAB Membranes (Cellulose Acetate):

Feed Pressure: 420 psi
Feed (sump) Salinity: 2000 ppm NaCl solution
Permeate Recovery: 10%
pH Range: 5.0 - 6.0

Temperature: 77 �F

ESPA Membranes (Composite Polyamide):

Feed Pressure: 150 psi
Feed (sump) Salinity: 1500 ppm NaCl solution
Permeate Recovery: 15%
pH Range: 6.5 - 7.0

Temperature: 77 �F
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CPA Membranes (Composite Polyamide):

Feed Pressure: 225 psi
Feed (sump) Salinity: 1500 ppm NaCl solution
Permeate Recovery: 15%
pH Range: 6.5 - 7.0

Temperature: 77 �F

PVD Membranes (Polyvinyl Derivative):

Feed Pressure: 143 psi
Feed (sump) Salinity: 1500 ppm NaCl solution
Permeate Recovery: 15 - 25%
pH Range: 6.5 - 7.0

Temperature: 77 �F

Procedure for Permeate Flow Measurement

1. Redirect the permeate stream from the sump into a graduated
cylinder and time how long it takes to reach a predetermined volume.

2. Report the measured flux as permeate flow per unit time.

Procedure for Rejection Measurement

1. Measure the conductivity of the water in the sump.

2. Measure the conductivity of the permeate water.

3. Use the attached table to record the measurements.
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Procedure for Evaluation on an Operating System

1. Install membrane element into system according to standard
procedures.

2. Specify the antiscalant dose, and the dilution required in the "day
tank", that is, the tank in which bulk agent is prepared by dilution for
metering into the system.  Samples of this day tank must be tested
for total bacterial count at the beginning, middle, and end of the test
month.

3. Operate the test element with the proposed antiscalant at standard
conditions for 720 hours. Measure pressure, flow and conductivity
every 24 hours.

4. Record data on the table provided, noting system upsets or any
unusual observations.
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Additive Manufacturer:
Additive Name:
Additive Concentration:
Element under test:

OPERATING PARAMETERS AND MEASUREMENTS

Operating
time

Temperatur
e

Feed
Pressure

Feed Flow Permeate
Flow

Feed
Conductivity

Permeate
Conductivity
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Returned Goods Authorization (RGA) Procedure 
 
This bulletin provides information and instructions for the return of membrane elements and other 
products purchased from Hydranautics for examination and/or credit/exchange. 
 

Membrane Element Evaluation Return Procedure 
 
The following conditions apply for all membrane element(s) that are to be returned to Hydranautics 
for evaluation:  
 

1. The product return must be authorized by the Hydranautics Return Goods Authorization 
Coordinator. 

 
2. The customer/OEM must obtain a RGA number and RGA shipper from the RGA 

Coordinator.  A Returned Goods Authorization Information Sheet must be completed and 
returned to the RGA coordinator before a RGA number and RGA shipper will be issued. 

 
3. For membrane element(s) returned for examination and/or evaluation, a purchase order 

must be issued by the customer/OEM. Hydranautics will not conduct an element 
evaluation without a P.O. number from the customer/OEM. 

 
4. The element(s) must be shipped freight prepaid, unless otherwise authorized by the RGA 

Coordinator. 
 
5. The shipment must be labeled with the RGA number, and include the RGA shipper obtained 

from Hydranautics. 
 

NOTE! 
 
Products returned without Hydranautics' authorization will be refused or returned to customer/OEM 
freight collect. 

 
Packaging and Storage 

 
1. Prior to shipment, membrane element(s) should be preserved and stored according to 

storage procedures described in Hydranautics Technical Service Bulletin (TSB) 101, 103 or 
108, depending on membrane composition. 

 
2. For shipping purposes, membrane element(s) should be packaged in a sealed polyethylene 

bag and placed in a cardboard box to protect element(s) from physical damage and to 
prevent drying and exposure to light. 
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NOTE! 
 
After return authorization has been received from the RGA Coordinator, membrane element(s) 
should be sent as soon as possible. This helps to ensure that element condition will not change as a 
result of prolonged storage, and enables complete element evaluation within the stated period of 
time. 
 
 

Examination Procedure of Returned Elements 

 
Hydranautics will perform one or more of the following evaluations depending on the nature of the 
failure. 
 

1. Element Inspection and Retest (non-destructive test) 
 
 Objective of the Inspection is to evaluate the integrity of the membrane element components 

(i.e. core tube, anti-telescoping device, outerwrap, etc.) and to test for large mechanical 
leaks. 

 
 This procedure also includes: 
 1) Visual inspection 
 2) Weighing 
 3) Vacuum and/or air test (as necessary) 
 

Objective of the Retest is to verify current element performance data at standard test 
conditions as compared to ex-factory data.   
 
Pricing of Element Retest and Inspection: 

 Two-inch to four-inch diameter membrane element - $50.00 per element. 
 Six-inch to eight-inch diameter membrane element - $105.00 per element. 

 
 CHARGES FOR ELEMENT RETEST AND INSPECTION WILL BE WAIVED IF AN 

ELEMENT AUTOPSY IS PERFORMED. 
 

 
2. Element Autopsy (destructive test) 
 
 Objective of element autopsy and the following tests is to examine internal components of 

the membrane element, and to check the integrity of the glue lines and the condition of the 
membrane surface with regard to fouling deposits. 

 
 This procedure consists of: 
  1) Dye test (if necessary) 
  2) Element dis-assembly 
  3) Visual inspection of element components 
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  4) Visual inspection of membrane surface 
  5) Inspection of glue lines 

6) Cell test analysis to determine and/or verify flow and salt rejection of membrane 
samples  

 
Pricing of Element Autopsy: 

 $400.00 per element. 

 
 
3. Element Dissection (destructive test) 

 
Disassembly of the element in order to obtain samples for further testing to include SEM, 
EDX, Cell Test and/or any other test found to be necessary in order to complete evaluation. 

 
            Pricing of Element Dissection: 

                 $100.00 per element 

 
4. In House Analysis 
 
 Objective is to analyze the condition of the membrane surface and composition of possible 

deposit layer. 
 
 This may include: 
  1) Optical Microscopy examination of membrane surface (performed by Hydranautics) 
  2) Scanning Electron Microscopy (SEM) examination of membrane surface (performed  

  by Hydranautics) 
  3)  Electron Dispersive X-Ray analysis (EDX) of surface deposits (performed by   

  Hydranautics) 
  4)  Infrared Spectrum (IR) of membrane surface and deposits (performed by outside  

  laboratory) 
  5) X-Ray Fluorescence (XRF) analysis of foulant deposits (performed by outside 

laboratory) 
6) Cell Test analysis to determine and/or verify flow and salt rejection of membrane 

samples 
 

 Pricing of In House Analysis: 

       In-house analysis (if possible) - $300.00 per procedure. 
        Cell Test ONLY-  $50.00 per procedure 
 

5. Laboratory Analysis 
   
 Objective is to obtain the chemical composition of samples collected from the system or 

membrane element(s). 
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 This may include: 
  1) Analysis of composition of foulant deposits 
  2) Analysis of composition of water samples     
  3) Analysis of composition of spent cleaning solutions 

       
 Pricing of Laboratory Analysis: 
       In house analysis: $100.00 per procedure. 

       Outside laboratory analysis:  Actual charges plus shipping and handling. 
 
6. Element Deshell and Reshell 

 
Objective is to replace damaged element housings before return to customer.  In most cases 
the warranty will be void following reshelling.   
 
 Element Deshell & Reshell: 
          Four inch diameter membrane element - $85.00 per element. 
     Six inch to eight-inch diameter membrane element - $195.00 per element. 

            
  
 NOTE! 
 
Customer/OEM should be aware that in some cases, even after applying the most advanced 
analytical methods available, it might not be possible to identify the exact cause of membrane 
degradation.  This could be the result of inadequate analytical techniques presently available, or that 
the membrane degradation was a result of transient conditions which are difficult to identify. 
 
 
 

 NOTE! 
 
Except for membrane element inspection and performance testing at standard conditions, the 
majority of analytical procedures are both destructive and expensive.  Hydranautics personnel will 
advise what tests may be applicable in specific cases, but will not conduct them without 
authorization from the customer/OEM. 
 

General Conditions 

 
1. Customer is responsible for shipping charges of returned membrane element(s).  No goods 

will be accepted unless returned freight prepaid unless prior arrangements are made with the 
RGA Coordinator. 

 
2. Customer/OEM will issue a P.O. number to Hydranautics for all examination and evaluation 

requirements of returned element(s) prior to any work being performed. 
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3. If membrane element(s) failure is a result of other than materials or workmanship defects, 

customer/OEM will be billed for evaluation charges. Per the customers' directive, element(s) 
will either be disposed of or shipped freight collect back to the customer. 

 

4. All replacement elements will be sent at full charge.   

• If the failure is not a result of materials or workmanship defects, the customer will be 
billed for evaluation charges and will not be issued warranty credit.  

• If the failure is a result of materials or workmanship defects, the customer will not be 
billed for evaluation charges and will be issued warranty credit.     

 
5. If the membrane element(s) is not received at Hydranautics, San Diego, within 45 DAYS 

(North America) and 60 DAYS (International) of issuing the RGA, the file will be closed 
and the customer/OEM will be notified. 

 
6. Hydranautics will try to make a complete membrane element(s) examination, including an 

evaluation report, within 4 weeks of receipt of element(s) at Hydranautics in San Diego, 

except in cases that involve outside laboratory analysis. 
 
7. Under special circumstances, a Hydranautics representative will travel to the customer's 

premises and test the alleged defective elements.  If element failure is not due to a materials 

or workmanship problem, the customer will pay Hydranautics $500.00 per day plus direct 
travel expenses incurred by Hydranautics' employees in connection with any examination 
and testing of such elements on buyer's premises.  

 
 

NOTE! 
 
Hydranautics will waive all evaluation charges if element(s) failure is a result of materials or 

workmanship defects or if any specific warranties offered by Hydranautics apply.   If this is the case, 
the Customer/OEM will be given new elements at full charge and then Hydranautics will issue a 
credit to offset these charges.  
 

 
 
 

NOTE! 
 
Element cleaning will only be performed for determining the effectiveness of a specific cleaning 
reagent and for limited numbers.  It is within Hydranautics own discretion to decide to perform this 
service.  Cleaning charges are as follows: 
  
Two inch to four inch membrane elements- $150.00 per element and per cleaning procedure. 
Six inch to eight inch membrane elements- $250.00 per element and per cleaning procedure. 
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ESPA-FREE Single Element Module (1/2 inch Threaded Fittings) 
 
This bulletin provides general information for the ESPA-FREE module. A product 
description will be followed by methods and parts for connecting the modules to a system. 
Dimensions and cleaning considerations are also presented. 
 
Caution 

• Read all instructions and product literature related to this product before attempting 
installation or operation. 

• Do not exceed 200 psi operating pressure. Exceeding 200 psi operating pressure 
may cause housing failure and result in bodily harm. 

• Do not overtighten fittings in the permeate and feed/concentrate ports. Apply Teflon 
tape prior to inserting fittings to prevent leaks at connecting points. 

• Do not expose the membrane to chlorine or other strong oxidants. Concentrations of 
chlorine in excess of 0.1 PPM will cause irreversible damage to the membrane. 

 

Product Description 

The ESPA-FREE single element module is a specially designed RO element for use 
without a pressure vessel. It is designed for small and single element systems, such as car 
washes and vending machines. This greatly reduces system complexity and cost, and 
allows the user to attach the element easily to the system piping for use. 
 
The modules come in three sizes: 15.5” (39 cm), 22.5” (57 cm), and 41.8” (106 cm) long by 
4.7” (12 cm) in diameter. The drawing and table below give specifications for the modules. 
 

Dimensions 

Base Element Length – inches (cm) Diameter – inches (cm) 

4014 15.5   (39) 4.7 (12) 

4021 22.5   (57) 4.7 (12) 

4040 41.8 (106) 4.7 (12) 
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ESPA-FREE Module Diagram 

Connections 

Schedule 40 or 80 PVC plugs and connectors can be used to connect the elements to 
piping. Threads for the feed, concentrate, and permeate ports are 1/2 inch NPT. Permeate 
ports are located on the axis of the element, while the feed/brine ports are off-set from the 
center-line. 

Modules may be used in a single element configuration, or they can be joined in series or 
parallel, as desired. PVC piping or Nylon reinforced tubing may be used with the 
appropriate connections. It is the user’s responsibility to assure that the fittings and 
piping/tubing meet the required pressure specifications. 
 

Cleaning Considerations 

The ESPA-free module is cleaned like all other Hydranautics’ polyamide membranes. Refer 
to Hydranautics’ TSB 107, RO Membrane Foulants and Their Removal from 
Composite Polyamide (ESPA, ESNA, CPA, LFC and SWC) RO Membrane 
Elements, for complete information on foulants and module cleaning instructions. 
 

Hydranautics 
401 Jones Rd. 

Oceanside, CA 92054 
Tel: (760) 901-2500 
Fax: (760) 901-2578 

e:mail: info@hydranautics.com 
www.membranes.com 
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Element (Non-evaluation) and other Products Return Procedure 
 
Products other than membrane elements returned for evaluation can be returned to Hydranautics 
only after the following conditions have been met: 

 
1. Product return has to be authorized by the Hydranautics RGA Coordinator. 
 
2. An RGA number has been issued to the customer/OEM, and an RGA shipper has been 

obtained. 
 

Products returned due to customer/OEM order error should be sent freight prepaid to Hydranautics. 
 

Products returned due to a Hydranautics error may be sent freight collect to Hydranautics if 
arrangements are made with the RGA Coordinator. 

 
Packaging 
 
All products that are to be returned to stock must be returned to Hydranautics in original packaging. 

 
Product Inspection 
 
All returned products will be inspected by Hydranautics Quality Assurance (QA) Department to 
determine product condition before returning to stock and before credit/exchange is issued to 
customer/OEM. 

 
General Conditions 

 
1.   There will be a 15% or $50.00, whichever is greater, restocking charge applied to all 

products returned due to customer order error. 
 
2.   If returned products are determined to be defective upon inspection by quality control they 

will be returned to customer/OEM freight collect and no credit/exchange will be issued. 
 
3.   If products are not received at Hydranautics, San Diego within 45 DAYS (North America) 

and 60 DAYS (International) of issuing the RGA, the file will be closed and the 
customer/OEM will be notified. 

 
4.  Any warranty conditions or other commercial agreements between Hydranautics and the 

customer will be applied. 
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Membrane Flushing Guidelines
This Technical Service Bulletin provides information related to flushing composite
elements prior to use.

Introduction

To preserve elements from biological growth and to help maintain performance over time,
Hydranautics composite type membranes (CPA, ESPA, ESNA, LFC, SWC, and PVD) are
stored in 1% sodium bisulfite and 10% propylene glycol solution.  It is therefore advised to
flush membranes prior to use to eliminate residual preservatives in the product stream. 

Note: Ultrapure models are not stored in propylene glycol in order to
minimize the presence of organics in the product stream.

Start-up

Once elements have been loaded and vessels sealed, it is recommended to flush the
system to drain with feedwater at design operating pressure for a minimum of 4 hours. If
the elements are to be used in systems requiring ultrapure water, a minimum flushing
time of 24 hours is recommended to reduce the TOC concentration to below 50 ppb
(assuming zero TOC in the feedwater).

Warning: For potable applications, discard the product water for at least 24
hours prior to drinking or using in food applications. Ingestion of
the preservative may cause irritation to the gastrointestinal tract,
colic, diarrhea, or other similar symptoms.

If further information is required, please relay questions to the Technical Support
department at our corporate headquarters.

Hydranautics
401 Jones Rd.

Oceanside, CA 92054
Tel: (760) 901-2500
Fax: (760) 901-2578

email: SDOYLE@Hydranautics.com
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Ultrapure Membrane Elements 
 
Hydranautics Ultrapure membrane elements are spiral wound reverse osmosis elements 
specially designed and manufactured for use in high purity water systems. In addition to 
maintaining Hydranautics’ standards for high rejection and flux, these models are 
guaranteed to rinse down to extremely low TOC levels within hours of start-up when used 
in high grade ultrapure water applications (see accompanying graphs for details). 

 
This bulletin provides technical information concerning the use, performance, and care of 
Ultrapure elements. General uses of these elements with flow schematics will be presented, 
followed by product specifications, materials of construction, and design guidelines. 
Specifics on performance will be given in a table of typical organic rejections as well as in 
graphs demonstrating TOC rinse down times and flow/rejection characteristics as a function 
of pressure. Tolerance to peroxide will be illustrated, and element handling, cleaning, and 
storage guidelines will be outlined. 
 
Applications 

The Ultrapure line of membrane elements is designed for the exacting standards of the 
microelectronics and pharmaceutical industries. Typically, the membranes are used in the 
second pass of a two-pass RO system or as a polishing unit after UF treatment. The 
following diagrams outline these typical configurations. 
 
Figure 1: Two pass RO 
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Ultrapure Elements

Feed Pump
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Feed
First Pass
Permeate

Second Pass
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In figure 1, feed water is pumped to the first pass of a two pass RO system. Permeate water 
from the first pass is then pumped to the second pass RO unit which contains the Ultrapure 
elements while concentrate water is run to drain. The Ultrapure elements further treat the 
water in the second pass by reducing dissolved salts and TOC; moreover, TOC levels due 
to leaching from the membrane components are minimized by using Ultrapure elements. 
Reject water from the second pass is sent back to be mixed with the feed water to improve 
recovery and to dilute slightly the feedwater concentration.  
 
Alternatively, the Ultrapure elements can operate on permeate water from an ion exchange 
and/or an Ultrafiltration (UF) unit. UV light generators placed up stream of the UF polishers 
are optional. Figure 2 shows the layout of a UF unit with Ultrapure polishing.  
 
Figure 2: UF with Ultrapure polishing 
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General Product Specifications 
 
Two element configurations are offered for Ultrapure applications, and are as follows: 
 

Designation Area ft2 (m2) 

CPA-Ultrapure 400 (37.2) 

ESPA-Ultrapure 400 (37.2) 
 
 

   
All elements are 40 inches (101.6 cm) long and 8 inches (20.3 cm) in diameter. External 
adapters are included with each element, but internal adapters may be used, if desired. 
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Testing conditions 

Elements are tested at the following conditions: 

• Temperature: 25 °C (77 °F) 
• pH: 6.5 -7.0 
• Recovery: 15% 
• Feed Concentration: 1500 PPM NaCl 
• Feed Pressure (ESPA): 150 psi (1.05 MPa) 

 (CPA): 225 psi (1.55 MPa) 
 

Element Materials of Construction 

• Permeate Core Tube: Noryl 
• Glue: Urethane 
• Brine Seal: EPR 
• Element Outer wrap: Fiberglass and Epoxy 
• Seal carrier: ABS 
• Interconnector: ABS 
• o-rings  EPR 

  
All permeate flows are within 15% of the nominal value. 
 

Design Criteria 

Elements should be operated within Hydranautics’ design criteria: 

 Maximum Applied Pressure: 600 psig (4.16 MPa) 
 Maximum Chlorine Concentration: < 0.1 PPM 
 Maximum Operating Temperature: 113 °F (45 °C) 
 Feedwater pH Range: 3.0 - 10.0 
 Maximum Feedwater Turbidity: 1.0 NTU 
 Maximum Feedwater SDI (15 mins): 5.0  
 Maximum Feed Flow:  75 GPM (17.0 m3/h) 
 Minimum Ratio of Concentrate to  
   Permeate Flow for any Element: 5:1 
 Maximum Pressure Drop for Each Element: 10 psi (0.07 MPa) 

 
Hydranautics’ Guarantee 

Hydranautics will guarantee individual element performance to have less than 50 ppb TOC 

in the permeate when rinsed with no less than 17.5 MΩ-cm ultrapure water. 

  
Specific Element Rejections 

The following table gives expected rejections for a range of organic compounds for both the 
ESPA and CPA models of the Ultrapure product line. 
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Organic Compound Molecular Weight Rejection (%) 

Ethanol    46 44-53 

Acetone    58 44-50 

Isopropyl alcohol    60 94-96 

Glucose 180 >99.7 

Sucrose 342 >99.9 
 

Flow and Rejection as a Function of Pressure 

The improvement of flow and rejection of elements with increasing feed pressure is shown 
for each model in the graphs given below: 
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Rinse Down Characteristics 

The following graphs show how quickly the Ultrapure elements reach target levels of 
Resistivity and TOC after start-up. 

Ultrapure Permeate Resistivity vs. Time
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Ultrapure Permeate TOC Concentration vs. Time
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Operating conditions for the above rinse down data are as follows: 

• Array:  2:1:1 
 Stage 1 & 2:  3 elements/vessel 
 Stage 3:  1 element/vessel 
• Flow:  73000 GPD (11.5 m3/hr) 
• Recovery: 90% 
• Pressure: ESPA - 95 psi (6.5 bar) 
   CPA - 175 psi (12 bar) 
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Disinfection Tolerance 

The Ultrapure product line has superior resistance to the oxidative effects of peroxide. The 
graph shown below demonstrates the maintenance of the integrity of rejection over time of 
elements run with 2% peroxide in a feedwater where neither iron nor manganese are 
present. Thus, Ultrapure elements can be disinfected several times with an insignificant 
loss of rejection. 
 
The graph illustrates the resistance to peroxide attack; 2% hydrogen peroxide shows little 
degradative effect up to nearly 100 hours of operation. Beyond this point, however, a 
severe reduction in rejection may occur. 
 
It is recommended to disinfect the elements with 0.2% hydrogen peroxide solution if 
biological fouling is evident. 
 
NOTE: If the water contains iron, manganese, or other transition metals, do not 
disinfect with hydrogen peroxide. Use of peroxide on elements when these metals are 
present may result in severe, irreversible damage to the membrane. 
 
NOTE: The maximum recommended temperature for disinfection with peroxide is 25 

°C. 
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NOTE: The above graph shows results for a solution of 2% peroxide solution. Normal 
cleaning solutions are recommended to be one-tenth the concentration of this solution, 
or 0.2% peroxide. 
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Element Shipping, Handling, and Storage 

Hydranautics’ Ultrapure product line is manufactured and vacuum packaged without 
preservatives to minimize the concentration of TOC in the permeate and to reduce the 
rinse-down time of elements once they are installed.  As a result, certain points should be 
considered when handling and storing elements. 

• Hydranautics recommends that elements be shipped refrigerated, but not frozen. 

• Elements should be installed as soon after delivery as possible to prevent the 
growth of organic foulants.    

• If on-site storage is required, elements should be stored in refrigerated but not 
frozen conditions, and storage should not extend beyond one week of arrival. 

• In the event of a further delay in loading elements, contact the Technical Support 
department at Hydranautics for specific instructions. 

When installing elements, avoid the use of silicone, detergent, soap or glycerin to lubricate 
the vessels, o-rings, and brine seals. Rinse and swab vessels with chlorine free water prior 
to installing elements. 

Membrane Cleaning 

The Ultrapure product line, though designed to operate on highly pure water sources, may 
require periodic cleaning.  For the removal of biological foulants, the use of 0.2% peroxide 
solution as listed in the disinfection section is recommended. Alternatively, caustic solution 

(NaOH, pH 10) at high temperatures, 90 °F - 110 °F (32 °C - 43 °C) can be used.  
 
When cleaning, it is recommended to cycle the solution for one hour through the system 
at 30 - 60 psi (2 - 4 bar) and at a flow rate of approximately 40 GPM (150 liters/min) per 
vessel. The elements can then be soaked for 3 hours with the solution before cycling 
the solution again at the above conditions for one hour. Prior to restarting the system, it 
is recommended to flush the system adequately with permeate water. 
 
Longer rinse times may be required to achieve permeate TOC levels of less than 50 ppb 
after cleaning. 
 
Refer to Hydranautics’ TSB 107, RO Membrane Foulants and Their Removal from 
Composite Polyamide (ESPA, ESNA, CPA, LFC and SWC) RO Membrane 
Elements, for complete information on foulants and membrane element cleaning 
instructions. 

Hydranautics 
401 Jones Rd. 

Oceanside, CA 92054 
Tel: (760) 901-2500 Fax: (760) 901-2578 

e:mail: info@hydranautics.com 
www.membranes.com 
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Element Loading Guidelines                         November 2000 TSB122.01 
 
The following provides general information for installing Hydranautics elements to provide 
optimally reliable performance. 

Flushing 

If the system is new, it is strongly recommended to flush the system first before loading 
elements. This allows any debris, solvents, or chlorine to be cleared so that they do not 
come in contact with the membranes. 

 

Vessel Preparation 

Clean the inside of the vessels before loading. This will remove any dust and debris that 
could collect on the membrane surface. Hosing down the insides of the vessels usually will 
not be sufficient to clean the vessels. Use of a sponge ball wrapped in a towel and soaked 
in a 50% solution of glycerin and water is highly recommended. The sponge ball can be 
pulled through the vessel with a piece of rope. Alternatively, the sponge ball can be pushed 
through the length of the tube with a piece of 2 inch PVC pipe with a PVC flange attached 
to the end.  

 Caution: Be sure to avoid scraping the pipe along the vessel surface.  
 
 
Storage 

If elements cannot be loaded upon delivery, store elements out of direct sunlight. Do not 
allow the elements to freeze. (Please refer to Hydranautics Technical Service Bulletin 101 
for cellulose acetate elements or Technical Service Bulletin 108 for composite elements). 

 

Lubricants 

• When loading elements into a system, do NOT use oil, grease, or petroleum jelly 
based compounds to lubricate o-rings and brine seals. 

• Use silicone based gel or a mixture of 50% glycerin in water to lubricate 0-rings and 
brine seals. 
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Shimming 

Due to inconsistencies in vessel length, it is highly recommended to shim elements to take 
up free space in the vessel. This helps to prevent elements from moving when the system 
is shut down and restarted. The appearance of leaks between elements is also minimized 
when the elements are shimmed. 

To shim, simply place PVC “washers” of varying thickness (1/8” to 3/8”) over the FEED side 
inboard adapter. Add as many shims as necessary until the end plate fits snugly against the 
shims. If necessary a shim may be removed if the end cap is difficult to reinstall. A gap of 
1/4 inch between the end plate and the shims will not cause problems in performance. 

 

Operation 

With all composite membranes, do not expose the membrane to chlorine or other strong 
oxidants. A concentration of chlorine in excess of 0.1 PPM can cause irreversible damage 
to the membrane. 

With cellulose acetate (CAB) membranes, operate in the pH range of 4-6. Operation 
outside of this range will cause premature degradation of the membrane.  

Note: Assure that flush sequences are within these pH ranges. Failure to do so 
may cause severe damage to the membranes.  

 
For further information on the installation and care of  Hydranautics products, contact your 
Sales Representative or the Technical Support department at Hydranautics. 
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HYDRAcap  Storage Procedure 
This Technical Service Bulletin provides information required to store HYDRAcap  
Ultrafiltration modules under the following circumstances: 

1. Storage of HYDRAcap  modules as spares. 
2. Storage of HYDRAcap  modules in-situ after they have been placed in 

service. 
 

Introduction 

HYDRAcap  modules are stored in a 0.95% sodium bisulfite and 10% propylene glycol 
solution to prevent biological growth and to protect from freezing.   
 
Storage as Spares 

HYDRAcap  modules can be safely stored for up to 2 years provided that the following 
guidelines are met: 

1. The modules are protected from direct sunlight and stored in a cool, dry place 
with ambient temperatures between 5°C and 25°C. 

2. The modules are stored vertically and rotated (turned upside down) every 
month. 

3. If storage is longer than 6 months, it is necessary to re-preserve the modules 
as follows: 

A. Remove the plastic caps on all three side ports  
B. Drain 1 Liter of old preservative from the module. 
C. Through the upper feed port of the 60” module introduce a 

solution made up of: 
HYDRAcap60- 60 grams ± 5 grams of sodium bisulfite in 1000 
        ± 50 ml of city water 
HYDRAcap40 - 40 ±5 grams of SBS in 1000mL of city water.  
For modules that are to be shipped in sub-freezing conditions 
add ~100grams of propylene glycol as well to the 1000ml of 
city water. 

D. Place caps onto all three ports to maintain cleanliness, and to 
prevent evaporation. 
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E. For storage, flip the modules upside down (rotate 180°) and 
store.  

 
Storage in-situ 

HYDRAcap modules that have already been rinsed and commissioned per Hydranautics 
TSB130 and placed in service can be safely stored for 1 week simply by backwashing the 
modules and storing them in <2mg/L of chlorine or <50mg/L of hydrogen peroxide.  For 
storage longer than 1 week, simply re-backwash the modules and store per the above.  
The modules must be rinsed via backwash before being placed back into service. 
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HYDRAcap  Module Installation Instructions and Rack Design  
This Technical Service Bulletin provides information required to install HYDRAcap  
Ultrafiltration modules and to demonstrate a sample support rack assembly. 

 
General Guidelines/Rack Design 

HYDRAcap  is a stand-alone module capable of withstanding a pressure of 75psig 
(5bar).  The following rules are applicable to its installation: 

1. The modules should be installed vertically with the filtrate connection at the top 
(see figure 1).  Vertical installation is highly recommended.  If horizontal 
orientation is the only choice, the modules should be placed with the feed and 
concentrate ports facing upwards to avoid air entrapment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Feed water should enter the bottom of the module.  Under certain conditions such 
as high solid loading, it may be necessary to alternate the feed direction from 
bottom-to-top to top-to-bottom. 

3. The rack structure must be capable of supporting the weight of the HYDRAcap  
modules as follows: 

Module  Dry Weight  Weight Full of Water 

 

Figure 1 Flow 
Orientation 

All Connections 
2” Victaulic 
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HYDRAcap60 65lbs(30Kg)  154lbs(70Kg) 
HYDRAcap40 47lbs(21Kg)  110lbs(50Kg) 

4. A suggested rack design is shown below in figure 2.  Hydranautics suggests 
double Victaulic flexible joints to connect all three ports of each module to the rack 
piping for the following reasons: 

A. The thermal expansion coefficient of PVC is 3.5 x10-5 inch/inch°F.  As a 
result a HYDRAcap60 module can expand 4mm over a temperature range 
of 70°F.  A double Victaulic connection can accommodate this deviation. 

B. The rack headers have a certain tolerance on the side port angles. 
C. A 3” spool piece with 2 Victaulic connections allows a port-to-port tolerance 

of 7mm and can handle alignment angle issues. 
5.  The modules should be supported at the center of the bottom end cap.  At least 

two straps and two saddles should be utilized to hold the modules to the support 
structure. 

6. A 6” section of clear PVC is required in the filtrate exit line to identify modules that 
have lost integrity. 

7. The HYDRAcap  module is preserved in a solution of 0.95% sodium bisulfite and 
10% propylene glycol.  This solution is relatively non hazardous, with NFPA 
ratings of the following: 

  Health ………… 1 
  Fire ………... 0 
  Reactivity … 0 

 If the caps are removed from the modules ~1L of this solution will drain.  If the 
modules are to be subsequently shipped, they must be re-preserved via 
Hydranautics TSB131. 

8. THE MAXIMUM FEED PRESSURE ALLOWED FOR HYDRAcap  IS 75PSI 
(5bar). 
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Installation Procedure 
The HYDRAcap  modules are shipped from the factory with a preservative solution.  The 
end cap clamps are tightened and plastic caps are placed on all ports to retain the 
preservative.  Prior to installation, the user may wish to rinse the preservative from the 
modules.   The following is the recommended installation procedure: 

1. Clean the system and it’s piping sufficiently to prevent foreign matter from 
entering the modules. 

2. Remove the plastic caps on the three connection ports. 

3. Place the module on the support rack such that the bottom end cap is 
supported near its center.  Hold the modules in place with two straps that 
attach to the support structure.  Utilize curved saddles to cushion the 
modules to the support rack. 

4. Loosen the clamps such that the side ports can be mechanically adjusted to 
line up with the side ports.  Line up the ports and then tighten the end cap 
clamps such that there is no gap between the metal ends. 

Figure 2 Sample 
Rack Assembly 
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5. Connect all ports starting with the bottom (feed) port and working up.  A spool 
piece with double Victaulic connections is recommended.  Tighten all 
Victaulic clamps.  Slowly pressurize the system and check for connection 
leaks. 

6. Flush and disinfect the modules per Hydranautics TSB130.  
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Integrity Testing for HYDRAcap Module.  
This Technical Service Bulletin provides information for testing the integrity of the 
HYDRAcap module in a HYDRABLOC™. 

 
Integrity Testing 
Occasionally, a HYDRAcap fiber may break, resulting in a loss of integrity.  Broken fibers 
compromise the filtrate quality by allowing the passage of particulate matter.  Though a 
broken fiber(s) may not be noticeable from the measured turbidity of the filtrate, drinking 
water systems in particular may require the detection and isolation of broken fibers.  The 
integrity test utilizes oil free air at 15 psi (1.0 bar) to identify HYDRAcap modules with 
broken fibers.   

1. Shut down the HYDRABLOC™ to be tested.   
2. Relieve pressure in the feed/concentrate, within the HYDRABLOC™, by opening 

the drain valves on the feed (feed bottom) and concentrate (feed top) manifold (5-
10 seconds).  

3. Any filtrate valves on the HYDRABLOC™ should remain open to atmospheric 
pressure. 

4. After the equilibration of the feed/concentrate pressure (5-10 seconds), close the 
concentrate (feed top) valve of the HYDRABLOC™, and introduce oil free air 
(@15 psi) to the concentrate manifold (feed top). 

5. After the feed side has drained (5-15 minutes), close drain valves and allow 
HYDRABLOC™ to pressurize. 

6. Once the HYDRABLOC™ has reached 15 psi of air pressure wait 2 minutes 
before continuing. 

7. If the HYDRABLOC™ does not pressurize to the desired 15 psi, it may be 
necessary to inspect the HYDRABLOC™ for air leaks. 

8. Close air supply valve and ensure filtrate effluent valve remains open.  
9. Monitor the pressure decay of the feed air pressure for 5 to 10 minutes, 

dependent on the number of modules in the HYDRABLOC™.  See Figure 1. for 
examples of pressure decay due to one broken fiber.  If pressure decay is 
excessive a visual inspection of the decay will be required (see step 11). 

10. Diffusion of air through the water filled pores of the membrane will lead to a 
pressure decay of approximately 0.03-0.04 psi (20-30 mbar) for a 24 module 
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HYDRABLOC™ in 5 minutes (dependent on the volume of the pipework 
manifolds, etc.). A single broken fiber in a 24 module rack will give a pressure 
decay in excess of 0.07 psi (50 mbar) in 5 minutes, so a decay of 0.07 psi in 5 
minutes is normally used to indicate the presence of a single broken fiber for this 
size of rack. 

11. To identify the module(s) with the broken fiber(s), repeat the test while visually 
inspecting the clear piece of filtrate piping leaving each module on the filtrate port 
side.  Significant amount of air bubbles will be observed in this pipe if the 
HYDRAcap module has a broken fiber(s). Note that small air passage is normal 
due to air diffusion through the membrane. Only sharp differences in air flow 
between two neighboring HYDRAcap modules will expose a leaking module. A 
slight buzzing or vibrating noise may also be an indication of a leaking module.   

12. Mark any leaking modules for subsequent repair. 
13. After the 5 to 10 minutes pressure hold test period, open the feed and concentrate 

valves.  
14. Repair modules with broken fibers and reconnect to the HYDRABLOC™ manifold. 

   (See TSB 134 for repair instructions). 
15. Forward flush to remove trapped air from the HYDRABLOC™  (15-30 seconds). 
16. The HYDRABLOC™ is now ready for processing. 
NOTE:  Air release valves at the top of the feed and concentrate manifold may be 
required to remove any remaining trapped air and prevent water hammer. 
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Figure 1.  HYDRABLOC™ Pressure Decay Rates 
with One Broken Fiber
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Backwash Optimization for HYDRAcap Systems by Qualitative 
Analysis 
This Technical Service Bulletin provides optimization information for the backwash process 
on HYDRAcap® systems. 

 
Description of the Backwash Sequence 

 As solids accumulate on the membrane surface of a HYDRAcap® module, 
transmembrane pressure (TMP) will increase proportionally.  In many cases this 
accumulation of solids or foulant can be removed physically and/or chemically.  The  
physical process of removing foulants is known as backwashing.  Backwashing is a 
multi-step sequence that may or may not include chemical usage (i.e. chlorine, 
hydrogen peroxide, sodium hydroxide or citric acid).  Often times overall system 
performance can be directly attributed to backwash cycle parameters.  If any portion of 
the backwash sequence is not optimized or if backwash cycles are not frequent 
enough, then transmembrane pressure (TMP) will increase.  This increase in TMP may 
be slow for a week or two (2 psi per week).  But, after a certain duration, TMP will 
increase very dramatically, usually occurring after it reaches 15 psi.  In order to 
maintain stable system performance and recovery, optimization of each of the following 
backwash steps will be required:   
  Step 1. Air Pressurization 
  Step 2. Forward Flush 
  Step 3. Backwash Bottom 
  Step 4. Backwash Top 
  Step 5. Soak or Air Pressurization 
  Step 6. Backwash Top  
Air Pressurization 
 Though air pressurization is listed as a step in the backwash sequence, no benefit 
will be obtained by prolonging air contact time.  Air contact time is determined by the 
time required to drain feed header and pressurize the feed top header to 15 psi plus 5 
seconds hold time.  Hydranautics has determined that use of oil free pressurized air in 
various sections of the backwash sequence greatly enhances the efficacy of the overall 
backwash process.  Some systems do not allow for air usage air and reader may 
disregard subsequent references.  It should be noted that systems which do 
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incorporate air pressurization step(s) should ensure that the system design does not 
allow for water hammer to occur. 
Forward Flush 
 Forward flush typically uses feed water, though in some systems filtrate is used, at 
a flow of at least 40 gpm per module, to clear plugged fibers and create a shear effect 
that removes foulants residing on the membrane surface. 
Backwash Bottom and Backwash Top 
 Steps three and four in the backwash sequence are the actual “backwash”.  In 
these two steps filtrate is pressurized from the filtrate side and permeates, at high fluxes 
(175-200 GFD), through the membrane to the feed side, basically reversing the 
processing flow and removing particles inside the membrane.  In step three, backwash 
retentate exits the feed bottom port, whereas in step four backwash retentate exits the 
feed top port. 
Soak 
  Soaking is used when chemicals are introduced into the filtrate backwash solution. 
This type of backwash is typically called a chemically enhanced backwash (CEB).  The 
chemical solution that is present from the backwash steps, is allowed to reside in the 
idle module(s) for a defined duration.  When fouling is severe, the rinse step is modified 
such that instead of having the solution remain idle in the module, the top feed header 
is drained and pressurized to 15 psi with oil free air.  This time the beneficial effect of 
the air is the expansion of the fibers (2-3%) allowing lodged particles to be removed 
freely.   
Backwash Top 
 The final step in the backwash sequence is a repeat of the fourth step, but twice as 
long in duration.  If chemicals were introduced in the backwash then it may be 
necessary to remove them by changing this step to a combination of steps two and 
three and then having a final backwash top at the end of the cycle.  Residual chemical 
concentration, from a CEB, will usually be quite small, but some applications will require 
removal of any residual chemicals. 
 Processing time, backwash water volume and flux all have an overall effect on the 
system recovery and system size.  An ideal system would operate at high fluxes with a 
low backwash frequency and use minimal filtrate for backwashing.  It is possible to 
approach an ideal system by optimizing the backwash sequence.  After optimizing the 
backwash it is sometimes possible to significantly increase processing time, flux and 
thus system recovery. 
 Optimization of backwash sequences is an iterative process and can be time 
consuming.  Many parameters must be altered in order to determine optimum 
backwash effectiveness.  The optimum backwash parameters will vary from site to site 
and thus, the basis of this information is to provide a general strategy for optimizing the 
backwash sequence.   If a pilot study has been performed, then the use of the 
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optimized backwash parameters determined in the pilot study should be used as a 
starting point, otherwise review Hydranautics’ System Design Table. 
 In order to perform the backwash optimization it is necessary that the following 
requirements are met: 

1. Transparent PVC pipe connecting all feed and filtrate ports, on at 
least one module per rack, to each of their corresponding headers. 

2. Ability to alter PLC or controller for backwash parameters. 
3. Continuous system operation for at least 12 hours. 
4. System operation only in feed bottom mode. 

 Listed below are steps that should be taken in optimizing the backwash sequence 
and thus enhancing plant performance. 
 
Preliminary setup Procedure 
 
 Prior to optimization, a preliminary observation of backwash performance is 
necessary.   
1. First, allow the system to operate for 3 to 4 hours and monitor color and solids in 

each of the transparent pieces of PVC pipe upon the next backwash.  As this is a 
qualitative approach to optimization, it is necessary to create a reference point or 
baseline value for the color shade and quantity of solids at the end (when there is 
no flow in the pipe) of each of the backwash sequence steps.   An arbitrary scale of 
1 to 5 (1 is zero color/solids and 5 is very colored and many solids), for example, 
should be designated to the color and amount of solids.  After each optimization 
attempt, it will be necessary to qualitatively determine the relative removal of color 
and solids in each of the backwash steps.  Using the arbitrary scale, record a value 
of “clarity” for each of the following backwash steps.   

2. Calculate the TMP two minutes after the backwash cycle.  Though TMP is a 
quantitative approach to determining effectiveness of the backwash sequence, it is 
often not accurate enough, in this short time span, to make necessary adjustments 
to optimize backwash parameters.  It is calculated strictly for reference, though 
may be useful in severe fouling situations. 
 

Backwash Optimization Procedure 
 
1. Observation of the backwash cycle in the Preliminary Setup Procedure should have 

given some insight into which steps in the backwash sequence need to be 
optimized.  Upon observing the transparent piping during each backwash step, 
color change and decreased amount of solids should be apparent.  Goals in 
backwash optimization are: 
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a. Optimize forward flush by ensuring that residual amounts of color and 
solids, at the end of the forward flush step, is relatively low.  If air 
pressurization is used prior to the forward flush step, then it is necessary 
that some air remain in the modules upon completion of forward flushing. 
 Observation of the feed top clear PVC pipe there should indicate a 50/50 
mixture of air and water in the pipe while ending forward flushing.   

b. Optimize remaining steps in the backwash sequence.  Since these 
remaining steps are similar in their mechanism of removing the foulant, 
the technique for optimization should be such that each of these 
remaining steps should have an equal contribution on foulant removal.  
This means that no one step should be optimized to removing all of the 
foulant such that color and solids in the transparent PVC tube is 
completely clear.  These steps should work jointly such that only at the 
end of the backwash process should there be no remaining material in 
the clear PVC pipe.  If not optimized in this manner, recovery will be 
unnecessarily reduced.  An ideally optimized system would have a values 
of: 

   Forward Flush = 1 
   Backwash Bottom = 3, 2 or 1 
   Backwash Top = 3 
   Soak = NA 
   Backwash Top = 1 

2. Based on “clarity” values assigned to each backwash step, in step 2 of the 
Preliminary Setup Procedure, increase duration of each step that does not “appear” 
to be optimized.  If one step appears to have a high “clarity” value (i.e., four) then 
increasing  the time (20-50%) of that step should reduce it’s clarity value.   The 
typical range of time for each step is as follows: 

  Air Pressurization = 30 – 50 seconds 
  Forward Flush = 6 – 20 seconds 
  Backwash Bottom = 6 – 16 seconds 
  Backwash Top = 6 – 10 seconds 
  Soak (CEB)/Air Pressurization = 40 – 300 seconds/30 – 50 seconds 
  Backwash Top = 12 – 30 seconds 

3. Once all backwash steps, which require optimization, have been changed to the 
new time values, then repeat the steps in the Preliminary Setup Procedure through 
the Backwash Optimization Procedure until all backwash steps have been 
optimized.   

4. Once all backwash steps have been optimized, allow the system to operate for 12 
hours and review each backwash sequence again by noting “clarity” in the clear 
PVC pipes.  Typically a second optimization will be required.  If a second 
optimization is required follow the Backwash Optimization Procedure steps 1-3.   
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Processing Duration/Backwash Frequency Optimization  

 
 Optimizing the processing duration, or backwash frequency, is a quantitative 
process that requires careful monitoring of the TMP.  At this point the backwash 
sequence has been optimized and, in most cases, regardless of the fouling, system 
performance (i.e. TMP or specific flux) should return to original startup values or other 
stable values.  If this is not the case then the fouling is beyond the capabilities of the 
determined operating parameters.  This may occur when the processing durations are 
too long and the build-up and compression of the foulant is such that regular 
backwashing interval is not fully effective. 
 At this point it will be necessary to perform manual backwashes.  A manual 
backwash should be performed when the calculated TMP, after a backwash, has 
increased more than 0.5 to 0.7 psi for a 12 to 24 hour period.   If manual backwashes 
do not restore performance then a chemically enhanced backwash or chemical 
cleaning may be required.   

1. Once TMP has been restored to its’ baseline value then the processing 
duration should be decreased (i.e., increase the backwash frequency) by 5 
minutes and allowed to operate for 12 to 24 hours with the new processing 
time.    Continue this iterative process of lowering the processing time until 
the value for the processing duration produces stable operation for a few 
days.  Meaning, the backwash cycles are completely or nearly completely 
restoring the TMP after two days of operation.   

2. Conversely, if the system has been steadily operating since optimizing the 
backwash sequence, then increase the processing duration until a noticeable 
(0.5 psi) increase in TMP for a 12 to 24 hour period (measuring 2 minutes 
after a backwash).  When this point is reached, reduce the processing time 
to the previous value (subtract 5 minutes). 

 It should be noted that the fouling mechanism characteristic may vary significantly 
from site to site and season to season.  System stability is defined by minimal change 
in TMP, after a backwash, for extensive periods of time. For a given process cycle, 
TMP may increase 2 psi from the beginning of the processing cycle to the end of the 
processing cycle, but as long as the backwashes are capable of restoring TMP to the 
starting value of that process cycle, then the system is considered stable.   
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HYDRAcap Module Assembly Procedure 
This Technical Service Bulletin is related to installing and removing End Caps on 
HYDRAcap Modules. 
 

Introduction 
When HYDRAcap fiber integrity loss is detected, the isolated Module needs to 
undergo bubble testing to enable fiber repair. To perform this test, the Module is 
removed from the skid and Module End Caps must be detached.  This same 
procedure should be followed when implementing O-ring or End Cap replacements. 
Due diligence is required to prevent part damage and ensure pressure vessel 
integrity. 
 
TSB 136.001 requires two people for lifting and carrying Modules. Estimated time 
for removal and installation of End Cap and related components is approximately 
15 minutes per module. 
 

To Dismantle Module: 
1.  Stop HYDRAcap UF system. 
2.  Release system pressure. 
3.  Disconnect Victaulic clamps from all Module ports then drain Module. 
4.  Release vessel from frame brackets and remove Module from skid. 
5.  Vertically place Module on ground upon a flat smooth surface. 
6.  Remove Bolts, Washers, Split Washers and Nuts from stainless steel Clamp 

Half Sections (Part #11541.1000) at both top and bottom of Module. 
7.  Disconnect Clamp Half Sections from Module.  
8.  Grasp Ported End Cap (Part #11536.0000) with both hands. Using short 

rotations and forcing upwards, disconnect End Cap from Shell. Do not use 
any steel tools. Shell and End Cap are made from plastic and irreversible 
damage on sealing surfaces may occur. 

9.  Remove Product End Adapter (Part #11539.1000). 
10.  Turn Module upside down. 
11.  Grasp Nonported End Cap with both hands (Part #11537.0000). Using short 

rotations and forcing upwards, disconnect End Cap from Shell. Do not use 
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any steel tools. Shell and End Cap are made from plastic and irreversible 
damage on sealing surfaces may occur.  

12.  Remove bottom Core Tube Plug (Part #11540.1000). 
13.  Module is now completely disassembled. 
 

To Assemble Module: 
1.  Gather all parts needed for assembly. 
2.  Thoroughly clean all surfaces that contact O-ring. 
3.  Visually check all O-rings for damage.  If required, replace damaged O-rings. 
4.  Apply excessive lubricant over all O-ring surfaces. 
5.  Engage Core Tube Plug (Part #11540.1000) into Core Tube. 
6.  Slide Nonported End Cap (Part #11537.0000) onto Module by pushing down 

and twisting until seated to Shell. Since O-ring seals tightly, use a rubber 
mallet to strike End Cap on the raised fin-like supporting sections to assist 
engagement. Do not use excessive force.  Frequently check alignment of 
both parts. 

7.  Attach stainless steel Clamp Half Sections (Part #11541.1000).  If End Cap is 
correctly oriented, then Clamp Half Sections should fit easily over End Cap 
and Shell.  Attach Bolts, Washers, Split Washers and Nuts.  Use appropriate 
tools to partially tighten clamps. 

8.  Turn Module upside down. 
9.  Attach Product End Adapter (Part #11539.1000). 
10.  Slide the remaining Ported End Cap (Part #11537.0000) onto Module by 

pushing down and twisting until seated to Shell. Since O-ring seals tightly, 
use a rubber mallet to strike End Cap on the raised fin-like supporting 
sections to assist engagement. Do not use excessive force.  Frequently 
check alignment of both parts. 

11.  Attach stainless steel Clamp Half Sections (Part #11541.1000).  If End Cap is 
correctly oriented, then Clamp Half Sections should fit easily over End Cap 
and Shell.  Twist bottom and top End Caps to achieve proper side port 
vertical alignment. End Caps should be aligned such that the serial number 
appears below the top feed port. Attach Bolts, Washers, Split Washers and 
Nuts.  Use appropriate tools to completely tighten upper and lower Clamp 
Half Section assemblies. 

13.  Module is completely and securely assembled. 
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Guidelines for HYDRAcap System Design. 

This Technical Service Bulletin provides information on how to use the Hydranautics’ 
Process Design Guidelines Table.  From the table, a designer should be able to estimate 
the number of HYDRAcap modules, backwash frequencies, flux and cleaning frequencies 
for a given feed water. 
1. Table Limitations 

The table is based on Hydranautics field experience with HYDRAcap hollow fiber 
ultrafiltration modules. It summarizes successful operating parameters for a variety of 
water sources, pretreatments and processing conditions. The table is created for 
HYDRAcap60 modules with 0.8 and 1.2 mm fiber ID. Applications that use 
HYDRAcap40 modules should not use the Process Design Table to design a system.  

For assistance with HYDRAcap40 products, please contact Hydranautics Application 
Technology department.  

The table’s purpose is to provide a quick estimate for the module quanitites, backwash 
frequency, flux and cleaning frequency.  Some water sources, like wastewater and 
surface water, may vary significantly from site to site, and season to season.  It is highly 
recommended that a pilot study be performed to determine optimum operating 
parameters for these various applications. 

2. How to use the table 
To use the Process Design Guidelines Table, feed water source and filtrate flow must 
be known.  From there, the designer can scroll across the row for the given feed water 
and determine net flux. Net flux is that portion of gross flux that is available for use. The 
units for flux are gallons/ft2/day or liter/m2/hour. By multiplying net flux by the filtrate 
flow, or plant capacity, it is possible to determine the number of modules.  See the 
equation below to calculate the number of modules: 
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Water Type Turbidity CEB-Cl2 CEB-pH CIP
NTU min max min max min max min max min max min max Times/day Freq-days Freq-days

City <0.5 120 145 70.68 85.41 66.8 1000 98.6 99.8 112 139.4 66 82 90
0.5-1.0 100 120 58.9 70.68 45 120 96 98.6 91.3 113.2 53.7 66.6 7 90

Well <0.5 120 70.68 60 60 98.5 111.9 65.8 Up to 4 times 0 90
0.5-1.0 110 64.79 45 45 97.9 92.65 54.5 / day dep on 7 90
1.0-5.0 100 58.9 30 30 96.5 89.37 52.57 plate counts 2 90

Surface - <0.5 120 144 70.68 84.82 45 90 94.7 99.75 106 130.9 62.6 77 7 60-90
pretreated 0.5-1.0 100 120 58.9 70.68 30 60 94 98.5 89.3 111.9 52.5 65.8 Feed 4 45-90

1.0-2.0 90 100 53.01 58.9 30 45 93 97 79.4 91.8 46.7 54 dependent- 2 30-90
Surface - <0.5 100 120 58.9 70.68 30 60 92 93 85.5 107.8 50.3 63.4 frequency 2 30-60

raw 0.5-1.0 90 100 53.01 58.9 30 45 92 92 76.5 88.21 45 51.89 typically 2 30-60
1.0-2.0 80 90 47.12 53.01 30 30 90 91 69.7 76.16 41 44.8 1-4 times 2 30-60
2.0-5.0 70 80 41.23 47.12 20 30 84.7 90 56.1 68.85 33 40.5 per day; 1 20-30

Exemp.*1 5.0-15.0 60 70 35.34 41.23 15 40 74 91 43.7 60.52 25.7 35.6 Cl2/H+/OH- 1 15-30
Seawater <2.0 95 110 55.955 64.79 30 45 92 95 83.1 99.38 48.9 58.46 Every backw 0 60

2.0-5.0 80 95 47.12 55.96 20 30 82 90.2 59.8 79.22 35.2 46.6 Every backw 0 60
5.0-10.0 60 80 35.34 47.12 15 20 67 82 35.7 59.16 21 34.8 Every backw 0 30

Tertiary w/w <2.0 65 70 38.285 41.23 20 30 75 85 36.8 56.1 21.6 33 Every backw 0 20-30
Exemp.*1 2.0-5.0 55 65 32.395 38.29 15 20 65 80 31.1 46.8 18.3 27.5 Every backw 0 15-20

Exemtion*1 May require LD fiber- for higher turbidities (15 - 100 NTU), LD fibre is recommended, giving higher fluxes if used in crossflow
System Sizing Calculation:
To estimate the no. of modules required for a particular duty, use the following formula
No. of modules = Productivity required, m3/hr, x 1000 / (Net flux, lmh x membrane area per module)
Example:
Thus a duty of 50 m3/hr, operating with a net flux of 90 lmh, will require the following no. of HYDRAcap60 modules with standard 0.8 mm fiber;
No. of modules = 50 m3/hr x 1000 / 90 x 46 = 12 modules

BW Backwash
CIP Clean in place
CEB Chemical Enhanced Backwash

Process Design Guidelines for HYDRAcap 60 with 0.8 and 1.2 mm Fibers

Net Flux, gfdGross Flux, lmh Gross Flux, gfd BW minutes Recovery %Net Flux, lmh
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Modified HYDRAcap System Design for Industrial Applications. 
This Technical Service Bulletin provides information for new improved system design on 
full-scale plants with HYDRAcap ultrafiltration modules.  

 
General  
Reducing capital expenditure while maintaining process design is major goal for system 
design engineers. Simple modifications in piping, valves and control can save a substantial 
amount of money without compromising the operating modes of a HYDRAcap system.  
The design recommendations described below discuss various ways to reduce capital 
expenditure.   

NOTE:  The design modifications listed below may not be suitable for municipal 
applications.  It is up to the design engineer to determine acceptability of proposed 
modifications.  

 
Forward Flush  

Usually forward flush is performed with feed water at 40gpm flow per module. However, 
this flow is almost two times higher than the filtrate flow for the largest HYDRAcap 
module. Thus, in order to achieve the necessary increase in flow for the forward flush, the 
feed pump must be increased in size (up to 80%). For a system with multiple racks, when 
one rack is forward flushing and the others remain in service, it is necessary for a quick 
increase in feed flow to accommodate the forward flush.  Using feed water rather than 
filtrate to forward flush slightly improves recovery, but significantly increases the size of the 
feed pump, screen inlet filters, feed piping, valves and thus, capital cost.  

Since the duration of the forward flush is relatively short, the benefit of using filtrate to 
forward flush will typically more than offset the decrease in recovery, which is usually less 
than 1%. Using filtrate water for the forward flush has the benefit of displacing the feed 
water residing in the module, this may enhance the subsequent backwash steps. The 
modifications to the system involve adding piping and valves from the backwash pump 
discharge to the bottom feed header inlet of each HYDRABLOC.  Drawing No.: UFPA406 
illustrates the HYDRABLOC P&ID for utilizing the backwash pump for forward flushing. 
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Drawing No.: UFPA407 illustrates the system P&ID for utilizing the backwash pump for 
forward flushing. 
 
Recycle Loop 

Another costs saving option for systems that incorporate filtrate water for backwashing, and 
operate in crossflow mode, is to utilize the backwash pump in place of a separate crossflow 
pump.  In order to implement the use of the backwash pump for crossflow it will be 
necessary to have a dedicated backwash loop for every HYDRABLOC.   Thus, economic 
feasibility should be determined first.  To use the backwash pump to generate crossflow 
will require connecting the top concentrate line of HYDRABLOC to the suction side of the 
backwash pump – drawing No.:UFPA407 illustrates the P&ID. Additional automatic control 
valves will also be required to isolate the backwash loop from the recycle loop.  This will 
enable the pump to support crossflow and backwashing by programming the PLC to 
control the valve sequences and variable frequency drive.  

One disadvantage is that the additional piping creates a potential bypass of the membrane 
barrier, and thus, a potential for direct contamination of the filtrate.  However, when 
designed properly, the risk of filtrate contamination would be quite low.  The use of double 
valve isolation with a drain valve in between reduces the risk of leaks between feed and 
filtrate.  When working in crossflow during processing, a small part of discharge and 
suction line on the backwash pump is filled with feed water.  The forward flush step should 
remove this potential contaminant. 
 
Valve Sequences  

The PLC valve sequence table is listed below.  
Valve FV-201 will be closed 75% of the time during clean in place (CIP).  The chemical 
dosing pumps for coagulant and oxidant may not be necessary in some systems.  An entry 
with (1/0) indicates optional usage based on system operation.   
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 Processing 

Bottom feed 
Dead end 

Processing 
Cross Flow 

Recycle mode 

Air 
pressurization 

Forward 
Flush 

Backwash 
Bottom 

Backwash 
Top 

Soak Integrity 
Test 

CIP 

FCV-100 1 1 0 0 0 0 0 0 0 
FV-102 1 1 1 0 0 0 0 1 1/0 
FCV-101A 0 0 0 0 0 0 0 0 0 
FCV-101B 1 1 0 1 0 0 0 0 1 
FV-104T 0 1 0 1 0 1 0 0 1 
FV-104B 0 0 0 0 1 0 0 0 0 
FV-105 0 0 0 0 0 0 0 0 1 
FV-106 0 1 0 0 0 0 0 0 0 
FV-107 0 0 0 1 1 1 0 0 0 
FV-109 0 0 0 0 1 1 0 0 0 
FV-110 0 0 0 0 0 0 0 0 1 
FV-111 0 0 0 0 0 0 0 0 1 
FV-112 0 1 0 1 0 0 0 0 0 
EV-120 0 0 0 0 1 1 0 0 0 
EV-121 0 0 1 0 0 0 0 1 0 
FCV-210 0 0 0 1 1 1 0 0 0 
FCV-212 0 0 0 0 1 1 0 0 0 
FCV-221 0 1 0 0 0 0 0 0 0 
FCV-223 0 1 0 0 0 0 0 0 0 
P-201 1 1 0 0 0 0 0 0 0 
P-210 0 1 0 1 1 1 0 0 0 
P-230 0 0 0 0 1/0 1/0 0 0 0 
P-241 1/0 1/0 0 0 0 0 0 0 0 

 
System Parameters 
 
All backwash fluxes are the same as those listed in HYDRAcap specification sheets. 
Backwash time durations may be adjusted for optimization. Since feed water contaminates 
the backwash pump during cross flow mode, the duration of forward flush (FF) may need 
to be prolonged to ensure complete rinsing of the feed water from that part of the 
backwash line, that is shared for recycle/cross flow loop. 
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Data Logging, Normalization and Performance Analysis for HYDRAcap 
Systems. 
This Technical Service Bulletin provides information for manual data logging, data 
normalization and HYDRAcap performance analysis. 

General  

Most HYDRAcap systems have supervisory control and data acquisition (SCADA) such 
that operating data is automatically acquired and stored. Despite this technical 
convenience, manual data logging should be performed at every HYDRAcap plant.  Not 
only does the physical act of data logging allow operators to inspect their systems, but it 
also facilitates corroboration amongst transmitters and gauges.  Data sheets are also a 
good backup source of data should the electronic data be lost.   

Data Logging Sheet 

A sample data logging sheet is provided below.  This sheet lists all parameters that are 
necessary to determine HYDRAcap performance.  Some systems incorporate 
supplemental equipment as part of the ultrafiltration process, such as a screen filter, 
chemical injection, tanks, particle counters and pH probes.  Data from each of these items 
should be logged, as well, to ensure proper plant performance and establish baseline 
characteristics. 

A data set from each HYDRABLOC or rack should be logged at least once per day 
(minimum), and preferably once per operator shift.  A data set includes both data logged 
two minutes prior to backwash and two minutes after backwash.  This allows for an 
accurate assessment of backwash efficacy and HYDRAcap performance. 

The following is a description of parameters used in the data logging sheet: 
• Date – calendar date. 
• Time – local time. 
• Hour Meter –machine time, usually in hours. 
• Temperature – feed water temperature in degrees Celsius, [oC]. 
• Screen Filter Pressure In – water pressure entering the screen filter, [psi]. 
• Screen Filter Pressure Out – water pressure exiting the screen filter, [psi]. 
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•  Bottom Pressure – water pressure on the bottom feed side of the HYDRAcap 
module, [psi]. 

• Top Pressure - water pressure on the top feed/top concentrate side of the 
HYDRAcap module, [psi]. 

• Filtrate Pressure – water pressure on the filtrate effluent side of the HYDRAcap 
module, [psi]. 

• Feed Turbidity – feed water turbidity, [NTU]. 
• Filtrate Turbidity – filtrate water turbidity, [NTU]. 
• Filtrate Flow – instantaneous filtrate flow, [gpm]. 
• Bleed Flow - instantaneous bleed flow, [gpm]. 
• Recycle Flow - instantaneous recycle flow, [gpm]. 
• Comments – time remaining until next backwash [minutes], type of backwash 

(i.e., high pH, low pH or oxidant CEB), chlorine concentration, or other notable 
events. 

 

Data Normalization 

Data normalization is required to determine HYDRAcap performance.  As feedwater 
temperature changes, so does membrane permeability.  Temperature change not only 
effects feed water viscosity, but also membrane permeability. Significant temperature 
fluctuations yields significant fluctuations in observed transmembrane pressure (TMP), and 
actual plant performance may not be determined.  For this reason it is necessary to 
normalize operating data to a reference temperature.  For simplicity, our reference 
temperature for normalization is 20º Celsius.  The following equations should be used in 
determining HYDRAcap system performance: 

 

Flux is filtrate flow rate per unit area of membrane.  Flux is a system design parameter that 
has a direct correlation with membrane fouling rate.  As flux is increased, so is the fouling 
rate.   

• Flux calculation: 

].[ftarea, membrane effective-A
inute].[gallons/m flow, filtrate-Q

/day].t[gallons/f flux, filtrate-J
where

[gfd]  ,
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Trans Membrane Pressure (TMP) is the net driving pressure on the membrane.  This is 
the effective pressure for forcing water through the membrane.  A clean membrane will 
have a relatively low TMP, whereas a fouled membrane will have a relatively high TMP, 
depending on the severity of fouling.  When TMP reaches 20-25 psi a chemical cleaning is 
recommended.  

NOTE:  TMP should never exceed 30 psi. 

• Trans Membrane Pressure calculation: 
( )

[psi]. pressure, filtrate - P
[psi]. pressure, feed top - P

[psi]. pressure, feed bottom - P
[psi]. pressure, membrane trans - TMP

where,

[psi] ,P
2

PP
TMP

filt

top

bottom

filt
topbottom −

+
=

 

Temperature Compensated Specific Flux (TCSF), or permeability is an intrinsic 
property of the membrane and should be used to determine membrane performance.  In 
relation to the startup, a significantly high TCSF may indicate chemical degradation of the 
membrane, whereas a low TCSF may indicate fouling.   

• Temperature compensated specific flux calculation: 

C].[ e,temperatur  water- T
[psi]. pressure, membrane trans - TMP

[gfd]. flux, - J
flux.specific  dcompensate etemperatur - TCSF

where,

[gfd/psi]  
TMP

JTCSF

o

T ,* ))20*(032.0( −−= e

 

Differential pressure or ∆P is the pressure drop across the fiber length on the feed/lumen 
side. Calculated from the difference between bottom feed and top feed pressure during 
processing 

• ∆P calculation: 

[psi]. pressure, feed top-P
[psi]. pressure, feed bottom-P

where
[psi] ,P-PP

topfeed

feedbottom

feedtopfeedbottom=∆
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Instantaneous Recovery is the recovery of a HYDRAcap system for one 
processing/backwash cycle.  Actual daily recovery may vary from that calculated from a 
single processing/backwash cycle due to chemical cleaning, chemically enhanced 
backwashing (CEB), integrity testing or other occurrences that might alter the 
processing duration and net filtrate production.  Instantaneous recovery is calculated 
based on the following formula: 
 

[%]  
V

V-1R                                             

:to transforms formula the zero, to equal is bleed the if or

process. backwash single during step flush forward for used  waterfeed of volume - V
cycle. processing single durring  wasted waterbleed of volumeV

).backwashes two between time the is cycle g(processin         
. cycle  processing single for  produced  waterfiltrate of volumeV

cycle. backwash single for used  waterof volumeV
recovery. system - R

where
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V-VR                                    
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VBW – This is the total volume of filtrate used during a single backwash 
sequence. This volume may vary depending on the type of backwash (i.e., 
standard or CEB).  To accurately calculate the instantaneous recovery, it is 
important to include the water consumed for the backwash bottom, the 
backwash top, and when chemical enhanced backwash is performed, the rinse. 

VFilt – The gross amount of produced filtrate from a single processing cycle.  
Unless a totalizer is available on the SCADA or flow transmitter, it will be difficult 
to obtain accurately the volumes used to calculate recovery.  This reason is due 
to the fluctuation in flow, due to temperature changes, fouling and the frequency 
drives on the pumps.   

VBleed – When system works with cross flow, part of the water stream can be 
directed to the waste as reject. Such flow is called bleed. In UF systems, for 
efficiency purposes, only small part of the cross flow is sent to drain as bleed. 
This value is usually 5-25% of the feed flow. Feed water quality (TSS, TOC, 
BOD) greatly impacts bleed volume. It is trade off between recovery and system 
fouling ratio. Because fouling usually produces difference in flow distribution in 
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the system (relation between bleed and filtrate flow), the net bleed flow can vary 
substantially in single processing time duration. Totalizer installed in the bleed 
effluent line allows system operators maintain stable conditions using closed 
loop control system complemented with flow control valve on bleed line.  

Recovery, ∆P, TCSF and TMP are the minimum parameters that should be calculated and 
monitored to determine HYDRAcap performance.  For a complete assessment of the 
HYDRAcap system performance, other parameters should be monitored as well (i.e., 
turbidity rejection, TOC rejection, TSS rejection etc.)  
 
HYDRAcap Performance Analysis 

Recovery 

Unless HYDRAcap optimization is to be performed or system feedwater conditions 
change, each HYDRABLOC and HYDRAcap module should operate at constant 
recovery.  Assuming the system is currently in equilibrium, this will ensure good and 
predictable performance.  Increasing recovery may cause the system to operate erratically. 
 Signs of unstable operation are increasing TMP and decreasing specific flux.  As a result, 
previously determined chemical cleaning schedules will change and cleanings frequencies 
will increase.  

Flux 

Similar to recovery, flux should be kept constant.  If possible, flux should be monitored and 
controlled by the SCADA.  Any change on the flux should be accompanied with the 
appropriate adjustment of the backwash frequency and sequence durations.  

∆P 

Differential pressure is important for analysis only when cross flow or bleed flow is utilized. 
In direct or “dead end” filtration the ∆P is low, and in most cases will not be beneficial in 
determining the degree of membrane fouling inside the fiber lumen. However, crossflow or 
bleed flow will yield much information about fiber plugging or cake layer build-up. Fiber 
plugging is a potential hazard to hollow fibers integrity. It is of the utmost importance that, 
at a minimum, a 150µm screen filter be incorporated to condition feed water prior to 
HYDRAcap modules.  As fibers become plugged, effective membrane area decreases.   
Once a significant number of fibers have been plugged, localized flows become excessive 
and fiber breakage or rapid fouling may occur.  Should a significant increase in ∆P occur 
(also an increase in TMP) then a module should be taken off-line and feed end fibers 
inspected.  If there is no observable blockage over the fibers, then most likely a thick cake 
layer has formed and the backwash frequency should be optimized and a chemical 
cleaning should be performed.  
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Trans Membrane Pressure (TMP) 

When flux and temperature are constant, the TMP is indicative of the degree of fouling on 
the membrane. A clean membrane will have a constant TMP, assuming the previous 
conditions are met.  However, water viscosity and membrane resistance are dependent on 
temperature. When water temperature changes, TMP changes as well.  This effect is 
common for every membrane process.  In some cases when water temperature fluctuates 
significantly, TMP fluctuations will occur.  This is also true when flux varies.  Thus, an 
increasing TMP does not necessarily indicate fouling, only the possibility of fouling.   

CAUTION: TMP should never exceed 30 psi (2 bar) or fiber damage may occur.   

Permeability or Temperature Compensated Specific Flux (TCSF) 

For any HYDRAcap system it is critical that the TCSF be monitored.  Being an intrinsic 
property of the membrane, TCSF will represent the condition of the membrane regardless 
of the changes in temperature or flux.  The benefits of properly maintaining TCSF will 
translate into the energy usage as well.  As the membrane fouls, and the TCSF decreases, 
energy requirements will increase (if system operating parameters remain constant).  
 

Useful Tips: 

1. Take data daily and if possible once per shift. Keep on-line data as a much reliable 
information source. 

2. Plot each parameter versus time in such scale to observe every sudden spike on 
data trends.  

3. Log graphs in journal and keep them available at operator control room.  
4. Log events of errors in control on the UF system as well bad service and operation.  
5. Try to analyze every single upset in data trends (especially TMP, Flux and 

Permeability).  
6. Trace water quality and its relation to system performance. 
7. Trace the effect on water temperature to fouling ratio. 
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Notes

Hour Meter Temperature In Out Bottom Top Filtrate Feed Filtrate Filtrate Bleed Recycle
Date Time (Hr) (Celsius) (PSI) (PSI) (PSI) (PSI) (PSI) (NTU) (NTU) (gpm) (gpm) (gpm)

Take data 2min. before backwash and 2 min. after backwash
HYDRAcap UF Data Log Sheet

Screen Filter Pressure UF Pressure UF FlowUF Turbidity
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