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ATLAS-COPCO COMPRESSOR PREVENTATIVE MAINTENANCE SCHEDULE

Rumning See

Interval Hours Operation Note

Daily Before starting

— Check oil level 1

During operation
Check readings on gauges

Check AIR FILTE alaILmJ_N}Ia\leglng
Check that hourmeter R G TIME is operative
Check unloading and loading pressures

Check that condensate is discharged from moisture traps(s) during loading
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3-monthly 500 Remove air filter element, clean by air jet and inspect

Yearly 8000 Have oil analf'zed. If not analyzed, change oil

After stopping
- Drain condensate from moisture trap(s) -

Wefkly 50 Drain condensate from air receiver, if installed -

50 Check for oil leaks. Inspect all air pipes -
Clean unit

500 Check HP safety valve and intercooler relief valve by manually blowing air

-—- Change oil filter

. Replace air filter element

-—- Dismantle, clean and inspect float valve of moisture trap(s)

— Check condition of checE valve

- Remove and inspect diaphragm of loading plunger and switching valve

-—-- Clean cooler block

- Test safety valves

- Test shut-down switches

- Test air filter alarm switch

- Have operation of electrical interlockings, motor breakers, etc. tested by an electrician
- Check condition of coupling

-—-- Have pressure and temperature diagnosis as well as fibration measurements carried out
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2
3

1. Whichever interval comes first. The local Atlas Copco Sales Company may overrule the maintenance schedule, especially the
service intervals, depending on the environmental and working conditions of the unit.

Notes:

1. Always maintain the level in the lower half of the sight-glass. On earlier units provided with a gear casing breather, never add oil
through the breather.

2. Anintermittent flow or drops of condensate should normally be discharged from the automatic drain outlet of the trap(s). The amount
of condensate formed depends on the moisture content of the intake air.

3. Remove the breather, dismantle and wash the housing in diesel fuel oil or some similar cleaning solvent. Remove the rubber sealing
ring from the sinter bronze filter disk and wash the latter in trichloroethane. Dry the parts with compressed air, reassemble and
reinstall the breather.

4. Operate each valve several times for some seconds by pulling its release lever or by pulling its test ring. Do this with a gloved hand.

5. I-}lave a gamplle of the oil analyzed in a laboratory to establish the optimum oil change interval. If the oil is not analyzed, it should be
changed yearly.

6. Pressure and temperature measuring points that enable quick connection of precision instruments are provided on the unit. The
housings of the compressor elements have SPM (Shock Pulse Meterﬁ adapter plugs to receive the sensors of a vibration meter. Based
on the record of the various measurements, the condition of the machine can be judged. The diagnosis test can be carried out without
disturbing the normal operation of the machine and may be made at shorter intervals, as required.

7. Preferably to be carried out by an Atlas Copco Service representative.
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S. Burley:  RS-OP-014 disk

OPERATION AND MAINTENANCE OF THE 
BCLDP BREATHING AIR SYSTEM

1.0 Scope

This document establishes the procedural requirements for the operation and maintenance of the Breathing Air System (BAS) approved for use by the BCLDP.  This document is applicable to the personnel assigned to BCLDP Respiratory Protection who operate, monitor and maintain the breathing air system. 

2.0 Purpose

This document describes the installation, operation, maintenance and monitoring requirements of the BCLDP breathing air system; delineates the responsibilities of the personnel involved; and provides instructions for safe use of the equipment. This document satisfies the requirements of Reference 3.1.1.

3.0 References, Definitions, and Developmental Resources

3.1 References

3.1.1 RS-AP-1.0, Respiratory Protection Program For BCLDP

3.1.2 RS-OP-002, Selection and Use of Respiratory Protection Equipment

3.1.3 HP-OP-027, Use of Supplied Breathing Air Delivery Systems

3.1.4 RS-OP-016, Certification and/or Verification of Grade “D” or Better Breathing Air

3.1.5 SM-AP-1.0, Control of Non-Radiological Measuring and Test Equipment and Instrumentation (NRMTEI)

3.1.6 SIH-PP-04, BMI ES&H Hazardous Energy Control Program 

3.2 Definitions

Refer to the BCLDP Procedures Dictionary for definitions of the following terms and abbreviations.

	Inboard
	Cfm

	Outboard
	CO

	Bar-unit of pressure
	Psig

	Differential pressure – (p)
	Psia

	Hp
	Lp

	AC
	Catalyst


3.3 Developmental Resources 

3.3.1 Atlas Copco:  Instruction Book for Stationery Compressors 

3.3.2 Deltech:  Installation, Operation and Maintenance Manual for Heatless Compressed Air Dryers

3.3.3 Deltech:  Installation, Operation and Maintenance Manual for Carbon Monoxide Monitor

3.3.4 Bauer:  Instructional Manual for the Operation of the Bauer High Pressure Egress System

3.3.5 Air Systems:  Operation and Maintenance of the Supplied Breathing Air Distribution System 

4.0 General

4.1 This procedure shall be implemented according to the provisions of References 3.1.1, 3.1.2, and 3.1.3.

4.2 The safety devices, guards or insulation fitted on the compressor unit shall not be removed without an approved work instruction unless the power supply to the compressor is locked out in accordance with the provisions of Reference 3.1.6.

4.3 The compressor, the air purifying piping or any other part of the breathing air system that may have a temperature in excess of 80 degrees C (176F) shall be indicated by a WARNING sign stating “WARNING—HIGH TEMPERATURE”.

4.4 The purge adjustment valve (BA-PV-17) is set by the manufacturer for optimum breathing air operation and shall not be adjusted in the field. 

WARNING:
Modifying the setting of the purge adjustment valve could result in inadequate purification and could cause serious injury or death.

4.5 When the breathing air system is in use, an assigned attendant (BAS Operator) shall monitor the BAS at the intervals specified by DDO-372, DDO-373, and DDO-374, Breathing Air Operating Logs.

4.6 The operation and maintenance of the breathing air systems shall be performed by the vendor, the manufacturer, or qualified, manufacturer trained BCLDP personnel.

4.7 There shall be a carbon monoxide monitoring instrument with an audible alarm to detect and continuously monitor the levels of carbon monoxide gas in order to provide certifiable Grade “D” or better air.

4.8 Only manufacturer approved replacement parts, filters and catalysts shall be used. 

4.9 There shall be a visual inspection of all breathing line connections and air line pressure gauges prior to the entry into an IDLH area.  Entrants into IDLH atmospheres shall be equipped with a security tether line; in addi​tion, a dedicated rescuer equipped with SCBA shall be prepared for immediate rescue if necessary.  Entry into IDLH atmospheres shall not be made using bubble hoods.  An IDLH entry shall require a face-to-facepiece sealing respirator with an approved user-worn emergency escape-pack of egress air in accordance with the provisions of Reference 3.1.1 of this procedure.

4.10 The breathing air system shall include a breathing air emergency egress system that will continue to supply escape air to the respirator users in the event of compressor failure. This egress system is designed to allow bubble hoods users at least 5 minutes for escape purposes.
4.11 The noise level of the air compressor while in use may require the use of hearing protection for all applicable personnel.

4.12 The certification of Grade “D” breathing air shall be performed in accordance with the provisions of Reference 3.1.4. prior to the initial system use, on a routine basis (quarterly), and after any system main​tenance requiring the breach of any purification unit component. The sample connection for breathing air certification is located down line of the catalyst outlet filter (BA-PF-04) at valve BA-PV-62.

5.0 Procedure

5.1 Installation

5.1.1 The breathing air systems shall be installed in accordance with the manufacturer's specifications and the vendor’s recommendations.

5.1.2 The breathing air compressor should be placed outside the controlled area in order to minimize the possibility of internally contaminating the unit.

5.1.3 The breathing air compressor should be placed in a low-traffic area capable of security safeguarding.

5.1.4 The breathing air compressor should be placed in an area where the source of intake air is as cool and as clean as possible. Compressor should be located as far away as possible from roadways, parking lots, or other sources of carbon monoxide emissions.

5.1.5 The intake air supplying the unit shall be free from flammable fumes or vapors, e.g. paint solvents, that can lead to internal fire or explosion.

5.1.6 The compressor should be placed so that any exhausted air does not recirculate to the air inlet.

5.1.7 The breathing air compressor shall be lifted only with adequately rated equipment in accordance with applicable regulations and rules. The compressor weighs approximately 3500 pounds.

5.1.8 The compressor air outlet valve shall be positioned so that no external force or strain is placed upon the valve.

5.1.9 The breathing air compressor should be placed as close to the perimeter of the controlled area as possible. If the compressor is located outdoors, air hoses outside the controlled area perimeter shall be weather protected; in addition, the compressor ideally should be located as close to the purification skid as possible to minimize line pressure losses.

5.1.10 The electrical connections shall correspond to the local code. The compressor unit shall be properly grounded and protected against short circuit.

5.1.11 The breathing air purification skid may be located within the controlled area. There is little probability of internally contaminating the components of the purification skid because the unit(s) are sealed. 

In addition, the exterior surfaces of the components have been painted with epoxy or enamel paint to facilitate decontamination in the event of external contamination. All guidelines to control contamination shall be observed when the purification skid components are breached for servicing.

5.1.12 The purification skid shall be located on a level surface.

5.1.13 The purification skid should have at least 24 inches of clearance around the unit to facilitate servicing.

5.1.14 The purification skid requires an 120v independent power supply; the electrical connections shall correspond to the local code. The purification skid shall be properly grounded and protected against short circuit.

5.1.15 Ideally, the purification skid should be placed in an area of low traffic due to noise generated during operation. However, this may not always be possible due to limitations of available placement areas and purification skid dimensions.

5.1.16 The purification skid shall be located in an area where the ambient air temperature is between 35 degrees F and 120 degrees F.

5.1.17 The D.O.T. bottles of the emergency egress system shall be secured. 

5.2 Initial Requirements Prior to Start-Up

NOTE:
The BAS Operator shall perform the requirements of Section 5.2. of this procedure.

5.2.1 Before the initial start-up or before returning the compressor to service after maintenance or overhaul, the operational pressures, temperatures and time settings should be verified and the settings properly positioned for correct operation in accordance with the provisions of Attachment 9 of this procedure.

5.2.2 Prior to operation of the breathing air system, the carbon monoxide monitor shall be calibrated and tested in accordance with the provisions of Section 5.6 of this procedure to assure satisfactory operation.  

5.2.3 A physical walk-down of the BAS shall be performed PRIOR to the breathing air system start-up in accordance with the provisions of DDO-372, Breathing Air Compressor Operating Log, and DDO-373, Breathing Air Purification Unit Operating Log. Use the System Alignment Guideline (Exhibit 9) to verify proper positioning of all components of the systems.

5.2.4 The oil level shall be checked before the start-up of the compressor. Check the compressor sump through the oil-level sight glass for oil level. If necessary, fill the compressor sump to the middle of the oil level sight-glass with oil in accordance with the provisions of Exhibit 1 of this procedure.

5.2.5 Check the condensate drain piping. The lines should pitch downward, away from the compressor. 

CAUTION:
The open ends of the drain piping should never dip into water. This could prevent the drainage of the unit.

5.2.6 Verify compressor motor rotation.

WARNING:    During initial set-up, it is imperative to verify the rotation of the motor of the breathing air compressor. Improper motor rotation will cause immediate motor failure, resulting in costly repairs.

5.2.7 The unloader pressure switch (BA-CSW-19) in the compressor allows the selection of the unloading pressure and the pressure difference between the unloading and loading pressures. BA-CSW-19 shall be set to provide a minimum of 9 psi between the unloading pressure and the loading pressure. Refer to Exhibit 10 of this procedure.

WARNING:
When adjusting the unloader pressure switch, beware of the electrical voltage of the switch.

· The unloading pressure is controlled by adjusting screw (2). Turn the screw clockwise to raise the unloading pressure or counter-clockwise to lower the unloading pressure.

· The pressure difference is controlled by adjusting screw (3). Turn the screw clockwise to reduce the pressure difference or counter-clockwise to increase.

CAUTION:
The minimum pressure difference is 9 psig.

5.2.8 The inlet filter automatic drain valves (inbd Automatic Blowdown Valve, BA-PV-24; otbd Automatic Blowdown Valve, BA-PV-55) shall initially be set as follows:

· BA-PV-24 should be set for a 5-minute blowdown cycle with a 5 to 7 second purge time.

· BA-PV-55 should be set for a 20-minute blowdown cycle with a 5 to 7 second purge time.

· BA-PV-24 should be manually purged briefly during the work day to determine if the purge times are removing all moisture from the inlet filter.

NOTE:
The amount of purged moisture is largely dependent on atmospheric conditions. The blowdown cycles and the purge time of the automatic drain valves shall be evaluated by the BAS operator and changed as necessary.

5.2.9 BA-PTM-44, “Failure-to-Switch” alarm delay timer, shall be set for 2 minutes to 3 minutes. This interval will allow the complete pressurizing of the dryer component during system start-up without shutting down the compressor.

5.3 System Start-Up 

NOTE:
The BAS Operator shall perform the requirements of Section 5.3. of this procedure.

5.3.1 Complete the requirements of Exhibit 9, System Alignment Guideline, and verify all listed components to be in the startup position.

5.3.2 Complete DDO-405, Breathing Air System Start-up, in accordance with the provisions of Section 5.9.9 of this procedure.

5.3.3 Drain all accumulated moisture from the compressor bull-line prior to start-up. The compressor bull-line is drained at the compressor drain-leg by opening the drain-leg valve and allowing moisture to gravity-drain via the valve. The compressor bull-line is drained at the purification unit by disconnecting the bull-line at the connection point and draining the open bull-line into the barrel designated for breathing air system condensates.

5.3.4 Verify that the compressor drain-leg valve is closed after use and that the compressor bull-line is properly attached and secured prior to start-up.

5.3.5 At the purification skid, plug in and secure the 120v power supply to the purification skid.

5.3.6 Plug in and secure the control cable to the compressor.

5.3.7 At the purification unit, to energize the system, turn on the main power switch (BA-PSW-45).
5.3.8 Verify that CO monitor is ON and observe:

· LED display illuminates

· Check low alarm and high alarm set points

5.3.9 At the compressor, unlock the control panel, secure the power supply, check the oil level and then place the unload/normal switch (BA-CSW-40) in the unload position, verify that applicable indicator fault lamps are illuminated.

5.3.10 Press the Reset/Start switch (BA-CSW-41) and observe:

· Automatic Operation and Voltage ON lamps are illuminated

· All fault lamps are extinguished

· Oil pressure gauge is within operating limits.

5.3.11 Place the unload/normal switch in the normal position and observe the delivery pressure gauge (BA-CG-18) increasing to the unloading setpoint (~100 to105 psig) and the compressor automatically unloading.

5.3.12 Check for visible oil leaks.

5.3.13 Open the moisture trap manual drain valve (BA-CV-15); allow to purge, shut the moisture trap manual drain valve.

5.3.14 Verify the intercooler pressure gauge (BA-CG-30) is within operating limits.

5.3.15 Open the outlet isolation valve (BA-CV-17).

5.3.16 Go to the purification unit and observe the following:

· System pressure increasing to the compressor unload setpoint

The desiccant towers' purge valves alternating operation every five minutes

· The filter auto drain valves operating

· The Failure-To-Switch lamp and alarm are off

· Purge pressure is cycling as the offline desiccant tower is depressurizing

· Inlet and outlet filter P indicators are green

CO monitor flowrate is measured on gauge (typically 5 to 8 scfh)

· Check for air leaks

5.3.17 Press the reset button for the status indicator lamps. This should turn all status lamps OFF.

5.3.18 Turn ON the Un-interruptible Power Supply (UPS), as applicable. Verify operation by ensuring that the green light is ON.

5.3.19 Verify that system pressure is greater than 60 psi and fully OPEN all emergency egress cylinder valves. 
5.3.20 Verify the following:
· Low Bank Pressure Lamp is extinguished:

· Regulated Pressure gauge is within operating parameters:

· Bank Pressure gauge is within operating parameters:

5.3.21 Verify that there is no flow through egress regulator:

5.3.22 Open the accumulator drain valve and allow any moisture to drain. Close accumulator drain valve.

5.3.23 Verify that the system operates for at least 3 complete purge cycles.

5.3.24 Open the egress isolation valve. 
5.3.25 Obtain independent verification of the positioning of the egress isolation valve and the egress cylinder valves by a representative of Health Physics or D&D Operations.

5.3.26 Install locking caps on the emergency egress cylinders and on the egress isolation valve and secure in place.

5.3.27 Initiate DDO-372, DDO-373, and DDO-374.

5.3.28 Perform a walkdown and verify that air hoses to work stations are properly secured; verify that safety lanyards are in place.

5.3.29 Verify that valves at routing junctions are properly positioned for the appropriate work stations.

5.3.30 Verify that hose and manifold caution signs are in place and clearly visible.

5.3.31 Upon request for air card in accordance with the provisions of Reference 3.1.3. of this procedure, open the service header isolation valves, as necessary to support work.

5.3.32 Turn ON the low pressure indicator alarm at the work station manifold; verify that the green Lamp is illuminated.

5.3.33 Blowdown the work station inlet moisture trap at each manifold in use.

5.3.34 Document start-up data on DDO-372, DDO-373, and DDO-374.
5.4 Routine Operation 

5.4.1 A supplied air respirator user shall adhere to the provisions and requirements of References 3.1.1, 3.1.2, and 3.1.3.

5.4.2 At periodic intervals, the BAS operator shall walk-down the compressor, the purification skid, and the work-sites when the breathing air system is in operation.  In addition, the BAS operator shall complete DDO-372, DDO‑373, and DDO-374.

5.4.3 Upon completion of successful start-up, the BAS operator will advise the Health Physics technician providing job coverage that the respirator users may proceed with supplied breathing air respirator use.
5.4.4 The BAS operator shall periodically blowdown the catalyst outlet filter drain valve (BA-PV-25).

5.4.5 When the breathing air system is no longer required for job support, the BAS operator shall shutdown the system in accordance with the provisions of this procedure.

5.5 Abnormal Operation/Emergency Conditions

5.5.1 If, during system start-up, system indicators (gauges, lamps, etc.) indicate any problems with system operations, the BAS operator shall suspend start-up and attempt to resolve the problem in accordance with the pro​visions of this procedure (See Attachments 10 through 14 of this procedure. See Exhibit 2 and Exhibit 3, Troubleshooting Guide(s) of this procedure).

5.5.2 If, during system operation, system indicators indicate that there is a potential problem with the system (e.g. compressor discharge pressure is high; oil pressure is low; purification skid drainage is slow), but system is still within operational parameters, then the BAS operator shall continue to monitor the system. The BAS operator may decide to shut the system down at his/her discretion. If the problem continues, the BAS operator may advise the Health Physics technician(s) providing job coverage to exit workers from the area. The BAS operator shall advise the Respiratory Protection Project Manager.

5.5.3 Upon the verified exit of all affected respirator users, attempt to resolve the problem in accordance with the provisions of this procedure.

WARNING:
IT MAY BE NECESSARY TO DISABLE THE EMERGENCY EGRESS SYSTEM IN ORDER TO SERVICE THE BREATHING AIR SYSTEM DURING OPERATION WITHOUT LOSS OF THE HP EMERGENCY AIR.

5.5.4 If, during system operation, any component of the system shuts down, this will result in the suspension of operation of the breathing air purification unit, regard​less of which component initially shut-down. The emergency egress system will activate automatically, sending emergency use breathing air to the accum​ulator for distribution to the breathing air manifolds. The alarm circuit on the purification skid will sound. The remote alarm units at the control point(s) will sound (110 db) and will illuminate (red strobe light). 

5.5.4.1 Upon unplanned system shut-down, the BAS operator shall IMMEDIATELY go to the work stations and advise the Health Physics technician providing job coverage. If the Health Physics technician is not immediately available, the BAS operator shall advise the respirator users to exit the work area and shall assist the workers with bubble hood removal.

5.5.4.2 After worker safety is ascertained, the BAS operator shall return to breathing air system and complete shut-down in accordance with the provisions of Section 5.6 of this procedure. After shutdown, the BAS operator shall attempt to ascertain the reason for system shut-down and attempt to resolve the problem in accordance with the provisions of this procedure.

CAUTION:
Breathing Air system cannot be restarted without verification of the emergency egress cylinders’ pressure and correction of the shutdown faults.  Authorization of the Respiratory Protection Project Manager is required to re-start the BAS.

5.5.4.3 If the shutdown was initiated by the purification skid, the component status indicator lamps should indicate the function (low pressure; CO; tower-switch; loss of power to dryer) that caused the failure. This identification will assist in trouble-shooting the unit to determine cause of failure.

5.5.4.4 If the shutdown was initiated by the compressor, the cause of the fault (oil pressure, motor overload, etc.) should be illuminated on the compressor control panel. If all fault indicator lamps on the control panel are illuminated (suggesting normal pre-start mode), this suggests that there was a power surge, fluctuation, or other interruption of power to the compressor, causing the shutdown. This identification will assist in trouble-shooting the unit to determine cause of failure.
5.6 Routine Shutdown

NOTE:
The BAS operator shall complete the requirements of Exhibit 9, System Alignment Guideline, during system shutdown and that of Section 5.6 of this procedure.

5.6.1 After the return of ALL “in-use” cards by the job coverage technician(s), the BAS operator shall perform a physical walkdown of all work areas to ensure that breathing air is no longer required.

5.6.2 Complete DDO-406, Breathing Air System Shutdown, as indicated in Section 5.9 of this procedure.
5.6.3 Shut-down of the breathing air system shall be performed as follows:

5.6.3.1 Shut the service leader isolation valve(s) BA-PV-26, A, B, C, D.

5.6.3.2 The work station manifold(s) shall be purged of air.

5.6.3.3 UNLOCK and CLOSE the valves of the D.O.T. emergency air cylinders of the egress system.

5.6.3.4 At the purification skid, UNLOCK and CLOSE the egress system isolation valve (BA-PV-27).
CAUTION:
Failure to perform steps 5.6.3.3 and 5.6.3.4 will result in loss of emergency egress breathing air.

5.6.3.5 Turn OFF the un-interruptable power supply (UPS).
5.6.3.6 Turn the purification skid power switch (BA-PSW-45) off.

5.6.3.7 At the breathing air compressor, close the air outlet valve (BA‑CV-17).

5.6.3.8 Move the UNLOAD/NORMAL toggle switch (BA-CSW-40) to the UNLOAD position.

5.6.3.9 Depress the STOP button (BA-CSW-42). The AUTOMATIC OPERATION (BA-CI-34) indicator light will go out and the compressor will stop.

5.6.3.10 Open the drain valve (BA-CV-15) to permit condensate to drain out as the system depressurizes, then shut the drain valve.
5.6.3.11 At the purification unit, deactivate the main power supply to the purge timer.
5.6.3.12 Open drain valve (BA-PV-19) on the accumulator. This will permit dryer, filters, catalyst tower and accumulator on puri​fication skid to depressurize when the compressor is secured. Leave the drain valve open until pressure gauges on dryer and accumulator indicate Zero (0) psig and then shut the drain valve.
5.6.3.13 Open drain valve (BA-PV-33) to allow egress system to depressurize. Leave the drain valve open until pressure gauges on egress panel indicate zero (0) psig and then shut the drain valve.
5.6.3.14 Open service header isolation valves (DA-PV-26A, B, C, D) to allow pressure to equalize throughout system. Close service header valves.

5.6.3.15 Using Exhibit 9, position all listed components in their shut​down position. If startup is anticipated within 2 hours, the components may be placed in the startup position.

5.7 Component Calibration

5.7.1 The PRESSURE GAUGES located on the breathing air compressor, the purification unit, and the breathing air manifolds shall be calibrated on an annual basis in accordance with the provisions of Reference 3.1.5.


5.7.2 The FLOWMETER located on the CO monitor shall be calibrated on an annual basis in accordance with the provisions of Reference 3.1.5. 

5.7.3 The TEMPERATURE SWITCHES located on the breathing air compressor shall be calibrated on an annual basis or proper operation shall be verified in accordance with manufacturer specifications by a qualified vendor on an annual basis. 

5.7.4 The PRESSURE SWITCHES located on the breathing air system shall be calibrated on an annual basis or proper operation shall be verified in accordance with manufacturer specifications by a qualified vendor on an annual basis.

5.7.5 The CARBON MONOXIDE MONITOR located on the purification skid shall be calibrated by the BAS operator. The CO monitor shall be calibrated after the initial installation prior to system usage and on a monthly basis. The calibration of the CO monitor shall be documented on DDO-003, Instrument Services Record—CO Monitor. (Refer to Exhibit 5 of this procedure.) The CO monitor shall be calibrated as follows:

5.7.5.1 Turn unit on. Wait 20 minutes for the sensor to stabilize.

5.7.5.2 Turn the sample/calibration valve to the calibrate position.

5.7.5.3 Connect the “zero” gas bottle to the calibration connection port.

5.7.5.4 Supply a flow of 1 to 5 scfh of “zero” gas.

5.7.5.5 Allow sample lines to purge for approximately one minute.

5.7.5.6 Wait for the sensor to stabilize. The display should read 000 +/- 1 ppm. If it does not, adjust the zero potentiometer with a small screwdriver until you get the correct reading.

5.7.5.7 Disconnect the “zero” gas.

5.7.5.8 Connect the “span” gas bottle to the calibration connection port.

5.7.5.9 Supply a flow of 1 to 5 scfh of “span” gas. The span gas is a calibration gas with a known level of carbon monoxide.

	WARNING

High carbon monoxide concentrations are toxic.

Take appropriate ventilation precautions when calibrating with a span gas.
	


5.7.5.10 The display should read the span gas concentration +/- 1 ppm. If not, adjust the span potentiometer so that the display reads the correct span gas concentration +/- 1 ppm.

5.7.5.11 Disconnect span gas.

5.7.5.12 Return the sample/calibration valve to the sample position.

5.7.5.13 Check high and low alarm setpoints. If necessary, set low alarm between 5-9 ppm and high alarm at 10 ppm.  High Alarm setpoints must comply with all applicable regulations.
5.7.5.14 Verify relay function of LEDs and audible alarm by depressing the PUSH-TO-TEST switch.

5.7.5.15 Return the sample/calibration valve to the sample position.

5.7.5.16 The CO monitor is now ready for on-line use.

5.7.6 The PRESSURE RELIEF VALVES located on the purification unit and the breathing air manifolds shall be calibrated on an annual basis in accordance with the provisions of Reference 3.1.5.

5.8 System Maintenance

5.8.1 Maintenance of the components of the breathing air systems shall be performed in accordance with the provisions of Reference 3.1.1, 3.1.2, and the applicable manufacturer's specifications.

5.8.2 All compressor maintenance work performed by BCLDP personnel shall be performed when the breathing air compressor has been locked out/ tagged out in accordance with the provisions of Reference 3.1.6. of this procedure. However, an approved vendor routinely performs inspec​tion and maintenance on the compressor in which maintenance must be performed, e.g. vibration checks, while the compressor is operating. The BCLDP Safety Officer shall be advised prior to the vendor performing maintenance services upon the compressor unit without approved LO/TO.
5.8.3 Flammable solvents shall never be used for the cleaning of parts.

5.8.4 The sound-dampening material in the breathing air compressor should not be removed.

5.8.5 Maintenance shall be performed at the intervals indicated and in accordance with the provisions of Exhibit 1, Exhibit 4, and Attachments 10-14 of this procedure. 

5.9 Documentation

5.9.1 DDO-372, BREATHING AIR COMPRESSOR OPERATING LOG, is a logsheet for the documentation of compressor operating parameters. Data shall be entered at intervals indicated by the logsheet during operation of the breathing air compressor. DDO-372 is structured as follows:

5.9.1.1 The first column contains the component number to be observed and the second column indicates the parameters to be monitored and the unit of parameter measurement.

5.9.1.2 The third column contains NORMAL operation parameters (operating range) and ACTION LEVELS (operating readings outside the normal operating range).

5.9.1.3 The following columns (24 in number) indicate the hourly inspection and monitoring cycle. Some columns are lightly shaded to indicate the monitoring intervals required.

5.9.2 DDO-372 shall be completed as follows:

5.9.2.1 Upon successful completion of start-up, the BAS Operator shall initiate DDO-372 as follows:

a. Enter today’s date.

b. Go to the appropriate time column.

c. Evaluate the parameter listed by comparing gauge, indicator lights, or condition with the NORMAL parameter listed. Record the parameter reading in the start-time column.

d. If the parameter is out-of-specification, the parameter conditions shall be circled and explained in the Comment Section (on the reverse side) of DDO-372.

e. If the parameter readings exceed action levels, appropriate action in accordance with the provisions of this procedure shall be performed and documented on DDO-372, Comments Section.

f. After all parameters have been evaluated and the results documented, the TIME row of the appropriate numerical column shall be completed.

g. The BAS operator shall initial the TECHNICIAN row of the appropriate numerical column.

5.9.2.2 A running log shall be maintained on the reverse side of DDO-372. The BAS operator shall use this section to record all systems operating information not documented on the obverse, unusual occurrences, work stations, change-outs, turn-over, etc.

5.9.2.3 All non-applicable areas of DDO-372 shall be lined-out and initialed by the BAS operator.

5.9.3 DDO-373, BREATHING AIR PURIFICATION UNIT OPERATING LOG, is a logsheet for the documentation of the purification unit operating parameters. Data shall be entered at intervals indicated by the logsheet during operation of the breathing air compressor. DDO-373 is structured as follows:

5.9.3.1 The first column contains the component number to be observed and the second column indicates the parameter to be monitored and the unit of parameter measurement.

5.9.3.2 The third column contains NORMAL operation parameters (operating range) and ACTION LEVELS (operating readings outside the normal operating range).

5.9.3.3 The following columns (24 in number) indicate the hourly inspection and monitoring cycle. Some columns are lightly shaded to indicate the monitoring intervals required.

5.9.4 DDO-373 shall be completed as follows:

5.9.4.1 Upon successful completion of start-up, the BAS operator shall initiate DDO-373 as follows:

a. Enter today’s date and location of the Breathing Air Purification Unit.

b. Go to the appropriate time column.

c. Evaluate the parameter listed by comparing gauge, indicator lights, or condition with the NORMAL parameter listed. Record the parameter reading in the start-time column.

d. If the parameter is out-of-specification, the parameter conditions shall be circled and explained in the Comment Section (on the reverse side) of DDO-373.

e. If the parameter readings exceed action levels, appropriate action in accordance with the provisions of this procedure shall be performed and docu​mented on DDO-373, Comments Section.

f. After all parameters have been evaluated and the results documented, the TIME row of the appro​priate numerical column shall be completed.

g. The BAS operator shall initial the TECHNICIAN row of the appropriate numerical column.

5.9.4.2 A running log shall be maintained on the reverse side of DDO-373. The BAS operator shall use this section to record all systems operating information not documented on the obverse, unusual occurrences, work stations, change-outs, turn-over, etc.

5.9.4.3 All non-applicable areas of DDO-373 shall be lined-out and initialed by the BAS operator.

5.9.5 DDO-374, BREATHING AIR MANIFOLD-WORK STATION OPERATING LOG, is a logsheet for the documentation of the status of the breathing air manifold operating parameters. Data shall be entered hourly while the manifold(s) is in use. DDO-374 shall be initiated DURING operation of the breathing air system, not BEFORE operation of the breathing air system. DDO-374 is structured as follows:

5.9.5.1 The first column contains the entries for the number of manifolds in use; the number of work stations in use; the location of the work station to be inspected; manifold color; the regulators in use; the operating pressure ranges, and the type of respiratory protection equipment in use.

5.9.5.2 The second column contains an area for recording the highest pressure range currently in use and an area for recording the lowest pressure range currently in use.

5.9.5.3 The following columns (24 in number) indicate the hourly inspection and monitoring cycle. Monitoring shall be performed hourly.

5.9.6 DDO-374 shall be completed as follows:

5.9.6.1 Upon successful completion of system start-up, breathing air will be directed to the breathing air manifolds. The BAS operator shall initiate DDO-374 as follows:

a. Enter today’s date and other requested information for each work station.

b. Go to the appropriate time column.

c. List the highest operating pressure at the work station and the lowest operating pressure at the work station in the second column. Record the parameter reading in the appropriate start-time column.

d. If the parameter is out-of-specification, the parameter conditions shall be circled and explained in the Comment Section (on the reverse side) of DDO-374. In addition, the BAS operator shall notify the job coverage Health Physics technician. The pressure will be returned to the proper range.

e. After all pressure readings have been evaluated and the results documented, the TIME row of the appropriate numerical column shall be completed.

f. The BAS operator shall initial the TECHNICIAN row of the appropriate numerical column.

5.9.6.2 A running log shall be maintained on the reverse side of DDO-374. The BAS operator shall use this section to record all systems operating information not documented on the obverse, such as:  unusual occurrences, work station change-outs, turn-over, etc. 

5.9.6.3 Non-applicable areas of DDO-374 shall be lined-out and initialed by the BAS operator. 

5.9.7 DDO-003, Instrument Services Record—CO Monitor is the calibration record for the purification skid carbon monoxide monitor.  DDO-003 shall be completed after the initial installation prior to system usage, on a monthly basis and whenever any component of the system is breached for servicing. DDO‑003 shall be completed as follows:

5.9.7.1 Record the calibration time, calibration date, reason for calibration (e.g., initial, monthly, services), technician performing calibration.

5.9.7.2 Record the carbon monoxide flowmeter calibration date and the calibration due date.

5.9.7.3 Record the CO calibration gas concentrations.

5.9.7.4 Perform the calibration of the CO monitor in accordance with the provisions of Section 5.6.5 of this procedure.

5.9.7.5 Record the sensor stabilization (Y/N).

5.9.7.6 Record the “As Found” settings in the “Zero” gas, “span” gas columns and the flowmeter “As Found” settings.

5.9.7.7 After calibration of CO monitor in accordance with the provisions of Section 5.7.5 of this procedure, record the “As Left” settings.

5.9.7.8 Record the alarm setpoints; indicate if the alarm setpoints are satisfactory or unsatisfactory.

5.9.7.9 Verify performance of the audible alarm.

5.9.7.10 Record additional information in the “Remarks” section.

5.9.7.11 The BAS operator shall complete DDO-003 by initialing and dating the form.

5.9.7.12 Record calibration due date.

5.9.8 DDO-014, Breathing Air System Operator Qualification Record, shall be completed by the Respiratory Protection Project Manager for each BAS operator. Each BAS operator shall satisfactorily complete the requirements of Section 5.8 of this procedure before operating and/or servicing the breathing air system.

5.9.8.1 The Respiratory Protection Project Manager shall observe the performance of the requirements of each section of DDO-014 and sign-off and date each section after satisfactory completion by each BAS operator candidate.

5.9.8.2 After sign-off/dating of all sections of DDO-014, the Respiratory Protection Project Manager shall certify each candidate as a BAS operator.

5.9.8.3 The Respiratory Protection Program Administrator shall review and approve the certification of each BAS operator.

5.9.9 DDO-405, Breathing Air System Startup, shall be completed by the designated BAS operator for each startup of the breathing air system. 
5.9.10 The BAS operator shall record the following information on DDO-405:

5.9.10.1 Name, date and time of day;
5.9.10.2 Type of operation:  Job Support, “Check” Operation or Maintenance;

5.9.10.3 Start-up data.

5.9.11 The BAS operator shall document independent verification of the emergency egress valve line-up prior to job support. Verification may be provided by a representative of Health Physics or D&D Operations. 
5.9.12 DDO-406, Breathing Air System Shutdown, shall be completed by the designated BAS operator for each shutdown of the breathing air system. 
5.9.13 The BAS operator shall record the following information on DDO-406:

5.9.13.1 Name, date and time of day;
5.9.13.2 Type of operation:  Job Support, “Check” Operation or Maintenance;
5.9.13.3 Verification that all “in-use” cards have been returned and that a physical walkdown of the work area has been performed prior to the shutdown of the breathing air system.

5.9.13.4 Shutdown data.

5.9.14 Documentation of maintenance intervals (ticklers) shall be maintained: 
5.9.14.1 to indicate service times and intervals for maintenance and to indicate calibration intervals for breathing air system components.

5.9.14.2 to provide supplemental documentation to ascertain that maintenance of the breathing air system has been performed in accordance with the provisions of this procedure and manufacturer's guidelines.

5.9.15 Maintenance records for the breathing air system and associated components shall be maintained in order to:

5.9.15.1 have readily accessible data available to indicate past servicing, component information, replacement parts available, etc.

5.9.15.2 provide an accurate history of system performance and to identify trends requiring attention.

5.9.15.3 provide supplemental documentation that maintenance of the breathing air system has been performed in accordance with the provisions of this procedure and manufacturer's guidelines.

5.9.16 All documentation completed by the breathing air systems operator shall be reviewed by the Respiratory Protection Project Manager and forwarded to Project Records on a monthly basis.

5.10 Operator Qualification

5.10.1 Candidates for Breathing Air System Operator shall demonstrate an acceptable level of system knowledge by the successful completion of a written examination with a score of 80% or better.  The following concepts shall be discussed:   

5.10.1.1 Complete a diagram of the breathing air system showing all major components and labeling those components.

5.10.1.2 Discuss the operation of the compressor.

5.10.1.3 Discuss the operation of the purification skid systems.

5.10.1.4 Discuss the integrated system operation.

5.10.1.5 Discuss the automatic functions and the associated actuation setpoints.

5.10.1.6 Discuss the automatic shutdowns and the associated setpoints.

5.10.1.7 Discuss the emergency actions required upon system failure.

5.10.1.8 Discuss the operation of the breathing air system manifolds.

5.10.1.9 Discuss airline safety principles as described in Reference 3.1.3 of this procedure.

5.10.1.10 Discuss NIOSH certification and its applicability to the BCLDP breathing air system.

5.10.2 Candidates for Breathing Air System Operator shall demonstrate proficiency by the successful operation of system components.  Prospective operators shall perform the following, unassisted: 
5.10.2.1 Perform a system startup.

5.10.2.2 Perform a system shutdown.

5.10.2.3 Take three sets of logs.

5.10.3 Candidates for Breathing Air System Operator shall complete the requirements of the Procedure Qualification Packet for Breathing Air System Operator.  DDO-014, Qualification Record, for each candidate shall be completed and forwarded to Project Records and BCLDP Training.

5.10.4 The Respiratory Protection Project Manager should proctor the testing and proficiency process for each candidate and certify each candidate as a qualified operator.

5.10.5 The Respiratory Protection Program Administrator shall review and approve the certification of each candidate as a qualified operator.

5.10.6 The qualification of the BAS operator does not provide authorization to perform any maintenance activity without the prior approval of the Respiratory Protection Project Manager.

5.10.7 A BAS operator shall re-qualify as a BAS operator by completing Sections 5.10.1 and 5.10.2 every 36 months.

6.0 Records

All records generated by the use of this procedure shall be forwarded to Project Records on a monthly basis.

6.1 Breathing Air System Operating Logs

6.1.1 Breathing Air Compressor Operating Log

6.1.2 Breathing Air Purification Unit Operating Log

6.1.3 Breathing Air Manifold-Work Station Operating Log

6.1.4 Breathing Air System Startup

6.1.5 Breathing Air System Shutdown
6.2 Calibration Records

Calibration records shall be maintained in accordance with the provisions of Reference 3.1.5 with the exception of DDO-003, Instrument Services Record—Carbon Monoxide Monitor

6.3 Breathing Air BAS operator Qualification Record

7.0 Forms, Exhibits, and Attachments

7.1 Forms

7.1.1 DDO-003, Instrument Services Record—Carbon Monoxide Monitor

7.1.2 DDO-014, Breathing Air System Operator Qualification Record

7.1.3 DDO-372, Breathing Air Compressor Operating Log

7.1.4 DDO-373, Breathing Air Purification Unit Operating Log

7.1.5 DDO-374, Breathing Air Manifolds-Work Station Operating Log

7.1.6 DDO-405, Breathing Air System Startup

7.1.7 DDO-406, Breathing Air System Shutdown
7.2 Exhibits

7.2.1 Exhibit 1, Atlas Copco Compressor Preventative Maintenance Schedule

7.2.2 Exhibit 2, Atlas Copco Compressor Trouble-shooting Guide

7.2.3 Exhibit 3, Purification Skid Trouble-shooting Guide

7.2.4 Exhibit 4, Deltech Dryer Maintenance Checklist

7.2.5 Exhibit 5, Carbon Monoxide Monitor

7.2.6 Exhibit 6, Carbon Monoxide Monitor Trouble-shooting Guide

7.2.7 Exhibit 7, Purification Skid Diagram

7.2.8 Exhibit 8, Compressor Diagram 

7.2.9 Exhibit 9, System Alignment Guideline

7.2.10 Exhibit 10, Unloader Pressure Switch

7.3 Attachments

7.3.1 Attachment 1, Breathing Air Compressor

7.3.2 Attachment 2, Breathing Air Purification Skid

7.3.3 Attachment 3, Description of Operating Theory

7.3.4 Attachment 4, Description of System Alarms and Indicators

7.3.5 Attachment 5, Electrical/Control Systems

7.3.6 Attachment 6, Oil Systems

7.3.7 Attachment 7, Cooling Systems

7.3.8 Attachment 8, Drainage Systems

7.3.9 Attachment 9, System Specifications

7.3.10 Attachment 10, Daily Maintenance

7.3.11 Attachment 11, Weekly Maintenance

7.3.12 Attachment 12, Quarterly Maintenance

7.3.13 Attachment 13, Semiannual Maintenance

7.3.14 Attachment 14, Annual Maintenance

DDO-003, Instrument Services Record—Carbon Monoxide Monitor

DDO-014, Breathing Air System Operator Qualification Record

DDO-372, Breathing Air Compressor Operating Log

DDO-372, Breathing Air Compressor Operating Log

(Continued)

DDO-373, Breathing Air Purification Unit Operating Log

DDO-373, Breathing Air Purification Unit Operating Log

(Continued)

DDO-374, Breathing Air Manifolds-Work Station Operating Log

DDO-374, Breathing Air Manifolds-Work Station Operating Log

(Continued)

DDO-405, Breathing Air System Startup
DDO-405, Breathing Air System Startup
(Continued)

DDO-405, Breathing Air System Startup
(Continued)

DDO-406, Breathing Air System Shutdown
DDO-406, Breathing Air System Shutdown
(Continued)

EXHIBIT 1

ATLAS-COPCO COMPRESSOR PREVENTATIVE MAINTENANCE SCHEDULE

[image: image15.png]SYSTEM ALIGNMENT GUIDELINE

EXHIBIT 9

Shut-Down Operating Start-up

Component Number Position Position Position
After Cooler Moisture Trap Manual BA-CV-15 Shut Shut Shut
Drain Valve
Outlet Isolation Valve BA-CV-17 Shut Open Shut
Unload/Normal Toggle Switch BA-CSW-40 Unload Normal Unload
Purge Adjustment Valve BA-PV-17 Positioned Positioned Positioned
Accumulator Drain Valve BA-PV-19 Shut Shut Shut
Unit Isolation Valve BA-PV-26 Shut Open, Shut

A,B.C.D as required
Emergency Egress Isolation Valve BA-PV-27 Shut Open Shut
Bleed Valve BA-PV-33 Shut Shut Shut
Emergency Cylinder BA-PEC-37 Shut Open Shut
A.B.C

Carbon Monoxide Calibration Valve BA-PV-39 Sample Sample Sample
Main Power Switch BA-PSW-45 Off On Off
Carbon Monoxide Monitor Power BA-PSW-48 Off On Off
Switch
Carbon Monoxide Monitor Alarm BA-PSW-53 Off Off Off

Silence Switch





[image: image14.png]EXHIBIT 2

ATLAS COPCO COMPRESSOR TROUBLE-SHOOTING GUIDE

Page 1 of 3

Mechanical Faults and their Suggested Remedies - Compressor

Condition Possible Faults Suggested Remed,
1. Motor cuts out after starting (within Oil pressure too low a See Section 5 of Exhibit 2.
approx. 10 s) and OIL PRESSURE Oil pressure switch remains stuck in b, Remove and test switch. Replace, if out of
fault indicator lamp (BA-P1-35) open position order
lights up Time relay of motor starter tripstoo | ¢. et relay to cut out approx. 10 seconds after
soon start button has been pressed. Consult vendor
ifoil pressure does not reach setting of oil
pressure switch within this period
2. Toggle switch moved from Pressure in air outlet is above pre-set | a. Wait until pressure in air outlet pressure is
UNLOADed to NORMAL, but loading pressure, i.., air pressure Tower than pre-set loading pressure of air
compressor does not load switch is open pressure switch
Air inlet throttle valve does not open
due to:
Air leak in line between intercooler b, Check and correct, as necessary. Repair even
and switching valve slightest leak
Diaphragm of switching valve ¢ Remove valve and inspect diaphragm
damaged
Loading solenoid valve inoperative d. Remove and have solenoid checked
Diaphragm of loading plunger e Remove cover from air inlet casing and
perforated or throttle valve hampered inspect diaphragm. If in order, remove it and
in its movement check throttle valve shaft for free axial
‘movement by hand. 1f jammed, remove inlet
casing, dismantle and replace parts where
necessary. Attention: Observe utmost
cleanness. Take care that no dirt can enter the
LP compressor element
3. Air temperature switch trips, Inlet temperature too high due totoo | a Improve ventilation of compressor room
TEMP.LP OUTLET fault indicator high ambient temperature or bad
lamp (BA-P1-36) lights up and compressor room ventilation
motor stops Unloading valve leaking during loaded | b. Remove and inspect inlet casing
operation (on units without blow-off
silencer)
Pressure ratio too high due to low ¢ Consult vendor
efficiency of HP element, leading to
100 high an intercooler pressure
LP element not in order d. Consult vendor

Switch incorrectly set

Set switch to trip at specified temperature
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ATLAS COPCO COMPRESSOR TROUBLE-SHOOTING GUIDE

L Mechanical Faults and their Suggested Remedies - Compressor

Condition

Possible Faults

Suggested Remed

4. Air temperature switch trips,
TEMP_HP OUTLET fault indicator
lamp (BA-P1-37) lights up and
motor stops

a Inlet temperature 100 high due to
ufficient intercooling caused by:

- Intercooler clogged externally
- Cooling fan inoperative

b, Pressure ratio too high during loaded
operation due to 100 high a working
pressure or too low an intercooler
pressure (caused by low efficiency of
LP element or inlet pressure at LP
element 100 low)

¢ Pressure ratio too high during
unloaded operation due to leaking
check valve

. HP clement not in order

e Switch incorrectly set

a. - Clean cooler block
- Have fan repaired

b, Decrease working pressure or replace air
filter. Check if compressor air inlet is free.
Consult vendor if LP element is not in order

¢ Remove and inspect valve

d. Consult vendor
e See Section 3¢ of Exhibit 2

5. Low oil pressure or oil pressure
switch trips, OIL PRESSURE fault
indicator lamp (BA-PI-35) lights up
and motor stops.

a. Oil level too low

b, Oil filter clogged
<. By-pass valve on oil filter header

malfunctioning
d__Oil pump failure

a. Check for oil leaks. Top up level, as required
b, Replace filter
¢ Remove valve, clean and inspect

d. Have pump repaired by vendor

6. Oil dripping from air leak hole(s) of
compressor element(s)

Gear casing breather clogged (only on
carlier production units)

Clean breather. Ifoil continues dripping
excessively from vent-hole(s) consult vendor

7. Compressor does not unload; HP
safety valve lifts

a Air pressure switch opens to late

b, Airleak at connection of air pressure
switch feed pipe
c.__Throttle valve damaged

a. Check setting. See step 6.1.3.6 of RS-OP-
ol
b, Inspect and tighten leaking connection(s)

¢ See Section 12 of Exhibit 2

8. Unloading pressure or pressure
difference cannot be adjusted

a. Air pressure switch out of order

a. Test switch at various settings. Replace
switch if it does not respond

9. Compressor capacity or working
pressure is lower than normal

a Air consumption exceeds capacity of
compressor

b, Air pressure switch opens too soon

c. Throttle valve does ot fully open or
unloading valve leaks

d. HP safety valve or intercooler relief
valve leaking

e Loose connection at blow-off pipe or
air outlet piping

£ Float valve of aftercooler moisture trap

stuck in open position

Aftercooler leaking

Compressor clements) out of order

=

a. Check pneumatic plant

b.  See Section 4.1 of Reference 3.4.1

¢ Remove inlet casing, dismantle and inspect
Also inspect intercooler pressure feed pipe for
tightness

4. Repair leaking valve

€. Check and correct as necessary

f. Remove float valve assembly, clean and
inspect

Remove and pressure-test cooler
Consult vendor

s
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ATLAS COPCO COMPRESSOR TROUBLE-SHOOTING GUIDE
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Mechanical Faults and their Suggested Remedies - Compressor

Condition Possible Faults Suggested Remed)
10, Intercooler pressure below normal | a. Choked air filter element a Replace element
b, Airleak at pipe connection in cireuit | b, Tighten leaking connection. Replace O-
between LP and HP compressor ring(s) if necessary
elements
¢ Intercooler relief valve leaking ¢ Remove valve, clean and inspect
d. Intercooler leaking d. See Section 9g of Exhibit 2
e LP element not in order e See Section 9h of Exhibit 2
£ Intercooler pressure gauge defective or | £ See Section 7b of Exhibit
its feed pipe leaking
11, Intercooler pressure above normal | a. HP element not in order a See Section 9h of Exhibit 2
b__Intercooler clogged externally b See Section da of Exhibit 2
12, Intercooler pressure does not dropto | a. Throttle valve damaged a Inspect intercooler pressure feed pipe for
normal value during unloading, tightness. Remove air inlet casing and
dismantle. Inspect unloading valve, throttle
valve and diaphragm of loading plunger.
Replace parts where necessary
13. Wrong motor stopping delay a Time relay out of adjustment . Change to correct setting. If correct setting
cannot be obtained, replace relay
14. Condensate is not discharged from | a.  Automatic drain pipe of float valve a Check and correct, as necessary
moisture trap(s) during loading clogged or pinched
b.  Float valve malfunctioning or b.  Remove float valve assembly, clean and
defective inspect
15._Air filter alarm light illuminated a__Air filter clogged a__ Replace filter
16. Water/0.1 in housing sump. a__Housing drain clogged a.__Clean drain
17._Vibration a.__Unbalanced rotating elements a__Consult vendor
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PURIFICATION SKID TROUBLE - SHOOTING GUIDE
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Mechanical Faults and Their Suggested Remedies - Portification Unit

Fault

Possible Cause

Remedy

DRYER

Excessive Pressure Drop
in filters
(if installed)

. Filters dirty

1. Clean or replace elements as required.

Exces:

Pressure Drop
in dryer

. Inlet and/or outlet screens dirty

. Clean or replace screens.

2. Excessive flow rate 2. Check flow rate of inlet air. Reduce to
sizing condition.
3. Inlet air pressure too low 3. Increase inlet air pressure {o sizing

condition.

Failure to Switch
(no excessive purge)

. Cam timer failure

la.  Check dryer fuse. If blown, replace fuse.

1b.  Be sure power is on. Check cams. If not
rotating, replace timer.

le.  (Pneumatic Option) Check air pressure
at timer. Pressure must be 25 psig.

. Mufflers plugged or excessive

purge back pressure

2. Clean or replace muffler cores. If no air
discharges when mufflers are removed, call
the Deltech Service Department

Failure to Switch
(excessive purge
on one side)

. Solenoid valve stuck shut

la.  Replace coil or complete valve
Ib.  (Pneumatic Option) Check air pressure at
control valves. Pressure must be 60 psig.

2. Solenoid valve stuck open 2. Remove. dismantle and clean. Replace seats
or spool if necessary.

3. Shuttle valve stuck 3. Dismantle and clean. Replace if problem
continues.

4. Mufflers plugged 4. Clean or replace cores.
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Mechanical Faults and Their Suggested Remedies - Portification Unit

Fault

Possible Cause

Remedy

Auto Drain Valve

. Clogged diaphragm

. Clean diaphragm

 continually - 2. Short in electrical component | 2. Check and replace connector or timer
discharging/venting assembly
1. No electrical power 1. Check and correct power supply and
connections
2. Timer malfunction 2. Replace timer assembly
Auto Drain Valve
not discharging
3. Solenoid coil malfunction 3. Replace solenoid coil
4. Clogged ports 4. Clean ports
1. No electrical power 1. Check and correct power supply and
Auto Drain Valve e
Push-to-Test Button
No response when pressed
Py e 2. Timer malfunction 2. Replace timer assembly
CARBON MONOXIDE MONITOR
1. Sample flow is not stable 1. Ensure 1-5 scfh minimum flow and constant
pressure of less than 4 psig
€O monitor
Unstable reading on
2. Sensor has expired 2. Replace sensor
1. Main power supply has failed | 1. Check main power supply
2. Customer-supplied breakeror [ 2. Inspect switch and/or breaker
switch has tripped or been
turned off
€O Monitor
No display on 3. Power fuse has blown 3. Replace fuse
4. Main power supply does not 4. Ensure main power supply is providing the

meet requirements of the
monitor

proper voltage and amperage to the monitor
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Mechanical Faults and Their Suggested Remedies - Portification Unit

Fault Possible Cause Remedy
1. Sensor has expired 1. Attempt to calibrate sensor; replace sensor if
it will not calibrate
2. Sensor electrical connectionis | 2. Inspect connections from sensor to analyzer
shorted or open
CO Display 3. Sample is actually 0 ppm CO 3a.  To verify this condition, the sample may
constantly reads be measured by an independent carbon
0ppm C monoxide monitor
3b.  Anindirect verification can be made by
performing a sensor calibration to
determine sensor function. If sensor
calibrates to 0200 ppm CO, then it can
be determined that the sample gas is
actually 0 ppm CO.
€O Monitor
cannot be zeroed 1. Sensor has expired 1. Replace sensor
EMERGENCY EGRESS SYSTEM
1. Egress system has actuated 1. Determine cause of actuation; recharge
cgress system
Low Bank Pressure
2. Air leak in egress system 2. Repair leaks; recharge system
1. Failed pressure sensor la.  Replace pressure sensor
Ib.  Correct actuation setting adjustment
2. Failed switchover valve 2. Repair/replace switchover valve
3. Bank empty 3. See "Low Bank Pressure”
Egress System
fails to actuate 4. Clogged filter 4. Replace filter
5. Isolation valve in sensing line | 5. Open valve
closed
6. Failed regulator 6. Repair/replace regulator
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Mechanical Faults and Their Suggested Remedies - Portification Unit

Fault

Possible Cause

Remedy

EMERGENCY EGRESS FINAL FILTER

Transparent Tube

1.

Exposure to synthetic
compressor lubricant

. Replace transparent tube with metal tube or

change lubricant and replace transparent
tube.

2. Transparent tube cleaned with | 2. Replace tube. Clean new tube only with
(cracked, cloudy
solvent soap and water.
or broken)
3. External mechanical damage 3. Replace tube. Install filter in protected area.
Element 1. Excessive amount of oil 1. Clean and service separator in rotary screw
life of only discharged by the compressor compressor.
a few days (especially rotary screw type).
Color Change 1. Check drainage ?0 filter. separator
) 2 . aftercooler. receiver and any other
(material turns black) 1. Severe water flooding ! o
equipment upstream of filter.
1. Filter element saturated b Repfiesfilelme
2. Filter element damaged; air by- | 2. Replace filter element
passing element
Oil Downstream of Filter [ 3 gypacs valves open or not 3. Inspect bypass piping; close or repair as
functioning; air bypassing filter necessary
4. Flange gasket damaged: air 4. Install new gasket and replace element
bypassing filter
1. Color-change is occurring but | 1. Brighten area around filter or check color-
light is not bright enough to change with a flashlight
show it
2. Replace filter element; check element daily
No Color Change 2. Filter element saturated for color change
3. Replace filter element on a time basis

. Hydrocarbon does not cause

color change

determined by presence of hydrocarbon
vapors downstream
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Mechanical Faults and Their Suggested Remedies - Portification Unit

Fault Possible Cause Remedy
. Move filter to location with no pulsations, or
1. Excessive pulsations in the air adjust air flow to eliminate pulsations.
line due to irregular air usage Replace element.
. Reduce air flow to conditions listed in
L Tables 1 and 2 of operator manual and
2. Excessive air flow = a
Element replace element, or replace filter with larger

cracked or broken

model.

. Excessive condensed moisture;

excessive liquid water in inlet
air

. Check for discharge from drain valve. Ifno

condensate discharges, dismantle drain valve
and clean, repair or replace as necessary.
Replace clement,

. Reverse direction of filter in air line.

High Pressure Drop
Through Filter

4. Flow in wrong direction
2 Replace element.
. Reduce air flow to conditions listed in
R Tables 1 and 2 and replace element, or
1. Excessive air flow - N
replace filter with larger model.
Check for discharge from drain valve. If no
. ’ condensate discharges, dismantle drain valve
2. High condensed moisture ‘
contont and clean, repair or replace as necessary.

Replace element.

w

. Incompatibility of compressor

lubricant. Some lubricants
(Moluballoy. for example) tend
1o leave gummy deposits in the
filter medium.

. Change lubricant.

. Element flooded with water.

. Repair or install drain valve and replace

filter element

Element Shell or Tube
distorted

. Air temperature 150°F or

excessive air flow

. Repair, replace or install afiercooler to

reduce air temperature below 150°F.
Reduce air flow to conditions listed in
Tables 1 and 2 or replace filter with larger
model. Replace element.
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DELTECH DRYER MAINTENANCE CHECKLIST
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A | Check inlet and outlet flow rates Daily

B Check drain valve(s) on prefilter Daily

C Check sight glasses on dryer vessels Daily

D | Check filter differential pressure gauges Weekly

E Check desiccant dryer operation Weekly

F Inspect desiccant Every 6 months
G | Replace catalyst/charcoal vessel Yearly

H | Check condition of shuttle valve Yearly






EXHIBIT 5

CARBON MONOXIDE MONITOR

Page 1 of 3
EXHIBIT 5

CARBON MONOXIDE MONITOR
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OPERATING SPECIFICATION

Number

Control or Indicator

Function

AUDIBLE ALARM SILENCER

Used to disable the 90db alarm horn mounted on the bottom of the
monitor. The horn will sound when either alarm is activated. This
switch is not self-cancelling; the alarm horn will be disabled as long
as it is in the SILENCE position.

ALARM PUSH-TO-TEST

By pressing and holding this switch the alarm relays, LEDS, and
horn can be tested simultaneously.

HIGH ALARM

Lit continuously when the high alarm setpoint (factory setpoint: 50
ppm) is exceeded by CO level in sample air.

LOW ALARM

Lit continuously when the low alarm setpoint (factory setpoint: 20
ppm) is exceeded by CO level in sample air.

SET ALARM SWITCH

Used to set the alarm setpoints. To adjust the HIGH setpoint, lift and
hold the SET ALARM SWITCH to the HIGH position. While
viewing the display, use a small screwdriver to adjust the HIGH
potentiometer on the monitor faceplate until the desired setpoint is
shown on the digital display. Return the SET ALARM SWITCH to
the center position for normal operation. To adjust the LOW
setpoint, push down and hold the SET ALARM SWITCH to the
LOW position. The alarms are non-volatile; their settings remain
when power is disconnected.

HIGH

Potentiometer that permits adjustment of setpoint for high alarm.
Warning: the alarm setpoint must be consistent with all
applicable regulations.

LOW

Potentiometer that permits adjustment of setpoint for low alarm.
Warning: the alarm setpoint must be consistent with all
applicable regulations.

POWER

Used to turn monitor on and off.

SPAN

Potentiometer used to calibrate instrument using a known
pollutant.

10

ZERO

Potentiometer that permits precise zero adjustment of ppm.

11

LED Display

Indicates level of CO (in parts per million) detected by monitor
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CARBON MONOXIDE MONITOR
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The CO monitor is designed for continuous operation; it requires periodic attention to
assure safe and accurate operation. The monitor should be inspected daily by qualified

and trained personnel.

Specifications
Dimensions (inches) dXx11x65
Weight (pounds) 6
Range 0-200 ppm CO
Resolution +/- 1 ppm CO
Linearity +/- 1% full scale

‘Warm up time

5 seconds

Monitor operating temperature

35%16%125%F

Low alarm factory setpoint 20 ppm
High alarm factory setpoint 50 ppm
Sample
Flow 1-5 scth minimum
Temperature 23° to 120°F
Sensor
Type Electrochemical fuel cell
Normal sensor life 1 to 2 years
Sensor Warranty 6 months
Calibration gas Span
Calibration period Monthly (typical)

Calibration adjustments

Zero and Span, located on front panel

Table 1. Sensor Cross Sensitivity

Interfering gas Concentration Tested Reading on scale (ppm)
Hydrogen Sulfide 10 35
Carbon Dioxide 25% 0
Methane 5% 0
Ethylene 100 80
Sulphure Dioxide 100 65
Hydrogen 100 40
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Problem

Possible Cause

Solution

Unstable reading

sample flow is not stable

Ensure 1-5 scth minimum flow and constant pressure
of less than 4 psig

sensor has expired

Replace sensor

No display

main power supply has failed

Check main power supply

customer-supplied breaker or switch
has tripped or been turned off

Inspect switch and/or breaker

power fuse has blown

Replace fuse

main power supply does not meet
requirements of the monitor

Ensure main power supply is providing the proper
voltage and amperage to the monitor

Display constantly reads 0 ppm CO

sensor has expired

Attempt to calibrate sensor; replace sensor if it will
not callibrate

sensor electrical connection is shorted
or open

Inspect connections from sensor to analyzer

sample is actually 0 ppm CO

To verify this condition, the sample may be measured
by an independent carbon monoxide monitor

An indirect verification can be made by performing a
sensor calibration to determine sensor function. If
sensor calibrates to 0-200 ppm CO, then it can be
determined that the sample gas is actually 0 ppm CO

Monitor cannot be zeroed

sensor has expired

Replace sensor

Replacement Parts
Description Part Number Notes
Sensor replacement kit 56DE135BN Includes sensor, internal interference filter and O-
nng

Span gas 56DE135BR

Zero gas 56DE135BQ

Calibration kit 56DE135BP Includes span gas, zero gas and regulator
Calibration regulator 56DE135BV

Restrictor assembly 38DE138A

4-way valve 7DE295BH

Flowmeter 7DE128AC

Audible alarm

7DE90TK
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BREATHING AIR PURIFICATION UNIT
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COMPRESSOR DIAGRAM
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COMPRESSOR DIAGRAM
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EXHIBIT 9

SYSTEM ALIGNMENT GUIDELINE




EXHIBIT 10

UNLOADER PRESSURE SWITCH

BA-CSW-19

ATTACHMENT 1

BREATHING AIR COMPRESSOR

The Breathing Air Compressor is a high capacity, electric, oil-free, air-cooled, two-stage rotary air compressor capable of delivering a continuous volume of air at 200 cfm at 100 psig of air to a purification unit. There is no lubricant within the compression chamber. Component identifica​tion numbers are indicated in accordance with the provisions of Exhibit 8 of this procedure. The breathing air compressor incorporates the following components:

8.0 Compressor

The compressor has one low‑pressure (BA‑CUC‑02) and one high pressure (BA‑CUC‑01) compressor element, individually bolted to the housing of a common step‑up gear. The power from the motor is transmitted to the step‑up gear through a flexible coupling.

9.0 Drive Arrangement

The compressor/motor unit is mounted on a base frame whereby the motor is flanged to the gear casing by means of an adapter housing. The motor is supported on vibration dampers mounted on the frame.

10.0 Compressor Elements

Each compressor element (lp, hp; see BCLDP Procedures Dictionary) houses two tooth-type rotors, mounted on ball and roller bearings. The male rotor, driven by the step-up gear, and the female rotor are synchronized through timing gears, so the rotors rotate in sealing arrangement without touching each other.

11.0 Cooling and Lubrication System

The compressor is provided with an intercooler (BA‑CC‑08), an aftercooler (BA‑CC‑09) and an oil cooler (BA‑CC‑07). Oil is used for lubricating the bearings and gears, as well as for cooling the compressed air outlet ports. There is no oil in the compression chamber which produces the breathing air. The system includes an oil pump (BA‑CP‑27) and an oil filter (BA‑CF‑24).

12.0 Safety Devices

Two relief valves (BA‑CV‑10 and BA‑CV‑16) protect the lp and hp sides of the compressor respectively. A check valve (BA‑CV‑12) prevents blow-back of compressed air from the unit when the compressor is unloaded or stopped. Pressure and thermal shut‑down switches (BA‑CSW‑06, BA‑CSW‑29, and BA‑CSW‑43) protect the compressor against abnormal operating conditions.

13.0 Canopy

The motor, compressor, coolers, etc. are enclosed in a sound‑insulated canopy with doors. The front panel comprises a cabinet which contains the control and starting equipment of the motor. The canopy is supported on the base‑frame, which in turn rests on two hollow cross-beams that allow handling of the unit by means of a fork-lift truck. The canopy is fitted throughout with weather-resistant freeze protection for inclement weather. (See 8.0.)

14.0 Electrical Equipment 

The operation of the units is governed by a electric regulator (BA‑CR‑31), in conjunction with an unloader pressure switch (BA‑CSW‑19). The unloader pressure switch shall be set in accordance with the provisions of Section 5.2.7. of this procedure. The regulator comprises a blocking relay to prevent a restart (six minute starting intervals) if the unit is stopped through a shut‑down switch.

15.0 Freeze Protection

The compressor unit is provided with a weather‑resistant freeze protection package. This package consists of a cubicle heater with an independent thermostat; an oil sump heater with thermostat and motor space heaters. Oil and water instruments and drain lines are wrapped with heat tape and covered with insulation. The discharge moisture trap is wrapped with heat tracing tape and covered with protective insulation.

16.0 Unloader Valve

A diaphragm actuated, spring loaded valve (BA‑CV‑03) which automatically loads and unloads the compressor due to demand. The valve is operated by air from the lp compressor discharge. Diaphragm failure will cause the valve to fail in the loaded position.

17.0 Switching Valve

The switching valve (BA‑CV‑21) admits intercooler pressure to the unloader valve via the solenoid valve. 

18.0 Solenoid Valve

A solenoid valve (BA‑CV‑20) operates the unloader valve and the switching valve. The solenoid valve is operated by signal from the unloader pressure switch (BA‑CSW‑19). Power failure will cause the solenoid valve to de‑energize and fail in the unloaded position.

19.0 Intake Filter (BA‑CF‑04)

Initial air access point into the compressor.  The intake filter is monitored by the air filter alarm switch (BA‑CSW‑06). If the intake filter is loaded by incoming particulate, the air filter alarm switch energizes at 50 millibars of differential pressure and shuts down the compressor. In addition, pre‑filters in the compressor air entry plenum are changed as needed to avoid loading of the intake filter.

20.0 Intake Silencer (BA‑CS‑05) 

The intake silencer baffles the air inflow into the compressor.

21.0 Pulsation Damper (BA‑CD‑11) 

The pulsation damper accepts the air flow from the hp element and the unloader valve and routes airflow through the check valve into the aftercooler.

ATTACHMENT 2

BREATHING AIR PURIFICATION SKID
The Breathing Air Purification Skid supports a compressed air purification unit that removes moisture, oil and impurities\contaminants from the breathing air. The unit is capable of delivering at least 160 cfm of certifiable grade “D” or better quality breathing air given an inlet flow of at least 200 cfm. Component identification numbers are indicated in accordance with the provisions of Exhibit 7 of this procedure. The breathing air purification skid incorporates the following systems:
22.0 An Inlet Filter (BA-PF-05) 

An Inlet Filter (BA-PF-05) consists of an in-line filter housing designed to trap particulate contaminants, oil, and moisture. Oil and moisture are drained off via automatic drain valves (BA-PV-24 and BA-PV-55) at the bottom of the inlet filter. 

23.0 The Breathing Air Dryer 

The Breathing Air Dryer consists of two twin alternating dryer towers(BA-PCT-O2; BA-PCT-03) designed to remove moisture from the incoming compressed air. The dryer towers utilize desiccant as the drying agent. Each tower has a regulated purge valve (BA-PV-10; BA-PV-11) to purge accumulated moisture from the towers. (If the purge valve fails, it fails in the shut position.) There is a 10 minute cycle time (two 5-minute cycles) in which the twin towers alternatively dry the air and reactivate.

24.0 The Catalyst/Charcoal tower (BA-PCT-01)

The Catalyst/Charcoal tower (BA-PCT-01) is a reinforced pressure vessel which converts carbon monoxide to carbon dioxide and removes hydrocarbons, tastes, and odors from the compressed breathing air. The catalyst tower is filled with activated charcoal or other agent.

25.0 The Catalyst Outlet Filter (BA-PF-04) 

The Catalyst Outlet Filter (BA-PF-04) is the final moisture/ particulate filter of the breathing air system. BA-PF-04 incorporates a manual drain valve (BA-PV-25) to remove moisture. The BA-PF-04 uses a poly-spun filtering element.

26.0 The Air Accumulator (BA-PA-16) 

The Air Accumulator (BA-PA-16) receives the purified breathing air from the catalyst tower via the catalyst outlet filter for delivery to the breathing air manifolds. In addition, in the event of system failure, the accumulator would receive the high pressure air from the emergency egress system (Section 6.0 of this attachment) for distribution to the breathing air manifolds. The air accumulator has an approximate volume of 240 gallons. The air accumulator features a manual drain valve (BA-PV-19) to drain condensate from the tank and a pressure gauge (BA-PG-18) to indicate tank pressure. There is a pressure relief valve (BA-PV-15) mounted on the accumulator to vent excessive pressure.

27.0 The High Pressure Emergency Egress System 

The High Pressure Emergency Egress System provides escape breathing air in the event of compressor or dryer failure. This egress system enables a switch-over from a primary breathing air source to a backup air source if the primary source fails. The backup air source allows respirator users time to exit the work area. The emergency egress system incorporates two systems: the switch-over mechanisms and the backup air storage cylinder(s) (BA-PEC-37). The switch-over panel incorporates the following components:

27.1 An electrical enclosure housing containing: power connections; egress panel OFF/ON switch (BA-PSW-45); panel fuse; egress air supply pressure switch (BA-PSW-35); low bank storage pressure indicator light (BA-PI-46) and pressure gauge (BA-PG-34); switch-over initiation relay; bleed valve (BA-PV-33); switch-over solenoid (BA-PSW-61) (if the power supply fails, the switch-over solenoid will fail in the open position); storage fill port and the storage pressure regulator (BA-PR-32); regulated pressure gauge (BA-PG-31); power supply to remote alarms; and alarm plug-in panel.

27.2 The backup air storage cylinders consist of the following:

· Breathing air cylinders (BA-PEC-37) - six U.S. D.O.T. holding cylinders approved for usage up to 4500 psig. The cylinders are hydrostatically tested to 150% of rated capacity.

· Cylinder storage rack

· Pigtail tubing and connection point to connect the cylinders to the egress system.

28.0 The Purification Unit Breathing Air Hose Distribution Header 

A Purification Unit Breathing Air Hose Distribution Header located on the air accumulator (BA-PA-16) consists of a series of valves (isolation valves, BA-PV-26A,B,C,D) designed to provide air to a work site breathing air manifold. Pressure is equalized throughout this distribution header.

29.0 The CO Monitor (BA-PCO-38) 

The CO Monitor (BA-PCO-38) is mounted on the breathing air dryer. The CO monitor incorporates a digital LED display, two adjustable alarm set points with indicators and an audible alarm with a silencing switch. The CO monitor has a monitoring range of 0‑200 ppm. The CO monitor continuously measures and displays the level of CO in air and provides visual and audible alarms if the CO level exceeds the predetermined low set point of 5-9 ppm. The high alarm actuation point is 10 ppm CO. The CO monitor's sensor is a gel-type fuel cell. It will not leak and is unaffected by most background gases.

NOTE:
Items 1.0 through 8.0 of this attachment are mounted on a common steel base. The purification unit skid shall be located indoors.

This system is designed to provide grade “D” or better quality breathing air to up to 10 workers. The number of workers that can use the supplied breathing air system at any given time is based upon the air pressure and air volume requirements at each specific job-site in relation to the capacity of the system.

ATTACHMENT 3

DESCRIPTION OF OPERATING THEORY
This section describes the operation of the components of the breathing air system. Comprehension of the operation, design, construction, failure position and failure indicators of the components of the breathing air system is essential for users of this procedure in order to provide safe, effective usage by BCLDP personnel and proper maintenance of the equipment.

The operation of the component parts and the associated systems of the breathing air compressor may be described as follows:

30.0 Description of Breathing Compressor Air Flow

Air flow throughout the system of the breathing air compressor is indicated in Exhibit 8 of this procedure. Air drawn through filter element (BA-CF-04), inlet silencer (BA-CS-05) and inlet casing into the lp element (BA-CUC-02), is compressed, then discharged to intercooler (BA-CC-08).

The cooled air then enters the hp element (BA-CUC-O1) where it is further compressed and discharged through pulsation damper (BA-CD-11), check valve (BA-CV-12) and aftercooler (BA-CC-09) to moisture trap (BA-CT-13).

During loaded operation, the air inlet throttle valve is open and the discharge from the pulsation damper is closed. (The throttle valve is an internal component of the unloader valve.) The throttle valve is simultaneously closed and opened respectively when the working pressure reaches its pre-set maximum. The pressure of the hp element is then released to the atmosphere via the unloader valve casing and silencer (BA-CS-22) resulting in the closing of the check valve (BA-CV-12). The throttle valve has a hole, through which air remains drawn into the compressor to maintain a pressure ratio over the hp element (BA-CUC-01) when the main inlet is closed.

An intercooler pressure gauge (BA-CG-30), a delivery pressure gauge (BA-CG-18), an intercooler relief valve (BA-CV-10) and a hp relief valve (BA-CV-16) are located in the circuit, as well as an air filter vacuum alarm switch (BA-CSW-06) and high air temperature indicator/shut-down switches (BA-CSW-43 and BA-CSW-29).

31.0 Description of Loading/Unloading the Breathing Air Compressor

The unloading system is operated by a air operated diaphragm in the unloader pressure switch (BA-CSW-19) which senses the pressure variations in the air outlet. The pneumatic side of the air pressure switch is connected to the air outlet, the electrical side to the regulator (BA-CR-31).

The unloading system controls the air output in relation to the air consumption and maintains the pressure in the air delivery system within the pre-selected upper and lower limits of the working pressure (unloading and loading pressures). 

The air output is stopped (0% capacity/output) by unloading the compressor and simultaneously closing the air inlet. Compression is resumed to full capacity (100% capacity/output) when the compressor is reloaded.

If the air consumption is less than the capacity of the compressor, the system pressure increases.

When the system pressure reaches the unloading pressure, the contact of the unloader pressure switch (BA-CSW-19) opens and de-energizes loading solenoid valve (BA-CV-20). This causes the unloading valve (BA-CV-03) to open and the discharge path from the pulsation damper to open. The air output is stopped, the compressor runs unloaded. (A vacuum state continues in intercooler.)

When the system pressure decreases to the loading pressure (approximately 95 psig), the contact of the unloader pressure switch (BA-CSW-19) closes, so that the loading solenoid valve (BA-CV-20) is energized again. The flow path from the pulsation damper closes, the unloader valve (BA-CV-03) closes and the air output increases to full capacity.

32.0 The operation of the component parts of the breathing air purification skid (see Exhibit 7 of this procedure) may be described as follows:

32.1 Air from the compressor enters the inlet filter (BA-PF-05). Moisture, oil, and particulate contaminants are accumulated by the BA-PF-05 filtering element (poly-wrap construction) and precipitated out. The moistures and oils are directed to the automatic drain valve (BA-PV-24), while the particulates remain lodged in BA-PF-05.

Air from the inlet filter (BA-PF-05) passes into the online dryer tower. With the online purge valve closed, incoming wet air flows through shuttle valve (BA-PV-07) into the bottom of the online tower, where moisture is removed from the air stream by the desiccant. Dry air exits the top of the tower and is divided into two streams. Process air exits through the shuttle valve (BA-PV-06), and a portion of the dried air (purge air) is metered through the online orifice piping and reduced to atmospheric pressure by the offline orifice piping, greatly expanding its volume. The air pressure is monitored by a pressure gauge (BA-PG-14).The expanded purge air then flows down through the offline tower and out through the muffled purge valve (BA-PV-10 or BA-PV-11), carrying away moisture adsorbed by the desiccant in the previous cycle.

The dryer operates this way for 4 minutes, 12 seconds. Then offline purge valve closes, allowing the offline tower to gradually repressurize for 48 seconds before the cycle changes. At switchover, online purge valve opens to depressurize the online tower. This causes shuttle valves BA-PV-06 and BA-PV-07 to shift so that each of the towers has switched from online to offline and vise versa. The cycle timing sequence will vary if the specified operating pressure exceeds 100 psig.
Air passes from the online dryer tower to the catalyst tower (BA‑PCT-01). In the catalyst tower, activated charcoal catalyzes CO to CO2, remove tastes, odors and hydrocarbons from the pressurized air. Air passes into the catalyst outlet filter (BA-PF-04) for final filtering. Air passes into the 240 gallon air accumulator (BA-PA-16) where it can be distributed to the work stations by the unit isolation valves (BA-PV-26 A,B,C,D).

In the event of low pressure throughout breathing air purification skid (<60 psig), the egress auto-initiate pressure switch (BA-PSW-61) in the emergency egress system will actuate the 4-way valve BV‑PV-28 and release the contents of the breathing air cylinders. The high pressure air will pass through the egress control panel into the air accumulator for distribution to the breathing air manifolds. An audible alarm will sound and the LOW BANK PRESSURE indicator light (BA-PI-46) on the control panel will illuminate.

33.0 Breathing Air Compressor and Purification Skid Interaction for Operation

33.1 The components of the breathing air system are inter-related to operate as follows:

All indicators and alarms on the purification skid are wired to the egress system solenoid (BA-PSW-61); BA-PSW-61 is connected to the compressor regulator which governs compressor shut-down. In the event of power loss, indications of high levels of carbon monoxide, pressure drop, failure-to-switch, or other faulty operation in the purification skid, BA-PSW-61 will activate the 4-way valve (BA-PV-28) and activate the high pressure escape breathing air cylinders as described in step 3.1 of this attachment. BA-PSW-61 will also shut down the compressor.

In the event of power loss, high outlet air temperature, pressure drop, etc. in the breathing air compressor, the system will work in reverse order of above. The affected shut-down switch will shut-down the compressor, in turn, the egress system switch-over solenoid will be activated, will close, and will shut down the breathing air dryer. The high pressure egress air will be directed to the air accumulator.

Upon activation, BA-PSW-61 will also activate remote alarm indicators at the control points to advise job coverage technicians to remove respirator users from the work area.

ATTACHMENT 4

DESCRIPTION OF SYSTEM ALARMS AND INDICATORS
34.0 Compressor Indicators and Alarms

NOTE:
Items 1.1 through 1.15 of this attachment are located on the control door of the regulator panel. Component identification numbers are provided in Exhibit 8 of this procedure. 

34.1 LOW OIL PRESSURE LAMP (BA-CI-35) - illuminates if oil pressure shut-down switch reacts to low pressure at 0.85 bars (11.6 psig). The regulator stops the motor. 
34.2 HIGH TEMP. lp OUTLET LAMP (BA-CI-36) - illuminates if lp air outlet temperature shut-down switch energizes due to the temperature of air leaving lp compressor element reaching 230 degrees C (446 degrees F). The regulator stops the motor. 

34.3 HIGH TEMP. hp OUTLET LAMP (BA-CI-37) - illuminates if hp air outlet temperature shut-down switch energizes due to the temper​ature of air leaving hp compressor element reaching 230 degrees C (446 degrees F). The regulator stops the motor. 

34.4 MOTOR OVERLOAD LAMP (BA-CI-38) - illuminates if the motor overload switch trips when motor current exceeds the trip setpoint. The regulator stops the motor. 

34.5 AIR FILTER ALARM LAMP (BA-CI-39) - Alarm lamp which illuminates if the air filter vacuum switch energizes due to a clogged air filter. The air filter switch energizes at 50 millibars. 

34.6 RUNNING TIME (BA-CI-32) - Hourmeter indicating total motor running time. 

34.7 UNLOADED/NORMAL SWITCH (BA-CSW-40) - Toggle switch for unloaded or loaded operation. 

34.8 RESET-START SWITCH (BA-CSW-41) - Push button to reset blocking circuit and start the motor. 

34.9 STOP SWITCH (BA-CSW-42) - Push button to stop motor.
34.10 VOLTAGE ON LAMP (BA-CI-33) - Indicator lamp which illumin​ates when voltage is supplied to starting and control equipment.

34.11 AUTOMATIC OPERATION LAMP (BA-CI-34) - Indicator lamp which illuminates when the RESET-START button is pressed, show​ing that regulator is operative. The AUTOMATIC OPERATION indicator lamp extinguishes if a shut-down switch trips.
34.12 MD ON (--) - This is non-applicable to BCLDP breathing air compressor operation.
34.13 INTERCOOLER PRESSURE GAUGE (BA-CG-30) - Monitors the pressure in the intercooler during operation. The measurement unit is the bar. The normal range of loading/unloading operation as indicated on BA-CG-30 is -0.4 bar to 2.7 bar.

34.14 DELIVERY PRESSURE GAUGE (BA-CG-18) - Monitors dis​charge pressure of the compressor during loaded and unloaded operation. The measurement unit is psig. The normal range of operation as indicated on BA-CG-18 is 80 to 110 psig, depending on setting of the unloader pressure switch (BA-CSW-19).

34.15 OIL PRESSURE GAUGE (BA-CG-25) - Monitors the pressure of the system lubricating oil. The measurement unit is the bar. The normal range of operation as indicated on BA-CG-25 is 1.4 to 2.1 bars.

NOTE:
Items 1.16 and 1.17 of this attachment are located inside the compressor canopy.

lp ELEMENT OUTLET AIR TEMPERATURE INDICATOR/ SHUT-DOWN SWITCH (BA-CSW-43) - connected to the outlet piping of the lp element and trips if the air outlet temperature of the lp element is too high (>446F). Tripping of this switch will shut down the compressor.

hp ELEMENT OUTLET AIR TEMPERATURE INDICATOR/ SHUT-DOWN SWITCH (BA-CSW-29) - connected to the outlet piping of the hp element and trips if the air outlet temperature of the hp element is too high (>446F). Tripping of this switch will shut down the compressor.

Purification Unit Alarms and Indicators

34.16 FAILURE-TO-SWITCH ALARM - Pressure sensors (BA-PSW-20 and BA-PSW-21) located on each tower trigger both audible and visible alarms if a tower does not depressurize at the completion of its drying cycle. The purge timer (BA-PTM-43) is mounted inside the electrical panel. The audible alarm (BA-PA-56) is located just below the electrical enclosure. A red light, labeled SWITCH FAILURE (BA-PI-41), is located on the electrical panel. If the failure-to switch alarm is activated, the operation of the dryer will shut down. This will activate the emergency Egress system. In addition, the Egress actua​tion solenoid valve (BA-PV-28) will relay to the compressor and shut the compressor down.

34.17 TOWER PRESSURE GAUGES -Each tower is equipped with a gauge (BA-PG-22 and BA-PG-23) to indicate the pressure within the tower and serve as a check on accurate dryer cycling. The gauge on the on-line tower should indicate operation pressure. The gauge on the off-line tower should indicate 0 psig. The gauges are also used to verify that the internal pressure has been completely vented to the atmo​sphere. Both gauges should indicate 0 psig before any service work is done on the dryer.

34.18 CARBON MONOXIDE MONITOR -(BA-PCO-38) The CO monitor (see Exhibit 5 of this procedure) measures and displays the level of carbon monoxide in sampled compressed air and provides audible and visual alarms if the sampled concentration exceeds the predetermined setpoint. BA-PCO-38 incorporates the following alarms and indicators: 

34.18.1 High Alarm Lamp (BA-PI-50)-remains illuminated con​tinuously when the high alarm setpoint (10 ppm CO level) is exceeded in the sample air.

34.18.2 Low Alarm Lamp (BA-PI-51)-remains illuminated con​tinuously when the low alarm setpoint (5 ppm CO level) is exceeded in the sample air.

34.18.3 LED display - (BA-PI-54) indicates concentration of CO(ppm) detected by monitor. (See Exhibit 5 of this procedure.)

INLET FILTER DIFFERENTIAL PRESSURE COLOR INDI​CATOR (BA-PI-57) - A pop-up color indicator is located at the top of the inlet filter. Green indicates an acceptable operating Δp condition; red indicates unacceptable Δp conditions.

DESICCANT COLOR INDICATORS/SIGHT GLASSES (BA-PI-60 and BA-PI-59) - On each dryer tower, there is a sight glass port for inspection of the color of the desiccant agent used to remove moisture from the compressor air. Green desiccant is acceptable for operation. Yellowish desiccant is unacceptable.

WARNING:
Suspend use of the breathing air system immediately if there are indications of yellow color sighted through the tower sight glasses.

OUTLET FILTER DIFFERENTIAL PRESSURE COLOR INDICATOR (BA-PI-58) - A pop-up color indicator is located at the top of the inlet filter. Green indicates an acceptable operating Δp condition; red indicates unacceptable Δp conditions.

34.19 LOW BANK PRESSURE INDICATOR LAMP (BA-PI-46)- indicator located on the egress system control panel; indicates if the pressure of the three emergency egress cylinders is less than 1000 psig.

MAIN POWER INDICATOR LAMP (BA-PI-47) - indicator located on the egress system control panel; indicates if the system is energized.

34.20 COMPONENT STATUS INDICATOR LAMPS (BA-PI-67, -68, ‑69) - Indicator lamps mounted on the dryer panel. The purpose of these lamps (Low Pressure; CO Monitor; Tower switch; Dryer loss-of-power) is to identify the failed component in the event of system failure. After an unplanned shutdown, it is necessary to identify the component of the system which caused the shutdown. These lamps are wired to relays which connect to each function control of the purifica​tion skid. In the event of a shutdown, the proper status lamp will be lit and will identify the faulty component. In the event of a dryer loss-of-power shutdown, all three lamps will be lit.
34.21 REMOTE INDICATOR ALARMS at the control points and the work stations to notify job coverage HP technician in the event of compressor failure. If these alarms sound, the Health Physics tech​nician providing job coverage will IMMEDIATELY instruct respirator users to leave the work area and remove their respirators. These alarms are connected directly to the emergency egress system control panel and will alarm automatically in the event of any fault condition.

34.22 UN-INTERRUPTABLE POWER SUPPLY (UPS) (BA-PUPS-65) - Back-up power supply for the alarm circuit in the event of a power loss to the purification skid. The UPS features Ni-Cad batteries with a trickle charger and is continuously re-charged while the purification skid is in operation. The UPS is wired directly to the Auto-Egress Initiation Switch (BA-PSW-61). The UPS ensures that alarms will function regardless of the cause of alarm actuation.

ATTACHMENT 5

ELECTRICAL/CONTROL SYSTEMS
35.0 The electrical system of the breathing air compressor is described as follows: 

The breathing air compressor electrical system is fully wired and only requires connection to the 460 volt, 3 phase, 100 Ampere AC power supply. 

A regulator cabinet covered with a control and indicator lamp panel is installed in front of the compressor and houses all the components of the regulator, the voltage transformers and motor starting equipment. The cabinet door carries the control and indicator panel provided with fault indicator and alarm lamps. 

Pressure and thermal shut-down switches are connected to various points of the compressor. These switches stop the motor and prevent damage resulting from an abnormal operating condition. All the shut-down switches are grouped together in the regulator cabinet with the air pressure switch and air filter alarm switch on a panel. 

The shut-down switches are connected to the regulator. If an abnormal operating condition arises, the operative switch breaks the circuit to the regulator, causing the motor to stop and the fault indicator lamp of the switch affected to illuminate. 

The regulator is an on-off control device with delay circuits for timing the interval before the compressor is loaded when started up (loading delay), and before the motor is stopped after uninterrupted unloaded operation (delayed motor stopping). 

The regulator regulates the loading, unloading, stopping and restarting, according to the air consumption of the compressor and protects the compressor and motor from overloads. When the voltage is switched off, or after a power failure, it automatically unloads the compressor. 

If the system pressure drops to the loading pressure within the pre-set unloading time, the compressor will be loaded again without the motor having stopped. The setting of the timer is limited by the maximum permissible number of motor starts per hour. 

36.0 The electrical system of the breathing air purification unit is described as follows: 

The 115 VAC electric power supply is connected to the breathing air dryer and the emergency egress system. An 115 VAC lead from BA-PV-28, Egress actuation solenoid valve, is routed to the compressor. If BA-PV-28 trips, it will shut-down the compressor and activate the emergency egress system air release. 

The breathing air purification unit features a regulated electric cam timer (BA‑PTM-43) to automatically drain the towers and automatic electronic drain valves to drain the inlet filter. 

ATTACHMENT 6

OIL SYSTEMS

37.0 The oil system of the breathing air compressor is described as follows: 

Oil from the oil sump of the gear casing is circulated by oil pump (BA-CP-27) through oil cooler (BA-CC-07) and oil filter (BA-CF-24) before entering the lp and hp element oil ducts and injection pipes to lubricate the rotor bearings and step-up and timing gears. Oil is also sprayed outside the walls of the compressed air outlet passages for cooling. From the different compartments, the oil then flows back to the oil sump through a gallery provided in each of the elements.

A spring loaded pressure operated bypass valve (BA-CV-23) fitted on the header of the oil filter opens and allows oil to by-pass back to the sump whenever the maximum permissible pressure is exceeded downstream of the oil filter. The gear casing is vented to the atmosphere through a breathing pipe to prevent backpressure. A failure of the spring would allow the valve to remain open and allow oil to partially bypass the compressors.

An oil pressure gauge (BA-CG-25) and a low oil pressure shut-down switch (BA​CSW​26) are located in the system.

38.0 There is no oiling system associated with the breathing air purification skid.

ATTACHMENT 7

COOLING SYSTEMS
39.0 The cooling system of the breathing air compressor is described as follows: 

The breathing air compressor is provided with an air-cooled oil cooler (BA-CC-07), intercooler (BA-CC-08) and aftercooler (BA-CC-09) in a vertical stacked arrangement to ensure all coolers receive the same temperature of cooling air for optimal efficiency and ease of maintenance. The cooling air is generated by a fan located within the compressor housing. The intercooler cools the lp element discharge air and the aftercooler cools the hp element discharge air.

40.0 There is no cooling system associated with the breathing air purification skid. 

ATTACHMENT 8

DRAINAGE SYSTEMS
41.0 The drainage system of the breathing air compressor is described as follows: 

A moisture trap (BA-CT-13) is installed downline of the aftercooler (BA-CC-09) to prevent condensate from entering service header.

BA-CT-13 is equipped with a drain receiver provided with an automatic float valve (BA-CV-14), and a manually operated moisture trap valve (BA-CV-15) for draining condensate after the unit has been stopped.

42.0 The Drainage System of the breathing air purification unit is described in step 3.1 of Attachment 3. 

ATTACHMENT 9

SYSTEM SPECIFICATIONS

43.0 Compressor operating specifications are as follows:

43.1 Nominal Parameter Values:

	READINGS ON GAUGES

	Parameter
	Reading
	Unit
	Remarks
	Ref.

	Delivery Pressure
	Depending on setting of air pressure switch
	Bar psig
	Modulates, depending on air consumption, between unloading and loading pressures
	BA-CG-18

	Intercooler Pressure
	During unloading

- 0.40/-0.70


- 6.3/-10.1 
During loading

2/2.7


29/39
	bar

psig

bar

psig
	
	BA-CG-30

	Oil Pressure
	
1.5-2.0


22-29
	bar

psig
	
	BA-CG-25

	Air Temperature

lp Out
	During loading
Normally less than 
190


374
	C

F
	During unloading, less than 150C (302F)


	BA-CSW-43

	Air Temperature

hp Out
	During loading
Normally less than 
200


392
	C

F
	During unloading, less than 150C (302F)
	BA-CSW-29


Automatic Actuation Values:

	SETTINGS OF SWITCHES AND SAFETY VALVES

	Shut-down switches
	Makes at
	Breaks at
	Unit
	Ref.

	lp air outlet temperature
	-
	230

446
	C

F
	BA-CSW-43

	hp air outlet temperature
	-
	230

446
	C

F
	BA-CSW-29

	Oil pressure:
	1.0

15
	0.85

13
	bar

psi
	BA-CSW-26

	Alarm Switch
	Makes at
	Breaks at
	Unit
	Ref.

	Air filter vacuum
	50
	-
	mbar
	BA-CSW-06

	Safety valves
	Opening pressure
	Unit
	Ref.

	Intercooler relief valve
	3.7

54
	bar

psig
	BA-CV-10

	hp safety valve/psig system pressure of:


7 bar


102 psi
	9.3

139
	bar

psig
	BA-CV-16


Reference Conditions:

	ADVANCE \d5

ADVANCE \d6Parameter
	Units
	Nominal

	Absolute inlet pressure
	bar

psi
	1

14.5

	Relative air humidity
	%
	0

	Air inlet temperature
	C

F
	20

68

	Maximum allowable pressure ratio
	-
	11:1

	Maximum allowable inlet temperature at maximum effective working pressure
	C

F
	40

104

	Maximum effective working pressure
	bar

psi
	7

102

	Effective working pressure
	bar

psi
	7

102

	Free air delivery at full load and max. effective working pressure
	cfm
	199

	Air temperature at outlet valve
	C

F
	30

86

	Oil capacity
	liters 

USgal
	34

9

	Speed of drive shaft
	rpm
	3535


ATTACHMENT 10

DAILY MAINTENANCE
44.0 Daily maintenance for the BCLDP breathing air compressor shall be performed as follows:

NOTE:
Daily means Dailywhen in use.

44.1 Check oil level:

Always maintain the level in the lower half of the sight glass. Fill, as necessary, by removing the filler plug and pouring oil. The sight glass and filler plug are located on the left hand side of the breathing air compressor. Oil cannot be added to the compressor while operating. The oil to be used is a high-quality mineral oil specifically for bearings and gears. The viscosity grade should be SAE 20 W 20 for ambient temperatures above 32 degrees F. and SAE 10 W when the tempera​ture is consistently below 23 degrees F. The vendor shall supply the correct oil for use in the breathing air compressor. Checking the oil level shall be performed before the start-up of the compressor.

44.2 (Check the readings on the indicator gauges and lights located on the control panel of the breathing air compressor. Record as applicable on DDO-372. Look for trends that may indicate system or component degradation or imminent failure.

44.3 Check that the condensate is discharged from the compressor moisture trap via the automatic float valve (BA-CV-14) to discharge water during operation and open the manual moisture trap drain valve (BA-CV-15) to check for moisture buildup indicating the float valve may not be working correctly.

44.4 Clean exterior surfaces of the compressor to avoid dust build-up and the possibility of introducing foreign material in the compressor air intakes.

44.5 Check the condition of air filter(s) on the compressor. Change-out air filters, as necessary. Record all operations on DDO-372.

44.6 Check the hourmeter indicator (BA-CI-32) for operation. If BA-CI-32 is non-operative, indicate on DDO-372 and contact BCLDP electrician for repair. If necessary, the compressor may be operated with a faulty BA-CI-32. Indicate Start-up time on DDO-372 by time-of-day instead of compressor running hour total.

44.7 Check the unloading and loading pressures by comparing the delivery pressure gauge (BA-CG-18) prior to compressor loading and after compressor loading. Delivery pressure should be in the 95 psig to 105 psig range. If the delivery pressure is not within this range, see Exhibit 2 of this procedure.

44.8 If condensate has not drained from the moisture trap, operate the BA‑CV-15 to drain liquid. If this does not drain the condensate, remove BA-CT-13 from its location outboard of the aftercooler (BA-CC-09) and inspect for clogging. Clean and reinstall. Record all operations on DDO-372.

44.9 Check inlet and outlet flow rates. Ensure that purifier is supplying enough air to meet breathing air requirements. Do not exceed maximum inlet air flow and inlet air pressure indicated on purifier nameplate.

45.0 Daily maintenance for the BCLDP breathing air purification skid shall be performed as follows:

45.1 Check the operation of the automatic drain valves on the inlet filter by pressing the test button(s). Observe operation of the valve purge.

45.2 When air storage cylinder’s collective pressure is < 2000 psi:  Replace the emergency egress air storage cylinders (BA-PEC-37) located on the purification skid with fully charged cylinders.  Verify that air has been tested in accordance with the provisions of Reference 3.1.4 of this procedure.

ATTACHMENT 11

WEEKLY MAINTENANCE
46.0 Weekly maintenance for the BCLDP breathing air compressor shall be performed as follows:

Check for oil leaks throughout the oil lines of the system as indicated in Exhibit 8 of this procedure. A small amount of oil leakage is normal. If constant re-filling in order to maintain oil level is required, consult Exhibit 2, Atlas Copco Trouble-shooting Chart, of this procedure. 

47.0 Weekly maintenance for the BCLDP breathing air purification skid shall be performed as follows:

47.1 Check dryer timing sequence. Ensure that each tower is online for five minutes. Listen to purge sounds; if purge sounds are not similar for both towers, air flow may not be alternating between the dryer towers. 
47.2 Check prefilter and afterfilter differential pressure indicators (BA-PI-57, BA-PI-58). Replace filter elements when the indicator is in the red zone. Failure to change elements as indicated will adversely affect purifier performance.

WARNING:
FAILURE TO CHANGE ELEMENTS AS INDICATED COULD CAUSE ILLNESS OR DEATH.

47.3 Check the desiccant dryer operation. Twin desiccant dryer towers alternate operation on a 10-minute cycle-one tower dries for five minutes while the other tower is reactivating, air flow is automatically switched to the alternate tower by a purge timer (BA-PTM-43) in the electrical box.

47.4 Check exhaust mufflers (BA-PS-13, BA-PS-12) for discharge of air from reactivating blue drying tower. If no air discharges, depressurize the drying unit, dismantle the muffler and clean or replace muffler core and reassemble.

47.5 Check the drain valves on the after filter for operation. Dismantle and clean, repair or replace drain valve as required.

ATTACHMENT 12

QUARTERLY MAINTENANCE
48.0 Quarterly maintenance for the BCLDP breathing air compressor shall be performed as follows: 

48.1 Remove the air filter element located in the compressor air filter housing (BA-CF-04) and clean with a airjet of pressurized air. Inspect the condition of the element. Replace, if necessary.

48.2 Inspect the hp relief valve (BA-CV-16) and the intercooler relief valve (BA-CV-10). Test the valves by manually opening the valve during operation. Open each valve for several seconds by pulling the release lever or the test ring. Air should exit through each valve.

WARNING: 
TESTING OF THE RELIEF VALVES SHALL BE PERFORMED WHILE WEARING HEAVY-DUTY WORK GLOVES, EYE PROTECTION AND HEARING PROTECTION.

49.0 Quarterly maintenance for the BCLDP breathing air purification skid shall be performed as follows:

49.1 Verify breathing air produced by the system is Grade "D" or better quality in accordance with the provisions of Reference 3.1.4.

ATTACHMENT 13

SEMIANNUAL MAINTENANCE
50.0 Semiannual maintenance for the BCLDP breathing air compressor shall be performed as follows:

None.

51.0 Semiannual maintenance for the BCLDP breathing air purification skid shall be performed as follows:
51.1 Check desiccant in blue dryer vessels for broken desiccant which could prevent adequate flow. Replace as necessary. Desiccant shall be changed in accordance with the provisions of the Deltech Installation, Operation, and Maintenance Manual.

ATTACHMENT 14

ANNUAL MAINTENANCE
52.0 Annual maintenance for the BCLDP breathing air compressor shall be performed as follows:

52.1 The lubricating oil shall be changed as follows: 

52.1.1 The oil shall be drained while the compressor is stopped, but still warm. The oil filter (BA-CF-24) access cover shall be removed from the compressor protective canopy; a drain pan shall be placed underneath BA-CF-24; BA-CF-24 shall be removed. Remove the lower side plate from the canopy at the side of the drain hose, and the plastic cap from the canopy bottom plate. Lead the drain hose through the hole in the bottom plate to the outside of the unit. Remove the plug from the hose and catch the oil in the drain pan.

52.1.2  Reinstall the plug, clamp the hose into place, reinstall the cap and the canopy side plate. 

52.1.3 Clean the filter seat on BA-CF-24, taking care that no dirt drops into the system. Oil the gasket of the new filter and screw it into place until the gasket contacts its seat, then tighten one-half turn only.

52.1.4 Remove the filler plug and fill the oil sump to the middle of the oil-sight glass with fresh oil of the correct viscosity. Reinstall the oil filler plug. Take care that no dirt enters the sump when filling with oil.

52.1.5 Operate the compressor for a few minutes; check the oil level. Add oil, if necessary. In addition, check BA-CF-24 for tightness. 

52.2 Replace the air filter (BA-CF-04) element.

CAUTION:
Never remove the element while the compressor is running. The element shall be discarded if damaged. The element shall be serviced if the AIR FILTER alarm lamp (BA-PI-39) illuminates during compressor loading. Always inspect a replacement element for tears or punctures before installation.

52.2.1 Replace the BA-CF-04 element by unscrewing the wing nut on the cover of BA-CF-04. Using a damp cloth, clean out any dust from the filter chamber. Clean and inspect the element sealing surface of the filter chamber. Cover the air intake opening with a clean cloth to protect the air inlet system while cleaning the element. If dust has entered the suction silencer inlet (BA-CS-05), remove it and clean the inside by air-jet. Ascertain that no impurities are left behind in BA-CS-05. The presence of dust in the silencer points to a malfunctioning element which must be replaced. 

52.2.2 Install the new element (BA‑CF-04) and clamp it into place. Inspect and tighten the air intake system connections.

52.3 Dismantle, clean and inspect the float valve of BA-CT-13, Moisture Trap. Unscrew the bowl of BA-CT-13, remove float valve assembly and clean with running water. Dry and replace, if suitable for re-use. Worn float valves shall be replaced. Reinstall and check operation for drainage.

52.4 Check the condition of BA-CV-12, Check Valve. The check valve is located on the left hand side of the compressor cabinet. Operational checks of the check valve shall be performed by a factory trained representative in accordance with the provisions of Exhibit 1 of this procedure.

52.5 The Unloader Solenoid valve (BA-CV-20) and the Switching Valve (BA-CV-21) shall be removed and the diaphragm of each valve inspected for operation. BA-CV-20 and BA-CV-21 are located on the right hand side of the compressor cabinet. Operational checks of BA-CV-20 and BA-CV-21 shall be performed by a factory trained representative in accordance with the provisions of Exhibit 1 of this procedure.

52.6 Clean all cooling components (BA-CC-07, oil cooler; BA-CC-08, intercooler; BA-CC-09, aftercooler) in order to maintain the cooling efficiency. The cooling components are located on the left hand side of the compressor canopy. 

52.6.1 Remove the upper section of the fan cowling, the grating on top of the cooling air outlet compartment and the noise-dampening panel installed in the cooling air outlet compartment. 

52.6.2 Remove any dust and dirt from both sides of the cooler with a stiff fiber brush. NEVER use a wire brush or metal objects for this purpose. Clean by air-jet in reverse direction of normal flow. 

52.6.3 If the dirt is of oily nature, wash down the cooling fins with a cold cleansing agent. A spray gun should preferably be used to apply the solvent to the fins. 

52.6.4 Rinse the block by means of a powerful water jet after an adequate soaking-in period. Protect the motor and all electrical parts of the unit against penetration of moisture. Steam-cleaning may also be performed. 

52.6.5 Reinstall the panel, grating and fan cowl section. 

52.7 The operation of the electrical interlockings, motor breakers, fuses, etc. shall be tested by the BCLDP electrician. 

52.8 The hp relief valve (BA-CV-16) and the intercooler relief valve (BA-CV-10) shall be tested for proper operation. Operational checks of BA-CV-16 and BA-CV-10 shall be performed by a factory trained representative in accordance with the provisions of Exhibit 1 of this procedure.

52.9 A pressure and temperature diagnosis shall be performed. Pressure and temperature measuring points that enable quick connection of precision instruments are provided on the compressor. Based upon the recordings of various measure​ments, the condition of the compressor can be judged. The operational pressure and temperature diagnosis shall be performed by a factory trained representative in accordance with the provisions of Exhibit 1 of this procedure.

52.10 A vibration measurement diagnosis shall be performed. The housing of the compressor has SPM (Shock Pulse Meter) adapter plugs to receive the sensors of a vibration meter. Based upon the recordings of various measurements, the condition of the compressor can be judged. The vibration measurement shall be performed by a factory trained representative in accordance with the provisions of Exhibit 1 of this procedure.
52.11 The operation of the air filter alarm switch (BA-CSW-06) shall be tested. Operational checks of BA-CSW-06 shall be per​formed by a factory trained representative in accordance with the provisions of Exhibit 1 of this procedure. 

52.12 The shutdown switches (BA-CSW-26, oil pressure shutdown switch; BA-CSW-29, hp outlet temperature shutdown switch, and BA-CSW-43 lp outlet temperature shut down switch) shall be tested. Operational checks of BA-CSW-43, BA‑CSW-26 and BA-CSW-29 shall be performed by a factory trained representative in accordance with the provisions of Exhibit 1 of this procedure. 

52.13 The flexible coupling connecting the motor to a step-up gear shaft shall be inspected by a factory trained representative in accordance with the provisions of Exhibit 1 of this procedure. 

2.0
Annual maintenance for the BCLDP breathing air purification skid shall be performed as follows:
2.1
Replace catalyst/charcoal tower core at least once every 12 months. 

WARNING:
Replace immediately if yellow color is visible in sight glasses or if any part of purifier malfunctions. Use of catalyst after recom​mended date or purifier malfunction could cause illness or death.
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Unloader Pressure Switch (diagram)
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