
Abstract: Booster pump stations are installed to boost the system 
pressure and fill ground storage tanks located at higher elevations. 

STANDARD OPERATING 
PROCEDURE 

SOP 3.1 Booster Pump Stations 
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1. DEFINITIONS/ACRONYMS

1.1. Definitions 

 Booster pump: A device that delivers water to a desired point of height and distance in the
water supply network by providing extra pressure to the water under all operating conditions.
The water pressure generated by a booster pump is a force, exerted over a specific area, that
moves water in the water line from the booster pump discharge point into the desired water
supply location.

 Cavitation: Cavitation is one of the most serious operational problems with centrifugal pumps.
Cavitation occurs when cavities or bubbles of vapor form in the liquid. The bubbles collapse
against the impeller, making a sound as though there were rocks in the pump. If left
uncorrected, cavitation will seriously damage the pump.

 Centrifugal pump: A pump that utilizes an impeller spinning at a high velocity to induce flow in
a liquid.

 Commutator: Electrical device that converts alternating current to direct current.

 Hydraulic grade line: A measurement that incorporates both pressure and elevation into a
single parameter that is useful for evaluating distribution systems, especially with changes in
elevation.

 Safety Data Sheet (SDS): An Occupational Safety and Health Administration (OSHA)
standardized hazard communication document detailing a chemical’s properties and hazards
(physical, health, and environmental); protective measures; and safety precautions for
handling, storing, and transporting the chemical.

 Water hammer: Water hammer may occur when flowing water within a water system is
abruptly stopped or changes direction, creating a pressure surge.

1.2. Acronyms and Abbreviations 

 DSO Water Distribution System Operator 

 JBPHH Joint Base Pearl Harbor Hickam

 NAVFAC Naval Facilities Engineering Systems Command

 OIT Operator(s)-in-Training 

 OSHA Occupational Safety and Health Administration 

 PPE personal protective equipment 

 PRP32A Potable Water Branch

 SDS Safety Data Sheet 

 SOP Standard Operating Procedure 
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2.2.2. Pump Control Valves 

The Manana and Moanalua Terrace Booster Pump Stations are both equipped with pump control 
valves. Moanalua Terrace is currently bypassing the pump control valves. Both stations utilize a 

 pump control valve, which maintains a backpressure on the pumps to prevent excessive 
speed during low head conditions. SOP 5.2 Valves provides detail on operation and maintenance 
of the pump control valves. 

2.3. Equipment List at Each Shaft 

Booster pump station equipment is listed in Table 2-1. 

(b) (3) (B)
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3. RESPONSIBILITIES AND QUALIFICATIONS

3.1. Responsibilities 

The JBPHH Public Works Department owns and operates the JBPHH drinking water system. 
Operation and maintenance of the system is the responsibility of the Utility Division Potable Water 
Branch (PRP32A). The booster pump station operation and maintenance within JBPHH is 
performed by Production Work Center WHHP6A. Refer to Figure 3-1 for details. 

Figure 3-1 Public Works Department Organization 

Lead operators and supervisors in PRP32A must ensure that the operators are trained and 
qualified prior to using this SOP. To support this process, a copy of this SOP should be made 
readily available to all users. Senior operators are required to update the SOP to reflect any 
changes in equipment, procedures, or regulations, and train the subordinate operators and 
maintenance crew(s) accordingly. It is important for senior operators to approve, coordinate, and 
maintain records of any major repairs on the equipment highlighted in this SOP. Training shall 
consist of in-depth, hands-on training for all new employees or employees new to this SOP and 
annual refresher meetings facilitated by the lead operator. All training should be documented 
using Attachment 1 SOP Acknowledgement and Training Form. 

3.2. Qualifications 

All personnel involved in operations and maintenance activities for the booster pump station must 
be trained and qualified to perform their assigned tasks: 

 If required, personnel are responsible for obtaining and maintaining a Water Distribution
System Operator (DSO) certification, Grade 1 or higher, from the State of Hawaii,
Department of Health, Safe Drinking Water Branch.
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 Unlicensed or uncertified operators or Operators-in-Training (OIT) shall not make process
control or system integrity decisions about water quality or quantity that affect public health.

 Follow Navy and base-specific safety regulations and directives and obtain appropriate safety
training (see Section 4.2).

 Be familiar with the following:

o Emergency protocols and communications
o Operation of tools and equipment
o Procedures outlined in this SOP
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4. HEALTH AND SAFETY

4.1. General Guidelines 

With respect to health and safety, operators shall implement the following: 

 Comply with the JBPHH Safety Manual.

 Use engineering, operational, or administrative controls or other means of performing work to
eliminate or minimize health and safety hazard risk. Eliminating or minimizing health and
safety hazard risk is preferred over the use of personal protective equipment (PPE). Use PPE
to reduce hazard exposure when the hazard cannot be eliminated.

 Follow all OSHA requirements for works in confined spaces, trenching, roadways, etc.

 Pay specific attention to the hazards outlined in Section 4.2.

 Be familiar with all applicable SDSs. Ensure SDSs are up to date. Ensure the SDSs
displayed / available match the chemical being used (i.e., do not use an SDS for the same
chemical from another manufacturer).

4.2. Anticipated Hazards 

 Injury due to moving parts and equipment (e.g., forklift, pump, motor)

 Confined space

 Electricity

 Work environment (hot weather, excessive heat, sun exposure, wet or humid environment,
wet slippery grounds, elevated platform, uneven/unstable ground, noise, etc.)

4.3. Personal Protective Equipment 

Utilize the following PPE based on anticipated activities: 

 Safety steel toe shoes with anti-slip soles

 Work gloves

 Eye protection

 Hearing protection

 Hardhat/helmet

 Class 2 safety vest (class 3 vest is required when visibility conditions are limited)

4.4. First Aid 

Stocked first aid kits shall be kept in two primary locations: service trucks and water supply pump 
stations. Promptly remove any expired stock from first aid kits and replace. Operators shall follow 
detailed instructions in the JBPHH Safety Manual and EM-385-1-1, Section 3 regarding first aid 
kit requirements, documentation, and follow up procedures. 
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5. EQUIPMENT AND MATERIALS
The section lists the equipment and materials that are relevant to perform this SOP. For detailed 
information regarding location and quantity of each item, please refer to the JBPHH inventory 
provided as an attachment to SOP 1.1 Introduction and Overview.  

Parts: 

 Seals

 Bearings

 Motor couplings

 Pressure Gauges

Equipment:

 General hand tools

 Grease gun

 Flashlight

 Straight edge

 Dial indicator

 Infrared thermometer

 Pressure gauges and various adaptors

Consumables:

 Grease

 Oil

 Packing material
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6. SCHEDULE AND PROCEDURES

6.1. Schedule 

Refer to Table 6-1 for a routine booster pump station operation and maintenance schedule. 
Detailed procedures are discussed in subsequent sections. 

Table 6-1 Booster Pump Station Schedule 

Frequency Task Section

Daily Observations, inspections, and record keeping 6.2 

Weekly 
Pump packing inspection; oil and grease 
inspection; miscellaneous inspection and 
housekeeping 

6.3 

Monthly 
Coupling alignment inspection; sump pump field 
test; monthly compressor maintenance; 
housekeeping 

6.4 

Quarterly Inspections 6.5

Annual Replace oil and grease; full pump operating check 6.6 

Perform refresher training on this SOP 6.7 

6.2. Daily Observation, Inspection, and Record Keeping 

 Observe pumps specifically for abnormal noise, vibration, leaks, or visible malfunctions.

 Observe motors specifically for abnormal noise, excessive temperature, excessive sparking
at commutator, hot commutator, blackened commutator, sparking brushes, fine dust under
couplings with rubber buffs or pins, smoke, charred insulation, solder whiskers extending
from armature, excessive hum, regular clicking, rapid knocking, chattering brush, or vibration.

 If available, use the pump run-hour meters and cycle counters on control panel to record the
running times and number of cycle starts.

 Record the pump discharge pressure and flow rate from available pressure gauges and flow
meters.

 To the greatest degree practical, take these readings at the same time every day.

 Record values in the daily log and compare them to historical values to provide insight into
potential pump problems.

 Compare individual pump run-time hours to ensure that the lead/lag controls are operating
properly.

 Inspect cycle starts for an excessive number of starts per hour (greater than 6 starts per hour
for a single pump).

 Notify lead operator of any potential issues regarding variations from historical records,
uneven run time, or excessive starts per hour. Investigate root cause and adjust controls as
required.

 Note any faults or warnings in the control system.

 Inspect piping for any leaks.

 Record all values and notes in Attachment 2 and Attachment 3.
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6.3. Weekly Tasks 

6.3.1. Pump Packing Inspection 

 Inspect the packing for proper leakage rate, consult equipment operation manual for
recommended rate.

o If the leakage rate is too low, loosen the gland.
o If the leakage rate is too high, tighten the gland.

 Inspect the packing gland temperature with an infrared thermometer; if the temperature is
excessive (confirm acceptable temperature range with installed packing material) or appears
to be rising during operation, loosen the gland.

 All adjustments to packing glands must be small adjustments. After any adjustments, recheck
both leakage rate and temperature.

 If the leakage rate or temperature exceeds acceptable limits and cannot be adjusted, replace
all packing as per manufacturer’s recommendations.

 Record all values and notes in Attachment 2 and Attachment 3.

6.3.2. Oil and Grease Inspection 

 Check Oil and Grease

o Excess oil can create oil splashes that require cleaning to prevent contamination of water
supply; avoid overfilling oil.

o Insufficient oil can result in increased wear and temperature of moving components.
Check temperature utilizing infrared thermometer to ensure sufficient oil level.

 Adding Oil

o Confirm oil fill point, acceptable levels, and type with manufacturer’s literature.
o Add oil to proper level.

 Adding Grease

o Confirm grease injection point, acceptable levels, and type with manufacturer’s literature.
o Add grease to proper level.

 Inspect oil for excessive temperature (less than 120° F) with an infrared thermometer.

 Record all values and notes in Attachment 2 and Attachment 3.

6.3.3. Miscellaneous Weekly Inspections and Housekeeping 

 Inspect operation of miscellaneous equipment including HVAC systems, lighting systems,
etc.

 Inspect bearing (less than 200° F) for excessive heat with an infrared thermometer.

 Measure vibration with handheld vibration meter; vibration should be less than 0.2 inches per
second, see SOP 8.2 Spot Monitoring for details.

 Inspect the sump pump system for signs of improper operation, broken components, etc.

 Wipe equipment clean. Keep motors free from dirt or moisture.

 Perform general housekeeping including dusting, sweeping, and trash disposal.

 Check structure inside and outside for any openings, holes, gaps, or missing/broken screens
whereby animals, including insects, can gain access and report findings to work leader or
supervisor for creation of separate work order.

 Check remaining run time versus run time-based maintenance including:

o Bearing grease/oil life
o Bearing life



NAVFAC HAWAII POTABLE WATER BRANCH SOP 3.1 

Notes:______________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________ 

Page 21 of 28 

6.4. Monthly Tasks 

6.4.1. Coupling Alignment Inspection 

 Coupling alignment should be checked as applicable and per the manufacturer’s
recommendations.

 Motor and pump shaft should be parallel and in line with manufacturer’s recommendations.

 Adjust alignment as per manufacturer's recommendations, as required.

 If significant effort or specialized tools are required, contact the manufacturer or
manufacturer’s representative for assistance.

 Record all values and notes in Attachment 2 and Attachment 3.

6.4.2. Housekeeping 

 If applicable, read and record the electric meter at the pump house to track usage.

 Clean all windows.

 Clean all walls.

 Clean all ceilings.

 Remove all cobwebs.

 Hose down floor.

 Inspect and clean all name plates. Open work order to replace or provide protective coating
as required.

6.5. Quarterly Tasks 

 Inspect pump base and anchor bolts.

 Check spare part inventory versus manufacturer’s recommendations, scheduled
maintenance, and potential failure items.

 Inspect, clean, and repair (as needed) control panels in the pump house.

6.6. Annual Task 

6.6.1. Replace Oil and Grease 

 Replace grease/oil regardless of pump run time at least annually. Check clearances while
replacing grease/oil.

 Replacement of Oil

o Remove old oil as per manufacturer’s recommendations.
o Confirm oil fill point, acceptable levels, and type with manufacturer’s literature.
o Add oil to proper level.
o Allow pumps to operate and reinspect oil levels until levels are consistent.

 Replacement of Grease

o Remove old grease as per manufacturer’s recommendations.
o Confirm grease injection point, acceptable levels, and type with manufacturer’s literature.
o Add grease to proper level.
o Allow the pump to operate and reinspect grease levels until levels are consistent.
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6.6.2. Full Pump Operating Check 

 The pumps should be operated at as many operational points regarding speed and additional
pump status (on/off) as practical. If the pump station has multiple pumps, the pumps should
be operated in an isolated condition as well as any anticipated concurrent operating states
(i.e., two pumps on or three pumps on).

 Full pump operating check consists of operating the pump at the conditions described above
until the hydraulics (flow rate and pressure) reach a steady state (i.e., fluctuations are
minimal; note that in some cases the system will not achieve a perfect steady state, and the
operator must utilize their best judgement to determine if the system is adequately steady).

 During the full pump operating check, observe and note the following:

o Number, tag, and description of pumps operating and target conditions
o Flow rate
o Discharge pressure
o Suction pressure
o Each pump operating speed
o Each pump running amps (checking amps on pumps can be complicated and dangerous

and should only be performed by a qualified and licensed electrician.)
o Any excessive noise or vibration
o Bearing temperature

 After completing the series of full pump operating checks, it is imperative to graph the
observed design points on the pump curves.

o Adjust flow rates based upon the number of pumps operating.
o Mark the head and flow conditions of each operating point on the pump curve.
o Note and retest any operating points that do not appear to fall on the pump curve.
o If retested operating points do not fall on the pump curve, consult with manufacturer,

manufacturer’s representative, or engineering consultant to investigate the cause of the
discrepancy.

6.7. Annual SOP Refresher Training 

 Schedule training

o Review operator schedules to identify a convenient time and date for most or all
operators to attend the training session.

o Provide refresher training.

 Review key aspects of this SOP:

o General pump station operation observances
o Maintenance takeaways
o Visual instructions regarding all maintenance, specifically showing where maintenance

items are located and how to safely access them
o Operators’ questions or concerns
o Identified areas for improving the SOP

 Documentation

o Record the date, time, and attendees of the training sessions in Attachment 1.
o Note any updates or revisions made to the SOP.
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7. TROUBLESHOOTING
This section offers an approach to troubleshooting common issues encountered while following 
this SOP. Table 7-1 provides general troubleshooting guidelines. 

Table 7-1 General Troubleshooting Guide 

Issue Potential Related Issue or Cause Remedy 

No discharge with 
pump running 

Pump not primed; lack of prime; 
incompatible priming. 

Fill the pump and suction pipe 
completely with liquid. 

Loss of prime 
Check for leaks in suction pipe joints 
and fittings; vent the casing to remove 
accumulated air. 

Suction lift too high Check for obstruction at inlet. 

Wrong direction or rotation 
Check motor rotation with directional 
arrow on pump casing. 

Low rate of 
discharge 

Discharge head too high Check that valves are fully open. 

Speed too low 

 Check whether the motor is
receiving full voltage.

 Frequency may be too low.

 Motor may have an open phase.

Impeller plugged or partially plugged Dismantle pump and clean impeller. 

Obstruction of liquid passages 
Dismantle pump, inspect impeller and 
its casing passages, then remove 
obstruction. 

Pump cavitates Air leak in suction Test flanges for leakage with flame. 

Air leak in stuffing box 
Increase seal lubricant pressure to 
above atmosphere. 

Pump vibration 
with lowered 
discharge rate 

Damaged impeller 
Inspect impeller. Replace if damaged 
or vane sections badly eroded. 

Excessive 
leakage around 
pump shaft 

Defective packing 
Replace packing and sleeves if badly 
worn. 

Excessive 
vibration 

Shaft bent 
Check deflection of the rotor. 
Compare to manufacturer’s 
tolerances. 

Misalignment of pump and driver Realign pump and driver. 

Speed too high 
Check voltage and frequency of 
motor. 

Foundation not rigid 

Check if foundation bolt nuts are 
drawn tight against base. Check the 
foundation against the 
recommendations in manufacturer's 
instructions. 
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Table 7-1 General Troubleshooting Guide (Continued) 

Issue Potential Related Issue or Cause Remedy 

Pump squealing 
or vibrating 

Bearing worn 
Check bearings for damage or 
excessive wear. Any irregularities will 
cause a drag on the shaft. 

Lubricating oil/grease dirty, con-
taminated 

Clean bearings and bearing housing 
as per instructions and relubricate. 

Motor overheating Defects in motor Check any motor defects. 

Voltage and/or frequency lower than 
rating 

Check voltage and frequency. 

Rotor binding
Check deflection of rotor. Check 
bearings for damage or excessive 
wear. 
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8. REFERENCES
 Unified Facility Criteria 3-230-02 - Operation and Maintenance: Water Supply Systems. 1
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9. ATTACHMENTS
 Attachment 1: SOP Acknowledgement and Training Form

 Attachment 2: Pump Inspection Log Sheet

 Attachment 3: Full Pump Operating Check Record Sheet

 Attachment 4: Process Flow Diagrams

 Attachment 5: Goulds Pumps Model 3316 Information

 Attachment 6: Peerless Horizontal Centrifugal Pumps Information

 Attachment 7: Peerless-Grundfos Installation and Operating Instructions

 Attachment 8: Moanalua Terrace Booster Pump System Information
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Code Example 6AEF16G 1-A-1/7-P-A-B-R-C

6 AEF 16 G -1 -A -1 /7 -P -A -B -R -C

Discharge Flange

Model

Maximum Impeller Diameter [inches]

Hydraulic Variation
<> - None (blank)
G - 
….
….

Flange Rating
1 - 125#x125#
2 - 125#x250#
3 - 250#x250#
4 - 125#x400#
X - Special

Listing or Approval of Pump System
A - UL and FM
B - FM only
C - UL only
D - NFPA compliant
E - ULC
F - CCC
X - Special

Casing Material
1 - Cast Iron
2 - Ductile Iron
4 - 316LSS
5 - CD4MCu
9 - Nickel-Aluminium Bronze
X - Special

Impeller Material
1 - Cast Iron
4 - 316LSS
5 - CD4MCu
7 - Silicon Bronze
9 - Nickel-Aluminium Bronze
X - Special

Type of Sealing
P - Packing
S - Seal Component Style
C - Cartridge Seal
X - Special

System Configuration
A - Bare Shaft Pump
B - Pump + Base
C - Pump + Base + Drive
D - Pump + Base + Driver + Controller
X - Special
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Manufacture of Driver
B - USEM / Nidec
C - General Electric
D - Marathon
E - WEG
F - Baldor
N - Clarke
P - Cummins
Q - Caterpillar
R - Deutz
Z - No Driver
X - Special

Pump Rotation
R - Right Hand / Clockwise
L - Left Hand / Counter Clockwise

Controller Type:
A - No Panel
C - Firetrol
D - Tornatech
E - Master
F - Cutler Hammer
X - Special

6 AEF 16 G -1 -A -1 /7 -P -A -B -R -C
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5.4 Rigging and lifting

For typical installations, suitable overhead lifting equipment of 
adequate capacity to lift the driver, the entire pump (without 
driver) or the heaviest subassembly of the pump should be 
available at the job site when installing or removing the pump. 

Adequate headroom should be provided to accommodate the 
pump to be handled, including rigging. 

5.4.1 Leveling

1. Remove the supporting timbers, rope and any other 
equipment from the top of the foundation.

2. Disconnect the coupling halves between the pump and driver. 

3. Lower the pump unit until the base plate is just above the 
foundation bolts.

4. Orient the pump so that the discharge outlet and suction inlet 
is in the desired direction and the holes in the base align with 
the foundation bolts.

5. Continue to lower the pump until the bolts just enter the holes 
in the base.

6. If the foundation is concrete, place the wedges under the base 
plate, adjacent to the bolt holes, one under each of the four 
sides.

7. For structural foundations (made up of I-beams or H-beams), 
use shims under the corners. 

8. Continue to slowly lower the pump until the base of the base 
plate rests on the wedges or anchor bolts with washers and 
nuts.

9. By using the wedges or washers and nuts on the anchor bolts, 
adjust the pump suction flange center line to the correct 
elevation. 

10. While maintaining the correct elevation, adjust the nuts and 
washers or shims to achieve the specified levelness of 0.005" 
per ft. [0.4 mm per m] in both directions. The levelness should 
be measured by placing a precision level on the machined 
face of the discharge flange. 

11. Place a machinist's level on the discharge flange, orienting it 
parallel with one of the edges of the base. 

12. Move the wedges or add more shims until the level reading 
reaches 0.005" per ft. [0.4 mm per m]. 

13. Reorient the level on the same surface, 90 ° from the original 
position. 

14. Again adjust the wedges or shims until a 0.005" [0.12 mm] 
level reading is reached, taking care not to upset the 
levelness is the first direction. 

15. After each adjustment, check for levelness in both directions. 

16. Push in or add to any loose shims to distribute the weight 
evenly. 

17. Fit nuts on the foundation bolts and tighten them gradually 
and uniformly. 

18. Check the level readings in both directions. 

19. If necessary, loosen the foundation bolts and readjust the 
wedges or shims, tighten the bolts again and check the level 

readings. 

5.4.2 Grouting

After the base plate is at the correct location and leveled with a 
precision level, the base plate needs to be grouted to the 
foundation. 

Grout compensates for unevenness in the foundation and base 
plate and minimizes vibrations levels during operations. It 
prevents the unit from shifting after mounting and alignment.

Fig. 3 Typical foundation with base plate

Only non-shrinking grouting material should be used for grouting 
the base plate to the foundation. Foundation bolts should not be 
fully tightened until the grout is hardened, usually about 48 hours 
after pouring.

1. Prepare the foundation surface according to the grout 
manufacturer's recommendations.

2. Locate the foundation bolts by the use of a template frame 
and provide anchorage as shown in fig. 4. See the outline 
drawings furnished with each pump for the exact location of 
the foundation bolts.

3. Build a dam on the foundation, enclosing an area around the 
base plate that includes all alignment wedges. Allow for a 
grout thickness of 0.75 to 1.50" thickness [19.05 mm to 38.1 
mm]. See fig. 3.

4. Pour the grout through the holes provided in the base plate or 
through open ends of steel channel base plates. While 
pouring, tamp liberally in order to fill all cavities and prevent 
air pockets. If tamping does not eliminate all air pockets, drill 
small vent holes through the base surface.

5. Level off the grout flush with the top of the dam. 

6. Allow the grout to cure at least 48 hours before tightening the 
foundation bolts or starting the pump. 

7. Tighten pipe connections to suction and discharge flanges.

8. Check the pump alignment in Section 5.9 Alignment.

9. When the grout has thoroughly dried, paint the exposed 
edges to prevent air and moisture from coming in contact with 
the grout.

Fig. 4 Foundation Bolting Location and Anchorage Mount 
and leveling

Caution

Properly sized slings, chains and shackles 
should be available for attaching to the lifting 
lugs (eyes). Eyebolts are required for handling 
pump sections when lifting lugs are not provided. 

Note

If the base plate is not already grouted in place, 
be certain that the grouting dam around the 
foundation opening is in place before lowering 
the pump assembly onto the foundation.

Caution
Accurate alignment of the pump shaft in relation 
to the motor shaft is absolutely essential for 
smooth and trouble-free operation. 

Caution
Never attempt to align the pump using a spirit 
(carpenter's) level. 
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Pumps and drivers mounted on a common base plate were 
accurately aligned before shipment. All base plates are flexible to 
some extent and, therefore, must not be relied upon to maintain 
the factory alignment.

After the grout has set and the foundation bolts have been 
properly tightened, the unit alignment should be checked. 

After the piping of the unit has been connected, the alignment 
should be checked again. Alignment may be checked by 
mounting a dial indicator to measure shaft movement before and 
after tightening flange bolts. If the unit does not stay in alignment 
after being properly installed, the following are possible causes: 

• setting, seasoning or springing of the foundation 

• excessive pipe strain distorting or shifting the machine

• settling of the building

• shifting of pump or driver on the base plate or foundation

To facilitate accurate field alignment, we do not dowel the pumps 
or drivers on the base plates before shipment.

Reliable, trouble-free, and efficient operation of a pumping unit 
requires correct alignment of pump and driver shafts.

Misalignment may be the cause of:

• Noisy pump operation

• Vibration

• Premature bearing failure

• Excessive coupling wear

Recheck alignment is required after:

• Mounting

• Grout has hardened

• Foundation bolts are tightened or readjusted

• Piping is connected or adjusted

• Pump, driver or base plate is moved for any reason

The procedure for alignment verification for units with the pump 
and driver connected by a flexible coupling, mounted on a 
common base are:

1. Disconnect the coupling halves.

2. Set the coupling gap to the dimension shown in fig. 6, 7, or on 
outline drawings.

Fig. 6 Coupling misalignment

Coupling
Max 
RPM

Parallel 
in. [mm]

Angularity 
in. [mm]

Weight 
lb. [kg]

Torque
lb-in. [Nm]

1020 4500 0.006 [0.15] 0.003 [0.08] 4.2 [1.9] 460 [52]

1030 4500 0.006 [0.15] 0.003 [0.08] 5.7 [2.6] 1,320 [149]

1040 4500 0.006 [0.15] 0.003 [0.08] 7.4 [3.4] 2,200 [249]

1050 4500 0.008 [0.2] 0.004 [0.1] 12 [5.4] 3,850 [435]

1060 4350 0.008 [0.2] 0.005 [0.13] 16 [7.3] 6,050 [684]

1070 4125 0.008 [0.2] 0.005 [0.13] 23 [10.4] 8,800 [994]

1080 3600 0.008 [0.2] 0.006 [0.15] 39 [17.7] 18,150 [2,051]

1090 3600 0.008 [0.2] 0.007 [0.18] 56 [25.4] 33,000 [3,729]

1100 2440 0.01 [0.25] 0.008 [0.2] 93 [42.2] 55,550 [6,276]

1110 2250 0.01 [0.25] 0.009 [0.23] 120 [54.4] 82,500 [9,321]

1120 2025 0.011 [0.28] 0.01 [0.25] 179 [81.2] 121,000 [13,671]

1130 1800 0.011 [0.28] 0.012 [0.3] 266 [120.7] 176,000 [19,885]

1140 1650 0.011 [0.28] 0.013 [0.33] 392 [177.8] 253,000 [28,585]

Falk/Clarke/Dodge Coupling Misalignment
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The function of a stuffing box is to limit or eliminate leakage of the 
pumped fluid and to prevent air from entering along the shaft. 
Pumps are equipped with packing seals. These instructions are 
intended for pumping units handling water.

Packed Type Seal

A packed type stuffing box must correspond to the suction 
conditions of the installation. The pump is shipped with the 
packing installed unless otherwise specified by the customer. 
Check the packing carefully, allowing a slight leakage for 
lubrication. Never force the packing into a leak-proof position 
since this will create excessive friction and cause damage to the 
packing or shaft sleeve. Maximum packing life can be expected 
when the leakage approximates a minimum of 40-60 drops per 
minute. A reduction of leakage considerably reduces the life of 
both the packing and shaft sleeve. If leakage is excessive, tighten 
the gland bolts evenly, about 1/6 of a turn at a time. Do not be 
confused if the leakage seems to increase after and adjustment 
of the packing has been made. The leakage will normally reduce 
after a period of time as the packing adjusts itself to its new 
position. It should be kept in mind that it takes time for newly 
installed packing to "run-in" and that during this initial period, 
frequent attention and adjustments are necessary. It sometimes 
takes several days to achieve the desired results. Peerless Pump 
recommends the use of lantern rings and water seal lines.

Recommended stuffing box packing arrangements for use with 
water

All UL/ULC listed fire pumps will have water seal piping only 
when suction pressure is less than 30 psiG [2.1 bar].

All FM approved fire pumps will have water seal piping regardless 
of the suction pressure.

See supplemental instruction 4850332 for high-pressure fire 
pump applications. 

Once the stuffing box housing and stuffing box gland have 
reached approximately the same temperature as that of the pump 
parts, the running-in of the stuffing box gland has been 
completed. If the stuffing box leaks too much, retighten slightly 
and evenly while the pump is running. To ensure continuous 
lubrication, a few drops should always drop from the stuffing box 
to protect the packing or shaft sleeve against damage, see chart 
for recommendations for drop rate.

When the leakage can no longer be controlled by adjusting the 
gland, all rings of packing should be replaced. The addition of a 
single ring to restore gland adjustment is not recommended. 

If the pump is to be left idle for a long period of time, we 
recommend to replace the packing prior to restarting the pump 1.

6.6 Startup, operation and shutdown

Starting

Prior to making an initial start, after installation or major 
maintenance check the following:

• Refer to local fire code.

• Correct installation and rotation of driver.

• Coupling alignment.

• Bearing lubrication on pump and driver.

• Proper lubrication for stuffing boxes. For pumps having 
mechanical shaft seals, make certain that the liquid 
temperature, pressure, cooling and lubrication of seal faces all 
meet the manufacturer's requirements

• Gauges (if used) of correct range and in good condition.

• All foundation, pump, and driver bolts properly tightened. All 
external fasteners (nuts, bolts, screws) on pump checked 
against recommended torque values. 

• When possible, turn the pump shaft by hand to make sure that 
parts do not bind.

• Ensure the suction valve is fully open. 

After the pump has run a reasonable time, measure the 
temperature of bearing and stuffing box housings. The 
temperature of the stuffing box should approximate that of the 
pumped liquid. If it is to hot (overheats), the packing is too tight 
and should be checked. 

6.6.1 Air in system

Entrained air reduces pump total head and flow rate. To avoid air 
in the system, take these precautions: 

• Return lines into tanks should terminate a minimum of two 
pipe diameters below the low liquid level. 

6.6.2 Lubrication system

Before running the drivers, either separately or connected to the 
pump, check lubrication requirements in the instructions of the 
driver. Check that the following points have been fulfilled: 

• Grease-lubricated bearings have been properly greased with 
the driver manufacturer's recommended grade. 

6.6.3 Driver settings

Follow the instructions of the manufacturer. 

6.6.4 Performance testing

Once the unit is energized, check operating speed, flow rate, 
suction and discharge pressure, and power input. While it may 
not be possible to exactly repeat the factory performance, initial 
field test data becomes a valuable baseline for future checking to 
determine possible wear and need to perform maintenance. 
Auxiliary piping and gasket joints should be checked for leaks and 
proper makeup. 

Suction pressure 
range

Packing shaft / sleeve
Leakage 
rate

6.0 psiA - 100 psiG
[.41 bar - 6.9 bar]

PTFE graphited synthetic 
latticed braided
Crane C1065 or C1070
SAE 40 Bronze or Stainless 
Steel

20 to 50 
Drops/Minute

100 - 175 psiG
[6.9 bar - 12 bar]

Continuous carbon filament 
yarn, latticed
braided packing containing 
colloidal graphite
Crane C1627
SAE 40 Bronze or Stainless
Steel

1/3 pint/
minute
[.16 Liters/
Minute]

175 - 250 psiG
[12 bar - 17 bar]

Continuous carbon filament 
yarn, latticed
braided packing containing 
colloidal graphite
Crane C1627
Hardened Stainless Steel

1 pint/minute
[.47 Liters/
Minute]

Caution
The stuffing box gland must not be too tight 
during startup in order to let sufficient liquid 
lubricate the shaft and the packing.
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7.6 Wear Ring

Wear rings provide a close-running, renewable clearance to 
reduce the quantity of liquid leaking from the high-pressure side 
to the suction side. These rings depend on the liquid in the pump 
for lubrication. They will eventually wear so that the clearance 
becomes greater and more liquid passes into the suction. This 
rate of wear depends on the characteristics of the liquid pumped. 
Badly worn wear rings will result in severe degradation of pump 
head and flow rate, particularly on small pumps. Examination of 
wear patterns can provide valuable information in diagnosing 
pump problems and determining their origin.

Worn wear rings or surfaces can be replaced to restore hydraulic 
performance.

Measure the OD of the impeller wear surface or impeller ring (8) 
and the ID of the casing ring (7). Compute the diametrical 
clearance (ID minus OD) and compare with the limits below. If 
measured diametrical clearance exceeds two times values, repair 
or replace to restore design clearance. ID surface of casing ring 
must be smooth and concentric with ring OD.
 

If impeller clearance is found to be out of tolerance, replace 
casing wear ring. It may be necessary to consider machining 
impeller wear surface for wear ring installation (if not originally 
supplied) to return to approved clearance. If the impeller must be 
machined to install new impeller rings, be sure machining is 
concentric with impeller bore. 

7.7 Inspection and Repair

Inspection. Visually inspect parts for damage affecting 
serviceability or sealing. Emphasize inspection of mating parts 
having relative motion- wear rings, for example. Perform detail 
inspection as follows:

1. Check O-rings and bearing cover gaskets for cracks, nicks, or 
tears; packing rings for excessive compression, fraying or 
shredding, embedded particles (dirt or metal). Replace if 
defective in any way.

2. Mount the shaft between centers or on vee blocks. Check for 
eccentricity throughout entire length with a dial indicator; 
eccentricity must not exceed 0.003" [0.08 mm] total indicator 
reading. Check that threads are clean and sharp. Surfaces, on 
which bearings mount must be smooth, have a finish of 32 µin 
[0.81 µm] or better, and the shoulders square and free from 
nicks.

3. Examine impeller passages for cracks, dents, gouges or 
embedded material. 

Repair. Make needed repairs in the following manner:

1. If ID of casing rings (7) is grooved, scored or eccentric, 
replace the casing rings.

2. If impeller wear surfaces or impeller rings (8) are defective, 
the impeller must be machined to install new impeller rings. 
Be sure machining is concentric with impeller bore. Use care 
NOT to reduce hub OD when machining off old impeller rings.

3. Install new impeller rings (8) on the impeller (shrink or press 
depending on material). 

4. Replace worn shaft sleeves.

5. Replace shafts having excessive run-out (eccentricity).

Note

Standard pumps are furnished without impeller 
rings; the wear surface is an integral part of the 
impeller. Impeller wear rings maybe field installed 
by machining. Refer to note following paragraph 
2-2b for standard fits to be produced when 
making such repair. Replace impellers which 
cannot be salvaged by such repair.

Pump Size
Diametrical Clearance 
in. [mm]

3AEF9, 4AEF10, 4AEF11, 4AEF12, 
5AEF8, 5AEF11, 5AEF12, 5AEF14, 
5AEF15, 6AEF10, 6AEF12, 6AEF14, 
6AEF16, 6AEF18, 8AEF13, 8AEF14, 
8AEF15, 8AEF17, 8AEF20

0.015 to 0.019
[0.381 to 0.48]

10AEF16, 10AEF20
0.018 to 0.022 
[0.457 to 0.559]

6AEF17
0.025 to 0.029
[0.635 to 0.737]

Note

Clearances in are for standard bronze or cast 
iron fitted pumps. For materials with a tendency 
to gall, such as stainless steel, increase 
clearances by 0.010" [0.25 mm].

Note

For bronze impellers and rings, the rings are 
shrunk on the hub according to standard fit FN-4 
of ANSIB4.1. Hardened impeller rings are 
installed according to ANSI B4.1 standard fit 
FN-1.

Note
Use care not to reduce impeller hub OD when 
machining off old impeller rings.



21

E
n

g
li

s
h

 (
U

S
)7.8 Assembly

See section 7.4 Tightening torques for torque values. 

1. Support pump shaft in blocks and rails to protect it from 
bending or being damaged during the re-assembly process.

2. Check that the shaft is straight and free of nicks and 
scratches. Remove with a fine file all burrs and scratches. 

3. Coat the shaft (6) lightly with oil.

4. Place impeller key (32) in shaft key way.

5. Align impeller (2) on shaft and install with an arbor press or 
brass tubular sleeve and hammer. When assembled, the 
impeller vanes must rotate in the proper direction.

6.  Impeller hub must be centered on shaft journal.

7. Install shaft sleeve set screws in shaft sleeves. Assemble 
shaft sleeves to the shaft and hand tighten against the 
impeller. Do not tighten shaft sleeve set screws. 

8. Install the stuffing box bushings (63). 

9. Locate casing rings (7) on impeller.

10. If casing and or impeller wear rings are required, fit wear rings 
into the casing or onto the impeller skirt. Contact Peerless 
Pump if rings should be pressed or secured to part as needed. 
Rings final clearance should provide the clearance shown in 
the table in section 7.6 Wear Ring. If clearance is not 
achieved, machine rings prior to proceeding. 

11. Place in board deflectors (40A) on shaft.

12. If previously removed, install bearing housing seals (169) into 
housings (31 and 33).

13. Press housing-bearing-seal assemblies on shaft to seat 
bearings against shaft shoulders. 

14. Install bearing retaining ring (18A) in groove against the out 
board bearing. 

15. Install gaskets (73B) on bearing covers. Use factory supplied 
parts or cut replacement gaskets from 0.06" [1.52 mm] No. 
444 Vellumoid. (SAEP3415A).

EXCEPTION: For all models using 3306 size outboard bearing, 
gasket 73B is 0.03" [0.8 mm].

16. Attach in board and outboard bearing covers (35 and 37). In 
the assembled position, the greased rain tap must be located 
at bottom in a horizontal plane.

17. Install outboard deflector (40B), and coupling key (46); 
assemble coupling half on the shaft and tighten the setscrews.

18. Affix the new casing gasket (73A) to the lower casing (1A) 
with shellac.

19. Use slings around the shaft near bearings to set rotating 
element into lower casing. 

20. Position the casing rings (7) and both bearing housings so 
that all dowel pins engage in slots in the lower case split 
surface. 

21. Assemble both bearing caps per match marks and tighten the 
cap screws. 

22. Adjust the shaft sleeves (14 and 14A) to center the impeller in 
the lower casing volute, and tighten both shaft sleeves with a 
spanner wrench, then add Locktite to the shaft sleeve set 
screws. Then tighten shaft sleeve set screws according to 
section 7.4 Tightening torques. 

23. Cover the top side of the casing gasket with a mixture of 
graphite and oil. 

24.  Install the gland bolts (17B). Carefully locate the upper casing 
on the lower, making certain the dowel pins engage. 

25. Install cap screws and tighten working from the center of the 
casing to each end, to the torque values in section 
7.4 Tightening torques. If any cap screws require 
replacement, use only parts with equal or greater tensile 
strength. See 7.4 Tightening torques. 

26. Rotate shaft by hand to check that it turns freely. 

27. Push the stuffing box bushings (63) to the rear of the stuffing 
boxes. 

28. I If the stuffing box is not packed from factory, it should be 
packed prior to startup following the below guide. 

29. Clean the stuffing box. 

30. Check that the packing rings are of proper cross-section and 
length. 

31. Stagger the joints 90° apart. 

32. The rings should butt tightly but not overlap at the joints. 

33. Tamp down the individual packing rings, but not too tightly, as 
this may result in burning the packing and scoring the shaft or 
shaft sleeve. 

34. Where compatible, lightly lubricate the inner and outer 
packing diameter with a suitable lubricant. When a lantern ring 
is required, make sure that sufficient packing is placed in 
below the lantern ring so that the bypass line intersects the 
packing container bore adjacent to the lantern ring and is not 
blocked by the packing. 

35. The pipe supplying sealing liquid should be fitted tightly so 
that no air enters. If the liquid to be pumped is dirty or gritty, 
clean sealing liquid should be piped to the stuffing box in 
order to prevent damage to the packing and shaft sleeves. 

36. Clear sealing liquid is also required if the stuffing box 
materials are not completely compatible with the pump liquid. 
The sealing liquid should be at a pressure sufficient to ensure 
a flow of clean liquid into the pump but not so high as to 
require excessive tightening of the packing.

37. Insert two packing rings, lantern ring (29) if provided, and 
three packing rings. Insert each ring separately and stagger 
the joints of successive rings 90degrees. 

38. Insert the packing glands (17) and set the gland bolt nuts 
finger tight. 

 

39. Rotate shaft by hand to check that it turns freely. 

40.  Replace all drain plugs if removed during disassembly. 

41.  Re-lubricate the bearings. See section 6.2 Lubrication.

42.  Make sure that the pump shaft spins freely. 

7.9 Accessories

See the manuals supplied with the accessories. 

Caution
Take care not to damage any components and 
avoid contamination (dirt, debris, moisture, etc.) 
of the unit.

Caution

It is very important that specified material and 
thickness be used for casing gasket. Machined 
surfaces of both casings must be perfectly clean 
and free from burrs or nicks. 

Caution
The stuffing box gland must not be too tight 
during startup in order to let sufficient liquid 
lubricate the shaft and the packing.
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8. Fault finding (Trouble Shooting)

Note
When direct-connected to electric motors, determine whether or not the motor is direct-on-line and receives full 
voltage. 

Fault Cause Remedy

1. Discharge pressure too low. a) Speed too low. Check speed/rotation.

b) System pressure lower than anticipated. Check the system curve.

c) Air or gas in liquid. Check liquid to remove air. 

d) Worn wear rings. Check clearance between wear surfaces.

e) Impeller damaged. Check that parts are not damaged.

f) Impeller diameter too small. Check specified diameter. 

g) Wrong direction of rotation. Check rotation. 

h) Pump lost prime. Re-prime pump.

i) Insufficient available NPSH. Confirm NPSH available.

j) Restricted passages. Clean impeller and casing passages.

k) Leaking joints. • Tighten joints.
• Tighten packing.
• Check o-ring between sleeve and shaft.
• Check gaskets.

2. Insufficient suction head. a) Suction line drawing air. Tighten line connections. 

b) Suction lift too high or insufficient NPSH. Check NPSHA. 

c) Air or gas in liquid. Remove air/gas from liquid. 

d) Clogged strainer. Clean the strainer. 

3. Noise level increased. a) Poor alignment of pump. 
Suction and discharge pipe clamps loose. 

• Ensure proper alignment of the pump and 
the driver.

• Support the suction and discharge piping. 
• Check vibration dampers, flexible piping and 

conduit connectors. 

b) Cracked foundation. Check foundation.

c) Worn ball bearings. • Check bearings.
• Check lubrication.

d) Driver unbalanced. Disconnect driver and operate it alone. Check 
pump for large pieces of debris, such as wood, 
rags, etc.

e) Hydraulic resonance. • Alter the resonant piping. 
• Change the pump speed. 
• Insert a pulsation damper on the pump/

piping system. 
• Insert flow straighteners. 

4. Insufficient flow. a) Pump not primed. Check suction conditions.

b) System head exceeds shut off head. Check system head curve vs. performance 
curve.

c) Speed too low. Check rotation speed.

d) Suction lift too high or insufficient NPSH. Check NPSHA. 

e) Clogged strainer or impeller. Clean the strainer and impeller passages. 

f) Wrong direction of rotation. Check rotation. 

g) Leaking joints. Tighten joints.

h) Broken shafting or coupling Rotate shaft and inspect.

i) Closed suction valve. Check suction valve.

j) Not enough suction head for hot or volatile 
liquids.

Check NPSHA.

k) Foot valve too small; Check foot valve.

l) Worn or damaged hydraulic parts. Inspect part.

m) Excessive clearance between wear 
surfaces.

See section 7.6 Wear Ring for ring clearance. 
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5. Pump loses prime after starting. a) Leaking joints. • Tighten joints.
• Tighten packing.
• Check o-ring between sleeve and shaft.
• Check gaskets.

b) Suction lift too high or insufficient NPSH. Check NPSHA. 

6. Excessive power required. a) Speed too high. Check rotation speed.

b) Pump operating outside of the allowable 
operating region (AOR).

• Check system curve.
• Check valve settings.

c) Specific gravity or viscosity of liquid 
pumped is too high.

Check predicted performance based on liquid 
conditions.

d) Bent shaft or rotating element. Check parts and straighten as needed.

e) Stuffing-boxes too tight. Check drip rate of liquid from packing.

f) Impeller clearance too small causing 
rubbing or worn wear surfaces.

Check clearance between wear surfaces.

g) Electrical or mechanical defect in motor Contact local service center for diagnostics.

h) Restriction in rotation. Check for binding of rotating elements.

i) Incorrect lubrication of driver. Check lubrication type and amount.

Fault Cause Remedy
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10. Disposal
This product or parts of it must be disposed of in an 
environmentally sound way. Contact the nearest Peerless Pump 
company or service workshop.

Subject to alterations.

(b) (3) (B)
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