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1. Introduction

On April 11, 1996, a fully loaded 90-ton liquid chlorine tank car was involved in a derailment near Alberton in northwestern Montana.  The accident, which occurred as the train was heading to a paper mill with several chlorine tank cars, damaged one of the containment tanks, releasing chlorine gas into the atmosphere.  All of the chlorine above the puncture level escaped in the first few minutes of the event (approximately two-thirds of the contents).  Because of the heavy insulation on a chlorine tank car and the ambient temperature, it took 17 days to recover the remaining chlorine and mitigate the release.  Approximately one thousand people were evacuated and unable to return to their homes for the entire period.
	Emergency response personnel made numerous attempts to neutralize the chlorine, and took a number of other steps to mitigate the situation.  The size of the breach, extremely cold liquid chlorine (-30°F, -34.4°C) and the absence of proven techniques for handling such incidents prolonged the emergency.  While technology did not exist to transfer the liquid chlorine from the damaged tank to another tank car, the responders did patch the breached car, and used eductors to evacuate gaseous chlorine and neutralize it – a very time-consuming process.   The on-site Alberton operation proved to be a practical learning experience for the responders.  They developed techniques for patching and evacuation that would be useful in future incidents.  It also provided a case study that the industry used to focus its efforts in a quest to continually improve preparedness for responding to an incident.
[bookmark: _GoBack]	While rail incidents involving chlorine tank cars are rare, they have occurred, and these accidents can have serious consequences.  The Arlington, Va.-based Chlorine Institute (CI) administers the industry’s CHLOREP (Chlorine Emergency Plan) program to provide an organized, effective system for responding to chlorine emergencies in the United States and Canada.  It operates 24 hours, seven days a week through established phone contacts with member-company teams.  This mutual-aid network also includes established relationships with emergency-response contractors, some of whom were on site in Montana.  The length of time that was required to mitigate the situation in Montana presented a situation that the chlorine industry found unacceptable.
  	CI undertook a comprehensive review of the incident to identify what went right and what areas of the response indicated a need for development of improved response techniques and equipment.  This process began an organized, ongoing mitigation improvement effort that CI pursues with its members to this day.  The Institute has worked through various task groups to enhance emergency response training, techniques and equipment.
	Early on, a need was identified to develop a means to transfer liquid chlorine safely at atmospheric pressure and the chemical’s very low temperature (-30°F, -34.4°C).  Between the Alberton incident in 1996 and September 2000, preliminary testing was conducted on a number of candidate liquid chlorine pumps, along with techniques for hot tapping and using eductors to evacuate breached chlorine cars.  The evaluators agreed that a full-scale test would be required to provide assurance that a pump and the associated techniques would function properly in a field application.  During September 2000, a team of industry specialists tested the tapping techniques, eductor usage and two previously screened pump designs at the U.S. Department of Energy’s Mercury, Nev., testing grounds, some 75 miles northwest of Las Vegas.  After reviewing both pumps’ performance, a Waukesha Model 5050 was identified as being the most suited for this unique chlorine emergency service.
	Based on the Nevada test results, the industry had successfully identified an effective means to hot tap a chlorine tank car, and had validated techniques for the use of eductors in evacuating a car.  While the pump proved to be effective, it required some additional refinements and validation to be considered ready for field use.  Based on additional test results, an updated Waukesha pump -- Model 5060SS ECP -- was selected, and several refinements were made to the skid upon which the pump was mounted.  Then, in September 2008, over two dozen chlorine emergency response personnel planned and conducted a follow-up verification test using the modified pump at PPG Industries’ Natrium plant, just south of Moundsville, W.Va.
	The 2008 test demonstrated the pump’s ability to transfer liquid chlorine from a breached container to a receiving container.  Further, it verified the ability of a custom-made enclosure system to prevent exposures or environmental releases of chlorine beyond the skid to which the modified pump was affixed.


2. Description

A Waukesha Model 5060SS ECP (external circumferential piston) rotary pump was modified to be able to pump liquid chlorine at atmospheric pressure and a temperature of -30°F (-34.4°C).  A hydraulic driver is coupled to the Waukesha pump.  The hydraulic driver is driven by a hydraulic pump (power pak) commonly found in emergency response applications.  The Waukesha pump and hydraulic driver are fitted with the appropriate suction piping, discharge piping, valves, instrumentation, etc., and installed on a portable skid for transport to an incident site.  The entire unit (weighing approximately 1,600 lbs.) is designed to fit inside the bed of a full-sized pick-up truck and is capable of being moved by either a forklift or a portable crane.  Chlorine hoses necessary to connect the Waukesha pump to both a damaged chlorine container and a receiving chlorine container, along with Lexan enclosure panels are packaged in a separate packing crate to be transported with the pump skid.  A spare Waukesha pump, boxed in a separate crate, is also part of the package.
The main equipment package for use with the pump is as follows:

	Qty
	Description

	2
	2" Jet Pumps for chlorine service

	3
	30" Hg Vacuum300 psig pressure gauges for chlorine service

	2
	1" x 20' long, 300 psig flanged, Monel chlorine hose

	2
	2" x 20' long, 300 psig , flanged, Monel chlorine hose

	14
	Pre cut, numbered, fitted Lexan panels for the pump skid enclosure

	1
	Chlorine pump skid consisting of the following:

	 
	• Waukesha Model 5060SS ECP pump with suction and discharge piping and valves

	 
	• 2 Hydraulic pump drivers (9908157, 01561006), one connected to the pump and one spare (bolted to skid)

	 
	• Pressure and temperature gauges 

	 
	• Pump pressure relief valve 

	1
	 Spare Waukesha Model 5060SS ECP Pump

	6
	1" Gylon 3510 1/16" thick 300 psig ring gaskets

	10
	2" Gylon 3510 1/16' thick 300 psig ring gaskets

	1
	Soft goods Kit for Waukesha Model 5060SS ECP Pump

	 
	Krytox Grease with grease gun

	3
	½" SST ball purge valves

	1
	2" Jamesbury chlorine full port ball valve with actuator

	2
	Full set of skid gaskets per Skid Bill of Material

	2
	3/8" SST NPT ball valves

	2
	air oil/water separators



The pump skid should be positioned within 20 feet of the damaged chlorine container that is to be emptied.  The suction hose(s) should be completely supported, with a gradual descend from the damaged chlorine container (either a tank car or a cargo tank) to the pump suction;  this will prevent any high or low points in the hoses.  A chlorine hose should be installed from an Emergency Shut Off Valve (ESV) on the damaged container to the pump suction.  Prior to connecting the hose to the container, a hot tap procedure to attach a nozzle to the bottom of the container would typically have been performed (refer to the Chlorine Institute’s Hot Tap procedure).  Connected to the damaged container’s hot-tapped nozzle would be a 2”, 8-bolt 300# low temperature chlorine service block valve.

A ½” vent line should be connected to the top of the pump casing and vented back to the chlorine container or to a chlorine scrubber.  The Waukesha Model 5060SS pump will NOT pump chlorine vapors.  It is necessary to completely fill the pump with liquid chlorine before attempting to start the pump.

The pump’s suction and discharge hoses and piping need to be well insulated.  The insulation will help reduce flashing of the liquid chlorine, which minimizes the pressure on the receiving container during the transfer operation.

The length of the pump’s discharge hoses should be kept as short as possible to allow for efficient pumping operations.

A grounding system should be installed, connecting all of the components and equipment of the pumping operation.

An easily-visible white line should be marked on the pump shaft, parallel to the shaft.  This line can be used to check the pump rotation, and in conjunction with a tachometer, can help determine the RPM of the pump during pumping operations.

The hydraulic source (power pak 64 kW and 30 gpm) for the pump’s hydraulic driver can be positioned at any point that the available hydraulic hoses will allow.  It is recommended that the hydraulic source be positioned upwind of the chlorine pump and at a sufficient distance away from the chlorine pump to safely man the hydraulic source equipment at all times during the transfer operation.  If the hydraulic source is not in line of sight of the chlorine pump, radio communications between the pump operator and hydraulic driver operator must be maintained.

During the pumping operation, the speed of the Waukesha pump can be adjusted by regulating the hydraulic flow from the power pak to the pump driver.  The pump speed has two limitations; the first limitation is the design speed of the pump (refer to the Appendices section of this procedure for pump operating speeds).  The second limitation is pump cavitation.  If during the pumping operation pump cavitation is noticed, verifying that the suction lines are properly insulated, venting the liquid-filled pump casing, and/or reducing the pump speed should stop the cavitation.

After establishing the desired pumping conditions, the pump RPM should be periodically checked using a tachometer and the white paint line on the pump’s drive shaft.  By using the pump RPM and referring to the pump curve (Appendix A), a good estimate can be made to determine pumping transfer rates.  Instructions on how to read the pump curve diagram are available in Appendix B.

The chlorine-wetted areas of the Waukesha pump can easily be rebuilt using the available rebuild kit.  If something goes wrong with the gear box of the pump, it is recommended that the spare pump be installed on the skid as field work on the gear box is not recommended.

After the transfer operation is completed, the pump should be purged with dry nitrogen and all of its openings sealed up to prevent dirt, dust, etc., from getting inside the pump.  Do not wash the pump with water in the field.  The pump should be transported to an approved repair facility for rebuild and service as soon as possible.

Chlorine transfer hoses should be evacuated, purged and flushed with water and capped.  They should then be sent to an approved hose testing facility for testing and recertification.

Several numbered Lexan panels are included with the pump skid enclosure.  These panels are designed to be placed in the slide tracts of the skid.  Six threaded outlets (2” female pipe thread) located at the base of the skid will allow a scrubber system to be connected to the skid.  These scrubber connections allow for any chlorine emissions released inside the skid enclosure to be captured and sent to a scrubber system, thus preventing any releases of chlorine to the atmosphere.




3. Pump Skid Preparation and Soft Goods Replacement


Note – The pump has been placed into storage following a complete cleaning and rebuild from its last use.  It has been determined that soft goods will not seal as designed if left in storage for even a short period therefore the pump will need to have its soft goods replaced just prior to its use.  A soft goods rebuild kit (Carolina Seal Inc KIT-W5060) is provided as part of the kit included in the packing crates.  Replace all pump soft goods - (4) shaft O-rings and (1) casing O-ring.  The following steps describe the soft goods rebuild steps.

1. Remove the pump’s eight 11/16” pump faceplate bolts. (Figure #1)

2. Remove the pump faceplate from the pump housing. (Figure #1)

					Figure #1
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3. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Release the locking clips from the rotor bolts on both the top and bottom shafts. (Figure #3)

4. Loosen and remove the 11/16” rotor bolts on both the top and bottom rotors. (Figure #3)

5. Gently remove both the top and bottom rotors from the pump housing. (Figure #2)

6. Loosen and remove the top and bottom Allen bolts that attach the drive end housing to the gear driver. (Figure #3)


					Figure #2
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7. Loosen and remove the suction side flange bolts.

8. Loosen and remove the discharge side flange bolts.

9. Loosen the packing retainer nuts on both the top and bottom shafts.

Figure #4
 (
Packing retainer nuts (2 on top and 2 on bottom)
)

10. Pull and slide the pump housing from the pump shafts.  Slowly turning the coupling while pulling the housing will aid in the removal of the pump housing. (Figure #4)

Note – Once the pump housing is removed from the shafts, access to the shaft O-rings will be needed.  The packing sleeves on both the top and bottom shafts will need to be removed to replace the shaft O-rings.  A small wheel puller will need to be utilized to gently pull the packing sleeves from the shafts exposing the two (each) shaft O-rings.

11. Place the wheel puller on one of the shafts and attach it to pull the shaft sleeve exposing the two shaft O-rings.

12.  Place the wheel puller on the remaining shaft and attach it to pull the shaft sleeve exposing the two shaft O-rings.


				Figure #5
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13. After the shaft sleeves have been pulled, remove the two shaft O-rings on both the top and bottom shafts.

Note – A key to the prevention of soft good damage during re-installation is the use of Krytox grease for lubrication.  Fully coat the O-rings, sleeves and surfaces with Krytox when putting the pump back together.

14. Lubricate and install the two new shaft O-rings (O-RING1-5355) on both the top and bottom shafts.

15. Lubricate the bore (inside of sleeve) of each of the replacement shaft sleeves (OE-1098000).

16. Using a slight twisting motion, slide the lubricated top shaft sleeve back over the shaft O-rings.  Ensure the sleeve stop pin is properly aligned with the shaft notch.  (Figure #6)

17. Using a slight twisting motion, slide the lubricated bottom shaft sleeve back over the shaft O-rings.  Ensure the sleeve stop pin is properly aligned with the shaft notch. (Figure #6)

18. Lubricate the outside of the installed shaft sleeves with Krytox grease. (Figure #4)

			Figure #6
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Note – The replacement of the top and bottom graphite shaft packing should be required as part of the rebuild.  Refer to the figure below for packing arrangement.

 (
Graphite Rope Packing (35801)
)

 (
Grafoil
 Packing (25766)
)
 (
Packing Spacers (OC1033100)
) (
Rotor end (Install from this end first)
) (
GF Ring Lantern (OC1047000)
)

19. With the pump casing placed face down on soft surface, begin inserting both the top and bottom packing in order shown above.

a. Packing Spacer (1 ea)
b. Graphite Rope Packing (1 ea)
c. Grafoil Packing (4 ea)
d. Graphite Rope Packing (1 ea)
e. Packing Spacer (1 ea)
f. GF Ring Lantern
g. Packing Spacer (1 ea)
h. Graphite Rope Packing (3 ea)
i. Packing Spacer (1 ea)

20. Attach the top and bottom packing retainers leaving the nuts loose for installation.

21. Slowly slide the pump housing back on the shafts. (Figure #4)

22. Reinstall the top and bottom Allen bolts and tighten them wrench tight. (Figure #3)

23. Align the bottom rotor to the bottom shaft and slide onto the shaft.

24. Align the top rotor to the top shaft and slide onto the shaft.

25. Place the locking clips on each of the rotor shafts.

Note – When tightening the rotor bolts, use a strap wrench or coupling half to secure the coupling and preventing the shafts from rotating while setting each rotor’s torque. (Figure #7)

Figure #7


26. Insert the top 11/16” rotor bolt and tighten to 38 ft.-lbs. (Figure #7)

27. Insert the bottom 11/16” rotor bolt and tighten to 38 ft.-lbs. (Figure #7)

28. Bend the rotor bolt locking clips over the bolt head on both the top and bottom rotor bolts.

				Figure #8


29. Replace and fully coat the pump face plate (Cover O-RING2-5355) O-ring with Krytox grease and insert it into the faceplate groove. (Figure #8)

30. Apply a small amount of Krytox to the faceplate and verify proper placement of the faceplate O-ring. (Figure #8)

31. Place the faceplate on the pump housing and install the eight faceplate bolts. (Figure #1)

Note – The faceplate has eight bolts.  The four long bolts are for the two top and the two bottom faceplate bolt holes, and the four short bolts are for the four center faceplate bolt holes.

32. Tighten the faceplate bolts to 20 ft.-lbs.

33. Re-attach the Krytox injection tubing to the casing on both the top and bottom shafts.

34. Re-attach the Krytox lantern ring tubing located on the back of the housing in the area of the packing retainer bolts (Figure #10), this allows the Krytox to be pushed through the seal area, thus removing air pockets.

35. Attach a grease gun filled with Krytox grease (29709) to the grease fittings on the injection lines (top and bottom) (Figure # 9)

36. Pump Krytox grease into the top and bottom injection fittings until the Krytox exits the outlet plug tubing.

37. Close the valves on the lantern ring tubing and replace the plugs on the outlet tubing.

38. Additional Krytox may be injected throughout the transfer as needed through the grease fittings.

		Figure #9
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Note - The pump shafts are sealed with Graphite packing lubricated with Krytox grease. The pump is to be started after the grease has been pumped through the lantern-packing ring.  The pressure on the packing boxes should be maintained at least 5-10 psig above the pump discharge pressure to prevent chlorine leakage to the atmosphere through the shaft packing. This is accomplished through the periodic addition of grease during the transfer and vigilant observation of the shaft packing.

Figure #10
 (
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)


Note – This completes the pump soft goods replacement portion of this procedure.



4. Set-Up Procedure for Waukesha Model 5060SS Chlorine Pump


Note – Prior to setting up the pump, the damaged chlorine container should have been drilled and hot tapped;  refer to the “THE CHLORINE INSTITUTE, INC. HOT TAPPING FOR EMERGENCY RESPONSE APPLICATIONS” dated May 2004 for hot tapping instructions.  Connecting the pump’s suction line to the damaged car’s angle valves can be considered, but depending on field conditions, this setup may not provide adequate volumes to feed the pump and was not part of the tested method.  Following the drilling and tapping, a 2” 300# full port ball valve (provided in the pump package) is to be installed on the bottom of the damaged container.  This valve will be the attachment point for the 2” suction hose to the pump.  Figure #11 depicts a typical test condition of this set-up.  Field conditions may dictate a different set-up.  During testing it was demonstrated that a product transfer could be safely and successfully made with one 2-inch suction line.

				Figure #11
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1. Set the pump skid assembly within 20 feet of the damaged chlorine container and allow a gradual slope of the pump’s suction hose(s) from the damaged container to the pump.  If the pump skid is positioned further than 20 feet from the container, the pump may not have sufficient suction pressure to be able to operate properly. (Figures #11 and #12).  Note:  It may be necessary to place the pump below grade to allow for the needed gradual slope to its suction.

						Figure #12
 (
Gradual slope of double-insulated suction hose.
  The hose must be supported to prevent high and low points along the hose. (The second hose shown was only used for test purposes.)
)

Note - Steps #2 through #4 below describe gasket replacement for the pump skid and its associated piping.  If the pump skid has been recently serviced it may not be necessary to replace the gaskets.  If the gaskets do not need to be replaced, skip to Step #5.

2. Replace the Garlock Gylon 3510 gaskets (10 total) on the pump suction line, from the skid suction piping to the pump. (Figure #13)      
 (
Downstream suction pressure gauge block valve (2 gaskets)
)
				Figure #13
 (
Suction screen (2 gaskets, one on each side of screen)
) (
Upstream suction pressure gauge block valve (2 gaskets)
) (
Suction block valve attachment (1 gasket)
) (
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) (
Suction evacuation block valve (2 gaskets)
)


3. Replace the Garlock Gylon 3510 gaskets (12 total) on the pump discharge line, from the pump through its discharge piping. (Figure #14)   


 (
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4. Re-install and tighten the suction and discharge flange bolts.

5. Check all skid suction and discharge flange bolts and verify all have a torque of 53 ft.-lbs.

6. Remove the coupling guard from around the pump’s #10 Woods coupling. (Figure #15a)

			Figure #15a

 (
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7. Check the pump/hydraulic driver coupling alignment.  Refer to Attachment “D” of this manual for coupling alignment information.

				Figure #15b
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8. Check that all skid flange gaskets are in place and verify they are all torqued to 53 ft.-lbs.

9. Remove the pump drain plug located on the faceplate.  Clean the plug threads, wrap them with Teflon tape, re-install the plug and tighten it until it is secure.

10. Check the oil level in the pump gearbox and ensure the level is to the upper plug threads.  If oil is needed, add either ISO Grade 320, SAE 140 or AGMA #6EP (Extreme Pressure) oil to the gearbox.

11. Using white paint, make a line on the Woods coupling parallel to the pump shaft.  This white line is to be used to verify the pump rotation and pump RPM. (Figure #15b)

12. 
Verify that the suction strainer (a reverse witch’s hat) is in place on the inlet piping to the pump. (Figure #15c)

Figure #15c
 (
Suction strainer
)

13. Bond and ground all components of the pump operations. (Figure #16)

Note - Verify all grounds and bonds have a proper connection by the use of a resistance meter.

				Figure #16
 (
Grounding/Bonding (examples)
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14. Install a Garlock Gylon 3510 gasket and then attach a 20’ section of 2” chlorine suction hose (provided) to the 2” 300# full port ball valve installed on the bottom of the damaged container.

15. Install a Garlock Gylon 3510 gasket and then attach the other end of the suction hose to the pump’s suction block valve.

16. Tighten and torque the suction hose flanges to 53 ft.-lbs.

17. Install a Garlock Gylon 3510 gasket and then attach the two 1” discharge hoses to the skid’s two discharge block valves.

Note - The two skid-mounted discharge block valves are flanged 1” 300# raised face 4-bolt flanges.  If the connecting hoses utilized on the pump discharge side do not have a 1” 300# raised face 4-bolt flange, an adapter piece (not provided) will be needed to connect the hoses to the discharge block valves.

18. Tighten and torque the discharge hose flanges or the adapter piece to 53 ft.-lbs.

19. Route the two 1” discharge hoses to the two liquid angle valves on the receiving car.  Tighten and/or torque all hose-to-hose connections.  Note - The discharge hose length should be limited to a maximum distance of 200 feet to maintain an appropriate chlorine flow rate.

20. Install stub outs (not provided) on both liquid chlorine valves of the receiving tank car.  Use Teflon tape or a chlorine compatible Teflon-based thread sealant on the stub out threads.

21. Install a Garlock Gylon 3510 gasket and then attach a (provided) automatic-actuated 1” ESV valve on each liquid stub out.

22. Attach the air/nitrogen supply from the remote-operated closure switch to the two 1” ESV valves.  Apply air/nitrogen pressure to the actuators and verify they move to the open position.

23. Tighten and/or torque the ESV valve connections to the stub outs.

24. Install a Garlock Gylon 3510 gasket and then attach the two 1” discharge hoses to the ESV valves on the receiving tank car.

25. Tighten and/or torque the hose connections to the ESV valves.

Note - Depending on the stub outs used, risers with block valves may need to be installed for testing, purging, and for pressure gauge installation on the receiving car.

26. Install block valves and purge fittings on the stub out risers.

27. Verify all vents have been blocked or plugs have been installed.

28. Install a nitrogen purge fitting to the ½” vent on top of the Waukesha pump casing.

29. Connect a nitrogen hose to the ½” fitting on top of the pump casing.  Connect the other end of the hose to a regulated nitrogen supply.

30. Open the nitrogen supply and slowly purge the pumping system with nitrogen using the nitrogen purge hose on the top of the pump casing.  Open the pump skid valves as needed to purge the pump and all chlorine transfer hoses.

31. Once all the lines have been purged, close the vent lines and allow pressure to build in the system to 150 psig using the nitrogen purge. Check for leaks using a liquid leak detector such as Snoop.

32. Once no leaking has been confirmed, partially open a vent line, release the system pressure, and disconnect the nitrogen hose at the top of the pump casing.

33. Install double-wrapped pipe insulation on all chlorine pump suction and discharge piping and hoses.  The insulation will help reduce flashing or vaporizing of the liquid chlorine within the lines, and will help provide the pump with sufficient NPSH to operate without cavitating.

34. Run a ½” stainless steel (or liquid chlorine hose) liquid fill line (not provided) from the top of the pump casing to a chlorine evacuation vessel under vacuum (typically a chlorine car under vacuum).  The evacuation vessel must be kept under vacuum at all times and is utilized in the event of a hose or gasket failure, and/or during final evacuation of the pumping system’s lines and hoses.

35. Install a hose from the skid’s suction evacuation block valve to the evacuation vessel (the evacuated car under vacuum). (Figure #17)

36. Install a hose from the skid’s discharge evacuation block valve to the evacuation vessel (the evacuated car under vacuum). (Figure #17)

37. Connect all hydraulic lines from the hydraulic source to the pump hydraulic driver.



					Figure #17
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Discharge evacuation block valve attachment (hose routed to evacuation vessel)
) (
Suction evacuation block valve attachment (hose routed to evacuation vessel)
)

CAUTION: Take all necessary measures to prevent scrubber solution (caustic) from backing up into the pump system’s chlorine lines.  The use of check valves is highly recommended.

Note – A chlorine vapor scrubbing system will need to be utilized when operating the pump.  While there are several different vapor evacuation and scrubber systems available, a simple sparger system utilizing jet pumps (eductors) with check valves, flowing into a batched scrubber solution, has proven to be very effective and easy to maintain for this operation.

38. Install hoses from the fittings on the bottom of the pump skid enclosure (suction side) to the scrubber system. (Figure #18)

39. Install hoses from the fittings on the bottom of the pump skid enclosure (discharge side) to the scrubber system. (Figure #18)



				Figure #18
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40. Adjust the sparger jet pump’s motive force (air) to allow atmospheric, ‘sweeping’ air (slight vacuum) to be pulled inside the pump enclosure.



5. Operating Procedure for Waukesha Model 5060SS Chlorine Pump


1. Verify the pump’s relief valve block valve is in the open position.

2. Verify all pump skid pressure gauge valves are open.

3. Attach the air/nitrogen supply from the remote-operated closure switch to the 2” automatic valve located on the suction outlet of the damaged container’s outlet (this valve was installed as part of the hot tap procedure).

4. Using air/nitrogen pressure, verify the automatic valve has moved to the open position.

5. Partially open the chlorine valve(s) on the bottom of the damaged container and allow chlorine to slowly fill the suction hoses, skid piping and pump casing.

6. Open the valve(s) on the pump inlet at the pump skid.

7. Partially open the vent valve on top of the pump casing and allow the pump casing to fill with liquid chlorine.  Monitor the pump casing and vent line for icing;  ice forming on the vent line will confirm that the pump is filled with liquid chlorine. (Figure #19)

Figure # 19


8. Start the power pak and allow it to run with the hydraulics disengaged.

9. When the pump casing is completely covered with ice, and ice is observed on the vent line on top of the pump casing, slowly engage the hydraulic power pak to start the pump turning.

10. Observe the pump shaft using the white line to verify correct pump rotation.

11. Open the discharge valve(s) on the pump and the inlet valve(s) on the chlorine receiving container (angle valves and block valves on the receiving container).

12. Close the ½” vent valve on the pump casing.

13. Slowly increase the pump speed until the pump discharge pressure is about 20 psi above the receiving container pressure.

Note – As the pump speed is increased and the pump casing temperature decreases, the pump packing may need to be adjusted should any leakage around the pump shafts occur.  If the packing is tightened while the pump is running, and the pump has to be stopped, the packing will have to be loosened before restarting the pump.

CAUTION - Do not exceed 200 psig discharge pressure on the pump discharge. The pump was successfully tested with a discharge pressure of 42 psig.

14. Using an aqua ammonia solution, check all pump skid enclosure fittings and the pump casing for chlorine leaks.  Repair any leaks as needed.

15. Using an aqua ammonia solution, check all connections outside the pump skid enclosure (i.e., hose connections, receiving car stub outs, piping connections, etc.) for chlorine leaks.  Repair any leaks as needed.

16. Check the pump RPM using the tachometer and the white line on the pump shaft.

17. Refer to the pump curve (Appendix A) to determine an approximate pumping volume related to the pump RPM speed.

18. Continually monitor the pump casing for signs of cavitation which may indicate flashing in the pump.  Should cavitation occur, partially open the casing vent line and/or decrease the pump RPM until cavitation stops.

19. Utilizing the two suction pressure gauges provided on the skid, monitor the differential pressure across the pump suction screen.  High differential pressure would indicate possible pluggage on the pump suction that would decrease pump performance.

20. Monitor the liquid chlorine level in the damaged container.

Note – Proper level indication of the damaged container can be difficult to accurately measure.  Removing frost and ice from the outside of the container, combined with pouring a brine solution on the outside of the container, may provide favorable results.  Thermal Imaging cameras may also work with varying success.

21. Continue to monitor the pumping system for chlorine leaks, and adjust the pump packing and pump speed as needed throughout the transfer.

22. As the liquid level in the damaged container nears 4” to 8” of chlorine left in the container, closely monitor the pump for cavitation.

Note – Because of poor level indication at low liquid levels, experience has show that cavitation at low levels may actually be the result of a loss of suction due to an empty damaged container.

23. If a low level is indicated and the pump cavitation cannot be corrected by opening the casing vent and/or adjusting the pump speed, the transfer is complete.

Note – Due to the way the damaged container may be positioned or situated, it is possible that a small amount of liquid chlorine may remain inside the container.  If a small amount of liquid is suspected to be remaining in the container, hoses may be attached to the container and routed to the caustic solution sparger system to complete the evacuation.



6. 	Shutdown Procedure For Waukesha Model 5060SS Chlorine Pump


1. Once the transfer is complete, slow the speed on the power pak until the hydraulics are disengaged.

2. Close the 2” manual block valve located on the bottom of the damage container.

Note – Closing the 2” manual block valve on the bottom of the damaged container soon after the shut down of the pump will prevent liquid from possibly backflowing into the evacuated damaged vessel. (Figure #20)

3. Disconnect the supply air/nitrogen to the 2” automatic valve actuator and allow the valve to close. (Figure #20)

4. Connect a nitrogen purge hose to the purge line connection located on the elbow at the bottom of the container. (Figure #20)

				Figure #20
 (
Nitrogen purge attachment point
) (
2” automatic actuated block valve
) (
2” manual block valve
)

5. Open the purge block valve and begin evacuating all suction hose, skid piping, and discharge hoses into the receiving container.

6. Shut down the power pak and disconnect its hydraulic hoses.

7. Remove the insulation from all suction and discharge hoses and piping, and allow any trapped liquid chlorine to vaporize within these lines.

8. Once all the suction hose, skid piping, and discharge hoses have been completely evacuated, close the chlorine valve(s) on the chlorine receiving car (angle valves and ESV’s).

9. Close the purge inlet valve on the bottom of the damaged container. (Figure #20)

10. Check the vacuum in the evacuation vessel.  The evacuation vessel should be kept under vacuum at all times.  A hose attached to a jet pump and sparger inside the vapor scrubber solution can be utilized to maintain the vacuum inside the evacuation vessel.

11. Partially open the suction evacuation block valve and begin to further evacuate the suction hoses. (Figure #21)

12. Partially open the discharge evacuation block valve and begin to further evacuate the discharge hoses. (Figure #21)

						Figure #21
 (
Discharge evacuation block valve attachment (hose routed to evacuation vessel)
) (
Suction evacuation block valve attachment (hose routed to evacuation vessel)
)

Note – It may take several hours to completely evacuate all hoses, piping and the pump casing.  Leave the suction and discharge evacuation lines open to the evacuation vessel and allow all chlorine remaining in the pump and hoses to be purged.  Also ensure all piping insulation has been removed to help any remaining liquid chlorine in the hoses to vaporize. Pressure gauges on the skid should be closely monitored during evacuation.  Increasing pressure could be an indicator of entrapped liquid in the system.

Note – After the hoses, piping and pump have been evacuated and all the ice has melted from the system equipment, the breakdown of the hoses can begin.  There may be some chlorine odor remaining in the pump and hoses.  Wear chlorine line breaking PPE during the initial line breaks of the hoses and pump.

13. Verify the skid enclosure vacuum system is in service.

14. Close the suction and discharge evacuation block valves. (Figure #21)

15. Remove the suction hose at the pump skid.  If any fugitive chlorine odor is noticed when the hose is disconnected, place the hose inside the skid enclosure and allow it to be scrubbed.

16. Remove the discharge hoses at the pump skid.  If any fugitive chlorine odor is noticed when the hoses are disconnected, place the hoses inside the skid enclosure and allow them to be scrubbed.

17. Disconnect the ½” vent line on top of the pump casing.

18. Remove the pump’s discharge hoses and send them out for cleaning and testing.

19. Remove the pump’s suction hose and send it out for cleaning and testing.

20. Install gaskets and blind flanges on the two 1” pump discharge and the one 2” pump suction valves.

21. Remove and secure all valves, stub outs, gauges and ESV’s from the receiving container.

22. Remove and secure all bonding and grounding equipment.

23. Remove the suction and discharge evacuation hoses and send them out for cleaning and testing.

24. Close the air supply to the jet pumps being used to sweep the pump enclosure.

25. Remove and secure the enclosure vacuum hoses and jet pumps to the spargers not being utilized.

26. Remove, decontaminate and secure the spargers used in the scrubber solution.

27. Once it has been verified all chlorine is removed and purged from the damaged container, the two 2” block valves (one automatic and one manual) can be removed from the bottom of the damaged container and properly returned to inventory.

This completes the chlorine pumping/transfer operation.  General site demobilization remains along with contaminated equipment cleaning, rebuilding, retesting, and/or replacement.


7. APPENDICES




Appendix A
Waukesha Pump Model 5060SS Pump Curve




Note:  Do not exceed 100 RPM, which is the limit for which testing has been conducted.


8. ATTACHMENTS


Attachment A

	PUMP SYSTEM INFORMATION

	Component
	Specification

	Gear box oil
	ISO Grade 320, SAE 140 or AGMA #6EP

	Gear box bearing grease
	NLGI Grade #2 EP lithium-based

	Chlorine pipe thread lubricant/sealant
	Teflon tape or Gasoila Products PLS-2

	Pump faceplate Allen bolts
	Wrench tight

	Pump packing
	See Section 3 of this manual

	Pump shaft O-rings
	Viton – low temperature

	Pump faceplate O-ring
	Viton – low temperature

	Rotor torque
	38 ft.-lbs.

	Faceplate bolt torque
	20 ft.-lbs.

	Krytox grease
	VM-835-75

	Krytox grease (gun cartridge)
	Part No. 29709

	Waukesha Rebuild Kit
	Carolina Seal Inc. KIT W5060

	Garlock Gylon 3510 gasket torque
	53 ft.-lbs.






Attachment B  -  Waukesha Pump 5060 Rebuild Kit



 (
Attachment 
C - Pump Drawing
)
 (
Attachment 
D -
 Pump Coupling
)


Attachment E
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